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Technical Summary 
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Advanced Information 
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MOTOROLA'S 
MICROCONTROLLER AND MICROPROCESSOR 

FAMILIES 

Motorola manufactures the industry's most complete selection of solid-state microcontroller units 
(MCU) and microprocessor (MPU), providing the performance and design flexibility needed by 
the design engineer. 

Motorola's family concept has been extremely popular in the MCU industry. This family concept 
was pioneered with the introduction of the M6800 Family 1974. Four families have evolved from 
the M6800 Family to fulfill expanding customer requirements. These families are the M68HC11, 
M6801, M6805, and the M6804. Figure 1-1 illustrates the family evolution. 

Numerous peripheral devices have been developed and are available to support the MCUs and 
MPUs. 

M68HC11/M6801/M6805/M6804 FAMILIES 

The M68HC11 Family offers high performance in a single-chip MCU with Electronic Eraseable 
Programmable Read Only Memory (EEPROM), a 16-bit timer, a Serial Communication Interface 
(SCI), a Serial Peripheral Interface (SPI), and an 8-bit Analog-to-Digital (A/D) converter. The M6801 
Family includes high performance in a single chip with Eraseable Programmable Read Only 
Memory (EPROM) and SCI. The rapidly expanding M6805 Family is available in a variety of memory 
and package sizes with various special Input/Output (1/0) functions. The M6805 is available in 
High-Density N-Channel Metal Oxide Silicon (HMOS), Complementary Metal Oxide Silicon (CMOS), 
and High-Density Complementary Metal Oxide Silicon (HCMOS). The M6804 Family now provides 
the 8-bit processing capabilities that compete in the 4-bit price arena. A One Time Programmable 
Read Only Memory (OTPROM) is also available in the M68HC11, M6804, and M6805 Families. 

Technology 

Motorola's first MCUs and MPUs were produced in HMOS which offered a low cost single-chip 
solution in high production volumes. CMOS was then introduced which offered very low power 
consumption and a wide power supply tolerance at performance levels similar to HMOS. The 
introduction of HCMOS offered the best of both worlds, with high-density and low power con
sumption. Tables 1-1 and 1-2 list Motorola's MCUs, MPUs, and peripheral product line by tech
nology. 

ROM Size 

The mask ROM capacities of the present single-chip MCUs range from a low of 512 bytes in the 
M6804 Family to a high of SK in the M68HC11 Family. Refer to Table 1-3 through 1-7 to determine 
what ROM is offered in the MCU product line. In selecting ROM size, the ROM usage efficiency 
of the instruction set should be considered, along with the application to be programmed. 
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Table 1-1. MCU/MPU Technology Listing 

HMOS/NMOS HCMOS CMOS 

MC6800 MC68705P3 MC68HC04J2 MC68HSC05C4 MC146805E2 
MC6801 MC68705P5 MC68HC04J3 MC68HSC05C8 MC146805F2 
MC6801U4 MC6805R2 MC68HC04P4 MC68HC70585 MC146805G2 
MC68701 MC6805R3 MC68HC704P4 MC68HC705C8 
MC68701U4 MC68705R3 MC68HC05A6 MC68HC805C4 
MC6802 MC68705R5 MC68HC0584 MC68HC11AO 
MC6803 MC6805S2 MC68HC05B6 MC68HC11A1 
MC6803U4 MC6805S3 MC68HC80586 MC68HC11A8 
MC6804J1 MC68705S3 MC68HC05C2 MC68HC11D3 
MC6804J2 MC6805U2 MC68HC05C3 MC68HC11E1 
MC6804P2 MC6805U3 MC68HC05C4 MC68HC11E9 
MC68704P2 MC68705U3 MC68HC05C8 MC68HC11F1 
MC6805P2 MC68705U5 MC68HC05C9 MC68HC711 AS 
MC6805P6 MC6809/9E MC68HC05L6 MC68HC71103 

MC68HC05M4 MC68HC711 E9 
MC68HC05P1 MC68HC811 E2 
MC68HCL05C4 
MC68HCL05C8 

Table 1-2. Peripheral Technology Listing 

HMOS/NMOS HCMOS CMOS 

MC6810 MC6821 MC68HC24 MC68HC34 MC146818 
MC6840 MC6844 MC68HC99 MC146818A 
MC6845 MC6850 MC146823 
MC6852 MC6854 
MC6898 MC68488 
MC2672 MC2674 

Non-Mask ROM Versions 

EEPROM, EPROM, OTPROM, and/or non-ROM versions are offered in practically all single-chip 
MCUs. These versions serve for limited to high volume applications, prototype debugging, and 
field trials. EEPROM and OTPROM versions are available in the M6805 and M68HC11 Families. 
EPROM versions are available in the M6805 and M6801 Families. Refer to Table 1-3 through 1-7 
to determine what is offered in the MCU product line. 

RAM Size 

On-chip Random Access Memory (RAM) sizes range from 30 bytes in the M6804 Family to 512 
bytes in M68HC11 Family. The M6805 has versions of 64, 104, 112, and 176 bytes. Architectures 
such as the M68HC11, M6801, and M6805 Families, which permit multi-level subroutines plus 
ROM and RAM data tables, allow trade-off ROM and RAM utilization. ROM usage can be minimized 
with subroutines and look-up tables, while RAM usage can be optimizes with ROM tables and 
fewer subroutines. 

Digital Input/Output 

Single-chip MCUs are available in 52-pin quad packages as well as the smaller (and lower cost) 
20-pin packages. Five to fourteen pins serve power and control functions permitting up to 12 1/0 
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pins in a 20-pin package and up to 38 1/0 pins in the 48/52 pin verions. All of the MCUs offer 
essentially any mix of inputs and outputs. Higher output drive current is available in the M6805 
Family. 

Expansion Bus 

The non-ROM versions include a bus to access off-chip program memory and additional 1/0. The 
M6801 Family also includes a three bus structure for off-chip expansion. The three bus structure 
permits the number of bus pins to be optimized for the amount of address space needed off-chip. 
The M68HC11 Family can operate in an expanded mode and address up to 64K bytes of external 
memory. 

Interrupts 

When an application program must synchronize with two or more external events, interrupt 
hardware in some form is usually necessary. The M68HC11, M6801, and M6805 Families include 
fully automatic interrupts (registers are saved) with programmable vectors for both an external 
and internal timer. 

Timers 

Timers are the most frequently used on-chip functions. Timers may generate interrupts to a 
program at a periodic rate, measure external events, and generate measured output waveforms. 
The M68HC11, M6801, and M68HC05 devices include a 16-bit timer that may be used to perform 
three of the preceeding functions simultaneously. The M6805 and M6804 timers consist of a 
programmable 8-bit counter and selectable 7-bit prescaler. 

Special Functions 

Various members of the MCU Families include additional 1/0 functions. For example, the M68HC11, 
M6801, and some of the M6805 Family include a SCI. The SCI is .used for long-range communi
cations, as in data transfer from an MCU to a terminal or modem. The M68HC11 Family and some 
of the M6805 Family also contain a SPI. The SPI is used primarily for serial communication between 
chips on the same printed circuit board. Selected members of the M68HC11 and M6805 Family 
include multi-channel AID converters. The MC6805R/S versions contain four analog input channels, 
and the M68HC11 MCUs features up to eight analog input channels. 

DEVELOPMENT SUPPORT 

The M68HC11, M6801, and M6804, and M6805 Families are fully supported by a series of eco
nomical evaluation modules (EVM). A more powerful development system is also available in the 
HDS-300. The support products are covered in more detail in Chapter 5 Evaluation Modules. 

SINGLE-CHIP SELECTOR GUIDES 

Tables 1-3 through 1-7 list the different features available for devices within a family. The tables 
provide information as to RAM, ROM, EPROM, timer, etc. Table 1-8 lists the OTPROM devices 
available. 
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Table 1-3. M6801 Family Selector Guide 

(;;-
(;;- ~ 
~ ->.. 

->.. ~ 
~ ~ 

;:;,"' 
Q) 

~· 

$' ,_. 
DEVICE 

~ 
~ 

~ 
"' ,;; I cf 

6801 HMOS 40 128 2048 
68701 HMOS 40 128 
6803 HMOS 40 128 
6801U4 HMOS 40 192 4096 
68701U4 HMOS 40 192 
6803U4 HMOS 40 192 

Definitions: 
P - Plastic 
S Cerdip 

1/0 - Input/Output 
SCI Serial Communication Interface 

RAM - Random Access Memory 
ROM .~ Read Only Memory 

EPROM ~ Eraseable Programmable ROM 

29 16 64K 
2048 29 16 64K 

13 16 64K 
29 16 64K 

4096 29 16 64K 
13 16 64K 

Table 1-4. M6804 Family Selector Guide 

DEVICE 

6804P2 HMOS 28 30 1016 20 8 
68704P2 HMOS 28 30 1020 20 8 
6804J1 HMOS 20 30 512 12 8 
6804J2 HMOS 20 30 1000 12 8 
68HC04P4 HCMOS 28 172 3700 20 8 
68HC04J2 HCMOS 20 30 1000 12 8 
68HC04J3 HCMOS 20 122 1672 12 8 
68HC704P4 HCMOS 28 172 3700 20 8 

Definitions: 
P ~ Plastic 
S ~ Cerdip 

FN ~ Plastic Leaded Chip Carrier 
1/0 ~ Input/Output 

RAM ~ Random Access Memory 
ROM ~ Read Only Memory 

EPROM ~ Eraseable Programmable ROM 
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Table 1-5. M6805 Family Selector Guide 

DEVICE 

6805P2 HMOS 28 64 1110 20 8 
6805P6 HMOS 28 64 1804 20 8 
68705P3 HMOS 28 112 1804 20 8 
68705P5 HMOS 28 112 1804 20 8 
6805R2 HMOS 40144 64 2048 32 8 Yes 
6805R3 HMOS 40144 112 3776 32 8 Yes 
68705R3 HMOS 40 112 3776 32 8 Yes 
68705R5 HMOS 40 112 3776 32 8 Yes 
680552 HMOS 28 64 1480 21 8 Yes 
680553 HMOS 28 104 2720 21 8 Yes 
6870553 HMOS 28 104 3752 21 8 Yes 
6805U2 HMOS 40144 64 2048 32 8 
6805U3 HMOS 40144 112 3776 32 8 
68705U3 HMOS 40 112 3776 32 8 
68705U5 HMOS 40 112 3776 32 8 

Definitions: 
P = Plastic 
S = Cerdip 

FN = Plastic Leaded Chip Carrier 
1/0 = Input/Output 

RAM = Random Access Memory 
ROM = Read Only Memory 

EEPROM = Eraseable Programmable ROM 
SPI = Serial Peripheral Interface 
AID = Analog/Digital Converter 
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P,S,FN 
P,S,FN 

s 
s 

P,S,FN 
P,S,FN 

s 
s 

Yes P,S,FN 
Yes P,S,FN 
Yes s 

P,S,FN 
P,S,FN 

s 
s 



Table 1-6. M6805 HCMOS/CMOS Family Selector Guide 

->. 
00 

O' ,t 
~ 

DEVICE "' 
6SHC05A6 HCMOS 40144 176 4160 2056 32 16 Yes 
6SHC05B4 HCMOS 48'52 176 4160 32 16 
6SHC05B6 HCMOS 40/52 176 5952 256 32 16 
6SHC05C2 HCMOS 40 176 2096 32 16 
6SHC05C3 HCMOS 40 176 2096 32 16 Yes 
6SHC05C4 HCMOS 40'44 176 4160 32 16 Yes 
6SHC05CS HCMOS 40144 176 7700 32 16 Yes 
6SHC05L6 HCMOS 6S 176 620S 32 16 Yes 
6SHC05M4 HCMOS 52 12S 4K 32 S/16 
6SHCL05C4 HCMOS 40144 176 4160 32 16 Yes 
6SHCL05CS HCMOS 40/44 176 SK 32 16 Yes 
6SHSC05C4 HCMOS 40144 176 4160 32 16 Yes 
6SHSC05CS HCMOS 40'44 176 SK 32 16 Yes 
6SHC705C8 HCMOS 40144 304 32 16 Yes 
68HCS05B6 HCMOS 43,52 176 SK 6208 32 16 
68HC805C4 HCMOS 40144 176 4160 32 16 Yes 
146S05E2 CMOS 40 112 16 s 
146S05F2 CMOS 2S 64 10S9 20 s 
146S05G2 CMOS 40 112 2106 32 s 

Definitions: 
P ~ Plastic 
S ~ Cerdip 

FN ~ Plastic Leaded Chip Carrier 
110 - lnput!Output 

AID - Analog!Digital Converter 
SCI - Serial Communications Interface 
SPI ~ Serial Peripheral Interface 

RAM ~ Random Access Memory 
ROM ~ Read Only Memory 

EPROM ~ Eraseable Programmable ROM 
EEPROM ~ Electrical Eraseable ROM 

MOTOROLA MICROPROCESSOR DATA 
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Yes 
Yes Yes 
Yes Yes 

Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

P,FN 
P,FN 
P,FN 

p 
p 

P,FN 
P,FN 
FN 
FN 

P,FN 
P,FN 
P,FN 
P,FN 
P,FN 
P,FN 
P,FN 

P,S,FN 
P,S,FN 
P,S,FN 



Table 1-7. M68HC11 Family Selector Guide 

DEVICE 

68HC11AO HCMOS 48/52 256 
68HC11A1 HCMOS 48/52 256 
68HC11A8 HCMOS 48/52 256 8192 
68HC11D3 HCMOS 40/44 192 4096 
68HC11E1 HCMOS 52 512 0 
68HC11E9 HCMOS 52 512 12K 
68HC11F1 HCMOS 
68HC811E2 HCMOS 48/52 256 

Definitions: 
P = Plastic 

FN = Plastic Leaded Chip Carrier 
1/0 = Input/Output 

AID = Analog/Digital Converter 
SCI = Serial Communication Interface 
SPI = Serial Peripheral Interface 

RAM = Random Access Memory 
ROM = Read Only Memory 

EPROM = Eraseable Programmable ROM 
EEPROM = Electrical Eraseable ROM 

38 16 64K Yes Yes Yes 
512 38 16 64K Yes Yes Yes 
512 38 16 64K Yes Yes Yes 

30 16 64K No Yes Yes 
512 38 16 64K Yes Yes Yes 
512 38 16 64K Yes Yes Yes 

2K 38 16 64K Yes Yes Yes 

Table 1-8. One-Time Programmable ROM (OTPROM) Devices 

Device 
OTPROM RAM 

1/0 (Bytes) (Bytes) 

68HC704P4 3740 124 20 

68HC70585* 6208 176 24 

68HC705C4* 1 4160 176 24 

68HC705C8 7616 304 24 

68705R3 3776 112 24 

68HC711D3* 4096 192 24 

68HC711A8* 8192 256 38 

68HC711E9* 12K 512 38 

NOTES: 
1. Use MC68HC705C8 for window emulation. 
2. Definitions: 

FN = Plastic Quad (PLCC) 
DW = Small Outline (Wide-Body SOIC) 
DIP = Dual-In-Line Package 

RAM = Random Access Memory 
110 = Input/Output 

AID = Analog/Digital 
SCI = Serial Communications Interface 
SPI = Serial Peripheral Interface 

COP = Computer Operating Properly 
3. *Available in 1989. 

Timer A/D,SCI 
Bit SPI 

8 -

16 A/D, SCI 

16 SCI, SPI 

16 SCI, SPI 

8 AID 

16 SCI, SPI 

16 AID, SCI, SPI 

16 AID, SCI, SPI 

MOTOROLA MICROPROCESSOR DATA 
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COP 
Watchdog 

-

Yes 

Yes 

Yes 

-

Yes 

Yes 

Yes 

P,FN 
P,FN 
P,FN 
P,FN 
FN 
FN 

P,FN 

Pin 
Package 

28-DIP,DW* 

52-FN,48-DIP 

44-FN,40-DIP 

44-FN,40-DIP 

40-P 

44-FN,40-DIP 

52-FN 

48-DIP,52-FN 
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INTRODUCTION 

MICROPROCESSOR PRODUCTS GROUP 
RELIABILITY AND QUALITY ASSURANCE 

1987 ANNUAL RELIABILITY REPORT 
SUMMARY 

The Motorola MOS Microprocessor Reliability and Quality Monitor (R&QA) Program is designed 
to generate an ongoing data base of reliability and quality performance for various categories of 
Microprocessor products. The primary purpose of the program is to identify negative trends in 
the data so that immediate corrective action can be taken. The program also allows Motorola to 
develop a large data base of reliability and quality results that can be reported quarterly to 
customers. The following report summarizes the reliability and quality data for 1987. 

The reliability monitor tests are conducted on sample groups pulled on a quarterly basis from 
major categories of products representing a matrix of processing and packaging technologies. 
Product mix, sample availability and equipment capacity may cause the specific sample groups 
pulled for a given quarter to vary from quarter to quarter. Each sample group has a specific set 
of reliability tests associated with it that are appropriate for that product type based on our history 
for that classification. At the end of each quarter, results are reported for all sample groups that 
have completed testing. In addition at the end of each year a complete summary of the 4 quarters 
is reported. 

The quality results that are reported are the electrical and visual/mechanical (Average Outgoing 
Quality (AOQ), given in parts per million defective) for the Microprocessor Group. This data 
represents the summary of results from the QC gate operation performed on every lot during 
1987. Electrical AOQ represents any AC, DC, or functional failure at any temperature (each lot 
may be typically gated at hot, room or cold temperatures). Visual/mechanical AOQ represents 
failures such as bent leads, incorrect marking, marking permanency problems, and cracked pack
ages. The AOQ reported is the product the process average (ratio of defective devices to largest 
sample size) and the lot acceptance rate. 

QUALITY AND RELIABILITY SYSTEM 

A complete Reliability and Quality Assurance (R&QA) system is in place to monitor and control 
the performance of Motorola's MOS Microprocessor Components. Incoming Quality Control in
spects starting wafers, masks, chemicals, package piece parts, and molding compounds. Process 
Engineering and In-Process Quality Control perform step-by-step monitoring of the wafer process 
to check oxidation, diffusion, photolithography, ion implantation, polysilicon deposition, metal
lization, passivation, and other process operations. Final visual, class probe, and capacitance
voltage plots complete the wafer area inspection. Environmental monitors are also performed for 
air cleanliness, water quality, temperature, and humidity. 

In the assembly area, In-Process Quality Control performs monitors on equipment performance 
and gate inspections at the major process steps on all lots. The Outgoing Quality Control group 
continues this philosophy in the final test area by performing electrical and visual-mechanical 
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gates. The electrical inspection, which consists of AC, DC, and functional tests, is performed to a 
0.1% (maximum) Acceptable Quality Level (AOL) sampling plan. The visual/mechanical inspection 
is also performed to a 0.1% AOL sampling plan. Any lot which fails either of these gates is returned 
to production for 100% rescreen. An R&OA Engineering organization exists to approve final test 
programs and support the Outgoing Quality Control organization. Test programs are tailored to 
assure all required specifications are met or the devices are rejected . 

The R&OA Engineering organization is also responsible for performing qualifications of new 
designs and process changes prior to introduction. In addition, R&QA Engineering establishes 
and maintains monitor programs to assure processes stay in control once they are qualified. 
Results from these programs provide rapid feedback to correct problems as they occur. 

Supporting these efforts is the Metrology Laboratory which includes both a Standards and a 
Calibration Laboratory to provide National Bureau of Standards traceability to all production 
measurements. 

Also offering required support are a Chemical Laboratory with such equipment as a gas chro
matograph/mass spectrograph and X-ray fluorescent systems for detailed incoming chemical 
analyses; a Surface Analysis Laboratory whose equipment includes a Scanning Electron Micro
scope (SEM) and a Scanning Auger Microprobe (SAM); and a Product Analysis Laboratory for 
detailed analyses of failure modes and mechanisms for Microprocessor devices. 

PACKAGING SYSTEM 

Motorola Microprocessor devices are produced in plastic, CERDIP, PGA, and sidebraze packages. 
The ceramic package types are hermetically sealed to protect the integrated circuit from environ
mental factors and permit operation over extreme temperature ranges. Although plastic devices 
are not hermetic, modern epoxies exhibit extremely high moisture resistance, and long lifetimes 
may therefore be expected from these devices in typical environments. 

In recent years, plastic encapsulated devices have gained widespread acceptance throughout the 
electronics industry. Improvements in materials and process controls have resulted in significant 
improvements in reliability performance. In addition, plastic packages have the advantage of low 
cost and physical strength. 

Encapsulated integrated circuits incorporate the simpliest processing and package construction 
of the various systems available. The die is attached to a leadframe, wire bonded and encapsulated 
using an epoxy novolac molding compound. The die may be attached to the leadframe by epoxy 
or by any of a variety of eutectic forming metal preforms. Wire bonding in plastic may be ther
mocompression or thermosonic, but the wire is always gold. The encapsulant is the most critical 
component of the system since it controls contamination, moisture resistance, and stress effects. 
Epoxy novolacs have become the industry standard molding compound since they combine 
excellent characteristics in all these areas. 

The plastic package is, by far, the most resistant to physical damage since the die is completely 
encapsulated and cavity hermeticity is not a concern. Since the package is light in weight and the 
plastic is less brittle than ceramic, chipping and cosmetic damage are not problems. The leadframe 
and plating are equivalent to CERDIP. 

In comparing plastic to ceramic packages, there are two characteristics to be considered: moisture 
resistance and thermal characteristics. Microprocessor plastic products perform very well on 
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moisture resistance related tests. This is due to advances in molding compounds, the characteristic 
low voltages and the moderate power dissipation of Microprocessor products. In most instances 
plastic devices will provide excellent performance, essentially equivalent to hermetic performance. 
Thermal resistance has been improved dramatically through the introduction of copper lead
frames, and this results in lower junction temperatures, and subsequent improvements in electrical 
characteristics and reliability performance. 

Many users of integrated circuits continue to have requirements or preferences for hermetically 
sealed ceramic packages. These requirements are usually based on applications in a highly humid 
environment, increased temperature range or high power dissipation. Motorola produces two 
different types of ceramic packaged devices: CERDIP and sidebraze. 

The sidebraze, or solder seal, package is composed of three layers of alumina which are screened 
with refractory metal such as tungsten or moly manganese and fired together to form the package 
body with a cavity for the die. The refractory metal is then plated and Alloy 42 leadframes are 
brazed to the bottom, sides or top of the package, depending on the vendor. The advantage of 
the sidebraze version is accurate lead alignment without the need for forming. The final piece 
part operation is plating, which may be gold or tin with a selective gold plate in the cavity. Although 
epoxy die bonding is feasible in this package - due to the higher sealing temperature, most 
manufacturers, including Motorola, employ a eutectic bond. Both aluminum ultrasonic wire bond
ing and gold thermocompression bonding are used in this package. 

The cerdip package is composed of two ceramic piece parts: the base and the cap. Sandwiched 
between these two layers is a leadframe composed of Alloy 42 imbeded in a sealing glass. the 
leadframe requires a forming operation similar to a plastic dip. The die is mounted in this package 
using a eutectic bond while the wire bonds are aluminum (ultrasonic). A tin plate is applied to 
the exterior leads of the package. 

Some tradeoffs exist in the performance characteristics of the two hermetic packages as they are 
offered by Motorola. Both typically are ceramic, hermetic, employ a eutectic die bond, use ultra
sonic aluminum wire bonding, and have tin plating on the exterior leads. The thermal resistance 
of the packages is very similar, with the sidebraze having a slight advantage. Both packages 
perform well on the standard thermal and mechanical environmental tests, but each is susceptible 
to handling damage. Loose shipping rail packaging or high velocity impacts during testing can 
chip the sidebraze package and sever the interlayer metallization. This type of handling will not 
effect the 10 mil thick leadframe of the CERDIP package, but hermeticity failures can occur. The 
CERDIP package is slightly thicker and heavier, but no conductive surfaces are exposed so the 
shorting potential in dense packaging is reduced. Extensive testing of 24, 28, and 40 lead CERDIP 
and sidebraze devices has indicated no significant differences in reliability. 

RELIABILITY TEST 

The following paragraphs describe the various reliability test included in Motorola's Reliability 
and Quality Assurance Program. 

High Temperature Operating Life Test 

High temperature operating life (HTOL) testing is performed to accelerate failure mechanisms 
which are thermally activated through the application of extreme temperatures and the use of 
dynamic operating conditions. The temperature and voltage conditions used in the stress are 
typically 125°C with the bias level at the maximum data sheet specification limit of 5.5 volts. All 

MOTOROLA MICROPROCESSOR DATA 

2-3 

II 



• 

devices used in the HTOL test are sampled directly after final electrical test with no prior burn-in 
or other special screening. Testing is performed with dynamic signals applied to the device for 
a minimum test duration of 1008 hours. 

Device equivalent hours assume the Arrhenius relationship using an activation energy of 0.7 eV 
to extrapolate from the device junction temperature at 125°C (ambient) to the junction temperature 
at 70°C (ambient). Failure rates given in Failure in Time (FIT) are derived using the Chi-Square 
distribution to a 90% confidence limit. A FIT is one failure per billion device hours of 0.0001 %/ 
1000 hours. 

Tables 2-1 through 2-3 show the results for the high temperature operating life test for packaging; 
plastic, plastic leaded chip carrier (PLCC), and ceramic. Each of these tables also lists the different 
technology used in the test. Table 2-4 lists the grand totals of Table 2-1 through 2-3 by technology 
and packaging. Figure 2-1 shows a trend chart of the high temperature operating life by technology, 
and Figure 2-2 is a trend chart of the total of the high temperature operating life test. 

Table 2-1. High Temperature Operating Life Test 
PLASTIC 

STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 

Device Test 
Type Devices 

NMOS DIP 
MC3870 45 
MC6800 135 
MC6802 378 
MCM6810 45 
MC6840 135 
MC6844 45 
MC6845 45 
MC6846 45 
MC6850 135 
MC6852 45 
MC6854 45 
MC68661 135 
MC68652 45 
MC68901 45 
CUSTOM A 945 
CUSTOM B 525 
CUSTOM C 1834 ---

TOTAL 4627 

CMOS DIP 
MC146805E2 45 
MC146805F2 225 
MC146805G2 89 
MC146818 45 
MC146818A 90 
MC146823 340 ---

TOTAL 834 

125°C 70°C Equiv. 
Device Hrs. Device Hrs.1 

45,400 6.49 x 105 
136,000 1.42 x 106 
380,000 5.41 x106 
45,400 4.13X105 

136,000 1.37 x 106 
45,400 5.00 x 105 
45,400 4.09X 105 
45,400 4.57x 105 

136,000 1.63x 106 
45,400 7.22 x 105 
45,400 3.87 x 105 

136,000 1.32X 106 
45,400 3.90x 105 
45,400 8.10 x 105 

951,000 2.11x107 
530,000 7.54x106 

1,820,000 3.76 x 107 

4,633,600 8.21x107 

43,000 1.08x 106 
224,000 5.71x106 
74,200 1.88x106 
45,400 1.17x106 
90,800 2.34x 106 

342,000 8.82x106 

819,400 2.1ox101 

1 I Activation energy used in equivalent device hour calculation is 0.7 ev) 
2) 90% confidence. 
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Failures 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 ---
4 

0 
1 
0 
0 
0 
0 ---
1 

FITS2 
0.7 eV 

5970 
1606 

421 
5521 
1664 
4561 
5575 
4990 
1399 
3158 
5892 
1727 
5847 
2815 

252 
302 
103 ---
97 

2111 
679 

1213 
1949 
974 
259 ---
185 



Table 2-1. High Temperature Operating Life Test 
PLASTIC (Continued) 

STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 

Device Test 
Type Devices 

HMOS DIP 
MC2674 45 
MC2681 90 
MC6801 135 
MC6801U4 412 
MC6803U4 45 
MC6804J2 167 
MC6804P2 90 
MC6805P2 180 
MC6805P4 43 
MC6805R2 45 
MC6805R3 180 
MC6805S2 45 
MC6805S3 45 
MC6805T2 135 
MC6809 90 
MC6809E 135 
MC68000 504 
MC68008 45 
MC68010 45 
MC68230 45 
MC68681 43 

---
TOTAL 2669 

HCMOS DIP 
MC68HC05C4 410 
MC68HC05C8 89 
XC68HCOOO 134 ---

TOTAL 633 

PLASTIC DIP 8763 

125°C 70°C Equiv. 
Device Hrs. Device Hrs.1 

45,000 6.30 x 105 
90,800 1.25x106 

136,000 1.42x106 
364,000 5.09x106 

43,400 5.95X105 
163,000 3.16x 106 
88,800 1.82x106 

182,000 2.67x106 
41,700 6.13x 105 
41,200 4.36 x 105 

182,000 1.92 x 106 
45,400 7.20x105 
43,900 6.99x105 

122,000 1.79x106 
90,800 1.37x106 

136,000 2.06x106 
468,000 7.28x106 

45,400 5.38 x 105 
45,400 6.50 x 105 
45,400 8.90x105 
41,000 6.50x105 

2,567,200 3.78 x 107 

389,000 9.94x 106 
89,800 2.29 x 106 

134,000 3.20x106 

612,800 1.55X107 

8,633,200 1.56x 108 

1) Activation energy used in equivalent device hour calculation is 0.7 ev) 
2) 90% confidence. 
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Failures 

o 
0 
0 
0 
0 
0 
0 
0 
1 
0 
o 
0 
1 
1 
1 
0 
0 
o 
0 
0 
0 ---
4 

1 
o 
1 ---
2 

11 

FITS2 
0.7 eV 

3619 
1824 
1606 
448 • 3832 
722 

1253 
854 

6321 
5320 
1188 
3167 
5543 
2165 
2828 
1107 

313 
4238 
3508 
2562 
3508 ---

211 

390 
996 

1211 
---

343 

106 
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Table 2-2. High Temperature Operating Life Test 
PLCC 

STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 

Dellice Test 
Type Devices 

HMOS PLCC 
MC6805R2 89 
MC6805R3 450 
CUSTOM D 280 
CUSTOM E 1189 ---

TOTAL 2008 

HCMOS PLCC 
MC68HC11 2155 
CUSTOM E 416 
CUSTOM G 1358 ---

TOTAL 3929 

CMOS PLCC 
MC146805F2 45 
MC146805G2 90 
MC146818 45 
MC146818A 89 ---

TOTAL 269 

PLCC 6206 

125°C 
Device Hrs. 

81,900 
430,000 
279,000 

1,200,000 

1,990,900 

2,160,000 
417,000 

1,360,000 

3,937,000 

45,400 
89,000 
45,400 
88,900 

268,700 

6,196,600 

1) Activation energy used in equivalent device hour calculation is 0.7 eV. 
2) 90% confidence. 

10°c Equiv. 
Device Hrs.1 Failures 

8.34x 105 0 
4.38x 106 0 
5.14x106 0 
2.20x107 0 ---
3.24x107 0 

5.66x 107 14 
7.56x 106 1 
2.46x107 2 ---
8.87x107 17 

1.17x106 0 
2.26x 106 0 
1.17x106 0 
2.26x 106 0 ---
6.83x106 0 

1.28x 108 17 

Table 2-3. High Temperature Operating Life Test 
CERAMIC 

STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 

Device Test 
Type Devices 

NMOS 
MC6821L 44 
MC6821S 45 
MC6844S 135 
MC6850 90 
MC6850S 45 
MC6852S 45 ---

TOTAL 404 

HCMOS 
MC68020R 542 
MC68605R 77 
MC68824R 135 
MC68851R 144 
MC68882R 604 

TOTAL 
230 ---

1732 

125°C 70°C Equiv. 
Device Hrs. Device Hrs.1 

44,300 6.02X 1Q5 
45,400 6.18X 105 

136,000 1.96x 106 
90,800 1.39X 106 
45,400 6.95x 105 
44,000 7.96x105 

405,900 6.06x10& 

541,000 9.59x 106 
77,000 1.80x 106 

136,000 3.00X 106 
145,000 3.19x106 
597,000 1.40x 107 

230,000 5.30 x 106 

1,726,000 3.69x107 

1) Activation energy used in equivalent device hour calculation is 0.7 eV. 
2) 90% confidence. 
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Failures 

0 
0 
0 
0 
0 
0 ---
0 

2 
0 
0 
1 
2 
0 ---
5 

FITS2 
0.7 eV 

2734 
512 
444 
104 ---
70 

356 
513 
216 ---
266 

1949 
1009 
1949 
1009 ---
334 

184 

FITS2 

0.7 eV 

3788 
3690 
1163 
1640 
3281 
2865 ---
376 

554 
1267 
760 

1215 
379 
430 ---
251 



Table 2-3. High Temperature Operating Life Test 
CERAMIC (Continued) 

STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 

Device Test 
Type Devices 

CMOS 
MC1468705F2 45 
MC1468705F2S 90 

---
TOTAL 135 

HMOS 
MC6803l 45 
MC6809EL 45 
MC6809ES 45 
MC6809S 90 
MC68701S 45 
MC68701U4L 45 
XC68704P2S 300 
MC68705P3 45 
MC68705S3 45 
MC68000L 170 
MC68000R 248 
MC68010L 94 
MC68010R 45 
MC68230l 90 ---

TOTAL 1352 

CERAMIC 3623 

125°C 
Device Hrs. 

34,400 
908.000 

942.000 

45,400 
45,400 
45,400 
90,800 
45,400 
45,400 

301,000 
45,400 
45,400 

171,000 
245,000 

94,000 
45,400 
90,800 

1,355,800 

4,433,700 

1) Activation energy used in equivalent device hour calculation is 0.7 eV. 
2) 90% confidence. 

70°C Equiv. 
Device Hrs. 1 Failures 

8.57 x 106 0 
2.28 x 106 0 ---
3.14X 106 0 

6.40 x 105 0 
7.07 x 105 0 
6.25 x 105 0 
1.25 x 106 1 
4.74 x 105 0 
6.22 x 105 0 
6.62x106 1 
7.00 x 105 0 
4.78X105 0 
2.53x106 0 
3.93x106 0 
1.52x106 0 
7.30x105 0 
1.74x 106 1 

---
2.28X 107 3 

6.89x107 8 

Table 2-4. High Temperature Operating Life Test 
TECHNOLOGY and PACKAGING 

STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 

Device Test 
Type Devices 

NMOS 5,031 
HMOS 6,029 
CMOS 1,238 
HCMOS 6,294 
DIP I 8,763) 
PLCC I 6,206) 
PLASTIC ([14,969]) 
CERAMIC [ 3,623] 

GRAND TOTAL 18,592 

125°C 
Device Hrs. 

5,039,500 
5,913,900 
2,030,100 
6,275,000 

I 8,633,000 ) 
I 6,196,600) 
([14,829,800]) 
[ 4,433,700] 

19,259,300 

1) Activation energy used in equivalent device hour calculation is 0.7 eV. 
2) 90% confidence. 

70°C Equiv. 
Device Hrs.1 

8.82x 107 
9.30x 107 
3.10X 107 
1.41x108 
1.56X 108 
1.28x108 
2.84 x 108 
6.89 x 108 

3.53x108 
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Failures 

4 
7 
1 

24 
11 
17 
28 

8 

36 

FITS2 
0.7 eV 

2661 
1000 

---
726 

3563 
3225 
3648 
3100 
4811 
3666 

585 
3258 
4770 

901 
580 

1500 
3124 
2227 

·---
293 

189 

FITS2 

0.7 eV 

91 
127 
125 
224 
106 
184 
127 
189 

117 
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Figure 2-1. High Temperature Operating Life Trend Chart 
(By Technology) 
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Temperature Humidity Bias Test 

;;. 

YR 1987 

Temperature humidity bias (THB) is an environmental test performed at a temperature of 85°C 
and a relative humidity of 85%. The test is designed to measure the moisture reistance of plastic 
encapsulated circuits. A nominal voltage of 5 volts static bias is applied to the device to create 
the electrolytic cells necessary to accelerate corrosion of the metallization. Testing is performed 
to JEDEC Standard 22, Method A101. Most groups are tested to 1008 hours with some groups 
extended beyond to look for longer term effects. 

Table 2-5 shows the results of the temperature humidity bias test. Table 2-6 lists the grand total 
of the devices tested in Table 2-5. Figure 2-3 shows the trend chart for the temperature humidity 
bias test. 
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TEMPERATURE: 85°C 
HUMIDITY: 85% 

Table 2-5. Temperature Humidity Bias Test 

LONGEST STRESS: 1008 Hours 

Device Type 

NMOS DIP 
MC6800 
MC6802 
MC6840 
MC6845 
MC6850 
MC6852 

TOTAL 

HMOS DIP 
MC6801 
MC6802 
MC6803U4 
MC6804J2 
MC6805P2 
MC6805P4 
MC6805P3 
MC6805T2 
MC6809 
MC6809E 
MC68000 
MC68008 
MC68010 

TOTAL 

HMOS PLCC 
MC68000 
MC68705R3 

TOTAL 

CMOS DIP 
MC146804E2 
MC146805F2 
MC146805G2 
MC146818A 
MC146823 

TOTAL 

HCMOS DIP 
MC68HC05C4 

TOTAL 

HCMOS PLCC 
XC68HC11A8 
MC68HC11 
MC68HCOOO 
MC68605 

TOTAL 

- Failures Per Sample -

168 Hrs 504 Hrs 

0168 0/68 
0/34 1/34 
0168 0/68 
0/34 0/34 
0/34 0/34 
0/34 0/34 --- ---
0/272 1/272 

0/68 0167 
0/34 0/34 
0/34 0/34 
0/222 0/222 
0/34 0/34 
0/34 2/34 
0/68 0/67 
0/68 0/65 
0/34 0/34 
0/102 0!102 
0/136 0/134 
0/94 0/94 
0/34 0/34 --- ---
0/962 2/955 

0/45 0.45 
0/254 0.254 
--- ---

0/299 0/299 

0/68 0/68 
0/34 0/34 
0/68 0/68 
0/34 0/34 
0134 0/34 
--- ---

0/238 01238 

0/102 01102 
--- ---

0/102 0/102 

0/231 0/231 
0/615 0/615 
0/135 0/135 
0/231 1/231 
--- ---

0/1212 1/1212 

MOTOROLA MICROPROCESSOR DATA 
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1008 Hrs 

0/68 
0133 
0/68 
0/34 
0/34 
0/34 
---

0/271 

0/66 
0/34 
0/34 
0/222 
0/34 
0/32 
0167 
0/65 
0/34 
01102 
0/134 
1/93 
0/29 ---
1/946 

0/45 
0/254 ---
0/299 

0/68 
0/34 
0/68 
0/34 
0134 ---
0/238 

0/102 ---
0/102 

0/231 
0/615 
0/135 
0/230 
---

0/1211 

% Failures 

0.00 
2.94 
0.00 
0.00 
0.00 
0.00 ---
0.37 

0.00 
0.00 
0.00 
0.00 
0.00 
5.88 
0.00 
0.00 
0.00 
0.00 
0.00 
1.08 
0.00 ---
0.32 

0.00 
0.00 ---
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

---
0.00 

0.00 
---

0.00 

0.00 
0.00 
0.00 
0.43 

---
0.083 



Table 2-6. Temperature Humidity Bias Test 
GRAND TOTAL 

TEMPERATURE: 85°C 
HUMIDITY: 85% 
LONGEST STRESS: 1008 Hours 

Device Type 
- Failures Per Sample -

168 Hrs 504 Hrs 1008 Hrs % Failures 

NMOS 
HMOS 
HCM0$ 
CMOS 
DIP 
PLCC 

GRAND TOTAL 

CUM% 
FAILURE 

RATE 

Autoclave Test 

0/272 1/272 r 01272 0.37 
0/1261 2/1254 1/1245 0.24 
0/1314 111314 011313 0.08 
01238 0/238 01238 0.00 
011574 3/1567 1/1558 0.26 
0/1511 1/1511 0/1510 0.07 

0/3085 4/3078 1/3068 0.163 

0.9+-~~~~~~~~~~~~~~~~~~~~~~~~~~ 

0.8+-~~~~~~~~~~~~~~~~~~~~~~~~~~ 

0.7-r-~~~~~~--~~~~~~~~~~~~~~~~~~~ 

o.s+-~~~~~~~~~~~~~~~~~~~~~~~~~~ 

0_5-1--~~~~~~~~~~~~~~~~~~~~--~~~~~ 

~:~i·1==========================·=-----=====~~==~~~;;~::: ___ : .... :: .. 
0.1 ...... ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

0 +-~~~~~~~~~~~~-+-~~~~~~~~~~~~ ...... 

YR 1985 YR 1986 
YEAR 

Figure 2-3. Temperature Humidity Bias Trend Chart 

YR 1987 

Autoclave, like THB, is an environmental test which measures device resistance to moisture 
penetration along the leadframe-plastic interface. Conditions employed during the test include 
121°C, 100% relative humidity, and 15 psig. Corrosion of the die is the expected failure mechanism. 
Autoclave is a highly accelerated and destructive test performed per JEDEC Standard 22, Method 
A102. Testing is routinely performed for 144 hours. 

Table 2-7 lists the results of the autoclave test. Table 2-8 lists the grand total of the devices tested 
in Table 2-7. Figure 2-4 shows the trend chart for the autoclave test. 
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TEMPERATURE: 121°C 
PRESSURE: 15 psig 

Table 2-7. Autoclave Test 

LONGEST STRESS: 144 Hours 

Device Type 

NMOSDIP 
MC6800 
MC6802 
MC6840 
MC6845 
MC6846 
MC6850 
MC6852 
MC6854 
MC68661 
MC68901 
CUSTOM A 
CUSTOM B 
CUSTOM C 

TOTAL 

HCMOS DIP 
MC68HC21 
MC68HC05C4 

TOTAL 

CMOS DIP 
MC146805F2 
MC146805G2 
MC146818 
MC146818A 
MC146805E2 
MC146805F2 
MC146805G2 
MC146823 
MC1468705F2 

TOTAL 

HMOS DIP 
MC2674 
MC6801 
MC6801U4 
MC6802 
MC6803U4 
MC6804J2 
MC6804P2 
MC6805P2 
MC6805R2 
MC6805R3 
MC6805S2 
MC6805S3 
MC6805T2 
MC6809 
MC6809E 
MC68000 
MC68008 
MC68010 
MC68230 
MC68661 
MC68681 

TOTAL 

- Failures Per Sample -

48 Hrs 96 Hrs 

0/44 0144 
0122 0122 
0144 0/44 
0122 0122 
0122 0122 
0/65 0/65 
0122 0122 
0144 0144 
0122 0122 
0122 0122 
0/330 0/327 
0/462 0/462 
0/847 2/846 --- ---
0/1968 2/1964 

0122 0122 
0/114 0/114 --- ---
0/136 0/136 

0/65 0/65 
0/44 0144 
0/192 0/192 
0/394 0/394 
0/22 0122 
0143 0/43 
0166 0166 
0/534 0/534 
0134 0134 --- ---
0/1394 0/1394 

0122 0122 
0/297 0/297 
1/777 01776 
0122 0122 
0144 0144 
0/354 0/354 
0/66 0166 
0144 1/44 
0/34 0/34 
0/98 0/98 
0144 0/44 
0122 0122 
0/66 0166 
0/44 0/43 
0/44 0/44 
0/110 0/110 
0/22 0122 
0/22 0/22 
0122 0122 
0144 0/44 
0/65 0/64 
--- ---

1/2263 1/2260 

MOTOROLA MICROPROCESSOR DATA 
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144 Hrs 

0144 
0122 
0144 
0/22 
0122 
0/65 
0122 
0144 
0122 
0122 
0/326 
01462 
0/843 ---
0/1960 

0122 
0/114 
---

0/136 

0/65 
0144 
0/192 
0/394 
0122 
0/43 
0166 
0/534 
0134 
---

0/1394 

0/22 
0/297 
1/776 
0122 
0144 
0/354 
0166 
0/43 
0/34 
0/98 
0/44 
0122 
0166 
0143 
0/44 
0/110 
0/22 
0/22 
0122 
0144 
0/64 
---

1/2259 

% Failures 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.24 ---
0.10 

0.00 
0.00 ---
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 ---
0.00 

0.00 
0.00 
0.13 
0.00 
0.00 
0.00 
0.00 
2.32 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 ---
0.13 



TEMPERATURE: 121°C 
PRESSURE: 15 psig 

Table 2-7. Autoclave Test (Continued) 

LONGEST STRESS: 144 Hours 

Device Type 

HMOS PLCC 
MC6805R2 
MC68705R3 
CUSTOM D 
CUSTOM E 

TOTAL 

HCMOS PLCC 
MC68HC11 
MC68HC11A8 
MC68HCOOO 
MC68605 
CUSTOM E 
CUSTOM G 

TOTAL 

CMOS PLCC 
MC146805F2 
MC146805G2 
MC146818 
MC146818A 

TOTAL 

TEMPERATURE: 121°C 
PRESSURE: 15 psig 

- Failures Per Sample -

48 Hrs 96 Hrs 

0/170 0/170 
0/255 0/255 
0/434 0/433 
1/693 0/692 --- ---
1/1552 0/1550 

1/1150 0/1148 
01320 01320 
01135 0/135 
0/45 0/45 
1/363 1/361 
01770 01770 
--- ---

2/2783 1/2779 

0/102 0/102 
0/68 0/68 
0/102 0/101 
0133 0133 --- ---
0/305 0/304 

Table 2-8. Autoclave Test 
GRAND TOTAL 

144 Hrs 

01170 
0/255 
01432 
0/691 ---
0/1548 

2/1146 
01320 
0/135 
0144 
0/359 
01770 
---

2/2775 

0/102 
0/68 
0/101 
0133 
---

0/304 

LONGEST STRESS: 144 Hours 

Device Type 

NMOS 
HMOS 
HCMOS 
CMOS 
DIP 
PLCC 

GRAND TOTAL 

- Failures Per Sample -

48 Hrs 96 Hrs 

0/1968 2/1963 
2/3815 1/3810 
2/2919 1/2915 
0/1699 0/1698 
1/5761 3/5753 
3/4640 1/4633 

4/10401 4/10386 

MOTOROLA MICROPROCESSOR DATA 

2-13 

144 Hrs 

0/1959 
1/3807 
2/2909 
0/1698 
1/5748 
2/4625 

3/10373 

% Failures 

0.00 
0.00 
0.00 
0.14 

---
0.06 I 
0.26 
0.00 
0.00 
0.00 
0.55 
0.00 

---
0.18 

0.00 
0.00 
0.00 
0.00 

---
0.00 

% Failures 

0.10 
0.10 
0.17 
0.00 
0.09 
0.13 

0.106 
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FAILURE 
RATE 
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Figure 2-4. Autoclave Trend Chart 

YR 1987 

Temperature Cycle Test 

Temperature cycle testing accelerates the effects of thermal expansion mismatch among the 
different components within a specific packaging system. During temperature cycle testing, de
vices are inserted into a cycling system and held at the cold ( - 65°C) dwell temperature for at 
least ten minutes. Following this cold dwell, the devices are heated to the hot ( + 105°C) dwell 
where they remain for another ten minute minimum time period. The system employs a circulating 
air environment to assure rapid stabilization at the specified temperature. The dwell at each 
extreme, plus the two transition times of five minutes each (one up to the hot dwell temperature, 
another down to the cold dwell temperature), constitutes one cycle. Test duration is for 1000 
cycles with some tests extended to look for longer term effects. 

Table 2-9 lists the test results of the temperature cycle test testing at a temperature range of a 
-65°C to 150°C. Table 2-1 O lists the grand total of the devices tested in Table 2-9. Table 2-11 lists 
the test results of the temperature cycle test testing at a temperature range of a - 50°C to 150°C. 
Table 2-12 lists the grand total of the devices and results of Table 2-11. Figure 2-5 shows the trend 
chart for the temperature cycle test. 
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Table 2-9. Temperature Cycle Test 

TEMPERATURE: -65°C to + 150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 

Device Type 
- Failures Per Sample -

NMOS DIP 
MC3870 
MC6800 
MCM6810 
MC6840 
MC6844 
MC6845 
MC6846 
MC6850 
MC6852 
MC6854 
MC68661 
CUSTOM A 
CUSTOM B 
CUSTOM C 

TOTAL 

NMOS CERAMIC 
MC6821S 
MC6821 L 
MC6844S 
MC6850 

TOTAL 

HMOS PLCC 
MC6805R2 
MC6805R3 
CUSTOM E 

TOTAL 

HMOS DIP 
MC2674 
MC6801 
MC6801 U4 
MC6802 
MC6803U4 
MC6804J2 
MC6804P2 
MC6805P2 
MC6805P4 
MC6805P6 
MC6805S2 
MC6805R2 
MC6805R3 
MC6805S2 
MC6805S3 
MC6805T2 
MC6809E 
MC6809 

TOTAL 

100 eye 500 eye 

0/38 0138 
0/114 01114 
0/38 0137 
01i14 0/114 
0/38 0/38 
0/38 0/38 
0138 0138 
0/114 01114 
0176 0176 
0/38 0138 
0138 0138 
01307 01307 
0/115 0/115 
0/1306 0/1306 
--- ---

0/2412 0/2411 

0/38 0/38 
0138 0138 
0/114 0/114 
01114 0/114 --- ---
0/304 01304 

0/152 3/152 
0/38 0138 
0/153 11153 
--- ---

01343 41343 

0137 0137 
0/546 1/546 
0/668 0/653 
0/38 0138 
01114 0/114 
0176 0176 
0/114 0/114 
0176 0176 
0/38 0/38 
1/432 2/429 
1/38 0137 
0/38 0/38 
0/152 0/152 
0138 0/38 
0137 0137 
01114 0/114 
11114 0/113 
0176 0176 --- ---
3/2746 3/2726 

MOTOROLA MICROPROCESSOR DATA 
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1K eye 

0/38 
0/114 
0137 
01114 
0/38 
1/38 
0138 
1/114 
0176 
0138 
0138 
01307 
0/115 
3/1306 ---
5/2411 

0/38 
0/38 
0/114 
0/114 
---

0/304 

4/149 
0138 
0/152 
---

4/339 

0137 
2/542 
01638 
0138 
0/114 
0176 
0/114 
0/75 
0/38 
0/427 
0137 
0/38 
31152 
0138 
0137 
01114 
0/113 
0176 
---

5/2704 

% Failures 

0.00 
0.00 
0.00 
0.00 
0.00 
2.63 • 0.00 
0.88 
0.00 
0.00 
0.00 
0.00 
0.00 
0.23 ---
0.21 

0.00 
0.00 
0.00 
0.00 ---
0.00 

4.61 
0.00 
0.65 ---
2.36 

0.00 
0.55 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.69 
2.63 
0.00 
1.97 
0.00 
0.00 
0.00 
0.88 
0.00 

---
0.40 
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Table 2-9. Temperature Cycle Test (Continued) 

TEMPERATURE: -65°Cto +150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 

Device Type 
- Failures Per Sample -

HMOS CERAMIC 
MC6801L 
MC6809EL 
MC6809ES 
MC6809S 
MC68120L 
MC68701 
MC68701U4L 
MC68705P3 
MC68705S3S 
MC68000L 
MC68000R 
MC68010R 
MC68230L 
MC68451L 
MC68901L 

TOTAL 

HCMOS PLCC 
MC68HC11 
MC68881 
XC68882 
CUSTOM E 
CUSTOM G 

TOTAL 

HCMOS DIP 
MC68HC05C4 
MC68HC05C8 
MC68HC21 

TOTAL 

HCMOS CERAMIC 
MC68020R 
MC68605R 
MC68824R 
MC68851R 
MC68881R 
MC68704P2 

TOTAL 

CMOS PLCC 
MC146805F2 
MC146805G2 
MC146818 
MC146818A 

TOTAL 

CMOS DIP 
MC146805E2 
MC146805F2 
MC146805G2 
MC146818 
MC146818A 
MC146823 
MC1468705F2 

TOTAL 

100 eye 500 eye 

0/38 0/38 
0/38 0/38 
0/38 0/38 
0/76 0/76 
0/76 0176 
0/38 0/38 
0/38 0137 
0/38 0/38 
0/38 0/38 
0/113 0/112 
0138 0/38 
0138 0/38 
0/38 0/38 
0136 0/36 
0/38 0/38 --- ---
0/719 0/717 

1/538 0/537 
0/78 0/78 
1/135 0/134 
0/253 4/252 
0/1153 1/1153 
--- ---

2/2157 5/2154 

0/223 0/223 
0/338 0/338 
0/109 0/109 
--- ---

0/670 0/670 

0177 0177 
0/231 0/231 
0/231 0/231 
0177 0177 
0/74 0/74 
0/135 0/135 --- ---
0/825 0/825 

0176 0176 
0/114 0/114 
0/38 0/38 
0176 0176 --- ---
0/304 0/304 

0/38 0/38 
0/190 0/189 
0/152 0/152 
0/38 0/38 
0/76 0/76 
0176 0176 
0/38 0/38 --- ---
0/608 0/607 

MOTOROLA MICROPROCESSOR DATA 
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1K eye 

0/38 
0/38 
3/38 
2n6 
0/76 
0/38 
0137 
1/38 
0/38 
0/112 
0137 
0/38 
0/38 
0/36 
0/38 
---

6/716 

2/535 
0/78 
0/134 
5/246 
2/1150 
---

9/2143 

0/223 
3/338 
0/109 ---
3/670 

0177 
0/231 
1/230 
0177 
0/74 
0/135 ---
1/824 

0176 
0/113 
0/38 
0176 ---
0/303 

0/38 
0/189 
0/152 
0/38 
0/76 
0176 
0/38 ---
0/607 

% Failures 

0.00 
0.00 
7.89 
2.63 
0.00 
0.00 
0.00 
2.63 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 ---
0.84 

0.56 
0.00 
0.74 
3.56 
0.26 ---
0.74 

0.00 
0.89 
0.00 ---
0.45 

0.00 
0.00 
0.43 
0.00 
0.00 
0.00 ---
0.12 

0.00 
0.00 
0.00 
0.00 ---
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 ---
0.00 



Table 2-10. Temperature Cycle Test 
GRAND TOTAL 

TEMPERATURE: -65°C to + 150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 

Device Type 
- Failures Per Sample -

100 eye 500 eye 

NMOS 0/2716 0/2715 
HMOS 3/3808 7/3786 
CMOS 01912 0/911 
HCMOS 2/3652 5/3649 
PLCC 212804 9/2801 
DIP 3/6436 3/6414 
PLASTIC 5/9240 12/9215 
CERMAIC 0/1848 0/1846 

GRAND TOTAL 5/11088 12/11061 

Table 2-11. Temperature Cycle Test 

TEMPERATURE: -50°C to + 150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 

1K eye 

5/2715 
15/3759 
0/910 

10/3637 
13/2785 
10/6392 
23/9177 

7/1844 

30/11021 

Device Type 
- Failures Per Sample -

NMOS DIP 
MC68661 
MC68901 

TOTAL 

HMOS DIP 
MC6801 
MC6801U4 
MC68000 
MC68008 
MC68230 
MC68681 

TOTAL 

HMOS PLCC 
MC68HC11 
MC68705R3 
CUSTOM G 
CUSTOM E 

TOTAL 

HMOS PLCC 
MC68HC11A8 
MC68881 
CUSTOM E 
CUSTOM G 

TOTAL 

100 eye 500 eye 

0/114 0/114 
0/38 0/38 --- ---
0/152 0/152 

0/231 0/231 
0177 0177 
0/114 0/114 
0/38 0/38 
0138 0/38 
0/112 0/111 --- ---
0/610 0/609 

0/384 0/384 
0/107 0/107 
0/737 1/737 
0/154 0/154 --- ---
0/1382 1/1382 

0180 0180 
1/76 0/75 
2/198 2/195 
0/308 0/308 --- ---
3/662 2/658 

MOTOROLA MICROPROCESSOR DATA 
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1K eye 

0/114 
0/38 ---
0/152 

0/231 
0177 
01107 
1/38 
1/38 
0/111 ---
2/602 

0/384 
0/107 
0/736 
0/154 ---
0/1381 

0180 
0/75 
1/191 
0/308 ---
1/654 

% Failures 

0.18 
0.67 
0.00 
0.47 
0.86 • 0.25 
0.44 
0.38 

0.43 

% Failures 

0.00 
0.00 ---
0.00 

0.00 
0.00 
0.00 
2.63 
2.63 
0.00 ---
0.33 

0.00 
0.00 
0.14 
0.00 ---
0.07 

0.00 
1.32 
2.53 
0.00 ---
0.92 
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Table 2-12. Temperature Cycle Test 
GRAND TOTAL 

TEMPERATURE: - 50°C to + 150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 

Device Type 

NMOS 
HMOS 
HCMOS 
PLCC 
DIP 

GRAND TOTAL 

1 • 
0.9 

0.8 

0.7 

CUM % 0.6 

FAILURE 0.5 
RATE 0.4 

0.3 

0.2 

0.1 

0 

YR 1985 

Thermal Shock Test 

100 eye 

0/152 
0/1992 
3/662 
3/2044 
0/762 

3/2806 

- Failures Per Sample -

500 eye 

0/152 
1/1991 
2/658 
3/2040 
0/761 

3/2801 

., 

YR 1986 

YEAR 

1K eye 

0/152 
2/1983 
1/654 
1/2035 
2/754 

3/2789 

............... 
.............. 

Figure 2-5. Temperature Cycle Trend Chart 

% Failures 

0.00 
0.15 
0.92 
0.34 
0.27 

0.32 

............... 
-......4 

YR 1987 

The objective of thermal shock testing is the same as that for temperature cycle testing - to 
emphasize differences in expansion coefficients for components of the packaging system. How
ever, thermal shock provides additional stress in that the device is exposed to a sudden change 
in temperature due to the transfer time of ten seconds maximum as well as the increased thermal 
conductivity of a liquid ambient. Devices are placed in a flourocarbon bath and cooled to -65°C. 
After being held in the cold chamber for five minutes minimum, the devices are transferred to 
an adjacent chamber filled with flourocarbon at + 150°C for an equivalent time. Two five minute 
dwells plus two ten second transitions constitute one cycle. Test duration is normally for 1000 
cycles with some tests being extended to look for longer term effects. 

Table 2-13 lists the results of the thermal shock test and Table 2-14 lists the grand total of Table 
2-13. Figure 2-6 shows the trend chart for the thermal chart for the thermal shock test. 
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Table 2-13. Thermal Shock Test 

TEMPERATURE: -65°C to + 150°C 
STRESS METHOD: Liquid to Liquid 
LONGEST STRESS: 1000 Cycles 

Device Type 
- Failures Per Sample -

NMOS DIP 
MC2674 
MC3870 
MC6800 
MC6802 
MCM6810 
MC6846 
MC6850 
MC68488 
MC68661 

TOTAL 

HMOS DIP 
MC6801 
MC6803U4 
MC6804J2 
MC6804P2 
MC6805P2 
MC6805P4 
MC6805P6 
MC6805R3 
MC6805S2 
MC6805S3 
MC6805T2 
MC68661 
MC68681 
MC68901 

TOTAL 

HMOS CERAMIC 
MC6801L 
MC6850 
MC68000L 
MC68010R 
MC68451L 

TOTAL 

HCMOS DIP 
XC68HC01 
MC68HC05C8 

TOTAL 

HMOS PLCC 
MC68HC11 

HCMOS CERAMIC 
MC68020R 
MC68881R 

TOTAL 

CMOS DIP 
MC146805G2 
MC146805F2 
MC146818 
MC146823 

TOTAL 

100 eye 500 eye 

0/34 0/34 
01135 2/135 
0/34 0/34 
0/34 0134 
0/34 0/34 
0/34 0/34 
0168 0168 
0/34 0/34 
0168 0168 --- ---
0/475 21474 

01432 0/431 
0/68 0168 
0/343 0/343 
0/34 0/34 
0/68 0/68 
0/34 0;34 
0/432 4/432 
0/34 0/34 
0/68 0168 
0/34 0/34 
0/34 0/34 
0/34 0/34 
0/102 0/102 
0133 0/34 --- ---
0/1750 4/1750 

0138 0138 
0138 0138 
0/38 0136 
0138 0/38 
0138 0/38 --- ---
0/190 0/188 

0/34 0/34 
0168 0168 --- ---
0/102 0/102 

0/615 2/614 

0/462 0/461 
0/205 0/205 
--- ---

0/667 0/666 

0/34 0/34 
0/68 0/68 
0134 0134 
0134 0134 
--- ---

0/170 0/170 
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1K eye 

0/34 
0/133 
0/34 
0/34 
0/34 
0/29 
0167 
0/34 
1/68 
---

1/467 

0/431 
0168 
0/343 
0/34 
0168 
0/34 
0/428 
0/34 
0168 
2/32 
0/34 
0/33 
0/95 
0133 
---

2/1735 

0137 
0137 
0/36 
0138 
0136 ---
0/184 

0/34 
0168 
---

0/102 

0/612 

1/459 
0/199 
---

1/658 

0/31 
0168 
0133 
0/34 ---
0/166 

% Failures 

0.00 
1.48 
0.00 
0.00 
0.00 
0.00 • 0.00 
0.00 
1.47 

---
0.64 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.93 
0.00 
0.00 
5.88 
0.00 
0.00 
0.00 
0.00 

---
0.34 

0.00 
0.00 
0.00 
0.00 
0.00 

---
0.00 

0.00 
0.00 ---
0.00 

0.33 

0.22 
0.00 ---
0.15 

0.00 
0.00 
0.00 
0.00 

---
0.00 
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Table 2-14. Thermal Shock Test 
GRAND TOTAL 

TEMPERATURE: -65°C to + 150°C 
STRESS METHOD: Liquid to Liquid 
LONGEST STRESS: 1000 Cycles 

Device Type 
- Failures Per Sample -

NMOS 
HMOS 
CMOS 
HCMOS 
PLCC 
DIP 
PLASTIC 
CERAMIC 

GRAND TOTAL 

0.8 

0.7 

0.6 

CUM % 
0.5 

FAILURE 
RATE 

0.3 

0.2 

0.1 

0 
YR 1985 

Data Retention Test 

100 eye 

0/475 
0/1941 
0/170 
0/769 
0/615 
0/3355 
0/3113 
0/857 

0/3970 

500 eye 

21474 
4/1938 
0/170 
0/768 
2/614 
6/3350 
8/3110 
0/854 

8/3964 

YR 1986 

YEAR 

1K eye 

1/467 
2/1919 
0/166 
1/760 
0/612 
4/3312 
3/3082 
1/842 

4/3924 

Figure 2-6. Thermal Shock Trend Chart 

% Failures 

0.64 
0.31 
0.00 
0.13 
0.33 
0.30 
0.35 
0.12 

0.30 

YR 1987 

Data retention testing or high temperature storage is performed to measure the stability of the 
programmed EPROM and EEPROM devices during storage at elevated temperatures with no 
electrical stress applied. The devices are stored at an ambient of 150°C. An acceleration of charge 
loss from the storage cell is the expected result. All groups are typically tested to 1008 hours. 

Table 2-15 lists the results and the grand total of the data retention test. Figure 2-7 shows the 
trend chart for the data retention bake test. 
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TEMPERATURE: 150°C 
LONGEST STRESS: 1008 Hours 

Table 2-15. Data Retention Test 

Device Type 
- Failures Per Sample -

168 Hrs. 504 Hrs. 1008 Hrs. 

HMOS CERAMIC 
MC1468705F2 0178 0178 0178 
MC68701U4 0144 0144 0144 
MC68705R3 0/45 0/45 0/45 
MC68704P2 01442 01442 01442 
MC68701 0/45 0145 0.145 --- --- ---

TOTAL 0/654 0/654 0/654 

HMOS DIP 
MC68000 0/100 0/100 0/100 

HMOS PLCC 
MC68705R3 1/2044 0/2043 1/2043 

HCMOS PLCC 
XC68HC11A8' 1/385 0/381 01377 
MC68HC11A8* 2/1668 2/1667 2/1665 

--- --- ---
TOTAL 3/2053 2/2048 2/2042 

HMOS 1/2798 012797 1/2797 
HCMOS 3/2053 212048 2/2042 

GRAND TOTAL 4/4851 2/4845 3/4839 

*These EEPROM units were prestressed through 10K write/erase cycles. 

% Failures 

0.00 
0.00 
0.00 
0.00 
0.00 ---
0.00 

0.00 

0.10 

0.26 
0.36 ---
0.34 

0.07 
0.3 

45 

0.19 

o.5-r-~~~~~~-~~~~~~~~~~~~~~~~~~~~ 

CUM % 
FAILURE 

RATE 

... 0.45 • 

0.4 

0.35 

0.3 

0.25 

0.2 

0. 15 

0.1 

0.05 

0 

YR 1985 

---- ---- -·--

YR 1986 

YEAR 

----........ 

Figure 2-7. Data Retention Bake Trend Chart 

EEPROM Write/Erase Cycling Test 

---- -· 
YR 1987 

The write/erase endurance test measures EEPROM cell operation over an expected life time. All 
cells are alternately cycled for 10,000 cycles between an erased state "1" and a write state "O" 
at the device high temperature specification of 85°C. The most common failure mode is failure 
to write a "O" within the 10 msec specification limit. 
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Table 2-16 lists the results and grand total of the EEPROM write/erase cycling test. Table 2-17 lists 
the average outgoing quality from year 1979 through 1987. 

Table 2-16. EEPROM Write/Erase Cycling Test 

VOLTAGE: 5.5 Volts 
TEMPERATURE: 85°C 
LONGEST STRESS: 10K Cycles 

Device Type 
1K eye 

HCMOS PLCC 
XC68HC11A8 1/288 
(Mask: 1 B96DI 
XC68HC11A8 3/642 
(Mask: 2B96D) 
MC68HC11A8 1/314 
(Mask: 2B96DI 
MC68HC11A8 3/1289 
(Mask: 7B96D) 

TOTAL 8/2533 

Device Type 

HCMOS PLCC 
MC68HC11A8 
(Mask: 1 & 2B96D) 
MC68HC11A8 
(Mask: 7B96D (Current Mask)) 

GRAND TOTAL 

- Failures Per Sample -

2K eye SK eye SK eye 

1/287 3/286 0/283 

2/633 2/629 2/627 

1/313 0/312 0/312 

0/1286 0/1286 1/1286 

4/2519 5/2513 3/2508 

Write/Erase Cycling Failure Rate Calculation 

Test 85°C 70°C Equiv. 
Device Device Hrs. Device cyc1 

1244 12,440,000 2.58x107 

1289 12,900,000 2.67 x 107 

2533 25,340,000 5.24x107 

1) Activation energy used in equivalent device cycle calculation is 0.53 eV. 
2) 90% confidence. 

Time Frame 

Year 1979 
Year 1980 
Year 1981 
Year 1982 
Year 1983 
Year 1984 
Year 1985 
Year 1986 
Year 1987 

Table 2-17. Average Outgoing Quality 

Goal 
Electrical 

AOQ (PPM) 
(PPM) 

Actual 

3000 H4000 
2500 1~12000 

1500 1725 
900 717 
425 383 
200 419 

80 272 
50 291 
50 232 
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10K eye Failure 

1/283 2.10 

0/625 1.42 

0/312 0.64 

1/1285 0.39 

2/2505 0.87 

Failures % 1K eye 
0.53 eV2 

17 0.090 

5 0.035 

22 0.056 

Visual/Mech. 
AOQ (PPM) 

Actual 

H4500 
(~)2500 

1920 
1103 
380 
403 
137 
509 
190 



RESULTS AND CONCLUSION 

The 1987 Microprocessor Reliability results indicate that the major product lines have excellent 
overall reliability performance. The reliability performance of our products is evaluated through 
extensive stress/testing which includes life test, temperature cycle, thermal shock, THB, autoclave, 
and data retention bake. This year's results indicate there are many areas where significant gains 
were made in reliability performance as compared to the 1986 results. 

The overall High Temperature Operating Life test result for the year was excellent with a failure 
rate of 117 FITs compared to the 1986 yearly total of 264 FITs (based on 0.7 eV). Failure rate 
improvements were seen in all of the key process technologies during the year. The life test failure 
rate for NMOS was 91 FITs which is a 55% improvement compared to the previous yearly results. 
The HMOS failure rate improved to a 127 FIT level as compared to the 467 FIT level this technology 
achieved in 1986. The HCMOS failure rate was 224 FITs which is a 16% improvement in the 1986 
figure. The 5 micron CMOS technology achieved a failure rate of 125 FITs which is excellent and 
a significant improvement over 1986. 

The environmental results for 1987 indicate that our products lines are capable of meeting rigid 
environmental extremes with very low failure rates. The actual stress results for the various 
thermal cycling and moisture tests are detailed below. 

The temperature cycle results for 1987 improved to an overall 0.43% cumulative failure rate 
through 1000 cycles. This is a 51% gain over the 1986 figures. Thermal shock results for this 
period also improved substantially to a 0.30% level. These figures are excellent. 

Both temperature humidity bias and autoclave produced improved failure rate performance during 
1987. Temperature humidity bias achieved a 0.16% cumulative failure rate through 1008 hours. 
The autoclave test for this time frame resulted in a 0.11% figure which is a 56% improvement 
over 1986. 

Data retention bake, which is used to evaluate the ability of the MCU EPROM and EE PROM devices 
to store charge over an extended period of time, has a cumulative percent fallout of 0.19%. This 
figure has improved 42% during 1987 as compared to the previous years results. 

Write/erase cycling, which was begun this year to measure the MCU EEPROM arrays operational 
endurance over an expected life time, resulted in an overall failure rate of 0.056%/1 K cycles at 
70°C. The most recent material evaluated in the 4th quarter of 1987 achieved a 0.035%/1 K cycles 
failure rate. 

Average Outgoing Quality levels for both electrical and visual/mechanical performance improved 
for 1987. The yearly figures are 232 ppm for electrical and 190 ppm for visual/mechanical. 

In summary, the Motorola Microprocessor Product Group's products are achieving very high 
levels of reliability and quality performance. Improvements in many key areas have been made 
during the course of the year, and as a group our goal will be to continually upgrade the Reliability 
and Quality of our products. 

For more information, contact Microprocessor Reliability Engineering at 512/440-2530 or write to: 

Microprocessor Reliability Engineering 
Motorola Inc. 
6501 William Cannon Drive West 
Austin, Texas 78735-8598 
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FAILURE RATE CALCULATIONS 

Environmental tests are designed to measure device resistance to unusual and severe stress not 
expected under normal operating conditions. Device performance under these conditions is ex
pressed as a percent of devices defective and compared to previous results. Life tests, on the 
other hand, accelerate the use conditions of the device with temperature and voltage in a manner 
which is more quantitatively correlatable to system operation. Life test failure rates are expressed 
as failures per unit time and are calculated using established principles or probability and statistics. 

The principles of reliability engineering have indicated that failure rates for semiconductor devices 
will take the form of the"bathtub" curve (Figure 2-8). 

t 
FAILURE 

RATE 

CLASSICAL FAILURE RATE CURVE 

REGION2 

TIME 

Figure 2-8. Device Failure Rate as a Function of Time 

The following three regions are represented in the curve: 
1. Infant Mortality- a region of high bur rapidly declining failure rates, usually associated with 

manufacturing defects. 

2. Random Failures - a region of low, random failures caused by more subtle defects. This 
area of the curve represents the useful part of device life. 

3. Wea rout - a region of rapidly rising failure rates related to device wearout. Most semicon
ductors will not reach this stage before they are replaced because of changes in technology. 

Techniques for calculating life test failure rates assume that the devices being tested have passed 
infant mortality and entered the stable random failure portion of the life curve. Failures which 
occur in this area are few and are known to approximate specific probability distributions. These 
probability distributions are used to calculate sample failure rates which can be projected to the 
population in general through the application of confidence limits. Techniques used to calculate 
life test failure rates for micorprocessors are discussed below. 

A failure rate for any sample of life tested devices can be determined by dividing the number of 
failures by the number of device hours. However, this rate will apply to that sample only. Ff you 
are interested in projecting from the sample to the population in general, you must establish 
confidence limits. The application of confidence limits is a statement of how "confident" you are 
that the sample failure rate approximates that for the population in general. To obtain rates with 
different confidence levels, it is necessary to make use of specific probability distributions which 
take the same form as the actual failure distribution. 
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It has been determined that failures in semiconductors that have entered the middle portion of 
the bathtub curve will approximate a Poisson distribution; this distribution applies when one has 
a large sample with an extremely small number of events of interest, such as device failures. 
Given a Poisson failure process, a Chi-Square distribution can be used to establish confidence 
limits for failure rates. R&QA Engineering has determined that the following general formula, 
which utilizes values from a Chi-Square table, can be used to calculate failure rates for semicon
ductors: 

where: 

2(0'.' d.f) 
A.~X ---

2t 

A. =Failure Rate 
x2 =Chi-Square Function 

100 - Confidence Level 
O'. 

100 
d.f. =Degrees of Freedom= 2r + 2 
r =Number of Rejects 
t =Device Hours 

To calculate the failure rate, first determine the level of confidence you require and calculate 
degrees of freedom. Select the Chi-Square value for a Chi-Square distribution table with the 
appropriate degrees of freedom and confidence level. Divide that value by twice the actual device 
hours, at the temperature of interest. 

The above formula applies for calculating a device failure rate, provided that the test is conducted 
at system temperature. However, since we are unable to observe long-term effects which develop 
over time, the test is accelerated through the application of a high temperature. In oder to calculate 
a failure rate at the ambient temperature of a system, a factor must be supplied to compensate 
for the acceleration. The factor (Fa) which equates test temperature with rated temperature is 
derived from the Arrhenius relationship: 

where: 

Fa=exp( (¢/k) • (1 -1)) 

Tr Tt 

Fa =Acceleration Factor 
<P =Activation Energy, eV 
k = Boltzman's Constant, 8.62 x 1o-5eV/K 
Tr =Junction Temperature, K at the Rated 

Ambient of 70°C 
Tt =Junction Temperature, K at the Life Test 

Ambient of 125°C 

(2) 

Motorola uses 70°C for the system temperature (To) to more closely approximate the actual 
temperature of the device during system operation and to supply a degree of conservatism to 
the failure rate calculation. 

Motorola uses an activation energy value of 0.7 electron volt. A 0.7 eV was selected as an average 
value because a variety of different failure mechanisms exist for microprocessor and other VLSI 
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devices, with activation energies ranging from 0.40 eV for oxide related failures to 1.0 eV or greater 
for contamination and metal related failures. Tr and Tt of the equation are the average junction 
temperatures present at the rated and test ambients. Motorola uses junction, rather than ambient 
temperature, because they produce acceleration factors that are more conservative and repre
sentative of actual conditions. These temperatures are calculated as follows: 

(3) 

where: 

T J =Junction Temperature, °C 
TA =Ambient Temperature, °C 
Po =Average Power Dissipation, Watts 
0JA =Thermal Resistance - Junction to Ambient, 

°C Per Watt 

Once this step has been completed, the acceleration factor can be calculated and applied as a 
multiplier to the number of device test hours under accelerated test conditions to determine the 
equivalent number of hours at rated operating conditions. To determine the failure rate at the 
operating temperature use equation (1) substituting the equivalent device hours at rated tem
perature fort in the equation. 

Equation (1) provides a failure rate expressed in percent per thousand hours. This number, stated 
as a percentage per each thousand hours of operation, is one way Motorola R&QA Engineering 
expresses failure rates for Microprocessors. One other way of expressing failure.rates is Failures 
In Time (FITs) which refers to failed units per 109 device hours (1 FIT=i\X 104 ). 

Mean Time To Failure (MTTF) is another parameter frequently used to express failure rates. MTTF 
is the average time to a failure of a nonrepairable item such as a semiconductor and is expressed 
as the reciprocal of the failure rate: 

MTTF=J_ 
i\ 

MOTOROLA MICROPROCESSOR DATA 

2-26 

(4) 



Data Sheets 
Volume I and II 

This chapter (found in both Volume I and Volume II) contains the data sheets 
for the Microprocessors, Microcontrollers, and Peripheral devices. For information 
on packaging, refer to Chapter 4. Ordering forms are located in Chapter 6. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
Programmable Video Timing Controller 
(PVTC) 

The MC2672 programmable video timing controller (PVTC) is a programmable device designed 
for use in CRT terminals and displays systems that employ raster scan techniques. The PVTC gener
dles the vertical and horizontai timing signals necessary for the display of interlaced or non-inter
laced data on a CRT monitor. It provides consecutive addressing to a user specified display buffer 
memory domain and controls the CPU-display buffer interface for various buffer configuration 
modes. A variety of operating modes, display formats, and timing profiles can be implemented by 
programming the control registers in the PVTC. Applications include CRT terminals, word-process
ing systems, small business computers, and home computers. 

• 4 MHz Character Rate 

• Up to 256 Characters Per Row 

• 1 to 16 Raster Lines Per Character Row 

• Up to 128 Character Rows Per Frame 

• Programmable Horizontal and Vertical Sync Generators 

• Interlaced or Non-Interlaced Operation 

• Up to 16K RAM Addressing for Multiple Page Operation 

• Automatic Wraparound of RAM 

• Addressable, lncrementable, and Readable Cursor 

• Programmable Cursor Size, Position, and Blink 

• Split Screen and Horizontal Scroll Capability 

• Light Pen Register 

• Selectable Buffer lnterfce Modes 

• Dynamic RAM Refresh 

• Completely TTL Compatible 

• Single + 5-Volt Power Supply 

• Power-On Reset Circuit 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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a Interface 

R 

w Read/Write 
Control Logic 

AO-A2 
Address 
Decoder 

• INTR 

Data Bus 
Drivers 

~ 

~ 
CCLK Clock 

Buffer 

ABSOLUTE MAXIMUM RATINGS 
Rating 

Supply Voltage 

Input Voltage 

Operating Temperature Range 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance 
Plastic Package 

MC2672 

BLOCK DIAGRAM 

Control 

Initialization 
and Display 

Registers 

Command 
Decode 
Logic 

Interrupt 
Logic and 

Status 
Register 

Timing Chain 
and 

Decode Logic 

Timing 

Symbol Value Unit 

Vee -0.3 to+ 7.0 v 
Vin -0.3 to + 7.0 v 
TA Oto 70 'C 

Tstg -55to+150 'C 

Symbol Value Rating 

6JA 50 'C/W 
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· CTRL1 

Display 
Memory CTRL2 

Handshake 
Logic CTRL3 

Display 

Address 
Timing 

Multiplexers 

Cursor, 
Pointer, and Light Pen Strobe 

Light Pen 
Registers 

Cursor and 
Compare CURSOR 

Logic 

HSYNC 

VSYNC/ CSYNC 

BLANK 

This device contains circuitry to pro
tect the inputs against damage due to 
high static voltages or electric fields; 
however, it is advised that normal pre
cautions be taken to avoid application 
of any voltage higher than maximum
rated voltages to this high-impedance 
circuit. For proper operation it is rec
ommended that Vin and Vout be con
strained to the range GND'°'IVin or 
V0utl"'Vcc. Reliability of operation is 
enhanced if unused inputs are tied to 
an appropriate logic voltage level !e.g., 
either GND or Vee). 



MC2672 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J, in °C can be obtained from: 

where: 

TA 
OJA 

Po 
PINT 
PPQRT 

=Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 

= P1NT+ PpQRT 

TJ=TA+(Po •OJA) 

= Ice x Vee, Watts - Chip Internal Power 
= Port Power Dissipation, Watts - User Determined 

(1) 

For most applications PPORT<P1NTand can be neglected. PPQRT may become significant ifthe device is configured 
to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and TJ (if PPORT is neglected) is: 

Po= K _,_ (T J + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

K = Po•(T A+ 273°C) + 0JA•Po2 (3) 

where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Po (at 
equilibrium) for a known TA. Using this value of K, the values of Po and TJ can be obtained by solving equations 
(1) and (2) iteratively for any value of TA 

DC ELECTRICAL CHARACTERISTICS ITA=0°C to 70°C Vcc=5 0 V ±5%1 
Parameter Symbol Min Max Unit 

Input Low Voltage V1L -0.3 0.8 v 
Input High Voltage V1H 2.0 Vee v 
Output Low Voltage 0Load = 2.4 mA) VoL - 0.4 v 
Output High Voltage (Exc-ept INTR Output) ILoad = -200 µA VoH 2.4 - v 
Input Leakage Current Vin=O to Vee ljn -10 10 p.A 

Hi-Z IOffstatel Input Current V;n=0.4 to 2.4 V ITSI -10 10 p.A 

ll'lTFf Open-Drain Output Leakage Current VoH-2.4 Vee ILOH - 10 p.A 

Internal Power Dissipation PINT - 800 mW 

NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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MC2672 

AC ELECTRICAL CHARACTERISTICS - BUS TIMINGHA='0° to 70°C, Vcc=5.0 V ±5%, See Note 1) 

MC2672B3 MC2672B4 

Param~r Symbol Min Max Min Max Unit 
AO-A2 Setup Time io W, ·fl· Low IAS 30 - 30 - ns 

AO-A2 Hold Time from W, R High IAH 0 - 0 - ns 

c:E Setup Time to W, R Low tcs 0 - 0 - ns 

IT Hold Time from W, "Fl ·High ICH 0 - 0 - ns 

W, R Pulse Width IRW 250 - 25o - ns 

Data Valid after R Low .!l:lJl - 200 - 200 ns 

Data Bus Floating after R High IDF - 100 - 100 ns 

Data Setup Time to W High tos 150 - 150 - ns 

Data Hold T_ime from W High IOH 10 - 5 - ns 

High Time from CE to CE lsee Note 2) ConSecutive Commaiids tee 600 - 600 - ns 
Other Commands 300 - 300 - ns 

NOTES: 
1. Timing is illustrated and specified referenced to W and R inputs. Device may also be 011!1fated with CE as the "strobing" 

input. In this ase, all timing specificM[ons apply referenced to falling and rising edges of CE. 
2. This specification requires that the CE input be negated (h_igh) between read and/or write cycles. 
3. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 

outputs. Input levels are 0.4 V to 2.4 V. 

AO-A2 ~ 
--.i 'AS 

00-07 I Read) Float 

BUS TIMING DIAGRAM 

Valid 

r'os 
D0-07 IWrite) ________ __,)f Valid 
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MC2672 

AC ELECTRICAL CHARACTERISTICS - CHARACTER CLOCK TIMING ITA=0°C to 70°C, Vcc=5.0 V ±5%, See Note ll 
'MC2672B3 M267284 

Parameter Symbol Min Max Min Max Unit 

CCLK Period tccP 370 - 250 - ns 

CCLK High Time tccH 125 - 100 - ns 

CCLK Low Time tccL 125 - 100 - ns 

Output Delay Time from CC0< Edge tcco 
DADDO-DADD13, BCE, WDB, RDB, MBC 40 175 40 150 ns 
BLANK, HSYNC, VSYNC/CSYNC, CURSOR, BEXT,BREO, BACK I 40 225 40 200 

NOTES: 
1. BCE, WDB, and RDB delays track each other within 10 nanoseconds. Also, these output delays will tend to follow the direction 

(minimum/maximum) of DADDO-DADD13 delays. 
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 

outputs. Input levels are 0.4 V to 2.4 V. 

Outputs 
!See Note 11 

Outputs 
WDB, RDB, BCE 

NOTES: 

CHARACTER CLOCK TIMING DIAGRAM 

1. DADDO-DADD13, BLANK, HSYNC, CSYNC/VSYNC, CURSOR, BEXT, BREO, BCE, MBC, BACK. 
2. BCE changes state on both CED< edges. 
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AC ELECTRICAL CHARACTERISTICS - OTHER TIMINGS IT A= o•c to 70°C, v cc= 5.0 v ± 5%) 

MC2672~ MC2672B4 

Parameter Symbol Min· .Max Min Max Unit 

READY I RDFLG Low from W HIGH tRDL - ~+30 - tccp+30 ns 

~High from PBR~ Low tM_K - 225 - 200 ns 

BEXT High from i5BRm High tBxT - 225 - 200 ns 

Light Pen Strobe Setup Time to CCLK Low tLPS 120 - 120 - ns 

Light Pen Strobe Hold Time from ~LK Low tLPH -10 - -10 - ns 

TiilTR Low from _c:i:::LK Low t1RL - 225 - 200 ns 

TiilTR High· from W. R High t1RH - 600 - 600 ns 

NOTES: 
1. Timing is illustrated and specified referenced to W and R inputs. Device may also be operated with CE as the "strobing" 

input. In this case, all timing specifications apply reterened to falling and rising edges of CE. 
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 

outputs. Input levels are 0.4 V to 2.4 V. 

BLANK 

HSYNC 

VBLANK 
Status Bit 

BLANK 

DADD3-
DADD13 

Line Zero and 
Split Screen 

OTHER TIMING DIAGRAMS 

Vertical Blanking 
Interval 

""'~ 

Multiplexed 
Signals Valid 

Status Bit-------------+---
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OTHER TIMING DIAGRAMS (Continued) 

-,t7 tLPH I ----+----- ------ -- --· 
LPS 

Light Pen 
Status Bit 

DADDO
DADD13 

Character 
Address n 

VVfora\ 
Delayed 

Command 

I 

-~ 

Character 
Address n + 1 

Address in Light 
Pen Register 

----.J tRDL r Ready or~--------"-~ 
RDFLG Status 

Bits 

W or R Which ----\ 
Resets 

Interrupt 

INTR' 

t1RH r-
-----
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COMPOSITE SYNC TIMING DIAGRAM 

BLANK~ .. E----~---------Vertical Blanking lnterval---------~-.,..LJL 

-----~->II~ >~HP~d i.------------Vertical Blanking Interval ~/' L.J L 

Horizontal Blanking Interval 

NOTES: 
1. In non-interlaced operation the even field is repeated continuously, and the odd field is not. 
2. Interlaced operation the even field alternates with the odd field. 
3. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 

outputs. Input levels are 0.4 V to 2.4 V. 

SIGNAL DESCRIPTION 

The input and output signals for the PVTC are described in 
the following paragraphs. 

Vee AND GND 
Power is supplied to the PVTC using these two pins. V CC 

is the + 5 volts ± 5% power input and GND is the ground 
connection. 

ADDRESS LINES (A0-A2) 
These lines are used to select PVTC internal registers for 

read/write operations and for commands. 

DATA BUS (00-D7) 
These lines comprise the 8-bit bidirectional three-state 

data bus. Bit 0 is the least significant bit and bit 7 is the most 
significant bit. All data, command, and status transfers bet
ween the CPU and the PVTC take place over this bus. The 
direction of the transfer is controlled by the read and write in
puts when the chip enable input is low. When the chip 
enable input is high the data bus is in the high-impedance 
state. 

READ STROBE (R) 

This pin is an active low input. A low on this pin while chip 
enable is low causes the contents of the register selected by 
AO-A2 to be placed on the data bus. The read cycle begins 
on the falling edge of R. 

WRITE STROBE (VV) 

This pin is an active low input. A low on this pin while chip 
enable is also low causes the contents of the data bus to be 
transferred to the register selected by AO-A2. The transfer 
occurs on the rising edge of W. 

CHIP ENABLE (CE) 

This pin is an active low input. When low, data transfers 
between the CPU and the PVTC are enabled on D0-07 as 
controlled by the iiii, R, and AO-A2 inputs. When CE is high, 
the PVTC is effectively isolated from the data bus and DO 
through 07 are placed in the high-impedance state. 

CHARACTER CLOCK (CCLK) 
This pin is the timing signal derived from the video dot 

clock which is used to synchronize the PVTC's timing func
tions. 

HORIZONTAL SYNC (HSYNC) 
This pin is an active high output which provides video 

horizontal sync pulses. The timing parameters are program
mable. 

VERTICAL SYNC/COMPOSITE SYNC (VSYNC/CSYNCl 
A control bit selects either vertical or composite sync 

pulses on this active high output. When CSYNC is selected, 
equalization pulses are included. The timing parameters are 
programmable. 
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BLANK (BLANK) 

This active high output defines the horizontal and vertical 
borders of the display. Display control signals which are out
put on DADD3 through DADD13 are valid on the trailing 
edge of BLANK. 

CURSOR GATE (CURSOR) 

This active high output becomes active for a specified 
number of scan lines when the address contained in the cur
sor registers matches the address output on the display ad
dress IDADDO through DADD13). The first and last lines of 
the cursor and a blink option are programmable. 

INTERRUPT REQUEST llNTR) 
This pin is an open-drain output which supplies an active 

low interrupt request from any of five maskable sources. 
This pin is inactive after power-on reset or a master reset 
command. 

LIGHT PEN STROBE (LPS) 

This positive edge triggered input indicates a light pen 'hit' 
causing the current value of the display address to be 
strobed into the light pen register. 

HANDSHAKE CONTROL 1 (CTRL1) 

In independent mode, this pin provides an active low write 
data buffer IWDBI output which strobes data from the inter
face latch into the display memory. In transparent and 
shared modes, this is an active low processor bus request 
IPBREOI input which indicates that the CPU desires to ac
cess the display memory. This pin must be tied high when 
operating in row-buffer mode. 

HANDSHAKE CONTROL 2 (CTRL2) 

In independent mode, this pin provides an active low read 
data buffer IRDBI output which strobes data from the 
display memory into the interface latch. In transparent and 
shared modes, CTRL2 is an active low bus external enable 
IBEXTI output which indicates that the PVTC has relin
quished control of the display memory !DADDO-DADD13 are 
in the high-impedance state) in response to a CPU bus re
quest. BEXT also goes low in response to a "display off and 
float DADD" command. In row-buffer mode, CTRL2 is an 
active low bus request IBREOI output which halts the CPU 
during a line DMA. 

HANDSHAKE CONTROL 3 ICTRL3) 

In independent mode, this pin provides the active low buf
fer chip enable IBCEI signal to the display memory. In 
transparent and shared modes, CTRL3 provides an active 
low bus acknowledge IBACKI output which serves as a 
ready signal to the CPU in response to a processor bus re
quest. In row buffer mode, CTRL3 is an active high memory 
bus control (MBCI output which configures the system for 
the DMA transfer of one row of character codes from system 
memory to the row display buffer. 

DISPLAY ADDRESS (DADDO-DADD13) 

The display address is used by the PVTC to address up to 
16K of display memory. These outputs are floated at various 
times depending on the buffer mode. Various control signals 
are multiplexed on DADD3 through DADD13 and are valid at 
the trailing edge of BLANK. The following paragraphs 
describe these control signals. 

LINE INTERLACE (DADD3/LI) - Replaces DADD4/LAO 
as the least significant line address for interlaced sync and 
video applications. A low indicates an even row of an even 
field or an odd row of an odd field. 

LINE ADDRESS IDADD4-DADD7 I LAO-LA3) - Provides 
the number of the current scan line within each character 
row. 

LINE ZERO (DADDS/ LNZ) Asserted before the first 
scan line in each character row. 

LIGHT PEN LINE (DADD9/ LPL) - Asserted before the 
scan line which matches the programmed light pen line posi
tion !line three, five, seven, or nine). 

UNDERLINE (DADD10/UL) - Asserted before the scan 
line which matches the programmed underline position !line 
0 through 151. 

BLINK FREQUENCY (DADD11/BLINK) - Provides an 
output divided down from the vertical sync rate. 

ODD FIELD (DADD12/0DD) - Active high signal which 
is asserted before each scan line of the odd field when inter
lace is specified. 

LAST LINE ( DADD13/ LU - Asserted before the last scan 
line of character row. 

FUNCTIONAL DESCRIPTION 

The following paragraphs describe the major blocks I data
bus buffer, interface logic, operation control, timing, display 
control, and buffer control! which comprise the PVTC. 

DATA-BUS BUFFER 
The data-bus buffer provides the interface between the ex

ternal and internal data buses. It is controlled by the opera
tion control block to allow read and write operations to take 
place between the controlling CPU and the PVTC. 

INTERFACE LOGIC 
The interface logic contains address decoding and read 

and write circuits to permit communications with the micro
processor via the data-bus buffer. The functions performed 
by the CPU read and write operations are as shown in 
Table 1. 
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TABLE 1 - PVTC ADDRESSING 

A2 A1 AO Read (R=O) Write(W=O) 

0 0 0 Interrupt Register Initialization Registers* 
0 0 1 Status Register Command Register 
0 1 0 Screen.Start Address Lower Register Screen Start Address Lower Register 
0 1 1 Screen ~tart Address Upper Register Screen Start Address Upper Register 
1 0 0 Cursor Address Lower Register Cursor Address Lower Register 
1 0 1 Cursor Address Upper Register Cursor Address Upper Register 
1 1 0 Light Pen Address Lower Register Display Pointer Address Lower Register 
1 1 1 Light Pen Address Upper Register Display Pointer Address Upper Register 

*There are 11 1rnt1al1zat1on registers which are accessed sequentially via a simple address. The PVTC 
maintains an internal pointer to these registers which is incremented after each write at this address 
until the last register llR10, the split-screen register) is accessed. The pointer then continues to point 
to the split-screen register. Upon power-up or a master reset command, the internal pointer is reset to 
point to the first register: (IROI :of the initialization register group. The internal pointer can also be preset 
to any register of the gr~up via the "load IA address pointer" command. 

OPERATION CONTROL 

The operation control section decodes configuration and 
operation commands from the CPU and generates appro
priate signals to other internal sections to control the overall 
device operation. It contains the timing and display registers 
which configure the display format and operating modes, 
the interrupt logic, and the status register which provides 
operational feedback to the CPU. 

TIMING 

The timing section contains the cursors and decoding 
logic necessary to generate and monitor timing outputs and 
to control the display format. These timing parameters are 
selected by programming of the initialization registers. 

DISPLAY CONTROL 

The display control section generates linear addressing of 
up to 16K bytes of display memorv. Internal comparators 
limit the portion of the memory which is displayed to pro
grammed values. Additional functions performed in this sec
tion include cursor positioning, storage of light pen "hit" 
locations, and address comparisons required for generation 
of timing signals and the split-screen interrupt. 

BUFFER CONTROL 

The buffer control section generates three signals which 
control the transfer of data between the CPU and the display 
buffer memory. Four system configurations requiring four 
different handshaking schemes are supported. These are 
described in SYSTEM CONFIGURATIONS. 

SYSTEM CONFIGURATIONS 
Figure 1 illustrates the block diagram of a typical display 

terminal that uses an MC2672, character ROM, a keyboard in
terface, and an attribute controller. In this system, the CPU 
examines inputs fr.om the data communications line and the 
keyboard and places the data to be displayed in the display 
buffer memory. The buffer is typically a RAM wich holds the 
data for a single or multiple screenload (page) or for a single 
character row. 

The PVTC supports four common system configurations 
of display buffer memory, designated the independent, 
transparent, shared, and row-buffer modes. The first three 

modes utilize a single or multiple page RAM and differ 
primarily in the means used to transfer display data between 
the RAM and the CPU. The row-buffer mode makes use of a 
single row buffer !which can be shift register or a small 
RAMI that is updated in real ti.me to contain the appropriate 
display data. 

The user program bits O and 1 of IRO to select t.he mode best 
suited for the system environment. The CNTRL 1-CNTRL3 out
puts perform different functions for each mode and are named 
accordingly in the description of each mode given in the fol
lowing paragraphs. 

INDEPENDENT MODE 

The CPU-to-RAM interface configuration for this mode is 
illustrated in Figure 2. Transfer of data between the CPU and 
display memory is accomplished via a bidirectional latched 
port and is controlled by the signals read data buffer !RDBI, 
write data buffer IWDBI, and buffer chip enable !BCE). This 
mode provides a non-contention type of operation that does 
not address the memory directly. The read or write operation 
is performed at the address contained in the cursor address 
register or the pointer address register as specified by the 
CPU. The PVTC enacts the data transfers du.ring blanking 
intervals in order to prevent visual disturbances of the 
displayed data. 

The CPU manages the data transfers by supply commands 
to the PVTC. The commands used are: 

1. Read/write at pointer address. 

2. Read/write at cursor address (with optional incre
ment of address). 

3. Write from cursor address to pointer address. 

The operational sequence for a write operation is: 

1. CPU checks RDFLG status bit to assure that any 
previous operation has been completed. 

2. CPU loads data to be written to display memory into 
the interface latch. 

3. CPU writes address into cursor or pointer registers. 

4. CPU issues "write at cursor with/without increment" 
or "write at pointer" command. 

. 5. PVTC generates control signals and outputs specified 
address to perform requested operation. Data is 
copied from the interface latch into the memory. 
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6. PVTC sets RDFLG status to indicate that the write is 
completed. 

Similarly, a read operation proceeds as follows: 

1. Steps 1. and 3. as above 

2. CPU issues "read at cursor with/without increment" 
or "read at pointer" command. 

3. PVTC generates control signals and outputs specified 
address to perform requested operation. Data is 
copied from memory to the interface latch and PVTC 
sets RDFLG status to indicate that the read is com
plete. 

4. CPU checks RDFi_G status to see if operation 1s com
pleted. 

5. CPU reads data from interface latch. 

Loading the same data into a block of display memory is 
accomplished via the "write from cursor-to-pointer" com
mand: 

1. CPU checks R DFLG status bit to assure that any 
previous operation has been completed. 

2. CPU loads data to be written to display memory into 
the interface latch. 

3. CPU writes beginning address of memory block into 
cursor address register and ending address of block 
into pointer address register. 

4. CPU issues "write from cursor-to-pointer" com
mand. 

MC2672 

5. PVTC generates control signals and outputs block 
addresses to copy data from the interface latch into 
the specified block of memory. 

6. PVTC sets RDFLG status to indicate that the block 
write is completed. 

Similar sequences can be implemented on an interrupt 
driven basis using the READY interrupt output to advise the 
CPU that a previously requested command has been com
pleted. 

Two timing sequences are possible for the "read/write at 
cursor/pointer" commands. If the command is given during 
the active display window (defined as first scan line of the 
first character row to the last scan line of the last character 
row), the operation takes place during the next horizontal 
blanking interval, as illustrated in Figure 3. If the command is 
given during the vertical blanking interval, or while the 
display has been commanded blanked, the operation takes 
place immediately. In the latter case, the execution time for 
the command is approximately one microsecond plus six 
character clocks (see Figure 41. 

Timing for the "write from cursor-to-pointer" operation is 
shown in Figure 5. The BLANK output is asserted auto
matically and remains asserted until the vertical retrace inter
val following completion of the command. The memory is 
filed at a rate of one location per two character times, plus a 
small amount of overhead. 

FIGURE 1 - CRT TERMINAL BLOCK DIAGRAM 
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FIGURE 2 - INDEPENDENT BUFFER-MODE CONFIGURATION 

Display Address 

BCE 

WDB 

w 
From CPU 

System Data Bus 

Refresh 
RAM 

ADR 
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Display Data Bus 
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FIGURE 3 - READ/WRITE AT CURSOR/POINTER COMMAND TIMING DIAGRAM 
(Command Received During Active Display Window I 

Horizontal Blanking 
Interval 

PVTC Control Signals 1st Char 
to VAC and DCG Address 

NOTE: Write waveforms shown in dotted lines. 
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FIGURE 4 - READ/WRITE AT CURSOR/POINTER COMMAND TIMING DIAGRAM 
(Command Received While Display is Blanked) 

~Refresh Addresses-

PVTC Read Command 
Address 

FIGURE 5 - WRITE FROM CURSOR-TO-POINTER COMMAND TIMING 

BLANK is Set Until First VB LANK After Last Write 

Any Char. 
Address Cursor Address Cursor 

Address+ 1 
Pointer 
Address-1 
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SHARED AND TRANSPARENT BUFFER MODES 
In these modes the display buffer RAM is a part of the 

CPU memory domain and is addressed directly by the CPU. 
Both modes use the same hardware configuration with the 
CPU accessing the display buffer via three-state drivers (see 
Figure 6). The processor bus request (PBREOI control signal 
informs the PVTC that the CPU is requesting access to the 
display buffer. In response to this request, the PVTC raises 
bus apknowledge (SACi<I until its bus external IBEXTI out
put has freed the display address and data buses for CPU ac-

MC2672 

cesses. BACK, which can be used as a "hold" input to the 
CPU, is then lowered to indicate that the CPU can access the 
buffer. 

In transparent mode, the PVTC delays the granting of the 
buffer to the CPU until a vertical or horizontal blanking inter
val, thereby causing minimum disturbance of the display. In 
shared mode, the PVTC will blank the display and grant im
mediate access to the CPU. Timing for these modes is il
lustrated in Figures 7, 8, and 9. 

FIGURE 6. - PVTC SHARED OR TRANSPARENT BUFFER MODES 

MC2672 PVTC 

CPUe:::: -.__.._ __ :::~~ 
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FIGURE 7 - TRANSPARENT-BUFFER MODE TIMING 

~ I I l~~--------r.;;,;;;--------'y----------------

1 • I ,-----------1\r---------------· 'v-----' ____ j 
1 see Nate_1_1 ______ _.\,---------1..,se.:_r:a2.e3.:_ ______ 'v-----, 
~ Horizontal Blanking Interval \ \ _________ _ 

Last Char 
Address 

System 
Addresses I 

PVTC CTRL Signals 1st Char 
to VAC and DCG Address 

PVTC CTRL Signals 1st Char 
to VAC and DCG Address 

1. P'BREO must be asserted prior to the rising edge of BLANK 1n order for sequence to begin during that blanking penod 
2. If PBREO is negated after the next to last CCLK of the horizontal blankmg interval, the next scan line will also be blanked 

BLANK 

DADD 

NOTE: 

FIGURE 8 - SHARED-BUFFER MODE TIMING 

ri~;~;Ji-----~-------------
.._ __ -+--....;---+---'\r---'- - - - - - - -' 

Any Char 
Address 

1 

r--- - -- - -.1\.r-- - -- -- - - - -· 
..._ ___ ..... ,, .. ___ _, __ -- - - _.J 

PVTC CTRL Signals 
to VAC and DCG 

PVTC CTRL Signals 1st Char 
to VAC and DCG Address 

1 If PBREO is negated after the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked 
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FIGURE 9 - SHARED AND TRANSPARENT MODE TIMING 

(a) During Vertical Blank or after 'display off' command 

~ I 

BACK -----.....J' 
VBLANK -----------.1\•------

or DBLANK 

DADD 

.-Refresh Addresses_. ...:Refresh.,.. 
Addresses 

Sys. Add . 

ROW-BUFFER MODE 
Figures 10 and 11 show the timing and a typical hardware 

implementation for the row-buffer mode. During the first 
scan line !line 01 of each character row, the PVTC halts the 
CPU and DMA's the next row of character data from the 
system memory to row-buffer memory. The PVTC then 
releases the CPU and displays the row-buffer data for the 

(bl After 'display off and three-state' command 

---------------"f---------------· 

BEXT 
--------~~r---------

BLANK 

DADD System Processor has Continuous Bus Control 

programmed number of scan lines. The bus-request control 
(BREOI signal informs the CPU that character addresses and 
the memory bus control (MBCI signal will start at the next 
falling edge of BLANK. The CPU must release the address 
and data buses before this time to prevent bus contention. 
After the row of character data is transferred to the CPU, 
BREQ returns high to grant memory control back to the 
CPU. 

FIGURE 10 - ROW-BUFFER MODE CONFIGURATION 
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FIGURE 11 - ROW-BUFFER MODE TIMING 

BLANK~ i ~11 .__ __ 1L_1ne_o_on_1y_I --'\.------'~ i 

BREO ~ \--~1~--

MBC ___ ~ \ \~--

OPERATION 

After power is applied, the PVTC will be in an inactive 
state. Two consecutive "master reset" commands are 
necessary to release this circuitry and ready the PVTC for 
operation. Two register groups exist within the PVTC: the 
initialization registers and the display control registers. The 
initialization registers select the system configuration, 
monitor timing, cursor shape, display memory domain, and 
screen format. These are loaded first and normally require no 
modification except for certain special visual effects. The 
display control registers specify the memory address of the 
base character I upper left corner of screen), the cursor posi
tion, and the pointer address for independent memory 
access mode. These usually require modification during 
operation. 

After initial loading of the two register groups, the PVTC is 
ready to control the monitor screen. Prior to executing the 
PVTC commands which turn on the display and cursor, the 
user should load the display memory with the first data to be 
displayed. During operation, the PVTC will sequentially ad
dress the display memory within the limits programmed into 
its registers. The memory outputs character codes to the 
system character and graphics generation logic, where they 
are converted to the serial video stream necessary to display 

the data on the CRT. The user effects changes to the display 
by modifying the contents of the display memory, the PVTC 
display control and command registers, and the initialization 
registers, if required. Interrupts and status conditions 
generated by the PVTC supply the "handshaking" informa
tion necessary for the CPU to effect the display changes in 
the proper time frame. 

INITIALIZATION REGISTERS 

There are 11 initialization registers llRO-IR101 which are ac
cessed sequentially via a single address. The PVTC maintains 
an internal pointer to these registers which is incremented 
after each write at this address until the last register llR10, 
the split-screen register) is accessed. The pointer then con
tinues to point to the split-screen register. Upon power-up or 
a master reset command, the internal pointer is reset to point 
to the first register llROI of the initialization register group. 
The internal pointer can also be preset to any register of the 
group via the "load IR address pointer" command. These 
registers are write only and are used to specify parameters 
such as the system configuration, display format, cursor 
shape, and monitor timing. Registe1 formats are shown in 
Figure 12 and described in the following paragraphs. 

FIGURE 12 - INITIALIZATION REGISTER FORMATS !Page 1 of 3) 

IRO 

Not Used 

6 

Scan Lines Per Character Row 

Non-Interlaced Interlaced Sync Select 

0000~ 1 Line 0000~ Undefined o~ VSYNC 
0001~2 Lines 0001 ~ 5 Lines 1 ~ CSYNC 
0010~ 3 Lines 0010 ~ 7 Lines . . . . 
1110~15 Lines 1110~31 Lines 
1111 ~ 16 Lines 1111 ~Undefined 
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FIGURE 12 - INITIALIZATION REGISTER FORMATS (Page2of31 

7 6 5 4 3 2 0 

IR1 Interlace 
Enable Equalizing Constant 

0= Non- 0000000= 1 CCLK 
Interlace 0000001 =2 CCLK Calculated from: 

1 = Interlace . EC=0.5 (HAcr+ HFp+ HSYNC+ HBpl-2(HSYNCl . . 
1111110= 127 CCLK 
1111111=128 CCLK 

7 6 5 4 3 2 0 

IR2 Not Used Horizontal Sync Width Horizontal Back Porch 

0000=2 CCLK 000= 1 CCLK 
0001 =4 CCLK 001 =5 CCLK . . . . 
1110=30 CCLK 110=25 CCLK 
1111=32 CCLK 111=29 CCLK 

7 6 5 4 3 2 0 

IR3 Vertical Front Porch Vertical Back Porch 

000=4 Scan Lines 00000= 4 Scan Lines 
001 = 8 Scan Lines 00001 = 6 Scan Lines . . . . 
110=28 Scan Lines 11110=64 Scan Lines 
111=32 Scan Lines 11111=66 Scan Lines 

7 6 5 4 3 2 0 

IR4 Character 
Blink Rate Active Character Rows Per Screen• 

0= 1/16 0000000 = 1 Row 
VSYNC 0000001 = 2 Rows 

1 =1/32 . 
VSYNC . . 

1111110=127 Rows 
1111111=128 Rows 

*In interlace mode with odd total character rows per screen the last character row will be the programmed scan lines per 
character row minus one. 

7 6 

IR5 

4 3 

Active Characters Per Row 

00000010 = 2 Characters 
00000011 = 4 Characters 

11111110=255 Characters 
11111111=256 Characters 

2 
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FIGURE 12 - INITIALIZATION REGISTER FORMATS (Page 3 of 3) 

6 4 

First Line of Cursor Last Line of Cursor 

QCX)()= Scan Line 0 QCX)()= Scan Line 0 
0001 =Scan Line 1 0001 = Scan Line 1 . . . . 
1110= Scan Line 14 1110=Scan Line 14 
1111 =Scan Line 15 1111 =Scan Line 15 

6 4 

Double 
Cursor Height 

Light Pen Line Blink Char. Underline Position 

00= Scan Line 3 0= No 0= No 0000= Scan Line 0 
01 =Scan Line 5 1 =Yes 1 =Yes 0001 =Scan Line 1 
10t Scan Line 7 . 
11 t Scan Line 9 . 

1110= Scan Line 14 
1111=Scan Line 15 

Display Buffer First Address LSBs 

H"OOO" = 0 
H"OOl"= 1 

H"FFE" =4,094 
H"FFF" =4,095 

NOTE: MSBs are 1n IR9[3 OJ 

Display Buffer Last Address Display Buffer First Address MSBs 

Cursor 
Blink 
Rate 

0= 1/16 
VSYNC 

1=1/32 
VSYNC 

0000= 1,023 
0001=2,047 . See IRS . 
1110= 15,359 
1111=16,3S3 

4 

Split-Screen Interrupt Row 

0000000 = ROW 0 
0000001 =Row 1 . . 
1111110= Row 126 
1111111=Row 127 
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SCAN LINES PER CHARACTER ROW {IR0[6:3]) - Both 
interlaced and non-interlaced scanning are su·pported by the 
PVTC. For interlaced mode; two different formats can be im
plemented, depending on the interconnection between the 
PVTC and the character generafor (see IR1[7]). This field 
defines the number of scan lines used to compose a char
acter row for each technique. As scanning occurs, the scan 
line count is output on the LAO-LA3 and LI pins. 

non-interlaced timing operation. Two modes of interlaced 
operation are available, depending on whether LO-L3 or LI, 
LO-L2 are used as the line address for the charaeter 
generator. The resulting displays are shown in Figure 13. 

For "interlaced sync" operation, the same information is 
displayed in both odd and even fields, resulting in enhanced 
readability. The PVTC outputs successive line numbers in 
ascending order on the LAO-LA3 lines, one per scan line for 
each field. 

VS/CS ENABLE {IR0[2]) - This bit selects either vertical 
sync pulses or composite sync Pulses on the VSYNC/ 
CSYNC output (pin 18). The composite sync waveform con
forms to EIA RS170 standards, with the vertical interval.com
posed pl six equalizing pulses, six vertical sync pulses, and 
six more equalizing pulses. 

The "interlaced sync and video" format doubles the 
character density on the screen. The PVTC outputs suc
cessive line numbers in ascending order on the LI, LAO-LA2 
lines, one per scan line for each field, but alternates begin
ning the count with even and odd line numbers. This 
displays the odd field with even scan lines in even character 
rows and odd scan lines in odd character rows, and the even 
field with odd scan lines in even character rows and even 
scan lines on odd character. rows. This provides balanced 
beam currents in the odd and even fields, thus minimizing 
character variations due to different loading of the CRT 
anode supply between fields. 

BUFFER MODE SELECT (IR0[1 :OJ) - Four buffer memory 
modes may be selectively enabled to accommodate the 
desired system configuration. See SYSTEM CONFIGURA
TION. 

INTERLACE ENABLE {IR1[7]) - Specifies interlaced or 

FIGURE 13 - INTERLACED DISPLAY MODES 

l-~~==i--L1·-
---------~---

- L 2 -
-L3 l 

9 Scan 
Lines/ 
Row 

Line Address 
To Char. Gen. 

1 -·-·-·-•-•.--

2 -•-------

3-•-------

4 -·-·-·-----
5 -•-------

6-•-------

7 -·-·-·-·-·--
8 ---------

0 ------~--

1 -·-·-·-·-·--
2 -•-------

3-•-------

4 -·-·-·-----

5 -· 
e-•-------

7 -·-·-··-·-·--
8---------

Non-Interlaced 
IRO= 1000; Total Lines/ Row= 9 

17 Scan 
Lines/ 
Row 

Line Address 
To Char. Gen. 

'O c 
'O ~ 
0 L1J 

7 8-------

2 

3 

4 

5 

6 

0---------·-·-·-·-·--1 -0-0-0-0-0--
-·-------
2-0--------·-------3-0--------·-·-·----4-0-0-0-----·-------5-0----
-·-~-----6-0-------

7 -·-·-·-·-·--7 ·0-0-0-0-0--
8 --------
0 I 0--------

1-0-0-0-0-0--

1 1z:~-·-·-·-·--
2 -·-------3-0-------
3 -·-------4-0-o-o----

4 -·-·-·----5 ·0-------
5 -·-------

6 -o-------
6 -·-------7 -0-0-0-0-0--

7 -·-·-·-·-·--18--------
0 --------
0-------

Interlaced Sync 
IR0=01111; Total Lines/Row=17 
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8 ~ 

Line Address 
To Char. Gen. 

~i~~=~ { ; 
1
i ~ ~i:-:-o_o_-_ -_ -_-_ -_-_ -_ 

Row i5-o------
5 -•------
81 7-ooooo----

lo-------1-•····----2-0------31 _______ _ 
4-000-----

56-~------7-•••••----8-------
o--------
'1-ooooo----

2-•------
412.::~-------

15-o------

6 f"?'=~ 00 oo----

8 0-------
1 ;2-~····----
314-~oo-----
5-•------
16-0------

71s·····----o--------
Interlaced Sync and Video 

IR0=0011; Total Lines/Row=9 
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EQUALIZING CONSTANT (IR1[6:0]) - This field indirect
ly defines the horizontal front porch and is used internally to 
generate the equalizing pulses for the RS170 compatible 
CSYNC. The value for this field is the total number of char
acter clocks ICCLKI during a horizontal line period divided by 
two, minus two times the number of character clocks in the 
horizontal sync pulse: 

EC= HACT+ Hfp+ HsYNC + HBP 21HSYNCI 
', 2 

The definition of the individual parameters is illustrated in 
Figure 14. The minimum value of Hfp is two character 
clocks. 

Note that when using the attributes controller the blank pulse 
is delayed three CCLKs relative to the HSYNC pulse. 

HORIZONTAL SYNC PULSE WIDTH llR2[6:311 - This 
field specifies the width of the HSYNC pulse in CCLK 
periods. 

HORIZONTAL BACK PORCH llR2[2:0]) - This field 
defines the number of CCLKs between the trailing edge of 
HSYNC and the trailing edge of BLANK. 

VERTICAL FRONT PORCH llR3[7:5ll - Programs the 
number of scan line periods between the rising edges of 
BLANK and VSYNC during a vertical retrace interval. The 
width of the VSYNC pulse is fixed at three scan lines. 

. VERTICAL BACK PORCH (IR3[4:0]) - This field deter
mines the number of scan line periods between the falling 
edges of the VSYNC and BLANK outputs. 

CHARACTER BLINK RATE llR4[7)) - Specifies the fre
quency for the character blink attribute timing. The blink rate 
can be specified as 1/16 or 1 /32 of the vertical field rate. The 
timing signal has a duty cycle of 75% and is multiplexed onto 
the DADD11/BLINK output at the falling edge of each 
BLANK. 

CHARACTER ROWS PER SCREEN llR4[6:0]) - This field 
defines the number of character rows to be displayed. This 
value multiplied by the scan lines per character row, plus the 
vertical front and back porch values, and the vertical sync 
pulse width (three scan lines) is the vertical scan period in 
scan lines. 

ACTIVE CHARACTERS PER ROW llR5[7:0]) - This field 
determines the number of characters to be displayed on each 
row of the CRT screen. The sum of this value, the horizontal 
front porch, the horizontal sync width, and the horizontal 
back porch is the horizontal scan period is CCLKs. 

FIRST AND LAST SCAN LINE OF CURSOR (IR6[7:4] 
AND IR6[3:0]) - These two fields specify the height and 
position of the cursor on the character block. The "first" line 
is the topmost line when scanning from the top to the bot
tom of the screen. 

FIGURE 14 - HORIZONTAL AND VERTICAL TIMING 

______ Char/ Row ___ _,~ 

llR51 
HBLANK __j L__ 

~ ~Front Porch llR11 Back Porch I I R21 ~ ~ 

HSYNC 

--J ~HSYNC llR21 
~Char Rows/Screen llR41----->j 

--.j ~Scan Lines Per Row I I ROI I 
VBLANK __j.-----.1 1.-------.L 

~ ~Front Porch llR31 Back Porch llR31 ~ ~ 

VSYNC __fl n~---
---.i I - VSYNC I Fixed at 31 

Lines/Row 
,,,.-..._ 

IRO I I I I I I I I I 

IR2 

HSYNC HBACK 
Width Porch ,,...-....,.-.. 

I I I I I I I I 
Char. Rows/ Screen 

IR4 I I I I I I I 

Equalizing 
Constant 

IR1 I I I I I I 
VFRONT VBACK 

Porch Porch 

~ 

IR3 I I I I I I I I I 

Characters Per Row 

IR5 I I I I I I I I 
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l:.IGHT PEN LINE POSITION (IR7[7:6)) - This field 
defines which of four scan lines of the character row will be 
used for the light pen strike - through attribute by the 
MC2673 VAC. The timing signal is multiplexed onto the 
DADD9/LPL output during the falling edge of BLANK. 

CURSOR BLINK ENABLE (IR7[5J) - This bit controls 
whether or not the cursor output pin will be blinked at the 
selected rate (IR10[7]). The blink duty cycle for the cursor is 
50%. 

DOUBLE HEIGHT CHARACTER ROW ENABLE (IR7[4J) 
- If enabled, the number of each scan line will be repeated 
twice in succession, causing the height of the character row 
to double. This bit can be changed at any time but will only 
become effective at the beginning of the character row fol
lowing the time it is changed. This allows selected character 
rows to be of double height. The split-screen interrupt can 
be used to notify the CPU when the effectuate changes to 
this bit. For each double height row which replaces a normal 
row, one row count should be subtracted from the "char
acter rows per screen" field (IR4) to maintain the same total 
number of scan lines per field. 

UNDERLINE POSITION (IR7[3:0)) - This field defines which 
scan line of the character row will be used for the underline 
attributes by the attributes controller. The timing signal is mul
tiplexed onto the DADD10/UL output during the falling edge 
of BLANK. 

DISPLAY BUFFER FIRST ADDRESS (IR9[3:0) AND 
IR8[7:0)) AND DISPLAY BUFFER LAST ADDRESS 
(IR9[7:4)) - These two fields define the area within the buf
fer memory where the display data will reside. When the data 
at the "display buffer last address" is displayed, the PVTC 
will wrap-around and obtain the data to be displayed at the 
next screen position from the "display buffer first address" 

If "last address" is the end of a character row and a new 
screen start address has been loaded into the screen start 
register, or if "last address" is the last character position of 
the screen, the next data is obtained from the address con
tained in the screen start register. 

Note that there is no restriction in displaying data from 
other areas of the addressable memory. Normally, the area 
between these two bounds is used for data which can be 
overwritten (e.g., as a result of scrolling), while data that is 
not to be overwritten would be contained outside these 
bounds and accessed by means of the split-screen interrupt 
feature of the PVTC. 

CURSOR BLINK RATE (IR10[7)) - The cursor blink rate 
can be specified at 1/16 or 1/32 of the vertical scan fre
quency. Blink is effective only if blink is enabled by IR7[5]. 

SPLIT-SCREEN INTERRUPT (IR10[6:0)) - The split
screen interrupt can be used to provide special screen effects 
such as a row of double height characters or to change the 
normal addressing sequence of the display memory. The 
contents of this field is compared, in real time, to the current 
character row number. Upon a match, the PVTC sets the 
split-screen status bit, and issues an interrupt request if so 
programmed. The status change/ interrupt request is made 
at the beginning of scan line zero of the split-screen char
acter row. 

TIMING CONSIDERATIONS 
Normally, the contents of the initialization registers are not 

changed during operation. However, this may be necessary 
to implement special display features such as multiple cur
sors, smooth scrolling, horizontal scrolling, and double 
height character rows. Table 2 describes the timing details 
for these registers which should be considered when imple
menting these features. 

TABLE 2 - TIMING CONSIDERATIONS 

Parameter 
Field Line of Cursor 
Last Line of Cursor 
Light Pen Line 
Underline 
Double Height Characters 

Cursor Blink 
Cursor Blink Rate 
Character Blink Rate 
Split-Screen Interrupt Row 
Character Rows Per Screen 

Vertical Front Porch 
Vertical Back Porch 
Screen-Start Register 

Timing Considerations 
These parameters must be established at a minimum of two characters times 

prior to their occurrence. 

Set/ reset during the character row prior to the row which is to be/ not to be 
double height. 

New values become effective within one field after values are changed. 

Change·anytime prior to line zero of desired row. 

Change only during vertical blanking period. 
Change prior to first line of VFP. 
Change prior to fourth line after VSYNC. 
Change prior to the horizontal blanking interval of the last line of character 

row before row where new value is to be used. 
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DISPLAY CONTROL REGISTERS 

There are nine registers in this group, each with an in
dividual address. Their formats are illustrated in Figure 15. 
The command register is used to invoke one of 16 possible 
PVTC commands as described in COMMANDS. The remain-

ing registers in the group store address values which specify 
the cursor and buffer pointer locations, the location of the 
first character to be displayed on the screen, and the location 
of a light pen "hit". With the exception of the light pen 
register, the user initializes these registers after powering on 
the system and changes their values to control the data 
which is displayed. 

FIGURE 15 - DISPLAY CONTROL REGISTER FORMATS 

(a) Command Register (Write Only) 

7 6 5 4 3 2 0 

Command Code 

Refer to COMMANDS for Command Codes 

( b) Screen Start Registers (Read and Write), 
Cursor Address Registers (Read a_nd Write), 
Pointer Address Register (Write Only I, and 

Light Pen Address Register (Read Only) 

7 6 5 4 2 0 

Upper Register 

Not Used MSBs 

6 5 4 2 0 

Lower Register I LS Bsl 

H"OOOO"=O 
H"0001"= 1 

NOTE: MSBs are in Upper Register 15:01 

H"3FFE" = 16.382 
H"3FFF" = 16,383 

SCREEN-START REGISTERS 

The screen-start registers contain the address of the first 
character of the first row (upper left corner of the active 
display). At the beginning of the first scan line of the first 
row, this address is transferred to the row-start register 
IRSRI and into the memory-address counter IMACI. The 
counter is then advanced sequentially at the character rate 
the number of times programmed into the active characters
per-row register llR5) thus reaching the address of the last 
character of the row plus one. At the beginning of each sub
sequent scan line of the first row, the MAC is reloaded from 
the RSR and the above sequence is repeated. At the end of 
the last scan line of the first row, the contents of the MAC is 
loaded into the RSR to serve as the starting memory address' 
for the second character row. This process is repeated for 

the programmed number of rows per screen. Thus, the data 
in the display memory is displayed sequentially starting from 
the address contained in the screen start register. After the 
ensuing vertical retrace interval, the entire process repeats 
again. 

The sequential operation described above will be modified 
upon the occurrence of either of two events. First, it during 
the incrementing of the memory address counter the 
"display butter last address" llR9[7:4JI is reached, the MAC 
will be loaded from the "display butter first-address" register 
llR9[3:0JI, llR8[7:0]) at the next character clock. Sequential 
operation will then resume starting form this address. This 
wraparound operation allows portions of the display butter 
to be used for purposes other than storage of displayable 
data and is completely automatic without any CPU interven
tion (see Figure 16a). 
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. FIGURE 16 - ·DISPLAY ADDRESSING OPERATION 

Or------..., 

Bottom of Screen_. rrtt?t:t?J +Display Buffer Start 

• 
16K --.,.----

Memory 

Monitor 
Display 

la) Display Memory Wraparound 

Or------.., 

leK--"'M'""e_m_o_ry __ 

• Monitor 
Display 

lb) Display Memory Split Screen With Wraparound 

The sequential row-to-row addressing can also be 
modified under CPU control. If the contents of the screen
start register I upper, lower, or both) are changed during any 
character row I say row "n"). the starting address of the next 
character row I row "n + 1") will be the next value of the 
screen-start register and addressing will continue sequential
ly from there. This allows features such as split-screen 
operation. partial scroll. or status line display to be im
plemented. The split-screen interrupt feature of the PVTC is 
useful in controlling this type of operation. Note that in order 
to obtain the correct screen display. the screen-start register 
must be reloaded with the original value prior to the end of 
the vertical retrace. See Figure 16b. 

During vertical blanking the address counter operation is 
modified by stopping the automatic load of the contents of 
the RSR into the counter. thereby allowing the address out~ 
puts to free-run. This allows dynamic memory refresh to oc
cur during the vertical retrace interval. The refresh address
ing starts at the last address .displayed on the screen and in
crements by one for each character clock during the retrace 
interval. If the display buffer last address is encountered 
refreshing continues from the display buffer first address. 

CURSOR ADDRESS REGISTERS 
The contents of these registers define the buffer memory 

address of the cursor. If enabled, the cursor output will be 
asserted when the memory address counter matches the 
value of the cursor address registers. The cursor address 
registers may be read or written by the CPU or incremented 
via the "increment cursor address" command. In indepen
dent buffer mode, these registers define a buffer memory ad
dress for PVTC controlled access in response to "read/write 
at cursor with/without increment" commands. or the first 
address to be used in executing the "write for cursor to 
pointer'' command. 

DISPLAY POINTER ADDRESS REGISTERS 

These registers define a buffer memory address for PVTC 
controlled accesses in response to "read/write at pointer" 
commands. They also define the last buffer memory address 
to be written for the "write from cursor to pointer" com
mand, 

LIGHT PEN ADDRESS REGISTERS 

If the light pen input is enabled, these registers are used to 
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store the current character address upon receipt of a light 
pen strobe input. Several sources of delay between the 
display of a character upon the screen and the receipt of a 
light pen hit can be expected to exist in a system environ
ment. These delays include address pipelining in the char
acter generation circuits, delays in the video generation cir
cuits, and delays in the light detection circuitry itself. These 
delays cause the value stored in the light pen register to dif
fer from the actual address of the character at which the light 
pen hit actually was detected. Software must be used to cor
rect this condition. 

INTERRUPT/STATUS REGISTERS 

The interrupt and status registers provide information to 
the CPU to allow it to interface with the PVTC to effect 
desired changes to implement various display operations. 
The interrupt register provides information on live possible 
interrupting conditions, as shown in Figure 17. These condi
tions may be selectively enabled or disabled !masked) from 
causing interrupts by certain PVTC commands. An interrupt 
condition which is enabled I mask bit equal to one) will cause 
the INTR output to be asserted and will cause the corres
ponding bit in the interrupt register to be set upon occur
rence of interrupt condition. An interrupt condition which is 
disabled (mask bit equal to zerol has no effect on either the 
INTR output or the interrupt register. 

The status register provides six bits of status information; 
the five possible interrupting conditions plus the NOT BUSY 
bit. For this register, however, the contents are not effected 
by the state of the mask bits. 

Descriptions of each interrupt/ status register bit follows. 
Unless otherwise indicated, a bit, once set, will remain set 
until reset by the CPU by issuing a "reset interrupt/status 
bits" command. The bits are also reset by a "master reset" 
command and upon power-up. 

RDFLG (SR[5]) - This bit is present in the status register 
only. A zero indicates that the PVTC is currently executing 
the previously issued command. A one indicates that the 
PVTC is ready to accept a new command. 

VBLANK (l/SR[4]) - Indicates the beginning of a vertical 
blanking interval, is set to a one at the beginning of the first 
scan line of the vertical front porch. 

LINE ZERO (l/SR[3]) - Is set to a one at the beginning of 
the first scan line !line zero) of each active character row. 

SPLIT SCREEN (l/SR[2]) - This bit is set when a match 
occurs between the current character row number and the 
value contained in the split-screen interrupt register, 
IR10[6:0]. The equality condition is only checked at the 
beginning of line zero of each character row. This bit is reset 
when either of the screen-start registers it:> loaded by the 
CPU. 

READY (l/SR[l]) - Certain PVTC commands affect the 
display and may require the PVTC to wait for a blanking 
interval before enacting the command. This bit is set to one 
when execution of the command has been completed. No 
command should be invoked until the prior command is 
completed. 

LIGHT PEN (l/SR[O]) - A one indicates that a light pen 
hit has occurred and that the contents of the light pen 
register have been updated. This bit will be reset when either 
of the light pen registers is read. 

COMMANDS 

The PVTC commands are divided into two classes: the in
stantaneous commands, which are executed immediately 
after they are invoked, and the delayed commands which 
may need to wait for a blanking interval prior to their execu
tion. Command formats are shown in Table 3. The com
mands are asserted by performing a write operation to the 
command register with the appropriate bit pattern as the 
data byte. 

FIGURE 17 - INTERRUPT AND STATUS REGISTER FORMAT 

6 

Not Used 
Always Read 

as Zero 

4 

Line Split 
RDFLG VB LANK Zero Screen 

0= Busy O=No O=No O=No 
1 ="Ready 1 =Yes 1 =Yes 1 =Yes 
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TABLE 3 - PVTC COMMAND FORMATS 

D7 06 D5 04 D3 D2 D1 DO Hex Command 

Instantaneous Commands 
0 0 0 0 0 0 0 0 Master Reset 
0 0 0 1 v v v v Load IA Pointer with Value V IV=O to 101 
0 0 1 d d d 1 O* Disable Light Pen 
0 0 1 d d d 1 1 * Enable Light Pen 
0 0 1 d 1 N d o• Display Off - Float DADD Bus If N = 1 
0 0 1 d 1 N d 1 * Display On - Next Field IN= 11 or Scan Line IN=OI 
0 0 1 1 d d d o• Cursor Off 
0 0 1 1 d d d 1 * Cursor On 
0 1 0 N N N N N Reset Interrupt/Status - Bit Reset where N = 1 
1 0 0 N N N N N Disable Interrupt - Disable where N = 1 
0 1 1 N N N N N Enable Interrupt - Enables 1.nterrupts and Resets the Corresponding 

Interrupt/ Status Bits where N = 1 
v L s R L 
B z s D p 

Delayed Commands 
1 0 1 0 0 1 0 0 A4 Reset at Pointer Address 
1 0 1 0 0 0 1 0 A2 Write at Pointer Address 
1 0 1 0 1 0 0 1 A9 Increment Cursor Address 
1 0 1 0 1 1 0 0 AC Read at Cursor Address 
1 0 1 0 1 0 1 0 AA Write at Cursor Address 
1 0 1 0 1 1 0 1 AD Read at Cursor Address and Increment Address 
1 0 1 0 1 0 1 1 AB Write at Cursor Address and Increment Address 
1 0 1 1 1 0 1 1 BB Write from Cursor Address to Pointer Address 

*Any combination of these three commands is valid. 
d= Don't Care 

INSTANTANEOUS COMMANDS 
The instantaneous commands are executed immediately 

after the trailing edge of the write pulse during which the 
command is issued. These commands do not affect the state 
of the RDFLG or READY interrupt/status bits. However, a 
command should not be invoked if the RDFLG bit is low. 

MASTER RESET 

This command initializes the PVTC and may be invoked at 
any time to return the PVTC to its initial state. Upon power· 
up, two successive master reset commands must be applied 
to release the PVTC's internal power on circuits. In trans· 
parent and shared buffer modes, the CNTR L 1 input must be 
high when the command is issued. The command causes the 
following: 

1. VSYNC and HSYNC are driven low for the duration of 
reset and BLANK goes high. BLANK remains high until 
a "display on" command is received. 

2. The interrupt and status bits and masks are set to zero, 
except for the RDFLG flag which is set to a one. 

3. The transparent mode, cursor off, display off, and light 
pen disable states are set. 

4. The initialization register pointer is set to address IRO. 

LOAD IR ADDRESS 

This command is used to preset the initialization register 
pointer with the value "V" defined by D3·DO. Allowable 
values are 0 to 10. 

ENABLE LIGHT PEN 
After invoking this command, receipt of a light pen strobe 

input will cause the light pen register to be loaded with the 
current buffer memory address and the corresponding inter· 
rupt and status flag to be set. Once loaded, further loads are 
inhibited until either one of the light pen registers are read or 
a reset function is performed. 

DISABLE LIGHT PEN 
Light pen hits will not be recognized. 

DISPLAY OFF 
Asserts the BLANK output. The DADDO through DADD13 

display address bus outputs may be optionally placed in the 
high· impedance state by setting bit 2 to a one when invoking 
the command. 

DISPLAY ON 

Restores normal blanking operation either at the beginning 
of the next field I bit 2 = 1 I or at the beginning of the next 
scan line (bit 2=01. Also returns the DADDO-DADD13 
drivers to their active state. 

CURSOR OFF 
Disables cursor operation. Cursor output is placed in the 

low state. 

CURSOR ON 
Enables normal cursor operation. 
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RESET INTERRUPT/STATUS BITS 

This command resets the designated bits in the interrupt 
and status registers. The bit positions correspond to the bit 
positions in the registers: 

Bit 0 - Light Pen 
Bit 1 - Ready 
Bit 2 - Split Screen 
Bit 3 - Line Zero 
Bit 4 - Vertical Blank 

DISABLE INTERRUPTS 
Sets the interrupt mask to zeros for the designated condi

tions, thus disabling these conditions from asserting the 
fNiR output. Bit position correspondence is as above. 

ENABLE INTERRUPTS 

Resets the selected interrupt and status register bits and 
writes the associated interrupt mask bits to a one. This 
enables the corresponding conditions to assert the INTR out
put. Bit position correspondence is as above. 

DELAYED COMMANDS 
This group of commands is utilized for the independent 

buffer mode of operation, although the "increment cursor" 
command can also be used in other modes. With the excep
tion of the "write from cursor to pointer" and "increment 
cursor" commands, al! the commands of this type will be 
executed immediately or will be delayed depending on when 
the command is invoked. If invoked during the active screen 
time, the command is executed at the next horizontal blank
ing blanking interval. If invoked during a vertical retrace in
terval or a "display off" state, the command is executed im
mediately. 

MECHANICAL DATA 

ORDERING INFORMATION (TA~o0c to 70°C) 

PIN ASSIGNMENTS 

Package Type Frequency Order Number 

Plastic 2.7 MHz MC2672B3P 
P Suffix 4.0 MHz MC2672B4P 

R 

CT 

w. 
CTRLl 

CTRL2 

CTRL3 

CURSOR DAD DO 

DO DADDl 

Dl DADD2 

D2 DADD3/LI 

D3 DADD4/LAO 

D4 DADD5/LA1 

D5 DADD6/LA2 

D6 DADD7/LA3 

D7 DADD8/LNZ 

CCLK DADD9/LPL 

BLANK DADD10/UL 
VSYNC/ DADD11 
CSYNC /BLINK 

HSYNC DADD12/ 
ODD 

GND DADD13/LL 
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TECHNICAL DATA 

Advance Information 
Advanced Video Display Controller (AVDC) 

The MC2674 advanced video display controller (AVDC) is a programmable device designed for 
use in CRT terminals and display systems that employ raster-scan techniques. The AVDC generates 
the vertical and horizontal timing signals necessary for the display of interlaced or non-interlaced 
data on a CRT monitor. It provides consecutive addressing to a user specified display buffer mem
ory domain and controls the CPU-display buffer interface for various buffer configuration modes. A 
variety of operating modes, display formats, and timing profiles can be implemented by program
ming the control registers in the AVDC. 

A minimum CRT terminal system configuration consists of an AVDC, a keyboard controller, an 
asynchronous communications interface adapter, character ROM, and an attributes controller. Other 
necessary parts of the system are a single-chip microcomputer such as the MC6809, display buffer 

• 

RAM, and a small amount of TTL for miscellaneous address decoding, interface, and control. Sys
tem complexity can be enhanced by upgrading the microprocessor and expanding via the system 
address and data buses. 

• 4 MHz Character Rate 

• 1 to 256 Characters Per Row 

• 1 to 16 Raster Lines Per Character Row 

• Bit Mapped Graphics Mode 

• Programmable Horizontal and Vertical Sync Generators 

• Interlaced or Non-Interlaced Operation 

• Up to 64K RAM Address for Multiple-Page Operation 

• Readable, Writeable, and lncrementable Cursor 

• Programmable Cursor Size and Blink 

• AC Line Lock 

• Automatic Wraparound of RAM 

• Automatic Split Screen 

• Automatic Bidirectional Soft Scrolling 
• Programmable Scan Line Increment 

• Row Table Addressing Mode 

• Double Height Tops and Bottoms 

• Double Width Control Output 

• Selectable Buffer Interface Modes 

• Dynamic RAM Refresh 

• Completely TTL Compatible 

• Single + 5-Volt Power Supply 

• Power-On Reset Circuit 

• Applications Include: CRT Terminals, Word Processing Systems, Small Business Computers, 
and Home Computers 

This document contains information on a new prod~ct. Specifications and information herein are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage Vee -0.3 to + 7.0 v 
Input Voltage V;n -0.3 to + 7.0 v 
Operating Temperature Range TA Oto 70 oc 

Storage Temperature Range Tstg -55to+150 oc 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Rating 

Thermal Resistance ttJA ·c;w 
Plastic Package . 50 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in 'C can be obtained from: 

where: 
TA 

0JA 
Po 
PINT 
PpQRT 

TJ=TA+(Po•0JA) 

=Ambient Temperature, 'C 
= Package Thermal Resistance, Junction-to-Ambient, 'C/W 
= PINT+PpQRT 
=Ice x Vee• Watts - Chip Internal Power 
= Port Power Dissipation, Watts - User Determined 

This device contains circuitry to pro
tect the inputs against damage due to 
high static voltages or electric fields; 
however, it is advised that normal pre
cautions be taken to avoid application 
of any voltage higher than maximum
rated voltages to this high-impedance 
circuit. For proper operation ,i_t is rec
ommended that Vin an.d Vout be con
strained to the range GN0%(Vin or 
V0 uti""VCC· Reliability of operation is 
enhanced if unused inputs are tied to 
an appropriate logic voltage level (e.g., 
either GND or Vccl. 

(1) 

For most applications PpQRT<P1NTand can be neglected. PpQRT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J (if PpoRT is neglect!ld) is: 

Po=K-o(TJ+273'C) (2) 

Solving equations (1) and (2) for K gives: 

K =Po. (TA+ 273'C) + 0JA•Po2 (3) 

where K is a constant pertaining to the particular part, K can be determined from equation (3) by measuring Po (at 
equilibrium) for a known TA· Using this value of K, the values of Po and T J can be obtained by solving equations 
(1) and (2) iteratively for any value of TA 

DC ELECTRICAL CHARACTERISTICS ITA=0°C to 70°C, Vcc=5.0 V+ 5%1 -
Parameter 

Input Low Voltage 

Input High Voltage 

Output Low Voltage lloL = 2.4 mAI 

Output High Voltage (Except INTR Output) lloH= -200 µAl 

Input Leakage Current IVin=O to Vccl 

Hi-Z (Off-State) Leakage Current 1Vcc=5.25 V. Vin=0.4 to 2.4 VI 

INTR Open-Drain Output Leakage Current IVo=O to Vccl 

Internal Power Dissipation (Measured at TA= 0°C) 
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V1L 

V1H 

VOL 

VoH 
ljn 

ITSI 

loo 

PINT 

Min Max Unit 

-0.3 0.8 v 
2.0 Vee v 

- 0.4 v 
2.4 - v 
-10 10 µA 

-10 10 µA 

- 10 µA 
- 800 mW 
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AC ELECTRICAL CHARACTERISTICS - BUS TIMING IT A =0°e to 10°e. Vee= 5 V± 5%1 

Parameter 

AO-A2 Setup Time to W. R Low 

AO-A2 Hold Time from W. R High 

CT Setup Time to W. R Low 

CT Hold Time from W. R High 

W. R Pulse Width 

Data Valid after R Low 

Data Bus Floating after A High 

Data Setup Time to W High 

Data Hold T1ff1e frorn W H1y~1 

High Time from CT to CT 
Consecutive Commands 
Other Accesses 

DO-D7 

IWritel 

IT.fl.Wl 

NOTES: 
1. Any two must be high for ICC· 

2.7 MHz 

Symbol Min Max 

tAS 30 -

tAH 0 -

tes 0 -

teH 0 -

tRW 250 -

too - 200 

toF - 100 

tos 150 -

loH 10 -

tee 
teeP -
300 -

BUS TIMING DIAGRAM 

4.0 MHz 

Min Max Unit 

30 - ns 

0 - ns 

0 - ns 

0 - ns 

200 - ns 

- 200 ns 

- 100 ns 

150 - ns 

5 - ns 

teeP - ns 
300 - ns 

2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V leve( for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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AC ELECTRICAL CHARACTERISTICS - CHARACTER CLOCK ICCLK) TIMING ITA=0°C to 70°C, Vcc=5 V±5%1 

2.7 MHz 4.0 MHz 

-'- ·· Parameter " Symbol Min Max Min Max Unit 

CCLK Period tccP 370 10000 250 10000 ns 

CCLK High Time tccH 125 - 100 - ns 

CCLK Low Time " tccL 125 - 100 - ns 

Output Delay Time from CCLK Edge 
DADD0-13, MBC tcCD1 40 175 40 150 ns 
BLANK, HSYNC, VSYNC/CSYNC, CURSOR, BEXT, BREO, tccD2 1 40 225 40 200 ns 

BACK, BCE, WDB, RDB* _::_ 
--- -*BCE, WDB, and RDB delays track each other within 10 nanoseconds. Also, these output delays will tend to follow direction I minimum/ max
imum) of DADDO-DADD13 delays. 

NOTES: 

Outputs 
!Note 11 

Outputs WDB, 
RDB, BCE 

CCLK TIMING DIAGRAM 

tccD2 

1. DADDO-DADD13, BLANK, HSYNC, CSYNC/VSYNC, CURSOR, BEXT, BREQ, BCE, MBC, BACK. 
2. BCE changes state on both CCLK edges. 
3. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 

outputs. Input levels are 0.4 V to 2.4 V. 

AC ELECTRICAL CHARACTERISTICS - OTHER TIMING (TA= 0°C to 70°C, Vee= 5 v ± 5%) 

2.7 MHz 4.0 MHz 

Parameter Symbol ·Min Max Min Max Unit 

READY/RDFLG low from W High* tRDL - tccP+Jo - tccP+3o ns 

BACK High from PBREO Low tBAK - 225 - 200 ns 

BEXT High from PBREO High tBXT - 225 - 200 ns 

INTR Low from CCLK Low t1RL - 225 - 200 ns 

INTR High from·w, R High* t1RH - 600 - 600 ns 

ACLL from HSYNC tAC 3 xtccP - 3xtccP - ns 

*Timing is illustrated and specified referenced to W and R inputs. Device may also be operated withCT as the "strobing" input. Jn 
this case, all timing specifications apply referenced to falling and rising edges of CT. 
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BLANK 

HSYNC 

VB LANK Status Bit 

BLANK 

DADDO-DADD13 

Line Zero and Split 
Screen Status Bits 

MC2674 

OTHER TIMING DIAGRAMS !Sheet 2 of 21 

Vertical 
Blanking 
Interval 

1st HSYNC 
of VBLANK 

NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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OTHER TIMING DIAGRAMS.(Sheet 2 of 2) 

HSYNC 

BLANK 

Normal VSYNC IACLL= 11 

ACLL 

Delayed VSYNC 

VJ for a Delayed Command 

l+----VFp=n+3Scan Llnes-----iJo.il 

~ READY or RDFLG Status Bits 

W orR Which Resets.Interrupt 

NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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AC ELECTRICAL CHARACTERISTICS - ROW TABLE INPUT TIMING IT A=0°C to 70°C Vcc=5 V±5%1 

2.7 MHz 4.0 MHz 

Parameter Symbol Min l Max Min l Max Unit 

Data Setup Time to CCLK Low tDsRT 100 

± 
- 60 l - ns 

Data Hold Time from CCLK Low tDHRT 60 - 60 l - ns 

ROW TABLE FETCH 1/0 TIMING DIAGRAM 

Latch DO-D7 Into Latch DO-D7 Into 
SSR1 Lower SSR1 Upper 

JI' JI' 
CCLK 

BLANK 

tcc01 

MBC 

CURSOR 

tccD1 

DADD 

DO-D7 

NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 

COMPOSITE SYNC TIMING DIAGRAM 

BLANK 

--------------Vertical Blanking Interval--------------

Odd Field 
Last Displayed 

Scan of 

CSYNC 

BLANK 

r- i t 1 First Displayed 
Vertical Front Porch- Yi H Vertical SYNC Pulse Vertical Back Porch- 112 H Scan .of ---.J ~ y, H Odd Field 

I 

-------------Vertical Blanking Interval-------------..., 

Pulses 

NOTES: 
1. In non-interlaced operation the even field is repeated continuously. Horizontal Blanking Interval 

2. In interlaced operation the even field alternates with the odd field. 
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SIGNAL DESCRIPTION 

The input and output signals for the AVDC are described 
in the following paragraphs. 

ADDRESS LINES (AO-A2) 
These input lines are used to select AVDC internal register 

for read/write operations and for commands. 

DATA BUS (D0-D7) 

The 8-bit bidirectional three-state data bus controls all 
data, command, and status transfers between the CPU and 
the AVDC. Bit 0 is the least significant bit and bit 7 is the 
most significant bit. The direction of the transfer is con
trolled by the read ll'fl and write (WI inputs when chip enable 
!CTI input is low. When the CE input is high, the data bus is 
in the three-state condition. 

READ STROBE (Rl 
This pin is an active low input. A low on this pin while CE 

is low causes the contents of the register selected by the ad
dress lines to be placed on the data bus. The read cycle 
begins on the leading lfallingl edge of R. 

WRITE STROBE (W) 

This is an active low input. A low on this pin while CE is 
also low causes the contents of the data bus to be transfer
red to the register selected by the address lines. The transfer 
occurs on the trailing Irising) edge of W. 

CHIP ENABLE (CE) 

This is an active low input. When low, data transfers bet
ween the CPU and the AVDC are enabled on the data bus as 
controlled by the write strobe, read strobe, and address 
lines. When CE is high, effectively, the AVDC is isolated 
from the data bus and DO-D7 are placed in the three-state 
condition. 

CHARACTER CLOCK (CCLK) 
This input 1s the timing signal derived from the video dot 

clock which is used to synchronize the AVDC's timing func
tions. 

HORIZONTAL SYNC (HSYNC) 

This active high output provides video horizontal sync 
pulses. The timing parameters are programmable. 

VERTICAL SYNC/COMPOSITE SYNC (VSYNC/CSYNC) 
A control bit selects either vertical or composite sync 

pulses on this active high output. When CSYNC is selected, 
equalization pulses are included. The timing parameters are 
programmable. 

BLANK (BLANK) 

This active high output defines the horizontal and vertical 
borders of the display. Display control signals which are out
put on display addresses DADDO and DADD3 through 
DADD13 are valid on the trailing edge of BLANK. 

CURSOR GATE (CURSOR) 
This output becomes active for a specified number of scan 

lines when the address continued in the cursor register 
matches the address output on DADDO through DADD13 for 
displayable character addresses. The first and last lines of the 
cursor and a blink option are programmable. When the row 
table addressing mode is enabled, this output is active for a 
portion of the blanking interval prior to the first scan line of a 
character row, while the AVDC is fetching the starting ad
dress for that row. 

INTERRUPT REQUEST (INTR) 
This is an open-drain output which supplies an active low 

interrupt request from any of five maskable sources. This pin 
is inactive after a power-on reset or a master reset command. 

AC LINE LOCK (ACLL) 

If this input is low after the programmed vertical front 
porch interval, the vertical front porch will be lengthened by 
increments of horizontal scan line times until this input goes 
high . 

HANDSHAKE CONTROL 1 (CTRL1) 
In independent mode, provides an active low write data 

buffer IWDBI output which strobes data from the interface 
latch into the display memory. In transparent and shared 
modes, this is an active low processor bus request IPBREOI 
input which indicates that the CPU desires to access the 
display memory. 

HANDSHAKE CONTROL 2 (CTRL2) 

In independent mode, provides an active low read data 
buffer I RDBI output which strobes data from the display 
memory into the interface latch. In transparent and shared 
modes, this is an active low bus external enable I B EXT! out
put which indicates that the AVDC has relinquished control 
of the display memory IDADDO-DADD13 are in the three
state condition) in response to a CPU bus request. BEXT 
also goes low in response to a 'display off and float DADD' 
command. In row buffer mode, it is an active low bus re
quest IBREOl output which halts the CPU during a line 
DMA. 

HANDSHAKE CONTROL 3 ICTRL3l 

In independent mode, provides the active low buffer chip 
enable IBCEI signal to the display memory. In transparent 
and shared modes, provides an active low bus acknowledge 
I BACK! output which serves as a ready signal to the CPU in 
response to a processor bus request. In row buffer mode, 
this is an active high memory bus control IM BCI output 
which configures the system for the DMA transfer of one 
row of character codes from system memory to the row 
display buffer. 

DISPLAY ADDRESS (DADDO-DADD13) 

These outputs are used by the AVDC to address up to 16K 
of display memory directly, or to 64K of memory by demulti
plexing DADD14 and DADD15. These outputs are floated at 
various times depending on the buffer mode. Various control 
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signals are multiplexed on DADDO through DADD13 and are 
valid at the trailing edge of BLANK. The following para
graphs describes the control signals. 

LINE GRAPHICS (DADDO/LG) - This is the output 
which denotes bit-mapped graphics mode. 

DISPLAY ADDRESS 14 (DADD1/DADD14) - This is the 
multiplexed address bit used to extend addressing to 64K. 

DISPLAY ADDRESS 15 (DADD2/DADD151 - This is the 
multiplexed address bit used to extend addressing to 64K. 

LAST ROW (DADD3/ LR) - This is the output which indi
cates the last active character row of each field. 

LINE ADDRESS (DADD4-DADD7/LAO-LA31 - These 
outputs provide the number of the current scan line count 
for each character row. 

FIRST LINE (DADDS/ FL) - This output is asserted dur
ing the blanking interval just prior to the first scan line of 
each character row. 

DOUBLE WIDTH (DADD9/DWI - This output denotes a 
double width character row. 

UNDERLINE (DADD10/UL) - This output is asserted 
during the blanking interval just prior to the scan line which 
matches the programmed underline position !line 0 through 
15). 

BLINK FREQUENCY (DADD11/BLINKI - Blink fre
quency provides an output divided down from the vertical 
sync rate. 

ODD FIELD (DADD12/0DD) - This active high signal is 
asserted before each scan line of the odd field when interlace 
is specified. Replaces DADD4/LAO as the least significant 
line address for interlaced sync and video applications. 

LAST LINE (DADD13/LLI - This output is asserted dur
ing the blanking interval just prior to the last scan line of each 
character row. 

Vee AND GND 
Power is supplied to the AVDC using these two pins. V CC 

is the + 5 volts ± 5% power input and GND is the ground 
connection. 

FUNCTIONAL DESCRIPTION 

As shown in the block diagram, the AVDC contains the 
following major blocks: data bus buffer, interface logic, 
operation control, timing, display control, and buffer con-

trol. The major blocks are described in the following 
paragraphs. 

DATA BUS BUFFER 

The data bus buffer provides the interface between the ex
ternal and internal data buses. It is controlled by the opera
tion control block to allow read and write operations to take 
place between the controlling CPU and the AVDC. 

INTERFACE LOGIC 
The interface logic contains address decoding and read 

and write circuits to permit communications with the 
microprocessor via the data buffer. The functions performed 
by the CPU read and write operations are shown in Jable 1. 

OPERATION CONTROL 
The operation control section decodes configuration and 

operation commands from the CPU and generates ap
propriate signals to other internal sections to control the 
overall device operation. It contains the timing and display 
registers which configure the display format and operating 
mode, the interrupt logic, and the status register which pro
vides operational feedback to the CPU. 

TIMING 
The timing section contains the counters and decoding 

logic necessary to generate the monitor timing outputs and 
to control the display format. These timing parameters are 
selected by programming of the initialization registers. 

DISPLAY CONTROL 
The display control section generates linear addressing of 

up to 16K bytes of display memory. Internal comparators 
limit the portion of the memory which is displayed to pro
grammed values. Additional functions performed in this sec
tion include cursor positioning and address comparisons re
quired for generation of timing signals, double-height tops 
and bottoms, smooth scrolling, and the split-screen inter
rupts. 

BUFFER CONTROL 
The buffer control section generates three signals which 

control the transfer of data between the CPU and the display 
buffer memory. Four system configurations requiring four 
different 'handshaking' schemes are supported. These are 
described in SYSTEM CONFIGURATIONS. 

TABLE 1 - AVDC ADDRESSING 

A2. A1 AO Read (R=O) Write (W=O) 
0 0 0 Interrupt Register Initialization Registers* 
0 0 1 Status Register Command Register 
0 1 0 Screen Start 1 Lower Register Screen Start 1 Lower Register 
0 1 1 Screen Start 1 Upper Register Screen Start 1 Upper Register 
1 0 0 Cursor Address Lower Register Cursor Address Lower Register 
1 0 1 Cursor Address Upper Register Cursor Address Upper Register 
1 1 0 Screen Start 2 Lower Register Screen Start 2 Lower Register 
1 1 1 Screen Start 2 Upper Register Screen Start 2 Upper Register 

*There are 15 initialization registers which are accessed sequentially via a single address. 
The AVDC maintains an internal pointer to these registers which is incremented after 
each write at this address until the last register !IR141 is accessed. The pointer then con
tinues to point to IR14 for additional accesses. Upon a power-on or a master reset com
mand, the internal pointer is reset to point to the first register (IRQ) of the initialization 
register group. The internal pointer can also be preset to any register of the group via the 
'load IR address pointer' command. 

MOTOROLA MICROPROCESSOR DATA 

3-37 

• 



• 

MC2674 

SYSTEM CONFIGURATIONS 

Figure 1 illustrates the block diagram of a typical disp!ay 
terminal that uses an MC2674, character ROM; a keyboard in
terface, and an attribute controller. In this system, the CPU 
examines inputs from the data ·communications line ·and the 
keyboard and places the data to be displayed in the display 
buffer memory. This bufferis typically a RAM which holds the 
data for a single or multiple screenload (page) or for a single 
character row. 

The AVDC supports four common system configurations 
of display-buffer memory. designated the independent, 
transparent, shared, and row-buffer modes. The fi'st three 
modes utilize a single or multiple page RAM and differ 
primarily in the means used to transfer display data between 
the RAM and the CPU. The row-buffer mode makes use of a 
single row buffer !which can be a shift register or a small 
RAM) that ·is updated in real time to contain the appropriate 
display data. 

The user programs IRO bits 0 and 1 select the mode best 
suited for the system environment. The CTRL 1, CTRL2, and 
CTRL3 outputs perform different functions for each mode and 
are named accordingly in the description of each mode. 

INDEPENDENT MODE 
The CPU-to-RAM interface configuration for this mode is 

illustrated in Figure 2. Transfer of data between the CPU and 
display memory is accomplished via a bidirectional latched 
port and is controlled by read data buffer. IRi:Tiil write data 
buffer IWDB), and buffer chip enable I BCE). This mode pro
vides a non-contention type of operation that does not re
quire address multiplexers. The CPU does not address the 
memory directly - the rea·d or write operation is performed 
at the address contained in the cursor address register or the 
pointer addres.s register as specified by the CPU. The AVDC 
enacts the data transfers during blanking intervals in order to 
prevent visual disturbances ol the displayed data. 

The CPU manages the data transfers by supplying com
mands to the AVDC. The commands used are: 

1. Read/ write at pointer address, 

2. Read/write at cu.rsor address !with optional increment 
of address), and 

3. Write from cursor address to pointer address. 
The operational sequence for a write operation is: 
1. CPU checks RDFLG status bit to assure that any de

layed commands have been completed. 

2. CPU loads data to be written to display memory into the 
interface latch. 

3. CPU writes address into cursor or pointer registers. 

4. CPU issues "write at cursor with/without increment" 
or "write at pointer" command. · 

5. AVDC generates control signals and outputs specified 
address to perform requested operation. Data is copied 
from the interface latch into the memory. 

6. AVDC sets· R DFLG status to indicate that the write is 
completed. 

Similarly, a read operation proceeds as follows: 

1. Steps 1. and 3. as above. 

2. CPU issues "read at cursor with/without increment" or 
"read at pointer'' command. 

3. (l. VDC generates control signals and outputs specified 
address to perfqrm requested operation. Data is copied 
from memory to the interface latch and AVDC sets 
RDFLG status tci indicate that the read is completed. 

4. CPU checks RDFLG status to see if operation is com
pleted. 

5. CPU reads data from interface latch. 

Loading the same data into a block of display memory is 
accomplished via the "write from cursor to pointer" com
mand: 

1. CPU checks RDFLG status bit to assure that any de-
layed commands have been completed. · 

2. CPU loads data to be written to display memory into the 
interface latch. 

3. CPU writes beginning address of memory block into 
cursor address register and ending address of block into 
pointer address register. 

4. CPU issues "write from cursor to pointer'' command. 
5. AVDC generates control signals and outputs block ad

dresses to copy data from the interface latch into the 
spec;ded block of memory. 

6. AVDC sets RDFLG status to indicate that the block 
write is completed. 

Similar sequences can be implemented on an interrupt 
driven basis using the REAOY interrupt output to advise the 
CPU that a previously asserted delayed command has been 
completed. 

Two timing sequences are possible for the "read/write at 
cursor/pointer" commands. If the command is given during 
the active display window !defined as first scan line of the 
first character row to the last scan line of the last character 
row), the operation takes place during the next horizontal 
blanking interval, as illustrated in Figure 3. If the command is 
given during the vertical blank.ing interval, or while .the 
display has been commanded blanked, the operation takes 
place immediately. In the latter case, the execution time for 
the command is approximately five character clocks (see 
Figure 4). 

Timing for the "write from cursor to pointer" operation is 
shown in Figure 5. The memory is filled at a rate of one loca
tion per two character times. The command will execute only 
during blanking intervals and may require many horizontal or 
vertical blanking intervals to complete. Additional delayed 
commands can be asserted immediately after this command 
has completed. 

Immediately commands can be asserted at any time 
regardless of the state of the ready state/interrupt. 
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FIGURE 2 - INDEPENDENT BUFFER MODE CONFIGURATION 
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BCE 

WDB 

w 
From CPU 

System Data Bus 

Refresh 
RAM 

ADR 

CE 

WR 
Data 1/0 

Display Data Bus 

FIGURE 3 - READ/WRITE AT CURSOR/POINTER COMMAND TIMING 
(Command Received During Active Display Window) 

Horizontal Blanking 
Interval AVDC Control Signals 

'---

,- ,--

1. Write waveforms shown in dotted lines. 

To 
Video 
Logic 

2. If command execution occurs just prior to the first scan line of a character row and row table addressing mode is enabled, 
execution of the command is delayed by two character clocks from the timing illustrated. 

3. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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FIGURE 4 - READ/WRITE AT CURSOR/POINTER COMMAND TIMING 
(Command Received W~ile Display Is Blanked) 

w 

BLANK AVDC Read Command AVDC Write Command 

DADD 

NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 

SHARED AND TRANSPARENT BUFFER MODES 
In these modes, the display buffer RAM is a part of the 

CPU memory domain and is addressed directly by the CPU. 
Both modes use the same hardware configuration with the 
CPU accessing the display buffer via three-state drivers (see 
figure61. The processor bus request (PBREOI control signal 
informs the AVDC that the CPU is requesting access to the 
display buffer. In response to this request, the AVDC raises 
bus acknowledge !BACK! until its bus external !BEXTI out
put has freed the display address and data buses for CPU ac
cess. BACK. which can be used as a "hold" input to the 
CPU, is then lowered to indicate that the CPU can access the 
buffer. 

In transparent mode, the AVDC delays the granting of the 
buffer to the CPU until a vertical or horizontal blanking inter
val, thereby causing minimum disturbance of the display. In 
shared mode, the AVDC will blank the display and grant im
mediate access to the CPU. Timing for these modes is il
lustrated in Figures 7, 8, and 9. 

ROW BUFFER MODE 
Figures 10 and 11 show the timing and a typical hardware 

implementation for the row buffer mode. During the first 
scan line !line 01 of each character row. the AVDC halts the 
CPU and DMA's the next row of character data from the 
system memory to the row buffer memory. The AVDC then 
releases the CPU and displays the row buffer data for the 
programmed number of scan lines. The control signal BREO 
informs the CPU that character addresses and the MBC 
signal will start at the next falling edge of BLANK. The CPU 
must release the address and data buses before this time to 
prevent bus contention. After the row of character data is 
transferred to the CPU, BREO returns high to grant memory 
control back to the CPU. 

ROW TABLE ADDRESS MODE 
In this mode, each character row in the screen image 

memory has a unique starting address. This provides greater 
flexibility with respect to screen operations, such as editing, 
than the sequential addressing mode. The row table, Figure 
12, is a list of starting addresses for each character row and 
may reside anywhere in the AVDC's addressable memory 
space. Each entry in the table consists of two bytes: the first 
byte contains the eight least significant bits of the row start
ing address and the second byte contains, in its six least 
significant bits, the six most significant bits of the row start
ing address. The function of the two most significant bits of 
the second byte is selected by programming I R0[7). They 
may be used either as row attribute bits to control double 
width and double height for that character row. or as an ad
ditional two address bits to extend the usable display 
memory to 64K. 

The first address of the row table operation is designated 
in screen start register 2 (SSR21. If row table addressing is 
enabled via IR2[7]. the AVDC fetches the next row's starting 
address from the table during the blanking interval prior to 
the first scan line of each character row, while simul
taneously incrementing the contents of SSR2 by two so as 
to point to the next table entry. The fetching of the row start
ing address from the row table is indicated by the assertion 
of the CURSOR output during BLANK. The address read 
from the table by the A VDC is loaded into screen start 
register 1 ISSR11 for use internally. Since the contents of 
SSR2 changes as the table entries are fetched, it must be re
initialized to point to the first table entry during each vertical 
retrace interval. 

Row table addressing is intended primarily for use in con
junction with the row buffer mode of operation and requires 
no additional circuitry in that case. It may also be used with 

MOTOROLA MICROPROCESSOR DATA 

3-41 



w 
~ 

~ 
::ICI 
0 

> 
3: 

§ 
~ 
m en en 
0 
::ICI 

~ 

w 

BLANK 

HSYNC 

DADD 

WlIB 

m 

mIB 

• 
FIGURE 5 - WRITE FROM CURSOR TO POINTER COMMAND TIMING 

~ I \ 
i HFP=Odd ------

___ .., 
" 

Last 
Addr 

Cursor 
Address 

Cursor 
Address+ 1 

-- ----·- ----- --

Cursor 
Address+ 2 

ursor 
Address+3 

AVDC Control 
Signals 

BLANK ~HFP=Even 
HSYNC 
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If command execution occurs just prior to the first scan line of a character row and row table addressing mode is enabled, execution of the 
command is delayed by two character clocks from the timing illustrated. 
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FIGURE 6 - AVDC SHARED OR TRANSPARENT BUFFER MODES 

MC2674 
AVDC 

Display Address 

Refresh 
RAM 

ADR 

{ 
PBREO -----..i CTRL1 

CPU 
.-----l~ IT 

BACK ...-------< CTRL3 

BEXT 
~-+----< CTRL2 

Select 
Decode 

Upper 

System Address Bus 

System Data Bus 

FIGURE 7 - TRANSPARENT BUFFER MODE TIMING 

w 
Datal/O 

,.-------+--- -- ----
' 121 ._ _ _.Ir+---+--+----"'"--·- - - - ~ 

141 

13,41 
,------~----

' ----' 

1.------------------.... ~ - - - - -~ - -., 
\ Horizontal Blanking Interval 

VDC CTRL Signals 1st Char 
Address 

._ _____ _ 

1. PBREQ must be asserted prior to the rising edge of BLANK in order for sequence to begin during that blanking period. 
2. If PBREQ is negated after the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked. 
3. Accesses during vertical blank or "display off" are granted only at the beginning of the horizontal front porch. 
4. If row table addressing is enabled, CPU access is delayed by two character clocks prior to the first scan line of each character 

row. 
5. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 

outputs. Input levels are 0.4 V to 2.4 V. 
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FIGURE 8 __;. SHARED BUFFER MODE TIMING 

.. --------'Ir------------
, (1) 

'---+----+---1-""'lr--"'·---- - -' 

r-:---- _....,. __________ _ 
.._ ___ ....,. __ _... ___ - --' 

BLANK 
1..---------------..l12...--- - +---, 

' 
DADD 

NOTES: 

Any Char 
Address 

.. ______ _ 

1. If PBREQ is negated after the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked . 
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 

outputs. Input levels are o .. 4 V to 2.4 V. 

FIGURE 9 - SHARED AND TRANSPARENT MODE TIMING 

VB LANK or 
DB LANK 

la) 

------.....;._ __ ...,',w---'f-----
Sys. ADD 

Refresh Addresses 

al During Vertical Blank or after,'displ8y off'. command.in shared 
mode only. See Figure 7 for transparent timing. 

the other modes, but circuitry must be added to route the 
data from the display memory to the data bus inputs of the 
AVDC. Additionally, when not operating in row buffer 
mode, care must be taken to assure that the CPU does not 
attempt to access the AVDC while it is reading the row table: 
One way of preventing this is to latch prior to reading or 
writing the AVDC. The AVDC should only be accessed if the 
latch is low, indicating that the last line of the row is not 
active. 

Figure 13 illustrates a typical hardware implementation for 
use in conjunction with independent and transparent modes, 
and Figure 14 shows the timing for row table operation. 

lb) 

-------+--------

BEXf 
--------~'Ir---------

BLANK 
System Processor Has Continuous Bus Control 

DADD -(.._ ____ ,-11~..----->-

bl After 'display off and 3-state' command 

OPERATION 

After power is applied, the AVDC will be in an inactive 
state. Two consecutive "master reset" commands are 
necessary to release this circuitry and ready the AVDC for 
operation. Two register groups exist within the ADC; the 
initialization registers and the display control registers. The 
initialization registers select the system configuration, 
monitor timing, cursor shape, .display memory domain, 
pointer address, scrolling region, double height and width 
condition, and screen format. These are loaded first a·nd nor
mally require no modification except for certain special visual 
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FIGURE 10 - ROW BUFFER MODE CONFIGURATION 
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2x2111 

Row 
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CTRL2 
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System 
Decode 
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FIGURE 11 - ROW BUFFER MODE TIMING 

llineO Onlyl 

w 

Display Address 

1. If row table addressing is enabled, BREQ will be asserted at the middle of the last scan line of the prior row, and MBC will 
be asserted at the beginning of BLANK. 

2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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FIGURE 12 - ROW TABLE ADDRESS FORMAT 
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FIGURE 13 - ROW TABLE MODE CONFIGURATION (NON-ROW BUFFER MODES) 
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FIGURE 14 - ROW TABLE MOOE TIMING 
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effects. The display control registers specify the mem
ory address of the base character (upper left corner of 
screen), the cursor position, and the split screen ad
dresses associated with the scrolling area or an alter
nate memory. These may require modification during 
operation. 

After initial loading of the two register groups, the 
AVDC is ready to control the monitor screen. Prior to 
executing the AVDC commands which turn on the dis
play cursor, the user should load the display memory 
with the first data to be displayed. During operation, 
the AVDC will sequentially address the display memory 
within the limits programmed into its registers. The 
memory outputs character codes to the system char
acter and graphics generation logic, where they are con
verted to the serial video stream necessary to display 
the data on the CRT. The user effects changes to the 
CRT. The user effects changes to the display by modi
fying the contents of the display memory, the AVDC 
display control and command registers, and the initial
ization registers, if required. Interrupts and status con-

ditions generated by the AVDC supply the "handshaking" 
information necessary for the CPU to effect real time 
display changes in the proper time frame if required. 

INITIALIZATION REGISTERS 

There are 15 initialization registers (IRO-IR14) which 
are accessed sequentially via a single address. The AVDC 
maintains an internal pointer to these registers which 
is incremented after each write at this address until the 
last register (IR14) is accessed. The pointer then contin
ues to point to IR14 for further accesses. Upon a power
on or a master reset command, the internal pointer reset 
to point to the first register (IRO) of the initialization 
register group. The internal pointer can also be preset 
to any register of the group via the "load IR address 
pointer" command. These registers are write only and 
are used to specify parameters such as the system con
figuration, display format, cursor shape, and monitor 
timing. Register formats are shown in Figure 15. 

FIGURE 15 - INITIALIZATION REGISTER FORMATS (Sheet 1 of 4) 

IRO Double 
Height/ 
Width 

IRl Interlace 
Enable 

o~ Non-
Interlace 
1 ~Inter-

lace 

IR2 Row 
Table 

o~ Off 
1 =On 

4 3 0 

Scan Lines Per Character Row Sync Buffer-Mode 
Non-Interlaced Interlaced Select Select 

0000~1 Line 0000 ~ 2 Lines o~ VSYNC 00 ~Independent 
0001~2 Lines 0001 ~4 Lines 1 ~ CSYNC 01 ~Transparent 
0010~3 Lines 0010~6 Lines 10 ~Shared . . 11 ~Row . . Buffer 
1110~15 Lines 1110 ~ 30 Lines 
1111~16 Lines 1111 ~Undefined 

5 4 
Equalizing Constant 

0000000= 1 CCLK 
0000001~2 CCLK . Calculated from: . EC~ 0.5 IHAcT+ HFp+ HsYNC + Hspl -21HsYNCI 

1111110=127 CCLK 
1111111~128 CCLK 

6 4 

Horizontal Sync Width 

0000= 2 CCLK 
0001 ~4 CCLK . . 
1110 ~ 30 CCLK 
1111=32 CCLK 
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FIGURE 15 - INITIALIZATION REGISTER FORMATS I Sheet 2 of 41 

7 6 5 
Vertical Front Porch 

000=4 Scan Lines 
001 = 8 Scan Lines . . 
110= 28 Scan Lines 
111 = 32 Scan Lines 

6 

Character 
Blink Rate 

0= 1/64 
VSYNC 
1= 1/128 
VSYNC 

6 5 

7 6 5 
First Line of Cursor 
0000= Scan Line 0 
0001 = Scan Line 1 . . 
1110= Scan Line 14 
1111 = Scan Line 15 

6 5 
Cursor 

Light Pen Line Blink 

00= Scan Line 3 O=Off 
01 = Scan Line 1 l=On 
10 = Scan Line 5 
11 =Scan Line 7 

4 3 
Vertical Back Porch 

00000 = 4 Scan Lines 
00001 = 6 Scan Lines . . 
11110=64 Scan Lines 
11111 = 66 Scan Lines 

4 

Active Character Rows Per Screen 
()()()()()()() = 1 Row 
0000001 = 2 Rows . . . 

1111110= 127 Rows 
1111111=128 Rows 

4 3 
Active Characters Per Row 

00000010 = 3 Characters 
00000011 = 4 Characters 

11111110 = 255 Characters 
11111111 =256 Characters 

4 

4 3 

Cursor 
Rate 

0= 1/32 
1 =1/64 

Last Line of Cursor 
0000= Scan Line 0 
0001 =Scan Line 1 . . 
1110= Scan Line 14 
1111 =Scan Line 15 

2 

Underline Positio~ 
0000 = Scan Line 0 
0001 = Scan Line 1 . . 
1110= Scan Line 14 
1111 =Scan Line 15 
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FIGURE 15 - INITIALIZATION REGISTER FORMATS (Sheet 3 of 4) 

6 5 4 3 
Display Buffer First Address LSBs 

H'OOO'=O 
H'001'=1 

2 0 

NOTE: MSBs are in IR9[3:0] 

6 5 

H'FFE' =4,094 
H'FFF' =4,095 

4 2 
Display Buffer Last Address Display Buffer First Address MSBs 

0000= 1,023 
0001 =2,047 . See IRS . 
1110= 15,359 
1111=16,383 

6 5 4 3 2 
Display Pointer Address Lower 

See IR11 

6 5 4 3 2 

LZ Up Display Pointer Address Upper 
0 =Off H' ' 0 
1=0n ~·~·=1 . . 

H'3FFF' = 16,383 

6 5 4 3 2 

Split Register 1 

0000000 = Row 1 
0000001 = Row 2 . . 

1111111=Row12S 
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FIGURE 15 - INITIALIZATION REGISTER FORMATS (Sheet 4 of 41 

7 6 
IR13 Scroll End 

O=Off 
1=0n 

6 5 
IR14 Double 1 Double 2 

OO=Normal 00= Normal 
01 =Double Width 01 = Double Width 
10= Double Width 10 = Double Width 

and Tops and Tops 
11 = Double Width 11 = Double Width 

and Bottoms and Bottoms 

DOUBLE HEIGHT/WIDTH ENABLE (IR0[7]) - When this 
bit is set, the value in IR14[7:6] is used to control the double 
height and width conditions of each character row. Asser
tion of this bit also allows IR14[7:6] to be programmed in two 
ways: 

1. By the CP writing to IR14 directly. 

2. When the contents of screen start register 1 ISSR1l 
upper are changed, either by the CPU writing to this 
register or by the automatic loading of SSR1 when 
operating in row table mode, the two most significant 
bits of SSR1 upper are copied into IR14[7:6). Thus, the 
most significant bits of each row table entry can be us
ed to control double height and double width attributes 
on a row-by-row basis. 

IR14[5:4] are not active when this bit is set. When this bit 
is reset, the double height and width attributes operate as 
described in IR[14). 

SCAN LINES PER CHARACTER ROW (IR0[6:3ll - Both 
interlaced and non-interlaced scanning are supported by the 
AVDC. For interlaced mode, two different formats can be 
implemented, depending on the interconnection between 
the AVDC and the character generator (see IR1[7]). This field 
defines the number of scan lines used to compose a char
acter row for each technique. As scanning occurs, the scan 
line count is output on the LAO-LA3 and ODD pins. 

VSYNC/CSYNC (IR0[2]) - This bit selects either vertical 
sync pulses or composite sync pulses on the VSYNC/ 
CSYNC output (pin 18). The composite sync waveform con
forms to EIA RS170 standards, with the vertical interval com
posed of six equalizing pulses, six vertical sync pulses, and 
six more equalizing pulses. 

BUFFER MODE SELECT llR0[1 :OJI - Four buffer memory 
modes may be selectively enabled to accommodate the 
desired system configuration. See SYSTEM CONFIGURA
TIONS. 

INTERLACE ENABLE (IR117ll - Specifies interlaced or 
non-interlaced timing operation. Two modes of interlaced 
operation are available, depending on whether LO-L3 or 

4 

4 

2 0 

Split Register 2 
OOOOOOO=Row 1 
0000001 =Row 2 . . 

1111111=Row 128 

3 2 0 
Lines to Scroll 

0000= 1 
0001 =2 . . 
1110=15 
1111 =16 

ODD, LO-L2 are used as the line address for the character • 
generator. The resulting displays are shown in _Figure 16. · 

For "interlaced sync" operation, the same information is 
displayed in both odd and even fields •. resulting in enhanced 
readability. The AVDC outputs successive line numbers in 
ascending order on the LAO-LA3 lines, one per scan line for 
each field. 

The "interlaced sync and video" format doubles the char
acter density on the screen. The AVDC outputs successive 
line numbers in ascending order on· the odd and LAO-LA2 
lines, one per scan line for each field. 

EQUALIZING CONSTANT (IR1[6:0]) - This field indirect
ly defines the horizontal front porch and is used internally to 
generate the equalizing pulses for the RS170 compatible 
CSYNC. The value for this field is the total number of 
character clocks ICCLKs) during a horizontal line period 
divided by two, minus two times the number of character 
clocks in the horizontal sync pulse: 

HAcT+ HFp+ HsYNC+ Hsp 
EC= 2 -2 IHSYNCI 

The definition of the individual parameters is illustrated in Fig
ure 17. 

Note that when using the attributes controller it will delay 
the blank pulse three CCLKs relative to the HSYNC pulse. 

ROW TABLE MODE ENABLE (IR2[7]) - Assertion/nega
tion of this bit causes the AVDC to begin/terminate 
operating in row table mode starting at the next character 
row. See ROW TABLE ADDRESS MODE. By using the split 
interrupt·capability of the AVDC, this mode can be enabled 
and disabled on a particular character row. This allows a 
combination of row ·table and sequential addressing to be 
utilized to provide maximum flexibility in generating the 
display. 

HORIZONTAL SYNC PULSE WIDTH (IR2[6:3ll - This 
field specifies the width of the HSYNC pulse in CCLK 
periods. 
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FIGURE t6 - INTERLACED DISPLAY MODES 

i..-----i....--{~OJ~}l 
Line Address Line Address 

To Character Generator 

0 ---------

1 -·-·-·-·-·--
2 -·-------

3 -·-------

4 -·-·-·------·-------
6 -·-------

7 -·-·-·-·-·--
8 ---------

0 ----------·-·-·-·-·--
2 -·-------

3 -·-------

4 -·-·-·-----
5 -·-------

6 -·-------

7 -·-·-·-·-· --
8 

Non-Interlaced 
IRO= 1000; Total Lines/Row=9 

To Character Generator 
-0 c: 
-0 il? 
0 w 7------.....,..--8--------o---------o--------
1 -·-·-·-·-·--1 -0,...0-0-0-0-.--
2 -·-------
2-0·----~--3-•-------3-0·-------

4 -·-·-·-----4 -0-0-0-----
5· -·-------5-o-------
6 -·-------
6-o-------

8 
-·-·-·-·-·--7 -0-0-0-0-0--

8 --------
0 ---------0---------·-·-·-·-·--1 -0-0-0-0-0----'•-------2-o-------
3 -·-------3 -0-------
4 -·-·-·----4-o-o-o-----·-------5 -o-------6-•-------
8 

6-0--------·-·-·-·-·--7-o-o,,..o-o-o--

8--------
Interlaced SYNC 
IRO= 1000; Total Lines/Row= 16 

Line Address 
To Character Generator 

c: -0 
Ql -0 
~o 

{ 

0 
1.-0 0.0 00 :d 2 -;:~------

~ Ui 4 -·. ·-----
0 Q) 5-0------
~ .s 6 -·------

_J 7-ooooo----
8 9--'------
0 

1-00000-----·------3-o------
4 -···-----5-o------
6 -'-•------7-o o o oo----
8 --------

9 -------
0 --------

1-00000----· . 3-o------
4 -···-----5-0------
6 -·------7-o o o o o---· -
8 9-------
0 --------

1-00000,----
2 -•------3-o------
4 -···------5-0-------6-•------

Interlaced SYNC and Video 
IR0=0100; Total Lines/Row= 10 

HORIZONTAL BACK PORCH (IR2[2:0]) - This field 
defines the number of CCLKs between the trailing edge 
of HSYNC and the trailing edge of BLANK. 

VERTICAL FRONT POACH (IR3[7:3])- This field spec
ifies the number of scan line periods between the rising 
edges of BLANK and VSYNC during the vertical retrace 
interval.. The vertical front porch is extended in incre
ments of scan lines if the ACLL input is low at the end 
of the programmed value. 

CHARACTER ROWS PER SCREEN (IR4[6:0]) - This 
field defines the number of character rows to be dis.
played. The value multiplied by the scan lines per char
acte row, plus the vertical front porch, the vertical back 
porch values, and the vertical sync pulse width is the 
vertical scan period in scan lines. 

VERTICAL BACK PORCH (IR3[4:0]) - This field de
termines ttie number of scan line periods between the 
falling edges of the VSYNC and BLANK outputs. 

CHARACTER BLINK RATE (IR4[7])- Specifies the fre
quency for the character blink attribute timing. The blink 
rate can be specified as 1/64 or 1/128 of the vertical field 
rate. The timing signal has a duty cycle of 50% and is 
multiplexed onto the DADD1/BLINK output at the falling 
edge of each BLANK. 

ACTIVE CHARACTERS PER ROW (IR5[7:0]) - This 
field determines the number of characters to be dis
played on each row of the CRT screen. The sum of this 
value, the horizontal front porch, the horizontal sync 
width, and the horizontl back porch is the horizontal 
scan period in CCLKs. 

FIRST AND LAST SCAN LINE OF CURSOR (IR6[7:4], 
IR6[3:0]) - These two field specify the height and po
sition of the cursor on the character block. The "first" 
line is the topmost line when scanning from the top to 
the bottom of the screen. 
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FIGURE 17 - HORIZONTAL AND VERTICAL TIMING 

rtll----Character Row 11oi !IR51 ___ __,., 

HBLANK __j.----:_1 __________ _:-1 ---.L_ 
--.j ~Front Porch llR11 Back Porch llR21---+j r-

HSYNC ___ ... 
-l j.-HSYNC llR21 

~Character Rows/Screen llR41~ 
~ i.- Scan Lines Per Row llROI I 

VBLANK __J ... ---..;, ... , ----L 
-+j r- Front Porch !IR31 Back Porch !IR31--.j ~ 

VSYNC __ _.n n .. ___ _ 
~ j.- VSYNC llR71 

Equalizing 
Lines/Row Constant 

IRO I I I I I I I I IRl I I I I I I 
HSY NC HBACK VFRONT VBAC~ VSYNC 
Width Porch 

IR2 I I I I I I I I IR3 I 
Character Rows/Screen 

IR4 I I I I I I I IR5 I 

VERTICAL SYNC PULSE WIDTH (IR7[7:6]) - This field 
specifies the width of the VSYNC pulse in scan line periods. 

CURSOR BLINK ENABLE (IR7[5]) - This bit controls 
whether or not the cursor output pin will be blinked at the 
selected rate llR7[4]). The blink duty cycle for the cursor is 
50%. 

CURSOR BLINK RATE (IR7[4]) - The cursor blink rate 
can be specified at 1 /32 or 1 /64 of the vertical scan frequen
cy. Blink is effective only if blink is enabled by IR7[5]. 

UNDERLINE POSITION (IR7[3:0)) - This field defines which 
scan line of the character row will be used for the underline 
attribute by the attributes controller. The timing signal is mul
tiplexed onto the DADD10/UL output during the falling edge 
of BLANK. 

DISPLAY BUFFER FIRST ADDRESS (IR9[3:0]), IR8[7:0] 
AND DISPLAY BUFFER LAST ADDRESS (IR9[7:4]) -
These two fields define the area within the buffer memory 
where the display data will reside. When the data at the 
"display buffer last address" is displayed, the AVDC will 
wraparound and obtain the data to be displayed at the next 
screen position from the "display buffer first address". If 
"last address" is the end of a character row and a new 
screen start address has been loaded into the screen start 
register, or if "last address" is the last character position of 
the screen, the next data is obtained from the address con
tained in the screen start register. 

Note that there is no restriction in displaying data from 
other areas of the addressable memory. Normally, the area 

Porch Porch Width ,-..... 
I I I I I I I IR7 I I I I I I 
Characters per Row 

I I I I I I I 

between these two bounds is used for data which can be 
overwritten (e.g., as a result of scrolling I, while data that is 
not to be overwritten would be contained outside these 
bounds and accessed by means of the automatic split screen 
or split screen interrupt features of the AVDC. 

DISPLAY POINTER ADDRESS LOWER OR10[7:01 AND 
DISPLAY POINTER ADDRESS UPPER (IR11[5:0]) - These 
two fields define a buffer memory address for AVDC con
trolled accesses in response to "read/write at pointer" com
mands. They also define the last buffer memory address to 
be written for the "write from cursor to pointer" command. 

SCAN LINE ZERO DURING SCROLL DOWN (IRZ11[7]) -
This field specifies normal scan line count or all scan line zero 
counts for the new character row that occurs at the top of 
the scrolling area during soft scroll down operation. If the 
character generator provides blanks during scan line zero, 
this will cause the new row to be automatically blanked on 
the display. This feature can be used, if necessary, to blank 
the new row until the CPU places "blank data" into the 
display buffer. 

SCAN LINE ZERO DURING SCROLL UP (IR11[6]) - This 
field specifies normal scan line count or all scan line counts 
for the new character row that occurs at the bottom of the 
scrolling area during soft scroll up operation. 

SCROLL START (IR12[7]) - This bit is asserted when 
soft scroll is to take place. The scrolling area begins at the 
row specified in split register 1 (IR12[6:0]). If set, the first 
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row to scroll scan line count will be reduced by the value in 
the lines to scroll register llR14[3:0]1. The scan line count of 
this row will start at the programmed offset value. When this 
bit is asserted, scroll end IR13[7] must be set before split 
register 2. 

SPLIT REGISTER 1 (IR12[6:0]) - Split register 1 can be 
used to provide special screen effects such as soft (scan line 
by scan line) scrolling, double height.lwidth rows, or to 
change the normal addressing sequence of the display 
memory. The contents of this field is compared, in real time, 
to the current row number. Upon a match, the AVDC sets 
the split screen 1 status bit, and issues an interrupt request if 
so programmed. The status change/ interrupt request is 
made at the beginning of the scan line zero of the split screen 
character row. If enabled by the SPL 1 bit of screen start 
register 2, an automatic split screen to the address specified 
in screen start register 2 will be made for the designated 
character row. During a scroll operation, this field defines 
the first character row of the scrolling area. 

SCROLL END (IR13[7]) - This field specifies that the row 
programmed in split register 2 llR13[6:0]1 is to be the last 
scrolling row of the scrolling area. Note that this bit must be 
asserted for a valid row only when the scroll start bit IR12[7J 
is also asserted. 

SPLIT REGISTER 2 (IR13[6:0ll - This field is similar to 
the split register 1 field except for the following: 

1. Split screen 2 status bit is set. 
2. During a scroll operation, this field defines the last 

character row of the scrolling area. This row will be 
followed by a partial row. The L TSR llR141 value 
replaces the normal scan lines/ row value for the partial 
row, thus keeping the total scan lines/screen the same. 

3. If enabled by the SPL2 bit of screen start register 2, an 
automatic split to the address contained in screen start 
register 2 will occur in one of two ways: 
al If not scrolling an automatic split will occur for the 

next character row. 
bl If scrolling, the automatic split will occur after the 

partial row being scrolled onto or off the screen. 

4. The specified double width and height conditions llR141 
are also asserted in two possible ways: 
al Automatic split will assert the programmed condition 

for the current row. 
bl During soft scroll operation the programmed condi

tions are asserted for the partial row scrolling onto or 
off the screen. 

DOUBLE 1 (IR14[7:6]) - This field specifies the condi
tions (double width/height or normal) of the row designated 
in split register 1 llR12[6:0]1 When double height tops or 
bottoms has been specified, the AVDC will automatically 
toggle between tops and bottoms until another split 1 or 2 
occurs which changes the double height/width condition. If 
a double height top row is specified, the scan line count will 
start at zero and increment the scan line every other scan 
line. If a double height bottom row is specified, the AVDC 
will start a one half the normal scan line total. If double width 
is specified, the AVDC will assert the DADD9/ DW output at 
the falling edge of blank. This condition will also remain ac
tive until the next split 1 or 2. When I R0[7J = 1, the values 
written into bits 7 and 6 of screen start 1 upper will also be 
written into IR14[7:6] and the automatic toggling between 
tops and bottoms is disabled. 

DOUBLE 2 (IR14[5:4]) - This field specifies the condi
tions (double width/height or normal) of the row designated 
in split register 2 llR13[6:0JI. Not used with IR0[7]= 1 

LINES TO SCROLL (IR14[3:0ll - This field defines the 
scan line increment to be used during a soft scroll operation. 
This value will only be used when scroll start llR12[7]) and 
scroll end llR13[7]) are enabled. 

TIMING CONSIDERATIONS 
Normally, the contents of the initialization registers are not 

changed during normal operation. However, this may be 
necessary to implement special display features such as 
multiple cursors and horizontal scrolling. T;ible 2 describes 
timing details for these registers which should be considered 
when implementing these features. 

TABLE 2 - TIMING CONSIDERATIONS 

Parameter 
First Line of Cursor 
Last Line of Cursor 
Underline Line 

Double Height Character Rows 
Double Width Character Rows 
Rows to Scroll 

Cursor Blink 
Cursor Blink Rate 
Character Blink Rate 

Split Register 1 
Split Register 2 

Character Rows Per Screen 

Vertical Front Porch 

Vertical Back Porch 

Screen Start Register 1 
Row Table Mode Enable 

Timing Considetations 

These parameters must be established at a minimum of two character times prior to their 
occurrence. 

Set/ reset prior to the row specified in split 1 or 2 registers. 

New values become effective within one field after values are changed. 

Change anytime prior to line zero of desired row. 

Change only during vertical blanking period. 

Change prior to first line of VFP. 

Change prior to four line after VSYNC. 

Change prior to the horizontal blanking interval of the last line of character row before row where 
new value is to be used. 
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DISPLAY CONTROL REGISTERS 

There are seven registers in this group, each with an in
dividual address. Their formats are illustrated in Figure 18. 
The command register is used to invoke one of 19 possible 
AVDC commands as described in COMMANDS. The re
maining registers in the group store address values which 
specify the cursor location, the location of the first character 
to be be displayed on the screen, and any split screen ad
dress locations. The user initializes these registers after 
powering on the system and changes their values to control 
the data which is displayed. 

SCREEN START REGISTERS 1 AND 2 
The screen start 1 registers contain the address of the first 

character of the first row (upper left corner of the active 
display!. At the beginning of the first scan line of the first 
row, this address is transferred to the row start register 
(RSR) and into the memory address counter (MAC). The 
counter is then advanced sequentially at the character clock 
rate for the number of times programmed into the active 
characters per row register (I R5), thus reaching the address 
of the last character of the row plus one. At the beginning of 
each subsequent scan line of the first row, the MAC is 
reloaded from the RSR and the above sequence is repeated. 
At the end of the last scan line of the first row, the contents 
of the MAC is loaded into the RSR to serve as the starting 
memory address for the second character row. This process 
is repeated for the programmed number of rows per screen. 
Thus, the data in the display memory is displayed sequen
tially starting from the address contained in the screen start 
register. After the ensuing vertical retrace interval, the entire 
process repeats again. 

During vertical blanking, the address counter operation 1s 
modified by stopping the automatic load of the contents of 
the RSR into the counter, thereby allowing the address out
puts to free-run. This allows dynamic memory refresh to oc
cur during the vertical retrace interval. The refresh address-

ing starts at the last address displayed on the screen and in
crements by one for each character clock during the retrace 
interval. If the display buffer last address is encountered, 
refreshing continues from the display buffer first address. 

The sequential operation described above will be modified 
upon the occurrence of any of three events. First, if during 
the incrementing of the memory address counter the 
"display buffer last address" (IR9[7:4JI is reached, the MAC 
will be loaded from the "display buffer first address" register 
(IR9[3:0] and IR8[7:0]1 at the next character clock. Sequen
tial operation will then resume starting from this address. 
This wraparound operation allows portions of the display 
buffer to be used for purposes other than storage af display
able data and is completely automatic without any CPU 
intervention (see Figure 19al. 

The sequential row to row addressing can also be modified 
via split register 1 (IR12) and split register 2 (IR13), under 
CPU control, or by enabling the row table addressing mode. 
If bit 6 of screen start register 2 upper (SPL 11 is set, the 
screen start register 2 contents will be loaded automatically 
into the RSR at the beginning of th8 first scan line of the row 
designated by split register 1 llR12[6:0]1. If bit 7 of screen 
start 2 upper ( SPL21 1s set, the screen start register 2 con
tents is automatically loaded into the RSR at the end of the 
last scan line of the row designated by split register 2 
llR13[6:011. SPL1 and SPL2 are write only bits and will read 
as zero when reading screen start register 2. 

If the contents of screen start register 1 I upper, lower, or 
both) are changed during any character row le.g., row 'n'), 
the starting address of the next character row (row 'n+ 1'1 
will be the new value of the screen start register and address
ing will continue sequentially from there. This allows fea
tures such as split screen operation, partial scroll, or status 
line display to be implemented. The split screen interrupt fea
ture of the AVDC is useful in controlling the CPU initiated 
operations. Note that in order to obtain the correct screen 
display, screen start register 1 must be reloaded with the 
original (origin of display) value prior to the end of the ver
tical retrace. See Figure 19b. 

FIGURE 18 - DISPLAY CONTROL REGISTER FORMATS (Sheet 1 of 21 

6 

DADD15 DADD14 

4 

Command Code 

See COMMANDS for Command Codes 

Command Registers {Wnte Only) 

4 

Upper Register 

Most Significant Bits 
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FIGURE 18 - DISPLAY CONTROL REGISTER FORMATS (Sheet 2 of 2) 

7 6 

H'CXXXJ' =0 
H'0001'=1 

Through 
H'3FFE' = 16,382 
H'3FFF' = 16,383 

NOTES: 

5 4 3 2 
Lower Register I Least Significant Bit) 

NOTE: Most significant bits are in upper register 15:0] 

1. Bits 7 and 6 of upper register are not used in the cursor address register. 
2. Bits 7 and 6 of upper register are always zero when read by the CPU. 

0 

3. When I R0[7}'"'" '1, the values written into bits 7 and 6 of screen start 1 upper will also be written into 
IR14[7:61 to control the double width and double height attributes of the display as follows: 

2 .!! Attribute 

None 
Double Width Only 

0 
0 
1 
1 

0 
1 
0 
1 

Double Width and Double Height Tops 
Double Width and Double Height Bottoms 

Screen Start 1 Register (Read and Write) and 
Cursor Address Registers (Read and Write) 

6 5 4 3 0 

Upper Register 

SPL2 SPL1 
O=Off O=Off 
1=0n 1 =On Most Significant Bits 

6 4 0 

Lower Register (Least Significant Bit) 

H'CXXXJ' =0 
H'0001'=1 

Through 
H'3FFE' = 16,382 
H'3FFF' = 16,383 

NOTE: Most significant bits are in upper register [5:0] 

NOTE: 
Bit 7 and bit 6 are always zero when read by the CPU. 

Screen Start 2 Registers (Read and Write) 

When row table addressing mode is enabled, the first ad
dress of the row table is designated in SSR2. The AVDC 
fetches the next row's starting address from the table during 
the blanking interval prior to the first scan line of each char
acter row and loads it into SSR1 for use as the starting ad
dress of the next row. Since the contents of SSR2 changes 
as the table entries are fetched, it must be re-initialized to 
point to the first table entry during each vertical retrace inter
val. 

The values of the two most significant bits of SSR1 upper 
are multiplexed onto the DADD1/ DADD14 and DADD2/ 
DADD15 outputs during the falling edge of BLANK. If 
IR0[7] =0, these two bits act as memory page select bits 
which may be used to extend the display memory addressing 

range of the AVDC up to MK. In that case, these two bits 
act as a two-bit counter which is incremented each time that 
"wraparound" occurs I see above). Note that the counter is 
incremented.at the falling edge of BLANK and that for pro
per display operation the wraparound address should be pro
grammed to occur at the last character position of a row. 
Also, the first address accessed in the new page will be the 
address contained in the display buffer first address register 
llR9[3:0] and IR8[7:0]). 

CURSOR ADDRESS REGISTERS 

The contents of these registers define the buffer memory 
address of the cursor. The cursor output will be asserted 
when the memory address counter matches the value of the 
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FIGURE 19 - DISPLAY ADDRESSING OPERATION 

0 .--------.. 

Bottom of Screen -

16K ~-----~ 
Memory 

Monitor 
Display 

(a) Display Memory Wraparound 

0 ~-----~ 

16K~-----~ 
Memory 

Monitor 
Display 

(b) Display Memory Split Screen With Wraparound 

cursor address registers for the scan lines specified in I R6. 
The cursor address registers can be read or written by the 
CPU or incremented via the "increment cursor address" 
command. In independent buffer mode, these registers 
define a buffer memory address for AVDC controlled access 
in response to "read/write at cursor with/without incre
ment" commands, or the first address to be used in 
executing the "write from cursor to pointer" command. 

INTERRUPT/STATUS REGISTERS 
The interrupt and status registers provide information to 

the CPU to allow it to interact with the AVDC to effect 
desired changes that implement various display operations. 
The interrupt register provides information on five display 
operations. The interrupt register provides information on 
five possible interrupt conditions, as shown in Figure 20. 
These conditions can be selectively enabled or disabled 

(masked) from causing interrupts by certain AVDC com
mands. An interrupt condition which is enabled (masked bit 
equal to one) will cause the INTR output to be asserted and 
will cause the corresponding bit in the interrupt register to be 
set upon the occurrence of the interrupting condition. An 
interrupt condition which is disabled (mask bit equal to zero) 
has no effect on either the INTR output or the i[1terrupt 
register. 

The status register provides six bits of status information: 
the five possible interrupt conditions plus the RDFLG bit. For 
this register, however, the contents are not affected by the 
state of the mask bits. 

Descriptions of each interrupt/ status register bit follow. 
Unless otherwise indicated, a bit, once set, will remain set 
until reset by the CPU by issuing a "reset interrupt/status 
bits" command. The bits are also reset by a "master reset" 
command and upon power-up. 
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FIGURE 20 - INTERRUPT AND STATUS REGISTER FORMAT 

6 4 

RDFLG VB LANK 

Not Used 0= Busy D=No 
Always Read as 0 1 =Ready 1 =Yes 

RDFLG (l/SR[5]) - This bit is present in the status 
register only. A zero indicates that the AVDC is currently 
executing the previously issued delayed command. A one 
indicates that the A VDC is ready to accept a new delayed 
command. 

VBLANK (l/SR[4]) - Indicates the beginning of a vertical 
blanking interval. Set to one at the beginning of the first scan 
line of the vertical front porch. 

LINE ZERO (l/SR[3]) - Set to one at the beginning of the 
first scan line (line 0) of each active character row . 

SPLIT SCREEN 1 (l/SR[2]) - This bit is set when a match 
occurs between the current character row number and the 
value contained in split register 1, IR12[6:0J. The equality 
condition is only checked at the beginning of line zero of 
each character row. 

READY (l/SR[1]) - The delayed commands affect the 
display and may require the AVDC to wait for a blanking 
interval before enacting the command. This bit is set to one 

3 2 0 

Line 
Zero Split 1 Ready Split 2 

0= No O=No 0- Busy 0-No 
1=Yes 1 =Yes 1 =Ready 1=Yes 

when execution of a delayed command has been completed. 
No other delayed command should be invoked until the prior 
delayed command is completed. 

SPLIT SCREEN 2 (l/SR[OJ) - This bit is set when a match 
occurs between the current character row number and the 
value contained in split register 2 llR13[6:0J). 

COMMANDS 

The AVDC commands are divided into two classes: the in
stantaneous commands which are executed immediately 
after they are invoked, and the delayed commands which 
may need to wait for a blanking interval prior to their execu
tion. Command formats are shown in Table 3. The com
mands are asserted by performing a write operation to the 
command register with the appropriate bit pattern as the 
data byte. 

TABLE 3 -AVDC COMMAND FORMATS 

D7 D6 05 D4 D3 D2 01 DO Hex Command 

Instantaneous Commands 

0 0 0 0 0 0 0 0 Master Reset 
0 0 0 1 v v v v Load IR Pointer with Value VIV= 0 to 14) 
0 0 1 d d d 1 0* Disable Graphics 
0 0 1 d d d 1 1* Enable Graphics 
0 0 1 d 1 N d 0* Display Off - Float DADD Bus if N = 1 
0 0 1 d 1 N d 1* Display On - Next Field IN= 1) or Scan Line IN= DI 
0 0 1 1 d d d 0* Cursor Off 
0 0 1 1 d d d 1* Cursor On 
0 1 0 N N N N N Reset Interrupt/Status: bit Reset where N = 1 
1 0 0 N N N N N Disable Interrupt: Disable where N = 1 
0 1 1 N N N N N Enable Interrupt: Enables Interrupts where N = 1 

v L s R s Interrupt Bit 
B z p D p Assignments 

1 y 2 

Delayed Commands 

1 0 1 0 0 1 0 0 A4 Read at Pointer Address 
1 0 1 0 0 0 1 0 A2 Write at Pointer Address 
1 0 1 0 1 0 0 1 A9 Increment Cursor Address 
1 0 1 0 1 1 0 0 AC Read at Cursor Address 
1 0 1 0 1 0 1 0 AA Write at Cursor Address 
1 0 1 0 1 1 0 1 AD Read at Cursor Address and Increment Address 
1 0 1 0 1 0 1 1 AB Write at Cursor Address and Increment Address 
1 0 1 1 1 0 1 1 BB Write from Cursor Address to Pointer Address 
1 0 1 1 1 1 0 1 BD Read from Cursor Address to Pointer Address 

NOTES: 
•Any combination of these three commands is valid. 

d =Don't care. 
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INSTANTANEOUS COMMANDS 

The instantaneous commands are executed immediately 
after the trailing edge of the write pulse during which the 
command is issued. These commands do not affect the state 
of the RDFLG or READY interrupt/status bits and can be in
voked at any time. 

MASTER RESET 

This command initializes the AVDC and can be invoked at 
any time to return the AVDC to its initial state. Upon power
up, two successive master reset commands must be applied 
to release the AVDC's internal power-on circuits. In 
transparent and shared buffer modes, the CTRL 1 input must 
be high when the command is issued. The command causes 
the following: 

1. VSYNC and HSYNC are driven low for the duration of 
the command and BLANK goes high. After command 
completion, HSYNC and VSYNC will begin operation 
and BLANK will remain high until a "display on" com
mand is received. 

2. The interrupt and status bits and masks are set to zero, 
except for the RDFLG flag which is set to a one. 

3. The row buffer mode, cursor-off, display-off, and line 
graphics disable states are set. 

4. The initialization register pointer is set to address IRO. 

5. I R2[7] is reset. 

LOAD IR ADDRESS 

This command is used to preset the initialization register 
pointer with the value "V" defined by D3-DO. Allowable 
values are 0 to 14. 

ENABLE GRAPHICS 

After invoking this command, the AVDC will increment 
the MAC to the next consecutive memory address for each 
scan line even if more than one scan line per row is program
med. This mode can be used for bit-mapped graphics where 
each location in the display buffer within the defined area 
contains the bit pattern to be displayed. This command is 
row buffered and should be asserted during the character 
row prior to the row where this feature is required. This 
allows the user to enter and exit graphics mode on character 
row boundaries. 

To perform split screen operations while in graphics mode 
use SSR2 only. 

DADDO/ LG is asserted during the trailing edge of BLANK 
for each scan line while this mode is active. 

DISABLE GRAPHICS 

Normal addressing resumes at the next row boundary. 

DISPLAY OFF 

Asserts the BLANK output. The DADDO through DADD13 
display address bus outputs can be optionally placed in the 
three-state condition by setting bit 2 to a one when invoking 
the command. 

DISPLAY ON 

Restores normal blanking operation either at the beginning 
of the next field I bit 2 = 1) or at the beginning of the next 
scan line (bit 2=0). Also returns the DADDO-DADD13 
drivers to their active state. 

CURSOR OFF 

Disables cursor operation. Cursor output is p!aced in the 
low state. 

CURSOR ON 

Enables normal cursor operation. 

RESET INTERRUPT/STATUS BITS 

This command resets the designated bits in the interrupt 
and status registers. The bit positions correspond to the bit 
positions in the registers: 

Bit 0 - Split 2 
Bit 1 - Ready 
Bit 2 - Split 1 
Bit 3 - Line Zero 
Bit 4 - Vertical Blank 

DISABLE INTERRUPTS 
Sets the interrupt mask to zeros for the designated condi

tions, thus disabling these conditions from being set in the 
interrupt register and asserting the INTR output. Bit position 
correspondence is as above. 

ENABLE INTERRUPTS 

This command writes the associated interrupt mask bit to 
a one. This enables the corresponding conditions to be set in 
the interrupt register and asserts the INTR output. Bit posi
tion correspondence is as above. 

DELAYED COMMANDS 

This group of commands is utilized for the independent 
buffer mode of operation, although the "increment cursor" 
command can also be used in other modes. With the excep
tion of the "write from cursor to pointer" and "increment 
cursor" commands, all the commands of this type will be 
executed immediately or will be delayed depending on when 
the command is invoked. If invoked during the active screen 
time, the command is executed at the next horizontal blank
ing interval. If invoked during a vertical retrace interval or a 
"display off" state, the command is executed immediately. 

The "increment cursor" command is executed immedi
ately after it is issued and requires approximately three CCLK 
periods for completion. The "write from cursor to pointer" 
command executes during blanking intervals. The AVDC will 
execute as many writes as possible during each blanking 
interval. If the command is not completed during the current 
blanking interval, the command will be held in suspension 
during the next active portion of the screen and continues 
during the next blanking interval until the command is 
completed. 

ORDERING INFORMATION 1Vcc=5 V±5%, TA=0°C to 70°CI 

Package Type 

Plastic 
P Suffix 

Frequency 

2.7 MHz 
4.0 MHz 

Order Number 

MC2674B3P 
MC2674B4P 
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PIN ASSIGNMENT 

R Vee 

CT A2 

w A1 

eTRL1 AO 

eTRL2 AeLL 

eTRL3 INTR 

CURSOR DADDO/LG 

DO 
DADD1/ 
DADD14 

D1 DADD2/ 
DADD15 

D2 DADD3/LR 

D3 DADD4/LAO 

D4 DADD5/LA1 

D5 DADD6/LA2 

D6 DADD7/LA3 

D7 DADDS/FL 

eeLK DADD9/DW 

BLANK DADD10/UL 
VSYNe/ DADD11/ 
eSYNe BLINK 
HSYNe DADD12/ 

ODD 
GND DADD13/LL 
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TECHNICAL DATA 

8-Bit Microprocessing Unit (MPU) 
The MC6800 is a monolithic 8-bit microprocessor forming the central control function for Motorola's 

M6800 Family. Compatible with TTL, the MC6800, as with all M6800 system parts, requires only one 
+ 5.0-volt power supply and no external TTL devices for bus interface. 

MC6800 

The MC6800 is capable of addressing 64K bytes of memory with its 16-bit address lines. The 8-bit data 
bus is bidirectional as well as three-state, making direct memory addressing and multiprocessing applica
tions realizable. 

• 8-Bit Parallel Processing 
• Bidirectional Data Bus 
• 16-Bit Address Bus - 64K Bytes of Addressing 
• 72 Instructions - Variable Length 
• Seven Addressing Modes - Direct, Relative, Immediate, Indexed, Extended, Implied, and 

Accumulator 
• Variable Length Stack 
• Vectored Restart 
• Maskable Interrupt Vector 
• Separate Nonmaskable Interrupt - Internal Registers Saved in Stack 
• Six Internal Registers - Two Accumulators, Index Register, Program Counter, Stack Pointer and 

Condition Code Register 
• Direct Memory Addressing (DMA) and Multiple Processor Capability 

• Simplified Clocking Characteristics 
• Clock Rates as High as 2.0 MHz 
• Simple Bus Interface without TTL 
• Halt and Single Instruction Execution Capability 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage Vee -0.3 to + 7.0 v 
Input Voltage Vin -o.3 to + 7.o v 
Operating Temperature Range TA TL to TH 'C 

MC6800, MC68AOO, MC68BOO, -0 to 70 
MC6800C, MC68AOOC -40to +85 

Storage Temperature Range Ts!9_ -55to +150 'C 

THERMAL RESISTANCE 

Rating Symbol Value Unit 

Plastic Package 0JA 100 'CNV 
Cerdip Package 60 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J, in °C can be obtained from: 

where: 
TA 
OJA 

=Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
Po = P1NT+PPORT 

TJ =TA +(PD• 0JA) 

PINT = lccxVcc. Watts - Chip Internal Power 
PpQRT = Port Power Dissipation, Watts - User Determined 

(1) 

For most applications PPORT<P1NTand can be neglected. PpQRT may become significant ifthe device is configured 
to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and TJ (if PpQRT is neglected) is: 

Po= K+ (TJ +273°C) 

Solving equations (1) and (2) for K gives: 

K = Po•{T A+ 273°C) + 8JA•Po2 

(2) 

(3) 

where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Po (at 
equilibrium) for a known TA Using this value of K, the values of Po and TJ can be obtained by solving equations 
(1) and (2) iteratively for any value of TA 

DC ELECTRICAL CHARACTERISTICS 1Vcc=5.0 Vdc, ±5%, Vss=O, TA=TL to TH unless otherwise noted! 

Characteristic Symbol 

Input High Voltage Logic V1H 
q,1,q,2 V1HC 

Input Low Voltage Logic V1L 
q,1,<1>2 V1LC 

Input Leakage Current 
1Vin=Oto5.25 V, Vee= Max) Logic lin 
IVin=O to 5.25 V, Vcc=O V to 5.25 VI q,1, <1>2 

Hi-Z Input Leakage Current D0-07 
l1z I Vin= 0.4 to 2.4 V, V cc= Maxi AO-A15, R/W 

Output High Voltage 
llLoad= -20514A, Vee= Mini D0-07 

VoH ULoad= -14514A, Vcc=Minl AO-A15, R/W, VMA 
llLoad= -100,.A, Vee= Mini BA 

Output Low Voltage llLoad= 1.6 mA, Vee= Mini VOL 
Internal Power Dissipation !Measured at TA=TLl PINT 
Capacitance 

IVin=O, TA=25°C, f= 1.0 MHz) <1>1 
<1>2 C;n 

D0-07 
Logic Inputs 

AO-A15, R/W, VMA Cout 
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Min Typ 

Vss+2.o -
Vcc-o.s -

Vss-0.3 -
Vss-o.3 -

- 1.0 
- -

- 2.0 
- -

Vss + 2.4 -
Vss+2.4 -
vss+2.4 -

- -
- 0.5 

- 25 
- 45 
- 10 
- 6.5 

- -

Max Unit 

Vee v 
Vcc+0.3 

Vss+0.8 v 
Vss+0.4 

2.5 µ.A 
100 

10 
µ.A 

100 

- v -
-

vss+0.4 v 

1.0 w 

35 
70 pF 

12.5 
10 

12 pF 
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CLOCK TIMING tVcc=5.0 V, ±5%, Vss=O, TA=TL to TH unless otherwise notedl 

Characterletic Symbol Min 

Frequency of Operation MC6800 0.1 
MC68AOO f 0.1 
MC68BOO 0.1 

Cycle Time I Figure 11 MC6800 1.000 
MC68AOO lcyc 0.666 
MC68BOO 0.500 

Clock Pulse Width q,l, 4>2 - MC6800 400 
I Measured at Vcc-0.6 VI q,l,.P2- MC68AOO PW.pH 230 

<j>l, q,2 - MC68BOO 180 

Total <j>l and <1>2 Up Time MC6800 900 
MC68AOO tu, 600 
MC68BOO 440 

Rise and Fall Time !Measured between Vss+0.4 and Vcc-0.61 Ir.If -

Delay Time or Clock Separation !Figure 11 
I Measured at Vov= Vss +0.6 V@tr= tf:S 100 nsl Id 0 
!Measured at Vov=Vss+ 1.0 V@tr=tf:S35 nsl 0 

FIGURE 1 - CLOCK TIMING WAVEFORM 

PW.pH 

NOTES: 
Voltage levels shown are VL~0.4, VH~2.4 V, unless otherwise specified. 

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted. 

READ/WRITE TIMING !Reference Figures 2 through 6, 8, 9, 11, 12 and 131 

Characteristic Symbol 
MC6800 

Min Typ Max Min 

Address Delay 
C= 90 pF IAD - - 270 -
C=30 pF - - 250 -

Peripheral Read Access Time 
tacc 530 - -

tacc= tut- ltAD+ tDSRl 360 

Data Setup Time IReadl IDSR 100 - - 60 

Input Data Hold Time tH 10 - - 10 

Output Data Hold Time tH 10 25 - 10 

Address Hold Time !Address, R/W, VMAI IAH 30 50 - 30 

Enable High Time for DBE Input IEH 450 - - 280 

Data Delay Time !Write) 'DDW - - 225 -

Processor Controls 
Processor Control Setup Time tpcs 200 - - 140 
Processor Control Rise and Fall Time tpcr. 1pc1 - - 100 -
Bus Available Delay IBA - - 250 -
Hi·Z Enable ITSE 0 - 40 0 
Hi·Z Delay ITSD - - 270 -
Data Bus Enable Down Time During q,1 Up Time IQBE 150 - - 120 
Data Bus Enable Rise and Fall Times IDBEr· IDBEf - - 25 -
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MC68AOO 

Typ Max 

- 180 
- 165 

- -
- -

- -

25 -
50 -
- -
- 200 

- -
- 100 
- 165 
- 40 
- 270 
- -
- 25 

Typ Max Unit 

- 1.0 
- 1.5 MHz 
- 2.0 

- 10 
- 10 p.S 
- 10 

- 9500 
- 9500 ns 
- 9500 
- -

ns 
- -

- 100 ns 

- 9100 ns 
- 9100 

• 

MCllllBOO 
Unit 

Min Typ Max 

- - 150 ns 
- - 135 

250 - - ns 

40 - - ns 

10 - - ns 

10 25 - ns 

30 50 - ns 

220 - - ns 

- - 160 ns 

110 - -
- - 100 
- - 135 
0 40 

ns -
- - 220 
75 - -
- - 25 
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FIGURE 2 - READ DATA FROM MEMORY OR PERIPHERALS 

•2 

Addr

From MPU .._.....;~~~"':"':_::"""'t-'"---..;_--------------tt~._ 

VMA 

FIGURE 3 - WRITE IN MEMORY OR PERIPHERALS 

1------------tcyc------------i ., 

Addr

FromMPU __ ...;;;pi~~:--"""'°l"'..._-----------------1-~»"' 

DBE 

t(~\'f Dota Not Valid 

NOTES: 

1-------teH-------l 

to ow 

1. Voltage levf!ls shown are VL:S0.4, VHi!::2.4 V, unless otherwise specified. 

2. M!l8SUrement points shown are 0.8 V and 2.0 V, unless otherwise noted. 
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FIGURE 4 - TYPICAL DATA BUS OUTPUT DELAY 
V819U8 CAPACITIVE LOADING (Toowl 

soo.--,--,----.-~-r---.--.---.-.--,----,----, 

IQH =-205µA mex@2.4 V 

MC6800 

FIGURE 5 - TYPICAL READ/WRITE, VMA, ANO ADDRESS 
OUTPUT DELAY V819U8 CAPACITIVE LOADING ITAOl 

600 IQH =-145µAmax@1.4 V 

500 

IQ L = 1.6 mA max@ 0.4 V -+--+--+--t---;--+-+---1 
vcc = 5.o v 
TA= 25°C 500 

IQL = 1.6 mA max@ 0.4 V -+---+---+--+--1r--t--+---1 
Vee = 5.o v 
TA=25'C 

] 400 

w f---1--+--+--+--t---;--+-+-+--t--t--i 
::E 
~ 300 t--+--+---i--+--t---t--+---il--1--::P~+--r---t 

~ .---V 
o 2001----+-~-+J.-.-'.-~--t""'-+-+--+----+-~-t---1 

] 400 

~ 
>== 300 >-g 

100 

100 1----"'.'.c..+i----+----!---+--1---+-+--t--+--+--+---t 100 

CL includes stray capacitance CL includes stray capacitance 

100 200 300 400 500 600 DO 100 100 300 400 

CL. LOAD CAPACITANCE (pf) CL, LOAD CAPACITANCE (pf) 

FIGURE 6 - BUS TIMING TEST LOADS 

Test Point o-..... -------4 
c R 

C = 130 pF for 00-07, E 

Vee 

MMD6150 

or Equiv. 

MMD 7000 

or Equiv, 

= 90 pF for AO-A15, A/W, and VMA 

(Except tA02) 

= 30 pF for AO-A15, R/ii\i, and VMA 

(tAo 2 only) 

= 30 pF for BA 

A= 11.7 k[! for D0-07 

= 16.5 kf! for AO-A15, R/W, and VMA 

= 24 kr2 for BA 

TEST CONDITIONS 

. The dynamic test load for the Data Bus is 
130 pF and one standard TTL load as shown. 

The Address, R/W, and VMA outputs are tested 
under two conditions to allow optimum opera

tion in both buffered and unbuffered systems. 
The resistor (A) is chosen to insure specified 
load currents during VoH measurement. 

Notice that the Data Bus lines, the Address 

lines, the Interrupt Request line, and the DBE 
I ine are all specified and tested to guarantee 

0.4 V of dynamic noise immunity at both 
"1" and "O" logic levels. 
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A15 
I 

Clock, </11 

Clock, </12 

Rtm 
Non-Maskable Interrupt 

HALT 

Interrupt Request 

Three-State Control 

• 
Data Bus Enable 

Bus Available 

Valid Memory Address 

Read/Write, R/W 

Vcc=PinB 
Vss=Pins 1, 21 

D7 

MC6800 

FIGURE 7 - EXPANDED BLOCK DIAGRAM 

A14 A13 A12 All A10 A9 AB A7 

Output 
Buffers 

Program 
Counter 

H 

Instruction 
Decode Stack 

and Pointer H 
Control 

Index 
Register H 

Instruction 
Register 

Data 
Buffer 

D6 D5 D4 D3 D2 D1 DO 

MOTOROLA MICROPROCESSOR DATA 

3-66 

A6 A5 A4 A3 A2 Al AO 

Output 
Buffers 

Program 
Counter 

Stack 
Pointer 

Index 
Register 

Accumulator 
A 

Accumulator 
B 

Condition 
Code 

Re ister 

ALU 



MC6800 

MPU SIGNAL DESCRIPTION 

Proper operation of the MPU requires that certain control 
and timing signals be provided to accomplish specific func
tions and that other signal lines be monitored to determine 
the state of the processor. 

Clocks Phase One and Phase Two (4>1, 4>2) - Two pins 
are used for a two-phase non-overlapping clock that runs at 
the V cc voltage level. 

Figure 1 shows the microprocessor clocks. The high level 
is specified at V1HC and the low level is specified at VILC. 
The allowable ciock frequency is specified by i (frequency I. 
The minimum 4>1 and 4>2 high level pulse widths are specified 
by PW.pH (pulse width high time). To guarantee the required 
access time for the peripherals, the clock up time, tut. is 
specified. Clock separation, Id, is measured at a maximum 
voltage of Vov I overlap voltage). This allows for a multitude 
of clock variations at the system frequency rate. 

Address Bus (A0-A15) - Sixteen pins are used for the ad
dress bus. The outputs are three-state bus drivers capable of 
driving one standard TTL load and 90 pF. When the output is 
turned off, it is essentially an open circuit. This permits the 
MPU to be used in DMA applications. Putting TSC in its high 
state forces the Address bus to go into the three-state mode. 

Data Bus (00-07) - Eight pins are used for the data bus. 
It is bidirectional, transferring data to and from the memory 
and peripheral devices. It also has three-state output buffers 
capable of driving one standard TTL load and 130 pF. Data 
Bus is placed in the three-state mode when DBE is low. 

Data Bus Enable (DBE) - This level sensitive input is the 
three-state control signal for the MPU data bus and will 
enable the bus drivers when in the high state. This input is 
TTL compatible; however in normal operation, it would be 
driven by the phase two clock. During an MPU read cycle, 
the data bus drivers will be disabled internally. When it is 
desired that another device control the data bus, such as in 
Direct Memory Access IDMA) applications, DBE should be 
held low. 

If additional data setup or hold time is required on an MPU 
write, the DBE down time can be decreased, as shown in 
Figure 3 IDBE*4>2). The minimum down time for DBE is 
tDBE as shown. By skewing DBE with respect to E, data 
setup or hold time can be increased. 

Bus Available (BA) - The Bus Available signal will nor
mally be in the low state; when activated, it will go to the 
high state indicating that the microprocessor has stopped 
and that the address bus is available. This will occur if the 
HALT line is in the low state or the processor is in the WAIT 
state as a result of the execution of a WAIT instruction. At 
such time, all three-state output drivers will go to their off 
state and other outputs to their normally inactive level. The 
processor is removed from the WAIT state by the occurrence 
of a maskable I mask bit I= 0) or nonmaskable interrupt. This 
output is capable of driving one standard TTL load and 
30 pF. If TSC is in the high state, Bus Available will be low. 

Read/Write (R/W) - This TTL compatible output signals 
the peripherals and memory devices wether the MPU is in a 

Read (high) or Write !low) state. The normal standby state of 
this signal is Read (high). Three-State Control going high will 
turn Read/Write to the off (high impedance) state. Also, 
when the processor is halted, it will be in the off state. This 
output is capable of driving one standard TTL load and 
90 pF. 

RESET - The RESET input is used to reset and start the 
M PU from a power down condition resulting from a power 
failure or initial start-up of the processor. This level sensitive 
input can also be used to reinitialize the machine at any time 
after start-up. 

If a high level is detected in this input, this will signal the 
MPU to begin the reset sequence. During the reset se
quence, the contents of the last two locations IFFFE, FFFF) 
in memory will be loaded into the Program Counter to point 
to the beginning of the reset routine. During the reset 
routine, the interrupt mask bit is set and must be cleared 
under program control before the MPU can be interrupted by 
IRO. While RESET is low !assuming a minimum of 8 clock 
cycles have occurred) the MPU output signals will be in the 
following states: VMA=low, BA= low, Data Bus= high im
pedance, R/W= high (read state), and the Address Bus will 
contain the reset address FFFE. Figure 8 illustrates a power 
up sequence using the RESET control line. After the power 
supply reaches 4. 75 V, a minimum of eight clock cycles are 
required for the processor to stabilize in preparation for 
restarting. During these eight cycles, VMA will be in an in
deter.minate state so any devices that are enabled by VMA 
which could accept a false write during this time (such as 
battery-backed RAM) must be disabled until VMA is forced 
low after eight cycles. RESET can go high asynchronously 
with the system clock any time after the eighth cycle. 

RESET timing is shown in Figure 8. The maximum rise and 
fall transition times are specified by tPCr and tpcf. If RESET 
is high at tpcs I processor control setup time), as shown in 
Figure 8, in any given cycle then the restart sequence will 
begin on the next cycle as shown. The RESET control line 
may also be used to reinitialize the MPU system at any time 
during its operation. This is accomplished by pulsing RESET 
low for the duration of a minimum of three complete 4>2 
cycles. The RESET pulse can be completely asynchronous 
with the MPU system clock and will be recognized during 4>2 
if setup time tpcs is met. 

Interrupt Request (IRQ) - This level sensitive input re
quests that an interrupt sequence be generated within the 
machine. The processor will wait until it completes the cur
rent instruction that is being executed before it recognizes 
the request. At that time, if the interrupt mask bit in the Con
dition Code Register is not set, the machine will begin an in
terrupt sequence. The Index Register, Program Counter, Ac
cumulators, and Condition Code Register are stored away on 
the stack. Next, the MPU will respond to the interrupt re
quest by setting the interrupt mask bit high so that no further 
interrupts may occur. At the end of the cycle, a 16-bit ad
dress will be loaded that points to a vectoring address which 
is located in memory locations FFF8 and FFF9. An address 
loaded at these locations causes the MPU to branch to an in
terrupt routine in memory. Interrupt timing is shown in 
Figure 9. 
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The HALT line must be in the high state for interrupts to 
be serviced. Interrupts will be latched internally while "RACT 
is low. 

The IRQ has a high-impedance pullup device internal to 
the chip; however, a 3 kO external resistor to Vee should be 
used for wire-OR and optimum control of interrupts. 

Non-Makable Interrupt (NMI) and Wait for Interrupt 
(WAI) - The MC6800 is capable of handling two types of in
terrupts: maskable (I RQ) as described earlier, and non
maskable lNMI) which is an edge sensitive input. IRO is 
maskable by the interrupt mask in the condition code register 
while NMI is not maskable. The handling of these interrupts 
by the MPU is the same except that each has its own vector 
address. The behavior of the MPU when interrupted is 
shown in Figure 9 which details the MPU response to an in
terrupt while the M PU is executing the control program. The 
interrupt shown could be either iRO or NMT and can be asyn
chronous with respect to ¢2. The interrupt is shown going 
low at time tpcs in cycle #1 which precedes the first cycle of 
an instruction (OP code fetch). This instruction is not ex
ecuted but instead the Program Counter !PC), Index 
Register (IX), Accumulators (ACCX), and the Condition 
Code Register !CCR) are pushed onto the stack. 

The Interrupt Mask bit is set to prevent further interrupts. 
The address of the interrupt service routine is then fetched 
from FFFC, FFFD for an NMI interrupt and from FFF8, FFF9 
for an IRO interrupt. Upon completion of the interrupt ser
vice routine, the execution of RTI will pull the PC, IX, ACCX, 
and CCR off the stack; the Interrupt Mask bit is restored to 
its condition prior to Interrupts (see Figure 10). 

Figure 11 is a similar interrupt sequence, except in this 
case, a WAIT instruction has been executed in preparation 
for the interrupt. This technique speeds up the MPU's 
response to the interrupt because the stacking of the PC, IX, 
ACCX, and the CCR is already done. While the MPU is 
waiting for the interrupt, Sus Available will go high in
dicating the following states of the control lines: VMA is low, 
and the Address Bus, R/W and Data Bus are all in the high 
impedance state. After the interrupt occurs, it is serviced as 
previously described. 

A 3-10 kQ external resistor to V CC should be used for wire
OR and optimum control of interrupts. 

MEMORY MAP FOR INTERRUPT VECTORS 

Vector Description 
MS LS 

FFFE FFFF Reset 
FFFC FFFD Non-Maskable Interrupt 
FFFA FFFB Software Interrupt 
FFFB FFF9 Interrupt Request 

Refer to Figure 10 for program flow for Interrupts. 

Three-State Control ITSCI - When the level sensitive 
Three-State Control tTSCI line is a logic "1", the Address 
Bus and the R/W line are placed in a high-impedance state. 
VMA and BA are forced low when TSC="1" to prevent 
false reads or writes on any device enabled by VMA. It is 
necessary to delay program execution while TSC is held 
high. This is done by insuring that no transitionsof ¢1 (or¢21 
occur during this period. (Logic levels of the clocks are irrele
vant so long as they do not change). Since the MPU is a 
dynamic device, the q, 1 clock can be stopped for a maximum 

time PWq,H without destroying data within the MPU. TSC 
then can be used in a short Direct Memory Access tDMAI 
application. 

Figure 12 shows the effect of TSC on the MPU. TSC must 
have its transitions at tTSE (three-state enable) while holding 
¢1 high and ¢2 low as shown. The Address Bus and R/W 
line will reach the high-impedance state at tTSD (three-state 
delay), with VMA being forced low. In this example, the 
Data Bus is also in the high-impedance state while ¢2 is be
ing held low since DBE=¢2. At this point in time, a OMA 
transfer could occur on cycles #3 and #4. When TSC is 
returned low, the MPU Address and R/Wlines return to the 
bus. Because it is too late in cycle #5 to access memory, this 
cycle is dead and used for synchronization. Program execu
tion resumes in cycle #6. 

Valid Memory Addreu (VMAI - This output indicates to 
peripheral devices that there is a valid address on the address 
bus. In normal operation, this signal should be utilized for 
enabling peripheral interfaces such as the PIA and ACIA. 
This signal is not three-state. One standard TIL load and 
90 pF may be directly driven by this active high signal. 

HALT - When this level sensitive input is in the low state, 
all activity in the machine will be halted. This input is level 
sensitive. 

The HALT line provides an input to the M PU to allow con
trol of program execution by an outside source. If HALT is 
high, the MPU will execute the instructions; if it is low, the 
MPU will go to a halted or idle mode. A response signal, Bus 
Available tBA) provides an indication of the current MPU 
status. When BA is low, the MPU is in the process of ex
ecuting the control program; if BA is high, the MPU has 
halted and all internal activity has stopped. 

When BA is high, the Address Bus, Data Bus, and R/W 
line will be in a high-impedance state, effectively removing 
the M PU from the system bus. VMA is forced low so that the 
floating system bus will not activate any device on the bus 
that is enabled by VMA. 

While the MPU is halted, all program activity is stopped, 
and if either an NMI or IRO interrupt occurs, it will be latched 
into the MPU and acted on as soon as the MPU is taken out 
of the halted mode. If a RESET command occurs while the 
MPU is halted, the following states occur: VMA= low, 
BA=low, Data Bus=high impedance, RIW=high (read 
state), and the Address Bus will contain address FFFE as 
long as REm is low. As soon as the RESET line goes high, 
the MPU will go to locations FFFE and FFFF for the address 
of the reset routine. 

Figure 13 shows the timing relationships involved when 
halting the MPU. The instruction illustrated is a one byte, 2 
cycle instruction such as CLRA. When HAIT goes low, the 
M PU will halt after completing execution of the current in
struction. The transition of HALT must occur tpcs before 
the trailing edge of ¢1 of the last cycle of an instruction 
(point A of Figure 13). HALT must not go low any time later 
than the minmum tpcs specified. 

The fetch of the OP code by the MPU is the first cycle of 
the instruction. If HAIT had not been low at Point A but 
went low during ¢2 of that cycle, the MPU would have 
halted after completion of the following instruction. BA will 
go high by time tBA (bus available delay time) after the last 
instruction cycle. At this point in time, VMA is low and R/W, 
Address Bus, and the Data Bus are in the high-impedance 
state. 
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To debug programs it is advantageous to step through 
programs instruction by instruction. To do this, HALT must 
be brought high for one MPU cycle and then returned low as 
shown at point B of Figure 13. Again, the transitions of 
RA1:T' must occunpcs before the trailing edge of •1. BA 
will go low at tBA after the leading.edge of the next •1. in
dicating that the Address Bus, Data Bus, VMA and R/W 

lines are back on the bus. A single byte, 2 cycle instruction 
such as LSR is used for this example also. During the first cy
cle, the instruction Y is fetched from address M + 1. BA 
returns high at tBA on the last cycle of the instruction in
dicating the MPU is off the bus. If instruction Y had been 
three cycles, the width of the BA low time would have been 
increased by one cycle. 

FIGURE 10 - MPU FLOWCHART 

Modify I 

WAI 

N 

1-·eA 

Condition Code Register 

Notes: 
1. Reset is recognized at any position in the flowchart. 

N Z V C 

'ITEMP' 1-Bit 
Buffer Register 

2. Instructions which affect the l~Bit act upon a one-bit buffer register, 
"ITMP." This has the effect of delaying any CLEARING of the I-Bit one 
clock time. Setting the I-Bit, hOW8\181', is not delayed. 

3. See Tables 6-11 for details of Instruction Execution. 
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FIGURE 13 - HALT ANO SINGLE INSTRUCTION EXECUTION FOR SYSTEM DEBUG 

<1>1 

<1>2 

BA 

VMA 
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Note: Midrange waveform indicates 
high impedance state. 

MPU REGISTERS 

The MPU has three 16-bit registers and three 8-bit 
registers available for use by the programmer (Figure 14). 

Program Counter - The program counter is a two byte 
(16 bits) register that points to the current program address. 

Stack Pointer - The stack ponter is a two byte register 
that contains the address of the next available location in an 
external push-down/pop-up stack. This stack is normally a 
random access Read/Write memory that may have any loca
tion (address) that is convenient. In those applications that 
require storage of information in the stack when power is 
lost, the stack must be nonvolatile. 

Index Register - The index register is a two byte register 
that is used to store data or a sixteen bit memory address for 
the Indexed mode of memory addressing. 

Accumulators - The MPU contains two 8-bit ac
cumulators that are used to hold operands and results from 
an arithmetic logic unit (ALUl. 

Condition Code Register - The condition code register in
dicates the results of an Arithmetic Logic Unit operation: 
Negative (Nl, Zero (Z). Overflow (V), Carry from bit 7 (Cl, 
and half carry from bit 3 (Hl. These bits of the Condition 
Code Register are used as testable conditions for the condi
tional branch instructions. Bit 4 is the interrupt mask bit (I). 
The unused bits of the Condition Code Register (b6 and b7) 
are ones. 

15 

15 

Inst 
y 

FIGURE 14 - PROGRAMMING MODEL OF 
THE MICROPROCESSING UNIT 

~-----~' Accumulator A 
0 

'---------'' Accumulator B 

Index Register 

Program Counter 

Condition Code 

._.._..,.......,.._,..._,"'""......., Register 

Carry (From Bit 7) 

Overflow 

Zero 

Negative 

Interrupt 
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MPU INSTRUCTION SET 

The M C6800 instructions are described in detail in the 
M6800 Programming Manual. This Section will provide a 
brief introduction and discuss their use in developing 
MC6800 control programs. The MC6800 has a set of 72 dif
ferent executable source instructions. Included are binary 
and decimal arithmetic, logical, shift, rotate, load, store, 
conditional or unconditional branch, interrupt and stack 
manipulation instructions. 

Each of the 72 executable instructions of the source 
language assembles into 1 to 3 bytes of machine code. The 
number of bytes depends on the particular instruction and 
on the addressing mode. iThe addressing modes which are 
available for use with the various executive instructions are 
discussed later.) 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 72 
instructions in all valid modes of addressing, are shown in 
Table 1. There are 197 valid machine codes, 59 of the 256 
possible codes being unassigned. 

When an instruction translates into two or three bytes of 
code, the second byte, or the second and third bytes con
tain(s) an operand, an address, or information from which an 
address is obtained during execution. 

Microprocessor instructions are often divided into three 
general classifications: (1) memory reference, so called 
because they operate on specific memory locations; (2) 
operating instructions that function without needing a 
memory reference; (3) 1/0 instructions for transferring data 
between the microprocessor and peripheral devices. 

In many instances, the MC6800 performs the same opera
tio.-1 on both its internal accumulators and the external 
memory locations. In addition, the MC6800 interface 
adapters (PIA and ACIA) allow the MPU to treat peripheral 
devices exactly like other memory locations, hence, no 1/0 
instructions as such are required. Because of these features, 
other classifications are more suitable for introducing the 
MC6800's instruction set: (1) Accumulator and memory 
operations; (2) Program control operations; (3) Condition 
Code Register operations . 

TABLE 1 - HEXADECIMAL VALUES OF MACHINE CODES 

00 40 NEG A 
01 NOP 41 
02 42 
03 43 COM A 
04 44 LSA A 
05 45 
06 TAP 46 ROA A 
07 TPA 47 ASA A 
06 INX 46 ASL A 
09 DEX 49 AOL A 
DA CLV 4A DEC A 
OB SEV 4B 
DC CLC 4C INC A 
OD SEC 40 TST A 
OE cu 4E 
OF SEI 4F CLA A 
10 SBA 50 NEG 8 
11 CBA 51 
12 52 
13 53 COM 8 
14 54 LSA B 
15 55 
16 TAB 56 ROA 8 
17 TBA 57 ASA B 
18 56 ASL 8 
19 DAA 59 AOL B 
1A SA DEC B 
18 ABA SB 
1C SC INC 8 
1D SD TST B 
1E SE 
1F SF CLR B 
20 BAA REL 60 NEG 
21 61 
22 BHI REL 62 
23 BLS REL 63 COM 
24 BCC REL 64 LSA 
2S BCS REL 6S 
26 BNE REL 66 ROA 
27 BED REL 67 ASA 
26 BVC REL 66 ASL 
29 BVS REL 69 AOL 
2A BPL REL 6A DEC 
28 BMI REL 68 
2C BGE REL BC INC 
2D BLT REL 60 TST 
2E BGT REL 6E JMP 
2F BLE REL 6F CLA 
30 TSX 70 NEG 
31 INS 71 
32 PUL A 72 
33 PUL B 73 COM 
34 DES 74 LSA 
35 TXS 7S 
36 PSH A 76 ROA 
37 PSH B 77 ASA 
38 76 ASL 
39 ATS 79 AOL 
3A 7A DEC 
38 ATI 78 
3C 7C INC 
30 70 TST 
3E WAI 7E JMP 
3F SWI 7F CLA 

80 SUB A IMM co SUB B IMM 
81 CMP A IMM C1 CMP B IMM 
82 SBC A IMM C2 SBC B IMM 
83 C3 
64 AND A IMM C4 AND B IMM 
65 BIT A IMM cs BIT B IMM 
66 LOA A IMM cs LOA B IMM 
67 C7 

Notes: 1. Addressing Modes: 

66 EDA A IMM ca EDA B IMM 
69 ADC A IMM C9 ADC B IMM 
BA ORA A IMM CA ORA B IMM 
BB ADD A IMM CB ADD 8 IMM 
ac CPX A IMM cc 
80 BSA REL CD 
BE LOS IMM CE LOX IMM 
BF CF 
90 SUB A DIA DO sue 8 DIA 
91 CMP A DIA 01 CMP B DIA 
92 SBC A DIA 02 sec B DIA 
93 03 
94 AND A DIA 04 AND 8 DIA 
95 BIT A DIA 05 BIT B DIA 
96 LOA A DIA 06 LOA 8 DIA 
97 STA A DIA D7 STA B DIA 
96 EDA A DIA 06 EDA B DIA 
99 ADC A DIA 09 ADC B DIA 
9A ORA A DIA DA ORA 8 DIA 
98 ADD A DIA DB ADD 8 DIA 
9C CPX DIA DC 
90 DD 
9E LOS DIA DE LOX DIA 
9F STS DIA OF STX DIA 

IND AO SUB A IND ED SUB B IND 
A1 CMP A IND E1 CMP 8 IND 
A2 SBC A IND E2 SBC B IND 

IND A3 E3 
IND A4 AND A IND E4 AND 8 IND 

AS BIT A IND ES BIT 8 IND 
IND A6 LOA A IND E6 LOA B IND 
IND A7 STA A IND E7 STA B IND 
IND AB EDA A IND EB EDA 8 IND 
IND A9 ADC A IND E9 ADC B IND 
IND AA ORA A IND EA ORA B IND 

AB ADD A IND EB ADD 8 IND 
IND AC CPX IND EC 
IND AD JSR IND ED 
IND AE LOS IND EE LOX IND 
IND AF STS IND EF STX IND 
EXT BO SUB A EXT FD SUB B EXT 

B1 CMP A EXT F1 CMP 8 EXT 
82 SBC A EXT F2 SBC 8 EXT 

EXT 83 F3 
EXT 84 AND A EXT F4 AND 8 EXT 

85 BIT A EXT F5 BIT 8 EXT 
EXT 86 LOA A EXT F6 LOA B EXT 
EXT 87 STA A EXT F7 STA 8 EXT 
EXT 86 EDA A EXT F6 EDA B EXT 
EXT B9 ADC A EXT F9 ADC 8 EXT 
EXT BA ORA A EXT FA ORA 8 EXT 

88 ADD A EXT FB ADD 8 EXT 
EXT BC CPX EXT FC 
EXT 80 JSR EXT FD 
EXT BE LOS EXT FE LOX EXT 
EXT BF STS EXT FF STX EXT 
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A = Accumulator A 
B = Accumulator B 
REL = Relative 
IND = Indexed 
IMM = Immediate 
DIR = Direct 

2 Unassigned code indicated by '' * ' 1 • 
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OPERATIONS 

Add 

Add Acmltrs 

Add with Carry 

Aod 

811 Test 

Clear 

Compare 

Compare Acmltrs 
Complement, l's 

Complement, 2's 
(Negate) 

Decimal Adjust, A 

Decrement 

Exclusive OR 

Increment 

Load Acmltr 

Or, Inclusive 

Pw;h Data 

Pull 0dta 

Rotate Left 

Rotate Right 

Shift Leh, Ar1thrnet1c 

Shift Right, Ar1thmet1c 

Shift Right, Logic 

Store Acmltr 

Subtract 

Subtract Acmltrs 
Subtr. with Carry 

Transfer Acmltrs 

Test, Zero or Minus 

LEGEND: 

OP Operation Code (Hexadecimal); 
Number of MPU Cycles; 

# Number of Program Bytes; 
Arithmetic Plus; 
Arithmetic Minus; 
Boolean AND; 

MNEMONIC 

ADDA 
ADDB 
ABA 

ADCA 
AOCB 
ANDA 
ANDB 
SITA 
BITB 
CLR 

CLRA 
CLAS 
CMPA 
CMPB 
CBA 
COM 

COMA 
COMB 
NEG 

NEGA 
NEGS 
DAA 

DEC 
DECA 
DECB 
EDRA 

EORB 
INC 

INCA 

INCB 
LDAA 
LOAB 

DRAA 
ORAB 
PSHA 
PSHB 
PULA 
PULB 
AOL 

ROLA 
ROLB 
RDA 

RORA 
RORB 
ASL 

ASLA 
ASLB 
ASA 

ASRA 
ASRB 
LSR 

LSRA 
LSRB 
STAA 
STAB 
SUBA 
SUBS 
SBA 

SBCA 
SBCB 
TAB 
TBA 
TST 

TSTA 
TSTB 

MC6800 

TABLE 2 - ACCUMULATOR AND MEMORY OPERATIONS 

IMMED 

OP - = 
8B 2 2 
CB 2 2 

sg 2 2 
C9 2 2 
84 2 2 
C4 2 2 
85 2 2 
cs 2 2 

81 2 2 
Cl 2 2 

BB 2 2 
CB 2 2 

BS 2 2 
C6 2 2 

BA 2 2 
CA 2 2 

BO 2 2 
co 2 2 

B2 2 2 
C2 2 2 

ADDRESSING MODES 

DIRECT INDEX EXT NO 

OP - = OP . = OP 

9B J 2 AB 5 2 BB 
OB 3 2 EB 5 2 FB 

99 3 2 A9 5 2 89 
09 3 2 E9 5 2 F9 
94 3 2 A4 5 2 B4 
D4 3 2 E4 5 2 F4 
95 J 2 A5 5 2 B5 
DI 3 2 E5 5 2 Fl 

SF 7 2 7F 

91 3 2 Al 5 2 Bl 
01 3 2 El 5 2 Fl 

63 7 2 73 

60 7 2 70 

SA 7 2 7A 

98 3 2 AB 5 2 BB 
DB 3 2 EB 5 2 FB 

SC 7 2 7C 

9S 3 2 AS 5 2 B6 
DS 3 2 ES 5 2 FS 

9A 3 2 AA 5 2 BA 
DA 3 2 EA 5 2 FA 

69 7 2 79 

SS 7 2 76 

68 7 2 78 

61 7 2 77 

64 7 2 74 

97 4 2 A7 s 2 87 
07 4 2 E7 6 2 F7 
90 3 2 AO 5 2 BO 
00 3 2 ED 5 2 FO 

92 3 2 A2 5 2 82 

D2 3 2 E2 5 2 F2 

SD 7 2 70 

CONDITION CODE SYMBOLS: 

Half·carry from bit3; 
Interrupt mask 
Negative (sign bit) 
Zero (byte) 

-
4 
4 

4 
4 
4 
4 
4 
4 
6 

4 
4 

6 

6 

6 

4 
4 
s 

4 
4 

4 
4 

s 

s 

6 

s 

s 

5 
5 
4 
4 

4 
4 

6 

= 
3 
3 

3 

3 
3 
3 
3 
3 
3 

3 
3 

3 

3 

3 

3 
3 
3 

3 
3 

3 
3 

3 

3 

3 

3 

3 

3 
3 
3 
3 

3 
3 

3 

BOOLEAN/ARITHMETIC OPERATION COND. CODE REG. 

IMPLIED (AU register labels 5 4 3 2 1 0 

OP -

IB 2 

4F 2 
5F 2 

11 2 

43 2 
53 2 

40 2 
50 2 
19 2 

4A 2 
5A 2 

4C 2 
5C 2 

3S 4 
37 4 
32 4 
33 4 

49 2 
59 2 

46 2 
5S 2 

4B 2 
58 2 

47 2 
57 2 

44 2 
54 2 

10 2 

16 2 
17 2 

40 2 
5D 2 

= refer to contents) H I N Z v c 

A+ M •A : . t I t I 
B + M ·B I . I : t I 

I A+ B ·A l . I I I 
A+ M + C ·A l . l I : 
B + M + C , B I . t I I 
A· M ·A . . I : R . 
8 · M ·B .. I R o 
A·M . . : t R . 
B · M . . ; ! R . 
00 • M .. R s R R 

1 00 ·A • • R s R R 
1 00 ·B • • R s R R 

A M .. : t I 
B · M .. t t I I 

1 A B .. ; ) I t 
M • M .. I : R s 

1 A ·A .. : t R s 
1 8 · B .. I : R s 

00 M ·M .. t :Q)(j) 
1 00 A •A .. t I Q)(j) 
1 00 B •B .. l : Q)(j) 
1 Converts Binary Add. ot BCD Characters .. l t t G> 

into BCD Format 
M I , M .. I : 4 . 

1 A 1 ·A .. t I 4 . 
1 B - 1 ·B . . t t 4 . 

A(f)M-•A .. t t R • 
B(i)M -~B .. t ~ R • 
M • 1 ·M .. I ;~: I A '1 ·A .. t 

I B•I ·B .. : t®• 
M ·A . . : t R . 
M ·B .. t I R • 
At M +A . . I I R . 
B + M - • B .. l t R o 

I A • Msp, SP 1 ·SP .. . . . . 
I B · Msp, SP 1 ·SP .. . . . . 
1 SP+ 1 ·SP, M5p ·A .. . . . . 
1 SP• 1 -•SP, Msp • 8 .. . . 

I~ 7 :} L[J -
.. I 

1 m::J .. I I ®t 
1 B C b7 - bO .. l ~: 

:} L{] 
.. l l st 

1 - o:r:r:rr:rn:::i .. : :1~: 1 B C b7 - bO .. j 

n - .. l t:~l 
1 o- m-o .. ti*' 
1 c b7 bO .. : ti~' 
~}~-o 

.. t t@: 
I .. t s l 
1 B b7 bO C .. t ! 6 : 

n - • • R '1~' 1 o-m -o • • R ti*' 
1 b7 bO c • • R t lc§1 t 

A--· M .. : ) R o 
B · M . . l R . 
A M •A .. t t l l 
B M -•B .. : l t l 

1 A B --·A .. l t l : 
A - M - C .. l l t t 
B M - .. l l l I 

1 A ·B .. l t R • 
1 B ·A .. l t R • 

M - 00 .. t l R R 
1 A 00 .. I ; R R 
1 B 00 .. l t R R 

H I N Z v c 

CONDITION CODE REGISTER NOTES: 
(8itsetit testis true and cleared otherwise) 

(Bit V) Test: Result= 10000000? 
(Bit C) Test: Result= 00000000? 
(Bit Cl Test: Decimal value of most significant BCD 

Character greater than nine? 

Mgp Contents of memory location pointed to be Stack Pointer; 
Overlh1w, 2's coffiplement 
Carry from bit 7 (Not cleared if previously set.) 

Boolean Inclusive OR; 
G:l Boolean Exclusive OR; 

Complement of M; 
Transfer Into; 
Bit= Zero; 

00 Byte" Zero; 

Reset Always 
Set Always 
Test and set if true, cleared otherwise 
Not Affected 

(Bit V) Test: Operand= 10000000 prior to execution? 
{Bit V) Test: Operand"' 01111111 prior to execution? 
(Bit V) Test: Set equal to result of N©C after shift has occurred. 

Nnte -Accumulator addressing mode instructions are included in the column for IMPLIED addressing 
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PROGRAM CONTROL OPERATIONS 

Program Control operation can be subdivided into two 
categories: (1 I Index Register/Stack Pointer instructions; (21 
Jump and Branch operations. 

Index Register/Stack Pointer Operations 
The instructions for direct operation on the MPU's Index 

Register and Stack Pointer are summarized in Table 3. 
Decrement (DEX, DESI, increment llNX, INSI, load (LDX, 
LDSl, and store ISTX, STSI instructions are provided for 
both. The Compare instruction, CPX, can be used to com
pare the Index Registl3r to a 16-bit value and update the Con
dition Code Register accordingly. 

The TSX instruction causes the Index Register to be load
ed with the address of the last data byte put onto the 
"stack." The TXS instruction loads the Stack Pointer with a 
value equal to one less than the current contents of the Index 
Register. This causes the next byte to be pulled from the 
"stack" to come from the location indicated by the Index 
Register. The utility of these two instructions can be clarified 
by describing the "stack" concept relative to the M6800 
system. 

The "stack" can be thought of as a sequential list of data 
stored in the MPU's read/write memory. The Stack Pointer 
contains a 16-bit memory address that is used to access the 
list from one end on a last-in-first-out ILIFOI basis in contrast 
to the random access mode used by the MPU's other ad
dressing modes. 

The MC6800 instruction set and interrupt structure allow 
extensive use of the stack concept for efficient handling of 
data movement, subroutines and interrupts. The instructions 
can be used to establish one or more "stacks" anywhere in 
read/write memory. Stack length is limited only by the 
amount of memory that is made available. 

Operation of the Stack Pointer with the Push and Pull in
structions is illustrated in Figures 15 and 16. The Push in
struction IPSHAI causes the contents of the indicated ac
cumulator (A in this example) to be stored in memory at the 
location indicated by the Stack Pointer. The Stack Pointer is 
automatically decremented by one following the storage 
operation and is "pointing" to the next empty stack location. 
The Pull instruction (PULA or PULBI causes the last byte 
stacked to be loaded into the appropriate accumulator. The 

Stack Pointer is automatically incremented by one just prior 
to the data transfer so that it will point to the last byte stack
ed rather than the next empty location. Note that the PULL 
instruction does not "remove" the data from memory; in the 
example, 1 A is still in location (m + 1 l following execution of 
PULA. A subsequent PUSH instruction would overwrite that 
location with the new "pushed" data. 

Execution of the Branch to Subroutine (BSRI and Jump to 
Subroutine (JSRl instructions cause a return address to be 
saved on the stack as shown in Figures 1B through 20. The 
stack is decremented after each byte of the return address is 
pushed onto the stack. For both of these instructions, the 
return address is the memory location following the bytes of 
code that correspond to the BSR and JSR instruction. The 
code required for BS R or JSR may be either two or three 
bytes, depending on whether the JSR is in the indexed (two 
bytes) or the extended (three bytes) addressing mode. 
Before it is stacked, the Program Counter is automatically in
cremented the correct number of times to be pointing at the 
location of the next instruction. The Return from Subroutine 
Instruction, RTS, causes the return address to be retrieved 
and loaded into the Program Counter as shown in Figure 21. 

There are several operations that cause the status of the 
MPU to be saved on the stack. The Software Interrupt (SWI) 
and Wait for Interrupt (WAii instructions as well as the 
maskable llROl and non-maskable (NMI) hardware inter
rupts all cause the MPU's internal registers (except for the 
Stack Pointer itself) to be stacked as shown in Figure 23. 
MPU status is restored by the Return from Interrupt, RTI, as 
shown in Figure 22. 

Jump and Branch Operation 
The Jump and Branch instructions are summarized in 

Table 4. These instructions are used to control the transfer or 
operation from one point to another in the control program. 

The No Operation instruction, NOP, while included here, 
is a jump operation in a very limited sense. Its only effect is to 
increment the Program Counter by one. It is useful during 
program development as a "stand-in" for some other in
struction that is to be determined during debug. It is also us
ed for equalizing the execution time through alternate paths 
in a control program. 

TABLE 3 - INDEX REGISTER AND STACK POINTER INSTRUCTIONS 

IMMEO DIRECT INDEX EXTND IMPLIED 

POINTER OPERATIONS MNEMONIC OP - " OP - " OP - " OP - = OP - " BOOLEAN/ARITHMETIC OPERATION 

Compare Index Reg CPX SC 3 3 9C 4 2 AC 6 2· BC 
Decrement Index Reg DEX 
Decrement Stack Pntr DES 
Increment Index Reg INX 
Increment Stack Pntr INS 
Load Index Reg LOX CE 3 3 DE 4 2 EE 6 2 FE 
Load Stack Pntr LOS SE 3 3 9E 4 2 AE 6 2 BE 
Store Index Reg STX OF 5 2 EF 7 2 FF 
Store Stack Pntr STS 9F 5 2 AF 7 

TF lndx Reg---> Stack Pntr TXS 
Stack Pntr - tndx Reg TSX 

G) (Bit N) Test: Sign bit of most significant (MS) byte of result"" 1? 

@ (Bit V) Test: 2's complement overflow from subtraction of ms bytes? 
@) (Bit N) Test: Result less than zero? (Bit 15"" 1) 

5 3 
09 4 1 
34 4 1 

OS 4 1 
31 4 1 

5 3 
5 3 
6 3 
6 3 

35 4 1 
30 4 1 
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XH-M.XL-(M+l) 
x-1~x 

SP-1~SP 

x + 1 ___.. x 
SP+ 1 ->SP 
M-XH,(M+t)-XL 

M---+SPH, {M + 1) -SPL 
Xw---M,XL--+(M+l) 

SPH ___,. M, SPL ___,. (M + 1) 

X -1 ~SP 
SP+ 1--+ X 

CONO COOE REG 

5 4 J 2 1 0 

H I N Z v c .. CD t ~-. . • I •• . . . ... . . . ! .. . ... . . . . Q) ! R . . . Q) I R . . . Q) I R . . . dJ ! R . . . . . .. . . . . .. 
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m-2 

m-1 

SP-... m 

Previously 
Stacked 

Data { : : : 
m + 3 

PC-

m-2 

m-1 

SP-...m 

Previou•lv 
Stacked 

Oat• { ::: 
m + 3 

ACCA 

MC6800 

FIGURE 16 - STACK OPERATION, PUSH INSTRUCTION 

MPU 

7F 

63 

FD 

PSHA 

m-2 

SP___... m - 1 

New Data 

Previously 
Stacked 

Data I mm++21 

m + 3 

Next Instr. PC-+-

(o) Boloro PSH A 

ACCA 

FIGURE 16 - STACK OPERATION, PULL INSTRUCTION 
MPU 

m - 2 

m-1 

1A SP......,. m + 1 

r· Previo1.11lv 
Stacked m + 3 

Data 

3C 

D5 

EC 

PC 
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MPU 

ACCA 

F3 

7F 

63 

FD 

PSHA 

Next Instr. 

(b) Alter PSHA 

MPU 

ACCA 

1A 

3C 

D5 

EC 

PULA 

N•xt Instr. 

(b) Aftor PULA 
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TABLE 4 - JUMP AND IRANCH INSTRUCTIONS 
CONO. CODE REG. 

RELATIVE INDEX EXT NO IMPLIED 5 4 3 z 1 D 

OPERATIONS MNEMONIC OP - # OP - # OP - # OP - # BRANCH TEST H I N z v c 
Branch Always BRA 20 4 ? None • • • • • • 
Branch If Carry Clear BCC 24 4 2 C•O . . • • • . 
Branch If Carry Set BCS 25 4 2 C•1 • • • • • • 
Branch If = Zero BED 27 4 2 Z•l • • • • • • 
Branch If ;;;i. Zero BGE 2C 4 2 N@V•O • • • • • • 
Branch If >Zero BGT 2E 4 2 Z+(N $VI• 0 • • • • • • 
Branch If Higher BHI 22 4 2 C+~·O • • • • • . 
Branch If ~Zero BLE 2F 4 2 Z+(N $VI• 1 • • • • • • 
Branch If Lower Or Same BLS 23 4 2 C +Z::: 1 • • • • • • 
Branch If < Zero BLT 2D 4 2 N@V• 1 • • • • • • 
Branch If Minus BMI 28 4 2 N•l • • • • • • 
Branch If Not Equal Zero BNE 26 4 2 Z•O • • • • • • 
Branch If Overflow Clear BVC 28 4 2 V•O • . . • • • 
Branch If Overflow Set BVS 29 4 2 V•l • • . • • • 
Branch If Plus BPL 2A 4 2 N•O • • • • • • 
Branch To Subroutine BSR BD 8 2 

} • • . • • • 
Jump JMP GE 4 2 7E 3 3 . See Special Oparatiom • • • • • • 
Jump To Subroutine JSR AD 8 2 BD 9 3 . • • • • • 
No Operation NDP 01 2 1 Advances Prog. Cntr. Only • • • • • • 
Return From Interrupt RTI 38 10 1 --(j)--
Return From Subroutine RTS 39 5 1 

} ·rrrrr Software Interrupt SWI 3F 12 1 See Special Opar1tions • • • • • • 
Wait for Interrupt• WAI 3E 9 1 • © •••• . WAI puts Address Bus, RfN, and Data Bus in the thrae-state mode while VMA 1s held low . 

Load Condition Code Register from Stack. (See Special Operations) 

Set when interrupt occurs. If previously set, a Non-Maskable Interrupt 

is required to exit the wait state. 

Execution of the Jump Instruction, JMP, and Branch 
Always, BRA, affects program flow as shown in Figure 17. 
When the MPU encounters the Jump !Indexed) instruction, 
it adds the offset to the value in the Index Register and uses 
the result as the address of the next instruction to be ex
ecuted. In the extended addressing mode, the address of the 
next instruction to be executed is fetched from the two loca
tions immediately following the JMP instruction. The Branch 
Always !BRA) instruction is similar to the JMP (extended) in
struction except that the relative addressing mode applies 
and the. branch is limited to the range within - 125 or + 127 
bytes of the branch instruction itself. The opcode for the 
BRA instruction requires one less byte than JMP (extended) 
but takes one more cycle to execute. 

The effect on program flow for the Jump to Subroutine 
(JSR) and Branch to Subroutine (BSR) is shown in Figures 
18 through 20. Note that the Program Counter is properly in
cremented to be pointing at the correct return address 
before it is stacked. Operation of the Branch to Subroutine 
and Jump to Subroutine (extended) instruction is similar ex
cept for the range. The BSR instruction requires less opcode 
than JSR 12 bytes versus 3 bytes) and also executes one cy-

cle faster than JSR. The Return from Subroutine, RTS, is 
used as the end of a subroutine to return to the main pro
gram as indicated in Figure 21. 

The effect of executing the Software Interrupt, SWI, and 
the Wait for Interrupt, WAI, and their rel11tionship to the 
hardware interrupts is shown in Figure 22. SWI causes the 
MPU contents to be stacked and then fetches the starting 
address of the interrupt rciuti~e from the memory locations 
that respond to the addresses FFFA and FFFB. Note that as 
in the case of the subroutine ins.tructions, the Program 
Counter is incremented to point at the correct return address 
before being stacked. The Return from Interrupt instruction, 
RTI, !Figure 22) is used at the end of an interrupt routine to 
restore control to the main program. The SWI instruction is 
useful for inserting break points in the control program, that 
is, it can be used to stop operation and put the MPU 
registers in memory where they can be examined. The WAI 
instruction is used to decrease the time required to service a 
hardware interrupt; it stacks the MPU contents and then 
waits for the interrupt to occur, effectively removing the 
stacking time from a hardware interrupt sequence. 

FIGURE 17 - PROGRAM FLOW FOR JUMP AND BRANCH INSTRUCTIONS 

PC 

{ .. ~ INDXD 

X+K 

PC Main Program 
Main Program 

7E=JMP 
6E=JMP 

KH =Next Address 
K=Offset 

EXTND n+2 KL= Next Address . . 
Next Instruction 

{ .. ~ 
I 

K Next Instruction 

(a)' Jump 

MOTOROLA MICROPROCESSOR DATA 

3-77 

Main Program 

n ~--~-=-B_RA __ 

n+1 _ K=Oftset• 

tn+2l±K Next Instruction 

·K=Signed 7-bit value 

tbl Branch 

• 



• 

MC6800 

FIGURE 18 - PROGRAM FLOW FOR 8SR --
m-2 

m-1 m-1 (n + 2)H 

SP-. m (n + 2)L 

m+ 1 7E m + 1 7E 

._____ 

PC- n BSA BSA 

n + 1 ±K =Offset• n + 1 ±K =Offset 

n+2 Next Main Instr. n+2 Next Main Instr. 

•K ==Signed 7-Bit Value 
PC_..(n + 2) ±K 1st Subr. Instr. 

(a) Before Execution (b) After Execution 

FIGURE 19 - PROGRAM FLOW FOR JSR (EXTENDED) FIGURE 20 - PROGRAM FLOW FOR JSR (INDEXED) 

m -2 

m-1 

SP~m 

m'1 7E 

m'2 7A 

70 

PC~n JSR"' BO 

"" SH .. Subr. Addr. 

n+2 SL,.. Subr. Addr. 

n '3 Next Mein Instr. 

I•) Before Execution 

m - 3 

SP--..m-2 

m-1 (n + 3)H 

(n + 3)L 

m '1 7E 

m'2 7A 

7C 

JSR 

n '1 SH "' Subr. Addr. 

n '2 SL"' Subr. Addr. 

n' 3 Ne11t Main- Instr. 

PC ........ S 1st Subr. Instr. 

(S formed from 1-------t 
SH and SL) 

(b) Aft•r Execution 

m -2 

m -1 

SP--+- m 

m '1 7E 

PC_....n JSR= AD 

n' 1 

n '2 Next Main Instr. 

"K = B·Bit Unsigned Value 

(a) Before Execution 
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FIGURE 21 - PROGRAM FLOW FOR RTS --
m-2 

(n + 3)H m-1 

(n + 3)L SP~ m 

7E m+ 1 

7A -
JSR= BO 

SH"" Subr. Addr. n + 1 

SL= Subr. Addr. n+2 

Next Main Instr. PC___... n + 3 

Last Subr. Instr. 

ATS Sn 

(a) Before Execution 

FIGURE 22 - PROGRAM FLOW FOR RTI 

m - 7 

CCR m-6 

ACCB m - 5 

ACCA m -4 

XH (Index Reg) m -3 

XL (index Reg) m-2 

PC(n+1)H m - 1 

PC(n+1)L SP--

Next Main Instr. Pc- n+ 1 

Last Inter. Instr. 

RTI 

(a) Before Execution 
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FIGURE 23 - PROGRAM FLOW FOR INTERRUPTS 

Software Interrupt 
Main Program 

JF = SWI 
n + 1 Next Main Instr. 

Stack MPU 

Wait For 
Interrupt 

Main Program 

3E =WAI 

n + 1 Next Main Instr. 

SP~ m - 7 

m-6 

Hardware Interrupt or 
Non·Maskable Interrupt (NMI) 

Main Program 

YES 

Stack 

Condition Code 

Register Contents c::::> m -5 Acmltr. B 

SWI 

FFFA 
FFFB 

HOWR 
INT 

FFFB 
FFF9 

m-4 

m -3 

m - 2 

m -1 

No 

Acmltr. A 
Index Register (XH) 

Index Register (XL) 

PC(n + 1)H 

PC(n + 1)L 

Hdwr. 
Int. 
Req. 

Interrupt Memory Assignment 1 

FFFB 

fff9 

FFFA 

FFFB 

FFFC 

FFFO 
FFFE 

ffff 

IRO 

IRQ 

SWI 

SWI 

NMI 
NMI 

Reset 

Reset 

MS 

LS 

MS 

LS ..---1"-.. 
MS '----V 
LS 
MS 

LS 

First Instr. 
Addr. Formed 
By Fetching 
2-Bvtes From 
Per. Mem. 
Assign. 

NO 

WAI 

Wait Loop 
NMI 

NOTE: MS= Most Significant Address Byte; 
LS = L11st Significont Addreu Byte; 

Interrupt Program 

1st Interrupt Instr. 
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FIGURE 24 - CONDITIONAL BRANCH INSTRUCTIONS 

BMI N• 1 BEQ Z•1 
Bl'L N•¢ BNE z =" 

eve V=¢ BCC c." 
BVS V= 1 BCS C-= 1 

BHI C+Z=¢ BLT NEl>V= 1 
BLS C+Z=1 BGE NEl>V=¢ 

BLE Z+(NEl>V)=1 
BGT Z+(NEl>V)=¢ 

The conditional branch instructions, Figure 24, consists of 
seven pairs of complementary instructions. They are used to 
test the results of the preceding operation and either con
tinue with the next instruction in sequence (test fails) or 
cause a branch to another point in the program !test suc
ceeds). 

Four of the pairs are used for simple tests of status bits N, 
Z, V, and C: 

1. Branch on Minus IBMll and Branch On Plus IBPLI tests 
the sign bit, N, to determine if the previous result was 
negative or positive, respectively. 

2. Branch On Equal IBEOI and Branch On Not Equal 
IBNEI are used to test the zero status bit, Z, to determine 
whether or not the result of the previous operation was equal 
to zero. These two instructions are useful following a Com
pare ICMPI instruction to test for equality between an ac
cumulator and the operand. They are also used following the 
Bit Test IBITI to determine whether or not the same bit posi
tions are set in an accumulator and the operand. 

3. Branch On Overflow Clear I BVCI and Branch On 
Overflow Set IBVSI tests the state of the V bit to determine 
if the previous operation caused an arithmetic overflow. 

4. Branch On Carry Clear IBCCI and Branch On Carry Set 
IBCSI tests the state of the C bit to determine if the previous 
operation caused a carry to occur. BCC and BCS are useful 

for testing relative magnitude when the values being tested 
are regarded as unsigned binary numbers, that is, the values 
are in the range 00 !lowest) to FF (highest!. BCC following a 
comparison ICMPI will cause a branch if the (unsigned) 
value in the accumulator is higher than or the same as the 
value of the operand. Conversely, BCS will cause a branch if 
the accumulator value is lower than the operand. 

The fifth complementary pair, Branch On Higher (BHll and 
Branch On Lower or Same IBLSI are, in a sense, com
plements to BCC and BCS. BHI tests for both C and Z = O; if 
used following a CMP, it will cause a branch if the value in 
the accumulator is higher than the operand. Conversely, 
BLS will cause a branch if the unsigned binary value in the 
accumulator is lower than or the same as the operand. 

The remaining two pairs are useful in testing results of 
operations in which the values are regarded as signed two's 
complement numbers. This differs from the unsigned binary 
case in the following sense: in unsigned, the orientation is 
higher or lower; in signed two's complement, the com
parison is between larger or smaller where the range of 
values is between - 128 and + 127. 

Branch On Less Than Zero IBL Tl and Branch On Greater 
Than Or Equal Zero IBGEI test the status bits for NEl>V= 1 
and N Ell V =0, respectively. BLT will always cause a branch 
following an operation in which two negative numbers were 
added. In addition, it will cause a branch following a CMP in 
which the value in the accumulator was negative and the 
operand was positive. BLT will never cause a branch follow
ing a CM P in which the accumulator value was positive and 
the operand negative. BGE, the complement to BLT, will 
cause.a branch following operations in which two positive 
values were added or in which the result was zero. 

The last pair, Branch On Less Than Or Equal Zero IBLEI 
and Branch On Greater Than Zero IBGTI test the status bits 
for Z Ell (N +VI= 1 and Z Ell IN+ VI= 0, respectively. The ac
tion of B LE is identical to that for BLT except that a branch 
will also occur if the result of the previous result was zero. 
Conversely, BGT is similar to BGE except that no branch will 
occur following a zero result. 

CONDITION CODE REGISTER 
OPERATIONS 

The Condition Code Register ICCRI is a 6-bit register 
within the MPU that is useful in controlling program flow 
during system operation. The bits are defined in Figure 25. 

The instructions shown in Table 5 are available to the user 
for direct manipulation of the CCR. 

A CLl-WAI instruction sequence operated properly, with 
early MC6800 processors, only if the preceding instruction 
was odd I Least Significant Bit= 1 I. Similarly it was advisable 

to precede 1lny SEI instruction with an odd opcode - such 
as NOP. These precautions are not necessary for MC6800 
processors indicating manufacture in November 1977 or 
later. 

Systems which require an interrupt window to be opened 
under program control should use a CLl-NOP-SEI sequence 
rather than CLl-SEI. 
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FIGURE 26 - CONDITION CODE REGISTER BIT DEFINITION 

b5 b4 b3 b2 b1 bo 

IHI N z vie\ 

H = Half-carry; set whenever a carry from bJ to b4 of the result is generated 
by ADD, ABA, ADC; cleared if no bJ to b4 carry; not affected by other 
instructions. 

Interrupt Mask; set by hardware or software interrupt or SE I instruction; 
cleared by CLI instruction. (Normally not used in arithmetic operations.) 
Restored to a zero as a result of an RTl instruction if Im stored on the 
stacked is low. 

N = Negative; set if high order bit (b7) of result is set; cleared otherwise. 

Z = Zero; set if result= O; cleared otherwise . 

V = Overlow; set if there was arithmetic overflow as a result of the operation; 
cleared otherwise. 

C = Carry; set if there was a carry from the most significant bit (b7) of the 
result; cleared otherwise. 

TABLE 5 - CONDITION CODE REGISTER INSTRUCTIONS 

CONO. CODE REG. 

IMPLIED 543210 

OPERATIONS MNEMONIC OP - = BOOLEAN OPERATION H I N Z V C 

Clear Carry 
Clear Interrupt Mask 
Clear Overflow 
Set Carry 
Set Interrupt Mask 

Set Overflow 
Acmltr A 4 CCR 
CCR....,. Acmltr A 

R = Reset 
S =Set 
• = Not affected 

CLC 
CLI 
CLV 
SEC 
SEI 
SEV 
TAP 
TPA 

oc 2 1 

OE 2 1 

OA 2 1 

00 2 1 
OF 2 1 
OB 2 1 
06 2 1 
OJ 2 1 

o~c 

0~1 

o~v 

1~c 

1~1 

1~v 

A-+CCR 
CCR ~A 

• • • • • R 
• R • • • • 

• • • • R • 
• • • • • s 
• s • 1 • • • 
• • • • s • 

•l•l•cp•l•l• 

(D (ALL) Set according to the contents of Accumulator A. 

ADDRESSING MODES 

The MPU operates on 8-bit binary numbers presented 
to it via the data bus. A given number (byte) may rep
resent either data or an instruction to be executed, de
pending on where it is encountered in the control program. 
The M6800 has 72 unique instructions; however, it rec
ognizes and takes action on 197 of the 256 possibilities 
that can occur using an 8-bit word length. This larger 
number of instructions results from the fact that many of 
the executive instructions have more than one address
ing mode. 

These addressing modes refer to the manner in which 
the program causes the MPU to obtain its instructions 
and data. The programmer must have a method for ad
dressing the MPU's internal registers and all of the ex
ternal memory locations. 

Selection of the desired addressing mode is made by 
the user as the source statements are written. Translation 

into appropriate opcode then depends qn the method 
used. If manual translation is used, the addressing mode 
is inherent in the opcode. For example, the immediate, 
direct, indexed, and extended modes may all be used 
with the ADD instruction. The proper mode is determined 
by selecting (hexadecimal notation) 8B, 9B, AB, or BB, 
respectively. 

The source statement format includes adequate infor
mation for the selection if an assembler program is used 
to generate the opcode. For instance, the immediate mode 
is selected by the assembler whenever it encounters the 
"#"symbol in the operand field. Similarly, an "X" in the 
operand field causes the indexed mode to be selected. 
Only the relative mode applies to the branch instructions; 
therefore, the mnemonic instruction itself is enough for 
the assemble to determine addressing mode. 
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For the instructions that use both Direct and Extended 
modes, the Assembler selects the Direct mode if the operand 
value is in the range 0-255 and Extended otherwise. There 
are a number of instructions for which the Extended mode is 
valid but the Direct is not. For these instructions, the 
Assembler automatically selects the Extended mode even if 
the operand is in the 0-255 range. The addressing modes are 
summarized in Figure 26. 

Inherent (Includes "Accumulator Addressing" Mode) 
The successive fields in a statement are normally 

separated by one or more spaces. An exception to this rule 
occurs for instructions that use dual addressing in the 
operand field and for instructions that must distinguish be
tween the two accumulators. In these cases, A and B are 

"operands" but the space between them and the operator 
may be omitted. This is commonly done, resulting in ap
parent four character mnemonics for those instructions. 

The addition instruction, ADD, provides an example of 
dual addressing in the operand field: 

Operator Operand Comment 
ADDA MEM12 ADD CONTENTS OF MEM12 TO ACCA 

or 
ADDB MEM12 ADD CONTENTS OF MEM12 TO ACCB 

The example used earlier for the test instruction, TST, also 
applies to the accumulators and uses the "accumulator ad
dressing mode" to designate which of the two accumulators 
is being tested: 

FIGURE 26 - ADDRESSING MODE SUMMARY 

Direct: DO Instruction 

Example: SUBS Z 
Addr. Range = 0-255 n + 1 Z = Oprnd Address 

& 
n + 2 Next Instr. 

• 
• 
• 

(K = One-Byte Oprnd) z I K =Operand 

OR 

(K = Two-Bvte Oprnd) z KH =Operand 

z + 1 KL= Operand 

& If Z ~ 255, Assembler Select Direct Mode 
If Z > 255, Extended Mode is selected 

Extended: 

Example: CMPA Z 

Addr. Range: 

& 256-65535 

(K =One-Byte Oprnd) 

(K =Two-Byte Oprnd) 

n + 1 

n + 2 

n+3 

z I 
z 

z + 1 

FO Instruction 

ZH = Qprnd Address 

ZL = Qprnd Address 

Next Instr. 

• 
• 
• 

K =Operand 

OR 

KH =Operand 

KL= Operand 

Immediate: 

Exampte: LOAA #K 
(K = One-Bvte Oprnd) 

n + 1 

n+2 

(K = Two-Bvte Oprnd) 
(CPX, LOX, and LOS) 

n + 1 

n+2 

n+3 

Relative: 

Example: BNE K n + 1 

(K =Signed 7-Bit Value) n + 2 

Addr. Range: 
-125 to +129 
Relative ton. 

Instruction 

K =Operand 

Next Inst. 

DR 

Instruction 

KH "'Operand 

KL= Operand 

Next Instr. 

Instruction 

±K = Brnch Offset 

N•xt Instr. & 

• 
• 
• 

(n + 2) ±K ~'--N_•_•_'_'"_'_'_'·_& __ ~ 
& If Brnch Tst False, &, If Brnch Tst True. 

Indexed: Instruction 

Example: ADDA Z, X n + 1 Z =Offset 

Addr. Range: n+2 Next Instr. 
0-255 Relative to 
Index Register, X • 

• 
• 

(Z""' 8-Bit Unsigned X+Z K""' Operand 
Value) 
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or 

Operator 
TSTB 

TSTA 

Comment 
TEST CONTENTS OF ACCB 

TEST CONTENTS OF ACCA 

A number of the instructions either alone or together with 
an accumulator operand contain all of the address informa
tion that is required, that is, "inherent" in the instruction 
itself. For instance, the instruction ABA causes the MPU to 
add the contents of accmulators A and B together and place 
the result in accumulator A. The instruction INCB, another 
example of "accumulator addressing," causes the contents 
of accumulator B to be increased by one. Similarly, INX, in
crement the Index Register, causes the contents of the Index 
Register to be increased by one. 

Program flow for instructions of this type is illustrated in 
Figures 27 and 28. In these figures, the general case is shown 
on the left and a specific example is shown on the right. 
Numerical examples are in decimal notation. Instructions of 
this type require only one byte of opcode. Cycle-by-cycle 
operation of the inherent mode is shown in Table 6. 

Immediate Addressing Mode - In the Immediate address
ing mode, the operand is the value that is to be operated on. 
For instance, the instruction 

Operator Operand 
LDAA #25 

Comment 
LOAD 25 INTO ACCA 

causes the MPU to "immediately load accumulator A with 
the value 25"; no further address reference is required. The 
Immediate mode is selected by preceding the operand value 
with the "I" symbol. Program flow for this addressing mode 
is illustrated in Figure 29. 

The operand format allows either properly defined sym
bols or numerical values. Except for the instructions CPX, 
LOX, and LOS, the operand may be any value in the range 0 
to 255. Since Compare Index Register ICPXI, Load Index 
Register ILDXI, and Load Stack Pointer ILDSI, require 16-bit 
values, the immediate mode for these three instructions re
quire two-byte operands. In the Immediate addressing 

FIGURE Xl - INHERENT ADDRESSING 

MPU 

GENERAL FLOW EXAMPLE 

mode, the "address" of the operand is effectively the 
memory location immediately following the instruction itself. 
Table 7 shows the cycle-by-cycle operation for the im
mediate addressing mode. 

Direct and Extended Addressing Modes - In the Direct 
and Extended modes of addressing, the operand field of the 
source statement is the address of the value that is to be 
operated on. The Direct and Extended modes differ only in 
the range of memory locations to which they can direct the 
MPU. Direct addressing generates a single 8-bit operand 
and, hence, can address only memory locations 0 through 
255; a two byte operand is generated for Extended address
ing, enabling the MPU to reach the remaining memory loca
tions, 256 through 66635. An example of Direct addressing 
and its effect on program flow is illustrated in Figure 30. 

The MPU, after encountering the opcode for the instruc
tion LDAA !Direct) at memory location 5004 !Program 
Counter=50041, looks in the next location, 5005, for the ad
dress of the operand. It then sets the program counter equal 
to the value found there 1100 in the example) and fetches the 
operand, in this case a value to be loaded into accumulator 
A, from that location. For instructions requiring a two-byte 
operand such as LOX I Load the Index Register), the operand 
bytes would be retrieved from locations 100 and 101. Table 8 
shows the cycle-by-cycle operation for the direct mode of 
addressing. 

Extended addressing, Figure 31, is similar except that a 
two-byte address is obtained from locations 5007 and 5008 
after the LDAB !Extended) opcode shows up in location 
5006. Extended addressing can be thought of as the "stan
dard" addressing mode, that is, it is a method of reaching 
any place in memory. Direct addressing, since only one ad
dress byte is required, provides a faster method of process
ing data and generates fewer bytes of control code. In most 
applications, the direct addressing range, memory locations 
0-255, are reserved for RAM. They are used for data buffer
ing and temporary storage of system variables, the area in 
which faster addressing is of most value. Cycle-by-cycle 
operation is shown in Table 9 for Extended Addressing. 

FIGURE 28 - ACCUMULATOR ADDRESSING 

MPU MPU 

GENERAL FLOW EXAMPLE 
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Relative Addrwe Mode - In both the Direct and Extended 
modes, the address obtained by the MPU is an absolute 
numerical address. The Relative addressing mode, im
plemented for the MPU's branch instructions, specifies a 
memory location relative to the Program Counter's current 
location. Branch instructions generate two bytes of machine 
code, one for the instruction opcode and one for the 
"relative" address !see Figure 32). Since it is desirable to be 
able to branch in either direction, the B-bit address byte is in
terpreted as a signed 7-bit value; the 8th bit of the operand is 
treated as a sign bit, "O"=plus and "1"=minus. The re
maining seven bits represent the numerical value. This 
results in a relative addressing range of ± 127 with respect to 
the location of the branch instruction itself. However. the 
branch range is computed with respect to the next instruc
tion that would be executed if the branch conditions are not 
satisfied. Since two bytes are generated, the next instruction 
is located at PC+ 2. If D is defined as the address of the 
branch destination, the range is then: 

IPC+ 21-127:s D:s IPC+ 2) + 127 
or 

PC-125:s D:s PC+ 129 

that is, the destination of the branch instruction must be 
within -125 to + 129 memory locations of the branch in
struction itself. For transferring control beyond this range, 

the unconditional jump (JMP), jump to subroutine (JSR), 
and return from subroutine (ATS) are used. 

In Figure 32, when the MPU encounters the opcode for 
BEO IBranch if result of last instruction was zero), it tests the 
Zero bit in the Condition Code Register. If that bit is "O," in
dicating a non-zero result, the MPU continues execution 
with the next instruction (in location 5010 in Figure 32). If the 
previous result was zero, the branch condition is satisfied 
and the MPU adds the offset. 15 in this case, to PC+2 and 
branches to location 5025 for the next instruction. 

The branch instructions allow the programmer to efficient
ly direct the MPU to one point or another in the control pro
gram depending on the outcome of test results. Since the 
control program is normally in read-only memory and cannot 
be changed, the reiat1ve address used 1n execution of branch 
instructions is a constant numerical value. Cycle-by-cycle 
operation is shown in Table 10 for relative addressing. 

Indexed Addressing Mode - With Indexed addressing, 
the numerical address is variable and depends on the current 
contents of the Index Register. A source statement such as 

Operator 
STAA 

Operand 
x 

Comment 
PUT A IN INDEXED LOCATION 

causes the MPU to store the contents of accumulator A in 

TABLE 6 - INHERENT MODE CYCLE-BY-CYCLE OPERATION 

Address Mode 
and Instructions 

ABA DAA SEC 
ASL DEC SEI 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR AOL TPA 
CLV ROA TST 
COM SBA 

DES 
DEX 
INS 
INX 

PSH 

PUL 

TSX 

TXS 

RTS 

Cycle VMA 
Cycles # Line Address Bus 

RJW 
Line 

2 1 

2 

1 

4 2 

3 

4 

1 

4 
2 

3 

4 

1 

4 
2 

3 

4 

1 

4 2 

3 

4 

1 

4 2 

3 

4 

1 

2 

5 3 

4 

5 

1 Op Code Address 1 

1 Op Code Address + 1 1 

1 Op Code Address 1 

1 Op Code Address+ 1 1 

0 Previous Register Contents 1 

0 New Register Contents 1 

1 Op Code Address 1 

1 Op Code Address + 1 1 

1 Stack Pointer 0 

0 Stack Pointer - 1 1 

1 Op Code Address 1 

1 Op Code Address + 1 1 

0 Stack Pointer 1 

1 Stack Pointer+ 1 1 

1 Op Code Address 1 

1 Op Code Address+ 1 1 

0 Stack Pointer 1 

0 New Index Register 1 

1 Op Code Address 1 

1 Op Code Address + 1 1 

0 Index Register 1 

0 New Stack Pointer 1 

1 Op Code Address 1 

1 Op Code Address + 1 1 

0 Stack Pointer 1 

1 Stack Pointer + 1 1 

1 Stack Pointer + 2 1 
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Data Bus 

Op Code 

Op Code of Next Instruction 

Op Code 

Op Code of Next Instruction 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Op Code 

Op Code of Next Instruction 

Accumulator Data 

Accumulator Data 

Op Code 

Op Code of Next Instruction 

Irrelevant Data (Note 1 ) 

Operand Data from Stack 

Op Code 

Op Code of Next Instruction 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Op Code 

Op Code of Next Instruction 

Irrelevant Data 

Irrelevant Data 

Op Code 

Irrelevant Data (Note 2) 

Irrelevant Data (Note 1) 

Address of Next Instruction (High 
Order Byte) 

Address of Next Instruction (Low 
Order Byte) 
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TABLE 8 - INHERENT MODE CYCLE-BY-CVCLE OPERATION CCONTINUEDI 

AddraaM- ·cycle VMA R/W 
and Instructions Cycles ;t Line AddrassBus Line Data Bus 

WAI 1 1 Op Code Address ,. Op Code 

2 1 Op Code Addrass + 1 1 Op Code of Next Instruction 

3 1 Stack Pointer 0 Return Address (Low Order Byte) 

4 1 Stack Pointer - 1 0 Return Addrass (High Order Byte) 

9 5 1 Stack Pointer - 2 0 Index Register (Low Order Byte) 

6 1 Stack Pointer - 3 0 Index Register (High Order Byte) 

7 1 Stack Pointer - 4 0 Contents of Accumulator A 

8 1 Stack Pointer - 5 0 Contents of Accumulator B 

9 1 Steck Pointer -, 6 (Note 3) 1 Contents of Cond. Code Register 

RTI 1 1 Op Code Address 1 Op Code 

2 1 Op Code Address+ 1 1 Irrelevant Data (Note 2) 

3 0 Stack Pointer 1 Irrelevant Data (Note 1 I 

4 1 Stack Pointer + 1 1 Contents of Cond. Code. Register from 
Stack 

10 5 1 Stack Pointer + 2 1 Contents of Accumulator B from Stack 

6 1 Stack Pointer + 3 1 Contents of Accumulator A from Stack 

7 1 Stack Pointer + 4 1 Index Register from Stack (High Order 
Byte) 

8 1 Stack Pointer+ 5 1 Index Register from Stack (Low Order 
Byte) 

9 1 Stack Pointer + 6 1 Next Instruction Address from Stack 
(High Order Byte) 

10 1 Stack Po inter + 7 1 Next Instruction Address from Stack 
__:;_ (Low Order Byte) 

SWI 1 1 Op Code Address 1 .OP Code 

2 1 Op Code Address + 1 1 Irrelevant Data {Note 1) 

3· 1 Stack Pointer 0 Return Address (Low Order Byte) 

4 1 Stack Pointer - 1 0 Return Address (High Order Byte) 

5 1 Stack Pointer - 2 0 Index Register (Low Order Byte) 

12 6 1 Stack Pointer - 3 0 Index Register (High Order Byte) 

7 1 Stack Pointer - 4 0 Contents Of Accumulator A 

8 1 Stack Pointer - 5 0 Contents of Accumulator B 

9 1 Stack Pointer - 6 0 Contents of Cond. Code Register 

10 0 Stack Pointer - 7 1 Irrelevant Data (Note 1) 

11 1 Vector Address FFFA (Hex) 1 Address of Subroutine (High Order 
Byte) 

12 1 Vector Address FFFB (Hex) 1 Address of Subroutine (Low Order 
Byte) 

Note 1. If d8vice which. is addressed during this· cycle uses VMA. then the Oata Bus will go to the high impedance th~ee-state condition. 
Depending on bus capacitanCe, data from the previous cycle may be retained on the Data Bus. 

Note 2. Data is ignored by the MPU. 
Note 3. ~hila the MPU is waiting for the interrupt, Bus Available wilfgo high indicating the following states of the control lines: VMA is 

low; Address But, R/W, and Data Bus are all in the high imj>edance state. 

the memory location specified by the contents of the Index 
Register (recall that the label "X" is reserved to designate the 
Index Register). Since there are instructions for manipulating 
X during program execution lLDX, INX, DEC, etc.), the In
dexed addressing mode provides a dynamic "on the fly" way 
to modify program activity. 

The operand field can alSo contain a numerical value that 
will be autometically added to X during execution. This for
mat is illustrated in Figure 33. 

When the MPU encounters the LDAB llndexedl opcode in 

location .5006. it looks in the next memory location for the 
value to be added to X 15 fn the example) and calculates the 
required address by adding 5 to the present Index Register 
value of: 400. In the operand format, the offset may be 
represented by a label or a numerical value in the range 0-255 
as in the example. In the earlier example, STAA X, the 
operand is equivalent to 0, X, that is, the 0 may be omitted 
when the desired address is equal to X. Table 11 shows the 
cycle-by-Cycle operation for the Indexed Mode of Address
ing. 

MOTOROLA MICROPROCESSOR DATA 

3-86 



FIGURE 29 - IMMEDIATE ADDRESSING MODE 

MPU 

RAM 

MPU 

PROGRAM 
MEMORY 

MC6800 

FIGURE 30 - DIRECT ADDRESSING MODE 

MPU 

RAM 

PROGRAM 
MEMORY 

PCl----·L,.. 
PC + 1 f-....;;;.;;..__1...._ 

MPU 

ACCA 

~ 
RAM 

PROGRAM 
MEMORY 

GENERAL FLOW EXAMPLE 
ADDA""' 0 ~255 
GENERAL FLOW EXAMPLE 

ADC 
ADD 
AND 
BIT 
CMP 

CPX 
LOS 
LOX 

ADC 
ADD 
AND 
BIT 
CMP 

CPX 
LOS 
LOX 

STA 

STS 
STX 

Address Mode 
and Instructions 

EOR 
LOA 
ORA 
SBC 
SUB 

Address Mode 
and Instructions 

EOR 
LOA 
ORA 
SBC 
SUB 

Cycles 

2 

3 

TABLE 7 - IMMEDIATE MODE CYCLE-BY-CYCLE OPERATION 

Cycle VMA 
# Line 

1 1 

2 1 

1 1 

2 1 

3 1 

Address Bus 

Op Code Address 

Op Code Address + 1 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

R/W 
Line 

1 

1 

1 

1 

1 

Data Bus 

Op Code 

Operand Data 

Op Code 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

TABLE 8 ~ DIRECT MODE CYCLE-BY-CYCLE OPERATION 

Cycle VMA 
Cycles # Line Address Bus 

R/W 
Line Datll Bus 

1 1 Op Code Address 1 Op Code 

3 2 1 Op Code Address + 1 1 Address of Operand 

3 1 Address of Operand 1 Operand Date 

1 1 Op Code Address 1 Op Code 

4 2 1 Op Code Address + 1 1 Address of Operand 

3 1 Address of Operand 1 Operand Data (High Order Byte) 

4 1 Operand Address + 1 1 Operand Data (Low Order Byte) 

1 1 Op Code Address 1 Op Code 

4 2 1 Op Code Address + 1 1 Destination Address 

3 0 Destination Address 1 Irrelevant Data (Note 1) 

4 1 Destination Address 0 Data from Accumulator 

1 1 0 p Code Address 1 Op Code 

2 1 Op Code Address + 1 1 Address of Operand 

5 3 0 Address of Operand 1 Irrelevant Data {Note 1) 
4 1 Address of Operand 0 Register Data (High Order Byte) 

5 1 Address of Operand + 1 0 Register Data (Low Order Byte) 

Note 1. If device which is address during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the· Data Bus. 
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• 
AddreuMade 

•nd Instructions 

STS 
STX 

JSR 

JMP 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

CPX 
LOS 
LOX 

STAA 
STAB 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST 
INC 

MC6800 

FIGURE 31 - EXTENDED ADDRESSING MODE 
MPU 

ADOR '? 256 

GENERAL FLOW 

MPU 

ACCB 

[!!:] 
RAM 

EXAMPLE 

TABLE 9 - EXTENDED MODE CYCLE-BY-CYCLE 

Cycle VMA R/W 
Cycles # lihe Address Bus Line 

1 1 Op Code Address 1 

2 1 Op Code Addreu + 1 1 

6 3 1 Op Code Address + 2 1 

4 0 Address of Operand 1 

5 1 Address of Operand 0 

6 1 Address of Operand + 1 0 

1 1 Op Code Address 1 

2 1 Op Code Address + 1 1 

3 1 Op Code Address + 2 1 

4 1 Subroutine Starting Address 1 

9 5 1 Stack Pointer 0 

6 1 Stack Pointer - 1 0 

7 0 Stack Pointer - 2 1 

B 0 Op Code Address + 2 1 

9 1 Op Code Address + 2 1 

1 1 Op C~de Address 1 

3 2 1 Op Code Address + 1 1 

3 1 Op Code Address + 2 1 

1 1 Op Code Address 1 

4 2 1 Op Code Address + 1 1 

3 1 Op Code Address+ 2 1 

4 1 Address of Operand 1 

1 1 Op Code Address 1 

2 1 Op Code Address + 1 1 

5 3 1 Op COde Address + 2 1 

4 1 Address of Operand 1 

5 1 Address of Operand + 1 1 

1 1 Op Code Address 1 

2 1 Op Code Address + 1 1 

5 3 1 Op Code Address+ 2 1 

4 0 Operand Destination Address 1 

5 1 Operand Destination Addreis 0 

1 1 Op Code Address 1 

2 1 Op Code Address + 1 1 

6 3 1 Op Code Address + 2 1 

4 1 Address of Operand 1 

5 0 Address of Operand 1 

6 1/0 Addr8SI of Operand 0 
I Note 

21 

Data Bus 

Op Code 

Address of Operand (High Order Byte) 

Address of Operand (Low Order Bvtel 

Irrelevant Data (Note 1) 

Operand ,Data (High Order Byte) 

Operand Data (Low Order Byte) 

Op Code 

Address of Subroutine (High Order Byte) 

Address of Subroutine flow O~der Byte) 

Op Code of Next Instruction 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Address of Subroutine (Low Order Byte) 

Op Code 

Jump Address (High Order Byte) 

Jump Address (Low Order Byte) 

Op Code 

Address of Operand (High Order Byte) 

Address of Operand (Low Order Byte) 

Operand Data 

Op Code 

Address of Operand (High Order Byte) 

Address of Operand (Low Order Byte) 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Op Code 

Destination Address {High Order Byte) 

Destination Address {Low Order Byte) 

Irrelevant Data {Note 1) 

Data from Accumulator 

Op Code 

Address of Operand (High Order Byte) 

Address of Operand (Low Order Byte) 

Current Operand Data 

Irrelevant Data (Note 11 

New Operand Data (Note 2) 

Note 1. If device which is addressed during this cycle uses VMA, then the Data Sus will go to the high impedance three-state c·ondition. 
o8.,encting on bu~ capacitance, data from the previous cycle may be retained on the Data Bus. 

Note 2. For TST. VMA = 0 and Operand data-does not change. 
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BGE 
BGT 

BSR 

Address Mode 
and Instructions 

BHI BNE 
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MC6800 

FIGURE 32 - RELATIVE ADDRESSING MOOE 
MPU 

Program Program 
Memory Memory 

PC Instr. 

Offset PC 5008 BEQ 

(PC+ 2) Next Instr. 15 

PC 5010 Next Instr. 

PC 

FIGURE 33 - INDEXED ADDRESSING MODE 

MPU 

ADOR .=o INDX 1----·L; 

+ OFFSET ~---1' 

PROGRAM 
MEMORY 

OFFSET .;;; 255 
GENERAL FLOW 

MPU 

PROGRAM 
MEMORY 

EXAMPLE 

TABLE 10 - RELATIVE MODE CYCLE-BY-CYCLE OPERATION 

Cycle VMA RtW 
Cycles :tt Line Address Bus Line Data Bus 

1 1 Op Code Address 1 Op Code 

4 2 1 Op Code Address + 1 1 Branch Offset 

3 0 Op Code Address + 2 1 Irrelevant Data (Note 1) 

4 0 Branch Address 1 Irrelevant Data (Note 1) 

1 1 Op Code Address 1 Op Code 

2 1 Op Code Address + 1 1 Branch Offset 

3 0 Return Address of Main Program 1 Irrelevant Data (Note 1) 

8 4 1 Stack Pointer 0 Return Address (Low Order Byte) 

5 1 Stack Pointer - 1 0 Return Address (High Order Byte) 

6 0 Stack Pointer - 2 1 Irrelevant Data (Note 1) 

7 0 Return Address of Main Program 1 Irrelevant Data (Note 1) 

8 0 Subroutine Address 1 Irrelevant Data (Note 1) 

Note 1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three~state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 
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Address Mode 
•nd Instructions 

INDEXED 

JMP 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

CPX 
LOS 
LOX 

STA 

ASL LSR 
ASA NEG 
CLR AOL 
COM ROA 
DEC TST 
INC 

STS 
STX 

JSR 

MC6800 

TABLE 11- INDEXED MODE CYCLE-BY-CYCLE 

Cycle VMA 
Cyclos # Line 

1 1 

4 
2 1 

3 0 

4 0 

1 1 

2 1 

5 3 0 

4 0 

5 1 

1 1 

2 1 

6 3 0 

4 0 

5 1 

6 1 

1 1 

2 1 

6 3 0 

4 0 

5 0 

6 1 

1 1 

2 1 

7 
3 0 

4 0 

5 1 

6 0 

7 1/0 
(Note 

2) 

1 1 

2 1 

7 3 0 

4 0 

5 0 

6 1 

7 1 

1 1 

2 1 

3 0 

B 4 1 

5 1 

6 0 

7 0 

8 0 

Addr-Bu1 

Op Code Address 

Op Code Addre11 + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Index Register Plus Offset 

Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (wio Carry) 

Index Register Plus Offset 

Index Register Plus Offset + 1 

Op Code Address 

Op Coda Address+ 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Index Register Plus Offset 

Index Register Plus Offset 

Op Code Address 

Op Code Address+ 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Index Register Plus Offset 

Index Register Plus Offset 

Index Register Plus Offset 

Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Index Register Plus Offset 

Index Register Plus Offset 

Index Register Plus Offset+ 1 

Op Coda Address 

Op Coda Address + 1 

Index Register 

Stack Pointer 

Stack Pointer - 1 

Stack Pointer - 2 

Index Register 

Index Register Plus Offset (w/o Carry) 

R 
Line 

1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

0 

1 

1 

1 

D1U1 Bui 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data {Note 1) 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Operand Data 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1 ) 

Irrelevant Data (Note 1) 

Operand Data 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Current Operand Data 

Irrelevant Data (Note 1) 

New Operand Data (Note 21 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

I rralevant Data (Note 1 ) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Note 1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 

Note 2. For TST, VMA = 0 and Operand data does not change. 
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MC6800 

ORDERING INFORMATION 

Package Type Frequency (MHz) Temperature Order Number 

Cerdip 
S Suffix 

Plastic 
P Suffix 

1.0 0°C to 70°C 
1.0 -40'C to 85'C 
1.5 0°C to 70'C 
1.5 - 40'C to 85'C 
2.0 O'C to 70°C 

1.0 0°C to 70°C 
1.0 - 40°C to 85'C 
1.5 0°C tc 70°C 
1.5 - 40'C to 85'C 
2.0 O'C to 70'C 

PIN ASSIGNMENT 

Vss RESET 

TSC 

NC 

</>2 

DBE 

R/W 

DO 

Dl 

Al D2 

D3 

A3 D4 

A4 D5 

D6 

A6 D7 

A7 A15 

AS A14 

A9 A13 

A10 A12 

All Vss 
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MC6800CS 
MC68AOOS 
MC68AOOCS 
MC68BOOS 

MC6800P 
MC6800CP 
MCG8AOOP 
MC68AOOCP 
MC68BOOP 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

Microcontroller/Microprocessor (MCU/MPU) 
The MC6801 is an 8-bit single-chip microcontroller unit (MCU) which significantly enhances the 

capabilities of the M6800 Family of parts. It includes an upgraded M6800 microprocessor unit 
(MPU) with upward-source and object-code compatibility. Execution times of key instructions have 
been improved and several new instructions have been added including an unsigned multiply. The 
MCU can function as a monolithic microcontroller or can be expanded to a 64K byte address space. 
It is TTL compatible and requires one + 5-volt power supply. On-chip resources include 2048 bytes 
of ROM, 128 bytes of RAM, a serial communications interface (SCI), parallel 110, and a three-func
tion programmable timer. The MC6803 can be considered as an MC6801 operating in modes 2 or 3. 
An EPROM version of the MC6801, the MC68701 microcontroller, is available for systems develop
ment. The MC68701 is pin and code compatible with the MC6801/MC6803 and can be used to emu
late the MC6801/MC6803. The MC68701 is described in a separate Advanced Information 
publication. 

• Enhanced MC6800 Instruction Set 

• 8 x 8 Multiply Instruction 

• Serial Communications Interface (SCI) 

• Upward Source and Object Code Compatibility with the M6800 

• 16-Bit Three-Function Programmable Timer 

• Single-Chip or Expanded Operation to 64K Byte Address Space 

• Bus Compatibility with the M6800 Family 

• 2048 Bytes of ROM (MC6801 Only) 

• 128 Bytes of RAM 

• 64 Bytes of RAM Retainable During Powerdown 

• 29 Parallel liO and Two Handshake Control Lines 
• Internal Clock Generator with Divide-by-Four Output 

• -40 to 85'C Temperature Range 

MC6801 
MC6803 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC6801/6803 

FIGURE 1 - M6801 MICROCOMPUTER FAMILY BLOCK DIAGRAM 

I 
Expanded Multiplexed 

11 Expanded Non-Multiplexed I Single Chip 

P37 A7/D7 D7 l/D 
P36 A6/D6 D6 1/0 
P35 A5/D5 D5 1/0 
P34 A4iD4 04 i/O 
P33 A3/D3 D3 1/0 
P32 A2/D2 D2 1/0 
P31 Al/Dl Dl 1/0 
P30 AO/DO DO 1/0 
SC2 RtW R/W 053 
SCl AS iOS iS3 

P47 Al5 A7 1/0 
P46 Al4 A6 1/0 
P45 Al3 A5 1/0 
P44 Al2 A4 1/0 
P43 All A3 1/0 
P42 AlO A2 1/0 
P41 A9 Al 1/0 
P40 AB AO 1/0 

NOTE: No functioning ROM in MC6803. 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J• in °C can be obtained from: 

where: 
TA 
0JA 
Po 
PINT 
PpQRT 

TJ=TA+(Po•0JA) 

= Ambient Temperature, °C 
= Package Thermal Resistance, Junction-to-Ambient, °C/W 
= PINT+ PpQRT 
= Ice x Vee. Watts - Chip Internal Power 
= Port Power Dissipation, Watts - User Determined 

P20 
P21 
P22 
P23 
P24 

PlO 
Pll 
Pl2 
Pl3 
Pl4 
Pl5 
Pl6 
Pl7 

(1) 

For most applications PpQRT<P1NTand can be neglected. PPQRT may become significant ifthe device is configured 
to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and TJ (if PpQRT is neglected) is: 

Po=K+(TJ+273°C) (2) 

Solving equations (1) and (2) for K gives: 

K =Po. (TA+ 273°C) + 0JA•Po2 (3) 

where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Po (at 
equilibrium) for a known TA. Using this value of K, the values of Po and T J can be obtained by solving equations 
(1) and (2) iteratively for any value of TA 
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MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage Vee 

Input Voltage Vin 

Operating Temperature Range TA 
MC6801, MC6803 
MC6801C, MC6803C 

Storage Temperature Range Tstg 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance ttJA 
Plastic 
Cerdip 

MC6801/6803 

Value Unit 

-0.3 to +7.0 v 

-0.3 to +7.0 v 

TL to TH oc 
0 to 70 

-40 to +85 

-55 to +150 oc 

Value Unit 

°C/W 
50 
50 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max
imum rated voltages to this high-impedance 
circuit. For proper operation it is recom~ 
mended the Vin and Vout be constrained to 
the range Vss"" (Vin or Voutl ""Vee- Input 
protection is enhanced by connecting un
used inputs to either VDD or Vss-

CONTROL TIMING 1Vcc~5.0 v ±5%, Vss~O) 

MC6801 MC6801-1 MC68B01 
Characteristic Symbol 

Min Max Min Max Min Max 

Frequency of Operation fo 0.5 1.0 0.5 1.25 0.5 2.0 

Crystal Frequency fXTAL 2.0 4.0 2.0 5.0 2.0 8.0 

External Oscillator Frequency 410 2.0 4.0 2.0 5.0 2.0 8.0 

Crystal Oscillator Start Up Time Ire - 100 - 100 - 100 

Processor Control Setup Time tpcs 200 - 170 - 110 -

DC ELECTRICAL CHARACTERISTICS (Vee~ 5.0 Vdc ± 5%, Vss ~ o, TA~ TL to TH, unless otherwise noted) 

MC6801 
Characteristic Symbol MC6803 

Min Max 

Input High Voltage RESET V1H Vss+4.o Vee 
Other Inputs Vss+2.o Vee 

Input Low Voltage All Inputs V1L Vss-o.3 Vss+o.8 

Input Load Current Port 4 lin - 0.5 
IV in~ 0 to 2.4 VI SC1 - 0.8 

Input Leakage Current lin 
!Vin ~o to 5.25 VI NMI, IR01, RESET - 2.5 

Hi-Z (Off State) Input Current 
IVin~0.5 to 2.4 VI Ports 1, 2, and 3 ITSI - 10 

Output High Voltage VOH 
II Load~ -65 µA, Vee~ Mini* Port 4, SC1, SC2 Vss + 2.4 -
llLoad~ -100 µA, Vcc~Minl Other Outputs Vss+2.4 -

Output Low Voltage VoL 
ii Load~ 2.0 mA, Vee~ Mini All outputs - Vss+o.5 

Darlington Drive Current (Vo~ 1.5 V) Port 1 IOH 1.0 4.0 

Internal Power Dissipation P1NT - 1200 
(Measured at TA~ TL in Steady-State Operation) 

Input Capacitance Port 3, Port 4, SC1 Cin - 12.5 
(Vin~ 0, TA~ 25°C, f0 ~ 1.0 MHz) Other Inputs - 10 

Vee Standby Powe rd own Vs BB 4.0 5.25 
Powerup Vss 4.75 5.25 

Standby Current Powerdown ISBB - 6.0 

*Negotiable to -100 µA (for further information contact the factory) 
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MC6801C 
MC6803C 

Min Max 

vss+4.o Vee 
Vss+2.2 Vee 

Vss-0.3 Vss+o.8 

- 0.8 
- 1.0 

- 5.0 

- 20 

Vss + 2.4 -
Vss+2.4 -

Vss+o.6 

1.0 5.0 

- 1500 

- 12.5 
- 10 

4.0 5.25 
4.75 5.25 

- 8.0 

Unit 

MHz 

MHz 

MHz 

ms 

ns 

Unit 

v 

v 

mA 

µA 

µA 

v 

v 

mA 

mW 

pF 

v 

mA 



MC6801/6803 

PERIPHERAL PORT TIMING (Refer to Figures 2-51 

Characteristic 

Peripheral Data Setup Time 

Peripheral Data Hold Time 

Delay Time, Enable Positive Transition to OS3 Negative 
Transition 

Delay Time, Enable Positive Transition to OS3 Positive 
Transition 

Delay Time, Enable Negative Transition to Peripheral Data Valid 

Delay Time, Enable Negative Transition to Peripheral 
CMOS Data Valid 

Input Strobe Pulse Width 

Input Data Hold Time 

Input Data Setup Time 

FIGURE 2 - DATA SETUP AND HOLD TIMES 
(MPU READ) 

P10-P17 
P20-P24 
P40-P47 
Inputs 

P30-P37 
lnp\-ltS* 

fMPURead 

*Port 3 non-latched operation I LATCH ENABLE~ 01 

FIGURE 4 - PORT 3 OUTPUT STROBE TIMING 
(MC6801 SINGLE-CHIP MODE) 

f MPU access of Port 3* 

Address 1 $0006I 
Bus ____ ~ 

*Access matches output strobe select !OSS =0, a read; 
OSS ~ 1, a write) 

Symbol 

tpDsu 

tPDH 

tosD1 

tosD2 

tpwD 

!CMOS 

tpw1s 

llH 

t1s 

MC6801 MC6801-1 MC68B01 
MC6803 MC6803-1 MC68B03 Unit 

Min Max Min Max Min Max 

200 - 200 - 100 - ns 

200 - 200 - 100 - ns 

- 350 - 350 - 250 ns 

- 350 - 350 - 250 ns 

- 350 - 350 - 250 ns 

- 2.0 - 2.0 - 2.0 µs 

200 - 200 - 100 - ns 

50 - 50 - 30 - ns 

20 - 20 - 20 - ns 

FIGURE 3 - DATA SETUP AND HOLD TIMES 
IMPU WRITE) r MPUWrite 

_;-
OS 

D ~---o7vcc 
All Data 

Data Valid 
Port Outputs --------~ 

NOTES 
1 10 k pullup resistor required for port 2 to reach 0.7 Vee 
2 Not applicable to P21 
3 Port 4 cannot be pulled above V CC 

P30-P37 
Inputs 

FIGURE 5 - PORT 3 LATCH TIMING 
(MC6801 SINGLE-CHIP MODE) 

Data Valid 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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MC6801/6803 

BUS TIMING (See Notes 1 and 21 

MC6801 MC6801-1 MC68B01 
!dent. 

Characteristics Symbol MC6803 MC6803-1 MC68B03 Unit Number 
Min Max ·Min Max Min Max 

1 Cycle Time t= 1.0 2.0 0.8 2.0 0.5 2.0 µs 

2 Pulse Width, E Low PWEL 430 1000 360 1000 210 1000 ns 

3 Pulse Width, E High PWEH 450 1000 360 1000 220 1000 ns 

4 Clock Rise and Fall Time t,.tf - 25 - 25 - 20 ns 

9 Address Hold Time tAH 20 - 20 - 10 - ns 

12 Non-Muxed Address Valid Time to E* tAV 200 - 150 - 70 - ns 

17 Read Data Setup Time tDsR 80 - 70 - 40 - ns 

18 Read Data Hold Time tDHR 10 - 10 - 10 - ns 

19 Write Data Delay Time toDw - 225 - 200 - 120 ns 

21 Write Data Hold Time tDHW 20 - 20 - 10 - ns 

22 Muxed Address Valid Time to E Rise* IAVM 200 - 150 - 80 - ns 

24 Muxed Address Valid Time to AS Fall* IASL 60 - 50 - 20 - ns 

25 Muxed Address Hold Time IAHL 20 - 20 - 10 - ns 

26 Delay time, E to AS Rise* tASD 90** - 70** - 45** - ns 

27 Pulse Width, AS High* PW ASH 220 - 170 - 110 - ns 
28 Delay Time, AS to E Rise* IASED 90 - 70 - 45 - ns 
29 Usable Access Time* tACC 595 - 465 - 270 - ns 

*At specified cycle time. 
**tASD parameters listed assume external TTL clock drive with 50% ± 5% duty cycle. Devices driven by an external TTL clock with 

50% ± 1% duty cycle or which use a crystal have the following tASD specifications: 100 nanoseconds minimum (1.0 MHz devices), 
80 nanoseconds minimum (1.25 MHz device), 50 nanoseconds minimum (2.0 MHz devices). 

Addr/Data ---+-.---.-.. 
Muxed 

Addr/Data 
Muxed 

Address 
Strobe IAS1 

NOTES: 

~~~~~~-~ 

FIGURE 6 - BUS TIMING 

Note 3 

Read Data M uxed 

----119 ,__ __ __ 

Write Data Muxed 

1. Voltage levels shown are VL:s0.5 V, VH22 4 V, unless otherwise specified 
2 Measurement points shown are 0.8 V and 2.0 V, unless otherwise spec1f1ed. 
3. Usable access time 1s computed by: 12+3-17+4. 
4 Memory devices should be enabled only during E high to avoid port 3 bus contention 

MOTOROLA MICROPROCESSOR DATA 

3-96 

@ 



MC6801/6803 

FIGURE 7 - CMOS LOAD 

Test Point 

FIGURE 8 - TIMING TEST LOAD PORTS 1, 2, 3, 4 

Vee 

Test Point o-+-.._ _ _. 

e R 

RL 1.8 kll 

MMD6150 
or Equivalent 

MMD7000 
or Equivalent 

e = 90 pF for P30-P37, P40-P47, E, SCi, SC2 
=30 pF for P10-P17, P20-P24 

R=37 kll for P40-P47, Se1, Se2 
=24 kll for P10-P17, P20-P24 
= 24 kll for P30-P37, E 

INTRODUCTION 

The MC6801 is an 8-bit monolithic microcomputer which 
can be configured to function in a wide variety of applica
tions. The facility which provides this extraordinary flexibility 
is its ability to be hardware programmed into eight different 
operating modes. The operating mode controls the con
figuration of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location (internal or external) of in
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent on the operating 
mode. 

Twenty-nine pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists of at least a data register 
and a write-only data direction register. The data direction 
register is used to define whether corresponding bits in the 
data register are configured as an input (clear) or output 
(setl. 

The term "port," by itself, refers to all of the hardware 
associated with the port. When the port is used as a "data 
port" or "1/0 port," it is controlled. by the port data direction 
register and the programmer has direct access to the port 
pins using the port data register. Port pins are labeled as Pij 
where i identifies one of four ports and j indicates the par
ticular bit. 

The microprocessor unit (MPU) is an enhanced MC6800 
MPU with additional capabilities and greater throughput. It is 
upward source and object code compatible with the 
MC6800. The programming model is depicted in Figure 9, 
where accumulator D is a concatenation of accumulators A 
and B. A list of new operations added to the M6800 instruc
tion set are shown in Table 1. 

The MC6803 can be considered an MC6801 that operates 
in Modes 2 and 3 only. 
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FIGURE 9 - PROGRAMMING MODEL 

:--------- 0 ---------; Or16-BitDoubleAccumulatorD 
~ A 0LJ 7 B ~ B-Bit Accumulators A and B 

.. 11_s _________ x _________ _,ol 1ndex Register IXI 

.. l1_s _________ s_P _________ o1 Stack Pointer ISP! 

.. 11_s _________ P_c ________ __.01 Program Counter IPCI 

7 0 

Condition Code Register ICCRI 

Carry/Borrow from MSB 
Overflow 
Zero 

~--- Negative 
,__ _____ Interrupt 

'------- Half Carry !From Bit 31 

OPERATING MODES 

The MC6801 provides eight different operating modes 10 
through 7) and the MC6803 provides two operating modes 12 
and 3). The operating modes are hardware selectable and 
determine the device memory map, the ·configuration of port 
3, port 4, SC1, SC2, and the physical location of the inter
rupt vectors. 

expanded multiplexed modes. Table 2 summarizes the char
acteristics of the operating modes. 

MC6801 Single-Chip Modes (4, 71 

In the single-chip mode, the four MCU ports are con
figured as parallel input/ output data ports, as shown in 
Figure 10. The MCU functions as a monolithic microcom
puter in these two modes without external address or data 
buses. A maximum of 29 1/0 lines and two port 3 control 
lines are provided. Peripherals or another MCU can be inter
faced to port 3 in a loosely coupled dual processor configura
tion, as shown in Figure 11. 

FUNDAMENTAL MODES 

The eight operating modes can be grouped into three fun
damental modes which refer to the type of bus it supports: 
single chip, expanded non-multiplexed, and expanded 
multiplexed. Single-chip modes include 4 and 7, ·expanded 
non-multiplexed mode is 5, and the remaining five modes are 

Instruction 

ABX 
ADDO 

ASLD or LSLD 
BHS 
BLO 
BAN 
JSR 
LOO 
LSL 

LSRD 
MUL 
PSHX 
PULX 
STD 

SUBD 
CPX 

TABLE 1 - NEW INSTRUCTIONS 

Description 

Unsigned addition of accumulator B to index register 
Adds {without carry) the double accumulator to memory and leaves the sum in the double accumulator 
Shifts the double accumulator left (towards MSBI one bit; the LSB is cleared and the MSB is shifted into the C bit 
Branch if higher or same; unsigned conditional branch lsame as BCC) 
Branch if lower; unsigned conditional branch lsame as BCSI 
Branch never 
Additional addressing mode: direct 
Loads double accumulator from memory 
Shilts memory or accumulator left {towards MSBI one bit; the LSB is cleared and the MSB is shifted into the C bit 

lsame as ASL) 
Shilts the double accumulator right {towards LSBI one bit; the MSB is cleared and the LSB is shifted into the C bit 
Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator 
Pushes the index register to stack 
Pulls the index register from stack 
Stores the double accumulator to memory 
Subtracts memory from the double accumulator and leaves the difference in the double accumulator 
Internal processing modified to permit its use with any conditional branch instruction 
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In single-chip test mode 141, the RAM responds to $XX80 
through $XXFF and the ROM is removed from the internal 
address map. A test program must first be loaded into the 
RAM using modes 0, 1, 2, or 6. If the MCU is reset and then 
programmed into mode 4, execution will begin at 
$XXFE:XXFF. Mode 5 can be irreversibly entered from mode 
4 without asserting RES ET by setting bit 5 of the port 2 data 
register. This mode is used primarily to test ports 3 and 4 in 
the single-chip and non-multiplexed modes. 
MC6801 Expanded Non-Multiplexed Mode (5) 

A modest amount of external memory space is provided in 
the expanded non-multiplexed mode while significant on
chip resources are retained. Port 3 functions as an 8-bit 

bidirectional data bus and port 4 is configured initially as an 
input data port. Any combination of the eight least-signifi
cant address lines may be obtained by writing to the port 4 
data direction register. Stated alternatively, any combination 
of AO to A7 may be provided while retaining the remainder as 
input data lines. Internal pullup resistors pull the port 4 lines 
high until the port is configured 

Figure 12 illustrates a typical system configuration in the 
expanded non-multiplexed mode. The MCU interfaces 
directly with M6800 Family parts and can access 256 bytes of 
external address space at $100 through $1 FF. IOS provides 
an address decode of external memory 1$100-$1 FFI and can 
be used as a memory-pngP sP.IP.r.t nr r.hip-selec:t line 

TABLE 2 - SUMMARY OF MC6801/03 OPERATING MODES 

Common to all Modes: 
Reserved Register Area 
Port 1 
Port 2 
Programmable Timer 
Serial Communicat1ons Interface 

Single Chip Mode 7 
128 bytes of RAM; 2048 bytes of ROM 
Port 3 is a parallel 1/0 port with two control lines 
Port 4 1s a parallel 1/0 port 
SC1 1s Input Strobe 3 llS31 
SC2 is Output Strobe 3 IOS31 

Expanded Non-Multiplexed Mode 5 
128 bytes of RAM; 2048 bytes of ROM 
256 bytes of external memory space 
Port 3 1s an 8-b1t data bus 
Port 4 is an input port/ address bus 
SC1 is Input/Output Select llOSI 
SC2 is Read/Write IR/VVI 

Expanded Multiplexed Modes 1, 2, 3, 6* 
Four memory space options 164K address space)· 

111 No internal RAM or ROM !Mode 31 
121 Internal RAM, no ROM !Mode 21 
131 Internal RAM and ROM !Mode 11 
141 Internal RAM, ROM with partial address bus I Mode 61 

Port 3 is a multiplexed address/ data bus 
Port 4 is an address bus (inputs/address m Mode 6) 
SC1 is Address Strobe IASI 
SC2 is Read/Write IR/VVI 

Test Modes 0 and 4 
Expanded Multiplexed Test Mode 0 

May be used to test RAM and ROM 
Single Chip and Non-Multiplexed Test Mode 4 

111 May be changed to Mode 5 without going through Reset 
121 May be used to test Ports 3 and 4 as 1/0 ports 

•The MC6803 operates only in modes 2 and 3. 
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FIGURE 10 - SINGLE-CHIP MODE 

Vee 

XTAL 

NMI 

REm MC6801 IR01 

8 l~~r~o1nes I 11 

Port 4 
8 1/0 Lones 

":" 

vss 

Port 3 

Port 2 
5 1/0 Lines 
Serial 1/0 

16-Bn Timer 

• 
FIGURE 11 - SINGLE-CHIP DUAL PROCESSOR CONFIGURATION 

Vee vee 
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EXT AL 
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~~
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FIGURE 12 - EXPANDED NON-MULTIPLEXED CONFIGURATION 
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Expanded-Multiplex Modes (0, 1, 2, 3, 6) 

A 64K byte memory space is provided in the ex
panded-multiplex modes. In each of the expanded-mul
tiplexed modes port 3 functions as a time multiplexed 
address/data bus with address valid on the negative 
edge of address strobe (AS), and data valid while E is 
high. In modes 0 to 3, port 4 provides address lines AS 
to A 15. In mode 6, however, port 4 initially is configured 
at RESET as an input data port. The port 4 data direction 
register can then be changed to provide any combi
nation of address lines, AS to A 15. Stated alternatively, 
any subset of AS to A 15 can be provided while retaining 
the remaining port 4 lines as input data lines. Internal 
pullup resistors pull the port 4 lines high until software 
configures the port. 

In mode 0, the reset vector is external for the first two 
E cycles after the positive edge of RESET, and internal 
thereafter. In addition, the internal and external data 
buses are connected so there must be no memory map 
overlap in order to avoid potential bus conflicts. Mode 
0 is used primarily to verify the ROM pattern and mon
itor the internal data bus with the automated test equip
ment. 

Only the MC6S01 can operate in each of the ex
panded-multiplexed modes. The MC6S03 operates only 
in modes 2 and 3. 

Figure 13 depicts a typical configuration for the ex
panded-multiplexed modes. Address strobe can be used 
to control a transparent D-type latch to capture ad
dresses AO-A7, as shown in Figure 14. This allows port 
3 to function as a data bus when E is high. 

PROGRAMMING THE MODE 
The operating mode is determined at RESET by the 

levels asserted on P22, P21, and P20. These levels are 
latched into PC2, PC1, and PCO of the program control 
register on the positive edge of RESET. The operating 
mode may be read from the port 2 data register as 
shown below, and programming levels and timing must 
be met as shown in Figure 15. A brief outline of the 
operating modes is shown in Table 3. Note that if diodes 
are used to program the mode, the diode forward volt
age drop must not exceed the VMPDD minimum. 

PORT 2 DATA REGISTER 

7 6 5 4 3 2 0 

I Pc2 I Pc1 I Pco I P24 I P23 I P22 I P21 P20 $0003 

Circuitry to provide the programming levels is de
pendent primarily on the normal system usage of the 
three pins. If configured as outputs, the circuit shown 
in Figure 16 may be used; otherwise, three-state buffers 
can be used to provide isolation while programming 
the mode. 

TABLE 3 - MODE SELECTION SUMMARY 

P22 
Mode* PC2 

7 H 

6 H 

5 H 

4 H 

3 L 

2 L 

1 L 

0 L 

Legend: 
---r=-Tnternal 

E - External 

P21 
PC1 

H 

H 

L 

L 

H 

H 

L 

L 

MUX - Multiplexed 
NMUX - Non-Multiplexed 
L - Logic Zero 
H - Logic One 

P20 
PCO 

H 

L 

H 

L 

H 

L 

H 

L 

Interrupt Bus 
ROM RAM Vectors Mode 

I I I I 

I I I Muxl5, 61 

I I I NMuxl5,6I 

1121 1111 I I 

E E E Muxl41 

E I E Muxt41 

I I E Muxl41 

I I 1131 Muxl41 

NOTES: 
lliTriiernal RAM is addressed at $XX80. 

121 Internal ROM is disabled. 

Operating 
Mode 

Single Chip 

Multiplexed/Partial Decode 

Non-Multiplexed/ Partial Decode 

Single-Chip Test 

Multiplexed/ No RAM or ROM 

Multiplexed/ RAM 

Multiplexed/ RAM and ROM 

Multiplexed Test 

131 RESET vector is external for two cycles after RESET goes high. 
141 Addresses associated with ports 3 and 4 are considered external in modes 0, 

1, 2, and 3. 
151 Addresses associated with port 3 are considered external in modes 5 and 6. 
16) Port 4 default is user data input; address output is optional by writing to port 4 

data direction register. 

•The MC6803 operates only in modes 2 and 3. 
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FIGURE 13 - EXPANDED MULTIPLEXED CONFIGURATION 

Vee 

Port 2 
5 1/0 Lines 
Serial 1/0 

16-Bit Timer 

Me6801 
Me6803 Port 3 8 Lines 

Multiplexed Data/ Address 

R/W 

Port 4 
8 Lines 

Address Bus 

NOTE: To avoid data bus (port 31 contention in the expanded multiplexed modes, memory devices should be enabled only during E high time. 

GND 

AS 

Port 3 
Address/ Data 

... 

... 

FIGURE 14 - TYPICAL LATCH ARRANGEMENT 

1 1 
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FIGURE 15 - MODE PROGRAMMING TIMING 

See Figure 16 
for Diode Arrangement 

Mode Inputs 
IP20, P21, P221 

MODE PROGRAMMING !Refer to Figure 15) 

Characteristic 
Mode Programming Input Voltage Low* !for TA=O to,70'C) 

Mode Programming Input Voltage High 

IP20, P21, P221 

Mode Programming Diode Differential ill Diodes are Used) (for TA= O to 70"C) 
RESET Low Pulse Width 

Mode Programming Setup Time 
Mode Programming Hold Time 

RESET Rise Time;;.1 µs 
RESET Rise Time<1 µs 

Note: For TA= -40 to 85'C, Maximum VMPL = 1.7, and Minimum VMPDD=0.4. 

Symbol 

VMPL 

VMPH 

VMPDD 
PWl§.TL 

IMPS 

tMPH 

FIGURE 16 - TYPICAL MODE PROGRAMMING CIRCUIT 

Vee 

Min 

-
4.0 

0.4 

3.0 

2.0 

0 
100 

RESET>-~~~-...~-+~-+-~+-~~~---tRESET 

P20 P20 I PCOI 

P21 P21 IP Cl I 

P22 10 P22 I PC21 

NOTES: 
1. Mode 7 as shown 
2. R2 • C =Reset time constant 
3. R1=10 k !typical) 
4. D=IN914, IN4001 in the 0 to 70'C range 

D = 1 N270, MBD201 in the -40 to 85'C range 
5. Diode Vt should not exceed VMPDD min. 

MEMORY MAPS 
The M6801 Family can provide up to 64K byte address 

space depending on the operating mode. A memory 
map for each operating mode is shown in Figure 17. 
The first 32 locations of each map are reserved for the 
internal register area, as shown in Table 4, with excep
tions as indicated. 

D 

Mode 
Control 

Switches 
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FIGURE 17 - MC6801/03 MEMORY MAPS (Sheet 1 of 31 

Multiplexed-Test Mode 

NOTES: 

MC6801 
Mode 0 
Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

Internal Interrupt Vectors121 

11 Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and $OF. 

21 Addresses $FFFE and $FFFF are considered 
external if accessed within two cycles after a 
positive edge of RESET and internal at all other 
times. 

31 After two MPU cycles, there must be no over
lapping of internal and external memory spaces 
to avoid driving the data bus with more than one 
device. 

41 This mode is the only mode which may be used 
to examine the interrupt vectors in internal ROM 
using an external RESET vector. 

MC6801 
Mode 1 

Multiplexed/ RAM and ROM 

$()()()()111 ·~'7T777777?t 

$FFEF l='Lil.'Lil."L<! 
$FFFO 

$FFFF~----

NOTES: 

lnterna.1 Registe1s 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

External Interrupt Vectors 

11 Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and $OF. 

21 Internal ROM addresses $FFFO to $FFFF are not 
usable. 
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Multiplexed/ RAM 

$000()111~~ 

$001F r""' """I.( 

$0080 b7777777777;J '< 

$()()FF )<ULUUU<'l.( 

::::~I I} 
NOTES: 

MC6801 
MC6803 
Mode 2 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

External Interrupt Vectors 

1) Excludes the following addresses which may be 
used externally $04, $05, $06, $07, and $OF 

FIGURE 17 - MC6801/03 MEMORY MAPS I Sheet 2 of 3) 

MC6801 
MC6803 
Mode 3 

Multiplexed/No RAM or ROM 

$000()11) jjJ))})))J)jJi 

$001F 
Internal Registers 

External Memory Space 

$ FFFO ,__ ___ _, 

External Interrupt Vectors 
$FFFF ~----' 

NOTES: 
1) Excludes the following addresses which may be 

used externally: $04, $05, $06, $07, and $OF 

Single-Chip Test 

MC6801 
Mode 4 

$0000 ~~} Internal Registers 
$001F 

$XX80 

$XXFF 

NOTES: 

Unusable 111141 

} Internal RAM 
vr uuru '"' Internal Interrupt Vectors 

1) The internal R0~·.-1 is disabled 

21 Mode 4 may be changed to Mode 5 without hav
ing to assert RESET by writing a one into the 
PCO bit of the port 2 data register 

3) Addresses AB to A 15 are treated as "don't cares" 
to decode internal RAM. 

41 Internal RAM will appear at $XX80 to $XXFF. 
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FIGURE 17 - MC6801/03 MEMORY MAPS !Sheet 3 of 31 

MC6801 
Mode 5 

Non-Multiplexed/ Partial Decode 

$0000111 
} Internal Registers 

$001F 
Unusable 

$0080 l '°"m" "" $00FF 

$0100 
External Memory Space 

$01 FF 

Unusable 

$ FBOO v;77?) /Zl/71 } 

Internal ROM 

$FFFF V/,////LJ'l/41 Internal Interrupt Vectors 

NOTES: 
11 Excludes the following addresses which may not 

be used externally: $04, $06, and $OF Ina IQSI. 

21 This mode may be entered without going 
through RESET by using mode 4 and subse
quently writing a one into the PCO bit of the port 
2 data register. 

31 Address lines AO to A7 will not contain addresses 
until the data direction register for port 4 has 
been written with ones in the appropriate bits. 
These address lines will assert ones until made 
outputs by writing the data direction register. 

MC6801 
Mode 6 

Multiplexed/Partial Decode 

-"'~j 
Internal Registers 

$001F 
External Memory Space 

$0080 

Internal RAM 

$00FF 

External Memory Space 

$F800w 

'"". 
Internal ROM 

Internal Interrupt Vectors 

NOTES: 
1) Excludes the following addresses which may be 

used externally: $04, $06, and $OF 

21 Address lines AB-A 15 will not contain addresses 
until the data direction register for port 4 has 
been written with ones in the appropriate bits. 
These address lines will assert ones unti! made 
outputs by writing the data direction register 

Single Chip 
$0000 

$001F 

MC6801 
Mode 7 

$0080-} 
Internal RAM 

$00FF . 

Unusable 

$ FBOO V7J???~JJ1;;m1 } 

Internal ROM 

$FFFF V/JZt//J/L//.LJ Internal Interrupt Vectors 
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MC6801 /03 INTERRUPTS 

The M6801 Family supports two types of interrupt re
quests: maskable and non-maskable. A non-maskable inter
rupt !NM!) is always recognized and acted upon at the com
pletion of the current instruction. Maskable interrupts are 
controlled by the condition code register I bit and by in
dividual enable bits. The I bit controls all maskable inter
rupts. Of the maskable interrupts, there are two types: IR01 
and IR02. The programmable timer and serial communica
tions interface use an internal IR02 interr'!.E!Ji.ne, as shown 
m Figure 1. External devices land IS3l use IR01. An IR01 in

terrupt is serviced before IR02 if both are pending. 
All IR02 interrupts use hardware prioritized vectors. The 

single SCI interrupt and three timer interrupts are serviced in 
a prioritized order and each is vectored to a separate loca
tion. All interrupt vector locations are shown in Table 5. 

The interrupt flowchart is depicted in Figure 18 and is 
common to every interrupt excluding reset. During interrupt 
servicing the program counter, index register. A accumu
lator. B accumulator. and condition code register are pushed 
to the stack. The I bit is set to inhibit maskable interrupts and 
a vector is fetched corresponding to the current highest 
priority interrupt. The vector is transferred to the program 
counter and instruction execution is resumed. Interrupt and 
RESET timing are illustrated in Figures 19 and 20. 

FUNCTIONAL PIN DESCRIPTIONS 

Vee ANDVss 
Vee and Vss provide power to a large portion of the 

MCU. The power supply should provide +5 volts (±5%) to 
Vee. and Vss should be tied to ground. Total power 
dissipation (including Vee standby), will not exceed Po 
milliwatts. 

Vee STANDBY 
Vee standby provides power to the standby portion 1$80 

through $BF) of the RAM and the STBY PWR and RAME 
bits of the RAM control register. Voltage requirements de
pend on whether the device is in a powerup or powerdown 
state. In the powerup state, the power supply should provide 
+ 5 volts I± 5%) and must reach VsB volts before RESET 
reaches 4.0 volts. During powerdown, V cc standby must re
main above V599 (min) to sustain the standby RAM and 
STBY PWR bit. While in powerdown operation, the standby 
current will not exceed ISBB· 

It is typical to power both V cc and V cc standby from the 
same source during normal operation. A diode must be used 

between them to prevent supplying power to V cc during 
powerdown operation. Vee standby should be tied to 
ground in mode 3. 

TABLE 4 - INTERNAL REGISTER AREA 

Register Address 

Port 1 Data Direction Register*** 00 
Port 2 Data Direction Register*** 01 
Port 1 Data RegistAr 02 

Port 2 Data Register 03 

Port 3 Data Direction Register*** 04* 
Port 4 Data Direction Register*** 05* * 
Port 3 Data Register 06* 
Port 4 Data Register 07* * 
Timer Control and Status Register 08 
Counter !High Byte) 09 
Counter (Low Byte) OA 
Output Compare Register (High Byte) OB 

Output Compare Register (Low Byte) oc 
Input Capture Register !High Byte) OD 
Input Capture Register (Low Byte) OE 
Port 3 Control and Status Register OF* 

Rate and Mode Control Register 10 
Transmit/ Receive Control and Status Register 11 

Receive Data Register 12 
Transmit Data Register 13 

RAM Control Register 14 
Reserved 15-1 F 

*External addresses m modes 0, 1, 2, 3, 5, and 6; cannot be ac
cessed in mode 5 Ina IOSI. 

**External addresses in modes 0, 1, 2, and 3 
***1=0utput, O=lnput. 

TABLE 5 - MCU INTERRUPT VECTOR LOCATIONS 

MSB LSB Interrupt 

FFFE FFFF RESET 

FFFC FFFD NMI 

FFFA FFFB Software Interrupt ISWll 

FFF8 FFF9 IROl !or IS31 

FFF6 FFF7 ICF I Input Capture)* 

FFF4 FFF5 OCF !Output Capture!* 

FFF2 FFF3 TOF !Timer Overflow)* 

FFFO FF Fl SCI IRDRF + ORFE + TDREI * 
--

* IR02 Interrupt 
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XTAL AND EXTAL 

These two input pins interface either a crystal or TTL
compatible clock to the MCU internal clock generator. 
Divide-by-four circuitry is included which allows use of 
the inexpensive 3.58 MHz or 4.4336 MHz Color Burst TV 
crystals. A 20 pF capacitor should be tied from each 
crystal pin to ground to ensure reliable startup and op
eration. Alternatively, EXTAL may be driven by an ex
ternal TTL-compatible clock at 4f0 with a duty cycle of 
50% ( ± 5%) with XTAL connected to ground. 

The internal oscillator is designed to interface with an AT
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for fXTAL· The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time.* The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 21. 

RESET 
This input is used to reset the internal state of the device 

and provide an orderly startup procedure. During powerup, 
RESET must be held below 0.8 volts: 111 at least tRC after 
V cc reaches 4. 75 volts in order to provide sufficient time for 
the clock generator to stabilize, and 121 until Vee standby 
reaches 4. 75 volts. RES ET must be held low at least three E 
cycles if asserted during powerup operation. 

E (ENABLE) 

This is an output clock used primarily for bus synchroniza
tion. It is TTL compatible and is the slightly skewed divide
by-four result of the device input clock frequency. It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 

NON-MASKABLE INTERRUPT (NMI) 

An NMI negative edge requests an MCU interrupt se
quence, but the current instruction will be completed before 
it responds to the request. The MCU will then begin an inter
rupt sequence. Finally, a vector is fetched from $FFFC and 
$FFFD, transferred to the program counter and instruction 
execution is resumed. NMI typically requires a 3.3 k!l 
(nominal! resistor to Vee. There is no internal NMI pullup 
resistor. NMI must be held low for at least one E cycle to be 
recognized under all conditions. 

MASKABLE INTERRUPT REQUEST 1 (IRQl) 
IR01 is a level-sensitive input which can be used to re

quest an interrupt sequence. The MPU will complete the cur
rent instruction before it responds to the request. If the inter
rupt mask bit II bit) in the condition code register is clear, the 
M CU will begin an interrupt sequence. A vector is fetched 
from $FFF8 and $FFF9, transferred to the program counter, 
and instruction execution is resumed. 

TROT typically requires an external 3.3 k!l (nominal) 
resistor to Vee for wire-OR applications. IR01 has no inter
nal pullup resistor. 

STROBE CONTROL 1 AND 2 (SCl AND SC2) 

The function of SCl and SC2 depends on the operating 
mode. SC1 is configured as an output in all modes except 
single-chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 

SCl and SC2 In Single-Chip Mode 
In single-chip mode, SC1 and SC2 are configured as an 

input and output, respectively, and both function as port 3 
control lines. SC1 functions as IS3 and can be used to indi
cate that port 3 input data is ready or output data has been 
accepted. Three options associated with lS3 are controlled 
by port 3 c.ontrol and status register and are discussed in the 
PORT 3 (P30-P37). If unused, IS3 can remain unconnected. 

SC2 is configured as OS3 and can be used to strobe out
put data or acknowledge input data. It is controlled by out
put strobe select IOSSI in the port 3 control and status 
register. The strobe is generated by a read IOSS = 01 or write 
IOS S = 1 I to the port 3 data register. OS3 timing is shown in 
Figure 4. 

SCl and SC2 In Expanded Non-Multiplexed Mode 
In the expanded non-multiplexed mode, both SC1 and 

SC2 are configured as outputs. SC1 functions as input/ out
put select llOSI and is asserted only when $0100 through 
$01 FF is sensed on the internal address bus. 

SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 

SCl and SC2 In Expanded-Multiplexed Mode 
In the expanded-multiplexed mode, both SC1 and SC2 are 

configured as outputs. SC1 functions as address strobe and 
can be used. to demultiplex the eight least-significant ad
dresses and the data bus. A latch controlled by address 
strobe captures address on the negative edge, as shown in 
Figure 14. 

SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 

PORT 1 ( P10-P17) 
Port 1 is a mode independent 8-bit 1/0 port with each line 

an input or output as defined by the port 1 data direction 
register. The TTL compatible three-state output buffers can 
drive one Schottky TTL load and 30 pF, Darlington tran
sistors, or CMOS devices using external pullup resistors. It is 
configured as a data input port by RESET. Unused lines can 
remain unconnected. 

PORT 2 (P20-P24) 

PORT 2 DATA REGISTER 

7 6 5 4 3 2 0 

I Pc2 I Pc1 I Pco I P24 I P23 I P22 P21 I P20 I $0003 

Port 2 is a mode-independent, 5-bit, multi-purpose 1/0 
port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the port 2 data direc
tion register. The port 2 data register is used to move data 
through the port. However, if P21 is configured as an out
put, it will be tied to the timer output compare function and 
canncit be used to provide output from the port 2 data 
register. 

*Devices made with masks subsequent to M5G, M8D, and T5P incorporate an advanced clock with improved startup characteristics 
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FIGURE 21 - M6801 FAMILY OSCILLATOR CHARACTERISTICS 

la) Nominal Recommended Crystal Parameters 

Nominal Crystal Parameters* 

3.58 MHz 4.00 MHz 5.0 MHz 6.0 MHz 8.0 MHz 

Rs 60 a 50 a 30-50 a 30-50 a 20-40 a 
Co 3.5 pF 6.5 pF 4-6 pF 4-6 pF 4-6 pF 
C1 0.015 pF 0.025 pF 0 01-0 02 pF 0.01-0.02 pF 0 01-0 02 pF 
0 >40 K >30 K >20 K >20 K >20 K 

*NOTE: These are representative AT-cut crystal parameters only Crystals of other types of cut may also 
be used. 

MC6801 

D 

CL~ 20 pF ltypicall 

NOTE 

TTL-compatible oscillators may be 
obtained from: 

Motorola Component Products 
Attn: Data Clock Sales 

2553 N. Edgington St. 
Franklin Park, IL 60131 
Tel: 312-451-1000 
Telex: 433-0067 

Vee 

2 

lb) Oscillator Stabilization Time ltRcl 

4.75 v 

I , 
~•~~~-tRc~~~~ 

Oscillator 
Stabilization 
Time, tRC 
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Port 2 can also be used to provide an interface for the 
serial communications interface and the timer input edge 
function. These configurations are described in PROGRAM
MABLE TIMER and SERIAL COMMUNICATIONS INTER
FACE (SCI). 

The port 2 high-impedance TTL-compatible output buffers 
are capable of driving one Schottky TTL load and 30 pF, or 
CMOS devices using external pullup resistors. 

PORT 3 (P30-P37) 

Port 3 can be configured as an I/ 0 port, a bidirectional 
S-bit data bus, or a multiplexed address/ data bus depending 
on the operating mode. The TTL-compatible high
impedance output buffers can drive one Schottky TTL load 
and 90 pF. Unused lines can remain unconnected. 

Port 3 In Single-Chip Mode 

Port 3 is an S-bit 1/0 port in the single-chip mode, with 
each line configured by the port 3 data direction register. 
There are also two lines, IS3 and OS3, which can be used to 
control port 3 data transfers . 

Three port 3 options are controlled by the port 3 control 
and status register and are available only in single-chip 
mode: 111 port 3 input data can be latched using IS3 as a 
control signal, 12) OS3 can be generated by either an MPU 
read or write to the port 3 data register, and 13) an IR01 in
terrupt can be enabled by an IS3 negative edge. Port 3 latch 
timing 1s shown in Figure 5. 

PORT 3 CONTROL AND STATUS REGISTER 

6 4 

IS3 
IS3 IROl X OSS x x x $000F 
Flag Enable 

Bit 0-2 

Bit 3 

Bit4 

Bit 5 

Bit 6 

Bit 7 

Not used. 

LATCH ENABLE. This bit controls the 
input latch for port 3. If set, input data 
is latched by an IS3 negative edge. The 
latch is transparent after a read of the 
port 3 data register. LATCH ENABLE 
is cleared during reset. 

OSS (Output Strobe Select). This bit 
determines whether OS3 will be 
generated by a read or write of the port 
3 data register. When clear, the strobe 
is generated by a read; when set, it is 
generated by a write. OS S is cleared 
during reset. 

Not used. 

IS3 IR01 ENABLE. When set, an IRQ1 
interrupt will be enabled whenever IS3 
FLAG is set; when clear, the interrupt 
is inhibited. This bit is cleared during 
reset. 

IS3 FLAG. This read-only status bit is 
set by an I S3 negative edge. It is 
cleared by a read of the port 3 control 
and status register (with IS3 FLAG set) 
followed by a read or write to the port 
3 data register or during reset. 

Port 3 In Expanded Non-Multiplexed Mode 

Port 3 is configured as a bidirectional data bus !07-DOI in 
the expanded non-multiplexed mode. The direction of data 
transfers is controlled by read/write (SC21. Data is clocked 
by E !enable) 

Port 3 In Expanded-Multiplexed Mode 

Port 3 is configured as a time multiplexed address IAO-A71 
and data bus !07-DOI in the expanded-multiplexed modes, 
where address strobe IASI can be used to demultiplex the 
two buses. Port 3 is held in a high-impedance state between 
valid address and data to prevent bus conflicts. 

PORT 4 (P40-P47) 

Port 4 is configured as an S-bit 1/0 port, as address out
puts, or as data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF and is the 
only port with internal pullup resistors. Unused lines can re
main unconnected. 

Port 4 In Single-Chip Mode 

In single-chip mode, port 4 functions as an S-bit 1/0 port 
with each line configured by the port 4 data direction 
register. Internal pullup resistors allow the port to directly 
interface with CMOS at 5 volt levels. External pullup resistors 
to more than 5 volts, however, cannot be used. 

Port 4 In Expanded Non-Multiplexed Mode 

Port 4 is configured from reset as an S-bit input port, 
where the port 4 data direction register can be written to pro
vide any or all of eight address lines, AO to A7. Internal 
pullup resistors pull the lines high until the port 4 data direc
tion register is configured. 

Port 4 In Expanded-Multiplexed Mode 

In all expanded-multiplexed modes except mode 6, port 4 
functions as half of the address bus and provides AS to A 15. 
In mode 6, the port is configured from reset as an S-bit 
parallel input port, where the port 4 data direction register 
can be written to provide any or all of upper address lines AS 
to A 15. Internal pullup resistors pull the lines high until the 
port 4 data direction register is configured, where bit 0 con
trols AS. 

RESIDENT MEMORY 

The MC6801 provides 2048 bytes of on-chip ROM and 12S 
bytes of on-chip RAM. 

One half of the RAM is powered through the V CC standby 
pin and is maintainable during Vee powerdown. This stand
by portion of the RAM consists of 64 bytes located from $SO 
through $BF. 

Power must be supplied to V CC standby if the internal 
RAM is to be used regardless of whether standby power 
operation is anticipated. 

The RAM is controlled by the RAM control register. 

RAM CONTROL REGISTER ($14) 

The RAM control register includes two bits which can be 
used to control RAM accesses and determine the adequacy 
of the standby power source during powerdown operation. 
It is intended that RAME be cleared and STBY PWR be set 
as part of a powerdown procedure. 
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RAM CONTROL REGISTER standby RAM is not valid. This bit can 
be set only by software and is not af
fected during reset. 

7 6 

Bit 0-5 

Bit 6 RAME 

Bit 7 STBY PWR 

Not used. 

RAM Enable. This read/write bit can 
be used to remove the entire RAM 
from the internal memory map. RAME 
is set (enabled) during reset provided 
standby power is available on the pusi
tive edge of RESET. If RAME is clear, 
any access to a RAM addres:> i> exter
nal. If RAME is set and not in mode 3, 
the RAM is included in the internal 
map. 

Standby Power. This bit is a 
read/write status bit which, when 
once set, remains set as long as V cc 
standby remains above VsBB (mini
mum). As long as this bit is set follow
ing a period of standby operation, the 
standby power supply has adequately 
preserved the data in the standby 
RAM. If this bit is cleared during a 
period of standby operation, it indi
cates that V cc standby had fallen to a 
level sufficiently below VSBB !mini
mum) to suspect that data in the 

PROGRAMMABLE TIMER 

The programmable timer can be used to perform input 
waveform measurements while independently generating an 
output waveform. Pulse widths can vary from several micro
seconds to many seconds. A block diagram of the timer is 
shown in Figure 22. 

COUNTER ($09:0A) 

The key timer element is a 16-bit free-running counter 
which is incremented by E (enable). It is cleared during reset 
and is read-only with one exception: a write to the counter 
1$09) will preset it to $FFF8. This feature, intended for 
testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. TOF is·set whenever 
the counter contains all ones. 

OUTPUT COMPARE REGISTER ($0B:OCl 
The output compare register is a 16-bit read/write register 

used to control an output waveform or provide an arbitrary 
timeout flag. It is compared with the free-running counter on 
each E cycle. When a match occurs, OCF is set and OLVL is 
clocked to an output level register. If port 2, bit 1, is con
figured as an output, OLVL will appear at P21 and the output 
compare register and OLVL can then be changed for the next 

FIGURE 22 - BLOCK DIAGRAM OF PROGRAMMABLE TIMER 
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compare. The function is inhibited for one cycle after a write 
to its high byte ($0B) to ensure a valid compare. The output 
compare register is set to $FFFF at RESET. 

INPUT CAPTURE REGISTER ($0D:OE) 
The input capture register is a 16-bit read-only register 

used to store the free-running counter when a "proper" in
put transition occurs as defined by IEDG. Port 2, bit 0 should 
be configured as an input, but the edge detect circuit always 
senses P20 even when configured .as an output. An input 
capture can occur independently of ICF: the register always 
·contains the most current value. Counter transfer is in
hibited, however, between accesses of a double byte MPU 
read. The input pulse width must be at least two E cycles to 
ensure an input capture under all conditions. 

TIMER CONTROL AND STATUS REGISTER ($08) 

The timer control and status register !TCSRI is an 8-bit 
register of which all bits are readable, while only bits 0-4 can 
be written. The three most-significant bits provide the timer 
status and indicate if: 

• a proper level transition has been detected, 
• a match has occurred between the free-running 

counter and the output· compare register, and 
• the free-running counter has overflowed. 
Each of the three events can generate an IR02 interrupt 

and is controlled by an individual enable bit in the TCSR. 

TIMER CONTROL AND STATUS REGISTER (TCSAl 

7 6 5 4 3 2 1 0 

i 1cF I ocF I TOF I E1c1 I rnc1 I ET01 i1rno ioLvLI $0008 

Bit 0 OLVL 

Bit 1 EIDG 

Bit 2 ETOI 

Bit 3 EOCI 

Bit 4 EICI 

Output Level. OLVL is clocked to the 
output level register by a successful 
output compare and will appear at P21 
if bit 1 of the port 2 data direction 
register is set. It is cleared during reset. 
Input Edge. IEDG is cleared during 
reset and controls which level transi
tion will trigger a counter transfer to 
the input capture register: 
IEDG = 0 Transfer on a negative-edge 
IEDG = 1 Transfer on a positive-edge. 
Enable Timer Overflow Interrupt. 
When set, an IR02 interrupt is enabled 
for a timer overflow; when clear, the 
interrupt is inhibited. It is cleared dur
ing reset. 
Enable Output Compare Interrupt. 
When set, an IR02 interrupt is enabled 
for an output compare; when clear, 
the interrupt is inhibited. It is cleared 
during reset. 
Enable Input Capture Interrupt. When 
set, an I R02 interrupt is enabled for an 
input capture; when clear, the inter
rupt is inhibited. It is cleared during 
reset. 

Bit 5 TOF 

Bit 6 OCF 

Bit 7 ICF 

Timer Overflow Flag. TOF is set when 
'the counter contains all ones. It is 
cleared by reading the TCSR (with 
TOF set) then reading the counter high 
byte ($09), or during reset. 

Output Compare Flag. OCF is set 
when the output compare register 
matches the free-running counter. It is 
cleared by reading the TCSR (with 
OCF set) and then writing to the out
put compare register ($OB or $0CI, or 
during reset. 
Input Capture Flag. ICF is set to in
dicate a proper level transition; it is 
cleared by reading the TCSR (with ICF 
set) and then the input capture register 
high byte 1$00), or during reset. 

SERIAL COMMUNICATIONS INTERFACE (SCI) 

A full~duplex asynchronous serial communications inter
face !SCI) is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in
dependent, but use the same data format and bit rate. Serial 
data formats include standard mark/space !NRZ) and Bi
phase and both provide one start bit, eight data bits, and one 
stop bit. "Baud" and "bit rate" are used synonymously in 
the following description. 

WAKE-UP FEATURE 
In a typical serial loop multi-processor configuration, 

the software protocol will usually identify the addres
see(s) at the beginning of the message. In order to per
mit uninterested MPU's to ignore the remainder of the 
message, a wake-up feature is included whereby all fur
ther SCI receiver flag (and interrupt) processing can be 
inhibited until its data line goes idle. An SCI receiver is 
re-enabled by an idle string of eleven consecutive ones 
or during reset. Software must provide for the required 
idle string between consecutive messages and prevent 
it within messages. 

PROGRAMMABLE OPTIONS 
The following features of the SCI are programmable: 

• format: standard mark/space (NRZ) or Bi-phase 
• clock: external or internal bit rate clock 
• Baud: one of four per E clock frequency, or external 

clock ( x 8 desired baud) 

• wake-up feature: enabled or disabled 
• interrupt requests: enabled individually for transmitter 

and receiver 

• clock output: internal bit rate clock enabled or disabled 
to P22 

SERIAL COMMUNICATIONS REGISTERS 
The serial communications interface includes four ad

dressable registers as depicted in Figure 23. It is controlled 
by the rate and mode control register and the transmit/ 
receive control and status register. Data is transmitted and 
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received utilizing a write-only transmit register and a read
only receive register. The shift registers are not accessible to 
software. 

Rate and Mode Control Registers (RMCR) ($10) 
The rate and mode control register controls the SCI bit 

rate, format, clock source, and under certain conditions, the 
configuration of P22. The register consists of four write-only 
bits which are cleared during reset. The two least-significant 
bits control the bit rate of the internal clock and the remain
ing two bits control the format and clock source. 

RATE AND MODE CONTROL REGISTER (RMCR) 

Bit 1:Bit 0 

5 4 3 2 1 0 

x I x I CCl I cco I SSl I sso I $0010 

SS1 :SSO Speed Select. These two 
bits select the baud rate when using 
the internal clock. Four rates may be 
selected which are a function of the 
MCU input frequency. Table 6 lists bit 

Bit 3:Bit 2 

time and rates for three selected MCU 
frequencies. 

CC1: CCO Clock Control and Format 
Select. These two bits control the for
mat and select the serial clock source. 
If CC1 is set, the DDR value for P22 is 
forced to the complement of CCO and 
cannot be altered until CC1 is cleared. 
If CC1 is cleared after having been set, 
its DDR value is unchanged. Table 7 
defines the formats, clock source, and 
use of P22. 

If both CC1 and CCO are set, an external TTL-compatible 
clock must be connected to P22 at eight times IBXI the 
desired bit rate, but not greater than E, with a duty cycle of 
50% 1±10%). If CC1:CC0=10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 

NOTE: The source of SCI internal bit rate clock is the timer 
free-running counter. An MPU write to the counter 
can disturb serial operations. 

FIGURE 23 - SCI REGISTERS 

Port 2 

11 

10 

12 

Bit 7 Rate and Mode Control Register Bit 0 

I cc1 I cco I ss1 lssol s10 

Transmit/Receive Control and Status Register 

j RDRF joRFEITDREI RIE I RE I TIE I TE I wu I s11 

Receive Data Register 
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Transmit/ Receive Control And Status Register 
(TRCSR) ($11) 

The transmit/receive control and .status register controls 
the transmitter, receiver, wake-up feature, and two in
dividual interrupts and monitors the status of serial opera
tions. All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 

TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) 

7 6 . 5 4 3 2 1 0 

IADAFIOAFEITDREI RIE I RE I TIE I TE I WU I $0011 

BitOWU 

Bit 1 TE 

Bit 2 TIE 

Bit 3 RE 

Bit 4 RIE 

"Wake-up" on Idle Line. When set, 
WU enables the wake-up function; 
it is cleared by eleven consecutive 
ones or during reset. WU will not 
set if the line is idle. 

Transmit Enable. When set, P24 DDR 
bit is set, cannot be changed, and will 
remain set if TE is subsequently 
cleared. When TE is changed from 
clear to set, the transmitter is con' 
nected to P24 and a preamble of nine 
consecutive ones is transmitted. TE is 
cleared during reset. 

Transmit Interrupt Enable. When set, 
an IR02 interrupt is enabled when 
TORE is set; when clear, the interrupt 
is inhibited. TE is cleared during reset. 

Receive Enable. When set, the P23 
DDR bit is cleared, cannot be chang
ed, and will remain clear if RE is subse
quently cleared. While RE is set, the 
SCI receiver is enabled. RE is cleared 
during reset. 

Receiver Interrupt Enable. When set, 
an I R02 interrupt is enabled when 

Bit 5 TORE 

Bit 6 ORFE 

Bit 7 RDRF 

TABLE 6 - SCI BIT TIMES AND RATES 

SS1:SSO 410 - 2.4676 MHz 4.0 MHz 
E 614.4 kHz 1.0MHz 

0 0 +16 26 ,.s/38,400 Baud 16 ,.s/62,500 Baud 
0 1 +128 208 ,.s/4,800 Baud 128 ,.s/7812.5 Baud 
1 0 +1024 1.67 ms/600 Baud 1.024 ms/976.6 Baud 
1 1 +4096 6.67 ms/150 Baud 4.096 ms/244.1 Baud 
* External I P221 13.0 ,.s/76,800 Baud 8.0 ,.s/125,000 Baud 

*Using maximum clock rate 

RDRF and/or ORFE is set; when clear, 
the interrupt is inhibited. RIE is cleared 
during reset. 
Transmit Data Register Empty. TORE 
is set when the transmit data register is 
transferred to the output serial shift 
register or during reset. It is cleared by 
reading the TRCSR (with TORE set! 
and· then writing to the transmit data 
register. Additional data will be 
transmitted only if TDR E has been 
cleared. 

Overrun Framing Error. Ifs.et, OR FE in
dicates either an overrun or framing er
ror. An overrun is a new byte ready to 
transfer to the receiver data register 
with RDRF still set. A receiver framing 
error has occurred when the byte 
boundaries of the bit stream are not 
synchronized to the bit counter. An 
overrun can be distinguished from a 
framing error by the state of RD RF: if 
RDRF is set, then an overrun has oc
curred; otherwise a framing error has 
been detected. Data is not transferred 
to the receive data register in an over
run condition. Unframed data causing 
a framing error is transferred to the 
receive data register. However, subse
quent data transfer is blocked until the 
framing error flag is cleared.• ORFE is 
cleared by reading the TRCSR (with 
ORFE set) then the receive data 
register, or during reset. 
Receive Data Register Full. RDRF is 
set when the input serial shift register 
is transferred to the receive data 
register. It is cleared by reading the 
TRCSR (with RDRF set), and then the 
receive data register, or during reset. 

4.9152 MHz 
1.22118 MHz 

13.0 ,.s/76,800 Baud 
104.2 ,.s/9,600 Baud 
833.3 ,.si 1,200 Baud 
3.33 ms/300 Baud 

6.5,.s/153,600 Baud 

TABLE 7 - SCI FORMAT AND CLOCK SOURCE CONTROL 

CC1:CCO Format Clock Port2 
Source Bit2 

00 Bi-Phase Internal Not Used 
01 NRZ Internal Not Used 
10 NRZ Internal Output 
11 NRZ External Input 

*Devices made with mask number M5G, M8D, and T5P do not transfer unframed data to the receive data register. 
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SERIAL OPERATIONS 

The SCI is initialized by writing control bytes first to the 
rate and mode control register and then to the transmit/ 
receive control and status register. When TE is set, the out
put of the transmit serial shift register is connected to P24 
and serial output 1s 1n1tiated by transmitting a 9-bit preamble 
of ones. 

At this point one of two situations exist: 11 if the transmit 
data register is empty !TORE= 11, a continuous string of 
ones will be sent indicating an idle line, or 21 if a byte has 
been written to the transmit-data register ITORE=OI, it will 
be transferred to the output serial shift register 1synchronrz
ed with the bit rate clock), TORE will be set, and transmis
sion will begin. 

The start bit IOI, eight data bits I beginning with bit 01 and a 
stop bit Ill, will be transmitted. If TORE is still set when the 
next byte transfer should occur, ones will be sent until more 
data is provided. In Bi-phase format, the output toggles at 
the start of each bit and at half-bit time when a one is sent 
Receive operation is controlled by RE which configures P23 
as an input and enables the receiver. SCI data formats are il
lustrated in Figure 24. 

INSTRUCTION SET 

The MC6801 /03 is upward source and ob1ect code com
patible with the MC6800. Execution times of key instructions 
have been reduced and several new instructions have been 
added, including a hardware multiply. A list of new opera
tions added to the MC6800 instruction set is shown in Table 
1. 

In addition, two new special opcodes, 4E and 5E, are pro
vided for test purposes. These opcodes force the program 
counter to increment like a 16-bit counter, causing address 
lines used in the expanded modes to increment until the 
device is reset. These opcodes have no mnemonics. 

The coding of the first (or only) byte corresponding to an 

executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 

PROGRAMMING MODEL 

A programming model for the MC6801103 is shown in 
Figure 10. Accumulator A can be concatenated with ac
cumulator B and 1ointly referred to as accumulator 0 where 
A 1s the most-significant byte Any operation which mod1f1es 
the double accumulator will also modify accumulator A 
and/ or B Other registers are defined as follows: 

Program Counter - The program counter is a 16-bit 
register which always points to the next instruction. 

Stack Pointer - The stack pointer 1s a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup ILIFOI queue The stack resides 1n ran
dom access memory at a location defined by the program
mer. 

Index Register - The index register 1s a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 

Accumulators - The MPU contains two 8-b1t accumu
lators, A and B, which are used to store operands and results 
from the arithmetic logic unit IALUI They can also be con
catenated and referred to as the D !double) accumulator 

Condition Code Registers - The condition code register 
indicates the results of an instruction and includes the 
following five condition bits negative I NI, zero IZI, overflow 
IVI, carry/borrow from MSB ICI, and half carry from bit 3 
IHI These bits are testable by the cond1t1onal branch in
structions. Bit 4 1s the interrupt mask II b1tl and inhibits all 
maskable interrupts when set. The two unused bits, B6 and 
B7, are read as ones. 

FIGURE 24 - SCI DATA FORMATS 

Output 
Clock 

NRZ 
Format 

Bi-Phase 
Format 

Bit 
Idle Start 0 

Data: 01001101 1$4DI 
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ADDRESSING MODES 

Six addressing modes can be used to reference mem
ory. A summary of addressing modes for all instructions 
is present in Tables 9 through 12, where execution times 
are provided in E cycles. Instruction execution times are 
summarized in Table 13. With an input frequency of 4 
MHz, E cycles are equivalent to microseconds. A cycle
by-cycle description of bus activity for each instruction 
is provided in Table 14 and a description of selected 
instructions is shown in Figure 25. 

Immediate Addressing - The operand or "immediate 
byte(s)" is contained in the following byte(s) of the in
struction where the· number of bytes matches the size 
of the register. These are two or three byte instructions. 

Direct Addressing - The least-significant byte of the 
operand address is contained in the second byte of the 
instruction and the most-significant byte is assumed to 
be $00. Direct addressing allows the user to access $00 
through $FF using two byte instructions and execution 
time is reduced by eliminating the additional memory 
access. In most applications, the 256-byte area is re
served for frequently referenced data. 

Extended Addressing - The second and third bytes 
of the instruction contain the absolute address of the 
operand. These are three byte instructions. . 

Indexed Addressing- The unsigned offset contained 
in the second byte of the instruction is added with carry 
to the index register and used to reference memory 
without changing the index register. These are two byte 
instructions. 

Inherent Addressing - The operand(s) are registers 
and no memory reference is required. These are single 
byte instructions. . 

Relative Addressing - Relative addressing is used 
only for branch instructions. If the branch condition is 
true, the program counter is overwritten with the sum 
of a signed single byte displacement in the second b~e 
of the instruction and the current program counter. This 
provides a branch range of -126 to + 129 bytes fr~m 
the first byte of the instruction. These are two byte in
structions. 

TABLE 8 - CPU INSTRUCTION MAP 

OP MNEM MODE - , OP MNEM MODE - • OP MNEM MODE - , OP MNEM MODE 

00 . 34 DES INHER 3 1 68 ASL lNDXD 6 2 9C CPX DIA 
01 NOP INHEA 2 1 35 TXS 3 1 69 AOL 

I 
6 2 90 JSR ~ 02 35 PSHA 3 1 6A DEC 6 2 9E LOS 

03 37 PSHB 3 1 68 9F STS DIA 

04 LSRD 3 1 38 PULX 5 1 6C INC 6 2 AO SUBA INDXD 

06 ASLD 3 1 39 ATS 5 1 60 TST 6 2 A1 CMPA 
06 TAP 2 1 3A ABX 3 1 6E JMP 3 2 A2 SBCA 

07 TPA 2 1 3B ATI 10 1 ?F CLR INDXD 6 2 A3 SUBD 

OB INX 3 1 3C PSHX 4 1 70 NEG EXTNO 6 3 A4 ANDA 

09 DEX 3 1 30 MUL 10 1 71 . t- A5 BITA 
OA CLV 2 1 3E WAI 9 1 72 A6 LDAA 
OB SEV 2 1 3F SW! 12 1 73 COM 6 3 A7 STAA 

oc CLC 2 1 40 NEGA 2 1 74 LSA 6 3 AB EORA 
OD SEC 2 1 41 . 75 . A9 ADCA 
OE cu 2 1 42 . 76 ROA 6 3 AA .DRAA 
OF SEI 2 1 43 COMA 2 1 77 ASA 6 3 AB ADDA 

10 SBA 2 1 44 LSRA 2 1 78 ASL 6 3 AC CPX 
11 CBA 2 1 45 . 79 AOL 6 3 AD JSR 
12 . 46 RORA 2 1 7A DEC 6 3 AE LOS 
13 . 47 ASRA 2 1 78 . AF STS INDXD 
14 . 48 ASLA 2 1 7C INC 6 3 BO SUBA EXT ND 
15 . 49 ROLA 2 1 70 TST 6 3 Bl CMPA 
16 TAB 2 1 4A DECA 2 1 7E JMP 3 3 B2 SBCA 

17 TBA 2 1 4B . 7F CLA EXT ND 6 3 B3 SUBD 
18 . 4C lNCA 2 1 80 SUBA IMMEO 2 2 B4 ANDA 
19 OAA lNHER 2 1 40 TSTA 2 1 81 CMPA 2 2 85 SITA 

lA 4E T 82 SBCA 2 2 B6 lDAA 
18 ABA INHEA 2 1 4F CLRA 2 1 83 SUBD 4 3 B7 STAA 
1C 50 NEGB 2 1 84 ANDA 2 2 BB EORA 
10 . 51 . 85 BITA 2 2 B9 ADCA 
1E . 52 . 86 LDAA 2 2 BA ORAA 
1F . 53 COMB 2 1 87 . BB ADDA 
20 BAA REL 3 2 54 LSRB 2 1 BB EORA 2 2 BC CPX 
21 SAN 3 2 56 . 89 ADCA 2 2 BO JSR w 22 BHl 3 2 56 RORB 2 1 BA OAAA 

' 
2 2 BE LOS 

23 BLS 3 2 57 ASRB 2 1 BB ADDA 2 2 BF STS EXT ND 
24 BCC 3 2 5B ASLB 2 1 SC CPX IMMED 4 3 co SUBB IMMED 
25 BCS 3 2 59 ROLB 2 1 80 BSA REL 6 2 C1 CMPB -t 26 BNE 3 2 5A DECB 2 1 BE LOS IMMED 3 3 C2 SBCB 
27 SEO 3 2 5B . SF . C3 ADDO 
28 BVC 3 2 5C JNCB 2 1 90 SUSA DIA 3 2 C4 ANDB 
29 BVS 3 2 50 TSTB 2 1 91 CMPA 

"' 
3 2 C5 BITB 

2A BPL 3 2 5E T r 92 SBCA 3 2 C6 LDAB 
2B BMI 3 2 5F CLRB INHER 2 1 93 SUBD 5 2 C7 . 
2C BGE 3 2 80 NEG INDXD 6 2 94 ANDA 3 2 C6 EORB 
20 BLT 3 2 61 . 

1 
96 B!TA 3 2 C9 ADCB 

2E BGT w 3 2 62 . 96 LDAA 3 2 CA ORAB 
2F BLE REL 3 2 83 COM 6 2 97 STAA 3 2 CB ADDS 
30 TSX INHER 3 1 84 LSA 6 2 98 EORA 3 2 cc LOO 
31 INS i 3 1 85 . 99 ADCA 3 2 CD 
32 PULA 4 1 68 ROA 6 2 9A ORAA w 3 2 CE LOX IMMED 
33 PULB 4 1 67 ASA INOXD 6 2 9B ADDA 3 2 CF . 
NOTES: 1. Addressing Modes 

INHER •Inherent INDXD •Indexed IMMED'" Immediate 
REL., Relative EXTND •Extended DIR,. Direct 

2. Unassigned opcodes are indicated by "•" and should not be executed. 
3. Codes marked by "T" force the PC to function as a 16-bit counter. 
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- , OP MNEM MOOE - , 
5 2 DO SUBB DIA 3 2 
5 2 01 CMPB ~ 3 2 
4 2 02 SBCB 3 2 
4 2 03 ADDD 5 2 
4 2 04 ANDB 3 2 
4 2 05 BITB 3 2 
4 2 06 LOAB 3 2 
6 2 07 STAB 3 2 
4 2 DB EORB 3 2 
4 2 09 ADCB 3 2 
4 2 DA ORAB 3 2 
4 2 DB ADDB 3 2 
4 2 DC LOO 4 2 
4 2 DD STD 

It 
4 2 

4 2 DE LOX 4 2 
4 2 OF STX DIA 4 2 
6 2 EO SUBB INOXD 4 2 
6 2 E1 CMPB 1 4 2 
5 2 E2 SBCB 4 2 
5 2 E3 ADDO 6 2 
4 3 E4 ANDB 4 2 
4 3 E5 BITB 4 2 
4 3 E6 LDAB 4 2 
6 3 E7 STAB 4 2 
4 3 EB EORB 4 2 
4 3 E9 ADCB 4 2 
4 3 EA ORAB 4 2 
4 3 EB ADDB 4 2 
4 3 EC LOO 5 2 
4 3 ED STD 5 2 
4 3 EE LOX 5 2 
4 3 EF STX INDXD 5 2 
6 3 FO SUBB EXT ND 4 3 
6 3 f1 CMPB 4 3 
5 3 F2 SBCB 4 3 
5 3 F3 ADDO 6 3 
2 2 F4 ANDS 4 3 
2 2 F5 BITB 4 3 
2 2 F6 LDAB 4 3 
4 3 F7 STAB 4 3 
2 2 FB EORB 4 3 
2 2 F9 ADCB 4 3 

' 2 FA ORAB 4 3 
FB ADDS 4 3 

2 2 FC LOO 5 3 
2 2 FD STD 5 3 
2 2 FE LOX 5 3 
2 2 FF STX EXTND 5 3 
3 3 

*UNDEFINED OP CODE 
3 3 



Pointer Operations 

Compare 1ndex Register 

Decrement Index Register 

Decrement Stack Pointer 

Increment Index Register 

Increment Stack Pointer 

load Index Register 

Load Stack Pointer 

Store Index Register 

Store Stack Pointer 

Index Reg - Stack Pointer 

Stack Pntr- Index Register 

Add 

Push Data 

Pull Data 

Accumulator and 
Memory Operations 

Add Accumulators 

AddBtoX 

Add with Carry 

Add 

Add Double 

And 

Shift Left, Arithmetic 

Shift Left Double 

Shift Right, Arithmetic 

Bit Test 

Compare Accumulators 

Clear 

Compare 

1 's Complement 

TABLE 9 - INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

lmmed Direct Index Extnd Inherent Boolean/ 
MNEM Op - # Op - , Op - # Op - ' Op - # Arithmetic Operation 

CPX BC 4 3 9C 5 2 AC 6 2 BC 6 3 X-M:M+l 

DEX 09 3 1 x-1-x 
DES 34 3 1 SP-· 1-SP 

INX 08 3 1 x+1-x 
INS 31 3 1 1 SP+l-SP 

LDX CE 3 3 DE 4 2 EE 5 2 FE 5 3 M-XH,(M+ll-XL 

LOS BE 3 3 9E 4 2 AE 5 2 BE 5 3 M-SPH,(M+ 1)-SPL 

STX DF 4 2 EF 5 2 FF 5 3 XH-M.XL -IM> 11 

STS 9F 4 2 AF 5 2 BF 5 3 SPH-M,SPL-IM+ll 

TXS 35 3 1 X-1-SP 

TSX 3C 3 1 SP+l-X 

ABX 3A 3 1 B+x-x 
PSHX JC 4 1 XL -M5p,SP-- 1-SP 

xH-Msp.SP- 1-SP 

PULX 38 5 1 SP+ 1-sP,Msp-XH 
SP+ i-sP.Msp-XL 

TABLE 10 - ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 21 

lmmed Direct Index Extend lnher Boolean 
MNEM Op - # Op - # Op - I Op - # OP - # Expression 

ABA lB 2 1 A+B-A 

ABX 3A 3 1 OOB+x-x 

ADCA B9 2 2 99 3 2 A9 4 2 B9 4 3 A+M+C-A 

ADCB C9 2 2 D9 3 2 E9 4 2 F9 4 3 B+M+C-B 

ADDA BB 2 2 9B 3 2 AB 4 2 BB 4 3 A+M-A 

ADDB CB 2 2 DB 3 2 EB 4 2 FB 4 3 B+M-A 

ADDD C3 4 3 D3 5 2 E3 6 2 F3 6 3 D+MM+1-D 

ANDA 84 2 2 94 3 2 A4 4 2 B4 4 3 A·M-A 

ANDB C4 2 2 04 3 2 E4 4 2 F4 4 3 B·M-B 

ASL 68 6 2 78 6 3 -
ASLA 48 2 1 @l-jllllllll -o 
ASLB 58 2 1 b7 bO 

ASLD 05 3 1 

ASA 67 6 2 77 6 3 qi 1li1111-EJ ASRA 47 2 1 

ASRB 

BITA 85 

BITB C5 

CBA 

CLR 

CLRA 

CLRB 

CMPA Bl 

CMPB Cl 

COM 

COMA 

COMB 

57 2 1 

2 2 95 3 2 A5 4 2 85 4 3 A·M 

2 2 D5 3 2 E5 4 2 F5 4 3 B·M 

11 2 1 A-8 

6F 6 2 7F 6 3 OO-M 

4F 2 1 oo-A 

5F 2 1 oo-s 

2 2 91 3 2 Al 4 2 Bl 4 3 A-M 

2 2 Dl 3 2 El 4 2 Fl 4 3 B-M 

63 6 2 73 6 3 M-M 

43 2 1 A-A 

53 2 1 B-B 
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Condition Codes 

5 4 3 2 1 0 

H I N z v c . . +± J_J_ . . .. . . . . . . . . . __!_ . . . . . . . . . . II R . . . ±± R . . . R . . . lJ_ R . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . 

Condition Codes • 5 4 3 2 1 0 

H I N z v c 

I . I III . . . . . . 
± 

. l ll J_ l . 
± ±±± I . 

l . 
± rr J_ l . . 
If+ . . I . . lll R . . ·l ~±± . . I . . ll lllll . . l ~±± . . [I . . I I I I . . I I I I . . ITI R . . . lll R . . . ll l J_ J_ . . R s R R . . R s R R . . R s R R . . ll .l .l .l . . I I I I . . IT I R s . . I I R s . . I I R s 
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TABLE 10 - ACCUMULATOR AND MEMORY INSTRUCTIONS !Sheet 2 of 2) 

Accumulator and Im med Direct Index Extend lnher Boolean 
Memory Operations MNEM Op - # Op - # Op - # Op - # Op - # Expression 

Decimal AdJuSt, A DAA 19 2 1 AdJ binary sum to BCD 

Decrement DEC 6A 6 2 7A 6 3 M-1-M 

DECA 4A 2 1 A-1-A 

DECB 5A 2 1 8-1-B 

Exclusive OR EDRA 88 2 2 98 3 2 AB 4 2 88 4 3 AEBM-A 

EORB CB 2 2 DB 3 2 EB 4 2 F8 4 3 BEBM-B 

Increment INC 6C 6 2 7C 6 3 M+l-M 

INCA 4C 2 1 A+l-A 

INCB 5C 2 1 B+ 1-a 

Load Accumulators LDAA 86 2 2 98 3 2 A6 4 2 B6 4 3 M-A 

LDAB C6 2 2 D6 3 2 E6 4 2 F6 4 3 M-B 

Load Double LOO cc 3 3 DC 4 2 EC 5 2 FC 5 3 MM+l-D 

Logical Shilt, Left LSL 68 6 2 78 6 3 -LSLA 48 1 2 @l--111111111 -o 
LSLB 58 2 1 bl bO 

l"SLD 05 3 2 

Shift Right, logical LSR 64 6 2 74 6 3 -
LSRA 44 2 1 0 -111111111-0 
LSRB 54 2 1 b7 bO 

LSRD 04 3 1 

Multiply MUL 30 10 1 Ax B-D 

2's Complement (Negate) NEG 60 6 2 70 6 3 00-M-M 

NEGA 40 2 1 00-A-A 

NEGS 50 2 1 00- B- B 

No Operation NOP 01 2 1 PC+1-PC 

Inclusive OR DRAA BA 2 2 9A 3 2 AA 4 2 BA 4 3 A+M-A 

ORAB CA 2 2 DA 3 2 EA 4 2 FA 4 3 B+M-B 

Push Data PSHA 36 3 1 A-Stack 

PSHB 37 3 1 a-stack 

Pull Data PULA 32 4 1 Slack-A 

PULS 33 4 1 Stack-B 

Rotate Left ROL 69 6 2 79 6 3 -
ROLA 49 2 1 @] -111111111-fl 
ROLB 59 2 1 b7 bO 

Rotate Right ROR 66 6 2 76 6 3 

RORA 46 2 1 @-llllllllf-@l 
RORB 66 2 1 b7 bD 

Subtract Accumulator SBA 10 2 1 A-B-A 

Subtract with Carry SBCA 82 2 2 92 3 2 A2 4 2 82 4 3 A-M-C-A 

SBCB C2 2 2 02 3 2 E2 4 2 F2 4 3 B-M-C-B 

Store Accumulators STAA 97 3 2 A7 4 2 B7 4 3 A-M 

STAB D7 3 2 E7 4 2 F7 4 3 B-M 

STD DD 4 2 ED 5 2 FD 5 3 D-M M+1 

Subtract SUBA 80 2 2 90 3 2 AO 4 2 BO 4 3 A-M-A 

SUBS co 2 2 DO 3 2 EO 4 2 FO 4 3 8-M-B 

Subtract Double SUBO 83 4 3 93 5 2 A3 6 2 83 6 3 D-MM+1-D 

Transfer Accumulator TAB 16 2 1 A-B 

TBA 17 2 1 B-A 

Test. Zero or Minus TST 60 6 2 70 6 3 M-00 

TSTA 40 2 1 A-00 

TSTB 5D 2 1 B -00 

The cond1t1on code register notes are listed after Table 12. 
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TABLE 11 - JUMP AND BRANCH INSTRUCTIONS 

Condition Code Reg. 

Direct Relative Index Extend Inherent 5 4 3 2 1 0 
Operations MNEM Op - # Op - # Op - # Op - # Op - # Branch Test H I N z v c 

Branch Always BRA 20 3 2 None . . . . . . 
Branch Never BAN 21 3 2 None . . . . . . 
Branch If Carry Clear BCC 24 3 2 C=O . . . . . . 
Branch If Carry Set BCS 25 3 2 C=l . . . . . . 
Branch If= Zero BEO 27 3 2 Z=l . . . . . . 
Branch If -'?:Zero BGE 2C 3 2 N Ell V=O . . . . . . 
Branch if >Zero BGT 2E 3 2 Z+INEllVl=O . . . . . . 
Branch If Higher BHI 22 3 2 C+Z""O . . . . . . 
Branch if Higher or Same BHS 24 3 2 C=O . . . . . . 
Branch If sZero BLE 2F 3 2 Z+INEllVl=l . . . . . . 
Branch If Carry Set BLO 25 3 2 C=l . . . . . . 
Branch If Lower Or Same BLS 23 3 2 C+Z=l . . . . . . 
Branch If <Zero BLT 2D 3 2 N Ell V= 1 . . . . . . 
Branch If Minus BMI 2B 3 2 N=l . . . . . 
Branch It Not Equal Zero BNE 26 3 2 Z=O . . . . . . 
Branch If Overflow Clear BVC 28 3 2 V=O . . . . . . 
Branch If Overflow Set BVS 29 3 2 V=l . . . . . . 
Branch If Plus BPL 2A 3 2 N=O . . . . . . 
Branch To Subroutine BSA BD 6 2 . . . . . . 
Jump JMP 6E 3 2 7E 3 3 See Special Operat1ons-F1gure 25 • . . . . 
Jump To Subroutine JSR 90 5 2 AO 6 2 BD 6 3 . . . . . . 
No Operation NOP 01 2 1 . . . . . . 
Return From Interrupt RTI 3B 10 1 [I LI II II 
Return From Subroutine ATS 39 5 1 See Special Operations-Figure 25 • . . . . . 
Software Interrupt SWI 3F 12 1 

Wait For Interrupt WAI 3E 9 1 

TABLE 12 - CONOITION COOE REGISTER MANIPULATION INSTRUCTIONS 

Inherent 
Operations MNEM 

Clear Carry 

Clear ln1errup1 Mask 

Clear Overflow 

Set Carry 

Sel Interrupt Mask 

Set Overflow 

Accumulator A - CCR 

CCR - Accumulator A 

LEGEND 
Op Operation Code (Hexadecimal) 
- Number of MPU Cycles 

Msp Contents of memory location pointed to by Stack Pointer 
# Number of Program Bytes 

+ Arithmetic Plus 
- Arithmetic Minus 
• Boolean ANO 
X Arithmetic Multiply 
+ Boolean Inclusive OR 
$ Boolean Exclusive OR 
M Complement of M 

Transfer Into 
0 Bit= Zero 

00 Byte~ Zero 

CLC 

CLI 

CLV 

SEC 

SEI 

SEV 

TAP 

TPA 

Op - # Boolean Operation 

oc 2 1 o-c 
OE 2 1 0-1 

OA 2 1 o-v 

OD 2 1 1-c 
OF 2 1 1-1 

OB 2 1 1-v 

06 2 1 A-CCR 

07 2 1 CCR-A 

CONDITION COOE SYMBOLS 
H Half-carry from bit 3 
I Interrupt mask 

N Negative (sign bit) 
Z Zero I byte) 
V Overflow, 2' s complement 
C Carry/Borrow from MSB 
R Reset Always 
S Set Always 
! Affected 
• Not Affected 
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Condition Code Register 

5 4 3 2 1 0 
H I N z v c . . . . . R . R . . . . . . . . R . . . . . . s . s . . . . . . . . s . 
t t t t t t . . . . . . 
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.i 
"ti ., 
E 
.§ 

ABA • ABX • ADC 2 
ADD 2 
ADDO 4 
AND 2 
ASL • 
ASLD • 
ASA • BCC • 
BCS • BEQ • BGE • 

• 
BGT • BHI • BHS • BIT 2 
BLE • 
BLO • 
BLS • 
BLT • BMI • BNE • BPL • BRA • BAN • BSA • BVC • 
BVS • CBA • CLC • CLI • CLR • 
CLV • CMP 2 
COM • CPX 4 
DAA • 
DEC • 
DES • 
DEX • 
EOR 2 
INC • 
INS • 

MC6801/6803 

TABLE 13 - INSTRUCTION EXECUTION TIMES IN E CYCLES 

ADDRESSING MODE 

"ti ., 
"ti u c 

! ~ 0 w 

• • • • 
3 4 
3 4 
5 6 
3 4 

• 6 

• • • 6 

• • • • • • • • • • • • • • 
3 4 

• • • • • • • • • • • • • • • • 6 

• • 
3 4 

• 6 
5 6 

• • • 6 

• • • • 
3 4 

• 6 

• • 

s 
~ ., 

"ti c > ., 
! ., 

~ ., .!! 
"ti "" ., 
.E .E IC 

.. 
'6 .. 
E 
.§ 

• 2 • INX • • 3 • JMP • 
4 • • JSR • 
4 • • LOA 2 
6 • • LOO 3 
4 • • LOS 3 
6 2 • LOX 3 

• 3 • LSL • 
6 2 • LSLD • • • 3 LSR • 
• • 3 LSRD • • • 3 MUL • • • 3 NEG • 
• • 3 NOP • • • 3 ORA 2 

• • 3 PSH • 
4 • • PSHX • • 3 PUL • • 3 PULX • 

3 AOL • 
3 ROR • 
3 RTI • 
3 ATS • 
3 SBA • 
3 SBC 2 
3 SEC • 
6 SEI • 
3 SEV • 
3 STA • 

2 • STD • 
2 • STS • 
2 • STX • 

6 2 • SUB 2 

• 2 • SUBD 4 
4 • • SWI • 
6 2 • TAB • 
6 • • TAP • • 2 • TBA • 
6 2 • TPA • • 3 • TST • • 3 • TSX • 
4 • • TXS • 
6 • • WAI • • 3 • 
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ADDRESSING MODE 

"ti .. "ti 

u "ti .. c M 

! s ., 
0 M "ti 

w .E 

• • • • 3 3 
5 6 6 
3 4 4 
4 5 5 
4 5 5 
4 5 5 

• 6 6 

• • • • 6 6 

• • • • • • • 6 6 

• • • 
3 4 4 

• • • • • • • • • • • • • 6 6 

• 6 6 

• • • • • • • • • 
3 4 4 

• • • • • • • • • 
3 4 4 
4 5 5 
4 5 5 
4 5 5 
3 4 4 
5 6 6 

• • • • • • • • • • • • • • • • 6 6 

• • • • • • • • • 

c .. 
! > ·; .. 
"" 'ii 
.E IC 

3 • • • • • • • • • • • • • 
2 • 
3 • 
2 • 
3 • 
10 • 
2 • 
2 • • • 
3 • 
4 • 
4 • 
5 • 
2 • 
2 • 

10 • 
5 • 
2 

• 
2 
2 
2 

• • • • • • 
12 
2 
2 
2 
2 
2 
3 
3 
9 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 

Table 14 provides a detailed description of the information 
present on the address bus, data bus, and the read/ write 
IR/W) line during each cycle of each instruction. 

The information is useful in comparing actual with ex
pected results during debug of both software and hardware 
as the program is executed. The information is categorized in 
groups according to addressing mode and number of cycles 

per instruction. In general, instructions with the same ad
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during M PU reads of internal locations. the 
resultant value will not appear on the external data bus ex
cept in mode 0. "High order" byte refers to the most
significant byte of a 16-bit value. 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5) 

Address Mode and 
Instructions 

IMMEDIATE 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

LOS 
LOX 
LOO 

CPX 
SUBD 
ADDO 

DIRECT 

ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LOS 
LDX 
LDD 

STS 
STX 
STD 

CPX 
SUBD 
ADDO 

JSR 

Cycle 
Cycles # 

2 1 
2 

3 1 
2 
3 

4 1 
2 
3 
4 

3 1 
2 
3 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

Address Bus 

Opcode Address 
Opcode Address+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Destination Address 

Opcode Address 
Opcode Address+ 1 
Address of Operand 
Operand Address+ 1 

Opcode Address 
Opcode Address+ 1 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Operand Address 
Operand Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Subroutine Address 
Stack Pointer 
Stack Pointer-1 

R/W 
Line 

1 
1 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 

1 
1 
0 

1 
1 
1 
1 

1 
1 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
0 
0 

Data Bus 

Opcode 
Operand Data 

Opcode 
Operand Data (High Order Byte) 
Operand Data I Low Order Byte) 

Opcode 
Operand Data I High Order Byte) 
Operand Data !Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Address of Operand 
Operand Data 

Opcode 
Destination Address 
Data from Accumulator 

Opcode 
Address of Operand 
Operand Data !High Order Byte) 
Operand Data (Low Order Byte) 

Opcode 
Address of Operand 
Register Data !High Order Byte) 
Register Data (Low Order Byte) 

Opcode 
Address of Operand 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 
First Subroutine Opcode 
Return Address I Low Order Byte) 
Return Address (High Order Byte) 
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Address Mode and 
Instructions 

EXTENDED 
JMP 

ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LDS 
LDX 
LDD 

STS 
STX 
STD 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST* 
INC 

CPX 
SUBD 
ADDD 

JSR 

Cycle 
Cycles # 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 
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TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 2 of 51 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Operand Destination Address 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
0 pcode Address+ 2 
Operand Address 
Operand Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
0 pc ode Address + 2 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer- 1 

R/W 
Line 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
0 

1 
1 
1 
1 
1 

1 
1 
1 
0 
0 

1 
1 
1 
1 
1 
0 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
0 
0 

Data Bus 

Opcode 
Jump Address !High Order Byte) 
Jump Address I Low Order Byte) 

Opcode 
Address of Operand 
Address of Operand I Low Order Byte) 
Operand Data 

Opcode 
Destination Address !High Order Byte) 
Destination Address (Low Order Byte) 

Data from Accumulator 

Opcode 
Address of Operand I High Order Byte) 
Address of Operand I Low Order Byte! 
Operand Data !High Order Byte! 
Operand Data I Low Order Byte) 

Opcode 
Address of Operand !High Order Byte) 
Address of Operand I Low Order Byte) 
Operand Data !High Order Byte) 
Operand Data !Low Order Byte) 

Opcode 
Address of Operand I High Order Bytel 
Address of Operand I Low Order Byte) 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 

Opcode 
Operand Address !High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data I High Order Byte) 
Operand Data I Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Address of Subroutine !High Order Byte) 
Address of Subroutine (Low Order Byte) 
Opcode of Next Instruction 
Return Address !Low Order Byte) 
Return Address !High Order Byte) 

* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus~ $FFFF. 
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Address Mode and 
Instructions 

INDEXED 

JMP 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LOS 
LOX 
LDD 

STS 
STX 
STD 

ASL LSR 
ASA NEG 
CLR AOL 
COM ROA 
DEC TST* 
INC 

CPX 
SUBD 
ADDO 

JSR 

Cycle 
Cycles # 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 
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TABLE 14 - CYCLE-BY-CYCLE OPERATION !Sheet 3 of 5) 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Address Bus FFFF 
Index Register Plus Offset 

0 pc ode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register+ Offset 
Index Register+ Offset+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register+ Offset 
Stack Pointer 
Stack Pointer- 1 

R/W 
Line 

1 
1 
1 

1 
1 
1 
1 

1 

1 
1 
0 
1 
1 
1 
1 
1 

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

1 
1 
1 
1 
0 
0 

Data Bus 

Opcode 
Offset 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data I Low Order Byte) 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data !High Order Byte) 
Operand Data (Low Order Byte) 

Opcode 
Offset 
Low Byte of Restart Vector 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data IH1gh Order Byte) 
Operand Data llow Order Byte) 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Restart Vector 
First Subroutine Opcode 
Return Address I Low Order Bytel 
Return Address IH1gh Order Byte) 

*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF 
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Address Mode and 
Instructions 

INHERENT 

ABA DAA SEC 
ASL DEC SEI 
ASA INC SEV 
CBA LSA TAB 
CLC NEG TAP 
cu NOP TBA 
CLR AOL TPA 
CLV ROA TST 
COM SBA 

ABX 

ASLD 

LSRD 

DES 
INS 

INX 
DEX 

PSHA 
PSHB 

TSX 

TXS 

PULA 
PULB 

PSHX 

PULX 

ATS 

WAI 

Cycle 

Cycles # 

2 1 
2 

3 1 

2 
3 

3 1 
2 
3 

3 1 

2 
3 

3 1 

2 
3 

3 1 

2 
3 

3 1 

2 
3 

3 1 

2 
3 

4 1 

2 
3 
4 

4 1 

2 
3 
4 

5 1 

2 
3 
4 
5 

5 1 

2 
3 
4 
5 

9 1 

2 
3 
4 
5 
6 
7 

8 
9 
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TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5) 

Address Bus 

Opcode Address 
Opcode Address+ 1 

Opcode Address 

Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 

Address Bus FFFF 

Opcode Address 

Opcode Address+ 1 
Previous Stack Pointer Contents 

Opcode Address 

Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 

Stack Pointer 

Opcode Address 
Opcode Address+ 1 

Stack Pointer 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 

Opcode Address+ 1 
Stack Pointer 

Stack Pointer+ 1 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 

Stack Pomter - 1 

Opcode Address 

Opcode Address+ 1 
Stack Pomter 
Stack Pointer+ 1 

Stack Pointer+ 2 

Opcode Address 

Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 

Stack Pointer+ 2 

Opcode Address 

Opcode Address+ 1 
Stack Prnnter 
Stack Pointer- 1 
Stack Prnnter - 2 

Stack Pomter - 3 
Stack Pointer - 4 

Stack Pointer - 5 
Stack Pointer - 6 

R/W 
Line 

1 
1 

1 
1 
1 

1 

1 
1 

1 

1 
1 

1 

1 

1 

1 
1 

0 

1 

1 

1 

1 
1 
1 

1 

1 
1 

1 

1 
1 

0 
0 

1 
1 
1 

1 
1 

1 

1 
1 
1 

1 

1 

1 
0 
0 
0 
0 
0 
0 
0 

Data Bus 

Opcode 
Opcode of NE'.xl Instruction 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Opcode 
Opcode of Next lnstruct1on 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Accumulator Data 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Operand Data from Stack 

Opcode 

Irrelevant Data 
Index Register !Low Order Bytel 
Index Register !High Order Byte) 

Opcode 
Irrelevant Data 

Irrelevant Data 
Index Register !High Order Byte) 

Index Register I Low Order Byte) 

Opcode 
Irrelevant Data 
Irrelevant Data 
Address of Next Instruction (High Order Byte) 

Address of Next Instruction (Low Order Byte) 

Opcode 

Opcode of Next Instruction 
Return Address (Low Order Byte) 

Return Address I High Order Bytel 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 

Contents of Accumulator A 

Contents of Accumulator B 
Contents of Condition Code Register 
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Address Mode and 
Instructions 

INHERENT 

MUL 

RTI 

SWI 

RELATIVE 

BCC BHT BNE BLO 
BCS BLE BPL BHS 
BEG BLS BRA BRN 
BGE BLT BVC 
SGT BMI BVS 

BSR 
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TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 

Cycle 
Cycles # 

10 1 
2 
3 
4 
5 
6 
7 
B 
9 
10 

10 1 
2 
3 
4 
5 
6 
7 
B 
9 
10 

12 1 
2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
12 

3 1 
2 
3 

6 1 
2 
3 
4 
5 
6 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+2 
Stack Pornter+3 
Stack Pointer+4 
Stack Pointer+ 5 
Stack Pointer+6 
Stack Pointer+ 7 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer- 1 
Stack Pointer-2 
Stack Pointer-3 
Stack Pointer-4 
Stack Pointer-5 
Stack Pointer-6 
Stack Pointer- 7 
Vector Address FFFA !Hex) 
Vector Address FFFB I Hex) 

Opcode Address 
Opcode Address+ 1 
Address Buss FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer-1 

R/W 
Line 

1 
1 
1 
1 
1 
1 
1 
1 
1 
i 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 

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

1 
1 
1 

1 
1 
1 
1 
0 
0 

Data Bus 

Opcode 
Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte ot Restart vector 

Opcode 
Irrelevant Data 
Irrelevant Data 
Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 
Contents of Accumulator A from Stack 
Index Register from Stack IHrgh Order Byte) 
Index Register from Stack I Low Order Byte) 
Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 

Opcode 
Irrelevant Data 
Return Address I Low Order Byte) 
Return Address (High Order Byte) 
Index Register !Low Order Byte) 
Index Register !High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 
Irrelevant Data 
Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 

Opcode 
Branch Offset 
Low Byte of Restart Vector 

Opcode 
Branch Offset 
Low Byte of Restart Vector 
Opcode of Next Instruction 
Return Address (Low Order Byte) 

Return Address (High Order Byte) 
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FIGURE 25 - SPECIAL OPERATIONS 

JSR, Jump to Subroutine 

I 
~ 

Main Program 

$90= JSR 

Direct K 

RTN 

K = Direct Address 

I 
Main Program I ~ '"'" ~ $AO=JSR 

c)-:::rn INOXO K= Offset 

RTN Next Main Instr SP RTNL 

I 
Main Program 

E); SBO=JSR 

SH= Subr. Addr 
EXTNO 

SL= Subr. Addr 

RTN Next Main Inst 

.§f Stack 
BSR, Branch To Subroutine 

Main Program 

SP-2rn 
SP-1 RTNH 

SP RTNL 

E); $80= BSR 

± K= Offset 

RTN Next Main Instr 

y--
ATS, Return from Subroutine Subroutine ~ Stack 

E); I $39= RTS I 

--
SPrn SP+ 1 RTNH 

SP+2 RTNL 

¢ 
Legend: 

ATN =Address of next instruction in Main Program to be executed upon return from subroutine 
RTNH = Most significant byte of Return Address 
ATNL =Least significant byte of Return Address 
- =Stack Pointer After Execution 
K=B-bit Unsigned Value 

SWI, Software Interrupt Main Program 
SP 

/c)--

SP- 7 R~ I $3F=SWI 

SP-6 

SP-5 

SP-4 

SP-3 

SP-2 Main Program 

1¢ SP-1 

WA!, Wait for Interrupt 
~ 

$3E=WAI 

SP RTN I 
~ m Interrupt Interrupt Program 1¢ 
SP 

SP+ 1 

RTI, Return fro E); I $38 = RTI 

SP+2 

SP+3 

SP+4 

SP+5 

SP+6 

..- SP+7 

JMP, Jump Main Program ef 

I 
Ef $6E=JMP 

K= Offset "_,I INOXO . . . 
X+K I Next Instruction I 

K I 

Stack 

Condition Code 

AcmltrB 

AcmltrA 

Index Register (XH) 

Index Register IXL) 

RTNH 

RTNL 

Stack 

Condition Code 

AcmltrB 

AcmltrA 

Index Register IXHl 

Index Register IXL) 

RTNH 

RTNL 

Main Program 

$7E=JMP 

K H = Next Address 

Kl= Next Address 

Next Instruction 
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ORDERING INFORMATION 

The following information is required when ordering 
a custom MCU. The information may be transmitted to 
Motorola using the following media: 

MDOS, disk file 
PC-DOS disk file (360K) 
EPROM(s) 2516, 2716, MC68701 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 
Several types of flexible disks (MOOS® or PC-DOS 

disk file) may be submitted for pattern generation. They 
should be programmed with the customer's program, 
using positive logic sense for address and data. The 
diskette should be clearly labeled with the customer's 
name, date, project or product name, and the filename 
containing the pattern. 

In addition to the program pattern, a file containing 
the program source code listing can be included. This 
data will be kept confidential and used to expedite the 
process in case of any difficulty with the pattern file. 

MOOS Disk File 
MOOS is Motorola's Disk Operating System available 

on the EXORciser® development system. The disk me
dia submitted must be a single-sided, single-density, 8-
inch MDOS compatible floppy diskette. The diskette must 
contain the minimum set of MDOS system files in ad
dition to the pattern file. 

The .LO output of the M6801 cross assembler should 
be furnished. In addition, the file must be produced 
using the ROLLOUT command, so that it contains the 
absolute image of the M6801 memory. It is necessary 
to include the entire memory image of both program 
and data space. All unused bytes, including those in the 
user space, must be set in logic zero. 

PC-DOS Disk File 
PC-DOS is the IBM® Personal Computer Disk Oper

ating System. Disk media submitted must be standard 
density (360K), double-sided 5-1/4 inch compatible floppy 
diskette. The diskette must contain the object file code 
in Motorola's S-record format. The S-record format is 
a character-based object file format generated by M6801 
cross assemblers and linkers on IBM PC style machines. 

EPROMS 
A single 2K EPROM is necessary to contain the entire 

MC6801 program. The EPROM is programmed with the 
customer program using positive logic sense for ad
dress and data. All unused bytes, including the user's 
space, must be set to zero. 

If the MC6801 MCU ROM pattern is submitted on a 
single 2516 or 2716 type EPROM, memory map ad
dressing is one-for-one. The data space ROM runs from 
EPROM address $000 to $7FF. If an MC68701 is used, 
the ROM map runs from $F800 to $FFFF. 

For shipment to Motoro!a, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styro
foam is not acceptable for shipment. 

Verification Media 
All original pattern media, EPROMs or floppy disks, 

are filed for contractual purposes and are not returned. 
A computer listing of the ROM code will be generated 
and returned along with a listing verification form. The 
listing should be thoroughly checked and the verifica
tion form completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To 
aid in the verification process, Motorola will program 
customer supplied blank EPROM(s) or DOS disks from 
the data file used to create the custom mask. 

ROM Verification Units (RVUs) 
Ten MCUs containing the customer's ROM pattern 

will be sent for program verification. These units will 
have been made using the custom mask, but are for the 
purpose of ROM verification only. For expediency, the 
MCUs are unmarked, packaged in ceramic, and tested 
with five volts at room temperature. These RVUs are 
free with the minimum order quantity, but are not pro
duction parts. These RVUs are not guaranteed by Mo
torola Quality Assurance. 

Ordering Information 
The following table provides generic information per

taining to the package type and temperature for the 
MC6801/MC6803. This MCU device is available only in 
the 40-pin dual-in-line (DIP) package in the Cerdip and 
Plastic packages. 

MOOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 
IBM is a registered trademark of International Business 
Machines Corporation. 

GENERIC INFORMATION 

Frequency Temperature Cerdip Package Plastic Package 
(MHz I (Degrees Cl IS Suffix) IP Suffix) 

1.0 Oto 70 MC6801S1 MC6801P1 
1.0 -40 to +85 MC6801CS1 MC6801CP1 
1.25 o to 70 MC6801S1-1 MC6801P1·1 
1.25 -40 to +85 MC6801CS·1 MC6801CP-1 
2.0 Oto 70 MC68B01S1 MC68B01P1 
1.0 Oto 70 MC6803S MC6803P 
1.0 -40 to +85 MC6803CS MC6803CP 
1.25 Oto 70 MC6803S-1 MC6803P-1 
1.25 -40 to +85 MC6803CS-1 MC6803CP-1 
2.0 0 to 70 MC68B03S MC68B03P 

MOTOROLA MICROPROCESSOR DATA 

3-129 

• 



i 

• 

MC6801/6803 

PIN ASSIGNMENT 

Vss 

se1 

Se2 

P30 

P31 

P32 

P33 

P34 

P35 

P22 P36 

P37 

P24 P40 

P10 P41 

P11 P42 

P12 P43 

P13 P44 

P14 P45 

P15 P46 

P16 P47 

P17 Vee 
Standby 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
MC6801U4 
MC6803U4 

Advance Information 
Microcontroller/Microprocessor (MCU/MPU) 

The MC6801U4 is an 8-bit single-chip microcontroller unit(MCU) that enhances the capabilities of 
the MC6801 and significantly enhances the capabilities of the M6800 Family of parts. It includes an 
MC6801 microprocessor unit (MPU) with direct object-code compatibility and upward object-code 
compatibility with the MC6800. Execution times of key instructions have been improved over the 
MC6800, and the new instructions found on the MC6801 are included. The MCU can function as a 
monolithic microcontroller or can be expanded to a 64K-byte address space. It is TTL compatible 
and requires one + 5-volt power supply. On-chip resources include 4096 bytes of ROM, 192 bytes of 
RAM, a serial communications interface (SCI), parallel 1/0, and a 16-bit six-function programmable 
timer. The MC6803U4 can be considered an MC6801 U4 operating in modes 2 or 3; i.e., those that 
do not use internal ROM. 

• Enhanced MC6800 Instruction Set 

• Upward Source and Object Code Compatibility with the MC6800 and MC6801 
• Bus Compatibility with the M6800 Family 

• 8 x 8 Multiply Instruction 

• Single-Chip or Expanded Operation to 64K-Byte Address Space 

• Internal Clock Generator with Divide-by-Four Output 

• Serial Communications Interface (SCI) 

• 16-Bit Six-Function Programmable Timer 

• Three Output Compare Functions 

• Two Input Capture Functions 

• Counter Alternate Address 

• 4096 Bytes of ROM (MC6801 U4) 

• 192 Bytes of RAM 
• 32 Bytes of RAM Retainable During Powerdown 

• 29 Parallel 1/0 and Two Handshake Control Lines 

• NMI Inhibited Until Stack Load 

• - 40'C to 85°C Temperature Range 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC6801 U4/6803U4 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage Vee -0.3 to + 7.0 v 
Input Voltage Vin -0.3 to+ 7.0 v 
Operating Temperature Range TA TL to TH oe 

Me6801 U4, Me6803U4 -0 to 70 
Me6801U4e, Me6803U4e -40to85 

Storage Temperature Range T s!fl -55 to + 150 'e 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Rating 

Thermal Resistance 0JA 0 e1w 
Plastic 50 
Ceramic 50 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in °C can be obtained from: 

where: 
TA 
0JA 

Po 
PINT 
PpQRT 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= P1NT+PpoRT 

TJ=TA+(Po•0JA) 

=Ice x Vee· Watts - Chip Internal Power 
= Port Power Dissipation, Watts - User Determined 

(1) 

For most applications PpQRT<P1NTand can be neglected. PPORT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and TJ (if PpQRT is neglected) is: 

Po=Kc-(TJ+273°C) (2) 

Solving equations (1) and (2) for K gives: 

K =Po. (TA+ 273°C) + 0JA"Po2 (3) 

where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Po (at 
equilibrium) for a known TA Using this value of K, the values of Po and TJ can be obtained by solving equations 
(1) and (2) iteratively for any value of TA 

CONTROL TIMING (Vee=5.0 V±5%, Vss=O) 

Frequency of Operation 

Crystal Frequency 

External Oscillator Frequency 

Crystal Oscillator Startup Time 

Processor Control Setup Time 

Characteristic Symbol 

fo 

fXTAL 
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4 t0 

trc 

tpcs 

Me6801U4 

MC6803U4 

Min Max 

0.5 1.0 

2.0 4.0 

2.0 4.0 
- 100 

200 -

MC6801U4-1 

MC6803U4-1 Unit 

Min Max 

0.5 1.25 MHz 

2.0 5.0 MHz 

2.0 5.0 MHz 
- 100 ms 

170 - ns· ·, 
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MC6801 U4/6803U4 

DC ELECTRICAL CHARACTER!ST!CS (Vcc=S O Vdc-'-5%, V55-0, TA=TL to TH, uf!!ess otherw!se r!oted) -
MC6801U4, 
MC6803U4 

Characteristic ~ol Min Max 

Input High Voltage RESET V1H Vss+4.o Vee 
Other Inputs* Vss+20 Vee 

Input Low Voltage All Inputs* V1L Vss-0.3 Vss+0.8 
Input Load Current Port4 lin - 0.5 

SC1 - 0.8 

Input Leakage Current 
1Vin=Oto5.5VI NMI, IRQ1, RESET lin - 2.5 

Hi-Z (Off-State) Input Current 
IVin=0.5 to2.4 VI Port 1, Port 2, Port 3 ITSI - 10 

Output High Voltage 

llLoad= -65µA, Vee= Mini Port4, SC1, SC2 VoH Vss + 2.4 -
llLoad= -100µA, Vee= Mini Other Outputs Vss + 2.4 -

Output Low Voltage 

11Load=2.0 mA, Vee= Mini All Outputs VoL - Vss+0.5 
Darlington Drive Current 

IVo= 1.5 VI Port 1 loH 1.0 4.0 

Internal Power Dissipation 
I Measured at TA= TL in Steady-State Operation)*•* PINT - 1200 

Input Capacitance 
IVin=O, TA=25°C, Port 3, Port 4, SCl Cin - 12.5 
10 = 1.0 MHz) Other Inputs - 100 

Vee Standby Powerdown Vs8B 4.0 5.25 
Powerup Vss 4.75 5.25 

Standby Current Powe rd own ISBB - 3.0 

*Except mode programming levels; see Figure 16. 
**Negotiable to -100 µA (for further information contact the factory). 

***For the MC6801U4/MC6803U4 TL =O'C and for the MC6801U4C/MC6803U4C TL =40°C. 

PERIPHERAL PORT TIMING (Refer to Figure 1-4) 

Characteristics Symbol 

Peripheral Data Setup Time tposu 
Peripheral Data Hold Time IPDH 
Delay Time, Enable Positive Trans1t1on to OS3 Negative Trans1t1on toso1 
Delay Time, Enable Positive Transition to OS3 Positive Trans1t1on toso2 
Delay Time, Enable Negative Transition to Pp.ripheral Data Valid 

Port 1 tpwo 
Port 2. 3, 4 

Delay Time, Enable Negative Trans1t1on to Peripheral CMOS Data Valid !CMOS 
Input Strobe Pulse Width tpw1s 
Input Data Hold Time t1H 
Input Data Setup Time t1s 
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MC6801U4C, 
MC6803U4C 

Min Max 

Vss+4o Vee 
Vss+2.2 Vee 

Vss-0.3 Vss + o 8 
- 0.8 
- 1.0 

- 5.0 

- 20 

Vss + 2.4 -
Vss + 2.4 -

- Vss + o.e 

1.0 5.0 

-· 1500 

- 12.5 
- 100 

4.0 5.25 
4.75 5.25 

- 3.5 

Min Typ Max 

200 - -

200 -

- - 350 
- - 350 

- - 350 
- - 350 
- - 2 0 

200 - -

50 - -

20 - -

Unit 

v 

v 
mA 

µA 

µA 

v 

v 

mA 

mW 

pF 

v 

mA 

Unit 

ns 

ns 

ns 

ns 

ns 

µs 

ns 

ns 

ns 



MC6801 U4/6803U4 

MPU Read 

P30-P37 

Inputs*---------' l"-----'I 

*Port 3 nonlatched operation (Latch enable= 0) 

Figure 1. Data Setup and Hold Times 
(MPU Read) 

Address 
Bus 

OS3 

MPU Access of Port 3* 

MPU Write 

teMOS-+j 

________ 'P_w_DX-1/ J -- --o 7 Vee 

All Data 
Data Valid Port Outputs _________ ., 

NOTES 
1 10 k pu:iJp 1es1stor requ11ed tor port 2 to reach 0 7 'Jee, 

Not applicable to P21 
Port 4 cannot be pulled above Vee 

Figure 2. Data Setup and Hold Times 
(MPU Write) 

IS3=X,Jh:;"j 

P30 P37 Data Valid r,.--------
lnputs ..__ ______ _ 

*Access matches output strobe select IOSS=O, a read; OSS=1, a write! 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 

Figure 3. Port 3 Output Strobe Timing 
(MC6801U4 Single-Chip Mode) 

Test Point 

±30pF 

Figure 5. CMOS Load 

Figure 4. Port 3 Latch Timing 
(MC6801U4 Single-Chip Mode) 

Vee 

RL=1.8k0 

Test Point . MMD6l SO 
or Equiv 

C MMD7000 
or Equt\I 

-= -= 
e=90 pF for P30-P37, P40-P47, E, SCl, SC2 

=30 pF for Pl0-Pl7, P20-P24 
R=37 kO for P40-P47, SC1. SC2 

= 24 kO for P10-Pl7, P20-P24 
= 24 kO for P30-P37, E 

Figure 6. Timing Test 
Load Ports 1, 2, 3, and 4 
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MC6801 U4/6803U4 

BUS TIP. .. 111'-JG {See Notes 1 and 2, and Figuia 7) 

ldent. 
Number Characteristics 

1 Cycle Time 

2 Pulse Width, E Low 

3 Pulse Width, E High 

4 Clock Rise and Fall Time 

9 Address Hold Time 

12 Nonmuxed Address Valid Time to E* 
17 Reed Data Setup Time 

18 Reed Data Hold Time 

19 Write Data Delay Time 

21 Write Data Hold Time 

22 Muxed Address Valid Time to E Rise* 

24 Muxed Address Valid Time to AS Fall* 

25 M uxed Address Hold Time 

28 Delay Time, E to AS Rise* 

27 Pulse Width, AS High* 

28 Delay Time, AS to E Rise* 

29 Usable Access Time* (See Note 3) 

*At specified cycle time. 

IOS, 
RfiN, Address• 
(Nonmuxed) 

Addr/Data 
Muxed 

Symbol 

~ 
PWEL 

PWEH 

t,.tf 

IAH 

tAV 

tosR 

IOHR 

to ow 

toHW 

IAVM 

tASL 

IAHL 

tASD 

PW ASH 

IASED 

tACC 

See Note 4 

Addr/Data 
Muxed 

Write Data Muxed 

Address 
Strobe (ASI 

NOTES: 
1. Voltage levels shown are Vt_:S0.5 V, VH0!:2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
3. Usable access time is computed by 22+3-17+4. 
4. Memory devices should be enabled only during E high to avoid port 3 bus contention. 
5. Item 26 is different from the MC6801 but it is upward compatible. 

Figure 7. Bus Timing 
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MC6801U4 MC6801U4-1 
MC6803U4 MC6803U4-1 Unit 

Min Max Min Max 

1.0 2.0 0.8 2.0 ,.s 

430 1000 360 1000 ns 

450 1000 360 1000 ns 

- 25 - 25 ns 

20 - 20 - ns 

200 - 150 - ns 

80 - 70 - ns 

10 - 10 - ns 

- 225 - 200 ns 

20 - 20 - ns 

'160 - 120 - ns 

40 - 30 - ns 

20 - 20 - ns 

200 - 170 - ns 

100 - 80 - nS 

\lO - 70 - ns 

555 - 435 - ns 



MC6801 U4/6803U4 

INTRODUCTION 

The MC6801 U4 is an 8-bit monolithic microcontroller 
that can be configured to function in a wide variety of 
applications. The facility that provides this extraordinary 
flexibility is its ability to be hardware programmed into 
eight different operating modes. The operating mode 
controls the configuration of 18 of the 40 MCU pins, avail
able on-chip resources, memory map, location (internal 
or external) of interrupt vectors, and type of external bus. 
The configuration of the remaining 22 pins is not de
pendent on the operating mode. 

Twenty-nine pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists of at least a data register 
and a write-only data direction register. The data direc
tion register is used to define whether corresponding bits 
in the data register are configured as an input (clear) or 
output (set). 

The term "port" by itself refers to all of the hardware 
associated with the port. When the port is used as a "data 
port" or "1/0 port," it is controlled by the port data di
rection register and the programmer has direct access to 
the port pins using the port data register. Port pins are 
labeled as Pij where i identifies one of four ports and j 
indicates the particular bit. 

The MPU is an enhanced MC6800 MPU with additional 
capabilities and greater throughput. It is upward source 
and object-code compatible with the MC6800 and the 
MC6801. The programming model is depicted in Figure 
8 where accumulator D is a concatenation of accumula
tors A and B. A list of new operations added to the MC6800 
instruction set are shown in Table 1. 

The MC6803U4 can be considered an MC6801 U4 that 
operates in modes 2 and 3 only. 

OPERATING MODES 

The MC6801 U4 provides seven different operating 
modes (modes 0 through 3 and 5 through 7), and the 

MC6803U4 provides two operating modes (modes 2 and 
3). The operating modes are hardware selectable and 
determine the device memory map, the configuration of 
port 3, port 4, SC1, SC2, and the physical location of the 
interrupt vectors. 

FUNDAMENTAL MODES 

The seven operating modes (0-3, 5-7) can be grouped 
into three fundamental modes which refer to the type of 
bus it supports: single chip, expanded nonmultiplexed, 
and expanded multiplexed. Single chip is mode 7, ex
panded nonmultiplexed is mode 5, and the remaining 5 
are expanded-muitipiexed modes. Tabie 2 summarizes 
the characteristics of the operating modes. 

MC6801U4 Single-Chip Mode (7) 

In the single-chip mode, the four MCU ports are con
figured as parallel 1/0 data ports, as shown in Figure 9. 
The MCU functions as a monolithic microcontroller in this 
mode without external address or data buses. A maxi
mum of 29 110 lines and two port 3 control lines are 
provided. Peripherals or another MCU can be interfaced 
to port 3 in a loosely coupled dual-processor configura
tion, as shown in Figure 10. 

MC6801U4 Expanded-Nonmultiplexed Mode (5) 

A modest amount of external memory space is pro
vided in the expanded-nonmultiplexed mode while sig
nificant on-chip resources are retained. Port 3 functions 
as an 8-bit bidirectional data bus, and port 4 is configured 
initially as an input data port. Any combination of the 
eight least-significant address lines may be obtained by 
writing to the port4 data direction register. Stated alter
natively, and combination of AO to A7 may be provided 
while retaining the remainder as input data lines. Internal 
pullup resistors pull the port 4 lines high until the port is 
configured. 

~ A 0LJ 7 B ~ 8-Bit Accumulators A and B 
:- - - -- --- - D - - -- -- - - - ; Dr 16-Brt Double Accumulator D 

15 x 0 Index Register (X) 

115 SP 01 Stack Pointer ISPI 

~----------------~ 

~j1_5 ________ P_c ________ o .... 1 Program Counter IPCI 

0 

Cond111on Code Register ICCRI 

Carry I Borrow from MS B 

Overflow 
Zero 

'----- Negative 
'------ Interrupt 

~----- Half Carry (from Bit 31 

Figure 8. Programming Model 
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Instruction 

ABX 

ADDO 

ASLD or LSLD 

BHS 

BLO 

BAN 

JSR 

LDD 

LSL 

LSRD 

MUL 

PSHX 

PULX 

STD 

SUBD 

• 
CPX 

MC6801 U4/6803U4 

T!!b!!! 1 New Instructions 

Description 
Unsigned addition of accumulator B to index register 
Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator 

Shifts the double accumulator left (towards MSBI one bit, the LSB is cleared, and the MSB is shifted into the C bit 

Branch if higher or same, unsigned conditional branch (same as BCCl 

Branch if lower, unsigned conditional branch (same as BCSl 

Branch never 
Additional addressing mode direct 

Loads double accumulator from memory 

Shifts memory or accumulator left !towards MSBI one bit, the LSB is cleared, and the MSB is shifted into the C bit 
I same as AS U 

Shifts the double accumulator right !towards LSBl one bit, the MSB is cleared, and the LSB is shifted into the C bit 

Unsigned multiply, multiplies the two accumulators and leaves the product in the double accumulator 

Pushes the index register to stack 

Pulls the index register from stack 

Stores the double accumulator to memory 

Subtracts memory from the double accumulator and leaves the difference in the double accumulator 
Internal processing modified to permit its use with any conditional branch instruction 

Table 2. Summary of MC6801U4/MC6803U4 Operating Modes 

Single-Chip (Mode 7) 
192 bytes of RAM, 4096 bytes of ROM 
Port 3 is a parallel 1/0 port with two control lines 
Port 4 is a parallel 1/0 port 

Expanded Non-Multiplexed (Mode 5) 
192 bytes of RAM, 4096 bytes of ROM 
256 bytes of external memory space 
Port 3 is an B-bit data bus 
Port 4 is an input port/ address bus 

Expanded Multiplexed (Modes 0, 1, 2, 3, 6*) 
Four memory space options !total 64K address space! 

Ill Internal RAM and ROM with partial address bus !mode 11 
121 Internal RAM, no ROM !mode 21 
131 Extended addressing of internal 1/0 and RAM 
(4) Internal RAM and ROM with partial address bus lmode 61 

Port 3 is multiplexed address/ data bus 
Port 4 is address bus (inputs/ address in mode 61 
Test mode (mode 01: 

May be used to test internal RAM and ROM 
May be used to test ports 3 and 4 as 1/0 ports by writing into mode 7 

Only modes 5, 6, and 7 can be irreversibly entered from mode 0 

Resources Common to All Modes 
Reserved register area 
Port 1 input/ output operation 
Port 2 input/ output operation 
Timer operation 
Serial communications interface operation 

*The MC6803U4 operates only in modes 2 and 3. 
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MC6801 U4/6803U4 

Vee 

XTAL E 

MC6801U4 

Port 3 

Port 4 
8 1/0 Lines 

Port 2 

vss 

5 1/0 Lines 
Serial 1/0 

16-Bit Timer 

Figure 9. Single-Chip Mode 

Vee Vee 

MC6801U4 MC6801U4 

Port 1 Port 1 
81/0 81/0 
Lines Lines 

16-Bit Timer 
153 

16-Bit Timer 

Port 2 
5 1/0 Lines Port 4 

SCI 81/0 

16-Bit Timer Lines 

-= Port 4 Port 2 
"::" 

vss 81/0 5 1/0 Lines vss 
Lines SCI 

16-Bit Timer 

Figure 10. Single-Chip Dual Processor Configuration 

Figure 11 illustrates a typical system configuration in 
the expanded-non multiplexed mode. The MCU interfaces 
directly with M6BOO family parts and can access 256 bytes 
of external address space at $100 through $1 FF. IOS pro
vides an address decode of external memory ($100-$1FF) 
and can be used as a memory-page select or chip-select 
line. 

Expanded-Multiplexed Modes (0, 1, 2, 3, 6) 

A 64K-byte memory space is provided in the expanded
multiplexed modes. In each of the expanded-multiplexed 
modes, port 3 functions as a time-multiplexed address/ 
data bus with address valid on the negative edge of ad
dress strobe (AS) and data valid while Eis high. In modes 
0, 2, and 3, port 4 provides address lines AB to A15. In 
modes 1 and 6, however, port 4 initially is configured at 
reset as an input data port. The port 4 data direction 
register can then be changed to provide any combination 
of address lines AB to A15. Stated alternatively, any sub
set of AB to A 15 can be provided while retaining the 

remaining port 4 lines as input data lines. Internal pullup 
resistors pull the port 4 lines high until software confi
gures the port. In mode 1, the internal pullup resistors 
will hold the upper address lines high, producing a value 
of $FFXX for a reset vector. A simple method of getting 
the desired address lines configured as outputs is to have 
an external EPROM not fully decoded so it appears at 
two address locations (i.e., $FXXX and $BXXX). Then, 
when the reset vector appears as $FFFE, the EPROM will 
be accessed and can point to an address in the top $100 
bytes of the internal or exteral ROM/EPROM that will con
figure port 4 as desired. 

In mode 0, the reset and interrupt vectors are located 
at $BFFO-$BFFF. In addition, the internal and external data 
buses are connected; therefore, there must be no mem
ory map overlap to avoid potential bus conflicts. By writ
ing the PCO-PC2 bits in the port 2 data register, modes 
5, 6, and 7 can be irreversibly entered from mode 0. Mode 
0 is used primarily to verify the ROM pattern and to mon
itor the internal data bus with the automated test equip
ment. 
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Vee 

MC6801U4 

Port 1 
8 1/0 Lines 
16-Bit Timer 

Port 2 
51/0 
Lines 

Serial.1/0 
16-Bit Timer 

o 
andby..:::;: Vee St 

~ Ei'----+ 
NM-I____. 

IRQl____., 

Vee 
_[_ 

XTAL 

EXT AL 

MC6801U4 

Port3 
Port4 

LTOS 
R/W 
E 

.... 
Vss 

8 

B' 
/ 

8 

Port 3 
8 Data Lines 

R/iii.i 

IOS 
Port 4 
To 8 

_,.. 
~ 

..... 

8 

(00-07) 
JtQ.-A7) 
10S 
R/W 
E 

Port 1 
81/0 

.... ..... 
~ rB 
" 

Ya a , 1} 
1 

16-Bit Timer 
Port 2 
51/0 

SCI 
Timer 

...-
.... 
,-

--,. 

..... 
--,. 

.,j. 
Vss 

RAM PIA ACIA 

Figure 11. Expanded-Nonmultiplexed Configuration 

Only the MC6801 U4 can operate in each of the ex
panded-multiplexed modes. The MC6803U4 operates only 
in modes 2 and 3. 

Figure 12 depicts a typical configuration for the ex
panded-multiplexed modes. The AS can be used to con
trol a transparent D-type latch to capture addresses AO
A7, which allows port 3 to function as a data bus when 
Eis high, as shown in Figure 13. 

PROGRAMMING THE MODE 
The operating mode is determined at RESET by .the 

levels asserted on P22, P21, and P20. These levels are 
latched into PC2, PC1, and PCO of the program control 
register on the positive edge of RESET. The operating 
mode may be read from the port 2 data register, as shown 
below, and programming levels and timing must be met 
as shown in Figure 14. A brief outline of the operating 
modes is shown in Table 3. 

Circuitry to provide the programming levels is de
pendent primarily on the normal system usage of the 

PORT 2 DATA REGISTER 

5 4 3 2 1 

PC2 . PC1 PCO I P24 I P23 I P22 I P21 P20 $03 

three pins. If configured as outputs, the circuit shown in 
Figure 15 may be used; otherwise, three-state buffers can 
be used to provide isolation while programming the mode, 
If diodes are used to program the mode, the diode for
ward voltage drop must not exceed the VMPDD mini
mum. 

MEMORY MAPS 
The MC6801 U4/MC6803U4 can provide up to 64K-byte 

address space, depending on the operating mode. A 
memory map for each operating mode is shown in Figure 
16. The first 32 locations of each map are reserved for 
the internal register area, as shown in Table 4, with ex
ceptions as indicated. 
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Vee Standby 
RESET 

NMI 
TITTIT 

Port 1 
81/0 

16-Bit Timer 

Port 2 

MC6801 U4/6803U4 

Port 2 

5 1/D Lines ~--~ Serial 1/0 
16-Bit Timer 

Vee 

XTAL 

EXT AL 

Vee 
XTAL 

EXT AL 

MC6801U4 
MC6803U4 

Vss 

E 

Port 3 
8 Lines 

R/wiMultiplexed Data Address 

AS Port 4 
8 Lines 

'Address Bus 

MC680lu4 1---'---..,;'-..--1----..--1----..--+---Address Bus 
MC6803U4 R/W 16 !AO-A15) 

1------++-l----++-l----+-+-+---R/W 

t-----.-t--t-t----i-t--t-t----i-t--r-"t----E 

8 8 8 

51/0 ·-· SCI '---~--' 
8 8 8 

Timer 

Vss 
ROM RAM PIA 

NOTE: To avoid data bus (port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time. 

GND 

AS 

Port 3 j 
Address/Data 

.. 

.. 
) 

). .. 
: .. 
.. 
) 

Figure 12. Expanded-Multiplexed Configuration 

] J 
G oc ...... 

D1 01 ...... 
~ 

SN74LS373 ~ 

(Typical) :: :; 
DB 08 

..... 

~ 

_,,, 

Figure 13. Typical Latch Arrangement 

MOTOROLA MICROPROCESSOR DATA 

3-141 

)· .. -~,, 

)-~" 



• 

MC6801 U4/6803U4 

See Figure 15 
for Diode Arrangement 

_,,.~- - GVMPDD 

(P20, P21. P221 ~, ~ MPL 

Mode Inputs 
(P20, P21, P221 

____ ..;,. ~ Mode Latch 
11trn T Level 

MODE PROGRAMMING (Reier to Figure 141 

Characteristic Symbol Min Max 

Mode Programming Input Voltage Low (For TA= 0-70°C) VMPL - 1.8 
Mode Programming Input Voltage High VMPH 4.0 -
Mode Programming Diode Differential (If Diodes are Used) (For TA=0-70°C) VMPDD 0.6 -

RES ET Low Pulse Width PWRSTL 3.0 -

Mode Programming Setup Time IMPS 2.0 -
Mode Programming Hold Time 

RESET Rise Timei!: 1 ,.s lMPH 0 -
RErn Rise Time< 1 ,.s 100 -

NOTE: 
For TA= -4o-85°C, VMPL Max=1.7, and VMPDD Min=0.4 

Figure 14. Mode Programming Timing 

Table 3. Mode Selection Summary 

P22 P21 P20 Interrupt Bus 
Mode* I PC2 PC1 PCO ROM RAM Vectors Mode Operating Mode 

7 H H H I I I I Single Chip 
6 H H L I I I MUX(2,31 Multiplexed/ Partial Decode 
5 H L H I I I NMUX(2,31 Nonmultiplexed/Partial Decode 
4 
3 
2 
1 
0 

LEGEND 
I - Internal 
E-External 

H L 
L H 
L H 
L L 
L L 

MUX - Multiplexed 
NMUX - Nonmultiplexed 
L- Logic "O" 
H-Logic "1" 

NOTES: 

L -
H E 
L E 
H I 
L I 

- - - Undelined(4) 
I E MLJX(1,51 Multiplexed/ RAM 
I E MUX(11 Multiplexed/ RAM 
I E MUX (2,3) Multiplexed/ RAM and ROM 
I E MUX(11 Multiplexed Test 

1. Addresses associated with ports 3 and 4 are considered external in modes 0, 2, and 3. 
2. Addresses associated with port 3 are considered external in modes 1, 5, and 6. 
3. Port 4 default is user data input; address output is optional by writing to port 4 data direction 

register. 
4. Mode 4 is a nonuser mode and should not be used as an operating mode. 
5. Mode 3 has the internal RAM and internal registers relocated at $DOOO-$DOFF. 
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MC6801 U4/6803U4 

Vee 

R2 Al Al Al Me6801U4 
Me6803U4 

6 
RESET RESET 

8 
P20 P20 IPeOI 

P21 P21 !Pell 
10 

P22 P22 IPC21 

NOTES: 
1. Mode 7 as shown Mode 

Control 
Switches 

2. R2•e =Reset time constant 
3. Rl = 10 k (typical) 
4. D=1N914, 1N4001 in the Oto 70'e range 

D = 1 N270, MBD201 in the -40 to 85°e range 
5. Diode Vt should not exceed VMPDD min. D D D 

Figure 15. Typical Mode Programming Circuit 

Multiplexed Test Mode 

$0000111 
Internal Registers Me6801U4 

Mode 0 External Memory Space 

$0040 

Internal RAM 

External Memory Space 

Internal ROM 

NOTES: 

11 Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
$OF. 

21 The interrupt vectors are at $BFFO-$BFFF. 
31 There must be no overlapping of internal and 

external memory spaces to avoid driving the 
data bus with more than one device. 

41 This mode is the only mode which may be 
used to examine the entire ROM using an ex
ternal RESET vector. 

5) Modes 5-7 can be irreversibly entered from 
mode 0 by writing to the PeO-Pe2 bits of the 
port 2 data register. 

Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 1 of 4) 
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MC6801U4 
Mode 1 

Multiplexed/RAM & ROM 

$()()()()( 1) '777'77''77.'77'"' 

S001 F i=<LL<<L.L.<L.£.'1:: 

SFFEF 
!""'=«<LL.l."'4( 

SFFFO 
SFFFF ~----

NOTES: 

lntef.nal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

External Interrupt Vectors 

1) Excludes the following addresses which 
may be used externally: $04, $06, and $OF. 

2) Internal ROM addresses $FFFO to $FFFF 
are not usable. 

3) Address lines A8-A15 will not contain ad
dresses until the data direction register 
for port 4 has been written with "1s" in 
the appropriate bits. These address lines 
will assert "1s" until made outputs by 
writing the data direction register. 

Multiplexed/RAM 

SFFFO .-----

SFFFF ~-----

NOTE: 

MC6801U4 
MC6803U4 
Mode 2 
Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

External Interrupt Vectors 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
$OF. 

Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 2 of 4) 
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Multiplexed/ RAM 

soooo111 

NOTES: 

MC6801U4 
MC6803U4 
Mode 3 

External Memory Space 

Internal Registersll, 21 

External Memory Space 

Internal RAM(ll 

External Memory Space 

External Interrupt Vectors 

11 Relocating the internal registers and the inter
nal RAM to high memory allows the pro
cessor to make use of direct addressing. 

21 Excludes the following addresses which may 
be used externally: $0004, $0005, $0006, 
$0007, and $DOOF. 

MC6801U4 
Mode 5 

Nonmultiplexed/Partial Decode 

soooo111 
~Internal Registers 

$001F-

;•:::: :::~ ·-
$01FFY 

NOTES: 

I 
Unusable 

11 Excludes the following addresses which may 
not be used externally: $04, $06, and $OF (no 
IOSI. 

21 Address lines AO to A7 will not contain ad
dresses until the data direction register for 
port 4 has been written with "1 s" in the ap
propriate bits. These address lines will assert 
"ls" until made outputs by writing the data 
direction register. 

Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 3 of 4) 
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MC6801U4 
Mode 6 

$0000111 ~=~T.'TT 

$001 F i'-"".LL<OL.L..<~'!C 

NOTES: 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

Internal Interrupt Vectors 

1 l Excludes the following addresses which may 
be used externally: $04, $06, $OF. 

21 Address lines A8-A15 will not contain ad
d.resses until the data direction register for 
port 4 has been written with "1 s" in the ap
propriate bits. These address lines will assert 
"ls" until made outputs by writing the data 
direction register. 

MC6801U4 
Mode 7 

Single Chip 

SOOOO~_.m Internal Registers 
$001 F ~~=~..,....=~ 

$004Q - Internal RAM 

sOOFF l 
Unusable 

Internal ROM 

I ntet"nal Interrupt Vectors 

Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 4 of 4) 
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Table 4. Internal Register Area 

Address 

Other 
Register Modes Mode 3 

Port 1 Data Direction Register* * * 0000 DOOO 
Port 2 Data Direction Register* * * 0001 DOOl 
Port 1 Data Register 0002 D002 
Port 2 Data Register 0003 D003 

Port 3 Data Direction Register*** 0004* D004* 
Port 4 Data Direction Register*** CXXJ5* * D005* * 
Port 3 Data Register 0006* D006* 
Port 4 Data Register 0007* * 0007* * 
Timer Control and Status Register 0008 DOOB 
Counter (High Byte) 0009 D009 
Counter I Low Byte) OOOA DOOA 
Output Compare Register !High Byte) OOOB DOOB 

Output Compare Register !Low Byte) oooc DOOC 
Input Capture Register !High Byte) OOOD DOOD 
Input Capture Register (Low Byte) OOOE DOOE 
Port 3 Control and Status Register OOOF* DOOF* 

Rate and Mode Control Register 0010 D010 
Transmit/Receive Control and Status Register 0011 D011 
Receive Data Register 0012 D012 
Transmit Data Register 0013 D013 

RAM Control Register 0014 D014 
Counter Alternate Address (High Byte) 0015 D015 
Counter Alternate Address (Low Byte) 0016 D016 
Timer Control Register 1 0017 D017 

Timer Control Register 2 0018 D018 
Timer Status Register 0019 D019 
Output Compare Register 2 !High Byte) 001A DOlA 
Output Compare Register 2 (Low Byte) 001B DOlB 

Output Compare Register 3 (High Byte) 001C DOlC 
Output Compare Register 3 I Low Byte) 0010 DOlD 
Input Capture Register 2 I High Byte) 001E D01E 
Input Capture Register 2 I Low Byte) 001F D01F 

*External addresses in modes 0, 1, 2, 3, 5, and 6 cannot be 
accessed in mode 5 Ina IOSI. 

**External Addresses in Modes 0, 2, and 3. 
* * * 1 =Output, 0= Input 

MC6801 U4/MC6803U4 INTERRUPTS 

The M6801 Family supports two types of interrupt re
quests: maskable and nonmaskable. A nonmaskable in
terrupt (NMI) is always recognized and acted upon at the 
completion of the current instruction. Maskable inter
rupts are controlled by the condition code register I bit 
and by individual enable bits. The I bit controls all mask
able interrupts. Of the maskable interrupts, there are two 
types: IR01 and IRQ2. The programmable timer and se
rial communications interface use an internal IR02 in
terrupt line, as shown in the block diagram. External 
devices and 153 use IR01. An IR01 interrupt is serviced 
before IRQ2 if both are pending. 

NOTE 

After reset, an NMI will not be serviced until the 
first program load of the stack pointer. Any NMI 
generated before this load will be remembered by 
the processor and serviced subsequent to the stack 
pointer load. 

All IR02 interrupts use hardware-prioritized vectors. 
The single SCI interrupt and three timer interrupts are 
serviced in a prioritized order, and each is vectored to a 
separate location. All interrupt-vector locations are shown 
in Table 5. In mode 0, reset and interrupt vectors are 
defined as $BFFO-$BFFF. 

The interrupt flowchart, which is depicted in Figure 17, 
is common to every interrupt excluding reset. During in
terrupt servicing, the program counter, index register, A 
accumulator, B accumulator, and condition code register 
are pushed to the stack. The I bit is set to inhibit niaskable 
interrupts, and a vector is fetched corresponding to the 
current highest-priority interrupt. The vector is trans
ferred to the program counter, and instruction execution 
is resumed. Interrupt and RESET timing are illustrated in 
Figures 18 and 19. 

Table 5. MCU Interrupt-Vector Locations 

ModeO Modes 1-3, 5-7 Interrupt*** 
MSB LSB MSB LSB 

BFFE BFFF FFFE FFFF RESET 

BFFC BFFD FFFC FFFD Nonmaskable Interrupt** 

BFFA BFFB FFFA FFFB Software Interrupt 

BFF8 BFF9 FFF8 FFF9 Maskable Interrupt Request 1 

BFF6 BFF7 FFF6 FFF7 Input Capture Flag* 

BFF4 BFF5 FFF4 FFF5 Output Compare Flag* 

BFF2 BFF3 FFF2 FFF3 Timer Overflow Flag* 

BFFO BFF1 FFFO FFF1 Serial Communications Interface* 

* IR02 interrupt 
* * NMI must be armed (by accessng stack pointer) before an 

NM I is executed. 
***Mode 4 interrupt vectors are undefined. 
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IRQ1 BFF8-BFF9 
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Figure 17. Interrupt Flowchart 
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I Cycle 
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~~!PCS 
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Data Bus~'---"'---

I # 5 I #6 #7 #8 #9 I # 10 I #11 #12 

Op Code Op Code PC 0- 7 PC8-15 X 0- 7 X 8-15 ACCA ACCB CCR Irrelevant Vector Vector First Inst. of . 
Data MSB LSB Interrupt Routine 

Internal R/W 

Figure 18. Interrupt Sequence 
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FUNCTIONAL PIN DESCRIPTIONS 

Vee AND Vss 
Vee and Vss provide power to a large portion of the 

MeU. The power supply should provide + 5 volts ( ± 5%) 
to Vee, and Vss should be tied to ground. Total power 
dissipation (incuding Vee standby) will not exceed Po 
milliwatts. 

Vee STANDBY 

Vee standby provides power to the standby portion 
($40 through $5F in all modes except mode 3, which is 
$0040 through $D05F) of the RAM, and the STBY PWR 
and RAME bits of the RAM control register. Voltage re
quirements depend on whether the device is in a pow
erup or powerdown state. In the powerup state, the power 
supply should provide + 5 volts ( ± 5%) and must reach 
Vss volts before RESET reaches 4.0 volts. During pow
erdown, Vee standby must remain above VsBB (mini
mum) to sustain the standby RAM and STBY PWR bit. 
While in powerdown operation, the standby current will 
not exceed ISBB· 

It is typical to power both Vee and Vee standby from 
the same source during normal operation. A diode must 
be used between them to prevent supply power to Vee 
during powerdown operation. 

XTAL AND EXTAL 

These two input pins interface either a crystal or TIL
compatible clock to the MeU internal clock geneator. Di
vide-by-four circuitry is included which allows use of the 
inexpensive 3.58-MHz or 4.4336-MHz color-burst TV crys
tals. A 20-pF capacitor should be tied from each crystal 
pin to ground to ensure reliable startup and operation. 
Alternatively, EXTAL may be driven by an external TIL
compatible clock at 4 f0 with a duty cycle of 50% ( ± 5%) 
with XTAL connected ground. 

The internal oscillator is designed to interface with an 
AT-cut quartz crystal resonator operated in parallel res
onance mode in the frequency range specified for fxTAL· 
The crystal should be mounted as close as possible to 
the input pins to minimize output distortion and startup 
stabilization time. The MeU is compatible with most com
mercially available crystals. Nominal crystal parameters 
are shown in Figure 20. 

RESET 

This input is used to reset the internal state of the de
vice and provide an orderly startup procedure. During 
powerup, RESET must be held below 0.8 volts: 1) at least 
tRe after Vee reaches 4.75 volts to provide sufficient time 
forthe clock generator to stabilize, and 2) until Vee standby 
reaches 4.75 volts. RESET must be held low at least three 
E cycles if asserted during powerup operation. 

E (ENABLE) 

This is an output clock used primarily for bus synchro
nization. It is TIL compatible and is the slightly skewed 
divide-by-four result of the device input clock frequency. 
It will drive one Schottky TIL load and 90 pF, and all data 

given in cycles are referenced to this clock unless oth
erwise noted. 

NMI (NONMASKABLE INTERRUPT) 

An NM! negative edge requests an MeU interrupt se
quence, but the current instrution will ,be completed be
fore it responds to the request. The MeU will then begin 
an interrupt sequence. Finally, a vector is fetched from 
$FFFe and $FFFD ($BFFe and $BFFD in mode 0), trans
ferred to the ~ram counter, and instruction execution 
is resumed. NMI typically requires a 3.3 kn (nominal) 
resistor to Vee. There is no internal NM! pullup resistor. 
NM! must be held low for at least dne E cycle to be 
recognized under all conditions. 

NOTE 

After reset, an NMI will not be serviced until the 
first program load of the stack pointer. Any NMI 
generated before this load will remain pending by 
the processor. 

IR01 (MASKABLE INTERRUPT REQUEST 1) 

IR01 is a level-sensitive input that can be used to re
quest an interrupt sequence. The MPU will complete the 
current instruction before it responds to the request. If 
the interrupt mask bit (I bit) in the condition code register 
is clear, the MeU will begin an interrupt sequence. A 
vector is fetched from $FFF8 and $FFF9 ($BFF8 and $BFF9 
in mode 0), transferred to the program counter, and in
struction execution is resumed. 

IR01 typically requires an external 3.3 kn (nominal) 
resistor to Vee for wire-OR applications. IR01 has no 
internal pullup resistor. 

SC1 AND SC2 (STROBE CONTROL 1 AND 2) 

The function of se1 and se2 depends on the operating 
mode. se1 is configured as an output in all modes except 
single-chip mode; whereas, se2 is always an output. se1 
and se2 can drive one Schottky load and 90 pF. 

SC1 and SC2 in Single-Chip Mode 

In single-chip mode, se1 and se2 are configured as 
an input and output, respectively, and both function as 
port 3 control lines. se1 functions as IS3 and can be used 
to indicate that port 3 input data is ready or output data 
has been accepted.Three options associated with IS3 are 
controlled by the port 3 canto! and status register and 
are discussed in the port 3 description; refer to P30-P37 
(PORT 3). If unused, 153 can remain unconnected. 

se2 is configured as 053 and can be used to strobe 
output data or acknowledge input data. It is controlled 
by output strobe select (OSS) in the port 3 control and 
status register. The strobe is generated by a read (OSS = 0) 
or write (OSS = 1) to the port 3 data register. 053 timing 
is shown in Figure 3. 

SC1 and SC2 in Expanded-Nonmultiplexed Mode 

In the expanded-nonmultiplexed mode, both se1 and 
se2 are configured as outputs. se1 functions as input/ 
output select (IOS) and is asserted only when $0100 
through $01 FF is sensed on the internal address bus. 
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la) Nominal Recommended Crystal Parameters 

Nominal Crystal Parameters* 

3.58 MHz 4.00 MHz 5.0 MHz 

RS 6011 5011 30-5011 

co 3.5 pf 6.5 pf 4-6 pf 

C1 O.Q15 pf 0.025 pf 0.01-0.02 pf 
Q >40 K >30 K >20 K 

*NOTE· These are representative AT-cut crystal parameters only. Crystals of other 
types of cut may also be used. 

MC6801U4 

2 

0 

CL= 20 pf ltypicall 

NOTE 
TTL-compatible oscillators may 
be obtain from: 

Motorola Component Prod
ucts 

Attn: Crystal Clock Oscillators 
2553 N. Edgington St. 
Franklin Park, IL 60131 

Tel: 312-451-1000 
Telex: 433-0067 

Vee 

(bl Oscillator Stabilization Time ltRcl 

4.75 v 

I f ""Ol(f----tRC---
Oscillator 

Stabilization 
Time, tRc 

L 1 

co 

Equivalent Circuit 

Figure 20. MC6801U4/MC6803U4 Family Oscillator Characteristics 
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SC2 is configured as read/write and is used to control 
the direction of data bus transfers. An MPU read is en
abled when read/write and E are high. 

SC1 and SC2 in Expanded-Multiplexed Mode 

In the expanded-multiplexed modes, both SC1 nd SC2 
are configured as outputs. SC1 functions as address strobe 
and can be used to demultiplex the eight least-significant 
addresses and the data bus. A latch controlled by address 
strobe captures the lower address on the negative edge, 
as shown Figure 13. 

SC2 is configured as read/write and is used to control 
the direction of data bus transfers. An MPU read is en
abled when read/write and E are high. 

P10-P17 (PORT 1) 

Port 1 is a mode-independent 8-bit 1/0 and timer port. 
Each line can be configured as either an input or output 
as defined by the port 1 data direction register. Port 1 
bits 0, 1, and 2 (P10, P11, and P12) can also be used to 
exercise one input edge function and two output compare 
functions of the timer. The TIL-compatible three-state 
buffers can drive one Schottky TIL load and 30 pF, Dar
lington transistors or CMOS devices using external pul
lup resistors. It is configured as a data input port during 
RESET. Unused pins can remain unconnected. 

P20-P24 (PORT 2) 

Port 2 is a mode-independent 5-bit multipurpose 1/0 
port. The voltage levels present on P20, P21, and P22 on 
the rising edge of RESET determine the operating mode 
of the MCU. The entire port is then configured as a data 
input port. The port 2 lines can be selectively cofigured 
as data output lines by setting the appropriate bits in the 
port 2 data direction register. The port 2 data register is 
used to move data through the port. However, if P21 is 
configured as an output, it is tied to the timer output 
compare 1 function and cannot be used to provide output 
from the port 2 data register unless output enable 1 (OE1) 
is cleared in timer control register 1. 

Port 2 can also be used to provide an interface for the 
serial communications interface and the timer input edge 
function. These configurations are described in SERIAL 
COMMUNICATIONS INTERFACE and PROGRAMMABLE 
TIMER. 

The port 2 three-state TIL-compatible output buffers 
are capable of driving one Schottky TTL load and 30 pF 
or CMOS devices using external pullup resistors. 

PORT 2 DATA REGISTER 

5 4 3 

PC2 PCl PCO I P24 I P23 I P22 P21 P20 $03 

P30-P37 (PORT 3) 

Port 3 can be configured as an 1/0 port, a bidirectional 
8-bit data bus, or a multiplexed address/data bus de
pending on the operating mode. The TIL-compatible 
three-state output buffers can drive one Schottky TIL 
load and 90 pF. Unused lines can remain unconnected. 

Port 3 in Single-Chip Mode 

Port 3 is an 8-bit 1/0 port in the single-chip mode with 
each line configured by the port 3 data direction register. 
There are also two lines, IS3 and OS3, which can be used 
to control port 3 data transfers. 

Three port 3 options are controlled by the port 3 control 
and status register and are available only in single-chip 
mode: 1) port 3 input data can be latched using IS3 as a 
control signal, 2) OS3 can be generated by either an MPU 
read or write to the port 3 data register, and 3) an IRQ1 
interrupt can be enabled by an IS3 negative edge. Port 3 
latch timing is shown in Figure 4. 

PORT 3 CONTROL AND STATUS REGISTER 

Bits 0-2 Not used . 

Bit 3 Latch Enable - This bit controls the input latch 
for port 3. If set, input data is latched by an IS3 
negative edge. The latch is transparent after a 
read of the port 3 data register. Latch enable is 
cleared during reset. 

Bit 4 Output Strobe Select (OSS) - This bit deter
mines whether OS3 will be generated by a read 
or write of the port 3 data register. When clear, 
the strobe is generated by a read; when set, it 
is generated by a write. OSS is cleared during 
reset. 

Bit 5 Not used. 

Bit 6 IS3 IRQ1 Enable - When set, an IRQ1 interrupt 
will be enabled whenever the IS3 flage is set; 
when clear, the interrupt is inhibited. This bit is 
cleared during reset. 

Bit 7 IS3 Flag - This read-only status bit is set by an 
IS3 negative edge. It is cleared by a read of the 
port 3 data register or during reset. 

Port 3 in Expanded-Nonmultiplexed Mode 

Port 3 is configured as a bidirectional data bus (D7-DO) 
in the expanded-nonmultiplexed mode. The direction of 
data transfers is controlled by read/write (SC2). Data is 
clocked by E (enable). 

Port 3 in Expanded-Multiplexed Mode 

Port 3 is configured as a time-multiplexed address (A7-
AO), and data bus (D7-DO) in the expanded-multiplexed 
mode where AS can be used to demultiplex the two buses. 
Port 3 is held in a high-impedance state between valid 
address and data to prevent bus conflicts. 

P40-P47 (PORT 4) 

Port 4 is configured as an 8-bit 1/0 port, as address 
outputs, or as data inputs depending on the operating 
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mode. Port 4, which can drive one Schottky TIL load and 
90 pF, is the only port with internl pullup resistors. Un
used lines can remain unconnected. 

Port 4 in Single-Chip Mode 

In single-chip mode, port 4 functions as an B-bit 1/0 
port with each line configured by the port 4 data direction 
register. Internal pull up resistors allow the port to directly 
interface with CMOS at 5-volt levels. However, external 
pullup resistors to more than 5 volts cannot be used. 

Port 4 in Expanded-Nonmultiplexed Mode 

Port 4 is configured from reset as an B-bit input port 
where the port 4 data direction register can be written to 
provide any or all of eight address lines AO to A7. Internal 
pullup resistors pull the lines high until the port 4 data 
direction register is configured. 

Port 4 in Expanded-Multiplexed Mode 

In all expanded-multiplexed modes except modes 
and 6, port 4 functions as half of the address bus and 
provides AB to A15. In modes 1 and 6, the port is confi
gured from reset as an B-bit parallel input port where the 
port 4 data direction register can be written to provide 
any or all of upper address lines AB to A15. Internal pull up 
resistors pull the lines high until the port 4 data direction 
register is configured where bit 0 controls AB. 

RESIDENT MEMORY 

The MC6B01U4 provides 4096 bytes of on-chip ROM 
and 192 bytes of on-chip RAM. 

Thirty-two bytes of the RAM ae powered through the 
Vee standby pin and are maintainable during Vee power
down. This standby portion of the RAM consists of 32 
bytes located from $40 through $5F in all modes except 
mode 3, which is $0040 through $D05F. 

Power must be supplied to Vee standby if the internal 
RAM is to be used, regardless of whether standby power 
operation is anticipated. 

The RAM is controlled by the RAM control register. 

RAM CONTROL REGISTER ($14) 

The RAM control register includes two bits, which can 
be used to control RAM accesses and to determine the 
adequacy of the standby power source during power
down operation. It is intended that RAME be cleared and 
STBY PWR be set as part of a powerdown procedure. 

RAM CONTROL REGISTER 
1 

Bits 0-5 Not used. 

$14 

Bit 6 RAM Enable - This read/write bit can be used 
to remove the entire RAM from the internal mem
ory map. RAME is set (enabled) during reset pro
vided standby power is available on the positive 

edge of RESET. If RAME is clear, any access to 
a RAM address is external. If RAME is set, the 
RAM is included in the internal map. 

Bit 7 Standby Power - This bit is a read/write status 
bit that, when cleared, indicates Vee standby has 
decreased sufficiently below VSBB (minimum) to 
make data in the standby RAM suspect. It can be 
set only by software and is not affected during 
reset. 

PROGRAMMABLE TIMER 

The programmable timer can be used to perform meas
urements on two separate input waveforms while inde
pendently generating three output waveforms. Pulse 
widths can vary from several microseconds to many sec
onds. A block diagram of the timer is shown in Figure 
21. 

COUNTER ($09:0A), ($15, $16) 

The key timer element is a 16-bit free-running counter 
that is incremented by E (enable). It is cleared during reset 
and is read-only with one exception: in mode 0 a write 
to the counter ($09) will configure it to $FFFB. This feature, 
intended for testing, can disturb serial operations be
cause the counter provides the SCI internal bit rate clock. 
The TOF is set whenever the counter contains all ones. 
If ETOI is set, an interrupt will occur when the TOF is set. 
The counter may also be read as $15 and $16 to avoid 
inadvertently clearing the TOF. 

OUTPUT COMPARE REGISTERS ($0B:OC), ($1A:1B), 
($1C:1D) 

The three output compare registers are 16-bit read/ 
write registers, each used to control an output waveform 
or provide an arbitrary time-out flag. They are compared 
with the free-running counter during the negative half of 
each E cycle. When a match occurs, the corresponding 
output compare flag (OCF) is set, and the corresponding 
output level (OLVL) is clocked to an output level register. 
If both the corresponding output enable bit and data di
rection register bit are set, the value represented in the 
output level register will appear on the corresponding 
port pin. The appropriate OLVL bit can then be changed 
for the next compare. 

The function is inhibited for one cycle after a write to 
its high byte ($OB, $1A, or $1C) to ensure a valid compare 
after a double-byte write. Writes can be made to either 
byte of the output compare register without affecting the 
other byte. The OLVL value will be clocked out inde
pendently of whether the OCF had previously been 
cleared. The output compare registers are set to $FFFF 
during reset. 

INPUT CAPTURE REGISTERS ($0D:OE), ($1E:1F) 

The two input capture registers are 16-bit read-only 
registers used to store the free-running counter when a 
"proper" input transition occurs as defined by the cor
responding input edge bit (IEDG1 or IEDG2). The input 
pin's data direction register should be configured as an 
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input, but the edge detect circuit always senses P10 and 
P20 even when configured as an output. The counter 
value will be latched into the into capture registers on 
the second negative edge of the E clock following the 
transition. 

As input capture can occur independently of ICF; the 
register always contains the most current value. How
ever, counter transfer is inhibited between accesses of a 
double-byte MPU read. The input pulse width must be at 
least two E cycles to ensure an input capture under all 
conditions. 

TIMER CONTROL AND STATUS REGISTERS 

Four registers are used to provide the MC6801 U4/ 
MC6803U4 with control and status information about the 
three output compare functions, the timer overflow func
tion, and the two input edge functions of the timer. They 
are as follows: 

Timer Control and Status Register (TCSR) 
Timer Control Register 1 (TCR1) 
Timer Control Register 2 (TCR2) 
Timer Status Register (TSR) 

Timer Control and Status Register (TCSR) ($08) 

The timer control and status register is an 8-bit register 
in which all bits are readable, while only bits 0-4 can be 
written. All the bits in this register are also accessible 
through the two timer control registers and the timer 
status register. The three most significant bits provide 
the timer status and indicate if 

1. a proper level transition has been detected at P20; 
2. a match has occurred between the free-running 

counter and output compare register 1; or 

3. the free-running counter has overflowed. 

Each of the three events can generate an IRQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 

TIMER CONTROL AND STATUS REGISTER 

6 5 4 3 2 I 0 

ICFI I OCFI I TOF I EICll I EOCll I ETOI I 1EOGI I OLVLI I $08 

Bit 0 Output Level 1 - OL VL 1 is clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit in timer con
trol register 1 is set. OLVL 1 and output level reg
ister 1 are cleared during reset. Refer to TIMER 
CONTROL REGISTER 1 (TCR1) ($17). 

Bit 1 Input Edge 1 - IEDG1 is cleared during reset and 
controls which level transition on P20 will trigger 
a counter transfer to input capture register 1: 

IEDG1=0 transfer on a negative-edge 
IEDG 1=1 transfer on a positive-edge 

Refer to TIMER CONTROL REGISTER 1 (TCR1) ($17). 

Bit 2 Enable Timer Overflow Interrupt - When set, an 
IRQ2 interrupt will be generated when the timer 
overflow flag is set; when clear, the interrupt is 

inhibited ETOI is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 

Bit 3 Enable Output Compare Interrupt 1 - When set, 
an IRQ2 interrupt will be generated when output 
compare flag 1 is set; when clear,the interrupt is 
inhibited. EOCl1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 

Bit 4 Enable Output Capture Interrupt 1 - When set, 
an IRQ2 interrupt will be generated when input 
capture flag 1 is set; when clear, the interrupt is 
inhibited. EICl1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 

Bit 5 Timer Overflow Flag - The TOF is set when the 
counter contains all ones ($FFFF). It is cleared by 
reading the TCSR or the TSR (with TOF set) and 
the counter high byte ($09), or during reset. Refer 
to TIMER STATUS REGISTER (TSR) ($19). 

Bit 6 Output Compare Flag 1 - OCF1 is set when output 
compare register 1 matches the free-running 
counter. OCF1 is cleared by reading the TCSR or 
the TSR (with OCF1 set) and then writing to output 
compare register 1 ($OB or $OC), or during reset. 
Refer to TIMER STATUS REGISTER (TSR) ($19). 

Bit 7 Input Capture Flag - ICF1 is set to indicate that a 
proper level transition has occurred; it is cleared 
by reading the TCSR or the TSR (with ICF1 set) and 
the input capture register 1 high byte ($00), or 
during reset. Refer to TIMER STATUS REGISTER 
(TSR) ($19). 

Timer Control Register 1 (TCR1) ($17) 

Timer control register 1 is an 8-bit read/write register 
containing the control bits for interfacing the output com
pare and input capture registers to the corresponding I/ 
0 pins. 

TIMER CONTROL REGISTER 1 

5 4 3 2 I 0 

OE3 0E2 ( 0E1 I 1rnG2 I 1rnG1 I OLVL3 I OLVL2 I OLVL1 I $11 

Bit 0 Output Level 1 - OLVL 1 is clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit is set. OLVL 1 
and output level register 1 are cleared during reset. 
Refer to TIMER CONTROL AND STATUS REGIS
TER (TCSR) ($08). 

Bit 1 Output Level 2 - OLVL2 is clocked to output level 
register 2 by a successful output compare and will 
appear at P11 if bit 1 of port 1 data direction reg
ister is set and the OE2 control bit is set. OLVL2 
and output level register 2 are cleared during reset. 
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Bit 2 Output Level 3 - OLVL3 is clocked to output level 
register 3 by a successful output compare and will 
appear at P12 if bit 2 of port 1 data direction reg
ister is set and the OE3 control bit is set. OLVL3 
and output level register 3 are cleared during reset. 

Bit 3 Input Edge 1 - IEDG 1 is cleared during reset and 
controls which level transition on P20 will trigger 
a counter transfer to inut capture register 1. 

IEDG1 =0 transfer on a negative edge 
IEDG1=1 transfer on a positive edge 

Refer to TIMER CONTROL AND STATUS REGIS
TER (TCSR) ($08). 

Bit 4 Input Edge 2 - IEDG2 is cleared during reset and 
controls which level transition on P10 will trigger 
a counter transfer to input capture register 2. 

IEDG2 = 0 transfer on a negative edge 
IEDG2 = 1 transfer on a positive edge 

Bit 5 Output Enable 1 - OE1 is set during reset and 
enables the contents of output level register 1 to 
be connected to P21 when bit 1 of port 2 data 
direction register is set. 

OE1=0 port 2 bit 1 data. register output 
OE1=1 output level register 1 

Bit 6 Output Enable 2- OE2 is cleared during reset and 
enables the contents of output level register 2 to 
be connected to P11 when bit 1 of port 1 data 
direction register is set. 

OE2 = 0 port 1 bit 1 data register output 
OE2 = 1 output level register 2 

Bit 7 Output Enable 3- OE3 is cleared during reset and 
enables the contents of output level register 3 to 
be connected to P12 when bit 2 of port 1 data 
direction register is set 

OE3 = 0 port 1 bit 2 data register output 
OE3 = 1 output level register 3 

Timer Control Register 2 (TCR2) ($18) 

Timer control register 2 is an 8-bit read/write register 
(except bits 0 and 1 ), which enables the interrupts as
sociated with the free-running counter, the output com
pare registers, and the input capture registers. In test 
mode 0, two more bits (clock and test) are available for 
checking the timer. 

TIMER CONTROL REGISTER 2 
(Nontest Modes) 

7 5 4 3 2 

EICl2 I EICl1 I EOCl3 I EOC12 I EOCl1 I ETOI I $18 

Bits 0-1 Read-Only Bits - When read, these bits return 
a value of 1. Refer to TllMER CONTROL REG
ISTER 2 (Test Mode). 

Bit 2 Enable Timer Overflow Interrupt-When set, an 
IRQ2 interrupt will be generated when the timer 

overflow flag is set; when clear, the interrupt in
hibited. ETOI is cleared during rest. Refer to TIMER 
CONTROL AND STATUS REGISTER (TCSR) ($08). 

Bit 3 Enable Output Compare Interrupt 1 - When set, 
an IRQ2 interrupt will be generated when the out
put compare flag 1 is set; when clear, the inter
rupt is inhibited. EOCl1 is cleared during reset. 
Refer to TIMER CONTROL AND STATUS REG
ISTER (TCSR) ($08). 

Bit 4 Enable Output Compare Interrupt 2 - When set, 
an IRQ2 interrupt will be generated when the out
put compare flag 2 is set; when clear, the inter
rupt is inhibited. EOCl2 is cleared during reset. 

Bit 5 Enable Output Compare Interrupt 3 - When set, 
an IRQ2 interrupt will be generated when the out
put compare flag 3 is set; when clear, the inter
rupt is inhibited. EOCl3 is cleared during reset. 

Bit 6 Enable Input Capture Interrupt 1 - When set, an 
IRQ2 interrupt will be generated when the input 
capture flag 1 is set; when clear, the interrupt is 
inhibited. EICl1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER (TCSR) 
($08). 

Bit 7 Enable Input Capture Interrupt 2 - When set, an 
IRQ2 interrupt will be generated when the input 
capture flag 2 is set; when clear, the interrupt is 
inhibited. EICl2 is cleaed during reset. 

The timer test bits (test and clock) allow the free-run
ning counter to be tested as two separate 8-bit counters 
to speed testing. 

TIMER CONTROL REGISTER 2 
(Test Modes) 

7 5 4 3 2 1 0 

EIC12 I EICl1 I EOCl3 I EOCl2 I EOCl1 I ETOI I TEST I CLOCK I $18 

Bit 0 CLOCK - The CLOCK control bit selects which 
half of the 16-bit free-running counter (MSB or 
LSB) should be clocked with E. The CLOCK bit is 
a read/write bit only in mode 0 and is set during 
reset. 

CLOCK= 0 - Only the eight most-significant bits 
of the free-running counter run with TEST= 0. 

CLOCK= 1 - Only the eight least-significant bits 
of the free-running counter run when TEST= 0. 

Bit 1 TEST - The TEST control bit enables the timer 
test mode. TEST is a read/write bit in mode 0 and 
is set during reset. 

TEST= 0 - Timer test mode enabled: 
a) The timer LSB latch is transparent, which 

allows the LSB to be read independently of 
the MSB. 
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b) Either the MSB or the LSB of the timer is 
clocked by E, as defined by the CLOCK bit. 

TEST= 1 - Timer test mode disabled. 

Bits 2-7 See TIMER CONTROL REGISTER 2 (Nontest 
Modes). (These bits function the same as in the 
nontest modes.) 

Timer Status Register (TSR) ($19) 

The timer status register is an 8-bit read-only register 
vvh!ch contains the f!ags associated with the free-running 
counter, the output compare registers, and the input cap
ture registers. 

TIMER STATUS REGISTER 

5 4 3 2 

ICF2 ICF1 I OCF3 I OCF2 I OCFT I TOF I $19 

Bits 0-1 Not used. 

Bit 2 Timer Overflow Flag - The TOF is set when the 
counter contais all ones ($FFFF). It is cleared by 
reading the TSR or the TCSR (with TOF set) and 
then the counter high byte ($09), or during reset. 
Refer to TIMER CONTROL AND STATUS REG
ISTER (TCSR) ($08). 

Bit 3 Output Compare Flag 1 - OCF1 is set when out
put compare register 1 matches the free-running 
counter. OCF1 is cleared by reading the TSR or 
the TCSR (with OCF1 set) and then writing to 
output compare register 1 ($OB or $0C), or during 
reset. Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 

Bit 4 Output Compare Flag 2- OCF2 is set when out
put compare register 2 matches the free-running 
counter. OCF2 is cleared by reading the TSR (with 
OCF2 set) and then writing to output compare 
register 2 ($1A or $1 B), or during reset. 

Bit 5 Output Compare Flag 3 - OCF3 is set when out
put compare register 3 matches the free-runing 
counter. OCF3 is cleared by reading the TSR (with 
OCF3 set) and then writing to output compare 
register 3 ($1C or $10), or during reset. 

Bit 6 Input Capture Flag 1 - ICF1 is set to indicate that 
a proper level transition has occurred; it is cleared 
by reading the TSR or the TCSR (with ICF1 set) 
and the input capture register 1 high byte ($00), 
or during reset. Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR) ($08). 

Bit 7 Input Capture Flag 2- ICF2 is set to indicate that 
a proper level transition has occurred; it is cleared 
by reading the TSR (with ICF2 set) and the input 
capture register 2 high byte ($1 E), or during reset. 

SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with two 
data formats and a variety of rates. The SCI transmitter 
and receiver are functionally independent but use the 
same data format and bit rate. Serial data formats include 
standard mark/space (NRZ) and biphase; both provide 
one start bit, eight data bits, and one stop bit. "Baud" 
and "bit rate" are used synonymously in the following 
description. 

WAKE-UP FEATURE 

In a typical serial loop multiprocessor configuration, 
the software protocol will usually identify the addres
see(s) at the begining of the message. To permit unin
terested MPUs to ignore the remainder of the message, 
wake-up feature is included whereby all further SCI re
ceiver flag (and interrupt) processing can be inhibited 
until its data line goes idle. An SCI receiver is re-enabled 
by an idle string of eleven consecutive ones or during 
reset. Software must provide for the required idle string 
between consecutive messages and must prevent it within 
messages. 

PROGRAMMABLE OPTIONS 

The following featues of the SCI are programmable: 

• Format: standard mark/space (NRZ) or biphase 

• Clock: external or internal bit rate clock 

• Baud: one of eight per E clock frequency or ex
ternal clock ( x 8 desired baud) 

• Wake-Up Feature: enabled or disabled 

• Interrupt Requests: enabled individually for trans
mitter and receiver 

• Clock Output: internal bit rate clock enabled or 
disabled to P22 

SERIAL COMMUNICATIONS REGISTERS 

The SCI includes four addressable registers as depicted 
in Figure 22. It is controlled by the rate and mode control 
register and the transmit/receive control and status reg
ister. Data are transmitted and received utilizing a write
only transmit register and a read-only receive register. 
The shift registes are not accessi.ble to software. 

Rate and Mode Control Register (RMCR) ($10) 

The rate and mode control register controls the SCI bit 
rate, format, clock source, and, under certain conditions, 
the configuration of P22. The register consists of five 
write-only bits which are cleared during reset. The two 
least-significant bits, in conjunction with bit 7, control the 
bit rate of the internal clock, and the remaining two bits 
control the format and clock source. 

RATE AND MODE CONTROL REGISTER 

6 5 3 2 1 0 

L EBE I x I x I x I CC1 I cco I SS1 I sso I $10 

Bit 1: Bit 0 SS1 :SSO Speed Select- These two bits select 
the baud when using the internal clock. Eight 
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Bit7 Rate and Mode Control Register Bit 0 

lcc1 lccolss1lssols10 

Transmit/Receive Control and Status Register 

I RDRF loRFE ITDREI RIE I RE I TIE TE I wu I s11 

Port 2 

11 

10 

12 

Receive Data Register 

!Not Addressable) 

Recei\(e Shift Register 

Bit Rate 
Generator 

I Not Addressable) 

Transmit Shift Register 

Transmit Data Register 

$12 

$13 

Figure 22. SCI Registers 

rates may be selected (in conjunction with bit 
7) which are a function of the MCU input fre
quency. Table 6 lists bit times and rates for 
three selected MCU frequencies. 

Bit 3:Bit 2 CC1:CCO Clock Control and Format Select -
These two bits control the format and select 
the serial clock source. If CCl is set, the DDR 
value for P22 is forced to the complement of 
CCO and cannot be altered until CCl is cleared. 
If CCl is cleared after having been set, its DDR 
value is unchanged. Table 7 defines the for
mats, clock source, and use of P22. 

Bits 4-6 

Bit7 

Bit 1:Bit1 
Bit l:Bit 1 

Not used. 

EBE Enhanced Baud Enable - EBE selects the 
standard MC6801 baud rates when clear and 
the additional baud rates when set (Table 6). 
This bit is cleared by reset and is a write-only 
control bit. 

EBE= 0 standard MC6801 baud rates 
EBE= 1 additional baud rates 

If both CC1 and CCO are set, an external TTL-compatible 
clock must be connected to P22 at eight times (8 x) the 
desired bit rate, but not greater than E, with a duty cycle 

of 50% ( ± 10%). If CCl: CCO = 10, the internal bit rate clock 
is provided at P22 regardless of the values for TE or RE. 

NOTE 
The source of SCI internal bit rate clock is the 

timer free-running counter. An MPU write to the 
counter in mode 0 can disturb serial operations. 

Transmit/Receive Control and Status Register (TRCSR) 
($11) 

The transmit/receive control and status register con
trols the transmitter, receiver, wake-up feature, and two 
individual interrrupts, and monitors the status of serial 
operations. All eight bits are readable; bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 

TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER 

7 6 5 4 3 2 1 0 

I RDRF I ORFE I TORE I RIE I RE I TIE I TE I WU I $11 

Bit 0 Wake-Up on Idle Line - When set, WU enables the 
wake-up function; it is cleared by eleven consecu
tive ones or during reset. WU will not be set if the 
line is idle. Refer to WAKE-UP FEATURE. 

Bit 1 Transmit Enable - When set, P24 DDR bit is set, 
cannot be changed, and will remain set if TE is 
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Table 6. SCI Bit Times and Rates 

410 - 2.4576 MHz 

EBE SS1:SSO 614.4 kHz 
E Baud Time 

0 0 0 + 16 38400.0 26 µS 

0 0 1 + 128 4800.0 208.3 µs 

0 1 0 +1024 600.0 1.67 ms 

0 1 1 +4096 150.0 6.67 ms 

1 0 0 +64 9600.0 104.2 µS 

1 0 1 +256 2400.0 416.6 µs 

1 1 0 +512 1200.0 833.3 µS 

1 1 1 +2048 300.0 3.33 ms 

External I P221 * 76800.0 13.0 µS 

*Using maximum clock rate 

Table 7. SCI Format and Clock Source Control 

CCl:CCO Format Clock Port 2 
Source Bit 2 

00 Bi phase Internal Not Used 

01 NRZ Internal Not Used 

10 NRZ Internal Output 

11 NRZ External Input 

subsequently cleared. When TE is changed from 
clear to set, the transmitter is connected to P24 and 
a preamble of nine consecutive ones is transmitted. 
TE is cleared during reset. 

Bit 2 Transmit Interrupt Enable - When set, an IRQ2 is 
set; when clear, the interrupt is inhibited. TE is 
cleared during reset. 

Bit 3 Receive Enable - When set, the P23 DDR bit is 
cleared, cannot be changed, and will remain clear 
if RE is subsequently cleared. While RE is set, the 
SCI receiver is enabled. RE is cleared during reset. 

Bit 4 Receiver Interrupt Enable - When set, an IRQ2 
interrupt is enabled when RDRF and/or ORFE is set; 
when clear, the interrupt is inhibited. RIE is cleared 
during reset. 

Bit 5 Transmit Data Register Empty - TDRE is set when 
the transmit data register is transferred to the out
put serial shift register or during reset. It is cleared 
by reading the TRCSR (with TDRE set) and then 
writing to the transmit data register. Additional data 
will be transmitted only if TDRE has been cleared. 

Bit 6 Overrun Framing Error - If set, ORFE indicates 
either an overrun or framing error. An overrun is 
a new byte ready to transfer to the receiver data 
register with RDRF still set. A receiver framing error 
has occurred when the byte boundaries of the bit 
stream are not synchronized to the bit counter. An 
overrun can be distinguished from a framing error 
by the state of RDRF: if RDRF is set, then an overrun 

4.0 MHz 4.9152 MHz 

1.0 MHz 1.2288 MHz 
Baud Time Baud Time 

62500.0 16.0 µs 76800.0 \130 µs! 

7812.5 128.0 µS 9600.0 104.2 µS 

976.6 1.024 ms 1200.0 833.3 µs 

244.1 4 096 ms 300.0 3.33 ms 

15625.0 64 µs 19200.0 52.0 µs 

3906.3 256 µS 4800.0 208.3 µS 

1953.1 512 µS 2400.0 416.6µs 

488.3 2.05 ms 600.0 1.67 ms 

125000.0 8.0 µS 153600.0 6.5 µS 

has occurred; otherwise, a framing error has been 
detected. Data are not transferred to the receive 
data register in an overrun condition. Unframed 
data causing a framing error are transferred to the 
receive data register. However, subsequent data 
transfer is blocked until the framing error flag is 
cleared. ORFE is cleared by reading the TRCSR (with 
ORFE set) then the receive da.ta register, or during 
reset. 

Bit 7 Receive Data Register Full - RDRF is set when the 
input serial shift register is transferred to the receive 
data register, or during reset. 

SERIAL OPERATIONS 

The SCI is initialized by writing control bytes first to 
the rate and mode control register and then to the trans
mit/receive control and status register. When TE is set, 
the output of the transmit serial shift register is connected 
to P24, and serial output is initiated by transmitting a 9-
bit preamble of ones. 

At this point, one of two situations exists: 1) if the 
transmit data register is empty (TDRE = 1), a continuous 
string of ones will be sent indicating an idle line; or 2) if 
a byte has been written to the transmit data register 
(TDRE = 0), it will be transferred to the output serial shift 
register (synchronized with the bit rate clock). TDRE will 
be set, and transmission will begin. 

The start bit (0), eight data bits (beginning with bit 0). 
and a stop bit (1) will be transmitted. If TDRE is still set 
when the next byte transfer occurs, ones will be sent until 
more data is provided. In bi phase format, the output tog
gles at the start of each bit and at half-bit time when a 
one is sent. Receive operation is controlled by RE, which 
configures P23 as an input and enables the receiver. SCI 
data formats are illustrated in Figure 23. 

INSTRUCTION SET 

The MC6801U4/MC6803U4 is directly source compat
ible with the MC6801 and upward source and object code 
compatible with the MC6800. Execution times of key in
structions have been reduced, and several instructions 
have been added, including a hardware multiply. A list 
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Output 
Clock 

NAZ 
Format 

Biphase 
Format 

I' 

811 
Idle Start 0 

Data 01001101 ($40) 

811 

4 5 6 7 Stop 

Figure 23. SCI Data Formats 

of new operations added to the MC6800 instruction set 
is shown in Table 1. 

In addition, two special opcodes, 4E and 5E, are pro
vided for test purposes. These opcodes force the program 
counter to increment like a 16-bit counter, causing ad
dress lines used in the expanded modes to increment 
until the device is reset. These opcodes have no mne
monics. 

The coding of the first (or only) byte corresponding to 
an executable instruction is sufficient to identify the in
struction and the addressing mode. The hexadecimal 
equivalents of the binary codes, which result from the 
translation of the 82 instructions in all valid modes of 
addressing, are shown in Table 8. There are 220 valid 
machine codes, 34 unassigned codes, and 2 codes re
served for test purposes. 

PROGRAMMING MODEL 

A programming model for the MC6801 U4/MC6803U4 
is shown in Figure 8. Accumulator A can be concatenated 
with accumulator Band jointly referred to as accumulator 
D where A is the most-significant byte. Any operation 
that modifies the double accumulator will also modify 
accumulators A and/or B. Other registers are defined as 
follows: 

Program Counter 

The program counter is a 16-bit register which always 
points to the next instruction. 

Stack Pointer 

The stack pointer is a 16-bit register which contains the 
address of the next available location in a pushdown/ 
pullup (LIFO) queue. The stack resides in random-access 
memory at a location defined by the programmer. 

Index Register 

The index register is a 16-bit register that can be used 
to store data or provide an address for the indexed mode 
of addressing. 

Accumulators 

The MPU contains two 8-bit accumulators, A and B, 
which are used to store operands and results from the 

arithmetic logic unit (ALU). They can also be concaten
ated and referred to as the D (double) accumulator . 

Condition Code Register 

The condition code register indicates the results of an 
instruction and includes the following five condition bits: 
negative (N). zero (Z), overflow (V), carry/borrow from 
MSB (Cl. and half carry from bit 3 IHI. These bits are 
testable by the conditional branch instructions. Bit 4 is 
the interrupt mask (I bit) and inhibits all maskable inter
rupts when set. The two unused bits, B6 and B7, are read 
as ones. 

ADDRESSING MODES 

Six addressing modes can be used to reference mem
ory. A summary of addressing modes for all instructions 
is presented in Table 9, 10, 11, and 12; execution times 
are provided in E cycles. Instruction execution times are 
summarized in Table 13. With an input frequency of 4 
MHz, one E cycle is equivalent to one microsecond. A 
cycle-by-cycle description of bus activity for each instruc
tion is provided in Table 14; descriptions of selected in
structions are shown in Figure 24. 

Immediate Addressing 

The operand or "immediate byte(s)" is contained in the 
following byte(s) of the instruction where the number of 
bytes matches the size of the register. These are two- or 
three-byte instructions. 

Direct Address 

The least-significant byte of the operand address is 
contained in the second byte of the instruction, and the 
most-significant byte is assumed to be $00. Direct ad
dressing allows the user to access $00 through $FF, using 
two-byte instructions, and execution time is reduced by 
eliminating the additional memory access. In most ap
plications, the 256-byte area is reserved for frequently 
referenced data. 

Extended Addressing 

The second and third bytes of the instruction contain 
the absolute address of the operand. These are three
byte instructions. 
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Table 8. CPU Instruction Map 

OP MNEM MODE - • OP MNEM MODE - I OP MNEM MODE - • OP MNEM MODE - • OP MNEM MODE - • 
00 34 DES INHF.A J 1 68 ASL INDXD 6 2 9C CPX DIR 5 2 DO SUBS DIR J 2 

01 NOP INHER 2 1 JS TXS J 1 69 ROL 

l 
5 2 9D JSR ~ 5 2 D1 CMPB ~ 3 2 

02 ~ 36 PSHA 3 1 6A DEC 5 2 9E LDS 4 2 D2 SBCB 3 2 

OJ J7 PSHB 3 1 5B 9F STS DIR 4 2 DJ ADDO 5 2 

04 LSRD 3 1 36 PULX 5 1 6C INC 6 2 AO SUSA INDXD 4 2 D4 ANDS 3 2 

OS ASLO 3 1 39 RTS s 1 5D TST 6 2 Al CMPA 

1 

4 2 DS BITB 3 2 
06 TAP 2 1 3A ABX J 1 6E JMP J 2 A2 SBCA 4 2 D6 LDAB 3 2 

07 TPA 2 1 JB RTI 10 1 5F CLR INDXD 6 2 A3 SUBD 6 2 D7 STAB 3 2 

08 iNX 3 1 3C PSHX 4 1 70 NEG EXTND 6 3 A4 ANDA 4 2 DB EORB 3 2 

09 DEX 3 1 3D MUL 10 1 71 t AS SITA 4 2 D9 ADCB 3 2 

OA CLV 2 1 JE WAI 9 1 72 A6 LDAA 4 2 DA ORAB 3 2 

08 SEV 2 1 3F SWI 12 1 73 COM 6 3 A7 STAA 4 2 DB AODB 3 2 
oc CLC 2 1 40 NEGA 2 1 74 LSR 6 3 AB EORA 4 2 DC LDD 4 2 

00 "' 2 " ,, AS AOCA 

j 
' ' DD :;ru 

t 
4 2 

OE CLI 2 1 42 76 ROR 6 3 AA ORAA 4 2 DE LDX 4 2 

OF SEI 2 1 4J COMA 2 1 77 ASR 5 3 AB ADDA 4 2 DF STX DIR 4 2 

10 SBA 2 I 44 LSRA 2 1 78 ASL 5 3 AC CPX 6 2 EO SUBS INDXD 4 2 

11 CBA 2 1 4C 79 ROL 6 J AD JSR 6 2 El CMPB 
~ 

4 2 

12 46 RORA 2 1 7A DEC 6 3 AE LDS 5 2 E2 SBCB 4 2 

13 47 ASRA 2 1 78 AF STS tNDXD 5 2 E3 ADDO 6 2 

14 48 ASLA 2 1 lC INC 6 3 BO SUSA EXT ND 4 3 E4 ANOS 4 2 

15 49 ROLA 2 I 70 TST 
t 

6 3 Bl CMPA 1 4 3 ES BITB 4 2 

16 TAB 2 1 4A DECA 2 I 7E JMP 3 3 82 SBCA 4 3 E6 LDAB 4 2 
17 TBA 

~ 
2 I 48 7F CLR EXTND 6 3 B3 SUBD 6 3 E7 STAB 4 2 

18 4C INCA 2 I 80 SUBA IMMED ' 2 B4 ANDA 4 3 EB EORB 4 2 

19 DAA INHFR 2 I 4D TSTA 2 1 Bl CMPA t 2 2 B5 SITA 4 3 E9 AOCB 4 2 
IA 4E T 82 SBCA 2 2 B6 LDAA 4 3 EA ORAB 4 2 
I B ABA INHER 2 I 4F Cl.RA 2 I 83 SUBD 4 3 87 STAA 4 3 EB ADOB 4 2 

IC "' NEGB 2 I B4 ANDA 2 2 BB EDRA 4 3 EC LDD 5 ) 

ID 5: B5 SITA 2 2 89 AOCA 4 3 ED STD 5 2 

" S2 86 LDAA 2 2 BA ORAA 4 3 EE LDX 5 2 

1f 53 COMB 2 1 87 BB ADDA 4 3 EF STX INDXO 5 2 

20 BRA REL 3 2 B4 LSRB 2 1 88 EORA 2 2 BC CPX 6 3 FD SUBS EXTND 4 3 

21 BRN 1 3 2 5S 89 ti,OCA 2 2 BD JSR , 6 3 Fl CMPB 4 3 
22 BHI 3 2 56 RORB 2 I BA DRAA t 2 2 BE LOS s 3 F2 SBCB 4 3 
23 BLS 3 2 57 ASRB 2 I 88 ADDA 2 2 SF STS EXT ND 5 3 F3 ADDO 6 3 

24 BCC 3 2 68 ASLB 2 I SC CPX IMMED 4 3 co SUBS IMMED 2 2 f4 ANDS 4 3 

2S BCS J 2 S9 ROLB 2 1 80 BSR REL 6 2 Cl CMPB 
~ 2 2 F5 BITS 4 3 

26 BNE 3 2 SA DECB 2 I BE LDS IMMED 3 J C2 SBCB 2 2 F6 LDAB 4 3 
27 BEO 3 2 5B 

l 
BF CJ ADDO 4 3 F7 STAB 4 3 

28 SVC 3 2 SC INCB 2 I 90 SUSA DIR 3 2 C4 ANDS 2 2 FB EORB 4 3 

29 BVS 3 2 5D TSTB 2 I 91 CMPA 1 3 2 cs BITS 2 2 F9 ADCB 4 3 

2A BPL 3 2 SE T 92 SBCA 3 2 C6 LDAB 2 2 FA ORAB 4 

2B BMI 3 2 SF CLRB INHER 2 1 9J SUBO s 2 Cl FB ADDS 4 

2C BGE J 2 60 NEG INDXD 6 2 94 ANDA 3 2 CB EORB 2 2 FC LDD 3 

20 BLT J 2 61 

1 
95 SITA 3 2 CB ADCB 2 2 FD S TC r 5 

2E BGT ~ 3 2 62 96 LOAA 3 2 CA ORAB 2 2 FE s 3 

2F BLE REL 3 2 63 COM 6 2 97 STAA 3 2 CB ADOS 2 2 FF UTND 5 3 
30 TSX INHER 3 I 64 LSR 6 2 98 EDRA 3 2 cc LDD 3 3 
JI INS i 3 1 65 99 ADCA J 2 CD 

, . :~'NED OP CODE 

32 PULA 4 1 66 ROR 6 2 9A DRAA 
~ 

3 2 CE LOX IMMEO 3 3 

33 PULS 4 I 67 ASR INOXD 6 2 98 ADDA 3 2 CF 

NOTES: 
1. Addressing Modes: 

INHER ~Inherent INDXD ~Indexed 
REL~ Relative EXTND ~Extended 

IMMED ~Immediate 
DIR~ Direct 

2. Unassigned opcodes are indicated by "'•" and should not be executed. 
3. Codes marked by "T" force the PC to function as a 16-bit counter. 

Indexed Addressing 

The unsigned offset contained in the second byte of 
the instruction is added with carry to the index register 
and is used to reference memory without changing the 
index register. These are two-byte instructions. 

Inherent Addressing 

The operand(s) is a register, and no memory reference 
is required. These are single-byte instructions. 

Relative Addressing 

Relative addressing is used only for branch instruc
tions. If the branch condition is true, the program counter 

is overwritten with the sum of signed single-byte dis
placement in the second byte of the instruction and the 
current program counter. This provides a branch range 
of -126 to + 129 bytes from the first byte of the instruc
tion. These are two-byte instructions. 

SUMMARY OF CYCLE-BY-CYCLE OPERATION 

Table 14 provides a detailed description of the infor
mation present on the address bus, data bus, and the 
read:write (RW) line during each cycle of instruction. 

The information is useful in comparing actual results 
with expected results during debug of both software and 
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Pojnter Operations 

Compare Index Register 

Decrement Index Register 

Decrement Stack Pointer 

Increment Index Register 

Increment Stack Pointer 

Load Index Register 

Load Stack Pointer 

Store Index Register 

Store Stack Pointer 

Index Reg - Stack Pointer 

Stack Pntr- Index Register 

Add 

Push Data 

Pull Data 

• Accumulator and 
Memory Operations 

Add Accumulators 

Add B to X 

Add with Carry 

Add 

Add Double 

And 

Shift Left, Arithmetic 

Shift Left Double 

Shift Right, Anthmetic 

Bit Test 

Compare Accumulators 

Clear 

Compare 

1's Complement 

MC6801 U4/6803U4 

Table 9. Index Register and Stack Manipulation Instructions 

lmmed Direct Index Extnd Inherent Boolean/ 

MNEM Op - # Op - # Op - # Op - # Op - # Arithmetic Operation 

CPX BC 4 3 9C 5 2 AC 6 2 BC 6 3 X-M:M+l 

DEX 09 3 1 x-1-x 
DES 34 3 1 SP-1-SP 

INX 08 3 1 x+1-x 
INS 31 3 1 1 SP+1-SP 

LDX CE 3 3 DE 4 2 EE 5 2 FE 5 3 M-l5J±IM+11-XL 

LDS BE 3 3 9E 4 2 AE 5 2 BE 5 3 M-SPH,(M+1)-SPL 

STX DF 4 2 EF 5 2 FF 5 3 XH-M,XL -(M+1} 

STS 9F 4 2 AF 5 2 BF 5 3 SPH-M,SPL -{M+1} 

TXS 35 3 1 X-1-SP 

TSX 30 3 1 SP+1-X 

ABX 3A 3 1 B+x-x 
PSHX 3C 4 1 XL -Msp.SP-1-SP 

XH -M5p,SP-1-SP 

PULX 38 5 1 SP+1-SP,Msp-XH 
SP+1-SP,Msp-XL 

Table 10. Accumulator and Memory Instructions (Sheet 1 of 2) 

Im med Direct Index Extend lnher Boolean 
MNEM Op 

ABA 

ABX 

ADCA 89 

ADCB C9 

ADDA BB 

ADDS CB 

ADDD C3 

ANDA 84 

ANDS C4 

ASL 

ASLA 

ASLB 

ASLD 

ASR 

ASRA 

ASRB 

SITA 85 

BITS C5 

CBA 

CLR 

CLRA 

CLRB 

CMPA 81 

CMPB Cl 

COM 

COMA 

COMB 

- # Op - # Op - # Op - # Op - # Expression 

18 2 1 A+B-A 

3A 3 1 OO:B+ x-x 
2 2 99 3 2 A9 4 2 89 4 3 A+M+C-A 

2 2 D9 3 2 E9 4 2 F9 4 3 B+M+C-B 

2 2 98 3 2 AB 4 2 BB 4 3 A+M-A 

2 2 DB 3 2 EB 4 2 FB 4 3 B+M-A 

4 3 D3 5 2 E3 6 2 F3 6 3 D+M:M+1-D 

2 2 94 3 2 A4 4 2 84 4 3 A·M-A 

2 2 D4 3 2 E4 4 2 F4 4 3 B·M-B 

68 6 2 78 6 3 -
48 2 1 @] -411111111 -o 
58 2 1 b7 bO 

05 3 1 

67 6 2 77 6 3 

q11li1111-~ 47 2 1 

57 2 1 

2 2 95 3 2 A5 4 2 85 4 3 A•M 

2 2 D5 3 2 E5 4 2 F5 4 3 B•M 

11 2 1 A-8 

6F 6 2 7F 6 3 oo-M 

4F 2 1 OO-A 

5F 2 1 oo-s 

2 2 91 3 2 Al 4 2 Bl 4 3 A-M 

2 2 Dl 3 2 El 4 2 Fl 4 3 8-M 

63 6 2 73 6 3 M-M 

43 2 1 A-A 

53 2 1 s-s 

MOTOROLA MICROPROCESSOR DATA 

3-162 

b7 bO 

Condition Codes 

5 4 3 2 1 0 

H I N z v c . • :I r~ :I . . . . . . . . . . . . I . . . . . . . . . • :I I R . . . _[ _1 
R . . . -11 R . . • _!_ l R . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . 

Condition Codes 

5 4 3 2 1 0 

H I N z v c 

l • IT IJ. 1-. . . . . . 
l • J_ L!-1 
± 

• _!_ 
+±± . [ J_ . _lj_ l . . 

rr ±{+ . . . . l! _1 R • . • L! ±±_1 . . IT . . l! -1I± . • L! ±±± . . [I . . I I I I . . I I I I . ·I IR . . . 
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Table 10. Accumulator and Memory Instructions (Sheet 2 of 2) 

Accumulator and lmmed Direct Index Extend lnher Boolean 
Memory Operations MNEM Op - # Op - # Op - # Op - # Op - # Expression 

Decimal Adiust, A DAA 19 2 1 AdJ binary sum to BCD 

Decrement DEC 6A 6 2 7A 6 3 M-1-M 

DECA 4A 2 1 A-1-A 

DECB 5A 2 1 B-1-B 

Exclusive OR EORA 88 2 2 98 3 2 AB 4 2 BB 4 3 AE!l M-A 

EORB CB 2 2 DB 3 2 EB 4 2 FB 4 3 BEil M-B 

Increment INC 6C 6 2 7C 6 3 M+1-M 

INCA 4C 2 1 A+1-A 

INCB 5C 2 1 B+1-B 

Load Accumulators LDAA 86 2 2 96 3 2 A6 4 2 B6 4 3 M-A 

LDAB C6 2 2 D6 3 2 E6 4 2 F6 4 3 M-B 

Load Double LDD cc 3 3 DC 4 2 EC 5 2 FC 5 3 MM+ 1-0 

Logical Shih, Left LSI 68 6 2 7B 6 3 -LSLA 48 2 1 EJ -111111111 -o 
L SLB 58 2 1 

!ti bO 

LSLD 05 3 2 

Shift Right, Logical LSR 64 6 2 74 6 3 -
LSRA 44 2 1 0 -111111111-EJ 
LSRB 54 2 1 ti7 bO 

LSRD 04 3 1 

Multiply MUL JD 10 1 Ax B-D 

2's Complement (Negate! NEG 60 6 2 70 6 3 00-M-M 

NEGA 40 2 1 00-A-A 

NEGB 50 2 1 00-B-B 

No Operation NOP 01 2 1 PC+ 1- PC 

Inclusive OR DRAA BA 2 2 9A 3 2 AA 4 2 BA 4 3 A+M-A 

ORAB CA 2 2 DA 3 2 EA 4 2 FA 4 3 B+M-B 

Push Datil PSHA 36 3 1 A--+Stack 

PSHB 37 3 1 R- Stack 

Pull Data PULA 32 4 1 Stack--+A 

PULB 33 4 1 Stack--+ B 

Ro1ate l_ctt ROL 69 6 2 79 6 3 -
ROLA 49 2 1 EJ-i 11111111--El 
ROLB 59 2 1 

,,, hC 

Rotnte Right ROR 66 6 2 76 6 3 -
RORA 46 2 1 EJ--111111111-[J 
RORB 56 2 1 !ti ti:1 

Subtract Accumulator SBA 10 2 1 A B-A 

Subtract with Carry SBCA 82 2 2 92 3 2 A2 4 2 82 4 3 A M C-A 

SBCB C2 2 2 D2 3 2 E2 4 2 F2 4 3 8- M-C-R 

Store Accumulators STAA 97 3 2 A7 4 2 87 4 3 A-M 

STAB D7 3 2 E7 4 2 F7 4 3 B-M 

STD DD 4 2 ED 5 2 FD 5 3 D-M M-i-1 

Sub1ract SUBA 80 2 2 90 3 2 AO 4 2 BO 4 3 A M-A 

SUBB co 2 2 DO 3 2 ED 4 2 FO 4 3 B M-B 

Subtract Double SUBD 83 4 3 93 0 2 A3 6 2 83 6 3 D- fv1 M-.-1-U 

T ri-lnsfer Accumulator TAB 16 2 1 A-B 

TBA 17 2 1 B-A 

Test Zero or Minus lST bD 6 2 ID 6 3 M 00 

ISTA 40 2 1 A 00 

TSTB 5D 2 1 8 - 00 

The cond1t1on code register notes are listed after Table 12 
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Table 11. Jump and Branch Instructions 

Condition Code Reg. 

Direct Relative Index Extend Inherent 5 4 3 2 1 0 
Operations MNEM Op - # Op - # Op - # Op - # Op - # Branch Test H I N z v c 

Branch Always BRA 20 3 2 None . . . . . . 
Branch Never BRN 21 3 2 None . . . . . . 
Branch If Carry Clear BCC 24 3 2 C=O . . . . . . 
Branch If Carry Set BCS 25 3 2 C=l . . . . . . 
Branch If= Zero BEO 27 3 2 Z=l . . . . . . 
Branch If ?:Zero BGE 2C 3 2 N Ell V=O . . . . . . 
Branch !f >Zero BGT 2E 3 2 Z+INEllVl=O . . . . . . 
Branch If Higher BHI 22 3 2 C+Z=O . . . . . . 
Branch If Higher or Same BHS 24 3 2 C=O . . . . . . 
Branch If sZero BLE 2F 3 2 Z+INEllVl=l . . . . . . 
Branch If Carry Set BLO 25 3 2 C=l . . . . . . 
Branch If Lower Or Same BLS 23 3 2 C+Z=l . . . . . . 
Branch If <Zero BLT 2D 3 2 N Ell V=l . . . . . . 
Branch If Minus BMI 2B 3 2 N=l . . . . . . 
Branch If Not Equal Zero BNE 26 3 2 Z=O . . . . . . 
Branch If Overflow Clear BVC 2B 3 2 V=O . . . . . . 
Branch If Overflow Set BVS 29 3 2 V=l . . . . . . 
Branch lf Plus BPL 2A 3 2 N=O . . . . . . 
Branch To Subroutine BSR BD 6 2 . . . . . . 
Jump JMP 6E 3 2 7E 3 3 See Special Operations Figure 24 • . . . . . 
Jump To Subroutine JSR 90 5 2 AD 6 2 BD 6 3 . . . . . . 
No Operation NOP 01 2 1 . . . . . . 
Return From Interrupt RTI 3B 10 1 [I [I [I [!_ II 
Return From Subroutine RTS 39 5 1 See Special Operat1ons-F1gure 24 • . . . . . 
Software Interrupt SWI 3F 12 1 

Wait For Interrupt WAI 3E 9 1 

Table 12. Condition Code Register Manipulation Instructions 

Operations MNEM 

Clear Carry 

Clear Interrupt Mask 

Clear Overflow 

Set Carry 

Set Interrupt Mask 

Set Overflow 

Accumulator A - CCR 

CCR - Accumulator A 

LEGEND 

Op Operation Code (Hexadecimal} 
- Number of MPU Cycles 

Msp Contents of memory location pointed to by Stack Pointer 
# Number of Program Bytes 

+ Arithmetic Plus 
- Arithmetic Mmus 
• Boolean AND 
X Anthmet1c Multiply 
+ Boolean Inclusive OR 
ii Boolean Exclusive OR 
M Complement of M 

Transfer Into 
0 Bit= Zero 

00 Byle~ Zero 

CLC 

CLI 

CLV 

SEC 

SEI 

SFV 

TAP 

TPA 

Inherent 
Op - # Boolean Operation 

OC 2 1 o-c 

OE 2 1 0-1 

QA 2 1 o-v 
OD 2 1 1-c 

OF 2 1 1-1 

OB 2 1 1-v 

06 2 1 A-CCR 

07 2 1 CCR-A 

CONDITION CODE SYMBOLS 
H Half-carry from bit 3 

I Interrupt mask 
N Negative {sign bit) 
Z Zero I bylel 

V Overflow, 2's complement 
C Carry I Borrow from MS B 
R Reset Always 
S Set Always 

I Affected 

• Not Affected 
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Condition Code Register 
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" :;; 
-ii 
" E 
.§ 

ABA • 
ABX • 
ADC 2 
/>,OD 2 

ADDO 4 

AND 2 
ASL • 
ASLD • 
ASR • 
BCC • 
BCS • 
BEO • 
BGE • 
BGT • 
BHI • 
BHS • 
BIT 2 
BLE • 
BLO • 
BLS • 
BLT 
BMI 
BNE 
BPL 
BRA 
BRN 
BSR 

1-~VC 
BVS 
CBA 
CLC 
CLI 
CLR 
CLV 
CMP 2 
COM • 
CPX 4 
DAA • 
DEC • 
DES • 
DEX • 
EOR 2 
INC • 
INS • 

MC6801 U4/6803U4 

Table 13. Instruction Execution Times in E Cycles 

ADDRESS.ING MODE 

"C 

" u "C 
0 

f ~ Ci UJ 

• • • • 
3 4 

3 d 

5 6 
3 4 

• 6 

• • • 6 

• • • • • • 
• • • • • • • • 
3 4 

• • • • 

6 

• 
3 4 

• 6 
5 6 

• • • 6 

• • • • 
3 4 

• 6 

• • 

c " "C : " i a; 
" "O .c o; 
s. s. a: 

~ 
-ii 
" E 
.§ 

• 2 • INX • • 3 • JMP • 
4 • • JSR • 
d • • LOA 2 
6 • • LDD 3 
4 • • LDS 3 
6 2 • LDX 3 

• 3 • LSL • 
6 2 • LSLD • • • 3 LSR • • • 3 LSRD • • • 3 MUL • • • 3 NEG • • • 3 NOP • • • 3 ORA 2 

• • 3 PSH • 
4 • • PSHX • • • 3 PUL • • • 3 PULX • • 3 ROL • 

• 3 ROR • 
• 3 RTI • • 3 RTS • • 3 SBA • • 3 SBC 2 

• 3 SEC • • 6 SEI • • 3 SEV • • 3 STA • 
2 STD • 
2 STS • 
2 STX • 

6 2 SUB 2 

• 2 SUBD 4 
4 • SWI • 
6 2 TAB • 
6 • TAP • • 2 TBA • 
6 2 TPA • • 3 TST • • 3 TSX • 
4 • TXS • 
6 • WAI • • 3 
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ADDRESSING MODE 

"C c " " "C 

u "C : f > 
0 "' f " " " .. 
K "C .c o; 

Ci UJ s. s. a: 

• • • 3 • • 3 3 • • 
5 6 6 • • 
3 4 4 • • 
4 5 5 • 
4 5 5 • 
4 5 5 • • 6 6 2 

• • • 3 

• 6 6 2 

• • • 3 

• • • 10 

• 6 6 2 

• • • 2 
3 4 4 • • • • 3 

• • • 4 

• • • 4 

• • • 5 

• 6 6 2 • • • 6 6 2 

• • • 10 

• • • 5 

• • • 2 
3 4 4 • • • • 2 

• • • 2 

• • • 2 
3 4 4 • 
4 5 5 • 
4 5 5 • 
4 5 5 • 
3 4 4 • 
5 6 6 • • • • 12 

• • • 2 

• • • 2 

• • • 2 

• • • 2 

• 6 6 2 

• • • 3 

• • • 3 
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Address Mode and 
Instructions 

IMMEDIATE 

ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

LDS 
LDX 
LDD 

CPX 
SUBD 
ADDO 

DIRECT 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LDS 
LDX 
LDD 

STS 
STX 
STD 

CPX 
SUBD 
ADDO 

JSR 

Cycle 
Cycles # 

2 1 
2 

3 1 
2 
3 

4 1 
2 
3 
4 

3 1 
2 
3 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

MC6801 U4/6803U4 

Table 14. Cycle-By-Cycle Operation (Sheet 1 of 5) 

Address Bus 

Opcode Address 
Opcode Address+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address Bus FFFF 

Opcode Address 
0 pcode Address + 1 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Destination Address 

Opcode Address 
Opcode Address+ 1 
Address of Operand 
Operand Address+ 1 

Opcode Address 
Opcode Address+ 1 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Operand Address 
Operand Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Subroutine ·Address 
Stack Pointer 
Stack Pointer- 1 

R/W 
Line 

1 
1 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 

1 
1 
0 

1 
1 
1 
1 

I 
1 
0 
0 

1 
1 
1 
1 
I 

1 
1 
1 
0 
0 

Data Bus 

Opcode 
Operand Data 

Opcode 
Operand Data !High Order Bytel 
Operand Data I Low Order Byte) 

Opcode 
Operand Data !High Order Bytel 
Operand Data llow Order Byte) 
Low Byte of Restart Vector 

Opcode 
Address of Operand 
Operand Data 

Opcode 
Destination Address 
Data from Accumulator 

Opcode 
Address of Operand 
Operand Data IH1gh Order Bytel 
Operand Data I Low Order Bytel 

Opcode 
Address of Operand 
Register Data I High Order Bytel 
Register Data ( L.ow Order Byte) 

Opcode 
Address of Operand 
Operand Data I High Order Bytel 
Operand Data I Low Order Bytel 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 
First Subroutine Opcode 
Return Address (Low Order Byte) 
Return Address I High Order Bytel 
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Address Mode and 
Instructions 

EXTENDED 

JMP 

ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LDS 
LDX 
LOO 

STS 
STX 
STD 

ASL LSR 
ASA NEG 
CLR ROL 
COM ROA 
DEC TST* 
INC 

CPX 
SUBD 
ADDO 

JSR 

ycle 
Cycles # 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 

5 
6 

MC6801 U4/6803U4 

Table 14. Cycle-By-Cycle Operation (Sheet 2 of 5) 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Operand Destination Address 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Operand Address 
Operand Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer- 1 

R/W 
Line 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
0 

1 
1 
1 
1 
1 

1 
1 
1 
0 
0 

1 
1 
1 
1 
I 

0 

1 
1 
1 
1 
1 
1 

I 
I 

1 
1 
0 
0 

Data Bus 

Opcode 
Jump Address I High Order Byte) 
Jump Address !Low Order Byte) 

Opcode 
Address of Operand 
Address of Operand I Low Order Byte) 
Operand Data 

Opcode 
Destination Address ( Htgh Order Byte) 
Destination Address (Low Order Byte) 
Data from Accumulator 

Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Opcode 
Address of Operand IH1gh Order Bytel 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 

Opcode 
Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte! 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Address of Subroutine (High Order Byte) 
Address of Subroutine I Low Order By tel 
Opcode of N~xt Instruction 
Return Address (Low Order Byte) 
Return Address (High Order By tel 

11-TST does not perform the write cycle during the sixth cycle The sixth cycle 1s another address bus=: $FFFF 
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Address Mode and 
Instructions 

INDEXED 
JMP 

ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LDS 
LDX 
LDD 

STS 
STX 
STD 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROA 
DEC TST* 
INC 

CPX 
SUBD 
ADDD 

JSR 

Cycle 
Cycles I 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

MC6801 U4/6803U4 

Table 14. Cycle-By-Cycle Operation (Sheet 3 of 5) 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Index R~ster Plus Offset+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Address Bus FFFF 
Index Register Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register+ Offset 
Index Register+ Offset+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register+ Offset 
Stack Pointer 
Stack Pointer- 1 

R/W 
Line 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
0 
1 
1 
1 
1 
1 

1 
1 
1 
0 
0 

1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 

1 
1 
1 
1 
0 
0 

Data Bus 

Opcode 
Offset 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data !High Order Byte) 
Operand Data !Low Order Byte) 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data I High Order Byte) 
Operand Data I Low Order Byte) 

Opcode 
Offset 
Low Byte of Restart Vector 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data !High Order Byte) 
Operand Data I Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Restart Vector 
First Subroutine Opcode 
Return Address I Low Order Byte) 
Return Address I High Order Bytel 

*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF 
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Address Mode and 
Instructions 

INHERENT 

ABA DAA SEC 
ASL DEC "SEI 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
C!...! NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 

ABX 

ASLD 
LSRD 

DES 
INS 

INX 
DEX 

PSHA 
PSHB 

TSX 

TXS 

PULA 
PULB 

PSHX 

PULX 

RTS 

WAI 

MC6801 U4/6803U4 

Table 14. Cycle-By-Cycle Operation (Sheet 4 of 5) 

Cycle 
Cycles # 

2 1 
2 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

9 1 
2 
3 
4 
5 
6 
7 
8 
9 

Address Bus 

Opcode Address 
Opcode Address+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Previous Stack Pointer Contents 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer-1 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pomter + 1 
Stack Pomter + 2 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Prnnter + 2 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer-1 
Stack Pointer- 2 
Stack Pointer-3 
Stack Pointer-4 
Stack Pointer-5 
Stack Pomter-6 

R/W 
line 

1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
0 

1 
1 
1 

1 
1 
1 

1 
1 
1 
1 

1 
1 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
0 
0 
0 
0 
0 
0 
0 

Data Bus 

Opcode 
Opcode of Next Instruction 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Opcode 
Opcode of Next Instruction 
Low Byte of RestF.Jrt Vector 

Opcode 
Opcode of Next Instruction 
Accumulator Data 

Opcode 
Opcode of Next I nstruct1on 
Irrelevant Data 

Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 
Operand Data from Stack 

Opcode 
Irrelevant Data 
Index Register I Low Order Bytel 
Index Register (High Order Byte) 

Opcode 
Irrelevant Data 
Irrelevant Data 
Index Register (High Order Byte) 
Index Register !Low Order Byte) 

Opcode 
Irrelevant Data 

Irrelevant Data 
Address of Next Instruction (High Order Byte) 
Address of Next Instruction (Low Order Byte) 

Opcode 
Opcode of Next lnstruct1on 
Return Address (Low Order Byte) 
Return Address I High Order Byte) 
Index Register !Low Order Bytel 
Index Register {High Order Bytel 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cpndition Code Register 
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Address Mode and 
Instructions 

INHERENT 

MUL 

RTI 

SWI 

RELATIVE 

BCC BHT BNE BLO 
BCS BLE BPL BHS 
BEO BLS BRA BRN 
BGE BLT BVC 
BGT BMI BVS 

BSR 

MC6801 U4/6803U4 

TABLE 14 - CYCLE-BY-CYCLE OPERATION !Sheet 5 of 5) 

Cycle 
Cycles # 

10 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

10 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

12 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

3 1 
2 
3 

6 1 
2 
3 
4 
5 
6 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 
Stack Pointer+3 
Stack Pointer+4 
Stack Pointer+ 5 
Stack Pointer+6 
Stack Pointer+ 7 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer-1 
Stack Pointer-2 
Stack Pointer- 3 
Stack Pointer - 4 
Stack Pointer- 5 
Stack Pointer-6 
Stack Pointer- 7 
Vector Address FFFA IHexl 
Vector Address FFFB I Hex I 

Opcode Address 
Opcode Address+ 1 
Address Buss FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer-1 

R/W 
Line 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

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

1 
1 
1 

1 
1 
1 
1 
0 
0 

Oata Bus 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 
Irrelevant Data 
Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 
Contents of Accumulator A from Stack 

Index Register from Stack IH1gh Order Byte) 
Index Register from Stack (Low Order Byte) 
Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 

Opcode 
Irrelevant Data 
Return Address (Low Order Byte) 
Return Address I High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 
Irrelevant Data 
Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte} 

Opcode 
Branch Offset 
Low Byte of Restart Vector 

Opcode 
Branch Offset 
Low Byte of Restart Vector 
Opcode of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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s: 
a 
:JI 
0 
!; 
s: 
n 
~ .,, 
:JI 

~ 
t/l 
t/l 
0 
:JI 

~ 

JSR. Jump to Subroutine 

I 
ei; 

Mam Program 

$9D=JSR 

Direct K 

RTN 

K =Direct Address 

Main Program I ~ ,~. I ~ $AD= JSR 

¢-:::rn INDXD 

A: 

K= Offset 

Next Main Instr. SP RTNL 

I 
Main Program 

Ef $BD=JSR 

SH= Subr. Addr. 
EXT ND 

SL= Subr. Addr. 

RTN Next Main Inst. 

BSA, Branch To Subroutine 
Main Program §f Stack 

Ef I $8D= BSA I 
±K=Offset 

Next Main Instr. RTN 

¢_. SP-2rn 
SP-1 RTNH 

SP RTNL 

ATS, Return from Subroutine Subroutine ~ 

Ef I $39=RTS I y 
fil' Stack 

SPrn SP+ 1 RTNH 
_. SP+2 RTNL 

Legend· 
RTN =Address of next instruction in Main Program to be executed upon return from subroutine 
ATNH =Most significant byte of Return Address 
RTNL =Least significant byte of Return Address 
- = Stack Pointer After Execution 
K = 8-blt Unsigned Value 

SWI, Software Interrupt 

A~ I 

WAI. Wait for Interrupt 
Ef 

RTN I 
RTI Return from Interrupt 

. Ef 

JMP, Jump 

I 
~ 

X+K I 
INDXD 

Figure 24. Special Operations 

• 

Main Program 
SP 

1¢_. 

SP-7 $3F= SWI 

SP-6 

SP-5 

SP-4 

SP-3 

SP-2 Main Program 

1¢ 

SP-1 $3E=WAI 

SP 

g 
lnterruptProgram 1¢ 

SP 

SP+l 

$38= ATI 

SP+2 

SP+3 

SP+4 

SP+5 

SP+6 

_. SP+7 

Main Program ~ 

$6E=JMP 

K=Offset . . . 

Stack 

Condition Code 

AcmltrB 

AcmltrA 

Index Register (XHl 

Index Register !XL) 

RTNH 

RTNL 

Stack 

Condition Code 

AcmltrB 

AcmltrA 

Index Register IXH) 

Index Register (XL) 

RTNH 

RTNL 

Main Program 

$7E=JMP 

K H =Next Address 

KL== Next Address 

Next Instruction J -! 
K \ Next lnstructi~~ 

s: 
(") 

~ ..... 
c: 
~ 
~ 
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MC6801 U4/6803U4 

ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola using the following media: 

MOOS, disk file 
PC-DOS disk file (360K) 
EPROM(s) Two 2516 or 2716,or a single 2532, 2732, 

or MC68701 U4 
To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field-service office, sales person, or 
Motorola representative. 

FLEXIBL~ DISKS 

Several types of flexible disks (MOOS@ or PC-DOS disk 
file) may be submitted for pattern generation. They should 
be programmed with the customer's program, using po
sitive logic sense for address and d.ata. The diskette should 
be clearly labeled with the customer's name, date, project 
or product name, and the filename containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MOOS Disk File 

MOOS is Motorola's disk. operating system available 
on the EXORciser development system. The disk media 
submitted must be a single-sided, single-density, 8-inch, 
MOOS-compatible floppy diskette. The diskette must 
contain the minimum set of MOOS system files in ad
dition to the pattern file. 

The .LO output of the M6801 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6801 memory. The entire memory image 
of both program and data space must be included. All 
unused bytes, including those in the user space, must be 
set to logic zero. 

PC-DOS Disk File 

PC-DOS is IBM® personal computer disk operating sys
tem. Submitted disk media must be standard-density 
(360K), double-sided, 5-1/4-inch-compatible floppy dis
kette. The diskette must contain the object file code in 
Motorola's $-record format. The S-record format is a 
chracter-based object file format generated by M6801 
cross assemblers and linkers on IBM PC-style machines. 

EPROMS 

Two K of EPROM are necessary to contain the entire 
MC6801U4 program. Two 2516 or 2716 type EPROMS, a 

MOOS is a trademark of Motorola Inc. 

single 2532 or 2732 type EPROM, or an MC68701 U4 can 
be submitted for pattern generation. The EPROM is pro
grammed with the customer program, using positive logic 
sense for address and data. Submissions on two EPROMs 
must be clearly markecj. All unused bytes, including the 
user's space, must be set to zero. 

Whether the MC6801 U4 MCU ROM pattern is submit
ted on a single 2532 or 2732 type EPROM, an MC68701 U4, 
or on two 2516 or 2716 type EPROMs, memory map ad
dressing is one-for-one. When using a single 2532 or 2732 
EPROM, the ROM pattern to be copied runs from EPROM 
address $000 to$FFF. If an MC68701 U4 is used, the ROM 
map runs from $FOOO to $FFFF. If a pair of 2516 or 2716 
type EPROMs is used, then they must be clearly marked; 
the data-space ROM runs from EPROM address $000 to 
$7FF, and the program-space ROM from $7FF to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 

VERIFICATION MEDIA 

All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus
tomer-supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum-order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As
surance. 

ORDERING INFORMATION 

The following table provides generic information per
taining to the package type and temperatue for the MC6801 
and MC6803. These MCU devices are available in 40-pin 
CERDIP and plastic dual-in-line (DIP) packages. 

IBM is a registered trademark of International Business Machines Corporation. 

MOTOROLA MICROPROCESSOR DATA 

3-172 



MC6801 U4/6803U4 

MECHANICAL DATA AND ORDERING INFORMATION 

The following table provides generic information per
taining to the package type and temperatue for the MC6801 

and MC6803. These MCU devices are available in 40-pin 
CERDIP and plastic dual-in-line (DIP) packages. 

Package Type 

Cerdip 
(S Suffix) 

Plastic 
(P Suffix) 

PIN ASSIGNMENT 

GENERIC INFORMATION 

Frequency (MHz) Temperature 

1.0 O' to 70'C 
1.0 -40' to 85'C 
1.25 O' to 70'C 
1.25 -40° to 85'C 
1.0 O' to 70'C 
1.0 -40' to 85'C 
1.25 0° to 70°C 
1.25 -40' to 85°C 

1.0 0° to 70'C 
1.0 -40' to 85'C 
1.25 O' to 70'C 
1.25 -40' to 85'C 
1.0 O' to 70'C 
1.0 -40' to 85'C 
1.25 0° to 70'C 
1.25 -40' to 85'C 

Vss 

Se1 

Se2 

P30 

P31 

iiESEi' P32 

Vee P33 

P34 

P35 

P22 P36 

P37 

P24 P40 

P10 P41 

P11 P42 

P12 P43 

P13 P44 

P14 P45 

P15 P46 

P16 P47 

P17 Vee 
Standby 
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Part Number 

MC6801U4S1 
MC6801U4CS1 
MC6801U4S1-1 
MC6801U4CS1-1 
MC6803U4S 
MC6803U4CS 
MC6803U4S-1 
MC6803U4CS-1 

MC6801U4P1 
MC6801U4CP1 
MC6801U4P1-1 
MC6801U4CP1-1 
MC6803U4P 
MC6803U4CP 
MC6803U4P-1 
MC6803U4CP-1 • 
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Advance Information 
MC68701 Microcontroller Unit (MCU) 

The MC68701 is an 8-bit single-chip EPROM microcontroller unit (MCU) which significantly en" 
hances the capabilities of the M6800 Family of parts. It can be used in production systems to allow 
for easy firmware changes with minimum delay or it can be used to emulate the MC6801/MC6803 
for software development. It includes an upgraded M6800 microprocessor unit (MPU) with upward 
source and object code compatibility. Execution times of key instructions have been improved and 
several new instructions have been added including an unsigned multiply. The MCU can function 
as a monolithic microcomputer or can be expanded to a 64K byte address space. It is TTL compati
ble and requires one.+ 5 volt power supply for nonprogramming operation. An additional Vpp 
power supply is needed for EPROM programming. On-chip resoources include 2048 bytes of 
EPROM, 128 byte of RAM, Serial Communications Interface (SCI), parallel 1/0, and a three function 
Programmable Timer. A summary of MCU features includes: 

• Enhanced MC6800 Instruction Set 
• 8 x 8 Multiply Instruction 
• Serial Communications Interface (SCI) 

• Upward Source.and Object Code Compatibility with the MC6800 
• 16-Bit Three-Function Programmable Timer 
• Single-Chip or Expanded Operation to 64K Byte Address Space 
• Bus Compatibility with the M6800 Family 
• 2048 Bytes of UV Erasable, User Programmable ROM (EPROM) 

• 128 Bytes of RAM (64 Bytes Retainable on Powerdown) 
• 29 Parallel 1/0 and Two Handshake Control Lines 
• Internal Clock Generator with Divide-by-Four Output 
• -40 to 85°C Temperature Range 

MC68701 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC68701 MICROCOMPUTER BLOCK DIAGRAM 
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l+-+-~-+-+-•P21 
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MAXIMUM RATINGS 

P45 
P45 

P47 

Rating 

Supply Voltage 

Input Voltage 

Operating Temperature Range 
Me68701 
MC68701e 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance 
Ceramic Package 
Cerdip Package 

Symbol 

Vee 

Vin 

TA 

Tstg 

Symbol 

6JA 

Value Unit 

-0.3 to+ 7.0 v 
-0.3 to+ 7.0 v 

TL to TH 
Oto 70 oe 

-40 to 85 

O to85 oe 

Value Rating 

0 e1w 
50 
50 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J• in °C can be obtained from: 

where: 
TA 
OJA 

Po 
PINT 
PpQRT 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+ PpQRT 

TJ=TA +(Po• OJA) 

= Ice x Vee• Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

,_ ____ ..,.Pll 

i.-----•P12 
i.-----•P13 
l+-----.... P14 

l+------P15 
l+-----+P16 
j+-----+P17 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper opera
tion it is recommended that Vin and Vout be con
strained to the range Vsss IV in orVoutlsVee. 
Reliability of operation is enhanced if unused in
puts are tied to an appropriate logic voltage level 
le.g., either Vss or VeeJ. 

(1) 

For most applications PpQRT<P1NT and can be neglected. PPQRT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. · 

An approximate relationship between Po and TJ (if PpoRT is neglected) is: 
Po=K7(TJ+273°C) (2) 

Solving equations (1) and (2) for K gives: 
K=Po·ITA+273°C)+0JA•Po2 (3) 

where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Po (at 
equilibrium) for a known TA· Using this value of K, the values of Po and TJ can be obtained by solving equations (1) 
and (2) iteratively for any value of TA 
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CONTROL TIMING (Vcc=5.0 v ±5%, Vss=O to 70'C) 

MC68701 MC68701-1 MC68B701 
Characteristic Symbol 

Min Max Min Max Min Max 

Frequency of Operation fo 0.5 1.0 0.5 1.25 0.5 2.0 

Crystal Frequency fXTAL 2.0 4.0 2.0 5.0 2.0 8.0 

External Oscillator Frequency 4f0 2.0 4.0 2.0 5.0 2.0 8.0 

Crystal Oscillator Start Up Time lrc - 100 - 100 - 100 

Processor Control Setup Time tpcs 200 - 170 - 110 -

DC ELECTRICAL CHARACTERISTICS 1Vcc=50 Vdc ±5%, Vss=O, TA=TL to TH, unless otherwise noted! 

MC68701 MC68701C 

Characteristic Symbol Min Typ Max Min Typ 

Input High Voltage REID Vss +4.0 - Vee Vss+4.0 -
Other Inputs* V1H Vss + 2.0 - Vee Vss+2.2 -

Input Low Voltage RESET Vss-o 3 - Vss +o.4 v 55 -0.3 -
Other Inputs* V1L v 55 -o 3 - Vss + o.8 v 55 -o 3 -

Input Current, See Note Port4 - - 0.6 - -
1Vin=Oto2.4VI SC1 ljn - - 1.0 - -

Input Current 
IVin=O to5.25 VI NMI, iR01 \in - 1.5 2.5 - 1.5 

Input Current 
IVin=O to0.4 VI RESET/Vpp ljn - -2.0 - - -2.0 
1Vin=4.0 v to Vccl - - 8.0 - -

Hi-Z (Off State) Input Current 
I Vin= 0.5 to 2.4 VI Ports 1, 2, and 3 1Ts1 - 2 10 - 2 

Output High Voltage 

llLoad= -65µ,A, Vee= Mini Port 4, SC1, SC2 VoH Vss+2.4 - - Vss+2.4 -

llLoad= -100µ,A, Vee= Mini Other Outputs Vss + 2.4 - - Vss+2.4 -

Output Low Voltage 
ILoad=2.0mA, Vee= Mini All Outputs VoL - - vss + o.5 - -

Darlington Drive Current 

1Vo=1.5VI Port 1 loH 1.0 2.5 10.0 1.0 2.5 

Internal Power Dissipation 
I Measured at TA= TL in Steady-State Operation I PJNT - - 1500 - -

Input Capacitance Port 3,1 
I Vin= 0, TA= 25°C, f0 = 1 MHzl Port 4, SC1 Cin - - 12.5 - -

Other Inputs) - - 10.0 - -
Vee Standby Powerdown Vsss 4.0 - 5.25 4.0 -

Powerup Vss 4.75 - 5.25 4.75 -

Standby Current Powerdown ISBB - - 6.0 - -

Programming Time Per Byte ITA = 25°CI tpp 25 - 50 25 -

Programming Voltage IT A= 25°CI Vpp 20.0 21.0 22.0 20.0 21.0 

Programming Current 
IVRESET=Vpp, TA=25'CI lpp - 30 50 - 30 

*Except mode programmmg levels; see Figure 15. 

NOTE: RESCT/Vpp lin differs from MC6801 and MC6803 values. 

PERIPHERAL PORT TIMING (Refer to Figures 3-6) 

MC68701 MC68701-1 
Characteristic Symbol 

Min Max 

Peripheral Data Setup Time tpDsu 200 

Peripheral Data Hold Time tPDH 200 

Delay Time, Enable Positive Transition to OS3 Negative Transition tosD1 -
Delay Time, Enable Positive Transition to OS3 Positive Transition tosD2 -

Delay Time, Enable Negative Transition to Peripheral Data Valid tpwD -
Delay Time, Enable Negative Transition to Peripheral CMOS Data Valid !CMOS -

Input Strobe Pulse Width tpw1s 200 

Input Data Hold Time t1H 50 

Input Data Setup Time 11s 20 
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350 

350 

350 

2.0 

-
-

-

Min Max 

200 -
200 -
- 350 

- 350 

- 350 

- 2.0 

200 -
50 -
20 -

Max 

Vee 
Vee 

Vss + OA 
vss+0.8 

1.0 
1.6 

5 

-

8.0 

20 

-
-

Vss + o.6 

10.0 

1500 

12.5 
10.0 

5.25 
5.25 

~o 
50 

22.0 

50 

MC68B701 

Min Max 

100 -
100 -
- 250 

- 250 

- 250 

- 2.0 

100 -
30 -
20 -

Unit 

MHz 

MHz 

MHz 

ms 

ns 

Unit 

v 

v 

mA 

µ,A 

mA 

µ,A 

v 

v 

mA 

mW 

pF 

v 
mA 

ms 

v 

mA 

Unit 

ns 

ns 

ns 

ns 

ns 

µs 

ns 

ns 

ns 



FIGURE 1 - DATA SETUP AND HOLD TIMES 
IMPU READ) 

E 

P10-P17 
P20-P24 
P40-P47 
Inputs 

P30-P37 
Inputs* 

*Port 3 Non-Latched Operation ILATCHE ENABLE= 01 

FIGURE 3 - PORT 3 OUTPUT STROBE TIMING 
(SINGLE-CHIP MODEi 

Address 
Bus 

Y MPU access of Port 3* 

*Access matches Output Strobe Select IOSS = 0, a read; 
OSS= 1, a write) 

MC68701 

FIGURE 2 - DATA SETUP AND HOLD TIMES 
IMPUWRITEI 

rMPUWrite 

E I tCMOS1 

tPWD~L,:t - -- o.7 Vee 

All Data Data Valid 
Port Outputs 

~~~~~~~~ 

NOTES: 
1. 10 k Pullup resistor required for Port 2 to reach 0.7 Vee 
2. Not applicable to P21 
3. Port 4 cannot be pulled above V CC 

P30-P37 
Inputs 

FIGURE 4 - PORT 3 LATCH TIMING 
(SINGLE-CHIP MODEi 

NOTE: Timing measurements are referenced to a low voltage of 0.8 volts and a high voltage of 2.0 volts unless otherwise noted. 

FIGURE 5 - CMOS LOAD FIGURE 6 - TIMING TEST LOAD PORTS 1, 2, 3, 4 

Test Point 

±30pF 

Vee lrl RL=1.8kll 

Test Point MMDSl SO. 
or Equiv. 

c T 1 MMD7000 
J:.J or Equiv 

":' ":' 

C=90 pF for P30-P37, P40-P47, E, SC1, SC2 
=30 pF for P10-P17, P20-P24 

R=37 kll for P40-P47, SC1, SC2, 
=24 kll for P10-P17, P20-P24, P30-P37, E 
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BUS TIMING (See Notes 2 and 3) 

I dent MC68701 MC68701-1 MC68B701 
Number Characteristic Symbol 

Min Max Min Max Min 
Unit 

Max 

1 Cycle Time lgyc 1.0 2.0 0.8 2.0 0.5 2.0 µ,s 

2 Pulse Width, E Low PWEL 430 1000 360 1000 210 1000 ns 

3 Pulse Width, E High PWEH 450 1000 360 1000 220 1000 ns 

4 Clock Rise and Fall Time Ir, If - 25 - 25 - 20 ns 

9 Address Hold Time IAH 20 - 20 - 10 - ns 

12 Non-Muxed Address Valid Time to E* IAV 200 - 150 - 70 - ns 

17 Read Data Setup Time IDSR 80 - 70 - 40 - ns 

18 Read Data Hold Time IDHR 10 - 10 - 10 - ns 

19 Write Data Delay Time IDDW - 225 - 200 - 120 ns 

21 Write Data Hold Time IDHW 20 - 20 - 10 - ns 

22 Multiplexed Address Valid Time to E Rise* IAVM 200 - 150 - 80 - ns 

24 Multiplexed Address Valid Time to AS Fall* IASL 60 - 50 - 20 - ns 

25 Multiplexed Address Hold Time IAHL 20 - 20 - 10 - ns 

26 Delay Time, E to AS Rise* IASD 90** - 70** - 45** - ns 

27 Pulse Width, AS High* PW ASH 220 - 170 - 110 - ns 

28 Delay Time, AS to E Rise* IASED 90 - 70 - 45 - ns 

29 Usable Access Time* IACC 595 - 465 - 270 - ns 

*At specified cycle time. 
**IASD parameters listed assume external TIL clock drive with 50% ± 5% duty cycle. Devices driven by an external TIL clock with 

50% ± 1% duty cycle or which use a crystal have the following IASD specification: 100 nanoseconds minimum (1.0 MHz devices), 
80 nanoseconds minimum (1.25 MHz devices), 50 nanoseconds minimum (2.0 MHz devices). 

FIGURE 7 - BUS TIMING 

IOS, 
R/iN,Address---Tit:'7!:"':~r:11:'?1:-,r:"~~~-~~~-----t-t---~~~~--~--------l-t~T"'li"'1 

INon-Muxedl 

See Note 3 

Addr/Oata ---t-ilMr..,. Read Data Muxed 
Muxed 

Address 
Strobe IASI ______ ...... ,.,- 1 

NOTES: 
1. Voltage levels shown are VL:S0.5 V, VH;,,2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwi•e specified. 
3. Usable access time is computed by 12+3-17+4. 
4. Memory devices should be enabled only during E high to avoid port 3 bus contention. 

MOTOROLA MICROPROCESSOR DATA 

3-178 



MC68701 

INTRODUCTION 

The MC68701 is an 8-bit monolithic microcomputer which 
can be configured to function in a wide variety of applica
tions. The facility which provides this extraordinary flexibility 
is its ability to be hardware programmed into eight different 
operating modes. The operating mode controls the con
figuration of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location !internal or external! of in
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent on the operating 
mode. 

Twenty-nine pins are organized as three 8-bit ports and 
one &-bit port. Each port consists of at least a Data Register 
and a write-only Data Direction Register. The Data Direction 
Register is used to define whether corresponding bits in the 
Data Register are configured as an input lclearl or output 
lsetl. 

The term "port," by itself, refers to all of the hardware 
associated with the port. When the port is used as a "data 
port" or "1/0 port," it is controlled by the port Data Direc
tion Register and the programmer has direct access to the 
port pins using the port Data Register. Port pins are labled as 
Pij where i identifies one of four ports and j indicates the par
ticular bit. 

The Microprocessor Unit (MPUI is an enhanced MC6800 
MPU with additional capabilities and greater throughput. It is 
upward source and object code compatible with the 

MC6800. The programming model is depicted in Figure 8 
where Accumulator D is a concatenation of Accumulators A 
and 8. A list of new operations added to the M6800 instruc
tion set are shown in Table 1. 

The basic difference between the MC6801 and the 
MC68701 is that the MC6801 has an onboard ROM while the 
MC68701 has an on board EPROM. The MC68701 is pin and 
code compatible with the MC6801 and can be used to 
emulate the MC6801, allowing easy software development 
using the onboard EPROM. Software developed using the 
MC68701 can then be masked into the MC6801 ROM. 

In order to support the onboard EPROM, the MC68701 dif
fers from the MC6801 as follows: 

(11 Mode 0 in the MC6801 is a test mode only, while in the 
MC68701 Mode 0 is also used to program the on board 
EPROM and has interrupt vectors at $BFFO-$BFFF 
rather than $FFFO-$FFFF . 

12) The MC68701 RAM/EPROM Control Register has two 
bits used to control the EPROM in Mode 0 that are not 
defined in the MC6801 RAM Control Register. 

13) The RESET /Vpp pin in the MC68701 is dual purpose, 
used to supply EPROM power as well as to reset the 
device; while in the MC6801 the pin is called RESET 
and is used only to reset the device. 

FIGURE 8 - MC68701/6801/6ll03 PROGRAMMING MODEL 

Ii A 0LJ 7 B ~ 8-Bit Accumulators A and B 1l5- -- -- --- - D -- -- -- -· - - ~Or 16-Bit Double Accumulator D 

.. 11_5 _________ x _________ o.J1 Index Register IKI 

.. 11_5 _________ s_P _________ o.J1 Stack Pointer ISP! 

._l1_5 _________ P_c _________ o.J1 Program Counter I PCI 

0 

Condition Code Register ICCRI 

Carry I Borrow from MS B 

Overflow 
Zero 

'---- Negative 
~----- Interrupt 

'------- Half Carry !From Bit 31 
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TABLE 1 - NEW INSTRUCTIONS 

Instruction Description 

ABX Unsigned addition of Accumulator B to Index Register 

ADDO Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator 

ASLD or LSLD Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit 

BHS Branch if Higher or Same; unsigned conditional branch (same as BCC) 

BLO Branch if Lower; Unsigned conditional branch (same as BCS) 

BRN Branch Never 

JSR Additional addressing mode: direct 

LDD Loads double accumulator from memory 

LSL Shifts memory or accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit (same as 
ASL) 

LSRD Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C-bit 

MUL Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator 

PSHX Pushes the 1ndex Register to stack 

PULX Pulls the Index Register from stack 

STD Stores the double accumulator to memory 

SUBD Subtracts memory from the double accumulator and leaves the difJerence in the double accumulator 

CPX Internal processing modified to permit its use with any conditional branch instruction 

OPERATING MODES 

The MCU provides eight different operating modes which 
are selectable by hardware programming and referred to as 
Mode 0 through Mode 7. The operating mode controls the 
memory map, configuration of Port 3, Port 4, SC1, SC2, and 
the physical location of interrupt vectors. 

FUNDAMENTAL MODES 
The eight MCU modes can be grouped into three fun

damental modes which refer to the type of bus it supports: 
Single Chip, Expanded Non-Multiplexed, and Expanded 
Multiplexed. Modes 4 and 7 are single chip modes. Mode 5 is 
the expanded non-multiplexed mode, and the remaining 
modes are expanded multiplexed modes. Table 2 sum
marizes the characteristics of the operating modes. 

Single-Chip Modes (4, 7) 

In the Single-Chip Mode, the four MCU ports are con
figured as parallel input/ output data ports, as shown in 
Figure 9. The MCU functions as a monolithic microcom
puter in these two modes without external address or data 
buses. A maximum of 29 1/0 lines and two Port 3 control 
lines are provided. Peripherals or another MCU can be inter
faced to Port 3 in a loosely coupled dual processor configura
tion, as shown in Figure 10. 

In Single-Chip Test Mode (41, the RAM responds to 
$XX80 through $XXFF and the EPROM is removed from the 
internal address map. A test program must first be loaded in
to the RAM using modes 0, 1, 2, or 6. If the MCU is reset 
and then programmed into Mode 4, execution will begin at 
$XXFE:XXFF. Mode 5 can be irreversibly entered from Mode 
4 without asserting REID by setting bit 5 of the Port 2 Data 
Register. This mode is used primarily to test Ports 3 and 4 in 
the Single-Chip and Non-Multiplexed Modes. 

TABLE 2 - SUMMARY OF MC68701 OPERATING MODES 

Common to all Modes: 
Reserved Register Area 
Port 1 
Port 2 
Programmable Timer 
Serial Communications Interface 

Single Chip Mode 7 
128 bytes of RAM; 2048 bytes of EPROM 
Port 3 is a parallel 1/0 port with two control lines 
Port 4 is a parallel 1/0 port 
SC1 is Input Strobe 3 OS31 
SC2 is Output Strobe 3 (0S3) 

Expanded Non-Multiplexed Mode 5 
128 bytes of RAM; 2048 bytes of EPROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/ address bus 
SC1 is Input/Output Select OOS) 
SC2 is Read/Write (R/Wl 

Expanded Multiplexed Modes 1, 2, 3, 6 
Four memory space options (64K address space): 

(1) No internal RAM or EPROM (Mode 3) 
(2) Internal RAM, no EPROM (Mode 21 
(3) Internal RAM and EPROM (Mode 1) 
(4) Internal RAM, EPROM with partial address bus 

(Mode 61 
Port 3 is a multiplexed address/ data bus 
Port 4 is an address bus (inputs/address in Mode 61 
SC1 is Address Strobe (AS) 
SC2 is Read/Write (R/W) 

Test Mode 4 
( 1) May be changed to Mode 5 without going through 

Reset 
(2) May be used to test Ports 3 and 4 as 1/0 ports 

Expanded Multiplexed Mode 0 
(1) Internal RAM and EPROM 
(2) External interrupt vectors located at $BFFO-$BFFF 
(3) Used to program EPROM 
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FIGURE 9 - SINGLE-CHIP MOOE 
FIGURE 10 - SINGLE-CHIP DUAL PROCESSOR CONFIGURATION 
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FIGURE 11 - EXPANDED NON-MULTIPLEXED CONFIGURATION 
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Expanded Non-Multiplexed Mode (5) 

A modest amount of external memory spce is provided in 
the Expanded Non-Multiplexed Mode while significat on-chip 
resources are retained. Port3 functions as an B-bit bidirectional 
data bus and Port 4 is configured initially as an input data port. 
Any combination of the eight least-significant address lines 
may be obtained by writing to the Port 4 Data Direction Reg
ister. Stated alternatively, any combination of AO to A7 may 
be provided while retaining the remainder as input data lines. 
Internal pullup resistors are intended to pull the Port 4 lines 
high until the port is configured. 

Figure 11 illustrates a typical system configuration in the 
Expanded Non-Multiplexed Mode. The MCU interfaces directy 
with M6BOO Family parts and can access 256 bytes of external 
address space at $100 through $1FF. IOS provides an address 
decode of external memory ($100-$1FF) and can be used as a 
memory page select or chip select line. 

Expanded-Multiplexed Modes (0, 1, 2, 3, 6) 

In the Expanded-Multiplexed Modes, the MCU has the ability 
to access a 64K bytes memory space. Port 3 functions as a 
time multiplexed address/data bus with address valid on the 
negative edge of Address Strobe (AS), and data valid while E 
is high. In Modes 0 to 3, Port 4 provides address lines AB to 
A 15. In Mode 6, however, Port 4 is initially configured at RESET 
as an input data port. The Port 4 Data Direction Register can 
then be changed to provide any combination of address lines, 
AB to A15. Stated alternatively, any subset of AB to A15 can 
be provided while retaining the remaining Port 4 lines as input 
data lines. Internal pullup resistors pull the Port 4 lines high 
until software configures the port. 

Figure 12 depicts a typical configuration for the Expanded
Multiplexed Modes. Address Strobe can be used to control a 
transparent D-type latch to capture addresses AO to A7, as 
shown in Figure 13. This allows Port 3 to function as a Data 
Bus when E is high. 

In Mode 0, the internal and external data buses are con
nected; there must therefore be no memory map overlap in 
order to avoid potential bus conflicts. Mode 0 is used to pro
gram the onboard EPROM. All interrupt vectors are external 
in this mode and are located at $BFFO-$BFFF. 

PROGRAMMING THE MODE 

The operating mode is determined at RESET by the levels 
asserted on P22, P21, and P20. These levels are latched into 
PC2, PC1, and PCO of the program control register on the po
sitive edge of RESET. The operating mode may be read from 
the Port 2 Data Register as shown below, and programming 
levels and timing must be met as shown in Figure 14. A brief 
outline of the operating modes is shown in Table 3. 

PORT 2 DATA REGISTER 

7 6 5 4 3 2 1 0 

j Pc2 j Pc1 j Pco j P24 j P23 j P22 j P21 j P20 j sooo3 

Circuitry to provide the programming levels is dependent 
primarily on the normal system usage of the three pins. If 
configured as outputs, the circuits shown in Figure 15 may be 
used; otherwise, three-state buffers can be used to provide 
isolation while programming the mode. Note that if diodes are 
used to program the mode, the diode forward voltage drop 
must not exceed the VMPDD minimum. 

MEMORY MAPS 

The MCU can provide up to 64K byte address space de
pending on the operating mode. A memory map for each op
erating mode is shown in Figure 16. The first 32 locations of 
each map are reserved for the MCU internal registers as shown 
in Table 4, with exceptions as indicated. 

TABLE 3 - MODE SELECTION SUMMARY 

Mode 
P22 
PC2 

7 H 

6 H 

5 H 

4 H 

3 L 

2 L 

1 L 

0 L 

Legend· 
1 - Internal 
E - External 

P21 
PC1 

H 

H 

L 

L 

H 

H 

L 

L 

MUX - Multiplexed 
NMUX - Non-Multiplexed 
L - Logic "O" 
H- Logic "1" 

P20 
EPROM 

Interrupt Bus Operating 
PCO RAM Vectors Mode Mode 

H I I I I Single Chip 

L I I I Mux15, 61 Multiplexed/Partial Decode 

H I I I NMuxl5. 61 Non-Multiplexed/Partial Decode 

L 1121 1111 I I Single Chip Test 

H E E E Muxl41 Multiplexed/No RAM or EPROM 

L E I E Muxl41 Multiplexed/RAM 

H I I E Mux<41 Multiplexed/ RAM and EPROM 

L I I 1131 Muxl41 Multiplexed/ Programming 

Notes 
(11 Internal RAM 1s addressed at $XXBO 
121 Internal EPROM is disabled 
131 Interrupt vectors located at $BFFO-$BFFF 
(4) Addresses associated with Ports 3 and 4 are considered external in Modes O, 

1. 2. and 3 
(5) Addresses associated with Port 3 are considered external in Modes 5 a~1d 6 
(6) Port 4 default is user data input, address output is optional by writing to Port 4 

Data Direction Register 

MOTOROLA MICROPROCESSOR DATA 

3-182 



Port 2 

MC68701 

FIGURE 12 - EXPANDED MULTIPLEXED CONFIGURATION 

Vee 

XTAl 

EXT AL 

MC68701 

Port 2 

Port 3 
8 Lines 

Multiplexed Data/ Address 
R1W 

5s1:r~1L11~~s 4••91 
Port 4 

8 Lines 
Address Bus 

16-Bit Timer 

Vss 
Vee 

XTAL 
Port 3 

EXT AL 

MC68701 
l----'---+--rl-----,-+----,---1----+Address Bus 
R/W 16 (AOA151 

l-'------..-1--l----.-+-+-----.-+-f---+R/iN 

51101•••~ SCI "I 
Timer 

Vss 

ROM RAM PIA 

NOTE: To avoid data bus (Port 3) contention in. the expanded multiplexed modes, memory devices should be enabled only during E high time 

GND 

AS 

Port 3 i Address/Data 

, 
, 

~ 

; .. 
" 

FIGURE 13 - TYPICAL LATCH ARRANGEMENT 

l l 
G oc ...... 

01 01 
--"" 

SN74LS373 ...... 
(Typical) --"" 

Da Oa 

:: 
__,,, 

:: ::: :: 
.... 
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FIGURE 14 - MODE PROGRAMMING TIMING 

See Figure .16 
for Diode Arrangement 

... --
Mode Inputs 

tP20, P21, P221 

VMPH Min 

VMPL Max 

. ~'•~o 
"" .r== v 

tP20, P21, P221 ~ MPL 
,... Mode Latch 

RtID - ---- Level 

MODE PROGRAMMING !Refer to Figure 14) 

Characteristic Symbol 

Mode Programming Input Voltage Low for TA= 0 to 70'C VMPL 

Mode Programming Input Voltage High VMPH 

Mode Programming Diode Differential for TA= 0 to 70'C VMPDD 

RESET Low Pulse Width PWRSTL 

Mode Programming Set-Up Time IMPS 

Mode Programming Hold Time 
RESET Rise Time;;o1 µs lMPH 
RESET Rise Time< 1 µs 

Note: For TA= -40 to 85'C, Maximum VMPL = 1.7, and Minimum VMPDD =0.4. 

FIGURE 15 - TYPICAL MODE PROGRAMMING CIRCUIT 

Vee 

Rl 

8 
P20~-111--+--+-~~~~~~~~~~~~-; 

P21~-+-<ll--+-~~~~~~~~~~~--l9 
P22~--t~+--...~~~~~~~~~~~~1-;0 

v 

P20 tPCOI 

P21 tPC11 

P22 tPC21 

Min 

-
4.0 

0.6 

3.0 

2.0 

0 
100 

MC68701 
Mode Control Switches R2 

D 
D 

"Normal" 

S1 6 
RESET/Vpp 

Vpp o----o--A 
"Program" 

Notes: 
1. Mode 0 as shown !switches closed) .. 
2. Rl = 10k ohms !typical). 

Typ Max Unit 

- 1.8 v 
- - v 
- - v 
- - E-Cycles 

- - E-Cycles 

- - ns 
- -

3. The RESET time constant is equal to RC where R is the equivalent parallel resistance of R2 and the number of resistors IR1) 
placed in the circuit by closed mode control switches. 

4. D= 1N914, 1N4001 in the Oto 70'C range 
D= 1N270, MBD201 in the -40 to 85'C range 

5. If V =Vee. the R2 = 50 ohms !typical) to meet V1H for the RESETNpp pin. V =Vee is also compatible with MC6801. The RESET 
time constant in this case is approximately .R2*C. 

6. Switch S1 all6ws selection of normal (RESET) or programming IVpp) as the input to the RESETNpp pin. During switching, 
the input level is held at a value determined by a diode ID). resistor (R2) and input voltage IV). 

7. While S1 is in the "Program" position, RESET should not be asserted. 
8. From powerup, RESET must be held low for at least tRC· The capacitor, C, is shown for conceptual purposes only and is on 

the order of 1000 µF for the circuit shown. Typically, a buffer with an RC input will. be used to drive RESET, eliminating the 
need for the larger capacitor. 

9. Diode Vf should not exceed VMPDD min. 
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M.ultiplexed Test mode 

$00QQ11 I V/77777/777/h 

$001 F ff««//fl'/£4( 

SOOBO bnnnnnJ:: 

SOOF F 1«/t//VV/4( 

MC6B701 
Mode 

-
0 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

External Interrupt Vectors 
$BFFO B r Space $BFFF External Memo y 

$FBOO M 

Internal EPRO 

$FFFF'21 ir,.'/////////.fll) 

Notes: 
1) Excludes the following addresses which may 

be used externally: $04, $05, $06, $07and $OF. 

2) There must be no overlapping of internal and 
external memory spaces to avoid driving the 
data bus with more than one device. 

3) This mode is used to program the onboard 
EPROM. 

I 
I 

FIGURE 16 - MC68701 MEMORY MAPS 

MC6B701 
Mode 1 

Multiplexed/RAM & EPROM 

Internal Registers 
$001 F JIZIZ///////4'." 

External Memory Space 

$0080 lnnnnnA'. 

Internal RAM 
SCOFF Vfi'//«///~ 

External Memory Space 

$FBOO ' Internal EPROM 

$FFEF ~ al Interrupt Vectors Extern $FFFO 
$FFFF 

Notes· 
1) Excludes the following addresses which may 

be used externally: $04. $05. $06, $07 and 
$OF 

2) Internal EPROM addresses $FFFO to $FFFF are 
not usable 

I 

• 

Multiplexed/RAM 

$FFFO 

$FFFF 

Notes: 

MC6B701 
Mode 2 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

External Interrupt Vectors 

1 J Excludes the following addresses which may 
be used externally: S04, $05. $06, $07. and 
SOF. 

s: 
(") 

i .... 
Q ... 
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MC68701 
Mode 

Multiplexed/No RAM or EPROM 

3 
$001 FV///li'l//.1/4:' Internal Registers 

External Memory Space 

$FFFol K 
$FFFF'-----"IJ External Interrupt Vectors 

Notes: 
1) Excludes the following addresses which may be 

used externally: $04, $05, $06, $07 and $OF 

• FIGURE 16 - MC68701 MEMORY MAPS (CONTINUED) 

MC68701 
Mode 

Single Chip Test 

4 
$()()()()~---· 

$001 F~) Internal Registers15) 

Unusablel1)(4) 

Internal RAM 
$XXFFVL«//////&1/ Internal Interrupt Vectors 

Notes: 

1) The internal EPROM is disabled. 

2) Mode 4 may be changed to Mode 5 without hav
ing to assert RESET by writing a "1" into the 
PCO bit of Port 2 Data Register. 

3) Addresses AS to A 15 are treated as "don't 
cares" to decode internal RAM 

41 Internal RAM will appear at $XX80 to $XXFF. 

5) MCU read of the Port 3 Data Direction Register 
will access the Port 3 Data Register. 

MC68701 
Mode 

Non-Multiplexed/Partial Decode 

5 
soooo111~~~=~ 

~~Internal Registers 
$001 F~""'-"-"£4.<..<..<:.:a-

;~• ::~~' ::, '~· 
$01FFT 

Unusable 

Internal EPROM 

V///«///J'LA/ Internal Interrupt Vectors 

Notes: 

1) Excludes the following addresses which may NOT 
be used externally: $04, $06, and $OF INo IOSl. 

2) This mode may be entered without going 
through RESET by using Mode 4 and subse
quently writing a "1" into the PCO bit of Port 2 
Data Register. 

3) Address lines AO to A 7 will not contain addresses 
until the Data Direction Register for Port 4 has 
been written with "l's" in the appropriate bits. 
These address lines will assert 'Ts" until made 
outputs by writing the Data Direction Register. 

:s: 
~ 
~ 
0 ... 
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FIGURE 16 - MC68701 MEMORY MAPS !CONCLUDED) 

MC68701 
Mode 6 

$001 F I=~"""'-''""!:' 

$0080 177:;'77'"77.'77.>I'. 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

Internal EPROM 

Single Chip 

MC68701 
Mode 7 

$OOOQ~ !ntema! Registers( 1) 
$001 F ~~='"'--"',..._~-

$0080 - Internal RAM 

$00FF I 
Unusable 

Internal EPROM 

Internal Interrupt Vectors Internal Interrupt Vectors 

Note: 
Notes: 
1) Excludes the following addresses which may be 

used externally: $04, $06, SOF 

1 l MCU read of the Port 3 Data Direction Register 
will access the Port 3 Data Register. 

2) Address lines AS-A 15 will not contain 
addresses until the Data Direction Register for 
Port 4 has been written with "1 's" in the 
appropriate bits. These address lines will 
assert "1 's" until made outputs by writing the 
Data Direction Register. 

TABLE 4 - INTERNAL REGISTER AREA 

Register Address Register 

Port 1 Data Direction Register*** 00 Output Compare Register (Low Byte) 

Port 2 Data Direction Register*** 01 Input Cap:ure Register (High Byte) 

Port 1 Data Register 02 Input Capture Register (low Byte) 
Port 2 Data Register 03 Port 3 Control and Status Register 

Rate and Mode Control Register 
Transmit/Receive Control and Status Register 
Receive Data Register 

Port 3 Data Direction Register*** 04* 

Port 4 Data Direction Register*** 05* * 
Port 3 Data Register 06* 
Port 4 Data Register 07* * Transmit Data Register 

RAM/EPROM Control Register 
Reserved 

Timer Control and Status Register 08 
Counter (High Byte) 09 
Counter (low Byte) OA 
Output ComparP Register (High Byte) OB 

•External addresses in Modes 0, 1, 2, 3, 5, 6; cannot be accessed in Mode 5 !No iOSI 
**External addresses in Modes 0, 1, 2, 3 

* * * 1 =output, 0= Input 
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MC68701 INTERRUPTS 

The MCU supports two types of interrupt requests: 
maskable and non-maskable. A Non-Maskable Interrupt 
(NMll is always recognized and acted upon at the comple
tion of the current instruction. Maskable interrupts are con
trolled by the Condition Code Register's I-bit and by in
dividual enable bits. The I-bit controls all maskable inter
rupts. Of the maskable interrupts, t~ere are two types: IR01 
and IR02. The Programmable Timer and Serial Communica
tions Interface use an internal IRQ2 interrupt line. External 
devices (and IS31 use IRQ1. An IRQ1 interrupt is serviced 
before IRQ2 if both are pending. 

All IRQ2 interrupts use hardware prioritized vectors. The 
single SCI interrupt and three timer interrupts are-serviced in 
a prioritized order and each is vectored to a separate loca
tion. All MCU interrupt vector locations are shown in Table 
5. 

TABLE 5 - MCU INTERRUPT VECTOR LOCATIONS 

-~ 

ModeO Modes 1-7 
MSB LSB MSB LSB Interrupt 

BFFE BFFF FFFE FFFF RESET 

BFFC BFFD FFFC FFFD NMI 

BFFA BFFB FFFA FFFB Software Interrupt (SWI) 

BFF8 BFF9 FFF8 FFF9 IROI lor IS31 

BFF6 8FF7 Fff6 FFF7 ICF (Input Capture)* 

BFF4 BFF5 FFF4 FFF5 OCF (Output Compare!* 

BFF2 BFF3 FFF2 FFF3 TOF !Timer Overflow)• 
BFFO BFFI FFFO FFFl SCl'IRDRF+ORFE+ TDREI* 

* IR02 Interrupt 

The Interrupt flowchart is depicted in Figure 17 and is 
common to every MCU interrupt excluding reset. During in
terrupt servicing the Program Counter, Index Register, A Ac
cumulator, B Accumulator, and Condition Code Register are 
pushed to the stack. The I-bit is set to inhibit maskable inter
rupts and a vector is fetched corresponding to the current 
highest priority interrupt. The vector is transferred to the 
Program Counter and instruction execution is resumed. In
terrupt and RESET timing are illustrated in Figures 18 and 19. 

FUNCTIONAL PIN DESCRIPTIONS 

VeeANDVss 
Vee and Vss provide power to a large portion of the 

MCU. The power supply should provide +5volts (±5%) to 
Vee. and Vss should be tied to ground. Total power 
dissipation (including V cc Standby), will not exceed Po 
milliwatts. 

Vee STANDBY 
Vee Standby provides power to the standby portion ($80 
through $BF) of the RAM and the STBY PWR and RAME 
bits of the RAM Control Register. Voltage requirements de
pend on whether the MCU is in a powerup or powerdown 
state. In the powerup state, the power supply should provide 
+ 5 volts ( ± 5%) and must reach Vss volts before RESET 
reaches 4.0 volts. During powerdown, Vee Standby must 
remain above VssB (min) to sustain the standby RAM and 
STBY PWR bit. While in powerdown operation, the standby 
current will not exceed lsss. 

It is typical to power both V cc and V cc Standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying power to V cc during 
powerdown operation. Vee Standby should be tied to 
ground in Mode 3. 

XTAL1 AND EXTAL.2 
These two input pins interface either a crystal or TTL com

patible clock to the MCU internal clock generator. Divide-by
four circuitry is included which allows use of the inexpensive 
3.58 MHz or 4.4336 MHz Color Burst TV crystals. A 20 pF 
capacitor should be tied from each crystal pin to ground to 
ensure reliable startup and operation. Alternatively, EXTAL2 
may be driven by an external TTL compatible clock at 4f0 
with a duty cycle of 50% ( ± 5% l with XT AL1 connected to 
ground. 

The internal oscillator is designed to interface with an Al
eut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for fXTAL· The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time.•· The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 20. 

RESET/Vpp 
This input is used to reset the MCU internal state and pro

vide an orderly startup procedure. During powerup, RESET 
must be held below 0.4 volts: (1) at least tRc after Vee 
reaches 4. 75 volts in order to provide sufficient time for the 
clock generator to stabilize, and (2) until V CC Standby 
reaches Vss volts. RESET must be held low at least three 
E-cycles if asserted during powerup operation. 

This pin is also used to supply Vpp in Mode O for program
ming the EPROM, and supplies operating power to the 
EPROM during powerup operation. 

E (ENABLE) 

This is an output clock used primarily for bus synchroniza
tion. It is TTL compatible and is the slightly skewed divide
by-four result of the MCU input clock frequency. It will drive 
one Schottky TTL load and 90 pF, and all data given in cycles 
is referenced to this clock unless otherwise noted. 

NMI (NON-MASKABLE INTERRUPT) 

An NM I negative edge requests an M CU interrupt se
quence, but the current instruction will be completed before 
it responds to the request. The MCU will then begin an inter
rupt sequence. Finally, a vector is fetched from $FFFC and 
$FFFD (or $BFFC and $BFFD in Mode Ol, transferred to the 
Program Counter and instruction execution is resumed. NMI 
typically requires a 3.3 kO (nominal) resistor to V cc. There is 
no internal NM I pullup resistor. NM I must be held low for at 
least one E-cycle to be recognized under all conditions. 

IR01 (MASKABLE INTERRUPT REQUEST 1) 

IR01 is a level-sensitive input which can be used to re
quest an interrupt sequence. The MPU will complete the cur
rent instruction before it responds to the request. If the inter-

**Devices made with masks subsequent to T7 A and CB4 incorpor
ate an advanced clock with improved startup characteritics. 
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FIGURE 17 - INTERRUPT FLOWCHART 

ITMP~I 

Stack Machme State 
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Cond1t1on Code Register 
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Vector-PC 
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BFFC-BFFD FFFC-FFFD Non-Maskable Interrupt 

BFFA-BFFB FFFA-FFFB Software Interrupt 

BFF8-BFF9 FFF8-FFF9 Maskable Interrupt Request 1 

BFF6-BFF7 FFF6-FFF7 Input Capture Interrupt 

BFF4-BFF5 FFF4-FFF5 Output Compare Interrupt 

BFF2-BFF3 FFF2-FFF3 Timer Overflow Interrupt 

BFFO-BFF1 FFFO-FFF1 SCI Interrupt 
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• FIGURE 18 - INTERRUPT SEQUENCE 

-..J Cycle 
Last Instruction #1 I #2 I #3 I #4 I #5 I #6 I #7 I #8 I #9 I #10 I #11 I #12 

,........., ,---, ,---, ,........., ,.........., ,........., ,........., ,........., ,.........., ,..., ,..., 
E 

Internal 
Address Bus 

IR01 
-.j i..-. tPeS 

NMi or IR02 \ 
~ f.t-tPeS 

Internal 
Data Bus ____ 

Op Code Op Code PC 0-7 PCB-15 x 0-7 x 8-15 ACCA ACCB CCR Irrelevant Vector Vector First Inst. of 
Data MSB LSB Interrupt Routine 

Internal R!W / 

FIGURE 19 - RESET TIMING 

&\\\\§\\\\\\~ fl_f1SU 
-525V I ,' ~ 11 ~ 

Vee 7f475V tRe ~i:=tPCS ~ i:=tpes 

RESET/Vpp ~ 4 .o v 04·~~1'=------
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FFFE FFFE FFFE FFFE FFFF New PC FFFE , FFFE 

Internal RJW ;\\\\\\\\\\\\\\\\\'{ t\\\\\\\\\\\\\\\\\\\\\\\\\\\I ~ 
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Data Bus &\\\\\\\\\\\\\\SSS p\\\\\\S\\\\\\\\\S\\\\\\\SS\\Ss'Xj p::::x::x: 
PC8-15PC0-7 First 

~Not Valid 
Instruction 

3: 
n 
en 
~ 
0 ..... 



MC68701 

rupt mask bit 11-bitl in the Condition Code Register is clear, 
the MCU will begin an interrupt sequence. A vector is fetch
ed from $FFF8 and $FFF9 (or $8FF8 and $8FF9 in Mode 0), 
transferred to the Program Counter, and instruction execu
tion is resumed. 

IRQ1 typically requires an external 3.3 kO (nominal) 
resistor to Vee for wire-OR applications. IRQ1 has no inter
nal pullup resistor. 

SC1 AND SC2 (STROBE CONTROL 1 AND 2) 

The function of SC1 and SC2 depends on the operating 
mode. SC1 is configured as an output in all modes except 
single chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 

SC1 and SC2 In Single Chip Mode 

In Single Chip Mode, SC1 and SC2 are configured as an 
input and output, respectively, and both function as Port 3 
control lines. SC1 functions as IS3 and can be used to in
dicate that Port 3 input data is ready or output data has been 
accepted. Three options associated with IS3 are controlled 
by the Port 3 Control and Status Register and are discussed 
in the Port 3 description. If unused, IS3 can remain uncon
nected. 

SC2 is configured as OS3 and can be used to strobe out
put data or acknowledge input data. It is controlled by Out
put Strobe Select IOSSI in the Port 3 Control and Status 
Register. The strobe is generated by a read (OSS = 01 or 
write (OSS = 1 I to the Port 3 Data Register. OS3 timing is 
shown in Figure 5. 

FIGURE 20 - MC68701 OSCILLATOR CHARACTERISTICS 

(a) Nominal Recommended Crystal Parameters 

MC68701 

2 

• 

CL = 20 pF (typical) 

NOTE 
TTL-compatib~illators may be 
obtained from: 

Motorola Component Products 
Attn: Data Clock Sales 

2553 N. Edginton St. 
Franklin Park, IL 60131 

Tel: 312-451-1000 
Telex: 433-0067 

Vee 
~~~~~~~~~ 

MC68701 Nominal Crvstal Parameters 

3.58 MHz 4.00 MHz 5.0 MHz 6.0 MHz 8.0 MHz 

RS 600 500 30-50 0 30-500 20-40 0 

Co 3.5 pF 6.5 pF 4.6 pF 4-6 pF 4.6 pF 

C1 0.015 pF 0.025 pF 0 01-0.02 pF 0.01-0.02 pF 0.01-0.02 pF 

a >40 k >30 k >20 k >20 k >20 k 

*Note: These are representative AT-cut crystal parameters only. Crystals of other types of 
cuts may also be used. 

2 ---------1 • 1-------- 3 

3 

Co 

Equivalent C1rcu1t 

(bl Oscillator Stabilization Time itRCI 

~~~~~~---ff.-~~-----------~ 
4 75 v 

~~~~~-~~~~1~~~~~~---jf .. o(..---- IRC----.! 
Oscillator 

Stab1hzat1on 
Time, IRC 
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SC1 And SC2 In Expanded Non-Multiplexed Mode 
In the Expanded Non-Multiplexed Mode, both SC1 and 

SC2 are configured as outputs. SC1 functions as Input/Out
put Select !IOSl and is asserted only when $0100 through 
$01 FF is sensed on the internal address bus. 

SC2 is configured as Read/Write and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 

SC1 And SC2 In Expanded Multiplexed Mode 
In the Expanded Multiplexed Modes, both SC1 and SC2 

are configured as outputs .. SC1 functions as Address Strobe 
and can be used to demultiplex the eight least significant ad
dresses and the data bus. A latch controlled by Address 
Strobe captures address on the.negative edge, as shown in 
Figure 15. 

SC2 is configured as Read/Write and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 

P10-P17 (PORT 1) 
Port 1 is a mode independent 8-bit I/ 0 port with each line 

an input or output as defined by the Port 1 Data Direction 
Register. The TTL compatible three-state output buffers can 
drive one Schottky TTL load and 30 pF, Darlington tran
sistors, or CMOS devices using external pullup resistors. It is 
configured as a data input port by RESET. Unused lines can 
remain unconnected. 

P20-P24 (PORT 2) 
Port 2 is a mode-independent, 5-bit, multipurpose 1/0 

port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The Port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the Port 2 Data Direc
tion Register. The Port 2 Data Register is used to move data 
through the port. However, if P21 is configured as an out
put, it will be tied to the timer Output Compare function and 
cannot be used to provide output from the Port 2 Data 
Register. 

Port 2 can also be used to provide an interface for the 
Serial Communications Interface and the timer Input Edge 
function. These configurations are described in the ap
propriate SCI and Timer sections of this publication. 

The Port 2 high-impedance, TTL compatible output buf
fers are capable of driving one Schottky TTL load and 30 pF 
or CMOS devices using external pullup resistors. 

PORT 2 DATA REGISTER 

7 6 5 4 3 2 

I PC2 I PC1 I PCO I P24 I P23 I P22I 

P30-P37 (PORT 3) 

0 

P21 I P20 I $0003 

Port 3 can be configured as an 1/0 port, a bidirectional 
8-bit data bus, or a multiplexed address/ data bus depending 
on the operating mode. The TTL compatible three-state out
put buffers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnected. 

Port. 3 In Single-Chip .Mode 
Port 3 is an 8-bit 110 port in the Single-Chip Mode, with 

each line configured by the Port 3 Data Direction Register. 
There are also two lines, IS3 and OS3, which can be used to 
control Port 3 data transfers. 

Three Port 3 options are controlled by the Port 3 Control 
and Status Register and are available only in Single-Chip 
Mode: 111 Port 3 input data can be latched using IS3 as a 
control signal, (2) OS3 can be generated by either an MPU 
read or write to the Port 3 Data Register, and (31 an IR01 in
terrupt can be enabled by an IS3 negative edge. Port 3 latch 
timing is shown in Figure 4. 

7 

IS3 
Flag 

Bit 0-2 

Bit 3 

Bit 4 

Bit 5 
Bit 6 

Bit 7 

PORT 3 CONTROL AND STATUS REGISTER 

6 5 

IS3 
IR01 x 

Enable 

4 3 2 0 

Latch oss Enable x x x $000F 

Not used. 
LATCH ENABLE. This bit controls the 
input latch for Port 3. If set, input data 
is latched by an iS3 negative edge. The 
latch is transparent after a read of Port 
3 Data Register. LATCH ENABLE is 
cleared during reset. 
OSS \Output Strobe Select). This bit 
determines whether OS3 will be 
generated by a read or write of the Port 
3 Data Register. When clear, the 
strobe is generated by a read; when 
set, it is generated by a write. OSS is 
cleared during reset. 
Not used. 

IS3 IR01 ENABLE. When set, an IR01 
interrupt will be enabled whenever IS3 
FLAG is set; when clear, the interrupt 
is inhibited. This bit is cleared during 
reset. 

IS3 FLAG. This read-only status bit is 
set by an IS3 negative edge. It is 
cleared by a read of the Port 3 Control 
and Status Register (with IS3 FLAG 
set) followed by a read or write to the 
Port 3 Data Register or during reset. 

Port 3 In Expanded Non-Multiplexed Mode 
Port 3 is configured as a bidirectional data bus \D7-DOI in 

the Expanded Non-Multiplexed Mode. The direction of data 
transfers is controlled by Read/Write \SC2l. Data is clocked 
by E (Enable!. 

Port 3 In Expanded Multiplexed Mode 
Port 3 is configured as a time multiplexed address IAO-A71 

and data bus \07-DOI in the Expanded Multiplexed Modes 
where Addres.s Strobe IASI can be used to demultiplex the 
two buses. Port 3 is held in a high impedance state between 
valid address and data to prevent potentional bus conflicts. 
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P40-P47 (PORT 41 
Port 4 is configured as an B-bit II 0 port, as address out

puts, or as data inputs depending on. the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF and is the 
only port with internal pullup resistors. Unused lines can re
main unconnected. 

Port 4 In Single Chip Mode 
In Single Chip Mode, Port 4 functions as an 8-bit 1/0 port 

with each line configured by the Port 4 Data Direction 
Register. Internal pull up resistors allow the port to directly in
terface with CMOS at 5 volt levels. External pullup resistors 
to more than 5 volts, however, cannot be used. 

Port 4 In Expanded Non-Multiplexed Mode 
Port 4 is configured during reset as an B-bit input port, 

where the Port 4 Data Direction Register can be written to 
provide any or all of eight address lines AO to A7. Internal 
pullup resistors pull the lines high until the Port 4 Data Direc
tion Register is configured. 

Port 4 In Expanded Multiplexed Mode 
In all Expanded Multiplexed modes except Mode 6, Port 4 

functions as half of the address bus and provides AB to A 15. 
In Mode 6, the port is configured during reset as an 8-bit 
parallel input port, where the Port 4 Data Direction Register 
can be written to provide any or all of upper address lines AB 
to A 15. Internal pull up resistors pull the lines high until the 
Port 4 Data Direction Register is configured, where bit 0 con
trols AB. 

RESIDENT MEMORY 
The MC68701 has 128 bytes of onboard RAM and 2048 

bytes of onboard UV erasable EPROM. This memory is con
trolled by four bits in the RAM/EPROM Control Register. 

One half of the RAM is powered through the Vee standby 
pin and is maintainable during Vee powerdown. This stand
by portion of the RAM consists of 64 bytes located from $80 
through $BF. 

Power must be supplied to V cc standby if the internal 
RAM is to be used, regardless of whether standby power 
operation is anticipated. In Mode 3, Vee standby should be 
tied to ground. 

The RAM is controlled by the RAM/EPROM Control 
Register. 

RAM/EPROM CONTROL REGISTER ($14) 
The RAM/EPROM Control Register includes four bits: 

STBY PWR, RAME, PPC, and PLC. Two of these bits, 
STBY PWR and RAME, are used to control RAM access and 
determine the adequacy of the standby power source during 
power-down operation. It is intended that RAME be cleared 
and STBY PWR be set as part of a power-down procedure. 
RAME and STBY PWR are Read/Write bits. 

The remaining two bits, PLC and PPC, control the opera
tion of the EPROM. PLC and PPC are readable in all modes 
but can be changed only in Mode 0. The PLC bit can be writ
ten without restriction in Mode 0, but operation of the PPC 
bit is controlled by the state of PLC. 

Associated with the EPROM are an B-bit data latch and a 
16-bit address latch. The data latch is enabled at all times, 
latching each data byte written to the EPROM. The address 
latch is controlled by the PLC bit. 

A description of the RAM/EPROM Control Register 
follows. 

MC68701 RAM/EPROM CONTROL REGISTER 

7 654 3 21 0 

Bit 0 PLC. Programming latch Control. 
This bit controls (a) a latch which cap
tures the EPROM address to be pro
grammed and (b) whether the PPC bit 
can be cleared. The latch is triggered 
by an M PU write to a location in the 
EPROM. This bit is set during reset 
and can be cleared only in Mode 0. The 
PLC bit is defined as follows: 

PLC= 0 EPROM address latch 
enabled; EPROM address is latched 
during MPU writes to the EPROM. 

PLC= 1 EPROM address latch is 
transparent . 

Bit 1 PPC. Programming Power Control. 
This bit gates power from the 
RESET /Vpp pin to the EPROM pro
gramming circuit. PPC is set during 
reset and whenever the PLC bit is set. 
It can be cleared only if (a) operating in 
Mode 0, and (bl if PLC has been 
previously cleared. The PPC bit is 
defined as follows: 

PPC = 0 EPROM programming 
power (Vpp) applied. 

PPC= 1 EPROM programming 
power IVppl is not applied. 

Bit 2-5 Unused. 
Bit 6 RAME RAM Enable. This Read/Write bit can 

be used to remove the entire RAM 
from the internal memory map. RAME 
is set (enabled) during reset provided 
standby power is available on the 
positive edge of reset. If RAME is 
clear, any access to a RAM address is 
external. If RAME is set and not in 
Mode 3, the RAM is included in the in
ternal map. 

Bit 7 STBY PWR Standby Power. This bit is a read/ 
write status bit which, when once set, 
remains set as long as Vee standby re
mains above Vsss (minimum). As 
long as this bit is set following a period 
of standby operation, the standby 
power supply has adequately preserv
ed the data in the standby RAM. If this 
bit is cleared during a period of stand
by operation, it indicates that V cc 
standby had fallen to a level suffi
ciently below Vsss !minimum) to 
suspect that data in the standby RAM 
is not valid. This bit can be set only by 
software and is not affected during 
reset. 

Note that if PPC and PLC are set. they cannot be 
simultaneously cleared with a single MPU write. The PLC bit 
must be cleared prior to attempting to clear PPC. If both PPC 
and PLC are clear, setting PLC will also set PPC. In addition, 
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it is assumed that Vpp is applied to the RESET /Vpp pin 
whenever PPC is clear. If this is not the case, the result is 
undefined. 

ERASING THE MC68701 EPROM 
Ultraviolet erasure will clear all bits of the EPROM to the 

"O" state. Note that this erased state differs from that of 
some other widely used EPROMs (such as the MCM687081 
where the erased state is a "1". The MC68701 EPROM is 
programmed by erasing it to "O's" and entering ''1's" into 
the desired bit locations. 

The MC68701. EPROM can be erased by exposure to high 
intensity ultraviolet light with a wave length of 2537 A for a 
minimum of 30 minutes. The recommended integrated dose 
(UV intensity X exposure time) is 15 Ws/cm. The lamps 
should be used without shortwave filters and the MC68701 
should be positioned about one inch away from the UV 
tubes. 

The MC68701 transparent lid should always be covered 
after erasing. This protects both the EPROM and light
sensitive nodes from accidental exposure to ultraviolet light. 

PROGRAMMING THE MC68701 EPROM 
When the MC68701 is released from Reset in Mode 0, a 

vector is fetched from location $BFFE:BFFF. This provides a 
method for an ·external program to obtain control of the 
microcomputer with access to every location in the EPROM. 

To program the EPROM, it is necessary to operate the 
MC68701 in Mode 0 under the control of a program rllsident 
in external memory which can facilitate loading and pro
gramming of the EPROM. After the pattern has been loaded 
into external memory, the EPROM can be programmed as 
follows: 

a. Apply programming power (Vppl to the RESET /Vpp 
pin. 

b. Clear the PLC control bit and set the PPC bit by 
writing $FE to the RAM/EPROM Control Register. 

c. Write data to the next EPROM location to be pro
grammed. Triggered by an MPU write to the 
EPROM, internal latches capture both the EPROM 
address and the data byte. 

d. Clear the PPC bit for programming time, \pp. by 
writing $FC to the RAM/EPROM Control Register 
and waiting for time, \pp· This step gates the pro
gramming power (Vppl from the RESET /Vpp pin to 
the EPROM which programs the location. 

e. Repeat steps b through d for each byte to be pro
grammed. 

f. Set the PLC and PPC bits by writing $FF to the 
RAM/EPROM control register. 

g. Remove the programming power (Vppl from the 
RESET /Vpp pin. The EPROM can now be read and 
verified. 

Because of the erased state of an EPROM byte is $00, it is 
not necessary to program a location which is to contain $00. 
Finally, it should be noted that the result of inadvertently 
programming a location more than once is the logical OR of 
the data patterns. 

PRObug is a trademark of Motorola Inc. 

A routine which can be used to program the MC68701 
EPROM is provided at the end of this publication. This non
reentrant routine requires four double byte variables named 
IMBEO, IMEND, PNTR, and WAIT to be initialized prior to 
entry to the routine. These variables indicate (al the first and 
last memory locations which bound the data to be program
med into the EPROM, (bl the first EPROM location to be pro
grammed, and (cl a number which is used to generate 
the programming time delay. The last variable, WAIT, takes 
into account the MCU input crystal (or TTL-compatible 
clock) frequency to insure the programming time, \pp. is 
met. WAIT is defined as the number of MPU E-cycles that 
will occur in the real-time EPROM programming interval, 
\pp· For example, if \pp= 50 milliseconds and the MC68701 
is being driven with a 4.00 MHz TTL-compatible clock: 

WAIT (MPU E-cyclesl=.tpp•(MCU INPUT FREQ/14.1o6 
= 50000(4. 1061;4. 106 
=50000 

NOTE 
A monitor program called PRObug is available from 

Motorola Microsystems. PRObug contains a user option for 
programming the on-board MC68701 EPROM. 

PROGRAMMABLE TIMER 

The Programmable Timer can be used to perform input 
waveform measurements while independently generating an 
output waveform. Pulse widths can vary from several 
microseconds to many seconds. A block diagram of the 
Timer is shown in Figure 21. 

COUNTER ($09:0Al 
The key timer element is a 16-bit free-running counter 

which is incremented by E (Enable). It is cleared during reset 
and is read-only with one exception: a write to the counter 
($091 will preset it to $FFF8. This feature, intended for 
testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. TOF is set whenever 
the counter contains all l's. 

OUTPUT COMPARE REGISTER ($0B:OCl 
The Output Compare Register is a 16-bit Read/Write 

register used to control an output waveform or provide an ar
bitrary timeout flag. It is compared with the free-running 
counter on each E-cycle. When a match occurs, OCF is set 
and OLVL is clocked to an output level register. If Port 2, bit 
1, is configured as an output, OLVL will appear at P21 and 
the Output Compare Register and OLVL can then be 
changed for the next compare. The function is inhibited for 
one cycle after a write to the high byte of the Compare 
Register ($081 to ensure a valid compare. The Output Com
pare Register is set to $FFFF during reset. 

INPUT CAPTURE REGISTER ($00:0El 
The Input Capture Register is a 16-bit read-only register 

used to store the free-running counter when a "proper'' in
put transition occurs as defined by IEDG. Port 2, bit 0 should 
be configured as an input, but the edge detect circuit always 
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FIGURE 21 - BLOCK DIAGRAM OF PROGRAMMABLE TIMER 
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senses P20 even when configured as an output. An input 
capture can occur independently of ICF: the register always 
contains the most current value. Counter transfer is in
hibited, however, between accesses of a double byte MPU 
read. The input pulse width must be at least two E-cycles to 
ensure an input capture under all conditions. 

TIMER CONTROL AND STATUS REGISTER ($re) 

The Timer Control and Status Register ITCSRI is an 8-bit 
register of which all bits are readable while bits 0-4 can be 
written. The three most significant bits provide the timer 
status and indicate if: 

• a proper level transition has been detected, 
• a match has occurred between the free-running 

counter and the output compare register, and 

• the free-running counter has overflowed. 

Each of the three events can generate an IR02 interrupt 
and is controlled by an individual enable bit in the TCSR. 

TIMER CONTROL AND STATUS REGISTER (TCSR) 

7 6 5 4 3 2 0 

Output Compare Pulse 

Bit 0 OLVL 

Bit 1 EIDG 

Bit 2 ETOI 

Bit 3 EOCI 

Bit 4 EICI 
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Bit 1 BitO 
Port 2 Port 2 

Output level. OL VL is clocked to the 
output level register by a successful 
output compare and will appear at P21 
if Bit 1 of the Port 2 Data Direction 
Register is set. It is cleared during 
reset. 
Input Edge. IEDG is cleared during 
reset and controls which level transi
tion will trigger a counter transfer to 
the Input Capture Register: 

IEDG = 0 Transfer on a negative-edge 
IEDG = 1 Transfer on a positive-edge. 
Enable Timer Overflow Interrupt. 
When set, an IR02 interrupt is enabled 
for a timer overflow; when clear, the 
interrupt is inhibited. It is cleared dur
ing reset. 
Enable Output Compare Interrupt. 
When set, an IR02 interrupt is enabled 
for an output compare; when clear, 
the interrupt is inhibited. It is cleared 
during reset. 
Enable Input Capture Interrupt. When 
set, an I RQ2 interrupt is enabled for an 
input capture; when clear, the inter
rupt is inhibited. It is cleared during 
reset. 
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Bit 5 TOF 

Bit 6 OCF 

Bit 7 ICF 

Timer Overflow Flag. TOF is set when 
the counter contains all 1's. It is 
cleared by reading the TCSR !with 
TOF set I then reading the counter high 
byte 1$091, or by RESET. 
Output Compare Flag. OCF is set 
when the Output Compare Register 
matches the free-running counter. It is 
cleared by reading the TCSR (with 
OCF set) and then writing to the Out
put Compare Register 1$0B or $0C), or 
by RESET. 
Input Capture Flag. \CF is set to in
dicate a proper level transition; it is 
cleared by reading the TCSR !with \CF 
set) and then the Input Capture 
Register High Byte 1$00), or by 
RESET. 

SERIAL COMMUNICATIONS INTERFACE (SCI) 

A full-duplex asynchronous Serial Communications Inter
face !SCI) is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in
dependent, but use the same data format and bit rate. Serial 
data formats include standard mark/space INRZl and Bi
phase and both provide one start bit, eight data bits, and one 
stop bit. "Baud" and "bit rate" are used synonymously in 
the following description. 

WAKE-UP FEATURE 

In a typical serial loop multi-processor configuration, the 
software protocol will usually identify the addressee(s) at the 
beginning of the message. In order to permit uninterested 
MPU's to ignore the remainder of the message, a wake-up 
feature is included whereby all further SCI receiver flag land 
interrupt) processing can be inhibited until the data line goes 
idle. An SCI receiver is re-enabled by an idle string of' 11 
consecutive l's or during reset. Software must provide for 
the required idle string between consecutive messages and 
prevent it within messages. 

PROGRAMMABLE OPTIONS 

The following features of the SCI are programmable: 
• format: standard mark/space INRZI or Bi-phase 

• clock: external or internal bit rate clock 
• Baud : one of 4 per E-clock frequency, or ex

ternal clock IXB desired baud) 

• wake-up feature: enabled or disabled 
• interrupt requests: enabled individually for trans

mitter and receiver 
• clock output: internal bit rate clock enabled or dis

abled to P22 

SERIAL COMMUNICATIONS REGISTERS 

The Serial Communications Interface includes four ad
dressable registers as depicted in Figure 22. It is controlled 
by the Rate and Mode Control Register and the 

Transmit/Receive Control and Status Register. Data is 
transmitted and received utilizing a write-only Transmit 
Register and a read-only Receive Register. The shift registers 
are not accessible to software. 

Rate and Mode Control Register (RMCRI ($10) 

The Rate and Mode Control Register controls the SCI bit 
rate, format, clock source, and under certain conditions, the 
configuration of P22. The register consists of four write-only 
bits which are cleared during reset. The two least significant 
bits control the bit rate of the internal clock and the remain
ing two bits control the format and clock source. 

RATE AND MODE CONTROL REGISTER (RMCR) 

7 6 
x x 

Bit 1 Bit 0 

Bit 3:Bit 2 

5 
x 

4 3 2 1 0 
x I CC1 I cco I SS1 I sso I $0010 

SSl :SSO Speed Select. These two 
bits select the Baud rate when using 
the internal clock. Four rates may be 
selected which are a function of the 
MCU input frequency. Table 6 lists bit 
time and rates for three selected MCU 
frequencies. 
CC1 :CCO Clock Control and Format 
Select. These two bits control the for
mat and select the serial clock source. 
If CC1 is set, the DOR value for P22 is 
forced to the complement of CCO and 
cannot be altered until CC1 is cleared. 
If CC 1 is cleared after having been set, 
its DOR value is unchanged. Table 7 
defines the formats, clock source, and 
use of P22. 

If both CC1 and CCO are set, an external TTL compatible 
clock must be connected to P22 at eight times IBXI the 
desired bit rate, but not greater than E, with a duty cycle of 
50% I± 10%1. If CC1:CCO= 10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 

NOTE: The source of SCI internal bit rate clock is the timer 
free running counter. An MPU write to the counter 
can disturb serial operations. 

Tiaosrnit/ Reca;vs Centre! Ar.d Status Register 
ITRCSR) ($11) 

The Transmit/ Receive Control and Status Register con
trols the transmitter, receiver, wake-up feature, and two in
dividual interrupts and monitors the status of serial opera
tions. All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 

7 

TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) 

6 5 4 3 2 0 
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TABLE 6 - SCI BIT TIMES AND RATES 

SS1:SSO 
410- 2.4578 MHz 4.0 MHz 4.9152 MHz 

E 614.4 kHz 1.0MHz 1.2288 MHz 

0 0 +16 26~38.400 Baud 16.J!§/62 500 tlaud 13.0~76,800 Baud 
0 1 +128 20B~/4,800 Baud 128~/7812.5 Baud 104.2 J!_S/9,600 Baud 
1 0 + 1024 1.67 ms/600 Baud 1.024 ms/976.6 Baud 833.3_1'5/1,200 Baud 
1 1 +4096 6.67 ms/ 150 Baud 4.096 ms/244.1 Baud 3.33 ms/300 Baud 

External IP221 Up to 76,800 Baud Up to 125,000 Baud Up to 153,600 Baud 

Port 2 

TABLE 7 - SCI FORMAT AND CLOCK SOURCE CONTROL 

CC1:CCO Format Clock Source Port 2, B~ 2 

0 0 Bi-Phase Internal Not Used 

0 1 NAZ Internal Not Used 

1 0 NAZ Internal Output 

1 1 NAZ External Input 

FIGURE 22 - SCI REGISTERS 

Bit 7 Rate and Mode Control Register Bit O 

I I cc1 I cco I ss1 I ssojs10 

Transm1t/Rece1ve Control and Status Register 

I ROAF I ORFE ITDAEI RIE I RE I TIE TE I WU I Sl 1 

Receive Data Register 

(Not Addressable) 

Receive Shift Register 

10 

(Not Addressable) 

Transmit Shift Register 

12 

Transmit Data Register 
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BitO WU 

Bit 1 TE 

Bit 2 TIE 

Bit 3 RE 

Bit 4 RIE 

Bit 5 TORE 

Bit 6 ORFE 

MC68701 

"Wake-up" on Idle Line. When set, 
WU enables the wake-up function; it is 
cleared by 111 )consecutive 1 's or dur
ing reset. WU will not set if the line is 
idle. 
Transmit Enable. When set, P24 DDR 
bit is set, cannot be changed, and will 
remain set if TE is subsequently 
cleared. When TE is changed from 
clear to set, the transmitter is con
nected to P24 and a preamble of nine 
consecutive 1 's is transmitted. TE is 
cleared during reset. 
Transmit Interrupt Enable. When set, 
an I R02 interrupt is enabled when 
TORE is set; when clear, the interrupt 
is inhibited. TE is cleared during reset. 

Receive Enable. When set, the P23 
DDR bit is cleared, cannot be chang
ed, and will remain clear if RE is subse
quently cleared. While RE is set, the 
SCI receiver is enabled. RE is cleared 
during reset. 
Receiver Interrupt Enable. When set, 
an IR02 interrupt is enabled when 
RDRF and/or ORFE is set; when clear, 
the interrupt is inhibited. RIE is cleared 
during reset. 

Transmit Data Register Empty. TORE 
is set when the Transmit Data Register 
is transferred to the output serial shift 
register or during reset. It is cleared by 
reading the TRCSR (with TORE set) 
and then writing to the Transmit Data . 
Register. Additional data will be 
transmitted only if TORE has been 
cleared. 

Overrun Framing Error. If set, ORFE in
dicates either an overrun or framing er
ror. An overrun is a new byte ready to 
transfer to the Receiver Data Register 
with RDRF still set. A receiver framing 
error has occurred when the byte 
boundaries of the bit stream are not 

Bit 7 RDRF 

synchronized to the bit counter. An 
overrun can be distinguished from a 
framing error by the state of RDRF: if 
RDRF is set, then an overrun has oc
curred; otherwise a framing error has 
been detected. Data is not transferred 
to the Receive Data Register in an 
overrun condition. Unframed data 
causing a framed error is transferred to 
the Receive Data Register. However, 
subsequent data transfer is blocked 
until the framing error flag is cleared.• 
ORFE is cleared by reading the TRCSR 
(with ORFE set) then the Receive Data 
Register, or during reset. 
Receive Data Register Full. RDRF is 
set when the input serial shift register 
is transferred to the Receive Data 
Register. It is cleared by reading the 
TRCSR (with RDRF set), and then the 
Receive Data Register, or during reset . 

SERIAL OPERATIONS 

The SCI is initialized by writing control bytes first to the 
Rate and Mode Control Register and then to the 
Transmit/Receive Control and Status Register. When TE is 
set, the output of the transmit serial shift register is con
nected to P24 and serial output is initiated by transmitting to 
9-bit preamble of 1's. 

At this point one of two situations exist: 1) if the Transmit 
Data Register is empty (TORE= 1), a continuous string of 1's 
will be sent indicating an idle line, or 2) if a byte has been 
written to the Transmit-Data Register (TDRE=Ol, it will be 
transferred to the output serial shift register (synchronized 
with the bit rate clock), TORE will be set, and transmission 
will begin. 

The start bit IOl, eight data bits I beginning with bit Ol and a 
stop bit (1), will be transmitted. If TDRE is still set when the 
next byte transfer should occur, 1's will be sent until more 
data is provided. In Bi-phase format, the output toggles at 
the start of each bit and at half-bit time when a "1" is sent. 
Receive operation is controlled by RE which configures P23 
as an input and enables the receiver. SCI data formats are il
lustrated in Figure 23. 

FIGURE 23 - SCI DATA FORMATS 

Output 
Clock 

NRZ 
Format 

Bi-Phase 
Format 

Idle 

Data: 01001101 ($4D) 

Bit 
Start 0 2 3 4 5 

Bit 
6 7 Stop 

•Devices made with mask numbers T7 A and CB4 do not transfer unframed data to the Receive Data Register. 
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INSTRUCTION SET 

The MC68701 is upward source and object code compati
ble with the MC6800. Execution times of key instructions 
have been reduced and several new instructions have been 
added, including a hardware multiply. A list of new opera
tions added to the MC6800 instruction set is shown in 
Table 1. In addition, two new special opcodes, 4E and 5E, 
are provided for test purposes. These opcodes force the pro
gram counter to increment like a 16-bit counter, causing ad
dress lines used in the expanded modes to increment until 
the device is reset. These opcodes have no mnemonics. 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in. all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 reserved for test purposes. 

PROGRAMMING MODEL 
A programming model for the MC68701 is shown in Figure 

9. Accumulator A can be concatenated with accumulator B 
and jointly referred to as accumulator D where A is the most 
significant byte. Any operation which modifies the double 
accumulator will also modify accumulator A and/or B. Other 
registers are ·defined as follows: 

Program Counter - The program counter is a 16-bit 
register which always points to the next instruction. 

Stack Pointer - The stack pointer is a 16··bit register 
which contains the address of the next available location in a 
pushdown/pullup (LIFO) queue. The stack resides in ran
dom access memory at a location defined by the program
mer. 

Index Register - The Index Register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 

Accumulators - The MCU contains two 8-bit ac
cumulators, A and B, which are used to store operands and 
results from the arithmetic logic unit !ALU). They can also be 
concatenated and referred to as the D (double) accumulator. 

Condition Code Registers - The condition code register 
indicates the results of an instruction and includes the 
Overflow IV), Carry/Borrow from MSB IC), and Half Carry 
following five condition bits: Negative IN), Zero !Z), 

from bit 3 (H). These bits are testable by the conditional 
branch instructions. Bit 4 is the interrupt mask !I-bit) and in
hibits all maskable interrupts when set. The two unused bits, 
B6 and B7 are read as ones. 

ADDRESSING MODES 
The MC68701 provides six addressing modes which can be 

used to reference memory. A summary of addressing modes 
for all instructions is presented in Tables 9, 10, 11, and 12 
where execution times are provided in E cycles. Instruction 
execution times are summarized in Table 13. With an input 
frequency of 4 MHz, E cycles are equivalent to micro
seconds. A cycie-by-cycle description oi bus act1v1ty tor 
each instruction is provided in Table 14 and a description of 
selected instructions is shown in Figure 24. 

Immediate Addressing - The operand or "immediate 
bytels)" is contained in the following byte(s) of the instruc
tion where the number of bytes matches the size of the 
register. These are two or three byte instructions. 

Direct Addressing - The least significant byte of the 
operand address is contained in the second byte of the in
struction and the most significant byte is ass~med to be $00. 
Direct addressing allows the user to access $00 through $FF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. In most applica
tions, the 256-byte area is reserved for frequently referenced 
data. 

Extended Addressing - The second and third bytes of the 
instruction contain the absolute address of the operand. 
These are three byte instrutions. 

Indexed Addressing - ·The unsigned offset contained in 
the second byte of the instruction is added with carry to the 
Index Register and used to reference memory without 
changing the Index Register. These are two byte instruc
tions. 

Inherent Addressing - The operandls) are registers and 
no memory reference is required. These are single byte ;n
structions. 

Relative Addressing - Relative addressing is used only for 
branch instructions. If the branr.h condition is true, the Pro
gram Counter is overwritten with the sum of a signed single 
byte displacement in the second byte of the instruction and 
the current Program Counter. This provides a branch range 
of -126 to 129 bytes from the first byte of the instruction. 
These are two byte instructions. 
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OP MNEM MODE -
(]() . 
01 NOP INHEA 2 
02 . 
03 . 
04 LSRD 3 
06 ASLD 3 
06 TAP ., 
07 TPA 2 
OB INX 3 
09 DEX 3 
DA CLV 2 
OB SEV 2 
oc CLC 2 
OD SEC 2 
OE cu 2 
OF SEI 2 
10 SBA 2 
11 CBA 2 
12 . 
13 . 
14 . 
15 . 
16 TAB 2 
17 TBA 2 
18 . 
19 DAA INHER 2 
lA . 
18 ABA lNHER 2 
IC . 
1D . 
IE . 
1F . 
2ll BRA RE.L 3 
21 BRN I' 3 
22 BHI 3 
23 BLS 3 
24 BCC 3 
25 BCS 3 
26 BNE 3 
27 BEO 3 
28 ave 3 
29 BVS 3 
2A BPL 3 
28 BMI 3 
2C BGE 3 
2D BLT • 3 
2E SGT 3 
2F BLE REL 3 
30 TSX INHEA 3 
31 INS t 3 
32 PULA 4 
33 PULB 4 

NOTES: 
1. Addressing Modes 

INHER •Inherent 
REL•Relative 

I 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

1 

1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
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TABLE 8 - CPU INSTRUCTION MAP 

OP MNEM MODE - I OP MNEM MODE - I OP MNEM MOOE 

34 DES INHER 3 1 68 ASL INOXD 6 2 9C CPX DIR 
36 TXS 3 1 68 ROL 

1 
6 2 90 JSR J 36 PSHA 3 1 6A DEC 6 2 9E LOS 

37 PSHB 3 1 68 . 9F STS 
38 PULX 5 1 6C INC 6 2 AO SUBA INOXD 
39 RTS 5 1 60 TST 6 2 Al CMPA + 3A ABX 3 1 6E JMP 3 2 A2 SBC~ 

3B RTI 10 1 6F CLR INDXD 6 2 A3 SUBD 
3C PSHX 4 1 70 NEG EXT NO 6 3 A4 ANDA 
30 MUL 10 1 71 . 

f 
A5 SITA 

3E WAI 9 1 72 . A6 LDAA 
3F SWI 12 1 73 COM 6 3 A7 ST'AA 
40 NEGA 2 1 74 LSR 6 3 A9 EDRA 
41 . 75 . A9 ADC~ 
42 76 ROR 6 3 AA DRAA 
43 COMA 2 1 77 ASR 6 3 AB ADDA 

44 LSRA 2 1 76 ASL 6 3 AC CPX 
45 . 79 ROL 6 3 AD JSR , 
46 RORA 2 1 7A DEC 6 3 AE LOS 
47 ASRA 2 1 7B . AF STS tNDXD 

4B ASLA 2 1 7C INC 6 3 BO SUBA EXTND 

49 ROLA 2 1 7D TST • 6 3 81 CMPA 
~ 4A DECA 2 1 7E JMP 3 3 82 SBCA 

48 . 7F CLR EXT NO 6 3 83 SUBO 
4C INCA 2 1 .., SUSA IMMEO 2 2 84 ANDA 

40 TSTA 2 1 81 CMPA f 2 2 85 SITA 

4E T 82 SBCA 2 2 86 LDAA 

4F CLRA 2 1 83 SUBO 4 3 87 STAA 

50 NEGS 2 1 84 ANDA 2 2 B8 EOAA 
51 . 65 SITA 2 2 89 ADCA 

52 . 86 LDAA 2 2 BA DRAA 
53 COMB 2 1 87 . BB ADDA 
54 LSAB 2 1 68 EDRA 2 2 BC CPX 
55 . 89 ADCA 2 2 BD JSR • 56 AOAB 2 1 BA DRAA 2 2 BE LOS 
67 ASAB 2 1 BB ADDA • 2 2 SF STS EXTND 
58 ASLB 2 1 ac CPX IMMED 4 3 co SUBB tMMED 

59 AOLB 2 1 80 BSR REL 6 2 Cl CMPB 
~ 5A DECB 2 1 BE LOS IMMED 3 3 C2 SBCB 

58 . BF . C3 ADDO 
5C INCB 2 1 90 SUBA DIR 3 2 C4 ANDB 

50 tSTB 2 1 91 CMPA f 3 2 C5 BITB 
5E T 92 SBCA 3 2 C6 LOAB 
5F CLAB INHEA 2 1 93 SUBD 5 2 C7 . 
60 NEG INDXD 6 2 94 ANDA 3 2 ca EORB 
61 . 

l 
95 BITA 3 2 C9 AOCB 

62 . 95 LOAA 3 2 CA ORAB 
63 COM 6 2 97 STAA 3 2 CB ADDB 
84 LSR 6 2 98 EORA 3 2 cc LDD 

+ 65 . 99 ADCA 3 2 CD . 
68 ROR 6 2 9A DRAA 

~ 
3 2 CE LOX IMMEO 

67 ASR INDXO 6 2 98 ADDA 3 2 CF . 

INDXD•lndexed IMMED•lmmediate 
EXTND•Extended DIR•Direct 

2. Unassigned opcodes are indicated by "•" and should not be executed. 
3. Codes marked by "T" force the PC to function as a 16-bit counter. 
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- , OP MNEM MOOE - I 

5 2 DO SUBS DIR 3 2 
5 2 01 CMPB ~ 3 2 
4 2 02 SBCB 3 2 
4 2 03 ADDO 5 2 
4 2 D4 ANDB 3 2 
4 2 D5 BlTB 3 2 
4 2 06 LDAB 3 2 
6 2 07 STAB 3 2 
4 2 D8 EORB 3 2 
4 2 D9 AOCB 3 2 
4 2 DA ORAB 3 2 
4 2 DB ADDB 3 2 
4 2 DC LDD 4 2 
4 2 DD STD • 4 2 
4 2 DE LDX 4 2 
4 2 DF STX DIR 4 2 
6 2 ED SUBB INDXD 4 2 
6 2 El CMPB 4 2 
5 2 E2 secs 4 2 
5 2 E3 ADDO 6 2 
4 3 E4 ANOS 4 2 
4 3 E5 BITS 4 2 
4 3 E6 LDAB 4 2 
6 3 E7 STAB 4 2 
4 3 EB EOAB 4 2 
4 3 E9 ADCB 4 2 
4 3 EA ORAB 4 2 
4 3 EB ADOS 4 2 
4 3 EC LDD 5 2 
4 3 ED STD r 5 2 
4 3 EE LOX 5 2 
4 3 EF STX INDXD 5 2 
6 3 FO SUBS EXTND 4 3 
6 3 F1 CMPB 

I' 
4 3 

5 3 F2 SBCB 4 3 
5 3 F3 ADDO 6 3 
2 2 F4 ANDB 4 3 
2 2 F5 BITS 4 3 
2 2 F6 LDAB 4 3 
4 3 F7 STAB 4 3 
2 2 FB EORB 4 3 
2 2 F9 AOCB 4 3 
2 2 FA ORAB 4 3 

FB ADDB 4 3 
2 2 FC LDD 5 3 
2 2 FD STD 

~ 
5 3 

2 2 FE LOX 5 3 
2 2 FF STX EXTNO 5 3 
3 3 

*UNDEFINED OP CODE 
3 3 



Pointer Operations 

Compare Index Register 

Decrement Index Register 

Decrement Stack Pointer 

Increment Index Register 

Increment Stack Pointer 

Load Index Register 

Load Stack Pointer 

Store Index Register 

Store Stack Pointer 

Index Reg- Stack Pointer 

Stack Pntr- Index Register 

Add 
Push Data 

Pull Data 

Accumulator and 
Memory Operations 

Add Acmltrs 
AddBtoX 
Add with Carry 

Add 

Add Double 
And 

Shilt Left. 
Arithmetic 

Shilt Left Dbl 
Shift Right, 

Arithmetic 

Bit Test 

Compare Acmltrs 
Clear 

Compare 

1 's Complement 

Decimal Adj, A 
Decrement 

Exclusive OR 

Increment 

Load Acmltrs 

Load Double 
Logical Shift. 

Left 
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TABLE 9 - INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

lmmed Direct Index Extend Inherent Boolean/ 
MNEM Op - I Op - I Op - I Op - ' Op - ' Arithmetic Operatkm 

CPX BC 4 3 9C 5 2 AC 6 2 BC 6 3 X-M:M+1 
DEX 09 3 1 x-1-x 

DES 34 3 1 SP-1-SP 
INX 00 3 1 X+l-X 

INS 31 3 1 1SP+1-SP 
LOX CE 3 3 DE 4 2 EE 5 2 FE 5 3 M-~tt.IM+ 11-X_L 
LOS BE 3 3 9E 4 2 AE 5 2 BE 5 3 M-SPH,(M+l)-SPL 

STX DF 4 2 EF 5 2 FF 5 3 XH-M,XL -1M+ 1) 

STS 9F 4 2 AF 5 2 BF 5 3 SPH-M,SPL -1M+11 
TXS 35 3 1 X-1-SP 

TSX 30 3 1 SP+l-X 

ABX 3A 3 1 B+x-x 
PSHX 3C 4 1 XL -Msp.SP 1-sP 

xH-Msp.SP-1-SP 
PULX 38 5 1 SP+l-SP,Mgp-XH 

SP+ 1 -sP,Msp-Xl 

TABLE 10 - ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 21 

MNE 

ABA 
ABX 
ADCA 
ADCB 
ADDA 
ADDB 
ADDO 
ANDA 
ANDB 
ASL 
ASLA 
~LB 
ASLD 
ASR 
ASRA 
ASRB 
BITA 
BITB 
CBA 
CLR 
CLRA 
CLRB 
CMPA 
CMPB 
COM 
COMA 
COMB 
DAA 
DEC 
DECA 
DECB 
EORA 
EORB 
INC 
INCA 
INCB 
LDAA 
LDAB 
LOO 
LSL 
LSLA 
LSLB 
LSLD 

lmmed Direct Index Extend In her Boolean 
Op - # Op - # Op - # Op - # Op - # EJ!2!ession 

1B 2 1 A +B-A 
3A 3 1 OO:B + x -x 

B9 2 2 99 3 2 A9 4 2 89 4 3 A+M+C-A 
C9 2 2 D9 3 2 E9 4 2 F9 4 3 B+M+C-B 

BB 2 2 9B 3 2 AB 4 2 BB 4 3 A+ M -A 
CB 2 2 DB 3 2 EB 4 2 FB 4 3 B+ M-A 
CJ 4 3 03 s 2 E3 6 2 F3 6 3 D + M:M + 1 -o 
84 2 2 94 3 2 A4 4 2 B4 4 3 A·M-A 
C4 2 2 04 3 2 E4 4 2 F4 4 3 B·M-B 

6S 6 2 78 6 3 --4S 2 1 fl~llll II IJ...-o 
b7 bO 

5ll 2 1 
OS 3 1 

67 6 2 77 6 3 
~ 47 2 1 

S7 2 1 b7 bO 

SS 2 2 9S 3 2 AS 4 2 BS 4 3 A·M 
cs 2 2 OS 3 2 ES 4 2 FS 4 3 8 · M 

11 2 1 A-8 
SF 6 2 7F 6 3 00-M 

4F 2 1 00-A 
SF 2 1 oo-B 

S1 2 2 91 3 2 Al 4 2 Bl 4 3 A-M 
C1 2 2 01 3 2 E1 4 2 F1 4 3 B - M 

63 6 2 73 6 3 ['J!-M 
43 2 1 [!_-A 
SJ 2 1 !-B 
19 2 1 ~J binary sum to BCD 

6A 6 2 7A 6 3 M-1-M 
4A 2 1 A-1-A 
SA 2 1 B -1 -B 

SS 2 2 9S 3 2 AS 4 2 BS 4 3 A@ M-A 
cs 2 2 OS 3 2 ES 4 2 FS 4 3 B 0 M-B 

6C 6 2 7C 6 3 M+ 1 -M 
4C 2 1 A+ 1 -A 
SC 2 1 B + 1 -B 

S6 2 2 96 3 2 A6 4 2 B6 4 3 M-A 
C6 2 2 06 3 2 E6 4 2 F6 4 3 M-B 
cc 3 3 DC 4 2 EC s 2 FC s 3 M:M+ 1 -D 

6S 6 2 7S 6 3 
4S 2 1 --CJ..j 11111111+-o 
SS 2 1 b7 bO 

OS 3 1 

MOTOROLA MICROPROCESSOR DATA 
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Condition Codes 
5 4 3 2 1 0 

H I N z v c . ·I II I . . . _!_ . . . . . . . . . . . I . . . . . . . . . . R . . . R . . . R . . . R . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . 

Condition Codes 
H N z v c 
J_ .1 J. _l J_ • • • • • • 

R • 
R • :r 

-1-
I 

I 
I 

R • 
R • 

I J_ J_ 
R s R R 
R s R R 
R s R R 

I J. 
I 
R s 
R s 

• R s 
J_ 

• • • 
R • 

I R • 
I _I • J_ • J_ • 

R • 
R • 
R • 
I 
.1 
J_ 



• 
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TABLE 10 - ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2) 

Accumulator and lmmed Direct Index Extend lnher Boolean 
Memory Operations MNE Op - #Op - # Op - #Op - # Op - # Expreuion 

Shift Right, LSR 64 6 2 74 6 3 -Logical LSRA 44 2 1 o+IIIIIIIIJ-+lll 
LSRB 54 2 1 

b7 bO 

LSRD 04 3 1 
Multiply MUL 3D 10 1 AXB-D 
2's Complement NEG 60 6 2 70 6 3 00 - M -M 
(Negate) NEGA 40 2 1 00 - A -A 

NEGB 50 2 1 00 - B -B 
No Operation NOP 01 2 1 PC+ 1 -PC 
Inclusive OR ORAA BA 2 2 9A 3 2 AA 4 2 BA 4 3 A+M -A 

ORAB CA 2 2 DA 3 2 EA 4 2 FA 4 3 B + M --s 
Push Data PSHA 36 3 1 A -Stack 

PSHB 37 3 1 B -Stack 
Pull Data PULA 32 4 1 Stack -A 

PULB 33 4 1 Stack -B 
Rotate Left ROL 69 6 2 79 6 3 -ROLA 49 2 1 ~ 

ROLB 59 2 1 
07 bO 

Rotate Right ROR 66 6 2 76 6 3 -RORA 46 2 1 ~ 
RORB 56 2 1 b7 00 

Subtract Acmltr SBA 10 2 1 A - B-A 
Subtract with SBCA 82 2 l1. ~ 3 2 A2 4 2 B2 4 3 A - M - C-A 

Car!)'._ SBCB C2 2 2 D2 3 2 E2 4 2 F2 4 3 B - M - C -B 
Store Acmltrs STAA 97 3 2 A7 4 2 B7 4 3 A-M 

STAB D7 3 2 E7 4 2 F7 4 3 B-M 
STD DD 4 2 ED 5 2 FD 5 3 D -M:M + 1 

Subtract SUBA 80 2 2 90 3 2 AO 4 2 BO 4 3 A-M-A 

SUBB co 2 2 DO 3 2 EO 4 2 FO 4 3 B-M-B 

Subtract Double SUBD B3 4 3 93 5 2 A3 6 2 B3 6 3 D - M:M + 1 -D 

Transfer Acmltr TAB ~2 1 A-B 
TBA 17 2 1 B-A 

Test, Zero or TST 6D 6 2 7D 6 3 M - 00 
Minus TSTA 4D 2 1 A-00 

TSTB SD 2 1 B - 00 

The condition code register notes are listed after Table 12. 

MOTOROLA MICROPROCESSOR DATA 
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Condition Codes 
H I N z v c 
'• • R 

• • R 

• R 

• R 

• • • • • ii i • ± I J. • l. • • • • • :r :r R • 
ii R • • • • • • • • • • • • • • • • • I I 
I i I I 
I I 
I 

R • 
R • 
R • 

I :I ± I I 
R • 
R • 
R R 
R R 

I R R 
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TABLE 11 - JUMP AND BRANCH INSTRUCTIONS 

Condition Code Reg. 

Direct Relative Index Extend Inherent 5 4 3 2 , 0 
Operations MNEM Op - , Op - , Op - , Op - , Op - , Branch Test H I N z v c 

Branch Always BRA 20 3 2 None . . . . . . 
Branch Never BAN 21 3 2 None . . . . . . 
Branch If Carry Clear BCC 24 3 2 c~o . . . . . . 
Branch If Carry Set BCS 25 3 2 C=l . . . . . . 
Branch It= Zero SEO 27 3 2 Z=l . . . . . . 
Branch If &;!: Zero BGE 2C 3 2 NIBV=O . . . . . . 
Branch If >Zero BGT 2E 3 2 Z+INIBVl=O . . . . . . 
.~_!,?_nch tf Higher SHI 22 3 2 C+Z=O . . . . . . 
Branch If Higher or Same BHS 24 3 2 C=O . . . . . . 
Branch If :s Zero BLE 2F 3 2 Z+INIBVl=l . . . . . . 
Branch It Carry Set BLO 25 3 2 C=l . . . . . . 
Branch If Lower Or Same BLS 23 3 2 C+Z=l . . . . . . 
Branch If <Zero BLT 20 3 2 N IBV=l . . . . . . 
Branch If Minus BMI 28 3 2 N=l . . . . . . 
Branch If Not Equal Zero BNE 26 3 2 Z=D . . . . . . 
Branch If Overflow Clear BVC 28 3 2 V=O . . . . . . 
Branch If Overflow Set BVS 29 3 2 V=l . . . . . . 
Branch If Plus BPL 2A 3 2 N=O . . . . . . 
Branch Ta Subroutine BSA 80 6 2 . . . . . . 
Jump JMP 6E 3 2 7E 3 3 See Special Operat1ons-F1gure 24 • . . . . . 
Jump To Subroutine JSR 90 5 2 AD 6 2 BD 6 3 . . . . . . 
No Operation NOP 01 2 1 . . . . . . 
Return From Interrupt RTI 38 10 1 [ IT J_ III 
Return From Subroutine ATS 39 5 1 See Special Operations-Figure 24 • . . . . . 
Software Interrupt SWI 3F 12 1 

Wait For Interrupt WAI 3E 9 1 

TABLE 12 - CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 

Operations MNEM 

Clear Carry 

Clear lnterrup1 Mask 

Clear Overflow 

Se1 Carry 

Se1 ln1errupt Mask 

Se1 Overflow 

Accumula1or A - CCR 

CCR - Accumulator A 

LEGEND 
Op Operation Code I Hexadecimal) 
- Number of MPU Cycles 

Msp Contents of memory location pointed to by Stack Pointer 
t Number of Program Bytes 

+ Arithmetic Plus 
- Arithmetic Minus 
• Boolean AND 
X Ari1hmetic Mul1iply 
+ Boolean Inclusive OR 
• Boolean Exclusive OR 
M Complement of M 

Transfer lnio 
0 Bit=Zero 

00 By1e= Zero 

CLC 

CLI 

CLV 

SEC 

SEI 

SEV 

TAP 

TPA 

Inherent 
Op - # Boolean Operation 

QC 2 1 o-c 
OE 2 1 0-1 
OA 2 1 o-v 
OD 2 1 1-c 
OF 2 1 1-1 
OB 2 1 1-v 
06 2 1 A-CCR 

07 2 1 CCR-A 

CONDITION CODE SYMBOLS 
H Half-carry from bit 3 
I Interrupt mask 

N Negative (sign b111 
Z Zero I byte) 
V Overflow, 2' s complement 
C Carry/Borrow from MSB 
R Reset Always 
S Set Always 
I Affected 
• Not Affected 

MOTOROLA MICROPROCESSOR DATA 
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. s . . . . . . . . . . 

Condition Code Register 

5 4 3 2 1 0 
H I N z v c . . . . . R . R . . . . . . . . R . . . . . . s . s . . . . . . . . s . 
I I I I I t . . . . . . 

• 



! 
'ii .. 
E 
.E 

ABA • 
ABX • 
ADC 2 
ADD 2 
ADDO 4 
AND 2 
ASL • 
ASLD • 
ASR • 
BCC • 
BCS • 
BEO • 

• 
BGE • 
BGT • 
BHI • 
BHS • 
BIT 2 
BLE • 
BLO • 
BLS • 
BLT • 
BMI 
BNE 
BPL 
BRA 
BRN 
BSR 
BVC 
BVS 
CBA 
CLC 
cu 
CLR 
CLV 
CMP 2 
COM • 
CPX 4 
DAA • 
DEC • 
DES • 
I DEX • 

EOR 2 
INC • 
INS • 

MC68701 

TABLE 13 - INSTRUCTION EXECUTION TIMES IN E CYCLES 

ADDRESSING MODE 

"" .. 
t; "" c 
i!? ~ i5 w 

• • • • 
3 4 
3 4 
5 6 
3 4 

• 6 

• • • 6 

• • • • • • • • • • • • • • 
3 4 

• • • • • 

6 

• 
3 4 

• 6 
5 6 

• • • 6 

• • • • 
3 4 

• 6 

• • 

E "" .. .. i!? > 

" 
.., .. " .!! 

"" .t: .. 
.E .E a: 

! 
'6 .. 
E 
.E 

• 2 • INX • • 3 • JMP • 
4 • • JSR • 
4 • • LOA 2 
6 • • LDD 3 
4 • • LOS 3 
6 2 • LOX 3 

• 3 • LSL • 
6 2 • LSLD • • • 3 LSR • • • 3 LSRD • • • 3 MUL • • • 3 NEG • • • 3 NOP • • • 3 ORA 2 

• • 3 PSH • 
4 • • PSHX • • • 3 PUL • • • 3 PULX • • • 3 AOL • • 3 ROA • • 3 RTI • • 3 ATS • • 3 SBA • • 3 SBC 2 

• 3 SEC • • 6 SEI • • 3 SEV • • 3 STA • 
2 STD • 
2 STS • 
2 STX • 

6 2 SUB 2 

• 2 SUBD 4 
4 • SWI • 
6 2 TAB • 
6 • TAP • • 2 TBA • 
6 2 TPA • • 3 TST • • 3 TSX • 
4 • TXS • 6 • WAI • • 3 

MOTOROLA MICROPROCESSOR DATA 
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ADDRESSING MODE 

"i "" t; "" .. c " !? 
., .. 
~ "" i5 w .E 

• • • • 3 3 
5 6 6 
3 4 4 
4 5 5 
4 5 5 
4 5 5 

• 6 6 

• • • • 6 6 

• • • • • • • 6 6 

• • • 
3 4 4 

• • • • • • • • • • • • • 6 6 

• 6 6 

• • • • • • • • • 
3 4 4 

• • • • • • • • • 
3 4 4 
4 5 5 
4 5 5 
4 5 5 
3 4 4 
5 6 6 

• • • • • • • • • • • • • • • • 6 6 

• - -• • • • • • 

E -! i!? .. .!! .t: .. 
.E a: 

3 • • • • • • • • • • • 
2 
3 
2 
3 

10 
2 
2 

• 
3 
4 
4 
5 
2 
2 
10 • 
5 
2 

• 
2 
2 
2 

• • • • • • 
12 
2 
2 
2 
2 
2 
3 
3 
s 



MC68701 

SUMMARY OF CYCLE-BY-CYCLE OPERATION 

Table 14 provides a detailed description of the information 
present on the Address Bus, Data Bus, and the Read/Write 
(R/WI line during each cycle of each instruction. 

The information is useful in comparing actual with ex
pected results during debug of both software and hardware 
as the program is executed. The information is categorized in 
groups according to addressing mode and number of cycles 

per instruction. In general, instructions with the same ad
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during MPU reads of internal locations, the 
resultant value will not appear on the external Data Bus ex
cept in Mode 0. "High order" byte refers to the most signifi
cant byte of a 16-bit value. 

TABLE 14 - CYCLE-BY-CYCLE OPERATION !Sheet 1of5) 

Addrt111S Mode and Cycle 
Instructions Cycles I 

IMMEDIATE 

ADC EOR 2 1 
ADD LOA 2 
AND ORA 
BIT SBC 
CMP SUB 

LOS 3 1 
LOX 2 
LOO 3 
CPX 4 1 
SUBD 2 
ADDO 3 

4 

DIRECT 
ADC EOR 3 1 
ADD LOA 2 
AND ORA 3 
BIT SBC 
CMP SUB 

STA 3 1 
2 
3 

LOS 4 1 
LOX 2 
LOO 3 

4 

STS 4 1 
STX 2 
STD 3 

4 

CPX 5 1 
SUBD 2 
ADDO 3 

4 
5 

JSR 5 1 
2 
3 
4 
5 

AddrtlllS Bus 

Opcode Address 
Opcode Address+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Destination Address 
Opcode Address 
Opcode Address+ 1 
Address of Operand 
Operand Address+ 1 

Opcode Address 
Opcode Address+ 1 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Operand Address 
Operand Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Subroutine Address 
Stack Pointer 
Stack Pointer-1 

R/W 
Line 

1 
1 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 

1 
1 
0 
1 
1 
1 
1 

1 
1 
0 
0 
1 
1 
1 
1 
1 

1 
1 
1 
0 
0 

Oata Bus 

Opcode 
Operand Data 

Opcode 
Operand Data I High Order Byte) 
Operand Data I Low Order Byte) 

Opcode 
Operand Data I High Order Byte) 
Operand Data I Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Address of Operand 
Operand Data 

Opcode 
Destination Address 
Data from Accumulator 

Opcode 
Address of Operand 
Operand Data I High Order Byte) 
Operand Data I Low Order Byte) 

Opcode 
Address of Operand 
Register Data !High Order Byte) 
Register Data I Low Order Byte) 

Opcode 
Address of Operand 
Operand Data (High Order Byte) 
Operand Data I Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 
First Subroutine Opcode 
Return Address I Low Order Byte) 
Return Address !High Order Byte) 

MOTOROLA MICROPROCESSOR DATA 
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A~Modeand 
lnetructions 

EXTENDED 
JMP 

ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LDS 
LDX 
LDD 

STS 
STX 
STD 

ASL LSR 
ASA NEG 
CLR AOL 
COM ROA 
DEC TST* 
INC 

CPX 
SUBD 
ADDD 

JSR 

MC68701 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (S'-12 of 51 

ycle 
Cycles I 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

6 1 · 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Operand Destination Address· 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address + 1 
Opcode Address+ 2 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address + 1 
Opcode Address+ 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Operand Address 
Operand Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer-1 

R/W 
Line 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
0 

1 
1 
1 
1 
1 

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

1 
1 
1 
1 
0 
0 

Oata Bus 

Opcode 
Jump Address (High Order Byte) 
Jump Address !Low Order Byte) 

Opcode 
Address of Operand 
Address of Operand (Low Order Byte) 
Operand Data 

Opcode 
Destination Address (High Order Byte! 
Destination Address I Low Order Byte) 
Data from Accumulator 

Opcode 
Address of Operand I High Order Byte) 
Address of Operand I Low Order Byte! 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Opcode 
Address of Operand I High Order Byte) 
Address of Operand I Low Order Byte! 
Operand Data I High Order Byte) 
Operand Data (Low Order Byiel 

Opcode 
Address of Operand (High Order Byte) 
Address of Operand I Low Order Byte! 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 

Opcode 
Operand Address (High Order Byte) 
Operand Address I Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data I Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Address of Subroutine I High Order Byte) 
Address of Subroutine I Low Order Byte) 
Opcode of Next Instruction 
Return Address !Low Order Byte) 
Return Address (High Order Byte) 

"TST does not perform the write·cycle during the sixth cycie. The sixth cycie is another e:1ddress bus= $FFFF. 
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Add,_ Mode and 
Instructions 

INDEXED 
JMP 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LOS 
LOX 
LDD 

STS 
STX 
STD 

ASL LSR 
ASA NEG 
CLR AOL 
COM ROA 
DEC TST* 
INC 

CPX 
SUBD 
ADDO 

JSR 

MC68701 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheat 3 of 51 

Cycle 

ycles ' 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

Addl'888 Bus 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register Plus Offset 
Address Bus FFFF 
Index Register Plus Offset 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register+ Offset 
Index Register+ Offset+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Index Register+ Offset 
Stack Pointer 
Stack Pointer-1 

RtW 
Line 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
0 
1 
1 
1 
1 
1 

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

1 
1 
1 
1 
0 
0 

Data Bus 

Opcode 
Offset 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data I High Order Byte) 
Operand Data I Low Order Byte) 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data I Low Order Bytel 

Opcode 
Offset 
Low Byte of Restart Vector 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data I High Order Byte) 
Operand Data I Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Restart Vector 
First Subroutine Opcode 
Return Address I Low Order Byte) 
Return Address I High Order Byte) 

* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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Addrea Mode and 
Instructions 

INHERENT 
ABA DAA SEC 
ASL DEC SEI 
ASA INC SEV 
CBA LSA TAB 
CLC NEG TAP 
cu NOP TBA 
CLR AOL TPA 
CLV ROA TST 
COM SBA 

ABX 

ASLD 
LSRD 

DES 
INS 

INX 
DEX 

PSHA 
PSHB 

TSX 

TXS 

PULA 
PULB 

PSHX 

PULX 

ATS 

WAI 

MC68701 

TABLE 14 ...:.·cvcLE'BY-CYCLE OPERATION (Sheet 4 of 5) 

Cycle 
Cycles I 

2 1 
2 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

9 1 
2 
3 
4 
5 
6 
7 
8 
9 

AddreaBus 

Opcode Address 
Opcode Address+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FPFF 

Opcode Address 
Opcode Address+ 1 
Previous Stack Pointer Contents 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer-1 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer-1 
Stack Pointer-2 
Stack Pointer-3 
Stack Pointer- 4 
Stack Pointer-5 
Stack Pointer-6 

R/W 
Line 

1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
0 
1 
1 
1 

1 
1 
1 

1 
1 
1 
1 

1 
1 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
0 
0 
0 
0 
0 
0 
0 

oat8 Bus 

Opcode 
Opcode of Next Instruction 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Accumulator Data 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 
Operand Data from Stack 

Opcode 
Irrelevant Data 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 

Opcode 
Irrelevant Data 
Irrelevant Data 
Index Register (High Order Byte) 
Index Register (Low Order Byte) 

Opcode 
Irrelevant Data 
Irrelevant Data 
Address of Next Instruction !High Order Byte) 
Address of Next Instruction (Low Order Byte) 

Opcode 
Opcode of Next Instruction 
Return Address I Low Order Byte) 
Return Address !High Order Byte) 
Index Register !Low Order Byte) 
Index Register !High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of C1>ndition Code ~ster 
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Address Mode and 
Instructions 

INHERENT 

MUL 

RTI 

SWI 

RELATIVE 
BCC BHT BN E BLO 
BCS BLE BPL BHS 
BEQ BLS BRA BRN 
BGE BLT BVC 
BGT BMT BVS 

BSR 

MC68701 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 5 of 51 

Cycle 
Cycles # 

10 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

10 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

12 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

3 1 
2 
3 

6 1 
2 
3 
4 
5 
6 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Aus FFFF 

Address Bus FFFF 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 
Stack Pointer+ 3 
Stack Pointer+ 4 
Stack Pointer+ 5 
Stack Pointer+6 
Stack Pointer+ 7 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer-1 
Stack Pointer-2 
Stack Pointer-3 
Stack Pointer-4 
Stack Pointer-5 
Stack Pointer-6 
Stack Pointer- 7 
Vector Address FFFA I Hex) 
Vector Address FFFB IHexJ 

Op Code Address 
Op Code Address + 1 
Address Bus FFF F 

Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer ~ 1 

R/W 
Line 

1 
1 
1 
1 
1 
1 
1 , 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

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

1 
1 
1 

1 
1 
1 
1 
0 
0 

Data Bus 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 
Irrelevant Data 
Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 
Contents of Accumulator A from Stack 
Index Register from Stack IH1gh Order Byte) 
Index Register from Stack !Low Order Byte) 
Next Instruction Address from Stack I High Order Byte) 
Next Instruction Address from Stack I Low Order Byte) 

Opcode 
Irrelevant Data 
Return Address !Low Order Byte! 
Return Address !High Order Byte) 
Index Register !Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 
Irrelevant Data 
Address of Subroutine I High Order Byte! 
Address of Subroutine !Low Order Byte) 

Op Code 
Branch Offset 
Low Byte of Restart Vector 

Op Code 
Branch Offset 
Low Byte of Restart Vector 
Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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• 
FIGURE 24 - SPECIAL OPERATIONS 

JSR, Jump to Subroutine 

I 
IT 

Main Program 

$90 =JSR 

Direct K 

RTN Next Main Instr 

K = Direct Address 

Main Program !!.!' Stack 

I 
IT $AD= JSR ~SP-2~ 

INDXO K= Offset ~ SP-1 RTNH 

> SP RTNL RTN Next Main Instr 

j 
Main Program 

Ef $80= JSR 

SH= Subr. Addr 
EXTND 

SL= Subr. Addr 

RTN Next Main Inst 

BSA, Branch To Subroutine 
Main Program ~ Stack 

IT $80= BSR ~SP-2~ 
± K= Offset c::::~> SP-1 RTNH 

RTN Next Main Instr SP RTNL 

ATS, Return from Subrout~ Subroutine ~ Stack 

Ef I $39= RTS 

I ¢> "~ SP+ 1 RTNH -- SP+2 RTNL 

Legend: 
RTN =Address of next instruction in Main Program to be ex•3Cuted upon return from subroutine 
RTNH =Most significant byte of Return Address 
ATNL = Least significant byte of Return Address 
- =Stack Pointer After Execution 
K=8-bit Unsigned Value 

SWI, Software Interrupt Main Program 
SP Stack 

1¢~ SP- 7 

R~ I $3F= SWI 

SP-6 Condition Code 

SP-5 AcmltrB 

SP-4 AcmltrA 

SP-3 Index Register lXHl 

SP-2 Main Program 

1¢ SP-1 

WA!, Wait for Interrupt 

R: I $3E=WAI 

SP 

Index Register !XL) 

RTNH 

RTNL 

g 

SP 

RTI Return from lnterrupt 
. IT 

Stack 

SP+ 1 Condition Code 

SP+2 AcmltrB 

SP+3 AcmltrA 

SP+4 Index Register lXHl 

SP+5 Index Register tXLl 

SP+6 RTNH 

_... SP+ 7 RTNL 

JMP, Jump Main Program ~ Main Program 

$7E= JMP 

INDXD 
j PC 

.~ 
$6E= JMP 

K =Offset 

~~~~-1 "'""'" I K_H = Next Address 

KL= Next Address 

K [ Next-lnst~uctk;~ J 

s: 
C') 
en 
CIO 
-.I 
Cl ... 



PAGE 001 EPROM 

00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
0003 7 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00058 

MC68701 

EPROM PROGRAMMING ROUTINE 

.SA:l EPROM ***ROUTINE TO PROGRAM THE MC68701 EPROM *** 

NAM EPROM 
OPT Z01,LLEN=80 
TTL *** ROUTINE TO PROGRAM THE MC68701 EPROM ** 

********************************************************* 
* * E P R 0 M -- A NON-REENTRANT ROUTINE TO PROGRAM 
* THE MC68701 EPROM. 

* 
* 
* 
* 
* 
* 

THE ROUTINE PROGRAMS THE MC68701 EPROM 
STARTING AT ADDRESS "PNTR" FROM A 
BLOCK OF MEMORY STARTING AT "IMBEG" 
AND ENDING AT "IMEND". 

* CALLING CONVENTION: 
* 
* 
* 

JSR EPROM 

* NOTES: 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

1. THE ROUTINE EXPECTS FOUR DOUBLE BYTE VALUES 
TO BE INITIALIZED PRIOR TO BEING CALLED. 
THESE VALUES ARE: 

IMBEG A DOUBLE BYTE ADDRESS WHICH POINTS 
TO THE FIRST BYTE TO BE PROGRAMMED 
INTO THE EPROM. 

IMEND 

PNTR 

WAIT 

A DOUBLE BYTE ADDRESS WHICH POINTS 
TO THE LAST BYTE TO BE PROGRAMED IN
INTO THE EPROM. 

A DOUBLE BYTE ADDRESS WHICH POINTS 
TO THE FIRST BYTE IN THE EPROM TO BE 
PROGRAMMED. 

A DOUBLE BYTE COUNTER VALUE WHICH IS 
A FUNCTION OF THE MCU INPUT FREQUEN
CY AND IS USED WITH THE OUTPUT COM
PARE FUNCTION TO GENERATE A 50 MSEC 
TIMEOUT. IT IS EQUIVALENT TO 

50000 * (MCU INPUT FREQ) 4 * 10**6 

VALUES FOR 1YPICAL INPUT FREQS ARE: 

WAIT 

30615 ($7797) 
50000 ( $C3 50) 
61375 ($EFBF) 

MCU INPUT FREQ 

2.45 MHZ 
4.00 MHZ 
4.91 MHZ 

2. IT IS ASSUMED THAT POWER (VPP) IS AVAILABLE 
TO THE RESET PIN FOR PROGRAMMING. 

* 3. THIS ROUTINE PERFORMS NO ERROR CHECKING. 
* 
* Routine parameter in1tial1zation, such as stack pointer, etc, must be done pnor to entry 

(Use of PRObug will ensure all needed 1nit1alization.J 
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MC68701 

EPROM PROGRAMMING ROUTINE 

PAGE 002 EPROM .SA: l EPROM *** ROUTINE TO PROGRAM THE MC68701 EPROM *** 

00060 
00061 * E Q U A T E S 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070A 0080 
0007 lA 0080 
00072A 0082 
00073A 0084 
00074A 0086 
00075 
00076 

0008 A TCSR EQU 
0009 A TIMER EQU 
OOOB A OUTCMP EQU 
0014 A EPMCNT EQU 

0002 
0002 
0002 
0002 

*LOCAL 

ORG 
A IMBEG RMB 
A IMEND RMB 
A PNTR RMB 
A WAIT RMB 

* EPROM 

$08 TIMER CONTROL/STAT REGISTER 
$09 COUNTER REGISTER 
$OB OUTPUT COMPARE REGISTER 
$14 RAM/EPROM CONTROL REGISTER 

V A R I A B L E S 

$80 
2 
2 
2 
2 

START OF MEMORY BLOCK 
LAST BYTE OF MEMORY BLOCK 
FIRST BYTE OF EPROM TO BE PGM'D 
COUNTER VALUE 

S T A R T S H E R E 
00077 
00078A 3000 
00079A 3000 
00080A 3002 
00081A 3003 
00082 
00083A 3005 
00084A 3006 
00085A 3008 

ORG $3000 
DE 84 
3C 
DE 80 

3C 
86 FE 
97 14 

00086A 300A A6 00 
00087A 300C DE 84 
00088A 300E A7 00 
00089A 3010 08 
00090A 3011 DF 84 
00091A 3013 86 FC 
00092A 3015 97 14 
00093 

A EPROM LDX PNTR 
PSHX 

A LDX IMBEG 

EPR002 PSHX 
A LDAA 
A STAA 
A LDAA 
A LDX 
A STAA 

INX 

11$FE 
EPMCNT 
x 
PNTR 
x 

A 

A 
A 

STX PNTR 
LDAA 11$FC 
STAA EPMCNT 

SAVE CALLING ARGUMENT 
RESTORE WHEN DONE 
USE STACK 

SAVE POINTER ON STACK 
REMOVE VPP, SET LATCH 
PPC=l, PLC=O 
MOVE DATA MEMORY-TO-LATCH 
GET WHERE TO PUT IT 
STASH AND LATCH 
NEXT ADDR 
ALL SET FOR NEXT 
ENABLE EPROM POWER (VPP) 
PPC=O, PLC=O 

00094 * NOW WAIT FOR 50 MSEC TIMEOUT USING OUTPUT COMPARE. 
00095 
00096A 3017 DC 86 A 
00097A 3019 D3 09 A 
00098A 301B 7F 0008 A 
00099A 101 F. OD OB A 
OOlOOA 3020 86 40 A 
00101 
00102A 3022 95 08 A EPR004 
00103A 3024 27 FC 3022 
00104A 3026 38 
00105A 3027 08 
00106A 3028 9C 82 A 
00107A 302A 23 D9 3005 
00108A 302C 86 FF A 
00109A 302E 97 14 A 
OOllOA 3030 38 
OOlllA 3031 DF 84 A 
00112A 3033 39 
00113 
TOTAL ERRORS 00000--00000 

LDD 
ADDD 
CLR 
STD 
LDAA 

BITA 
BEQ 
PULX 
INX 
CPX 
BLS 
LDAA 
STAA 
PULX 
STX 
RTS 
END 

WAIT 
TIMER 
TCSR 
OU TC MP 
11$40 

TCSR 
EPR004 

I MEND 
EPR002 
l/$FF 
EPMCNT 

PNTR 

GET CYCLE COUNTER 
BUMP CURRENT VALUE 
CLEAR OCF 
SET OUTPUT COMPARE 
NOW WAIT FOR OCF 

NOT YET 
SETUP FOR NEXT ONE 
NEXT 
MAYBE DONE 
NOT YET 
REMOVE VPP, INHIBIT LATCH 
EPROM CAN NOW BE READ 
RESTORE PNTR 

THAT'S ALL 
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MC68701 

ORDERING INFORMATION 

The following table provides generic information pertaining to the package type and temperature for the MC68701. 
The MCU device is available only in the 40-pin dual-in-line (DIP) package in the Cerdip and Plastic packages. 

Frequency 
{MHz) 

1.0 
1.0 

1.25 
1.25 
2.0 

GENERIC INFORMATION 

Temperature Cerdip Package 
{Degrees C) {S Suffix) 

O tu 70 MC68701S 
-40 to + 85 MC68701CS 

Oto 70 MC68701S-1 
-40 to + 85 MC68701CS-1 

0 to 70 MC688701S 

PIN ASSIGNMENT 

Vss 

XTAL l SCl 

EXT AL 3 SC2 

NMI 4 P30 

IRQl " P31 

RESET/Vpp 6 P32 

Vee 7 P33 

P34 

P35 

P22 P36 

P37 

P24 P40 

PlO P41 

Pl 1 P42 

Pl 2 P43 

P13 P44 

P14 P45 

P15 P46 

P16 P47 

P17 Vee 
Standby 
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Ceramic Package 
{l Suffix) 

MC6870il 
MC68701CL 
MC68701L-1 
MC68701CL-1 
MC688701L 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

• 

MC68701U4 

Advance Information 
8-Bit EPROM Microcontroller/Microprocessor 
(MCU/MPU) 

The MC68701U4 is an 8-bit single-chip EPROM microcontroller unit (MCU) which enhances the 
capabilities of the MC6801 and significantly enhances the capabilities of the M6800 Family of parts. 
It includes an MC6801 microprocessor unit (MPU) with direct object-code compatibility and upward 
object-code compatibility with the MC6800. Execution times of key instructions have been improved 
over the MC6800 and the new instructions found on the MC6801 are included. The MCU can func
tion as a monolithic microcontroller or can be expanded to a 64K byte address space. It is TTL 
compatible and requires one + 5-volt power supply for nonprogramming operation. An additional 
Vpp power supply is needed for EPROM programming. On-chip resources include 4096 bytes of 
EPROM, 192 bytes of RAM, a serial communications interface (SCI), parallel 1/0, and a 16-bit six
function programmable timer . 

• Enhanced MC6800 Instruction Set 
• Upward Source and Object Code Compatibility with the MC6800, MC6801, and MC6801U4 
• Bus Compatibility with the M6800 Family 
• 8 x 8 Multiply Instruction 
• Single-Chip or Expanded Operation of 64K Byte Address Space 
• Internal Clock Generator with Divide-by-Four Output 
• Serial Communications Interface (SCI) 
• 16-Bit Six-Function Programmable Timer 
• Three Output Compare Functions 
• Two Input Capture Functions 
• Counter Alternate Address 
• 4096 Bytes of Use EPROM 
• 192 Bytes of RAM 
• 32 Bytes of RAM Retainable During Power Down 
• 29 Parallel 1/0 and Two Handshake Control Lines 
• NMI Inhibited Until Stack Load 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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160x 8 I I 4096 x 8 
RAM EPROM 

--
32 x 8 

Vee Standby _.j Standby 
RAM 

__J 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage Vee -0.3 to+ 7.0 v 
Input Voltage Tin -0.3 to + 7.0 v 
Operating Temperature Range TA Oto 70 oe 

Storage Temperature Range 
Programmed Tstg -40 to +85 oe 

Un programmed -55 to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Rating 

Thermal Resistance eerdip 65 0 e!W 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ. in °C can be obtained from: 

= Ambient Temperature, 'C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 

= PINT+ PpQRT 

TJ=TA+(Po·0JAI 

=Ice x Vee. Watts - Chip Internal Power 
= Port Power Dissipation, Watts - User Determined 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad
vised that normal precautions be taken to 
avoid applications of any voltage higher than 
maximum rated voltages to this high
impedance circuit. For proper operation it is 
recommended that Vin and Vaut be con
strained to the range GNO~(Vjn or 

Voutl sVcc. 
Unused inputs must always be tied to an 

appropriate logic voltage level (e.g., either 
GND or Vccl 

(1) 

For most applications PpQRT<P1NTand can be neglected. PpQRT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J (if PpQRT is neglected) is: 

Po= K -c (T J + 273°C) (2) 

Solving equations (1) and (2) for K gives: 

K =Po. (TA+ 273°C) + 0jA•Po2 (3) 

where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Po (at 
equilibrium) for a known TA Using this value of K, the values of Po and TJ can be obtained by solving equations 
(1) and (2) iteratively for any value of TA 

CONTROL TIMING (Vee= 5.0 v "5%, Vss = 0) 

Frequency of Operation 

Crystal Frequency 

External Oscillator Frequency 

Crystal Oscillator Startup Time 

Processor Control Setup Time 

Characteristic 

MOTOROLA MICROPROCESSOR DATA 

3-216 

Symbol 

fa 

fXTAL 

4 fa 

lrc 
tpcs 

Me68701U4 

Min Max 

0.5 1 0 

2.0 4.0 

2.0 4.0 
- 100 

200 -

MC68701 U4-1 
Unit 

Min Max 

0 5 1 25 MHz 

2.0 5.0 MHz 

2.0 5.0 MHz 

100 ms 

170 - ns 
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DC ELECTRICAL CHARACTERISTICS (Vee=5.0 Vdc ±5%, Vss=O) 

Characteristic ~mbol Min 

Input High Voltage RESET 
V1H 

Vss +4.o 
Other Inputs* Vss + 2.0 

Input Low Voltage RESET 
V1L 

Vss-0.3 
Other Inputs* Vss-0.3 

Input Current Port4 
lin 

-
IV in= 0 to 2.4 VI See Note SC1 -

Input Current 
lin IV in= 0 to 5.25 VI NMI, IR01 

-

Input Current RESET/Vpp 
(Vin=O to 0.4 Vi See Note ljn -
1Vin=4.0 v to Vecl -

Hi-Z I Off State) Input Current 
IVin = 0.5 to 2.4 VI P10-P17, P20-P24, P30-P37 ITSI -

Output High Voltage 
VoH ll1oad= -65µ.A, Vee= mini P40-P47, SC1. SC2 Vss+2.4 

ll1oad= -100µ.A. Vcc=minl Other Outputs vss+2.4 

Output Low Voltage 
VOL -

ll1oad=2.0mA, Vec=minl All Outputs 

Darlington Drive Current 
loH 1.0 

1Vo=1.5VI P10-P17 

Internal Power Dissipation (measured at TA= 0°C in Steady-State Operation) P1NT -

Input Capacitance 
I Vin =0, TA= 25°e, f0 = 1.0 MHz I P30-P37. P40-P47, Se1 Cjn -

Other Inputs -

Vee Standby Power Down Vsss 4.0 
Power Up Vss 4.75 

Standby Current Power Down ISRR -
Programming Time (Per Byte) IT A= 25°CI tpp 25 

Programming Voltage IT A= 25°el Vpp 20.0 

Programming Current IVRESET= Vppl ITA = 25°CI lpp -

*Except Mode Programming Levels; See Figure 16. 

NOTE: RESET/Vpp. VIL· and lin values differ from MC6801U4 values. 

PERIPHERAL PORT TIMING I Refer to Figures 1-41 

Characteristics Symbol Min 

Peripheral Data Setup Time tposu 200 

Peripheral Oota Hold Time tPOH 200 

Delay Time, Enable Positive Transition to OS3 Negative Transition tOSD1 -

Delay Time. Enable Positive Transition to OS3 Positive Transition tOSD2 -

Delay Time, Enable Negative Transition to Peripheral Data Valid tPwD -
Delay Time. Enable Negative Transition to Peripheral CMOS Data Valrd tCMOS -

Input Strobe Pulse Width tPWIS 200 

Input Data Hold Time t1H 50 

Input Data Setup Time t1s 20 
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1Y.I?.. Max Unit 

- Vee v 
- Vee 
- Vss+o.4 v 
- Vss +o.8 

- 0.5 
mA - 0.8 

- 2.5 µA 

-2.0 - mA 
- 8.0 

- 10 p.A 

v 
- -
- -

- Vss + o.5 v 

- 4.0 mA 

- 1200 mW 

- 12.5 pF • - 10.0 

- 5.25 
v - 5.25 

- 3.0 mA 
- 50 ms 

21.0 22.0 v 

30.0 50.0 mA 

Typ Max Unit 

- - ns 

- - ns 

- 350 ns 

- 350 ns 

- 350 ns 

- 2.0 p.S 
- - ns 

- - ns 
- - ns 
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FIGURE 1 - DATA SETUP AND HOLD TIMES 
IMPU READ) 

P30 P37 
Inputs* ________ __, ,... ____ _,, 

* Port 3 non-latched operation (Latch enable= 0) 

FIGURE 3 ~ PORT 3 OUTPUT STROBE TIMING 
I SINGLE-CHIP MODE) 

Address 
Bus 

OS3 
ISC2l 

MPU Access of Port 3* 

lQSDl 'OSD2 

MC68701U4 

FIGURE 2 - DATA SETUP AND HOLD TIMES 
IMPU WRITE) 

All Data 

___.___,.~Mee w " ;.---

______ E __ '_~c-:_0_0x5j/ ----o I Vee 

Pon Outputs _________ __, Data Vai1d 

NOTES 
10 k pullup resistor required tor P<V1 2 to reach 0 7 \/cc 
Not applicable to P21 
Pon 4 cannot tk pul1ecl above Vee 

iS3 
ISC11 

FIGURE 4 - PORT 3 LATCH TIMING 
!SINGLE-CHIP MODE) 

PJO PJI -Y Data Valid 1S{,.--------
lnputs __/}- ~\ 

*Access matches output strobe select (QSS =0, a read; OSS= 1, a write) 

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted 

FiGURE 5 - CMOS LOAD 

Test Point i30pF 
LOAD PORTS 1, 2, 3, AND 4 

Vee 1rl RL=lBk!l 

Test Point MMD6150 

or Equiv 

C MMD7000 
or Equiv 

~ ~ 

C=90pF for P30-P37, P40-P47, E, SCl, SC2 
=30 pF for P10-P17, P20-P24 

R = 37 k!l for P40-P47, SCl, SC2 
= 24 k!l for P10-P17, P20-P24, P30-P37, E 
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BUS TIMING !See Notes 1 and 2 and Figure 71 

!dent. 
Characteristics Symbol MC68701U4 MC68701 U4-1 Unit 

Number 
Min Max Min Max 

1 Cycle Time tcyc 1.0 20 0.8 2.0 µS 

2 Pulse Width, E Low PWEL 430 1000 360 1000 ns 

3 Pulse Width, E High PWEH 450 1000 360 1000 ns 

4 Clock Rise and Fall Time tr, tf - 25 - 25 ns 

9 Address Hold Time tAH 20 - 20 - ns 

12 Non-Muxed Address Valid Time to E* tAv 200 - 150 - ns 

17 Read Data Setup Time tDsR 80 - 70 - ns 

18 Read Data Hold Time tDHR 10 - 10 -- ns 

19 Write Data Delay Time tDDW - 225 - 200 ns 

21 Write Data Hold Time tDHW 20 - 20 - ns 

22 Muxed Address Valid Time to E Rise* tAVM 160 - 120 - ns 

24 Muxed Address Valid Time to AS Fall* tASL 40 - 30 - ns 

25 Muxed Address Hold Time tAHL 20 - 20 - ns 

26 Delay Time, E to AS Rise* tASD 200 - 170 - ns 

27 Pulse Width, AS High* PW ASH 100 - 80 - ns 

28 Delay Time, AS to E Rise• tASED 90 - 70 - ns 

29 Usable Access Time* I See Note 31 tACC 530 - 410 - ns 

*At spec1f1ed cycle time. 

FIGURE 7 - BUS TIMING 

See Note 4 

IOS, 
R /w. Address 
INon-Muxedl~~-.,fo"t"-"''--"-..._-""-'"-,,.,__..,~~~~...,,~~~-+-+-~~~~~~~~~~~~~~~~~~T-11-'1_.'-'~ 

Addr/Data 
Muxed 

See Note 3 

Addr/Data 
Muxed 

Write Data Muxed 

Address 
Strobe IASI 

NOTES 
1 1 Voltage levels shown are VL:s;0.5 V, VH;?;2.4 V, unless otherwise specified 
2 Measurement points shown are 0.8 V and 2.0 V, unless otherwise spec1f1ed 
3 Usable access time 1s computed by 22 + 3- 17 
4 Memory devices should be enabled only during E high to avoid port 3 bus contention 
5 Item 26 is different from the MC6801, but it is upward compatible. 
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INTRODUCTION 

The MC68701 U4 is an 8-bit monolithic microcontroller 
which an be configured to function in a wi.de variety of 
applications. The facility which provides this extraor
dinary flexibility is its ability to be hardware pro
grammed into seven different operating modes. The 
operating mode controls the configuration of 18 of the 
40 MCU pins, available on-chip resources, memory map, 
location (internal or external) of interrupt vectors, and 
type of external bus. The configuration of the remaining 
22 pins is not dependent on the operating mode. 

The term "port" by itself refers to all of the hardware 
associated with the port. When the port is used as a 
"data port" or "1/0 port," it is controlled by the port 
data direction register and the programmer has direct 
access to the port pins using the port data register. Port 
pins are labeled as Pij where i identifies one of four 
ports and j indicates the particular bit. 

The microprocessor unit (MPU) is an enhanced 
MC6800 MPU with additional capabilities and greater 
throughput. It is upward source and object code com
patible with the MC6800 and the MC6801. The program
ming model is depicted in Figure 8 where accumulator 
D is a concatenation of accumulators A and 8. A list of 
new operations added to the MC6800 instruction set are 
shown in Table 1. 

Twenty-nine pins are organized as three 8-bit ports 
and one 5-bit port. Each port consists of at least a data 
register and a write-only data direction register. The 
data direction register is used to define whether cor
responding bits in the data register are configured as 
an input (clear) or output (set). 

The basic difference between the MC6801 U4 and the 
MC68701 U4 is that the MC6801 U4 has an on-chip ROM 
while the MC68701U4 has an on-chip EPROM. The 

Instruction 

ABX 
ADDO 

ASLD or LSLD 
BHS 
BLO 
BRN 
JSR 
LDD 
LSL 

LSRD 
MUL 
PSHX 
PULX 
STD 

SUBD 
CPX 

FIGURE 8 - PROGRAMMING MODEL 

~ A oLJ l B ~ 8-B't Accumulators A and B ~ - - - - - -- - - D - - -- -- - - - ; Or 16-8'1 Double Accumulator D 

15 x 

15 SP 

t5 PC 

1 H 

Index Register (XI 

0 Stack Pointer (SP) 

Program Counter (PCI 

Condition Code Register ICCRl 

Carry/Borrow from MSB 

Overflow 
Zero 

Negative 

~----- Interrupt 
'--------Half Carry \From Bit 31 

TABLE i - NCVV iNSTRUCT:ONS 

Description 

Unsigned addition of accumulator B to index register 
Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator 
Shilts the double accumulator left !towards MSBI one bit, the LSB is cleared, and the MSB is shifted into the C bit 
Branch if higher or same, unsigned conditional branch (same as BCC) 
Branch if lower, unsigned conditional branch {same as BCS) 
Branch never 
Additional addressing mode direct 
Loads double accumulator from memory 
Shifts memory or accumulator left !towards MSBI one bit, the LSB is cleared, and the MSB 1s shifted into the C bit 

!same as ASLI 
Shifts the double accumulator right !towards LSBI one bit, the MSB is cleared, and the LSB is shifted into the C bit 
Unsigned multiply, multiplies the two accumulators and leaves the product in the double accumulator 
Pushes the index register to stack 
Pulls the index register from stack 
Stores the double accumulator to memory 
Subtracts memory from the double accumulator and leaves the difference in the double accumulator 
Internal processing modified to permit its use with any conditional branch instruction 
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MC68701U4 is pin and code compatible with the MC6801U4 
and can be used to emulate the MC6801U4, allowing easy 
software development using the on-chip EPROM. Software 
developed using the MC68701 U4 can then be masked into 
the MC6801U4 ROM. 

In order to support the on-chip EPROM, the MC68701 U4 
differs from the M C6801 U4 as follows: 

11) Mode 0 in the MC6801U4 1s a test mode only, while in 
the MC68701 U4 mode 0 is also used to program the 
on-chip EPROM. 

12) The MC68701U4 RAM/ EPROM control register has 
two bits used to control the EPROM in mode 0 that are 
not defined in the MC6801U4 RAM control register 

13) The RESET/Vpp pin 1n the MC68701U4 is dual pur
pose, used to supply EPROM power as well as to reset 
the device; while in the M C6801 U4 the pin is called 
RESET and 1s used only to reset the device. 

OPERATING MODES 
The MC68701 U4 provides seven different operating modes 

I modes 0 through 3 and 5 through 71. The operating modes 

are hardware selectable and determine the device memory 
map, the configuration of port 3, port 4, SC1, SC2, and the 
physical location of the interrupt vectors. 

FUNDAMENTAL MODES 

The seven operating modes 10-3, 5-71 can be grouped into 
three fundamental modes which refer to the type of bus it 
supports: single chip, expanded non-multiplexed, and ex
panded multiplexed. Single chip is mode 7, expanded non
multiplexed is mode 5, and the remaining 5 are expanded 
multiplexed modes. Table 2 summarizes the characteristics 
of the operating modes. 

SINGLE-CHIP MOOE (7) - In the single-chip mode, 
the four MCU ports are configured as parallel input/ 
output data ports, as shown in Figure 9. The MCU func
tions as a monolithic microcontroller in this mode with
out external address or data buses. A maximum of 29 
1/0 lines and two port 3 control lines are provided. Pe
ripherals or another MCU can be interfaced to port 3 in 
a loosely coupled dual-processor configuration, as 
shown in Figure 10. 

TABLE 2 - SUMMARY OF OPERATING MODES 

Single-Chip (Mode 71 
192 bytes of RAM, 4096 bytes of EPROM 
Port 3 is a parallel 1/0 port with two control lines 
Port 4 is a parallel I/ 0 port 

Expanded Non-Multiplexed (Mode 5) 
192 bytes of RAM, 4096 bytes of EPROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/ address bus 

Expanded Multiplexed (Modes 0, 1, 2, 3, 6) 
Four memory space options (total 64K address space) 

111 Internal RAM and EPROM with partial address bus (mode 11 
121 Internal RAM, no EPROM (mode 21 
131 Extended addressing of internal 1/0 and RAM 
141 Internal RAM and EPROM with partial address bus lmode 61 

Port 3 is multiplexed address/ data bus 
Port 4 is address bus {inputs/address in mode 6) 
Test/Program mode (mode Q): 

May be used to test internal RAM and EPROM 
May be used to test ports 3 and 4 as 1/0 ports by writing into mode 7 
Used to program EPROM 

Only modes 5, 6, and 7 can be irreversibly entered from mode 0 

Resources Common to All Modes 
Reserved register area 
Port 1 input/ output operation 
Port 2 input/ output operation 
Timer operation 
Serial communications interface operation 
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FIGURE 9 - SINGLE-CHIP MODE 

Vee 

XTAL 

D 
EXT AL 

Vee Standby-

MC68701U4 

Port 4 
8 1/0 Lines 

vss 

Port 3 

Port 2 
5 1/0 Lines 

SCI 
16-Bit Timer 

FIGURE 10 - SINGLE-CHIP DUAL PROCESSOR CONFIGURATION 

Port 1 
8 1/0 
Lines 

16-Bit Timer 

Port 2 

D 

5 I 0 Lines 
SCI 

16-Bit Timer 

vee 

XTAL 

Vss 

Port 4 
8 110 
Lines 

EXPANDED NON-MULTIPLEXED MODE (5) - A modest 
amount of external memory space is provided in the expand
ed non-multiplexed mode while significant on-chip resources 
are retained. Port 3 functions as an B-bit bidirectional data 
bus and port 4 is configured initially as an input data port. 
Any combination of the eight least significant address lines 
may be obtained by writing to the port 4 data direction 
register. Stated alternatively, any combination of AO to A7 
may be provided while retaining the remainder as input data 
lines. Internal pullup resistors pull the port 4 lines high until 
the port is configured. 

Figure 11 illustrates a typical system configuration in the 
expanded non-multiplexed mode. The MCU interfaces 
directly with M6800 Family parts and can access 256 bytes of 
external address space at $100 through $1FF. IOS provides 
an address decode of external memory 1$100-$1 FF) and can 
be used as a memory-page select or chip-select line. 

Port 2 
5 1/ 0 Lines 

SCI 

16-811 Timer 

Vee 

vss 

Port 1 
8 1/0 
Lines 

16-Bit Timer 

Port 4 
8 1/0 
Lines 

EXPANDED MULTIPLEXED MODES (0, 1, 2, 3, 6) - A 
64K byte memory space is provided in the expanded 
multiplexed modes. In each of the expanded multiplexed 
modes, port 3 functions as a time multiplexed address/data 
bus with address valid on the negative edge of address 
strobe IAS) and data valid while Eis high. In modes 0, 2, and 
3, port 4 provides address lines AB to A 15. In modes 1 and 6, 
however, port 4 initially is configured at reset as an input 
data port. The. port 4 data direction register can then be 
changed to provide any combination of address lines AB to 
A15 .. Stated alternatively, any subset of AB to A15 can be 
provided while retaining the remaining port 4 lines as input 
data lines. Internal pullup resistors pull the port 4 lines high 
until software configures the port. 

In mode 0, the reset and interrupt vectors are located at 
$BFFO-$BFFF. In addition, the internal and external data 
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buses are connected, so there must be no memory map 
overlap in order to avoid potential bus conflicts. By writing 
the PCO-PC2 bits in the port 2 data register, modes 5, 6, and 
7 can be irreversibly entered from mode 0. Mode 0 is used to 
program the on-chip EPROM. 

Figure 12 depicts a typical configuration for the expanded 
multiplexed modes. Address strobe can be used to control a 
transparent D-type latch to capture addresses AO-A7, as 
shown in Figure 13. This allows port 3 to function as a data 
bus when E is high. 

FIGURE 11 - EXPANDED NON-MULTIPLEXED CONFIGURATION 

Vee 

o 
-c::__ 

vee St 
RESET 
andby-

E Ef-

Port 1 
81/0. 

16-Bit Timer 
Port 2 
5110 

SCI 
Ttmer 

NII/ii-
IROi-

..... ..... 

.... .. 
.... ..... .. .. 

Port 2 
5110 
Lines 
SCI 

D 

16-Bit Timer 

Vee 
_l_ 

XTAL Port3 
Port4 

EXTAL ~ ~ 
RW 

MC68701U4 
E 

-.1.-
vss 

L 

XTAL 

Vss 

8 
8, 

8 j} 
8 , 8 , 

RAM PIA 

j 

MOTOROLA MICROPROCESSOR DATA 

3-223 

8 
y8 

ACIA 

--"' 
...... 
-ii 
~ 

(00-D71 
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Vee Standby 

RESET 
NMI 

TROi" 

Port 1 
81/0 

16-Bit Timer 

Port 2 

51/0 •••.i SCI 
Timer 

MC68701U4 

FIGURE 12 - EXPANDED MULTIPLEXED CONFIGURATION 

Vee 

Port 1 
8 1/0 Lines 
16-Bit Timer 

Port 2 

5 1/0 Lines ···~ SCI 
16-Bit Timer 

Vee 
Vss 

Port3 8 8 

Port 4 

Port 3 
8 Lines 

8 Lines 
Address Bus 

Address Bus 
f----''--,-6r--.....--+---'--.....--+---.....--+--- IAO-A 151 

f-------.-++----...-!-+---....-+-+---~R/\N 

8 8 8 

8 8 8 

Vss 
ROM RAM PIA 

NOTE: To avoid data bus !port 31 contention in the expanded multiplexed modes, memory devices should be enabled only durin9 E high time. 

FIGURE 13 - TYPll=AL LATCH ARRANGEMENT 

G:~ : .. ---------~ 

Port 3 j 
Address/ Data 

G DC 
Dl 01 : 

~ 

,SN74LS373 
~ (Typical) 

08 08 
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PROGRAMMING THE MODE 

The operating mode is determined at RESET by the 
levels asserted on P22, P21, and P20. These levels are 
latched into PC2, PCl, and PCO of the program control 
register on the positive edge of RESET. The operating 
mode may be read from the port 2 data register, as 
shown below, and programming levels and timing must 
be met a shown in Figure 14. A brief outline of the 
operating modes is shown in Table 3. 

PORT 2 DATA REGISTER 

7 6 5 4 3 0 

\PC2 I PCl PCO P24 P23 P22 P21 $03 

Circuitry to provide the programming levels is de
pendent primarily on the normal system usage of the 
three pins. If configured as outputs, the circuit shown 
in Figure 15 may be used; otherwise, three-state buffers 
can be used to provide isolation while programming 
the mode. Note that if diodes are used to program the 
mode, the diode forward voltage drop must not exceed 
the VMPDD minimum. 

MEMORY MAPS 

The MC68701 U4 can provide up to 64K byte address 
space depending on the operating mode. A memory 
map for each operating mode is shown in Figure 16. 
The first 32 locations of each map are reserved for the 
internal register area, as shown in Table 4, with excep
tions as indicated. 

FIGURE 14 - MODE PROGRAMMING TIMING 

See Figure 15 

Mode Inputs 
IP20. P21. P221 

VMPH Min 

VMPL Max 

for Diode Arrangement ~~ VMPDD 

IP20. P21. f'221 ;;/"'P:;:..::..= VMPL 
,,,.,. Mode Latch 

mE'f - ---- Level 

MODE PROGRAMMING !Refer to Figure 141 

Characteristic Symbol Min Max 

Mode Programming Input Voltage Low (for TA= 0 to 70°C) VMPL - 1 8 

Mode Programming Input Voltage High VMPH 4.0 -

Mode Programming Diode Differential ill Diodes are Used) (for TA =0 to 70°C) VMPDD 0.6 -

RESET Low Pulse Width PWRSTL 3.0 -

Mode Programming Setup Time IMPS 2.0 -

Mode Programming Hold Time 
RESET Rise Time>: 1 µs IMPH 0 -

RESET Rise Time< 1 µs 1()() -

NOTE: For TA= -40 to 85°C, Maximum VMPL = 1.7, and Minimum VMPDD=0.4. 

TABLE 3 - MODE SELECTION SUMMARY 

P22 P21 P20 Interrupt Bus 
Mode PC2 PC1 PCO EPROM RAM Vectors Mode Operating Mode 

7 H H H I I I I Single Chip 

6 H H L I I I Mux12, 31 Multiplexed/Partial Decode 

5 H L H I I I NMux12, 31 Non-Multiplexed/ Partial Decode 

4 H L L - - - - Undef1nedl41 
3 L H H E I E Mux11, 51 Multiplexed/ RAM 

2 L H L E I E Mux111 Multiplexed/RAM 
1 L L H I I E Mux12, 31 Multiplexed/RAM and EPROM 
0 L L L I I E Mux111 Multiplexed Test/Programming 

LEGEND 
I - Internal 
E - External 
MUX - Mult1p!exed 

NOTES 

NMUX - Non-Multiplexed 
L - Logic "O" 
H - Logic "1" 

1. Addresses associated with ports 3 and 4 are considered external in modes 0, 2, and 3 
2 Addresses associated with port 3 are considered external in modes 1, 5, and 6. 
3 Port 4 default is user data input; address output is optional by writing to port 4 data direction register 
4. Mode 4 is a non-user mode and should not be used as an operating mode 
5 Mode 3 has the internal RAM and internal registers relocated at $DOOO-$DOFF 
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FIGURE 15 - TYPICAL MODE PROGRAMMING CIRCUIT 

Vee 
NOTES: 

1. Mode 0 as shown (switches closed). 
2. R1~10 kilohms (typical). 
3. The RESET time constant is equal to RC where R 

is the equivalent parallel resistance of R2 and the 

Rl number of resistors (R1) placed in the circuit by 
closed mode contol switches. 

4. D ~ 1 N914, 1N4001 in the 0 to 70°C range 8 

9 

10 

P20---11t--+--+---------------I 

P21---it--e--+---------------I 

P22---i-+------------------I 

P20 IPCOI 

P21 IPCll 

P22 IPC21 

D~1N270, MBD201 in the -40 to 85°C range 
5. If v~v~ R2~50 ohms (typical) to meet V1H 

for the RESET/Vpp pin. V =Vee is also compatible 
with MC6801 U4. The RESET time constant in this 

v case is approximately R2 x C. 
6. Switch 51 allows selection of normal (RESET) or 

programming (Vpp) as the inputto the RESET/Vpp 

MC68701U4 
pin. During switching, the input level is held at a 

R2 value determined by a diode (D), resistor (R2) and 
input voltage (VJ. 

Mode Control Switches 

7. While S1 in the "Program" position, RESET should 
not be asserted. 

D 8. From powerup, RESET must be held low for at 
least tRc· The capacitor, C, is shown for concep-
tual purposes only and is on the order of 1000 µF 

D 

A ESET -----e--;o---t ,__'_'N_o~r-mal" 

6 
for the circuit shown. Typicall~ffer with an 

RESET /Vpp RC input will be used to drive RESET, eliminating 
the need for the larger capacitor. 

Sl 

c 9. Diode Vt should not exceed VMPDD min. 

T 
Vpp o-------o----A 

''Program'' 

FIGURE 16 - MEMORY MAPS (Sheet 1 of 3) 

$0000111 
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$ B FFF ~222222~ 
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NOTES: 

Internal 
Registers 
External 
Memory Space 

Internal 
RAM 

l::xternal 
Memory Space 

External 
Interrupt Vectors12l 

External 
Memory Space 

Internal 
EPROM 

MC68701U4 
Mode 0 

11 Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and $OF. 

4) This mode is used to program the on-chip 
EPROM. 

2) The interrupt vectors are at $BFFO-$BFFF. 
3) There must be no overlapping of internal and 

external memory spaces to avoid driving the 
data bus with more than one device. 

5) Modes 5-7 can be irreversibly entered from 
mode 0 by writing to the PCO-PC2 bits of the 
port 2 data register. 
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MC68701U41 
Mode 

Multiplexed/RAM and EPROM 

$0CXXJ(1) DJJ/????7A'\. 

$001 F r ' " " " q 

$0040 ~}jj}}///:i 

$DOFF r<<<<t<< <4 

$FOOO I>))))))) 4 

$FFEF 
$FFFO II"<-'-<'-'-<~·"-'"-' -<'-:'-11 
$FFFF ~----~-

NOTES: 

Internal 
Registers 

External 
Memory Space 

Internal 
RAM 

External 
Memory Space 

Internal 
EPROM 

External 

Interrupt Vectors 

1) Excludes the following addresses which may be 
used externally: $04, $06, and $OF. 

21 Internal EPROM addresses $FFFO to $FFFF are not 
usable. 

3) Address lines A8-A15 will not contain addresses 
until the data direction register for port 4 has been 
written with "ls" in the appropriate bits. These 
address lines will assert "ls" until made outputs 
by writing the data direction register. 

FIGURE 16 - MEMORY MAPS (Sheet 2 of 3) 

Multiplexed/RAM 

$000Q(1) p;;;;;;;;;1 

$001F I""" '"I< 

$0040 f777777777j '\ 

$OOFF re'// ((/!J.{ 

::::~I I) 
NOTE: 

MC68701U4 
Mode 2 
Internal 
Registers 
External 
Memory Space 

Internal 
RAM 

External 
Memory Space 

External 
Interrupt Vectors 

1 I Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and $OF. 

Multiplexed/ RAM 

$()()()()(1) 

MC68701U4 
Mode 

External 

3 

·-U~~~~,-
$001 F Reg1sters!1, 21 

External 

$0040 J;; 7 ;;;;;; A< Memory Space 
Internal 
RAM!11 

$DOFF!''''''/''~"( 
External 
Memory Space 

$FFFO I 
$FFFF 

Ii External 
Interrupt Vectors 

NOTES: 
11 Relocating the ir1ternal registers and the inter

nal RAM to high memory allows the processor 
to make use of direct addressing. 

21 Excludes the following addresses which may be 
used externally: $0004, $0005, $0006, $0007, 
and $000F. 
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MC68701U4 ·51 
Mode ~ 

Non-Multiplexed/Partial Decode 

$0000111 

$001F V//l!/f!/4 

$0040 ...,..,,..,..,77.,,.,,.,,.,. 

$00FF Vtttttttcl 

$0100 

$01 FF .___~_J. 

Unusable 

$FOOO l?Ju)u;n 

$FFFF "" "u u • 

NOTES: 

Internal 
RAM 

External 
Memory Space 

Internal 
EPROM 

Internal 
Interrupt Vectors 

1) Excludes the following addre~;ses which may 
not be used externally: $04, $06, and $OF lno 
!OSI. 

21 Address lines AO to A7 will not contain ad
dresses until the data direction register for port 
4 has been written with "1 s" ir the appropriate 
bits. These address lines will assert "1s" until 
made outputs by writing thE! data direction 
register. 

• 
FIGURE 16 - MEMORY MAPS (Sheet 3 of 31 

MC68701U4 
Mode 6 

Multiplexed/ Partial Decode 

$0000111 

$001F W///mA 
$0040 ...,..,..,,.,'77~'1 

SOOFF V//:u:u /IJ 

SFOOO 

NOTES: 

Externa! 
Memory Space 

Internal 
EPROM 
Internal 
Interrupt Vectors 

11 Excludes the following addresses which may be 
used externally: $04, $06, $OF. 

21 Address lines AS-A 15 will not contain ad
dresses until the data direction register for port 
4 has been written with "1 s" in the appropriate 
bits. These address lines will assert "1s" until 
made outputs by writing the data direction 
register. 
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TABLE 4 - INTERNAL REGISTER AREA 

Register Address 
Port 1 Data Direction Register** * ()() 

Port 2 Data Direction Register* * * 01 
Port 1 Data Register 02 
Port 2 Data Register 03 
Port 3 Data Direction Register*•* 04* 
Port 4 Data Direction Register* * * 05* * 
Port 3 Data Register 06* 
Port 4 Data Register 07* * 
Timer Control and Status Register 08 
Counter IH1gh Byte! 09 
Counter (Low Bvte) QA 
Output Compare Register I High Byte I OB 
Output Compare Register !Low Byte! QC 
Input Capture Register !High Bytel OD 
Input Capture Register !Low Bytel OE 
Port 3 Control and Status Register OF* 
Rate and Mode Control Register 10 
Transmit/Receive Control and Status Register 11 
Receive Data Register 12 
Transmit Data Register 13 
RAM Control Register 14 
Counter Alternate Address I High Byte! 15 
Counter Alternate Address {Low Byte) 16 
Timer Control Register 1 17 
Timer Control Register 2 18 
Timer Status Register 19 
Output Compare Register 2 I High Byte I lA 
Output Compare Register 2 I Low Byte I 1B 
Output Compare Register 3 !High Byte! lC 
Output Compare Register 3 I Low Byte I 10 
Input Capture Register 2 !High Bytel 1 E 
Input Capture Register 2 !Low Bytel 1F 

*External addresses in modes 0, 1, 2, 3, 5, and 6; cannot be 
accessed in mode 5 lno IOSI 

**External addresses in modes 0, 2, and 3 
* * * 1 =Output, 0= Input 

MC68701U4 INTERRUPTS 
The M6801 Family supports two types of interrupt re

quests: maskable and non-maskable. A non-maskable inter
rupt INMll is always recognized and acted upon at the com
pletion of the current instruction. Maskable interrupts are 
controlled by the condition code register I bit and by in
dividual enable bits. The I bit controls all maskable inter
rupts. Of the maskable interrupts, there are two types: IR01 
and IR02. The programmable timer and serial communica
tions interface use an internal IR02 interrupt line, as shown 
in the block diagram. External devices and IS3 use IR01 An 
IR01 interrupt 1s serviced before IR02 if both are pending. 

NOTE 

After reset. an NMI will not be serviced until the first 
program load of the stack pointer. Any NM I generated 
before this load will be remembered by the processor 
and serviced subsequent to the stack pointer load. 

All IR02 interrupts use hardware priorit1Zed vectors. The 
single SCI interrupt and three timer interrupts are serviced in 
a prioritized order and each 1s vectored to a separate loca
tion. All interrupt vector locations are shown in Table 5. In 
mode 0, reset and interrupt vectors are defined as $BFFO
$BFFF. 

The interrupt flowchart 1s depicted in Figure 17 and 1s 
common to every interrupt excluding reset. During interrupt 
servicing, the program counter, index register, A ac
cumulator, B accumulator. and cond1t1on code register are 
pushed to the stack. The I bit 1s set to 1nh1b1t maskable inter
rupts and a vector is fetched corresponding to the current 
highest priority interrupt. The vector is transferred to the 
program counter and instruction execution 1s resumed. Inter
rupt and RESET timing are illustrated 1n Figures 18 and 19. 

TABLE 5 - MCU INTERRUPT VECTOR LOCATIONS 

ModeO Modes 1-3, 5-7 

MSB LSB MSB LSB Interrupt 

BFFE BFFF FFFE FFFF RESET 

BFFC BFFD FFFC FFFD Non-Maskable Interrupt** 

BFFA BFFB FFFA FFFB Software Interrupt 
BFFB BFF9 FFFB FFF9 Maskable Interrupt Request 1 

BFF6 BFF7 FFF6 FFF7 Input Capture Flag* 

BFF4 BFF5 FFF4 FFF5 Output Compare Flag* 

BFF2 BFF3 FFF2 FFF3 Timer Overflow Flag* 

BFFO BFFl FFFO FF Fl Serial Communications Interface* 

* iR02 interrupt 
"'" * NMi must be armed (by accessing stack pointer) before an 

l\IMi is executed 
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• FIGURE 17 - INTERRUPT FLOWCHART 

Condition Code Register 
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OCI • tOCFl•EOC\1 I+ toCF~EOC\21 + tOCF3-EOCl3) 

Vector-PC 
-1-3,5-7 

FFFC-FFFD Non-Mukable Interrupt 

FFFA-FFFB Software Interrupt 

FFF8-FFF9 Maskable Interrupt Request 1 

FFF6-FFF7 Input Capture- Interrupt 

FFF4-FFF5 OUtput Compare Interrupt 

FFF2-FFF3 Timer Overllow Interrupt 

FF~FF~!- SCI lntempt 
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FUNCTIONAL PIN DESCRIPTIONS 

VccANDVss 
Vee and Vss provide power to a large portion of the 

MCU. The power supply should provide + 5 volts I± 5% I to 
Vee and Vss should be tied to ground. Total power. dissipa
tion (including Vee standby) will not exceed Po milliwatts. 

Vee STANDBY 
Vee standby provides power to the standby portion 1$40 

through $5FI of the RAM and the STBY PWR and RAME 
bits of the RAM control register. Voltage requirements de
pend on whether the device is in a power-up or power-down 
state. In the power-up state, the power supply should pro
vide + 5 volts I± 5% I and must reach Vss volts before 
RESET reaches 4.0 volts. During power down, Vee standby 
must remain above VsBB I minimum) to sustain the standby 
RAM and STBY PWR bit. While in power-down operation, 
the standby current will not exceed ISBB· 

It is typical to power both V cc and V CC standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying power to V CC during 
power-down operation. 

XTAL ANO EXTAL 
These two input pins interface either a crystal or TTL

compatible clock to the MCU internal clock generator. 
Divide-by-four circuitry is included which allows use of the 
inexpensive 3.58 MHz or4.4336 MHz color burst TV crystals. 
A 20 pF capacitor should be tied from each crystal pin to 
ground to ensure reliable startup and operation. Alternative
ly, EXTAL may be driven by an external TTL-compatible 
clock at 4 t0 with a duty cycle of 50% (±5%) with XTAL 
connected ground. 

The internal oscillator is designed to interface with an AT
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for fXTAL· The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time. The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 20. 

RESET/Vpp 
This input is used to reset the internal state of the device 

~!"'rl nrovirle Rn orderlv startuo orocedure. During power up, 
RESET- must be held.below o.8 volts: 111 at least tRC after 
V cc reaches 4. 75 volts in order to provide sufficient time for 
the clock generator to stabilize, and 121 until Vee standby 
reaches 4.75 volts. RESET must be held low at least three E 
cycles if asserted during power-up operation. 

This pin is also used to supply Vpp in mode 0 for program
ming the EPROM. 

E !ENABLE) 
This is an output clock used primarily for bus synchroniza

tion. It is TTL compatible and is the slightly skewed divide
by-four result of the device input clock frequency. It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 

NMI (NON-MASKABLE INTERRUPT) 

An NMI negative edge requests an MCU interrupt se
quence, but the current instruction will be completed before 

it responds to the request. The MCU will then begin an inter
rupt sequence. Finally, a vector is fetched from SFFFC and 
$FFFD ($BFFC and $BFFD in mode 01, transferred to~ 
program counter, and instruction execution is resumed. NMI 
typically requires a 3.3 kO I nomi~esistor to V CC· There 1s 
no internal NMI pullup resistor. NMI must be held low for at 
least one E cycle to be recognized under all conditions. 

NOTE 
After reset an NMI will not be serviced until the first 

program load of the stack pointer. Any NMI generated 
before this load will remain pending by the processor. 

IRQ1 (MASKABLE INTERRUPT REQUEST 1) 
IR01 is a level-sensitive input which can be used to re

quest an interrupt sequence. The MPU will complete the cur
rent instruction before it responds to the request. If the inter
rupt mask bit 11 bitl in the condition code register is clear, the 
MCU will begin an interrupt sequence. A vector is fetched 
from $FFF8 and $FFF9 1$BFF8 and $8FF9 in mode Ol, 
transferred to the program counter, and instruction execu
tion is resumed. 

IR01 typically requires an external~ kO lnominall 
resistor to Vee for wire-OR application. IR01 has no internal 
pullup resistor. 

SCl and SC2 (STROBE CONTROL 1 AND 2) 
The function of SC1 and SC2 depends on the operating 

mode. SC1 is configured as an output in all modes except 
single-chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 

SCl ANO SC2 IN SINGLE-CHIP MODE - In single-chip 
mode, SCl and SC2 are configured as an input and output, 
respectively, and both function as port 3 control lines. SC1 
functions as IS3 and can be used to indicate that port 3 input 
data is ready or output data has been accepted. Three op
tions associated with IS3 are controlled by the port 3 control 
and status register and are discussed in the port 3 descrip
tion; refer to P30-P37 (PORT 3). If unused, IS3 can remain 
unconnected. 

SC2 is configured as OS3 and can be used to strobe out
put data or acknowledge input data. It is controlled by out
put strobe select IOSSI in the port 3 control and status 
register. The strobe is generated by a read I OSS = 01 or write 
(OSS = 1) to the port 3 data register. OS3 timing is shown in 
Figure 3. 

SCl ANO SC2 IN EXPANDED NON-MULTIPLEXED 
MOOE - In the expanded non-multiplexed mode, both SCl 
and SC2 are configured as outputs. SC1 functions as in
put/output select llOSI and is asserted only when $0100 
through $01 FF is sensed on the internal address bus. 

SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An M PU read is enabled 
when read/write and E are high. 

SC1 ANO SC2 IN EXPANDED MULTIPLEXED MODE -
In the expanded multiplexed modes, both SC1 and SC2 are 
configured as outputs. SC1 functions as address strobe and 
can be used to demultiplex the eight least significant ad
dresses and the data bus. A latch controlled by address 
strobe captures the lower address on the negative edge, as 
shown in Figure 13. 
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FIGURE20 - OSCILLATOR CHARACTERISTICS 

la) Nominal Recommended Crystal Parameters 

Nominal Crystal Parameters* 

3.58 MHz 4.00 MHz 5.0 MHz 

RS 60 0 50 0 30-50 0 

co 3.5 pF 6.5 pF 4-6 pF 

Cl 0.015 pF 0.025 pF 0 01-0 02 pF 
Q >40 K >30 K >20 K 

*NOTE: These are representative AT-cut crystal parameters only \.rysta!5 of othe~ 
types of cut may also be used. 

MC68701U4 

D 

CL~ 20 pF ltyp1call 

NOTE 
TTL-compatible oscillators may be 
obtained from 

Motorola Component Products 
Attn: Crystal Clock Oscillators 

2553 N. Edgington St 
Franklin Park, IL 60131 
Tel 312-451-1000 
Telex: 433-0067 

Vee 

lb) Oscillator Stabilization Time ltRcl 

4.75V 

14-~~~-tRc~~~_.. 

Oscillator 
Stabilization 
Time, IRC 

L 1 
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SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 

P10-P17 (PORT 1) 
Port 1 is a mode independent 8-bit I/ 0 and timer port. 

Each line can be configured as either an input or output as 
defined by the port 1 data direction register. Port 1 bits 0, 1, 
and 2 IP10, P11, and P12l can also be used to exercise one 
input edge function and two output compare functions of 
the timer. The TTL compatible three-state buffers can drive 
one Schottky TTL load and 30 pF, Darlington transistors, or 
CMOS devices using external pullup resistors. It is con
figured as a data input port during RESET. Unused pins can 
remain unconnected. 

P20-P24 (PORT 2) 
Port 2 is a mode-independent, 5-bit, multipurpose 1/0 

port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the port 2 data direc
tion register. The port 2 data register is used to move data 
through the port. However, if P21 is configured as an out
put, it is tied to the timer output compare 1 function and can
not be used to provide output from the port 2 data register 
unless output enable 1 IOE1 I is cleared in timer control 
register 1. 

Port 2 can also be used to provide an interface for the 
serial communications interface and the timer input edge 
function. These configurations are described in SERIAL 
COMMUNICATIONS INTERFACE and PROGRAMMABLE 
TIMER. 

The port 2 three-state TTL-compatible output buffers are 
capable of driving one Schottky TTL load and 30 pF, or 
CMOS devices using external pullup resistors. 

PORT 2 DATA REGISTER 

7 6 5 4 0 

I PC2 PC1 PCO P24 P23 P22 P21 

P30-P37 (PORT 3) 

Poi i 3 Cctf1 be configured as an 1/0 port, 0 bidircct:cnaf 
8-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL compatible three-state out
put buffers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnected. 

PORT 3 IN SINGLE-CHIP MODE - Port 3 is an 8-bit 1/0 
port in the single-chip mode with each line configured by the 
port 3 data direction register. There are also two lines, IS3 
and OS3, which can be used to control port 3 data transfers. 

Three port 3 options are controlled by the port 3 control 
and status register and are available only in single-chip 
mode: 11 port 3 input data can be latched using IS3 ISC1) as 
a control signal, 2) OS3 ISC2l can be generated by either an 
MPU read or write to the port 3 data register, and 3) an IR01 
interrupt can be enabled by an IS3 negative edge. Port 3 
latch timing is shown in Figure 4. 

PORT 3 CONTROL AND STATUS REGISTER 

6 5 4 3 2 0 

Bits 0-2 Not used. 

$OF 

Bit 3 Latch Enable - This bit controls the input latch for 
port 3. If set, input data is latched by an I S3 
negative edge. The latch is transparent after a read 
of the port 3 data register. Latch enable is cleared 
du ring reset. 

Bit 4 OSS (Output Strobe Select) - This bit determines 
whether OS3 will be generated by a read or write of 
the port 3 data register. When clear, the strobe is 
generated by a read; when set, it is generated by a 
write. OSS is cleared during reset. 

Bit 5 Not used. 
Bit 6 153 IRQ1 Enable - When set, an IRQ1 interrupt 

will be enabled whenever the IS3 flag is set; when 
clear, the interrupt is inhibited. This bit is cleared 
during reset. 

Bit 7 IS3 Flag - This read-only status bit is set by an IS3 
negative edge. It is cleared by a read of the port 3 
control and status register (with IS3 flag set) 
followed by a read or write to the port 3 data 
register or during reset. 

PORT 3 IN EXPANDED NON-MULTIPLEXED MODE 
Port 3 is configured as a bidirectional data bus I D7-DOI in the 
expanded non-multiplexed mode. The direction of data 
transfers is controlled by read/write ISC2l. Data is clocked 
by E (enable). 

PORT 3 IN EXPANDED MULTIPLEXED MODE - Port 3 is 
configured as a time multiplexed address IA7-AOl and data 
bus ID7-DOI in the expanded multiplexed mode where ad
dress strobe IASl can be used to demultiplex the two buses. 
Port 3 is held in a high-impedance state between valid ad
dress and data to prevent bus conflicts. 

P40-P47 (PORT 4) 
Port 4 is configured as an 8-bit I/ 0 port, as address out

puts, or as data inputs depending on the operating mode. 
Port 4 "~n drive one Schottkv TTL load and 90 pF, and is the 
only port with internal pullup resistors. Unused lines can re
main unconnected. 

PORT 4 IN SINGLE-CHIP MODE - In single-chip mode, 
port 4 functions as an 8-bit 1/0 port with each line con
figured by the port 4 data direction register. Internal pullup 
resistors allow the port to directly interface with CMOS at 
5-volt levels. External pullup resistors to more than 5 volts, 
however, cannot be used. 

PORT 4 IN EXPANDED NON-MULTIPLEXED MODE 
Port 4 is configured from reset as an 8-bit input port where 
the port 4 data direction register can be written to provide 
any 'or all of eight address lines AO to A7. Internal pullup 
resistors pull the lines high until the port 4 data direction 
register is configured. 
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PORT 4 IN EXPANDED MULTIPLEXED MODE - In all ex
panded multiplexed modes except modes 1 and 6, port 4 
functions as half of the address bus and provides AB to A 15. 
In modes 1 and 6, the port is configured from reset as an 
8-bit parallel input port where the port 4 data direction 
register can be written to provide any or all of upper address 
lines AB to A 15. Internal pull up resistors pull the lines high 
until the port 4 data direction register is configured where bit 
0 controls AB. 

RESIDENT MEMORY 
The MC68701U4 has 192 bytes of on-chip RAM and 4096 

bytes of on-chip UV erasable EPROM. This memory is con
trolled by four bits in the RAM/EPROM control register. 

Thirty-two bytes of the RAM are powered through the 
Vee standby pin and are maintainable during Vee power
down. This standby portion of the RAM consists of 32 bytes 
located from $40 through $5F. 

Power must be supplied to Vee standby if the internal 
RAM is to be used, regardless of whether standby power 
operation is anticipated. 

The RAM is controlled by the RAM/EPROM control 
register. 

RAM/EPROM CONTROL REGISTER ($14) 
The RAM/EPROM control register includes four bits: 

STBY PWR, RAME, PLC, and PPC. Two of these bits. 
STBY PWR and RAME, are used to control RAM access and 
determine the adequacy of the standby power source during 
power-down operation. It is intended that RAME be cleared 
and STBY PWR be set as part of a power-down procedure. 
RAME and STBY PWR are read/write bits. 

The remaining two bits, PLC and PPC, control the opera
tion of the EPROM. PLC and PPC are readable in all modes 
but can be changed only in mode 0. The PLC bit can be writ
ten without restriction in mode 0, but operation of the PPC 
bit is controlled by the state of PLC. 

Associated with the EPROM are an B-bit data latch and a 
16-bit address latch. The data latch is enabled at all times, 
latching each data byte written to the EPROM. The address 
latch is controlled by the PLC bit: 

A description of the RAM/ EPROM control register 
follows. 

RAM/EPROM CONTROL REGISTER 
7 6 5 4 3 2 1 0 

1~~;1RAMEI x I x I x I x I PPC I PLC I $14 

Bit 0 Programming Latch Control (PLC). This bit con
trols the latch which captures the EPROM address 
to be programmed and whether the PCC bit can be 
cleared. The latch is triggered by an MPU write to a 
location in the EPROM. This bit is set during reset 
and can be cleared only in mode 0. The PLC bit is 
defined as follows: 
PLC=O-EPROM address latch enabled; EPROM 

address is latched during MPU writes to 
the EPROM. 

PLC= 1- EPROM address latch is transparent. 

Bit 1 Programming Power Control (PPC). This bit gates 
power from the ~/Vpp pin to the EPROM 
programming circuit. PPC is set during reset and 
whenever the PLC bit is set. It can be cleared only if 
operating in mode 0, and if PLC has been previous
ly cleared. The PPC bit is defined as follows: 
PPC=O-EPROM programming power !Vpp) 

applied. 
PPC= 1- EPROM programming power !Vppl is 

not applied. 
Bit 2-5 Unused. 
Bit 6 RAM Enable (RAME). This read/write bit can be 

used to remove the entire RAM from the internal 
memory map. RAME is set (enabled) during reset 
provided standby power is available on the positive 
edge of reset. If RAME is clear, any access to a 
RAM address is external. If RAME is set, the RAM 
is included in the internal map. 

Bit 7 Standby Power (STBY PWR). This bit is a 
read/write status bit which when cleared indicates 
that V CC standby has decreased sufficiently below 
VS BB (mini mu ml to make data in the standby 
RAM suspect. It can be set only by software and is 
not affected during reset. 

Note that if PPC and PLC are set, they cannot be 
simultaneously cleared with a single MPU write. The PLC bit 
must be cleared prior to attempting to clear PPC. If both PPC 
and PLC are clear, setting PLC will also set PPC. In addition, 
it is assumed that Vpp is applied to the RESET /Vpp pin 
whenever PCC is clear. If this is not the case, the result is 
undefined. 

ERASING THE MC68701U4 EPROM 
Ultraviolet erasure will clear all bits of the EPROM to the 

zero state. The MC68701 U4 EPROM is programmed by eras
ing it to zeros and entering ones into the desired bit loca
tions. 

The MC68701U4 EPROM can be erased by exposure to 
high intensity ultraviolet light with a wave length of 2537 
angstroms for a minimum of 30 minutes. The recommended 
integrated dose (ultraviolet intensity times exposure time) is 
15 watts/centimeter. The lamps should be used without 
shortwave filters, the MC68701U4 should be positioned 
about one inch away from the ultraviolet tubes, and the 
transparent lid should not be covered. 

The MC68701 U4 transparent lid should always be covered 
after erasing. This protects both the EPROM and light
sensitive nodes from accidental exposure to ultraviolet light. 

PROGRAMMING THE MC68701U4 EPROM 
When the MC68701U4 is released from reset in mode 0, a 

vector is fetched from location SBFFE:$BFFF. This provides 
a method for an external program to obtain control of the 
microcomputer with access to every location in the EPROM. 

To program the EPROM, it is necessary to operate the 
MC68701U4 in mode 0 under the control of a program resi
dent in external memory which can facilitate loading and pro
gramming of the EPROM. After the pattern has been loaded 
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into externa.1 memory, the EPROM can be programmed as 
follows: 

a. Apply programming power (Vpp) to the RESET/Vpp 
pin. 

b. Clear the PLC control bit and set the PPC bit by writing 
$FE to the RAM/EPROM control register. 

c. Write data to the next EPROM location to be program
med. Triggered by an MPU write to the EPROM, inter
nal latches capture both the EPROM address and the 
data byte. 

d. Clear the PPC bit for programming time, tpp. by writing 
$FC to the RAM/EPROM control register and waiting 
for time, tpp· This step gates the programming power 
(Vpp) from the RESET/Vpp pin to the EPROM which 
programs the location. 

e. Repeat steps b through d for each byte to be program
med. 

f. Set the PLC and PPC bits by writing $FF to the 
RAM/EPROM control register. 

g. Remove the programming power (Vppl from the 
RESET/Vpp pin. The EPROM can now be read and 
verified. 

Because the erased state of an EPROM byte is $00, it is not 
necessary to program a location which is to contain $00. 
Finally, it should be noted that the result .of inadvertently 
programming a location more than once is the logical OR of 
the data patterns. 

PROGRAMMABLE TIMER 
The programmable timer can be used to perform 

measurements on two separate input waveforms while in
dependently generating three output waveforms. Pulse 
widths can vary from several microseconds to many 
seconds. A block diagram of the timer is shown in Figure 21. 
COUNTER ($09:0A), ($15, $16) 

The key timer element is a 16-bit free-running counter 
which is incremented by E (enablel. It is cleared during reset 
and is read-only with one exception: in mode 0 a write to the 
counter ($09) will preset it to $FFF8. This feature, intended 
for testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. The TOF bit is set 
whenever the counter contains all ones. If ETOI is set, an in
terrupt will occur when the TOF is set. The counter may also 
be read at $15 and $16 to avoid inadvertently clearing the 
TOF. 

OUTPUT COMPARE REGISTERS ($0B:OC), ($1A:1B), 
($1C:1D) 

The three output compare registers are 16-bit read/write 
registers, each used to control an output waveform or pro
vide an arbitrary time-out flag. They are compared with the 
free-running counter during the negative half of each E cy
cle. When a match occurs, the corresponding output com
pare flag IOCF) js set and the corresponding output level 
(OLVU is clocked to an output level register. If both the cor
responding output enable bit and data direction register bit 
are set, the value represented in the output level register will 
appear on the corresponding port pin. The appropriate OLVL 
bit can then be changed for ·the next compare. 

The function is inhibited for one cycle after a write to its 
high byte ($08, $1A, or $1C) to ensure a valid compare after 
a double byte write. Writes can be made to either byte of the 
output compare register without affecting the other byte. 
The OLVL value will be clocked out independently of 
whether the OCF had previously been cleared. The output 
compare registers are set to SFFFF during reset. 

INPUT CAPTURE REGISTERS ($00:0E), ($1E:1F) 

The two input capture registers are 16-bit read-only 
registers used to store the free-running counter when a 
"proper" input transition occurs as defined by the cor
responding input edge bit (IEDG1 or IEDG2). The input pin's 
data direction register should be configured as an input, but 
the edge detect circuit always senses P10 and P20 even 
when configured as an output. The counter value will be 
latched into ttie input capture registers on the second 
negative edge of the E clock following the transition. 

An input capture can occur independently of ICF; the 
register always contains the most current value. Counter 
transfer is inhibited, however, between accesses of a double 
byte MPU read. The input pulse width must be at least two E 
cycles to ensure an input capture under all conditions. 

TIMER CONTROL AND STATUS REGISTERS 
Four registers are used to provide the MC68701 U4 with 

control and status information about the three output com
pare functions, the timer overflow function, and the two in
put edge functions of the timer. They are: 

Timer Control and Status Register ITCSR) 
Timer Control Register 1 (TCR1) 
Timer Control Register 2 ITCR2) 
Timer Status Register ITSRl 
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TIMER CONTROL AND STATUS REGISTER (TCSRl 
($08) - The timer control and status register is an 8-bit 
register of which all bits are readable, while only bits 0-4 can 
be written. All the bits in this register are also accessible 
through the two timer control registers and the timer status 
register. The three most significant bits provide the timer 
status and indicate if: 

1. a proper level transition has been detected at P20, 
2. a match has occurred between the free-running 

counter and output compare register 1, or 
3. the free-running counter has overflowed. 
Each of the three events can generate an IR02 interrupt 

and is controlled by an individual enable bit in the TCS R. 

TIMER CONTROL AND STATUS REGISTER 

7 6 5 4 3 2 1 0 

j1cF1 I ocF1 I TOF I E1c11 I Eoc11 I Ern1i1rnG1 loLvL1I $00 

Bit 0 Output Level 1 - OLVL 1 is clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit in timer con· 
trol register 1 is set. OLVL 1 and output level 
register 1 are cleared during reset. Refer to TIMER 
CONTROL REGISTER 1 (TCR1) ($17). 

Bit 1 Input Edge 1 - IEDG 1 is cleared during reset and 
controls which level transition on P20 will trigger a 
counter transfer to input capture register 1: 

IEDG 1=0 transfer on a negative-edge 
IEDG 1 = 1 transfer on a positive-edge 

Refer to TIMER CONTROL REGISTER 1 (TCR1) 
($17). 

Bit 2 Enable Timer Overflow Interrupt - When set, an 
IRQ2 interrupt will be generated when the timer 
overflow flag is set; when clear, the interrupt is in· 
hibited. ETOI is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 

Bit 3 Enable Output Compare Interrupt 1 - When set, 
an IRQ2 interrupt will be generated when output 
compare flag 1 is set; when clear, the interrupt is in
hibited. EOCl1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 

Bit 4 

Bit 5 

Bit 6 

Enable Input Capture Interrupt 1 - When set, an 
IR02 interrupt will be generated when input cap
ture flag 1 is set; when clear, the interrupt is in
hibited. EICl1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 

Timer Overflow Flag - The TOF is set when the 
counter contains all ones 1$FFFF). It is cleared by 
reading the TCSR or the TSR (with TOF set) and 
the counter high byte 1$091, or during reset. Refer 
to TIMER STATUS REGISTER (TSR) ($19). 

Output Compare Flag 1 - OCF1 is set when output 
compare register 1 matches the free-running 
counter. OCF1 is cleared by reading the TCSR or 
the TS R I with OCF1 set) and then writing to output 
compare register 1 ($OB or $0CI, or during reset. 
Refer to TIMER STATUS REGISTER (TSR) ($19). 

Bit 7 Input Capture Flag - ICF1 is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TCSR or the TSR !with ICF1 set) and 
the input capture register 1 high byte 1$001, or dur· 
ing reset. Refer to TIMER STATUS REGISTER 
(TSR) ($19). 

TIMER. CONTROL REGISTER 1 (TCR1) ($17) - Timer 
control register 1 is an 8-bit read/write register which con
tains the control bits for interfacing the output compare and 
input capture registers to the corresponding 1/0 pins. 

TIMER CONTROL REGISTER 1 

7 6 5 4 3 2 1 0 

loE3 I OE2 I OE1j1rnG2j1rnG11oLVL3joLVL2joLvL1j $17 

Bit O Output Level 1 - OLVL 1 rs clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit is set. OLVL 1 
and output level register 1 are cleared during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 

Bit 1 Output Level 2 - OLVL2 is clocked to output level 
register 2 by a successful output compare and will 
appear at P11 if bit 1 of port 1 data direction register 
is set and the OE2 control bit is set. OLVL2 and out· 
put level register 2 are cleared during reset. 

Bit 2 Output Level 3 - OLVL3 is clocked to output level 
register 3 by a successful output compare and will 
appear at P12 if bit 2 of port 1 data direction register 
is set and the OE3 control bit is set. OLVL3 and out
put level register 3 are cleared during reset. 

Bit 3 Input Edge 1 - IEDG1 is cleared during reset and 
controls which level transition on P20 will trigger a 
counter transfer to input capture register 1. 

IEDG1 =0 transfer on a negative-edge 
IEDG1=1 transfer on a ppsitive-edge 

Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 

Bit 4 Input Edge 2 - IEDG2 is cleared during reset and 
controis which level uansitlon on P1C vvin tilgger o 
counter transfer to input capture register 2. 

Bit 5 

Bit 6 

IEDG2=0 transfer on a negative-edge 
IEDG2 = 1 transfer on a positive-edge 

Output Enable 1 - OE 1 is set during reset and 
enables the contents of output level register 1 to be 
connected to P21 when bit 1 of port 2 data direc
tion register is set. 

OE1=0 port 2 bit 1 data register output 
OE1=1 output level register 1 

Output Enable 2 - OE2 is cleared during reset and 
enables the contents of output level register 2 to be 
connected to P11 when bit 1 of port 1 data direc
tion register is set. 

OE2 = 0 port 1 bit 1 data register output 
OE2 = 1 output level register 2 
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Bit 7 Output Enable 3 - OE3 is cleared during reset and 
enables the contents of output level register 3 to be 
connected to P12 when bit 2 of port 1 data direc
tion register is set 

OE3 = 0 port 1 bit 2 data register output 
OE3 = 1 output level register 3 

TIMER CONTROL REGISTER 2 (TCR2) ($18) - Timer 
control register 2 1s an B-bit read/write register (except bits 0 
and 11 which enable the interrupts associated with the free
running counter, the output compare registers, and the input 
capture registers. In test mode 0, two more bits (clock and 
test) are available for checking the timer. 

TIMER CONTROL REGISTER 2 
( Non-T 811 Modes! 

7 6 5 4 3 2 0 

IE1c12 I E1c11 I rnc13 I rnc12 I rnc11 I ET01 $18 

Bits 0-1 Read-Only Bits - When read, these bits return a 
value of 1. Refer to TIMER CONTROL REGISTER 2 
!Test Model. 

Bit 2 

Bit 3 

Enable Timer Overflow Interrupt - When set, an 
IRQ2 interrupt will be generated when the timer 
overflow flag 1s set; when clear, the interrupt 1s in
hibited. ETOI is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 
(TCSR) ($00) 

Enable Output Compare Interrupt 1 - When set, 
an IR02 interrupt will be generated when the out
put compare flag 1 is set; when clear, the interrupt 
is inhibited. EOCll is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 
ITCSRl ($00) 

Bit 4 Enable Output Compare Interrupt 2 - When set, 
an I RQ2 interrupt will be generated when the out
put compare flag 2 is set; when clear, the interrupt 
is inhibited. EOCl2 is cleared during reset. 

Bit 5 Enable Output Compare Interrupt 3 - When set, 
an i11TI2 interrupt will be generated when the out
put compare flag 3 is set; when clear, the interrupt 
is inhibited. EOCl3 is cleared during reset. 

Bit 6 Enable Input Capture Interrupt 1 - When set, an 
iRCT2 interrupt will be generated when the input 
capture flag 1 is set; when clear, the interrupt is in
hibited. EICll is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 
(TCSRl ($08) 

Bit 7 Enable Input Capture Interrupt 2 - When set, an 
I R02 interrupt will be generated when the input 
capture flag 2 is set; when clear, the interrupt is in
hibited. EICl2 is cleared during reset. 

The timer test bits (test and clock) allow the free-cunning 
counter 10 be tested as two separate B-b1t counters to speed 
testing. 

TIMER CONTROL REGISTER 2 
(Tast Model 

7 6 5 4 3 2 1 0 

IE1c12 i E1c11 i rnc13j rnc12! Eoc11 j ETOI I TEsrjcLocKI s18 

Bit 0 

Bit 1 

CLOCK - The CLOCK control bit selects which 
half of the 16-bit free-running counter IMSB or 
LS Bl should be clocked with E. The CLOCK bit is a 
read/write bit only in mode 0 and 1s set during 
reset. 

CLOCK= 0 - Only the eight most significant bits 
of the free-running counter run with TEST= 0 

CLOCK= 1 - Only the eight least significant bits 
of the free-running counter run when 
TEST= 0 

TEST - the TEST control bit enables the timer test 
mode. TEST 1s a read/write bit 1n mode 0 and is set 
during reset. 

TEST= 0 - Timer test mode enabled: 
al The timer LSB latch is transparent which 

allows the LS B to be read independently 
of the MSB. 

bl Either the MS B or the LS B of the timer 1s 
clocked by E, as defined by the CLOCK 
bit. 

TEST= 1 - Timer test mode disabled. 

Bits 2-7 See TIMER CONTROL REGISTER 2 (Non-Test 
Modes). (These bits function the same as 1n the 
non-test modes.I 

TIMER STATUS REGISTER (TSRI ($19) - The timer 
status register is an B-b1t read-only register which contains 
the flags associated with the free-running counter, the out
put compare registers, and the input capture registers. 

TIMER STATUS REGISTER 

7 6 5 4 3 0 

J 1cF2 J 1cF1 I OCF3 J ocF2 j ocF1 I TOF $19 

Bits 0-1 Not used. 

Bit 2 

Bit 4 

Bit 5 

Bit 6 

Timer Overflow Flag - The TOF 1s set when the 
counter contains all ones ($FFFFI. It 1s cleared by 
reading the TSR or the TCSR (with TOF set) and 
then the counter high byte ($09), or during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08) 

Output Compare Flag 1 - OCF1 1s set when output 
compare register 1 matches the free-running 
counter. OCFl 1s cleared by reading the TSR or the 
TCSR !with OCF1 set) and then writing to output 
compare register 1 ($OB or $0CI, or during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08) 

Output Compare Flag 2 - OCF2 is set when output 
compare register 2 matches the free-running 
counter. OCF2 is cleared by reading the TSR (with 
OCF2 set) and then writing to output compare 
register 2 1$1 A or $1 Bl, or during reset 

Output Compare Flag 3 - OCF3 is set when output 
compare register 3 matches the free-running 
counter. OCF3 is cleared by reading the TSR (with 
OCF3 set) ·and then writing to output compare 
register 3 ($1 C or $1DI, or during reset. 

Input Capture Flag 1 - ICFl is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TSR or the TCSR (with ICFl set) and 
the input capture register 1 high byte ($001, or dur
ing reset. Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR) ($08) 
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Bit 7 Input Capture Flag 2 - ICF2 is set to indicate that a 
proper level transition has occurred; it is cleared by read
ing the TSR (with ICF2 set) and the inputcapture register 
2 high byte ($1E), or during reset. 

SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous serial communications interface 
(SCI) is provided with two data formats and a variety of rates. 
The SCI transmitter and receiver are functionally independent 
but use the same data format and bit rate. Serial data formats 
include standard mark/space (NRZ) and bi-phase. Both provide 
one start bit, eight data bits, and one stop bit. "Baud" and "bit 
rate" are used synonymously in the following description. 

WAKE-UP FEATURE 

In a typical serial loop multiprocessor configuration, the soft
ware protocol will usually identify the addressee(s) at the be
ginning of the message. In order to permit uninterested MPUs 
to ignore the remainder of the message, wake-up feature is 
included whereby all further SCI receiver flag (and interrupt) 
processing can be inhibited until its data line goes idle. An SCI 
receiver is re-enabled by an idle string of eleven consecutive 

ones or during reset. Software must provide for the required 
idle string between consecutive messages and prevent it within 
messages. 

PROGRAMMABLE OPTIONS 

The following features of the SCI are programmable: 

• Format: standard mark/space (NRZ) or bi-phase 

• Clock: external or internal bit rate clock 

• Baud: one of eight per E clock frequency or external 
clock Ix 8 desired baud) 

• Wake-Up Feature: enabled or disabled 

• Interrupt Requests: enabled individually for transmitter 
and receiver 

• Clock Output: internal bit rate clock enabled or disabled 
to P22 

SERIAL COMMUNICATIONS REGISTERS 

The serial communications interface includes four address
able registers as depicted in Figure 22. It is controlled by the 
rate and mode contol register and the transmit/receive control 
and status register. Data is transmitted and received utilizing 
a write-only transmit register and a read-only receive register. 
The shift registers are not accessible to software. 

FIGURE 22 - SCI REGISTERS 
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RATE AND MODE CONTROL REGISTER (RMCR) ($10) 
- The rate and mode control register controls the SCI bit 
rate, format, clock source, and under certain conditions, the 
configuration of P22. The register consists of five write-only 
bits which are cleared during reset. The two least significant 
bits in conjunction with bit 7 control the bit rate of the inter
nal clock and the remaining two bits control the format and 
clock source. 

RATE ANO MOOE CONTROL REGISTER 

7 6 5 4 3 2 l 0 

I EBE I x )( I )( I CC1 I CCO I SS1 I SSO I <rn 

Bit 1:B1t 0 SS1:SSO Speed Select - These two bits select 
the baud when using the internal clock. Eight 
rates may be selected lin con1unction with bit 71 
which are a function of the MCU input frequen
cy. Table 6 lists bit time and rates for three 
selected MCU frequencies. 

Bit 3:B1t 2 CC1:CCO Clock Control and Format Select -
These two bits control the format and select the 
serial clock source. If CC1 is set, the DDR value 

Bits 4-6 

Bit 7 

for P22 is forced to the complement of CCO and 
cannot be altered until CC1 is cleared. If CC1 is 
cleared after having been set, its DDR value is 
unchanged. Table 7 defines the formats, clock 
source, and use of P22. 

Not used. 

EBE Enhanced Baud Enable - EBE selects the 
standard M C6801 baud rates when clear and the 
additional baud rates when set IT able 61. This 
bit is cleared by reset and 1s a write-only control 
bit 

EBE=O standard MC6801 baud rates 
EBE= 1 additional baud rates 

If both CC1 and CCO are set, an external TTL-compatible 
clock must be connected to P22 at eight times 18 x I the 
desired bit rate, but not greater than E, with a duty cycle of 
50% I± 10% I. If CC1:CCO=10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 

NOTE 

The source of SCI internal bit rate clock 1s the timer 
free-running counter. An MPU write to the counter in 
mode 0 can disturb serial operations 

TABLE 6 - SCI BIT TIMES AND RATES 

410 - 2.4576 MHz 4.0 MHz 4.9152 MHz 

EBE SSl:SSO 614.4 kH> 1.0 MHz 1.2288 MHz 
E Baud Time Baud Time Baud Time 

0 0 0 -16 38400.0 26 µS 62500.0 16.0 µS 76800.0 130 µs 

0 0 l + 128 4800.0 208.3 µs 7812 5 128.0 µS 9600.0 104.2 µS 

0 l 0 + 1024 600.0 1.67 ms 976.6 1.024 ms 1200.0 833.3 µS 

0 1 l +4096 150.0 6.67 ms 244 1 4.096 ms 300.0 3.33 ms 

1 0 0 -64 9600.0 104.2 µS 15625.0 64 µS 19200.0 52.0 µS 

1 0 1 -256 2400.0 416.6µs 3906.3 256 µS 4800.0 208.3 µs 

1 1 0 +512 1200.0 833.3 µS 1953.1 512 µS 2400.0 416.6µs 

1 1 1 -2048 300.0 3.33 ms 488.3 205 ms 600.0 01.67 ms 

External I P221 * 76800 0 130 µS 125000 0 8.0 µS 153600.0 6.5 µS 

*Using maximum clock rate 

TABLE 7 - SCI FORMAT AND CLOCK SOURCE CONTROL 

Clock Port2 
CCl:CCO Format Source Bit 2 

00 Bi-Phase Internal Not Used 

01 NRZ Internal Not Used 

10 NRZ Internal Output 

11 NRZ External Input 
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TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER 
(TRCSR) ($11)-The transmit/receive control and status reg
ister controls the transmitter, receiver, wake-up feature, and 
two individual interrupts, and monitors the status of serial op
erations. All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 

TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER 

7 6 5 4 3 2 1 0 

IRDRF I ORFE I TORE I RIE I RE I TIE I TE I WU I $11 

Bit o "Wake-Up on Idle Line - When set, WU enables the 
wake-up function; it is cleared by eleven consecutive 
ones or during reset. WU will not be set if the line is 
idle. Refer to WAKE-UP FEATURE. 

Bit 1 Transmit Enable- When set, P24 DOR bit is set, cannot 
be changed, and will remain set if TE is subsequently 
cleared. When TE is changed from clear to set, the trans
mitter is connected to P24 and a preamble of nine con
secutive ones is transmitted. TE is cleared during reset. 

Bit 2 Transmit Interrupt Enable - When set, an IR02 is set; 
when clear, the interrupt is inhibited. TE is cleared during 
reset. 

Bit 3 Receive Enable - When set, the P23 DOR bit is cleared, 
cannot be changed, and will remain clear if RE is sub
sequently cleared. While RE is set, the SCI receiver is 
enabled. RE is cleared during reset. 

Bit 4 Receiver Interrupt Enable~ When set, an IR02 interrupt 
is enabled when RDRF and/or ORFE is set; when clear, 
the interrupt is inhibited. RIE is cleared during reset. 

Bit 5 Transmit Data Register Empty - TORE is set when the 
transmit data register is transfered to the output serial 
shift register or during reset. It is cleared by reading the 
TRCSR (with TORE set) and then writing to the transmit 
data register. Additional data will be transmitted only if 
TORE has been cleared. 

Bit 6 Overrun Framing Error - If set, ORFE indicates either 
an overrun or framing error. An overrun is a new byte 
ready to transfer to the receiver data register with RDRF 
still set. A receiver framing error has occurred when the 
stop bit (1) is not found in the tenth bit time. An overrun 
can be distinguished from a framing error by the state 
of RDRF: if RDRF is set, then an overrun has occurred; 
otherwise, a framing error has been detected. Data is 
not transferred to the receive data register in an overrun 
condition. Unframed data causing a framing error is 
transferred to the receive data register. However, sub
sequent data transfer is blocked until the framing error 
flag is cleared. ORFE is cleared by reading the TRCSR 
(with ORFE set) then the receive data register, or during 
reset. 

Bit 7 Receive Data Register Full - RDRF is set when the input 
serial shift register is transferred to the receive data reg
ister, or during reset. 

SERIAL OPERATIONS 

The SCI is initialized by writing control bytes first to the rate 
and mode control register and then to the transmit/receive 
control and status register. When TE is set, the output of the 
transmit serial shift register is connected to P24 and serial 
output is initiated by transmitting a 9-bit preamble of ones. 

At this point, one of two situations exists: 1) if the transmit 
data register is empty (TORE~ 1 ); a continuous string of ones 
will be sent indicating an idle line; or 2) if a byte has been 
written to the transmit data register (TOE~ 0), it will be trans
ferred to the output serial shift register (synchronized with the 
bit rate clock), TORE will be set, and transmission will begin. 

The start bit (O), eight data bits (beginning with bit O), and a 
stop bit (1) will be transmitted. If TORE is still set when the 
next byte transfer occurs, ones will be sent until more data is 
provided. In bi-phase format, the output toggles at the start of 
each bit and at half-bit time when a one is sent. Receive op
eration is controlled by RE which configures P23 as an input 
and enables the receiver. SCI data formats are illustrated in 
Figure 23. 

FIGURE 23 - SCI DATA FORMATS 

Output 
Clock 

Data 0 0 0 0 

NAZ 
Format 

I' 

Bi-Phase 
Format 

Idle Start 
Bit Bit 
0 2 3 4 5 6 7 

Data 01001101 1$401 
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INSTRUCTION SET 

The MC68701 U4 is directly source compatible with the 
MC6801 and upward source and object code compatible 
with the MC6800. Execution times of key instructions have 
been reduced and several instructions have been added, in
cluding a hardware multiply. A list of new operations added 
to the MC6800 instruction set is shown in Table 1. 

In addition, two special opcodes, 4E and 5E, are provided 
for test purposes. These opcodes force the program counter 

to increment like a 16-bit counter causing address lines used 
in the expanded modes to increment until the device is reset. 
These opcodes have no mnemonics. 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 

TABLE 8 - CPU INSTRUCTION MAP 

OP MNEM MODE - I OP MNEM MOOE - I OP MNEM MODE - I OP MNEM MODE 

00 . 34 DES INHER 3 1 68 ASL INDXD 6 2 9C CPX DIR 

01 NOP INHEA 2 1 35 TXS 

" 
3 1 69 AOL 

1 
6 2 9D JSR t 02 . 

" 
36 PSHA 3 1 6A DEC 6 2 9E LDS 

03 . 37 PSHB 3 1 6B . 9F STS DIR 

04 LSRD 3 1 36 PULX 5 1 6C INC 6 2 AO SUBA INOXO 

05 ASLD 3 1 39 ATS 5 1 6D TST 6 2 Al CMPA 

06 TAP 2 1 3A ABX 3 1 6E JMP 3 2 A2 SBCA 

07 TPA 2 1 3B RTI 10 1 6F CLR INOXD 6 2 A3 SUBD 

00 INX 3 1 3C PSHX 4 1 70 NEG EXT ND 6 3 A4 ANDA 

09 DEX 3 1 3D MUL 10 1 71 • A5 SITA 

OA CLV 2 1 3E WAI 9 1 72 . A6 LDAA 

OB SEV 2 I 3F SWI 12 1 73 COM 6 3 A7 STAA 

oc CLC 2 1 40 NEGA 2 1 74 LSR 6 3 AB EDRA 
OD SEC 2 1 41 . 75 . A9 ADCA 
OE cu 2 1 42 . 76 ROA 6 3 AA ORAA 

OF SEI 2 1 43 COMA 2 1 77 ASA 6 3 AB ADDA 
10 SBA 2 1 44 LSRA 2 1 7B ASL 6 3 AC CPX 

11 CBA 2 1 45 . 79 AOL 6 3 AD JSR 

12 46 RORA 2 1 7A DEC 6 3 AE LDS 

13 47 ASRA 2 1 7B . AF STS INDXD 

14 48 ASLA 2 1 7C INC 6 3 BO SUBA EXT ND 

15 49 ROLA 2 1 7D TST 

* 
6 3 Bl CMPA 

16 TAB 2 1 4A DECA 2 1 7E JMP 3 3 B2 SBCA 

17 TBA w 2 1 4B 7F CLR EXT ND 6 3 B3 SUBD 

lB . 4C INCA 2 1 80 SUBA IMMED 2 2 B4 ANDA 

19 DAA INHER 2 1 4D TSTA 2 1 Bl CMPA 

" 
2 2 B5 SITA 

lA 4E T B2 SBCA 2 2 B6 LDAA 
lB ABA INHER 2 1 4F CLRA 2 1 B3 SUBD 4 3 B7 STAA 

lC . 50 NEGS 2 1 84 ANDA 2 2 BB EORA 

1D 51 . B5 BITA 2 2 B9 ADCA 

1E 52 . 86 LDAA 2 2 BA ORAA 

1F 53 COMB 2 1 B7 . BB ADDA 

20 BRA REL 3 2 54 LSRB 2 1 88 EORA 2 2 BC CPX 

21 BRN 3 2 55 . 89 ADCA 2 2 BO JSR 

22 BHI 3 2 56 RORB 2 1 BA ORAA 

* 
2 2 BE LDS 

23 BLS 3 2 57 ASRB 2 1 BB ADDA 2 2 BF STS EXTND 

24 BCC 3 2 5B ASLB 2 1 BC CPX IMMED 4 3 co SUBS IMMED 

25 BCS 3 2 59 AOLB 2 1 BD BSA REL 6 2 Cl CMPB 

26 BNE 3 2 5A DECB 2 1 BE LDS IMMED 3 3 C2 SBCB 

27 BEO 3 2 5B BF C3 ADDO 

2B BVC 3 2 5C INCB 2 1 90 SUSA DIR 3 2 C4 ANDS 

29 BVS 3 2 5D TSTB 
~ 

2 1 91 CMPA 3 2 C5 BITB 

2A BPL 3 2 5E T 92 SBCA 3 2 C6 LDAB 

2B BMI 3 2 5F CLRB INHER 2 1 93 SUBD 5 2 C7 

2C BGE 3 2 60 NEG INDXD 6 2 94 ANDA 3 2 CB EORB 

2D BLT 3 2 61 . 

1 
95 SITA 3 2 C9 ADCB 

2E BGT r 3 2 62 . 96 LDAA 3 2 CA ORAB 

2F BLE REL 3 2 63 COM 6 2 97 STAA 3 2 CB ADDS 

"° rsx INHEA 3 1 64 LSR 6 2 9B EDRA 3 2 cc LDD 

31 INS i 3 1 65 . 
' 

99 ADCA 3 2 CD . 
32 PULA 4 1 66 ROA 6 2 9A DRAA 

~ 
3 2 CE LOX IMMED 

33 PULS 4 1 67 ASA INDXD 6 2 9B ADDA 3 2 CF . 
NOTES: 

1. Addressing Modes 
INHER "'Inherent INDXD •Indexed IMMED & Immediate 
REL,.Relative EXT ND• Extended DIR;;; Direct 

2. Unassigned opcodes are indicated by"•" and should not be executed. 
3. Codes marked by "T" force the PC to function as a· 16-bit counter. 
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- ' OP MNEM MODE - I 

5 2 DO SUBB DIR 3 2 
5 2 Dl CMPB ~ 3 2 
4 2 D2 SBCB 3 2 
4 2 D3 ADDO 5 2 
4 2 04 ANDB 3 2 
4 2 D5 BITB 3 2 
4 2 D6 LDAB 3 2 
6 2 D7 STAB 3 2 
4 2 DB EORB 3 2 
4 2 D9 ADCB 3 2 
4 2 DA ORAB 3 2 
4 2 DB ADDB 3 2 
4 2 DC LDD 4 2 
4 2 DD STD 4 2 
4 2 DE LDX 4 2 
4 2 DF STX DIR 4 2 
6 2 EO SUBS INDXD 4 2 
6 2 El CMPB 4 2 
5 2 E2 SBCB 4 2 
5 2 E3 ADDO 6 2 
4 3 E4 ANDS 4 2 
4 3 E5 BITB 4 2 
4 3 E6 LDAB 4 2 
6 3 E7 STAB 4 2 
4 3 EB EORB 4 2 
4 3 E9 ADCB 4 2 
4 3 EA ORAB 4 2 
4 3 EB ADOS 4 2 
4 3 EC LDD 5 2 
4 3 ED STD 5 2 
4 3 EE LDX 5 2 
4 3 EF STX INDXO 5 2 
6 3 FO SUBB EXTND 4 3 
6 3 Fl CMPB 4 3 
5 3 F2 SBCB 4 3 
5 3 F3 ADDO 6 3 
2 2 F4 ANDS 4 3 
2 2 F5 BITB 4 3 
2 2 F6 LDAB 4 3 
4 3 F7 STAB 4 3 
2 2 FB EOAB 4 3 
2 2 F9 ADCB 4 3 
2 2 FA ORAB 4 3 

FB ADDS 4 3 
2 2 FC LDD 5 3 
2 2 FD STD 5 3 
2 2 FE LDX 5 3 
2 2 FF STX EXTND 5 3 
3 3 

*UNDEFINED OP CODE 

3 3 

• 



• 
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PROGF!AMMING MODEL 

A programming model for the MC68701U4 is shown in 
Figure 8. Accumulator A can be concatenated with ac
cumulator B and jointly referred to as accumulator D where 
A is the most significant byte. Any operation which modifies 
the double accumulator will also modify accumulators A 
and/or B. Other registers are defined as f.ollows: 

PROGRAM COUNTER - The program counter is a 16-bit 
register which always points to the next instruction. 

STACK POINTER - The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/ pullup (LIFO) queue. The stack resides in 
random-access memory at a location defined by the pro
grammer. 

INDEX REGISTER - The index register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 

ACCUMULATORS - The MPU contains two 8-bit ac
cumulators, A and B, which are used to store operands and 
results from the arithmetic logic unit (ALU). They can also be 
concatenated and referred to as the D (double) accumulator. 

CONDITION CODE REGISTER - The condition code 
register indicates the results of an instruction and includes 
the following five condition bits: negative (NI, zero (ZI, 
overflow (VI, carry/borrow from MSB (C), and half carry 
from bit 3 (HI. These bits are testable by the conditional 
branch instructions. Bit 4 is the interrupt mask I I bit) and in
hibits all maskable interrupts when set. The two unused bits, 
86 and 87, are read as ones. 

ADDRESSING MODES 
Six addressing modes can be used to reference memory. 

A summary of addressing modes for all instructions is 
presented in Tables 9, 10, 11, and 12 where execution times 
are provided in E cycles. Instruction execution times are 
summarized in Table 13. With an input frequency of 4 MHz. 
one E cycle is equivalent to one microsecond. A cycle-by
cycle description of bus activity for each instruction is pro
vided in Table 14 and descriptions of selected instructions 
are shown in Figure 24. 

IMMEDIATE ADDRESSING - I he operand or "im
mediate byte(s)" is contained in the following bytelsl of the 
instruction where the number of bytes matches the size of 
the register. These are two or three byte instructions. 

DIRECT ADDRESSING - The least significant byte of the 
operand address is contained in the second byte of the in
struction .and the most significant byte is assumed to be $00. 
Direct addressing allows the user to access $00 through $FF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. In most applica
tions, the 256-byte area is reserved for frequently referenced 
data. 

EXTENDED APDRESSING - The second and third bytes 
of the instruction contain the absolute address of the 
operand. These are three byte instructions. 

INDEXED ADDRESSING - The unsigned offset con
tained in the second byte of the instruction is added with 
carry to the index register and is used to reference memory 
without changing ihe index register. These are two byte in
structions. 

INHERENT ADDRESSING - The operandlsl is a register 
and no memory reference is required. These are single byte 
instructions. 

RELATIVE ADDRESSING - Relative addressing is used 
only for branch instructions. If the branch condition is true, 
the program counter is overwritten with the sum of a signed 
single byte displacement in the second byte of the instruc
tion and the current program counter. This provides a 
branch range of -126 to + 129 bytes from the first byte of 
the instruction. These are two byte instructions. 

. SUMMARY OF CYCLE-BY-CYCLE OPERATION 
Table 14 provides a detailed description of the information 

present on the address bus, data bus, and the read/write 
IR/WI line during each cycle of each instruction. 

The information is useful in comparing actual with ex
pected results during debug of both software and hardware 
as the program is executed. The information is categorized in 
groups according to addressing mode and number of cycles 
per instruction. In general, instructions with the same ad
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during M PU reads of internal locations, the 
resultanl'value will not appear on the external data bus ex
cept in mode 0. "High order" byte refers to the most signifi
cant byte of a 16-bit value. During unused bus cycles, the ad
dress bus is forced to $FFFF and R/W is high. 
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Pointer Operations 

Compare Index Register 

Decrement Index Register 

Decrement Stack Pointer 

Increment Index Register 

Increment Stack Pointer 

Load Index Register 

Load Stack Pointer 

Store Index Regist8r 

Store Stack Pointer 

Index Reg- Stack Pointer 

Stack Pntr-lndex Register 

Add 

Push Data 

Pull Data 

Accumulator and 
Memory ,Operations 

Add Accumulators 

AddBtoX 

Add with Carry 

Add 

Add Double 

And 

Shift Left, Arithmetic 

Shift Left Double 

Shift Right, Arithmetic 

Bit Test 

Compare Accumulators 

Clear 

Compare 

1's Complement 

MC68701U4 

TABLE 9 - INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

lmmed Direct Index Extend Inherent Boolean/ 
MNEM Op - # Op - # Op - # Op - # ')p - # Arithmetic Operation 

CPX BC 4 3 9C 5 2 AC 6 2 BC 6 3 X-M:M+1 

DEX 09 3 1 X-1-X 

DES 34 3 1 SP-1-SP 

INX 08 3 1 x+1-x 

INS 31 3 1 1 SP+l-SP 

LOX CE 3 3 DE 4 2 EE 5 2 FE 5 3 M-l<_tclM+11-~ 

LOS BE 3 3 9E 4 2 AE 5 2 BE 5 3 M -sPH,(M + 1) -spl 

STX DF 4 2 EF 5 2 FF 5 3 XH-M,Xl -(M-+-11 

STS 9F 4 2 AF 5 2 BF 5 3 SPH-M,SPL -!M+ 1) 

TXS 35 3 1 X-1-SP 

TSX 30 3 1 SP+1-X 

ABX 3A 3 1 s+x-x 
PSHX 3C 4 1 XL - M5p,SP- 1 -SP 

xH-Msp,SP-1-SP 

PULX 38 5 1 SP+ 1 -sP,Msp-XH 
SP+ 1-SP,Msp-xl 

TABLE 10 - ACCUMULATOR AND MEMORY INSTRUCTIONS !Sheet 1 of 2) 

Im med Direct Index Extend lnher Boolean 
MNEM Op 

ASA 

ABX 

ADCA 89 

ADCB C9 

ADDA BB 

ADDS CB 

ADDO C3 

ANDA 84 

ANDS C4 

ASL 

ASLA 

ASLB 

ASLD 

ASR 

ASRA 

ASRB 

81TA 85 

BITS C5 

CBA 

CLR 

CLRA 

CLRB 

CMPA 81 

CMP8 Cl 

COM 

COMA 

COMB 

- # Op - # Op - # Op - # Op - # Expression 

18 2 1 A+B-A 

3A 3 1 oo:s+x-x 

2 2 99 3 2 A9 4 2 89 4 3 A+M+C-A 

2 2 09 3 2 E9 4 2 F9 4 3 B+M+C-B 

2 2 98 3 2 AB 4 2 BB 4 3 A+M-A 

2 2 DB 3 2 EB 4 2 FB 4 3 B+M-A 

4 3 03 5 2 E3 6 2 F3 6 3 D+M:M+1-D 

2 2 94 3 2 A4 4 2 B4 4 3 A·M-A 

2 2 04 3 2 E4 4 2 F4 4 3 B·M-B 

68 6 2 78 6 3 -
48 2 1 @] -l 11111111 -o 
58 2 1 b7 bO 

05 3 1 

67 6 2 77 6 3 qi 1Ii1111-@J 47 2 1 

57 2 1 

2 2 95 3 2 A5 4 2 B5 4 3 A·M 

2 2 05 3 2 E5 4 2 F5 4 3 B·M 

11 2 1 A-8 

6F 6 2 7F 6 3 OO-M 

4F 2 1 OO-A 

5F 2 1 oo-s 

2 2 91 3 2 Al 4 2 Bl 4 3 A-M 

2 2 01 3 2 El 4 2 Fl 4 3 8-M 

63 6 2 73 6 3 M-M 

43 2 1 A-A 

53 2 1 s-s 
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Condition Codes 

5 4 3 2 1 0 

H I N z v c . . :I :I I :I . . . _!_ . . . . . . . . . . . I . . . . . . . . . . ± + R . . . R . . . ± ± R . . . R . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . 

Condition Codes 

5 4 3 2 1 0 

H I N z v c 
_!_ . i _!_ i . . . . . . 
1 . l1 I _!_ 
_!_ • _!_ _!_ ± ± . ± +± . _!_ . . _!_ _!__l _!_ . . ±± R . . R . . . [_!_ ]__ . . IJ J . . 

~ J_ . . 
±::r . . a: :I . . I I I I . . I I I I . . ITI R . . . I I R . . • _!_ l.l _!_ . . R s R R . . R s R R . . R s R R . . ll l. J_ J_ . . I I I I . . [I [ R s . . I I R s . . I I R s 
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TABLE 10 - ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2! 

Accumulator and Im med Direct Index Extend In her Boolean 

Memory Operations MNEM Op - # Op - # Op - # Op - # Op - # Expression 

Decimal Adjust, A DAA 19 2 1 AdJ binary sum to BCD 

Decrement DEC 6A 6 2 7A 6 3 M-1-M 

DECA 4A 2 1 A-1-A 

DECB 5A 2 1 B-1-B 

Exclusive OR EORA BB 2 2 98 3 2 AB 4 2 BB 4 3 AEDM-A 

EORB CB 2 2 DB 3 2 EB 4 2 FB 4 3 BEDM-B 

Increment INC 6C 6 2 7C 6 3 M+1-M 

INCA 4C 2 1 A+1-A 

INCB 5C 2 1 8+1-B 

Load Accumulators LDAA 86 2 2 96 3 2 A6 4 2 86 4 3 M-A 

LDAB C6 2 2 D6 3 2 E6 4 2 F6 4 3 M-B 

load Double LDD cc 3 3 DC 4 2 EC 5 2 FC 5 3 M:M+1-D 

Logical Shift, Left LSL 68 6 2 78 6 3 -LSLA 48 2 1 @l--111111111 -o 
LSLB 68 2 1 b7 bO 

LSLD 05 3 2 

Shift Right, Log+cal LSR 64 6 2 74 6 3 -
LSRA 44 2 1 0 -111111111-@J 
LSRB 54 2 1 b7 bO 

LSRD 04 3 1 

Multiply MUL 3D 10 1 Axs-o 
2's Complement (Negate) NEG 60 6 2 70 6 3 00-M-M 

NEGA 40 2 1 00-A-A 

NEGS 50 2 1 00-B-B 

No Operation NOP 01 2 1 PC+1-PC 

Inclusive OR ORAA BA 2 2 9A 3 2 AA 4 2 BA 4 3 A+M-A 

ORAB CA 2 2 DA 3 2 EA 4 2 FA 4 3 B+M-B 

Push Data PSHA 36 3 1 A-Stack 

PSHB 37 3 1 s-stack 
Pull Data PULA 32 4 1 Stack-A 

PULB 33 4 1 Stack-B 

Rotate Left ROL 69 6 2 79 6 3 -
ROLA 49 2 1 @l--111111111--19 
ROLB 59 2 1 b7 bO 

Rotate Right ROR 66 6 2 76 6 3 

RORA 46 2 1 @-111111111-@l 
RORB 56 2 1 b7 bO 

Subtract Accumulator SBA 10 2 1 A-B-A 

Subtract with Carry SBCA 82 2 2 92 3 2 A2 4 2 82 4 3 A-M-C-A 

S8C8 C2 2 2 D? 3 2 E? 4 ' F? 4 3 R-M-C-B 

Store Accumulators STAA 97 3 2 A7 4 2 87 4 3 A-M 

STAB D7 3 2 E7 4 2 F7 4 3 B-M 

STD DD 4 2 ED 5 2 FD 5 3 D-:.+M:M+l 

Subtract SUSA BO 2 2 90 3 2 AO 4 2 BO 4 3 A-M-A 

SUBS co 2 2 DO 3 2 ED 4 2 FO 4 3 B-M-B 

Subtract Double SUBD 83 4 3 93 5 2 A3 6 2 83 6 3 D-M:M+l-D 

Transfer Accumulator TAB 16 2 1 A-B 

TBA 17 2 1 B-A 

Test, Zero or.Minus TST 6D 6 2 7D 6 3 M-00 

TSTA 40 2 1 A-00 

TSTB 5D 2 1 8-00 

The condition code register notes are listed after Table 12. 
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Condition Codes 

5 4 3 2 1 0 
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TABLE 11 - JUMP AND BRANCH INSTRUCTIONS 

Condition Code Reg. 

Direct Relative Index Extend Inherent 5 4 3 2 1 0 
Operations MNEM Op - I Op - , Op - I Op - # Op - , Branch Test H I N z v c 

Branch Always BRA 20 3 2 None . . . . . . 
Branch Never BAN 21 3 2 None . . . . . . 
Branch If Carry Clear BCC 24 3 2 C=O . . . . . . 
Branch If Carry Set BCS 25 3 2 C=1 . . . . . . 
Branch If= Zero BEQ 27 3 2 Z=1 . . . . . . 
Branch If C!::Zero BGE 2C 3 2 NEB V=O . . . . . . 
Branch If >Zero BGT 2E 3 2 Z+INEBVJ=O . . . . . . 
Branch If Higher BHI 22 3 2 c+z~o . . . . . . 
Branch If Higher or Same BHS 24 3 2 C=O . . . . . . 
Branch If :sZero BLE 2F 3 2 Z+INEBVJ=1 . . . . . . 
Branch If Carry Set BLO 25 3 2 C=1 . . . . . . 
Branch If Lower Or Same BLS 23 3 2 C+Z=1 . . . . . . 
Branch If <Zero BLT 20 3 2 NEB V= 1 . . . . . . 
Branch If Minus BMI 28 3 2 N=1 . . . . . . 
Branch If Not Equal Zero BNE 26 3 2 Z=O . . . . . . 
Branch If Overflow Clear BVC 2B 3 2 V=O . . . . . . 
Branch If Overflow Set BVS 29 3 2 V=1 . . . . . . 
Branch If Plus BPL 2A 3 2 N=O . . . . . . 
Branch To Subroutine BSA BO 6 2 . . . . . . 
Jump JMP 6E 3 2 7E 3 3 See Special Operations-Figure 24 • . . . . . 
Jump To Subroutine JSR 90 5 2 AD 6 2 BO 6 3 . . . . . . 
No Operation NOP 01 2 1 . . . . . . 
Return From Interrupt ATI 3B 10 1 TrT TrT TrT 
Return From Subroutine ATS 39 5 1 See Special Operations-Figure24 • . . . . . 
Software Interrupt SWI 3F 12 1 

Wait For Interrupt WAI 3E 9 1 

TABLE 12 - CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 

Operations MNEM 

Clear Carry 

Clear Interrupt Mask 

Clear Overflow 

Set Carry 

Set Interrupt Mask 

Set Overflow 

Accumulator A- CCR 

CCR - Accumulator A 

LEGEND 
Op Operation Code I Hexadecimal) 
- Number of MPU Cycles 

Msp Contents of memory location pointed to by Stack Pointer 
# Number of Program Bytes 

+ Arithmetic Plus 
- Arithmetic Minus 
• Boolean AND 
X Arithmetic Multiply 
+ Boolean Inclusive OR 
a> Boolean Exclusive OR 
M Complement of M 

Transfer Into 
0 Bit=Zero 

00 Byte=Zero 

CLC 

CLI 

CLV 

SEC 

SEI 

SEV 

TAP 

TPA 

lnheren1 
Op - # Boolean Opera1ion 

QC 2 1 o-c 
OE 2 1 0-1 

OA 2 1 o-v 
OD 2 1 1-c 
OF 2 1 1-1 
OB 2 1 1-v 
06 2 1 A-CCR 

07 2 1 CCR-A 

CONDITION CODE SYMBOLS 
H Half-carry from bit 3 
I Interrupt mask 

N Negative (sign bit) 
Z Zero I byte) 
V Overflow, 2's complement 
C Carry/ Borrow from MSB 
R Reset Always 
S Set Always 
I Affected 
• Not Affected 
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Condition Code Register 

5 4 3 2 1 0 
H I N z v c . . . . . R . R . . . . . . . . R . . . . . . s . s . . . . . . . . s . 
I I I I I I . . . . . . 



$ .. 
:;; ., 
E 
E 

ABA • 
ABX • 
ADC 2 
ADD 2 
ADDO 4 
AND 2 
ASL • 
ASLD • 
ASA • 
BCC • 
BCS • 
BEQ • 

• 
BGE • 
BGT • 
BHI • 
BHS • 
BIT 2 
BLE • 
BLO • 
BLS • 
BLT • 
BMI • 
BNE • 
BPL • 
BRA • 
BAN • 
BSA • 
BVC • 
BVS • 
CBA • 
CLC • 
CLI • 
CLR • 
CLV • 
CMP 2 
COM • 
CPX 4 
DAA • 
DEC • 
DES • 
DEX • 
EOR 2 
INC • 
INS • 

MC68701U4 

TABLE 13 - INSTRUCTION EXECUTION TIMES IN E CYCLES 

ADDRESSING MODE 

,, ., ,, 
~ 

,, ., 
CJ I: " e ~ 

., ,, 
0 " E w 

• • • • • • 
3 4 4 
3 4 4 
5 6 6 
3 4 4 

• 6 6 

• • • • 6 6 

• • • • • • • • • • • • • • • • • • • • • 
3 4 4 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 6 6 

• • • 
3 4 4 

• 6 6 
5 6 6 

• • • • 6 6 

• • • • • • 
3 4 4 

• 6 6 

• • • 

~ 
~ ., 
I: > !! .,, 
" .. 
.c Qi 
E re 

.. 
:;; 

" E 
E 

2 • INX • 
3 • JMP • • • JSR • • • LOA 2 

• • LDD 3 

• • LOS 3 
2 • LOX 3 
3 • LSL • 
2 • LSLD • • 3 LSR • • 3 LSRD • • 3 MUL • • 3 NEG • • 3 NOP • • 3 ORA 2 

• 3 PSH • • PSHX • 
3 PUL • 
3 PULX • 
3 ROL • 
3 ROA • 
3 RTI • 
3 ATS • 
3 SBA • 
3 SBC 2 
3 SEC • 
6 SEI • 
3 SEV • 
3 STA • 

2 • STD • 
2 • STS • 
2 • STX • 
2 SUB 2 
2 SUBD 4 

• SWI • 
2 TAB • • TAP • 
2 TBA • 
2 TPA • 
3 TST • 
3 TSX • • TXS • • WAI • 
3 
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ADDRESSING MODE 

,, 
" ,, 

ii 
,, 

" I: " f ~ " " 
,, 

0 w E 

• • • • 3 3 
5 6 6 
3 4 4 
4 5 5 
4 5 5 
4 5 5 

• 6 6 

• • • • 6 6 

• • • • • • • 6 6 

• • • 
3 4 4 

• • • • • • • • • • • • • 6 6 

• 6 6 

• • • • • • • • • 
3 4 4 

• • • • • • • • • 
3 4 4 
4 5 5 
4 5 5 
4 5 5 
3 4 4 
5 6 6 

• • • • • • • • • • • • • • • • 6 6 

• • • • • • • • • 

c " f -~ 
" .. 
.c Qi 
E re 

3 • • • • • • • • • • • • • 
2 • 
3 • 
2 • 
3 • 
10 • 
2 • 
2 • • • 
3 • 
4 • 
4 
5 
2 
2 
10 
5 
2 

• 
2 
2 
2 

• • • • • • • 12 
2 
2 
2 
2 
2 
3 
3 
9 



Address Mode and 
Instructions 

IMMEDIATE 
ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

LOS 
LOX 
LDD 

CPX 
SUBD 
ADDO 

DIRECT 
ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LOS 
LOX 
LDD 

STS 
STX 
STD 

CPX 
SUBD 
ADDO 

JSR 

Cycle 
Cycle # 

2 1 
2 

3 1 
2 
3 

4 1 
2 
3 
4 

3 1 
2 
3 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

MC68701U4 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5) 

Address Bus 

Opcode Address 
Opcode Address+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+2 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Destination Address 

Opcode Address 
Opcode Address+ 1 
Address of Operand 
Operand Address+ 1 

Opcode Address 
Opcode Address+ 1 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Operand Address 
Operand Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Subroutine Address 
Stack Pointer 
Stack Pointer- 1 

R/W 
Line 

1 
1 

1 
i 
1 

1 
1 
1 
1 

1 
1 
1 

1 
1 
0 

1 
1 
1 
1 

1 
1 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
0 
0 

Data Bus 

Opcode 
Operand Data 

Opcode 
Operand Data \High Order By1e) 
Operand Data I Low Order Byte) 

Opcode 
Operand Data I High Order Byte) 
Operand Data I Low Order Bytel 
Low Byte of Restart Vector 

Opcode 
Address of Operand 
Operand Data 

Opcode 
Destination Address 
Data from Accumulator 

Opcode 
Address of Operand 
Operand Data !High Order Byte) 
Operand Data !Low Order Byte) 

Opcode 
Address of Operand 
Register Data !High Order Byte) 
Register Data I Low Order Byte) 

Opcode 
Address of Operand 
Operand Data I High Order Byte) 
Operand Data I Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 
First Subroutine Opcode 
Return Address I Low Order Byte) 
Return Address I High Order Byte) 

MOTOROLA MICROPROCESSOR DATA 

3-249 



• 

Addr88$ Mode and 
Instructions 

EXTENDED 
JMP 

AOC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LDS 
LDX 
LDD 

STS 
STX 
STD 

ASL LSR 
ASA NEG 
CLR AOL 
COM ROA 
DEC TST* 
INC 

CPX 
SUBD 
ADDD 

JSR 

MC68701U4 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5) 

Cycle 
Cycles # 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Operand Destination Address 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address of Operand+ 1 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Operand Address 
Operand Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Opcode Address+ 2 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer-1 

R/W 
Line 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
0 
1 
1 
1 
1 
1 

1 
1 
1 
0 
0 

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

1 
1 
1 
1 
0 
0 

Data Bus 

Opcode 
Jump Address !High Order Byte) 
Jump Address !Low Order Bytel 

Opcode 
Address of Operand 
Address of Operand !Low Order Byte) 
Operand Data 

Opcode 
Destination Address !High Order Byte) 
Destination Address !Low Order Byte) 
Data from Accumulator 

Opcode 
Address of Operand I High Order Byte) 
Address of Operand (Low Order Byte) 
Oµerand Data I High Order Byte) 
Operand Data (Low Order Byte) 

Opcode 
Address of Operand !High Order Byte) 
Address of Operand !Low Order Byte) 
Operand D.ata !High Order Byte) 
Operand Data I Low Order Byte) 

Opcode 
Address of Operand !High Order Byte) 
Address of Operand I Low Order Byte) 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 

Opcode 
Operand Address !High Order Byte) 
Operand Address I Low Order Byte I 
Operand Data I High Order Byte) 
Operand Data I Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Address of Subroutine !High Order Byte) 
Address of Subroutine !Low Order Byte) 
Opcode of Next Instruction 
Return Address !Low Order Byte) 
Return Address (High Order Byte) 

* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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Address Mode and 
Instructions 

INDEXED 

JMP 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LOS 
LOX 
LOO 

STS 
STX 
STD 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST* 
INC 

CPX 
SUBD 
ADDO 

JSR 

MC68701U4 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5) 

Cycle 
Cycles # Address Bus 

3 1 Opcode Address 
2 Opcode Address+ 1 
3 Address Bus FFFF 

4 1 Opcode Address 
2 Opcode Address+ 1 
3 Address Bus FFFF 
4 Index Register Plus Offset 

4 1 Opcode Address 
2 Opcode Address+ 1 
3 Address Bus FFFF 
4 Index Register Plus Offset 

5 1 Opcode Address 
2 0 pc ode Address + 1 
3 Address Bus FFFF 
4 Index Register Plus Offset 
5 Index Register Plus Offset+ 1 

5 1 Opcode Address 
2 Opcode Address+ 1 
3 Address Bus FFFF 
4 Index Register Plus Offset 
5 !ndex Register Plus Offset+ 1 

6 1 Opcode Address 
2 Opcode Address+ 1 
3 Address Bus FFFF 
4 Index Register Plus Offset 
5 Address Bus FFFF 
6 Index Register Plus Offset 

6 1 Opcode Address 
2 Opcode Address+ 1 
3 Address Bus FFFF 
4 Index Register+ Offset 
5 Index Register+ Offset+ 1 
6 Address Bus FFFF 

6 1 Opcode Address 
2 Opcode Address+ 1 
3 Address Bus FFFF 
4 Index Register+ Offset 
5 Stack Pointer 
6 Stack Pointer- 1 

R/W 
Line 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
0 

1 
1 
1 
1 
1 

1 
1 
1 
0 
0 

1 
1 
1 
1 
1 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
0 
0 

Data Bus 

Opcode 
Offset 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data I High Order Byte) 
Operand Data I Low Order Byte) 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data !High Order Byte) 
Operand Data (Low Order Byte) 

Opcode 
Offset 
Low Byte of Restart Vector 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data !High Order Byte) 
Operand Data I Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Restart Vector 
First Subroutine Opcode 
Return Address I Low Order Byte) 
Return Address !High Order Byte) 

* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF 
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Address Mode and 
Instructions 

INHERENT 
ABA DAA SEC 
ASL DEC SEI 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 

ABX 

ASLD 
LSRD 

DES 
INS 

INX 
DEX 

PSHA 
PSHB 

TSX 

TXS 

PULA 
PULS 

PSHX 

PULX 

RTS 

WAI 

MC68701U4 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 4 of 51 

Cycle 
Cycles I 

2 1 
2 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

3 1 
2 
3 

4 1 
2 
3 
4 

4 1 
2 
3 
4 

5 1 
2 
3 
4 
5 

5 1 
2 
3 
4 
5 

9 1 
2 
3 
4 
5 
6 
7 
8 
9 

Adllress Bus 

Opcode Address 
Opcode Address+ 1 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Previous Stack Pointer Contents 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer-1 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 
Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer-1 
Stack Pointer-2 
Stack Pointer - 3 
Stack Pointer-4 
Stack Pointer-5 
Stack Pointer-6 

R/W 
Line 

1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
0 

1 
1 
1 

1 
1 
1 

1 
1 
1 
1 

1 
1 
0 
0 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
0 
0 
0 
0 
0 
0 
0 

Data Bus 

Opcode 
Opcode of Next Instruction 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Accumulator Data 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 

Opcode 
Opcode of Next Instruction 
Irrelevant Data 
Operand Data from Stack 

Opcode 
Irrelevant Data 
Index Register (Low Order Bytel 
Index Register !High Order Byte) 

Opcode 
Irrelevant Data 
Irrelevant Data 
Index Register !High Order Byte) 
Index Register (Low Order Byte) 
Opcode 
Irrelevant Data 
Irrelevant Data 
Address of Next Instruction !High Order Byte) 
Address of Next Instruction (Low Order Byte) 

Opcode 
Opcode of Next Instruction 
Return Address I Low Order Byte) 
Return Address !High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cpndition Code Register 
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Address Mode and 
Instructions 

INHERENT (Continued) 

MUL 

RTI 

SWI 

RELATIVE 

BCC BHT BNE BLO 
BCS BLE BPL BHS 
BEO BLS BRA BRN 
BGE BLT BVC 
BGT BMI BVS 

BSR 

MC68701U4 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 5 of 51 

Cycle 
Cycles # 

10 1 
2 
3 
4 
5 
6 
7 
A 

9 
10 

10 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

12 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

3 1 
2 
3 

6 1 
2 
3 
4 
5 
6 

Address Bus 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
A_ddres!'i Bus FFFF 

Address Bus FFFF 
Address Bus FFFF 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+2 
Stack Pointer+ 3 
Stack Pointer+4 
Stack Pointer+5 
Stack Pointer+6 
Stack Pointer+ 7 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer-1 
Stack Pointer-2 
Stack Pointer-3 
Stack Pointer-4 
Stack Pointer-5 
Stack Pointer-6 
Stack Pointer - 7 
Vector Address FFFA IHexl 
Vector Address FFFB IHexl 

Opcode Address 
Opcode Address+ 1 
Address Buss FFFF 

Opcode Address 
Opcode Address+ 1 
Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer-1 

R/W 
Line 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

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

1 
1 
1 

1 
1 
1 
1 
0 
0 

Data Bus 

Opcode 
Irrelevant Data 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 

Opcode 
Irrelevant Data 
Irrelevant Data 
Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 
Contents of Accumulator A from Stack 
Index Register from Stack !High Order Byte) 
Index Register from Stack I Low Order Byte) 
Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 

Opcode 
Irrelevant Data 
Return Address (Low Order Byte) 
Return Address !High Order Byte) 
Index Register (Low Order Byte) 
Index Register I High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 
Irrelevant Data 
Address of Subroutine I High Order Byte) 
Address of Subroutine (Low Order Byte) 

Opcode 
Branch Offset 
Low Byte of Restart Vector 

Opcode 
Branch Offset 
Low Byte of Restart Vector 
Opcode of Next Instruction 
Return Address I Low Order Byte) 
Return Address I High Order Byte) 
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FIGURE 24 - SPECIAL OPERATIONS 

JSR, Jump to Subroutine 

I 
~ 

Main Program 

$9D=JSR 

Direct K 

RTN Next Main Instr 

K =Direct Address 

I 
Main Program I g ,.,. 

~ $AD=JSR 

¢-:;:ffi INDXD K=Offset 
:s: 
0 RTN Next Main Instr. SP RTNL 

.... 
0 
:a Main Program 0 

I §;: ~ $BD= JSR 

:s: SH= Subr. Addr. 
EXT ND 

(") SL= Subr. Addr. 

w :a Next Main Inst. N 0 RTN 
U'I -a 
~ :a 

0 BSA, Branch To Subroutine (') fil' m Main Program Stack 

en ~ $80= BSR _. SP-2ffi en 
0 ± K= Offset ¢ SP-1 RTNH :a 
c RTN Next Main Instr. SP RTNL 

~ 
ATS, Return from Subrout~ Subroutine fil' Stack 

~1 $39= RTS I ¢ "ffi SP+ 1 RTNH 
__.. SP+2 RTNL 

Legend: 
RTN =Address of next instruction in Main Program to be executed upon return from subroutine 
ATNH = Most significant byte of Return Address 
RTNL =Least significant byte of Return Address 
- =Stack Pointer After Execution 
K = 8-bit Unsigned Value 

• 
SWt, Software Interrupt Main Program 

SP Stack 

1¢_. 
SP- 7 R~ I $3F=SWI 

SP-6 Condition Code 

SP-5 AcmltrB 

SP-4 AcmltrA 

SP-3 tndex RegisterlXH) 

SP-2 Main Program 

1¢ 

SP-1 

WAI, Wait for Interrupt 
El: 

$3E=WAI 

SP RTN I 
Index Register IXL) 

RTNH 

RTNL 

fil' Interrupt Interrupt Program 1¢ 
SP 

SP+l 

RTI, Return from ~ I $36= RTI 
Stack 

Condition Code 

SP+2 AcmltrB 

SP+3 AcmltrA 

SP+4 Index Register (XHI 

SP+5 Index Register IXL) 

SP+6 RTNH 

__.. SP+7 RTNL 

JMP, Jump 

INDXD I PC 

.~ 
Main Program 

$6E=JMP 

K= Offset 

[-Next Instr~ '""-I 
Ef Main Program 

$7E=JMP 

K H = Next Address 

KL= Next Address 

K ~~~t Instruction ( 

~ 
C') 

m ..... 
0 .... 
c 
.i:. 



MC68701U4 

ORDERING INFORMATION 

GENERIC INFORMATION 
(TA= O' to 70'C) 

Package Type Frequency Generic Number 

Cerdip - S Suffix 1.0 MHz MC68701U4S 
1.25 MHz MC68701 U4S-1 

PIN ASSIGNMENTS 

se1 

Se2 

P30 

P31 

RESET/Vpp 6 P32 

Vee P33 

P34 

P35 

P22 P36 

P37 

P24 P40 

P10 P41 

P11 P42 

P12 P43 

P13 P44 

P14 P45 

P15 P46 

P16 P47 

Pl 7 Vee 
Standby 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Microprocessor With Clock 
and Optional RAM 

MC6802 

The MC6802 is a monolithic 8-bit microprocessor that contains all the registers and accumulators 
of the present MC6800 plus an internal clock oscillator and driver on the same chip. In addition, the 
MC6802 has 128 bytes of on-board RAM located at hex addresses $0000 to $007F. The first 32 bytes 
of RAM, at hex addresses $0000 to $001F, may be retained in a low power mode by utilizing Vee 
standby; thus, facilitating memory retention during a power-down situation. 

The MC6802 is completely software compatible with the MC6800 as well as the entire M6800 
family of parts. Hence, the MC6802 is expandable to 64K words. 

• On-Chip Clock Circuit 
• 128x8 Bit On-Chip RAM 
• 32 Bytes of RAM are Retainable 
• Software-Compatible with the MC6800 
• Expandable to 64K Words 
• Standard TTL-Compatible Inputs and Outputs 
• 8-Bit Word Size 
• 16-Bit Memory Addressing 
• Interrupt Capability 

TYPICAL MICROCOMPUTER 

Vee Vee Vee 

MC6846 
ROM, 1/0, Timer 

iRCi 
RESET 

MR 

cso VMA VMA HALT 
Clock 

2 k Bytes ROM 
R/W 10 1/0 Lines 

Parallel 3 Lines Timer 

1/0 00-07 

E RE 

R/W MC6802 NMI 

MPU BA 
00-07 

EXT AL 

CP2 AO-A10, 
CPl CSl AO-A15 XTAL 

Vee 

J 

CJ 

This block diagram shows a typical cost ef
fective microcomputer. The MPU is the 
center of the microcomputer system and is 
shown in a minimum system interfacing with 
a ROM combination chip. It is not intended 
that this system be limited to this function 
but that it be expandable with other parts in 
the M6800 Microcomputer family. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC6802 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage Vee -0.3 to + 7.0 v 
Input Voltage Vin -0.3 to + 7.0 v 
Operating Temperature Range TA oe 

Me6802, Me680A02, Me680B02 0 to + 70 
Me6802e, Me680A02e -40 to +85 

Storage Temperature Range T S!l!. -55to +150 'e 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Unit 

Average Thermal Resistance (Junction to Ambient) 
Plastic 6JA 100 oe!W 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J' in °C can be obtained from: 

where: 
TA 
OJA 
Po 
PINT 
PpQRT 

TJ=TA+(Po•OJA) 

=Ambient Temperature, °C 
= Package Thermal Resistance, Junction-to-Ambient, 'C/W 
=PINT+ PpQRT 
= Ice x Vee, Watts - Chip Internal Power 
= Port Power Dissipation, Watts - User Determined 

This input contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max
imum rated voltages to this high-impedance 
circuit. Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic 
voltage level (e.g., either Vss or Vee). 

(1) 

For most applications PpoRT<PtNT and can be neglected. PPORT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and TJ (if PpQRT is neglected) is: 
Po=K-c(TJ+273°C) (2) 

Solving equations (1) and (2) for K gives: 
K= Po. (TA+ 273°C) +6JA•Po2 (3) 

where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Po (at 
equilibrium) for a known TA. Using this value of K, the values of Po and TJ can be obtained by solving equations (1) 
and (2) iteratively for any value of TA 
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MC6802 

DC ELECTRICAL CHARACTERISTICS (VDD= +5.0 Vdc±0.5%, Vss=O, TA=O to 70'C, unless otherwise noted) 

Characteristic 

Input High Voltage Logic, EXTAL 
RESET 

Input Low Voltage Logic, EXTAL, RESET 

Input Leakage Current (Vin= 0 to 5.25 V, VDD =max) Logic 

Output High Voltage 
ilLoad= -205 µA, Vcc=min) DO-D7 
ilLoad= -145 µA, Vee= min) AO-A15, RfW, VMA, E 
ilLoad= -100 µA, Vee= min) BA 

Output Low Voltage (ILoad = 1.6 mA, Vee= min) 

Internal Power Dissipation (Measured at TA= O'C) 

VDD Standby Power Down 
Power Up 

Standby Current 

Capacitance # DO-D7 
IVin=O, TA=25'C, 1=1.0 MHz) Logic lnputs~EXTAL 

AO-A15, R/W, VMA 

*In power-down mode, maximum power dissipation is less than 42 mW. 
#Capacitances are periodically sampled rather than 100% tested. 

Symbol Min 

V1H Vss+2.o 
Vss+4.o 

V1L Vss-0.3 

lin -

VQH 
Vss+2.4 
Vss+2.4 
Vss+2.4 

Vo1 -

PINT -

Vs BB 4.0 
Vss 4.75 

ISBB -

Cin -
-

Cout -

CONTROL TIMING 1Vcc=5.0 V ±5%, Vss=O, TA=TL to TH). unless otherwise noted) 

Typ 

-
-
-
1.0 

-
-
-
-

0.750 

-
-
-
10 
6.5 
-

MC6802 MC68A02 
Characteristic Symbol 

Min Max 

Frequency of Operation fo 0.1 1.0 

Crystal Frequency fXTAL 1.0 4.0 

External Oscillator Frequency 4xf0 0.4 4.0 

Crystal Oscillator Start Up Time trc 100 -
Processor Controls IHAL T, MR, RE, RESET, IRQ NMI) 

Processor Control Setup Time tpcs 200 -
Processor Control Rise and Fall Time tPCr• 

!Does Not Apply to RESET) tpc1 - 100 
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Min Max 

0.1 1.5 

1.0 6.0 

0.4 6.0 

100 -

140 -

- 100 

Max 

Vee 
Vee 

vss+o.8 

2.5 

-
-
-

Vss+0.4 

1.0 

5.25 
5.25 

8.0 

12.5 
10 
12 

MC68B02 

Min Max 

0.1 2.0 

1.0 8.0 

0.4 8.0 

100 -

110 -

- 100 

Unit 

v 

v 

µA 

v 

v 

w 
v 

mA 

pf 

Unit 

MHz 

MHz 

MHz 

ms 

ns 
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BUS TIMING CHARACTERISTICS 

ldent. MC6802 MC68A02 MC68B02 
Number Characteristic Symbol Unit 

Min Max Min Max Min Max 

1 Cycle Time t~c 1.0 10 0.667 10 0.5 10 µs 

2 Pulse Width, E Low PWEL 450 5000 280 5000 210 5000 ns 

3 Pulse Width, E High PWEH 450 9500 280 9700 220 9700 ns 

4 Clock Rise and Fall Time tr, If - 25 - 25 - 25 ns 

9 Address Hold Time• IAH 20 - 20 - 20 - ns 

12 Non-Muxed Address Valid Time to E (see Note 4) IAV1 160 - 100 - 50 - ns 
lAV2 - 270 - -

17 Read Data Setup Time IDSR 100 - 70 - 60 - ns 

18 Read Data Hold Time tDHR 10 - 10 - 10 - ns 

19 Write Data Delay Time to ow - 225 - 170 - 160 ns 

21 Write Data Hold Time• tDHW 30 - 20 - 20 - ns 

29 Usable Access Time (see Note 4) IACC 535 - 335 - 235 - ns 

*Address and data hold times are periodically tested rather than 100% tested. 

FIGURE 2 - BUS TIMING 

© 
R/ViJ,Address--""t"tJ'\J\/l~"l\,~\'1----------t-t------------------t-ttJ\]i~ 

INon·Muxedl ---+.:f::l~l.::i.:_){_Y..:ck'.J.!'..:lc=-----------J.--1------------------+--1-i)Ci.~ 

Read Data MPU Read Data Non-Muxed 

Non-Muxed --+--'!"" 

Write Data 

Non-Muxed -----< 

NOTES: 
1. Voltage levels shown are VL "'0.4 V, VH;o,2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted. 
3. Usable access time is computed by: 12+3+4-17. 
4. If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board 

RAM, TAV2 applies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be 
executed from on-board RAM when using A and B parts (MC68A02, MC68B02). On-board RAM can be used for data storage 
with all parts. 

5. All electrical and control characteristics are referenced from: TL =0°C minimum and TH=70°C maximum. 
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FIGURE 3 - BUS TIMING TEST LOAD 
4.75 v 

C= 130 pF for 00-07, E Test Pointo--+--t--fllt--
=90 pF ior AO-A15, R/W, and VMA 

RL =2.2 kll 

MMD6150 
or Equiv. 

=30 pF for BA C R 
R = 11.7 kll for D0-07, E 

= 16.5 kll for AO-A15, R/W, and VMA 
=24 kll for BA 

FIGURE 4 - TYPICAL DATA BUS OUTPUT DELAY 
versus CAPACITIVE LOADING 

GOO I0~-107" µA m;x@ ~ V--+-+---+--+----<---+---t---< 
IQL = 1.6 mAmax@0.4 V 

500 Vee, 5.o v -+--+-+--t---+--+-+----i 
TA ~ 15'C 

] 400 

~ >---+--+---+--+--<--+--+--+---+--+---+------< 

>== 300t--t>---t---t--t--t--t--t--t---::::l~-j---t----t 

~ ~ 
0 100 t--+-t-_...,-1--1t--::J,. ....... .1--1F---1r-t--t----l-+---l-+-I 

CL includes stray capacitance 
0 0~--+----.,.10~0:---+---:1~00,----+---=3~00=---+---,4~00=---+---:5~00:---+-__..,,600 

CL, LOAD CAPACITANCE (pF) 

] 
w ,. 
>== 
> 

~ 
0 

600 

500 

400 

300 

100 

MM07000 
or Equiv. 

FIGURE 5 - TYPICAL READ/WRITE, VMA AND 
ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING 

10J-14lµA m7x@ 11 V-+-+---+---+---t---+-t---; 
IQL = 1.6 mA max@0.4 V 
Vee ~ 5.0 v -+--+-+--t--t--+-+----1 
TA ~ 15'C 

Address. VMA 

~ R/W 

100>---+--+--+--+---+--+-+--+---+--+-+----! 

CL includes stray capacitance 
0 0:----~1~00:--~-::10~0:--~-::3~00:--~--:4~00:--~--:s~oo=-~-=soo 

.CL. LOAD CAPACITANCE (pF) 

FIGURE 6 - EXPANDED BLOCK DIAGRAM 

Memory Ready 

Enable 
RESET 

Non-Maskable Interrupt (N'Mj) 

Vee=Pin a 
Vss=Pins 1, 21 

HALT 
Interrupt Request (1RQl 

EXT AL 

XTAL 

Bus Available 

Valid Memory Address 

Read/Write (A/WI 

A15 A14 A13 A12 All AlO A9 AB A7 A6 A5 A4 A3 A2 Al AO 

Clock 
Instruction 

Decode 
and 

control 

Instruction 
Register 

Output 
Buffers 

Data 
Buffer 

Program 
Counter H 

Stack 
Pointer H 

Index 
Register H 

07 D6 05 04 03 02 01 DO 
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MPU REGISTERS 
A general block diagram of the MC6802 is shown in 

Figure 1. As shown, the number and configuration of 
the registers are the same as for the MC6800. The 128 x 8-
bit RAM* has been added to the basic MPU. The first 
32 bytes can be retained during powerup and power
down conditions via the RE signal. 

The MPU has three 16-bit registers and three 8-bit 
registers available for use by the programmer (Figure 7). 

PROGRAM COUNTER 
The program conter is a two byte (16-bit) register that 

points to the current program address. 

STACK POINTER 
The stack pointer is a two byte register that contains 

the address of the next available location in an external 
pushdown/pop-up stack. This stack is normally a ran
dom access read/write memory that may have any lo
cation (address) that is convenient. In those applications 
that require storage of information in the stack when 
power is lost, the stack must be non-volatile. 

INDEX REGISTER 
The index register is a two byte register that is used 

to store data or a 16-bit memory address for the indexed 
mode of memory addressing. 

ACCUMULATORS 
The MPU contains two 8-bit accumulators that are 

used to hold operands and results from an arithmetic 
logic unit (ALU). 

CONDITION CODE REGISTER 
The condition code register indicates the results of an 

Arithmetic Logic Unit operation: Negative (N), Zero (Z), 
Overflow (V), Carry from bit 7 (C), and Half Carry from 
bit 3 (H). These bits of the Condition Code Register are 
used as testable conditions for the conditional branch 
instructions. Bit 4 is the interrupt mask bit (I). The un
used bits of the Condition Code Register (b6 and b7) 
are ones. 

Figure 8 shows the order of saving the microproces
sor status within the stack. 

*If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board RAM, 
TAV2 applies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed 
from on-board RAM when using A and B parts (MC68A02 and MC68802). On-board RAM can be used for data storage with all 
parts. 

FIGURE 7 - PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 

15 

15 

15 

7 

':-----~! Accumulator A I ACCA 

7 0 

I ACCB ~----~' Accumulator 8 
0 

IX Index Register 

PC Program Counter 

SP Stack Pointer 

Condition Codes 

~-_._,_..,....,.....,........, Register 

Carry (From Bit 7) 

Overflow 

Zero 

Negative 

ln~errupt 

~---Half Carry (From Bit 3) 

MOTOROLA MICROPROCESSOR DATA 

3-261 



• 

MC6802 

FIGURE 8 - SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK 

SP = Stack Pointer 
CC= Condition Codes (Alto called the Processor Status Byte) 

ACCB = Accumulator S 
ACCA = Accumulator A 

IX H = Index Register, Higher Order 8 Bits 
IXL= Index Register, Lower Order 8 Bits 
PCH =Program Counter, Higher Order 8 Bitis 
PCL = Program Counter, Lower Order 8 Bits 

Before 

m-9 

m - 8 

m- 7 

m-6 

m- 5 

m-4 

m- 3 

m - 2 

m- 1 

m+ 1 

m + 2 

SP 

cc 

ACCB 

ACCA 

IXH 

IXL " u 
PCH l! 

"' PCL 

After 

MPU SIGNAL DESCRIPTION 

Proper operation of the M PU requires that certain control 
and timing signals be provided to accomplish specific func
tions and that other signal lines be monitored to determine 
the state of the processor. These control and timing signals 
are similar to those of the MC6800 except that TSC, DBE, 
t/>1, t/>2 input, and two unused pins have been eliminated, 
and the following signal and timing lines have been added: 

RAM Enable IRE) 
Crystal Connections EXTAL and XTAL 
Memory Ready (MR) 
Vee Standby 
Enable t/>2 Output (E) 

The following is a summary of the MPU signals: 

ADDRESS,BUS (AO-A16) 
Sixteen pins are used for the address bus. The outputs are 

capable of driving one standard TTL load and 90 pf. These 
lines do not have three-state capability. 

DATA BUS (00-D7) 
Eight pins are used for the data bus. It is bidirectional, 

transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of 
driving one standard TTL load and 130 pf. 

Data bus will .be in the output mode when the internal 
RAM is accessed and RE will be high. This prohibits external 
data entering the MPU. It should be noted that the internal 
RAM is fully decoded from $0000 to $007F. External RAM at 
$0000 to $007f must be disabled when internal RAM is ac
cessed. 

HALT 
When this input is in the low state, all activity in the 

machine will be halted. This input is level sensitive. In the 
HAIT mode, the machine will stop at the end of an instruc-

tion, bus available will be at a high state, valid memory ad
dress will be at a low state. The address bus will display the 
address of the next instruction. 

To ensure single instruction operation, transition of 
the HALT line must occur tpcs before the rising edge 
of E and the HALT line must go high for one clock cycle. 

HALT should be tied high if not used. This is good 
engineering design practice in general and necessary to en
sure proper operation of the part. 

READ/WRITE IR/W) 
This TTL-compatible output signals the peripherals and 

memory devices whether the MPU is in a read (high I or write 
(low) state. The normal standby state of this signal is read 
(highl. When the processor is halted, it will be in the read 
state. This output is capable of driving one standard TTL 
load and 90 pf. 

VALID MEMORY ADDRESS IVMA) 
This output indicates to peripheral devices that there is a 

valid address on the address bus. In normal operation, this 
signal should be utilized for enabling peripheral interfaces 
such as the PIA and ACIA. This signal is not three-state. One 
standard TTL load and 90 pf may be directly driven by this 
active high signal. 

BUS AVAILABLE (BA) - The bus available signal will nor
mally be in the low state; when activated, it will go to the 
high state indicating that the microprocessor has stopped 
and that the address bus is available (but not in a three-state 
condition). This will occur if the HALT line is in the low state 
or the processor is in the WAIT state as a result of the execu
tion of a WAIT instruction. At such time, all three-state out
put drivers will go to their off-state and other outputs to their 
normally inactive level. The processor is removed from the 
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WAIT state by the occurrence of a maskable (mask bit I= 0) 

or nonmaskable interrupt. This output is capable of driving 
one standard TTL load and 30 pF. · 

INTERRUPT REQUEST ORO) 

A low level on this input requests that an interrupt se
quence be generated within the machine. The processor will 
wait until it completes the current instruction that is being 
excuted before it recognizes the request. At that time, if the 
interrupt mask bit in the condition code register is not set, 
the machine will begin an interrupt sequence. The index 
register, program counter, accumulators, and condition 
code register are stored away on the stack. Next the MPU 
will respond to the interrupt request by setting the interrupt 
mask bit high so that no further interrupts may occur. At the 
end of the cycle, a 16-bit vectoring address which is located 
in memory locations $FFFB and $FFF9 is loaded which 
causes the M PU to branch to an interrupt routine in memory. 

The HALT line must be in the high state for interrupts to 
be serviced. Interrupts will be latched internally while HALT 
is low. 

A nominal 3 kO pull up resistor to V CC should be used for 
wire-OR and optimum control of interrupts. IRQ may be tied 
directly to V cc if not used. 

RESET 
This input 1s used to reset and start the MPU from a 

power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is low, the 
MPU is inactive and the information in the registers will be 
lost. If a high level is detected on the input, this will signal 
the MPU to begin the restart sequence. This will start execu-

tion of a routine to initialize the processor from its reset con
dition. All the higher order address lines will be forced high. 
For the restart, the last two ($FFFE, $FFFFI locations in 
memory will be used to load the program that is addressed 
by the program counter. During the restart routine, the inter
rupt mask bit is set and must be reset before the MPU can be 
interrupted by IRQ. Power-up and reset timing and power
down sequences are shown in Figures 9 and 10, respectively. 

RESET, when brought low, must be held low at least three 
clock cycles. This allows adequate time to respond internally 
to the reset. This 1s independent of the trc power-up reset 
that is required. 

WhAn RESET is released it must go through the low-to
high threshold without bouncing, oscillating, or otherwise 
causing an erroneous reset (less than three clock cycles) 
This may cause improper MPU operation until the next valid 
reset. 

NON-MASKABLE INTERRUPT (NMI) 
A low-going edge on this input requests that a non

maskable interrupt sequence be generated within the pro
cessor. As with the interrupt request signal, the processor 
will complete the current instruction that is being executed 
before 1t recognizes the NMI signal. The interrupt mask bit 1n 
the condition code register has no effect on NMI. 

The index register, program counter, accumulators, and 
condition code registers are stored away on the stack. At the 
end of the cycle, a 16-bit vectoring address which is located 
in memory locations $FFFC and $FFFD is loaded causing the 
MPU to branch to an interrupt service routine 1n memory. 

A nominal 3 kO pullup resistor to Vee should be used for 
wire-OR and optimum control of interrupts. NMI may be tied 

FIGURE 9 - POWER-UP AND RESET TIMING 

Vee 

d 1..-tPeS 
~~~~~~~~~~~~~-1i-..~~~~....,.V1H 

V1L 

Ire 

RE 

NOTE: If option 1 is chosen, RESET and RE pins can be tied together. 
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directly to V cc if not used. FIGURE 10 - POWER-DOWN SEQUENCE 

Inputs IRQ and NMI are hardware interrupt lines that are 
sampled wheri E is high and will start the interrupt routine on 
a low E following the completion of an instruction. 

Figure 11 is a flowchart describing the major decision 
paths and interrupt vectors of the microprocessor. Table 1 
gives the memory map for interrupt vectors. 

TABLE 1 - MEMORY MAP FOR 
INTERRUPT VECTORS 

Vector 
Description 

MS LS 

$FFFE $FFFF Restart 

$FFFC $FFFO Non-Maskable Interrupt 

$FFFA $FFFB Software Interrupt 

$FFFB $FFF9 Interrupt Request 

Vee 

RE 

FIGURE 11 - MPU FLOWCHART 

Yes 

Yes 

Fetch Instruction 
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FIGURE 12 - CRYSTAL SPECIFICATIONS 

Yl C;n Cout 
3.58 MHz 27 pF 27 pF 

4 MHz 27 pF 27 pf 

6 MHz 20 pf 20 pf 

8 MHz 18 pf 18 pf 

Crystal Loading 

-----10------
Yl 

Nominal Crystal Parameters* 

3.58 MHz 4.0 MHz 6.0 MHz 8.0 MHz 

60 ll 50 ll 30-50 ll 20-40 ll 

3.5 pf 6.5 pf 4-6 pf 4-6 pf 

0.015 pf 0.025 pF 0.01-0.02 pf 0.01-0.02 pf 

>40K >30K >20K >20K 

•These are representative AT-cut parallel resonance crystal parameters only. 
Crystals of other types of cuts may also be used. 

Figure 13 - SUGGESTED PC BOARD LAYOUT 

Example of Board Design Using the Crystal Oscillator 

39 

------n38 
37 

~Other Signals are Not Wired in this Area 

x 

E 
E 
E 

___J 
/E Signal is Wired Apart from 38 Pin 

,JI:"' and 39 Prn 
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FIGURE 14 - MEMORY READY SYNCHRONIZATION 

4xf0 
Oscillator 

EXTAL~39~~~~~~~~~~~~~~~~-. 
XTAL 3B 

MC6802 

MAt--~~~~~~~~~----tO 

Memory Ready 
D Generated from 

CS Logic 

SN74LS74 

FIGURE 15 - MR NEGATIVE SETUP TIME REQUIREMENT 

E Clock Stretch 

\...._______.! e-=t"" 
\'--·0.8-V ~/ 

~"" 
\.________.0.8 v I 

The E clock will be stretched at end of E high of the cycle during which MA negative meets the tpcs setup time. The tpcs setup time is 
referenced to the fall of E. If the tpcs setup time is not met, E will be stretched at the end of the next E-high 'h cycle. E will be stretched in in
tegral multiples of y, cycles. 

Resuming E Clocking 

Stretched E 

~!PCS !+=-->f-tPCS 
I I 
I I L 

MA //II!/ 
The E clock will resume normal operation at the end of the 'h cycle during which MA assertion meets the tpcs setup time. The !PCS setup time 
is referenced to transitions of E were it not stretched. If tpcs setup time is not met, E will fall at the second possible transition time after MR is 
asserted. There is no direct means of determining when the tpcs references occur, unless the synchronizing circuit of Figure 14 is used. 
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RAM ENABLE (REI 

A TTL-compatible RAM enable input controls the on
chip RAM of the Me6802. When placed in the high state, 
the on-chip memory is enabled to respond to the MPU 
controls. In the low state, RAM is disabled. This pin may 
also be utilized to disable reading and writing the on
chip RAM during a powerdown situation. RAM Enable 
must be low three cycles before Vee goes below 4.75 
V during powerdown. RE should be tied to the correct 
high or low state if not used. 

EXTAL AND XTAL 

These inputs are used for the internal oscillator t~1at may 
be crystal controlled. These connections are for a parallel 
resonant fundamental crystal (see Figure 12). (AT-cut.) A 
divide-by-four circuit has been added so a 4 MHz crystal may 
be used in lieu of a 1 MHz crystal for a more cost-effective 
system. An example of the crystal circuit layout is shown in 
Figure 13. Pin 39 may be driven externally by a TTL input 
signal four times the required E clock frequency. Pin 38 is to 
be grounded. 

An RC network is not directly usable as a frequency 
source on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the on-chip oscillator. 

LC networks are not recommended to be used in place of 
the crystal. 

If an external clock is used, it may not be halted for 
more than tPW<f!L· The Me6B02 is a dynamic part except 
for the internal RAM, and requires the external clock to 
retain information. 

MEMORY READY (MRl 

MR is a TTL-compatible input signal controlling the stret
ching of E. Use of MR requires synchronization with the 4xf 0 
signal, as shown in Figure 14. When MR is high, E will be in 
normal operation. When MR is low, E will be stretched in
tegral numbers of half periods, thus allowing interface to 
slow memories. Memory Ready timing is shown in Figure 15. 

MR should be tied high !connected directly to V eel if not 
used. This is necessary to ensure proper operation of the 
part. A maximum stretch is tcyc· 

ENABLE (El 

This pin supplies the clock for the MPU and the rest of the 
system. This is a single-phase, TTL-compatible clock. This 
clock may be conditioned by a memory read signal. This is 
equivalent to t/>2 on the MC6800. This output is capable of 
driving one standard TTL load and 130 pF. 

Vee STANDBY 
This pin supplies the de voltage to the first 32 bytes 

of RAM as well as the RAM Enable (REI control logic. 
Thus, retention of data in this portion of the RAM on a 
power-up, power-down, or standby conditio.n is guar
anteed. Maximum current drain at VsB maximum is 
ISBB· 

MPU INSTRUCTION SET 

The instruction set has 72 different instructions. Included 
are binary and decimal arithmetic, logical, shift, rotate, load, 
store, conditional or unconditional branch, interrupt and 
stack manipulation instructions !Tables 2 through 6). The in
struction set is the same as that for the MC6800. 

MPU ADDRESSING MODES 

There are seven address modes 1hat can be used by a pro
grammer, with the addressing mode a function of both the 
type of instruction and the coding within the instruction. A 
summary of the addressing modes for a particular instruction 
can be found in Table 7 along with the associated instruction 
execution time that is given in machine cycles. With a bus 
frequency of 1 MHz, these times would be microseconds. 

ACCUMULATOR (ACCXl ADDRESSING 

·In accumulator only addressing, either accumulator A or 
accumulator B is specified. These are one-byte instructions. 

IMMEDIATE ADDRESSING 

In immediate addressing, the operand is contained in the 
second byte of the instruction except LDS and LDX which 
have the operand in the second and third bytes of the in
struction. The MPU addresses this location when it fetches 
the immediate instruction for execution. These are two- or 
three-byte instructions. 

DIRECT ADDRESSING 

In direct addressing, the address of the operand is contain
ed in the second byte of the instruction. Direct addressing 
allows the user to directly address the lowest 256 bytes in the 
machine, i.e., locations zero through 255. Enhanced execu
tion times are achieved by storing data in these locations. In 
most configurations, it should be a random-access memory. 
These are two-byte instructions. 

EXTENDED ADDRESSING 

In extended addressing, the address contained in the se
cond byte of the instruction is used as the higher eight bits of 
the address of the operand. The third byte of the instruction 
is used as the lower eight bits of the address for the operand. 
This is an absolute address in memory. These are three-byte 
instructions. 

INDEXED ADDRESSING 

In indexed addressing, the address contained in the se
cond byte of the instruction is added to the index register's 
lowest eight bits in the M PU. The carry is then added to the 
higher order eight bits of the index register. This result is 
then used to address memory. The modified address is held 
in a temporary address register so there is no change to the 
index register. These are two-byte instructions. 
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IMPLIED ADDRESSING 
In the implied addressing mode, the instruction gives the 

address (i.e., stack pointer, index register, etc.l. These are 
one-byte instructions. 

byte of the instruction is added to the program counter's 
lowest eight bits plus two.The carry or borrow is then added 
to the high eight bits. This allows the user to address data 
within a range of - 125 to + 129 bytes of the present instruc
tion. These are two-byte instructions. 

RELATIVE ADDRESSING 
In relative addressing, the address contained in the second 

TABLE 2 - MICROPROCESSOR INSTRUCTION SET - ALPHABETIC SEQUENCE 

ABA Add Accumulators 
ADC Add wtth Carry 
ADD Add 
AND Logical And 
ASL Artthmetic Shill Left 
ASA Amhmetic Shill Righi 

BCC Branch H Carry Clear 
BCS Branch H Carry Set 
BEQ Branch H Equal to Zero 
BGE Branch H Greater or Equal Zero 
BGT Branch H Greater than Zero 
BHI Branch H Higher 
BIT Bit Test 
BLE Branch H Less or Equal 
BLS Branch H Lower or Same 
BLT Branch H Less than Zero 
BMI Branch H Minus 
BNE Branch H Not Equal to Zero 
BPL Branch H Plus 
BRA Branch Always 
BSA Branch to Subroutine 
eve Branch H Overflow Clear 
BVS Branch H Overflow Set 

C8A Compare Accumulators 
CLC Clear Carry 
CLI Clear Interrupt Mask 

CLR Clear PUL 
CLV Clear Overflow AOL 
CMP Compare ROA 
COM Complement 
CPX Compare Index Register 

RTI 
ATS 

DAA Decimal Adjust SBA 
DEC Decrement SBC 
DES Decrement Stack Pointer 
DEX Decrement Index Register 

SEC 
SEI 

EOR Exclusive OR SEV 

INC Increment STA 

INS Increment Stack Pointer 
STS 

INX Increment Index Register 
STX 
SUB 

JMP Jump SWI 
JSR Jump to Subroutine TAB 
LOA Load Accumulator TAP 
LOS Load Stack Pointer TBA 
LOX Load Index Register TPA 
LSR Logical Shill Right TST 

NEG Negate 
TSX 

NOP No Operation 
TXS 

ORA Inclusive OR Accumulator 
WAI 

PSH Push Data 
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Rotate Left 
Rotate Right 
Return from Interrupt 
Return from Subroutine 

Subtract Accumulators 
Subtract with Carry 
Set Carry 
Set Interrupt Mask 
Set Overflow 
Store Accumulator 
Store Stack Register 
Store Index Register 
Subtract 
Software Interrupt 

Transfer Accumulators 
Transfer Accumulators to Condition Code Reg. 
Transfer Accumulators 
Transfer Condition Code Reg. to Accumulator 
Test 
Transfer Stack Pointer to Index Register 
Transfer Index Register to Stack Pointer 

Wait for Interrupt 
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TABLE 3 - ACCUMULATOR AND MEMORY INSTRUCTIONS 

ADDRESSING MODES BOOLEAN/ARITHMETIC OPERATION CONO. CODE REG. 

IMMED DIRECT INDEX EXTNO IMPLIED (Allreti1t1r11Wt 

refertacalltnltsl OPERATIONS MNEMONIC OP .... OP OP OP OP .... :: 

Add 

Add Atmlm 
Addw11h Carry 

Aod 

Clea1 

Compare 

CompareAcmltfS 
Complement, l's 

Complemen1.2's 
!Negml 

Decrement 

Exclusive OR 

Increment 

LoadAcmltr 

01,lnclus1w 

Push Data 

Pull Oa1a 

Rotate Left 

Rota1eR1ght 

Shih Lett. Artthmehc 

Shih Right, Anthmet1t 

StoreAcmltr 

Sub!fact 

Subtract Acmltrs. 
Subtr.w11hCarry 

TransterAcmtirs 

Tesi, Zero or Minus 

LEGEND: 

ADDA 38 
ADDB CB 
ABA 

ADCA B9 
ADCB C9 
ANDA 84 2 
ANDB C4 
81TA 85 
BITB 
CLR 

CLRA 
CLRB 
CMPA 
CMPB 
CBA 
COM 

COMA 
COMB 
NEG 

NEGA 
NEGB 
OAA 

DEC 
DECA 
DECB 
EORA 
EORB 
INC 

INCA 
INCB 
LOAA 
LDAB 

Bl 1 
Cl 1 

BB 1 

CB 1 

86 
cs 

DRAA BA 
ORAB 
PSHA 
PSHB 
PULA 
PULB 
ROL 

ROLA 
ROLB 
ROR 

RORA 
RORB 
ASL 

ASLA 

ASLB 
ASA 

ASRA 
ASRB 

LSR 
LSRA 
LSRB 
STAA 
STAB 
SUBA 
SUBB 
SBA 
S8CA 
S8CB 
TAB 
TBA 
TST 

TSTA 
TST8 

CA 

BO 1 
co 1 

82 
C2 

OP Operauon Code (Hexadet1mall; 
Number of MPU Cycles: 
Numberof Pr0gram8ytes; 
AnthmetrtPlus, 
Arilhml!ltcMmus; 
Boolean ANO; 

9B 
OB 

AB52BB4 A+M~A 

EB 5 2 FB 4 B +M ·B 
18 2 1 A+ B ··A 

" 09 
2 A9 89 4 A+ M+ C ·A 

E9 F9 4 B+M+ C ·B 
94 

04 
A4 84 4 A· M ·A 

E4 F4 4 B · M ·B 

" 2 A5 85 4 3 A· M 
05 3 2 E5 5 F5 4 3 

6F 7 2 1F 6 3 

2 91 3 2 Al 2 Bl 4 
2 DI 3 2 El 2 Fl 4 

63 7 2 73 6 3 

60 1 2 10 6 3 

6A 7 2 7A 6 3 

2 98 3 2 AB 5 BB 4 
2 08 3 2 EB 5 FB 

6C 1 JC 

96 A6 5 2 86 ·4 
06 E6 5 f6 4 

9A 
DA 

97 
07 

2 90 

AA BA 
EA FA 

69 1 2 79 6 3 

66 7 2 76 6 3 

68 7 2 78 6 3 

61 7 2 11 6 3 

64 7 2 74 6 3 

2 A7 6 87 
2 E7 6 F7 
2 AO 5 80 4 

2 DO 3 2 ED 5 FO 4 

92 
02 

2 A2 5 82 4 
2 E2 5 

" 4 

60 7 2 10 6 3 

-+ Boolean lnclume OR; 
0 8ooleanhclus1veOR; 
I Complement of M; 

Transfer Into; 
811 =Zero: 

00 Byie =Zero: 

4F 2 1 
SF 2 1 

11 2 1 

43 2 1 

53 2 1 

40 

'° 19 2 1 

4A 2 1 
5A 2 1 

4C 2 1 
5C 2 1 

36 4 1 
37 4 1 

32 4 1 
33 4 1 

49 2 1 
59 2 1 

46 2 1 

56 2 I 

4B 2 1 
SB 2 1 

41 2 ·1 

57 2 1 

44 2 1 
54 2 1 

10 2 1 

B • M 
00 ·•M 
00 .. A 
00 ·B 
A M 
B. M 

A B 
M ·M 
~ ·A 
B ·B 
00 - M •M 
1)1) A •A 

00-8 ·B 
Converts Bma1y Add. ol BCD Characters 
mto BCD Formal 
M - I ·M 
A I ·A 
B-1 ·B 
Att)M ·A 
B<!)M ·B 
M+l -M 
A+ I ·A 
8+1 ·B 
M ·A 
M ·B 

A-+ M ·A 
B .. M ·B 

A ·Msp.SP I ·SP 
B ·Msp,SP 1 ·SP 
SP+ 1 ·SP, Msp ·A 

SP+ 1 •SP,Msp ·6 

=} LO - rn:rrrrn=i 
8 C b7 - bD 

=} co - ciIIIIII}::J 
B C b7 - bD 

n ~-~-o 
=} C2rrTirrn - 0 
B b7 bO C 

:"} D -CIIIIIIIl - 0 

A ·M 
B ·M 
A M ·A 
8-M ·B 
A - B ·A 

b7 bD C 

A - M - C ·A 
B M- C ·B 

16 2 1 A ··B 
17 2 1 B 4A 

M-00 
40 2 1 A -00 
50 2 I B -DO 

CONDITION CODE SYMBOLS: 

Hall·carry from bit 3; 
lnmruptmask 
N1g1t1ve (51gn bit) 
Zero fbytel 

Msp Contents of memory 1oca11on pointed 10 be Stack Pointer. 
O~rflow, 2's complement 
Carryfromb1t 7 
Reset Always 

Note - Accumulator addressmg mode 1nstruct1ons are included m the column tor IMPLIED addressmg 5'1Always 

5 4 3 z 1 • 
HllZVC 

I • I 
I • I 
I • I 
I • I 
I • I 

I R • 
I R • 
I R • 

• • I R • 
• • R S R R 
• • R S R R 

• • R 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• • I 

•• t 

S R 
I I 
I I I 
I I I 
I R S 
I R S 
I R S 

11~1%> 
:1~1 
t I~ 

:~: 
t~. 
I R • 

: 1·: I • 
t • 
I R • 
I R • 
I R • ...... ...... ...... ...... 

•• t 

.. 
• • R 
• • R 
o o R 

I 
I 
I 
I 
I 6 
I 
I 
I 

I 
I 

I I 

:~: 
I I 
I t 

R • 
R o 
I I 
I 
I 

R • 
R • 
RR 
RR 
R R 

HINZVC 

Testandset1flrue.dearedotherw1se 
NotAllacted 
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POINTER ~RATIONS 

Compare Index !leg 

Decrement Index Reg 
Decrement Statk Pntr 
Increment Index Reg 
Increment Stack Pntr 
load Index Reg 
load Stack Pntr 
Store 1ndex Reg 

Store Stack Pntr 
.ndx Reg ·Stack Pntr 
Stack Pntr • lndx Reg 

• 
OPERATIONS 

Branch Always 

Branch If Carry Clear 
Branch If Carry Set 
Branch If = Zero 

Branch If >Zero 
Branch If >Zero 
Branch If Higher 

Branch If ~Zero 

Branch It lower Or Same 
Branch If <Zero 
Branch If Mmus 

Branch If Not Equal Zero 
Branch It Overflow Clear 

Branch It Overflow Set 
Branch If Plus 
Branch To Subroutine 
Jump 
Jump To Subroutine 
No Operation 
Return From Interrupt 
Return From Subroutine 
Software Interrupt 
Wait for Interrupt 

MC6802 

TABLE 4 - INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

CDND. CODE REG. 

IMMEO DIRECT INDEX EXTNO IMPLIED 5 4 3 2 1 0 

MNEMONIC OP - = DP - = DP - " DP - = DP - = BOOLEAN/ARITHMETIC OPERATION H I N z v c 

CPX 8C 3 
DEX 

DES 

INX 
INS 
LOX CE 3 
LOS 8E 3 
STX 
STS 
TXS 
TSX 

MNEMONIC 

BRA 

sec 
BCS 
BEG 
BGE 

BGT 
BHI 

BLE 
BLS 
Bl T 

BMI 
BNE 

BVC 
BVS 
BPL 

BSA 
JMP 
JSR 
NOP 
RTI 
ATS 
SWI 
WAI 

3 9C 4 2 AC 6 2 BC 5 3 XH- M,XL-IM+l) 

09 4 1 x - 1 • x 
34 4 1 SP 1 ·SP 

08 4 1 x. 1 . x 
31 4 1 SP+ 1 ·SP 

3 OE 4 2 EE 6 2 FE 5 3 M • XH. (M + 11 • XL 

3 9E 4 2 AE 6 2 BE 5 3 M ·SPH, ~M + 1) • SPL 
OF 5 2 EF 7 2 FF 6 3 XH ·M,XL ·lM+ll 
SF 5 2 AF 7 2 I BF 6 3 SPH • M, SPL ·(M + 1) 

35 4 1 x 1 ·SP 

l 30 4 1 SP+ 1 . x 

TABLE 5 - JUMP AND BRANCH INSTRUCTIONS 

RELATIVE INDEX EXTNO IMPL1ED 

OP 

20 
24 

25 
z; 

2C 
2E 
22 
2F 

23 

20 
2B 
26 
28 
29 
2A 

80 

- = OP - = OP - = DP - = BRANCH TEST 

4 2 None 

4 2 c"o 
4 2 c = 1 
4 2 z" 1 
4 2 N@V=O 

4 2 Z' IN (i) VI" 0 
4 2 C+Z=O 
4 2 Z + (N (±)VI= 1 
4 2 C+Z=l 

4 2 N (i) V" 1 

4 2 N"l 

4 2 z,o 

4 2 v" 0 
4 2 v" 1 
4 2 N"O 

8 2 

} 6E 4 2 7E 3 3 See Special Operations 
AO 8 2 BO 9 3 !Figure 161 

01 2 1 Advances Prog. Cntr. Only 

3B 10 1 

39 5 1 

} 3F 12 1 See Special Operations 
3E 9 1 !Figure 161 
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•1 • • ... 
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caNO. CODE REG. 

5 4 3 2 1 0 

H I N z v c . . • • • • 
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FIGURE 16 - SPECIAL OPERATIONS 

SPECIAL OPERATIONS 

JSR, JUMP TO SUBROUTINE' 

PC Main Program 

INDXD I -;; AD 0 JSR 

n+ 1 K =Offset• 

n + 2 Next Main Instr. 

"K = 8-811 Unsigned Value 

.!'!; Main Program 

I "'~ BO 0 JSR 
SH = Subr. Addr i::::::::> EXTND 

". 2 SL= Subr. Addr. 

l n.,. 3 NeKt Mam Instr 

BSR, BRANCH TO SUBROUTINE· 

JMP, JUMP 

~ Mam Program 

80 ° BSR 

n + 1 ± K = Offset• 

n + 2 NeKt Main Instr 

INOXO ! ~ Main Program 

n 6E JMP 

"• 1 K - Offset 

X + K J Next ln:truct1on I 

RTS, RETURN FROM SUBROUTINE 

PC Subroutine 

-;; 139" RTS I ~ 
RTI, RETURN FROM INTERRUPT: 

~ Stack 
SP-1 
SP-1 [n•2] H 

SP ln+21 l 

ln+2!H and [n+21 l Form n+ 2 

Stack 

SP-2 

SP-I ln+3) H 

SP [n+J) l 

=Stack Pointer After Execution 

fil' Stack 

SP- 2 

SP- 1 In+ 2] H 

SP In+ 21 L 

11 + 2 Formed From In+ 2] Hand In• 21 l 

.fil' 
SP 

SP+ 1 

SP+ 2 

SP+ 3 

SP+ 4 

SP+ 5 

SP+ 6 

SP+ 7 

Stack 

Cond111on Code 

Acmltr B 

Aerni tr A 

Index Re~1ster IXHI 

Index Register {XLI 

PCH 

PCL 

er; Subroutine 
INX + K 1st Subr. Instr. 

~ Subroutine 

S 1stSubr.lnstr. 

]1; Subroutine 

n + 2 .± K 1st Su·br. Instr 

[ .~ 
Marn Program 

7E = JMP 
KH" Next Address 

EXTENDED 11+2 KL" Next Address 

Next ln:truct1on I K 

P.I Mam Program 

Next Mam Instr 

PC Main Program 

TABLE 6 - CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 
COND. CODE REG 

IMPLIED 5 413 2 1 0 

OPERATIONS MNEMONIC OP - BOOLEAN OPERATION H~ •IN:, v c 
Clear Carry CLC oc 2 1 0 . c . • I • . . A 
Clear lnterrnpt Mask Cll O> 1 1 0 ·I . A ' . . . . 
Clear Overflow CLV OA 1 1 0 • v . 

· 1 · . 

R . 
Set Carry SEC 00 2 1 1 . c . . . . . s 
Set Interrupt Mask SEI OF 1 1 1 ·I . s • • I • . 
Set Overflow SEV OB 2 1 I ·V •l•lele s . 
Aerni tr A -- CCR TAP 06 1 1 A ·CCR --@--
CCR --- Ac ml tr A TPA 07 1 1 CCR ·A •l•_l•J_•l• 1 • 

CONDITION CODE REGISTER NOTES (Bit set 11test1s true and cleared otherwise I 

(811 V) Test. Result= 10000000? 
(Bi1 Cl Test: Result I 00000000? 
(811 Cl Test· Decimal value of most s1grnficant BCD Character greater than nme? 

i Not cleared if previously set ) 

(811 V) Test: Operand= 10000000 prior to execution? 
(811 VI Test: Operand= 01111111 prior to execution? 
rn,1 VI Test: Set equal to result of N<±)C alter shift has occurrerl 

!Bit N) Test_ Sign bit of most sign1!1cant (MS) byte = J? 
(811 V) Test: 2's complement overflow lrom subtraction of MS bytes? 
(811 Nl Test: Result less than zero? (811 15 = 1) 

10 (All) Load Condition Code Register from Stack. (See Special Operations) 
11 (811 I) Set when interrupt occurs_ If previously set. a Non-Maskable 

Interrupt 1s required to exit the wait state 

12 (All) Set according to the contents ol Accumulator A 
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ABA 
ADC 
ADD 
AND 
ASL 
ASR 
BCC 
BCS 
BEA 
BGE 
BGT 
BHI 
BIT 

• 
BLE 
BLS 
BLT 
BMI 
BNE 
BPL 
BRA 
BSR 
BVC 
BVS 
CBA 
CLC 
CLI 
CLR 
CLV 
CMP 
COM 
CPX 
DAA 
DEC 
DES 
DEX 
EOR 

NOTE 

MC6802 

TABLE 7 - INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES 
(Times in Machine Cycle) 

~ ~ 
c fi 
i ; ..., t 

0. 
0 'ii . ..., ..., 

-~ 0 ..., . x ;; x . 
~ ~ . .! ;; u E . ~ ~ " 

u 
" u ! c5 ;; ..., 

! u e <.: w .: a: e <.: 

2 INC 2 
2 3 INS 
2 3 4 INX 
2 3 4 JMP 

6 JSR 
6 . LOA 

4 LOS 
4 LOX 

LSR 
NEG 
NOP 
ORA 
PSH 
PUL 
ROL 

4 ROR 
4 RTI 

RTS 
SBA 

4 SBC 
8 SEC 
4 SEI 
4 SEV 

2 STA 
2 STS 
2 STX 

SUB . SWI 
4 TAB 
6 7 TAP 
5 6 TBA 

TPA 
6 . TST 

4 TSX 
TSX 
WAI 

Interrupt t1rne 1s 12 cycles from the end of 

the 1nstruct1on being executeri, except following 

a WA I 1nstruct1on ThE>n 1t is 4 cycles 
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! "il .~ ..., ..., ii ..., 
! . " 

c 
~ E ~ ! ~ 

! . ..., 
! 0 w £ 

6 
4 . . 

3 4 
9 8 

2 3 4 5 
3 5 6 
3 5 6 

6 
6 

3 

6 
6 . 

10 
5 
2 

4 5 6 
5 6 
5 6 
3 4 

12 
2 
2 
2 
2 

4 
9 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 

Table 8 provides a detailed description of the information 
present on the address bus, data bus, valid memory address 
line !VMA). and the read/write line (R/W) during each cycle 
for each instruction. 

as the control program is executed. The information is 
categorized in groups according to addressing modes and 
number of cycles per instruction. (In general, instructions 
with the same addressing mode and number of cycles ex
ecute in the same manner; exceptions are indicated in the 
table.) 

This information is useful in comparing actual with ex
pected results during debug of both software and hardware 

Address Mode 
•nd Instructions 

IMMEDIATE 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

CPX 
LOS 
LOX 

DIRECT 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

CPX 
LOS 
LOX 

STA 

STS 
STX 

INDEXED 

JMP 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

CPX 
LOS 
LOX 

TABLE 8 - OPERATIONS SUMMARY 

Cycle VMA 
Cycles :# Lina Address Bus 

R/W 
Line 

1 

2 2 

1 

3 2 

3 

1 

3 2 

3 

1 

4 2 

3 

4 

1 

4 2 

3 

4 

1 

2 

5 3 

4 

5 

1 

4 
2 

3 

4 

1 

2 

5 3 

4 

5 

1 

2 

6 3 

4 

5 
6 

1 Op Code Address 

1 Op Code Address + 1 

1 Op Code Address 

1 Op Code Address + 1 

1 Op Code Address + 2 

1 Op Code Address 

1 Op Code Address+ 1 

1 Address of Operand 

1 Op Code Address 

1 Op Code Address + 1 

1 Address of Operand 

1 Operand Address + 1 

1 Op Code Address 

1 Op Code Address + 1 

0 Destination Address 

1 Destination Address 

1 Op Code Address 

1 Op Code Address+ 1 

0 Address of Operand 

1 Address of Operand 
1 Address of Operand+ 1 

1 Op Code Address 

1 Op Code Address + 1 

0 Index Register 

0 Index Register Plus Offs~t (w/o Carry) 

1 Op Code Address 

1 Op Code Address + 1 

0 Index Register 

0 Index Register Plus Offset (w/o Carry) 

1 Index A egister PI us Offset 

1 Op Code Address 

1 Op Code Address + 1 

0 Index Register 

0 Index Register Plus Offset (w/o Carry) 

1 Index Register Plus Offset 

1 Index Register Plus Offset + 1 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Data Bus 

Op Code 

Operand Data 

Op Code 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Op Code 

Address of Operand 

Operand Data 

Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Op Code 

Destination Address 

Irrelevant Data (Note 1) 

Data from Accumulator 

Op Code 

Address of Operand 

Irrelevant Data (Note 1) 

Register Data (High Order Byte) 

Register Data (Low Order Byte) 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Op Code 

Offset 

Irrelevant Data (Note 1 l 

Irrelevant Data (Note 1) 

Operand Data 

Op Code 

Offset 

Irrelevant Data (Note 1 l 

Irrelevant Data (Note 1) 

Operand Data (High Order Byte! 

Operand Data I Low Order Byte I 

• 



• 
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TABLE 8 - OPERATIONS SUMMARY (CONTINUED) 

Address Mode Cycle VMA R/W 
Line and Instructions Cycles # line Address Bus 

INDEXED (Continued) 
STA 1 

2 

6 3 

4 

5 

6 

ASL LSR 1 
ASA NEG 2 
CLR ROL 
COM ROA 

7 
3 

DEC TST 4 
INC 

5 

6 

7 

STS 1 
STX 2 

7 3 

4 

5 

6 

7 

JSR 1 

2 

3 

8 4 

5 

6 

7 

8 
EXTENDED 

JMP 1 

3' 2 

3 

ADC EOR 1 
ADD LOA 2 AND ORA 4 
BIT SBC 3 
CMP SUB 4 

CPX 1 
LOS 2 LOX 

5 3 

4 

5 

STAA 1 
STAB 

2 

5 3 

4 

5 

ASL LSR 1 
ASA NEG 

2 CLR AOL 
COM ROA 

6 
3 

DEC TST 4 INC 
5 

6 

1 Op Code Address 1 

1 Op Code Address + 1 1 

0 Index Register 1 

0 Index Register Plus Offset (w/o Carry) 1 

0 Index Register Pl us Offset 1 

1 Index Register Plus Offset 0 

1 Op Code Address 1 

1 Op Code Address + 1 1 

0 Index Register 1 

0 Index Register Plus Offset (w/o Carry) 1 

1 Index Register Plus Offset 1 

0 Index Register Plus Offset 1 

1/0 Index Register Plus Offset 0 
(Note 

31 

1 Op Code Address 1 

1 Op Code Address + 1 1 

0 Index Register 1 

0 Index Register Plus Offset (w/o Carry) 1 

0 Index Register Plus Offset 1 

1 Index Register Plus Offset 0 

1 Index Register Plus Offset+ 1 0 

1 Op Code Address 1 

1 Op Code Address + 1 1 

0 Index Register 1 

1 Stack Pointer 0 

1 Stack Pointer - 1 0 

0 Stack Pointer - 2 1 

0 Index Register 1 

0 Index Register Plus Offset (w/o Carry) 1 

1 Op Code Address 1 

1 Op Code Address+ 1 1 

1 Op Code Address + 2 1 

1 Op Code Address 1 

1 Op Code Address + 1 1 

1 Op Code Address + 2 1 

1 Address of Operand 1 

1 Op Code Address 1 

1 Op Code Address + 1 1 

1 Op Code Address+ 2 1 

1 Address of Operand 1 

1 Address of Operand + 1 1 

1 Op Code Address 1 

1 Op Code Address + 1 1 

1 Op Code Address + 2 1 

0 Operand Destination Address 1 

1 Operand Destination Address 0 

1 Op Code Address 1 

1 Op Code Address + 1 1 

1 Op Code Address + 2 1 

1 Address of Operand 1 

0 Address of Operand 1 

1/0 Address of Operand 0 
(Note 

31 
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Data Bus 

Op Code 

Offset 

Irrelevant Data (Note 1 ) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Operand Data 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Current Operand Data 

Irrelevant Data (Note 1) 

New Operand Data (Note 3) 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1 l 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Op Code 

Offset 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1 l 

Op Code 

Jump Address (High Order Byte) 

Jump Address (Low Order Byte) 

Op Code 

Address of Operand (High Order Byte) 

Address of Operand I Low Order Byte) 

Operand Data 

Op Code 

Address of Operand (High Order Byte) 

Adcdress of Operand (Low Order Byte) 

Operand Data (High Order Bytel 

Operand Data (Low Order Byte) 

Op Code 

Destination Address (High Order Byte) 

Destination Address (Low Order Byte) 

Irrelevant Data (Note 1 l 

Data from Accumulator 

Op Code 

Address of Operand (High Order Byte) 

Address of Operand (Low Order B:Yte) 

Current Operand Data 

Irrelevant Data (Note 1) 

New Operand Data (Note 31 
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TABLE 8 - OPERATIONS SUMMARY !CONTINUED) 

Address Mode Cycle VMA R/W 
Lina and Instructions Cycles # Line Address Bui 

EXTENDED (Continued) 

STS 1 
STX 

2 

6 3 

4 

5 

6 
JSR 1 

2 

3 

4 

9 5 

6 

7 

8 

9 

INHERENT 

ABA DAA SEC 1 
ASL DEC SEI 2 

ASA INC SEV 2 

CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR AOL TPA 
CLV ROA TST 
COM SBA 

DES 1 
DEX 2 INS 4 
INX 3 

4 

PSH 1 

4 2 

3 

4 

PUL 1 

4 
2 

3 

4 

TSX 1 

4 
2 

3 

4 

TXS 1 

4 
2 

3 

4 

RTS 1 

2 

5 3 

4 

5 

1 Op Code Address 1 

1 Op Code Address + 1 1 

1 Op Code Address + 2 1 

0 Address of Operand 1 

1 Address of Operand 0 

1 Address of Operand + 1 0 

1 Op Code Address 1 

1 Op Code Address+ 1 1 

1 Op Code Address + 2 1 

1 Subroutine Starting Address 1 

1 Stack Pointer 0 

1 Stack Pointer - 1 0 

0 Stack Pointer - 2 1 

0 Op Code Address + 2 1 

1 Op Code Address + 2 1 

1 Op Code Address 1 

1 Op Code Address + 1 1 

1 Op Code Address 1 

1 Op Code Address + 1 1 

0 Previous Register Contents 1 

0 New Register Contents 1 

1 0 p Code Address 1 

1 Op Code Address+ 1 1 

1 Stack Pointer 0 

0 Stack Pointer - 1 1 

1 Op Code Address 1 

1 Op Code Address + 1 1 

0 Stack Pointer 1 

1 Stack Pointer + 1 1 

1 Op Code Address 1 

1 Op Code Address+ 1 1 

0 Stack Pointer 1 

0 New Index Register 1 

1 Op Code Address 1 

1 Op Code Address + 1 1 

0 Index Register 1 

0 New Stack Pointer 1 

1 Op Code Address 1 

1 Op Code Address + 1 1 

0 Stack Pointer 1 

1 Stack Pointer+ 1 1 

1 Stack Pointer + 2 1 
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Datl Bus 

Op Code 

Address of Operand fH igh Order Byte) 

Address of Operand (Low Order Byte) 

Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

Op Code 

Address of Subroutine (High Order Byte) 

Address of Subroutine (Low Order Byte) 

Op Code of Next Instruction 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Irrelevant Data (Note 1 l 
Irrelevant Data (Note 1) 

Address of Subroutine (Low Order Byte) 

Op Code 

Op Code of Next Instruction 

Op Code 

Op Code of Next Instruction 

Irrelevant Data (Note 1) 

Irrelevant Data {Note 1) 

Op Code 

Op Code of Next Instruction 

Accumulator Data 

Accumulator Data 

Op Code 

Op Code of Next Instruction 

Irrelevant Data (Note 1) 

Operand Data from Stack 

Op Code 

Op Code of Next Instruction 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Op Code 

Op Code of Next Instruction 

Irrelevant Data 

Irrelevant Data 

Op Code 

Irrelevant Data (Note 2) 

Irrelevant Data (Note 1) 

Address of Next Instruction (High 
Order Byte) 

Address of Next Instruction (Low 
Order Byte) 



• 

Address Mode 
and Instructions 

INHERENT (Continued) 

WAI 

RTI 

SWI 

RELAl'IVE 

BCC BHI BNE 
BCS BLE BPL 
BEO BLS BRA 
BGE BLT BVC 
SGT BMI BVS 

BSA 

NOTES: 

MC6802 

TABLE 8 - OPERATIONS SUMMARY (CONCLUDED) 

Cycle VMA 
Cycles # Line 

1 1 

2 1 

3 1 

4 1 

9 5 1 

6 1 

7 1 

8 1 

9 1 

1 1 

2 1 

3 0 

4 1 

10 5 1 

6 1 

7 1 

8 1 

9 1 

10 1 

1 1 

2 1 

3 1 

4 1 

5 1 

12 6 1 

7 1 

8 1 

9 1 

10 0 

11 1 

12 1 

1 1 

4 
2 1 

3 0 

4 0 

1 1 

2 1 

3 0 

8 
4 1 

5 1 

6 0 

7 0 

8 0 

Address Bus 

Op Code Address 

Op Code Address + 1 

Stack Pointer 

Stack Pointer - 1 

Stack Pointer - 2 

Stack Pointer - 3 

Stack Pointer - 4 

Stack Pointer - 5 

Stack Pointer - 6 

Op Code Address 

Op Code Address+ 1 

Stack Pointer 

Stack Pointer + 1 

Stack Pointer + 2 

Stack Pointer + 3 

Stack Pointer + 4 

Stack Pointer+ 5 

Stack Pointer+ 6 

Stack Pointer + 7 

Op Code Address 

Op Code Address + 1 

Stack Pointer 

Stack Pointer - 1 

Stack Pointer - 2 

Stack Pointer - 3 

Stack Pointer - 4 

Stack Pointer - 5 

Stack Pointer - 6 

Stack Pointer - 7 

Vector Address FFFA (Hex) 

Vector Address FFFB (Hex) 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Branch Address 

Op Code Address 

Op Code Address + 1 

Return Address of Main Program 

Stack Pointer 

Stack Pointer - 1 

Stack Pointer - 2 

Return Address of Main Program 

Subroutine Address !Note 41 

R/W 
Line 

1 

1 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

Data Bus 

Op Code 

Op Code of Next Instruction 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte! 

Contents of Accumulator A 

Contents of Accumulator B 

Contents of Cond. Code Register 

Op Code 

lrrelevent Data (Note 21 

Irrelevant Oata (Note 11 

Contents of Cond. Code Register from 
Stack 

Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack (High Order 
Byte) 

Index Register from Stack (Low Order 
Byte) 

Next Instruction Address from Stack 
(High Order Byte) 

Next Instruction Address from Stack 
(Low Order Byte) 

Op Code 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte) 

Contents of Accumulator A 

Contents of Accumulator 8 

Contents of Cond. Code Register 

Irrelevant Data (Note 1) 

Address of Subroutine (High Order 
Byte) 

Address of Subroutine (Low Order 
Byte I 

Op Code 

Branch Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Op Code 

Branch Offset 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high-impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 

2. Data is ignored by the MPU. 
3. For TST, VMA=O and Operand data does not change. 
4. MS Byte of Address Bus= MS Byte of Address of BSA instruction and LS Byte of Address Bus= LS Byte of Sub-Routine Address. 
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ORDERING INFORMATION 

Package Type 

Plastic 
P Suffix 

eerdip 
S Suffix 

MC6802 

MECHANICAL DATA AND ORDERING INFORMATION 

Frequency MHz Temperature Order Number 

1.0 
1.0 
1.5 
1.5 
2.0 

1.0 
1.0 
1.5 
1.5 
2.0 

0°e to 70°e Me6802P 
- 40°e to + 85°e Me6B02eP 

0°e to 10°e Me6BA02P 
-40°e to + 85°e Me6BA02eP 

0°e to 70°e Me68B02P 

0°e to 70°e Me6802S 
- 40°e to + 85°C Me6B02eS 

0°e to 70°e Me68A02S 
-40°e to + 85°e Me6BA02eS 

0°e to 10°e Me6BB02S 

PIN ASSIGNMENT 

Vss RESET 

HALT EXT AL 

MR XTAL 

IRQ E 

VMA RE 

NMI Vee Standby 

BA RiW 
Vee DO 

AO 01 

Al 02 

A2 03 

A3 04 

A4 05 

A5 06 

A6 07 

A7 A15 

AB A14 

A9 A13 

A10 A12 

A11 Vss 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
MC6804J1 

• 

\ 

Technical Summary 
8-Bit Microcomputer Unit 

MC6804J 1 HMOS (high-density NMOS) microcomputer unit (MCU) is a member of the M6804 
Family of serial processing microcomputers. This device displays all the versatility of an MCU 
whose design-ability to process 8-bit variables one bit at a time already makes it tremendously cost 
effective. 

This technical summary contains limited information on the MC6804J1. For detailed information, 
refer to the advanced information data sheet for the MC6804J1, MC6804J2, MC6804P2, and 
MC68704P2 8-bit microcomputers (MC6804J1/D) or to the M6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC6804P2 MCU are: 
• On-Chip Clock Generator • True Bit Manipulation 

• Memory Mapped 1/0 

• Software Programmable 8-Bit Timer with 
7-Bit Prescaler 

• Bit Test and Branch Instruction 
• 304 Bytes Self-Check ROM 

• Conditional Branches 
• Single Instruction Memory Examine/ 

Change 
• Timer Pin is Software Programmable as 

Clock Input or Timer Output 

• 30 Bytes of Data RAM • 504 Bytes of User Program Space ROM 
• User Selectable Constant Current 0 ullup Devices available on LSTTL and Open-Drain Interface 

Ports 

• Mask Selectable Edge- or Level-Sensitive Interrupt Pin 

PA4 

PORT 
A PA5 

110 
LINES PA6 

PA7 

TIMER PRESCALER 
B·BIT 

COUNTER 

TIMER/STATUS 
CONTROL REGISTER 

BLOCK DIAGRAM 

XTAL EXTAL 

ACCUMULATOR 
A 

INDIRECT 
REGISTER x 
INDIRECT 

PORT DATA REGISTER 
A OIR. CPU 

REG. REG. 
STACK 

PROGRAM 
COUNTER 

HIGH PCH 

504 x 8 PROGRAM 
USER PROGRAM ROM COUNTER 

304x 8 LOW PCL 

SELF-CHECK ROM 

RESET MOS IRQ 

CPU 
CONTROL 

DATA 
DIR. 
REG. 

30 x 8 
ALU DATA RAM 

72 x 8 
DATA ROM 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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PBO 
PBl 
PB2 PORT 

PB3 B 
PB4 110 
PB5 LINES 
PB6 
PB7 



MC6804J1 

SIGNAL DESCRIPTION 

VccAND Vss 
Power is supplied to the microcomputer using these 

two pins. Vee is + 5 volts ( ± 0.5 V) power, and Vss is 
ground. 

IRQ 

This pin provides the capability for asynchronously ap
plying an external interrupt to the microcomputer. 

EXTAL AND XTAL 
These pins provide control input for the on-chip clock 

oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man
ufacturing mask option. The different clock generator op
tions are shown in Figure 1, along with crystal 
specifications. 

Internal Clock Options 
The crystal oscillator start-up time is a function of many 

variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex
ceed recommendations. When using the on-board oscil
lator, the MeU should remain in a reset condition, with 
the RESET pin voltage below VIRES+, until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 

EXT AL 

MCU 

TIMER 
The TIMER pin can be configured to operate in either 

the input or output mode. As input, this pin is connected 
to the prescaler input and serves as the timer clock. As 
output, the timer pin reflects the contents of the DOUT 
bit of the timer status/control register, the last time the 
TMZ bit was logic high. 

RESET 
The RESET pin is used to restart the processor to the 

beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 
jump instruction to the iirst instruction ot the main pro
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MeU. 

MOS 
The mode select (MDS) pin places the MeU into special 

operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or EPROM program
ming. However, if MDS is logic low at the end of the reset 
state, the single-chip operating mode is automatically 
selected. No external diodes, switches, transistors, etc. 
are required for single-chip mode selection. 

INPUT/OUTPUT LINES (PA4-PA7, PBO-PB7) 
These 12 lines are arranged into one 4-bit port (A) and 

one 8-bit port (8). All lines are programmable as either 

5V 

47k ~ 4 
EXT AL NC 

EXTERNAL 
CLOCK 
INPUT 

XTAL !CRYSTAL MASK XTAL 
MCU 

OPTION! 

EXTERNAL CLOCK 

'" CRYSTAL PARAMETERS c, 

~~ 
EXTALA - ~cw XTAL5 

XTAL 

CRYSTAL PARAMETERS MCU 
AT CUT PARALLEL RESONANCE CRYSTAL EXTAL !CRYSTAL MASK 
Co 7 pF MAXIMUM 
FREQ. - 11 MHz 
Rs 50 OHMS MAXIMUM 

PIEZOELECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTED FOR THE CRYSTAL. FOLLOW 
MANUFACTURER 3 CERAMIC RESONATOR 

SPECIFICATIONS 

NOTE: Keep crystal leads and circuit connections as short as possible 

OPTION! 

CRYSTAL 

Figure 1. Clock Generator Options and Crystal Parameters 
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1RESISTOR CAPACITOR MASK 
OPTION 

I* DENOTES NCIGND. GROUNDING 

PIN 4 WILL REDUCE RFI NOISE.i 

EXTERNAL RESISTOR CAPACiTOR 

• 
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\ -15pfAT25°Cl-
2o l. --- 22 pf AT 25°C 1--1_ ......... 27 pf AT 25°c 
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······ ······ .... 

6.8 ... 

······ 

6"64.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 
Vee. SUPPLY VOLTAGE (VI 

lbl TYPICAL FREQUENCY VARIATIONS@ cl= 15 pf, 10 kn 

9.8 1----l--+--+--+--t----+---t----r-·- t--

~ 
~ 
t; 
z 

~ 
iE 
..: 

9.6 

9.4 

9.2 

9.0 

8.8 

8.6 

·········· .... 
' "" _,o::. ······ ······ .....i---_.-1- .... -

t----+--+---+,.!:··r c r- .... - --l-
,___..~o>F-··-··_···+--is_o...,,,ri--_----1--t"""'"""'...--=-+----; 
, .... • •" _.!--_.~-"1so~ 

8.4 ,____,~_,_ _ __.__..__..___. _ _,_ _ __._ _ _.__, 
4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 

Vee. SUPPLY VOLTAGE (VI 

tel TYPICAL FREQUENCY VARIATIONS @ cl= 50 pf, 3 kfl 

Figure 2. Typical Frequency Selection for 
Resistor/Capacitor Oscillator Options 

inputs or outputs under software control of the data di
rection registers. 

undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

There are 12 input/output pins. All pins of each port 
are programmable as inputs or outputs under the control 
of the data direction registers (DDR). 

The port 1/0 programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output, or a logic zero for input, as shown in Figure 3. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the 1/0 pins are LSTTL compatible as both inputs 
and outputs. In addition, both ports may use either or 
both of two manufacturing mask options; open drain out
put, or internal pull-up resistor for CMOS compatibility. 

Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 
used as a tool to initialize the data registers and avoid . 

The 12 bidirectional lines may be configured by port 
to be the standard configuration (LSTTL), or either mask 
option; LSTTUCMOS, or open drain. Port B outputs are 
LED compatible. 

Port Data Registers ($00, $01) 

The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 

Port A ($00) 

x x x x 

Port B ($01) 
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DATA 
DIRECTION REGISTER 

BIT 

LATCHED 
OUTPUT 

DATA 
BIT 

DATA 
DIRECTION 
REGISTER 

BIT 

1 
1 

0 

OUTPUT 
DATA 
BIT 

a 
1 
x 

INPUT 
OUTPUT TD 
STATE MCU 

a a 
1 1 

HI Z PIN 

Vee 

r----
1 --j 
I 
I L __ _ 

-, 
I 
I 
I 
I 
I 

.J 

*For CMOS option transistor acts as resistor (approximately 40 k!1) to V CC. 
For LSTTL/ open-drain options transistor acts as low current clamping diode to V CC 

Figure 3. Typical 1/0 Port Circuitry 

With regard to Port A only, the four LSB bits are unused. 
These bits are "don't care" (X) bits when written to but 
are always logic high when read. 

Port Data Direction Registers ($04, $05) 

Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
be an input or an output. A zero in the pin's corresponding 
DDR bit programs it as an input; a logic one programs it 
as an output. On reset, all the DDRs are initialized to a 
logic zero state to put the ports in the input mode. 

Port A ($04) 

Port B ($05) 

With regard to Port A, the four LSB bits are cleared 
(logic zero) by reset. These bits must not be set (logic 
one). 

MEMORY 

The MCU memory map (Figure 4) consists of 4352 bytes 
of addressable memory, 1/0 register locations, and four 
levels of stack space. This MCU has three separate mem
ory spaces: program space, data space, and stack space. 

The MCU is capable of addressing 4096 bytes of pro
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro
gram space memory includes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. 

A non-accessible subroutine stack space RAM is pro
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines and interrupts. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data space lo
cations $82 and $83 can be used for 8-bit counter loca
tions. 
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BYTES ADDRESS 

0000 

RESERVED 
12784 BYTES) 

$000 

2783 1------------1 $ADF 
2784 $AED 

4087 

4088 

4089 

4090 

4091 

4092 

4093 

4094 

4095 

SELF-CHECK ROM 
(304 BYTES) 

RESERVED 
(496 BYTES) 

PROGRAM ROM 
(504 BYTES) 

SELF-CHECK 
IRQ VECTOR 

SELF-CHECK 
RESTART VECTOR 

USER 
IRQ VECTOR 

USER 
RESTART VECTOR 

PROGRAM SPACE 

STACK SPACE 

LEVEL 1 

LEVEL 2 

LEVEL 3 

LEVEL 4 

$FF7 

$FF8 

$FF9 

$FFA 

$FFB 

$FFC 

$FFO 

$FFE 

$FFF 

BYTES 

00 

00 

00 

00 

00 

00 

00 

00 

00 

010 

023 

024 

0 

1 

2 

3 

4 

5 

6 

8 

9 

~ 

~ 
5 

I~ 
7 ..... 

09 

096 

12 

12 

12 

13 

15 

16 

8 

9 

0 
:~ 

25 

25 

25 

25 

9 ..... 

0 

=::: 
2 

3 

4 

5 

Figure 4. Memory Map 

PORT A DATA REGISTER 

PORT B DATA REGISTER 

RESERVED 
12 BYTES) 

PORT A ODR 

PORT B DOR 

RESERVED 
13 BYTES) 

TIMER STATUS CONT. REG. 

RESERVED 
114 BYTES) 

USER DATA SPACE ROM 
172 BYTES) 

RESERVED 
132 BYTES) 

INDIRECT REGISTER X 

INDIRECT REGISTER Y 

USER DATA SPACE RAM 
130 BYTES) 

7 

RESERVED 
193 BYTES) 

PRESCALER REGISTER 

TIMER COUNT REGISTER 

ACCUMULATOR 

DATA SPACE 
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ADDRESS 

$ 00 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

~~ $ 

$ 

J$ 

~ $ 

$ 

$ 

01 

02 

03 

04 

05 

06 

08 

09 

OA 

17 

18 

5F 

60 

7F 

80 

~ $ 

81 

82 

9F 

AO $ 

* $ 

$ 

FC 

FD 

$ FE 

$FF 
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REGISTERS 

ACCUMULATOR IAI 
The accumulator is a general purpose 8-bit register 

used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

INDIRECT REGISTERS IX. YI 

These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac
cessed with the direct, indirect. short direct, or bit set/ 
clear modes. 

x 

y 

PROGRAM COUNTER (PC) 
The program counter is a 12-bit register that contains 

the address of the next byte to be fetched. The program 
counter is contained in low byte IPCL) and high nibble 
IPCH). 

11 8 7 

PCH PCL 

FLAGS IC.Zl 
The first flag, the carry (C) bit, is set on a carry or borrow 

out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 

~~~N_O_R_M_A_L_FLA~GS~~--1•~1 C 

~~-INT~ER_RU_~~FLA_G_S~---!~~1 C 

z 

z 

There are two sets of these flags. One set is for interrupt 
processing (interrupt mode flags). The other set is for 
normal operations (program mode flags). When an in
terrupt occurs, a context switch is made from the pro
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 

STACK 
A last-in-first-out (LIFO) stack is incorporated in the MCU 

that eliminates the need for a stack pointer. This non
accessible subroutine stack space is implemented in sep
arate RAM, 12 bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 

SELF CHECK 

The MCU implements two forms of internal check: self 
check and ROM verify. Self check performs an extensive 
functional check of the MCU using a signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 

Self-check mode is selected by holding the MOS and 
PA7 pins logic high and the PA6 pin logic low as RESET 
goes low to high. ROM verify mode is entered by holding 
MOS, PA7, and PA6 logic high as RESET* goes low to 
high. Unimplemented program space ROM locations are 
also tested. Monitoring the self-check mode's stages for 
successful completion requires external circuitry, see 
M6804 MCU Manual (DLE404/D). 

RESET 

RESET 

All resets of the MC6804J1 are caused by the external 
reset input (RESET). A reset can be achieved by pulling 
the RESET pin to logic low for a minimum of 96 oscillator 
cycles. 

During reset, a delay of 96 oscillator cycles is needed 
before allowing the RESET input to go high. If power is 
being applied, RESET must be held low long enough for 
the oscillator to stabilize and then provide the 96 clocks. 
Connecting a capacitor and resistor to the RESET input, 
as shown in Figure 5 below, typically provides sufficient 
delay. 

+5V 

4.7 k 

I 1.0µF 

MCU 

Figure 5. Powerup RESET Delay Circuit 
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INTERRUPT 

The MCU C!!!!_be interrupted by applying a logic low 
signal to the IRQ pin. However, a manufacturing mask 
option determines whether the falling edge or the actual 
low level of the IRQ pin is sensed to indicate an interrupt. 

EDGE-SENSITIVE OPTION 

When the IRQ pin is pulled low, the internal interrupt 
request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
6 contains a flowchart that illustrates both the reset and 
interrupt sequences. 

The interrupt sequence consists of one cycle during 
which: 

The interrupt request latch is cleared; 

The interrupt mode flags are selected; 

The program counter (PC) is saved on the stack; 

The interrupt mask is set; and 

The IRQ vector jump address is loaded into the PC. 

The IRQ vector jump address is $FFC-$FFD in the single
chip mode and $FFB-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other EPROM program word. So, it is essential 

LOW 

"'"' 

·--1-INTERRUPTMASK 
O-INTERRl.PTREllUEST 

LATCH IE.OGE 
SElllSITIWDPTllJlll 

m-TCfl 
$00-TSCR 

$FF-PRESCALER 

LOAD PROGRAM 
COUNTER FROM 
RESET VECTOR 

UICATIOlll 
tffEISFFF 

that the vector contents specify a JMP instruction in ad
dition to the starting address of the interrupt service rou
tine. If required, this routine should save the values of 
the accumulator and the X and Y registers, since these 
values are not stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur
ing RTI the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro
gram is then fetched and executed. 

When the interrupt was initially detected and the in
terrupt sequence started, the interrupt request latch was • 
cleared so thatthe next interrupt could be detected. These 
steps occurred even as the first interrupt was being serv
iced. However, even though the second interrupt edge 
set the interrupt request latch during the first interrupt's 
processing, the second interrupt's sequence can not be
gin until completion of the interrupt service routine for 
the first interrupt. Completion of an interrupt service rou
tine is always accomplished using an RTI instruction to 
return to the main program. The interrupt mask, which 
is not directly available to the programmer, is cleared 
during the last cycle of the RTI instruction. 

LEVEL-SENSITIVE OPTION 
Actual operation of the level-sensitive and edge-sen

sitive options are similar. However, the level-sensitive 
option does not have an interrupt request latch. Since 
there is no interrupt request latch, the logic level of the 
IRQ pin is checked to detect the interrupt. Also, in the 
interrupt sequence there is no need to clear the interrupt 
request latch. These differences are shown in Figure 6. 

Figure 6. Reset and Interrupt Flowchart 

MOTOROLA MICROPROCESSOR DATA 

3-284 



MC6804J1 

POWERUP AND TIMING 

During the powerup sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc
tion). 

To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in
stead of an RTS. The RTI opens the interrupt mask. Typ
ical RESET and IRO processes and their relationship to 
the interrupt mask are shown in Figure 7. 

Maximum interrupt response time is six machine cycles. 
This includes five cycles for the longest instruction plus 
one for stacking the PC and switching flags. 

JMP-START 
VECTOR IFFHFFI 

TIMER 

A block diagram of the MC6804J1 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 

PRESCALER 

The prescaler is a 7-bit counter used to extend the max
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 

L----.-----~ .............................................................. . 

PROGRAM 

IRQ 
RECOGNIZED 

PROGRAM 

START IROUTINEI 
INSTRUCTION 11-NI 

LAST INSTRUCTION 
JSR INIT 

INIT 
INITIALIZATION 

SUBROUTINE .__ _____ _, __ ............ . 

LAST INSTRUCTION 
RTI 

~------, ..................................... . 
IRQ 

SERVICE 
ROUTINE 

LAST INSTRUCTION 
RTI 

'----.-----'-- ................................... . 

Figure 7. Interrupt Mask 
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to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-20, to divide-by-27. 

TIMER COUNTER 

The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 
time, the write takes precedence. TSCR bit one (TMZ) is 
not set until the next timer time out. 

TIMER PIN 

The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR bit 
5 (TOUT). This relationship is shown in the TIMER pin 
status section of Figure 8. The frequency of the internal 
clock applied to the TIMER pin must be less than !byte• 
which is (fosc/48). 

TIMER INPUT MODE 

In the timer input mode, TOUT is logic zero and the 
TIMER pin is connected directly to prescaler input. So, 
the prescaler is clocked by the signal from the TIMER pin. 
The prescaler divides the TIMER pin clock input by the 
prescaler tap. The prescaler output then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit can be 
tested under program control. 

TIMER OUTPUT MODE 

In the output mode, the TIMER pin is output. TOUT is 
a logic one. The prescaler is clocked by the internal sync 
pulse. This pulse is a divide-by-48 of the internal oscillator 
(fosc/48). From this point on, operation is similar to that 
described for the input mode. However, in the output 
mode, once the prescaler decrements the timer counter 
to zero, the high TMZ bit state is used to latch the data 
at TSCR bit 4 (DOUT), onto the TIMER pin. 

NOTE 

TMZ is normally set to logic one when TCR dec
rements to zero and the timer times out. However, 
it may be set by a write of $00 to the timer counter 
or by a write to bit 7 of TSCR. 

TIMER COUNT REGISTER ($FE) 

The timer count register reflects the current count in 
the internal 8-bit counter. The register is the timer counter 
and can be read or written. 

MSB LSB 

RESET: 
I 

TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 

TMZ TOUT DOUT PSI PS2 PSI PSO 

RESET 

TMZ- Timer Zero 
1 =Timer count register has decremented to zero 

since the last time the TMZ bit was read. 
0 =This bit is cleared by a read of the TSCR if TMZ 

is read as logic one. 

Bit 6 
Not used by this register. 

TOUT - Timer Output 
1 =Output mode is selected for the timer. 
0= Input mode is selected for the timer. 

DOUT - Data Output 
Latched data at this bit is sent to the TIMER pin when 
both the TMZ and TOUT bits are logic high. 

PSI - Prescaler Initialization 
1 = Prescaler begins to decrement. 
0= Prescaler is initialized and counting is inhibited. 

PSO-PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 

PS2 PS1 PSO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

It is recommended that MVI or loading and storing 
instructions be used when changing bit values in the 
TSCR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 

During reset, the TSCR is set to all zeroes; the TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 
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TIMER PRESCALER REGISTER ($FD) 
The timer prescaler register reflects the current count 

of the 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 

MSB LSB 

RESET: 

INSTRUCTION SET 

The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type . 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 

Function Mnemonic 

Load A from Memory LDA 

Load XP from Memory LDX 

Load YP from Memory LDY 

Store A in Memory STA 

Add to A ADD 

Subtract from A SUB 

AND Memory to A AND 

Transfer A to XP TAX 

Transfer A to YP TAY 

Transfer YP to A TYA 

Transfer XP to A TPA 

Clear A CLRA 

Clear XP CLRX 

Clear YP CLRY 

Arithmetic Compare with Memory CMP 

Move Immediate Value to Memory MVI 

Arithmetic Left Shift of A ASLA 

Complement A COMA 

Rotate A Left and Carry ROLA 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 

value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 

Function Mnemonic 

Increment Memory Location INC 

Increment A INCA 

Increment XP INCX 

Increment YP INCY 

Decrement Memory Location DEC 

Decrement A DECA 

Decrement XP DECX 

Decrement YP DECY 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list of instructions. 

Function Mnemonic 

Branch if Carry Clear BCC 

Branch if Higher or Same (BHS) 

Branch if Carry Set BCS 

Branch if Lower (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEO 

BIT MANIPULATION INSTRUCTIONS 
The MCU is capable of setting or clearing any bit which 

resides in the 256 bytes of data space, where all port 
registers, port DDRs, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256 
locations. The bit set, bit clear, and bit test and branch 
functions are all implemented with a single instruction. 
For the test and branch instructions, the value of the bit 
tested is also placed in the carry bit of the condition code 
register. Refer to the following list of instructions. 

Function Mnemonic 

Branch If Bit n is Set BRSET n(n ~ 0 ... 7) 

Branch If Bit n is Clear BRCLR n(n~O. .. 7) 

Set Bit n BSET n(n~O .. . 7) 

Clear Bit n BCLR n(n~O ... 7) 

CONTROL INSTRUCTIONS 

These instructions are used to control processor op
eration during program execution. The jump conditional 
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(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc
tions. 

Function M11emonic 

Return from Subroutine RTS 

Return from Interrupt RTI 

No Operation NOP 

Jump to Subroutine JSR 

Jump Unconditional JMP 

IMPLIED INSTRUCTIONS 

Since the accumulator and all other registers are located in 
RAM, many implied instructions exist. Some of the instructions 
recognized and translated by the assembler are shown below: 

Mnemonic Becomes Mnemonic Becomes 

ASLA ADD$FF INCX INC $80 

BHS BCC INCY INC $81 

BLO BCS LDXI MVI $80 DATA 

CLRA SUB $FF LDYI MVI $81 DATA 

CLRX MVI $80 #0 NOP BEQ (PC) +1 

CLRY MVI $81 #0 TAX STA $80 

DECA DEC $FF TAY STA $81 

DECX DEC $80 TXA LOA $80 

DECY DEC $81 TVA LOA $81 

INCA INC $FF 

Some examples of valuable instructions not specifi
cally recognized by the assembler are shown below: 

Mnemonic Meaning 

BCLR 7,$FF Ensures A is plus 

BSET 7, $FF Ensures A is minus 

BRCLR 7, $FF Branch if A is plus 

BRSET 7, $FF Branch if A is minus 

BRCLR 7, $80 Branch if X is plus (BXPL) 

BRSET 7, $80 Branch if Xis minus (BXMll 

BRCLR 7, $81 Branch if Y is plus (BYPL) 

BRSET 7, $81 Branch if Y is minus (BYMI) 

OPCODE MAP 
Table 1 is a listing of all the instruction set opcodes 

applicable to the MC6804J1 MCU. 

ADDRESSING MODES 

The MCU has nine different addressing modes to pro
vide the programmer with an opportu11ity to optimize the 
code for all situations. It deals with objects in three dif
ferent address spaces: program space, data space, and 

stack space. The term "effective address" (EA) is used in 
describing the various addressing modes. Effective ad
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is lo
cated in program ROM. It is contained in the byte im
mediately following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes of data space with a single two
byte instruction. 

SHORT DIRECT 

In the short direct addressing mode, the MCU has four 
locations in data space RAM it can use, ($80, $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 
addressing is a subset of the direct addressing mode. 
The X and Y registers are at locations $80 and $81, re
spectively. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 

RELATIVE 

The relative addressing mode is only used in condi
tional branch instructions. In relative addressing, the con
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
-15 to + 16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ
ten to can be set or cleared with a single two-byte in
struction. 
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Branch Instructions 

~ 2 
00'0 

3 
oon 

BNE BNE BEG BEG sec sec 

BNE ! BNE BEG BEG sec sec 
RHl1 

BNE BNE SEO SEO BCC BCC 

BNE BNE SEO SEO BCC sec 

BNE BNE SEO SEO sec sec 

BNE BNE BEG SEO sec sec 

BNE BNE BEG BEG sec BCC 

BNE BNE REL I, BEG SEO BCC sec 

BNE BNE BEG BEO sec sec 

BNE BNE BEO SEO BCC BCC 

A BNE BNE BEO BEO BCC BCC 

BNE BNE BEO SEO sec sec 

BNE BNE BEO SEO BCC sec 

BNE BNE BEQ SEO sec sec 

BNE BNE BEG SEO BCC BCC 

BNE BNE BEO BEG sec sec 

Abbreviations for Address Modes 

INH Inherent 
S-D Short Direct 
8-T-B Bit Test and Branch 
IMM Immediate 
DIR Direct 
EXT Extended 
REL Relative 
SSC Bit Set/ Clear 
A_-lN_D Register Indirect 

Indicates Instruction Reserved for Future Use 
Indicates Illegal Instruction 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

Table 1. Opcode Map 

BCS JS An 

BCS JS An 

BCS JS Rn 

BCS JS An 

BCS JS Rn 

BCS JS Rn 

BCS JSRn 

BCS JS An 

BCS JS Rn 

BCS JS Rn 

BCS JS Rn 

BCS JS Rn 

BC$ ~EL / 2 JSRn 

BCS JS Rn 

BCS JR Sn 

BCS JS An 

Register/Memory, Control, and 
Read/Modify/Write Instructions 

9 I A 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn INC 

JMPn INC 

JMPn INC 

JMPn INC 

JMPn LDA 

JMPn LDA 

JMPn LDA 

JMPn LDA 

Bit Manipulation 
Instructions 

C I D 

MVI BACLAO BCLRO 

BACLR1 BCLR1 

RTI BACLA2 BCL.R2 

RTS BACLA3 BCLR3 

COMA BRCLA4 BCLR4 

ROLA I BRCLR5 BCLA5 

BACLA6 BCLR6 

BACLA7 BCLR7 

DEC I BRSETO BSETO 

DEC I BRSETl BSETl 

DEC I BRSET2 BSET2 

DEC I BRSET3 BSET3 

STA I BRSET4 BSET4 

STA 1
5 BRSET5 BSET5 

STA I BASET6 BSET6 

STA BASETI BSETI 

LEGEND 

Register I Memory and 
Read/Modify/Write 

E F 

LDA LOA 

STA STA 

ADD ADD 

SUB SUB 

CMP CMP 

AND AND 

INC INC 

DEC DEC 

LDA LDA 

STA 

ADD ADD 

SUB SUB 

CMP CMP 

AND AND 
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CAUTION 

The corresponding DDRs for ports A and Bare write 
only registers (registers at $04 and $05). A read 
operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, 
they cannot be used to set or clear a DOR bit; all 
"unaffected" bits would be set. Write all DOR bits 
in a port using a single-store instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol
lowing the opcode byte. The third byte is sign extended 
to 12 bits and becomes the offset added to the PC if the 
condition is true. This single three-byte instruction allows 

the program to branch based on the condition of any 
readable bit in the 256 locations of data space. The span 
of branching is from -125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. 

REGISTER-INDIRECT 

In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltage Vin -0.3to +7.0 

Operating Temperature Range (Comm.) TA 0 to 70 

Operating Temperature Range (Ind.) TA -40 to +85 

Storage Temperature Range Ts.!!!_ -55 to + 150 

Junction Temperature TJ 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 0JA 70 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ. in °C can 
be obtained from: 

where: 
TA 
0JA 

Po 
PINT 
PpQRT 

TJ=TA+(Po•BJA) (1) 

=Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+ PpQRT 
= lccxVcc· Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Unit 

v 
v 
"e 

"C 

"e 

"C 

Unit 

"C/W 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper
ation it is recommended that Vin and V0 ut be con
strained to the range Vss"' !Vin or V0 utl "'Vee. 
Reliability of operation is enhanced if unused in
puts except EXTAL are connected to an appro
priate logic voltage level (e.g., either Vss or Vee). 

For most applications PpoRT<P1NT and can be ne
glected. PpQRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and TJ (if 
PpQRT is neglected) is: 

Po= Kc- (T J + 273°C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po. (TA+ 273°C) + 0JA"Po2 (3) 
where K is a constant pertaining to the particular part. 

K can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA- Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA· 
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ELECTRICAL CHARACTERISTICS 
(Vee= +5.0 Vdc±0.5 Vdc, Vss=GND, TA=0°C to 70°C, unless otherwise noted) 

Characteristic Symbol 

Internal Power Dissipation - No Port Loading PINT 

Input High Voltage V1H 

Input Low Voltage V1L 

Input Capacitance Cin 

Input Current (IRQ, RESET) lin 

SWITCHING CHARACTERISTICS 
(Vee= +5.0 Vdc±0.5 Vdc, Vss=GND, TA=0°C to 70°C, unless otherwise noted) 

Characteristic Symbol 

Oscillator Frequency lose 

Bit Time tbit 

Byte Cycle Time t~e 

IRQ and TIMER Pulse Width tWL• twH 

RESET Pulse Width tRWL 

RESET Delay Time (External Capacitance= 1.0 µF) tRHL 

TEST 
POINT 

40 pF 
iTOTALI 

MMD6150 
OR EQUIV. 

23 kO 

Vee= 5.2 v 

Figure 9. LSTIL Equivalent 
Test Load (Port 8) 

osc 

q,1_J 

4>2 -,...__ __ ___, 

t/>1 

TEST POINT~ I 30 pf ITOTALI 

Figure 10. CMOS Equivalent 
Test Load (Ports A, 8, Cl 

lal OSCILLATOR - q, 1 q,2 TIMING 

lhl <i> 1 - SYNC TIMING 

Min 

-

2.0 

-0.3 

-

-

Min 

4.0 

0.364 

4.36 

2xt~ 

2xt~ 

100 

TEST 
POINT 

30 pf 
ITOTALJ 

Typ Max 

120 165 

- Vee 

- 0.8 

10 -

2 20 

Typ Max 

- 11.0 

- 1.0 

- 12.0 

- -
- -

- -

MM06150 
OR EQUIV. 

46 kO 

Unit 

mW 

v 
v 
pF 

µA 

Unit 

MHz 

µs 

µs 

-

-

ms 

Vee= 5.2 v 

Figure 11. LSTIL Equivalent 
Test Load (Ports A, C, 

and TIMER) 

SYNC _.r---,..__ __________________ ...,..ll_ 

Figure 12. Clock Generator Timing Diagram 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vee= + 5.0 Vdc ± 0.5 Vdc, Vss = GND, TA= O"C to 70"C, unless otherwise noted) 

Characteristic Symbol Min 

Ports A and Timer (Standard) 

Output Low Voltage, ILoad = 0.4 mA VoL -
Output High Voltage, I Load= -50 µA VoH 2.3 

Input High Voltage V1H 2.0 

Input Low Voltage V1L -0.3 

Hi-Z State Input Current ITSI -
Port A (Open Drain) 

Output Low Voltage, ILoad = 0.4 mA VOL -
Input High Voltage V1H 2.0 

Input Low Voltage V1L -0.3 

Hi-Z State Input Current ITSI -
Open Drain Leakage (V0 ut=Vcc) ILOD -

Port A (CMOS Drive) 

Ou!i?!Jt Low Volt!!{!!l lload = 0.4 mA (Sink) Vol -

Output High Voltage, ILoad= -10 µA VoH Vcc-1.o 

Output High Voltage, ILoad = -50 µA VoH 2.3 

Input High Voltage, I Load= -300 µA Max V1H 2.0 

Input Low Voltage, I Load= -300 µA Max V1L -0.3 

Hi-Z State Input Current (Vin= 0.4 V to Vee) ITSI -
Port B (Standard) 

Output Low Voltage, I Load= 1.0 mA VoL -

Output Low Voltage.ILoad= 10 mA (Sink) VoL -
Output High Voltage, ILoad = -100 µA VoH 2.3 

Input High Voltage V1H 2.0 

Input Low Voltage V1L -0.3 

Hi-Z State Input Current ITSI -
Port B (Open Drain) 

Output Low Voltage, ILoad = 1.0 mA VOL -

Output Low Voltage, ILoad= 10 mA (Sink) VoL -
Input High Voltage V1H 2.0 

Input Low Voltage V1L -0.3 

Hi-Z State Input Current ITSI -

Open Drain Leakage (V0 ut=Vcc) ILOD -
Port B (CMOS Drive) 

Output Low Voltage, I Load= 1.0 mA VoL -

Output High Voltage, ILoad= 10 mA (Sink) VOL -
Output High Voltage, I Load= - 10 µA VoH vcc-1.0 

Output High Voltage, I Load= - 100 µA VoH 2.3 

Input High Voltage, ILoad = -300 µA Max V1H 2.0 

Input Low Voltage, I Load= -300 µA Max V1L -0.3 

Hi-Z State Input Current (Vin= 0.4 V to Vee) ITSI -
Ports A and B (Low Current Clamping Diode*) 

Input High Current V1H =Vee+ 1.0 V l1H -

Input Low Current V1L = 0.8 V l1L -
*Denotes not tested unless specified on ordering form. 
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Typ Max Unit 

- 0.5 v 

- - v 
- Vee v 
- 0.8 v 
4 40 µA 

- 0.5 v 
- Vee v 
- 0.8 v 
4 40 µA 

4 40 µA 

- 0.5 v 
- - v 
- - v 
- vcc v 
- 0.8 v 
- -300 µA 

- 0.5 v 
- 1.5 v 

- - v 
- Vee v 
- 0.8 v 
8 80 µA 

- 0.5 v 

- 1.5 v 
- Vee v 
- 0.8 v 

8 80 µA 

8 80 µA 

- 0.5 v 
- 1.5 v 
- - v 
- - v 
- Vee v 
- 0.8 v 

- -300 µA 

- 100 µA 

- -4.0 µA 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola using the following media: 

MOOS®, disk file 
MS®-DOS/PC-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or Motorola representative. 

FLEXIBLE DISKS 
Several types of flexible disks (MOOS or MS-DOS/PC

DOS disk file) may be submitted for pattern generation. 
They should be programmed with the customer program, 
using positive logic sense for address and data. The dis
kette should be clearly labeled with the customer's name, 
date, project or product name, and the filename contain
ing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MOOS Disk File 
MOOS is Motorola's Disk Operating System available 

on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MOOS compatible floppy diskette. The diskette must con
tain the minimum set of MOOS system files in addition 
to the pattern file. 

The .LO output of the M6804 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6804 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those in the user space, must 
be set to logic zero. 

MS-DOS/PC-DOS Disk File 
MS-DOS is Microsoft's Disk Operating System. PC-DOS 

is IBM®'s Personal Computer Disk Operating System. Disk 
media submitted must be standard density (360K), dou
ble-sided 5 1/4 inch compatible floppy diskette. The dis-

1kette must contain the object file code in Motorola's 5-
record format. The 5-record format is a character-based 
object file format generated by M6804 cross assem biers 
and linkers on IBM PC style machines. 

EPROMS 
Four K of EPROM are necessary to contain the entire 

MC6804J1 program. Two 2516 or 2716 type EPROMs or 
a single 2532 or 2732 type EPROM can be submitted for 
pattern generation. The EPROM is programmed with the 
customer program using positive logic sense for address 
and data. Submissions on two EPROMs must be clearly 
marked. All unused bytes, including the user's space, 
must be set to zero. 

If the MC6804J1 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F 
and program space ROM runs from EPROM address $EOO 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 

Verification Media 

All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM Verification Units (RVUs) 

Ten MCUs containing the customers ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As
surance. 

Ordering Information 

The following table provides generic information per
taining to the package type and temperature for the 
MC6804J1. This MCU device is available in the 20-pin 
dual-in-line (DIP) package. 

Generic Information 

Package Type 

Plastic 
(P Suffixl 

MDOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

Temperature Order Number 

0°C to 70°C MC6804J1P 
- 40°C to + 85°C MC6804J1CP 

IBM is a registered trademark of International Business Machines Corporation. 
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MC6804J1 

MECHANICAL DATA 

Vss 1 • 20 

19 PA7 

18 PAS 

17 PA5 

lS PA4 

15 PB7 

14 PBS 

13 PB5 

12 P84 

PB2 10 
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MOTOROLA 
•SEMICONDUCTOR .......................... . 

TECHNICAL DATA 
MC6804J2 

Technical Summary 
8-Bit Microcomputer Unit 

MC6804J2 HMOS (high-density NMOS) microcomputer unit (MCU) is a member of the M6804 
Family of serial processing microcomputers. This device displays all the versatility of an MCU 
whose design-ability to process 8-bit variables one bit at a time already makes it tremendously cost 
effective. 

This technical summary contains limited information on the MC6804J2. For detailed information, 
refer to the advanced information data sheet for the MC6804J1, MC6804J2, MC6804P2, and 
MC68704P2 8-bit microcomputers (MC6804J1/D) or to the M6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC6804J2 MCU are: 
• On-Chip Clock Generator • True Bit Manipulation 
• Memory Mapped 1/0 • Bit Test and Branch Instruction 
• Software Programmable 8-Bit Timer with • 304 Bytes Self-Check ROM 

7-Bit Prescaler • Conditional Branches 
• Single Instruction Memory Examine/ • Timer Pin is Software Programmable as 

Change Clock Input or Timer Output 
• 30 Bytes of Data RAM • 1000 Bytes of User Program Space ROM 
• User Selectable Output Drive Options, LSTTL, LSTTUCMOS, and Open-Drain Interface Ports 
• Mask Selectable Edge- or Level-Sensitive Interrupt Pin 

PA4 

PORT 
PAS A 

1/0 
LINES PAS 

PA7 

TIMER PRESCALER 
B·BIT 

COUNTER 

TIMER/STATUS 
CONTROL REGISTER 

BLOCK DIAGRAM 

XTAL EXTAL 

ACCUMULATOR 
A 

INDIRECT 
REGISTER x 
INDIRECT 

PORT DATA REGISTER 
A DIR. CPU 

REG. REG. 
STACK 

PROGRAM 
COUNTER 

HIGH PCH 

1000 x 8 PROGRAM 
USER PROGRAM ROM COUNTER 

304x8 LOW PCL 

SELF-CHECK ROM 

RESET MOS IRQ 

CPU 
CONTROL 

DATA 
DIR. 
REG. 

ALU 30x8 
DATA RAM 

72 x 8 
DATA ROM 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

VccANDVss 
Power is supplied to the microcomputer using these 

two pins. Vee is +5 volts (±0.5 V) power, and Vss is 
ground. 

IRQ 

This pin provides the capability for asynchronously ap
plying an external interrupt to the microcomputer. 

EXTAL AND XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man
ufacturing mask option. The different clock generator op
tions are shown in Figure 1, along with crystal 
specifications . 

Internal Clock Options 

The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex
ceed recommendations. When using the on-board oscil
lator, the MeU should remain in a reset condition, with 
the RESET pin voltage below VIRES+, until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 

TIMER 
The TIMER pin can be configured to operate in either 

the input or output mode. As input, this pin is connected 
to the prescaler input and serves as the timer clock. As 
output, the timer pin reflects the contents of the OOUT 
bit of the timer status/control register, the last time the 
TMZ bit was logic high. 

RESET 
The RESET pin is used to restart the processor to the 

beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 
jump instruction to the first instruction of the main pro
gram. Together with the MOS pin, the RESET pin selects 
the operating mode of the MeU. 

MOS 
The mode select (MOS) pin places the MeU into special 

operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or EPROM program
ming. However, if MOS is logic low at the end of the reset 
state, the single-chip operating mode is automatically 
selected. No external diodes, switches, transistors, etc. 
are required for single-chip mode selection. 

INPUT/OUTPUT LINES (PA4-PA7, PBO-PB7) 
These 12 lines are arranged into one 4-bit port (A) and 

one 8-bit port (B). All lines are programmable as either 

+IV 

NC EXTAL 4.7 k EXT AL 

!al 
CRYSTAL PARAMETERS C1 

EXTERNAL 
CLOCK 
INPUT 

m··Gt:J-.,., 
CRYSTAL PARAMETERS 

MCU 
XTAL !CRYSTAL MASK 

OPTION! 

EXTERNAL CLOCK 

XTAL 

MCU 
AT - CUT PARALLEL RESONANCE CRYSTAL 
Co = 7 pf MAXIMUM 

EXTAL !CRYSTAL MASK 

FREQ.= 11 MHZ 
Rs = 50 OHMS MAXIMUM 

PIEZOELECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTED FOR THE CRYSTAL. FOLLOW 
MANUFACTURER'S CERAMIC RESONATOR 
SPECIFICATIONS. 

NOTE: Keep crystal leads and circuit connections as short as possible. 

OPTION! 

CRYSTAL 

Figure 1. Clock Generator Options and Crystal Parameters 
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Vee. SUPPLY VOLTAGE IV) 
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Figure 2. Typical Frequency Selection for 
Resistor/Capacitor Oscillator Options 

5.4 5.5 

inputs or outputs under software control of the data di
rection registers. 

PROGRAMMING 

used as a tool to initialize the data registers and avoid 
undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 

INPUT/OUTPUT PROGRAMMING 

There are 12 input/output pins. All pins of each port 
are programmable as inputs or outputs under the control 
of the data direction registers (DDR). 

The port 1/0 programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output, or a logic zero for input, as shown in Figure 3. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the 1/0 pins are LSTTL compatible as both inputs 
and outputs. In addition, both ports may use either or 
both of two manufacturing mask options; open drain out
put, or internal pull-up resistor for CMOS compatibility. 

Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 

The 12 bidirectional lines may be configured by port 
to be the standard configuration (LSTTL), or either mask 
option; LSTTL/CMOS, or open drain. Port B outputs are 
LED compatible. 

Port Data Registers ($00, $01 I 
The port data registers are not initialized on reset. These 

registers should be initialized before changing the DDR 
bits to avoid undefined levels. 

Port A ($00) 
4 3 

x x x x 

Port B ($01) 
4 3 

MOTOROLA MICROPROCESSOR DATA 

3-299 

• 



• 

MC6804J2 

"' ;i ~ 
z ..... 
a: '-' ww ..... z zz 
- 0 

'-' 

DATA 
DIRECTION REGISTER 

BIT 

LAT HEO 
OUTPUT 

OATA 
BIT 

DATA 
DIRECTION 
REGISTER 

BIT 

1 
1 
0 

OUTPUT 
DATA 

BIT 

0 
1 
x 

INPUT 
OUTPUT TO 
STATE MCU 

0 0 
1 1 

Hl-Z PIN 

Vee 

r----
1 

I 
I 
I L __ _ 

., 
I 
I 
I 
I 
I 

j 

*For CMOS option transistar acts as resistor (approximately 40 krll to Vee. 
For LSTTL/open-drain options transistor acts as low current clamping diode to Vee. 

Figure 3. Typical 1/0 Port Circuitry 

With regard to Port A only, the four LSB bits are unused. 
These bits are "don't care" (X) bits when written to but 
are always logic high when read. 

Port Data Direction Registers ($04, $05) 

Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
be an input or an output. A zero in the pin's corresponding 
DDR bit programs it as an input; a logic one programs it 
as an output. On reset, all the DDRs are initialized to a 
logic zero state to put the ports in the input mode. 

Port A ($04) 

Port B ($05) 

With regard to Port A only, the four LSB bits are cleared 
(logic zero) by reset. These bits must not be set (logic 
one). 

MEMORY 

The MCU memory map (Figure 4) consists of 4352 bytes 
of addressable memory, 1/0 register locations, and four 
levels of stack space. This MCU has three separate mem
ory spaces: program space, data space, and stack space. 

The MCU is capable of addressing 4096 bytes of pro
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro
gram space memory includes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. 

A non-accessible subroutine stack space RAM is pro
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single-byte opcodes. The operations allowed are in
crement, decrement, load, and store. Data space loca
tions $82 and $83 can be used for 8-bit counter locations. 
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BYTES 

000 

278 

27B 

308 

308 

0 

~ 

3 

4 

~ 
7 

8 

~ 

7 

B 
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0 

1 

2 

40B 
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4093 
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(27B4 BYTES) 

SELF-CHECK ROM 
(304 BYTES) 

PROGRAM ROM 
(1000 BYTES) 

SELF-CHECK 
IRQ VECTOR 

SELF-CHECK 
RESTART VECTOR 

USER 
IRO VECTOR 

USER 
RESTART VECTOR 

PROGRAM SPACE 

STACK SPACE 

LEVEL 1 

LEVEL 2 

LEVEL 3 

LEVEL 4 

(LIFO) 

MC6804J2 

ADDRESS BYTES 

$ 

~ 
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$ 
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$ 

$ 
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$ 
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000 
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COF 
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FF7 

FF8 
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FFA 

FFB 
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FFE 

FFF 

Figure 4. Memory Map 
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1 00 
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008 

009 

010 

03 

032 

09 

09 6~ 
127 

128 

129 

13 ~ 
15 

16 

25 

25 

~ 
0 

~ 
2 

3 

25 4 

25 5 

PORT A DATA REGISTER 

PORT B DATA REGISTER 

RESERVED 
(2 BYTES) 

PORT A DOR 

PORT B DOR 

RESERVED 
13 BYTES) 

TIMER STATUS CONT. REG. 

RESERVED 
(14 BYTES) 

USER DATA SPACE ROM 
(72 BYTES) 

RESERVED 
(32 BYTES) 

INDIRECT REGISTER X 

INDIRECT REGISTER Y 

USER DATA SPACE RAM 
(30 BYTES) 

RESERVED 
(93 BYTES) 

PRESCALER REGISTER 

TIMER COUNT REGISTER 

ACCUMULATOR 

DATA SPACE 
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REGISTERS 

ACCUMULATOR IA) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

INDIRECT REGISTERS 1x;v1 
These two registers are used to maintain pointers to 

other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac
cessed with the direct, indirect, sh·ort direct, or bit set/ 
clear modes. 

7 

x 

y 

PROGRAM COUNTER (PC) 

The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. The program 
counter is contained in I.ow byte (PCL) and high nibble 
(PCH). 

11 8 7 

PCH PCL 

FLAGS (C,Zl 
The first flag, the carry (C) bit, is set on a carry or borrow 

out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 

___ N_O_RM_A_L_F_LA_G_S ___ ---'Jo.il C z 

--"'N~T~ER~R~U~'"'""'"F~LA~G~S---i•~J c z 

There are two sets ofthese flags. One set is for interrupt 
processing (interrupt mode flags). The other set is for 
normal operations (program mode flags). When an in
terrupt occurs, a context switch is made from the pro
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 

STACK 
A last-in-first-out (LIFO) stack is incorporated in the MCU 

that eliminates the need for a stack pointer. This non
accessible subroutine stack space is implemented in sep
arate RAM, 12 bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg
isters are Shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 

SELF CHECK 

The MCU implements two forms of internal check: self 
check and ROM verify. Self check performs an extensive 
functional check of the MCU using a signature analysis 
technique; ROM verify uses a similar method to check 
the contents of program ROM. 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high and the PA6 pin logic low as RESET 
goes low to high. ROM verify mode is entered by holding 
MDS, PA7, and PA6 logic high as RESET goes low to 
high. Unimplemented program space ROM locations are 
also tested. Monitoring the self-check mode's stages for 
successful completion requires external circuitry, see 
M6804 MCU Manual (DLE404/D). 

RESET 

RESET 
All resets of the MC6804J2 are caused by the external 

reset input (RESET). A reset can b,e achieved by pulling 
the RESET pin to logic low for a minimum of 96 oscillator 
cycles.· 

During reset, a delay of 96 oscillator cycles is needed 
before allowing the RESET input to go high. If power is 
being applied, RESET must be held low long enough for 
the oscillator to stabilize and then provide the 96 clocks. 
Connecting a capacitor and resistor to the RESET input, 
as shown in Figure 5 below, typically provides sufficient 
delay. 

+5V 

4.7 k 

I 1.0µF 

MCU 

Figure 5. Powerup RESET Delay Circuit 
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INTERRUPT 

The MCU can be interrupted by applying a logic low 
signal to the IRQ pin. However, a manufacturing mask 
option determines whether the falling edge or the actual 
low level of the IRQ pin is sensed to indicate an interrupt. 

EDGE-SENSITIVE OPTION 

When the IRQ pin is pulled low, the internal interrupt 
request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
6 contains a flowchart that illustrates both the reset and 
interrupt sequences. 

The interrupt sequence consists of one cycle during 
which: 

The interrupt request latch is cleared; 

The interrupt mode flags are selected; 

The program counter (PC) is saved on the stack; 

The interrupt mask is set; and 

The IRQ vector jump address is loaded into the PC. 

The IRQ vector jump address is $FFC-$FFD in the single
chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other EPROM program word. So, it is essential 

LOW 

RESET 

o--DDRs 
1-INTERllUPTMASK 

O-INTEllllUPTllElltJEST 
LATCHIEDGE 

SENSITIVE OPTION! 
SFF-TCll 

SOO-TSCll 
HF-PllESCALER 

LOAD PROGRAM 
COUNTER FROM 
RESET VECTOR 

LOCATION 
$fFEl$fff 

that the vector contents specify a JMP instruction in ad
dition to the starting address of the interrupt service rou
tine. If required, this routine should save the values of 
the accumulator and the X and Y registers, since these 
values are not stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur
ing RTI the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro
gram is then fetched and executed. 

When the interrupt was initially detected and the in
terrupt sequence started, the interrupt request latch was 
cleared so that the next interrupt could be detected. These 
steps occurred even as the first interrupt was being serv
iced. However, even though the second interrupt edge 
set the interrupt request latch during the first interrupt's 
processing, the second interrupt's sequence can not be
gin until completion of the interrupt service routine for 
the first interrupt. Completion of an interrupt service rou
tine is always accomplished using an RTI instruction to 
return to the main program. The interrupt mask, which 
is not directly available to the programmer, is cleared 
during the last cycle of the RTI instruction. 

LEVEL-SENSITIVE OPTION 
Actual operation of the level-sensitive and edge-sen

sitive options are similar. However, the level-sensitive 
option does not have an interrupt request latch. Since 
there is no interrupt request latch, the logic level of the 

Figure 6. Reset and Interrupt Flowchart 
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IRO pin is checked to detect the interrupt. Also, in the 
interrupt sequence there is no need to clear the interrupt 
request latch. These differences are shown in Figure 6. 

POWERUP AND TIMING 

During the powerup sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc
tion). 

To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in
stead of an RTS. The RTI opens the interrupt mask. Typ
ical RESET and IRO processes and their relationship to 
the interrupt mask are shown in Figure 7. 

JMP-START 
VECTOR IFFE-FFF) 

Maximum interrupt response time is six machine cycles. 
This includes five cycles for the longest instruction plus 
one for stacking the PC and switching flags. 

TIMER 

A block diagram of the MC6804J2 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 

PRESCALER 
The prescaler is a 7-bit counter used to extend the max

imum interval of the overall timer. This counter is clocked 

. ................................................ 

~ 

PROGRAM 

IRQ 
RECOGNIZED 

PROGRAM 

START !ROUTINE) 
INSTRUCTION 11-N) 

l 
LAST INSTRUCTION 

JSR INIT 

l INIT 
INITIALIZATION 
SUBROUTINE 

l 
LAST INSTRUCTION 

RTI 

J 

........................ 
IRQ 

SERVICE 
ROUTINE 

J 
LAST INSTRUCTION 

RTI 

························ J 

Figure 7. Interrupt Mask 
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0 TIMER PIN INPUT MODE 
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Figure 8. Timer Block Diagram 
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by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-20, to divide-by-27. 

TIMER COUNTER 

The timer counter, which may be read or loadei! under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 
time, the write takes precedence. TSCR bit one (TMZ) is 
not set until the next timer time out. 

TIMER PIN 

The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR bit 
5 (TOUT). This relationship is shown in the TIMER pin 
status section of Figure 8. The frequency of the internal 
clock applied to the TIMER pin must be less than tbyte. 
which is (f0 sd48). 

TIMER INPUT MODE 

In the timer input mode, TOUT is logic zero and the 
TIMER pin is connected directly to prescaler input. So, 
the prescaler is clocked by the signal from the TIMER pin. 
The prescaler divides the TIMER pin clock input by the 
prescaler tap. The prescaler output then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit can be 
tested under program control to tell when the counter 
register has reached zero. 

TIMER OUTPUT MODE 

In the output mode, the TIMER pin is output. TOUT is 
a logic one. The prescaler is clocked by the internal sync 
pulse. This pulse is a divide-by-48 of the internal oscillator 
(fosc/48). From this point on, operation is similar to that 
described for the input mode. However, in the output 
mode, once the prescaler decrements the timer counter 
to zero, the high TMZ bit state allows TSCR bit 4 (DOUT) 
to become direct input to the TIMER pin. 

NOTE 
TMZ is normally set to logic one when TCR dec
rements to zero and the timer times out. However, 
it may be set by a write of $00 to TCR or by a write 
to bit 7 of TSCR. 

TIMER COUNT REGISTER ($FE) 

The timer count register reflects the current count in 
the internal 8-bit counter. The register is the timer counter 
and can be read or written. 

MSB LSB 

RESET: 
1 

TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 

RESET: 
0 

5 4 

I TOUT I DOUT I PSI 

TMZ - Timer Zero 

PS2 PS1 PSO 

1 =Timer count register has decremented to zero 
since the last time the TMZ bit was read. 

0 =This bit is cleared by a read of the TSCR if TMZ 
is read as logic one. 

Bit 6 
Not used by this register. 

TOUT - Timer Output 
1 =Output mode is selected for the timer. 
0 =Input mode is selected for the timer. 

DOUT - Data Output 
Latched data at this bit is sent to the TIMER pin when 
both the TMZ and TOUT bits are logic high. 

PSI - Prescaler Initialization 
1 = Prescaler begins to decrement. 
0 = Prescaler is initialized and counting is inhibited. 

PSO-PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 

PS2 PS1 PSO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

It is recommended that MVI or loading and storing 
instructions be used when changing bit values in the 
TSCR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 

During reset, the TSCR is set to all zeroes; the TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 

TIMER PRESCALER REGISTER ($FD) 
The timer prescaler register reflects the current count 

of the 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 

6 

I MSB LSB 

RESET: 
1 
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INSTRUCTION SET 

The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 
Most of these instructions use two operands. One op

erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 

Function Mnemonic 

Load A from Memory LDA 

Load XP from Memory LDX 

Load VP from Memory LDY 

Store A in Memory STA 

Add to A ADD 

Subtract from A SUB 

AND Memory to A AND 

Transfer A to XP TAX 

Transfer A to VP TAY 

Transfer VP to A TVA 

Transfer XP to A TPA 

Clear A CLRA 

Clear XP CLRX 

Clear VP CLRY 

Arithmetic Compare with Memory CMP 

Move Immediate Value to Memory MVI 

Arithmetic Left Shift of A ASLA 

Co'mplement A COMA 

Rotate A Left and Carry ROLA 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister. modify or test its contents, and write the modified 
value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 

Function Mnemonic 

Increment Memory Location INC 

Increment A INCA 

Increment XP INCX 

Increment VP INCY 

Decrement Memory Location DEC 

Decrement A DECA 

Function Mnemonic 

Decrement XP DECX 

Decrement VP DECY 

BRANCH INSTRUCTIONS 
This set of instructions branches if a particular condi

tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list of instructions. 

Function Mnemonic 

Branch if Carry Clear BCC 

Branch if Higher or Same (BHS) · 

Branch if Carry Set BCS 

Branch if Lower (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEO 

BIT MANIPULATION INSTRUCTIONS 
The MCU is capable of setting or clearing any bit which 

resides in the 256 bytes of data space, where all port 
registers, port DDRs, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256 
locations. The bit set, bit clear, and bit test and branch 
functions are all implemented with a single instruction. 
For the test and branch instructions, the value of the bit 
tested is also placed in the carry bit of the condition code 
register. Refer to the following list of instructions. 

Function Mnemonic 

Branch If Bit n is Set BRSET n(n = 0 ... 7) 

Branch If Bit n is Clear BRCLR n(n =·o ... 7) 

Set Bii n BSET n(n=O ... 7) 

Clear Bit n BCLR n(n=O ... 7) 

CONTROL INSTRUCTIONS 

These instructions are used to control processor op
eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc
tions. 

Function Mnemonic 

Return from Subroutine RTS 

Return from Interrupt RTI 

No Operation NOP 

Jump to Subroutine JSR 

Jump Unconditional JMP 
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IMPLIED INSTRUCTIONS 

Since the accumulator and all other registers are lo
cated in RAM, many implied instructions "exist. Some of 
the instructions recognized and translated by the assem
bler are shown below: 

Mnemonic Becomes Mnemonic Becomes 

ASLA ADD $FF INCX INC $80 

BHS BCC INCY INC$81 

BLO BCS LDXI MVI $80 DATA 

CLRA SUB $FF LDYI MVI $81 DATA 

CLRX MVI $80 #0 NOP BEQ (PC) +1 

CLRY MVI $81 #0 TAX STA $80 

DECA DEC $FF TAY STA $81 

DECX DEC $80 TXA LOA $80 

DECY DEC $81 TVA LOA $81 

INCA INC $FF 

Some examples of valuable instructions not specifi
cally recognized by the assembler are shown below: 

Mnemonic Meaning 

BCLR 7,$FF Ensures A is plus 

BSET 7, $FF Ensures A is minus 

BRCLR 7, $FF Branch if A is plus 

BRSET 7, $FF Branch if A is minus 

BRCLR 7, $80 Branch if X is plus (BXPL) 

BRSET 7, $80 Branch if X is minus (BXMI) 

BRCLR 7, $81 Branch if Y is plus (BYPL) 

BRSET 7, $81 Branch if Y is minus (BYMI) 

OPCODE MAP 

Table 1 is a listing of all the instruction set opcodes 
applicable to the MC6804J2 MCU. 

ADDRESSING MODES 

The MCU has nine different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif
ferent address spaces: program space, data space, and 
stack space. The term "effective address" (EA) is used in 
describing the various addressing modes. Effective ad
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is lo
cated in program ROM. It is contained in the byte im
mediately following the opcode. The immediate 

addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes of data space with a single two
byte instruction. 

SHORT DIRECT 

In the short direct addressing mode, the MCU has four 
locations in data space RAM it can use, ($80, $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 
addressing is a subset of the direct addressing mode. 
The X and Y registers are at locations $80 and $81, re
spectively. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 

RELATIVE 

The relative addressing mode is only used in condi
tional branch instructions. In relative addressing, the con
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
-15 to + 16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the speCified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ
ten to can be set or cleared with a single two-byte in
struction. 

CAUTION 

The corresponding DDRs for ports A and Bare write 
only registers (registers at $04 and $05). A read 
operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, 
they cannot be used to set or clear a DDR bit; all 
"unaffected" bits would be set. Write all DDR bits 
in a port using a single-store instruction. 
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BNE BNE 

BNE ! BNE 
Rhl1 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

A BNE BNE 

BNE BNE 

BNE BNE 

D BNE BNE 

BNE BNE 

BNE BNE 

Abbreviations for Address Modes 

INH Inherent 
S-D Short Direct 
B-T-8 Bit Test and Branch 
IMM Immediate 
DIR Direct 
EXT Extended 
REL Relative 
BSC Bit Set/Clear 
R_-IND Register Indirect 

Branch Instructions 

' 00'' 

BEG BEG BCC BCC 

BEG BEG BCC BCC 

BEG BEG BCC BCC 

BEG BEG BCC BCC 

BEG BEG BCC BCC 

BEG BEG BCC BCC 

BEG BEO BCC BCC 

BEG BEO BCC BCC 

BEG BEQ BCC BCC 

BEQ BEO BCC BCC 

BEO BEO BCC BCC 

BEG BEO BCC BCC 

BEG BEO BCC BCC 

BEO BEO BCC BCC 

BEO BEO BCC BCC 

BEO BEO BCC BCC 

Indicates Instruction Reserved tor Future Use 
Indicates Illegal Instruction 

BCS 

BCS 

BCS 

Table 1. Opcode Map 

BCS JS An 

BCS JS Rn 

BCS JS Rn 

Register/Memory, Control. and 
Read/Mod1fy/Wnte Instructions 

~---,,., 

JMPn 

JMPn 

JMPn 

MVI 

RTI 

811 Mampulat101 
!nstruct1ons 

C C• 

BRCLRO BCLRO 

BRCLAl BCl_Rl 

BRCLR2 BCl.R2 

BCS BCS JS Rn JMPn I ATS BRCLR3 BCl.R3 

BCS BCS 

BCS BCS 

BCS BCS 

BCS BCS 

BCS BCS 

BCS BCS 

BCS BCS 

BCS I BCS 

~ 
' BCS BCS 

BCS BCS 

BCS BCS 

BCS BCS 

JS Rn 

JS Rn 

JSAn 

JSRn 

JS Rn 

JSRn 

JS Rn 

JS Rn 

JS An 

JS An 

JR Sn 

JS An 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn INC 

JMPn INC 

JMPn INC 

JMPn INC 

JMPn LDA 

JMPn LDA 

JMPn LDA 
[~T' ' 

JMPnl'4 LOA 
t~i I , 

COMA I BRCLR4 BCLA4 

ROLA I BRCLA5 BCL R5 

BRCLA6 BCLR6 

BRCLR7 8Cl.R7 

DEC I BRSETO BSl:TO 

DEC I BRSET1 BSET1 

DEC I BASET2 BSET2 

DEC I BASET3 BSET3 

STA I BRSET4 BSET4 

ST A I 5 BRSET5 BSET5 

STA BRSET6 BSET6 

STA BASED BSF.T7 

LEGEND 

Reg1ster1 Memory and 
Read Modify Write 

E F 

LDA LDA 

STA STA 

ADD ADD 

SUB SUB 

CMP CMP 

AND AND 

INC INC 

DEC DEC 

LOA LOA 

STA 

ADD ADD 

SUB SUB 

CMP CMP 

AND AND 

INC 

DEC 

~w 

A 

---+--------~Opcode in Hexadecimal 
1111 

R·INO 

Opcode in Binary Cyol"~ 
Mnemonic • LDA 

Bytes 
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BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol
lowing the opcode byte. The third byte is sign extended 
to twelve bits and becomes the offset added to the PC if 
the condition is true. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the 256 locations of data space. The 
span of branching is from - 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. 

REGISTER-INDIRECT 
In the register-indirect addressing mode, the operand 

is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 

INHERENT 
In the inherent addressing mode, all the information 

necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltage Vin -0.3 to + 7.0 

Operating Temperature Range (Comm.) TA 0 to 70 

Operating Temperature Range (Ind.) TA -40 to +85 

Storage Temperature Range Ts.!9_ -55to +150 

Junction Temperature TJ 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 0JA 70 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in 'C can 
be obtained from: 

where: 
TA 
0JA 

Po 
PINT 
PpQRT 

TJ=TA+(Po·0JA) (1) 

=Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+ PpQRT 
= icc x V CC' Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Unit 

v 
v 
'C 

'C 

'C 

'C 

Unit 

'CIW 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however. it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper
ation it is recommended that Vin and Vout be con
strained to the range Vss ~ (Vin or V 0utl ~ Vee. 
Reliability of operation is enhanced if unused in
puts except EXTAL are connected to an appro
priate logic voltage level (e.g., either Vss or Vccl. 

For most applications PpQRT<P1NT and can be ne
glected. PPQRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J (if 
PpQRT is neglected) is: 

Po=K+(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po• (TA+ 273°C) + 0JA•Po2 (3) 
where K is a constant pertaining to the particular part. 

K can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA· Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA· 
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ELECTRICAL CHARACTERISTICS 
(Vee= + 5.0 Vdc ± 0.5 Vdc, Vss = GND, TA= O'C to 70'C, unless otherwise noted) 

Characteristic Symbol 

Internal Power Dissipation - No Port Loading P1NT 

Input High Voltage VfH 

Input Low Voltage VfL 

Input Capacitance Cin 

Input Current (IRQ, RESET) lin 

SWITCHING CHARACTERISTICS 
(Vee= + 5.0 Vdc ± 0.5 Vdc, Vss = GND, TA= O'C to 70'C, unless otherwise noted) 

Characteristic Symbol 

Oscillator Frequency fosc 

Bit Time tbit 

Byte Cycle Time t~e 

IRQ and TIMER Pulse Width twL,tWH 

RESET Pulse Width tRWL 

RESET Delay Time (External Capacitance= 1.0 µF) tRHL 

TEST MMD6150 
Vee= 5.2 v 

POINT OR EQUIV. 
4kll 

40 pf 
23 kll MMD7000 

;TOTAL! DR EQUIV. 

Figure 9. LSTTL Equivalent 
Test Load (Port Bl 

ose 

01_J 

rb2 --i ...... ~~~~--

.,, 

TEST POINT~ I 30 pf !TOTAL! 

Figure 10. CMOS Equivalent 
Test Load (Ports A, B, Cl 

fal OSCILLATOR - rb 1 02 TIMING 

lbl lb 1 - SYNC TIMING 

Figure 12. Clock Generator Timing Diagram 

MOTOROLA MICROPROCESSOR DATA 

3-311 

Min Typ Max 

- 120 165 

2.0 - Vee 

-0.3 - 0.8 

- 10 -
- 2 20 

Min Typ Max 

4.0 - 11.0 

0.364 - 1.0 

4.36 - 12.0 

2xt~ - -

2xt~ - -
100 - -

TEST MMDS 150 
POINT OR EQUIV. 

30 pf 
ITOTALI 

46 kll 

Unit 

mW 

v 
v 
pF 

µ.A 

Unit 

MHz 

µs 

µs 

-

-
ms 

Vee= 5.2 v 

Figure 11. LSTTL Equivalent 
Test Load (Ports A, C, 

and TIMER) 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vee= +5.0 Vdc±0.5 Vdc, Vss=GND, TA=0°C to 70°C, unless otherwise noted) 

Characteristic Symbol Min 

Ports A and Timer (Standard) 

Output Low Voltage, ILoad=0.4 mA Vol -

Output High Voltage, I Load= -50 µA VoH 2.3 

Input High Voltage V1H 2.0 

Input low Voltage V1L -0.3 

Hi-Z State Input Current lrs1 -

Port A (Open Drain) 

Output Low Voltage, I Load= 0.4 mA Vol -
Input High Voltage V1H 2.0 

Input Low Voltage V1L -0.3 

Hi-Z State Input Current ITSI -

Open Drain leakage (V 0ut = V eel ILOD -

Port A (CMOS Drive) 

Output Low Voltage, I load= 0.4 mA (Sink) Vol -
Output High Voltage, I Load= -10 µA VoH Vcc-1.0 

Output High Voltage, I Load= - 50 µA VOH 2.3 

Input High Voltage, I Load= -300 µA Max VJH 2.0 

Input Low Voltage, I Load= -300 µA Max V1L -0.3 

Hi-Z State Input Current (Vin =0.4 V to Vee) 1rs1 -
Port B (Standard) 

Output low Voltage, I Load= 1.0 mA Vol -

Output Low Voltage, I Load= 10 mA (Sink) Vol -
Output High Voltage, I Load= -100 µA VoH 2.3 

Input High Voltage V1H 2.0 

Input low Voltage V1L -0.3 

Hi-Z State Input Current ITSI -

Port B (Open Drain) 

Output Low Voltage, I Load= 1.0 mA Vol -

Output Low Voltage, I Load= 10 mA (Sink) Vol -

Input High Voltage V1H 2.0 

Input Low Voltage V1L -0.3 

Hi-Z State Input Current lrs1 -

Open Drain Leakage (V0ut=Vccl ILOD -
Port B (CMOS Drive) 

Output low Voltage, I Load= 1.0 mA VoL -

Output High Voltage, I Load= 10 mA (Sink) Vol -

Output High Voltage, I Load= -10 µA VOH vcc-1.0 

Output High Voltage, I Load= -100 µA VoH 2.3 

Input High Voltage, I Load= -300 µA Max V1H 2.0 

Input low Voltage, I Load= -300 µA Max V1L -0.3 

Hi-Z State Input Current (Vin =0.4 V to Vee) ITSI -

Ports A and B (low Current Clamping Diode*) 

Input High Current V1H =Vee+ 1.0 V l1H -

Input low Current V1L = 0.8 V IJL -
*Denotes not tested unless specified on ordering form. 
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Typ Max Unit 

- 0.5 v 
- - v 
- Vee v 
- 0.8 v 
4 40 µA 

- 0.5 v 
Vee v 

- 0.8 v 
4 40 µA 

4 40 µA 

- 0.5 v 
- - v 
- - v 
- Vee v 
- 0.8 v 
- -300 µA 

- 0.5 v 
- 1.5 v 

- - v 
- Vee v 
- 0.8 v 
8 80 µA 

- 0.5 v 
- 1.5 v 
- Vee v 

- 0.8 v 

8 80 µA 

8 80 µA 

- 0.5 v 

- 1.5 v 
- - v 

- - v 
- Vee v 
- 0.8 v 
- -300 µA 

- 100 µA 

- -4.0 µA 
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Figure 13. Typical VoL VS loL 
for Port A and TIMER 
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VoH· HIGH-LEVEL OUTPUT VOLTAGE IVI 

Figure 15. Typical VoH vs IOH 
for Port A with CMOS Pullups 

1 -~ 
>-- 12.3 V, -100 µAl 1: 

I 

i -1oor--x-+--+-1---+-+--f--+--+-1---+--1 
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Figure 17. Typical VoH vs IOH for Port B 
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Figure 14. Typical VoH vs IOH 
for Port A and TIMER 
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Figure 16. Typical VOL vs IOL for Port B 
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~ 
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Figure 18. Typical VoH vs IOH 
for Port B with CMOS Pullups 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola using the following media: 

MOOS@>, disk file 
MS@l-DOS/PC-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MOOS or MS-DOS/PC
DOS disk file) may be submitted for pattern generation. 
They should be programmed with the customer program, 
using positive logic sense for address and data. The dis
kette should be clearly labeled with the customer's name, 
date, project or product name, and the filename contain
ing the pattern . 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MOOS Disk File 

MOOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MOOS compatible floppy diskette. The diskette must con
tain the minimum set of MOOS system files in addition 
to the pattern file. 

The .LO output of the M6804 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6804 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those in the user space, must 
be set to logic zero. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer Disk Operating System. Disk 
media submitted must be standard density (360K), dou
ble-sided 5 1/4 inch compatible floppy diskette. The dis
kette must contain the object file code in Motorola's S
record format. The S-record format is a character-based 
object file format generated by M6804 cross assemblers 
and linkers on IBM PC style machines. 

EPROMS 
Four K of EPROM are necessary to contain the entire 
MC6804J2 program. Two 2516 or 2716 type EPROMs or 
a single 2532 or 2732 type EPROM can be submitted for 
pattern generation. The EPROM is programmed with the 

MDOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

customer program using positive logic sense for address 
and data. Submissions on two EPROMs must be clearly 
marked. All unused bytes, including the user's space, 
must be set to zero. 

If the MC6804J2 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F 
and program space ROM runs from EPROM address $C10 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 

Verification Media 

All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM Verification Units (RVUs) 

Ten MCUs containing the custolilers ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As
surance. 

Ordering Information 

The following table provides generic information per
taining to the package type and temperature for the 
MC6804J2. This MCU device is available only in the 20-
pin plastic dual-in-line (DIP) package. 

Generic Information 

Package Type Temperature Order Number 

Plastic O'C to 70'C MC6804J2P 
(P Suffixi -40'C to + 85'C MC6804J2CP 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 

MC6804J2 

MECHANICAL DATA 

Vss 1. 20 RESET 

IRO 19 PA7 

vcc 18 PA6 

17 PA5 

XTAl 16 PA4 

MOS 15 P87 

TIMER 14 PBS 

PBO 13 PB5 

PB1 12 PB4 

PB2 10 11 PBJ 
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TECHNICAL DATA 
MC6804P2 

• 

Technical Summary 
8-Bit Microcontroller Unit 

MC6804P2 HMOS (high-density NMOS) microcontroller unit (MCU) is a member of the M6804 
Family of serial processing microcontrollers. This device is extremely versatile and cost effective 
based on the MCU's simple design and its ability to process 8-bit variables, one bit at a time. 

This technical summary contains limited information on the MC6804P2. For detailed information, 
refer to the advanced information data sheet for the MC6804J1, MC6804J2, MC6804P2 and 
MC68704P2 8-bit microcontrollers (MC6804 J1/D) or to the M6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC6804P2 MCU are: 
• On-Chip Clock Generator • True Bit Manipulation 

• Memory Mapped 1/0 • Bit Test and Branch Instruction 

• Software Programmable 8-Bit Timer with • 288 Bytes Self-Check ROM 
7-Bit Prescaler • Conditional Branches 

• Single Instruction Memory Examine/ 
Change 

• Timer Pin is Software Programmable as 
Clock Input or Timer Output 

• 30 Bytes of RAM • 1016 Bytes of User Program ROM 

• User Selectable Constant Current Pullup Devices available on LSTTL and Open-Drain Interface 
Ports 

• Mask Selectable Edge- or Level-Sensitive Interrupt Pin 

PAO 

PA1 
PORT PA2 

A PA3 
1/0 PA4 

LINES PA5 
PA6 
PA7 

BLOCK DIAGRAM 

B·BIT XTAL EXTAL RESET MOS 
TIMER PRE SCALER 

COUNTER 

TIMER/STATUS 
CONTROL REGISTER 

PORT DATA 
A OIR. 

REG. REG. 

1016 x 8 
USER PROGRAM ROM 

288x8 
SELF-CHECK ROM 

ACCUMULATOR 
A CPU 

INDIRECT CONTROL 

REGISTER 

INDIRECT 
REGISTER 

CPU 

STACK 

PROGRAM 
COUNTER 

HIGH PCH ALU 
PROGRAM 
COUNTER 

LOW PCL 
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IRQ 

OATA 
OIR. 
REG. 

30 x 8 
DATA RAM 

DATA 
DIR. 
REG. 

72 x 8 
DATA ROM 

PBO 
P81 
PB2 PORT 

PB3 
PB4 1/0 
PB5 LINES 
PB6 
PB7 

PCO PORT 
PC1 c 
PC2 1/0 
PC3 LINES 



MC6804P2 

SIGNAL DESCRIPTION 

Vee AND Vss 

Power is supplied to the microcontroller using these 
two pins. Vee is + 5 volts ( ± 0.5 V) power, and Vss is 
ground. 

IRQ 

This pin provides the capability for asynchronously ap
plying an external interrupt to the microcontroller. 

EXTAL AND XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man
ufacturing mask option. The different clock generator op
tions are shown in Figure 1, along with crystal 
specifications. 

Internal Clock Options 
The crystal oscillator start-up time is a function of many 

variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex
ceed recommendations. When using the on-board oscil
lator, the MeU should remain in a reset condition, with 
the RESET pin voltage below V1RES +,until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 

EXT AL 

MCU 

TIMER 
The TIMER pin can be configured to operate in either 

the input or output mode. As input, this pin is connected 
to the prescaler input and serves as the timer clock. As 
output, the timer pin reflects the contents of the DOUT 
bit of the timer status/control register, the last time the 
TMZ bit was logic high. 

RESET 
The RESET pin is used to restart the processor to the 

beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 
jump instruction to the first instruction of the main pro
gram. Together with the MOS pin, the RESET pin selects 
the operating mode of the MeU. 

MOS 
The mode select (MDS) pin places the MeU into special 

operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or ROM-verify mode. 
However, if MDS is logic low at the end of the reset state, 
the single-chip operating mode is automatically selected. 
No external diodes, switches, transistors, etc. are re
quired for single-chip mode selection. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC3) 
These 20 lines are arranged into two 8-bit ports (A and 

B) and one 4-bit port (e). All lines are programmable as 

+ 5 v 

EXT AL NC 

EXTERNAL 
CLOCK 
INPUT 

XTAL !CRYSTAL MASK XTAL 
MCU 

l•I 

CRYSTAL PARAMETERS 
AT - CUT PARALLEL RESONANCE CRYSTAL 

Co== 7 pF MAXIMUM 
FREQ.== 11 MH2 
Rs== 50 OHMS MAXIMUM 

PIEZOELECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTED FOR THE CRYSTAL. FOLLOW 
MANUFACTURER'S CERAMIC RESONATOR 
SPECIFICATIONS 

OPTION I 

EXTERNAL CLOCK 

XTAL 

MCU 
EXTAL (CRYSTAL MASK 

OPTIONI 

CRYSTAL 

NOTE: Keep crystal leads and circuit connections as short as possible 

Figure 1. Clock Generator Options and Crystal Parameters 
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!*DENOTES NC/GND. GROUNDING 

PIN 4 Will REDUCE RFI NOISE.I 
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15 pf AT 25°C 1-
--- 22 pf AT 25°C 1-
••••••••• 27 pf .AT 25°C 

·-·- 36 pf AT 25°C 1-
........... 50 pf AT 25°C J-

10 12 14 16 18 

AL. LOAD RESISTANCE lkOI 

la) TYPICAL FREQUENCY VS RESISTANCE 

8.0 1-----J---+--+---+--t---+---i~--tl-1~+,._.=---i 

7.8 I .........i 
~ _ 40;;..,.-r- I 
~ 7.6 ~I ~ . .::~-"F--+----11---+--+-+----j 
._.. ~r I _...,j.-_.~_. 
ffi 7.4L.....i' ~ 
~ r-- oc, __ _.-r---
if 7 .2 1-----+--+---+i> - _::_ ••••• •••• ..: ----i--- .... 

7 0 .... - - , 5>;°C+--~-··~··~· ,__··_· ---.;---+--+-----< 
. I"" •••••• •••• ······ 6.8 1-•• =--=·"'--00+---+---l----l---+--t----+---+----i 

······ 

6•64.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 
Vee. SUPPLY VOLTAGE IVI 

lb) TYPICAL FREQUENCY VARIATIONS@ cl~ 15 pf, 10 kn 

9.8 1-~l----+--t----+---+----+--+--+- - l------1 

9.6 l-___,1-----+--t----+--+----+--+--+--r.-oo .. __, 
······· 

I ••••• £ 9.4 ,___,t----+--+--t-1-1---+-.~->--'-'--!----+-_, .... 
;;!;_ _400C •••••• •••• 1---i""--' 
~ 9.2 .:!':~·!"'_.,.'-"'•"+--I-_-;-..-±--"'+--__.+-I ----1 

=> ••••••• 1>.,oc__.,,_f-i----_l---t~_..,,..~-:::_+-r---i 
~ 9.0 •••••• ···-i--+-100~ 
..: 8.8 I- - .. --+---r-

8.6 !'--

8.4 "--~~-~-~-~-~-~-~_._______, 
4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 

Vee. SUPPLY VOLTAGE IVI 

lei TYPICAL FREQUENCY VARIATIONS @ Ct~ 50 pf, 3 kfl 

Figure 2. Typical Frequency Selection for 
Resistor/Capacitor Oscillator Options 

either inputs or outputs under software control of the 
data direction registers. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

There are 20 input/output pins. All pins of each port 
are programmable as inputs or outputs under the control 
of the data direction registers (DDR). 

The port 1/0 programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output, or a logic zero for input, as shown in Figure 3. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the 1/0 pins are LSTIL compatible as both inputs 
and outputs. In addition, all three ports may use either 
or both of two manufacturing mask options; open drain 
output, or internal pull-up resistor for CMOS compati
bility. 

Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 

used as a tool to initialize the data registers and avoid 
undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 

The 20 bidirectional lines may be configured by port 
to be the standard configuration (LSTIL). or either mask 
option; LSTIL/CMOS, or open drain. Port B outputs are 
LED compatible. 

Port Data Registers ($00, $01, $02) 

The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 

x x 

Port A ($00) and Port B ($01 I 
3 

Port C ($02) 

x x 
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"' ~~ z >
cc <..> 
w w 
>- z z z 
- 0 

<..> 

DATA 
DIRECTION REGISTER 

BIT 

LATCHED 
OUTPUT 

DATA 
BIT 

DATA 
DIRECTION 
REGISTER 

BIT 

1 
1 
0 

OUTPUT 
DATA 
BIT 

0 
1 
x 

INPUT 
OUTPUT TD 
STATE MCU 

0 0 
1 1 

Hl-Z PIN 

Vee 

r----
1 
I 
I 
I L __ _ 

., 
I 
I 
I 
I 
I 

.J 

*For CMOS option transistor acts as resistor (approximately 40 k{ll to Vee. 
For LSTTL/ open-drain options transistor acts as low current clamping diode to V CC. 

Figure 3. Typical 1/0 Port Ci_rcuitry 

With regard to Port C only, the four MSB bits are un
used. These bits are "don't care" (X) bits when written 
to but are always logic high when read. 

Port Data Direction Registers ($04, $05, $06) 

Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
be an input or an output. A zero in the pin's corresponding 
DDR bit programs it as an input; a logic one programs it 
as an output. On reset, all the DDRs are initialized to a 
logic zero state to put the ports in the input mode. 

Port A ($04) and Port B ($05) 

Port C ($06) 

x x x x 

With regard to Port C only, the four MSB bits are un
used. These bits are "don't care" (X) bits when written 
to but are always logic high when read. 

MEMORY 

The MCU memory map (Figure 4) consists of 4352 bytes 
of addressable memory, 1/0 register locations, and four 
levels of stack space. This MCU has three separate mem
ory spaces: program space, data space, and stack space. 

The MCU is capable of addressing 4096 bytes of pro
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro
gram space memory ~ncludes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. 

A non-accessible subroutine stack space RAM is pro
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines and interrupts. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data space lo
cations $82 and $83 can be used for 8-bit counter loca
tions. 

MOTOROLA MICJIOPROCESSOR DATA 

3-319 



BYTES 

0000 

2783 

2784 

~ 

~ 
3071 

3072 

~ 

4087 

4088 

4089 

4090 

4091 

4092 

4093 

4094 

4095 

RESERVED 
12784 BYTES! 

SELF-CHECK ROM 
1288 BYTES) 

PROGRAM ROM 
11016 BYTES! 

SELF-CHECK 
IRQ VECTOR 

SELF-CHECK 
RESTART VECTOR 

USER 
IRQ VECTOR 

USER 
RESTART VECTOR 

PROGRAM SPACE 

STACK SPACE 

LEVEL 1 

LEVEL 2 

LEVEL 3 

LEVEL 4 

(LIFO) 

ADDRESS 

$ 000 

~ 

$ 

$ 

* 
$ 

$ 

AOF 

AEO 

BFF 

coo 

MC6804P2 

000 

001 

002 

003 

004 

005 

006 

007 

008 

009 

010 

031 

032 

095 

..... 

PORT A DATA REGISTER 

PORT B DATA REGISTER 

PORT C DATA REGISTER 

RESERVED 

PORT A DOR 

PORT 8 OOR 

PORT C OOR 

RESERVED 
12 BYTES! 

TIMER STATUS CONT. REG. 

RESERVED 
114 BYTES! 

USER OATA SPACE ROM 
172 BYTES) 

$ 00 

$ 01 

$02 

$03 

$04 

$05 

$06 

$07 

$08 

"""" 

$09 

$0A 

$17 

$18 

$5F 
~~~~~~~~~--f 

~ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$FF7 

FF8 

FF9 

FFA 

FFB 

FFC 

FFD 

FFE 

FFF 

096 

127 

128 

129 

130 

159 

160 

r 

~ 

~ 
252 

253 

254 

255 

Figure 4. Memory Map 

RESERVED 
132 BYTES) 

INDIRECT REGISTER X 

INDIRECT REGISTER Y 

USER DATA SPACE RAM 
130 BYTES) 

RESERVED 
193 BYTES) 

PRESCALER REGISTER 

TIMER COUNT REGISTER 

ACCUMULATOR 

DATA SPACE 
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REGISTERS 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

INDIRECT REGISTERS (X,YI 

These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac
cessed with the direct, indirect, short direct, or bit set/ 
clear modes. 

7 

x 

PROGRAM COUNTER (PC) 

The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. The program 
counter is contained in low byte (PCL) and high nibble 
(PCH). 

11 8 7 

PCH PCL 

FLAGS (C,Z) 

The first flag, the carry (Cl bit, is set on a carry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 

INTERRUPT FLAGS 

There are two sets of these flags. One set is for interrupt 
processing (interrupt mode flags). The other set is for 
normal operations (program mode flags). When an in
terrupt occurs, a context switch is made from the pro
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 

STACK 

A last-in-first-out (LIFO) stack is incorporated in the MCU 
that eliminates the need for a stack pointer. This non
accessible subroutine stack space is implemented in sep
arate RAM, 12-bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg
isters are shifted one level higheL The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 

SELF CHECK 

The MCU implements two forms of internal check: self 
check and ROM verify. Self check performs an extensive 
functional check of the MCU using a signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high and the PA6 pin logic low as RESET 
goes low to high. ROM verify mode is entered by holding 
MDS, PA7, and PA6 logic high as RESET* goes low to 
high. Unimplemented program space ROM locations are 
also tested. Monitoring the self-check mode's stages for 
successful completion requires external circuitry, see 
M6804 MCU Manual (DLE404/D). 

RESET 

RESET 

All resets of the MC6804P2 are caused by the external 
reset input (RESET). A reset can be achieved by pulling 
the RESET pin to logic low for a minimum of 96 oscillator 
cycles. 

During reset, a delay of 96 oscillator cycles is needed 
before allowing the RESET input to go high. If power is 
being applied, RESET must be held low long enough for 
the oscillator to stabilize and then provide the 96 clocks. 
Connecting a capacitor and resistor to the RESET input, 
as shown in Figure 5 below typically provides sufficient 
delay. 

+ 5 v 

4.7 k 

Il.OµF 

MCU 

Figure 5. Powerup RESET Delay Circuit 
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INTERRUPT 

The MCU can be interrupted by applying a logic low 
signal to the IRO pin. However, a manufacturing mask 
option determines whether the falling edge or the actual 
low level of the IRO pin is sensed to indicate an interrupt. 

EDGE-SENSITIVE OPTION 
When the IRQ pin is pulled low, the internal interrupt 

request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
6 contains a flowchart that illustrates both the reset and 
interrupt sequences. 

The interrupt sequence consists of one cycle during 
which: 

the interrupt request latch is cleared; 
the interrupt mode flags are selected; 
the program counter (PC) is saved on the stack; 
the interrupt mask is set; and 

the IRQ vector jump address is loaded into the PC. 

RESET 

o-DDRs 
1-.INTERRUPT MASK 

0 - INTERRUPT REQUEST 
LATCH IED&E 

SENSITIVE OPTION) 
$FF-TCR 

$00-TSCR 
$FF- PRESCALER 

LOAD PROGRAM 
COUNTER FROM 
RESET VECTOR 

LOCATION 
$FFE/tFFF 

The IRO vector jump address is $FFC-$FFD in the single
chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other ROM word. So, it is essential that the vector 
contents specify a JMP instruction in addition to the start
ing address of the interrupt service routine. If required, 
this routine should save the values of the accumulator 
and the X and Y registers, since these values are not 
stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur
ing RTI the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro
gram is then fetched and executed. 

When the interrupt was initially detected and the in
terrupt sequence started, the interrupt request latch was 
cleared so thatthe next interrupt could be detected. These 
steps occurred even as the first interrupt was being serv
iced. However, even though t.he second interrupt edge 
set the interrupt request latch during the first interrupt's 
processing, the second interrupt's sequence can not be
gin until completion of the interrupt service routine for 

Figure 6. Reset and Interrupt Flowchart 
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the first interrupt. Completion of an interrupt service rou
tine is always accomplished using an RTI instruction to 
return to the main program. The interrupt mask, which 
is not directly available to the programmer, is cleared 
during the last cycle of the RTI instruction. 

LEVEL-SENSITIVE OPTION 

Actual operation of the level-sensitive and edge-sen
sitive options are similar. However, the level-sensitive 
option does not have an interrupt request latch. Since 
there is no interrupt request latch, the logic level of the 
IRQ pin is checked to detect the interrupt. Also, in the 

JMP-START 
VECTOR IFFE-FFF) 

interrupt sequence there is no need to clear the interrupt 
request latch. These differences are shown in Figure 6. 

POWERUP AND TIMING 

During the powerup sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc
tion). 

To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in
stead of an RTS. The RTI opens the interrupt mask. Typ
ical RESET and IRQ processes and their relationship to 
the interrupt mask are shown in Figure 7. 

'---.,.----'······························································· 

PROGRAM 

IRQ 
RECOGNIZED 

PROGRAM 

START !ROUTINE) 
INSTRUCTION II-NI 

LAST INSTRUCTION 
JSR INIT 

INIT 
INITIALIZATION 

SUBROUTINE .___ __ .,..... __ .................. . 
LAST INSTRUCTION 

RTI 

~-----~······································ 

IRQ 
SERVICE 
ROUTINE 

LAST INSTRUCTION 
RTI 

'----.,....----'· .................................... . 

Figure 7. Interrupt Mask 
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Maximum interrupt response time is six machine cycles. 
This includes five cycles for the longest instruction plus 
one for stacking the PC and switching flags. 

TIMER 

A block diagram of the MC6804P2 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 

PRESCALER 

The prescaler is a 7-bit counter used to extend the max
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-20, to divide-by-27 . 

TIMER COUNTER 

The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 
time, the write takes precedence. TSCR bit one (TMZ) is 
not set until the next timer time out. 

TIMER PIN 

The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR bit 
5 (TOUT). This relationship is shown in the TIMER pin 
status section of Figure 8. The frequency of the internal 
clock applied to the TIMER pin must be less than !byte• 
which is (fosc/48). 

TIMER INPUT MODE 

In the timer input mode, TOUT is logic zero and the 
TIMER pin is connected directly to prescaler input. So, 
the prescaler is clocked by the signal from the TIMER pin. 
The prescaler divides the TIMER pin clock input by the 
prescaler tap. The prescaler output then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit can be 
tested under program control to tell when the counter 
register has reached zero. 

TIMER OUTPUT MODE 

In the output mode, the TIMER pin is output. TOUT is 
a logic one. The prescaler is clocked by the internal sync 
pulse. This pulse is a divide-by-48 of the internal oscillator 
(fosc/48). From this point on, operation is similar to that 

described for the input mode. However, in the output 
mode, once the prescaler decrements the timer counter 
to zero, the high TMZ bit state allows TSCR bit 4 (DOUT) 
to become direct input to the TIMER pin. 

NOTE 

TMZ is normally set to logic one when TCR dec
rements to zero and the timer times out. However, 
it may be set by a write of $00 to the timer counter 
or by a write to bit 7 of TSCR. 

TIMER COUNT REGISTER ($FE) 

The timer count register reflects the current count in 
the internal 8-bit counter. The register is the counter and 
can be read or written. 

7 

I MSB 

RESET: 

TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 
7 

I TMZ I 
RESET: 

0 

TOUT DOUT PSI 

TMZ - Timer Zero 

PS2 PSl 

LSB 

PSO 

1 =Timer count register has decremented to zero 
since the last time the TMZ bit was read. 

Bit 6 

O =This bit is cleared by a read of the TSCR if TMZ 
is read as logic one. 

Not used by this register. 
TOUT - Timer Output 

1 =Output mode is selected for the timer. 
0 =Input mode is selected for the timer. 

DOUT - Data Output 
Latched data at this bit is sent to the TIMER pin when 
both the TMZ and TOUT bits are logic high. 

PSI - Prescaler Initialize 
1 = Prescaler begins to decrement. 
0= Prescaler is initialized and counting is inhibited. 

PSO-PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 

PS2 PS1 PSO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 , 1 0 64 

1 1 1 128 
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It is recommended that MVI or load immediate and 
storing instructions be used when changing bit values in 
the TSCR. Read-modify-write instructions can cause the 
TMZ to assume an unexpected state. 

During reset, the TSCR is set to all zeros; the TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 

TIMER PRESCALER REGISTER ($FD) 

The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 

6 

1~B W 
RESET: 

INSTRUCTION SET 

The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 
Most of these instructions use two operands. One op

erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 

Function Mnemonic 

Load A from Memory LDA 

Load XP from Memory LDX 

Load YP from Memory LDY 

Store A in Memory STA 

Add to A ADD 

Subtract from A SUB 

AND Memory to A AND 

Transfer A to XP TAX 

Transfer A to VP TAY 

Transfer YP to A TVA 

Transfer XP to A TPA 

Clear A CLRA 

Clear XP CLRX 

Clear YP CLRY 

Arithmetic Compare with Memory CMP 

Move Immediate Value to Memory MVI 

Arithmetic Left Shift of A ASLA 

Complement A COMA 

Rotate A Left and Carry ROLA 

READ-MODIFY-WRITE INSTRUCTIONS 
These instructions read a memory location or a reg

ister, modify or test its contents, and write the modified 
value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 

Function Mnemonic 

Increment Memory Location INC 

Increment A INCA 

Increment XP INCX 

Increment YP INCY 

Decrement Memory Location DEC 

Decrement A DECA 

Decrement XP DECX 

Decrement YP DECY 

BRANCH INSTRUCTIONS 
This set of instructions branches if a particular condi

tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol
lowing list of instructions. 

Function Mnemonic 

Branch if Carry Clear BCC 

Branch if Higher or Same (BHS) 

Branch if Carry Set BCS 

Branch if Lower (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEQ 

BIT MANIPULATION INSTRUCTIONS 
The MCU is capable of setting or clearing any bit which 

resides in the 256 bytes of data space where all port 
registers, port DDRs, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256 
locations. The bit set, bit clear, and bit test and branch 
functions are all implemented with a single instruction. 
For the test and branch instructions, the value of the bit 
tested is also placed in the carry bit of the condition code 
register. Refer to the following list of instructions. 

Function Mnemonic 

Branch If Bit n is Set BRSET n(n = 0 ... 7) 

Branch If Bit n is Clear BRCLR n(n = 0 ... 7) 

Set Bit n BSET n(n=O ... 7) 

Clear Bit n BCLR n(n=O ... 7) 

CONTROL INSTRUCTIONS 
These instructions are used to control processor op

eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 
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register operand. Refer to the following list of instruc
tions. 

Function Mnemonic 

Return from Subroutine RTS 

Return from Interrupt RTI 

No Operation NOP 

Jump to Subroutine JSR 

Jump Unconditional JMP 

IMPLIED INSTRUCTIONS 
Since the accumulator and all other registers are lo

cated in RAM, many implied instructions exist. Some of 
the instructions recognized and translated by the assem
bler are shown below: 

Mnemonic Becomes Mnemonic Becomes 

ASLA ADD $FF INCX INC $80 

BHS BCC INCY INC $81 

BLO BCS LDXI MVI $80 DATA 

CLRA SUB $FF LOYI MVI $81 DATA 

CLRX MVI $80 #0 NOP BEQ (PC) +1 

CLRY MVI $81 #0 TAX STA $80 

DECA DEC $FF TAY STA $81 

DECX DEC $80 TXA LOA $80 

DECY DEC $81 TVA LDA $81 

INCA INC $FF 

Some examples of valuable instructions not specifi
cally recognized by the assembler are shown below: 

Mnemonic Meaning 

BCLR 7,$FF Ensures A is plus 

BSET 7, $FF Ensures A is minus 

BRCLR 7, $FF Branch if A is plus 

BRSET 7, $FF Branch if A is minus 

BRCLR 7, $80 Branch if X is plus (BXPL) 

BRSET 7, $80 Branch if X is minus (BXMI) 

BRCLR 7, $81 Branch if Y is plus (BYPL) 

BRSET 7, $81 Branch if Y is minus (BYMI) 

OPCODE MAP 
Table 1 is a listing of all the instruction set opcodes 

applicable to the MC6804P2 MCU. 

ADDRESSING MODES 

The MCU has nine different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif
ferent address spaces: program space, data space, and 
stack space. The term "effective address" (EA) is used in 

describing the various addressing modes. Effective ad
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 

IMMEDIATE 
In the immediate addressing mode, the operand is lo

cated in program ROM. It is contained in the byte im
mediately following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 

DIRECT 
In the direct addressing mode, the effective address of 

the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes of data space with a single two
byte instruction. 

SHORT DIRECT 
In the short direct addressing mode, the MCU has four 

locations in data space RAM it can use, ($80, $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 
addressing is a subset of the direct addressing mode. 
The X and Y registers are at locations $80 and $81, re
spectively. 

EXTENDED 
In the extended addressing mode, the effective address 

of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressi.ng mode instruction is two bytes long. 

RELATIVE 
The relative addressing mode is only used in condi

tional branch instructions. In relative addressing, the con
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
-15 to + 16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. 

BIT SET/CLEAR 
In the bit set/clear addressing mode, the bit to be set 

or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ
ten to can be set or cleared with a single two-byte in
struction. 

CAUTION 
The corresponding DDRs for ports A, B, and C are 
write only registers (registers at $04, $05, and $06). 
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Abbreviations tor Address Modes 

INH Inherent 
S-D Short Direct 
B-T-8 Bit Test and Branch 
IMM Immediate 
DIR Direct 
EXT Extended 
REL Relative 
BSC Bit Set/ Clear 
R_-tND Register Indirect 

• 
Table 1. Opcode Map 

Branch Instructions 

BEG BEG BCC BCC BCS BCS JS Rn 

BEG BEG BCC BCC BCS BCS JSRn 

BEG BEG BCC BCC BCS BCS JS Rn 

BEG BEG BCC BCC BCS BCS JS Rn 

BEG BEG BCC BCC BCS BCS JS Rn 

BEG BEG BCC ace BCS BCS JS Rn 

BEG BEG BCC BCC BCS BCS JS An 

BEG BEO BCC BCC BCS BCS JS Rn 

BEG BEO BCC BCC BCS BCS JS Rn 

BEQ BEO BCC BCC RELL BCS BCS JS An 

' BEG BEO BCC BCC I BCS BCS JS An 

BEQ BEG BCC sec scs I acs 
~ 

JSRn 

' BEG BEO BCC BCC BCS BCS JS Rn 

BEG BEO BCC BCC BCS BCS L JSRn 
Rfl 2 

BEQ BEO BCC BCC 

BEQ BEG BCC BCC 

Indicates Instruction Reserved tor Future Use 

Indicates Illegal Instruction 

BCS BCS JRSn 

BCS BCS JS Rn 

Register/Memory, Control, and 
Read/Modify/Write Instructions 

g-- --l A 

T• 
JMPn ' MVI 

JMPn 

JMPn RTI 

JMPn ATS 

JMPn COMA 

JMPn ROLA 

JMPn 

JMPn 

JMPn INC DEC 

JMPn INC i 4 DEC 

JMPn INC DEC 

JMPn INC DEC 

JMPn LDA STA 

Bit Manipulation 
Instructions 

c D 

BRCLRO ( BCLRO 

BRCLA1 BCLR1 

BRCLR2 BCL.R2 

BRCLR3 BCLR3 

BRCLR4 BCLA4 

BACLA5 BCLR5 

BACLA6 8CLR6 

BRCLR7 BCLR7 

BRSETO BSETO 

BRSET1 BSET1 

BRSET2 BSET2 

BHSET3 BSET3 

BRSET4 BSET4 

JMPn LDA STA f BRSET5 14 
BSET5 

~ 
JMPn LDA STA BRSET6 BSET6 

JMPn 
LOA s DI 1 

STA BASED BSETI 

LEGEND 

Register/Memory and 
Read/Modify/Write 

E F 

LDA LOA 

STA STA 

ADD ADD 

SUB SUB 

CMP CMP 

AND AND 

INC INC 

DEC DEC 

LDA LDA 

STA 

ADD ADD 

SUB SUB 

CMP CMP 

AND AND 

!NC 

DEC 

"' _,./' 
~ 

A 

=d 1111 ) ~OpoodeinHe.,dooim•I 
Cycles 4 

Mnemonic J LOA 

Bytes 

Opcode in Binary 

s: 
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A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write func
tions, they cannot be used to set or clear a DDR bit; 
all "unaffected" bits would be set. Write all DDR 
bits in a port using a single-store instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The data space address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The third byte is sign extended to twelve 
bits and becomes the offset added to the PC if the con
dition is true. This single three-byte instruction allows the 
program to branch based on the condition of any read
able bit in the 256 locations of data space. The span of 

branching is from -125 to + 130 from the opcode ad
dress. The state of the tested bit is also transferred to the 
carry flag. 

REGISTER-INDIRECT 

In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltage Vin -0.3 to + 7.0 

Operating Temperature Range (Comm.) TA 0 to 70 

Operating Temperature Range (Ind.) TA -40 to +85 

Storage Temperature Range Ts!9_ -55 to + 150 

Junction Temperature TJ 
Plastic 150 
PLCC 150 
Cerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 8JA 
Plastic 70 
PLCC 120 
Cerdip 60 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J• in °C can 
be obtained from: 

where: 

TA 
0JA 

Po 
PINT 
PpoRT 

TJ=TA+(Po•8JA) (1) 

=Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 

= PINT+ PpoRT 
= Ice x V CC· Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Unit 

v 
v 
oc 
oc 
oc 
oc 

Unit 

°C/W 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper
ation it is recommended that Vin and Vout be con
strained to the range Vss" (Vin or V0 utl "Vee. 
Reliability of operation is enhanced if unused in
puts except EXTAL are connected to an appro
priate logic voltage level (e.g., either Vss or Vee). 

For most applications PpQRT<P1NT and can be ne
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and TJ (if 
PpoRT is neglected) is: 

Po=K+(Tj+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po• (TA+ 273°C) + 0JA•Po2 (3) 
where K is a constant pertaining to the particular part. 

K can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA 
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ELECTRICAL CHARACTERISTICS (Vee= +5.0 Vdc±0.5 Vdc, Vss=GND, TA=0°C to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Internal Power Dissipation - No Port Loading PINT - 120 165 mW 

Input High Voltage V1H 2.0 - Vee v 
Input Low Voltage V1L -0.3 - 0.8 v 
Input Capacitance Cin - 10 - pf 

Input Current (IRQ, RESET) lin - 2 20 µA 

SWITCHING CHARACTERISTICS (Vee= +5.0 Vdc±0.5 Vdc, Vss=GND, TA=0°C to 70°C, unless otherwise noted) 

Characteristic Symbol 

Oscillator Frequency lose 

Bit Time tbit 

Byte Cycle Time t~e 

IRQ and TIMER Pulse Width tWL• twH 

RESET Pulse Width tRWL 

RESET Delay Time (External Capacitance= 1.0 µF) tRHL 

TEST 
POINT 

40 pf 
iTOTALI 

MMD6150 
OR EQUIV. 

2J kO 

Vee= 5.2 v 

Figure 9. LSTIL Equivalent 
Test Load (Port Bl 

osc 

ot>2 I.__ ____ ... 

<1>1 

TEST POINT~ I JO pf iTOTALI 

Figure 10. CMOS Equivalent 
Test Load (Ports A, B, C) 

lal OSCILLATOR - ot> 1 .p2 TIMING 

lbl ot> 1 - SYNC TIMING 

Figure 12. Clock Generator Timing Diagram 
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Min 

4.0 

0.364 

4.36 

2 x time 

2 x time 

100 

TEST 
POINT 

JO pf 
ITOTALI 

Typ Max 

- 11.0 

- 1.0 

- 12.0 

- -

- -
- -

MM06150 
OR EQUIV. 

Unit 

MHz 

µs 

µs 

-
-

ms 

Vee= 5.2 v 

46 kO MM07000 
OR EQUIV. 

Figure 11 .. LSTIL Equivalent 
Test Load (Ports A, C, 

and TIMER) 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vee~+ 5.0 Vdc ± 0.5 Vdc, Vss ~ GND, TA~ 0° to 70°C, unless otherwise noted) 

Characteristic Symbol Min 

Ports A, C, and Timer (Standard) 

Output Low Voltage, I Load~ 0.4 mA Vo_L -

Output High Voltage, ILQ<i_d ~ -50 µA VoH 2.3 

Input High Voltage V1H 2.0 

Input Low Voltage V1L -0.3 

Hi·Z State Input Current ITSI -

Ports A and C (Open Drain) 

Output Low Voltage, I Load~ 0.4 mA VoL -

Input High Voltage V1H 2.0 

Input Low Voltage V1L -0.3 

Hi-Z State Input Current ITSI -

Open Drain Leakage (Vout~Vccl ILQD -

Ports A and C (CMOS Drive) 

Output Low Voltage, lbQ_ad~0.4 mA (Sink) VoL -

Output High Voltage, I Load~ - 10 µA VoH Vee 1.0 

Output High Voltage, lllliid ~ - 50 µA VoH 2.3 

Input High Voltage, I Load~ - 300 µA Max V1H 2.0 

Input Low Voltage, I Load~ -300 µA Max V1L -0.3 

Hi-Z State Input Current (Vin~ 0.4 V to Vee! 1Ts1 -

Port B (Standard) 

Output Low Voltage, I Load~ 1.0 mA VoL -

Output Low Voltage, I Load~ 10 mA (Sink) VoL -

Output High Voltage, I Load~ -100 µA VoH 2.3 

Input High Voltage V1H 2.0 

Input Low Voltage V1L 0.3 

Hi-Z State Input Current ITSI -

Port B (Open Drain) 

Output Low Voltage, I Load~ 1.0 mA VoL -

Output Low Voltage, I Load~ 10 mA (Sink) VoL -

Input High Voltage V1H 2.0 

Input Low Voltage V1L -0.3 

Hi-Z State Input Current ITSI -

Open Drain Leakage (V0 ut~Vccl ILQD -

Port B (CMOS Drivel 

Output Low Voltage, I Load~ 1.0 mA VoL -

Output High Voltage, ILoad~ 10 mA (Sink) VOL -

Output High Voltage, I Load~ -10 µA VoH Vcc- i.o 
Output High Voltage, I Load~ - 100 µA VoH 2.3 

Input High Voltage, ILoad ~ -300 µA Max V1H 2.0 

Input Low Voltage, I Load~ -300 µA Max V1L -0.3 

Hi-Z State Input Current (Vin ~0.4 V to Vccl 1Ts1 -

Ports A, B, and C (Low Current Clamping Diode*) 

Input High Current V1H~Vcc+1.o V l1H -

Input Low Current V1L ~ 0.8 V l1L -

*Denotes not tested unless specified on ordering form. 
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Typ Max Unit 

- 0.5 v 
- - v 
- Vee v 
- 0.8 v 
4 40 µA 

- 0.5 v 
- Vee v 
- 0.8 v 
4 40 µA 

4 40 µA 

- 0.5 v 
- - v 
- - v 
- Vee v • - 0.8 v 
- -300 µA 

- 0.5 v 
- 1.5 v 
- - v 
- Vee v 
- 0.8 v 
8 80 µA 

- 0.5 v 
- 1.5 v 
- Vee v 
- 0.8 v 
8 80 µA 

8 80 µA 

- 0.5 v 
- 1.5 v 
- - v 
- - v 
- Vee v 
- 0.8 v 
- 300 µA 

- 100 µA 

- -4.0 µA 
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for Port A and TIMER 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola using the following media: 

MOOS, disk file 
MS-DOS/PC-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 
Several types of flexible disks (MOOS® or MS®-DOS/ 

PC-DOS disk file) may be submitted for pattern genera
tion. They should be programmed with the customer's 
program, using positive logic sense for address and data. 
The diskette should be clearly labeled with the customer's 
name, date, project or product name, and the filename 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MOOS Disk File 
MOOS is Motorola's Disk Operating System available 

on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MOOS compatible floppy diskette. The diskette must con
tain the minimum set of MOOS system files in addition 
to the pattern file. 

The .LO otuput of the M6804 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6804 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those in the user space, must 
be set to logic zero. 

MS-DOS/PC-DOS Disk File 
MS-DOS is Microsoft's Disk Operating System. PC-DOS 

is IBM® Personal Computer Disk Operating System. Disk 
media submitted must be standard density (360K), dou
ble-sided 5 1/4 inch compatible floppy diskette. The dis
kette must contain the object file code in Motorola's S
record format. The S-record format is a character-based 
object file format generated by M6804 cross assemblers 
and linkers on IBM PC style machines. 

EPROMS 
Four K of EPROM are necessary to contain the entire 

MC6804P2 program. Two 2516 or 2716 type EPROMs or 
a single 2532 or 2732 type EPROM can be submitted for 
pattern generation. The EPROM is programmed with the 
customer's program using positive logic sense for ad
dress and data. Submissions on two EPROMs must be 

MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

clearly marked. All unused bytes, including the user's 
space, must be set to zero. 

If the MC6804P2 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F, 
and program space ROM runs from EPROM address $COO 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
!"1 a coP.ductive IC carrier 3nd packed secure!y. Styrofoam 
is not acceptable for shipment. 

Verification Media 

All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form • 
should be completed, signed and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus-
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM Verification Units (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As
surance. 

Ordering Information 

The following table provides generic information per
taining to the package type and temperature for the 
MC6804P2. This MCU device is available in both the 28-
pin plastic dual-in-line (DIP) and the 28-lead PLCC pack
age. 

Generic Information 

Package Type Temperature Order Number 

Plastic O'C to 70°C MC6804P2P 
IP Suffix) - 40°C to + 85'C MC6804P2CP 

Plastic Leaded 0°C to 70°C MC6804P2FN 
Chip Carrier - 40'C to + 85°C MC6804P2CFN 

(FN Suffix) 

IBM is a registered trademark of International Business Machines Corporation. 

MOTOROLA MICROPROCESSOR DATA 

3-333 



PIN ASSIGNMENTS 

• 

MC6804P2 

MECHANICAL DATA 

28-PIN DUAL-IN-LINE PACKAGE 

Vss 1 • 28 RESET 

iRii 2 27 PAI 

Vee 3 26 PAS 

EXTAL 4 25 PA5 

XTAL 5 24 PA4. 

MOS 6 23 PA3 

TIMER 7 

PeO 8 

Pe1 9 20 PAO 

Pe2 10 

Pe3 11 

P80 12 

P81 13 

P82 14 

28-LEAD PLCC PACKAGE 

E ~I~ ~ IEi ~ "' ~ ~ ~ ~ > <C 

PA5 

MOS PA4 

TIMER PA3 

PeO PA2 

Pe1 PA1 

Pe2 PAO 

PB/ 

12 18 

f if 
N M .. ~ "' "' if "' if if ~ ~ 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
MC68704P2 

Technical Summary 
HMOS Microcomputer Unit 

MC68704P2 HMOS (high-density NMOS) microcomputer unit (MCU) is an EPROM member of the 
M6804 Family of microcomputers. User programmable EPROM allows program changes and lower 
volume applications. This feature further heightens the versatility of an MCU whose design-ability 
to process 8-bit variables, one bit at a time, already makes it tremendously cost effective. 

This technical summary contains limited information on the MC68704P2. For detailed information, 
refer to the advanced information data sheet for the MC6804J1, MC6804J2, MC6804P2, and 
MC68704P2 8-bit microcomputers, (MC6804J1/D) or to the M6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC68704P2 MCU are: 

• On-Chip Clock Generator 
• 1/0 and Registers Mapped in Data 

Space Memory 
• Software Programmable 8-Bit Timer 

with 7-Bit Prescaler 
• Single Instruction Memory Examine/ 

Change 
• MC6804J 1 /J2/P2 Emulation 
• 1088 Bytes of EPROM 
• True Bit Manipulation 
• Bit Test and Branch Instruction 

TIMER PRESCALER 
8-BIT 

COUNTER 

TIMER/STATUS 
CONTROL REGISTER 

• Breakpoint and Mask Option Registers 
• Self-Check 
• Conditional Branches 
• Timer Pin is Software Programmable 

as Event Counter or Timer Output 
• MC68HC04P2/P3 Pin Compatibility 
• 32 Bytes of RAM 

User selectable options are: 
• Mask Selectable Edge- or Level-Sensitive Interrupt Pin 
• Push-Pull or Open-Drain Interface Ports 

BLOCK DIAGRAM 

XTAL EXTAL RESET MOSNpp IRQ 

ACCUMULATOR 
A CPU PORT 

INDIRECT CONTROL DIR. 
PAO REGISTER REG. 
PA 1 

PORT PA2 INDIRECT BREAKPOINT 
A PA3 

PORT OATA REGISTER REGISTERS 
110 PA4 A DIR. CPU 30 x 8 

LINES PA5 REG. REG. EPROM DATA RAM 
PA6 STACK MASK OPT. REG. 

PA7 
PROGRAM DATA 
COUNTER OIR. 

HIGH PCH 
ALU REG. 

1016 x 8 PROGRAM 
USER PROGRAM EPROM COUNTER 

320 x 8 LOW PCL 72 x 8 
SELF-CHECK ROM OATA EPROM 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 

MOTOROLA MICROPROCESSOR DATA 

3-335 

PBO 
P81 
PB2 PORT 

PB3 
P84 1/0 
PB5 LINES 
PB6 
P87 

PCO PORT 
PCl C 
PC2 1/0 
PC3 LINES 
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SIGNAL DESCRIPTION 

VccAND Vss 

Power is supplied to the microcomputer using these 
two pins. Vee is + 5 volts ( ± 0.5 V) power, and Vss is 
ground. 

IRQ 

This pin provides the capability for asynchronously ap
plying an external interrupt to the microcomputer. 

EXTAL AND XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made through the 
mask option register (MOR). The different clock generator 
options are shown in Figure 1, along with crystal speci
fications. 

Internal Clock Options 

The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex
ceed recommendations. When using the on-board oscil
lator, the MeU should remain in a reset condition, with 
the RESET pin voltage below VIRES+, until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 

lal 

CRYSTAl PARAMETERS 

NC 

EXTERNAL 
CLOCK 
INPUT 

AT -CUT PARALLEL RESONANCE CRYSTAL 
Co~ 7 pf MAXIMUM 
FREQ.= 11 MHz 
Rs~ 50 OHMS MAXIMUM 

PIEZOELECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTEO FOR THE CRYSTAL. FOLLOW 
MANUFACTURER'S CERAMIC RESONATOR 
SPECIFICATIONS. 

EXTAL 

MCU 
XTAL !CRYSTAL MASK 

OPTIONI 

EXTERNAL CLOCK 

NOTE: Keep crystal leads and circuit connections as short as possible 

TIMER 
The TIMER pin can be configured to operate in either 

the input or output mode. As input, this pin is connected 
to the prescaler input and serves as the timer clock. As 
output, the timer pin reflects the contents of the DOUT 
bit of the timer status/control register, the last time the 
TMZ bit was logic high. 

RESET 
The RESET pin is used to restart the processor to the 

beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 
jump instruction to the first instruction of the main pro
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MeU. 

MDS/Vpp 
The mode select (MDS) pin places the MeU into special 

operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or EPROM program
ming. However, if MDS is logic low at the end of the reset 
state, the single-chip operating mode is automatically 
selected. No external diodes, switches, transistors, etc. 
are required for single-chip mode selection. This pin is 
raised to Vpp voltage to program the EPROM. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC3) 

These 20 lines are arranged into two 8-bit ports (A and 
Bl and one 4-bit port (C). All lines are programmable as 

+ 5 v 

4.7 k 

XTAL 

MCU 
EXTAL !CRYSTAL MASK 

OPTION! 

CRYSTAL 

EXT AL 

XTAL 
MCU 

IRESISTOR·CAPACITOR MASK 
OPTION I 

I* DENOTES NCIGNO. GROUNOING 

PIN 4 Will REOUCE Rfl NOISE.I 

EXTERNAL RESISTOR-CAPACITOR 

Figure 1. Clock Generator Options and Crystal Parameters 
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Figure 2. Typical Frequency Selection for 
Resistor/Capacitor Oscillator Options 

either inputs or outputs under software control of the 
data direction registers. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

There are 20 input/output pins. All pins of each port 
are programmable as inputs or outputs under the control 
of the data direction registers (DDR). 

The port 1/0 programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output, or a logic zero for input, as shown in Figure 3. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the 1/0 pins are LSTIL compatible as both inputs 
and outputs. In addition, all three ports may use either 
or both of two output options: open drain or push-pull. 

Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 
used as a tool to initialize the data registers and avoid 

undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor· 
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 

The 20 bidirectional lines may be configured by port 
to be the standard configuration, push-pull, or open drain. 
Port B outputs are LED compatible. 

Port Data Registers ($00, $01, $02) 

The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 

Port A ($00) and Port B ($01) 

Port C ($02) 

x x x x 
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*For CMOS option transistor acts as resistor (approximately 40 km to Vcc-
For LSTTL/open-drain options transistor acts as low current clamping diode to Vee-

Figure 3. Typical 1/0 Port Circuitry 

With regard to Port C only, the four MSB bits are un
used. These bits are "don't care" (X) bits when written 
to but are always logic high when read. 

Port Data Direction Registers ($04, $05, $06) 

Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
be an input or an output. A zero in the pin's corresponding 
DDR bit programs it as an input; a logic one programs it 
as an output. On reset, all the DDRs are initialized to a 
logic zero state to put the ports in the input mode. 

x x 

Port A ($04) and Port B ($05) 
3 

Port C ($06) 

x x 

With regard to Port C only, the four MSB bits are un
used. These bits are "don't care" (X) bits when written 
to but are always logic high when read. 

MEMORY 

The MCU memory map (Figure 4) consists of 4352 bytes 
of addressable memory and 1/0 register locations. This 
MCU has three separate memory spaces: program space, 
data space, and stack space. 

The MCU is capable of addressing 4096 bytes of pro
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro
gram space memory includes self-check ROM, program 
EPROM, self-check vectors (mask ROM), user program 
vectors (EPROM), and reserved memory locations. 

A non-accessible subroutine stack space RAM is pro
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines and interrupts. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data space lo
cations $82 and $83 can be used for 8-bit counter loca
tions. 
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REGISTERS 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

A 

INDIRECT REGISTERS IX.YI 
These two registers are used to maintain pointers to 

other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac
cessed with the direct, indirect, short direct, or bit set/ 
clear modes. 

x 

y 

PROGRAM COUNTER (PC) 

The program counter is a 12-bit register that contains 
the address of the next byte to be fetched from program 
space. The program counter is contained in low byte (PCL) 
and high nibble (PCH). 

11 8 7 

PCH PCL 

FLAGS (C,Z) 

The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 

~~-N_OR_M_A_L_F_LA_G_S~~~~·~l~~~-z~

~~-IN_T_E_RR_U_P_T_FLA~G_S~~~-.i•l.__~--''---z~~ 

There are two sets of these flags. One set is for interrupt 
processing (interrupt mode flags). The other set is for 
normal operations (program mode flags). When an in
terrupt occurs, a context switch is made from the pro
gram flags to the interrupt flags. An RTI forces the context, 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 

STACK 
A last-in-first-out (LIFO) stack is incorporated in the MCU 

that eliminates the need for a stack pointer. This non
accessible subroutine stack space is implemented in sep
arate RAM, 12-bits wide. Whenever a subroutine ca!! or 
interrupt occurs, the contents of the Pc are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 

SELF CHECK 

The MCU implements two forms of internal check: self 
check and the verify mode phase of EPROM program
ming. Self check performs an extensive functional check 
of the MCU using a signature analysis technique. For 
information on the verify mode in EPROM programming, 
see application note, MC68704P2 8-Bit EPROM Micro
computer Programming Module (AN-942). 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high and the PA6 pin logic low as RESET 
goes low to high. Monitoring the self-check mode's stages 
for successful completion requires external circuitry, see 
Motorola's M6804 MCU Manual (DLE404/D). 

RESET 

RESET 
All resets of the MC68704P2 are caused by the external 

reset input (RESET). A reset can be achieved by pulling 
the RESET pin to logic low for a minimum of 96 oscillator 
cycles. 

During reset, a delay of 96 oscillator cycles is needed 
before allowing the RESET input to go high. If power is 
being applied, RESET must be held low long enough for 
the oscillator to stabilize and then provide the 96 clocks. 
Connecting a capacitor and resistor to the RESET input, 
as shown in Figure 5 below typically provides sufficient 
delay. 

+5V 

4.7 k 

Il.OµF 

MCU 

Figure 5. Powerup RESET Delay Circuit 
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INTERRUPT 

The MCU can be interrupted by applying a logic low 
signal to the IRO pin. However, a bit in the mask option 
register (MOR) determines whether the falling edge or 
the actual low level of the IRO pin is sensed to indicate 
an interrupt. 

EDGE-SENSITIVE OPTION 
When the IRO pin is pulled low, the internal interrupt 

request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
6 contains a flowchart that illustrates both the reset and 
interrupt sequences. 

The interrupt sequence consists of one cycle during 
which: 

the interrupt request latch is cleared, 
the interrupt mode flags are selected, 
the program counter (PC) is saved on the stack, 
the interrupt mask is set, and 
The IRQ vector jump address is loaded into the PC. 

RESET 

o-DDRs 
1 - INTERRUPT MASK 

O- INTERRUPT REDUEST 
LATCH !EDGE 

SENSITIVE OPTION! 
$FF-TCR 

$00-TSCR 
$FF-PRESCALER 

LOAD PROGRAM 
COUNTER FROM 
RESET VECTOR 

LOCATION 
$FFE1$FFF 

The IRO vector jump address is $FFC-$FFD in the single
chip mode and $FF8-$FF9 in the self-check mode. The 
contents ofthese locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other EPROM program word. So, it is essential 
that the vector contents specify a JMP instruction in ad
dition to the starting address of the interrupt service rou
tine. If required, this routine should save the values of 
the accumulator and the X and Y registers, since these 
values are not stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur
ing RTI the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro
gram is then fetched and executed. 

When the interrupt was initially detected and the in-
. terrupt sequence started, the interrupt request latch was 

cleared so that the next interrupt could be detected. These 
steps occurred even as the first interrupt was being serv
iced. However, even though the second interrupt edge 
set the interrupt request latch during the first interrupt's 
processing, the second interrupt's sequence can not be
gin until completion of the interrupt service routine for 
the first interrupt. Completion of an interrupt service rou-

CHECK 
tNTERRUPT 

REQUEST 
LATCH 

Figure 6. Reset and Interrupt Flowchart 
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tine is always accomplished using an RTI instruction to 
return to the main program. The interrupt ·mask, which 
is not directly available to the programmer, is cleared 
during the last cycle of the RTI instruction. 

LEVEL-SENSITIVE OPTION 
Actual operation of the level-sensitiJe and edge-sen

sitive options are similar. However, the level-sensitive 
option does not have an interrupt request latch. Since 
there is no interrupt request latch, the logic level of the 
IRQ pin is checked to detect the interrupt. Also, in the 
interrupt sequence there is·no need to clear the interrupt 
request latch. These differences are shown in Figure 6. 

JMP-START 
VECTOR (FFE-FFF) 

POWERUP AND TIMING 
During the powerup sequence, the interrupt mask is 

closed. This precludes any false interrupts. The PC is also 
loaded with .the appropriate restart vector (jump instruc
tion). 

To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in
stead of an ATS. The RTI opens the interrupt mask. Typ
ical RESET and IRO processes and their relationship to 
the interrupt mask are shown in Figure 7. 

Maximum interrupt response time is six machine cycles. 
This includes five cycles for the longest instruction plus 
one for stacking the PC and switching flags. 

................................................. 

PROGRAM 

IRQ 
RECOGNIZED 

PROGRAM 

START (ROUTINE) 
INSTRUCTION 11-N) 

l 
LAST INSTRUCTION 

JSR INIT 

l INIT 
INITIALIZATION 
SUBROUTINE 

I 
LAST INSTRUCTION 

RTI 

J 

........................ 
IRQ 

SERVICE 
ROUTINE 

l I LAST INSTRUCTION ~ 

RTI 

J ························ 

Figure 7. Interrupt Mask 
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TIMER 

A block diagram of the MC68704P2 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 

PRESCALER 

The prescaler is a 7-bit counter used to extend the max
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-2°, to divide-by-27. 

TIMER COUNTER 

The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Beith are dec
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 
time, the write takes precedence. TSCR bit one (TMZ) is 
not set until the next timer time out. 

TIMER PIN 

The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR bit 
5 (TOUT). This relationship is shown in the TIMER pin 
status section of Figure 8. The frequency of the internal 
clock applied to the TIMER pin must be less than tbyte• 
which is (fosc/48). 

TIMER INPUT MODE 

In the timer input mode, TOUT is logic zero and the 
TIMER pin is connected directly to prescaler input. So, 
the prescaler is clocked by the signal from the TIMER pin. 
The prescaler divides the TIMER pin clock input by the 
prescaler tap. The prescaler output then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit can be 
tested under program control to tell when the counter 
register has reached zero. 

TIMER OUTPUT MODE 

In the output mode, the TIMER pin is output. TOUT is 
a logic one. The prescaler is clocked by the internal sync 
pulse. This pulse is a divide-by-48 of the internal oscillator 
(fosc/48). From this point on, operation is similar to that 
described for the input mode. However, in the output 
mode, once the prescaler decrements the timer counter 
to zero, the high TMZ bit state allows TSCR bit 4 (DOUT) 
to become direct input to the TIMER pin. 

NOTE 

TMZ is normally set to logic one when TCR dec
rements to zero and the timer times out. However, 
it may be set by a write of $00 to the timer counter 
or by a write to bit 7 of TSCR. 

TIMER COUNT REGISTER ($FE) 

The timer count register reflects the current count in 
the internal 8-bit counter. The register is the counter and 
can be read or written. 

7 

I MSB 

RESET: 
1 

LSB 

TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 

RESET: 
0 

5 4 

I TOUT I DOUT I PSI PS2 I PSl PSO 

TMZ - Timer zero 

Bit 6 

1 =Timer count register has reached the all zero's 
state since the last time the TMZ bit was read 

0 =This bit is cleared by a read of the TSCR if TMZ 
is read as logic one 

Not used by this register 
TOUT - Timer output 

1 =Output mode is selected for the timer 
0= Input mode is selected for the timer 

DOUT - Data output 
Latched data at this bit is sent to the TIMER pin 
when both the TMZ and TOUT bits are logic high. 

PSI - Prescaler initialize 
1 = Prescaler begins to decrement 
O = Prescaler is initialized and counting is inhibited 

PSO-PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 

PS2 PS1 PSO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

It is recommended that MVI or loading and storing 
instructions be used when changing bit values in the 
TSCR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 
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During reset, the TSCR is set to all zeroes; the TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 

TIMER PRESCALER REGISTER ($FD) 

The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 

B 

I MSB 

RESET: 
1 

EPROM 

BREAKPOINT REGISTERS 

LSB 

The breakpoint registers are used as a program de
bugging aid. To enable the breakpoint registers: 

- The MDS pin must be pulled high using a 300 ohm 
resistor to + 5 volts. 

- In the Port A 1/0 register, both PA6 and PA7 pins 
must be pulled low using a 10 kilohm resistor to 
ground. 

A breakpoint address is written into address registers 
ARL and ARH by the user. The lower eight bits of the 
breakpoint address (AO-A7) are written into the ARL. The 
upper four bits (AB-A11) are written into the ARH. 

Breakpoint Address Register Low (ARL) ($OE) 

7 

I A7 I A6 

RESET: 
0 

A7-AO 

A5 A4 A3 A2 Al 

Breakpoint address bits A7 through AO. 

Breakpoint Address Register High (ARH) ($OF) 

x 

RESET: 
0 

A11-A8 

x x x All AlO A9 

Breakpoint address bits A11 through AB. 

NOTE 

ARL must be written after writing to ARH. 

AO 

AB 

ARL and ARH are concatenated to form the breakpoint 
address. When the processor fetches an instruction hav
ing the same address as the breakpoint address, the MDS 
pin goes logic low for one machine cycle. This operation 
does not alter program flow. 

MASK OPTION REGISTER (MOR) ($17) 

The MC68704P2 uses the EPROM MOR during emu
lation to select the clock/oscillator, port, and interrupt 
request edge- and level-sensitive triggering options avail
able on the MC6804J1/J2/P2 devices. The mask option 
register is not affected by RESET. 

OSC - The oscillator option bit 
1 =Resistor/capacitor mode of operation 
0 =Crystal mode of operation 

x 

The crystal mode is selected in the EPROM pro
gramming mode, regardless of the state of OSC. 

PORT A - Port A output selection bit 
1 =Open drain output mode 
0 =Three-state output mode 

PORT B - Port B output selection bit 
1 =Open drain output mode 
O =Three-state output mode 

PORT C - Port C output selection bit 
1 =Open drain output mode 
0 =Three-state output mode 

IRQ - Interrupt request bit 
1 =Level-sensitive triggering input mode 
0= Edge-sensitive triggering input mode 

Bits 6, 4, and 0 
Not used in this register 

Emulation 

The MC68704P2 MCU internal EPROM can be pro
grammed to emulate either the MC6804J1, MC6804J2, 
or the MC6804P2 MCU device. While the M6805 Family 
of EPROM MCUs have an on-chip bootstrap-loader pro
gram stored in mask ROM, the MC68704P2 does not. 
Additional programming hardware and software are re
quired to program this MCU EPROM. For more specific 
information regarding the programming and erasing of 
the MCU EPROM; see application note, MC68704P2 8-Bit 
EPROM Microcomputer Programming Module (AN-942). 

Emulation Limitations 

This EPROM MCU is designed to emulate the functions 
of the MC6804J1/J2/P2 devices as closely as possible. 
Limitations to this capability pertain to the CMOS pull
up option, execution out of data space, and packaging 
pin assignments of the MCU being emulated. The limi
tations do not apply to the timing, execution speed, or 
functionality of the MCU being emulated. 

This MCU cannot emulate the CMOS pullup option. To 
implement the CMOS option, external 40 kilohm pullup 
resistors are connected to the specific 1/0 port signal lines. 
All other options are available through correct use of the 
MOR bytes. 

It was necessary that the PC of this MCU have access 
to both the program and data space EPROM because of 
the implementation of the MCU programming hardware. 
Therefore, the MC68704P2 will execute code out of the 
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data space EPROM ($18-$5F). This anomaly is not per
mitted on the MC6804J1/J2/P2 ROM devices. When plan
ning on operating ROM patterns from this EPROM MCU, 
the programmer should not use data space as extra pro
gram space. 

The MC6804J1/J2 devices are packaged in 20-pin dual
in-line (DIL). The MC6804P2 and the MC68704P2 devices 
are packaged in 28-pin DIL packages. Device pin assign
ments must be adhered to. When emulating a 20-pin 
MCU with this EPROM MCU, all unused pins (PAO-PA3, 
PCO-PC3) should be grounded externally through a 10 
kilohm resistor. This allows the MC68704P2 to emulate 
the software execution exactly as it would occur on the 
20-pin device. 

EPROM ERASING 

This MCU EPROM is erased by exposure to a high in
tensity ultraviolet light (UV) with a wavelength of 2537 
Angstrom. The recommended dosage is 15Ws/cm2, (UV 
intensity at EPROM surface/area to be erased). UV lamps 
should be used without filters. The MC68704P2 should 
be positioned about one inch from the UV source. The 
duration of the exposure is a function of the radiant 
strength of the individual UV source. 

EPROM PROGRAMMING HARDWARE 

The MC68704P2 programming module, shown in Fig
ure 9, is used to program the MC68704P2 MCU EPROM. 
To do this, the module requires a 2K EPROM of the 2716 
type, a + 5 Vdc power supply, and either a MC68705P3 
or MC6805P2 MCU as the module MCU. For more specific 
information regarding the hardware and procedures nec
essary to program the MC68704P2; see either the ad
vanced information data sheet for MC6804J1, MC6804J2, 
MC6804P2, and MC68704P2 8-bit microcomputers 
(MC6804J1/D) or application note, MC68704P2 8-Bit 
EPROM Microcomputer Programming Module (AN-942). 

INSTRUCTION SET 

The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 

Function Mnemonic 

Load A from Memory LOA 

Load XP from Memory LOX 

Load YP from Memory LOY 
Store A in Memory STA 

Add to A ADD 

Subtract from A SUB 

Function Mnemonic 

AND Memory to A AND 

Transfer A to XP TAX 

Transfer A to VP TAY 

Transfer VP to A TVA 

Clear A CLRA 

Clear XP CLRX 

Clear VP CLAY 

Arithmetic Compare with Memory CMP 

Move Immediate Value to Memory MVI 

Arithmetic Left Shift of A ASLA 

Complement A COMA 

Rotate A Left and Carry ROLA 

Transfer XP to A TPA 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 

Function Mnemonic 

Increment Memory Location INC 

Increment A INCA 

Increment XP INCX 

Increment VP INCY 

Decrement Memory Location DEC 

Decrement A DECA 

Decrement XP DECX 

Decrement VP DECY 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list of instructions. 

Function Mnemonic 

Branch if Carry Clear ace 
Branch if Higher or Same (BHS) 

Branch if Carry Set BCS 

Branch if Lower (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEG 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the 256 bytes of data space, where all port' 
registers, port DDRs, timer, timer control, and on-chip 
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RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256 
locations. The bit set, bit clear, and bit test and branch 
functions are all implemented with a single instruction. 
For the test and branch instructions, the value of the bit 
tested is also placed in the carry bit of the condition code 
register. Refer to the following list of instructions. 

Function Mnemonic 

Branch If Bit n is Set BRSET n(n = 0 ... 7) 

Branch If Bit n is Clear BRCLR n(n =0 ... 7) 

Set Bit n BSET n(n=O ... 7) 

Clear Bit n BCLR n(n=O ... 7) 

CONTROL INSTRUCTIONS 

These instructions are used to control processor op
eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc
tions. 

Function Mnemonic 

Return from Subroutine RTS 

Return from Interrupt RTI 

No Operation NOP 

Jump to Subroutine JSR 

Jump Unconditional JMP 

IMPLIED INSTRUCTIONS 

Since the accumulator and all other registers are lo
cated in RAM, many implied instructions exist. Some of 
the instructions recognized and translated by the assem
bler are shown below: 

Mnemonic Becomes Mnemonic Becomes 

ASLA ADD $FF INCX INC $80 

BHS BCC INCY INC $81 

BLO BCS LDXI MVI $80 DATA 

CLRA SUB $FF LDYI MVI $81 DATA 

CLRX MVI $80 #0 NOP BEO (PC) +1 

CLRY MVI $81 #0 TAX STA $80 

DECA DEC $FF TAY STA $81 

DECX DEC $80 TXA LOA $80 

DECY DEC $81 TVA LOA $81 

INCA INC $FF 

Some examples of valua.ble instructions not specifi
cally recognized by the assembler are shown below: 

Mnemonic Meaning 

BCLR 7,$FF Ensures A is plus 

BSET 7, $FF Ensures A is minus 

BRCLR 7, $FF Branch if A is plus 

BRSET 7, $FF Branch if A is minus 

BRCLR 7, $80 Branch if X is plus (BXPL) 

BRSET 7, $80 Branch if X is minus (BXMI) 

BRCLR 7, $81 Branch if Y is plus (BYPL) 

BRSET 7, $81 Branch if Y is minus (BYMI) 

OPCODE MAP 
Table 1 is a listing of all the instruction set opcodes 

applicable to the MC6804P2 MCU. 

ADDRESSING MODES 

The MCU has nine different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif
ferent address spaces: program space, data space, and 
stack space. The term "effective address" (EA) is used in 
describing the various addressing modes. Effective ad
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 

IMMEDIATE 
In the immediate addressing mode, the operand is lo

cated in program ROM. It is contained in the byte im
mediately following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 

DIRECT 
In the direct addressing mode, the effective address of 

the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes of data space with a single two
byte instruction. 

SHORT DIRECT 
In the short direct addressing mode, the MCU has four 

locations in data space RAM it can use, ($80, $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 
addressing is a subset of the direct addressing mode. 
The X and Y registers are at locations $80 and $81, re
spectively. 

EXTENDED 
In the extended addressing mode, the effective address 

of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 
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Table 1. Opcode Map 

Branch Instructions 

~I 0 
0000 

.,-
"'" 

2 
oorn 

3 4 

"'" 
8 
moo 

BNE BNE BEQ BEQ BCC BCC BCS BCS JSRn 

BNE BNE BEQ BEQ BCC BCC BCS BCS JSAn 

BNE BNE BEQ BEO BCC BCC BCS BCS JS Rn 

BNE BNE BEQ BEQ BCC BCC BCS BCS JS Rn 

BNE BNE BEQ BEQ BCC BCC BCS BCS JS Rn 

BNE I BNE BEO SEQ BCC BCC BCS BCS JSRn 

2 

BNE REL I 1 BNE REL I 1 BEQ REL I 1 SEQ 
BCC BCC ! BCS BCS JSRn 

BNE BNE BEO SEO BCC 
BCC REL I 1 BCS REL I 1 BCS REL I 2 JSRn 

2 2 
BNE I BNE BEO SEQ BCC BCC I BCS I BCS JSRn 

BNE REL I , BNE REL I 1 SEO SEQ BCC sec I BCS l BCS JSRn 

A BNE 1
2 BNE 1

2 SEQ SEQ BCC sec BCS I BCS JSRn 

BCC I BCS I BCS I JSAn 
RELl ~1 REL 2 

BCC 
BNE REL I 1 BNE REL I 1 BEO REL I 1 BEO 

c BNE 1 2 BNE ---iT ___ BEO !2 BEO BCC BCC 1
2 BCS 12 BCS JSRn 

0 BNE BNE BEO BEO BCC BCC I BCS BCS I JSRn 

BNE BNE BEQ BEQ BCC BCC BCS BCS JR Sn 

BNE BNE BEQ BEQ BCC BCC BCS BCS JS Rn 
RELl2 

Abbreviations for Address Modes 

INH Inherent 
S-D Short Direct 

Indicates Instruction Reserved for Future Use 
Indicates Illegal Instruction 

B-T-B Bit Test and Branch 
IMM Immediate 
DIR Direct 
EXT Extended 
REL Relative 
BSC Bit Set/Clear 
R_-IN_D Register Indirect 

Register/Memory, Control, and 
Read/Modify/Write Instructions 

• A 

'"'' 
JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn INC 

JMPn INC 

JMPn INC 

JMPn INC 

JMPn LOA 

JMPn LOA 

JMPn LOA 

JMPn LDA 

Bit Manipulation 
Instructions 

Register/Memory and 
Read/Modify/Write 

c ---,------0 E I F 

MVI BRCLRO 

BRCLR1 

RTI BRCLR2 

ATS BRCLR3 

COMA BRCLR4 

ROLA I BRCLR5 

BRCLR6 

BACLR7 

DEC I BRSETO 

DEC s 
0

1
3 

BRSET1 

5 
DEC I BASET2 

DEC 
50

1
3 

BRSET3 

5 
STA I BRSET4 

STA I BRSET5 

STA BRSET6 

STA BRSETI 

BCLAO 
E.SCll 

BCLA1 

BCLA2 

BCLA3 

BCLA4 

LDA 

STA 

ADD 

SUB 

CMP 

BCLA5 I AND 

BCLA6 I INC 

BCLA7 I DEC 

BSETO I LOA 

BSET1 
E.sc 

BSET2 I ADD 

BSETJ I SUB 

BSET~sc 12 CMP 

BSET~·SC L AND 

BSET6 
E•SC 

BSETI 

LEGEND 

LDA 

STA 

ADO 

SUB 

CMP 

ANO 

INC 

DEC 

LOA 

STA 

ADO 

SUB 

CMP 

ANO 

INC 

DEC 

~ 

A 

D 

Opcode in Binary 

A-IND 
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RELATIVE 
The relative addressing mode is only used in condi

tional branch instructions. In relative addressing, the con
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
-15 to + 16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. 

BIT SET/CLEAR 
In the bit set/clear addressing mode, the bit to be set 

or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ
ten to can be set or cleared with a single 2-byte instruc
tion. 

CAUTION 
The corresponding DDRs for ports A, B, and C are 
write only registers (registers at $04, $05, and $06). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write func
tions, they cannot be used to set or clear a DDR bit; 
all "unaffected" bits would be set. Write all DDR 
bits in a port using a single-store instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol
lowing the opcode byte. The third byte is sign extended 
to twelve bits and becomes the offset added to the PC if 
the condition is true. This single 3-byte instruction allows 
the program to branch based on the condition of any 
readable bit in the 256 locations of data space. The span 
of branching is from -125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. 

REGISTER-INDIRECT 

In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage Vee 

Input Voltage Vin 

Operating Temperature Range !Comm.) TA 

Operating Temperature Range (Ind.) TA 

Storage Temperature Range Ts.!fl 

Junction Temperature (Cerdip) TJ 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance 6JA 
Cerdip 

Vee= 5.2 v 
TEST MMD6150 

POINT OR EQUIV. 
10 kll 

30 pf 46 kll MMD7000 
!TOTAL) OR EQUIV. 

Figure 10. LSTTL Equivalent 
Test Load (Ports A, C, 

and TIMER) 

Value 

-0.3 to + 7.0 

-0.3 to + 7.0 

0 to 70 

-40 to +85 

-55to +150 

175 

Value 

60 

Unit 

v 
v 
'C 

'C 

'C 

'C 

Unit 

'CIW 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper
ation it is recommended that Vin and Vout be con
strained to the range Vss"' !Vin or V0 utl "'Vee· 
Reliability of operation is enhanced if unused in
puts except EXTAL are connected to an appro
priate logic voltage level (e.g., either Vss or Vee). 

TEST 
POINT 

40 pf 
ITOTALI 

MMD6150 
OR EQUIV. 

23 kll 

Vee= 5.2 v 

Figure 11. LSTTL Equivalent 
Test Load (Port Bl 
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POWER CONSIDERATIONS 

The average chip-junction temperature, TJ. in °C can 
be obtained from: 

where: 
TA 
6JA 

Po 
PINT 
PpoRT 

TJ=TA+(Po•6JA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+ PpoRT 
= Ice x Vee. Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

For most applications PpoRT<P1NT and can be ne
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and TJ (if 
PpoRT is neglected) is: 

Po=K+(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K= Po• (TA +273°C) +6JA"Po2 (3) 
where K is a constant pertaining to the particular part. 

K can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA· Using this value of K, 
the values of Po and TJ can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA. 

PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vee= + 5.0 Vdc ± 0.5 Vdc, Vss = GND, TA= 20°C to 30°C, unless otherwise noted) 

Characteristic Symbol 

Programming Voltage Vpp 

Vpp Supply Current (Vpp= 22.0 V) lpp 

Programming Oscillator Frequency fosg?_ 

Programming Time (Per Byte) tpRG 

ELECTRICAL CHARACTERISTICS 
(Vee= +5.0 Vdc±0.5 Vdc, Vss=GND, TA=0°C to 70°C, unless otherwise noted) 

Characteristic Symbol 

Internal Power Dissipation - No Port Loading PINT 

Input High Voltage V1H 

Input Low Voltage V1L 

Input Capacitance Cin 

Input Current (IRQ, RESET) lin 

SWITCHING CHARACTERISTICS 
(Vee= +5.0 Vdc±0.5 Vdc, Vss=GND, TA=0°C to 70°C, unless otherwise noted) 

Characteristic Symbol 

Oscillator Frequency fosc 

Bit Time !bit 

Byte Cycle Time t~e 

IRO and TIMER Pulse Width twL.twH 

RESET Pulse Width tRWL 

RESET Delay Time (External Capacitance= 1.0 .,.F) tRHL 
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Min Typ Max Unit 

20 21 22 v 
- 10 20 mA 

- 10 11 MHz 

- 5 50 ms J' 

Min Typ Max Unit 

- 165 275 mW 

2.0 - Vee v 
-0.3 - 0.8 v 
- 10 - pF 

- 2 20 µA 

Min Typ Max Unit 

4.0 - 11.0 MHz 

0.364 - 1.0 IJ.S 

4.36 - 12.0 IJ.S 

2xt~e - - -

2 Xtbyte - - -
100 - - ms 

• 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vee= +5.0 Vdc±0.5 Vdc, Vss=GND, TA=O'C to 70'C, unless otherwise noted) 

' 
Characteristic Symbol 

Ports A and C (Open Drain) 

Output Low Voltage, I Load= 0.4 mA VOL 

Input High Voltage V1H 

Input Low Voltage V1l. 

Hi-Z State Input Current trs1 

Open Drain Leakage (V0 ut=Vcc) ILQD 

Port B (Open Drain) 

Output Low Voltage, I Load= 1.0 mA VOL 

Output Low Voltage, ILoad = 10 mA (Sink) VQL 

Input High Voltage " VtH 

Input Low Voltage VtL 

Hi-Z State Input Current lrs1 

Open Drain Leakage (Vout=Vccl ILQD 

Ports A, C, and Timer (Push-Pull) 

Output Low Voltage, I Load= 0.4 mA VoL 

Output High Voltage, I Load= -50 µA VOH 

Input High Voltage V1H 

Input Low Voltage V1L 

Hi-Z State Input Current ITS! 

Port B (Push-Pull) 

Output Low Voltage, I Load= 1.0 mA VQL 

Output Low Voltage, ILoad = 10 mA (Sink) VOL 

Output High Voltage, I Load= -100 µA VoH 

Input High Voltage V1H 

Input Low Voltage V1L 

Hi-Z State Input Current 1rs1 

lal OSCILLATOR - <I> 1 ·<1>2 TIMING 

DSC 

lhl <I> 1 - SYNC TIMING 

</>1 

Figure 12. Clock Generator Timing Diagrams 
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Min Typ Max Unit I 

- - 0.5 v 
2.0 - Vee v 

-0.3 - 0.8 v 
- 4 40 µA 

- 4 40 µA 

- - 0.5 v 
- - 1.5 v 
2.0 - Vee v 

-0.3 - 0.8 v 
- 8 80 µA 

- 8 80 µA 

- - 0.5 v 
2.3 - - v 
2.0 - Vee v 
-0.3 - 0.8 v 
- 4 40 µA 

- - 0.5 v 
- - 1.5 v 
2.3 - - v 
2.0 - Vee v 

-0.3 - 0.8 v 
- 8 80 µA 
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1----+---1XPECTJ ~YPICALt---f-------i 
MAX 5.5 V , L 5.0 V ,.. 

1--->----- -40°C 25°C-+-y"-+---; 

11 v ,.,.·E;~ECTE0----1 

..,,, 

11 ~ ,...,.·" MIN 4.5 V rz " B5°C . -------j L ...... · 
I/ ,/ 

1.L..../ 

t-----
110.5 v. ioo µAl 

100 200 300 400 500 600 700 BOO 

VOL· LOW·LEVEL OUTPUT VOLTAGE lmVI 

12.3V, -50µA) I/ j 
1 r--x.---i--+--:-t-+--+-.Y.._,___J+---+----'j,__+-_, 

~ - 100 t---+----t-r+/EJPmJo _, TYPICAL ---t-AxPEJTEo 
:: i MIN 4.5 V 5.0 V I MAX 5.5 V 
~ t---+---1--tt- 85°C --j 25°C -rrl -40°C 

~ - 200 t---+---+--1'----t-+--+-t-+--+--t--r-1 +----t--1 
oj ~ ; 

~ I/ 111 
~ - 300 t---+---+-'1----t--t---il-+--+--t~+----t--1 

~ i 
-400~~~~~~-~~-~~~-~~~ 

2.0 2.5 3.0 3.5 4.0 4.5 5.0 

VOH· HIGH·LEVEL OUTPUT VOLTAGE IVI 

X=SPEC PT. 
X =SPEC PT. 

Figure 13. Typical VOL vs IOL 
for Ports A, C, and Timer 

~ 1 ...LI G - Joo 1----+---+-+->-+-+--++-+---+---+~+--+~ 
z I 

~ u 
-400'---'--'--...J.&.--'--'--U'--"'--'--'-'--'---'---' 

2.0 2.5 3.0 3.5 4.0 4.5 5.0 
VoH· HIGH·LEVEL OUTPUT VOLTAGE IV) 

X =SPEC PT. 

Figure 15. Typical VoH vs IOH for Port B 

Figure 14. Typical VoH vs IOH 
for Ports A, C, and TIMER 

10~~-~-~~~--~L~-~-~~ 
I TYPICAL / 

cc 9 1------t-~-~--++-- 5 0 V +TT,_+--h"°---t---1 
g EXPECTED J, 250C-" ,.. 
:.;; B r------r--MAX 55, v T I/- " ! 7 - 4oor- [LL_,.. " ,.. 
~ / ,/ •• •• EXPECTED 
~ 5 ~ _,___.,.____, __ 

o; 4 ~/ v •" ,.. Ml:s!~ V +---+---+--

'!) /]L.."' 
~ 2 l!.Z .... 
j, 1 -'../~· 

I jtr' J°5 VJ mAIJ 
0 0~--'--,o~o--'--20~0-~-J~o-o_,___4~00-~~500 

VOL· LOW-LEVEL OUTPUT VOLTAGE lmVI 
X =SPEC PT. 

Figure 16. Typical VoL vs loL for Port B 

ORDERING INFORMATION 

The MC68704P2 EPROM MCU device is only available in the 28-pin ceramic dual-in-line (CERDIP) package. The 
following table provides information pertaining to the temperature and MC order numbers of the MC68704P2. 

Table 2. Generic Information 

Package Type Temperature Order Number 

Cerdip 0°C to 70°C MC68704P2S 
(S Suffix) -40°C to + 85°C MC68704P2CS 
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MECHANICAL DATA 

Vss 1. 28 RESET 

27 PA7 

26 PA6 

25 PA5 

24 PA4 

23 PA3 

22 PA2 

PCO 

PC1 20 PAO 

PC2 10 19 PB7 

18 PBS 

17 PB5 

PB1 13 16 PB4 

PB2 14 15 PB3 
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MOTOROLA 
•SEMICONDUCTOR 

TECHNICAL DATA 
MC68HC04J2 

Technical Summary 

8-Bit Microcontroller Unit 
MC68HC04J2 HCMOS microcontroller unit IMCU) device is a member of the M6804 Family of sin

gle-chip microcontrollers. This device displays all the versatility of an MCU whose design-ability to 
process 8-bit variables one bit at a time already makes it tremendously cost effective. 

This technical summary contains limited information on the MC68HC04J2. For detailed informa
tion, refer to the advanced information data sheet for the MC68HC04J2, MC68HC04J3, and 
MC68HC04P3 8-bit microcontrollers IMC68HC04J2/D). or to the M6804 MCU Manual, DLE404/D. 

Major hardware and software features of the MC68HC04J2 MCU are: 
• On-Chip Clock Generator • True Bit Manipulation 
• Memory Mapped 1/0 • Bit Test and Branch Instruction 

• Software Programmable 8-Bit Timer with • 368 Bytes Self-Check ROM 
7-Bit Prescaler • Conditional Branches 

• Single Instruction Memory Examine; 
Change 

• Timer Pin is Software Programmable as 
Clock Input or Timer Output 

• 72 Bytes of User Data ROM • 1672 Bytes of User Program ROM 

• User Selectable Input Drive Options • 30 Bytes of User RAM 

• Optional Pull Down Devices on 1/0 Ports 

• Mask Selectable Edge- or Level-Sensitive Interrupt Pin 

PA4 

Port 
PA5 

A 
1/0 

Lines PA6 

PA7 

Timer Prescaler 
8-Bit 

Counter 

Timer/Status 
Control Register 

BLOCK DIAGRAM 

XTAL EXTAL RESET MDS IRO 

Accumulator 
A 

CPU 

Indirect Control 

Register x 

Indirect 
Port Data Register 

A Dir. y 
CPU 

Reg. Reg. 

Stack 

Program 
Counter ALU 

High PCH 
1672 x 8 Program 

User Program ROM Counter 
Flags 

368x8 Low PCL 

Self-Check ROM 

Data 
Dir. 
Reg. 

30x8 
Data RAM 

72x8 
Data ROM 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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PB3 B 

PB4 1/0 
PB5 Lines 

PB6 
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SIGNAL DESCRIPTION 

Voo AND Vss 

Power is supplied to the MCU using these two pins. 
VDD is power, and Vss is ground. 

IRQ 

This pin provides the capability for asynchronously ap
plying an external interrupt to the MCU. A pull-up resistor 
on this pin is a manufacturing mask option. 

EXTAL AND XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man
ufacturing mask option. The different clock generator op
tions are shown in Figure 1, along with crystal 
specifications. 

Internal Clock Options 

The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start up, neither the 
crystal characteristics nor load capacitances should ex
ceed recommendations. When using the on-board oscil
lator, the MCU should remain in a reset condition, with 
the RESET pin voltage below VIRES+• until the oscillator 
has stabilized at its operating frequency. 

TIMER 

Two TIMER input modes as well as an output mode 
are available. In the input modes, the TIMER pin is con
figured as either a TIMER enable, or as the TIMER clock. 
In the output mode, the TIMER pin may generate tran
sitions upon each occurence of timer underflow. 

RESET 

The RESET pin is used to restart the processor to the 
beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 

jump instruction to the first instruction of the main pro
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MCU. A pull up resistor on this 
pin is a manufacturing mask option. 

MOS 

The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or ROM verify mode. 
However, if MDS is logic low at the end of the reset state, 
the single-chip operating mode is automatically selected. 
No external diodes, switches, transistors, etc. are re
quired for single-chip mode selection. 

INPUT/OUTPUT LINES (PA4-PA7, PBO-PB7) 

These 12 lines are arranged into one 4-bit port (A) and 
one 8-bit port (8). All lines are programmable as either 
inputs or outputs under software control of the data di
rection registers. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

There are 12 input/output pins. The 12 bidirectional 
lines can be selected to have internal pulldowns at the 
time of manufacture. All pins of each port are programm
able as inputs or outputs under the control of the data 
direction registers (DDR). 

The port 1/0 programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output, or a logic zero for input, as shown in Figure 2. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the 1/0 pins are CMOS compatible as both inputs 
and outputs. Their standard configuration as outputs is 
three-state drive. Port B outputs are LED compatible. In 
addition, certain pins of both ports may be ordered 
equipped with pull down resistors. 

Crystal Parameters C1 

MC68HC04J2 MC68HC04J2 MC68HC04J2 

CMAC<c~XOAC; XTAL 
5 

I 
External Resistor 
Capacitor 

XTAL EXT AL 

5 4 

D 
I I 

Crystal 

XTAL EXT AL 
5 4 

Clock NC to 
Input device pin 

External Clock 

Crystal Parameters 
AT- Cut Parallel Resonance Crystal 
Co~7 pF Maximum 
Freq~11 MHz 
Rs~ 50 Ohms Maximum 

Piezoelectric ceramic resonators which 
have the equivalent specifications may 
be used instead of crystal oscillators. 
Follow ceramic resonator manufactur
er's suggestions for Co, C1, and Rs 
values. 

Figure 1. Clock Generator Options and Crystal Parameters 
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Data 
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Bit 
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Output 
Data Bit 

Data 
Direction 
Register 

Bit 

1 
1 
0 

Output 
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Bit 

0 
1 
x 

Input 
Output To 
State MCU 

0 0 
1 1 

Hi-Z Pin 

Figure 2. Typical 1/0 Port Circuitry 

Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 
used as a tool to initialize the data registers and avoid 
undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 

Pull Down Device Option 

The use of pull down devices on particular groupings 
of 1/0 ports is a manufacturing mask option available to 
the user. It is of use in applications where keyboards are 
interfaced directly to the MCU and similar situations. This 
option is available in the following configurations: 

110 Port Resistor-Option Pin Groupings 

Port A PA4-PA7 

Port B PB3-PB7, PB4-PB7, PB1-PB2, PBO 

Port Data Registers ($00, $01 I 

The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 

The source of data read from the port register is either 
the port 1/0 pin or previously latched output data. The 
source depends upon the contents of the corresponding 
DDR. The destination of data written to the port data 
register is an output data latch. If the corresponding DDR 
for the port 1/0 pin is programmed as an output, the data 
appears on the port pin. 

Port A ($00) 
4 3 

x x x x 

Port B ($01) 
4 3 

With regard to Port A only, the four LSB bits are unused. 
They are "don't care" (X) bits when written to, but are 
always logic high when read. 

Port Data Direction Registers ($04, $05) 

Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
act as an input or an output. A zero in the pin's corre
sponding DDR bit programs it as an input. A logic one 
programs it as an output. On reset, all the DDRs are in
itialized to a logic zero state to put the ports in the input 
mode. 

Port A ($04) 
4 

Port B ($05) 
4 3 

With regard to Port A DDR only, the four LSB bits are 
cleared after reset. These bits must not be set (logic one). 

MEMORY 

The MCU memory map (Figure 3), consists of 4352 
bytes of addressable memory, 1/0 register locations, and 
stack space. This MCU has three separate memory spaces; 
program space, data space, and stack space. 

The MCU is capable of addressing 4096 bytes of pro
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro
gram space memory includes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. 

A non-accessible subroutine stack space RAM is pro
vided. This stack space consists of a last-in-first-out (LIFO) 
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Bytes 

()()()() 

~ 

9 271 

272 0 

7 308 

3088 

7 406 

4088 

4069 

4090 

1 409 

409 2 

4093 

4094 

4095 

:::=: 

~ 

Reserved 
12720 Bytes) 

Self-Check ROM 
(368 Bytes) 

Program ROM 
11000 Bytes) 

Self-Check 
IRO Vector 

Self-Check 
Restart Vector 

User 
IRQ Vector 

User 
Restart Vector 

Program Space 

Level 1 

Level 2 

Level 3 

Level 4 

Stack Space 

MC68HC04J2 

Address 

$ 000 

~ 

$ 

$ 

A9F 

AAO 

~ 

$ 

$ 

COF 

C10 

Bytes 

000 

00 1 

00 2 

3 00 

004 

5 00 

006 

OOB 

009 

010 

01 1 

012 ;J.-

0231 
024 

Port A Data Register 

Port 8 Data Register 

Reserved 
12 Bytes) 

Port A ODR 

Port B DOR 

Reserved 
13 Bytes) 

Timer Status Control Register 

Low Byte CRC 

High Byte CRC 

Reserved 
112 Bytes) 

User Data Space ROM 
172 Bytes) 

Address 

$ 00 

$ 01 

$ 02 

$ 03 

$ 04 

$ 05 

$06 

OB $ 

$ 09 

$0A 

$OB 

$0C ..J..; 

:c17 $18 

095 $5F 
1--~~~~~~~~~~~--I 

096 $60 

~ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

FF7 

FF8 

FF9 

FFA 

FFB 

FFC 

FFD 

FFE 

FFF 

129 

130 

'T--

252 

253 

254 

255 

Figure 3. Memory Map 
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register. This register is used with inherent addressing 
to stack the return address for subroutines. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data space lo
cations $82 and $83 can be used for 8-bit counter loca
tions. 

Program ROM Protect 
A manufacturing mask option available to the user en

ables program ROM protection. Enabled, this option pre
vents the ROM contents from being output during self
check/ROM verify. This option does not prevent a go, no
go test of the ROM contents using the ROM verify mode. 

REGISTERS 

ACCUMULATOR (Al 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

INDIRECT REGISTERS (X, YI 
These two registers are used to maintain pointers to 

other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac
cessed with the direct, indirect, short direct, or bit set/ 
clear modes. 

x 

y 

PROGRAM COUNTER (PC) 

The program counter is a 12-bit register that contains 
the address of the next byte to be fetched from program 
space. The program counter is contained in low byte (PCL) 
and high nibble (PCH). 

11 8 7 

PCH PCL 

FLAGS (C,Z) 

Thefirstflag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 

Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 

NORMAL AND INTERRUPT FLAGS 
There are two sets of these flags. One set is for interrupt 

processing (the interrupt mode flags). The other set is for 
normal operations (the program mode flags). When an 
interrupt occurs, a context switch is made from the pro
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 

~~~N_O_RM~AL~FLA~G_S~~~_..•I C 

INTERRUPT FLAGS 
c z 

STACK 
A last-in-first-out (LIFO) stack is incorporated in the MCU 

that eliminates the need for a stack pointer. This non
accessible subroutine stack space is implemented in sep
arate RAM, 12-bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 

CRC REGISTERS 
Two 8-bit registers are implemented in RAM primarily 

as self-check and ROM verify modes. The two registers 
are memory mapped in data space at addresses $0A (CRC 
low), and $OB (CRC high). 

Provided no write or read/modify/write operation is used 
to change the contents of these two locations, the reg
isters are configured to perform CRC calculations. By sim
ply reading a register, a pseudo-random number can be 
generated. 

If a write or a read/modify/write is performed on ad
dresses $0A or $OB, then the CRC circuitry is disabled. 
Both registers can be used as RAM locations until the 
next RESET. RESET enables the CRC circuitry again. 

SELF CHECK 

The MCU implements two forms of internal check, self 
check and ROM verify. Self check performs an extensive 
functional check of the MCU using a signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 
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Self-check mode is selected by holding the MDS and 
PA7 pins logic high, and PA6 logic low as RESET goes 
low to high. ROM verify mode is entered by holding MDS, 
PA7, and PA6 logic high as RESET goes low to high. 
Unimplemented program space ROM locations are also 
tested. Monitoring the self-check mode's stages for suc
cessful completion requires external circuitry. 

RESET 

The MCU can be reset by initial power up or by external 
reset input (RESET). 

POWER-ON-RESET (POR) 

During a power-on-reset, the timer is used to count 
1920 external clock cycles. This allows the oscillator to 
stabilize before releasing the internal reset, irrespective 
of the state of the RESET pin. If the RESET pin is low at 
the end of the delay, the processor remains in the reset 
condition. 

+5V 

MCU 

Figure 4. Power Up RESET Delay Circuit 

RESET 

A reset can also be achieved by pulling the RESET pin 
to logic low for a minimum of two clock cycles. The delay 
is not implemented in this case. 

INTERRUPT 

There are two ways this MCU can be interrupted; by 
applying a logic low signal to the IRQ pin, or by a positive 
transition of the TMZ bit of TSCR with the ETI bit set. 
However, a manufacturing mask option determines 
whether the falling edge or the actual low level of the 
IRQ pin is sensed to indicate an interrupt. 

EXTERNAL INTERRUPT EDGE-SENSITIVE OPTION 

When the IRQ pin is pulled low, the internal interrupt 
request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
5 contains a flowchart that illustrates the interrupt and 
instruction processing sequences. 

The interrupt sequence consists of one cycle during 
which: 

The interrupt request latch is cleared; 
The interrupt mode flags are selected; 
The program counter (PC) is saved on the stack; 
The interrupt mask is set; and 
The IRQ vector jump address is loaded into the PC. 

The IRQ vector jump address is $FFC-$FFD in the single
chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other ROM word. So, it is essential that the vector 
contents specify a JMP instruction in addition to the start
ing address of the interrupt service routine. If required, 
this routine should save the values of the accumulator 
and the X and Y registers, since these values are not 
stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur
ing RTI the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro
gram is then fetched and executed. 

When STOP is processed, the interrupt mask is cleared 
and the oscillator stopped. Checks are made for either 
REST or IRQ. If RESET is detected, the RESET sequence 
is initiated. If IRQ is detected, the system oscillator is 
enabled along with the clock. In both cases, a delay is 
executed by the timer to allow oscillator stabilization be
fore the CPU is enabled and the interrupt serviced. 

When WAIT is processed, the interrupt mask is cleared 
and the CPU clock disabled. The interrupt latch is tested. 
Detection of RESET initiates the RESET sequence. Detec
tion of IRQ or timer interrupt enables the CPU clock and 
initiates servicing of the interrupts. 

When RTI is processed, the program counter is pulled 
from the stack. The program flags are selected and the 
interrupt mask cleared. The interrupt latch is then tested 
before the next instruction. 

When the interrupt was initially detected and the in
terrupt sequence started, the interrupt request latch was 
cleared so that the next interrupt could be detected. This 
was done even as the first interrupt was being serviced. 
However, even though the second interrupt set the in
terrupt request latch during the first interrupt's process
ing, the second interrupt's sequence cannot begin until 
completion of the interrupt service routine for the first 
interrupt. Completion of an interrupt service routine is 
always accomplished using an RTI instruction to return 
to the main program. The interrupt mask, which is not 
directly available to the programmer, is cleared during 
the last cycle of the RTI instruction. 

EXTERNAL INTERRUPT EDGE/LEVEL-SENSITIVE 
OPTION 

The edge/level-sensitive option performs as described 
in the preceding section but adds the potential for level
sensitive operation. Level-sensitive operation tests the 
state of the IRQ and initiates and interrupt service routine 
if the IRQ pin is found to be logic low. 
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External Interrupt Request Flow 

Clear 

Yes 

High 
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y 

Timer Interrupt 
Request Flow 

N 

N 

Figure 5. Interrupt Sequences 

POWER UP AND TIMING 

During the power up sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc
tion). 

To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in
stead of an RTS. The RTI opens the interrupt mask. Typ
ical RESET and IRQ processes and their relationship to 
the interrupt mask are shown in Figure 7. 

Maximum interrupt response time is eight machine 
cycles. This includes five cycles for the longest instruction 
plus one for stacking the PC and switching flags. Two 
additional cycles are used to synchronize IRQ input with 
the internal machine cycle frequency. 

TIMER INTERRUPT 
A timer interrupt is requested by a transition of the 

TMZ bit of the timer status/control register (TSCR) from 
logic low to high. Such a positive transition is caused 
either by the timer count register reaching the all zero 

state, or by any program instruction that writes a one to 
the TMZ bit. 

The timer interrupt request is maskable by clearing bit 
6 of the TSCR (ETI bit). ETI is cleared by RESET. 

During the interrupt routine, to determine whether an 
interrupt was caused externally or by the timer, it is nec
essary to test the state of the TMZ bit in the TSCR. 

It is important to service a timer interrupt and clear the 
TMZ bit before the timer counter underflows again. Oth
erwise, because only a single interrupt can be latched, 
there is no way oftelling how many timer interrupts occur 
while the original interrupt is being serviced. 

LOW-POWER MODES 

STOP 
The STOP instruction places the MCU in its lowest power 

consumption mode. In the STOP mode, the internal os
cillator .is turned off, causing all internal processing and 
the timer to be halted. Current consumption is thus 
dropped to leakage levels. 
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JMP-Start 
Vector IFFE-FFFI 

'---...... --... ······························································· 

Program 
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Start !Routine) 
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INIT 
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Mask 
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.---------,· .................................... . 
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Service 
Routine 
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Interrupt 
Mask 
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'------~······································ 

Program 

Mask 
Open 

Figure 7. Interrupt Mask 

Providing the supply voltage remains within data sheet 
limits, the contents of the TSCR, accumulator, and all data 
space RAM remain unchanged in STOP mode. 

Causing an interrupt or reset by pulling the RESET or 
IRQ pins low is the only way to bring the processor out 
of STOP mode. During this exit from STOP, the timer is 
used to provide the delay time necessary for the oscillator 
to stabilize. So, the prescaler and timer count register 
contents must be considered corrupted. 

WAIT 
The WAIT instruction places the MCU in a low power 

consumption mode, but the WAIT mode consumes 

somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock is disabled from all internal cir
cuitry except for the timer. So, all internal processing is 
halted. However, the timer continues to decrement nor
mally if the PSI bit of TSCR is set. 

During the WAIT mode, external interrupts are enabled. 
All other registers, memory, and LO lines remain in their 
last state. Pulling the IRQ or RESET pin to logic low causes 
an exit from the WAIT mode. In addition, ETI bit of TSCR 
can be enabled by software prior to entering the WAIT 
state. This altows an exit from WAIT via a timer interrupt 
as well as via external interrupts. 
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Figure 8. Timer Block Diagram 

TIMER 

A block diagram of the MC68HC04J2 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 

PRESCALER 

The prescaler is a 7-bit counter used to extend the max
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-20, to divide-by-27 . 

TIMER COUNTER 

The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 

time, the write takes precedence and TSCR bit one (TMZ) 
is not set until the next timer time out. 

TIMER PIN 
The TIMER pin may be programmed as either an input 

or an output. Its status depends on the value of TSCR 
bits 4 (DOUT) and 5 (TOUT). Two distinct input modes 
exist; input gated mode and input event counter mode. 
This relationship is shown in the TIMER pin status section 
of Figure 8. The frequency of the internal clock applied 
to the TIMER pin must be less than !byte• which is the 
frequency of the oscillator divided by either 12, 24, or 48. 
Whether fosc is divided by 12, 24, or 48 is determined by 
the clock divide ratio, which is selected by the manufac
turing mask. 

TIMER INPUT EVENT COUNTER MODE 
In the timer input event counter mode, both TOUT and 

DOUT are logic zero. The TIMER pin is effectively con
nected directly to prescaler input. So, the timer/prescaler 
is clocked by the signal applied from the TIMER pin. 

TIMER INPUT GATED MODE 
In the input gated mode, TOUT is logic zero and DOUT 

is logic one. The timer pin is an input which decrements 
the prescaler each machine cycle as long as timer pin is 
logic high. When the pin is logic low, counting is inhib
ited. This mode permits the counting of the period of 
time during which the timer pin is logic high, based on 
the system clock and prescaler values. Gate times are 
foscf12, fosc/24, and f0 scf48. 
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TIMER OUTPUT MODE 

In the output mode, TOUT is logic one and the TIMER 
pin is connected to the DOUT latch. So, the timer pres
caler is clocked by the internal sync pulse. This pulse is 
a divide-by-12, 24, or 48 of the internal oscillator de
pending on the mask option. However, in the output mode, 
once the prescaler decrements the timer count register 
to zero, the low TSCR bit 1 (TMZ) bit state is used to drive 
the data latched at TSCR bit 4 (DOUT), onto the TIMER 
pin. 

NOTE 
TMZ is normally set to logic one when TCR dec
rements to zero and the timer times out. However, 
it may be set by a write of $00 to TCR or by a write 
to bit 7 of TSCR. 

TIMER COUNT REGISTER ($FE) 

The timer count register reflects the current count in 
the internal 8-bit counter. The register is the counter and 
can be written. 

7 

I MSB 

RESET: 
1 

TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 

TMZ 

RESET: 
0 

ETI TOUT I DOUT I PSI 

TMZ - Timer Zero 

PS2 PSl 

LSB 

PSO 

1 =Timer count register has reached the all-zero 
state since the last time the TMZ bit was read. 

0 =This bit is cleared by a read of the TSCR if TMZ 
is read as logic one. 

ETI - Enable Timer Interrupt 
1 =Timer interrupt enabled 
O=Timer interrupt disabled 

TOUT - Timer Output 
1 =Output mode is selected for the timer. 
0 =Input modes are selected for the timer. 

DOUT - Data Output 
In the output mode, latched data at this bit is sent to 
the TIMER pin when both the TMZ and TOUT bits 
are logic high. 
In the input mode: 

1 =Timer input gated mode is selected. 
0 =Timer input event counter mode is selected. 

PSI - Prescaler Initialization 
1 = Prescaler begins to decrement. 
0 = Prescaler is initialized and counting is inhibited. 

PSO-PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 

PS2 PS1 PSO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

It is recommended that MVI or loading and storing 
instructions be used when changing bit values in the 
TSCR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 

During reset, the TSCR is set to all zeroes. The TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 

TIMER PRESCALER REGISTER ($FD) 
The timer prescaler register reflects the current count 

of the 7-bit prescaler. This register is the prescaler counter 
and can be written. 

6 

I MSB LSB 

RESET: 

INSTRUCTION SET 

The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 

Function Mnemonic 

Increment Memory Location INC 

Increment A INCA 

Increment XP INCX 

Increment YP INCY 

Decrement Memory Location DEC 

Decrement A DECA 

Decrement XP DECX 

Decrement YP DECY 
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REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 

Function Mnemonic 

Load A from Memory LOA 

Load XP from Memory LOX 

Load VP from Memory LOY 

Store A in Memory STA 

Add to A ADD 

Subtract from A SUB 

AND Memory to A AND 

Transfer A to XP TAX 

Transfer A to VP TAY 

Transfer VP to A TVA 

Transfer XP to A TPA 

Clear A CLRA 

Clear XP CLRX 

Clear VP CLRY 

Arithmetic Compare with Memory CMP 

Move Immediate Value to Memory MVI 

Arithmetic Left Shift of A ASLA 

Complement A COMA 

Rotate A Left and Carry ROLA 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list of instructions. 

Function Mnemonic 

Branch if Carry Clear BCC 

Branch if Higher or Same (BHS) 

Branch if Carry Set BCS 

Branch if Lower (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEQ 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the 256 bytes of the memory space, where all 
port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware 'to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear, and bit test and 
branch functions are all implemented with a single in
struction. For the test and branch instructions, the value 
of the bit tested is also placed in the carry bit of the 
condition code register. Refer to the following list of in
structions. 

Function Mnemonic 

Branch If Bit n is Set BRSET n(n ~ 0 ... 7) 

Branch If Bit n is Clear BRCLR n(n ~ 0 . .. 7) 

Set Bit n BSET n(n~o .. . 7) 

Clear Bit n BCLR n(n ~ 0 ... 7) 

CONTROL INSTRUCTIONS 

These instructions are used to control processor op
eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc
tions. 

Function Mnemonic 

Return from Subroutine RTS 

Return from Interrupt RTI 

No Operation NOP 

Jump to Subroutine JSR 

Jump Unconditional JMP 

IMPLIED INSTRUCTIONS 

Since the accumulator and all other registers are lo
cated in RAM, many implied instructions exist. Some of 
the instructions recognized and translated by the assem
bler are shown below: 

Mnemonic Becomes Mnemonic Becomes 

ASLA ADD $FF INCX INC $80 

BHS BCC INCY INC $81 

BLO BCS LDXI MVI $80 DATA 

CLRA SUB $FF LDYI MVI $81 DATA 

CLRX MVI $80 #0 NOP BEQ (PC) + 1 

CLRY MVI $81 #0 TAX STA $80 

DECA DEC $FF TAY STA $81 

DECX DEC $80 TXA LOA $80 

DECY DEC $81 TVA LOA $81 

INCA INC $FF 

Some examples of valuable instructions not specifi
cally recognized by the assembler are shown below: 

Mnemonic Meaning 

BCLR 7,$FF Ensures A is plus 

BSET 7, $FF Ensures A is minus 

BRCLR 7, $FF Branch if A is plus 

BRSET 7, $FF Branch if A is minus 

BRCLR 7, $80 Branch if Xis plus (BXPL) 

BRSET 7, $80 Branch if X is minus (BXMI) 

BRCLR 7, $81 Branch if Y is plus (BYPL) 

BRSET 7, $81 Branch if Y is minus (BYMI) 
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OPCODE MAP 
Table 1 is a listing of all the instruction set opcodes 

applicable to the MC68HC04J2 MCU. 

ADDRESSING MODES 

The MCU has nine different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif
ferent address spaces: program space, data space, and 
stack space. The term "effective address" (EA) is used in 
describing the various addressing modes. Effective ad
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is lo
cated in program ROM. It is contained in the byte im
mediately following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes in memory with a single two-byte 
instruction. 

SHORT DIRECT 

In the short direct addressing mode, the MCU has four 
locations in data space RAM it can use, ($80, $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 
addressing is a subset of the direct addressing mode. 
The X and Y registers are at locations $80 and $81, re
spectively. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 

RELATIVE 

The relative addressing mode is only used in condi
tional branch instructions. In relative addressing, the con
tents of the 8-bit signed byte (the offset) following the 

opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
-15 to + 16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. 

BIT SET/CLEAR 
In the bit set/clear addressing mode, the bit to be set 

or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ
ten to can be set or cleared with a single two-byte in
struction. 

CAUTION 

The corresponding DDRs for ports A and Bare write
only registers (registers at $04 and $05). A read 
operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, 
they cannot be used to set or clear a DDR bit; all 
"unaffected" bits would be set. Write all DDR bits 
in a port using a single-store instruction. 

BIT TEST AND BRANCH 
The bit test and branch addressing mode is a combi

nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol
lowing the opcode byte. The third byte is sign extended 
to twelve bits and becomes the offset added to the PC if 
the condition is true. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the 256 locations of memory. The span 
of branching is from -125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. 

REGISTER-INDIRECT 

In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 

INHERENT 
In the inherent addressing mode, all the information 

necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 
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Abbfeviations for Address Modes 

INH Inherent 
S·D Short Direct 
B·T·B Bit Test and Branch 
IMM Immediate 
DIR Direct 
EXT E>rtended 
REL Relative 
SSC Bit Set/Clear 
A-IND Register Indirect 

Br•nch lnstrue1ions 
2 3 I 4 • .. .. 0011 I cnoo 0101 

BEQ BEO ace ace 

BEQ BEQ ace ace 
JIEL(1 

BEO BEO I ace ace 

BEO BEQ ace ace 

BEQ aea ~l 1. ace BCC 

2 
BEQ aro I ace ecc 

BEO aEa I ace ace 

BEQ aEa I ace ace 

BEQ aea I .ace ace 

BEQ aea I ace ace 

SEQ BEO I ace ace 

BEQ BEO I a'cc BCC 

BEQ SEQ Ah 11"' BCC ace 

BEQ eEa '' ace ace 

BEQ BEQ ace ace 

BEQ BEQ ace ace 

Indicates Instruction Reserved for Future Use 
Indicates Illegal Instruction 

• ()llO 
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BCS 

BCS 

BCS 
REL It 

.•cs 

BCS 

acs 

acs 

ilCS 

BCS 

BCS 

ecs 

BCS 

BCS 

BCS 
1tEL'l1 

BCS 

• 
Table 1. Opcode Map 

BCS 

BCS 

BCS 

BCS 
Alfi 1 

ecs 

acs 

acs 

acs 
11Etl1 

BCS 

BCS 

BCS 

~1 
BCS 

BCS 

BCS 

BCS 

BCS 

R-1-.C..,bOl,ond 
RMd/Modify/Wrile Instructions 

,!, I ,!1 I ! I ,!, 
JSRn JMPn MVI 

E,1tT12 

JSRn I JMPn 

. 
' 

' 

BitM9nipul8tion 
Instructions 

,~ I ,~, 
BRCLRO 

BRCLR1 

BC LAO 

8CLR1 
1sr;11 

Register/Memory Ind 
ANdlModifylWrite 

E I F . I RO--=:;:? 
•111 ~Low 

LOA LOA 

STA STA 

JSRn JMPn RTI BRCLR2 BCL~sc Ii AO~ •ND 1 , 
ADD 

JSRn 
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JR Sn 

JS Rn 
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JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn INC 

JMPn INC 

JMPn INC 
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JMPn LOA 

JMPn LOA 
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STA I BRSETS 

STA BRSET6 

BCLR3 

SCUM 

BCLR5 

BCLR6 

BCLR7 

BSETO 

BSET1 

BSET2 

BSET3 

BSET4 

BSETS 

BSET6 

STA ~ BRSETI l~en 

LEGEND 

SUB SUB 

CMP CMPR~ 

AND AND 

INC INC 

DEC DEC 7, 
011) 

LOA LOA 

STA 

ADD ADD A 

SUB SUB 

CMP CMP c 

AND AND D 

INC 

DEC 
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MC68HC04J2 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Voo -0.3 to + 7.0 

Input Voltage Vin Vss-0.3 to 
Voo+o.3 

Current drain per pin I 10 
Excluding Voo and Vss 

Total current for sink I 30 
Ports A, B, C EXTAL, TIM source i 15 

Operating Temperature Range (Comm.) TA Oto 70 

Operating Temperature Range (Ind.) TA -40 to +85 

Storage Temperature Range Ts!!!_ -55 to + 150 

Junction Temperature TJ 
Plastic 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 0JA 
Plastic 70 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J• in 'C can 
be obtained from: 

where: 
TA 
OJA 

Po 
PINT 
PpQRT 

TJ=TA+(Po•OJA) (1) 

=Ambient Temperature, 0 c 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+ PpQRT 
= Ice x Vee. Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Voo 

Unit 

v 
v 

mA 

mA 

'C 

'C 

'C 

'C 

Unit 

'CIW 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields. However, it is advised that nor
mal precautions be taken to avoid applications of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper
ation it is recommended that Vin and Vout be con
strained to the range Vss.;(Vinl"'VDD· Reliability 
of operation is enhanced if unused inputs except 
EXTAL are connected to an appropriate logic volt
age level (e.g., either Vss or Vee). 

For most applications PpoRT<P1NT and can be ne
glecteJ. PPQRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and TJ (if 
PpQRT is neglected) is: 

Po=K+(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po. (TA+ 273°C) + 0JA•Po2 (3) 
where K is a constant pertaining to the particular part. 

K can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA· Using this value of K, 
the values of Po and TJ can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA. 

Voo= +4.5V 

IQLilQH = 800 µA 
RL =RH=4.6 kfi 

Voo= +2.7V 

IQL/IQH = 200 µA 
RL =RH= 10.5 kfi 

Voo= +z.ov 

IQL/IQH = 100 µA 
RL=RH=16k!1 

Figure 9. Equivalent Test Load 
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CONTROL TIMING CHARACTERISTICS 

Characteristic Symbol Min Typ Max Unit 

IVoo= +5 Vdc ±10%, Vss=O Vdc; TA=0°C to 10°c 

Oscillator Frequency lose 0 - 11.0 MHz 

PHl1 Clock Frequency lcL 0 - 5.5 MHz 

Cycle Time (Min) t9C_c 2.2 - - µs 

IRQ Pulse Width t1wL 2 x t9C_c - - µs 

RESET Pulse Width RWL 2 Xt9'_c - - µs 

Oscillator Clock Pulse Width tQL,tOH 45 - - ns 

Voo= +3 Vdc ±10%, Vss=O Vdc, TA=0°C to 10°c 

Oscillator Frequency lose - - 11.0 MHz 

PHl1 Clock Frequency lcL - - 4.2 MHz 

Cycle Time (Min) tIB 2.9 - - µs 

IRQ Pulse Width t1wL 2xtIB - - µs 

RESET Pulse Width tRWL 2xtIB - - µs 

Oscillator Clock Pulse Width toL,tOH 45 - - ns 

Voo= +2.2 Vdc ± 10%, Vss=O Vdc, TA=O'C to 10°c 

Oscillator Frequency lose 0 - 8.4 MHz 

PHl1 Clock Frequency ICL 0 - 2.1 MHz 

Cycle Time (Min) tIB 5.7 - - µs 

IRQ Pulse Width t1WL 2xtIB - - µs 

RESET Pulse Width tRWL 2xtIB - - µs 

Oscillator Clock Pulse Width toL,tOH 45 - - ns 

NOTE: 2 V operation is a user-selectable option only. Prior consultation with the factory is required. 

10,000 
10

.
000 §~il~§lllllltt!I 

~~ 4J ~~o~ ,., '\,1:4= 

1000 
1000,....,.-t-<-tt+ttt1-t-+-++H+ttr-++~rrHffi--++-~J..1._,_, 

"~°'~ 
1 
0 100 
.9 

~ 1-++-+~-llll--++~+l+lll-j--l-1--J.++IJl':ir~~p~ 
-"" 100 ,,,' 
0 
.9 

l' ' 

IZ 10 
101-++-+-++H+ll-+f-ll~rui<++-+++++lll-++-++++1++1 

lZ 

1~~~~~~~~~~~~~~~ 

1k 10k 100k 1m 10m 1k 10k 100k 1m 10m 

Clock Frequency (Hz) Clock Frequency (Hz) 

Figure 10. Typical RUN Current vs Clock Frequency (fCLI Figure 11. Typical WAIT Current vs Clock Frequency lfcLI 
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DC ELECTRICAL CHARACTERISTICS (Typical pull-down sink current for V0 ui=Voo is 50 µA.I 

Characteristic Symbol Min 

Voo= +5 Vdc ± 10%, Vss=O Vdc, TA=0°C to 70° c 
Output Voltage, 1Load(10.0 µA VoL -

VoH Voo-0.1 

Output High Voltage, I Load= + 800 µA) Ports, TIM VoH Voo-o.4 
Output Low Voltage, I Load= + 800 µA) Ports, TIM VoL -

Input High Voltage Ports, TIM, XTAL, MOS V1H 0.1 x v00 
IRO, RESET V1H o.8 x v00 

lnput Luvv Vvltaye Puri>, TIM, XTAL, MOS V1L Vss 
IRQ, RESET V1L Vss 

Total Supply Current 
CL= 50 pF, Ports, TIM, RUN loo -
No de load, tcyc= 1/fcL (max), WAIT* loo -
V1L =0.2 v. V1H=Voo -0.2 v STOP* loo -

1/0 Ports Input Leakage Vss(Vi(Voo l1L -

Input Current RESET, IRQ, TIM ljn -

Capacitance per Pin PORT~s Input or Output) Cout -
RESET, IRO, TIM, XTAL, MOS Cin -

Voo= +3 Vdc ± 10%, Vss=O Vdc, TA=O'C to 70'C 

Output Voltage, 1Load(10.0 µA VoL -

VoH Voo-0.1 

Output High Voltage, I Load= -200 µAl Ports, TIM VoH Voo-o.3 
Output Low Voltage, I Load= + 200 µA) Ports, TIM VOL -

Input High Voltage Ports, TIM, XTAL, MOS V1H 0.1 x v00 
IRO, RESET V1H 0.8xVoo 

Input Low Voltage Ports, TIM, MOS, XTAL V1L Vss 
IRO, RESET V1L Vss 

Total Supply Current 
CL= 50 pF, Ports, TIM, RUN loo -

No de load, !eye= 1/fcLIMax), WAIT* loo -
V1L = 0.2 v. V1H = Voo - 0.2 v STOP* loo -

1/0 Ports Input Leakage Vss(Vi(Voo l1L -

Input Current RESET. IRQ, TIM lin -

Capacitance per Pin PORTS las Input or Output) Cout -
RESET, IRQ, TIM, XTAL, MOS Cin -

Voo= +2.2 Vdc ±10%, Vss=O Vdc, TA=O'C to 70'C 

Output Voltage, 1Load(10.0 µA VOL -

VoH Voo-0.1 

Output High Voltage, ILoad= -100µA) Ports, TIM VoH Voo-o.3 
Output Low Voltage, ILoad= + 100 µA) Ports, TIM Vol -

Input High Voltage Ports, TIM, XTAL, MOS V1H 0.7 xVoo 
IRO, RESET V1H o.8 x v00 

Input Low Voltage Ports, TIM, MOS, XTAL V1L Vss 
IRO, RESET V1L Vss 

Total Supply Current 
CL= 50 pF, Ports, TIM, RUN loo -
No de load, !eye= 1/fcLIMax), WAIT* loo -
V1L =0.2v, V1H=Voo-o.2 v STOP* loo -

1/0 Ports Input Leakage Vss(V1(Voo l1L -

Input Current REST, IRO, TIM lin -
Capacitance per Pin PORTS las Input or Output) Caul -

RESET, IRO, TIM, XTAL, MOS Cin -
*Measured under the following conditions: 

- All ports and timer pin are configured as input - EXTAL is open circuit 
- XTAL is driven by a square wave input - port pull downs not enabled 

NOTE: Typical pull-down sink current for V0 u1=Voo is 50 µA. 
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Max Unit 

0.1 v 
-

- v 
0.4 

Voo v 
Voo 

o.3 x Voo v 
o.2xVoo 

3 mA 
1 mA 
5 µA 

±1 µA 

±1 µA 

12 pF 
8 

0.1 v 
-

- v • 0.3 

Voo v 
Voo 

0.3xVoo v 
0.2 xVoo 

1.5 mA 
0.5 mA 
4 µA 

±1 µA 

±1 µA 

12 pF 
8 

0.1 v 
-

- v 
0.3 

Voo v 
Voo 

0.3xVoo v 
0.2 xVoo 

1 mA 
0.3 mA 
3 µA 

±1 µA 

±1 µA 

12 pF 
8 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola using the following media: 

MOOS®, disk file 
MS®-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MOOS or MS-DOS disk 
file) may be submitted for pattern generation. They should 
be programmed with the customer program, using po
sitive logic sense for address and data. The diskette should 
be clearly labeled with the customer's name, date, project 
or product name, and the filename containing the pattern . 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MOOS Disk File 

MOOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MOOS compatible floppy diskette. The diskette must con
tain the minimum set of MOOS system files in addition 
to the pattern file. 

The .LO output of the M6804 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6804 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those in the user space, must 
be set to logic zero. 

MS-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. Disk 
media submitted must be standard density (360K), dou
ble-sided 5 1/4 inch compatible floppy diskette. The dis
kette must contain the object file code in Motorola's S
record format. The S-record format is a character-based 
object file format generated by M6804 cross assemblers 
and linkers on IBM PC style machines. 

EPROMS 

Four K of EPROM are necessary to contain the entire 
MC68HC04J2 program. Two 2516 or 2716 type EPROMs 

MDOS is a trademark of Motorola Inc. 
MS®-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark.of Motorola Inc. 

or a single 2532 or 2732 type EPROM can be submitted 
for pattern generation. The EPROM is programmed with 
the customer's program using positive logic sense for 
address and data. Submissions on two EPROMs must be 
clearly marked. All unused bytes, including the user's 
space, must be set to zero. 

If the MC68HC04J2 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F, 
and program space ROM runs from EPROM address $C10 
to $FF7 with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 

Verification Media 

All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
completed, signed, and returned to Motorola. The signed 
verification form constitutes the contractual agreement 
for the creation of the customer mask. To aid in the ver
ification process, Motorola will program customer sup
plied blank EPROM(s) or DOS disks from the data file 
used to create the custom mask. 

ROM Verification Units (RVUs) 

Ten MCUs containing the customers ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As
surance. 

Ordering Information 

The following table provides generic information per
taining to the package type, temperature, and order num
bers for the MC68HC04P3. 

Ordering Information 

Package Type Temperature Order Number 

Plastic O'C to 70'C MC68HC04J2P 
(P Suffix) - 40'C to + 85'C MC68HC04J2CP 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 

MC68HC04J2 

MECHANICAL DATA 

Vss RESET 

IRQ 2 PA7 

PA6 

PAS 

XTAL PA4 

PB7 

TIMER 7 PB6 

PBS 

PB1 PB4 

PB2 PB3 
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Technical Summary 
8-Bit Microcomputer Unit 

MC68HC04J3 HCMOS microcomputer unit (MCU) device is a member of the M6804 Family of 
single-chip microcomputers. This device is tremendously versatile and cost effective. These quali
ties are based on the MCU's simple design and ability to process 8-bit variables, one bit at a time. 

This technical summary contains limited information on the MC68HC04J3. For detailed informa
tion, refer to the advanced information data sheet for the MC68HC04J2, MC68HC04J3, and 
MC68HC04P3 8-bit microcomputers (MC68HC04J2/D) or to the M6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC68HC04J3 MCU are: 
• On-Chip Clock Generator • True Bit Manipulation 
• Memory Mapped 1/0 • Bit Test and Branch Instruction 

• Software Programmable 8-Bit Timer with • 368 Bytes Self-Check ROM 
7-Bit Prescaler • Conditional Branches 

• Single Instruction Memory Examine/ 
Change 

• Timer Pin is Software Programmable as 
Clock Input or Timer Output 

• 72 Bytes of Data ROM • 1672 Bytes of User Program ROM 
• 30 Bytes of User RAM 
• User Selectable Input Drive Options 
• Optional Pull Down Devices on 1/0 Ports 
• Mask Selectable Edge- or Level-Sensitive Interrupt Pin 

BLOCK DIAGRAM 

XTAL EXTAL RESET MDS IRO 

PA4 

Port 
PA5 

A 
1/0 

Lines PA6 

PA7 

Timer Prescaler 
8-81t 

Counter 

Timer/Status 

Control Register 

Accumulator 
A 

Indirect 
Register x 
Indirect 

Port Data Reg 1st er 
A Dir. y 

Reg Reg. 

Stack 

Program 
Counter 

High PCH 

1672 x 8 Program 

User Program ROM Counter 

368x8 Low PCL 

Self-Check ROM 

CPU 
Control 

CPU 

ALU 

Flags 

Data 
Dir. 
Reg. 

30x8 
Data RAM 

72x8 

Data ROM 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 

MOTOROLA MICROPROCESSOR DATA 

3-374 

PBO 
PB1 
PB2 Port 

P83 B 

PB4 1/0 

PB5 Lines 

PB6 
PB7 



MC68HC04J3 

SIGNAL DESCRIPTION 

Voo AND Vss 
Power is supplied to the microcomputer using these 

two pins. Voo is power, and Vss is ground. 

IRQ 

This pin provides the capability for asynchronously ap
plying an external interrupt to the microcomputer. A pull
up resistor on this pin is a manufacturing mask option. 

EXTAL AND XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man
ufacturing mask option. The different clock generator op
tions are shown in Figure 1, along with crystal 
specifications. 

Internal Clock Options 

The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex
ceed recommendations. When using the on-board oscil
lator, the MCU should remain in a reset condition, with 
the RESET pin voltage below V1RES +, until the oscillator 
has stabilized at its operating frequency. 

TIMER 

Two TIMER input modes as well as an output mode 
are available. In the 'input modes, the TIMER pin is con
figured as either a TIMER enable, or as the TIMER clock. 
In the output mode, the TIMER pin may generate tran
sitions upon each occurrence of timer underflow. 

RESET 

The RESET pin is used to restart the processor to the 
beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 

jump instruction to the first instruction of the main pro
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MCLI. A pull up resistor on this 
pin is a manufacturing mask option. 

MOS 

The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or ROM verify mode. 
However, if MDS is luyi(.; iuw di the e11d uf ihe resei ~idte, 
the single-chip operating mode is automatically selected. 
No external diodes, switches, transistors, etc. are re
quired for single-chip mode selection. 

INPUT/OUTPUT LINES (PA4-PA7, PBO-PB7) 

These 12 lines are arranged into one 4-bit port (A) and 
one 8-bit port (B). All lines are programmable as either 
inputs or outputs under software control of the data di
rection registers. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

There are 12 input/output pins. The 12 bidirectional 
lines can be selected to have internal pulldowns at the 
time of manufacture. All pins of each port are programm
able as inputs or outputs under the control of the data 
direction registers (DDR). 

The port 1/0 programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output or a logic zero for input, as shown in Figure 2. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the 1/0 pins are CMOS compatible as both inputs 
and outputs. Their standard configuration as outputs is 
three-state drive. Port B outputs are LED compatible. In 
addition, certain pins of both ports may be ordered 
equipped with pull down resistors. 

MC6BHC04J3 MC6BHC04J3 MC6BHC04J3 Crystal Parameters c, 

XTAL EXT AL 

I 

External Resistor 
Capacitor 

XTAL EXT AL XTAL EXT AL 

4 4 

D Clock NC to 

I I Input device pin 

Crystal External Clock 

EXTAL4 ~~ ~w·XTAl.5 

Crystal Parame1ers 
AT - Cut Parallel Resonance Crystal 
Co= 7 pF Ma)(1mum 
Freq= 11 MHz 
Rs= 50 Ohms Maximum 

P1ezoelec111c ceramic resonators which 
have the equivalent spec1f1cat1ons may be 
used 1ns1ead of crystal osc1lla1ors Follow 
ceramic resonator manutacturer"s sug 

gest1ons for Co. C1 and Rs values 

Figure 1. Clock Generator Options and Crystal Parameters 
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Data 
Direction Register 

Bit 

i 
Latched 
Output 1/0 
Data Pm 

Bot 

°"'" Direction Ouq,ut '"""' Rogiotef o ... Output To 
Btt Btt s .... MCU , 0 0 0 , , , , 
0 x H1,z Pon 

Figure 2. Typical 110 Port Circuitry 

Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 
used as a tool to initialize the data registers and avoid 
undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 

Pull Down Device Option 

The use of pull down devices on particular groupings 
of 1/0 ports is a manufacturing mask option available to 
the user. It is of use in applications where keyboards are 
interfaced directly to the MCU and similar situations. This 
option is available in the following configurations: 

1/0 Port Resistor-Option Pin Groupings 

Port A PA4-PA7 

Port B PB3-PB7, PB4-PB7, PB 1-PB2, PBO 

Port Data Registers ($00, $01 I 

The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 

The source of data read from the port register is either 
the port 1/0 pin or previously latched output data. The 
source depends upon the contents of the corresponding 
DDR. The destination of data written to the port data 
register is an output data latch. If the corresponding DDR 
for the port 1/0 pin is programmed as an output, the data 
appears on the port pin. 

Port A ($00) 

x x I x x 

Port B ($01) 

With regard to Port A only, the four MSB bits are un
used. These are "don't care" (X) bits when written to but 
are always logic high when read. 

Port Data Direction Registers ($04, $05) 

Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
function as input or output. A zero in the pin's corre
sponding DDR bit programs it as an input; a logic one 
programs it as an output. On reset, all the DDRs are in
itialized to a logic zero state to put the ports in the input 
mode. 

Port A ($04) 

Port B ($05) 

With regard to Port A DDR only, the four MSB bits are 
cleared after reset. These bits must not be set (logic one). 

MEMORY 

The MCU memory map (Figure 3) consists of 4352 bytes 
of addressable memory, 1/0 register locations, and stack 
space. This MCU has three separate memory spaces: 
program space, data space, and stack space. 
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Bytes 

()()()() 

7 204 

2048 

2415 

2416 

4087 

4088 

4089 

4090 

1 409 

4092 

4093 

4094 

4095 

? 

~ 

~ 

Reserved 
12048 Bytesl 

MC68HC04J3 

Address 

$ 000 

~ 

$ 7FF 

BOO $ 

Bytes 

000 

00 1 

00 2 

3 00 

004 

5 00 

006 

008 

009 

010 

Port A Data Register 

Port 8 Data Register 

Reserved 
(2 Bytes) 

Port A DOR 

Port B DDR 

Reserved 
13 Bytes) 

Timer Status Control Register 

low Byte CRC 

Self-Check ROM ~ 011 High Byte CRC 

(368 Bytes) 

Program ROM 
11672 Bytes) 

Self-Check 
IRQ Vector 

Self-Check 
Restart Vector 

User 
IRQ Vector 

User 
Restart Vector 

Program Space 

Level 1 

Level 2 

Level 3 

Level 4 

Stack Space 

$ 

$ 

96F 

970 

~ 

$ 

$ 

$ 

$ 

$ 

$ 

FF7 

FFS 

FF9 

FFA 

FFB 

FFC 

$ 

$ 

FFD 

FFE 

$ FFF 

012 j.... 

129 

130 

.....-
252 

253 

254 

255 

Figure 3. Memory Map 

Reserved 
112 Bytes) 

User Data Space ROM 
172 Bytes! 

Reserved 
132 Bytes! 

Indirect Register X 

Indirect Register Y 

User Data Space RAM 
130 Bytes) 

Reserved 
193 Bytes) 

Prescaler Register 

Timer Count Register 

Accumulator 

Data Space 
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$ 00 

$ 01 

$ 02 

$ 03 
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$ 

$ 
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04 

05 

06 

08 

$ 09 

$ QA 

$ OB 

soc -..1.--

$5F 

$60 

$7F 

$80 

$81 

$82 

....,... 

$ FC 

$ FD 

$ FE 
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The MCU is capable of addressing 4096 bytes of pro
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro
gram space memory includes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. 

A non-accessible subroutine stack space RAM is pro
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data space lo
cations $82 and $83 can be used for 8-bit counter loca
tions. 

Program ROM Protect 

A manufacturing mask option available to the user en
ables program ROM protection. Enabled, this option pre
vents the ROM contents from being output during self
check/ROM verify. This option does not prevent a go, no
go test of the ROM contents using the ROM verify mode. 

REGISTERS 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

INDIRECT REGISTERS (X,Y) 

These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac
cessed with the direct, indirect, short direct, or bit set/ 
clear modes. 

x 

y 

PROGRAM COUNTER (PC) 

The program counter is a 12-bit register that contains 
the address of the next byte to be fetched from program 
space. The program counter is contained in low byte (PCL) 
and high nibble (PCH). 

11 8 7 

PCH PCL 

FLAGS (C,ZI 

The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 

NORMAL FLAGS c z 
INTERRUPT FLAGS 

c z 
There are two sets of these flags. One set is for interrupt 

processing (the interrupt mode flags). The other set is for 
normal operations (the program mode flags). When an 
interrupt occurs, a context switch is made from the pro
gram flags to the interruptflags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 

STACK 

A last-in-first-out (LIFO) stack is incorporated in the MCU 
that eliminates the need for a stack pointer. This non
accessible subroutine stack space is implemented in sep
arate RAM, 12-bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 

CRC Registers 

Two eight bit registers are implemented in RAM pri
marily as self-check and ROM verify modes. The two reg
isters are memory mapped in data space at addresses 
$0A (CRC low), and $OB (CRC high). 

Provided no write or read/modify/write operation is used 
to change the contents of these two locations, the reg
isters are configured to perform CRC calculations. By sim
ply reading a register, a pseudo-random number can be 
generated. 

If a write or a read/modify/write is performed on ad
dresses $0A or $OB, then the CRC circuitry is disabled. 
Both registers can be used as RAM locations. until the 
next RESET. RESET enables the CRC circuitry again. 

SELF CHECK 

The MCU implements two forms of internal check, self 
check and ROM verify. Self check performs an extensive 
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functional check of the MCU using a signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high, and PA6 logic low as RESET goes 
low to high. ROM verify mode is entered by holding MDS, 
PA7, and PA6 logic high as RESET goes low to high. 
Unimplemented program space ROM locations are also 
tested. Monitoring the self-check mode's stages for suc
cessful completion requires external circuitry. 

RESET 

The MCU can be reset by initial power up or by external 
reset input (RESET). 

POWER-ON-RESET (POR) 

During a power-on-reset, the timer is used to count 
1920 external clock cycles. This allows the oscillator to 
stabilize before releasing the internal reset, irrespective 
of the state of the RESET pin. If the RESET pin is low at 
the end of the delay, the processor remains in the reset 
condition. 

+ 5 v 

4.7 k 

I 1.0µF 

MCU 

Figure 4. Power Up RESET Delay Circuit 

RESET 

A reset can also be achieved by pulling the RESET pin 
to logic low for a minimum of two clock cycles. The delay 
is not implemented in this case. 

INTERRUPT 

There are two ways this MCU can be interrupted: by 
applying a logic low signal to the IRQ pin, or by a positive 
transition of the TMZ bit of TSCR with the ETI bit set. 
However, a manufacturing mask option determines 
whether the falling edge or the actual low level of the 
IRQ pin is sensed to indicate an interrupt. 

EXTERNAL INTERRUPT EDGE-SENSITIVE OPTION 

When the IRQ pin is pulled low, the internal interrupt 
request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 

contains a flowchart that illustrates the interrupt and in
struction processing sequences. 

The interrupt sequence consists of one cycle during 
which: 

The interrupt request latch is cleared; 

The interrupt mode flags are selected; 

The program counter (PC) is saved on the stack; 

The interrupt mask is set; and 

The IRQ vector jump address is loaded into the PC. 

The IRQ vector jump address is $FFC-$FFD in the single
chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other ROM word. So, it is essential that the vector 
contents specify a JMP instruction in addition to the start
ing address of the interrupt service routine. If required, 
this routine should save the values of the accumulator 
and the X and Y registers, since these values are not 
stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur
ing RTI, the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro
gram is then fetched and executed. 

When STOP is processed, the interrupt mask is cleared 
and the oscillator stopped. Checks are made for either 
RESET or IRQ. If RESET is detected, the RESET sequence 
is initiated. If IRQ is detected, the system oscillator is 
enabled along with the clock. In both cases, a delay is 
executed by the timer to allow oscillator stabilization be
fore the CPU is enabled and the interrupt serviced. 

When WAIT is processed, the interrupt mask is cleared 
and the CPU clock disabled. The interrupt latch is tested. 
Detection of RESET initiates the RESET sequence. Detec
tion of IRQ or timer interrupt enables the CPU clock and 
initiates servicing of the interrupts. 

When RTI is processed, the program counter is pulled 
from the stack. The program flags are selected and the 
interrupt mask cleared. The interrupt latch is then tested 
before the next instruction. 

When the interrupt was initially detected and the in
terrupt sequence started, the interrupt request latch was 
cleared so that the next interrupt could be detected. This 
was done even as the first interrupt was being serviced. 
However, even though the second interrupt set the in
terrupt request latch during the first interrupt's process
ing, the second interrupt's sequence cannot begin until 
completion of the interrupt service routine for the first 
interrupt. Completion of an interrupt service routine is 
always accomplished using an RTI instruction to return 
to the main program. The interrupt mask, which is not 
directly available to the programmer, is cleared during 
the last cycle of the RTI instruction. 

EXTERNAL INTERRUPT EDGE/LEVEL-SENSITIVE OP
TION 

The edge/level-sensitive option performs as described 
in the preceding section but adds the potential for level
sensitive operation. Level-sensitive operation tests the 
state of the IRQ and initiates an interrupt service routine 
if the IRQ pin is found to be logic low. 
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External Interrupt Request Flow 

Clear 

Yes 

High 

y 

Timer 
Interrupt 
Enabled 

TSCR bit 6 
Low? 

Timer Interrupt 
Request Flow 

N 

N 

Figure 5. Interrupt Sequences 

POWER UP AND TIMING 
During the power up sequence, the interrupt mask is 

closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc
tion). 

To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in
stead of an RTS. The RTI opens the interrupt mask. Typ
ical RESET and IRQ processes and their relationship to 
the interrupt mask are shown in Figure 7. 

Maximum interrupt response time is eight machine 
cycles. This includes five cycles for the longest instruction 
plus one for stacking the PC and switchi~flags. Two 
additional cycles are used to synchronize IRO input with 
the internal machine cycle frequency. 

TIMER INTERRUPT 
A timer interrupt is requested by a transition of the 

TMZ bit of the timer status/control register (TSCR) from 
logic low to high. Such a positive transition is caused 
either by the timer count register reaching the all zero 
state, or by any program instruction that writes a one to 
the TMZ bit. 

The timer interrupt request is maskable by clearing bit 
6 of the TSCR (ETI bit). ETI is cleared by RESET. 

During the interrupt routine, to determine whether an 
interrupt was caused externally or by the timer, it is nec
essary to test the state of the TMZ bit in the TSCR. 

It is important to service a timer interrupt and clear the 
TMZ bit before the timer counter underflows again. Oth
erwise, because only a single interrupt can be latched, 
there is no way oftelling how many timer interrupts occur 
while the original interrupt is being serviced. 

LOW-POWER MODES 

STOP 
The STOP instruction places the MCU in its lowest power 

consumption mode. In the STOP mode, the internal os
cillator is turned off, causing all internal processing and 
the timer to be halted. Current consumption is thus 
dropped to leakage levels. 

Providing the supply voltage remains within data sheet 
limits, the contents of the TSCR, accumulator, and all data 
space RAM remain unchanged in STOP mode. 
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JMP-START 
VECTOR (FFE-FFF) 

....._ ____ __, --· ........................................................... . 

PROGRAM 

IRO 
RECOGNIZED 

START (ROUTINE) 
INSTRUCTION (I-NI 

LAST INSTRUCTION 
JSR INIT 

INIT 
INITIALIZATION 

SUBROUTINE 
'-----r---'··············· 

LAST INSTRUCTION 
RTI 

INTERRUPT 
MASK 

CLOSED 

MASK 
OPEN 

.--------.· .................................... . 
IRO 

SERVICE 
ROUTINE 

LAST INSTRUCTION 
RTI 

INTERRUPT 
MASK 

CLOSED 

'---------'·· ................................... . 
PROGRAM 

MASK 
OPEN 

Figure 7. Interrupt Mask 

Causing an interrupt or reset by pulling the RESET or 
IRQ pins low is the only way to bring the processor out 
of STOP mode. During this exit from STOP, the timer is 
used to provide the delay time necessary for the oscillator 
to stabilize. So, the prescaler and timer count register 
contents must be considered corrupted. 

WAIT 
The WAIT instruction places the MCU in a low power 

consumption mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock is disabled from all internal cir
cuitry except for the timer. So, all internal processing is 
halted. However, the timer continues to decrement nor
mally if the PSI bit of TSCR is set. 

During the WAIT mode, external interrupts are enabled. 
All other registers, memory, and 1/0 lines remain in their 
last state. Pulling the IRQ or RESET pin to logic low causes 
an exit from the WAIT mode. In addition, ETI bit of TSCR 
can be enabled by software prior to entering the WAIT 
state. This allows an exit from WAIT via a timer interrupt 
as well as via external interrupts. 

TIMER 

A block diagram of the MC68HC04J3 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 
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Microcomputer Internal Bus 

Read Write Read Write Read Write 

Prescaler 

Initialize 

8-Bit Counter 
Timer Count Register 

(TCR) 

b5 b4 b3 b2 

Timer Control 
Register (TSCR) 

3 
PSI 

TOUT 
DDUT 

SYNC 

TMZ 

Transparent 
Latch 

DATA 

Timer Status 

Timer Pin TOUT DOUT Timer Mode 

Input 0 Event Counter 
0 1 Input Gated Mode 

Output 0 Output 
1 

Figure 8. Timer Block Diagram 

PRESCALER 

The prescaler is a 7-bit counter used to extend the max
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-20, to divide-by-27. 

TIMER COUNTER 

The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex
ample, if a value is written to the timer count register and 
this write and a decrement-to-zero occur at the same 
time, the write takes precedence and TSCR bit one (TMZ) 
is not set until the next timer time out. 

TIMER PIN 

The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR 
bits 4 (DOUT) and 5 (TOUT). Two distinct input modes 
exist; input gated mode and input event counter mode. 

This relationship is shown in the TIMER pin status section 
of Figure 8. The frequency of the internal clock applied 
to the TIMER pin must be less than tbyte. which is the 
frequency of the oscillator divided by either 12, 24, or 48, 
then multiplied by the clock divide ratio. Whether fosc is 
divided by 12, 24, or 48 is a manufacturing mask option. 

TIMER INPUT EVENT COUNTER MODE 

In the timer input event counter mode, both TOUT and 
DOUT are logic zero. The TIMER pin is effectively con
nected directly to prescaler input. So, the timer/prescaler 
is clocked by the signal applied from the TIMER pin. 

TIMER INPUT GATED MODE 
In the input gated mode, TOUT is logic zero and DOUT 

is logic one. The timer pin is an input which decrements 
the prescaler each machine cycle as long as the timer pin 
is logic high. When the pin is logic low, counting is in
hibited. This mode permits the counting of the period of 
time during which the timer pin is logic high, based on 
the system clock and prescaler values. Gate times are 
fosc/12, fosc/24, and focs/48. 

TIMER OUTPUT MODE 
In the output mode, TOUT is logic one and the TIMER 

pin is connected to the DOUT latch. So, the timer pres
caler is clocked by the internal sync pulse. This pulse is 
a divide-by-12, 24 or 48 of the internal oscillator depend
ing on the mask option. However, in the output mode, 
once the prescaler decrements the timer count register 
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to zero, the low TSCR bit 1 (TMZ) bit state is used to drive 
the data latched at TSCR bit 4 (DOUT) onto the TIMER 
pin. 

NOTE 
TMZ is normally set to logic one when TCR dec
rements to zero and the timer times out. However, 
it may be set by a write of $00 to TCR or by a write 
to bit 7 of TSCR. 

TIMER COUNT REGISTER ($FE) 

The timer count register reflects the current count in 
the internal 8-bit counter. The register is the counter and 
can be written. 

7 

I MSB LSB 

RESET: 

TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 
7 6 5 4 3 

I TMZ I Ell TOUT DDUT PSI PS2 PS1 PSO 

RESET: 
0 

TMZ - Timer Zero 
1 =Timer count register has reached the all-zero 

state since the last time the TMZ bit was read. 
0 =This bit is cleared by a read of the TSCR if TMZ 

is read as logic one. 
ETI - Enable Timer Interrupt 

1 =Timer interrupt enabled. 
0 =Timer interrupt disabled. 

TOUT - Timer Output 
1 =Output mode is selected for the timer. 
0 =Input modes are selected for the timer. 

DOUT - Data Output 
In the input mode, latched data at this bit is sent to 
the TIMER pin when both the TMZ and TOUT bits 
are logic high. 
In the input mode: 

1 =Timer input gated mode is selected 
0 =Timer input event counter mode is selected 

PSI - Prescaler Initialization 
1 = Prescaler begins to decrement. 
0 = Prescaler is initialized and counting is inhibited. 

PSO-PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 

PS2 PS1 PSO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 · 128 

It is recommended that MVI or loading and storing 
instructions be used when changing bit values in the 
TSCR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 

During reset, the TSCR is set to all zeroes. The TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 

TIMER PRESCALER REGISTER ($FD) 

The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be written. 

6 

I MSB LSB 

RESET: 

INSTRUCTION SET 

The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read/ 
modify/write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 

Function Mnemonic 

Load A from Memory LOA 

Load XP from Memory LOX 

Load YP from Memory LOY 

Store A in Memory STA 

Add to A ADD 

Subtract from A SUB 

AND Memory to A AND 

Transfer A to XP TAX 

Transfer A to YP TAY 

Transfer YP to A TYA 

Transfer XP to A TPA 

Clear A CLRA 

Clear XP CLRX 

Clear YP CLRY 

Complement A COMA 

Rotate A Left and Carry ROLA 

Arithmetic Compare with Memory CMP 

Move Immediate Value to Memory MVI 

Arithmetic Left Shift of A ASLA 
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READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 

Function Mnemonic 

Increment Memory Location INC 

Increment A INCA 

l!lc!'"ement XP !NCX 

Increment YP INCY 

Decrement Memory Location DEC 

Decrement A DECA 

Decrement XP DECX 

Decrement YP DECY 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list of instructions. 

Function Mnemonic 

Branch if Carry Clear BCC 

Branch if Higher or Same (BHS) 

Branch if Carry Set BCS 

Branch if Lower (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEG 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the 256 bytes of the memory space, where all 
port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear, and bit test and 
branch functions are all implemented with a single in
struction. For the test and branch instructions, the value 
of the bit tested is also placed in the carry bit of the 
condition code register. Refer to the following list of in
structions. 

Function Mnemonic 

Branch If Bit n is Set BRSET n(n ~ 0 .. . 7) 

Branch If Bit n is Clear BRCLR n(n ~ 0 . .. 7) 

Set Bit n BSET n(n~O. .. 7) 

Clear Bit n BCLR n(n~O. .. 7) 

CONTROL INSTRUCTIONS 

These instructions are used to control processor op
eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc
tions. 

Function Mnemonic 

Return from Subroutine RTS 

Return from Interrupt RTI 

Ne Operation NOP 

Jump to Subroutine JSR 

Jump Unconditional JMP 

Stop STOP 

Wait WAIT 

IMPLIED INSTRUCTIONS 

Since the accumulator and all other registers are lo
cated in RAM, many implied instructions exist. Some of 
the instructions recognized and translated by the assem
bler are shown below: 

Mnemonic Becomes Mnemonic Becomes 

ASLA ADD $FF INCX INC $80 

BHS BCC INCY INC $81 

BLO BCS LDXI MVI $80 DATA 

CLRA SUB $FF LDYI MVI $81 DATA 

CLRX MVI $80 #0 NOP BEG (PC) + 1 

CLRY MVI $81 #0 TAX STA $80 

DECA DEC $FF TAY STA $81 

DECX DEC $80 TXA LDA $80 

DECY DEC $81 TYA LDA $81 

INCA INC $FF 

Some examples of valuable instructions not specifi
cally recognized by the assembler are shown below: 

Mnemonic Meaning 

BCLR 7,$FF Ensures A is plus 

BSET 7, $FF Ensures A is minus 

BRCLR 7, $FF Branch if A is plus 

BRSET 7, $FF Branch if A is minus 

BRCLR 7, $80 Branch if Xis plus (BXPL) 

BRSET 7, $80 Branch if X is minus (BXMI) 

BRCLR 7, $81 Branch if Y is plus (BYPL) 

BRSET 7, $81 Branch if Y is minus (BYMI) 

OPCODE MAP 

Table 1 is a listing of all the instruction set opcodes 
applicable to the MC6BHC04J3 MCU. 
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Cl 
~ 
:II 
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~ 0 
0000 

BNE BNE 

BNE j BNE 
AELl1 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

A BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

Abbreviations for Address Modes 

INH Inherent 
S-0 Short Direct 
8-T-B Bit Test and Branch 
IMM Immediate 
DIR Direct 
EXT Extended 
REL Relative 
BSC Bit Set/ Clear 
R;INO Register Indirect 

Branch Instructions 
2 3 4 T 
00•0 00" 0101 

BEO BEQ BCC BCC 

BEQ BEQ BCC BCC 

BEQ BEQ BCC BCC 

BEO BEO BCC BCC 

BEO BEQ BCC BCC 

BEO BEQ BCC BCC • 

BEQ BEO BCC BCC 

BEO BEO BCC BCC 

BEO BEO BCC BCC 

BEQ BEO BCC BCC 

BEO BEO BCC BCC 

BEO BEO BCC BCC 

BEO BEO BCC BCC 

BEO BEO BCC BCC 

BEO BEO BCC BCC 

BEO BEO BCC BCC 

Indicates Instruction Reserved for Future Use 

Indicates Illegal Instruction 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

• Table 1. Opcode Map 

T 
'""' 

BCS JSRn 

BCS JS Rn 

BCS JS Rn 

BCS JSAn 

BCS JS Rn 

BCS JSRn 

BCS JSAn 

BCS JS Rn 

BCS JS Rn 

BCS JSAn 

BCS JS An 

BCS JS Rn 

BCS JS Rn 

BCS JSRn 

BCS JR Sn 

BCS JS Rn 

Register/Memory, Control. and 
Read/Modify/Write Instructions 

1!, I ,~o 
JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn· 

JMPn 

JMPn 

JMPn INC 

JMPn INC 

JMPn INC 

JMPn INC 

JMPn LOA 

JMPn LOA 

JMPn LOA 

JMPn LOA 

Bit Manipulation 
Instructions 

Register/Memory and 
Read/ Modify/Write 

,~~ E F 

MVI BRCLRO 

BACLR1 

RTI BRCLA2 

BTS BACLR3 

COMA I BACLR4 

ROLA I BACLRS 

STOP ... IJ BACLA6 

WAI!.. I J BACLA7 

DEC I BRSETO 

DEC I BRSET1 

DEC I BRSET2 

DEC I BASET3 

STA I BRSET4 

, 
STA I BRSETS 

STA BRSET6 

STA BRSETI 

BC LAO 

BCLA1 

BCLR2 
escli 

BCLR3 

LOA 

STA 

ADD 

SUB 

BCLR4 I CMP 

BCLRS / AND 

BCLA6 I INC 

BCLR7 J DEC 

BSHO I LOA 

BSETl 

BSET2 I ADO 

BSET3 I SUB 

BSET4 I CMP 

BSET58SC L ANO 

BSET6 

BSETI 

LEGEND 

LOA 

STA 

ADD 

SUB 

CMP 

AND 

INC 

DEC 

LOA 

STA 

ADD 

SUB 

CMP 

ANO 

INC 

DEC 

~w 

A 

D 

----1--------,,.. Opcode 1n Hexadecimal 

Cvcie•34 
1111:1 ~ Mnemonic 1 LOA 

Bvtes 

Opcode in Binary 

R·IND 

3: 
§1 
:c 

~ 
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ADDRESSING MODES 

The MCU has nine different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif
ferent address spaces: program space, data space, and 
stack space. The term "effective address" (EA) is used in 
describing the various addressing modes. Effective ad
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is lo
cated in program ROM. It is contained in the byte im
mediately following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes in memory with a single two-byte 
instruction. 

SHORT DIRECT 

In the short direct addressing mode, the MCU has four 
locations in data space RAM which it can use, ($80, $81, 
$82, and $83). The opcode determines the data space 
RAM location, and the instruction is only one byte. Short 
direct addressing is a subset of the direct addressing 
mode. The X and Y registers are at locations $80 and $81, 
respectively. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 

RELATIVE 

The relative addressing mode is only used in condi
tional branch instructions. In relative addressing, the con
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 

-15 to + 16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. 

BIT SET/CLEAR 
In the bit set/clear addressing mode, the bit to be set 

or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ
ten to can be set or cleared with a single two-byte in
struction. 

CAUTION 

The corresponding DDRs for ports A and Bare write 
only registers (registers at $04, $05). A read oper
ation on these registers is undefined. Since BSET 
and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit; all "un
affected" bits would be set. Write all DDR bits in a 
port using a single-store instruction. 

BIT TEST AND BRANCH 
The bit test and branch addressing mode is a combi

nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol
lowing the opcode byte. The third byte is sign extended 
to twelve bits and becomes the offset added to the PC if 
the condition is true. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the 256 locations of memory. The span 
of branching is from -125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. 

REGISTER-INDIRECT 

In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 

INHERENT 
In the inherent addressing mode, all the information 

necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 
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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage voo -0.3 to + 7.0 

Input Voltage Vin Vss-0.3 to 
Voo+o.3 

Current Drain per Pin I 10 
Excluding Voo and Vss 

Total Current for Sink I 30 
Ports A, B, C EXTAL, TIM Source I 15 

Operating Temperature Range (Comm.) TA 0 to 70 

Operating Temperature Range (Ind.) TA -40 to +85 

Storage Temperature Range Tstg -55to +150 

Junction Temperature TJ 
Plastic 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 0JA 
Plastic 70 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J• in 'C can 
be obtained from: 

where: 
TA 
BJA 

Po 
PINT 
PpQRT 

TJ=TA+(Po·BJA) (1) 

=Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, 'C/W 
= P1NT+PpQRT 
=Ice x Vee· Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Pin Under o----..._ __ _ 
Test 

50 pF 

Unit 

v 

v 

mA 

mA 

oc 

oc 

'C 

'C 

Unit 

oc;w 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields. However, it is advised that nor
mal precautions be taken to avoid applications of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper
ation it is recommended that Vin and Vout be con
strained to the range Vss""(Vinl'°"VDD· Reliability 
of operation is enhanced if unused inputs except 
EXTAL are connected to an appropriate logic volt
age level (e.g., either Vss or Vccl. 

For most applications PpQRT<P1NT and can be ne
glected. PPQRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J (if 
PpoRT is neglected) is: 

Po= K -c (T J + 273°C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po • (TA+ 273'C) + 0JA•Po2 (3) 
where K is a constant pertaining to the particular part. 

K can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA- Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA. 

Voo= +4.5V 

loLiloH=800 µA 
RL =RH=4.6 kfl 

Voo=+2.1v 
IQLilQH = 200 µA 
RL =RH= 10.5 kfl 

Voo= +2.ov 
loiJIOH = 100 µA 
RL =RH= 16 kfl 

Figure 9. Equivalent Test Load 

MOTOROLA MICROPROCESSOR DATA 

3-388 



MC68HC04J3 

CONTROL TIMING CHARACTERISTICS 

Characteristic Symbol Min Typ 

(Voo= +5 Vdc ±10%, Vss=O Vdc; TA=O'C to 70'C 

Oscillator Frequency lose 0 -

PHl1 Clock Frequency lcL 0 -
Cycle Time (Min) tm 2.2 -
IRQ Pulse Width t1WL 2xtm -
RESET Pulse Width RWL 2xtm -
Oscillator Clock Pulse Width toL.tOH 45 -

Voo= +3 Vdc ±10%, Vss=O Vdc, TA=O'C to 70'C 

Oscillator Frequency lose - -
PHl1 Clock Frequency ICL - -
Cycle Time (Min) tm 2.9 -
IRQ Pulse Width t1WL 2Xtm -
RESET Pulse Width tRWL 2Xtm -
Oscillator Clock Pulse Width toL,tOH 45 -

Voo= +2.2 Vdc ±10%, Vss=O Vdc, TA=O'C to 70'C 

Oscillator Frequency lose 0 -
PHl1 Clock Frequency fCL 0 -
Cycle Time (Min) tm 5.7 -
IRQ Pulse Width t1wL 2xtm -
RESET Pulse Width tRWL 2xtm -

Oscillator Clock Pulse Width toL.tOH 45 -

NOTE: 2 V operation is a user-selectable option only. Prior consultation with the factory is required. 

10,000 

1000 

~ 
a 100 

.9 

10 

,,.~ 
,o~~ ~ ~'?.:,.O.J.?i 

'l-'i4=! 

f2l 

10,000 

1000 

~ 
a 100 
.9 

10 

Max Unit 

11.0 MHz 

5.5 MHz 

- µs 

- µs 

- µs 

- ns 

11 MHz 

4.2 MHz 

- µs 

- µS 

- µs 

- ns 

8.4 MHz 

2.1 MHz 

- µs 

- µs 

- µs 

- ns 

':;,,, .... ,,,~ 
.J.o ~""' 

" ,o fl;>'? ':;,,, ... .,, 
J.l '>-.J.o ,,,. 

1~~~~~~~~~~~~~~~ 

1k 10k '100k lm 

Clock Frequency (Hz) 

Figure 10. Typical RUN Current vs 
Clock Frequency 

10'n 1k 10k 100k lm 

Clock Frequency IHzl 

Figure 11. Typical WAIT Current vs 
Clock Frequency 

MOTOROLA MICROPROCESSOR DATA 

3-389 

1Cm 



• 

MC68HC04J3 

DC ELECTRICAL CHARACTERISTICS (Typical pull-down sink current for Vout=Voo is 50 µA.) 

Characteristic Symbol Min 

Voo= +5 Vdc ±10%, Vss=O Vdc, TA=O'C to 70' c 
Output Voltage, 1Load(10.0 µA VoL -

VoH Voo-0.1 

Output High Voltage, I Load= + 800 µA) Ports, TIM VoH Voo-0.4 
Output Low Voltage, ILoad = + 800 µA) Ports, TIM VQL -

Input High Voltage Ports, TIM, XTAL, MOS V1H 0.1 x v 00 
IRQ, RESET V1H o.8xVoo 

Input Low Voltage Ports, TIM, XTAL, MOS V1L Vss 
IRQ, RESET V1L vss 

Total Supply Current 
CL= 50 pF, Ports, TIM, RUN 100 -
No de load, tcyc = 1/fcL (max), WAIT* loo -

V1L =0.2 v. V1H=Voo -0.2 v STOP* loo -

1/0 Ports Input Leakage Vss(V1(Voo l1L -

Input Current RESET, IRQ, TIM lin -

Capacitance per Pin PORTS (as Input or Output) Cout -
RESET, IRQ, TIM, XTAL, MOS Cin -

Voo= +3 Vdc ±10%, Vss=O Vdc, TA=O'C to 70'C 

Output Voltage, ILoad(lO.O µA VoL -
VoH v 00 -o.1 

Output High Voltage, I Load= - 200 µA) Ports, TIM VoH v 00 -o.3 
Output Low Voltage, ILoad= +200 µA) Ports, TIM VoL -

Input High Voltage Ports, TIM, XTAL, MOS V1H 0.1 x v 00 
IRQ, RESET V1H o.8xVoo 

Input Low Voltage Ports, TIM, MOS, XTAL V1L vss 
IRQ, RESET V1L Vss 

Total Supply Current 
CL= 50 pF, Ports, TIM, RUN loo -

No de load, tcyc= 1/fcL(Max), WAIT* loo -
V1L=0.2 V, V1H=Voo-o.2 v STOP* loo -

110 Ports Input Leakage Vss<V1(Voo l1L -
Input Current RESET, IRQ, TIM lin -

Capacitance per Pin PORT§J.l!s Input or Output) Cout -
RESET, IRQ, TIM, XTAL, MOS Cin -

Voo= +2.2 Vdc ±10%, Vss=O Vdc, TA=O'C to 70'C 

Output Voltage, 1Load(10.0 µA VoL -
VoH v 00 -o.1 

Output High Voltage, ILoad = -100µA) Ports, TIM VoH Voo-o.3 
Output Low Voltage, I Load= + 100 µA) Ports, TIM VOL -
Input High Voltage Ports, TIM, XTAL, MOS V1H 0.7xVoo 

IRQ, RESET V1H 0.8xVoo 

Input Low Voltage Ports, TIM, MOS, XTAL V1L Vss 
IRQ, RESET V1L Vss 

Total Supply Current 
CL= 50 pF, Ports, TIM, RUN loo -
No de load, !eye= 1/fcL(Max), WAIT* 100 -
V1L =0.2v, V1H=Voo-o.2 V, STOP* loo -

1/0 Ports Input Leakage Vss<V1(Voo l1L -
Input Current REST, IRQ, TIM lin -
Capacitance per Pin PORT§J.l!s Input or Output) Cout -

RESET, IRQ, TIM, XTAL, MOS Cin -

*Measured under the following conditions: 
-All ports and timer pin are configured as input - EXTAL is open circuit 
- XTAL is driven by a square wave input , - port pull downs not enabled 

NOTE: Typical pull-down sink current for Vout=Voo is 50 µA. 
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0.5 
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0.8 
0.3 
1.5 

-

-

-
-

-
-

-
-
-
-
-
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0.6 
0.2 
1 

-
-

-
-

Max Unit 

0.1 v 
-
- v 
0.4 

Voo v 
Voo 

o.3xVoo v 
o.2xvoo 

3 mA 
1 mA 
5 µA 

±1 µA 

±1 µA 

12 pF 
8 

0.1 v 
-
- v 
0.3 

Voo v 
Voo 

o.3xVoo v 
o.2xvoo 

1.5 mA 
0.5 mA 
4 µA 

±1 µA 

±1 µA 

12 pF 
8 

0.1 v 
-
- v 
0.3 

Voo v 
Voo 

o.3xVoo v 
o.2xVoo 

1 mA 
0.3 mA 
3 µA 

±1 µA 

±1 µA 

12 pF 
8 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to 
Motorola using the following media: 

MDOS, disk file 
MS-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MOOS® or MS®)-DOS 
disk file), programmed with the custorrier's program (po
sitive logic sense for address and data), may be submitted 
for pattern generation. The diskette should be clearly la
beled with the customer's name, date, project or product 
name, and the filename containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MOOS Disk File 

MOOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MOOS compatible floppy diskette. The diskette must con
tain the minimum set of MOOS system files in addition 
to the pattern file. 

The .LO output of the M6804 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6804 memory. It is necessary to include the entire 
memory image of both program and data space. All un
used bytes, including those in the user space, must be 
set to logic zero. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. Disk 
media submitted must be standard density (360K), dou
ble-sided 5 1/4 inch compatible floppy diskette. The dis
kette must contain the object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6804 cross assemblers 
and linkers on IBM® PC style machines. 

EPROMS 

Four K of EPROM are necessary to contain the entire 
MC68HC04J3 program. Two 2516 or 2716 type EPROMs 
or a single 2532 or 2732 type EPROM can be submitted 

MDOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

for pattern generation. The EPROM is programmed with 
the customer program using positive logic sense for ad
dress and data. Submissions on two EPROMs must be 
clearly marked. All unused bytes, including the user's 
space, must be set to zero. 

If the MC68HC04J3 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F 
and program space ROM runs from EPROM address $970 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 

Verification Media 

All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM Verification Units (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As
surance. 

Ordering Information 

The following table provides generic information per
taining to the package type, temperature, and order num
bers for the MC68HC04J3. 

Ordering Information 

Package Type Temperature Order Number 

Plastic O'C to 70'C MC68HC04J3P 
IP Suffix) - 40'C to + 85'C MC68HC04J3CP 

IBM is a registered trademark of Internal Business Machines Corporation. 
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Product Preview 
8-Bit HCMOS Microcontroller Unit 

MC68HC04P4 

The MC68HC04P4 Microcontroller Unit (MCU) device is a member of the M68HC04 Family of low
cost, low-power, single-chip microcontrollers. It is designed for the user who needs an economical 
MCU with the proven capabilities of the M6805-based instruction set. 

The following are some of the hardware and software features of the MC68HC04P4. 

• HCMOS Technology 
• Power Saving STOP and WAIT Modes 

• 156 Bytes of RAM 
• 3744 Bytes User ROM (including RESET and IRQ vectors) 
• 72 Bytes of Data ROM 
• 352 Bytes of Selfcheck ROM 
• 20 Bidirectional Memory Mapped 1/0 

• Versatile Indirect X and Y Registers 
• On-Chip Clock Generator 

• Master and Power-Up Reset 
• External and Timer Interrupts 
• Single 2-6 Volt Supply 
• Byte Efficient Instruction Set 

• True Bit Manipulation 
• Bit Test and Branch Instruction 

• Conditional Branch 
• Single Instruction Memory Examine/Change 

• Timer Pin is Software Programmable as Clock Input or Timer Output 
• 9 Powerful Addressing Modes 

• STOP and WAIT Instructions 
• Crystal/Ceramic Resonator 

• User's Selectable QQ!ions 
- Pull-ups on IRQ and RESET 
- Crystal or Ceramic Resonator Oscillator or Special Resistor and Capacitor 
- Interrupt, Edge Sensitive, or Special Level-Sensitive, or Edge and Level Sensitive 

• 28-Pin DIP and PLCC Package 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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Product Preview 

MC68HC704P4 

One Time Programmable ROM (OTPROM) or 
Standard Eraseable Programmable Read-Only 
Memory (EPROM) Microcomputer 

The MC68HC704P4 Microcomputer Unit (MCUi device is similar to the MC68HC04P4 with the fol
lowing exceptions. The exceptions incorporate 3740 bytes of One Time Programmable Read-Only 
Memory (OTPROM) or Standard Eraseable Programmable Read-Only Memory (EPROM) and 124 
bytes of RAM (refer to the block diagram). 

The following are some of the hardware and software features of the MC68HC704P4. 

• HCMOS Technology 

• Power Saving STOP and WAIT Modes 

• 124 Bytes of RAM 

• 3740 Bytes of OTPROM or EPROM (including RESET and IRQ vectors) 

• 72 Bytes of Data PROM/EPROM 

• 352 Bytes of Selfcheck ROM 

• 20 Bidirectional Memory Mapped 1/0 

• Versatile Indirect X and Y Registers 

• On-Chip Clock Generator 

• Master Reset 

• External and Timer Interrupts 

• Single 2-6 Volt Supply 

• Byte Efficient Instruction Set 

• True Bit Manipulation 

• Bit Test and Branch Instruction 

• Conditional Branch 

• Single Instruction Memory Examine/Change 

• Timer Pin is Software Programmable as Clock Input or Timer Output 

• 9 Powerful Addressing Modes 

• STOP and WAIT Instructions 

• Crystal/Ceramic Resonator 

• OTPROM/EPROM Option Register User's Options 
-Edge or Level IRQ 
-Oscillator Divide Ratio (by 1, 2, or 4) 
-OTPROM/EPROM Content Protection 

• OTPROM/EPROM Self-Programming Mode 

• OTPROM/EPROM Contents Verification by On-Chip Signature Analysis 

• 28-Pin DIP (OTPROM) Package 

• 28-Pin DIP (EPROM Window) Package 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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TECHNICAL DATA 
MC6805P2 

Technical Summary 
8-Bit Microcomputer Unit 

The MC6805P2 (HMOS) Microcomputer Unit (MCU) is a member of the MC6805 Family of micro
computers. This low cost and high speed MCU has parallel 1/0 capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor
mation, refer to M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the below list for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit Programmable Prescaler • Vectored Interrupts 
• On-chip Oscillator • 64 Bytes RAM 
• Memory Mapped 1/0 • Low Voltage Inhibit Option 
• Versatile Interrupt Handling • Self-Check Mode 
• True Bit Manipulation • Master Reset 
• Bit Test and Branch Instruction • 1100 Bytes ROM 
• 20 1/0 Ports 

BLOCK DIAGRAM 

XTAL EXTAL RESET NUM iN'f 

TIMER Prescaler Timer/ 
8 Counter 

Timer Control 

Accumulator 
8 A CPU 

Control 
Data Port 

PAO 
PAl 

Port PA2 Port Data A PA3 A Dir. 1/0 PA4 Reg. Reg. 
Lines PA5 

PA6 
PA? 

1100x8 
User ROM 

116 X 8 Self-
Check ROM 

Index 

8 
Register 

x 
Condition 

Code 
5 Register cc CPU 

Stack 

5 
Pointer 

SP 
Program 
Counter 

3 High 

Program 

PCH 
ALU 

Counter 
8 Low PCL 
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SIGNAL DESCRIPTION 

VccAND Vss 
Power is supplied to the microcomputer using these 

two pins. Vee is + 5.25 volts ( ± 0.5A) power, and Vss is 
ground. 

INT 

This pin provides the capability for asynchronously ap
plying an external interrupt to the MCU. Refer to INTER
RUPTS for additional information. 

NUM (Non-User Mode) 

This pin is not for user applications and must be con
nected to Vss. 

EXTAL,XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal (depending 

5 XTAL 

CJ MCU 

4 EXTAL 

Crystal 

upon selected manufacturing mask options) is connected 
to these pins to provide a system clock. 

RC Oscillator 
With this option, a resistor is connected to the oscillator 

pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and startup stabilization time. Re
fer to ELECTRICAL SPECIFICATIONS for Vee 
specifications. 

External Clock 
An external clock should be applied to the EXTAL input 

with the XTAL input connected to ground, as shown in 
Figure 1. 

....c:-2 XTAL 
MCU 

External 
Clock 4 EXT AL 

MCU 

Input 

Approximately 25% to 50% Accuracy 
Typical tcyc= 1.25 µs 

External Clock 

External Jumper 

Crystal Parameters c, 

EXTAL~~XTAL 
4 ~~ 5 

AT - Cut Parallel Resonance Crystal 
C0 =7pFMax. 
Freq=4.0 MHz@CL=24 pF 
R5=50 ohms Max. 

Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug
gestions for Co, C1, and Rs values. 

Vee 
'"-"\A/'\...--.::.J5 XT AL 

R MCU 

No 
Connection 

EXT AL 

Approximately 10% to 25% Accuracy 
I Excludes Resistor Tolerance) 

External Resistor 

NOTE: The recommended CL value with a 4.0 MHz crystal is 27 pF maximum including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequence ratio. For example, with a 2 MHz crystal, use approximately 
50 pF on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal 
used. 

Figure 1. Oscillator Connections 
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Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option only 

TIMER 

80 

This pin can be used as an external input to control the 
internal timer/counter circuitry or gating <1>2 input to timer, 
depending on mask option. 

RESET 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC3) 

These 20 lines are arranged into two 8-bit ports IA and 
B) and one 4-bit port IC). Ports A, B, and Care programm
able as either inputs or outputs under software control 
of the data direction registers. Refer to PROGRAMMING 
for additional information. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Any port pin is programmable as either input or output 
under software control of the corresponding data direc
tion register IDDR). The port 1/0 programming is accom
plished by writing the corresponding bit in the port DDR 
to a logic 1 for output and a logic 0 for input. On reset, 
all the DDRs are initialized to a logic 0 state to put the 
ports in the input mode. The port output registers are not 
initialized on reset and should be written to before setting 
the DDR bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This may be used to initialize the data 
registers and avoid undefined outputs. Care must be ex
ercised when using read-modify-write instructions since 
the data read corresponds to the pin level if the DDR is 
an input (0) and also to the latched output when the DDR 

is an output 11 ). Refer to Table 1 for 1/0 functions and to 
Figure 3 for typical port circuitry. 

Table 1. 1/0 Pin Functions 

Data Output Output Input 
Direction Data State To 
Register Bit MCU 

Bit 

1 0 0 0 
1 1 1 1 
0 x Hi-Z Pin 

MEMORY 

The MCU is capable of addressing 2048 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
4. The locations consist of 1092 bytes of user ROM, self
check ROM, user RAM, a timer control register, and 1/0. 
The user interrupt vectors are located from $7F8 to $7FF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 
The MCU contains the registers described in the fol

lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 

x 

PROGRAM COUNTER (PC) 

The program counter is an 11-bit register that contains 
the address of the next byte to be fetched. 

10 8 7 

PCH PCL 

MOTOROLA MICROPROCESSOR DATA 

3-399 



• 

MC6805P2 

"' c: 
"'Q 
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- 0 

u 

7 

'Data 
Direction Register 

Bit* 

Latched 
Output 
Data 
Bit 

*DOR is a write-only register and reads as all "1 s", 

PORT DATA REGISTER 

Port A Addr = $000 
Port B Addr= $001 
Port C Addr= $002 !Bits 0-3) 

0 7 
PORT DATA DIRECTION REGISTER IDDR) 

0 

(1) Write Only; reads as all "1s" 
(2) 1 =Output; 0= Input, Cleared to 0 by reset, 
13) Port A Addr= $004 

Port B Addr= $005 
Port C Addr=$0061Bits 0-3) 

Figure 3. Typical Port 1/0 Circuitry and 
Register Configuration 

STACK POINTER (SP) 

The stack pointer is an 11-bit register that contains the 
address of the next free location on the stack, During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

10 5 4 0 

I 0 I 0 I 0 I 0 I 1 I 1 I SP 

CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specifications can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 

4 0 

I H I IN I z I c I 

Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4, 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled), If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared, 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic 1 ), 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero, 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 
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Page Zero 
Access with 

Short 
Instructions 

()()() 

127 
128 

255 
256 

959 
960 

1923 
1924 

2039 

2041 
2042 Interrupt 2043 t2040 

Vectors 2044 
2045 
2046 
2047 

0 

1/0 Ports $000 

Timer 
RAM 

1128 Bytesl $07F 
$080 

Page Zero 
User ROM 
I 128 Bytes! 

$OFF 

Not Used 
$100 

(704 Bytes) 
$3BF 
$3CO 

Main User 
ROM 

(964 Bytes) 

$783 
$784 

Self Check 
ROM 

1116 Bytes! 
$7F7 

f- T1m~n~rupt _ mi 
f- External l~rrupt- $7FB 

SWI $7FC 
~------i $7FD 

Reset m~ 

765432t0 

0 Port A $()()() 

1 Port B $001 

2 1 1 1 11 Port C $002 

3 Not Used $003 

4 Port A DOR $004* 

5 Port B DOR $005* 

6 Not Used 1 Port C DOR $006* 

7 Not Used $007 

8 Timer Data Reg $008 

9 Timer Control Reg $009 

10 $DOA 
Not Used 

63 
154 Bytes! $03F 

64 $040 

RAM 
164 Bytes! 

Stack 
131 Bytes 

Maximum! 

127 1 $07F 

*Caution: Data direction registers IDDRs) are write-only, set to $FF. 

Figure 4. Memory Map 

SELF CHECK 

The self check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) for an oscillation of approximately 7 Hz. The 
following tests are executed automatically: 

1/0 - functionally exercise 1/0 ports 
RAM - walking bit test 
ROM - exclusive OR with ODD "1s" parity result 
Timer - functionally exercise timer 
Interrupts - functionally exercise external and timer 

interrupts 
Table 2 shows the status of the LEDs as a result of a 

failure. Port C is tested only once (just after reset). If port 
C fails, no lights will appear. 

Table 2. Self-Check Error Patterns 

PC1 PCO Problem 

0 0 Interrupt Failure 

0 1 Bad Port A or Port B 

1 0 Bad RAM 

1 1 Bad RAM 

All 4 LEDs Flashing Good Device 

RESETS 

The MCU can be reset three ways: (1) by initial power
up, (2) by the external reset input (RESET), and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing the RESET input to go high. Connecting a ca
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcycl· Under this type of reset, the Schmitt trigger switches 
off at VIRES- to provide an internal reset voltage. 

LOW-VOLTAGE INHIBIT (LVI) 

The optionai low-voltage detection circuit causes a re
set of the MCU if the power supply voltage falls below a 
certain level (VLv1l. The only requirement being that Vee 
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RESET 
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10 k 
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iliii' Me6805P2 PA7 27 
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PA4 24 

XTAL PA3 23 

PA2 22 

EXT AL PA1 21 

PAO 20 

TIMER 

PB7 19 

NUM PB6 18 

PB5 17 

PB4 16 

Pea PB3 15 

Pel PB2 14 

Pe2 PB1 13 

PC3 PBO 12 

*This connection depends on the clock oscillator user selectable mask option 
Use crystal it. crystal option is selected. 

Figure 5. Self-Check Connections 

1 -Vee 

I 1.0"F 

Figure 6. Power-Up RESET Delay Circuit 

must remain at or below the VLVI threshold for one tcyc 
minimum. 

In typical applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc· The ouput from the low-voltage detector is con
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLVR), at 
which time a normal power-on reset occurs. 

INTERRUPTS 

The MeU can be interrupted three different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
interrupt instruction (SWI). 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack and then 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked 
(I bit clear) proceeds with interrupt processing; other
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
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timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 

•For subroutine calls, only PCH and PCL are stacked. 

If the timer mask bit (TCR6) is cleared, then each time 
the timer decrements to zero (transitions from $01 to $00) 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the Figure 7. Interrupt Stacking Order 

Reset 

1-1 Bit l1n CCI 
07F-SP 
0-DDRs 

CLR INT Logic 
FF-Timer 

7F-Prescaler 
7F-TCR 

Put ?FE on 
Address Bus 

Load PC 
from 

7FE/7FF 

Fetch 
Instruction 

Execute All 
Instruction 

Cycles 

lear 
INT 

Request 
Latch 

Timer 

SWI 
PC-PC+ 1 >----<w 

Figure 8. Reset and Interrupt Processing Flowchart 
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interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I bit in the CCR is set, 
masking further interrupts until the present one is serv
iced. The contents of the timer interrupt vector, contain
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 

EXTERNAL INTERRUPT 

The external interrupt is interna!l.Y_synchronized and 
then latched on the falling edge of INT. Clearing the I bit 
enables the external interrupt. The MC6805P2 only re
quires negative edge-sensitive trigger interrupts. The fol
lowing paragraphs describe two typical external interrupt 
circuits. 

Zero-Crossing 
A sinusoidal input signal (fl NT maximum) can be used 

to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 

Digital-Signal Interrupt 
With this type of circuit (Figure 9b), the INT pin can be 

driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twL, tWH· 
Refer to TIMER for additional information. 

SOFTWARE INTERRUPT (SWI) 
The SWI is an executable instruction that is executed 

regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 

(al Zero-Crossing Interrupt 

MCU 

lnapcut .I Current 

lf1NT Max.l~mtingl 2 iNT 
Rs1 MO 

ac Inputs R 0.1-1.0 
10 Vac p-p ~F 

TIMER 

The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres
caler. The timer source is made during manufacturing as 
a mask option. The 8-bit counter may be loaded under 
program control and is decremented toward zero. When 
the timer reaches zero, the timer interrupt request bit (bit 
7) in the timer control register (TCR) is set. Refer to Figure 
10 for timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
I bit in the condition code register is cleared, the proces
sor receives the interrupt. The MCU responds to this in
terrupt by 1) saving the present CPU state on the stack, 
2) fetching the timer interrupt vector, and 3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. Refer to RESETS and INTER
RUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1; however, the TCR bit 3 always reads as a logic 
0 to ensure proper operation with read-modify-write in
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis
turbing the counting process. Three machine cycles are 
required for a change in state of the TIMER pin to dec
rement the timer prescaler. 

Clock input to the timer can be from an external source 
or from the internal phase two signal. Clock source is one 
of the mask options available. A prescaler mask option 
is also available that can provide up to a maximum of 
128 counts to the clock input. 

NOTE 

If <!>2 is used timer input should be tied to Vee. If 
low, it will gate <!>2 off. 

(b) Digital-Signal Interrupt 

Vee 

TTL 4.7 k 

Level 2 iN'f 
D191tal--...----1 
Input 

lJ 

MCU 

Figure 9. Typical Interrupt Circuits 
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<1>2 
I Internal! 

Prescaler 

20 2 I 22 23 24 25 26 27 

llMER 
Input 

Pin 

r------

I 
I 
I 
I 
I 

'-

- -- .. Interrupt 
: Request 
I ITIRI 
I 

- --' 

Timer 
Interrupt 
Mask !TIMI 

Not Used 

bO 1 
I 
I 
I 
I 

Clock 
Input 

8 811 Cotml~~r 

Timer Data Register ITDRI Timer Co11trol Register ITCRI 
L------

Manu tactur1r1g 

Mask 
Options Read 

f 
Write Read 

Internal Data Bus 

Figure 10. Timer Block Diagram 

TIMER CONTROL REGISTER (TCR) $009 

This 8-bit register controls timer interrupt request and 
inhibit signals. 

7 6 

I TIR TIM 

RESET: 
0 u 

TIR - Timer Interrupt Request 

u u 

Used to indicate the timer interrupt when it is logic 
one 

1 =Set when the timer data register changes to all 
zeros 

0 =Cleared by external reset, power-on reset, or 
under program control 

TIM - Timer Interrupt Mask 
Used to inhibit the timer interrupt 

1 =Interrupt inhibited 
0 =Interrupt enabled 

Bits 5 through 0 
Not used 

INSTRUCTION SET 

The MCU has a set of 59 basic instructions. They can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 

jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 

Function Mnemonic 

Load A from Memory LOA 

Load X from Memory LOX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A !Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
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code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n ~a ... 7) 

Branch if Bit n is Clear BRCLR n (n~O ... 7) 

Set Bit n BSET n (n~O ... 7) 

Clear Bit n BCLR n (n~O ... 7) 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

(Branch if Higher or Same) (BHS) 

Branch if Carry Set BCS 

(Branch if Lower) (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEQ 

- Continued -

Function Mnemonic 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

OPCODE MAP SUMMARY 

Table 3 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two byte di
rect addressing instructions access.all data bytes in most 
applications. Extended addressing permits jump instruc
tions to reach all memory. 
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Table 3. Opcode Map 
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....lllllL 

1 
__l!!l! 

2 
0010 

3 
0011 

4 
0100 

5 
0101 

6 
..Jl.1.1.Q_ 

7 
0111 

8 
1000 

9 
1001 

A 
J2!Q_ 

B 
10!1 

c 
Ul!L 

D 
UQ1 

E 
llliL 

F 
1111 

BitMa~IMion Brench 
REL DIA 

J., ~, I r1to ! ~, 
INH 
T 
0100 

Read-Modify-Write 
INH I IX1 

0~1 [ o~o 
_lX 

'7 
0111 

l" l' J' 1· I' J_ ___ filB_ l__ ___ _ .B.SC. 2 REL 2 O\R I 1 

7 6 
BR SETO BSETO BRA NEG NEG ~ NEG 

INH ! 1 NEGINH I 2 NEG IX 1 1 IX I 1 

10 I' 1 • b-~~-Cl~08 2 BCL~gc 2 BANREl 

I'° I' I' BRSETl BSETl BHI 
3 BTB 2 BSC 2 REI 

I'° I' I' I' BRCLRl BCLRl BLS COM 
3 BTB 2 BSC 2 REL 2 DIA_ 

4 
COMA 

1 INH 

4 
COMX 

1 \NH 
COM 

1x111 

BRSET2 BSET2 BCC 10 I' 1· LS~A l 1 LSA~NH LSRX LSR 4 G_ 
3 BTB 2 BSC 2 REL l INH IXl I l 

10 I' 1 • BRCLR2 BCLR2 BCS 
3 BTB 2 SSC 2 REL 

-,- 4 

ROA RORA ROAX ROA 
IR 1 INH 1 I H IX1 I 1 

ASR 
IXl I 1 I'° I' I' a.ah J' I' '' BRCLR3 BCLR3 BEQ A·S···R ASRA ASRX 

3 8TB 2 BSC 2 R __ QIR 1 INH 1 INH 

LSL 
IXl I 1 I'° f' l' l' J' 1· BRSET4 BSET4 BHCC LSL LSLA LSLX 

'rn2 ~' ~ 2 ~.1 -1 -

DEC 
IXl I 1 

I :SRSET5 i 1 BSET5 1
4 BPL I 

6 DEC 1
4 DECA 11 4 DECX I 7 

BTB 2 BSC 2 REL 2 DIA 1 lNH 1 INH I 2 

10 I' ~ BRCLR5 BCLR5 BMI 
BTB 2 es_c_ B.El 

INCA INCX 
INH i 1 INH J 2 

10 I' I' I' r· BRCLR6 BCLR6 BMS TST TST A I TSTX 
BTB 2 BSC 2 REL 2 OLA 1 INH 1 INH J 2 

CLR 
!Xl I 1 

10~ 1• BRSET7 BSET7 BIL 
esc 2 REL 

'0 17 I 4 I 6 
BRCLR7 BCLR7 

3 BTB 2 BSC I 2 CLR DIR I 1 CLR~NH I 1 CLR~NH I 2 BIH 
REL I 2 

LSR 

ROA 

ASA 

LSL 

ROL 

DEC 

INC 

TST 

CLR 

Abbrevletiona for Addreu Modes 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Set/ Clear 
Bit Test and Branch 
Indexed (No Offsetl 
Indexed, 1 Byte 18-Bitl Offset 
Indexed, 2 Byte !16·Bitl Offset 

Control 
INH I -1Mi 

Reailter/Memory 
DIR !EXT! ll!2 I IX1 I IX 

B 9 ,t;o l ,:,, I ,foo I ,~, I ,&_ I ,f,, HXXl 1001 

RTI 
INH 

ATS 
INH 

SWI 
INH 

2 

TAX 
INH 

SUB SUB SUB SUB SUB SUB I' I' I" I' J: I 2 IMM 2 DIR 3 EXT 3 IX2 2 I _ _____lX_ 

' 1 • I' 1 • I' 1 • CMP CMP CMP CMP CMP CMP 
2 IMM 2 DIR 3 EXT 3 IX2 L_ 1X1 I IX 

I' I' I'- I' I' SBC SBC SBC SBC SBC SBC 
2 !MM 2 DIR 3 EXT 3 IX2 2 IX1 I 1 IX 

2 lMM 2 DIR 3 EXT 3 _fl(.2~ IX 
CPX CPX CPX CPX CPX CPX ' I' I' I' L_i~ 

2 4 
AND 

2 IMM 2 

2 4 -·-I 2 81~MM I 2 BIT DIR J J 81\xr I J 011 1x2 I 2 Dt 1 1x1 / , Dll 1x 

I' I ' I' 1 • I' 1 · LOA LOA LOA LOA LOA LOA 
2 IMM 2 DIR 3 EXT 3 IX2 2 IXl 1 IX 

I' STA STA 
2 DIR IX 

2 4 

CLCINH I 2 EO~MM j 2 EDA DIA I 3 EOREXT I 3 EOR lX2 J 2 L.vn 1xd_1 L.un IX 

' I ' I' 1 • I' 1 · SEC ADC ADC ADC ADC ADC ADC 
INH I 2 IMM 2 DIR 3 EXT 3 IX2 2 IX1 1 IX 

ORA ORA 
EXT 3 IX 

SEI ADD ADD ADD ADD ADD ADD I' I ' I' 1 • I' I' INH 2 IMM 2 DIA 3 EXT 3 IX2 2 1)(1 1 IX 

RSP 
INH 

3 JMP I 4 JMP 1 5 JMP I '· JMP J 3 JMP 
2 DIR I 3 EXT 3 IX2 2 IXl 1 IX 

' I ' I' I " I' NOP BSR JSR JSR JSR JSR JSR 
INH I 2 REL 2 DIR 3 EXT 3 IX2 2 IX1 I , IX 

TXA 
INH ' I' I ' \" I' STX STX STX STX STX 

2 01R 3 EXT 3 IX2 2 IX1 1 IX 

LEGEND 
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The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. 

INDEX, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents ofthe unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this 2-byte in
struction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 

tables may begin anywhere within the first 256 address
able locations and could extend as far as location 51 O 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 
In the indexed, 16-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed, 8-bit offset except that this 3-byte 
instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single 2-byte instruc
tion. 

CAUTION 

The corresponding DDRs for ports, A, B, and C are 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers always 
returns a "1". Since BSET and BCLR are read-mod
ify-write functions, these instructions cannot be used 
to set or clear a DDR bit (all "unaffected" bits would 
be set). It is recommended that all DDR bits in a 
port be written using a single-store instruction. 

BIT TEST and BRANCH 
The bit test and branch addressing mode is a combi

nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte in
struction allows the program to branch based on the con
dition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 
In the inherent addressing mode, all the information 

necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltages Vin 
!Except Timer in Self-Check -0.3 to +7.0 

Mode) -0.3 to +15.0 
Self-Check Mode !TIMER Pin 

Only) 

Operating Temperature Range TA TL to TH 
Oto 70 

- 40 to + 85'C* 

Storage Temperature Range Tstg -55 to + 150 

Junction Temperature TJ 
Plastic 150 
Cerdip 175 

*Available at additional cost 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 0JA 
Cerdip 60 
Plastic 72 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in °e can 
be obtained from: 

where: 
TA 
eJA 

Po 
PINT 
P110 

TJ=TA+(Po•0JA) (1) 

- Ambient Temperature, 'C 
= Package Thermal Resistance, 

Junction-to-Ambient, 'C/W 

= P1NT+P1/0 
=Ice x Vee. Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

Unit 

v 
v 

'C 

'C 

'C/W 

Unit 

°C!W 

These devices contain circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however. normal 
precautions should be taken to avoid appli
cation of any voltage higher than the maxi
mum rated voltages to this high-impedance 
circuit. For proper operation, Vin and Vout 
should be constrained to the range Vss "' 
IV in and Voutl "'°Vee- Reliability of operation 
is enhanced if unused inputs except EXTAL 
are tied to an appropriate logic voltage level 
!e.g., either Vss or Vccl. 

For most applications P11o<P1NT and can be neglected. 
The following is an approximate relationship between 

Po and TJ (if P110 is neglected): 
Po=K+(TJ+273°e) (2) 

Solving equations (1) and (2) for K gives: 
K=Po •(TA +273°e)+eJA • Po2 (3) 

where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA- Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA. 
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ELECTRICAL CHARACTERISTICS 
(Vee= +5.25 ±0.5 Vdc, Vss=O Vdc, TA=O' to 70'C, unless otherwise noted) 

Characteristic Symbol Min 

Input High Voltage V1H 
RESET (4.75 .. Vee .. 5.75) 4.0 

!Vee< 4.75) Vee -o.5 
INT (4.75 .. Vee .. 5.75) 4.0 

!Vee< 4.75) Vee -o.5 
All Other 2.0 

Input High Voltage Timer V1H 
Timer Mode 2.0 
Self-Check Mode 9.0 

Input Low Voltage V1L 
RESET Vss 
INT vss 
All Other Vss 

RESET Hysteresis Voltage 
"Out of Reset" VIRES- 2.1 
"Into Reset" VIRES+ 0.8 

INT Zero Crossing Input Voltage, Through a Capacitor V1NT 2.0 

Internal Power Dissipation· No Port Loading Vcc=5.75 V, PINT -
TA=O'C 

Input Capacitance Cin 
XTAL -
All Other -

Low Voltage Recover VLVR -
Low Voltage Inhibit O'C to 70'C VLVI 2.75 

- 40'C to + 85'C 3.1 

Input Current lin 
TIMER (Vin=0.4 V) -
INT (Vin= 2.4 v to Vccl -
EXTAL (Vin= 2.4 V to Vee. Crystal Option) -
__ !Vin=0.4 V, Crystal Option) -
RESET !Vin=0.8 V) -4.0 
(External Capacitor Charging Current) 

*Due to internal biasing, this i)lput (when unused) floats to approximately 2.0 Vdc. 

Vcc=5.75V 
Test 
Point 

MMD6150 
or Equiv. 

1 .5 kll 0----.-....--Mt-... 
40 pf 
ITotall 

1 .25 kill MMD7000 
or Equiv. 

Test Point~ l 30 pf IT otall 

Typ Max 

- Vee 
- Vee . Vee . Vee 
- Vee 

- Vcc+1 
10.0 15.0 

- 0.8 . 1.5 
- 0.8 

- 4.0 
- 2.0 

- 4.0 

400 690 

25 -
10 -

- 4.75 

3.5 -
3.5 -

- 20 
20 50 
- 10 
- -1600 
- -40 

Test MMD6150 
Point or Equiv. 

Unit 

v 

v 

v 

v 

Vac p-p 

mW 

pF 

v 

v 

µA 

Vcc=5.75V 

Figure 11. TTL Equivalent Test Load 
(Port Bl 

Figure 12. CMOS Equivalent Test Load Figure 13. TTL Equivalent Test Load 
(Port Al (Ports A and Cl 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vee= 5.25 ±0.5 Vdc, Vss =0 Vdc, TA= 0° to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ 

Port A with CMOS Drive Enabled 

Output Low Voltage, I Load= 1.6 mA VoL - -

Output High Voltage, ILoad= -100 flA VoH 2.4 -

Output High Voltage, I Load= - 1 O flA VoH Vcc-1 -

Input High Voltage, I Load= -300 flA (max.) V1H 2.0 -

!P.put Low Voltage, fLoad = -500 µA imax.) VIL Vss -

Hi-Z State Input Current (Vin= 2.0 V to Vccl l1H - -
Hi-Z State Input Current (Vin =0.4 VI l1L - -

Port B 

Output Low Voltage, I Load= 3.2 mA Vol - -

Output Low Voltage, ILoad = 10 mA (sink) VOL - -

Output High Voltage, I Load= -200 flA VoH 2.4 -

Darlington Current Drive (Source), Vo= 1.5 V IOH -1.0 -
Input High Voltage V1H 2.0 -

Input Low Voltage V1L Vss -

Hi-Z State Input Current ITSI - 2 

Port C and Port A with CMOS Drive Disabled 

Output Low Voltage, I Load= 1.6 mA Vol - -

Output High Voltage, ILoad= -100 flA VoH 2.4 -
Input High Voltage V1H 2.0 -
Input Low Voltage V1L Vss -

Hi-Z State Input Current ITSI - 2 

SWITCHING CHARACTERISTICS 
(Vee= +5.25 ±0.5 Vdc, Vss=O Vdc, TA=0° to 70°C, unless other noted) 

Characteristic Symbol Min 

Oscillator Frequency MC6805P2 lose 0.4 
MC68A05P2 0.4 
MC68B05P2 0.4 

Cycle Time (4/foscl t9'_c 0.95 

INT and TIMER Pulse Width (see Interrupt Section) twL, tWH tcyc+ 250 

RESET Pulse Width tRWL tcyc+ 250 

RESET Delay Time (External Capacitance= 1.0 µF) tRHL -

INT Zero Crossing Detection Input Frequency f1NT 0.03 

External Clock Input Duty Cycle (EXTAL) - 40 
-------··-
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Typ 

-
-
-

-

-

-

100 

-

50 

Max Unit 

0.4 v 
- v 
- v 

Vee v 
0.8 v 

-300 flA 

-500 flA 

0.4 v 
1.0 v 
- v 
-10 mA 

Vee v 
0.8 v 
10 flA • 
0.4 v 
- v 

Vee v 
0.8 v 
10 flA 

Max Unit 

4.2 MHz 
6.0 
8.0 

10 flS 

- ns 

- ns 

- ms 

1.0 kHz 

60 % 
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Port Data 

Vee 

RESET 
Pin 

Internal 
Reset 

5V 

MC6805P2 

"Dip" 
ln Power 

VIRES--

Figure 14. Power and Reset Timing 

~Vee 

f #"'Port A CMOS 

1 Pullup Option 

I 

I 

Port DDR 

Port Data 

IP= Input Protection 

Vee 

1 -· 10 k Typ 

IP= Input Protection 

Figure 15. Ports A and C Logic Diagram 

>---"'"""--41>---• To I/ 0 Logic 

Figure 17. Typical Input Protection 

Figure 16. Port B Logic Diagram 

v 

Vary V, 
Measure I 

Figure 18. 1/0 Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola in the following media: 

MOOS, disk file 
MS-DOS/PC-DOS disk file 
EPROM(s) 2516, 2716, or 68705P3 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or Motorola representative. 

NOTE 
The low cost resistor oscillator option is not avail
able on B54F mask. 

FLEXIBLE DISKS 

Several types of flexible disks (MOOS® or MS®-DOS/ 
PC-DOS disk file), programmed with the customer's pro
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis
kette should be clearly labeled with the customer's name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MOOS Disk File 

MOOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single density, 8-inch 
MOOS compatible floppy diskette. The diskette must con
tain the minimum set of MOOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. It is necessary to include the entire 
memory image of both data and program space. All un
used bytes, including those in the user space, must be 
set to zero. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM" Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

MOOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

EPROMs 

A 2516, 2716, or 68705P3 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data). may be submitted for pattern gener
ation. Since all program and data space information will 
fit on one of these EPROM devices, the EPROM must be 
programmed as described in the following paragraphs. 

The program space ROM must start at EPROM address 
$080. If the customer program starts at any other address, 
the EPROM must be marked accordingly. All unused bytes, 
including the user's space, must be set at zero. For ship
ment to Motorola, EPROMs should be placed in a con
ductive IC carrier and packed securely. Styrofoam is not 
acceptable for shipment. 

EPROM MARKING 

n 
bd 

XXX = Customer ID 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disks from the data file 
used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
with five volts at room temperature. These RVUs are free 
with a minimum order quantity but are not production 
parts. These RVUs are not guaranteed by Motorola Qual
ity Assurance. 

IBM is a registered trademark of International Business Machines Corporation. 
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The following table provides generic informa~ion pertaining to the package type, temperature, and MC order numbers 
for the MC6805P2. 

Table 4. Generic Information 

Internal Clock 
Package Type Frequency (MHz) Temperature Order Number 

Plastic (P Suffix) 1.0 0° to 70'C MC6805P2P 
1.5 0° to 70'C MC68A05P2P 
2.0 0° to 70°C MC68B05P2P 
1.0 - 40° to + 85°C MC6805P2CP 

Cerdip (S Suffix) 1.0 0° to 70°C MC6805P2S 
1.5 0° to 70°C MC68A05P2S 
2.0 0° to 70°C MC68805P2S 

PLCC (FN Suffix) 1.0 0° to 70°C MC6805P2FN 
1.0 -40' to +85'C MC6805P2CFN 

MECHANICAL DATA 

•. PIN ASSIGNMENT1! 

28-PIN DUAL-IN-LINE PACKAGE 28-LEAD PLCC PACl(AGE 

Vss 1 • 

iN'i' 2 

Vee 3 

EXTAL 4 

XTAL 

NUM 6 

TIMER 

PeO 

Pel 

PC2 10 

Pe3 11 

PBO 12 

PBl 13 

PB2 14 

28 

27 

26 

2S 

24 

23 

22 

21 

20 

19 

18 

17 

16 

lS 

RESET 

PA7 ;: 
PA6. ~ 

PAS 4 

PA4 XTAL 
PA3 NUM 
PA2 TIMER 
l'Al PeO 
PAO PCl 
P87 PC2 
PB6 PC3 
PBS 

12 
PB4 

0 

PB3 ~ 
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TECHNICAL DATA 

Technical Summary 
8-Bit Microcontroller Unit 

The MC6805P6 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of 
microcontrollers. This low cost and high-speed MCU has parallel 110 capability with pins 
programmable as input or output. This publication contains condensed information on the MCU; 
for detailed information, refer to M6805 HMOS, M146805 CMOS Family User's Manual 
IM6805UMiAD2)) or contact your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit • Low Voltage Inhibit Option 
Programmable Prescaler • Self-Check Mode 

• On-chip Oscillator • Master Reset 
• Memory Mapped 110 • 1804 Bytes ROM 
• Versatile Interrupt Handling • 64 Bytes RAM 
• True Bit Manipulation • 20 110 Ports 
• Bit Test and Branch Instruction 
• Vectored Interrupts 

BLOCK DIAGRAM 

XTAL EXTAL RE.SET NUM iiii'i' 

TIMER 
7 

Prescaler Timer/ 
a Counter 

Timer Control 

8 

PAO 8 
PAl 

Port PA2 Port Data 
A PA3 A Dir. 5 

1/0 PA4 
Lines PA5 

Reg. Reg. 

PA6 5 
PA7 

3 

1804 x 8 
EPROM 

116 X 8 Self- 8 

Check ROM 

Accumulator 
A 

Index 
Register x 

Condition 
Code 

Register cc 
Stack 

Pointer 
SP 

Program 
Counter 

High PCH 

Program 
Counter 

Low PCL 

CPU 

CPU 
Control 

ALU 

Data 
Dir. 
Reg. 

Data 
Dir. 
Reg. 

64 x 8 
RAM 

MC6805P6 

PBO 
PBl 

Port PB2 Port 

B PB3 B 

Reg. PB4 1/0 
PB5 Lines 
PB6 
PB7 

Port 
PCO Port 

c PCl c 
Reg. 

PC2 1/0 
PC3 Lines 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

Vee AND Vss 
Power is supplied to the microcontroller using these 

two pins. Vee is 5.25 volts ( :!: 0.5ii) power, and Vss is 
ground. 

NUM (Non-User Mode) 

This pin is not for user applications and must be con
nected to Vss-

INT 

This pin provides the capability for asynchronously ap
plying an external interrupt to the MCU. Refer to INTER
RUPTS for more detailed information. 

EXTAL,XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal (depending 

MCU 

Crystal 

upon selected manufacturing mask options) can be con
nected to these pins to provide a system clock. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and startup stabilization time. Re
fer to ELECTRICAL SPECIFICATIONS for Vee 
specifications. 

External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. 

MCU 
....r:-2 XTAL 

MCU 
External 
Clock 4 EXT AL 
Input 

Approximately 25% to 50% Accuracy 
Typical tcyc = 1 . 25 µs 

External Clock 

External Jumper 

Crystal Parameters 
Ct 

EXTAL~~XTAL R MCU 

4 ~w 5 No 
Connection 

EXT AL 

AT - Cut Parallel Resonance Crystal 
C0 =7 pf Max. 
Freq=4.0 MHz@CL = 24 pF 
Rs=50 ohms Max. 

Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug
gestions for Co. C1. and Rs values. 

Approximately 10% to 25% Accuracy 
!Excludes Resistor Tolerance) 

External Resistor 

NOTE: The recommended CL value with a 4.0 MHz crystal is 27 pf maximum including system distributed capacitance. There is an 
internal capacitance of approximately 25 pf on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequence ratio. For example, with a 2 MHz crystal, use approximately 50 
pf on EXTAL and approximately 25 pf on XTAL. The exact value depends on the motional-arm parameters of the crystal 
used. 

Figure 1. Oscillator Connections 
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TIMER 

This pin can be used as an external input to control the 
internal timer/counter circuitry or for gating <!>2 input to 
timer, depending on mask option. 

RESET 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC3J 

These 20 lines are arranged into two 8-bit ports (A and 
B) and one 4-bit port (CJ. Ports A, B, and Care programm
able as either inputs or outputs under software control 
of the data direction registers. Refer to PROGRAMMING 
for additional information. 

8.0 ..--....-----------------. 

7.0 

~ 60 

> 
~ 5.0 
~ ! 4.0 

~ 3.0 

~ 2.0 
0 

1.0 

10 20 30 

Vee= 5.25 v 
TA=25°e 

40 50 
Resistance (kOJ 

60 70 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

BO 

Any port pin is programmable as either input or output 
under software control of the corresponding write-only 
data direction register (DDRJ. The port 1/0 programming 
is accomplished by writing the corresponding bit in the 
port DDR to a logic 1 for output and a logic O for input. 
On reset, all the DDRs are initialized to a logic 0 state to 
put the ports in the input mode. The port output registers 
are not initialized on reset, and should be written to be
fore setting the DDR bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (OJ and also to the latched output when 
the DDR is an output (1 J. Refer to Table 1 for 1/0 functions 
and to Figure 3 for typical port circuitry. 

Table 1. 1/0 Pin Functions 

Data 
Direction Output Input 
Register Data Output To 

Bit Bit State MCU 

1 0 0 0 
1 1 1 1 
0 x Hi-Z Pin 

MEMORY 

The MCU is capable of addressing 2048 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
4. The locations consist of 1668 bytes of user ROM, user 
self-check ROM, user RAM, a timer control register, and 
1/0. The user interrupt vectors are located from $7F8 to 
$7FF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
r",fer to INTERRUPTS for additional information. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 
The MCU contains the registers described in the fol

lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

A 

INDEX REGISTER IXI 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 

x 

PROGRAM COUNTER (PC) 

The program counter is an 11-bit register that contains 
the address of the next byte to be fetched. 

10 8 7 

PCH PCL 
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"' c 
~ .g 
~ () 
Q) Q) 

- c c c 
- 0 

u 

7 

Data 
Direction Register 

Bit* 

Latched 
Output 
Data 
Bit 

*DOR is a writ&-only register and reads as all "1 s" . 

PORT DATA REGISTER 

Port A Addr = $000 
Port B Addr= $001 
Port C Addr= $002 (Bits 0-3) 

0 7 
PORT DATA DIRECTION REGISTER (DOR) 

0 

(1) Write Only; reads as all "ls" 
(2) 1 =Output; o~ Input. Cleared to 0 by reset. 
(3) Port A Addr= $004 

Port B Addr= $006 
Port C Addr= $006 (Bits 0-3) 

Figure 3. Typical Port 1/0 Circuitry and 
Register Configuration 

STACK POINTER (SP) 

The stack pointer is an 11-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (ASP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

10 5 4 0 

I 0 I 0 I 0 I 0 I 1 I I SP I 
CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specifications can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 

Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic 1 ). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 
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0 7 6 5 4 3 2 1 0 

000 1/0 Ports $000 0 Port A $000 

Timer Port B $001 
Page Zero RAM 

Access with 1128 Bytes) 2 1 1 1 1 Port C $002 

Short 
127 
128 3 Not Used $003 

Instructions Page Zero 
User ROM 4 Port A DDR $004* 

1128 Bytes) 
5 PortB DDR $005* 

255 
256 6 Not Used PortCDDR $006* 

7 Not Used $007 

Main User 8 Timer Data Reg $008 

ROM 
9 Timer Control Reg $009 

11668 Bvtesl 
10 $00A 

Not Used 

1923 $783 63 
154 Bytes) $03F 

1924 $784 
Self Check 

64 $040 

ROM RAM 

2039 
1116 Bytes) 164 Bytes) 

$7F7 

r 
Timer Interrupt $7F8 

2041 $7F9 Stack 
Interrupt ~ 

---- $7FA 
External Interrupt $7FB 131 Bytes ----Vectors 2044 SWI 

$7FC Maximum) 
2045 ---- $7FD 
2046 Reset $7FE 
2047 $7FF $07F 

*Caution: Data direction registers (DDRs) are write-only, set to $FF. 

Figure 4. Memory Map 

SELF CHECK 

The self check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) for an oscillation of approximately 7 Hz. The 
following tests are executed automatically: 

1/0 - functionally exercise 1/0 ports 
RAM - walking bit test 
ROM - exclusive OR with ODD "1s" parity result 
TIMER - functionally exercise timer 
Interrupts - functionally exercise external and timer 

interrupts 
Table 2 shows the status of the LEDs as a result of a 

failure. Port C is tested only once (just after reset). If port 
C fails, no lights will appear. 

Table 2. Self-Check Error Patterns 

PC1 PCO Function 

0 0 Interrupt Failure 

0 1 Bad Port A or Port B 

1 0 Bad RAM 

1 1 Bad RAM 

All 4 LEDs Flasing Good Device 

RESETS 

The MCU can be reset three ways: (1) by initial power
up, (2) by the external reset input (RESET), and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing the RESET input to go tfigh. Connecting a ca
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyd· Under this type of reset, the Schmitt trigger switches 
off at V1RES- to provide an internal reset voltage. 

LOW-VOLTAGE INHIBIT (LVI) 

The optional low-voltage detection circuit causes a re
set of the MCU if the power supply voltage falls below a 
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2 INT Me6805P6 PA7 27 

PA6 26 
RESET 

28 RESET PA5 25 

l ::r: 1.0 11F PA4 24 

5 XTAL PA3 23 

PA2 22 

EXT AL PAl 21 

PAO 20 

+9V 10 k 7 TIMER 

PB7 19 

6 NUM PB6 18 

Vee PB5 17 

PB4 16 

Pea PB3 15 

Pel PB2 14 

Pe2 PBl 13 

Pe3 PBO 12 

*This connection depends on the clock oscillator user selectable mask option. 
Use crystal if crystal option is selected. 

Figure 5. Self-Check Connections 

certain level (VLVI). The only requirement being that Vee 
m~~t remain at or below the VLVI threshold for one tcyc 
minimum. 

In typical applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
!eye· The output from the low-voltage detector is con
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLVR), at 
which time a normal power-on reset occurs. 

Part of 
Me68705P3 

MeU 

1 -
I 1.0 µF 

Figure 6. Power-up RESET Delay Circuit 

INTERRUPTS 

The MeU can be interrupted three different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
interrupt instruction (SW!). 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack and then 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrnpts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked, 
(I bit clear) proceeds with interrupt processing; other
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
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n-4 1 1 

n-3 

n-2 

n- 1 1 1 

n 

Push 

5 4 3 2 1 

1I Condition 
Code Register 

Accumulator 

Index Register 

1 1 1 I PCH* 

PCL* 

0 

n+l 

n+2 

n+3 

n+4 

n+5 

Pull 

MC6805P6 

timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 

•For subroutine calls, only PCH and PCL are stacked. 

If the timer mask bit (TCR6) is cleared, then each time 
the timer decrements to zero (transitions from $01 to $00) 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the Figure 7. Interrupt Stacking Order 

Reset 

1-1 Bit lin CCI 
07F-SP 
0-DDRs 

CLR INT Logic 
FF-Timer 

7F-Prescaler 
7F-TCR 

Put 7FE on 
Address Bus 

Load PC 
from 

7FE/7FF 

Fetch 
Instruction 

Execute All 
Instruction 

Cycles 

ear 
iNi' 

Request 
Latch 

Timer 

SWI 
PC- PC+ 1 ...___--'!., 

Figure 8. Reset and Interrupt Processing Flowchart 
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interrupt is recognized, the current state of the machine 
is pushed onto the stack, and the I bit in the CCR is set, 
masking further interrupts until the present one is serv
iced. The contents of the timer interrupt vector, contain
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 

EXTERNAL INTERRUPT 

The external interrupt is interna!!Y_synchronized and 
then latched on the falling edge of INT. Clearing the I bit 
enables the external interrupt. The MC6805P6 only re
quires negative edge-sensitive trigger interrupts. The fol
lowing paragraphs describe two typical external interrupt 
circuits. 

Zero-Crossing 

A sinusoidal input signal (f1NT maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 

Digital-Signal Interrupt 
With this type of circuit (Figure 9b), the INT pin can be 

driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twL. tWH· 
Refer to TIMER for additional information. 

SOFTWARE INTERRUPT (SWI) 
The SWI is an executable instruction that is executed 

regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 

TIMER 

The MCU consist5 of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres
caler. The timer source is made during manufacturing as 
a mask option. The 8-bit counter may be loaded under 

(al Zero-Crossing Interrupt 

MCU 

ac (Current 
Input 

lf1NT Max.1~1mitingl 2 iNT 
Rsl Mil 

aclnput~ R 0.1·1.0 
10 Vac p-p µF 

program control and is decremented toward zero. When 
the timer reaches zero, the timer interrupt request bit (bit 
7) in the timer control register (TCR) is set. Refer to Figure 
10 for timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
I bit in the condition code register is cleared, the proces
sor receives the interrupt. The MCU responds to this in
terrupt by 1) saving the present CPU state on the stack, 
2) fetching the timer interrupt vector, and 3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. Refer to RESETS and INTER
RUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1; however, the TCR bit 3 always reads as a logic 
0 to ensure proper operation with read-modify-write in
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis
turbing the counting process. Three machine cycles are 
required for a change in state of the TIMER pin to dec
rement the timer prescaler. 

Clock input to the timer can be from an external source 
or from the internal phase two signal. Clock source is one 
of the mask options available. A prescaler mask option 
is also available that can provide up to a maximum of 
128 counts to the clock input. 

NOTE 

If <1:>2 is used, Timer input should be tied to Vee. If 
low, it will gate <1:>2 off. 

TIMER CONTROL REGISTER (TCR) $009 

This 8-bit register controls the timer interrupt request 
and inhibit signals. All bits are read/write except bit 3. 

I TIR 

RESET: 
0 

TIM I 

u u 

(b) Digital·Signal Interrupt 

Vee 

TTL 4.7k 

Level 2 iNT 
D1g1tal---e---1 
Input 

u u 

MCU 

Figure 9. Typical Interrupt Circuits 
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Figure 10. Timer Block Diagram 

TIR - Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 

1 =Set when the timer data register changes to all 
zeros 

0 =Cleared by external reset, power-on reset, or 
under program control 

TIM - Timer Interrupt Mask 
Used to inhibit the timer interrupt. 

1 =Interrupt inhibited 
0 =Interrupt enabled 

Bits 5 through 0 
Not used 

INSTRUCTION SET 

The MCU has a set of 59 basic instructions. They can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 

Function Mnemonic 

Load A from Memory LOA 

Load X from Memory LOX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Function Mnemonic 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit cl.ear and bit test, and 
branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O ... 7) 

Branch if Bit n is Clear BRCLR n (n=O .. . 7) 

Set Bit n BSET n {n=O. .. 7) 

Clear Bit n BCLRn{n=O ... 7) 
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READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative. or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch N~ver BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

(Branch if Higher or Same) (BHS) 

Branch if Carry Set BCS 

(Branch if Lower) ' (BLO) 

Branch if Not Equal BNE 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

OPCODE MAP SUMMARY 

Table 3 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single byte 
instructions while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two byte di
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
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DIR 
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Inherent 
Immediate 
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Bit Test and Branch 
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Indexed, 2 Byte 118-Bitl Offset 
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opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. 

INDEX, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of .the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 
In the indexed, 8-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this 2-byte in
struction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 
In the indexed, 16-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 

the opcode. This addressing mode can be used in a man
ner similar to indexed, 8-bit offset except that this 3-byte 
instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 
In the bit set/clear addressing mode, the bit to be set 

or cleared is pa·r~ of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single 2-byte instruc
tion. 

CAUTION 

The corresponding DDRs for ports, A, B, and C are 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers is un
defined. Since BSET and BCLR are read-modify-write 
functions, these instructions cannot be used to set 
or clear a DDR bit (all "unaffected" bits would be 
set). It is recommended that all DOR bits in a port 
be written using a single-store instruction. 

BIT TEST AND BRANCH 
The bit test and branch addressing mode is a combi

nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte in
struction allows the program to branch based on the con
dition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 
In the inherent addressing mode, all the information 

necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltages Vin 
Except Timer in Self-Check Mode -0.3 to +7.0 
Self-Check Mode (TIMER Pin -0.3to +15.0 
Only) 

Operating Temperature Range TA TL to TH 
Oto 70 

-40to+85* 

Storage Temperature Range Tstg -55to+150 

Junction Temperature TJ 
Plastic 150 
Cerdip 175 

*Available at additional cost 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance HJA 
Cerdip 60 
Plastic 72 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in °C can 
be obtained from: 

TJ=TA+(Po·BJA) (1) 

=Ambient Temperature, 'C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 

= P1NT+P1;o 
=Ice x Vee· Watts - Chip Internal Power 
=Power Dissipation on Input and Output 

Pins - User Determined 

Unit 

v 
v 

oc 

'C 

'C/W 

Unit 

°C/W 

These devices contain circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, normal 
precautions should be taken to avoid appli
cation of any voltage higher than the maxi
mum rated voltages to this high-impedance 
circuit. For proper operation, Vjn and Vout 
should be constrained to the range Vss "' 
(V;n and V0 utl s Vee. Reliability of operation 
is enhanced if unused inputs except EXTAL 
are tied to an appropriate logic voltage level 
(e.g., either Vss or Vccl. 

For most applications P1;o<P1NT and can be neglected. 
The following is an approximate relationship between 

Po and T J (if P1;0 is neglected): 
Po=K+(TJ+273°C) (2) 

Solving equations (1) and (2) for K gives: 
K= Po. (TA+ 273°C)+ BJA. pD2 (3) 

where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA· Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA. 
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ELECTRICAL CHARACTERISTICS 
(Vee= + 5.25 ± 5 Vdc, Vss = O Vdc, TA= 0°C, unless otherwise noted) 

Characteristic Symbol Min 

Input High Voltage V1H 
RESET (4.75 ""V CC""' 5.75) 4.0 

(Vee< 4.75) Vee -o.5 
INT (4.75""' Vee""' 5.75) 4.0 

(Vee< 4.75) Vee -o.5 
All Other 2.0 

Input High Voltage Timer V1H 
Timer Mode 2.0 
Self-Check Mode 9.0 

Input Low Voltage V1L 
INT Vss 
All Other Vss 

RESET Hysteresis Voltage 
"Out of Reset" VIRES+ 2.1 
"Into Reset" VIRES- 0.8 

INT Zero Crossing Input Voltage, Through a Capacitor VINT 2.0 

Internal Power Dissipation - No Port Loading Vee= 5.75 V, PINT -
TA=0°C 

Input Capacitance Cin 
XTAL -
All Other -

Low Voltage Recover VLVR -
Low Voltage Inhibit 0°C to 70°C VLVI 2.75 

- 40°C to + 85°C 3.1 

Input Current (External Capacitor Charging Current) lin 
TIMER (Vin=0.4 V) -
INT (Vin= 2.4 v to Vee -
EXTAL (Vin=2.4 V to Vee. Crystal Option) -
__ (Vin=0.4 V, Crystal Option) -
RESET (Vin= 0.8 V) -4.0 

*Due to internal biasing, this input (when unused) floats to approximately 2.0 Vdc. 

vcc=5.75v 
Test MMD6150 
Point or Equiv 1 5 kO 

40 pF 1.25 kOI MMD7000 
ITotall or Equiv 

Figure 11. TTL Equivalent Test Load 
(Port Bl 

TestPomt~ l 30 pF IT otall 

Figure 12. CMOS Equivalent Test Load 
(Port Al 
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Typ Max Unit 

v 
- Vee 
- Vee 
* Vee 
* Vee 
- Vee 

v 
- Vcc+1 

10.0 15.0 

v 
* 1.5 

- 0.8 

v 
- 4.0 
- 2.0 

- 4.0 Vac p-p 

400 690 mW 

pF 
25 -
10 -

- 4.75 v 
3.5 - v 
3.5 -

µA 
- 20 
20 50 
- 10 
- -1600 
- -40 

Vcc=575V 
Test MMD6150 
Point or Equiv. 

30 pF 24 kO 

llotall 

Figure 13. TTL Equivalent Test Load 
(Ports A and C) 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vee= 5.25 ± 0.5 Vdc, Vss = o Vdc, TA= 0° to 10°c, unless otherwise noted) 

Characteristic Symbol Min Typ 

Port A with CMOS Drive Enabled 

Output Low Voltage, I Load= 1.6 mA VoL - -

Output High Voltage, ILoad= -100 µA VoH 2.4 -
Output High Voltage, ILoad = -10 µA VoH Vcc-1 -
Input High Voltage, I Load= -300 µA (max.) V1H 2.0 -
Input Low Voltage, I Load= -500 µA (max.) V1L Vss -

Hi-Z State Input Current (Vin= 2.0 V to Vee) l1H - -

Hi-Z State Input Current (Vin= 0.4 V) l1L - -

Port B 

Output Low Voltage, I Load= 3.2 mA VOL - -

Output Low Voltage, I Load= 10 mA (sink) VoL - -

Output High Voltage, I Load= -200 µA VoH 2.4 -

Darlington Current Drive (Source), Vo= 1.5 V IOH -1.0 -
Input High Voltage V1H 2.0 -
Input Low Voltage V1L Vss -
Hi-Z State Input Current 1Ts1 - 2 

Port C and Port A with CMOS Drive Disabled 

Output Low Voltage, I Load= 1.6 mA VOL - -

Output High Voltage, I Load= -100 µA VoH 2.4 -
Input High Voltage V1H 2.0 -
Input Low Voltage V1L Vss -
Hi-Z State Input Current 1Ts1 - 2 

SWITCHING CHARACTERISTICS 
(Vee= + 5.25 ± 0.5 Vdc, Vss = O Vdc, TA= 0° to 10°e, unless other noted) 

Characteristic Symbol Min 

Oscillator Frequency MC6805P6 lose 0.4 
MC68A05P6 0.4 
MC68805P6 0.4 

Cycle Time (4/f0 scl t<!Y_c 0.95 

INT and TIMER Pulse Width (See INTERRUPTS) twL.tWH tcyc+250 

RESET Pulse Width tRWL tcyc+250 

RESET Delay Time (External Capacitance= 1.0 µF) tRHL -

INT Zero Crossing Detection Input Frequency llNT 0.03 

External Clock Input Duty Cycle (EXTAL) - 40 

MOTOROLA MICROPROCESSOR DATA 

3-429 

Typ 

-
-
-
-

-
-
100 

-
50 

Max Unit 

0.4 v 
- v 
- v 

Vee v 
0.8 v 

-300 µA 

-500 µA 

0.4 v 
1.0 v 
- v 
-10 mA 

Vee v 
0.8 v 
10 µA • 
0.4 v 
- v 

Vee v 
0.8 v 
10 µA 

Max Unit 

4.2 MHz 
6.0 
8.0 

10 µs 

- ns 

- ns 

- ms 

1.0 kHz 

60 % 
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Figure 14. Power and Reset Timing 

~Vee 

f _...Port A CMOS 

1 Pullup Option 

I 

I 

Port DDR 

Port Data 

IP= Input Protection 

Vee 

1-10kTyp 

IP= Input Protection 

Figure 15. Ports A and C Logic Diagram 

Figure 17. Typical Input Protection 

Figure 16. Port B Logic Diagram 

v 

Vary V, 
Measure I 

Figure 18. 1/0 Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCL.i. The information may be transmitted to Mo
torola in the following media: 

MDOS, disk file 
MS-DOS/PC-DOS disk file 
EPROM(s) 2516, 2716, or 68705P3 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MDOS'"'J or MSlf•J-DOS/ 
PC-DOS disk file), programmed with the customer pro
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis
kette should be clearly labeled with the customers name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MOOS Disk File 

MDOS is Motorola's Disk Operating System available 
on the EXORciser"' development system. The disk media 
submitted must be a single-sided, single density, 8-inch 
MDOS compatible floppy diskette. The diskette must con
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in
cluding those in the user space, must be set to zero. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM"' Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

EPROMs 

A 2516, 2716, or 68705P3 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener
ation. The EPROM must be clearly marked to indicated 
which EPROM corresponds to which address space. 

All unused bytes, including the user's space, must be 
set to zero. For shipment to Motorola, EPROMs should 
be placed in a conductive IC carrier and packed securely. 
Styrofoam is not acceptable for shipment. 

EPROM MARKING 

Pl w 
XXX ~ Customer ID 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) are 
filled for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As
surance. 

IBM is a registered trademark of International Business Machines Corporation. 
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The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC6805P6. 

Table 4. Generic Information 

Internal Clock 
Package ·Type Frequency (MHz) Temperature Order Number 

Plastic (P Suffix) 1.0 0° to 70°C MC6805P6P 
1.0 - 40° to + 85°C MC6805P6CP 
1.5 0° to 70°C MC68A05P6P 
2.0 0° to 70°C MC68B05P6P 

Cerdip (S Suffix) 1.0 0° to 70°C MC6805P6S 
1.5 0° to 70°C MC68A05P6S 
2.0 0° to 70°C MC68B05P6S 

PLCC (FN Suffix) 1.0 0° to 70°C MC6805P6FN 
1.0 - 40° to + 85°C MC6805P6CFN 

MECHANICAL DATA 

PIN ASSIGNMENTS 

28-PIN DUAL-IN-LINE PACKAGE 28-LEAD PLCC PACKAGE 

Vss 1 • 28 

INT 27 

Vee 2S 

25 

XTAL 24 

NUM 23 

TIMER 22 

PeO 21 

Pel 20 

PC2 10 19 

PC3 11 18 

PBO 12 17 

PBl 13 lS 

PB2 14 15 

RESET 

PA7 ~ 

~ 
PAS 1;S 

PA5 

PA4 XTAL 
PA3 NUM 
PA2 TIMER 
PA1 PeO 
PAO PCl 
PB7 Pe2 
PBS Pe3 
PB5 12 
PB4 

c:> 

PB3 "' ... 
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TECHNICAL DATA 
MC6805R2 

Technical Summary 
8-Bit Microcontroller Unit 

The MC6805R2 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of micro
controllers. This low cost and high-speed MCU has parallel 1/0 capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor
mation, refer to M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit Prescaler • Vectored Interrupts 
• On-chip Oscillator 

• Memory Mapped 1/0 
• Versatile Interrupt Handling 

• True Bit Manipulation 

• Bit Test and Branch Instruction 

TIMER 

PAO 
PA1 

Pon PA2 
A PA3 

llD PA4 
Lines PA5 

PA6 
PA? 

PBO 
PB1 

Port PB2 
B PB3 

110 PB4 
Lines PB5 

PB6 
PB? 

Prescaler Timer/ 

8 Counter 

T 1mer Control 

Port Data 
A Dir 

Reg Reg 

Port Data 
Dir 

Reg Reg 

• Self-Check Mode 

• 2048 Bytes of ROM 

• 64 Bytes of RAM 

• 24 Bidirectional 1/0 Ports 

• AID Converter 

BLOCK DIAGRAM 

XTAL EXTAL RESET NUM 

Accumulator 

A 
CPU 

Index Control 
Register 

x 
Cond1t1on 

Code 
Register cc 

CPU 
Stack 

Pointer s 
Program 
Counter 

High PCH ALU 
Program 
Counter 

Low PCL 

2048 x 8 64 x 8 
User ROM RAM 

192 x 8 
Self-Check ROM 

Port 0 
Input 

Data Port 
Dir c 
Reg Reg 

PDOIANO 
PD1/AN1 
PD2/AN2 
PD3/AN3 
PD4/VRL 
PD51VAH 
PD6/il\IT2 
PD? 

PCO 
PC1 
PC2 Port 
PC3 c 
PC4 110 
PC5 Lines 
PC6 
PC? 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

VccANDVss 
Power is supplied to the microcomputer using these 

two pins. Vee is + 5.25 volts ( ± 0.56.) power, and Vss is 
ground. 

NUM 

This pin is not for user applications and must be con
nected to V55. 

INT 

This pin provides the capability for asynchronously ap
plying an external interrupt to the MCU. Refer to INTER
RUPTS for more detailed information. 

EXTAL,XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal (depending upon selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 

External 
Clock 
Input 

AT - Cut Parallel Resonance Crystal 
C0 =7 pF Max 
Freq ~ 4.0 MHz @ CL~ 24 pF 
Rs= 50 .ohms Max 

Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug
gestions for Co. C1, and Rs values. 

XTAL 

MCU 
EXT AL 

XTAL 

EXT AL 
MCU 

::c 
~ 
>-u 

~ 
:::> 
8 
ff: 
a: 
0 
f-

~ 
u 

"' 0 

80 

70 

60 

50 

40 

30 

2 0 

1 0 

Resistance I kOI 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

Crystal 

The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and startup stabilization time. Re
fer to ELECTRICAL SPECIFICATIONS for Vee 
specifications. 

6 XTAL 
.....c-

(See Note) = 
EXT AL 

MCU 

Crystal 

Vee 
6 XTAL 

~v,rv---t 

R 
(See Figure 7-5) 

No 
Connec11on 

EXT AL 
MCU 

External Clock Approximately 25% to 50% Accuracy 
Typical tcyc= 1.25 µ.s 

Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 

External Resistor 
External Jumper 

NOTE: The recommende,d CL value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 
pF on EXTAL and approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal 
used. 

Figure 1. Oscillator Connections 

MOTOROLA MICROPROCESSOR DATA 

3-434 



MC6805R2 

External Clock 
An external clock should be applied to the EXTAL input 

with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. The 
toxov or t1LCH specifications do not apply when using 
an external clock input. 

TIMER 

This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voitage levei used to initiate the self-test program. 

RESET 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7 ,PDO
PD7) 

These 32 lines are arranged into four 8-bit ports (A, B, 
C, and DI. Ports A, B, and Care programmable as either 
inputs or outputs under software control of the data di
rection registers. Port D is a fixed input port and not 
controlled by any data direction register. Port D has up 
to four analog inputs, plus two voltage reference inputs 
when the AID converter is used (PD51VRH· PD41VRLI and 
an INT2 input. All Port D lines can be read directly and 
used as binary inputs. If any analog input is used, then 
PD51VRH and PD41VRL must be used in the analog mode. 
Refer to PROGRAMMING and ANALOG-TO-DIGITAL 
CONVERTER for additional information. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Port A, B, and C pins are programmable as either input 
or output under software control of the corresponding 
data direction register (DDR). Port D lines are input only. 
The port 1/0 programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 

Data Direction 

and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and also to the latched output when 
the DDR is an output (one). Refer to Table 1 for 1/0 func
tions and to Figure 3 for typical port circuitry. 

Port D provides reference voltage (INT2) and multi
plexed analog inputs. Port D can always be used as digital 
input and may be used for analog if VRH and VRL are 
connected to the appropriate reference voltage. The VRH 
(PD5) and VRL (PD4) are internally connected to the AID 
resistor. 

Table 1. 1/0 Pin Functions 

Data Latched Input 
Direction Output Output 

To Register Data State MCU Bit Bit 

1 0 0 0 
1 1 1 1 
0 x Hi-Z** Pin 

**Ports Band Care three-state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 

MEMORY 

The MCU is capable of addressing 4096 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
4. The locations consist of user ROM, self-check ROM, 
user RAM, AID registers, a miscellaneous control register, 

Register* Bit 1--....------.----. 

Internal 
Connections 

Latched 
Output 

Data Bit 

Figure 3. Typical Port 1/0 Circuitry and 
Register Configuration 
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:c:~.z:i~h I : 
Short 128 

Instructions 

255 
256 

1983 
1984 

3895 
3896 

l= 4089 
. 4090 

lnterr.upt 4091 
Vectors 4092 

4093 
4094 
4095 

7 

1/0 Ports 
Timer 
RAM 

(128 Bytesl 

Page Zero 
User ROM 
(128 Bytes) 

Not Used 
(1728 Bytes) 

Main User 
ROM 

ns12 Bytes) 

Self Check 
ROM 

(192 Bytes) 

Timer Interrupt 

I- - - - - - -1 
External Interrupt 

I- - - - - - -1 
SWI 

I- - - - - - -1 
RESET 

$()()() 0 

1 

$07F 2 

$080 3 

4 

$OFF 5 

$100 6 

\ 7 

$7BF 8 
$7CO 9 

10 

$F37 
11 

$F38 
13 
14 

$FF7 15 
$FF8 16 
$FF9 63 
$FFA 64 
$FFB 
$FFC 

$FFD 
$FFE 
$FFF 

127 

76543210 

Port A Data Register 

Port B Data Register 

Port C Data Register 

Port 0 Data Register 

Port A DOR* 

Pc.rt B DOR* 

Port C DOR* 

Not Used 

Timer Data Register 

Timer Control Register 

Miscellaneous Register 

Not Used 
{3 Bytes) 

A/D Control Register 

A/ D Result Register 

Not Used 
(48 Bytes) 

RAM 
(64 Bytes) 

Stack 
(31 Bytes 
Maximum) 

j_ 

$()()() 

$001 

$002 

$003 

$004* 

$005* 

$006* 

$007 

$008 

$009 

$00A 
$009 

$000 
$00E 

$00F 
$010 

$03F 
$040 

$07F 

*Caution: Data direction registers (DD Rs) are write-only; they read as $FF 

Figure 4. Memory Map 

and 1/0. The interrupt and reset vectors are located from 
$FF8 to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 

The MCU contains the registers described in the fol
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may: be added to an 8- or 16-bit immediate value to create 

an effective address. The index register may also be used 
as a temporary storage area. 

7 

x 

PROGRAM COUNTER (PC) 

The program counter is an 12-bit register that contains 
the address of the next byte to be fetched. 

11 8 7 

PCH PCL 

STACK POINTER (SP) 

The stack pointer is an 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 131 bytes maxi
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

11 5 4 0 

I 0 I 0 I 0 I 0 I 0 I 1 I I SP 

CONDITION CODE REGISTER (CCI 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
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program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 

Half Carry (H) 
This bit is set during ADD and ADC operations to in

dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 
When this bit 1s set, the timer and external interrupt is 

masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 

Negative (N) 
When set, this bit indicates that the result of the last 

arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 
When set, this bit indicates that the result of the last 

arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 
When set, this bit indicates that a carry or borrow out 

of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 

SELF-CHECK 

The self-check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) for an oscillation of approximately 7 Hz. The 
following test are executed automatically: 

1/0 - Functionally exercise 1/0 ports. 
RAM - Walking bit test. 
ROM - Exclusive OR with ODD "1st" parity result. 
Timer - functionally exercise timer. 
Interrupts - Functionally exercise external and timer 

interrupts. 
AID Converter- Functionally test the Analog-to-Digital 

Converter. 
The RAM, ROM, and the AID test can be called by a user 
program. The timer test may be called if the timer input 
is the internal clock. Table 2 shows the status of the LEDs 
as a result of a failure. Port C is tested only once (just 
after reset). If port C fails, no lights will appear. 

Table 2. Self-Check Error Patterns 

PCO PC1 PC2 PC3 Remarks (1: LED ON; 0: LED OFF) 

1 0 1 0 Bad 1/0 
0 0 1 0 Bad Timer 
1 1 0 0 Bad RAM 
0 1 0 0 Bad ROM 
1 0 0 0 Bad AID 
0 0 0 0 Bad Interrupts or Request Flag 

All Flashing Good Device 

Anything else Bad Part, Bad Port C, etc. 

RESET a 
C_l_o- 1 ~ 1,...v-~-s-----P-A-,7 t''"-o----. 

'~ 2 RESET PAB~ 
,----43 iNl' PA5FL--

PA4 t1Z-
5-;2~5-V ..-----....1....-+-1-:co-,F,-t-----=-: vcc PA3 P'"'"'+-+-+-.____ __ _ 

~ == 't ~ EXT AL PA2 f-'3"-5t-t--1>-----, 

- ±~ 4~XTAL PAlf'"'"+-+------, 

10k MHz~NUMIN/CI** PAOf-'3"-3.____ __ --, 

--+---'IVl.>/V'v-:--::-:-+---~-'9S TIMER 
1ov +---~LEc=.'!..t...,-vot-'":''Y'.~/\oro_._ __ -.--99 PCO 

~LE'-"D*_c__,,,-'\•51/\?f\c:!·c:-::----.--t-410 PCl 
..._ _ _:c •LE'-"~'11-1!-".,'/-"-,_:'\~/\l/\O,-"-.--t-t--'-'111 PC2 
~LE'-"~'lll!-2/~'-'\5.1110.110,--..--t-t-t-"'112 PC3 

-.. •v ill PC4 

~PC5 

L--..J2 PC6 

~--~16PC7 

~P07 

~P06/llNT21 

c_-------<~-t--r'49 PD5 

0 1 ,,-;:•--+-+9 
L 20 PD4 

.£. 

PB? r3-'--2 ----, 

PB6P-

PB5t19--

PB4F-

PB3 r'"-B +-+-1--" 
PB2h-+

PB1~ 
PBOf?-

Poor2"-4 ---~ 

POI r2"-3 --------' 

PD2r2"-2 .--t----~ 
PD3r2-'-1 f-+-------" 

*This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 
**Pin 7 is not for user application and must be connected to Vss-

Figure 5. Self-Check Connections 
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RESETS 

The MCU can be reset three ways: (1) by initial power
up, (2) by the external reset input (RESET), and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing the RESET input to go high. Connecting a ca
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 

EXTERNAL RESET INPUT 

~ MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyc). Under this type of reset, the Schmitt trigger switches 
off at V1RES- to provide an internal reset voltage. 

LOW-VOLTAGE INHIBIT (LVI) 

The optional low-voltage detection circuit causes a re
set of the MCU if the power supply voltage falls below a 
certain level (VLVI). The only requirement is that the Vee 
must remain at or below the VLVI threshold for one tcyc 
minimum. 

Pin2 

In typical applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc· The output from the low-voltage detector is con
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLVR) at 
which time a normal power-on reset occurs. 

INTERRUPTS 

The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI) or (4) the external port D bit 6 
(INT2) input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack, and then 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 

1.0 ~F -------+--< 
Strong 

l--+-'VV\.,-4 Discharge 
Vee 

Typical 

POR 
Delay 

Capacitor 

*Disable LVI 

1 
Push 

n-4 

n-3 

n-2 

n-1 

1 1 

1 l 

Limiting 

Charging 
Current 
Source 

Device 

Schmitt 
Trigger 

Figure 6. RESET Configuration 

1 1 1 1 Condition Code Register 

Accumulator 

Index Register 

1 l 1 l 1 l PCH* 

PCL * 

*For subroutine calls, only PCH and PCL are stacked. 

Figure 7. Interrupt Stacking Order 
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When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 
If the timer mask bit (TCR6) is cleared, then, each time 

the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I bit in the CCR is set, 
masking further interrupts until the present one is serv
iced. The contents of the timer interrupt vector, contain
ing the location of the timer interrupt service routine, is 

Reset 

1-1 (m CCI 
07F-SP 
a-ooRs 

CLA rm" Logic 
FF-Timer 

7F - Prescaler 
7F-TCR 
7F-MR 

Load PC 
From 

FFE/FFF 

then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 

EXTERNAL INTERRUPT 
The external interrupt is intern~ synchronized and 

then latched on the falling edge of INT and INT2. Clearing 
the I bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
and interrupt when the condition code I bit is clear. The 
following paragraphs describe two typical external in
terrupt circuits. 

Zero-Crossing Interrupt 

A sinusoidal input signal (flNT maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 

Clear 
iNf 

Request 
Latch 

Timer 

----SWI 
PC-PC+1 

Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 

Timer or 
INT2: FF8/FF9 

Figure 8. Reset and Interrupt Processing Flowchart 
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such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 

Digital-Signal Interrupt 

With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twL, tWH· 
Refer to TIMER for additional information. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 

TIMER 

The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit prescaler. The timer source is 
made during manufacturing as a mask option. The 8-bit 
counter may be loaded under program control and is 
decremented toward zero. When the timer reaches zero, 
the timer interrupt request bit (bit 7) in the timer control 
register (TCR) is set. Refer to Figure 10 for timer block 
diagram. 

(a) Zero-Croasing Interrupt 

ln~cut !Current 

lf1NT Max.I WL1m11mgl . 3 iN\ 
Rsl MO 
ac Input A 0 1_1 0 

>:10Vacp-p rv µF. 

MCU 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
I bit in the condition code register is cleared, the proces
sor receives the interrupt. The MCU responds to this in
terrupt by 1) saving the present CPU state on the stack, 
2) fetching the timer interrupt vector, and 3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. The TIMER and INT2 share the 
same interrupt vector, therefore the interrupt routine must 
check the request bits to determine the source of the 
interrupt. Refer to RESETS and INTERRUPTS for addi
tional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with read-modify
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis
turbing the counting process. Three machine cycles are 
required for a change in state of the TIMER pin to dec
rement the timer prescaler. 

Clock input to the timer can be from an external source 
or from the internal phase two signal. Clock source is one 
of the mask options. A prescaler mask option is available 
to select a divide option of a power of two up to 128. 

(bl Digital-Signal Interrupt 

Vee 

TTL 4 7 K 

Level iNT 
D191tal---~ 

Input 

MCU 

lJ -~ 
Figure 9. Typical Interrupt Circuits 

¢2 
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Figure 10: Timer Block Diagram 

MOTOROLA MICROPROCESSOR DATA 

3-440 



MC6805R2 

TIMER CONTROL REGISTER (TCR) ($009) 

This 8-bit register controls various functions such as 
write timer interrupt request, timer interrupt inhibit, and 
prescaler clear. Bit 3 is write only. 

7 6 5 3 

I TIR TIM I PSC I 

RESET: 
0 

TIR - Timer Interrupt Request 

u 

used to 1nd1cate the timer interrupt when it is logic 
one. 

1 =Set when the timer data register changes to all 
zeros. 

0 =Cleared by external reset, power-on reset, or 
under program control. 

TIM - Timer Interrupt Mask 
Used to inhibit the timer interrupt. 

1 =Interrupt inhibited. 
0 =Interrupt enabled. 

PSC - Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in
dicates a zero. 

Bits 5, 4, 2, 1, 0 - Not Used. 

ANALOG-TO-DIGIT AL CONVERTER 

The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as shown in 
Figure 11. Four external analog inputs can be connected 
to the AID through a multiplexer via Port D. Four internal 
analog channels (VRH-VRL, VRH-VRL/2, VRH-VRLl4, and 
VRLl may be selected for calibration. The accuracy of 
these internal channels may not meet the accuracy spec
ifications of the external channels. 

Multiplexer selection is controlled by the A/D control 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul
tiplexer selection. The ACR is shown in Figure 11. The 

POO/ANO 

PD1/AN1 

PD2/ AN2 

P03/ AN3 

AID 

D/A 

15 kn nvpJ 

converter uses 30 machine cycles to complete a conver
sion of a sampled analog input. When the conversion is 
complete, the digital value is placed in the AID result 
register (ARR), the conversion flag set, selected input is 
sampled again, and a new conversion starts. When ACR7 
is cleared, the conversion in progress is aborted and the 
selected input is sampled for five machine cycles and 
held internally. 

Table 3. A/D Input MUX Selection 

A/D Control Register Input AID Output (Hex) 

ACR2 ACR1 ACRO Selected Min Typ Max 

0 0 0 ANO 
0 0 1 AN1 
0 1 0 AN2 
0 1 1 AN3 
1 0 0 VRH* FE FF FF 
1 0 1 VRL * 00 00 01 
1 1 0 VRHi4* 3F 40 41 
1 1 1 VRHi2* 7F 80 81 

*Internal (Calibration) Levels 

The converter uses VRH and VRL as reference voltages. 
An input voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than VRL, but 
greater than Vss, converts to $00. Maximum and mini
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and be 
referenced to VRL for the ratiometric conversion. To 
maintain full accuracy of the A/D, three requirements 
should be followed: (1) VRH should be equal to or less 
than VDD, (2) VRL should be equal to or greater than Vss 
but less than maximum specifications, and (3) VRH-VRL 
should be equal to or greater than 4 volts. 

The AID has a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing error to ± 1/2 LSB, rather 
than + 0, - 1 LSB with no offset. This implies that, ig
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above VRL· Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRH, ideally. 

Control 
Logic 

Count 

A/D 
Result 

~~~~~~~~~~ Register 

Figure 11. AID Block Diagram 
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INSTRUCTION SET 

The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional IJMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 

Function Mnemonic 

Load A from Memory LDA 

Load X from Memory LDX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n~O .. . 7) 

Branch if Bit n is Clear BRCLR n (n~O .. . 7) 

Set Bit n BSET n (n ~ 0 ... 7) 

Clear Bit n BCLR n (n ~ 0 ... 7) 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

(Branch if Higher or Same) (BHS) 

Branch if Carry Set BCS 

(Branch if Lower) (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEQ 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 
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CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No Operation NOP 

OPCODE MAP SUMMARY 

Table 4 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single-byte instruc
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab
solute addressing is also included. Two-byte direct-ad
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. -

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. 

INDEX, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 110 location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
oocode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum of the contents ofthe unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed, 8-bit offset except that this three
byte instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
1/0, can be selectively set or cleared with a single two
byte instruction. 

CAUTION 

The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, and 
$006). A read operation on these registers is un
defined. Since BSET and BCLR are read-modify-write 
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functions, these instructions cannot be used to set 
or clear a DDR bit (all "unaffected" bits would be 
set). It is recommended that all DDR bits in a port 
be written using a single-store instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 

instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltage Vin -0.3 to + 15.0 
Self-Check Mode 
(TIMER Pin Only) 

Operating Temperature Range TA TL to TH 
MC6805R2 0 to + 70 
MC6805R2C -40to85 
MC6805R2V -40 to 105 

Storage Temperature Range Ts.!ll_ -55to +150 

Junction Temperature TJ 
Plastic 50 
PLCC 150 
Cerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 0JA 
Plastic (P Suffix) 60 
PLCC (FN Suffix) 100 
Cerdip (S Suffix) 60 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in °C can 
be obtained from: 

where: 
TA 
0JA 

Po 
PINT 
PpQRT 

TJ=TA+(Po•0JAl (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 

= P1NT+PpoRT 
= lccxVcc. Watts-Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Unit 

v 
v 

oc 

oc 

oc 

Unit 

oc/W 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max
imum-rated voltages to this high-impedance 
circuit. For proper operation it is recom
mended the Vin and Vout be constrained to 
the range Vss"'(Vin and V0 utl"'Vcc- Relia
bility of operation is enhanced if unused in
puts, except EXT AL, are tied to an appropriate 
logic voltage level (e.g., either Vss or Vccl-

For most applications PpQRT<P1NT and can be ne
glected. PPQRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J (if 
PpQRT is neglected) is: 

Po=K+(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po • (TA+ 273°C) + 0JA•Po2 (3) 
where K is a constant pertaining to the particular part. 

K can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA- Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA· 
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ELECTRICAL CHARACTERISTICS (Vee= +5.25 Vdc±0.5 Vdc, Vss=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min 

Input High Voltage V1H 
RESET (4.75"'Vcc"'5.75) 4.0 

Vcc(4.751 Vee - o.5 
INT (4.75,,,Vcc"'5.75) 4.0 

(Vcc(4.75) Vee - o.5 
All Other 2.0 

Input High Voltage Timer V1H 
Timer Mode 2.0 
Self-Check Mode 9.0 

Input Low Voltage V1L 
RESET Vss 
INT Vss 
All Other (Except AID Inputs) Vss 

RESET Hysteresis Voltages 
"Out of Reset" VIRES+ 2.1 
"Into Reset" VIRES- 0.8 

INT Zero-Crossing Input Voltage, Through a Capacitor VINT 2 

Power Dissipation - (No Port Loading, Vee= 5.75 V Po -

TA=0°C -
for Steady-State Operation) TA= -40°C 

Input Capacitance Cin 
XTAL -
All Other Except Analog Inputs (See Note) -

Low Voltage Recover VLVR -

Low Voltage Inhibit VLVI 2.75 

Input Current 
TIMER (V;n = 0.4) -
INT (Vin= 2.4 v to Vccl -
EXTAL (Vin=2.4 V to Vee Crystal Option) lin -

(Vin=0.4 V Crystal Option) -
RESET (Vin= 0.8 VI IRES -4.0 
(External Capacitor Charging Current) 

NOTE: Port D Analog Inputs, when selected Cin=25 pF for the first 5 out of 30 cycles. 
*Due to internal biasing this input (when unused) floats to approximately 2.0 V. 

SWITCHING CHARACTERISTICS (Vee= +5.25 Vdc±0.5 Vdc, Vss=O Vdc, TA=TL to THI 

Characteristic Symbol Min 

Oscillator Frequency fosc 0.4 

Cycle Time (4/f0 scl t9'_c 0.95 

INT, INT2, and TIMER Pulse Width twL,tWH t9'_c + 250 

RESET Pulse Width tRWL tgcc+250 

INT Zero-Crossing Detection Input Frequency f1NT 0.03 

External Clock Input Duty Cycle (EXT AL) - 40 

Crystal Oscillator Start-Up Time - -
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Typ Max 

- Vee 
- Vee 
* Vee 
* Vee 

- Vee 

- Vcc+1.o 
10.0 15.0 

- 0.8 
* 1.5 

- 0.8 

- 4.0 
- 2.0 

- 4 

520 740 
580 800 

25 -
10 -

- 4.75 

3.75 4.70 

- 20 
20 50 
- 10 
- -1600 
- -40 

Typ Max 

- 4.2 

- 10 

- -

- -

- 1 

50 60 

- 100 

Unit 

v 

v 

v 

v 

Vac p-p 

mW 

pF 

v 
v 

µA 

Unit 

MHz 

µs 

ns 

ns 

kHz 

% 

ms 
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AID CONVERTER CHARACTERISTICS (Vee= +5.25 Vdc±0.5 Vdc, Vss=O Vdc, TA=TL to TH). unless otherwise noted) 

Min Typ Max Unit Comments 

Resolution 8 8 8 Bits 

Total Error - - +I- 2.25* LSB Difference between ideal and actual tra.ns-
fer characteristics (includes non-linearity, 
zero offset and full scale errors) 

Absolute Accuracy - - +I- 2.75* LSB Difference between the actual input voltage 
and the full-scale weighted equivalent of 
the binary output code. All error sources 
included 

Quantizing Error - - +I- .5 LSB Uncertainty due to converter resolution (in-
he rent) 

Conversion Range VRL - VRH v 
VRH - - Vee v AID accuracy may decrease proportionately 

VRL Vss 0.2 v as VRH is reduced below 4.75 V. The sum 
- of VRH and VRL must not exceed Vee 

Conversion Time 30 30 30 t~ Includes sample time 

Monotonicity Inherent with total error 

Sample Time 5 5 5 t~ 

Sample/Hold Capacitance, Input - - 25 pf 

Analog Input Voltage VRL - VRH v Negative transients on any analog lines (Pins 
19-24) are not allowed at any time during 
conversion. 

*Note: Accuracy may decrease at temperatures above TA=85'C or fosc<3.57 MHz. 
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PORT ELECTRICAL CHARACTERISTICS (Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=h to TH. unless otherwise noted) 

Characteristic Symbol Min 

Port A with CMOS Drive Enabled 

Output Low Voltage, I Load= 1.6 mA VOL -
Output High Voltage, ILoad= -100 µA VoH 2.4 

Output High Voltage, I Load= -10 µA VoH Vcc-1.0 

Input High Voltage, I Load= -300 µA (max.) V1H 2.0 

Input Low Voltage, I Load= - 500 µA (max.) V1L Vss 

Hi-Z State Input Current !Vin= 2.0 V to Vee) llH -
Hi-Z State Input Current (Vin= 0.4 V) l1L -

Port B 

Output Low Voltage, I Load= 3.2 mA VoL -

Output Low Voltage, I Load= 10 mA (Sink) VoL -
Output High Voltage, I Load= - 200 µA VoH 2.4 

Darlington Current Drive (Source), Vo= 1.5 V IOH -1.0 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Hi-Z State Input Current ITSI -

Port C and Port A with TTL Drive 

Output Low Voltage, 1Load=1.6 mA VOL -

Output High Voltage, I Load= -100 µA VoH 2.4 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Hi-Z State Input Current ITSI -

Port C (Open-Drain Option) 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Input Leakage Current (Vin= 13.0 V) ILQD -

Output Low Voltage I Load= 1.6 mA VQL -
Port D (Digital Inputs Only) 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Input Current l;n -
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Typ Max Unit 

- 0.4 v 
- - v 
- - v 
- Vee v 
- 0.8 v 
- -300 µA 

- -500 µA 

- 0.4 v 
- 1.0 v 
- - v 
- -10 mA 

- Vee v 
- 0.8 v 
<2 10 µA 

- 0.4 v 
- - v 
- Vee v 
- 0.8 v 
<2 10 µA 

- 13.0 v 
- 0.8 v 
<3 15 µA 

- 0.4 v 

- Vee v 
- 0.8 v 
<1 5 µA 



Test 
Point 

Test 
point 

40 pF 
(Total) 

Vee~ 5.75 v 

or Equiv. 

Figure 12. TTL Equivalent Test Load 
(Port Bl 

30 pF 
(Total) 

Vee - 5.75 v 

Figure 14. TTL Equivalent Test Load 
(Ports A and C) 

MC6805R2 

Test Point 0----1~ 

I"'"'°"" 
Figure 13. CMOS Equivalent Test Load 

(Port A) 

Test 
Point 

Figure 15. Open-Drain Equivalent Test Load 
(Port C) 
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PortOOA 

Port Data 

IP= Input Protection 

MC6805R2 

~ Vee 

Port A CMOS 
k Pullup Option 

I 

Figure 16. Ports A and C Logic Diagram 

Figure 18. Typical Input Protection 

Vee 

1-10 k Typ. 

PB OOA 

PB Data 

IP= Input Protection 

Figure 17. Port B Logic Diagram 

TestPopint ~ 
Vary V, 

Measure I 
v 

Figure 19. 110 Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 
The following information is required when ordering a 

custom MCU. The information may be transmitted to Mo
torola in the following media: 

MDOS®, disk file 
MS®-DOS/PC-DOS disk file 
EPROM(s) MC68705R3, 2532, 2732, or two 2516/2716 
To initiate a ROM pattern for the MCU, it is necessary 

to first contact the local field service office, a sales person, 
or Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MDOS or MS-DOS/PC
DOS disk file), programmed with the customer program 
(positive logic sense for address and data), may be sub
mitted for pattern generation. In either case, the diskette 
should be clearly labeled with the customers name, date, 
project or product name, and the name of the file con
taining the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to speed up the process 
in case of any difficulty with the pattern file. 

MOOS Disk File 

MDOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-side, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in
cluding those in the user space, must be set to zero. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

An MC68705R3, 2532, 2732, 2516 (2). or 2716 (2) type 
EPROM(s). programmed with the customer program (po
sitive logic sense for address and data) may be submitted 
for pattern generation. Since all program and data space 
information will fit on one MC68705R3/2532/2732 or two 
2516/2716 type EPROM(s), the EPROM(s) must be pro
grammed as described in the following paragraph. 

MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

For the 2532, 2732, or the MC68705R3, the ROM code 
should be located from $080 to $FF; and $700 to $F37 
and the interrupt vectors from $FF8 to $FFF. For the 2516's 
or 2716's, the ROM code should be located from $080 to 
$FF and $7CO to $7FF in the first EPROM and from $0 to 
$737 in the second EPROM. The interrupt vectors should 
be in the second EPROM from $7F8 to $7FF. 

EPROM MARKING 

M 

::;: NCC 
M~ 

-a .... 0 

~ fu ~ :;x; 
M <C 
~u 
N::;: 

$080 $080 

xxx =Customer ID 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
completed, signed, and returned to Motorola. The signed 
verification form constitutes the contractual agreement 
for creation of the customer mask. To aid in the verifi
cation process, Motorola will program (customer sup
plied) blank EPROM(s) or DOS disk from the data file used 
to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur
pose of ROM verification only. For expediency the MCUs 
are unmarked, packaged in ceramic, and tested at room 
temperature and five volts. These RVUs are free with the 
minimum order quantity but are not production parts. 
These RVUs are not guaranteed by Motorola Quality 
Assurance. 

ORDERING INFORMATION 

The following table provides generic information per
taining to the package type, temperature, and MC part 
numbers for the MC6805R2. 

Package Type Temperature Part Number 

Plastic 0°C to 10°c MC6805R2P 
(P Suffix) - 40°C to + 85°C MC6805R2CP 

Cerdip 0°C to 70°C MC6805R2S 
S Suffix - 40°C to + 85°C MC6805R2CS 

PLCC 0°C to 70°C MC6805R2FN 
FN Suffix - 40°C to + 85°C MC6805R2CFN 

IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 

Dual-in-Line Package 

Vss 

P06/INT2 

PD5/VAH 

P041VRL 

XTAL, 

IVssl NUM. 
TIMER [ 

PCO 
PC1 ' 
PC2 12 
PC3 
PC4' 
PC5' 
NC' 

PC6 l 17 

PA7 

PA4 

PA3 

PA2 

PA1 

PAO 

PB7 

PB5 

PB4 

PB3 

PB2 

PB1 

PBO 

PDO/ANO 

P01/AN1 

PD2/ AN2 

PLCC Package 

''"""' 000 
0.. "- 0.. 

MN.-- 0 
0000 
a... a.. a... c... 

39 i PA3 
PA2 
PA1 
PAO 
PB7 

PB5 
PB4 
PB3 

J PB2 
29 PB1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Technical Summary 
8-Bit Microcontroller Unit 

The MC6805R3 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of micro
computers. This low cost and high-speed MCU has parallel 110 capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor
mation. refer to M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the below list for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit Prescaler • Vectored Interrupts 
• On-chip Oscillator 
• Memory Mapped 1/0 
• Versatile Interrupt Handling 
• True Bit Manipulation 
• Bit Test and Branch Instruction 

TIMER 

PAO 
PAI 

Port PA2 
A PA3 

110 PA4 
Lines PA5 

PA6 
PA7 

P80 
P81 

Port P82 
8 P83 

llD P84 
Lines P85 

P86 
P87 

Prescaler Timer/ 

8 Counter 

T 1mer Control 

Port Data 
A Dir 

Reg Reg 
8 

Port Data 
8 Dir 

Reg Reg 

8 

• Self-Check Mode 
• 3776 Bytes of ROM 
• 112 Bytes of RAM 

• 24 Bidirectional 110 Ports 
• AID Converter 

BLOCK DIAGRAM 

XTAL EXTAL RESET NUM 

Accumulator 

CPU 
Index Control 

Register 
x 

Cond1t1on 
Code 

Register cc 
CPU 

Stack 
Pointer s 

Program 
Counter 

High PCH ALU 
Program 
Counter 

Low PCL 

2048 x 8 64x8 
User ROM RAM 

192 x 8 
Self-Check ROM 

Data Port 
Dir c 
Reg Reg 

MC6805R3 

PDO/ANO 
PD1/AN1 
PD2/AN2 Port 
PD3/AN3 D 

PD41VRL Input 

PD51VRH Lines 

PD6/l"liln 
PD7 

PCO 
PC1 
PC2 Port 
PC3 c 
PC4 1/0 
PC5 Lines 
PC6 
PC7 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

VccANDVss 
Power is supplied to the microcomputer using these 

two pins. Vee is + 5.25 volts ( ± 0.5.i) power, and Vss is 
ground. 

INT 

This pin provides the capability for asynchronously ap
plying an external interrupt to the MCU. Refer to INTER
RUPTS for more detailed information. 

EXTAL,XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal (depending upon selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 

RC Oscillator 
With this option, a resistor is connected to the oscillator 

pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 

Crystal 
The circuit shown in Figure 1 is recommended when 

using a crystal. Using an external CMOS oscillator is rec-

C1 

EXTAL~~XTAL 

External 
Clock 
Input 

5 ~f-----J 6 

AT - Cut Parallel Resonance Crystal 
C0 =7pF Max 
Freq. ~4.0 MHz@ CL ~24 pF 
Rs= 50 ohms Max 

Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug
gestions for Co, C1, and Rs values 

XTAL 

MCU 
5 EXTAL 

6 XTAL 

EXT AL 
MCU 

-;:; 
I 

~ 
> 
<..> 
c: 
Q) 

" C" 
~ 

L.L.. 

£ 
~ 
T; 

"' 0 

8.0 

70 

6.0 
vcc==525V 

5.0 TA==25°C 

4.0 

3.0 

20 

1 0 

0 
0 10 20 30 40 50 60 70 

Resistance (kl!) 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

BO 

ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and startup stabilization time. Re
fer to ELECTRICAL SPECIFICATIONS for Vee 
specifications. 

External Clock 
An external clock should be applied to the EXT AL input 

with the XTAL input connected to ground, as shown in 

XTAL 

(See Note) = MCU 
EXT AL 

Crystal 

MCU R 
!See Figure 7-51 5 EXT AL 

No 
Connection 

External Clock Approx1mately 25% to 50% Accuracy 
Typical lcyc"" 1.25 µ.s 

External Jumper 

Approximately 10% to 25% Accuracy 
(Excludes Resistor T olerancel 

External Resistor 

NOTE: The recommended CL value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 
pF on EXTAL and approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal 
used. 

Figure 1. Oscillator Connections 
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Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. The 
toxov or t1LCH specifications do not apply when using 
an external clock input. 

TIMER 

This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the self-test program. 

RESET 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC3) 

These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di
rection registers. Port D is a fixed input port and not 
controlled by any data register. Port D has up to four 
analog inputs, plus two voltage references inputs when 
the AID converter is used (PD5NRH· PD4NRL). and an 
INT2 input. All Port D lines can be read directly and used 
as binary input. If any analog input is used, then VRH and 
VRL must be used in the analog mode. Refer to PRO
GRAMMING and ANALOG-TO-DIGITAL CONVERTER for 
additional information. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). Port D lines are input only. The 
port 1/0 programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

Data Direction 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). Refer to Table 1 for 
110 functions and to Figure 3 for typica~ circuitry. 

Port D provides reference voltage (INT2) and multi
plexed analog inputs. Port D can always be used as digital 
input and may be used for analog if VRH and VRL are 
connected to the appropriate reference voltage. The VRH 
(PD5) and VRL (PD4) are internally connected to the A/D 
resistor. 

Table 1. 1/0 Pin Functions 

Data Latched 
Direction Output Input 
Register Data Output To 

Bit Bit State MCU 

1 0 0 0 
1 1 1 1 
0 x Hi-Z** Pin 

*'Ports Band C arethree state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 

MEMORY 

The MCU is capable of addressing 4096 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
4. The locations consist of user ROM, self-check ROM, 
user RAM, AID registers, a miscellaneous register, and 
1/0. The interrupt and reset vectors are located from $FF8 
to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 

Register* Bit t--.... ---------. 

··Connections 

Latched 
Output 

Data 811 

Figure 3. Typical Port 1/0 Circuitry and 
Register Configuration 
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000 

127 
128 

3895 
3896 

4087 

Interrupt I§ 
Vectors 4092 

4093 
4094 
4095 

0 

1/0 Ports 
Timer 
RAM 

1128 Bytes) 

Main User 
ROM 

13768 Bytes) 

Self Check 
ROM 

1192 Bytes! 

Timer Interrupt 

r------
External Interrupt 

r- - - - --
SWI 

r- - - - --
RESET 

$000 

$07F 
$000 

$F37 
$F3B 

$FF7 
$FFB 

$FF9 
$FFA 

$FFB 
$FFC 

$FFD 
$FFE 
$FFF 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

14 

15 
16 

127 

76543210 

Port. A Data Register 

Port B Data Register 

Port C Data Register 

Port D Data Register 

Port A DOR* 

Port B DOR* 

Port C DOR* 

Not Used 

Timer Data Register 

Timer Control Register 

Miscellaneous Register 

Not Used. 
13 Bytes) 

Al D Control Register 

Al D Result Register 

RAM 
1112 Bytes) 

Stack 
(31 Bytes Maximum) 

1 

$000 

$001 

$002 

$003 

$004* 

$005* 

$006* 

$007 

$006 

$009 

$00A 

$00B 

$000 

$00E 

$00F 
$010 

$07F 

*Caution: Data direction registerS (00Rsl are writ~only; they read as $FF. 

Figure 4. Memory Map 

decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 
The MCU contains the registers described in the fol

lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 

an effective address. The index register may also be used 
as a temporary storage area. 

7 

x 

PROGRAM COUNTER (PC) 

The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 

11 8 7 

PCH PCL 

STACK POINTER (SP) 

The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

11 5 4 0 

I 0 I 0 I 1 I I SP 
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CONDITION CODE REGISTER (CC) Carry/Borrow (Cl 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 

SELF CHECK 
Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

The self check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) for an oscillation of approximately 7 Hz. The 
following test are executed automatically: Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 

1/0 - Functionally exercise 1/0 ports, 
RAM - Walking bit test, 
ROM - Exclusive OR with ODD "1st" parity result, 
Timer - Functionally exercise timer, • 

Negative (N) 
Interrupts - Functionally exercise external and timer 

interrupts, and 
When set, this bit indicates that the result of the last 

arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic 1 ). 

AID Converter- Functionally test the Analog-to-Digital 
Converter. 

The RAM, ROM, and the AID test can be called by a user 
program. The Timer test may be called if the timer input 
is the internal clock. Table 2 shows the status of the LEDs 
as a result of a failure. Port C is tested only once (just 
after reset). If port C fails, no lights will appear. 

Zero (ZJ 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

RESET 

J_ 1 

C o--, -o-'l._~-'ivss 
"F _I_ 2 RESET 

.-------"13 INT 

-.-.----<1>----+-----'l4 Vee 
....L1o"F 5.25 v ;!; ....C'<'; .;;;;;- S EXTAL 

- :;i;~ 4~XTAL 
10 k MHz n NUM IN/C)* * 

-.--+----A'\.'A"'"'"A--+---=-""<9 TIMER 
10 V ___ LE_o_..1 _ v·~~·J"~"'O o,_.,,_ __ -e-"19 PeO 

~LE;.::'2..,--'1'-P'-]_,,u;;,.,'</!.l/'v----..-+-'=-tO Pel 

.__-.,--"L"-'EQ..-vf"'?·_,~""-~~"'llr--.-+-+-'-'11 Pe2 

~LE'-"Q_..-'-'~'-..A-'5V'•'.i:V:!..,_'_V--+-+-+-+--'1""12 Pe3 --., 
~Pe4 

~PCS 
~Pe6 

~----'16"!Pe7 
,--lZi PD7 

~ PD611iN"f21 

~-------+----+--+-19~PD5 
0 1.F:;: 

L.__-+--+'290 PD4 

J-

40 
PA7,_.._--~ 

PA6fL-

PA5fL-, 

PA4 f!._ 
PA3.-~"-+--+--+--41>----~ 

PA2t=3""5 +-+-..... ---~ 
PA 1 t=34-+-+--~--. 
PAO t=33~---~ 

P87 ,_3~2---~ 

PB6 f!.-------, 
PB5 f2.--, 
PB4~ 
P83 l-'2"-8 +--+-+--' 

P82 l-'2"-7 +--+--' 

PBl~ 
PBO~ 

PD0t=2'-'4 ____ _, 

PDl t-2-3------~ 
PD2 t=2"'-2.._+-------' 

PD3F2-'+-+--------' 

*This connection depends on clock oscillator user selectable mask option. Use iumper if the RC mask option 1s selected. 

Figure 5. Self-Check Connections 
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Table 2. Self-Check Error Patterns 

LED Meanings 

PCO PC1 PC2 PC3 Remarks (1: LED ON; 0: LED OFF) 

1 0 1 0 Bad 1/0 
0 0 1 0 Bad Timer 
1 1 0 0 Bad RAM 
0 1 0 0 Bad ROM 
1 0 0 0 Bad AID 
0 0 0 0 Bad Interrupts or Request Flag 

All Flashing Good Device 

Anything else Bad Part, Bad Port C, etc. 

RESETS 

The MCU can be reset three ways: (1) by initial power
up (2) by the external reset input (RESET) and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
line logic level. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing the RESET input to go high. Connecting a ca
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcycl· Under this type of reset, the Schmitt trigger switches 
off at VIRES- to provide an internal reset voltage. 

LOW-VOLTAGE INHIBIT (LVI) 

The optional low-voltage detection circuit causes a re
set of the MCU if the power supply voltage falls below a 

1.0 µF •--<11.._-t-_, 
Typical 

/"J: 
POR 
Delay 

Capacitor 

*Disable L VI 

Pin 2 

Chargmg 
Current 
Source 

certain level IVLVI). The only requirement is that the Vee 
must remain at or below the VLVI threshold for one tcyc 
minimum. 

In typical applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
!eye· The output from the low-voltage detector is con
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level IVLVR) at 
which time a normal power-on reset occurs. 

INTERRUPTS 

The MCU can be interrupted four different ways: (1) 
through the external interrupt IRQ input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external port D bit 
6 (INT2) input pin . 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack and then 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

Strong 
Discharge 

Device 
Low Voltage 

Detector 

Vee 

(Optional) 

Figure 6. RESET Configuration 
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Pull 

n-4 1 I 1 I 1 I Cond1t1on Code Register 

1 
n-2 Accumulator n+2 n+ 1 j 
n-2 Index Register n+3 

n+4 

n+5 

n- 1 1 I 1 I 1 I 1 I PCH* 

PCL * 

Push 

*For subroutine calls, only PCH and PCL are stacked 

Figure 7. Interrupt Stacking Order 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 
If the timer mask bit (TCR6) is cleared, then, each time 

the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 

Reset 

1-1 (1n CCJ 
07F-SP 
0-DDRs 

CLR INT Logic 
FF-Timer 

7F - Prescaler 
7F-TCR 
7F-MR 

Load PC 
From 

FFE/FFF 

interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I bit in the CCR is set, 
masking further interrupts until the present one is serv
iced. The contents of the timer interrupt vector, contain
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 

Clear 
fNf 

Request 
latch 

Timer 

..-----,SWI 
PC-PC+ 1 

Load PC From 
sw1, FFC/FFD 
INT FFA/FFB 

Timer or 
INT2· FF8/FF9 

Figure 8. Reset and Interrupt Processing Flowchart 
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EXTERNAL INTERRUPT 

The external interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the I bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
and interrupt when the condition code I bit is clear. The 
following paragraphs describe two typical external in
terrupt circuits. 

Zero-Crossing Interrupt 

A sinusoidal input signal (flNT maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 

Digital-Signal Interrupt 
With this type of circuit (Figure 9b), the INT pin can be 

driven by a digital signal. The maximum frequency of a 

la) Zero.-Cr06Sing Interrupt 

MCU 

signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twL. twH
Refer to TIMER for additional information. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 

TIMER 

The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres
caler. The various timer sources are made via the timer 
control register (TCR). The 8-bit counter may be loaded 
under program control and is decremented toward zero. 
When the timer reaches zero, the timer interrupt request 
bit (bit 7) in the timer control register (TCR) is set. Refer 
to Figure 10 for timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
I bit in the condition code register is cleared and TCR bit 
6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by 1) saving the present 

(bl Digital-Signal Interrupt 

Vee 

TTL 4 7 K 

Level i"NT 
0191tal---__, 
Input 

MCU 

Figure 9. Typical Interrupt Circuits 

External 
Input 

NOTES: 

Selected by TCRO, 
TCR1, TCR2 

Cleared by 
TCR3 

Write 

Counter 
8 Bits 

Read 

Software Functions 

Interrupt 

Control 

Interrupt 

1. The prescaler and 8-bit counter are clocked on the rising edge of the internal clock {phase two) or external input. 
2. The counter is written to during data strobe (DSJ and counts down continuously. 

Figure 10. Timer Block Diagram 
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CPU state on the stack, 2) fetching the timer interrupt 
vector, and 3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with read-modify
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis
turbing the counting process. TDR is unaffected by reset. 

SOFTWARE CONTROLLED MODE 
The timer prescaler input can be configured for three 

different operating modes plus a disable mode, depend
ing on the value written to TCR control bits 4 and 5 (TCR4 
and TCR5). The following paragraphs describe the dif
ferent modes. 

Timer Input Mode 1 

When TCR4 and TCR5 are both programmed to zero, 
the timer input is from the internal clock (phase two) and 
the timer input pin is disabled. The internal clock mode 
can be used for periodic interrupt generation as well as 
a reference for frequency and event measurement. Dur
ing the WAIT instruction, the internal clock to the timer 
continues to run at its normal rate. 

Timer Input Mode 2 

When TCR4 = 1 and TCR5 = 0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is ± 1. 

Timer Input Mode 3 

When TCR4 = 0 and TCR5 = 1, no prescaler input fre
quency is applied to the prescaler and the timer is dis
abled. 

Timer Input Mode 4 

When TCR4 and TCR5 are both one, the timer input is 
from the external clock. The external clock can be used 
to count external events as well as to provide an external 
frequency for generating periodic interrupts. 

TIMER CONTROL REGISTER (TCR) $009 
This is an 8-bit register that controls various functions 

such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
Bit 3 is a write only bit. 

7 6 4 

I TCR7 I TCR6 TCR5 TCR4 TCR3 TCR2 TCRl TCRO 

RESET: 
u u u u 

TCR7 - Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 

1 =Set when the timer data register changes to all 
zeros 

0 =Cleared by external reset, power-on reset, or 
under program control 

TCR6 - Timer Interrupt Mask 
Used to inhibit the timer interrupt 

1 =Interrupt inhibited 
0 =Interrupt enabled 

TCR5 - External or Internal 
Selects input clock source 

1 =External clock selected 
0 =Internal clock selected (fosc/4) 

TCR4 - TIMER External Enable 
Used to enable external TIMER pin 

1 =Enables external timer pin 
0 =Disables external timer pin 

TCR3 - Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in
dicates a zero. 

TCR2, TCR1, TCRO - Prescaler Select Bits 
Decoded to select one of eight outputs of the pres
caler 

Prescaler 

TCR2 TCR1 TCRO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

ANALOG-TO-DIGITAL CONVERTER 

The chip resident 8-bit analog-to-digital (AID) converter 
uses a successive approximation technique as shown in 
Figure 11. Four external analog inputs can be connected 
to the AID through a multiplexer via port D. Four internal 
analog channels (VRH - VRL, VRH -VRL/2, VRH - VRLi4, 
and VRU may be selected for calibration. The accuracy 
of these internal channels may not meet the accuracy 
specifications of the external channels. 

Multiplexer selection is controlled by the AID control 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul
tiplexer selection. The ACR is shown in Figure 11. The 
converter uses 30 machine cycles to complete a conver
sion of a sampled analog input. When the conversion is 
complete, the digital value is placed in the AID result 
register (ARR); the conversion is flag set; selected input 
is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input is sampled for five machine cycles 
and held internally. 
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Table 3. A/D Input MUX Selection 

AID Control Register Input A/D Output (Hex) 

ACR2 ACR1 ACRO elected Min I Typ Max 

0 0 0 ANO 
0 0 1 AN1 
0 1 0 AN2 
0 1 1 AN3 
1 0 0 VRH* FE FF FF 
1 0 1 VRL* 00 00 01 
1 1 0 VRH/4* 3F 40 41 
1 1 1 VRH/2* 7F 80 81 

*Internal (calibration) levels 

The converter uses VRH ahd VRL as reference voltages. 
An input voltage equal to or greater than VRH converts 

PDC/ANO 

PD1/AN1 

PD2/AN2 

P03/AN3 

A/D 

O/A 

15 kO !Typl 

N 
<r <r 
u u 
<( <( 

to $FF. An input voltage equal to or less than VRL but 
greater than Vss, converts to $00. Maximum and mini
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and be 
referenced to VRL for the ratiometric conversion. To 
maintain full accuracy of the A/D, three requirements 
should be followed: (1) VRH should be equal to or less 
than Voo, (2) VRL should be equal to or greater than Vss 
but less than maximum specifications, and (3) VRH-VRL 
should be equal to or greater than 4 volts. 

The AID has a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing error to± 1/2 LSB, rather 
than +0, -1 LSB with no offset. This implies that, ig
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above VRL· Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRH· ideally. 

Control 
Logic 

Count 

A/0 
Result 

'---'--~-'--~~~~~~ Register 

Figure 11. A/D Block Diagram 

INSTRUCTION SET 

The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 

Function Mnemonic 

Load A from Memory LOA 

Load X from Memory LOX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

I 

Function Mnemonic 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
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read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 
r-----· 

Test for Negative or Zero TST 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

(Branch if Higher or Same) IBHS) 

Branch if Carry Set BCS 

(Branch if Lower) (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEQ 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch 1f Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 

branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O. .. 7) 

Branch if Bit n is Clear BRCLR n (n=O. . 7) 

Set Bit n BSET n In ~o . . . 7) 

Clear Bit n BCLR n (n=O. .. 71 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

OPCODE MAP SUMMARY 

Table 4 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single byte instruc
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab
solute addressing is also included. Two-byte direct ad
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 
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6 

~ Li'RS~ u_BS~ u_ LSR 
DTR 

~ ~ BCS!ill. o~ Li'RC~ LLBC~ 
10 7 4 6 

....l!l~ BRS~ _,_as~ LL BNE!ill. LL RO'.brn_ 

~ 7 4 6 
7 BRC~ LLBC~ LL BE'k. LL ASR 

0111· DIR 

~ 7 4 6 

_k BRS~ c.2_BS~ LLBHCfu LL LS':m. 
10 7 4 6 

9 Li'RC~ ..l.BC~ u_BHCfu LL RO':m. 1001 

[1RS:Ja_ 

4 6 

A Cz_BS~ u_ BPL!ill. LL DEC 
DIR 

10 7 4 
B BRCLR5 BC~ BM! 

1011 3 BTB 2 REL 
11g, ,+ SC 4 6 

,.lk_ BRS~ LLBS~ BMC INC 
2 REL 2 DIR 

~ !T 4 6 
D BRC~ LLBC~ LLSMk_ Ts1,. 11 I 

10 7 4 

11~ BRS~ LLBS~ LL BIL 
REL 

10 
[TBCLR7 

4 6 
F BRCLR7 BIH CLR 

1111 3 BTB 2 BSC 2 REL 2 DIR 

Abbravi1tlon1 for Addraaa Modes 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Seti Clear 
Bit Test and Branch 
Indexed INo Offset! 
Indexed, 1 Byte 18-Sitl Offset 
Indexed, 2 Byte 116-Bitl Offset 

• Table 4. Opcode Map 

Read-Mod.J!Y':Wrile Control Rogioll /-.y 
]!',[H ]!',[H :00 I INH J!'tli _Q]!l _ill: :m ...w. ..llS.. 
~ ~ __:,: ~ 8 9 A 8 ~ ~ J,. J,; ~ 1000 1001 1010 1011 

4 4 7 6 
1
9 RTI 

4 I' 6 SUB I' I' SUB NEG NEG LL NEG •NEG SUJ...,_ _,_ su8m. Li_ SU_lhr LL SUBJlU ~ 1 INH I INH IX\ I IX I INH ::l.<2._ jx_ 
• 2 4 5 ' 5 4 

RTS CMP CMP CMP CMP u_ CMP CMP ~ I !NH 2 !MM 2 DIR 3 EXT 3 IX2 IX\ I IX 

f2 SBC 
4 I' SBC T SBC T SBC I' SBC SBC __g]o IMM 2 DIR 3 EXT 3 1& ...1... IXl 1 IX 

4 4 7 • \\ 2 4 I' CPX 16 CPX 
T 

[T CPX COMA COMX -"-COM COM 
1 SW~ CPX CPX _L CP~ ~. 1 INH 1 INH IX\ I IX 2 IMM 2 DIR 3 ~T lllL 1 x 

4 4 7 6 2 4 I' ANO 1
5 AND T AND 

4 
LSRA LSRX LSR LSR AND AND 1 AND Jx. nk I INH I INH 2 IX\ I IX 2 IMM 2 DIA 3 EXT 3 l.i_ -2_ IX 

' 4 5 6 5 4 
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4 4 7 6 , 
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5 • 5 4 
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4 4. 7 • 2 

-,- STA 16 STA 6 STA I 5 STA ASRA ASRX ...L ASR ASR TAX 
3 ST~ ~~· 1 INH 1 INH 1xr 1 IX 1 !NH 2 DIR 3 EXT .J._ lXl 1 IX 

4 4 7 • 2 2 4 5 • -,- EOR [T EOR LSLA LSLX _L LSL LSL cLs,.,,_ EOk 
EOR EOR 3 EOR.!S.. 8 

1 INH 1 INH IX\ I IX 2 DIR 3 EXT _l_ IX1 1 IX 1000 
4 4 7 6 2 2 4 5 • 5 4 

ROLA AOLX ...L ROL ROL 
IX I SEC ADC ADC ADC ADC ADC ADC 9 
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4 4 7 6 2 2 
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I INH I INH 2 IX\ I IX I INH 2 DIR 3 EXT 3 IX2 2 IX1 1 IX 1100 
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IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 
In the extended addressing mode, the effective address 

of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. 

INDEX, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 
In the indexed, 8-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 
In the indexed, 16-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed, 8-bit offset except that this three
byte instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single two-byte in
struction. 

CAUTION 

The corresponding DDRs for ports A, B, and C are 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers is un
defined. Since BSET and BCLR are read-modify-write 
functions, these instructions cannot be used to set 
or clear a DDR bit (all "unaffected" bits would be 
set). It is recommended that all DDR bits in a port 
be written using a single-store instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from -125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltage Vin -0.3 to + 7.0 
Self-Check Mode (TIMER Pin Only) - 0.3 to + 15.0 

Operating Temperature Range TA TL to TH 
MC6805R3 0 to 70 
MC6805R3C -40 to +85 
MC6805R3V -40 to + 105 

Storage ·Temperature Range Tsjg -55 to + 150 

Junction Temperature TJ 
Plastic 150 
PLCC 150 
Cerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 0JA 
Plastic (P Suffix) 60 
PLCC (FN Suffix) 100 
Cerdip (S Suffix) 60 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ. in 'C can 
be obtained from: 

where: 

TA 
0JA 

Po 
PINT 
PpQRT 

TJ=TA+(Po•0JAl (1) 

=Ambient Temperature, 'C 
= Package Thermal Resistance, 

Junction-to-Ambient; °C/W 

= PINT+ PpoRT 
= lccxVcc. Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Unit 

v 
v 

'C 

'C 

°CIW 

Unit 

'CIW 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max
imum-rated voltages to this high-impedance 
circuit. For proper operation it is recom
mended the Viri and Vout be constrained to 
the range Vss "' (Vin or Voutl "' Vee· Reli
ability of operation is enhanced if unused in
puts except EXT AL are tied to an appropriate 
logic voltage level (e.g., either Vss or Vee). 

For most applications PpQRT<P1NT an? can be ne
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J (if 
PpQRT is neglected) is: 

. Po= K 7 (TJ +273'C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po. (TA+ 273'C) + 0JA•Po2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA Using this value of K, 
the values of Po and TJ can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA· 
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ELECTRICAL CHARACTERISTICS IV cc~+ 5.25 Vdc ± 0.5 Vdc, Vss ~ 0 Vdc, TA - TL to TH, unless otherwise noted) 

Characteristic Symbol Min 

Input High Voltage V1H 
RESET (4.75 "' Vee "' 5.75) 4.0 

Vee· 4.751 Vcc-o.5 
INT (4.75 • Vee., 5.751 4.0 

IV cc 4.75) Vcc-·0.5 
All Other 2.0 

Input High Voltage Timer V1H 
Timer Mode 2.0 
Self-Check Mode 9.0 

---

Input Low Voltage V1L 
RESET vss 
INT vss 
All Other (Except AID Inputs) Vss 

RESET Hysteresis Voltages 
"Out of Reset" VIRES+ 2 1 
"Into Reset" VIRES- 0.8 

-

INT Zero Crossing Input Voltage, Through a Capacitor V1NT 2 

Power Dissipation - (No Port Loading, Po 
Vee 5.75 v TA ~o·c -

for Steady-State Operation) TA- -40'C -

Input Capacitance Cin 
XTAL -
All Other Except Analog Inputs (See Note) -

Low Voltage Recover VLVR -

Low Voltage Inhibit VLVI 2.75 

Input Current 
TIMER IVin ~ 0.41 lin -
INT IV in - 2.4 v to Vccl -
EXTAL IVin ~ 2.4 V to Vee Crystal Option) -

l 
!Vin-· 0.4 V Crystal Option) -

RESET I Vin - 0.8 VI IRES - 4.0 
(External Capacitor Charging Current) 

NOTE: Port D analog inputs, when selected Cin-25 pF for the first 5 out of 30 cycles. 
*Due to internal biasing this input (when unused) floats to approximately 2.0 V. 

SWITCHING CHARACTERISTICS IVcc- +5.25 Vdc ±0.5 Vdc, Vss-O Vdc, TA-TL to THI 

Characteristic Symbol Min 

Oscillator Frequency fosc 0.4 

Cycle time (4/foscl t_c:y_c 0.95 

INT, INT2, and TIMER Pulse_ Width twL.tWH tc:y_c + 250 

RESET Pulse Width tRWL tc:y_c + 250 

INT Zero-Crossing Detection Input Frequency f1NT 0.03 

External Clock Input Duty Cycle IEXTAL) - 40 

Crystal Oscillator Start-Up Time - -
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Typ Max 

- Vee 
- Vee 
* Vee 
* vcc 

- Vee 

- Vee' 1.0 
10.0 15.0 

- 0.8 
* 1.5 

- 0.8 

- 4.0 
- 2.0 

- 4 

520 740 
580 800 

25 -
10 -

- 4.75 

3.75 4.70 

- 20 
20 50 
- 10 
- -1600 
- -40 

Typ Max 

- 4.2 

- 10 

- -

- -

- 1 

50 60 

- 100 

Unit 

v 

v 

v 

v 

Vac p-p 

mW 

pF • v 

v 

!'A 

Unit 

MHz 

fJ-S 

ns 

ns 

kHz 

% 

ms 
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AID CONVERTER CHARACTERISTICS (Vee= +5.25 Vdc±0.5 Vdc, Vss=O Vdc, TA=TL to TH!. unless otherwise noted) 

Min Typ Max Unit Comments 

Resolution 8 8 8 Bits 

Total Error - - +I- 2.25* LSB Difference between ideal and actual trans-
fer characteristics (includes non-linearity, 
zero offset and full scale errors) 

Absolute Accuracy - - +/- 2.75* LSB Difference between the actual input voltage 
and the full-scale weighted equivalent of 
the binary output code. All error sources 
included 

Quantizing Error - - +I- .5 LSB Uncertainty due to converter resolution (in-
herent) 

Conversion Range VRL - VRH v 
VRH - - Vee v AID accuracy may decrease proportionately 

VRL Vss - 0.2 v as VRH is reduced below 4.75 V. The sum 
of VRH and VRL must not exceed Vee 

Conversion Time 30 30 30 t'2if Includes sample time 

Monotonicity Inherent with total error 

Sample Time 5 5 5 t'2if 

Sample/Hold Capacitance, Input - - 25 pF 

Analog Input Voltage VRL - VRH v Negative transients on any analog lines (Pins 
19-24) are not allowed at any time during 
conversion. 

*Note: Accuracy may decrease at temperatures above TA=85°C or fosc<3.57 MHz. 

Test 
Point 

Test 
point 

40 pF 
(Total) 

Vcc=5.75 v 

Figure 12. TTL Equivalent Test Load 
(Port 8) 

30 pf' 
(Total) 

Vcc=5.75 v 

Figure 14. TTL Equivalent Test Load 
(Ports A and C) 

Test Point 0----1.., 
I ,, ""'°"" 

Figure 13. CMOS Equivalent Test Load 
(Port A) 

Test 
Point 

Figure 15. Open-Drain Equivalent Test Load 
(Port Cl 
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~art DOA 

Port Data 

IP= Input Protection 

MC6805R3 

~Voo 

f Port A CMOS 
k Pull up Option 

I 

Figure 16. Ports A and C Logic Diagram 

Figure 18. Typical Input Protection 

Voo 

PB DOR 

PB Data 

Figure 17. Port B Logic Diagram 

TestPoint ~ 

?' 
Vary V, 

Measure I 

Figure 19. 1/0 Characteristic 
Measurement Circuit 
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PORT ELECTRICAL CHARACTERISTICS (Vee~+ 5.25 Vdc± 0.5 Vdc, Vss ~ o Vdc, TA~ TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Port A with CMOS Drive Enabled 

Output Low Voltage, I Load~ 1.6 mA VOL - - 0.4 v 
Output High Voltage, I Load~ - 100 µA VoH 2.4 - - v 
Output High Voltage, I Load~ - 10 µA VoH Vcc-1 - - v 
Input High Voltage, ILoad ~ -300 µA (max.) V1H 2.0 - Vee v 
Input Low Voltage, I Load~ -500 µA (max.) V1L Vss - 0.8 v 
Hi-Z State Input Current (Vin~ 2.0 V to Vccl l1H - - 300 µA 

Hi-Z State Input Current IVin~0.4 VI l1L - - -500 µA 

Port B 

Output Low Voltage, I Load~ 3.2 mA Vol - - 0.4 v 
Output Low Voltage, I Load~ 10 mA (Sink) Vol - - 1.0 v 
Output High Voltage, I Load~ -200 µA VoH 2.4 - - v 
Darlington Current Drive (Source), Vo~ 1.5 V IOH -1.0 - 10 mA 

Input High Voltage V1H 2.0 - Vee v 
Input Low Voltage V1L Vss - 0.8 v 
Hi-Z State Input Current 1Ts1 - <2 10 fl A 

Port C and Port A with TIL Drive 

Output Low Voltage, I Load~ 1.6 mA Vol - - 0.4 v 
Output High Voltage, I Load~ -100 flA VoH 2.4 - - v 
Input High Voltage V1H 2.0 - Vee v 
Input Low Voltage V1L Vss - 0.8 v 
Hi-Z State Input Current ITSI - <2 10 µA 

Port C (Open-Drain Option) 

Input High Voltage PCO-PC6 V1H 2.0 - 13.0 v 
Input High Voltage PC7 V1H 2.0 - Vee v 
Input Low Voltage V1L Vss - 0.8 v 
Input Leakage Current IV;n ~ 13.0 VI ILQD - <3 15 µA 

Output Low Voltage, I Load~ 1.6 mA Vol - - 0.4 v 
Port D (Digital Inputs Only) 

Input High Voltage V1H 2.0 - Vee v 
Input Low Voltage V1L Vss - 0.8 v 
Input Current* lin - <1 5 !LA 

*PD4NRL - PD5NRH· The AID conversion resistor (15 kl! typical) is connected internally between these two lines, impacting their 
use as digital inputs in some applications. 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola in the following media: 

MOOS, disk file 
MS-DOS/PC-DOS disk file 
EPROM(s) MC68705R3, 2532, 2732, or two 2516/2716 

To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MOOS''" or MS''"'-DOS/ 
PC-DOS disk file), programmed with the customer's pro
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis
kette should be clearly labeled with the customer's name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MDOS Disk File 

MOOS is Motorola's Disk Operating System available 
on the EXORciser'' development system. The disk media 
submitted must be a single-side, single-density, 8 inch 
MOOS compatible floppy diskette. The diskette must con
tain the minimum set of MOOS system files in addition 
to the pattern Ii le. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in
cluding those in the user space, must be set to zero. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM'' Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A MC68705R3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer's program 
(positive logic sense for address and data), may be sub
mitted for pattern generation. Since all program and data 
space information will fit on one MC68705R3/2532/2732 
or two 2516/2716 type EPROM(s), the EPROM(s) must be 
programmed as described in the following paragraph. 

MOOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

For the 2532, 2732, or MC68705R3, the ROM code should 
be located from $080 to $F37 and the interrupt vectors 
from $FF8 to $FFF. For the 2516s or 2716s, the ROM code 
should be located from $080 to $7FF in the first EPROM 
and from $0 to $737 in the second EPROM. The interrupt 
vectors should be in the second EPROM from $7F8 to 
$7FF. 

EPROM MARKING 

$080 

xxx =Customer ID 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 

ROM 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
at room temperature and at five volts. These RVUs are 
free with the minimum order quantity but are not pro
duction parts. These RVUs are not guaranteed by Mo
torola Quality Assurance. 

ORDERING INFORMATION 

The following table provides generic information per
taining to the package type, temperature, and MC order 
numbers for the MC6805R3. 

Table 5. Generic Information 

Package Type Temperature Order Number 

Plastic o·c to 70'C MC6805R3P 
IP Suffix) · 40"C to + 85"C MC6805R3CP 

Cerdip o·c to 70'C MC6805R3S 
S Suffix - 40 C to T 85'C MC6805R3CS 

PLCC o··c to 70'C MC6805R3FN 
FN Suffix - 40'C to 1 85"C MC6805R3CFN 

IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 

PIN ASSIGNMENTS 

Dual-in-Line Package PLCC Package 

PC1 

PC3 

PC5 

PD7 

PD6/INT2 

PD5iVRH 

PD4iVRL 

PA7 

PA6 

PA5 

PA4 

PA3 

PA2 

PAl 

PAO 

PB7 

PB6 

PB5 

PB4 

PB3 

PB2 

PBl 

PBO 

PDO/ANO 

PD1/AN1 

PD2/ AN2 

PD3/AN3 

XTAL 
IVssl NUM 

TIMER 
PCO 
PC1 
PC2 
PC3 
PC4 
PC5 
NC 

PC6 

6 40 

18 

uo I- a:a:cnzzzzCO !"'-- ,....., IN I ':J U'J M N ~ 0 0 

0....0.. ~2:2:>:::!-~.-:!~a.. 

''"" .,. M N .-- 0 
Cl Cl Cl Cl Cl Cl Cl 
0... 0... 0... a.. a.... a.. 0.... 
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Technical Summary 
8-Bit Microcontroller Unit 

MC6805S2 

The MC6805S2 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of microcontroll
ers. This low cost MCU has parallel 1/0 capability with pins programmable as input or output. This publica
tion contains condensed information on the MCU; for detailed information, refer to Advance Information 8-
Bit Microcompters (ADl997R1) or contact your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features available 
on the MCU. 

• Internal 7-Bit Timer and 15-Bit Programmable Prescaler • Self-Check Mode 
• On-chip Oscillator • 1480 Bytes of ROM 
• Memory Mapped 1/0 • 64 Bytes of RAM 
• Versatile Interrupt Handling • Serial Peripheral Interface (SPI) 
• Bit Manipulation • One 8-Bit and One 16-Bit Timer 
• Bit Test and Branch Instruction • A/D Converter 
• Vectored Interrupts 

BLOCK DIAGRAM 

PRESCALERl/PCO PRESCALER2/PCI 

XTAL :=a=: <1>1 
CLOCK 

TIMER A PRESCALER I 

EXTAL tb2 TIMER A CONTROL 
REGISTER 

PAO 

PAI 

PA2 

PA3 ACCUMULATOR 

PA4 INDEX REGISTER 

PA5 CONDITION CODE 

PA6 
REGISTER 

PAI 
STACK POINTER 

RESET 
CONTROL 

INTI 

SPI CONTROL OCR 

SPI DATA PORT B 

PBO PBl PB2 PB3 
SPISS SPICL SPID SPID 

PROGRAM 
COUNTER 

LOW 

PROGRAM 
COUNTER 

HIGH 

ALU 

SELF-CHECK 
ROM 

248x8 

ROM 
1480 xe 

TIMER B CONTROL 
REGISTER 

AUXILIARY COUNTER 

AID CONVERTER 

PORT D 

ANO/PDO 

ANllPAI 

AN2/PD2 

AN3/PD3 

VRL 

VRH 

INT21 
AN41 
Vsrnv 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

Vee and V55 
Power is supplied to the microcontroller using these 

two pins. Vee is + 5.25 volts ( :t 0.5b.) power, and Vss is 
ground. 

NUM 

This pin is for factory use only. It should be connected 
to Vss. 

INT1, INT2 

These pins provide the capability for asynchronously 
applying an external interrupt to the MeU. Refer to IN
TERRUPTS for more detailed information. 

XTAL,EXTAL 
These pins provide control input for the on-chip clock 

oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal (depending on user selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 

RC Oscillator 

With this option, a resistor/capacitor combination is 
connected to the oscillator pins as shown in Figure 1 (c). 
Refer to Figure 2 for the relationship between Rand fosc· 

EXTAL 
27 

EXTERNAL 

At-CUT PARALLEL RESONANCE 
CRYSTAL 
Co=7 pF MAX. 
FREQ.= 4.0 MHz!u CL= 24 pF 
Rs= 40 OHMS MAX. 

26 XTAL 

CLOCK 27 EXTAL 
INPUT 

MCU 
EITHER CRYSTAL 

OR RC MASK 
OPTION 

(TTL COMPATIBLE, 
LOW IMPEDANCE 

SOURCEI 

EXTERNAL CLOCK 

XTAL 
26 

Crystal 
The circuit shown in Figure 1 (b) is recommended when 

using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and startup stabilization time. 

External Clock 
An external clock should be applied to the EXT AL input 

with the XTAL input not connected, as shown in Figure 

8.0 

N 7.0 
:i:: 

~ 
ti 

6.0 

~ 5.0 
:::> 

~ 4.0 

"' 0 3.0 

~ 2.0 u 
"' 0 

1.0 

0 

J 
~ 
"SJ 

]'::.] 

0 10 20 30 40 50 60 70 

RESISTANCE (k!!I 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

MCU 
(RESISTOR MASK 

OPTIONI 

MCU 
EXTAL (CRYSTAL MASK 

OPTION 

CRYSTAL 

MCU 
EXTAL (RESISTOR MASK 

OPTION) 

80 

APPROXIMATELY 10% to 25% 
ACCURACY 

APPROXIMATELY 25% to 50% 
ACCURACY 

EXTERNAL RESISTOR 
(EXCLUDES RESISTOR TOLERANCE) 

TYPICAL tcyc = 1.25 µs 
EXTERNAL JUMPER 

NOTE: The recommended CL value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. For crystal 
frequencies other than 4 MHz, the total capacitance on each pin should be scaled as the inverse of the frequency ratio. For 
example, with 2 MHz crystal, use approximately 50 pF on EXTAL and approximately 50 pF on XTAL. The exact value depends 
on the motional-arm parametes of the crystal used. 

Figure 1. Oscillator Connections 
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1(d). This option may only be used with the Re or XTAL 
option selected. 

PCO, PC1 

These pins allow an external input to be used to dec
rement the internal timer circuit. Refer to TIMERS for 
additional information. 

RESET 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB3, PCO-PC1, and 
PDO-PD6) 

Port A. B, and Care programmable as either inputs or 
outputs under software control of the data direction reg
isters. Port D is a fixed input port and not controlled by 
any data register. Port D has up to four analog inputs or 
five via the mask option, plus two voltage reference in
puts when the analog-to-di.lJ.!.!!l! (A/D) converter is used 
(PD51VRH· PD4iVRLl and an INT2 input. If the analog input 
is used, then the voltage reference pins (PD51VRH and 
PD41VRL) must be used in the analog mode. Refer to 
PROGRAMMING for additional information. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Ports A, B, and Care programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). The port 1/0 programming is 
accomplished by writing the corresponding bit in the port 
DDR to a logic one for output and a logic zero for input. 

DATA 

On reset, all DDRs are initialized to a logic zero state to 
put the ports in the input mode. The port output registers 
are not initialized on reset and should be written to before 
setting the DDR bits. 

Port D provides the multiplexed analog inputs, refer
ence voltages, and INT2. These lines are shared with the 
port D digital inputs. PDO-PD3 may always be used as 
digital or l!nalog inputs. The VRL and VRH lines are in
ternally connected by the AID resistor. Analog inputs may 
be prescaled to attain the VRL and VRH recommended 
input voltage range. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). Refer to Figure 3 for 
typical port circuitry. 

PORT B TOGGLE CAPABILITY 

Port BO and B1 registers have toggle capability at the 
timer underflow times. Under the control of the timer 
output cross-couple bit in the miscellaneous register 
(MRO). the overflow pulses from timer A and B are di
rected to port BO and B1 data registers. See Figure 4 for 
port B configuration flow chart. 

An incoming toggle pulse on port BO is allowed to 
toggle the data register if port B DCR bit 4 (DCR4) is 
cleared. This bit is set on reset. An incoming toggle pulse 
on port B1 is allowed to toggle the port B1 data register 

DIRECTION REGISTER.----.-------..-------, 

Data 
Direction 
Register 

Bit 

1 
1 
0 

"' ~z 
« ~ z >-
"'LI 
~~ 

>-- z zz -o 
LI 

Output 
Data 
Bit 

1 
x 

BIT* 

LATCHED 
OUTPUT 

DATA 
BIT 

Output 
State 

0 
1 

High-Z** 

Input 
*DDR is a write-only register and reads as all "ones". To 

MCU **Ports A (with CMOS drive disabled), B, and Care three-state 
ports. Port A has optional internal pullup devices to provide 

0 CMOS drive capability. See Electrical Characteristics tables 
for complete information. 

Pin 

Figure 3. Typical Port 1/0 Circuitry and 
Register Configuration 
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under the following conditions governed by control bits 
in SPI control register and SPI clock arbitration flip-flop 
status. 

PB1 toggle enable= (SPICR7)•SPICR4• 

where: 

(PBO + DDRBO) + SPICR2• 
SPICR4•CLAQ 

SPICR7 = SPI interrupt request bit 
SPICR4 = SPI operation enable bit 
SPICR2 =port B1 toggle enable/start bit 
CLAQ =clock arbitration flip-flop output 

When PB1 toggle enable is asserted, the MCU write to 
PB1 data register is inhibited. When SPI is not used, SPICR4 
and CLAQ are reset. Therefore, SPICR2 can directly con
trol the port B1 toggle capability. Port toggle capability 
allows action on port BO or B1 or both as a result of timer 
overflows. This method speeds up timer overflow to port 
service. A write to port BO or B1 data registers is inhibited 
while the individual port toggle enable is asserted. 

The port B DCR consists of four status bits (DCR7-DCR4) 
and four data direction bits (DCR3-DCRO). DCR4 is a tog
gle enable control bit for port BO. When cleared, the timer 
overflow pulse causes the data register on port BO to 
toggle. Port A has an 8-bit and port C has a 2-bit wide 
data direction register. 

MEMORY 

The MCU is capable of addressing 4096 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
5. The locations consist of user ROM, self-check ROM, 
user RAM, five timer registers, a miscellaneous register, 
two AID registers, two SPI registers, and 1/0. The interrupt 
vectors are located from $FF8 to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 

The MCU contains the registers described in the fol
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

x 

PROGRAM COUNTER (PC) 

The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 

11 8 7 

PCH PCL 

STACK POINTER (SP) 

The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (ASP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

11 5 4 

I 0 I 0 I 0 I 0 I 0 I 1 I 1 I SP 

CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program and specific actions can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 

Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timers (both A and B), the 
external (INT1 and INT2) interrupts, and the SPI interrupt 
are masked (disabled). If an interrupt occurs while this 
bit is set, the interrupt is latched and is processed as soon 
as the interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 
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MC6805S2 

PORT A 

PORT B 
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PORT 0 

PORT A DOR' 

PORT B OCR* 

PORT C DOR* 

NOT USED 

TIMER A 

TIMER A CONT. REG. 

I ADDRESS!. 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

B 2495 $9BF 

2496 $9CO 

M 

MISC. REGISTER 

TIMER B MSB 

TIMER B LSB 

TIMER B CONT. REG . 

A/O CONTROL 

$00A 

$00B 

$00C 

$000 

$00E 

3839 

3840 

4087 

T4088 
"' a: 

~ 
~~ 
~~ 
a: 
ffi ,_ 
;!!; 

14095 

(1344 BYTES) 

SELF-CHECK 
ROM 

(248 BYTES) 

TIMERS IA, Bl. 
SPI, INT2 

EXTERNAL INT 1 

SWI 

RESET 

$EFF 

$FOO 

$FF7 

$FF8 

$FF9 

$FFA 

SFFB 

$FFC 

$FFO 

$FFE 

$FFF 

*Registers are write only and read as $FF. 
**Mask option 

A/O RESULT SOOF 

SPI DATA $010 

SPI CONTROL $011 

$012 

NOT USED 
146 BYTES) 

$03F ----
$040 

RAM 
(64 BYTES) 

$07F 

~ 

Figure 5. Memory Map 

STANDBY RAM'' 
(16 BYTES) 

USER RAM 
117 BYTES) 

SHARED STACK RAM 
(31 BYTES) 

CAfilIBillJ 
$040 

$04F 
$050 

$060 

$061 

$07F 

Zero (Z) I MR7 I MR6 MR5 MR4 MR3 I MR2 I MRl I MR~ 
When set, this bit indicates that the result of the last 

arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (Cl 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This. bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 

MISCELLANEOUS REGISTERS (MRI $0A 
This register contains control and status information 

related to INT2, auxiliary counter, prescalers 1 and 2, and 
timer overflow. 

RESET: 
0 

MR7 - INT2 Interrupt Request Bit 
If not masked by MR6, it causes an interrupt to the 
MCU, and if the I bit in the CCR is clear, the MCU will 
acknowledge the interrupt. 

1 =Interrupt requested 
0= Interrupt not requested 

MR6 - INT2 Interrupt Request Mask 
1 =Inhibits INT2 inte~t request 
0 =Does not inhibit INT2 interrupt request 

MR5 - Auxiliary Counter Status/Preset Bit 
If not masked by MR4, it will drive a switch to Vss on 
the RESET pin causing the MCU to reset. This bit may 
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be used as an auxiliary counter preset bit. If MR5 is 
clear, a write of logic one will preset the auxiliary 
counter, and if set, a write of logic zero will preset the 
auxiliary counter. 

1 =Auxiliary counter overflow 
0 =Auxiliary counter clear 

MR4 - Watchdog Control Bit 
This bit cannot be set via software. The watchdog timer 
can only be disabled by reset. 

1 =Watchdog timer disabled 
0 =Watchdog timer enabled 

MR3 - Prescaler 1 Clear Bit 
Presets the contents of prescaler 1 to $7F 

1 = Prescaler 1 preset 
0 = Prescaler 1 not preset 

MR2 - Prescaler 2 Clear Bit 
Presets the contents of prescaler 2 to $7FFF 

1 = Prescaler 2 preset 
0 = Prescaler 2 not preset 

MR1 - Prescaler Cross-Couple Bit 
This bit controls the output of prescalers 1 and 2 and 
directs them to either timer A or B clock inputs. 

1 = Prescaler 1 feeds timer B clock input, and pres
caler 2 feeds timer A input 

0 = Prescaler 1 output is used as clock input for timer 
A, and prescaler 2 output is used as clock input 
for timer B 

28 
+9V 27 

Vee 26 

25 

24 

23 

22 
AN2 

21 
ANI 

20 
PA5 

ANO 
10 

PA4 
19 

PBO 
11 18 

PA3 

PBI 
12 17 

PA2 

PB2 16 
PAl 

13 
PB3 PAO 

14 15 

MRO - Port B Toggle Cross-Couple Bit 
This bit controls the overflow pulses of timers A and 
B and directs them to either port BO or Bl. 

1 =Timer A overflow output is directed to port BO, 
and timer B output is directed to port B1 

0 =Overflow output pulse of timer A is used as a port 
B1 data register toggle clock source, and timer B 
overflow output pulse is directed to port BO toggle 
clock input 

SELF CHECK 

The self check is initiated by connecting the MCU as 
shown in Figure 6 and then monitoring the output of port 
C (bit 0) for an oscillation of approximately 7 Hz. The self
check program exercises the CPU, 1/0, RAM, ROM, timers, 
interrupts, analog-to-digital (AID) converter, and the aux
iliary counter. 

The RAM, ROM, and 4-channel AID test can be called 
by a user program. The timer test may be called if the 
timer input is the internal clock. 

RESETS 

The MCU can be reset four ways: (1) by initial power
up; (2) by the external reset input (RESET); (3) by a forced 

~-.... _.-a Vee 

CLOCK 

----- - - -

Vee 

Rl ~6 kl! 
R2~3 kll 
R3 ~ 200 ll 
R4~390 ll 
Cl ~22 pF 
C2~ 1 1-LF 
e3~0.1 1-LF 

4 x R4 

*RC Oscillator Option Shown. If 00-02 LEDs Blinking~ Device Passes Test 
03 Blinking~ Watchdog Reset Problem 

Figure 6. Self-Check Connections 
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Vee Vee 

INTERNAL 
RESET 

MISCELLANEOUS REGISTER 

220 k!! 
TYP. 

100 !! 
TYP. 

23 RESET 

I 
1 µf TYP.** 

**OPTION-100 ms DELAY 
TYPICAL DURING POWER UP 

Figure 7. Reset Circuit 

reset generated by the "watchdog" counter; and (4) by 
an optional internal low voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
line logic level. Figure 7 shows the MCU reset circuit. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 8) typically provides sufficient 
delay. 

1.0 µf 

MCU 

Figure 8. Power-Up Reset Delay Circuit 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyc). Under this type of reset, the Schmitt trigger switches 
off at VIRES- to provide an internal reset voltage. 

FORCED RESET 

If the auxiliary counter reset mask bit in the miscella
neous counter (MR4) is cleared and the auxiliary counter 

status bit (MR5) is set as a result of counter overflow, a 
switch to Vss is turned on pulling the RESET pin low. A 
consequent voltage drop below VIRES- on RESET causes 
a reset, which in turn sets MR4. Switching to Vss when 
the RESET pin is turned off allows voltage to rise above 
VIRES+, after which the reset is released. RESET pin 
voltage variation occurring as a result of forced reset may 
be amplified externally in order to provide a resetto other 
peripheral circuits in the system. The reset output from 
the MCU is not TTL compatible. 

LOW-VOLTAGE INHIBIT (LVI) 
The optional low-voltage detection circuit causes a re

set of the MCU if the power supply voltage falls below a 
certain level !VLVI). The only requirement is that the Vee 
must remain at or below the VLVI threshold for one tcyc 
minimum. 

In typical applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc· The output from the low-voltage detector is con
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLVR) at 
which time a normal power-on reset occurs. 

INTERRUPTS 

The MCU can be interrupted seven different ways: 
through the external interrupt INT1 input pin, with the 
internal timer (either A or B) interrupt request, using the 
software interrupt instruction (SWI), SPI interrupt re
quest, external port D bit 6 (INT2) input pin, or at reset. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
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additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 9. 

PUSH 

t 
7 6 5 4 3 

n 4 l CONDITION 
I I I CODE REGISTER 

ACCUMULATOR 

INDEX REGiSTER 

111 1J PCH' 

PCL' 

n 3 

n I 

PULL 

nt 1 

n I 2 

r. 3 

~ 1114 

nt5 

x For subroutine calls, only PCH and PCL are stacked. 

Figure 9. Interrupt Stacking Order 

I• lllN CCR) 
OJF •SP 

40.SPICR 
FFFF •TIMER B 

7FFF •PRES CALER 2 
FO • DCRB 
50 • TBCR 
FC ~ DDRC 
0 •DORA 

CLR INT LOGIC 
FFHIMER A 

7F •PRES CALER I 
50.TACR 
50.MR 

07 • ACSR 

LOAD PC 
FROM 

FFE/FFF 

'MR7•MR6 
!INTI! 

TACR7•TACR6 
(TIMER A) 

TBCR7•TBCR6 
(TIMER Bl 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are con
sidered pending until the current instruction is complElte. 

NOTE 
The current instruction is considered to be the one 
already fetched and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 10 for the reset and interrupt 
instruction processing sequence. 

CLEAR 
INTI 

REQUEST 
LATCH 

TIMER A, B. 
INT2, SPI 

PC PC+ I 

SPICR7•SPICR6 
(SPI) 

LOAD PC FROM 
SWI FFCIFFC 
INT FFAIFFB 

TIMER A, TIMER B. 
SPI OR INT2 

Ff81FF9 

Figure 10. Reset and Interrupt Processing Flowchart 

MOTOROLA MICROPROCESSOR DATA 

3-481 



• 

MC6805S2 

TIMER INTERRUPT 

Each interrupt, except INT1, has a separate mask bit 
which must also be cleared, in addition to the I bit, for 
the MCU to acknowledge the interrupt. The INT2, timer 
A, timer B, and SPI interrupts each have their own in
dependent mask bits contained in MR6, TACR6, TBCR6, 
and SPICR6. The interrupt routine must determine the 
source of the interrupt by examining the interrupt request 
bits, TACR7, TBCR7, MR7, and SPICR7. These bits must 
be cleared by software. The INT1 interrupt has its own 
vector address. Therefore, the INT1 interrupt request is 
cleared automatically, and then the INT1 vector is serv
iced. 

EXTERNAL INTERRUPT 

The. external interrupt is internally synchronized and 
then latched on the falling edge of INT1 and INT2. Clear
ing the I bit enables the external interrupt. The INT2 in
terrupt has an interrupt request bit (bit 7) and a mask bit 
(bit 6) in the miscellaneous register (MR). The INT2 in
terrupt is inhibited when the mask bit is set. The INT2 is 
always read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to proc
ess an interrupt when the condition code I bit is clear. 
The following paragraphs describe two typical external 
interrupt circuits. 

Zero-Crossing Interrupt 

A sinusoidal input signal (flNT1 maximum) can be used 
to generate an external interrupt (see Figure 11 al for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 

Digital-Signal Interrupt 

With this type of circuit (Figure 11b), the INT1 pin can 
be driven by a digital signal. The maximum frequency of 
a signal that can be recognized by the TIMER or INT1 pin 
logic is dependent on the parameter labeled twL, tWH· 
Refer to TIMER for additional information. 

AC 
if1NTMAX.I 
R"'l M!! 
AC INPUT 
~10 Vacp-p 

I CURRENT 

~;::'" 
IAI ZERO-CROSSING INTERRUPT 

MCU 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 

TIMERS 

The MCU has three timers and two programmable 
prescalers. The timers are identified as timer A, B, and 
the auxiliary counter. Refer to Figure 12 for timers A and 
B block diagram. The following paragraphs described the 
different timers. 

TIMER A 

Timer A is an 8-bit programmable counter, which can 
be loaded under program control. Timer A also includes 
a modulus latch which allows the timer to be "auto-re
loaded." As clock inputs are recaived, timer A decrements 
toward $00. When $00 is reached, bit 7 in the timer A 
control register is set and the timer is reloaded with the 
contents of the modulus latch. An overflow condition is 
also generated when value $00 is reached. This state can 
be used to toggle bit 0 or bit 1 of port B directly under 
the control of the miscellaneous register (MRO), the SPI 
control register, and the port B data direction register. 
Setting TACR6 or the I bit in the condition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit MUST be cleared by software. 
There are three ways of loading data from the modulus 
latch into timer A as described in the following pa rag rahs. 

Direct Loading 

When the MCU writes to timer A data register, the data 
is latched by the modulus latch, and forced into the timer. 
This operation requires that TACR3 be cleared. 

Asynchronous External Event Loading 

When TACR3 is a logic one, the contents of the mod
ulus latch are transferred to the timer at the rising edge 
of INT2 interrupt request bit (MR7) gated with interrupt 
request mask bit (MR6). If this loading is used, care must 

Vee 

4.7 k 
TTL 

LEVEL 25 INTI 
DIGITAL--...-~ MCU 

INPUT 

IBI DIGITAL-SIGNAL INTERRUPT 

Figure 11. Typical Interrupt Circuits (INT1) 
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SELECT 
TACR4,5 .. ,,~~:" ,, ?Y I 

INTERNAL 
CLOCK 

SELECT 
TBCR4,5 

PRESCALE~, 1 "' Fl 
INTERNAL 

CLOCK 

RESET 
MR3 

RESET 
MR2 

SELECT 

TACR2,1,0 

MODULUS LATCH 

INT. 
REQUEST 

READ/WRITE LSB 

TO MCU 

PORT Bl TOGGLE 

PORT BO TOGGLE 

TO MCU 

Figure 12. Timers A and B Block Diagram 

be taken in programming as it will start an interrupt serv
ice routine if the I bit in the CCR is clear. Loading $00 to 
timer A allows a countdown of 256 clocks before the next 
$00 state is reached. 

Auto-Loading 

The modulus latch is automatically loaded when the 
timer reaches $00. This loading is dependent on the set
ting of TACR3. Auto-loading also occurs in both the pre
vious loading modes. Timer A can be read at any time 
without affecting the countdown of the timer. The timer 
and modulus latch are set to $FF on reset 

NOTE 

Loading $01 to timer A should be avoided when 
operating with a divide-by-one prescaler. Doing so 
will inhibit timer A auto-loading, interrupt genera
tion, and port B toggle mechanisms. 

TIMER A CONTROL REGISTER $09 

7 6 5 4 3 2 1 0 

I TACR7 I TACR6 I TACR5 I TACR4 I TACR3 I TACR2 I TACRl I TACRO I 
RESET: 

0 

TACR7 - Timer A Interrupt Request Flag 
1 =Timer A has transition to $00 
0 =Software or reset cleared 

TACR6 - Timer A Interrupt Request Mask 
1 =Interrupt request inhibited 
0= Interrupt request not inhibited 

TACR5 - External or Internal Bit 
1 =External clock source for prescaler 1 
0 =Internal clock source for prescaler 1 

TACR4 - External Enable Bit 
Control bit used to enable the external timer pin 
(PRESCALER1/PCO). 
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TACR5 TACR4 Prescaler 1 Clock Source 

0 0 Internal Clock 

0 1 AND of Internal Clock and PRESCALER1/ 
PCO* 

1 0 Inputs Disabled 

1 1 PRESCALER1/PCO* Low-to-High Transi-
ti on 

*The status of PRESCALER1/PCO depends upon the data direc
tion status of PRESCALER1/PCO. If PRESCALER1/PCO is an out
put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER1/PCO. 

TACR3 - Timer A Load Mode Control 
1 =Asynchronous external event loading (INT2 driven 

loading is enabled) 
0 =Allows direct loading of timer A 

TACR2, TACR1, TACRO- Prescaler 1 Division Ratio Con
trol Bits 

When set, these bits select one of eight possible out
puts on prescaler 1. 

TACR2 TACR1 TACRO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

TIMER B 

This is a 16-bit timer which is accessed via two registers 
($OB for the most-significant byte (MSB) and $0C for the 
least-significant byte (LSB)). The MSB has a "pipeline" 
latch that allows a "snap shot" value of the entire 16 bits 
to be read. Read/write operations to the LSB are direct. 
The LSB can be read at anytime without disturbing the 
count. When the LSB is read, the contents of the MSB 
are loaded into the pipeline latch so a read of the MSB 
is actually the contents of the latch. 

When writing to the LSB, the contents are immediately 
entered into the timer. At the same time the pipeline 
contents are forced into the MSB of the timer. This allows 
a 16-bit word to be placed into the timer data register 
during a LSB write operation. An underflow condition is 
also generated when value $00 is reached. This state can 
be used to toggle bit 0 or bit 1 of port B directly under 
the control of the miscellaneous register (MRO), the SPI 
control register, and the port B data direction register. 
Setting TBCR6 or the I bit in the condition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit MUST be cleared by software. 

TIMER B CONTROL AND STATUS REGISTER $00 

7 6 5 4 3 2 1 0 

I TBCR7 I TBCR6 I TBCR5 I TBCR4 I TBCR3 I TBCR2 I TBCRl I TBCRO I 
RESET: 

TBCR7 - Timer B Interrupt Request Flag 
1 =Timer B has transition to $00 
0 =Software or reset cleared 

TBCR6 - Timer B Interrupt Request Mask 
1 =Interrupt request inhibited 
0 =Interrupt request not inhibited 

TBCR5 - External or Internal Bit 
1 =External clock source for prescaler 2 
0 =Internal clock source for prescaler 2 

TBCR4 - External Enable Bit 
Control bit used to enable the external timer pin 
(PRESCALER2/PC1 ). 

TBCR5 TBCR4 Prescaler 2 Clock Source 

0 0 Internal Clock 

0 1 AND of Internal Clock and PRESCALER2 
PC1* 

1 0 Inputs Disabled 

1 1 PRESCALER2/PC1 * Low-to-High Transi-
ti on 

*The status of PRESCALER2!PC1 depends upon the data direc
tion status of PRESCALER2/PC1. If PRESCALER2iPC1 is an out
put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER2/PC1. 

TBCR3, TBCR2, TBCR1, TBCRO - Prescaler 2 Division 
Ratio Control Bits 

When set, these bits select one of eight possible output 
on prescaler 2. 

TBCR3 TBCR2 TBCR1 TBCRO Divide By 

0 0 0 0 1 

0 0 0 1 2 

0 0 1 0 4 

0 0 1 1 8 

0 1 0 0 16 

0 1 0 1 32 

0 1 1 0 64 

0 1 1 1 128 

1 0 0 0 256 

1 0 0 1 512 

1 0 1 0 1024 

1 0 1 1 2048 

1 1 0 0 4096 

1 1 0 1 8192 

1 1 1 0 16384 

1 1 1 1 32768 
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PRESCALER 1 

Prescaler 1 is a 7-bit binary down counter; its value is 
selected by TACR2, TACR1, and TACRO. The selected out
put is used as the clock input to either timer A or B, 
depending upon the status of the prescaler cross-couple 
bit (MR1 ). The type of clock source to prescaler 1 may be 
selected by TACR5 and TACR4. Prescaler 1 is set to $7F 
at reset or under program control when a one is written 
to prescaler 1 clear bit (MR3). 

PRESCALER 2 

Prescaler 2 is a 15-bit down counter; its value is se
lected by TBCR3, TBCR2, TBCR1, and TBCRO. The se
lected output is used as the clock input to either timer A 
or B, depending upon the status of the prescaler cross
couple bit (MR1 ). The type of clock source to prescaler 2 
may be selected by TBCR5 and TBCR4. Prescaler 2 is set 
to $7FFF at reset or under program control when a one 
is written to prescaler 2 clear bit (MR2). 

AUXILIARY COUNTER 

This register is a fixed counter which is clocked by the 
internal clock (fosc divided by four). Total count period 
is 4095 cycles. The MCU communicates with this counter 
via the miscellaneous register (MR5 and MR4). Count
down may be aborted at any time under program control, 
which also resets the counter to 4095 and clears MR5. 
When MR4 is clear and MR5 is set as a result of counter 
time out, the reset pin is internally pulled to ground. If 
the MCU loses control of the program, the "watchdog" 
timer will bring the MCU back to reset. Refer to Figure 
13 for counter operation diagram. 

SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) has arbitration on 
the data and clock lines. The SPI communicates with the 
MCU via data and control registers. The SPI data and 
clock inputs are always taken from their respective 1/0 
ports, regardless of the status of the data direction reg
isters relative to that port. The SPI can operate in modes 
from auto clocked (NRZ). half duplex, and full duplex with 
from a one wire to a four wire combination. Refer to 
Figure 14 for the SPI block diagram. 

SPI CONTROL AND STATUS REGISTER 
This 8-bit register contains the status and control bits 

relative to SPI operations. The SPI control register op
eration is shown in Figure 15. The SPI control and status 
register bits can be set or cleared under program control. 

7 6 5 4 3 2 1 0 

I SPICR1 I SPICRs I SPICR5 I SPICR4 I SPICR3 I SPICR2 I SPICRJ I SPICRo I 
RESET: 

0 

SPICR7 - SPI Interrupt Request Bit 
Set on eighth data input strobe. MCU services this in
terrupt if I bit is clear in CCR. 

1 =Interrupt request (if SPICR6 not masked) 
0= No interrupt pending 

SPICR6 - SPI Interrupt Request Mask Bit 
1 =Disables interrupt request from SPICR7 
0 =Enables interrupt request from SPICR7 

SPICR5 - SPI Clock Sense Bit/Bus-Busy Flag 
Dual-function bit controlled by the status of SPICR4 

1 =Start SPI operation when SPICR4= 1. Input data 
latched on positive edge and output data changed 
on negative edge of SPI clock when SPICR4=0. 

O =Stop SPI operation when SPICR4 = 1. Input data 
latched on negative edge and output data changed 
on positive edge of SPI clock when SPICR4=0. 

SPICR4 - SPI Operation Enable Bit 
This bit determines the functions of SPICR5 and SPICR2. 

1 =Enables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 

O =Disables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 

SPICR3 - SPI Data Output Select Bit 
1 =Output of the SPI data register is loaded to port 

B3 data register at the appropriate SPI clock edge 
selected by SPICR5, during the active transaction 
mode 

O=Output of the SPI data register is loaded to port 
B2 data register at the appropriate SPI clock edge 
selected by SPICR5, during the active transaction 
mode 

SPICR2 - Port B1 Toggle Enable/Start Bit 
Dual-function bit controlled by the status of SPICR4 

1 =Start bit is set by negative transition of the data 
input of the SPI data shift register while the clock 
is at the idle level when SPICR4 = 1. Start bit set 
under program control to enable port B1 data reg
ister toggle facility when SPICR4 = 0. 

O =Stop SPI operation when SPICR4 = 1. Cleared un
der program control when SPICR4=0. 

SPICR1 - Mode Fault Flag 
1 =(a) Mode flag is set when SPI data output arbi

tration occurs on the SPI data output port (PB3 
or PB2) selected by SPICR3. The MCU loses 
data mastership, and the SPI data output port 
DDR is cleared. 

(b) Mode flag is set if a low level is detected on 
slave input PBO. Then, the MCU loses clock 
mastership switching to the clock slave mode, 
and port B1 DDR is cleared. 

(c) Mode flag is set during the idle mode when a 
negative clock edge is detected on the SPI clock 
input, and the port B1 data register is cleared. 

0 =Cleared under program control 
SPICRO - SPI Input Data Select Bit 

1 = SPI data from port B3 is latched into the SPI data 
register 

O=SPI data from port B2 is routed to the input of the 
SPI data register 

SPI DATA REGISTER 

This register can be written to any time and can also 
be read, regardless of serial operations, without disturb
ing the data. A one bit shift to the left occurs each time 
there is a data input strobe while the LSB is loaded with 
data from port B2 or B3. The MSB is loaded every time 
there is data output strobe. Data input and output strobes 
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Figure 15. SPI Control Register Operation 

are generated internally only during the active transac
tion time. 

SPI DIVIDE-BY-EIGHT COUNTER 

The counter is cleared during SPI deselect or idle modes. 
A count occurs at every data input strobe during the ac
tive transaction mode. At overflow, SPICR7 is set which 
puts the SPI in idle mode and blocks all data input and 
output strobes. The counter is cleared when PBO is high 
if the SPI is in the slave mode or when a "start" condition 
is detected. 

SPI OPERATION 

The SPI can operate in a variety of modes. Software 
assisted protocols may be defined to upgrade the hard
ware versatility and/or system performance of the MCU. 
Some features common to all operating modes are sum
marized in Table 1 and in the following paragraphs. 

1) SPI data input and output may be individually routed 
to or from PB2 or PB3 (Table 2). These four routings 
provide half and full duplex operations, as well as 
allowing bidirectional information to flow in daisy
chained systems. 

2) When data input and output is done on PB2, PB3 
is available for any other use and vice versa. · 

3) Data input is always relative to the port pin logic 
level regardless ofthe data direction register status 
on that pin. 

4) In full duplex operation, 16 bits of information may 
be transferred with eight clock pulses between at 
least two devices with transmit capability. Both PB2 

and PB3 are used for data transfer. The same shift 
register is used for data in and data out. The byte 
transmitted replaces the byte received. SPICR7 is 
used to signify that the liO operation is complete. 

5) SPI clock is always provided on port 81. In the clock 
slave mode, port 81 DDR is in the input mode 
(cleared). In the clock master mode, port 81 DDR 
is set; therefore, the MCU imposes the clock level 
on PB1 until there is clock arbitration on the clock 
line or until the MCU loses clock mastership when 
PBO goes low. 

6) No fixed baud rate generation exists. The clock 
frequency is dependent on the prescaler clock 
source option, prescaler divide ratio, and timer di
vide ratio as well as the port C status in case of 
external clocking for the timer. Toggling of the port 
81 data register is automatically allowed during 
the active transmission mode. 

7) All devices connected to the SPI must have their 
output and input data strobe on the same clock 
edge for correct transfer of data. 

8) During the active transmission mode, the first clock 
edge must be the output data strobe. When this 
occurs, the MSBs of the data registers of all trans
mitters are copied onto the data output pins, and 
the MCU copies the MSB of its SPI onto the port 
82 or 83 data register. 

9) Port B data direction registers and port B data con
trol registers are accessible during SPI operation. 
During active transaction mode, the PB1 data reg
ister, PB2 data register (if SPICR3 = 0), and PB3 (if 
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SPICR3 = 1) are not write accessible under program 
control. 

10) Port B lines not used for SPI can be used for other 
digital functions. 

Table 1. Summary of SPI Operations 

DEFINITIONS 
Transmitter- Data Master: DDRB2 or 3= 1 
Receiver - Data Slave: DDRB2 or 3 = 0 
Clock Master: DDRB1 = 1 
Clock Slave: DDRB1 = O 
Transaction Mode: SPICR4= 1 

1) Active: SPICR7•(DDRBO•PBO+DDRBO) if DDRB1 =0 (clock slave mode) or 
SPICR7•(DDRBO•PBO + DDRBO) if DDRB I = i iciock master mode) 
Clock Pulses allowed, data shifted 

2) Idle: SPICR7 + DDRBO•PBO if DDRB1=0 (clock slave mode) 
Clock pulses blocked, data output line in high-impedance state 

Deselect Mode: SPICR4=0 - No SPI Operations 

SLAVE SELECT INPUT 
Slave Select Input: SPISS - PBO 

If DDRBO = 0 then so SPISS action on MCU 
1) Master Mode: SPISS = 1 DDRB1=1 

SPISS 1 - 0: Switch to Slave Mode (DDRB1 1 - 0) 
Set SPICR1 (Mode Fault Flag) 

21 Slave Mode: SPISS=O DDRB1 =0 
External clock is allowed to shift data in/out. If SPISS is pulled high, the external clock input pulses 
are inhibited; no data shift; divide-by-eight counter cleared; SPID (PB2 or PB3) switched to high
impedance state. 

Used as Chip-Select Input 

DATA ARBITRATION 
Data master loses data mastership when data collision occurs during internal data strobe time. 

If SPID output port (PB2 or PB3) = 1 while actual pin level is pulled low externally- conflict detected at internal 
data strobe time. 

Then SPICR1 (mode fault flag) is set; SPID output port DDR (B2 or B3) 1 • O (high-impedance state). 

CLOCK ARBITRATION 
MCU has clock mastership IDDRB1=11 

11 Via SPISS line (DDRBO=O). If SPISS is pulled low, then clock mastership lost; DDRB11 • O (high-imped
ance state); SPICR1 is set (mode fault flag). 

21 Via clock line SPICL (DDRB1=1 and DCRB5=0) 
Condition: SPICL must have open-drain output (DCRB5=0) 

If clock line is held low externally then clock mastership is not lost; minimum tcLH and 
tcLK times are guaranteed. 

If SPICL goes low during idle mode then SPICR1=1 and clock line is switched low to 
inhibit the system clock. 

MODE FAULT FLAGE OPERATION (SPICR1) 
Flag set when any of the following conditions occur: 

Data arbitration occurs on SPID output. 
Clock arbitration with SPISS during master to slave switching. 
Clock arbitration via clock line if SPICL 1 • 0 during idle. 

START, STOP, AND CLOCK IDLE CONDITIONS 
Clock Idle: The clock level just prior to the transition that causes data on the serial output data line to be 

changed is defined as the SPI clock idle state. 
SPICR5 = 0: SPICL Idle= Low State 
SPICR5 = 1: SPICL Idle= High State 

These definitions are necessary for determining start and stop conditions. 

NOTE 

Clock idle state can only be defined if SPICR4=0 (Deselect Model 

Start Condition: Any negative transition of the data input line (PB2 or PB3) during an SPICL idle state. 
Stop Condition: Any positive transition of the data input line during an SPICL idle state. 
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Table 2. Port B Status During SPI Operation 

Port 
Name Use Input Output 

PBO SPISS Yes No 
PBO Data No Yes 

PB1 SPICL Yes No 
PB1 SPICL No Yes 

PB2 SPID Yes No 
PB2 SPID No Yes 
PB2 Data Yes Yes 

PB3 SPID Yes No 
PB3 SPID No Yes 
PB3 Data Yes Yes 

SELECT INPUT OPERATION 

An external device supplies slave select information 
via port BO. If slave select is not used, set port BO to output 
mode to inhibit slave select function. 

The following paragraphs describe clock master and 
clock slave operating modes of the SPI. 

Master Mode Slave Select Actions 

The MCU monitors slave select input in master mode 
to assure that it stays false. If slave select goes true, the 
MCU exits master mode and becomes a slave. This im
plies that a write collision has occurred which means two 
devices attempted to become masters. Write collisions 
normally result from a software error, and the default 
master must clean up the system. The mode fault flag is 
set to signal that clock mastership is lost. Slave select 
actions can take place during either active or idle trans
action modes. 

Slave Select Input Actions During Slave Mode 

The current clock master generates slave select to en
able one of several slaves to accept or return data. The 
SS signal must go low before serial clock pulses occur 
and must remain low until after the eighth serial clock 
cycle. Individual lines or a daisy chain can be used for 
multiple slaves. When SS is high, the following occur: 

• Serial data output is forced to a high-impedance state 
without affecting the DDR status. 

• Serial clock input pulses are inhibited from gener
ating internal data output and input strobe pulses. 

• The eight-bit counter is cleared. 

SPI OPERATING MODES 

Six methods of operating the SPI are discussed in the 
following paragraphs. 

One-Wire Autoclocked Mode 

Various SPI devices can be connected on a single wire, 
with data transmission using an implicit clock, and each 
device being its own clock master. 

Two-Wire Half-Duplex Mode 

In this mode, separate data and clock lines connect the 
elements in the system. Data and clock mastership should 

Comments 

Used as slave select input 
Used as "busy" signal or any digital 
output 

Clock slave 
Clock master 

SPI data input SPIC RO~ 0 
SPI data output SPICR3 ~ 0 
Any digital signal SPICR3~ 1 

SPI data input SPICRO ~ 1 
SPI data output SPICR3 ~ 1 
Any digital signal SPICR3 ~ 0 

be monitored via protocol included in the data patterns. 
A transmitter can send all zeros to take all other trans
mitters off the bus . 

Three-Wire Half-Duplex Mode with Slave Select Input 

This mode is the same as the half-duplex mode except 
that the slave select input allows using the MCU as a 
peripheral in a system where clock mastership is passed 
through the slave select line. Typically, the slave select 
lines can be wired together. The current master sets its 
slave select line in the output mode prior to a serial trans
mission and pulls it low to indicate that the system is 
busy. This allows the clock master to retain mastership 
until the end of transmission. Software protocol can be 
arranged so that slaves do not request mastership until 
their slave select lines go high. At the end of a transmis
sion, the current master pulls SPISS high and puts the 
SPISS port (PBO) in the input mode. A slave requesting 
clock mastership pulls the SPISS line low, removing the 
current master from the line. Time multiplexed protocols 
may be required to avoid simultaneous mastership re
quests. 

Three-Wire Full-Duplex Mode 

This mode allows the MCU to operate simultaneously 
as transmitter and receiver. Bus or daisy-chain networks 
are feasible. Protocols in the data stream are required to 
change: 

• Clock masters 
• The number of transmitters in the system 
• The direction of data flow in daisy-chained systems 

with collision 
It is possible for the MCU to shift out one byte of data 

while receiving another, as illustrated in Figure 16. This 
eliminates the need for XMIT EMPTY or REC FULL status 
bits. 

Three-Wire Full-Duplex Mode with Clock Arbitration 

This mode is a mix of the three-wire full-duplex mode 
and two-wire half-duplex mode with clock arbitration, 
where the SPI clock line operates as a wire-or. Simulta
neous masters are allowed, and clock arbitration is via 
the clock line. 
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Vee 

SLAVE SELECT ------<11-----------------------
CLOCK -----+-i-----i.-+------+--+------<11>--+----

0ATA 

{ 82 ~ SPID IN - 83 ~SPIC OUT 
cXAMPLE. INFORMATION FLOW 

{ 82 ~ SPIO OUT - 83 ~ SPID IN 

Figure 16. Daisy Chain/Cascade Organization 

Four-Wire Full-Duplex Mode with Slave-Select Input analog channels (VRH-VRL· VRH -VRLi2, VRH -VRLi4, 
and VRLl may be selected for calibration. The accuracy 
of these internal channels may not meet the accuracy 
specifications of the external channels. 

This mode is similar to the three-wire full-duplex mode 
in network construction and to the three-wire half-duplex 
mode with slave-select input in clock arbitration and slave 
selection. Refer to Figure 17. A fifth external analog input (AN4) is available via the 

mask option. When selected, it replaces the VRH internal 
channel. Due to signal routing, the accuracy of this fifth 
channel may be slightly less than ANO-AN3. 

ANALOG-TO-DIGIT AL CONVERTER Multiplexer selection is controlled by the AID control 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul
tiplexer selection. The ACR is shown in Figure 18. The 
converter uses 30 machine cycles to complete a conver
sion of a sampled analog input. When the conversion is 
complete, the digital value is placed in the AID result 

The chip resident 8-bit analog-to-digital (AID) converter 
uses a successive approximation technique as shown in 
Figure 18. Four external analog inputs can be connected 
to the AID through a multiplexer via port D. Four internal 

H 
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Figure 17. SPI Operation Bus Organization 
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Table 3. A/D Input MUX Selection 

AID Control Register 
Input Selected 

AID Output (Hex) 

ACR2 ACR1 ACRO Min Typ Max 

0 0 0 ANO 
0 0 1 AN1 
0 1 0 AN2 
0 1 1 AN3 
1 0 0 VRH** FE** FF** FF** 
1 0 1 VRL* 00 00 01 
1 1 0 VRHl4* 3F 40 41 
1 1 1 VRHl2* 7F 80 81 

*Internal (calibration) levels 
**AN4 may replace the VRH calibration channel if selected via mask 
option. 

register (ARR); the conversion flag is set; selected input 
is sampled again; and a new conversion begins. When 
AeR7 is cleared, the conversion in progress is aborted 
and the selected input, which is held internally, is sam
pled for five machine cycles. 

The converter uses VRH and VRL as reference voltages. 
An inplit voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than VRL· but 
greater than V55, converts to $00. Maximum and mini
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and be 
referenced to VRL for the ratiometric conversion. To 
maintain full accuracy of the AID, three requirements 
should be followed: (1) VRH should be equal to or less 
than Vee, (2) VRL should be equal to or greater than Vss 
but less than maximum specifications, and (3) VRH -VRL 
should be equal to or greater than 4 volts. 

The AID has a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing error to ± 1/2 LSB, rather 

P05NRH 

D/A 

15 k (TYP.I 

PD41VRL --+-• 

POO/ANO 

P01/AN1 

P02/AN2 

P03/AN3 

1-0F-8 
SELECT 

MULTIPLEXER 

INT2/PD6/AN4 _..._ _____ _. 

than +O, -1 LSB with no offset. This implies that, ig
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above VRL· Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRH, ideally. 

INSTRUCTION SET 

The MeU has a set of 61 basic instructions which can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 

CONTROL 
LOGIC 

COUNT 

AID 
RESULT 

.__.__..__.._..__.._.__.___,REGISTER 
($00F) 

Figure 18. AID Block Diagram 
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jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 

Function Mnemonic 

Load A from Memory LDA 

Load X from Memory LDX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

S11btrar.t Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch IFF Higher BHI 

Branch IFF Lower or Same BLS 

Branch IFF Carry Clear BCC 

(Branch IFF Higher or Same) IBHSI 

Branch IFF Carry Set BCS 

!Branch IFF Lower) (BLOI 

Branch IFF Not Equal BNE 

Branch IFF Equal BEO 

Branch IFF Half Carry Clear BHCC 

Branch IFF Half Carry Set BHCS 

Branch IFF Plus BPL 

Branch IFF Minus BMI 

Branch IFF Interrupt Mask Bit is Clear BMC 

Branch IFF Interrupt Mask Bit is Set BMS 

Branch IFF Interrupt Line is Low BIL 

Branch IFF Interrupt Line is High BIH 

Branch to Subroutine BSR 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 

read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O. "71 

Branch if Bit n is Clear BRCLR n (n=O. "7) 

Set Bit n BSET n (n=O. "71 

Clear Bit n BCLR n (n=O. "7) 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

OPCODE MAP SUMMARY 

Table 4 is an opcode map for the instructions used on 
the MCU. 
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INH 
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EXT 
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IX 
IX1 
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Inherent 
Immediate 
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Relative 
Bit Set/ Clear 
Bit Test and Branch 
Indexed INo Offset! 
Indexed, 1 Byte t8·Bitl Offset 
Indexed, 2 Byte 116·Bitl Offset 

F Opcode in Hexadecimal 

1111 

Opcode in Binary # of Cycles ~ 4 l ~. Mnemonic • 
Bytes 1 IX 0000 

"---------- Address Mode 
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MC6805S2 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two-byte direct
addressing instructions access all data bytes in most ap
plications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 

through a table or to hold the address of a frequently 
referenced RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed 8-bit offset except that this three
byte instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
1/0, can be selectively set or cleared with a single two
byte instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from -125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 
MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltage PCOin Vin 
Self-Check Mode - 0.3 to + 15.0 

All Other -0.3 to + 7.0 

Port A and C Source Current per Pin lout 
!One at a Timel 10 

Operating Temperature Range TA 
MC6805S2P 0 to 70 
MC6805S2CP -40 to +85 

Storage Temperature Range Ts.!9_ -55 to +150 

Junction Temperature TJ 
Plastic Package 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 0JA 
Plastic IP Suffix) 70 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in °C can 
be obtained from: 

where: 

TA 
0JA 

Po 
PINT 
PpoRT 

TJ=TA+(Po•0JA) (1) 

=Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 

= PINT+PpoRT 
=Ice x Vee, Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

TEST 
POINT 

40 pF 
!TOTAL) 

MM06150 
OR EQUIV. 

12 kl! 

Figure 19. ITL Equivalent 
Test Load (Port Bl 

TEST MM06150 
POINT OR EQUIV. 

30 pF 24 k!l 
ITOTALI 

Figure 21. ITL Equivalent 
Test Load (Ports A and Cl 

Unit 

v 
v 

mA 

oc 

'C 

'C 

Unit 

°C/W 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max
imum-rated voltages to this high-impedance 
circuit. For proper operation, it is recom~ 

mended the Vin and Vout be constrained to 
the range Vss" !Vin or Voutl "Vee- Reli
ability of operation is enhanced if unused in
puts except EXTAL are tied to an appropriate 
logic voltage level (e.g., either Vss or Vccl. 

For most applications PpoRT<P1NT and can be ne
glected. PpQRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J (if 
PpQRT is neglected) is: 

Po=K+(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po• (TA+ 273°C) + HJA"Po2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA- Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA-

TEST POINT~ I 30 pF ITOTALI 

Figure 20. CMOS Equivalent 
Test Low (Port Al 

Figure 22. Open-Drain Equivalent 
Test Load (PB1, PB2. and PB3l 
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ELECTRICAL CHARACTERISTICS 
!Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min 

Input High Voltage V1H 
RESET 14.75"" Vee"' 5.75) 4.0 

Vee· 4.75) vcc-o.5 
INT 14.75 · Vee · 5.751 4.0 

IVcc · 4.75) Vcc-o.5 
All Other 2.0 

I 
Input High Voltage Timer PCO VJH 

Port/Timer Mode 2.0 
Self-Check Mud8 9.0 

Input Low Voltage VJL 
RESET Vss 
INT Vss 
All Other !Except AID Inputs) Vss 

RESET Hysteresis Voltages (See RESETS) 
"Out of Reset" VIRES+ 2.1 
"Into Reset" VJ RES- 0.8 

--

Standby Supply Voltage (INT2 Input Option) VsTBY 3.0 
--

Standby Current (INT2 Input Option) IVsTBv= 3.0 V) ISTBY -

Power Dissipation - No Port Loading 
(Vee~ 5.75 V, TA~ O'C) Po -
1Vcc~5.75 V, TA= -40'C) Po -

Input Capacitance (Except Analog Inputs - See Note) Cin -

Low Voltage Recover VLVR -

Low Voltage Inhibit VLVI 2.75 

Input Current lin 
INT -

!Vin -- 2.4 v to Vccl 
EXT AL -

I Vin= 2.4 V to Vee Crystal Option) -
(Vin~ 0.4 V Crystal Option) 

RESET -4.0 
!Vin =0.8 VI 
(External Charging Current) 

TBD =To Be Determined 

NOTE: Port D analog inputs, when selected, Cin = 25 pF for the first 5 out of 30 cycles. 

'This input (when unused) floats to approximately 2.0 V due to internal biasing. 
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Typ Max Unit 

v 
- Vcc+o.1 
- Vee ... 0.1 . Vcc+o.1 . Vcc+0.7 
- vcc+o.1 

v 
- Vee+ 1.0 

iO.O 15.0 

v 
- 0.8 . 1.5 
- 0.8 

v 
- 4.0 
- 2.0 

- 5.75 v 
mA 1.0 5.0 

mW 
600 830 
670 890 • 10 - pF 

- 4.75 v 
3.75 4.70 v 

µ.A 

20 50 

- 10 
- ·· 1600 

- -50 
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SWITCHING CHARACTERISTICS 
(Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Oscillator Frequency lose 0.4 - 4.2 MHz 

Cycle time (4/foscl t~ 0.95 - 10 µs 

INT, INT2, and TIMER Pulse Width twL,IWH !eye+ 250 - - ns 
RESET Pulse Width IRWL t~c+250 - -

RESET Delay Time (External Capacitance= 1 µF) IRHL - 100 - ns 

INT Zero-Crossing Detection Input Frequency flNT 0.03 - 1 kHz 
(for ± 5° Accuracy) 

External Clock Input Duty Cycle (EXTAL) - 40 50 60 % 

Oscillator Startup Time Crystal lsu - - 100 ms 

SPICL High Time ISPICLH 4 - - t~c 

SPICL Low Time ISPICHL 4 - - t~c 

SPICL Rise and Fall Time tsr, ts1 - - 1 µs 

SPID Input Data Setup Time tsDs 2 - - t~c 

SPID Input Data Hold Time ISDH 2 - - t~c 

SPICL to SPISS Lag Time 1ss1G 4 - - t~c 

SPISS to SPICL Lead Time tssLD 4 - - t~c 

Start Bit to First Clock Lead Time ISTL 1 - - t~c 

External Timer Input to Timer Change Time IPCT 3 - - t""-c 

Timer Change to Port B Toggle Time ITPB 2 - - t~c 

INT2 to Timer A Load Time IJNTL 3 - - t""-c 

AID CONVERTER CHARACTERISTICS 
(Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=TL to TH). unless otherwise noted 

Characteristic 

Resolution 

Non-Linearity* 

Quantizing Error 

Conversion Range 
VRH 
VRL 

Conversion Ti me 

Monotonicity 

Sample Time 

Sample/Hold Capacitance, Input 

Analog Input Voltage 

Min Typ Max Unit Comments 

8 8 8 Bits 

- - ± 112 LSB After removing zero-offset and full-scale errors 

- - ± 1/2 LSB 

v AID accuracy may decrease proportionately as 
- - Vee v VRH-VRL is reduced below 4.0 V. The sum of 

Vss - 0.2 VRH and VRL must not exceed Vee 

30 30 30 t""-c Includes sampling time 

(Inherent within total error) 

5 5 5 t""-c 

- - 25 pF 

VRL - VRH v Transients on any analog lines are not allowed 
at any time during sampling or accuracy may 
be degraded 
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PORT ELECTRICAL CHARACTERISTICS 
(Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min 

Port A with CMOS Drive Enable 

Output Low Voltage, I Load= 1.6 mA VoL -

Output High Voltage, ILoad= -100 µA VoH 2.4 

Output High Voltage, ILoad = -10 µA VoH Vcc-1.0 

Input High Voltage, I Load= -300 µA (max.) V1H 2.0 

Input Low Voltage, I Load= - 500 µA (max.) V1L Vss 

Hi-Z State Input Current (Vin= 2.0 V to Vccl l1H -

Hi-Z State Input Current !Vin =0.4 VI l1L -

Port B 

Output Low Voltage, I Load= 3.2 mA VoL -

Output Low Voltage, I Load= 10 mA (Sink) VoL -
Output High Voltage, I Load= -200 µA VoH 2.4 

Darlington Current Drive (Source)*, Vo= 1.5 V IOH -1.0 

Input High Voltage V1H 2.0 

Input Low Voltage V1L vss 

Hi-Z State Input Current ITSI -

Port C and Port A with CMOS Drive Disabled 

Output Low Voltage, I Load= 1.6 mA VoL 

Output High Voltage, ILoad= -100 µA VoH 

Input High Voltage V1H 

Input Low Voltage V1L 

Hi-Z State Input Current ITSI 

Port D (Digital Inputs Only) 

Input High Voltage 

Input Low Voltage 

Input Current** 

*Not applicable if programmed to open-drain state. 
**PD4iVRL - PD5iVRH' 

V1H 

V1L 

l;n 

-

2.4 

2.0 

Vss 

-

2.0 

Vss 

-

Typ Max Unit 

- 0.4 v 

- - v 

- - v 

- Vcc+o.1 v 

- 0.8 v 

- -300 µA 

- -500 µA 

- 0.4 v 

- 1.0 v 

8 - v 

- -10 mA 

- Vee +0.1 v 

- 0.8 v 

<2 10 µA 

- 0.4 v 

- - v 

- Vcc+o.1 v 

- 0.8 v 

<2 10 µA 

- Vcc+o.1 v 

- 0.8 v 

<1 10 µA 

The AID conversion resistor (15 kl! typical) is connected internally between these two lines, impacting their use as digital inputs 
in some applications. 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola in the following media: 

MDOS, disk file 
MS-DOS/PC-DOS disk file 
EPROM(s) 2532, 2732, or two each: 2516/2716 

To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MDOS® or MS""-DOS/ 
PC-DOS disk file), programmed with the customer's pro
gram (positive logic sense for address and data), may be 
submitted for pattern generation . .In either case, the dis
kette should be clearly labeled with the customer's name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MOOS Disk File 

MDOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-side, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in
cluding those in the user space, must be set to zero. 

MS-DOS/PC-DOS Disk File 

MScDOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

An MC68705S3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer's program 
(positive logic sense for address and data), may be sub
mitted for pattern generation. Since all program and data 
space information will fit on one MC68705S3/2532/2732 

MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

or two 2516/2716 type EPROM(s), the EPROM(s) must be 
programmed as described in the following paragraph. 

For the 2532 or 2732, the ROM code should be located 
from $080 to $FF and $9CO to $EFF, and the interrupt 
vectors from $FF8 to $FFF. For the 2516s or 2716s, the 
ROM code should be located from $080 to $FF in the first 
EPROM and from $1CO to $6EF in the second EPROM. The 
interrupt vectors should be in the second EPROM from 
$7F8 to $7FF. 

EPROM MARKING 

xxx~CUSTOMER ID 

VERIFICATION MEDIA 

PA 
b!d 

All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer's mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 

ROM 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
at five volts and at room temperature. These RVUs are 
free with the minimum order quantity but are not pro
duction parts. These RVUs are not guaranteed by Mo
torola Quality Assurance. 

ORDERING INFORMATION 

The following table provides generic information per
taining to the package type, temperature, and MC order 
numbers for the MC6805S2. 

Table 5. Generic Information 

Package Type Temperature Order Number 

Plastic 0°C to 70°C MC6805S2P 
(P Suffix) - 40°C to + 85°C MC6805S2CP 

IBM is a registered trademark of International Business Machines.Corporation. 
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PIN ASSIGNMENT 

MC6805S2 

MECHANICAL DATA 

Vss 1. 28 NUM* 

PRESCALERl/PCO 27 EXT AL 

PRESCALER2/PC1 26 XTAL 

VsTBviAN4/I NT2/PD6 25 INT! 

VRHIPD5 24 Voo 

VRLiPD4 23 RESET 

AN3/PD3 22 PA7 

AN2/PD2 21 PA6 

AN1/PD1 20 PA5 

ANO/POD 10 19 PA4 

SPISS/PBO 11 18 PA3 

SPICUPBl 12 17 PA2 

SPIO/PB2 13 16 PA! 

SPID/PB3 14 15 PAO 

NOTE: *Denotes Non User Mode {NUM) pin 
reserved for factory use only. 
This pin should be tied to Vss 
{GND.ground). 
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Technical Summary 

8-Bit Microcontroller Unit 
The MC6805S3 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of micro

controllers. This low cost MCU has parallel 1/0 capability with pins programmable as either input or 
output. This publication contains condensed information on the MCU; for detailed information, re
fer to Advance Information 8-Bit Microcontrollers (ADl997R1) or contact your local Motorola sales 
office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Internal 7-Bit Timer and 15-Bit Programmable Prescaler • Self-Check Mode 
• On-chip Oscillator • 3720 Bytes of ROM 

• Memory Mapped 1/0 • 104 Bytes of RAM 
• Versatile Interrupt Handling • Serial Peripheral Interface (SPI) 

• Bit Manipulation • Two 8-Bit and One 16-Bit Timers 

• Bit Test and Branch Instruction • A/D Converter 
• Vectored Interrupts 

BLOCK DIAGRAM 

PRESCALERl/PCO PRESCALER2/PC1 

XTAL~<i>l CLOCK 
EXTAL <1>2 

TIMER A PRESCALER 1 

TIMER A CONTROL 
REGISTER 

PAO 

PAI 

PA2 

PA3 

PA4 

PA5 

PA6 

PA7 

RESET 

INTI 

SPI CONTROL 

SPI DATA 

ACCUMULATOR 

INDEX REGISTER 
CONDITION CODE 

REGISTER 

STACK POINTER 

CONTROL 

OCR 

PORT B 

PBO PB! PB2 PB3 
SPISS SPICL SPIO SPIO 

PROGRAM 
COUNTER 

LOW 
PROGRAM 
COUNTER 

HIGH 

ALU 

SELF-CHECK 
248x8 

ROM 
3720 x 8 

TIMER C CAPTURE 

TIMER C CONTROL 
REGISTER 

A/D CONVERTER 

PORT 0 

ANOIPDO 

AN1/PA1 

AN2/P02 

AN3/PD3 

VRL 

VRH 

INT2/ 
AN4/ 
VsTBY 

This document contains information on a new product. Specifications and. information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

Vee and V55 
Power is supplied to the microcontroller using these 

two pins. Vee is + 5.25 volts ( ± 0.5LI.) power, and Vss is 
ground. 

NUM 
This pin is for factory use only. It should be connected 

to V55. 

INT1, INT2 
These pins provide the capability for asynchronously 

applying an external interrupt to the Meu. Refer to IN
TERRUPTS for more detailed information. 

XTAL,EXTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal (depending on user selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 

RC Oscillator 
With this option, a resistor/capacitor combination is 

connected to the oscillator pins as shown in Figure 1(c). 
The relationship between Rand fosc is shown in Figure 
2. 

EXT AL 
27 

EXTERNAL 

At-CUT PARALLEL RESONANCE 
CRYSTAL 
Co~l pF MAX. 
FREQ.~ 4.0 MHzru CL~ 24 pf 
Rs~ 40 OHMS MAX. 

26 XTAL 

CLOCK 27 EXTAL 
MCU 

EITHER CRYSTAL 
OR RC MASK 

OPTION 

INPUT 
ITTL COMPATIBLE. 
LOW IMPEDANCE 

SOURCE) 

EXTERNAL CLOCK 

XTAL 
26 

8.0 

"' 
7.0 

~ 6.0 
G 
~ 5.0 

~ 4.0 
~ 
0 3.0 

~ 

_j 

t\. 
~ 

~ 
2.0 

1.0 
~ 

0 
0 10 20 30 40 50 60 70 80 

fiESISTANCE lk!ll 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

Crystal 

The circuit shown in Figure 1 (b) is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and startup stabilization time. 

External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input grounded, as shown in Figure 1 (d). 

MCU 
!RESISTOR MASK 

OPTIONI 

APPROXIMATELY 10% to 25% 
ACCURACY 

EXTERNAL RESISTOR 
(EXCLUDES RESISTOR TOLERANCE) 

MCU 
EXTAL (CRYSTAL MASK 

OPTION 

CRYSTAL 

MCU 
EXTAL (RESISTOR MASK 

OPTION) 

APPROXIMATELY 25% to 50% 
ACCURACY 

TYPICAL !eye~ 1.25 µs 
EXTERNAL JUMPER 

~OTE: The recommended CL value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. For crystal 
frequencies other than 4 MHz, the total capacitance on each pin should be scaled as the inverse of the frequency ratio. For 
example, with 2 MHz crystal, use approximately 50 pF on EXTAL and approximately 50 pF on XTAL. The exact value depends 
on the motional-arm parametes of the crystal used. 

Figure 1. Oscillator Connections 
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This option may be used with either RC or XTAL option 
selected. 

PCO,PC1 

These pins allow an external input to be used to dec
rement the internal timer circuit. Refer to TIMERS for 
additional information. 

RESET 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB3, PCO-PC1, and 
PDO-PD6) 

Ports A, B, and C are programmable as either inputs 
or outputs under software control of the data direction 
registers. Port D is a fixed input port and not controlled 
by any data register. Port D has up to four analog inputs 
or five via the mask option, plus two voltage reference 
inputs when the analog-to-~I (A/DI converter is used 
(PD5iVRH· PD4iVRLI and an INT2 input. If the analog input 
is used, then the voltage reference pins (PD5iVRH and 
PD41VRLI must be used in the analog mode. Refer to 
PROGRAMMING for additional information. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DOR). The port 1/0 programming is 
accomplished by writing the corresponding bit in the port 
DOR to a logic one for output and a logic zero for input. 

DATA 

On reset, all DDRs are initialized to a logic zero state to 
put the ports in the input mode. The port output registers 
are not initialized on reset and should be written to before 
setting the DOR bits. 

Port D provides the multiplexed analog inputs, refer
ence voltages, and INT2. These lines are shared with the 
port D digital inputs. PDO-PD3 may always be used as 
digital or analog inputs. The VRL and VRH lines are in
ternally connected by the AID resistor. Analog inputs may 
be prescaled to attain the VRL and VRH recommended 
input voltage range. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DOR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DOR is an input (zero) and, also, to the latched output 
when the DOR is an output (one). Refer to Figure 3 for 
typical port circuitry. 

PORT B TOGGLE CAPABILITY 
Port BO and B1 registers have toggle capability at the 

timer underflow times. Under the control of the timer 
output cross-couple bit in the miscellaneous register 
(MRO), the overflow pulses from timer A, B, and C are 
directed to port BO and B1 data registers. See Figure 4 
for port B configuration flow chart. 

An incoming toggle pulse on port BO is allowed to 
toggle the data register if port B OCR bit 4 (DCR4) is 
cleared. This bit is set on reset. An incoming toggle pulse 
on port B1 is allowed to toggle the port B1 data register 

DIRECTION REGISTERt----------------~ 

Data 
Direction Output 
Register Data 

Bit Bit 

0 
1 
x 

BIT* 

LATCHED 
OUTPUT 

DATA 
BIT 

Output 
State 

High-Z** 

Input 
To 

MCU 

0 

Pin 

*DDR is a write-only register and reads as all "ones". 
**Ports A (with CMOS drive disabled), B, and C are three-state 

ports. Port A has optional internal pullup devices to provide 
CMOS drive capability. See Electrical Characteristics tables 
for complete information. 

Figure 3. Typical Port 1/0 Circuitry and Register Configuration 
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MCU 
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PORT BO 

I 
TOGGLE x 

MCU ENABLE BIT 
TIMER OVERFLOW .J""L 

OOR B4 

UUIL 

MCU BIT 
OOR BO 

OUTPUT 
MCU OATA LATCH OUTPUT 

MCU "" 

'Toggle Enable 81 ~ ISPICR7•SPICR4•1PBO ~ DDRBO!l·SPICR2•SPICR4)•CLAQ 
**A or B depends on (MRO) 
x Write Only Register 

PORT BJ 
---

PB! 
MCU 

MCU 

SPI 
MSB 

MCU 

PORT B2 

MCU 

MCU_, 

OOR 
BIT 

DOR 82 * 

SPI 
MSB~ ~OUTPUT DATA 

LATCH BIT 

PBO 

Figure 4. Port B Configuration 
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under the following conditions governed by control bits 
in SPI control register and SPI clock arbitration flip-flop 
status. 

PB1 toggle enable=(SPICR7)•SPICR4• 
(PBO + DDRBO) + SPICR2• 
SPICR4•CLAO 

where: SPICR7 = SPI interrupt request bit 
SPICR4=SPI operation enable bit 
SPICR2 =port Bl toggle enable/start bit 
CLAO=clock arbitration flip-flop output 

When PBl toggle enable is asserted, the MCU write to 
PB1 data register is inhibited. When SPI is not used, SPICR4 
and CLAO are reset. Therefore, SPICR2 can directly con
trol the port Bl toggle capability. Port toggle capability 
allows action on port BO or Bl or both as a result of timer 
overflows. This method speeds up timer overflow to port 
service. A write to port BO or Bl data registers is inhibited· 
while the individual port toggle enable is asserted. 

The port B OCR consists of four status bits (DCR4-DCR7) 
and four data direction bits (DCRO-DCR3). DCR4 is a tog
gle enable control bit for port BO. When cleared, the timer 
overflow pulse causes the data register on port BO to 
toggle. Port A has an 8-bit and port C has a 2-bit wide 
data direction register. 

MEMORY 

The MCU is capable of addressing 4096 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
5. The locations consist of user ROM, self-check ROM, 
user RAM, eight timer registers, a miscellaneous register, 
two AID registers, two SPI registers, and 1/0. The interrupt 
vectors are located from $FF8 to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 
Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 

The MCU contains the registers described in the fol
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

INDEX REGISTER (XI 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 

may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 

x 

PROGRAM COUNTER (PC) 

The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 

11 8 7 0 

PCH PCL I 
STACK POINTER (SP) 

The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0.000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum). which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

11 5 4 0 

I 0 I 0 I 0 I 0 I 0 I 1 I 1 I SP 

CONDITION CODE REGISTER (CC) 
The condition code register is a 5-bit register in which 

four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program and specific actions can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 

Half Carry (HI 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timers (A, B, and C), the external 
(INTl and INT2) interrupts, and the SPI interrupt are 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and is processed as soon as 
the interrupt bit is cleared. 

Negative (NI 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 
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IBYTESI 7654321 

()()() 

127 

128 

255 

256 

..;... 

'1' 

3839 
3840 

408 7 

1/0, A/D, SPI, 
Timers, RAM 

1128 Bytesl 

Page 0 ROM 
1128 Bytes! 

..;... 
Main ROM 

13584 Bytes) '1' 

Self-Check 
Bootstrap 

ROM 
(248 Bytes) 

Timers (A, 8, C), 
SPI, INT2 

External INT1 

SWI 

Reset 

IADDRESSI 

$()()() 

$07F 

] $OFF 

$100 

$EFF 
$FOO 

SFF7 

SFF8 

SFF9 

SFFA 

SFFB 

$FFC 

SFFD 

$FFE 

$FFF 

*Registers are write only and read as $FF. 
**Mask option 

7 6 5 4 3 2 1 I ADDRESS I 

Port A $()()() 

Port B $001 

Port C $002 

Pono $003 

Port A DOR* $004 

Port B OCR* $005 

Port C DOR* $006 

Not Used $007 

Timer A $008 

Timer A Cont. Reg. $009 

Misc. Register $00A 

Timer B MSB $00B 

Timer B LSB $00C 

Timer B Cont. Reg. $00D 

A/D Control $00E 

A/D Result $00F 

SPI Data $010 

SPI Control $011 

Prag. Cont. Reg $012 

Timer C Capture $013 

Timer C Data $014 

Timer C Control $015 

Not Used $016 

Not Used $017 ----
$018 

RAM 
(104 Bytes) 

$07F 

\ 
7 6 5 4 3 2 1 IADDRESSI 

User RAM 
(40 Bytes) 

Standby RAM** 
(16 Bytes) 

User RAM 
(17 Bytes) 

Shared Stack RAM 

131 Bytes! 

$018 

$03F 

$040 
$04F 

$050 
$060 

$061 

$07F 

Figure 5. Memory Map 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 

MISCELLANEOUS REGISTERS (MR) $0A 

This register contains control and status information 
related to INT2, auxiliary counter, prescalers 1 and 2, and 
timer overflow. 

I MR7 I MR6 I MR5 I MR4 I MR3 I MR2 I MRI I MRO I 

RESET 

MR7 - INT2 Interrupt Request Bit 
If not masked by MR6, it causes an interrupt to the 
MCU, and if the I bit in the CCR is clear, the MCU will 
acknowledge the interrupt. 

1 =Interrupt requested 
0 =Interrupt not requested 
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MR6 - INT2 Interrupt Request Mask 
1 =Inhibits INT2 inte~t request 
0 =Does not inhibit INT2 interrupt request 

MR5 - Auxiliary Counter Status/Preset Bit 
If not masked by MR4, it will drive a switch to Vss on 
the RESET pin causing the MCU to reset. This bit may 
be used as an auxiliary counter preset bit. If MR5 is 
clear, a write of logic one will preset the auxiliary 
counter, and if set, a write of logic zero will preset the 
auxiliary counter. 

1 =Auxiliary counter overflow 
O=Auxiliary counter clear 

MR4 - Watchdog Control Bit 
This bit cannot be set via software. The watchdog timer 
can only be disabled by reset. 

1 =Watchdog timer disabled 
0 =Watchdog timer enabled 

MR3 - Prescaler 1 Clear Bit 
Presets the contents of prescaler 1 to $7F. 

1 = Prescaler 1 preset 
0= Prescaler 1 not preset 

MR2 - Prescaler 2 Clear Bit 
Presets the contents of prescaler 2 to $7FFF. 

1 = Prescaler 2 preset 
0 = Prescaler 2 not preset 

MRl - Prescaler Cross-Couple Bit 
This bit controls the output of prescalers 1 and 2 and 

28 
+SV 27 

Vee 26 

25 

24 

23 

22 
AN2 

21 
ANl PA5 

20 
ANO 

10 
PA4 

19 
PBO 

11 18 
PA3 

PBl 
12 17 

PA2 

PB2 
13 16 

PAl 

PB3 
14 

PAO 
15 

directs them to either timer A or B clock inputs. 
1 = Prescaler 1 feeds timer B clock input, and pres

caler 2 feeds timer A input 
0= Prescaler 1 output is used as clock input for timer 

A, and prescaler 2 output is used as clock input 
for timer B 

MRO - Port B Toggle Cross-Couple Bit 
This bit controls the overflow pulses of timers A and 
B and directs them to either port BO or Bl. 

1 =Timer A overflow output is directed to port BO, 
and timer B output is directed to port Bl 

O=Overflow output pulse oftimer A is used as a port 
Bl data register toggle clock source, and timer B 
overflow output pulse is directed to port BO toggle 
clock input 

SELF CHECK 

The self check is initiated by connecting the MCU as 
shown in Figure 6 and then monitoring the output of port 
C (bit O) for an oscillation of approximately 7 Hz. The self
check program exercises the CPU, 1/0, RAM, ROM, timers, 
interrupts, analog-to-digital (A/D) converter, and the aux
iliary counter. 

The RAM, ROM, and 4-channel AID test can be called 
by a user program. The timer test may be called if the 
timer input is the internal clock. 

CLOCK 
5 9 2 12 14 
SN74LS197 
4 10 3 11 7 

----- - - -

Vee 

Rl =6 kll 
R2=3 kll 
R3=200 ll 
R4=390 ll 
Cl= 22 pf 
C2= 1 µF 
C3=0.1 µF 

*RC Oscillator Option Shown. If 00-02 LEDs Blinking= Device Passes Test 
03 Blinking= Watchdog Reset Problem 

Figure 6. SeH-Check Connections 
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RESETS 

The MCU can be reset four ways: (1) by initial power
up; (2) by the external reset input (RESET); (3) by a forced 
reset generated by the "watchdog" counter; and (4) by 
an optional internal low voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
line logic level. Figure 7 shows the MCU reset circuit. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of lRHL milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 8) typically provides sufficient 
delay. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 

1.0 ref 

MCU 

Figure 8. Power-Up Reset Delay Circuit 

INTERNAL 
RESET 

Vee Vee 

MCU 

MISCELLANEOUS REGISTER 

(lcycl· Under this type of reset, the Schmitt trigger switches 
off at VIRES- to provide an internal reset voltage. 

FORCED RESET 
If the auxiliary counter reset mask bit in the miscella

neous counter (MR4) is cleared and the auxiliary counter 
status bit (MR5) is set, as a result of counter overflow, a 
switch to Vss is turned on pulling the RESET pin low. A 
consequent voltage drop below VIRES- on RESET causes 
a reset, which in turn sets MR4. Switching to Vss when 
the RESET pin is turned off allows voltage to rise above 
VIRES+, after which the reset is released. RESET pin 
voltage variation occurring as a result of forced reset may 
be amplified externally in order to provide a reset to other 
peripheral circuits in the system. The reset output from 
the MCU is not TTL compatible. 

LOW-VOLTAGE INHIBIT (LVI) 

The optional low-voltage detection circuit causes a re
set of the MCU if the power supply voltage falls below a 
certain level (VLVI). The only requirement is that the Vee 
must remain at or below the VLVI threshold for one !eye 
minimum. 

In typical applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
lcyc· The output from the low-voltage detector is con
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLVRI at 
which time a normal power-on reset occurs. 

220 kn 
TYP 

100 !l 
TYP 

23 RESET 

I 
1 ref TYP ... 

'*OPTION-100 ms DELAY 
TYPICAL DURING POWER UP 

Figure 7. Reset Circuit 
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INTERRUPTS 

The MCU can be interrupted seven different ways: 
through the external interrupt INT1 input pin, with the 
internal timer (either A or B) interrupt request, using the 
software interrupt instructfon (SWI), SPI interrupt re
quest, external port D bit 6 (INT2) input pin, or at reset. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 9. 

7 6 5 4 3 2 1 PULL 

] CONDITION n-4 n t 1 1 1 1 CODE REGISTER 

n 3 ACCUMULATOR n+2 

n-2 INDEX REGISTER n+3 

n ·I 111.1j PCH* n+4 

PCL* n+5 

PUSH 

•For subroutine calls, only PCH and PCL are stacked. 

Figure 9. Interrupt Stacking Order 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are con
sidered.pending until the current instruction is complete. 

NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 10 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 

Each interrupt, except INT1, has a separate mask bit 
which must also be cleared, in addition to the I bit, for 
the MCU to acknowledge the interrupt. The INT2, timer 
A, timer B, timer C, and SPI interrupts each have their 
own independent mask bits contained in MR6, TACR6, 
TBCR6, TCOM, TCCM, and SPICR6. The interrupt routine 

must determine the source of the interrupt by examining 
the interrupt request bits, TACR7, TBCR7, MR7, TCOF, 
TCCF, and SPICR7. These bits must be cleared by soft
ware. The INT1 interrupt has its own vector address. 
Therefore, the INT1 interrupt request is cleared auto
matically, and then the INT1 vector is serviced. 

EXTERNAL INTERRUPT 
The external interrupt is internally synchronized and 

then latched on the falling edge of INT1 and INT2. Clear
ing the I bit enables the external interrupt. The INT2 in
terrupt has an interrupt request bit (bit 7) and a mask bit 
(bit 6) in the miscellaneous register (MR). The INT2 in
terrupt is inhibited when the mask bit is set. The INT2 is 
always read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to proc
ess an interrupt when the condition code I bit is clear. 
The following paragraphs describe two typical external 
interrupt circuits. 

Zero-Crossing Interrupt 

A sinusoidal input signal (flNT1 maximum) can be used 
to generate an external interrupt (see Figure 11a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 

Digital-Signal Interrupt 

With this type of circuit (Figure 11 b), the INT1 pin can 
be driven by a digital signal. The maximum frequency of 
a signal that can be recognized by the TIMER or INT1 pin 
logic is dependent on the parameter labeled twL. tWH· 
Refer to TIMER for additional information. 

SOFTWARE INTERRUPT (SWI) 

The. SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 

TIMERS 

The MCU has four timers and two programmable pres
calers. The timers are identified as timer A, B, C, and the 
auxiliary counter. Refer to Figure 12 for timers A, B, and 
C block diagram. The following paragraphs described the 
different timers. 

TIMER A 
Timer A is an 8-bit programmable counter, which can 

be loaded under program control. Timer A also includes 
a modulus latch which allows the timer to be "auto-re
loaded." As clock inputs are received, timer A decrements 
toward $00. When $00 is reached, bit 7 in the timer A 
control register is set and the timer is reloaded with the 
contents of the modulus latch. An overflow condition is 
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'MR7·MR6 
(INT21 

RESET 

It lllN CCR) 

07f t SP 

0 t DORA 
FO t DDRB 
FC t DDRC 

7f t PRESC. I 
7FFFF t PRESC. 2 

40 t SPICR 
50t MR 

50 t TRCR 
FF t TIMER A 

50 t TBCR 
FFFF t TIMER B 

53 tTCCR 
FF t TIMER C 

07 t RCSR 

CLR INT LOGIC 

TRCRHRCR6 
(TIMER Al 

MC6805S3 

TBCRHBCR6 
(TIMER Bl 

CLEAR 
jjffi 

REQUEST 
LATCH 

TIMERS A, B, C, 
INT2, CAPTURE, SPI 

PC PC• I 

TCOF•TCOM 
(TIMER Cl 

TCCF•TCOM 
(CAPTURE) 

Figure 10. Reset and Interrupt Processing Flowchart 

Vee 

(CURRENT 4.7k AC 
lf1NTMAX.I 

R-• I MU 
AC INPUT 
·10 Vacp-p ~~,':"' MCU 

TTL 
LEVEL 25 

DIGITAL 
INPUT 

lJ 

INTI 

LOAD PC FROM 
SWI FFC/FFO 
INn FFA/FFB 

TIMERS A, B, C 
CAPTURE 

SPI OR INT2. 
FF8/FF9 

SPICR7-SPICR6 
ISPll 

MCU 

(Al ZERO-CROSSING INTERRUPT (Bl DIGITAL-SIGNAL INTERRUPT 

Figure 11. Typical Interrupt Circuits (INT1) 
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RESET MR3 

PRESCALERl!PCO 

SELECT MRI 

SELECT TBRC3. 2, 1, 0 

SELECT TBCR4, 5 
RESET MR2 

PRESCALER2 PC1 

INTERAL 
CLOCK-----------------. 

TO MCU 

OVERFLOW B 
TO MCU 

SELECT MRO PORT 
Bl TOGGLE 

"'<>--d-~b-~ PORT 

OVERFLOW C 
f------------<>----llNT 

BO TOGGLE 

TO MCU 

TO MCU 

Figure 12. Timers A, B, and C Block Diagram 

also generated when value $00 is reached. This state can 
be used to toggle bit 0 or bit 1 of port 8 directly under 
the control of the miscellaneous register IMRO), the SPI 
control register, and the port 8 data direction register. 
Setting TACR6 or the I bit in the condition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit MUST be cleared by software. 
There are three ways of loading data from the modulus 
latch into timer A as described in the following pa rag rahs. 

Direct Loading 

When the MCU writes to timer A data register, the data 
is latched by the modulus latch, and forced into the timer. 
This operation requires that TACR3 be cleared. 

Asynchronous External Event Loading 

When TACR3 is a logic one, the contents of the mod
ulus latch are transferred to the timer at the rising edge 

of INT2 interrupt request bit IMR7) gated with interrupt 
request mask bit IMR6). If this loading is used, care must 
be taken in programming as it will start an interrupt serv
ice routine if the I bit in the CCR is clear. Loading $00 to 
timer A allows a countdown of 256 clocks before the next 
$00 state is reached. 

Auto-Loading 

The modulus latch is automatically loaded when the 
timer reaches $00. This loading is dependent on the set
ting of TACR3. Auto-loading also occurs in both the pre
vious loading modes. Timer A can be read at any time 
without affecting the countdown of the timer. The timer 
and modulus latch are set to $FF on reset. 

NOTE 

Loading $01 to timer A should be avoided when 
operating with a divide-by-one prescaler. Doing so 
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will inhibit timer A auto-loading, interrupt genera
tion, and port B toggle mechanisms. 

TIMER A CONTROL REGISTER $09 

7 6 5 4 3 2 I 0 

I TACA7 I TACA6 I TACA5 I TACA4 I TACA3 I TACA2 I TACAI I TACAO I 
RESET: 

0 

TACR7 - Timer A Interrupt Request Flag 
1 =Timer A has transition to $00 
0 =Software or reset cleared 

TACR6 - Timer A Interrupt Request Mask 
1 =Interrupt request inhibited 
0 =Interrupt request not inhibited 

TACR5 - External or Internal Bit 
1 =External clock source for prescaler 1 
0 =Internal clock source for prescaler 1 

TACR4 - External Enable Bit 
Control bit used to enable the external timer pin 
(PRESCALER1/PCO). 

TACR5 TACR4 Prescaler 1 Clock Source 

0 0 Internal Clock 

0 1 AND of Internal Clock and 
PRESCALER1/PCO* 

1 0 Inputs Disabled 

1 1 PRESCALER1/PCO* Low-to-High Tran-
sit ion 

*The status of PRESCALER1/PCO depends upon the data direc· 
lion status of PRESCALER1/PCO. If PRESCALER1/PCO is an out
put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER1/PCO. 

TACR3 - Timer A Load Mode Control 
1 =Asynchronous external event loading (INT2 dri

ven loading is enabled) 
O=Allows direct loading of timer A 

TACR2, TACR1, TACRO- Prescaler 1 Division Ratio Con
trol Bits 

When set, these bits select one of eight possible out
puts on prescaler 1. 

TACR2 TACR1 TACRO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 0 32 

1 1 0 64 

1 1 1 128 

TIMER B 

This is a 16-bit timer which is accessed via two registers 
($OB for the most-significant byte (MSB) and $0C for the 
least-significant byte (LSB)). The MSB has a "pipeline" 
latch that allows a "snap shot" value of the entire 16 bits 

to be read. Read/write operations to the LSB are direct. 
The LSB can be read at anytime without disturbing the 
count. When the LSB is read, the contents of the MSB 
are loaded into the pipeline latch so a read of the MSB 
is actually the contents of the latch. 

When writing to the LSB, the contents are immediately 
entered into the timer. At the same time the pipeline 
contents are forced into the MSB of the timer. This allows 
a 16-bit word to be placed into the timer data register 
during a LSB write op(Jration. An underflow condition is 
also generated when value $00 is reached. This state can 
be used to toggle bit 0 or bit 1 of port B directly under 
the control of the miscellaneous register (MRO), the SP! 
control register, and the port B data direction register. 
Setting TBCR6 or the I bit in the condition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit MUST be cleared by software. 

TIMER B CONTROL AND STATUS REGISTER $00 

7 6 5 4 3 2 I 0 

I T8CA7 I TBCR6 I TBCA5 I TBCA4 I TBCR3 I TBCR2 I TBCRI J!SCROl 
RESET 

TBCR7 - Timer B Interrupt Request Flag 
1 =Timer B has transition to $00 
0 =Software or reset cleared 

TBCR6 - Timer B Interrupt Request Mask 
1 =Interrupt request inhibited 
0 =Interrupt request not inhibited 

TBCR5 ~ External or Internal Bit 
1 =External clock source for prescaler 2 
0 =Internal clock source for prescaler 2 

TBCR4 - External Enable Bit 
Control bit used to enable the external timer pin 
(PRESCALER2/PC1 ). 

TBCR5 TBCR4 Prescaler 2 Clock Source 

0 0 Internal Clock 

0 1 AND of. Internal Clock and 
PRESCALER2/PCI * 

1 0 Inputs Disabled 

1 1 PRESCALER2;PC1 * Low-to-High Tran' 
sition 

*The status of PRESCALER2/PC1 depends upon the_ data_ di rec· 
·ti on status of PRESCALER2iPCl, If PRESCALER2/PC1 is an out
put, then the .clock' source. is equa1 t-0 the port data register 
content, independent of the portele~frical loadi'ng. If ao input, 
then the clock source is the logic le.vel of PRESCALER2/PC1. 

TBCR3, TBCR2., TBCRJ, TBCRQ - Prescaler 2 ·Division 
Ratio Control Bits 

When set, these. bits select.one of eight possible output 
on prescaler 2. 

TBCR3 TBCR2 TBCR1 TBCRO Divide By 

0 0 0 0 1 

0 0 0 1 2 

0 0 1 0 4 
- Continued -
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TBCR3 TBCR2 TBCR1 TBCRO Divide By 

0 0 1 1 8 

0 1 0 0 16 

0 1 0 1 32 

0 1 1 0 64 

0 1 1 1 128 

1 0 0 0 256 

1 0 0 1 512 

1 0 1 0 1024 

1 0 1 1 2048 

1 1 0 0 4096 

1 1 0 1 8192 

1 1 1 0 16384 

1 1 1 1 32768 

TIMER C 

Timer C is an 8-bit programmable down counter. The 
timer contains a modulus latch which allows the timer to 
be auto reloaded. The timer auto reloads with the con
tents of the modulus latch upon every $01 to $00 tran
sition. Timer C contains a capture register. This read-only 
register and the contents are refreshed by the contents 
of the data register during the capture instance. The timer 
can be written to at any time, and the contents of both 
the data register and modulus latch are updated imme
diately. The timer is set to $FF on reset, but the contents 
of the capture register are not valid until the first capture 
after reset. 

TIMER C CONTROL REGISTER $015 
7 6 4 1 0 

I TCOF I TCOM I TCCF I TCCM I TCEG TCCS I TCCLI I TCCLO I 

RESET: 
0 

TCOF - Timer C Overflow Flag 
1 =Timer C has transition to $00 
0 =Software or reset cleared 

TCOM - Timer C Interrupt Mask 
1 =Interrupt request inhibited 
0 =Interrupt request not inhibited 

TCCF -- Timer C Capture Flag 
1 =Proper capture occurred on PRESCALER1 or 

PRESCALER2. No new capture occurs when set 
0 =Software or reset cleared 

TCCM - Timer C Capture Interrupt Request Mask 
1 =Inhibits interrupt request generated from TCCF 
0 =Does not inhibit interrupt request generated from 

TCCF 
TCEG - Timer C Capture Edge Select 

1 =Selects rising edge of PCOor PC1 to be capture 
instance 

0 =Selects falling edge of PCO or PC1 to be capture 
instance 

TCCS - Timer C Capture Source Select 
1 =Select PRESCALER2/PC1 as capture source 
0 =Select PRESCALER1/PCO as capture source 

TCCL 1 and TCCLO - Timer C Clock Source Select 
Clock source selection is defined below. 

TCCL1 Timer C Source TCCLO Timer B Source 

0 Internal Clock 0 Internal Clock 

0 Internal Clock 1 MR1 Status* 

1 MR1 Status* 0 Internal Clock 

1 MR1 Status* 1 MR1 Status* 

NOTES: 

1. *Denotes prescaler 1 or 2 clock source depending on mis
cellaneous register bit 1 (MR1) status. 

2. MR1 bit cleared (logic zero) at reset: 
Prescaler 1 clock selected to timer A 
Prescaler 2 clock selected to timer Band C 

3. MR1 bit set (logic one): 
Prescaler 1 clock selected to timer B and C 
Prescaler 2 clock selected to timer A 

4. Prescaler 1 output determined by the status of Timer A 
control register bits 2, 1, and 0 (TACR2, TACR1, and TAC RO) 

5. Prescaler 2 output determined by the status of Timer B 
control register bits 3, 2, 1, and 0 (TBCR3, TBCR2, TBCR1, 
and TBCRO) 

PRESCALER 1 
Prescaler 1 is a 7-bit binary down counter whose value 

is selected by TACR2, TACR1, and TACRO. The selected 
output is used as the clock input to either timer A or B, 
depending upon the status of the prescaler cross-couple 
bit (MR1 ). The type of clock source to prescaler 1 may be 
selected by TACR5 and TACR4. Prescaler 1 is set to $7F 
at reset or under program control when a one is written 
to prescaler 1 clear bit (MR3). 

PRESCALER 2 
Prescaler 2 is a 15-bit down counter; its value is se

lected by TBCR3, TBCR2, TBCR1, and TBCRO. The se
lected output is used as the clock input to either timer A 
or B, depending upon the status of the prescaler cross
couple bit (MR1 ). The type of clock source to prescaler 2 
may be selected by TBCR5 and TBCR4. Prescaler 2 is set 
to $7FFF at reset or under program control when a one 
is written to prescaler 2 clear bit (MR2). 

AUXILIARY COUNTER 
This register is a fixed counter which is clocked by the 

internal clock (fosc divided by four). Total count period 
is 4095 cycles. The MCU communicates with this counter 
via the miscellaneous register (MR5 and MR4). Count
down may be aborted at any time under program control, 
which also resets the counter to 4095 and clears MR5. 
When MR4 is clear and MR5 is set as a result of counter 
time out, the reset pin is internally pulled to ground. If 
the MCU loses control of the program, the "watchdog" 
timer will bring the MCU back to reset. Refer to Figure 
13 for counter operation diagram. 

SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) has arbitration on 
the data and clock lines. The SPI communicates with the 
MCU via data and control registers. The SPI data and 
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Auxiliary 
Counter 

EXTERNAL RESET ~ I 

RESET u. 
V1RES + 

[MR51-

[MR41~ 

MCU WRITE O• [MR41 

0 Counter Preset by Writing "1" 

G) Underflow: MR5 • 1; No Forced Reset 

© Counter Reset by Writing "O" 

0 Underflow MR5 • 1 Forced Reset 

I 
I 
I 
I l/ [MR5l~O 
I 
I 
I 

1 •IMR51 1 •IMR41 

I 
I 

FORCED RESET ......... I TIME 

VIRES :or:= I I 
: [MR5H~ 

II,____ ____..L 
I~ 
I I 
I I 

0 • [MR51 0 • [MR41 

Figure 13. Auxiliary Counter Operation 

clock inputs are always taken from their respective 1/0 
ports, regardless of the status of the data direction reg
isters relative to that port. The SPI can operate in modes 
from auto clocked (NRZ). half duplex, and full duplex with 
from a one to a four wire combination. Refer to Figure 
14 for the SPI block diagram. 

SPI CONTROL AND STATUS REGISTER 

This 8-bit register contains the status and control bits 
relative to SPI operations. The SPI control register op
eration is shown in Figure 15. The SPI control and status 
register bits can be set or cleared under program control. 
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F.igure'.14. Serial Peripheral Interface Block Diagram 
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7 6 5 4 3 2 1 0 

I SPICR7 I SPICR6 I SPICR5 I SPICR4 \ SPICR3 I SPICR2 I SPICRl I SPICRO I 
RESET: 

0 

SPICR7 - SPI Interrupt Request Bit 
Set on eighth data input strobe. MCU services this in
terrupt if I bit is clear in CCR. 

1 =Interrupt request (if SPICR6 not masked) 
0 =No interrupt pending 

SPICR6 - SPI Interrupt Request Mask Bit 
1 =Disables interrupt request from SPICR7 
0 =Enables interrupt request from SPICR7 

SPICR5 - SPI Clock Sense Bit/Bus-Busy Flag 
Dual-function bit controlled by the status of SPICR4. 

1 =Start SPI operation when SPICR4 = 1. Input data 
latched on positive edge and output data changed 
on negative edge of SPI clock when SPICR4 = 0. 

O=Stop SPI operation when SPICR4=1. Input data 
latched on negative edge and output data changed 
on positive edge of SPI clock when SPICR4=0. 

SPICR4 - SPI Operation Enable Bit 
This bit determines the functions of SPICR5 and SPICR2. 

1 =Enables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 

0= Disables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 

SPICR3 - SPI Data Output Select Bit 
1 =Output of the SPI data register is loaded to port 

B3 data register at the appropriate SPI clock edge 
selected by SPICR5, during the active transaction 
mode 

INTERRUPT 
REQUEST 
TO CPU 

FROM 
PB1 PIN 

TO PB3 
DATA REGISTER 

SHIFT 

MSB 

0 =Output of the SPI data register is loaded to port 
B2 data register at the appropriate SPI clock edge 
selected by SPICR5, during the active transaction 
mode 

SPICR2 - Mode Fault Flag 
Dual-function bit controlled by the status of SPICR4. 

1 =Start bit is set by negative transition of the data 
input of the SPI data shift register while the clock 
is at the idle level when SPICR4 = 1. Start bit set 
under program control to enable port Bl data reg
ister toggle facility when SPICR4 = 0. 

0 =Stop SPI operation when SPICR4 = 1. Cleared un
der program control when SPICR4 = 0. 

SPICR1 - Mode Fault Flag 
1 =(a) Mode flag is set when SPI data output arbi

tration occurs on the SPI data output port (PB3 
or PB2) selected by SPICR3. The MCU loses 
data mastership, and the SPI data output port 
DDR is cleared. 

(b) Mode flag is set if a low level is detected on 
slave input PBO. Then, the MCU loses clock 
mastership switching to the clock slave mode, 
and port Bl DDR is cleared. 

(c) Mode flag is set during the idle mode when a 
negative clock edge is detected on the SPI clock 
input, and the port Bl data register is cleared. 

0= Cleared under program control 
SPICRO - SPI Input Data Select Bit 

1 = SPI data from port B3 is latched into the SPI data 
register 

0= SPI data from port B2 is routed to the input of the 
SPI data register 

SET 

$10 

LSB 

$11 

SPICR1 SPICRO 

SPIRO 

PBO PIN 
DDRBO 

FROM 
PB3 PIN 

SPI DATA REGISTER 
TO PB2 

DATA REGISTER 

Figure 15. SPI Control Register Operation 
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SPI DATA REGISTER 

This register can be written to any time and can also 
be read, regardless of serial operations, without disturb
ing the data. A one bit shift to the left occurs each time 
there is a data input strobe while the LSB is loaded with 
data from port B2 or B3. The MSB is loaded every time 
there is data output strobe. Data input and output strobes 
are generated internally only during the active transac
tion time. 

SPI DIVIDE-BY-EIGHT COUNTER 

The counter is cleared during SPI deselect or idle modes. 
A count occurs at every data input strobe during the ac
tive transaction mode. At overflow, SPICR7 is set which 
puts the SPI in idle mode and blocks all data input and 
output strobes. The counter is cleared when PBO is high 
if the SPI is in the slave mode or when a "start" condition 
is detected. 

SPI OPERATION 

The SPI can operate in a variety of niodes. Software 
assisted protocols may be defined to upgrade the hard
ware versatility and/or system performance of the MCU. 
Some features common to all operating modes are sum
marized iri Table 1 and in the following paragraphs. 

1) SPI data input and output may be individually routed 
to or from PB2· or PB3 (Table 2). These four routings 
provide half and full duplex operations, as well as 
allowing bidirectional information to flow in daisy
chained systems. 

2) When data input and output is done on PB2, PB3 
is available for any other use and vice versa. 

3) Data input is always relative to the port pin logic 
level regardless of the data direction register status 
on that pin. 

4) In full duplex operation, 16 bits of information may 
be transferred with eight clock pulses between at 
least two devices with transmit capability. Both PB2 
and PB3 are used for data transfer. The same shift 
register is used for data in and data out. The byte 
transn:iitted replaces the byte received. SPICR7 is 
used to signify that the 1/0 operation is complete. 

5) SPI clock is always provided on port Bl. In the clock 
slave mode, port Bl DOR is in the input mode 
(cleared). In the clock master mode, port Bl DDR 
is set; therefore, the MCU imposes the clock level 
on PB 1 until there is clock arbitration on the clock 
line or until the MCU loses clock mastership when 
PBO goes low. 

6) No fixed baud rate generation exists. The clock 
frequency is dependent on the prescaler clock 
source option, prescaler divide ratio, and timer di
vide ratio as well as the port C status in case of 
external clocking for the timer. Toggling of the port 
Bl data register is automatically allowed during 
the active transmission mode. 

7) All devices connected to the SPI must have their 
output and input data strobe on the same clock 
edge for correct transfer of data. 

8) During the active transmission mode, the first clock 
edge must be the output data strobe. When this 

occurs, the MSBs of the data registers of all trans
mitters are copied onto the data output pins, and 
the MCU copies the MSB of its SPI onto the port 
B2 or B3 data register. 

9) Port B data direction registers and port B data con
trol registers are accessible during SPI operation. 
During active transaction mode, the PB1 data reg
ister, PB2 data register (if SPICR3 = 0), and PB3 (if 
SPICR3 = 1) are not write accessible under program 
control. 

10) Port B lines not used for SPI can be used for other 
digital functions. 

SELECT INPUT OPERATION 

An external device supplies slave select information 
via port BO. If slave select is not used, set port BO to output 
mode to inhibit slave select function. 

The following paragraphs describe clock master and 
clock slave operating modes of the SPI. 

Master Mode Slave Select Actions 

The MCU monitors sla.ve select input in master mode 
to assure that it stays false. If slave select goes true, the 
MCU exits master mode and becomes a slave. This im
plies that a write collision has occurred which means two 
devices attempted to become masters. Write collisions 
normally result from a software error, and the default 
master must clean up the system. The mode fault flag is 
set to signal that clock mastership is lost. Slave select 
actions can take place during either active or idle trans
action modes. 

Slave Select Input Actions During Slave Mode 

The current clock master generates slave select to en
able one of several slaves to accept or return data. The 
SS signal must go low before serial clock pulses occur 
and must remain low until after the eighth serial clock 
cycle. Individual lines or a daisy chain can be used for 
multiple slaves. When SS is high, the following occur: 

• Serial data output is forced to a high-impedance state 
without affecting the DDR status. 

• Serial clock input pulses are inhibited from gener
ating internal data output and input strobe pulses. 

• The eight-bit counter is cleared. 

SPI OPERATING MODES 

Six methods of operating the SPI are discussed in the 
following paragraphs. 

One-Wire Autoclocked Mode 

Various SPI devices can be connected on a single wire, 
with data transmission using an implicit clock, and each 
device being its own clock master. 

Two-Wire Half-Duplex Mode 

In this mode, separate data and clock lines connect the 
elements in the system. Data and clock mastership should 
be monitored via protocol included in the data patterns. 
A transmitter can send all zeros to take all other trans
mitters off the bus. 
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Table 1. Summary of SPI Operations 

DEFINITIONS 
Transmitter - Data Master DDRB2 or 3- I 
Receiver~ Data Slave: DDRB2 or 3 =- O 
Clock Master: DDRBI - I 
Clock Slave: DDRBI ~ D 
Transaction Mode: SPICR4 ~I 

I) Active: SPICR7•1DDRBD•PBD + DDRBD) if DDRBI •0 D (clock slave model or 
SPICR7•IDDRBD•PBD + DDRBD) if DDRBI ~I (clock master mode) 
Clock Pulses allowed, data shifted 

21 Idle: SPICR7 + DDRBD•PBD 1f DDRBI c• D (clock slave mode) 
Clock pulses blocked, data output line 10 high-impedance state 

Deselect Mode: SPICR4 ~ D - No SPI Operations 

SLAVE SELECT INPUT 
Slave Select Input: SPISS - PBD 

If DDRBD ~ D then so SPISS action on MCU 
I) Master Mode: SPISS ~I DDRBI ~I 

SPISS I - D: Switch to Slave Mode (DDRB I 1 - DI 
Set SPICRI (Mode Fault Flag) 

2) Slave Mode: SPISS ~ D DDRBl ~ D 
External clock is allowed to shift data m/out. If SPISS is pulled high, the external clock input pulses are 1nh1b1ted; 
no data shift; divide-by-eight counter cleared; SPID (PB2 or PB3) switched to high-impedance state. 

Used as Chip-Select Input 

DATA ARBITRATION 
Data master loses data mastership when data collision occurs during internal data strobe time. 

If SPID output port IPB2 or PB3)-1 while actual pm level 1s pulled low externally - conflict detected at internal data strobe 
time. 

Then SPICRI (mode fault flag) is set; SPIO output port DOR (B2 or B3) I• D (high-impedance state). 

CLOCK ARBITRATION 
MCU has clock mastership (DORBl ~ 1) 

11 Via SPISS line (OORBD ~ D). If SPISS is pulled low, then clock mastership lost; ODRBl I• D (h1gh-1mpedance state); SPICRl 
1s set (mode fault flag). 

2) Via clock line SPICL (DDRBI -~ 1 and DCRB5 ~ D) 
Condition: SPICL must have open-dram output (DCRB5 ~DI 

If clock line is held low externally then clock mastership is not lost; minimum tCLH and tCLK times are 
guaranteed 

If SPICL goes low during idle mode then SPICRl ~ 1 and clock line rs switched low to inhibit the system 
clock. 

MODE FAULT FLAGE OPERATION (SPICRI) 
Flag set when any of the following conditions occur 

Data arbitration occurs on SPID output. 
Clock arbitration with SPISS during master to slave switching 
Clock arbitration via clock line if SPICL I• D during idle 

START, STOP, AND CLOCK IDLE CONDITIONS 
Clock Idle: The clock level just prior to the transition that causes data on the serial output data line to be changed is defined 

as the SPI clock idle state. 
SPICR5 ~ D: SPICL Idle~ Low State 
SPICR5 ~ 1: SPICL Idle~ High State 

These definitions are necessary for determining start and stop conditions. 

NOTE 

Clock idle state can only be defined if SPICR4- D !Deselect Mode) 

Start Condition Any negative transition of the data input line (PB2 or PB3) during an SPICL idle state. 
Stop Condition: Any positive transition of the data input line during an SPICL idle state 
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Table 2. Port B Status During SPI Operation 

Port 
Name Use Input Output 

PBO SPISS Yes No 
PBO Data No Yes 

PB1 SPICL Yes No 
PB1 SPICL No Yes 

PB2 SPID Yes No 
PB2 SPID No Yes 
PB2 Data Yes Yes 

PB3 SPID Yes No 
PB3 SPID No Yes 
PB3 Data Yes Yes 

Three-Wire Half-Duplex Mode with Slave Select Input 

This mode is the same as the half-duplex mode except 
that the slave select input allows using the MCU as a 
peripheral in a system where clock mastership is passed 
through the slave select line. Typically, the slave select 
lines can be wired together. The current master sets its 
slave select line in the output mode prior to a serial trans
mission and pulls it low to indicate that the system is 
busy. This allows the clock master to retain mastership 
until the end of transmission. Software protocol can be 
arranged so that slaves do not request mastership until 
their slave select lines go high. At the end of a transmis
sion, the current master pulls SPISS high and puts the 
SPISS port (PBO) in the input mode. A slave requesting 
clock mastership pulls the SPISS line low, removing the 
current master from the line. Time multiplexed protocols 
may be required to avoid simultaneous mastership re
quests. 

Three-Wire Full-Duplex Mode 

This mode allows the MCU to operate simultaneously 
as transmitter and receiver. Bus or daisy-chain networks 

Comments 

Used as slave select input 
Used as "busy" signal or any digital 
output 

Clock slave 
Clock master 

SPI data input SPICRO= 0 
SPI data output SPICR3 = 0 
Any digital signal SPICR3 = 1 

SPI data input SPICRO = 1 
SPI data output SPICR3 = 1 
Any digital signal SPICR3 = 0 

are feasible. Protocols in the data stream are required to 
change: 

• Clock masters 
• The number of transmitters in the system 
• The direction of data flow in daisy-chained systems 

with collision 
It is possible for the MCU to shift out one byte of data 

while receiving another, as illustrated in Figure 16. This 
eliminates the need for XMIT EMPTY or REC FULL status 
bits. 

Three-Wire Full-Duplex Mode with Clock Arbitration 
This mode is a mix of the three-wire full-duplex mode 

and two-wire half-duplex mode with clock arbitration, 
where the SPI clock line operates as a wire-or. Simulta
neous masters are allowed, and clock arbitration is via 
the clock line. 

Four-Wire Full-Duplex Mode with Slave-Select Input 
This mode is similar to the three-wire full-duplex mode 

in network construction and to the three-wire half-duplex 
mode with slave-select input in clock arbitration and slave 
selection. Refer to Figure 17. 

Vee 

SLAVE SELECT ------.-.-----+---------e-----.----
CLOCK ----_..--1.._ ___ ___..,_+-----.... -+-----e>--+----
DATA -4-......, 

EXAMPLE: 

-+ 
INFORMATION FLOW 

{ 
B2=SPID IN 
B3=SPIC OUT 

{ 82= SPID OUT 
83= SPID IN 

Figure 16. Daisy Chain/Cascade Organization 
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MCU 1 

MCU 2 

MCU 3 

*HALF DUPLEX { 
SPID:PB2/3 
SPICL:PBl 

'HALF DUPLEX { SPID:PD2/3 
WITH CLOCK ARBITRATION SPICL:PB1 

*HALF DUPLEX 

V WITH SLAVE SELECT cc 

*FULL DUPLEX 

*FULL DUPLEX 
WITH SLAVE SELECT 

{ 
SPID:PB2/3 
SPICL:PB1 
SPISS:PBO 

{ 
SPID IN:PB2/3 
SPID OUT:PB3/2 
SPICL:PB1 

{ 

SPID IN:PB2/3 
SPID OUT: PB3/2 
SPICL:PB1 
SPISS:PBO 

Figure 17. SPI Operation Bus Organization 

ANALOG-TO-DIGITAL CONVERTER 
The chip resident 8-bit analog-to-digital (AID) converter 

uses a successive approximation technique as shown in 
Figure 18. Four external analog inputs can be connected 
to the AID through a multiplexer via Port D. Four internal 
analog channels (VRH -VRL· VRH-VRLi2, VRH-VRLi4, 
and VRU may be selected for calibration. The accuracy 
of these internal channels may not meet the accuracy 
specifications of the external channels. 

A fifth external analog input (AN4) is available via mask 
option. When selected, it replaces the VRH internal chan
nel. Due to signal routing, the accuracy of this fifth chan
nel may be slightly less than ANO-AN3. 

Multiplexer selection is controlled by the AID control 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul
tiplexer selection. The ACR is shown in Figure 18. The 
converter uses 30 machine cycles to complete a conver
sion of a sampled analog input. When the conversion is 

complete, the digital value is placed in the AID result 
register (ARR); the conversion flag is set; selected input 
is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input, which is held internally, is sam
pled for five machine cycles. 

The converter uses VRH and VRL as reference voltages. 
An input voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than VRL· but 
greater than Vss. converts to $00. Maximum and mini
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and be 
referenced to VRL for the ratiometric conversion. To 
maintain full accuracy of the AID, three requirements 
should be followed: (1) VRH should be equal to or less 
than Vee. (2) VRL should be equal to or greater than Vss 
but less than maximum specifications, and i3) VRH - VRL 
should be equal to or greater than 4 volts. 

Table 3. A/D Input MUX Selection 

A/D Control Register 
Input Selected 

AID Output (Hex) 

ACR2 ACR1 ACRO Min Typ Max 

0 0 0 ANO 
0 0 1 AN1 
0 1 0 AN2 
0 1 1 AN3 
1 0 0 VRH** FE** FF** FF** 
1 0 1 VRL* 00 00 01 
1 1 0 VRHi4* 3F 40 41 
1 1 1 VRHi2* 7F 80 81 

*Internal (calibration) levels 
** AN4 may replace the VRH calibration channel if selected via mask 
option. 

MOTOROLA MICROPROCESSOR DATA 

3-521 



• 

MC6805S3 

PD51VRH 

D/A 

15 k ITYP.) 

PD41VRL --+--

PDOIANO 

PDllAN1 

PD2/AN2 

PD31AN3 

1-0F-8 
SELECT 

MULTIPLEXER 

INT2/PD61AN4 -L--------' 

($00EI 

CONTROL 
LOGIC 

($00F) 

COUNT 

A/D 
RESULT 

REGISTER 

'8 

Figure 18. A/D Block Diagram 

The AID has a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing error to ± 1/2 LSB, rather 
than + 0, - 1 LSB with no offset.. This implies that, ig
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above VRL· Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRH, ideally. 

INSTRUCTION SET 

The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch IFF Bit n is Set BRSET n In~ 0 . . 71 

Branch IFF Bit n is Clear BRCLR n (n~O ... 71 

Set Bit n BSET n (n~O. .. 7) 

Clear Bit n BCLR n (n ~o. . 7) 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 

Function Mnemonic 

Load A from Memory LDA 

Load X from Memory LDX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
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value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch IFF Higher BHI 

Branch IFF Lower or Same BLS 

Branch IFF Carry Clear BCC 

(Branch IFF Highe~or Same) (BHS) 

Branch IFF Carry Set BCS 

(Branch IFF Lower) (BLO) 

Branch IFF Not Equal BNE 

Branch IFF Equal BEQ 

Branch IFF Half Carry Clear BHCC 

Branch IFF Half Carry Set BHCS 

Branch IFF Plus BPL 

Branch IFF Minus BMI 

Branch IFF Interrupt Mask Bit is Clear BMC 

Branch IFF Interrupt Mask Bit is Set BMS 

Branch IFF Interrupt Line is Low BIL 

Branch IFF Interrupt Line is High BIH 

Branch to Subroutine BSR 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

OPCODE MAP SUMMARY 

Table 4 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two-byte direct
addressing instructions access all data bytes in most ap
plications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 
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Table 4. Opcode Map 

Low 

Bft Mani ulation Branch Read-Modi!Y~_Writ~- _ _ __ _ ContrC!L__ - ---- R ister/Memo 
BTB B R L DIR INH INH IX1 IX INH INH IMM DIR EX IX2 1 

Hi --Y-- 4 5 ,7 8 9 ABC DE 
0000 OXIL 0010 0011 0100 0101 _01JQ_ _l 0111 1000 1001 1010 1011 1100 1101 1110 1111 

0 1BRSETO BSETO 4 BRA 6 NEG 4 NEG 4 NEG 7 NEG 1

6' N~~ - i 9 - RTI f ! 2 SUB 4 SUB ' 5 SUB SUB i 5 -;UB 4 SUB 
~ U..:: le_ ak 2 Bi_l _l_ _ DIR \ INH _I_~- 1x1 I IX f-',_llit!_-t- _ ~~-++---=--DIR 3 XT 1l2.____2___ IXl 1 IX 

l 1 ~RCLAO 7 BCLAO 4 BAN 6 ATS , -4-1 2 CMP 4 CMP 5 CMP 6 CMP 5 CMP 4 CMP 
OOJl 3 BTB 2 BSC 2 8.t_L .. __ ----+----'----- ~L--- _ 2 ~M Ll.__ OIR 3 ~XT 3 IX2 2 1x1 I IX 

10 7 4 ! ' ? -1 4 5 6 5 4 
2 BRSET1 BSET1 BHI I I SBC SBC SBC SBC 

0010 ~O BTB + -ssc_ 4 8il 6 ____ h-- __ ---j 4 __ 1 -------i _6 __ -i~, __ -t ---i3 ~ ~ _Q!B_ ~ EXT ~ IX2 2 IXl ~ IX 

3 BRCLR1 BCLR1 BLS COM COMX COM COM SWI · CPX CPX CPX CPX -s CPX CPX 

~, , "" , ~ , "" , "'" "" ,,, , -''"" ~- , ,,,, 1 --i ,,, I ' "'" , "' , ,,, , ,,, , " 
4 1 ~RSET2 7 BSET2 4 BCC 6 LSR 4 -LSAA 4 LSRX 

7 
LSR b LSR ' 2 AND 4 AND 5 AND 6 AND 5 AND 4 AND 

0100 J. BTB 2 BSC REL 2 DTR 1 INH INH i 1x:_l1 x __ 2 IMMlL Dlf< 3 EXT 3 IX2 2 IX 1 IX 
10 1 4 I . 7 4 5 6 5 4 

5 BRCLR2 BCLR2 BCS '1 BIT BIT " , BIT BIT 
0101 ~0 010 1 ~ 4 R L 6 4 _4 __ ~-r-;.-- -----~ _1 _ ~ ..1M__M_T 4 _Q_l__B_ ~ EXT 6 lk-t __lXJ ~ _JK. 

6 BASET3 BSET3 BNE ROA RORA AOAX ' ROA 1 ROR I ) LOA LOA LOA LOA LOA LOA 
0'10 3 ~B LI_ :.lli_ R L ...1.. DIR 1 INH t-+-- lill<.f+-"".'J.x 1_(_ I 1' + _ ·-1 L_ IMMt DIR 3 EXT 3 IX2 2 IXl 1 IX 

7 1 ~ACLA3 7 BCLR3 4 BEO 6 ASA 4 ASAA 4 ASAX 7 ASA ' 6 ASA : i-,· 5 STA 6 STA STA 6 STA ---;- STA 
0111 ~O ~B 7 liic_--t _f"iLL ~ DIR ~ INH ~ ___ INH ~ ___ _QJ_++- _-----'._x__1 _____ ----+T-- -~~ J ~ DIR ~ EXT ~ IX2 ~ IXl ~ IX 

8 1,BRSE},4, , BSE~~' , BHCC LSL LSLA LSLX~LSL Li LSL _'"H lo EOR EOR EDA EDA,, EDR EDR 
10CXJ Lfu ~+ ~-t R l ~ DIR ~ INH ~ _ l~t+--~16 _ 1X i ----"--'-'--'..t-2- IMM ~ DIR ~ EXT ~ I_&_~ IXl l IX 

JBRCL:r~ LLsc~~c 2 BHC~EL 2 ROLD1R , ROL~Nt-1 l ROL~Nt· - 2_~oL,J<,' l AOL , ~ ; AD~M i Aoco1R 3 AD~xT 3 ADC1x2 2 Aoc1x1 , ADC ix 9 
1001 

A 
.1lllQ_ 

B 
1011 

c 
1100 

0 
llQl 

E 
1110 

F 
1111 

7 4 6 4 4 I 6 2 4 

1'gRSE}_?, 1 , BSE:~, BPL DEC DECA DECX . DEC 1 DE.C CLI ORA ORA 5 ORA ORA 5 ORA 
4 

ORA 
lO ___t!_l__g_Lf- ~ ~ REL 2 DIR 1 INH 1 1NH 2 -~'-- ------~ I INH ~ IMM ~ DIR 3 EXT 3 IX2 2 IX1 l IX 

BRCLR5 BCLR5 BMI I ' ADD ADD 5 ADD ADD 5 ADD 4 ADD 
3 BTB 2 BSC 2 RE.L I - -----1' -- I ~ 2 IMM 2 DIR 3 E.XT 3 IX2 2 IX1 1 IX 
1 7 4 6 4 4 7 6 2 3 4 5 4 
'g'RSET6 BSET6 BMC INC INCA INCX INC INC JMP JMP JMP JMP J JMP 
3 BTB 2 ~C 2 REL 2 DIR 1 INH 1 iNH 1 . 1x ;_ · ~ __ 4-1~ 1 _J!il::1_ 2 DIR 3 E.XT 3 IX2 2 IXl 1 IX 
10 7 4 6 4 4 7 6 L 8 7 11 ,BRCL~,6, , BCL~~c_ , BMs,,, , TST, TSTA . _ ,;,H -;:;-T=t6 ·,s, NOP BSA JSR _ 8 JSR 9 JSR 8 JSR JSR 
~ ~+ -t fill--'--- _'dJR 1 INH 1--~~- IX l INH ~ RE:L ~ DIR 3 E.XT 3 IX2 2 1X1 l IX 

BRSET7 BSET7 BIL ± 1 LOX LOX 5 LOX LOX . S LOX LOX 
10 ST ~ SSC ~ AE.L 6 4 4 --------+---o-- 6 __ __ 2 2_ IMM ; DIR ~ EXT ~ IX2 ~ IX1 1 IX 

BRCLR7 BCLR7 BIH CLR CLAA CLRX [LR CLR TXA STX STX STX STX 5 STX 
3 BTB 2 BSC I 2 REL 2 DIR 1 INH I INH 2 _i<' I _,±_ __ .h~-- 2 DIR 3 EXT 3 IX2 2 IXl 1 IX 

Abbreviations for Address Modes LEGEND 

H~ 

0 
())JO 

1 
0001 

2 
0010 

3 
0011 

4 
_Q]QL 

5 
...llli!L 

6 
0110 

7 
0111 

B 
1000 

9 
1001 

A 
1010 

B 
1011 

c 
1100 

D 
1101 

E 
1110 

F 
1111 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 

IX1 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Set/ Clear 

~ 11~ 1 J ~ Opcode 1n Hexadecimal 

# of Cycles -----<• 4 ~ 
Mnemonic >- SUB 

Bytes ___ __,_,._ 1 ---'-'--

Opcode 1n Binary 

Bit T es1 and Branch 
Indexed I No Offset I 
Indexed. 1 Byte IB-B1tl Offset 
Indexed, 2 By1e 116-Bitl Offse1 

~--------- Address Mode 
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RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. 

INDEXED, NO OFFSET 
In the indexed, no offset addressing mode, the effective 

address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 
through a table or to hold the address of a frequently 
referenced RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 
In the indexed, 8-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 
In the indexed, 16-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 

the opcode. This addressing mode can be used in a man
ner similar to indexed 8-bit offset except that this three
byte instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
1:0, can be selectively set or cleared with a single two
byte instruction. 

BIT TEST AND BRANCH 
The bit test and branch addressing mode is a combi

nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 3 to the PC if the specified bit is set or cleared in the spec-
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from - 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 

INHERENT 
In the inherent addressing mode, all the information 

necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 
MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltage PCOin Vin 
Self-Check Mode -0.3 to + 15.0 

All Other -0.3 to + 7.0 

Port A and C Source Current per Pin lout 
(One at a Time) 10 

Operating Temperature Range TA 
MC6805S3P Oto 70 
MC6805S3CP -40 to +85 
MC6805S3VP -40 to + 105 

Storage Temperature Range Ts!ll_ -55 to +150 

Junction Temperature TJ 
Plastic Package 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance ffJA 
Plastic (P Suffix) 70 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ. in °C can 
be obtained from: 

where: 
TA 
ffJA 

Po 
PINT 
PpQRT 

TJ=TA+(Po•OJA) (1) 

=Ambient Temperature, 'C 
= Package Thermal Resistance, 

Junction-to-Ambient, 'C/W 
=PINT+ PpQRT 
= lccx Vee. Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

TEST 
POINT 

40 pf 
(TOTAL) 

MMD6150 
OR EQUIV. 

12kll 

Vcc~47s v 

Figure 19. TTL Equivalent 
Test Load (Port 8) 

TEST MMD6150 
POINT DR EQUIV. 

30 pF 24 k!! 
ITOTALI 

Figure 21. TTL Equivalent 
Test Load (Ports A and C) 

Unit 

v 
v 

mA 

'C 

'C 

'C 

Unit 

'CIW 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max
imum-rated voltages to this high-impedance 
circuit. For proper operation, it is recom
mended the Vin and Vout be constrained to 
the range Vss "' IVin or V0 utl "' Vee. Reli
ability of operation is enhanced if unused in
puts except EXT AL are tied to an appropriate 

'logic voltage level (e.g., either Vss or Vee). 

For most applications, PpQRT<P1NT and can be ne
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED. loads. 

An approximate relationship between Po and TJ (if 
PpQRT is neglected) is: 

Po=K7(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po. (TA+ 273°C) +0JA•Po2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA· Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions ( 1) and (2) iteratively for any value of TA· 

TEST POINT~ I 30 pF (TOTAL) 

Figure 20. CMOS Equivalent 
Test Low (Port Al 

TEST 
POINT 

Vcc=4.75 v 
1.36 k!l 

i 30 pF (TOTAL) 

Figure 22. Open-Drain Equivalent 
Test Load (PB1, PB2, and PB3) 
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ELECTRICAL CHARACTERISTICS 
(Vee= + 5.25 Vdc ± 0.5 Vdc, Vss = O Vdc, TA= TL to TH. unless otherwise noted) 

Characteristic Symbol Min 

Input.High Voltage V1H 
RESET (4.75 "" Vee "" 5.75) 4.0 

Vee"" 4.75) Vcc-o.5 
INT (4.75"" Vee "" 5.75) 4.0 

(Vee"" 4.75) Vcc-0.5 
All Other 2.0 

Input High Voltage PCO V1H 
Port/Timer Mode 2.0 
Self-Check Mode 9.0 

Input Low Voltage V1L 
RESET Vss 
INT Vss 
All Other (Except AID Inputs) vss 

RESET Hysteresis Voltages (See RESETS) 
"Out of Reset" VIRES+ 2.1 
"Into Reset" VIRES- 0.8 

Standby Supply Voltage (INT2 Input Option) VsTBY 3.0 

Standby Current (INT2 Input Option) (Vsrnv = 3.0 V) isrnv -

Power Dissipation - No Port Loading 
(Vcc=5.75 V, TA=0°C) Po -
(Vcc=5.75 V, TA= -40°C) Po -

Input Capacitance (Except Analog Inputs - See Note) Cin -
Low Voltage Recover VLVR -

Low Voltage Inhibit VLVI 2.75 

Input Current lin 
INT 

(Vin= 2.4 V to Vccl -
EXT AL 

(Vin= 2.4 V to Vee Crystal Option) -
(Vin= 0.4 V Crystal Option) -

RESET 
(Vin=0.8 VI -4.0 
(External Charging Current) 

TBD=To Be Determined 
NOTE: Port D analog inputs, when selected, Cin = 25 pf for the first 5 out of 30 cycles. 
*This input (when unused) floats to approximately 2.0 V due to internal biasing. 
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Typ Max Unit 

v 
- Vcc+o.1 
- Vcc+o.1 . Vcc+o.1 . Vcc+o.1 
- Vcc+0.7 

v 
- Vee+ 1.0 

10.0 15.0 

v 
- 0.8 . 1.5 
- 0.8 

v 
- 4.0 
- 2.0 

- 5.75 v 

1.0 5.0 mA 

mW 
600 830 
670 890 

10 - pf 

- 4.75 v 

3.75 4.70 v 

µA 

20 50 

- 10 
- -1600 

- -50 
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SWITCHING CHARACTERISTICS 
(Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=TL to TH. unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Oscillator Frequency lose 0.4 - 4.2 MHz 

Cycle time (4/foscl le}'!: 0.95 - 10 µs 

INT, INT2, and TIMER Pulse Width twL.tWH lcyc+250 - - ns 
RESET Pulse Width IRWL 1~+250 - -

RESET Delay Time !External Capacitance= 1 µF) tRHL - 100 - ns 

INT Zero-Crossing Detection Input Frequency f1NT kHz 
!for ± 5° Accuracy) 0.03 - 1 

External Clock Input Duty Cycle IEXTAL) - 40 50 60 % 

Oscillator Startup Time Crystal tsu - - 100 ms 

SPICL High Time tsPICLH 4 - - tc;yc 

SPICL Low Time tSPICHL 4 - - tc;yc 

SPICL Rise and Fall Time tsr. ISf - - 1 µs 

SPID Input Data Setup Time tsDs 2 - - t9'!' 

SPID Input Data Hold Time ISDH 2 - - 19'!' 

SPICL to SPISS Lag Time tss1G 4 - - l~c 

SPISS to SPICL Lead Time tssw 4 - - 19'!' 

Start Bit to First Clock Lead Time ISTL 1 - - 19'!' 

External Timer Input to Timer Change Time tpcT 3 - - t~c 

Timer Change to Port B Toggle Time tTPB 2 - - t~c 

INT2 to Timer A Load Time t1NTL 3 - - t~c 

A/D CONVERTER CHARACTERISTICS 
!Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Min Typ Max Unit Comments 

Resolution 8 8 8 Bits 

Non-Linearity* - - ±112 LSB After removing zero-offset and full-scale errors 

Quantizing Error - - ±112 LSB 

Conversion Range v AID accuracy may decrease proportionately as 
VRH - - Vee VRH-VRL is reduced below 4.0 V. The sum of 
VRL Vss - 0.2 VRH and VRL must not exceed Vee 

Conversion Time 30 30 30 t9'!' Includes sampling time 

Monotonicity !Inherent within total error) 

Sample Time 5 5 5 ~ 
Sample/Hold Capacitance, Input - - 25 pF 

Analog Input Voltage VRL - VRH v Transients on any analog lines are not allowed 
at any time during sampling or accuracy may 
be degraded 

*For VRH=0.4 V to 5.0 V and VRL =0 V. 
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PORT ELECTRICAL CHARACTERISTICS 
(Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=TL to TH. unless otherwise noted) 

Characteristic Symbol Min 

Port A with CMOS Drive Enable 

Output Low Voltage, I Load= 1.6 mA Vol -

Output High Voltage, I Load= -100 µA VoH 2.4 

Output High Voltage, I Load= -10 µA VoH Vcc-1.o 

Input High Voltage, I Load= -300 µA (max.) V1H 2.0 

Input Low Voltage, I Load= - 500 µA (max.I V1L Vss 
Hi-Z State Input Current (Vin= 2.0 V to Vccl l1H -
Hi-Z State Input Current (Vin= 0.4 VI l1L -

Port B 

Output Low Voltage, I Load= 3.2 mA VQL -

Output Low Voltage, I Load= 10 mA (Sink) Vol -

Output High Voltage, I Load= - 200 µA VoH 2.4 

Darlington Current Drive (Source)*. Vo= 1.5 V loH -1.0 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Hi-Z State Input Current ITSI -

Port C and Port A with CMOS Drive Disabled 

Output Low Voltage, I Load= 1.6 mA VQL 

Output High Voltage, I Load= - 100 µA VoH 

Input High Voltage V1H 

Input Low Voltage V1L 

Hi-Z State Input Current ITSI 

Port D (Digital Inputs Only) 

Input High Voltage 

Input Low Voltage 

Input Current** 

*Not applicable if programmed to open-drain state. 
**PD41VRL - PD51VRH: 

V1H 

V1L 

lin 

-

2.4 

2.0 

Vss 

-

2.0 

Vss 

-

Typ Max Unit 

- 0.4 v 

- - v 

- - v 

- Vcc+o.7 v 

- 0.8 v 
- -300 µA 

- ·-500 µA 

- 0.4 v 

- 1.0 v 

8 - v 

- -10 mA 

- Vee +o.7 v 

- 0.8 v 

<2 10 µA 

- 0.4 v 

- - v 
- Vcc+o.7 v 

- 0.8 v 
<2 10 µA 

- vcc+o.7 v 
- 0.8 v 
<1 10 µA 

The AID conversion resistor (15 kll typical) is connected internally between these two lines, impacting their use as digital inputs 
in some applications. 
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ORDERING INFORMATION 
The following information is required when ordering a 

custom MCU. The information may be transmitted to Mo
torola in the following media: 

MDOS, disk file 
MS-DOS/PC-DOS disk file 
EPROM(s) 2532, 2732, or two each: 2516/2716 

To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MDOS® or MS@-DOS/ 
PC-DOS disk file), programmed with the customer's pro
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis
kette should be clearly labeled with the customer's name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MOOS Disk File 

MOOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-side, single-density, 8-inch 
MOOS compatible floppy diskette. The diskette must con
tain the minimum set of MOOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in
cluding those in the user space, must be set to zero. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K), 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

An MC68705S3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer's program 
(positive logic sense for address and data), may be sub
mitted for pattern generation. Since all program and data 
space information will fit on one MC68705S3/2532/2732 
or two 2516/2716 type EPROM(s), the EPROM(s) must be 
programmed as described in the following paragraph. 

MOOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

For the 2532 or 2732, the ROM code should be located 
from $080 to $EFF and the interrupt vectors from $FF8 
to $FFF. For the 2516s or 2716s, the ROM code should 
be located from $080 to $7FF in the first EPROM and from 
$0 to $6EF in the second EPROM. The interrupt vectors 
should be in the second EPROM from $7F8 to $7FF. 

EPROM MARKING 

\. 

xxx =CUSTOMER ID 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer's mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
with five volts and at room temperature. These RVUs are 
free with the minimum order quantity but are not pro
duction parts. These RVUs are not guaranteed by Mo
torola Quality Assurance. 

ORDERING INFORMATION 

The following table provides generic information per
taining to the package type, temperature, and MC order 
numbers for the MC6805S3. 

Table 5. Generic Information 

Package Type Temperature Order Number 

Plastic 0°C to 10°c MC6805S3P 
(P Suffix) - 40°C to + 85°C MC6805S3CP 

-40 to + 105°C MC6805S3VP 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENT 

MC6805S3 

MECHANICAL DATA 

Vss 1. NUM 

PRESCALERl/PCO 27 EXT AL 

PRESCALER2/PC 1 26 XTAL 

V STBYi AN4/I NT2/PD6 25 INTI 

VRHiPD5 24 Voo 

VRLIPD4 23 RESET 

AN3/PD3 22 PA7 

AN2/PD2 21 PAS 

AN1/PD1 20 PA5 

ANO/POD 10 19 PA4 

SPISS/PBO 11 18 PA3 

SPICUPBl 12 17 PA2 

SPID/PB2 13 16 PAI 

SPID/PB3 14 15 PAO 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
MC6805U2 

• 

Technical Summary 
8-Bit Microcontroller Unit 

The MC6805U2 (HMOS) Microcontroller Unit (MCU) is a member of the M6805 Family of micro
controllers. This low cost and high-speed MCU has parallel 1/0 capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor
mation, refer to M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit Prescaler • Vectored Interrupts 
• On-Chip Oscillator 
• Memory Mapped 1/0 

• Versatile Interrupt Handling 
• True Bit Manipulation 
• Bit Test and Branch Instruction 

TIMER 

PAO 
PA1 

Port PA2 
A PA3 

1/0 PA4 
Lmes PAS 

PA6 
PA? 

PBO 

Port 
PB1 
PB2 

B PB3 
110 PB4 

Lines PBS 
PB6 
PB? 

Prescaler Timer/ 

8 Counter 

T 1mer Control 

Port Data 
A Dir 

Reg Reg 

s 

Port Data 
B Dir 4 

Reg Reg 

8 

• 2048 Bytes of ROM 
• 64 Bytes of RAM 
• Self-Check Mode 
• 24 Bidirectional 1/0 Lines 

BLOCK DIAGRAM 

XTAL EXTAL RESET NUM 

Accumulator 

CPU 
Index Control 

Register 
x 

Condition 
Code 

Register cc 
CPU 

Stack 
Pointer s 

Program 
Counter 

High PC ALU 
Program 
Counter 

Low PCL 

2048 x 8 64x8 
User ROM RAM 

192 x 8 
Self·Check ROM 

Analog 
MUX 

Data Port 
Dir c 
Reg Reg 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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PD2 Port 

D PD3 
PD4 Input 

PD5 Lines 

PD6/flilT2 
PD? 

PCO 
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PCS Lines 
PC6 
PC? 



MC6805U2 

SIGNAL DESCRIPTION 

VccANDVss 
Power is supplied to the microcontroller using these 

two pins. Vee is + 5.25 volts ( ± 0.5b.) power, and Vss is 
ground. 

NUM 

This pin is not for user applications and must be con
nected to Vss. 

INT 

This pin provides the capability for asynchronously ap
plying an external interrupt to the MCU. Refer to INTER
RUPTS for more detailed information. 

EXTAL, XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an ~xternal signal (depending upon selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 

c, 

EXTAL~~XTAL 

External 
Clock 
Input 

5 ~w 6 

AT - Cut Parallel Resonance Crystal 

C0 =7pFMax 
Freq. =4.0 MHz@ CL= 24 pF 
"Rs= 50 ohms Max. 

Piezoelectnc ceramic resonators which 
have the equivalent specifications may be 
used instead at crystal oscillators. Follow 
ceramic resonator manufacturer's sug
gestions tor Co, C1, and Rs values. 

XTAL 

EXT AL 

XTAL 

EXT AL 

Crystal 

The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize out.put distortion and startup stabilization time. Re
fer to ELECTRICAL SPECIFICATIONS for Vee 
specifications. 

External Clock 
An external clock should be applied to the EXTAL input 

with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 

TIMER 
This pin is used as an eJiternal input to control the 

internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the self-test program. 

RESET 
This pin has a Schmitt trigger input and an on-chip 

pullup. The MCU can be reset by pulling RESET low. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7, PDO
PD7) 

These 32 lines are arranged into four 8-bit ports (A, B, 
C, and 0) Ports A. B, and C are programmable as either 

6 XTAL 

!See Note) = 
EXT AL 

Crystal 

Vee 
XTAL 

-vvv---1 

No 
Connection 

EXT AL 

External Clock 
Approximately 25% to 50% Accuracy 

Typical tcyc= 1.25 µs 
Approximately 10% to 25% Accuracy 

(Excludes Aes1s10r Tolerance) 
External Resistor 

External Jumper 

NOTE: The recommended CL value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF 
on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 

Figure 1. Oscillator Connections 
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80 

7.0 

6.0 

5.0 

4:0 

3.0 

20 

1.0 

0 
0 10 20 

vcc=5.25v 
TA=25°C 

30 40 50 60 70 80 
Resistance lkOl 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

inputs or outputs under software control of the data di
rection registers. Port D is a fixed input port and not 
controlled by any data register. Port D bit 6 shares input 
signal INT2, which is used for external interrupts. Refer 
to PROGRAMMING for additional information . 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Ports A, B, and Care programmable as either input or 
output under software control of the corresponding write
only direction register (DDR). Port D lines are input only. 
The port 1/0 programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 

is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and also to the latched output when 
the DDR is an output (one). Refer to Table 1 for 1/0 func, 
lions and to Figure 3 for typical port circuitry. 

Table 1. 1/0 Pin Functions 

D'3ta Latch 
Direction Output Input 
Register Data Output To 

Bit Bit State MCU 

1 0 0 0 
1 1 1 1 
0 x Hi-Z* Pin 

*Port B and C are three-state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 

MEMORY 

The MCU is capable of addressing 4096 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
4. The locations consist of user ROM, self-check ROM, 
user RAM, a miscellaneous register (MR), timer registers, 
and 1/0. The interrupt and reset vectors are located from 
$FF8 to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

Data Direction 1--+------+--
Register* Bit 

Internal 
Connections 

Latched 
Output 

Data Bit 

Figure 3. Typical Port 1/0 Circuitry and Register Configuration 
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Page Zero I 000 

Access with 127 

lns~~~:.~ns 128 

255 
256 

1983 
1984 

3895 
3896 

4087 

Interrupt j§ 
Vectors 4092 

4093 
4094 
4095 

1/0 Ports 
Timer 
RAM 

1128 Bytes! 

Page-Zero 
User ROM 
(12B Bytes) 

Not Used 
l172B Bytes) 

Main User 
ROM 

(1912 Bytes) 

Self-Check 
ROM 

1192 Bytes) 

t- - - - - - .... 
Timer Interrupt 

t- - - - - - ..., 
External Interrupt 

t- - - - - - ..., 
SWI 

t- - - - - - ..., 
RESET 

$000 

$07F 
$000 

$OFF 
$100 

\ 
$7BF 
$7CO 

$F37 
$F38 

$FF7 
$FF8 

$FF9 
$FFA 

$FFB 
$FFC 

$FFD 
$FFE 
$FFF 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
15 
16 

63 
64 

127 

76543210 

Port A Oata Register 

Port B Data Register 

Port C Data Register 

Port D Data Register 

Port A DOR* 

Port B DOR* 

Port C DDR* 

Not Used 

Timer Data Register 

Timer Control Register 

Mi~cellaneous Register 

Not Used 

Reserved 
!48 Bytes) 

RAM 
(64 Bytesl 

Stack 
(31 Bytes 

Maximum) 

J_ 

$000 

$001 

$002 

$003 

$004* 

$005* 

$006* 

$007 

$006 

$009 

$00A 
$008 
$00F 
$020 

$03F 
$040 

$07F 

*Caution: Data direction registers IDDAs) are write-only, they read as $FF. 

Figure 4. Memory Map 

REGISTERS 
The MCU contains the registers described in the fol

lowing paragraphs. 

ACCUMULATOR IA) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

A 

INDEX REGISTER (XI 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

x 

PROGRAM COUNTER (PC) 

The program counter is an 12-bit register that contains 
the address of the next byte to be fetched. 

10 8 7 

PCH PCL 

STACK POINTER (SP) 

The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

11 5 4 0 

I 0 I 0 I 0 I 0 I 0 I 1 I 1 I SP I 

CONDITION CODE REGISTER (CCI 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specifications can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 

Half Carry IHI 
This bit is set during ADD and ADC operations to in

dicate that a carry occurred between bits 3 and 4. 
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Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 

SELF-CHECK 

The self-check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 

C (bit 3) for an oscillation of approximately 7 Hz. The 
following test are executed automatically: 

1/0 - Functionally exercise 1/0 ports. 
RAM - Walking bit test. 
ROM - Exclusive OR with ODD "1s" parity result. 
Timer - Functionally exercise timer. 
Interrupts _:_ Functionally exercise external and timer 

interrupts. 
The RAM and ROM can be called by a user program. The 
timer test may be called if the timer input is the internal 
clock. Table 2 shows the status of the LEDs as a result of 
a failure. Port C is tested only once (just after reset). If 
port C fails, no lights will appear. 

Table 2. SeH-Check Error Patterns 
LED Meanings 

PCO PC1 PC2 PC3 Remarks (1: LED ON; 0: LED OFF) 

1 0 1 0 Bad 1/0 
0 0 1 0 Bad Timer 
1 1 0 0 Bad RAM 
0 1 0 0 Bad ROM 
1 0 0 0 Bad AID 
0 0 0 0 Bad Interrupts or Request Flag 

All Flashing Good Device 

Anything else Bad Part, Bad Port C, etc. 

PA2t"3~5 t-+----~ 
PAl "'34"-+--+---~ 

PAOF33"+----, 

•This connection depends on clock oscillator user selectable mask option. Use 1umper if the RC mask option is selected. 
••For the MOBJ;R2/MC6806U2 pin 7 is not for user application and must be connected to V55. For the MC6806R3/MC6fll6U3 pin 7 

is not connected. 

Figure 5. Self-Check Connections 
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RESETS 

The MCU can be reset three ways: (1) by initial power
up, (2) by the external reset input (RESET), and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 

POWER-ON-RESET (PORI 
An internal reset is generated on power-up that allows 

the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing the RESET input to go high. Connecting a ca
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcycl· Under this type of reset, the Schmitt trigger switches 
off at VIRES- to provide an internal reset voltage. 

LOW-VOLTAGE INHIBIT (LVI) 

The optional low-voltage detection circuit causes a re
set of the MCU if the power supply voltage falls below a 
certain level (VLv1). The only requirement is that the Vee 

POR 
Delay 

Capacitor 

*Disable L VI 

Pin 2 

Charging 
Current 
Source 

must remain at or below the VLVI threshold for one tcyc 
minimum. 

In typical applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc· The output from the low-voltage detector is con
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLVR) at 
which time a normal power-on reset occurs. 

INTERRUPTS 

The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
int~t instruction (SWI). or (4) the external port D bit 
6 (INT2) input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

Strong 
Discharge 

Device 

IOpt1onall 

Figure 6. RESET Configurations 

1 
Push 

n-4 

n-3 

n-2 

n-1 

1J 1J 

1 I 1 l 

1J Condition Code Register 

Accumulator 

Index Register 

1 l 1 l PCH* 

PCL * 

*For subroutine calls, only PCH and PCL are stacked 

Figure 7. Interrupt Stacking Order 
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NOTE 
The current instruction is considered to be the one 
already fetched and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 
If the timer mask bit (TCR6) is cleared, each time the 

timer decrements to zero (transitions from $01 to $00) an 

Reset 

1._l(inCC) 
07F.SP 
o•DDRs 

CLR fflT Logic 
FF.Timer 

7F ~rescaler 
7F .. TCR 
7F•MR 

N{ RESET 
Pin= High 

Load PC 
From 

FFE/FFF 

interrupt request is generated. The actual processor in
terrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack, and the I bit in the CCR is set, 
masking further interrupts until the present one is serv
iced. The contents of the timer interrupt vector, contain
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 

EXTERNAL INTERRUPT 
The external interrupt is intern~ synchronized and 

then latched on the falling edge of INT and INT2. Clearing 
the I bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 

Clear 
iN'i' 

Request 
Latch 

Timer 

~---SWI 

Load PC From: 
SWI: FFC/ FFD 
INT: FFA/ FFB 

Timer or 
iNi'2: FF8/FF9 

Figure 8. Reset and Interrupt Processing Flowchart 

MOTOROLA MICROPROCESSOR DATA 

3-538 



MC6805U2 

interrupt request bits, if set, cause the MCU to process 
and interrupt when the condition code I bit is clear. The 
following paragraphs describe two typical external in
terrupt circuits. 

Zero-Crossing Interrupt 

A sinusoidal input signal (flNT maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 

Digital-Signal Interrupt 

With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum freque~ of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twL. tWH· 
Refer to TIMER for additional information. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 

(al Zaro-Croaing lntarrupt 

MCU 

ac !Current 

ffi~~p~~x.l ~Limit1ngl 3 iNT 
Rsl MO 
ac Input R O.l- 1.0 

i!:10 Vacp-p rv ,F 

is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 

TIMER 

The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit prescaler. The timer source is 
made during manufacturing as a mask option. The 8-bit 
counter may be loaded under program control and is 
decremented toward zero. When the timer reaches zero, 
the timer interrupt request bit (bit 7) in the timer control 
register (TCR) is set. Refer to Figure 10 for timer block 
diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
I bit in the condition code register is cleared and TCR bit 
6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by 1) saving the present 
CPU state on the stack, 2) fetching the timer interrupt 
vector, and 3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 

(bl Digita~Signal Interrupt 

Vee 

4.7 K TTL 

Level 
iNl 

Digital--..... --; 

Input 

lJ 

MCU 

Figure 9. Typical Interrupt Circuits 
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Pm 

r-------"l 
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Mask Options 

PSC (Prescaler Clear) 
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Internal Data Bus 

Figure 10. Timer Block Diagram 
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a logic one; however, the TCR .bit 3 always reads as a 
logic zero to ensure proper operation with read-modify
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TOR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis
turbing the counting process. Three machine cycles are 
required for a change in state of the TIMER pin to dec
rement the timer prescaler. 

Clock input to the timer can be from an external source 
or from the internal phase two signal. Clock source is one 
of the mask options. A prescaler mask option is also avail
able to select a divide option of a power of two up to 
128. 

TIMER CONTROL REGISTER (TCR) $009 

This 8-bit register controls various functions such as 
timer interrupt request, timer interrupt inhibit, and pres
caler clear signal. Bit 3 is write only. 

TIR 

RESET: 
0 

TIM 

u 

PSC* 

u u 

TIR - Timer Interrupt Request 

u u u 

Used to indicate the timer interrupt when it is logic 
one 

1 =Set when the timer data register changes to all 
zeros 

0 =Cleared by external reset, power-on reset, or 
under program control 

TIM - Timer Interrupt Mask 
Used to inhibit the timer interrupt 

1 =Interrupt inhibited 
0 =Interrupt enabled 

PSC - Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in
dicates a zero. 

Bits 5, 4, 2-0 - Not used. 

INSTRUCTION SET 

The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 

Function Mnemonic 

Load A from Memory LDA 

Load X from Memory LOX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

READ-MODIFY-WRITE INSTRUCTIONS 
These instructions read a memory location or a reg

ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

- Continued -
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Function Mnemonic 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

(Branch if Higher or Same) (BHS) 

Branch if Carry Set BCS 

(Branch if Lower) (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEO 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O ... 7) 

Branch if Bit n is Clear BRCLR n (n=O ... 7) 

Set Bit n BSET n (n=O ... 7) 

Clear Bit n BCLR n (n=O ... 7) 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

- Continued -

Function Mnemonic 

Software Interrupt SW/ 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

OPCODE MAP SUMMARY 

Table 3 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single byte instruc
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab
solute addressing is also included. Two byte direct ad
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
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Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to + 129 from 
the opcode address. 

INDEX, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions aire only one byte 
long. This mode is often used to move :a pointer through 
a table or to hold the address of a frequently referenced 
RAM or i/O location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8,bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed, 8-bit offset except that this three
byte instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 

the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single two-byte in
struction. 

CAUTION 
The corresponding DDRs for ports A, 8, and C 

are write-only registers (registers at $004, $005, and 
$006). A read operation on these registers is un
defined. Since BSET and BCLR are read-modify-write 
functions, these functions cannot be used to set or 
clear A DDR bit (ail "unaffected" bits would be set). 
It is recommended that all DDR bits in a port be 
written using a single-store instruction. 

BIT TEST AND BRANCH 
The bit test and branch addressing mode is a combi

nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC ifthe specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 

MOTOROLA MICROPROCESSOR DATA 

3-543 

• 



• 

MC6805U2 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage Vee 

Input Voltage Vin 
Self-Check Mode (TIMER Pin Only) 

Operating Temperature Range TA 
MC6805U2 
MC6805U2C 
MC6805U2V 

Storage Temperature Range Tstg 

Junction Temperature TJ 
Plastic 
PLCC 
Cerdip 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance 0JA 
Plastic (P Suffix) 
PLCC (FN Suffix) 
Cerdip (S Suffix) 

POWER CONSIDERATIONS 

Value 

-0.3 to + 7.0 

-0.3 to + 7.0 
-0.3 to +15.0 

TL to TH 
0 to + 70 

-40 to +85 
-40 to +105 

-55 to +150 

150 
150 
175 

Value 

60 
100 
60 

Unit 

v 
v 

'C 

'C 

'C 

Unit 

'C/W 

These device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however. it is ad
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum-rated voltages to this high-imped
ance circuit. For proper operation it is rec
ommended the Vin and Vout be constrained 
to the range Vss.;(Vin or Voutl"'VCC· Reli
ability of operation is enhanced if unused in
puts except EXT AL are tied to an appropriate 
logic voltage level (e.g., either Vss or Vee). 

The average chip-junction temperature, T J• in 'C can 
be obtained from: 

For most applications PpoRT<P1NT and can be ne
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J (if 
PpoRT is neglected) is: 

where: 

TA 
OJA 

Po 
PINT 
PpoRT 

TJ =TA+ (Po• OJA) (1) 

=Ambient Temperature, 'C 
= Package Thermal Resistance, 

Junction-to-Ambient, 'C/W 

= PINT+ PpoRT 
= Ice x V CC• Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Po=K+(TJ+273'C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po. (TA+ 273'C) + 0JA•Po2 (3) 
where K is a constant pertaining to the particular part. 

K can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA· Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA· 
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ELECTRICAL CHARACTERISTICS (Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Input High Voltage V1H 
RESET (4.75<;;Vcc<;;5.75) 4.0 - Vee 

(Vcc<4.75l vcc-o.5 - Vee 
INT (4.75<;;Vcc<;;5.75) 4.0 . Vee 

!Vcc<4.75) Vcc-o:5 . Vee 
All Other (Except Timer) 2.0 - Vee 

Input High Voltage Timer V1H 
Timer Mode 2.0 - Vcc+1.o 
Self-Check Mode 9.0 10.0 15.0 

Input Low Voltage V1L 
RESET Vss - 0.8 
INT Vss . 1.5 
All Other Vss - 0.8 

Reset Hysteresis Voltages 
"Out of Reset" VIRES+ 2.1 - 4.0 
"Into Reset" VIRES- 0.8 - 2.0 

INT Zero-Crossing Voltage, Through a Capacitor VINT 2 - 4 

Internal Power Dissipation (No Pon Loading, TA=o·c PINT - 520 740 
Vee= 5.75 V for Steady-State Operation) TA= -40°c - 580 800 

Input Capacitance Cin 
XTAL - 25 -
All Other - 10 -

Low Voltage Recover VLVR - - 4.75 

Low Voltage Inhibit VLVI 2.75 3.75 4.70 

Input Current 
TIMER (Vin=0.4 V) lin - - 20 
INT (Vin=2.4 v to Vccl - 20 50 
EXTAL (Vin=2.4 V to Vee Crystal Option) - - 10 
__ (Vin=0.4 V Crystal Option) - - -1600 
RESET (Vin= 0.8 V) IRES -4.0 - -40 
(External Capacitor Charging Current) 

*Due to internal biasing, this input (when unused) floats to approximately 2.0 V. 

SWITCHING CHARACTERISTICS (Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=TL to TH. unless otherwise noted) 

Characteristic Symbol Min 

Oscillator Frequency fosc 0.4 

Cycle Time (41f0 sd t~c 0.95 

INT, INT2, and TIMER Pulse Width twL.twH ~c+250 

RESET Pulse Width tRWL ~c+250 

RESET Delay Time (External Cap= 1 µ.F) tRHL -
INT Zero-Crossing Detection Input Frequency f1NT 0.03 

External Clock input Duty Cycle (EXTAL) - 40 

Crystal Oscillator Start-Up Time - -
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PORT ELECTRICAL CHARACTERISTICS (Vee= + 5.25 Vdc ± 0.5 Vdc, Vss = O Vdc, TA= TL to TH, unless otherwise noted) 

Characteristic Symbol Min 

Port A with CMOS Drive Enabled 

Output Low Voltage, I Load= 1.6 mA VOL -

Output High Voltage, ILoad= -100 µA VoH 2.4 

Output High Voltage, I Load= -10 µA VoH Vcc-1.0 

Input High Voltage, I Load= -300 µA (max.) V1H 2.0 

Input Low Voltage, I Load= -500 µA (max.) V1L Vss 

Hi-Z State Input Current (Vin= 2.0 V to Vccl l1H -
Hi-Z State Input Current (Vin= 0.4 V) l1L -

Port B 

Output Low Voltage, I Load= 3.2 mA VOL -

Output Low Voltage, ILoad = 10 mA (Sink) VOL -
Output High Voltage, I Load= -200 µA VoH 2.4 

Darlington Current Drive (Source), Vo= 1.5 V IOH -1.0 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Hi-Z State Input Current 1Ts1 -
Port C and Port A with TTL Drive 

Output Low Voltage, I Load= 1.6 mA VOL -

Output High Voltage, ILoad= -100 µA VoH 2.4 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Hi-Z State Input Current ITSI -
Port C (Open-Drain Option) 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Input Leakage Current (V;n = 13.0 V) ILQD -

Output Low Voltage I Load= 1.6 mA VOL -
Port D (Digital Inputs Only) 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Input Current lin -
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- 0.4 v 
- - v 
- - v 
- Vee v 
- 0.8 v 
- -300 µA 

- -500 µA 

- 0.4 v 
- 1.0 v 
- - v 
- -10 mA 

- Vee v 
- 0.8 v 
<2 10 µA 

- 0.4 v 
- - v 
- Vee v 
- 0.8 v 
<2 10 µA 

- 13.0 v 
- 0.8 v 
<3 15 µA 

- 0.4 v 

- Vee v 
- 0.8 v 
<1 5 µA 

--
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola in the following media: 

MOOS®, disk file 
MS®-DOS/PC-DOS disk file 

EPROM(s)MC68705R3, 2532, 2732, or two 2516/2716 
To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, a sales person, 
or Motorola representative. 

FLEXIBLE DISKS 
Several types of flexible disks (MOOS or MS-DOS/PC

DOS disk file), programmed with the customer program 
(positive logic sense for address and data), may be sub
mitted for pattern generation. In either case, the diskette 
should be clearly labeled with the customers name, date, 
project or product name, and the name of the file con
taining the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to speed up the process 
in case of any difficulty with the pattern file. 

MOOS Disk File 
MOOS is Motorla's Disk Operating System available on 

the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MOOS compatible floppy diskette. The diskette mustcon
tain the minimum set of MOOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both date and program space. All unused bytes, in
cluding those in the user space, must be set to zero. 

MS-DOS/PC-DOS Disk File 
MS-DOS is Microsoft's Disk Operating System. PC-DOS 

is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 51/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM-PC style machines. 

EPROMs 

An MC68705R3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer program (po
sitive logic sense for address and data) may be submitted 
for pattern generation. Since all program and data space 
information will fit on one MC68705R3/2532/2732 or two 
2516/2716 type EPROM(s), the EPROM(s) must be pro
grammed as described in the following paragraph. 

MOOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

For the 2532, 2732, or the MC68705R3, the ROM code 
should be located from $080 to $FF and $7CO to $F37 and 
the interrupt vectors from $FF8 to $FFF. For the 2516's 
or 2716's, the ROM code should be located from $080 to 
$FF and $7CO to $7FF in the first EPROM and from $0 to 
$737 in the second EPROM. The interrupt vectors should 
be in the second EPROM from $7F8 to $FFF. 

EPROM MARKING 

xxx=Customer ID 

VERIFICATION MEDIA 
All original pattern media (EPROMs or floppy disk) are 

filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
completed, signed, and returned to Motorola. The signed 
verification form constitutes the contractual agreement 
for creation of the customer mask. If desired, Motorola 
will program (customer supplied) blank EPROM(s) or DOS 
disk from the data file used to create the custom mask 
to aid in the verification process. 

ROM VERIFICATION UNITS (RVUs) 
Ten MCUs containing the customer's ROM pattern will 

be sent for program verification. These units will have 
been made using the custom mask but are for the pur
pose of ROM verification only. For expediency the MCUs 
are unmarked, packaged in ceramic, and tested at room 
temperature and five volts. These RVUs are free with the 
minimum order quantity but are not production parts. 
These RVUs are not guaranteed by Motorola Quality 
Assurance. 

ORDERING INFORMATION 
The following table provides generic information per

taining to the package type, temperature, and MC part 
numbers for the MC6805U2. 

Table 4. Generic Information 

Package Type Temperature Part Number 

PLCC o•c to 10°c MC6805U2FN 
FN Suffix -40°c to +ss·c MC6805U2CFN 

Plastic o•c to 10°c MC6805U2P 
P Suffix -40'C to +85'C MC6805U2CP 

Cerdip O°C to 70'C MC6805U2S 
S Suffix -40°C to +ss•c MC6805U2CS 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 

XTAL 

IVssl NUM 
TIMER 

PCO 
PC1 
PC2 
PC3 
PC4 
PC5 
NC 

PC6 

MC6805U2 

MECHANICAL DATA 

Dual-in-Line Package 

Vss 
RESET 

PD6/INT2 

PDS 

PLCC Package 

PA7 

PA6 

PAS 

PA3 

PA2 

PAl 

PAO 

PB7 

PBS 

PB4 

PB3 

PB2 

PBl 

PBO 

PDO 

PDl 

PD2 

~u~[~(f)r--.i:oLn..:::::t 
u x u lz w (/) <( ,,_<t ,,_<t ,,_<t u zw>-a:>a.... z 

<D "' " 000 
"- "- "-

PA3 
PA2 
PA1 
PAO 
PB7 

34 PB6 
PB5 
PB4 
PB3 
PB2 

29 PB1 
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Technical Summary 
8-Bit Microcontroller Unit 

The MC6805U3 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of micro
computers. This low cost and high-speed MCU has parallel 1/0 capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor
mation, refer to M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit Prescaler • Vectored Interrupts 
• On-chip Oscillator 

• Memory Mapped 1/0 
• Versatile Interrupt Handling 

• True Bit Manipulation 
• Bit Test and Branch Instruction 

TIMER Prescaler Timer/ 

8 Counter 

T 1mer Control 

PAO 
PA1 

Port PA2 Port Data 8 
A PA3 A Dir 

1/0 PA4 Reg Reg 
Lines PA5 

PA6 
PA7 

5 

PBO 5 
PB1 

Port PB2 Port Data B PB3 B Dir 1/0 4 
PB4 Reg Reg Lines PB5 
PB6 
PB7 8 

• 3776 Bytes of ROM 
• 112 Bytes of RAM 
• Self-Check Mode 

• 24 Bidirectional 110 Lines 

BLOCK DIAGRAM 

XTAL EXTAL RESET 

Accumulator 
A 

CPU 
lnde,., Control 

Register 
x 

Condition 
Code 

Register cc 
CPU 

Stack 
Pointer 

SP 

Program 
Counter 

High PCH ALU 
Program 
Counter 

Low PCL 

3776 x 8 112 x 8 
User ROM RAM 

192 x 8 
Seit-Check ROM 

INT2 

Data Port 
Dir c 
Reg Reg 

PCO 
PC1 
PC2 
PC3 
PC4 
PC5 
PC6 
PC7 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

VccAND Vss 
Power is supplied to the microcomputer using these 

two pins. Vee is + 5.25 volts I± 0.56.) power, and Vss is 
ground. 

INT 

This pin provides the capability for asynchronously ap
plying an external interrupt to the MeU. Refer to INTER
RUPTS for more detailed information. 

EXTAL,XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal (depending upon user se
lected manufacturing mask option) is connected to these 
pins to provide a system clock. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and lose is shown in Figure 2. 

C1 

EXTAL~~ XTAL 

5 ~ 6 

External ' 
Clock 
Input 

AT - Cut Parallel Resonance Crystal 
C0 =7pF Max 
Freq.= 4.0 MHz @ CL= 24 pF 
R5=50 ohms Max 

Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug
gestions for Co, C1, and Rs values 

6 XTAL 

EXT AL 

XTAL 

EXT AL 

70 

~ 6 0 

> 
~ 5 0 

140 
~ 3 0 

5l 2.0 
0 

1 0 

10 20 30 

vcc=5.25V 
TA=25°C 

40 5C 
Resistance tk.0) 

60 70 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

80 

Crystal 
The circuit shown in Figure 1 is recommended when • 

using a crystal. Using an external CMOS oscillator is rec-
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 

(See Note) = 
EXT AL 

Crystal 

Vee 
6 XTAL 

R 
EXT AL 

No 
Connection 

External Clock Approximately 25% to 50% Accuracy 
Typical tcyc = 1.25 µs 

External Jumper 

Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 

External Resistor 

NOTE: The recommended CL value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF 
on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 

Figure 1. Oscillator Connections 
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mounted as close as possible to the input pins to mini
mize output distortion and startup stabilization time. Re
fer to ELECTRICAL SPECIFICATIONS for Vee 
specifications. 

External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. The 
toxov or t1LCH specifications do not apply when using 
an external clock input. 

TIMER 

This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the self-test program. 

RESET 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7,PDO
PD7) 

These 32 lines are arranged into four 8-bit ports IA 8, 
C, and D). Ports A, 8, and C are programmable as either 
inputs or outputs under software control of the data di
rection registers. Port D bit 6 shares input signal INT2, 
which is used by external interrupts. Port D is a fixed 
input port and not controlled by any data register. Refer 
to PROGRAMMING for additional information. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Ports A, 8, and Care programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). Port D lines are input only. The 

Data Direction 

port 1/0 programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs 1ire 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DOR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output lone). Refer to Table 1 for I/ 
0 functions and to Figure 3 for typical port circuitry. 

Table 1. 1/0 Pin Functions 

Data Latched 
Direction Output Input 
Register Data Output To 

Bit Bit State MCU 

1 0 0 0 
1 1 1 1 
0 x Hi-Z** Pin 

**Ports Band Care three state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 

MEMORY 

The MCU is capable of addressing 4096 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
4. The locations consist of user ROM, self-check ROM, 
user RAM, a miscellaneous control register (MR), timer 

Register* Bit ~------.... ---. 

Internal 
Connections 

Latched 
Output 

Data Bit 

Figure 3. Typical Port l/o Circuitry and 
Register Configuration 
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7 
000 

0 

127 
128 

3895 
3896 

4087 
4008 

4089 
4090 

Interrupt 4091 
Vectors 4092 

4093 
4094 
4095 

1/0 Ports 
Timer 
RAM 

1128 Bytesl 

Main User 
ROM 

13768 Bytes) 

Self Check 
ROM 

I 192 Bytes) 

Timer Interrupt 

t- - - - - - -! 
Externat Interrupt 

I- - - - - - """'1 
SWI 

I- - - - - - -! 
RESET 

$000 

$07F 
$080 

$F37 
$F38 

$FF7 
$FF8 

$FF9 
$FFA 

$FFB 
$FFC 

$FFD 
$FFE 
$FFF 

76543210 

0 Port A Data Register $000 

1 Port B Data Register $001 

2 Port C Data Register $002 

3 Port D Data Register $003 

4 Port A ODA* $004* 

5 Port B DOR* $005* 

6 Port C DOR* $006* 

7 Not Used $007 

8 Timer Data Register $008 

9 Timer Control Register $009 

10 Miscellaneous Register $00A 

11 $00B 

Not Used 
15 Bytes) 

15 $00F 

16 $010 

RAM 
1112 Bytes) 

Stack 
(31 Bytes Maximum) 

127 1 $07F 

*Caution: Data direction registers (OD Rs) are write-only; they read as SFF 

Figure 4. Memory Map 

registers, and 1/0. The interrupt and reset vectors are 
located from $FF8 to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 

The MCU contains the registers described in the fol
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 

may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 

x 

PROGRAM COUNTER (PC) 

The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 

11 8 7 

STACK POINTER (SP) 

The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

11 5 4 

SP 
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CONDITION CODE REGISTER (CC) Carry/Borrow (C) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 

graphs. 
4 0 

I H I r I N I z I c I 
SELF CHECK 

Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

The self check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) for an oscillation of approximately 7 Hz. The 
following test are executed automatically: 

1/0 - Functionally exercise 1/0 ports; 
RAM - Walking bit test; 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared . 

ROM - Exclusive OR with ODD "1st" parity result; 
Timer - Functionally exercise timer; and 
Interrupts - Functionally exercise external and timer 

interrupts. 
The RAM and ROM can be called by a user program. The 
Timer test may be called if the timer input is the internal 
clock. Table 2 shows the status of the LEDs as a result of 
a failure. Port C is tested only once (just after reset). If 
port C fails, no lights will appear. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 

Zero (Z) RESETS 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

The MCU can be reset three ways: (1) by initial power
up, (2) by the external result input (RESET), and (3) by 

Clo-ET_l_O_,-'~--'ll V: 
"F _I_ 2 RESET 

~----<3 INT 

-+--...----....---,,-t----'i4 vcc 
--::I:'""1 0 _.,F 5.25V 
~ ...J... 'i; ·~ 5 

EXT AL 

- :r:~ 4~XTAL 
10 k MHz~ NUM (N/C) 

--+----'-"\J•.A\l .. A ...... --'i---=--"18 TIM ER 

10 V .---LE_D_.-~,,cl\/5V10\10--4'------<t-"19 PCO 

•L"'E"-O--"-'-;,r._}i'V\1~,,..,_ !_' v_· v---....--+-140 PC 1 

._ _ __,_,"".LE'-"!2.l_./."-~J\,~V~VAOl<:n_--4>--4'--1-1'-'!1 PC2 

.L~E~~-:L~" ..... _.A..,5.,,,1.A0>1<.
0...--..--+--+--+-'""12 PC3 

-r ·vvv ~PC4 

~PC5 
~PC6 

----1--t6 PC7 

,---!I, PD 7 

~ PD6/1IITT'2l 

----------+-+-194PD5 

~.'J•'~ 
. L--1--i-"2"10 PD4 

J_ 

40 
PA7i------, 

PA6~ 
PA5flL-, 

PA4 F--
PA3 f-'36"-+-+-+__.---~ 
PA2 ,_3_5 +-+------~ 
PA 1 >"34-'-+_....---~ 

PAO 1"'3~3 -----, 

P87 1-'3~2 ----, 

P86F-

PB5i-l2--, 

PB4~ 
PB3 <='~8 ...__...__..___, 

P82~ 

PBl~ 

PBO~ 

P001-2-4 ---~ 
PD11-2-3 -...----~ 
P02t'2~2 ....-+------' 
P03f-'2-'t-+-------' 

*This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected 

Figure 5. Self-Check Connections 
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Table 2. Self-Check Error Patterns 
LED Meanings 

PCO PC1 PC2 PC3 Remarks (1 :LED ON; O:LED OFF) 

1 0 1 0 Bad 1/0 
0 0 1 0 Bad Timer 
1 1 0 0 Bad RAM 
0 1 0 0 Bad ROM 
1 0 0 0 Bad AID 
0 0 0 0 Bad Interrupt or Request Flag 

All Flashing Good Device 

Anything ebe 8dU Pait, Bad Puit C, etc. 

an optional, internal, low-voltage detect circuit. The RE
SET input consists mainly of a Schmitt trigger that senses 
the line logic level. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing the RESET input to go high. Connecting a ca
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcycl· Under this type of reset, the Schmitt trigger switches 
off at VIRES- to provide an internal reset voltage. 

LOW-VOLTAGE INHIBIT (LVI) 

The optional low-voltage detection circuit causes a re
set of the MCU if the power supply voltage falls below a 
certain level (VLVll· The only requirement is that the Vee 
must remain at or below the VLVI threshold for one tcyc 
minimum. 

In typical applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 

1.0µF +---+-t-1 
Typical 

POR 
Del av 

Capacitor 

*Disable LVI 

Pin 2 

Charging 
Current 
Source 

tcyc· The output from the low-voltage. detector is con
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLVRl at 
which time a normal power-on reset occurs. 

INTERRUPTS 

The MCU can be interrupted four different ways: (1) 
through the external interrupt IRQ input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external port D bit 
6 (INT2) input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) to be set preventing 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack, and then 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 

Strong 
D•scharge 

Device 

'· I 
-'-

Low Voltage 
Detector 

Schmitt 
Trigger 

Vee 

IOpt1onall 

Figure 6. RESET Configuration 
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3 0 Pull 

1 I 1 I 1 I Condition Code Register 

1 

n-4 

n-3 

n-2 

Accumulator n+2 n+l j 
Index Register n+3 

n+4 

n+5 

n-1 1 l 1 l 1 l 1 J PCH* 

PCL* 

Push 

*For subroutine calls, only PCH and PCL are stacked 

Figure 7. Interrupt Stacking Order 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
II bit clear), proceeds with interrupt processing; other
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 

Reset 

1•1 !rn CCJ 
07F.SP 
o•DDAs 

CLR INT Logic 
FF•Ttmer 

7F •PreScaler 
7F ... TCR 
7F•MR 

Load PC 
From 

FFE/FFF 

same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 

If the timer mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 

Clear 
iNf 

Request 
Latch 

Timer 

..-----..SWI 
PC.PC+ 1 

Load PC From 
sw1· FFC/FFD 
INT· FFA/FFB 

Timer or 
INT2: FF8/FF9 

Figure 8. Reset and Interrupt Processing Flowchart 
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interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I bit in the CCR is set, 
masking further interrupts until the present one is serv
iced. The contents of the timer interrupt vector, contain
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 

EXTERNAL INTERRUPT 

The external interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the I bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
and interrupt when the condition code I bit is clear. The 
following paragraphs describe two typical external in
terrupt circuits. 

Zero-Crossing Interrupt 

A sinusoidal input signal (fl NT maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 

(a) Zere>-Croaing Interrupt 

ac I Current 
Input . 

lf1NT Max) ~1m111ngl 3. INT 
Rs1 MD 
ac Input R 0 1 _ 1 0 

>: 10 Vacp-p r'\J ,F 

MCU 

such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 

Digital-Signal Interrupt 
With this type of circuit (Figure 9b), the INT pin can be 

driven by a digital signal. The maximum freque~ of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twL. tWH· 
Refer to TIMER for additional information. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 

TIMER 

The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres
caler. The various timer sources are made via the timer 
control register (TCR) and mask option register (MOR). 
The 8-bit counter may be loaded under program control 
and is decremented toward zero. When the timer reaches 
zero, the timer interrupt request bit (bit 7) in the timer 
control register (TCR) is set. Refer to Figure 10 for timer 
block diagram. .1 

(b) Digital-Signal Interrupt 

Vee 

TTL 4. 7 K 

Level INT 
Digital--+---< 
lnpu! 

lJ 

MCU 

Figure 9. Typical Interrupt Circuits 

External 
Input 

NOTES: 

Cleared by 
TCR3 

Write Read 

Software Functions 

Interrupt 

Control 

Interrupt 

1. The prescaler and 8-bit counter are clocked on the rising edge of the mternal clock (phase two} or external input. 
2 The counter is written to during data strobe (OS) and counts down continuously 

Figure 10. Timer Block Diagram 
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The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
I bit in the condition code register is cleared, the' proces
sor receives the interrupt. The MCU responds to this in
terrupt by (1) saving the present CPU state on the stack, 
(2) fetching the timer interrupt vector, and (3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. Refer to RESETS and INTER
RUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with read-modify
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TOR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis
turbing the counting process. 

SOFTWARE CONTROLLED MODE 

The timer prescaler input can be COl)figured for three 
different operating modes plus a disable mode, depend
ing on the value written to TCR control bits 4 and 5 (TCR4 
and TCR5). The following paragraphs describe the dif
ferent modes. 

Timer Input Mode 1 

When TCR4 and TCR5 are both programmed to zero, 
the timer input is from the internal clock (phase two) and 
the timer input pin is disabled. The internal clock mode 
can be used for periodic interrupt generation as well as 
a reference for frequency and event measurement. Dur
ing the WAIT instruction, the internal clock to the timer 
continues to run at its normal rate. 

Timer Input Mode 2 

When TCR4 = 1 and TCR!i = 0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is ± 1. 

Timer Input Mode 3 

When TCR4 = 0 and TCR5 = 1, no prescaler input fre
quency is applied to the prescaler and the timer is dis
abled. 

Timer Input Mode 4 

When TCR4 and TCR5 are both one, the timer input is 
from the external clock. The external clock can be used 
to count external evti.nts as well as to provide an external 
frequency for generating periodic interrupts. 

TIMER CONTROL REGISTER (TCR) $009 

This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 

prescaler, and generating timer interrupt request signal. 
Bit 3 is write only. 

7 2, 

I TCR7 I TCR6 TCR5 TCR4 TCR3 TCR2 TCRl TCRO 

RESET: 
0 u u u u u u 

TCR7 - Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 

1 =Set when the timer data register changes to. all 
zeros 

· 0 =Cleared by external reset, power-on reset, or 
under program control 

TCR6 - Timer lnterwpt Mask 
Used to inhibit the timer interrupt 

1 =Interrupt inhibited 
0 =Interrupt enabled 

TCR5 - External or Internal 
Selects input clock source 

1 =External clock selected 
0 =Internal clock selected (fosc/4) 

TCR4 - TIMER External Enable 
Used to enable external TIMER pin 

1 =Enables external timer pin 
0 =Disables external timer pin 

TCR3 - Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in
dicates a zero. 

TCR2, TCR1, TCRO - Prescaler Select Bits 
Decoded to select one of eight outputs of the pres
caler 

Prescaler 

TCR2 TCRl TCRO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

INSTRUCTION SET 

The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 
Most of these instructions use two operands. One op

erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 

·addressing modes. The jump unconditional (JMP) and 
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jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 

Function Mnemonic 

Load A from Memory LDA 

load X from Memory LDX 

Store A in Memory STA 

Store X in Memory STX 

ADD Add Memory to A 
-· -··--------1 -

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher SHI 

Branch if Lower or Same BLS 

Branch if Carry Clear sec 
(Branch if Higher or Same) IBHSI 

Branch if Carry Set BCS 

(Branch if Lower) (BLO) 

Branch if Not Equal BNE 

Branch if Equal SEQ 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

I Increment 

Function I Mnemonic 

I INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Th ru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function 

Transfer A to X 

Transfer X to A 

Set Carry Bit 

Clear Carry Bit 

Set Interrupt Mask Bit 

Clear Interrupt Mask Bit 

Software Interrupt 

Return from Subroutine 

Return from Interrupt 

Reset Stack Pointer 

No-Operation 

BIT MANIPULATION INSTRUCTIONS 

Mnemonic 

TAX 

TXA 

SEC 

CLC 

SEI 

CLI 

SWI 
---+------< 

RTS 

RTI 

RSP 

NOP 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
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the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu
lation instructions: 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O ... 7) 

Branch if Bit n is Clear BRCLR n (n=O ... 7) 

Set Bit n BSET n (n=O ... 7) 

Clear Bit n BCLR n (n=O ... 7) 

OPCODE MAP SUMMARY 
Table 3 is an opcode map for the instructions used on 

the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single byte instruc
tions while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab
solute addressing is also included. Two-byte direct ad
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 
In the immediate addressing mode, the operand is con

tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 

to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to + 129 from 
the opcode address. 

INDEX, NO OFFSET 
In the indexed, no offset addressing mode, the effective 

address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 
In the indexed, 8-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 
In the indexed, 16-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed, 8-bit offset except that this three
byte instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 
In the bit set/clear addressing mode, the bit to be set 

or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single two-byte in
struction. 

CAUTION 
The corresponding DDRs for ports A, B, and C are 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers is un
defined. Since BSET and BCLR are read-modify-write 
functions, these instructions cannot be used to set 
or clear a DOR bit (all "unaffected" bits would be 
set). It is recommended that all DOR bits in a port 
be written using a single-store instruction. 

BIT TEST AND BRANCH 
The bit test and branch addressing mode is a combi

nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
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DIR 
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REL 
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IX 
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Inherent 
Immediate 
Direct 
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Bit Test and Branch 
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Indexed, 1 Byte 18-Bitl Offset 
Indexed, 2 Byte (16-Bit) Offset 
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The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from - 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltage Vin -0.3 to + 7.0 
Self-Check Mode (TIMER Pin Only) -0.3 to + 15.0 

Operating Temperature Range TA TL to TH 
MC6805U3 0 to 70 
MC6805U3C -40 to +85 
MC6805U3V -40 to + 105 

Storage Temperature Range Ts!!l_ -55 to + 150 

Junction Temperature TJ 
Plastic 150 
PLCC 150 
Cerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 0JA 
Plastic (P Suffix) 60 
PLCC (FN Suffix) 100 
Cerdip (S Suffix) 60 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J• in °C can 
be obtained from: 

where: 
TA 
0JA 

Po 
PINT 
PpQRT 

TJ=TA+(Po•0JA) (1) 

=Ambient Temperature, 'C 
= Package Thermal Resistance, 

Junction-to-Ambient, 'C/W 

""PINT+ PpQRT 
= Ice x Vee• Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Unit 

v 
v 

'C 

oc 

'C 

Unit 

'C/W 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max
imum-rated voltages to this high-impedance 
circuit. For proper operation, it is recom
mended the Vin and Vout be constrained to 
the range Vss"' (Vin or V0 utl "'Vee. Reli
ability of operation is enhanced if unused in
puts except EXT AL are tied to an appropriate 
logic voltage level (e.g., either Vss or Vccl. 

For most applications PpoRT<P1NT and can be ne
glected. PpQRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J (if 
PpoRT is neglected) is: 

Po=K+(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po • (TA+ 273°C) + 0JA•Po2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA- Using this value of K, 
the values of Po and TJ can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA-
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ELECTRICAL CHARACTERISTICS (Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min 

Input High Voltage V1H 
RESET (4.75 "' Vee"' 5.75) 4.0 

Vee< 4.75) Vcc-o.5 
INT (4.75"' Vee "' 5.75) 4.0 

!Vee< 4.75) Vcc-o.5 
(All Other (Except Timer) 2.0 

Input High Voltage Timer V1H 
Timer Mode 2.0 
Self-Check Mode 9.0 

!nput Low Voltage V1L 
RESET vss 
INT Vss 
All Other Vss 

RESET Hysteresis Voltages 
"Out of Reset" VIRES+ 2.1 
"Into Reset" VIRES- 0.8 

INT Zero-Crossing Voltage, Through a Capacitor VINT 2 

Internal Power Dissipation - (No Port Loading, TA= O"C PINT -
Vee= 5.75 V for Steady-State Operation) TA= -40"C -

Input Capacitance Cin 
XTAL -
All Other -

Low Voltage Recover VLVR -

Low Voltage Inhibit VLVI 2.75 

Input Current 
TIMER (Vin= 0.4) -
INT (Vin= 2.4 v to Vccl -
EXTAL !V;n=2.4 V to Vee Crystal Option) l;n -
__ IVin=0.4 V Crystal Option) -
RESET Mn= 0.8 V) IRES -4.0 
(External Capacitor Charging Current) 

*Due to internal biasing this input (when unused) floats to approximately 2.0 V. 

SWITCHING CHARACTERISTICS (Vee=+ 5.25 Vdc ± 0.5 Vdc, Vss = 0 Vdc, TA= TL to THI 

Characteristic Symbol Min 

Oscillator Frequency lose 0.4 

Cycle time (4/f0 scl t!OY_c 0.95 

INT, INT2, and TIMER Pulse Width twL.tWH t.91.c + 250 

RESET Pulse Width tRWL t.91.c + 250 

RESET Delay Time (External Capacitance= 1 µFl tRHL -
INT Zero-Crossing Detection Input Frequency f1NT 0.03 

External Clock Input Duty Cycle (EXTAL) - 40 

Crystal Oscillator Start-Up Time - -
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Typ Max 

- Vee 
- Vee 
* Vee 
* Vee 

- Vee 

- vcc+1.o 
10.0 15.0 

- 0.8 
* 1.5 

- 0.8 

- 4.0 
- 2.0 

- 4 

520 740 
580 800 

25 -
10 -

- 4.75 

3.75 4.70 

- 20 
20 50 
- 10 
- -1600 
- -40 

Typ Max 

- 4.2 

- 10 

- -

- -

100 -
- 1.0 

50 60 

- 100 

Unit 

v 

v 

v 

v 

Vac p-p 

mW 

pF 

v 

v 

µA 

Unit 

MHz 

µs 

ns 

ns 

ms 

kHz 

% 

ms 
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PORT ELECTRICAL CHARACTERISTICS (Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min 

Port A with CMOS Drive Enabled 

Output Low Voltage,· 1Load=1.6 mA Vol -

Output High Voltage, ILoad= -100 µA VoH 2.4 

Output High Voltage, I Load= - 10 µA VoH Vcc-1.0 

Input High Voltage, ILoad = -300 µA (max.) V1H 2.0 

Input Low Voltage, I Load= - 500 µA (max.) V1L Vss 

Hi-Z State Input Current (Vin= 2.0 V to Vccl l1H -

Hi-Z State Input Current (Vin= 0.4 V) l1L -

Port B 

Output Low Voltage, I Load= 3.2 mA VoL -

Output Low Voltage, ILoad= 10 mA (Sink) VoL -
Output High Voltage, I Load= - 200 µA VoH 2.4 

Darlington Current Drive (Source), Vo= 1.5 V IOH -1.0 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Hi-Z State Input Current ITSI -

Port C and Port A with TTL Drive 

Output Low Voltage, I Load= 1.6 mA VoL -

Output High Voltage, ILoad= -100 µA VoH 2.4 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Hi-Z State Input Current ITSI -
Port C (Open-Drain Option) 

Input High Voltage PCO-PC6 V1H 2.0 

Input High Voltage PC7 V1H 2.0 

Input Low Voltage V1L Vss 

Input Leakage Current (Vin= 13.0 V) ILQD -

Output Low Voltage ILoad = 1.6 mA VoL -

Port D (Digital Inputs Only) 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Input Current lin -

MOTOROLA MICROPROCESSOR DATA 

3-564 

Typ Max Unit 

- 0.4 v 
- - v 
- - v 
- Vee v 
- 0.8 v 
- -300 µA 

- -500 µA 

- 0.4 v 
- 1.0 v 
- - v 
- -10 mA 

- Vee v 
- 0.8 v 
<2 10 µA 

- 0.4 v 
- - v 
- Vee v 
- 0.8 v 
<2 10 µA 

- 13.0 v 
- Vee v 
- 0.8 v 
<3 15 µA 

- 0.4 v 

- Vee v 
- 0.8 v 
<1 5 µA 
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Vcc~s.15 v 

Test 
Point 

40 pf 
!Total) 

MMD6150 
or Equiv. 

12 kll 

Figure 11. TTL Equivalent Test Load 
(Port Bl 

Test 
Point 

30 pf 
!Total) 

Vcc~s.1s v 

or Equiv. 

Figure 13. TTL Equivalent Test Load 
(Ports A and Cl 

Port DOR 

Port Data 

Port C Open-Dram 
Opt1on 

IP= Input Protection 

roo 
f Port A CMOS 

.kPultup Option 
I 

Figure 15. Ports A and C Logic Diagram 

Figure 17. Typical Input Protection 

Test Point o---1..., 
30 pf !Total) 

I 
Figure 12. CMOS Equivalent Test Load 

(Port Al 

Test 
Point 

~ Vcc~s.1sv 

o----j_ '·" "' 
T 30 pf !Total) 

Figure 14. Open-Drain Equivalent Test Load 
(Port Cl 

Voo 

1 - 10 k Typ 

PBDDR 

PB Data 

IP= Input Protection 

Figure 16. Port B Logic Diagram 

TestPo,1nt--.!--

Vary V, 
Measure I 

v 

Figure 18. 1/0 Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola in the following media: 

MDOS, disk file 
MS-DOS/PC-DOS disk file 
EPROM(s) MC68705U3, 2532, 2732, or two 2516/2716 

To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

Several types of flexible disks (MDOS<!'!l or MS<!'!l-DOS/ 
PC-DOS disk file), programmed with the customer's pro
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis
kette should be clearly labeled with the customer's name, 
date, project or product name, and the name of the file 
containing the pattern . 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MOOS Disk File 

MOOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-side, single-density, 8-inch 
MOOS compatible floppy diskette. The diskette must con
tain the minimum set of MOOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in
cluding those in the user space, must be set to zero. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A MC68705U3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer's program 
(positive logic sense for address and data) may be sub
mitted for pattern generation. Since all program and data 
space information will fit on one MC68705U3/2532/2732 
or two 2516/2716 type EPROM(s), the EPROM(s) must be 
programmed as described in the following paragraph. 

MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 

For the 2532, 2732, or MC68705U3, the ROM code should 
be located from $080 to $F37 and the interrupt vectors 
from $FF8 to $FFF. For the 2516s or 2716s, the ROM code 
should be located from $080 to $7FF in the first EPROM 
and from $0 to $737 in the second EPROM. The interrupt 
vectors should be in the second EPROM from $7F8 to 
$7FF. 

EPROM MARKING 

"' ~~ 
~1 ~!!! 

~m 

080 080 

xxx =Customer ID 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer's mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
at room temperature and at five volts. These RVUs are 
free with the minimum order quantity but are not pro
duction parts. These RVUs are not guaranteed by Mo
torola Quality Assurance. 

ORDERING INFORMATION 

The following table provides generic information per
taining to the package type, temperatute, and MC order 
numbers for the MC6805U3. 

Table 5. Generic Information 

Package Type Temperature Order Number 

Plastic o·c to 10°c MC6805U3P 
(P Suffix) -40°c to + B5°C MC6805U3CP 

Cerdip 0°c to 10°c MC6805U3S 
S Suffix - 40°C to + B5°C MC6805U3CS 

PLCC o·c to 10°c MC6805U3FN 
FN Suffix - 40°C to + ss·c MC6805U3CFN 

IBM is a registered trademark of International Business Machines Corporation. 

MOTOROLA MICROPROCESSOR DATA 

3-566 



PIN ASSIGNMENTS 

XTAL 

IVssl NUM 

TIMER 

PCO 

PC1 

PC2 

PC3 

PC4 

PC5 

NC 

PC6 

MC6805U3 

MECHANICAL DATA 

Dual-in-Line Package 

Vss PA7 

He St I PA6 

iN'f PA5 

Vee PA4 

EXT AL PA3 

XTAL PA2 

NC PA1 

PAO 

PCO PB7 

PC1 PB6 

PB5 

PC3 PB4 

PC4 PB3 

PC5 PB2 

PC6 PB1 

PC7 PBO 

PD7 PDO 

PD6/INT2 PD1 

PD5 PD2 

PD4 PD3 

PLCC Package 

18 

.......... IN LO "'1° (/) M N .- 0 0 
uo ~CIC cnOOOOcc 
0..0.. ~c...c...>o...c...c...c...a.. 

'° 0 
"-

39 PA3 

PA2 

PA1 

PAO 

PB7 

34 PB6 

PB5 

PB4 

PB3 

PB2 

PB1 
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Technical Summary 
8-Bit EPROM Microcomputer Unit 

The MC68705P3 (High-Density NMOS) Microcomputer Unit (MCU) is an EPROM member of the 
MC6805 Family of microcomputers. The user programmable EPROM allows program changes and 
lower volume applications. This low cost MCU has parallel 1/0 capability with pins programmable 
as input or output This publication contains condensed information on the MCU; for detailed infor
mation, refer to M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit • Bit Test and Branch Instruction 
Programmable Prescaler • Vectored Interrupts 

• On-chip Oscillator • Bootstrap program in ROM 
• Memory Mapped 1/0 • 1804 Bytes EPROM 
• Versatile Interrupt Handling • 112 Bytes RAM 
• Bit Manipulation • 20 TTL/CMOS Compatible Bidirectional 1/0 Lines 

Port 
A 

1/0 
Lines 

TIMER Prescaler 

BLOCK DIAGRAM 

XTAL EXTAL RESET INT 

Timer/ 

8 Counter 
Vpp 

Timer Control 

Accumulator 
A 

CPU 
Index Control 

Register 
x PAO 

PA1 Cond1t1on 
PA2 Port Data Code 
PA3 A Dir Register cc 
PA4 Reg Reg CPU 
PA5 Stack 
PA6 Pointer 
PA7 SP 

Program 
Counter 

1804 x 8 
High PCH 

ALU 
EPROM Program 

115 x 8 
Counter 

8 Low PCL 
Bootstrap ROM 

Data Port 
Dir B 
Reg Reg 

Data Port 
Dir c 
Reg Reg 

112 x 8 
RAM 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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PC3 Lines 
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SIGNAL DESCRIPTION 

VccANDVss 
Power is supplied to the microcomputer using these 

two pins. Vee is + 5.25 volts ( ± 0.5d) power, and Vss is 
ground. 

Vpp 
This pin is used when programming the EPROM. In 

normal operation, this pin is connected to Vee. 

INT 
This pin provides the capability for asynchronously ap

plying an external interrupt to the MCU. Refer to INTER
RUPTS for more detailed information. 

EXTAL,XTAL 
These pins provide control input for the on-chip clock 

oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by the CLK 
bit in the mask option register. 

RC Oscillator 
With this option, a resistor is connected to the oscillator 

pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 

Crystal 
The circuit shown in Figure 1 is recommended when 

using a crystal. Using an external CMOS oscillator is rec
ommended when crystals outside the specified ranges 

;; 

" 
c 
0 
0 
cr 
0 

j 
G 

8 

8.0 

7 0 

60 

50 

4 0 

30 

2 0 

10 

0 
u lU 2U 

Vee= 5 25 v 
TA= 25°C 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option only 

80 

are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and startup stabilization time. 

External Clock 
An external clock should be applied to the EXTAL input 

with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 

TIMER 
This pin is used as an external input to control the 

internal timer/counter circuitry. This pin also detects a 

5 XTAL ~XTAL XTAL 
MCU 

iRC Option, 

MOR b7"" 1, 
See Note 1 I 

NOTES: 

Crystal 

External -
Clock 
Input 

Crystal Parameters c, 

EXTAL~~XTAL . ~w 5 

AT - Cut Parallel Resonance Crystal 
C0 =7pFMax 
Freq=4.0 MHz@CL=24 pF 
Rs= 50 ohms Max 

Piezoelectric ceramic resonators which 
be 

ceramic resonator manufacturer's sug
gestions for Co, C1, and Rs vnlues 

MCU 

4 EXT AL IC~y~~lb~~t1~.n, 4 EXT AL 

See Note 1) 

External Clock Approx1rnc;tev 28% !O 50% 
25 µS 

Vee 
'-'\/V\~-'4'.J XT AL 

No 
Connection 

MCU 
(RC Option 

EXT AL MOR b7= 1 

See Note 11 

External Resistor 

1. When the TIMER input pin is in the V1HTP range (in the bootstrap EPROM programming mode), the crystal option is forced. 
When the TIMER input is at or below Vee, the clock generator option is determined by bit 7 of the mask option register (CLK). 

2. The recommended CL value with a 4.0 MHz crystal is 27 pF maximum including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on 
EXT AL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 

Figure 1. Oscillator Connections 
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higher voltage level used to initiate the bootstrap pro
gram. 

RESET 

This pin has a Schmitt trigger input and an on-chip 
pull up. The MCU can be reset by pulling RESET low. Refer 
to RESETS section for more detail. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC3l 

These 20 lines are arranged into two 8-bit ports (A and 
B) and one 4-bit port (C). All lines are programmable as 
either inputs or outputs under software control of the 
data direction registers. Refer to PROGRAMMING for ad
ditional information. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Any port pin is programmable as either input or output 
under software control of the corresponding write-only 
data direction register (DOR); DDRs always read "1". The 
port 1/0 programming is accomplished by writing the 
corresponding bit in the port DDR t0 a logic 1 for output 
and a logic Ofor input. On reset, al1the DDRs are initialized 
to a logic 0 state to put the ports in the input mode. The 

Data 

port output registers are not initialized on reset and should 
be written to before setting the DOR bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DOR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DOR is an input (0) and also the latched output when the 
DOR is an output (1 ). Refer to Table 1 for 1/0 functions 
and to Figure 3 for typical port circuitry. 

Table 1. 1/0 Pin Functions 

Data 
Direction Output Input 
Register Data Output To 

Bit Bit State MCU 

1 0 0 0 
1 1 1 1 
0 x Hi-Z** Pin 

**Ports A (with CMOS drive disabled). B, and C are three state 
ports. Port A has optional internal pullup devices to provide 
CMOS drive capability. See Electrical Characteristic tables for 
complete information. 

Direction Register 1--e--------111>--------. 
Bit• 

Latched 
Output 

Data 
Bit 

•DOR is a writ&-only register and reads as all ""ls"". 

PORT DATA REGISTER 
0 

PORT DATA DIRECTION REGISTER IDDRI 
0 

tll Write Only; reads as all ""Is"' Port A Addr = $000 
Port B Addr = $001 
Port C Addr= $002 I Bits 0-31 

12) 1•0utput; O• Input. Cleared to 0 by,__ 
131 Port A Addr = $004 

Port B Addr = $CX!; 
Port C Addr= $006 I Bits 0-31 

Figure 3. Typical Port 1/0 Circuitry and Register Configuration 
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MEMORY 

The MCU is capable of addressing 2048 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
4. The locations consist of user EPROM, bootstrap ROM, 
RAM, a mask option register (MOR). a program control 
register, and 1/0. The interrupt vectors are located from 
$7F8 to $7FF. The bootstrap is a mask-programmed ROM 
that allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 
Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 

The MCU contains the registers described in the fol
lowing paragraphs. 

ACCUMULATOR IA) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

Page Zero 
Access with 

Short 
I nstruct1ons 

7 0 
000 

1/0 Ports Timer 
and 

RAM 

127 
1128 Bytes) 

128 Page Zero 
User EPROM 

255 1128 Bytes) -----256 

Main User 
EPROM 

11668 Bytes) 

----
Mask Option Reg 

1923 

19241--------t 
1925 Bootstrap 

ROM 
1115 Bvtesl 

2039~-------

Interrupt { ~~~ 
Vectors 2044 

2045 
2046 
2047 

Timer Interrupt ----
External Interrupt ----

SWI ----
Reset _______ .. 

$000 

$783 

$784 
$785 

$7F7 
$7F8 
$7F9 
$7FA 
$7FB 
$7FC 
S7FD 
$7FE 
$7FF 

A 

INDEX REGISTER (XI 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 

x 

PROGRAM COUNTER (PC) 

The program counter is an 11-bit register that contains 
the address of the next byte to be fetched. 

10 8 7 

PCH PCL 

STACK POINTER (SP) 

The stack pointer is an 11-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

7 6 5 4 3 2 0 

0 Port A $000 

Port B $001 

2 1 1 Port C $002 

3 Not Used $003 

4 Port A DOR* $004 

5 Port B DOR* $005 

6 1 1 PortCDDR $006 

Not Used $007 

8 Timer Data Reg $008 

9 Timer Control Reg $009 

10 Not Used SOOA 

11 Programming SOOB 
Control Reg 

12 
Not Used $00C-OOF 

15 
16 $010 

RAM 
1112 Bytes) 

Stack 
131 Bytes Maximum! 

$07F 

Caution Data Dtrect1on Registers IDDRsl are write-only; they read as SFF 

Figure 4. Memory Map 
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The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

10 5 4 0 

I 0 I 0 I 0 I 0 I 1 I 1 I SP 

CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 

Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic 1 ). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 

RESETS 

The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET inE!:!! 
consists mainly of a Schmitt trigger that senses the RE
SET line logic level. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 

allowing the RESET input to go high. Connecting a ca
pacitor to the RESET input (Figure 5) typically provides 
sufficient delay. 

1 -Vee 
I 10,,F 

(MCUI 

Figure 5. Power-up RESET Delay Circuit 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyd· Under this type of reset, the Schmitt trigger switches 
off at VIRES- to provide an internal reset voltage. 

INTERRUPTS 

The MCU can be interrupted three different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
interrupt instruction (SWI). 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack and then 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 

6 5 4 3 0 Pull 

1J 
Cond1t1on 

1 1 Code Register n-4 n+1 

n-3 Accumulator n+2 

n-2 Index Register n+3 

n- 1 1 1 1 1 1 I PCH• n+4 

n PCL* n+5 

Push 
•For subroutine calls, only PCH and PCL are stacked. 

Figure 6. Interrupt Stacking Order 
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When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 

If the timer mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00). 

Reset 

1-1 Bit lin CCI 
07F-SP 
0-DDRs 

CLR INT Logic 
FF--T1mer 

7F--Prescaler 
7F-TCR 

Put 7FE on 
Address Bus 

Load PC 
from 

7FEl7FF 

Fetch 
Instruction 

Execute All 
Instruction 

Cycles 

an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack, and the I bit in the CCR is set, 
masking further interrupts until the present one is serv
iced. The contents of the timer interrupt vector, contain
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 

EXTERNAL INTERRUPT 

The external interrupt is interna!!Y._synchronized and 
then latched on the falling edge of INT. Clearing the I bit 
enables the external interrupt. The following paragraphs 
describe two typical external interrupt circuits . 

lear 
INT 

Request 
Latch 

Timer 

SWI 
PC-PC+ 1 1-----i.-

Stack 
PC. X. A. CC 

Load PC From 
SWI 7FCl7FD 
INT 7FAl7FB 

TIMER 7FB/7F9 

Figure 7. Reset and Interrupt Processing Flowchart 
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Zero-Crossing 
A sinusoidal input signal (fl NT maximum) can be used 

to generate an external interrupt (see Figure Sa) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 

Digital-Signal Interrupt 
With this type of circuit (Fi bu re Sb), the INT pin can be 

driven by a digital signal. The maximum freque~ of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twL. twH· 
Refer to TIMER for additional information. 

SOFTWARE INTERRUPT ISWll 
The SWI is an executable instruction that is executed 

regardless of the state of the I bit in the CCR. If the I bit 

la) Zaro-CroUing Interrupt 

lnapcut !Current 

(flNT Max.l~L1m1tingl 2 iNT 
Rs1 MO MCU 

aclnput:s R 0.1-1.0 
10 Vac p-p l'F 

is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 

TIMER 

The MCU consists of an S-bit software programmable 
counter driven by a 7-bit software programmable pres
caler. Various timer sources are made via the timer con
trol register (TCR). The S-bit counter may be loaded under 
program control and is decremented toward zero. When 
the timer reaches zero, the timer interrupt request bit (bit 
7) in the timer control register (TCR) is set. Refer to Figure 
9 for timer block diagram. 

Timer interrupt can be masked (disabled) by setting the 
timer interrupt mask bit (bit 6) in the TCR. When the I bit 
in the condition code register is cleared, and TCR bit 6 is 
cleared, the processor receives the interrupt. The MCU 
responds to this interrupt by 1) saving the present CPU 
state on the stack, 2) fetching the timer interrupt vector, 

(bl Oigital~Signal Interrupt 

Vee 

TTL 4.7 k 

~1~~:1 ___ ....,2 iN1 

Input 
MCU 

Figure 8. Typical Interrupt Circuits 

ln1ernal ., 
Clock 

!fosc+4l 

Read Wnte 

Timer Data Reg1Ster HDRl 
8-B1t Counter 

7·BitPrescaler 

Clear 

Microcomputer Internal Bus 

Figure 9. Timer Block Diagram 
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and 3) executing the interrupt routine. Timer interrupt 
request bit must be cleared by software. Refer to RESETS 
and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1; however, TCR bit 3 always reads as a logic O 
to ensure proper operation with read-modify-write in
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis
turbing the counting process. TOR is unaffected by reset. 

SOFTWARE CONTROLLED MODE 
The timer prescaler input can be configured for three 

different operating modes plus a disable mode, depend
ing on the value written to TCR control bits 4 and 5 (TIE 
and TIN). The following paragraphs describe the different 
modes. 

Timer Input Mode 1 

When TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase 2) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 

Timer Input Mode 2 

When TIE= 1 and TIN= 0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is ± 1. 

Timer Input Mode 3 

When TIE= 0 and TIN= 1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 

Timer Input Mode 4 

When TIE and TIN are both one, the timer input is from 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre
quency for generating periodic interrupts. 

MOR CONTROLLED MODE 
This mode is selected when TOPT (bit 6) in the MOR 

is programmed to logic 1. The timer circuits are the same 
as described in SOFTWARE CONTROLLED MODE. The 
logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres
caler division and the timer clock selection. TIE (bit 4) and 
PSC (bit 3) in the TCR are set to a logic 1 when in the 
MOR controlled mode. TIM (bit 6) and TIA (bit 7) are 
controlled by the counter and software. 

TIMER CONTROL REGISTER (TCR) $009 

This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. When the MOR 
TOPT= 1, then bits 5, 2, 1, and 0 in the TCR take on the 
corresponding bits of the MOR during reset. 

7 6 5 4 3 2 1 

I TIA TIM 

RESET: 

TIA 

RESET: 
0 

u u 
TCR with MOR TOPT = 1 (MC6805P2/P6 Emulation I 

TIM TIN TIE PSC PS2 PSl 

TCR with MOR TOPT = 0 (Software Programmable Timer) 

TIA - Timer Interrupt Request 

PSO 

Used to indicate the timer interrupt when it is logic 
one 

1 =Set when the timer data register changes to all 
zeros 

0= Cleared by external reset, power-on reset, or 
under program control 

TIM - Timer Interrupt Mask 
Used to inhibit the timer interrupt. 

1 =Interrupt inhibited 
0 =Interrupt enabled 

TIN - External or Internal 
Selects input clock source 

1 =External clock selected 
0= Internal clock selected (fosc/4) 

TIE - TIMER External Enable 
Used to enable external TIMER pin 

1 =Enables external timer pin 
0= Disables external timer pin 

PSC - Prescaler Clear 
Write only bit. Writing a 1 to this bit resets the pres
caler to zero. A read of this location always indicates 
a zero. 

PS2, PS1, PSO - Prescaler Select Bits 
Decoded to select one of eight outputs of the pres
caler 

PS2 PSl PSO Prescaler Division 

0 0 0 1 (Bypass Prescaler) 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 
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MASK OPTION REGISTER (MORI 

The MOR is implemented in EPROM and contains all 
zeros prior to programming. This register is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 

CLK TOPT CLS TIE 

CLK - Clock (oscillator type) 
1 =Resistor Capacitor (RC) 
0= Crystal 

TOPT - Timer Option 

P2 Pl PO 

1 = MC6805P2/P6 type timer/prescaler. All bits ex
cept 6 and 7 of the TCR are invisible to the user. 
Bits 5, 2, 1, and 0 of the MOR determine the 
equivalent MC6805P2/P6 mask options. 

0 =All TCR bits are implemented as a software pro
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re
spective TCR bits. 

CLS - Timer/Prescaler Clock Source 
1 =External TIMER pin 
O =Internal clock 

TIE - Timer External Enable 
Not used if TOPT = 1. Sets the initial value of TIE in 
the TCR if TOPT = 0. 

1 =Not used 
0 =Sets initial value of TIE in the TCR 

P2, P1, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 

P2 Pl PO Prescaler Division 

0 0 0 1 (Bypass Prescaler) 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

PROGRAMMING CONTROL REGISTER (PCR) 

The PCR is an 8-bit register which provides the nec
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming, so 
the user need not be concerned with PCR in most appli
cations. 

RESET: 
u u u u u u 

PLE - Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any
time. 

1 =Read EPROM 
O =Latch address and data on EPROM 

PGE - Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 

1 =Inhibit EPROM programming 
0 =Enable EPROM programming (if PLE is low) 

VPON-Vpp On 
A read-only bit that indicates high voltage at the Vpp 
pin. When set to "1", disconnects PGE and PLE from 
the chip. 

1 =No high voltage on Vpp pin 
0 =High voltage on Vpp pin 

NOTE 

VPON being "O" does not indicate that the Vpp level 
is correct for programming. It is used as a safety 
interlock for the user in the normal operating mode. 

-
VPON PGE PLE Programming Conditions 

0 0 0 Programming Mode (Program EPROM 
Byte) 

1 0 0 PGE and PLE Disabled from System 

0 1 0 Programming Disabled (latch Address 
and Data in EPROM) 

1 1 0 PGE and PLE Disabled from System 

0 0 1 Invalid State: PGE=O if PLE=O 

1 0 1 Invalid State: PGE=O if PLE=O 

0 1 1 "High Voltage" on Vpp 

1 1 1 PGE and PLE Disabled from System 
(Operating Mode) 

EPROM PROGRAMMING 

PROGRAMMING 

The MCU bootstrap program can be used to program 
the MCU EPROM. 

A 2764 UV EPROM must first be programmed with the 
same information that is to be transferred to the MCU 
EPROM. Refer to application note, MC68705P3/R3/U3 
8-bit EPROM Microcomputer Programming Module 
(AN-857 Rev 2) for a schematic diagram and instructions 
on programming the MCU EPROM. 

EMULATION 

The MC68705P3 emulates the MC6805P2 and MC6805P6 
"exactly." The MC6805P2/P6 mask features are imple
mented in the mask-option register (MOR) EPROM byte 
on the MC68705P3. A few minor exceptions to the ex
actness of emulation are listed below: 

1. The MC68705P2/P6 "future ROM" area is imple
mented in the MC68705P3, and these 704 bytes must 
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be left unprogrammed to accurately simulate the 
MC6805P2/P6. The MC6805P2/P6 read all "Os" from 
this area. 

2. The reserved ROM areas in the MC6805P2/P6 and 
the Me68705P3 have different data stored in them. 
This data is subject to change without notice. The 
Me6805P2/P6 use the reserved ROM for the self
check feature, and the Me68705P3 uses this area for 
the bootstrap program. 

3. The Me6805P2/P6 read all "1s" in its 48-byte "future 
RAM" area. This RAM is not implemented in the 
MC6805P2/P6 mask ROM versions but is imple
mented in the Me68705P3. 

4. The Vpp line (pin 6) in the MC68705P3 must be tied 
to Vee for normal operation. In the Me6805P2/P6, 
pin 6 is the NUM pin and is grounded in normal 
operation. 

5. The LVI feature is not available in the Me68705P3. 
Processing differences are not presently compatible 
with proper design of this feature in the EPROM 
version. 

The operation of all other circuitry has been exactly 
duplicated or designed to function identically in both de
vices including interrupts, timer, data ports, and data di
rection registers (DDRs). A design goal has been to provide 
the user with a safe, inexpensive way to verify a program 
and system design before committing to a factory pro
grammed ROM: 

INSTRUCTION SET 

The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is eithe.r the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 

Function Mnemonic 

Load A from Memory LDA 

Load X from Memory LDX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

- Continued -

Function Mnemonic 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 
I 

Arithmetic Compare A with Memory CMP 
I 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 
r--·~ 

Jump Unconditional JMP 

Jump to Subroutine JSR 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

(Branch if Higher or Same) (BHS) 

Branch if Carry Set BCS 

(Branch if Lower) (BLO) 

- Continued -
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Function [Mnemonic 

!Branch if Higher or Same) IBHS) 

Branch if Carry Set BCS 

!Branch if Lower) IBLO) 

Branch if Not Equal BNE 

Branch if Equal BEQ 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
the bittested is also placed rn the carry bit of the condition 

code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n ln=O ... 7) 

Branch if Bit n is Clear BRCLR n ln=O ... 7) 

Set Bit n BSET n ln=O ... 7) 

Clear Bit n BCLR n ln=O ... 7) 

OPCODE MAP SUMMARY 

Table 2 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single byte instruc
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab
solute addressing is also included. Two byte direct ad
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
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1 BRCLRO BC~ BAN 
0001 3 BT R L 

10 7 4 
2 3BAS~ LL BSEJ.k LL BHl!ill_ 0010 

10 7 4 6 
3 3BRC~ BC':.'fu_ 

4 
BLSBl.l u_ COM 

0011 IR 
10 7 6 

4 3BRS~ BS~ BCC!ill_ LL LS~R 0100 

f 'gRC~2 
7 4 

5 BC~ BCS!ill_ 
01 1 

10 7 4 6 
6 BRS~ ...._BSE1h_ 4- BNE!ill_ _1_ AO"wR 0110 

10 7 6 
7 BAC~J ...._BCL'/,k LL BEG _1_ AS'i,,, 0111 _fill. 

f'gAS~ 7 4 6 

~ BS~ '{- BHC~L u_ LSj,,, 
10 7 6 

9 Li'RC~ ...._BC~ LL BHCk_ _1_ ROL 
1001 DIR 

I~ 7 4 6 

~ Li'AS~ BS~ Ll_ BPL!ill_ ....1... DECDIA 
10 7 4 

B BACLR5 BCL~ BMI 
1011 3 BTB 2 REL 

~ "es~ 4 6 

,_fk_ BAS~ BMC INC 
REL 2 DIR 

10 7 4 6 

,.fk BRC~ BC~ LL BMSR TST 
IA 

10 7 4 

11lo_ BRSEi{. I.LBS~ 2 
BIL 

REL 
10 7 4 6 

F BRCLR7 BCLR7 BIH CLA 
1111 3 BTB 2 BSC 2 REL 2 DIR 

Abbreviations for Addr888 Modes 

INH 
IMM 
DIR 

EXT 
REL 

SSC 
BTB 
IX 
IXl 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Set/Clear 
Bit Test and Branch 
Indexed !No Offset) 
Indexed, 1 Byte IB-Bitl Offset 
Indexed, 2 Byte 116-Bitl Offset 

4 

' 

4 

' ' 
I 

4 

1 
4 

1 
4 

1 
4 

1 
4 

' 

4 

' 4 

' 

4 

' 

Table 2. Opcode Map 

Read-Mod~Write Control R-/Momo<v 
INH ~H IX! ~ INH ~ DIR lll2_ _ll(_t 

~ 01~1 ~ '1~1 8 A 8 ,fa. 1~1 11~0 1ii1 HI..----._ 
1000 1001 1010 1011 

4 7 6 9 f2 SUB 
,.- 0 SUB 

I' 
NEG NEG NEG ' NEG ATI LL SU_!hR 

SUB [1_ SU~ __!_ SUB--1ll. ~ INH ' INH IXl ' " ' INH _iM_M X7 .~ 6 2 4 5 5 4 
ATS CMP CMP CMP CMP 

IX2 LL CMPIXl 
CMP 1 

' INH 2 IMM 2 DIR 3 EXT 3 I IX 0001 
2 4 

6 SBC I 5 SBC LL SBC SBC SBC SBC 2 
IMM 2 DIA 3 EXT 3 IX2 j_ IX\ 1 IX 0010 

4 7 6 " 2 4 5 6 CPX 5 CPX I' CPX COMA COMX COM COM SW! CPX CPX CPX ~\ INH ' INH IX1 ' " ' INH 2 IMM 2 DIR 3 EXT 3 1& ._L IX\ 1 IX 

' 7 6 2 4 
-;- AND T AND 0 AND 

4 
LSRA LSAX LSR LSR AND AND AND ~ INH I INH 2 IXl ' " 2 IMM 2 DIR 3 EXT 3 1.!.2.._ ._L IX 1 IX 

2 4 5 
T BIT 

5 4 

B~ --'- Bl1-oiR Bl"'_oo --'- BIT__ill BIT--1ll. Ai_ = 4 7 6 2 4 5 6 5 4 
RORA RORX ROR ROR LL LOA LDA LOA 

3 LDA1& --'-LOA LOA &_ INH ' INH IX1 ' " IMM 2 DIR 3 EXT IX\ 1 IX 
4 7 6 2 5 I' STA 6 STA -;- STA ASAA ASRX ASR ASR TAX STA STA1X2_ 7 

INH ' INH 2 IX1 ' IX ' INH 2 DIR 3 EX7 _l_ IXl 1 IX 111 
4 7 6 2 2 4 5 6 5 EOR 

. 
LSLA LSLX _,_ LSL LSL CL~!-1 [1_ EOR EDA EOA 

3 EOR IX2_ EOR k INH 1 INH IX1 ' IX IMM 2 DIR 3 EXT _1_ IXl 1 IX 
4 7 6 2 2 4 5 6 5 ADC • ROLA ROLX ROL AOL SEC ADC ADC ADC A.DC ADC 9 

INH 1 INH '" ' " ' INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IX\ 1 IX 1001 
4 7 6 2 2 

--.,- ORA -,, OM s ORA I' ORA DECA DECX DEC DEC cu ORA ORA A 
INH ' INH 2 '" ' IX 

r+ SEI 

INH 2 lMM 2 DIR 3 EXT 3 IX2 2 IX\ 1 IX 1010 

f' ADD 
4 

T A'DD ; ADD ADD ADD ADD B 
1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IX\ ' IX 1011 

4 7 6 2 3 4 5 JMP --.,- JMP INCA INCX INC INC RSP JMP JMP JMP c 
INH ' INH 2 IXl ' IX ' INH 2 DIR 3 EXT 3 IX2 2 IX\ ' IX 1100 

4 7 6 2 8 7 
T JSR T JSR CT JSR TSTA TSTX TST TST NOP BSA JSR JSR D 

INH ' INH 2 '" ' " ' INH 2 REL 2 DIR 3 EXT 3 IX2 2 1X1 1 IX 111 

I' LOX 
4 6 lf)X . 5 LOX I 4 LOX LOX LOX E 

2 IMM 2 DIR 3 EXT 3 lX _l__ IX1 ' IX 1110 
4 7 

CLA 
6 2 6 STX CLAA CLAX CLR TXA STX STX STX STX F 

'"" ' INH 2 '" ' " ' INH 2 DIR 3 EXT 3 IX2 2 IX\ ' IX 1111 

LEGEND 

~ 1
f,

1 
5 Opcode in Hexadecimal 

#of Cycles _____ .,. 4 ~ 
Mnemonic • SUB 0 

Bytes 1 IX CXXXJ_ 

Opcode m Binary 

'---------- Address Mode 

• 
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Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from 126 to + 129 from 
the opcode address. 

INDEX, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/0 location, 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this 2-byte in
struction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum of the contents ofthe unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed, 8-bit offset except that this 3-byte 
instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 

the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single 2-byte instruc
tion. 

CAUTION 

The corresponding DDRs for ports A, B, and C are 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers always 
returns "1 ".Since BSET and BCLR are read-modify
write functions, they cannot be used to set or clear 
a DDR bit (all "unaffected" bits would be set). It is 
recommended that all DDR bits in a port be written 
using a single-store instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte in
struction allows the program to branch based on the con
dition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 
In the inherent addressing mode, all the information 

necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 

MOTOROLA MICROPROCESSOR DATA 

3-580 



MC68705P3 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to +7.0 

Input Voltages 
EPROM Programming Voltage Vpp - 0.3 to + 22.0 
(Vpp Pin) Vin -0.3 to + 7.0 
TIMER Pin (Normal Mode) 
TIMER Pin (Bootstrap Vin -0.3 to + 15.0 

Programming Mode) Vtn -0.3 to + 7.0 
All Others 

Operating Temperature Range TA TL to TH 
0 to + 70 

Storage Temperature Range Tstg -55to +150 

Junction Temperature TJ 
eerdip 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 0JA 
eerdip 60 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J• in °C can 
be obtained from: 

where: 
TA 
0JA 

Po 
PINT 
P1;0 

TJ=TA+(Po•0JA) (1) 

=Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= P1NT+P1;0 
= Ice x Vee. Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

Vcc=5 75v 
Test MMD6150 

Po~1-nt~~.-o-r~E-q~u41v~~1 5KO 

40 pF 
!Total! 

I 25 kill MMD7000 
or Equiv 

Unit 

v 

v 
v 

v 
v 

'e 

'e 

'e/W 

Unit 

'e/W 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however, normal pre
cautions be taken to avoid application of any 
voltage higher than maximum-rated volt
ages to this high-impedance circuit. For proper 
operation, Vin and V0 ut should be con
strained to the range Vss "' !Vin or V0 u1) "' 
Vee· Reliability of operation is enhanced if 
unused inputs except EXTAL are tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vee). 

For most applications P1;o<P1NT and can be neglected. 
The following is an approximate relationship between 

Po and TJ (if P1;0 is neglected): 
Po= K+ (TJ +273°C) (2) 

Solving equations (1) and (2) for K gives: 
K=Po•(TA+273°C)+0JA'pD2 (3) 

where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA· Using this value of K, 
the values of Po and TJ can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA· 

Test 
Prnnt 

30 pF 
ITotall 

MMD6150 
or Equiv 

24 kll 

vcc=5 75V 

Figure 10. TTL Equivalent Test Load 
(Port B) 

TestPomt~ I 30 pF IT otall 

Figure 12. TTL Equivalent Test Load 
(Ports A and C) 

Figure 11. CMOS Equivalent Test Load 
(Port A) 
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ELECTRICAL CHARACTERISTICS (Vcc=5.25 ±0.5 Vdc, Vss=O Vdc, TA=O'C to 70'C, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage V1H v 
RESET (4.75"" Vee"" 5.75) 4.0 - Vee 

!Vee_:::_ 4.75) vcc -o.5 - Vee 
INT (4.75"" Vee"" 5.75) 4.0 .. Vee 

!Vee< 4.75) Vee -o.5 .. Vee 
All Other 2.0 - Vee 

Input High Voltage (TIMER Pin) V1H v 
Timer Mode 2.0 - Vee 
Bootstrap Programming Mode 9.0 12.0 15.0 

Input Low Voltage V1L v 
RESET -0.3 - 0.8 
INT -0.3 .. 1.5 
All Other -0.3 - 0.8 

Internal Power Dissipation (No Port Loading, Vee= 5.25 V, PINT - 450 TBD mW 
TA =O'C) 

Input Capacitance Cin pF 
XTAL - 25 -
All Other - 10 -

INT Zero-Crossing Voltage, through a Capacitor VINT 2.0 - 4.0 Va<;p:e_ 
RESET Hysteresis Voltage v 

Out of Reset Voltage VIRES+ 2.1 - 4.0 
Into Reset Voltage VIRES- 0.8 - 2.0 

Programming Voltage (Vpp Pin) Vpp* v 
Programming EPROM 20.0 21.0 22.0 
Operating Mode 4.0 Vee 5.75 

Input Current lin µA 
TIMER (Vin= 0.4 V) - - 20 
INT (Vin=0.4 V) - 20 50 
EXTAL (Vin=2.4 V to Vee Crystal Option) - - 10 
__ (Vin=0.4 V Crystal Option) - - -1600 
RESET (Vin=0.8 V) -4.0 - -40 
(External Capacitor Changing Current) 

*Vpp is pin 6 on the MC68705P3 and is connected to Vee in the normal operating mode. In the MC6805P2, pin 6 is NUM and is 
connected to Vss in the normal operating mode. The user must allow for this difference when emulating the MC6805P2 ROM
based MCU. 

**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 

Vee 

Internal 
Reset 

5V 
.. Dip" 

In Power 

VIRES--

Figure 13. Power and Reset Timing 
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PORT DC ELECTRICAL CHARACTERISTICS (Vee= + 5.25 ± 0.5 Vdc, Vss = O Vdc, TA= 0° to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Port A 

Output Low Voltage, I Load= 1.6 mA VoL - - 0.4 v 

Output High Voltage, I Load= -100 µA VoH 2.4 - - v 

Output High Voltage, I Load= -10 µA VoH Vee -10 - - v 

Input High Voltage, I Load= -300 µA (Max) V1H 2.0 - Vee +0.1 v 

Input Low Voltage, I Load= - 500 µA (Max) V1L Vss - 0.8 v 

Hi-Z State Input Current (V; 0 = 2.0 V to Vccl l1H - - -300 ,_tA 

Hi-Z State Input Current (Vin= 0.4 V) l1L - - -500 µA 

Port B 

Output Low Voltage, I Load= 3.2 mA (VOL - - 0.4 v 

Output Low Voltage, I Load= 10 mA (Sink) VOL - - 1.0 v 

Output High Voltage, I Load= -200 µA VOH 2.4 - - v 

Darlington Current Drive (Source), Vo= 1.5 V IOH -1.0 - -10 mA 

Input High Voltage V1H 2.0 - vcc+o.1 v 

Input Low Voltage V!L Vss - 0.8 v 

Hi-Z State Input Current ITSI - 2 20 µA 

Port C 

Output Low Voltage, I Load= 1.6 mA VoL - - 0.4 v 

Output High Voltage, I Load= -100 µA VoH 2.4 - - v 

Input High Voltage V1H 2.0 - Vcc+o.7 v 

Input Low Voltage V1L vss - 0.8 v 

Hi-Z State Input Current 'Ts1 - 2 20 µA 

SWITCHING CHARACTERISTICS (Vee= + 5.25 ± 0.5 Vdc, Vss = 0 Vdc, TA= 0° to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Oscillator Frequency lose MHz 
Normal 0.4 - 4.2 

Instruction Cycle Time (4/f0 scl t~ 0.950 - 10 µs 

INT or Timer Pulse Width (See Interrupt Section) tWL• twH t~+250 - - ns 

RESET Pulse Width tRWL t~+250 - - ns 

RESET Delay Time (External Cap= 1.0 µF) tRHL 100 - - ms 

INT Zero Crossing Detection Input Frequency f1NT 0.03 - 1.0 kHz 

External Clock Duty Cycle (EXTAL) - 40 50 60 % 

PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS (Vee= +5.25 ±0.5 Vdc, Vss=O Vdc, TA=20° to 30°C, unless 
otherwise noted) 

Characteristic Symbol Min 

Programming Voltage (Vpp Pin) Vpp 20.0 

Vpp Supply Current !pp 
Vpp=5.25 V -
Vpp=21.0 V -

Programming Oscillator Frequency fosc;:JJ_ 0.9 

Bootstrap Programming Mode Voltage (TIMER Pin) lin = 100 V1HTP 9.0 
µA Max 
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Port DOR 
Port Data 

MC68705P3 

IP= Input Protection 

Vee 

Figure 14. Port A Logic Diagram 

Port DOR 
Port Data 

IP= Input Protection 

Figure 15. Port B and Port C Logic Diagram 

~To 110 Logic 

1 

Figure 16. Typical Input Protection 

ORDERING INFORMATION 

Vary V, 
Measure I 

v 

Figure 17. 1/0 Characteristic 
Measurement Circuit 

The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705P3. 

Table 3. Generic Information 

Internal Clock 
Package Type Frequency (MHz) Temperature 

Cerdip (S Suffix) 

Cerdip (S Suffix) 

1.0 0° to 70°C 

1.0 -40° to +85°C 
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PIN ASSIGNMENTS 

MC68705P3 

MECHANICAL DATA 

V55 

INT 

PA5 

PA4 

PA2 

PAO 

PC2 PB7 

PBl 
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Technical Summary 
8-Bit EPROM Microcomputer Unit 

The MC68705P5 (High-Density NMOS) Microcomputer Unit (MCU) is an EPROM member of the 
MC6805 Family of microcomputers. The user programmable EPROM allows program changes and 
lower volume applications. This low cost MCU has parallel 1/0 capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor
mation, refer to M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit Programmable Prescaler • Memory Mapped 1/0 

• On-chip Oscillator • Versatile Interrupt Handling 
• 112 Bytes RAM • Bit Manipulation 
• 1804 Bytes EPROM • Bit Test and Branch Instruction 
• 20 TIUCMOS Compatible Bidirectional 1/0 Lines • Vectored Interrupts 
• EPROM Security Features (Hardware and Software) 

BLOCK DIAGRAM 

XTAL EXTAL RESET INT 

Port 
A 

1/0 
Lines 

TIMER Prescaler 
Timer/ 

8 Counter 

Timer Control 

Accumulator 
8 A 

Index 

8 
Register x PAO 

PA1 Condtt1on 
PA2 Port Data Code 
PA3 A Orr 5 Register cc 
PA4 Reg Reg 
PA5 Stack 
PA6 Pointer 
PA7 5 SP 

Program 
Counter 

1804 x 8 3 High PCH 

EPROM Program 

115 x 8 
Counter 

8 Low PCL 
Bootstrap ROM 

CPU 
Control 

CPU 

ALU 

Data Port 
Dir B 
Reg Reg 

Data Port 
Dir c 
Reg Reg 

112 x 8 
RAM 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

Vee AND Vss 
Power is supplied to the microcomputer using these 

two pins. Vee is + 5.25 volts ( ± 0.51i) power, and Vss is 
ground. 

Vpp 

This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vee. 

INT 

This pin provides the capability for asynchronously ap
plying an external interrupt to the MCU. Refer to INTER
RUPTS for more detail information. 

EXTAL,XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal is -connected to these pins 
to provide a system clock. Selection is made by the CLK 
bit in the mask option register. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and startup statilization time. 

External Clock 

An external clock should be applied to the EXT AL input 
with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 

TIMER 

This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the bootstrap pro
gram. 

RESET 

This pin has a Schmitt trigger input and an on-chip 
pull up. The MCU can be reset by pulling RESET low. Refer 
to RESETS for addition information. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC3) 

These 20 lines are arranged into two 8-bit ports (A and 
Bl and one 4-bit port (C). All lines are programmable as 

5 XTAL ~XTAL 5 XTAL 
MCU 

NOTES: 

MCU 
External -

Clock 4 EXTAL (Ca~~lb~~~n, 
Input See Note 11 

4 EXT AL ~~Ao~;~~ .. 

Crystal 

Crystel Parameters 
C1 

EXTAL~~XTAL 
4 -~w 5 

AT - Cut Parallel Resonance Crystal 
C0 =7 pF Max. 
Freq=4.0 MHzfilCL=24 pF 
Rs-60 ohms Max. 

Piezbelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufai;turer's sug
gestions for Co. C1. and Rs values. 

See Note 1) 

External Clock 
Approximately 25% to 50% Accuracy 

Typical tcyc"' 1.25 p.S 
External Jumper 

Vee 
~IV'<....---"lb XT AL 

No 
Connection 

MCU 

EXTAL ~~Ro~;~~ .. 
See Note 1) 

Approximately 10% to 25% Accuracy 
!Excludes Resistor Tolerance) 

External Resistor 

1. When the TIMER input pin is in the V1HTP range (in the bootstrap EPROM programming mode), the crystal option is forced. 
When the TIMER input is at or below Vee. the clock generator option is determined by bit 7 of the mask option register (CLK). 

2. The recommended CL value with a 4.0 MHz crystal is 27 pf maximum including system distributed capacitance. There is an 
internal capacitance of approximately 25 pf on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on each 
pin should be scaled as the inverse of the frequence ratio. For example, with a 2 MHz crystal, use approximately 50 pf on EXTAL 
and approximately 25 pf on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 

Figure 1. Oscillator Connections 
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8.0 ~~------------------. 

70 
-;;; 
~ 6.0 

g 5.0 

~ I 4.a 

E 30 

Li 2 0 
(5 

1 0 

10 20 30 

vcc=5 2s v 
TA=25°C 

40 50 
Resistance (kO) 

60 70 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

80 

either inputs or outputs under software control of the 
data direction registers. Refer to PROGRAMMING for ad
ditional information. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Any port pin is programmable as either input or output 
under software control of the corresponding write-only 
data direction register (DDR). DDRs always read "one". 
The port 1/0 programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 

"' c 
(ti .Q 
c -
Q; ~ 
- c c c 
- 0 

u 

7 

Data 
Direction Register 

Bit* 

Latched 
Output 
Data 
Bit 

*DOR is a write-only register and reads as all "ls". 

PORT DATA REGISTER 

Port A Addr = $000 
Port B Addr= $001 
Port C Addr= $002 (Bits 0-3) 

0 

and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and also to the latched output when 
the DDR is an output (one). Refer to Table 1 for 1/0 func
tions and to Figure 3 for typical port circuitry. 

Table 1. 1/0 Pin Functions 

R/W* DOR 1/0 Pin Functions 

0 0 The 1/0 pin is in input mode. Data is 
written into the output data latch. 

0 1 Data is written into the output data latch 
and output to the 1/0 pin. 

1 0 The state of the 1/0 pin is read. 

1 1 The 1/0 pin is in an output mode. The 
output data latch is read. 

*R/W is an internal signal. 

7 
PORT DATA DIRECTION REGISTER IDDR) 

0 

(1) Write Only; reads as all "ls" 
(2) 1•0utput; O• Input. Cleared to 0 by -· 
(3) Port A Addr = $004 

Port B Addr = $<ni 
Port C Addr=$006 IBits0-3) 

Figure 3. Typical Port 1/0 Circuitry and Register Configuration 
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MEMORY 
The MCU is capable of addressing 2048 bytes of mem

ory and 1/0 registers. The memory map is shown in Figure 
4. The locations consist of user EPROM, bootstrap ROM, 
RAM, a mask option register (MOR), a program control 
register, and 1/0. The interrupt vectors are located from 
$7F8 to $7FF. The bootstrap is a mask-programmed ROM 
that allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 
Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 

The MCU contains the registers described in the fol
lowing paragraphs. 

ACCUMULATOR (Al 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 
()()() 

Page Zero 
Access with 

Short 127 
I nstruct1ons 128 

2 
256 

1923 

1924 
1925 

2039 

{-
2041 
2042 

Interrupt 2043 
Vectors 2044 

2045 
2046 
2047 

110 Ports Timer 
and 

RAM 
1128 Bytes! 

Page Zero 
User EPROM 
1128 Bytes! -----
Mam User 

EPROM 
11668 Bytes! 

----
Mask Option Reg 

Bootstrap 
ROM 

1115 Bytes) 

Timer Interrupt ----
External Interrupt ----

SWI ----
Reset 

0 
$()()() 

$783 

$784 
$785 

$7F7 
$7F8 
$7F9 
$7FA 
$7FB 
$7FC 
$7FD 
$7FE 
$7FF 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 0 
r·--· "l 
L _____ __J 

PROGRAM COUNTER (PC) 

The program counter is an 11-bit register that contains 
the address of the next byte to be fetched. 

10 8 7 

I PCH 

STACK POINTER (SP) 

PCL 

0 

I 
l 

The stack pointer is an 11-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

6 5 4 3 2 l 0 

0 Port A $000 

Port B $001 

1 1 Port C $002 

3 Not Used $003 

4 Port A DOR* $004 

5 Port B DOR* $005 

6 1 1 PortCDDR $006 

Not Used $007 

8 T 1mer Data Reg $008 

9 Timer Control Reg $009 

10 Not Used SOOA 

11 Programming 
Control Reg 

SOOB 

12 
Not Used SOOC-OOF 

15 
16 $010 

RAM 
1112 Bytesl 

Stack 
131 Bytes Maximum) 

$07F 

Caution: Data Direction Registers IDDRsl are write-only, they read as $FF 

Figure 4. Memory Map 
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The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

10 5 4 0 

I 0 I 0 I 0 I 0 I 1 I 1 I SP I 
CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 

4 0 

I H I I N I z I c I 
Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 

RESETS 

The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the RE
SET line logic level. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 

allowing the RESET input to go high. Connecting a ca
pacitor to the RESET input (Figure 5) typically provides 
sufficient delay. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyd· Under this type of reset, the Schmitt trigger switches 
off at VIRES- to provide an internal reset volta!le. 

1 _...,... 

RESET I 10 µF 

(MCU) 

Figure 5. Power-up RESET Delay Circuit 

INTERRUPTS 

The MCU can be interrupted three different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
interrupt instruction (SWI). 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack after which
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 

765432 0 Pull 

1I 
Condition 

1 1 Code Register n-4 n+l 

Accumulator n+2 

n-2 Index Register n+3 

n-1 11 1 1 1 l PCH* n+4 

PCL* n+5 

Push 
•For subroutine calls, only PCH and PCL are stacked. 

Figure 6. Interrupt Stacking Order 
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When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked, 
(I bit clear) proceeds with interrupt processing; other
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 

If the timer mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 

Reset 

1-1 Bit l1n CCI 
07F-SP 
0-DDRs 

CLR INT Logic 
FF--T1mer 

7F-Prescaler 
7F-TCR 

Put 7FE on 
Address Bus 

Load PC 
from 

7FE/7FF 

Fetch 
Instruction 

Execute All 
Instruction 

Cycles 

an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I bit in the CCR is set, 
masking further interrupts until the present one is serv
iced. The contents of the timer interrupt vector, contain
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex
ecutes an RTI instruction which restores the machine state 
nnrl st{lrts executing the interrupted program 

EXTERNAL INTERRUPT 
The external interrupt is internally synchronized and 

then latched on the falling edge of INT. Clearing the I bit 
enables the external interrupt. The following paragraphs 
describes two typical external interrupt circuits. 

lear 
INT 

Request 
Latch 

Timer 

SWI 
PC-PC+ I,__ _ _,.,. 

Stack 
PC, X, A, CC 

Load PC From 
SWI 7FC/7FD 
INT 7FA/7FB 

TIMER. 7F8/7F9 

Figure 7. Reset and Interrupt Processing Flowchart 
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Zero-Crossing 

A sinusoidal input signal (f1NT maximum) can be used 
to generate an external interrupt (See Figure Sa) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 

Digital-Signal Interrupt 

With this type of circuit (Figure Sb), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twL. tWH· 
Refer to TIMER for additional information. 

(a) Zero-Crossing Interrupt 

MCU 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 

TIMER 

The MCU consists of an S-bit software programmable 
counter driven by a 7-bit software programmable pres
caler. The various timer sources are made via the timer 
control register (TCR). The S-bit counter may be loaded 
under program control and is decremented toward zero. 
When the timer reaches zero, the timer interrupt request 
bit (bit 71 in the timer control register (TCR) is set. Refer 
to Figure 9 for timer block diagram . 

(b) Digital-Signal Interrupt 

Vee 

TTL 4 7 k 

Level 2 iNT 
D1g1tal-----""' 
Input 

MCU 

lJ--~ 
Figure 8. Typical Interrupt Circuits 

Internal ., 
Clock 

1t05c+41 

Microcomputer ln1ernal Bus 

Read Wrote 

1Cll\i Time' Data Register ITDAr 
8 B•t Counte< 

781tPrescaler 

Cear 

Figure 9. Timer Block Diagram 
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The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
I bit in the condition code register is cleared and TCR bit 
6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by 1) saving the present 
CPU state on the stack, 2) fetching the timer interrupt 
vector, and 3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, TCR bit 3 always reads as a logic 
zero to ensure proper operation with read-modify-write 
instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis
turbing the counting process. TDR is unaffected by reset. 

SOFTWARE CONTROLLED MODE 
The timer prescaler input can be configured for three 

different operating modes plus a disable mode, depend
ing on the value written to TCR control bits 4 and 5 (TIE 
and TIN). The following paragraphs describe the different 
modes. 

Timer Input Mode 1 

When TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 

Timer Input Mode 2 

When TIE= 1 and TIN= 0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is ± 1. 

Timer Input Mode 3 

When TIE= 0 and TIN= 1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 

Timer Input Mode 4 

When TIE and TIN are both one, the timer input is from 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre
quency for generating periodic interrupts. 

MOR CONTROLLED MODE 
This mode is selected when TOPT (bit 6) in the MOR 

is programmed to logic one. The timer circuits are the 
same as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres
caler division and the timer clock selection. TIE (bit 4) and 

PSC (bit 3) in the TCR are set to a logic one when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) are 
controlled by the counter and software. 

TIMER CONTROL REGISTER (TCR) $009 
This is an 8-bit register that controls various functions 

such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. When the MOR 
TOPT = 1, then bits 5, 2, 1, and 0 in the TCR take on the 
corresponding bits of the MOR during reset. 

7 6 5 4 3 2 I 

I TIR I TIM 

RESET: 
0 I u u 
TCR with MOR TOPT = 1 (MC6805P2/P6 Emulation) 

7 6 5 4 3 2 I 0 

TIR I TIM I TIN I TIE I PSC I PS2 I PSI I PSO 

RESET: 
0 I 

TCR with MOR TOPT=O (Software Programmable Timer) 

TIR - Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 

1 =Set when the timer data register changes to all 
zeros 

O =Cleared by external reset, power-on reset, or 
under program control 

TIM - Timer Interrupt Mask 
Used to inhibit the timer interrupt 

1 =Interrupt inhibited 
O =Interrupt enabled 

TIN - External or Internal 
Selects input clock source 

1 =External clock selected 
O =Internal clock selected (fosc/4) 

TIE - TIMER External Enable 
Used to enable external TIMER pin 

1 =Enables external timer pin 
0 =Disables external timer pin 

PSC - Prescaler Clear 
Write only bit. Writing a 1 to this bit resets the pres
caler to zero. A read of this location always indicates 
a zero. 

PS2, PS1, PSO- Prescaler Select Bits 
Decoded to select one of eight outputs of the pres
caler 

PS2 PSI PSO Prescaler Division 

0 0 0 1 (Bypass Prescaler) 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 
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MASK OPTION REGISTER (MOR) 

The MOR is implemented in EPROM and contains all 
zeros prior to programming. This register is not affected 
by reset. The MOR bits are described .in the following 
paragraphs. 

7 6 

I CLK I TOPT I CLS TIE SNM P2 Pl PO 

CLK - Clock (oscillator type) 
1 =Resistor capacitor (RC) 
0 =Crystal 

TOPT - Timer Option 
1 = MC6805P2/P6 type timer/prescaler. All bits, ex

cept 6 and 7, of the TCR are invisible to the 
user. Bits 5, 2, 1, and 0 of the MOR determine 
the equivalent MC6805P2/P6 mask options. 

O=All TCR bits are implemented as a software pro
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re
spective TCR bits. 

CLS - Timer/Prescaler Clock Source 
1 =External TIMER pin 
O =Internal clock 

TIE - Timer External Enable 
Not used if TOPT = 1. Sets the initial value of TIE in 
the TCR if TOPT = 0 

1 =Not used 
0 =Sets initial value of TIE in the TCR 

SNM - Secure Mode 
When programmed to one, EPROM contents cannot 
be access externally. 

P2, P1, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 

P2 Pl PO Prescaler Division 

0 0 0 1 (Bypass Prescaler) 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

PROGRAMMING CONTROL REGISTER (PCR) 

The PCR is an 8-bit register which provides the nec
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming, so 
the user need not be concerned with PCR in most appli
cations. 

2 

I VPON I PGE PLE 

RESET: 
u u u u u u 

PLE - Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any
time 

1 =Read EPROM 
0 =Latch address and data on EPROM 

PGE - Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset 

1 =Inhibit EPROM programming 
0 =Enable EPROM programming (if PLE is low) 

VPON -Vpp On 
A read-only bit that indicates high volta~t the~ 
pin. When set to "one", disconnects PGE and PLE 
from the chip. 

1 =No high voltage on Vpp pin 
0 =High voltage on Vpp 

NOTE 

VPON, being "zero", does not indicate that the Vpp 
level is correct for programming. It is used as a 
safety interlock for the user in the normal operating 
mode. 

VPON PGE PLE Programming Conditions 

0 0 0 Programming Mode (Program 
EPROM Byte) 

1 0 0 PGE and PLE Disabled from System 
0 1 0 Programming Disabled (Latch 

Address and Data in EPROM) 
1 1 0 PGE and PLE Disabled from System 
0 0 1 Invalid State PGE=O if PLE=O 
1 0 1 Invalid State PGE = 0 if PLE = 0 
0 1 1 "High Voltage" on Vpp 
1 1 1 PGE and PLE Disabled from System 

(Operating Mode) 

PROGRAMMING 
The MCU bootstrap program can be used to program 

the MCU EPROM. 
A MCM2716 UV EPROM (other industry standard 

EPROMs may be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. 

The MC68705P5 MCU is programmed in the same as 
the MC68705P3. Refer to application note, MC68705P3/ 
R3/U3 8-Bit EPROM Microcomputer Programming Mod
ule (AN-856 Rev2) for schematic diagrams and instruc
tions on programming the MC68705P5 MCU EPROM. 

NOTE 

The MC68705P5 will not execute the bootstrap pro
gram when in the secure mode. The on-chip EPROM 
must be completely erased before programming. 
To enter the secure mode, bit 3 in the mask option 
register must be programmed to logic "one" and 
memory locations $782 and $783 must be pro
grammed with $20 and $FE, respectively. After pro
gramming, the only way to change the non-secure 
mode is by erasing the entire EPROM. 
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EMULATION 

The Me68705P5 emulates the Me6805P2 and Me6805P6 
"exactly". The Me6805P2/P6 mask features are imple
mented in the mask option register (MOR) EPROM byte 
on the Me68705P5. A few minor exceptions to the ex
actness of emulation are listed below: 

1. The Me68705P2/P6 "future ROM" area is imple
mented in the Me68705P3 and these 704 bytes must 
be left unprogrammed to accurately simulate the 
MC6805P2/P6. The MC6805P2/P6 read all "zeros" 
from this area. 

2. The reserved ROM areas in the Me6805P2/P6 and 
the Me68705P5 have different data stored in them, 
and this data is subject to change without notice. 
The Me6805P2/P6 use the reserved ROM for the self
check feature, and the Me68705P5 uses this area for 
the bootstrap program. 

3. The Me6805P2/P6 read all "ones" in its 48-byte "fu
ture RAM" area. This RAM is not implemented in 
the Me6805P2/P6 mask ROM versions but is imple
mented in the Me68705P5. 

4. The Vpp line (pin 6) in the Me68705P5 must be tied 
to Vee for normal operation. In the Me6805P2/P6, 
pin 6 is the NUM pin and is grounded in normal 
operation. 

5. The LVI feature is not available in the Me68705P5. 
Processing differences are not presently compatible 
with proper design of this feature in the EPROM 
version. 

The operation of all other circuitry has been exactly 
duplicated or designed to function identically in both de
vices including interrupts, timer, data ports, and data di
rection registers (DDRs). A design goal has been to provide 
the user with a safe, inexpensive way to verify a program 
and system design before committing to a factory pro
grammed ROM. 

INSTRUCTION SET 

The MeU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly exolain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 

jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 

Function Mnemonic 

Load A from Memory LOA 

Load X from Memory LOX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and C•rry tu A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Th ru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
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instructions are two-byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

(Branch if Higher or Same) (BHS) 

Branch if Carry Set BCS 

(Branch if Lower) (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEQ 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O ... 7) 

Branch if Bit n is Clear BRCLR n (n =0 ... 7) 

Set Bit n BSET n (n = 0 ... 7) 

Clear Bit n BCLR n (n=O ... 7) 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No Operation NOP 

OPCODE MAP SUMMARY 

Table 2 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single-byte instruc
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab
solute addressing is also included. Two-byte direct-ad
d ressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
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0 
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BltM~latk>n Branch 

-1T m JIB: 
~i J, "J. ~ L 0000 

1~, r• I ' ~ u8RSSIB, [.,_BSE1ic [.,_BRAR-'!. _l_ NE~R 
10 7 4 

1 3BRCL~~ u_BCL~ LL BRNfill IXXll 
10 7 4 

2 3BRS~ LLBS~ LL BHl!lli. 0010 
10 7 4 6 

3 u8Rc~ LLBC'1k_ LL BLS!lli. co~A 0011 
10 7 4 ' 4 Li'Rs~ 4-BS:ik u_ acc,n _l_ LS.'lu, 0100 
12. ~ BCS!lli. o1 11RC':::&_ [.,_BC~ 
'2. 7 4 6 

~ 11RS~ LLBS~ LL BN'ku_ RO."oiR 
10 4 6 

7 tl'RC'::le_ LLBC~ LL BEO AS~R 111 _Bil 

~ 7 4 6 

k tl'RS~ BS~ LLBH~ LSL 
DIR 

10 7 4 6 
9 3BRC~ [.,_BCL~1c [.,_BHCk _l_ ROL 

1001 DIR 
I~. 7 4 6 

A Li'Rs~ [.,_BS~ [.,_ BPL!lli. LJ_ DEC 
DIR 

10 7 4 
B BRCLR5 BCLA5 BMI 

1011 3 BTB 2 BSC 2 REL 

~ 4 6 

~ tl'Rs~ BS~ LJ_ BM'k INC 
DIR 

10 7 4 ' J1 tl'Rc~ BCL~ LJ_ BMk_ TS-1iR 
10 7 4 

1&_ tl'RS.:lla_ BS~ LJ_ BIL!lli. 

10 7 4 6 
F BRCLA7 BCLA7 BIH CLR 

1111 3 BTB 2 BSC 2 REL 2 DIR 

Abbreviation• for AddrMB Modes 

INH 
IMM 
DIA 

EXT 

REL 
BSC 
BTB 
IX 

IX1 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Set/ Clear 
Bit Test and Branch 
Indexed !No Offset) 
Indexed. 1 Byte IB-Bitl Offset 
Indexed, 2 Byte 116-B1tl Offset 

4 

1 

4 

1 
4 

1 

4 

1 
4 

1 
4 

1 
4 

1 
4 

1 

4 

1 
4 

1 

4 

1 

Table 2. Opcode Map 

Read-ModJIY':Write Control Rogiot< /Memo<y 
]l[H ]l[H IXl IX 1!ili JM![ _Q[R ~ ~ ..w _a 
~ ~ ~ _;;;1 

8 9 A 8 ~ ~ ~ ,f,, ~ ""' "'" 1010 1011 
4 7 6 f' RTI 4 SUB I' I' SUB I' SUB rii,, NEG NEG _l_ NEG • NEG LL SUt_M LL SU_tT SU~ 

INH 1 INH '" 1 " 1 INH _L IR ::i.i_ ...llS.. 
6 2 4 5 ' 5 4 

RTS CMP CMP CMP CMP _l_ CMP CMP ~ 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 1X1 I IX 
2 4 

[9 SBC I' SBC 
.. , SBC 

SBC SBC SBC ~ IMM 2 DIR 3 EXT 3 1)(2 2 IXl 1 IX 
4 7 6 11 2 4 15 CPX I' CPX -, CPX T CPX 

~1 COMA COMX COM COM SWI CPX CPX 
INH 1 INH IXI 1 " I INH 2 IMM 2 DIR 3 EXT 3 IX IXl 1 IX 

4 7 6 2 4 I' AND I' AND -, AND 
. 

LSAA LSAX LSR LSR AND AND AND ~ INH 1 INH 2 IXl 1 " 2 IMM 2 DIH 3 EXT ~ 1& IX I 
2 4 5 I' • 
Bl~ _L BIT b_ Bl~J b_ BITJ>.l. _l_ Bl1= BIT ...llS.. _aiin_ IR 

4 7 6 2 4 5 6 5 • RORA RORX ROR ROR LOA LOA LOA LOA _l_ LOA LOA .k INH 1 INH IXl 1 " IMM 2 DIA 3 EXT 3 IX IX1 1 IX 
4 7 6 2 

T STA I' I' STA T STA ASRA ASAX ASR ASR TAX LL ST~T ""'-STA 
_J,1 INH 1 INH IXl 1 " 1 '"" 2 IR IX 1X1 1 IX 

4 7 5 2 2 4 5 • 15 EOR 4 EOR LSLA LSLX LSL LSL CL~H EOR -'- EOR EOR EOR k INH 1 INH '" 1 " IMM DIR 3 EXT 3 l)( IX1 1 IX 
4 7 ' 2 2 4 5 6 • ROLA ROLX _l_ ROL ROL SEC AOC ADC ADC ADC ADC ADC 9 

INH 1 INH IX1 1 I)( 1 INH 2 IMM 2 DIR 3 EXT 3 1'1 2 IXl 1 IX 1001 
4 7 DEC i 6 DEC i 

2 12 ORA TORA TORA i' ORA DECA DECX CLI ORA ORA A 
INH 1 INH 2 '" 1 " r+ SEI 

INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IX1 1 IX 1010 

12 ADD 
4 

[9 ADD i' ADD TADD ADD ADD B 
1 INH 2 IMM 2 DIR 3 EXT 3 "' 2 IXl 1 IX 1011 

4 7 6 2 3 4 I' JMP I' JMP 3 JMP !NCA INCX INC INC RSP JMP JMP c 
INH 1 INH 2 IXl 1 " 1 INH 2 DIR 3 EXT 3 1'2 2 IXl ' IX 1100 

4 7 5 2 8 I' JSR I' JSR TSTA TSTX TST TST NOP BSR JSR JSR JSR ~ INH 1 INH 2 '" 1 IX 1 INH 2 REL 2 QIR 3 EXT 3 IX.:2 2 IXl 1 IX 
4 I 5 LOX ! 6 LOX 4 LOX LOX LOX LOX E 

2 IMM 2 DIR 3 EXT 3 1!1.J IXl 1 IX 1110 
4 7 6 2 5 STX I 6 STX I' STX 5 STX CLAA CLAX (LR CLR TXA STX F 

lNH 1 INH 2 "' 1 " 1 INH 2 DIR 3 EXT 3 l~.2 2 IXl 1 IX 1111 

LEGEND 
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1 
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Mnemonic >-SUB ~ 
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Opcode in Binary 
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the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 
The relative addressing mode is only used in branch 

instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. 

INDEX, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 
In the indexed, 8-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 
In the indexed, 16-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed, 8-bit offset except that this three
byte instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 
In the bit set/clear addressing mode, the bit to be set 

or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single two-byte in
struction. 

CAUTION 

The corresponding DDRs for ports A, B, and C are write 
only registers (registers at $004, $005, and $006). A read 
operation on these registers always returns a "one". Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DOR bit (all "unaffected" 
bits would be set). It is recommended that all DOR bits 
in a port be written using a single-store instruction. 

BIT TEST AND BRANCH 
The bit test and branch addressing mode is a combi

nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address pf the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from -125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 

INHERENT 
In the inherent addressing mode, all the information 

necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltages 
EPROM Programming Voltage Vpp - 0.3 to + 22.0 

IVpp Pin) 
TIMER Pin 

Normal Mode Vin -0.3 to +7.0 
Bootstrap Programming Mode Vin -0.3to+15.0 

All Others Vin -0.3 to + 7.0 

Operating Temperature Range TA 0 to + 70 

Storage Temperature Range Ts!fl_ -55 to + 150 

Junction Temperature TJ + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 
eerdip 6JA 60 

The average chip-junction temperature, TJ. in °C can 
be obtained from: 

where: 
TA 
0JA 

Po 
PINT 
P1;0 

TJ=TA+(Po•0JA) (1) 

=Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
=PINT+ P1;0 
=Ice x Vee· Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

Unit 

v 
v 

oe 

'e 

oe 

Unit 

°C/W 

This device contains circuitry to protectthe 
inputs against damage due to high static volt
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max
imum-rated voltages to this high-impedance 
circuit. For proper operation it is recom
mended the Vin and Vout be constrained to 
the range Vss"' (Vin or Voutl"' Vee- RP.li
ability of operation is enhanced if unused in
puts are tied to an appropriate logic voltage 
level (e.g., either Vss or Vee!. 

For most applications P1;o<P1NT and can be neglected. 
The following is an approximate relationship between 

Po and TJ (if P1;0 is neglected): 
Po=K~(TJ+273°C) (2) 

Solving equations (1) and (2) for K gives: 
K= Po. (TA+ 273°C) + 0JA. Po2 (3) 

where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA 

PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
1Vec=5.25 Vdc ±0.5, Vss=O Vdc, TA=20° to 30°C, unless otherwise noted) 

Characteristic Symbol Min 

Programming Voltage (Vpp Pin) Vpp 20.0 

Vpp Supply Current lpp 
Vpp=5.25 V -
Vpp=21.0 V -

Programming Oscillator Frequency fos"2._ 0.9 

Bootstrap Programming Mode Voltage (TIMER Pin) lin = 100 V1HTP 9.0 
µA Max 
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SWITCHING CHARACTERISTICS IV cc~ + 5.25 Vdc ±0.5 Vdc, Vss ~ 0 Vdc, TA ~0° to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Oscillator Frequency fosc 0.4 - 4.2 
Normal 

Instruction Cycle Time 14/foscl t"'Lc 0.950 - 10 
-
INT or Timer Pulse Width lsee Interrupt section) twL,tWH t~ + 250 - -

RESET Pulse Width tRWL t~ + 250 - -

RESET Delay Time !External Cap= 1.0 µFl tRHL 100 - -
-
INT Zero Crossing Detection Input Frequency f1NT 0.03 - 1.0 

External Clock Duty Cycle IEXTAL) - 40 50 60 

ELECTRICAL CHARACTERISTICS IV cc= + 5.25 Vdc ± 0.5 Vdc, Vss = o Vdc, TA= 0° to 70°C, unless otherwise noted) 

I Characteristic 

~-Input High Voltage 
i RESET 14.75 ·:Vee"' 5.75) 
, 1Vcc;J_4.75) 

ll INT 14 75 "" Vee "" 5.75) 
IVcc < 4 751 

All Other 

li lnpu~i~~~ ~~~:ge !TIMER Pini 

Bootstrap Programming Mode 

Input Low Voltage 
RESET 
INT 
All Other 

Internal Power Dissipation INo Port Loading, Vcc-5.25 V, 
TA =O"C) 

Input Capacitance 
XTAL 
All Other 

INT Zero-Crossing Voltage, through a Capacitor 

RESET Hysteresis Voltage 
Out of Reset Voltage 
Into Reset Voltage 

Programming Voltage IVpp Pin) 
Programming EPROM 
Operating Mode 

Input Current 
TIMER IVinl = 0.4 VI 
INT !Vin= 0.4 VI 
EXTAL 1Vin2.4 V to Vee Crystal Option) 

IV in= 0.4 V Crystal Option) 
RESET IV in= 0.8 VI 
(External Capacitor Changing Current) 

Symbol 

V1H 

VIRES+ 
VIRES-

Vpp* 

Min 

4.0 
Vee -o.5 

4.0 
Vee -o.5 

2.0 

2.0 
9.0 

-0.3 
0.3 

-0.3 

2.0 

2.1 
0.8 

20.0 
4.0 

-4.0 

Typ 

12.0 

450 

25 
10 

21.0 
Vee 

20 

Max 

Vee 
Vee 
Vee 
Vee 
Vee 

Vee 
15.0 

0.8 
1.5 
0.8 

TBD 

4.0 

4.0 
2.0 

22.0 
5.75 

20 
50 
10 

-1600 
-40 

Unit 

MHz 

µs 

ns 

ns 

ms 

kHz 

% 

Unit 

v 

v 

v 

mW 

pF 

v 

v 

µA 

*Vpp is pin 6 on the MC68705P5 and is connected to Vee in the normal operating mode. In the MC6805P2, pin 6 is NUM and is 
connected to Vss in the normal operating mode. The user must allow for this difference when emulating the MC6805P2 ROM
based MCU. 

**Due to internal biasing, this input !when not used) floats to approximately 2.0 V. 
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PORT ELECTRICAL CHARACTERISTICS IV cc= + 5.25 Vdc, ± 0.5 Vdc, Vss = 0 Vdc, TA= O' to 70'C, 
unless otherwise noted) 

Characteristic Symbol Min Typ 

Port A 

Max Unit 

Output Low Voltage, I Load= 1.6 mA VoL - - 0.4 V 

Output High Voltage, I Load= -100 µA VoH 2.4 - - V 

OutputHighVoltage,ILoad=-10µA VoH Vcc-1.0 - - V 

Input High Voltage, ILoad= -300 µA !Max) V1H 2.0 - Vee 1 0.7 V 

r--ln_r_"_t_Ln __ w~V_o_lt_ag~e--.~IL~o~a~d_=_-_~_-O_O~µ_A_._IM~ax_)~~~~~--J~~v_IL~__,~~V_s_s~-r~~-~~-r-~-o_.8~~-,--~-v~__, 
Hi-Z State Input Current 1Vin=2.0 V to Vee) l1H - - 300 µA 

Hi-Z State Input Current IVin=0.4 V) l1L - - 500 !'A 

Port B 

Output Low Voltage, I Load= 3.2 mA IVoL 0.4 v 
Output Low Voltage, I Load= 1 O mA !Sink) VoL 1.0 v 
Output High Voltage, ILoad= -200 µA VoH 2.4 v 

r--D_a_rli_n~gt_o_n_C_u_r_re_n_t_D_ri_ve~IS_o_u_rc_e~),_V~o"--=-1._5_V~~~~~-+-~~IO~H'-'-~+-~--1_._o~-+-~--~~-+~~-10~--J---~ 

r--ln~p_u_t_H~ig~h_V_o_lt_a~g_e~--~~~~~~~~~~~--l~~V~1H'-'-~+-~-2_.o~--J~~-~~-+~V~c~c_·_o_.~-r---"!_ __ 

Input Low Voltage V1L Vss - 0.8 V 

Hi-Z State Input Current ITSI - 2 20 !'A 

Port C 

Output Low Voltage, I Load= 1.6 mA VoL 0.4 v 
Output High Voltage, ILoad = -100 µA VoH 2.4 v 
Input High Voltage V1H 2.0 Vee. 0.1 v 
Input Low Voltage V1L Vss 0.8 v 
Hi-Z State Input Current ITSI 20 µA 

Vcc=5.75 v vcc=575v 
Test MMD6150 Test 

Point 
Test Point~ 

Point or Equiv. 

40 pf 
ITotaO 

1.25 kOl MMD7000 
or Equiv. 

I JO pF ITotaO 

Figure 10. TTL Equivalent Test Load 
(Port Bl 

Vee 

Internal 
Reset 

5V 

Figure 11. CMOS Equivalent Test Load 
(Port Al 

Figure 13. Power and Reset Timing 
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(Ports A and Cl 

• 



• 

MC68705P5 

Port DOR 
Port Data 

IP= Input Protection 

Figure 14. Port A Logic Diagram 

Port DOR 
Port Data 

IP= Input Protection 

Figure 15. Port B and C Logic Diagram 

87- To 1/0 Logic 

~ 
Test Po~int ~ VaryV, 

Measure I 
v 

Figure 16. Typical Input Protection Figure 17. 1/0 Characteristic 
Measurement Circuit 

ORDERING INFORMATION 

The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705P5. 

Table 3. Generic Information 

Internal Clock 
Package Type Frequency (MHzl Temperature 

Cerdip (5 5uffixl 

Cerdip (5 5uffixl 

1.0 0° to 10°c 

1.0 -40' to ss·c 
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PIN ASSIGNMENTS 

MC68705P5 

MECHANICAL DATA 

~ 

PA7 

PA6 

PA5 

PA4 

PA3 

PA2 

PAl 

PAO 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
MC68705R3 

• 

Technical Summary 
8-Bit EPROM Microcontroller Unit 

The MC68705R3 (HMOS) Microcontroller Unit (MCU) is an EPROM member of the MC6805 Family 
of microcontrollers. The user programmable EPROM allows program changes and lower volume 
applications. This low cost MCU has parallel 1/0 capability with pins programmable as input or out
put. This publication contains condensed information on the MCU; for detailed information, refer to 
M6805 HMOS, M/46805 CMOS Family User's Manual (M6805UM(AD2)) or contact your local Moto
rola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit 
Programmable Prescaler 

• On-chip Oscillator 

• Memory Mapped 1/0 
• Versatile Interrupt Handling 

• Bit Manipulation 

• Bit Test and Branch Instruction 

TIMER Prescater Tomer/ 
8 Counter 

T 1mer Contt<>' 

PAO 
PAl 

Port PA2 Po<t Data 8 
A PA3 A 011 

1/0 PA4 Reg Reg 
Lines PAS 8 

PA6 
PA7 

s 

P80 5 
PBl 

Port PB2 
B Port Data 

PB3 B 011 1/0 PB4 Reg Reg Lines PBS 
PB6 
PB7 B 

• Vectored Interrupts 

• BoMMrapPrograminROM 

• 112 Bytes of RAM 

• 3776 Bytes of Eprom 

• 24 1/0 Pins 

• 4-Channel Analog-to-Digital 
Converter 

BLOCK DIAGRAM 

XTAL EXT AL RESET Vpp iITT 

Accumulator 
A 

CPU 
Index Con1rol 

Register 
x 

CO'nd1tt0n 
c-

Register cc 
CPU 

Stack 
P0tnter s 

Program 
Counter 

Htgh PCH ALU 
Program 
Cou018f 

Low PCL 

Data 
011 

3776 x 8 112 )( 8 

Pon 
c 

PDO/ANO 
P01/AN1 
P02/AN2 
P03/AN3 
PD41VRL 
PDSIVRH 
PD6iiN'fi 
P07 

PCO 
PCl 
PC2 Port 
PC3 c 
PC4 1/0 

Port 
0 

Input 
Lines 

EPROM RAM 
Reg Reg 

PCS Lmes 
x PC6 

Bootstrap PC7 
ROM 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

VccAND Vss 
Power is supplied to the microcontroller using these 

two pins. Vee is +5.25 volts ( ±0.51i) power, and Vss is 
ground. 

Vpp 

This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vee. 

INT 

This pin provides the capability for asynchronously ap
plying an external interrupt to the MeU. Refer to INTER
RUPTS for more detailed information. 

EXTAL,XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal (depending on mask option 

EXTAL S XTAL -CC0-1R 
5 Co 6 

AT - Cut Parallel Resonance Crystal 
C0 =7 pF Max 
Freq. =4.0 MHz@ CL =24 pF 
R5=50 ohms Max. 

Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug
gestions for Co. C1, and Rs values. 

6 XTAL 

register setting) is connected to these pins to provide a 
system clock. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1 is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and startup stabilization time. Re
fer to ELECTRICAL SPECIFICATIONS for Vee 
specifications. 

External Clock 
An external clock should be applied to the EXT AL input 

with the XTAL input connected to Vss. as shown in Fig
ure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 

6 XTAL 

!See Note 2) ~ MCU 
5 EXTAL !Crystal Option, 

See Note 1) 

Crystal 

Vee 
<.J\.IVv--"l6 XTAL 

6 XTAL 5 EXTAL 
MCU 

IRC Option, 
See Note 11 

5 EXTAL 
MCU 

!RC Option, 
See Note 1l 

NOTES: 

External 
Clock 
Input 

MCU 
5 EXT AL !Crystal Option, 

See Note 1) 

External Clock 

Approximately 25% to 50% Accuracy 
Typical lcyc::::: 1. 25 ,as 

External Jumper 

No 
Connection 

Approximately 10% to 25% Accuracy 
(Excludes Resistor T olerancel 

External Resistor 

1. For the MC68705R3 MOR b7 = 0 for the crystal option and MOR b7 = 1 for the RC option. When the TIMER input pin is in the 
V1HTP range (in the bootstrap EPROM programming mode). the crystal option is forced. When the TIMER input is at or below 
Vee. the clock generator option is determined by bit 7 of the mask option register (CLK). 

2. The recommended CL value with a 4.0 MHz crystal is 27 pf maximum, including system distributed capacitance. There is 
an internal capacitance of approximately 25 pf on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pf 
on EXTAL and approximately 25 pf on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 

Figure 1. Oscillator Connections 
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8.0 ..---,------------------. 

70 
'N 

~ 6.0 

g 5.0 

" ~ ! 4 0 

E 3.0 

£ 2 0 
0 

1 0 

10 20 30 

Vcc=525v 
TA=25°C 

40 50 
Resistance (k.O) 

60 70 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

TIMER 

80 

This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the bootstrap pro
gram. 

RESET 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7, PDO
PD7) 

These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and Care programmable as either 
inputs or outputs under software control of the data di
rection registers. Port D is a fixed input port. It has up to 
four analog inputs, plus two voltage reference inputs when 
the analog-to~tal converter is used (PD5iVRH, PD4/ 
VRL), and an INT2 input. Port D lines can be read directly 
and used as binary inputs. If an analog input is used, then 
the voltage reference pins must be used in the analog 
mode. Refer to PROGRAMMING for additional informa
tion. 

Ollt8 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Ports A. B, and Care programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). Port D lines are input only. The 
port 1/0 programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). Refer to Table 1 for I/ 
0 functions and to Figure 3 for typical port circuitry. 

Table 1. 1/0 Pin Functions 

Data Latched 
Direction Output Input 
Register Data Output To 

Bit Bit State MCU 

1 0 0 0 
1 1 1 1 
0 x Hi-Z** Pin 

**Port Band Care three-state ports. Port A has an internal pull
up devices to provide CMOS data drive capability. 

Port D provides reference voltage and multiplexed an
alog inputs. The VRL and VRH lines are internally con
nected to the AID resistor. Port D can always be used as 

Direction AegiSter !-+-------+----~ 
Bit• 

Latched 
Output 
Data 

"" 

•ODA is a write-only register and reeds as all "ls" 

Figure 3. Typical Port 1/0 Circuitry and 
Register Configuration 
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digital inputs, but for analog inputs, VRH and VRL must 
be connected to the appropriate reference voltage. 

NOTE 

Read-modify-write instructions should be not used 
when writing to DDRs always read as 'one'. 

MEMORY 

The MCIJ is capable of addressing 4096 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
4. The locations consists of user EPROM, bootstrap ROM, 
user RAM, a mask option register (MOR), a program con
trol register, miscellaneous register, AID control regis
ters, and 1/0. The interrupt vectors are located from $FF8 
to $FFF. The bootstrap is a mask-programmed ROM that 
allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

Access With 
Short 

Instructions 

7 
000 

127 
128 

1/0 Ports 
Timer 
RAM 

1128 Bytes! 

Page Zero 

$()()() 

$07F 
$080 

PageZero { 

255 
256 

User EPROM 

l\OFF 1128 Bytes) r-----

3895 
3896 
3897 
3967 
3968 

4007 
4008 

4009 
4090 

Interrupt 4091 
Vectors 4092 

4093 
4094 
4095 

-- $100 

User 
Main 

EPROM 
13640 Bytes) 

$F37 r------- $F38 Mask Option Register 
$F39 

Not Used $F7F 
Bootstrap $F80 

ROM 
1120 Bytes! $FF7 

$FF8 
Timer Interrupt 

r------- $FF9 
$FFA 

External Interrupt 
$FFB r-- - - - -- $FFC 

SWI 

r-- - - - -- $FFD 
$FFE 

Reset $FFF 

REGISTERS 

The MCU contains the registers described in the fol
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

INDEX REGISTER (Xl 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16- bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 

x 

PROGRAM COUNTER (PC) 

The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 

11 8 7 

PCH 

7654321 

0 Port A Data Register 

I Port B Data Register 

2 Port C Data Register 

3 P?rt 0 Data Register 

4 Port A DOR* 

5 Port 8 DOR* 

6 PortCDDA* 

7 Not Used 

8 Timer Data Register 

9 Timer Control Register 

10 Miscellaneous Register 

11 Program Control Register 

12 Not Used 

13 Not Used 

14 A/ D Control Register 

15 A/ D Register 

16 RAM 
1112Bytesl 

Stack 
131 Bytes Maximum) 

127 1 

PCL 

$000 

$001 

$002 

$003 

$004* 

$005* 

$006* 

$007 

$008 

$009 

$00A 

$00B 

$00C 

$000 

$00E 

$00F 
$010 

$07F 

*Caution: Data direction registers (00Rsl are write-only; they read ·as $FF. 

Figure 4. Memory Map 
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STACK POINTER. (SP) 

The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruCtion, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum), which allows the programmer to use up to 15 
levels of .subroutine calls (less if interrupts are allowed). 

11 5 4 

I 0 I 0 I 0 I 0 I 0 I 1 I 1 I SP 

CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 

Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic 1 ). 

Zero (Zl 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (Cl 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occured during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 

RESETS 

The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the line 
logic level. 

POWER-ON-RESET (PORl 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltatge. A delay of tRHL milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 5) typically provides sufficient 
delay. 

1 -
:r: 10 µ.F 

(MCUI 

Figure 5. Power-Up RESET Delay Circuit 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcycl· Under this type of reset, the Schmitt trigger switches 
off at VIRES- to provide an internal reset voltage. 

INTERRUPTS 

The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external Port D (INT2) 
input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure _6. __ 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardward interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other
wise, the next instruction iffetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 
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7 6 5 4 3 0 Pull 

1 I 1 ] 1 I Condition Code Register 

1 

n-4 

n-3 

n-2 

Accumulator n+2 n+1 1 
Index Register n+3 

n+4 

n+5 

n-1 1 1 11 1 1 1 l PCH* 

PCL* 

Push 

•For subroutine calls, only PCH and PCL are stacked. 

Figure 6. interrupt Stacking Order 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 

If the time mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I bit in the CCR is set, 
masking further interrupts until the present one is serv
iced. The contents of the timer interrupt vector, contain
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally exe
cutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. The timer 
interrupt status bit can only be cleared by software. 

EXTERNAL INTERRUPT 

The external interrupt is intern1!!.!y_ synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the I bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
an interrupt when the condition code I bit is clear. The 
following paragraphs describe two typical external in
terrupt circuits. 

Zero-Crossing Interrupt 

A sinusoidal input signal (flNT maximum) can be used 
to generate an external interrupt (see Figure Sa) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 

Digital-Signal Interrupt 

With this type of circuit (Figure Sb), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twL. tWH· 
Refer to TIMER for additional information . 

SOFTWARE INTERRUPT (SWI) 
The SWI is an executable instruction that is executed 

regardless of the state of the I bit in the CCR. The SWI 
execution is similar to the hardware interrupts. 

MODES OF OPERATION 

The MCU has two modes of operations. These modes 
are the normal and bootstrap. The following paragraphs 
describe the modes. 

NORMAL MODE 
This mode is a single-chip mode and is entered if the 

following conditions are met: (1 I the RESET line is low, 
(2) the PCO pin is within its normal operational range, 
and (3) the Vpp pin is connected to Vee. The next rising 
edge of the RESET pin then causes the part to enter the 
normal mode. 

BOOTSTRAP 
The bootstrap mode is entered if the TIMER pin~ c 12 

V. Refer to application note, MC68705P31R31U3 8-Bit 
EPROM Microcomputer Programming Module (AN-S57 
Rev.2). 

TIMER 

The MCU consists of an S-bit software programmable 
counter driven by a 7-bit software programmable pres
caler. The various timer sources are made via the timer 
control register (TCR) and/or the mask option register 
(MOR). The S-bit counter may be loaded under program 
control and is decremented toward zero. When the timer 
reaches zero, the timer interrupt request bit (bit 7) in the 
timer control register (TCR) is set. Refer to Figure 9 for 
timer block diagram. 

MOTOROLA MICROPROCESSOR DATA 

3-609 

• 



• 

MC68705R3 

Reset 

1•1 lin CCI 
07F •SP 
0. DDRs 

CLR INT logic 
FF• Timer 
TCR6 .1 
TCR7 •0 

load Options From 
MOR ISF38) Into 

Control Logic 

Clear 
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r-----,SWI 
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Timer or 
iN'f2: FFB/ FF9 

Figure 7. Reset and Interrupt Processing Flowchart 
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Figure 8. Typical Interrupt Circuits 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
I bit in the condition code register is cleared and the TCR 
bit 6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by (1) saving the present 
CPU state on the stack, (2) fetching the timer interrupt 
vector, and (3) executing the interrupt routine. The timer 

interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with read-modify
write instructions. 
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The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TOR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis
turbing the counting process. The TOR is unaffected by 
reset. 

SOFTWARE CONTROLLED MODE 

This mode is selected when TOPT (bit 6) in the MOR 
is programmed to zero. The timer prescaler input can be 
configured for three different operating modes plus a 
disable mode, depending on the value written to TCR 
control bits 4 and 5 (TIE and TIN). The following para
graphs describe the different modes. 

Timer Input Mode 1 

When TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 

Timer Input Mode 2 
When TIE= 1 and TIN= 0, the internal clock and the 

timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is ± 1. 

Timer Input Mode 3 

When TIE= 0 and TIN= 1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 

Timer Input Mode 4 

When TIE and TIN are both one, the timer input is from 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre
quency for generating periodic interrupts. Frequency of 
external input must be "" foscl8. 

MOR CONTROLLED MODE 

This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic one. The timer circuits are the 
same as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres
caler division and the timer clock selection. TIE (bit 4) and 
PSC (bit 3) in the TCR are set to a logic one when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) are 
controlled by the counter and software. 

TIMER CONTROL REGISTER (TCR) $009 

This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. The configuration of 
the TCR is determined by the TOPT (bit 6) in the MOR. 

When TOPT = 1, the TCR emulates the MC6805R2; when 
TOPT=O, the TCR is controlled by software. 

TCR with MOR TOPT = 1 
7 6 5 

I TIR I TIM I PSC 

TCR with MOR TOPT = 0 
7 6 5 

I TIR I TIM TIN TIE PSC PS2 PS1 PSO 

RESET: 
0 u u u u u u 

*The value of corresponding bits in MOR is written during RESET 
rising edge. These bits always read "one". 

TIR - Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 

1 =Set when the timer data register changes to all 
zeros 

0 =Cleared by external reset, power-on reset, or 
under program control 

TIM - Timer Interrupt Mask 
Used to inhibit the timer interrupt 

1 =Interrupt inhibited 
0 =Interrupt enabled 

TIN - External or Internal 
Selects input clock source 

1 =External clock selected 
0 =Internal clock selected (fosc/4) 

TIE - TIMER External Enable 
Used to enable external TIMER pin. When TOPT= 1, 
TIE is always a logical "one". 

1 =Enables external timer pin 
0= Disables external timer pin 

PSC - Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in
dicates a zero when TOPT = 0. When TOPT = 1, this 
bit will read a logical "one" and has no effect on the 
prescaler. 

PS2, PS1, PSO- Prescaler Clear 
Decoded to select one of eight outputs of the pres
caler 

Prescaler 

PS2 PS1 PSO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

NOTES 

When changing the PS bits in software, the PSC 
bit should be written to a "one" in the same write 
cycle to clear the prescaler. Changing the PS bits 
without clearing the prescaler may cause prescaler 
truncation. 
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MASK OPTION REGISTER (MORI $F38 

The MOR is implemented in EPROM. This register con
tains all zeros prior to programming and is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 

7 6 5 

I CLK I TOPT I CLS I P2 Pl PO 

CLK- Clock (oscillator type) 
1 =Resistor Capacitor (RC) 
O=Crystal 

TOPT - Timer Option 
1 =MC6805R2 type timer/prescaler. All bits except 

6 and 7, of the TCR are invisible to the user. 
Bits 5, 2, 1, and O of the MOR determine the 
equivalent MC6805R2 mask options. 

0 =All TCR bits are implemented as a software pro
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re
spective TCR bits. 

CLS - Timer/Prescaler Clock Source 
1 =External TIMER pin 
0 =Internal clock 

Bit 4 
Not used if TOPT = 1. Sets the initial value of TIE in 
the TCR if TOPT = 0. 

1 =Not used 
0 =Sets initial value of TIE in the TCR 

Bit 3 
Not used 

P2, Pl, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 

Prescaler 

P2 P1 PO Divide By 
0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

PROGRAMMING CONTROL REGISTER (PCR) $008 

The PCR is an 8-bit register which provides the nec
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming so the 
user need not be concerned with PCR in most applica
tions. 

7 

RESET: 
u u u u u 

PLE - Programming Latch Enable 

u 

Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any
time. 

1 =Read EPROM 
0 =Latch address and data on EPROM 

PGE - Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 

1 =Inhibit EPROM programming 
__ O=Enable EPROM programming (if PLE is low) 
VPON-Vpp On 

A read-only bit that indicates high volta_illLgt the \lee 
pin. When set to "one", disconnects PGE and PLE 
from the chip. 

1 =No high voltage on Vpp pin 
0 =High voltage on Vpp pin 

NOTE 

VPON being "zero" does not indicate that the Vpp 
level is correct for programming. It is used as a 
safety interlock for the user in the normal operating 
mode. 

VPON PGE PLE Programming Conditions 

0 0 0 Programming mode (program 
EPROM byte) 

1 0 0 PGE and PLE disabled from 
system 

0 1 0 Programming disabled (latch 
address and data in EPROM) 

1 1 0 PGE and PLE disabled from 
system 

0 0 1 Invalid state; PGE ~ 0 if PLE ~ 0 

1 0 1 Invalid state; PGE ~ 0 if PLE =· 0 

0 1 1 "High voltage" on Vpp 
1 1 1 PGE and PLE disabled from 

system (operating mode) 

EPROM PROGRAMMING 

ERASING THE EPROM 

The EPROM can be erased by exposure to high-inten
sity ultraviolet (UV) light with a wavelength of 2537 angs
troms. The recommended integrated dose (UV intensity 
x exposure time) is 25Ws/cm2. The lamps should be 
used without software filters, and the MCU should be 
positioned about one inch from the UV tubes. Ultraviolet 
erasure clears all bits of the MCU EPROM to the "zero" 
state. Data then can be entered by programming "ones" 
into the desired bit locations. 

PROGRAMMING 

The MCU bootstrap program can be used to program 
the MCU EPROM. The alternate vectoring used to imple
ment the self-check is used to start execution of the boot
strap program. 

A MCM2532 UV EPROM (other industry standard 
EPROMs may be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. Refer to application note, MC68705P3/R3/U3 8-bit 
EPROM Microcomputer Programming Module (AN-857 
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Rev.2) for schematic diagrams and instructions on pro
gramming the MeU EPROM. 

ANALOG-TO-DIGITAL CONVERTER 

The chip resident 8-bit analog-to-digital (AID) converter 
uses a successive approximation technique as show in 
Figure 10. Four external analog inputs can be connected 
to the AID via Port D. Four internal analog channels (VRH
VRL, VRH -VRLi2, VRH-VRLi4, and VRL) may be se
lected for calibration. The accuracy of these internal chan
nels may not meet the accuracy specifications of the 
external channels. 

Multiplexer selection is controlled by the AID control 
register (AeR) bits 0, 1, and 2. Refer to Table 2for mul
tiplexer selection. The AeR is shown in Figure 10. The 
converter uses 30 machine cycles to complete a conver
sion of a sampled analog input. When the conversion is 
complete, the digital value is placed in the AID result 
register (ARR); the conversion flag is set; selected input 

is sampled again; and a new conversion begins. When 
AeR7 is cleared, the conversion in progress is aborted 
and the selected input, which is held internally, is sam
pled for five machine cycles. 

The converter uses VRH and VRL as reference voltages. 
An input voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than VRL, but 
greater than Vss, converts to $00. Maximum and mini
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and should 
be referenced to VRL for the ratiometric conversion. To 
maintain full accuracy of the AID, three requirements 
should be followed: (1) VRH should be equal to or less 
than Vee, (2) VRL should be equal to or greater than Vss 
but less than maximum specifications, and (3) VRH - VRL 
should be equal to or greater than 4 volts. 

The AID has a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing error to± 1/2 LSB, rather 
than + 0, -1 LSB with no offset. This implies that, ig
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above VRL· Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRH, ideally. 

Table 2. AID Input MUX Selection 

PDO/ANO 

PD11AN1 
PD21AN2 

PD31AN3 

AID 

AID Control Register Input Selected AID Output (Hex) 

ACR2 ACR1 ACRO Min Typ Max 

0 0 0 ANO 
0 0 1 AN1 
0 1 0 AN2 
0 1 1 AN3 
1 0 0 VRH* FE FF FF 
1 0 1 VRL* 00 00 01 
1 1 0 VRH/4* 3F 40 41 
1 1 1 VRH/2* 7F 80 81 

*Internal (calibration) levels 

8 

D/A 

15k01Typl 
Control 
Logic 

Count 

1-of-8 
Select 

Multiplexer 

a: 
u 
< 

0 
AID 

Result 
.__.__..,_ ........ __....._....___._....__. Register 

Figure 10. AID Block Diagram 
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INSTRUCTION SET 

The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 

Function Mnemonic 

Load A from Memory LOA 

Load X from Memory LOX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to,A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O. .. 7) 

Branch if Bit n is Clear BRCLR n (n=O . .. 7) 

Set Bit n BSET n (n = 0 ... 7) 

Clear Bit n BCLR n (n = 0 ... 7) 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decremer.t DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

(Branch if Higher or Same) (BHS) 

Branch if Carry Set BCS 

(Branch if Lower) (BLOI 

Branch if Not Equal BNE 

Branch if Equal BEO 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 
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CONTROL INSTRUCTIONS 
These instructions are register reference instructions 

and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

OPCODE MAP SUMMARY 
Table 3 is an opcode map for the instructions used on 

the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two byte direct
addressing instructions access all data bytes in most ap
plications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address froni which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 
In the immediate addressing mode, the operand is con

tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 
In the direct addressing mode, the effective address of 

the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 
In the extended addressing mode, the effective address 

of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 
The relative addressing mode is only used in branch 

instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. 

INDEXED, NO OFFSET 
In the indexed, no offset addressing mode, the effective 

address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 
In the indexed, 8-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 
In the indexed, 16-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed, 8-bit offset except that this three
byte instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 
In the bit set/clear addressing mode, the bit to be set 

or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single two-byte in
struction. 

BIT TEST AND BRANCH 
The bit test and branch addressing mode is a combi

nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
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Table 3. Opcode Map 

Bit Ma~lation Branch Read-M~Write Control ~ilter/MemoN 
_l!Ill BK :::l!)R INH INH IX! IX INH 1!jt< JtttM DIR ~ ~ 1 JK 

~i ~ ~1 J:o ;:,-, ~ ~ O~~ 01~1 1~ 1&i1 1~0 1~1 1foo 1·~1 11~0 1111 Hi low 
I 1£ ' 4 6 4 4 7 I 6 g f2 4 ~ 14 

_k l~Rs~ .....Las~ LL BRAB.ll .i NEG iR 1 NEG1NH 1 NEG1NH NEG 1x 1 , 1 ~ NEG ix 1 RT1 1NH su~MM i su~R u_ su~r SJB1x sus1 , 1 sue..JA.. _k 
10 7 4 6 2 4 5 6 5 4 

cri:i1 3BRCL:Ps BC~ 2 BANREL 1 ATSINH 2 CMiMM 2 CMPDIA 3 CM~XT 3 CMPIX2 2 CMPIXl 1 CMP IX och1 

2 1~ASET1 7 BSETl 4 BHI 2 SBC 4 SBC f S SBC SBC SBC 4 SBC 2 
0010 3 BTB ~ fiE.I.. 2 IMM 2 DIR 3 EXT 3 IX2 2 IX1 1 IX 0010 

10 7 4 6 4 4 7 6 11 2 4 5 6 ' 4 

cJi, 3BRCL:T1B BC~ BLSlli COM IR 1 COM~H 1 COM~H COM1x 1 1 COM ix 1 SW1
1
NH 2 CP~MM 2 CP\1R 3 CPXEXT 3 CP\g_ CPX 1X1 1 CPX IX ~l 

10 7 4 6 4 4 7 6 2 4 ~ 6 5 4 

o;'., ,BASE;;, _._es~__._ BCClli _2_ LSRDTR 1 LSR~NH 1 LSR~NH 2 LSR,,, 1 LSR " 2 AN~MM 2 ANDDlk 3 AN~XT 3 A"DIX2 ANDIX 1 ANO IX _ruk_ 
1 7 4 2 4 5 6 5 4 

0~1 li'RC~ _._Be~_]_ BCSlli Bli,,_M _2_ Bl~R LL Bl:i,, BIT ll<2._ BIT= BIT .JlL _wh 
10 7 4 6 4 4 7 6 l 4 5 6 5 4 

01~0 LlRS~ ....1..8$~-'... BNE!l.U_ _l_ RO~R l ROA~H I ROR~NH ---2.. AOAIXl l ROA IX 2 LD~MM 2 LDADIR 3 LD~XT 3 LOAIX2 2 LOAIXl 1 LOA IX 01~0 
10 7 4 6 4 4 7 6 2 s I s e : s 

oi11 li'Rc~_,_ec~ _2_ BE'kc _2_ ASRDlR 1 ASR~H 1 ASR~NH 2 ASRIXl 1 ASR" 1 TA~NH 2 STADIA 3 ST~XT 3 STA'"- 2 STAIXl 1 STA IX _m~l 
10 7 4 6 4 4 7 6 2 2 4 !: 6 5 4 

1~ LlRSii_-1...BS~...l._ BHC~L _L LSLDIR 1 LSL~NH 1 LSL~NH 2 LSLIX' LSL IX CLCINH EO~MM _l_ EORDIR 3 EOAEXT 3 EOR 1~ 2 EQAIXl l EOA IX l~ 
10 7 4 6 4 4 7 6 I 2 2 4 5 6 5 4 

9 BRCLA4 BCLA4 BHCS AOL ROLA ROLX AOL ROL i SEC ADC ADC ADC ADC ADC ADC 9 
1001 3 BTB ~ ~ R L 2 DIR I INH \ INH 2 IX\ t ·~ l INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXl 1 IX 1001 

A iRSET5 7 BSET5 4 BPL 6 DEC 4 DECA 4 DECX 7 DEC 6 DEC I 2 CLI t ORA --a- ORA r;- ORA 6 ORA TORA jT ORA A 
1 @__ ~ ~ R L 2 DIR 1 INH 1 INH 2 IXl lJ__ IX 1 INH 2 IMM 2 DIR 3 EXT 3 tX2 2 IX1 1 IX 1010 

B 1gRCLR5 7 BCLR5 4 BMI ! -- SEI ADD 4 ADD 0 ADD T ADO TADD I' ADO B 
1011 3 BTB 2 SSC 2 REL 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IX1 1 IX 1011 

C 1iASET6 7 BSET6 4 BMC 6 INC 4 INCA 4 INCX 7 INC 16 INC 2 RSP 3 JMP 4 JMP JMP 4 JMP I 3 JMP C 
1100 lO BT ~ :iifil;_ ~ REL ~ DIR ~ INH ~ INH ~ IX1 ~ _____1£_ ___ j INH B ~ DIR 3 EXT 3 IX2 2 IXl 1 IX 1100 

D BRCLR
0
6

0 
BCL~~- 1 " BM~- " TST TSTA TSTX TST TST NOP BSR JSR \ B JSR JSR B JSR JSR 0 

1101 Il;_ ~ ~~ .fu.J ---L DIR I INH I INH 2 IXl l IX I INH 2 REL 2 DIR 3 EXT 3 IX2 2 IX1 l IX 1101 

E 1 ~RSET7 7 BSET7 4 BIL f2 LOX --;r LDX LOX O LOX - 5 LOX 4 LOX E 
1110 Li _:ri.e_ ~ BSC 2 REL 2 IMM 2 DIR 3 EXT 3 IX2 2 IX1 l IX 1110 

F 
1 ~RCLR7 7 BCLR7 4 BIH 6 CLR 4 CLRA 4 CLAX 7 6 CLR 2 TXA STX STX STX 6 STX I 5 STX F 

~~11~11-~3 __ 8~7~8~2 __ 8~S~C~2-~RE~C~2-~0~IR~1-~1N~H~1-~1N~H~2 __ __._2_ ___ ~---~NH 2 DIR 3 EXT 3 IX2 2 1)(1 1 IX 1111 

Abbreviations for Address Modes 

!NH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Seti Clear 
Bit Test and Branch 
Indexed INo Offsetl 
Indexed, 1 Byte 18-Bitl Offset 
Indexed, 2 Byte 116-Bitl Offset 

LEGEND 

F Opcode in Hexadecimal 

1111 
# of Cycles 4 
Mnemonic SUB Opcode 1n Binary 

Bytes 1 IX UJ.JU 4'...._J 

'-------- Address Mode 

3!: 
(') 

~ ...... 
0 
U1 a 
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the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from -125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltage 
EPROM Programming Voltage 

(Vpp Pin) Vpp - 0.3 to + 22.0 
TIMER Pin - Normal Mode Vin -0.3 to +7.0 
TIMER Pin - Bootstrap 
Programming Mode Vin -0.3 to +15.0 
All Others Vin -0.3 to + 7.0 

Operating Temperature Range TA TL to TH 
Me68705R3 0 to + 70 
Me68705R3e -40 to 85 

Storage Temperature Range Ts!9._ -55to +150 

Junction Temperature TJ 
Plastic 150 
eerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 
Plastic (P Suffix) OJA 50 
Plastic (FN Suffix) 100 
eerdip (S Suffix) 60 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J• in °C can 
be obtained from: 

where: 
TA 
OJA 

Po 
PINT 
PpQRT 

TJ=TA+(Po•OJA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
=PINT+ PpoRT 
= Ice x Vee· Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Unit 

v 

v 

oe 

oe 

oe!W 

Unit 

'e!W 

These devices contain circuity to protect 
the inputs against damage due to high static 
voltages or electrical fields; however, it is ad
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped
ance circuit. For proper operation it is rec
ommended that Vin and Vout be constrained 
to the range Vss.;;(Vin and V0 utl.;;Vee. Re
liability of operation is enhanced if unused 
inputs except EXTAL are tied to an appro
priate logic voltage level (e.g., either Vss or 
veel. 

For most applications PpoRT<P1NT and can be ne
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J (if 
PpQRT is neglected) is: 

Po=K+(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po • (TA+ 273°C) +0JA•Po2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA· Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA 

MOTOROLA MICROPROCESSOR DATA 

3-618 



MC68705R3 

PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vee= 5.25 Vdc ± 0.5%, Vss = O, TA= 20 to 30'C, unless otherwise noted) 

Characteristic Symbol 

Programming Voltage Vpp 

Vpp Supply Current lpp 
Vpp=5.25 V 
Vpp=21.0 V 

Oscillator Frequency fosc.!2) 

Bootstrap Programming Mode Voltage V1HTP 
(TIMER Pin) ~i llHTP= 100 µA Maximum 

- -

ELECTRICAL CHARACTERISTICS 

Min 

20.0 

-
-

0.9 

9.0 

(Vee=+ 5.25 Vdc ±0.5 Vdc, Vss = 0 Vdc, TA =0' to 70'C, unless otherwise noted) 

Characteristic Symbol 

Input High Voltage V1H 
RESET (4.75 "' Vee "' 5.75) 

(Vee< 4.75) 
INT 4.75 "' Vee < 5.75) 

(Vee< 4.75! 
All Other 

Input High Voltage (TIMER Pin) V1H 
Timer Mode 
Bootstrap Programming Mode 

Input Low Voltage V1L 
RESET 
INT 
All Other 

INT Zero-Crossing Input Voltage - Through a Capacitor V1NT 

Internal Power Dissipation (No Port Loading, Vcc=5.25 V TA=O'C PINT 
for Steady-State Operation) TA=40'C 

Input Capacitance Cin 
EXT AL 
All Other (See Note) 

RESET Hysteresis Voltage 
Out of Reset Voltage VIRES+ 
Into Reset Voltage VIRES-

Programming Voltage (Vpp Pin) Vpp* 
Programming EPROM 
Operating Voltage 

Input Current 
TIMER (Vin =0.4 V) 
INT (Vin= 0.4 VI 
EXT AL (Vin= 2.4 v to Vccl lin 

(Vin =0.4 VI 
RESET (Vin= 0.8 VI IRES 
(External Capacitor Changing Current) 

*Vpp (pin 7) is connected to Vee in the normal operating mode. 
**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 

NOTE: Port D analog inputs, when selected, Cin=25 pF for the first 5 out of 30 cycles. 

Typ 

21.0 

-
-

1.0 

12.0 

Min 

4.0 
Vcc-o.5 

4.0 
Vcc-o.5 

2.0 

2.0 
9.0 

Vss 
Vss 
Vss 

2.0 

-
-

-
-

2.1 
0.8 

20.0 
4.75 

-
-
-
-

-4.0 
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Max Unit 

22.0 v 
mA 

8 
30 

1.1 MHz 

15.0 v 

Typ Max Unit 

v 
- Vee 
- Vee .. Vee .. Vee 
- Vee 

v 
- vcc+1.o • 12.0 15.0 

v 
- 0.8 .. 1.5 
- 0.8 

- 4.0 Vac_IU) 

520 740 mW 
580 800 

pF 
25 -
10 -

v 
- 4.0 
- 2.0 

v 
21.0 22.0 
Vee 5.75 

µA 
- 20 
20 50 
- 10 
- -1600 
- -40 
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SWITCHING CHARACTERISTICS 
(Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=O'C to 70'C, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Oscillator Frequency fosc MHz 
Normal 0.4 - 4.2 

Instruction Cycle Time (41f0 scl tc:yc: 0.950 - 10 µs 

INT, INT2, or Timer Pulse Width twL.twH t<:Y_c+250 - - ns 

RESET Pulse Width tRWL t<:Y_c+250 - - ns 

RESET Delay Time (External Cap= 1.0 µF) tRHL - 100 - ms 

INT Zero Cro·ssing Detection Input Frequency fl NT 0.03 - 1.0 kHz 

External Clock Duty Cycle (EXTAL) - 40 50 60 % 

Crystal Oscillator Start-Up Time - - - 100 ms 

A/D CONVERTER CHARACTERISTICS 
(Vee= + 5.25 V ± 0.5 Vdc, Vss = 0 Vdc, TA= O'C to 70'C, unless otherwise noted) 

Characteristic Min Typ Max Unit Comments 

Resolution 8 8 8 Bits 

Non-Linearity - - ±1/2 LSB For VRH = 4.0 to 5.0 V and VRL = 0 V. 

Quantizing Error - - ±1/2 LSB 

Conversion Range VRL - VRH v 

VRH - - Vee v AID accuracy may decrease proportionately as 
VRL Vss 

Conversion Time 30 

Monotonicity 

Zero Input Reading 00 

Ratiometric Reading FE 

Sample Time 5 

Sample/Hold Capacitance, Input -
Analog Input Voltage VRL 

- 0.2 v VRH is reduced be below 4.0 V. The sum of VRH 
and VRL must not exceed Vee. 

30 30 t<:Y_c Includes sampling time 

Inherent (within total error) 

00 01 hexadecimal Vin=O 

FF FF hexadecimal Vin=VRH 

5 5 t<:Y_c 

- 25 pF 

- VRH v Negative transients on any analog lines (pins 
19-24) are not allowed at any time during 
conversion. 
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PORT ELECTRICAL CHARACTERISTICS 
(Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=O' to 70'C, unless otherwise noted) 

Characteristic Symbol Min 

Port A 

Output Low Voltage, I Load= 1.6 mA VoL -
Output High Voltage, I Load= - 100 µA VoH 2.4 

Output High Voltage, I Load= - 10 µA VoH Vcc-1.0 

Input High Voltage, ILoad= -300 µA (Max) V1H 2.0 

Input Low Voltage, I Load= - 500 µA (Max) V1L Vss 

Hi-Z State Input Current (Vin=2.0 V to Vee) l1H -

Hi-Z State Input Current (Vin= 0.4 V) l1L -
Port B 

Output Low Voltage, I Load= 3.2 mA VoL -

Output Low Voltage, I Load= 10 mA (Sink) VoL -
Output High Voltage, I Load= - 200 µA VoH 2.4 

Darlington Current Drive (Source), Vo= 1.5 V IOH -1.0 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Hi-Z State Input Current ITSI -

Port C 

Output Low Voltage, I Load= 1.6 mA VoL -

Output High Voltage, ILoad= -100 µA VoH 2.4 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Hi-Z State Input Current ITSI -

Port D (Input Only) 

Input High Voltage V1H 2.0 

Input Low Voltage V1L Vss 

Input Current lin -
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Typ Max Unit 

- 0.4 v 
- - v 
- - v 
- Vee v 
- 0.8 v 
- -300 µA 

- -500 µA 

- 0.4 v 
- 1.0 v 
- - v 
- -10 mA 

- Vee v 
- 0.8 v 
<2 10 µA • 
- 0.4 v 
- - v 
- Vee v 
- 0.8 v 
<2 10 µA 

- Vee v 
- 0.8 v 
<1 5 µA 
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Test 
Point 

40 pf 
(Total) 

vcc=5.75 v 

Figure 11. TIL Equivalent Test Load 
(Port Bl 

Test 
Point 

30 pF 
(Total) 

MMD6150 
or Equiv. 

24 kll 

Vcc=5.75 v 

Figure 13. TIL Equivalent Test Load 
(Ports A and Cl 

Port DDR 

Port Data 

IP= Input Protection 

Figure 15. Ports A and C Logic Diagram 

MC68705R3 

PAD t-°"",.,_-<1>---To 1/0 Logic 

Port 17. Typical Input Protection 

Test Point~ I 30 pF (Total) 

Figure 12. CMOS Equivalent Test Load 
(Port Al 

Test 
Point 

Vcc=5.75 v 
3.34 k!l 

J 30 pF (Total) 

Figure 14. Open-Drain Equivalent Test Load 
(Port Cl 

VDD 

1 - 10 k Typ. 

PB DDR 
PB Data 

IP= Input Protection 

Figure 16. Port B Logic Diagram 

Test Po~int .......!-
Vary V, 

Measure I 
v 

Figure 18. 1/0 Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 

The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705R3. 

PIN ASSIGNMENTS 

PD51VRH 

PD41VRL 

Table 4. Generic Information 

Package Type Temperature Order Number 

Cerdip 
S Suffix 

Plastic 
P Suffix 

PLCC 
FN Suffix 

0°C to 10°c MC68705R3S 
- 40° to + 85°C MC68705R3CS 

0°c to 10°c MC68705R3P 
- 40°C to 85°C MC68705R3CP 

- 40°C to + 85°C MC68705R3CFN 

MECHANICAL DATA 

PA7 

PA6 

PA5 

PA4 

PA3 

PA2 PA3 
PA1 PA2 

PAO PA1 

PB7 PBO 

PB7 

PB5 PB6 

PB4 PB5 

PB3 PB4 

PB2 
PB3 

PB1 
PB2 

PB1 
PBO 

PDO/ANO 

PD1/AN1 

PD2/AN2 
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XTAL 

Vpp 
TIMER 

PCO 

PC1 

PC2 
PC3 

PC4 
PC5 

NC 

PC6 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
MC68705R5 

• 

Technical Summary 

8-Bit EPROM Microcontroller Unit 
. The MC68705R5 (HMOS) Microcontroller Unit (MCU) is an EPROM member of the MC6805 Family 

of microcontrollers. The user programmable EPROM allows program changes and lower volume 
applications. This low cost MCU has parallel 1/0 capability with pins programmable as input or out
put. This publication contains condensed information on the MCU; for detailed information, refer to 
M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or contact your local-Moto
rola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit 
Programmable Prescaler 

• On-chip Oscillator 

• Memory Mapped 1/0 
• Versatile Interrupt Handling 

• Bit Manipulation 
• Bit Test and Branch Instruction 

• Vectored Interrupts 

Timer/ 
TIMER Prescale< 

8 Counter 

T mer Control 

PAO 
PAI 

PO<I PA2 Pon Data 8 
A PAJ A Dir 

1/0 PA4 Reg Reg 
Lones PM 8 

PAS 
PA7 

5 

PBO 5 
PBl 

Pon PB2 
B Port Dala 

PB3 B Oor 110 PB4 Reg Reg Lines PB5 
PB6 
PB7 

• Bootstrap program in ROM 

• 112 Bytes of RAM 
• 3776 Bytes of Eprom 

• 24 1/0 Pins 
• 4-Channel Analog-to-Digital 

Converter 
• EPROM Security Feature 

BLOCK DIAGRAM 

XTAL EXTAL RESET Vpp iN'T 

Accumula1or 
A 

CPU 
Index Control 

Register 
x 

Condiuon 
Code 

Regist., cc 
CPU 

S1ack 
Pomtm s 

Program 
Counter 

Hogh PC ALU 
Progl' am 
Counter 

Low PCL 

Data 
Dor 

3776 x 8 112 x 8 Reg 
EPROM RAM 

x 
Bootstrap 

ROM 

Port 
c 

Reg 

PDQ/ANO 
PD1/AN1 
PD2/AN2 Port 

PD3/AN3 D 

PD41VRL Input 

PD51VRH Lines 

PD6/iN'fi 
PD7 

PCO 
PCl 
PC2 Port 
PC3 c 
PC4 1/0 
PC5 Lines 
PC6 
PC7 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

Vee AND Vss 
Power is supplied to the microcontroller using these 

two pins. Vee is + 5.25 volts ( ± 0.5il) power, and Vss is 
ground. 

Vpp 

This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vee. 

INT 

This pin provides the capability for asynchronously ap
plying an external interrupt to the MeU. Refer to INTER
RUPTS for more detailed information. 

EXTAL,XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal (depending on mask option 
register setting) is connected to these pins to provide a 
system clock. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 

C1 

-Ct::J-EXTAL S XTAL 

5 Co 6 

AT - Cut Parallel Resonance Crystal 
C0 =7 pF Max 
Freq.= 4.0 MHz @ CL= 24 pF 
Rs= 50 ohms Max 

Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug
gestions for Co, C 1 · and Rs values 

XTAL 

XTAL 

B.O 

70 
"N 
I 6.0 ::; 
> 

5.0 

Vcc 0 5 25 v 
TA o=-25°C u 

c 

~ 4 0 
1' 

~ 
30 

u 20 

c: 
I 0 

0 
0 10 20 30 40 60 70 

Resistance (knJ 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

Crystal 

BO 

The circuit shown in Figure 1 is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and startup stabilization time. Refer 
to ELECTRICAL SPECIFICATIONS for Vee specifications. 

External Clock 
An external clock should be applied to the EXT AL input 

with the XTAL input connected to V55, as shown in Fig
ure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 

(SeeNote2) c::J 

XTAL 

MCU 
EXT AL (Crystal Option, 

See Note 1) 

Crystal 

vcc 
'-'' /\/\ __ ....::.J XT AL 

MCU 

MCU 

EXTAL (RC Option, 
See Note 1} 

MCU 
EXTAL {Crystal Option, 

See Note 1) 

EXTAL IRC Option. 

No 
Connection 

External 
Clock 
Input 

NOTES: 
External Clock 

See Note 1) 

Approximately 25% to 50% Accuracy 
Typical tcyc = l _25 µs 

External Jumper 

Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 

External Resistor 

1. For the MC68705R5 MOR b7~0 for the crystal option and MOR b7~ 1 for the RC option. When the TIMER input pin is in the 
V1HTP range (in the bootstrap EPROM programming mode), the crystal option is forced. When the TIMER input is at or below 
Vee. the clock generator option is determined by bit 7 of the Mask Option Register (CLK). 

2. The recommended CL value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
:nternal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on 
EXTAL and approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used. 

Figure 1. Oscillator Connections 
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TIMER 
This pin is used as an external input to control the 

internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the bootstrap pro
gram. 

RESET 
This pin has a Schmitt trigger input and an on-chip 

pullup. The MCU can be reset by pulling RESET low. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7, 
PDO-PD71 

These 32 lines are arranged into four 8-bit ports (A, B, 
C, and DI. Ports A, B, and Care programmable as either 
inputs or outputs under software control of the data di
rection registers. Port Dis a fixed input port. It has up to 
four analog inputs, plus two voltage reference inputs when 
the analog-to_.::Qlgital converter is used (PD5iVRH· PD4/ 
VRLI. and an INT2 input. Port D lines can be read directly 
and used as binary inputs. If an analog input is used, then 
the voltage reference pins must be used in the analog 
mode. Refer to PROGRAMMING for additional informa
tion. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 
Ports A, B, and Care programmable as either input or 

output under software control of the corresponding data 
direction register (DDRI. Port D lines are input only. The 
port 110 programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 

Data Direction 

data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to .initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zerol and, also, to the latched° output 
when the DDR is an output (onel. See Table 1 for 1/0 
functions and to Figure 3 for typical port circuitry. 

Port D provides reference voltage and multiplexed an
alog inputs. The VRL and VRH lines are internally con
nected to the A/D resistor. Port D can always be used as 
digital inputs, but for analog inputs, VRH and VRL must 
be connected to the appropriate reference voltage. 

NOTE 
Read-modify-write instructions should not be used 
when writing to the DDR because DDRs always read 
as 'one'. 

Table 1. 1/0 Pin Functions 

Data Latched 
Direction Output Input 
Register Data Output To 

Bit Bit State MCU 

1 0 0 0 
1 1 1 1 
0 x Hi-Z** Pin 

**Port Band Care three-state ports. Port A has an internal pull up 
devices to provide CMOS data drive capability. 

MEMORY 

The MCU is capable of addressing 4096 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
4. The location consist of user EPROM, bootstrap ROM, 
user RAM, a mask option register (MORI. a program con
trol register, miscellaneous register, AID control regis
ters, and 1/0. The interrupt vectors are located from $FF8 
to $FFF. The bootstrap is a mask-programmed ROM that 
allows the MCU to program its own EPROM. 

Register* Bit ~--. ....... --------... 

Internal 
Connections 

Latched 
Output 

Data Bit 

Figure 3. Typical Port 1/0 Circuitry and 
Register Configuration 
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0 76543210 
()()() 

1/0 Ports $000 0 Port A Data Register $()()() 

Access With 

Timer 
I Port B Data Register 

RAM 
$001 

Short 127 1128 Bytes! $07F 2 Port C Data Register $002 

Instructions 128 $080 

'~""o { 

255 

Page Zero 3 Port D Data Register 
User EPROM 

l\OFF 1128 Bytes! 4 Port A DOR* 
t-------1 

$003 

$004* 

256 $100 5 Port B DOR* $005* 

User 
6 Port C DOR* $006* 

Main 7 Not Used $007 
EPROM 8 Timer Data Register 13640 Bytes) $008 

9 Timer Control Register $009 

3895 
3896 
3897 
3967 

$F37 10 Miscellaneous Register 
1-------1 

$F38 Program Control Register Mask Option Register 11 
$F39 

Not Used Not Used $F7F 12 

$00A 

$00B 

$00C 

3968 Bootstrap $FBO 13 Not Used $000 
ROM 

4087 1120 Bytes) $FF7 14 A/ D Control Register $00E 

4088 

4089 
4090 

Interrupt 4091 
Vectors 4092 

$FF8 
15 A/D Register Timer Interrupt 

1------- $FF9 
$FFA 16 RAM 

External Interrupt 
$FFB 

1112 Bytes) 
I- - - - - -- $FFC 

$00F 
$010 

4093 
4094 
4095 

SWI 
$FFD Stack 

I- - - - - -- $FFE 
{31 Bytes Maximum) 

Reset $FFF l 127 $07F 

*Caution: Data direction registers fDDRs) are write-only; they read as $FF 

Figure 4. Memory Map 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 

The MCU contains the registers described in the fol
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16- bit immediate value to create 

an effective address. The index register may also be used 
as a temporary storage area. 

7 0 

x J 
PROGRAM COUNTER (PC) 

The program counter is an 12-bit register that contains 
the address of the next byte to be fetched. 

11 8 7 

PCH PCL J 
STACK POINTER (SP) 

The stack pointer is an 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

11 5 4 0 

I 0 I 0 I 0 I 0 I 0 I 1 I 1 I SP 
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CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 

Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate tnat a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt ~ccurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic 1 ). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occured during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 

RESETS 

The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the reset 
line logic level. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
s.hould not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 5) typically provides sufficient 
delay. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyc). Under this type of reset, the Schmitt trigger switches 
off at V1RES _ to provide an internal reset voltage. 

1 -
I 10 µF 

(MCU) 

Figur~ 5. Power-Up RESET Delay Circuit 

INTERRUPTS 

The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external Port D (INT2) 
input pin . 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
siderect;pending until the current instruction is complete. 

7 ...&. -2. 4 3 ..l. 1 0 Pun 

n-4 1 1 
l Cond1t1on 

l Code Register n+ 1 

n-3 Accumulator n+2 

n-2 Index Register n+3 

1 11 1 1 1 j PCH• n+4 

n PCL• 

Push 
•For subroutine calls, only PCH and PCL are stacked. 

Figure 6. Interrupt Stacking Order 

NOTE 
The current instruction is considered to be the one 
already fetched and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardward interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other
wise, the next instruction if fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serv,iced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 
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Reset 

1 •I (in CCI 
07F •SP 
0 •DD Rs 

CLR INT Logic 
FF• Timer 
TCR6 • 1 
TCR7 • 0 

Load Options From 
MOR !$F38l Into 

Control Logic 

Load PC 
From 

FFE/FFF 

Clear 
iITT' 

Request 
Latch 

Timer 

PC • PC+ 1 

Load PC From 
SWI FFC/FFD 
INT· FFA/FFB 

Timer or 
INT2 FF8/FF9 

Figure 7. Reset and Interrupt Processing Flowchart 

TIMER INTERRUPT 
If the time mask bit (TCR6) is cleared, then, each time 

the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I bit in the CCR is set, 
masking further interrupts until the present one is serv
iced. The contents of the timer interrupt vector, contain
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. The timer 
interrupt status bit can only be cleared by software. 

EXTERNAL INTERRUPT 
The external interrupt is internally synchronized and 

then latched on the falling edge of INT and INT2. Clearing 
the I bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhil,ited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 

an interrupt when the condition code I bit is clear. The 
following paragraphs describe two typical external in

terrupt circuits. 

Zero-Crossing Interrupt 

A sinusoidal input signal (fl NT maximum) can be used 
to generate an external interrupt (see Figure Sa) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 

Digital-Signal Interrupt 

With this type of circuit (Figure Sb), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twL. tWH· 
Refer to TIMER for additional information. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. The SWI 
execution is similar to the hardware interrupts. 
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(a) Zero·Crossi'ng Interrupt 

MCU 

lb) Digital-Signal Interrupt 

Vee 

47 k TTL 

Level 
2 INT 

D1g1tal------'"" 
Input 

lJ 

MCU 

Figure 8. Typical Interrupt Circuits 

MODES OF OPERATION 

The MCU has two modes of operations. These modes 
are the normal and bootstrap. The following paragraphs 
describe the modes . 

NORMAL MODE 
This mode is a single-chip mode and is entered if the 

following conditions are met: (1) the RESET line is low, 
121 the PCO pin is within its normal operational range, 
and (3) the Vpp pin is connected to Vee- The next rising 
edge of the RESET pin then causes the part to enter the 
normal mode. 

BOOTSTRAP 
The bootstrap mode is entered if the TIMER pin equals 

12 V. Refer to application note, MC68705P31R3/U3 8-Bit 

Internal 

<1>2 
Clock 

!fosc+4l 

Read Write 

Timer Data Register !TORl 
8-811 Counter 

7-811 Prescaler Select 
._ ______ 4 1-of-8 

Clear 

Clear 

Set 

EPROM Microcontroller Programming Module, (AN-857 
Rev.2). 

TIMER 

The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres
caler. The various timer sources are made via the timer 
control register (TCR) and/or the mask option register 
(MOR). The 8-bit counter may be loaded under program 
control and is decremented toward zero. When the timer 
reaches zero, the timer interrupt request bit (bit 7) in the 
timer control register (TCR) is set. Refer to Figure 9 for 
timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 

Read 
EPROM 
Program 

EPROM Byte 
Mask Option Register (MQAl 

Figure 9. Timer Block Diagram 
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I bit in the condition code register is cleared and the TCR 
bit 6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by (1) saving the present 
CPU state on the stack, (2) fetching the timer interrupt 
vector, and (3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1; however, the TCR bit 3 always reads as a logic 
0 to ensure proper operntion with read-modify writs in
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TOR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis
turbing the counting process. The TDR is unaffected by 
reset. 

SOFTWARE CONTROLLED MODE 
This mode is selected when TOPT (bit 6) in the MOR 

is programmed to zero. The timer prescaler input can be 
configured for three different operating modes plus a 
disable mode, depending on the value written to TCR 
control bits 4 and 5 (TIE and TIN). The following para
graphs describe the different modes. 

Timer Input Mode 1 
When TIE and TIN are both programmed to zero, the 

timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 

Timer Input Mode 2 
When TIE= 1 and TIN= 0, the internal clock and the 

timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is ± 1. 

Timer Input Mode 3 
When TIE= 0 and TIN= 1, no prescaler input frequency 

is applied to the prescaler and the timer is disabled. 

Timer Input Mode 4 
When TIE and TIN are both one, the timer input is from 

the external clock. The external clock can be used to count 
external events as well as to provide an external fre
quency for generating periodic interrupts. Frequency of 
external input must be ~ fosc/8. 

MOR CONTROLLED MODE 
This mode is selected when TOPT (bit 6) in the MOR 

is programmed to logic one. The timer circuits are the 
sa'Tle as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres
caler division and the timer clock selection. TIE (bit 4) and 

PSC (bit 3) in the TCR are set to a logic one when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) are 
controlled by the counter and software. 

TIMER CONTROL REGISTER (TCR) $009 
This is an 8-bit register that controls various functions 

such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. The configuration of 
the TCR is determined by the TOPT (bit 6) in the MOR. 
When TOPT = 1, the TCR emulates the MC6805R2; when 
TOPT=O, the TCR is controlled by software. 

TCR with MOR TOPT = 1 
7 6 5 

[i1R I TIM I PSC 

TCR with MOR TOPT ~ 0 
7 6 5 1 0 

I TIR I TIM I TIN TIE PSC Ps2 l~~l 
RESET 

'The value of corresponding bits in MOR is written during RESET rising 
edge. These bits always read "one". 

TIR - Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 

1 =Set when the timer data register changes to all 
zeros 

0 =Cleared by external reset, power-on reset, or 
under program control 

TIM - Timer Interrupt Mask 
Used to inhibit the timer interrupt 

1 =Interrupt inhibited 
0 =Interrupt enabled 

TIN - External or Internal 
Selects input clock source 

1 =External clock selected 
0= Internal clock selected (lose 41 

TIE - TIMER External Enable 
Used to enable external TIMER pin. When TOPT 1, 
TIE is always a logical "one". 

1 .~Enables external timer pin 
0 ~Disables external timer pin 

PSC - Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in
dicates a zero when TOPT=O. When TOPT 00 1, this 
bit will read a logical "one1" and has no effect on 
the prescaler. 

PS2, PS1, PSO - Prescaler Select Bits 
Decoded to select one of eight outputs of the pres
caler 

NOTES 
When changing the PS bits in software, the PSC 

bit should be written to a "one" in the same write 
cycle to clear the prescaler. Changing the PS bits 
without clearing the prescaler may cause prescaler 
truncation. 
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PS2 PS1 PSO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 
~-

MASK OPTION REGISTER (MOR) $F38 

The MOR is implemented in EPROM. This register con
tains all zeros prior to programming and is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 

6 

I CLK I TOPT I CLS SNM P2 Pl PO 

CLK - Clock (oscillator type) 
1 =Resistor Capacitor (RC) 
0 =Crystal 

TOPT - Timer Option 
1 = MC6805R2 type timer/prescaler. All bits except 

6 and 7, of the TCR are invisible to the user. 
Bits 5, 2, 1, and 0 of the MOR determine the 
equivalent MC6805R2 mask options. 

0= All TCR bits are implemented as a software pro
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re
spective TCR bits. 

CLS - Timer/Prescaler Clock Source 
1 =External TIMER pin 
0 =Internal clock 

Bit 4 
Not used if TOPT = 1. Sets the initial value of TIE in 
the TCR if TOPT = 0. 

1 =Not used 
0 =Sets initial value of TIE in the TCR 

SNM - Secure Mode 
1 = EPROM contents cannot be access externally 
0 = EPROM not programmed 

P2, P1, PO - The logical levels of these bits, when de
coded, select one of eight outputs on the timer prescaler. 

P2 P1 PO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

PROGRAMMING CONTROL REGISTER (PCR) $00B 

The PCR is an 8-bit register which provides the nec
essary control bits to program the EPROM. Because the 

bootstrap program manipulates the PCR when program
ming, the user need not be concerned with PCR in most 
applications. 

7 6 

RESET 
u u u u u 

PLE - Programming Latch Enable 

PLE 

u 

Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any
time. 

1 =Read EPROM 
0 =Latch address and data on EPROM 

PGE - Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 

1 =Inhibit EPROM programming 
O =Enable EPROM programming (if PLE is low) 

VPON -Vpp On 
A read-only bit that indicates high volta~t the \/ff' 
pin. When set to "one", disconnects PGE and PLE 
from the chip. 

1 =No high voltage on Vpp pin 
0= High voltage on Vpp pin 

NOTE 

VPON being "zero" does not indicate that the Vpp 
level is correct for programming. It is used as a 
safety interlock for the user in the normal operating 
mode. 

VPON PGE PLE Programming Conditions 

0 0 0 Programming mode (program 
EPROM byte) 

1 0 0 PGE and PLE disabled from 
system 

0 1 0 Programming disabled (latch 
address and data in EPROM) 

1 1 0 PGE and PLE disabled from 
system 

0 0 1 Invalid state; PGE=O if PLE=O 

1 0 1 Invalid state; PGE=O if PLE=O 

0 1 1 "High voltage" on Vpp 

1 1 1 PGE and PLE disabled from 
system (operating mode) 

EPROM PROGRAMMING 

ERASING THE EPROM 

The EPROM can be erased by exposure to high-inten
sity ultraviolet (UV) light with a wavelength of 2537 angs
troms. The recommended integrated dose (UV intensity 
x exposure time) is 25Ws/cm2. The lamps should be 
used without software filters, and the MCU should be 
positioned about one inch from the UV tubes. Ultraviolet 
erasure clears all bits of the MCU EPROM to the "O" state. 
Data then can be entered by programming "1s" into the 
desired bit locations. 
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PROGRAMMING 
The MCU bootstrap program can be used to program 

the MCU EPROM. The alternate vectoring used to imple
ment the self-check is used to start execution of the boot
strap program. 

A MCM2532 UV EPROM (other industry standard 
EPROMs may be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. The MC68705R5 is programmed the same as the 
MC68705R3. Refer to application note, MC68705P31R3!U3 
8-Bit EPROM Microcontroller Programming Module 
iAN-8!>/ Rev.2) for schematic diagrams and instructions 
on programming the MCU EPROM. 

EMULATION 
The MC68705R5 emulates the MC6805R2 and 

MC6805R3 "exactly". The MC6805R2 and MC6805R3 mask 
features are implemented in the mask option register 
EPROM byte. The following list identifies a few minor 
exceptions to the exactness of the emulation. 

1. The MC6805R2 "future ROM" areas are imple
mented in the MC68705R5, and these 1728 bytes 
must be left unprogrammed to accurately simulate 
the MC6805R2. 

2. The reserved ROM areas have different data stored 
in them. In the MC6805R2, this area is used for self
check, and in the MC68705R5 this area is used for 
the bootstrap program. 

3. The MC6805R2 reads all ones in the 48 byte "future 
RAM" area. This area is not implemented on the 
MC6805R2 mask ROM version but is implemented 
on the MC68705R5. 

4. The MC68705R5 Vpp (pin 71 line is tied to Vee during 
normal operations. On MC6805R2, this pin is 
grounded during normal operation; on MC6805R3, 
this pin is not connected. 

PDQ/ANO 

PD1/AN1 

PD2/AN2 

PD3/AN3 

AID 

D/A 

15 kll ITypl 

1-ot-8 
Select 

Multiplexer 

ANALOG-TO-DIGITAL CONVERTER 

The chip resident 8-bit analog-to-digital (AID) converter 
uses a successive approximation technique as show in 
Figure 10. Four external analog inputs can be connected 
to the AID via port D. Four internal analog channels (VRH 
VRL, VRH -VRLi2, VRH -VRLi4, and VRLl may be se
lected for calibration. The accuracy of these internal chan
nels may not meet the accuracy specifications of the 
external channels. 

Multiplexer selection is controlled by the AD control 
register (ACRI bits 0, 1, and 2. Refer to Table 2 for mul
tiplexer selection. The ACR is shown in Figure 10. The 
converter uses 30 machine cycles to complete a conver
sion of a sampled analog input. When the conversion is 
complete, the digital value is placed in the AD result 
register (ARR); the conversion flag is set; selected input 
is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input, which is held internally, 1s sam
pled for five machine cycles. 

The converter uses VRH and VRL as reference voltages. 
An input voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than VRL, but 
greater than V55, converts to $00. Maximum and mini
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and should 
be referenced to VRL for the ratiometric conversion. To 
maintain full accuracy of the AD, three requirements 
should be followed: (1 I VRH should be equal to or less 
than Vee, (2) VRL should be equal to or greater than Vss 
but less than maximum specifications, and 131 VRH VRL 
should be equal to or greater than 4 volts. 

The AD has a built-in 1 2 LSB offset intended to reduce 
the magnitude of the quantizing error to 1 2 LSB rather 
than + 0, 1 LSB with no offset. This implies that, ig
noring errors, the transition point from $00 to $01 occu1s 

8 

Control 
Logic 

Count 

0 
A/D 

Result 
.__.. _ _.__....__,__..__._.....____. Register 

8 

Figure 10. A/D Block Diagram 
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Table 2. A/D Input MUX Selection 

A/D Contro: Register 
Input Selected 

1--A/D Output (Hex) 

ACR2 ACR1 ACRO Min Typ Max 

0 0 0 ANO 
0 0 1 ANl 
0 1 0 AN2 
0 1 1 AN3 
1 0 0 VRH* FE FF FF 
1 0 1 VRL* 00 00 01 
1 1 0 VRH14* 3F 40 41 
1 1 1 VRH12·' 7F 80 81 

'Internal (calibration) levels 

at 1 2 LSB above VRL· Similarly, the transition from $FE 
to $FF occurs 1.1,2 LSB below VRH· ideally. 

INSTRUCTION SET 

The MCU has a set of 59 basic instructions which can 
be divided into five different types: register1memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
1ump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 

Function Mnemonic 

Load A from Memory LDA 

f--Load X from Memory LDX 

Store A in Memory STA 

Store X in Memory STX 

~-dd Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 

value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate l2's Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

(Branch if Higher or Same) IBHS) 

Branch if Carry Set BCS 

(Branch if Lower) IBLO) 

Branch if Not Equal BNE 

Branch if Equal BEG 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 

MOTOROLA MICROPROCESSOR DATA 

3-634 



MC68705R5 

all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set I RRSET n !n~O. .. 7) 

Branch if Bit n is Clear BRCLR n (n~o . .. 71 

Set Bit n BSET n In ~o. . 71 

Clear Bit n BCLR n (n~O . . 71 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit cu 
Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

OPCODE MAP SUMMARY 

Table 3 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two-byte di
rect addressing instructions access all data bytes in most 

applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
l11al uu not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from 126 to 1 129 from 
the opcode address. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 110 location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 
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fl 
OI 

:s: 
a 
~ 
> 
:s: 
n 
:a 
0 
"II 
:a 
0 
(") 
m 
VI 
VI 
0 
:a 
c 

~ 

BltMan~Lation Branch 
::m: m: _D)R 

~; ~ J, J,, J.1 L 

1iRs~o 
4 

I 6 NEG 
~ BS'1k BRAF!il ::ru_, 

10 7 4 
1 BRCLRO BCLRO BRN 

0001 3 BT 85 2 REL 
lO 7 4 

2 BRSETl _._BS~ j_ BHIF!il 0010 3 BTB 
lO 7 4 6 

3 3BRC'lr18 BC~ j_ BLSF!il -'-co~, 0011 
10 7 4 6 

4 BRSET2 7 BS~ BCCF!il _1_ LSR 
0100 BT DTR 

~ 4 
5 t1RC'lri BC~ BCSF!il 

011 

19.: 7 4 6 

_Ql~O t1RS~ LLBS~ BNEF!il ~ RO~R 
1~, 7 4 6 

7 t1 R C':ll._ LLBC~ BEO ASR 
0111 _Bil DIR 

0 7 4 6 

k Li'RS~t._ Lz_BSEi;t;_ BHC~ LS~R 
10 7 4 6 

9 3BRC~ L_._BC'1k _1_ BHCfu _1_ ROL 
1001 DIR 

10 7 4 6 
A 11Rs~ LLBS~ BPLF!il DEC 

11 2 DIR 
10 7 4 

B 3BRC~58 LLBCLR5 BMI 
1011 2 REL 

11~. 
T BSC 

4 6 

1k 11Rs~ Lz_BSETt:_ BMC INC 
2 REL 2 DIA 

10 T 4 6 
D t1Rc~ Lz_BCLR&_ BMSF!il TS~R 111 

10 T 4 
E 11Rs~ LLBS~' BIL 

111 REL 
lO 7 4 6 

F BRCLR7 BCLA7 BIH CLR 
1111 3 BTB ' BSC ' REL ' DIR 

Abbreviations for Addre11 Modes 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bil Set/ Clear 
Bit Test and Branch 
Indexed INo Offset) 
Indexed, 1 Byte 18-Bi11 Offset 
Indexed, 2 Byte 116-Bitl Offset 

4 

l 

4 

1 
4 

1 

4 

1 
4 

1 
4 

1 
4 

1 
4 

1 

4 

1 
4 

1 

4 

l 

• 
Table 3. Opcode Map 

Aead-Mo~Write Control ~istor/Memor; 
INH J!W ID IX INH !NIL DIR ~ Jl!2_ _w ~ 
01'lxi 01~1 01~0 01~1 8 9 A 8 1~ lg; 

E 
1fi1 "'..----.:;;.. 1000 1001 1010 1011 1110 

4 ) 6 9 2 4 

[::: su.'.i,;T 
['SUB f"' SUB ,,- SUB NEG NEG NEG • NEG RTI SUB _l_ SUB _sk INH l INH 2 1'1 l IX l INH IMM DIR Ll_ IX 11 1 ~ 

[ 6 RTS 
2 4 5 6 5 4 

CMP CMP CMP CMP CMP CMP 1 
1 INH 2 IMM 2 DIR 3 EXT 3 IX2 ' IX! I IX 0001 

' 4 5 6 I 5 SBC 4 SBC SBC SBC SBC SBC 2 
IMM 2 DIR 3 EXT 3 :x2 ' IX1 1 IX 0010 

4 ) 6 11 2 4 5 6 I 5 CPX 4 CPX COMA COMX ~COM COM SWI CPX CPX CPX CPX ~1 INH l INH !Xl 1 " 1 INH 2 lMM 2 DIR 3 EXT 3 IX2 LL IX1 1 IX 
4 7 6 2 4 5 6 I 5 AND 

4 
LSRA LSRX LSR LSR AND AND AND AND AND ~ INH l INH 2 '" 1 IX 2 IMM 2 Dlfi 3 EXT 3 IX2 ; l& 1 IX 

2 4 5 6 4 

l j_ Bl~ " Bl'._mR b_ Bl~T _i_ BIT ll\Z. L_._ Bl~ BIT .JlL _wh 
4 ) 6 2 4 5 6 5 4 

RORA ROAX ROA ROA LOA LOA LOA LOA LOA LOA 6 
!NH l INH _2_ IXl l IX 2 IMM 2 DIR 3 EXT 3 IX2 2 IX1 1 IX 0110 

4 ) !' 2 5. 
I' STA 

6 
T STA ASRA ASAX ASA~ TAX STA 

3 STA1~ STA _J)j;, INH l INH 2 IX1 \ IX l INH 2 DIR 3 EXT 2 IXl 1 IX 
4 ) 6 2 2 4 5 6 5 4 

LSLA LSLX LSL LSL CLC EOR EOR EOR cl EOR EOR EOR 4, INH l INH 2 IXl l !X l H IMM 2 DIR 3 EXT IX2 2 \Xl 1 IX 
4 ) 6 2 2 4 5 6 f"' ADC 

4 
ROLA AOLX ._L ROL ROL SEC ADC ADC ADC ADC ADC 9 

INH l INH 1'1 l IX l INH 2 IMM ' DIR 3 EXT 3 IX2 ' IXl l IX 1001 
4 7 6 2 2 4 

15 ORA I 6 ORA 1 5 ORA OECA DECX OEC DEC CLI ORA ORA ORA A 
INH l !NH 2 1'1 l " l INH 2 !MM 2 DIR 3 EXT 3 IX2 2 IXl 1 IX 1010 

4 
ro ADD I' ADD -,- ADD SEI ADD ADD ADD B 

l INH 2 IMM 2 DIR 3 EXT 3 IX2 ' IX! 1 IX 1011 
4 ) 6 2 3 4 4 3 JMP INCA INCX !NC INC RSP JMP JMP JMP JMP c 

INH l INH 2 IX! l !X 1 INH ' DIR 3 EXT 3 IX2 2 IXl 1 !X 1100 
4 7 6 2 8 

['JSR 9 JSR T JSR TSTA TSTX TST TST NOP BSR JSR JSR D 
INH l INH 2 1'1 l lX 1 INH ' REL ' DIR 3 EXT 3 IX2 ' IXl 1 IX 111 

2 4 
-,- LOX T LOX T LOX T LOX LOX LOX E 

' IMM ' DIR 3 EXT 3 IX2 2 !Xl 1 !X 1110 
4 7 

CLR 
6 2 0 STX I' STX 

6 I' STX CLAA CLAX CLR TXA STX STX F 
INH l !NH 2 1'1 1 lX l INH 2 DIR 3 EXT 3 lX2 ' IX1 1 !X 1111 

LEGEND 

-F--
~~---------,,.. 

Opcode in Hexadecimal 

1111 
#ofCycles~ 
Mnemonic SUB J 0 

Bytes 1 IK CXXXJ 

Opcode in Binary 

'--------- Address Mode 

s 
(') 
O'I 
co ..... 
0 
UI 
::J:J 
UI 
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INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed, 8-bit offset except that this three
byte instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including 1/0, can 
be selectively set or cleared with a single two-byte in
struction. 

BIT TEST AND BRANCH 
The bit test and branch addressing mode is a combi

nation of direct addressing and relative addressing. The 

bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from - 125 to 1 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating 

Supply Voltage 

Input Voltage 
EPROM Programming Voltage 
(Vpp Pin) 
TIMER Pin - Normal Mode 
TIMER Pin - Bootstrap 
Programming Mode 
All Others 

Operating Temperature Range 
MC68705R5 
MC68705R5C 

Storage Temperature Range 

Junction Temperature 
Plastic 
Cerdip 

THERMAL CHARACTERISTICS 

[ Characteristic 

j Thermal Resistance l Plastic (P Suffix) 
Plastic (FN Suffix) 
Cerdip (S Suffix) 

Symbol 

Vee 

Vpp 
Vin 

Vin 
Vin 

TA 

Tstg 

TJ 

Symbol 

llJA 

Value 

- 0.3 to + 7.0 

- 0.3 to + 22.0 
-· 0.3 to + 7.0 

0.3 to + 15.0 
-- 0.3 to + 7.0 

TL to TH 
Oto 1 70 
40 to · 85 

55 to • 150 

150 
175 

Value 

50 
100 
60 

Unit 

v 
v 

c 

c 
cw 

Unit 

cw 

J 

These devices contain circuity to protect 
the inputs against damage due to high static 
voltages or electrical fields; however. it is ad
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped
ance circuit. For proper operation, it is rec
ommended that Vin and Vout be constrained 
to the range Vss IVin and Voutl· Vee Re· 
liability of operation is enhanced if unused 
inputs except EXTAL are tied to an appro· 
priate logic voltage level (e.g .. either Vss or 
Vccl. 
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POWER CONSIDERATION 

The average chip-junction temperature, T J• in °C can 
be obtained from: 

where: 
TA 
llJA 

Po 
PINT 
PpQRT 

=Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, 'C/W 
= PINT+PpQRT 

(1) 

= Ice x Vee· Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

ELECTRICAL CHARACTERISTICS 

For most applications PpQRT<P1NT and can be ne
glected. PpQRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads_. 

An approximate relationship between Po and TJ (if 
PpoRT is neglected) is: 

Po=K+(Tj+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po• (TA+ 273°C) + HJA"PD2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA- Using this value of K, 
the values of Po and TJ car, be obtained by solving equa
tions (1) and (2) iteratively for any value of TA 

IV cc · 5.25 Vdc * 0.5 Vdc, Vss ~ O Vdc, TA -- o·c to 7o·c, unless otherwise noted) 

Characteristic Symbol Min 

Input High Voltage V1H 
RESET (4.75 · Vee 5.75) 4.0 

IV cc 4.75) Vee -o.5 
INT 4.75 · Vee 5 75) 4.0 

IV cc 4.75) Vcc-o.5 
All Other 2.0 

--
Input High Voltage (TIMER Pin) V1H 

Timer Mode 2.0 
Bootstrap Programming Mode 9.0 

Input Low Voltage V1L 
RESET 
- Vss 
INT Vss 
All Other Vss 

--
INT Zero-Crossing Input Voltage - Through a Capacitor V1NT 2.0 

Internal Power Dissipation (No Port Loading, Vee= 5.25 V TA =O"C PINT -
for Steady-State Operation) TA =40"C -

Input Capacitance Cin 
EXT AL -
All Other (See Note) -

RESET HysteresisVoltage 
Out of Reset Voltage VIRES+ 2.1 
Into Reset Voltage VIRES- 0.8 

Programming Voltage (Vpp Pini Vpp* 
Programming EPROM 20.0 
Operating Voltage 4.75 

Input Current 
TIMER !Vin - 0.4 VI lin -
INT IV in - 0.4 VI -
EXTAL !Vin - 2.4 v to Vccl -

(Vin - 0.4 VI -
RESET (Vin - 0.8 VI IRES -4.0 
(External Capacitor Changing Current) 

*Vpp (pin 71 is connected to Vee in the normal operating mode. 
**Due to internal biasing, this input (when not used} floats to approximately 2.0 V. 

NOTE: Port D analog inputs, when selected, Cin=25 pF for the first 5 out of 30 cycles. 
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Typ Max Unit 

v 
- Vee 
- Vee 
** Vee 
** Vee 
- Vee 

v 
- Vee+ 1.0 

12.0 15.0 

v 
- 0.8 
** 1.5 
- 0.8 

- 4.0 Vac_Q:Q_ 

520 740 mW 
580 800 

pF 
25 -
10 -

v 
- 4.0 
- 2.0 

v 
21.0 22.0 
Vee 5.75 

µA 
- 20 
20 50 
- 10 
- -1600 
- -40 
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vee - 5.25 Vdc + .05%, Vss -O, TA .C 20"C to 30'C, unless otherwise noted) ,.. .. 

Characteristic Symbol 

Programming Voltage Vpp 

Vpp Supply Current lpp 
Vpp 5.25 v 
Vpp 21.0 v 

Oscillator Frequency fosc{g) 

Bootstrap Programming Mode Voltage V1HTP 
_ 1:1'_M~R Pini ru_llHJP_100 µA Maximum 

SWITCHING CHARACTERISTICS 

Min 

20.0 

-
-

0.9 

9.0 

IV cc 1 5.25 Vdc • 0.5 Vdc, Vss O Vdc, TA o C to 70 C. unless otherwise noted I 

Characteristic Symbol 
- ---·---

Oscillator Frequency fosc 
Normal 

Instruction Cycle Time (4 foscl tcyc 
~-------

INT, INT2, or Timer Pulse Width twL. twH -- .. -- ------ ----·-----
RESET Pulse Width tRV\/!. 

RESET Delay Time (External Cap 1.0 µF) tRHL 

INT Zero Crossing Detection Input Frequency f1NT 

External Clock Duty Cycle IEXTALI -

Crystal Oscillator Start-Up Time 
~---------·-··--··~-------------------· 

-

AID CONVERTER CHARACTERISTICS 
!Vee - • 5.25 V · 0.5 Vdc, Vss O Vdc, TA O C to 70 C. unless otherwise noted) 

Typ Max Unit 

21.0 22.0 v 
mA 

- 8 
- 30 

1.0 1.1 MHz 

12.0 15.0 v 

Min Typ Max Unit 

MHz 
0.4 - 4.2 

0.950 - 10 µs 

tcy_c + 250 - - ns 

tcy_c + 250 - - ns 

- 100 - ms 

0.03 - 1.0 kHz 

40 50 60 % 

- - 100 ms 

I VRH Vee+--! V AD accuracy may decrease proportionately as 
~--------------+-------+--·--=---+----- -----+------'-----~-~-----4 
[ VRL ! Vss 1. - 0.2 l V VRH is readnudc~~~embue~~~o~ ~x~e~;~~~m of VRH 

~----
[ Conversion Time _______ _, __ 3_0_~_._3_0_~ __ 3_0_~--t~cy<~c~-~-----'-n_c_lu_d_e_s _s_am_p_li_ng_ti_m_e ____ ---i 

I Monotonicity_·---------f-----~---~---~-ln_h_e_re_n_t_(w~it_hi_n_t_o_ta_l _e_rr_o_rl ____________ --i 

Zero Input Reading 00 00 01 hexadecimal Vin - 0 

Ratiometric Reading FE FF FF hexadecimal V;n -VRH 

Sample Time 5 5 5 tcy_c 

SamplecHold Capacitance, Input - - 25 pf 

Analog Input Voltage VRH V Negative transients on any analog lines (pins 19-
24) are not allowed at any time during conversion. 
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PORT ELECTRICAL CHARACTERISTICS 
!Vee= + 5.25 Vdc ± 0.5 Vdc, Vss = o Vdc, TA= O' to 70'C, unless otherwise noted) 

Characteristic 

Output Low Voltage, I Load= 1.6 mA 

Output High Voltage, I Load= -100 µA 

Output High Voltage, I Load= -10 µA 

Input High Voltage, I Load= -300 µA (Max) 

Input Low Voltage, I Load= -500 µA (Max) 

Hi-Z State Input Current !Vin= 2.0 V to Vccl 

Hi-Z State Input Current (Vin= 0.4 V) 

Output Low Voltage, I Load= 3.2 mA 

Output Low Voltage, ILoad = 10 mA (Sink) 

Output High Voltage, I Load= - 200 µA 

Darlington Current Drive (Source), Vo= 1.5 V 

Input High Voltage 

Input Low Voltage ' 
Hi-Z State Input Current 

I 

Output Low Voltage, I Load= 1.6 mA 

Output High Voltage, I Load= -' 100 µA 

Input High Voltage 

Input Low Voltage 

Hi-Z State Input Current 

Input High Voltage 

Input Low Voltage 

Input Current 

Test MMD6150 
Point or Equiv. 

40 pF 
IT otall 

12k0 

Symbol Min 

Port A 

Vol -

VoH 2.4 

VoH Vcc-i.o 

V1H 2.0 

V1L Vss 

llH ~ 

l1L -
Port B 

VOL -

Vol -

VoH 2.4 

IOH -1.0 

V1H 2.0 

V1L vss 

ITSI -
Port C 

VOL -
VoH 2.4 

V1H 2.0 

V1L Vss 

1rs1 -
Port D (Input Only) 

V1H 2.0 

V1L Vss 

lin -

Typ Max Unit 

- 0.4 v 
\ 

- - v 
- - v 
- Vee v 
- 0.8 v 
- -300 µA 

- -500 µA 

- 0.4 v 

\ - 1.0 v 

- - v 

- -10 mA 

- Vee v 
- 0.8 v 
<2 10 µA 

- 0.4 v 

- - v 

- Vee v 

- 0.8 v 

<2 10 µA 

- Vee v 

- 0.8 v 

<1 5 µA 

Test Point~ l 30 pF ITotall 

Figure 11. TIL Equivalent Test Load 
(Port Bl 

Figure 12. CMOS Equivalent Test Load 
(Port Al 
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Test 
Point 

30 pF 
ITotall 

Vcc=575v 

Figure 13. TTL Equivalent Test Load 
(Ports A and C) 

Port Data 

Figure 15. Ports A and C Logic Diagram 

Figure 17. Typical Input Protection 

MC68705R5 

Figure 14. Open-Drain Equivalent Test Load 
(Port C) 

Voo 

PB DDR 

PB Data 

Figure 16. Port B Logic Diagram 

'./ary V, 
Measure I 

Figure18. 1/0 Characteristic 
Measurement Circuit 
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MECHANICAL DATA 

ORDERl.l\IG INFORMATION 

The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705R5. 

. PIN ASSIGNMENTS 

Vss 

P06/INT2 

P051VRH 

PD41VRL 

Table 4. Generic Information 

Package Type Temperature Order Number 

Cerdip 
S Suffix 

Plastic 
P Suffix 

PLCC 
FN Suffix 

~ 

0°C to 70°C MC68705R5S 
- 40°C to + 85°C MC68705R5CS 

O"C to 70°C MC68705R5P 
- 40"C to 85°C MC68705R5CP 

- 40°C to 85°C MC68705R5CFN 

PA7 I~ ~ w <( 
-.::l'LOW,....C/JVJ Ut-

u <( <( <( <( <fl w l!z u x u 
zo..a..o..o..> a:->wZ 

PA4 

PA3 
PA3 

PA2 PA2 
PAI PA1 
PAO PBO 
PB7 PB7 

PB6 
PB5 PB5 
PB4 PB4 
PB3 PB3 

PB2 PB2 

PB1 PB1 29 

PBO 

POO/ANO o o~ N 
M CJ) -'I :x:;N 

........ 
P01/AN1 "'zz z ~ cn1 a: a:~ cu 

a.. ::i;::i; ~ M > :~ ~~ 
a..o.. 

P02/AN2 o~ 

cc c c c cc 
0..0.. a.. a.. a.. •CL.a.. 
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XTAL 

Vpp 
TIMER 

PCO 

PC1 

PC2 
PC3 

PC4 
PC5 

NC 

PC6 
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• SEMICONDUCTOR 

TECHNICAL DATA 

Technical Summary 
8-Bit EPROM Microcontroller Unit 

MC6870553 

The MC68705 (HMOS) Microcontroller Unit (MCU)is an EPROM member of the MC6805 Family of 
microcontrollers. The user programmable EPROM allows program changes and lower volume ap
plications. This high performance MCU has parallel 1/0 capability with pins programmable as input 
or output. This publication contains condensed information on the MCU; for detailed information, 
refer to Advaoct: ft1fUlff1aliun 8-Blt Micrucuniru!ltH {ADl997R1) or cuniaci your iucai Motorola sales 
office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• One 7-Bit and One 15-Bit Software Programmable Prescaler • Bootstrap Program in ROM 

• On-chip Oscillator • 3752 Bytes of EPROM 

• Memory Mapped I 0 • 104 Bytes of RAM 

• Versatile Interrupt Handling • Serial Peripheral Interface 

• Bit Manipulation • Two 8-Bit and One 16-Bit Timers 

• Bit Test and Branch Instruction • AID Converter 

• Vectored Interrupts • EPROM Read Inhibit Security Bit 

BLOCK DIAGRAM 

PRESCALER1 IPCO PRESCALER2/PC1 

XTAL~<l>I 
CLOCK 

EXT AL dJ2 

TIMER A PRESCALER I 

TIMER A CONTROL 
REGISTER 

TIMER C CAPTURE 

TIMER C CONTROL 
REGISTER 

PAO 
MISCELLANEOUS 

.-----~~---i REGISTER 

PAI 

PA2 

PA3 ACCUMULATOR 

PA4 INDEX REGISTER 

PA5 CONDITION CODE 

PA6 
REGISTER 

PAJ 
STACK POINTER 

RESET 
CONTROL 

INTl 

SPI CONTROL OCR 

SPI DATA PORT B 

PBO PBI PB2 PB3 
SPISS SPICL SPID SPIO 

PROGRAM 
COUNTER 

LOW 

PROGRAM 
COUNTER 

HIGH 

ALU 

Bootstrap 
ROM 

216 x8 

EPROM 
3752 x 8 

AUXILIARY COUNTER 

A/D CONVERTER 

PORT 0 

ANO/PDQ 

ANl/PAI 

AN2/P02 

AN3/P03 

VAL 

VRH 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

Vee and V55 
Power is supplied to the microcontroller using these 

two pins. Vee is + 5.25 volts ( :>:0.5!1) power, and Vss is 
ground. 

NUM 
This pin is for factory use only. It should be connected 

to V55. 

INT1, INT2 

These pins provide the capability for asynchronously 
applying an external interrupt to the MeU. Refer to IN
TERRUPTS for more detailed information. 

XTAL,EXTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal (depending 
on setting of the Mask Option Register) is connected to 
these pins to provide a system clock. 

RC Oscillator 

With this option, a resistor/capacitor combination is 
connected to the oscillator pins as shown in Figure 1 (c). 
Refer to Figure 2 for the relationship between Rand fosc· 

EXT AL 
27 

EXTERNAL 

At-CUT PARALLEL RESONANCE 
CRYSTAL 
Co=7 pf MAX. 
FREQ.= 4.0 MHz<o CL= 24 pf 
Rs= 40 OHMS MAX. 

26 XTAL 

CLOCK 27 EXTAL 
MCU 

EITHER CRYSTAL 
OR RC MASK 

OPTION 

INPUT 
ITIL COMPATIBLE. 
LOW IMPEDANCE 

SOURCE) 

EXTERNAL CLOCK 

CL 

"' ~ 
>-u 

as 
::> 

~ 
~ 
0 

~ 
~ 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

1.0 

1.0 

~ 

~ 
~ 

I"-... 

10 10 30 40 50 60 70 

RESISTANCE lknl 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

Crystal 

80 

The circuit shown in Figure 1 (b) is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and startup stabilization time. 

External Clock 
An external clock should be applied to the EXTAL input 

with the XTAL input grounded, as shown in Figure 1(d). 

26 XTAL 

CJ 27 
MCU 

EXT AL !CRYSTAL MASK 
OPTION 

:r cl :r 

CRYSTAL 

XTAL 

EXT AL 

MCU 
(RESISTOR MASK 

OPTION I 

APPROXIMATELY 10% to 25% 
ACCURACY 

EXTERNAL RESISTOR 
(EXCLUDES RESISTOR TOLERANCE! 

MCU 
EXTAL (RESISTOR MASK 

OPTION I 

APPROXIMATELY 25% to 50% 
ACCURACY 

TYPICAL !eye c 1.25 IJ-S 
EXTERNAL JUMPER 

NOTE: The recommended CL value with a 4.0 MHz crystal is 27 pf, maximum, including system distributed capacitance. For crystal 
:,equencies other than 4 MHz, the total capacitance on each pin should be scaled as the inverse of the frequency ratio. For 
example, with 2 MHz crystal, use approximately 50 pf on EXTAL and approximately 50 pf on XTAL. The exact value depends 
on the motional-arm parametes of the crystal used. 

Figure 1. Oscillator Connections 
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This option may only be used with the crystal oscillator 
option selected in the mask option register. 

PCO, PC1 

This pins allow an external input to decrement the in
ternal timer/counter circuitry. Refer to TIMERS for addi
tional information. 

RESET IV pp 

This pin has a Schmitt trigger input. The MCU can be 
reset by pulling RESET low. The Vpp input is used to 
input thP. progrAmming voltage to the MCU EPROM A 
1 K ohm pullup resistor should be used to allow proper 
operation of the reset and watchdog timer operations. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB3, PCO-PC1, PDO
PD6) 

Ports A. B, and C are programmable as either inputs 
or outputs under software control of the data direction 
registers. Port D is a fixed input port and not controlled 
by any data direction register. Port D has up to five analog 
inputs, plus two voltage reference inputs when the an
alog-to-digital (AID) converter is used (PD5iVRH· PD41VRU 
and an INT2 input. If the analog input is used, the voltage 
reference pins (PD5iVRH and PD4iVRL) must be used in 
the analog mode. Refer to INPUT/OUTPUT PORTS for 
additional information. 

INPUT/OUTPUT PORTS 

INPUT/OUTPUT PROGRAMMING 

Ports A, B, and Care programmable as either input or 
output under software control of the corresponding data 

DATA 

direction register (DOR). The port 1/0 programming is 
accomplished by writing the corresponding bit in the port 
DOR to a logic one for output and a logic zero for input. 
On reset, all DDRs are initialized to a logic zero state to 
put the ports in the input mode. The port output registers 
are not initialized on reset and should be written to before 
setting the DOR bits. 

Port D provides the multiplexed analog inputs, refer
ence voltages, and INT2. These lines are shared with the 
port D digital inputs. PDO-PD3 may always be used as 
digital or analog inputs. The VRL and VRH lines are in
ternally connected to the AID resistor. Analog inputs may 
be prescaled to obtain the VRL and VRH recommended 
input voltage range. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DOR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DOR is an input (zero) and, also, to the latched output 
when the DOR is an output (one). Refer to Table 1 for I/ 
0 functions and to Figure 3 for typical port circuitry. 

PORT B TOGGLE CAPABILITY 

Port BO and B1 registers have toggle capability at the 
timer underflow times. Under the control of the timer 
output cross-couple bit in the miscellaneous register 
(MRO), the overflow pulses from timer A, B, and C are 
directed to port BO and B1 data registers. See Figure 4 
for port B configuration flow chart. 

An incoming toggle pulse on port BO is allowed to 
toggle the data register if port B OCR bit 4 (DCR4) is 

DIRECTION REGISTER t--.--------+------, 

Data 
Direction Output 
Register Data 

Bit Bit 

x 

BIP 

LATCHED 
OUTPUT 

DATA 
BIT 

Output 
State 

High-Z** 

Input 
To 

MCU 

Pin 

*DOR is a write-only register and reads as all "ls". 
**Ports A, B, and C are three-state ports. Port A has optional 

internal pullup devices to provide CMOS drive capability. See 
Electrical Characteristics tables for complete information. 

Figure 3. Typical Port 1/0 Circuitry and Register Configuration 
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cleared. This bit is set on reset. An incoming toggle pulse 
on port 81 is allowed to toggle the port 81 data register 
under the following conditions governed by control bits 
in SPI control register and SPI clock arbitration flip-flop 
status. 

P81 toggle enable= (SPICR7)·SPICR4• 
(P80 + DDR80) + SPICR2• 
SPICR4•CLAQ 

where: SPICR7 = SPI interrupt request bit 
SPICR4 = SPI operation enable bit 
SPICR2 =port 81 toggle enable/start bit 
CLAQ =clock arbitration flip-flop output 

W~1en PB1 toggle enable is asserted, the MCU write to 
PB1 data register is inhibited. When SPI is not used, SPICR4 
and CLAQ are reset. Therefore, SPICR2 can directly con
trol the port B1 toggle capability. Port toggle capability 
allows action on port BO or 81 or both as a result of timer 
overflows. This method speeds up timer overflow to port 
service. A write to port BO or 81 data registers is inhibited 
while the individual port toggle enable is asserted. 

The port 8 OCR consists of four status bits (DCR4-DCR7) 
and four data direction bits (DCRO-DCR3). DCR4 is a tog
gle enable control bit for port BO. When cleared, the timer 
overflow pulse causes the data register on port BO to 
toggle. Port A has an 8-bit and port C has a 2-bit wide 
data direction register. 

MEMORY 

The MCU is capable of addressing 4096 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
5. The locations consist of user EPROM, bootstrap ROM, 
user RAM, eight timer registers, a mask option register 
(MOR), a miscellaneous register, a program control reg
ister, two AID registers, two SPI registers, and four 1/0 
port registers. The interrupt vectors are located from $FF8 
to $FFF. The bootstrap is a mask-programmed ROM that 
allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 

The MCU contains the registers described in the fol
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 

x 

PROGRAM COUNTER (PC) 

The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 

11 8 7 

PCH PCL 

STACK POINTER (SP) 

The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

11 5 4 0 

I 0 I 0 I 0 I 0 I 0 I 1 l 1 I SP 

CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program and specific actions can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 

Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer (A, 8, and C), the external 
(fi\Jf1 and INT2) interrupts, and the SPI interrupt are 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and is processed as soon as 
the interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 
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Zero (Z) 

IBYTES! 

000 
1/0, A/D, SPI, 
Timers, RAM, 

Prag. Cont. Reg. 

127 
1128 Bytesl 

128 

Page 0 EPROM 
1128 Sytesl 

256 

266 

Main EPROM 
13614 Bytes! 

v- v-
"(' _______ ...,.. 

Mirror MOR -------
~------

387 

3872 

Mask Option Reg. 
1 r------=-

Bootstrap 
ROM 

1216 Byteal 

Timers (A, B, Cl, 
SPI, INT2 

External INTl 

SWI 

Reset 

!ADDRESS! 

$000 

$07F 

$000 

$OFF 

$100 

$F16 

$F1E 

$F1F 

$F20 

$FF7 

$FFB 

$FF9 

$FFA 

$FFB 

$FFC 

$FFD 

$FFE 

$FFF 

• Registers are write only and read as $FF. 
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Port A 

Port B 

Port C 

Port 0 

Port A DOR* 

Port B OCR* 

Port CODA* 

Not Used 

Timer A 

Timer A Cont. Reg. 

Misc. Register 

Timer B MSB 

Timer B LSB 

Timer B Cont. Reg. 

AID Control 

A/D Result 

SPI Data 

SPI Control 

Prog. Cont. Reg. 

Timer C Capture 

Timer C Data 

Timer C Control 

Not Used 

Not Used 

RAM 
1104 Bytes! 

!ADDRESS! 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$00A 

$00B 

$00C 

$00D 

$00E 

$00F 

$010 

$011 

$012 

$013 

$014 

$015 

$016 

$017 ----
$018 

$07F 

\ 
Figure 5. Memory Map 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

I MR7 I MRS 
RESET: 

D 

User RAM 
140 Bytes! 

Standby RAM 
(16 Bytes) 

User RAM 
117 Bytes! 

iADDRESSI 

$018 

$03F 

$040 
$04F 

$050 
$060 

$061 
Shared Stack RAM 

131 Bytes! 
$07F 

MR5 MR4 MR3 MR2 

MR7 - INT2 Interrupt Request Bit 

MRl MRD 

Carry/Borrow (Cl 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 

If not masked by MR6, it causes an interrupt to the 
MCU; if the I bit in the CCR is clear, the MCU will 
acknowledge the interrupt. 

MISCELLANEOUS REGISTERS (MRI $0A 
This register contains control and status information 

related to INT2, auxiliary counter, prescalers 1 and 2, and 
timer overflow. 

1 =Interrupt requested 
O =Interrupt not requested 

MR6 - INT2 Interrupt Request Mask 
1 =Inhibits INT2 inte~t request 
O= Does not inhibit INT2 interrupt request 

MR5 - Auxiliary Counter Status/Preset Bit 
If not masked by MR4, it will drive a switch to Vss on 
the RESET pin causing the MCU to reset. This bit may 
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be used as an auxiliary counter preset bit. If MR5 is 
clear, a write of logic one will preset the auxiliary counter 
(MR5 will remain zero), and if set, a write of logic zero 
will preset the auxiliary counter. 

1 =Auxiliary counter overflow 
0 =Auxiliary counter clear 

MR4 - Watchdog Control Bit 
This bit cannot be set via software. The watchdog timer 
can only be disabled by reset. 

1 =Watchdog timer disabled 
0 =Watchdog timer enabled 

MR3 - Prescaler 1 Clear Bit 
Presets the contents of prescaler 1 to $7F. 

1 = Prescaler 1 preset 
0 = Prescaler 1 not preset 

MR2 - Prescaler 2 Clear Bit 
Presets the contents of prescaler 2 to $7FFF. 

1 = Prescaler 2 preset 
0 = Prescaler 2 not preset 

MR1 - Prescaler Cross-Couple Bit 
This bit controls the output of prescalers 1 and 2 and 
directs them to either timer A or B clock inputs. 

1 = Prescaler 1 feeds timer B clock input, and pres
caler 2 feeds timer A input 

0 = Prescaler 1 output is used as clock input for timer 
A, and prescaler 2 output is used as clock input 
for timer B 

MRO - Port B Toggle Cross-Couple Bit 
This bit controls the overflow pulses of timers A and 
B and directs them to either port BO or Bl. 

1 =Timer A overflow output is directed to port BO, 
and timer B or timer C (depending on the status 
of MOR5) output is directed to port Bl 

INTERNAL 
RESET 

MISCELLANEOUS REGISTER 

0 =Overflow output pulse of timer A is used as a port 
B1 data register toggle clock source, and timer B 
or timer C overflow output pulse is directed to 
port BO toggle clock input 

RESETS 

The MCU can be reset four ways: (1) by initial power
up; (2) by the external reset input (RESET); (3) by a forced 
reset generated by the "watchdog" counter; and (4) by 
an optional internal low voltage detect circuit. The RESET 
input consists mainly of a Schmitt triggec that senses the 
line logic level. Figure 6 shows the MCU reset circuit. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 7) typically provides sufficient 
delay. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyd· Under this type of reset, the Schmitt trigger switches 
off at VIRES- to provide an internal reset voltage. 

FORCED RESET 

If the auxiliary counter reset mask bit in the miscella
neous counter (MR4) is cleared and the auxiliary counter 

220 kll 
TYP 

100 ll 
TYP 

Vee 

I kl1 

23 RESET 

I 
1 µF TYP." 

**OPTION-100 ms DELAY 
TYPICAL DURING POWER UP 

Figure 6. MCU Reset Circuit 
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1.0 flF 

Figure 7. Power-Up Reset Delay Circuit 

status bit (MR5) is set, as a result of counter overflow, a 
switch to Vss is turned on pulling the RESET pin low. A 
consequent voltage drop below VIRES- on RESET causes 
a reset, which in turn sets MR4. Switching to Vss when 
the RESET pin is turned off allows voltage to rise above 
VIRES+, after which the reset is released. RESET pin 
voltage variation occurring as a result of forced reset may 
be amplified externally in order to provide a reset to other 
peripheral circuits in the system. The reset output from 
the MCU is not TIL compatible. 

LOW-VOLTAGE INHIBIT (LVI) 

The optional low-voltage detection circuit causes a re
set of the MCU if the power supply voltage falls below a 
certain level (VLvll. The only requirement is that the Vee 
must remain at or bel.ow the VLVI threshold for one tcyc 
minimum. 

In typical applications, the Vee bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc· The output from the low-voltage detector is con
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level IVLVR) at 
which time a normal power-on reset occurs. 

INTERRUPTS 

The MCU can be interrupted eight different ways: 
through the external interrupt INT1 input pin, with the 
internal timer (either A, B, or C) interrupt request, using 
the software interrupt instruction (SWI), SPI interrupt re
quest, external port D bit 6 (INT2) input pin, or at reset. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 8. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 

7 6 5 4 3 2 1 PULL I CONDITION n-4 n+l 1 1 1 CODE REGISTER 

n 3 ACCUMULATOR n+2 

n-2 INDEX REGISTER n+3 

n-- 1 1111 I PCH' n+4 

PCL' n+5 

PUSH 

*For subroutine calls, only PCH and PCL are stacked. 

Figure 8. Interrupt Stacking Order 

(I bit clear), proceeds with interrupt processing; other
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 9 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 

Each interrupt, except INT1, has a separate mask bit 
which must also be cleared, in addition to the I bit, for 
the MCU to acknowledge the interrupt. The INT2, timer 
A. timer B, timer C, and SPI interrupts each have their 
own independent mask bits contained in MR6, TACR6, 
TBCR6, TCOM, TCCM, and SPICR6. The interrupt routine 
must determine the source of the interrupt by examining 
the interrupt request bits, TACR7, TBCR7, MR7, TCOF, 
TCCF, and SPICR7. These bits must be cleared by soft
ware. The INT1 interrupt has its own vector address. 
Therefore, the INT1 interrupt request is cleared auto
matically, and then the INT1 vector is serviced. 

EXTERNAL INTERRUPT 

The external interrupt is internally synchronized and 
then latched on the falling edge of INTI and INT2. Clear
ing the I bit enables the external interrupt. The INT2 in
terrupt has an interrupt request bit (bit 7) and a mask bit 
(bit 6) in the miscellaneous register (MR). The INT2 in· 
terrupt is inhibited when the mask bit is set. The INT2 is 
always read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to proc
ess an interrupt when the condition code I bit is clear. 
The following paragraphs describe two typical external 
interrupt circuits. 

Zero-Crossing Interrupt 

A sinusoidal input signal (flNT1 maximum) can be used 
to generate an external interrupt (see Figure 10a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
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'MR7•MR6 
llNT21 

RESET 

1 t lllN CCR) 

07F t SP 

Dt DORA 
FDt DDRB 
FCtDDRC 

7Ft PRESC. 1 
7FFFF t PRESC. 2 

40t SPICA 
5Dt MR 

5DtTRCR 
FF t TIMER A 

5DtTBCR 
FFFF t TIMER B 

53t TCCR 
FftTIMER C 

07 t RCSR 

CLR INT LOGIC 

+ TRCRHRCR6 + TBCRHBCR6 
(TIMER Al (TIMER Bl 

CLEAR 
INTI 

REQUEST 
LATCH 

TIMERS A, B, C, 
INT2, CAPTURE, SPI 

TCOF-TCOM 
!TIMER Cl 

+ TCCfoTCOM 
ICAPTUREI 

LOAO PC FROM 
SWI: FFC/FFO 
INTI: FFA/FFB 

TIMERS A, B, C 
CAPTURE 

SPI OR INT2: 
FF8/FF9 

SPICRJoSPICR6 
ISPll 

Figure 9. Reset and Interrupt Processing Flowchart 

such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 

Digital-Signal Interrupt 

With this type of circuit (Figure 1 Ob), the INT1 pin can 
be driven by a digital signal. The maximum frequency of 
a signal that can be recognized by the TIMER or INT1 pin 
logic is dependent on the parameter labeled twL. tWH· 
Refer to TIMER for additional information. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 

is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 

TIMERS 

The MCU has four timers and two programmable pres
calers. The timers are identified as timer A, B, C, and the 
auxiliary counter. Refer to Figure 11 for timers A, B, and 
C block diagram. The following paragraphs described the 
different timers. 

TIMER A 

Timer A is an 8-bit programmable down counter, which 
can be loaded under program control. Timer A also 
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AC 
lf1NTMAX.) 
Rsl Ml! 
AC INPUT 
"10 Vacp-p 

I CURRENT 

~;i:'" 
IAI ZERO-CROSSING INTERRUPT 

MCU 

Vee 

4.7 k 
TTL 

oi~~~~l __ .__25_, INTI MCU 

INPUT 

IBI DIGITAL-SIGNAL INTERRUPT 

Figure 10. External Interrupt 

includes a modulus latch which allows the timer to be 
"auto-reloaded." As clock inputs are received, timer A 
decrements toward $00. When $00 is reached, bit 7 in the 
timer A control register is set and the timer is reloaded 
with the contents of the modulus latch. An underflow 
condition is also generated when value $00 is reached. 
This state can be used to toggle bit O or bit 1 of port B 
directly under the control of the miscellaneous register 
(MRO), the SPI control register, and the port B data di
rection register. Setting TACR6 or the I bit in the condition 
control register will prevent timer interrupts from being 
processed. The timer interrupt request bit MUST be 
cleared by software. There are three ways of loading data 
from the modulus latch into timer A as described in the 
following paragrahs. 

Direct Loading 

When the MCU writes to timer A data register, the data 
is latched by the modulus latch, and forced into the timer. 
This operation requires that TACR3 be cleared. 

Asynchronous External Event Loading 

When TACR3 is a logic one, the contents of the mod
ulus latch are transferred to the timer at the rising edge 
of INT2 interrupt request bit IMR7) gated with interrupt 
request mask bit IMR6). If this loading is used, care must 
be taken in programming as it will start an interrupt serv
ice routine if the I bit in the CCR is clear. Loading $00 to 
timer A allows a countdown of 256 clocks before the next 
$00 state is reached. 

Auto-Loading 

The modulus latch is automatically loaded when the 
timer reaches $00. This loading is dependent on the set
ting of TACR3. Auto-loading also occurs in both the pre
vious loading modes. Timer A can be read at any time 
without affecting the countdown of the timer. The timer 
and modulus latch are set to $FF on reset. 

NOTE 

Loading $01 to timer A should be avoided when 
operating with a divide-by-one prescaler. Doing so 

will inhibit timer A auto-loading, interrupt genera
tion, and port B toggle mechanisms. 

TIMER A CONTROL REGISTER $09 

7 6 5 4 3 2 1 0 

I TACRJ I TACR6 I TACR5 I TACR4 I TACR3 I TACR2 I TACR1 I TACRO I 
RESET: 

0 

TACR7 - Timer A Interrupt Request Flag 
1 =Timer A has transition to $00 
0 =Software or reset cleared 

TACR6 - Timer A lnti;rrupt Request Mask 
1 =Interrupt request inhibited 
0 =Interrupt request not inhibited 

TACR5 - External or Internal Bit 
) =External clock source for prescaler 1 
0= Internal clock source for prescaler 1 

TACR4 - External Enable Bit 
Control bit used to enable the external timer pin 
IPRESCALER1/PCO). 

TACR5 TACR4 Prescaler 1 Clock Source 

o o Internal Clock 

o 1 AND of Internal Clock and PRESCALER1/PCO* 

1 o Inputs Disabled 

1 1 PRESCALER1/PCO* Low-to-High Transition 

*The status of PRESCALER1/PCO depends upon the data direc
tion status of PRESCALER1/PCO. If PRESCALER1/PCO is an out
put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER1/PCO. 

TACR3 - Timer A Load Mode Control 
1 =Asynchronous external event loading (INT2 dri

ven loading is enabled) 
0 =Allows direct loading of timer A 

TACR2, TACR1, TACRO- Prescaler 1 Division Ratio Con
trol Bits 

When set, these bits select one of eight possible out
puts on prescaler 1. 
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TACR2 TACR1 TACRO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

TIMER B 

This is a 16-bit timer which is accessed via two registers 
($OB for the most-significant byte (MSB) and $0C for the 
least-significant byte (LSB)). The MSB has a "pipeline" 
latch that allows a "snap shot" value of the entire 16 bits 
to be read. Read/write operations to the LSB are direct. 
The LSB can be read at anytime without disturbing the 
count. When the LSB is read, the contents of the MSB 
are loaded into the pipeline latch so a read of the MSB 
is actually the contents of the latch. 

When writing to the LSB, the contents are immediately 
entered into the timer. At the same time the pipeline 
contents are forced into.the MSB of the timer. This allows 
a 16-bit word to be placed into the timer data register 
during a LSB write operation. An underflow condition is 
also generated when value $00 is reached. This state can 
be used to toggle bit 0 or bit 1 of port B directly under 
the control of the miscellaneous register (MRO), the SPI 
control register, and the port B data direction register. 
Setting TBCR6 or the I bit in the con.dition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit MUST be cleared by software. 

TIMER B CONTROL AND STATUS REGISTER $00 
7 6 5 4 3 2 1 0 

I TBCR7 I TBCR6 I TBCR5 I TBCR4 I TBCR3 I TBCR2 I TBCR1 I TBCRO I 
RESET: 

0 

TBCR7 - Timer B Interrupt Request Flag 
1 =Timer B has transition to $00 
0 =Software or reset cleared 

TBCR6 - Timer B Interrupt Request Mask 
1 =Interrupt request inhibited 
0= Interrupt request not inhibited 

TBCR5 - External or Internal Bit 
1 =External clock source for prescaler 2 
0= Internal clock source for prescaler 2 

TBCR4 - External Enable Bit 
Control bit used to enable the external timer pin 
(PRESCALER2/PC1 ). 

TBCR5 TBCR4 Prescaler 2 Clock Source 

0 0 Internal Clock 

0 1 AND of Internal Clock and PRESCALER2/PC1 * 

1 0 Inputs Disabled 

1 1 PRESCALER2/PC1* Low-to-High Transition· 

*The status of PRESCALER2/PC1 depends upon the data direc
tion status of PRESCALER2/PC1. If PRESCALER2/PC1 is an out-

put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER2/PC1. 

TBCR3, TBCR2, TBCR1, TBCRO - Prescaler 2 Division 
Ratio Control Bits 

When set, these bits select one of eight possible output 
on prescaler 2. 

TBCR3 TBCR2 TBCR1 TBCRO Divide By 

0 0 0 0 1 

0 0 0 1 2 

0 0 1 0 4 

0 0 1 1 8 

0 1 0 0 16 

0 1 0 1 32 

0 1 1 0 64 

0 1 1 1 128 

1 0 0 0 256 

1 0 0 1 512 

1 0 1 0 1024 

1 0 1 1 2048 

1 1 0 0 4096 

1 1 0 1 8192 

1 1 1 0 16384 

1 1 1 1 32768 

TIMER C 

Timer C is an 8-bit programmable down counter. The 
timer contains a modulus latch which allows the timer to 
be auto reloaded. The timer auto reloads with the con
tents of the modulus latch upon every $01 to $00 tran
sition. Timer C contains a capture register. This read-only 
register and the contents are refreshed by the contents 
of the data register during the capture instance. The timer 
can be written to at any time, and the contents of both 
the data register and modulus latch are updated imme
diately. The timer is set to $FF on reset, but the contents 
of the capture register are not valid until the first capture 
after reset. 

TIMER C CONTROL REGISTER $015 

7 6 5 4 2 1 0 
rl -T-CO-F--.-1-TC_O_M_Gil~T-CC-F---.-TC_C_M---.1-T-CE-G---,-T-CC-S JTCTL~ 

RESET: 
0 1 0 

TCOF - Timer C Overflow Flag 
1 =Timer C has transition to $00 
0 =Software or reset cleared 

TCOM - Timer C Interrupt Mask 
1 =Interrupt request inhibited 
0 =Interrupt request not inhibited 

TCCF - Timer C Capture Flag 
1 =Proper capture occurred on PRESCALER1 or 

PRESCALER2. No new capture occurs when set 
0 =Software or reset cleared 
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TCCM - Timer C Capture Interrupt Request Mask 
1 =Inhibits interrupt request generated from TCCF 
0 =Does not inhibit interrupt request generated from 

TCCF 
TCEG - Timer C Capture Edge Select 

1 = S.elects rising edge of PCO or PC1 to be capture 
instance 

0 =Selects falling edge of PCO or PC1 to be capture 
instance 

TCCS - Timer C Capture Source Select 
1 =Select PRESCALER2/PC1 as capture source 
0 =Select PRESCALER1/PCO as capture source 

TCCL 1 and TCCLO - Timer C Clock Source Select 
Clock source selection is defined below. 

TCCL1 Timer C Source TCCLO Timer B Source 

0 Internal Clock 0 Internal Clock 

0 Internal Clock 1 MR1 Status* 

1 MRl Status* 0 Internal Clock 

1 MRl Status* 1 MR1 Status* 

NOTES: 

1. *Denotes prescaler 1 or 2 clock source depending on mis
cellaneous register bit 1 IMR1 I status. 

2. MR1 bit cleared (logic zero) at reset: 
Prescaler 1 clock selected to timer A 
Prescaler 2 clock selected to timer B and C 

3. MR1 bit set (logic one): 
Prescaler 1 clock selected to timer B and C 
Prescaler 2 clock selected to timer A 

4. Prescaler 1 output determined by the status of Timer A 
control register bits 2, 1, and 0 (TACR2, TACR1, and TACRO). 

5. Prescaler 2 output determined by the status of Timer B 
control register bits 3, 2, 1, and 0 (TBCR3, TBCR2, TBCR1, 
and TBCRO). 

PRESCALER 1 

Prescaler 1 is a 7-bit binary down counter whose value 
is selected by TACR2, TACR1, and TACRO. The selected 
output is used as the clock input to either timer A or B, 
depending upon the status of the prescaler cross-couple 
bit (MR1 ). The type of clock source to prescaler 1 may be 
selected by TACR5 and TACR4. Prescaler 1 is set to $7F 
at reset or under program control when a one is written 
to prescaler 1 clear bit (MR3). 

PRESCALER 2 

Prescaler 2 is a 15-bit down counter; its value is se
lected by TBCR3, TBCR2, TBCR1, and TBCRO. The se
lected output is used as the clock input to either timer A 
or B, depending upon the status of the prescaler cross
couple bit (MR1 ). The type of clock source to prescaler 2 
may be selected by TBCR5 and TBCR4. Prescaler 2 is set 
to $7FFF at reset or under program control when a one 
is written to prescaler 2 clear bit (MR2). 

AUXILIARY COUNTER 

This register is a fixed counter which is clocked by the 
internal clock (fosc divided by four). Total count period 
is 4095 cycles. The MCU communicates with this counter 
via the miscellaneous register (MR5 and MR4). Count
down may be aborted at any time under program control, 

which also resets the counter to 4095 and clears MR5. 
When MR4 is clear and MR5 is set as a result of counter 
time out, the reset pin is internally pulled to ground. If 
the MCU loses control of the program, the "watchdog" 
timer will bring the MCU back to reset. Refer to Figure 
12 for counter operation diagram. 

EPROM PROGRAMMING 

ERASING THE EPROM 

The EPROM can be erased by exposure to high-inten
sity ultraviolet (UV) light with a wavelength of 2537A. The 
recommended integrated dose (UV intensity x exposure 
time) is 25Ws/cm2. The lamps should be used without 
software filters, and the MCU should be positioned about 
one inch from the UV tubes. Ultraviolet erasure clears all 
bits of the EPROM to the "zero" state. Data can then be 
entered by progamming "ones" into the desired bit lo-
cations. 

CAUTION 

Be sure that the EPROM window is shielded from 
light except when erasing. This protects both the 
EPROM and light-sensitive nodes. 

MASK OPTION REGISTER (MOR) $F1E 

The MOR is implemented in EPROM and contains all 
zeros prior to programming. The MOR bits are described 
in the following paragraphs. This register is not affected 
by reset. 

7 6 5 4 

I CLK I TOPT I PBTS I LVI I 

CLK - Clock (oscillator type) 
1 =Resistor Capacitor (RC) 
0 =Crystal 

TOPT - Timer Option 
1 =Enables timer C 
0 =Disables timer C 

PBTS - Port B Toggle Source 

I SEC I 

This bit is not used on the T J6 mask set. When cleared 
the operation is the same as the T J6 mask set opera
tion. 

1 =Port B toggle source will come from the timer B 
overflow even if a write operation is performed 
on timer C 

0 =After the first write operation to timer C, the tog
gle source coming from the timer B overflow is 
replaced by the timer C overflow. If no write op
eration is performed on timer C, then timer B is 
the port B toggle source. 

LVI - Low Voltage Inhibit 
1 =Enables low-voltage detection circuitry 
0 =Disables low-voltage detection circuitry 

Bits 1-3 
User available register bits during normal mode of op
eration 

SEC - Security 
For full security, this bit must be set in the MOR and 
mirror MOR ($F16). 

1 =Enables EPROM read protection 
0 =Disables EPROM read protection 
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PROGRAMMING CONTROL REGISTER (PCR) $012 

The PCR is an 8-bit register which provides the nec
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming so the 
user need not be concerned with PCR in most applica
tions. 

RESET: 
u u u 

PLE - Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared anytime. 

1 =Read EPROM 
0 =Latch address and data on EPROM 

PGE - Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 

1 ~Inhibit EPROM programming 
0 =Enable EPROM programming (if PLE is low) 

VPON -Vpp On 
A read-only bit that indicates high voltage at the Vpp 
pin. When set to "one", disconnects PGE and PLE from 
the chip. 

1 =No high voltage of Vpp pin 
0 =High voltage on Vpp pin 

NOTE 

VPON being "zero" does not indicate that the Vpp 
level is correct for programming. It is used as a 
safety interlock for the user in the normal operating 
mode. 

VPON PGE PLE Programming Conditions 

0 0 0 Programming enabled 
(program EPROM byte) 

1 0 0 PGE and PLE bits disabled 

0 1 1 Programming disabled (latch 
address and data in EPROM) 

1 1 0 PGE and PLE disabled 

0 0 0 Invalid state 

1 0 1 Invalid state 

0 1 1 Voltage applied to RESET/Vpp 
pin 

1 1 1 PGE and PLE disabled 
(operating mode) 

PROGRAMMING 

The MCU bootstrap program can be used to program 
the EPROM. The vectors at address $FF6 and $FF7 are 
used to start the program. This vector is fetched when 
llJliTP is applied to the PRESCALER/PCO pin and the RE
SET pin is allowed to rise above VIRES+. The level on 
the PRESCALER/PC1 pin, when the RESET/Vpp pin rises 
above VIRES+, determines which programming mode 
is selected. A high level on PRESCALER/PC1 selects the 
auto-programming operation. 

A M2532/2732 UV EPROM must first be programmed 
with the same information that is to be transferred to the 
MCU EPROM. Unprogrammed EPROM address locations 
should contain $00 to speed up the programming oper
ation. Figure 13 is a schematic diagram for a board and 
circuitry that can be used to program the MCU EPROM. 

Perform the following steps to program the MCU 
EPROM: 

1. Insert the programmed EPROM and erased MCU 
EPROM into U2 and U3. 

2. Programming operation starts when S1 is placed 
to the ON position. 
a) DS1 and DS2 illuminate. 
bl MCU control is t~ansferred to the bootstrap 

ROM, and the programming routine executed 
by the bootstrap loader program. 

c) DS3 blinks during programming. When pro
gramming is complete, DS3 remains illumi
nated. 

di After two seconds DS4 will illuminate indicat
ing the MCU has been programmed and ver
ified. 

3. Remove power by placing S1 to the OFF position 
and remove programmed MCU. 

NOTE 

No programming can be done once the MOR and 
mirror MOR security bit has been programmed to 
logic one. The only way to proceed from the secure 
mode to the non-secure mode is by erasing the 
MCU. The MCU must be reset following program
ming of the SEC bits to enable the security feature. 

EMULATION 

The MCU is designed to emulate the functions of either 
the MC6805S2 or MC6805S3. However, due to pin as
signments, processing, and mask options, the MCU has 
some differences. The differences are listed as follows: 

1. Port A output on the MC6805S2/S3 is a mask option. 
The CMOS pullup option on port A is not imple
mented on MC68705S3. If this option is required, 
pullup resistors must be installed. 

2. The RC clock on the MC6805S2/S3 is a mask option. 
To enable the MC68705S3 RC clock, MOR bit 7 must 
be programmed to a logical one. 

3. The LVI on the MC6805S2/S3 is a mask option. To 
enable the LVI on MC68705S3, MOR bit 4 must be 
programmed to a logical one. 

4. The MC68705S3 RESET/Vpp and VsTBviAN4/INT2/ 
PD6 electrical characteristics are different for the 
MC6805S2/S3. 

5. Pin 4 (AN4 and VsTBYI on MC6805S2/S3 is a mask 
option. On the MC68705S3, pin 4 is enabled for 
VsTBYIAN4/I NT2/PD6. 

6. On MC6805S2/S3 pin 4, standby RAM contents will 
be lost if the voltage drops below 3.0 V. Standby 
RAM on the MC68705S3 will not be lost unless volt
age drops below 4.0 V. 

7. Above certain voltages (3.7 V typical). pin 4 will ex
hibit lower input impedance than the MC6805S2/S3. 
This may cause A/D conversion inaccuracies if the 
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pin is used as fifth AID input channel. Pin 4 is always 
a high :mpedance input on the MC6805S2/S3. 

8. Reset and Vpp functions share a common pin (23) 
on the MC68705S3. Therefore, electrical character
istics on this pin may vary from the same pin on 
MC6805S2/S3. The input impedance on the 
MC68705S3 pin is approximately equivalent to the 
1.0 ohm pulldown resistor; whereas, on the 
MC6805S2/S3, this pin is a high impedance (220K 
ohms) input. Therefore, the MC68705S3 requires a 
pullup resistor on the RESET pin to recover from a 
reset condition. 

SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) has arbitration on 
the data and clock lines. The SPI communicates with the 
MCU via data and control registers. The SPI data and 
clock inputs are always taken from their respective 1/0 
ports, regardless of the status of the data direction reg
isters relative to that port. The SPI can operate in modes 
from auto clocked (NRZ), half duplex, and full duplex with 
from a one to a four wire combination. Refer to Figure 
14 for the SPI block diagram. 

SPI CONTROL AND STATUS REGISTER 

This 8-bit register contains the status and control bits 
relative to SPI operations. The SPI control register op
eration is shown in Figure 15. The SPI control and status 
register bits can be set or cleared under program control. 

7 6 5 4 3 2 1 0 

I SPICR1 I SPICR6 I SPICRs I SPICR4 I SPICR3 I SPICR2 I SPICRt I SPICRO I 
RESET: 

0 

SPICR7 - SPI Interrupt Request Bit 
Set on eighth data input strobe. MCU services this in
terrupt if I bit is clear in CCR. 

1 =Interrupt request (if SPICR6 not masked) 
0 =No interrupt pending 

SPICR6 - SPI Interrupt Request Mask Bit 
1 =Disables interrupt request from SPICR7 
0 - Enables interrupt request from SPICR7 

SPICR5 - SPI Clock Sense Bit/Bus-Busy Flag 
Dual-function bit controlled by the status of SPICR4. 

1 =Start SPI operation when SPICR4 = 1. Input data 
latched on positive edge and output data changed 
on negative edge of SPI clock when SPICR4 = 0. 

0 =Stop SPI operation when SPICR4= 1. Input data 
latched on negative edge and output data changed 
on positive edge of SPI clock when SPICR4=0. 

SPICR4 - SPI Operation Enable Bit 
This bit determines the functions of SPICR5 and SPICR2. 

1 =Enables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 

0 =Disables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 

SPICR3 - SPI Data Output Select Bit 
1 =Output of the SPI data register is loaded to port 

B3 data register at the appropriate SPI clock edge 

selected by SPICR5, during the active transaction 
mode 

0 =Output of the SPI data register is loaded to port 
B2 data register at the appropriate SPI clock edge 
selected by SPICR5, during the active transaction 
mode 

SPICR2 - Port 81 Toggle Enable/Start Bit 
Dual-function bit controlled by the status of SPICR4. 

1 =Start bit is set by negative transition of the data 
input of the SPI data shift register while the clock 
is at the idle level when SPICR4 = 1. Start bit set 
under program control to enabie port Bi data reg
ister toggle facility when SPICR4= 0. 

O=Stop SPI operation when SPICR4= 1. Cleared un
der program control when SPICR4 = 0. 

SPICR1 - Mode Fault Flag 
1 =(a) Mode flag is set when SPI data output arbi

tration occurs on the SPI data output port (PB3 
or PB2) selected by SPICR3. The MCU loses 
data mastership, and the SPI data output port 
DOR is cleared. 

(b) Mode flag is set if a low level is detected on 
slave input PBO. Then, the MCU loses clock 
mastership switching to the clock slave mode, 
and port 81 DOR is cleared. 

(c) Mode flag is set during the idle mode when a 
negative clock edge is detected on the SPI clock 
input, and the port B1 data register is cleared. 

0 =Cleared under program control 
SPICRO - SPI Input Data Select Bit 

1 = SPI data from port B3 is latched into the SPI data 
register 

0 = SPI data from port B2 is routed to the input of the 
SPI data register 

SPI DATA REGISTER 

This register can be written to any time and can also 
be read, regardless of serial operations, without disturb
ing the data. A one bit shift to the left occurs each time 
there is a data input strobe while the LSB is loaded with 
data from port B2 or B3. The MSB is loaded every time 
there is data output strobe. Data input and output strobes 
are generated internally only during the active transac
tion time. 

SPI DIVIDE-BY-EIGHT COUNTER 

The counter is cleared during SPI deselect or idle modes. 
A count occurs at every data input strobe during the ac
tive transaction mode. At overflow, SPICR7 is set which 
puts the SPI in idle mode and .blocks all data input and 
output strobes. The counter is cleared when PBO is high 
if the SPI is in the slave mode or when a "start" condition 
is detected. 

SPI OPERATION 

The SPI can operate in a variety of modes. Software 
assisted protocols may be defined to upgrade the hard
ware versatility and/or system performance of the MCU. 
Some features common to all operating modes are sum
marized in Table 1 and in the following paragraphs. 
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Figure 14. Serial Peripheral Interface Block Diagram 
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Figure 15. SPI Control Register Operation 

1) SPI data input and output may be individually routed 
to or from PB2 or PB3 (Table 2). These four routings 
provide half and full duplex operations, as well as 
allowing bidirectional information to flow in daisy
chained systems. 

2) When data input and output is done on PB2, PB3 
is available for any other use and vice versa. 

3) Data input is always relative to the port pin logic 
level regardless of the data direction register status 
on that pin. 

4) In full duplex operation, 16 bits of information may 
be transferred with eight clock pulses between at 
least two devices with transmit capability. Both PB2 
and PB3 are used for data transfer. The same shift 
register is used for data in and data out. The byte 
transmitted replaces the byte received. SPICR7 is 
used to signify that the 1/0 operation is complete. 

5) SPI clock is always provided on port Bl. In the clock 
slave mode, port B1 DDR is in the input mode 
(cleared). In the clock master mode, port Bl DDR 
is set; therefore, the MCU imposes the clock level 
on PBl until there is clock arbitration on the clock 
line or until the MCU loses clock mastership when 
PBO goes low. 

6) No fixed baud rate generation exists. The clock 
frequency is dependent on the prescaleer clock 
source option, prescaler divide ratio, and timer di
vide ratio as well as the port C status in case of 
external clocking for the timer. Toggling of the port 
B1 data register is automatically allowed during 
the active transmission mode. 

7) All devices connected to the SPI must have their 
output and input data strobe on the same clock 
edge for correct transfer of data. 

8) During the active transmission mode, the first clock 
edge must be the output data strobe. When this 
occurs, the MSBs of the data registers of all trans
mitters are copied onto the data output pins, and 
the MCU copies the MSB of its SPI onto the port 
B2 or 83 data register. 

9) Port B data direction registers and port B data con
trol registers are accessible during SPI operation. 
During active transaction mode, the PB1 data reg
ister, PB2 data register (if SPICR3 = 0), and PB3 (if 
SPICR3= 1) are not write accessible under program 
control. 

10) Port B lines not used for SPI can be used for other 
digital functions. 

SELECT INPUT OPERATION 

An external device supplies slave select information 
via port BO. If slave select is not used, set port BO to output 
mode to inhibit slave select function. 

The following paragraphs describe clock master and 
clock slave operating modes of the SPI. 

Master Mode Slave Select Actions 

The MCU monitors slave select input in master mode 
to assure that it stays false. If slave select goes true, the 
MCU exits master mode and becomes a slave. This im
plies that a write collision has occurred which means two 
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Table 1. Summary of SPI Operations 

DEFINITIONS 
Transmitter - Data Master: DDRB2 or 3 = 1 
Receiver- Data.Slave: DDRB2 or 3=0 
Clock Master: DDRB1=1 
Clock Slave: DDRB1=0 
Transaction Mode: SPICR4= 1 

1) Active: SPICR7•(DDRBO•PBO+DDRBO) if DDRB1 =0 (clock slave mGde) or 
SPICR7•(DDRBO•PBO + DDRBO) if DDRB1 = 1 (clock master mode) 
Clock Pulses· allowed, data shifted 

2) Idle: SPICR7 + DDRBO•PBO if DDRB1 = O (clock slave mode) 
Clock pulses blocked, data output line in high-impedance state 

Deselect Mode: SPICR4=0- No SPI Operations 

SLAVE SELECT INPUT 
Slave Select Input: SPISS - PBO 

If DDRBO = 0 then so SPISS action on MCU 
1) Master Mode: SPISS = 1 DDRB1=1 

SPISS 1 - 0: Switch to Slave Mode (DDRB1 1 -0) 
Set SPICR1 (Mode Fault Flag) 

2) Slave Mode: SPISS=O DDRB1 =0 
External clock is allowed to shift data in/out. If SPISS is pulled high, the external clock input pulses 
are inhibited; no data shift; divide-by-eight counter cleared; SPID (PB2 or PB3) switched to high
impedance state. 

Used as Chip-Select Input 

DATA ARBITRATION 
Data master loses data mastership when data collision occurs during internal data strobe time. 

If SPID output port (PB2 or PB3) = 1 while actual pin level is pulled low externally- conflict detected at internal 
data strobe time. 

Then SPICR1 (mode fault flag) is set; SPID output port DDR (B2 or B3) 1 • O (high-impedance state). 

CLOCK ARBITRATION 
MCU has clock mastership (DDRB1 = 1) 

1) Via SPISS line (DDRBO=O). If SPISS is pulled low, then clock mastership lost; DDRB1 1 • 0 (high-imped
ance state); SPICR1 is set (mode fault flag). 

2) Via clock line SPICL (DDRB1=1 and DCRB5=0) 
Condition: SPICL must have open-drain output (DCRB5=0) 

If clock line is held low externally then clock mastership is not lost; minimum tcLH and 
tcLK times are guaranteed. 

If SPICL goes low during idle mode then SPICR1=1 and clock line is switched low to 
inhibit the system clock. · 

MODE FAULT FLAGE OPERATION (SPICR1) 
Flag .set when any of the following conditions occur: 

Data arbitration occurs on SPID output. 
Clock arbitration with SPISS during master to slave switching. 
Clock arbitration via clock line if SPICL 1 • O during idle. 

START, STOP, AND CLOCK IDLE CONDITIONS 
Clock Idle: The clock level just prior to the transition that causes data on the serial output data line to be 

changed is defined as the SPI clock idle state. 
SPICR5=0: SPICL ldle=Low State 
SPICR5 = 1: SPICL Idle= High State 

These definitions are necessary for determining start and stop conditions. 

NOTE 

Clock idle state can only be defined if SPICR4 = 0 (Deselect Mode) 

Start Condition: Any negative transition of the data input line (PB2 or PB3) during an SPICL idle state. 
Stop Condition: Any positive transition of the data input line during an SPICL idle state. 
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Table 2. Port B Status During SPI Operation 

Port 
Use Input Output 

Name 

PBO SPISS Yes No 
PBO Data No Yes 

P81 SPICL Yes No 
PB1 SPICL No Yes 

PB2 SPID Yes No 
P82 SPID No Yes 
PB2 Dcti.a Yes Yes 

P83 SPID Yes No 
PB3 SPID No Yes 
PB3 Data Yes Yes 

devices attempted to become masters. Write collisions 
normally result from a software error, and the default 
master must clean up the system. The mode fault flag is 
set to signal that clock mastership is lost. Slave select 
actions can take place during either active or idle trans
action modes. 

Slave Select Input Actions During Slave Mode 

The current clock master generates slave select to en
able one of several slaves to accept or return data. The 
SS signal must go low before serial clock pulses occur 
and must remain low until after the eighth serial clock 
cycle. Individual lines or a daisy chain can be used for 
multiple slaves. When SS is high, the following occur: 

• Serial data output is forced to a high-impedance state 
without affecting the DDR status. 

• Serial clock input pulses are inhibited from gener
ating internal data output and input strobe pulses. 

• The eight-bit counter is cleared. 

SPI OPERATING MODES 

Six methods of operating the SPI are discussed in the 
following paragraphs. 

One-Wire Autoclocked Mode 

Various SPI devices can be connected on a single wire, 
with data transmission using an implicit clock, and each 
device being its own clock master. 

Two-Wire Half-Duplex Mode 

In this mode, separate data and clock lines connect the 
elements in the system. Data and clock mastership should 
be monitored via protocol included in the data patterns. 
A transmitter can send all zeros to take all other trans
mitters off the bus. 

Three-Wire Half-Duplex Mode with Slave Select Input 

This mode is the same as the half-duplex mode except 
that the slave select input allows using the MCU as a 
peripheral in a system where clock mastership is passed 
through the slave select line. Typically, the slave select 
lines can be wired together. The current master sets its 
slave select line in the output mode prior to a serial trans-

Comments 

Used as slave select input 
Used as "busy" signal or any digital 
output 

Clock slave 
Clock master 

SPI data input SPICRO = 0 
SPI data output SPICR3 = 0 
Any digital signal SPiCR3 = 1 

SPI data input SPICRO = 1 
SPI data output SPICR3 = 1 
Any digital signal SPICR3 = 0 

mission and pulls it low to indicate that the system is 
busy. This allows the clock master to retain mastership 
until the end of transmission. Software protocol can be 
arranged so that slaves do not request mastership until 
their slave select lines go high. At the end of a transmis
sion, the current master pulls SPISS high and puts the 
SPISS port (PBO) in the input mode. A slave requesting 
clock mastership pulls the SPISS line low, removing the 
current master from the line. Time multiplexed protocols 
may be required to avoid simultaneous mastership re
quests. 

Three-Wire Full-Duplex Mode 

This mode allows the MCU to operate simultaneously 
as transmitter and receiver. Bus or daisy-chain networks 
are feasible. Protocols in the data stream are required to 
change: 

• Clock masters 
• The number of transmitters in the system 
• The direction of data flow in daisy-chained systems 

with collision 
It is possible for the MCU to shift out one byte of data 

while receiving another, as illustrated in Figure 16. This 
eliminates the need for XMIT EMPTY or REC FULL status 
bits. 

Three-Wire Full-Duplex Mode with Clock Arbitration 

This mode is a mix of the three-wire full-duplex mode 
and two-wire half-duplex mode with clock arbitration, 
where the SPI clock line operates as a wire-or. Simulta
neous masters are allowed, and clock arbitration is via 
the clock line. 

Four-Wire Full-Duplex Mode with Slave-Select Input 

This mode is similar to the three-wire full-duplex mode 
in network construction and to the three-wire half-duplex 
mode with slave-select input in clock arbitration and slave 
selection. Refer to Figure 17. 

ANALOG-TO-DIGITAL CONVERTER 

The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as show in 
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SLAVE SELECT ---------------------<-------
CLOCK ---------1-----41--+-----+--+--------<1-----
0ATA -4--

EXAMPLE: 

-+ 
INFORMATION FLOW 

{ 
B2= SPID IN 
B3=SPIC OUT 

{ B2=SPID OUT 
B3=SPID IN 

Figure 16. Daisy Chain/Cascade Organization 

Figure 18. Four external analog inputs can be connected 
to the AID through a multiplexer via port D. Four internal 
analog channels IVRH-VRL· VRH -VRL/2, VRH -VRL/4, 
and VRL) may be selected for calibration. The accuracy 
of these internal channels may not meet the accuracy 
specifications of the external channels. 

A fifth external analog input (AN4) is available via the 
mask option. When selected, it replaces the VRH internal 
channel. Due to signal routing, the accuracy of this fifth 
channel may be slightly less than ANO-AN3. 

Multiplexer selection is controlled by the AID control 
register (ACR) bits 0, 1, and 2 .. Refer to Table 3 for mul
tiplexer selection. The ACR is shown in Figure 18. The 
converter uses 30 machine cycles to complete a conver
sion of a sampled analog input. When the conversion is 

MCU 1 

H 
H-+ 

complete, the digital value is placed in the AID result 
register (ARR); the conversion flag is set; selected input 
is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input, which is held internally, is sam
pled for five machine cycles. 

The converter uses VRH and VRL as reference voltages. 
An input voltage equal to or greater than VRH converts 
td $FF. An input voltage equal to or less than VRL· but 
greater than Vss. converts to $00. Maximum and mini
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and be 
referenced to VRL for the ratiometric conversion. To 
maintain full /accuracy of the AID, three requirements 
should be followed: (1) VRH should be equal to or less 

*HALF DUPLEX { SPID:PB2/3 
SPICL:PB1 

*HALF DUPLEX { SPIO:PD2/3 
WITH CLOCK ARBITRATION SPICL:PB11 

H 

H-1 
MCU 2 LJ-1.- *HALF DUPLEX 

~C WITH SLAVE SELECT 
{ 

SPID:PB2.·/3 
SPICL:PB1 
SPISS:PBO 

MCU 3 

*FULL DUPLEX 

*FULL DUPLEX 
WITH SLAVE SELECT 

{ 
SPID IN:PB2/3 
SPID OUT:PB3/2 
SPICL:PB1 

{ 
SPID IN:PB2/3 
SPID OUT:PB3/2 
SPICL:PB1 
SPISS:PBO 

Figure 17. SPI Operation Bus Organization 
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Table 3. AID Input MUX Selection 

AID Control Register Input AID Output (Hex) 

ACR2 ACR1 ACRO Selected Min Typ Max 

0 0 0 ANO 
0 0 1 AN1 
0 1 0 AN2 
0 1 1 AN3 
1 0 0 VRH** FE·** FF** FF·H 
1 0 1 VRL* 00 00 01 
1 1 0 VRHi4* 3F 40 41 
1 1 1 VRHl2* 7F 80 81 

- irilernai icaiibraiion} ieveis 
'' AN4 may replace the VRH calibration channel if selected via 
mask option. 

than Vee. (2) VRL should be equal to or greater than Vss 
but less than maximum specifications, and (3) VRH - VRL 
should be equal to or greater than 4 volts. 

The AID has a built-in 112 LSB offset intended to reduce 
the magnitude of the quantizing error to :': 1/2 LSB, rather 
than + 0, 1 LSB with no offset. This implies that, ig
noring errors, the transition point from $00 to $01 occurs 
at 1 2 LSB above VRL· Similarly, the transition from $FE 
to $FF occurs 1-112 LSB below VRH· ideally. 

INSTRUCTION SET 

The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory. read
modify-write. branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 

PD51VRH 

PD41VRL 

PDO!ANO 

PD1/AN1 

PD2!AN2 

PD3/AN3 

DIA 

15 k (TYP I 

1-DF-8 
SELECT 

MULTIPLEXER 

INT21PD6!AN4 _...._ ______ _. 

AID = 
CONTROL § 5 5 
REG I STER ..__.. _ _.._....___..__.__«_._<r__.~<r~ 

($00E) 

other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 

Function Mnemonic 

Load A from Memory LOA 

Load X from Memory LOX 

Store A in Memory STA 

Store X in Memory STX 
-----j 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 

CONTROL 
LOGIC 

($00F) 

COUNT 

AID 
RESULT 

REGISTER 

Figure 18. A/D Block Diagram 
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branch functions are all implemented with a single in
struction. For test and branch instr·uctions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O ... 71 

Branch if Bit n is Clear BRCLR n (n=O ... 7) 

Set Bit n BSET n (n=O ... 7) 

Clear Bit n BCLR n (n=O ... 7) 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit cu 
Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC_ 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Th ru Carry ROL 

Rotate Right Thru Carry ROR 

Logi~al Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol
lowing list for branch instructions. 

function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch IFF Higher BHI 

Branch IFF Lower or Same BLS 

Branch IFF Carry Clear BCC 

(Branch IFF Higher or Same) (BHS) 

Branch IFF Carry Set BCS 

(Branch IFF Lower) (BLO) 

Branch IFF Not Equal BNE 

Branch IFF Equal BEO 

Branch IFF Half Carry Clear BHCC 

Branch IFF Half Carry Set BHCS 

Branch IFF Plus BPL 

Branch IFF Minus BMI 

Branch IFF Interrupt Mask Bit is Clear BMC 

Branch IFF Interrupt Mask Bit is Set BMS 

Branch IFF Interrupt Line is Low BIL 

Branch IFF Interrupt Line is High BIH 

Branch to Subroutine BSR 

OPCODE MAP SUMMARY 

Table 4 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two-byte direct 
addressing instructions access all data bytes in most ap
plications. Exten'ded addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
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BhMa~tation Branch 
:::nt: ifil Jl!R 

~· ~ ;;;;-1 .lio ~ L 

'~. 4 I' NEG ,:;,, BRS~ BSEJS.c U_ BRABf.L :JitR 
10 7 4 

1 BACLAO 2 Bc~ LL BRN 
CXXJ• 3 BTB REL 

10 7 4 
2 3BRSEJ~ BS~ LL BHl!W. 

0010 
10 7 4 6 

3 BACLA1 BC'1k_ 4-- BLSR LL co"kR 0011 3 BTh_ 
10 7 6 

4 BRS~ BS~ LL BCC!W. LS~R 0100 
10 7 4 

5 3BRC~ BC~ LL BCS!W. 0101 
10 7 4 6 

6 BRS~ BS~ LL BNE!W. AO~R 
0110 

10 7 4 6 
7 BRC~ BC~ LL BEOBf.L LL AS'hR 0111 

10 7 4 6 

k BRS~4 BS~ BHCC LL LSL 
R DIR 

10 7 4 6 
9 3BRC~ _._Bc~ LL BHCt._ LL ROL 1001 DIA 

10 7 4 6 

k t1RS~ BS~ LL BPL!W. DEC 
DIA 

10 7 4 
B BACLA5 BCLA5 BMI 

1011 3 BTB 2 BSC 2 REL 

~ 4 6 

1fw_ BRS~ BS~ LL BMC INC 
REL 2 DIR 

10 7 4 6 
D BRC~ BC~ LL BM~ LL TS_'.ruR 111 

10 7 4 

11~ BRS~ BS:fu_ 2 
Bil 

REL 
10 7 4 6 

F BRCLR7 BCLR7 BIH CLR 
1111 3 BTB 2 BSC 2 REL 2 DIA 

Abbreviations for Addreaa Modes 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bil Se1/ Clear 
Bit Test and Branch 
Indexed !No Offset) 
Indexed, 1 Byte 18-Bi11 Offse1 
Indexed. 2 Byte 116-Bitl Offset 

Read-Mod:J!Y::Write 
INH INH 00 
~ ~ ~o 

4 '4 7 
NEG NEG cl NEG 

' INH INH IX• 

4 4 7 
COMA COMX cl COM 

' INH ' INH IX1 
4 4 7 

LSAA LSAX LSR 

' •NH ' INH 2 IX1 

4 4 7 
RORA 

1 ROA~H ROR 
1 INH ix• 
4 4 7 

ASAA ASAX cl ASR 
' INH l INH "' 4 4 7 

LSLA LSLX LSL 

' INH ' INH IX1 
4 4 7 

ROLA ROLX ROL 
I INH I INH 2 IX1 
4 4 7 

OECA OECX DEC 

' INH ' INH 2 '" 

4 4 7 

INCA INCX INC 
1 INH ' INH 2 ix• 
4 4 7 

TSTA TSTX TST 

' INH ' INH 2 IX1 

4 4 7 
CLAA CLRX CLR 

' INH ' INH 2 IX1 

Table 4. Opcode Map 

Control '!!fl_ilter/-
IX J!'j_H JILH JM_M DIR ~ J& ~ _Ill_ 

J1 8 9 A B Jc;, Jo, ;Ko ;;,; H.'..---i:;;., 1000 1001 1010 1011 
6 9 

I 4 SUB 6 SUB I' I 4 SUB ~ NEG RTI Lt_ SUB SUB LL SUB 1lU.. ~ ' IX ' INH •MM IA XT •1<2._ .A 
6 2 ' 5 6 5 4 

RTS CMP CMP CMP CMP CMP CMP 1 
' INH 2 IMM 2 O>R 3 EXT 3 IX2 2 •X1 ' IX 0001 

2 4 
. 5 SBC I' SBC IL SBC SBC SBC SBC 2 

IMM 2 O>R 3 EXT 3 IX2 2 IX1 1 IX 0010 
6 11 2 4 6 CPX - 5 CPX I. CPX COM SWI CPX CPX CPX 

sli1 1 IX ' INH 2 IMM 2 DIR 3 EXT 3 11<2._ J_ IX1 1 IX 
6 2 4 6 AND - 5 AND 

4 
LSR AND AND AND AND ~ ' IX 2 IMM 2 DIR 3 EXT 3 IR ...L = 1 IX 

2 4 5 6 ' 4 

Lt_ Bl1.,,,,_ BIT BIT _;;_ BIT_!l<2._ _l_ BIT.Jl'J.. BIT.A ~ IA XT 
6 2 4 5 6 5 . 

ROR LOA LOA LOA 3 LDAlR _l_ LOA LOA ~ ' IX 2 IMM 2 DIR 3 EXT ti- STA IX 6 2 rs STA 

6 11 

ASR TAX STA _;;_ STA11<2._ _l_ STAJl(] ~1 ' IX ' INH 2 ~R 3 EXT 1 •x 
6 2 2 4 5 6 

T EOR • LSL CLC LL EOR EDlj,IA EOR EOR EOR ~ I IX INH IMM 3 EXT i 12\l._ _l_ IXl 1 IX 
6 2 2 4 5 5 ADC 

4 
ROL SEC ADC ADC ADC ADC ADC 9 

' IX ' INH 2 IMM 2 DIA 3 EXT 3 IX2 2 IX1 1 IX 1001 
6 2 2 

TORA 6 ORA -, ORA I' ORA DEC CLI ORA ORA A 

' IX 

i+ SEI 

INH 2 IMM 2 DIA 3 EXT 3 IX2 2 IX1 1 IX 1010 

jT ADD TADD 0 ADD !"ADD I' ADD ADD B 

' INH 2 IMM 2 DIA 3 EXT 3 IX2 2 IX1 ' IX 1011 
6 2 3 4 

--,- JMP i' JMP J JMP INC RSP JMP JMP c 
' IX ' INH 2 DIA 3 EXT 3 IX2 2 IX1 1 IX 1100 
6 2 B 

T JSR 9 JSR ! 8 JSR TST NOP BSR JSR JSR D 

' IX 1 INH 2 REL 2 DIA 3 EXT 3 IX2 2 IX1 1 IX 111 
2 LOX !" LOX T LOX rs LOX LOX LOX E 

2 IMM 2 DIR 3 EXT 3 IX Ll_ IXl 1 IX 1110 
6 2 

--,- STX T STX T STX 16 STX 5 STX CLR TXA F 

' IX ' INH 2 DIR 3 EXT 3 IX2 2 IX1 1 IX 1111 

LEGEND 

-+--I----------:,,.. Opcode in Hexadecimal -F--
1111 

#ofCycles~ 
Mnemonic SUB I 0 

Bytes 1 IX_ 0000 

Opcode in Binary 

'--------- Address Mode 

s: 
~ 
co 

""" 0 
U1 
C/) 
w 
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immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 
through a table or to hold the address of a frequently 
referenced RAM or 110 location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 

tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed 8-bit offset except that this three
byte instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 

In the bit set clear addressing mode, the bit to be set 
or cleared 1s part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read· 
write bit in the first 256 locations of memory, including 
I 0, can be selectively set or cleared with a single two
byte instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from - 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating 

Supply Voltage 

Input Voltage PCOin 
Self-Check Mode 

All Other 

Symbol 

Vee 

lout 

Value 

-0.3to +7.0 

0.3 to + 15.0 
-0.3 to + 7.0 

10 

Unit 

v 
v 

mA Port A and C Source Current per Pin 
(One at a Time) 

~-~~~--~~~-l--------< 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max
imum-rated voltages to this high-impedance 
circuit. For proper operation, it is recom
mended the Vin and Vout be constrained to 
the range Vss ~ IV;n or Voutl -: Vee· Reii
ability of operation is enhanced if unused in
puts except EXTAL are tied to an appropriate 
logic voltage level (e.g., either Vss or Vee!. 

Operating Temperature Range 
MC68705S3S 
MC68705S3CS 

Storage Temperature Range 

Junction Temperature 
Cerdip 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance 
Cerdip 

POWER CONSIDERATIONS 

TA 

TJ 

Symbol 

ttJA 

o to 70 
-40 to +85 

-55 to + 150 

175 

Value 

60 

The average chip-junction temperature, TJ. in °C can 
be obtained from: 

where: 
TA 
BJA 

Po 
PINT 
PpQRT 

TJ=TA+(Po•BJA) (1) 

=Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+ PpQRT 
= Ice x Vee. Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

TEST 
POINT 

40 pF 
(TOTAL) 

MMD6150 
OR EQUIV. 

12 k!l 

Figure 19. TTL Equivalent 
Test Load (Port Bl 

··c 

"C 

··c 

Unit 

''C/W 

For most applications, PpoRT<P1NT and can be ne
glected. PpQRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and TJ (if 
PpQRT is neglected) is: 

Po=K+(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po. (TA+ 273°C) + 8JA•Po2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA· Using this value of K, 
the values of Po and TJ can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA. 

TEST POINT~ r 30 pF (TOTAL) 

Figure 20. CMOS Equivalent 
Test Low (Port A) 
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ELECTRICAL CHARACTERISTICS 
(Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=TL to TH. unless otherwise noted) 

Characteristic Symbol Min Typ Max 

RESET Hysteresis Voltages 1.3 - 2.0 
"Out of Reset" VIRES+ 1.5 - 2.5 
"Into Reset" VIRES- 0.8 - 1.8 

Standby Supply Voltage (<1 Vee= O V VSTBY 4.0 - Vcc+o.1 

Standby Current (VSTBY = 4.0 V) ISTBY - 1.0 5.0 

Power Dissipation - No Port Loading Po 
(Vcc=5.75 V, TA=D'C) - 800 1006 
(Vcc=5.75 V, TA= -40°C) - 925 1092 

Low Voltage Recover VLVR - - 4.75 

Low Voltage Inhibit VLVI - 3.75 -

Input Current lin 
INT 

(V;n = 2.4 v to Vccl - 20 50 
EXT AL 

(Vin=2.4 V to Vee Crystal Option) - - 10 
(Vin= 0.4 V Crystal Option) - - -1600 

RESET 
(V;n = 5.75 VI - 2500 3800 

PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vee=+ 5.25 Vdc ±0.5 Vdc, Vss =0 Vdc, TA= 20° to 30°C, unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Programming Voltage Vpp 20.0 21.0 22.0 

Vpp Supply Current lpp 
Vpp=21.0 V - - 30 

Programming Oscillator Frequency f OSCOQ_ 0.9 1.0 1.1 

Bootstrap Programming Mode Voltage V1HTP 9.0 12.0 15.0 
(PCO Pin) ((<tllHTP= 100 µA Max) 

TEST MMD6150 
POINT OR HlUIV. 

30 pf 24 k!l 

(TOTALI 

Figure 21. TTL Equivalent 
Test Load (Ports A and C) 

Figure 22. Open-Drain Equivalent 
Test Load (P81, PB2, and PB3) 
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SWITCHING CHARACTERISTICS 
(Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=TL to THL unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Oscillator Frequency fosc 0.4 - 4.2 MHz 

Cycle time (4/foscl tc:yc 0.95 - 10 µs 

INT, INT2, and TIMER Pulse Width twL,IWH !eye+ 250 - - ns 
RESET Pulse Width IRWL 

RESET Delay Time (External Capacitance~ 1 µF) tRHL - 100 - ns 
-
INT Zero-Crossing Detection Input Frequency f1NT kHz 

(for i· 5'' .Accuracy) 0.03 - i 

External Clock Input Duty Cycle (EXTAL) - 40 50 60 % 

Oscillator Startup Time Crystal lsu - - 100 ms 

SPICL High Time tSPICLH 4 - - tc:yc 

SPICL Low Time tSPICHL 4 - - tc:yc 

SPICL Rise and Fall Time ts,, ts1 - - 1 µs 

SPID Input Data Setup Time tsDs 2 - - tc:yc 

SPID Input Data Hold Time tSDH 2 - - tc:yc 

SPICL to SPISS Lag Time tsStG 4 - - tc:yc 

SPISS to Sl>ICL Lead Time tssLD 4 - - tc:yc 

Start Bit to First Clock Lead Time ts TL 1 - - tc:yc 

External Timer Input to Timer Change Time tpcT 3 - - tc:yc 

Timer Change to Port B Toggle Time tTPB 2 - - tc:yc 

INT2 to Timer A Load Time t1NTL 3 - - tc:yc 

AID CONVERTER CHARACTERISTICS 
(Vee= + 5.25 Vdc ± 0.5 Vdc, Vss = O Vdc, TA= TL to TH, unless otherwise noted) 

Characteristic Min Typ Max Unit Comments 

Resolution 8 8 8 Bits 

Non-Linearity* - - ± 1/2 LSB After removing zero-offset and full-scale errors 

Quantizing Error - - ± 1/2 LSB 

Conversion Range Vee v AID accuracy may decrease proportionately as 
VRH - - 0.2 VRH-VRL is reduced below 4.0 V. The sum of 
VRL Vss - VRH and VRL must not exceed Vee 

Conversion Time 30 30 30 tc:yc Includes sampling time 

Monotonicity (Inherent within total error) 

Sample Time 5 5 5 tc:yc 

Sample/Hold Capacitance, Input - - 25 pF 

Analog Input Voltage VRL - VRH v Transients on any analog lines are not allowed 
at any time during sampling or accuracy may 
be degraded 

*For VRH = 4.0 V to 5.0 V and VRL = 0 V. 
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PORT ELECTRICAL CHARACTERISTICS 
!Vee~ +5.25 Vdc ±0.5 Vdc, Vss~O Vdc, TA~TL to TH, unless otherwise noted) 

Characteristic Symbol 

Port B 

Output Low Voltage, 1Load~3.2 mA VOL 

Output Low Voltage, ILoad ~ 10 mA (Sink) Vol 

Output High Voltage, I Load~ -200 µA VoH 

Darlington Current Drive (Source)*, Vo~ 1.5 V IOH 

Input High Voltage V1H 

Input Low Voltage V1L 

Hi-Z State Input Current ITSI 

Port C and Port A 

Output Low Voltage, ILoad~ 1.6 mA VOL 

Output High Voltage, ILoad ~ -100 µA VoH 

Input High Voltage V1H 

Input Low Voltage V1L 

Hi-Z State Input Current ITSI 

Port D (Digital Inputs Only) 

Input High Voltage 

Input Low Voltage 

Input Current** 

*Not applicable if programmed to open-drain state. 
**PD41VRL - PD51VRH· 

V1H 

V1L 

lin 

Min 

-

-

2.4 

-1.0 

2.0 

Vss 

-

-

2.4 

2.0 

Vss 

-

2.0 

Vss 

-

Typ Max Unit 

- 0.4 v 
- 1.0 v 
8 - v 

- -10 mA 

- Vee+ o.7 v 
- 0.8 v 
<2 10 f.lA 

- 0.4 v 
- - v 
- Vee+ o.7 v 
- 0.8 v 
<2 10 !LA 

- Vee+ o.7 v 
- 0.8 v 
•.1 10 !LA 

The AID conversion resistor (15 kl! typical) is connected internally between these two lines, impacting their use as digital inputs 
in some applications. 

ORDERING INFORMATION 

The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC6870553. 

Table 5. Generic Information 

Package Type Temperature Order Number 

Cerdip o•c to 70'C MC68705S3S 
(S Suffix) - 40'C to + 85'C MC68705S3CS 
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PIN ASSIGNMENTS 

MC68705S3 

MECHANICAL DATA 

Vss 1. 28 NUM 

PRESCALERl/PCO 2 27 EXT AL 

PRESCALER2/PC1 3 26 XTAL 

Vsrnv/ AN4/INT2/PD6 4 25 TNff 

VRHIPD5 5 24 Voo 

VRLiPD4 6 23 RESET /Vpp 

AN3/PD3 7 22 PA7 

AN2/PD2 8 21 PA6 

AN1/PD1 9 20 PA5 

ANO/PDQ 10 19 PA4 

SPISS/PBO 11 18 PA3 

SPICL/PBl 12 17 PA2 

SPID/P82 13 16 PAl 

SPID/P83 14 15 PAO 
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TECHNICAL DATA 
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• 

Technical Summary 

8-Bit EPROM Microcontroller Unit 
The MC68705U3 (HMOS) Microcontroller Unit (MCU) is an EPROM member of the MC6805 Family 

of microcontrollers. The user programmable EPROM allows program changes and lower volume 
applications. This low cost MCU has parallel 1/0 capability with pins programmable as input or out
put. This publication contains condensed information on the MCU; for detailed information, refer to 
M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or contact your local Moto
rola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit 
Programmable Prescaler 

• On-chip Oscillator 
• Memory Mapped 1/0 

• Versatile Interrupt Handling 
• Bit Manipulation 

TIMER Prescatef 
Timer/ 

8 Counler 

T 1mer Control 

PAO 
PAI 

Port PA2 8 
Port Data 

A PA3 
PA4 A Dor 

1/0 Reg Reg 
Lines 

PA5 8 
PA6 
PAI 

PBO 
PB1 

Port PB2 Port Della 
PB3 B B Dir 

110 PB4 Reg Reg 
PB5 Lines 
PB6 
PB/ 

3176 x8 
EPROM 8 

19 ' Boo1s1raµ 
ROM 

• Bit Test and Branch Instruction 

• Vectored Interrupts 
• Bootstrap Program in ROM 
• 112 Bytes of RAM 

• 3776 Bytes of EPROM 

• 241/0 Pins 

BLOCK DIAGRAM 

XTAL EXTAL RESET VppiNT 

Accumulator 

A CPU 

Index Control 

Reg1s1m 

Cond111on 
Code 

Register cc 
CPU 

Stack 
Pointer 

SP 

Program 
Counter 

High PCH ALU 
Program 
Coun1er 

low PCL 
112 x 8 
RAM 

PCO 
PC1 
PC2 
PC3 
PC4 
PC5 
PC6 
PC7 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

Vee AND Vss 
Power is supplied to the microcontroller using these 

two pins. Vee is + 5.25 volts ( ± 0.5Ll) power, and Vss is 
ground. 

Vpp 

This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vee. 

This pin provides the capability for asynchronously ap
plying on external interrupt to the MeU. Refer to INTER
RUPTS for more detailed information 

EXTAL,XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal (depending on mask option 
register setting) is connected to these pins to provide a 
system clock. 

C1 

EXT AL S XTAL -CtJ-5 Co 6 

AT - Cu1 Parallel Resonance Crystal 
C0 = 7 pF Ma)( 
Freq_= 4_0 MHz@ CL= 24 pF 

Rs= 50 ohms Max 

Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators_ Follow 
ceramic resonator manufacturer's sug
gestions for Co, C1, and Rs values 

6 XTAL 

6 XTAL 

RC Oscillator 
With this option, a resistor is connected to the oscillator 

pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1 is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and startup stabilization time. Re
for to ELECTRICAL SPECIFICATIONS for Vee 
specifications. 

External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to V55, as shown in Fig
ure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register . 

TIMER 

This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 

ISeeNote2) ~ 

MCU 

6 XTAL 

MCU 
5 EXT AL !Crystal Option, 

See Note 1) 

Crystal 

Vee 
~V\,1\,.--""!6 XT Al 

MCU 
5 EXT AL !RC Option, 

No See Note 11 
Connection 

External 
Clock 
Input 

MCU 
5 EXT AL (Crystal Option, 

See Note 1) 

5 EXT AL fRC Option, 

See Note 1) 

External Clock 

NOTES: 

Approximately 25% to 50% Accuracy 
Typical lcyc= 1.25µ.s 

External Jumper 

Approximately 10% to 25% Accuracy 
I Excludes Resistor T olerancel 

External Resistor 

1. For the MC68705U3 MOR b7=0 for the crystal option and MOR b7=1 for the RC option. When the TIMER input pin is in the 
V1HTP range (in the bootstrap EPROM programming mode), the crystal option is forced. When the TIMER input is at or below 
Vee, the clock generator option is determined by bit 7 of the mask option register (CLK). 

2. The recommended CL value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on 
EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 

Figure 1. Oscillator Connections 
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8.0 

70 

~ 60 ;;; 
~ 50 
~ I 4 a 

~ 
30 

:;: 20 
0 

I 0 

0 
0 10 20 30 

vcc=5 25 v 
TA=25°C 

40 
Resistance tk{}) 

60 70 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

80 

higher voltage level used to initiate the bootstrap pro
gram. 

RESET 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7, PDO
PD7) 

These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and Care programmable as either 
inputs or outputs under software control of the data di
rection registers. Port Dis a fixed in~ort. Port D bit 6 
may be used for a second interrupt (INT2). Refer to PRO
GRAMMING for additional information. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Port A, B, and C pins are programmable as either input 
or output under software control of the corresponding 

Data 

data direction register (DOR). Port D is input only. The 
port 1/0 programming is accomplished by writing the 
corresponding bit in the port DOR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DOR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DOR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DOR is an input (zero) and, also, corresponds to the latched 
output when the DOR is an output (one). Refer to Table 
1for1/0 functions and to Figure 3 for typical port circuitry . 

NOTE 
Read-modify-write instructions should not be used 
when writing to the DDRs, because DDRs always 
read as 'one'. 

Table 1. 1/0 Pin Functions 

Data Latched 
Direction Output Input 
Register Data Output To 

Bit Bit State MCU 

1 0 0 0 
1 1 1 1 
0 x Hi-Z** Pin 

**Ports B and C are three-state ports. Port A has an internal 
pullup devices to provide CMOS data drive capability. 

D1rect1on Register !---+-----------~ 

J 

Bit• 

Latched 
Output 
Data 

"'' 

•ODA 1s a wntllt'-only register and reads as all "1s" 

Figure 3. Typical Port 1/0 Circuitry and 
Register Configuration 
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MEMORY 

The MCU is capable of addressing 4096 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
4. The locations consist of user EPROM, bootstrap ROM, 
user RAM, a mask option register (MOR). a program con
trol register, and 1/0. The interrupt vectors are located 
from $FF8 to $FFF. The bootstrap is a mask-programmed 
ROM that allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrement~ during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 

Using the stack area for data storage or temporary work 
locations requires care to prevent it from being over
written due to stacking from an interrupt or subroutine 
call. 

REGISTERS 

The MCU contains the registers described in the fol
lowing paragraphs. 

ACCUMULATOR (Al 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

110 Ports Timer 
and 

Access Wrth RAM 

Short 127 (128 Bytes) 

Instructions 128 

INDEX R.EGISTER (XI 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16- bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 

x 

PROGRAM COUNTER (PC) 

The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 

11 8 7 

PCH PCL 

STACK POINTER (SP) 

The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum). which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

11 5 4 0 

I 0 I I 0 I I 0 I 1 I 1 I SP 

76543210 

$000 0 Port A Data Register $000 

1 Port B Data Register $001 

$07F 2 Port C Data Register $002 

Page Zero I OOO 

255 
256 

Page Zero $080 
User EPROM 

l\OFF (128 Bytes) t-------
3 Port D Data Register $003 

4 Port A DOR• $004 

3895 
3896 
3897 
3967 
3968 

4al7 

Interrupt!§ 
Vectors 4092 

4(Jl3 

4094 
4096 

User 
Main 

EPROM 
(3640 Bytes) 

1---,.----
Mask Option Register 

Not Used 

Bootstrap 
ROM 

(120 Bytes) 

Timer Interrupt 

1-------
External Interrupt 

1-------
SWI 

t-------
RESET 

$100 5 Port B DOR• 

6 Port C DOR• 

7 Not Used 

B Timer Data Register 

9 Timer Control Register 

$F37 10 Miscellaneous Register 

$F38 11 Program Control Register 
$F39 

12 
$F7F 

15 
Not Used 

$F80 
16 

$FF7 
$FFB 

$FF9 

RAM 
1112 Bytes) 

$FFA 
Stack 

$FFB (31 Bytes Maximum) 
$FFC 

$FFD 
$FFE 

J_ $FFF 
127 

•caution: Data direction registers !DDRsl are write-only; they read as $FF. 

Figure 4. Memory Map 
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CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 

Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic 1 ). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 

RESETS 

The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the line 
logic level. 

6 4 

1J 1 I 1 I 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on voltatge. A delay 
of tRHL milliseconds is required before allowing RESET 
input to go high. Connecting a capacitor to the RESET 
input (Figure 5) typically provides sufficient delay. 

1 -
I 10 µ.F 

(MCU) 

Figure 5. Power-Up RESET Delay Circuit 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcycl· Under this type of reset, the Schmitt trigger switches 
off at VIRES- to provide an internal reset voltage. 

INTERRUPTS 

The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external Port D (INT2) 
input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure _6_. __ 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

3 0 Pull 

Condition Code Register 

l 
n-4 

n-3 

n-2 

n-1 

Accumulator n+2 n+1 l 
Index Register 

1 I 1 I 1 I 1 I PCH* 

PCL* 

Push 

*For subroutine calls, only PCH and PCL are stacked. 

Figure 6. Interrupt Stacking Order 
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NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardward interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other
wise, the next instruction if fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 

If the time mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 

Reset 

I. I (in CCI 
07F. SP 
0. DDRs 

CLR INT Logic 
FF• Timer 
TCR6., 
TCR7H 

Load Options From 
MOR l$F38l Into 

Control Logic 

Load PC 
From 

FFE/FFF 

condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I bit in the CCR is set, 
masking further interrupts until the present one is serv
iced. The contents of the timer interrupt vector, contain
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. The timer 
interrupt status bit can only be cleared by software. 

EXTERNAL INTERRUPT 

The external interrupt is intern<l_lly synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the I bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. TheJfl!I_2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
an interrupt when the condition code I bit is clear. The 

Clear 
iITT' 

Request 
latch 

Timer 

~--~SWI 
PC-PC+ 1 

Load PC From 
SWI: FFC/FFD 
INT: FFA/FFB 

Timer or 
INT2: FF8/FF9 

Figure 7. Reset and Interrupt Processing Flowchart 
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following paragraphs describe two typical external in
terrupt circuits. 

Zero-Crossing Interrupt 

A sinusoidal input signal (fl NT maximum) can be used 
to generate an external interrupt (see Figure Ba) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 

Digital-Signal Interrupt 

With this type of circuit (Figure 8b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twL. tWH
Refer to TIMER for additional information . 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. The SWI 
execution is similar to the hardware interrupts. 

MODES OF OPERATION 

The MCU has two modes of operations: normal and 
bootstrap. The following paragraphs describe these 
modes. 

NORMAL MODE 

This mode is a single-chip mode and is entered if the 
following conditions are met: (1) the RESET line is low, 
(2) the PCO pin is within its normal operational range, 
and (3) the V..££...J'.ilil is connected to Vss- The next rising 
edge of the RESET pin then causes the part to enter the 
normal mode. 

BOOTSTRAP 

The bootstrap mode is entered if the TIMER pin is equal 
to + 12 V. For more information refer to application note, 

{a) Zero-Crossing Interrupt 

ac I Current 
Input 

lf1NT Max.l~Llmlt,ngl .' iNT 
R:s1 MO 

ac lnput:s R 0.1-1 o 
lOVacp-p ~F 

MCU 

MC68705P3/R3/U3 8-Bit EPROM Microcomputer Pro
gramming Module (AN-857/D Rev. 2). 

TIMER 

The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres
caler. The various timer sources are made via the timer 
control register (TCR) and/or the mask option register 
(MOR). The 8-bit counter may be loaded under program 
control and is decremented toward zero. When the timer 
reaches zero, the timer interrupt request bit (bit 7) in the 
timer control register (TCR) is set. Refer to Figure 9 for 
timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
I bit in the condition code register is cleared and the TCR 
bit 6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by (1) saving the present 
CPU state on the stack, (2) fetching the timer interrupt 
vector, and (3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with read-modify
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TOR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis
turbing the counting process. The TOR is unaffected by 
reset. 

SOFTWARE CONTROLLED MODE 

This mode is selected when TOPT (bit 6) in the MOR 
is programmed to zero. The timer prescaler input can be 
configured for three different operating modes plus a 
disable mode, depending on the value written to TCR 
control bits 4 and 5 (TIE and TIN). The following para
graphs describe the different modes. 

TTL 

lbl Digital-Signal Interrupt 

Vee 

4.7 k 

Level 2 iNr 
D1g1tal----1 
Input 

lJ 

MCU 

Figure 8. Typical Interrupt Circuits 
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Timer Input Mode 1 

When TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 

Timer Input Mode 2 

When TIE= 1 and TIN= 0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is ± 1. 

Timer Input Mode 3 

When TIE=Oand TIN= 1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 

Timer Input Mode 4 

When TIE and TIN are both one, the timer input is from 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre
quency for generating periodic interrupts. Frequency of 
external input must be .;;; fosc/8. 

MOR CONTROLLED MODE 

This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic one; The timer circuits are the 
same as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres
caler division and the timer clock selection. TIE (bit 4) and 
PSC (bit 3) in the TCR are set to a logic one when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) are 
controlled by the counter and software. 

TIMER CONTROL REGISTER (TCR) $009 

This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. The configuration of 
the TCR is determined by the TOPT (bit 6) in the MOR. 
When TOPT= 1, the TCR emulates the MC6805U2; when 
TOPT=O, the TCR is controlled by software. 

TCR w~h MOR TOPT = 1 
7 6 5 

I TIA I TIM I 

TCR with MOR TOPT = 0 
7 6 5 

I TIA I TIM TIN 

RESET: 
0 u 

4 

TIE 

u 

PSC 

PSC PS2 PSl PSO 

u u u u 

*The value of corresponding bits in MOR is written during RESET rising 
edge. These bits always read 'one'. 

TIR - Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 

1 =Set when the timer data register changes to all 
zeros 

0 =Cleared by external reset, power-on reset, or 
under program control 

TIM - Timer Interrupt Mask 
Used to inhibit the timer interrupt 

1 =Interrupt inhibited 
0 =Interrupt enabled 

TIN - External or Internal 
Selects input clock source 

1 =External clock selected 
0 =Internal clock selected (f0 sd4l 

TIE - TIMER External Enable 
Used to enable external TIMER pin. When TOPT = 1, 
TIE is always a logical "one". 

1 =Enables external timer pin 
O=Disables external timer pin 

PSC - Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in
dicates a zero when TOPT=O. When TOPT=l, this 
bit will read a logical "one" and has no effect on the 
prescaler. 

PS2, PS1, PSO - Prescaler Clear 
Decoded to select one of eight outputs of the pres
caler 

Prescaler 

PS2 PS1 PSO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

NOTES 

When changing the PS bits in software, the PSC 
bit should be written to a "one" in the same write 
cycle to clear the prescaler. Changing the PS bits 
without clearing the prescaler may cause prescaler 
truncation. 

MASK OPTION REGISTER (MOR) $F38 

The MOR is implemented in EPROM. This register con
tains all zeros prior to programming and is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 

7 6 

I CLK I TOPT I CLS 

CLK - Clock (oscillator type) 
1 =Resistor Capacitor (RC) 
O=Crystal 

P2 Pl PO 
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TOPT - Timer Option 
1 = MC6805U2 type timer/prescaler. All bits except 

6 and 7, of the TCR are invisible to the user. 
Bits 5, 2, 1, and 0 of the MOR determine the 
equivalent MC6805U2 mask options. 

0 =All TCR bits are implemented as a software pro
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re
spective TCR bits. 

CLS - Timer/Prescaler Clock Source 
1 =External TIMER pin 
0 =Internal clock 

Bit 4 
Not used if TOPT = 1. Sets the initial value of TIE in 
the TCR ifTOPT = 0. 

1 =Not used 
O=Sets initial value of TIE in the TCR 

Bit 3 
Not used 

P2, P1, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 

Prescaler 

P2 P1 PO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

PROGRAMMING CONTROL REGISTER (PCR) $008 

The PCR is an 8-bit register which provides the nec
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming so the 
user need not be concerned with PCR in most applica
tions. 

7 

RESET: 
u u u u u u 

PLE - Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any
time. 

1 =Read EPROM 
O =Latch address and data on EPROM 

PGE - Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 

1 =Inhibit EPROM programming 
__ O=Enable EPROM programming (if PLE is low) 
VPON-Vpp On 

A read-only bit that indicates high volta~t the~ 
pin. When set to "one", disconnects PGE and PLE 
from the chip. 

1 =No high voltage on Vpp pin 
O=High voltage on Vpp pin 

NOTE 

VPON being "zero" does not indicate that the Vpp 
level is correct for programming. It is used as a 
safety interlock for the user in the normal operating 
mode. 

VPON PGE PLE Programming Conditions 

0 0 0 Programming mode (program 
EPROM byte) 

1 0 0 PGE and PLE disabled from 
system 

0 1 0 Programming disabled (latch 
address and data in EPROM) 

1 1 0 PGE and PLE disabled from 
system 

0 0 1 Invalid state; PGE = 0 if PLE = 0 

1 0 1 Invalid state; PGE = 0 if PLE = 0 

0 1 1 "High voltage" on Vpp 

1 1 1 PGE and PLE disabled from 
system (operating mode) 

EPROM PROGRAMMING 

ERASING THE EPROM 

The EPROM can be erased by exposure to high-inten
sity ultraviolet (UV) light with a wavelength of 2537 angs
troms. The recommended integrated dose (UV intensity 
x exposure time) is 25Ws/cm2. The lamps should be 
used without software filters, and the MCU should be 
positioned about one inch from the UV tubes. Ultraviolet 
erasure clears all bits of the MCU EPROM to the "zero" 
state. Data then can be entered by programming "ones" 
into the desired bit locations. 

PROGRAMMING 

The MCU bootstrap program can be used to program 
the MCU EPROM. The alternate vectoring used to imple
ment the self check is used to start execution of the boot
strap program. 

A MCM2532 UV EPROM (other industry standard 
EPROMs may be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. Refer to application note, MC68705P3/R3/U3 8-
bit EPROM Microcomputer Programming Module (AN-
857/D Rev.2) for schematic diagrams and instructions on 
programming the MCU EPROM. 

EMULATION 

The MC68705U3 emulates the MC6805U2 and 
MC6805U3 "exactly". The MC6805U2 and MC6805U3 
mask features are implemented in the mask option reg
ister EPROM byte. The following identify the few minor 
exceptions to the exactness of the emulation. 

1. The MC6805U2 "future ROM" areas are imple
mented in the MC68705U3 and these 1728 bytes 
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must be left unprogrammed to accurately simulate 
the Me6805U2. 

2. The reserved ROM areas have different data stored 
in them. In the Me6805U2 this area is used for self 
check, and in the Me68705U3 this area is used for 
the bootstrap program. 

3. The Me6805U2 reads all ones in the 48 byte "future 
RAM" area. This area is not implemented on the 
Me6805U2/U3 mask ROM version but is imple
mented on the Me68705U3. 

4. The Me68705U3 Vpp (pin 7) line is tied to Vee dur
ing normal operations. On Me6805U2, this pin is 
grounded during normal operations, and on the 
Me6805U3, this pin is not connected. 

INSTRUCTION SET 

The MeU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 
Most of these instructions use two operands. One op

erand is either the accumulator or the index register. The 
other operand is obtainedfrom memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction listing. 

Function Mnemonic 

Load A from Memory LOA 

Load X from Memory LOX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory . SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

READ-MODIFY-WRITE .INSTRUCTIONS 
These instructions read a memory location or a reg

ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 

read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Th ru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

BRANCH INSTRUCTIONS 
This set of instructions branches if a particular condi

tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

(Branch if Higher or Same) (BHS) 

Branch if Carry Set BCS 

(Branch if Lower) (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEQ 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 

BIT MANIPULATION INSTRUCTIONS 
The MeU is capable of setting or clearing any bit which 

resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
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these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n~O .. . 7) 

Branch if Bit n is Clear BRCLR n (n~O .. . 7) 

Set Bit n BSET ri {n=O . . . ?) 

Clear Bit n BCLR n (n~O ... 7) 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

OPCODE MAP SUMMARY 
Table 3 is an opcode map for the instructions used on 

the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two-byte direct
addressing instructions access all data bytes in most ap
plications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 
through a table or to hold the address of a frequently 
referenced RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed, 8-bit offset except that this three
bvte instruction allows tables to be anywhere in memory. 
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k Li'RSETt._ LLBS~ LLBHC~ -'- LSL IR 
10 7 4 6 

9 t1"c~ LLBC~ LLBHCk_ LL ROL 
1001 DIR 

~ 4 6 

~ !1"s~ LLBS~ LL BPLfil LL DE'1iR 
10 7 4 

B Li'RCLR5 BC~ 2 BM~ 1011 BTB rr. rrBS~ 4 6 

,&_ Li'"s~ BMC INC 
R L 2 O!R 

10 7 4 6 

r-· 'Jin BRC~ BC~ BMSfil -'- TST 
IR 

10 7 4 

11'k_ t1"s~ _...as~ Ll_ BIL fil 
10 7 4 6 

F BRCLR7 BCLR7 BIH CLR 
1111 3 BTB 2 BSC 2 REL 2 DIR 

Abbreviation• for Addrea Modes 

INH 
!MM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Seti Clear 
Bit Test and Branch 
Indexed INo Offset) 
Indexed, 1 Byte 18-Bitl Offset 
Indexed, 2 Byte 116-Bitl Offset 

• 
Table 3. Opcode Map 

Read-MO<lify:Write Control R!lllim< /Memory 
INH !Wt IXl IX JN_H .!!W lMM. DIR ~ Jl52.. JlSl ...llS.. 
.~ .~. k '~1 a ~ A a ,f.. ,fa, 11~0 ;r,, ~ 1000 1010 1011 

4 4 7 6 9 l' SUB I' SUB -, SUB 6 SUB -, SUB I' SUB NEG NEG NEG ~ NEG RTI ~ 1 INH 1 INH IXl , IX , INH lL IMM .:m_, XT A :Ji\: ...llS.. 
6 2 4 5 6 5 4 

RTS CMP CMP CMP CMP CMP CMP ~ , INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXl I IX 
2 4 

IL SBC SBC SBC SBC SBC SBC _.rk_ IMM 2 DIR 3 EXT 3 IX2 2 IX1 1 IX 
4 4 7 6 ,, 2 4 5 6 

-, CPX 4 CPX COMA COMX COM COM SWI CPX CPX CPX 
3 CPX 1.&.. ~. , INH , INH IX1 , IX , INH 2 IMM 2 DIR 3 EXT IX1 1 IX 

4 4 7 6 2 4 
-, AND T AND -, AND T AND LSAA LSRX LSR LSR AND ANO ~ 1 INH , INH 2 IX1 , IX 2 IMM 2 DIR 3 EXT IJQ._ IX 1 , 

2 4 5 6 4 

LL B'-1- Bl~R BIT Bl'ru_ 81"'._oc BIT-"'- _oiin_ XT 

' ' 7 6 2 4 5 6 5 4 
RORA RORX ROR ROR LL LOA LOA LOA 3 LOAl!!l. -l. LOA LOA ~ 1 INH , 1NH IX1 , IX IMM 2 DIR 3 EXT IX1 1 lX 

4 4 7 6 2 5 
.- STA ASAA ASRX ASR ASR TAX STA STA _,_ STA1rr. STA ~. 1 INH , INH IX1 , IX , INH 2 DIR 3 EXT IXl 1 IX 

4 4 7 6 2 2 4 6 5 EOR 
4 

LSLA LSLX LSL LSL CLSr,,,_ LL EOR -'- EOR EOR 3 EOR 1rr_ EOR k 1 INH , INH IX1 , IX IMM DIR 3 EXT -l. IXl 1 IX 
4 4 7 6 2 2 ' 5 6 6 ADC 

4 
ROLA AOLX -'- ROL ROL SEC ADC ADC ADC ADC ADC 9 

1 INH , INH IX1 , IX , INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXl 1 IX 1001 
4 4 7 6 2 

-, ORA 6 ORA 6 ORA I' ORA DECA DECX DEC DEC CLI ORA ORA A 
1 INH 1 INH 2 IXl 1 IX I INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXl 1 IX 1010 

jT SEI jT ADO ADO -, ADO 6 ADD TADD [TADD B , INH ' IMM 2 DIR 3 EXT 3 IX2 2 IXl 1 IX 1011 
4 ' 7 6 2 3 4 5 JMP 4 JMP I 3 JMP INCA INCX INC INC RSP JMP JMP c , INH , 1NH 2 IX1 , IX , INH 2 DIR 3 EXT 3 IX2 2 IXl 1 lX 1100 
4 4 7 6 2 8 8 JSR 9 JSR 8 JSR TSTA TSTX TST TST NOP BSR JSR JSR ,Jk , INH 1 INH ' IXl 1 IX , INH 2 REL 2 DIR 3 EXT 3 IX2 ' IXl 1 IX 

T LOX -, LOX 6 LOX I' LOX I' LOX LOX E 
2 IMM 2 DIR 3 EXT 3 l!!l. LL IX1 1 lX 1110 

4 4 7 
CLA 

6 ' T STX 6 STX I' STX CLRA CLRX CLR TXA STX STX F , INH , INH 2 IX1 , IX , INH 2 DlR 3 EXT 3 IX2 2 IX1 , IX 1111 

LEGEND 

~ ,f,,] O~''"""'-m• 
#of Cycles 4 ~ •·~"' •SUB } 

Bytes 1 IX 0000 

Opcode in Binary 

'--------- Address Mode 

s: 
C') 
en co 
""" 0 
(JI 

c 
w 
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BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
1/0, can be selectively set or cleared with a single two
byte instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 

The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from - 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long . 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltage 
EPROM Programming Voltage 
(Vpp Pin) Vpp - 0.3 to + 22.0 
TIMER Pin - Normal Mode Vin -0.3 to + 7.0 
TIMER Pin - Bootstrap 
Programming Mode Vin -0.3 to + 15.0 
All Others Vin -0.3 to + 7.0 

Operating Temperature Range TA TL to TH 
Me68705U3 Oto + 70 
Me68705U3e -40 to +85 

Storage Temperature Range Ts!!l._ -55 to + 150 

Junction Temperature TJ 
eerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 
Cerdip 0JA 60 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ. in °C can 
be obtained from: 

where: 
TA 
0JA 

Po 
PINT 
PpQRT 

TJ=TA +(Po· 0JAl (1) 

=Ambient Temperature, 'C 
= Package Thermal Resistance, 

Junction-to-Ambient, 'C/W 
= PINT+ PpQRT 
= lccxVcc• Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Unit 

v 
v 

oe 

oe 

oe;w 

Unit 

oc;w 

These devices contain circuity to protect 
the inputs against damage due to high static 
voltages or electrical fields; however, it is ad
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped
ance circuit. For proper operation, it is recM 
om mended that Vin and Vout be constrained 
to the range Vssos(Vin and VoutlosVec- Re
liability of operation is enhanced if unused 
inputs except EXTAL are tied to an appro
priate logic voltage level (e.g., either Vss or 
Veel. 

For most applications PpoRT<P1NT and can be ne
glected. PpQRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and T J (if 
PpoRT is neglected) is: 

Po= K-:-(TJ +273'C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po• (TA+ 273'C) + 0JA"PD2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA Using this value of K, 
the values of Po and TJ can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA 
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Voo=5.25 Vdc ±0.5%, Vss=O Vdc, TA=20 to 30°C, unless otherwise noted) 

Characteristic Symbol Min 

Programming Voltage Vpp 20.0 

Vpp Supply Current lpp 
Vpp=5.25 V -
Vpp=21.0 V -

Programming Oscillator Frequency fos9:!._ 0.9 

Bootstrap Programming Mode Voltage V1HTP 9.0 
(TIMER Pin)@ llHTP=100 µA Maximum 

ELECTRICAL CHARACTERISTICS 
(Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA=0°C to 70°C, unless otherwise noted) 

Characteristic Symbol 

Input High Voltage V1H 
RESET (4.99"' Vee"' 5.51) 

!Vee< 4.75) 
INT 4.99"' Vee"' 5.51) 

!Vee< 4.75) 
All Other 

Input High Voltage (TIMER Pin) V1H 
Timer Mode 
Bootstrap Programming Mode 

Input Low Voltage V1L 
RESET 
INT 
All Other 

Internal Power Dissipation (No Port Loading, Vee= 5.25 V TA=0°C P1NT 
for Steady-State Operation) TA= -40°C 

Input Capacitance Cin 
EXT AL 
All Other 

INT Zero-Crossing Input Voltage - Through a Capacitor V1NT 

RESET Hysteresis Voltage 
Out of Reset Voltage VIRES+ 
Into Reset Voltage VIRES-

Programming Voltage (Vpp Pin) Vpp* 
Programming EPROM 
Operating Mode 

Input Current 
TIMER (Vin= 0.4 V) 
I NT (Vin= 0.4 V) 
EXTAL (Vin=2.4 V to Vee Crystal Option) lin 
__ (Vin=0.4 V Crystal Option) 
RESET !Vin= 0.8 V) IRES 
(External Capacitor Changing Current) 

*Vpp (pin 7) is connected to Vee in the normal operating mode. 
**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 

Typ 

21.0 

-
-
1.0 

12.0 

Min 

4.0 
Vcc-o.5 

4.0 
Vcc-o.5 

2.0 

2.0 
9.0 

Vss 
Vss 
Vss 

-
-

-
-

2.0 

2.1 
0.8 

20.0 
4.75 

-
-
-
-

-4.0 
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Max Unit 

22.0 v 
mA 

8 
30 

1.1 MHz 

15.0 v 

Typ Max Unit 

v 
- Vee 
- Vee .. Vee .. Vee 
- Vee 

v 
- Vee+ 1.0 

12.0 15.0 

v 
- 0.8 .. 1.5 
- 0.8 

520 740 mW 
580 800 

pF 
25 -
10 -

- 4.0 Vac_Q:Q_ 

- 4.0 v 
- 2.0 

v 
21.0 22.0 
Vee 5.75 

µA 
- 20 
20 50 
- 10 
- -1600 
- -40 
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SWITCHING CHARACTERISTICS 
(Vee= +5.25 Vdc ±0.5 V, Vss=O Vdc, TA=0°C to 7D°C, unless otherwise noted) 

Characteristic Symbol Min 

Oscillator Frequency fosc 
Normal 0.4 

Instruction Cycle Time (41f0 scl ~ 0.950 

INT, INT2, or Timer Pulse Width twL.tWH t~+250 

RESET Pulse Width tRWL ~c+250 

RESET Oelay Time (External Cap= 1.0 µF) tRHL 100 

INT Zero Crossing Detection Input Frequency fl NT 0.03 

External Clock Duty Cycle (EXTAL) - 40 

Crystal Oscillator Start-Up Time - -

PORT ELECTRICAL CHARACTERISTICS 
(Vee= +5.25 Vdc ±0.5 Vdc, Vss=O Vdc, TA =0° to 10°c, unless otherwise noted) 

Characteristic Symbol Min Typ 

Port A 

Output Low Voltage, ILoad= 1.6 mA VoL - -

Output High Voltage, ILoad = -100 .,.A VoH 2.4 -
Output High Voltage, ILoad = -10 .,.A VoH Vcc-1.0 -

Input High Voltage, ILoad = -300 .,.A (Max) V1H 2.0 -

Input Low Voltage, ILoad= -500 .,.A (Max) V1L Vss -

Hi-Z State Input Current (Vin= 2.0 V to Vccl l1H - -
Hi-Z State Input Current (Vin= 0.4 V) l1L - -

Port B 

Output Low Voltage, 1Load=3.2 mA VoL - -
Output Low Voltage, ILoad = 10 mA (Sink) VoL - -

Output High Voltage, ILoad = - 200 µA VoH 2.4 -

Darlington Current Drive (Source), Vo=1.5 V IOH -1.0 -
Input High Voltage V1H 2.0 -

Input Low Voltage V1L Vss -

Hi-Z State Input Current ITSI - <2 

Port C 

Output Low Voltage, I Load= 1.6 mA VoL - -
Output High Voltage, ILoad = -100 .,.A VoH 2.4 -

Input High Voltage V1H 2.0 -
Input Low Voltage V1L Vss -
Hi-Z State Input Current ITSI - <2 

Port D (Input Only) 

Input High Voltage V1H 2.0 -
Input Low Voltage V1L Vss -
Input Current lin - <1 
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Typ Max Unit 

MHz 
- 4.2 

- 10 fl.S 

- - ns 

- - ns 

- - ms 

- 1.0 kHz 

50 60 % 

- 100 ms 

Max Unit 

0.4 v 
- v • - v 

Vee v 
0.8 v 

-300 fl.A 

-500 fl.A 

0.4 v 
1.0 v 
- v 
-10 mA 

Vee v 
0.8 v 
10 .,.A 

0.4 v 
- v 

Vee v 
0.8 v 
10 µA 

Vee v 
0.8 v 
5 fl.A 
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Vcc~s.1s v 

Test 
Point 

40 pF 
(Total) 

Figure 10. TTL Equivalent Test Load 
(Port Bl 

Test 
Point 

30 pF 
(Total) 

Vcc~s.1s v 

Figure 12. TTL Equivalent Test Load 
(Ports A and Cl 

Port DOR 

Port Data 

Port C Open-Drain 
Option 

IP= Input Protection 

roo 
f Port A CMOS 
kPullup Option 

I 

Figure 14. Ports A and C Logic Diagram 

Figure 16. Typical Input Protection 

Test Point o---1-. 30 
pF (Total) 

Figure 11. CMOS Equivalent Test Load 
(Port Al 

Test 
Point 

~:~;,;'" 
T 30 pF (Total) 

Figure 13. Open-Drain Equivalent Test Load 
(Port Cl 

Voo 

1-lOkTyp 

PBDDR 

PB Data 

IP= Input Protection 

Figure 15. Port B Logic Diagram 

TestPop1nt ~ 
Vary V, 

Measure I 
v 

Figure 17. 1/0 Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 

The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705U3. 

PIN ASSIGNMENTS 

Table 3. Generic Information 

Packaga Typa Temparature Order Number 

Cerdip 
S Suffix 

o· to 1o·c MC68705U3S 
-40° to +85°C MC68705U3CS 

MECHANICAL DATA 

PA2 

PB7 

PB5 

PB4 

PBJ 

PB2 

PBl 

PBO 

POO 

PDl 

PD4 
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Technical Summary 
8-Bit EPROM Microcontroller Unit 

The MC68705U5 (HMOS) Microcontroller Unit (MCU) is an EPROM member of the MC6805 Family 
of microcontrollers. The user programmable EPROM allows program changes and lower volume 
applications. This low cost MCU has parallel 1/0 capability with pins programmable as input or out
put. This publication contains condensed information on the MCU; for detailed information, refer to 
M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) or contact your local Moto
rola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit 
Programmable Prescaler 

• On-chip Oscillator 

• Memory Mapped 1/0 
• Versatile Interrupt Handling 

• Bit Manipulation 
• Bit Test and Branch Instruction 

Prescaler 
Timer/ 

8 Counter 

Pon 
A 

110 
Lines 

Port 
B 

110 
Lines 

T 1mer Control 

Port Data 
A Du 

Reg Reg 

Pon Oriti'I 

B D11 
Reg RPq 

3176 x8 
EPROM 
1 1 x 

Bootstraµ 
ROM 

8 

8 

5 

8 

• Vectored Interrupts 
• Bootstrap Program in ROM 
• 3776 Bytes of EPROM 
• 112 Bytes of RAM 

• 24 1/0 Pins 
• EPROM Security Feature 

BLOCK DIAGRAM 

XTAL EXTAL RESET VpplNT 

Accl•mulator 

A CPU 

Index Conlrol 

Regis Im 
x 

Cond11ton 
Code 

Register cc 
CPU 

Stack 
Pointer 

SP 

Program 
Counter 

High PCH ALU 
Program 
Counter 

Low PCL 
112 x B 
RAM 

This document contains information on a new product. Specifi9ati6ns and information herein are subject to change without notice. 
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Lines 
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SIGNAL DESCRIPTION 

VccANDVss 
Power is supplied to the microcontroller using these 

two pins. Vee is +5.25 volts (±0.5.l) power, and Vss is 
ground. 

Vpp 

This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vee. 

INT 

This pin provides the capability for asynchronously ap
plying on external interrupt to the MeU. Refer to INTER
RUPTS for more detailed information. 

EXTAL,XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi
nation, or an external signal (depending on mask option 
register setting) is connected to these pins to provide a 
system clock. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 

C1 

EXT AL S XTAL -C0-5 Co 6 

External 
Clock 
Input 

AT - Cut Parallel Resonance Crystal 
C0 =7 pF Max 
Freq.= 4.0 MHz @ CL= 24 pF 
Rs= 50 ohms Max. 

Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug
gestions for C(l. C1. and Rs values. 

6 XTAL 

MCU 
EXTAL (Crystal Option, 

See Note 11 

6 XTAL 

EXT AL 

Crystal 

The circuit shown in Figure 1 is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and startup stabilization time. Refer 
to ELECTRICAL SPECIFICATIONS for Vee specifications. 

External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to Vss. as shown in Fig
ure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 

TIMER 

This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the bootstrap pro
gram. 

RESET 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 

MCU 
(RC Option, 
See Note 11 

MCU 
EXTAL (Crystal Option, 

See Note 11 

Crystal 

Vee 
"-'\l'l.tv--'6'l XT AL 

R 

5 EXTAL 
No 

Connection 

MCU 
IRC Option. 
See Note 11 

Extarnal Clock 

Approximately 25% to 50% Accuracy 
Typical tcyc= 1.25 ,,.s 

External Jumper 

Approximately 10% to 25% Accuracy 
!Excludes Resistor Tolerance) 

External Resistor 

NOTES: 
1. For the MC68705U5 MOR b7 = 0 for the crystal option and MOR b7 = 1 for the RC option. When the TIMER input pin is in the 

V1HTP range (in the bootstrap EPROM programming mode), the crystal option is forced. When the TIMER input is at or below 
Vee. the clock generator option is determined by bit 7 of the Mask Option Register (CLK). 

2. The recommended CL value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on 
EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 

Figure 1. Oscillator Connections 
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e.0.-....... -------------------. 

7.0 

~ 60 

g 5.0 

~ f 4.0 

0 3.0 
;; 
j'j 2.0 
0 

1.0 

10 20 

vcc=s.2s v 
TA=25°C 

30 40 50 
Resistance tkm 

60 70 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

80 

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7, PDO
PD7) 

These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di
rection registers. Port D is a fixed input port and is not 
controlled by any data r~er. Port D bit 6 may be used 
for a second interrupt (INT2). Refer to PROGRAMMING 
for additional information. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DOR). Port D is input only. The port I/ 
0 programming is accomplished by writing the corre
sponding bit in the port DOR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DOR 
bits. 

°"" 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DOR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DOR is an input (zero) and, also, to the latched output 
when the DOR is an output (1 ). Refer to Table 1 for 1/0 
functions and to Figure 3 for typical port circuitry. 

NOTE 

Read-modify-write instructions should not be used 
when writing to the DOR since DDRs always read 
as 'one'. 

Table 1. 1/0 Pin Functions 

Data Latched 
Direction Output Input 
Register Data Output To 

Bit Bit State MCU 

1 0 0 0 
1 1 1 1 
0 x Hi-Z** Pin 

**Ports B and C are three-state ports. Port A has an internal 
pullup devices to provide CMOS data drive capability. 

MEMORY 

The MCU is capable of addressing 4096 bytes of mem
ory and 1/0 registers. The memory map is shown in Figure 
4. The locations consist of user EPROM, bootstrap ROM, 
user RAM, a mask option register (MOR), a program con
trol register, and 1/0. The interrupt vectors are located 
from $FFB to $FFF. The bootstrap is a mask-programmed 
ROM that allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 

~l'ef:tionRogilUK r--.------~.-~---, 
Bit• 

Latched 
Output 
Data 
811 

•DOR is a writ.only regi- and reads as all "11" 

Figure 3. Typical Port 1/0 Circuitry and 
Register Configuration 
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3896 
31196 
3$7 
3007 
3968 

4087 

Interrupt!~ 
Vectors 4092 

4093 
4094 
4096 

1/0 Ports Timer and 
RAM 

1128 Bytes! 

~~~~M 
~ - IE8 !Vt!! --

User 
Main 

EPROM 
(3640 Bytes) 

r.-...,. - - - -
Mask Option Register 

Not Used lfootstrap 
ROM 

1120 Bytes! 

Timer Interrupt 

~------
External Interrupt 

~ - -- - - ..., 
SWI 

~------1 
RESET 

$000 

$07F 
$000 

l\oFF 
$100 

$F37 
$F38 
$F39 
$F7F 
$FOO 

SFF7 
SFFB 

$FF9 
$FFA 

$FFB 
$FFC 

$FFD 
$FFE 
$FFF 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
15 
16 

127 

76543210 

Port A Data Register 

Port B Data Register 

Port C Data Register 

Port D Data Register 

Port A DOR* 

Port BODA* 

Port C DOR* 

Not Used 

Timer Data Register 

Timer Control Register 

Miscellaneous Register 

Program Control Register 

Not Used 

RAM 
(t12 Bytes) 

Stack 
(31 Bytes Maximum) 

j_ 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$DOA 

$008 

$00C·$00F 
$010 

$07F 

*Caution: Data direction registers (00Rsl are write-only; they read as $FF. 

Figure 4. Memory Map 

decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 

NOTE 
Using the stack area for data storage or tempo

rary work locations requires care to prevent it from 
being overwritten due to stacking from an interrupt 
or subroutine call. 

REGISTERS 

The MCU contains the registers described in the fol
lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16- bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 

x 

PROGRAM COUNTER (PC) 

The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 

11 8 7 

PCH PCL 

STACK POINTER (SP) 
The stack pointer is a 12-bit register that contains the 

address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

11 5 4 0 

I 0 I 0 I 0 I 0 I 0 I 1 I 1 I SP 

CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para
graphs. 
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Hatt Carry IHI 
This bit is set during ADD and ADC operations to in

dicate that a carry occurred between bits 3 and 4. 

Interrupt UI 
When this bit is set, the timer and external interrupt is 

masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 

Negative (NI 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (Cl 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occured during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 

RESETS 

The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the line 
logic level. 

POWER-ON-RESET (POR) 

An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on voltatge. A delay 
of tRHL milliseconds is required before allowing RESET 
input to go high. Connecting a capacitor to the RESET 
input (Figure 5) typically provides sufficient delay. 

7 6 5 

1] 1J 1] 
4 

1 -
I10fl.F 

(MCU) 

Figure 5. Power-Up RESET Delay Circuit 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcycl· Under this type of reset, the Schmitt trigger switches 
off at VIRES- to provide an internal reset voltage . 

INTERRUPTS 

The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external Port D (INT2) 
input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is considered to be the one 
already fetched and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardward interrupts and, if unmasked 

3 0 Pull 

Condition Code Register 

l 
n-4 

n-3 

n-2 

n-1 

Accumulator ~:: l Index Register 

1 I 1I 1I 1 l PCH* 

n PCL* 

Push 

•For subroutine calls, only PCH and PCL are stacked. 

Figure 6. Interrupt Stacking Order 
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(I bit clear), proceeds with interrupt processing; other
wise, the next instruction iffetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the I bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 

TIMER INTERRUPT 

If the time mask bit (TCR6) is cleared, then, each time 
thetimer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the I bit in the CCR is set, 

Reset 

1 •I (in CCI 
07F •SP 
0 • DDRs 

CLR INT Logic 
FF• Timer 
TCR6 • 1 
TCR7. 0 

Put FFE on 
Address Bus 

Load Options From 
MOR l$F381 Into 

Control Logic 

Load PC 
From 

FFE/FFF 

Fetch 
Instruction 

Execute 
Instruction 

masking further interrupts until the present one is serv
iced. The contents of the timer interrupt vector, contain
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. The timer 
interrupt status bit can only be cleared by software. 

EXTERNAL INTERRUPT 

The external interrupt is intern'!!I_\'. synchronized and 
theri !atched an the fa!!ing edge cf iNT and INT2. Cteariny 
the I bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 

·read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
an interrupt when the condition code I bit is clear. The 
following paragraphs describe two typical external in
terrupt circuits. 

Clear 
INT 

Request 
Latch 

Timer 

.-----.SWI 
PC-PC+ 1 

Stack 
PC, X, A, CC 

Load PC From· 
SWI FFC/FFD 
INT: FFA/FFB 

Timer or 
INT2: FF8/FF9 

Figure 7. Reset and Interrupt Processing Flowchart 
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Zero-Crossing Interrupt 

A sinusoidal input signal (flNT maximum) can be used 
to generate an external interrupt (see Figure Ba) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 

Digital-Signal Interrupt 

With this type of circuit (Figure Sb), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled twL, tWH· 
Refer to TIMER for additional information. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. The SWI 
execution is similar to the hardware interrupts. 

MODES OF OPERATION 

The MCU has two modes of operations: normal and 
bootstrap. The following paragraphs describe these 
modes. 

NORMAL MODE 
This mode is a single-chip mode and is entered if the 

following conditions are met: (1) the RESET line is low, 
(2) the PCO pin is within its normal operational range, 
and (3) the Vpp pin is connected to Vss. The next rising 
edge of the RESET pin then causes the part to enter the 
normal mode. 

BOOTSTRAP MODE 
The bootstrap mode is entered if the TIMER pin~+ 12 

V. Refer to application note, MC6805P3/R3/U3 8-Bit EPROM 
Microcomputer Programming Module (AN-857 Rev.2). 

la) Zero-Crossing Interrupt 

ln~cut (Current 

lf1NT Max.J~L'm'tingl . . 2 iNT 
Rs1 MO 

aclnput:s R 01-1.0 
10 Vac p-p ~F 

MCU 

TIMER 

The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres
caler. The various timer sources are made via the timer 
control register (TCR) and/or the mask option register 
(MOR). The 8-bit counter may be loaded under program 
control and is decremented toward zero. When the timer 
reaches zero, the timer interrupt request bit (bit 7) in the 
timer control register (TCR) is set. Refer to Figure 9 for 
timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
I bit in the condition code register is cleared and TCR bit 
6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by (1) saving the present 
CPU state on the stack, (2) fetching the timer interrupt 
vector, and (3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refers 
to RESETS and INTERRUPTS for additional information . 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with read-modify
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis
turbing the counting process. The TDR is unaffected by 
reset. 

SOFTWARE CONTROLLED MODE 
This mode is selected when TOPT (bit 6) in the MOR 

is programmed to zero. The timer prescaler input can be 
configured for three different operating modes plus a 
disable mode, depending on the value written to TCR 
control bits 4 and 5 (TIE and TIN). The following para
graphs describe the different modes. 

TTL 

lbl Digital-Signal Interrupt 

Vee 

4 7 k 

Level 2 iNT 
01g1tal--,._-'"-I 
Input 

MCU 

Figure 8. Typical Interrupt Circuits 
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Timer Input Mode 1 

When TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 

Timer Input Mode 2 

When TIE= 1 and TIN= 0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is ± 1. 

Timer Input Mode 3 

When TIE= 0 and TIN= 1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 

Timer Input Mode 4 

When TIE and TIN are both one, the timer input is from 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre
quency for generating periodic interrupts. Frequency of 
external input must be ~ fosc/8. 

MOR CONTROLLED MODE 

This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic one. The timer circuits are the 
same as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore bits 0, 1, 2, and 5 in the MOR control the pres
caler division and the timer clock selection. TIE (bit 4) and 
PSC (bit 3) in the TCR are set to a logic one when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) are 
controlled by the counter and software. 

TIMER CONTROL REGISTER (TCR) $009 

This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. The configuration of 
the TCR is determined by the TOPT (bit 6) in the MOR. 
When TOPT= 1, the TCR emulates the MC6805U2; when 
TOPT = 0, the TCR is controlled by software. 

TCR with MOR TOPT = 1 
7 6 5 

I TIR I TIM I 
TCR with MOR TOPT = 0 

7 6 5 

I TIR TIM I TIN 

RESET: 
0 u 

TIE 

PSC 

PSC PS2 PSl PSO 

u u u u 

*The value of corresponding bits in MOR is written during RESET rising 
edge. These bits always read 'one'. 

TIR - Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 

1 =Set when the timer data register changes to all 
zeros 

O =Cleared by external reset, power-on reset, or 
under program control 

TIM - Timer Interrupt Mask 
Used to inhibit the timer interrupt 

1 =Interrupt inhibited 
0= Interrupt enabled 

TIN - External or Internal 
Selects input clock source 

1 =External clock selected 
0 =Internal clock selected (fosc/4) 

TIE - TIMER External Enable 
Used to enable external TIMER pin. When TOPT = 1, 
TIE is always a logical "one". 

1 =Enables external timer pin 
0 =Disables external timer pin 

PSC - Prescaler Clear 
Write only bit. Writing a 1 to this bit resets the pres
caler to zero. A read of this location always indicates 
a zero when TOPT=O. When TOPT=1, this bit will 
read a logical "one" and has no effect on the pres
caler. 

PS2, PS1, PSO - Prescaler Clear 
Decoded to select one of eight outputs of the pres
caler 

Prescaler 

PS2 PS1 PSO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

NOTES 

When changing the PS bits in software, the PSC 
bit should be written to a "one" in the same write 
cycle to clear the prescaler. Changing the PS bits 
without clearing the prescaler may cause prescaler 
truncation. 

MASK OPTION REGISTER (MOR) $F38 

The MOR is implemented in EPROM. This register con
tains all zeros prior to programming and is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 

CLK TOPT CLS SNM 

CLK - Clock (oscillator type) 
1 =Resistor Capacitor (RC) 
O=Crystal 

P2 P1 PO 

MOTOROLA MICROPROCESSOR DATA 

3-700 



MC68705U5 

TOPT - Timer Option 
1 = MC6805U2 type timer/prescaler. All bits except 

6 and 7, of the TCR are invisible to the user. 
Bits 5, 2, 1, and 0 of the MOR determine the 
equivalent MC6805U2 mask options. 

0= All TCR bits are implemented as a software pro
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re
spective TCR bits. 

CLS - Timer/Prescaler Clock Source 
1 =External TIMER pin 
0= !'1ternal clock 

Bit 4 
Not used if TOPT = 1. Sets the initial value of TIE in 
the TCR if TOPT=O. 

1 =Not used 
0 =Sets initial value of TIE in the TCR 

SNM - Secure. Mode. 
1 = EPROM contents cannot be access externally 
0= EPROM not programmed 

P2, P1, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 

Prescaler 

P2 P1 PO Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 1 32 

1 1 0 64 

1 1 1 128 

PROGRAMMING CONTROL REGISTER (PCR) $008 

The PCR is an 8-bit register which provides the nec
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming so the 
user need not be concerned with PCR in most applica
tions. 

TCR with MOR TOPT = 1 
7 6 5 

RESET: 
u u u u u 

PLE - Programming Latch Enabe 

u 

Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any
time. 

1 =Read EPROM 
0 =Latch address and data on EPROM 

PGE - Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 

1 =Inhibit EPROM programming 
O=Enable EPROM programming (if PLE is low) 

VPON-Vpp On 
A read-only bit that indicates high volta~t the l,t'ee 
pin. When set to "one", disconnects PGE and PLE 
from the chip. 

1 =No high voltage on Vpp pin 
0 =High voltage on Vpp pin 

NOTE 

VPON being "zero" does not indicate that the Vpp 
level is correct for programming. It is used as a 
safety interlock for the user in the normal operntirig 
mode. 

VPON PGE PLE Programming Conditions 

0 0 0 Programming mode (program 
EPROM byte) 

1 0 0 PGE and PLE disabled from 
system 

0 1 0 Programming disabled (latch 
address and data in EPROMI 

1 1 0 PGE and PLE disabled from 
system 

0 0 1 Invalid state; PGE = 0 if PLE = 0 

1 0 1 Invalid state; PGE = 0 if PLE = 0 

0 1 1 "High voltage" on Vpp 

1 1 1 PGE and PLE disabled from 
system (operating mode) 

EPROM PROGRAMMING 

ERASING THE EPROM 

The EPROM can be erased by exposure to high-inten
sity ultraviolet (UV) light with a wavelength of 2537 angs
troms. The recommended integrated dose (UV intensity 
x exposure time) is 25Ws/cm2. The lamps should be 
used without software filters and the MCU should be 
positioned about one inch from the UV tubes. Ultraviolet 
erasure clears all bits of the MCU EPROM to the "zero" 
state. Data then can be entered by programming "ones" 
into the desired bit locations. 

PROGRAMMING 

The MCU bootstrap program can be used to program 
the MCU EPROM. The alternate vectoring used to imple
ment the self check is used to start execution of the boot
strap program. 

A MCM2532 UV EPROM (other industry standard 
EPROMs may be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. The MC68705U5 is programmed the same as 
the MC68705U3. Refer to application note, MC68705P3/ 
R3/U3 8-bit EPROM Microcomputer Programming Mod
ule (AN-857 Rev.2) for schematic diagrams and instruc
tions on programming the MCU EPROM. 

EMULATION 

The MC68705U5 emulates the MC6805U2 and 
MC6805U3 "exactly". The MC6805U2 and MC6805U3 
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mask features are implemented in the mask option reg
ister EPROM byte. The following identify the few minor 
exceptions to the exactness of the emulation. · 

1. The Me6805U2 "future ROM" areas are imple
mented in the Me68705U5 and these 1728 bytes 
must be left unprogrammed to accurately simulate 
the Me6805U2. 

2. The reserved ROM areas have different data stored 
in them. In the Me6805U2 this area is used for self 
check, and in the Me68705U5 this area is used for 
the bootstrap program. 

3. The Me6805U2 reads all ones in the 48 byte "future 
RAM" area. This area is not implemented on the 
Me6805U2/U3 mask ROM version but is imple
mented on the Me68705U5. 

4. The Me68705U5 Vpp (pin 7) line is tied to Vee dur
ing normal operations. On Me6805U2, this pin is 
grounded during normal operations; on the 
Me6805U3, this pin is not connected. 

INSTRUCTION SET 

The MeU has a set of 59 basie instructions which can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 

Function Mnemonic 

Load A from Memory LOA 

Load X from Memory LOX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following listing of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (2's Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

(Branch if Higher or Same) (BHS) 

Branch if Carry Set BCS 

(Branch if Lower) (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEQ 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 
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BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on
chip RAM reside. An additional feature allows the soft
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in
struction. For test and branch instructions, the value of 
the bittested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O .. . 7) 

Branch if Bit n is Clear BRCLR n (n=O ... 7) 

Set Bit n BSET n (n=O. .. 7) 

Clear Bit n BCLR n (n = 0 ... 7) 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

OPCODE MAP SUMMARY 

Table 2 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 

long absolute addressing is also included. Two-byte direct
addressing instructions access all data bytes in most ap
plications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immiidiately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 
through a table or to hold the address of a frequently 
referenced RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may be.gin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 
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INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed, 8-bit offset except that this three
byte instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
1/0, can be selectively set or cleared with a single two
byte instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 

bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from -125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS !Voltages Referenced to Vssl 

Rating Symbol Value 

Supply Voltage Vee -0.3 to + 7.0 

Input Voltage 
EPROM Programming Voltage 
(Vpp Pin) Vpp - 0.3 to + 22.0 
TIMER Pin - Normal Mode Vin -0.3 to+ 7.0 
TIMER Pin - Bootstrap 
Programming Mode Vin -0.3 to + 15.0 
All Others Vin ·-0.3 to + 7.0 

Operating Temperature Range TA TL to TH 
Me68705U5 0 to + 70 
Me68705U5e -40 to +85 

Storage Temperature Range Tstg -55to+150 

Junction Temperature TJ 
eerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 0JA 
eerdip 60 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J• in °C can 
be obtained from: 

where: 
TA 
0JA 

Po 
PINT 
PpQRT 

TJ=TA+(Po•0JA) (1) 

=Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+ PpQRT 
= Ice x Vee. Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Unit 

v 
v 

oe 

-e 

0 e1w 

Unit 

-c;w 

These devices contain circuity to protect 
the inputs against damage due to high static 
voltages or electrical fields; however, it is ad
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped
ance circuit. For proper operation, it is rec
ommended that Vin and Vout be constrained 
to the range Vss "" !Vin and V 0utl "" Vee. 
Reliability of operation is enhanced if unused 
inputs except EXTAL are tied to an appro
priate logic voltage level (e.g., either Vss or 
Vee). 

For most applications PpoRT<P1NT and can be ne
glected. PpQRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Po and TJ (if 
PpQRT is neglected) is: 

Po=K~(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po• (TA+ 273°C) + 0JA'Po2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA 
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vcc=5.25 Vdc ±0.5%, Vss=O Vdc, TA=20°C to 30°C, unless otherwise noted) 

Characteristic Symbol Min 

Programming Voltage Vpp 20.0 

Vpp Supply Current lpp 
Vpp=5.25 V -
Vpp=21.0 V -

Programming Oscillator Frequency fos<;Q_ 0.9 

Bootstrap Programming Mode Voltage V1HTP 9.0 
(TIMER Pin)@ llHTP=100 µA Maximum 

ELECTRICAL CHARACTERISTICS 
(Vee= + 5.25 Vdc ± 0.5 Vdc, Vss = o Vdc, TA= o·c to 10°c, unless otherwise noted) 

Characteristic Symbol 

Input High Voltage V1H 
RESET (4.99 "' Vee "' 5.51) 

!Vee< 4.75) 
INT (4.99 "' Vee "' 5.51) 

!Vee< 4.75) 
All Other 

Input High Voltage (TIMER Pin) V1H 
Timer Mode 
Bootstrap Programming Mode 

Input Low Voltage V1L 
RESET 
INT 
All Other 

Internal Power Dissipation (No Port Loading, Vee= 5.25 V TA=o·c PINT 
for Steady-State Operation TA=48°C 

Input Capacitance Cin 
XTAL 
All Other 

INT Zero-Crossing Input Voltage - Through a Capacitor VINT 

RESET Hysteresis Voltage 
Out of Reset Voltage VIRES+ 
Into Reset Voltage VIRES-

Programming Voltage (Vpp Pin) Vpp* 
Programming EPROM 
Operating Mode 

Input Current 
TIMER (Vin= 0.4 V) 
INT (Vin=0.4 V) 
EXT AL (Vin= 2.4 V to Vee Crystal Option) lin 

(Vin= 0.4 V Crystal Option) 
RESET (Vin= 0.8 V) IRES 
(External Capacitor Changing Current) 

*Vpp (pin 7) is connected to Vee in the normal operating mode. 
**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 

Typ 

21.0 

~ 

-
1.0 

12.0 

Min 

4.0 
vcc-o.5 

4.0 
Vcc-o.5 

2.0 

2.0 
9.0 

Vss 
Vss 
Vss 

-
-

-
-

2.0 

2.1 
0.8 

20.0 
4.75 

-
-
-
-

-4.0 
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Max Unit 

22.0 v 

mA 
8 
30 

1.1 MHz 

15.0 v 

Typ Max Unit 

v 
- Vee 
- Vee .. Vee .. Vee 
- Vee 

v 
- Vcc+1.o 

12.0 15.0 

v 
- 0.8 .. 1.5 
- 0.8 

520 740 mW 
580 800 

pF 
25 -
10 -
- 4.0 Vac__ltll 

v 
- 4.0 
- 2.0 

v 
21.0 22.0 
Vee 5.75 

µA 
- 20 
20 50 
- 10 
- -1600 
- -40 
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SWITCHING CHARACTERISTICS 
(Vee= + 5.25 Vdc ± 0.5 Vdc, Vss = O Vdc, TA= 0°C to 70°C, unless otherwise noted) 

Characteristic Symbol Min 

Oscillator Frequency fosc 
Normal 0.4 

Instruction Cycle Time (4/f0 sd ~ 0.950 

INT, INT2, or Timer Pulse Width twL. twH t<:Y_c + 250 

RESET Pulse Width tRWL t<:Y_c + 250 

RESET Delay Time (External Cap= 1.0 µF) tRHL 100 

INT Zero-Crossing Detection Input Frequency fr NT O.Q3 

External Clock Duty Cycle (EXTAL) - 40 

Crystal Oscillator Start-Up Time - -

PORT ELECTRICAL CHARACTERISTICS 
(Vee= + 5.25 Vdc ± 0.5 Vdc, Vss = O Vdc, TA= 0° to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ 

Port A 

Output Low Voltage, I Load= 1.6 mA VOL - -
Output High Voltage, ILoad= -100 µA VoH 2.4 -

Output High Voltage, I Load= -10 µA VoH Vcc-1.0 -

Input High Voltage, I Load= -300 µA (Max) V1H 2.0 -

Input Low Voltage, I Load= - 500 µA (Max) V1L Vss -

Hi-Z State Input Current (V;n = 2.0 V to Vee) l1H - -
Hi-Z State Input Current (Vin= 0.4 V) l1L - -

Port B 

Output Low Voltage, I Load= 3.2 mA VOL - -

Output Low Voltage, I Load= 10 mA (Sink) Vol - -

Output High Voltage, I Load= - 200 µA VoH 2.4 -
Darlington Current Drive (Source). Vo= 1.5 V IQH -1.0 -

Input High Voltage V1H 2.0 -

Input Low Voltage V1L Vss -
Hi-Z State Input Current ITSI - <2 

Port C 

Output Low Voltage, I Load= 1.6 mA Vol - -

Output High Voltage, ILoad = -100 µA VoH 2.4 -

Input High Voltage V1H 2.0 -
Input Low Voltage V1L Vss -

Hi-Z State Input Current ITSI - <2 

Port D (Input Only) 

Input High Voltage V1H 2.0 -
Input Low Voltage V1L Vss -
Input Current lin - <1 
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Typ Max Unit 

MHz 
- 4.2 

- 10 µs 

- - ns 

- - ns 

- - ms 

- 1.0 kHz 

50 60 % 

- 100 ms 

Max Unit 

0.4 v 
- v 
- v 

Vee v 
0.8 v 

-300 µA 

-500 µA 

0.4 v 
1.0 v 
- v 

-10 mA 

Vee v 
0.8 v 
10 µA 

0.4 v 
- v 

Vee v 
0.8 v 
10 µA 

Vee v 
0.8 v 
5 µA 
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Vcc=5.75 v 

Test 
Point 

40 pf 
(Total) 

Figure 10. TTL Equivalent Test Load 
(Port Bl 

Test 
Point 

30 pf 
(Total) 

Vcc=5.75 v 

Figure 12. TTL Equivalent Test Load 
(Ports A and Cl 

Port DOA 

Port Data 

IP= Input Protection 

f Voo 

PortACMOS 
kPullup Option 

I 

Figure 14.1 Ports A and C Logic Diagram 

Figure 16. Typical Input Protection 

Test Point O>-----, ± '"'"~" 

Figure 11. CMOS Equivalent Test Load 
(Port Al 

Figure 13. Open-Drain Equivalent Test Load 
(Port Cl 

1-10klyp. 

PB DOA 
PB Data 

IP= Input Protection 

Figure 15. Port B Logic Diagram 

Vary V, 
Measure I 

Figure 17. 1/0 Characteristic 
Measurement Circuit 
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MECHANICAL DATA 

This section contains the pin assignments and package dimensions for the MC68705U5. 

PIN ASSIGNMENTS 

Vss 
PAS 

PA4 

PA3 

PA2 

PAI 

PAO 

PB7 

PC! PBS 

PBS 

PB4 

PC4 PB3 

PC5 PB2 

PCS PBI 

PC7 PBO 

PD7 PDQ 

PDSllN"fi POI 

PD5 PD2 

PD4 PD3 

ORDERING INFORMATION 

The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705U5. 

Table 3. Generic Information 

Package Type Temperature Order Number 

Cerdip O'C to 70'C MC68705U5S 
S Suffix -40'C to + 85'C MC68705U5CS 
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Product Preview 
8-Bit Microcontroller Unit 

The MC68HC05A6 is an advanced 8-bit microcontroller unit (MCU) with highly sophisticated on
chip peripheral capabilities. This device is similar to the MC68HC05C4 with some differences includ
ing 2048 bytes of EEPROM and 4156 bytes of user ROM. 

The following are some of the hardware and software features of the MC68HC05A6. 
• HCMOS Technology 
• Fully Static Operation 
• 4156 Bytes of User ROM 
• 176 Bytes of RAM 
• 2048 Bytes of EEPROM 
• 240 Bytes of Self-Check Bootstrap Loader ROM 
• 24 Bidirectional 1/0 Lines 
• 16-Bit Timer Subsystem 
• Serial Communications Interface (SCI) 
• Serial Peripheral Interface (SPI) 
• Interrupts: External, Timer, SCI, and SPI 
• Master Reset and Power-On Reset 
• Single 3- to 6-Volt Supply 
• On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Option 
• 2.1 MHz Internal Operation Frequency at 5 Volts 
• True Bit Manipulation 
• Memory Mapped 1/0 
• Two Power Saving Standby Modes 
• Multiply Instruction 
• 40-Pin Dip, 44-Pin PLCC Package 
• EEPROM Programming Bootstrap and Charge Pump On-Chip 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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CRYSTAL,¢¢ 
RESONATOR, 

OR RC 
2 

2 

2 

3T06VOLTS~ 

RESET AND MODE~ 

INTERRUPT OR 
INPUT DATA PIN 

INPUT CAPTURE 

OUTPUT COMPARE 

~ 

~ 

MC68HC05A6 

BLOCK DIAGRAM 

OSCILLATOR BIDIRECTIONAL 
M68HC05 1/0 PORT 
FAMILY PINS 

PROCESSOR 

POWER 

INPUT 
PORT PIN 

176 BYTES 
CONTROL RAM 

SERIAL 
PERIPHERAL 
INTERFACE 

4156 BYTES (SPI) 
EXTERNAL USER ROM 
INTERRUPT 

2048 BYTES SERIAL 
BYTE ERASE COMMUNICATIONS 

EEPROM INTERFACE 
16-BIT (SCI) 

TIMER 240 BYTES 
SUBSYSTEM SELF-CHECK/ 

BOOTSTRAP BAUD-RATE 

ROM GENERATOR 
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Technical Summary 
8-Bit Microcontroller Unit 

The MC68HC05B4 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of microcontrollers. 
This high-performance, low-power MCU has parallel 1/0 capability with pins programmable as input or output. This 
publication contains condensed information on the MCU; for more detailed information, contact your local Motorola 
sales office. 

The following block diagram depicts the hardware features; additional features available on the MCU are shown 
below and at the top of page 2. 

• On-Chip Oscillator with Crystal/Ceramic Resonator 

• Memory-Mapped 1/0 
• 176 Bytes of On-Chip RAM 
• 4160 Bytes of User ROM 
• 24 Bidirectional 1/0 Lines and 8 Input-Only Lines 

BLOCK DIAGRAM 

PLM SYSTEM WATCHDOG SYSTEM 

PBO 
PBl ACCUMULATOR 

CPU 
PORT B PB2 PORT DATA CONTROL 

1/0 LINES PB3 B DIR INDEX 
PB4 REG REG REGISTER 
PB5 
PB6 
PB7 CONDITION CODE 

REGISTER cc CPU 

STACK 

PAO 
POINTER 

PAl 
PA2 PROGRAM COUNTER PORT DATA 

PORT A PA3 HIGH 
PA4 A DIR PCH 110 LINE REG. REG ALU 
PAS 
PA6 PROGRAM COUNTER 
PA7 LOW 

PCL 

USER ROM STATIC RAM 
415o:x s 176 x 8 

SELF-CHECK 
432 x 8 

OSCILLATOR 
AND 

DIVIDER BY 2!32 

OSCl 

OSC2 

INTERNAL PROCESSOR CLOCK 

PCO 
PCl 

DATA PORT PC2/ECLK 

DIR c PC3 
PORT C 

REG REG 
PC4 
PCS 110 LINES 
PC6 
PC7 

PORT D POOi ANO 
PDliANl ---, PD21AN2 

I PD31AN3 
~ I · PD41AN4 

I >-- PD51AN5 
D~ I PD61AN6 ~~ I 
8 L P07/AN7 

VRH 

VAL 

ROI 
SCI SYSTEM SCLK 

TDD 

-voo 
......-.-- Vss 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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Features - continued 

• Serial Communications Interface (SCI) System 
• 8-Channel AID Converter 

• Watchdog System 
• Self-Check Mode 
• Power-Saving STOP and WAIT Modes 
• Single 3.0- to 6.0-Volt Supply 

• Fully Static Operation 
• Two Pulse-Length Modulation Systems (DIA) 
• 2-Channel Pulse Length Modulator 
• Slow Mode Option Divides the Basic Clock Frequency by 16 
• 16-Bit Timer with Two Input Input Capture and Two Output Compare Functions 

SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

Voo AND Vss 

Power is supplied to the microcontroller using these 
two pins. VDD is the positive supply, and Vss is ground. 

IRQ 

This pin is a programmable option that provides four 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. Note that the voltage 
level on this pin affects the mode of operation. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, or an 
external signal connects to these pins providing a system 
clock. The oscillator frequency is two times the internal 
bus rate (or 32 times as a software option). 

Crystal 

The circuit shown in Figure 1 (b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and start-up stabilization time. Re
fer to ELECTRICAL SPECIFICATIONS for VDD 
specifications. 

Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1 (b) is 
recommended when using a ceramic resonator. Figure 
1 (a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 

External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(d). 

INPUT CAPTURE (TCAP1) 

This pin controls the input capture 1 feature for the on
chip programmable timer. Note that the voltage level on 
this pin affects the mode of operation . 

INPUT CAPTURE (TCAP2) 

This pin controls the input capture 2 feature for the on
chip programmable timer. 

OUTPUT COMPARE (TCMP1) 

This pin provides an output for the output compare 1 
feature of the on-chip timer. 

OUTPUT COMPARE (TCMP2) 

This pin provides an output for the output compare 2 
feature on the on-chip timer. 

RESET 

This pin is used to reset the MCU and provide an or
derly start-up procedure by pulling RESET low. The volt
age level on this pin affects the mode of operation (see 
Table 2, Mode of Operation Selection). 

INPUT/OUTPUT PORTS (PA7-PAO, PB7-PBO, PC7-PCO) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor
mation. 

FIXED INPUT PORT (PDO/ANO-PD7/AN7) 

These eight lines comprise port D, a fixed input port. 
If the AID function is enabled, it affects this port. Port D 
accepts the eight analog inputs when the AID is enabled. 
Port D can be used for digital input during a conversion 
sequence, but this may inject noise on the analog signals, 
reducing the conversion accuracy. Also, a digital read of 
port D with levels other than VDD or Vss on the pins 
results in greater power dissipation during the read cycle. 
Refer to PROGRAMMING for additional information. 

NOTE 

In the 48-pin dual-in-line package, the fixed input 
port (D) of the MC68HC05B4 is reduced to six pins 
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Crystal Ceramic Resonator 

2MHz 4MHz Units 2-4 MHz Units 

RsMAX 400 75 n Rs !typical) 10 !l 

Co 5 7 pf Co 40 pf 

C1 0.008 0.012 µf C1 4, 3 µf 

Cosc1 15-40 15-30 pf cosc1 30 pf 

Cosc2 15-30 15-25 pf cosc2 30 pf 

Rp 10 10 MO Rp 1-10 M!l 

Q 30 40 K Q 1250 -

la) Crystal/Ceramic Resonator Parameters 

MCU 

OSC1 OSC2 

16 Rp 17 

coSC1 1;" 1;" Cosc2 

lb) Crystal/Ceramic Resonator 
Oscillator Connections 

DC2 L C:Fl Rs OSC1 

17 16 
Co 

(c) Equivalent Crystal Circuit 

MCU 
OSC1 OSC2 

16 17 

UNCONNECTED 

EXTERNAL CLOCK 

Id) External Clock Source Connections 

Figure 1. Oscillator Connections 

(PD5-PDO, AN5-ANO). This change has no effect on 
either programming or operation of port D or the 
AID converter. 

PLMA 

This pin is the output of the pulse-length modulation 
converter A. See PULSE-LENGTH D/A CONVERTERS for 
further information. 

PLMB 
This pin is the output of the pulse-length modulation 

converter B. See PULSE-LENGTH D/A CONVERTERS for 
further information. 

ROI (Receive Data In) 

This pin is the input of the SCI receiver. See Serial 
Communications Interface for more information. 

TOO (Transmit Data Out) 
This pin is the output of the SCI transmitter. See Serial 

Communications Interface for more information. 

SCLK 
This pin is the clock output pin of the SCI transmitter. 

See Serial Communications Interface for more infor
mation. 

VRH 
This pin is the positive reference voltage for the AID 

converter. 

VRL 
This pin is the negative reference voltage for the AID 

converter. 

INPUT/OUTPUT PROGRAMMING 

Input/output port programming, fixed input port pro
gramming, and serial port programming are discussed 
in the following paragraphs. 
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INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefinerl levels. 

When programmed as outputs, the latched output data 
is 1eadable as input data tegetrdless uf lhe iogic ieveis at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 2 for typical port circuitry and to Table 1 for a list 
of the 1/0 pin functions. 

Table 1. 1/0 Pin Functions 

-

R/W* DDR 110 Pin Functions 

0 0 The !.:O pin is in input mode. Data Is writ-
ten into the output data latch. 

0 1 Data is written into the output data latch 
and output to the 1·0 pin. 

1 0 The state of the 110 pin is read. 

1 1 The 1'0 pin is in an output mode. The out-
put data latch is read. 

Y·R W is an internal signal. 

Under software control, the PC2 pin can become the 
CPU clock output. If this option is selected, the corre
sponding DDR bit is automatically set, and bit 2 of port 
C always reads the output data latch. The other port C 
pins are not affected by this feature. 

INTERNAL 
MCU 

CONNECTIONS 

DATA DIRECTION 
REGISTER 

BIT 

LATCHED 
OUTPUT DATA 

BIT 

E Clock Control Register (CTL/ECLK) $07 

3 

RESET: 
D 

ECLK - ECLK Control 
1 -1/0 port function of PC2 is forced to output mode, 

and PC2 outputs the ECLK CPU clock. 
O- PC2 functions as a regular 110 pin. 

FIXED INPUT PORT PROGRAMMING 
Port D is a fixed input port that monitors the external 

pins whenever the AID is disabled. After reset, all the bits 
become digital inputs because all special function drivers 
are disabled. Port Dis always a digital input, whether the 
A/D is on or off. 

NOTE 

Any unused inputs and 110 ports should be tied to 
an appropriate logic level (e.g., either Voo or Vssl. 

SERIAL PORT (SCI) PROGRAMMING 

The SCI uses two or three pins for its functions: RDI 
for its receive data input, TDO for its transmit data output, 
and SCLK to output the transmitter clock, if needed. 

MEMORY 

The MCU is capable of addressing 8192 bytes of mem
ory and 110 registers, as shown in Figure 3. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and 1/0. The user-defined reset and interrupt 
vectors are located from $1 FFO to $1 FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 

1/0 
PIN 

Figure 2. Typical Port 1/0 Circuit 
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$0000 

$001F 

$0020 

S004F 

S0050 
$008F 

$00CO 

SO OFF 

$0100 
$01FF 

$0200 

$028F 

l02CO 

SOE FF 

SO FOO 
$1EFF 

$1FOO 

$1FEF 

$1FFO 

$1FFF 

1/0 ANO 
REGISl~RS 

32 BYTES 

PAGE O 
USER ROM 
48 BYTES 

RAM 
176 BYTES 

INCLUDING 
STACK 

64 BYTES 

UNUSED 
256 BYTES 

SELF-CHECK 
ROM I 

192 BYTES 

UNUSED 
3136 BYTES 

4K USER ROM 
4096 BYTES 

SELF-CHECK 
ROM II 

240 BYTES 

USER VECTORS 
16 BYTES 

OoOo ____ _ 
PORTS 

7 BYTES 
0031 

00321\ 
ECLK 

CONTROL 
1 BYTES 

0079 \ 

0080 
\ 
\ 

0191 
I 

AID CONVERTER 
2 BYTES 

PLM SYSTEM 
0192 \ 2 BYTES 

\ 
0255 I 
0256 I 
0511 \ 
0512 \ 

I 

0703 \ 
I 

MISCELLANEOUS 
1 BYTE 

SERIAL 
COMMUNICATIONS 

INTERFACE 
5 BYTES 

TIMER 
0704 \ 14 BYTES 
3839 

3840 
7935 

7936 

8175 

8176 

8191 

00 oo-----

00 
\ 
\ 
\ ~ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

PORT A DATA REGISTER 

PORT B DATA REGISTER 

PORT C DATA REGISTER 

PORT 0 INPUT DATA REGISTER 

PORT A DATA DIRECTION REGISTER 

PORT B DATA DIRECTION REGISTER 

PORT C DATA DIRECTION REGISTER 

ECLK CONTROL REGISTER 

A/D DATA REGISTER 

AID STATUS/CONTROL REGISTER 

PULSE LENGTH MODULATION A 

PULSE LrnGTH MODULATION B 

MISCELLANEOUS REGISTER 

SCI BAUD RATE REGISTER 

SCI CONTROL REGISTER 1 

SCI CONTROL REGISTER 2 

SCI STATUS REGISTER 

SCI DATA REGISTER 

TIMER CONTROL REGISTER 

TIMER STATUS REGISTER 

CAPTURE HIGH REGISTER 1 

CAPTURE LOW REGISTER 1 

COMPARE HIGH REGISTER I 

COMPARE LOW REGISTER 1 

COUNTER HIGH REGISTER 

COUNTER LOW 'REGISTER 

ALTERNATE COUNTER HIGH REGISTER 

ALTERNATE COUNTER LOW REGISTER 

CAPTURE HIGH REGISTER 2 

CAPTURE LOW REGISTER 2 

COMPARE HIGH REGISTER 2 

COMPARE LOW REGISTER 2 

$00 

$01 

$02 

$03 

$04 

$05 

$06 

$07 

$08 

$09 

$0A 

$08 

$0C 

$00 

$OE 

$OF 

$10 

Sil 

$12 

$13 

$14 

$15 

$16 

$17 

$18 

$19 

$1A 

$18 

$IC 

$10 

llE 

$IF 

Figure 3. Memory Map 

during pulls. Refer to INTERRUPTS for additional infor
mation. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 
The MCU contains the registers described in the fol

lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

x 

PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next instruction to be executed. 

12 

PC 

STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
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is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro
duce an address within the range of $DOFF to $00CO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 

12 

SP 

CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 

Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 

SELF-CHECK 

The self-check capability provides the ability to deter
mine if the device is functional. Table 2 shows how self
check mode is entered. Self-check is performed using the 
circuit shown in Figure 4. Port C pins PC3-PCO are mon
itored for the self-check results. After reset, the following 
tests are performed automatically: 

l/O - Exercise of ports A, B, C, and D 
RAM - Counter test for each RAM byte 
ROM - Exclusive OR with odd ones parity result 
Timer - Tracks counter register and checks ICF1, 

ICF2, OCF1, OCF2, and TOV flag 
Interrupts - Tests external, timer, and SCI interrupts 
SCI - Transmission test; checks RDRF, TORE, TC, 

and FE flags 
AID - Checks AID on internal channels: VRL VRH· 

and (VRL + VRH)i2 
PLM - Checks basic PLM function 
Watchdog System - Checks watchdog function 

Self-check results (using the LEDs as monitors) are 
shown in Table 3. The following subroutines are available 
to the user and do not require any external hardware. 

Table 2. Mode of Operation Selection 
··-

RESET Pin IRQ Pin TCAP1 Pin Mode 

____;-- Vss to VDD Vss to VDD Normal 

__;-- +9 Volts VDD Self-Check 

Vss Vss to VDD Vss to VDD Reset Condition 

Table 3. Self-Check Results 

PC3 PC2 PC1 PCO Remarks 

1 a 0 1 Bad Port 

0 1 1 0 Bad Port 

1 0 1 a Bad RAM 

1 0 1 1 Bad ROM 

1 1 0 0 Bad Timer 

1 1 0 1 Bad SCI 

1 1 1 0 Bad A/D 

0 0 0 0 Not Used 

a 0 0 1 Bad PLM 

0 0 1 0 Bad Interrupts 

0 0 1 1 Bad Watchdog 

Flashing Good Device 

All Others Bad Device, Bad Port, etc. 

0 indicates LED is on; 1 indicates LED is off. 

RAM CHECK SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The stack 
pointer must be set to $FF. The RAM check subroutine is 
called at location $021 E. A counter test is done on each 
location from address $50 to $FD. Each location is made 
to count from $00 to $00 again. Locations $FE and $FF 
are assumed to contain the return address. Upon return 
to the user's program, if the test passed, X = $00, A= $00, 
and RAM locations $0050 and $00FD contain $01. 

NOTE 

The watchdog system is turned on when calling this 
subroutine. 

MOTOROLA MICROPROCESSOR DATA 

3-717 

• 



MC68HC0584: 

NOTE: Pin numbers are valid for 52-pin PLCC package only. 

Figure 4. Self-Check Circuit Schematic Diagram 
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AID CONVERTER CHECK SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The subrou
tine is called at location $1 FAA with X =$00 and AID STAT/ 
CTRL (address $09) = $20 (ADON= 1 for more than 100 
µ,s and channel PDO selected). Conversion is done on 
three of the internal channels: VRH, VRL, and IVRL + VRHli 
2. The result of these conversions is verified at ± 1 LSB. 
Upon return to the user's program, if the test passed, 
X $09, A $00 or $01. 

ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $0232 with RAM 
location $0053 equal to $01 and A= 0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
if the test passed, X = 0, A - 0. 

NOTE 

The AD and the watchdog system are turned on 
when calling this subroutine. 

RESETS 

The MCU can be reset two ways: by initial power-up 
IPOR) and by the external reset input (RESET). The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 

POWER-ON RESET (POR) 

An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and· should 
not be used to detect a drop in the power supply voltage. 
There is a delay (tPORLI after the oscillator becomes ac
tive. If the RESET pin is low at the end of tPORL the MCU 
will remain in the reset condition until RESET goes high. 
A mask option allows tPORL to be either 16 or 4064 in
ternal processor clock cycles itcycl. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles itcycl. 

Miscellaneous Register (OC) 

7 6 5 4 

I POR I INTP I INTN I INTE I SFA 

RESET 
u 

POR - Power-On Reset 

SFB SM I WDOG I 

1 =The reset occurring is a power-on, not external, 
reset 

0 =Power-on reset not in progress 

INTP - External Interrupt Positive 
Allows a choice of IRQ sensitivity, with INTN. See 
Table 4. 

INTN - External Interrupt Negative 
Allows a choice of IRQ sensitivity, with INTP. See 
Table 4. 

INTE - External Interrupt Enable 
Allows the user to enable or disable the external in
terrupt function 

SFA - Slow/Fast Selection for PLMA 
1 =Slow speed used for PLMA (4096 times the timer 

clock period) 
0 =Fast speed used for PLMA (256 times the timer 

clock period). See PULSE-LENGTH D/A CON
VERTERS 

SFB - Slow/Fast Selection for PLMB 
1 ~Slow speed used for PLMB (4096 times the timer 

clock period) 
0- Fast speed used for PLMB (256 times the timer 

clock period). See PULSE-LENGTH D/A CON
VERTERS 

SM - Slow Mode 
1 =System runs at 1/16th the normal clock rate (lose/ 

32) 
0 =System runs at normal clock rate lfosc/2) 

WDOG - Watchdog Counter System 
1 =Watchdog counter system enabled 
0 =Watchdog counter system disabled 

NOTE 

The reset generated by the watchdog timer is a 
system reset; thus, the watchdog is disabled after 
a watchdog reset. 

Table 4. External Interrupt Options 

INTP INTN External Interrupt Options 

0 0 Negative Edge and Low-Level Sensitive 
0 1 Negative Edge Only 
1 0 Positive Edge Only 
1 1 Positive and Negative Edge Sensitive 

Slow Mode 

The slow mode function is controlled by the SM bit in 
the miscell.aneous register (OC). In slow mode (SM= 1), 
an extra divide-by-sixteen circuit is added between the 
oscillator and the internal clock driver. This slows all func
tions by a factor of 16 (including SCI, AID, and timer), 
which is particularly useful in WAIT mode. SM is cleared 
by external or power-on reset and by STOP mode. 

NOTE 

If slow mode is enabled while using the AID, the 
internal AID RC oscillator should be turned on. 

Watchdog System 

The watchdog counter is driven by the 1024 prescaler 
in the timer and, unless the counter is reset, generates a 
system reset when it reaches its maximum count 
(1024x 8). 
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A mask option is available that provides two methods 
of enabling the watchdog timer. In the first option, the 
watchdog system is controlled by the WDOG bit in the 
miscellaneous register (OC). Writing a one to the bit starts 
the watchdog or, if it is already started, resets the counter 
to zero. Writing a zero has nq effect; the WDOG bit can 
only be cleared by external or power-on reset. In the 
second option, the watchdog timer is always enabled 
following reset. 

A second mask option determines the watchdog timer 
function during WAIT. The watchdog timer can remain 
active during WAIT, and can cause a reset if the device 
remains in WAIT longer than the watchdog timeout pe
riod. Alternatively, the watchdog timer suspends oper
ation during WAIT and resets its count, resuming normal 
operation following reset. 

INTERRUPTS 

The MCU can be interrupted four different ways: the 
three maskable hardware interrupts (IRQ, SCI, and timer) 
and the nonmaskable software interrupt instruction (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 5. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 
The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetche.d and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 

Refer to Figure 6 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 

There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in thEJ timer control register (TCR). 
Refer to TIMER for more information. 

EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the I bit enables the ex
ternal interrupt. The external interrupt is internally syn
chronized and then latched on the falling edge of IRO. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
add_ress is specified by the contents of $1 FFA and $1 FFB. 

Four options are available for interrupt triggering sen-
sitivity: 

• Negative edge and low level 
• Negative edge only 
• Positive edge only 
• Positive and negative edge 

See Miscellaneous Register (OC) for further information. 
Figure 7 shows a mode timing diagram for the interrupt 

line. The timing diagram shows two treatments of the 
interrupt line to the processor. The first method shows a 
single pulse on the interrupt line spaced far enough apart 
to be serviced. The minimum time between pulses is a 
function of the length of the interrupt service. Once a 
pulse occurs, the next pulse should no,t occur until an RTI 
occurs. This time (t1uU is obtained by adding 21 instruc
tion cycles to the total number of cycles it takes to com
plete the service routine (not including the RTI instruction). 
The second method shows many interrupt lines "wire
ORed" to form the interrupts at the processor. If the in
terrupt line remains low after servicing an interrupt, then 
the next interrupt is recognized. 

NOTE 
The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 

STACK 

1l1J1J CONDITION CODE REGISTER 

!! INCREASING MEMORY 
ADDRESSES oioJoI 

ACCUMULATOR 

INDEX REGISTER 

PCH 

PCL 

UNSTACK 

u 
p 
T 

NOTE: Since the Stack Pointer decrements during pushes, the 
PCL is stacked first, followed by PCH, etc. Pulling from 
the stack is in the reverse order. 

Figure 5. Interrupt Stacking Order 
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FROM 
RESET 

EXECUTE 
INSTRUCTION 

CLEAR IRQ 
REQUEST 

LATCH 

STACK 
PC, X, A, CC 

LOAD PC FROM: 
SWI: $1FFC-$1FFD 
SWI: $1FFA-$1FFB 

TIMER: $1 FFB-$1 FF9 
SCI: $1 FFB-$1 FF7 

COMPLETE 
INTERRUPT 

ROUTINE 
AND EXECUTE 

RTI 

Figure 6. Reset and Interrupt Processing Flowchart 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in
terrupt service routine address is specified by the con
tents of memory locations $1 FFC and $1 FFD. 

SCI INTERRUPTS 

An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the I bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de
termine the cause and priority of the SCI interrupt by 
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IRQ~llUH LJ 
I• t1uL------• I 

!RO-, r (MCU) ._ _____________ _. 

Edge-Sensitive Trigger Condition 
The minimum pulse width (t1uHl is either 
125 ns (VDD ~ 5 V) or 250 ns (VDD ~ 3 V). 
The period t1L1L should not be less than 
the number of tcyc cycles it takes to ex
ecute the interrupt service routine plus 21 
tcyc cycles. 

Level-Sensitive Trigger Condition 
If after servicing an interrupt the IRO re
mains low, then the next interrupt is rec
ognized. 

NORMALLY 
USED WITH 
WIRE-ORed 
CONNECTION 

Figure 7. External Interrupt Mode Diagram 

examining the interrupt flags and status bits in the SCI 
status register. 

LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os
cillator is turned off, halting all .internal processing in
cluding timer, SCI, and A/D operation (refer to Figure 8). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal
tered. All input/output lines remain unchanged. The pro
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 

SCI during STOP Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in
struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 

Watchdog during STOP Mode 

YES 

STOP 

STOP OSCILLATOR 
AND ALL CLOCKS 

CLEAR I BIT 

TURN ON OSCILLATOR 
WAIT FOR TIME 

DELAY TO STABILIZE 

(1) FETCH RESET VECTOR OR 
(2) SERVICE INTERRUPT 

A. STACK 
B. SET I BIT 
C. VECTOR TO INTERRUPT 

ROUTINE 
The STOP instruction is inhibited when the watchdog 

system is enabled. If a STOP instruction is executed while 
the watchdog is enabled, a reset occurs that resets the 
entire MCU. Figure 8. STOP Function Flowchart 
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PLM during STOP Mode 

When the MCU enters stop mode, the PLM outputs 
remain at their particular level. If power-on or external 
reset causes the exit from stop mode, the register values 
are forced to $00. 

AID Converter during STOP Mode 

When stop mode is entered with the AID converter 
turned on, the AID clocks are stopped and the AID con
verter is disabled for the duration of stop mode, including 
the tPORL startup time. If the AID RC oscillator is used, 
it will also be disabled. 

When leaving STOP mode, after the tPORL startup time, 
the AID converter and AID RC oscillator resume regular 
operation. However, a time tADON is required for the 
current sources to stabilize. During tADON. AID conver
sion results may be inaccurate. 

WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action and the 
watchdog system are suspended, but the timer, SCI, PLM, 
and A1D remain active (refer to Figure 9). An interrupt 
from the timer, SCI, or an IRQ can cause the MCU to exit 
the WAIT mode. 

During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 

To achieve proper operation and reduce power con
sumption, the following points should be set as desired 
before entering wait mode: 

• Timer interrupt enable bits 

• AID control bits 

• SCI enable bits and interrupt enable bits 

TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements of two input signals while si
multaneously generating two output waveforms. Pulse 
widths can vary from several microseconds to many sec
onds. The programmable timer works in conjunction with 
the PLM system to execute two 8-bit DIA PLM conver
sions, with a choice of two repetition rates. Refer to Figure 
10 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac
cessed. 

WAIT 

OSCILLATOR ACTIVE 
TIMER, SCI, AND AID 

CLOCKS ACTIVE 
PROCESSOR CLOCKS STOPPED 

RESTART 
PROCESSOR CLOCK 

111 FETCH RESET VECTOR OR 
121 SERVICE INTERRUPT 

A. STACK 
B. SET I BIT 
C. VECTOR TO INTERRUPT 

ROUTINE 

Figure 9. WAIT Function Flowchart 

NOTE 

The I bit in the CCR should be set while manipu
lating both the high and low byte register of a spe
cific timer function to ensure that an interrupt does 
not occur. 

COUNTER 

The key element in the programmable timer is a 16-
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18-$19 (counter register) or 
$1A-$1 B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1 B) receives the count value at the time of the read. 
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INTERNAL 
PROCESSOR 

CLOCK 

TO PLM 

TIMER 
STATUS 

LOW BYTE 

16-BIT $18 
FREE-RUNNING 

COUNTER 

COUNTER 
ALTERNATE 
REGISTER 

$19 

$IA 

$1B 

OVERFLOW 
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Figure 10. Timer Block Diagram 

If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1 B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1 B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register LSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide-
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by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

NOTE 

Since the PLM system uses the timer counter, PLM 
results will be affected when resetting this counter. 

OUTPUT COMPARE REGISTERS 

There are two output compare registers: output com
pare register 1 (OCR1) and output compare register 2 
(0CR2). The output compare registers can be used for 
several purposes, such as controlling an output wave
form or indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hmdware or reset. If the compare function is not 
needed, the four bytes of the output compare registers 
can be used as storage locations. 

NOTE 

The same output compare interrupt enable bit is 
used for the two output compares. 

Output Compare Register 1 

The output compare register 1 (0CR1 I is a 16-bit reg
ister, which is made up of two 8-bit registers at locations 
$16 (most significant byte) and $17 (least significant byte). 

The output compare register contents are continually 
compared with the contents of the free-running counter 
and, if a match is found, the corresponding output com
pare flag (0CF1, bit 6 of timer status register $13) is set, 
and the corresponding output level (OLVL 1) bit is clocked 
to pin TCMP1. The output compare register values and 
the output level bit should be changed after each suc
cessful comparison to control an output waveform or 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare, provided the 
corresponding interrupt enable bit, OCIE, is set. 

After a processor write cycle to the output compare 
register 1 containing the most significant byte ($16), the 
output compare 1 function is inhibited until the least sig
nificant byte ($17) is also written. The user must write 
both bytes (locations) if the most significant byte is writ
ten first. A write made only to the least significant byte 
($17) will not inhibit the compare function. The free-run
ning counter is updated every four internal bus clock 
cycles. The minimum time required to update the output 
compare register 1 is a function of the program rather 
than the internal hardware. 

The processor can write to either byte of the output 
compare register 1 without affecting the other byte. The 
output level (OLVL 1) bit is clocked to the corresponding 
output level register and then to the TCMP1 pin, regard
less of whether the output compare flag (OCF1) is set or 
clear. 

Output Compare Register 2 

The output compare register 2 (OCR2) is a 16-bit reg
ister, which is made up of two 8-bit registers at locations 

$1 E (most significant byte) and $1 F (least significant byte). 
The function of OCR2 is identical to OCR1, requiring only 
changes of the register locations and control bits in the 
timer status register ($13) to make the OCR1 description 
apply to OCR2. 

SOFTWARE FORCE COMPARE 

The MCU provides a force compare capability to facil
itate fixed frequency generation as well as other appli
cations. Bit 3 (FOLV1 for OCR1 I and bit 4 IFOLV2 for OCR2) 
!n the timer contra! register ($12) implement this force 
compare. Writing a one to these bits causes the OLVL 1 
or OLVL2 values to be copied to the respective output 
registers (TCMP1 or TCMP2 pins). Internal logic allows a 
single instruction to change OLVL 1 and OLVL2 and cause 
a forced compare with the new values of OLVL 1 and 
OLVL2. 

NOTE 

A software force compare, which affects the cor
responding output pin TCMP1 or TCMP2, does not 
affect the compare flag; thus, it does not generate 
an interrupt. 

INPUT CAPTURE REGISTERS 

There are two input capture registers: input capture 
register 1 (ICR1 I and input capture register 2 (ICR2). 

NOTE 

The same input capture interrupt enable bit (ICIE) 
is used for the two input capture registers. 

Input Capture Register 1 

Two 8-bit registers that make up the 16-bit input cap
ture register 1 (ICR1) are read-only and are used to latch 
the value of the free-running counter after the corre
sponding input capture edge detector senses a defined 
transition. The level transition that triggers the counter 
transfer is defined by the corresponding input edge bit 
(IEDG1 ). Reset does not affect the contents of the input 
capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex
ternal transition. This delay is required for internal syn
chronization. Resolution is one count of the free-running 
counter, which is four internal-bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transi
tion, regardless of whether the input capture flag (ICF1) 
is set or clear. The input capture register always contains 
the free-running counter value, which corresponds to the 
most recent input capture. 

After a read of the input capture register 1 ($14) most 
significant byte, the counter transfer is inhibited until the 
least significant byte ($15) is also read. This characteristic 
causes the time used in the input capture software routine 
and its interaction with the main program to determine 
the minimum pulse period. 
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A read of the input capture register 1 least significant 
byte ($15) does not inhibit the free-running counter trans
fer since they occur on opposite edges of the internal bus 
clock. 

Input Capture Register 2 

The input capture register 2 (ICR2) is a 16-bit register 
that is composed of two 8-bit registers at locations $1C 
(most significant byte) and $10 (least significant byte). 
Input capture register 2 functions identically to input cap
ture register 1, except that only negative edge sensitivity 
is available. By substituting the appropriate bits in the 
timer status register ($13) and substituting register lo
cations, the ICR1 description applies to ICR2. 

TIMER CONTROL REGISTER (TCR) $12 

The TCR is an 8-bit read/write register, illustrated below 
with a definition of each bit. 

ICIE OCIE TOIE I FOLV2 I FOLVl I OLVL2 I 1EDGl I OLVLl 

RESET: 
0 

ICIE - Input Capture Interrupt Enable 
1 =Interrupt enabled 
0 =Interrupt disabled 

OCIE - Output Compare Interrupt Enable 
1 =Interrupt enabled 
0 =Interrupt disabled 

TOIE - Timer Overflow Interrupt Enable 
1 =Interrupt enabled 
0= Interrupt disabled 

FOLV2 - Force Output Compare 2 

u 

1 =Forces the OLVL2 bit to the corresponding output 
latch 

0 =No effect 
FOLV1 - Force Output Compare 1 

1 =Forces the OLVL 1 bit to the corresponding output 
latch 

0= No effect 
OLVL2 - Output Level 2 

1 =The value of the output level 2 bit, which is copied 
to the output level latch by the next successful 
output compare 2, appears at TCMP2 

0= No effect 
IEDG1 - Input Edge One 

Value of input edge determines which level transition 
on TCAP1 pin will trigger free-running counter transfer 
to the input capture register. 

1 = Positive edge 
0 =Negative edge 

OLVL 1 - Output Level One 
Value of output level, which is clocked into output level 
register by the next successful output compare 1, will 
appear on the TCMP pin. 

1 =High output 
0 =Low output 

TIMER STATUS REGISTER (TSR) $13 

The TSR is a read-only register containing three status 
flag bits. Bits 4-0 always read zero. 

ICFl 

RESET: 
u 

OCFl TOF ICF2 OCF2 

u 

ICF1 - Input Capture Flag One 
1 =Flag set when selected polarity edge is sensed by 

input capture edge detector 
0= Flag cleared when TSR and input capture 1 low 

register ($15) are accessed 
OCF1 - Output Capture Flag One 

1 =Flag set when output compare register contents 
match the free-running counter contents 

0 =Flag cleared when TSR and output compare 1 low 
register ($17) are accessed 

TOF - Timer Overflow Flag 
1 =Flag set when free-running counter transition from 

$FFFF to $0000 occurs 
0 =Flag cleared when TSR and counter low register 

($19) are accessed 
ICF2 - Input Capture Flag Two 

1 =Flag set when selected polarity edge is sensed by 
input capture 2 edge detector 

0 =Flag cleared when TSR and input capture 2 low 
register ($1 DI are accessed 

OCF2 - Output Capture Flag Two 
1 =Flag set when output compare register contents 

match the free-running counter contents 
0 =Flag cleared when TSR and output compare low 

register 2 ($1 Fl are accessed 
Bits 0-2 - Not Used 

Can read either zero or one. 

TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 

TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
reset is used, the counter is forced to $FFFC. During STOP, 
if at least one valid input capture edge occurs at the TCAP 
pin, the input capture detect circuit is armed. This does 
not set any timer flags or wake up the MCU, but when 
the MCU does wake up, there is an active input capture 
flag and data from the first valid edge that occurred dur
ing the STOP mode. If reset is used to exit STOP mode, 
then no input capture flag or data remains, even if a valid 
input capture edge occurred. 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 
A problem can occur when using the timer overflow func
tion and reading the free-running counter at random times 
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to measure an elapsed time. Without incorporating the 
proper precautions into software, the timer overflow flag 
could unintentionally be cleared if 11 the timer status 
register is read or written when TOF is set, and 2) the 
least significant byte of the free-running counter is read 
but not for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1 B 
contains the same value as the free-running counter lat 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer over
flow flag in the timer status register. 

SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate prescaler. The 
terms baud and bit rate are used synonymously in the 
following description. 

SCI TWO-WIRE SYSTEM FEATURES 

• Standard NRZ lmark1space) format 
• Advanced error detection method includes noise de

tection for noise duration of up to one-sixteenth bit 
time 

• Full-duplex operation (simultaneous transmit and re
ceive) 

• Software programmable for one of 32 different baud 
rates 

• Different baud rates possible for transmit and receive 
• Software-selectable word length (eight- or nine-bit 

words) 
• Separate transmitter and receiver enable bits 
• SCI may be interrupt driven 
• Four separate interrupt conditions 

SCI RECEIVER FEATURES 

• Receiver wake-up function (idle or address bit) 
• Idle line detect 
• Framing error detect 
• Noise detect 
• Overrun detect 
• Receiver data register full flag 

0 

IDLE LINE 

SCI TRANSMITTER FEATURES 

• Transmit data register empty flag 
• Transmit complete flag 
• Break send 

Any SCI two-wire system requires receive data in IRDI) 
and transmit data out ITDO). 

DATA FORMAT 

Receive data in IRDI) or transmit data out ITDOI is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between ihe input pin (ROI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 11. 

WAKE-UP FEATURE 

In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag land 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 

RECEIVE DATA IN 

Receive data in IRDI) is the serial data which is pre
sented from the input pin via the SCI to the receive data 
register IRDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register lsee Fig
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 

CONTROL BIT "M" 
SELECTS 8 OR 9 BIT DATA 

0 

·_I _C_ 
s 
T 
A 
R 
T 

*Stop bit is always high. 

s 
T 
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s 
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Figure 11. Data Format 
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each sampled three times. The value of the bit is deter
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 

START BIT DETECTION FOLLOWING A FRAMING ERROR 
If there has been a framing error (FE) without detection 

of a break (10 zeros for 8-bit format or 11 zeros for a 9-
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF = 1, FE= 1, 
receiver data register=$00) produced the framing error, 
the start bit will not be artificially induced, and the re
ceiver must actually receive a logic one before start. 

SCI SYNCHRONOUS TRANSMISSION 
The SCI transmitter allows a one-way synchronous 

transmission, with the SCLK pin as the clock output. No 
clock is sent to the SCLK pin during the stop and start 
bits. The LCL bit (SSCR1) controls whether clocks are 
active during the last valid data bit (address mark). The 
CPOL bit selects clock polarity, and the CPHA bit selects 
the phase of the external clock. During idle, preamble, 
and send break, the external SCLK clock is not active. 

These options allow the SCI to control serial periph
erals consisting of shift registers without losing any func
tion of the SCI transmitter. These options do not affect 
the SCI receiver, which is independent of the transmitter. 

The SCLK pin works in conjunction with the TDO pin. 
When the SCI transmitter is disabled, the SCLK and the 
TDO pins assume a high-impedance state. 

NOTE 

THE LBCL, CPOL and CPHA bits must be selected 
before the transmitter is enabled to ensure that the 
clocks function correctly. These bits should not be 
changed while the transmitter is enabled. 

TRANSMIT DATA OUT 
Transmit data out (TDO) is the serial data presented 

from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock (if the same baud rate is used for transmit and 
receive). 

FUNCTIONAL DESCRIPTION 
A block diagram of the SCI is shown in Figure 12. The 

user has option bits in the serial communications control 
register 1 (SCCR1) to determine the SCI wake-up method 
and data word length. Serial communications control 

register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates for the transmitter and re
ceiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans' 
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if t.he transmit com
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data. byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF). or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 

REGISTERS 
There are five registers used in the SCI; the internal 

configuration of these registers is discussed in the fol
lowing paragraphs. 

Serial Communications Data Register (SCDAT) $11 
The SCDAT is a read/write register used to receive and 

transmit SCI data. 

SCD7 SCD6 SCD5 SCD4 SCD3 SCD2 SCDl SCDO 

RESET: 
u u u u u 

As shown in Figure 12, SCDAT functions as two sep
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
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provides the interface from the receive shift register to 
the internal data bus. 

Serial Communications Control Register 1 (SCCR1) $OE 

The SCCR1 provides control bits that determine word 
length, select the wake-up method, and control the op
tions to output the transmitter clocks for synchronous 
transmissions. 

3 1 

RB TB M I WAKE I CPOL I CPHA I LBCL 

RESET: 
u u u u u 

RS - Receive Data Bit S 
RS bit provides storage location for the ninth bit in the 
receive data byte (if M = 1 ). 

TS - Transmit Data Bit S 
TS bit provides storage location for the ninth bit in the 
transmit data byte (if M = 1 ). 

M - SCI Character Word Length 
1 =one start bit, nine data bits, one stop bit 
0 =one start bit, eight data pits, one stop bit 

WAKE~ Wake-Up Select 
Wake bit selects the receiver wake-up method. 

1 =Address bit (most significant bit) 
0 =Idle line condition 

CPOL - Clock Polarity 
Selects the clock polarity sent to the SCLK. pin. 

1 =Steady state high outside .the transmission win
dow 

0 =Steady state low outside the transmission win
dow 

The CPOL bit should not be changed with the trans
mitter active. 

CPHA - Clock Phase 

Selects the clock phase sent to the SCLK pin. 

1 = SCLK line activated at the beginning of the data 
bit 

0 = SCLK line activated in the middle of the data bit 
(see Figures 13 and 14) 

The CPHA bit should not be changed with the 
transmitter active. 

LBCL - Last Bit Clock 

Selects whether the clock associated with the last data 
bit transmitted is output to the SCLK pin. 

1 =Last data bit output 

0 =Last data bit not output 

The last data bit is the eighth or ninth bit, depend
ing on whether an S- or 9-bit format is used (see 
Table 5) . 

The LCBL bit should not be changed while the 
transmitter is enabled. 

Bit 5 - Not used. 

Can be either 1 or 0. 

Table 5. SCI Clock on SCLK Pin 

Data Number of 
M Bit LBCL Bit Clocks on Format SCLK Pin 

8 Bit 0 0 7 

8 Bit 0 1 8 
9 Bit 1 0 8 
9 Bit 1 1 9 

M=O•B DATA BIT STOP IDLE OR 
-~~~~~~~~~~~~~~~1~~ 

IDLE OR START 

I~ PRECEDING 
TRANSMISSION 

CLOCK 

(CPOL = 0 CPHA =DI 

CLOCK 

(CPOL=O CPHA= 11 

CLOCK 

(CPOL= 1 CPHA=O) 

CLOCK 

(CPOL= 1 CPHA= 1) 

DATA 

I I 
I I 

I : NEXT TRANSMISSION 

I I 

START LSB MSB STOP 

*LBCL Bit Controls Last Data Clock 

Figure 13. SCI Data Clock Timing Diagram (M=O) 
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IDLE DR START M=1•9 DATA BIT 

-1 
STOP IDLE OR ---,-

PRECEDING 
TRANSMISSION 

CLOCK 

ICPOL = 0 CPHA = O) 

CLOCK 

ICPOL = 0CPHA=11 

CLOCK 

iCPOL~ i CPHA=Oi 

CLOCK 

ICPOL =I CPHA = 11 

DATA 

I I 
I 
I I 

START LSB 

: I NEXT TRANSMISSION 

I 

MSB STOP 

*LBCL Bit Controls Last Data Clock 

Figure 14. SCI Data Clock Timing Diagram (M = 1) 

The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 

Wake M Receiver Wake-Up 

0 x Detection of an idle line allows the next data 
byte received to cause the receive data reg-
ister to fill and produce an RDRF flag. 

1 0 Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 

1 1 Detection of a received one in the ninth data 
bit allows an RDRF flag and associated error 
flags. 

Serial Communications Control Register 2 (SCCR2) $OF 

The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 

TIE TCIE RIE ILIE TE RE RWU SBK 

RESET 

TIE - Transmit Interrupt Enable 
1 =SCI interrupt enabled, provided TORE is set 
0 = TDRE interrupt disabled 

TCIE - Transmit Complete Interrupt Enable 
1 =SCI interrupt enabled, provided TC is set 
0 =TC interrupt disabled 

RIE - Receive Interrupt Enable 
1 =SCI interrupt enabled, provided OR or RDRF is set 
0 = RDRF and OR interrupts disabled 

ILIE - Idle Line Interrupt Enable 
1 =SCI interrupt enabled, provided IDLE is set 
0= Idle interrupt disabled 

TE - Transmit Enable 
1 =Transmit shift register output is applied to the TOO 

line, and the corresponding clocks are applied to 
the SCLK pin. Dependi~g upon the SCCR1 M bit, 
a preamble of 10 (M = 0) or 11 (M = 11 consecutive 
ones is transmitted. 

0 =Transmitter disabled after last byte is loaded in 
the SCDAT and TORE is set. After last byte is 
transmitted, TOO line becomes a high-impedance 
line. 

RE - Receive Enable 
1 =Receiver shift register input is applied to the ROI 

line. 
0= Receiver disabled and RDRF, IDLE, OR, NF, and 

FE status bits are inhibited. 
RWU - Receiver Wake-Up 

1 =Places receiver in sleep mode and enables wake
up function 

0 =Wake-up function disabled after receiving data 
word with MSB set (if WAKE= 1) 
Wake-up function also disabled after receiving 10 
(M =0) or 11(M=1) consecutive ones (if WAKE =0) 

SBK - Send Break 
1 =Transmitter continually sends blocks of zeros (sets 

of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec
ognition of valid start bit. 

O=Transmitter sends 10 (M=O) or 11 (M=1) zeros 
then reverts to an idle state or continues sending 
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data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char
acter times of break because the first break trans
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 

Serial Communications Status Register ($CSR) $10 

The SCSR provides inputs to the SCI interrupt,logic 
circuits. Noise flag and framing error bits are also con
tained in the SCSR. 

TORE TC RDRF IDLE OR NF FE 

RESET: 

TDRE - Transmit Data Register (TDR) Empty 
1 = TDR contents transferred to the transmit data shift 

register 
0 = TDR still contains data. TDRE is cleared by reading 

the SCSR, followed by a write to the TDR. 
TC - Transmit Complete 

1 =Indicates end of data frame, preamble, or break 
condition has occurred if: 
1. TE= 1, TDRE= 1, and no pending data, pream

ble or break is to be transmitted; or 
2. TE= O and the data preamble or break (in the 

transmit shift register) has been transmitted. 
O=TC bit cleared by reading the SCSR, followed by 

a write to the TDR 
The TC bit is a status register that indicates one of 
the above conditions has occurred. It does not in
hibit the transmitter in any way. 

RDRF - Receive Data Register (RDRI Full 
1 =Receive data shift register contents transferred to 

the RDR 
0= Receive data shift register transfer did not occur. 

RDRF is cleared by reading the SCSR, followed 
by a read of the RDR 

IDLE - Idle Line Detect 
1 =Indicates receiver has detected an idle line 
O =IDLE is cleared by reading the SCSR, followed by 

a read of the RDR. Once IDLE is cleared, IDLE 
cannot be set until RDI line becomes active and 
idle again. 

OR - Overrun Error 
1 =Indicates receive data shift register data is ready 

to be sent to a full RDR IRDRF= 1). Data causing 
the overrun is lost, and RDR data is not disturbed. 

O =OR is cleared by reading the SCSR, followed by 
a read of the RDR. 

NF - Noise Flag 
1 =Indicates noise is present on the receive bits, in

cluding the start and stop bits. NF is not set until 
RDRF= 1. 

O =NF is cleared by reading the SCSR, followed by 
a read of the RDR. 

FE - Framing Error 
1 =Indicates stop bit not detected in received data 

character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 

errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib
ited until FE is cleared. 

O =FE is cleared by reading the SCSR, followed by a 
read of the RDR. 

Bit O - Not used 
Can read either one or zero 

Baud Rate Register $OD 

Tlie baud rate register selects the SCI transmitter and 
receiver baud rate. The SCPO and SCP1 prescaler bits are 
used in conjunction with the SCR2-SCRO bits to generate 
the receiver baud rate and in conjunction with the 
SCT2-SCTO baud rate bits to generate the transmitter 
baud rate. 

Tables 6 and 7 tabulate the divide chain used to obtain 
the baud rate clock (transmit or receive clock). The actual 
divider chain is controlled by the combined SCP1-SCPO 
and SCR2-SCRO or SCT2-SCRO bits in the baud rate reg
ister. The divided frequencies shown in Table 6 represent 
the final baud rate that results from prescaler clock di
vision only (SCR or SCT bits all zero). Table 7 lists the 
prescaler output frequency divided by the action of the 
SCR or SCT bits. 

For example, assume that a 9600-Hz baud rate is de
sired from a 2.4576-MHz system clock crytal. The pres
caler bits could be set for either a divide-by-one or divide
by-four. If a divide-by-four prescaler is used, then the SCR 
and SCT bits must be set for divide-by-two. The same 
result, using the same crystal frequency, can be obtained 
with a prescaler divide-by-one and SCR and SCT bit di
vide-by-eight. 

SCPI SCPO SCT2 SCTI SCTO SCR2 SCRI SCRO 

RESET 
u 

SCP1-SCPO - SCI Prescaler Bit 1 and 0 
These two prescaler bits are used to increase the 
range of standard baud rates controlled by the 
SCT2-SCTO and SCR2-SCRO bits. Prescaler internal 
processor clock division versus bit levels are shown 
in Table 6. 

SCT2-SCTO - SCI Transmit Baud Rate Selection Bits 
These three bits, taken in conjunction with bits 
SCP1-SCPO, are used to select the SCI transmit baud 
rate. Baud rates versus bit levels are listed in Table 
7. 

SCR2-SCRO - SCI Recieve Baud Rate Selection Bits 
These three bits, taken in conjunction with bits 
SCP1-SCPO, are used to select the SCI receive baud 
rate. Baud rates versus bit levels are listed in Table 
7. 

Load Program in RAM and Execute 

This function is entered if the following conditions are 
met when reset is released: 

fRQ is at VDD + 4V for at least two machine cycles after 
reset 
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Table 6. Prescaler Highest Baud Rate Frequency Output 

SCP Bit Clock* Crystal Frequency MHz 

1 0 Divided By 4.194304 4.0 2.4576 2.0 1.8432 

0 0 1 131.072 kHz 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz 
0 1 3 43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz 
1 0 4 32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz 
1 1 13 10.082 kHz 9600 Hz 5.907 kHz 4800 Hz 4430 Hz 

•·Refers to the internal processor clock. 

NOTE: The divided frequencies shown in Table 6 represent baud rates which are the highest transmit baud rate (Txl that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some represe11tettive prescaler outputs 

Table 7. Transmit Baud Rate Output for a Given Prescaler Output 

SCRIT Bits Divided Representative Highest Prescaler Baud Rate Output 

2 1 0 By 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 

0 0 0 1 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 
0 0 1 2 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz 
0 1 0 4 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz 
0 1 1 8 16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz 
1 0 0 16 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz 
1 0 1 32 4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz 
1 1 0 64 2.048 kHz 512 Hz 1200 Hz 300 Hz 150 Hz 
1 1 1 128 1.024 kHz 256 Hz 600 Hz 150 Hz 75 Hz 

NOTE: Table 7 illustrates how the SCI select bits can be used to provide lower transmitter or receiver baud rates by further dividing 
the prescaler output frequency. The five examples are only representative samples. In all cases, the baud rates shown are 
transmit baud rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 

TCAP1 is at VDD for at least two machine cycles after 
reset 

PD3 is at VDD for at least 30 machine cycles after reset 
PD4 is at Vss for at least 30 machine cycles after reset 
User programs are loaded into RAM using the SCI port 

and then .executed. Data is loaded sequentially, starting 
at RAM location $50, until the last byte is loaded. Program 
control is then transferred to the RAM progam starting 
at location $51. The first byte loaded is the count of the 
number of bytes in the program plus the count byte. The 
program starts at the second byte in the RAM. During 
firmware initialization, the SCI is configured for the NRZ 
format (idle line, eight data bits, and stop bit). The baud 
rate is 9600 with a 4-MHz crystal. Figure 15 shows a sche
matic for the load program in RAM and execute function. 

Immediate execution can be avoided by setting the 
byte count to a value greater than the length of data 
loaded, which causes the firmware to wait for additional 
data after loading is complete. Resetting the MCU then 
allows entering any routine without disturbing the RAM 
data that was loaded. 

Jump to Any Address 

This function is entered if the following conditions are 
met when reset is released: 

IRQ is at VDD + 4 V for at least two machine cycles after 
reset 

TCAP1 is at VDD for at least two machine cycles after 
reset 

PD3 is at VDD for at least 30 machine cycles after reset 
PD4 is at VDD for at least 30 machine cycles after reset 
To execute the jump to any address function, port A 

data input should be $CC, and port B and C should be 
the MSB and LSB, respectively, of the address desired 
for the jump. Figure 16 shows a schematic for the jump 
function. 

PULSE-LENGTH D/A CONVERTERS 

The pulse-length DIA converter (PLM) works in con
junction with the timer to execute two 8-bit conversions 
with a choice of two repetition rates. The outputs are 
pulse-length modulated signals whose duty-cycle ratio 
may be modified. These signals can be used directly as 
PLMS, or the filtered average values can be used as gen
eral-purpose analog outputs. 

Registers PLMA and PLMB contain the pulse-length 
values for the two PLMs. A value of $00 results in a con
tinuously low output from the DIA. A value of $80 results 
in a 50-percent duty-cycle output, and a value of$FF gives 
an output that is a logic 1 for 255/256 of the cycle. When 
the MCU writes to the PLMA or PLMB register, the DIA 
picks up the new value at the end of a complete conver
sion cycle so that a monotonic change in the de com
ponent of the output results. This monotonic change 
avoids overshoots or vicious starts (a vicious start is an 
output that gives totally erroneous output during the first 
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Figure 15. Load Program in RAM and Execute Diagram 
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Figure 16. Jump to Any Address Diagram 
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cycle following an update of the registers). WAIT mode 
does not affect the output waveform of the DIA convert
ers. 

NOTE 
Since the PLM system uses the timer counter, PLM 
results will be affected while resetting the timer 
counter. 

Figure 17 shows a block diagram of the PLM system. 

PLMA (OA) 

7 6 5 4 3 2 1 0 

I PLMA7 I PLMA6 I PLMA5 I PLMA4 I PLMA3 I PLMA2 I PLMA 1 I PLMAO I 
RESET: 

0 

PLMB (OB) 

7 6 5 4 3 2 1 0 

I PLMB7 I PLMB6 I PLMB5 I PLMB4 I PLMB3 I PLMB2 I PLMBl I PLMBO I 
RESET 

Miscellaneous (OC) 

7 6 5 

I - I - I - I SFA SFB 

RESET: 

SFA - Slow/Fas.t Control for PLMA Clock 
1 =Slow speed of PLMA used (4096 times the timer 

clock period) 
0 =Fast speed of PLMA used (256 times the timer 

clock period) 
SFB - Slow/Fast Control for PLMB Clock 

1 =Slow speed of PLMB used (4096 times the timer 
clock period) 

0 =Fast speed of PLMB used (256 times the timer 
clock period) 

NOTE 

The highest speed of the PLM system corresponds 
to the frequency of the TOF bit being set, multiplied 
by 256. The slowest speed of the PLM system cor
responds to the frequency of the TOF bit being set, 
multipled by 16. 

DATA BUS 

A 
COMPARATOR 

B 
COMPARATOR 

B 
MULTIPLEXER 

16 

Figure 17. PLM Block Diagram 

TIMER BUS 
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The SFA and SFB bits are not double buffered; there· 
fore, these bits must be selected before writing to either 
PLM register to avoid temporary wrong values from the 
PLM outputs. Figure 18 shows some examples of the PLM 
output waveforms. 

A/D CONVERTER 

The AID converter system consists of an 8-bit succes· 
sive approximation converter and a 16-channel multi· 
plexer. Eight of the channels are available for output, and 
the other eight channels are dedicated to internal test 
functions. There is one 8-bit result data register (address 
$08) and one 8-bit status/control register (address $09). 

NOTE 
In the 48·pin dual-in-line package, the fixed input 
port ID) of the MC68HC05B4 is reduced to six pins 
IPD5-PDO, AN5-ANO). This change has not effect 
on either programming or operating of port D or 
the AID converter. 

The reference supply for the converter uses dedicated 
input pins instead of the power supply lines, because 
drops caused by loading in the power supply lines would 
degrade the accuracy of the AID conversion. An internal 
RC oscillator is available if the bus speed is low enough 
to degrade the A;D accuracy. An ADON bit allows the Al 
D to be switched off to reduce power consumption, which 
is particularly useful in the WAIT mode. 

For ratiometric conversions, the source of each analog 
input should use VRH as the supply voltage and be ref· 
erenced to VRL· An input voltage greater than or equal 
to VRH converts as $FF (full scale) with no overflow in· 
dication. An input voltage equal to VRL converts as $00. 
The conversion is monotonic with no missing codes. 

A/D STATUS/CONTROL REGISTER ($09) 

7 5 

I coco I AORC I ADON I 
RESET: 

0 

CH3 CH2 CHI CHO 

COCO - Conversion Complete 
1 =Conversion is complete; a new result can be read 

from the result data register ($08). 
0 - No conversion since last reset 

ADRC - AID RC Oscillator Control 
1 - AID uses RC clock 
O =AID uses CPU clock 

When the RC oscillator is turned on, it requires a 
time tadrc to stabilize, and results can be inaccur· 
ate during this time. 

ADON-AID On 
1 = A1D enabied 
O =AID disabled 

When the AID is turned on, it requires a time tADON 
for the current sources to stabilize, and results can 
be inaccurate during this time. 

CH3-CHO - Channel 3 through Channel 0 
These bits select the AID channel assignment (see 
Table 8). 

NOTE 

Using one or more pins of PD71AN7-PDOIANO as 
analog inputs does not affect the ability to use port 
D inputs as digital inputs. However, using port D 
for digital inputs during an analog conversion se· 
quence may inject noise on the analog inputs and 
reduce the accuracy of the AID result. 

Performing a digital read of port D with levels 
other than VDD or Vss on the inputs causes greater 
than normal power dissipation during the read and 
may give erroneous results. 

INSTRUCTION SET 

The MCU instruction set can be divided into five dif· 
ferent types: register/memory, read-modify-write, branch, 
bit manipulation, and control. The following paragraphs 
briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 

saa I"" -- - ~~ ~ - - --_______ "' ........ 1--
1 I 

I 255 T I 
~-""------ - -- - - - - ---______ .. ~n_ 

I I 
I 128 T I 

_s_so__,!,...,,__ ___ -~1-=2s~T~-------o•..,IL"" ___________ .. -'I 
I I 
I I 

~~·-------------_-~2~5~5~T_-_-_________ .,~ 

T = 4 CPU Clocks Fast Mode 
T = 64 CPU Clocks Slow Mode 

Figure 18. PLM Output Waveform Examples 
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Table 8. A/D Channel Assignments 

CH3 CH2 CH1 CHO Channel Selected 

0 0 0 0 ANO, Port D Bit 0 
0 0 0 1 AN1, Port D Bit 1 
0 0 1 0 AN2, Port D Bit 2 
0 0 1 1 AN3, Port D Bit 3 

0 1 0 0 AN4, Port D Bit 4 
0 1 0 1 AN5, Port D Bit 5 
0 1 1 0 AN6, Port D Bit 6 
0 1 1 1 AN7, Port D Bit 7 

1 0 0 0 VRH Pin !High) 
1 0 0 1 llVRHI + IVRLlli2 
1 0 1 0 VRL Pin !Low) 
1 0 1 1 VRL Pin !Low) 

1 1 0 0 VRL Pin !Low) 
1 1 0 1 VRL Pin !Low) 
1 1 1 0 VRL Pin (Low) 
1 1 1 1 VRL Pin (Low) 

multiply (MULi instruction. This instruction allows un
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 

Operation X:A•XxA 

Description Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 

Condition H: Cleared 
Codes I: Not affected 

N: Not affected 
Z: Not affected 
C: Cleared 

Source 
MUL 

Form ls) 

Addressing 
Cycles Bytes Opcode 

Mode 

Inherent 11 1 $42 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 

Function Mnemonic 

Load A from Memory LDA 

Load X from Memory LDX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

Function Mnemonic 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A !Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

Branch if Higher or Same BHS 

Branch if Carry Set BCS 

Branch if Lower BLO 

Branch if Not Equal BNE 

Branch if Equal BEO 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit 1s Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
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the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n In 0. 71 

Branch if Bit n is Clear BRCLR n In 0. 7) 
I--

Set Bit n BSET n In 0. .. 71 

Clear Bit n BCLR n In o 7) 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 
·-

Decrement DEC 
r----·---~----

Clear CLR 
-----

~ITlplement COM 

Negate (Twos Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

Multiply MUL 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

Function Mnemonic 

No-Operation NOP 

Stop STOP 

Wart WAIT 

OPCODE MAP SUMMARY 

Table 9 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab
solute addressing is also included. One- or two-byte di
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
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Bit Manipulation Branch Read·Mo~Write 
BTB BSC REL DIR INH I INH IX1 
o I 1 5 6 

0100 

BRSET~reL BSETO BRA NEG DIR j 1 NEGA I NEGX NEG 

BRCLRO 
BTBl2 

BCLRO 
BSCl2 

BAN 

BRSET~TB/ 2 BSET165cl 2 BHI 

BRCLR~rnf 2 BCLR\scl 2 BLS 

BRSET2 BSET2 ace 
BTBl2 BSCl2 

BRCLR2 I BCLR2 I BCS 

MUL 

COM COMA 

LSR LSRA 

BRSET3 I BSET3 I BNE REL I 2 ROR RORA 

BACLR!rs j 2 BCLR3ssc1 2 BEO ASA ASRA 

BRSET4 I BSET4 I BHCC RELl2 LSL DIR!, LSLA 

BRCLR!rsli BCLA4 I BHCS I AOL ROLA 

BRSET5 I BSET5 l BPL DEC DECA 

BRCLR~rsli BCLR585c/ 2 BMI 

BRSET6 l BSET6 j BMC INC INCA 

BRCLR6 I BCLR6 I BMS REJ2 TST TSTA 

BRSET7 BSET7 BIL 

BRCLR7 BCLR7 BIH CLR CLRA 

COMX COM 

LSRX LSR 

RORX ROA 

ASRX ASA 

LSLX LSL 

ROLX ROL 

DECX DEC 

INCX INC 

TSTX TST 

CLRX CLR 

Abbreviations for Address Modes 

INH 
A 
x 
IMM 
DIR 
EXT 

Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 

REL 
BSC 
BTB 
IX 
IX1 
IX2 

Relative 
Bit Set Clear 
Bit Test and Branch 
Indexed (No Offset) 
Indexed, 1 Byte 18-Bit) Offset 
Indexed, 2 Byte (16-Bit) Offset 

• 
Table 9. Opcode Map 

IX 

NEG 

COM 

LSR 

ROR 

ASA 

LSL 

ROL 

DEC 

INC 

TST 

CLR 

Control Register/Memory 
INH I INH IMM DIR EXT I IX2 IX1 

A B c I D 
1101 

RTI SUB SUB SUB I SUB SUB 

" ATS CMP CMP CMP CMP CMP 
IMMl2 01Rl3 

SBC SBC SBC SBC SBC 

SWI CPX CPX CPX fxrl 3 CPX CPX 

AND AND AND AND AND 

BIT IMMll BIT OIRIJ BIT BIT BIT 

LDA IMM I 2 LDA DIR 13 LDA EXT 13 LDA 1x2 I 2 lDA 

TAX STA STA ExrlJ STA STA 

CLC EOR EOR DIRIJ EOR I EOR EOR 

SEC ADC ADC ADC ADC ADC 

cu ORA ORA I ORA I ORA I ORA 

SEI ADD ADD DIRIJ ADD ADD ADD 

RSP JMP DIRIJ JMP 1 JMP JMP 

NOP BSR REL) 2 JSR \ JSR JSR JSR 

STOP LDX LDX LDX LDX LOX 

WAIT TXA STX STX STX STX 

LEGEND 

IX 

SUB 

CMP 

SBC 

CPX 

AND 

BIT 

LDA 

STA 

EOR 

ADC 

ORA 

ADD 

JMP 

JSR 

LDX 

STX 

I•• /"" 
~ 

oorn 

1000 

A 

D 

--+---------,.Opcode in Hexadecimal 

Mnemonic J J> ~ ~ ~ 
Bytes 1 ~x 0000....--

Cycles / 

Opcode in Binary 

~--------Address Mode 

s: 
n 
~ ::c n 
C) 
UI 

~ 



MC68HC05B4 

to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to + 129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 

instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as
sembler determines the shortest form of indexed ad
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
i;O, can be selectively set or cleared with a single two
byte instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating 

Supply Voltage 

Input Voltage 

-
Self-Check Mode (IRO Pin Only) 

Current Drain Per Pin Excluding 
Voo and Vss 

Operating Temperature Range 
MC68HC05B4P, FN (Standard) 
MC68HC05B4CP, CFN (Extended) 
MC68HC05B4MP, MFN (Automotive) 

Storage Temperature Range 

Symbol Value 

Voo -0.5 to+ 7.0 

Vin Vss - o.5 to 
Voo + os 

Vin Vss-0.5 to 
2xVoo+0.5 

I 25 

TA TL to TH 
0 to + 70 

-40 to +85 
-40to +125 

Ts.!!l_ -65 to + 150 

Unit 

v 
v 

v 

mA 

''C 

'C 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper
ation, it is recommended that Vjn and V0 ut be 
constrained to the range Vss "" IVin or V0 utl 
VDD· Reliability of operation is enhanced if un
used inputs are connected to an appropriate logic 
voltage level (e.g .. either Vss or Vool. 
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THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 6JA 
Plastic 40 
Plastic Leaded Chip Carrier (PLCC) 50 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J• in °C can 
be obtained from: 

where: 
TA 

llJA 

Po 
PINT 
Pl/Q 

TJ=TA+(Po•BJAl (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= P1NT+P1;0 
= Ice x Vee. Watts - Chip Internal Power 
~ Power Dissipa.tion on Input and Output 

Pins - User Determined 

Voo=4.5V 

Pins R1 R2 c 
PA7-PAO, 3.26 k!l 2.38 k!l 50 pF 
PB7-PBO, 
PC7-PCO, 
TCMP1 
TCMP2 

TOO, SCLK, 1.9 k!l 2.26 k!l 200 pF 
PLMA, PLMB 

Voo=3.o v 

Pins R1 R2 c 
PA7-PAO, 10.91 k!l 6.32 k!l 50 pF 
PB7-PBO, 
PC7-PCO, 
TCMP1, 
TCMP2 

TOO, SCLK, 6 k!l 6 kl! 200 pF 
PLMA, PLMB 

Unit 

°C/W 

For most applications P1;o<P1NT and can be neglected. 
The following is an approximate relationship between 

Po and TJ (if P110 is neglected): 
Po=K+(TJ+273°C) (2) 

Solving equations (1) and (2) for K gives: 
K =Po • (TA+ 273°C) + HJA•Po2 (3) 

where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a .known TA. Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA· 

Yoo 

TEST o-------.. 
POINT 

c 
!SEE 

TABLE) 

= 

R2 
!SEE TABLE) 

Rl 
!SEE TABLEI 

Figure 19. Equivalent Test load 
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DC ELECTRICAL CHARACTERISTICS (Voo ~ 5.0Vdc±10%, Vss c o Vdc, TA-- TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad·· 10.0 µA VOL - - 0.1 v 
VoH Voo-0.1 - -

Output High Voltage VQH v 
II Load 0.8 mA) PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2 Voo -0.8 Voo- 0.4 -

II Load 1.6 mA) TDD, SCLK, PLMA, PLMB Voo -0.8 Voo-0.4 -

Output Low Voltage VQL v 
II Load -1.6 mA) PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2, - 0.1 0.4 

PLMA, PLMB, TDD, SCLK 
RESET - 0.4 1.0 

Input High Voltage V1H 0.1 x v00 - Voo v 
PA7-PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRQ, 

RESET, OSC1, RDI 

Input Low Voltage V1L Vss - 0.2 x v00 v 
PA7-PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRQ, 

RESET, OSC1, RDI 

Supply Current (see Notes) loo 
RUN (SM cO) - 3.5 9 mA 
RUN (SM .c. 1, lcyc -- 8 µs) - 0.5 2 mA 
WAIT(SM~O) - 1 4 mA 
WAIT ISM-1, lcyc 
STOP 

8 µs) - 0.35 1 mA 

0 to 70 (Standard) - 2 10 µA 
- 40 to 85 (Extended) - - 20 µA 
- 40 to 125 (Automotive) - - 50 µA 

110 Ports Hi-Z Leakage Current llL - ±0.2 ±1 µA 
PA7-PAO,PB7-PBO, PC7-PCO, TDD, RESET,SCLK 

Input Current lin µA 
11'10. TCAP1, TCAP2, OSC1, RDI - ±0.2 ±1 
PD7iAN7-PDO/ANO (AID off) - ±0.2 ±1 
PD7iAN7-PDO/ANO (AID on) - ±10 TBD 

Capacitance pF 
Ports (as Input or Output), RESET Caul - - 12 
TDD, SCLK Cout - - 12 
IRQ, TCAP1, TCAP2, OSC1, RDI Cin - - 8 
PD7/AN7-PDO/ANO (AID off) Cin - 12 TBD 
PD7/AN7-PDO/ANO (AID on) Cin - 22 TBD 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25'C only. 
3. Wait loo: Only timer system active ITE=RE=O). If SCI active (TE=RE=1) add 10% current draw. 
4. Run (Operating) loo, Wait loo: Measured using external square wave clock source lfosc=4.0 MHz), all inputs 0.2 V from rail; 

no de loads, less than 50 pF on all outputs, CL= 20 pF on OSC2. 
5. Wait, Stop loo: All ports configured as inputs, V1L =0.2 V, V1H = Voo-0.2 V. 
6. Wait IDD is affected linearly by the OSC2 capacitance. 

TBD =To be decided. 
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DC ELECTRICAL CHARACTERISTICS 1Voo=3.3Vdc±10%, Vss =0 Vdc, TA =TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, 1Load"'10.0 µA VoL - - 0.1 v 
VoH Voo-0.1 - -

Output High Voltage VoH v 
llLoad = 0.2 mA) PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2 v00 -o.3 v00 -o.1 -
ii Load= 0.4 mA) TOO, SCLK, PLMA, PLMB v00 -o.3 v00 -o.1 -

Output L'ow Voltage VoL v 
11Load=0.4 mA) PA7-PAO, PB7-PBO, PC7-PC7, TCMP1, TCMP2, - 0.1 0.3 

PLMA, PLMB, TOO, SCLK 
RESET - 0.2 0.6 

Input High Voltage V1H 0.7 xVoo - Voo v 
PA7-PAO, PB7-PBO, PC7-PCO, P07-POO, TCAP1, TCAP2, IRQ, 

RESET, OSC1, ROI 

Input Low Voltage V1L Vss - 0.2 xVoo v 
PA7-PAO, PB7-PBO, PC7-PCO, P07-POO, TCAP1, TCAP2, IRQ, 

RESET, OSC1, ROI 

Supply Current !see Notes) loo 
RUN ISM=OI - 1.2 5 mA 
RUN ISM= 1, tcyc=8 µs) - 0.2 1 mA 
WAIT ISM=OI - 0.4 2 mA 
WAIT ISM= 1, tcyc = 8 µs) 
STOP 

- 0.15 0.5 mA 

O to 70 !Standard) - 1 10 µA 
-40 .to 85 !Extended) - - 10 µA 
-40 to 125 !Automotive) - - 30 µA 

liO Ports Hi-Z Leakage Current l1L - ±0.2 ±1 µA 
PA7-PAO, PB7-PBO, PC7-PCO, TOO, RESET, SCLK 

Input Current lin µA 
IRQ, TCAP1, TCAP2, OSC1, ROI - ±0.2 ±1 
P07 I AN7-POO/ ANO IA/D off) - ±0.2 ±1 
P07/AN7-POO/ANO IA/0 on) - ±10 TBO 

Capacitance pf 
Ports las Input or Output), RESET, TOO Cout - - 12 
TOO, SCLK Cout - - 12 
IRQ, TCAP1, TCAP2, OSC1, ROI Cin - - 8 
PD7/AN7-POO/ANO IA/O off) Cin - 12 TBO 
P07/AN7-POO/ANO IA/Don) Cin - 22 TBO 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait loo: Only timer system active ITE =RE =0). If SCI active ITE =RE= 1) add 10% current draw. 
4. Run !Operating) loo, Wait loo: Measured using external square wave clock source lfosc=4.0 MHz), all inputs 0.2 V from rail; 

no de loads, less than 50 pf on all outputs, CL= 20 pf on OSC2. 
5. Wait, Stop loo: All ports configured as inputs, V1L =0.2 V, V1H=Voo-o.2 V. 
6. Wait loo is affected linearly by the OSC2 capacitance. 

TBO =To be decided. 
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A/D CONVERTER CHARACTERISTICS IVDD=5.0Vdc±10%, Vss=O Vdc) 

Characteristic Parameter Min Max Unit 

Resolution Number of bits resolved by the AID 8 - Bit 

Non-Linearity Maximum deviation from the best straight line through the - :::!.:: 112 LSB 
AID transfer characteristics IVRH = VDD and VRL = 0 V) 

Quantization Error Uncertainty due to converter resolution - ±% LSB 

Absolute Accuracy Difference between the actual input voltage and the full-scale - ±1 LSB 
equivalent of the binary code output code for all errors 

Conversion Range Analog input voltage range VRL VRH v 
VRH Maximum analog reference voltage VRL VDD+o.1 v 
VRL Minimum analog reference voltage Vss-0.1 VRH v 
Conversion Time Total time to perform a single analog-to-digital conversion 

a. External Clock IXTAL, EXTAL) - 32 !eye 
b. Internal RC oscillator - 32 µs 

Monotonicity Conversion result never decreases with an increase in input Guaranteed 
voltage and has no missing codes 

Zero-Input Reading Conversion result when Vin= VRL 00 - Hex 

Full-Scale Reading Conversion result when Vin= VRH - FF Hex 

Sample Acquisition Time Analog input acquisition sampling 
(see Note 1) a. External Clock (XTAL, EXTAL) - 12 lcyc 

b. Internal RC oscillator - 12 µs 

Sample/Hold Capacitance Input capacitance on PD7/AN7-PDO/ANO - 12 pF 

Input Leakage Input leakage on A/D pins PD7/AN7-PDO/ANO, VRL· VRH - 1 µA 
(see Note 2) - 1 

NOTES: 
1. Source impedances greater than 10K ohm will adversely affect internal RC charging time during input sampling. 
2. The external system error caused by input leakage current is approximately equal•to the product of R source and input current. 
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CONTROL TIMING (Voo=5.0 Vdc±10%, Vss=O Vdc, TA=TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation lose MHz 
Crystal Option - 4.2 
External Clock Option de 4.2 

Internal Operating Frequency fop· MHz 
Crystal (fosc/2) - 2.1 
External Clock (fosc/2) de 2.1 

Cycle Time (see Figure 21) t<)Y!: 480 - ns 

Crystal Oscillator Startup Time (see Figure 21) toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) tlLCH - 100 ms 

External RESET Input Pulse Width (see Figure 21) tRL 1.5 - t<)Y!: 

Power-On RESET Output Pulse Width tPORL lcyc 
4064 Cycle Option 4064 -
16 Cycle Option 16 -

Watchdog RESET Output Pulse Width tooGL 1.5 - t<)Y!: 

Watchdog Time-Out tooG 6144 7168 t<)Y!: 

Timer 
Resolution** tRESL 4.0 - lcyc 
Input Capture Pulse Width (see Figure 20) trn,tTL 125 - ns 
Input Capture Pulse Period (see Figure 20) ITL, tTL ... - t<)Y!: 

Interrupt Pulse Width 1Edge-Triggered) llLJH 125 - ns 

Interrupt Pulse Period ti UL . - IC)Y!: 

OSC1 Pulse Width tQH.tOL 90 - ns 

NOTES: 
*The minimum period llLJL should not be less than the number of cycle times it takes to execute the interrupt service routine 
plus 21 tcyc· 

**Since a 2-bit prescaler in the timer must count four internal cycles (lcycl· this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period ITL TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 lcyc· 

EXTERNAL 
SIGNAL 
(TCAP1, 
TCAP2) 

I- ITLTL--1 

Figure 20. Timer Relationship 

MOTOROLA MICROPROCESSOR DATA 

3-746 



MC68HC0584 

CONTROL TIMING (Voo~3.3Vdc±10%, Vss ~o Vdc, TA ~TL to THI 

Characteristic Symbol Min Max Unit 

Frequency of Operation lose MHz 
Crystal Option - 4.2 
External Clock Option de 4.2 

Internal Operating Frequency fop MHz 
Crystal (fosc/2) - 2.1 
External Clock (f0 sci2) de 2.1 

Cycle Time (see Figure 21 I tc:yc 1000 - ns 

Crystal Oscillator Startup Time (see Figure 21 I toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) t1LCH - 100 ms 

External RESET Input Pulse Width (see Figure 21 I tRL 1.5 - tc:yc 

Power-On RESET Output Pulse Width tPORL tcyc 
4064 Cycle Option 4064 -
16 Cycle Option 16 -

Watchdog RESET Otuput Pulse Width tDOGL 1.5 - !c:yc 

Watchdog Time-Out tooG 6144 7168 tc:yc 

Timer 
Resolution** tRESL 4.0 - !eye 
Input Capture Pulse Width (see Figure 20) ITH, tTL 250 - ns 
Input Capture Pulse Period (see Figure 20) !TL, !TL *** - tc:yc 

Interrupt Pulse Width (Edge-Triggered) t1L1H 250 - ns 

Interrupt Pulse Period t1L1L * - tc:yc 

OSC1 Pulse Width toH, toL 200 - ns 

NOTES: 
*The minimum period t1L1L should not be less than the number of cycle times it takes to execute the interrupt service routine 
plus 21 tcyc· 

**Since a 2-bit prescaler in the timer must count four internal cycles (!cycl, this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period ITLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 !eye· 
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1 toxov : 4064 tcyc I 

INTERNAL 
PROCESSOR 

CLOCK* 

INTERNAL 
ADDRESS 

BUS* 

INTERNAL 
DATA 
BUS* 

RESET 

l· "1· .. : 
I I I j 
1 1 itcycl 

r--- tRL--j 

~=---17 
~ 

*Internal timing signal and bus information not available externally. 
**0SC1 line is not meant to represent frequency. It is only used to represent time. 

***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 

Figure 21. PowercOn Reset and RESET 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola in the following media: 

MS"0 •-DOS/PC-DOS disk file (360K) 
EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXiBLE DiSKS 

A flexible disk (MS-DOS/PC-DOS disk file), pro
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM'" Personal Computer (PC) Disk Operating Sys
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

EPROMs 

A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par
agraphs. 

For an MC68HC805B6 MCU start the page zero, user 
ROM at EE PROM address $0020 through $004F. Start the 
user ROM at EE PROM address $0800 through $1 EFF with 
vectors from $1 FFO to $1 FFF. All unused bytes, including 
the user's space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 

MS is a trademark of Microsoft, Inc. 

$0020 

xxx =Customer JD 

Verification Media 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 

ORDERING INFORMATION 

The following table provides ordering information per
taining to the package type, temperature, and MC order 
numbers for the MC68HC05B4 device. 

Package Type Temperature MC Order Number 

Plastic 0°C to + 70°C MC68HC0584P 
IP Suffix) -40°C to +85°C MC68HC0584CP 

- 40°C to + 125°C MC68HC0584MP 

PLCC O'C to + 70°C MC68HC0584FN 
IFN Suffix) -40°C to +85°C MC68HC0584CFN 

- 40°C to + 125°C MC68HC0584MFN 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 

VRH 
P04/AN4 

Voo 
P03/AN3 

P02/AN2 

P01/AN1 

POD/ANO 

NC 
OSC1 

• 
OSC2 

RESET 
IRQ 

PLMA O/A 

MC68HC05B4 

52-Pin PLCC 

= = ~ 

"" zz z 
- N 

~~ ~ u 
~~ ;2 ~~a~ 

~ 
0 a: Cl Cl Cl u u Cl u ~ a: ~ > z "- "- "- 1-1-1-(1) 

46 PC3 

PC4 

PC5 

PC6 

PC7 

Vss 
40 

21 27 

"" 
- N 

~ ~ <( ;g: <( ~ <C 0 ~ = "- "-
<( "' ~ Cl <( <( "- "- "- "- "- "- "- "-

"' 
u u 

~ 
>- >-

48-Pin Dual-in-Line Package 

TOO 48 SCLK 

TCMP2 47 ROI 

TCMPI 46 PCO 

P05/AN5 45 PC1 

VRL 44 PC2/ECLK 

VRH 43 PC3 

P04/AN4 42 PC4 

Voo 41 PC5 

PD3/AN3 40 PC6 

PD2/AN2 39 PC7 

PD1/AN1 38 Vss 
POD/ANO 37 INC 

OSCI 36 PBO 

OSC2 35 PB1 

RESET 34 PB2 

IRQ 33 PB3 

PLMA D/A 32 PB4 

PLMB D/A 31 PB5 

TCAP1 30 PB6 

TCAP2 29 PB7 

PA7 28 PAO 

PA6 27 PA1 

PA5 26 PA2 

PA4 25 PA3 
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TECHNICAL DATA 

Technical Summary 
8-Bit Microcontroller Unit 

MC68HC0586 

The MC68HC05B6 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of microcontrollers. 
This high-performance, low-power MCU has parallel 1/0 capability with pins programmable as input or output. This 
publication contains condensed information on the MCU; for more detailed information, contact your local Motorola 
sales office. 

The following block diagram depicts the hardware features; additional features available on the MCU are shown 
below and at the top of page 2. 

• On-Chip Oscillator with Crystal/Ceramic Resonator 

• Memory-Mapped 1/0 
• 176 Bytes of On-Chip RAM 
• 256 Bytes of On-Chip EEPROM 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FEATURES (Continued) 
• 5952 Bytes of User ROM 
• 24 Bidirectional 1/0 Lines and 8 Input-Only Lines 
• Serial Communications Interface (SCI) System 
• 8-Channel AID Converter 
• Watchdog System 
• Self-Check Mode 
• Power-Saving STOP and WAIT Modes 
• Single 3.0- to 6.0-Volt Supply 
• Fully Static Operation 
• Two Pulse-Length Modulation Systems (D/A) 
• 16-Bit Timer with Two Input Capture and Two Output Functions 
• Slow Mode Option Divides the Basic Clock Frequency by 16 

SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

VoD AND Vss 

Power is supplied to the microcontroller using these 
two pins. VDD is the positive supply, and Vss is ground. 

IRQ 

This pin is a programmable option that provides four 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. Note that the voltage 
level on this pin affects the mode of operation. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, or an 
external signal connects to these pins providing a system 
clock. The oscillator frequency is two times the internal 
bus rate (or 32 times as a ·software option). 

Crystal 

The circuit shown in Figure 1 (b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and start-up stabilization time. Re
fer to ELECTRICAL SPECIFICATIONS for VDD 
specifications. 

Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1 (a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 

External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(d). 

INPUT CAPTURE (TCAP1) 

This pin controls the input capture 1 feature for the on
chip programmable timer (see Table 2). 

INPUT CAPTURE (TCAP2) 

This pin controls the input capture 2 feature for the on
chip programmable timer. 

OUTPUT COMPARE (TCMP1) 

This pin provides an output for the output compare 1 
feature of the on-chip timer. 

OUTPUT COMPARE (TCMP2) 

This pin provides an output for the output compare 2 
feature on the on-chip timer. 

RESET 

This pin is used to reset the MCU and provide an or
derly start-up procedure by pulling RESET low. The volt
age on this pin affects the mode of operation (see Table 
2, Mode of Operation Selection). 

INPUT/OUTPUT PORTS (PA7-PAO, PB7-PBO, PC7-PCO) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor
mation. 

FIXED INPUT PORT (PD7/AN7-PDO/ANO) 

These eight lines comprise port D, a fixed input port. 
Enabling the AID function affects this port. Port D accepts 
the eight analog inputs when the AID is enabled. Port D 
can be used for digital input during a conversion se
quence, but this may inject noise on the analog signals, 
reducing the conversion accuracy. Also, a digital read of 
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Crystal Ceramic Resonator 

2MHz 4MHz Units 2-4 MHz Units 

Rs MAX 400 75 !1 Rs !typical) 10 !l 

Co 5 7 pF Co 40 pF 

C1 0.008 0.012 µF c, 4, 3 µF 

cosc1 15-40 15-30 pF cosc1 30 pF 

Cosc2 15-30 15-25 pF Cosc2 30 pF 

Rp 10 10 M!1 Rp 1-10 Ml! 

Q 30 40 K Q 1250 -

(a) Ciy-5tal/Ce1aiTik Res011ai:ur Pctrameters 

MCU 

OSC1 OSC2 

16 Rp 17 

casc1 "J "J casc2 

lb) Crystal/Ceramic Resonator 
Oscillator Connections 

DC2 L c:=Fl Rs OSCl 

17 16 

Co 

lei Equivalent Crystal Circuit 

MCU 

OSCl OSC2 

16 17 

UNCONNECTED 

EXTERNAL CLOCK 

Id) External Clock Source Connections 

Figure 1. Oscillator Connections 

port D with levels other than VDD or Vss on the pins 
results in greater power dissipation during the read cycle. 
Refer to PROGRAMMING for additional information. 

NOTE 

In the 48-pin dual-in-line package, the fixed input 
port (D) of the MC68HC0586 is reduced to six pins 
(PD5-PDO, AN5-ANO). This change has no effect on 
either programming or operation of port D or the 
AID converter. 

PLMA 
This pin is the output of the pulse-length modulation 

converter A. See PULSE-LENGTH D/A CONVERTERS for 
further information. 

PLMB 
This pin is the output of the pulse-length modulation 

converter B. See PULSE-LENGTH DIA CONVERTERS for 
further information. 

ROI (Receive Data In) 
This pin is the input of the SCI. See Serial Communi

cations Interface for more information. 

TOO (Transmit Data Out) 
This pin is the output of the SCI. See Serial Commu

nications Interface for more information. 

SCLK 
This pin is the clock output pin of the SCI transmitter. 

See Serial Communications Interface for more infor
mation. 

Vpp1 
This pin is the EEPROM programming voltage output. 

See EEPROM for further information. 

VRH 
This pin is the positive reference voltage for the AID 

converter. 
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VRL 

This pin is the negative reference voltage for the AID 
converter. 

INPUT/OUTPUT PROGRAMMING 

Input/output port programming, fixed input port pro
gramming, and serial port programming are discussed 
in the following paragraphs. 

INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DOR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DOR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DOR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 2 for typical port circuitry and to Table 1 for a list 
of the 1/0 pin functions. 

Table 1. 1/0 Pin Functions 

-
R/W* DOR 1/0 Pin Functions 

0 0 The 1/0 pin is in input mode. Data is writ-
ten into the output data .latch. 

0 1 Data is written into the output data latch 
and output to the 1/0 pin. 

1 0 The state of the 1/0 pin is read. 

1 1 The 1/0 pin is in an output mode. The out-
put data latch is read. 

*R/W is an internal signal. 

DATA DIRECTION 
REGISTER 

BIT 

LATCHED 

Under software control, the PC2 pin can become the 
CPU clock output. If this option is selected, the corre
sponding DOR bit is automatically set, and bit 2 of port 
C always reads the output data latch. The other port C 
pins are not affected by this feature. 

Control Register (CTL/ECLK) $07 

3 

RESET: 
0 

ECLK - ECLK Control 

I ECLK I 

1=110 port function of PC2 is forced to output mode, 
and PC2 outputs the ECLK CPU clock. 

0 = PC2 functions as a regular 1/0 pin. 

FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port that monitors the external 
pins whenever the AID is disabled. After reset, all eight 
bits become digital inputs because all special function 
drivers are disabled. Port D is always at digital input, 
whether the AID is on or off. 

NOTE 

Any unused inputs and 1/0 ports should be tied to 
an appropriate logic level (e.g., either Voo or Vssl. 

SERIAL PORT (SCI) PROGRAMMING 

The SCI uses two or three pins for its functions: ROI 
for its receive data input, TOO for its transmit data output, 
and SCLK to output the transmitter clock, if needed. 

MEMORY 

The MCU is capable of addressing 8192 bytes of mem
ory and 1/0 registers, as shown in Figure 3. The locations 
consist of user ROM, user RAM, EEPROM, self-check ROM, 
control registers, and 1/0. The user-defined reset and in
terrupt vectors are located from $1 FFO to $1 FFF. 

INTERNAL 
MCU 

CONNECTIONS 

OUTPUT DATA 1--+------+--t 1/0 
PIN BIT 

Figure 2. Typical Port 1/0 Circuit 
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$0000 

$1!0\F 

$0020 
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/2048 ' 7935 
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8176 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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7 BYTES 
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CONTROL 

I BYTE 

AID CONVERTER 
2 BYTES I 

PLM SYSTEM 
2 BYTES 

MISCELLANEOUS 
1 BYTE 

SERIAL 
COMMUNICATIONS 

!NTERF.l\C!:: 
5 BYTES 

TIMER 
14 BYTES 

0000----
PORT A DATA REGISTER $00 

PORT B DATA REGISTER $1!\ 

~ 
PORT C DATA REGISTER 

PORT 0 INPUT DATA REGISTER 

PORT A DATA DIRECTION REGISTER 

PORT B DATA DIRECTION REGISTER 

PORT C DATA DIRECTION REGISTER 

EEPROMIECLK CONTROL REGISTER 

AID DATA REGISTER 

~ AID STATUS/CONTROL REGISTER 

PULSE LENGTH MODULATION A 

~ 
1-- ---------

PULSE LENGTH MODULATION B 

MISCELLANEOUS REGISTER IN SCI BAUD RATE REGISTER 

SCI CONTROL REGISTER I 

SCI CONTROL REGISTER 2 

SCI STATUS REGISTER 

SCI DATA REGISTER 

$1!2 

$1!3 

$1!4 

$1!5 

$1!6 

$1!7 

$1!8 

$1!9 

l<JA 

l<!B 

l<!C 

$1!0 

l<!E 

l<lf 

$10 

$11 

I TIMER CONTROL REGISTER $12 

I TIMER STATUS REGISTER $13 

I CAPTURE HIGH REGISTER I 
I 
I CAPTURE LOW REGISTER I 

$14 

$15 

I COMPARE HIGH REGISTER I $16 

I COMPARE LOW REGISTER 1 $17 
I 

COUNTER HIGH REGISTER I $18 

I COUNTER LOW REGISTER $19 

I ALTERNATE COUNTER HIGH REGISTER $\A 
I 

ALTERNATE COUNTER LOW REGISTER I $\B 

I CAPTURE HIGH REGISTER 2 $\C 

I CAPTURE LOW REGISTER 2 $10 
I COMPARE HIGH REGISTER 2 

\~ COMPARE LOW REGISTER 2 

$IE 

$\F 

Figure 3. Memory Map 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor
mation. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

EE PROM 

The MCU has 256 bytes of byte-erasable EEPROM (255 
bytes general purpose and 1-byte option register), lo
cated at addresses $0100-$01 FF. An internal charge pump, 
connected to the Vpp pin, avoids the necessity of sup
plying a high voltage for erase and programming. The 
Vpp pin should be left open. 

CAUTION 

An external high voltage should not be applied to 
this pin. 

To provide a higher degree of security for stored data, 
there is no bulk or row erase. 

EEPROM Read Operation 

To read data from EEPROM, the E1LAT bit must be 
zero. When E1LAT is zero, the E1PGM and E1ERA bits 
are forced to zero, and the 256-byte EEPROM is read as 
if it were a normal ROM. The Vpp charge pump generator 
is off since E1 PGM is zero. If a read is performed while 
E1LAT is set, data will be read as $FF. 

NOTE 

When not performing a programming or erase op
eration on the EEPROM, remain in read mode 
(E1LAT=O). 

EEPROM Erase Operation 

To erase a byte of EEPROM, set E1 LAT and E1ERA to 
one, write to the address to be erased, and set E1PGM 
for a time tERA1· After the required erase time, E1LAT 
must be cleared, which resets E1ERA and E1PGM. To 
erase a second word, E1LAT must be cleared before it is 
set, or the erase will have not effect. This procedure is 
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done to increase the security of the stored data. While 
an erase is being performed, any access to the EEPROM 
will not be successful. Data written in an erase operation 
is not used; therefore, its value is not significant. User 
programs must be running from ROM or RAM since the 
EEPROM has its address and data buses latched. 

EEPROM Programming Operation 

To program a byte of EE PROM, set the E1 LAT bit, write 
data to the desired address, and set the E1 PGM bit for a 
time tPROG· After the required programming delay, E1 LAT 
must be cleared, which also resets E1PGM. While a pro
gramming operation is being performed, any access to 
the EEPROM will not be successful. 

NOTE 

To program a byte correctly, the byte must have 
been previously erased. 

To program a second word, E1 LAT must be cleared 
before it is set, or the programming will have no effect. 
This procedure is done to increase the security of the 
stored data. User programs must be running from RAM 
or ROM since the EE PROM will have its data buses latched. 

Control Register (CTL/ECLK) $07 

2 1 0 

I - I I - I - I - I ElERA I El LAT I ElPGM I 
RESET: 

u u 

E1ERA- EEPROM Erase 
1 =An erase will take place if E1LATand E1PGM are 

both one. 
0 =A programming operation will take place if E1 LAT 

and E1 PGM are both one. 
If E1LAT=O, E1ERA is held to zero. Once an EE
PROM address is selected, E1ERA cannot be 
changed. 

E1LAT- EEPROM Latch Enable 
1 =Address and data can be latched into the EEPROM 

for programming or erase operation if E1PGM=0. 
0 =Data can be read from the EE PROM, and the E 1 ERA 

and E1 PGM bits are cleared. 
After the programming or erase time, the E1 LAT 
bit must be reset in order to reset the E1 ERA and 
E1PGM bits. 

E1 PGM - EE PROM Program Mode 
1 =Charge pump generator is on, and the resulting 

high voltage is applied to the EEPROM array. 
0 =Charge pump generator is off. 

E1 PGM cannot be set before the data is selected; 
it can only be reset by resetting E1 LAT. 

The charge pump is not affected by the WAIT mode; 
thus, WAIT can be used for the erase or programming 
delay time. If STOP mode is entered, the EEPROM is set 
to read mode. 

The Vpp1 charge pump generator is normally supplied 
by the CPU clock, but for very low clocking frequencies, 

the AID RC oscillator should be used. See A/D CON
VERTER for more information. 

Options Register (OPTR) $0100 

5 

I - I I - I - I EEl P SEC 

RESET: 
u u u u u u 

EE1 P - EEPROM Protect 
1 = EEPROM not protected. 
0 = EEPROM addresses from $0120 to $01 FF are read 

only, and attempts to write to this area will be 
unsuccessful. 

. When this bit is erased to one, protection remains 
until the next external or power-up reset occurs. 

SEC - High-Security Bit 
1 =Security not active. 
0 =EE PROM contents protected because access to 

test mode is inhibited. 
The SEC bit can only be erased to one externally 
by entering self-check mode, which erases the en
tire EEPROM. When SEC is changed, the new value 
has no effect until the next external or power-on 
reset. 

REGISTERS 
The MCU contains the registers described in the fol

lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

x 

PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next instruction to be executed. 

12 

PC 
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STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro
duce an address within the range of $00FF to $00CO. 
Subroutines and interrupts iT1ay use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 

12 7 

SP 

CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 

Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
l<ist arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 

SELF-CHECK 

The self-check capability provides the ability to deter
mine if the device is functional. Table 2 shows how self
check mode is entered. Self-check is performed using the 
circuit shown in Figure 4. Port C pins PC3-PCO are mon
itored for the self-check results. After reset, the following 
tests are performed automatically: 

1/0 - Exercise of ports A, B, C, and D 
RAM - Counter test for each RAM byte 
ROM - Exclusive OR with odd ones parity result 
Timer - Tracks counter register and checks ICF1, 

ICF2, OCF1, OCF2, and TOV flag 
Interrupts - Tests external, timer, and SCI interrupts 
SCI - Transmission test; checks RDRF, TDRE, TC, 

and FE flags 
AID - Checks AID on internal channels: VRL· VRH· 

and (VRL + VRH)/2 
EE PROM - Optional. Performs write/erase of the 256-

byte EEPROM and then deactivates the 
security bit. 

PLM - Checks basic PLM function 
Watchdog System - Checks watchdog function 

Self-check results (using the LEDs as monitors) are 
shown in Table 3. The following subroutines are available 
to the user and do not require any external hardware. 

Table 2. Mode of Operation Selection 

RESET Pin IRQ Pin TCAP1 Pin Mode 

~ Vss to VDD Vss to VDD Normal 

~ +9 Volts VDD Self-Check 

Vss Vss to VDD Vss to VDD Reset Condition 

Table 3. Self-Check Results 

PC3 PC2 PC1 PCO Remarks 

1 0 0 1 Bad Port 

0 1 1 0 Bad Port 

1 0 1 0 Bad RAM 

1 0 1 1 Bad ROM 

1 1 0 0 Bad Timer 

1 1 0 1 Bad SCI 

1 1 1 0 Bad AID 

0 0 0 0 Bad EEPROM 

0 0 0 1 Bad PLM 

0 0 1 0 Bad Interrupts 

0 0 1 1 Bad Watchdog 

Flashing Good Device 

All Others Bad Device, Bad Port, etc. 

O indicates LED is on; 1 indicates LED is off. 
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10K 10oF I 47µFI 
10 

RESET NC VRH Voo 

tt. OSCl 
16 

18 OSC2 17 
RESET 

15 
NC 

22pF I 4.8 MHz I 22pF 

NC 

40 
Vppl i'!: 

"" 50 19 
RDl IRQ 

52 
TOO 

28 
PLMA TCAP2 

23 

21 PLMB TCMP2 

22 
47K 

TCMPl TCAPl 

51 
SCLK PB7 

:::> PB6 
u PB5 ::;: 

PB4 EEPROM NOT TESTED 
"' "' PB3 

47K :g 
PB2 u 

:c 
PBl l3 

::;: PBO 
PD7 
PD6 
PD5 

42 
PD4 PC7 
PD3 
PD2 PC6 

43 

PDl 
PDO PC5 

44 

PC4 
45 

PA7 
PA6 PC3 

46 

PA5 
47 PA4 PC2 

PA3 
PA2 PCl 
PAl 
PAO PCO 49 

Vss VRL 

41 

NOTE: Pin numbers are valid for 52-pin PLCC package only. 

Figure 4. Self-Check Circuit Schematic Diagram 
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RAM CHECK SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The stack 
pointer must be set to $FF. The stack pointer must be set 
to $FF. The RAM check subroutine is called at location 
$021 E. A counter test is done on each location from ad
dress $50 to $FD. Each location is made to count from 
$00 to $00 again. Locations $FE and $FF are assumed to 
contain the return address. Upon return to the user's 
program, if the test passed, X = $00, A= $00, and RAM 
locations $0050 and $00FD contain $01. 

NOTE 

The watchdog system is turned on when calling this 
subroutine. 

AID CONVERTER CHECK SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The subrou
tine is called at location $1FAA with X=$00 and AID STAT/ 
CTRL (address $09) = $20 (ADON= 1 for more than 100 
µ.s and channel PDQ selected). Conversion is done on 
three of the internal channels: VRH. VRL. and (VRL + VRH)/ 
2. The result of these conversions is verified at ± 1 LSB. 
Upon return to the user's program, if the test passed, 
X=$09, A=$00 or $01. 

ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $0232 with RAM 
location $0053 equal to $01 and A=O. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
if the test passed, X=O, A=O. 

NOTE 

The AID and the watchdog system are turned on 
when calling this subroutine. 

RESETS 

The MCU can be reset two ways: by initial power-up 
(POR) and by the external reset input (RESET). The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 

POWER-ON RESET 

An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a delay (tPORLl after the oscillator becomes ac
tive. If the RESET pin is low at the end oi!EQaL. the MCU 
will remain in the reset condition until RESET goes high. 
A mask option allows tPORL to be either 16 or 4064 in
ternal processor clock cycles (tcyc· 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (tcycl· 

Miscellaneous Register (OC) 

7 6 5 4 

I POR I INTP I INTN I INTE I SFA SFB SM I WOOG I 

RESET 

POR Power-On Reset 
1 =The reset occurring is a power-on, not external, 

reset 
0 =Power-on reset not in progress 

INTP - External Interrupt Positive 
Allows a choice of IRQ sensitivity, with INTN. See 
Table 4. 

INTN - External Interrupt Negative 
Allows a choice of IRQ sensitivity, with INTP. See 
Table 4. 

INTE - External Interrupt Enable 
Allows the user to enable or disable the external in
terrupt function. 

SFA - Slow/Fast Selection for PLMA 
1 =Slow speed used for PLMA (4096 times the timer 

clock period) 
0 =Fast speed used for PLMA (256 times the timer 

clock period). See PULSE-LENGTH D/A CON
VERTERS 

SFB - Slow/Fast Selection for PLMB 
1 =Slow speed used for PLMB (4096 times the timer 

clock period) 
0 =Fast speed used for PLMB (256 times the timer 

clock period). See PULSE-LENGTH D/A CON
VERTERS 

SM - Slow Mode 
1 =System runs at 1/16th the normal clock rate (foscl 

32) 
O=System runs at normal clock rate (fosc/2) 

WDOG - Watchdog Counter System 
1 =Watchdog counter system enabled 
0 =Watchdog counter system disabled 

NOTE 

The reset generated by the watchdog timer is a 
system reset; thus, the watchdog is disabled after 
a watchdog reset. 

Table 4. External Interrupt Options 

INTP INTN External Interrupt Options 

0 0 Negative Edge and Low-Level Sensitive 
0 1 Negative Edge Only 
1 0 Positive Edge Only 
1 1 Positive and Negative Edge Sensitive 
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Slow Mode 

The slow mode function is controlled by the SM bit in 
the miscellaneous register (OC). In slow mode (SM= 1 ), 
an extra divide-by-sixteen circuit is added between the 
oscillator and the internal clock driver. This slows all func
tions by a factor of 16 (including SCI, A/D, and timer), 
which is particularly useful in WAIT mode. SM is cleared 
by external or power-on reset and by STOP mode. 

NOTE 

If slow mode is enabled while using the A/D, the 
internal AID RC oscillator should be turned on. 

Watchdog System 

The watchdog counter is driven by the 1024 prescaler 
in the timer and, unless the counter is reset, generates a 
system reset when it reaches its maximum count 
(1024x 8). 

A mask option is available that provides two methods 
of enabling the watchdog timer. In the first option, the 
watchdog system is controlled by the WDOG bit in the 
miscellaneous register (OC). Writing a one to the bit starts 
the watchdog or, if it is already started, resets the counter 
to zero. Writing a zero has no effect; the WDOG bit can 
only be cleared by external or power-on reset. In the 
second option, the watchdog timer is always enabled 
following reset. 

A second mask option determines the watchdog timer 
function during WAIT. The watchdog timer can remain 
active during WAIT, and can cause a reset if the device 
remains in WAIT longer than the watchdog timeout pe
riod. Alternatively, the watchdog timer suspends oper
ation during WAIT and resets its count, resuming normal 
operation following reset. 

INTERRUPTS 

The MCU can be interrupted four different ways: the 
three maskable hardware interrupts (IRQ, SCI, and timer) 
and the nonmaskable software interrupt instruction (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack and normal 

processing to resume. The stacking order is shown in 
Figure 5. 

Unlike RESET, h~rdware interrupts do not cause the 
current instruction execution to be hal.ted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 
Refer to Figure 6 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 

There are three different ti mer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the I bit enables the ex
ternal interrupt. The external interrupt is internally ~
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1 FFA and $1 FFB. 

Four options are available for interrupt triggering sen-
sitivity: 

• Negative edge and low level 
• Negative edge only 
• Positive edge only 
• Positive and negative edge 

See Miscellaneous Register (OC) for further information. 

STACK 

lN 

RT~E 
1j1]1] CONDITION CODE REGISTER 

l1 
ACCUMULATOR 

INCREASING MEMORY INDEX REGISTER 
ADDRESSES 010101 PCH 

PCL 

UNSTACK 

u 
p 
T 

NOTE: Since the Stack Pointer decrements during pushes, the 
PCL is stacked first, followed by PCH, etc. Pulling from 
the stack is in the reverse order. 

Figure 5. Interrupt Stacking Order 
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y 

FROM 
RESET 

EXECUTE 
INSTRUCTION 

CLEAR IRQ 
REQUEST 

LATCH 

STACK 
PC, X, A, CC 

LOAD PC FROM: 
SWI: $1FFC-$1FFD 
SWI: $1 FFA-$1 FFB 

TIMER: $1FF8-$1FF9 
SCI: $1FF6-$1FF7 

COMPLETE 
INTERRUPT 

ROUTINE 
AND EXECUTE 

RTI 

Figure 6. Reset and Interrupt Processing Flowchart 

Figure 7 shows a mode timing diagram for the interrupt 
line. The timing diagram shows two treatments of the 
interrupt line to the processor. The first method shows a 
single pulse on the interrupt line spaced far enough apart 
to be serviced. The minimum time between pulses is a 
function of the length of the interrupt service. Once a 
pulse occurs, the next pulse should not occur until an RTI 
occurs. This time (t1uU is obtained by adding 21 instruc
tion cycles to the total number of cycles it takes to com
plete the service routine (not including the RTI instruction). 

The second method shows many interrupt lines "wire
ORed" to form the interrupts at the processor. If the in
terrupt line remains low after servicing an interrupt, then 
the next interrupt is recognized. 

NOTE 
The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 
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IRQ~tlUH LJ 
I• t1UL----~~1 

IRQn 

IRQ----, r 
(MCU) !.._ __________ __. 

Edge-Sensitive Trigger Condition 
The minimum pulse width (t1uHl is either 
125 ns (Voo=5 Vl or 250 ns (Voo=3 V). 
The period t1L1L should not be less than 
the number of tcyc cycles it takes to ex
ecute the interrupt service routine plus 21 
tcyc cycles. 

Level-Sensitive Trigger Condition 
If after servicing an interrupt the IRQ re
mains low, then the next interrupt is rec
ognized. 

NORMALLY 
USED WITH 
WIRE-ORed 
CONNECTION 

Figure 7. External Interrupt Mode Diagram 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in
terrupt service routine address is specified by the con
tents of memory locations $1 FFC and $1 FFD. 

SCI INTERRUPTS 

An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the I bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 

LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os
cillator is turned off, halting all internal processing in
cluding timer, SCI, and AID operation (refer to Figure 8). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal
tered. All input/output lines remain unchanged. The pro
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 

SCI during STOP Mode 

YES 

STOP 

STOP OSCILLATOR 
AND ALL CLOCKS 

CLEAR I BIT 

TURN ON OSCILLATOR 
WAIT FOR TIME 

DELAY TO STABILIZE 

(1) FETCH RESET VECTOR OR 
(2) SERVICE INTERRUPT 

A.STACK 
B.SET I BIT 
C. VECTOR TO INTERRUPT 

ROUTINE When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in
struction is executed during a transmitter transfer. that Figure 8. STOP Function Flowchart 
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transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 

Watchdog during STOP Mode 

The STOP instruction is inhibited when the watchdog 
system is enabled. If a STOP instruction is executed while 
the watchdog 1s enabled, a reset occurs that resets the 
entire MCU. 

EEPROM during STOP Mode 

The EEPROM is set to read, and the Vpp1 high-voltage 
charge pump generator is disabled when stop mode is 
entered. 

PLM during STOP Mode 

When the MCU enters stop mode, the PLM outputs 
remain at their particular level. If power-on or external 
reset causes the exit from stop mode, the register values 
are forced to $00. 

AID Converter during STOP Mode 

When stop mode is entered with the AID converter 
turned on, the AID clocks are stopped and the AID con
verter is disabled for the duration of stop mode, including 
the IPORL startup time. If the AID RC oscillator is used, 
it will also be disabled. 

When leaving STOP mode, after the IPORL startup time, 
the AID converter and A/D RC oscillator resume regular 
operation. However, a time !ADON is required for the 
current sources to stabilize. During IADON. AID conver
sion results may be inaccurate. 

WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action and the 
watchdog system are suspended, but the timer, SCI, PLM, 
and AID remain active (refer to Figure 9). An interrupt 
from the timer, SCI, or an IRQ can cause the MCU to exit 
the WAIT mode. 

During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 

To achieve proper operation and reduce power con
sumption, the following points should be set as desired 
before entering wait mode: 

• Timer interrupt enable bits 

• AID control bits 

• EEPROM control bits 

• SCI enable bits and interrupt enable bits 

WAIT 

OSCILLATOR ACTIVE 
TIMER, SCI, AND AID 

CLOCKS ACTIVE 
PROCESSOR CLOCKS STOPPED 

RESTART 
PROCESSOR CLOCK 

(1) FETCH RESET VECTOR OR 
(21 SERVICE INTERRUPT 

A. STACK 
B. SET I BIT 
C. VECTOR TO INTERRUPT 

ROUTINE 

Figure 9. WAIT Function Flowchart 

TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements of two input signals while si
multaneously generating two output waveforms. Pulse 
widths can vary from several microseconds to many sec
onds. The programmable timer works in conjunction with 
the PLM system to execute two 8-bit DIA PLM conver
sions, with a choice of two repetition rates. Refer to Figure 
10 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac
cessed. 
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INTERNAL 
PROCESSOR 

CLOCK 

TO PLM 

TIMER 
STATUS 

LOW BYTE 

16-BIT $18 
FREE-RUNNING 

COUNTER 

COUNTER 
ALTERNATE 
REGISTER 

$19 

$1A 

$1B 

OVERFLOW 
DETECT 
CIRCUIT 

MCU INTERNAL BUS 

HIGH LOW HIGH 
BYTE BYTE BYTE 

OUTPUT $16 
COMPARE 

REGISTER 1 $17 

INTERNAL TIMER BUS 

OUTPUT 
COMPARE 
CIRCUIT 1 

REGISTER '""""T'-"-"T-'-"'--'i"--'--'T'-"'-"~ 

$13 

INPUT OUTPUT OVERFLOW 
CAPTURE COMPARE INTERRUPT 

INTERRUPT INTERRUPT $1FF4, 5 
$1FF8, 8 $1FF6, 7 

LOW 
BYTE 

OUTPUT 
COMPARE 

REGISTER 2 

OUTPUT 
COMPARE 
CIRCUIT 2 

$1E 

$1F 

HIGH LOW 
BYTE BYTE 

INPUT 
CAPTURE 

REGISTER 1 

HIGH 
BYTE 

$14 

$15 

LOW 
BYTE 

INPUT 
CAPTURE 

REGISTER 2 

EDGE 
DETECT 

CIRCUIT 2 

TIMER 
CONTROL 
REGISTER 

$12 

$1C 

$10 

Figure 10. Timer Block Diagram 

NOTE 

The I bit in the CCR should be set while manipu
lating both the high and low byte register of a spe
cific timer function to ensure that an interrupt does 
not occur. 

COUNTER 
The key element in the programmable timer is a 16-

bit, free-running counter or counter register, preceded by 

a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18-$19 (counter register) or 
$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
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($19, $1 B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $18) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1 B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter
nate register, if the MSB is read, the LSB must also be 
•ead to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register LSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide
by-four prescaler, the value in the free-running counter 
repeats every 262, 144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

NOTE 

Since the PLM system uses the timer counter, PLM 
results will be affected when resetting this counter. 

OUTPUT COMPARE REGISTERS 

There are two output compare registers: output com
pare register 1 (OCR1) and output compare register 2 
(OCR2). The output compare registers can be used for 
several purposes, such as controlling an output wave
form or indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the four bytes of the output compare registers 
can be used as storage locations. 

NOTE 

The same output compare interrupt enable bit is 
used for the two output compares. 

Output Compare Register 1 
The output compare register 1 (OCR1) is a 16-bit reg

ister, which is made up of two 8-bit registers at locations 
$16 (most significant byte) and $17 (least significant byte). 

The output compare register contents are continually 
compared with the contents of the free-running counter 
and, if a match is found, the corresponding output com
pare flag (0CF1, bit 6 of timer status register $13) is set, 
and the corresponding output level (OLVL 1) bit is clocked 
to pin TCMP1. The output compare register values and 
the output level bit should be changed after each suc
cessful comparison to control an output waveform or 

establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare, provided the 
corresponding interrupt enable bit, OCIE, is set. 

After a processor write cycle to the output compare 
register 1 containing the most significant byte ($16), the 
output compare 1 function is inhibited until the least sig
nificant byte ($17) is also written. The user must write 
both bytes (locations) if the most significant byte is writ
ten first. A write made only to the least significant byte 
($17) will not inhibit the compare function. The free-run
ning counter is updated every four internal bus clock 
cycies. The minimum time required to update the output 
compare register 1 is a function of the program rather 
than the internal hardware. 

The processor can write to either byte of the output 
compare register 1 without affecting the other byte. The 
output level (OLVL 1) bit is clocked to the corresponding 
output level register and then to the TCMP1 pin, regard
less of whether the output compare flag (OCF1) is set or 
clear. 

Output Compare Register 2 

The output compare register 2 (OCR2) is a 16-bit reg
ister, which is made up of two 8-bit registers at locations 
$1 E (most significant byte) and $1 F (least significant byte). 
The function of OCR2 is identical to OCR1, requiring only 
changes of the register locations and control bits in the 
timer status register ($13) to make the OCR1 description 
apply to OCR2. 

SOFTWARE FORCE COMPARE 

The MCU provides a force compare capability to facil
itate fixed frequency generation as well as other appli
cations. Bit 3 (FOLV1 for OCR1) and bit 4 (FOLV2 for OCR2) 
in the timer control register ($12) implement this force 
compare. Writing a one to these bits causes the OLVL 1 
or OLVL2 values to be copied to the respective output 
registers (TCMP1 or TCMP2 pins). Internal logic allows a 
single instruction to change OLVL 1 and OLVL2 and cause 
a forced compare with the new values of OLVL 1 and 
OLVL2. 

NOTE 

A software force compare, which affects the cor
responding output pin TCMP1 or TCMP2, does not 
affect the compare flag; thus, it does not generate 
an interrupt. 

INPUT CAPTURE REGISTERS 

There are two input capture registers: input capture 
register 1 (ICR1) and input capture register 2 (ICR2). 

NOTE 

The same input capture interrupt enable bit (ICIE) 
is used for the two input capture registers. 

Input Capture Register 1 

Two 8-bit registers that make up the 16-bit input cap
ture register 1 (ICR1) are read-only and are used to latch 
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the value of the free-running counter after the corre
sponding input capture edge detector senses a defined 
transition. The level transition that triggers the counter 
transfer is defined by the corresponding input edge bit 
(IEDG1 ). Reset does not affect the contents of the input 
capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex
ternal transition. This delay is required for internal syn
chronization. Resolution is one count of the free-running 
counter, which is four internal-bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transi
tion, regardless of whether the input capture flag (ICF1) 
is set or clear. The input capture register always contains 
the free-running counter value, which corresponds to the 
most recent input capture. 

After a read of the input capture register 1 ($14) most 
significant byte, the counter transfer is inhibited until the 
least significant byte ($15) is also read. This characteristic 
causes the time used in the input capture software routine 
and its interaction with the main program to determine 
the minimum pulse period. 

A read of the input capture register 1 least significant 
byte ($15) does not inhibit the free-running counter trans
fer since they occur on opposite edges of the internal bus 
clock. 

Input Capture Register 2 

The input capture register 2 (ICR2) is a 16-bit register 
that is composed of two 8-bit registers at locations $1C 
(most significant byte) and $1D (least significant byte). 
Input capture register 2 functions identically to input cap
ture register 1, except that only negative edge sensitivity 
is available. By substituting the appropriate bits in the 
timer status register ($13) and substituting register lo
cations, the ICR1 description applies to ICR2. 

TIMER CONTROL REGISTER (TCR) $12 

The TCR is an 8-bit read/write register, illustrated below 
with a definition of each bit. 

4 3 2 1 0 

1c1E oc1E TOIE I FOLv2 ! FOLV1 I OLVL1 I 1rnG1 I OLVL1 I 
RESET: 

U = Uneffected by RESET 
ICIE - Input Capture Interrupt Enable 

1 =Interrupt enabled 
0 =Interrupt disabled 

OCIE - Output Compare Interrupt Enable 
1 =Interrupt enabled 
0 =Interrupt disabled 

TOIE - Timer Overflow Interrupt Enable 
1 =Interrupt enabled 
0 =Interrupt disabled 

FOLV2 - Force Output Compare 2 

u 

1 =Forces the OLVL2 bit to the corresponding output 
latch 

0= No effect 
FOLV1 - Force Output Compare 1 

1 =Forces the OLVL 1 bit to the corresponding output 
latch 

0= No effect 
OLVL2 - Output Level 2 

1 =The value of the output level 2 bit, which is copied 
to the output level latch by the next successful 
output compare 2, appears at TCMP2 

0= No effect 
IEDG1 - Input Edge 

Value of input edge determines which level transition 
on TCAP1 pin will trigger free-running counter transfer 
to the input capture register. 

1 =Positive edge 
0 =Negative edge 

OLVL 1 - Output Level 1 
Value of output level 1, which is copied into output 
level register by the next successful output compare 1, 
will appear on the TCMP1 pin. 

1 =High output 
0 =Low output 

TIMER STATUS REGISTER (TSR) $13 

The TSR is a read-only register containing three status 
flag bits. Bits 0-4 always read zero. 

ICF1 OCF1 TOF ICF2 OCF2 

RESET: 
u u u u u 

ICF1 - Input Capture Flag 1 
1 =Flag set when selected polarity edge is sensed by 

input capture edge detector 
0 =Flag cleared when TSR and input capture 1 low 

register ($15) are accessed 
OCF1 - Output Capture Flag 1 

1 =Flag set when output compare register contents 
match the free-running counter contents 

0 =Flag cleared when TSR and output compare 1 low 
register ($17) are accessed 

TOF - Timer Overflow Flag 
1 =Flag set when free-running counter transition from 

$FFFF to $0000 occurs 
0 =Flag cleared when TSR and counter low register 

($19) are accessed 
ICF2 - Input Capture Flag 2 

l =Flag set when selected polarity edge is sensed by 
input capture 2 edge detector 

0= Flag cleared when TSR and input capture 2 low 
register ($1 D) are accessed 

OCF2 - Output Capture Flag 2 
1 =Flag set when output compare register contents 

match the free-running counter contents 
0 =Flag cleared when TSR and output compare low 

register 2 ($1 F) are accessed 
Bits 0-2 - Not Used 

Can read either zero or one. 
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TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 

TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
reset is used, the counter is forced to $FFFC. During STOP, 
if at least one valid input capture edge occurs at the TCAP 
pin, the input capture detect circuit is armed. This does 
not set any timer flags or wake up the MCU, but when 
the MCU does wake up, there is an active input capture 
flag and data from the first valid edge that occurred dur
ing the STOP mode. If reset is used to exit STOP mode, 
then no input capture flag or data remains, even if a valid 
input capture edge occurred. 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 
A problem can occur when using the timer overflow func
tion and reading the free-running counter at random times 
to measure an elapsed time. Without incorporating the 
proper precautions into software, the timer overflow flag 
could unintentionally be cleared if 1) the timer status 
register is read or written when TOF is set, and 2) the 
least significant byte of the free-running counter is read 
but not for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1 B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer over
flow flag in the timer status register. 

SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate prescaler. The 
terms baud and bit rate are used synonymously in the 
following description. 

SCI TWO-WIRE SYSTEM FEATURES 

• Standard NRZ (mark/space) format 
• Advanced error detection method includes noise de

tection for noise duration of up to one-sixteenth bit 
time 

0 

IDLE LINE 

• Full-duplex operation (simultaneous transmit and re
ceive) 

• Software programmable for one of 32 different baud 
rates 

• Different baud rates possible for transmit and receive 
• Software-selectable word length (eight- or nine-bit 

words) 
• Separate transmitter and receiver enable bits 
• SCI may be interrupt driven 
• Four separate interrupt conditions 

SCI RECEIVER FEATURES 
• Receiver wake-up function (idle or address bit) 
• Idle line detect 
• Framing error detect 
• Noise detect 
• Overrun detect 
• Receiver data register full flag 

SCI TRANSMITTER FEATURES 

• Transmit data register empty flag 
• Transmit complete flag 
• Break send 

Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 

DATA FORMAT 

Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 11. 

WAKE-UP FEATURE 

In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SC.I receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide forthe required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 

CONTROL BIT "M" 
SELECTS B OR 9 BIT DATA 

0 

·l_C_ 
s 
T 
A 
R 
T 

*Stop bit is always high. 

s 
T 
0 
p 

s 
T 
A 
R 
T 

Figure 11. Data Format 
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RECEIVE DATA IN 
Receive data in (RDI) is the serial data which is pre

sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 

START BIT DETECTION FOLLOWING A FRAMING ERROR 
If there has been a framing error (FE) without detection 

of a break I 10 zeros for 8-bit format or 11 zeros for a 9-
bit format), the circuit continue~ to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF = 1, FE= 1, 
receiver data register= $00) produced the framing error, 
the start bit will not be artificially induced, and the re
ceiver must actually receive a logic one before start. 

SCI SYNCHRONOUS TRANSMISSION 
The SCI transmitter allows a one-way synchronous 

transmission, with the SCLK pin as the clock output. No 
clock is sent to the SCLK pin during the stop and start 
bits. The LCL bit (SSCR1) controls whether clocks are 
active during the last valid data bit (address mark). The 
CPOL bit selects clock polarity, and the CPHA bit selects 
the phase of the external clock. During idle, preamble, 
and se~d break, the external SCLK clock is not active. 

These options allow the SCI to control serial periph
erals consisting of shift registers without losing any func
tion of the SCI transmitter. These options do not affect 
the SCI receiver, which is independent of the transmitter. 

The SCLK pin works in conjunction with the TDO pin .. 
When the SCI transmitter is disabled, the SCLK and the 
TDO pins assume a high-impedance state. 

NOTE 

THE LBCL, CPOL and CPHA bits must be selected 
before the transmitter is enabled to ensure that the 
clocks function correctly. These bits should not be 
changed while the transmitter is enabled. 

TRANSMIT DATA OUT 
Transmit data out (TDO) is the serial data presented 

from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock (if the same baud rate is used for transmit and 
receive). 

FUNCTIONAL DESCRIPTION 
A block diagram of the SCI is shown in Figure 12. The 

user has option bits in the serial communications control 
register 1 (SCCR1) to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates for the transmitter and re
ceiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmissi.on, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 

REGISTERS 
There are five registers used in the SCI; the internal 

configuration of these registers is discussed in the fol
lowing paragraphs. 
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Serial Communications Data Register (SCDAT) $11 

The SCDAT is a read/write register used to receive and 
transmit SCI data. 

SCD7 SCD6 SCD5 SCD4 SCD3 SCD2 SCDl SCDD 

RESET: 
u u u 

As shown in Figure 12, SCDAT functions as two sep
arate registers. The transmit data register (TDR) provides 
i:he pdroiiei interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 

Serial Communications Control Register 1 (SCCR1) $OE 

The SCCR1 provides control bits that determine word 
length, select the wake-up method, and control the op
tions to output the transmitter clocks for synchronous 
transmissions. 

RB TB M I WAKE I CPDL CPHA LBCL 

RESET 
u u 

RS - Receive Data Bit S 

u 

RS bit provides storage location for the ninth bit in the 
receive data byte (if M = 1 ). 

TS - Transmit Data Bit S 
TS bit provides storage location for the ninth bit in the 
transmit data byte (if M = 1 ). 

M - SCI Character Word Length 
1 =one start bit, nine data bits, one stop bit 
0 =one start bit, eight data bits, one stop bit 

WAKE - Wake-Up Select 
Wake bit selects the receiver wake-up method. 

1 =Address bit (most significant bit) 
0 =Idle line condition 

CPOL - Clock Polarity 
Selects the clock polarity sent to the SCLK pin. 

1 =Steady state high outside the transmission win
dow 

0 =Steady state low outside the transmission win
dow 

The CPOL bit should not be changed with the trans
mitter active. 

CPHA - Clock Phase 
Selects the clock phase sent to the SCLK pin. 

1 = SCLK line activated at the beginning of the data 
bit 

0 = SCLK line activated in the middle of the data bit 
(see Figures 13 and 14) 

The CPHA bit should not be changed with the 
transmitter active. 

LBCL - Last Bit Clock 
Selects whether the clock associated with the last data 
bit transmitted is output to the SCLK pin. 

1 = Last data bit output 

0 =Last data bit not output 
The last data bit is the eighth or ninth bit, depend
ing on whether an S- or 9-bit format is used (see 
Table 5). 
The LBCL bit should not be changed while the 
transmitter is enabled. 

Bit 5 - Not used 
Can read either one or zero 

Table 5. SCI Clock on SCLK Pin 

Data 
Format 

M Bit 

8 Bit 0 

8 Bit 0 

9 Bit 1 

9 Bit 1 

I LBCL B" It 

0 

1 

0 

1 

Number of 
Cl k OC 5 Ofi 

SCLK Pin 

7 

8 

8 

9 

The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 

Wake M Receiver Wake-Up 

0 x Detection of an idle line allows the next data 
byte received to cause the receive data reg-
ister to fill and produce an RDRF flag. 

1 0 Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 

1 1 Detection of a received one in the ninth data 
bit allows an RDRF flag and associated error 
flags. 

Serial Communications Control Register 2 (SCCR2) $OF 

The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 

TIE TCIE RIE ILIE TE RE RWU SBK 

RESET 

TIE - Transmit Interrupt Enable 
1 =SCI interrupt enabled, provided TDRE is set 
O=TDRE interrupt disabled 

TCIE - Transmit Complete Interrupt Enable 
1 =SCI interrupt enabled, provided TC is set 
0 =TC interrupt disabled 

RIE - Receive Interrupt Enable 
1 =SCI interrupt enabled, provided OR or RDRF is set 
0 = RDRF and OR interrupts disabled 

ILIE - Idle Line Interrupt Enable 
1 =SCI interrupt enabled, provided IDLE is set 
0= Idle interrupt disabled 
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M=O•BDATABIT STOP IDLE OR 
~~~~~~~~~~~~~~---11~-

IDLE OR START 

I~ 
PRECEDING 
TRANSMISSION 

CLOCK 

(CPOL = 0 CPHA = O) 

CLOCK 

(CPOL = 0 CPHA ~ 1) 

CLOCK 

(CPOL'---~ cr"A-0) 

CLOCK 

(CPOL = 1 CPHA = 1) 

DATA 

I I 
I I 
I 

I : NEXT TRANSMISSION 

I 

START LSB MSB STOP 

*LBCL Bit Controls Last Data Clock 

Figure 13. SCI Data Clock Timing Diagram (M = 0) 

IDLE OR START M = 1•9 DATA BIT STOP IDLE OR ___ ___, -1--------------. ~-
PRECEDING I I 

TRANSMISSION '1 I : II NEXT TRANSMISSION 

CLOCK 
----+---+--' 

(CPOL = 0 CPHA = 0) 

CLOCK 
----+---' 

(CPOL = 0 CPHA = 1) 

CLOCK ----+---
(CPOL = 1 CPHA = 0) 

CLOCK 

ICPOL = 1 CPHA = 1) 

DATA 

START LSB MSB STOP 

*LBCL Bit Controls Last Data Clock 

Figure 14. SCI Data Clock Timing Diagram (M = 1) 

TE - Transmit Enable 
1 =Transmit shift register output is applied to the TOO 

line, and the corresponding clocks are applied to 
the SCLK pin. Depending upon the SCCR1 M bit, 
a preamble of 10 (M = 0) or 11 (M = 1) consecutive 
ones is transmitted. 

0 =Transmitter disabled after last byte is loaded in 
the SCDAT and TORE is set. After last byte is 
transmitted, TOO line becomes a high-impedance 
line. 

RE - Receive Enable 
1 =Receiver shift register input is applied to the ROI 

line. 
O=Receiver disabled and RDRF, IDLE, OR, NF, and 

FE status bits are inhibited. 
RWU - Receiver Wake-Up 

1 =Places receiver in sleep mode and enables wake
up function 

0 =Wake-up function disabled after receiving data 
word with MSB set (if WAKE= 1) 
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Wake-up function also disabled after receiving 10 
(M =0) or 11(M=1) consecutive ones (ifWAKE=O) 

SBK - Send Break 
1 =Transmitter continually sends blocks of zeros (sets 

of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec
ognition of valid start bit. 

O=Transmitter sends 10 (M=O) or 11 (M=1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char
acter times of break because the first break trans
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 

Serial Communications Status Register (SCSR) $10 

The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con
tained in the SCSR . 

TORE 

RESET: 
1 

TC RDRF IDLE DR NF FE 

TDRE - Transmit Data Register (TDR) Empty 
1 = TDR contents transferred to the transmit data shift 

register 
0= TDR still contains data. TDRE is cleared by reading 

the SCSR, followed by a write to the TDR. 
TC - Transmit Complete 

1 =Indicates end of data frame, preamble, or break 
condition has occurred if: 
1. TE= 1, TDRE = 1, and no pending data, pream

ble or break is to be transmitted; or 
2. TE -O and the data preamble or break (in the 

transmit shift register) has been transmitted. 
O=TC bit cleared by reading the SCSR, followed by 

a write to the TDR 
The TC bit is a status register that indicates one of 
the above conditions has occurred. It does not in
hibit the transmitter in any way. 

RDRF - Receive Data Register (RDR) Full 
1 =Receive data shift register contents transferred to 

the RDR 
0= Receive data shift register transfer did not occur. 

RDRF is cleared by reading the SCSR, followed 
by a read of the RDR 

IDLE - Idle Line Detect 
1 =Indicates receiver has detected an idle line 
0= IDLE is cleared by reading the SCSR, followed by 

a read of the RDR. Once IDLE is cleared, IDLE 
cannot be set until RDI line becomes active and 
idle again. 

OR - Overrun Error 
1 =Indicates receive data shift register data is ready 

to be sent to a full RDR (RDRF = 1 ). Data causing 
the overrun is lost, and RDR data is not disturbed. 

0 =OR is cleared by reading the SCSR, followed by 
a read of the RDR. 

NF - Noise Flag 
1 =Indicates noise is present on the receive bits, in

cluding the start and stop bits. NF is not set until 
RDRF=1. 

0= NF is cleared by reading the SCSR, followed by 
a read of the RDR. 

FE - Framing Error 
1 =Indicates stop bit not detected in received data 

character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib
ited until FE is cleared. 

O =FE is cleared by reading the SCSR, followed by a 
read of the RDR. 

Bit 0 - Not used 
Can read either one or zero 

Baud Rate Register $OD 

The baud rate register selects the SCI transmitter and 
receiver baud rate. The SCP1 and SCPO prescaler bits are 
used in conjunction with the SCR2-SCRO bits to generate 
the receiver baud rate and in conjunction with the 
SCT2-SCTO baud rate bits to generate the transmitter 
baud rate. 

Tables 6 and 7 tabulate the divide chain used to obtain 
the baud rate clock (transmit or receive clock). The actual 
divider chain is controlled by the combined SCP1-SCPO 
and SCR2-SCRO or SCT2-SCTO bits in the baud rate reg
ister. The divided frequencies shown in Table 6 represent 
the final baud rate that results from prescaler division 
only (SCR or SCT bits all zero). Table 7 lists the prescaler 
output frequency divided by the action of the SCR or SCT 
bits. 

For example, assume that 9600-Hz baud rate is desired 
from a 2.4576-MHz system clock crystal. The prescaler 
bits could be set for either a divide-by-one or divide-by
four. If a divide-by-four prescaler is used, then the SCR 
and SCT bits must be set for divide-by-two. The same 
result, using the same crystal frequency, can be obtained 
with a prescaler divide-by-one and SCR and SCT bit di
vide-by-eight. 

SCPl SCPO SCT2 SCTl SCTO SCR2 SCRl SCRO 

RESET: 
0 u 

SCP1-SCPO - SCI Prescaler Bits 1 and 0 

u 

These two prescaler bits are used to increase the 
range of standard baud rates controlled by the SCT2-
SCTO and SCR2-SCRO bits. Prescaler internal pro
cessor clock division versus bit levels are shown in 
Table 6. 

SCT2-SCTO - SCI Transmit Baud Rate Selection Bits 
These three bits, taken in conjunction with bits 
SCP1-SCPO, are used to select the SCI transmit baud 
rate. Baud rates versus bit levels are listed in Table 
7. 
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Table 6. Prescaler Highest Baud Rate Frequency Output 

SCP Bit Clock* Crystal Frequency MHz 

1 0 Divided By 4. 194304 4.0 2.4576 2.0 1.8432 

0 0 1 131.072 kHz 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz 
0 1 3 43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz 
1 0 4 32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz 
1 1 13 10.082 kHz 9600 Hz 5.907 kHz 4800 Hz 4430 Hz 

·*Refers to the internal processor clock. 

NOTE: The divided frequencies shown in Table 6 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 

Table 7. Transmit Baud Rate Output for a Given Prescaler Output 

SCR/T Bits Divided Representative Highest Prescaler Baud Rate Output 

2 1 0 By 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 

0 0 0 1 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 
0 0 1 2 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz 
0 1 0 4 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz 
0 1 1 8 16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz 
1 0 0 16 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz 
1 0 1 32 4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz 
1 1 0 64 2.048 kHz 512 Hz 1200 Hz 300 Hz 150 Hz 
1 1 1 128 1.024 kHz 256 Hz 600 Hz 150 Hz 75 Hz 

NOTE: Table 7 illustrates how the SCI select bits can be used to provide lower transmitter or receiver baud rates by further dividing 
the prescaler output frequency. The five examples are only representative samples. In all cases, the baud rates shown are 
transmit baud rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 

SCR2-SCRO - SCI Receive Baud Rate Selection Bits 
These three bits, taken in conjunction with bits 
SCP1-SCPO, are used to select the SCI receive baud 
rate. Baud rates versus bit levels are listed in Table 
7. 

Load Program in RAM and Execute 

This function is entered if the following conditions are 
met when reset is released: 

IRQ is at VDD + 4 V for at least two machine cycles after 
reset 

TCAP1 is at VDD for at least two machine cycles after 
reset 

PD3 is at VDD for at least 30 machine cycles after reset 
PD4 is at Vss for at least 30 machine cycles after reset 
User programs are loaded into RAM using the SCI port 

and then executed. Data is loaded sequentially, starting 
at RAM location $50, until the last byte is loaded. Program 
control is then transferred to the RAM progam starting 
at location $51. The first byte loaded is the count of the 
number of bytes in the program plus the count byte. The 
program starts at the second byte in the RAM. During 
firmware initialization, the SCI is configured for the NRZ 
format (idle line, eight data bits, and stop bit). The baud 
rate is 9600 with a 4-MHz crystal. Figure 15 shows a sche
matic for the load program in RAM and execute function. 

Immediate execution can be avoided by setting the 

byte count to a value greater than the length of data 
loaded, which causes the firmware to wait for additional 
data after loading is complete. Resetting the MCU then 
allows entering any routine without disturbing the RAM 
data that was loaded. 

Jump to Any Address 

This function is entered if the following conditions are 
met when reset is released: 

IRQ is at VDD + 4 V for at least two machine cycles after 
reset 

TCAP1 is at VDD for at least two machine cycles after 
reset 

PD3 is at VDD for at least 30 machine cycles after reset 
PD4 is at VDD for at least 30 machine cycles after reset 
To execute the jump to any address function, port A 

data input should be $CC, and port B and C should be 
the MSB and LSB, respectively, of the address desired 
for the jump. Figure 16 shows a schematic for the jump 
function. 

PULSE-LENGTH D/A CONVERTERS 

The pulse-length D/A converter (PLM) works in con
junction with the timer to execute two 8-bit conversions 
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Figure 15. Load Program in RAM and Execute Diagram 
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Figure 16. Jump to Any Address Diagram 
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with a choice of two repetition rates. The outputs are 
pulse-length modulated signals whose duty-cycle ratio 
may be modified. These signals can be used directly as 
PLM, or the filtered average values can be used as gen
eral-purpose analog outputs. 

Registers PLMA and PLMB contain the pulse-length 
values for the two PLMs. A value of $00 results in a con
tinuously low output from the DIA. A value of $80 results 
in a 50-percent duty-cycle output, and a value of$FF gives 
an output that is a logic 1 for 255/256 of the cycle. When 
the MCU writes to the PLMA or PLMB register, the DIA 
picks up the new value at the end of a complete conver
sion cycle. A monotonic change in the de component of 
the output results, without overshoots or vicious starts 
(a vicious start is an output that gives totally erroneous 
output during the first cycle following an update of the 
registers). WAIT mode does not affect the output wave
form of the DIA converters. 

NOTE 

Since the PLM system uses the timer counter, PLM 
results will be affected while resetting the timer 
counter. 

Figure 17 shows a block diagram of the PLM system. 

PLMA (OA) 

7 6 5 4 3 2 1 0 

I PLMA1 I PLMAs I PLMA5 I PLMA4 I PLMA3 I PLMA2 I PLMAl I PLMAD I 
RESET: 

PLMB (OB) 

7 6 5 4 3 2 1 0 

I PLMs1 I PLMss I PLMB5 I PLMB4 I PLMB3 I PLMB2 I PLMB1 I PLMBo I 
RESET: 

Miscellaneous (OC) 

6 5 

I - I - I SFA SFB 

RESET 

SFA - Slow/Fast Control for PLMA Clock 
1 =Slow speed of PLMA used (4096 times the timer 

clock period) 
0 =Fast speed of PLMA used (256 times the timer 

clock period) 

DATA BUS 

A 
MULTIPLEXER 

16 

B 
MULTIPLEXER 

16 

Figure 17. PLM Block Diagram 

TIMER BUS 
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SFB - Slow/Fast Control for PLMB Clock 
1 =Slow speed of PLMB used (4096 times the timer 

clock period) 
0 =Fast speed of PLMB used (256 times the timer 

clock period) 

NOTE 

The highest speed of the PLM system corresponds 
to the frequency of the TOF bit being set, multiplied 
by 256. The slowest speed of the PLM system cor
responds to the frequency of the TOF bit being set, 
multipled by 16. 

The SFA and SFB bits are not double buffered; there
fore, these bits must be selected before writing to either 
PLM register to avoid temporary wrong values from the 
PLM outputs. Figure 18 shows some examples of the PLM 
output waveforms. 

A/D CONVERTER 

The AID converter system consists of an 8-bit succes
sive approximation converter and a 16-channel multi
plexer. Eight of the channels are available for output, and 
the other eight channels are dedicated to internal test 
functions. There is one 8-bit result data register (address 
$08) and one 8-bit status/control register (address $09). 

NOTE 

In the 48-pin dual-in-line package, the fixed input 
port (D) of the MC68HC05B6 is reduced to six pins 
(PD5-PDO, AN5-ANO). This change has no effect on 
either programming or operation of port D or the 
A/D converter. 

The reference supply for the converter uses dedicated 
input pins instead of the power supply lines, because 
drops caused by loading in the power supply lines would 
degrade the accuracy of the AID conversion. An internal 
RC oscillator is available if the bus speed is low enough 

to degrade the A/D accuracy. An ADON bit allows the A/ 
D to be switched off to reduce power consumption, which 
is particularly useful in the WAIT mode. 

For ratiometric conversions, the source of each analog 
input should use VRH as the supply voltage and be ref
erenced to VRL· An input voltage greater than or equal 
to VRH converts as $FF (full scale) with no overflow in
dication. An input voltage equal to VRL converts as $00. 
The conversion is monotonic with no missing codes. 

A/D STATUS/CONTROL REGISTER ($09) 

7 6 5 

I coco I AORC I ADON I 
RESET: 

0 

CH3 

COCO - Conversion Complete 

CH2 CH! CHO 

1 =Conversion is complete; a new result can be read 
from the result data register ($08). 

0 =No conversion since last reset 
ADRC - AID RC Oscillator Control 

1 =AID uses RC clock 
0 =AID uses CPU clock 

When the RC oscillator is turned on, it requires a 
time tadrc to stabilize, and results can be inaccur
ate during this time. 

ADON-AID On 
1 =AID enabled 
O=A/D disabled 

When the AID is turned on, it requires a time !ADON 
for the current sources to stabilize, and results can 
be inaccurate during this time. 

CH3-CHO - Channel 3 through Channel 0 
These bits select the A/D channel assignment (see 
Table 8). 

NOTE 

Using one or more pins of PD7,AN7-PDO,ANO as 
analog inputs does not affect the ability to use port 
D inputs as digital inputs. However, using port D 

_so_o-+-1 "-------____ ~~ ~ _ _ "I 
I I 
I 255 T I 

~~~'.:::.:.:.~-=-----_-_-_-_-_-_-_-_-_-_-_-_-_---------n_ 
I I 
I 128 T I 

$80 1.. i28l'-- .,!" --1 
I I 
I I 

~~ .. o--~~~~~~----_-~2=5~5~!_-_-~~~~~~~--·~ 

T = 4 CPU Clocks Fast Mode 
T=64 CPU Clocks Slow Mode 

Figure 18. PLM Output Waveform Examples 

MOTOROLA MICROPROCESSOR DATA 

3-777 

• 



• 

MC68HC05B6 

for digital inputs during an analog conversion se
quence may inject noise on the analog inputs and 
reduce the accuracy of the AID result. 

Performing a digital read of port D with levels 
other than Voo or Vss on the inputs causes greater 
than normal power dissipation during the read and 
may give erroneous results. 

Table 8. A/D Channel Assignments 

CH3 CH2 CH1 CHO Channel Selected 

0 0 0 0 ANO, Port D Bit 0 
0 0 0 1 AN1, Port D Bit 1 
0 0 1 0 AN2, Port D Bit 2 
0 0 1 1 AN3, Port D Bit 3 

0 1 0 0 AN4, Port D Bit 4 
0 1 0 1 AN5, Port D Bit 5 I 

0 1 1 0 AN6, Port D Bit 6 
0 1 1 1 AN7, Port D Bit 7 

1 0 0 0 VRH Pin (High) 
1 0 0 1 llVRHI + IVRLll12 
1 0 1 0 VRL Pin (Low) 
1 0 1 1 VRL Pin (Low) 

1 1 0 0 VRL Pin (Low) 
1 1 0 1 VRL Pin (Low) 
1 1 1 0 VRL Pin (Low) 
1 1 1 1 VRL Pin (Low) 

INSTRUCTION SET 

The MCU instructions can be divided into five different 
types: register/memory, read-modify-write, branch, bit 
manipulation, and control. The following paragraphs 
briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MULi instruction. This instruction allows un
signed multiplication of the contents of the accumulator 
(A) and the index register IX). The high-order product is 
then stored in the index register, and the low-order prod
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 

Operation X:A•XxA 

Description Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 

Condition H: Cleared 
'Codes I: Not affected 

N: Not affected 
Z: Not affected 
C: Cleared 

Source 
MUL Form(s) 

Addressing 
Cycles Bytes Opcode Mode 

Inherent 11 1 $42 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 

other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 

Function Mnemonic 

Load A from Memory LDA 

Load X from Memory LDX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 
--------1 

Jump Unconditional JMP 

Jump to Subroutine JSR 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

Branch if Higher or Same BHS 

Branch if Carry Set BCS 

Branch if Lower BLO 

Branch if Not Equal BNE 

Branch if Equal BEQ 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 
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READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (Twos Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

Multiply MUL 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

Stop STOP 

Wait WAIT 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 

the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n In . 0. . 7) 

Branch if Bit n is Clear BRCLR n (n 0 .. . 7) 

Set Bit n BSET n In 0. .. 7) 

Clear Bit n BCLR n In 0. .. 7) 

OPCODE MAP SUMMARY 
Table 9 is an opcode map for the instructions used on 

the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab
solute addressing is also included. One- or two-byte di
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 
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s: a 
::c 
0 

> 
s: 
0 

w ::c 
.:.. 0 
co "ti 
0 ::c 

0 
(') 
m 
CJ) 
CJ) 

0 
::c 
c 

~ 

Bit Man!J:!_ulation Branch 
BTB BSC REL 

~ 0 1 2 
w 0000 """ "" 

0 5 5 3 

0000 
BR SETO BSETO BRA 

3 BTB 2 BSC 2 REL 2 

1 5 5 3 

0001 
BA CL RO BCLRO BRN 

3 BTB 2 BSC 2 '" 
2 5 5 3 

0010 
BRSET1 BSET1 SHI 

3 BTB 2 BSC 2 m 

3 5 5 3 

0011 
BRCLR1 BCLR1 BLS 

3 BTB 2 BSC 2 REL J 

4 5 5 3 

0100 
BR5ET2 BSET2 sec 

3 BTB 2 BSC 2 REL 2 

5 5 5 3 

0101 
BRCLR2 BCLR2 BCS 

3 BTB 2 BSC 2 m 

6 ' 3 3 
BRSET3 BSET3 BNE 

0110 
3 8TB 2 BSC 2 REL 2 

7 5 5 3 

0111 
BRCLR3 BCLR3 SEQ 

3 BTB 2 BSC 2 REI 2 

8 5 5 3 
BRSET4 BSET4 BHCC 

1000 
3 BT8 2 BSC 2 REL 2 

9 5 5 3 

1001 
BRCLR4 BCLR4 BHCS 

3 BTB 2 SSC 2 RH 2 

A 5 5 3 
BRSET5 BSET5 BPL 

1010 
3 BTB 2 BSC 2 REL 2 

B 5 5 3 
BRCLR5 BCLR5 BMI 

1011 
3 BTB 2 BSC 2 m 

c 5 3 3 

1100 
BRSET6 BSET6 BMC 

3 BTB 2 BSC 2 REL J 

0 5 3 3 
BRCLR6 BCLR6 BMS 

1101 
3 BTB 2 BSC 2 REL2 

E 5 3 

1110 
BRSET7 BSET7 BIL 

3 BTB 2 BSC 2 "" 
F 5 ' 3 

BRCLR7 BCLR7 BIH 
1111 

3 BTB 2 BSC 2 RFI 2 

Abbreviations for Address Modes 

INH Inherent REL 
A Accumulator BSC 
x Index Register BTB 
IMM Immediate IX 
DIR Direct IX1 
EXT Extended IX2 

Read-Modify-Write 
DIR INH INH 

3 4 5 
0011 ()100 0101 

5 3 3 
NEG NEGA NEGX 

DIR 1 INH 1 INH 2 

" MUL 

' '" 
3 3 

COM COMA COMX 
DIR 1 INH l INH 2 

5 3 3 
LSR LSRA LSRX 

DIR 1 INH I INH 2 

5 3 3 
ROR RORA RORX 

DIR l 11\H 1 INll 2 

5 3 ' ASR ASRA ASRX 
DIR 1 INH 1 INH 2 

3 .3 3 

LSL LSLA LSLX 
DIR l INH 1 11\H 2 

3 3 3 
ROL ROLA ROLX 

DIR 1 lf\/H 1 INH 2 

3 3 3 

DEC DECA DECX 
DIR 1 INH l INH 2 

3 3 3 
INC INCA INCX 

DIR 1 INH 1 11\H 2 

3 3 3 
TST TSTA TSTX 

DIR 1 11\H 1 INH 2 

' 2 2 
CLR CLRA CLRX 

DIR 1 INH 1 lt\H ) 

Relative 
Bit Set/Clear 
Bit Test and Branch 
Indexed (No Offset) 
Indexed, 1 Byte 18-Bit) Offset 
Indexed, 2 Byte (16-Bit) Offset 

• 
Table 9. Opcode Map 

C,ontrol 
IX1 IX INH INH IMM 
6 7 8 9 A 

0110 0111 1000 1001 1010 

5 5 3 1 
NEG NEG RTI SUB 

IX1 l "' "' 1 IMM 2 

5 1 
RTS CMP 

' '" 1 IMM 2 

1 
SBC 

1 IMM 2 

5 5 w ? 
COM COM SWI CPX 

IXI 1 "' '" 1 IMM 2 

5 5 1 
LSR LSR AND 

-"'-'-' " 1 IMM 2 

1 
BIT 

3 IMM 2 

3 2 
ROR ROR LOA 

-"'-'-' " 2 IMM 2 

" 3 2 
ASR ASR TAX 

IX1 1 " ' "" 2 

3 3 3 3 

LSL LSL CLC EOR 

-"'-'-' " ' INH 2 IMM ) 

" 3 1 2 

ROL-"'.'_ 3 
ROL SEC ADC 

" ' INH ? IMM 2 

3 3 3 1 
DEC DEC CLI ORA 

IX1 1 " ' INH 2 IMM 2 

2 3 
SEI ADD 

' INH 2 IMM 2 

3 3 3 

INC INC RSP 
IXI l " ' '" ? 

3 3 2 5 

TST TST NOP BSR 

-"'-'-' " ' INH 2 RFL 2 

1 3 
STOP LDX 

' '"" 2 IMM 2 

3 3 3 3 

CLR CLR WAIT TXA 
IX1 1 " ' INH l "" 2 

Mnemonic 
Bytes 

Cycles 

R~ster/Memo.!Y_ 

DIR . EXT IX2 IX1 IX 
B c D E F ~ 1011 1100 1101 1110 1111 w 

3 3 5 3 3 0 SUB SUB SUB SUB SUB 
0000 

DIR 3 EXT 3 IX2 2 IX1 1 " 3 ' 5 ' 3 1 CME' CMP CMP -CMP CMP 
0001 

DIR3 EXT 3 IX2 2 IX1 1 " 
3 3 5 ' 3 2 SBC SBC SBC SBC SBC 

0010 
DIR ~ fXT 3 IX2 2 IXI l " 

3 3 5 3 3 3 CPX CPX CPX CPX CPX 
0011 

DIR 3 FXT 3 IX2 2 IXI l " 
3 ' 3 3 3 

AND AND AND AND AND 
DIR 3 E'XT 3 IX2 2 IXl 1 " 

3 ' 3 3 3 5 BIT BIT BIT BIT BIT 
0101 

DIR 3 EXT 3 IX2 2 IX1 1 " 
3 ' ; 3 3 6 LDA LDA LDA LOA LOA 

DIR 3 EXT 3 IX2 2 IXI 1 " 
0110 

3 3 3 5 ' 7 STA STA STA STA STA 
0111 

DIR 3 EXT 3 IX2 2 IX1 l " 
3 3 5 ' 3 8 EOR EOR EOR EOR EOR 

DIR 3 ~XT 3 IX2 2 IX1 I " 
1000 

3 ' 5 ' 3 9 ADC ADC AOC AOC AOC 
1001 

DIR 3 FXT 3 IX2 2 IX1 1 " 
3 3 5 3 3 A ORA ORA DRA ORA ORA 

DIR 3 EXT 3 IX2 2 IXl 1 " 
1()10 

3 ' ; ' 3 B ADD ADD ADD ADD ADD 
DIRJ EXT 3 IX2 2 IXl 1 " 

1011 

3 3 ' 3 1 c JMP JMP JMP JMP JMP 
1100 

DIR 3 EXT J IX2 2 IX1 1 " 
3 3 3 3 ' D JSR JSR JSR JSR JSR 

DIR 3 EXT 3 IX2 2 IX1 1 " 
1101 

3 ' ' ' 3 E LOX LOX LOX LDX LOX 
1110 

DIR3 EXT 1 IX2 2 IX1 1 " 
' 3 3 5 ' F STX STX STX STX STX 

DIR 3 EXT 3 IX2 2 IX1 1 " 
1111 

LEGEND 

+-+---------..,,,.Opcode in Hexadecimal 

Opcode in Binary 

'---------Address Mode 
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RELATIVE 
The relative addressing mode is only used in branch 

instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 

the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as
sembler determines the shortest form of indexed ad
dressing. 

BIT SET/CLEAR 
In the bit set/clear addressing mode, the bit to be set 

or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
1/0, can be selectively set or cleared with a single two
byte instruction. 

BIT TEST AND BRANCH 
The bit test and branch addressing mode is a combi

nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 
In the inherent addressing mode, all the information 

necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Voltages referenced to V55) 

Rating Symbol 

Supply Voltage Voo 

Input Voltage Vin 

Self-Check Mode (IRQ Pin Only) Vin 

Current Drain Per Pin Excluding I 
Vpo and Vss 

Operating Temperature Range TA 
MC68HC0586P, FN !Standard) 
MC68HC05B6CP, CFN !Extended) 

Value 

-0.5 to + 7.0 

Vss -o.5 to 
Voo +o.5 

Vss-0.5 to 
2xVoo+0.5 

25 

TL to TH 
Oto + 70 

-40 to +85 

Unit 

v 
v 

v 

mA 

'C 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For p;oper oper
ation, it is recommended that Vin and V 0ut be 
constrained to the range Vss "' (Vin or Voutl "' 
VDD· Reliability of operation is enhanced if un
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vss or Vool. 

MC68HC05B6MP, MFN (Automotive) -40 to + 125 

Storage Temperature Range Ts!!!. -65to +150 'C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Unit 

Thermal Resistance HJA 'CIW 
Plastic 40 
Plastic Leaded Chip Carrier (PLCC) 50 

Vpp=4.5 V 

Pins R1 

PA7-PAO, 3.26 k!l 
PB7-PBO, 
PC7-PCO, 
TCMP1 
TCMP2 

TDO, SCLK, 1.9 k!l 
PLMA, PLMB 

Voo=3.0V 

Pins R1 

PA7-PAO, 10.91 k!l 
PB7-PBO, 
PC7-PCO, 
TCMP1, 
TCMP2 

TDO, SCLK, 6 k!l 
PLMA, PLMB 

R2 c Voo 
2.38 k!l 50 pf R2 

(SEE TABLE) 

TEST G-----<~-
POINT 

2.26 k!l 200 pf 

R2 c 
6.32 k!l 50 pf 

6 k!l 200 pf 

Figure 19. Equivalent Test Load 
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POWER CONSIDERATIONS 
The average chip-junction temperature, T J• in "C can 

be obtained from: 

where: 
TA 
flJA 

TJ=TA+!Po•HJA) (1) 

=Ambient Temperature, "C 
= Package Thermal Resistance, 

Junction-to-Ambient, 0C/W 
= P1NT+P110 
= Ice x Vee. Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

For most applications P11o<P1NT and can be neglected. 
The following is an approximate relationship between 

Po and T J (if P110 is neglected): 
Po= K-;-(T J + 273"C) (2) 

Solving equations (1) and (2) for K gives: 
K =Po. (TA+ 273"C) + HJA•Po2 (3) 

where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA· Using this value of K, 
the values of Po and TJ can be obtained by solving equa
tions i1i and i2) iteratively for any value of TA. 

DC ELECTRICAL CHARACTERISTICS IVoo= 5.0Vdc±10%, Vss=O Vdc, TA =TL to TH. unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, 1Load"'10.0 µA VoL - - 0.1 v 
VoH Voo-0.1 - -

Output High Voltage VoH v 
0Load = 0.8 mA) PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2 Voo-o.8 Vo0-0.4 -
0Load=1.6 mA) TDO, SCLK, PLMA, PLMB Voo-0.8 voo-o.8 -

Output Low Voltage VoL v 
II Load= 1.6 mA) PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2, - 0.1 0.4 

PLMA, PLMB, TDO, SCLK 
RESET - 0.4 1.0 

Input High Voltage V1H 0.1 x v00 - Voo v 
PA7-PAO, P87-PBO, PC7-PCO, P07-POO, TCAP1, TCAP2, IRQ, 

RESET, OSC1, ROI 

Input Low Voltage V1L Vss - 0.2 xVoo v 
PA7-PAO, PB7-PBO, PC7-PCO,P07-POO, TCAP1, TCAP2, IRO, 

RESET, OSC1, ROI 

Supply Current (see Notes) loo 
RUN ISM=O) - 3.5 9 mA 
RUN ISM=1, lcyc=B µs) - 0.5 2 mA 
WAIT ISM=O) - 1 4 mA 
WAIT ISM= 1, lcyc=B µs) 
STOP 

- 0.35 1 mA 

0 to 70 !Standard) - 2 10 µA 
-40 to 85 !Extended) - - 20 µA 
-40 to 125 IAutomotive) - - 50 µA 

1/0 Ports Hi-Z Leakage Current l1L - 0.2 ±1 µA 
PA7-PAO, PB7-PBO, PC7-PCO, TOO, RESET,SCLK 

Input Current lin µA 
IRO, TCAP1, TCAP2, OSC1, ROI - ±0.2 ±1 
P07/AN7-POO/ANO IA/O off) - ±0.2 ±1 
P07/AN7-POO/ANO IA/O on) - ±10 TBO 

Capacitance pF 
Ports las Input or Output), RESET Cout - - 12 
TDO, SCLK Cout - - 12 
IRO, TCAP1, TCAP2, OSC1, ROI Cin - - 8 
P07/AN7-POO/ANO IA/O off) Cin - 12 TBO 
P07/AN7-POO/ANO IA/O on) Cin - 22 TBO 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25"C only. 
3. Wait loo: Only timer system active ITE =RE= 0). If SCI active ITE =RE= 1) add 10% current draw. 
4. Run !Operating) loo. Wait loo: Measured using external square wave clock source lfosc=4.0 MHz), all inputs 0.2 V from rail; 

no de loads, less than 50 pF on all outputs, CL= 20 pF on OSC2. 
5. Wait, Stop loo: All ports configured as inputs, V1L =0.2 V, V1H=Voo-o.2 V. 
6. Wait loo is affected linearly by the OSC2 capacitance. 

TBO - To be determined. 
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DC ELECTRICAL CHARACTERISTICS (Voo = 3.3 Vdc ± 10%, Vss = o Vdc, TA= TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, 1Load»10.0 µA VOL - - 0.1 v 
VoH v00 -o.1 - -

Output High Voltage VoH v 
!I Load= 0.2 mA) PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2 Voo-o.3 Voo-0.1 -
0Load=0.4 mA) TOO, SCLK, PLMA, PLMB' Voo-o.3 v0 0-o.1 ~ 

Output Low Voltage VOL v 
0Load=0.4 mA) PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2, .- 0.1 0.3 

PLMA, PLMB, TOO, SCLK 
RESET - 0.2 0.6 

Input High Voltage V1H 0.1 x v00 - Voo v 
PA7-PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRO, 

RESET, OSC1, ROI 

Input Low Voltage V1L Vss - 0.2xVoo v 
PA7-PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRO, 

RESET, OSC1, ROI 

Supply Current (see Notes) 100 
RUN (SM=O) - 1.2 5 mA 
RUN (SM= 1, tcyc = 8 µs) - 0.2 1 mA 
WAIT(SM=O) - 0.4 2 mA 
WAIT (SM= 1, tcyc=B µs) 
STOP 

- 0.15 0.5 mA 

0 to 70 (Standard) - 1 10 µA 
- 40 to 85 (Extended) - - 10 µA 
-40 to 125 (Automotive) - - 30 µA 

l·O Ports Hi-Z Leakage Current l1L - ±0.2 ±10 µA 
PA7-PAO, PB7-PBO, PC7-PCO, TOO, RESET,SCLK 

Input Current lin µA 
IRQ, TCAP1, TCAP2, OSC1, ROI - ±0.2 ±1 
PD7/AN7-PDO/ANO (AID off) - ±0.2 ±1 
PD7/AN7-PDO/ANO (AID on) - ±10 TBD 

Capacitance pF 
Ports (as Input or Output), RESET, TOO Cout - - 12 
TOO, SCLK Cout - - 12 
IRQ, TCAP1, TCAP2, OSC1, ROI Cin - - 8 
PD7/AN7-PDO/ANO (AID off) Cin - 12 TBD 
PD7iAN7-PDO/ANO (AID on) Cin - 22 TBD 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait loo: Only timer system active (TE= RE= 0). If SCI active (TE= RE= 1) add 10% current draw. 
4. Run (Operating) loo. Wait loo: Measured using external square wave clock source (fosc=4.0 MHz), all inputs 0.2 V from rail; 

no de loads, less than 50 pF on all outputs, CL= 20 pF on OSC2. 
5. Wait, Stop loo: All ports configured as inputs, V1L = 0.2 V, V1H = Voo -0.2 V. 
6. Wait loo is affected linearly by the OSC2 capacitance. 

TBD - To be determined. 
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A/D CONVERTER CHARACTERISTICS IVDD = 5.0 Vdc ± 10%, Vss = 0 Vdc) 

Characteristic Parameter Min Max Unit 

Resolution Number of bits resolved by the AID 8 - Bit 

Non-Linearity Maximum deviation from the best straight line through the - ~1/2 LSB 
AID transfer characteristics IVRH = VDD and VRL = 0 VI 

Quantization Error Uncertainty due to converter resolution - :±:% LSB 

Absolute Accuracy Difference between the actual input voltage and the full-scale - ±1 LSB 
equivalent of the binary code output code for all errors 

Conversion Range Analog input voltage range VRL VRH v 
VRH Maximum analog referem:e voltage VRL VDD+o.1 v 
VRL Minimum analog reference voltage Vss-0.1 VRH v 
Conversion Time Total time to perform a single analog to digital conversion 

a. External Clock (XTAL, EXTALI - 32 tcyc 
b. Internal RC oscillator - 32 µs 

Monotonicity Conversion result never decreases with an increase in input Guaranteed 
voltage and has no missing codes 

Zero-Input Reading Conversion result when Vin= VRL 00 - Hex 

Full-Scale Reading Conversion result when Vin= VRH - FF Hex 

Sample Acquisition Time Analog input acquisition sampling 
(see Note 1) a. External Clock (XTAL, EXTAL) - 12 tcyc 

b. Internal RC oscillator - 12 µs 

Sample/Hold Capacitance Input capacitance on PD7/AN7-PDO/ANO - 12 pF 

Input Leakage Input leakage on AID pins PD7/AN7-PDO/ANO, VRL· VRH - 1 µA 
(see Note 2) - 1 

NOTES: 
1. Source impedances greater than 10K ohm will adversely affect internal RC charging time during input sampling. 
2. The external system error caused by input leakage current is approximately equal to the product of R source and input current. 
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CONTROL TIMING (Voo=5.0 Vdc±10%, Vss=O Vdc, TA=TL to THI 

Characteristic Symbol Min Max Unit 

Frequency of Operation lose MHz 
Crystal Option - 4.2 
External Clock Option de 4.2 

Internal Operating Frequency fop MHz 
Crystal (f0 sci2) - 2.1 
External Clock (f05ci2) de 2.1 

Cycle Time (see Figure 21 I tc:y_c 480 - ns 

Crystal Oscillator Startup Time (see Figure 21 I toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) t1LCH - 100 ms 

External RESET Input Pulse Width (see Figure 21) tRL 1.5 - t~ 

Power-On RESET Output Pulse Width tPORL tcyc 
4064 Cycle Option 4064 -
16 Cycle Option 16 -

Watchdog RESET Output Pulse Width toOGL 1.5 - t~ 

Watchdog Time-Out tooG 6144 7168 t~ 

EEPROM Byte Erase Time tERA ms 
0 to 70 (Standard) 10 -
-40 to 85 (Extended) 10 -
- 40 to 125 (Automotive) 10 -

EEPROM Byte Programming Time tPROG ms 
0 to 70 (Standard) 10 -
-40 to 85 (Extended) 10 -
- 40 to 125 (Automotive) 20 -

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 20) tTH· tTL 125 - ns 
Input Capture Pulse Period (see Figure 20) ITL· tTL *** - t~ 

Interrupt Pulse Width (Edge-Triggered) t1L1H 125 - ns 

Interrupt Pulse Period t1L1L * - tc:y_c 

OSC1 Pulse Width toH. toL 90 - ns 

NOTES: 
*The minimum period t1L1L should not be less than the number of cycle times it takes to execute the interrupt service routine 
plus 21 tcyc· 

**Since a 2-bit prescaler in the timer must count four internal cycles (tcycl. this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tTL TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc· 

EXTERNAL 
SIGNAL 
ITCAPl, 
TCAP2) 

Figure 20. Timer Relationship 
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CONTROL TIMING (Voo=3.3 Vdc±10%, Vss=O Vdc, TA=TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation lose MHz 
Crystal Option - 2.0 
External Clock Option de 2.0 

Internal Operating Frequency fop MHz 
Crystal (f0 sci2) - 1.0 
External Clock (fosc/2) de 1.0 

Cycle Time (see Figure 21) tc:y_c 1000 - ns 

Crystal Oscillator Startup Time (see Figure 21) toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) t1LCH - 100 ms 

External RESET Input Pulse Width (see Figure 21) tRL 1.5 - tc:y_c 

Power-On RESET Output Pulse Width tPORL lcyc 
4064 Cycle Option 4064 -
16 Cycle Option 16 -

Watchdog RESET Output Pulse Width toOGL 1.5 - tc'l" 

Watchdog Time-Out tooG 6144 7168 tc:y_c 

EEPROM Byte Erase Time tERA ms 
0 to 70 (Standard) 30 -
- 40 to 85 (Extended) TBD -
- 40 to 125 (Automotive) TBD -

EEPROM Byte Programming Time tPROG ms 
0 to 70 (Standard) 30 -
-40 to 85 (Extended) TBD -
-40 to 125 (Automotive) TBD -

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 20) tTH. lTL 250 - ns 
Input Capture Pulse Period (see Figure 20) tTL, tTL ... - tc:y_c 

Interrupt Pulse Width (Edge-Triggered) t1L1H 250 - ns 

Interrupt Pulse Period t1L1L * - tc:y_c 

OSC1 Pulse Width toH,lOL 200 - ns 

NOTES: 
*The minimum period t1L1L should not be less than the number of cycle times it takes to execute the interrupt service routine 
plus 21 tcyc· 

**Since a 2-bit prescaler in the timer must count four internal cycles (tcycl. this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period ITL TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc· 
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osc1·· :~mmomomzmzmmomzzzvzmmzzzzmm 

INTERNAL 
PROCESSOR 

CLOCK* 

INTERNAL 
ADDRESS 

BUS* 

INTERNAL 
DATA 
BUS* 

RESET 

I tDxov 1 4064 tcyc I 
I I ,. ..,. .., 
I I I _I 
1 I itcycl 

1----tRL--j 

i ... -y 
*Internal timing signal and bus information not available externally. 

**0SC1 line is not meant to represent frequency. It is only used to represent time. 
***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 

Figure 21. Power-On Reset and RESET 

~ ::c 
~ 
m 
OI 



MC68HC0586 

ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola in the following media: 

MS''"-DOS/PC-DOS disk file (360K) 
EPROM(s) 2764, MCM68764, MCM68766, or EE PROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

A flexible disk (MS-DOS/PC-DOS disk file), pro
grammed with the customer's program may be submit
ted for pattern generation. The diskette should be clearly 
labeled with the customer's name, data, project or prod
uct name, and the name of the file containing the pattern. 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM''' Personal Computer (PC) Disk Operating Sys
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object fil"e format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

EPROMs 

A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par
agraphs. 

For an MC68HC80586 MCU start the page zero, user 
ROM at EE PROM address $0020 through $004F. Start the 
user ROM at EE PROM address $0800 through $1 EFF with 
vectors from $1 FFO to $1 FFF. All unused bytes, including 
the user's space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 

MS is a trademark of Microsoft, Inc. 

$0020 

xxx =Customer ID 

Verification Media 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 

ORDERING INFORMATION 

The following table provides ordering information per
taining to the package type, temperature, and MC order 
numbers for the MC68HC0586 device. 

Package Type Temperature MC Order Number 

Plastic 0°C to + 70°C MC68HC05B6P 
(P Suffix) - 40'C to .,- 85'C MC68HC05B6CP 

- 40°C to + 125°C MC68HC05B6MP 

PLCC 0°C to + 70'C MC68HC05B6FN 
(FN Suffix) -40°C to + 85°C MC68HC05B6CFN 

-40°C to + 125°C MC68HC05B6MFN 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 
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VRH 
PD4/AN4 

Voo 
PD3/AN3 

PD2/AN2 

PDl/ANl 

PDO/ANO 

NC 

OSCl 

OSC2 

RESET 
IRQ 

1 PLMA D/A 

MC68HC05B6 

52-Pin PLCC 

46 PC3 
1PC4 
1pc5 

!PC6 

PC7 

Vss 
40 Vpp1 

PBO 

PB1 
PB2 

PB3 

PB4 

PB5 
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48-Pin Dual-in-Line Package 

TOO 48 SCLK 

TCMP2 47 ROI 

TCMPI 46 PCO 

P05/AN5 45 PCI 

VAL 44 PC2 

VRH 43 PC3 

P04/AN4 42 PC4 

Voo 41 PC5 

P03/AN3 40 PC6 

P02/AN2 39 PC7 

PDl/ANI 38 Vss 
POD/ANO 37 Vpp1 

OSCI 36 PBO 

OSC2 35 PBI 

RESET 34 PB2 

IRQ 33 PB3 

PLMA DIA 32 PB4 

PLMB DIA 31 PB5 

TCAPI 30 PB6 

TCAP2 29 PB7 

PA7 28 PAO 

PA6 27 PAI 

PA5 26 PA2 

PA4 25 PA3 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
MC68HC05C2 

• 

Technical Summary 
8-Bit Microcontroller Unit 

The MC68HC05C2 (HCMOS) microcontroller uriit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This higH-performance, low-power MCU has parallel 1/0 capability with pins pro~ 
grammable as input or output. This publication contains condensed information on the MCU; for 
mcire detailed information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 

• On-Chip Oscillator with RC or Crystal/Ceramic Resonato~ Mask Options 
• Memory-Mapped 1/0 
• 176 Bytes of On-Chip RAM 
• 2096 Bytes of User AOM 
• 24 Bidirectional 1/0 Lines and 7 Input-Only Lines 
• Self-Check Mode 
• Power-Saving STOP, WAIT, and Data Retention Modes 
• Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 
• Fully Static Operation 
• 8 x 8 Unsigned Multiply Instruction 

BLOCK DIAGRAM 

TCMP OSCl OSC2 

1 Internal _1 1 1 1 

TCAP Timer Clock Osc11lator Processor "-· 1 . S"·~ ~ 1 •.nd Clock 

Port 
A 

1/0 
Lines 

Port 
8 

1/0 
Lines 

PAO 
PAl 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PBO 
PBl 
P82 
PB3 
P84 
P85 ....., 
P86 
P87 

System 

Port Data 
A Dir H 

Reg Reg 

Port Data 
8 Dir I-< 

Reg Reg 

~2 L_ 
Accumulator 

CPU 
Index Control 

Register ,..-..., 

Condition 
Code 

Register 
CPU' 

Stack 
Pointer 

Program 
Counter 

High ALU 

.....,, 
Program 
Counter 

Low 

l 
I I 

2096xB [ 176x8 

J ROM Static 
RAM 

240 x 8 
Self-Check 

ROM 

RESET 

1Ro 
PCO 
PCl 
PC2 

Data Port PC3 
Dir c PC4 
Reg Reg PC5 

PC6 
PC7 

POO 

POl 
~ 

PD2 
P03 

Port D P04 
PD5 - P07 ....-

1n!a1 
Processor 

Clock 

This document contains information on a new product. Spe~ifications and information herein are subject to change without notice. 
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MC68HC05C2 

SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

Voo AND Vss 
Power is supplied to the microcontroller using these 

two pins. Voo is the positive supply, and Vss is ground. 

This pin is a programmable. option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 

Crystal 

2 MHz 4 MHz Units 

Rs MAX 400 75 0 

Co 5 7 pF 

C1 0.003 0.012 µF 

cosc1 15-40 15-30 pF 

Cosc2 15-30 15-25 pF 

Rp 10 10 MO 
JO 4(1 K 

these pins providing a system clock. A mask option se
lects either a crystal/ceramic resonator or a resistor/ca
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1 (d). The relationship between 
R and fosc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1 (b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and start-up stabilization time. Re
fer to ELECTRICAL SPECIFICATIONS for Voo 
specifications. 

Ceramic Resonator 

2-4 MHz Units 

Rs (typicall 10 !J 

Co 40 pF 

c, 4.3 pF 

cosc1 30 pF 

Cosc2 30 pF 

Rp 1-10 MO 

0 1250 ... 

(a) Crystal/Ceramic Resonator Parameters 

MCU 

OSC1 OSC2 

39 Rp 38 

'J" cosC2 

(bl Crystal/Ceramic Resonator 
Oscillator Connections 

MCU 
OS Cl OSC2 

39 38 

(di RC Oscillator Connections 

Figure 1. Oscillator Connections 

cy, Rs OS Cl 

39 

Co 

_38;_;_ ____ ---l0 .__ _____ 39_ 

(cl Equivalent Crystal Circuit 

MCU 

OSC1 OSC2 

39 38 

Unconnected 

'------< External Clock 

(e) External Clock Source Connections 
(For Crystal Mask Option Only) 
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10 

'N 
J: 

~ '"""'-
i - 0.5 

l 0.2 

j 0. 1 

~ 0.05 

0.02 

0.01 
1 

"-= 'Iii:: 
N 

10 20 50 100 200 500 1000 

Resistance !kill 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

Ceramic Resonator 
A ceramic resonator may be used in place of the crystal 

in cost-sensitive applications. The circuit in Figure 1 (b) is 
recommended when using a ceramic resonator. Figure 
1 (a) lists the rec.om mended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 

External Clock 
An external clock should be applied to the OSC1 input 

with the OSC2 input not connected, as shown in Figure 
1 (e). This option may only be used with the crystal os
cillator mask option. 

INPUT CAPTURE (TCAP) 
This pin controls the input capture feature for the on

chip programmable timer. 

OUTPUT COMPARE (TCMP) 
This pin provides an output for the output compare 

feature of the on-chip timer. 

RESET 
This pin is used to reset the MCU and provide an or

derly start-up procedure by pulling RESET low. 

INPUT/OUTPUT PORTS (PAO-PA7, PBO-PB7, PCO-PC7) 
These 24 lines are arranged into three 8-bit ports (A, 

B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for 11dditional infor
mation. 

FIXED INPUT PORT (PDO-PD5, PD7) 
These seven lines comprise port .g, a fixed input port. 

Refer to PROGRAMMING for additio0nal information. 

PROGRAMMING 

Input/output port prog,ramming and fixed input port 
programming are discussed in the following paragraphs. 

INPUT/OUTPUT PORT PROGRAMMING 
Any port pin is programmable as either an input or an 

output under software control of the corresponding data 
direction register (DOR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DOR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DOR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DOR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the 1/0 pin functions. 

Table 1. 1/0 Pin Functions 

RIW• DOR 1/0 Pin Functions 

0 0 The 1/0 pin is in input mode. Data is 
written into the output data latch. 

0 1 Data is written into the output data latch 
and output to the 1/0 pin. 

1 0 The state of the 1/0 pin is read. 

1 1 The 1/0 pin is in an output mode. The 
output data latch is read. 

*RiW is an internal signal. 

FIXED INPUT PORT PROGRAMMING 
Port Dis a fixed input port (PDO-PD5, PD7) that monitors 

the external pins. To avoid spurious interrupts and erratic 
operation of port D, memory accesses to unused loca
tions $000A through $0011 must not be performed. 

NOTE 

Any unused inputs and 1/0 ports should be tied to 
an appropriate logic level (e.g., either Voo or V55). 
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Internal 
MCU 

Connections 

Data Direction 
Register 

Bit 

Latched 
Output Data 

Bit 

1/0 
Pin 

Figure 3. Typical Port 1/0 Circuit 

MEMORY 

The MCU is capable of addressing 8192 bytes of mem
ory and 1/0 registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and 1/0. The user-defined reset and interrupt 
vectors are located from $1FF4 to $1 FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor
mation. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 
The MCU contains the registers described in the fol

lowing paragraphs. 

ACCUMULATOR (Al 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 

A 

INDEX REGISTER (XI 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

x 

PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 

12 

PC 

STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro
duce an address within the range of $00FF to $00CO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 

12 7 

SP 

CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 

CCR 

Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 
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$0000 

$001F 
$0020 

$004F 
$0050 

$00BF 
$00CO 

$00FF 
$0100 

$08FF 
$0900 

$1EFF 
$1 FOO 

$1 FDF 
$1 FEO 

$1FEF 
$1FFO 

$1 FF3 
$1 FF4 

$1 FFF 

1/0 
32 Bytes 

User 
ROM 

48 Bytes 

RAM 
176 Bytes 

0000 

0031 
0032 
\ 

\ 

\ 
\ 

0079\ 
0080 \ 

0 r--1---lo Stack 
64 Bytes 0 

191 
192 

255 
256 

User 
ROM 

2048 Bytes 

Unused 
5632 Bytes 

Self Check 

f------1 

Self-Check 
Vectors 

Unused 
4 Bytes 

User 

Vectors 
12 Bytes 

0 

4 
4 

351 
352 

7 935 
936 7 

8 
8 

175 
176 

8179 
8180 

8191 

\ 
\ 

\ 
\ 

\ 
\ 

\ 

256 Bytes 

Ports 
7 Bytes 

Unused 
11 Bytes 

Timer 
10 Bytes 

Unused 
4 Bytes 

0000 

0031 
\ 
\ 
\ 
I 
\ 
I 
I 
I 
I 
\ 
I 
I 
I 
I 
\ 
I 
I 
\ 
I 
I 
I 
\ 
I 
I 
\ 
\ 
I 

Port A Data Register 

Port B Data Register 

Port C Data Register 

Port D Fixed Input Register 

Port A Data Direction Register 

Port B Data Direction Register 

Port C Data Direction Register 

Unused 

Unused 

Unused 

Unused 

Unused 

Unused 

Unused 

Unused 

Unused 

Unused 

Unused 

Timer Control Register 

Timer Status Register 

Input Capture High Register 

Input Capture Low Register 

Output ~omp~re High Register 

Output Compare Low Register 

Counter High Register 

Counter Low Register 

Alternate Counter High Register 

Atternate Counter tow Register 

Unused 

Unused 

Unused 

Unused 

$00 

$01 

$02 

$03 

$04 

$05 

$06 

$07 

$09 

$09 

$0A 

$OB 

$0C 

$OD 

$OE 

$OF 

$10 

$11 

$12 

$13 

$14 

$15 

$16 

$17 

$18 

$19 

$1A 

$18 

$1C 

$1D 

$1E 

$1F 

Figure 4. Memory Map 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 

last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 

SELF-CHECK 

The self-check capability provides the ability to deter
mine if the device is functional. Self-check is performed 
using the circuit shown in Figure 5. Port C pins PCO-PC3 
are monitored for the self-check results. After reset, the 
following seven tests are performed automatically: 

1/0 - Exercise of ports A, B, and C 
RAM - Counter test for each RAM byte 
ROM - Exclusive OR with odd ones parity result 
Timer- Tracks counter reg.ister and checks OCF flag 
Interrupts - Tests external, and timer interrupts 

Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 
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Reill 
+9 v 

Reill 1 

iR5 
10 k 

NC VDD 
40 +5V +5V 

DSCl 
39 ~F 10k -= 

37 
TCAP lOM D 4MHz 

MCU 
4 

PA7 38 ~F OSC2 

PA6 36 
!See Note) 

6 PD7 +5V 
PA5 35 -= TCMP 
PA4 

PD5 
34 

8 PA3 33 lM 

9 PD4 
PA2 32 10k 

PD3 -= 
PAl 

PD2 31 
11 

PAO 3) 
PDl 

PDO 
29 

12 
PBO PCO 

28 

13 PBl PCl 
27 

10k P82 PC2 26 

15 25 
PB3 PC3 

16 PC4 
24 

P84 
17 

PB5 PC5 
23 

18 
P86 PC6 

22 

19 PC7 
21 

P87 
Vss 

20 -= 
NOTE: The RC Oscillator Option may also be used in this circuit. 

Figure 5. Self-Check Circuit Schematic Diagram 

Table 2. Self-Check Results 

PC3 PC2 PC1 PCO Remarks 

1 0 0 1 Bad 1/0 

1 0 1 0 Bad RAM 

1 0 1 1 Bad Timer 

1 1 0 1 Bad ROM 

1 1 1 1 Bad Interrupts or IRQ Request 

Flashing Good Device 

All Others Bad Device, Bad Port C, etc. 

0 indicates LED is on; 1 indicates LED is off. 

TIMER TEST SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1 FOE. The output 
compare register is first set to the current timer state. 
Because the timer is free running and has only a divide
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 

checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user's pro
gram, X = 40. If the test passed, A= 0. 

ROM CHECKSUM SUBROUTINE 
This subroutine returns with the Z bit cleared if any 

error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1F93 with RAM 
location $0053 equal to $01 and A=O. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
X = 0. If the test passed, A= 0. 

RESETS 

The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET inQ!!! 
consists mainly of a Schmitt trigger that senses the RE
SET line logic level. 
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POWER-ON RESEt (POR) 

An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock eye!~) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 40~, the MCU will remain in the 
reset condition until RESET goes high. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (tcyc). 

INTERRUPTS 

The MCU can be interrupted three different ways: the 
two maskable hardware interrupts (IRQ and timer) and 
the nonmaskable software interrupt instruction (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 
There are three differenttimer interrupt flags that cause 

a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

EXTERNAL INTERRUPT 
If the interrupt mask bit (I bit) of the CCR is set, all 

interrupts are disabled. Clearing the I bit enables the ex
ternal interrupt. The external interrupt is internally !!Y!!_
chronized and then latched on the falling edge of IRO. 
The action ofthe external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1 FFA and $1 FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 
serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (t1uL) is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines "wire-ORed" to form 
the interrupts at the processor. If the interrupt line re
mains low after servicing an interrupt, then the next in
terrupt is recognized. 

NOTE 
The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 

SOFTWARE INTERRUPT (SWll 
The SWI is an executable instruction that is executed 

regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in
terrupt service routine address is specified by the con
tents of memory locations $1 FFC and $1 FFD. 

0 Stack 
I 

n lncreaaing Memory l ~ 
11111 l Condition Code Register 

Addresses U 
R 
N 

Unstack 

010101 

Accumulator 

Index Register 

PCH 

PCL p 
T 

Decreasing Memory 
Addresses 

NOTE: Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. Pulling from the stack is 
in the reverse order. 

Figure 6. Interrupt Stacking Order 
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Clear iRCi 
Request 
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Stack 
PC,X,A, CC 
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Complete 
Interrupt 
Routine 

and Execute 
RTI 

Figure 7. Reset and Interrupt Processing Flowchart 
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Level·Sensitive Trigger 

Mask Option 
Yoo ___ _ 

0 

Interrupt Pin ____ .._ __ ....n~ c 

1 BitlCCl 

Power-On Reset 

External Reset 

External Interrupt 

External 
Interrupt 
Request 

Being Serviced (Vector Fetch) 

(a) Interrupt Internal Function Diagram 

iRQ~t1L1H LJ 
I· t1L1L-----l·~I 

Edge-$- Trigger Condition 
The minimum pulse width lqLIHI is either 
125ns1Voo=5VI or250ns1Voo=3VI. 
The period t1L1L should not be less than 
the number of tcyc cycles it takes to ex· 
acute the interrupt service routine plus 21 
tcyc cycles. 

Level-~ Trigger Condition 
If after servicing an interrupt the iRO re
mains low, then the next interrupt is 
recognized. 

Normally 
Used with 
Wire-ORed 
Connection 

~----. r 
IMCUI !~--------------_. 

(b) Interrupt Mode Diagram 

Figure 8. External Interrupt 

LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os
cillator is turned off, halting all internal processing in
cluding timer operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal
tered. All input/output lines remain unchanged. The pro
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 

WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer remains active (refer to Figure 10). An in
terrupt from the timer can cause the MCU to exitthe WAIT 
mode. 

During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 

DATA RETENTION MODE 

The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
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Yes 

Stop 

Stop Oscillator 
And All Clocks 

Clear I Bit 

Turn On Oscillator 
Wait for Time 

Delay to Stabilize 

(1) Fetch Resat Vector or 
121 Service Interrupt 

a. Stack 
b. Set I Bit 
c. Vector to Interrupt 

Routine 

Figure 9. STOP Function Flowchart 

data retention modewherethe data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 

TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac
cessed. 

NOTE 

The I bit in the CCR should be set while manipu
lating both the high and low byte register of a spe
cific timer function to ensure that an interrupt does 
not occur. 

COUNTER 

The key element in the programmable timer is a 16-
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18-$19 (counter register) or 
$1A-$1 B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1 B) receives the count value atthe time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1 B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1 B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide
by-four prescaler, the value in the free-running counter 
repeats every 262, 144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

OUTPUT COMPARE REGISTER 
The 16-bit output compare register is made up of two 

8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com
pare flag (OCF) bit is set and the corresponding output 
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Wait 
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Timer 

Clock Active 
Processor Clocks Stopped 

Restart 
Processor Clock 

111 Fetch Reset Vector or 
121 Service Interrupt 

a. Stack 
b. Set I Bit 
c. Vector to Interrupt 

Routine 

Figure 10. WAIT Function Flowchart 

level (OLCL) bit is. clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini
mum time required to update the putput compare reg
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg
ister regardless of whether the output compare flag (OCF) 
is set or clear. · 

INPUT CAPTURE REGISTER 

Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained.by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex
ternal transition. This delay is required for internal syn
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 
free-running counter value that corresponds to the most 
recent input capture. 
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Figure 11. Timer Block Diagram 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 

TIMER CONTROL REGISTER (TCR) $12 
The TCR is a read/write register containing five control 

bits. Three bits control interrupts associated with the timer 
status register flags JCF, OCF, and TOF. 

I ICIE OCIE TOIE 

RESET: 
0 

IEDG OLVL 

u 

JCJE - Input Capture Interrupt Enable 
1 =Interrupt enabled 
0= Interrupt disabled 

OCIE - Output Compare Interrupt Enable 
1 =Interrupt enabled 
0 =Interrupt disabled 

TOIE - Timer Overflow Interrupt Enable 
1 =Interrupt enabled 
0 =Interrupt disabled 

IEDG - Input Edge 
Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 

1 = Positive edge 
0 =Negative edge 

Reset does not affect the IEDG bit (U =unaffected). 
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OLVL- Output Level . 
Value of output level is clocked into output fovel reg
ister by the next successful· output compare and will 
appear on the TCMP pin 

1 =High output 
0 = Low output 

Bits 2, 3, and 4 - Not used 
Always read zero 

TIMER STATUS REGISTER (TSRI $13 

The TSR is a read-only register containing three status 
flag bits. 

7 

I ICF I OCF TOF 

RESET: 
u u u 

ICF - Input Capture Flag 
1 =Flag set when selected polarity edge is sensed by 

input capture edge detector 
0 =Flag cleared when TSR and input capture low reg

ister ($15) are accessed 
OCF - Output Compare Flag 

1 =Flag set when output compare register contents 
match the free-running counter contents 

0 =Flag cleared when TSR and output compare low 
register ($17) are accessed 

TOF - Timer Overflow Flag 
1 = Flag set when free-running counter transition from 

$FFFF to $0000 occurs 
0= Flag cleared when TSR and counter low register 

($19) are accessed 
Bits 0-4 - Not used 

Always read zero 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 
TOF is set, and 

2) The LSB of the free-running co.unter is read but n.ot 
for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1 B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov
erflow flag in the timer status register. 

TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 

TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 

RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 

INSTRUCTION SET 

The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 

Operation X:AX*A 

Description Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 

Condition H: Cleared 
Codes I: Not affected 

N: Not affected 
Z: Not affected 
C: Cleared 

Source MUL 

Form(s) Addressing 
1 1 Mode Cycles Bytes I Opcode 

Inherent 11 1 $42 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 

Function Mnemonic 

Load A from Memory LOA 

Load X from Mem?ry LOX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

-Continued 
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Function Mnemonic 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

READ-MODIFY-WRITE INSTRUCTIONS 
These instructions read a memory location or a reg

ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (Twos Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

Multiply MUL 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O ... 7) 

Branch if Bit n is Clear BRCLR n (n=O ... 7) 

Set Bit n BSET n (n=O ... 7) 

Clear Bit n BCLR n (n=O ... 7) 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

Branch if Higher or Same BHS 

Branch if Carry Set BCS 

Branch if Lower BLO 

Branch if Not Equal BNE 

Branch if Equal BEO 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 
-

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit cu 
Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

Stop STOP 

Wait WAIT 

OPCODE MAP SUMMARY 

Table 3 is an opcode map for the instructions used on 
the MCU. 
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::Jili Dl!L 
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0011 

!NH "f/~/frite!Xl 
o:OO J o;~-- I --~o -. 

....!lllll2. ~ I ,i,o 
0 I BRSETO I BSETO' I BRA 3 

CID) l_i BTB 2 BSC 2 REL 
NEG "l 

_QC!\_ : I 'I ' NEGA NEGX NEG 
1 IN 1 INH 2 !Xl I 1 

1 i BRC. LAO: I BCLRO: I BAN 
3 

CXXll _J_ __ BT 2 BS 2 REL 

I I 'I -,I I " 2 BRSET1 BSET1 SHI MUL 
0010 3 BTB 2 BSC 2 REL 1 INH 

3 6 

~ -+'--"41f.L.-"""l+''----"'l:-J-"----"'l!+1---"'\H 
4 

COMX COM 
1 INH IXl l 

3 6 
LSRX LSR 

01 lNM IXl 1 

I 'I '1 ' 5 8RCLR2 BCLR2 BCS 
0101 3 BTB 2 asc 2 REL 

I ~I ·1·~- ·1· 'I 'I ' 6 BRSET3 8SET3 BNE ROA RORA RORX . ROA 
0110 3 8T 2 BSC 2 ~ 2 DIR._ 1 INH 1 INH 2 IX1_ l 1 

~ 'T 'I 'I '~~ ' 7 
..Jll.11 

8 
.llllD.. 

9 
Jl!l! 

~ BCLR3 BED ASA ASRA . ASRX ASA 
2 BSC 2 Rfl 2 QIR J INH__ 1 _ INH _ _____in [ 1 

'I 'I 'I 'J 'I 'I ' I BRSET4 . BSET4 BHCC LSL . LSLA LSLX LSL 
3 BTB._ 2 _BSC 2-. _REL 2__ OIH. 1 IN_H 1 lNH 2 IX1]1 

~r 'I 'I 'I 'I 'I ' BRCW BCLR4 BHCS ROL ROLA ROLX AOL 
2 BSC 2 REb 2 DIR 1 INH l INH 2 IXl I 1 

IX 
I 

......2111 

NEG 

COM 

LSR 

ROA 

ASA 

LSL 

AOL 

DEC 

,.. 
IX I 1 

IX ! 1 

A 
.Jllll)_ 'I 'I 'I 'J " 'I ' liBRSETS BS. ETS. ~PL DEC DECA I DECX DEC 

.BIL 2 .. _ _BSC 2 REL 2 QIR 1 !NH 1 lNH 2 IX1 I 1 . " 
8 

-12.11 

c 
111!1. 

I 'f ' I ' BRCLRS BCLRS BMI 
J BTB 2 esc 2 REL 

~["BsETs 5 j BMC 'I 1Nc 'j INCA 'I 1Ncx '! 1Nc 6 1 1Nc 
T BSC 2 REL I 2 O!fl;_ 1 INH I l INH 2 IX1 l IX 

0 TSTA TSTX TST TST 
, , •

1 
, 

11 1 INH 1 INH IXl 1 

E BRSET7 BSET7 BIL 

Con"ol 
DIR I ~'!ii~ I ll!.t I IX .,H I ,,H 

A 
1010 1:,,----T ,~-1 ~-I 11~0 1 ,r,, ~ 1000 1001 

""9 
RTI 

ATS 

'"" 
10 

SW! 

'"" 

SUB I sus:f~ SUB~ I M-v;:r sua:J 0 
IMM 2 IR 3 EXT J IX I 1 1 t !DX) 

CMP " 'I 'I 'I 'I ' CMP CMP CMP CMP CMP 1 
DIR 3 EXT 3 IX2 2 IXl I ___ d CQll lMM I 2 

2 

k 58TMM l 2 

CPX 
IMM I 2 

' I 'I 'I ' I ' SBC SBC SBC SBC SBC 
DIR 3 EXT 3 IX2 2 DO 1 IX 

4 
CPX CPX 

IXl I IX 
4 

AND ANO ANO 
IMM 2 IX1 1 IX 

I 'I ' I 'I 'I 'I ' m m m m m m 
2 !MM 2 DIR 3 EXT 3 !X2 2 .. JXl 1 IX 

• -r 
LOA LOA 

,2 +---~"-t-~-=7-+-"--~T+-~-=o----.-.-.=1X,._.1 1 IX --.-
1 TA~NH l j 2 STADIR 13 STAEXT l 3 STA1x2 I 2 " 1""1x1 I 1 " 1"" IX 

'I 'I 'I 'I 'I 'I ' CLC EOR EOR EOR EOR EOR EOR 
INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IX1 1 IX 

' I 'I ' I 'I 'I 'I ' SEC . ADC ADC ADC ADC ADC ADC 
INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IX1 1 IX 

2 
CLI ORA -· " SEI ADD ADD ADD ADO ADO ADO X·~~ ·1 , 

INH I 2 IMM I 2 D EXT 3 IX2 2 IXl 1 lX 

'I I 'I-~ 'I 'I ' ASP JMP JMP JMP JMP JMP 
INH 2 DIR 3 ~3 IX2 2 IX1 1 IX 

'I 'I 'I --.-1 'I 'I ., NOP BSA JSR JSR JSR JSR JSR I 

1 INH 2 fill 2 DIR 3 EXT 3 IX2 2 IXl 1 tX 

2 
cxno 
3 

...11!1!! 

4 
_QJgt_ 

5 
..JWlL 

6 
0110 

7 
0111 

8 
Jll!!l.. 

9 
1001 

A 
1010 

B 
1011 

c 
1100 

D 
1101 

STOP LOX LOX LOX LOX · LOX LOX 'I , 
mo. 13 ua l2 BSC 2 REL 

'I 'I ___, 
'T- l 'I 'I 'J -- I. 'I -- ' 

1 INH 2 'I.MM 2 DIR 3 EXT 3 IX2 IXl 1 IX 
E 

1110 

F 
1111 

8RCLR7 BCLR7 BIH ' I 'I ' 3 BTB 2 BSC 2 REL I 2 

~for Add,_ M-

INH 
A 
x 
IMM 
DIR 
EXT 

REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 
Relative 
Bit Set/ Clear 
Bit Test and Branch 
Indexed (No Offset! 
Indexed, 1 Byte 18-Bitl Ollse1 
Indexed, 2 Byte 118-Bitl Ollse1 

CLA CLAA CLAX CLR 
OIRl INHl 1NHl2 

WAIT 
INH I 1 

TXA 
>NH 'l ·~-.-I 'I ' STX STX STX STX STX 

DIR 3 EXT J IX2 2 IX1 1 IX 
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MC68HC05C2 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab
solute addressing is also included. One- or two-byte di
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 

memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 110 location. 

INDEXED, 8-BIT OFFSET 
In the indexed, 8-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 
In the indexed, 16-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as
sembler determines the shortest form of indexed ad
dressing. 

BIT SET/CLEAR 
In the bit seVclear addressing mode, the bit to be set 

or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
110, can be selectively set or cleared with a single two
byte instruction. 

BIT TEST AND BRANCH 
The bit test and branch addressing mode is a combi

nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 
In the inherent addressing mode, all the information 

necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 
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MC68HC05C2 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Voltages referenced to Vssl 

Rating Symbol Value 

Supply Voltage Voo -0.3 to +7.0 

Input Voltage Vin Vss -0.3 to 
Voo +o.3 

Self-Check Mode (IRO Pin Only) Vin Vss-0.3 to 
2xv00 +o.3 

Current Drain Per Pin Excluding I 25 
Voo and Vss 

Operating Temperature ·Range TA TL to TH 
MC68HC05C2P, FN o to + 70 
MC68HC05C2CP, CFN -40 to +85 
MC68HC05C2VP, VFN -40to+105 
MC68HC05C2MP, MFN -40 to +125 

Storage Temperature Range ls!!!_ -65to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance OJA 
Plastic 60 
Plastic Leaded Chip Carrier (PLCC) 70 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J• in 'C can 
be obtained from: 

where: 
TA 
OJA 

Po 
PINT 
P1/0 

TJ=TA+(Po•OJAl (1) 

= Ambient Temperature, 'C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= P1NT+P110 
= lccxVcc• Watts- Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

Pins R1 R2 c 
PAO-PA7, 3.26 kO 2.38 kO 50 pF 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 

PDO, PD5, PD7 1.9 kO 2.26 kO 200 pF 

Pins R1 R2 c 
PAO-PA7, 10.91 kO 6.32 kO 50 pF 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 

PDO, PD5, PD7 6 kO 6k0 200 pF 

Unit 

v 

v 

v 

mA 

'C 

'C 

Unit 

'C/W 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper
ation, it is recommended that Vin and V 0ut be 
constrained to the range Vss .;; (Vin or V 0utl .;; 
Voo. Reliability of operation is enhanced if un
used inputs are connected to an appropriate logic 
voltage level (e.g .. either Vss or Vool. 

For most applications P1;o<P1NT and can be neglected. 
The following is an approximate relationship between 

Po and TJ (if P110 is neglected): 
Po=K+(TJ+273°C) (2) 

Solving equations (1) and (2) for K gives: 
K =Po • (TA+ 273°C) + 0JA•Po2 (3) 

where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA· Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA. 

c 
!See 

Table) 

Voo 

A2 
!See Table) 

A1 
!See Tablel 

Figure 12. Equivalent Test Load 
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MC68HC05C2 

DC ELECTRICAL CHARACTERISTICS 
(Voo=5.0Vdc±10%, Vss=O Vdc, TA =TL to TH. unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, 1Load"'10.0 µA Vol - - 0.1 v 
VoH v00 -o.1 - -

Output High Voltage VoH v 
0Load=0.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 13) Voo-0.8 - -
(ILoad= 1.6 mA) PD1-PD4 (see Figure 14) Voo-0.8 - -

Output Low Voltage (see Figure 15) VOL - - 0.4 v 
0Load=1.6 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 

-----

Input High Voltage V1H 0.7 xVoo - Voo v 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, JRQ, 
RESET, OSC1 

Input Low Voltage V1L Vss - o.2x v00 v 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, JRQ, 
RESET, OSC1 

Data Retention Mode (0° to 70°C) VRM 2.0 - - v 
Supply Current (see Notes) 100 

Run (see Figures 16 and 17) - 3.5 7.0 mA 
Wait (see Figures 16 and 17) - 1.6 4.0 mA 
Stop (see Figure 17) 

25°C - 2.0 50 µA 
0° to 70°C (Standard) - - 140 µA 
-40° to +85°C - - 180 µA 
-40° to + 125°C - - 250 µA 

1/0 Ports Hi-Z Leakage Current IJL - - ±10 µA 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 

Input Current lin - - ±1 µA 
RESET, IRQ, TCAP, OSC1, PDQ, PD5, PD7 

Capacitance pF 
Ports (a~ut or Output) Cout - - 12 
RESET, JRQ, TCAP, PDO-PD5, PD7 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait loo: Only timer system active (SPE=TE =RE =O). If SPI, SCI active (SPE =TE= RE= 1) add 10% current draw. 
4. Run (Operating) Joo. Wait loo: Measured using external square wave clock source (fosc=4.2 MHz), all inputs 0.2 V from rail; 

no de loads, less than 50 pF on all outputs, CL= 20 pF on OSC2. 
5. Wait, Stop loo: All ports configured as inputs, V1L = 0.2 V, V1H =Yoo -0.2 V. 
6. Stop loo measured with OSC1 = Vss. 
7. Standard temperature range is 0° to 70°C. Extended temperature versions and a 25°C only version are available. 
8. Wait loo is affected linearly by the OSC2 capacitance. 
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MC68HC05C2 

DC ELECTRICAL CHARACTERISTICS 
(Voo=3.3 Vdc±0.3 Vdc, Vss=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, 1Load"'10.0 µA VoL - - 0.1 v 
VoH voo-0.1 - -

Output High Voltage VoH v 
0Load=0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 13) Voo-o.3 - -
0Load=1.6 mA) PD1-PD4 (see Figure 14) Voo-o.3 - -

Output Low Voltage (see Figure 15) Vol - - 0.3 v 
0Load=0.4 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 

Input High Voltage - V1H 0.7xVoo - Voo v 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRO, 
RESET, OSC1 

Input Low Voltage V1L Vss - o.2xvoo v 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRO, 
RESET, OSC1 

Data Retention Mode (0° to 70°C) VRM 2.0 - - v 
Supply Current (see Notes) 100 

Run (see Figures 16 and 18) - 1.0 2.5 mA 
Wait (see Figures 16 and 18) - 0.5 1.4 mA 
Stop (see Figure 18) 

25°C - 1.0 30 µA 
O' to 10°c (Standard) - - 80 µA 
- 40' to + 85°C - - 120 µA 
-40' to + 125'C - - 175 µA 

1/0 Ports Hi-Z Leakage Current l1L - - ±10 µA 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 

Input Current lin - - ±1 µA 
RESET,IRO,TCAP,OSC1,PDO,PD5,PD7 

Capacitance pf 
Ports (a§.Jnput or Output) Cout - - 12 
RESET, IRQ, TCAP, PDO-PD5, PD7 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25'C only. 
3. Wait loo: Only timer system active (SPE =TE= RE= 0). If SPI, SCI active (SPE =TE= RE= 1) add 10% current draw. 
4. Run (Operating) loo, Wait loo: Measured using external square wave clock source (fosc=4.2 MHz), all inputs 0.2 V from rail; 

no de loads, less than 50 pf on all outputs, CL= 20 pf on OSC2. 
5. Wait, Stop loo: All ports configured as inputs, V1L = 0.2 V, V1H = Voo-0.2 V. 
6. Stop loo measured with OSC1 =Vss. 
7. Standard temperature range is 0° to 70'C. Extended temperature versions and a 25'C only version are available. 
8. Wait loo is affected linearly by the OSC2 capacitance. 
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0.2 0.4 

Voo-VoH !Volts! 

0.6 08 

Figure 13. Typical VoH VS loH for Ports A. B. c. and TCMP 

6.0 

5.0 

4.0 

;;' 
§ 3.0 _, 
.9 

2.0 

0 0.1 0.2 

Voo-VoH !Volts! VoL IVoltsl 

0.3 04 

Figure 14. Typical VoH vs IOH for PD1-PD4 Figure 15. Typical VoL vs IOL for All Ports 
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13.5 mAI 
3.5..-----r---~----,---........;, 3.5 

3.0 

2.5 

WAIT 
MODE 

2.0 

;;: 
.§ 
0 
.9 

1.5 
11.6mAI 

1.0 

0.5 

0 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 
Internal Frequency 1/tcycle (MHzl Internal Frequency 1/tcycle (MHzl 

Figure 16. Typical Current vs Internal Frequency for Run and Wait Modes 
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7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0.5 1.0 1.5 2.0 
Internal Frequency (MHz) 

Figure 17. Maximum loo vs Frequency for Voo=5.0 Vdc 

12.5 mAI 
2.5·~---~--------------

v 00 =3.3V±10% 

1.5 
::;' 
5 
0 
.9 

1.0 

!80 µA, 0° - 70°() 

0.2 04 0.6 08 1.0 

Internal Frequency (MHz) 

Figure 18. Maximum loo vs Frequency for Voo=3.3 Vdc 
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MC68HC05C2 

CONTROL TIMING 
(Voo=5.0Vdc±10%, Vss=O Vdc, TA=TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 4.2 
External Clock Option de 4.2 

Internal Operating Frequency fop MHz 
Crystal (f0 sc + 2) - 2.1 
External Clock (f0 sc + 2) de 2.1 

Cycle Time (see Figure 21) t~ 480 - ns 

Crystal Oscillator Startup Time (see Figure 21) toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 19) t1LCH - 100 ms 

RESET Pulse Width (see Figure 21) tRL 1.5 - t~ 

Timer 
Resolution** tRESL 4.0 - !eye 
Input Capture Pulse Width (see Figure 20) ITH· ITL 125 - ns 
Input Capture Pulse Period (see Figure 20) tTLTL ... - t~c 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) t1L1H 125 - ns 

Interrupt Pulse Period (see Figure 8) t1L1L . - t~ 

OSC1 Pulse Width IOH· tOL 90 - ns 

*The minimum period llLIL should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc· 

**Since a 2-bit prescaler in the timer must count four internal cycles (tcycl. this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period ITL TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc· 

osc 11 ~/////////// ~ ZZZZZZZZl/1 
'RL 

IRQ3 

Internal 
Clock 

Internal .... .,....,....,....,.....,..., .... ,....,.....,....,.....,..., .... ,....,.. 

Address 
Bus ._..._....,_.._.._..._.._.._..._...,_.._..._.._.._,., 

NOTES: 
1. Represents the internal gating of the OSC1 pin. 
2 I RO pin edge-sensitive mask option. 
3 IRO pin level and edge-sensitive mask option. 
4. RESET vector address shown for timing example 

Figure 19. Stop Recovery Timing Diagram 
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CONTROL TIMING 
(Voo=3.3 Vdc±0.3 Vdc, Vss=O Vdc, TA=TL to TH) 

Charactaristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 2.0 
External Clock Option de 2.0 

Internal Operating Frequency fop MHz 
Crystal (fosc + 2) - 1.0 
External Clock (f0 sc + 2) de 1.0 

Cycle Time (see Figure 21) t~ 1000 - ns 

Crystal Oscillator Startup Time (see Figure 21) toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 19) llLCH - 100 ms 

RESET Pulse Width - Excluding Power-Up (see Figure 21) IRL 1.5 - ~ 
Timer 

Resolution** IRESL 4.0 - !eye 
Input Capture Pulse Width (see Figure 20) ITH· ITL 250 - ns 
Input Capture Pulse Period (see Figure 20) ITLTL 

... - t~ 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) llLfH 250 - ns 

Interrupt Pulse Period (see Figure Bl t1uL * - t~ 

OSC1 Pulse Width toH.IOL 200 - ns 

*The minimum period llLfL should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc· 

**Since a 2-bit prescaler in the timer must count four internal cycles (tcyc). this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period ITLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc· 

External 
Signal 
ITCAP 
Pin 37) 

Figure 20. Timer Relationships 

MOTOROLA MICROPROCESSOR DATA 

3-815 



I 
3: 
~ 
0 

el 
3: 
0 w ii °' ... 

at g 
m 

~I 
c 
~ ,._ 

• 
tvooA 

voo 

osc1•• 

-1 Voo Threshold 11-2 v Typicall 

I I 

1~7l7777/777771/7l///l/////////////771///////1!///71/ 
I I . . . 
I toxov 1 4064 lcvc I 
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Processor 
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Internal 
Address 
Bus• 
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RESET 
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*Internal timing signal and bus information not available externally. 

\I . -=-=-=-11 
~ 

• *OSC1 line is not meant to represent frequency. It is only used to represent time. 
••*The next rising edge of the internal processor clock following the rising edge of FfESET initiates the reset sequence. 

Figure 21. Power-On Reset and RESET 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola in the following media: 

MDOS®, disk file 
MS®-DOS/PC-DOS disk file (360K) 
EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a MQtorola representativP. 

FLEXIBLE DISKS 

A flexible disk (MS-DOS/PC-DOS disk file), pro
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite lhe process 
in case of any difficulty with the pattern file. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par
agraphs. 

For an MC68HC805C4 MCU start the page zero, user 
ROM at EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0100 through $08FF with 
vectors from $1 FF4 to $1 FFF. All unused bytes, including 
the user's space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 

MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 

$0020 

xxx =Customer ID 

Verification Media 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 

ORDERING INFORMATION 

The following table provides ordering information per
taining to the package type, temperature, and MC order 
numbers for the MC68HC05C2 device. 

Package Type Temperature MC Order Number 

Plastic 0°C to + 70°C MC68HC05C2P 
IP Suffix) - 40°C to + 85°C MC68HC05C2CP 

-40° to + 105'C MC68HC05C2VP 
- 40'C to + 125°C MC68HC05C2MP 

PLCC 0°c to + 70°C MC68HC05C2FN 
(FN Suffix) - 40'C to + 85°C MC68HC05C2CFN 

- 40°C to + 105°C MC68HC05C2VFN 
- 40°C to + 125'C MC68HC05C2MFN 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 

40-PIN DUAL-IN-LINE PACKAGE 

RESET 1 Voo 
iRQ OSCl 

NC OSC2 

TCAP 

PD7 

TCMP 

PD5 

PD4 

PD3 

PAl PD2 

PDl 

PBO PDO 

PBl PCO 

PB2 PCl 

PB3 PC2 

PB4 PC3 

PB5 PC4 

PB6 PC5 

PB7 PC6 

Vss PC7 

44-LEAD PLCC PACKAGE 

ltu - N 0. <ar--. OUU<( 
<(c:tuulg~ ocncnuu 
o....o...zz_a::>OOl-Z 

PD7 
PA4 TCMP 
PA3 PD5 
PA2 PD4 
PA1 PD3 
PAO PD2 
PBO PD1 
PB1 PDO 
PB2 PCO 
PB3 PC1 
PB4 PC2 

ULOCL'l,.... cnur--<OLDVt"'> 

Z~~~g>Z~~~~~ 

NOTE: Bulk substrate tied to V55. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
MC68HC05C3 

Technical Summary 
8-Bit Microcontroller Unit 

The MC68HC05C3 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel 1/0 capability with pins pro
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 

• On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 
• Memory-Mapped 1/0 
• 176 Bytes of On-Chip RAM 
• 2096 Bytes of User ROM 
• 24 Bidirectional 1/0 Lines and 7 Input-Only Lines 
• Serial Communications Interface (SCI) System 
• Serial Peripheral Interface (SPI) System 
• Self-Check Mode 
• Power-Saving STOP, WAIT, and Data Retention Modes 
• Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 
• Fully Static Operation 
• 8 x 8 Unsigned Multiply Instruction 

BLOCK DIAGRAM 
TCMP OSC1 OSC2 

l Internal l l Internal 
Processor j 

Oscillator ~rocessor TCAP Timer Clock 
System l 

and Clock 

+2 _L 

Port 
A 

1/0 
Lines 

Port 
B 

1/0 
Lines 

PAO 
PA1 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PBO 
PB1 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 

Port Data 
A D" f-< 

Reg Reg 

Port Data 
B D" t-

Reg Reg 

Accumulator 

CPU 
index Control 

Register .-
Condition 

Code 
Register 

CPU 
Stack 

~ Pmnter 

Program ~ 
Counter 

High ALU 
Program ;--
Counter 

Low 

l 
1 _I 

2096x 8 [ 176x8 

J ROM Static 
RAM 

240 x 8 
Self-Check 

ROM 

RESET 

iiill 

PCO 
PC1 
PC2 

Data Port PC3 
Dir c PC4 
Reg Reg PC5 

PC6 
PC7 

Port D PD7 

RDllPDOJ 
SCI T,ill PD1 

MISOIPD21 
MOSllPD31 

SPI SCK IPD41 

SS IPD51 

Baud Rate 
Generator 

lnt!rnal 
Processor 

Clock 

Port 
c 

1/0 
Lines 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

Voo AND Vss 
Power is supplied to the microcontroller using these 

two pins. Voo is the positive supply, and Vss is ground. 

IRQ 

This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 
these pins providing a system clock. A mask option se
lects either a crystal/ceramic resonator or a resistor/ca
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 

Crystal 

2 MHz 4MHz Units 

RS MAX 400 75 ll 

Co 5 7 pF 

C1 0.000 0.012 µF 

Cosc1 15-40 15-30 pF 

cosc2 15-30 15-25 pF 
Rp 10 10 Mil 

=~ 3Q.: K 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1 (d). The relationship between 
R and fosc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1 (b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and start-up stabilization time. Re
fer to ELECTRICAL SPECIFICATIONS for VDD 
specifications. 

Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1 (b) is 
recommended when using a ceramic resonator. Figure 
1 (a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 

Ceramic Resonator 

2-4 MHz Units 

Rs {typical) 10 ll 

Co 40 pF 

C1 4.3 pF 

cosc1 30 pF 

CosC2 30 pF 

Rp 1-10 Mil 
Q 1250 -

(a) Crystal/Ceramic Resonator Parameters 

MCU 

OSC1 OSC2 

39 Rp 38 

Cosc11;' 'I Cosc2 

(b) Crystal/Ceramic Resonator 
Oscillator Connections 

MCU 
OSC1 OSC2 

39 38 

(d) RC Oscillator Connections 

Figure 1. Oscillator Connections 

(c) Equivalent Crystal Circuit 

MCU 

OS Cl OSC2 

39 38 

Unconnected 

~----< External Clock 

(e) External Clock Source Connections 
(For Crystal Mask Option Only) 
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> u 
c 

10 

~ 0.5 

it 0.2 
0 
~ 0 
u 

1 

0 0.05 

002 

0.01 
1 

"'! 

I§; 

"" 

10 20 50 100 200 500 1000 

Resistance {kOl 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

should be consulted for specific information on resonator 
operation. 

External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1 (e). This option may only be used with the crystal os
cillator mask option. 

INPUT CAPTURE (TCAP) 

This pin controls the input capture feature for the on
chip programmable timer. 

OUTPUT COMPARE (TCMP) 

This pin provides an output for the output compare 
feature of the on-chip timer. 

RESET 

This pin is used to reset the MCU and provide an or
derly start-up procedure by pulling RESET low. 

INPUT/OUTPUT PORTS (PAO-PA7, PBO-PB7, PCO-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor
mation. 

FIXED INPUT PORT (PDO-PDS, PD7) 

These seven lines comprise port D, a fixed input port. 
All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PROGRAMMING for additional information. 

PROGRAMMING 

Input/output port programming, fixed input port pro
gramming, and serial port programming are discussed 
in the following paragraphs. 

INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the 1/0 pin functions. 

Table 1. 1/0 Pin Functions 

R/W* DOR 1/0 Pin Functions 

0 0 The 1/0 pin is in input mode. Data is 
written into the output data latch. 

0 1 Data is written into the output data latch 
and output to the 1/0 pin. 

1 0 The state of the 1/0 pin is read. 

1 1 The 1/0 pin is in an output mode. The 
output data latch is read. 

*R/W is an internal signal. 

FIXED INPUT PORT PROGRAMMING 

Port Dis a fixed input port (PDO-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled. For example, 
with the SCI enabled, PDQ and PD1 inputs will read zero. 
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Data Direction 
Register 

Bit 

Latched 
Internal 

MCU 
Connections 

Output Data 1---i---.---i---i 110 
Pin Bit 

Figure 3. Typical Port 1/0 Circuit 

With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 

NOTE 

Any unused inputs and 1/0 ports should be tied to 
an appropriate logic level (e.g., either VDD or VssJ. 

SERIAL PORT (SCI AND SPI) PROGRAMMING 

The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PDO-PD1) for its receive data 
input (RDI) and transmit data output (TDO). respectively. 
The SPI function requires four of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data out~t/ 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 

MEMORY 

The MCU is capable of addressing 8192 bytes of mem
ory and 1/0 registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and 1/0. The user-defined reset and interrupt 
vectors are located from $1 FF4 to $1 FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor
mation. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 
The MCU contains the registers described in the fol

lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

x 

PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 

12 

PC 

STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is setto location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro
duce an address within the range of $00FF to $00CO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
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$0000 

$001F 
$0020 

$004F 
$0050 

$00BF 
$00CO 

$00FF 
$0100 

$0BFF 
$0900 

SlEFF 
$1FOO 

$1FDF 
$1FEO 

$1FEF 
$1FFO 

$1FF3 
$1FF4 

$1FFF 

1/0 
32 Bytes 

User ~ 
ROM 

48 Bytes 

RAM 
176 Byt .. 

~-1 __ _, 
Stack 

64 Bytes 

User 
ROM 

2048 Bytes 

Unused 
5632 Bytes 

Self Check 

f------1 

Self-Check 
Vectors 

Unused 
4 Bytes 

User 
Vectors 
12 Bytes 

0000 

0031 
0032 

\ 
\ 

0079 
0000 

I 

0255 
0256 

2303 
2304 

7935 
7936 

8175 
8176 

8179 
8180 

8191 

\ 
\ 
\ 

\ 

256 Bytes 

Ports 
7 Bytes 

Unused 
3 Bytes 

Serial Peripheral 
Interface 
3 Bytes 

Serial 
Communications 

Interface 
5 Bytes 

Timer 
10Bytes 

Unused 
4 Bytes 

0000 

0031 
I 
I 
\ 
\ 
I 
I 
\ 
I 
I 
I 
I 
\ 
\ 
\ 

Pon A Data Registar $00 

Pon B Data Register $01 

Pon C Data Register $02 

Pon D Fixed Input Register $03 

Pon A Data Direction Register $04 

Port B Data Direction Register $06 

Port C Data Direction Register $06 

Unused $07 

Unused $08 

Unused $09 

Serial Peripheral Control Register $0A 

Serial Peripheral Status Register $08 

Serial Peripheral Data 1/0 Register $0C 

Serial Communications Baud Rate Register $OD 

Serial Communications Control Register 1 $OE 

Serial Communications Control Register 2 $OF 

Serial Communications Status Register $10 

Serial Communication~ Data Register $11 

Timer Control Register $12 

Timer Status Register $13 

Input capture High Register $14 

Input Capture Low Register $15 

Output ~om~re High Register $16 

Output Compare Low Register $17 

Counter High Register $18 

Counter Low Register $19 

Alternate Counter High Register $1A 

Alternate Counter Low Register $18 

Unused $1C 

Unused $1D 

Unused $1E 

Unused $1F 

Figure 4. Memory Map 

wraps around and loses the previously stored informa
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 

12 7 

SP 

CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 

CCR 

Half Carry IHI 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

Interrupt 111 
When this bit is set, the timer and external interrupt is 

masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (NI 
When set, this bit indicates that the result of the last 

arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero IZI 
When set, this bit indicates that the result of the last 

arithmetic, logical, or data manipulation was zero. 

Carry/Borrow (C) 
When set, this bit indicates that a carry or borrow out 

of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 
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SELF-CHECK 

The self-check capability provides. the ability to deter
mine if the device is functional. Self-check is performed 
using the circuit shown in Figure 5. Port C pins PCO-PC3 
are monitored for the self-check results. After reset, the 
following seven tests are performed automatically: 

1/0 - Exercise of ports A, B, and C 
RAM - Counter test for each RAM byte 
ROM - Exclusive OR with odd ones parity result 
Timer- Tracks counter register and checks OCF flag 
Interrupts - Tests external, timer, SCI and SPI in-

terrupts 
SCI - Transmission test; checks RDRF, TORE, TC, 

and FE flags 
SPI - Transmission test; checks SPIF, WCOL, and 

MODF flags 
Self-check results (using the LEDs as monitors) are 

shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware . 

TIMER TEST SUBROUTINE 
This subroutine returns with the Z bit cleared if any 

error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1 FOE. The output 

4.7:r 2 
10k ~ 

_l NC +5V 

10k 

e------3--17 TCAP 

MCU 

compare register is first set to the curren.t timer state. 
Because the timer is free running and has only a divide
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com
pare flag in the timer status register, RAM locations $0050 
and $0051 are overwritten. Upon return to the user's pro
gram, X=40. If the test passed, A=O. 

ROM CHECKSUM SUBROUTINE 
This subroutine returns with the Z bit cleared if any 

error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1F93 with RAM 
location $0053 equal to $01 and A= 0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
X = 0. If the test passed, A= 0. 

RESETS 

The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 

RESET 

RESET 1-
1------1·w9 

10k 

voo 1-40'"'"----+5V 

OSCl 39 _J i-:LF 1 I "= 

lOM CJ 4MHz 

ISee~tel -J qF 
PD7 1-36"'-----, 

TCMP~ -:!:-

OSC2 3B 

+5V 

4.7 K 

~ PA7 

r-t---2- p A6 

..-+-+--6'"1 PA5 

'---+-+~P-t-t-+--"17 PA4 

.....J!. PA3 

._____!!_ PA2 

~---10..., PAl 

L-----'1-'-11 PAO 

PD5/SS 1-34'----------~ 
33 1 M 

PD4/ SCK 32 -::!:- 10 k 

10 k 

._-1-------41--1=-i2 PBO 

,.....-t--l1 PB 1 

'-----+--i--'1-14 PB2 

~+-+-+--15-< PB3 

~ P84 

~PB5 
'-----18"1 PB6 

~----1-19 P87 
Vss 

PD3/MOSI 1----~-'Y',,......------i 

PD2/MISO 1-3-1------,l 
PDl/TDO 1-30-----, 

2N3904 

PDO/RDI 1-29;;.;;.._ __ __. '\.~ 1 k 

PCO 1-'28=------l-te--:::;:::-""""'°---.-+5V 
PCl l-'2~7--1-..... ---·---~~'l-~1¥klr--... 
PC2 l-'26::::....-1--+---~--'-:-'-~1111k,.-----11 
PC325 ~~ lk 

PC4~ ·-

PC5 1-23'"----' 

PC61-22;;.;;,._ __ __. 

PC71-2-1-----' 

NOTE: The RC Oscillator Option may also be used in this circuit. 

Figure 5. Self-Check Circuit Schematic Diagram 
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Table 2. Self-Check Results 

PC3 PC2 PC1 PCO Remarks 

1 0 0 1 Bad 1/0 

1 0 1 0 Bad RAM 

1 0 1 1 Bad Timer 

1 1 0 0 Bad SCI 

1 1 0 1 Bad ROM 

1 1 1 0 Bad SPI 

1 1 1 1 Bad Interrupts or IRO Request 

Flashing Good Device 

All Others Bad Device, Bad Port C, etc. 

0 indicates LED 1s on; 1 indicates LED is off. 
consists mainly of a Schmitt trigger that senses the RE
SET line logic level. 

POWER-ON RESET (POR) 

An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cycle (tcycl delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 40~, the MCU will remain in the 
reset condition until RESET goes high. 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (tcycl. 

INTERRUPTS 

The MCU can be interrupted five different ways: the 
four maskable hardware interrupts (IRQ, SPI, SCI, and 
timer) and the nonmaskable software interrupt instruc
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack and normal 

processing to resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks a!I pend!11g hardware !riterrupts. !f urimasked (! 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 

There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the I bit enables the ex
ternal interrupt. The external interrupt is internally syn
chronized and then latched on the falling edge of IRO. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1 FFA and $1 FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 

0 

Increasing Memory l ~ 11111 J Condition Code Register 

Stack 
I 

11 
Addresses U 

R 
N 

Unstack 

oJoioJ 

Accumulator 

Index Register 

PCH 

PCL p 
T 

Decreasing Memory 
Addresses 

NOTE: Since the Stack Pointer decrements during pushes, the PCL 1s 
stacked first, followed by PCH, etc Pulling from the stack is 
in the reverse order. 

Figure 6. Interrupt Stacking Order 
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serviced. The minimum time between pulses is a function 
of the length ofthe interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (t1uU is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines "wire-ORed" to form 
the interrupts at the processor. If the interrupt line re
mains low after servicing an interrupt, then the next in
terrupt is recognized. 

NOTE 
The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 

Level-Sensitive Trigger 

Mask Option 

Voo ~--~ 

Interrupt Pin ----..... ---a:>·c 

R 

is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in
terrupt service routine address is specified by the con
tents of memory locations $1 FFC and $1 FFD. 

SCI INTERRUPTS 

An interrupt in the SCI occurs when one ofthe interrupt 
flag bits in the serial communications status register is 
set, provided the I bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 

SPI INTERRUPTS 

An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the I bit in the CCR is clear and the enable bit 

I Bit(CCJ 

Power-On Reset 

External Reset 

External Interrupt 

External 
Interrupt 
Request 

Being Serviced (Vector Fetch) 

(a) Interrupt Internal Function Diagram 

jiill~llLIH LJ Edge-Senli!MI Trigger Condition 
The minimum pulse width tt1uHI is either 
125ns1Voo=5VI or250 ns tVoo=3VJ. 
The period t1L1L should not be less than 
the number of tcyc cycles it takes to ex
ecute the interrupt service routine plus 21 
lcvc cycles. 

IRQn 

I· t1L1L----~·I 

l.ewl-s..tive Trigger Condldon 
If after servicing an interrupt the ma re
mains low, then the next interrupt is 
recognized. 

Normally 
Used.with 
Wire-OR ad 
Connection 

(b) Interrupt Mode Diagram 

Figure 8. External Interrupt 
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Clear IRO 
Request 

Latch 

Stack 
PC, X, A, CC 

Load PC from 
SWl:$1FFC,$1FFD 
IRQ: $1 FFA,$1 FFB 

Timer: $1 FFS,$1 FF9 
SCI $1 FF6,$1 FF7 
SPI: $1Ff4,$1FF5 

Complete 
Interrupt 
Routine 

and Execute 
RTI 

Figure 7, Reset and Interrupt Processing Flowchart 
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in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 

LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os
cillator is turned off, halting all internal processing in
cluding timer, SCI, and SPI operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal
tered. All input/output lines remain unchanged. The pro
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 

SCI during STOP Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in
struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 

SPI during Stop Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper
ations. If the STOP instruction is executed during an SPI 
transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRQ pin. If reset is used to 
exit the STOP mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU is in the 
slave mode when the STOP instruction is executed, the 
slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own 
data back to a master device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be
cause the protective circuitry (WCOL, MODF, etc.) is in
active. 

WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active (refer to Figure 
10). An interrupt from the timer, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 

Yes 

Stop 

Stop Oscillator 
And All Clocks 

Clear I Bit 

Turn On Oscillator 
Wait for Time 

Delay to Stabiltze 

( 1) Fetch Reset Vector or 
i2l Service Interrupt 

a. Stack 
b. Set I Bit 
c Vector to Interrupt 

Routine 

Figure 9. STOP Function Flowchart 

During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 

DATA RETENTION MODE 

The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 

TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener
ating an output waveform. Pulse widths can vary from 
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Wait 

Oscillator Active 
Timer, SCI, And SPI 

Clocks Active 
Processor Clocks Stopped 

Restart 
Processor Clock 

( 1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 
b. Set I Bit 
c. Vector to Interrupt 

Routine 

Figure 10. WAIT Function Flowchart 

several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac
cessed. 

NOTE 

The I bit in the CCR should be set while manipu
lating both the high and low byte register of a spe
cific timer function to ensure that an interrupt does 
not occur. 

COUNTER 
The key element in the programmable timer is a 16-

bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18-$19 (counter register) or 
$1A-$1 B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1 B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byt~ (MSB) 
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Internal Bus 

Internal 
Processor 
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+4 

High low 
Byte Byte High 

Byte 

$16 

$17 

16-Bit Free 
Running 
Counter 
Counter 

Alternate 
Re ister 

Overflow 
Detect 
Circuit 

low 
Byte 

$18 

$19 

$1A 

$1B 

High 
Byte 

low 
Byte 

Edge 
Detect 
Circuit 

$14 

$15 

.------10 a 
.----<----------+----1----<~ClK 

Timer 
Status ICF 
Reg. 

Interrupt 
Circuit 

TOF $13 

OCIE TOIE IEDG OlVl 

Output 
Level 
Reg. 

Timer 
Control 

Reg. 
$12 

Output Edge 
Level Input 

ITCMPI ITCAP) 

Figure 11. Timer Block Diagram 

($18, $1A). the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1 B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read ofthe counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

OUTPUT COMPARE REGISTER 
The 16-bit output compare register is made up of two 

8-bit registers at locations $16 (MSB) and $17 (LSB). The 
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output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
shouid be changed after each successful curnparisoi"1 to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini
mum time required to update the output compare reg
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg
isterregardless of whether the output compare flag (OCF) 
is set or clear. 

INPUT CAPTURE REGISTER 
Two 8-bit registers, which make up the 16-bit input 

capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex
ternal transition. This delay is required for internal syn
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 
free-running counter value that corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 

TIMER CONTROL REGISTER (TCR) $12 
The TCR is a read/write register containing five control 

bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 

7 

I ICIE 

RESET: 
0 

OCIE TOIE 

ICIE - Input Capture Interrupt Enable 
1 =Interrupt enabled 
0 =Interrupt disabled 

OCIE - Output Compare Interrupt Enable 
1 =Interrupt enabled 
0 =Interrupt disabled 

TOIE - Timer Overflow Interrupt Enable 
1 =Interrupt enabled 
0 =Interrupt disabled 

IEDG - Input Edge 

IEDG OLVL 

u 

Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 

1 =Positive edge 
0 =Negative edge 

Reset does not affect te IEDG bit (U =unaffected). 
OLVL - Output Level 

Value of output level is clocked into output level reg
ister by the next successful output compare and will 
appear on the TCMP pin 

1 =High output 
0 =Low output 

Bits 2, 3, and 4 - Not used 
Always read zero 

TIMER STATUS REGISTER (TSR) $13 

The TSR is a read-only register containing three status 
flag bits. 

7 

I ICF OCF TOF 

RESET: 
u u u 

ICF - Input Capture Flag 
1 =Flag set when selected polarity edge is sensed by 

input capture edge detector 
0 =Flag cleared when TSR and input capture low reg

ister ($15) are accessed 
OCF - Output Compare Flag 

1 =Flag set when output compare register contents 
match the free-running counter contents 

0 =Flag cleared when TSR and output compare low 
register ($17) are accessed 

TOF - Timer Overflow Flag 
1 =Flag set when free-running counter transition from 

$FFFF to $0000 occurs 
0 =Flag cleared when TSR and counter low register 

($19) are accessed 
Bits 0-4 - Not used 

Always read zero 
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Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 
TOF is set, and 

2) The LSB of the free-running counter is read but not 
for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1 B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov
erflow flag in the timer status register. 

TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 

TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 

SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de
scription. 

0 2 3 

Idle Line s 

SCI TWO-WIRE SYSTEM FEATURES 

• Standard NRZ (mark/space) format 
• Advanced error detection method includes noise de

tection for noise duration of up to one-sixteenth bit 
time 

• Full-duplex operation (simultaneous transmit and re
ceive) 

• Software programmable for one of 32 different baud 
rates 

• Software-selectable word length (eight- or nine-bit 
words) 

• Separate transmitter and receiver enable bits 
• SCI may be interrupt driven 
• Four separate interrupt conditions 

SCI RECEIVER FEATURES 

• Receiver wake-up function (idle or address bit) 
• Idle line detect 
• Framing error detect 
• Noise detect 
• Overrun detect 
• Receiver data register full flag 

SCI TRANSMIITER FEATURES 

• Transmit data register empty flag 
• Transmit complete flag 
• Break send 

Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 

DATA FORMAT 

Receive data in (RDI) or transmit data out (TOO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 12. 

WAKE-UP FEATURE 

In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 

4 5 6 

Control bit "M" 
Selects 8 or 9 bit data 

7 8 0 

* I c 
s s 

8 * Stop bit is always high. 0 a 

Figure 12. Data Format 
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an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 

RECEIVE DATA IN 

Receive data in (RDI) is the serial data which is pre
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 

START BIT DETECTION FOLLOWING A FRAMING ERROR 

If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9-
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF = 1, FE= 1, 
receiver data register= $00) produced the framing error, 
the start bit will not be artificially induced, and the re
ceiver must actually receive a logic one before start. 

TRANSMIT DATA OUT 

Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SCI is shown in Figure 13. The 
user has option bits in the serial communications control 
register 1 (SCCR1) to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 

interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates, which are used as the rate 
control for the transmitter and receiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 

REGISTERS 

There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol
lowing paragraphs. 

Serial Communications Data Register (SCDAT) $11 

The SCDAT is a read/write register used to receive and 
transmit SCI data. 

7 6 5 

I SCD7 I SCD6 I SCD5 SCD4 SCD3 SCD2 SCD1 SCDO 

RESET: 
u u u u u u u u 

As shown in Figure 13, SCDAT functions as two sep
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 
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Flag 
Control 

Rate Generator 

Internal Bus 

RWU 

Wake 
Up 

Unit 

Internal 
Processor 

Clock 

Baud 
SCR2 SCRl SCRO Rate 

..._ _ _. __ ..._ _ _. __ __._ __ ..._ _ __. __ _.__~ Register 

RS TS M WAKE SCCRl 

Receive Data SCDA T 
Register $11 

Receive Data 
Shift Register 

PDO/RDI 

NOTE: The Serial Communications Data Register ISCDATI is controlled by the internal R/W signal. It is the transmit data register when 
written and receive data register when read. 

Figure 13. SCI Block Diagram 
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Serial Communications Control Register 1 (SCCR1) $OE 

The SCCR1 provides control bits that determine word 
length and select the wake-up method. 

7 3 

I RB I TB M I WAKE I 
RESET: 

u u u u 

RB - Receive Data Bit B 
RB bit provides storage location for the ninth bit in the 
receive data byte (if M = 1 ). 

TB - Transmit Data Bit B 
TB bit provides storage location for the ninth bit in the 
transmit data byte (if M = 1 ). 

M - SCI Character Word Length 
1 =one start bit, nine data bits, one stop bit 
0 =one start bit, eight data bits, one stop bit 

WAKE - Wake-Up Select 
Wake bit selects the receiver wake-up method. 

1 =Address bit (most significant bit) 
0 =Idle line condition 

Bits 0--2, and 5 - Not used 
Can read either one or zero 

The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver dolls not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 

Wake M Receiver Wake-Up 

0 x Detection of an idle line allows the next data 
byte received to cause the receive data reg-
ister to fill and produce an RDRF flag. , 0 Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. , 1 Detection of a received one in the ninth data 
bit allows an RDRFflag and associated error 
flags. 

Serial Communications Control Register 2 (SCCR2) $OF 

The SCCR2 provides con•rol of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 

TIE 

RESET: 
0 

TCIE RIE ILIE TE 

TIE - Transmit Interrupt Enable 
1 =SCI interrupt enabled 
0 =TORE interrupt disabled 

RE RWU 

TCIE - Transmit Complete Interrupt Enable 
1 =SCI interrupt enabled 
0 =TC interrupt disabled 

SBK 

RIE - Receive Interrupt Enable 
1 =SCI interrupt enabled 
0 = RDRF and OR interrupts disabled 

ILIE - Idle Line Interrupt Enable 
1 =SCI interrupt enabled 
0= Idle interrupt disabled 

TE - Transmit Enable 
1 =Transmit shift register output is applied to the TOO 

line. Depending upon the SCCR1 M bit, a pream
ble of 10 (M =0) or 11 (M = 1) consecutive ones is 
transmitted. 

0 =Transmitter disabled after last byte is loaded in 
the SCDAT and TORE is set. After last byte is 
transmitted, TDD line becomes a high-impedance 
line. 

RE - Receive Enable 
1 =Receiver shift register input is applied to the ROI 

line. 
0 =Receiver disabled and RDRF, IDLE, OR, NF, and 

FE status bits are inhibited. 
RWU - Receiver Wake-Up 

1 =Places receiver in sleep mode and enables wake
up function 

O=Wake-up function disabled after receiving data 
word with MSB set (ifWAKE=1) 
Wake-up function also disabled after receiving 10 
(M=O) or 11(M=1)consecutiveones (ifWAKE=O) 

SBK - Send Break 
1 =Transmitter continually sends blocks of zeros (sets 

of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec
ognition of valid start bit. 

O=Transmitter sends 10 (M=O) or 11 (M=1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char
acter times of break because the first break trans
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 

Serial Communications Status Register (SCSR) $10 

The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con
tained in the SCSR. 

7 6 

I TORE I TC I RDRF IDLE OR NF FE 

RESET: 

TORE - Transmit Data Register (TDR) Empty 
1 =TOR contents transferred to the transmit data shift 

register 
0 =TOR still contains data. TORE is cleared by reading 

the SCSR (with TORE= 1 ), followed by a write to 
the TOR. 

TC - Transmit Complete 
1 =Indicates end of data frame, preamble, or break 

condition has occurred 
0 =TC bit cleared by reading the SCSR (with TC= 1 ), 

followed by a write to the TDR 
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RDRF - Receive Data Register (RDR) Full 
1 =Receive data shift register contents transferred to 

the RDR 
0 =Receive data shift register transfer did not occur. 

RDRF is cleared by reading the SCSR (with 
RDRF = 1) followed by a read of the RDR 

IDLE - Idle Line Detect 
1 =Indicates receiver has detected an idle line 
0 =IDLE is cleared by reading the SCSR (with IDLE= 1 ), 

followed by a read of the RDR. Once IDLE is 
cleared, IDLE cannot be set until RDI line becomes 
active and idle again. 

OR~ Overrun Error 
1 =Indicates receive data shift register data is sent to 

a full RDR (RDRF = 1 ). Data causing the overrun 
is lost, and RDR data is not disturbed. 

0 =OR is cleared by reading the SCSR (with OR= 1 ), 
followed by a read of the RDR. 

NF - Noise Flag 
1 =Indicates noise is present on the receive bits, in

cluding the start and stop bits. NF is not set until 
RDRF=1. 

O=NF is cleared.by reading the SCSR (with NF=1), 
followed by a read of the RDR. 

FE - Framing Error 
1 =Indicates stop bit not detected in received data 

character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib
ited until FE is cleared. 

0 =NF is cleared by reading the SCSR (with FE= 1 ), 
followed by a read of the RDR. 

Bit 0 - Not used 
Can read either one or zero 

Baud Rate Register $00 

The baud rate register is used to select the SCI trans
mitter and receiver baud rate. SCPO and SCP1 prescaler 
bits are used in conjunction with the SCRO through SCR2 
baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6, and 7 always read 
zero. 

I - I SCP! SCPO 

RESET: 

SCPO - SCI Prescaler Bit 0 
SCP1 - SCI Prescaler Bit 1 

SCR2 SCRl SCRO 

u 

Two prescaler bits are used to increase the range of 
standard baud rates controlled by the SCRO-SCR2 
bits. Prescaler internal processor clock division ver
sus bit levels are listed in Table 2. 

SCRO - SCI Baud Rate Bit 0 
SCR1 - SCI Baud Rate Bit 1 
SCR2 - SCI Baud Rate Bit 2 

Three baud rate bits are used to select the baud rates 
of the SCI transmitter and SCI receiver. Baud rates 
versus bit levels are listed in Table 3. 

Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCPO-SCP1 and SCRO
SCR2 bits in the baud rate register. All divided frequen
cies shown in Table 3 represent the final baud rate re
sulting from the internal processor clock division shown 
in the divided-by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCRO-SCR2). For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 

Table 3. Prescaler Highest Baud Rate Frequency Output 

SCP Bit Clock* Crystal Frequency MHz 

1 0 Divided By 4.194304 4.0 2.4576 2.0 1.8432 

0 0 1 131.072 kHz 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz 
0 1 3 43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz 
1 0 4 32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz 
1 1 13 10.082 kHz 9600 Hz 5.907 kHz 4800 Hz 4430 Hz 

*Refers to the internal processor clock. 
NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate ITx) that can be 

obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 

Table 4. Transmit Baud Rate Output for a Given Prescaler Output 

SCR Bits Divided Representative Highest Prescaler Baud Rate Output 

2 1 0 By 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 

0 0 0 1 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 
0 0 1 2 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz 
0 1 0 4 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz 
0 1 1 8 16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz 
1 0 0 16 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz 
1 0 1 32 4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz 
1 1 0 64 2.048 kHz 512 Hz 1200 Hz 300 Hz 150 Hz 
1 1 1 128 1.024 kHz 256 Hz 600 Hz 150 Hz 75 Hz 

NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 
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external crystal. In this case, the prescaler bits (SCPO
SCP1) could be configured as a divide-by-one or a divide
by-four. If a divide-by-four prescaler is used, then the 
SCRO-SCR2 bits must be configured as a divide-by-two. 
Using the same crystal, the 9600 baud rate can be ob
tained with a prescaler divide-by-one and the SCRO-SCR2 
bits configured for a divide-by-eight. 

SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev
eral slaves (Figure 14) or MCUs that can be either masters 
or slaves. 

Features: 

• Full-duplex, three-wire synchronous transfers 
• Master or slave operation 
• 1.05 MHz (maximum) master bit frequency 
• 2.1 MHz (maximum) slave bit frequency 
• Four programmable master bit rates 
• Programmable clock polarity and phase 
• End-of-transmission interrupt flag 
• Write collision flag protection 
• Master-master mode fault protection capability 

SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func
tion is described for both master and slave mode. 

Master Out, Slave In 

The master out, slave in (MOSI) line is configured as 
an output in a master device and as an input in a slave 

MISO 

MOSI 
SCK 

ss i--voo 
'----

M680o HCMOS 
Master 

r----
p (), 

0 I 
p 2 
T 3 t--i 

_J_. 

j i _. 

device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 

Master In, Slave Out 

The master in, slave out (MISOI line is configured as 
an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 
data in one direction with the most significant bit sent 
first. The MISO line of a slave device is placed in a high
impedance state if slave is not selected (SS= 1 ). 

Serial Clock 

The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 15, four possible timing relation
ships may be chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 

Two bits (SPRO and SPR1 I in the SPCR of the master 
device select the clock rate. In a slave device, SPRO and 
SPR1 have no effect on SPI operation. 

Slave Select 

The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). _ 

When CPHA = 0, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA= 1, 
SS must go high between successive characters in an 

M6805 HCMOS SlaveO 

MISO soc_J 
MOSI SS 

l tL l MOSI SS l MOS1 SS MOSI SS 
MISO SCK MISO SCK MISO SCK 

Mfi80b HC:MOS Slave 3 M680~ HCMOS Slave 2 M6805 HCMOS Slave 1 

Figure 14. Master-Slave System Configuration 
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SCK ICPOL = 0) 

SCK ICPOL = 1) 

Sample Input 
Data out ICPHA = 1) 

Sample Input 
Data out (CHPA= O) 

Figure 15. Data Clock Timing Diagram 

SPI message. When CPHA = 1, SS may be left low for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as long as CPHA= 1 clock modes are used. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SPI is shown in Figure 16. In a 
master configuration, the CPU sends a signal to the mas
ter start logic, which originates an SPI clock (SCK) based 
on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 
via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans
ferred to the read buffer and made available to the in
ternal data bus during a CPU read cycle. 

SS (PD5) 

Internal 
Processor 

Clock 

Rate 
Generator 

Master 
Start 
Logic 

Slave 
Start 
Logic 

Control 
SPCR Bits 
$0A 

SCK (P04) 

In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 
from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 
bus, awaiting the clocks from the master to shift out se
rially to the MISO pin and then to the master device. 

Figure 17 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 

REGISTERS 

There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data 1/0 reg
ister (SPDR), are described in the following paragraphs. 

MISO (PD21 

Read 

soc 

Write 

SPSR 
SOB 

MOSI (PD3) -<1>----~ 

Read Buffer 

8-Bit Shift 
Register 

State 
Controller 

Flags 

Internal 
Data 
Bus 

Figure 16. SPI Block Diagram 
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SPI I SCK SCK I 
Clock Generator f-1~.__--------+--------'--~------...J 

I 

I SS SS I 
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Figure 17. SPI Master-Slave Interconnections 

Serial Peripheral Control Register $0A 

The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave mode select, and clock polarity/phase/rate select. 

7 6 5 4 3 2 I 0 

i SPIE SPE I MSTR I CPOL CPHA SPRI SPRO 

RESET: 

SPIE - Serial Peripheral Interrupt Enable 
1 = SPI interrupt enabled 
0 = SPI interrupt disabled 

SPE - Serial Peripheral System Enable 
1 = SPI system on 
0 = SPI system off 

MSTR - Master Mode Select 
1 =Master mode 
0 =Slave mode 

CPOL - Clock Polarity 
Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 

1 = SCK line idles high 
0-SCK line idles in low state 

CPHA - Clock Phase 
Clock phase bit along with CPOL controls the clock
data relationship between the master and slave de
vices. CPOL selects one of two clocking protocols. 

1 =SS is an output enable control. 
0- Shift clock is the OR of SCK with SS. 

When SS is low, first edge of SCK invokes first 
data sample. 

SPRO, SPR1 - SPI Clock Rate Bits 
Two clock rate bits are used to select one of four clock 
rates to be used as SCK in the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 

Bit 5 - Not used 
Can read either one or zero 

SPI Clock Rate Selection 

SPR1 SPRO Internal Processor 
Clock Divided By 

0 0 2 
0 1 4 
1 0 16 
1 1 32 

Serial Peripheral Status Register $OB 

The SPSR contains three status bits. 

7 6 5 4 2 

SPIF I WCOL I I MODF I I - I 
RESET 

SPIF - Serial Peripheral Data Transfer Flag 
1 =Indicates data transfer completed between pro

cessor and external device. 
(If SPIF = 1 and SPIE = 1, SPI interrupt is ena
bled.) 

0 =Clearing is accomplished by reading SPSR (with 
SPIF= 1) followed by SPDR access. 

WCOL - Write Collision 
1 =Indicates an attempt is made to write to SPDR 

while data transfer is in process. 
0 =Clearing is accomplished by reading SPSR (with 

WCOL = 1), followed by SPDR access. 
MODF - Mode Fault Flag 

1 =Indicates multi-master system control conflict. 
0 =Clearing is accomplished by reading SPSR (with 

MODF= 1 ), followed by a write to the SPCR. 
Bits 0-3, and 5 - Not used 

Can read either zero or one 

Serial Peripheral Data 1/0 Register $0C 

The SPDR is a read/write register used to receive and 
transmit SPI data. 

7 

I SP07 I SP06 SP05 SPD4 SPD3 SPD2 SPOI SPDO 

RESET: 
u u u 

A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 
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INSTRUCTION SET 

The MCU has a set of 62 basic instructions. They can 
be diliided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un
signed multiplication of the contents of the accumulator 
_(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 

Operation X:AX*A 

Description Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 

Condition H: Cleared 
Codes I: Not affected 

N: Not affected 
Z: Not affected 
C: Cleared 

Source MUL 

Form(s) Addressing l 
Mode Cycles l Bytes 1 Opcode 

Inherent 11 1 $42 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction Ii.st. 

Function Mnemonic 

Load A from Memory LOA 

Load X from Memory LOX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (Twos Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

Multiply MUL 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

Branch if Higher or Same BHS 

Branch if Carry Set BCS 

Branch if Lower BLO 

Branch if Not Equal BNE 

Branch if Equal BEQ 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSA 
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BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol
lowing list for branch instructions. 
,-------

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 
--

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

Branch if Higher or Same BHS 

Branch if Carry Set BCS 

Branch if Lower BLO 

Branch rf Not Equal BNE 

Branch if Equal BEO 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

Stop STOP 

Wait WAIT 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipuiation instructions. 

Function Mnemonic 
·-

Branch if Bit n is Set BRSET n (n~O ... 7) 

Branch if Bit n is Clear BRCLR n In~ 0 . . . 7) 

Set Bit n BSET n (n~O. . 7) 

Clear Bit n BCLRnln~O. . 7) 

OPCODE MAP SUMMARY 

Table 5 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab
solute addressing is also included. One- or two-byte di
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 
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1 

"'" 

0011 0100 0101 0110 0111 1(0) 1001 1010 1011 1110 1111 Low 
3 6 5 9 

NEG NEGA NEGX NEG NEG RTI SUB SUB SUB SUB SUB 0 
IR 1 INH 1 INH IXl I IX 1 INH tMM IR IX IX1 1 IX 

6 2 3 5 4 3 
BAN ATS CMP CMP CMP CMP 

2 AEL I INH "·'~A ? n.~ ~l<T 1 1l<? I? 
CMP CMP 1 

00'.)1 

2 BRSE}_1_ 1 • BSE~!. 1• BHI__ M"' . . j I SBC SBC SBC SBC SBC SBC 2 
, ~- ,, I I I + ' -, -] - -. 5 • 15-

0010 3 ...s!l..!LL.L ~~ Al:.L 1 ··-~INH I I - 1MM 2 DIR 3 EXT 3 IX2 2 IXl , IX 0010 
5 5 3 5 3 6 5 1C 2 3 4 4 

3 BRCL~_1_ I. BCL~!. I. BLS__ COM__ COMA] COMX COM i COM : SWI CPX CPX CPX CPX S CPX CPX 3 
0011 3 ..J!l.!L.L.L ~L-.L AtL. i.llA l INH I INH IXl 1 IX \ INH 1 IMM 2 DIR 3 EXT 3 IX 2 IXl 1 IX 0011 

5 5 3 5 3 3 6) 5 2 3 4 5 4 3 
4 BRSE,!J_ I - SSE'!.~ - ace__ LSR__ LSRA LSRX ~LSR I LSR AND AND AND ANO ANO AND 4 

0100 3 ..Jtltl I "J. tl.:::i.L: A..t.l.._ _JJ_TR 1 INH INM 2 IX1 \ IX 2 IMM 2 OIH 3 EXT 3 IX2 2 IXl 1 IX .....QlW_ 
5 3 2 J 4 5 4 3 

~ LJ'.'RCL:fe I 2 BCL~0 L2 BCS!!f.l.. i Bl~MM BIT 0,, I 3 BIT"' 3 BIT" ..L BIT.Jl<J 1 BIT-"- ~ 

6 BRSET3 BSET3 BNE ROA RORA ROAX ROA AOR l DA LOA LOA LDA LOA LOA 6 s 5 3 5 3 3l 'I 5 2 3 4 5 4 3 

__fil10 I J~ -ar ... e l z ~file_ Re.L. 2 01R , INH 1 1NH i 1x1 1 ix 2 1MM 2 01R 3 ExT 3 1x2 2 1x1 1 1x 0110 

8 
_..!Q!l!)_ 

9 
~ 

A 
-1Q1lL 

B 
1011 

ROLA ROLX AOL AOL SEC 
--'--q+'--~~~-=.¥-~'H-~-~'N"'Ht-'-1-~'N"'"p-'-~"'i-'t-'-'-~'-c-'+----+l, INH 2 IMM 2 IX 

DECA 3
1 DECX 3 DEC 6 DEC 5 I -CLI 2 ORA ORA 

B 
100'.l 

9 
1001 

A 
1010 ~-~~---~-~~--~~'~ INH 1 INH 1)(1 ' IX I INH 2 IMM 2 IX 

BMI i I SEI 2 ADD 2 ADD 3 l ADD 4 ADD 5 ADD 4 ADD 3 B 
REL ~ 1 INH 2 IMM 2 OIR 3 EXT 3 IX2 2 IX1 1 IX 1011 

c BMC 3 !NC 5 INCA 3 tNCX INC 6 ~z 5 
1 ASP 2 JMP 2 JMP JMP 4 JMP JMP c 

\1 R 2 IA l INH 1 INH 2 1)(1 1 iX INH DIR 3 EXT 3 IX2 2 IX1 1 IX 1100 
3 4 3 3 5 4 2 6 

1P1 ~-k TST !R 1 TST~ l TST~NH 2 TST1Xl 1 TST IX I 1 NOPINH 2 BSRREL 2 JSR DIR J JSREXT 3 JSRIX2 2 JSRIX1 1 JSR IX 1~1 

E BRSET7 BSET7 BIL STOP LOX LOX LOX LDX LOX LOX I 'I 'I ' I I I ' 'I I 'f '! ~ 'I ' 11103 BTB 2 BSC 2 REL I 11 INH 2 IMM 2 DIR J E_XT J IX 2 IX1 1 IX 
E 

1110 

F BACLR7 8CLR7 BlH CLR CLRA CLRX CLA CLR WAIT TXA STX STX STX STX STX F 
5 51 3 3 J ~~ 4 5 6 5 4 

1111 3 BTB 2 85( 2 REL 2 DIR 1 INH 1 INH 2 IX1 \ IX ' INH INH DIR 3 EXT 3 IX2 2 IX1 \ IX 1111 

Abbrevil1iono for Addrea Modes 

INH 
A 
x 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 
Relative 
Bit Set/Clear 
Bit Test and Branch 
Indexed INo Offse11 
Indexed. 1 Byte IB-B11I Offse1 
Indexed, 2 Byte 116-B11I Offse1 

LEGEND 

•---l----------,,.. Opcode m Hexadecimal 

Opcode in Binary 
Mnemonic ~ >- ~ l :c.-j 

Bytes 1 0x CXXXJ c-: 

Cycles------_; ~-------- Address Mode 

s: 
(") 
en 
00 
::c 
(") 
0 
(JI 

0 



MC68HC05C3 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to + 129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 110 location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as
sembler determines the shortest form of indexed ad
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
1/0, can be selectively set or cleared with a single two
byte instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from - 125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 
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MC68HCOSC3 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Voltages referenced to V55) 

Rating Symbol Value 

Supply Voltage Voo -0.3 to + 7.0 

Input Voltage Vin Vss -0.3 to 
v00 +o.3 

SEif-Check Mode (IRQ Pin Only) Vin Vss-o.3 to 
2 x v00 +o.3 

Current Drain Per Pin Excluding I 25 
Voo and Vss 

Operating Temperature Range TA TL to TH 
MC68HC05C3P, FN 0 to + 70 
MC68HC05C3CP, CFN -40 to t 85 
MC68HC05C3VP, VFN -40 to t 105 
MC68HC05C3MP, MFN -40 to - 125 

Storage Temperature Range Ts.!ll_ -65 to t 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance HJA 
Plastic 60 
Plastic Leaded Chip Carrier (PLCC) 70 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J• in "C can 
be obtained from: 

where: 

TA 
ijJA 

Po 
PINT 
P110 

=Ambient Temperature, °C 
=Package Thermal Resistance, 

Junction-to-Ambient, °C/W 

=PINT+ P1;0 

11) 

= Ice x Vee, Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

Voo=4.5 v 
Pins R1 R2 c 

PAO-PA7, 3.26 kll 2.38 kll 50 pF 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 

PDO,PD5,PD7 1.9 kll 2.26 kll 200 pF 

Voo=3.o v 
Pins R1 R2 c 

PAO-PA7, 10.91 k(! 50 pF 
PBO-PB7, 6.32 kn 
PCO-PC7, 
PD1-PD4 

PDO,PD5,PD7 6 kl! 6 kll 200 pF 

Unit 

v 
v 

v 

mA 

·c 

c 

Unit 

cw 

J 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper
ation, it is recommended that Vin and V0 ut be 
constrained to the range Vss (Vin or V0 utl 
VDD· Reliability of operation is enhanced if un
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vss or Vool. 

For most applications P11 o<P1NT and can be neglected. 
The following is an approximate relationship between 

Po and TJ (if Prn is neglected): 
Po=Kc-(TJ' 273C) 121 

Solving equations (1 I and (2) for K gives: 
K =Po. IT A+ 273'C) + HJA'Po2 131 

where K is a constant pertaining to the particular part. K 
can be determined from equation 131 by measuring Po 
(at equilibrium) for a known TA Using this value of K, 
the values of Po and TJ can be obtained by solving equa
tions ( 1 I and (2) iteratively for any value of TA 

Voo 

R2 
I See Table! 

R1 
I See Table) 

Figure 18. Equivalent Test Load 
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MC68HC05C3 

DC ELECTRICAL CHARACTERISTICS 
IVoo 5.0 Vdc' 10%, Vss 0 Vdc, TA TL to TH, unless otherwise noted) 

Characteristic Max Unit Symbol Min Typ 
1---------···-----------------------+-----+------+-----f------+------j 

Output Voltage, ILoad· 10.0 µA VoL 0.1 v 
VOH v00 0.1 

Output High Voltage v 
ii Load 0.8 mA) PAO·PA7, PBO·PB7, PCO-PC7, TCMP (see Figure 19) Voo 0.8 

+---(~IL~o~a~d __ 1_.6_m_A_)_P_D_1_-_P_D4_(s_e_e_F_i~gu_r_e_2_0_) ________ , __ .. ----t------+--V_D_D ___ o_.8--+ __ - __ .,_.. __ --::_-----t---~ 

Outrut Low Voltage (see Figure 21 I VoL - - 0.4 V 
f--_111,oad 1.6 mA) PAO-PA7, PBO-P87, PCO-PC7, PD1-PD4, TCMP 

lrq.Jul Hiyh Voltage -·--
PAO-PA7, PBO-P87, PCO-PC7, PDO-PD5, PD7, TCAP, IRO, 
RESET, OSCl 

I o.7 / Voo Voo v 

------·-------.. ----------- -----------+----+------+-----+-------+----~ 
Input Low Voltage _ Vss 0.2 x Voo v 

PAO-PA7, PBO-P87, PCO·PC7, PDO-PD5, PD7, TCAP, IRO, 

I RESET, OSCl ·---·-------+------·-+------+------+-----j-----j 

I _ll~lil Retention Mode ID to 70~-----------------T---V-'-R, .. cM"----+--2._D_--+-----+------+--V-----1 

I Supply Current (see Notes) I loo 
I Run (see Figures 22 and 23) 

Wait (see Figures 22 and 23) 
Stop (see Figure 23) 1 

25 c 
0 to 70 C (Standard) 

40 to I 85 C 
40 to I 125 C 

I 0 Ports Hi-Z Leakage Current 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 

ln~Curr~ 

RESET, IRQ, TCAP, OSCl, PDQ, PD5, PD7 

Capacitance 
Ports (asjriput or Output) 
RESET, IRO, TCAP, PDO·PD5, PD7 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25'C only. 

3.5 
1.6 

2.0 

7.0 
4.0 

50 
140 
180 
250 

c'cl 

12 
8 

3. Wait loo: Only timer system active (SPE =TE - RE O). If SPI, SCI active (SPE =TE= RE~ 1) add 10% current draw. 

mA 
mA 

µA 
µA 
µA 
µA 

µA 

µA 

-··~ 

pF 

4. Run (Operating) loo. Wait loo: Measured using external square wave clock source lfosc-4.2 MHz), all inputs 0.2 V from rail; 
no de loads, less than 50 pF on all outputs, CL - 20 pF on OSC2. 

5. Wait, Stop loo: All ports configured as inputs, V1L = 0.2 V, V1H = Voo - 0.2 V. 
6. Stop loo measured with OSCl = Vss. 
7. Standard temperature range is O'-- to 7occ. Extended temperature versions and a 25"C only version are available. 

8 Wait loo 1s affected linearly by the OSC2 capacitance. 

MOTOROLA MICROPROCESSOR DATA 

3-845 

• 



• 

MC68HC05C3 

DC ELECTRICAL CHARACTERISTICS 
(Voo = 3.3 Vdc :>: 0.3 Vdc, Vss = O Vdc, TA= TL to TH· unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, I Load"' 10.0 µA VOL - - 0.1 v 
VOH v00 -o.1 - -

Output High Voltage VoH v 
!I Load= 0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) v00 --o.3 - -
(I Load= 0.4 mAI PD1-PD4 (see Figure 20) Voo-o.3 - -

Output Low Voltage (see Figure 211 Vol - -- 0.3 v 
(1Load=0.4 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 

Input High Voltage - V1H 0.1 x v00 - Voo v 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-P05, PD7, TCAP, IRQ, 
RESET, OSC1 

Input Low Voltage - V1L Vss - 0.2 x v00 v 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, P07, TCAP, IRQ, 
RESET, OSC1 

Data Retention Mode (0° to 70°C) VRM 2.0 - - v 
Supply Current (see Notes) 100 

Run (see Figures 22 and 24) - 1.0 2.5 mA 
Wait (see Figures 22 and 24) - 0.5 1.4 mA 
Stop (see Figure 241 

25°C - 1.0 30 f.lA 
0° to 70°C (Standard) - - 80 f.lA 
-40° to + 85'C - - 120 f.lA 
-40° to + 125'C - - 175 µA 

1/0 Ports Hi-Z Leakage Current Ill - - ~ 10 fl A 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-P04 

Input Current lin - - '1 µA 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 

Capacitance pF 
Ports (a"-.LQput or Output) Cout - - 12 
RESET, IRQ, TCAP, PDO-PD5, PD7 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25'C only. 
3. Wait loo: Only timer system active (SPE =TE= RE= 0). If SPI, SCI active (SPE =TE= RE= 11 add 10% current draw. 
4. Run (Operating) loo, Wait loo: Measured using external square wave clock source (fosc=4.2 MHz), all inputs 0.2 V from rail; 

no de loads, less than 50 pF on all outputs, CL= 20 pF on OSC2. 
5. Wait, Stop loo: All ports configured as inputs, V1L = 0.2 V, V1H = Voo -·· 0.2 V. 
6. Stop loo measured with OSC1 = Vss-
7. Standard temperature range is O' to 70°C. Extended temperature versions and a 25°C only version are available. 
8. Wait loo is affected linearly by the OSC2 capacitance. 
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MC68HC05C3 

5.0 

4.0 

3.0 
4-
5 
I 
9 

20 

1 0 

0.2 04 06 08 

v00-voH (Volts) 

Figure 19. Typical VQH vs IQH for Ports A, B, C, and TCMP 

60 

50 

80 40 

4-
6.0 5 30 

~ 

9 

4-
E 

40 2.0 
I 
9 

2 0 1.0 

02 04 0.6 0 1 02 0 3 04 

Voo-VoH !Volts) Vol IVoltsl 

Figure 20. Typical VQH vs IQH for PD1-PD4 Figure 21. Typical VoL vs IQL for All Ports 
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MC68HC05C3 

13.5 mAI 
35~----.----~---~--~ 3.5 -.----~---~---~--~ 

0.5 1.0 1 5 2 0 

::t 
E 

0 
0 

30-+-----+----+----+-----I 

25-+-----+----+----+-----I 

WAIT 

MODE 

20-+-----+----+----+------< 

11.6 rnAJ 

10+-----1-----+ 

0.5 1.0 1 5 2 0 
Internal Frequency 1 /tcycle IMHzl Internal Frequency 1/tcycle (MHz) 

Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes 
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7.0 

60 

5.0 

40 

J.O 

2.0 

1 0 

05 1.0 1.5 2.0 
Internal Frequency (MHz) 

Figure 23. Maximum loo vs Frequency for Voo = 5.0 Vdc 

0 
0 

12.5 mAI 

O+-~~~+-~~--+~~~-+-~~~t--~~-+ 

0 0.2 04 06 08 1 0 
Internal Frequency (MHz) 

Figure 24. Maximum loo vs Frequency for Voo = 3.3 Vdc 
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MC68HC05C3 

CONTROL TIMING 
1Voo~5.0 Vdc:t10%, Vss~o Vdc, TA~TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation lose MHz 
Crystal Option - 4.2 
External Clock Option de 4.2 

Internal Operating Frequency fop MHz 
Crystal lfosc-'- 2) - 2.1 
External Clock (10 sc c-2) de 2.1 

Cycle Time (see Figure 28) t<:YS' 480 - ns 

Crystal Oscillator Startup Time (see Figure 28) toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) t1LCH - 100 ms 

RESET Pulse Width (see Figure 28) tRL 1.5 - tc:yc 

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 26) tTH· tTL 125 - ns 
Input Capture Pulse Period (see Figure 26) tTLTL *** - tc:yc 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) t1L1H 125 - ns 

Interrupt Pulse Period (see Figure 8) t1L1L * - tc:yc 

OSC1 Pulse Width lOH· IOL 90 - ns 

'The minimum period t1L1L should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc· 

"Since a 2-bit prescaler in the timer must count four internal cycles ltcycl. this is the limiting minimum factor in determining the 
timer resolution. 

**'The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc· 

osc11 ~/////////// ~ ZZZZZZZZll1 
1RL 

IR02 

IRQ3 

Internal 

Clock 

Internal.,.....,..._...,.....,......,....,.--..,.....,.....,......,....,.-.,.....,. 
Address 

Bus _,_..._....,_.._.. ...... ..._..._.._....__,.,_.."-"'-'"-"-"' 

NOTES 
Represents the internal gating of the OSC1 pin 
I RO pin edge-sensitive mask option 
IRO pin level and edge-sens1t1ve mask option 

4 RESET vector address shown for timing example 

Figure 25. Stop Recovery Timing Diagram 
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MC68HC05C3 

CONTROL TIMING 
(Voo=3.3 Vdc±0.3 Vdc, Vss=O Vdc, TA=h to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation lose MHz 
Crystal Option - 2.0 
External Clock Option de 2.0 

Internal Operating Frequency fop MHz 
Crystal (lose 7 2) - 1.0 
External Clock (lose 7 2) de 1.0 

Cycle Time (see Figure 28) t~ 1000 - ns 

Crystal Oscillator Startup Time (see Figure 28) toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) llLCH - 100 ms 

RESET Pulse Width - Excluding Power-Up (see Figure 28) IRL 1.5 - t~ 

Timer 
Resolution** IRESL 4.0 - !eye 
Input Capture Pulse Width (see Figure 26) ITH· !TL 250 - ns 
Input Capture Pulse Period (see Figure 26) ITLTL 

... - t~ 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) llLIH 250 - ns 

Interrupt Pulse Period (see Figure 8) llLIL . - t~ 

OSC1 Pulse Width IOH,IOL 200 - ns 

*The minimum period t1L1L should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 !eye· 

**Since a 2-bit prescaler in the timer must count four internal cycles (!eye!. this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period ITL TL should not be less tran the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 !eye· 

External 
Signal 

ITCAP 
Pin 37l 

Figure 26. Timer Relationships 
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MC68HC05C3 

SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(VDD= 5.0Vdc±10%, Vss=O Vdc, TA= TL to TH) (see Figure 27) 

Num. .Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to Data Active from High-Impedance State) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% VDD to 70% VDD· CL= 200 pF) 
SPI Outputs (SCK, MOSI, and MISQL_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 

13 Fall Time (70% VDD to 20% VDD· CL =200 pF) 
SPI Outputs (SCK, MOSI, and MISQL_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 

*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 

Symbol 

fop(m) 
fqQjs) 

tcyc(m) 
t~c(s) 

t1ead(m) 
t1ead(s) 

t1ag(m) 
t1'!9Js) 

lw(SCKH)m 
lw(SCKH)s 

tw(SCKL)m 
tw(SCKL)s 

lsu(m) 
lsu(s) 

lh(m) 
lh(s) 

la 

ldis 

tv(m) 
lv(s) 

tho(m) 
tho(s) 

lrm 
lrs 

lfm 
Ifs 

MOTOROLA MICROPROCESSOR DATA 
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Min Max Unit 

de 0.5 fop 
de 2.1 MHz 

2.0 - tcyc 
480 - ns 

* - ns 
240 - ns 

* - ns 
240 - ns 

340 - ns 
190 - ns 

340 - ns 
190 - ns 

100 - ns 
100 - ns 

100 - ns 
100 - ns 

0 120 ns 

- 240 ns 

0.25 - lcyc(m) 
- 240 ns 

0.25 - tcyc(m) 
0 - ns 

- 100 ns 
- 2.0 flS 

- 100 ns 
- 2.0 µs 



MC68HC05C3 

SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(VDD~3.3 Vdc±0.3 Vdc, Vss~o Vdc, TA~TL to THI (see Figure 27) 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to Data Active from High-Impedance State) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% VDD to 70% VDD, CL~ 200 pFI 
SPI Outputs (SCK, MOSI, and MISQ_L_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 

13 Fall Time (70% VDD to 20% VDD· CL~ 200 pF) 
SPI Outputs (SCK, MOSI, and MISO)_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 

*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 

Symbol 

fop(m) 
fo_QJs) 

lcyc(m) 
t9'_c(s) 

t1ead(m) 
t1ead(s) 

t1ag(m) 
'1'!9.Js) 

lw(SCKH)m 
lw(SCKH)s 

lw(SCKL)m 
lw(SCKL)s 

lsu(m) 
lsu(s) 

lh(m) 
lh(s) 

ta 

ldis 

lv(m) 
lv(s) 

'ho( ml 
lho(s) 

lrm 
lrs 

lfm 
Ifs 
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Min Max Unit 

de 0.5 fop 
de 1.0 MHz 

2.0 - lcyc 
1.0 - µ,s 

* - ns 

500 - ns 

* - ns 
500 - ns 

720 - µ,s 
400 - ns 

720 - µ,s 
400 - ns 

200 - ns 
200 - ns 

200 - ns 
200 - ns 

0 250 ns 

- 500 ns 

0.25 - lcyc(m) 
- 500 ns 

0.25 - tcyc(m) 
0 - ns 

- 200 ns 
- 2.0 µ,s 

- 200 ns 
- 2.0 µ,s 
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SS" 
(INPUT) 

~is Hold High on Master 

MC68HC05C3 

SCK ~CPOl·O) 
(OUT UT) -----P----""I 

SCK (CPOl• 1) 
(OUTPUT) 

MISC 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This first clock edge is generated internally but is not saan at Iha SCK pin. 

a) SPI MASTER TIMING (CPHA=Ol 

SS" 
(INPUT) 

~ is Hald High on Master 

SCK (CPOL·O) 
(OUTPUT) ___ __, 

SCK (CPOl-1) 
(OUTPUT) 

MISC 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This last dock adga is ganaratad internally but is not saan at Iha SCK pin. 

bl SPI MASTER TIMING (CPHA=1) 

Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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ss 
(INPUT) 

SCK (CPOL·O) 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

MC68HC05C3 

NOTE. Not defined but normally MSB of character just received. 

ss 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

c) SPI SLAVE TIMING (CPHA=O) 

NOTE: Not defined but normally LSB of character previously transmilled. 

d) SPI SLAVE TIMING (CPHA = 1) 

Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 
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OSC1** 
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I· --t• .. : 
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I 
Internal 

Processor 
Clock* 

Internal 
Address 

Bus* 

Internal 
Data 
Bus* 

RESET 
r-IRL-1 

*Internal timing signal and bus information not available externally 

1 ... -y 
* *OSC1 line is not meant to represent frequency. It is only used to represent time. 

***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence 

Figure 28. Power-On Reset and RESET 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola in the following media: 

MOOS''"), disk file 
MS''"'-DOS/PC-DOS disk file (360KI 
EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

A flexible disk (MS-DOS/PC-DOS disk file), pro
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM'"' Personal Computer (PC) Disk Operating Sys
tem. Disk media submitted must be a standard density 
(360K) double-sided 51/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par
agraphs. 

For an MC68HC805C4 MCU start the page zero, user 
ROM at EE PROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0100 through $0BFF with 
vectors from $1 FF4 to $1 FFF. All unused bytes, including 
the user's space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 

MOOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 

$0020 

xxx Customer ID 

Verification Media 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM VERIFICATION UNITS {RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 

ORDERING INFORMATION 

The following table provides ordering information per
taining to the package type, temperature, and MC order 
numbers for the MC68HC05C3 device. 

Package Type Temperature MC Order Number 

Plastic O'C to + 70'C MC68HC05C3P I 
IP Suffix) - 40'C to + 85'C MC68HC05C3CP 

- 40'C to + 105'C MC68HC05C3VP 
- 40'C to + 125'C MC68HC05C3MP 

PLCC O'C to + 70'C MC68HC05C3FN 
(FN Suffix) -40'C to +85'C MC68HC05C3CFN 

- 40'C to + 105'C MC68HC05C3VFN 
- 40'C to + 125'C MC68HC05C3MFN 

IBM is a registered trademark of International Business Machines Corporation. 
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PA4 

PA3 

PA2 

PAI 

PAO 

PBO 

PBI 

PB2 

PB3 

PB4 

MC68HC05C3 

PIN ASSIGNMENTS 

40-PIN DUAL-IN-LINE PACKAGE 

VDD 

OSCI 

OSC2 

TCAP 

PD7 

TCMP 

PD5/SS 

PD4/SCK 

PD3/MOSI 

PAI PD2/MISO 

PDl/TDO 

PBO PDO/RDI 

PBI PCO 

PB2 PCI 

PB3 PC2 

PB4 PC3 

PB5 PC4 

PB6 PC5 

PB7 PC6 

Vss PC7 

44-LEAD PLCC PACKAGE 

<Or-- <fJOUU<( It:; - No._ 

<(<(UU,~w Q(J)VJUU 
a..a...zz_a::>OOt-Z 

PD7 

TCMP 

PD5/SS 

PD4/SCK 

PD3/MOSI 

PD2/MISO 

PDl/TDO 

PClO/RDI 

PLO 

PCI 

PC2 

NOTE: Bulk substrate tied to V55. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
MC68HC05C4 

Technical Summary 
8-Bit Microcontroller Unit 

The MC68HC05C4 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel 1/0 capability with pins pro
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 

• On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 

• Memory-Mapped 1/0 

• 176 Bytes of On-Chip RAM 

• 4156 Bytes of User ROM 

• 24 Bidirectional 1/0 Lines and 7 Input-Only Lines 

• Serial Communications Interface (SCI) System 

• S<!rial Peripheral Interface (SPI) System 

• Self-Che~k Mode 

• Power-Saving STOP, WAIT, and Data Retention Modes 

• Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Model 

• Fully Static Operation 

• 8 x 8 Unsigned Multiply Instruction 

BLOCK DIAGRAM 

TCMP OSCl OSC2 

l Internal l l 1 1 

rcAP Timer Clock Oscillator Processor C<o>ewc J B "'" 1 a.nd Clock 

Port 
A 

liQ 
Lines 

PAO 
PAl 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PBO 
PBl 
PB2 

System 

Port Data 
A Dir H 

Reg Reg 

~2 L: 
Accumulator 

CPU 
Index Control 

Register rl 

Cond1t1on 
Code 

Register 
CPU 

Stack H Pointer 

Program H 

RESET 

IRQ 

PCO 
PCl 
PC2 

Data Port PC3 
Dir c PC4 
Reg Reg PC5 

PC6 
PC7 

Port D 
PD7 

ROI IPDOI 
SCI 

TOO IPDll 

...... 

...... 

Port 
B 

l·O 
lines 

P83 _. Port Data Counter MISO IPD21 
PB4 8 Dir H High ALU MQSI IPD31 
PB5 Reg Reg Program H SPI SCK IPD41 
PB6 Counter SS IPD51 
PB7 Low 

l 
Baud Rate 
Generator 

l l 
lnt!nal 4156 8 [ 176x 8 

J ROM Static Processor 
RAM 

240 x 8 Clock 

Self-Check 
ROM 

Port 
c 

1/0 
Lines 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

Voo AND Vss 

Power is supplied to the microcontroller using these 
two pins. VDD is the positive supply, and Vss is ground. 

IRQ 

This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 

Crystal 

2 MHz 4 MHz Units 

Rs MAX 400 75 a 
Co 5 7 pF 

C1 0.000 0.012 µF 

cosc1 15-40 15-30 pF 

Cosc2 15-30 15-25 pF 

Rp 10 10 MO 
~ _1Q K 

these pins providing a system clock. A mask option se
lects either a crystal/ceramic resonator or a resistor/ca
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 

RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1 (d). The relationship between 
R and fosc is shown in Figure 2. 

Crystal 

The circuit shown in Figure 1 (b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and start-up stabilization time. Re
fer to ELECTRICAL SPECIFICATIONS for VDD 
specifications . 

Ceramic Resonator 

2-4 MHz Units 

Rs ltyp1call 10 n 
Co 40 pF 

C1 4.3 pF 

Cosc1 30 pf 

Cosc2 30 pf 

Rp 1-10 MO 
Q 1250 -

{a) Crystal/Ceramic Resonator Parameters 

MCU 

OSCl OSC2 

39 Rp 38 

Cosc1"I "I cosc2 

(bl Crystal/Ceramic Resonator 
Oscillator Connections 

MCU 
OS Cl OSC2 

39 38 

(d) RC Oscillator Connections 

Figure 1. Oscillator Connections 

38 

L C~1 Rs OSC1 

39 

Co 

D 39 ----i ,__ __ _ 

(cl Equivalent Crystal Circuit 

MCU 

OSC1 OSC2 

39 38 

Unconnected 

'--------<~ External Clock 

(el External Clock Source Connections 
(For Crystal Mask Option Only) 
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10 

g 
~ 0.5 

f 0.2 

E a_, 

" 8 005 

0.02 

0.01 
1 

......,.,_ 

1'... 

" 
10 20 50 100 200 500 1000 

Resistance ( kO) 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1 (b) is 
recommended when using a ceramic resonator. Figure 
1 (a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 

External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1 (e). This option may only be used with the crystal os
cillator mask option. 

INPUT CAPTURE (TCAP) 

This pin controls the input capture feature for the on
chip programmable timer. 

OUTPUT COMPARE (TCMP) 

This pin provides an output for the output compare 
feature of the on-chip timer. 

RESET 

This pin is used to reset the MCU and provide an or
derly start-up procedure by pulling RESET low. 

INPUT/OUTPUT PORTS (PAO-PA7, PBO-PB7, PCO-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor
mation. 

FIXED INPUT PORT (PDO-PD5, PD7) 

These seven lines comprise port D, a fixed input port. 
All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PROGRAMMING for additional information. 

PROGRAMMING 

Input/output port programming, fixed input port pro
gramming, and serial port programming are discussed 
in the following paragraphs. 

INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic lev.els at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the 1/0 pin functions. 

Table 1. 1/0 Pin Functions 

-
R/W* DOR 1/0 Pin Functions 

0 0 The 1/0 pin is in input mode. Data is 
written into the output data latch. 

0 1 Data is written into the output data latch 
and output to the 1/0 pin. 

1 0 The state of the 110 pin is read. 

1 1 The 1/0 pin is in an output mode. The 
output data latch is read. 

*RNV is an internal signal. 
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Internal 
MCU 

Connections 

Data Direction 
Register 

Bit 

Latched 
Output Data 

Bit 

1/0 
Pin 

Figure 3. Typical Port 1/0 Circuit 

FIXED INPUT PORT PROGRAMMING 

Port Dis a fixed input port (PDO-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled. For example, 
with the SCI enabled, PDO and PD1 inputs will read zero. 
With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 

NOTE 

Any unused inputs and 1/0 ports should be tied to 
an appropriate logic level (e.g., either Voo or Vssl. 

SERIAL PORT (SCI AND SPI) PROGRAMMING 

The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PDO-PD1) for its receive data 
input (RDI) and transmit data output (TDO), respectively. 
The SPI function requires four of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data outQl!_t/ 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 

MEMORY 

The MCU is capable of addressing 8192 bytes of mem
ory and 1/0 registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and 1/0. The user-defined reset and interrupt 
vectors are located from $1 FF4 to $1 FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor
mation. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 
The MCU contains the registers described in the fol

lowing paragraphs. 

ACCUMULATOR (A) 
The accumulator is a general-purpose 8-bit register used 

to hold operands and results of arithmetic calculations 
or data manipulations. 

7 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

x 

PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 

12 

PC 

STACK POINTER (SP) 
The stack pointer is a 13-bit register that contains the 

address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $DOFF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro
duce an address within the range of $DOFF to $00CO. 
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$0000 

$001F 
$0020 

$004F 
$0050 

$008f 
$00CO 

$00FF 
$0100 

$10FF 
$1100 

$1 EfF 
$1 FOO 

$1FDF 
$1 FEO 

$1FEF 
$1FFO 

$1 FF3 
$1 FF4 

$1FFF 

1/0 
32 Bytes 

User 
ROM 

48 Bytes 

RAM 
176 Bytes 

r--1---Stack 
64 Bytes 

User 
ROM 

4096 Bytes 

Unused 
3584 Bytes 

Self Check 

f-------1 

Self-Check 
Vectors 

Unused 
4 Bytes 

User 

Vectors 

12 Bytes 

0000 

0031 
0032 ~· 
\ 
I 

0079 
0080 

I 

0191 
0192 

0255 
0256 

4 351 
352 4 

7935 
7936 

8 
8 

8 
8 

175 
176 

179 
190 

8191 

I 

I 
I 
I 
I 
\ 
I 

\ 

256 Bytes 

Ports 
7 Bytes 

Unused 
3 Bytes 

Serial Peripheral 
Interface 
3 Bytes 

Sena I 
Communications 

Interface 
5 Bytes 

Timer 
10 Bytes 

Unused 
4 Bytes 

0000 

0031 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Port A Data Register $00 

Port B Data Register $01 

Port C Data Register $02 

Port D Fixed Input Register $03 

Port A Data Direction Register $04 

Port B Data D1rect1on Register $05 

Port C Data Direction Register $06 

Unused $07 

Unused $08 

Unused $09 
~-~ ~·"'~ --~~ 

Serial Peripheral Control Register $0A 

Serial Peripheral Status Register $08 

Serial Peripheral Data 1/0 Register $0C 

Serial Communications Baud Rate Register $00 

Serial Communications Control Register 1 $OE 

Serial Communications Control Register 2 $OF 

Serial Communications Status Register $10 

Serial Communications Data Register $11 

Timer Control Register $12 

Timer Status Register $13 

Input Capture High Register $14 

Input Capture Low Register $15 

Output ~omp~re High Register $16 

Output Compare Low Register $17 

Counter High Register $18 

Counter Low Register $19 

Alternate Counter High Register $1A 

Alternate Counter Low Register $18 

Unused $1C 

Unused $10 

Unused $1E 

Unused $1F 

Figure 4. Memory Map 

Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 

12 7 

SP 

CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 

CCR 

Half Carry (H) 

This bit is set during ADD and ADC operations to in
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 
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Carry/Borrow (Cl 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 

SELF-CHECK 

The self-check capability provides the ability to deter
mine if the device is functional. Self-check is performed 
using the circuit shown in Figure 5. Port C pins PCO-PC3 
are monitored for the self-check results. After reset, the 
following seven tests are performed automatically: 

1/0 - Exercise of ports A, 8, and C 
RAM - Counter test for each RAM byte 
ROM - Exclusive OR with odd ones parity result 
Timer- Tracks counter register and checks OCF flag 
Interrupts - Tests external, timer, SCI and SPI in-

terrupts 

47:r 21 
10 k ~ 

...--+-5'\IVW---t ~ NC 

10 k 

-------3-17 TCAP 

~ PA7 

~PAS 
.--+--t----t6 PA5 

MCU 

RESET 

Voo 
OS Cl 

SCI - Transmission test; checks RDRF, TORE, TC, 
and FE flags 

SPI - Transmission test; checks SPIF, WCOL, and 
MODF flags 

Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 

TIMER TEST SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1 FOE. The output 
compare register is first set to the current timer state. 
Because the timer is free running and has only a divide
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user's pro
gram, X = 40. If the test passed, A= 0. 
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NOTE: The RC Oscillator Option may also be used in this circuit. 

Figure 5. Self-Check Circuit Schematic Diagram 
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Table 2. Self-Check Results 

PC3 PC2 PC1 PCO Remarks 

1 0 0 1 Bad 1/0 

1 0 1 0 Bad RAM 

1 0 1 1 Bad Timer 

1 1 0 0 Bad SCI 

1 1 0 1 Bad ROM 

1 1 1 0 Bad SPI 
-

1 1 1 1 Bad Interrupts or IRQ Request 

Flashing Good Device 

All Others Bad Device, Bad Port C, etc. 

0 indicates LED is on; 1 indicates LED is off. 

ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1 F93 with RAM 
location $0053 equal to $01 and A=O. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
X = 0. If the test passed, A= 0. 

RESETS 

The MCU can be reset two ways; by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the RE
SET line logic level. 

POWER-ON RESET (POR) 

An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cycle (tcycl delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 40~, the MCU will remain in the 
reset condition until RESET goes high. 

EXTERNAL RESET INPUT 
The MCU is reset when a logic zero is applied to the 

RESET input for a period of one and one-half machine 
cycles (tcycl. 

INTERRUPTS 

The MCU can be interrupted five different ways; the 
four maskable hardware interrupts (IRO, SPI, SCI, and 
timer) and the nonmaskable software interrupt instruc
tloi"1 (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 

There a re three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

Increasing Memory j ~ 1 I 1J 1 I Condition Code Register 

Stack 
I 

l 1 
Addresses U 

R 
N 

Unstack 

oJoJ oJ 

Accumulator 

Index Register 

PCH 

PCL p 

T 

Decreasing Memory 
Addresses 

NOTE: Since the Stack Pointer decrements during pushes_, the PCL is 
stacked first, followed by PCH, etc Pulling from the stack is 
in the reverse order. 

Figure 6. Interrupt Stacking Order 
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Figure 7. Reset and Interrupt Processing Flowchart 
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EXTERNAL INTERRUPT 
If the inte•rupt mask bit (I bit) of the CCR is set, all 

interrupts are disabled. Clearing the I bit enables the ex
ternal interrupt. The external interrupt is internally~
chronized and then latched on the falling edge of IRQ. 
The action ofthe external interrupt is identical to the timer 
interrupt~th the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1 FFA and $1 FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 

Level-Sensitive Trigger 

Mask Option 

Voo ..----~ 

D 

Interrupt Pin ____ _. ___ CC> c 

serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the .next pulse should not occur until an RTI occurs. This 
time (t1uU is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines "wire-ORed" to form 
the interrupts at the processor. If the interrupt line re
mains low after servicing an interrupt, then the next in
terrupt is recognized. 

NOTE 
The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 

I BitlCCI 

Power-On Reset 

External Reset 

External Interrupt 

External 
Interrupt 
Request 

Being Serviced (Vector Fetch) 

(a) Interrupt Internal Function Diagram 

iiill~tlUH LJ 
I• t1uL-----< .. ..il 

iiITi~~tlLIH___, 

IAOn 

iiITi--, r 
IMCUI '•----------------.JI 

(bl Interrupt Mode Diagram 

Edge-Senaitiw Trigger Condition 
The minimum pulse width (~UH) is either 
125ns1Voo=5 VI or250ns1Voo=3 VI. 
The period t1uL should not be less than 
the number of tcyc cycles it takes to ex
ecute the interrupt service routine plus 21 
tcyc cycles. 

Lavel-Senoitive Trigger Condition 
If after servicing an interrupt the IRO re
mains low, then the next interrupt is 
recognized. 

Normally 
Used with 
Wire-OAed 
Connection 

Figure 8. External Interrupt 
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SOFTWARE INTERRUPT (SWI) 

The SWI is an .executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in
terrupt service routine address is specified by the con
tents of memory locations $1 FFC and $1 FFD. 

SCI INTERRUPTS 

An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the I bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 

SPI INTERRUPTS 

An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the I bit in the CCR is clear and the enable bit 
in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 

LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os
cillator is turned off, halting all internal processing in
cluding timer, SCI, and SPI operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal
tered. All input/output lines remain unchanged. The pro
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 

SCI during STOP Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in
struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 

SPI during Stop Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper
ations. If the STOP instruction is executed during an SPI 

transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRO pin. If reset is used to 
exit the STOP mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU is in the 
slave mode when the STOP instruction is executed, the 
slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own 
data back to a master device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRO 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be
cause the protective circuitry (WCOL, MODF, etc.) is in
active. 

WAIT 

The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 

Yes 

Stop 

Stop Oscillator 
And All Clocks 

Clear I Bit 

Turn On Oscillator 
Wait for Time 

Delay to Stabilize 

111 Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 
b. Set I Bit 
c. Vector to Interrupt 

Routine 

Figure 9. STOP Function Flowchart 
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power than the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active (refer to Figure 
10). An interrupt from the timer, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 

During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
inpuUoutput lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 

DATA RETENTION MODE 

The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 

Wait 

Oscillator Active 
Timer, SCI, And SPI 

Clocks Active 
Processor Clocks Stopped 

Restart 
Processor Clock 

(1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 
b. Set I Bit 
c. Vector to Interrupt 

Routine 

TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe
cific functional segment (capability) is represented by two 
rngisters. These registers contain the high and low byte 
of that functional segment Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac
cessed. 

Figure 10. WAIT Function Flowchart 
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NOTE 

The I bit in the CCR should be set while manipu
lating both the high and low byte register of a spe
cific timer function to ensure that an interrupt does 
not occur. 

COUNTER 
The key element in the programmable timer is a 16-

bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18-$19 (counter register) or 
$1A-$1 B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1 B) receives the count value atthe time of the read . 

If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1 B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read ofthe counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power
on reset, the counter is also preset to $FFFC and begins 

Internal Bus 

High Low 
Byte Byte 

$16 Output 

$17 
Compare 
Register 

Timer 

Internal 
Processor 

Clock 

+4 

High 
Byte 

16-Bit Free 
Running 
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Re ister 
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Detect 
Circuit 
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Byte Byte 
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$19 

$1A 
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Status ICF OCF TOF $13 
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Reg. 
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Figure 11. Timer Block Diagram 
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running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide
by-four prescaler, the value in the free-running counter 
repeats every 262, 144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

OUTPUT COMPARE REGISTER 

The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare rngister is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini
mum time required to update the output compare reg
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg
ister regardless of whether the output compare flag (OCF) 
is set or clear. 

INPUT CAPTURE REGISTER 

Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex
ternal transition. This delay is required for internal syn
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 

free-running counter value that corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 

TIMER CONTROL REGISTER (TCR) $12 

The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 

7 6 5 

I ICIE I OCIE I TOIE I 
RESET: 

0 

ICIE - Input Capture Interrupt Enable 
1 =Interrupt enabled 
0 =Interrupt disabled 

OCIE - Output Compare Interrupt Enable 
1 =Interrupt enabled 
0 =Interrupt disabled 

TOIE - Timer Overflow Interrupt Enable 
1 =Interrupt enabled 
0= Interrupt disabled 

IEDG - Input Edge 

IEDG OLVL 

Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 

1 =Positive edge 
0 =Negative edge 

Reset does not affect te IEDG bit (U =unaffected). 
OLVL - Output Level 

Value of output level is clocked into output level reg
ister by the next successful output compare and will 
appear on the TCMP pin 

1 =High output 
0 =Low output 

Bits 2, 3, and 4 - Not used 
Always read zero 

TIMER STATUS REGISTER (TSR) $13 

The TSR is a read-only register containing three status 
flag bits. 

I ICF 

RESET: 
u 

OCF TOF 

u 

ICF - Input Capture Flag 
1 =Flag set when selected polarity edge is sensed by 

input capture edge detector 
0 =Flag cleared when TSR and input capture low reg

ister ($15) are accessed 
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OCF - Output Compare Flag 
1 =Flag set when output compare register contents 

match the free-running counter contents 
0= Flag cleared when TSR and output compare low 

register ($17) are accessed 
TOF - Timer Overflow Flag 

1 =Flag set when free-running counter transition from 
$FFFF to $0000 occurs 

0= Flag cleared when TSR and counter low register 
($19) are accessed 

Bits 0-4 - Not used 
Always read zero 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 
TOF is set, and 

2) The LSB of the free-running counter is read but not 
for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1 B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov
erflow flag in the timer status register. 

TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 

TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 

Idle Line s 

SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de
scription. 

SCI TWO-WIRE SYSTEM FEATURES 

• Standard NRZ (mark/space) format 
• Advanced error detection method includes noise de

tection for noise duration of up to one-sixteenth bit 
time 

• Full-duplex operation (simultaneous transmit and re
ceive) 

• Software programmable for one of 32 different baud 
rates 

• Software-selectable word length (eight- or nine-bit 
words) 

• Separate transmitter and receiver enable bits 
• SCI may be interrupt driven 
• Four separate interrupt conditions 

SCI RECEIVER FEATURES 

• Receiver wake-up function (idle or address bit) 
• Idle line detect 
• Framing error detect 
• Noise detect 
• Overrun detect 
• Receiver data register full flag 

SCI TRANSMITTER FEATURES 

• Transmit data register empty flag 
• Transmit complete flag 
• Break send 

Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 

DATA FORMAT 

Receive data in IRDI) or transmit data out ITDO) is the 
serial data presented between the internal data bus and 
the output pin ITDO) and between the input pin IRDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 12. 

4 

Control bit "M" 
Selects 8 or 9 bit data 

0 

·l_C 
s 

*Stop bit is always high. 0 

p 

Figure 12. Data Format 
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WAKE-UP FEATURE 

In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide forthe required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 

RECEIVE DATA IN 

Receive data in (RDI) is the serial data which is pre
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 

START BIT DETECTION FOLLOWING A FRAMING ERROR 

If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9-
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF = 1, FE= 1, 
receiver data register=$00) produced the framing error, 
the start bit will not be artificially induced, and the re
ceiver must actually receive a logic one before start. 

TRANSMIT DATA OUT 

Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SCI is shown in Figure 13. The 
user has option bits in the serial communications control 
register 1 (SCCR1 I to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates, which are used as the rate 
control for the transmitter and receiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 

REGISTERS 

There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol
lowing paragraphs. 

Serial Communic?tions Data Register (SCDAT) $11 

The SCDAT is a read/write register used to receive and 
transmit SCI data. 

7 6 5 

I SC07 I SC06 I SCD5 I SC04 SCD3 SCD2 SCDl scoo 

RESET: 
u u u u 

MOTOROLA MICROPROCESSOR DATA 

3-873 

El 



• 

MC68HC05C4 

RS 

RESET: 
u 

T8 M 

u u 

As shown in Figure 13, SCDAT functions as two sep
arate registers. The transmit data register (TOR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. RB - Receive Data Bit B 

I WAKE I 

u 

Serial Communications Control Register 1 (SCCR1) $OE 
The SCCR1 provides control bits that determine word 

length and select the wake-up method. 

RB bit provides storage location for the ninth bit in the 
receive data byte (if M = 1 ). 

$OD 

$OE 

TB - Transmit Data Bit B 
TB bit provides storage location for the ninth bit in the 
transmit data byte (if M = 1 ). 

Rate Generator 

Internal Bus 

Internal 
Processor 

Clock 

Rate 
.__...._ _ _._ _ __. __ _._ _ _._ _ __. __ .___. Register 

M WAKE SCCR1 

SCDAT 
$11 

PDQ/ADI 

NOTE: The Serial Communications Data Register (SCDATl is controlled by the internal R/W signal. It is the transmit data register when 
written and receive data register when read. 

Figure 13. SCI Block Diagram 
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M - SCI Character Word Length 
1 =one start bit, nine data bits, one stop bit 
0 =one start bit, eight data bits, one stop bit 

WAKE - Wake-Up Select 
Wake bit selects the receiver wake-up method. 

1 =Address bit (most significant bit) 
0 =Idle line condition 

Bits 0-2, and 5 - Not used 
Can read either one or zero 

The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature uniess the RWU controi bit in 5CCR2 
is set. 

Wake M Receiver Wake-Up 

0 x Detection of an idle line allows the next data 
byte received to cause the receive data reg-
ister to fill and produce an RDRF flag. 

1 0 Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 

1 1 Detection of a received one in the ninth data 
bit allows an RDRF flag and associated error 
flags. 

Serial Communications Control Register 2 (SCCR2) $OF 

The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 

TIE 

RESET: 
0 

TCIE RIE ILIE TE 

TIE - Transmit Interrupt Enable 
1 =SCI interrupt enabled 
0 = TDRE interrupt disabled 

RE RWU SBK 

TCIE - Transmit Complete Interrupt Enable 
1 =SCI interrupt enabled 
0 =TC interrupt disabled 

RIE - Receive Interrupt Enable 
1 =SCI interrupt enabled 
0 = RDRF and OR interrupts disabled 

ILIE - Idle Line lnterrut Enable 
1 =SCI interrupt enabled 
0 =Idle interrupt disabled 

TE - Transmit Enable 
1 =Transmit shift register output is applied to the TDO 

line. Depending upon the SCCR1 M bit, a pream
ble of 10 (M = 0) or 11 (M = 1) consecutive ones is 
transmitted. 

0 =Transmitter disabled after last byte is loaded in 
the SCDAT and TDRE is set. After last byte is 
transmitted, TDO line becomes a high-impedance 
line. 

RE - Receive Enable 
1 =Receiver shift register input is applied to the RDI 

line. 

0 =Receiver disabled and RDRF, IDLE, OR, NF, and 
FE status bits are inhibited. 

RWU Receiver Wake-Up 
1 =Places receiver in sleep mode and enables wake

up function 
O =Wake-up function disabled after receiving data 

word with MSB set (if WAKE= 1) 
Wake-up function also disabled after receiving 10 
(M =0) or 11(M=1) consecutive ones (if WAKE =0) 

SBK - Send Break 
1 =Transmitter continually sends blocks of zeros (sets 

of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec 
ognition of valid start bit. 

O=Transmitter sends 10 (M=O) or 11 (M=1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char
acter times of break because the first break trans
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 

Serial Communications Status Register (SCSR) $10 

The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con
tained in the SCSR. 

TORE TC ROAF IDLE OR NF FE 

RESET: 

TDRE - Transmit Data Register (TDR) Empty 
1 = TDR contents transferred to the transmit data shift 

register 
0 = TDR still contains data. TDRE is cleared by reading 

the SCSR (with TDRE = 1), fol lowed by a write to 
the TDR. 

TC - Transmit Complete 
1 =Indicates end of data frame, preamble, or break 

condition has occurred 
0 =TC bit cleared by reading the SCSR (with TC= 1), 

followed by a write to the TDR 
RDRF - Receive Data Register (RDR) Full 

1 =Receive data shift register contents transferred to 
the RDR 

0 =Receive data shift register transfer did not occur. 
RDRF is cleared by reading the SCSR (with 
RDRF = 1) followed by a read of the RDR 

IDLE - Idle Line Detect 
1 =Indicates receiver has detected an idle line 
0 =IDLE is cleared by reading the SCSR (with IDLE= 1 ), 

followed by a read of the RDR. Once IDLE is 
cleared, IDLE cannot be set until RDI line becomes 
active and idle again. 

OR - Overrun Error 
1 =Indicates receive data shift register data is sent to 

a full RDR (RDRF= 1). Data causing the overrun 
is lost, and RDR data is not disturbed. 

0 =OR is cleared by reading the SCSR (with OR= 1 ), 
followed by a read of the RDR. 
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NF - Noise Flag 
1 =Indicates noise is present on the receive bits, in

cluding the start and stop bits. NF is not set until 
RDRF=1. 

0 =NF is cleared by reading the SCSR (with NF= 1 ), 
followed by a read of the RDR. 

FE - Framing Error 
1 =Indicates stop bit not detected in received data 

character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib
ited until FE is cleared. 

0 =NF is cleared by reading the SCSR (with FE= 1 ), 
followed by a read of the RDR. 

Bit 0 - Not used 
Can read either one or zero 

Baud Rate Register $00 
The baud rate register is used to select the SCI trans

mitter and receiver baud rate. SCPO and SCP1 prescaler 
bits are used in conjunction with the SCRO through SCR2 
baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6; and 7 always read 
zero. 

7 

I - I SCPl SCPO SCR2 SCRl SCRO 

RESET: 
u 

SCPO - SCI Prescaler Bit 0 
SCP1 - SCI Prescaler Bit 1 

Two prescaler bits are used to increase the range of 
standard baud rates controlled by the SCRO-SCR2 
bits. Prescaler internal processor clock division ver
sus bit levels are listed in Table 2. 

SCRO --'- SCI Baud Rate Bit 0 
SCR1 - SCI Baud Rate Bit 1 
SCR2 - SCI Baud Rate Bit 2 

Three baud rate bits are used to select the baud rates 
of the SCI transmitter and SCI receiver. Baud rates 
versus bit levels are listed in. Table 3. 

Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCPO-SCP1 and SCRO
SCR2 bits in the baud rate register. All divided frequen
cies shown in Table 3 represent the final baud rate. re
sulting from the internal processor clock division shown 
in the divided-by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCRO-SCR2). For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 
external crystal. In this case, the prescaler bits (SCPO
SCP1) could be configured as a divide-by-one or a divide
by-four. If a divide-by-four prescaler is used, then the 
SCRO-SCR2 bits must be configured as a divide-by-two. 
Using the ~ame crystal, the 9600 baud rate can be ob
tained with a prescaler divide-by-one and the SCRO-SCR2 
bits configured for a divide-by-eight. 

Table 3. Prescaler Highest Baud Rate Frequency Output 

SCP Bit Clock* Crystal Frequency MHz 

1 0 Divided By 4.194304 4.0 2.4576 2.0 1.8432 

0 0 1 131.072 kHz 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz 
0 1 3 43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz 
1 0 4 32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz 
1 1 13 10.082 kHz 9600 Hz 5.907 kHz 4800 Hz 4430 Hz 

*Refers to the internal processor clock. 

NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 

Table 4. Transmit Baud Rate Output for a Given Prescaler Output 

SCR Bits Divided Representative Highest Prescaler Baud Rate Output 

2 1 0 By 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 

0 0 0 1 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 
0 0 1 2 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz 
0 1 0 4 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz 
0 1 1 8 16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz 
1 0 0 16 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz 
1 0 1 32 4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz 
1 1 0 64 2.048 kHz 512 Hz 1200 Hz 300 Hz 150 Hz 
1 1 1 128 1.024 kHz 256 Hz 600 Hz 150 Hz 75 Hz 

NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock), and'the receive clock is 16 times higher in frequency than the actual baud rate. 

MOTOROLA MICROPROCESSOR DATA 

3-876 



MC68HC05C4 

SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev
eral slaves (Figure 14) or MCUs that can be either masters 
or slaves. 

Features: 
• Full-duplex, three-wire synchronous transfers 
• Master or siave operation 
• 1.05 MHz (maximum) master bit frequency 
• 2.1 MHz (maximum) slave bit frequency 
• Four programmable master bit rates 
• Programmable clock polarity and phase 
• End-of-transmission interrupt flag 
• Write collision flag protection 
• Master-master mode fault protection capability 

SIGNAL DESCRIPTION 
The four basic signals (MOSI, MISO, SCK, and SS) are 

described in the following paragraphs. Each signal func
tion is described for both master and slave mode. 

Master Out, Slave In 
The master out, slave in (MOSI) line is configured as 

an output in a master device and as an input in a slave 
device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 

Master In, Slave Out 
The master in, slave out (MISO) line is configured as 

an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 
data in one direction with the most significant bit sent 
first. The MISO line of a slave device is placed in a high
impedance state if slave is not selected (SS= 1 ). 

MISO 
MOSI 

SCK 

ss i--voo 
~ 

M6805 HCMOS 
Master 

r--
p (}, 

0 1 
R 2 
T 3 f--

II 

Serial Clock 
The serial clock (SCK) is used to synchronize both data 

in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 15, four possible timing relation
ships may be chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 

Two bits (SPRO and SPR1) in the SPCA of the master 
device select the clock rate. In a slave device, SPRO and 
SPR1 have no effect on SPI operation. 

Slave Select 
The slave select (SS) input line selects a slave device. 

The SS line must be low prior to data transactions and 
must stay low for the du ration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). 

When CPHA = 0, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SP/ message. When CPHA= 1, 
SS must go high between successive characters in an 
SP/ message. When CPHA = 1, SS may be left low for 
several SPI characters. In cases where there is only one 
SP/ slave MCU, the slave MCU SS line could be tied to 
Vss as Jong as CPHA = 1 clock modes are used. 

FUNCTIONAL DESCRIPTION 

A block diagram of the SPI is shown in Figure 16. In a 
master configuration, the CPU sends a signal to the mas
ter start logic, which originates an SP/ clock (SCK) based 
on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 

M6805 HCMOS SlaveO 

MISO SCK 

MOSI ss 

l 1.c ll l l MOSl SS 1 MOSl SS MOSI SS 

MISO SCK MISO SCK MISO SCK 

M6805 HCMOS Slave 3 M6805 HCMOS Slave 2 M6805 HCMOS Slave 1 

Figure 14. Master-Slave System Configuration 
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SCK (CPOL = 0) 

SCK (CPOL = 1 I 

Sample Input 
Data out (CPHA ~ 1 I 

Sample Input 
Data out (CHPA~OI 

Figure 15. Data Clock Timing Diagram 
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Figure 16. SPI Block Diagram 

via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans
ferred to the read buffer and made available to the in
ternal data bus during a CPU read cycle. 

In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 
from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 
bus, awaiting the clocks from the master to shift out se
rially to the MISO pin and then to the master device. 

Figure 17 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 

REGISTERS 

There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 

serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data 1/0 reg
ister (SPDR), are described in the following paragraphs. 

Serial Peripheral Control Register $0A 

The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave mode select, and clock polarity/phase/rate select. 

7 4 

I SPIE SPE I - I MSTR I CPOL CPHA SPRl SPRO 

RESET: 
0 

SPIE - Serial Peripheral Interrupt Enable 
1 = SPI interrupt enabled 
0 = SPI interrupt disabled 

SPE - Serial Peripheral System Enable 
1 = SPI system on 
0 = SPI system off 

MOTOROLA MICROPROCESSOR DATA 

3-878 



MC68HC05C4 

8-81t Shift Register 

SPI 
Clock Generator t-1.._._ _______ _,_ ________ --r--------' 

I SS SS I 
---t-- + 5 v 0 v ----, 

Figure 17. SPI Master-Slave Interconnections 

MSTR - Master Mode Select 
1 =Master mode 
0 =Slave mode 

CPOL - Clock Polarity 
Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 

1 = SCK line idles high 
0 = SCK line idles in low state 

CPHA - Clock Phase 
Clock phase bit along with CPOL controls the clock
data relationship between the master and slave de
vices. CPOL selects one of two clocking protocols. 

1 =SS is an output enable control. 
0 =Shift clock is the OR of SCK with SS. 

When SS is low, first edge of SCK invokes first 
data sample. 

SPRO, SPR1 - SPI Clock Rate Bits 
Two clock rate bits are used to select one of four clock 
rates to be used as SCK in the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 

Bit 5 - Not used 
Can read either one or zero 

SPI Clock Rate Selection 

SPR1 SPRO Internal Processor 
Clock Divided By 

0 0 2 
0 1 4 
1 0 16 
1 1 32 

Serial Peripheral Status Register $OB 

The SPSR contains three status bits. 

SPIF I WCOL I I MODF I I - I 
RESET 

SPIF - Serial Peripheral Data Transfer Flag 
1 =Indicates data transfer completed between pro

cessor and external device. 
(If SPIF = 1 and SPIE = 1, SPI interrupt is ena
bled.) 

O=Clearing is accomplished by reading SPSR (with 
SPIF = 1) followed by SPDR access. 

WCOL - Write Collision 
1 =Indicates an attempt is made to write to SPDR 

while data transfer is in process. 
O=Clearing is accomplished by reading SPSR (with 

WCOL = 1 ), followed by SPDR access. 
MODF - Mode Fault Flag 

1 =Indicates multi-master system control conflict. 
O=Clearing is accomplished by reading SPSR (with 

MODF= 1 ), followed by a write to the SPCR. 
Bits 0-3, and 5 - Not used 

Can read either zero or one 

Serial Peripheral Data 1/0 Register $0C 

The SPDR is a read/write register used to receive and 
transmit SPI data. 

7 

I SPD7 I SPD6 SPD5 SPD4 SPD3 SPD2 SPDl SPDO 

RESET: 
u u u u 

A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 

INSTRUCTION SET 

The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MULi instruction. This instruction allows un
signed multiplication of the contents of the accumulator 
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(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 

Operation X:A X*A 

Description Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 

Condition H: Cleared 
Codes I: Not affected 

N: Not affected 
Z: Not affected 
C: Cleared 

Source MUL 

Form(s) Addressing 1 l Mode Cycles Bytes l Opcode 
Inherent 11 1 $42 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 

Function Mnemonic 

Load A from Memory LOA 

Load X from Memory LOX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (Twos Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

Multiply MUL 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

Branch if Higher or Same BHS 

Branch if Carry Set BCS 

Branch if Lower BLO 

Branch if Not Equal BNE 

Branch if Equal BEQ 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 
--~~··-

Branch to Subroutine BSR 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
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of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 

Function Mnemonic 

Branch ii Bit n is Set BRSET n In ~o. .. 7) 

Branch ii Bit n is Clear BRCLR n ln~O. .. 7) 

Set Bit!: BSETc !n~O. .. ?) 

Clear Bit n BCLR n In ~o . .. 71 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

Clear Interrupt Mask Bit CLI 

Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

Stop STOP 

Wait WAIT 

OPCODE MAP SUMMARY 

Table 5 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab
solute addressing is also included. One- or two-byte di
rect addressing instructions access all data bytes in most 

applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 

The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to + 129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 

In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
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Table 5. Opcode Map 

Bit Manipulation Branch 
REL DIR INH ---. 

OUIO 

RNdtMcidiiiiWrite 
INH I IX1 
5 6 

0101 0110 ~ _J!1. I ..J,, I J.. i::::;;:._, 
0 I BRSETo5 I BSETO: I BRA : ! NEG 5 

tXXX) 3 BIB 2 BS 2 RE 2 QIR 'I 'I ' NEGA NEGX NEG 
1 !NH I INH 2 IX1 ) 1 

1 
<XX>l 'I 'l ' BACLAO BCLAO . BAN 

BTB 2 B.SC 2_ RH 

2 I BASET1 I BSET1; I SHI ' I I MUL,, 
0010 3 BTB 2 _ BS 2 REL 1 INH 

3 1 BACLR~ r BLS , 11. COM • , COMA, 
...Jllll 3 BJ 2 AE.L _l________QJ_R l INH 

3 
COMX 

1 INH 

f 'I 'I 'I 'l ' 4 BRSET2 BSET2 sec LSR LSAA LSRX 
01003 BTB2_ BSC2 REL2 PHI 1 INHI 1 INMJ2 

'I , 5 BRCLA2 BCLA2 BCS 
0101 13 BIB 1 _2__ BSC 2 REL 

6 BRSET3 BSET3 BNE ROR RORA RORX 'I 'I 'I 'l ' 0110 L BIB I 2 - BSC 2 REL 2 DIR 1 INH 1 lNl:i 

'[ 'l '! '[ 3 7 I BRCLR3 I BCLR3· SEQ ASA ASRA ASRX 
0111 3 BTB 2 BSC 2 REL _2_ _DIR 1 INH 1 INH 

8 I BRSET4: I BSET4 
5 1 BHCC 

3 1 LSL 
5 1 LSLA 

3 1 L.SLX 
3 

1(111 3 BT 2 esc 2 REL 2 DIR 1 INH l INH 

9 
1001 'I 'I 'l 'I 'I ' BRCLR4 BCLR4 BHCS . ROL . ROLA. ROLX 

'~2 ~2 m2 ~1 •• -

A BRSET5 BSET5 BPL DEC OECA DECX I ~I 'I 'I 'I " ' 1010 3 BT 2 BSC 2 REL 2 DIR 1 INH l 1 INH I 2 'I , I BACLR5 I BCLA5 BMI 
3 BTB 2 BSC 2 REL 

B 
....!2.!1 

c 
l.!ll!L 

I eAsETs: I ssETs; [ a Mc : r 1Nc ' 1 1NcA . 
3 BT 2 BS 2 REL I 2 DIR 1 !NH I 1 

3 
INCX 

INH ! 2 
4 3 

1P1 TS~ 1 TST~NH I 1 TST~NH j 2 

E BRSET7 BSET7 BIL I 'I 'I ' 1110 3 BTB 2 BSC 2 REL 

F 
1111 

, I ,-,----------, 
BRCLR7 BCLA7 I BIH 

3 BTB 2 BSC 2 REL I 2 

- for Addrwa Modeo 

INH 
A 
x 
IMM 
OIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 
Relative 
Bit Set/ Clear 
Bit Test and Branch 
Indexed (No Offset! 
Indexed, 1 Byte 18-Bitl Offset 
Indexed, 2 Byte I 16-Bitl Offset 

,,--.__i 
3 

CLR DIR I 1 CLR~NH I 1 CLR~NH I 2 

COM 
IXl ) l 

ROR 
IXl I 1 

ASR 
IXl I 1 

LSL 
IX1 I 1 

ROL 
IXl ! 1 

OEC 
1x1J 1 

TST 
IXl I 1 

CLR 
IXl I 1 

IX 
7 
0111 

NEG 
IX I 1 

5 
COM 

IX J 1 

LSR 

ROR 

ASR 

LSL 

ROL 

DEC 

INC 

TST 

Control 
lf'IH I INH 

,:,, I ,fc.:i l ,g, 11~0 
_JX 

~ l ,~, 1i 
1010 

~· 12 1MMJ2 ~ ___ exrlJ 1x2l2 1x1J1 

f ,,,, 
RTI 

INH 

RTS 

IQ 
SWI 

INH 

' STOP 
INH 

SUB SUB SUB SUB SUB SUB 

CMP CMP CMP CMP CMP CMP 'I 'I 'I 'I . 2 IMM 2 DIR 3 EXT 3 IX2 2 IX\ I 1 IX 
2 -~ 4 

SBfMM 2 SBCDIR 3 SBCIXl I 1 SBC lX 

' !r 
1....rA 1..r-A CPX CPX CPX CPX 

IMM 2 DIR 3 XT 3 IX2 2 IXl 1 I 
2 4 5 4 3 

I BIT BIT 
2 ' 

LD~MM I 2 LDADIR 13 LD~xT I 3 LDA1x2 I 2 LDA1x1 I 1 

IN~ ~ DIR3 EXT3 IX2 IXl[l 
TAX STA STA STA STA :l_ __J_,_s 'I 'I :1 ' 

' I 'I 'I 'I 'I ' SEC ADC AOC ADC ADC ADC 
INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IX1 I 1 

' I 'I 3 
I 'I 'I • CU ORA ORA ORA ORA ORA 

INH 2 IMM 2 DIR I 3 EXT 3 IX2 2 tX1 I 1 

' I 'I 'I 'I 'I ' SEI ADD ADD ADD ADD ADD 
INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IX1 ! 1 

'f 'I 'I 'I 'I ' NOP BSA JSR JSR JSR JSR 
INH 2 REL 2 DIR 3 EXT 3 IX? 2 \Xl I 1 

'I 'I 'I ' LOX LOX LOX LOX LOX 
IMM I 2 DIR 3 EXT 3 IX2 2 IXl I l 

3 
LDA 

IX 

STA 

Jt 
EOR 

IX -, 
ADC 

IX 

ORA 
IX 

ADD 
IX 

JMP 
IX -,.

JSR 
IX -, 

LOX 
IX 

~ 
0 

0000 

1 
<XX>l 

2 
0010 

3 
_..l!l]l 

4 
-2!l!L 

5 
_J2)01 

6 
___QllQ 

7 
0111 

B 
l<XX> 

9 
1001 

A 
1010 

B 
1011 

c 
1100 

D 
1101 

E 
1110 

' CLR IX I 1 WAl;NH I 1 
TXA 'I 'I 'I ' STX STX STX STX 

DIR 3 EXT 3 IX2 2 IX1 I 1 

-.
STX 

IX 
F 

1111 

LEGEND 

--+---------- Opcode in Hexadecimal 

Mne~~~~ ~ ~ 3xJ crixJ ;:f 
Opcode in Binary 
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MC68HC05C4 

the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
ir1siruction aiiows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as
sembler determines the shortest form of indexed ad
dressing. 

BIT SET/CLEAR 
In the bit set/clear addressing mode, the bit to be set 

or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
1/0, can be selectively set or cleared with a single two
byte instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating 

Supply Voltage 

Input Voltage 

Sell-Check Mode (IRO Pin Only) 

Current Drain Per Pin Excluding 
Voo and Vss 

Operating Temperature Range 
MC68HC05C4P, FN (Standard) 
MC68HC05C4CP. CFN (Extended) 
MC68HC05C4MP, MFN (Automotive) 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance 
Plastic 
Plastic Leaded Chip Carrier (PLCC) 

Symbol Value 

Voo --0.3 to + 7.0 

Vin Vss - 0.3 to 
Voo + o.3 

Vin Vss-0.3 to 
2 x v00 +o.3 

I 25 

TA TL to TH 
Oto + 70 

-40 to +85 
-40 to + 125 

Tstg_ -65 to + 150 

Symbol Value 

llJA 
60 
70 

Unit 

v 
v 

v 

mA 

'C 

·c 

Unit 

'C!W 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper
ation, it is recommended that Vin and Vout be 
constrained to the range Vss s !Vin or Voutl cc 

VDD· Reliability of operation is enhanced ii un
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vss or Voo). 
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POWER CONSIDERATIONS 
The average chip-junction temperature, T J' in 'C can 

be obtained from: 
For most applications P1;o<P1NT and can be neglected. 

The following is an approximate relationship between 
PD and T J (if P110 is neglected): 

where: 
TA 
OJA 

Po 
PINT 
P110 

TJ=TA+(Po•OJA) (1) 

= Ambient Temperature, 'C 
= Package Thermal Resistance, 

Junction-to-Ambient, 'C/W 

= P1NT+P110 
=Ice x Vee, Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

Voo=4.5 v 

Pins R1 R2 c 
PAO-PA7, 3.26 kn 2.38 kl! 50 pF 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 

PDO,PD5, PD7 1.9 k!l 2.26 k!l 200 pF 

Voo=3.0V 

Pins R1 R2 c 
PAO-PA7, 10.s1 kn 6.32 k(l 50 pF 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 

PDO,PD5,PD7 6 kl! 6 k(l 200 pF 

Po= Kc- (TJ + 273'C) (2) 
Solving equations (1) and (2) for K gives: 

K =Po• (TA+ 273'C) + HJNPD2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA 

c 
(See 

Table) 

"oo 

R2 
(See Table) 

Rl 

Figure 18. Equivalent Test Load 
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MC68HC05C4 

DC ELECTRICAL CHARACTERISTICS 
IVoo ~ 5.0 Vdc± 10%, Vss ~ 0 Vdc, TA~ h to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad~ 10.0 µA VoL - - 0.1 v 
VoH Voo 0.1 - -

Output High Voltage VoH v 
llLoad .c 0.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) Voo 0.8 - -
llLoad-1.6 mA) PD1-PD4 lsee Figure 20) Voo-0.8 - -

Output Low Voltage (see Figure 21) VoL - - 0.4 v 
llLoad 1.6 mAI PAO-PA7, PBO-PB7, PCO-PC7, PD1 -PD4, TCMP 

--· --1 
Input Hrgh Voltage 

- V1H o.7 x v00 - Voo v 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 

Input Low Voltage - V1L Vss - 0.2 x v00 v 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 

Data Retention Mode (O" to 70'C) VRM 2.0 - - v 
Supply Current (see Notes) loo 

Run (see Figures 22 and 23) - 3.5 7.0 mA 
Wait (see Figures 22 and 231 - 1.6 4.0 mA 
Stop (see Figure 23) 

25'C - 2.0 50 µA 
o·· to 70'C (Standard) - - 140 µA 
- 40' to + 85"C - - 180 µA 
-40' to clW'C - - 250 µA 

l!O Ports Hi-Z Leakage Current l1L - - "10 µA 
PAO-PA7, PBO-P87, PCO-PC7, PD1 -PD4 

Input Current lin - - ±1 µA 
RESET, IRQ, TCAP, OSC1, PDQ, PD5, PD7 

Capacitance pF 
Ports la~ut or Output) Cout - - 12 
RESET, IRQ, TCAP, PDO-PD5, PD7 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25"C only. 
3. Wait loo: Only timer system active (SPE~TE·0 RE-O). If SPI, SCI active (SPE~TE~RE~l) add 10% current draw. 
4. Run (Operating) loo. Wait loo: Measured using external square wave clock source lfosc ~ 4.2 MHz). all inputs 0.2 V from rail; 

no de loads, less than 50 pF on all outputs, CL~ 20 pF on OSC2. 
5. Wait, Stop loo: All ports configured as inputs, V1L ~0.2V, V1H~Voo-0.2 V. 
6. Stop loo measured with OSC1 ~ Vss. 
7. Standard temperature range is O' to 70"C. Extended temperature ( - 40' to +85'C, -40" to + 125"C) versions and a 25"C only 

version are available. 
8. Wait loo is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 
(Voo=3.3Vdc±10%, Vss=O Vdc, TA =TL to TH. unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, 1Load""10.0 .,A VOL - - 0.1 v 
VoH Voo-0.1 - -

Output High Voltage VoH v 
0Load =0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) Voo-0.3 - -
0Load=1.6 mA) P01-P04 (see Figure 20) Voo-o.3 - -

Output Low Voltage (see Figure 21) VOL - - 0.3 v 
0Load=0.4 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-P04, TCMP 

Input High Voltage VtH 0.7xVoo - Voo v 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET, OSC1 

Input Low Voltage VtL Vss - o.2xvoo v 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET, OSC1 

Data Retention Mode (0° to 70°C) VRM 2.0 - - v 

Supply Current (see Notes) too 
Run (see Figures 22 and 24) - 1.0 2.5 mA 
Wait (see Figures 22 and 24) - 0.5 1.4 mA 
Stop (see Figure 24) 

25°C - 1.0 30 µA 
0° to 70°C (Standard) - - 80 µA 
-40' to + 85'C - - 120 µA 
-40' to + 125'C - - 175 µA 

110 Ports Hi-Z Leakage Current ltL - - ±10 µA 
PAO-PA7, PBO-PB7, PCO-PC7, P01-P04 

Input Current tin - - ±1 µA 
RESET, IRQ, TCAP, OSC1, POO, P05, PD7 

Capacitance pF 
Ports (a~ut or Output) Cout - - 12 
RESET, IRQ, TCAP, POO-P05, P07 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25'C only. 
3. Wait too: Only timer system active (SPE =TE= RE= 0). If SPI, SCI active (SPE =TE= RE= 1) add 10% current draw. 
4. Run (Operating) too. Wait too: Measured using external square wave clock source (fosc=4.2 MHz). all inputs 0.2 V from rail; 

no de loads, less than 50 pf on all outputs, CL= 20 pf on OSC2. 
5. Wait, Stop too: All ports configured as inputs, VtL = 0.2 V, VtH = Voo - 0.2 V. 
6. Stop too measured with OSC1 =Vss. 
7. Standard temperature range is O' to 70'C. Extended temperature ( -40' to + 85'C, -40' to + 125'C) versions and a 25'C only 

version are available. 
8. Wait loo is affected linearly by the OSC2 capacitance. 
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Figure 19. Typical VoH vs loH for Ports A, B, C, and TCMP 
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Figure 20. Typical VoH vs IQH for PD1-PD4 Figure 21. Typical VoL vs IQL for All Ports 
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5 
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RUN 
!OPERATING! 
MODE 

05 1.0 1.5 

MC68HC05C4 

13.5 mAI 

2.0 

3.5...----~---~---~--~ 

3 0 -+----+----+----+---~ 

2.5 -+----+----+----+---~ 

WAIT 
MODE 

2 0 -t----+----+----+------J 

05 1.0 1.5 2.0 
Internal Frequency 1/tcycle (MHz) Internal Frequency 1/tcycle (MHz) 

Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes 
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Figure 23. Maximum loo vs Frequency for Voo = 5.0 Vdc 
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Figure 24. Maximum loo vs Frequency for Voo = 3.3 Vdc 
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CONTROL TIMING 
1Voo~5.0 Vdc±10%, Vss~o Vdc, TA~TL to THI 

Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 4.2 
External Clock Option de 4.2 

Internal Operating Frequency fop MHz 
Crystal (foscc- 2) - 2 1 
External Clock lfosc c- 2) de 2.1 

. Cycle Time (see Figure 28) t~ 480 - ns 

Crystal Oscillator Startup Time (see Figure 281 toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) llLCH - 100 ms 

RESET Pulse Width (see Figure 28) IRL 1.5 - l91_c 

Timer 
Resolution** IRESL 4.0 - lcyc 
Input Capture Pulse Width (see Figure 26) ITH· ITL 125 - ns 
Input Capture Pulse Period (see Figure 26) ITLTL *** - t~ 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) llLIH 125 - ns 

Interrupt Pulse Period (see Figure 8) t1L1L * - t~ 

OSC1 Pulse Width IQH, IQL 90 - ns 

*The minimum period t1L1L should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 !eye· 

**Since a 2-bit prescaler in the timer must count four internal cycles ltcycl. this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period ITLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc· 

osc11 ~/////////// ~ //////////; 
IRL 

IRQ2 

IRQ3 

Internal 

Clock 
~~~~~~~~~~~~~~~ 

I nterna I ..,...,.......,....,._,.....,....,,,.....,....."f<'"....,....,......,.....,.-,.....,,. 
Address 

Bus -'--"-""""'-"'-"'-->'-'"-><--"-....,__.._..._..._.._.., 

NOTES 
1. Represents the internal gating of the OSC1 pin 
2. TRO pin edge-sensitive mask option 
3 TAO pin level and edge"sensitive mask option 
4_ RESET vector address shown for timing example 

Figure 25. Stop Recovery Timing Diagram 
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CONTROL TIMING 
(Voo=3.3 Vdc± 10%, Vss = 0 Vdc, TA= TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 2.0 
External Clock Option de 2.0 

Internal Operating Frequency fop MHz 
Crystal (f0 sc·c2) - 1.0 
External Clock (f0 sc c-2) de 1.0 

Cycle Time (see Figure 28) t9'" 1000 - ns 

Crystai Osciliator Startup Time (see Figure L8) toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) t1LCH - 100 ms 

RESET Pulse Width - Excluding Power-Up (see Figure 28) tRL 1.5 - t<:<Y_c 

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 261 trn, tTL 250 - ns 
Input Capture Pulse Period (see Figure 26) tTLTL *** - t9'" 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) t1L1H 250 - ns 

Interrupt Pulse Period (see Figure 8) t1L1L * - t<:<Y_c 

OSC1 Pulse Width tOH· tOL 200 - ns 

*The minimum period t1L1L should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc· 

**Since a 2-bit prescaler in the timer must count four internal cycles (tcycl. this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tTL TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc· 

External 
Signal 

ITCAP 
Pin 37) 

Figure 26. Timer Relationships 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(Voo=5.0 Vdc±10%, Vss=O Vdc, TA=TL to TH) (see Figure 271 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to Data Active from High-Impedance State) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time 120% VDD to 70% VDD· CL= 200 pFI 
SPI Outputs (SCK, MOSI, and MISO_L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

13 Fall Time (70% VDD to 20% VDD· CL= 200 pFI 
SPI Outputs (SCK, MOSI, and MISO_L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 

Symbol 

fop(m) 
f~(s) 

tcyc(m) 
t~(s) 

t1ead(m) 
t1ead(s) 

t1ag(m) 
t1~(s) 

tw(SCKHlm 
tw(SCKH)s 

tw(SCKL)m 
tw(SCKL)s 

tsu(m) 
tsu(s) 

th(m) 
th(s) 

ta 

tdis 

tv(m) 
tv(s) 

tho(m) 
tho(s) 

trm 
trs 

tfm 
tfs 
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Min Max Unit 

de 0.5 fop 
de 2.1 MHz 

2.0 - tcyc 
480 - ns 

* - ns 
240 - ns 

* - ns 
240 - ns 

340 - ns 
190 - ns 

340 - ns 
190 - ns 

100 - ns 
100 - ns 

100 - ns 
100 - ns 

0 120 ns 

- 240 ns 

0.25 - tcyc(m) 
- 240 ns 

0.25 - tcyc(m) 
0 - ns 

- 100 ns 
- 2.0 µs 

- 100 ns 
- 2.0 µs 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(VDD=3.3 Vdc±10%, Vss=O Vdc, TA=TL to TH) (see Figure 27) 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Siave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCKI High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to Data Active from High-Impedance State) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% VDD to 70% VDD· CL= 200 pF) 
SPI Outputs (SCK, MOSI, and MISQ_l_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 

13 Fall Time (70% VDD to 20% VDD· CL= 200 pFI 
SPI Outputs (SCK, MOSI, and MISOL_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 

*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 

Symbol 

fop(m) 
fQQ!s) 

lcyc(m) 
!<;'l!'(S) 

t1ead(m) 
llead(s) 

t1ag(m) 
t1'!9_(s) 

lw(SCKH)m 
lw(SCKH)s 

lw(SCKL)m 
lw(SCKL)s 

tsu(m) 
lsu(s) 

lh(m) 
lh(s) 

ta 

!dis 

lv(m) 
lv(s) 

lho(m) 
lho(s) 

trm 
!rs 

tfm 
Ifs 
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Min Max Unit 

de 0.5 fop 
de 1.0 MHz 

2.0 - !eye 
1.0 - µs 

. - ns 
500 - ns 

. - ns 
500 - ns 

720 - µs 
400 - ns 

720 - µs 
400 - ns 

200 - ns 
200 - ns • 200 - ns 
200 - ns 

0 250 ns 

- 500 ns 

0.25 - lcyc(m) 
- 500 ns 

0.25 - lcyc(m) 
0 - ns 

- 200 ns 
- 2.0 µs 

- 200 ns 
- 2.0 µs 
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SCK (CPOL-0) 
(OUTPUT) -----+---""I 

SCK (CPOl.•1) 
(OUTPun 

MISC 
(I NP Un 

MOSI 
(OUTPUT) 

NOTE: This first clock edge is generated internally but is not seen al the SCK pin. 

a) SPI MASTER TIMING (CPHA=O) 

ft Is Hald High on Master 

SCK (CPOL-0) 
(OUTPUT) ----

SCK (CPOL·1) 
(OUTPUT) 

MISC 
(I NP Un 

MOSI 
(OUTPUT) 

NOTE: This last clock tdge is genaralad internally but is not seen al Iha SCK pin. 

bl SPI MASTER TIMING (CPHA= 1) 

Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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SS 
(INPUT) 

SCK (CPOL.Q) 
(INPUT) 

SCK (CPOL· 1) 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

MC68HC05C4 

NOTE Not defined but normally MSB of character just received. 

SS 
(INPUT) 

SCK (CPOL.Q) 
(INPUT) 

SCK (CPOL·1) 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

c) SPI SLAVE TIMING (CPHA=O) 

NOTE· Nol defined but normally LSB of character previously lransmitted. 

d) SPI SLAVE TIMING (CPHA=1) 

Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 

MOTOROLA MICROPROCESSOR DATA 

3-895 

LSB IN 



• 
1VDDR 

I Voo Threshold 11-2 v Typicall 

I I 

1~70///J//IR//////l////ZIORl7lll07l70IZI/// 
I I 
I 'DXDV 1 4064 tcyc I 
I I 1• .. ,. .., 
I I I _I 
I I i'cycl 

r--'RL_, 
*Internal timing signal and bus information not available externally. 

1 ... f 
* *OSC1 line is not meant to represent frequency. It is only used to represent time 

***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 

Figure 28. Power-On Reset and RESET 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola in the following media: 

MOOS""), disk file 
MS''"'-DOS/PC-DOS disk file (360K) 
EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

A flexible disk (MS-DOS/PC-DOS disk file), pro
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM'"' Personal Computer (PC) Disk Operating Sys
tem. Disk media submitted must be a standard density 
(360K) double-sided 51/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par
agraphs. 

For an MC68HC805C4 MCU start the page zero, user 
ROM at EE PROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0100 through $10FF with 
vectors from $1 FF4 to $1 FFF. All unused bytes, including 
the user's space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 

MOOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 

xxx 

$0020 

xxx Customer ID 

Verification Media 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 

ORDERING INFORMATION 

The following table provides ordering information per
taining to the package type, temperature, and MC order 
numbers for the MC68HC05C4 device. 

Package Type Temperature MC Order Number 

Plastic 0°C to + 70"C MC68HC05C4P 
IP Suffix) - 40"C to + 85°C MC68HC05C4CP 

-40" to + 105"C MC68HC05C4VP 
-40"C to + 125"C MC68HC05C4MP 

PLCC O"C to + 70°C MC68HC05C4FN 
(FN Suffix) - 40°C to + 85"C MC68HC05C4CFN 

-40"C to + 105"C MC68HC05C4VFN 
- 40°C to + 125°C MC68HC05C4MFN 

IBM is a registered trademark of International Business Machines Corporation. 
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• 

40-PIN DUAL-IN-LINE PACKAGE 

RESET voo 
IRO OSC1 

NC OSC2 

TCAP 

P07 

PA5 TCMP 

P05/SS 

PA3 P04/SCK 

PA2 P03/MOSI 

PA1 P02/MISO 

PAO P01/TDO 

PBO POO/ROI 

PB1 PCO 

PB2 PC1 

PB3 PC2 

PB4 PC3 

PB5 PC4 

PB6 PC5 

PB7 PC6 

Vss PC7 

44-LEAD PLCC PACKAGE 

ltu ~ N a_ <Of' CJ) OUU<( 
<( <( u u 10 'W 0 CJ) (/) u u 
a..a..zz~a::>OOr--Z 

P07 

PA4 TCMP 

PA3 P05/SS 

PA2 P04/SCK 

PA1 P03/MOSI 

PAO 34 P02/MISO 

PBO P01/TOO 

PB1 PnO/ROI 

PB2 PLO 

PB3 PC1 

PB4 PC2 

u l.O <O' I"'- (/) u r-- <O \.0 "'2" (") 

z~~~~z~~~~~ 

NOTE: Bulk substrate tied to Vss. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
MC68HC05C8 

Technical Summary 
8-Bit Microcontroller Unit 

The MC68HC05C8 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel 110 capability with pins pro
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The fuiluwing biock diagram depicts the hardware features; additional features available on the 
MCU are as follows: 

• On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 
• Memory-Mapped 110 
• 176 Bytes of On-Chip RAM 

• 7740 Bytes of User ROM 
• 24 Bidirectional 1/0 Lines and 7 Input-Only Lines 
• Serial Communications Interface (SCI) System 

• Serial Peripheral Interface (SPI) System 
• Self-Check Mode 

• Power-Saving STOP, WAIT, and Data Retention Modes 
• Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 

• Fully Static Operation 
• 8 x 8 Unsigned Multiply Instruction 

BLOCK DIAGRAM 

TCMP 0SC1 OSC2 

Internal l l l Internal 
Processor j 

"".'°' B'"~'°' TCAP Timer Clock 
System 1 

and Clock 

+2 _L 

Port 
A 

110 
Lines 

Port 
8 

i/Q 

Lines 

PAO 
PA1 
PA2 
PA3 
PA4 
PA5 
PA6 
PA? 

PBO 
PB1 
PB2 
PB3 

PB4 
PB5 
PB6 

-- PB? 

Port 
A 

Reg 

Port 
B 

Reg 

Data 
Dir f---< 
Reg 

Data 
Dir I-< 
Reg 

Accumulator 

CPU 
Index Control 

Register ,---

Co;:d':'on 

Reg,s1e• 
CPU 

Stack t"-
Pointer 

Program ~ 
Counter 

High ALU 
Program ~ 
Counter 

Low 

_l 
_l _l 

7740 x 8 l 176 x 8 

J ROM Static 
RAM 

240 x 8 
Self-Check 

ROM 

RESET 

IRO 

PCO 
PC1 
PC2 

Data Port PC3 
Dir c PC4 
Reg Reg PC5 

PC6 
PC7 

Port D PD7 

RDI IPDOI 
SCI 

TDO IPD11 
MISO IPD21 
MOSI IPD31 

SPI SCK IPD41 

,. SS IPD51 

Baud Rate 
Generator 

lninal 
Processor 

Clock 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

VooAND Vss 
Power is supplied to the microcontroller using these 

two pins. Voo is the positive supply, and Vss is ground. 

IRQ 

This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 

OSC1, OSC2 

These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 
these pins providing a system clock. A mask option se
lects either a crystal/ceramic resonator or a resistor/ca-

Crystal 

2 MHz 4 MHz Units 

RsMAX 400 75 0 

Co 5 7 pF 

C1 0.000 0.012 µF 

cosc1 15-40 15-~ pF 

Cosc2 15-~ 15-25 pF 

Rp 10 10 MO 
~ 40 K 

pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 

RC Oscillator 
With this option, a resistor is connected to the oscillator 

pins as shown in Figure 1 (d). The relationship between 
Rand fosc is shown in Figure 2. 

Crystal 
The circuit shown in Figure 1 (b) is recommended when 

using a crystal. Using an external CMOS oscillator is rec
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini
mize output distortion and start-up stabilization time. Re
fer to ELECTRICAL SPECIFICATIONS for Voo 
specifications. 

Ceramic Resonator 
A ceramic resonator may be used in place of the crystal 

in cost-sensitive applications. The circuit in Figure 1 (b) is 

Ceramic Resonator 

2-4 MHz Units 

Rs (typicall 10 (l 

Co 40 pF 

C1 4 3 pF 

Cosc1 30 pF 

Cosc2 30 pF 

Rp 1-10 Mn 
Q 1250 

(a) Crystal/Ceramic Resonator Parameters 

MCU 

OSC1 OSC2 

39 Rp 38 

Cosc1T Tcosc2 

(b) Crystal/Ceramic Resonator 
Oscillator Connections 

MCU 
OSCI OSC2 

(d) RC Oscillator Connections 

Cy1 Rs OSC1 

39 

Co 

38 0 39 -------i f-----

Figure 1. Oscillator Connections 

(c) Equivalent Crystal Circuit 

MCU 

OSCI OSC2 

39 38 

Unconnected 

~-----< External Clock 

(el External Clock Source Connections 
(For Crystal Mask Option Only) 
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"N 
:i:: 

~ 
~ 

10 

~ 0.5 

! 0.2 
0 

.T2 0. 1 

~ 0.05 

0.02 

0.0 1 

..... 

ho.. 
~ 

1 10 20 50 100 200 500 1000 

Resistance I kO) 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

recommended when using a ceramic resonator. Figure 
1 (a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 

External Clock 
An external clock should be applied to the OSC1 input 

with the OSC2 input not connected, as shown in Figure 
1 (e). This option may only be used with the crystal os
cillator mask option. 

INPUT CAPTURE (TCAP) 
This pin controls the input capture feature for the on

chip programmable timer. 

OUTPUT COMPARE (TCMP) 
This pin provides an output for the output compare 

feature of the on-chip timer. 

RESET 
This pin is used to reset the MCU and provide an or

derly start-up procedure by pulling RESET low. 

INPUT/OUTPUT PORTS (PAO-PA7, PBO-PB7, PCO-PC7) 
These 24 lines are arranged into three 8-bit ports (A, 

B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor
mation. 

FIXED INPUT PORT (PDO-PD5, PD7) 
These seven lines comprise port D, a fixed input port. 

All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PROGRAMMING for additional information. 

PROGRAMMING 

Input/output port programming, fixed input port pro
gramming, and serial port programming are discussed 
in the following paragraphs. 

INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DOR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DOR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DOR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the 1/0 pin functions. 

Table 1. 1/0 Pin Functions 

RIW* DOR 1/0 Pin Functions 

0 0 The 1/0 pin is in input mode. Data is 
written into the output data latch. 

0 1 Data is written into the output data latch 
and output to the 1/0 pin. 

1 0 The state of the 1/0 pin is read. 

1 1 The 1/0 pin is in an output mode. The 
output data latch is read. 

*RiW is an internal signal. 

FIXED INPUT PORT PROGRAMMING 

Port Dis a fixed input port (PDO-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled. For example, 
with the SCI enabled, PDO and PD1 inputs will read zero. 
With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 
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Data Direction 
·Register 

Bit 

··Latched 
Internal 

MCU 
Connections 

Output Data !---+---..--~ 1/0 
Pin Bit 

Figure 3. Typical Port 1/0 Circuit 

NOTE 

Any unused inputs and 1/0 ports should be tied to 
an appropriate logic level (e.g., either Voo or Vss). 

SERIAL PORT (SCI AND SPI) PROGRAMMING 

The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PDO-PD1) for its receive data 
input (ROI) and transmit data output (TOO), respectively. 
The SPI. function requires four of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data ou~t/ 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 

MEMORY 

The MCU is capable of addressing 8192 bytes of mem
ory and 1/0 registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and 1/0. The user-defined reset and interrupt 
vectors are located from $1 FF4 to $1 FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor
mation. 

NOTE 

Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 

REGISTERS 
The MCU. contains the registers described in the fol

lowing paragraphs. 

ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

x 

PROGRAM COUNTER (PC) 

The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 

12 

PC 

STACK POINTER (SP) 

The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro
duce an address within the range of $00FF to $00CO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
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$0000 

$001F 
$0020 

$004F 
$0050 

$00BF 
$00CO 

$00FF 
$0100 

$1EFF 
$1FOO 

$1FOF 
$1FEO 

$1FEF 
$1FFO 

$1FF3 
$1FF4 

$1FFF 

110 
32 Bytes 

User 
ROM 

4B Bytes 

RAM 
176 Bytes 

t-------l Stack 
64 Bytes 

User 
ROM 

7680 Bytes 

Self Check 

t-------1 

Self-Check 
Vectors 

Unused 
4 Bytes 

User 
Vectors 
12 Bytes 

0000 

0031 
0032 

\ 
\ 

0079 
0080 

I 

0191 
0192 

0255 
0256 

7935 
7936 

B175 
8176 

8179 
8180 

8191 

\ 

\ 
\ 

\ 
\ 
\ 
\ 

\ 

\ 

256 Bytes 

Ports 
7 Bytes 

Unused 
3 Bytes 

Serial Peripheral 
Interface 
3 Bytes 

Serial 
Communications 

Interface 
5 Bytes 

Timer 
10 Bytes 

Unused 
4 Bytes 

0000 

0031 
I 
I 
I 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
I 
\ 
\ 
\ 

Port A Data Registar 

Port B Data Register 

Port C Data Register 

Port D Fixed Input Register 

Port A Data Direction Registar 

Port B Data Direction Register 

Port C Data Direction Register 

Unused 

Unused 

Unused 

Serial Peripheral Control Register 

. Serial Peripheral Status Register 

Serial Peripheral Data 1/0 Registar 

Serial Communications Baud Rate Register 

Serial Communications Control Register 1 

Serial Communications Control Register 2 

Serial Communicatklns Status Register 

Serial Communtcation~ Data Register 

Timer Control Register 

Timer Status Register 

Input Capture High Register 

Input Gapture Low Register 

Output ~omi>!'re High Ragister 

Output Compare Low Ragister 

Counter High Register 

Counter Low Register 

Alternate Counter High Ragister 

Alternate Counter Low Register 

Unused 

Unused 

Unused 

Unused 

$C) 

$0 

$0.; 

$03 

$04 

$06 

$06 

$07 

$06 

$09 

$0A 

$OB 

$0C 

$00 

ior 

'°' 
$10 

$11 

112 

113 

114 

$16 

$11 

$V 

$13 

$11 

$1' 

$11 

$1( 

$10 

$1E 

$1F 

Figure 4. Memory Map 

wraps around and loses the previously stored informa
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 

12 7 

SP 

CONDITION CODE REGISTER (CCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 

CCR 

Half Carry (H) 

This bit is set during ADD and ADC operations ti in
dicate that a carry occurred between bits 3 and 4. 

Interrupt (I) 

When this bit is set, the timer and external interrup: is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed ss soon as toe 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicates that the re1ult of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 

Zero (Z) 

When set, this bit indicates that the rsult of the last 
arithmetic, logical, or data manipulation vas zero. 
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Carry/Barow IC) 
Whenset, th1s bit indicates that a carry or borrow out 

of the a·ithmetic logical unit (ALU) occurred during the 
last aritlmeticoperation. This bit is also affected during 
bit test and tranch instructions and during shifts and 
rotates 

SELF-CHECK 

The self-cteck capability provides the ability to deter
mine if the <Bvice is functional. Self-check is performed 
using the ciriuit shown in Figure 5, Port C pins PCO-PC3 
are monitor4d for the self-check results. After reset, the 
following st(en tests are performed automatically: 

1/0 - E:ercise of ports A, B, and C 
RAM -Counter test for each RAM byte 
ROM -Exclusive OR with odd ones parity result 
Timer - Tracks counter register and checks OCF flag 
lnterru1ts - Tests external, timer, SCI and SPI in-

terrupts 

+9V 

Rem 
iRo 

10k 

+5V NC voo 

10k 
OS Cl 

'17 
TCAP 

MCU 
4 

PA7 OSC2 

PA6 
6 PD7 

PA5 
TCMP 

PA4 
PD5/SS 8 

PA3 
9 PD4/SCK 

PA2 
PD3/MOSI 

PAl 
11 PD2/MISO 

PAO 
PDl/TDO 

PDO/RDI 
12 

PBO PCO 
13 PBl PCl 

10 k 14 
PB2 PC2 

15 PC3 PB3 -= 16 
PB4 PC4 

17 P85 PC5 

PBS PCS 
19 

PB7 PC7 
V55 

20 -= 
NO"E: The RC Oscillator Option may also be used in this circuit. 

SCI - Transmission test; checks RDRF, TORE, TC, 
and FE flags 

SPI - Transmission test; checks SPIF, WCOL, and 
MODF flags 

Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 

TIMER TEST SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1 FOE. The output 
compare register is first set to the current timer state. 
Because the timer is free running and has only a divide
by-four prescaler, each timer cou.nt cannot be tested. The 
test reads the timer once every ·10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user's pro
gram, X=40. If the test passed, A=O. 

1 

40 +5V 
39 qF 

lOM D 4MHz 

+5V 

38 ~F 
36 

ISeeNotel 

35 -= 
34 

33 lM 

10 k 32 -= 
31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

Figure 5. Self-Check Circuit Schematic Diagram 
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Table 2. Self-Check Results 

PC3 PC2 I PC1 PCO Remarks 

1 0 0 1 Bad 1/0 

1 0 1 0 Bad RAM 

1 0 1 1 Bad Timer 

1 1 0 0 Bad SCI 

1 1 0 1 Bad ROM 

1 1 1 0 Bad SPI 

1 1 1 1 Bad Interrupts or IRQ Request 

Flashing Good Device 

All Others Bad Device, Bad Port C, etc. 

0 indicates LED is on; 1 indicates LED is off. 

ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1 F93 with RAM 
location $0053 equal to $01 and A=O. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
X = 0. If the test passed, A= 0. 

RESETS 

The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET in£!:!! 
consists mainly of a Schmitt trigger that senses the RE
SET line logic level. 

POWER-ON RESET (POR) 

An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock eye~) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 40~, the MCU will remain in the 
reset condition until RESET goes high. 

7 

EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (tcycl· 

INTERRUPTS 

The MCU can be interrupted five different ways: the 
four maskable hardware interrupts (IRQ, SPI, SCI, and 
timer) and the nonmaskable software interrupt instruc
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con
sidered pending until the current instruction is complete. 

NOTE 

The current instruction is the one already fetched 
and being operated on. 

When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) arid if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 

TIMER INTERRUPT 

There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

0 

Increasing Memory l ~ 
1IiI1 I Condition Code Register 

Stack 
I 

11 
Addresses U 

A 
N 

Unstack 

010101 

Accumulator 

Index Register 

PCH 

PCL p 
T 

Decreasing Memory 
Addresses 

NOTE: Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. Pulling from the stack is 
in the reverse order. 

Figure 6. Interrupt Stacking Order 
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Stack 
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Load PC from: 
SWl:$1FFC.$1FFD 
IRQ: $1 FFA-$1 FFB 

Timer: $1 FFB-$1 FF9 
SCI: $1FF6-$1FF7 
SPI: $1FF4-$1FF5 

Complete 
Interrupt 
Routine 

and Execute 
RTI 

Figure 7. Reset and Interrupt Processing Flowchart 
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EXTERNAL INTERRUPT 
If the interrupt mask bit (I bit) of the CCR is set, all 

interrupts are disabled. Clearing the I bit enables the ex
ternal interrupt. The external interrupt is internally ~
chronized and then latched on the falling edge of IRO. 
The action of the external interrupt is identical to thetimer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1 FFA and $1 FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 
serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 

Level-Sensitive Trigger 

Mask Option 

Voo ..---~ 

Interrupt Pin ----4-----<t>c 

R 

time (t1uL) is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines "wire-ORed" to form 
the interrupts at the processor. If the interrupt line re
mains low after servicing an interrupt, then the next in
terrupt is recognized. 

NOTE 
The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 

SOFTWARE INTERRUPT (SWI) 
The SWI is an executable instruction that is executed 

regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 

I Bit!CCI 

Power-On Reset 

External Reset 

External Interrupt 

External 
lntemJpt 
Request 

Being Serviced (Vector Fetch) 

(a) Interrupt Internal Function Diagram 

1Jm~llLIH LJ 
I• t1uc-----•..il 

Eclge-Senoitlve T.._- Condlllan 
The minimum pulse width <tiL1HI is either 
125ns!Voos5VI or250ns <Voo=3VI. 
The period llLIL should not be less than 
the number of 1cyc cycles It tekes to ex
ecute the intemJpt service routine plus 21 
lcyc cycles. 

Level-Senoitlve T.._- Condition 
If after servicing an intern.opt the ilRl ,,,_ 
mains low, then the next intern.opt is 
recognized. 

Normally 
Used with 
WinJ-ORed 
Connection 

(b) Interrupt Mode Diagram 

Figure 8. External Interrupt 
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operation is similar to the hardware interrupts. The in
terrupt service routine address is specified by the con
tents of memory locations $1 FFC and $1 FFD. 

SCI INTERRUPTS 

An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the I bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 

SPI INTERRUPTS 

An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the I bit in the CCR is clear and the enable bit 
in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 

LOW-POWER MODES 

STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os
cillator is turned off, halting all internal processing in
cluding timer, SCI, and SPI operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal
tered. All input/output lines remain unchanged. The pro
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 

SCI during STOP Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in
struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 

SPI during Stop Mode 

When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper
ations. If the STOP instruction is executed during an SPI 
transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRQ pin. If reset is used to 
exit the STOP mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU is in the 

.slave mode when the STOP instruction is executed, the 
slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own 
data back to a master device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be
cause the protective circuitry (WCOL, MODF, etc.) is in
active. 

WAIT 
The WAIT instruction places the MCU in a low-power 

consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active (refer to Figure 
10). An interrupt from the timer, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 

During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 

Yes 

Stop 

Stop Oscillator 
And All Clocks 

Clear I Bit 

Turn On Oscillator 
Wait for Time 

Delay to Stabilize 

111 Fetch Reset Vector or 
121 Service Interrupt 

a. Stack 
b. Set I Bit 
c. Vector to Interrupt 

Routine 

Figure 9. STOP Function Flowchart 
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may be enabled to allow a periodic exit from the WAIT 
mode. 

DATA RETENTION MODE 
The contents of RAM and CPU registers are retained 

at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 

TIMER 

The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener
ating an output waveform. Pulse widths can vary from 

Wmt 

O~clllalor Ac11vi1 
Timor, SCI, Anc1 SPI 

Clocks Act11J1• 
Processor Cloc;ks S10,1p11d 

Restart 
Processor Clock 

( 1) Felch Aese1 Vector or 
(2) Service lntorrup1 

11 Steck 
ti Sul f Bit 
c Vector to Interrupt 

Routine 

several microseconds to many seconds. Referto Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture.each spe
cific functional segment (capability) is represerted by two 
registers. These registers contain the high attl low byte 
of that functional segment. Generally, accessng the low 
byte of a specific timer function allows full coitrol of that 
function; however, an access of the high b(te inhibits 
that specific timer function until the low bytt is also ac
cessed. 

NOTE 

The I bit in the CCR should be set while manipu
lating both the high and low byte registerof a spe
cific timer function to ensure that an interrupt does 
not occur. 

Figure 10. WAIT Function Flowchart 
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Re ister 
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$19 

$1A 

$18 
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Edge 
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Level 
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c 

OCIE TOIE IEDG OLVL 

Timer RESET 

Control 
Reg. 

Interrupt 
Circuit 

$12 

Uutput Edge 
! PVt~I Input 

11 C:Ml'I ITCAP) 

Figure 11. Timer Block Diagram 

COUNTER 

The key lement in the programmable timer is a 16-
bit, free-ru11Jing counter or counter register, preceded by 
a prescaler hat divides the internal processor clock by 
four. The pescaler gives the timer a resolution of 2.0 
microsecon<s if the internal bus clock is 2.0 MHz. The 
counter is inremented during the low portion of the in
ternal bus chck. Software can read the counter at any 
time without1ffecting its value. 

The double->yte, free-running counter can be read from 
either of two locations, $18-$19 (counter register) or 
$1A-$1 B (col.llter alternate register). A read from only 
the least signifcant byte (LSB) ofthe free-running counter 
($19, $1 B) receves the count value atthe time of the read. 
If a read of thefree-running counter or counter alternate 
register first aidresses the most significant byte (MSB) 
($18, $1A), theLSB ($19, $18) is transferred to a buffer. 

This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $18) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power
on reset, the counter is also preset to $FFFC and begins 
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running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide
by-four prescaler, the value in the free-running counter 
repeats every 262, 144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 

OUTPUT COMPARE REGISTER 

The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini
mum time required to update the output compare reg
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg
ister regardless of whether the output compare flag (OCF) 
is set or clear. 

INPUT CAPTURE REGISTER 

Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex
ternal transition. This delay is required for internal syn
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 

free-running counter value that corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 

TIMER CONTROL REGISTER (TCR) $12 

The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 

ICIE OCIE TOIE 

RESET: 
0 

ICIE - Input Capture Interrupt Enable 
1 =Interrupt enabled 
0 =Interrupt disabled 

OCIE - Output Compare Interrupt Enable 
1 =Interrupt enabled 
O=lnterrupt disabled 

TOIE - Timer Overflow Interrupt Enable 
1 =Interrupt enabled 
0= Interrupt disabled 

IEDG - Input Edge 

IEDG OLVL 

u 

Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 

1 =Positive edge 
0 =Negative edge 

Reset does not affect te IEDG bit (U =unaffected). 
OLVL - Output Level 

Value of output level is clocked into output level reg
ister by the next successful output compare and will 
appear on the TCMP pin 

1 =High output 
0= Low output 

Bits 2, 3, and 4 - Not used 
Always read zero 

TIMER STATUS REGISTER (TSR) $13 

The TSR is a read-only register containing three status 
flag bits. 

7 6 

I ICF I OCF TOF 

RESET: 
u u u 

ICF - Input Capture Flag 
1 =Flag set when selected polarity edge is sensed by 

input capture edge detector 
0= Flag cleared when TSR and input capture low reg

ister ($15) are accessed 

MOTOROLA MICROPROCESSOR DATA 

3-911 

• 



• 

MC68HC05C8 

OCF - Output Compare Flag 
1 =Flag set when output compare register contents 

match the free-running counter contents 
0= Flag cleared when TSR and output compare low 

register ($17) are accessed 
TOF - Timer Overflow Flag 

1 =Flag set when free-running counter transition from 
$FFFF to $0000 occurs 

0 =Flag cleared when TSR and counter low register 
($19) are accessed 

Bits 0-4 - Not used 
Always read zero 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the ti.mer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 
TOF is set, and 

2) The LSB of the free-running counter is read but not 
for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov
erflow flag in the timer status register. 

TIMER DURING WAIT MODE 

The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 

TIMER DURING STOP MODE 

In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 

0 2 3 

Idle line s 

SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de
scription. 

SCI TWO-WIRE SYSTEM FEATURES 

• Standard NRZ !mark/space) format 
• Advanced error detection method includes noise de

tection for noise duration of up to one-sixteenth bit 
time 

• Full-duplex operation !simultaneous transmit and re
ceive) 

• Software programmable for one of 32 different baud 
rates 

• Software-selectable word length !eight- or nine-bit 
words) 

• Separate transmitter and receiver enable bits 
• SCI may be interrupt driven 
• Four separate interrupt conditions 

SCI RECEIVER FEATURES 

• Receiver wake-up function !idle or address bit) 
• Idle line detect 
• Framing error detect 
• Noise detect 
• Overrun detect 
• Receiver data register full flag 

SCI TRANSMITTER FEATURES 

• Transmit data register empty flag 
• Transmit complete flag 
• Break send 

Any SCI two-wire system requires receive data in IRDI) 
and transmit data out (TDO). 

DATA FORMAT 

Receive data in (RDI) or transmit data out ITDO) is the 
serial data presented between the internal data bus and 
the output pin ITDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 12. 

4 5 6 

Control bit "M" 
Selects 8 or 9 bit data 

7 8 0 

c 
s s 

a • Stop bit is always high. 0 

p 

Figure 12. Data Format 
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WAKE-UP FEATURE 
In a typical multiprocessor configuration, the software 

protocol will usually identify the addressee(s) at the be
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software forthe transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from uccui-rir.g vvithio messages. 

A second wake-up method is available in which sleep
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 

RECEIVE DATA IN 
Receive data in (ROI) is the serial data which is pre

sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 

START BIT DETECTION FOLLOWING A FRAMING ERROR 

If there has been a framing error (FE) without detection 
of a break ( 10 zeros for 8-bit format or 11 zeros for a 9-
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF = 1, FE= 1, 
receiver data register=$00) produced the framing error, 
the start bit will not be artificially induced, and the re
ceiver must actually receive a logic one before start. 

TRANSMIT DATA OUT 

Transmit data out (TOO) is the serial data presented 
from the transmit data register (TOR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock. 

FUNCTIONAL DESCRIPTION 
A block diagram of the SCI is shown in Figure 13. The 

user has option bits in the serial communications control 
register 1 (SCCR1 I to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates, which are used as the rate 
control for the transmitter and receiver. 

Data transrnisslon is i(1ftiated by a write 1u the seriC:ti 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TORE) bit and generates an interrupt if the trans
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com
pleted before the transmitter gives up control of the TOO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a hew message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 

REGISTERS 
There are five registers used in the SCI; the internal 

configuration of these registers is discussed in the fol
lowing paragraphs. 

Serial Communications Data Register (SCDAT) $11 

The SCDAT is a read/write register used to receive and 
transmit SCI data. 

7 6 5 

I SCD7 I SCD6 SCD5 SCD4 SCD3 SCD2 SCD1 SCDO 

RESET: 
u u u u u u u u 
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As shown in Figure 13, SCDAT functions as two sep
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 

transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 

$00 

$OE 

Flag 
Control 

Rate Generator 

Internal Bus 

SCR2 SCR1 SCRO Rate 

$OF 
SCCR2 

TIE 

TCIE 

RIE 

ILIE 

TE 

RE 

SBK 

RWU 

Internal 
Processor 

Clock 

._ _ _.. __ ..._ _ _.. __ _._ __ ..._ _ __. __ ...._ _ __. Register 

RB TB M WAKE SCCR1 

I See Receive Data SCDAT 
Note) Register $11 

Receive Data 
Shift Register 

PDO/RDI 

NOTE: The Serial Communications Data Register ISCDATI is controlled by the internal R/W signal. It 1s the transmit data register when 
written and receive data register when read. 

Figure 13. SCI Block Diagram 
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Serial Communications Control Register 1 (SCCR1) $OE 

The SCCR1 provides control bits that determine word 
length and select the wake-up method. 

RB 

RESET: 
u 

TB M I WAKE I 

u u 
R8 - Receive Data Bit 8 

R8 bit provides storage location for the ninth bit in the 
receive data byte (if M -1). 

T8 - Transmit Data Bit 8 
T8 bit provides storage location for the ninth bit in the 
transmit data byte (if M = 1 ). 

M - SCI Character Word Length 
1 =one start bit, nine data bits, one stop bit 
0 =one start bit, eight data bits, one stop bit 

WAKE - Wake-Up Select 
Wake bit selects the receiver wake-up method. 

1 =Address bit (most significant bit) 
0 =Idle line condition 

Bits 0-2, and 5 - Not used 
Can read either one or zero 

The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 

Wake M Receiver Wake-Up 

0 x Detection of an idle line allows the next data 
byte received to cause the receive data reg-
ister to fill and produce an RDRF flag. 

1 0 Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 

1 1 Detection of a received one in the ninth data 
bit allows an RDRF flag and associated error 
flags. 

Serial Communications Control Register 2 (SCCR2) $OF 

The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 

TIE TCIE RIE ILIE TE 

RESET: 

TIE - Transmit Interrupt Enable 
1 =SCI interrupt enabled 
0 = TDRE interrupt disabled 

RE RWU SBK 

TCIE - Transmit Complete Interrupt Enable 
1 =SCI interrupt enabled 
O=TC interrupt disabled 

RIE - Receive Interrupt Enable 
1 =SCI interrupt enabled 
0 = RDRF and OR interrupts disabled 

ILIE - Idle Line lnterrut Enable 
1 =SCI interrupt enabled 
0= Idle interrupt disabled 

TE - Transmit Enable 
1 =Transmit shift register output is applied to the TDO 

line. Depending upon the SCCR1 M bit, a pream
ble of 10 (M = 0) or 11 (M = 1) consecutive ones is 
transmitted. 

0 =Transmitter disabled after last byte is loaded in 
the SCDAT and TDRE is set. After last byte is 
transmitted, TDO line becomes a high-impedance 
line. 

RE - Receive Enable 
1 =Receiver shift register input is applied to the RDI 

line. 
0 =Receiver disabled and RDRF, IDLE, OR, NF, and 

FE status bits are inhibited. 
RWU - Receiver Wake-Up 

1 =Places receiver in sleep mode and enables wake
up function 

0 =Wake-up function disabled after receiving data 
word with MSB set (if WAKE= 1) 
Wake-up function also disabled after receiving 10 
(M=O) or 11(M=1) consecutive ones (if WAKE =0) 

SBK - Send Break 
1 =Transmitter continually sends blocks of zeros (sets 

of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec
ognition of valid start bit. 

O=Transmitter sends 10 (M=O) or 11 (M=1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char
acter times of break because the first break trans
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 

Serial Communications Status Register (SCSR) $10 

The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con
tained in the SCSR. 

TORE 

RESET: 
1 

TC RDRF IDLE DR NF FE 

TDRE - Transmit Data Register (TDR) Empty 
1 = TDR contents transferred to the transmit data shift 

register 
0 = TDR still contains data. TDRE is cleared by reading 

the SCSR (with TDRE = 1), followed by a write to 
the TDR. 

TC - Transmit Complete 
1 =Indicates end of data frame, preamble, or break 

condition has occurred 
O =TC bit cleared by reading the SCSR (with TC= 1), 

followed by a write to the TDR 
RDRF - Receive Data Register (RDR) Full 

1 =Receive data shift register contents transferred to 
the RDR 
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0 =Receive data shift register transfer did not occur. 
RDRF is cleared by reading the SCSR (with 
RDRF = 1) followed by a read of the RDR 

IDLE - Idle Line Detect 
1 =Indicates receiver has detected an idle line 
O=IDLE is cleared by reading the SCSR (with IDLE= 1), 

followed by a read of the RDR. Once IDLE is 
cleared, IDLE cannot be set until ROI line becomes 
active and idle again. 

OR - Overrun Error 
1 =Indicates receive data shift register data is sent to 

a full RDR (RDRF = 1 ). Data causing the overrun 
is lost, and RDR data is not disturbed. 

O=ORis cleared by reading the SCSR (with OR=l), 
followed by a read of the RDR. 

NF - Noise Flag 
1 =Indicates noise is present on the receive bits, in

cluding the start and stop bits. NF is not set until 
RDRF=l. 

O=NF is cleared by reading the SCSR (with NF=1), 
followed by a read of the RDR. 

FE - Framing Error 
1 =Indicates stop bit not detected in received data 

character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib
ited until FE is cleared. 

O=NF is cleared by reading the SCSR (with FE=1), 
followed by a read of the RDR. 

Bit 0 - Not used 
Can read either one or zero 

Baud Rate Register $00 
The baud rate register is used to select the SCI trans

mitter and receiver baud rate. SCPO and SCP1 prescaler 
bits are used in conjunction with the SCRO through SCR2 
baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6, and 7 always read 
zero. 

I - I SCP1 SCPO SCR2 SCR1 SCRO 

RESET: 
u u u 

SCPO - SCI Prescaler Bit 0 
SCP1 - SCI Prescaler Bit 1 

Two prescaler bits are used to increase the range of 
standard baud rates controlled by the SCRO-SCR2 
bits. Prescaler internal processor clock division ver
sus bit levels are listed in Table 3. 

SCRO - SCI B.aud Rate Bit 0 
SCR1 - SCI Baud Rate Bit 1 
SCR2 - SCI. Baud Rate Bit 2 

Three baud rate bits are used to select the baud rates 
of the SCI transmitter and SCI receiver. Baud rates 
versus bit levels are listed in Table 4. 

Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCPO-SCP1 and SCRO
SCR2 bits in the baud rate register. All divided frequen
cies shown in Table 3 represent the final baud rate re
sulting from the internal processor clock division shown 
in the divided-by column only (prescaler division only) . 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCRO-SCR2). For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 
external crystal. In this case, the prescaler bits (SCPO
SCP1) could be configured as a divide-by-one or a divide
by-four .. If a divide-by-four prescaler is used, then the 
SCRO-SCR2 bits must be configured as a divide-by-two. 
Using the same crystal, the 9600 baud rate cari be ob
tained with a prescaler divide-by-one and the SCRO-SCR2 
bits configured for a divide-by-eight. 

SERIAL PERIPHERAL INTERFACE 

The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev
eral slaves (Figure 14) or MC Us that can be either masters 
or slaves. 

Features: 

• Full-duplex, three-wire synchronous transfers 
• Master or slave operation 

Table 3. Prescaler Highest Baud Rate Frequency Output 

SCP Bit Clock* Crystal Frequency MHz 
1 0 Divided By 4.194304 4.0 2.4576 2.0 1.8432 

0 0 1 131.072 kHz 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz 
0 1 3 43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz 
1 0 4 32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz 
1 1 13 10.082 kHz 9600 Hz 5.907 kHz 4800 Hz 4430 Hz 

*Refers to the internal processor clock. 

NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate ITx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 
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Table 4. Transmit Baud Rate Output for a Given Prescaler Output 

SCR Bits Divided Representative Highest Prescaler Baud Rate Output 

2 1 0 By 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 

0 0 0 1 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 
0 0 1 2 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz 
0 1 0 4 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz 
0 1 1 8 16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz 
1 0 0 16 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz 
1 0 1 32 4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz 
1 1 0 64 2.048 kHz 512 Hz 1200 Hz 300 Hz 150 Hz 
1 1 1 128 1.024 kHz 256 Hz 600 Hz 150 Hz 75 Hz 

NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 

MISO M6805 HCMOS Slave 0 
MOSI 

SCK MISO SCK ss 1--VDD MOSI Ss ....______, 
M6805 HCMOS 

Master 

r--
p (),, 

0 1 
R 2 
T 3 t--

l J_e 
]_.. 

]] J 
~ MOSI SS 1 MOSI SS MOSI SS 
MISO SCK MISO SCK MISO SCK 

M6805 HCMOS Slave 3 M6805 HCMDS Slave 2 M6805 HCMOS Slave 1 

Figure 14. Master-Slave System Configuration 

• 1.05 MHz (maximum) master bit frequency 
• 2.1 MHz (maximum) slave bit frequency 
• Four programmable master bit rates 
• Programmable clock polarity and phase 
• End-of-transmission interrupt flag 
• Write collision flag protection 
• Master-master mode fault protection capability 

SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func
tion is described for both master and slave mode. 

Master Out, Slave In 

The master out, slave in (MOSI) line is configured as 
an output in a master device and as an input in a slave 
device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 

Master In, Slave Out 

The master in, slave out (MISO) line is configured as 
an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 
data in one direction with the most significant bit sent 
first. The MISO line of a slave device is placed in a high
impedance state if slave is not selected (SS= 1 ). 

Serial Clock 

The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 15, four possible timing relation
ships may be cho'sen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 
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SCK (CPOL~O) 

SCK (CPOL~ 1) 

Sample Input 
Data out (CPHA ~ 1) 

Sample Input 
Data out (CHPA ~ 0) 

Figure 15. Data Clock Timing Diagram 

Two bits (SPRO and SPRl) in the SPCR of the master 
device select the clock rate. In a slave device, SPRO and 
SPRl have no effect on SPI operation . 

Slave Select 

The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). 

When CPHA=O, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA = 1, 
SS must go high between successive characters in an 
SPI message. When CPHA= 1, SS may be left low for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as long as CPHA= 1 clock modes are used. 

Internal 
Processor 

Clock 

Rate 
Generator 

SS (PD5) --+---11----

Master 
Start 
Logic 

Slave 
Start 
Logic 

Control 
SPCR Bits 
$0A 

SCK (PD41 

FUNCTIONAL DESCRIPTION 

A block diagram of the SPI is shown in Figure 16. In a 
master configuration, the CPU sends a signal to the mas
ter start logic, which originates an SPI clock (SCK) based 
on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 
via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans
ferred to the read buffer and made available to the in
ternal data bus during a CPU read cycle. 

In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 
from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 

MISO (PD2) 

Read 

$0C 

Write 

SPSR 
$08 

MOSI IPD31 

Read Buffer 

8·Bit Shift 
Register 

State 
Controller 

Flags 

Internal 
Data 
Bus 

Figure 16. SPI Block Diagram 
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bus, awaiting the clocks from the master to shift out se
rially to the MISO pin and then to the master device. 

Figure 17 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 

REGISTERS 

There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCR). serial peripheral 
status register (SPSR), and serial peripheral data 1/0 reg
ister (SPDR). are described in the following paragraphs. 

Serial Peripheral Control Register $0A 

The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave mode select, and clock polarity/phase/rate select. 

7 4 2 

I SPIE I SPE I - I MSTR I CPOL I CPHA I 
RESET: 

0 u u 
SPIE - Serial Peripheral Interrupt Enable 

1 = SPI interrupt enabled 
0 = SPI interrupt disabled 

SPE - Serial Peripheral System Enable 
1 = SPI system on 
O = SPI system off 

MSTR - Master Mode Select 
1 = Master mode 
0 = s(ave mode 

CPOL - Clock Polarity 

SPRl SPRO 

u 

Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 

1 = SCK line idles high 
O = SCK line idles in low state 

CPHA - Clock Phase 
Clock phase bit along with CPOL controls the clock
data relationship between the master and slave de
vices. CPOL selects one of two clocking protocols. 

1 =SS is an output enable control. 
0 =Shift clock is the OR of SCK with SS. 

When SS is low, first edge of SCK invokes first 
data sample. 

SPI 

I 

1 MOSI 

I 
I 
I 
I SCK 

SPRO, SPR1 - SPI Clock Rate Bits 
Two clock rate bits are used to select one of four clock 
rates to be used as SCK in the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 

Bit 5 - Not used 
Can read either one or zero 

SPI Clock Rate Selection 

SPR1 SPRO Internal Processor 
Clock Divided By 

0 0 2 
0 1 4 
1 0 16 
1 1 32 

Serial Peripheral Status Register $OB 

The SPSR contains three status bits . 

SPIF I WCOL I I MODF I 
RESET: 

0 

SPIF - Serial Peripheral Data Transfer Flag 
1 =Indicates data transfer completed between pro

cessor and external device. 
(If SPIF = 1 and SPIE = 1, SPI interrupt is ena
bled.) 

0 =Clearing is accomplished by reading SPSR (with 
SPIF = 1) followed by SPDR access. 

WCOL - Write Collision 
1 =Indicates an attempt is made to write to SPDR 

while data transfer is in process. 
O=Clearing is accomplished by reading SPSR (with 

WCOL= 1). followed by SPDR access. 
MODF - Mode Fault Flag 

1 =Indicates multi-master system control conflict. 
O=Clearing is accomplished by reading SPSR (with 

MODF = 1 ), followed by a write to the SPCR. 
Bits 0-3, and 5 - Not used 

Can read either zero or one 

8-Bit Shift Register 

SCKI 
Clock Generator 1--l~--------.---------.--------' 

I 

I SS SS I 

---- +5v av--, 

Figure 17. SPI Master-Slave Interconnections 
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Serial Peripheral Data 1/0 Register $DC 

The SPDR is a read/write register used to receive and 
transmit SPI data. 

SPD7 SPD6 SPD5 SP04 SP03 SP02 SPOl SPOO 

RESET: 
u u u u u u u u 

A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 

INSTRUCTION SET 

The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 

Operation X:A X*A 

Description Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 

Condition H: Cleared 
Codes I: Not affected 

N: Not affected 
Z: Not affected 
C: Cleared 

Source MUL 

Form(s) Addressing l 
Mode Cycles l Bytes l Opcode 

Inherent 11 1 $42 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 

Function Mnemonic 

Load A from Memory LDA 

Load X from Memory LOX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Bit Test Memory with A (Logical Compare) BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 

Function Mnemonic 

Increment INC 

Decrement DEC 

Clear CLR 

Complement COM 

Negate (Twos Complement) NEG 

Rotate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Logical Shift Left LSL 

Logical Shift Right LSR 

Arithmetic Shift Right ASR 

Test for Negative or Zero TST 

Multiply MUL 

BRANCH INSTRUCTIONS 

This set of instructions branches if a particular condi
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol
lowing list for branch instructions. 

Function Mnemonic 

Branch Always BRA 

Branch Never BRN 

- Continued -
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Function Mnemonic 

Branch if Higher BHI 

Branch if Lower or Same BLS 

Branch if Carry Clear BCC 

Branch if Higher or Same BHS 

Branch if Carry Set BCS 

Branch if Lower BLO 

Branch if Not Equal BNE 

Branch if Equal BEO 

Branch if Half Carry Clear BHCC 

Branch if Half Carry Set BHCS 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if Interrupt Mask Bit is Set BMS 

Branch if Interrupt Line is Low BIL 

Branch if Interrupt Line is High BIH 

Branch to Subroutine BSR 

BIT MANIPULATION INSTRUCTIONS 

The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O ... 7) 

Branch if Bit n is Clear BRCLR n (n=O ... 7) 

Set Bit n BSET n (n=O ... 7) 

Clear Bit n BCLR n (n=O ... 7) 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions 
and are used to control processor operation during pro
gram execution. Refer to the following list for control 
instructions. 

Function Mnemonic 

Transfer A to X TAX 

Transfer X to A TXA 

Set Carry Bit SEC 

Clear Carry Bit CLC 

Set Interrupt Mask Bit SEI 

- Continued -

Function Mnemonic 

Clear Interrupt Mask Bit cu 
Software Interrupt SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset Stack Pointer RSP 

No-Operation NOP 

Stop STOP 

Wait WAIT 

OPCODE MAP SUMMARY 

Table 5 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con
version tables, and scaling tables anywhere in the mem
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab
solute addressing is also included. One- or two-byte di
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc
tions to reach all memory. 

The term "effective address" (EA) is used in describing 
the various addressing modes. Effective address is de
fined as the address from which the argument for an 
instruction is fetched or stored. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 

DIRECT 

In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 

EXTENDED 

In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
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~ 11Rs~. u BSE.1k_ Li_ BCC!lli. 

"5 3 
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_J,1 11Rc~ Lz_Bc~ Lz_ BEO!!f.L 

~ 5 3 

k. 11Rs~. U BSE1t:_ 12 BHCfu_ 

5 5 3 
9 u'.'Rc~ Lz_BC~ Lz_BHC~ 1001 

L1RS~ 
5 3 

~ 1..z_Bs~ Lz_ BPL!lli. 

t1Rc~ 
5 3 

B li_BC~ Lz_ BM~ 1011 

L{'Rs~ Lz_BS~ lz_ BM~ k 1 

~ u_BC~ 
3 

D BRC~ u_ BMk._ 111 
5 5 3 

~ i1RS~ Li_BSE_1k_ Li_ BIL!lli. 

BRCLRf BCLR75 3 
F BIH 

1111 3 BTB ' BSC ' REL 

Abbrwieliona for Addrea Model 

INH 
A 
x 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 
Relative 
Bit Set/ Clear 
Sit Test and Branch 
Indexed INo Offset) 
Indexed, 1 Byie 18-Bitl Offset 
Indexed, 2 Bvie 116-Bitl Offse1 

_pa 
.l.1 --, 

u_ NEk 

5 
COM!!fL 

5 

LS~R 

5 

. 2 _ RO'k 
5 

AS~QJR 
5 

LSL 
I 
5 

_l._ RO.'.:ii,R 
5 

_z_ DE'b,R 

5 
INC 

2 DIR 

TS~ 4 
..].__ IR 

5 
CLR 

' DIR 

• 
Table 5. Opcode Map 

RMd/Modify/Write Control ~-/Memory 
_J!fli JM_H ~ IX INH JllH DIR ~ IX1 ~ 

~ ~ ~ 01~1 8 . 9 A B 
1f.. 

E HI__....-.:;;,, 
100l 1001 1010 1011 1101 1110 1111 

3 3 6 ' 
NEG 5 I RTI--,- SUB--,-

-,- .. 
SUB-,- SUB_. SUB-,-NEGA NEGX NEG 

_l._ SU~ _,_ su1'T ~ 1 INH 1 INH 1'1 I " 1 INH LL IMM J_ IX IX1 1 IX 
6 2 3 4 5 4 3 

RTS CMP CMP CMP CMP CMP CMP , 
1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXl I IX 0001 

11 2 ' 4 
SBC-,-

4 
SBC-,-MUL SBC SBC SBC SBC 2 

1 !NH IMM 2 DIR 3 EXT 3 IX2 2 IXl 1 IX 0010 
3 3 6 5 IO 2 3 4 

CPX-,-
4 

CPX 3 COMA COMX COM COM SWI CPX CPX CPX CPX .sJi, 1 INH 1 INH IXl I IX I INH 2 IMM 2 DIR 3 EXT 3 IX IXl 1 IX 
3 3 6 5 

AND 3 4 
AND 5 4 3 

LSAA LSRX LSR LSR AND 3 AN_ctT AND AND ~ 1 INH 1 INn 2 IXl 1 IX IMM 2 DIR 3 IX IXl I IX 

' 3 4 
BIT'] 

4 3 
Blk Bl~R 8t~1 IX 

Bl1:.nu_ BIT .Jll ~ 
3 3 6 5 ' 3 4 4 3 

1 ROA~ RORX ROR ROA LDA LDA LDA LDA LDA LDA _Q]~O 1 INH IXI I IX IMM ' DIR 3 EXT 3 IX IXl I IX 
3 3 6 5 2 4 'I STA 5 ASAA ASRX _l._ ASR ASR TAX STA LJ ST.1,T 

STA STA _JJ_1~1 1 JNH 1 INH IXl 1 IX 1 INH DIR IX LL lX1 I IX 
3 3 6 5 2 ' 3 4 4 

LSLA LSLX LSL LSL Clk EOR EO~IR EOR Li EOR 1~ EOR EOR k_ 1 INH 1 INH IXl 1 IX IMM 3 EXT 2 1X1 1 IX 
3 3 6 5 ' ' 3 4 4 

1 AOL~ 1 ROL~H _L ROL ROL SEC ADC ADC AOC 
3 ADC1ig_ AOC ADC 9 

IXl 1 IX 1 INH 2 IMM 2 DIR 3 EXT 2 IXl 1 IX 1001 
3 3 6 5 ' ORA'] DECA OECX DEC DEC cu ORA ORA ORA ORA ORA A 

1 INH 1 INH ' 1'1 1 IX 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXl 1 IX 1010 

SEI ADD _z_ ADD ADD 
3 A001ig_ _z_ ADD ADD B 

1 INH 2 IMM DIR 3 EXT IXl 
1 

JMP !} 
1011 

3 3 6 5 ' ' 'JMP 31 
1 INC~ 1NCX INC INC RSP JMP JMP 

3 JMP1~ c 
1 INH ' IXl 1 IX 1 INH 2 DIR 3 EXT 2 1)(1 1 IX 1100 

3 3 5 4 2 6 
JSR-,-- JSR 61 JSR 61 JSR-,-TSTA TSTX TST TST NOP BSR JSR 1~ 1 ...ilitl 1 INH 2 IXl I IX 1 INH 2 REL ' DIR 3 EXT 3 IX 2 IXl 1 IX 

' LOX'] LOX J LOX-,-
4 

LDX J STOP LOX LL LOXl)(l E 
1 INH 2 IMM 2 O!R 3 EXT 3 IX 1 IX 1110 

3 3 6 5 
WAIT--,- ' STX 61 STX 6 STX~ CLRA CLAX CLR CLR TXA STX STX F 

1 INH I INH 2 IXI I IX 1 INH 1 INH ' DIR 3 EXT 3 IX2 2 IXI 1 IX 1111 

LEGEND 

+-+----------..,.,,.Opcode in Hexadecimal 

Opcode in Binary 
Mnemonic ~ • ~ l ~ 

Bytes 1 ~x 0000 ......--

Cycles-------' '--------- Address Mode 
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MC68HC05C8 

an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 

RELATIVE 
The relative addressing mode is only used in branch 

instructions. In relative addressing, the contents of the 8-
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to + 129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 

INDEXED, NO OFFSET 
In the indexed, no offset addressing mode, the effective 

address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/0 location. 

INDEXED, 8-BIT OFFSET 
In the indexed, 8-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 
8·bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address
able locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
begin). 

INDEXED, 16-BIT OFFSET 
In the indexed, 16-bit offset addressing mode, the ef

fective address is the sum of the contents of the unsigned 

8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as
sembler determines the shortest form of indexed ad
dressing. 

BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
1/0, can be selectively set or cleared with a single two
byte instruction. 

BIT TEST AND BRANCH 

The bit test and branch addressing mode is a combi
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Voltages referenced to V55) 

Rating Symbol Value 

Supply Voltage VDD -0.3 to + 7.0 

Input Voltage Vin Vss -0.3 to 
VDD +o.3 

Self-Check Mode (IRQ Pin Only) Yin Vss-0.3 to 
2?<VDD+o.3 

Current Drain Per Pin Excluding I 25 
VDD and Vss 

Operating Temperature Range TA TL to TH 
MC68HC05C8P, FN o to + 70 
MC68HC05C8CP; CFN -40 to +85 
MC68HC05C8VP, VFN -40 to + 105 
MC68HC05C8MP, MFN -40 to + 125 

Storage Temperature Range Ts.!lJ. -65 to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 0JA 
Plastic 60 
Plastic Leaded Chip Carrier (PLCC) 70 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in 'C can 
be obtained from: 

where: 
TA 
0JA 

Po 
PINT 
P1;0 

TJ=TA+(Po•0JA) (1) 

=Ambient Temperature, 'C 
= Package Thermal Resistance, 

Junction-to-Ambient, 'C/W 
=PINT+ P110 
=Ice?< Vee. Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

Voo=4.5 v 

Pins R1 R2 c 
PAO-PA7, 3.26 kn 2.38 kn 50 pf 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 

PDO, PD5, PD7 1.9 kn 2.26 kn 200 pF 

Voo=3.o v 

Pins R1 R2 c 
PAO-PA7, 10.91 kn 50 pf 
PBO-PB7, 6.32 kn 
PCO-PC7, 
PD1-PD4 

PDQ, PD5, PD7 6 kn 6 kn 200 pf 

Unit 

v 
v 

v 

mA 

'C 

'C 

Unit 

'CIW 

This device contains circuitry to protect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper
ation, it is recommended that Yin and Vout be 
constrained to the range Vss "' !Vin or V 0utl "' 
VDD· Reliability of operation is enhanced if un
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vss or VDDI-

For most applications P11o<P1NT and can be neglected. 
The following is an approximate relationship between 

Po and TJ (if P1/0 is neglected): 
Po= K-c (T J + 273°C) (2) 

Solving equations (1) and (2) for K gives: 
K =Po• (TA+ 273°C) + 0JA'PD2 (3) 

where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) for a known TA- Using this value of K, 
the values of Po and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA-

Voo 

Test 
Point e>-----1..---

c 
(See 

Table! 

R2 
(See Table) 

R1 
I See Table) 

Figure 18. Equivalent Test Load 
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MC68HC05C8 

DC ELECTRICAL CHARACTERISTICS 
(Voo=5.0Vdc±10%, Vss=O Vdc, TA =TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, 1Load"'10.0 µA VOL - - 0.1 v 

VoH Voo-0.1 - -

Output High Voltage VOH v 
II Load =0.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) Voo-0.8 - -
11Load=1.6 mA) PD1-PD4 (see Figure 20) vo0 -o.8 - -

Output Low Voltage (see Figure 21) VoL - - 0.4 v 
llLoad= 1.6 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 

Input High Voltage - V1H 0.7xVoo - Voo v 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 

Input Low Voltage V1L Vss - 0.2 xVoo v 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 

Data Retention Mode (O' to 70'C) VRM 2.0 - - v 

Supply Current (see Notes) 100 
Run (see Figures 22 and 23) - 3.5 7.0 mA 
Wait (see Figures 22 and 23) - 1.6 4.0 mA 
Stop (see Figure 23) 

25'C - 2.0 50 µA 
0° to 70'C (Standard) - - 140 µA 
- 40' to + 85'C - - 180 µA 
-40' to + 125'C - - 250 µA 

110 Ports Hi-Z Leakage Current l1L - - ±10 µA 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 

Input Current lin - - ±1 µA 
RESET, IRO, TCAP, OSC1, PDO, PD5, P07 

Capacitance pF 
Ports (a§..!!Jput or Output) Cout - - 12 
RESET, IRO, TCAP, PDO-PD5, PD7 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25'C only. 
3. Wait loo: Only timer system active (SPE =TE= RE =0). If SPI, SCI active (SPE=TE =RE= 1) add 10% current draw. 
4. Run (Operating) loo. Wait loo: Measured using external square wave clock source (fosc=4.2 MHz), all inputs 0.2 V from rail; 

no de loads, less than 50 pF on all outputs, CL= 20 pF on OSC2. 
5. Wait, Stop loo: All ports configured as inputs, V1L =0.2 V, V1H=Voo-o.2 V. 
6. Stop Joo measured with OSC1 = Vss. 
7. Standard temperature range is O' to 70'C. Extended temperature (-40° to +85°C, -40° to + 125°C) versions and a 25'C only 

version are available. 
8. Wait loo is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 
(Voo=3.3 Vdc±10%, Vss=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, 1Load"'10.0 µA VOL - - 0.1 v 
VOH Voo-0.1 - -

Output High Voltage VoH v 
ULoad =0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) Voo-o.3 - -
ULoad=0.4 mA) PD1-PD4 (see Figure 20) v00 -o.3 - -

Output Low Voltage (see Figure 21) Vol - - 0.3 v 
ULoad=0.4 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 

Input High Voltage V1H 0.7xVoo - voo v 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 

Input Low Voltage VJL Vss - o.2xVoo v 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 

Data Retention Mode (0° to 70°C) VRM 2.0 - - v 

Supply Current (see Notes) Joo 
Run (see Figures 22 and 24) - 1.0 2.5 mA 
Wait (see Figures 22 and 24) - 0.5 1.4 mA 
Stop (see Figure 24) 

25°C - 1.0 30 µA 
0° to 10°c (Standard) - - 80 µA 
- 40° to + 85°C - - 120 µA 
-40° to + 125°C - - 175 µA 

1/0 Ports Hi·Z Leakage Current IJL - - ±10 µA 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 

Input Currlli!l lin - - ±1 µA 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 

Capacitance pF 
Ports (aUri.Put or Output) Cout - - 12 
RESET, IRQ, TCAP, PDO-PD5, PD7 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait loo: Only timer system active (SPE=TE =RE =0). If SPI, SCI active (SPE =TE=RE= 1) add 10% current draw. 
4. Run (Operating) loo. Wait loo: Measured using external square wave clock source (fosc=4.2 MHz), all inputs 0.2 V from rail; 

no de loads, less than 50 pF on all outputs, CL= 20 pF on OSC2. 
5. Wait, Stop Joo: All ports configured as inputs, V1L = 0.2 V, VJH ~ Voo, 0.2 V. 
6. Stop loo measured with OSC1 = Vss. 
7. Standard temperature range is 0° to 70°C. Extended temperature ( -40° to + 85°C, -40° to + 125°C) versions and a 25°C only 

version are available. 
8. Wait loo is affected linearly by the OSC2 capacitance. 

MOTOROLA MICROPROCESSOR DATA 

3-926 



0 

;;: 
.§ 
J: 
9 

MC68HC05C8 

5.0"T""----..---"T""-----..-----, 

3.0 

2.0 

0 0.2 0.4 

Voo-VoH 1voltsl 

0.6 0.8 

Figure 19. Typical VOH vs IOH for Ports A, B, C, and TCMP 

;;: 
.§ 3.0 +------t,__---+-+--+-t----1 
-' 
9 

0.2 0.4 0.6 0 0.1 0.2 0.3 0.4 

Voo-VoH !Volts> VoL IVoltsl 

Figure 20. Typical VoH vs IOH for PD1-PD4 Figure 21. Typical VOL vs IOL for All Ports 
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13.5 mAI 
3.5 

3.0 

RUN 
!OPERATING! 
MODE 

2.5 
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5 
0 11.6 mAI 
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1.0 

0.5 
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Internal Frequency 1 /tcycle (MHzl Internal Frequency 1/tcycle (MHz) 

Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes 
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7.0 

6.0 

5.0 

4.0 

3.0 

20 

1.0 

0.5 1.0 1.5 2.0 
Internal Frequency !MHz) 

Figure 23. Maximum loo vs Frequency for Voo = 5.0 Vdc 

12.5 mAI 

180 µA, 0° - 70°CI 

o.+-~~~~~~-+~~~-+-~~~1--~~-t 

0 0.2 04 0.6 08 1.0 
Internal Frequency (MHz) 

Figure 24. Maximum loo vs Frequency for Voo = 3.3 Vdc 
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CONTROL TIMING 
(Voo=5.0 Vdc±10%, Vss=O Vdc, TA=TL to THI 

Chanicterlltic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 4.2 
External Clock Option de 4.2 

Internal Operating Frequency fop MHz 
Crystal (fosc + 21 - 2.1 
External Clock (fosc + 2) de 2.1 

Cycle Time (see Figure 28) ~ 480 - ns 

Crystal Oscillator Startup Time (sea Figure 28) toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) t1LCH - 100 ms 

RESET Pulse Width (see Figure 281 tRL 1.5 - !ffi: 
Timer 

Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (sea Figure 26) tTH• tTL 125 - ns 
Input Capture Pulse Period (see Figure 261 ITLTL *** - ~ 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) t1L1H 125 - ns 

Interrupt Pulse Period (see Figure 8) t1L1L * - !ffi: 
OSC1 Pulse Width tQH• tQL 90 - ns 

*The minimum period t1L1L should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 !eye· 

**Since a 2-bit prescaler in the timer must count four internal cycles (tcycl. this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period trLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc· 

osc11 ~/////////// ~ ZZZZZZZZll1 
tRL 

IAQ3 

Internal 
Clock 

~~~~~~~~~~~~~ .. 
Internal ~._.__...,.. __ _,,,...,,....,....,,.._ __ ._.,. 

Address 
Bus~..._ .... ...,_..,_..._.._.. ....... ._...._..._.._..._.., 

NOTES: 
1. Represents the internal gating of the OSCl pin. 
2. IAQ pin edge-sensitive mask option. 
3. IRQ pin level and edge-sensitive mask option. 
4. RESET vector address shown for timing example. 

Figure 25. Stop Recovery Timing Diagram 
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CONTROL TIMING 
(Voo=3.3 Vdc±0.3 Vdc, Vss=O Vdc, TA=TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 2.0 
External Clock Option de 2.0 

Internal Operating Frequency fop MHz 
Crystal (fosc + 2) - 1.0 
External Clock (fosc + 2) de 1.0 

Cycle Time (see Figure 28) ~ 1000 - ns 

Crystal Oscillator Startup Time (see Figure 28) toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) t1LCH - 100 ms 

RESET Pulse Width - Excluding Power-Up (see Figure 28) tRL 1.5 - ..!w 
Timer 

Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 26) trn, lTL 250 - ns 
Input Capture Pulse Period (see Figure 26) lTLTL *** - ~c 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) t1L1H 250 - ns 

Interrupt Pulse Period (see Figure 8) t1L1L * - ~ 
OSC1 Pulse Width toH. toL 200 - ns 

*The minimum period t1uL should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc· 

**Since a 2-bit prescaler in the timer must count four internal cycles (tcycl. this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tTL TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc· 

External 
Signal 

ITCAP 
Pin 371 

1--ITLTL--l 

Figure 26. Timer Relationships 
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MC68HC05C8 

SERIAL PERIPHERAL INTERFACE ISPll TIMING 
(VDD=5.0 Vdc±10%, Vss=O Vdc, TA=TL to TH) (see Figure 27) 

Num. Charac:teristlc 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to Data Active from High-Impedance State) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% VDD to 70% VDD· CL= 200 pF) 
SP1 Outputs (SCK, MOSI, and MISOL 
SPI Inputs (SCK, MOSI, MISO, and SS) 

13 Fall Time (70% VDD to 20% VDD· CL= 200 pF) 
SP1 Outputs (SCK. MOSI, and MISOL 
SPI Inputs (SCK, MOSI, MISO, and SS) 

*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 

Symbol 

fop(m) 
fQ.2!!;) 

tcyc(m) 

~ 

t1ead(m) 
t1ead(s) 

t1ag(m) 
t1~ 

lw(SCKH)m 
lw(SCKH)s 

lw(SCKL)m 
laj_SCK!,1.s 

lsu(m) 
lsu(s) 

lh(m) 
l!!lfil_ 

ta 

!dis 

lv(m) 
Iv(& 

lho(m) 
lhQis) 

!rm 
!rs 

lfm 
Ifs 

MOTOROLA MICROPROCESSOR DATA 
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Min Max Unit 

de 0.5 fo~ 
de 2.1 M z 

2.0 - tcyc 
480 - ns 

. - ns 
240 - ns 

. - ns 
240 - ns 

340 - ns 
190 - ns 

340 - ns 
190 - ns 

100 - ns 
100 - ns 

100 - ns 
100 - ns 

0 120 ns 

- 240 ns 

0.25 - tcyc(m) 
- 240 ns 

0.25 - lcyc(m) 
0 - ns 

- 100 ns 
- 2.0 µ.s 

- 100 ns 
- 2.0 µ.s 



MC68HC05C8 

SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(VDD=3.3 Vdc±0.3 Vdc, Vss=O Vdc, TA=TL to TH) (see Figure 27) 

Num. Charac:teristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to Data Active from High-Impedance State) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% VDD to 70% VDD· CL =200 pF) 
SPI Outputs (SCK, MOSI, and MISQ_L_ 
SPI Inputs (SCK, MOSI, MISO, and SS) 

13 Fall nme (70% VDD to 20% VDD· CL =200 pF) 
SPI Outputs (SCK, MOSI, and MISO_L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 

Symbol 

fop(m) 
fW!l_ 

lcyc(m) 

~ 

t1ead(m) 
t1ea!!lfil. 

t1ag(m) 
t1~ 

lw(SCKH)m 
laj_SCKl-fu; 

lw(SCKL)m 
tl&SCK!J.s 

lsu(m) 
ls!!.lfil. 

lh(m) 
lltl!J. 

ta 

ldis 

lv(m) 
I'!!& 

lho(m) 
lho(fil. 

!rm 
trs 

lfm 
Ifs 
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Min Max Unit 

de 0.5 fop 
de 1.0 MHz 

2.0 - !eye 
1.0 - fJ.S 

. - ns 
500 - ns 

. - ns 
500 - ns 

720 - fJ.S 
400 - ns 

720 - fJ.S 
400 - ns 

200 - ns 
200 - ns 

200 - ns 
200 - ns 

0 250 ns 

- 500 ns 

0.25 - lcyc(m) 
- 500 ns 

0.25 - lcyc(m) 
0 - ns 

- 200 ns 
- 2.0 fJ.S 

- 200 ns 
- 2.0 fJ.S 



~ 
(INPun 

~is Hold High on Master 

MC68HC05C8 

SCK (CPOL·D) 
(OUTPUT) --...;,.;.:;~---.11 

SCK (CPOL·1) 
(OUTPUT) 

MISO 
(INPun 

MOSI 
(OUTPUT) 

NOTE: This first clock adgo is genaralad internally but is not saan al Iha SCK pin. 

a) SPI MASTER TIMING (CPHA=O) 

~ 
(INPUT) 

~is Hald High on Master 

SCK (CPOL·D) 
(OUTPUT) ___ __, 

SCK (CPOL· 1) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This last dock edge is ganaraled internally but is not saan al the SCK pin. 

b) SPI MASTER TIMING (CPHA=1) 

Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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ss 
(INPUT) 

SCK (CPOL·O) 
(INPUT) 

SCK (CPOL·1) 
(INPUT) 

MISO 
iOUTPUTi 

MOSI 
(INPUT) 

MC68HC05C8 

NOTE: Not defined but normally MSB of character just received. 

SS 
(INPUT) 

SCK (CPOL=O) 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

cl SPI SLAVE TIMING (CPHA=OI 

NOTE: Nol delined bu! normally LSB of character previously transmttted. 

di SPI SLAVE TIMING (CPHA=11 

Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 

MOTOROLA MICROPROCESSOR DATA 

3-935 

• 

LSBIN 



~ 
0) 

3: 

a 
~ 
> 
3: 

2 
I 
:II 
0 

?i 
> 

• 
1 i l'VDDA 

Yoo Wvoo Threshold 11-2 v Typical)· . 

I I 

DSC,.. !~rn{;7/777/7/777/7/777/7/777/'/777/'/77Z/'/77//,.../777/,...1T771-rzT771-rzT771-rzT711-rzT7zz-rzT771-rz....-.zz-rz....-.71 ........ z.,....71 ........ z ...... 71 .......... v 
ltoxov 1 4064 !eye I 

Internal 
Processor 
Clock• 

Internal 
Address 

Bus• 

Internal 
Data 
Bus• 

RESET 

'· .... ... I --. I 
I I I _I 
I I ilcycj 

•Internal timing signal and bus information not available externally. 
••osc1 line is not meant to represent frequency. It is only used to represent time. 

r-IAL~ 

L_:__J! 
* • •The next rising edge of the internal processor clock following the rising edge of ~ initiates the reset sequence. 

Figure 28. Power-On Reset and RESET 

a 
::c 

i 



MC68HC05C8 

ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo
torola in the following media: 

MDOS®, disk file 
MS®l-DOS/PC-DOS disk file (360K) 
EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 

FLEXIBLE DISKS 

A flexible disk (MS-DOS/PC-DOS disk file). pro
grammed with the customer's program (positive logic 
sense for address and data). may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 

MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

EPROMs 

A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener
ation. Since all program and data space information will 
fit on one 68766 EPROM device, the EPROM must be 
programmed as described in the following paragraph. 

Start the page zero, user ROM at EPROM address $0020 
through $004F. Start the user ROM at EPROM address 
$0100 through $1 EFF with vectors from $1 FF4 to $1 FFF. 
All unused bytes, including the user's space, must be set 
to zero. 

To use a 2764 or 6874 EPROM or the EEPROM in an 
MC68HC805C4, two are required. Start the page zero user 
ROM data at EPROM or EEPROM address $0020 through 
$004F in the first device. Start the user ROM data at ad
dress $0100 through $10FF in the first device. The re
mainder of the user ROM data should go from $0100 
through $10FF in the second device, with vectors from 

MOOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 

$0004 through $000F. The EPROM devices or EEPROM 
MCU devices should be clearly marked to indicate which 
device corresponds to which address space. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 

$0020 

X><X = Customer ID 
Verification Media 

All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing • 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus-
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 

ROM VERIFICATION UNITS (RVUs) 

Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs .are not backed or guaranteed by Motorola Quality 
Assurance. 

ORDERING INFORMATION 

The following table provides ordering information per
taining to the package type, temperature, and MC order 
numbers for the MC68HC05C8 device. 

Package Type Temperature MC Order Number 

Plastic O'C to + 70'C MC68HC05C8P 
(P Suffix) -40'C to + 85'C MC68HC05C8CP 

-40' to + 105'C MC68HC05C8VP 
- 40'C to + 125'C MC68HC05C8MP 

PLCC O'C to + 70'C MC68HC05C8FN 
(FN Suffix) - 40'C to + 85'C MC68HC05C8CFN 

- 40'C to + 105'C MC68HC05C8VFN 
-40'C to + 125'C MC68HC05C8MFN 

IBM is a registered trademark of International Business Machines Corporation. 
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PA4 

PA3 

PA2 

PA1 

PAO 

PBO 

PBl 

PB2 

PB3 

PB4 

MC68HC05C8 

PIN ASSIGNMENTS 

40-PIN DUAL-IN-LINE PACKAGE 

RESET 1 Voo 
iRO 2 OS Cl 

OSC2 

PA7 TCAP 

PA6 PD7 

TCMP 

PD5/SS 

PD4/SCK 

PD3/MOSI 

PAl PD2/MISO 

PD1/TDO 

PBO PDO/RDI 

PB1 PCO 

PB2 PCl 

PB3 PC2 

PB4 PC3 

PB5 PC4 

PB6 PC5 

PB7 PC6 

Vss PC7 

44-LEAD PLCC PACKAGE 

cor-- U> OUU< It:; - "'0. 

<!<(UU,~w QCl)Cl)UU 
a...a...zz_a::>OO~Z 

23 28 

PD7 

TCMP 

PD5/SS 

PD4/SCK 

PD3/MOSI 

PD2/MISO 
PDl/TDO 

Pl)()/RDI 

PLO 

PCl 

PC2 

NOTE: Bulk substrate tied to V55. 
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