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MOTOROLA'S 
MICROCONTROLLER AND MICROPROCESSOR 

FA.MILIES 

Motorola manufactures the industry's mostcomplete selectionof 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 M68HCll, 
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 Peripherallnterfac'e (SPI), and an 8-bit Analog-to-Digital (AID) 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(IJO) 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, ahd M6805Families. 

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 s.imilar 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 fwm a low of 512 bytes in the 
M6804 Family to a high of 8K 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 MC68HC705B5 MC146805G2 
MC68701 MC6805R3 MC68HC704P4 MC68HC705C8 
MC68701U4 MC68705R3 MC68HC05A6 MC68HC805C4 
MC6802 MC68705R5 MC68HC05B4 MC68HC11AO 
MC6803 MC6805S2 MC68HC05B6 MC68HC11A1 
MC6803U4 MC6805S3 MC68HC805B6 MC68HC11A8 
MC6804J1 MC68705S3 MC68HC05C2 MC68HC11D3 
MC6804J2 MC6805U2 MC68HC05C3 MC68HC11E1 
MC6804P2 MC6805U3 MC68HC05C4 MC68HC11E9 
MC68704P2 MC68705U3 MC68HC05C8 MC68HC11F1 
MC6805P2 MC68705U5 MC68HC05C9 MC68HC711A8 
MC6805P6 MC6809/9E MC68HC05L6 MC68HC711 D3 

MC68HC05M4 MC68HC711 E9 
MC68HCQ5P1 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, andlor 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 toTable 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 t/Opins.in the' 48/5.2 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 indudeabus to access off-chip programm~,m.ory 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 byte~ of external 
memory. 

Interrupts 

When an application program must synchronize with two or more external events, interrupt 
hardware in some form isusually 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 timerthat 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 

Variousmembersofthe MCU Fa,milies include addi~ionall/O functions. Forexample, theM68HCll, 
M6801, and ~omeofthe M6805Family include a SCI. The SCI is used for long-range communi~ 
cations" as in datatran,sfer from an MCU to a,terminal or modem. The M68HC11 Family alJd some 
ofthe M6805 Family also conta.in a SRI. TheSPI.is used primarily for serial communicationbetween 
chips on the same printed circuit board. Selected members of the M68HC11 and M6805 Family 
include multi-channel AID converters. The MC6805RIS 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 seriesof eco~ 
nomical evaluation modules (EVM). A more powerful development system is also available inthe 
HDS-300. The supp,0rt products are cove'redin 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 

DEVICE 

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 

I/O = 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 
I/O = 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 40/44 64 2048 32 8 Yes 
6805R3 HMOS 40/44 112 3776 32 8 Yes 
68705R3 HMOS 40 112 3776 32 8 Yes 
68705R5 HMOS 40 112 3776 32 8 Yes 
680582 HMOS 28 64 1480 21 8 Yes 
6805S3 HMOS 28 104 2720 21 8 Yes 
68705S3 HMOS 28 104 3752 21 8 Yes 
6805U2 HMOS 40/44 64 2048 32 8 
6805U3 HMOS 40/44 112 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 
110 = 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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Table 1-6. M6805 HCMOS/CMOS Family Selector Guide 

DEVICE 

68HC05A6 HCMOS 40/44 176 4160 2056 32 16 Yes 
68HC05B4 HCMOS 48/52 176 4160 32 16 
68HC05B6 HCMOS 40/52 176 5952 256 32 16 
68HC05C2 HCMOS 40 176 2096 32 16 
68HC05C3 HCMOS 40 176 2096 32 16 Yes 
68HC05C4 HCMOS 40/44 176 4160 32 16 Yes 
68HC05C8 HCMOS 40/44 176 7700 32 16 Yes 
68HC05L6 HCMOS 68 176 6208 32 16 Yes 
68HC05M4 HCMOS 52 128 4K 32 8/16 
68HCL05C4 HCMOS 40/44 176 4160 32 16 Yes 
68HCL05C8 HCMOS 40/44 176 8K 32 16 Yes 
68HSC05C4 HCMOS 40/44 176 4160 32 16 Yes 
68HSC05C8 HCMOS 40/44 176 8K 32 16 Yes 
68HC705C8 HCMOS 40/44 304 32 16 Yes 
68HC805B6 HCMOS 48/52 176 8K 6208 32 16 
68HC805C4 HCMOS 40/44 176 4160 32 16 Yes 
146805E2 CMOS 40 112 0 16 8 
146805F2 CMOS 28 64 1089 20 8 
146805G2 CMOS 40 112 2106 32 8 

Definitions: 
P = Plastic 
S = Cerdip 

FN = Plastic Leaded Chip Carrier 
1/0 = InputlOutput 

AID = AnaloglDigital Converter 
SCI = Serial Communications Interface 
SPI = Serial Peripheral Interface 

RAM = Random Access Memory 
ROM = ReadOnly Memory 

EPROM = Eraseable Programmable ROM 
EEPROM = Electrical Eraseable ROM 
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Table 1-7. M6SHC11 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 
I/O = Input/Output , 

AID = Analog/Digital Converter 
SCI = Serial Communication Interface 
SPI' = Serial Peripheral Int~rface 

RAM = Random Access Memory 
ROM = Head 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-S. One-Time Programmable ROM (OTPROM) Devices 

Device 
OTPROM RAM I/O (Bytes) (Bytes) 

68HC704P4 3740 124 20 

68HC705B5* 6208 176 24 

68HC705C4*' 4160 176 24 

68HC705C8 7616 304 24 

68705R3 3776 112 24 

68HC71103* 4096 192 24 

68HC711A8* 8192 256 38 

68HC711E9* 12K 512 38 

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

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

RAM = Random Access Memory 
I/O = 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 AID, SCI 

16 SCI, SPI 

16 SCI; SPI 

8 AID 

16 SCI, SPI 

16 AID, SCI, SPI 

16 AID, SCI, SPI 
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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-FNA8-DIP 

44-FNAO-DIP 

' 44-FNAO-DIP 

40-P 

44-FNAO-DIP 

52-FN 

48-DIP,52-FN 



Reliability I 
Volume I 

MOTOROLA MICROPROCESSOR DATA 





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 con'ducted 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 ourhistory 
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 arty AC, DC, or functional failure at any temperature (each lot 
may be typically gated at hot, room or coId 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 

Acomplete Reliability and Quality Assurance (R&QA) system is in place to monitor and control 
the performance of Motorola's MOSMicroprocessorComponents. 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 electr'ical inspection, which consists of AC, DC, and functional tests, is performed to a 
0.1% (maximum) Acceptable Quality Level (AQL) sampling plan. The visual/mechanical inspection 
is also performeqto a 0.1% AQL sampling plan. Any lot which fails either of these gates is returned 
to production for 100% rescreen. An R&QA 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 h1et~r the devices are rejected. 

The R&QAEng'ineering 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 
measu rements. 

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 ther~f0re b~<~xpected 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 I·ow 
cost ahd physicaL strength .. 

Encapsulated integrated circuits incorporate the simpliest processing and package construction 
ohhe vari.oussystems 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 Jeadframe 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.,oJ the system since it controls contamination, moisture resistance, a,nd stress effects. 
Epoxy novolacsbave become the industry standard molding compound since they combine 
excellent characteristics in all these ar.eas. 

The plastic package>is, by far, the most resistantto 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 brittlethan ceramic, chipping and cosmetic damage, are not problems. The leadframe 
and plating are equivalent to CERDIP. 

In comparing plastictoceramic packages, there are tWQ characteristics to be considered: moisture 
resistance and thermal .characteristics. Microprocessor plastic products perform very well on 
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moisture resistance relatedtests. This is due to'advances in molding compounds, the characteristic 
low voltages and the nioderate 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: OERDIP andsidebraze. 

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 formthe package 
body with a cavity for the die. The refractory metal is then plated and Alloy 42 leadframes ate 
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 ortin with a selective gold plate in the cavity. Although 
epoxy die bonding is feasible inlh.!s package ,~due to the higher~ealing 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 tinplate 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, andhave tin plating onthe exterior leads. The thermal resistance 
of the packages is very similar, with the sidebrazehaving 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 include~ 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 
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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 d!Jration of 1008 hours. 

Device equival~nthours 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%1 
1000 hour.s. . 

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.' 

45,400 6.49 x 105 

136,000 1.42x 106 

380,000 5.41 x 106 

45,400 4.13 x 105 

136,000 1.37 x 106 

45,400 5.00x 105 

45,400 4.09 x 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 a.l0x 105 

951,000 2.11 x 107 

530,000 7~54 x 106 

1,820,000 3.76x 107 

4,633,600 8.21 x 107 

43,000 1.08 x 106 

224,000 5.71 x 106 

74,200 1.88x 106 

45,400 1.17x 106 

90,800 2.34x 106 

342,000 8.82 x 106 

819,400 2.10x107 

1) 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.' 

45,000 6.30 x 105 

90,800 1.25x 106 

136,000 1.42 x 106 

364,000 5.09 x 106 

43,400 5.95 x 105 

163,000 3.16x 106 

88,800 1.82 x 106 

182,000 2.67 x 106 

41,700 6.13x 105 

41,200 4.36 x 105 

182,000 1.92 x 106 

45,400 7.20x 105 

43,900 6.99 x 105 

122,000 1.79x 106 

90,800 1.37x 106 

136,000 2.06 x 106 

468,000 7.28 x 106 

45,400 5 .. 38 x 105 

45,400 6.50x 105 

45,400 8.90 x 105 

41,000 6.50 x 105 

2,567,200 3.78x107 

389,000 9.94 x 106 

89,800 2.29x 106 

134,000 3.20x 106 

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 

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

1 
0 
1 ---
2 

11 

FITS2 
0.7 eV 

3619 
1824 
1606 
448 I 

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 

Device Test 
Type Devices 

HMOS ~LCC 
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. 

70°C Equiv. 
Device Hrs.1 Failures 

8.34x 105 0 
4.38 x 106 0 
5.14x 106 0 
2.20x 107 0 ---
3.24x 107 0 

5~66x107 14 
7~.56x 106 1 
2.46 x 107 2 ---
8.87 x 107 17 

1.17x 106 0 
2.26x106 0 
1.17x 106 0 
2.26x 106 0 ---
6.83 x 106 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 
Device Hrs. 

44,300 
45,400 

136,000 
90,800 
45,400 
44,000 

405,900 

541,000 
77,000 

136,000 
145,000 
597,000 
230,000 

1,726,000 

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

70°C Equiv. 
Device Hrs.1 

6.02 x 105 

6.18x 105 

1.96x 106 

1.39x 106 

6.95 x 105 

7.96x 105 

6.06x 106 

9.59x106 

1.80x 106 

3.00 x 106 

3.19x 106 

1.40x 107 

5.30 x 106 

3.69 x 107 
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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 
MC14j38705F2S 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 

8.57xl06 0 
2.28x 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 
4.74x 105 0 
6.22 x 105 0 
6.62x 106 1 
7.00x 105 0 
4.78x 105 0 
2.53 x 106 0 
3.93 x 106 0 
1.52xl06 0 
7.30 x 105 0 
1.74x 106 1 ---
2.28x 107 3 

6.89 x 107 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 6,02~ 
CMOS 1,238 
HCMOS 6,294 
DIP ( 8,763 ) 
PLCC ( 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 

( 8,633,000 ) 
( 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 

8.82 x 107 

9.30 x 107 

3.10><107 

1.41 x 108 

1.56x 108 

1.28 x 108 

2.84x 108 

6.89 x 108 

3.53x 108 
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Failures 

4 
7 
1 

24 
11 
17 
28 

8 

36 

FITS2 
0.7 eV 

2661 
1000 ---
726 I 

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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TOTALS 1985-1987 
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YEAR 

Figure 2-2. High Temperature Operating Life Trend Chart 
(Total) 

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 

Hcnnos DIP 
MC68HC05C4 

TOTAL 

HCMOS PLCC 
XC68HC11A8 
MC68HC11 
MC68HCOOO 
MC68605 

TOTAL 

- Failures Per Sample -

168 Hrs 504 Hrs 

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

0/68 0/67 
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 
0/34 0/34 --- ---
0/238 0/238 

'.' 

0/102 0/102 --- ---
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 
0/33 
0/68 
0/34 
0/34 
0/34 ---
0/271 

0/66 
0/34 
0/34 
0/222 
0/34 
0/32 
0/67 
0/65 
0/34 
0/102 
0/134 
1/93 
0/29 ---
1/946 

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

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

0/102 ---
0/102 

01231 
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 ---
OA)O 

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 % FailU,res " 

NMOS 
HMOS 
HCMOS 
CMOS 
DIP 
PLCC 

GRAND TOTAL 

CUM% 
FAILURE 

RATE 

Autoclave Test 

0/272 11272 0/272 0.37 
0/1261 2/1254 1/1245 0.24 
0/1314 1/1314 0/1313 0.08 
0/238 0/238 0/238 0.00 
0/1574 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+---~------------------------------------------~~ 
0.6+---------------'-"'---------------'--'------------------
0.5+-------------------------------------------------~ 

~·~+ .. I-----------------------·-.. ~-----'--------~~-----·a:-=·~ 0.1 +-__ ~ ____________ ~-------------------------------w 
o ~--------------~----------~------------------------------~ 

VR 1985 VR 1986 
YEAR 

Figure 2-3. Temperatore Humidity Bias Trend Chart 

• VR 1987 

Autoclave, like THB, is an environmental test which measures device resistance to moisture 
penetration along the leadframe-plastic interface. Conditions employed during the testinclude 
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 autociave test. 

MOTORO~MICROPRcjCESSOR DATA 
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TEMPERATURE: 121°C 
PRESSURE: 15 psig 

Table 2-7. Autoclave Test 

LONGEST STRESS: 144 Hours 

Device Type 

NMOS DIP 
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 0/44 
0/22 0122 
0/44 0/44 
0/22 0/22 
0/22 0/22 
0/65 0/65 
0/22 0122 
0/44 0/44 
0/22 0122 
0/22 0/22 
0/330 0/327 
0/462 0/462 
0/847 2/846 --- ---
0/1968 2/1964 

0/22 0/22 
0/114 0/114 --- ---
0/136 0/136 

0/65 0/65 
0/44 0/44 
0/192 0/192 
0/394 0/394 
0/22 0122 
0/43 0/43 
0/66 0/66 
0/534 0/534 
0/34 0/34 --- ---
0/1394 0/1394 

0/22 0/22 
0/297 0/297 
1/777 0/776 
0/22 0/22 
0/44 0/44 
0/354 0/354 
0/66 0/66 
0/44 1/44 
0/34 0/34 
0/98 0/98 . 
0/44 0/44 
0/22 0/22 
0/66 0/66 
0/44 0/43 
0/44 0/44 
0/110 0/110 
0/22 0/22 
0/22 0/22 
0/22 0/22 
0/44 0/44 
0/65 0/64 --- ---
1/2263 1/2260 

MOTOROLA MICROPROCESSOR DATA 

2-12 

144 Hrs 

0/44 
0/22 
0/44 
0/22 
0/22 
0/65 
0/22 
0/44 
0/22 
0/22 
0/326 
0/462 
0/843 ---
0/1960 

0/22 
0/114 ---
0/136 

0/65 
0/44 
0/192 
0/394 
0/22 
0/43 
0/66 
0/534 
0/34 ---
0/1394 

0/22 
0/297 
1/776 
0/22 
0/44 
0/354 
0/66 
0/43 
0/34 
0/98 
0/44 
0/22 
0/66 
0/43 
0/44 
0/110 
0/22 
0/22 
0/22 
0/44 
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: 1.5 psig 

Table 2-7. Autoclave Test (Continued) 

LONGEST STRESS: 144 Hours 

Device Type 

HMOS PLCC 
MC6805R2 
MC68705R3 
CUSTOM D 
CUSTOME 

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 
01434 01433 
1/693 0/692 --- ---
1/1552 0/1550 

1/1150 011148 
0/320 0/320 
0/135 0/135 
0145 0145 
1/363 1/361 
0/770 0/770 --- ---
2/2783 1/2779 

0/102 0/102 
0/68 0/68 
0/102 0/101 
0/33 0/33 --- ---
0/305 0/304 

Table 2-8. Autoclave Test 
GRAND TOTAL 

144 Hrs 

0/170 
0/255 
01432 
0/691 ---
0/1548 

2/1146 
0/320 
0/135 
0144 
0/359 
0/770 ---
2/2775 

0/102 
0/68 
0/101 
0/33 ---
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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1 ~----------------~--~------------~-------------
0.9+--------------------------------------------------
0.8+--------------------------------------------------
0.7+-------------------------------------------~~---

CUM % 0.6 
FAILURE 0.5+---~~--------------------------------------~~ 

RATE 0.4 +-~--------.-.... ~-~.-------------------~-~ 

~:~ r·l~ ---------..............:=.:~~::::::=5±. 
0.1 +---~-------I---------= 

a . I 

YR 1985 YR 1986 YR 1987 
YEAR 

Figure 2-4. Autoclave Trend Chart 

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 2-10 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. 

MOTOROLA MICROPROCESSOR DATA 
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Tabl.e2-9. Temp~rature 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 
MC6821L 
MC6844S 
MC6850 

TOTAL 

HMOS PLCC 
MC6805R2 
MC6805R3 
CUSTOM E 

TOTAL 

HMOS DIP 
MC2674 
MC6801 
MC6801U4 
MC6802 
MC6803U4 
MC6804J2 
MC6804P2 
MC6805P2 
MC6805P4 
MC6805P6 
MC6805S2 
MC6805R2 
MC6805R3 
MC6805S2 
MC6805S3 
MC6805T2 
MC6809E 
MC6809 

TOTAL 

100 eye 500 eye 

0/38 0/38 
0/114 0/114 
0/38 0137 
0/114 0/114 
0/38 0/38 
0/38 0/38 
0/38 0/38 
0/114 0/114 
0/76 0/76 
0/38 0/38 
0/38 0/38 
0/307 0/307 
0/115 0/115 
0/1306 0/1306 --- ---
0/2412 0/2411 

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

0/152 3/152 
0/38 0/38 
0/153 1/153 --- ---
0/343 4/343 

0137 0137 
0/546 1/546 
0/668 0/653 
0/38 0/38 
01114 01114 
0/76 0/76 
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 
0/38 0/38 
0/37 0137 
0/114 0/114 
1/114 0/113 
0/76 0/76 --- ---
3/2746 3/2726 

MOTOROLA MICROPROCESSOR DATA 

2-15 

1K eye 

0/38 
0/114 
0137 
0/114 
0/38 
1/38 
0/38 
1/114 
0/76 
0/38 
0/38 
0/307 
0/115 
3/1306 ---
5/2411 

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

4/149 
0/38 
01152 ---
4/339 

0/37 
2/542 
0/638 
0/38 
0/114 
0/76 
0/114 
0175 
0/38 
0/427 
0/37 
0/38 
3/152 
0/38 
0/37 
0/114 
0/113 
0/76 ---
5/2704 

% Failures 

0.00 
0.00 
0.00 
0.00 
0.00 
2.63 II 

... 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°C to + 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 
MC6890.1L 

TOTAL 

HCMOS PLCC 
MC68HCll 
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 
0176 0/76 
0176 0/76 
0/38 0/38 
0/38 0137 
0/38 0/38 
0/38 0/38 
0/113 0/112 
0/38 0/38 
0/38 0/38 
0/38 0/38 
0/36 0/36 
0/38 0/38 --- ---
01719 01717 

1/538 0/537 
0178 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 0/77 
0174 0/74 
0/135 0/135 --- ---
0/825 0/825 

0176 0/76 
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 0/76 
0/38 0/38 --- ---
0/608 0/607 

MOTOROLA MICROPROCESSOR DATA 

2-16 

1K eye 

0/38 
0/38 
3/38 
2/76 
0/76 
0/38 
0137 
1138 
0/38 
0/112 
0/37 
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 

0/77 
0/231 
1/230 
0/77 
0174 
0/135 ---
1/8~4 

0/76 
0/113 
0/38 
0/76 ---
0/303 

0/38 
0/189 
0/152 
0/38 
0/76 
0/76 
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 0/912 0/911 
HCMOS 2/3652 5/3649 
PLCC 2/2804 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 
0/38 0/38 
0/112 0/111 --- ---
0/610 0/609 

0/384 0/384 
0/107 0/107 
On37 1/737 
0/154 0/154 --- ---
0/1382 1/1382 

0/80 0/80 
1/76 0/75 
2/198 2/195 
0/308 0/308 --- ---
3/662 2/658 

MOTOROLA 'MICROPROCESSOR DATA 

2-17 

1K eye 

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

0/231 
0/77 
0/107 
1/38 
1/38 
0/111 ---
2/602 

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

0/80 
0/75 
11191 
0/308 ---
1/654 

% Failures 

0.18 
0.67 
0.00 
0.47 
0.86 II 
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 
- Failures Per Sample -

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 

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 

YR 1987 

The objective of thermal shock testing is the same as that for temperature cycle testing - to 
emphasi~e differences in expansion coefficients for components of the packaging system. How
ever, thermal' shock provides additional stress in that the device is exposed toa 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 flourocarbonat + 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. 

MOTOROLA MICROPROCeSSOR DATA 
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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 
0/135 2/135 
0/34 0/34 
0/34 0/34 
0/34 0/34 
0/34 0/34 
0/68 0/68 
0/34 0/34 
0/68 0/68 --- ---
0/475 2/474 

0/432 0/431 
0/68 0/68 
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 0/68 
0/34 0/34 
0/34 0/34 
0/34 0/34 
0/102 0/102 
0/33 0/34 --- ---
0/1750 4/1750 

0/38 0/38 
0/38 0/38 
0/38 0/36 
0/38 0/38 
0/38 0/38 --- ---
0/190 0/188 

0/34 0/34 
0/68 0/68 --- ---
0/102 0/102 

0/615 2/614 

0/462 0/461 
0/205 0/205 --- ---
~/~67 0/666 

0/34 0/34 
0/68 0/68 
0/34 0/34 
0/34 0/34 --- ---
0/170 0/170 
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1K eye 

0/34 
0/133 
0/34 
0/34 
0/34 
0/29 
0/67 
0/34 
1/68 ---
1/467 

0/431 
0/68 
0/343 
0/34 
0/68 
0/34 
0/428 
0/34 
0/68 
2/32 
0/34 
0/33 
0/95 
0/33 ---
2/1735 

0137 
0/37 
0/36 
0/38 
0/36 ---
0/184 

0/34 
0/68 ---
0/102 

0/612 

1/459 
0/199 ---
1/658 

0/31 
0/68 
0/33 
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 



I 

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 

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 

2/474 
4/1938 
0/170 
01768 
2/614 
6/3350 
8/3110 
0/854 

8/3964 

VR 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 

VR 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 cellis 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 0/44 0/44 0/44 
MC68705R3 0/45 0/45 0/45 
MC68704P2 0/442 0/442 0/442 
MC68701 0/45 0/45 0/45 --- --- ---

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 
XC68HCllA8* 1/385 0/381 0/377 
MC68HCllA8* 2/1668 2/1667 2/1665 --- --- ---

TOTAL 3/2053 2/2048 2/2042 

HMOS 1/2798 0/2797 1/2797 
HCMOS 3/2053 2/2048 2/2042 

GRAND TOTAL 4/4851 2/4845 3/4839 

*These EEPROM units were prestressed through 10K writelerase 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 

0.5TI--~~--------------------------~---------------

'-0.45-

0.4 

0.35 

CUM % 0.3 
FAILURE 0.25 

RATE 0.2 

0.15 
0.1 

0.05 

o 
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 "0" 
at the device high temperature specification of 85°C. The most common failure mode is failure 
to write a "0" within the 10 msec specification limit. 
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Table 2-16 lists the results and grana totaldftheEEPROM write/erase cycling test. Table 2-17 lists 
the average outgoing quality from year 1979 through 1987. 

Table 2-16. EEPROM Writ~/Erase Cycling Test 

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

Devic.e Type 
1K cyc 

HCMOS P·LCC 
XC68HC11A8 1/288 
(Mask: 18960) 
XC68HC11A8 3/642 
(Mask: 28960) 
MC68HC11A8 11314 
(Mask: 28960) 
MC68HC11A8 3/1289 
(Mask: 78960) 

TOTAL 8/2533 

Device Type 

HCMOS PLCC 
MC68HC11A8 
(Mask: 1 & 28960) 
MC68HC11A8 
(Mask: 78960 (Curfent Mask)) 

GRAND TOTAL 

- Failures Per Sample -

2K cyc 5Kcyc SK cyc 

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 

WritelErase 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 5.24 x 107 

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 

AOa (PPM) 
(PPM) 

Actual 

3000 (-)4000 
2500 (-)2000 
1500 1725 
900 717 
425 383 
200 419 
80 272 
50 291 
50 232 
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10K cyc Failure 
.. 

1/283 2.10 

0/625 1:42 

0/312 0.64 

1/1285 0.39 

2/2505 0.87 
.. ' 

Failures 
% 1K cyc 
0,53 eV2 

17 0.090 

5 0.035 

22 0.056 

Visual/Mech. 
AOa(PPM) 

Actual 

(-)4500 
(-)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 evalu.ated through 
extensive stress/testing which includes life test, temperature cycle, thermal slwck, THB, autoclave, 
and data retention bake. Thisyear'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 tathe 1986 yearly total of 264 FITs (based on 0.7 eV). Failure rate 
improvements were seen in all ofthe 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 Clre capable of meeting rigid 
environmental extremes with very low failure rates. The actuar 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 0.1-1% figure which is a 56% improvement 
over 1986. 

Data retention bake, which is used to evaluate the ability oftheMCUEPROM and EEPROM 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 yeC!rs results. 

Write/erase cycling, which was begun this year to measure the MCUEEPROMarrays 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 ofthe 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 

REGION 2 

,~----~---------------------, 
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 hi'gh 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. Wearout- 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 fCiilure rates assume that the devic,es 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 ,us,ed 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 pnly. 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
(a , d.f) 

A.::::.;X ---
2t 

A. = Failure Rate 
x2 = Chi-Square Function 

100 - Confidence Level 
a 

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

(1 ) 

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( (<I>/k)· (1 -1) ) 

Tr Tt 

Fa = Acceleration Factor 
<I> = Activation Energy, eV 
k = Boltzman's Constant, 8.62 x 10 - 5eV/K 
Tr = Junction Temperature, K at the Rated 

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

Ambient of 125DC 

(2) 

Motorola uses 70DC 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 failuresto 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 testambients. Motorola uses junction, rather than ambient 
temperature, because they, produce acceleration factors that are more conservative ahdrepre-
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 
6JA =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 for t 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=x.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 anonrepairable item such as a semiconductor and is expressed 
as the reciprocal-of th.e failure rate: 

1 
MTTF=

X. 

MOTOROLA.MICROPROCEsseR DATA 

2-26 

(4) 



Data Sheets 
Volume I and" 

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
ates the vertical and horizontal 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, Incrementable, and Readable Cursor 
• Programmable Cursor Size, Position, and Blink 
• Split Screen and Horizontal Scroll Capability 

• Light Pen Register 
• Selectable Buffer Interfce Modes 

• Dynamic RAM Refresh 
• Completely TIL 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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CE Interface 

R 

Vii Read/Write 
Control Logic 

Address 
Decoder 

I INTR 

~ 

~ 
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 

Vce -0,3 to + 7.0 V 

Vin -0,3 to + 7,0 V 

TA o to 70 °e 

Tst9 -55 to + 150 °e 

Symbol Value Rating 

8JA 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 Yin and Vout be con
strained to the range GND~(Vin or 
Vout)~VCC. Reliability of operation is 
enhanced if unused inputs are tied to 
an appropriate logic voltage level (e.g., 
either GND or VCC). 



MC2672 

POWER CONSIDERATIONS 

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

where: 
TA 
9JA 

PD 
PINT 
PPORT 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+PPORT 

TJ=TA +(PO" 9JA) 

= ICC x VCC, Watts - Chip Internal Power 
= Port Power Dissipation, Watts - User Determined 

(1 ) 

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

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

PD=K+(TJ+273°C) (2) 

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

K = PO"(T A + 273°C) + 6JA"P02 (3) 

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

DC ELECTRICAL CHARACTERISTICS (TA=O°C to 70°C, VCC=5.0 V ±5%) 

Parameter Symbol Min Max Unit 

Input Low Voltage VIL -0.3 0.8 V 

Input High Voltage VIH 2.0 VCC V 

Output Low Voltage (lLoad = 2.4 mAl VOL - 0.4 V 

Output High Voltage (Except INTR Output) ILoad= -200 IJ.A VOH 2.4 - V 

Input Leakage Current Vin=O to VCC lin -10 10 p.A 

Hi-Z (Offstate) Input Current Vin-O.4 to 2.4 V ITSI -10 10 p.A 

fN'FR Open-Drain Output Leakage Current VOH=2.4 VCC 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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MC26J2 

AC ELECTRICAL CHARACTERISTICS - BUS TIMING (TA=Oo to 70°C, VCC=5.0 V ±50/0, See Note 1) 

MC2672B3 MC2672B4 

Parameter Symbol Min Max Min Max Unit 

AO-A2 Setup Time to W, R Low tAS 30 - 30 - ns 

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

IT Setup Time to W, R Low tcs 0 - ·0 - ns 

IT Hold Time from W, R High tCH 0 - 0 - ns 

W, R Pulse Width tRW 250 - 250 - ns 

Data Valid after R Low too - 200 - 200 ns 

Data Bus Floating after R High tOF - 100 - ' 100 ns 

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

Data Hold Time from W High tOH 10 - 5 - ns 

High Time from CE to IT (see Note 2) Consecutive Commands tcc 600 - 600 - ns 
Other Commands 300 - 300 - ns 

NOTES: 
1. Timing is illustrated and specified referenced to Wand R inputs. Device may also be ol2m"ated with CE as the "strobing" 

input. In this ase, all timing specific~ons apply referenced to falling and rising edges of CEo 
2. This specification requires that the CE input be negated (high) 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 areDA V to 2.4 V. 

BUS TIMING DIAGRAM 

~0-A2 ~ ___________ _ 

-+l tAS 

00-07 (Read) Float 

r- tos 

00-07 (Write) _________ ...1)( Valid 
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MC2672 

AC ELECTRICAL CHARACTERISTICS - CHARACTER CLOCK TIMING (T A = O°C to 70°C; Vce = 5.0 V ± 5%, See Note 1 ) 
'MC267~B3 M2672B4 

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 CClK Edge tCCD 
DADDO-DADD13, BCE, WDB, ROB, MBC 40 175 40 150 ns 
BLANK, HSYNC; VSYNC/CSYNC,CURSOR, BEXT, BREQ, BACK I 40 225 40 200 

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

(minimum/maximum) of OADOO-OAD013 delays. 
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for in'puts and 

outputs. Input levels are 0.4 V to 2.4 V:, 

Outputs 
(See Note 1) 

Outputs 
WDB, RDB, BCE 

NOTES: 

CHARACTER CLOCK TIMING DIAGRAM 

~~~~tcc~~~~ 

tCCD--jooII-~-+t 

1, DADDO-DADD13, BLANK, HSYNC, CSYNCIVSYNC, CURSOR, BEXT, BREQ, BCE, MBC, BACK, 
2, BCE changes state on both CClK edges. 
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MC2672 

AC ELECTRICALCHARACTERISTICS--- OTHER TIMINGS (TA=0°Cto.70oC, VCC=5.0 V ±5%) 

MC2672B3 MC2672B4 
Parameter· .' Symbol Min Max Min Max Unit 

READYIRDFLG Low from W HIGH tRDL - tCCp+30 - tCCp+30 ns 

BP£1< High from PBREll Low tBAK - 225 - 200 ns 
BEXi High from Pi3REQ High tBXT - 225 - 200 ns 

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

Light Pen Strobe Hold Time from CCLK Low , tLPH -10 ' - -10 - "hs 

ifiIiFf Low from CCII( Low tlRL - 225 ..,. 200 ns 
TNTR High.from W, R High tlRH - 600 - 600 ns 

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

input. In this case, all timing specifications apply referened 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 

First HSYNC 
of VBLANK 

tIRl~ __ 

Multiplexed 
Signals Valid 

Status Bit _____________ +-_ ... 
___________________________ t_IR_L~ 

INTR \J~ __________________ __ 
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OTHER TIMING DIAGRAMS (Continued) 

IIRl~ 

~'-----
DADDO
DADD13 

Character 
Address n 

Wfora~ 
Delayed . 

Command ~ 
Ready or -------..:.;.,. t.;..R"""D~ r 

RDFLG Status , \11.. ______ _ 
Bits _ 

PBREO 

BACK 

BEXT 

Wor RWhich 
Resets 

Interrupt 

INTR' 

\ ~ 
~ tBAK ~ 

/ 
~ 

\ J tlRH r-
/ 
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COMPOSITE SYNC TIMING DIAGRAM 

Even Field ~ :First Displayed Scan 
Last Displayed Scan I + ' 

of Previous Field Vertical Front Porch----'.~ ... ~Vertical SYNC Vertical Back Porch~ of Even Field 
Pulse ,I I :Honzontal Sync 

CSYNC ~ 'Pulses 

~------------Vertical Blanking Interval------------3~ 

~~ ~ Last Displayed Scan ,', "," " First Displayed Scan 
of E F' Id 1.-, Vertical'Front'p,o, rch - Y2,H, +, Vertical SYNC......!..-Vertical Back Porch - Y, H of Odd Field 

ven Ie I - , Pulse - I - ~Y,H~ ,I 
CSYNC ~ 

~ __________ ~~I~ .~HP~d 
BLANK ~"'E-----------Vertical Blanking Interval ~/~ L-J L 

Horizontal Blanking Interval 

NOTES: 
1, In non-interlaced operation the even field is repeated continuously, a,nd 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 PYTe are described in 
the following .paragraphs. 

Yec AND GND 
Power is supplied to the PYTe using these two pins. Yee 

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

ADDRESS LINES (AO-A2) 
These lines are used to select PYTe internal registers for 

read/write operations and for commands, 

DATA BUS (00-07) 

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, arid status transfers bet
ween the epu and the PYTe 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 (W) 

This pin is an active low input. A Iowan 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 epu and the PYTe are enabled on 00-07 as 
controlled by the W, R, and AO-A2 inputs. When eE is high, 
the PYTe 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 PYTe'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/CSYNC) 
A control bit selects either vertical or compOSite sync 

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

MOTOROLA MICROPRoceSSOR DATA 
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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 (DADDO through DADD131. The first and last lines of 
the cursor and a blink option are programmable. 

INTERRUPT REQUEST (lNTR) 
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 (CTRLll 
In independent mode, this pin provides an active low write 

data buffer (WDB) 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 
(PBREQ) 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 (ROB) 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 
(BEXT) output which indicates that the pvrc' 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 DADO" command. In row-buffer mode, CTRL2 is an 
active low bus request (BREQ) output which halts the CPU 
during a line DMA. 

HANDSHAKE CONTROL 3 (CTRL3) 

In independent mode, this pin provides the active low buf
fer chip enable (BCE) signal to the display memory. In 
transparent and shared modes, CTRL3 provides an active 
low bus acknowledge (BACK) 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 (MBC) 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/L1)· - 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 (DADD4-DADD7/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 lightpen line posi
tion (line three, five, seven, or nine). 

UNDERLINE (DADD10/UL) - Asserted before the scan 
line which matches the programmed underline position (line 
o through 15), 

BLINK FREQUENCY (DADD11/BLlNK) - Provides an 
output divided down from the v~rtical 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/LL) - Asserted before the last scan 
line of character row. 

FUNCTIONAL DESCRIPTION 

The following paragraphs describe the major blocks (data
bus buffer, interface logic, operation control, timing, display 
control, and buffer controll which comprise the PVTe. 

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 permitcommunications 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=OI Write (W=OI 

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 Sqeen Start 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 Inttlallzatlon 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 (lR1O, 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; (lRO) iof the initialization register group. The internal pointer can also be preset 
to any register of the group via the "load IR 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 C!n 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. 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 shiH register or a small 
RAM) that is updated in real time to contain the appropriate 
display data. 

The user program bits 0 and 1 of IRO to select the mode best 
suited for the system environment. The CNTRll-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 (ROB), 
write data buffer (WDB), 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 during blanking 
intervals in order to prevent visual disturbances of the 
dispiayeo data. 

The CPU manages the diHa 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. PYTC 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 CUFsor with/without increment" 

or "read at pointer" command. 

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

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 
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. 

MC2&72 

5. PYTC generate~. control signals and outputs block 
addresses to copy data from the interface latch into 
the specified block of memory. 

6. PYTC 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 fOF 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 Figure3. 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 4), 

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 

MC2672 

Keyboard 
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PVTC 

DADD 

CTRl3 

CTRll 

CRTl2 

CClK 

EE 

VII 

BLANK 

DADD 

ROB 

WDB 

BCE 

MC~672 

FIGURE 2 ~ INDEPENDENT BUFFER-MODE CONFIGURATION 

Refresh 
RAM 

Display Address ADR 

BCE 
EE 

WDB W 
Data I/O 

RDB 

Display Data Bus 

System Data Bus 

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

\ 

To 
Video 
logic 

----~~~~~~~----------------------~ 
NOTE: Write waveforms shown in dotted lines. 
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w 

BLANK· 

DADO 

w 

BLANK 

DADO 
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FIGURE 4 - READ/WRITE AT CURSOR/POINTER COMMAND.TIMING DIAGRAM 
(Command Received While Display is Blanked) 

~Refresh Addresses~ 

\~----:--il ~. 
------~--~\~~----~ 

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

Any Char 
Address 

BLANK is Set Until First VBLANK After Last Write 

--------------------------\~--------------------
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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 har9ware configuration with the 
CPU accessing the display buffer via three-state drivers (see 
Figure 6). The processor bus request (PBREQ) control signal 
informs the PVTC that the CPU is requesting access to the 
display buffer. In response to this request, the PVTC raises 
bus acknowledge (BACRJ until its b~s external(B8(T) out
'put has freed the display address and data buses for CPU ac-

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 

CPU 

MC2672 
PVTe 

Display Address 

Refresh 
RAM 

ADR 

{ 

PBREO ------~ ... CTR L 1 
~------------~CE 

~------------.....W BACK 4--t~-~ CTRL3 

B EXT_---+-----I 

CPU{~ 
W .---~'" 

System Data Bus 
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FIGURE 7 - TRANSPARENT-BUFFER MODE TIMING 

CITR· 

: ~ I Il,,-. _~ ______ JiS;;N~;;"-~-~--~~-----~~--------

~ 42-1-) ------'~------------{ .... :~:~~~~~~~~~~~~~~~~----------
BLANK ~ Horizontal Blanking Interval \ '. \ _________ • 

DADD 

NOTES: 
1. !5IDfEO: must be asserted prior to the rising edge of 'BLANK in order for sequence to begin during that blanking period. 
2. If PBREO is negated after the next to last CCD< of the horizontal blanking interval, the next scan line will also be blanked. 

FIGURE 8 - SHARED-BUFFER MODE TIMING 

{(~;No;ii---~- Jv------- ------
----i----+---+-... ,.,_--- - - - - - __ J 

r--------~-----------· 
\.-__ ....j~I"'---.J- ____ __ .J 

BLANK 1 
DADD 

NOTE: 
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 

(al During Vertical Blank or after 'display ~ff command 

VBLANK __________ --.J\...-____ _ 
orDBLANK 

DADO .,.;' ~...J\.._---J'--_J 
• 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 Olaf 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 thEm 
releases the CPU and displays the row-buffer data for the 

(bl After'displaY'9ff and three-state' command 

PBREO ______________ ~---------------------------. 

BACK 
~ 

BEXT 
~ 

BLANK 
\ 

DADO System Processor has Continuous Bus Control 

programmed number of scan lines. The bus-request control 
(BREO) signal informs the CPU that character addresses and 
the memory bus control (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. 

FIGURE 10 - ROW-BUFFER MODE CONFIGURATION 

BREO 
To CPU 

MC2672 
PVTC 

2x2111 

Row 
Refresh 

RAM 

r-------~----------~OD 
CTRL2 

w 
CTRL3 

System Address Bus 

SN74LS244 

System Data Bus 
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FIGURE 11 - ROW-BUFFER MODE TIMING 

CCLK 

BLANK ~r--.....;...i-~I~~ __ I_Lin_e_O O_n_IY)_ ...... \r---__ ...Jy I 

BRW ---...... \ • ~,....----
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 (upper left corner of screen), the cursor posi
tion, and the pointe'r address for independent rnemory 
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 (IRO-I R10) 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 (IR10, 
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 (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 configuration, display format, cursor 
shape, and monitor timing. Register 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 4 

Scan Lines Per Character Row 

Non-I nterlaced 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 (Page 2 of 31 

7 6 5 4 3 2 o 
IR1 Interlace 

Enable Equalizing Constant 

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

1 = Interlace · EC=0.5 (HACT+ HFP+ HSYNC+ HBP) -2(HSYNC) · · 1111110= 127 CCLK 
1111111 = 128 CCLK 

6 5 4 3 o 
IR2 Not Used Horizontal Sync Width Horizontal Back Porch 

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

6 5 4 3 o 
IR3 Vertical Front Porch Vertical Back Porch 

()()()=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 

6 5 4 3 o 
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. 

6 

IR5 

4 3 

Active Characters Per Row 

00000010=2 Char<jcters 
00000011 =4 Characters 

11111110=255 Characters 
11111111 = 256 Characters 
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FIGURE 12 -INITIALIZATION REGISTER FORMATS (Page 3 of 3) 

7 6 5 , 4 3 

First Line of Cursor Last Line of Cursor 

0000= Scan Line 0 0000= 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 5 4 3 

Double 
Cursor Height 

Light Pen Line Blink Char. Underline Position 

00= Scan Line 3 O=No O=No 0000= Scan L.ine 0 
01 = Scan Line 5 1 = Yes 1 = Yes 0001 = Scan Line 1 
10t Scan Line 7 · 11t Scan Line 9 · 1110=Scan Line 14 

1111 = Scan Line 15 

5 4 

Display Buffer First Address LSBs 

6 

H"OOO" = 0 
H"001"= 1 

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

4 

NOTE: MSBs are in IR9[3:0J 

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=16,383 

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 (lRO[6:3]) - Both 
interlaced and non-interlaced scanning are supported by the 
PVTC. For interlaged mode, two different formats can be im
plemented, depending on the interconnection between the 
PVTC and the character generator (see I R 1[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 character 
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 (lRO[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. 

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 (lRO[1:0J) - Four buffer memory 
modes may be selectively enabled to accommodate the 
desired system configuration. See SYSTEM CONFIGURA
TION. 

INTERLACE. ENABLE (lR1[7J) - Specifies interlaced or 

FIGURE 13 - INTERLACED DISPLAY MODES 
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EQUALIZING CONSTANT (lR1[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 (CCLK) 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 2(HSYNC) 
i 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 bla~k pulse 
is delayed three CCLKs relative to the HSYNC pulse. 

HORIZONTAL SYNC PULSE WIDTH (lR2[6:3]) - This 
field specifies the width of the HSYNCpulse in CCLK 
periods. 

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 PORCH (lR3[7:511 - 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 (lR3[4:0]) - This field deter
mines the number of scan line periods between th~ falling 
edges of the VSYNC and BLANK outputs. 

CHARACTER BLINK RATE (lR4[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/BLlNK output at the falling edge of each 
BLANK . 

CHARACTER ROWS PER SCREEN (lR4[6,O]) - 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 (lR5[7:0]) - Thisfield 
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 hor-izontal 
back porch is the horizontal scan period is CCLKs. 

FIRST AND LAST SCAN LINE OF CURSOR (lR6[7:4] 
AND IR6[3:0J) - 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 

I--.i--___ Char/Row ------i·~I' 
(lR5) 

I~--~L ________________ ~-I ----I HBLANK ----J . L------

~ f+ Front Porch (IR1) Back Porch (lR2) ~ f.-
HSYNC -.JlL........ __________ ~I1L... __ _ 

--+l !+'HSYNC (lR2) 
'~Char Rows/Screen (lR4)--+j 

,...-___ -+1.., 1+ 1+ S S,can Lines Per Row (lRO) ";..-I---..... 
L VBLANK --.J I I 

+! f<4:- Front Porch (lR3) Back Porch (IR3)'+-\ i" 
VSYNC ---fl nL. __ __ 

~ I - VSYNC (Fixed at3) 

IRO I. I I. I I I I I 
HSYNC HBACK 
Width Porch 
~ 

IR2 I I I I I I II' 

Char. Rows/ Screen 
I , 

IR4 I I I II I I I I 

Equalizing 
Constant 

IRl I I I I I 1'1 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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LIGHT 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[5]) - This bit controls 
whether or not the cursor output pin will be blinked at the 
selected rate (IRlO[7]). The blink'duty cycle for the cursor is 
50%. 

DOUBLE HEIGHT CHARACTER ROW ENABLE (IR7[4]) 
- 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 atany 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 (lH4) to maintain the same total 
number of scan lines per field. 

UNDERLINE POSITION (lR7[3:0J)- 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[51. 

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, smo'othscrolling, 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. 

Setl reset during the character row prior to the row which is to bel 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 horizonta.1 blanking interv('ll of the last line of character 

row before row where new value is ·to be used. 

MOTOROLA MICROPROCESSOR· DATA 

3-22 



MC2672 

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 of16 possible 
PVTe 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) 

6 4 o 
Command Code. 

Refer to COMMANDS for Command Codes 

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

Light Pen Address Register (Read Only) 

6 5 4 3 o 
Upper Register 

Not Used MSBs 

6 5 4 3 2 o 
Lower Register (LSBs) 

H"OOOO"=O 
H"OOOl" = 1 

NOTE: MSBs are in Upper Register [5:0] 

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 
(RSR) and into the memory-address counter (MAC) .. · The 
counter is then advanced sequentially at the character rate 
the number of times programmed into the active characters
per-row register (iR5) thus reaching the address of the last 
character of the row plusone. 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, if during 
the incrementing of the memory address counter the 
"display buffer last address" (IR9[7:4]) is reached, the MAC 
will be loaded from the "display buffer first address" register 
(lR9[3:0)), (lR8[7:0]) at the next character clock. Sequential 
operation will then resume starting form this address. This 
wraparound operation allows portions of the display buffer 
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 

o r---------, 

Bottom of Screen-. mfmrmmrr?f~}} .. Display Buffer Start 

16K '--_____ .J 

Memory 

Monitor 
Display 

(a) Display Memory Wraparound 

0...---------. 

~~~~~..O...:..~ +Display Buffer End 

Monitor 
Display 

16K'-------...1 
Memory 

(b) 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 (upper, lower, or both) are changed during any 
character row (say row "n"), the starting address of the next 
character row (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 addr.ess 
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 strope 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 PYTC to effect 
desired changes to implement various display operations. 
The interrupt register provides information on five possible 
interrupting conditions, as shown in Figure 17. These condi
tions may be selectively enabled or disabled (masked) from 
causing interrupts by certain PYTC commands. An interrupt 
condition which is enabled (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 zero) has no effect on either the 
fl\fi"R 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 PYTC is currently executing 
the previously issued command. A one indicates that the 
PYTC is ready to accept a new command. 

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

SPLIT SCREEN (I/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[6:01. 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 is loaded by the 
CPU. 

READY (I/SR[lJ) - Certain PYTC commands affect the 
display and may require the PYTC 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 (lfSR[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 PYTC 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. 

FIGIjRE 17 - INTERRUPT AND STATUS REGISTER FORMAT 

6 

Not Used 
Always Read 

as Zero 

5 4 3 
.. 

Line Split 
RDFLG VBLANK Zero Screen 

0= Busy O=No O=Nb O=No 
1 :2'Ready 1 =Yes 1 =Yes 1 =Yes 
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TABLE 3- PVTC COMMAND FORMATS 

07 06 05 D4 03 02 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 V (V = 0 to 10) 
0 0 1 d d d 1 0* Disable Light Pen 
0 0 1 d d d 1 1* Enable Light Pen 
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 (N= 1) or Scan Line (N=Q) 
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 and Resets the Corresponding 

I nterrupti Status Bits where N = 1 

V L S R L 
B Z S D P 

Oelayed 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 CNTRL1 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 (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 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 
il\ffR 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, 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 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=O°C to 70°C) 

PIN ASSIGNMENTS 

Package Type Frequency Order Number 

Plastic 2.7 MHz MC2672B3P 
P Suffix 4.0 MHz MC2672B4P 

R VCC 

CE A2 

W. A1 

CTRLl 

CTRL2 LPS 

CTRL3 

CURSOR DADDO 

DO DADD1 

01 DADD2 

02 DADD3/L1 

03 DADD4/LAO 

04 DADD5/LAl 

05 DADD6/LA2 

06 DADD7/LA3 

07 DADD8/LNZ 

CCLK DADD9/LPL 

BLANK DADD10/UL 
VSYNCI DADDll 
CSYNC IBLINK 

HSYNC DADD121 
ODD 

GND DADD13/LL 
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~SEMICONDUCTOR~~~~~~~~~~~~~ 

TECHNICAL DATA 

Advance Information 
Advanced Video Display Controller (A VDC) 

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 

3 
RAM, and a small amount of TIL 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 Incrementable 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 VCC -0.3 to + 7.0 V 

Input Voltage Yin -0.3 to + 7.0 V 
Operating Temperature Range TA o to 70 °c 
Storage Temperature Range Tstg -55 to + 150 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Rating 

Thermal Resistance !!JA °CIW 
Plastic Package 50 

POWER CONSIDERATIONS 

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

where: 

TA 
IlJA 
Po 
PINT 
PPORT 

TJ =TA +(PO· IlJA) 

= Ambient Temperature, °c 
= Package Thermal Resistance, Junction-to-Ambient, °CIW 

= PINT+ PPORT 
= ICC x VCC' Watts - Chip Internal Power 
= Port Power Oissipation, Watts - User Oetermined 

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 Yin and Vout be con
strained to the range GND~(Vin or 
Vout)~Vce. Reliabil:ity of operation is 
enhanced if unused' inputs are tied to 
an appropriate logic voltage level (e.g., 
either GND or Vce). 

(1 ) 

For most applications PPORT<PINTand can be neglected. PPORT may become significant ifthe device is configured 
to drive Oarlington bases or sink LEO 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 • (T A + 273°C) + IlJA·P02 (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 T A- 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 T A 

DC ELECTRICAL CHARACTERISTICS (TA=OoC to 70°C VCC=50 V±5%) 

Parameter 
Input Low Voltage 

Input High Voltage 

Output Low Voltage (lOL = 2.4 mAl 

Output High Voltage (Except INTR Output) (lOH= -200 p.A) 
Input Leakage Current (Vin=O to VCC) 
Hi-Z (Off-State) Leakage Current (VCC=5.25 V, Vin=O.4 to 2.4 V) 

INTR Open-Drain Output Leakage Current (VO=O to VCC) 

Internal Power Dissipation (Measured at T A = O°C) 
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- 0.4 V 

2.4 - V 
-10 10 p.A 

-10 10 p.A 

- 10 p.A 

- 800 mW 
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AC ELECTRICAL CHARACTERISTICS - BUS TIMING (TA=O°C to 70°C VCC=5 V±5%) 

2.7 MHz 4.0 MHz 

Parameter·· Symbol Min Max Min Max 

AO-A2 Setup Time to W, R Low tAS 30 - 30 -

AO-A2 Hold Time from W, R High tAH 0 - 0 -

a Setup Time to W, R Low tcs 0 - 0 -

a Hold Time from W, R High tCH 0 - 0 -

W, 'R Pulse Width tRW 250 - 200 -

Data Valid after R Low too - 200 - 200 

Data Bus Floating after R High tOF - 100 - 100 

Data Setup Time to W High tos 150 - 150 -

Data Hold Time from W High tOH 10 - 5 -

High Time from a to cr tcc 
Consecutive Commands tccp - tccp -

Other Accesses 300 - 300 -

BUS TIMING DIAGRAM 

AO-A2 --X_~ ___________ ---ii! 
-~tAS 

14-----tRW'----+! 1--------

00-07 
(Read) 

00-07 

Float 

(Write), _---------

IT,R,W1 

NOTES: 
1. Any two must be high for tce. 

Float 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

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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AC ELECTRICAL CHARACTERISTICS ~ CHARACTER CLOCK (CCLK) TIMING (TA=O°C to 70°C, VCC=5 V+5%) -
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 

CelK low Time tCCl 125 - 100 - ns 

Output Delay Time from CClK Edge 
DADDO-13, MBC tCCD1 40 175 40 150 ns 
BLANK, HSYNC, VSYNCiCSYNC, CURSOR, BEXT, BREG, tCCD2 ; 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 (minimum/max
imum) of DADDO-DADD13 delays. 

NOTES: 

Outputs 
(Note 1) 

Outputs WDB, 
RDB,BCE 

CClK TIMING DIAGRAM 

1. DADDO-DADD13, BLANK, HSYNC, CSYNCIVSYNC, CURSOR, BEXT, BREO, 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 (T A = O°C to 70°C, VCC = 5 V ± 5%) 

2.7 MHz 4.0 MHz 

Parameter Symbol Min' Max Min Max Unit 

READY/RDFLG low from W High" tRDL - tCCP+30 - tCCP+30 ns 

BACK High from PBREO Low tBAK - 225 - 200 ns 

BEXT High from PBREQ High tBXT - 225 - 200 ns 

INTR Low from CCLK Low tlRL - 225 - 200 ns 

INTR High from W, R High" tlRH - 600 - 600 ns 

AClL from HSYNC tAC 3xtCCp - 3 xtccp - ns 

"Timing is illustrated and specified referenced to Wand R inputs. Device may also be operated withCE as the "strobing" input. In 
this case, all timing specifications apply referenced to falling and rising edges of CE. 
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VBLANK Status Bit 

BLANK 

DADDO-DADD13 

Line Zero and Split 
Screen Status Bits 

MC2674 

OTHER TIMING DIAGRAMS (Sheet 2 of 2) 

Vertical 
Blanking 
Interval 

1st HSYNC 
of VBLANK 

NOTE: All voltage measurements are re.ferenced 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 
.. 

VFP= n Scan Lines 

Normal VSYNC (ACLL= 1) 
~ .. 

'1 ~ ~tAC 
ACLL 

~ I 
'1 

Delayed VSYNC 
~ .. 

VFP = n + 3 Scan Lines • 

tBXT 

Vii 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 (T A = DoC to 70°C' V CC = 5 V ± 5%) 

2.7 MHz 4.0 MHz 

,Parameter Symbol Min 1 Max Min 1 Max Unit 

Data Setup Time to CClK low tDSRT 100 1 - 60 1 - ns 

Data Hold Time from CClK Low tDHRT 60 1 - 60 I - ns 

ROW TABLE FETCH 1/0 TIMING DIAGRAM 

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, ' 

Even Field COMPOSITE SYNC TIMING DIAGRAM 

last Displayed 

Scan of ~ I+-' _I First Displayed Scan 
Previous Field ~Vertical Front Porch---~~~.Verticai SYNC Pulse... Vertical Back Porch~ of Even Field 

\ I Horizontal 
CSYNC SYNC 

Pulses 

BLANK ~ 
I+-..,-----------Vertical Blanking Interval---...,....-------"--..,.-...,...;.~I 

Odd.Field 

last Displayed r i t l First Displayed Scan of Vertical Front Porch - Y, H Vertical SYNC Pulse Vertical Back Porch- Y, H Scan of 

Even Field 4 ~ y, H Odd Field 

\ I 
CSYNC 

BLANK ~---------------------------------------------~ 
J-.I..:f------------Vertical Blanking Interval---------------.l.1 ~ 

NOTES: 
1. In non-interlaced operation the even field is repeated continuously. 
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 A VDC are described 
in the following paragraphs. ' 

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

for read/write operations and for commands. 

DATA BUS (DO-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 (R) and write (iN) inputs when chip enable 
(eE) input is low. When the CE input is high, the data bus is 
in the three-state condition. 

READ STROBE (R) 

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 (falling) 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 (rising) 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, effecti.vely, the AVDC is isolated 
from the data bus and DO-D7 are placed in the three-state 
condition. 

CHARACTER CLOCK (CClK) 

This input is 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 yalid 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 (ACLU 
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 (CTRLl) 

In independent mode, provides an active low write data 
buffer (WDB) 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 (PBREQ) 
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 (RDB) 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 (BEXT) out
put which indicates that the AVDC has relinquished control 
of the display memory (DADDO-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 (BREQ) output which halts the CPU during a line 
DMA. 

HANDSHAKE CONTROL 3 (CTRL3) 

In independent mode, provides the active low buffer chip 
enable (BCE) signal to the display memory. In transparent 
and shared modes, provides an active low bus acknowledge 
(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 (MBC) 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 A VDC 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/DADD15) - 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/LAQ-LA3) -. These 
outputs provide the number of the current scan line count 
for each character row. 

FIRST liNE (DADD8/FL) - This output is asserted dur
ing the blanking interval just prior to the first scan line of 
each character row. 

DOUBLE WIDTH (DADD9/DW) - 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 (DADD111 BLINK) - 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/LL) - This output is asserted dur
ing the blanking interval just prior to the last scan line of each 
character row. 

VCC 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=Ol 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 intemal pointer to these registers which is incremented after 
each write at this address until the last register (IR14) 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. 
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SYSTEM CONFIGURATIONS 

Figure 1 illustrates the block diagram of a typical display 
terminal that uses an MC2674, character ROM, a keyboard in
terface, and an attribute controller. In this system, the CPU 
examines inputs from the datacommuhications 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 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 a shift register or a small 
RAM) that is updated in real time to contain the appropriate 
display data, 

The user programs IRQ bits Q and 1 select the mode best 
suited for the system environment. The CTAl1, CTAl2, and 
CTAl3 outputs perform different functions for each mode and 
are name·d 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 (RDB), write data 
buffer (WDB), and buffer chip enable (BCEl. 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 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 AVDC 
enacts the data transfers during blanking intervals in order to 
prevent visual disturbances of 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 cursor 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, A VDC generates control signals and outputs specified 
address to perform requested operation. Data is copied 
from the interface latch into the memory. 

6. AVDC 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 cursQr with/without increment".,or 

"read at pointer" command. 
3. A VDC generates control signals and outputs specified 

address to perform requested operation. Data is copied 
from memory to the interface latch and AVDC sets 
RDFLG status to 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 writteh 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. A VDC generates control signals and outputs block ad

dresses to copy data from the interface latch into the 
specified 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 READY 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 ~he vertical blal1king 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 4l. 

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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Display Address ADR 
RAM 

BCE 

CE 
WDB 

WR 
Data I/O 

RDB 

System Data Bus 

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

To 
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1. Write waveforms shown in dotted lines. 
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) 

Vii 

BLANK AVDC Read Command AVDC Write Command 
Address '\ ! Address 

DADD ==x=:c:xo=) I .~ t" ~ 
~ Refresh ----.. -----~~~---

Addresses __ ...... '" • _____ A_dd._r_e_ss;;,;;e_s ____ -t_+ _________ _ 

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 
,Figure 6), The processor bus request (PBREO) control signal 
informs the AVDC that the CPUis requesting access to the 
display buffer. In response to this request, the AVDC raises 
bus acknowledge (BACK) until its bus external (BEXT) 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 A VDC 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 Q) 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 IRO[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 (SSR2). If row table addressing is 
enabled via IR2[71, 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 AVDC is loaded into screen start 
register 1 (SSR1) 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 
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FIGURE 5 - WRITE FROM CURSOR TO POINTER COMMAND TIMING 

CClK 

w 

BLANK __ \ I 
HSYNC HFP= Odd ... / ,-----

. , 
·DADD 

WDB 

BCE 

RDB 
--'-~ ., 

BLANK . f\ 
~ HFP=Even -------

HSYNC ~ I , _________________________ __ 

DADD 

BLANK ~ \_--. -
HSYNC 

DADD 

NOTE: 
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 

Refresh 
RAM 

ADR 

-----~ CTRll 
.------l~IT 

... --..... ----/ CTRl3 W 
Data I/O 

BEXT 
.---+-----1 CTRl2 

Select 
Decode 

FIGURE 7 - TRANSPARENT BUFFER MODE TIMING 

r----·-·--~--- --_._--
I (2) --..... I\r"~---1----1----"""'_-..j- - - - ;..I 

,--- - - -"r----
I 

-----' 

----Ii"f" 
Ir-------........ Ir----------.~ - - - - -~ - -, 

\ t.. _____ _ 

1. PBREQ must be asserted prior to the rising edge of BLANK in order for sequence to begin during that blanking periOd. 
2. IfPBREQ 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 

,.-------~---- -------
, (1) 

'---+---+---+-..1\,....--1_- -- - ~ 

BLANK 
1_-----"'------""'111.. - -- - ~ - --, 

\ ... _------
DADO 

NOTES: 
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 0.4 V to 2.4 V. 

FIGURE 9 - SHARED AND TRANSPARENT MODE TIMING 

(a) 

BACK _____ J 

BEXT ----------~\L _____ ~~--~~ - , 
VBlANK or 

DBlANK 

DADD 

, 
Sys. ADD 

~ 
Refresh Addresses Refresh 

Addresses 

a) During Vertical Blank or after 'display 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. 

(bl 

------- ~--------
BACK ----------------~~r-----------------
BEXT ________ ~~~ ________ _ 

• , 
BLANK 

System Processor Has Continuous Bus Control 

DADO -( ____ ....:.t~~~-----J>--

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 and nor
mally require no modification except for certain special visual 
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FIGURE 10 - ROW BUFFER MODE CONFIGURATION 

MC2674 
AVDC 

CTRL2 

CTRL3 

System 
RAM 

R 

W------J 

System Data Bus 

LSBs 

FIGURE 11 - ROW BUFFER MODE TIMING 

2x2111 

Row 
Refresh 
RAM 

OD 

W 

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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r SSR2 

A } 
B ~-

C._I-
D . 

~ .-
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2nd Char 
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0 

last Char 
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Data Row 

1st Char 
2nd Char 

0 
0 
0 

last Char 

FIGURE 13 - ROW TABLE MODE CONFIGURATION (NON-ROW BUFFER MODES) 
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MC2674 
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Display Address 
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FIGURE 14 - ROW TABLE MODE TIMING 

First line of Row 

.. --------' ....... EC+2 HSW CCLKs 

DADD Last Line Addresses First line Addresses Refresh 

CURSOR 
,..-------
I Possible Cursors 

Transparent 
Buffer Mode 

Independent 
Buffer Mode 

DADD 

DADD 

WDB U 

Possible Cursors 

First Line Addresses 3-State 

No Fetch Bus 

First Line Addresses 

u 
BCE ~ ______________________________ ___ 

= Multiplexed Control Signals 
EC = Equalizing Constant 
HSW= Horizontal SYNC Width 
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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 (lR14) 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 (lRO) 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 

0= Non-
Interlace 
1 = Inter-

. lace· 

IR2 Row 
Table 

O=Off 
1 =On 

6 4 o 
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 

4 

Equalizing Constant 

0000000= 1 CClK 
0000001 = 2 CClK . Calculated from: . EC =0.5 IHACT+ HFP+ HSYNC + HBP) - 2IHSYNC) 

1111110=127 CClK 
1111111 = 128 CCIR 

4 

Horizontal Sync Width 

0000= 2 CClK 
0001 =4 CClK . . 
1110=30 CClK 
1111 = 32 CClK 
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IR5 

IR6 

IR7 
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FIGURE 15 - INITIALIZATION REGISTER FORMATS (Sheet 2 of 4) 

6 5 
Vertical Front Porch 

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

7 6 5 
Character 
Blink Rate 

0= 1/64 
VSYNC 

1 = 11128 
VSYNC 

7 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 

7 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 2 

Vertical Back Porch 

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

4 3 2 

Active Character Rows Per Screen 

00000oo = 1 Row 
0000001 = 2 Rows 

· · · 1111110=127 Rows 
1111111=128 Rows 

4 
Active Characters Per Row 

00000010 = 3 Characters 
00000011 =4 Characters 

11111110= 255 Characters 
11111111 = 256 Characters 

4 3 

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 

Underline Position' 

0000 = Scan Line 0 
0001 = Scan Line 1 

· · 1110= Scan Line 14 
1111=Scan Line 15 
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IR8 

IR9 

I 7 
IRlO 

IR11 LZ Down 
O=Off . 
l=On 

IR12 Scroll Start 

O=Off 
l=On 

MC2674 

FIGURE 15 - INITIAL:lZA TION REGISTER FORMATS (Sheet 3 of 4) 

6 4 2 o 
Display Buffer First Address LSBs ' 

H'ooo'=O 
H'OOl'=l 

NOTE: MSBs are in IR9[3:0] 

6 

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

4 3 2 

Display Buffer Last Address Display Buffer First Address MSBs 

0000=1,023 
0001 = 2,047 . See IR8 . 
1110= 15,359 
1111=16,383 

6 4 3 2 
Display Pointer Address Lower 

See IR11 

6 4 

LZ Up Display Pointer Address Upper 
0= Off H'OOOO' -0 
l=On H'oool'= 1 . . 

H'3FFF' =16,383 

6 5 4 3 2 
Split Register 1 

00000oo = Row 1 
0000001 = Row 2 . . 

1111111 = Row 128 
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FIGURE 15 - INITIALIZATION REGISTER FORMATS (Sheet 4 of 4) 

6 5 
IR13 Scroll End 

0= Off 
l=On 

7 6 5 
IR14 Double 1 Double 2 

00= 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 (lRO[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 theCP writing to IR14 directly. 

2. When the contents of screen start register 1 (SSR1) 
upper are changed, either by the CPU writing to this 
register or by the automatic loading of SSRl when 
operating in row table mode, the two most significant 
bits of SSRl upper are copied into IR14[7:61. 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[141. 

SCAN LINES PER CHARACTER ROW (lRO[6:3]) - 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 IRl [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 (lRO[2]) - This bit selects either vertical 
sync pulses or composite sync pulses on the VSYNC/ 
CSYNC output (pin 18). The composite sync waveform cone 
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 (lRO[1 :0]) - Four buffer memory 
modes may be selectively enabled to accommodate the 
desired system configuration. See SYSTEM CONFIGURA
TIONS. 

INTERLACE ENABLE (lR1[711 - Specifies. interlaced or 
non-interlaced' timing operation. Two modes of interlaced 
operation are available, depending on. whether LO-L3 or 

4 

4 

3 2 o 
Split Register 2 

00000oo = Row 1 
0000001 = Row 2 . . 

1111111 = Row 128 

3 o 
lines to Scroll 

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

ODD, LO-L2 are used as the line address for the character I 
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 (I R 1[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 (CCLKs) during a horizontal line period 
divided by two, minus two times the number of character 
clocks in the horizontal sync pulse: 

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 (lR2[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 (lR2[6:3]) - This 
field specifies the width of the HSYNC pulse in CeLK 
periods. 
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FIGURE 16 - INTERLACED DISPLAY MODES 

t---!....---{§O~~}l 
Line Address Line Address Line Address 

To Character Generator To Character Generator To Character Generator 

1 -e-e-e-e-e--

2 -e-------
3 -e-------
4 -e-e-e-----

-e-------
-e-------
-e-e-e-e-e--

o ---------
-e-e-e-e-e--

-e--~----

-e--------
4 -e-e-e-----

-e-----------
6 -e------------

-e-e-e-e-e --

8 

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

"0 c 

~ ~ 7---------8--------
o ---------0--------1 -e-e-.e-e-e--

1 -0-0-0-0-0---
2 -e-------2-0-------
3 -e-------
3-0-------

4 -e-e-e-----
4-0-0-0----

5 -e-------
5-0-------

6 -e-------6-0-----------7 -e-e-e-e-e--
7 -0-0-0-0-0--

8 8--------
o -----------0---------e-e-e-e-e--

1-0-0-0-0-0---e-------2-0--------e-------3-0-------
4 -e-e-e----

8 

4-0-0-0-----e-------5-0-----------
-e----~--6-0-------e-e-e-e-e--
7-0-0:-0-0-0--

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

C "0 
ill "0 
t1JO 

\

01_00000-
~ 2-e------

~~ 3-0------
~ Vi 4 -e e e-----
o ill 5-0------

~:.5 6 7-~0000----
8 9-------
o ---------1-00000 
2 -e 

3-0 
4 --ee. 

5-0 
6 -e 

7-00000 
8 

9 
0 

1-00000----
2 -e 

3-0 
4 -e •• 

5-0 
6 -e 

7-00000----
8 

9 
0 

1-00000----
2 -e------

3-0------
4 -e e e---------

5-0-....,.----6-e------
Interlaced SYNC and Video 
IRO=Ol00; Total Lines/Row= 10 

HORIZONTAL BACK PORCH (lR2[2:0]) - This field 
defines the number of CClKs between the trailing edge 
of HSYNC and the trailing edge of BLANK. 

CHARACTER ROWS PER SCREEN (lR4[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 FRONT PORCH (lR3[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. 

VERTICAL BACK PORCH (lR3[4:0]) - This field de
termines the number of scan line periods between the 
falling edges of the VSYNC and BLANK outputs. 

CHARACTER BLINK RATE (lR4[7]) - Specifies the fre
quency for the character blink attribute timing. The blink 
rate can be specified as 1/64 or 11128 ofthevertical field 
rate. The timing signal has a duty cycle of 50% and is 
multiplexed onto the DADD1/BLlNK output at the falling 
edge of each BLANK. 

ACTIVE CHARACTERS PER ROW (lR5[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 thehorizontl back porch is the horizontal 
scan period in CClKs. 

FIRST AND lAST SCAN LINE OF CURSOR (lR6[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 

~ • .-____ Character ROw ___ ---l~~1 _----i (IR5) 
HBLANK ---.J .. I __________ .:. ---'L-

--.j ~ Front Porch (I R 1) Back Porch (I R2) -1 r-
HSYNC __ ~rl . 11 .. __ _ 

~ f+--HSYNC (lR2) 
~Character Rows/Screen (lR4)~ 

--+l I+- Scan Lines Per Row (IRQ) I 
VBLANK ---.JI'"----il Ii----........ L 

--+/ ~ Front Porch (lR3) Back Porch (lR3)----Jooj j.-
VSYNC ____ ~rl~ ____ ~--------------------~r1 .. -------

~ ~VSYNC(lR7) 
Equalizing 

Lines/Row Constant 

IRO I I I I I I I IRll I I I I I 
HSYNC HBACK VFRONT VBACK VSYNC 
Width Porch 

~ , , 
IR2 I I I I I I I I I IR31 

Character Rows/ Screen , 
IR41 I I IR51 

VERTICAL SYNC PULSE WIDTH (lR7[7:6]) -,-- This field 
specifies the width of the VSYNC pulse in scan line periods. 

CURSOR BLINK ENABLE (lR7[5]) - This bit controls 
whether or not the cursor output pin will be blinked at the 
selected rate (IR7[4]). The blink duty cycle for the cursor is 
50%. 

CURSOR BLINK RATE (lR7[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 (lR9[3:0]), IR8[7:0] 
AND DISPLAY BUFFER LAST ADDRESS (lR9[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 I IR71 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), 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 (iRl0[7:0l AND 
DISPLAY POINTER ADDRESS UPPER (lRl1[5:0l1 - 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 (lRZ11[7]) -
This field specifies normal scan line count or allscan 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 (lRl1[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 dperation. 

SCROLL START (lR12[7]) - This bit is asserted when 
soft scroll is to take place. The scrolling area begins at the 
row specified in split register 1 (lR12[6:0]l. 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 (IR14[3:0)). 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 ((R12[6:0H - Split register 1 can be 
used to provide special screen effects such as soft (scan line 
by scan line) scrolling, double height/width 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 theSPL 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. 

SCRbLL END ((R13[7]) - This field spec.ifies that the row 
programmed in split register 2 (IR13[6:0J) 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[7] 
is also asserted. 

SPLIT REGISTER 2 ((R13[6:0]) - 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 'Iast 

character row of the scrolling area. This row will be 
followed by a partial row. The L TSR (lR14) 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: 
a) If not scrolling an automatic split will occur for the 

next character TOW. 

b) 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 (IR14) 
are also asserted in two possible ways: 
a) Automatic split will assert the programmed condition 

for the current row. 
b) During soft scroll. operation the programmed condi

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

DOUBLE 1 ((R14[7:6]) ~ This field specifies the condi
tions (double width/heightor normal) of the row designated 
in split register 1 (I R 12[6:0)). 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. thedouble 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 A VDC 
will start a one half the normal scan line total. If double width 
is specified, the A VDC will assert the DADD9/ OW output at 
the falling edge of blank. This condition will also remain ac
tive until the next split 1 or 2. When I RO{7] = 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 ((R14[5:4]) - This field specifies the condi
tions (double width/height or normal) of the row designated 
in split register 2 (IR13[6:0]). Not used with IRO[7] = 1. 

LINES TO SCROLL ((R14[3:0]) - This field defines the 
scan line increment to be used during a soft scroll operation. 
This value will only be used when scroll start (IR12[7)) and 
scroll end (IR13[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.able 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 Considerations 

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 (lR5), 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 .thefirst 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 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. 

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" (lR9[7:4])is reached, the MAC 
will be loaded from the "display buffer first address" register 
. (lR9[3:0] and IR8[7:0]) 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 of display
able data and is completely automatic without any CPU 
intervention (see Figure 19a). 

The sequential row to row addreSSing can also be modified 
via split register 1 (lR12) 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 (S PL1) 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 (IR12[6:0]). If bit 7 of screen 
start 2 upper (SPL2) is 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 
(IR13[6:0]l. SPLl and SPL2 are write only bits and will read 
as zero when reading screen start re.gister 2. 

If the contents of screen start register 1 (upper, lower, or 
both) are changed during any character row (e.g., row'n'), 
the starting address of the next character row (row 'n+ 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 2) 

6 

DADD15 DADD14 

4 3 2 

Command Code 

See COMMANDS for Command Codes 

Command Registers (Write Only) 

5 4 3 
Upper Register 

Most Significant Bits 
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FIGURE 18 - DISPLAY CONTROL REGISTER FORMATS (Sheet 2 of 2) 

6 

H'OOOO'=O 
H'OOO1'= 1 

Through 
H'3FFE' = 16,382 
H'3FFF' = 16,383 

NOTES: 

4 3 
.. Lower Register (Least Significant Bit) 

NOTE: Most significant bits are in upper register [5:0] 

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. 

o 

3. When I RO[7] = 1, the values written into bits 7 and 6 of screen start 1 upper will also be written into 
IR14[7:6] to control the double width and double height attributes of the display as follows: 

Z ~ ~ 
o 0 None 
o 1 Double Width Only 
1 0 Double Width and Double Height Tops 
1 1 Double Width and Double Height Bottoms 

Screen Start 1 Register (Read and Write) and 
Cursor Address Registers (Read and Write) 

7 6 4 3 
Upper Register 

SPL2 SPL1 
0= Off O=Off 
1=On 1='On Most Significant Bits 

7 6 5 4 

Lower Register (Least Significant Bit) 

H'OOOO'=O 
H '000 l' = 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 
I RO[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 64K. In that case, these two bits 
act as a two-bit counter which is incremented each time that 
"wraparound" occurs (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 
(IR9[3:0] and IR8[7:011. 

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 

o ..--------, 

Screen Start - r-..-..,.......,.......,.......,...-~ 

1-""-"'-"'-"'-"'-"''''"'''''1- D i spl ay Buffer End 

Monitor 
Display 

16K '------~ 
Memory 

(a) Display Memory Wraparound 

o ,.---------, 

:.:.~":':':':':':':':':':':':':::': - Display Buffer Start 

:::::~:::::::::::::::::::::::::::::: - Bottom of Screen 

Screen Start 1 - m777"?'",...,...,,..,...,77.,..,) 

Screen Start 2 - k-..,...-..,...-..,...-..,...-..,...-~ 

SplitSocooo-~ 

~.......:>.......:>.......:>~~"'-; - Display Buffer End 

Monitor 
Display 

16KL-,..-----~ 
Memory 

(b) Display Memory Split Screen With Wraparound 

cursor address registers for the scan lines specified in IR6. 
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{lterrupt 
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 5 4 

RDFLG VBLANK 
Not Used 0= Busy O=No 

Always Read as.O 1 = Ready 1 =Yes 

RDFLG (IISR[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 AVDC 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 Ol 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, I R 12[6:0]. The equality 
condition is only checked at the beginning of line zero of 
each character row. 

READY (l/SR[1J) - 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 o 
Line 
Zero Split 1 Ready Split 2 

O=No O=No 0= Busy O-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 
deiayeo command is completed. 

SPLIT SCREEN 2 (l/SR[O)) - This bit is set when a match 
oCCurs between the current character row number and the 
value contained in split register 2 (IR13[6:0]). 

COMMANDS 

The A VDC 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 

D1 D6 D5 D4 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 IR Pointer with Value V (V=O 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 (N = 1) or Scan Line (N = 0) 
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 sit 
S 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 t AS Write at Cursor Address and Increment Address 
1 0 1 1 1 0 1 1 BS Write from Cursor Address to Pointer Address 
1 0 1 1 1 1 0 1 SO Read from Cursor Address to Pointer Address 

NOTES: 
*Any combination of these three commands is valid. 

d = Don't care. 

MOTOROLA MICROPROCESSOR DATA 

3-58 



MC2674 

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 CTRL1 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. IR2[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 ifmore 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 UiOer 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. 

OlSABLE 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 (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 placed 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 (VCC=5 V±5%, TA=O°C to 70°C) 
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PIN ASSIGNMENT 

R vcc 
CE A2 

A1 

CTRL1 AO 

ACLL 

INTR 

CURSOR DADDO/LG 

DO 
DADD1/ 
DADD14 

01 DADD2/ 
DADD15 

02 DADD3/LR 

DADD4/LAO 

04 DADD5/LA1 

05 DADD6/LA2 

06 DADD7/LA3 

07 DADDS/FL 

CCLK DADD9/DW 

BLANK DADD10/UL 
VSYNC/ DADD11! 
CSYNC BLINK 
HSYNC DADD12/ 

ODD 
GND DADD13/LL 
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• SEMICONDUCTOR 

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 VCC -0.3 to + 7.0 V 

Input Voltage Vin -0.3,to+ 7.0 V, 

Operating Temperature Range TA TL to TH °c 
MC6800, MC68AOO, MC68BOO, -0 to 70 
MC6800C, MC68AOOC 

" 
-40 to;+-:85 

Storage Temperature Range Tstg -55 to + 150 °c 

THERMAL RESISTANCE 

Rating Symbol Value Unit 

Plastic Package 6JA 100 °CIW 
Cerdip Package 60 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in °Ccan be obtained from: 

where: 
TA 

6JA 
= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
Po = PINT+PPORT 

TJ=TA+(PO·6JA) 

PINT = ICC x Vec, Watts - Chip Internal Power 
PPORT = Port Power Oissipation, Watts - User Oetermined . 

(1 ) 

For most applications PPORT<PINT and can be neglected. PPORT may become significant if the device is configured 
to drive Oarlington bases or sink LEO loads. . , 

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

PO= K -;- (TJ + 273°C) 

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

K = PO"(T A + 273°C) + 6JA"P02 

(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 T A- 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 T A 

DC ELECTRICAL CHARACTERISTICS (Vec=5.0 Vdc. ±5%. vss=O. TA=TL to TH unless otherwise noted) 

Characteristic Symbol 

Input High Voltage Logic VIH 
tf>1.412 VIHC 

Input Low Voltage Logic VIL 
tf>1.tf>2 VILC 

Input Leakage Current 
(Vin = 0 to 5.25 V, V CC = Maxi Logic lin 
(Vin=O to 5.25 V, Vce=O V to 5.25 VI tf>l. tf>2 

Hi-Z Input Leakage Current 00-07 
liZ (Vin = 0.4 to 2.4 V, V ce = Maxi AO-A15. R/W 

Output High Voltage 
Ii Load = -200p.A. Vec=Minl 00-07 

VOH Ii Load = -l45p.A, Vee= Mini AO-A15. R/IN. VMA 
Ii Load = -100p.A, VCC= Mini SA 

Output Low Voltage liLoad-l.6 rnA, VCC= Mini VOL 
Internal Power Dissipation (Measured at T A = TLI PINT 
Capacitance 

(Vin=O, TA=25°C, f=1.0MHzI tf>1 
tf>2 Cin 

00-07 
Logic Inputs 

AO-A15, R/W, VMA Cout 
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Min Typ 

VSS+2.0 -
VCC- 0.6 -

VSS-0.3 -
VSS-0.3 -

- 1,0 
- -

- 2.0 
- -

VSS+2.4 -
VSS+2.4 -
VSS+2.4 -

- -
- 0.5 

- 25 
- 45 
- 10 
- 6.5 

- -

Max Unit 

VCC V 
Vce+ 0.3 

VSS+0.8 V 
VSS+O.4 

2.5 p.A 
100 

10 
p.A 

100 

-
V 

-

-
VSS+0.4 V 

1.0 W 

35 
70 pF 

12.5 
10 

12 pF 
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CLOCK TIMING (VCC=50 V ±5% VSS=O TA=TLto TH unless otherwise noted) 

Characteristic: Symbol Min 

Frequency of Operation MCSIm 0.1 
MC68Aoo f 0.1 
MC68Boo 0.1 

Cycle Time (Figure 1 ) MCSIm 1.000· 

MC68Aoo tcyc 0.666 
MC68Boo 0.500 

Clock Pulse Width 1/>1.1/>2 - MCSIm 400 
(Measured at V CC - 0.6 V) 1/>1.1/>2 - MC68Aoo PWI/>H 230 

.pl • .p2 - MC68Boo 180 

Total I/> 1 and.p2 Up Time MCSIm 900 
MC68Aoo tut 600 
MC68Boo 440 

Rise and Fall Time (Measured between VSS+0.4 and VCC-0.6) tr. tf -
Delay Time or Clock Separation (Figure 1) 

(Measured at VOV=VSS+0.6 V@tr=tfs1oonS) td 0 
(Measured at VOV=VSS+ 1.0 V@tr=tfs35 ns) 0 

FIGURE 1 - CLOCK TIMING WAVEFORM 

~----------------tcyc----------------~ 

.p1 

NOTES: 
1. Voltage levels shown are VLsO.4. VH~2.4 V. unless otherwise specified. 

2. Measurement points shown are 0.8 V imd 2.0 V. unless otherwise noted. 

READ/WRITE TIMING (Reference Figures 2 through 6. 8. 9,11.12 and 13) 

Symbol 
MCeeoo 

Characteristic 
Min Typ Max Min 

Address Delay 
C=90 pF tAD - - 270 -
C=30 pF - - 250 -

Peripheral Read Access Time 
tacc 530 - - 360 tacc=tl,lt- ItAD+tDSR) 

Data Setup Time (Read) tDSR 100 - - 60 

Input Data Hold Time tH 10 - - 10 

Output Data Hold Time tH 10 25 - 10 

Address Hold Time (Address. R/W. VMA) tAH 30 50 - 30 

Enable High Time for DBE Input tEH 450 - - 280 
Data Delay Time (Write) tDDW - - 225 -

Processor Controls 
Processor Control Setup Time tpcs 200 - - 140 
Processor Control Rise and Fall Time tPCr. tPCf - - 100 -
Bus Available Delay tBA - - 250 -
Hi-Z Enable tTSE 0 - 40 0 
Hi-Z Delay tTSD - - 270 -
Data Bus Enable Down Time During .pl Up Time tDBE 150 - - 120 
Data Bus Enable Rise and Fall Times tDBEr. tDBEf - - 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 "s 
- 10 

- 9500 
- 9500 ns 
- 9500 
- -
- - ns 
- -
- 100 ns 

- 9100 ns 
- 9100 

II 

MC68BOO 
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 

ns 
0 - 40 
- - 220 
75 - -
- - 25 



I 

MC6800 

FIGURE 2 - READ DATA FROM MEMORY OR PERIPHERALS 

,.., Start of Cycle 

1/>1 

1/>2 

RtW 

Address 
FromMPU __ ~~~~~~~~~ ________________________________ ~~--

VMA 

-_-+--_____ tacc-------_+__ 

Data 
From Memory ---------------------------c:r:m~ 
or Peripherals -="'4:--=::;;;;;:;;;;;;;;;;F 

~~ Data Not Valid 

FIGURE 3 - WRITE IN MEMORY OR PERIPHERALS 

,.-- Sta" of Cycle 

~-------------------tCyC------------~ 

1/>1 

RtW 

Addr_ 

FromMPU __ ~~~~~~~~---------------------------------_+~~ 

VMA ____ ~-. 

~~--------tEH~-----~ 

oBE 

Data 
FromMPU --------------------~--.a~~" Data Valid 

L\\\\,\\\'1 Data Not Valid 

NOTES: 
1. Voltage levels shown are VLSOA, VHC!:2A V, unless otherwise specified. 

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted. 
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600 

500 

] 400 

UJ 
~ 

i= 300 
> 

~ 
200 0 

100 

FIGURE 4 - TYPICAL DATA BUS OUTPUT DELAY 
versus CAPACITIVE LOADING (TDDW) 

10H =-205 pA max@2.4 V 
10L = 1.6 mA max@0.4 V 
VCC=5.0V 
lA = 2SoC 

MC6800 

] 
.... 
~ 

i= 
> 

FIGURE 6 ..... TYPICAL READ/WRITE, VMA, AND ADDRESS 
OUTPUT DELAY versus CAPACITIVE LOADING (TAD) 

600 
10H =-14S pA max@ 2.4 V 
10L = 1.6 mA max@0.4V 

SOO VCC = S.O V 
TA = 2SoC 

400 

300 VMA 
I -~""" 

~ ~ 
~ I--' Address, RIW-~ 

!-- r-

-I--

100 

---....- ..- 0 
200 

....- V 
Vi"""" ~ 

100 --~ 
C L includes stray capacitance CL includes stray capacitance 

200 300 400 SOO 600 100 200 300 400 

CL, LOAD CAPACITANCE (pF) CL, LOAD CAPACITANCE (pF) 

FIGURE 6 - BUS TIMING TEST LOADS 

Test Point 0-_-_-44--.. 

C R 

c = 130 pF for 00-07, E 

Vcc 

MMD6150 

or Equiv. 

MMD 7000 

or Equiv. 

= 90 pF for AO-A15, R/W, and VMA 

(Except tAD2) 

= 30 pF for AO-A15, R/Vii, and VMA 

(tAD2 only) 

= 30 pF for BA 

R = 11.7 kn for 00-07 

= 16.5 kn for AO-A15, R/W, and VMA 

= 24 kn for BA 

TEST CONDITIONS 

The dynamic test load for the Data Bus is 
,30 p F and one standard TT L load as shown. 

The Address, Rm, and VMA outputs are tested 
under two conditions to allow optimum opera
tion in both buffered and unbuffered systems. 
The resistor (R) 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 

, line are all specified and tested to guarantee 

0.4 V of dynamic noise immunity at both 
"," and "0" logic levels. 
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Clock, .1 
CIock,.2 

~ 
Non-Maskable Interrupt 

HALT 

Interrupt Request 

Three-State Control 

Data Bus Enable 

Bus Available 

Valid Memory Address 

Read/Write, R/W 

VCc=Pin 8 
Vss ... Pins 1, 21 

I 

MC6800 

FIGURE 7 - EXPANDED BLOCK DIAGRAM 

A15 A14 A13 A12 All A10 A9 A8 A7 A6 A5 A4 A3 A2 A 1 

07 06 05 04 03 02 01 DO 
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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 (q,1, 412) - 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 VIHC and the low level is specified at VILC. 
The allowable clock frequency is specified by f (frequency!. 
The minimum q,1 and q,2 high level pulse\'IIidths are specified 
by PWq,H (pulse width high time!. To guarantee the required 
access time for the peripherals, the clock up time, tut, is 
specified. Clock separation, td, is measured at a maximum 
voltage of VOV (overlap voltage). This allows for a multitude 
of clock variations at the system frequency r.ate. 

Address Bus (AO-A 15) - 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 !DMA) 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 (DBE:;e:q,2). T,he 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 (mask bit 1=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 Cqntrol 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 
MPU 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 resetse
quence, the contents of the last two locations (FFFE, 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 I 
IRQ. While RESET is low (assuming a minimum of 8 clock 
cycles have occurred) the MPUoutput signals will be in the . 
following states: VMA=low, BA=low, Data Bus=high im-
pedance, R/W = high (read state I, and the Address Bus will ... 
contain the reset address FFFE. Figure 8 illustrates a power 
up sequence using th~ 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 untilVMA is forced 
low after eight cycles. RESET can go high asynchronously 
with the system clock any time after the eighth cycle. 

RESET timing 'is ~hownin Figure 8. The maximum rise and 
falltransition timeS are specified by tPCr and tPCf.lf RESET 
is high at tpcs (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 M PU system at any time 
during its operation. This is accomplished bypulsing RESET 
low for the duration of a minimum of three complete q,2 
cycles. The RESET pulse can be completely asynchronous 
with theMPU system clock and will be recognized during q,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, a.nd 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. 

MOTOROLA MICROPROCESSOR DATA 

3~67 



w a, 
co 

s: a 
~ o 
~ 
s: n 
~ o 
~ 

~ 
C') 
m en en o 
::J:I 

g 
~ 

• FIGURE 8 - RESET TIMING 
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FIGURE 9 - INTERRUPT TIMING 
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The HALT line must be in the high state for interrupts to 
be serviced. Interrupts will be latched internally while"RAC'f 
is low. 

The IRQ has a high-impedance pull up device internal to 
the chip; however, a 3 kO external resistor to VCcshould be 
used for wire-OR and optimum control of interrupts. 

Non-Makable Interrupt (NMII and Wait for Interrupt 
(WAil - The MC6800 is capable of handling two types of in
terrupts: maskable (IRQ) as described earlier, and non
maskable (NMII which is an edge sensitive input. IRQ is 
maskable by the interrupt mask in the condition code register 
while NMI is not maskable. The handling of these interrupts 
by the M PU 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 MPU is executing the control program. The 
interrupt shown could be either iRTI or NMT and can be asyn
chronous with respect to q,2. The interrupt is shown going 
low at time tpcs in cycle #, 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 IRQ 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 '0). 

Figure " is a similar interrupt sequence, except in this 
case, a WAIT instruction has been executed in prepar.ation 
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, Bus 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-'0 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 NoncMaskable Interrupt 
FFFA FFFB Software Interrupt 
FFF8 FFF9 Interrupt Request 

Refer to Figure 10 for program flow for Interrupts. 

Three-State Control (TSC) - When the level sensitive 
Three-State Control (TSC) line is a logic ",", the Address 
Bus and the R/W line are placed in a high-impedance state. 
VMA and BA are forced low when TSC= "'" 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 transitions of q,1 (or q,2) 
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,Hwithout destroying data within the MPU. TSC 
then can be used in a short Direct Memory Access (DMA) 
application. 

Figure 12 shows the effect of TSC on the MPU. TSC must 
have its transitions at tTSE (three-state enable) while holding 
q,1 high and q,2 low as shown. The Address Bus and RIW 
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 q,2 is be
ing held low since DBE=q,2. At this point in time, a DMA 
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 Address (VMA)- 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. 

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 MPU 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 (BA) provides an indication of the current MPU 
status. When BA is low, the M PU 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/iN 
line will be in a high-impedance state, effectively removing 
the MPU 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 IRQ 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, R/W=high (read 
state), and the Address Bus will contain address FFFE as 
long as RESET 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 HALT goes low, the 
MPU will halt after completing execution of the current in
struction. The transition of HALT must occur tpcs before 
the trailing edge of q, 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 HALT had not been low at Point A but 
went low during q,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 
RArT must occur tpcs before the trailing edge of ct> 1. BA 
will go low at tBA after the leading edge of the next ct>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 asLSR 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 FLOW,CHART 

Notes: 
1. Reset is recognized at any position in the flowchart. 
2. Instructions which affect the I-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, however, is not delayed. 

3. See Tables 6-11 for details of Instruction Execution. 

MOTOROLA MICROPROCESSOR DATA 

3-70 



Co\) 

..:.. 

...a. 

s: o a 
::J:J o 
> 
s: 
n 
~ o 
"g 
~ o 
(') 
m 
f/) 
f/) 

o 
~ 

c 

~ 

"'2 

Address 
Bus 

RM 

VMA 

Interrupt 
Mask 

IROor 
NMI 

Data Bus 

BA 

FIGURE 11 - WAIT INSTRUCTION TIMING 

#3 #4 I n+1 I n+2 I n+3 I n+4 I n+5 I Cycle 
#1 #2 #6 #8 #5 #9 #7 #10 

r 

Wait PC 0-7 PC 8-15 10-7 18-15 ACCA ACCB CCR 
Inst 

Note: Midrange waveform indicates 
high impedance state. TBA 

System 
</>1 

MPU e/>1 

Cycle 
#1 #2 

FIGURE 12 - THREE-STATE CONTROL TIMING 
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FIGURE 13 - HALT AND SINGLE INSTRUCTION EXECUTION FOR SYSTEM DEBUG 

rp2 

BA 

Last Cycla 
of Current 
Instruction 

VMA ~--_\"""'------~fll-____ ---J! c==\ 
RiW = (11---"--"";-" '< >-

Fetch Execute '--___ J 

:~:ress ===)·~~~~]~LJ.... __ "';---------1t--------« Addr M + 1 X >--
Data ---~-)r----~--~---------------4I~----------------~ 
Bus 

Inst 
X 

Note: Micirange waveform indicates 
high impedance state. 

Inst 
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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 (ALU). 

Condition Code Register - The condition code register in
dicates 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 (HI. 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. 

FIGURE 14 - PROGRAMMING MODEL OF 
THE MICROPROCESSING UNIT 

~ _____ ..... I Accumulator A 

o 

L.-_____ ....JI Accumulator B 
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MPU INSTRUCTION SET 

The MC6800 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. (The 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) I/O instructions for transferring data 
between the microprocessor and peripheral devices. 

In many instances, the MC6800 performs the same opera
tion 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 I/O 
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 lSR A 
05 45 
06 TAP 46 ROR A 
07 TPA 47 ASR A 
08 INX 48 ASl A 
09 DEX 49 ROl A 
OA ClV 4A DEC A 
OB SEV 4B 
OC ClC 4C INC A 
00 SEC 40 TST A 
OE CLI 4E 
OF SEI 4F ClR A 
10 SBA 50 NEG B 
11 CBA 51 
12 52 
13 53 COM B 
14 54 lSR B 
15 55 
16 TAB 56 ROR B 
17 TBA 57 ASR B 
18 58 ASl B 
19 DAA 59 ROl B 
1A 5A DEC B 
1B ABA 5B 
1C 5C INC B 
10 50 TST B 
1E 5E 
1F 5F ClR B 
20 BRA REl 60 NEG 
21 61 
22 BHI REl 62 
23 BlS REL 63 COM 
24 BCC REl 64 lSR 
25 BCS REl 65 
26 BNE REl 66 ROR 
27 BEQ REl 67 ASR 
28 BVC REl 68 ASl 
29 BVS REl 69 ROl 
2A BPl REl 6A DEC 
2B BMI REl 6B 
2C BGE REl 6C INC 
20 BlT REl 60 TST 
2E BGT REL 6E JMP 
2F BlE REl 6F ClR 
30 TSX 70 NEG 
31 INS 71 
32 PUl A 72 
33 PUl B 73 COM 
34 DES 74 lSR 
35 TXS 75 
36 PSH A 76 ROR 
37 PSH B 77 ASR 
38 78 ASl 
39 RTS 79 ROl 
3A 7A DEC 
3B RTI 7B 
3C 7C INC 
3D 70 TST 
3E WAI 7E JMP 
3F SWI 7F ClR 

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 
84 AND A IMM C4 AND B IMM 
85 BIT A IMM C5 BIT B IMM 
86 LOA A IMM C6 lOA B IMM 
87 C7 

Notes: 1. Addressing Modes: 

88 EOR A IMM C8 EOR B IMM 
89 ADC A IMM C9 ADC B IMM 
8A ORA A IMM CA ORA B IMM 
8B ADD A IMM CB ADD B IMM 
8C cPX A IMM CC 
80 BSR REl CD 
8E lOS IMM CE lOX IMM 
8F CF 
90 SUB A DIR DO SUB B DIR 
91 CMP A DIR 01 CMP B DIR 
92 SBC A DIR 02 SBC B DIR 
93 03 
94 AND A DIR D4 AND B DIR 
95 BIT A DIR 05 BIT B DIR 
96 lOA A DIR 06 lOA B DIR 
97 STA A DIR 07 STA B DIR 
98 EOR A DIR 08 EOR B DIR 
99 ADC A DIR 09 ADC B DIR 
9A ORA A DIR DA ORA B DIR 
9B ADD A DIR DB ADD B DIR 
9C CPX DIR DC 
90 DO 
9E lOS DIR DE LOX DIR 
9F STS DIR OF STX DIR 

IND AO SUB A IND EO SUB B INO 
A1 CMP A INO E1 CMP B INO 
A2 SBC A INO E2 SBC B INO 

INO A3 E3 
INO A4 AND A INO E4 AND B INO 

A5 BIT A INO E5 BIT B INO 
INO A6 lOA A INO E6 lOA B INO 
INO A7 STA A INO E7 STA B INO 
IND A8 EOR A INO E8 EOR B INO 
INO A9 ADC A INO E9 ADC B INO 
INO AA ORA A INO EA ORA B INO 

AB ADD A INO EB ADD B INO 
IND AC CPX INO EC 
IND AD JSR INO ED 
IND AE lOS INO EE lOX INO 
INO AF STS INO EF STX INO 
EXT BO SUB A EXT FO SUB B EXT 

B1 CMP A EXT F1 CMP B EXT 
B2 SBC A EXT F2 SBC B EXT 

EXT B3 F3 
EXT B4 AND A EXT F4 AND B EXT 

B5 BIT A EXT F5 BIT B EXT 
EXT B6 lOA A EXT F6 lOA B EXT 
EXT B7 STA A EXT F7 STA B EXT 
EXT B8 EOR A EXT F8 EOR B EXT 
EXT B9 ADC A EXT F9 ADC B EXT 
EXT BA ORA A EXT FA ORA B EXT 

BB ADD A EXT FB ADD B EXT 
EXT BC CPX EXT FC 
EXT BO 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 
OIR = Direct 

2. Unassigned code indicated by II * II • 
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LEGEND: 

OPERATIONS 

Add 

Add Acmltrs 
Add with Carry 

And 

Bit Test 

Clear 

Compare 

Compare Acmltrs 
Complement,l's 

Complement.2's 
(Negatel 

Decimal Adjust, A 

Decrement 

Exclusive OR 

Increment 

load Acmltr 

Or, Inclusive 

Push Data 

Pull Oata 

Rotate left 

Rotate Right 

Shift Lett, Arithmetic 

Shift Right, Arithmetic 

Shift Right, LogIC 

Store Acmltr 

Subtract 

Subtract Acmltrs. 
Subtr.with Carry 

Transfer Acmltrs 

Test. Zero or Minus 

OP Operation Code (Hexadecimal); 
Number of MPU Cycles; 
Number of Program Bytes; 
Arithmetic Plus; 
Arithmetic Minus; 

Boolean AND; 

MC6800 

TABLE 2 - ACCUMULATOR AND MEMORY OPERATIONS 

ADDRESSING MODES BOOLEAN/ARITHMETIC OPERATION COND CODE REG 

IMMED DIRECT INDEX EXTND IMPLIED 

MNEMONIC OP - OP - DP - OP - OP - = 
(All register labels 
re'er to contents) 

5 4 3 2 1 0 
HINZVC 

ADDA 
ADDB 
ABA 

ADCA 
ADCB 
ANDA 
ANDB 
BITA 
BITB 
CLR 

CLRA 
CLRB 
CMPA 
CMPB 
CBA 
COM 

COMA 
COMB 
NEG 

NEGA 
NEGB 
DAA 

DEC 
DECA 
DECB 
EORA 
EORB 
INC 

INCA 
INCB 
LDAA 
LDAB 

DRAA 
DRAB 
PSHA 
PSHB 
PULA 
PULB 
ROL 

ROLA 
ROLB 
ROR 

RORA 
RORB 
ASL 

ASLA 
ASLB 
ASR 

ASRA 
ASRB 
LSR 

LSRA 
LSRB 
STAA 
STAB 
SUBA 
SUBB 
SBA 
SBCA 
SBCB 
TAB 
TBA 
TST 

TSTA 
TSTB 

8B 2 2 9B AB 5 BB 4 3 
CB 2 2 DB EB 5 FB 4 3 

89 2 2 99 2 A9 5 2 89 4 
C9 2 09 E9 5 2 F9 4 
84 2 94 3 A4 2 B4 4 3 
C4 2 04 3 2 E4 2 F4 4 3 
85 25 3 A5 5 B5 4 3 
C5 2 05 3 E5 5 F5 4 3 

6F 7 2 7F 6 3 

81 2 2 91 3 Al Bl 4 3 
Cl 2 2 01 3 El Fl 4 3 

63 7 2 73 6 3 

60 7 2 70 6 3 

6A 7 2 7A 6 3 

88 2 2 98 3 2 AS 5 2 B8 4 3 
C8 2 2 08 3 2 E8 5 2 F8 4 3 

6C 7 2 7C 6 3 

"2 "3 M 2" 
C6 06 E6. 2 F6 

8A 
CA 2 

80 
CO 

82 2 
C2 1 

2 9A 2 AA 5 2 BA 4 3 
2 OA 2 EA 5 2 FA 4 3 

69 7 2 79 6 3 

66 7 2 76 6 3 

68 7 2 78 6 3 

61 7 2 )) 6 3 

64 7 2 74 6 3 

97 4 2 A7 6 2 B7 5 3 
07 2 E7 6 2 F7 5 3 

2 90 2 AO 5 2 BO 4 3 
2 DO 3 2 EO 5 2 FO 4 3 

2 92 3 2 A2 5 2 B2 4 3 
2 02 3 1 E1 5 2 F2 4 3 

60 7 2 70 6 3 

CONDITION CODE SYMBOLS: 

H', Half-carry from bit 3; 

Interrupt mask 
Negative (sign'bit) 
Zero (byte) 

lB 2 1 

4F 2 1 

Sf 2 1 

11 2 1 

43 2 1 
53 2 1 

4.0 2 
50 . 2 

19 2 1 

4A 2 1 

5A 2 1 

4C 2 1 
5C 2 1 

36 4 
37 4 
32 4 1 
33 4 1 

49 2 1 
59 2 1 

46 2 1 
56 2 1 

48 2 1 
58 2 1 

47 2 1 
57 2 1 

44 2 1 

54 2 1 

10 2 1 

16 2 1 
17 2 1 

40 2 1 
50 2 1 

A + M -A 
B +M -B 
A + B >-A 
A + M + C -A 
B + M + C 'B 
A- M -A 

B'M -B 
A'M 
B-M 

00 -M 
00 -A 

00 -B 
AM· 
B - M 

A B 

M 'M 
'f. -A 
B -B 
00 M-M 
00 A-A 
OO··B 'B 
Converts Binary Add. of BCD Characters 
into BCD Format 
M - 1 'M 
A I-A 
B-1 -B 

A(f)M'A 
B(f)M·B 
M + 1 -M 
A + 1 -A 
B+l 'B 
M 'A 

M 'B 

A+ M - A 
. B +M"'B 

A -MSp,SP - 1 'SP 
B 'MSp,SP -1 'SP 
SP + 1 -SP, MSp ,A 
SP + 1 ·SP, MSp - B 

~} L{] - ITIIIIID=J 

.~}c: -~ 
B ·.C b7 - bO 

~} 0 - aIIJIII)-' 0 
B C b7 liD 

~} CkID:rn - 0 

~
~} b7 bO C 

A-·M 

o -aIIJIII) - 0 
b7 bO C 

B -M 
M-A 
M --B 

A» M - C ·A 
B > M - C >-B 
A -B 
B -A 
M - 00 
A 00 
B > 00 

• t t t 
• 1 ! 
• t t 
• t t 
• I 1 

t t R • 
1 t R • 
t I R • 
t R. 

• • R S R R 
• • R S R R 

• • R S 
t t 
It 
t I 
I t R S 
It R S 
I IRS 
I t CD~ 
I I CD~ 
I lCD~ 
1 t Gl 

1 4 • 
t 4 • 
I 4 • 
I R • 
I R • 
l@. 
I@. 
t@. 
! R • 

• • I I R • 
I R • 
I R • · .... . · .... . · .... . 

::~~Ii; 
• • ! ! ®! 
• • I I IrS' I 
• • ! 11i])! 
• • ! 11rS' ! 

I !I~! 
! !I~! 

• • 1 ! IrS' ! 
• • t tl~ 1 · . I I:~! 
• • ! ! I'!!:' ! 
• • I !I~! 
• • R ! ® I 
• • R t Irs' t 
• • R ll® 1 
• • I I R • 
• • ! I R • 
• • ! I 1 
• • I ! I 
• • I I I 

! 
I 
! R. 
! R. 
I R R 
! R R 
1 R R 

HINZVC 

CONDITION CODE REGISTER NOTES: 
(Bit set if test is true and cleared otherwisel 

(Bit VI Test: Result = 10000000? 
(Bit CI Test: Result = OOOOOOOO? 
(Bit CI Test: Decimal value of'most significant BCD 

Character greater than nine? 

MSp Contents of memory location painted to be Stack Pointer; 
Overflow, 2'5 complement 
Carry.frombit 7 (Not cleared if previously set.) 

Boolean Inclusive OR; 
G) 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 VI Test: Operand = 10000000 prior to execution? 
(Bit VI Test: Operand = 01111111 prior to execution? 
(Bit V) Test: Set equal to result of N(f)C after shift has occurred. 

Note - 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) Index Register/Stack Pointer instructions; (2) 
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 IDEX, DES), increment (lNX, INS), load (LOX, 
LOS), and store (STX, STS) instructions are provided for 
both. The Compare instruction, CPX, can be used to com
pare the Index Register 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 (LIFO) 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 (PSHA) 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 PULB) 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, lA is still in location (m+ 1) following execution of 
PULA. A subsequent PUSH instruction would overwrite that 
location with the new "pushed" data. 

Execution of the Branch to Subroutine (BSR) and Jump to 
Subroutine (JSR) instructions cause a return address to be 
saved on the stack as shown in Figures 18 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 BSR 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) addressir.g 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 (SWIl 
and Wait for Interrupt (WAil instructions as well as the 
maskable (IRQ) and non-maskable (NMIl 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 OIRECT INDEX EXTND IMPLIED 

POINTER OPERATIONS MNEMONIC DP - :; DP - :: OP - :: OP - :: OP - :: BOOLEAN/ARITHMETIC OPERATION 

Compare Index Reg CPX 8C 3 3 9C 4 2 AC 6 2 8C 
Decrement Index Reg DEX 
Decrement Stack Pnt, DES 
Increment Index Reg INX 
Increment Stack Pnt, INS 
load Index Reg lOX CE 3 3 DE 4 2 EE 6 2 FE 
load Stack Pntr lOS 8E 3 3 SE 4 2 AE 6 2 BE 
Store Index Reg STX OF 5 2 EF 7 2 FF 
Store Stack Pntr STS SF 5 2 AF 7 2 . BF 
Indx Reg ~ Stack Pntr TXS 
Stack Pntr ~ Indx Reg TSX 

(j) (Bit N) Test: Sign bit of most significant (MSI byte of result = 1? 

® (Bit VI Test: 2's complement o'verflow from subtraction of ms bytes? 
@) (Bit NI Test: Result less than zero? (Bit 15 = 1) 

5 3 
09 4 1 
34 4 1 
08 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 - 1M + 11 
X -1 ~X 
SP - 1 ~SP 
X + 1 ~X 
SP + 1 ~SP 
M ~ XH. 1M + 11 ~ Xl 
M~SPH.IM+II~SPl 

XH~M. Xl ~(M+ 11 
SPH ~M, SPL ~(M + 11 
X-I ~SP 
SP + 1 ~ X 

CONO COOE REG 

5 4 3 2 1 0 

H IN Z V C 

• • <D! ~. 
• • • ! • • · .. ... · .. ! · . · . • • · . • • CIDI R • · . CIDt R • · . CIDI R • · . @t R • · .. ... 
• • · . • • 
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m-2 

m-1 

SP_m 

PreviouslY 
Stacked 

Data { ::: 
m+3 

m-2 

m-1 

SP_m 

Prevloully 
Stacked 

, Data { ::~ 
m + 3 

ACCA 

MC6800 

FIGURE 16- STACK OPERATION, PUSH INSTRUCTION 

MPU 

------
7F 

63 

Fo 

3C 

m -2 

SP_m-1 

New Data 

Pre'viously 
Stacked 

Data 
{ 

mm++21 

m + 3 

lal Before PSHA 

ACCA 

FIGURE 16 - STACK OPERATION, PULL INSTRUCTION 
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3C 

05 
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m -1 
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Data 
m + 3 

{ 
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PC 
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TABLE 4 - JUMP AND BRANCH INSTRUCTIONS 
CONO. CODE REG. 

RELATIVE INDEX EXTND IMPLIED 5 4 3 2 1 0 

OPERATIONS MNEMONIC OP - # OP - # DP - # 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=' · · · · · · Branch If = Zero BEQ 27 4 2 Z= , • · - · - • 
Branch If ;;. Zero BGE 2C 4 2 NGlV=O · • · • - · Branch If > Zero BGT 2E 4 2 Z + (N Gl V) = 0 · · • · - · Branch If Higher BHI 22 4 2 C+~=O • · • · - • 
Branch If .;; Zero BlE 2F 4 2 Z + (N Gl V) =, • · • · - · Branch If lower Or Same BlS 23 4 2 C+Z=' • • · • - • 
Branch If < Zero BlT 20 4 2 ·NGlV=' · • · • - · Branch If Minus BMI 2B 4 2 N=' · · · · - · Branch If Not Equal Zero BNE 26 4 2 ZoO • · • · - · 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 80 8 2 

} · - · • - • 
Jump JMP 6E 4 2 7E 3 3 See Special Operations - - • · · · Jump To Subroutine JSR AD 8 2 BO 9 3 · - · • - -No Operation NOP 01 2 , Advances Prog. Cntr. Only · - · · - -Return From Interrupt RTI 3B 10 , --CD--
Return From Subroutine RTS 39 5 , 

} -1-11-1-1-1· Software Interrupt SWI 3F 12 1 See Special Operations · - . . - . 
Wait for Interrupt- WAI 3E 9 , • ® •• - • . WAI puts Address Bus, RIW, and Data Bus," the three-state mode while VMA IS held low . 

G) (All) Load Condition Code Register from Stack. (See Special Operations) 

® (Bit 1) 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 (BRAHnstruction 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 
BR.A 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 (2 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 relationship to the 
hardware interrupts is shown in Figure 22. SWI causes the 
M PU contents to be stacked and then fetches the starting 
address of the interrupt routine from the memory locations 
that respond to the addresses FFFA and FFFB. Note that as 
in the case of the subroutine instructions, 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 

INDXD 

PC Main Program 

7E=JMP 

n+~ KH = Next Address 

EXTND n+2 KL = Next Address . ! 
PC 

X + K Next Instruction 

! n+~ 
K Next Instruction 
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*K=Signed 7-bit value 
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FIGU.RE18 - PROGRAM FLOW FOR 85R 

-----m-2 

m-1 m -1 (n + 2)H 

SP- m (n + 2)L 

m+ 1 7E m+ 1 7E 

7A 
~ 

PC_n BSR 

n + 1 n + 1 ±K = Offset 

n+2 n+2 Next Main Instr. 

OK = Signed 7-Bit Value 
PC __ (n + 2) ±K 1st Subr. Instr. 

(a) Before Execution (b) After Execution 

FIGURE 19 - PROGRAM FLOW FOR J5R(EXTENDED) FIGURE 20 - PROGRAM FLOW FOR JSRIINDEXED) 

m-2 

m-l 

SP-m 

m,+ 1 7E 

m + 2 7A 

pc_n JSA· BO 

n + 1 SH -Subr. Addr. 

n+2 SL • Subr. Addr. 

n+3 Next Main Instr. 

,(el 88fore E" ... onion 

m -3 m - 2 sp_m -2 

SP_m-2 m-l m -1 (n + 2)H 

m-l (n + 31H SP_m (n + 2)L 

(n'+ 31L 
m + 1 7E rn.+ 1 7E 

m + 1 7E 7A 7A 

m + 2 7A 

PC_,n JSA: AD JSA ,= AD 

n + 1 K = Offset· n + 1 K = Offset 

J~A n+2 Next Main Instr. n + 2 Next Main Instr. 

n + 1 SH -'Subr. Addr. 

n+2 SL = Subr. Addr. 

• K = a·Bit Unsigned Value PC --. X' + K 1st Subr. Instr. 
n+3 Next M.in Inltr. 

(al Before Execution 

(S formed from 1-------1 
SH and SLI 

(bl After Execution 
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FIGURE 21 ~. PROGRAM FLOW FOR RTS 

(n + 3)H 

(n + 3)l 

7E 

7A 

JSR = BO 

SH = Subr. Addr. 

Sl = Subr. Addr. 

Next Main Instr. 

(a) Before Execution 

'm-2 

m-1 

SP- m 

m+ 1 

n+2 

PC_n+3 

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 ____ 

7E 

JSR = BO 

SH = Subr. Addr. 

Sl = Subr. Addr. 

Next Main Instr. 

(b) After Execution 

-

CCR 

ACCB 

ACCA 

XH 

Xl 

PCH 

PCl 

~ 

PC- n+ 1 

(a) Before Execution 
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FIGURE 23 - PROGRAM FLOW FOR INTERRUPTS 

sp .... m -7 

Hardware Interrupt or 
Non·Maskable Interrupt (NMIl 

Main Program 

Stack 

c::::> m -6 

m - 5 

Condition Code 

Acmltr. B 

m -4 Acmltr. A 
m -3 Index Register (XH) 

m -2 Index Register (X L) 
m -1 PC(n+1)H 

PC(n+1)L 

SWI HDWR 
INT 

No 

FFFA FFF8 
FFFB FFF9 

Interrupt Memory Assignment 1 

FFF8 

FFF9 

FFFA 

FFFB 

FFFC 

FFFD 
FFFE 

FFFF 

IRQ 

IRQ 

SWI 

SWI 

NMI 

NMI 
Reset 

Reset 

MS 

LS 

MS 

LS ~ 
MS~ 
LS 
MS 

lS 

First Instr. 
Addr. Formed 
By Fetching 
2·Bytes From 
Per. Mem. 
Assign. 

NOTE: MS = Most Significant .Address Byte; 
lS = Lllst Significant Address Byte; 
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FIGURE 24 - CONDITIONAL BRANCH INSTRUCTIONS 

BMI N = 1 BEQ Z=1 

BPl : N =<1> BNE Z=<I> 

BVC: v =<1> Bce C=<I> 
BVS V= 1 BCS C=1 

BHI C+Z=q, BlT NEDV=1 

BlS C+Z=1 BGE NEDV=q, 

BlE Z+(NEDV)=1 

BGT Z+ (NEIlV) = q, 

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 (BMIl and Branch On Plus (BPl) tests 
the sign bit, N, to determine if the previous result was 
negative or positive, respectively. 

2. Branch On Equal (BEQ) and Branch On Not Equal 
(BNE) 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 (CMP) instruction to test for equality between an ac
cumulator and the operand. They are also used following the 
Bit Test (BIT) to determine whether or not the same bit posi
tions are set in an accumulator and the operand. 

3. Branch On Overflow Clear (BVC) and Branch On 
Overflow Set (8VS) tests the state of the V bit to determine 
if the previous operation caused an arithmetic overflow. 

4. Branch On Carry Clear (BCC) and Branch On Carry Set 
(BCS) 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 (CMP) 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 (BHIl and 
Branch On Lower or Same (BLS) are, in a sense, com
plements to BCC and BCS. BHI tests for both C and Z = 0; if 
used following a CM P, 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 (BL T) and Branch On Greater 
Than Or Equal Zero (BG E) test the status bits for N ED V = 1 
and N ED V = 0, respectively. B L T 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. BL T 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 (BLE) 
and Branch On Greater Than Zero (BGT) test the status bits 
for ZED (N + V) = 1 and ZED (N + V) =0, respectively. The ac
tion of B LE is identical to that for B L T 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 (CCR) 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 CU-WAI instruction sequence operated properly, with 
early MC6800 processors, only if the preceding instruction 
was odd (Least Significant Bit = 11. Similarly it was advisable 

to precede tiny 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 CU-NOP-SEI sequence 
rather than CL\-S EI. 
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FIGURE 25 - CONDITION CODE REGISTER BIT DEFINITION 

H = Half-carry; set whenever a carry from b3 to b4 of the result is generated 
by ADD, ABA, ADC; cleared if no b3 to b4 carry; not affected by other 
instructions. 

Interrupt Mask; set by hardware or software interrupt or SEI instruction; 
cleared by CLI instruction. (Normally not used in arithmetic operations.) 
Restored to a zero as a result of an RTl instruction if 1m 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 = 0; cleared otherwise. 

v = Overlow; set if there was arithmetic overflow asa 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 

OPERATIONS 

Clear Carr~ 
Clear Interrupt Mask 
Clear Overflow 
Set Carry 
Set Interrupt Mask 
Set Overflow 
Acmltr A - CCR 
CCR - Acmltr A 

R = Reset 
S = Set 
• = Not affected 

IMPLIED 

MNEMONIC OP - :: 

CLC' OC 2 1 
CLI OE 2 1 
CLV OA ,2 1 
SEC 
SEI 
SEV 
TAP 
TPA 

00 2 1 
OF 2 1 
OB 2 1 
06 2 1 
07 2 1 

CONO. CODE REG. 

5 4 3 2 1 0 

BOOLEAN OPERATION H I N Z V C 

O-C ••••• R 
0-1 • R • • • • 
O-V •••• R • 
l-C 
1-1 
I-V 

A-GGR 
GGR -A 

G) (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 on 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 Bare 

"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 
ADDS MEM12 ADD CONTENTS OF MEM12 TO ACCS 

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: 

Example: SUBB Z 
Addr. Range = 0-255 

In 

(K = One-Byte Oprnd) 

(K = Two-Byte Oprnd) 

00 Instruction 

n + 1 Z = Oprnd Address 

n + 2 Next Instr. 

• 
• 
• 

Z 1~ ___ K __ =_o_p_er_a_nd ____ ~ 
OR 

Z KH = Operand 

Z + 1 KL = Operand 

In If Z ~ 255, Assembler SelectDirect Mode 
If Z > 255, Extended Mode is selected 

Extended: FO Instruction 

Example: CMPA Z n + 1 ZH = Oprnd Address 

Addr. Range: 

In 256-65535 
n + 2 ZL = Oprnd Address 

n + 3 Next Instr. 

• 
• 
• 

(K = One-Byte Oprnd) Z ~1 ____ K __ =_o_p_e_ra_n_d ____ ~ 
OR 

(K = Two-Byte Oprnd) Z KH = Operand 

Z+1 KL = Operand 

Immediate: 

Example: LOAA #K n + 1 
(K = One-Byte Oprnd) 

n +·2 

(K = Two-Byte Oprnd) 
(CPX. LOX, and LOS) 

n + 1 

n + 2 

n+3 

Relative: 

Example: BNE K n + 1 

(K = Signed 7:BitValue) n + 2 

Addr. Range: 
-125 to +129 
Relative to n. 

Instruction 

K = Operand 

Next Inst. 

OR 

Instruction 

KH = Operand 

KL = Operand 

Next Instr. 

Instruction 

±K = Brnch Offset 

Next Instr. & 

• 
• 
• 

(n + 2) ± K ~1 ___ N_e_x_t _I n_s_tr_. _&_3 ____ ~ 
& If Brnch Tst False, & If Brnch Tst True. 

Indexed: 

Example: AOOA Z, X 

Addr. Range: 
0-255 Relative to 
Index Register. X 

(Z = B-Bit Unsigned 
Value) 

n + 1 

n + 2 

X+Z 

Instructio.n 

Z = Offset 

Next Instr. 

• 
• 
• 

K = Operand 
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or 

Operator 
TST8 

TSTA 

Comment 
TEST CONTENTS OF ACC8 

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 
LDAA 

Operand 
125 

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"#" 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, 
LDX, and LDS, the operand may be any value in the range 0 
to 255. Since Compare Index Register (CPX), Load Index 
Register (LDX), and Load Stack Pointer (LDS), 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 MPU 

RAM RAM 

PC '---__ ...J .... PC = 5000 '-__ ........ 

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 65535. 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 = 5004), 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 (100 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 LDX (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 fJJJ7 and fJJJ8 
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 

RAM 

PC = 5001 I--.;c.;.:..';;"-'-I" 

GENERAL FLOW EXAMPLE 
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Relative Add ..... 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 321. 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, "0" = 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: 

(PC+2)-127sDs(PC+2) + 127 
or 

PC-125sDsPC+ 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, 

Address Mode 
and InstruCtions 

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 

DES 
DEX 
INS 

2 1 1 Op Code Address 

2 1 Op Code Address + 1 

1 1 Op Code Address 

4 2 1 Op Code Address + 1 

the unconditional jump (JMP), jump to subroutine (JSR), 
and return from subroutine (RTS) are used. 

In Figure 32, when the MPU encounters the opcode for 
BEQ (Branch if result of last instruction was zero), it tests the 
Zero bit in the Condition Code Register. If that bit is "0," 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 M PU 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 relative address used in 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 iilccumulator A in 

Data Bus 

1 OpCode 

1 Op Code of Next Instruction 

1 OpCode 

1 Op Code of Next Instruction 

INX 3 0 Previous Register Contents 1 Irrelevant Data (Note 1) 

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 

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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Irrelevant Data (Note 1) 

OpCode 

Op Code of Next Instruction 

Accumulator Data 

Accumulator Data 

OpCode 

Op Code of Next Instruction 

Irrelevant Data (Note 11 

Operand Data from Stack 

OpCode 

Op Code of Next Instruction 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

OpCode 

Op Code of Next Instruction 

Irrelevant Data 

Irrelevant Data 

OpCode 

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-CYCLE OPERATION (CONTINUED) 

Addre •. MOde Cycle VMA RtW 
. and Instructions Cycles # Line Address Bus Line Dete Bus 

WAI 1 1 Op Code Address 1 OpCode 

2 1 Op Code Address + 1 1 OpCode of Next Instruction 

3 1 Stack Pointer 0 Return Address (Low Order Byte) 

4 1 Stack Pointer - 1 0 Return Address (High Order Byte) 

9 5 1 Stack, PQinter - 2 0 Ind~x Register (Low Ord~r Byte) 

6 1 Slack 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 (Note 3) 1 Contents of Condo Code Register 

RTf 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) 

4 1 Stack Pointer + 1 1 Cont~nts of Condo 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 A.ccumulator 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 I nstruction Address from Stack 
(High .Order Byte) 

10 1 Stack Pointer t 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 Painter - 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 Condo 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 device which 'isaddressed 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. Data is ignored by the MPU. ' 
Note 3. While the MPU is waiting for the interrupt. Bus Available will go high indicating the following states of the control lines: VMA is 

low; Address Bus. RIW. and Data Bus are all in the high impedance,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 (LOX, INX. DEC, .etc.) , the In
dexed addreSSing mode provides a dynamic" on the fly" way 
to modify program activity. 

The operand field can i:\lso contain a numerical value that 
will be automatically added to X during execution~ This for
mat is illustrated, in Figure 33. 

When the MPU encounters the LDAB (lndex~) opcode in 

location 5006, it looks in' the next memory location for the 
value to be'added to X (5 in 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 1t"leexample. 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. 
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FIGURE 29 - IMMEDIATE ADDRESSING MODE 

MPU MPU 

PC = 50021-~;";';"~.J' 

MC6800 

FIGURE 30 - DIRECT ADDRESSING MODE 

MPU 

ADDR 1-..:;,;.;:.;.;.;._ ....... 

PC I-";';";';;';';';'-L ... 
PC+11-~;;;';';'_"""'" 

MPU 

ADDR = 100 ..... ______ ~, 

PC = 5004 I-';';;';"";';----l 
5005 ... _~-r ..... 

GENERAL flOW EXAMPLE 
ADDR = O~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 

2 

3 

3 

4 

4 

5 

TABLE 7 - IMMEDIATE MODE CYCLE-BY-CYCLE OPERATION 

1 

2 

1 

2 

3 

1 

2 

3 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

5 

AddrBII BUI 

1 Op Code Address 

1 Op Code Address + 1 

1 Op Code Address 

1 Op Code Address + 1 

1 Op Code Address + 2 

R/W 
Line 

1 

1 

1 

1 

1 

Data BUI 

OpCode 

Operand Data 

Op Code 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

TABLE 8 - DIRECT MODE CYCLE-BY-CYCLE OPERATION 

AddrBII BUI 

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 Qp Code Address + 1 

0 Address of Operand 
1 Address of Operand 
1 Address of Operand + 1 

RiW 
Line 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 
1 

1 

1 

0 

0 

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 

Irrelavant Data (Note 1) 

Data from Accumulator 

OpCode 

Ad,dress of Operand 

Irrelevant Data (Note 1) 

Register Data (High Order Byte) 

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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I Address Mode 
and Instructions 

STS 
STX 

JSR 

~ 

JMP 

ADC EOR 
ADD LOA 
AND ORA 
BIT sac 
CMP SUB 

CPX 
LOS 
LOX 

STAA 
STA B 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST 
INC 

MC6800 

FIGURE 31 - EXTENDED ADDRESSING MODE 
MPU 

ADDR 
I--;;.;.;.;~-r ...... 

PC 
1--...;;..;;..;.;-. ..... 

ADDR ;, 256 

GENERAL FLOW 

ADDR = 3001-____ -11""0. 

PC = 5006 
I---";;"'~ 

EXAMPLE 

TABLE 9 - EXTENDED MODE CYCLE-BY-CYCLE 

Cycle VMA R/W 
Cycles # Line Address Bus Line 

1 1 Op Code Address 1 

2 1 Op Code Address + 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 a 
7 0 Stack Pointer - 2 1 

a 0 Op Code Address + 2 1 

9 1 Op Code Address + 2 1 

1 1 Op Code Address 1 

3 2 1 Op Code Address + 1 1 

3 1 Op Code Addr~ss + 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 a Operand Destination Address 1 

5 1 Operand Destination Address 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 Address of Operand 0 
(Note 

2) 

Data Bus 

Op Code 

Address of Operand (High 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) 

I rrelevant 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 (Nole 1 ) 

New Operand Dilta (Note 2) 

Note 1. If deVice which IS addressed dunng 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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BCC 
BCS 
BEQ 
BGE 
BGT 

BSR 

Address Mode 
and Instructions 

BHI BNE 
BlE BPl 
BlS BRA 
BlT BVC 
BMI BVS 

MC6800 

FIGURE 32 - RELATIVE ADDRESSING MODE 

PC 
t-----I 

(PC + 2)~;...,;.;.~=~ 

PC 

PC 

PC 

MPU 

Program 
Memorv 

FIGURE 33 - INDEXED ADDRESSING MODE 

MPU 

ADDR = INDX 1-----......... 
+ OFFSET 1--...... ;.;.;.;.-1 ....... 

PC 
~ ...... ___ -f . .;' 

ADDR = 405 .... ....:;;;.._,..... 

PC = 5006 
~---t.,. 

EXAMPLE 

TABLE 10 - RELATIVE MODE CYCLE-BY-CYCLE OPERATION 

RiW 
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 OpCode 

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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II 

Addre. Mode 
end Instructionl 

INDEXED 

JMP 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

CPX 
LOS 
LOX 

STA 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST 
INC 

STS 
STX 

JSR 

1 

4 
2 

3 

4 

1 

2 

5 3 

4 

5 

1 

2 

6 3 

4 

5 

6 

1 

2 

6 3 

4 

5 

6 

1 

2 

7 
3 

4 

5 

6 

7 

1 

2 

7 3 

4 

5 

6 

7 

1 

2' 

3 

B 4 

5 

6 

7 

8 

MC6800 

TABLE l1-INDEXED MODE CYCLE-BY-CYCLE 

R 
Addr_Bul Line Dete BUI 

1 Op Code Address 1 Op Code 

1 Op Code 'Address + 1 1 Offset 

0 Index Register 1 Irrelevant Data (Note 1 ) 

0 Index Register Plus Offset (w/o Carry) 1 rrrelevant Data (Note 1 ) 

1 Op Code Address 1 Op Code 

1 Op Code Address + 1 1 Offset 

0 Index !'Iegister 1 Irrelevant Data (Note 1 ) 

0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1) 

1 Index Register Plus Offset 1 Operand Data 

1 OpCode Address 1 Op Code 

1 Op Code Address + 1 1 Offset 

0 Index R~ister 1 Irrelevant Data (Note 1) 

0 Index Register Plus Offset (wio Carry) 1 Irrelevant Data (Note 1) 

1 Index Register Plus Offset 1 Operand Data (High Order Byte) 

1 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte) 

1 Op Code Address 1 Op Code 

1 Op Code Address + 1 1 Offset 

0 Index Register 1 Irrelevant Data (Note 1) 

0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1) 

0 Index Register Plus Offset 1 Irrelevant Data (Note 1) 

1 Index Register Plus Offset 0 Operand Data 

1 Op Code Address 1 Op Code 

1 Op Code Address + 1 1 Offset 

0 Index Register 1 Irrelevant Data (Note 1) 

0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1) 

1 Index Register Plus Offset 1 Current Operand Data 

0 Index Register Plus Offset 1 Irrelevant Data (Note 1) 

110 Index Register Plus Offset 0 New Operand Data (Note 2) 
(Note 

2) 

1 Op Code Address 1 Op Code 

1 Op Code Address + 1 1 Offset 

0 Index Register 1 Irrelevant Data (Note 1 ) 

0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1 ) 

0 Index Register Plus Offset 1 Irrelevant Data (Note 1) 

1 Index Register Plus Offset 0 Operand Data (High Order Byte) 

1 Index Register Plus Offset + 1 0 Operand Data (Low Order Byte) 

1 Op Code Address 1 Op Code 

1 Op Code Address +1 1 Offset 

0 Index Register 1 ,Irrelevant Data (Note 1 ) 

1 Stack Pointer 0 Return Address (Low Order Byte) 

1 Stack Pointer - 1 0 Return Address (High Order Byte) 

0 Stack Pointer - 2 1 Irrelevant Data (Note 1) 

0 Index Register 1 Irrelevant Data (Note 1) 

0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1) 

Note 1.. If device which is addressed during this cycle usesVMA, then the Data Buswill 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 

Pack~ge Type Frequency (MHz) Temperature Order Number 

Cerdip 
S Suffix 

Plastic 
P Suffix 

1.0 O°C to 70°C 
1.0 - 40°C to 85°C 
1.5 O°C to 70°C 
1.5 - 40°C to 85°C 
2.0 O°C to 70°C' 

1.0 O°C to 70°C 
1.0 - 40°C to 85°C 
1.5 O°C to 70°C 
1.5 - 40°C to 85°C 
2.0 O°C to 70°C 

PIN ASSIGNMENT 

VSS RESET 

HALT 2 39 TSC 

cl>1 3 N.C. 

IRQ 4 31 cl>2 

DBE 

N.C. 

BA 7 34 R/W 

Vce 8 33 DO 

AD 9 32 Dl 

Al 31 D2 

30 D3 

A3 29 D4 

A4 28 D5 

A5 27 D6 

A6 26 D7 

A7 A15 

AS 24 A14 

A9 A13 

Al0 22 A12 

All 21 VSS 
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MC6800CS 
MC68AOOS 
MC68AOOCS 
MC68BOOS 
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MC6800CP 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

II 

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. 
Itis 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 1/0, 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 110 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 Ii Expanded Non-Multiplexed I Single Chip 

P37 A7/07 07 I/O 
P36 A6/06 06 I/O 
P35 A5/05 05 I/O 
P34 A4/04 04 I/O 
P33 A3/03 03 I/O 
P32 A2/02 02 I/O 
P3l Al/0l 01 I/O 
P30 AOIDO 00 I/O 
SC2 R/W R/W 0S3 
SCl AS iOS iS3 

P47 A15 A7 I/O 
P46 A14 A6 I/O 
P45 A13 A5 I/O 
P44 A12 A4 I/O 
P43 A1l A3 I/O 
P42 Al0 A2 I/O 
P4l A9 Al I/O 
P40 A8 AO I/O 

NOTE: No functioning ROM in MC6803. 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J' in °C can be obtained from: 

where: 
TA 
8JA 
PD 
PINT 
PPORT 

TJ=TA + (PD· 8JA) 

= Ambient Temperature, °C 
= Package Thermal Resistance, Junction-to-Ambient, °C/W 
= PINT+ PPORT 
= ICC x VCC' Watts- Chip Internal Power 
= Port Power Dissipation, Watts - User Determined 

P20 
P2l 
P22 
P23 
P24 

PlO 
Pll 
P12 
P13 
P14 
P15 
P16 
P17 

(1) 

For most applications PPORT<PINTand can beneglected. PPORT may become significant ifthe device is configured 
to drive Darlington bases or sink LED loads. 

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

PD= K+ (TJ + 273°C) (2) 

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

K = PD • (T A + 273°C) + 8JA"PD2 (3) 

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

Rating Symbol 

Supply Voltage VCC 

Input Voltage Vin 

Operating Temperature Range TA 
MC6801, MC6803 
MC6801 C, MC6803C 

Storage Temperature Range Tstg 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance tlJA 
Plastic 
Cerdip 

Me6801/6803 

Value Unit 

-0.3 to +7.0 V 

-0.3 to + 7.0 V 

TL to TH °c 
o to 70 

-40 to +85 

- 55 to + 150 °c 

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 Yin and Vout be constrained to 
the range VSS ~ (Vin or Vout) ~ VCC. Input 
protection is enhanced by connecting un
used inputs to either VDD or VSS. 

CONTROL TIMING (VCC = 5.0 V ± 5%, VSS = 0) 

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 4fo 2.0 4.0 2.0 5.0 2.0 8.0 

Crystal Oscillator Start Up Time trc - 100 - 100 - 100 

Processor Control Setup Time tpcs 200 - 170 - 110 -

DC ELECTRICAL CHARACTERISTICS (VCC = 5.0 Vdc ± 5%, VSS = 0, T A = TL to TH, unless otherwise noted) 

MC6801 
Characteristic Symbol MC6803 

Min Max 

Input High Voltage RESET V,H VSS+4.0 VCC 
Other Inputs VSS+2.0 VCC 

Input Low Voltage All Inputs V,L VSS-0.3 VSS+0.8 

Input Load Current Port 4 lin - 0.5 
(Vin = 0 to 2.4 V) SC1 - 0.8 

Input Leakage Current lin 
(Vin = 0 to 5.25 V) NMI, IRQ1, RESET - 2.5 

Hi-Z (Off State) Input Current 
(Vin = 0.5 to 2.4 V) Ports 1, 2, and 3 ITSI - 10 

Output High Voltage VOH 
(lLoad = - 65 J.LA, VCC = Min)* Port 4, SC1, SC2 VSS+2.4 -
(lLoad= -100 J.LA, Vcc=Min) Other Outputs VSS+2.4 -

Output Low Voltage VOL 
(ILoad = 2.0 mA, VCC = Min) All outputs - VSS+0.5 

Darlington Drive Current (VO = 1.5 V) Port 1 IOH 1.0 4.0 

Internal Power Dissipation P,NT - 1200 
(Measured at TA = TL in Steady-State Operation) 

Input Capacitance Port 3, Port 4, SC1 Cin - 12.5 
(Vin = 0, TA = 25°C, fo = 1.0 MHz) Other Inputs - 10 

Vce Standby Powerdown VSBB 4.0 5.25 
Powerup VSB 4.75 5.25 

Standby Curre'nt Powerdown ISBB - 6.0 

*Negotiable to -100 J.LA (for further information contact the factory) 
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MC6801C 
MC6803C 

Min Max 

VSS+4.0 VCC 
VSS+2.2 VCC 

VSS-0.3 VSS+0.8 

- 0.8 
- 1.0 

- 5.0 

- 20 

VSS+2.4 -
VSS+2.4 -

- VSS+0.6 

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 

fLA 

fLA 

V 

V 

mA 

mW 

pF 

V 

mA 



MC6801/6803 

PERIPHERAL PORT TIMING (Refer to Figures 2-5) 

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) 

Pl0-P17 
P20-P24 
P40-P47 
Inputs 

P30-P37 
Inp\Jts* 

,MPURead 

* Port 3 non-latched operation (LATCH ENABLE=O) 

FIGURE 4 - PORT 3 OUTPUT STROBE TIMING 
(MC6801 SINGLE-CHIP MODE) 

.-- M PU access of Port 3 * 

Address 
Bus ________ J ~---r--------~ 

* Access matches output strobe select (aSS = 0, a read; 
OSS = 1, a write) 

Symbol 

tpDSU 

tpDH 

tOSDl 

tOSD2 

tpWD 

tCMOS 

tpWIS 

tlH 

tiS 

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 f.Ls 

200 - 200 - 100 - ns 

50 - 50 - 30 - ns 

20 - 20 - 20 - ns 

FIGURE 3 - DATA SETUP AND HOLD TIMES 
(MPU WRITE) 

r MPUWrite 

~!0 tt~:~ 
: ---07VCC 

All Data 
Port Outputs 

NOTES 

Data Valid 

----------------~ 

1. 10 k pullup resistor required for· port 2 to reach 0.7 V CC 
2. Not applicable to P21. 
3. Port 4 cannot be pulled above Vee 

P30-P37 
Inputs 

FIGURE 5 - PORT 3 LATCH TIMING 
(MC6801 SINGLE'CHIP MODE) 

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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MC680116803 

BUS TIMING (See Notes 1 and 2) 

Ident. 
MC6801 MC6801-1 MC68B01 

Characteristics Symbol MC6803 MC6803-1 MC68B03 Unit Number 
Min Max Min Max Min Max 

1 Cycle Time tC'LC 1.0 2.0 0.8 2.0 0.5 2.0 f.Ls 
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 tr,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 De.lay Time tDDW - 225 - 200 - 120 ns 

21 Write Data Hold Time tOHW 20 - 20 - 10 - ns 

22 Muxed Address Valid Time to E Rise* tAVM 200 - 150 - 80 - ns 

24 Muxed Address Valid Time to AS Fall* tASL 60 - 50 - 20 - ns 

25 Muxed Address Hold Time tAHL 20 - 20 - 10 - ns 

26 Delay time, E to AS Rise* tASD 90** - 70** - 45** - ns 

27 Pulse Width, AS High* PWASH 220 - 170 - 110 - ns 

28 Delay Time, AS to E Rise* tASED 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). 

FIGURE 6 - BUS TIMING 

~--------------------------------~<I>--------------------------------~ 

lOS, 
R/W. Address 
INon-Muxed) 

Addr I Data ---+--c',,--:!i.' 
Muxed 

Addr/Data 
Muxed 

Address 

Strobe lAS; ---------"1 

NOTES: 

See Note 4 

Note 3 

Read Data Muxed 

~-----(19~----~ 

Write Data Muxed 

1. Voltage levels shown are VLSO.5 V, VH~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: 12+3-17+4. 
4. Memory devices should be enabled only during E high to avoid port 3 bus contention. 
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MC6801/6803 

FIGURE 7 - CMOS LOAD 

Test Point 

t~PF 

FIGURE 8 - TIMING TEST LOAD PORTS " 2, 3, 4 

VCC 

Test Point o-_ ...... ~ ....... 

C R 

RL 1.8 kD 

MMD6150 
or Equivalent 

MMD7000 
or Equivalent 

C=90 pF for P30-P37, P40-P47, E, SC1, SC2 
=30 pF for Pl0-P17, P20-P24 

R = 37 kD for P40-P47, SC1, SC2 
=24 kD for Pl0-P17, P20-P24 
= 24 kD 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 
(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 "I/O 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 

: - -- -- --- - O' ------ -- - ; 0, '6-6;, Oo"bI, '''"m"'''", 0 
~ . A °U 7 B ~ a-Bit Accumulators A and B 

I ,,1_5 _________ X __________ Ol lndex Register (X) 

"ll_5 __ -------S-P--------~OI Stack Pointer (SP) 

"ll_5 _________ P_C ________ ~OI Program Counter (PC) 

° 
Condition Code Register (CCR) 

OPERATING MODES 

Carry/Borrow from MSB 
Overflow 
Zero 
Negative 
Interrupt 
Half Carry (From Bit 3) 

The MC6801 provides eight different operating modes (0 
through 7) and the MC6803 provides two operating 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 inter
rupt vectors. 

expanded multiplexed modes. Table 2 summarizes the char
acteristics of the operating modes. 

MC6801 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 10. The MCU functions as a monolithic microcom
puterin these twb modes without external address br data 
buses. A maximum of29 I/O lines and two port 3 control 
lines are provided. Peripherals or another MCU can be inter
faced to pbrt 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 th~ type of bus itsupports: 
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 

ADDD 
ASLD or LSLD 

BHS 
BLO 
BRN 
JSR 
LDD 
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 MSB) 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 MSB) one bit; the LSB is cleared and the MSB is shifted into the C bit 

(same as ASL) 
Shifts the double accumulator right (towards LSB) 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 (4), 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 RESET 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. lOS provides 
an address decode of external memory ($100-$1 FF) and can 
be used as a memory-page select or chip-select line. 

TABLE 2 - SUMMARY OF MC6801/Q3 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 ROM 
Port 3 is a parallel I/O port with two control lines 
Port 4 is a parallel I/O port 
SC1 is Input Strobe 3 (lS3) 
SC2 is Output Strobe 3 (OS3) 

Expanded Non-Multiplexed Mode 5 
128 bytes of RAM; 2048 bytes of ROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/ address bus 
SCl is Input/Output Select (lOS) 
SC2 is Read/Write (R/W) 

Expanded Multiplexed Modes 1, 2, 3, 6* 
Four memory space options (64K address space): 

(1) No internal RAM or ROM (Mode 3) 
(2) Internal RAM, no ROM (Mode 2) 
(3) Internal RAM and ROM (Mode 1) 
(4) Internal RAM, ROM with partial address bus (Mode 6) 

Port 3 is a multiplexed address/ data bus 
Port 4 is an address bus (inputs/address in Mode 6) 
SC1 is Address Strobe (AS) 
SC2 is Read/Write (R/W) 

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 

(1) May be changed to Mode 5 without going through Reset 
(2) May be used to test Ports 3 and 4 as I/O ports 

*The MC6803 operates only in modes 2 and 3. 
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FIGURE 10 - SINGLE-CHIP MODE 
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Port 2 
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16-Bit Timer 
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FIGURE 11 - SINGLE-CHIP DUAL PROCESSOR CONFIGURATION 
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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 A8 
to A15.ln 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, A8 to A15. Stated alternatively, 
any subset of A8to A15can 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 
o is used primarily to verify the ROM pattern and mon
itor the internal data bus with the automated test equip
ment. 

Only the MC6801 can operate in each of the ex
panded-multiplexed modes. The MC6803 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 4 320 

I PC2 I PCl 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: 
~ternal 

E - External 

P2l 
PCl 

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 MUXI5,6) 

I I I NMUX(5,6) 

1(2) Ill) I I 

E E E MUX(4) 

E I E MUXI4) 

I I E MUX(4) 

I I 1(3) MUX(4) 

NOTES: 
-wTriternal RAM is addressed at$XX80. 

(2) 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 

(3) RESET vector is external for two cycles after RESET goes high. 
(4) Addresses associated with ports 3 and 4 are considered external in modes 0, 

1,2, and 3. 
(5) Addresses associated with port 3 are considered external in modes 5 and 6. 
(6) 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 
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NOTE: To avoid data bus (port 3) contention in the expanded multiplexed modes, memory devices should be enabled only duringE high time. 

GNO 

AS 

Port 3 
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FIGURE 14 - TYPICAL LATCH ARRANGEMENT 
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FIGURE 15 _. MODE PROGRAMMING TIMING 

See Figure 16 

Mode Inputs 
(P20, P21, P22) 

MODE PROGRAMMING (Refer to Figure 15) 

Characteristic 

VMPH Min 

VMPL Max 

Mode Programming Input Voltage Low* (for TA=O to,70°C) 

Mode Programming Input Voltage High 

for Diode Arrangement 

(P20, P21, P22) 

ntW' -----

Symbol 

VMPL 

VMPH 
Mode Programming Diode Differential (If Diodes are Used) (for T A = 0 to 70°C) VME'.DD 
RESET Low Pulse Width PWRSTL 
Mode Programming Setup Time tMPS 
Mode Programming Hold Time 

RESET Rise Time",,1 f.Ls 
tMPH 

RESET Rise Time<1 f.Ls 

Note: For TA= -40 to 85°C, Maximum VMPL= 1.7, and Minimum VMPDD=0.4. 

FIGURE 16 - TYPICAL MODE PROGRAMMING CIRCUIT 

VCC 

1 
)0 • > 4 ) .• > 

R2 : >RH > R" ~R1> . > • . 
6 

Min 

-
4.0 

0.4 

3.0 

2.0 

0 
100 

.. RESET 

P20 

P2 

P22 

RESET 

NOTES: 
1. Mode 7 as shown 
2. R2' C = Reset time constant 
3. R, = 10k (typical) 
4. D = IN914, IN4001 in the 0 to 70°C range 

D=1N270, MBD201 in the -40to 85°C r 
5. Diode Vf should not exceed VMPDD min 

MEMORY MAPS 

-. 
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~ 

ange 

_L... C

I 

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. 
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FIGURE 17 - MC6801/03 MEMORY MAPS (Sheet 1 of 3) 

Multiplexed-Test Mode 

$0000(1) 

$001 F' ~UL.a-££k(."'I 

$OOFF 

$F800 

$FFFF(2) 

NOTES: 

MC6801 
Mode o 
I nternaL Registers 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

Internal Interrupt Vectors(2) 

1) Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and $OF. 

2) Addresses $FFFE and $FFFF are considered 
external if accessed within two cycles after a 
positive edge of RESET and internal at all other 
times. 

3) After two MPU cycles, there must be no over
lapping of intern;ll and external memory spaces 
to avoid driving the'data bus with more than one 
device. 

4) 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 

$OOOO( 1) .~rrrTT7""7'T;"" 

$ FFE F ,",UL..t.LL.~;.q 
$FFFO 
$FFFF L--___ --' 

NOTES: 

Internal 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, $05, $06, $07, and $OF. 

2) Internal ROM addresses $FFFO to $FFFF are not 
usable. 
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FIGURE 17 - MC680lI03 MEMORY MAPS (Sheet 2 of 3) 

MC6801 
MC6803 
Mode 3 

Multiplexed/No RAM or ROM 

$0000(1) iJ,,,,,, 

$001 F I'{({{(UUUI J 
Internal Registers 

External Memory Space 

$FFFO I 
$FFFF L.-. -----' 

External Interrupt Vectors 

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 
$Q01F 

Unusable (1 )(4) 

$XX80 ~) Internal RAM 
$XXFF Internal Interrupt Vectors 

NOTES: 
1) The internal ROM is disabled. 

2) 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 A8 to A 15 are treated as "don't cares" 
to decode internal RAM. 

4) Internal RAM will appear at $XX80 to $XXFF . 

• 

== (') 
0) 
CO o 
...a 

m 
CO o 
W 



~ 
o en 

s: o 
d 
;Q 
o 
!; 
~ n 
;Q 
o 
"'0 

~ 
~ 
en 
en o 
:a 
c 
l> 
~ 

• 
FIGURE 17 - MC6801/03 MEMORY MAPS (Sheet 3 of 3) 

MC6801 
Mode 

Non-Multiplexed/Partial Decode 

$OOOO(l)~ 

$001 F "'~:J...t..U-f-L-U.~ 

5 

. . Internal RAM 

. } E ... "" M.mmy Sp'" 

$0080~ $OOFF 

$0100 

$OlFF } 

Unusable 

Internal ROM 

$ FBOO v7/7/ )/7777/11 

$FFFF 1;'0"0#//-11 Internal Interrupt Vectors 

NOTES: 
1) Excludes the following addresses which may not 

be use.<:f externally: $04, $06, and $OF (no IUS)' 

2) 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. 

3) 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 

$OOOO( 1) rTT7TTT77TT 7"'" 
Internal Registers :::c:::r ~xternal Memory Space 

Internal RAM 

$OOFF VU{(uuuq.( 

External Memory Space 

rI $F800 

$FFFF • 

Internal ROM 

Internal Interrupt Vectors 

NOTES: 
1) Excludes the following addresses which may be 

used externally: $04, $06, and $OF. 

2) Address lines A8-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 until made 
outputs by writing the data direction register. 

Single Chip 
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Mode 7 
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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 (NMI) 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: IRQ1 
and IR02. The programmable timer and serial communica
tions interface use an internal IRQ2 interrupt line, as shown 
in Figure 1. External devices (and IS3) use IRQ1. An IR01 in
terrupt is serviced before IR02 if both are pending. 

All IRQ2interrupts use hardware prioritized vectors. The 
single sel interrupt and three timer interrupts are serviced in 
a prioritized order and each is vectored t'o 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.registefare 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 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 (including Vee standby), will not exceed PD 
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 device is in a powerup or powerdown 
state. In the powerup state, the power supply should provide 
+ 5 volts (± 5%) and must reach V S B volts before RES ET 
reaches 4.0 volts. During powerdown, Vee standby must re
main above VSBB (min) to sustain thestandby 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 supplying power to Vee 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 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 (High Byte) 09 
Counter (Low Byte) OA 
OutputCompare 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 15-1F 

* External addresses in modes 0, 1, 2, 3, 5, and 6; cannot be ac
cessedin mode 5 (no lOS). 

* * External addresses in .modes 0, 1, 2, and 3 
*" * 1 = Output, 0= Input. 

TABLE 5 - MCU INTERRUPT VECTOR LOCATIONS 

MSB LSB Interrupt 

FFFE FFFF RESET 

FFFC FFFD NMI 

FFFA FFFB Software Interrupt (SWI) 

FFF8 FFF9 IROl (or IS3) 

FFF6 FFF7 I CF (Input Capture) * 
FFF4 FFF5 OCF (Output Capture) * 

FFF2 FFF3 TOF (Timer Overflow) * 
FFFO FFF1 SCI (RDRF + ORFE+ TDRE) * 
--* IR02 Interrupt 
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• FIGURE 18 - INTERRUPT FLOWCHART 
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FIGURE 19 - INTERRUPT SEQUENCE 
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FIGURE 20 - RESET TIMING 
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XTAL AND EXTAL 
These two input pins inte~face either a crystal or TIL

compatible clock to the MCU :internal cloC;k generator. 
Divide-by-four circuitry is included which allows use of 
the inexpensive 3.58 MHz or 4.4336 MHz ColorBurst 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 4fo 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: (1) at least tRC after 
V CC reaches 4: 75 volts in order to provide sufficient time for 
the clock generator to stabilize, and (2) until VCC 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 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 (NMJ) 

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 ahd instruction 
execution is resumed.NMI typically requires a 3.3 kO 
(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 (IRQ1) 

IRQl 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 (I bit) in the condition code register is clear, the 
MCU will begin an interrupt sequence. A vector is fetched 
from $FFF8 and $FFF9, transferred to the program counter, 
and instruction execution is resumed. 

IRQ1 typically requires an external 3.3 kO' (nominal) 
resistor to VCC for wire-OR applicati.ons. IRQ1 has no inter
nal pullup resistor. 

STROBE CONTROL 1 AND 2 (SC1 ANDSC2) 

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 indi
cate that port 3 input data is ready or output data has been 
accepted. Three options assoCiated with IS3 are controlled 
by port 3 control and status register and are discussed in the 
PORT 3 (P30-P37). If unused, IS3 can remain unconnected. 

SC2 is configured as 0S3 and can be used to strobe out
put data or acknowledge input data. It is controlled by out
put strob~ 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. OS3 timing is shown in 
Figure4. 

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 ·(IOS) 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 mode, both SCl 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 I/O 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 1 0 

I PC21 PCl 1 PCO Ip24 I P23 1 P22 P2l I .. P201 $0003 

Port 2isa mode-independent, 5-bit, mUlti-purpose I/O 
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. 

* Devices made with masks subsequent to M5G, MaO, and T5P incorporate an advanced clock with improved startup characteristics. 
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FIGURE 21 - M6801 FAMILY OSCILLATOR CHARACTERISTICS 

(al Nominal Recommended Crystal Parameters 

Nominal Crystal Parameters* 

3.58 MHz 4.00 MHz 5.0 MHz 6.0 MHz 8.0 MHz 

RS 60n 50n 30-50 n 30-50 n 20-40 n 
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 
Q >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 

CL = 20 pF (typical) 

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 
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(b) 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 170 port. a bidirectional 
8-bit data bus, or a multiplexed addressl 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 8-bit 1/0 port in the single-chip mode, with 

each line configured by the port 3 data direction register. 
There are "llso 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 availpble 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 in
terrupt can be enabled by an lS3 negative edge. Port 3 latch 
timing is shown in Figure 5. 

Bit 0-2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Bit7 

PORT 3 CONTROL AND STATUS REGISTER 

o 

$OOOF 

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. OSS is cleared 
during reset. 

Not used. 
IS3 IRQ1 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 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 NOh~Multiplexed Mode 

Port 3 is configured as a bidirectional data bus (O7-00l in 
the expanded non-multiplexed mode. The direction of data 
transfers is controlled by readlwrite (SC2). Data is clocked 
by E (enable). 

Port 3 In Expanded~Multiplexed Mode 
Port 3 is configured as a time multiplexed address (AO-A7) 

and' data bus (07-00) in the expanded-multiplexed modes, 
where address strobe (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. 

PORT 4 (P40-P47) 

Port 4 is configured asan 8-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 8-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 8-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 A8 to A 15. 
In mode 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 A8 
to A 15. Internal pullup resistors pull the lines high until the 
port 4 data direction register is configured, where bit 0 con
trols A8. 

RESIDENT MEMORY 

The MC6801 provides 2048 bytes of on-chip ROM and 128 
bytes of on-chip RAM. 

One halfof the RAM is powered through the VCC standby 
pin and is maintainable during VCC 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. 

The ROAM 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 d~ring 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. 

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 address is 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 
($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 ($OB:OC) 

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 OL V L can then be changed for the next 

FIGURE 22 - BLOCK DIAGRAM OF PROGRAMMABLE TIMER 

Output Compare Pulse 
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compare. The function is inhibited for one cycle after a write 
to its high byte ($OB) to ensure a valid compare. The output 
compare register is set to $FFFF at RESET. 

INPUT CAPTURE REGISTER ($OD: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 beat least two E cycles to 
ensure an input capture under all conditions. 

TIMER CONTROL AND STATUS REGISTER ($08) 

The timer control and status register (TCSR) 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 REGISTEA (TCSR) 

7 6 5 4 3 2 1 0 

IICF I OCF ! TaF ! EICI ! EOCI ! ETal !'EDG !OL VL! $0008 

Bit 0 OLVL 

Bit 1 EIDG 

Bit 2 ETOI 

Bit 3 EOCI 

Bit 4 EICI 

Output Level. OL VL is clocked to the 
output level register by a successful 
output compare and will appear atP21 
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: 
I EDG = a Transfer on a negative-edge 
IEDG = 1 Transfer on a positive-edge. 
Enable Timer Overflow Interr·upt. 
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 IRQ2 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 IR02 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 $OC), or 
during reset. 
Input Capture Flag. ICF is set to in
dicate a proper level transition; it is 
cleared by reading the TCSR (with ICF 
set) and then the input capture register 
high byte ($OD), 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 utilizirig 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
irig two bits control the format and clock source. 

RATE AND MODE CONTROL REGISTER (RMCR) 

Bit l:Bit 0 

4 3 2 1 0 

x I X I CCl I cco I SSl I sso I $0010 

SSl:SS0 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. 

CCl :CCO Clock Control and Format 
Select. These two bits control the for
mat and select the serial clock source. 
If Cel is set, the DDR value for P22 is 
forced to the complement of CCO and 
cannot be altered until CCl is cleared. 
If Cel is cleared after having been set, 
its DDR value is unchanged. Table 7 
defin!;ls the formats, clock source, and 
use of P22. 

If both Cel and CCO are set, an external TTL-compatible 
clock must be connected to P22 at eight times (8X) 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 
can disturb serial operations. 

FIGURE 23 - SCI REGISTERS 

10 

12 

Bit 7 Rate and Mode Control Register Bit 0 

I CCl I cco I SSl I SSO 1·$10 
T ransmit/ Receive Control and Status Register 

I RDRF 1 OR FE ITDREI RIE I RE, 1 TIE I· TEl wu I $11 

Receive Data Register 

Transmit 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 (TRC.SR) 

7 6 5 4 3 2 1 0 

'RDRF 'ORFE 'TDRE' RIE , RE 'TIE I TE I WU I $0011 

BitO WU 

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 OOR 
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 can: 
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 
OOR 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 

Bit 5 TORE 

Bit 6 OR FE 

Bit 7 RDRF 

TABLE 6 - SCI BIT TIMES AND RATES 

SSl:SS0 4fo - 2.4576 MHz 4.0 MHz 
E 614.4 kHz 1.0 MHz 

0 0 +16 26 ,",s/38,4oo Baud 16 ,",s/62,5OO Baud 
0 1 +128 208 ,",s/4,8oo 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 (P22) 13.0 ,",s/76,8OO Baud 8.0 ,",s/125,ooo 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 TORE .hasbeen 
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 
synchronized to the bit counter. An 
overrun can be distinguished from a 
framing error by the state of RORF: 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. * OR FE is 
cleared by reading the TRCSR (with 
OR FE 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 
1.2288 MHz 

13.0,",s/76,800 Baud 
104.2 ,",s/9,600 Baud 
833.3 ,",s/1,2oo Baud 
3.33 ms/300 Baud 

6.5 ,",s/153,600 Baud 

TABLE 7 - SCI FORMAT AND CLOCK SOURCE CONTROL 

CC1: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 

* 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 is initiated by transmitting a 9-bit preamble 
of ones. 

At this point one of two situations exist': 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 (TO R E = 0), it will 
be transferred to the output serial shift register (synchroniz
ed with the bit rate clock), TORE will be set, and transmis
sion will begin. 

The start bit (0), eight data bits (beginning with bit 0) and a 
stop bit (1), will be transmitted. If TOR E 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 object 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 MC6801/03 is shown in 

Figure 10. 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 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 - TheMPU contains two 8-bit accumu
lators, A and B, which are used to store operands and results 
from the arithmetic logic unit (ALU). 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 (N), zero (Z), overflow 
(V), carry/borrow from MSB (C), and half carry from bit 3 
(H). These bits are testable by the conditional branch in
structions. Bit 4 is the interrupt mask (I bit) and inhibits all 
maskable interrupts when set. The two unused bits, B6 and 
B7, are read as ones. 

FIGURE 24 - SCI DATA FORMATS 
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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 9through 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 th'ree 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 aHows 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 by~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 

00 
01 NOP 
02 
03 
04 LSRD 
05 ASLD 
06 TAP 
07 TPA 

08 INX 
09 DEX 
OA CLV 
DB SEV 
DC CLC 
OD SEC 
DE CLI 
OF SEI 
10 SBA 
11 CBA 
12 
13 
14 
15 
16 TAB 
17 TBA 
18 
19 DAA 
1A 
18 ABA 
1C 
10 
1E 
1F 
20 BRA 
21 BRN 
22 BHI 
23 BLS 
24 BCC 
25 BCS 
26 BNE 
27 BEQ 
28 BVC 
29 BVS 
2A BPL 
2B BMI 
2C BGE 
2D BU 
2E BGT 
2F BLE 
30 TSX 
31 INS 
32 PULA 
33 PULB 

NOTES: 

MODE - , OP MNEM MODE - # OP MNEM MODE - # OP MNEM MODE 

34 DES INHER 3 1 68 ASL INDXD 6 2 9C CPX DIR 
INHER 2 1 35 TXS ! 3 1 69 ROL 

1 
6 2 9D JSR ~ 36 PSHA 3 1 6A DEC 6 2 9E LDS 

37 PSHB 3 1 6B 9F STS DIR 
3 1 38 PULX 5 1 6C INC 6 2 AO SUBA INDXD 
3 1 39 RTS 5 1 6D TST 6 2 A1 CMPA 
2 1 3A ABX 3 1 6E JMP 3 2 A2 SBCA 
2 1 3B RTI 10 1. 6F CLR INDXD 6 2 A3 SUBD 
3 1 3C PSHX 4 1 70 NEG EXTND 6 3 A4 ANDA 
3 1 3D MUL 10 1 71 A5 BITA 
2 1 3E WAI 9 1 72 A6 LDAA 
2 1 3F SW! 12 1 73 COM 6 3 A7 STAA 
2 1 40 NEGA 2 1 74 LSR 6 3 A8 EORA 
2 1 41 75 A9 ADCA 
2 1 42 76 ROR 6 3 AA .ORAA 
2 1 43 COMA 2 1 77 ASR 6 3 AB ADDA 
2 1 44 LSRA 2 1 78 ASL 6 3 AC CPX 
2 1 45 79 ROL 6 3 AD JSR 

46 RORA 2 1 7A DEC 6, 3 AE LDS' 
47 ASRA 2 1 7B AF STS INDXD 
48 ASLA 2 1 7C INC 6 3 BO SUBA EXTND 
49 ROLA 2 1 7D TST 6 3 B1 CMPA 

2 1 4A DECA 2 1 7E JMP .. 3 3 B2 SBCA 
2 1 4B 7F CLR EXTND 6 3 B3 SUBD 

It 4C INCA 2 1 80 SUBA IMMED 2 2 B4 ANDA 
INHER 2 1 4D TSTA 2 1 81 CMPA 2 2 B5 BITA 

4E T 82 SBCA 2 2 B6 LDAA 
INHER 2 1 4F CLRA 2 1 83 SUBD 4 3 B7 STAA 

50 NEGB 2 1 84 ANDA 2 2 B8 EORA 
51 85 BITA 2 2 B9 ADCA 
52 86 LDAA 2 2 BA ORAA 
53 COMB 2 1 87 BB ADDA 

REL 3 2 54 LSRB 2 1 86 EORA 2' 2 BC CPX 
3 2 55 89 ADCA 2 2 BD JSR 
3 2 56 RORB 2 1 8A ORAA 

It 2 2 BE LDS 
3 2 57 ASRB 2 1 8B ADDA 2 2 BF STS EXTND 
3 2 68 ASLB 2 1 8C CPX IMMED 4 3 CO SUBB IMMED 
3 2 59 ROLB 2 1 8D BSR REL 6 2 C1 CMPB 
3 2 5A DECB 2 ' 1 8E LOS IMMED 3 3 C2 SBCB 
3 2 5B , 8F C3 ADDD 
3 2 5C INCB 2 1 90 SUBA DIR 3 2 C4 ANDB 
3 2 5D TSTB 2 1, 91 CMPA' 

~ 3 2 C5 BITB 
3 2 5E T 92 SBCA 3 2 C6 LDAB 
3 2 5F CLRB INHER 2 1 93 SUBD 5 2 r7 
3 2 80 NEG INDXD 6 2 94 ANDA 3 2 C8 EORB 
3 2 61 

1 
95 BITA 3 2 C9 ADCB 

3 2 62 96 LOAA 3 2 CA ORAB 
REL 3 2 63 COM 6 2 97 STAA 3 2 CB ADDB 
INHER 3 1 64 LSR 6 2 98 EORA 3 2 CC LDD 

It t 3 1 65 99 ADCA 3 2 CD 
4 1 86 ROR 6 2 9A ORAA 3 2 CE LOX IMMED 
4 1 67 ASR INDXD 6 2 9B ADDA 3 2 CF 

AddreSSing Modes 
INHER '" Inherent INDXD "'" Indexed IMMED IE Immediate 
R EL "" Relative EXTND 5 Extended DI R "'" Direct 

2. Unassigned opcodes are indicated by .. • .. and should not be executed, 
3. Codes marked by "1" force the PC to function as a 16-bit counter. 
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- # OP MNEM MODE - , 
5 2 DO SUBB DIR 3 2 

5 2 D1 CMPB 3 2 
4 2 D2 SBCB 3 2 
4 2 D3 ADDD 5 2 
4 2 D4 ANDB 3 2 
4 2 D5 BITB 3 2 
4 2 D6 LOAB 3 2 

6 2 D7 STAB 3 2 
4 2 D8 EORB 3 2 
4 2 D9 ADCB 3 2 
4 2 DA ORAB 3 2 
4 2 DB AD DB 3 2 
4 2 DC LDD 4 2 
4 2 DD STD 4 2 
4 2 DE LDX 4 2 
4 2 OF STX DIR 4 2 

6 2 EO SUBB INDXD 4 2 

6 2 E1 CMPB ! 4 2 

5 2 E2 SBCB 4 2 

5 2 E3 ADDD 6 2 
4 3 E4 ANDB 4 2 
4 3 E5 BITB 4 2 
4 3 E6 WAB 4 2 
6 3 E7 STAB 4 2 
4 3 E8 EORB 4 2 
4 3 E9 ADCB 4 2 
4 3 EA ORAB 4 2 
4 3 EB ADDB 4 2 
4 3 EC LDD 5 2 
4 3 ED STD 5 2 
4 3 EE LDX 5 2 
4 3 EF STX INDXD 5 2 
6 3 FO SUBB EXTND 4 3 
6 3 F1 CMPB 4 3 
5 3 F2 SBCB 4 3 
5 3 F3 ADDD 6 3 
2 2 F4 ANDB 4 3 
2 2 F5 BITB 4 3 
2 2 F6 LDAB 4 3 
4 3 F7 STAB 4 3 
2 2 F8 EORB 4 3 
2 2 F9 ADCB 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 LDX 5 3 
2 2 FF STX EXTND 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 S tack 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 

Immed Direct index Extnd Inherent Boolean/ 
MNEM Op - # Op - # Op - # Op - # Op - # Arithmetic Operation 

CPX 8C 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-XH,IM+11-XL 

LDS 8E 3 3 9E 4 2 AE 5 2 BE 5 3 M -SPH,IM+ 1I:-SPL 

STX DF 4 2 EF 5 2 FF 5 3 XH -M,XL -1M +-11 

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+ 1-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+1-SP,MSP-XH 
SP+1-SP,MSP-XL 

TABLE 10 - ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 2) 

Immed Direct Index Extend Inher Boolean 
MNEM Op - # Op - # Op - # Op - # Op - # Expression 

ABA 1B 2 1 A+B-A 

ABX 3A 3 1 oo:B+ X-X 

ADCA 89 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 8B 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+M:M+1-D 

ANDA 84 2 2 94 3 2 A4 4 2 B4 4 3 A·M-A 

ANDB C4 2 2 D4 3 2 E4 4 2 F4 4 3 B.M-B 

ASL 6B 6 2 78 6 3 +-

ASLA 48 2 1 0-111111111 +-0 

ASLB 58 2 1 b7 bO 

ASLD 05 3 1 

ASR 67 6 2 77 6 3 

qll lillll-@] ASRA 47 2 1 

ASRB 

BITA 85 

BITB C5 

CBA 

CLR 

CLRA 

CLRB 

CMPA 81 

CMPB C1 

COM 

COMA 

COMB 

57 2 1 ...:: 
2 2 95 3 2 A5 4 2 B5 4 3 A·M 

2 2 D5 3 2 E5 4 2 F5 4 3 B·M 

11 2 1 A-B 

6F 6 2 7F 6 3 oo-M 

4F 2 1 oo-A 

5F 2 1 oo-B 

2 2 91 3 2 A1 4 2 B1 4 3 A-M 

2 2 D1 3 2 E1 4 2 F1 4 3 B-M 

03 6 2 73 6 3 M-M 

43 2 1 A-A 

53 2 1 B-B 
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b7 bO 

Condition Codes 

5 4 3 2 1 0 

H I N Z V C 

· · f f f l 

· · · l · · · · · · · · · · 1 · · · · · · · · · · l R · · t R · · · t R · · · I R · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · 

Condition Codes 

5 4 3 2 1 0 

H I N Z V C 

t_ · J J J 1 
· · · · · t · t · t · l · · · 1 

· · R · · · R · · · · · · · · ~ 

· · · · t t t t 
· · t t t t 
· · 1 l R · · · t t R · · · I I I I 

· · R S R R 

· · R S R R 

" · R S R R 

· · II I I I 

· · t t t t 
· · ; t t R S 

· · t t R S 

· t t R S 
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TABLE 10 - ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2) 

Accumulator and Immed Direct Index Extend Inher Boolean 
Memory Operations MNEM Op - # Op - # Op - # Op - # Op - # Expression 

Decimal Adjust, A DAA 19 2 1 Adl binary sum to BCD 

Decrement DEC 6A 6 2 7A 6 3 M-l-M 

DECA 4A 2 1 A-l-A 

DECB 5A 2 1 B-l-B 

Exclusive OR EORA 88 2 2 98 3 2 A8 4 2 B8 4 3 ' AEilM-A 

EORB C8 2 2 D8 3 2 E8 4 2 F8 4 3 BEilM-B 

Increment INC 6C 6 2 7C 6 3 M+l-M 

INCA 4C 2 1 A+l-A 

INCB 5C 2 1 B+l-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 M:M+l-D 

Logical Shift, Left LSL 68 6 2 78 6 3 

LSLA 48 2 1 
~-jlllllill -0 

LSLB 58 2 1 b7 bO 

LSLD 05 3 2 

Shift Right. Logical LSR 64 6 2 74 6 3 

LSRA 44 2 1 o-IIIIIIIII-~ 
LSRB 54 2 1 b7 bO 

LSRD 04 3 1 

Multiply MUL 3D 10 1 AxB-D 

2's ComplementlNegatei NEG 60 6 2 70 6 3 oo-M-M 

NEGA 40 2 1 oo-A-A 

NEGB 50 2 1 00- B - B 

No Operation NOP 01 2 1 PC+ I-PC 

Inclusive OR ORAA 8A 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 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 ~-jIIIIIIII+-{9 
ROLB 59 2 1 b7 bO 

Rotate Right ROR 66 6 2 76 6 3 

RORA 46 2 1 @]-11111111f-@] 
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 B2 4 3 A-M-C-A 

SBCB C2 2 2 D2 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 AD 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 83 4 3 93 5 2 A3 6 2 B3 6 3 D-M:M+l-D 

Transfer Accumulator TAB 16 2 1 A-B 

TBA 17 2 1 B-A 

Tesl, Zero or Minus TST 6D 6 2 7D 6 3 M-oo 

TSTA 4D 2 1 A-OO 

TSTB 5D 2 1 B-oo 

The conditIOn code register notes are listed after Table 12, 
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Condition Codes 

5 4 3 2 1 0 

H I N Z V C 

0 0 t t t t 
0 0 t t J 0 

0 0 t t t 0 

0 0 t t t 0 

0 0 t t R 0 

0 0 t t R 0 

0 0 t t t 0 

0 0, t t t 0 

0 0 t t t 0 

0 0 t t R 0 

0 t t R 0 

0 t t R 0 

0 t t t t 
0 0 t t t t 
0 0 t t t t 
0 0 t t t t 
0 0 R t t t 
0 0 R t t t 
0 0 R t t t 
0 0 R t t t 
0 0 0 0 0 t 
0 0 t t t t 
0 0 t t t t 
0 0 t t t t 
0 0 0 0 0 0 

0 0 J 1 R 0 

0 0 t t R 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 t t t t 
0 0 t t t t 
0 0 t t t t 

0 t t t t 
0 0 t t t t 
0 0 t t t t 
0 0 t t t t 
0 0 t t t t 
0 0 t t t t 
0 0 t t R 0 

0 0 t t R 0 

0 0 t t R 0 

0 0 t t t t 
0 0 t t t t 
0 0 t t t t 
0 0 t t R 0 

0 0 t t R 0 

0 0 t t R R 

0 0 t t R R 

0 0 t t R R 
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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=1 · · · · · · Branch If=Zero BEQ 27 3 2 Z=1 · · · · · · Branch If ",Zero BGE 2C 3 2 NE9v=o · · · · · · Branch if > Zero BGT 2E 3 2 Z+(N E9 V)=O · · · · · · BJanch 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+(NE9V)=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 2D 3 2 NE9v=1 · · · · · · Branch If Minus BMI 2B 3 2 N=1 · · · · · · Branch If 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=1 · · · · · · Branch If Plus BPl 2A 3 2 N=O · · · · · · Branch To Subroutine BSA 8D 6 2 · · · · · · Jump JMP 6E 3 2 7E 3 3 See Special Operations-Figure 25 • · · · · · Jump To Subroutine JSA 9D 5 2 AD 6 2 BD 6 3 · · · · · · No Operation NOP 01 2 1 · · · · · · Aeturn From Interrupt ATI 3B 10 1 J J J J J J 
Aeturn From Subroutine RTS 39 5 1 See Special Operations-Figure 25 • · · · · · Software Interrupt SWI 3F 12 1 

Wait For Interrupt WAI 3E 9 1 

TABLE 12 - CONDITION C.ODE REGISTER MANIPULATION INSTRUCTIONS 

Operations 

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 

MNEM 

ClC 

CLl 

ClV 

SEC 

SEI 

SEV 

TAP 

TPA 

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 
• Boolean Exclusive OR 
M Complement of M 

Transfer Into 
o Bit=Zero 

00 Byte = Zero 

Inherent 
Op - # Boolean Operation 

OC 2 1 O-C 

OE 2 1 0-1 

OA 2 1 O-V 

00 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 (byte) 
V Overflow, 2's complement 
C Carry/Borrow from MSB 
R Reset Always 
S Set Always 
t Affected 

• Not Affected 
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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 · t t t t t t 

· · · · · · 

II 



! 
II 
=s 
II 
E 
.E 

ABA • ABX • ADC 2 
ADD 2 
AD DO 4 
AND 2 
ASL • 
ASLD • 
ASR • 
BCC • 
BCS • 
BEQ • 
BGE • 

II 
BGT • BHI • BHS • BIT 2 
BLE • BLO • 
BLS • BLT • 
BMI • BNE • BPL • BRA • BRN • 
BSR • 
BVC • 
BVS • 
CBA • 
CLC • 
CLI • CLR • 
CLV • 
CMP 2 
COM • CPX 4 
DAA • 
DEC • 
DES • 
DEX • 
EOR 2 
INC • INS • 

MC680 1 16803 

TABLE 13 - INSTRUCTION EXECUTION TIMES IN E CYCLES 

ADDRESSING MODE 

'0 
II 
'0 

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 

• • 

! .. 
.~ '0 C 

II ! ... )( 
II II II 
'0 ~ 'i 
.E .E a: 

II 
=s 
II 
E 
.E 

• I 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 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 

'0 
II '0 

U 
'0 II c )( 

! ! II 

0 
'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 

• • • • • • • • • 

.. II C 
!! .~ 

i II 
~ II 
.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 • 
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 
(R/W) line during each cycle of each instruction. 

The information is useful in comparing a·ctual 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 O. "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 LDA 
AND ORA 
BIT SBC 
CMP SUB 

LDS 
LDX 
LDD 

CPX 
SUBD 
ADDD 

DIRECT 

ADC EOR 
ADD lOA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LDS 
LDX 
LDD 

STS 
STX 
STD 

CPX 
SUBD 
ADDD 

JSR 

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-l 

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 (Low Order Byte) 

Upcode 
Operand Data (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 (Low Order Byte) 
Return Address (High Order Byte) 
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Address Mode and 
Instructions 

EXTENDED 
JMP 

ADC EOR 
ADD LOA 
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 

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 

MC6801/6803 

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 Oper<lnd + 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-l 

R/W 
Line 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
a 
1 
1 
1 
1 
1 

1 
1 

1 
a 
a 
1 
1 
1 
1 
1 
a 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
0 
0 

Data 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) 
Destiriation Address (Low Order Byte) 
Data from Accumulator 

Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order By tel 
Operand Data (High Order By tel 
Operand Data (Low Order By tel 

Opcode 
Address of Operand (High Order By tel 
Address of Operand (Low Order By tel 
Operand Data (High Order By tel 
Operand Data (Low Order By tel 

Opcode 
Address of Operand (High Order .By tel 
Address of Operand (Low Order By tel 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 

Opcode 
Operand Address (High Order By tel 
Operand Address (Low Order By tel 
Operand Data (High Order By tel 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Address of Subroutine (High Order By tel 
Address of Subroutine (Low Order By tel 
Opcode of Next Instruction 
Return Address (Low Order By tel 
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 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 

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 
I ndex 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 

OpcodeAddress 
Opcode Address + 1 
Address Bus FFFF 
Index Register + Offset 
Stack Pointer 
Stack Pointer-l 

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 Bytei 
Operand Data (Low Order Byte) 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data (High Order Bytei 
Operand Data (Low Order Bytei 

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 Bytei 
Operand Data (Low Order Bytei 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Resta.rt Vector 
First Subroutine Opcode 
Return Address (Low Order Bytei 
Return Address (High Order Bytei 

*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 
Instrllctions 

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 
PULB 

PSHX 

PULX 

RTS 

WAI 

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 
o'pcode 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-l 

Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer + 2 

Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
S tack Pointer + 2 

Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer-l 
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 
Opcope 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 (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 
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Address Mode and 
Instructions 

INHERENT 

MUL 

RTI 

SWI 

RELATIVE 
BCC BHT BNE' BLO 
BCS BLE BPL BHS 
BEQ BLS BRA BRN 
BGE BLT BVC 
BGT BMI BVS 

BSR 

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 

MC6801/6803 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 5 of 51 

Address Bus Data Bus 

Opcode Address 1 Opcode 
Opcode Address + 1 1 Irrelevant Data 
Address Bus FFFF 1 Low Byte of Restart Vector 
Address Bus FFFF 1 Low Byte of Restart Vector 
Address Bus FFFF 1 Low Byte of Restart Vector 
Address Bus FFFF 1 Low Byte of Restart Vector 
Address Bus FFFF 1 Low Byte of Restart Vector 
Address Bus FFFF 1 Low Byte of Restart Vector 
Address Bus FFFF 1 Low Byte 0.1 Restart Vector 
Address Bus FFFF 1 Low Byte of Restart Vector 

Opcode Address 1 Opcode 
Opcode Address + 1 1 Irrelevant Data 
Stack Pointer 1 Irrelevant Data, 
Stack Pointer + 1 1 Contents of Condition Code Register from Stack 
StackPointer+ 2 1 Contents of Accumulator B from Stack 
S tack Pointer + 3 1 Contents of Accumulator A from Stack 
Stack Pointer+4 1 Index Register from Stack (High Order Byte) 
Stack Pointer + 5 1 Index Register from Stack (Low Order Byte) 
Stack Pointer+6 1 Next Instruction Address from Stack (High Order Byte) 
Stack Pointer+ 7 1 Next Instruction Address from Stack (Low Order Byte) 

Opcode Address 1 Opcode 
Opcode Address + 1 1 Irrelevant Data 
Stack Pointer 0 Return Address (Low Order Byte) 
Stack Pointer-1 0 Return Address (High Order Byte) 
Stack Pointer- 2 0 Index Register (Low Order Byte) 
Stack Pointer- 3 0 Index Register (High Order Byte) 
Stack Pointer-4 0 Contents of Accumulator A 
Stack Pointer- 5 0 Contents of Accumulator B 
Stack Pointer-6 0 Contents of Condition Code Register 
Stack Pointer- 7 1 Irrelevant Data 
Vector Address FFFA (Hex) 1 Address of Subroutine (High Order Byte) 
Vector Address FFFB (Hex) 1 Address of Subroutine (Low Order Byte) 

Opcode Address 1 Opcode 
Opcode Address + 1 1 Branch Offset 
Address Buss FFFF 1 Low Byte of Restart Vector 

Opcode Address 1 Opcode 
Opcode Address + 1 1 Branch Offset 
Address Bus FFFF 1 Low Byte of Restart Vector 
Subroutine Starting Address 1 Opcode of Next Instruction 
Stack Pointer 0 Return Address (Low Order Byte) 
Stack Pointer-1 0 Return Address (High Order Byte) 
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• FIGURE 25 - SPECIAL OPERATIONS 

JSR, Jump to Subroutine 

{ 
~ 

Main Program 

$9D=JSR 

Direct 

RTN Next Main Instr. 

K = Direct Address 

{ 
Main Program I ~,,~ ~ $AD=JSR 

e::>-'::::~ INDXD K=Offset 

RTN Next Main Instr. SP RTNL 

! 
Main Program 

Ef $BD=JSR 

SH = Subr. Addr. 
EXTND 

SL=Subr.Addr. 

RTN Next Main Ins!. 

BSR, Branch To Subroutine 
Main Program ~ Stack 

~ $8D=BSR 

± K=Offset 

RTN I Next Main Instr. 

¢-. SP-2~ SP-l RTNH· . 

SP RTNL 

RTS, Return from Subroutine Subroutine ~ Stack 

Ef [ $39= RTS I¢ 
SP+ 1 RTNH SP~ ... SP+2 RTNL 

Legend: 
RTN= Address of next instruction in Main Program to be executed upon return from subroutine 
RTNH = Most significant byte of Return Address 
RTNL = Least significant byte of Return Address 
- = Stack Pointer After Execution 
K = a-bit Unsigned Value 

SWI, Software Interrupt SP Stack 

ly-' SP-7 

SP-6 

I 
Condition Code 

SP-5 AcmltrB 

SP-4 AcmltrA 

SP-3 Index Register (XH) 

SP-2 Main Program 

Ie::> SP-l 

WAI, Wait for Interrupt 
~ 

$3E=WAI 

SP RTN I 
I ndex Register (Xl) 

RTNH 

RTNL 
I 

g 
'''"'MrtP,,,,,,,,, Ie:) 

SP 

RTI Return from Interrupt 

SP+l 

' Ef 
$3B= RTI 

Stack 

Condition Code 

SP+2 AcmltrB 

SP+3 AcmltrA 

SP+4 Index Register (XH) 

SP+5 Index Register (Xl) 

SP+6 RTNH 

... SP+7 L- _ ~TNL 

JMP, Jump 

! 
PC 

~ Main Program 

X + K Next Instruction 

INDXD 

'''- { 
.$7E=JMP 

KH = Next Address 

KL = Next Address 

Next Instructib~ 
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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: 

MOOS, 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 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. 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. 

MDOS 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) (Degrees C) (S Suffix) (P Suffix) 

1.0 o to 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 o to 70 MC68B01S1 MC68B01P1 
1.0 o to 70 MC6803S MC6803P 
1.0 -40 to +85 MC6803CS MC6803CP 

1.25 o to 70 MC6803S-1 MC6803P-1 
1.25 -40 to +85 MC6803CS-1 MC6803CP-1 
2.0 o to 70 MC68B03S MC68B03P 
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MC6801/6803 

PIN ASSIGNMENT 

VSS 

SC1 

SC2 

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 VCC 
Standby 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
MC6801U4 
MC6803U4 

Advance Information 
Microcontroller/Microprocessor (MCU/MPU) 

The MC6801 U4 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 TIL 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 MC68Q1 U4 operati,ng 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 (MC6801U4) 
• 192, Bytes of RAM 
• 32 Bytes of RAM Retainable During Powerdown 
• 29 Parallel 1/0 and Two Handshake Conirol Lines 
• NMllnhibited 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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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage Vec -0.3 to +7.0 V 

Input Voltage Vin -0.3 to +7.0 V 

Operating Temperature Range TA TLto TH °c 
MC6801 U4, MC6803U4 -0 to 70 
MC6801 U4C, MC6803U4C -40 to 85 

Storage Temperature Range Tstg -55 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Rating 

Thermal Resistance 6JA °CfW 
Plastic 50 
Ceramic 50 

POWER CONSIDERATIONS 

The average chip-junction temperature, TJ, in °c can be obtained from: 

where: 
TA 
6JA 

PD 
PINT 
PPORT 

= Ambient Temperature, °c 
=Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+ PPORT 

TJ =TA +(PD 0 6JA) 

= ICCxVCC' Watts - Chip Internal Power 
= Port Power Dissipation, Watts ~ User Determined 

(1) 

For most applications PPORT<PINT 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 PD and T J (if PPORT is neglected) is: 

PD= K+ (T J + 273°C) (2) 

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

K = PD 0 (T A + 273°C) + 6JAoPD2 (3) 

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

CONTROL TIMING (VCC=5.0 V+5%, VSS=O) -

Frequency of Operation 

Crystal Frequency 

External Oscillator Frequency 

Crystal Oscillator Startup Time 

Processor Control Setup Time 

Characteristic Symbol 

to 

fXTAL 
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4 fo 

trc 

tpcs 

MC6801U4 

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 

I 
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DC ELECTRICAL CHARACTERISTICS (VCC=5 0 Vdc+5% Vss=O, TA=TL to TH, unless otherwise noted) -
MC6801U4, 
MC6803U4 

Characteristic Symbol Min Max. 
Input High Voltage RESET VIH VSS+4.0 Vce 

Other Inputs* VSS+2.0 VCC 
Input Low Voltage Allinputs* VIL VSS-0.3 VSS+0.8 
Input Load Current Port4 lin - 0.5 

SC1 - 0.8 

Input Leakage Current 
(Vin= 0 to 5.5 V) NMI, IRQ1, RESET lin - 2.5 

Hi-Z (Off-State) Input Current 
(Vin = 0.5 to 2.4 V) Port 1, Port 2, Port 3 ITSI - 10 

Output High Voltage 
(/Load= -65p.A, VCC= Min) Port 4, SC1, SC2 VOH VSS+2.4 -

(ILoad= -loop.A, Vcc=Min) Other Outputs VSS + 2.4 -

Output Low Voltage 
(/Load=2.0 mA, VCC= Min) All Outputs VOL - VSS+0.5 

Darlington Drive Current 
(VO= 1.5 V) Port 1 10H 1.0 4.0 

Internal Power Dissipation 
(Measured at TA = TL in Steady-State Operation) * * * PINT - 1200 

Input Capacitance 
(Vin = 0, T A = 25°C, Port 3, Port 4, SCl Cin - 12.5 
fo= 1.0 MHz) Other Inputs - 10.0 

VCC Standby Powerdown VSBB 4.0 5.25 
Powerup VSB 4.75 5.25 

Standby Current Powerdown ISBB - 3.0 

*Except mode programming levels; see Figure 16. 
**Negotiable to -100 J.LA (for further information contact the factory). 

***For the MC6801U4/MC6803U4 TL = O°C and for the MC6801 U4C/MC6803U4C TL = 40°C. 

PERIPHERAL PORT TIMING (Refer to Figura 1-4) 

Characteristics Symbol 

Peripheral Data Setup Time tpDSU 
Peripheral Data Hold Time tPDH 
Delay Time, Enable Positive Transition to OS3 Negative Transition tOSDl 
Delay Time, Enable Positive Transition to OS3 Positive Transition tOSD2 
Delay Time, Enable Negative Transition to Peripheral Data Valid 

Port 1 tpWD 
. Port 2,3,4 

Delay Time, Enable Negative Transition to Peripheral CMOS Data Valid tCMOS 
Input Strobe Pulse Width tpWIS 
Input Data Hold Time tlH 
Input Data Setup Time tiS 
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MC6801U4C, 
MC6803U4C 

Min Max 

VSS+4.0 VCC 
VSS+2.2 VCC 
VSS-0.3 VSS+O.8 

- 0.8 
- 1.0 

- 5.0 

- 20 

VSS+2.4 -
VSS+2.4 -

- VSS+0.6 

1.0 5.0 

- 1500 

- 12.5 
- 10.0 

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 

p.A 

p.A 

V 

V 

mA 

mW 

pF 

V 

mA 

Unit 

ns 

ns 

ns 

ns 

ns 

I"s 
ns 

ns 

ns 
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P10-P17 ___ _ 

P20-P24 
P40-P47 
Inputs* ----' ~----.;,r '+-+-------

P30-P37 
Inputs* ________ ..1 

*Port 3 non latched operation (Latch enable = 0) 

Figure 1. Data Setup and Hold Times 
(MPU Read) 

Address 
Bus 

OS3 

MPU Access of Port 3* 

($0006) 

tCMOS~ 

_______ tP_W_DX~/ l ::--.- -0.7 VCC 

All Data 
Port Outputs ' Data Valid 

NOTES: 
1.10 k pullup resistor required for port 2 to reach 0.7 VCC 
2. Not applicable to P21 
3 Port 4 cannot be pulled above Vce 

Figure 2. Data Setup and Hold Times 
(MPU Write) 

IS3=X"S1h~;ISJ 
P30-P37 Data Valid y,.--------

Inputs _ -f''''.--------

* Access matches output strobe. select (aSS = 0, a read; ass = 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, untess otherwise noted. 

Figure 3. Port 3 Output Strobe Timing 
(MC6801 U4 Single-Chip Mode) 

Test POint 

Figure 5. CMOS Load 

Figure 4. Port 3 Latch Timing 
(MC6801U4 Single-Chip Mode) 

Vee 'vi RL=1.8kD 
Test POint MMD6150. 

or Equlv. 

C R MMD7000 
or EqUiv 

-= "::" 
C=90 pF for P30-P37, P40-P47, E, SC1, SC2 

= 30 pF for P10-P17, P20-P24 
R=37 kD for P40-P47, SC1, SC2 

= 24 kD for P10-P17, P20-P24 
= 24 kD for P30-P37, E 

Figure 6. Timing Test 
Load Ports 1, 2, 3, and 4 
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BUS TIMING (See Notes 1 and 2 and Figure 7) 

Ident. 
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 Read Data Setup Time 

18 Read 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 Muxed Address Hold Time 

26 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. 

IDS. 
Rm, Address 
(Nonmuxed) 

AddrlData 
Muxed 

MC6801U4 
Symbol MC6803U4 

Min Max 

tcyc 1.0 2.0 

PWEL 430 1000 

PWEH 450 1000 

tr.tf - 25 

tAH 20 -

tAV 200 -

tDSR 80 -

tDHR 10 -

tDDW - 225 

tDHW 20 -

tAVM 160 -

tASL 40 -

tAHL 20 -

tASD 200 -

PWASH 100 -

tASED 90 -

tACC 555 -

See Note 4 

~----~19~----~ 

AddrlData 
Muxed 

Address 
Strobe (AS) 

NOTES: 
1. Voltage levels shown are VLsO.5 V, VH~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. 

Write Data Muxed 

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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MC6801U4-1 
MC6803U4-1 Unit 
Min Max 

0.8 2.0 p's 

360 1000 ns 

360 1000 ns 

- 25 ns 

20 - ns 

150 - ns 

70 - ns 

10 - ns 

- 200 ns 

20 - ns 

120 - ns 

30 - ns 

20 - ns 

170 - ns 

80 - ns 

70 - ns 

435 - ns 
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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 ofthe 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 non multiplexed is mode 5, and the remaining 5 
are expanded-multiplexed modes. Table 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 I/O 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- 3 
mum of 29 1/0 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 port 4 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 °U7 B ~ 8-Bit Accumulators Aand B 
15 - - - - - - - - - D -- -- -- - - - <\ Or '6-Blt Double Accumulator D 

... 1'_5 ________ X ____ ~ ____ 0.Jllndex Register (X) 

I ... '_5 ________ S_P ________ o ... 1 Stack Pointer (SP) 

... 1'_5 ________ p_C ________ o~1 Program Counter (PC) 

° 
Condition Code Register (CCR) 

Carry/Borrow from MSB 
Overflow 
Zero 

'----- Negative 
L..-____ Interrupt 

'------- Half Carry (From Bit 3) 

Figure 8. Programming Model 
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Instruction 

ABX 

ADDD 

ASLD or LSLD 

BHS 

BLO 

BRN 

JSR 

LDD 

LSL 

LSRD 

MUL 

PSHX 

PULX 

STD 

SUBD 

II 
CPX 

Me6S01 U4/6S03U4 

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 MSB) 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 MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 
(same as ASl) 

Shifts the double accumulator right (towards LSB) 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 acqumulator 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 MC6801 U4/MC6803U4 Operating Modes 

Single-Chip (Mode 7) 
192 bytes of RAM, 4096 bytes of ROM 
Port 3 is a parallel I/O port with two control lines 
Port 4 is a parallel I/O port 

Expanded Non-Multiplexed (Mode 5) 
192 bytes of RAM, 4096 bytes of ROM 
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) 

(1) Internal RAM and ROM with partial address bus (mode 1) 
(2) Internal RAM, no ROM (mode 2) 
(3) Extended addressing of internal I/O and RAM 
(4) Internal RAM and ROM with partial address bus (mode 6) 

Port 3 is multiplexed address/data bus 
Port 4 is address bus (inputs/address in mode 6) 
Test mode (mode 0); 

May be used to test internal RAM and ROM 
May be used to test ports 3 and 4 as I/O 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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Vee 

Port 1 
8 I/O Lines 4 •• tI 
16-Bit Timer 

Port 4 
8110 Lines 

Port 3 

Vss 

Port 2 
5110 Lines 
Serial 110 

16-Bit Timer 

Figure 9. Single-Chip Mode 

Port 1 
8 I/O 
Lines 

16-Bit Timer 

Port 2 
5110 Lines 

SCI 
16-Bit Timer 

Vee 

Vss 
Lines 

5110 Lines 
SCI 

16-Bit Timer 

Vee 

Vss 

Port 1 
8 I/O 
Lines 

16-Bit Timer 

Port 4 
81/0 
Lines 

Figure 10. Single-Chip Dual Processor Configuration 

Figure 11 illustrates a typical system configuration in 
the expanded-nonmultiplexed mode. The MCU interfaces 
directly with M6800 family parts and can access 256 bytes 
of external address space at $100 through $1 FF. lOS pro
vides anaddress decode of external memory ($100-$1 FF) 
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 ofthe expanded-multiplexed 
modes, port 3 functions as a time-multiplexed addressl 
data bus with address valid on the negative edge of ad
dress strobe (AS) and data valid while E is high. In modes 
0, 2, and 3, port 4 provides address lines A8 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 A8 to A15. Stated alternatively,any sub
set of A8 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 softwareconfi
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 O,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 O. Mode 
a is used primarily to verify the ROM pattern and to mon
itOr the internal data bus with the automated test equip
ment. 

MOTOROLA MICROPROCESSOR DATA 

3-139· 

II 



II 

Me6801 U4/6803U4 

Port 1 
8110 Lines ••• ~ 
16-Bit Timer 

0 
""C..-. 

andby-----. 

E ET-----' 

Vee St 

RESET 

Port 1 
81/0 

l6-Bit Timer 
Port 2 
51/0 

SCI 
Timer 

NMi~ 

IRQ1~ 

..... --. 

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

Port 2 
51/0 
Lines 

Serial 110 
16-Bit Timer 

Vee 
1 

XTAL 

EXTAL 

MC6801U4 

~ 
VSS 

Port3 
Port4 
~ / 

R/W 
E 

Vee 
XTAL 

Vss 

/8 
8 " 

8 
/ 8 

RAM 

Port 3 
••• ~.8 Data Lines 

R/iiii 

105 

1II •• ~Port4 
To 8 

8 
8 , 

PIA 

8 
8 

ACIA 

(DO-D7) 
(AO-A7) 
105 
R/iiii 
E 

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 
E is 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 sh9wn 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 

PC2 PCl PCO P24 P23 P22 P2l 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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CJ 

Port 1 
81/0 

16-Bit Timer 

Port 2 
51/0 
SCI 

Timer 

Port 1 
8110 Lines 
16-Bit Timer 

Port 2 
5 1/0 Lines 
Serial 110 

16-Bit Timer 

Vec 

XTAL 

MC6801 U4/6803U4 

VCC 

VSS 

Port 3 

Port 4 
8 Lines 

'Address Bus 

8 8 ~";";":"--,;'r-_--"L_..--____ ........ ____ ~ __ ... Oata·Bus 
(00-07) 

EXTAL 

MC6801U4 
MC6803U4 RiW 16 

I-__ .L-~'-~+-___ ......,..-+ ___ ~~I-_. Address Bus 
(AO-A15) 

r------.-t-t---....... -t-----.rl-+-..... R/W 

VSS 

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 31 Addressl Data 

,. 
... 

~ 

... 
... 

Figure 12. Expanded-Multiplexed Configuration 

I I 
G OC 

01 01 

-'" 

SN74LS373 
(Typical) 

--" 

--" 
08 08 

--" 

Figure 13. Typical Latch Arrangement 
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See Figure 15 
for Diode Arrangement 

",.;. __ r-:VMPDD 

1P20, '21, P221 ~'" ~ MPL 

Mode Inputs 
(P20. P21. P22) 

____ .-" -r Mode Latch 
mET . I Level 

MODE PROGRAMMING (Refer to Figure 14) 

Characteristic Symbol Min Max 

Mode Programming Input Voltage Low (For T A = 0-70°C) VMPL - 1.8 
Mode Programming Input Voltage High VMPH 4.0 -

Mode Programming Diode Differential (If Diodes are Used) (For T A = 0-70°C) VMPDD 0.6 -

RESET Low Pulse Width PWRSTL 3.0 -

Mode Programming Setup Time tMPS 2.0 -

Mode Programming Hold Time 
RESET Rise TimeO!: 1 P.s tMPH 0 -
RESET Rise Time<l P.s 100 -

NOTE: 
For TA= -40-85°C, VMPL Max= 1.7, and VMPDD Min =0.4 

Figure 14. Mode Programming Timing 

Table 3. Mode Selection Summary 

P22 P2l P20 Interrupt Bus 
Mode*i PC2 PCl 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(2,3) Multiplexed/Partial Decode 

5 H L H I I I NMUX(2,3) Nonmultiplexed/Partial Decode 
4 H L L - - - - Undefined(4) 
3 L H H E I E MUX(1.5) Multiplexed/RAM 
2 L H L E I E MUX(l) Multiplexed/RAM 
1 L L H I I E MUX (2,3) Multiplexed/RAM and ROM 
0 

LEGEND 
I-Internal 
E - External· 

L L 

MUX - Multiplexed 
NMUX - Nonmultiplexed 
L - Logic "0" 
H - Logic "1" 

NOTES: 

L I I E MUX(l) 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 externa.1 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 asan operating mode. 
5. Mode 3 has the internal RAM and internal registers ~elocated at $DOOO-$DOFF. 
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NOTES: 

~ 

1 

RESET 

P20 

P2 

P22 

~ 

Me6S01 U4/6803U4 

VCC 

1 
~ ~ ~ ~ )I ~> 

R2 ~ ~ R1. ~ R1 ~ ~ R1'> 
~ . > ~ ~ ~~ 

, 

MC6801U4 
MC6803U4 

6 
RESET 

8 
P20 (PCo) 

9 
P21 (PC1) 

10 
P22 (PC2) 

1. Mode 7 as shown Mode 

~ 
Control 

Switches 
2. R2·C = Reset time constant 
3. R1 = 10 k (typical) 

range 4. D = 1 N914, 1 N4001 in the 0 to 70°C 
D=1N270, MBD201 in the -40 to 85°C range 

0 1• 0 1• 5. Diode Vf should not exc'eed VMPD o min. D 

NOTES: 

_r.... 

Figure 15. Typical Mode Programming Circuit 

Multiplexed Test Mode 

$0000(1) 
Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

MC6801U4 
Mode 

$BFFO ~~~~t> $BFFF ~ External Interrupt Vectors(2) 

$FOOO External Memory Space 

Internal ROM 

$ FF FF "",c.,u.:.c.c."",v 

o 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
$OF. 

4) This mode is the only mode which may be 
used to examine the entire ROM using an ex
ternal RESET vector, 

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. 

Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 1 of 4) 
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MC6801U4 
Mode 1 

Multiplexed/RAM & ROM 

Internal Registers 

External Memory Space 

, Internal RAM 

External Memory Space 

Internal ROM 
SFFEF 

I'L'~.L,L,,~'"IC 

SFFFO External Interrupt Vectors 
SFFFF 

NOTES: 
1) Excludes the following addresses which 

may be used externally: $04. $06. and $OF. 
2) Internal ROM addresSes $FFFO t6 $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 

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 ($heet 2 of4) 
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MC6801U4 
MC6803U4 
Mode 3 

Multiplexed/ RAM 

$0000(1 

$D01 Frz~~~t' 

$FFFnll------« 

$FFFFL----.¥ 

NOTES: 

External Memory Space 

Internal Registers(1, 2) 

External Memory Space 

Internal RAM(1) 

External Memory Space 

External Interrupt Vectors 

1) Relocating the internal registers and the inter
nal RAM to high memory allows the pro
cessor to make use of direct addressing. 

2) Excludes the following addresses which may 
be used externally: $DOO4, $DOO5, $DOO6, 
$DOO7, and $DOOF. 

MC6801U4 
Mode 5 

Nonmultiplexed/Partial Decode 

$OOOO( 1 )rrTT777?77"TO~ 

$OO1F~ Internal Registers 

$OO4O~unusable Internal RAM 

$OOFF 
$0100 

External Memory Space 

$OlFF 

I 
Unusable 

Internal ROM 

Internal Interrupt Vectors 

NOTES: 
1) Excludes the following addresses which may 

not be used externally: $04, $06, and $OF (no 
lOS). 

2) Address lines AO to A7 will not contain ad
dresses until the data direction register for 
port 4 has been written with "1s" in the ap
propriate bits. These address lines will assert 
"1s" until made outputs by writing the data 
direction register. 

Figure 16. MC6801U4/MC6803U4 Mem'ory Maps (Sheet 3 of 4) 
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NOTES: 

MC6801U4 
Mode 6 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

Internal ROM 

Internal Interrupt Vectors 

1) Excludes the following addresses which may 
be used externally: $04, $06, $OF. ' 

2) Address lines AS-A 15 will not contain ad
dresses until the data direction register for 
port 4 has been written with "ls" in the ap
propriate bits. These address lines will assert 
"ls" until made outputs by writing the data 
direction register. 

Single Chip 

MC6801U4 
Mode 7 

$OOOO~ . Internal Registers 
$OOlF ""_~<..4.f-u'£"~ 

,-_ .. 'Internal RAM 

$OOFF I 
Unusable 

$FOOO 

Internal ROM 

Internal Interrupt Vectors 
$ FF F F IZLL'LLL'LLLCLL.~ 

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 0000 
Port 2 Data Direction Register* * * 0001 0001 
Port 1 Data Register 0002 0002 
Port 2 Data Register 0003 0003 

Port 3 Data Direction Register* * * 0004* 0004* 
Port 4 Data Direction Register* * * 0005* * 0005* * 
Port 3 Data Register 0006* 0006* 
Port 4 Data Register 0007* * 0007* * 

Timer Control and Status Register 0008 0008 
Counter (High Byte) 0009 0009 
Counter (Low Byte) oooA DOOA 
Output Compare Register (High Byte) oooB DOOB 

Output Compare Register (Low Byte) oooC DOOC 
Input Capture Register (High Byte) 0000 0000 
Input Capture Register (Low Byte) oooE DOOE 
Port 3 Control and Status Register oooF* DOOF* 

Rate and Mode Control Register 0010 0010 
Transmit/ Receive Control and Status Register 0011 0011 
Receive Data Register 0012 0012 
Transmit Data Register 0013 0013 

RAM Control Register 0014 0014 
Counter Alternate Address (High Byte) 0015 0015 
Counter Alternate Address (Low Byte) 0016 0016 
Timer Control Register 1 0017 0017 

Timer Control Register 2 0018 0018 
Timer Status Register 0019 0019 
Output Compare Register 2 (High Byte) 00lA D01A 
Output Compare Register 2 (Low Byte) 00lB D01B 

Output Compare Register 3 (High Byte) 00lC D01C 
Output Compare Register 3 (Low Byte) 0010 0010 
Input Capture Register 2 (High Byte) 00lE DOlE 
Input Capture Register 2 (Low Byte) 00lF D01F 

* External addresses In modes 0, 1, 2, 3, 5, and 6 cannot be 
accessed in mode 5 (no lOS). 

* * 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 IR02. The programmable timer and se
rial communications interface use an internal IR02 in
terrupt line, as shown in the block diagram. External 
devices and IS3 use IR01. An IR01 interrupt is 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 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 maskable 
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 

Mode 0 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 BFFl FFFO FFFl Serial Communications Interface* 

* IRQ2 interrupt 
* * NMI must be armed (by accessng stack pointer! before an 

N M I is executed. 
*** Mode 4 interrupt vectors are undefined. 
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Mode 0 
NMI BFFC-BFFO 

SWI BFFA-BFFB 

IRQl BFFS-BFF9 

ICf BfF6 BFF7 

Ocf BFf4 BFF5 

Condition Code Register TOF BFF2-BFF3 
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Figure 17_ Interrupt Flowchart 

SCI = TIE. TOAE + AIE.IAOAF + OAFEI 
ICI = IICF1.EICIII + IICF2·EICI21 
OCI = IOCF1'EDclll + IOCF2·EOCI21 + IOCF3'EOCI31 

Vector ...... PC 

Modes 1-3, 5-7 
FFFC-FFFO Nonmaskabte Interrupt 

FFFA-FFFB Software Interrupt 

FFFS-FFF9 Maskable Interrupt Request 1 

FFF6-FFF7 Input Capture Interrupt 

FFF4-FFF5 Output Compare Interrupt 

FFF2-FFF3 Timer Overflow Interrupt 

FFFO-FFFI SCI Interrupt 
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Iniernal 
Address Bus 

IRQ1 

NMI or IRQ2 

I Cycle 
Last Instruction~ #1 #2 

----+l !+-tpes 

\. 
~~tPes 

Internal 
DataBus~~~ 

#3 #4 I #5 I #6 #7 #8 #9 I #10 #11 #12 

OpCode 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 Riw \ I 

Figure 18. Interrupt Sequence 
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FUNCTIONAL PIN DESCRIPTIONS 

VCC AND VSS 

VCC and VSS provide power to a large portion of the 
MCU. The power supply should provide + 5 volts (± 5%) 
to VCC, and VSS should be tied to ground. Total power 
dissipation (incuding VCC standby) will not exceed PD 
milliwatts. 

VCC STANDBY 

VCC standby provides power to the standby portion 
($40 through $5F in all modes except mode 3, which is 
$D040 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%) an"" must reach 
VSB volts before RESET reaches 4.0volts. During pow
erdown, VCC 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 VCC and VCC standby from 
the same source during normal operation. A diode must 
be used between them to prevent supply'power to VCC 
during powerdown operation. 

XTAL AND EXTAL 

These two input pinsinteriace either a crystal or TIL
compatible clock to the MCU 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 fo 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 frequencyrange specified forfXTAL. 
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 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 helq below 0.8 volts: 1) at least 
tRC after VCC reaches 4.75 volts to provide sufficient time 
for the clock generator to stabilize, and 2) until VCC 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 compatib/eand 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 NMI negative edge requests an MCU interrupt se
quence, but the current instrution will be completed be
fore it responds to the request. The MCU will then begin 
an interrupt sequence. Finally, a vector is fetched from 
$FFFC and $FFFD ($BFFC and $BFFD in mode 0), trans
ferred to the ~ram counter, and instruction execution 
is resumed. NMI typically requires a 3.3 k!l (nominal) 
resistor to VCC. There is no internal NMI pullup resistor. 
NMI must beheld low for at least one E cycle to be 
recognized under all conditions. 

NOTE 

After reset, an NMI will not be serviced until the 
fir,st program load of the staCk, pointer. Any NMI 
generated before this load will remain pending by 
the processor. 

IRQ1 (MASKABLE INTERRUPT REQUEST 1) 

IRQ1 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 MCU will begin an interrupt sequence. A 
vector is fetched from $FFF8 and $FFF9 ($BFF8 and $BFF9 
in mode 0), transferred to th'e program counter, and in
struction execution is resumed. 

IRQ1 typically requires an external 3.3 k!l (nominal) 
resistor to VCC for wire-OR applications. IRQ1 has no 
internal 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 aslS3 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 contol and status register and 
are discussed in the port 3 description; refer to P30-P37 
(PORT 3). If unused, rS3 can remain unconnected. 

SC2 is configured as OS3 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=O) 
or write (OSS'= 1) to the port 3 data register. OS3 timing 
is shown in Figure 3. 

SC1 and SC2 in Expanded-Nonmultiplexed Mode 

In the expanded-nonmultiplexed mode, both SC1 and 
SC2 are configured as outputs. SC1 functions as input! 
output select (lOS) and is asserted only when $0100 
through $01 FF is sensed on the internal address bus. 
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(a) Nominal Recommended Crystal Parameters 

Nominal Crystal Parameters* 

3.58 MHz 4.00 MHz 5.0 MHz 

RS 600 500 30-500 

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. Crystals of other 
types of cut may also be used. 

MC6801U4 

----------~IOI~--------

CL = 20 pF (typical) 

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 

VCC 

E 

Ll 
Cl 

RS 

CO 

Equivalent Circuit 

(b) Oscillator Stabilization Time (tRC) 

~4-.7-5-V----------~J~'--------------------------------

I f ~.~-----'tRC------~ 
Oscillator 

Stabilization 
Time, tRC 

Figure 20. MC6801 U4/MC6803U4 Family Oscillator Characteristics 
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SC2 is configured as read/write and is used to controi 
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 I/O 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 TTL-compatible three-state 
buffers can drive one Schottky TTL 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 I/O 
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 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 

PC2 PCI PCO P24 P23 P22 P21 P20 $03 

P30-P37 (PORT 3) 

Port 3 can be configured as an I/O port, a bidirectional 
8-bit data bus, or a multiplexed address/data bus de
pending on the operating mode. The TTL-compatible 
three-state 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 8-bit I/O 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 

7 6 5 

x x $OF 

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 153 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 (07-00) 
in the expanded-non multiplexed 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 
mo.de where A5 can be used to demultiplex the two buses. 
Port 3is 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 I/O 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 8-bit I/O 
port with each line configured by the port 4 data direction 
register. Internal pullup resistars allaw 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 8-bit input port 
where the port 4 data directian 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 A8 to A 15. In modes 1 and 6, the port is confi
gured fram reset as an 8-bit parallel input port wherethe 
port 4 data direction register can be written to provide 
any or all of upper address lines A8 to A 15. Internal pullup 
resistors pull the lines high until the port 4 data direction 
register is configured where bit 0 controls A8. 

RESIDENT MEMORY 

The MC6801 U4 provides 4096 bytes of on-chip ROM 
and 192 bytes of on-chip RAM. 

Thirty-two bytes of the RAM ae powered through the 
VCC standby pin arid are maintainable during VCC power
down. This standby portion of the RAM consists of32 
bytes located from $40 through $5F in all mades except 
mode 3, which is $D040 thraugh $D05F. 

Power must be supplied to. Vec 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. Itis intended that RAME be cleared and 
STBY PWR be set as part of a powerdown procedure. 

RAM CONTROL REGISTER 
7 6 

x x x x $14 

Bits 0-5 Not used. 

Bit 6 RAM Enable - This read/write bit c,an 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 VCC standby has 
cjecreased sufficiently below VSBB (minimum) to. 
make data in the standby RAM suspect. It can be 
set anly 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 itta $FFF8. This feature, 
intended for testing, can disturb serial operations be
cause the counter provides the SCI internal bitrate clock. 
The TOF is set whenever the caunter 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 ($OB: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 counterduring 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 ($OD: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 (lEDGl or IEDG2). The input 
pin's data direction register should be configured asan 
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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 ofthe three events can generate an IR02 interrupt 
and is controlled by an individual enable bit in the TCSR. 

TIMER CONTROL AND STATUS REGISTER 

6543210 

ICFI I OCFI I TOF I EICII I EOCII I ETOI IIEDGI I OLVLI I $08 

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 reg
ister 1 are cleared during reset. Refer to TIMER 
CONTROL REGISTER 1 (TCR1) ($17). 

Bit 1 Input Edge 1 -IEOG1 is cleared during reset and 
controls which level transition on P20 will trigger 
a counter transfer to input capture register 1: 

IEOG 1 = 0 transfer on a negative-edge 
IEOG1 ~ 1 transfer on a positive-edge 

Refer to TIMER CONTROL REGISTER 1 (TCR1) ($17). 

Bit 2 Enable Timer Overflow Interrupt - When set, an 
IR02 interrupt will be gel")erated 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 IR02 interrupt will be generated .when output 
compare flag 1 is set; when clear,the interrupt is 
inhibited. EOCI1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 

Bit 4 Enable Output Capture Interrupt 1 :..- When set, 
anlR02 interrupt will be 'generated when input 
capture flag 1 is set; when clear, the interrupt is 
inhibited. EICI1 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). 

Bit6 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 SOC), 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 II 
o pins. 

TIMER CONTROL REGISTER 1 

5 4 3 2 I 0 

OE3 OE2 I OEI IIEDG211EDGI I o LVl3 I o LVL2 I OLVLl I $17 

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. OLVL1 
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 tc) 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 o~tput 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 inut capture register 1. 

IEDG 1 = a 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 = a 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 = a 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 = a port 1 bit 1 data reg ister 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 = a 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 a 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 6 5 4 3 2 

1 EICI2 'I EICllj EDCI31 EDCI21 EDClll ETDll ' 1 $18 

Bits 0-1 Read-Only Bits - When read, these bits return 
a value of 1. Refer to TIIMER 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 dear, the interrupt in~ 
hibited. ETOI is cleared during rest. Refer to TIMER 
CONTROL AND STATUS REGISTER (TCSR) ($08). 

Bit 3 Enable Ou~put Compare Interrupt 1 -When set, 
an IR02 interrupt will be generated when the out
put compare flag 1 is set; when clear, the inter
rupt is inhibited. EOCI1 is cleared during reset. 
Refer to TIMER CONTROL AND STATUS REG· 
ISTER (TCSR) ($08). 

Bit 4 Enable Output Compare Interrupt 2 - When set, 
an IR02 interrupt will be generated when the out
put compare flag 2 is set; when clear, the inter
rupt is inhibited. EOCI2 is cleared during reset. 

Bit 5 Enable Output Compare Interrupt 3 - When set, 
an IR02interrupt will be generated when the out
put compare flag 3 is set; when clear, the inter
rupt is inhibited. EOCI3 is cleared during reset. 

Bit 6 Enable Input Capture Interrupt 1 - When set, an 
IR02 interrupt will be generated when the input 
capture flag 1 is set; when clear, the interrupt is 
inhibited. EICI1 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. EICI2 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) 

5 4 3 2 1 0 

EICI2 1 EICll 1 EDCI31 EDCI21 EDCll 1 HDI 1 TEST 1 CLOCK 1 $18 

Bit a 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 a and is set during 
reset. 

CLOCK = a - Only the eight most-significant bits 
of the free-running counter run with TEST = O. 

CLOCK = 1 - Only the eight least-significant bits 
ofthe free-running counter run when TEST = O. 

Bit 1 TEST -The TEST control bit enables the timer 
test mode. TEST is a read/write bit in mode a and 
is set during reset. 

TEST=O - 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 
which contains the flags associated with the free-running 
counter, the output compare registers, and the input cap
ture registers. 

TIMER STATUS REGISTER 

5 4 3 

ICF2 ICFl I OCF3 I OCF2 I OCFl I TOF $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 $OC), or during 
reset. Refer''to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 

Bit 4 Output Compare Flag.2 - OCF2is 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 $1B), orduring 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 $1,Q), 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 
descri ptio n. 

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: ihternal 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 accessible 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, andthe remaining two bits 
control the format and clock source. 

RATE AND MODE CONTROL REGISTER 

6543210 

EBE I X I X I xl CCI I cco I SSI I sso r $10 

Bit 1: Bit 0 SS1 :SSO Speed Select - These two bitsselect 
the baud when using the internal clock. Eight 
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Bit7 Rate and Mode Control Register Bit 0 

I EBE I I CC1 I cco I SS1 I sso I $10 

Transmit/Receive Control and Status Register 

I RDRF IORFE FDREI RIE I RE I TIEl TE I wu I $11 

Receive Data Register 

10 

12 

Transmit Data Register 

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 MCUfrequencies. 

Bit 3:Bit 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 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 for
mats, clock source, and use of P22. 

Bits 4-6 
Not used. 

Bit 7 EBE Enhanced Baud Enable - EBE selects the 
standard MC6801 baud rates when clear and 
the additional baud rates when set (Table 6). 
Thi,s bit is cleared by reset and is a write-only 
control hit.' , 

Bit 1 : Bit 1 EBE = 0 standard MC6801 baud rates 
Bit 1 : Bit 1 EBE = 1 additional baud rates 

If bqthCC1 and CCO are set, an external TTL-compatible 
clock must be connected to pn at eight times (8 x ) the 
desired bit rate, but not greater than E, with a duty cycle 

of50% (± 10%). If CC1 :CCO= 10, the internal bitrate 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 

76543210 

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 

4fo - 2;4576 MHz 

EBE SS1:SS0 614.4 kHz 
E Baud Time 

0 0 0 +16 38400.0 26,,5 

0 0 1 +128 4800.0 208.3,,5 

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 Its 

1 0 1 +256 2400.0 416.6"s 

1 1 0 +512 1200.0 833.3 Its 

1 1 1 +2048 300.0 3.33 ms 

External (P22) * 76800.0 13,0 Its 

* Using maximum clock rate 

Table 7. SCI Format and Clock Source Control 

CC1:CCO Format 
Clock 'Port 2 

Source Bit 2 

00 Biphase Internal Not Used 

01 NRZ Internal Not Used 

10 NRZ Internal Output 

" NRZ External Input 

subsequently cl~ared. When TE is changed from 
clear to set, the transmitter is connected to P24and 
a preamble of nine consecutive ones is transmitted. 
TE is cleared during reset. 

Bit2 Transmit Interrupt Enable - When set, an IR02 is 
set; when clear, the interrupt is inhibited. TE is 
cleared duri ng reset. 

Bit 3 Receive Enable - When set, the P23 OOR bit is 
cleared, cannot be changed, and VIi,ill 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 IR02 
interrupt is enabled when RORF 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 transferred to the out
put 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 -c' 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 RORF 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 RORF: if RORF 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,,5 76800.0 \13.0 psi 

7812.5 128.0,,5 9600.0 104.2,,5 

976.6 1.024 ms 1200.0 833.3 pS 

244.1 4.096 ms 300.0 3.33 ms 

15625.0 64 Its 19200.0 52.0 Its 

3906.3 256 ItS 4800.0 208.3 Its 

1953.1 512 Its 2400.0 416.6 ItS 

488.3 2.05ms 600.0 1.67ms' 

125000.0 8,0 Its 153600.0 6.5 Its 

has occurred; otherwise, a framing error has been 
detected. Oata 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 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 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 ofthe transmit serial shift register is connected 
to P24, and serial output is initiated by transmitting a 9-
bit preambie of ones. 

At this point, one of two situations exists: 1 )if the 
transmit data regist.er 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 
(TORE = 0), 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 (0), eight qata bits (beginning with bit 0), 
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 biphase 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 MC6S01 U4/MC6803U4 is cjirectly 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 

NRZ 
Format 

Biphase 
Format 

1. 

Bit 
Idle Start 0 

Data 01001101 ($40) 

: ' 

3 4 Stop 

Figure 23. SCI Data Formats 

of new operations added to the Me6800 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 Me6801U4/Me6803U4 
is shown in Figure 8. Accumulator A can be concatenated 
with accumulator 8 and 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 8. 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 8, 
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 
MS8 (e), and half carry from bit 3 (H). These bits are 
testable by the conditional branch instructions. 8it 4 is 
the interrupt mask (I bit) and inhibits all maskable inter
rupts when set. The two unused bits, 86 and 87, 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 
th ree-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 - , OP MNEM MODE - , OP MNEM MODE - , OP MNEM MODE - I 

00 34 DES INHER 3 1 68 ASL INDXD 6 2 9C CPX DIR 5 2 DO SUBB DIR 3 2 
01 Nap INHER 2 1 35 TXS 3 1 69 ROL 

1 
6 2 9D JS·R ~ 5 2 D1 CMPB 3 2 

02 36 PSHA 3 1 6A DEC 6 2 9E LDS 4 2 D2 SBCB 3 2 
03 37 PSHB 3 1 6B 9F STS DIR 4 2 D3 ADDD 5 2 
04 LSRD 3 1 38 PULX 5 1 6C INC 6 2 AO SUBA INDXD 4 2 D4 ANDB 3 2 
05 ASLD 3 1 39 RTS 5 1 6D TST 6 2 A1 CMPA I 4 2 D5 BIT8 3 2 

06 TAP 2 1 3A ABX 3 1 6E JMP 3 2 A2 SBCA 4 2 D6 LDAB 3 2 
07 TPA 2 1 3B RTI 10 1 6F 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 D8 EORB 3 2 

09 DEX 3 1 3D MUL 10 1 71 
I' 

A5 BITA 4 2 D9 ADCB 3 2 
OA CLV 2 1 3E WAI 9 1 72 A6 LDAA 4 2 DA ORAB 3 2 

OB SEV 2 1 3F SWI 12 1 73 COM 6 3 A7 STAA 4 2 DB ADDB 3 2 

OC CLC 2 1 40 NEGA 2 1 74 LSR ·6 3 A8 EORA 4 2 DC LDD 4 2 
OD SEC 2 1 41 75 A9 ADCA 4 2 DD STD 4 2 

OE CLI 2 1 42 76 ROR 6 3 AA ORAA 4 2 DE LDX 4 2 
OF SEI 2 1 43 COMA 2 1 77 ASR 6 3 AB ADDA 4 2 DF STX DIR 4 2 

10 SBA 2 1 44 LSRA 2 1 78 ASL 5 3 AC CPX 6 2 EO SUBB INDXD 4 2 

11 CBA 2 1 45 . 79 ROL 6 3 AD JSR 6 2 E1 CMPB I 4 2 
12 46 RORA 2 1 7A DEC 6 3 AE LDS 5 2 E2 SBCB 4 2 
13 47 ASRA 2 1 7B AF STS INDXD 5 2 E3 ADDD 6 2 
14 48 ASLA 2 1 7C INC 6 3 BO SUBA EXTND 4 3 E4 ANDB 4 2 
15 49 ROLA 2 1 7D TST 6 3 B1 CMPA 4 3 E5 BITB 4 2 
16 TAB 2 1 4A DECA 2 1 7E JMP 3 3 B2 SBCA 4 3 E6 LDAB 4 2 
17 TBA 2 1 4B 7F CLR EXTNO 6 3 B3 SUBD 6 3 E7 STAB 4 2 
18 4C INCA 2 1 80 SUBA IMMED 2 2 B4 ANDA 4 3 E8 EORB 4 2 
19 DAA INHER 2 1 4D TSTA 2 1 81 CMPA 2 2 B5 BITA 4 3 E9 ADCB 4 2 
1A 4E T 82 S8CA 2 2 B6 LDAA 4 3 EA ORAB 4 2 
1B ABA INHER 2 1 4F CLRA 2 1 83 SUBD 4 3 B7 STAA 4 3 EB ADDB 4 2 
1C 50 NEGB 2 1 84 ANDA 2 2 B8 EORA 4 3 EC LOD 5 2 
1D 51 85 BITA 2 2 B9 ADCA 4 3 ED STD 5 2 
1E 52 86 LDAA 2 2 BA ORAA 4 3 EE LOX 5 2 
1F 53 COMB 2 1 87 BB ADDA 4 3 EF STX INDXD 5 2 
20 BRA REL 3 2 54 LSRB 2 1 68 EORA 2 2 BC CPX 6 3 FO SUBB EXTND 4 3 

21 BRN 3 2 55 89 "'DCA 2 2 BD JSR 6 3 F1 CMPB 
~ 

4 3 
22 BHI 3 2 56 RORB 2 1 BA ORAA 2 2 BE LDS 5 3 F2 S8CB 4 3 
23 BLS 3 2 57 ASRB 2 1 BB ADDA 

, 
2 2 BF STS EXTND 5 3 F3 ADDD 6 3 

24 BCC 3 2 56 ASLB 2 1 BC CPX IMMED 4 3 CO SUBB IMMED 2 2 F4 ANDB 4 3 
25 BCS 3 . L 59 ROLB 2 1 8D BSR REL 6 2 C1 CMPB 

I' 
2 2 F5 BITB 4 3 

26 BNE 3 2 5A DECB 2 1 BE LDS IMMED 3 3 C2 SBCB 2 2 F6 LDAB 4 3 
27 BEO 3 2 5B 8F C3 ADDD 4 3 F7 STAB 4 3 

2B BVC 3 2 5C INCB 2 1 90 SUBA DIR 3 2 C4 ANDB 2 2 F8 EORB 4 3 
29 BVS 3 2 5D TSTB 2 1 91 CMPA 3 2 C5 BITB 2 2 F9 AOCB 4 3 

2A BPL 3 2 5E T 92 SBCA 3 2 C6 LDAB 2 2 FA aRAB 4 < 

2B BMI 3 2 5F CLRB INHER 2 1 93 SUBD 5 2 C7 FB ADDB 4 3 
2C BGE 3 2 60 NEG INDXD 6 2 94 ANDA 3 2 CB EORB 2 2 FC LOD 
2D BLT 3 2 61 

1 
95 BITA 3 2 C9 ADCB 2 2 FO STC 5 

2E BGT 3 2 62 96 LDAA 3 2 CA OHAB 2 2 FE -- 5 " 2F BLE REL 3 2 63 COM 6 2 97 STAA 3 2 CB ADDB 2 2 FF EXTND o. 3 
30 TSX INHER 3 1 84 LSR 6 2 98 EORA 3 2 CC LDD 3 3 
31 INS 

~ 
3 1 65 99 ADCA 3 2 CD * _ c'NED OP CODE 

32 PULA 4 1 66 ROR 6 2 9A ORAA 3 2 CE LDX IMMED 3 3 
33 PULB 4 1 67 ASR INDXD 6 2 9B ADDA 3 2 CF 

NOTES: 
1. Addressing Modes: 

IN HER = 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 (RrVV) 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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Pointer Operetions 

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 

I 
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, Arithmetic 

Bit Test 

Compare Accumulators 

Clear 

Compare 

1's Complement 

Me6801 U4/6803U4 

Table 9. Index Register and Stack Manipulation Instructions 

Immed Direct Index Extnd Inherent Boolean/ 
MNEM Op - , Op - , 

Op -
, Op - , Op - , Arithmetic Oll8ration 

CPX 8C 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+1-X 

INS 31 3 1 1 SP+1-SP 

LOX CE 3 3 DE 4 2 EE 5 2 FE 5 3 M-XH,(M+1)- X l 

LOS 8E 3 3 9E 4 2 AE 5 2 BE 5 3 M-SPH,(M+1)-SPL 

STX OF 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 - 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) 

Immed Direct Index Extend Inher Boolean 
MNEM Op 

ABA 

ABX 

ADCA 89 

ADCB C9 

ADDA 8B 

ADDB CB 

ADDD C3 

ANDA 84 

ANDB C4 

ASL 

ASLA 

ASLB 

ASLD 

ASR 

ASRA 

ASRB 

BITA 85 

BITB C5 

CBA 

CLR 

CLRA 

CLRB 

CMPA 81 

CMPB C1 

COM 

COMA 

COMB 

- , Op - , Op - , Op - , Op - , Expression 

1B 2 1 A+B-A 

3A 3 1 OO:B+X-X 

2 2 99 3 2 A9 4 2 B9 4 3 A+M+C-A 

2 2 09 3 2 E9 4 2 F9 4 3 B+M+C-B 

2 2 9B 3 2 AB 4 2 BB 4 3 A+M-A 

2 2 DB 3 2 EB 4 2 F8 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 D4 3 2 E4 4 2 F4 4 3 B.M-B 

68 6 2 78 6 3 

48 2 1 @l-illllllll -0 

58 2 1 b7 bO 

05 3 1 

67 6 2 77 6 3 

qilli IIII-@] 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-B 

6F 6 2 7F 6 3 OO-M 

4F 2 1 OO-A 

5F 2 1 OO-B 

2 2 91 3 2 A1 4 2 B1 4 3 A-M 

2 2 01 3 2 E1 4 2 F1 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 

· · I 1 I J 

· · · f · · · · · · · · · · · · · · · · · · · · · R· • 

· · R · · · R · · · R · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · 

Condition Codes 

5 4 3 2 1 0 

H I N Z V C 

f • f f f f 

· · · · · · · · · · · · · · R · · · R · · · · · · · · · · · · · t t t 
· · t t t 
· · 1 1 R · · · f f R · · · 1 1 I 1 

· · R S R R 

· · R S R R 

· · R S R R 

· · f t f t 

· · t t t t 
· · t t R S 

· · t t R S 

· · t t R S 
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Table 10. Accumulator and Memory Instructions (Sheet 2 of 2) 

Accumulator and Immed Direct Index Extend Inher 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 O,R EORA 88 2 2 98 3 2 A8 4 2 B8 4 3 A$M-A 

EORB C8 2 2 D8 3 2 E8 4 2 F8 4 3 B$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 88 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 M:M+1-D 

Logical Shift, Left LSL 68 6 2 78 6 3 

LSLA 48 2 1 @]-IIIIIIIII -0 
LSLB 58 2 1 b7 bO 

LSLD 05 3 2 

Shift Right, Logical LSR 64 6 2 74 6 3 

0-111111111-@] LSRA 44 2 1 

LSRB 54 2 1 b7 bO 

LSRD 04 ,3 1 

Multiply MUL 3D 10' 1 AxB-D 

2's Complement (Negate) NEG 606 2 70 6 3 oo-M-M 

NEGA 40 2 1 oo-A--A 

NEGB 50 2 1 00- B-B 

No Operation NOP 01 2 1 PC+ 1-PC 

Inclusive OR ORAA 8A 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 B-Stack 

Pull Data PULA 32 4 1 St'ack-A 

PULB 33 4 1 Stack - B 

Rotate Left ROL 696 2 79 6 3 

ROLA 49 2 1 @] -111111111-f1 
ROLB 59 2 1 b7 to 

Rotate Right ROR 66 6 2 76 6 3 

RORA 46 2 1 E}-IIIIIIIII-@ 
RORB 56 2 1 hi b(J 

Subtract Accumulator SBA 10 2 1 A- B-A 

Subiract With Carry SBCA 82 2 2 92 3 2 A2 4 2 B2 4 3 A-M-C-A 

SBCB C2 2 2 D2 3 2 E2 4 2 F2 4 3 8-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 

SUBB CO 2 2 DO 3 2 EO 4 2 FO 4 3 B- M-B 

Subtract Double SUBD 83 4 3 93 5 2 A3 6 2 B3 6 3 D-cMM+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 4D 2 1 A - 00 

TSTB 5D 2 1 B - 00 

The condition code register notes are listed after Table 12 
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Condition Codes 

5 4 3 2 1 0 

H I N Z V C 

· · t t t t 
· · t t t · · '. t t t · · · t t t · · · t t R · · · 1 1 R · · · 1 1 1 · · · 1 1 1 · · · 1 1 1 · · · 1 1 R · · · 1 t R · · · 1 1 R · · · 1 1 1 1 
· · 1 1 1 1 
· · , 1 t 1 1 
· · 1 1 1 1 
· · R 1 1 1 
· · R 1 1 1 
· · R 1 1 1 
· · R 1 1 1 
· · · · · 1 I 
· · 1 1 1 1 
· · 1 1 1 1 
· · 1 1 1 1 
· · · · · · · · I I R · · · 1 1 R · · · · · · · · · · · · · · · · · · · · · · · · · · t t t t 
· t 1 1 t 
· · 1 t t t 
· · t 1 t t 
· · t t t t 
· t 1 t t 
· · t t t t 
· · 1 t t t 
· · t t t t 
· t t R · · · t t R · · t t R 

· · t t t t 
· t t t t 
· t t t t 
· t t R · · · t t R 

· · t t R R 

· · t t R R 

· t t H R 
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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 BEG 27 3 2 Z=l · · · · · · Branch If 2:Zero BGE 2C 3 2 NE9v=o · · · · · Branch If >Zero BGT 2E 3 2 Z+INE9vI=O · · · · · · Branch If Higher BHI 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+IN E9 VI=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 20 3 2 N E9 V= 1 · · · · · · 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 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 BSR 80 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 J J J J l l 
Return From Subroutine RTS 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 

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 

MNEM 

CLC 

CLI 

CLV 
SEC 

SEI 

SEV 

TAP 

TPA 

Inherent 
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 CODE SYMBOLS 
H Half-carry from bit 3 
I Interrupt mask 

MSp Contents of memory location pointed to by Stack Pointer N Negative (Sign bltl 
Z Zero (by tel # Number of Program Bytes 

+ Arithmetic Plus 
- Arithmetic Minus 

• Boolean AND 
X Arithmetic Multiply 
+ Boolean Inclusive OR 
• Boolean Exclusive OR 
M Complement of M 

T ransferl nto 
o Bit=Zero 

00 Byte = Zero 

V Overflow, 2's complement 
C Carry/Borrow from MSB 
R Reset Always 
S Set Always 

1 Affected 
• Not Affected 
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Condition Code Register 

5 4 3 2 1 0 
H I N Z V C 

· · · · · R 
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· S · · · · · · · · S · t t l t 1 1 
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~ 
'6 
G> 
E 
E 

ABA • 
ABX • 
AOC 2 
ADD 2 
AD DO 4 
AND 2 
ASL • 
ASLO • 
ASR • 
BCC • 
BCS • 
BEQ • 
BGE • 
BGT • 
BHI • 
BHS • 
BIT 2 
BLE • 
BLO • 
BLS • 
BLT • 
BMI 
BNE 
BPL 
BRA 
BRN 
BSR 
BVC 
BVS 
CBA 
CLC 
CLI 
CLR 
CLV 
CMP 2 
COM • 
CPX 4 
OAA • 
DEC • 
DES • 
DEX • 
EOR 2 
INC • 
INS • 

MeSS01 U4/6S03U4 

Table 13. Instruction Execution Times in E Cycles 

ADDRESSING MODE 

" Q) 

ti " 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 

• • 

! 
E Q) 

" G> ~ 
> 

>C ;; 
G> G> aI 

" .c Gi .= .= a: 

aI 

'6 
G> 
E 
E 

• 2 • INX • • 3 • JMP • 
4 • • JSR • 
4 • • LOA 2 
6 • • LDO 3 
4 • • LOS 3 
6 2 • LOX 3 

• 3 • LSL • 
6 2 • LSLO • • • 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 

" G> " .. E G> 

ti " G G> .~ c: J( e ! ! G aI 

>C " .c Gi 
0 w .: .= a: 

• • • 3 • • 3 3 • • 
5 6 6 • • 
3 4 4 • • 
4 5 5 • • 
4 5 5 • • 
4 5 5 • • • 6 6 2 • • • • 3 

l· • 6 6 2 

• • • 3 

• • • 10 

• 6 6 2 

• • • 2 
3 4 4 • • • • 3 

• • • 4 

• • • 4 

• • • 5 

• 6 6 2 • I 
• 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 • • • • 9 • 
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Address Mode and 
Instructions 

IMMEDIATE 
ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB. 

LDS 
LDX 
LDD 

CPX 
SUBD 
ADDD 

DIRECT 
ADC EOR 
Il:DD LDA' 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LDS 
LDX 
LDD 

STS 
STX 
STD 

CPX 
SUBD 
ADDD 

JSR 

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 
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Ta.ble 14. Cycle-By-Cycle Operation (Sheet 1 of 5) 

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 
S tack 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) 

Upcode 
Operand Data I High Order Byte) 
Operand Data (Low Order Byte) 
Low By·te of Restart Vector 

Opc6de 
Address of Operand 
Operand Data 

Opcode 
Destination Address 
Data from Accumulator 

Opcode 
Address of Operand 
Operand Data IHigh Order Byte) 
Operand Data I Low Order Byte) 

Opcode 
Address of Operand 
Register Data I 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) 
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Address Mode and 
Instructions 

EXTENDED 
JMP 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LOS 
LOX 
LDD 

STS 
STX 
STD 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST* 
INC 

CPX 
SUBD 
ADDD 

JSR 

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 

Me6801 U4/6803U4 

Table 14. Cycle-8y-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 

OpcCide 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 Byte) 

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 (High Order Byte) 
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) 
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 (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~ SFFFF 
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II 

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 ROR 
DEC TST* 
INC 

CPX 
SUBD 
ADDD 

JSR 

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 30t 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 
In(jexRegister 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-l 

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 
Operana 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 (High Order Bytef 
Operand Data (Low Order Byte) 

Opcode 
Offset 
Low Byte of Restart Vector 
Currept Operand Data 
Low Byte of Restart Vector 
New Operand Data 

Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Restart Vector 
First Subroutine Opcode 
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= SFFFF. 
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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 
PULB 

PSHX 

PULX 

RTS 

WAI 

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 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 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 (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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II 

Address Mode and 
Instructions 

INHERENT 
MUL 

RTI 

SWI 

RELATIVE 
Bec BHT BNE BLO 
BeS BLE BPL BHS 
BEQ BLS BRA BRN 
BGE BLT BVC 
BGT BMI BVS 

BSR 

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 

Me6801 U4/6803U4 

TABLE 14 - .CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 

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 
S tack Pointer + 3 
Stack Pointer + 4 
Stack Pointer + 5 
Stack Pointer+ 6 
Stack Pointer+ 7 

Opcode Address 
Opcode Address+ 1 
Stack Pointer 
Stack Pointer-1 
S tack Pointer - 2 
Stack Pointer - 3 
Stack Pointer-4 
Stack Pointer - 5 
S tack Pointer - 6 
Stack Pointer-7 
Vector Address FFFA (Hex) 
Vector Address FFFB (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 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
0 
0 
0 
a 
a 
a 
a 
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 (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 (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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JSR, Jump to Subroutine 

{ 
E.(; 

Main Program 

$9D=JSR 

Direct 

RTN Next Main Instr. 

K = Direct Address 

{ 
Main Program I ~ S~f E.(; 

$AD=JSR 

c)~::=:rn INDXD K=Offset 

RTN Next Main Instr. SP RTNL 

I 

Main Program 

~ $BD=JSR 

SH= Subr.Addr. 
EXTND 

SL= SUbr. Addr. 

RTN Next Main Insl. 

SP Stack 
BSR, Branch To Subroutin!'l 

¢~ SP~rn ES; 

SP-l RTNH 

SP RTNL RTN 

RTS, Return from Subroutine Subroutine ~.. 

~ I $39=RTS I Ly/ 
~ Stack 

SP§8 
SP. + 1 RTNH 

~ SP+2 RTNL 

Legend: 
RTN = Address of next instruction in Main Program to be executed upon return from subroutine 
RTNH = Most significant byte of Return Address 
RTNL = Least significant byte of Return Address 
.- = Stack Pointer After Execution 
K = B-bit Unsigned Value 

SP 

SP.-7 
SWI. Sol_.,owru" SP-' 

SP-5 

SP-4 

SP-3 

SP-2 

~ SP-l 
WAI. W'i"~lo_" ILV SP 

g 

SP 

Interrupt 
RTI. """,01= PC SP+l 

- SP+2 

SP+3 

SP+4 

SP+5 

SP+6 

-... SP+7 

Stack 

Condition Code 

AcmltrB 

AcmltrA. 

Index Registe((XH) 

Index Register (XL) 

RTNH 

RTNL 

Stack 

Condition Code 

AcmltrB 

AcmltrA 

Index Register (XH) 

Index Register (XL) 

RTNH 

RTNL 

JMP, Jump 

I 
PC~ 

~ Main Program 

X+ K I Next Instruction 

INDXD ~~f 
$7E=JMP 

KH = Next Address 

KL = Next Address 

K Next Instruction 

Figure 24. Special Operations 
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MCG801 U4/6803U4 

ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information maybe transmitted to Mo
torola using the following media: 

MDOS, disk file 
PC-DOS disk file (360K) 
EPROM(s) Two 2516 or 2716,or a single 2532, ~732, 

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. 

FLEXIBLE DISKS 

Several types of flexible disks (MDOS@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 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 cpntaining 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, 
MOOS-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 
befurnished. 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 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 marked. 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 25320r 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. 
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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 0° 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 0° to 70°C 
1.25 -40° to 85°C 

1.0 0° 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 0° to 70°C 
1.25 -40° to 85°C 

VSS 

XTAL 2 SC1 

EXTAL 3 SC2 

'NtVii 4 P30 

iROl 5 P31 

RESET P32 

VCC 7 P33 

P20 8 P34 

P21 9 P35 

P22 10 P36 

P23 11 P37 

P24 P40 

P10 P41 

P11 P42 

P12 P43 

P13 P44 

P14 P45 

P15 P46 

P16 P47 

P17 VCC 
Standby 
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Part Number 

MC6801U4S1 
MC6801 U4CSl 
MC6801 U4S 1-1 
MC6801U4CS1-1 
MC6803U4S 
MC6803U4CS 
MC6803U4S-1 
MC6803U4CS-l 

MC6801U4Pl 
MC6801 U4CPl 
MC6801U4Pl-1 
MC6801U4CP1-1 
MC6803U4P 
MC6803U4CP 
MC6803U4P-1 
MC6803U4CP-l II 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

I 

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 TIL compati
ble and requires one + 5 volt power supply for non programming operation. An additional Vpp 
power supply is needed forEPROM programming. On-chip resoources include 2048 bytes of 
EPROM, 128 byte of RAM, Serial Communications Interface (SCI), parallel I/O, and a three function 
Programmable Timer. A summary df 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 I/O 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 

MC68701 MICROCOMPUTER BLOCK DIAGRAM 

P31 

P32 

... ..-_>-+-+-. P20 

1+-+-t-~-+-.P21 

~+-+--1-"""'.P22 

... +-t-i_-.P2~ 

L __ .... -t-+--H....,... .... P24 

MAXIMUM RATINGS 

P41 

P43 
P44 

P47 

Rating Symbol Value Unit 

Supply Voltage VCC -0.3 to + 7.0 V 

Input Voltage Vin ...,0.3 to + 7.0 V 

Operating Temperature Range TL to TH 
MC68701 TA o to 70 °c 
MC68701C -40 to 85 

Storage Temperature Range Tstg o to 85 °C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Rating 

Thermal Resistance 6JA °C/W 
Ceramic Package 50 
Cerdip Package 50 

POWER CONSIDERATIONS 

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

where: 
TA 
8JA 

== Ambient Temperature, °c 
== Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
Po == PINT + PPORT 

TJ==TA + (PO 0 8JA) 

PINT == ICC x VCC' Watts ~ Chip In~ernal Power 
PPORT == Port Power Dissipation, 

Watts - User Determined 

j+----... Pl0 

~....,__:_:_--... Pll 

j+----... P12 

~----... P13 
1+-----... P14 
~------;~P15 

.... ----... P16 
1+-----... 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-rrnpedance Circuit. For proper Qpera~ 
tion it is recommended that Vin and Vout be con
strained to the range VSSs (V in or Vout) s V ce. 
Reliability of operation is enhanced if unused in
puts are tied to an appropriate logic voltage level 
(e.g., either VSS or Vce). 

(1) 

For most applications PPORT<PINT 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 PPORT is neglected) is: 
PD == K + (T J+ 273°C) (2) 

Solving equations (1) and (2) for K gives: 
K == Po 0 (T A + 273"ci + 8JAoP02 (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 T A' 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 T A 
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CONTROL TIMING (VCC=5.0 V :±:5%, VSS;"O to 70°C) 

MC68701 MC68701-1 MC688701 
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 4fo 2.0 4.0 2.0 5.0 2.0 8.0 

Crystal Oscillator Start Up Time trc - 100 - 100 - 100 

Processor Control Setup Time tpcs 200 - 170 - 110 -

DC ELECTRICAL CHARACTERISTICS (VCC=5.0 Vdc ±5%, VSS=O, TA=TL to TH, unless otherwise noted) 

MC68701 MC68701C 

Characteristic Symbol Min Typ Max Min Typ 

Input High Voltage REm VSS+4.0 - VCC VSS+4.0 -
Other Inputs* V,H VSS+2.0 - VCC VSS+2.2 -

Input Low Voltage RESET VSS-0.3 - VSS+O.4 VSS-0.3 -
Other Inputs* V,L VSS-0.3 - VSS+0.8 VSS-0.3 -

Input Current, See Note Port4 - - 0.6 - -
(Vin=O t02.4 V) SCl 'in - - 1.0 - -

Input Current 
(Vin = 0 to 5.25 V) NMI, iRITi 'in - 1.5 2.5 - 1.5 

Input Current 
(Vin=OtoO.4 V) RESETIVpp 'in - -2.0 - - -2.0 
(Vin=4.0 V to VCC) - - 8.0 - -

Hi-Z (Off State) Input Current 
(Vin = 0.5 to 2.4 V) Ports 1, 2, and 3 ITSI - 2 10 - 2 

Output High Voltage 

(iLoad= -65p,A, VCC=Min) Port4, SC1, SC2 VOH VSS+2.4 - - VSS+2.4 -

(iLoad= -loop,A, VCC= Min) Other Outputs VSS+2.4 - - VSS+2.4 -

Output Low voltage 
'Load=2.0 mA, Vcc=Min) All Outputs VOL - - VSS+0.5 - -

Darlington Drive Current . 
(VO=1.5V) Port 1 IOH 1.0 2.5 10.0 1.0 2.5 

Internal Power Dissipation 
(Measured at T A=' TL in Steady-State Operation) P,NT - - 1500 - -

Input Capacitance Port3,! 
(Vin=O, TA=25°C, fo=l fY.1Hz) Port 4, SCl Cin - - 12.5 - -

Other Inputsi - - 10.0 - -

VCC Standby Powerdown VSBB 4.0 - 5.25 4.0 -
Powerup VSB 4.75 - 5.25 4.75 -

Standby Current Powerdown ISBB - - 6.0 

Programming Time Per Byte (T A = 25°C) tpp 25 - 50 25 -

Programming Voltage (T A = 25°C) VPP 20.0 21.0 22.0 20.0 21.0 

Programming Current 
(VRESET = Vpp, T A = 25°C) Ipp - 30 50 - 30 

* Except mode programming levels; see Figure 15. 

NOTE: RESETIVpp 'in 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 tOSDl -
Delay Time, Enable Positive Transition to 053 Positive Transition tOSD2 -
Delay Time; Enable Negative Transition to Peripheral Data Valid tpWD -

Delay Time, Enable Negative Transition to Peripheral CMOS Data Valid tCMOS -
Input Strobe Pulse Width tpWIS 200 

Input Data Hold Time tlH 50 

Input Data Setup Time tiS 20 
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-
-

350 

350 

350 

2.0 

-
-
-

Min Max 

200 -
200 -
- 350 

- 350 

- 350 

- 2.0 

200 -
50 -
20 -

Max 

VCC 
VCC 

VSS +0.4 
VSS+0.8 

1.0 
1.6 

5 

-
8.0 

20 

-
-

VSS+0.6 

10.0 

1500 

12.5 
10.0 

5.25 
5.25 
8.0 

50 

22.0 

50 

MC688701 

Min Max 

100 -
100 -
- 250 

- 250 

- 250 

- 2.0 

100 -
30 -
20 -

Unit 

MHz 

MHz 

MHz 

ms 

ns 

Unit 

V 

V 

mA 

p,A 

mA 

p,A 

V 

V 

mA 

mW 

pF 

V 
mA 

ms 

V 

mA 

Unit 

ns 

ns 

ns 

ns 

ns 

ILS 

ns 

ns 

ns 



FIGURE 1 - DATA SETUP AND HOLD TIMES 
(MPU READ) 

E 

P1Q-P17 
P2Q-P24 
P4Q-P47 
Inputs 

P30-P37 
Inputs* 

r-MPU Read 

* Port 3 Non-Latched Operation ( LATCH E ENAB LE = 0) 

FIGURE 3 - PORT 3 OUTPUT STROBE TIMING 
(SINGLE-CHIP MODE) 

E 

Address 
Bus 

f MPU access of Port 3* 

*Access matches Output Strobe Select (OSS=O, a read; 
OSS = 1, a write) 

MC68701 

FIGURE 2 - DATA SETUP AND HOLD TIMES 
(MPU WRITE) 

rMPUWrite 

E / tCMOS1 

______ tP_W_D_, ~1/ J ---0.7 VCC 

All Data Data Valid 
Port Outputs --------
NOTES: 

1. 10 k Pullup resistor required for Port 2 to reach 0.7 VCC 
2. Not applicable to P21 
3. Port 4 carinot be pulled above V CC 

P3Q-P37 
Inputs 

FIGURE 4 - PORT 3 LATCH TIMING 
(SINGLE-CHIP MODE) 

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 

Vee 

1ri
RL =1.8kO 

Test Point " ' , , MMD615,o, 
or Equlv 

C T 1 R MMD7000 
J:..J or Equiv 

"::" ~ 

C=90pF for P30~P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R = 37 kO for P40-P47, SC1, SC2, 
=24 kO for P10-P17, P20-P24, P30-P37, E 
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BUS TIMING (See Notes 2 and 3) 

Ident MC68701 MC68701-1 MC68B701 
Number ' . Characteristic Svmbol Unit 

Min Max Min Max Min Max 

1 Cycle Time tCyc 1.0 2.0 0.8 2.0 0.5 2.0 I1s 

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 tr, 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 tDDW - 225 - 200 - 120 ns 

21 Write Data Hold Time tDHW 20 - 20 - 10 - ns 

22 Multiplexed Address Valid Time to E Rise* tAVM 200 - 150 - 80 - ns 

24 Multiplexed Address Valid Time.to AS Fall* tASL 60 - 50 - 20 - ns 

25 MUltiplexed Address Hold Time tAHL 20 - 20 - 10 - ns 

26 Delay Time, E to AS Rise* tASD 90** - 70** - 45** - ns 

27 Pulse Width, AS High* PWASH 220 - 170 - 110 - ns 

28 Delay Time, AS to E Rise* tASED 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 specification: 100 nanoseconds minimum (1.0 MHz devices), 
80 nanoseconds minimum (1.25 MHz devices), 50 nanoseconds minimum (2.0 MHz devices). 

lOS, 
R/W. Address 
(Non-Muxed) 

Addr/Data ---+ .... ~"'I. 
Muxed 

Addr/Data ---+_L 

FIGURE 7 - BUS TIMING 

See Note 4 

See Note 3 

Read Data Muxed 

Muxed D----~I'~~~--~--~~~ 
Write Data Muxed Jr-------------""'lIl.. 

~----~------------~ 

Address 
Strobe (AS) __________ ...:11'-1 

NOTES: 
1. Voltage levels shown are VLsO.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. 
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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 De 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 
(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 "I/O 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
ticularbit. 

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 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 onboard 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: 

(1) 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 $8FFO-$BFFF 
rather than $FFFO-$FFFF. 

(2) 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. 

(3) 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 - MC68701/6801I6S03 PROGRAMMING MODEL 

~ A °U7 B·,' ~ 8-Bit Accumulators A and B 
- - -:- - - -,- - - , D ,-, - ---- -- - - ~ 0, 16-811 D0"'" A,,"m"'''o< 0 

15 " ° 
... 11_5 __________ X~--------..J0llndex Register (K) 

.... 11_5 __ -------S-P---------' -,01 Sta~k Pointer (SP) 

... 1'_5 _________ P_C ________ --'01 Program Counter, (PC) 

° 
Condition Code Register (CCR) 

Carry/Borrow from MSB 
Overflow 
Zero 

~---,.......,,..... Negative 
'------:- Interrul'lt 

'"---....,..,.....-- Ha)f Carry (From Bit 3) 
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TABLE 1 NEW INSTRUCTIONS -
Instruction Description 

ABX Unsigned addition of Accumulator B to Index Register 

ADDD 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 i-sshifted 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 Index 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 difference 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. Modes4 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 I/O lines and two Port 3 control 
lines are provided. Peripherals or another MCU canbe inter
faced to Port 3 in a loosely coupled dual processor configura
tion, as shown in Figure 10. 

In Single-Chip Test Mode (4), 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 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. 

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 I/O port with two control lines 
Port 4 is a parallel I/O port 
SC1 is Input Strobe 3 (lS3) 
SC2 is Output Strobe 3 (OS3) 

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 4is an input port/address bus 
SC1 is Input/Output Select (lOS) 
SC2 is Read/Write IA/W) 

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 2) 
(3) Internal RAM and EPROM (Mode 1) 
(4) Internal RAM, EPROM with partial address bus 

(Mode 6) 
Port 3 is a multiplexed address/data bus 
Port 4 is an address bus (inputs/address in Mode 6) 
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 I/O 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 MODE 

Vee 

XTAL--
Port 1 I II II I Port 3 

8110 Lines 8110 Lines 

iS3 
m 

Port 4 _ II II , 
8110 Lines 

Port 2 
5.1/0 Lines 

~ 
Serial 110 

VS$ 
16-Bit Timer 

Port 1 
81/0 
Lines 

Port 2 
5110 Lines 

SCI 

FIGURE 10 - SINGLE-CHIP DUAL PROCESSOR CONFIGURATION 

':' 

Vss 
Lines 

5110 Lines 
SCI 

16-BII Timer 

':' 

Vss 

FIGURE 11 - EXPANDED NON-MULTIPLEXED CONFIGURATION 
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Port 1 Port 3 

8110 Lines 8 Data Lmes 
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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. 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 Port 4 Data Direction Reg
ister. Stated alternatively, any combination of AO to A7 may 
be provided whileretaining,the remainder as input data lines. 
Internal pullup resistors are intended to puli 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 M6800 Family parts and can access 256 bytes of external 
address space at $100 through $1 FF~ lOS provides an address 
decode of external memory ($100-$1 FF) and can be used as a . 
memory page select or chip s'elect 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 t03, Port 4 provides address lines A8 to 
A 15. In Mode 6, hoilvever~ 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, 
AS to A15. Stated alternatively, any subset of A8 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 c(mflicts. Mode 0 is used to pro
gram the onboal'd 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 a 

I PC21 PCl I pca I P24 I P231 P22 I P2l I P2a I $0003 

Circuitry to provide the programming levels is dependent 
primarily on the normal system usage of the three pins. If 
configured as outputs, the drcuits 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: 
I - Internal 
E - External 

P21 
PC1 

H 

H 

L 

L 

H 

H 

L 

L 

MUX - M~ltiplexed . 
NMUX - Non~Multiplexe'd 
L - LogiC "0" 
H - Logic ".1 

P20 
EPROM 

Interrupt Bus Operating 
PCO RAM Vectors Mode Mode 

H I I I I Smgle Chip 

L I I I MUX(5.6) Multiplexed/Partial Decode 

H I I I NMUX(5.6) Non-Multiplexed/Partial Decode 

L 1(2) 1(1) I I Single Chip Test 

H E E E MUX(4) Multiple,xed/No RAM or EPROM 

L E I E MUX(4) Multiplexed/RAM 

H I I E MUX(4) Multiplexed/RAM and EPROM 

L I I ~3) MUX(4) M ultiplexed/ Programming 

Notes: 
,(1) Internal RAM is addressed at $XX80 
(2) Internal EPROM is disabled 
(3) Interrupt vectors located at $BFFO-$BFFF 
(4) Addresses associated with Ports 3 and 4 are considered e)(ternal in Modes O. 

1.2. and 3 
(5) Addresses associated with Port 3 are considered external in Modes 5 and 6 
(6) Port 4 default is user data input; address output is optional bV writing to Port 4 
, Data Direction Register 
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FIGURE 12 - EXPANDED MULTIPLEXED CONFIGURATION 

Port 1 
SI/OLines ••• ~ 

Port 2 

5S~r~ILI'~;s ••• tI 
16-Sit Timer 

Vee 

Vee 

Vss 

Port 3 

Port 4 
S LInes 

Address Bus 

XTAL -
Portl1 ••• ~ 
SilO "'" 

Port 2 

51/0 1 .... ~ 
SCI "'" 

TImer 

1---...L.....,.1.....,6~ ..... -+-----... I-------r+_ ...... ~~r:~~IBuS 
.~R~VW_-~· ______ ~-+~ ____ ~~-+ ______ 1-~ __ ~~R/~ 

Vss 

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 1 Address/Data 

~ , 

~ 

... 

FIGURE 13 - TYPICAL LATCH ARRANGEMENT 

I I 
G OC 

'" 01 01 -
-->0 

SN74LS373 
(Typical) -" 

... 
-" 

08 aS 
-->0 

-->0 

-->0 

-->0 
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FIGURE 14 - MODE PROGRAMMING TIMING 

See Figure 16 

Mode Inputs 
(P20, P21, P22) 

VMPH Min 

VMPL Max 

for Diode Arrangement. r;VMPDD 

~--

(P20, P21, P22)' :?,p:.r== VMPL 
'" Mode Latch mn - ---- Level 

MODE PROGRAMMING (Refer to Figure 14) 

Characteristic Symbol 

Mode Programming Input Voltage Low for T A = 0 to 70~C VMPL 

Mode Programming Input Voltage High VMPH 

Mode Programming Diode Differential for T A = 0 to 70°C VMPDD 

RESET Low Pulse Width PWRSTL 

Mode Programming Set-Up Time tMPS 

Mode Programming Hold Time 
RESET Rise Time"'" 1 j.Ls tMPH 
RESET Rise Time<l j.Ls 

Note: For T A = - 40 to 85°C, Maximum VMPL = 1.7, and Minimum VMPDD = 0.4. 

FIGURE 15 - TYPICAL MODE PROGRAMMING CIRCUIT 

VCC 
o 
~~ 

> > :> <:0 <:ORl 
~> .> .> 

P20--~~r-~------------------~----~ 

P21---;~'-~------------------------~ 

P22--~~+-~------------~----------~ 

8 

9 

10 

V 
<;> 

( ( ( 

P20 (PCOl 

P21 (PC1) 

P22 (PC2) 

Min 

-
4.0 

0.6 

3.0 

2.0 

0 
lOP 

> 
~R2 

MC68701 

Notes: 

Mode Control Switches 
Q ¢ Q 

~, ~, ~~ D 

~. "Normal" 
~ 

51 -
Vpp~ 

"Program" 

1. Mode 0 as shown (switches closed). 
2. Rl = 10k ohms (typical). 

:> 

~, 0 
-'r-

6 
RESETIVpp 

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 (Rl) 
placed in the circuit by closed mode control switches. 

4. D = 1 N914, 1 N4001 in the 0 to 70°C range 
D = 1 N270, MBD201 in the - 40 to 85°C range 

5. If V=VCC, the R2=50 ohms (typical) to meet VIH for the RESETNpp pin. V=VCC is also compatible with MC6801. The RESET 
time constant in this case is approximately R2*C. 

6. Switch Sl allows selection of normal (RESET) or programming (VpP) as the input to the RESETNpp pin. During switching, 
the input level is held at a value determined by a diode (D), resistor (R2) and input voltage (V). 

7. While Sl 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 j.LF 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. 

MOTOROLA MICROPROCESSOR DATA 

3-184 



Cf 
~ 

00 
U'I 

s: a 
::0 o 
5: 
s: 
n 
::0 o 
"'tI 

~ 
(") 
m en en o 
::0 
C 

~ 

M!Jltiplexed Test mode 

SOOOO'" 

SOOl F I'«'U«'U'( 

S0080 bnnnnnA::: 

SOOFF I<uuuuuq( 

$BFFO I i\. 
$BFFF \-. ----tc:-k' 

SF800 17777nn77;o;1( 

SFFFF'2. I/uu,£<//u/v 

Notes: 

MC68701 
Mode o 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

External Interrupt Vectors 

External Memory Space 

Internal EPROM 

1) Excludes the following addresses which may 
be used externally: S04, S05, S06, S07and SOF. 

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. 

FIGURE 16 - MC68701 MEMORY MAPS 

MC68701 
Mode 1 

Multiplexed/RAM & EPROM 

SOOOO'" cr;n;;nnn", 

S001 F i"<"UUU((~ 

S0080 i;nnnnnJC 

SOOFF luuuau<<j( 

SF800 In n nJ "",IC 

SFFEF pL"/#/#ff4l 
SFFFO 

SFFFF 

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: S04, S05, S06, S07 and 
SOF 

2) Internal EPROM addresses $FFFO to $FFFF are 
not usable 

• 

Multiplexed/RAM 

Notes: 

MC68701 
Mode 2 

Internal Registers 

External Memory Space 

Internal RAM 

External Memory Space 

External Interrupt Vectors 

11 Excludes the following addresses which may 
be used externally: S04, S05, S06, S07, and 
SOF 
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MC68701 
. Mode 

Multiplexed/No RAM or EPROM 

3 
Internal Registers 

External Memory Space 

$FFFOI ~ 
$FFFF'-----JIJ 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 
Internal Registers(5) 

Unusable(1 )(4) 

$XX80~lnternal RAM 
$XXFF 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. 

4) 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 5 

Non-Multiplexed/Partial Decode 

$0000(1 ) 

~ Internal Registers 
$OOlF"'~C-L..LLq.~~-

$OO8O~unusable Internal RAM 

;~~ External Memory Space 

$OlFF 

Unusable 

Internal EPROM 

Internal Interrupt Vectors 

Notes: 

1) Excludes the following addresses which may NOT 
be used externally: $04, $06, and $OF (No 10SI. 

2) This mode may be entered without going 
through REm by using Mode 4 and subse
quently writing a "1" into the PCO bit of Port 2 
Data Register. 

3) Address lines AO to A7 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 "l's" until made 
outputs by writing the Data Direction Register. 

s: 
~ 
00 ..... 
o .... 
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FIGURE 16 - MC68701 MEMORY MAPS (CONCLUDED) 

MC68701 

Mode 6 MC68701 
Mode 7 

Internal Registers 

Single Chip 

$OOOO~ Internal Registers( 1) 
$001 F .... ~""~UL4""" 

External Memory Space 
$0080 m~~'77)oK .0080" 'n!em,' RAM Internal RAM 

'OOFF I 
External Memory Space Unusable 

Internal EPROM Internal EPROM 

Internal Interrupt Vectors Internal Interrupt Vectors 

Note: 
Notes: 
1) Excludes the following addresses wh ich may be 

used externally: $04, $06, $OF. 

1) MCU read of the Port 3 Data Direction Register 
will access the Port 3 Data Register. 

2) Address lines A8-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 

Port 3 Data Direction Register* * * 04* 

Port 4 Data Direction Register* * * 05** 
Port 3 Data Register 06* 

Rate and Mode Control Register 
Transmit/Receive Control and Status Register 
Receive Data Register 

Port 4 Data Register 07** TransmIt Data Register 

Timer Control and Status RegIster 08 
Counter (High Byte) 09 
Counter (Low Byte) OA 

RAM/EPROM Control Register 
Reserved 

Output ComparE' Register (High Byte) OB 

* External addresses in Modes 0, 1, 2, 3, 5, 6; cannot be accessed in Mode 5 (No iQS) 
* * 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 
(NMII 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: IROl 
and iR'02. The Programmable Timer and Serial Communica
tions Interface use an internal IR02 interrupt line. External 
devices (and IS3) use IR01. An IROl interrupt 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 MCU interrupt vector locations are shown in Table 
5. 

TABLE 5 - MCU INTERRUPT VECTOR LOCATIONS 

Mode 0 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 IRQ1 (or 153) 
BFF6 BFF7 FFf6 FFF7 ICF (Input Capture)" 
BFF4 BFF5 FFF4 FFF5 OCF (Output Compare) * 
BFF2 BFF3 FFF2 FFF3 TOF (Timer Overflow) * 
BFFO BFF1 FFFO FFF1 SCI'(RDRF+ORFE+ TDRE)* 

*IRQ2 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 

VCC AND VSS 
VCC and VSS provide power to a large portion of the 

MCU. The power supply should provide + 5 volts (± 5%) to 
VCC, and VSS should be tied to ground .. Total power 
dissipation (including V CC Standby), will not exceed Po 
milliwatts. 

VCC STANDBY 
VCC 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 VSB volts before RESET 
reaches 4.0 volts. During powerdown, VCC Standby must 
remain above VSBB (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 VCC during 
powerdown operation. V CC Standby should be tied to 
ground in Mode 3. 

XTAL1 AND EXTAL2 

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, EXT AL2 
may be driven by an external TTL compatible clock at 4fo 
with a duty cycle of 50% ( ± 5%) with XT AL 1 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 20. 

RESETlVpp 
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 VCC 
reaches 4.75 volts in order t6 provide sufficient time for the 
clock generator to stabilize, and (2) until V CC Standby 
reaches VSB 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 0 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 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 (or $BFFC and $BFFD in Mode Q), transferred to the 
Program Counter. and instruction execution is resumed. NMI 
typically re~s a 3.3 kO(nomi~esistor toVCC. There is 
no internal NMI pullup resistor. NMI must be held low for at 
least one E-cycle to be recognized under all conditions. 

IRQ1 (MASKABLE INTERRUPT REQUEST 11 

IROl 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 

Condition Code Register 

Mode 0 

NMI BFFC-BFFD 

SWI BFFA-BFFB 

IRQ1 BFFB-BFF9 

ICF BFF6-BFF7 

OCF BFF4-BFF5 

TOF BFF2-BFF3 

SCI BFFO-BFF1 

'"" A 

• 

SCI= TlE-TDRE+ RIE-(RDRF+ORFE) 

Vector-PC 

Modes 1-7 

FFFC-FFFD Non-Maskable Interrupt 

FFFA-FFFB Software Interrupt 

FFFB-FFF9 Maskable Interrupt Request 1 

FFF6-FFF7 Input Capture Interrupt 

FFF4-FFF5 Output Compare Interrup 

FFF2-FFF3 Timer Overflow Interrupt 

FFFO-FFF1 SCI Interrupt 
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Internal 
Address Bus 

IRQ1 

NMI or IRQ2 

Internal 

. I Cycle 
Last Instruction~ #1 

~tPcs 

\. 
~~tPcs 

#2 #3 

• FIGURE 18 - INTERRUPT SEQUENCE 

#4 I #5 1 #6 #7 #8 #9 1 #10 1 #11. 1#12 

Data Bus '-----J'-----J'-----J'-----J'----"-----J~~ 
Irrelevant Vector Vector First Inst. of X 8-15 Op Code Op Code PC 0-7 PC8-1 5 X 0-7 ACCA ACCB CCR 

Data MSB LSB Interrupt Routine 

Internal R/W \ ( 

FIGURE 19 - RESET TIMING 

E ~\\~~~\\\\~~ ~\\\\\\\\\\\\\\\ ~ 1/ ~ 
VCC 7f1l(475V tRC :=:t~t,pcs ~ ~,pcs 

• 40V 04\~""------_ RESET /Vpp I I I . 

~~~~~~v--:--JI 
Internal \\\\\\\\\\\\\\\\\V r\\\\\\\\\\\\\\\\\\\\\\\\\\\~ l........-A_--"_~_--JlI....----I~---I'--.....J'---'~~~ Address Bus '4________ ~ ~ FFFE FFFE 

Internal R/W &\\\\\\\\\\\\\\\'{ t\\\SSS\\\\\\SS\S\\\\\\S\\\\I ~~ 
Internal 

Data Bus @\R\\\\\ \\~ p\\\S\\SS\\\\\\\SS\\\\\\\\\\\~ ~ 
PC 8-15 PC 0-7 First 

~NotValid 
Instruction 
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MC68701 

rupt mask bit (I-bit) in the Condition Code. Register is clear, 
the MCU will begin an interrupt sequence. A vector is fetch
ed from $FFF8 and $FFF9 (or $BFF8 and $BFF9 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 VCC 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 SC21n 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 (aSS) in the Port 3 Control and Status 
Register. The strobe is generated by a read (aSS = 0) or 
write (aSS = 1) to the Port 3 Data Register. OS3 timing is 
shown in Figure 5. 

FIGURE 20 - MC68701 OSCILLATOR CHARACTERISTICS 

(al Nominal Recommended Crystal Parameters 

MC68701 Nominal Crystal Parameters 

MC68701 3.58 MHz 4.00 MHz 5.0 MHz 6.0 MHz B.O 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 

Q >40k >3Ok >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 ------11 ..... 1 ------
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 

RS 

2 

Co 

Telex: 433-0067 Equivalent Circuit 

(b) Oscillator Stabilization Time (tRC) 

vee ____ ~----------_~~4-.7-5-V------------4JJ~'-------------------------------

----+------:JI I 
I J ""1I(_-----tRe----=-~ 

Oscillator 
Stabilization 

Time. tRC 
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SC1 And SC2 In Expanded Non-Muitiplexed Mode 

In the Expanded Non-Multiplexed Mode, both SC1 and 
SC2 are configured as outputs. SC1 functions as Input/Out
put Select (lOS) 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/O 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 I/O 
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 5 432 a 

[PC2 1 PC1 I PCO I P241 P231 P221 P21 I P20 I $0003 

P30-P37 (PORT 3) 

Port 3 can be configured as an I/O 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 I/O 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 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 a 

Latch 
OSS Enable X X X $oooF 

Not used. 
LATCH ENAB LE. 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 Selectl. 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 !07-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 (AO-A7) 
and data bus (07-001 in the Expanded Multiplexed Modes 
where Address Strobe (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 potentional bus conflicts. 
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P40-P47 (PORT 4) 
Port 4 is configured as an 8-bit I/O 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 I/O port 
with each line configured by the Port 4 Data Direction 
Register. Internal pullup 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 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 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 A8 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 A8 
to A 15. Internal pullup resistors pull the lines high until the 
Port 4 Data Direction Register is configured, where bit 0 con
trols A8. 

RESIDENT MEMORY 
The MC68701 has 128 bytes of on board RAM and 2048 

bytes of on board 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 VCC standby 
pin and is maintainable during VCC 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, VCC 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 O. 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 8-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 RAMlEPROM CONTROL' REGISTER 

Bit 0 

Bit 1 

Bit 2-5 
Bit 6 RAME 

Bit 7 STBY PWR 

4 3 2 1 0 

x I X I X I PPC I PLC I $14 

,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 MPU write to a location in the 
EPROM. This bit is set during reset 
and can be cleared only in Mode O. 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. 

PPC. Programming Power Control. 
This bit gates power from the 
RESETlVpp 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 (b) 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 (Vpp) is not applied. 
Unused. 

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. 
Standby Power. This bit is a read/ 
write status bit which, when once set, 
remains set as long as V CC standby re
mains above VSBB (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 VSBB (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 

"0" state. Note that this erased state differs from that of 
some other widely used EPROMs (such as the MCM68708) 
where the erased state is a "1". The M C68701 EP R OM is 
programmed by erasing it to "O's" and entering "l'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 <;Iccess 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 r~sident 
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 (Vpp) to the RESET /VPP 

b. 

c. 

d. 

e. 

f. 

g. 

pin. 

Clear the PLC control bit and set the PPC bit by 
writing $FE .to the RAM/EPROM Control Register. 

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. 

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 pro
gramming power (Vpp) from the RESETIVpp pin to 
the EPROM which programs the location. 

Repeat steps b through d for each byte to be pro
grammed. 

Set the PLC and PPC bits by writing $FF to the 
RAM/EPROM control register. 

Remove the programming power (Vpp) from the 
RESET/Vpppin. 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 npn
reentrant routi!1e requires four double byte variables named 
IMBEQ, IMEND, PNTR, and WAIT to be initialized prior to 
entry to the routine. These variables indicate (a) the first and 
last memory locations which bound the data to be program
med into the EPROM, (b) the first EPROM location to be pro
grammed, and (c) 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, tpp, is 
met. WAIT is defined as the number of MPU E-cycles that 
will occur in the real-time EPROM programming interval, 
tpp. For example, if tpp=50 milliseconds an~ the MC68701 
is being driven with a 4.00 MHz TTL-compatible clock: 

WAIT (MPU E-cycles) = .tpp*(MCU INPUTFREOIl4* 106 

=50000(4* 106)/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 ($09:0A) 

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 
($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 l's. 

OUTPUT COMPARE REGISTER ($OB:OC) 
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 
,; 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 ($OB) to ensure a valid compare. The Output Com
pare Register is set to $FFFF during reset. 

INPUT CAPTURE REGISTER ($OD: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 I EDG. Port 2, bit 0 should 
be configured as an input, but the edge detect circuit always 

MOTOROLA MICROPROCESSOR DATA 

3-194 



MC68701 

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 ($~) 
The Timer Control and Status Register (TCSR) 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 1 0 

Bit 0 OLVL 

Bit 1 EIDG 

Bit 2 ETOI 

Bit 3 EOCI 

Bit 4 EICI 

MOTOROLA MICROPROCESSOR DATA 

3-195 

Output Input 
Level Edge 
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: 

I EDG = 0 Transfer on a negative-edge 
I EDG = 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 IRQ2 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 IR02interrupt 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 'so It is 
cleared by reading the TCSR (with 
TOF set) then reading the counter high 
byte ($09), 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 ($OB or $OC), or 
by RESET. 
Input Capture Flag. ICF is set to in
dicate a proper level transition; it is 
cleared by reading the TCSR (with ICF 
set) and then the Input Capture 
Register High Byte ($OD), 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 (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 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 (and 
interrupt) processing can be inhibited until the data line goes 
idle. An SCI receiver is re-enabled by an idle string of' 11 
consecutive 1 '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 (NRZ) or Bi-phase 

• clock: external or internal bit rate clock 
• Baud: orie of 4 per E-clock frequency, or ex

ternal clock (X8 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 (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) 

7 6 
x x 

Bit 1 :Bit a 

Bit 3:Bit 2 

5 
x 

43210 
x I CCl I CCO I SSl I SSO I $0010 

SSl:SS0 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. 

CC 1 : CCO Clock Control and Format 
Select. These two bits control the for
mat 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 formats, clock source, and 
use of P22. 

If both CCl and CCO are set, an external TTL compatible 
clock must be connected to . P22 at eight times (8X) the 
desired bit rate, but not greater than E, with a duty cycle of 
50% (± 10%1. If eCl :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 t9 the counter 
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 in
dividual interrupts and monitors the status of serial opera
tions. All eight bits are .readable while bits a to 4 are also 
writable. The register is initialized to $20 by RESET. 

TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) 

765432 a 

I RDR10RF~TDRE I RIE I RE I TIE I TE I WU I $0011 

MOTOROLA MICROPROCESSOR DATA 

3-196 



MC68701 

TABLE 6 - SCI BIT TIMES AND RATES 

SS1:SS0 
4f

o
_ 2.4676 MHz 4.0 MHz 4.9152 MHz 

E 614.4 kHz 1.0 MHz 1.2288 MHz 

0 0 +16 26 ILs/38,400 Baud 16 ILs/62 500 claud 13.0 ILs176 800 Baud 
0 1 +128 208J,s/4,800 Baud 128 I's17812.5 Baud 104.2l'5/9,6OO Baud 
1 0 +1024 1.67 ms/6OO Baud 1.024 ms/g76.6 Baud 833.3 I's/ 1,200 Baud 
1 1 +4096 6.67 ms/150 Baud 4.096 ms/244.1 Baud 3.33 ms/300 Baud 

External (P22) 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, Bit 2 

0 0 Bi-Phase Internal Not Used 

0 1 NRZ Internal Not Used 

1 0 NRZ Internal Output 

1 1 NRZ External Input 

FIGURE 22 - SCI REGISTERS 

Bit 7 Rate and Mode Control Register Bit 0 

, CCI ., CCO' SSl , SSO I S10 

Transmit/Receive Control and Status Register 

I RDRF I ORFE ITDREI RIE I RE TIE 

INot Addressablel 

Receive Shift Register 

10 

Transmit Shift Register 

12 

Transmit Data Register 
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Bit 0 WU 

Bit 1 TE 

Bit 2 TIE 

Bit 3 RE 

Bit 4 RIE 

Bit 5 TDRE 

Bit 6 ORFE 

MC68701 

"Wake-up" on Idle Line. When set, 
WU enables the wake-up function;, it is 
cleared by 111 Iconsecutive 1's or dur
ing reset: WU will not set if the line is 
idle. ' 

Transmit Enable. When set, P24 PDR 
bit is set, cannot be changed, and will 
remain set if TEissubsequently 
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 IR02 interrupt is enabled when 
TDRE 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. TDRE 
is set when the Transmit Data Register 
is transferred to the output serial shift 
register or during reset. It is Cleared by 
reading tre, TRCSR (with TDRE set) 
and then writing to the Transmit Data 
Register. Additional data wilL be 
transmitted only if TDRE has ,been 
cleared. 
Overrun Framing Error. If set, ORFE in
dicates either an overrun or framing erc 
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 
T ransmit/ 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 (TDRE = 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=O), it will be 
transferred to the output serial shift register (synchronized 
,with the bit rate clock), TDR E 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 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 

, 
" 

I 

: 
I 

NRZ 
Format 

'", I 
Bi-Phase 
Format 

Bit Bit 
Idle Start 0 2 3 4 5 6 7 Stop 

Data: 01001101 ($40) 

* Devices made with mask numbers T7A 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. Theseopcodes 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, Aand 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 (V), Carry/Borrow from MSB (C), and Half Carry 
following five condition bits: Negative (N), Zero (Z), 

from bit 3 (Hl. 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 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 24. 

Immediate Addressing - The operand or "immed,iate 
byte(s)" 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 assl'med to be $00. 
Dir8ct 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 operand(s) are registers and 
no memory reference is required. fhese are single byte ;n
structions. 

Relative Addressing - Relative addressing is used only for 
branch instructions. If the uranGh 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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TABLE 8 - CPU INSTRUCTION MAP 

OP MNEM MODE - I OP MNEM MODE - , OP MNEM MODE - I OP MNEM MODE 

00 34 DES INHER 3 1 6B ASL INDXD 6 2 9C CPX DIR 
01 NOP INHER 2 1 35 TXS ~ 3 1 69' ROL 

1 
6 2 9D JSR ~ 02 ~ 36 PSHA 3 1 6A DEC 6 2 9E LOS 

03 37 PSHB 3 1 6B 9F STS DIR 

04 LSRD 3 1 38 PULX 5 1 6C INC 6 2 AO SUBA INDXD 

05 ASLD 3 1 39 RTS 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 CLA INDXD 6 2 A3 SUBD 
OS INX 3 1 3C PSHX 4 1 70 NEG EXTND 6 3 A4 ANDA 

09 DEX 3 1 3D MUL 10 1 71 A5 BITA 
OA CLV 2 1 3E WAI 9 1 72 A6 LDAA 

OB SEV 2 1 3F SWI 12 1 73 COM 6 3 A7 STAA 

OC CLC 2 1 40 NEGA 2 1 74 LSR 6 3 A8 EOAA 

aD SEC 2 1 41 75 A9 ADCA 

OE CLI 2 1 42 76 ROA 6 3 AA OAAA 

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 LDS 
13 47 ASRA 2 1 7B AF STS INDXD 
14 48 ASLA 2 1 7C INC 6 3 BO SUBA EXTND 
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 2 1 4B 7F CLA EXTND 6 3 B3 SUBD 
18 4C INCA 2 1 80 SUBA IMMED 2 2 B4 ANDA 

19 DAA INHER 2 1 4D TSTA 2 1 81 CMPA 2 2 B5 BITA 
lA 4E T 82 SBCA 2 2 B6 LDAA 

lB ABA INHER 2 1 4F CLRA 2 1 83 SUBD 4 3 B7 STAA 

lC 50 NEGB 2 1 B4 ANDA 2 2 B8 EORA 
lD · 51 · B5 BITA 2 2 B9 ADCA 
IE · 52 · 86 LDAA 2 2 BA ORAA 
IF · 53 COMB 2 1 87 . BB ADDA 

20 BAA AEL 3 2 54 LSRB 2 1 88 EORA 2 2 BC CPX 

21 BAN J 3 2 55 89 ADCA 2 2 BD JSR 

22 BHI 3 2 56 RORB 2 1 8A ORAA 2 2 BE LOS 

23 BLS 3 2 57 ASRB 2 1 BB ADDA 2 2 BF STS EXTND 
24 BCC 3 2 58 ASLB 2 1 8C CPX IMMED 4 3 CO SUBB IMMED 

25 BCS 3 2 59 ROLB 2 1 BD BSA REL 6 2 Cl CMPB 
J~ 

26 BNE 3 2 5A DECB 2 1 8E LOS IMMED 3 3 C2 SBCB 
27 BEG 3 2 5B · 8F . C3 ADDD 

28 BVC 3 2 5C INCB 2 1 90 SUBA DIR 3 2 C4 ANDB 

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 WAB 

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 C8 EORB 

2D BLT 3 2 61 

1 
95 BITA 3 2 C9 ADCB 

2E BGT 3 2 62 96 LDAA 3 2 CA ORAB 
2F BLE AEL 3 2 63 COM 6 2 97 STAA 3 2 CB ADDB 
30 TSX INHER 3 1 64 LSR 6 2 98 EORA 3 2 CC LDD 

,It 31 INS t 3 1 65 99 ADCA 3 2 CD . 
32 PULA 4 1 86 ROR 6 2 9A ORAA 3 2 CE LDX IMMED 

33 PULB 4 1 67 ASR INDXD 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 "e" and should not be executed. 
3. Codes marked by "T" force the PC to function as a 16-bit counter. 

MOTOROLA MICROPROCESSOR DATA 
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- I 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 ADDD 5 2 

4 2 D4 ANDB 3 2 

4 2 D5 BITB 3 2 

4 2 D6 LDAB 3 2 

6 2 D7 STAB 3 2 

4 2 D8 EORB 3 2 

4 2 D9 ADCB 3 2 

4 2 DA ORAB 3 2 

4 2 DB ADDB 3 2 

4 2 DC LOD 4 2 

4 2 DD STD 
It 

4 2 

4 2 DE LDX 4 2 

4 2 DF STX DIA 4 2 

6 2 EO SUBB INDXD 4 2 

6 2 El CMPB 4 2 

5 2 E2 SBCB 4 2 

5 2 E3 ADDD 6 2 

4 3 E4 AN DB 4 2 
4 3 E5 BITB 4 2 
4 3 E6 LDAB 4 2 

6 3 E7 STAB 4 2 

4 3 E8 EORB 4 2 
4 3 E9 ADCB 4 2 
4 3 EA ORAB 4 2 

4 3 EB ADDB 4 2 
4 3 EC LDD 5 2 
4 3 ED STD , 5 2 

4 3 EE LDX 
, 

5 2 

4 3 EF STX INDXD 5 2 

6 3 Fa SUBB EXTND 4 3 

6 3 Fl CMPB 4 3 

5 3 F2 SBCB 4 3 
5 3 F3 ADDD 6 3 

2 2 F4 AN DB 4 3 

2 2 F5 BITB 4 3 
2 2 F6 LDAB 4 3 
4 3 F7 STAB 4 3 

2 2 F8 EORB 4 3 

2 2 F9 ADCB 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 EXTND 5 3 
3 3 

* UNDEFINED GPCODE 
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 
Add B taX 
Add with Carry 

Add 

Add Double 
And 

Shift Left, 
Arithmetic 

Shift Left Obi 
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 

MC68701 

TABLE 9 - INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

Immecl Direct Index Extend Inherent 800leenl 
MNEM Op - , Op- , Op - , Op - , Op - , Arithmetic Operation 

CPX 8C 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 1SP+1-SP 

LOX CE 3 3 DE 4 2 EE 5 2 FE 5 3 M-XH,(M+1)-XL 

LOS 8E 3 3 9E 4 2 AE 5 2 BE 5 3 M-SPH,(M+ 1) -SPL 
STX OF 4 2 EF 5 2 FF 5 3 XH-M,XL -(M+l) 
STS 9F 4 2 AF 5 2 BF 5 3 SPH-M,SPL -IM+11 
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-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) 

MNE 

ABA 
ABX 
ADCA 
ADCB 
ADDA 
ADDB 
AD DO 
ANDA 
ANDB 
ASL 
ASLA 
ASLB 
ASLO 
ASR 
ASRA 
ASRB 
BITA 
BITB 
CBA 
CLR 
CLRA 
CLR8 
CMPA 
CMPB 
COM 
COMA 
COMB 
DAA 
DEC 
DECA 
DECB 
EORA 
EORB 
INC 
INCA 
INCB 
LDAA 
LDAB 
LDO 
LSL 
LSLA 
LSLB 
LSLD 

Immed Direct Index Extend Inher Boolean 
Op - # Op- # Op - # Op - # Op .- # Expression 

1B 2 1 A+B -A 
3A 3 1 oo:B + X--X 

89 2 2 99 3 2 A9 4 2 B9 4 3 A+M+C-A 

C9 2 2 09 3 2 E9 4 2 F9 4 3 B+M+C-B 

8B 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 

C3 4 3 03 5 2 E3 6 2 F3 6 3 0+ M:M + 1--0 

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 

68 6 2 78 6 3 -48 2 1 ~-I I II I II 11'-0 
58 2 1 

b7 bO 

05 3 1 
67 6 2 77 6 3 

qllili II J+fI 47 2 1 
57 2 1 b7 bO 

85 2 2 95 3 2 A5 4 2 B5 4 3 A'M 
C5 2 2 05 3 2 E5 4 2 F5 4 3 B'M 

11 2 1 A-B 
6F 6 2 7F 6 3 oo-M 

4F 2 1 OO-A 
5F 2 1 00 --8 

81 2 2 91 3 2 A1 4 2 B1 4 3 A-M 
C1 2 2 01 3 2 E1 4 2 F1 4 3 B - M 

63 6 2 73 6 3 M --M 
43 2 1 A-A 
53 2 1 B--B 
19 2 1 fA.dj binary sum to BCD 

6A 6 2 7A 6 3 M-1 M 
4A 2 1 A-1-A 
5A 2 1 8 -1 -B 

88 2 2 98 3 2 A8 4 2 B8 4 3 A 0 M-A 
C8 2 2 08 3 2 E8 4 2 FB 4 3 B 0 M-B 

6C 6 2 7C 6 3 M+ 1-M 
4C 2 1 A + 1 --A 
5C 2 1 B + 1 -B 

B6 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 5 2 FC 5 3 M:M + 1 --0 

68 6 2 7B 6 3 
4B 2 1 -~~ 11111111'-0 
58 2 1 b7 bO 

05 3 1 

MOTOROLA' MICROPROCESSOR . DATA 
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Condition Codes 

5 4 3 2 1 0 

H I N Z V C 

· · J J J J 

· · · J · · · · · · · · · · · J · · · · · · · · · · R · · · R · · · R · · · R · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · 

Condition Codes 
H N Z V C 
I I , f I I 
• • • • • 

R • 
R • 

R • 
R • 

t I I 
R S R R 
R S R R 
R S R R 

• 
, 

I l 
R S 
R S 

• • R S 
I 
• • • 

R • 
I R • 

\ I • • • 
R • 
R • 
R • • • • • 



I 
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TABLE 10 - ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2) 

Accumulator and 
MNE 

Immed Direct Index Extend Inher Boole.n 
Memory Operations Op - # Op - # Op - # Op - # Op- # Expre .. ion 

Shift Right. LSR 64 6 2 74 6 3 -Logical LSRA 44 2 1 o-I! " " I I ~ 
LSRB 54 2 1 

07 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 8A 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 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 ~ Ii Ii " I M-&J 

ROLB 59 2 1 
b7 bO 

. Rotate Right ROR 66 6 2 76 6 3 --RORA 46 2 1 ~"""I~ RORB 56 2 1 b7 bO 

Subtract Acmltr SBA 10 2 1 A - B--A 
Subtract with SBCA 82 2 2 92 3 2 A2 4 2 B2 4 3 A-M-C-A 

Carry SBCB C2 2 2 02 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 07 3 2 E7 4 2 F7 4 3 B --M 
STD DO 4 2 ED 5 2 FD 5 3 o -M:M + 1 

Subtract SUBA 80 2 2 90 3 2 AO 4 2 BO 4 3 A - M--A 
S~BB CO 2 2 DO 3 2 EO 4 2 FO 4 3 B -M-B 

Subtract Double SUBD 83 4 3 93 5 2 A3 6 2 B3 6 3 0- M:M + 1-0 
Transfer Acmltr TAB 16 2 1 A--B 

TBA 17 2. 1 B-A 

Test, Zero or TST 60 6 2 70 6 3 M -00 
Minus TSTA 40 2 1 A-OO 

TSTS 50 2 1 B - 00 

The condition code register notes are listed after Table 12. 

MOTOROLA MICROPROCESSOR DATA 
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Condition Code. 
H N Z V C :. R 

• R 

• R 
R 

• • • r . I I 
t I I 
, I ~ 

• • • • 
t t R • I t R • • • • • • • • • • • • • • • • • I I I I 
t I I , \ I 
I I 

R • 
R • 
R • , I I 
1 
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 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 · · · · · · ~ranch If Carry Set BCS 25 3 2 C=1 · · · · · · Branch If = Zero BEG 27 3 2 Z=1 · · · · · · Branch If i!:Zero BGE 2C 3 2 NEDV=O · · · · · · Branch If >Zero BGT 2E 3 2 Z+ IN ED V)=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+IN ED V)=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 NEDV=1 · · · · · · 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 If Plus BPl 2A 3 2 N=O · · · · · · Branch To Subroutine BSR 80 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 RTI 3B 10 1 II Jl t l 
Return From Subroutine RTS 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 

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 

MNEM 

CLC 

CLI 

CLV 

SEC 

SEI 

SEV 

TAP 

TPA 

Inherent 
Op - # Boolean Operation 

OC 2 1 O-C 

OE 2 1 0-1 

OA 2 1 a-v 
00 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 

Interrupt mask 
MSp Contents of memory location pointed to by Stack Pointer N Negative (Sign bit) 

Z Zero (byte) , Number of Program Bytes 
+ Arithmetic Plus 
- Arithmetic Minus 
• Boolean AND 
X Arithmetic Multiply 
+ Boolean Inclusive OR 
• Boolean Exclusive OR 
M Complement of M 

Transfer Into 
o Bit=Zero 

00 Byte= Zero 

V Overflow, 2's complement 
C Carry/Borrow from MSB 
R Reset Always 
S Set Always 
t 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 · t t t t t t 
· · · · · · 

I 



! .. 
'6 
II 
E 
.§ 

ABA • ABX • ADC 2 
ADD 2 
ADDD 4 
AND 2 
ASl • ASlD • ASR • BCC • BCS • BEQ • 

I 
BGE • BGT • BHI • BHS • 
BIT 2 
BlE • BlO • 
BlS • 
BlT • BMI • BNE • BPl • BRA • BRN • BSR • BVC • BVS • CBA • ClC • CLI • ClR • ClV • CMP 2 
COM • 
CPX 4 
DAA • 
DEC • 
DES • DEX • EOR 2 
INC • 
INS • 

MC68701 

TABLE 13 - INSTRUCTION EXECUTION TIMES IN E CYCLES 

ADDRESSING MODE 

~ 
II 
~ U C 

! II 

is ~ 
W 

• • • • 
3 4 
3 4 
5 6 
3 4 

• 6 

• • • 6 

• • • • • • • • • • • • • • 
3 4 

• • • • • • • • • • • • • • • • 
6 

• 
3 4 

• 6 
5 6 

• • • 6 

• • • • 
3 4 

• 6 

• • 

! 
~ 

.. II c > II ! )( ;:: 
II II .!! 
~ .t:. II .= .= a: 

.. 
'6 
II 
E 
.§ 

• 2 • INX • • 3 • JMP • 
4 • • JSR • 
4 • • lDA 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 

MOTOROLA MICROPROCESSOR DATA 
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ADDRESSING MODE 

'i ~ 

ti 
~ II 
C )( 

! ! II 

is )( ~ 

w .= 

• • • • 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 

f .~ 
i II 

.t:. "i .= 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 
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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 
(R/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 MPU reads of internal locations, the 
resultant value will not appear on the external Data Bus ex
cept in Mode O. "High order" byte refers to the most signifi
cant 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 
LDD 

CPX 
SUBD 
ADDD 

DIRECT 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBe 
CMP SUB 

STA 

LDS 
LOX 
LDD 

STS 
STX 
STD 

CPX 
SUBD 
ADDD 

JSR 

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-l 

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) 
OpeFand Data (Low Order Byte) 

Upcode 
Operand Data (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 (Low Order Byte) 
Return Address (High Order Byte) 

MOTOROLA MICROPROCESSOR DATA 
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II 
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Addr818 Mode and 
Instructions 

EXTENDED 
JMP 

ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LOS 
LOX 
LDD 

STS 
STX 
STD 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST* 
INC 

CPX 
SUBD 
ADDD 

JSR 

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 5) 

Addr818 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-l 

R/IN 
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 Byte) 

Opcode 
Address of Operand 
Address of Operand (Low Order Byte) 
Operand Data 

Opcode 
Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Data froin 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 (High Order Byte) 
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 (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. 

MOTOROLA MICROPROCESSOR DATA 
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Address Mode and 
Instructions 

INDEXED 
JMP 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LDS 
LDX 
LDD 

STS 
STX 
STD 

ASL LSR 
ASR NEG 
CLl1 ROL 
COM ROR 
DEC TST* 
INC 

CPX 
SUBD 
ADDD 

JSR 

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 

MC687Ql 

TABLE 14 - CYCLE.BY-CYCLE OPERATION I 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 PillS Offset 
I ndex Register Plus Offset + 1 

Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
I ndex 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 BuSFFFF 

Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Index Register + Offset 
Stack Pointer 
Stack Pointer-l 

Rlw 
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 

Opcode 
Offset 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of RestartVector 
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 (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 (Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Restart Vector 
First Subroutine Opcode 
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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I 

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 
PULB 

PSHX 

PULX 

RTS 

WAI 

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 

MC68701 

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 
OpcodeAddress+ 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-l 
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 ofAestart 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 
Irrellwant 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 (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 f!E!gister 
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Address Mode and 
Instructions 

INHERENT 
MUL 

RTI 

SWI 

RELATIVE 
BCC BHT BNE BLO 
BCS BLE BPL BHS 
BEQ BlS BRA BRN 
BGE BlT BVe 
BGT BMT BVS 

BSR 

10 

10 

12 

3 

6 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 

1 
2 
3 
4 
5 
6 

MC68701 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 

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 
S tack Pointer + 6 
Stack Pointer + 7 

Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer-l 
Stack Pointer - 2 
Stack Pointer - 3 
Stack Pointer - 4 
S tack Pointer - 5 
S tack Pointer - 6 
Stack Pointer- 7 
Vector Address FFFA (Hex) 
Vector Address FFFB (Hex) 

Op Code Address 
Op Code Address + 1 
Address Bus FFFF 

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 
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 (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 (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) 

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(Hlgh Order Byte) 
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FIGURE 24 - SPECIAL OPERATIONS 

JSR, Jump to Subroutine 

{ 
~ 

Main Program 

$9D=JSR 

Direct 

RTN Next Main Instr. 

K = Direct Address 

{ 
Main Program I ~ S." ~ $AD=JSR ¢~:;::~ INDXD K=Offset 

RTN Next Main Instr. SP RTNL 

[ 
Main Program 

~ $BD=JSR 

SH = Subr. Addr. 
EXTND 

SL= Subr. Addr. 

RTN Next Main Inst. 

BSR, Branch To Subroutine 
Main Program ~ Stack 

~ $8D=BSR 

± K=Offset 

RTN I Next Main Instr. 

¢~ 
SP-2rn SP-l RTNH 

SP RTNL 

RTS, Return from Subroutine Subroutine ~ Stack 

~ $39=RTS 

~ 

SP~ SP+l' RTNH' 

SP+2 RTNL 

Q 
Legend: 

RTN = Address of next instruction in Main Program to be executed upon return from subroutine 
RTNH = Most significant byte of Return Address 
RTNL = Least significant byte of Return Address 
- = Stack Pointer After Execution 
K = 8-bit Unsigned Value 

SWI, Software Interrupt Main Program 

R~ I $3F= SWI 

WAI, Wait for Interrupt 

f m Interrupt 
An. A"wm " Ef I 

JMP, Jump 

INDXD 

[

PC 

x~ I Next Instruction 

SP Stack 

I¢~ SP-7 

SP-6 Condition Code 

SP-5 AcmltrB 

SP-4 AcmltrA 

SP-3 Index Register (XHI 

SP-2 Index Register (XL) 

SP-l RTNH 

SP 
L 

RTNL 

~ Stack 

Ie) SP 

SP+l Condition Code 

SP+2 AcmltrB 

SP+3 AcmltrA 

SP+4 Index Register.(XH) 

SP+5 Index Register.(XLI 

SP+6 RTNH 

~ SP+7 RTNL 

Ef .Main Program 

E'W_{ 
$7E=JMP 

K H = Next Address 

KL = Next Address 

K I Next Instruction 

s: 
C') 
0') 
CO ...... 
C) 
..;.a 



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 
00037 
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:1 EPROM *** ROUTINE TO PROGRAM THE MC68701 EPROM *** 

NAM EPROM 
OPT ZOl.LLEN=80 
TTL *** ROUTINE TO PROGRAM THE MC68701 EPROM ** 

********************************************************* 
* * E PRO 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 

NOTES: 

1. 

EPROM 

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 A DOUBLE BYTE ADDRESS WHICH POINTS 
TO THE LAST BYTE TO BE PROGRAMED IN
INTO THE EPROM. 

PNTR = A DOUBLE BYTE ADDRESS WHICH POINTS 
TO THE FIRST BYTE IN THE EPROM .TO BE 
PROG RAMMED. 

WAIT 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 TYPICAL INPUT FREQS ARE: 

WAIT 

30615 ($7797) 
50000 ($C350) 
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 initialization, such as stack pointer, etc., must be done prior to entry. 

(Use of PRObug will ensure all needed initialization) 
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MC68701 

EPROM PROGRAMMING ROUTINE 

PAGE 002 EPROM .SA:l EPROM *** ROUTINE TO PROGRAM THE MC68701 EPROM *** 

00060 
00061 
00062 

* E QUA T E S 

00063 
00064 
00065 
00066 

0008 A TCSR EQU 
0009 A TIMER EQU 
OOOB A OUTCMP EQU 
0014 A EPMCNT EQU 

00067 
00068 * L 0 CAL 
00069 
00070A 0080 
0007lA 0080 
00072A 0082 
00073A 0084 
00074A 0086 
00075 

ORG 
0002 A IMBEG RMB 
0002 A IMEND RMB 
0002 A PNTR RMB 
0002 A WAIT RMB 

00076 
00077 
00078A 3000 
00079A 3000 DE 84 
00080A 3002 3C 
00081A 3003 DE 80 
00082 
00083A 3005 3C 
00084A 3006 86 FE 
00085A 3008 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 

* E PRO M 

ORG 
A EPROM LDX 

A 

A 
A 

A 
A 
A 

A 
A 
A 

PSHX 
LDX 

EPR002 PSHX 
LDAA 
STAA 
LDAA 
LDX 
STAA 
INX 
STX 
LDAA 
STAA 

$08 
$09 
SOB 
$14 

TIMER CONTROL/STAT REGISTER 
COUNTER REGISTER 
OUTPUT COMPARE REGISTER 
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 TAR T S HER E 

$3000 
PNTR 

IMBEG 

tl$FE 
EPMCNT 
X 
PNTR 
X 

PNTR 
tl$FC 
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 
00097A 3019D309 
00098A 301B 7F 0008 A 
00099A 30lE DD OB A 
OOIOOA 3020 86 40 
00101 

A 
A 

A 

LDD 
ADDD 
CLR 
STD 
LDAA 

00102A 3022 95 08 A EPR004 BITA 
00103A 3024 27 FC 3022 BEQ 
00104A 3026 38 PULX 
00105A 3027 08 INX 
00106A 3028 9C 82 A CPX 
00107A 302A 23 D9 3005 BLS 
OOl08A 302C 86 FF A LDAA 
00109A 302E 97 14 A STAA 
OOllOA 3030 38 PULX 
00111A303l DF 84 A STX 
00112A 3033 39 RTS 
00113 END 
TOTAL ERRORS 00000--00000 

WAIT 
TIMER 
TCSR 
OUTCMP 
11$40 

TCSR 
EPR004 

IMEND 
EPR002 
II$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) (5 Suffix) 

o to 70 MC68701S 
-40 to +85 MC68701CS 

o to 70 MC68701S-1 
-40 to +85 MC68701 CS-1 

o to 70 MC68B701S 

PIN ASSIGNMENT 

Vss 
XTAL L SCl 

EXTAL 3 SC2 

NMI 4 P30 

IRQl b P3l 

RESETlVpp 6 P32 

Vee 7 P33 

P20 8 P34 

P35 

P22 P36 

P23 '1 P37 

P24 P40 

Pl0 P41 

Pll P42 

P12 P43 

P13 P44 

P14 P45 

P15 P46 

P16 P47 

P17 21 Vee 
Standby 
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Ceramic Package 
(L Suffix) 

MC68701L 
MC68701CL 
MC68701L-1 
MC68701CL:1 
MC68B701L 
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MC68701U4 

Advance Information 
8-Bit EPROM Microcontroller/Microprocessor 
(MCU/MPU) 

The MC68701 U4 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 I/O, and a 16-bit six
function programmable timer. 

• Enhanced MC6800 Instruction Set 
• Upward Source and Object Code Compatibility with the MC6800, MC6801, and MC6801 U4 
• 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 I/O 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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MC68701U4 

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 o to 70 °e 

Storage Temperature Range 
Programmed Tstg -40 to +85 °e 
Unprogrammed -55 to + 150 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance eerdip 

POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in DC can be obtained from: 

where: 
TA 
tljA 

PD 
PINT 
PpORT 

Tj=TA +(PD· 0JA) 

= Ambient Temperature, DC 
= Package Thermal Resistance, 

junction-to-Ambient, DC/W 

= PINT+ PPORT 
= ICC x VCC' 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 Vout be con
strained to the range GND:s(Vin or 

Vout):sVee· 
Unused inputs must always be tied to an 

appropriate logic voltage level (e.g., either 
GND or Vee). 

(1) 

For most applicationsPpORT<PINT 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 PD and T j (if PPORT is neglected) is: 

PD=K-:-(Tj+273°C) (2) 

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

K = PD • (T A + 273DC) + OjA"PD2 (3) 

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

CONTROL TIMING (Vee = 5.0 V ± 5%, VSS = 0) 

Frequency 01 Operation 

Crystal Frequency 

External Oscillator Frequency 

Crystal Oscillator Startup Time 

Processor Control Setup Time 

Characteristic 
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Symbol 

10 

IXTAL 
410 

trc 

tpes 

MC68701U4 

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 



MC68701U4 

DC ELECTRICAL CHARACTERISTICS (VCC=5.0 Vdc ±5%, vSS=O) 

Characteristic Symbol Min 
Input High Voltage RESET 

VIH 
VSS+4.0 

Other Inputs* VSS+2.0 
Input Low Voltage RESET 

VIL 
VSS-0.3 

Other Inputs* VSS-0.3 
Input Current Port 4 

lin 
-

(Vin = 0 to 2.4 V) See Note SCl -

Input Current 
lin -

(Vin = 0 to 5.25 V) NMI, IRQl 

Input Current RESETlVpp 
(Vin = 0 to 0.4 V) See Note lin -
(Vin=4.0 V to VCC) -

Hi-Z (Off State) Input Current 
(Vin = 0.5 to 2.4 V) PlO-P17, P20-P24, P30-P37 ITSI -

Output High Voltage 
VOH (iload= -65p.A, VCC= min) P40-P47, SC1, SC2 VSS+2.4 

(iload= -l00p.A, Vcc=min) Other Outputs VSS+2.4 
Output Low Voltage 

VOL -
(iload = 2.0 mA,.v CC = min) All Outputs 

Darlington Drive Current 
10H 1.0 

(VO=1.5V) Pl0-P17 

Internal Power DisSipation (measured at T A = OoC in Steady-State Operation) PINT -

Input Capacitance 
(Vin == 0, T A = 25°C, fo = 1.0 MHz) P30-P37, P40-P47, SCl Cin -

Other Inputs -

VCC Standby Power Down VSBB 4.0 
, Power Up VSB 4.75 

Standby Current Power Down ISBB -

Programming Time (Per Byte) (T A = 25°C) tpp 25 

Programming Voltage (T A = 25°C) Vpp 20.0 

Programming Current (VRESET = Vpp) (T A = 25°C) Ipp -

* Except Mode Programming Levels; See Figure 16. 

NOTE: RESETlVpp, VIL, and lin values differ from MC6B01U4 values. 

PERIPHERAL PORT TIMING (Refer to Figures 1-4) 

Characteristics Symbol Min 

Peripheral Data Setup Time tPDSU 200 

Peripheral D;;ta 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 Tlansition to Penpheral CMOS Data Valid tCMOS -
Input Strobe Pulse Width tPWIS 200 

Input Data Hold Time tlH 50 

Input Data Setup Time tiS 20 
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TVp Max Unit 

- VCC V 
- VCC 
- VSS+O.4 V 
- VSS+0.8 

- 0.5 
mA 

- 0.8 

- 2.5 p.A 

-2.0 - mA 
- 8.0 

- 10 p.A 

V 
- -

- -

- VSS+0.5 V 

- 4.0 mA 

- 1200 mW 

- 12.5 pF I 
- 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 
(MPU READ) 

P10-P17 ____ " 
P20- P24 
P40-P47 ____ " 
Inputs 

P30 P37 
Inputs* ________ _ 

* Port 3 non-latched operation (Latch enable = Q) 

FIGURE 3 - PORT 3 OUTPUT STROBE TIMING 
(SINGLE-CHIP MODE) 

Address 
Bus 

OS3 
(SC21 

MPU Access of Port 3* 

1$00061 

MC68701U4 

FIGURE 2 - DATA SETUP AND HOLD TIMES 
(MPU WRITE) 

tCMOS~ 

tPWD~~/ J ----0.7 VCC 

All Data 
Data Valid Port Outputs _________ -' 

NOTES 
1 10 k pull up reSistor reqUired tor port 2 to reach 0 7 VCC 
2 Not applicable to P21 
3 Port 4 cann()~ be pulled above VCC 

IS3 
(SCll 

FIGURE 4 - PORT 3 LATCH TIMING 
(SINGLE-CHIP MODE) 

P30-P37 -V Data Valid y'--------
Inputs --'}.- -{ \ 

*Access matches output strobe select (OSS=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 5 - CMOS LOAD 

Test Pomt 

FIGURE 6 - TIMING TEST 
LOAD PORTS 1; 2, 3, AND 4 

Vee 

vi 
RL=1_8kfl 

Test Pomt . MMD6150 

or EqUiv 

C R MMD7000 
or EqUiv 

":" -= 
C=90 pF for P30-P37, P40-P47, E, SC1, SC2 

=30 pF for PlO-P17, P20-P24 
R = 37 kfl for P40-P47, SC1, SC2 

= 24 kO for PlO-P17, P20-P24, P30-P37, E 
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BUS TIMING (See Notes 1 and 2 and Figure 7·) 

Ident. 
Characteristics 

Number 

1 Cycle Time 

2 Pulse Width, E Low 

3 Pulse Width, E High 

4 Clock Rise and Fall Time 

9 Address Hold Time 

12 Non-Muxed Address Valid Time to E* 

17 Read Data .Setup Time 

18 Read 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 MuxedAddress Hold Time 

26 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. 

lOS, 
R/Vii, Address 

FIGURE7 - BUS TIMING 

Symbol 

. tcyc 

PWEL 

PWEH 

tr,tf 

tAH 

tAV 

tDSR 

tDHR 

to OW 

tDHW 

tAVM 

tASL 

tAHL 

tASD 

PWASH 

tASED 

tACC 

See Note 4 

MC68701U4 MC68701U4-1 Unit 

Min Max Min Max 

1.0 2.0 0.8. 2.0 p'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 

90 - 70 - ns 

530 - 410 - ns 

(Non-Muxed) ____ -+~~~~~~~~~~~~--~~~----~----------------------------~=_--_;_t~~~ 

Addr/Data 
Muxed 

Addr/Data 
Muxed 

Address 
Strobe (AS) 

NOTES: 
1., Voltage levels shown are VLsO.5 V, VH~2A 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. 

Write Data Muxed 

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 co~patible. 
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INTRODUCTION 

The MC68701 U4 is an 8-bit monolithic microcontroller 
which an be configured to function in a wide 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 ofthe 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 B. 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 MC6801U4 and the 
MC68701 U4 is that the MC6801 U4 has an on-chip ROM 
while the MC68701 U4 has an on-chip EPROM, The 

Instruction 

ABX 
ADDD 

ASLD or LSLD 
BHS 
BLO 
BRN 
JSR 
LDD 
LSL 

LSRD 
MUL 

PSHX 
PULX 
STD 

SUBD 
CPX 

FIGURE B - PROGRAMMING MODEL 

~ A', aU7 'B ~ 8-Blt Accumulators A and B 
- - - -- --- - -- -- -- - - - Or 16-Blt Double Accumulator D 

15 D ° 

~ll_5 _____ --:----,-.,.._X _________ O-,llndex Register I X I 

~11_5 _________ S_P _________ o .... 1 Stack POinter (SPI 

... 11_5 _________ P_C _________ o .... 1 Program Counter (PCI 

° 
Condition Code Register (CCRI 

Carry/ Borrow from MSB 
Overflow 
Zero 

~--- Negative 
'------..,.- Interrupt 

------- Half Carry (From Bit 31 

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 MSB) 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) 
Brancti riever 
Additional addressing mode direct 
Loads double accumulator from memory 
Shifts memory or accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 

(same as ASU 
Shifts the double accumulator right (towards LSB) 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 
Pulis 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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MC68701 U4 is pin and code compatible with the MC6801 U4 
and can be used to emulate the MC6801 U4, allowing easy 
software development using the on-chip EPROM. Software 
developed using the MC68701 U4 can then be masked into 
the MC6801 U4 ROM. 

In order to support the on-chip EPROM, the MC68701U4 
differs from the M C6801 U4 as follows: 

(1) Mode 0 in the MC6801U4 is a test mode only, while in 
the MC68701U4 mode 0 is also used to program the 
on-chip EPROM. 

(2) 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.' 

(3) The RESETIVpp pin in the MC68701U4 is dual pur
pose, used to supply EPROM power as well as to reset 
the device; while in the MC6801 U4 the pin is called 
RESET and is used only to reset the device. 

OPERATING MODES 

The M C68701 U4 provides seven different operating modes 
(modes 0 through 3 and 5 through 7). 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 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 MODE (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 
I/O 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 7) 
192 bytes of RAM, 4096 bytes of EPRDM 
Port 3 is a parallel 1/.0 port with two control lines 
Port 4 is a parallel liD port 

Expanded Non-Multiplexed (Mode 5) 
192 bytes of RAM, 4096bytes of EPRDM 
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) 

(1) Internal RAM and EPRDM with partial address bus (mode 1) 
(2) Internal RAM, no EPRDM (mode 2) 
(3) Extended addressing of internal 1/.0 and RAM 
(4) Internal RAM and EPRDM with partial address bus (mode 6) 

Port 3 is multiplexed address/data bus 
Port 4 is address bus (inputs/address in mode 6) 
Test/Program mode (mode 0): 

May be used to test internal RAM and EPRDM 
May be used to test ports 3 and 4 as 1/.0 ports by writing into mode 7 
Used to program EPRDM 

.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 

Port 1 
8/10 Lines 4 ••• 
16-Bit Timer 

Port 4 
8, /10 Lines 

Vss 

Port 3 
141 •• ~ 8/10 Lines 

iS3 
m 

Port 2 
5110 Lines 

SCI 
16-Bit Timer 

F/GURE 10 ~ SINGLFCHIP DUAL PROCESSOR CONFIGURATION 

Vee 

Port 1 
8/10 
Lines 

16-Bit Timer 

Port 2 
51 o Lines 

SCI 
16·811 Timer 

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 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 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 $1 FF, lOS provides 
an address decode of external memory ($1oo-$1FF) and can 
be used as a memory-page select or chip-select line. 

Vee 

Port 1 
8/10 
Lines 

16-Bit Timer 

Port 4 
81/0 
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 (AS) and data valid while E is high. In modes 0, 2, and 
3, port 4 provides address liilesA8to A15.In modes 1 and6, 
however, pqrt 4 initiallv 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 A8 to 
A 15. Stated alternatively" any subset of A8 to A 15 can be 
provided while, retaining t,ne remaining port 4 lines as input 
data .Iines. 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 O. 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 

.c--

~ 
andby--. 

EET--' 

Vee St 

RESET 

Port 1 
81/0 . 

16-Bit Timer 

Port 2 
51/0 

SCI 
Timer 

NMI~ 

IR01--+ 

..... ..... 

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

... ... 

XTAL 

Port 1 
8110 Lines ••• tI '1 ••• : Port 3 

JIll 8 Data LI ries 
16-Bit Timer 

Port 2 
51/0 
Lines 
SCI 

IDBit Timer 

Vee 
_I 

XTAL Port 3 
Port4 

EXTAL ~ 
R W 

MC68701U4 
E 

~ 
Vss 

Vss 

8 
8 

/ 

8 
, 8 , 

RAM 

R/W 

105 

1II •• ~Port4 
To 8 

v8 
8 , 

PIA 
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...c--
0 
"'t:.--

ndb~---. VCC Sta 
-R--ESE~---' 

Port 1 
81/0 

16~Bit Timer 

Port 2 
51/0 
SCI 

Timer 

NMI----" 
IRof--. 

..oiL --'0.. 

" .. 
.... .. 
" .. 

MC68701U4 

FIGURE 12 - EXPANDED MULTIPLEXED CONFIGURATION 

Vec 

Port 1 Port 3 
8 1/0 Lines 4111 •• ~ 
16~Bit Timer 

Port 2 
5 1/0 Lines ••• ~ 

SCI 
16-Bit Timer 

VCC 

I 
XTAL 

Port3 8 

EXTAL ~ Latch 
Port4 

MC68701U4 
Riw 16 

E 

f 
Vss 

I 

VSS 

8 

~,V 
8 V 

8 

ROM I l 

Port 4 
8 Lines 

Address Bus 

/' 
8 V 

8 

RAM J ~ 

" 8 ~ 

8 

PIA J 

Data Bus 
!DO~D71 

Address Bus 
(AO~A151 

RiW 

NOTE: To avoid data bus (port 3) contention in the expanded multiplexed modes, memory devices should be enabled only durinn E high time. 

GND 

AS 

Port 3 1 Addressl Data 

FIGURE 13 - TYPICAL LATCH ARRANGEMENT 

J I 
G OC 

01 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, 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 a shown in Figure 14. A brief outline of the 
operating modes is shown in Table 3. 

PORT 2 DATA REGISTER 

6 5 4 3 2 0 

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 
(P20, P21, P22) 

1m Diod, A"""m,"' f VMPDD 

1P2D. P21. "" ;;:;:: p:;:.:..: V M PL 
'" Mode Latch 

l1tSET - - -_..... Level 

MODE PROGRAMMING (Refer to Figure 14) 

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 (If Diodes are Used) (for T A = 0 to 70°C) VMPDD 0.6 -

RESET Low Pulse Width PWRSTL 3.0 -

Mode Programming Setup Time tMPS 2.0 -

Mode Programming Hold Time 
RESET Rise Time;:: 1 /'s tMPH 0 -

RESET Rise Time< 1 /'s 100 -

NOTE: For TA= -40 to 85°C, MaximumVMPL =1.7, and Minimum VMPDD=0.4. 

TABLE 3 - MODE SELECTION SUMMARY 

P22 P21 P20 Interrupt Bus 
Mode PC2 PC1 peo EPROM RAM Vectors Mode Operating Mode 

7 H H H I I I I Single Chip 
6 H H L I I I MUX(2,3) Multiplexed/Partial Decode 
5 H L H I I I NMUX(2,3) Non-Multiplexed/ Partial Decode 
4 H L L - - - - U ndefmed(4) 
3 L H H E I E MUX(1,5) Multiplexed/RAM 
2 L H L E I E MUX(l) Multiplexed/RAM 
1 L L H I I E MUX(2,3) Multiplexed/RAM and EPROM 
0 L L L I I E MUX(lI Multiplex ed Test/ Programming 

LEGEND 
I - Internal 
E - External 
MUX - Multiplexed 

NOTES: 

NMUX - Non-Multiplexed 
L - Logic "0" 
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 4is 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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P20 

P21 

P22 

MC68701U4 

FIGURE 15 - TYPICAL MODE PROGRAMMING CIRCUIT 

VCC 

~ 
NOTES: 

1. Mode 0 as shown (switches closed). 

M ~ 2. Rl "" 10 kilohms (typical). 

? < > ( > 
? < ~ < ~ Rl 

3. The RESET time constant is equal to RC where R 
is the equivalent parallel resistance of R2 and the 
number of resistors (Rl) placed in the circuit by 
closed mode contol switches. ? ( 

8 

9 

10 

V 

9 

P20 (PCO) 

P21 (PC1) 

P22 (PC2) 

4. D"" 1 N914, 1 N4001 in the 0 to 70'C range 
0"" lN270, MBD201 in the -40 to 85'C range 

5. If V = Vc.w..!!:!!l R2 = 50 ohms (typical) to meet VIH 
for the RESETNpp pin. V"" VCC is also compatible 
with MC6801 U4. The RESET time constant in this 
case is approximately R2 x C. 

0, C ),0, 
.. ~ R2 

MC68701U4 

6. Switch S1 allows selection of normal (RESET) or 
programming (Vpp) as the input to the RESETNpp 
pin. During switching, the input level is held at a 
value determined by a diode (D), resistor (R2) and 
input voltage (V). 

Mode Control Switches 
( < < 

<> 
7. While Sl in the "Program" position, RESET should 

not be asserted. 
~, ~ , ~ '0 Vo 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~he order of 1000 fJoF 
for the circuit shown. Typicall~ffer with an 
RC input will be used to drive RESET, eliminating 

. the need for the larger capacitor. 

"Normal" 

"'" ~ S1 6 
RESETlVpp 

VPP o-:----o----A -~C 

T 
9. Diode Vf should not exceed VMPDD min. 

NOTES: 

"Program" 

FIGURE 16 - MEMORY MAPS (Sheet 1 of 3) 

Multiplexed Test/Program Mode 

$0000(1) 

$OO1F 1"-"-"-"""-'""-'""1 

$BFFO 
$BFFF ~7"7""7"7""rrrl, 

$FOOO ..,.,.,..,..,..,..,...,...,.;~ 

Internal 
Registers 

External 
Memory Space 

Internal 
RAM 

External 
Memory Space 

External 
Interrupt Vectors(2) 

MC68701U4 
Mode o 

1) 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 da.ta. register. 
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MC68701U41 
Mode 

Multiplexed/RAM and EPROM 

$0000(1) 

$001F ru/uu<qol 

$0040 b;;));;;; J< 

$ooFF r / / / / / / / / ~ 

$FOOO b.> ;; u.> , ~ < 

:::~~ r (( /( 1 
$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, 

2) 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 "1s" in the appropriate bits. These 
address lines will assert "1s" until made outputs 
by writing the data direction register. 
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MC68701U4 
Mode 

Non-Multiplexed/Partial Decode 
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Unusable 

$0040 " 
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$OOFF II) RAM 
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$01 FF 1 Memory Space 

$FOOO .." ......,.~.,....,.,""7'"l 

$FFFF !{«{({«(, 

NOTES: 

Internal 
EPROM 

Internal 
Interrupt Vectors 

1) Excludes the following addresses which may 
not be used externally: $04, $06, and $OF (no 
lOS). 

2) 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 appropriate 
bits. These address lines will assert "ls" until 
made outputs by writing the data direction 
register. 

• FIGURE 16 - MEMORY MAPS (Sheet 3 of 3) 
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used externally: $04, $06, $OF. 

2) Address lines A8-A15 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 "ls" 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* * * 00 
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 (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 
Counter Alternate Address (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 (High Byte) 1A 
Output Compare Register 2 (Low Byte) 1B 

Output Compare Register 3 (High Byte) 1C 
Output Compare Register 3 (Low Byte) 1D 
Input Capture Register 2 (High Byte) 1E 
Input Capture Register 2 (Low Byte) 1F 

* External addresses in modes 0, 1, 2, 3, 5, and 6; cannot be 
accessed in mode 5 (no lOS) 

* * External addresses in modes 0, 2, and 3 
* * * 1 = Output, 0= Input 

MC68701U4INTERRUPTS 
The M6801 Family supports two types of interrupt re

quests: maskable and non-maskable. A non-maskable inter
rupt (NMIl 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: IRQ1 
and IRQ2. The programmable timer and serial communica
tions interface use an internal IRQ2 interrupt line, as shown 
in the block diagram. External devices and IS3 use IRQ1. An 
IRQ1 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 IRQ2 interrupts use hardware prioritized vectors. The II 
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. In 
mode 0, reset and interrupt vectors are defined as $BFFO-
$BFFF 

The interrupt flowchart IS depicted in Figure 17 and is 
common to every interrupt excluding reset. During interrupt 
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. Inter
rupt and RESET timing are illustrated in Figures 18 and 19. 

TABLE 5 - MCU INTERRUPT VECTOR LOCATIONS 

Mode 0 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 

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 
* * fiJMi must be armed (by accessing stack pointer) before an 

fiJMi is executed 

MOTOROLA MICROPROCESSOR DATA 

3-229 



w 
~ 
«:) 

s: o a 
:JJ o 
§; 
s: n 
:JJ o 
"V 
:JJ o 
~ 
t/) 
t/) 
o 
:JJ 
c. 

~ 

• FIGURE 17 - INTERRUPT FLOWCHART 
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FUNCTIONAL PIN DESCRIPTIONS 

VCC ANDVSS 
VCC and VSS provide power to a large portion of the 

MCU. The power supply should provide + 5 volts (± 5%) to 
VCC and VSS should be tied toground. Total power. ~issipa
tion (including VCC standby) will not exceed Po mllhwatts. 

Vcc STANDBY 
VCC standby provides power to the standby portion ($40 

through $5F) 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 (± 5%) and must reach V S B volts before 
RES ET reaches 4.0 volts. During power down, V CC standby 
must remain above VSBB (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 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 operation. Alternat~ve
Iy, EXTAL may be driven by an external TTL-compatible 
clock at 4 fo 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 fXT AL· The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabi.lization 
time. The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 20. 

RESETIVpp 
This input is used to reset the internal state of the device 

and provide an orderly startup procedure. During power up, 
RES ET must be held below O.B volts: (1) at least tRC after 
V CC reaches 4.75 volts in order to provide su~ficient time for 
the clock generator to stabilize, and (2) until V CC standby 
reaches 4.75 volts. RESET must be held low at least three E 
cycles if asserted during pow~r-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 bussynchroniza

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 $FFFC and 
$FFFD ($BFFC and $BFFD in mode 0), transferred to ~ 
program counter, and instruction execution is resumed. N~I 
typically requires a 3.3 kG (nominal) resistor to VCC. There IS 

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) 
IRQl is a level-sensitive input which can be used to re

quest an interrupt sequence. The MPUwili complete the cur
rent instruction before it responds to the request. If the inter
rupt mask bit (I bit) in the condition code register is clear, the 
MCU will begin an interrupt sequence. A vector is fetched 
from $FFFB and $FFF9 ($BFFB and $BFF9 in mode 0), 

transferred to the program counter, and instruction execu
tion is resumed. 

IRQl typically requires an external 3.3 kG (nominal) 
resistor to VCC for wire-OR application. IRQ1 has no internal 
pullup resistor. 

SCl and SC2 (STROBE CONTROL 1 AND 2) 
The function of SCl and SC2 depends on the operating 

mode. SCl is configured as an output in all modes except 
single-chip mode, whereas SC2 is always an output. SCl 
and SC2 can drive one Schottky load and 90 pF. 

SC1 AND 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. SCl 
functions as I S3 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 (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. OS3 timing is shown in 
Figure 3. 

SC1 AND SC2 IN EXPANDED NON-MULTIPLEXED 
MODE - In the expanded non-multiplexed mode, both SCl 
and SC2 are configured as outputs. SCl functions as in
put/output select (lOS) 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 modes, both SCl and SC2 are 
configured as outputs. SCl 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 

(al Nominal Recommended Crystal Parameters 

Nominal Crystal Parameters* 

3.58 MHz 4.00 MHz 5.0 MHz 

RS 600 500 30-500 

CO 3.5 pF 6.5 pF 4-6 pF 

Cl 0.015 pF 0.025 pF 0.01-0.02 pF 
Q >40K >30 K >20 K 

* NOTE: These are representative AT-cut crystal parameters only. Crystals of other 
types of cut may also be used. 

MC68701U4 

---------110 .... 1 ----.----

CL = 20 pF (typical) 

NOTE 
TTL-compatible oscillators may be 
obtained from: 

Motorola Component Products 
Attn: Crystal Clock Oscillators 

2553 N. Edgington SI. 
Franklin Park, IL 60131 
Tel: 312-451-1000 
Telex: 433-0067 

VCC 

L 1 
Cl 

RS 

co 

EqUivalent C,rcu,t 

(bl Oscillator Stabilization Time (tRcl 

1~4-.7-5-V------------~~~'--~-----------------------------

~---tRC-----)~ 
Oscillator 

Stabilization 
Time, tRC 
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SC2 is configured as read/write and is used t6 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/O 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 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 110 

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 (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 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 3 2 a 
I PC2 PCl pca P24 P23 P22 P2l P20 I $03 

P30-P37 (PORT 3) 

Port 3 can be configured as an I/O 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 I/O 
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 (SC1) as 
a control signal, 2) OS3 (SC2) can be generated by either an 
MPU read or write to the port 3 data register, and 3) an iRO'i 
interrupt can be enabled by an IS3 negative edge. Port 3 
latch timing is shown in Figure 4. 

PORT 3 CONTROL AND STATUS REGISTER 

7 6 5 4 2 0 

I~~~ I ~ I x I ass I ~~~~~e x X x $OF 

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 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 IS3 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 (07-001 in the 
expanded non-multiplexed mode. The direction of data 
transfers is controlled by read/write (SC2)' Data is clocked 
by E (enable). 

PORT 31N EXPANDED MULTIPLEXED MODE - Port 3 is 
configured as a time multiplexed address (A7~AOI and data 
bus (07-00) in the expanded multiplexed mode where ad
dress strobe (AS) 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/O 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 I/O 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 41N 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 AS 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 AS to A 15. Internal pullup resistors pull the lines high 
until the port 4 data direction register is configured where bit 
a controls AS. 

RESIDENT MEMORY 
The MC687a1 U4 has 192 bytes of on-chip RAM and 4096 

bytes of on-chip UV erasable EPROM. This memory is con
trolled by four bitsin the RAM/EPROM control register. 

Thirty-two bytes of the RAM are powered through the 
VCC standby pin and are maintainable during VCC power
down.' This standby portion of the RAM consists of 32 bytes 
located from $40 through $5F. 

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/ 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 a. The PLC bit can be writ
ten without restriction in mode a,but operation of the PPC 
bit is controlled by the state of PLC. 

Associated with the EPROM are an 8-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 
76543210 

I ;~~ IRAMEI X I X I X I X I PPC I PLC I $14 

Bit a 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 O. 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 Programming Power Control (PPC). This bit gates 
power from the rntTIVpp 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 a, 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 (Vpp) 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 
VSBB (minimum) 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 theHESETIVpp pin 
whenever PCC is clear. If this is not the case, the result is 
undefined. 

ERASING THE MC68701 U4 EPROM 
Ultraviolet erasure will clear all bits of the EPROM to the 

zero state. The MC68701 U4 EPROM is programmed byeras
ing it to zeros and entering ones into the desired bit loca
tions. 

The MC68701 U4 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 M C68701 U4 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 M C68701 U4 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 
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 external memory, the EPROM can be p(ogrammed as 
follows: 

a. Apply programming power (VpP) to the RESET /Vpp 
pin. 

b. Clear the PLC control bit and set the PPCbit 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 (Vpp) 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 ($09:0AI, ($15, $16) 

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: 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 TOFis set. The counter may also 
be read at $15 and $16 to avoid inadvertently clearing the 
TOF. 

OUTPUT COMPARE REGISTEAS ($OB: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 (OCF) is set and the corresponding output level 
(OLVL) 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 ($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 OL VL value will be clocked out independently of 
whether the OCF had previously been cleared. The output 
compare registers are set to $FFFF during reset. 

INPUT CAPTURE REGISTERS ($OD: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 IEDG21. 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 the input capture registers on the second 
negative edge of the E, clock following the transition. 

An input capture can occur iI.,dependently of ICF; the 
register always contains the most current value. Cou'nter 
transfer is inhibited, however, between accesses of a double 
byte MPU read. The input pulse width must be at leasuwo E 
cycles to ensure an input capture under all conditions. 

TIMER CONTROL AND STATUS REGISTERS 
Four registers are used to provide the MC68701U4 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 (TCSR) 
Timer Control Register 1 (TCR1) 
Timer Control Register 2 (TCR2) 
Timer Status Register (TSR) 
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FIGURE 21 - BLOCK DIAGRAM OF PROGRAMMABLE TIMER 
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TIMER CONTROL AND STATUS REGISTER ITCSR) 
($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 TCSR. 

TIMER CONTROL AND STATUS REGISTER 

7 654 3 2 1 0 

IleFl I OCFl I rOF I EICll ! EOCll ! ErOI IIEDG1!OLVL1! $00 

Bit 0 Output Levell - OLVL 1 is clocked to output level 
register 1 by a successful output compare and wiH 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OEl 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 - IEDG1 is cleared during reset and 
controls which level transition on P20 will trigger a 
counter transfer to input capture register 1: 

I EDG 1 = 0 transfer on a negative-edge 
IEDGl = 1 transfer on a positive-edge 

Refer to TIMER CONTROL REGISTER 1 ITCR1) 
($17). 

Bit 2 Enable Timer Overflow Interrupt - When set, an 
I R02 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 ITCR2) ($18). 

Bit 3 Enable Output Compare Interrupt 1 - When' set, 
an IR02 interrupt will be generated when output 
compare flag 1 is set; when clear, the interrupt is in
hibited. EOCll is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 

Bit 4 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. EICll is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 ITCR2) ($18). 

Bit 5 Timer Overflow Flag - The TOF is set when the 
counter contains all ones ($FFFFl. 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 - OCFl is set when output 
compare register 1 matches the free-running 
counter. OCFl is cleared by reading the TCSR or 
the TSR (with OCFl set) and then writing to output 
compare register 1 ($OB or SOC), or during reset. 
Refer to TIMER STATUS REGISTER (TSR) ($19). 

Bit 7 Input Capture Flag - ICFl is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TCSR or the TSR (with ICFl set) and 
the input capture register 1 high byte ($00), 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 I/O pins. 

TIMER CONTROL' REGISTER 1 

7 654 3 2 1 0 

IOE3 ! OE2 ! OEl IIEDG21IEDG1!OLVL3IoLVL210LVL11 $17 

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 OEl qontrol 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 - OL VL2 is clocked to output level 
register 2 by a successful output compare and will 
appear at Pll if b'lt 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 - IEOG 1 is cleared during reset and 
controls which level transition on P20 will trigger a 
counter transfer to input capture register 1. 

I EOG 1 = 0 transfer on a negative-edge 
IEOGl = 1 transfer on a ppsitive-edge 

Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 

Bit 4 Input Edge 2 - IEOG2 is cleared during reset and 
controls which level transition on Pl0 will trigger a 
counter transfer to input capture register 2. 

I EOG2 = 0 transfer on a negative-edge 
I EOG2 = 1 transfer on a positive-edge 

Bit 5 Output Enable 1 ~ OEl 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 
OEl = 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 Pll 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 is an 8-bit read/write register (except bits 0 
and 1) 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-Test Modes) 

7 6 5 4 3 2 o 
IEICI21 EICll I EOCI31 EOCI21 EOCll I ETOI $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 Enable Timer Overflow Interrupt - When set, an 
IR02 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 AND STATUS REGISTER 
(TCSR) ($~1. 

Bit 3 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 
(TCSR) ($~). 

Bit 4 Enable Output Compare Interrupt 2 - When set, 
an IR02 interrupt will be generated when the out
put compare flag 2 is set; when clear, the interrupt 
is inhibited. EOCI2 is cleared during reset. 

Bit 5 Enable Output Compare Interrupt 3 - When set, 
an iR02 interrupt will be generated when the out
put compare flag 3 is set; when clear, the interrupt 
is inhibited. EOCI3 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 in
hibited. EICll is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 
(TCSR) ($~1. 

Bit 7 Enable Input Capture Interrupt 2 - When set, an 
IR02 interrupt will be generated when the input 
capture flag 2 is set; when clear,. the interrupt is in
hibited. EICI2 is cleared during reset. 

The timer test bits (test and clock) allow the free<unning 
counter to be tested as two separate 8-bit counters to speed 
testing. 

TIMER CONTROL REGISTER 2 
(Test Mode) 

7 6 543 2 1 0 

IEICI21 EICll I EOCI31EOCI21EOCIl I ETOII TESTICLOCKI $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/writ~ bit only in mode a and is set during 
reset. 

CLOCK = 0 - Only the eight most significant bits 
of the free-running counter run with TEST = O. 

CLOCK = 1 - Only the eight least significant bits 
of the free-running counter run when 
TEST=O. 

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=O - Timer test mode enabled: 
a) The timer LSB latch is transparent which 

allows the LS B to be read independently 
of the MSB. 

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 (Non-Test 
Modes), (These bits function the same as in the 
non-test modes.) 

TIMER STATUS REGISTER (TSR) ($19) - The timer 
status register is an 8-bit 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' 2 o 
IICF2 IICFl I OCF31 OCF21 OCFl I TOF $19 

Bits 0-1 Not used. 

Bit 2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Timer Overflow Flag - The TOF is set when the 
counter contains 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 
REGISTER (TCSR) ($08). 

Output Compare Flag 1 - OCFl is set when output 
compare register 1 matches the free-running 
counter. OCFl is cleared by reading the TSR or the 
TCSR (with OCFl set) and then writing to output 
compare register 1 ($OB or $OC), or during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($~). 

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 ($lA or $lB), 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 ($lC or $10), 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 ($00), or dur
ing reset. Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR) ($~). 
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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 input capture register 
2 high byte ($1 E), 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 (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 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 

Port 2 

10 

12 

Bitl Rate and Mode Control Register Bit 0 

I EBE I I eCl Icco I SSlISS0\$10 

Transmit/ Receive Control and Status Register 

I RORF 'ORFE fORE' RIE I RE 'TIE TE I wul $11 

Receive Data Register 

(Not Addressable) 

Receive Shift Register 

Transmit Shift Register 

Transmit Data Register 
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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. 

7 

RATE AND MODE CONTROL R.EGISTER 

6543210 

x X I X I CCl I CCO I 551 I 550 I $10 

Bit l:Bit 0 SS1 :SSO Speed Select - These two bits select 
the baud when using the internal clock. Eight 
rates may be selected (in conjunction with bit 7) 
which are a function of the MCU input frequen
cy. Table 6 lists bit time 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 

Bits 4-6 

Bit 7 

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 formats, clock 
source, and use of P22. 

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 CCl 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 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 in 
mode a can disturb serial operations. 

TABLE 6 - SCI BIT TIMES AND RATES 

4fo - 2.4576 MHz 4.0 MHz 4.9152 MHz 
EBE SS1:SS0 614.4 kHl 1.0 MHz 1.2288 MHz 

E Baud Time Baud Time Baud Time 
0 0 0 ..,.. 16 38400.0 26 J.'S 62500.0 16.0 J.'s 76800.0 13.0 its 

0 0 1 ..,.. 128 4800.0 208.3 J.'S 7812.5 128.0 J.'s 9600.0 104.2 its 

0 1 0 ..,..1024 600.0 1.67 ms 976.6 1.024 ms 1200.0 833.3 itS 

0 1 1 ..,..4096 150.0 6.67 ms 244.1 4.096 ms 300.0 3.33ms 
1 0 0 ..,..64 9600.0 104.2 J.'s 15625.0 64 J.'s 19200.0 52.0 its 

1 0 1 ..,..256 2400.0 416.6 J.'s 3906.3 256 J.'s 4800.0 208.3 its 

1 1 0 ..,..512 1200.0 833.3 J.'s 19531 512 J.'s 2400.0 416.6 its 
1 1 1 ..,..2048 300.0 3.33 ms 488.3 2.05 ms 600.0 01.67 ms 

External (P22) * 76800.0 13.0 J.'s 125000.0 8.0 J.'s 153600.0 6.5 itS 
* USing maximum clock rate 

TABLE 7 - SCI FORMAT AND CLOCK SOURCE CONTROL 

Clock Port 2 
CC1: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 6 543 2 1 0 

IRORF I ORFE ITDRE 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 consecutive 
ones or during reset. WU will not be set if the line is 
idle. Refer to WAKE-UP FEATURE. 

Bit 1 Trimsmit Enable - When set, P24 OOR 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 du~ing 
reset. 

Bit 3 Receive Enable - When set, the P23 OOR 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 RORF 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 RORF 
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 RORF: if RORF 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 ~ RORF 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 (0), eight data bits (beginning with bit 0), 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 

NRZ 
Format 

, , 
Bi-Phase 
Format 

Idle Start 
Bit Bit 
0 4 5 6 7 

Data 01001101 ($40) 
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INSTRUCTION 'SET 

The MC68701U4 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, ~ unassigned 
codes, and 2 codes reserved for test purposes. 

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 INDXO 6 2 9C CPX OIR 

01 NOP INHER 2 1 35 TXS 3 1 69 ROL 

1 
6 2 90 JSR ~ 02 j 36 PSHA 3 1 6A DEC 6 2 9E LOS 

03 37 PSHB 3 1 6B 9F STS OIR 

04 LSRO 3 1 36 PULX 5 1 6C INC 6 2 AO SUBA INOXO 

D5 ASLO 3 1 39 RTS 5 1 60 TST 6 2 A1 CMPA j 

06 TAP 2 1 3A ABX 3 1 6E JMP 3 2 A2 SBCA 

07 TPA 2 1 38 RT! 10 1 6F CLR INOXO 6 2 A3 SUBD 

08 INX 3 1 3C PSHX 4 1 70 NEG EXTNO 6 3 A4 ANOA 

09 OEX 3 1 3D MUL 10 1 71 A5 BITA 

OA CLV 2 1 3E WAI 9 1 72 . A6 LOAA 

OB SEV 2 1 3F SWI 12 1 73 COM 6 3 A7 STAA 

OC CLC 2 1 40 NEGA 2 1 74 LSR 6 3 A8 EORA 

00 SEC 2 1 41 75 A9 AOCA 

OE CLI 2 1 42 76 ROR 6 3 AA ORAA 

OF SEI 2 1 43 COMA 2 1 77 ASR 6 3 AB AOOA 

10 SBA 2 1 44 LSRA 2 1 78 ASL 6 3 AC CPX 

11 CBA 2 1 45 79 ROL 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 EXTND 

15 49 ROLA 2 1 7D TST 6 3 B1 CMPA i 
16 TAB 2 1 4A DECA 2 1 7E JMP 3 3 B2 SBCA 

17 TBA 
It 

2 1 46 7F CLR EXTND 6 3 B3 SUBD 

18 4C INCA 2 1 80 SUBA IMMED 2 2 B4 ANDA 

19 DAA INHER 2 1 4D TSTA 2 1 81 CMPA 2 2 B5 BITA 

1A . 4E T 82 SBCA 2 2 B6 LDAA 

1B ABA INHER 2 1 4F CLRA 2 1 83 SUBD 4 3 B7 STAA 

1C . 50 NEGB 2 1 84 ANDA 2 2 B8 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 BRA REL 3 2 54 LSRB 2 1 68 EORA 2 2 BC CPX 

21 BRN 

" 
3 2 55 89 ADCA 2 2 BD JSR , 

22 BHI 3 2 56 RORB 2 , 1 8A ORAA 2 2 BE LDS 

23 BLS 3 2 57 ASRB 2 1 8B ADOA 2 2 8F STS EXTND 

24 BCC 3 2 58 ASLB 2 1 8C CPX IMMED 4 3 CO SUBB IMMED 

25 BCS 3 2 59 ROLB 2 1 80 BSR REL 6 2 C1 CMPB j 

26 BNE 3 2 5A DECB 2 1 8E LOS IMMED 3 3 C2 SBCB 

27 BEQ 3 2 5B 8F C3 ADDD 

28 BVC 3 2 5C INCB 2 1 90 SUBA DIR 3 2 C4 ANDB 

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 80 NEG INDXO 6 2 94 ANDA 3 2 C8 EORB 

20 BLT 3 2 61 

1 
95 BITA 3 2 C9 ADCB 

2E BGT 3 2 62 96 LOAA 3 2 CA ORAB 

2F 8LE REL 3 2 63 COM 6 2 97 STAA 3 2 CB ADDB 

3D TSX INHER 3 1 64 LSR 6 2 98 EORA 3 2 CC LDD 

31 INS 

~ 
3 1 65 99 AOCA 3 2 CD 

32 PULA 4 1 56 ROA 6 2 9A ORAA 3 2 CE LOX IMMED 

33 PULB 4 1 67 ASA INDXD 6 2 9B ADDA 3 2 CF 

NOTES: 
1. Addressing Modes 

INHER E Inherent INOXO ... lndexed IMMEO _Immediate 
REL!!E Relative EXTNO-Extended OIR-Oirect 

2. Unassigned opcodes are indicated by "e" and should not be executed. 
3. Codes marked by "1" force the PC to function as a 16-bit counter. 
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- , OP MNEM MODE - # 

5 2 DO SUBB OIR 3 2 

5 2 01 CMPB 3 2 

4 2 02 SBCB 3 2 

4 2 03 AODO 5 2 

4 2 04 AN DB 3 2 

4 2 05 BITB 3 2 

4 2 06 LOAB 3 2 

6 2 07 STAB 3 2 

4 2 08 EORB 3 2 

4 2 09 AOCB 3 2 

4 2 OA ORAB 3 2 

4 2 DB AODB 3 2 

4 2 DC LOD 4 2 

4 2 DO STD 4 2 

4 2 DE LOX '4 2 
4 2 OF STX OIR 4 2 

6 2 EO SUBB INOXD 4 2 

6 2 E1 CMPB i 4 2 

5 2 E2 SBCB 4 2 

5 2 E3 ADDD 6 2 

4 3 E4 ANDB 4 2 

4 3 E5 BITS 4 2 

4 3 E6 LDAB 4 2 

6 3 E7 STAB 4 2 
4 3 E8 EORB 4 2 

4 3 E9 ADCB 4 2 

4 3 E,\ ORAB 4 2 

4 3 EB AD DB 4 2 

4 3 EC LOb 5 2 

4 3 ED STD 5 2 

4 3 EE LDX 5 2 
4 3 EF STX INDXD 5 2 
6 3 FO SUBB EXTND 4 3 

6 3 F1 CMPB 4 3 

5 3 F2 SBCB 4 3 

5 3 F3 AD DO 6 3 

2 2 F4 AN DB 4 3 

2 2 F5 BITB 4 3 

2 2 F6 LDAB 4 3 

4 3 F7 STAB 4 3 

2 2 F8 EORB 4 3 

2 2 F9 ADCB 4 3 

2 2 FA ORAB 4 3 

FB AD DB 4 3 

2 2 FC LDO 5 3 

2 2 FD STO 5 3 

2 2 FE LOX 5 3 

2 2 FF STX EXTND 5 3 

3 3 

* UNDEFINED OP CODE 

3 3 

II 
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PROGRAMMING 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 tallows: 

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 (LI Fa) queue. The stack resides in 
random-access memory at a location defined by the pro
grammer. 

INDEX REGISTER - The index register is .3 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 (N), zero (Z), 

overflow (V), carry/borrow from MS8 (e), and half carry 
from bit 3 (H). These bits are testable by the conditional 
branch instructions. 8it 4 is the interrupt mask (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 toone 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 - The operand or "im
mediate 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 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 ADDRESSING - The ser:;ond 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 the index register. These are two byte in
structions. 

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 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 
(R/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 MPU reads of internal locations, the 
resultant value will not appear on the external data bus ex
cept in mode O. "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 Register 

Store Stack Pdinter 

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, Arithmetic 

Bit Test 

Compare Accumulators 

Clear 

Compare 

"s Complement 

MC68701U4 

TABLE 9 - INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

Immed Direct Index Extend Inherent Boolean/ 
MNEM Op - I Op - I Op - I Op - I ')p- I 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 1SP+1-SP 

LDX CE 3 3 DE 4 2 EE 5 2 FE 5 3 M-XH,IM+1)-XL 

LDS 8E 3 3 9E 4 2 AE 5 2 BE 5 3 M - SPH,IM+ 1) ~ SPL 

STX OF 4 2 EF 5 2 FF 5 3 XH-M,XL -IM+ 1) 

STS 9F 4 2 AF 5 2 BF 5 3 SPH-M,SPL -IM+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-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 lof2) 

Irrimed Direct Index Extend Inher Boolean 
MNEM Op - I Op - I Op - I Op - # Op - I Expression 

ABA 1B 2 1 A+B-A 

ABX 3A 3 1 OO:B+X-X 

ADCA B9 2 2 99 3 2 A9 4 2 B9 4 3 A+M+C-A 

ADCB C9 2 2 09 3 2 E9 4 2 F9 4 3 B+M+C-B .-

ADDA 8B 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 03 5 2 E3 6 2 F3 6 3 D+M:M+1--D 

ANDA84 2 2 94 3 2 A4 4 2 B4 4 3 A·M-A 

ANDB C4 2 2 D4 3 2 E4 4 2 F4 4 3 B.M-B 

ASL 68 6 2 78 6 3 -
ASLA 48 2 1 @] .-111111111 -0 

ASLB 58 2 1 b7 bO 

ASLD 05 3 1 

ASR 67 6 2 77 6 3 

qillillll-@l ASRA 47 2 1 

ASRB 57 2 1 b7 bO 

BITA 85 2 2 95 3 2 A5 4 2 B5 4 3 A.M 

BITB C5 2 2 D5 3 2 E5 4 2 F5 4 3 B·M 

CBA 

CLR 

CLRA 

CLRB 

CMPA 81 

CMPB C1 

COM 

COMA 

COMB 

11 2 1 A- B 

6F 6 2 7F 6 3 OO-M 

4F 2 1 OO-A 

5F 2 1 OO-B 

2 2 91 3 2 A1 4 2 B1 . 4 3 A-M 

2 2 01 3 2 E1 4 2 F1 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 
I{ I N Z V C 

· · J J J J 

· · · J · · · · · · · · · · · J · · · · · · · · · · R · · · R · · · R · · · R · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · 

Condition Codes II 
5 4 3 2 1 0 

H I N Z V C 

J · lJ l J 

· · · · · · · · · · · · · · R · · · R · · · J 

· · 1 
· · · · l l 

· · J J 

· · t t t t 
· · t t t t 
· · l l R · · · t t R · · · J J J J 

· · R S R R 

· · R S R R 

· · R S R R 

· · l l J 1 

· · t t t t 
· · t l R S 

· · t t R S 

· · t t R S 



II 
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TABLE 10 - ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2) 

Accumulator and Immed Direct Index Extend Inher 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-;-I-M 

DECA 4A 2 1 A-l-A 

DECB 5A 2 1 B-l--B 

Exclusive OR EORA 88 2 2 98 3 2 A8 4 2 B8 4 3 A$M-A 

EORB C8 2 2 08 3 2 E8 4 2 F8 4 3 B$M-B 

Increment INC 6C 6 2 7C 6 3 M+l-M 

INCA 4C 2 1 A+l-A 

INCB 5C 2 1 B+l-B 

Load Accumulators LDAA 86 2 2 96 3 2 A6 4 2 B6 4 3 M-A 

LDAB C6 2 2 06 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+l-D 

Logical Shift, Left LSL 68 6 2 78 6 3 

LSLA 48 2 1 @) ~IIIIIIII -,0 
LSLB 58 2 1 b7 bO 
LSLD 05 3 2 

Shift Right, Logical LSR 64 6 2 74 6 3 

0-111 fi IIII-fg LSRA 44 2 1 

LSRB 54 2 1 b7 bO 

LSRD 
" 04 3 1 

Multiply MUL 3D 10 1 AxB-D 

2's Complement (Negatel NEG 60 6 2 70 6 3 OO-M-M 

NEGA 40 2 1 OO-A-A 

NEGB 50 2 1 OO-B-B 

No Operation NOP 01 2 1 PC+l-PC 

Inclusive OR ORAA 8A 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 B-Stack 

Pull Data PULA 32 4 1 S.tack-A 

PULB 33 4 1 Stack-B 

Rotate Left ROL 69 6 2 79 6 3 

@)~lliTllll-0 ROLA 49 2 1 

ROLB 59 2 1 b7 bO 

Rotate Right ROR 666 2 766 3 

@-IIIIIIII ~13 RORA 46 2 1 

RORB 56 2" I' b7 bO 

Subtract Accumulator SBA 10 2 1 A-B-A 

Subtract with Carry SBCA 82 2 2 92 3 2 A2 4 2 B2 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 07 3 2 E7 4 2 F7 4, 3 B-M 

STD DO 4 2 ED 5 2 FD 5 3 D-M:M+l 

Subtract SUBA BO 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+l-D 

Transfer Accurnulator TAB 16 2 1 A--B 
.. TBA 17 2 1 B'-A 

Test, Zero or Minus TST 606 2 70 6 3 M'-OO 

TSTA 40 2 1 A-OO 

TSTB 50 2 1 B-OO 

The condition code register notes are listed after Table 12, 
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Condition Codes 

5 4 3 2 1 0 

H I N Z V C 

· · I I I I 

· · t t I · · · t t t · · · t t t · · · I I R · · · t t R · · · t t t · · • I I t · · · t t t · · · I I R · · · t t R · · · t t R · · · t t t t 
· · t t t t 
· · I t t t 

· ! t t t t 
· · R t t t 
· · R t t t 
· · R t t t 
· · R t t t 
· · · · · t · · t t t t 
· · J J J t 
· · t t t t 
· · · · · · · · J J R · · · t t R · · · · · · · · · · · · · · · · · · · · · · · · · · · t t t t 
· · t t t t 
· · t I I t 
· · t t t t 
· · t t t t 
· • t J J t 
· · t t t t 
· · I t t t 
· · t t t t 
· • I t R · · · t t R · · · t t R · · · t t t t 
· · t t t t 
· · t t t t 
· · t t R · · · t t R · · · t t R R 

· · t t R R 

· · t t R R 



MC68701U4 

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=,1 · · · · · · Branch If - Zero BEQ 27 3 2 Z=1 · · · · · · Branch If ~Zero BGE 2C 3 2 NED V=O · · · · · · Branch If > Zero BGT 2E 3 2 Z+(NEDV)=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+(NEDV)=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 NED V= 1 · · · · · · Branch If Minus BMI 2B 3 2 N=1 · · · · · · Branch If 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=1 · · · · · · Branch If Plus BPl 2A 3 2 N=O · · · · · · 
Branch To Subroutine BSR 80 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 f f l l l l 
Return From Subroutine RTS 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 Interrupt Mask 

Clear Overflow 

Set Carry 

Set Interrupt Mask 

Set Overflow 

Accumulator A - CCR 

CCR - Accumulator A 

LEGEND 
Op Operation Code (Hexadecimali 
- 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 
• Boolean Exclusive OR 
M Complement of M 

Transfer Into 
o Bit=Zero 

00 Byte= Zero 

CLC 

CLI 

CLV 

SEC 

SEI 

SEV 

TAP 

TPA 

Inherent 
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 CODE SYMBOLS 
H Half-carry from bit 3 

Interrupt mask 
N Negative (sign bit) 
Z Zero (byte) 
V Overflow, 2's complement 
C Carry/Borrow from MSB 
R Reset Always 
S Set Always 
t Affected 
• Not Affected 
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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 · f f f t f f 

· · · · · · 
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! 
«I 
'ij 
Q) 

E 
.E 

ABA • 
ABX • 
AOC 2 
ADD 2 
AOOO 4 
AND 2 
ASL • 
ASLO • 
ASR • 
BCC • 
BCS • BEQ • 

II 
BGE • 
BGT • BHI • 
BHS • 
BIT 2 
BLE • 
BLO • BLS • 
BLT • BMI • 
BNE • 
BPL • BRA • BRN • BSR • 
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 

~ 
Q) 

ti 
~ 
C 

! Q) 

~ 0 w 

• • • • 
3 4 
3 4 
5 6 
3 4 

• 6 

• • • 6 

• • • • • • • • • • • • • • 
3 4 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 6 

• • 
3 4 

• 6 
5 6 

• • • 6 

• • • • 
3 4 

• 6 

• • 

! 
C Q) 

~ 
Q) ! > 
Ie ';:; 
Q) Q) «I 
~ ~ Ii .= .= c:t 

.! 
~ 
Q) 

E 
.E 

• 2 • INX • • 3 • JMP • 
4 • • JSR • 
4 • • LOA 2 
6 • • LOO 3 
4 • • LOS 3 
6 2 • LOX' 3 

• 3 • LSL • 
6 2 • LSLO • • • 3 LSR • • • 3 LSRO • • • 3 MUL • • • 3 NEG • • • 3 NOP • • I • 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 • STO • • 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 

~ 
Q) ~ 

ti 
~ Q) 
C Ie 

! ! GI 

0 Ie ~ 

w .= 

• • • • 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 Q) 

! .~ 
GI «I 
~ Ii .= c:t 

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 LDA 
AND ORA 
BIT SBC 
CMP SUB 

LDS 
LDX 
LDD 

CPX 
SUBD 
ADDD 

DIRECT 

ADC EOR 
ADD lOA 
AND ORA 
BIT SBe 
CMP SUB 

STA 

LDS 
LDX 
LDD 

STS 
STX 
STD 

CPX 
SUBD 
ADDD 

JSR 

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 
Opcbde 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 (Low Order Byte) 

Upcode 
Operand Data (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 (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 

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 

MC68701U4 

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 
OpcodeAddress + 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 qf 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 Byte) 

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 (High Order Byte) 
Address of Operand (Low Order Byte) 
O~erand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand D'lta (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 '(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 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST* 
INC 

CPX 
SUBD 
ADDD 

JSR 

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 

MC68701U4 

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 

Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Index Register+ Offset 
Index Register+ Offset + 1 
Address Bus FFFF 

Opcode Address 
Opcode Address+l 
Address Bus FFFF 
Index Register+ Offset 
Stack Pointer 
Stack Pointer-l 

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 (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 (Low Order Byte) 
Low Byte of Restart Vector 

Opcode 
Offset 
Low Byte of Restart Vector 
First Subroutine Opcode 
Return Address (Low Order Bytei 
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 
PULB 

PSHX 

PULX 

RTS 

WAI 

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 

MC68701U4 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5) 

AdHress 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 A.ddress 
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-l 

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-l 
Stack Pointer- 2 
Stack Pointer - 3 
Stack Pointer-4 
Stack Pointer - 5 
S tack 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 Byte) 
Index Register (l-iigh 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 (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 C.ondition Code Register 
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Address Mode and 
Instructions 

INHERENT (Continued) 
MUL 

RTI 

SWI 

RELATIVE 
BCC BHT BNE BLO 
BCS BLE BPL BHS 
BEQ BLS BRA BRN 
BGE BLT BVC 
BGT BMI BVS 

BSR 

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 

MC68701U4 

TABLE 14 - CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 

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 
S tack 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 (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 
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 (Low Order Byte) 
Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 

Opcode 
I rrelevant 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 (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 24 - SPECIAL OPERATIONS 

JSR, Jump to Subroutine 

{ 
Eb 

Main Program 

$9D=JSR 

Direct K 

RTN Next Main Instr. 

K = Direct Address 

{ 
Main Program I ~ s_ Eb $AD=JSR ¢~::=:rn INDXD K=Offset 

RTN Next Main Instr. SP RTNL . 

! 
Main Program 

~ $BD=JSR 

SH = Subr. Addr. 
EXTND 

SL= Subr. Addr. 

RTN Next Main Inst. 

BSR, Branch To Subroutine 
Main Program §P Stack 

¢~ 
SP-2rn SP.,-.l .. RTNH 

SP RTNL 

$80= BSR ~ 

±K=Offset 

Next Main Instr. RTN 

RTS, Return from Subroutine Subroutine ~ ~tack . 

.... SP~ SP+ 1 RTNH 

SP+2 RTNL 

¢ ~ $39=RTS 

Legend: 
RTN = Address of next instruction in Main Program to be executed upon return from subroutine 
RTNH = Most significant byte of Return Address 
RTNL = Least significant byte of Return Address 
-- = Stack Pointer After Execution 
K = 8-bit Unsigned Value 

• 
SWI, Software Interrupt 

WAI, Wait for Interrupt Main Program 

$3E=WAI 

RTI Return from Interrupt 
' ~ 

JMP, Jump 

! 
~ 

INDXD 

X+K Next Instruction 

SP Stack 

IC>-' SP-7 

SP-6 Condition Code 

SP-5 AcmltrB 

SP-4 AcmltrA 

SP-3 Index Register (XH) 

SP-2 Index Register (XL) 

SP-l RTNH 

SP RTNL 

~ Stack 

SP J 
SP+l Condition Code 

SP+2 AcmltrB 
-

SP+3 AcmltrA 

SP+4 Index Register (X H) 

SP+5 Index Register (XL! 

SP+6 RTNH 
-

.... SP+7 ~-~ 

ef . Main Program 

$7E=JMP 

E"~ { 

KH = Next Address 

KL = Next AddreSs 

K fNext Instructio~ 

3: n 
m ..... o ... 
c: .,. 



MC68701U4 

ORDERING INFORMATION 

GENERIC INFORMATION 
(TA=Qo to'7QoC) 

Package Type Frequency Generic Number 

Cerdip - S Suffix 1.0 MHz MC68701U4S 
1.25 MHz MC68701l:J4S-1 

, PIN ASSIGNMENTS 

VSS 

XTAL 2 SC1 

EXTAL 3 SC2 

NMi 4 P30 

iRCl1 5 P31 

RESETIVpp ti P32 

VCC 7 P33 

P20 8 P34 

P21 9 P35 

P22 P36 

P23 11 P37 

P24 P40 

Pl0 P41 

Pll P42 

P12 P43 

P13 P44 

P14 P45 

P15 P46 

P16 P47 

P17 VCC 
Standby 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

I 

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 $001 F, may be retained in a low power mode by utilizing VCC 
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 TIL-Compatible Inputs and Outputs 
• 8-Bit Word Size 
• 16-Bit Memory Addressing 
• Interrupt Capability 

TYPICAL MICROCOMPUTER 

Parallel 
I/O 

Vcc Vcc Vcc 

MC6846 ~--+----IIII--~ iRQ 
'-----<~ MR 

CSO ..... ..:..V'-"M"-A'---___ ~ VMA 

2 k Bytes ROM Clock E RE 
RiilJ 

10 I/O Lines !4-!..!.!..,;!..!...-------lRiilJ MC6802 NMI 

AO-A15 

MPU 
DO-D7 

AO-A15 

EXTAL 

XTAL 

Vcc 

o 

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. 

MOTOROLA MICROPROCESSOR DATA 

3-256 



MC6802 

MAXIMUM RATINGS· 

Rating Symbol Value Unit 

Supply Voltage VCC -0.3 to +7.0 V 

Input Voltage Vin -0.3 to +7.0 V 

Operating Temperature Range TA °c 
MC6802, MC680A02, MC680B02 o to + 70 
MC6802C, MC680A02C -40 to +85 

Storage Temperature Range Tsta -55 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Average Thermal Resistance (Junction to Ambient) 
Plastic 6JA 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J' in °c can be obtained from: 

where: 
TA 
SJA 
Po 
PINT 
PPORT 

TJ=TA + (PooSJA) 

= Ambient Temperature, °c 
= Package Thermal Resistance, Junction-to-Ambient, °C/W 
= PINT+PpORT . 
= ICC x VCC' 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 VCC). 

(1 ) 

For most applications PpORT<PINT 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 PpORT is neglected) is: 
PO= K+ (TJ + 273°C) (2) 

Solving equations (1) and (2) for K gives: 
K = Po 0 (T A + 273°C) + SJAoP0 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 T A- Using this value of K, the values of PD and T J can be obtained by solving equations (1) 
and (2) iteratively for any value of T A. 
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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 yoltage logic; EXTAl 
RESET 

Input low Voltage logic, EXTAl, RESET 

Input leakage Current (Vin = 0 to 5.25 V, VDD = max) logic 

Output High Voltage 
(/load= -205 JLA, Vcc=min) DO-D7 
(lload= -145 !LA, Vcc=min) AO-A 15, RiW, VMA. E 
(lload= -100 !LA, Vcc=min) BA 

Output low Voltage (lload = 1.6 rnA. VCC = min) 

Internal Power Dissipation (Measured at TA=O°C) 

VDD Standby Power Down 
Power Up 

Standby Current 

Capacitance # DO-D7 
(Vin=O, TA = 25°C, f= 1.0 MHz) logic InputsJXTAl 

AO-A15, RIW, VMA 

*In power-down mode, maximum power dissipation is less than 42 mW. 
#Capacitances are periodically sampled rather than 100% tested. 

Symbol Min 

VIH VSS+2.0 
VSS+4.0 

Vll VSS-0.3 

lin -

VOH 
VSS+2.4 
VSS+2.4 
VSS+2.4 

VOl -
PINT -
VSBB 4.0 
VSB 4.75 

ISBB -
Cin -

-
Cout -

CONTROL TIMING (VCC=5.0 V ±5%, VSS=O, TA=TL to TH), unless otherwise noted) 

Typ 

-
-
-

1.0 

-
-
-
-

0.750 

-
-
-
10 
6.5 
-

Characteristic Symbol 
MC6802 MC68A02 

Min Max 

Frequency of Operation fo 0.1 1.0 

Crystal Frequency fXTAl 1.0 4.0 

External Oscillator Frequency 4xfo 0.4 4.0 

Crystal Oscillator Start Up Time trc 100 -
Processor Controls (HALT, MR, RE, RESET, IRQ NMI) 

Processor Control Setup Time tpcs 200 -
Processor Control Rise and Fall Time tPCr, 

(Does Not Apply to RESET) tPCf - 100 
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Min Max 

0.1 1.5 

1.0 6.0 

0.4 6.0 

100 -

140 -

- 100 

Max 

VCC 
VCC 

VSS+0.8 

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 

!LA 

V 

V 

W 

V 

rnA 

pF 

Unit 

MHz 

MHz 

MHz 

ms 

ns 
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BUS TIMING CHARACTERISTICS 

Ident. MC6802 MC68A02 MC68B02 
Number Characteristic Symbol 

Min 
Unit 

Min Max Min Max Max 

1 Cycle Time tcyc 1.0 10 0.667 10 0.5 10 ILS 

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, tf - 25 - 25 - 25 ns 

9 Address Hold Time* tAH 20 - 20 - 20 - ns 

12 Non-Muxed Address Valid Time to E (see Note 4) tAV1 160 - 100 - 50 - ns 
tAV2 - 270 - - - -

17 Read Data Setup Time tDSR 100 - 70 - 60 - ns 

18 Read Data Hold Time tDHR 10 - 10 - 10 - ns 

19 Write Data Delay Time tDDW - 225 - 170 - 160 ns 

21 Write Data Hold Time* tDHW 30 - 20 - 20 - ns 

29 ·Usable Access Time (see Note 4) tACC 535 - 335 - 235 - ns 

*Address and data hold times are periodically tested rather than 100% tested. 

FIGURE 2 - BUS TIMING 

o 
R/VV. Address-----r~~~~Tl~~-------------------r+---------------------------------+-~~~ 

(Non-Muxedl -----r~~~~~~~------------------~+_--------------------------------+_~~~ 

Read Data MPU Read Data Non-Muxed 
Non-Muxed __ +_:1("" 

~-------------~I--r---------------------~ 

Write Data 
Non-Muxed ---.......;;r 

NOTES: 
1. Voltage levels shown are VL .:;0.4 V, VH;;;.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 = O°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------41~ ...... 

RL =2.2 kO 

MM06150 
or Equiv. 

=90 pF for AO-A15, Riw, and VMA 
=3OpF for SA C R 

R=11.7 kG for 00-07, E 
= 16.5 kG for AO-A 15, RiW, and VMA 
=24 kG for SA 

FIGURE 4 - TYPICAL DATA BUS OUTPUT DELAY 
versus CAPACITIVE LOADING 

600 10H 1=_205
1
,.,A m~x @ 2.~ V--+--+--+-~--+-+--I-~ 

500 ~C~ == ~60 ~A max @ 0.4 V --+_-+-_+-~_-+_+-_I-~ 
TA = 25'C 

300 
V -j...--V 

200 j...---..... 
100 

C L includes stray capacitance 
0 

~ 
w 
:;: 
;::: 
>-g 

600 

500 

400 

300 

200 

100 

MM07000 
or Equiv. 

FIGURE 5 - TYPICAL READ/WRITE, VMA AND 
ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING 

I I I I 
10H =-145,.,A max@2.4V 
10 L = 1.6 mA max @ 0.4 V 
VCC ~ 5.0 V 
TA = 25c C 

Address. VMA 

L..--~ __ V 
l....- I-"'" -~ I-- RIW 
I---~ 

CL includes stray capacitance 
I 

0 100 200 300 400 500 600 100 200 300 400 500 600 

CL. LOAD CAPACITANCE (pF) Cl, LOAD CAPACITANCE (pF) 

Memory Ready \ 
Enable 

RffiT 
Non-Maskable Interrupt {NMil 

Vcc= Pin 8 
Vss=Pins 1,21 

HAi:T 
Interrupt Request (IRQ) 

EXTAL 

XTAL 

Bus Available 

Valid Memory Address 

Read/Write (R/WI 

FIGURE 6 - EXPANDED BLOCK DIAGRAM 

Al5 Al4 Al3 Al2 All AID A9 A8 A7 A6 A5 A4 A3 A2 Al AD 

07 06 05 04 03 02 01 00 
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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. 

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 has three 16-bit registers and three 8-bit 

registers available for use by the programmer (Figure 7). The MPU contains two 8-bit accumulators that are 
used to hold operands and results from an arithmetic 
logic unit (ALU). 

PROGRAM COUNTER 
The program conter is a two byte (16-bit) register that 

points to the current program address. 
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. 

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. 

Figure 8 shows the order of saving the microproces
sor status within the stack. 

*If programs are not executed from on-board RAM, TAV1applies. 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 MC68B02). On-board RAM can be used for data storage with all 
parts. 

FIGURE 7 - PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 

7 0 

..... I __ A_C_C_A __ .......JI Accumulator A 

7 0 

I-I __ A_C_C_B __ -ll Accumulator B 

15 0 

,:,:1 ::--_____ 1 X _____ -.......Jllndex Register 

15 0 

,::1 :--___ ----,-_P_C _____ -.......JI Program Counter 

15 0 

... 1 ______ SP _____ -.......J1 Stack Pointer 

Condit'ion Codes 

L....J..~4~.,.J-,...L.rJ Register 

Carry (From Bit 7) 

I L Overflow 

L zero 

Negative 

In~erruPt 

"----- Half Carry (From Bit 3) 
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FIGURE 8 - SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK 

SP = Stack Pointer 

CC = Condition Codes (Also called the Processor Status Byte) 
ACCB = Accumulator B 
ACCA = Accumulator A 

I X H = I ndex Register, Higher Order 8 Bits 
IXL = Index Register, Lower Order 8 Bits 
PCH = Program Counter, Higher Order 8 Bits 

PC L = Program Counter, Lower ,order 8 Bits m - 2 

m -1 

m+1 
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m - 8 
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I 

SP 
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PCH 
, 
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After 

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. These control and timing signals 
are similar to those of the MC6800 except that TSC, DBE, 
1/>1, 1/>2 input, and two unused pins have been eliminated, 
and the following signal and timing lines have been added: 

RAM Enable (RE) 
Crystal Connections EXT AL and XT AL 
Memory Ready (MR) 
VCC Standby 
Enable 1/>2 Output (E) 

The following is a summary of the MPU signals: 

ADDRESS, BUS (AO-A15) 

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 (00-07) 
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 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 $OO7F. External RAM at 
$0000 to $OO7F 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 
HALT 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 (RiW) 
This TTL-compatible output Signals the peripherals and 

memory devices whether the MPU is in a read (high) or write 
(low) state. The normal standby state of this signal is read 
(high), 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 (VMA) 

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 1=0) 
or nonmaskable interrupt. This output is capable of driving 
one standard TTL load and 30 pF. 

INTERRUPT REQUEST (IRQ) 

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 $FFF8 and $FFF9 is loaded which 
causes the MPU 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 pullup resistor to Vee should be used for 
wire-OR and optimum control of interrupts. IRQ may be tied 
directly to Vee if not used. 

RESET 
This input is 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 highe( order address lines will be forced high. 
For the restart, the last two ($FFFE, $FFFF) 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 M PU 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 is independent of the trc power-up reset 
that is required. . 

When RESET is released it must go through the low-to
high threshold without bouncing, oscil!ating, 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 it recognizes the NMI signal. The interrupt mask bit in 
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 $FFFe and $FFFD is loaded causing the 
MPU to branch to an interrupt service routine in 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 

Vcc 

trc 

trc 

RESET -----Ii 

RE 

d!.-tpcs 

~-----------~!------VIH 

VIL 
Option 1 

ISee Note Below} 

~----
Option 2 

ISee Figure 10 for 
Power-down Condition} 

h~:-PCf---
NOTE: If option 1 is chosen, RESET and RE pins can be tied together. 

MOTOROLA MICROPROCESSOR DATA 

3-263 

II 



II 

MC6802 

directly to Vee if not used. . 
Inputs IRQ and NMI are hardware interrupt lines that are 

sampled when 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 $FFFD Non-Maskable Interrupt 

$FFFA $FFFB Software Interrupt 

$FFF8 $FFF9 Interrupt Request 

Vee 

RE 

FIGURE 11 - MPU FLOWCHART 

FIGURE 10 - POWER-DOWN SEQUENCE 
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FIGURE 12 - CRYSTAL SPECIFICATIONS 

Y1 Cin 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 

----1101---1 --
Y1 

Nominal Crystal Parameters· 

3.58 MHz 4.0 MHz 6.0 MHz 8.0 MHz 

RS 600 500 30-500 20-40 0 

CO 3.5 pF 6.5 pF 4-6 pF 4-6 pF 

C1 0.015 pF 0.025 pF 0.01-0.02 pF 0.01-0.02 pF 
Q >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 

~Other Signals are Not Wired in this Area 

/E Signal is Wired Apart from 38 Pin 
/' and 39 Pin 

(Joi----E 
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FIGURE 14 - MEMORY READY SYNCHRONIZATION 

4xfo 
Oscillator 

EXTAL~3~9----------------------------~ 
XTAL 38 

MC6802 

MR~-------------------i 

SN74LS74 

FIGURE 15 - MR NEGATIVE SETUP TIME REQUIREMENT 

E Clock Stretch 

qtpcs 

\,--O.'_V ---J! 
The E clock will be stretched at end of E high of the cycle during which MR 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 Yo cycle. E will be stretched in in
tegral multiples of Yo cycles. 

Stretched E 

MR 

~tPcs 
I 
I 

Resuming E Clocking 

~tPcs ~tPCS ~tPcs 

I I ~'-. ___ .J/ 

111/// 

The E clock will resume normal operation at the end of the Yo cycle during which MR assertion meets the tpcs setup time. The tpcs setup time 
is referenced to transitions of E were it not stretched. If tpes 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. 

MOTOROLA MICROPROCESSOR DATA 

3-266 



MC6802 

RAM ENABLE (RE) 
A TTL-compatible RAM enable input controls the on-· 

chip RAM ofthe MC6802. 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 VCC 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 that may 
be crystal contro"ed. These connections are for a para"el 
resonant fundamental crystal (see Figure 12), (AT-cut.! A 
divide-by-four circuit has been addect 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 wi" work we" 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~L. The MC6802 is a dynamic part except 
for the internal RAMi and requires the external clock to 
retain information. 

MEMORY READY (MR) 

MR is a· TTL-compatible input signal controlling the stret
ching of E. Use of MR requires synchronization with the 4xfo 
signal, as shown in Figure 14. When MR is high; E wi" be in 
normal operation. When MR is low, E wi" 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 VCC) if not 
used. This is necessary to ensure proper operation of the 
part. A maximum stretch is tcyc. 

ENABLE (E) 

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 412 on the MC6800. This output is capable of 
driving one standard TTL load and 130 pF. 

Vee STANDBY 
This pin supplies the dc voltage to the first 32 bytes 

of RAM as well as the RAM Enable (RE) control logic. 
Thus, retention of data in this portion of the RAM on a 
power-up, power-down, or standby condition 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 that 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 (ACCX) 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 
a"QWs 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 MPU. 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.!' 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 

ABA 
ADC 
ADD 
AND 
ASL 
ASR 

BCC 
BCS 
BEQ 
BGE 
BGT 
BHI 
BIT 
BLE 
BLS 
BLT 
BMf 
BNE 
BPL 
BRA 
BSR 
BVC 
BVS 

CBA 
CLC 
ClI 

TABLE 2 - MICROPROCESSOR INSTRUCTION SET - ALPHABETIC SEQUENCE 

Add Accumulators 
Add with Carry 
Add 
Logical And 
Arithmetic Shift Left 
Arithmetic Shift Right 

Branch if Carry Clear 
Branch if Carry Set 
Branch if Equal to Zero 
Branch if Greater or Equal Zero 
Branch if Greater than Zero 
Branch if Higher 
Bit Test 
Branch if Less or Equal 
Branch if Lower or Same 
Branch if Less than Zero 
Branch if Minus 
Branch if Not Equal to Zero 
Branch if Plus 
Branch Always 
Branch to Subroutine 
Branch if Overflow Clear 
Branch if Overflow Set 

Compare Accumulators 
Clear Carry 
Clear Interrupt Mask 

CLR Clear PUL Pull Data 
CLV Clear Overflow ROL Rotate Left 
CMP Compare ROR Rotate Right 
COM Complement 
CPX Compare Index Register 

RTI Return from Interrupt 
RTS . Return'from Subroutine 

DAA Decimal Adjust 
DEC Decrement 

SBA Subtract Accumulators 

DES Decrement Stack Pointer 
SBC . Subtract with Carry 

DEX Decrement Index Register 
SEC Set Carry 
SEI Set Interrupt Mask 

EOR Exclusive OR SEV Set Overflow 

INC Increment STA Store Accumulator 

INS Increment Stack Pointer 
STS Store Stack Register 

INX Increment Index Register 
STX Store Index Register 
SUB Subtract 

JMP Jump SWI Software Interrupt 
JSR Jump to Subroutine TAB Transfer Accumulators 
LOA Load Accumulator TAP Transfer Accumulators to Condition Code Reg. 
LOS Load Stack Pointer TBA Transfer Accumulators 
LOX Load Index Register TPA Transfer Condition Code Reg. to Accumulator 
LSR Logical Shift Right TST Test 

NEG Negate 
TSX Transfer Stack Pointer to Index Register 

NOP No Operation 
TXS Transfer Index Register to Stack Pointer 

ORA Inclusive OR Accumulator 
WAI Wait for Interrupt 

PSH Push Data 
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TABLE 3 - ACCUMULATOR AND MEMORY INSTRUCTIONS 

AODRESSING MOOES BOOLEAN/ARITHMETIC OPERATION COND_ CODE REG_ 

IMMEO OIRECT INOEX EXTND IMPLlEO 

OPERATIONS MNEMONIC OP - OP - OP - OP - OP-

IAII' ... to<l ...... 
rtitrto CDfltetltS) 

5 4 3 Z I • 
HI.Zye 

Add 

Add Acmltrs 
Add with Carry 

And 

Clear 

Compare 

Compare Acmltrs 
Complement,l's 

Complement.2's 
I Negatel 

Decrement 

Increment 

lOfld Acmltr 

Or,lntluslve 

Push Data 

Pull Data 

Rotate Left 

Rotate Right 

Shift left, ArithmetIC 

Shift Right. Arithmetic 

Shift Rlght,'loglC 

Store Acmltr 

Subtract 

Subtract Acmltrs. 

Subtr.wlthCarry 

Transfer Acmltrs 

Test. Zero or Minus 

LEGEND: 

ADDA 
ADDB 
ABA 

ADCA 
ADCB 
ANDA 
ANDB 
BITA 
BITB 
CLR 

CLRA 
CLRB 
CMPA 

CMPB 
CBA 
COM 

COMA 
COMB 
NEG 

NEGA 
NEGB 
DAA 

DEC 
DECA 

DECB 
EORA 
EORB 

INC 
INCA 
INCB 
LDAA 
LDAB 

DRAA 
ORAB 

PSHA 
PSHB 
PULA 
PULB 
ROL 

ROLA 
ROLB 
ROR 

RORA 

RDRB 
ASL 

ASLA 

ASLB 
ASR 

ASRA 
ASRB 

LSR 
LSRA 

LSRB 
STAA 

STAB 
SUBA 
SUBB 
SBA 
SBCA 
SBCB 
TAB 
T8A 

TST 
TSTA 
TST8 

OP Operation Code (Hexadecimal); 

Number of MPU Cycles; 
Number of PrcigramBytes: 
Arithmetic Plus; 
Arithmetic Minus; 
Boolean AND; 

3B 2 

C8 2 

89 2 
C9 2 
84 2 
C4 
85 
C5 2 

81 2 
Cl 2 

88 2 
C8 2 

86 2 
C6 2 

8A 2 
CA 2 

80 2 
CO 2 

82 2 
C2 2 

9B 
08 

2 99 3 
2 09 3 
2 94 3 
2 04 3 
2 95 3 
2 05 3 

2 91 3 
2 01 3 

2 98 3 
2 08 3 

96 

06 

9A 
DA 

97 4 
07 
90 
DO 

2 92 3 
2 02 3 

M_Sp Contents of memory IDeation pOinted to be Stack Pomter; 

tV ., 

AB 5 
E8 5 

2 A9 
2 E9 
2 A4 5 
2 E4 
2 A5 
2 E5 5 

6F 7 

2 Al 5 
2 El. 5 

63 7 

60 7 

6A 7 

2 A8 

2 E8 
6C 7 

A6 

E6 

2 AA 

2 EA 

69 7 

66 7 

68 7 

6/ 7. 

64 7 

2 A7 6 
2 E7 6 

2 AD 5 
2 EO 5 

2 A2 5 
2 E2 5 

60 7 

BB 4 3 
FB 4 3 

B9 4 3 
F9 4 3 

2 84 4 3 
2 F4 4 3 
2 85 4 3 
2 F5 
2 7F 

2 Bl 4 3 
2 Fl 4 3 

2 73 6 3 

2 70 6 3 

2 7A 6 3 

2 B8 4 3 
2 F8 4 3 

2 7C 6 3 

2 86 4 3 
2 F6 4 3 

BA 4 
FA 4 

2 79 6 3 

2 76 6 3 

2 78 6 3 

2 77 6 3 

2 74 6 3 

2 B7 5 3 
F7 5 3 
BO 4 
FO 4 

2 B2 4 3 
2 F2 4 3 

2 7D 6 3 

Boolean Inclustve OR; 
Boolean EKcluslve OR; 

Complement of M; 
Transfer Into; 

Sit = Zero; 

00 8yte" lero; 

Note - Accumulator addreSSing mode IOSlructlons are Included In the column for IMPLIED addreSSing 

18 2 1 

4F 2 1 
5F 2 1 

11 2 1 

43 2 1 
53 2 1 

40 2 1 
50 2 1 
19 2 1 

4A 2 1 
5A 2 1 

4C 
5C 

36 4 1 
37 4 1 

32 4 1 
33 4 1 

49 2 1 
59 2 1 

46 2 1 
56 2 1 

48 2 1 
58 2 1 

47 2 -I 

57 2 1 

44 2 1 

54 2 1 

10 2 1 

16 2 1 
17 2 1 

A + M -A 
B + M -8 
A + 8 --A 

A + M + C ·A 
8 + M + C -8 
A- M -A 

8' M -8 
A- M 
8 - M 
00 --M 
00 --A 

00 -B 
A - M 
B - M 
A - 8 

M -M 
A-A 
B -8 
00 - M ·M 
00 - A -A 

00 - 8 -B 
Converts Binary Add, of BCD Characters 
Inlo BCD Format 
M -1 -M 

A 1 -A 

B-1 -B 
A(!)M -A 

B(!)M-B 
Mq-'M 
A ... 1 -,tJ..' 
Bq -B 

M -A 
M -8 

I A+ M - A 
8 +M -B 

A -MSp.SP 1 -SP 
B -MSp.SP 1 -SP 
SP.l -SP, MSp -A 
SP .1-SP, MSp - 8 

~} CO - rn:m::r;;:J 
B C b7 - bO 

~} CO ~ ITIIIIIIJ=l 
8 C b7 - bO 

n ~-~-O 
~} Qrrffirn - 0 

B

MAB} b7 bO C 

A -M 

B -M 

o -OIDIIIJ - 0 
b7 bO C 

A M-A 
8 - M -B 

A B-A 
A - M C-A 
8 - M - C -B 

A -B 

B 'A 
M - 00 

40 2 1 A - 00 
50 2 1 B - 00 

CONDITION CODE SYMBOLS: 

Half·carry from bit 3; 
Interrupt mask 
Negative (sign bltl 

Zero (by tel 

Overflow,2'scomplement 
Carry from bit 7 
Reset Always 

Set Always 

! • ! 
! • ! 
! • ! 
! • ! 
! • ! 

! R. 
! R. 
! R. 

• • t R. 
• • R S R R 
• • R S R R 
• • R S R R 

! ! ! ! 
! ! ! ! 
! ! ! ! 
! ! R S 

! ! R S 
I IRS 
I tl~<l) 
t tl,!:,<l) 
t 1 (D<l) 
t t tlG> 

:~ : 
t~ • 
t~ • 
! R • 

t~ • 
:~ : 
t I': • 
t R • 

R • 

• • I R. · .... . · .... . · .... . · .... . 

• • 1 · . 
• • I 
• • I 
• • R 
• • R 
• • R 
• • I 
• • I 
• • I 
• • 1 

I 
I 
I 
I 
I 
I 

:~ 
!~ 
t~ 
t~ 

:~ 
t~ 
t~ 

:~ 
:~L 
t 6 
tC§ 
t R • 

I R • 
I I I 
1 I I 

1 I 
! I 
I I 
R • 
R • 
R R 

• • 1 R R 
R R 

HINZVC 

TeSlandsel.ftrue,cleared otherWise 

Not Affected 
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I 

POINTER OIERATIONS 

Compare Index lIeg 
Decrement Index Reg 
Decrement Stack Pntr 
Increment Index Reg 
Increment Stack Pntr 
Load Index Reg 
Load Stack Pntr 
Store Index Reg 
Store Stack Pntr 
• nd. Reg • Stack Pntr 
Slack Pntr • Ind' 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 If Lower Or Same 
Branch If < Zero 
Branch If Minus 
Branch If NOI Equal Zero 
Branch If Overflow Clear 
Branch If Overflow Set 
Branch If Plus 
Branch To Subroutine 
Jump 
Jump To Subroutine 
No Operation 
Return From Interrupt 
Return From Subroutine 
SoftWire In"rrupt 
Wait for Interrupt 

MC6802 

TABLE 4..:.. INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

CONO. COOE REG. 

IMr.tEO OIRECT INOEX EXTNO IMPLIED 5 4 3 2 1 0 

MNEMONIC OP - = OP - = OP - - OP - = OP - :: BOOLEAN/ARITHMETIC OPERATION H I N Z V C 

CPX 8C 
OEX 
DES 
INX 
INS 
LOX CE 
LOS 8E 
STX 
STS 
TXS 
TSX 

MNEMONIC 

BRA 
BCC 
BCS 
BED 
BGE 
BGT 
BHI 
BLE 
BLS 
BLT 
BMI 
BNE 
BVC 
BVS 
BPL 
BSR 
JMP 
JSR 
NOP 
RT! 
RTS 
SWI 
WAI 

3 

3 
3 

3 9C 4 2 AC 6 2 BC 5 3 XH - M. XL - 1M + II 
09 4 1 X-I' X 
34 4 1 SP 1 ··Sp 
08 4 1 X + 1 • X 

31 4 1 SP+ 1 'SP 
3 DE 4 2 EE 6 2 FE 5 3 M·XH.IM+1) 'XL 
3 9E 4 2 AE 6 2 BE 5 3 M· SPH. 1M + 1). SPL 

OF 5 2 EF 7 2 FF 6 3 XH ·M. XL ·IM + 11 
9F 5 2 AF 7 21 SF 

6 3 SPH'M, SPL 'IM + 1) 
35 4 1 X-I 'SP 
30 4 1 .SP'1 • X 

TABLE 5 - JUMP AND BRANCH INSTRUCTIONS 

RELATIVE INDEX EXTNO IMPLIED 

OP - = OP - :: OP - = OP - :: 

20 4 2 
24 4 2 
25 4 2 
27 4 2 
2C 4 2 
2E 4 2 
22 4 2 
2F 4 2 
23 4 2 
20 4 2 
2B 4 2 
26 4 2 

28 4 2 
29 4 2 
2A 4 2 
80 8 2 

6E 4 2 7E 3 3 
AD 8 2 BO 9 3 

01 2 1 
3B 10 1 

39 5 1 
3F 12 1 

3E 9 1 

None 
CoO 
C= 1 
Z = 1 

BRANCH TEST 

N (1)V=O 
Z+ IN (1) VI= 0 
C+l=O 
Z+ IN (1) VI = 1 
C+Z=1 
N(1) V= 1 
N=1 
ZoO 
V=O 
V=1 
N=O 

} 
See Special Operations 

(Figure 16) 
Advances Prog. CntL Onlv 

} 
See Special Operations 

(Figure 16) 
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FIGURE 16 - SPECIAL OPERATIONS 

SPECIAL OPERATIONS 

JSR. JUMP TO SUBROUTINE: 

INOXO I.n~ ~ 
n+ 2 

• K = 8·8it Unsigned Value 

~ Main Program 

I"~ 
BO = JSR ". 
SH = SUbr. Addr. 

EXTNO 
n + 2 SL = Subr. Addr. 

n + 3 Next Main Instr. 

BSR. BRANCH TO SUBROUTINE: 

~~-"";';"--"'" 

JMP. JUMP: 

INDXD 

n+l r"'"'-""""-:'::';""-I 
n+2 ~'--__ ~ 

OK = 7·Bit Signed Value; 

c:::> 

RTS. RETURN FROM SUBROUTINE: 

PC Subroutine 

S 139
= RTS I c:::> 

RTI, RETURN FROM INTERRUPT: 

f.!; Interrupt Program 

S I 3B.= RTI I c:::> 

~ 
SP-2 

SP-l 

SP 

In+2lHand In+21 L Form n+2 

~ 
SP-2 
SP-l 

SP 

- = Stack Pointer After EKecutlOn. 

~ 
SP- 2 ,..----:;;=---, 

SP-ll--'-'---:;;;"';";'_-i 
SP L..,;..--' __ -' 

n + 2 Formed From In + 21 H and In + 21 L 

~BStar.k 
SP t 1 NH 

SP t 2 NL 

.sf' Stack 

SP 

SP t 1 Condition Code 

SP + 2 Acmltr'B 

SP + 3 AcmltrA 
SP + 4 Index Register (X HI 
SP + 5 Index Register (XLI 

SP + 6 PCH 

- SP+ 7 pel 

EXTENDED 

ec 
INX + K 

~ 
,,+ 2 ± K 

PC 

TABLE 6 - CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 
COND. CODE REG. 

OPERATIONS 

Clear Carry 
Clear Interrupt Mask 
Clear Overflow 
Set Carry 
Set Interrupt Mask 
Set Overflow 
AcmJtr A - CCR 
CCR -Acmltr A 

IMPLIED 5 4 3 2 1 0 

MNEMONIC OP - = BOOLEAN OPERATION H I N Z V C 

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 
07 2 1 

o -C 
o -I 

o -V 

1 - C 
1 -I 
1 -V 

A -CCR 
CCR '-A 

- - - _ - R 
- R _ _ - -

- - - _ R -

-I- - - - S 
- S - - - -
- I - - - S ---@--
-1-1-1-1- 1

-

CONDITION CODE REGISTER NOTES: (Bit set II test is true and cleared otherwlsel 

Nextlnstrucnon I 

(Bit VI Test: Result = 10000000? (Bit NI Test: Sign bit of most significant (MSI byte = J? 

(Bit CI Test: Result 100000000? 
(Bit CI Test: Decimal value of most significant BCD Character greater than ntne? 

(Not cleared if previously set.1 
(Bit VI Test: Operand = 10000000 prior to execution? 
(Bit VI Test: Operand = 01111111 prior to execution? 
(Bit VI Test: Set equal to result of N@C after shift has occurred. 

(Bit VI Test: 2's complement overflow from subtraction of MS bytes? 
(Bit NI Test: Result less than zero? (Bit 15 = 11 

10 (Alii Load Condition Code Register from Stack. (See Special Operations) 
11 (Bit I) Set when interrupt occurs. If previously set, a Non·Maskabl, 

Interrupt is required to exit the wait state 
12 (All) Set according to the contents of Accumulator A. 
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ABA 
ADC 
ADD 
AND 
ASl 
ASR 
BCC 
BCS 
BEA 
BGE 
BGT 
BHI 
BIT 

I 
BlE 
BlS 
BlT 
BMI 
BNE 
BPl 
BRA 
BSR 
BVC 
BVS 
CBA 
ClC 
CLI 
ClR 
ClV 
CMP 
COM 
CPX 
DAA 
DEC 
DES 
DEX 
EaR 

NOTE 

MC6802 

TABLE 7 - INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES 
(Times in Machine Cycle) 

'ii 'ii 
; ; 
! ! 

~ 
t 

.!! .. CI. 
0 .. -: ~ 0 "D "D > X 
ii 

x E u c: .!!! '; ii U .. 
~ 

.. c. u 
:l U .§ "D .§ 'ii :l U e < 0 UJ .= cr e < 

INC 2 
2 3 5 INS 
2 3 5 INX . 2 3 4 5 JMP 

2 6 7 JSR 
2 6 7 lDA 

lDS 
lDX 
lSR 
NEG 
Nap 
ORA 
PSH 
PUl 
ROl 
ROR 
RTI 
RTS 
SBA 

4 SBe 
8 SEC 
4 SEI 

SEV 
2 STA 
2 STS 
2 STX 

SUB . . SWI 
4 5 TAB 

2 6 7 TAP 
5 6 TBA . 2 TPA 

2 7 TST 2 
4 TSX 
4 TSX 

5 WAI 

Interrupt tllne IS 12 cycles from the end of 
the InstructIOn being executerl. except follOWing 
a WAI Instruction. Then It IS 4 cycles 

MOTOROLA MICROPROCESSOR DATA 

3-272 

; 11 ~ '6 ~ "D 
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c: 
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6 
4 . 4 

3 4 . 9 8 
2 3 4 5 
3 4 5 6 
3 4 5 6 

6 7 
6 

· 4 
4 

6 
6 

10 
5 
2 

3 
2 
2 . 2 

4 5 6 
5 6 7 
5 6 
3 4 · 12 

2 
2 
2 
2 

6 · 4 
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 mo.des 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 
and 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 

2 

3 

3 

4 

4 

5 

4 

5 

6 

1 

2 

1 

2 

3 

1 

2 

3 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

5 

1 

2 

3 

4 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

6 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

1 

0 

0 

1 

1 

TABLE 8 - OPERATIONS SUMMARY 

Address Bus 

Op Code Address 

Op Code Address + 1 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Op Code Address 

Op Code Address + 1 

Address of Operand 

Op Code Address 

Op Code Address + 1 

Address of Operand 

Operand Address + 1 

Op Code Address 

Op Code Address + 1 

Destination Address 

Destination Address 

Op Code Address 

Op Code Address + 1 

Address of Operand 

Address of Operand 

Address of Operand + 1 

Op Code Address 

Op Code Address + 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 (w/o Carry) 

Index Register Plus Offset 

Index Register Plus Offset + 1 

R/W 
Line 

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 
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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 (H igh 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) 

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) 

II 



II 

Addre. Mode 
and Instructions 

INDEXED (Continued) 
STA 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST 
INC 

STS 
STX 

JSR 

EXTENDED 

JMP 

ADC EOR 
ADD LOA 
AND ORA 
BIT SBC 
CMP SUB 

CPX 
LOS 
LOX 

STA A 
STA B 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST 
INC 

, 

1 

2 

6 3 

4 

5 

6 

1 

2 

7 
3 

4 

5 

6 

7 

1 

2 

7 3 

4 

5 

6 

7 

1 

2 

3 

8 4 

5 

6 

7 

8 

1 

3 2 

3 
, 1 

4 
2 

3 

4 

1 

2 

5 3 

4 

5 

1 

2 

5 3 

4 

5 

1 

2 

6 3 

4 

5 

6 

MC6802 

TABLE 8 - OPERATIONS SUMMARY (CONTINUED) 

1 

1 

0 

0 

0 

1 

1 

1 

0 

0 

1 

0 

110 
(Note 

3) 

1 

1 

0 

0 

0 

1 

1 

1 

1 

0 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1/0 
(Note 

3) 

Addre. Bus 

Op Code Address 

Op Code 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 

I ndex Register 

Index Register Plus Offset (w/o Carry) 

Index Register Plus Offset 

Index Register Plus Offset 

Index Register Plus Offset + 1 

Op Code Address 

Op Code Address + 1 

Index Register 

Stack Pointer 

Stack Pointer - 1 

Stack Pointer - 2 

Index Register 

Index Register Plus Offset (w/o Carry) 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Address of Operand 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Address of Operand 

Address of Operand + 1 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Operand Destination Address 

Operand Destination Address 

Op Code Address 

Op Code Address + 1 

Op Code Address '+ 2 

Address of Operand 

Address of Operand 

Address of Operand 

RM 
Line 

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 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 
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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) 

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) 

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) 

Adalress 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 ~yte) 

Current Operand Data 

Irrelevant Data (Note 1) 

New Operand Data (Note 3) 



Addr_Mode 
and I nltructions 

EXTENDED (Continued) 

STS 
STX 

JSR 

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 

DES 
DEX 
INS 
INX 

PSH 

PUL 

TSX 

TXS 

RTS 

1 

2 

6 3 

4 

5 

6 

1 

2 

3 

4 

9 5 

6 

7 

8 

9 

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 
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TABLE 8 - OPERATIONS SUMMARY (CONTINUED) 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

1 

1 

Addr_Bul 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Address of Operand 

Address of Operand 

Address of Operand + 1 

Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Subroutine Starting Address 

Stack Pointer 

Stack Pointer - 1 

Stack Pointer - 2 

Op Code Address + 2 

Op Code Address + 2 

Op Code Address 

Op Code Address + 1 

Op Code Address 

Op Code Address + 1 

Previous Register Contents 

New Register Contents 

Op Code Address 

Op Code Address + 1 

Stack Pointer 

Stack Pointer - 1 

Op Code Address 

Op Code Address + 1 

Stack Pointer 

Stack Pointer + 1 

Op Code Address 

Op Code Address + 1 

Stack Pointer 

New Index Register 

Op Code Address 

Op Code Address + 1 

I ndex Register 

New Stack Pointer 

Op Code Address 

Op Code Address + 1 

Stack Pointer 

Stack Pointer + 1 

Stack Pointer + 2 

Rm 
Line 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Data Bus 

OpCode 

Address of Operand (High Order Byte) 

Address of Operand (Low Order Byte) 

Irralevant Data (Note 1) 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 

OpCode 

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 ) 

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 

OpCode 

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) 



II 

Address Mode 
and Instructions 

INHERENT (Continued) 

WAI 

RTI 

SWI 

RELATIVE 

BCC BHI BNE 
BCS BLE BPL 
BEQ BLS BRA 
BGE BLT BVC 
BGT BMI BVS 

BSR 

NOTES: 

9 

10 

12 

4 

8 

MC6802 

TABLE 8 - OPERATIONS SUMMARY (CONCLUDED) 

1 1 

2 1 

3 1 

4 1 

5 1 

6 1 

7 1 

8 1 

9 1 

1 1 

2 1 

3 0 

4 1 

5 1 

6 1 

7 1 

8 1 

9 1 

10 1 

1 1 

2 1 

,3 1 

4 1 

5 1 

6 1 

7 1 

8 1 

9 1 

10 0 

11 1 

12 1 

1 1 

2 1 

3 0 

4 0 

1 1 

2 1 

3 0 

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 4) 

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 

Deta 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 Condo Code Register 

Op Code 

Irrelevant Data (Note 2) 

Irrelevant Data (Note 1) 

Contents of Condo 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 I nstruction 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 B 

Contents of Condo Code Register 

Irrelevant Data (Note 1) 

Address of Subroutine (High Order 
Byte) 

Address of Subroutine (Low Order 
Byte) 

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 BSR instruction and LS Byte of Address Bus= LS Byte of Sub-Routine Address. 
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ORDERING INFORMATION 

Package Type 

Plastic 
P Suffix 

Cerdip 
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 

O°C to 70°C MC6802P 
- 40°C to + 85°C MC6802CP 

O°C to 70°C MC68A02P 
- 40°C to + 85°C MC68A02CP 

O°C to 70°C MC68B02P 

O°C to 70°C MC6802S 
- 40°C to + 85°C MC6802CS 

O°C to 70°C MC68A02S 
- 40°C to + 85°C MC68A02CS 

O°C to 70°C MC68B02g 

PIN ASSIGNMENT 

VSS RESET 

HALT EXTAL 

MR XTAL ' 

IRQ E 

VMA RE 

NMI VCC Standby 

BA Rm 

VCC 00 

AO 01 

A1 02 

A2 03 

A3 04 

A4 05 

A5 06 

A6 07 

A7 A15 

A8 A14 

A9 A13 

A10 A12 

A11 VSS 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

I 

Technical Summary 
8-Bit Microcomputer Unit 

MC6804J1 HMOS (high-density NMOS) microcomputer unit (MCU) isa 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 Cit 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 (MC6804JlID)drto the M6804 MeV Manual (DLE404/D). 

Major hardware and software features of the MC6804P2 MCU are: 
• On-Chip Clock Generator • True Bit Manipulation 
• Memory Mapped liD • 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/ 
Change 

• 30 Bytes of Data RAM 

• Timer Pin is Software Programmable as 
Clock Input or Timer Output 

• 504 Bytes of User Program Space ROM 
• User Selectable Constant Current Pullup Devices available on LSTIL and Open-Drain Interface 

Ports 

• Mask Selectable Edge- or Level-Sensitive Interrupt Pin 

BLOCK DIAGRAM 

TIMER 

ACCUMULATOR 
A CPU 

INDIRECT CONTROL 

PA4 
REGISTER 

X 

PORT INDIRECT 
A PA5 PORT DATA REGISTER 

I{O A DlR. CPU 

LINES PAS REG. REG. 
STACK 

PA7 
PROGRAM 
COUNTER 

HIGH PCH ALU 
504x 8 PROGRAM 

USER PROGRAM ROM COUNTER 

304xB LOW PCL 

SELF-CHECK ROM 

MC6804J1 

PBO 
PBI 
PB2 PORT 

PB3 B 
PB4 110 
PB5 LINES 
PBS 
PB7 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC6804J1 

SIGNAL DESCRIPTION 

VCC AND VSS 
Power is supplied to the microcomputer using these 

two pins. VCC is +5 volts (±O.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 cap'acitances should ex
ceed recommendations. When using the on-boatd 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. See Figure 2 for 
resistor/capacitor oscillator options. 

EXTAL 

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 MDS pin, the RESET pin selects 
the operating mode of the MCU. 

MDS 
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 EPROM program
ming. However, if MDS is logic low atthe end ofthe 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 

EXTAL NC 

EXTERNAL 
CLOCK 
INPUT 

XTAL ICRYSTAL MASK XTAL 
MCU 

lal 

CRYSTAL PARAMETERS 
AT CUT PARALlEl RESONANCE CRYSTAL 
Co ~ 7 pf MAXIMUM 
fREO.·" 11 MHz 
RS ~ 50 OHMS MAXIMUM 

PIEZOELECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTED fOR THE CRYSTAl. fOllOW 
MANUfACTURER 5 CERAMIC. RESONATOR 
SPECifiCATIONS 

OPTIONJ 

EXTERNAL CLOCK 

XTAL 

o 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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8.4 L...._'":----":----L_-L.._~_~_:'_:_--'-:--"--
4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 

VCC. SUPPLY VOLTAGE (VI 

(el TYPICAL FREQUENCY VARIATIONS @ CL = 50 pF. 3 k{} 

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. 

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 liD programming is accomplished by writing 
the corresponding bit in the port DDH 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 liD 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 th~ data registers and avoid 

The 12 bidirectional lines may be configured by port 
to be the standard configuration (LSTTL), or either mask 
option; LSTTLICMOS, 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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(I) 

~~ 
Z I-

ffi~ 
I- Z 
Z Z 
- 0 

u 

DATA 
DlRECTIDN REGISTER 

BIT 

LATCHED 
OUTPUT 

DATA 
BIT 

DATA 
DIRECTION 
REGISTER 

BIT 

1 
1 
0 

OUTPUT 
DATA 
BIT 

0 
1 
X 

INPUT 
OUTPUT TO 
STATE MCU 

0 0 
1 1 

HI-Z PIN 

VCC 

r---
I 
I 
I 
I L __ _ 

..., 
I 
I 
I 
I 
I ...1 ___ .. 

*For CMOS option transistor acts as resistor (approximately 40 km to VCC-
For LSTTLlopen-drain options transistor acts as low current clamping diode to Vee-

Figure 3. Typical .110 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) 
3 

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, I/O 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 

000 

278 

278 

308 

308 

358 

358 

408 

408 

408 

409 

0 

:;:~ 

3 

4 

:::~ 

7 

8 

.::~ 

3 

4 

::~ 

7 

8 

9 

0 

1 

2 

3 

409 

409 

409 

409 

409 

4 

5 

RESERVED 
(2784 BYTES! 

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 

MC6804J1 

ADDRESS 

000 $ 

.... .... :; 

$ 

$ 

:::::: 

$ 

$ 

:::~ 

$ 

$ 

:::~ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

ADF 

AEO 

COE 

Cl0 

OFF 

EOO 

FF7 

FF8 

FF9 

FFA 

FFB 

FFC 

FFD 
FFE 

FFF 

00 0 

1 

2 

3 

00 

00 

00 

004 

5 

~ 

00 

006 

008 

009 

010 

023 

024 11 
096 

127 

128 

129 

130 

159 

160 

...... 

;~ 

25 

25 

:~ 
2 

3 

254 

255 

Figure 4. Memory Map 

PORT A DATA REGISTER 

PORT B DATA REGISTER 

RESERVED 
(2 BYTES! 

PORT A DDR 

PORTS DDR 

RESERVED 
(3 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! 

I 

RESERVED 
(93 BYTES! 

PRESCALER REGISTER 

TIMER COUNT REGISTER 

ACCUMULATOR 

DATA SPACE 
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MC6804J1 

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,V) 

These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-i"direct addressing mode and can beac
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 (PCl) and high nibble 
(PCH). 

11 8 7 

PCH PCl 

FLAGS (c,z) 

The first flag, the carry (C) bit, is seton 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;.::Al:..;F..::;:LA.:;:G;,:;,S __ .-I'1 C z 

____ IN_T_ER_R_UP_T_FLA __ GS __ ~.~I C 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 (UFO) 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 
techni,que. 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 MeV 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 

:c 1.O/tF 

MCU 

Figure 5.Powerup RESET Delay Circuit 
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INTERRUPT 

The MCU c~e interrupted by applying it 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-SEN~ITIVE 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 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 

O-DOR. 
I -INTERRUPT MASK 

O-INTERRUPTREOUEST 
lATCHIEOGE 

SENSITIVE OPTlIl/OlI 
IFF-TCR 

IOO-TSCR 
IFF-PRESCAlER 

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 (RTf) 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 
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 
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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. 

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 IFFE-FFF! 

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 

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

PROGRAM 

I 
IRQ 

RECOGNIZED 

I 

PROGRAM 

START IROUTlNE! 
INSTRUCTION II-N! 

I 
LAST INSTRUCTION 

JSR INIT 

I INIT 
INITIALIZATION 

SUBROUTINE 

I 
LAST INSTRUCTION 

RTI 

I 

....................... 
IRQ 

SERVICE 
ROUTINE 

I 
LAST INSTRUCTION 

RTI 
........................ 

I 

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 ofthe 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 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 prescalerdivides 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 pulseisa divide-by-48 ofthe 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 de.c
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 internal8-bit counter. The register is the timer counter 
and can be read or written. 

MSB 

RESET: 
1 

TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 

I TMZ I 
RESET: 

o 

5 4 

I TOUT I DOUT I PSI 

TMZ -Timer Zero 

PS2 PS1 

LSB 

PSO 

1 = Timer count register has decremente<;l to zero 
since the last time the TMZ bit was read. 

Bit 6 

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 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 
ofthe 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 

MSB 

RESET: 
1 

LSB 

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 LOX 

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 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 ·Iocation 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 = Q ... 7) 

Branch If Bit n is Clear BRCLR n(n = Q ... 7) 

Set Bi~ n BSET n(n=Q ... 7) 

Clear Bit n BCLR n(n=Q ... 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 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 located in 
RAM, many implied instructions exist. Some of the instructions 
recognized and translated by the assembler are shown below: 

Mnemonic Becomes Mnemonic Becomes 

AS LA 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) 

OPCODEMAP 

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 opportun.ity 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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Abbreviations lor Address Modes 

INH Inherent 
S·D Short Direct 
B-T-B Bit Test and Branch 
IMM 'Immediate 
DIR Direct 
EXT Extended 
REL Relative 
BSC Bit Set/ Clear 
R:IN.D ilegister Indirect 

BEQ 

BEQ 

BEQ 

BEQ 

B.EQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 
RElLi 

BEQ 

Branch Instructions 

B.EQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BEQ 

BCC 

BCC 

BCC 

BCC 
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BCC 

BCC 
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BCC 

BCC 

BCC 

BCC 

BCC 

BCC 
.REl!l 
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BCC 

BCC 

BCC 

B.CC 

BCC 
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BCC 

BCC 
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~--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 
f.XTI2 

Bit Manipulation 
Instructions 

MVI BRCLRO 

BRCLRl 

RTI BRCLR2 

RTS BRCLR3 

COMA BRCLR4 
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BRCLR6 

BRCLR7 

DEC I BRSETO 

DEC I BRSETl 

DEC I BRSET2 
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5013 
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CAUTION 

The corresponding OORs for ports A and B are write 
only registers (registers at $04 and $05). A read 
operation on these registers· is undefined. Since 
BSET and BClR areread-modify-write functions, 
they cannot be used to set or clear a OOR bit; all 
"unaffected"bits would be set. Write all OOR 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 cOl1dition 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 VCC -0.3 to +7.0 

Input Voltage Vin -0.3 to +7.0 

Operating Temperature Range (Comm.) TA o to 70 

Operating Temperature Range (Ind.) TA -40 to +85 

Storage Temperature Range Tstg -55 to +150 

Junction Temperature TJ 150 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance 

POWER CONSIDERATIONS 

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

where: 
TA 
eJA 

Po 
PINT 
PPORT 

TJ=TA+(PO-eJA) (1i 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+PPORT 
= ICCxVCC' Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Unit 

V 

V 

°c 

°c 

°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. ~or proper oper
ation it is recommended that Vinand Vout be con
strained to the range VSS "" (Vin or Vout) "" VCC. 
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 PPORT<PINT 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: 

PO=K+(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K = PD - (T A + 273°C) + eJA-P02 (3) 
where K is a constant pertaining to the particular part. 

K can be determined from equation (3) by measuring PD 
(at equilibrium) for a known T A- Using this value of K, 
the values of PD and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of T A-
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ELECTRICAL CHARACTERISTICS 
(VCC= +5.0. Vdc±o..5 Vdc, VSS=GND, TA=o.oC to 7o.oC, unless otherwise noted) 

Characteristic . Symbol 

Internal Power Dissipation - No Port Loading PINT 

Input High Voltage VIH 

Input Low Voltage VIL 

Input Capacitance Cin 

Input Current (IRQ, RESET) lin 

SWITCHING CHARACTERISTICS 
(VCC= +5.0. Vdc±o..5 Vdc, VSS=GND, TA=o.oC to 7o.oC, unless otherwise noted) 

Ch~racteristic Symbol 

Oscillator Frequency fosc 

Bit Time tbit 

Byte Cycle Time tbvte 

IRQ and TIMER Pulse Width twL, tWH 

RESET Pulse Width tRWL 

RESET Delay Time (External Capacitance = 1.0. ILF) tRHL 

TEST 
PDINT 

40. pF 
(TOTAl) 

Figure 9. LSTTL Equivalent 
Test Load (Port B) 

OSC 

021L.. ___ ~ 

TESTPOINT~ I 30 rJ aDTALI 

Figure 10. CMOS Equivalent 
Test Load (Ports A, B, C) 

(al OSCILLATOR - 0102 TIMING 

(bl tI> 1 - SYNC TIMING 

Min 

-
2.0. 

-0..3 

-
-

Min 

4.0. 

0..364 

4.36 

2xtbvte 

2xtbvte 

10.0. 

TEST 
POINT 

3D pF 
(TOTAl) 

Typ 

120. 

-
-
10. 

2 

Typ 

-

-

-

-

-

-

Max 

165 

VCC 

0..8 

-

20 

Max 

11.0. 

1.0. 

12.0. 

-
-
-

Unit 

mW 

V 

V 

pF 

ILA 

Unit 

MHz 

ILS 

ILs 

-
-
ms 

VCC = 5.2 V 

MMD7DDD 
OR EOUIV. 

Figure 11. LSTTL Equivalent 
Test Load (Ports A, C, 

and TIMER) 

SYNC r---1 r--1 ~ 1 ____________________________ 1 L 

Figure 12. Clock Generator Timing Diagram 
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PORT DC ELECTRICAL CHARACTERISTICS 
(VCC= +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, ILoad = - 50 JAA VOH 2.3 

Input High Voltage VIH 2.0 

Input Low Voltage VIL -0.3 

Hi-Z State Input Current ITSI -
Port A (Open Drain) 

Output Low Voltage, ILoad=0.4 mA VOL -
Input High Voltage VIH 2.0 

Input Low Voltage VIL -0.3 

Hi-Z State Input Current ITSI -
Open Drain Leakage (Vout=VccI ILOD -

Port A (CMOS Drive) 

Output Low Voltage ILoad= 0.4 mA (Sink) VOL -
Output High Voltage, ILoad = -10 JAA VOH VCC-1.0 

Output High Voltage, ILoad = - 50 !LA VOH 2.3 

Input High Voltage, ILoad= 7"300 !LA Max VIH 2.0 

Input Low Voltage, ILoad = - 300 JAA Max VIL -0.3 

Hi-Z State Input Current (Vin = 0.4 V to Vcc) .. ITSI -
Port B (Standard) 

Output Low Voltage, ILoad= 1.0 mA VOL -
Output Low Voltage,ILoad = 10 mA (Sink) VOL -
Output High Voltage; ILoad = -100 JAA VOH 2.3 

Input High Voltage VIH 2.0 

Input Lpw Voltage VIL -0.3 

Hi-Z State Input Current ITSI -
Port B (Open Drain) 

Output Low Voltage, ILoad = to mA VOL -
Output Low Voltage, ILoad= 10 mA (Sink), VOL -
Input High Voltage VIH 2.0 

Input Low Volt~ge VIL -0.3 

Hi-Z State Input Current ITSI -
Open Drain Leakage (Vout=VCC) ILOD -

Port B (CMOS Drive) 

Output Low Voltage, ILoad = 1.0 mA VOL -
Output High Voltage, ILoad = 10 mA (Sink) VOL -
Output High Voltage, ILoad= -10 !LA VOH VCC- 1.O 

Output High Voltage, ILoad= -100 !LA VOH 2.3 

Input High Voltage, ILoad = -300 !LA Max VIH 2.0 

Input Low Voltage, ILoad = - 300 !LA Max VIL -0.3 

Hi-Z State Input Current (Vin = 0.4 V to Vcc) ITSI -

Ports A and B (Low Current Clamping Diode*) 

Input High Current VIH = Vce + 1.0 V IIH -
Input Low Current VIL =0.8 V IlL -

*Denotes not tested unless specified on ordering form. 
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- 0.5 V 

- - V 

- Vce V 

- 0.8 V 

4 40 !LA 

- 0.5 V 

- Vce V 

- 0.8 V 

4 40 !LA 

4 40 !LA 

- 0.5 V 

- - V 

- - V 

- Vce V II 
- 0.8 V 

- -300 !LA 

- 0.5 V 

- 1.5 V 

- - V 

- Vce V 

- 0.8 V 

8 80 !LA 

- 0.5 V 

- 1.5 V 

- Vce V 

- 0.8 V 

8 80 !LA 

8 80 !LA 

- 0.5 V 

- 1.5 V 

- - V 

- - V 

- VCC V 

- 0.8 V 

- -300 !LA 

- 100 !LA 

- -4.0 !LA 
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MC6804J1 

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. 

MDOS 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 systern 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 5 114 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 
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 
custo,mer 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 spaCI;l 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 Suffix) 

MOOS 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 

O°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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PIN ASSIGNMENTS 

I 

MC6804J1 

MECHANICAL DATA 

VSS RESET 

IRO PAJ 

Vee PA6 

PA5 

PA4 

PBJ 

TIMER PB6 

PBO PB5 

PB4 

PB2 
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MOTOROLA 
ISEMICONDUCTOR .......................... . 

TECHNICAL DATA 

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 MeV Manual (DLE404/D). 

Major hardware and software features of the MC6804J2 MCU are: 
• On-Chip Clock Generator • True Bit Manipulation 
• Memory Mapped I/O • 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, LSTTLICMOS, and Open-Drain Interface Ports 
• Mask Selectable Edge- or Level-Sensitive Interrupt Pin 

BLOCK DIAGRAM 

TIMER 

ACCUMULATOR 
A CPU 

INDIRECT CONTROL 

PA4 
REGISTER 

X 

PORT INDIRECT 
A PA5 PORT DATA REGISTER 

I/O A DlR. CPU 

LINES PAS REG. REG. 
STACK 

PA7 
PROGRAM 
COUNTER 

HIGH PCH ALU 
1000 x 8 PROGRAM 

USER PROGRAM ROM COUNTER 

304xB LOW PCL 

SELF-CHECK ROM 

MC6804J2 

PBO 
PBl 
PB2 PORT 

PB3 B 
PB4 I/O 
PB5 LINES 
PBS 
PB7 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC6804J2 

SIGNAL DESCRIPTION 

VCCANDVSS 

Power is supplied to the microcomputer using these 
two pins. VCC 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 timeis 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. See Figure 2 for 
resistor/capacitor oscillator options. 

NC 

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 ttme 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 MCU. 

MDS 
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 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 

4.7 k EXTAl 

EXTERNAL 
CLOCK 
INPUT 

MCU 
ICRYSTAl MASK 

OPTION) 
XTAl 

MCU 
IRESISTOR·CAPACITOR MASK 

OPTIONJ 

la) 
CRYSTAL PARAMETERS C1 

,n". -C:~ n", 

CRYSTAL PARAMETERS 
AT - CUT PARAllEl RESONANCE CRYSTAL 
Co = 7 pF MAXIMUM 
FREO. = 11 MHz 
RS = 50 OHMS MAXIMUM 

PIEZOElECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTED FOR THE CRYSTAL. FOLLOW 
MANUFACTURER'S CERAMIC RESONATOR 
SPECIFICATIONS. 

EXTERNAL CLOCK 

NOTE: Keep crystal leads and circuit connections as short as possible. 

MCU 
ICRYSTAl MASK 

OPTION I 

Figure 1. Clock Generator Options and Crystal Parameters 
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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 (UDR). 

The port I/O programming is accomplished by wri~ing 
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 I/O 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; 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) 
4 3 

x x x x 

Port B ($01) 
4 3 
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MC6804J2 

DATA 
DIRECTION REGISTER 

BIT 

LATCHED 
OUTPUT 

DATA 
BIT 

DATA 
DIRECTION 
REGISTER 

BIT 

1 
1 
0 

OUTPUT 
DATA 
BIT 

0 
1 
X 

OUTPUT 
STATE 

0 , 
HI·Z 

INPUT 
TO 

MCU 

0 
1 

PIN 

Vee 

r---
I 
I 
I 
I L __ _ 

*For eMOS option transistor acts as resistor (approximately 40 kQl to Vee· 
For LSTTLlopen-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 putthe ports in the input mode: 

Port A ($04) 

Port B ($05) 
4 3 

I 
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, 110 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 ahd $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 
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RESTART VECTOR 

USER 
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USER 
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PROGRAM SPACE 

STACK SPACE 

LEVEL 1 

LEVEL 2 

LEVEL 3 

LEVEL 4 

(LIFO) 

MC6804J2 

ADDRESS 

$000 
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$COF 

$Cl0 
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$FF7 

$FF8 
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$FFE 

$FFF 

Figure 4. Memory Map 
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PORT A DDR 

PORT BOOR 
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TIMER STATUS CONT. REG. 
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USER DATA SPACE ROM 
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INDIRECT REGISTER X 

INDIRECT REGISTER Y 

USER DATA SPACE RAM 
(30 BYTES) 

RESERVED 
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TIMER COUNT REGISTER 

ACCUMULATOR 
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MC6804J2 

REGISTERS 

ACCUMULATOR (AI .1 

The accumulator' is· a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data' manipulations. 

7 0 

A I 

INDIRECT REGISTERS (X, V) 

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 

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 (PCl) and high nibble 
(PCH). 

" 
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_O_RM_A_l_F_~_G_S ______ ~·LI ___ C __ L__z __ ~ 

__ ~IN~T~ER~R~U~PT~F~~~G~S ____ ~.~I 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
arateRAM, 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. Thi.s happens to all 
registers, with the bo~tom 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 signClture 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 MeV Manual (DlE404/D). 

RESET 

RESET 

All resets of the MC6804J2 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 mustbe 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 

4.7k 

I,·O/LF 

Meu 

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 ~a~ed 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 

O-OOR. 
l-INTERRUPTMASI< 

O-INTERRUPTREOUEST 
lATCHIEOGE 

SENSITIVE OPTIONI 
Iff-TCR 

IOO-TSCR 
IFf-PRESCAlER 

that the vector contents !!pecify 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 (RTIl 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
terruptsequence 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-sens.itive 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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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. 

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.TheRTI opens,the interrupt mask. Typ
ical RESET and IRQ processes and their relationship to 
the in~errupt mask are shown in Figure 7. 

JMp·START 
VECTOR (FFE-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 (I-N) 

I 
LAST INSTRUCTION 

JSR INIT 

I INIT 
INITIALIZATION 
SUBROUTINE 

1 
LAST INSTRUCTION 

RTI 

J 

........................ 
IRQ 

SERVICE 
ROUTINE 

1 
LAST INSTRUCTION 

RTI 
........................ 

J 

Figure 7; Interrupt Mask 
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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 loade~ 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 (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 TCR or by a write 
to bit 7 of TSCR. 

TIMER COUNT REGISTER ($FE) 

The timer count register reflects the current count in 
the internal8-bit counter. The register is the timer counter 
and can be read or written. 

MSB LSB 

RESET: 
1 

TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 

I TMZ I 
RESET: 

o 

5 4 

I TOUT I DOUT I PSI 

TMZ - Timer Zero 

PS2 PSl PSO 

1 = Timer count register has decremented to zero 
since the last time the TMZ bit was read. 

Bit 6 

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 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: 

~S2 PS1 PSO Divide By 

° 0 0 1 

° 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 (SFD) 

The timer prescaler register reflects the current count 
ofthe 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 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 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 

Cbmplement 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 

Decre~ent Memory Location DEC 

Decrement A DECA 

Function Mnemonic 

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=O ... 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 
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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 LOXI 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 ofthe 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 tbe 
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 B are 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 aDDR 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 

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 
SoD Short Direct 
B- T·B Bit Test and Branch 
IMM Immediate 
DIR Direct 
EXT Extended 
REL Relative 
BSC Bit Set/Clear 
R-INC Register Indirect 

Branch InstructIons 

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 BEG BCC BCC 

BEG BEG BCC BCC 

BEG BEG BCC BCC 

BEG BEG BCC BCC 

BEG RELI, BEG BCC BCC 

BEG BEG BCC BCC 

BEG BEG BCC BCC 

BEG BEG BCC BCC 

BEG BEG BCC BCC 

BEG BEG BCC BCC 

Indicates Instruction Reserved for Future Use 

Indicates Illegal Instruction 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

Bes 

BCS 

BCS 

Table 1. Opcode Map 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JRSn 

BCS JSRn 

Register/Memory, Control, and 
Read/ Modify/Write Instructions 

9 T A 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn INC 

JMPn INC 

JMPn INC 

JMPn INC 

JMPn LDA 

JMPn LDA 

JMPn LDA 

JMPn LOA 

MVI 

RTI 

RTS 

Bit Manipulation 
Instructions 

BRCLRO BCLRO 

BRCLRl BCLRl 

BRCLR2 BCLR2 

BRCLR3 BCLR3 

COMA I BRCLR4 I BCLR4 

ROLA I BRCLR5 I BCLR5 

BRCLR6 I BCLR6 

BRCLR7 I BCLR7 

DEC I BRSETO I BSETO 

DEC I BRSET1 I BSET1 

DEC I BRSET2 I BSET2 

DEC I BRSET3 I BSET3 

STA I BRSET4 I BSET4 

STA I' BRSET5 I BSET5 
5 D 13 B T B 2 

STA BRSET6 BSET6 

STA BRSED BSED 

LEGEND 

Register/Memory and 
Readl MOdify I Write 

LDA LDA 

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 

iNC 

DEC 

Hi ~ 

~ 

A 

D 

,,,,~~. d~ 
Mne~~~~~ 1 • LDA .. ~ ~ 

Opcode in Binary 
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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 theopcode. 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 VCC -0.3 to +7.0 

Input Voltage Vin -0.3 to +7.0 

Operating Temperature Range (Comm.) TA o to 70 

Operating Temperature Range (Ind.) TA -40 to +85 

Storage Temperature Range TSllL -55 to + 150 

Junction Temperature TJ 150 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance 

POWER CONSIDERATIONS 

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

where: 
TA 
6JA 

PD 
PINT 
PpORT 

TJ=TA+(PD o6JA) (1) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+PPORT 
= ICCxVCC' Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Unit 

V 

V 

°C 

°c 

°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 Vin and Vout be con
strained to the range VSS ~ (Vin or Vout) ~ Vce· 
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<PINT 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 PD and TJ (if 
PPORT is neglected) is: 

PD = K -7 (TJ + 273°C) (2) 
Solving equations (1) and (2) for K gives: 

K = PD 0 (T A + 273°C) + 6JAoPD2 (3) 
where K is a constant pertaining to the particular part. 

K can be determined from equation (3) by measuring PD 
(at equilibrium) for a known T A Using this value of K, 
the values of PD and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of T A 
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ELECTRICAL CHARACTERISTICS 
(VCC= +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 PINT 

Input High Voltage VIH 

Input Low Voltage VIL 

Input Capacitance Cin 

Input Current (IRQ, RESET) lin 

SWITCHING CHARACTERISTICS 
(VCC= +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 tbvte 

IRQ and TIMER Pulse Width tWL, tWH 

RESET Pulse Width tRWL 

RESET Delay Time (External Capacitance = 1.0I1F) tRHL 

TEST 
POINT 

40 pF 
;TOTAL) 

VCC = 5.2 V 

MM07000 
OR EOUIV. 

Figure 9. LSTTL Equivalent 
Test Load (Port B) 

OSC 

(/)1-.J 

<1>21'-___ .... 

11>1 

TEST POINT ~ r 30 pF iTOTALI 

Figure 10. CMOS Equivalent 
Test Load (Ports A, B, C) 

tal OSCillATOR - (/)1(/)2 TIMING 

I 

(b) <I> 1 - SYNC TIMING 

Min 

-
2.0 

-0.3 

-

-

Min 

4.0 

0.364 

4.36 

2 xtbyte 

2 xtbvte 

100 

TEST 
POINT 

.30 pF 
(TOTAl) 

Typ 

120 

-

-
10 

2 

Typ 

-

-
-
-
-. 

-

Max Unit 

165 mW 

VCC V 

0.8 V 

- . pF 

20 I1A 

Max Unit 

11.0 MHz 

1.0 I1s 

12.0 I1s 

- -
- -

- ms 

Figure 11. LSTTL Equivalent 
Test Load (Ports A, C, 

and TIMER) 

SYNC . r---1 II ~ I~ ___________________________ I L 

Figure 12. Clock Generator Timing Diagram 
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PORT DC ELECTRICAL CHARACTERISTICS 
(VCC= +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 rnA VOL -
Output High Voltage, ILoad = - 50 fJ-A VOH 2.3 

Input High Voltage VIH 2.0 

Input Low Voltage VIL -0.3 

Hi-Z State Input Current ITSI -

Port A (Open Drain) 

Output Low Voltage, ILoad = 0.4 rnA VOL -

Input High Voltage VIH 2.0 

Input Low Voltage VIL -0.3 

Hi-Z State Input Current ITSI -

Open Drain Leakage (Vout=VCc! ILOD -
Port A (CMOS Drive) 

Output Low Voltage ILoad = 0.4 rnA (Sink) VOL -
Output High Voltage, ILoad = -10 fJ-A VOH VCC-1.0 

Output High Voltage, ILoad = - 50 fJ-A VOH 2.3 

Input High Voltage, ILoad = - 300 fJ-A Max VIH 2.0 

Input Low Voltage, ILoad = - 300 fJ-A Max VIL -0.3 

Hi-Z State Input Current (Vin = 0.4 V to VCC) ITSI -

Port B (Standard) 

Output Low Voltage, ILoad = 1.0 rnA VOL -
Output Low VoltageAoad = 10 rnA (Sink) VOL -

Output High Voltage, ILoad = -100 fJ-A VOH 2.3 

Input High Voltage VIH 2.0 

Input Low Vo'itage VIL -0.3 

Hi-Z State Input Current ITSI -
Port B (Open Drain) 

Output Low Voltage, ILoad = 1.0 rnA VOL -

Output Low Voltage, ILoad = 10 rnA (Sink) VOL -
Input High Voltage VIH 2.0 

Input Low Voltage VIL -0.3 

Hi-Z State Input Current ITSI -

Open Drain Leakage (Vout=VCC) ILOD -

Port B (CMOS Drive) 

Output Low Voltage, ILoad = 1.0 rnA VOL -

Output High Voltage, ILoad = 10 rnA (Sink) VOL -

Output High Voltage, ILoad = - 10 fJ-A VOH VCC- 1.O 

Output High Voltage, ILoad = -100 IJ.A VOH 2.3 

Input High Voltage, ILoad = - 300 IJ.A Max VIH 2.0 

Input Low Voltage, ILoad = - 300 fJ-A Max VIL -0.3 

Hi-Z State Input Current (Vin = 0.4 V to VCC) ITSI -

Ports A and B (Low Current Clamping Diode*) 

Input High Current VIH = VCC + 1.0 V IIH -
Input Low Current VIL = 0.8 V IlL -

*Denotes not tested unless specified on ordering form. 
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Typ Max Unit 

- 0.5 V 

- - V 

- VCC V 

- 0.8 V 

4 40 tJ-A 

- 0.5 V 

- VCC V 

'- 0.8 V 

4 40 fJ-A 

4 40 fLA 

- 0.5 V 

- - V 

- - V 

- VCC V 

- 0.8 V 

- -300 fJ-A 

- 0.5 V 

- 1.5 V 

- - V 

- VCC V 

- 0.8 V 

8 80 fLA 

- 0.5 V 

- 1.5 V 

- VCC V 

- 0.8 V 

8 80 fLA 

8 80 fJ-A 

- 0.5 V 

- 1.5 V 

- - V 

- - V 

- VCC V 

- 0.8 V 

- -300 fJ-A 

- 100 fJ-A 

- -4.0 fJ-A 
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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: 

MDOS<®, 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 

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 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 

MOOS 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 $C1 0 
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 
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 Suffix; .:... 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 RESET 

PA7 

PA6 

PAS 

PA4 

PB7 

PB6 

PBO PBS 

PB1 PB4 

PB2 
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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 MC6804J 1, MC6804J2, MC6804P2 and 
MC68704P2 8-bit microcontrollers (MC6804 J1/D) or to the M6804 MeV Manual (DLE404/D). 

Major hardware and software features of the MC6804P2 MCU are: 
• On-Chip Clock Generator • True Bit Manipulation 
• Memory Mapped 110 • 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/ • Timer Pin is Software Programmable as 
Change 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 

TIMER 

PAO 
PAl 

PORT PA2 
A PA3 PORT OATA 

I/O PA4 A DlR. 

LINES PA5 REG. REG. 

PA6 
PA7 

l016x 8 
USER PROGRAM ROM 

288x8 
SELF-CHECK ROM 

BLOCK DIAGRAM 

ACCUMULATOR 
A CPU 

INDIRECT CONTROL 
REGISTER 

INDIRECT 
REGISTER 

CPU 

STACK 

PROGRAM 
COUNTER 

HIGH PCH AlU 
PROGRAM 
COUNTER 

lOW PCl 
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PBO 
PBl 
PB2 PORT 

PB3 B 
PB4 I/O 
PB5 LINES 
PB6 
PB7 

PCO PORT 
PCl C 
PC2 I/O 
PC3 LINES 
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SIGNAL DESCRIPTION 

VCC 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 VIRES +, until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 

NC EXTAL 

EXTERNAL 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 MDS pin, the RESET pin selects 
the operating mode of the Meu. 

MDS 
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 3 
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 

+5V 

4.7 k EXTAL 

CLOCK 
INPUT 

XTAL ICRYSTA.L MASK XTAL 
MCU 

IRESISTORCAPACITOR MASK 
OPTION) 

OPTIONI 

EXTERNAL CLOCK 

lal 
CRYSTAL PARAMETERS .C, 

U"" Gt:=r",e, 
XTAL 

CRYSTAL PARAMETERS o MCU 
AT - OUT PARALlEl RESONANCE CRYSTAL 
Co = 7 pF MAXIMUM 

EXTAL ICRYSTAL MASK 

FREO. = " 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 I 

CRYSTAL 

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 I/O 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 I/O pins are LSTTL 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 beset to input. This ca,n be 

used as it 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 (LSTTL), or either mask 
option; LSTTUCMOS, 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 fort B ($01) 
5 3 2 

Port C ($02) 

x x, x x 
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*For eMOS option transistor acts as resistor (approximately 40 kO) to Vee-
For LSTTLlopen-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. 

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, I/O 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 alast-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 

0000 

2783 

2784 

...... 

:,'" 

3071 

3072 

;:;:-

4087 

4088 

4089 

4090 

4091 

4092 

4093 

4094 

4095 

RESERVED 
(2784 BYTESI 

SELF-CHECK ROM 
(288 BYTES I 

PROGRAM ROM 
(1016 BYTESI 

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 

""i'" 

$ 

$ 

~~ 

ADF 

AEO 

$BFF 

$COO 

;::~ 

$FF7 

$FF8 

$FF9 

$FFA 

HFB 
mc 
$FFD 

$FFE 

$FFF 

MC6804P2 

000 

001 

002 

003 

004 

005 

... ", 

PORT A DATA REGISTER 

PORT B DATA REGISTER 

PORT C DATA REGISTER 

RESERVED 

PORT A DDR 

PORT BOOR 

PORT C ODR 

RESERVED 
(2 BYTESI 

TIMER STATUS CONT. REG. 

RESERVED 
(14 BYTESI 

$ 00 

$ 01 

$02 

$03 

$04 

$05 

$06 

$07 

$08 

$09 

$OA 

$17 
... "' . 

006 

007 

008 

009 

010 

031 

032 ~----------------~ 

USER DATA SPACE ROM 
(72 BYTESI 

$18 

095 $5F 
~----------------~ 

096 RESERVED $60 

127 $7F .. ~ (32 BYTESI ' .... , 

INDIRECT REGISTER X 128 $80 

129 

130 

159 

160 

252 

253 

254 

~': 

:~ 

255 

INDIRECT REGISTER Y 

USER DATA SPACE RAM 
(30 BYTESI 

RESERVED 
(93 BYTESI 

PRESCALER REGISTER 

TIMER COUNT REGISTER 

ACCUMULATOR 

DATA SPACE 

;,~ 

$81 

$82 

$9F 

$AO 

;::~ 
$FC 

FO $ 

$ FE 

$FF 

Figure 4. Memory Map 
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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 

I A 

INDIRECT REGISTERS (X,V) 

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 setl 
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 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.:..:O~R~M:....::Al:...;F-=LA~G:..:S ___ -i.~1 C z 

__ ~I.:.:.NT.:...:E::.::RR~U:..:...PT.:....;..:FLA:...;.::.;GS:""-_--l.~1 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 I 
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 MeV 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. 

+5V 

4.7 k 
28 

:r:: 1
.
OJlF 

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. 

O-DOR. 
1 -INTERRUPT MASK 

o -INTERRUPT REOUEST 
LATCH lEDGE 

SENSITIVE OPTION) 
$ff-TCR 

$OO-TSCR 
m - PRESCALER 

LOAO PROGRAM 
COUNTER FROM 
RESET VECTOR 

LOCATION 
$FFE/$FFF 

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 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 

Figure 6. Reset and Interrupt Flowchart 
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the first interrupt. Completion of an interrupt service rou
tine is always accomplished using anRTI 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, th~ logic level of the 
IRQ pin is checked to detect the interrupt. Also, in the 

JMP-START 
VECTOR (FFE-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 RTf 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 (I-N) 

I 
LAST INSTRUCTION 

JSR INIT 

I INIT 

- INITIALIZATION 
SUBROUTINE 

1 
LAST INSTRUCTION 

RTI 

I 

........................ 
IRQ 

SERVICE 
ROUTINE 

I 
LAST INSTRUCTION 

RTI 
........................ 

I 

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 ota simple8-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. 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 occu r 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 prescalerdivides 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 ofthe 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 bya 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) 

I TMZ I 
RESET: 

o 

5 4 

I TOUT I DOUT I PSI 

TMZ - Timer Zero 

PS2 PSI 

LSB 

PSO 

1 = Timer count register has decremented to zero 
since the last time the TMZ bit was read. 

Bit 6 

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. 
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 1 

° 0 1 2 

° 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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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 
ofthe 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 

6 

I MSB LSB 

RESET: 
1 

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 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 ofthe 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 =0 ... 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 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 LDA $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 itA 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 fet9hed 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 spate 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 oftheopcode 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 address(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 bitsetlclear 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 Care 
write only registers (registers at $04, $05, and $06). 
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BNE BNE 

BNE ! BNE 
,0001 RELll 

BNE BNE 

BNE BNE 

BNE BNE 

BNE REL I., 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 
SoD Short Direct 
B-T-B Bit Test and Branch 
IMM Immediate 
DIR Direct 
EXT Extended 
REL Relative 
BSC Bit Set/ Clear 
R-INO Register Indirect 

Branch Instructions 
~ 

BED BEQ BCC BCC 

BEQ BEQ BCC BCC 

BEQ BEQ BCC BCC 

BEQ BEQ BCC BCC 

BEQ BEQ BCC BGC 

BEQ BEQ BCC BCC 

BEQ BEQ BCC BCC 

BEQ BEQ BCC BCC 

BEQ BEQ BCC BCC 

BEQ BED BCC Bee 

BEQ BEQ BCC BCC 

BEQ BEQ BCC Bec 

BEQ BEQ BCC BCC 

BEQ BED BCC BCC 

BEQ BEQ BCC BCC 

BEQ BEQ '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 

Bes 

BCS 

• 
Table 1. Opcode Map 

BCS JSRn 

Bes JSRn 

BCS JSRn 

BGS JSRn 

BCS JSRn 

BGS JSRn 

Bes JSRn 

Bes JSRn 

Bes JSRn 

Bes JSRn 

Bes JSRn 

BCS JSRn 

Bes JSRn 

BCS JSRn 

BCS JRSn 

BCS JSRn 

Register/Memory, Control, and 
Read/ Modify/Write Instructions 

S-- CA 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn 

JMPn INC 

JMPn INC 

JMPn INC 

JMPn INC 

JMPn Lo'A 

JMPn LDA 

JMPn LDA 

JMPn LDA 
f.XT!2 

Bit Manipulation 
Instructions 

MVI BRCLRO BCLRO 

BRCLR1 BCLR1 

RTI BRCLR2 BCLR2 

RTS BRCLR3 BCLR3 

COMA BRCLR4 BCLR4 

ROLA 1 BRCLR5 BGLR5 

BRCLR6 BCLR6 

BRCLR7 BCLR7 

DEC 1 BRSETO BSETO 

DEC 1 BRSET1 BSETl 

DEC 1 BRSET2 BSET2 

DEC 1 BRSET3 BSET3 

STA 1 BRSET4 BSET4 

; 
STA I BRSET5 BSET5 

s D 13 

STA BRSET6 BSET6 
B T B I ~ 

STA BRSED BSED 

LEGEND 

Register / Memory and 
Read/ Modify/Write 

LDA LDA 

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 

INC 

DEC 

Hi ~ 
~ 

A 

CYCleS~, 4 11115 .... , ' Opcode in Hexadecimal 

Mnemomc'--- --- ~ t LOA 

Bytes,· 1 R-IND 
L-______ ~------~~ 

Opcode in Binary 

3: 
(") 
0') 
00 

2 
"'C 
N 
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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 Vo,ltage VCC -0.3 to +7.0 

Input Voltage Vin -0.3 to + 7.0 

Operating Temperature Range (Comm.) TA o to 70 

Operating Temperature Range (Ind.) TA -40 to +85 

Storage Temperature Range Tstg . -55 to + 150 

Junction Temperature TJ 
Plastic 150 
PLCC 150 
Cerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 6JA 
Plastic 70 
PLCC 120 
Cerdip 60 

POWER CONSIDERATIONS 

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

where: 
TA 
9JA 

PD 
PINT 
PPORT 

T J = T A + (PD 0 9 JA) (1 ) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient,oC/W 

= PINT+ PPORT 
= 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 Vout) ~ VCC. 
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 VCC). 

For most applications PPORT<PINT 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 PD and T J (if 
PPORT is neglected) is: 

PD= K7 (TJ + 273°C) (2) 
Solving equations (1) and (2) for K gives: 

K = PD 0 (T A + 273°C) + 9JAoPD2 (3) 
where K is a constant pertaining to the particular part. 

K can be determined from equation (3) by measuring PD 
(at equilibrium) for a known T A. Using this value of K, 
the values of PD and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of T A. 
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ELECTRICAL CHARACTERISTICS (VCC= +5.0 Vdc±0.5 Vdc, VSS=GND, TA =O°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 VIH 2.0 - VCC V 

Input Low Voltage VIL -0.3 - 0.8 V 

Input Capacitance Cin - 10 - pF 

Input Current (lRO, RESET) lin - 2 20 j.LA 

SWITCHING CHARACTERISTICS (VCC= +5.0 Vdc±0.5 Vdc, VSS=GND, TA=O°C to 7(j°C, unless otherwise noted) . 
Characteristic Symbol 

Oscillator Frequency fosc 

Bit Time tbit 

Byte Cycle Time tbyte 

IRO and TIMER Pulse Width tWL,tWH 

RESET Pulse Width tRWL 

RESET Delay Time (External Capacitance = 1.0j.LF) tRHL 

TEST 
POINT 

40 pF 
(TOTAl) 

Figure 9. LSTTL Equivalent 
Test Load (Port B) 

OSC 

~1 

TESTPOINT~ . 130 pF IT~TALI 

Figure 10. CMOS Equivalent 
Test Load, (Ports A, B, C) 

lal OSCillATOR - 4> 1 ,4>2 TIMING 

fbi 4> 1 - SYNC TIMING 

Min 

4.0 

0.364 

4.36 

2 xtbyte 

2 xtbyte 

100 

TEST 
POINT 

30 pf 
(TOTAL) 

Typ 

-
-

-

-
-
-

Mal( 

11.0 

1.0 

12.0 

-
-
-

Unit 

MHz 

f.Ls 

j.LS 

-
-
ms 

VCC:' 5.2 V 

MM07000 
OR EQUIV, 

Figure 11. LSTTL Equivalent 
Test Load (Ports A,C, 

and TIMER) 

SYNC ,----, r---1 
~ I ______ --~------------------IL 

Figure 12. Clock Generator Timing Diagram 
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PORT DC ELECTRICAL CHARACTERISTICS 
(VCC= +5.0 Vdc±0.5 Vdc, VSS=GND, TA=O° to 70°C, unless otherwise noted) 

Characteristic Symbol Min 

Ports A, C, and Timer (Standard) 

Output Low Voltage, ILoad = 0.4 rnA VOL -

Output High Voltage, ILoad = - 50 fA-A VOH 2.3 

Input High Voltage VIH 2.0 

Input Low Voltage VIL -0.3 

Hi-Z State Input Current ITSI -
Ports A and C (Open Drain) 

Output Low Voltage, ILoad = 0.4 rnA VOL -

Input High Voltage VIH 2.0 

Input Low Voltage VIL -0.3 

Hi-Z State Input Current ITSI -
Open Drain Leakage (Vout= VCe! ILOD -

Ports A and C (CMOS Drive) 

Output Low Voltage, ILoad=0.4 rnA (Sink) VOL -
Output High Voltage, ILoad = -10 /-LA VOH Vee- 1.O 

Output High Voltage, ILoad = - 50 /-LA VOH 2.3 

Input High Voltage, ILoad = - 300 /-LA Max VIH 2.0 

Input Low Voltage, ILoad= -300 /-LA Max VIL -0.3 

Hi-Z State Input Current (Vin = 0.4 V to Vcc) ITSI -

Port B (Standard) 

Output Low Voltage, ILoad = 1.0 rnA VOL -

Output Low Voltage,ILoad = lOrnA (Sink) VOL -

Output High Voltage, ILoad = - 100 /LA VOH 2.3 

Input High Voltage VIH 2.0 

Input Low Voltage VIL ~0.3 

Hi-Z State Input Current ITSI -

Port B (Open Drain) 

Output Low Voltage, ILoad = 1.0 rnA VOL -

Output Low Voltage, ILoad = lOrnA (Sink) VOL -
Input High Voltage VIH 2.0 

Input Low Voltage VIL -0.3 

Hi-Z State Input Current ITSI -

Open Drain Leakage (VOllt = Vcr.) ILOD -
.. 

Port B (CMOS Drive) 

Output Low Voltage, ILoad = 1.0 rnA VOL -

Output High Voltage, ILoad = 10 rnA (Sink) VOL -

Output High Voltage, ILoad = - 10 /-LA VOH VCC- 1.O 

Output High Voltage, ILoad = -100 /LA VOH 2.3 

Input High Voltage, ILoad = - 300 /LA Max VIH 2.0 

Input Low Voltage, ILoad = - 300 /LA Max VIL -0.3 

Hi-Z State Input Current (Vin = 0.4 V to Vccl ITSI -

Ports A. B. and C (Low Current Clamping Diode*) 

Input High Current VIH = VCC + 1.0 V IIH -

Input Low Current VIL = 0.8 V IlL -

*Denotes not tested unless specified on ordering form. 
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Typ Max Unit 

- 0.5 V 

- - V 

- Vec V 

- 0.8 V 

4 40 /-LA 

- 0.5 V 

- Vec V 

- 0.8 V 

4 40 /-LA 

4 40 /-LA 

- 0.5 V 

- - V 

- - V 

- Vec V II 
- 0.8 V 

- -300 /-LA 

- 0.5 V 

- 1.5 V 

- - V 

- Vec V 

- 0.8 V 

8 80 /-LA 

- 0.5 V 

- 1.5 V 

- Vec V 

- 0.8 V 

8 80 /-LA 

8 80 /-LA 

- 0.5 V 

- 1.5 V 

- - V 

- - V 

- Vec V 

- 0.8 V 

- -300 /-LA 

- 100 /-LA 

- -4.0 /-LA 
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Figure 13. Typical VOL vs IOL 
for Port A and TIMER 
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VOH. HIGH·LEVEL OUTPUT VOLTAGE (V) 

X = SPEC PT. 

i 
l-i -100 

I-

ir _ 200 g 
:-

~ -300 
2: 

~ 

Figure 15. Typical VOH vs IOH 
for Port A with CMOS Pullups 
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- 400 
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Figure 17. Typical VOH vs IOH for Port B 
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2.5 3.0 3.5 4.0 4.5 

VOH. HIGH·LEVEL OUTPUT VOLTAGE (V) 

Figure 14. Typical VOH vs IOH 
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 MSc®-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 5 114 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 

MOOS 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 
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 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 
(P Suffix) - 40°C to + 85°C MC6804P2CP 

Plastic Leaded O°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. 
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MECHANICAL DATA 

28-PIN DUAl-IN-LiNE PACKAGE 

MDS 

TIMER 

PCO 

PCl 

PC2 

PCO 

PCl 

RESET 

PA7 

PA6 

PA5 

PA4 

PA3 

28-lEAD PlCC PACKAGE 

5 ~·I~ en I~ CQ 

.g:~ ~ ~ 

0 26 

12 18 

c 
if 

N "" ... '" CQ 

if if if a> a> a> 
a.. a.. a.. 

PA5 

PA4 

PA3 

PA2 

PAl 

PAD 
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MOTOROLA· 
I SEMICONDUCTOR 

TECHNICAL DATA 
MC68704P2 

TechnicalSummary 
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 MeV 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 Programmable8-Bit Timer 
with 7-Bit Prescaler 

• Single Instruction Memory Examinel 
Change 

• MC6804JlIJ2/P2 Emulation 
• 1088 Bytes of EPROM 
• True Bit Manipulation 
• Bit Test and Branch Instruction 

TIMER 

PAD 

PAl 
PORT PA2 

PA3 PORT DATA 

I/O PA4 A DlR. 

LINES PA5 REG. REG. 

PA6 
PA7 

1016 x 8 
USER PROGRAM EPROM 

320 x 8 
SELF-CHECK ROM 

•. 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 

ACCUMULATOR 
A CPU 

INDIRECT CONTROL 
REGISTER 

INDIRECT BREAKPOINT 
REGISTER REGISTERS 

CPU 
EPROM 

STACK MASK OPT. REG. 

PROGRAM 
COUNTER 

HIGH PCH AlU 
PROGRAM 
COUNTER 

lOW PCl 

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 I/O 
PB5 LINES 
PB6 
PB7 

PCO PORT 
PCl C 
PC2 I/O 
PC3 LINES 

II 
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SIGNAL DESCRIPTION 

Vec AND 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-boardoscil
lator, the MeUshould 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. 

NC 

EXTERNAL 
CLOCK 
INPUT 

EXTAL 

MCU 
XTAL (CRYSTAL MASK 

OPTIONI 

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 sehies 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 ofa 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. 

MDSlVpp 
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 PA6and 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 
B) and one 4-bit port (e). All lines are programmable as 

+5V 

4.7 k EXTAL 

XTAL 
MCU 

(RESISTOR·CAPACITOR MASK 
OPTIONI 

EXTERNAL CLOCK (* DENOTES NC/GNO. GROUNDING 

PIN 4 WILL REDUCE RFI NOISE.) 

(al 
CRYSTAL PARAMETERS C1 

EX"" G2J-."", 
XTAL 

CRYSTAL PARAMETERS CJ MCU 
AT - CUT PARALLEL RESONANCE CRYSTAL 
Co = 7 pF MAXIMUM 

EXTAL (CRYSTAL MASK 

FREO. = 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. 

OPTIONI 

Figure 1. Clock Generator Options and Crystal Parame~ers 
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Figure 2. Typical Frequency Selection for 
Resistor/Capacitor Oscillator Options 

5.4 5.5 

either inputs or outputs under software control of the 
data _direction registers. 

undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor
responds to the pin I,evel if the DDR is an input or to the 
latched output d,ata when the DDR is an output. 

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 I/O 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 liD pins are LSTTL compatible as both inputs 
and outputs. In addition, all three ports may use either 
or both oftwo 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 

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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I L __ _ 

., 
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I 
I 

...J..-__ .. 

*For CMOS option transistor acts as resistor (approximately 4Ok{l) to Vce. 
For LSTTLlopen-drain options transistor acts as low current clamping diode to Vee. 

Figure 3. Typical I/O 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 confi!;Jure the portpirls as eithe'r 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) 
5 

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 I/O 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 inhereht 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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USER IRQ VECTOR 
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Figure 4. Memory Map 
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TIMER STATUS CONT. REG. 
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BREAKPOINT REG. (HIGH) 
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(7 BYTES) 

EPROM MASK OPTION REG. 

USER DATA SPACE EPROM 
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RESERVED 
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INDIRECT REGISTER X 
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USER DATA SPACE RAM 
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ACCUMULATOR 
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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 (X, V) 

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 

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. 

__ :..:.:NO:::.:,R::,:M::...:A=-l F:.:LA:..::G::.:S~_---,.._.~I C z 

__ ~IN~TE_R_RU_P_T_FLA_GS ___ ~.I 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 (UFO) 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 cz!! or 
interrupt occurs, the contents of the PC are shifted illtc 
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 MCV 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 pinto 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 
28 

:r:,.O/tF 

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 bit in the mask option 
register (MOR) 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. 

LOW 

O-DDRs 
1 - INTERRUPT MASK 

o -INTERRUPT REQUEST 
LATCH lEDGE 

SENSITIVE OPTIONI 
$FF-TCR 
$00- TSCR 

$FF - PRESCALER 

LOAD PROGRAM 
COUNTER FROM 
RESET VECTOR 

LOCATION 
$fFE/$FFF 

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 
that the vector contents specify aJMP instruction in ad
dition to the starting address pf the interrupt service rou
tin,e. 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-

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-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 ~. 

JMP-START 
VECTOR (FFFFFF) 

POWERUP AND TIMING 
During the pqwerupsequence, 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 doa JSR 
to an initialization subroutine that ends with an RTI in
stead of an RTS. The RTI opens the interruptmask. Typ
ical RESET and IRQ 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 

I 

PROGRAM 

START (ROUTINE) 
INSTRUCTION (I-N) 

I 
LAST INSTRUCTION 

JSR INIT 

I INIT 
INITIALIZATION 

SUBROUTINE 

I 
LAST INSTRUCTION 

RTI 

1 

........................ 
IRQ 

SERVICE 
ROUTINE 

I 
LAST INSTRUCTION 

RTI 
........................ 

I 

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-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 (TM2) 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 prescaleroutput then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TM2). This TM2 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 
(foscl48). 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 TM2 bit state allows TSCR bit 4 (DOUT) 
to become direct input to the TIMER pin. 

NOTE 

TM2 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 (SFE) 

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) 

I TMZ I 
RESET: 

o 

5 4 

I TOUT I DOUT I PSI 

TM2 - Timer zero 

PS2 PSl 

LSB 

PSO 

1 = Timer count register has reached the all zero's 
state since the last time the TM2 bit was read 

0= This bit is cleared by a read of the TSCR if TM2 
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 TM2 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 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 TM2 
to assume an unexpected state. 

MOTOROLA MICROPROCESSOR DATA 

3-344 



MC68704P2 

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 
ofthe 7-bit prescaler. This register is the prescaler tounter 
and can be read or written. 

Ii 

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 I/O 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 (A8-A 11) are written into the ARH. 

Breakpoint Address Register Low (ARL) ($OE) 

7 

I A7 I A6 

RESET: 
o 

A7-AO 

A5 A4 A3 A2 Al 

Breakpoint address bits A7 through AO. 

Breakpoint Address Register High (ARH) ($OF) 

x 

RESET: 
o 

A11-A8 

x x x A11 A10 A9 

Breakpoint address bits A 11 through A8. 

NOTE 

ARL must be written after writing to ARH. 

AO 

AS 

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 
O=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 
O=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 I/O port signal lines. 
All other options are available through correct use ofthe 
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 MC6804JlIJ2/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 MC6804JlIJ2 devices are packaged in 20-pin dual
in-line (OIL). The MC6804P2 and the MC68704P2 devices 
are packaged in 28-pin OIL 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 ofthe 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 LDA 

Load XP from Memory LDX 

Load YP from Memory LDY 

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 YP . TAY 

Transfer YP to A TVA 

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 

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 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 
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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 ofthe 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. foUowing 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 LDA $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 Vis minus (BYMJ) 

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 vv'ith 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 
Inthe 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 isa 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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BNE BNE 

BNE . BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE BNE 

BNE REL I, BNE 

, 
BNE , BNE 

BNE REl I, BNE 

BNE BNE 

2 
BNE , BNE 

BNE BNE 

BNE BNE 

BNE BNE 

Abbreviations for Address Modes 

INH Inherent 
S-D Short Direct 
B-T-B Bit Test and Branch 
IMM Immediate 
DIR Direct 
EXT Extended 
REL Relative 
BSC Bit Set/ Clear 
R.-IND Register Indirect 

Table 1. Opcode Map 

Branch Instructions 

BEQ BEQ BCC BCC BCS BCS JSRn 

BEQ BEQ BCC BCC BCS BCS JSRn 

BEQ BEQ BCC BCC BCS BCS JSRn 

BEQ BEQ BCC BCC BCS BCS JSRn 

BEQ BEQ BCC BCC BCS BCS JSRn 

BEQ BEQ BCC BCC BCS BCS JSRn 

BEQ BEQ BCC" BCC I' BCS BCS JSRn 

BEQ BEQ BCC BCC REl I, BCS REl I, BCS REL I, JSRn 

, 
BEQ BEQ BCC BCC I BCS BCS JSRn 

BEQ REl I, BEQ REl I, BCC REl I, BCC REl I, BCS REl I, BCS REL I, JSRn 

, I' I' I' BEQ 'BEQ BCC BCC BCS I BCS I JSRn 
R;'L 1 REL 2 

BEQ BEQ BCC BCC BCS BCS JSRn 

2 
BEQ 'BEQ BCC BCC BCS BCS REl I, JSRn 

BEQ BEQ BCC BCC BCS REl I, BCS REL ~, JSRn 

BEQ BEQ BCC BCC 

BEQ BEQ BCC BCC 

Indicates Instruction Reserved for Future Use 
Indicates Illegal Instruction 

BCS BCS JRSn 
RELll RELI2 

BCS BCS JSRn 
AELI2 

Register/Memory, Control, and 
Read/Modify/Write ·Instructions 

g-- -A 

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 

D 

MVI BRCLRO BCLRO 

BRCLR1 BCLR1 

RTI BRCLR2 BCLR2 
IN.HI3 

RTS BRCLR3 BCLR3 

COMA BRCLR4 BCLR4 

ROLA I BRCLR5 BCLR5 

BRCLR6 BCLR6 

BRCLR7 BCLR7 

DEC I BRSETO BSETO 

DEC I BRSET1 BSET1 

DEC I BRSET2 BSET2 

DEC I BRSET3 BSET3 

STA sol, BRSET4 BSET4 

5 
STA 'BRSET5 BSET5 

STA BRSET6 BSET6 

STA BRSED BSED 

LEGEND 

Register/Memory and 
Read/Modify/Write 

LOA LOA 

STA STA 

ADD ADD 

SUB SUB 

CMP CMP 
R-INP 

AND AND 

INC INC 

DEC DEC 

LOA LOA 

STA 

ADD ADD 

SUB SUB 

CMP CMP 

AND AND 

INC 

DEC 

Hi ..---
~Low 

A 

D 

~~=i' ""5 %. . OpcodeinHexadecimal 

Mnemonic 'II LOA 
Bytes 1 R-IND ___ _ 

Opcode in Binary 

• 
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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 wi'thin 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, a, and Care 
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 cleara 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 theopcode. 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 conditio,", 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 

Supply Voltage 

Input Voltage 

Operating Temperature Range (Comm.) 

Operating Temperature Range (Ind.) 

Storage Temperature Range 

Junction Temperature (Cerdip) 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance 
Cerdip 

TEST 
POINT 

3D pF 
(TOTAl) 

Symbol 

VCC 

Vin 

TA 

TA 

TstQ 

TJ 

Symbol 

IIJA 

Figure 1 (). LSTTL Equivalent 
Test Load (Ports A, C, 

and TIMER) 

Value 

-0.3 to + 7.0 

-0.3 to +7.0 

o to 70 

-40 to +85 

-55 to +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 Vout) ,,;;; VCC· 
Reliability of operat,ion is enhanced if unused in
puts except EXTAL are connected to an appro
priate logic voltage level (e.g., either VSS or VCC). 

TEST 
POINT 

40 pF 
(TOTAL) 

Figure 11. LSTTL Equivalent 
Test Load (Port B) 
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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 0 6JA) (1) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+PPORT 
= ICC x V cc' Watts - Chip Internal Power 
= Port Power Oissipation, 

Watts - User Oetermined 

For most applications PPORT<PINT and can. be ne
glected. PPORT may become significant if the device is 
configured to drive Oarlington bases or sink LEO 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 0 (T A + 273°C) + 6JAoP0 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 T A' 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 T A' 

PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(VCC= +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) Ipp 

Programming Oscillator Frequency foscp 

Programming Time (Per Byte) tpRG 

ELECTRICAL CHARACTERISTICS 
(VCC= +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 PINT 

Input High Voltage VIH 

Input Low Voltage VIL 

Input Capa<;itance Cin 

Input Current (IRQ, RESET) lin 

SWITCHING CHARACTERISTICS 
(VCC= +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 tb~e 

IRQ and TIMER Pulse Width tWL, tWH 

RESET Pulse Width tRWL 

RESET Delay Time (External Capacitance = 1.0 II-F) tRHL 
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Min Typ Max Unit 

20 21 • 22 V 

- 10 20 mA 

- 10 11 MHz 

- 5 50 ms 

Min Typ Max Unit 

- 165 275 mW 

2.0 - VCC V 

-0.3 - 0.8 V 

- 10 - pF 

- 2 20 II-A 

Min Typ Max Unit 

4.0 - 11.0 MHz 

0.364 - 1.0 II-S 

4.36 - 12.0 II-S 

2xtbyte - - -
2xtbvte - - -

100 - - ms 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vee = +5.0 Vdc±0.5 Vdc, VSS=GND, TA=O°e to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Ports A and C (Open Drain) 

Output Low Voltage, ILoad = 0.4 rnA VOL - - 0.5 V 

Input High Voltage VIH 2.0 - VCC V 

Input Low Voltage VIL -0.3 - 0.8 V 

Hi'-Z State Input Current I.lSI - 4 40 fLA 

Open Drain Leakage (Vout=Vccl ILOD - 4 40 fLA 
, 

Port B (Open Drainl 

Output Low Voltage, ILoad = 1.0 rnA VOL - - 0.5 V 

Output Low Voltage, ILoad = 10 rnA (Sink) VOL - - 1.5 V 

Input High Voltage VIH 2.0 - VCC V 

Input Low Voltage VIL -0.3 - 0.8 V 

Hi-Z State Input Current ITSI - 8 80 fLA 

Open Drain Leakage (Vout=VCC) ILOD - 8 80 fLA 

Ports A C and Timer (Push Pull) 

Output Low Voltage, ILoad = 0.4 rnA VOL - - 0.5 V 

Output High Voltage, ILoad = - 50 fLA VOH 2.3 - - V 

Input High Voltage VIH 2.0 - VCC V 

Input Low Voltage . 
VIL -'0.3 - 0.8 V 

Hi-Z State Input Current ITSI - 4 40 fLA 

Port B (Push-Pull) 

Output Low Voltage, ILoad = 1.0 rnA VOL - - 0.5 V 

Output Low Voltage, ILoad = 10 rnA (Sink) VOL - - 1.5 V 

Output High Voltage, ILoad = -100 fLA VOH 2.3 - - V 

Input High Voltage VIH 2.0 - VCC V 

Input Low Voltage VIL -0.3 - 0.8 V 

Hi-Z State Input Current ITSI - 8 80 fLA 

(a) OSCILLATOR - <1> 1·<1>2 TIMING 

OSC 

"-------' 

(b) q, 1 - SYNC TIMING 

4>1 

SYNC r---, r--l ~ I~ ___________________________ ' L 

Figure 12. Clock Generator Timing Diagrams 
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Figure 13. Typical VOL vs IOL 
for Ports A, C, and Timer 
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Figure 14. Typical VOH vs IOH 
for Ports A, C, and TIMER 
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X=SPEC PT. X = SPEC PT. 

Figure 15. Typical VOH vs IOH for Port B Figure 16. Typical VOL vs IOL 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 O°C to 70°C MC68704P2S 
(S Suffix) - 40°C to + 85°C MC68704P2CS 
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PIN ASSIGNMENTS 
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MC68704P2 

MECHANICAL DATA 

Vss RESET 

PAl 

PAS 

PA5 

PA4 

PA3 

PA2 

PCO 

PCI PAO 

PC2 PBl 

PB5 
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MOTOROLA 
I SEMICONDUCTOR 

TECHNICAL DATA 
MC68HC04J2 

Technical Summary 

8-Bit Microcontroller Unit 
MC68HC04J2 HCMOS microcontroller unit (MCU) 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 rriicrocontrollers (MC68HC04J2/D)' or to the M6804 MeV Manual, DLE4041D. 

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 Examinel 
Change 

• 72 Bytes of User Data ROM 

• User Selectable Input Drive Options 

• Timer Pin is Software Programmable as 
Clock Input or Timer Output 

• 1672 Bytes of User Program ROM 

• 30 Bytes of User RAM 

• Optional Pull Down Devices on 1/0 Ports 
• Mask Selectable Edge- or Level-Sensitive Interrupt Pin 

BLOCK DIAGRAM 

Timer 

Accumulator 
A 

CPU 

Indirect Control 

PM Register 
X 

Port 
PA5 

Indirect 
A Register y 

I/O CPU 
Lines PA6 

Stack 

PA7 
Program 
Counter ALU 

High PCH 
1672x8 Program 

User Program ROM Counter 
Flags 

368 x 8 Low PCL 

Self-Check ROM 

This document contains information on a new product. Specifications and information herein are subject to chimge without notice. 
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SIGNAL DESCRIPTION 

VOD 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 timeis 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 pullup resistor on this 
pin is a manufacturing mask option. 

MDS 

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 MDSis 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 I/O 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 I/O pins are CMOS compatible as both inputs 
and outputs. Their. standard configuration as outputs is 
three-state drive. Port 8 outputs are LED compatible. In 
addition, certain pins of both ports may be ordered 
equipped with pull down resistors. 

Crystal Parameters Cl 

MC68HC04J2 MC68HC04J2 MC68HC04J2 EXTAL4C0-XTAL5 
XTAL 

I 
External Resistor 
Capacitor 

XTAL EXTAL 

5 4 

0 
I I 

Clock NC to 
Input device pin 

Crystal Parameters 
AT - Cut Parallel Resonance Crystal 
CO=7 pF Maximum 
Freq=ll MHz 
RS = 50 Ohms Maximum 

Crystal External Clock 

Piezoelectric ceramic resonators which 
have the equivalent specifications may 
be used instead of crystal oscillators. 
Follow ceramic resonator manufactur
er's suggestions for CO, Cl, and RS 
values. 

Figure 1. Clock Generator Options and Crvstal Parameters 
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Data 
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<o,Q c .... 
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.... C 
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- 0 
u 

Bit 

Latched 
Output 
Data Bit 

Data 
Direction 
Register 

Bit 

1 
1 
0 

Output 
Data 
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 lID 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, PB1-PB2, PBa 

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. 

The source of data read from the port register is either 
the port lID 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 lID 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) 

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) 

Port B ($05) 
4 3 

With regard to PortA 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 addressabl.e memory,J/O 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 

0000 

:::~ 

9 271 

272 0 

~:::: 

7 308 

3088 

:::~ 

7 408 

4088 

9 408 

4090 

1 409 

409 2 

3 409 

4094 

4095 

Reserved 
12720 Bytes) 

MC68HC04J2 

Address 

$ 000 

:::;::: 

I 

$ 

$ 

A9F 

AAO 

Bytes 

()()() 

00 1 

002 

003 

004 

005 

006 

008 

009 

010 

Port A Data Register 

Port B Data Register 

Reserved 
·12 Bytes) 

Port A DDR 

Port BOOR 

Reserved 
13 Bytes) 

Timer Status Control Register 

Low Byte CRC 

Address 

$ 00 

$ 01 

$ 02 

$ 03 

$ 04 

$ 05 

$ 

$ 

$ 

$ 

06 

08 

09 

OA 

Self-Check ROM :::::: 01 1 High Byte CRC $ OB 

(368 Bytes) 

Program ROM 
11000 Bytes) 

Self-Check 
IRQ Vector 

Self-Check 
Restart Vector 

User 
IRQ Vector 

User 
Restart Vector 

Program Space 

Levell 

Level 2 

Level 3 

Leve.l4 

Stack Space 

$ 

$ 

:::~ 

COF 

C10 

....... Reserved 
112 Bytes) 

User Data Space ROM 
172 Bytes) 

.Reserved 
132 Bytes) 

Indirect Register X 

Indirect Register Y 

SOC 
...~ 

T" $18 

$ 

. $ 

$ 

FF7 

FF8 

FF9 

FFA 

User Data Space RAM 

159f,, _________ 13_0_B_y_te_s) ________ f$9F 

160 SAO 

Reserved 
$ 

$ 

$ 

$ 

$ 

$ 

FFB 

FFC 

FFD 

FFE 

FFF 

... ,.... 

252 

253 

254 

255 

Figur~ 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 (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 (~,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. 

o 
x 

y I 
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,l) 

The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic logic unit (AlU). It is cleared ifthe 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value ofthe bit tested in a bit 
test instruction. It participates in the rotate left (ROlA) 
instruction, as. well. 

The second flag, the zero (l) 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 l bit. 

NORMAL AND INTERRUPT FLAGS 

There are two sets ofthese 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 l bits. Both sets of flags are cleared by 
RESET. 

______ N_OR_M_A_l_F_~_G_S ______ ~·LI ____ -L __ ~~ 

____ ~IN-T-ER-R-U-PT-F-~--GS------~·LI ____ -L __ 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 $OA (CRC 
low), and SOB (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 perfo'rmed on ad
dresses $OA 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 MDSand 
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-aN-RESET (PaR) 

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 

4.7k 

I,·OIlF 

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 thelRQ and initiates and interrupt service routine 
if the IRQ pin is found to be logic low. 

MOTOROLA MICROPROCESSOR. DATA 

3-360 



MC68HC04J2 

External Interrupt Request Flow 

Clear 

Ves 

High 

v 

v 

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 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 (FFE-FFH 

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

Start (Routine) 
Instruction (I-N) 

r 
Last Instruction 

JSR INIT 

I 

Program 

IRQ 
Recognized 

INIT 
Initialization 
Subroutine 

I 
Last Instruction 

RTI 

I 

Interrupt 
Mask 

Closed 

Mask 
Open 

........................ 
IRQ 

Service 
Routine 

I 
Last Instruction 

RTI 

Interrupt 
Mask 

Closed 

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

Program I 
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. 
~ausing 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 powerthan 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, exter,nal interrupts are enabled. 
All other registers, memory, and liO 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 bifof TSCR 
can be enabled by software ,prior to entering the WAIT 
state. This allows an exit ~rom WAIT via a timer interrupt 
as well as via external interrupts. 

MOTOROLA MICROPROCESSOR DATA 

3-363 

II 



I 

MC68HC04J2 

Microcomputer Internal Bus 

3 

TOUT 
DOUT 

Timer Status 

Timer Pin TOUT DOUT Timer Mode 

SYNC Input 0 0 Event Counter 
0 Input Gated Mode 

Output 0 Output 
1 

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 ofthe 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 writeabfe. 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. 
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 
fosc/12, fosc/24, and fosc/48. 

MOTOROLA MICROPROCESSOR DATA 

3-364 



MC68HC04J2 

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 logi<; 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-bitcounter. The register is the counter and 
can be written. 

7 

I MSB LSB 

RESET: 
1 

TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 

TMZ 

RESET: 
o 

5 4 

ETI I TOUT I DOUT I PSI 

TMZ - Timer Zero 

PS2 PS1 

1 .. 

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 
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 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. 
_ O=Timer input event counter mode is selected. 
PSI - Prescaler Initialization 

1 = Prescaler begins to decrement. 
0= Prescaler is initialized and counting is inhibited. 

PSO-P$2 
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 
ofthe 7-bit prescaler. This register is the prescaler counter 
and can be written. 

6 

I MSB LSB 

RESET: 
1 

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 LDA 

Load XP from Memory LDX 

Load YPfrom Memory LDY 

Store A in Memory STA 

Add to A ADD 

Subtract from A SUB 

AND Memory toA AND 

Transfer A to XP TAX 

Transfer A to YP 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 

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 INSTRUCTI.ONS 
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=O ... 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 J.SR 

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 LDA $80 

DECY DEC $81 TVA LDA $81 

INCA INC $FF 

Some examples of valuable instructions not specifi
cally recognized by the assembler are sh.ownbelow: 

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 B~anch if Kis 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 ofthe 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 
-1!5 to + 16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculatesthe 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 theopcode. 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-writefunctions, 
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. Thethird 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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BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

Branch Instructions 

BNE BEQ BEQ Bee 

BNE BEQ BEQ Bec 

:NE .Oc I, BEQ BEQ Bee 

BNE BEQ BEQ BCC 

BNE BEQ BEQ BCC 

BNE BEQ BEQ BeC 

BNE BEQ B'EQ BCC 

BNE BEQ BEQ Bee 

BNE BEQ BEQ Bee 

BNE BEQ BEQ BCC 

BNE BEQ BEQ BCC 

BNE BEQ BEQ B'ec 

BNE BEQ BEQ OIL I,v BCC 

BNE BEQ BEQ I; BCC 

BCC 

Bce 

Bce 

BCC 
AEtn 

BCC 

Bce 

Bec 

Bce 

Bee 

BCC 

BCC 

BCC 

BCC 

Bee 

• 
Table 1. OpcodeMap 

Bes Bes 

Bes BCS 

Bes OIL I, BCS 

Bes BCS 
.nl> 

BCS BCS 

Bes Bes 

BCS BCS 

Bes BCS 

Bes Bes 

Bes BCS 
REtI] 

Bes BCS 

Bes BCS 

BCS Bes 

BCS BCS 

Register/Memory, Control, and 
Read/Modify/Writ. Instructions 

-8 r A 

JSRn JMPn 

JSRn JMPn 

JSRn JMPn 

JSRn JMPn 

JSRn JMPn 

JSRn JMPn 

JSRn JMPn 

JSRn JMPn 

JSRn JMPn INC 

JSRn JMPn INC 

JSRn JMPn INC 

JSRn JMPn INC 

JSRn JMPn LOA 

JSRn JMPn LOA 

MVI 

s 

Bit, Manipulation 
Instructions 

o 

BRelRO BelRO 

BRelR1 BelR1 

Register/ Memory' and 
Read/Modify/Writ. 

T F 

lOA lOA 

STA STA 

RTI BRelR2 BCLR~SC I; AD~!'DI, ADD 

RTS BRelR3 BelR3 I SUB SUB 

COMA I BRelR4 BelR4 CMP eMP 
esc If 

ROlA I BRCLR5 BClRS AND AND 

STOI'_ I J BRCL:~ • I> BClR6 INC INC 

WAI!.. I J BRCLR7 BelR7 DEC DEC 

DEC sol, BRSETO BSETO lOA lOA 

s 
DEC I BRSET1 BSET1 STA 

DEC I BRSET2 BSET2 ADD ADD 

DEC I BRSET3 BSET3 SUB SUB 

STA 1 BRSET4 BSET4 CMP eMP 

, 
STA I BRSET5 BSET5 AND AND 

S 013 B T B 12 

,-STA BRSET6 
BNE JMpn~ , -"I ~ T -T 0" I I' ",n I 
BNE JMP-n",I~ LOA' STA'BRSEn';;SEn-

LOA BSET6 INC 

DEC 

Abbreviations for Address Modes 

INH Inherent 
5-0 Short Direct 
B- T-B Bit Test and Branch 
IMM Immediate 
DIR Direct 

Indicates Instruction Reserved for Future Use 
Indicates Illegal Instruction 

LEGEND 

~ 

~ 
011'1 

A 

e 

o 

EXT Extended M"'~~:~ , . W':: = "",~. J~ Opcode in Binary 

REL Relative 
BSe Bit Sell Clear 
R-IND Register Indirect 

s: 
n 
m 
:z: 
n e 
N 



MC68HC04J2 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage VDD -0.3 to +7.0 

Input Voltage Vin VSS-0.3 to 
VDD+0.3 

Current drain per pin I 10 
Excluding VDD and VSS 

Total currerit for sink I 30 
Ports A, B, C EXTAL, TIM source I 15 

Operating Temperature Range (Comm.) TA o to 70 

Operating Temperature Range (Ind.) TA -40 to +85 

Storage Temperature Range Tstg -55 to + 150 

Junction Temperature TJ 
Plastic 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance eJA 
Plastic 70 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J' in °C can 
be obtained from: 

where: 
TA 
eJA 

Po 
PINT 
PPORT 

TJ=TA+(POoeJA) (1) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+ PPORT 
= ICC x VCC' Watts - Chip Internal Power 
= Port Power Oissipation, 

Watts - User Oetermined 

----~~~-- VDD 

Pin 
Under o-~---e------. 
Test 

50 pF 

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 thatVin andVout be con
strained to the range VSS,,;(Vin),,;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 VCC). 

For most applications PPORT<PINT and can be ne
glecteJ. PPORT may become significant if the device is 
configured to drive Oarlington bases or sink LEO 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 0 (T A + 273°C) + eJA"P0 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 T A. 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 T A' 

Voo= +4.5V 

Im/ioH =800 fLA 
RL = RH =4.6 kfl 

VOO= +2.7V 

IOl/lOH = 200 fLA 
Rl = RH = 10.5 kfl 

VOO= +2.0V 

Im/ioH = 100 fLA 
Rl=RH=16 kfl 

Figure 9. Equivalent Test Load 
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CONTROL TIMING CHARACTERISTICS 

Characteristic Symbol Min Typ 

... (VOO= +5 Vdc ±10%, VSS=O Vdc; TA=O°C to 70°C 

Oscillator Frequency fosc 0 -
PHI1 Clock Frequency fCl 0 -

Cycle Time (Min) tCYC 2.2 -

IRO Pulse Width t,Wl 2 xtcyC -

RESET Pulse Width RWl 2 xtCYC -
Oscillator Clock Pulse. Width tal, tOH 45 -

. VOO= +3 Vdc ±10%, VSS=O Vdc, TA=O°C to 70°C 

Oscillator Frequency fosc - -
PHI1 Clock Frequency fCl - -

Cycle Time (Min) tcyc 2.9 -

IRO Pulse Width t,Wl 2 xtCYC -

RESET Pulse Width tRWl 2xtCYC -

Oscillator Clock Pulse Width tOl,tOH 45 -
VOO = + 2.2 Vdc ± 10%, VSS = 0 Vdc, T A = O°C to 70°C 

Oscillator Frequency fosc 0 -

PHI1 Clock Frequency fCl 0 -
Cycle Time (Min) tcyc 5.7 -
IRO Pulse Width t,Wl 2 xtcyc -

RESET Pulse Width tRWl 2 x t<:yc -

Oscillator Clock Pulse Width tOl,tOH 45 -

NOTE: 2 V operation is a user-selectable option only. Prior consultation with the factory is required. 
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Clock Frequency (Hz) Clock Frequency (Hz) 

Unit 

MHz 

MHz 
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ns 

MHz 

MHz 
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fLs 

fLS 

ns 
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fLs 
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Figure 10. Typical RUN Current vs Clock Frequency (fClI Figure 11. Typical WAIT Current vs Clock Frequency (fClI 
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DC ELECTRICAL CHARACTERISTICS (Typical pull-down sink current for Vout=VOO is 50 j,LA.) 

Characteristic Symbol Min 

VOO= +5 Vdc ± 10%. VSS=O Vdc. TA=O°C to 70° C 

Output Voltage, ILoad(1O.0 j,LA VOL -
VOH VOO-O.l 

Output High Voltage, ILoad= +800j,LA) Ports, TIM VOH VOO-0.4 
Output Low Voltage, ILoad = + 800 j,LA) Ports, TIM VOL -
Input High Voltage Ports, TIM, XTAL, MOS VIH 0.7 xVOO 

IRQ, RESET VIH 0.8xVOO 

Input Low Voltage Ports, TIM, XTAL, MOS VIL VSS 
IRQ, RESET VIL VSS 

Total Supply Current 
CL = 50 pF, Ports, TIM, RUN 100 -
No dc load, tcyc = 1/fCL (max), WAIT* 100 -
VIL =0.2 V, VIH=VOO -0.2 V STOP* 100 -

1/0 Ports Input Leakage VSS(VI(VOO IlL -
Input Current RESET, IRQ, TIM lin -
Capacitance per Pin PORT~s 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(1O.0 j,LA VOL -
VOH VOO-O.l 

Output High Voltage, ILoad = - 200 j,LA) Ports, TIM VOH VOO-0.3 
Output Low Voltage, ILoad = + 200 j,LA) Ports, TIM VOL -

Input High Voltage Ports, TIM, XTAL, MOS VIH 0.7xVOO 
IRQ, RESET VIH 0.8xVOO 

Input Low Voltage Ports, TIM, MOS, XTAL VIL VSS 
IRQ, RESET VIL VSS 

Total Supply Current 
CL = 50 pF, Ports, TIM, RUN 100 -
No dc load, tcyc= l/fCL(Max), WAIT* 100 -
VIL =0.2 V, VIH=VOO-0.2 V STOP* 100 -

1/0 Ports Input Leakage VSS(VI(VOO IlL -
Input Current RESET, IRQ, TIM lin -

Capacitance per Pin PORTS (as 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, ILoad(10.0 j,LA VOL -
VOH VOO-O.l 

Output High Voltage, ILoad = -100j,LA) Port.s, TIM VOH VOO-Q·3 
Output Low Voltage, ILoad = + 100 j,LA) Ports, TIM VOL -;-

Input High Voltage Ports, TIM, XTAL, MOS VIH 0.7xVOO 
IRQ, RESET VIH 0.8xVOO 

Input Low Voltage Ports, TIM, MOS, XTAL VIL VSS 
IRQ, RESET VIL VSS 

Total Supply Current 
CL = 50 pF, Ports, TIM, RUN 100 -
No dc load, tcyc = 1!fcUMax), WAIT* 100 -
VIL =0.2v, VIH=VOO-0.2 V STOP* 100 -

1/0 Ports Input Leakage VSS(VI(VOO IlL -
Input Current REST, IRQ, TIM lin -

Capacitance per Pin PORTS (as 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 j,LA. 
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2 
0.5 
3 

-

-
-
-

-
-

-
-
-
-
-
-

0.8 
0.3 
1.5 

-
-
-
-

-
-

-
-

-
-
-
-

0.6 
0.2 
1 

-
-

-
-

Max Unit 

0.1 V 
-
- V 
0.4 

VOO V 

VOO 

0.3xVOO V 
0.2XVOO 

3 mA 
1 mA 
5 j,LA 

±1 j,LA 

±1 j,LA 

12 pF 
8 

0.1 V 
-

- V II 
0.3 

VOD V 
VOO 

0.3x VOO V 
0.2xVOO 

1.5 mA 
0.5 mA 
4 j,LA 

±1 j,LA 

±1 j,LA 

12 pF 
8 

0.1 V 
-

- V 
0.3 

VOO V 
VOO 

0.3xVOO V 
0.2xVOO 

1 mA 
0.3 mA 
3 j,LA 

±1 j,LA 

±1 j,LA 

12 pF 
8 
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, ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmittedto Mo
torola 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 (MDOS 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 

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 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 5 114 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. 
MSc®-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 $C1 0 
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 

PBl 

PB2 

RESET 

PA7 

PA6 

PAS 

PA4 

PB7 

PB6 

PBS 

PB4 
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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-bitvariables, 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 MeV Manual (DLE404/D). 

Major hardware and software features of the MC68HC04J3 MCU are: 
• On-Chip Clock Generator • True Bit Manipulation 

• Memory Mapped I/O 
• Software Programmable 8-Bit Timer with 

7-Bit Prescaler 

• Single Instruction Memory Examine/ 
Change 

• 72 Bytes of Data ROM 
• 30 Bytes of User RAM 
• User Selectable Input Drive Options 
• Optional Pull Down Devices on I/O Ports 

• Bit Test and Branch Instruction 
• 368 Bytes Self-Check ROM 
• Conditional Branches 
• Timer Pin is Software Programmable as 

Clock Input or Timer Output 

• 1672 Bytes of User Program ROM 

• Mask Selectable Edge- or Level-Sensitive Interrupt Pin 

BLOCK DIAGRAM 

Timer 

Accumulator 
A 

CPU 

Indirect Control 

PA4 Register 
X 

Port 
PA5 

Indirect 
A Port Data Register 

A Dir. y 
I/O CPU 

Lines PA6 Reg. Reg. 

Stack 

PA7 
Program 
Counter AlU 

High PCH 
1672 x 8 Program 

User Program ROM Counter Flags 
368 x 8 low PCl 

Self-Check 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 

VDD AND VSS 
Power is supplied to the microcomputer 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 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 mcln
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 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 withthe MDS pin, the RESET pin selects 
the operating mode of the MCU. A pullup resistor on this 
pin is a manufacturing mask option. 

MDS 

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 (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 tei have, interna'i 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 I/O 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 C1 

XTAL 
5 

I 
External Resistor 
Capacitor 

XTAL EXTAL 
EXTAL4 ", " ',XTAL5 G..1' tJ-s 5 4 

D 
I I 

Crystal 

Clock 
Input 

NC to 
device pin 

External Clock 

',,' , Co 

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 
ceramI(;; resonator ,manufacturers sug
gestions for Co, C1, and RS values 

Figure 1. Clock Generator Options and Crystal Parameters 
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Data 
Direction OUlpUt Input 

R.egiIter Data OUlpUt To 
Bit Bit State MCU , 0 0 0 , , , 1 

0 X HI-Z Pin 

Figure 2. Typical I/O 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 I/O 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 

PortA PA4-PA7 

Port B PB3-PB7, PB4-PB7, PB1-PB2, PBO 

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. 

The source of data read from the port register is either 
the port I/O 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. Ifthe corresponding DDR 
for the port I/O pin is programmed as an output, the data 
appears on the port pin. 

Port A ($00) 

x x .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, I/O register locations, and stack 
space. This MCU has three separate memory spaces: 
program space, data space, and stack space. 
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Bytes 

0000 

:::~ 

7 204 

2048 

~:::: 

5 241 

2416 

:::~ 

4087 

4088 

4089 

4090 

409 
409 

1 

2 

3 409 

4094 

4095 

Reserved 
(2048 Bytes) 

MC68HC04J3 

Address 

000 $ 

~:::: 

$ 7FF 

BOO $ 

Bytes 

000 

00 1 

00 2 

3 00 

004 

005 

006 

008 

009 

010 

Port A Data Register 

Port B Data Register 

Reserved 
(2 Bytes) 

Port A DDR 

Port BOOR 

Reserved 
(3 Bytes) 

Timer Status Control Register 

Low Byte CRC 

Address 

$ 00 

$ 01 

$ 02 

$ 03 

$ 04 

$ 05 

$ 

$ 

06 

08 

$ 09 

$ OA 

Self-Check ROM ~;:: 011 High Byte CRC $ OB 

(368 Bytes) 

Program ROM 
(1672 Bytes) 

Self-Check 
IRQ Vector 

Self-Check 
Restart Vector 

User 
IRQ Vector 

User 
Restart Vector 

Program Space 

Levell 

Level 2 

Level 3 

Level 4 

Stack Space 

$ 

$ 

96F 

970 

~~ 

012 .. ~ Reserved 
(12 Bytes) 

User Data Space ROM 
(72 Bytes) 

Reserved 
(32 Bytes) 

Indirect Register X 

Indirect Register Y 

SOC ........ 

117 $18 

$ 

$ 

$ 

FF7 

FF8 

FF9 

FFA 

User Data Space RAM 

i (30 Bytes) f 159 $9F 
160 ~-----------t $AO 

Reserved 
$ 

$ 

$ 

FFB 

FFC 

""" (93 Bytes) 

252 

253 Prescaler Register 

$ FFD 

FFE 
254 Timer Count Register 

$ 

255 
$ FFF 

Figure 3. Memory Map 
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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 HOM 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. 

A 

INDIRECT REGISTERS (X, V) 

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 0 

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 pel 

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 (2) 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 
z 

There are two sets of these flags. One set isfor interrupt 
processing (the interrupt mode flags). The other set is for 
normal operations (ttJe 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. 80th 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 
$OA (CRC low), and $08 (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. 8y 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 $OA or $08, 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. 

+5V 

4.7 k 

I,·OIlF 

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 TM2 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 3 
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 al.low 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 sequerice cannot begin until 
completion of the interrupt service routine for the first 
interrupt. Completion of an interrupt. service r()utine 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 interr'upt 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 
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 PCis also 
loaded with the appropriate restart vector(jumpinstruc
tion). 

Toopen the interrupt mask, the user should doa 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 stacki'ng the PC and switch~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 thatwrites a one to 
~eTMZb~ . 

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 bitIn 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 le(jkage levels. 

Providing the supply voltage remains within data sheet 
limits, the contents ofthe TSCR, accumulator, and all data 
space RAM remain unchanged in STOP mode. 

MOTOROLA MICROPROCESSOR DATA 

3-380 



w 
W 
~ 

s: o 
d 
:JJ o 
~ 
s: n 
:JJ o 
"'tI 
:JJ o 
(') 
m 
CJ) 
CJ) 

o 
:JJ 
C e 

Oscillator Active 
Timer Clock Enable 
CPU Clock Disable 

$00- DDR's 
Preset Timer 

CPU Clock Enable 
SOO - DDR's 

Set I Mask 
Clear IRQ latch 

SFF - TCR 
$00- TSCR 

Select Prgm Flags 
Load Reset Vector 

Into PC 

% .9! !-;'::';";":":"':":"""...,.---l 
~. ~ Select INT Flags 
£ <.> Load INT ,,-_._-

Into PC 

Figure 6. Instruction Processing Sequence 

• 

s: 
(") 
0') 
co 
% 
(") 
o e 
w 



II 

MC68HC04J3 

JMP-START 
VECTOR (FFE-FFF) 

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

START (ROUTINE) 
INSTRUCTION (I-N) 

I 
LAST INSTRUCTION 

JSR INIT 

I 

PROGRAM 

I 
IRQ 

RECOGNIZED 

I IRQ 
SERVICE 
ROUTINE 

I 
LAST INSTRUCTION 

RTI 

PROGRAM 
I 

INIT 
INITIALIZATION 

SUBROUTINE 

I 
LAST INSTRUCTION 

RTI 

1 

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

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

INTERRUPT 
MASK 

CLOSED 

MASK 
OPEN 

INTERRUPT 
MASK 

CLOSED 

MASK 
OPEN 

Figure 7. Interrupt Mask 

~ausing 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 ti me 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 statuslcontrol register (TSCR). 
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Microcomputer Internal Bus 

3 

TOUT 
DOUT 

SYNC 

Timer Status 

Timer Pin TOUT DOUT Timer Mode 

Input 

Output 

° 
° 

° Event Counter 
1 Input Gated Mode 

° Output 
1 

Figure 8. Timer Block Diagram 

PRESCALER 

The prescaler is a 7-bit counter usedto extend the max
imum interval ofthe 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: 
1 

TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 
7 6 5 4 3 

I TMZ I ETI TOUT I DOUT I PST PS2 PSI PSO 

RESET: 
o 

TMZ - Timer Zero 
1 = Timer count register has reached the all-zero 

state since the last time the TMZ bit was read. 
a = 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. 
a = Timer interrupt disabled. 

TOUT - Timer Output 
1 = Output mode is selected for the timer. 
0= Input modes are selected for the timer. 

DOUT - Data OutpLit 
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 = Tim~r input gated mode is selected 
0= Timer input eventcounter 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 theprescaler. 

TIMER PRESCALER REGISTER ($FD) 

The timer prescaler register reflects the current count 
oftre 7-bit prescaler. This register is the prescaler counter 
and can be written. 

6 

I MSB 

RESET: 
1 

LSB 

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. Refe~ 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 

Transfe'r 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 

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 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 

No 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 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 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 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 MC68HC04J3 MCU. 
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BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

8NE 

BNE 

BNE 

BNE 

BNE 

BNE 

BNE 

Abbreviations for Address Modes 

INH Inherent 
S·D Short Direct 
B·T·B Bit Test and Branch 
IMM Immediate 
DIR Direct 
EXT Extended 
REl Retative 
BSC Bit Set! Clear 
R:INC Register Indirect 

Branch Instructions 

BEQ BEQ BCC BCC 

BEQ BEG BCC BCC 

BEQ BEQ BCC Bce 

BEQ BEQ BCC BCC 

BEQ BEQ Bce BCC 

BEQ BEG Bce Bce , 

BEQ BEQ Bce BCC 

BEQ BEQ BCC BCC 

BEQ BEQ BCC BCC 

BEQ BEQ BCC BCC 

BEQ BEQ BCC BCC 

BEQ BEQ BCC Bce 

BEQ BEQ BCC BCC 

BEQ BEQ Bec Bce 

BEQ BEQ BCC BCC 

BEO- BEQ BCC BCC 

Indicates Instruction Reserved for Future Use 
Indicates Illegal Instruction 

BCS 

BCS 

BCS 

BCS 

BCS 

Bes 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

BCS 

• 
Table 1. Opcode Map 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

Bes JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

BCS JSRn 

Bes JSRn 

BCS JSRn 

BCS JRSn 

BCS JSRn 

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 LOA 

Bit Manipulation 
Instructions 

MVI BRCLRO 

BRCLRl 

RTI BRCLR2 

RTS BRCLR3 

COMA BRCLR4 

ROLA I BRCLR5 

STOP I BRCLR6 
_I] 

WAI!... I] BRCLR7 

DEC SO 13 BRSETO 

, 
DEC I BRSETl 

DEC I BRSET2 

DEC I BASETJ 

STA I BRSET4 

STA I' BRSET5 

BCLRO 

BCLRl 

B_CLR2 
8scli 

BCLR3 

BCLR4 

BCLR5 

BCLR6 

BCLR7 

BSETO 

BSETl 

BSET2 

BSET3 

BSET4 

BSET5 
5013 B T B I] 

STA BRSET6 BSET6 

STA BRSETl BSETl 

LEGEND 

Register I Memory and 
Readl Modify/Write 

LOA LOA 

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 

Hi ~ 
~L~ 

01(lO 

A 

",,~~. d-:?:1 Mne~~~~~ 1 • LOA ~ 
Opcode in Binary 

~ 
(") 
0) 
OQ 
:::J: 
(") e 
w 
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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 isa 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 ofthe 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 B are 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 VDD -0.3 to + 7.0 

Input Voltage Vin VSS-0.3 to 
VDD+0.3 

Current Drain per Pin I 10 
Excluding VDD and VSS 

Total Current for Sink I 30 
Ports A. B, C EXTAl, TIM Source I 15 

Operating Temperature Range (Comm.) TA o to 70 

Operating Temperature Range (Ind.) TA -40 to +85 

Storage Temperature Range Tst~ -55 to + 150 

Junction Temperature TJ 
Plastic 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 6JA 
Plastic 70 

POWER CONSIDERATIONS 

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

where: 
TA 
eJA 

Po 
PINT 
PPORT 

Tj=TA+(POOejA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+ PPORT 
= ICC x VCC' Watts - Chip Internal Power 
= Port Power Oissipation, 

Watts - User Oetermined 

----~~---- VDD 

Pin 
Under o-----__ ~----. 
Test 

50 pF 

Unit 

V 

V 

rnA 

rnA 

°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 hign-impedance circuit. For proper oper
ation itis recommended that Vin and Vout be con
strained to the range VSS""(Vin)",,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 VCC). 

For most applications PPORT<PINT and can· be ne
glected. PPORT may become significant if the device is 
configured to drive Oarlington bases or sink LEO 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 0 (T A + 273°C) + ejAoP0 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 T A 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 T A. 

Voo= +4.5V 

IOl/lOH = 800 fJ.A 
Rl =RH =4.6 k!l 

VOO=+2.7V 

IOL/IOH = 200 fJ.A 
Rl=RH=10.5kO 

VOO=+2.0V 

IOl/lOH = 100 fJ.A 
Rl=RH=16kO 

Figure 9. Equivalent Test Load 
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CONTROL TIMING CHARACTERISTICS 

Characteristic Symbol Min Typ Max 

(VOO= +5 Vdc ±10%, VSS=O Vdc; TA=O°C to 70°C 

Oscillator Frequency fosc 0 - 11.0 

PHil Clock Frequency fCl 0 - 5.5 

Cycle Time (Min) tCYC 2.2 - -

IRO Pulse Width tlWl 2xtCyc - -
RESET Pulse Width RWl 2 xtCYC - -
Oscillator Clock Pulse Width tOL, tOH 45 - -

VOO= +3 Vdc ±100/0, VSS=O Vdc, TA=O°Cto 70°C 

Oscillator Frequency fosc - - 11 

PHil Clock Frequency fCl - - 4.2 

Cycle Time (Min) tcyc 2.9 - -
IRO Pulse Width tlWl 2 xtCYC - -

RESET Pulse Width tRWl 2 xtCYC - -

Oscillator Clock Pulse Width tOl,tOH 45 - -

VOO= +2.2 Vdc ±10%, VSS=O Vdc, TA=O°C to 70°C 

Oscillator Frequency fosc 0 - 8.4 

PHil Clock Frequency fCl 0 - 2;1 

Cycle Time (Min) tcyc 5.7 - -

IRO Pulse Width tlWl 2 xtcyc - -

RESET Pulse Width tRWl 2 xtcyc - -
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 10,000 

1000 
1000 

1 
0 100 ~ 

..:::,.0 ;;...,t? 

0r;~~..:::.? 
'\." ~ 

<i' 
c;!-

100 0 
~ 

»"~ 
~O~ '0 ~o 

O;J'? ~ ..... c, 

i/ "'~o 
'\." 

~ 

/ 

~ ~ 

10 1/ 
10 

I;' 
1/ 

1k 10k lOOk 1m 1011 lk 10k lOOk 1m 

Clock Frequency IHzl 
Clock Frequency IHzl 

Figure 10. Typical RUN Current vs 
Clock Frequency 

Figure 11. Typical WAIT Current vs 
Clock Frequency 
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DC ELECTRICAL CHARACTERISTICS (Typical pull-down sink current for Vout=VOO is 50.,.,..A.) 

Characteristic Symbol Min 

VOO= +5 Vdc ±10%, VSS=O Vdc, TA=O°C to 70° C 

Output Voltage, ILoad(10.0 ,.,..A VOL -
VOH VOO-0.1 

Output High Voltage, ILoad= +BOO,.,..A) Ports, TIM VOH VOO-0.4 
Output Low Voltage, ILoad = + BOO ,.,..A) Ports, TIM VOL -
Input High Voltage Ports, TIM, XTAL, MOS VIH 0.7xVOO 

IRQ, RESET VIH O.BxVOO 

Input Low Voltage Ports, TIM, XTAL, MOS VIL VSS 
IRQ, RESET VIL VSS 

Total Supply Current 
CL = 50 pF, Ports, TIM, RUN 100 -
No dc load, tcyc= 1/fCL (max), WAIT* 100 -
VIL = 0.2 V, VIH = VOO - 0.2 V STOP* 100 -

1/0 Ports Input Leakage VSS(VI(VOO IlL -
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(1O.0 ,.,..A VOL -
VOH VOO-0.1 

Output High Voltage, ILoad= -200,.,..A) Ports, TIM VOH VOO-0.3 
Output Low Voltage, ILoad = + 200 ,.,..A) Ports, TIM VOL -
Input High Voltage Ports, TIM, XTAL, MOS VIH 0.7xVOO 

IRQ, RESET VIH O.BxVOO 

Input Low Voltage Ports, TIM, MOS, XTAL VIL VSS 
IRQ, RESET VIL VSS 

Total Supply Current 
CL =50 pF, Ports, TIM, RUN 100 -
No dc load, tcyc= 1/fCL(Max), WAIT* 100 -
VIL =0.2 V, VIH=VOO-0.2 V STOP* 100 -

1/0 Ports Input Leakage VSS(VI(VOO IlL -
Input Current RESET; IRQ, TIM lin -
Capacitance per Pin PORT~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, ILoad(1O.0 ,.,..A VOL -
VOH VOO-0.1 

Output High Voltage, ILoad = -100,.,..A) Ports, TIM VOH VOO-0.3 
Output low Voltage, ILoad = + 100 ,.,..A) Ports, TIM VOL -
Input High Voltage Ports, TI/'v1, XTAL, MOS VIH 0.7xVOO 

IRQ, RESET VIH O.BxVOO 

Input Low Voltage Ports, TIM, MOS, XTAL VIL VSS 
IRQ, RESET VIL VSS 

Total Supply Current 
CL = 50 pF, Ports, TIM, RUN 100 -
No dc load, tcyc= 1/fCL(Max), WAIT* 100 -
VIL =0.2v, VIH=VOO-0.2 V, STOP* 100 -

1/0 Ports Input Leakage VSS(VI(VOO IlL -
Input Current REST, IRQ, TIM lin -
Capacitance per Pin PORT~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 ,.,..A. 
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2 
0.5 
3 

-
-
-
-

-
-
-
-
-
-
-
-

O.B 
0.3 
1.5 

-
-
-
-

-
-
-
-
-
-
-
-

0.6 
0.2 
1 

-
-
-
-

Max Unit 

0.1 V 
-
- V 
0.4 

VOO V 
VOO 

0.3xVOO V 
0.2xVOO 

3 mA 
1 mA 
5 ,.,..A 

±1 ,.,..A 

±1 ,.,..A 

12 pF 
B 

0.1 V 
-
- V 
0.3 

VOO V 

VOO 

0.3xVOO V 
0.2xVOO 

1.5 mA 
0.5 mA 
4 ,.,..A 

±1 ,.,..A 

±1 ,.,..A 

12 pF 
B 

0.1 V 
-
- V 
0.3 

VOO V 
VOO 

0.3xVOO V 
0.2xVOO 

1 mA 
0.3 mA 
3 ,.,..A 

±1 ,.,..A 

±1 ,.,..A 

12 pF 
B 
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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: 

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 (MDOS@ or MS@-DOS 
disk file), programmed with the customer'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 5 114 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 

MOOS 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 
(P Suffix) - 40°C to + 85°C MC68HC04J3CP 

IBM is a registered trademark of Internal Business Machines Corporation. 
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MOTOROLA 
ISEMICONDUCTOR .......................... . 

TECHNICAL DATA 
MC68HC04P4 

Product Preview 
8-Bit HCMOS Microcontroller Unit 

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 I/O 
• 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!jons __ 

- 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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MOTOROLA 
SEMiCONDUCTOR ........................ .. 
TECHNICAL DATA 

MC68HC704P4 

Product Preview 

One Time Programmable ROM (OTPROM) or 
Standard Eraseable Programmable Read-Only 
Memory (EPROM) Microcomputer 

The MC68HC704P4 Microcomputer Unit (MCU) device is similar to the MC68HC04P4 with the fol
lowing exceptions. The exceptions incorporate 3740 bytes of One Time Programmable Read-O~~ 
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 I/O 

• 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 4nstruction 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 MC68D5P2 (HMOS) Microcomputer Unit (MCU) is a member of the MC68D5 Family of micro
computers. This low cost and high speed MCU has parallel I/O 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 (M68D5UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the below list for additional fea.tures 
available on the MCU. ' 

• Internal 8-Bit Timer with 7-Bit Programmable Prescaler • Vectored Interrupts 
• On-chip Oscillator • 64 Bytes RAM 
• Memory Mapped I/O • Low Voltage Inhibit Option 
• Versatile Interrupt Handling • Self-Check Mode 
• True Bit Manipulation • Master Reset 
• Bit Test and Branch Instruction • 11 DO. Bytes ROM 
• 20. I/O Ports 

BLOCK DIAGRAM 

TIMER 
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SIGNAL DESCRIPTION 

VCCAND VSS 

Power is supplied to the microcomputer using these 
two pins. VCC is + 5.25 volts (± 0.56.) power, and VSS is 
ground. 

INT 

This pin provides the capability for asynchronouslyap
plying an external interrupt to the MCU. Refer to INTER
RUPTS for additional information. 

NUM (Non-User Model 

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 VCC 
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. 

External 
Clock 
Input 

~XTAL 

4 EXTAL 

MCU 

Approximately 25% to 50% Accuracy 
Typical tcyc= '.25/Ls 

External Clock 

External Jumper 

Crystal Parameters C, 

EXTAL 
4 -eL, ~XTAL 

CE---------J 5 

AT - Cut Parallel Resonance Crystal 
Co =7 pF Max. 
Freq=4.0 MHz@CL=24pF 
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" and RS values. 

R MCU 

Approximately '0% 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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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 (A and 
B) and one 4-bit port (C). Ports A, B, and C are 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 (DDR). The port I/O 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 (1). Refer to Table 1 for I/O functions and to 
Figure 3 for typical port circuitry. 

Table 1. I/O 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 I/O 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 I/O. II 
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. 

ACCUMUL.ATOR tA) 

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 0 

X I 
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 pel 
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Data 
Direction Register t---4I.__-------~.__----........ 

7 

Bit* 

Latched 
Output 
Data 
Bit 

* DDR is a write-only register and reads as all "15". 

PORT DATA REGISTER 

Port A Addr = $000 
Port B Addr = $001 
Port C Addr=$OO2 (Bits 0-3) 

o 
PORT DATA DIRECTION REGISTER IDDR) 

7 o 

(1) Write Only; reads as all "1s" 
(2) 1 = Output; 0 ... Input. Cleared to 0 by reset. 
(3) Port A Addr = $004 

Port B Addr= $005 
Port C Addr= $006 (Bits 0-3) 

Figure 3. Typical Port I/O 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 to15 
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 ofthe 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 tile 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 (e) 

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 

000 

127 
128 

255 
256 

959 
960 

1923 
1924 

2039 

2041 
2042 

Interrupt 2043 ~
2040 

Vectors 2044 
2045 
2046 
2047 

o 
I/O Ports $000 

Timer 
RAM 

(128 Bytes) $07F 
$080 

Page Zero 

~FF User ROM 
(128 Bytes) 

Not Used 
$100 

(704 Bytes) 
$3BF 
$3CO 

Main User 
ROM 

(964 Bytes) 

$783 

Self Check 
$784 

ROM 
(116 Bytes) 

$7F7 

Timer Interrupt $7F8 
$7F9 

I---~--- $7FA External Interrupt $7FB 1------- $7FC SWI 
~-----

$7FD 

Reset $7FE 
$7FF 

76543210 

0 PortA $000 

1 Port B $001 

2 1 1 1 11 PortC $002 

3 Not Used $003 

4 Port A DDR $004-

5 Port B DDR $005-

6 Not Used I Port C DDR $006-

7 Not Used $007 

8 Timer Data Reg $<Xl! 

9 Timer Control Reg $009 

10 $ooA 
Not Used 

63 
(54 Bytes) 

$03F 

64 $040 

RAM 
(64 Bytes) 

Stack 
(31 Bytes 

Maximum) 

127 t $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: 

I/O - functionally exercise I/O ports 
RAM - walking bit test 
ROM - exclusive OR with 000 "1s" parity result 
Timer - functionally exercise timer 
Interrupts - functionally exercise external and timer 

interrupts 
Table 2 shows the status of the LEOs 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 

PC, PCO Problem 

0 0 Interrupt Failure 

0 , Bad Port A or Port B , 0 Bad RAM , , Bad RAM 

All 4 LEOs 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 (VLVI). The only requirement being that VCC 
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RESET 

1 ::r: 
1.0 /iF 

.,..,. 

+9 V 

VCC 

VCC= Pin 3 
VSS= Pin 1 

10 k 

2 

28 

5 

7 

6 

INT MC6805P2 PA7 27 

PA6 26 

RESET PA5 25 

PA4 24 

XTAL PA3 23 

PA2 22 

EXTAL PAl 21 

PAO 20 

TIMER 

PB7 19 

NUM PB6 18 

PB5 17 

PB4 16 

PCO PB3 15 

PCl PB2 14 

PC2 PBl 13 

PC3 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 

1 -VCC--~~---r---' 
:r: 1.0"F 

~igure 6. Power"Up RESET Delay Circuit 

must remain at or below the VLVI threshold for Qne 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 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 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 (tr.ansitions 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 

, -I Bit (In CCI 
07F-SP 
O-DDRs 

CLR INT Logic 
FF-Timer 

7F-Prescaler 
7F-TCR 

Put 7FE on 
Address Bus 

Load PC 
from 

7FE17FF 

Fetch 
Instruction 

Execute All 
Instruction 

Cycles 

Timer 

SWI 

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~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 (fINT 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. 

la) Zero-Crossing Interrupt 

I:pcut ,ICurrent 

IflNT Max,)~'mltmg) . 2 iNT 
Rs1 MO 

aclnputs R 0.1-1.0 
10 Vac pop I'F 

MCU 

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 
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. 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 VCC. If 
low, it will gate <1>2 off. 

Ib) Digital-Signal Interrupt 

Vec 

TTL 4.7 k 

Level 2 iNT 
Digital--__ ~ 

MCU 
Input 

lJ 
Figure 9. Typical Interrupt Circuits 
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TIMER 

Input 
Pin 

r------'j 
I I 
I I 
I I 
I I L ______ ! 

Manufacturing 
M3Sk 

Options Write Read 

Timer 
Timer 

bO 

Timer Control Register nCR) 

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 I TIM 

RESET: 
o u 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 eitnerthe 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 

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 BRSETn (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) 

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 

_~o-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 .aresingle byte 
instructions, while the longest instructions (three bytes) 
permit accessing tabl.es 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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Bit Manipulation Branch 
BTB BS( REl OIR 

~ Low ~ ~, J,o OO~, 
'~RSETO 

4 
6 NEG 

~ 2 BSE~~c BRA 
i 3-STB 2 REL 2 OIR 

10 7 4 
1 BRClRO 2 BCL~~c 2 BRN 

0001 3 STB REL 
10 7 4 

2 BRSETI 2 BSE~~c 7 BHIREI 
0010 3 BTB 

10 7 4 6 
3 BRCLRI . 2 BCL~~c BLS COM 

0011 3 BTB 2 R 2 OIR 
10 7 4 6 

4 BRSET2 2 BSE~~c _2 BCC~H 2. LSR 
0100 3 BTB OTR 

10 7 4 
5 

3
BRCL

:ls '2 BCL~~c 2 BCS
REI 0101 

10 7 4 6 
6 rSE~A 2 BSE~~c 2 BNE~L 2 ROR

OIR 0110 
10 7 4 6 

7 
3
BRCL

:ls 2 BCL~~c BEO ASR 
0111 2 ..Bll 2 OIR 

10 7 4 6 
8 BRSEJ;'.. 2 BSE1~c 7 BHC~ 2 LSL 

1000 OIR 
10 7 4 6 

9 BRCLR4 2 BCL~~c BHCS ROL 
1001 3 STS 2 REL 2 OIA 

'2. 7 4 6 

l~O ,BRSEJle ..2..BSE~ _2 BPLRFI 
2 DEC 

OIA 
'0 7 4 

B BRCLR5 BCLR5 BMI 
1011 3 STB 2 sse 2 REL 

1~ 4 6 

lfoo_ 3
BRS

EJfs 2 BSE~~c BMC INC 
2 REL 2 OIA 

10 7 4 6 

1 Po, 3
BRCL

:fs 2 BCL~~c 2 BMS
AEL 

TST 
2 OIA 

10 7 4 
E 

rSEJls 2 BSE~1c BIL 
1110 2 REL 

10 7 4 6 
F BRCLR7 BClR7 BIH CLR 

1111 3 BTB 2 ssc 2 REL 2 OIA 

Abbreviations for.Address Modes 

INH 
IMM 
DIR. 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Immediate 
D.irect 
Extended 
Relatiye 
Bit Set/Clear 
Bit Test and Branch 
Indexed (No Offset} 
Indexed. 1 Byte (B-Bit} Offset 
Indexed, 2 Byte (16-Bit} Offset 

4 

1 

4 

1 
4 

1 

4 

1 
4 

1 
4 

1 
4 

1 
4 

1 

4 

1 
4 

1 

4 

1 

Table 3. Opcode Map 

Read-Modify:Write Control Regiaer I Memory 
INH INH IXI IX INH INH IMM OIR EX 1X2 IXI IX 

O~ O'~' 01~0 O'~' 
8 9 A B 

1 faa ,g, "~O ,f" ~ ,000 '00, 10'0 ,011 
4 ·7 6 9 

I' SUB : SUB
OIR 

: SUB
EXT 

: SUB
IX2 
~ SUB

,X1 • SUB IX NEG NEG NEG ' NEG RTI ~ INH 1 INH 2 IXI I IX 1 INH 12 IMM 
6 2 4 5 6 5 4 

RTS CMP CMP CMP CMP CMP CMP I 
1 lNH 2 lMM 2 DIR 3 EXT 3 IX2 2 IXI I IX 000' 

2 4 
" SBC 6 SBC ' 'SBC • SBC SBC SBC 2 

12 IMM 2 DIR 3 EXT 3 IX2 2 IX' , IX 00,0 
4 7 6 11 2 4 5 6 

, CPX • CPX COMA COM X 2 COM COM SWI CPX CPX CPX 3 CPX
,X2 rJ" INH 1 INH IXI I IX 1 INH 2 IMM 2 OIR 3 EXT 2 IXI 1 IX 

4 7 6 2 4 
5 AND 

6 5 4 
LSRA LSRX LSA LSA AND AND AND 2 AND AND 4 

INH 1 INH 2 IXI I IX 2 IMM 2 OIR 3 EXT 3 IX2 IX , IX 0100 
2 4 5 6 5 4 

BIT BIT 3 BIT
EXT 3 BIT IX2 2 BIT IX, , BIT IX 01~' ,2 IMM 2 OIR 

4 7 6 1 4 5 6 5 4 
RORA ROAX 2 AOR ROA LOA LOA LOA 3 LDA

IX2 
.2. lOA LOA o~o. INH 1 INH IXI 1 IX 2 IMM 2 DIR 3 EXT IXI 1 IX 

4 7 6 2 5 
6 STA 6 STA ' STA ASRA ASRX ASA ASA TAX STA 3 STA

,X2 O'~, INH 1 INH 2 IXI 1 IX I INH 2 DIR 3 EXT 2' IX' , IX 
4 7 6 2. 2. 4 5 6 5 4 

LSLA LSLX .1 LSL LSL CLC 7 EOR EOR 3 EOR 3 EOR
IX

.2.. EOR EOR 8 
INH 1 INH IXI 1 IX INH IMM 2 OIR EXT 2 IX' 1 IX ,000 

4 7 6 2 2 4 5 6 5 4 
ROLA ROLX ROL AOL SEC ADC ADC ADC ADC ADC ADC 9 

INH 1 INH 2 IXI 1 IX I INH 2 IMM 2 OIA 3 EXT 3 IX2 2 IXI 1 IX '100' 
4 7 6 2. 2 4 

" ORA o ORA ' ORA • ORA DECA DEC X DEC- DEC CLI ORA ORA A 
INH 1 INH 2 IXI I IX I INH 2 IMM 2 OIA 3 EXT 3 IX2 2 IXI , IX ,010 

i l SEI I' ADD 4 ADD " ADD 6 ADD ' ADD • ADD B 
1 INH 2 IMM 2 OIR 3 EXT 3 IX2 2 IXI 1 IX 101, 

4 ·7 6 2 3 4 
, JMP • JMP • JMP INCA INCX INC INC RSP JMP JMP C 

'NH 1 INH 2 IXI 1 IX 1 INH 2. OIA 3 EXT 3 IX2 2 IXI 1 IX 1100 
4 7 6 ·2 B 7 

8 JSR 9 JSR 8 JSR 7 JSR TSTA TSTX rST TST NOP BSR JSR 0 
INH 1 INH 2 IXI 1 IX 1 INH 2 REL 2 OIA 3 EXT 3 IX2 2 IXI 1 IX "0, 

2 4 
'" LOX 6 lOX ' LOX • lOX LOX LOX E 

2 IMM 2. OIA 3 EXT 3 IX2 _.2. IXI 1 IX '''0 
4 7 

(LR 
6 2 

5 STX ,6 STX ti STX " STX CLRA CLRX CLR TXA STX F 
INH 1 INH 2. IXI 1 IX I INH 2 OIA 3 EXT 3 IX2 2 IX, 1 IX "" 

LEGEND 

j lr.l~ ~;"H~m. 
/o'C"", 4 ~ 
Mnemonic .-

Bytes 1 IX (lXX) ......--

Opcode in Binary 

, Address Mode 

• 
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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 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 11 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
abl.e locations and could extend as far as location 510 
($1 FE is the last location at which the instruction may 
be.gin): 

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-bitindex 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 I/O, can 
be selectively set or cleared with a single 2-byte instruc
tion. 

CAUTION 

The corresponding DDRs for ports, A, B, and Care 
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 VCC -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 
o to 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 6JA 
Cerdip 60 
Plastic 72 

POWER CONSIDERATIONS 

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

where: 
TA 
6JA 

Po 
PINT 
PI/a 

TJ=TA+(PO·6JA) (1) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+PI/0 
= ICC x V CC, Watts - Chip Internal Power 
= Power Oissipation on Input and Output 

Pins - User Oetermined 

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 ~ 
(Vin and Vout) ~ VCC. Reliability of operation 
is enhanced if unused inputs except EXTAL 
are tied to an appropriate logic voltage level 
(e.g., either VSS or VCC). 

For most applications PI/O<PINT and can be neglected. 
The following is an approximate relationship between 

Po and TJ (if PI/a is neglected): 
PO=K..;.- (TJ + 273°C) (2) 

Solving equations (1) and (2) for K gives: 
K= PO· (T A +273°C)+6JA· P02 (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 T A- 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 T A-
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ELECTRICAL CHARACTERISTICS 
(VCC = + 5.25 ± 0.5 Vdc, VSS = 0 Vdc, TA = 0° to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage VIH V 
RESET (4.75,;;; VCC ,;;; 5.75) 4.0 .- VCC 

(VCC < 4.75) VCC -0.5 - VCC 
INT (4.75 ,;;; VCC ,;;; 5.75) 4.0 * VCC 

(VCC < 4.75) VCC -0.5 * VCC 
All Other 2.0 - VCC 

Input High Voltage Timer VIH V 
Timer Mode 2.0 - VCC+l 
Self-Check Mode 9.0 10.0 15.0 

Input Low Voltage VIL V 
RESET VSS - 0.8 
INT VSS * 1.5 
All Other VSS - 0.8 

RESET Hysteresis Voltage V 
"Out of Reset" VIRES- 2.1 - 4.0 
"Into Reset" VIRES+ 0.8 - 2.0 

INT Zero Crossing Input Voltage, Through a Capacitor VINT 2.0 - 4.0 Vac pop 

Internal Power Dissipation - No Port Loading VCC = 5.75 V, PINT - 400 690 mW 
TA=O°C 

Input Capacitance Cin . pF 
XTAL - 25 -
All Other - 10 -

Low Voltage Recover VLVR - - 4.75 V 

Low Voltage Inhibit O°C to 70°C VLVI 2.75 3.5 - V 
- 40°C to + 85°C 3.1 3.5 -

Input Current lin f.LA 
TIMER (Vin=0.4 V) - - 20 
INT (Vin=2.4 V to VCC) - 20 50 
EXTAL (Vin=2.4 V to VCC, Crystal Option) - - 10 
__ (Vin=0.4 V, Crystal Option) - - -1600 
RESET (Vin = 0.8 V) -4.0 - -40 
(External Capacitor Charging Current) 

*Due to internal biasing, this input (when unused) floats to approximately 2.0 Vdc. 

VCC=5.75V VCC=575V 

Test Test MMD6150 

POint Point or Equiv. 
297kO 

40 pF 

TestPoint~ 

30 pF 24 kO MMD7cxx) 
125 kOl MMD7cxx) I :.", ITo,," 

!Totai) or Equlv !Totan or EquiV. 

Figure 11. TTL Equivalent Test Load 
(Port B) 

Figure 12. CMOS Equivalent Test Load Figure 13. TTL Equivalent Test Load 
(Port A) (Ports A and C) 
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PORT DC ELECTRICAL CHARACTERISTICS 
(VCC=5.25 ±0.5 Vdc, VSS=O Vdc, TA=OD to 70DC, unless otherwise noted) 

Characteristic Symbol Min Typ 

Port A with CMOS Drive Enabled 

Output Low Voltage, ILoad = 1.6 rnA VOL - -
Output High Voltage, ILoad = -100 f.1A VOH 2.4 -
Output High Voltage, ILoad= -10 f.1A VOH VCC-l -

Input High Voltage, ILoad = - 300 f.1A (max.) VIH 2.0 -
Input Low Voltage, ILoad = - 500 f.1A (max.) VIL VSS -
Hi-Z State Input Current (Vin = 2.0 V to VCC) IIH - -
Hi-Z State Input Current (Vin = 0.4 V) IlL - -

Port B 

Output Low Voltage, ILoad = 3.2 rnA VOL - -
Output Low Voltage, ILoad = 10 rnA (sink) VOL - -
Output High Voltage, ILoad = - 200 f.1A VOH 2.4 -
Darlington Current Drive (Source), Vo = 1.5 V IOH -1.0 -
Input High Voltage VIH 2.0 -
Input Low Voltage VIL VSS -
Hi-Z State Input Current ITSI - 2 

Port C and Port A with CMOS Drive Disabled 

Output Low Voltage, ILoad = 1.6 rnA VOL - -

Output High Voltage, ILoad = -100 f.1A VOH 2.4 -

Input High Voltage VIIi 2.0 -
Input Low Voltage VIL VSS -
Hi-Z State Input Current ITSI - 2 

SWITCHING CHARACTERISTICS 
(VCC= +5.25 ±0.5 Vdc, VSS=O Vdc, TA=OD to 70DC, unless other noted) 

Characteristic Symbol Min 

Oscillator Frequency MC6805P2 tosc 0.4 
MC68A05P2 0.4 
MC68B05P2 0.4 

Cycle Time (4/toscl tc~c 0.95 

INT and TIMER Pulse Width (see Interrupt Section) tWL, tWH tcyc+ 25O 

RESET Pulse Width tRWL tcyc +250 

RESET Delay Time (External Capacitance = 1.0 f.1F) tRHL -
INT Zero Crossing Detection Input Frequency tiNT 0.03 

External Clock Input Duty Cycle (EXTAL) - 40 
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Typ 

-
-
-
-

-

-

100 

-

50 

Max Unit 

0.4 V 

- V 

- V 

VCC V 

0.8 V 

-300 f.1A 

-500 f.1A 

0.4 V 

1.0 V 

- V 

-10 rnA 

Vec V 

0.8 V 

10 f.1A II 
0.4 V 

- V 

Vec V 

0.8 V 

10 f.1A 

Max Unit 

4.2 MHz 
6.0 
8.0 

10 f.1s 

- ns 

- ns 

- ms 

1.0 kHz 

60 0/0 
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Figure 14. Power and Reset Timing 

~ Vee 

f k' Port A CMOS 
I Pullup Option 

Port DDR 

Port Data 

IP = Input Protection 

Vee 

-- 10 k Typ 

IP = Input Protection 

Figure 15. Ports A and C logic Diagram 

PAD I-~N'v--e----;~ fo 1/0 Logic 

Figure 17. Typical Input Protection 

Figure 16. Port B logic Diagram 

V 
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Measure I 

Figure 18. I/O 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) 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 (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-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. 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 Microsoffs Disk Operating System. PC-DOS 

is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 114 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 
6d 

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 information 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 MC68B05P2S 

PlCC (FN Suffix) 1.0 0° to 70°C MC6805P2FN 
1.0 - 40° to + 85°C MC6805P2CFN 

MECHANICAL DATA 

PIN ASSIGNMENTS 

28-PIN DUAL-IN-L1NE PACKAGE 28-LEAD PLCC PACKAGE 

Vss 

iN'T 

Vee 

EXTAL 

XTAL 

NUM 

TIMER 

peD 

pel 

pe2 

pe3 

PBD 

PBl 

PB2 

RESET 

PA7 .... 
~ 

PA6 ~ 

PA5 

PA4 XTAL 
PA3 NUM 
PA2 TIMEIJ 
PAl peD 

PAD pel 

PB7 pe2 

PB6 pe3 

PB5 
12 

PB4 
C) 

PB3 
&II 
Q., 
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Technical Summary 
8-Bit MicrocontrolierUnit 

The MC6805P6 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of 
microcontrollers. This low cost and high-speed MCU has parallel I/O 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 
(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 • Low Voltage Inhibit Option 
Programmable Prescaler • Self-Check Mode 

• On-chip Oscillator • Master Reset 
• Memory Mapped I/O • 1804 Bytes ROM 
• Versatile Interrupt Handling • 64 Bytes RAM 
• True Bit Manipulation • 20 I/O Ports 
• Bit Test and Branch Instruction 
• Vectored Interrupts 

BLOCK DIAGRAM 

TIMER 

Accumulator 
a A CPU Data 

Index Control Dir. 
Port 

B 

PAO a Register 
x 

Reg. Reg. 

PAl Condition 
Port PA2 Port Data Code 
A PA3 A Dir. 5 Register CC 

1/0 PA4 CPU 

Lines PA5 
Reg. Reg. Stack 

PA6 5 
Pointer 

SP 
PA7 

Program 
Counter 

3 High PCH 
AlU 

1804 X a Program 
EPROM Counter 

116 X a Self- a low PCl 

Check 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 

VCC AND VSS 

Power is supplied to the microcontroller using these 
two pins. VCC is 5.25 volts (± O.5A) power, and VSS is 
ground. 

NUM (Non-User Model 

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 

5 XTAL 

CJ 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 Vce 
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 
External 
Clock 
Input 

~XTAL 
MCU 

Approximately 25% to 50% Accuracy 
Typical tcyc= 1.25 "'s 

External Jumper 

External Clock 

Crystal Parameters 
C1 

EXTAL.-G
L
,', ~XTAL 

4 CE---------l 5 

AT - Cut Parallel Resonance Crystal 
Co=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" andRs values. 

VCC 
_~1'o. __ ~5 XTAL 

R MCU 

No 
Connection 

EXTAL 

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 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-PC3) 

These 20 lines are arranged into two 8-bit ports (A and 
8) and one 4-bit port (C). Ports A, 8, and C are programm
able as either inputs or outputs under software control 
of the data direction registers. Refer to PROGRAMMING 
for additional information. 

B.O 

7.0 

i 6.0 
~ 
>-
~ 5.0 

140 

j 3.0 

iii 2.0 
0 

1.0 

0 
0 10 20 

VCC=525 V 
TA=25°C 

30 40 50 
Resistance (km 

60 70 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

80 

Any port pin is programmable as either input or output 
under software control of the corresponding write-only 
data direction register (DDR). 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 0 for input. 
On reset, all the DDRs are initialized to a logic o 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 undef.ined 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 (0) and also to the latched output when 
the DDR is an output (1). Refer to Table 1 for 1/0 functions 
and to Figure 3 for typical port circuitry. 

Table 1. I/O 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 
liD. 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. 
hder 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 ana-bit value that 
may be added to an 8- or 16-bit immediate valueto create 
an effective address. The index register may also be used 
as a temporary storage area. 

o 
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 0 

PCH pel I 
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V) 
c 

~ .g 
Q; ~ .... c 
c c 

- 0 
u 

Data' 
Direction Register 

Bit* 

Latcl;:\ed 
Output 
Data 
Bit 

*DDR 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) 

o 7 
PORT DATA DIRECTION REGISTER (DDR) 

o 

(1) Write Only; reads as all "1s" 
(2) 1-Output; O-Input. Cleared to 0 by reset. 
(3) Port A Addr= $004 

Port B Addr = $005 
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 ll-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 11 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 ta'ken 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 cl 

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 (Jl 

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. 

CarrylBorrow (C) 

When set, this bit incjicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occllrred 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 

000 

127 
128 

255 
256 

1923 
1924 

2039 

2041 
2042 

Interrupt 2043 ~
040 

Vectors 2044 
. 2045 

2046 
2047 

o 
I/O Ports 

Timer 
RAM 

(128 Bytes) 

Page Zero 
User ROM 
(128 Bytes) 

Main User 
ROM 

(1668 Bytes) 

Self Check 
ROM 

(116 Bytes) 

Timer Interrupt ------
External Interrupt '"------

SWI 
~--.---

Reset 

$000 

$07F 
$080 

~FF 
$100 

$783 
$784 

$7F7 
$7F8 
$7F9 
$7FA 
$7FB 
$7FC 
$7FD 
$7FE 
$7FF 

76543210 

0 PortA $000 

1 Port B $001 

2 1 1 1 1 I PortC $002 

3 Not Used $003 

4 PortA DDR $004* 

5 Port B DDR $005* 

6 Not Used I Port C DDR $006* 

7 Not Used $007 

8 Timer Data Reg $008 

9 Timer Control Reg $009 

10 
Not Used 

$ooA 

63 
(54 Bytes) $03F 

64 $040 

RAM 
(64 Bytes) 

Stack 
(31 Bytes 
Maximum) 

127 t $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: 

I/O - functionally exercise I/O ports 
RAM - walking bit test 
ROM - exclusive OR with ODD "1 s" parity result 
TIMER- functionally exercise timer 
Interrupts - functionally exercise external arid timer 

interrupts 
Table 2 shows the status of the LEOs as a result of a 

failure. Port C is tested on'ly 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 LEOs 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 
(tcyel. 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 
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2 INT MC6805P6 PA7 27 

PA6 26 
RESET 

28 RESET PA5 25 

1 :::r: 
1.0 pF PA4 24 

5 XTAL PA3 23 

PA2 22 

EXTAL PAl 21 

,PAO 20 

+9 V 10 k 7 TIMER 

PB7 19 

6 NUM PB6 18 

VCC PB5 17 

PB4 16 

PCO PB3 15 

PCl PB2 14 

PC2 PBl 13 

PC3 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 
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. . 

Part of 
MC68705P3 

MCU 

1 -
:r: 1.0"F 

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 (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 inter~upts 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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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 

1-1 Bit (in CCI 
07F-SP 
O-DDRs 

CLR INT Logic 
FF-Timer 

7F -Prescaler 
7F-TCR 

Put 7FE on 
Address Bus 

Load PC 
from 

7FE17FF 

Fetch 
I nstructibn 

Execute All 
Instruction 

Cycles 

lear 
iNi' 

Request 
Latch 

Timer 

SWI 

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!!.Lsynchronized 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 (fINT 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 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 

(al Zero-Crossing Interrupt 

MCU 

ae (Current 
Input 

(fINT MaX.)~lmltlng). . 2 iNT 
Rs1 MO 
aelnputs· R 0.1-1.0 
10Vaep-p "F 

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 
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 
(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 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 VCe. 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. 

7 

I TIR I TIM 

RESET: 
o u u u 

(bl Digital-Signal Interrupt 

VCC 

TTL 4.7 k 

Level 2 iiiJT 
Digital--.... --1 
Input 

lJ 

u u 

MCU 

Figure 9. Typical Interrupt Circuits 
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r/>2 
(Internal) 

Timer 
L-.;;,.......:..y...--,r--r-,-...,.-_-r_-_ ...... Interrupt 

TIMER 
Input 
Pin 

r------j 
1 1 
1 1 
1 1 
1 1 L ______ ! 

Manufacturing 
Mask 

Options Write Read 

I Request 
I mAl 
1 __ I 

bO 

Timer Control Register (TCA) 

t 
Write Read 

Internal Data Bus 

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 

a = Cleared by external reset, power-on reset, or 
under program control 

TIM - Timer Interrupt Mask 
Used to inhibit the timer interrupt. 

1 = Interrupt inhibited 
a = Interrupt enabled 

Bits 5 through a 
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 Xin 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 

OA 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 ofthe 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 BRSH n (n=O ... 7) 

Branch if Bit n is Clear BRCLR n(n=O ... 7) 

Set Bit n BSH n (n=O ... 7) 

Clear Bit n BCLR n (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 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 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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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-
oit 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 
IRAM 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 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 part: of the opcode .. The byte following the 
opcode specifies the direct addressing ofthe byte. to 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 singlei 2-byte instruc
tion. 

CAUTION 

The corresponding DDRs for ports, A, a, and Care 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers is un
defined. Since aSET and aCLR 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 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 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 VCC -0.3 to +7.0 

Input Voltages Vin 
Except Timer in Self-Check Mode -0.3 to +7.0 
Self-Check Mode (TIMER Pin -0.3 to + 15.0 
Only) 

Operating Temperature Range TA TL to TH 
o to 70 

-40 to +85* 

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 6JA 
eerdip 60 
Plastic 72 

POWER CONSIDERATIONS 

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

where: 
TA 
eJA 

Po 
PINT 
PliO 

TJ=TA+(POoeJA) (1) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+PI/O 
= ICC x V CC, Watts - Chip Internal Power 
= Power Oissipation on Input and Output 

Pins - User Oetermined 

Unit 

V 

V 

°c 

°c 

°CIW 

Unit 

°CIW 

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 ,,;; 
(Vin and Vout) ,,;; Vec. Reliability of operation 
is enhanced if unused inputs except EXTAL 
are tied to an appropriate logic voltage level 
(e.g., either VSS or Ved. 

For most applications PI/O<PINT and can be neglected. 
The following is an approximate relationship between 

Po and TJ (if PliO is neglected): 
PO= K -;- (TJ + 273°C) (2) 

Solving equations (1) and (2) for K gives: 
K=PO 0 (TA +273°C)+eJA 0 P02 (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 T A. 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 T A. 
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ELECTRICAL CHARACTERISTICS 
(VCC = + 5.25 ± 5 Vdc, VSS = 0 Vdc, T A = O°C, unless otherwise noted) 

Characteristic Symbol Min 

Input High Voltage VIH 
RESET (4.75 ~V CC ~ 5.75) 4.0 

(VCC < 4,75) VCC -0.5 
INT (4.75 ~ VCC ~ 5.75) 4.0 

(Vec < 4.75) VCC -0.5 
All Other 2.0 

Input High Voltage Timer VIH 
Timer Mode 2.0 
Self-Check Mode 9.0 

Input Low Voltage VIL 
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 VI NT 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 (External Capacitor Charging Current) lin 
TIMER (Vin = 0.4 V) -
INT (Vin=2.4 V to VCC -
EXTAL (Vin=2.4 V to VCC, 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. 

Test 
POint 

40 pF 
I Totall 

VCC=575V 

Figure 11. TTL Equivalent Test Load 
(Port B) 

TElstPOlnt~ 

130'FI'''''' 

Figure 12. CMOS Equivalent Test Load 
(Port A) 
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Typ Max Unit 

V 
- VCC 
- VCC 
* VCC 
* VCC 
- VCC 

V 
- VCC+l 

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 -

f.lA 
- 20 
20 50 
- 10 
- -1600 
- -40 

VCC=575V 
Test MMD6150 
POint or Equiv 

2.97 kO 

30 pF 24kO MMD7000 

!Totall or Equiv 

Figure 13. TTL Equivalent Test Load 
(Ports A and C) 



MC6805P6 

PORT DC ELECTRICAL CHARACTERISTICS 
(VCC = 5.25 ± 0.5 Vdc, VSS = 0 Vdc, T A = 0° to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ 

Port A with CMOS Drive Enabled 

Output Low Voltage, ILoad = 1.6 mA VOL - -

Output High Voltage, ILoad = -100 fJ.A VOH 2.4 -

Output High Voltage, ILoad = -10 fLA VOH VCC-1 -
Input High Voltage, ILoad = - 300 fLA (max.) VIH 2.0 -
Input Low Voltage, ILoad = - 500 fLA (max.) VIL VSS -

Hi-Z State Input Current (Vin = 2.0 V to Vccl IIH - -

Hi-Z State Input Current (Vin = 0.4 V) IlL - -

Port B 

Output Low Voltage, ILoad = 3.2 mA VOL - -
Output Low Voltage, ILoad= 10 mA (sink) VOL - -
Output High Voltage, ILoad = - 200 fLA VOH 2.4 -
Darlington Current Drive (Source), Vo = 1.5 V IOH -1.0 -
Input High Voltage VIH 2.0 -
Input Low Voltage VIL VSS -

Hi-Z State Input Current ITSI - 2 

Port C and Port A with CMOS Drive Disabled 

Output Low Voltage; ILoad = 1.6 mA VOL - -

Output High Voltage, ILoad = -100 fLA VOH 2.4 -

Input High Voltage VIH 2.0 -

Input Low Voltage VIL VSS -

Hi-Z State Input Current ITS I - 2 

SWITCHING CHARACTERISTICS 
(Vec = + 5.25 ± 0.5 Vdc, VSS = 0 Vdc, T A = 0° to 70°C, unless other noted) 

Characteristic Symbol Min 

Oscillator Frequency MC6805P6 fosc 0.4 
MC68A05P6 0.4 
MC68B05P6 0.4 

Cycle Time (4/foscl tcyC 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 fLF) tRHL -

INT Zero Crossing Detection Input Frequency flNT 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 fJ.A 

-500 fJ.A 

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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RESTI 
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Figure 14. Power and Reset Timing 

~ Vee 

f ¥ Port A CMOS 
I 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 

PAD ~..J\,JVv-'--_----I. To I/O Logic 

Figure 17. Typical Input Protection 

Figure 16. Port B Logic Diagram 

v 

Vary V, 
Measure I 

Figure 18. I/O 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-OOS/PC-OOS 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 (MOOS@) or MS@l-OOS/ 
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 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 5 114 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 

n 
6d 

xxx = Customer 10 

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 

INT 

Vec 

EXTAl 

XTAl 

NUM 

TIMER 

PCO 

PCl 

PC2 

PC3 

PBO 

PBl 

PB2 

RESET 

PA7 -' cr ..... 
PA6 ~ 

PA5 4 

PA4 XTAl 

PA3 NUM 
PA2 TIMER 

PAl PCO 

PAO PCl 

PB7 PC2 

PB6 PC3 

PB5 
12 

PB4 
0 

PB3 
al 
D.. 
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MC6805R2 

Technical Summary 
8-Bit Microcontroller Unit 

The MC6805R2 (HMOS) Microcontroller Unit (MCU) isa 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 • Self-Check Mode 
• Memory Mapped 1/0 • 2048 Bytes of ROM 
• Versatile Interrupt Handling • 64 Bytes of RAM 
• True Bit Manipulation • 24 Bidirectional 1/0 Ports 
• Bit Test and Branch Instruction • AID Converter 

BLOCK DIAGRAM 

TIMER 

PAD 
PAl Accumulator 

Port PA2 Port Data 
A CPU 

PA3 A D,r Control I/O PA4 Reg Reg Register Lines PA5 8 X 
PA6 Condition 
PA7 

Code 

5 Register CC 
CPU 

Stack 

PBD 
POinter 

PBl Program Port PB2 Port Data Counter B PB3 
I/O B D,r 4 High PCH 

PB4 Reg Reg ALU 
Lines PB5 Program 

PB6 Counter 

PB7 8 

Data Port 
Dir C 
Reg Reg 

PDO/AND 
PD1/ANl 
PD2/AN2 Port 

PD3/AN3 0 

PD4IVRL Input 

P05IVRH lines 

PD6/i'fiin 
P07 

PCD 
PCl 
PC2 Port 

PC3 C 
PC4 I/O 
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 

VCC AND VSS 
Power is supplied to the microcomputer using these 

two pins. VCC is + 5.25 volts (± 0.511) 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 dock 
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. 

C1 

EXT AL RS XT AL C' 0-

External 
Clock 
Input 

5 Co. 6 

AT - Cut Parallel' Resonance Crystal 
Co =7pFMax 
Freq. = 4.0 MHz @ CL = 24 pF 
RS=50 ohms Max. 

Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
use.d instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug
gestions for CO"C" and RS values. 

XTAL 

MCU 
EXTAL 

XTAL 

EXTAL 
MCU 

8.0.--..------------------., 
~ 70 
~ 
E:; 6.0 

ifi ::;) 50 

ffi IE 4.0 

§ 30 

~ 26 
U.l 
~ 1,0 

0
0 10 20 

VCC=525V 
TA=25°C 

30 40 50 
ReSistance (kill 

60 70 '80 

Figure 2. Typical Frequency vs Resistance for 
RCOsciliator 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 VCC 
specifications. 

6 XTAL 
---C"'"' 

(See Note) C:l MCU 
EXTAL 

Crystal 

VCC 
XTAL 

~\JV'V--'-t 

R 
(See Figure 7-5) EXTAL 

No 
, Connection 

MCU 

External Clock Approximately 25% to 50% AccuracY 
Typical tcyc= '.25,.s 

Approximately 10% to 25% Accuracy 
I Excludes Resistor T olerancel 

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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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 tlLCH 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 (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 direction register. Port D has up 
to four analog inputs, plus two voltage reference 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 inputs. If any analog input is used, then 
PD5NRH and PD4NRL 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 110 programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one·for output 

Internal 
Connections 

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 outputpin 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/O func
tions and to Figure 3 for typical port circuitry. 

Port D provides reference voltage (lNT2) 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) arid VRL (PD4) are internally connected to the AID 
resistor. 

Table 1. I/O 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 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 I/O 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, 

Figure 3. Typical Port I/O Circuitry and 
Register Configuration 
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k~~:SZ:i~h I : 
In~;~~t~ns . 128 

255 
256 

1983 
1984 

4087 

Interrupt·1 § 
Vectors 4092 

4093 
4094 
4095 

, 

7 

I/O Ports 
Timer 
RAM 

(128 Bytes) 

Page Zero 
User ROM 
(128 Bytes) 

Not Used 
(17~B Bytes) 

Main User 
ROM 

(1912 Bytes) 

Self Check 
ROM 

(192 Bytes) 

Timer Interrupt 
~ .- - - - - -

External Interrupt 

~ - - - - - -
SWI 

r - '- - - - -
RESET 

$()()() 

$07F 

K.~ 
$OFF 
$100 

\ 
$7BF 
$7CO 

$F37 
$F3B 

$FF7 
$FF8 

$FF9 
$FFA 

$FFB 
$FFC 

$FFD 
$FFE 
$FFF 

0 

1 

2 

3 

4 

5 

6 

7 

B 

9 

10 
11 

13 

14 

15 
16 

63 
64 

127 

76543210 

Port A Data Register 

Port B Data Register 

Port C Data Register 

Port D Data Register. 

.PortA DDR* 

Pvrt B DDR* 

Port C DDR* 

Not Used 

Timer Data Register 

Timer Control Register 

Miscellaneous Register 

Not Used 
(3 Bytes) 

AI D Control Register 

AI D Result Register 

Not Used 
148 Bytes) 

RAM 
164 Bytes) 

Stack 
131 Bytes 

Maximum) 

t 

$()()() 

$001 

$002 

$003 

$004* 

$005" 

$006" 

$007 

$008 

$009 

$OOA 

$OOB 

$OOD 

$OOE 

$OOF 

$010 

$03F 
$040 

$07F 

.* Caution: Data direction registers (DDRs) 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· (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 11 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 
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program, and specific actions can b.e 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 ahd 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 cif the last 

arithmetic, logical, or data manipulation was zero. 

Car:ry/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. 

RESET ~ 1. 
r lO...L. Vss 

~F T 2 RES"ET 
3fNf 

4 VCC 
...J....,l.O ~F 5.25 V 5 

EXTAL 
:;;!;~~ .:::!::: - ~~ ~ XTAL 400 

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 
fO,lIowing test are exec,uted 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 <;an be cal,led by a user 
program, The timertest 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. 

Tabl~2.self-Check Error Patterns 

PCO PC1 PC2 PC3 Remarks (1: LED ON; 0: LED OFF) 

1 0 1 0 Bad I/O 
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. 

40 
PA7 

PA6 F--
PA5 fL-
PA4 ~ 
PA3 36 

PA2 35 

PAl 34 

10 k 
MHZ£ NUM IN/C)·· 

PAO 33 

= 8 
TIMER 

lOV LED ~ 51011 
9 PCO PB7 32 

LED ~-~1?!!, 'V 
10 PCl PB6 F---

LED ~.blOl1 11 PC2 PB5 ~ 
LED ~ 51011 

12 PC3 PB4 pL - ..J} PC4 PB3 2B 

~ PC5 PB2 F-t-r-
~ PC6 ' PBl ~ r-

16 PC7 PBO ~ 
,--!2 PD7 

~ PD6111NT21 PDO 24 

19 PD5 PD1 23 

O.l~FT PD2 22 

20 PD4 PD3 21 

* 
*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 {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 

~MCU is re~etwhen a logic zero is applied to the 
RESET input for a period longer than one machine cycle. 
(tcyel. Under this type of reset, the Schmitt trigger ~witches 
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 (VLVI). The only requirement is that the VCC 
m~~t remain at or below the VLVI threshold for one tcyc 
minimum. 

t.OI'F '--'--+-1 
Typical 

P.OR 
Delay 

Capacitor 

P.in2 

In typical applications, theVCC bus filter capacitor will 
eliminate negative-'g'oing voltage glitches of less thah 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 dischar.ge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level. (VLVR) at 
which time a norrnal. power-on reset occurs. 

INTERRUPTS 

The MCU.canbe 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 
(lNT2) input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrup~ mask (I bit) set to prevt;lnt 
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 instrl,lction is considered to be the one 
already fetched and being operated on. 

Figure 6. RESET Configuration 

1 
Push 

n-4 

n-3 

n-2 

n-1 

1 

1 

I 1 I 

I 1 I 

1 I Condition Code Register 

Accumulator 

Index Register 

1 I 1 I PCH~ 

PCl* 

* For subroutine calls, only PCH and PCl are stacked. 

Figure 7~lnterrupt 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, th~ ex
ternal interrupt is serviced first. Tre 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 ofthe timer interrupt service routine, is 

1-1 (in CCI 
07F-SP 
O-ODAs 

CLA flirT Logic 
FF-Timer 

7F - Prescaler 
7F-TCA 
7F-MA 

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 sta,te 
and starts executing the interrupted program. 

EXTERNAL INTERRUPT 
The external interrupt is intern~ synchronized a'nd 

then latched on the falling edge of INTand 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 (fINT 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 

Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 

Timer or 
INT2: FFS/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 cir~uit (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 MCUconsists 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-Croesing Interrupt 

Inapc
ut 

(Current 

(fINTMax.) ~'m't1nQI 3 ~ 
Rs1 MO 
ac Input R 0 1 -1 0 

~10 Vacp-p 0.J .. I'F . 

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 r~st 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 pastzero, 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. 

(b) Digital-Signal Interrupt 

Vee 

TTL 47 K 

Level iNf 
D'Q,tal--... --I 
Input 

MCU 

lJ·---------
Figure 9. Typical Interrupt Circuits 

TIMER 
Input 
Pin 

,...------, 
I : 
: I L ______ ! 

Manufacturing 
Mask Options 

PSC (Prescaler Clearl 

Timer Timer 

Internal Data Bus 

Figure 10: Timer Block Diagram 

Interrupt 
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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 4 3 

I . TIR TIM PSC 

RESET: 
o 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, 1, 0 - Not Used. 

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-VRL/4, 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 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 

PDOIANO 

PD1IAN1 

PD2/AN2 

PD3/AN3 

AID 

DIA 

15 kO lTypl 

1-01-8 
Select 

Multiplexer 

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. 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 
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 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 shouldbe 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 errorto ± 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. 

AID 
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 (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 toA 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 ofthe condition 
code register. Refer to the following list for bit manipu
lation 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) 

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 Compl.ement) 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 TSJ 

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 instructiohs. 

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 ton
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'i 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 mbvea 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 ohhe 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 ofthe contents ofthe unsigned 
8cbit 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 setlclear 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 readl 
write bit in the first 256 locations of memory, including 
110, can be selectively set or cleared with a single two
byte instruction. 

CAUTION 
The corresponding' DDRs for ports A, B, and Care 
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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• Table 4. Opcode Map 

BIt M8niDuIMion I &r.nch Read-Modify-Write Control ReaiMer/MemiMy 
BTl BSC REL DIR INH INH IXI . IX INH IttIi --'MM. I DIR EXT IX2 IXI IX 

~ ~ ":'1 J,IL J,1 --r 
0100 

5 6 
0101 0110 01~1 1£0 r-4, ABC D l F 

1010 1011 1100 1101 1110 1111 , fa J' . I" ..... Js-~ " o BRSETO. BSETO .. BRA NEG NEG NE~NH 1 2 NEG,X1 
6 /9 • NEG RTI 

~ . 3 BTB 2 Bse 2 REL 2 DIA I INH I 1 1 1 INH 10-1' 14 1 1 BRCLRO :BCLRO BRN 
0001 3 8TB 2 Bse 2 AFI 

2 11~RSET1. ·1'BSET1-T4 BHI 
0010 3 BTB 2 Bse 2 AH 

, ,0 ·1' 14 16 14 14 17 3 BRCLR1BCLRl BLS COM COMA COM X COM 
0011 3 BTB. 2 8se 2 AEL 2 DIA 1 INH 1 INH 2 IX 1 I 1 

--.l 10 ~ [4---- 1-6 J! 14 --J7f6 4 B_RSET2. BSET2 . BCC LSR LSRA LSRX LSR 
..J!!lXl .3. BTB ..JISC. >1 AEL 2 DTA 1 INH 1 INH 2 IX 1 1 

LSR 

, 10 ·---1' 14 5 BRCLR2. BCLR2 BCS 
0101 3 BTB 2 .. Bse 2 REI 

fO J' r .J: 6 BRSET3 BSET3 BNE RDR AORA 
ono 3 8TB 2 Bse 2 . AEL 2 DIA 11 INH 

4 1.7 
RORX ROR 

·1 INH 2 IXI I 1 
ROR 

10 r 14 --I: I' 7 BRCLR3· BCLR3 BEC ASR - ASRA 
0111 13 BTB 2 Bse 2 .Bll 2 DIA 1 . INH 

4 17 16 
ASRX ASR 

1 INH 2 IX1 I 1 
ASR 

110 l' r -~ I·" B B.RSET4. BSET4 BHCC LSL LSLA 
~ 3 ~.~ ~2 ~2 ~1 _ 

4 17 1
6 

LSLX LSL 
1 INH 2 IXl 1 

LSL 

10 . I' 14 . -:I: \4 9 I 8RCLR4 BCLR4 BHCS ROL ROLA 
1001 3 BTB 2 Bse 2 AEL 2 DIR 1 INH 

4 \' i6 ROLX ROL 
1 INH 2 IXl [ 1 

ROL 

A I 'f,Rsm \: BSE1~c 14 BP~ 1.
6 

DEC 14 DECA I DECX I DEC 
1010 3 BTB ._ 2 i!.ELL DIA 1 INH 1 INH 2 IX 1 I 1 

- T, 16 
DEC 

~
O---M 

B BRCLR5 BCLR5 BMI 
1011 13 BTB 2 Bse 2 AEL 

Jl0 -I' . 1~4-~ C BRSET6: . BSET6 BMC INC I INCA I INCX I· INC 1 INC 
UlXL_ 3 BTB 2 Bse 2 AEL 2 DIA 1 INH I 1 INH 2 IXI 1 

'~ o TST 
1101 2 IXI 1 

TST 

E BRSET7 BSET7 BIL ~o '-14 
lUll. J3 8TB 2 Bse 2 REL 

F BRCLR7 BCLR7 BIH CLR CLRA CLRX 
10 ----:-1' -r.----- 16 ··G 14 

1111 L BTB 2 Bse 12 AEL 2 DIA 1 INH 1· INH I 2 
CLR CLR 

IXI I 1 

Abbrevietlons for Adcll1III Modes 

RTS 
INH 

SWI 
INH 

S.UB SUB SUB SUB SUB SUB • /' /6 /5 ~ 
IMM I 2 DIA 3 EXT 3 1X2 2 IXI 1 IX 

:> .. 14-~J:-·- 16 15 14 CMP CMP CMP CMP CMP CMP 
2 IMM 2 DIA 3 EXT 3 IX2 2 IX 1 I IX 

1
2 14 r r r -]4 SBC SBC SBC SBC SBC SBC 
2 IMM 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 

2· r r 1
6 

1
5

.,4 CPX CPX CPX CPX CPX CPX 
IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 

AND AND AND.. AND AND AND ~ p:f4 15 16 15 14 
·2 IMM·2 DIA 3 EXT 3 IX2 2· IX1 1 IX 

2 14 15 I: I: 14 BIT BIT BIT BIT BIT BIT LL... IMM L_ DIA 3 EXT 3 IX2 2 IXI 1 

2 14 r r I :-r4 
LOA LOA LOA LOA· LOA LOA lL.'_ IMM LOlA 3 EXT 3 IX2 2 IXI 1 IX 

2 I 1: .-~ I' J 6 15 
TAX STA STA STA STA STA 

INH 2..........lllil. EXT 3 1X2 2 IXI 1 IX 

CLC EOR EOR EOR EaR· EaR EaR 2- 12 ---T4 r 5 -- 16 .1 5 .1 4 

INH 2 IMM 2 DIA 3 EXT 3 . . 1X2 2 IXI 1 IX 

2 12 14 1
5 

1
6 

1
5 r:-SEC ADC ADC ADC ADC . ADC· AoC 

INH 2 IMM·2 DIR 3 EXT 3 IX2 2 IXI 1 IX 

ORA ---ro ORA 
1 2· IX111 IX 

f2 SEI ADD ADD ADD ADD ADD ADD 
1

2 14 1
5 

1
6 

1
5 

14 
1 INH 2 IMM 1 DIA 3 EXT 3 IX2 2 IXI 1 IX 

RSP JMP JMP JMP JMP JMP ~ f 1
3 

14 r r :r-1 INH 2 DIA 3 EXT 3 1'1.22 . lXl 1 IX 

NOP BSR JSR JSR JSR JSR JSR 2 IS--kf: ~ \9 \B 
INH 2 AEL 2 DIA 3 EXT 3 IX2 2 IXI 11 IX 

TXA 
INH 

LOX LOX LOX LOX LOX LOX 
4 1

5 

1
6 

1
5 r:-2 IMM I 2 DIA 3 EXT 3 lX2 2 IXI 1 IX ,- -:T: -- I' 16 15 

STX STX STX STX STX 
2 DIA 3 EXT 3 IX2 2 IXI 1 IX 

LEGEND 

~ 
o 

IIIIl 

1 
0001 

2 
JXIlO. 

3 
CIIH 

4 
0100 

5 
0101 

6 
OliO 

7 
01 

8 
1000 

9 
1001 

A 
1010 

B 
1011 

C 
1100 

o 
1101 

E 
1110 

F 
1111 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and Branch 
Indexed INo Offset) 

~ 'f.'9 ~,"H_N lofC"f~ 4 ~ 
M~moo' • SUB 

Bytes 1 IX lJUUU ---

Opeode in Binary 

Indexed. 1 Byte 18-Bit) Offset 
Indexed. 2 Byte 116-Bit) Offset 

" Address Mode 

s: 
(') 
0) 
OQ 
Q 
U'I 
::J:I 
N 
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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 VCC -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 o to + 70 
MC6805R2C -40 to 85 
MC6805R2V -40 to 105 

Storage Temperature Range Tsta -55 to +150 

Junction Temperature TJ 
Plastic 50 
PLCC 150 
Cerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 6JA 
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 
BJA 

PD 
PINT 
PPORT 

TJ=TA+(PD 0 BJA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 

= PINT+ PPORT 
= ICC x VCC, Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

Unit 

V 

V 

°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, itis 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 Vout)~VCC. Relia
bility of operation is enhanced if unused in
puts. except EXTAL, are tied to an appropriate 
logic voltage level (e.g., either VSS or VCC). 

For most applications PPORT<PINT 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 PD and T J (if 
PPORT is neglected) is: 

PD= K -7- (TJ + 273°C) (2) 
Solving equations (1) and (2) for K gives: 

K = PD 0 (T A + 273°C) + OJA"PD2 (3) 
where K is a constant pertaining to the particular part. 

K can be determined from equation (3) by measuring PD 
(at equilibrium) for a known T A. Using this value of K, 
the values of PD and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of T A. 
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ELECTRICAL CHARACTERISTICS (VCC= +5.25 Vdc:!:0.5 Vdc, VSS=O Vdc, TA=TLto TH, unless otherwise noted) 
. ' 

Characteristic Symbol Min 

Input High Voltage. VIH 
RESET (4.75",;VCC",;5.75) 4.0 

VCC(4.75) VCC - 0.5 
INT (4.75",;VCC",;5.75) 4.0 

(VCC(4.75) VCC- 0.5 
All Other 2.0 

Input High Voltage Timer VIH 
Timer Mode 2.0 
Self-Check Mode 9.0 

Input Low Voltage VIL 
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, VCC = 5.75 V PD -
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 (Vin = 0.4) -
INT (Vin=2.4 V to VCC) -
EXTAL (Vin=2.4 V to VCC Crystal Option) lin -

(Vin = 0.4 V Crystal Option) -
RESET (Vin = 0.8 V) 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 (VCC= +5.25 Vdc:!:0.5 Vdc, VSS=O Vdc, TA=TL to TH) 

Characteristic Symbol Min 

Oscillator Frequency, fosc 0.4 

Cycle Time (4/fosd tCYC 0.95 

INT, INT2, and TIMER Pulse Width tWL, tWH tcyc +250 

RESET Pulse Width tRWL tcyc +250 

INT Zero-Crossing Detection Input Frequency flNT 0.03 

External Clock Input Duty Cycle (EXTAL), - 40 

Crystal· Oscillator Start-Up Time - -
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Typ Max 

- VCC 
- VCC 
* VCC 
* VCC 
- VCC 

- VCC+ 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 

5.0 
" 

60 

"- 100 

Unit 

V 

V 

V 

V 

Vac p-p 

mW 

pF 

V 

V 

f-lA 

Unit 

MHz 

f-ls 

ns 

ns 

kHz 

% 

ms 
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AID CONVERTER CHARACTERISTICS (VCC= +5.25 Vdc±0.5 Vdc, VSS=O Vdc, TA=TLto TH), unless otherwise noted)' 

Min Typ Max· Unit Comments 

Resolution 8 8 8 Bits 

Total Error - - +/- 2.25* LSB Difference between ideal and actual trans-
fer characteristics (includes non-linElarity, 
zero offset and full scale errors) 

Absolute Accuracy - - +/- 2.75* LSB Difference between the actual input voltage 
and theflill-scale weighted equivalent of 
the binary output code. All error sources 
included 

Quantizing Error - - +/- .5 LSB Uncertainty dueto converter resolution (in-
herent) 

Conversion Range VRL - VRH V 

VRH - - VCC V AID accuracy may decrease proportionately 

VRL VSS - 0.2 V 
as VRH is reduced below 4.75 V. The sum 
of VRH and VRLinust not exceed VCC 

Conversion Time 30 30 30 tCYC Includes s.ample time 

Monotonicity Inherent with total error' 

Sample Time 5 5 5 tCYC .. 

Sample/Hold Capacitance, Input - - .. 25 pF 

Analog Input Voltage VRL - VRH V Negative transients onany 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 = 0 Vdc, T A = TL to TH, unless otherwise noted) 

. Characteristic Symbol Min 

Port A with CMOS Drive Enabled 

Output Low Voltage, ILoad= 1.6 mA VOL -
Output High Voltage, ILoad = -1 00 ~A VOH 2.4 

Output High Voltage, ILoad = - 1 0 ~A VOH VCC-l.0 

Input High Voltage, ILoad = - 300 ~A(max.) VIH 2.0 

Input Low Voltage, ILoad= - 500 ~A (max.) VIL VSS 

Hi-Z State Input Current (Vin = 2.0 V to Vee) IIH -
Hi-Z State Input Current (Vin = 0.4 V) IlL -

Port B 

Output Low Voltage, ILoad = 3.2 mA VOL -

Output Low Voltage, iLoad == 10 mA (Sink) VOL -
Output High VoltagE!, ILoad = - 200 ~A VOH 2.4 

Darlington Current Drive (Source), Vo = 1.5 V IOH -1.0 

Input High Voltage VIH 2.0 

Input Low Voltage VIL VSS 

Hi-Z State Input Current ITSI -

Port C and Port A with TTL Drive 

Output Low Voltage, ILoad = 1.6 mA VOL -
Output High Voltage, ILoad= -100 ~A VOH 2.4 

Input High Voltage VIH 2.0 

Input Low Voltage VIL VSS 

Hi-Z State Input Current ITSI -

Port C (Open-Drain Option) 

Input High Voltage VIH 2.0 

Input Low Voltage VIL VSS 

Input Leakage Current (Vin = 13.0 V) ILOD -

Output Low Voltage ILoad = 1.6 mA VOL -
Port D (Digital Inputs Only) 

Input High Voltage VIH 2.0 

Input Low Voltage VIL VSS 

Input Current lin -
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- 0.4 V 

- - V 

- - V 

- VCC V 

- 0.8 V 

- -300 ~A 

- -500 ~A 

- 0.4 V 

- 1.0 V 

- - V 

- -10 mA 

- VCC V 

- 0.8 V 

<2 10 ~A 

- 0.4 V 

- - V 

- VCC V 

- 0.8 V 

<2 10 ~A 

- 13.0 V 

- 0.8 V 

<3 15 ~A 

- 0.4 V 

- VCC V 

- 0.8 V 

<1 5 ~A 



Test 
Point 

Test 
point 

40 pF 
(Total) 

MMD6150 
or Equiv. 

12 kll 

Figure 12. TTL Equivalent Test Load 
(Port B) 

30 pF 

IToto' I 1-
MMD6150 
or Equiv. 

24 kll 

Figure 14. TTL Equivalent Test Load 
(Ports A and C) 

MC6805R2 

Test Point 0""---1-' I 30 pF IT otoll 

Figure 13. CMOS Equivalent Test Load 
(Port A) 

~. . 
VCC=5.75 V 
3.34 kll 

Test 
Point T 30 pF (Total) 

Figure 15. Open-Drain Equivalent Test Load 
(Port C) 
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Port DDR 

Port Data 

IP= Input Protection 

MC6805R2, 

~Vee 

f PortA CMOS 
kPuilup Option 

I 

Figure 16. Ports A and C Logic Diagram 

I-JooAIv--.---'. To 1/0 Logic 

Figure 18. Typical Input Protection 

, Vee 

PB DDR 

PB Data 

Figure 17. Port B Logic Diagram 

Vary V, 
Measure I 

Figure 19. 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@l, 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 
wi II be kept confidential and used to speed up 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 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 

xxx 

~ 
.... 0 
~g: 

.w 

$080 $080 

xxx = Customer Ie 

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 "'1C6805R2. 

Package Type Temperature Part Number 

Plastic O°C to 70°C MC6805R2P 
(P Suffix) - 40°C to + 85°C MC6805R2CP 

Cerdip O°C to 70°C MC6805R2S 
S Suffix - 40°C to + 85°C MC6805R2CS 

PLCC O°C to 70°C MC6805R2FN 
FN Suffix - 40°C to + 85°C MC6805R2CFN 

IBM is a registered trademark of International Business Machines Corporation. 

MOTOROLA MICROPROCESSOR DATA, 

3~451 

II 



PIN ASSIGNMENTS 

I 

XTAL, 
(VSS) NUM -

TIMER: 
PCD: 
PC1 ' 

PC2 
PC3. 
PC4 ' 
PC5 : 
NC [ 

PC6 [ 

MC6805R2 

MECHANICAL DATA 

Dual-in-line Package 

Vss 

PC5 

PA7 

PA6 

PA5 

PA4 

PA3 

PA2 

PAl 

PAO 

PB7 

PB5 

PB4 

PB3 

PB2 

PBl 

PD6/1NT2 

PD5/VRH 

PBO 

PDO/ANO 

PD1/ANl 

PD2/AN2 

PLCC Package 

~ I~ « w 
~u (/)(/)r--COLOV 

U X u l!z w (/) « « « « u 
Zw> _0::> CL.CL.CL.CL.Z 

6 

[) E; I~ "i: ~ (/) M N ;::- 0 ~ 
CL.CL.~~~g>~~~~CL. 

COLO V M N ... 0 
000 0000 
CL.CL.CL. CL.CL.CL.CL. 

PA1 
PAD 
PB7 
PB6 
PB5 

PB2 
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 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 Prescaler • Vectored Interrupts 
• On-chip Oscillator • Self-Check Mode 
• Memory Mapped 1/0 • 3776 Bytes of ROM 
• Versatile Interrupt Handling • 112 Bytes of RAM 
• True Bit Manipulation • 24 Bidirectional 1/0 Ports 
• Bit Test and Branch Instruction • AID Converter 

BLOCK DIAGRAM 

TIMER 

PAO 
PAl Accumulator 

Port PA2 Port Data CPU A PA3 A Olr Index Control 1/0 PA4 Reg Reg Register Lines PA5 X 
PA6 Condition 
PA7 

Code 
Register CC 

CPU 
Stack 

PBO 
POinter 

S 
PBl Program POrt PB2 Port Data Counter B PB3 B Olr 4 High PCH I/O PB4 ALU Reg Reg Lines PB5 Program 

PB6 Counter 

PB7 8 Low 

MC6805R3 

PDO/ANO 
POlIANI 
P02/AN2 Port 

P03/AN3 0 

PD4IVRL Input 
Lines P05IVRH 

PD6/i'NU 
POl 

PCO 
PC1 
PC2 Port 

PC3 C 
PC4 1/0 

PC5 Lines 
PC6 
PCl 

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. VCC is + 5.25 volts (± a.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 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-

Cl 

EXTAL -eLl . ~ XTA .. L 

5 E-------J 6 

AT - Cut Parallel Resonance Crystal 
Co = 7 pF Max 
Freq. = 4·.0 MHz @ CL = 24 pF 
RS = 50 ohms Max 

Piezoelectric· ceramic resonators which 
have the equivalent specifications may be 
useq instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug
gestions for CO, Cl, and RS values. 

XTAL 

MCU 
External 5 EXTAL 

Clock 
Input 

6 XTAL 

EXTAL 
MCU 

N 
::c 
~ 
>-u 
c: 
Q) 
::l 
C" 
~ 

u... 

2 
~ 
'0 

0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

20 

1.0 

0 
0 10 20 30 

VCC=525V 
TA = 25°C 

40 50, 60 

Resistance (k!ll 

70 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

80 

om mended 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 VCC 
specifications. 

External Clock 
An external clock should be applied to the EXTAL input 

with the XTAL input connected to ground, as shown in 

6 XTAL 

(See Note) c:J MCU 
EXTAL 

VCC 

......"vv·v---I 
R 

(See Figure 7-5) 

No 
Connection 

Crystal 

XTAL 

EXTAL 
MCU 

~xternal Clock Approximately 25% to 50% Accuracy 
Typical tcyc= 1.25 p's Approximately 10% to 25% Accuracy 

(Excludes Resistor T olerancel 
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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Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. The 
toxOV or tlLCH specifications do not apply when using 
an external clock input. 

TIMER 

This pin is used as an external input to control the 
internal timerlcounter 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, PD4NRLl, 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. 

Internal 
Connections 

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 functions and to Figure 3 for typicaL..EQ£t 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. I/O 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 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, 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 

Figure 3. Typical Port I/O Circuitry and 
Register Configuration 
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000 

127 
128 

3895 
3896 

4087 

Interrupt I § 
Vectors 4092 

4093 
4094 
4095 

o 

1/0 Ports 
Timer 
RAM 

(128 Bytes) 

Main User 
ROM 

(3768 Bytes) 

Self Check 
ROM 

(192 Bytes) 

Timer Interrupt 

~------
External Interrupt 

~------
SWI 

f-- - -- --
RESET 

$000 

$07F 
$080 

$F37 
$F38 

$FF7 
$FF8 

$FF9 
$FFA 

$FFB 
$FFC 

$FFD 
$FFE 
$FFF 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

14 

15 
16 

127 

7654.3210 

Port A Data Register 

Port B Data Register 

Port C Data Register 

Port 0 Data Register 

PortADDR* 

PortB DDR* 

PortCDDR* 

Not Used 

Timer Data Register 

Timer Control Register 

Miscellaneous Register 

Not Used. 
(3 Bytes) 

AI D Control Register 

AID Result Register 

RAM 
(112 Bytes) 

. Stack 
(31 Bytes Maximum) 

+ 

$000 

$001 

$002 

$003 

$004* 

$005* 

$006* 

$007 

$OO! 

$009 

$OOA 

$OOB 

$OOD 

$OOE 

$OOF 
$010 

$07F 

* Caution: Data direction registers (DDRs) 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 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-bitregister 
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 a 
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 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 I sp I 
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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. 

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: 

I/O - Functionally exercise I/O ports, 
RAM - Walking bit test, 
ROM - Exclusive OR with ODD "1st" parity result, 

Timer - Functionally exercise timer, II 
Interrupts - Functionally exercise external and timer 

interrupts, and 
AID Converter - Functionally test the Analog-to-Digital . 

Converter. 
The RAM, ROM, and the A/D 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 ofthe LEOs 
as a result ofa failure. Port C is tested only once (just 
after reset). If port C fails, no lights will appear. 

RESET ~ 
.1 1 40 r VSS PA7 

10-.... 1L-
I'FT 2 mTI 

PA6 

3 INT 
PA5 ~ 

4 Vec 
PA4 E.. 

...L. 1.0 I'F PA3 36 
5.25V 5 

~ -L.'t *25 
EXTAL PA2 35 

- ~~ 400E--§ PAl 34 XTAL 

MHZ£ PAO 33 
10 k NUM IN/C)·· 

...... = 8 
TIMER 

10V LED .... ~ .. 512° 
9 PCO PB7 32 

LED. ~ "?'0!r .... 10 PCl PB6 31 

""LED. 'l ... ~100 11 PC2 PB5 ~ 
LED .. 'l"5'll2 12 PC3 PB4 ~ .. ...... 

...ll PC4 PB3 28 

~ PC5 PB2 27 

----l.? PC6 PBl ~ ---
16 PC7 PBO ~ 
~ P07 

~ P06/IINT21 PDQ 24 

19 P05 POl 23 

O.lI'FY P02 22 

20 P04 P03 21 

J. 

• 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; 0: LED OFF) 

1 0 1 0 Bad I/O 
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 ~f 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 
(tcyel. 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 l'F --..... -~ 
Typical 

POR 
Delay 

Capacitor 

* Disable LV) 

Pin 2 

Charging 
Current 
Source 

certain level (VLVI). The only requirement is that the VCC 
must remain at or below the VLVI threshold for onetcyc 
minimum. 

In typical applications, the VCC 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 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. 

(Optional) 

Figure 6. RESET Configuration 
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Pull 

n-4 1 1 1 I 1 I Condition Code Register 

n- :; Accumulator n+2 I n-2 I ndex Register 

n+ 1 I 
n+3 

n+4 

n+5 

n-1 1 I 1 .. 1 11 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 (t~ansitions from $01 to $00), 
an interrupt request is generated. The actual processor 

1-1 (in CCI 
07F-SP 
O-DDRs 

CLR \lilT Logic 
FF-Timer 

7F - Prescaler 
7F.-TCR 
7F-MR 

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. 

Load PC From: 
SWI: FFC/fFD 
(NT: FFAI FFB 

Timer or 
INT2: FF8/ FF9 

Figure 8. Reset and Interrupt Processing Flowchart 
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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 (fINT 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 theac 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 

(e) Zero-CrOllling Interrupt 

MCU 

In~eut (Current . 

(fINT Max .. ) ~Llml!lng) 3 iiiJT 
Rs1 MO 
ae Input R 

O!: 10 V . 0.1-1.0 
aep-p rv I'F 

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 
counterdriven 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) inthe 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 

(b) Digital,Signal Interrupt 

Vee 

TTL 4.7 K 

Level 3 iN1' 
Digital--..... ~ 
Input 

MCU 

Figure 9. Typical Interrupt Circuits 

External 
Input 

NOTES: 

Cleared by 
TCR3 

Write Read Interrupt 

Software Functions 

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 (oS) 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 disc 
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 writtentoTCR 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'5 ~ 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'lnput 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 5 4 

1 TCR7·1 TCR6 TCR5 TCR4 TCR3 TCR2 TCRl TCRO 

RESET: 
o . 1 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 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 - 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. 

MUltiplexer selection is controlled by the AID control 
register (ACR) bits 0, 1, and 2. Refer to Table a for mul
tiplexer selection. The ACR is shown in Figure 11. The 
converter uses 30 machine cycles to complete a conver
sion 01a 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 AID Output (Hex) 

ACR2 ACR1 ACRO elected 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 

The converter usesv'RH and VRl as reference voltages. 
An input voltage equal to or greater than VRH conv~rts 

PDQ/ANO 

PD1/AN1 

PD2/AN2 

PD3/AN3 

AID 

DIA 

15 kG (Typl 

1-01-8 
Select 

Multiplexer 

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 
maintainfuHaccuracy of the. A/D, three requir.ements 
should be followed: (1) VRH shouldbeequql 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 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 112 LSB above VRl. Similarly, the transition from $FE 
to $FF occurs 1-1I2,.1SB belowVRH, ideally. 

AID 
Result 

L-~-'---'_""""-""""'''''''''_--' Register 

Figure 11. A/D Block Diagram 

INSTRUCTION SET 

The MCU hasasetof 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 orie 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 

Function Mnemonic 

Add Memory and Carry to A ,ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow SBe 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EOR 

Arithmet'ic 'Compare A with Memory CMP 

Arithmetic Compare X with Memory CP:X 

Bit Test Memory with A (Logical ~ompare) BIT 

Jump Unconditional, JMP 

J~mp 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 (1ST) 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 ~arry 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 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 ca rry 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=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 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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Bit Manipulation Branch 
BTB BSC REL [2lR 

;:;;;;-~ ~ ~1 ri,o J,1 

~BRSEJPB 
4 

; NEG
OIR ~ 2 BSE~~e 2 BRAREL 

10 7 4 , BRCLRO 2 BCL~~c 2 BR~FL 0001 3 BTB 
10 4 

2 
3
BRSE

JT'B 2 BSE~~c BHI 
0010 2 REI 

10 7 4 6 
3 

3
BRCL

:T'B 2 BCL~~e 2- BLSREL 
2 COM

OIR oon 
10 7 4 6 

4 
-13

BRSE
JtB 2 BSE~~c 2 BCC

REI 
LSR 

0100 2 DTR 
I!'. 4 

5 
13

BRCL
:1B 2BCL~~e BCS 

0101 2 REI 
10 7 4 6 

6 
13

BRSEJ:& LBSE~k _ 2 BNEREL _2 ROROIR 0110 
10 7 4 6 

7 
13

BRCL
:iB _ 2 BCL~~i: 11 BEOREI ASR 

0111 2 OIR 
112. 7 4 6 

1~ 13BRSEJ~ 2 BSE1~c 7 BHC~FI 2 LSL 
OIR 

10 7 4 6 
9 BRCLR4 2BCL~~c BHCS ROL 

1001 3 BT8 2 REI 2 DIR 

I~RSEJiB 
-7_ 4 6 

A 
2 BSE1~c 2 BPL

REI 
DEC 

1010 2 DIR 
10 7 4 

B BRCLR5 BCLR5 BMI 
1011 3 BTB 2 Bse 2 REL 

12. 7 4 6 

lfoo 13BRSE~ 2BSE~t: BMC INC 
2 RH 2 DIR 

10 7 4 6 

1 Pol 13BRCL:~B 2 BCL~~c BMS TST 
2 REI 2 DIR 

10 7 4 

11~0 13
BRSElla 2BSE~~c BIL 

2 REL 
10 7 4 6 

F BRCLR7 BCLR7 BIH CLR 
1111 3 BTB 2 esc 2 RH 2 DIR 

Abbreviations for Addre88 Modes 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IXl 

IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and Branch 
Indexed (No Offset) 
Indexed, 1 Byte (B-Bit) Offset 
Indexed, 2 Byte (l6-Bit) Offset 

4 

1 

4 

1 
4 

1 

4 

1 
4 

1 
4 

1 
4 

I 
4 

1 

4 

1 
4 

1 

4 

1 

• Table 4. Opcode Map 

Read-Modify-Write Control Regieter/MImOfV 
INH INH IXI IX INH INH IMM DIR EX 1X2 IXI IX 

0:" 01~1 01~0 01~1 8 9 A 8 
1 roo lfol 

E 
li,l ~ 1000 1001 1010 lOll 1110 

4 7 6 9 
1" SUB 4 SUB " SUB b SUB : SUB

IX1 
• SUB ~ NEG NEG 2 NEG • NEG RTI 

INH 1 INH IXI 1 IX 1 INH 12 IMM 2 DIR 3 EXT 3 IX2 1 III 
6 2 4 5 6 5 4 

RTS CMP CMP CMP CMP CMP CMP I 
1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI I IX 0001 

2 4 
" SBC 6 SBC 5 SBC 

4 
SBC SBC SBC 2 

2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 0010 
4 7 6 11 2 4 5 6 

" CPX 4 CPX COMA COMX 2 COM
,X1 

COM SWI CPX CPX CPX CPX cJl1 INH 1 INH 1 IX 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 
4 7 6 

1 AND 
4 

" AND 
6 5 4 

LSRA LSRX LSR LSR AND AND IX2 2 ANDIX1 1 AND 0;'00 INH 1 INH 2 IXI 1 IX 2 IMM 2 DIR 3 EXT 3 IX 
2 4 5 6 5 4 

L BI~M_M 2 BIT DIR 3 BIT
EXT _3 BITI~ 2 BIT IX- BIT IX 01~~ 

4 7 6 2 4 5 6 5 4 
RORA RORX 2 ROR ROR LDA LDA LDA LDA LDA LDA 6 

INH I INH IXI 1 IX 7 IMM 2 OIR 3 EXT 3 IX2 2 IXI 1 IX 0110 
4 7 6 2 5 

., STA ., STA 5 STA 7 ASRA ASRX ASR ASR TAX STA 3 STA
IX2 INH 1 INH 2 IXI 1 IX 1 INH 2 OIR 3 EXT 2 IXI 1 IX 0111 

4 7 
LSL 

6 2 2 4 5 6 5 4 
LSLA LSLX LSL CLC 7 EOR EOR EOR EOR EOR EOR 8 

INH I INH 2 IXI 1 IX INH IMM 2 OIR 3 EXT 3 I~ 2 IXI 1 IX 1000 
4 7 6 2 2 4 5 6 

" ADC 
4 

ROLA ROLX ROL ROL 
IX I 

SEC ADC ADC ADC ADC ADC 9 
INH 1 INH 2 IXI 1 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1001 

4 7 6 2 
2 ORA • ORA " ORA 6 ORA 5 ORA 4 ORA DEC A DECX DEC DEC CLI A 

INH 1 INH 2 IXI 1 IX 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1010 

1" SEI 2 ADD 
4 

" ADD b ADD " ADD 4 ADD ADD B 
1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1011 

4 7 6 2 3 4 
" JMP 

4 
, JMP INCA INCX INC INC RSP JMP JMP JMP C 

INH 1 INH 2 IXI 1 IX 1 INH 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1100 
4 7 6 2 8 7 

8 JSR " JSR - 6 JSR TSTA TSTX TST TST NOP BSR JSR JSR D 
INH 1 INH 2 IXI 1 IX 1 INH 2 REL 2 DlR 3 EXT 3 IX2 2 IXI 1 IX 1101 

2 4 
" LDX b LDX " LDX • LDX LDX LDX E 

2 IMM 2 DIR 3 EXT 3 IX2 2 IXI I IX 1110 
4 7 6 2 

5 STX 6 STX 
6 

5 STX CLRA CLRX (LR CLR TXA STX STX F 
INH 1 INH 2 I~_~ --'- IX 1 ~ -- -

2 __ DIR ~ __ EXT ~- ~2 2_ IXI 1 1'- 1111 

LEGEND j ,f,'5 Opo,o. ,0 H,'-i~1 
# ,I Cy'''' 4 ~ 
Mnemonic .. SUE 

Bytes 1 IX 0000 ---

Opcode in Binary 

'---------- Address Mode 

s: 
C') 
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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 apointer 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 ofthe contents ofthe unsigned 
8-bit index register. and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
nersimilar to indexed, 8-bit offset except that this three
byte instruction allows tables to be anywhere in memory. 

BIT SET/CLEAR 

In the bit setlclear 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 readlwrite 
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 correspol.ding DDRs for por~i\, B, and Care 
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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MC6805R3 

ELECTRICAL SPECIFICATIONS 

MAXIMU/YI RATINGS 

Rating Symbol Value 

Supply Voltage VCC -0.3to+7.0 

Input Voltage Vin -0.3to +7.0 
Self-Check Mode (TIMER Pin Only) -0.3 to + 15.0 

Operating Temperature Range TA TL to TH 
MC6805R3 o to 70 
MC6805R3C -40 to +85 
MC6805R3V· -40 to + 105 

Storage Temperature Range TstQ -55 to + 150 

Junction Temperature TJ 
Plastic 150 
PLCC 150 
Cerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance eJA 
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 
IlJA 

Po 
PINT 
PpORT 

Tj=TA+(POoeJA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+ PPORT 
= ICC x VCC, Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Oetermined 

Unit 

V 

V 

°C 

°C 

°C/W 

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 Vout) ~ 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 Vec). 

For most applications PPORT<PINT and can be ne
glected. PPORT may become significant if the device is 
configured to drive Oarlington bases or sink LEO loads. 

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

PO= K -7- (Tj + 273°C) (2) 
Solving equations (1) and (2) for K gives: 

K = Po 0 (T A + 273°C) + ejAoP0 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 T A' 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 T 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 

Input High Voltage VIH 
RESET (4.75,,; Vee,,; 5.75) 4.0 

Vee < 4.75) Vec-0.5 
INT (4.75 ,,; Vee,,; 5.75) 4.0 

(VCC < 4.75) Vee- 0.5 
All Other 2.0 

Input High Voltage Timer VIH 
Timer Mode 2.0 
Self-Check Mode 9.0 

Input Low Vciltage VIL 
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, PD 
VCC= 5.75 V TA=O°C -

for Steady-State Operation) TA= -40°C -

Input Capacitance ein 
XTAL -
All Other Except Analog Inputs (See Note) -

Low Voltage Recover VLVR -

Low Voltage Inhibit VLVI 2.75 

Input Current 
TIMER (Vin = 0.4) lin -
INT (Vin = 2.4 V to VCe) -
EXTAL (Vin = 2.4 V to VCC Crystal Option) -
__ (Vin =0.4 V Crystal Option) -
RESET (Vin = 0.8 V) 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 (VCC= +5.25 Vdc ::!::0.5 Vdc, VSS=O Vdc, TA=TL to TH) 

Characteristic Symbol Min 

Oscillator Frequency fosc 0.4 

Cycle time (4/foscl tcyC 0.95 

INT, INT2, and TIMER PulseWidth twL, twH tcyc +250 

RESET Pulse Width tRWL tcyc+ 25O 

INT Zero-Crossing Detection Input Frequency flNT 0.03 

External Clock Input Duty Cycle (EXTAL) - 40 

Crystal Oscillator Start-Up Time - -
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Typ Max 

- Vee 
- Vec 
* Vec 
* Vec 

- Vec 

- Vec + 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 II 
V 

V 

f.LA 

Unit 

MHz 

f.Ls 

ns 

ns 

kHz 

0/0 

ms 
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AID CONVERTER CHARACTERISTICS (VCC= +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 - - +1- 2.25* LSB Difference between ideal and actual trans-
fer characteristics (includes non-linearity, 
zero offset and full scale errors) 

Absolute Accuracy - - +1- 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 - - +1- .5 LSB Uncertainty due to converter resolution (in-
herent) 

Conversion Range VRL - VRH V 

VRH - - VCC 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 VCC 

Conversion Time 30 30 30 tCYC Includes sample time 

Monotonicity Inherent with total error 

Sample Time 5 5 5 tcyc 

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 T A = 85°C or fosc<3.57 MHz. 

Test 
Point 

Test 
point 

40 pF 
(Total) 

MMD6150 
or Equiv. 

12 k!l 

Figure 12. TIL Equivalent Test Load 
(Port B) 

30 pF . 
(Total) 

MMD6150 
or Equiv. 

24 k!l 

Figure 14. TIL Equivalent Test Load 
(Ports A and C) 

30 pF (Total) 

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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Port DDR 

Port Data 

IP; Input Protection 

MC6805R3 

~
VDD 

PortA CMOS 
kPuliup Option 

I 

Figure 16. Ports A and C Logic Diagram 

I-~I'v--'----'~To 1/0 Logic 

Figure 18. Typical Input Protection 

VDD 

PB DDR 

PB Data 

Figure 17. Port B Logic Diagram 

Vary v, 

TestPo~int ~ 
.. Measure I 

± V 

Figure 19. 1/0 Characteristic 
Measurement Circuit 
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PORT ELECTRICAL CHARACTERISTICS (VCC = + 5.25 Vdc ± 0.5 Vdc, VSS = 0 Vdc, T A = TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Port A with CMOS Drive Enabled 

Output Low Voltage, ILoad = 1.6 mA VOL - - , 0.4 V 

Output High Voltage; ILoad"" -100 jJ.A VOH 2.4 - - V 

Output High Voltage, ILoad = -10 jJ.A VOH VCC-l - - V 

Input High Voltage, ILoad = - 300 jJ.A (max.) VIH 2.0 - Vce ,V 

Input Low Voltage, ILoad= -500 jJ.A (max.) VIL VSS - 0.8 V 

Hi-Z State Input Current (Vin = 2.0 V to Vce) IIH - - -300 fLA 

Hi-Z State Input Current (Vin = 0.4 V) IlL - - -500 fLA 

Port B 

Output Low Voltage, ILoad=3.2 mA VOL - - 0.4 V 

Output Low Voltage, ILoad = 10 mA (Sink) VOL - - 1.0 V 

Output High Voltage, I Load = - 200 jJ.A VOH 
, 

2.4 - - V 

Darlington Current Drive (Source), Vo = 1.5 V IOH -1.0 - -10 mA 

Input High Voltage VIH 2.0 - Vec V 

Input Low Voltage VIL VSS - 0.8 V 

Hi-Z State Input Current ITSI - <2 10 fLA 

Port C and Port A with TTL Drive 

Output Low Voltage, ILoad = 1.6 mA VOL - - 0.4 V 

Output High Voltage, ILoad = -100 jJ.A VOH 2.4 -' - V 

Input High Voltage VIH 2.0 - Vce V 

Input Low Voltage VIL VSS - 0.8 V 

Hi-Z State Input Current ITSI - <2 10 fLA 

Port C (Open-Drain Option) 

Input High Voltage PCO-PC6 VIH 2.0 - 13.0 V 

Input High Voltage PC7 VIH 2.0 - Vce V 

Input Low Voltage VIL VSS - 0.8 V 

Input Leakage Current (Vin = 13.0 V) ILOD - <3 15 fLA 

Output Low Voltage, ILoad = 1.6 mA VOL - - 0.4 V 

Port D (Digital Inputs Only) 

Input High Voltage VIH 2.0 - Vee V 

Input Low Voltage VIL VSS - 0.8 V 

Input Current* lin - <1 5 fLA 

*PD4IVRL - PD5IVRH. The AID conversion resistor (15 kn 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 ~lSKS 

Several types of flexible disks (MOOS@) or MSI®-DOSI 
PC-DOS disk file), programmed with the customer's pro
gram (positive logic sense for address and datal. 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 l?e a s.ingle-si.de, 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 5 114 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. 

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 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 

$800 

xxx = Customer ID 

VERIFICATION MEDIA 

All original pattern media (EPROMs or floppy disk) are 3 
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 
(P Suffix) - 40°C to + 85°C MC6805R3CP 

Cerdip O°C to 70°C MC6805R3S 
S Suffix - 40°C to + 85°C MC6805R3CS 

PLCC O°C to 70°C MC6805R3FN 
FN Suffix - 40°C to + 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 

Vss 

RESET 2 

iNf3 

1Vss) NUM 7 

PCl 

PD6/1NT2 

PD4IVRL 

PA7 

PA4 

PA3 

PA2 

PAl 

PAO. 

PB7 

PB6 

PB5 

PB4 

PB3 

PB2 

PBl 

PBO 

PDOI ANO 

PD1/ANl 

PD2/AN2 

XTAL 
(VSS) NUM 

TIMER 
PCD 
PC1 
PC2 
PC3 
PC4 
PC5 
NC 

PC6 

~ I~ ~u ~(J)r--CDLOq. 
U X U I~ w til <X: <X: <X: <X: U zw>_a:> 0.. 0.. 0..0.. Z 

r-- r--IN I~ til M N;::- 0- b uc ~ a:a:tIlZZZZCO 
o..o..~c.c.>~~~~o.. 

CDLO~ MN_O 
00.0 coco 
0..0..0.. 0.. 0...0.. 0.. 
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TeCHNICAL DATA 

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 (ADI997R1) 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 • AID Converter 
• Vectored Interrupts 

BLOCK DIAGRAM 

PRESCAlERlIPCO PRESCAlER2/PCI 

XTAl~("1 
CLOCK 

EXTAl (1)2 

PAO 

PAl 

PA2 

PA3 ACCUMULATOR 

PA4 INDEX REGISTER 

PA5 A CONDITION CODE 

PAS 
REGISTER 

PA7 
STACK POINTER 

RESET 
CONTROL 

INTI 

PROGRAM 
COUNTER 

lOW 
PROGRAM 
COUNTER 

HIGH 

AlU 

A/D CONVERTER 

ANO/PDO 

ANlIPAI 

AN2/PD2 

AN3/PD3 

VRl 

VRH 

...... +-+-+-+--+--+-.-0 INT2/ 

PBO PBI PB2 PB3 
SPISS SPICl SPID SPID 

AN4/ 
VSTBY 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC6805S2 

SIGNAL DESCRIPTION 

Vce and VSS 
Power is supplied to the microcontroller using these 

two pins. VCC is + 5.25 volts (± O.5a) 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 MCU. Refer to IN
TERRUPTS for more detailed information. 

XTAL, EXTAL 
These pins provide contrql 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 
CLOCK 
INPUT 

(TIL COMPATIBLE, 
LOW IMPEDANCE 

SOURCE) 

At-CUT PARALLEL RESONANCE 
CRYSTAL 
CO=7 pF MAX. 
FREQ. = 4.0 MHz(a CL = 24 pF 
RS = 40 OHMS MAX. 

26 

MCU 
EITHER CRYSTAL 

OR RC MASK 
OPTION 

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. 

Externa1'clock 
An external clock should be applied to theEXTAL input 

with the XTAL input not connected, as shown in Figure 

8.0 

-;:; 7.0 
:J: 

~ 6.0 
>-u 

~ 5.0 
::;) 

~ 4.0 
a: 
0 3.0 

~ 

, 
~ 

"-2.0 U 
CI) 
0 

1.0 f"-.. 
o 

o 10 20 30 40 50 60 70 80 
RESISTANCE Ikll) 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

r--___ ~t-2_6-f XTAL 

MCU 
(RESISTOR MASK 

OPTION) 

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 tcyc = 1.25 f.lS 
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 oli 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 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) 

Port A, B, and C are 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~ (AID) converter is used 
(PD5NRH, PD4NRL) and an INT2 input. Ifthe analog input 
is used, then the voltage reference pins (PD5NRH and 
PD4NRLl 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 (DDR). The port I/O 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' 
Direction 
Register 

Bit 

1 
1 
0 

C/) 

--'z 
ct2 
Z~ 
cx::U 
LULU 
~z 
zz 
-8 

Output 
Data 
Bit 

0 
1 
X 

Output 
State 

0 
1 

High-Z** 

Input 
To 

MCU 

Pin 

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 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 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 80 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 80 is allowed to 
toggle the data register if port 8 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 

*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 I/O Circuitry and 
Register Configuration 
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TOGGLE* 
ENABLE ---------.", 

MCU 

MCU 

(SPICRlI 

"TIMER OVERFLOW 
JL 

TIMER OVERFLOW ..JL 

MCU. • < 
*Toggle Enable B1 = (SPICR7·SPICR4·(PBO + DDRBO))'SPICR2'SPICR4)'CLAQ 

**A or B depends on (MRO) 
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MC6805S2 

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·CLAD 

SPICR7 = SPI interrupt request bit 
SPICR4 = SPI operation enable bit 
SPICR2 = port B1 toggle enable/start bit 
CLAD = clock arbitration flip-flop output 

When PBl toggle enable is asserted, the MCU write to 
PBl data register is inhibited. When SPI is not used, SPICR4 
and CLAD are reset. Therefore, SPICR2 can directly con
trol the port Bl toggle capability. Port toggle capability 
allows action on port BO or B1 or both as a result oftimer 
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 OCR consists offour 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 I/O 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 A/D registers, two SPI registers; and I/O. 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 (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-significantbits 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 / 0 / 0 / 0 / 0 /1 /1 / 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 (lNT1 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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I BYTES I I ADDRESS I 
9QQ SOOO PORT A 

liD, AID, SPI, 
TIMERS, RAM 

PORT B 

(128 BYTES) PORT C 

127 $07F PORT D 

128 S080 PORT A DDR* 

PAGE 0 ROM PORT B DCR* 

(128 BYTES) PORT C DDR* 

255 SOFF . NOT USED 

256 S100 TIMER A 

NOT USED 
TIMER A CONT REG. 

8 2495 S9BF 

2496 S9CO 

MAIN ROM 

MISC. REGISTER 

TIMER B MSB 

TIMER B LSB 

TIMER B CONT. REG. 

AID CONTROL 

3839 

3840 

4087 

T4088 

CI) 
a: 
o 
I
U 

~~ 
c... 0 

=>1: 
a: 
ffi 
I-
~ 

14095 

(1344 BYTES) 

SELF-CHECK 
ROM 

(248 BYTES) 

TIMERS (A, BI. 
SPI,INT2 

EXTERNAL INT 1 

SWI 

RESET 

. SEFF 

SFOO 

SFF7 

$FFB 

$FF9 

SFFA 

SFFB 

$FFC 

$FFD 

SFFE 

SFFF 

*Registers are write only and read as $FF. 
**Mask option 

AID RESULT 

SPI DATA 

SPI CONTROL 

NOT USED 
(46 BYTES) 

RAM 
(64 BYTES) 

I ADDRESS I 
$000 

SOOl 

S002 

$003 

S004 

S005 

S006 

S007 

S008 

$009 

$OOA 

$OOB 

SOOC 

SOOD 

$OOE 

SOOF 

SOlO 

SOll 

S012 

S03F ----
$040 

S07F 

~ 

Figure 5. Memory Map 

STANDBY RAM** 
(16 BYTES) 

USER RAM 
(17 BYTES) 

SHARED STACK RAM 
(31 BYTES) 

(ADDRESS I 
S040 

S04F 
$050 

~060 

S061 

S07F 

Zero (Z) I MR7 I MRG MR5 MR4 MR3 MR2 MRl I MRO~ 
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 (juring 
bit test and branch. instructions, and during shifts and 
rotates.' , 

MISCELLANEOUS REGISTERS (MR) $OA 

This register contains control and status information 
related to INT2, auxiliary counter, prescalers 1 and 2, and 
timer overflow. 

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 

MR6 - INT2 Interrupt Request Mask 
1 = Inhibits INT2 interrupt 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 
O=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 $7;:FF 

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 timerB 

28 
+9V 27 

VCC 26 

25 

24 

23 

22 
,AN2 

21 
ANl 

20 
PA5 

ANO PM 
10 19 

PBO 
11 18 

PA3 

PBl 
12 17 

PA2 

PB2 
13 16 

PAl 

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 B1. 

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 BOtoggle 
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 1:1 forced 

CLOCK 

RESET 

----- - - -

VCC 

Rl = 6 k!l 
R2 = 3 k!l 
R3=200 !l 
R4 = 390 !l 
Cl =22 pF 
C2= 1 J.lF 
C3 = 0.1 J.lF 

*RC Oscillator Option Shown. If 00-02 LEOs Blinking = Device Passes Test 
03 Blinking = Watchdog Reset Problem 

Figure 6. Self-Check Connections 
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220 kn 
TYP. 

100 n 
TYP. 

MISCELLANEOUS REGISTER 

23 
RESET 

I 
1 flF 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 

VCC ~~~~~-r_2_3-, 

:::r: 1.0 flF 

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 
(tcyel. 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 VCC 
must remain at or below the VLVI threshold for one tcyc 
minimum. 

In typical applications, the VCCbus 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 (lNT2) 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. 

6 5 4 3 2 1 PULL 

n-4 I CONDITION 
1 1 1 CODE REGISTER n+l 

n-3 ACCUMULATOR n+2 

n-2 INDEX REGISTER n+3 

n --I 1111 f PCW n+4 

PCL* n+5 

PUSH 

*For subroutine calis, only PCH and PCl are stacked. 

Figure 9. Interrupt Stacking Order 

1 .1(lN CCR) 
07F. SP 

40. SPICR 
FFFF. TIMER B 

7FFF. PRES CALER 2 
FO. DCRB 
50. TBCR 
FC= DDRC 
O.DDRA 

CLR INT LOGIC 
FFUIMER A 

7F. PRESCALER 1 
50. TACR 
50. MR 

07. ACSR 

LOAD PC 
FROM 

FFE/FFF 

*MR7·MR6 
(INT2) 

+ TACR7·TACR6 + 
(TIMER A) 

TBCR7·TBCR6 
(TIMER B) 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are con
sidered pending until the current instruction is compl~te. 

NOTE 
The current instruction is considered to be the one 
already fetched and being operated on. 

When the current instructionis 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 

+ SPICR7·SPICR6 
(SPI) 

LOAD PC FROM 
SWI: FFC/FFC 
INT: FFA/~FB 

TIMER A, TIMER B, 
SPI OR INT2: 

FF8/FF9 

Figure 10. Reset and Interrupt Processing Flowchart 
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TIMER INTERRUPT 

Each interrupt, except INT1, nas a sepa~ate 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 i~terrupts each have their own in
dependent mask bits contained in MR6, TACR6, TBCR6, 
and SPICR6. The interrupt routine must determine the 
source ofthe 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 (fINT1 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. 

(A) ZERO-CROSSING INTERRUPT 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CeR. 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, 8, and 
the auxiliary counter. Refer to Figure 12 for timers A and 
8 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 
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 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 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
ulu~ch 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 

Vec 

4.7 k 
TTL 

LEVEL 25 INTI 
DIGITAL MCU 

INPUT 

lJ 
(B) DIGITAL-SIGNAL INTERRUPT 

Figure 11. Typical Interrupt Circuits (lNT1) 
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SELECT 
TACR4,5 

P",SCAlEy r 1 
PCO P 

INTERNAL 
CLOCK 

SELECT 
TBCR4,5 

PRESCALET i 1 
POl P 

INTERNAL 
CLOCK 

RESET 
MR3 

SELECT 

TO MCU 

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 a~ 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 S S 43210 

I TAGR71 TAGRSI TAGRSI TAGR41 TAGR31 TAGR21 TAGR1 I TAGRO I 
RESET: 

o 

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 
(PR'ESCALER1/PCO). 
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TACR5 TACR4 Prescaler 1 Clock Source 

0 0 Internal Clock 

0 1 AND of Internal Clock and PRESCALER11 
PCO* 

1 0 Inputs Disabled 

1 1 PRESCALER1/PCO* Low-to-High Transi-
tion 

*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 (lNT2 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-bittimerwhich is accessed via two registers 
($OB for the most-significant byte (MSB) and SOC 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 lat~h. 

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 S 5 43210 

I TBCR71 TBCRSI TBCR51 TBCR41 TBCR31 TBCR21 TBCRl I TBCRO I 
RESET: 

o 

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 ). 

TBCRS TBCR4 Prescaler 2 Clock Source 

0 0 Internal Clock 

0 1 AND of Internal Clock and PRESCALER21 
PC1* 

1 0 Inputs Disabled 

1 1 PRESCALER2/PC1 * Low-to-High Transi-
tion 

*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 
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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 diag ram. 

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 S 543210 

\ SPICR7\ SPICRS\ SPICR5\ SPICR4\ SPICR3\ SPICR2\ SPICR1 \ SPICRO I 
RESET: 

o 

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 = o. 

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 3 
selected by SPICR5, during the active transaction 
mode 

0= Output of the SPI data reg ister is loaded to port 
B2 data register at the appropriate SPI clock edge 
selected by SPICR5, during the active transaction 
mode 

SPICR2 - Port Bl 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 Bl data reg
ister toggle facility when SPICR4=0. 

0= Stop SPI operation when SPICR4 = 1. Cleared un
der program control when SPICR4=0. 

SPICRl - 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 9n 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 

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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are generated internally only during the active transac
tion time. 

SPI DIVIDE-8Y-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. 

n 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, P~3 
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 I/O operation is complete. 

5) SPI clock is always provided on port B1. In the clock 
slave mode, port B1 DDR is in the input mode 
(cleared). In the clock master mode, port B1 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 
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 B3 data register. 

9) Port B data direction registers and portS 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 =0 
Transaction Mode: SPICR4= 1 

1) Active: SPICR7.(DDRBO.PBO + DDRBO) if DDRB1 = 0 (clock slave mode) or 
SPICR7.(DDRBO.PBO+DDRBO) if DDRB1 =1 (clock 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=O then so SPISS action on MCU 
1) Master Mode: SPISS = 1 DDRBt = 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 .0 (high-impedance state). 

CLOCK ARBITRATION 
MCU has clock mastership (DDRB1 = 1) 

1) Via SPISSline (DDRBO = 0). 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 clockmastership 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 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 idlestate. 
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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 

PBl SPICl Yes No 
PBl 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 upthe 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 SPICRO=O 
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 r.etain 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 theMCU 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 dock arbitration is via 
the clock line. 

MOTOROLA MICROPROCESSOR DATA 

3·490 



MC6805S2 

SLAVE SELECT -----... ------.-----..,..-4i�__-... --~._--
CLOCK ----.... -+----... --+----.... --i~----'~I--t_---
DATA 

{ B2=SPID IN 
~ B3=SPIC OUT 

EXAMPLE: INFORMATION FLOW 

{ B2=SPID OUT 
~ B3=SPID IN 

Figure 16. Daisy Chain/Cascade Organization 

Fou'r-Wire Full-Duplex Mode with Slave-Select Input analog channels (VRH - VRL, VRH - VRL/2, VRH -VRL/4, 
and VRU may be selected for calibrat.ion. The accuracy 
of. theseinteroa,1 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-DIGITAL 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 
coriverter uses 30 machine cycles to complete a .conver
sion cif 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 
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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 AeRO 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 
** 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 
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 VCC, (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 LS8 offset intended to reduce 
the magnitude ofthe quantizing error to ± 112 LS8, rather 

PD5NRH 
PD4NRL 

PDO/ANO 

PD1IANl 

PD2/AN2 

PD3/AN3 

D/A 

15 k (TYP.) 

I-OF-8 
SELECT 

MULTIPLEXER 

INT2IPD6/AN4 __ L.... _____ .... 

A/D 
CONTROL t..) 

REGISTER L....<..&_.&. ...... r......&.....L_ ...... ...L--....I 

than +0, -1 LS8 with no offset. This implies that, ig
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LS8 above VRL. Similarly, the transition from $FE 
to $FF occurs 1~112 LS8 below VRH, ideally. 

INSTRUCTION SET 

The MCU 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 

A/D 
RESULT 

L....-'-_"--....L._"--...... _.&.... ..... ~ REGISTER 

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 

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 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 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 

READ-MODIFY -WRITE INSTRUCTIONS 

These instructions read a memory location ora 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 ofthe 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 ofthe condition 
code register. Refer to the following list for bit manipu
lation 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 register reference instructions 
and are use,d 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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4 15, 16 ~ '14 SUB SUB SUB SUB SUB 
~R 3 EXT 3 IX2 2 IX' 1 IX 

4 '5 1~6' 15 14 CMP CMP CMP CMP CMP 
DIR /3 EXT 3 IX2 2 IX 1 I IX 

4 "15 -16 ~ 14 SBC' SBC SBC SBC SBC 
DIR 3 EXT 3 IX2 2 IX 1 1 IX 

4 '~'-'-~16- 15 1
4
-CPX CPX CPX CPX CPX 

2 DIR 3 EXT 3 IX2 2 IXI 1 IX 4--'1: -- I~ 15 l4 AND AND AND AND' AND 
2 DIA 3 EXT 3 IX2 2 IXI 1 IX 

4- - r~-6 -r:~ ~4 BIT BIT BIT BIT BIT 
2 ' DIR 3 EXT 3 IX] 2 IX I 1 IX 

4 -- 1'~~----15 14 LOA LOA, LOA LOA LOA 
DIR 3 EXT 3 ,IX2 2 IXI 1 IX 

5 16 ' ~ T-. r: -- 15 
STA STASTA STA STA 

DIR 3 EXT 3 IX2 2 IXI 1 IX 

2 14'-1~6' '15 \]-4 CLC EOA EOA EOA EOR EOR EOR 
INH 12 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 

SEC ADC ADC' ADe ADC ADC ADC 
INH 12 

4 15 16 IS-l4 
IMM I 2 DIR 3 EXT 3 IX2 2 IXI 1 'IX 

CLI 
INH 

OAA OAA' ORA OAA OAA ORA 4 15 1
6 15 14 

IMM I 2 DIR I 3 EXT 3 IX2 2 IX 1 1 IX 

12 SEI 
INH 

2 14 15 1
6 15 14 ADD ADD ADD ADD ADD ADD 

IMM 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 

ASP 
INH 

NOP 
INH 12 

TXA 
INH 

BSA 
AEl 

LOX 
IMM 

3 14 - ~5 14 13 
JMP JMP JMPJMP JMP 

DIR 3 EXT 3 IX2 2 IXI 1 IX 

JSA JSA JSR JSR JSA 7 I 8 1
9 

1 8 
DIA 3 EXT 3 IX2 2 IX I I I IX 

4 15 1
6 J 5- -r4 

LOX LOX, LOX LOX LOX 
DIR 3 EXT 3 __ IX: 2 IXI I IX 

-,----16- 17 16 15 
STX STX STX STX STX 

2 DIA 3 EXT 3 IX2 2 IXI I IX 

LEGEND 

~ 
o 

lDlO 

1 
0001 

2 
0010 

3 
0011 

4 
0100: 

5 
0101 

6 
0110 

7 
0111 

8 
1000 

9 
1001 

A 
1010 

B 
lOll 

C 
1100 

o 
"01 

E 
1110 

F 
II" 

j ':":i ,Opcode in Hexadecimal 

'oICy"" 4 ~ 
Mnemonic • 

Bytes 1 I)\._ UJUU --

Ope ode in Binary 

'"--------- Address Mode 

Table 4. Opcode Map 
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CO 
C) 
c.n 
en 
N 



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 acce.ssing tables throughout memory. Short and 
long absolute addressingisalso included. Two-byte direct
addressing instructions access (III 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 r:node, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Directaddressing 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 ~rom -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 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 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 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 
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 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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MC6805S2 

ELECTRICAL SPECIFICATIONS 
MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage VCC -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 
MC6805S2P o to 70 
MC6805S2CP -40 to +85 

Storage Temperature Range Tstg -55 to + 150 

Junction Temperature TJ 
Plastic Package 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 6JA 
Plastic (P Suffix) 70 

POWER CONSIDERATIONS 

The average chip-junction temperature, T j, in °c can 
be obtained from: 

where: 

TA 
9JA 

Po 
PINT 
PpORT 

Tj=TA+(POOSjA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

junction-to-Ambient, °CIW 

= PINT+ PPORT 
= ICC x V CC, Watts - Chip Internal Power 
= Port Power Oissipation, 

Watts - User Oetermined 

TEST 
POINT 

40 pF 
!TOTAL) 

Figure 19. TIL Equivalent 
Test Load (Port B) 

TEST 
POINT 

30 pF 
!TOTAL) 

Vee =4.75 V 

Figure 21. TIL Equivalent 
Test Load (Ports A and C) 

Unit 

V 

V 

mA 

°c 

°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 Vout) ~ VCC. 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 VCe). 

For most applications PPORT<PINT and can be ne
glected. PPORT may become significant if the device is 
configured to drive Oarlington bases or sink LEO loads. 

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

Po = K 7 (Tj + 273°C) (2) 
Solving equations (1) and (2) for K gives: 

K = Po 0 (T A + 273°C) + HjAOP0 2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pb 
(at equilibrium) for a known T A. 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 T A. 

TEST POINT ~ 

130 pF !TOTAL) 

Figure 20. CMOS Equivalent 
Test Low (Port A) 

~
VDO=4'75V 

1.36 kH 

TEST 
POINT 130 pF (TOTAL) 

Figure 22. Open-Drain Equivalent 
Test Load (PB1, PB2, and PB3) 
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MC6805S2 

ELECTRICAL CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min 

Input High Voltage VIH 
RESET (4.75 ~ VCC ~ 5.75) 4.0 

VCC ~ 4.75) VCC-0.5 
INT (4.75 ~ VCC ~ 5.75) 4.0 

(VCC ~ 4.75) VCC-0.5 
All Other 2.0 

Input High Voltage Timer PCO VIH 
PortlTimer Mode 2.0 
Self-Check Mode 9.0 

Input Low Voltage VIL 
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 (lNT2 Input Option) VSTBY 3.0 

Standby Current (lNT2 Input Option) (VSTBY = 3.0 V) ISTBY -

Power Dissipation - No Port Loading 
(VCC=5.75 V, TA=O°C) PD -
(VCC=5.75 V, TA= -40°C) PD -

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 
EXTAL -

(Vin = 2.4 V to VCC Crystal Option) -
~=0.4 V Crystal Option) 
RESET -4.0 

(Vin=0.8 V) 
(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.7 
- VCC+0.7 
* VCC+0.7 
* VCC+0.7 

- VCC+0.7 

V 
- VCC+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 rnA 

mW 
600 830 
670 890 II 
10 - pF 

- 4.75 V 

3.75 4.70 V 

fLA 

20 50 

- 10 
- -1600 

- -50 
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MC6805S2 

SWITCHING CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=TL toTH, unless otherwise rioted) 

Characteristic Symbol Min Typ Max Unit 

Oscillator Frequency fosc 0.4 - 4.2 MHz 

Cycle time (4/fosc) tC'LC 0.95 - 10 f.LS 

INT, INT2, and TIMER Pulse Width tWL,tWH tcyc+ 25O - - ns 
RESET Pulse Width tRWL tCyc+ 25O - -

RESET Delay Time (External Capacitance = 1 f.LF) tRHL - 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 tsu - - 100 ms 

SPICL High Time tSPICLH 4 - - tC'{c 

SPICl Low Time tSPICHL 4 - - tcye 

SPICl Rise and Fall Time tsr, tSf - - 1 f.Ls 

SPID Input Data Setup Time tSDS 2 - - tcyC 

SPID Input Data Hold Time tSDH 2 - - tcyC 

SPICl to SPISS lag Time tSStG 4 - - tCYC 

SPISS to SPICL lead Time tSSLD 4 - - tCYC 

Start Bit to First Clock lead Time tSTL 1 - - teye 

External Timer Input to Timer Change Time tpCT 3 - - teye 

Timer Change to Port B Toggle Time tTPa 2 - - tcyc 

INT2 to Timer A load Time tlNTL 3 - - teyc 

AID CONVERTER CHARACTERISTICS 
(VCC= +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 Time 

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 

- - ± 112 LSB 

V A/D accuracy may decrease proportionately as 
- - VCC V VRH - VRL is reduced bel'ow 4.0 V; The sum of 

VSS - 0.2 VRH and VRL must not exceed VCC 

30 30 30 tCYC Includes sampling time 

(Inherent within total error) 

5 5 5 teyc 

- - 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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MC6805S2 

PORT ELECTRICAL CHARACTERISTICS 
(VCC= +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, ILoad = 1.6 mA VOL -
Output High Voltage, ILoad = :-100 /LA VOH 2.4 

Output High Voltage, ILoad= -10 /LA VOH VCC-1.0 

Input High Voltage, ILoad =- 300 /LA (max.) VIH 2.0 

Input Low Voltage, ILoad= - 500 /LA (max.) VIL VSS 

Hi-Z State Input Current (Vin = 2.0 V to VCC) IIH -
Hi-Z State Input Current (Vin = 0.4 V) IlL -

Port B 

Output Low Voltage, ILoad = 3.2 mA VOL -
Output Low Voltage, ILoad = 10 mA (Sink) VOL -
Output High Voltage, ILoad = - 200 /LA VOH 2.4 

Darlington Current Drive (Source)*, Vo = 1.5 V IOH -1.0 

InPut High Voltage VIH 2.0 

Input Low Voltage VIL VSS 

Hi-Z State Input Current ITSI -
Port C and Port A with CMOS Drive Disabled 

Output Low Voltage, ILoad = 1.6 mA VOL 

Output High Voltage, ILoad = - 100 /LA VOH 

Input High Voltage VIH 

Input Low Voltage VIL 

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: 

VIH 

VIL 

lin 

-
2.4 

2.0 

VSS 

-

2.0 

VSS 

-

Typ Max Unit 

- 0.4 V 

- - V 

- - V 

- VCC+0.7 V 

- 0.8 V 

- -300 /LA 

- -500 /LA 

- 0.4 V 

- 1.0 V 

8 - V 

- -10 mA 

- VCC+0.7 V 

- 0.8 V 

<2 10 f.lA 

- 0.4 V 

- - V 

- VCC+0.7 V 

- 0.8 V 

<2 10 f.lA 

- VCC+O.7 V 

- 0.8 V 

<1 10 f.lA 

The AID conversion resistor (15 kH typical) is connected internally between these two lines, impacting their use as digital inputs 
in some applications. . . , 
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MC6805S2 

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 offlexible 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. 

MDOS 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 5 114 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 

MOOS 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 $ICO to $6EF in the second EPROM. The 
interrupt vectors should be in the second EPROM from 
$7F8 to $7FF. 

EPROM MARKING 

xxx 

~~ 
Cl~ 
~~ 

$080 $800 

xxx=GUSTOMER 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 

Ten MCUs containing the customer's ROM pattern w;1I 
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 O°C to 70°C MC6805S2P 
(P Suffix) - 40°C to + 85°C MC6805S2CP 

IBM is a registered trademark of International Business Machines· Corporation. 

MOTOROLA· MICROPROCESSOR DAtA 

3-500 



PIN ASSIGNMENT 

MC6805S2 

MECHANICAL DATA 

VSS NUM* 

PRESCALERl/PCO EXTAL 

PRESCALER2/PCl XTAL 

VSTByl AN4/1 NT2/POG INTl 

VRH/P05 VOO 

VRL/P04 RESET 

AN3/P03 PA7 

AN2/P02 PAG 

ANl/POl PA5 

ANO/POO PA4 

SPISS/PBO PA3 

SPICUPBl PA2 

SPIO!PB2 PAl 

SPIO/PB3 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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MC6805S3 

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 I/O 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 (ADI997R1) 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 110 • 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 • AID Converter 
• Vectored Interrupts 

BLOCK DIAGRAM 

XTAl:=8="'l CLOCK 
EXTAl "'2 

PAO 

PAl 

PA2 

PA3 ACCUMULATOR 

PA4 INDEX REGISTER 

PA5 A CONDITION CODE 

PA6 
REGISTER 

PAl 
STACK POINTER 

RESET 
CONTROL 

INTl 

PBO PBl PB2 PB3 
SPISS SPICl SPID SPID 

PRESCAlER1/PCO PRESCAlER2IPCl 

PROGRAM 
COUNTER 

lOW A/D CONVERTER 
PROGRAM 
COUNTER 

HIGH 

AlU 

ANO/PDO 

ANlIPAl 

AN2/PD2 

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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MC6805S3 

SIGNAL DESCRIPTION 

VCC and VSS 
Power is supplied to the microcontroller using these 

two pins. VCC is +5.25 volts (±O.5.l) power, and VSS is 
ground: 

NUM 
This pin is for factory use only. It should be connected 

to Vss. 
INn, INT2 

These pins provide the capability for asynchronously 
applying an external interrupt to the MCU. 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. 

EXTAL 
27 

EXTERNAL 

At-CUT PARALLEL RESONANCE 
CRYSTAL 
CO=7 pF MAX. 
FREQ. = 4.0 MHz(1I CL = 24 pF 
RS = 40 OHMS MAX. 

26 XTAL 

CLOCK 27 MCU 
EITHER CRYSTAL 

OR RC MASK 
OPTION 

INPUT 
(TIL COMPATIBLE, 
LOW IMPEDANCE 

SOURCEI 

EXTERNAL CLOCK 

XTAL 
26 

8.0 

:I: 
7.0 

~ 6.0 > 
(.) 

~ 5.0 

~ 4.0 
cc 
0 3.0 

~ 

, 
~ 

"-~ 
2.0 

1.0 ~ .... 
o 

o 10 20 30 40 50 60 70 80 

RESISTANCE (kH) 

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). 

XTAL 

EXTAL 

~ ___ ...... ..-2-16 XTAL 

MCU 
(RESISTOR MASK 

OPTIONI 

APPROXIMATELY 10% to 25% 
ACCURACY 

EXTERNAL RESISTOR 
(EXCLUDES RESISTOR TOLERANCEI 

MCU 
(CRYSTAL MASK 

OPTION 

CRYSTAL 

MCU 
EXTAL (RESISTOR MASK 

OPTIONI 

APPROXIMATELY 25% to 50% 
ACCURACY 

TYPI CAL tcyc = 1.25 f.Ls 
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, 8, and C are programmable as either inputs 
or outputs under software control of the data direction 
registers. Port 0 is a fixed input port and not controlled 
by any data register. Port 0 has up to four analog inputs 
or five via the mask option, plus two voltage reference 
inputs when the analog-to-~I (AID) converter is used 
(PD5/VRH, PD4/VRU and an INT2 input. Ifthe analog input 
is used, then the voltage reference pins (PD5/VRH and 
PD4/VRU must be used in the analog mode. Refer to 
PROGRAMMING for additional information. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Ports A, 8, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). The port I/O 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 
Direction 
Register 

Bit 

1 
1 
o 

en 
....Jz 
<3:2 
ZI-
0::<"> 
UJ UJ 
I-Z 
zz 
-8 

Output 
Data 
Bit 

o 
1 
X 

Output 
State 

o 
1 

High-Z** 

Input 
To 

MCU 

o 
1 

Pin 

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 0 provides the multiplexed analog inputs, refer
ence voltages, and INT2. These lines are shared with the 
port 0 digital inputs. PDO-PD3 may always be used as 
digital or analog inputs. The VRL and VRH lines are in
ternally connected by the A/D 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 80 and 81 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, 8, and Care 
directed to port 80 and 81 data registers. See Figure 4 
for port 8 configuration flow chart. 

An incoming toggle pulse on port 80 is allowed to 
toggle the data register if port 8 OCR bit 4 (DCR4) is 
cleared. This bit is set on reset. An incoming toggle pulse 
on port 81 is allowed to toggle the port 81 data register 

*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 I/O Circuitry and Register Configuration 
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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 B1 toggle enable/start bit 
CLAO = 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 CLAO 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 oftimer 
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 offour 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 I/O 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 I/O. 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. 

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 a 
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 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 a 
I a I 0 I a / 0 / a /1 / 1 / 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 <;luring 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 
(lNT1 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). 

Zero (Zl 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 
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iBYTESl 

()()() 

127 

128 

255 

256 

'-'" 

"r-

3839 
3840 

408 7 

6 5 4 3 2 

1/0. AID. SPI. 
Timers. RAM 

(12B Bytes) 

Page 0 ROM 
112B Bytes) 

Main ROM 
13584 Bytas) 

Self-Check 
Bootstrap 

ROM 
1248 Bytes) 

Timers IA. B. C). 
SPI.INT2 

External INTl 

SWI 

Reset 

1 

'-~ 

"r" 

iADDRESSl 

$()()() 

$07F 

$080 

$OFF 

$100 

$EFF 
$FOO 

$FF7 

$FFB 

$FF9 

$FFA 

$FFB 

$FFC 

$FFD 

$FFE 

$FFF 

*Registers are write only and read as $FF. 
**Mask option 

7 6 5 4 3 2 1 IADDRESS l 
Port A 

Port B 

Port C 

Port D 

Port A DDR-

Port B DCR-

Port C DDR-

Not Used 

Timer A 

Timer A Cont. Reg. 

Misc. Register 

Timer B MSB 

Timer B LSB 

Tlmer B Cont. Reg. 

AID Control 

AID Result 

SPI Data 

SPI Control 

Prog. Cont. Reg. 

Timer C Capture 

Timer C Data 

Timer C Control 

Not Used 

Not Used 

RAM 
1104 Bytes) 

$()()() 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$OOA 

$OOB 

$OOC 

$OOD 

$OOE 

$OOF 

$010 

$011 

$012 

$013 

$014 

$015 

$016 

$017 ----
$018 

$07F 

\ 
7 6 5 4 3 2 1 iADDRESS! 

User RAM 
140 Bytesl 

Standby RAM - * 
116 Bytes) 

User RAM 
(17 Bytes) 

Shared Stack RAM 
(31 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) $OA 

This register contains control and status information 
related to INT2, auxiliary counter, prescalers 1 and 2, and 
timer overflow. 

MR7 MR6 MR5 MR4 MR3 MR2 MRI MRO 

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 
Q=lnterrupt 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 
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 

28 
+9V 27 

VCC 26 

25 

24 

23 

22 
AN2 

21 
ANl 

20 
ANO 

10 19 
PBO 

11 18 
PBl 

12 17 
PB2 

13 16 
PB3 

14 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 B1. 

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, I/O, 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. 

CLOCK 

RESET 

----- - - -

VCC 

Rl =6 kn 
R2=3 kn 
R3=200 n 
R4=390 n 
Cl =22 pF 
C2=1 IJ-F 
C3=0.1 IJ-F 

*RC Oscillator Option Shown. If QO-Q2 LEOs Blinking = Device Passes Test 
Q3 Blinking = Watchdog Reset Problem 

Figure 6. Self-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 tRHL milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (FigureS) 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 

VCC --''''~fV',.--+_2_3--. 

::r: 1.0 f.LF 

MCU 

Figure 8. Power-Up Reset Delay Circuit 

MISCELLANEOUS REGISTER 

(tcycl. 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 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 (VLVI). The only requirement is thatthe VCC 
must remain at or below the VLVlthreshold for one tcyc 
minimum. 

In typical applications, the VCC 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. 

220 kH 
TYP. 

23 

100 !l 
TYP. 

RESET 

I 
1 f.LF TYP.** 

**OPTION-l00 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 instruction (SWI), SPlinterrupt re
quest, external port D bit S (lNT2) 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 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 PCW 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 MRS, TACRS, 
TBCR6, TCOM, TCCM, and SPICRS. 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 interna~ynchronized 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 S) 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 (fINT1 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 a-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 
(lNT2) 

AC 
(tINTMAX.) 
R",l MH 
AC INPUT 

::,.,10 Vacp-p 

MC6805S3 

l.I(lN CCR) 

07F. SP 

O. DORA 
FO.DORB 
FC.DDRC 

7F. PRESC. 1 
7FFFF. PRESC. 2 

40. SPICR 
50.MR 

50. TRCR 
FFUIMER A 

50. TBCR 
FFFF. TIMER B 

53. TCCR 
FF. TIMER C 

07. RCSR 

CLR INT LOGIC 

+ TRCR7oTRCR6 + TBCR7·TBCR6 + 
(TIMER A) (TIMER B) 

TIMERS A. B. C. 
INT2. CAPTURE. SPI 

TCOF·TCOM 
(TIMER C) 

+ TCCF·TCOM 
(CAPTURE) 

Figure 1 O. Reset and Interrupt Processing Flowchart 

VCC 

MCU 

4.7 k 
TTL 

LEVEL __ .... 2_5-1 INTl 
DIGITAL 
INPUT 

LOAD PC FROM 
SWI: FFC/FFD 
INTl: FFA/FFB 

TIMERS A. B. C 
CAPTURE 

SPI OR INT2: 
FF8/FF9 

SPICR7·SPICR6 
(SPI) 

MCU 

(A) ZERO-CROSSING INTERRUPT (B) DIGITAL-SIGNAL INTERRUPT 

Figure 11. Typical Interrupt Circuits (lNT1) 
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RESET MR3 

PRESCALERl/PCO 

SELECT MRI OVERFLOW A 
TIMER A INT TO MCU 

OVERFLOW 8 
INT TO MCU SELECT T8RC3. 2. 1.0 

SELECT MRO PORT 

SELECT T8CR4. 5 
81 TOGGLE 

RESET MR2 PORT 
PRESCALER2 PCl 80 TOGGLE 

TO MCU 

INg~~~ -~----41---------"" 

I-----------..... --IINT TO MCU L..-__ ---' 

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 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 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 

oflNT2 interrupt request bit (MR7) gated with interrupt 
request mask bit (MR6). Ifthis 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 

76543210 

I TACR71 TACR61 TACR5\ TACR4\ TACR3\ TACR2\ TACRl \ TACRO \ 

RESET: 
o 

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 

T ACR4 - 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-
sition 

*The status of PRESCALER1/PCO depends upon the data direc
tion status of PRESCALERl/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 (lNT2 dri

ven loading is enabled) 
O=Allowsdirect 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 SOC 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 bysoftware. 

TIMER B CONTROL AND STATUS REGISTER $00 

76543210 

\ TBCR7\ TBCR6 \ TBCR5\ TBCR4\ TBCR3\ TBCR2\ TBCRl r:rsc;J 
RESET: 

TBCR7 - Timer B Interrupt Request Flag 
1 =TimerB 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 t6 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/PCl * 

1 0 Inputs Disabled 

1 1 PRESCALER2/PCl * Low-to-High Tran-
sition 

*The status of PRESCALER2/PCl depends upon the data direc
tion status ofPRESCALER2/PC1. If PRESCALER2/PCl 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 
- 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 

1 TCOF .1 TCOM 1 TCCF 1 TCCM 1 TCEG TCCS 1 TCCll 1 TCClO 1 

RESET: 
o 

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 
O=Select PRESCAlER1/PCO as capture source 

TCCl1 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 MRl Status* 

1 MRl 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. MRl bit set (logic one): 
Prescaler 1 clock selected to timer Band 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 T ACR2, T ACR 1, and T ACRO. The selected 
output is used as the clock input to either timer A or 8, 
depending upon the status of the prescaler cross-couple 
bit (MR1). The type of clock source to prescaler 1 maybe 
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 T8CR3, T8CR2, T8CR1, and T8CRO. The se
lected output is used as the clock input to either timer A 
or 8, depending upon the status of the prescaler cross
couple bit (MR1). The type of clock source to prescaler 2 
may be selected by T8CR5 and T8CR4. 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; 
. :IRES+ 

[MR5]~ 

[MR4] 'PIIIIIII 
MCU WRITE O. [MR4i 

8 Counter Preset by Writing "1" 

o Underflow: MR5 .1; No Forced Reset 

o Counter Reset by Writing "0" 

o Underflow MR5. 1 Forced Reset 

I 
I 
I 
I 
:/ [MR5]=O 

I 
I 
I 

1.[MR5i 1. [MR4i 

I 
I 
I I 

FORCED RESET ......... 1 TIME 

VIRES - ::or:::: 
: [MR5]=1 ~ 

II ~ _L 
I I LJ I I 
I I I 
I I I o. [MR5] O. [MR4i 

Figure 13. Auxiliary Counter Operation 

clock inputs are always taken from their respective [/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 (NRZl, 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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Figure 14. Serial Peripheral Interface Block Diagram 
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76543210 

I SPICR71 SPICR61 SPICR51 SPICR41 SP1CR31 SPICR21 SPICR1 I SPICRO I 
RESET: 

o 
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 = O. 

0= Stop SPI operation when SPICR4 = 1. Input data 
latched on negative edge and output data changed 
on positive edge of SPI clock wh~n $PICR4 =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 

TOPB2 
DATA REGISTER 

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 B1 data reg
ister toggle facility when SPICR4 = O. 

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 theSPI 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 

0= SPI data from port B2 is routed to the input of the 
SPI data register 

$10 

LSB FROM 
PB3 PIN 

FROM 
PB2 PIN 

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 froni port 82 or 83. The MS8 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-8Y-EIGHT COUNTER 

The co~nter 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 P80 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 versatilityand/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 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 P82 
and PB3 are used for data transfer. The same shift 
register is used for data in and data out. The byte 
transl1)itted replaces the byte received. SPICR7 is . 
used to signify that the liD operation is complete. 

5) SPI clock is always provided on port B1. In the.clock 
slave mode, port B1 DDR is in the input mode 
(cleared). In the clock master mode, Port 81 DOH 
is set; therefore, the MCU imposes the clock level 
on P81 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 
B1 data register is automatically allowed during 
the active transmission mode. 

7) All devices connected to the SPI m~st 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 MS8s 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 B3 data register. 

9) Port B data direction registers and port Bdata con
trol registers are accessible during SPI operation. 
During active transaction mode, the PB1 data reg
ister, P82 data register (if SPICR3 = 0), and P83 (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 SP!. 

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 fromgener
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 = 1 
Receiver -'Data Slave: DDRB2 or 3 = 0 
Clock Master: DDRBI = 1 
Clock Slave: DDRBI = 0 
Transaction Mode: SPICR4 = 1 

1) Active: SPICR7e(DDRBOePBO+ DDRBO) if DDRBI = 0 (clock slave mode) or 
SPICR7e(DDRBOePBO+ DDRBO)if DDRBI = 1 (clock master mode) 
Clock Pulses allowed, data shifted 

2) Idle: SPICR7 + DDRBa-PBO if DDRBI = 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 DDRBI = 1 

SPISS 1 - 0: Switch to Slave Mode (DDRBI 1- 0) 
Set SPICRI (Mode Fault Flag) 

2) Slave Mode: SPISS=O DDRBI =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 (PB20r PB3) switched to high-impedance state, 

Used as Chip-Select Input 

DATA ARBITRATION 
Data master loses data rnastership when data collision occurs during internal data strobe time. 

If SPlDoutput port (PB2 or PB3) =1 while actual pin level is pulled low externally - conflict detected at internal data strobe 
time. 

Then SPICRI (mode fault flag) is set; SPID 'outplit port DDR (B2 or B3) 1 .0 (high-impedance state). 

CLOCK ARBITRATION 
MCU has clock mastership (DDRBI = 1) 

1) Via SP1SS line (DDRBO=O). If SPISS is pulled low, then clock mastership lost; DDRBll .0 (high-impedance state); SPICRI 
is set (mode fault flag). 

2) Via clock line SPICl (DDRBI = I 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 SPICRI = I and clock line is switched low to inhibit the system 
clock. ' 

MODE FAULT FLAGE OPERATION (SPICR!) 
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 qata on the serial output data line to be changed is defined 

as the SPI clock idle state. 
SPICR5 = 0: SPICl Idle = low State 
SPICF!5 = I: SPICl Idle =High State 

These definitions are necessary for determining start and stop conditions. 

NOTE 

Clock idle state can only be· definea 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 
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 made except 
that the slave select input allaws using the MCU as a 
peripheral in a system where clack mastership is passed 
through the slave select line. Typically, the slave select 
lines can be wired tagether. The current master sets its 
slave select line in the autput made priar to. a serial trans
missian and pulls it low to. indicate that the system is 
busy. This allaws the clack master to retain mastership 
until the end of transmissian. Saftware protocol can be 
arranged so that slaves do. nat 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, remaving the 
current master from the line. Time multiplexed protacals 
may be required to. avaid simultaneous mastership re
quests. 

Three-Wire Full-Duplex Mode 

This made allaws the MCU to. aperate simultaneausly 
as transmitter and receiver. Bus ar 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=O 
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. Protacols in the data stream are required to 
change: 

• Clack masters 
• The number af transmitters in the system 
• The direction af data flaw in daisy-chained systems 

with collision 
It is passible far the MCU tashift aut ane byte af data 

while receiving anather, as illustrated in Figure 16. This 
eliminates the need far XMIT EMPTY ar REC FULL status 
bits. 

Three-Wire Full-Duplex Mode with Clock Arbitration 
This mode is a mix af the three-wire full-duplex made 

and twa-wire half-duplex made with clack arbitratian, 
where the SPI clock lineaperates as a wire-ar. Simulta
neous masters are allawed, and clack arbitratian is via 
the clack line. 

Four-Wire Full-Duplex Mode with Slave-Select Input 
This made is similar to. the three-wire full-duplex made 

in netwark canstructian and to. the three-wire half-duplex 
made with slave-select input in clock arbitratian and slave 
selectian. Refer to. Figure 17. 

VCC 

SLAVE SELECT -----..... ------4~-----._-..... ---...... ---
CLOCK ------.~~-----__ ~----_.-~----__ ~---~ 
DATA - ... ~ 

EXAMPLE: 
{ B2=SPID IN 

~ B3=SPIC OUT 
INFORMATION FLOW 

{ B2=SPID OUT .-- B3=SPID IN 

Figure 16. Daisy Chain/Cascade Organization 
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o ...J 0 en 
c: U a:::: en 
en c: en c: 
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*FULL DUPLEX 
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{ 

SPID IN:PB2/3 
SPID OUT:PB3!2 
SPICL:PBl 

{ 

SPID IN:PB2/3 
SPID OUT:PB3!2 
SPICL:PBl 
SPISS:PBO 

Figure 17. SPI Operation Bus Organization 

ANALOG-TO-DIGITAL CONVERTER 
The chip resident 8cbit 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 - VRL/2, VRH - VRL/4, 
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 VCC, (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. 

Table 3. AID 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 VRH/4* 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. 
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PD5IVRH 

D/A 

15 k (TYP.l 

PD4IVRL ---+-.. 

PDO/AND 

PD1/ANl 

PD2/AN2 

PD3/AN3 

1-OF-8 
SELECT 

MULTIPLEXER 

INT2/PD6/AN4 - ..... ------"' 

AID 
CONTROL u 
REGISTER ~<t-K_..L--I~"&"--I_-'-......I_-' 

CONTROL 
LOGIC 

COUNT 

AID 
RESULT 

REGISTER 
($OOEI ($OOFI 

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, portDDRs, 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 (n=O ... 71 

Branch IFF Bit n is Clear BRCLR n (n =0 ... 71 

Set Bit n BSET n(n=O ... 71 

Clear Bit n BCLH n (n=O ... 71 

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 Comparel BIT 

Jump Unconditional JMP 

Jump to Subroutine JSR 

READ-MODlFY-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 Highel"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 B.HCC 

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 isSet 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 prb
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·theinstructions 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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Bit Manipulation Branch 
BTB BSe REL DIR 

~ Low ~ ~1 ~O ~1 
I!!. 4 6 

rJk 13BRSEJ~B 2 BSE1~( 2 BRAREl 2 NEG
DIR 

10 7 4 
1 BRCLRO 2 BCL~~c 2 

BRN 
0001 3 BTB REl 

10 7 4 
2 BRSETl 

7 BSE~kc BHI 
0010 3 BTB 2 REL 

10 7 4 6 
3 BRCLRl 2 BCL~kc 2 BLS

REL 
COM 

0011 3 BTB 2 OIR 
10 7 4 6 

4 BRSET2 
7 BSE~~e 2 BCC

RE 
LSR 

0100 3 BTB 2 DTR 
10 7 4 

5 
3
BRCL

:lB 2 BCL~~( BCS 
0101 7 R 

10 7 4 6 
6 BRSET3 

2 BSE~~e 2 BNEREl 2 AOA
DIR 0110 13 BTB 

10 7 4 6 
7 

13
BRCL

:tB 2 BCL~~c BEG ASR 
0111 2 -.Bl.l 2 DIA 

10 7 4 6 

1~ 13
BRSE

J:a 2 BSE~te 2 BHC~H 1 LSL 
DIR 

10 7 4 6 
9 BRCLR4 2 BCL~~e BHCS AOL 

1001 3 BTB 2 '-REl 2 Dill 
12. 7 4 6 

1:'0 13
BRSE

JiB 2 BSE~~e 2 BPL
AE

, DEC 
2 DIA 

10 7 4 
B BRCLR5 BCLR5 BMI 

lOll 3 BTB 2 Bse 2 AEL 

'SRSET6 
4 6 

I~ BSET6 BMC INC 
13 RrR 2 Bse 2 AEl 2 DIA 

10 7 4 6 

1~1 13BRCL:~B 2 BCL~~e 2 BM~E' 2 TST 
DIR 

10 7 4 

11~0 BRSET7 BSET7 BIL 
13 BTB 2 Bse 2 REl 

10 7 4 6 
F BRCLR7 2 BCL~~e 12 BIH REL CLR 

1111 3 BTB 2 DIR 

Abbrevietions for Address Modes 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IXl 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and Branch 
Indexed (No Offset) 
Indexed, 1 Byte (S-Bit) Offset 
Indexed, 2 Byte (16-Bitl Offset 

Read-Modify-Write 
INH INH IXl 

O~ 01~1 01~0 
4 , 4 7 

NEG NEG NEG 
I INH I INH 2 IXI 

4 4 7 

COMA COMX COM 
I INH 1 INH 2 'Xl 
4 4 7 

LSAA LSAX LSA 
1 INH I INH 2 'Xl 

4 4 7 
AOAA AOAX AOA 

1 INH 1 lNH 2 'Xl 
4 4 7 

ASAA ASAX ASR 
1 INH 1 INH 2 'Xl 
4 4 7 

LSLA LSLX LSL 
I INH I INH 2 IXI 
4 4 1 

ROLA AOLX ROL 
I INH I lNH 2 'Xl 
4 4 7 

DECA DECX DEC 
1 INH 1 INH 2 'Xl 

4 4 7 

INCA INCX INC 
I INH 1 INH 2 'X 1 
4 4 7 

TSTA TSTX TST 
I INH 1 INH 2 'x 1 

4 4 , 
CLRA CLRX (LR 

1 'NH 1 INH 2 IXI 

• 
Table 4. Opcode Map 

Control Register/Memory 
IX INH INH IMM DIR EX" 1X2 IXl IX 
7 ! 8 9 A B 

lfoo 
0 E 

li,1 ~ 0111 1000 1001 1010 1011 1101 1110 
6 9 2 4 

, SUB o SUB " SUB 4 SUB ' NEG RTI SUB SUB rk 1 ,X I INH 12 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 
6 2 4 5 6 5 4 

RTS CMP CMP CMP CMP CMP CMP 1 
1 INri 2 lMM 2 D,R 3 EXT 3 IX2 7 IXI I IX 0001 

1 
2 4 5 6 

5 SBC 
4 

SBC SBC SBC SBC SBC 2 
2 IMM 2 DIR 3 EXT 3 IX2 2 IXI I IX 0010 

6 11 2 4 5 6 
" CPX 

4 
COM SWI CPX CPX CPX CPX CPX 3 

1 ,x 1 ,r,H 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI I IX 0011 
6 2 4 5 6 5 4 

LSA AND AND AND AND AND AND O~ 1 IX 2 IMM 2 D,f< 3 EXT 3 IX2 2 IX 1 IX 
2 4 5 6 5 4 

BIT flIT BIT 3 BIT IX2 2 BIT 1X1 1 BIT 1lt ~ 2 IMM 7 DIR 3 EXT 
6 2 4 5 6 5 4 

AOR LOA LOA LOA LOA LDA LDA 6 
1 'x 2 IMM 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 0110 
6 2 5 

6 STA b STA " STA ASR TAX STA STA 7 

~ I~ 1 Ir,H 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 0111 
2 2 4 5 6 5 4 

I LSL~ CLC EOR EOR EOR EOR EOA EOR 8 
,1 INH 2 IMM 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 1000 

6 -- 2 2 4 5 6 5 4 
ROL I SEC ADC ADC ADC ADC ADC ADC 9 
1~ 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI I IX 1001 

~ DEC IX I 
/ 2 4 

, ORA o ORA " ORA • ORA Cli ORA ORA A 
1 INH 2 IMM 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 1010 

2 SEI 2 ADD 
4 

5 ADD 6 ADD 5 ADD 4 ADD ADD B 
,---- I 'NH 2 IMM 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 1011 

6 2 3 4 
, JMP 

4 
3 JMP INC RSP JMP JMP JMP C 

1 ~ ---'- 1 INH 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 1100 
6 2 8 7 

8 JSR 9 JSR 8 JSR TST NOP BSA JSA JSR D 
1 IX 1 INH 2 REl 2 DiA 3 EXT 3 IX2 2 IXI 1 IX 1101 

2 4 
" LDX o LDX " LDX 

4 
LDX LDX LOX E 

2 IMM 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 1110 
6 2 

, STX o STX 
7 6 

5 STX CLR TXA STX STX F 
1 IX I INH 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 1111 

LEGEND j 1 f, 1 9 0"", .. i, He""oo'm.' 

#oleyol" 4 ~ 
Mnemonic ~ 

Bytes 1 IX LUJU --

Opeode in Binary 

'---------- Address Mode 

s: 
o 
0) 
CO 
C) 
(J'I 
CJ) 
W 
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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 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 ofthe 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 VCC -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 S9urce Current per Pin lout 
(One at a Time) 10 

Operating Temperature Range TA 
MC6805S3P o to 70 
MC6805S3CP -40 to +85 
MC6805S3VP -40 to + 105 

Storage Temperature Range Tstq -55 to + 150 

Junction Temperature TJ 
Plastic Package 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance tlJA 
Plastic (P Suffix) 70 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J' in DC can 
be obtained from: 

where: 
TA 
IlJA 

PD 
PINT 
PpORT 

TJ=TA+(PDoeJA) (1) 

= Ambient Temperature, DC 
= Package Thermal Resistance, 

Junction-to-Ambient, DC/W 

= PINT+ PPORT 
= ICCxVCC' Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

TEST 
POINT 

40 pF 
!TOTAL) 

VCC=4J5 V 

Figure 19. TTL Equivalent 
Test Load (Port B) 

TEST 
POINT 

30 pF 
(TOTAL! 

VCC=4.75 V 

MMD7000 
OR EQUIV. 

Figure 21. TTL Equivalent 
Test Load (Ports A and C) 

Unit 

V 

V 

mA 

DC 

DC 

DC 

Unit 

DC/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 Vout) !% VCC. 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 Vq;). 

For most applications, PPORT<PINT 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 PD and T J (if 
PPORT is neglected) is: 

PD=K-;-(TJ+273DC) (2) 
Solving equations (1) and (2) for K gives: 

K = PD 0 (T A + 273DC) + flJAoPD2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring PD 
(at equilibrium) for a known T A Using this value of K, 
the values of PD and T J can be obtained by solving equa
tions (1) and (2) iteratively for any value of T A 

TEST POINT 

~ I 30 pF (TOTAL! 

Figure 20. CMOS Equivalent 
Test Low (Port A) 

TEST 
POINT ~

VCC=4.75V 

1.36 k!l 

130 pF (TOTAL! 

Figure 22. Open-Drain Equivalent 
Test Load (PB1, PB2, and PB3) 
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ELECTRICAL CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min 

Input.High Voltage VIH 
RESET (4.75 ~ VCC ~ 5.75) 4.0 

VCC ~ 4.75) VCC-0.5 
INT (4.75 ~ VCC ~ 5.75) 4.0 

(VCC ~ 4.75) VCC-0.5 
All Other 2.0 

Input High Voltage PCO VIH 
PortlTimer Mode 2.0 
Self-Check Mode 9.0 

Input Low Voltage VIL 
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 (lNT2 Input Option) VSTBY 3.0 

Standby Current (lNT2 Input Option) (VSTBY= 3.0 V) ISTBY -

Power Dissipation - No Port Loading 
(VCC=5.75 V, TA=O°C) PD -
(VCC=5.75 V, TA= -40°C) PD -

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 V CC) -
EXTAL 

(Vin = 2.4 V to VCC Crystal Option) -
(Vin = 0.4 V Crystal Option) -

RESET 
(Vin=0.8 V) -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+0.7 
- VCC+0.7 
* VCC+0.7 
* VCC+0.7 
- VCC+0.7 

V 
- VCC+ 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 II 
10 - pF 

- 4.75 V 

3.75 4.70 V 

fJ.A 

20 50 

- 10 
- -1600 

- -50 
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SWITCHING CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=TLto TH,unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Oscillator Frequency fosc 0.4 - 4.2 MHz 

Cycle time (4/fosc) tcyc 0.95 - 10 j.1s 

INT, INT2, and TIMER Pulse Width tWl,tWH tcyc+ 25O - - ns 
RESET Pulse Width tRWl tcyc +250 - -

RESET Delay Time (External Capacitance = 1 j.1F) tRHl - 100 - ns 

I NT Zero-Crossing Detection .Input Frequency flNT kHz 
(for ± 50 Accuracy) 0.03 - 1 

External Clock Input Duty Cycle (EXTAl) - 40 50 60 % 

Oscillator Startup Time Crystal tsu - - 100 ms 

SPICl High Time tSPIClH 4 - - tcvc 

SPICl low Time tSPICHl 4 - - tcvc 

SPICl Rise and Fall Time ts r, tSf - - 1 j.1s 

SPID Input Data Setup Time tSDS 2 - - tcvc 

SPID Input Data Hold Time tSDH 2 - - tcvc 

SPICl to SPISS lag Time tSStG 4 - - tcvc 

SPISS to SPICl lead Time tSSlD 4 - - tcvc 

Start Bit to First Clock lead Time tSTL 1 - - tCYC 

External Timer Input to Timer Change Time tPCT 3 - - tCYC 

Timer Change to Port B Toggle Time tTPB 2 - - tCYC 

INT2 to Timer A load Time tlNTl 3 - - tCYC 

AID CONVERTER CHARACTERISTICS 
(VCC = + 5.25 Vdc ± 0.5 Vdc, VSS = 0 Vdc, T A = 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 V AID accuracy may decrease proportionately as 
VRH - - VCC VRH-VRl is reduced below 4.0 V. The sum of 
VRl VSS - 0.2 VRH and VRl must not exceed VCC 

Conversion Time 30 30 30 tC1yc Includes sampling time 

Monotonicity (Inherent within total error) 

Sample Time 5 5 5 tCYC 

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 
(VCC= +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, ILoad = 1.6 rnA VOL -

Output High Voltage, ILoad = -100 fLA VOH 2.4 

Output High Voltage, ILoad = -10 fLA VOH VCC-1.0 

Input High Voltage, ILoad = - 300 fLA (max.) VIH 2.0 

Input Low Voltage, ILoad = - 500 fLA (max.) VIL VSS 

Hi-Z State Input Current (Vin = 2.0 V to Vccl IIH -
Hi-Z State Input Current (Vin=0.4 V) IlL -

Port B 

Output Low Voltage, ILoad = 3.2 rnA VOL -

Output Low Voltage,ILoad=10 rnA (Sink) VOL -

Output High Voltage, ILoad = - 200 fLA VOH 2.4 

Darlington Current Drive (Source)*, VO= 1.5 V IOH -1.0 

Input High Voltage VIH 2.0 

Input Low Voltage VIL VSS 

Hi-Z State Input Current ITSI -

Port C and Port A with CMOS Drive Disabled 

Output Low Voltage, ILoad = 1.6 rnA VOL 

Output High Voltage,lLoad = -100 fLA VOH 

Input High Voltage VIH 

Input Low Voltage VIL 

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. 
**PD4NRL - PD5NRH: 

VIH 

VIL 

lin 

-

2.4 

2.0 

VSS 

-

2.0 

VSS 

-

Typ Max Unit 

- 0.4 V 

- - V 

- - V 

- VCC+0.7 V 

- 0.8 V 

- -300 fLA 

- -500 fLA 

- 0.4 V 

- 1.0 V 

8 - V 

- -10 rnA 

- VCC+0.7 V 

- 0.8 V 

<2 10 fLA 

- 0.4 V 

- - V 

- VCC+0.7 V 

- 0.8 V 

<2 10 fLA 

- VCC+0.7 V 

- 0.8 V 

<1 10 fLA 

The AID conversion resistor (15 k!l 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 

customMCU.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 !;10M 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 (MDOSC® or MSc®-DOSI 
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 

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 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. 

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 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. 

S080 $800 $080 

xxx=CUSTDMER 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 forthe 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 DOC to 7DOC MC68D5S3P 
(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 NUM 

PRESCALERI/PCO EXTAL 

PRESCALER2/PCI XTAL 

VSTBy/AN4/INT2/PD6 INTI 

VRH/PD5 VDD 

VRL/PD4 RESET 

AN3/PD3 PA7 

AN2/PD2 PA6 

ANI/PDI PA5 

ANO/PDO PA4 

SPISS/PBO PA3 

SPICUPBI PA2 

SPID/PB2 PAl 

SPID/PB3 PAO 
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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 I/O 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 • Vectore'd Interrupts 
• On-Chip Oscillator • 2048 Bytes of ROM 
• Memory Mapped I/O • 64 Bytes of RAM 
• Versatile Interrupt Handling • Self-Check Mode 
• True Bit Manipulation • 24 Bidirectional I/O Lines 
• Bit Test and Branch Instruction 

BLOCK DIAGRAM 

TIMER 

PAO 
PA1 Accumulator 

PorI PA2 Port Data 8 
CPU A PA3 A Dir Control Index I/O PA4 Reg Reg Register Lines PAS 8 X 

PAS Condition 
PAl 

Code 

5 Register CC 
CPU 

Stack 

PBO 5 
POinter 

S 
PB1 Program Port PB2 Port Data Counter B PB3 B Dlr 4 HIgh PC I/O PB4 Reg Reg 

ALU 
LInes PB5 Program 

PBS Counter 

PBl 8 Low 

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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PCS Lines 
PCS 
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SIGNAL DESCRIPTION 

VCCANDVSS 
Power is supplied to the microcontroller using these 

two pins. Vee is +5.25 volts (±O.5a) 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 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 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 if? shown in Figure 2. 

Cl 

EXTAL -eLl .~. XTAL 

5 ~. 6 

External 
Clock 
Input 

AT - Cut Parallel Resonance Crystal 
Co =7 pF Max 
Freq. = 4.0 MHz @ CL= 24 pF 
BS=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, Cl, and RS values. 

6 XTAL 

5 EXTAL 

XTAL 

5 EXTAL 

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. 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 self-test.program. 

RESET 
This pin has' a Schmitt trigger input and an on-chip 

pullup. The MeU 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, 
e, and D) Ports A, B, and e are programmable as either 

6 XTAL 

(See Note) . c=J 5 EXTAL 

CL ::r: 

VCC 

Crystal 

6 XTAL 
'-"V\J~--4 

No 
Connection 

EXTAL 

External Clock 
Approximately 25% to 50% Accuracy 

Typical tcyc = 1.25 /,5 
ApprOXimately 10% to 25% Accuracy 

I Excludes ReSistor T olerancel 
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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8.0,......,..-----------------. 

1.0 

VCC=5.25 V 
TA=25°C 

°O~--lLO-~~~~~-~--L-~oo~~ro~-Joo 
Resistance (kO) 

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 
contro~y 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 C are 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 I/O 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 

Internal 
Connections 

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 I.evel if the 
DOR is an input (zero) and also to the latchedoutput when 
the DDR is an output (one). Refer to Table 1 for I/O func
tions and to Figure 3 for typical port circuitry. 

Table 1. I/O Pin Functions 

Data 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 8 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 I/O 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 I/O. 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. 

Figure 3. Typical Port ItO Circuitry and Register Configuration 
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Page Zero 

1

000 

Access With, 127 
Short 128 

Instructions 

255 
256 

1963 

1964 

3895 
3896 

'1= Interrupt ,= 
Vectors 4092 

4093 
4094 
4095 

1/0 Ports 
Timer 
RAM 

(1288ytes) 

Pag&-Zero 
User ROM 
(1288ytes) 

Not Used 
11728 Bytes) 

Main User 
ROM 

(1912 Bytes) 

Self-Check 
ROM 

(192 Bytes) 

-- - - - - -
Timer Interrupt 

-- - - - - -
External Interrupt 

-- - - - - -
SWI 

r-- - - - - -
RESET 

76543210 

$000 0 Port A Data Register 

1 Poil B Data Regi'ster 

$07F 
' 2 Port C Data Register 

$080 3 Port 0 Data Register 

4 PortADDR* 

$OFF 5 Port B DDR* 

$100 6 PortCDDR* 

\ 7 Not Us~d 

$7BF 8 Timer Data Register 

$7CO 9 Timer Control Register 

10 
11 

Miscellaneous Register 

$F37 15 Not Used 

$F38 16 

Reserved 
(48 Bytes) 

$FF7 . 

$FF8 63 

$FF9 64 RAM 
$FFA (64 Bytes) 

$FFB 
$FFC Stack 

$FFD 
(31 Bytes 

Maximum) 
$FFE 

t $FFF 
127 

* Caution: Data direction registers (DDRs) are writ&-only; they read as $FF, 

Figure 4. Memory Map 

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. 

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 I 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 ofthe 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 11 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; 

4 0 

I H II I N I z I 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. 
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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 IC) 

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: 

I/O - Functionally exercise I/O ports. 
RAM - Walking bit test. 
ROM - Exclusive OR with ODD 11s" 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 LEOs as a result of 
a failure. Port C is tested only once (just after reset). If 
port C fails, no lights will appear. 

PCO 

1 
0 
1 
0 
1 
0 

PC1 

0 
0 
1 
1 
0 
0 

Table 2. Self-Check Error Patterns 
LED Meanings 

PC2 PC3 Remarks (1: LED ON; 0: LED OFF) 

1 0 Bad I/O 
1 0 Bad Timer 
0 0 Bad RAM 
0 0 Bad ROM 
0 0 Bad AID 
0 0 Bad Interrupts or Request Flag 

All Flashing Good Device 

Anything else Bad Part, Bad Port C, etc. 

RESET ~ r.1 PA7 40 
1.0..I.. VSS 

pF.,- 2 RESET 
PA6 ~ 

3 00 
PA5 ~ 

4 VCC 
PA4 ~ 

~1.0pF PA3 36 
5.25 V 5 

~ -'-'5 -5 
EXTAL PA2 35 

- ~~ 4~ XTAL PAl 34 

MHZ~ PAO 33 
10 k NUMIN/CI*· 

TIMER 
10V LED.'" ........ 5100 

9 PCO PB7 32 

LED ~ ~~l~tl' ,,.. 
10 PCl PB6 ~ 

~ED. 1-&'-100 11 PC2 PB5 ~ 
LED. .... ., 5l~2' 12 PC3 PB4 ~ . 

LE PC4 PB3 28 

~ PC5 PB2 ~t- t-
L---..l? PC6 PBl ~t-

16 PC7 PBO ~ 
~ P07 

,.1§ P06/1lN1'21 POO 24 

19 P05 POl 23 
. ..I.. 

O.l,.F T P02 22 

* 
20 PD4 P03 21 

• This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 
* * For the MC6805R2/MC6805U2 pin 7 is not for.user application and must be connected to VSS. For the MC6805R3/MC6805U3 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 (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 MCUis reset when a ·Iogic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyel. 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 (VLVI). The only requirement is that the VCC 

1.0 I'F ____ -1--1 

Typical 

POR 
Delay 

Capacitor 

Pin2 

must remain at or below the VLVI threshold for one tcyc 
minimum. 

In typical applications, the VCC 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 cir<~uitry. 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 (SWIl, or (4) the external port D bit 
6 (lNT2) 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. 

Figure 6. RESET Configurations 

1 
Push 

n-4 

n-3 

n-2 

n-l 

1 

1 

I 1 I 

1 1 I 

1 I Condition Code Register 

Accumulator 

I ndex Register 

1 I 1 I PCH* 

PCl* 

* For subroutine calis, 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 

1.1 lin CCJ 
07F.SP 
O.OOAs 

CLA mT Logic 
FF.Timer 

7F .Prescafer . 
7F.TCA 
7F.MA 

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 orie 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!!!!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 

Load PC From: 
SWf: FFC/FFO 
INT: FFAI FFB 

Timer or 
iNT2: FF81 FF9 

Figure 8. Reset and Interrupt Processing Flowchart 
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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 (fINT 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 c;tnd 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, !WH. 
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 

leI Zaro-Cl'OI8Ing Interrupt 

MCU 

ae ICurrent 

(fl~;P~~X .. 1 ~Limitlng).. . .' 3 im 
R:s1MO 
ae Input R 0,1-1.0 

~10Vaep-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 rea.ches 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 

Ibl Digital-Signal Interrupt 

Vee 

TTL 4.7 K 

Level i1iiT 
Digital--.... ---i 
Input 

lJ 

MCU 

Figure 9. Typical Interrupt Circuits 

TIMER 
Input 
Pin 

,...------1 
I I 
I I 
I I 
I I 
I I 'L ______ • 

Manufactunng 
Mask Options 

PSC I Prescaler Clear) 

Timer Timer 

Internal Data Bus 

Figure 10. Timer Block Diagram 

Interrupt 
Mask 
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a logic one; however, the TeR 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: 
o 

TIM 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 

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 

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 oneot 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 

SUQtract 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 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 ofthe 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 =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 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 SWI 

Return from Subroutine RTS 

Return from Interrupt RTI 

Reset. Stack Pointer RSP 

No-Operation NOP 

OPCODE MAP SUMMARY 

Table 3 is anopcode 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 co v
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. 

MOTOROLA MICROPROCESSOR DATA 

3-541 

II 



,~ 
d 
~ 
§;: 
3: 
n 

W 2J 
ciI 0 
t ~ 

o 
n 
m 
(I) 
o 
2J 

g 
~ 

Bit Menipuletion Branch 
BTH Bse REl DIR 
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~ I~BRSEJf8 I: BSE1~c : BRAREl : NEG

DIR 
lQ 7 4 

1 
i 3

BRCL
:fB 2 BCL~~c 2 BRNREL DODI 

'l!.' 7 4 
2 3BRSEl~B 2 BSE];, 2 BHlll 

0010 

1 :~RCL:T'8 
7 4 6 

~1 2 BCL~~c 2 BLSR~L 2 CO~IA 
1~ 7 4 6 

4 
IrllEllB 2 BSE1~c BCC '2 LS~TA 0100 2 AEL 

,:&RCl:1B 

7 4 

O~, 2 BCL~~c , BCS
Afi 

1~ 7 4 6 

o~o 13
BRSE

JfB :2 BSE1~c BNE 2 ROR
OIA 2 AEL 

'2" ,: 7 4 6 
' 7 !RCL~ -<BCL~ 2 BEall 2 ASR

OIA .J!!11 

I:BRSEJts 

4 6 

1~ 2 BSE1~c 2 BHC~EL 2 LSL
OIA 

10 7 4 6 
9 L3BRCL~ .LBC~ ~BHCk 12 ROL 

1001 OIR 

!~RSEJiB 
4 6 

It,O 2 BSE1~~ BPL DEC 
2 REL 2 OIA 

10 7 4 

,~, ' 13 BRCL:T5B 2 BCL~~c 2 BMIAEL 

!:BRSEJ~B : BSE1~c: 
4 6 

1£0 
' BMC INC 
2 REL 2 OIA 

1~, 7 4 6 

1 Po, :3BRCL:~B 2 BCL~~c 2 BM~EL 2 TST
OIA 

10 7 4 

l1~O 3
BRSE

Jl8 2 BSE1~c 2 BILREL 
10 7 4 6 

F !lRClR7 BCLR7 BIH CLR 
.1111 3 BTB ,2 BSC 2 AEL 2 OIA 

Abbrevietiona for Addreaa Modes 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and Branch 
Indexed INa Offset) 
Indexed. 1 Byte I8-Bit) Offset 
Indexed. 2 Byte OS-Bit) Offset 

• 
Table 3. Opcode Map 

RIilld-Moditt:Write Control R~II'/Memorv 
INH INH IX X INH INH IMM DIR EX ~ IXl IX i 

O~ O'~' O~O D'~' 
8 9 A 8 

1 fro ,~" 11~0 1:'1 ~I lDOD 1001 1010 1011 
4 4 7 6 

9 RTI 2 SUB 4 SUB : SUB
EXT 

: SUB
lx

, : SUB
IX 

• SUB IX ~I NEG NEG NEG ' NEG 
1 INH 1 INH 2 IXI 1 IX 1 INH 2 IMM 2 -OIR 

6 2 4 5 6 5 4 
RTS CMP CMP CMP CMP CMP CMP 1 

1 INH 2 IMM 2 OIR 3 EXT 3 IX2 2 IXI I IX DODI 
2 4 

5 SBC o SBC" ~ SBC 4 SBC 
L2.

SBC SBC 2 
IMM 2 OIA 3 EXT 3 IX2 2 IXI 1 IX 0010 

4 4 7 6 11 2 4 5 
6 CPX ~ CPX • CPX rJ" COMA COMX COM COM SWI CPX . CPX CPX 

1 INH 1 . INH 2 IXI 1 IX 1 INH 2 IMM 2 OIA 3 EXT 3 IX2 2 IXI 1 IX 
4 4 7 6 2 4 

o. AND o AND 
,5 4 

LSRA LSRX LSR LSR AND AND '2 AND
IX1 

AND ~ 1 INH 1 INH 2 IXI 1 IX 2 IMM 2 OIR 3 EXT 3 IX2 1 IX 
2 4 5 6 

5 BIT 
4 

i) BI~MM BIT BIT BIT BIT IX 0~1 , OIR 3' EXT 3 IX2 '2 IX' 
4 4 7 6 2 4 5 6 5 4 

RORA ROAX ROR ROR 12 LOA LOA LDA 3 LDA
IX2 

2 LOA LDA o~o 1 INH 1 INH 2 IXI 1 IX IMM 2 OIA 3 EXT IXI 1 IX 
4 4 7 6 2 

5 STA 6 STA 
7 , 

6 STA 5 STA ASRA ASRX ASR ASR TAX 
3 ST~IX2 oli, 1 INH 1 INH 2 IXI 1 IX 1 INH 2 OIA 3 EXT 2 IXI 1 IX 

4 4 7 6 2 2 4 5 6 ~ EOR 
4 

LSLA LSLX LSL LSL eLC • 2 EOR EOR EOR 3 EOR
IX2 

EOR 1~ 1 INH 1 INH 2 IXI 1 IX INH IMM 2 OIR 3 EXT 2 IXI 1 IX 
4 4 7 6 2 2 4 5 6 

5 ADC 
4 

ROLA ROLX 2 ROL ROL SEC ADC ADC ADC ADC ADC 9 I 

1 INH 1 INH IXI 1 IX 1 INH 2 IMM 2. OIA 3 EXT 3 IX2 ·2 IXI 1 IX 1001 
4 4 7 6 2 

I'ORA 4 ORA 5 ORA 6 ORA 5 ORA 4 ORA 
i 

DECA DECX DEC DEC Cli A 
1 INH 1 INH 2 IXI I IX I INH 2 IMM 2 OIA 3 EXT 3 IX2 2 IXI 1 IX 1010 

l SEI l ADD 4 ADD o ADD • ADD o ADD • ADD B 
I 

1 INH , IMM 2 OIA 3 EXT 3 IX2 2 IXI 1 IX 1011 
4 4 7 

INC 
'6 , 3 4 

5 JMP 4. JMP '3 JMP 

I INCA INCX . INC RSP JMP JMP C 
1 INH 1 INH 2 IXI 1 IX 1 INH 2 OIA 3 EXT 3 IX2 2 IXI 1 IX 1100 
4 4 7 6 , 8 

8 .JSR 9 JSR 8 JSR TSTA TSTX TST TST NOP BSR JSR JSR 
1 Po, 1 INH 1 INH , IXI I IX 1. INH 2 A~L 2 ' OIA 3 EXT 3 IX2 2 IXI 1 IX 

4 LOX o LOX o LDX o LDX 4 'LOX 11~01 LOX 
2 IMM 2 OIA 3 EXT 3 1J!2.. ~ IXI 1 IX 

4 4 7 
eLR 

6 '. 2 
5 STX '0 STX '6 STX 'STX J ClRA CLRX 'CLR TXA STX F 

1 INH I INH 2 IXI I IX I INH , OIA 3 EXT 3 IX2 2 IXI 1 IX 1111 

LEGEND '. . ~ ,[" J . Opcode in Hexadecimal 

'ofCy"~ 4 ~ 
Moomoo", ~ SUI 

Bytes , 1 IX_ 0000 ~ 

Opcode in Binary 
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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, a-bit offset addressing mode, the ef

fective address is the sum ofthe 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 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 ofthe contents ofthe unsigned 
a-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man
ner similar to indexed, a-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 ofthe byte to which 

the specified bit is to be set or cleared. Any readlwrite 
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 areread-modify-write 
functions, these functions 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 first256 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 

Supply Voltage VCC 

Input Voltage Yin 
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 ~ymbol 

Thermal Resistance IlJA 
Plastic (PSuffix) 
PLCC (FN Suffix) 
Cerdlp (S Suffix) 

POWER CONSIDERATIONS 

Value 

-0.3 to +7.0 

-0.3 to +7.0 
. -0.3 to + 15.0 

TL to TH 
o 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 

°CIW 

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
om mended the Yin and Vout be constrained 
to the range VSS",(Vin or Vouth-;;Vcc·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 VCC). 

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

For most· applications PPORT<PINT and can be ne
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LEO loads. 

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

where: 
TA 
9JA 

Po 
PINT 
PpORT 

TJ=TA+(PO 0 9JA) (1) 

= Ambient Temperature, °C 
== Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+PPORT 
= ICC x VCC' 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 0 (T A + 273°C) + 9JAoP0 2 (3) 
where K is a constant pertaining to the particular part. 

Kcan be determined from equation (3) by measuring Po 
(at equilibrium) for a known T A. 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 T A-
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Figure 11. TIL Equivalent Test Load 
(Port B) 
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Figure 13. TIL Equivalent Test Load 
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Figure 15. Ports A and C Logic Diagram 
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Figure 12. CMOS Equivalent Test Load 
(Port A) 
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ELECTRICAL CHARACTERISTICS (VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Input High Voltage V,H 
RESET (4.75",VCC"'5.75) 4.0 - Vct 

(VCC<4.75) VCC-0.5 - VCC 
INT (4.75",VCC"'5.75) 4.0 * VCC 

(VCC<4.75) VCC-0.5 * VCC 
All Other (Except Timer) 2.0 - VCC 

Input High Voltage Timer V,H 
Timer Mode 2.0 - VCC+l.0 
Self-Check Mode 9.0 10.0 15.0 

Input Low Voltage V,L 
RESET VSS - O.B 
INT VSS * 1.5 
All Other VSS - O.B 

Reset Hysteresis Voltages 
"Out of Reset" V'RES+ 2.1 - 4.0 
"Into Reset" V'RES- O.B - 2.0 

INT Zero-Crossing Voltage, Through a Capacitor V,NT 2 - 4 

Internal Power Dissipation (No Po'rt Loading, TA=O°C P,NT - 520 740 
VCC=5.75 V for Steady-State Operation) TA= -40°C - 5BO BOO 

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 VCC) - 20 50 
EXTAL (Vin=2.4 V to VCC Crystal Option) - - 10 
__ (Vin = 0.4 V Crystal Option). - - -1600 
RESET (Vin=O.B 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. (VCC= +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 (4/foscl tCYC 0.95 

INT, INT2, and TIMER Pulse Width tWL, tWH tcyc +250 

RESET Pulse Width tRWL tcvc +250 

RESET Delay Time (External Cap = 1 ILF) tRHL -

INT Zero-Crossing Detection Input Frequency flNT 0.03 

External Clock input Duty Cycle (EXTAL) - 40 

Crystal Oscillator Start-Up Time - -
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Typ Max 

- 4.2 

- 10 

- -

- -

100 -
- 1.0 

50 60 

- 100 

Unit 

V 

V 

V 

V 

Vac pop 

mW 

pF 

V 

V 

!LA 

Unit 

MHz 

!Ls 

ns 

ns 

ms 

kHz 

% 

ms 
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PORT ELECTRICAL CHARACTERISTICS (Vce= +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, 'Load = 1.6 mA VOL -
Output Hig'h Voltage, ILoad= -10.0. JLA VOH 2.4 

Output High Voltage, 'Load = -10. JLA VOH VCC-1.0. 

Input High Voltage, 'Load= -30.0. fJ.A (max.) V,H 2.0. 

Input Low Voltage, 'Load = - 50.0. fJ.A (max.) V,L VSS 

Hi-Z State Inpu~ Current (Vin = 2.0. V to Vccl IIH -
Hi-Z State Input Current (Vin = 0..4 V) IlL -

Port B 

Output Low Voltage, ILoad = 3.2 mA VOL -
Output Low Voltage, ILoad=10. mA (Sink) VOL -
Output High Voltage, ILoad= -20.0. JLA VOH 2.4 

Darlington Current Drive (Source), Vo = 1.5 V IOH -1.0. 

Input High Voltage < V,H 2.0. 

Input Low Voltage V,L VSS 

Hi-Z State Input Current < ITS I -
Port C and Port A with TTL Drive 

Output Low Voltage,ILoad=1.6 mA VOL -
Output High Voltage,lLoad = -10.0. JLA VOH 2.4 <> 

Input High Voltage V,H 2.0. 

Input Low Voltage V,L VSS 

Hi-Z State Input Current ITSI -
Port C (Open-Drain Option) 

Input High Voltage V,H 2.0. 

Input Low Voltage, V,L VSS 

Input Leakage Current (Vin = 13.0. V) ILOD -
Output Low Voltage 'Load= 1.6 mA VOL -

Port D (Digital Inputs Only) 

Input High Voltage V,H 2.0. 

Input Low Voltage V,L VSS 

Input Current lin -
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Typ Max Unit 

- 0..4 V 

- - V 

- - V 

- Vce V 

- 0..8 V 

- -30.0. JLA 
- -50.0. !LA 

- 0..4 V 

- 1.0. V 

- - V 

- -10. mA 

- VCC V 

- 0..8 V 

<2 10. fJ.A 

- 0..4 V 

- - V 

- VCC V 

- 0..8 V 

<2 10. fJ.A 

- 13.0. V 

- 0..8 V 

<3 15 fJ.A 

- 0..4 V 

- Vec V 

- 0..8 V 

<1 5 fJ.A 
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ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted toMo
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 besub
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 upthe process 
in case of any difficulty with the pattern file. 

MOOS Disk File 
MDOS is Motoria'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 date and program space. All unused bytes, in
cludingthose in the user space, must be set to zero. 

MS-DOS/PC-DOS Disk File 
MS-DOS is Microsoft's Disk Operating System. pc~bOS 

is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 114 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-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 thecustomer's ROM pattern will 

be sent for program verification. Thes.e units will have 
been made using the custom mask but are for the pu~~ 
pose of ROM verification only. For expediency theMCUs 
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 70°C MC6805U2FN 
FN Suffix - 40°C to + 85°C MC6805U2CFN 

Plastic O°C to 70°C MC6805U2P 
P Suffix - 40°C to + 85°C MC6805U2CP 

Cerdip O°C to 70°C MC6805U2S 
S Suffix - 40°C to + 85°C MC6805U2CS 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 

XTAL 
(VSS) NUM 

TIMER 
PCO 
PCl 
PC2 
PC3 
PC4 
PC5 
NC 

PC6 

MC6805U2 

MECHANICAL DATA 

Dual-in-Line Package 

Vss 

PD6/1NT2 

PD5 

PD4 

PlCC Package 

~ I~ <t: w 
~u (J)(J)I'CDLn.;t 

U X u l!z w (J) <t: <t: <t: <t: U zw>_cx:>a..a..a..a..z 

uo~~a!(J)2~Z~CXl I' I' IN - - (J) - - -'- - 0 

a.. a.. ~??> ~~~~a.. 
CDLn'<t ('t) N 'f"'"" 0 
000 0000 
a.. a.. a.. a.. a.. a.. a.. 

PA3 
PA2 
PAl 
PAO 
P87 
P86 
P85 
P84 
PB3 
PB2 
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 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 list below for additional features 
available on the MCU. 

• Internal 8-Bit Timer with 7-Bit Prescaler • Vectored Interrupts 
• On-chip Oscillator • 3776 Bytes of ROM 
• Memory Mapped 110 • 112 Bytes of RAM 
• Versatile Interrupt Handling • Self-Check Mode 
• True Bit Manipulation • 24 Bidirectional 1/0 Lines 
• Bit Test and Branch Instruction 

BLOCK DIAGRAM 

TIMER 

PAD 
PAl Accumulator 

Port PA2 Data A INT2 CPU A PA3 Dir 
1/0 PA4 

Index Control 
Reg Register Lines PA5 8 X 

PA6 
PAl 

Condition 
Code 

Register CC 
CPU 

Stack 

PBD 
Pointer 

SP 
PBl Program Port PB2 Port Data Counter B PB3 B Dir 4 High PCH 1/0 PB4 Reg Reg ALU 

Lines PB5 Program 

PB6 Counter 

PBl 8 Low 

Data POll 
Dir C 
Reg Reg 

PDD 
POl 
PD2 
PD3 

PCD 
PCl 
PC2 
PC3 
PC4 
PC5 
PC6 
PCl 

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

VCC AND VSS 
Power is supplied to the microcomputer using these 

two pins. VCC is + 5.25 volts (± O.5A) power, and VSS is 
ground. 

INT 

This pin provides the capability for asynchronouslyap
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 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 fosc is shown in Figure 2. 

C, 

EXTAL~~XTAL 
5 ~ 6 

External' 
Clock 
Input 

AT - Cut Parallel Resonance Crystal 
Co =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,. and RS values 

6 XTAL 

-= 5 EXTAL 

6 XTAL 

EXTAL 

80 ~_------------------, 

'.0 

VCC=525V 
TA = 25°C 

Resistance I kOl 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

Crystal 3 
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) Cl 
EXTAL 

Crystal 

VCC 
6 XTAL 

R 
EXTAL 

No 
Connection 

External Clock Approximately 25% to 50% Accuracy 
Typical tcyc = 1.25 (.Ls 

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 VCC 
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 inthe mask option register. The 
tOXOV or tlLCH 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 (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 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, B, and C are programmable as either input or 
output under software control ofthe corresponding data 
direction register (DDR). Port D lines are input only. The 

Internal 
Connections 

port I/O 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/ 
o functions and to Figure 3 for typical port circuitry. 

Table 1. I/O 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 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 I/O 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 

Figure 3. Typical Port I/o Circuitry and 
Register Configuration 
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7 

000 

o 

127 
128 

3895 
3896 

4087 
4088 

4089 
4090 

Interrupt 4091 
Vectors 4092 

4093 
4094 
4095 

I/O Ports 
Timer 
RAM 

(128 Bytes) 

Main User 
ROM 

(3768 Bytes) 

Self Check 
ROM 

(192 Bytes) 

Timer Interrupt 

~------
External Interrupt 

1--------
SWI 

~---- --
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 PortA DDR* $004* 

5 Port B DDR* $005* 

6 PortCDDR* $006* 

7 Not Used $007 

8 Timer Data Register $008 

9 Timer Control Register $009 

10 Miscellaneous Register $OOA 

11 $OOB 

Not Used 
(5 Bytes) 

15 $OOF 

16 $010 

RAM 
(112 Bytes) 

Stack 
131 Bytes Maxirnum) 

127 t $07F 

* Caution: Data direction registers (DDRs) are write-only; they read as $FF. 

Figure 4. Memorv Map 

registers, and liD. 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 

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 ofthe 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 54 

I 0 I I I SP 

MOTOROLA MICROPROCESSOR DATA 

3-553 

II 



I 

MC6805U3 

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 canbe taken as a result of 
their state. Each bit is explained in the following para
graphs. 

IHlllNlzlcl 
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. 

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: 

I/O - Functionally exercise I/O ports; 
RAM - Walking bit test; 
ROM - Exclusive OR with ODD "1 st" 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 LEOs as a result of 
a failure. Port Cis tested only once (just after reset). If 
port Cfails, no lights will appear. 

RESETS 

The MCU can be reset three ways: (1) by initial power
up, (2) by the external result input (RESET), and (3) by 

RESET ~ 
1. 

1 40 r 1.0-- VSS PA7 

I'FT 2 
RESET 

PA6 1L-

3iNf 
PA5 ~ 

4 VCC 
PA4 E.. 

..J... 10 I'F PA3 36 
5.25 V 5 

~ ..J...'t ·6 
EXTAL PA2 35 

- ~~ 4~ PAl 34 XTAL 

MHZ~ PAO 33 
10 k NUM IN/CI 

'" 
.,... 8 

TIMER 
10V LEO .. ")I)I" 5100 

9 PCO P87 32 
LED ... ~-212tf"'''' 

10 PCl P86 
31 

.... LED .. ~A'~.100 
r---

11 PC2 PB5 ~ 
LED .. /.,-5100· 

12 PC3 PB4 ~ ...-, . 
...J1 PC4 PB3 28 

~ PC5 PB2 ~ t-'-r-
~ PC6 PBl ~ r--

16 PCl PBO ~ 
,...-!2 POl 

~ P06/liNTIJ PDQ 24 

19 P05 POl 23 

011'F=[ P02 22 

20 P04 P03 21 

* 
• This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 

FigureS. 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 I/O 
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 else Bad Part, Bad Port 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 all.ows 
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 powersupply 
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 (VLVI). The only requirement is that the VCC 
must remain at or below the VLVI threshold for one tcyc 
minimum. 

In typical applications, the VCC bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 

1.0 jtF "--+-H 
Typical 

POR 
Delay 

Capacitor 

* Disable LVI 

Pin 2 

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 (VLVR) 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 (lNT2) 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. 

(Optional) 

Figure 6. RESET Configuration 
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6 4 3 o Puli 

n-4 1 I 1 I 1 I Condition Code Register 

1 
n- 3 

n-2 

Accumulator n+2 n+l j 
Index Register n+3 

n+4 n-l 1 I 1 I 1 I 1 I PCH* 

PCL* n+5 

Push 

* For subroutine calis, 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 
(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 

'.llinCCI 
07F.SP 
O.OOAs 

CLA mT Logic 
FF.Timer 

7F .Prescaler 
7F"TCA 
7F"MA 

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 ofthe 
condition code register (CCR) is also cleared. When the 

Load PC From: 
SWI: FFC/FFO 
INT: FFA/FFB 

Timer or 
iN'i'2: FFB/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 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 (fINT 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 

181 Zero-Crouing Interrupt 

MCU 

ac (Current 

(fl~~P~~X.) ~Limitlngl.. . 3 
Rs1 MO 
ac Input R 0.1-1.0 

~10Vacp-p ~ . I'F 

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 9bi, 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 ihformation. 

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-bitsoftware 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. 

Ibl Digital-Signal Interrupt 

Vee 

TTL 4.7 K 

Level iNT 
Digital--..... --1 
Input 

lJ 

MCU 

Figure 9. Typical Interrupt Cifcuits 

External 
Input 

NOTES: , 

Cleared by 
TCR3 

Write Read Interrupt 

Software Functions 

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 (oS) and counts down continuously. 

Figure 10. Timer Block Diagram 
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The timer interrupt can he masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCA. 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. T~e timer interrupt request bit must 
be cleared by software. Re!er to RESETS and INTER
RUPTS for additional information. 

The prescaler is a 7-bi! 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 tim~r 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 interrlJpt 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 prescalar 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 vyell as to ,provide an external 
frequency for generating periodic interrupts. 

TIMER CONTROL REGISTER (TCR) $009 

This is an S-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 

I TCR7 I TCRS TCR5 TCR4 TCR3 TCR2 TCRI TCRD 

RESET: 
D 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 changestoall 
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 
o = Interrupt enabled 

TeM - 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 ofthis 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 TCRI TCRD 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 
'--C 

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 instruction.s. 

Function Mnemonic 

Load A from Memory LOA 

Load X from Memory LOX 

Store A in Mf;lmory 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 MElmory 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 ismet; 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 

Bran<.;h if Interrupt Line is Higti 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 

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 INSTROCTIONS 
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, portDDRs, 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 cleCir and bit test, and 
branch functions are all implemented with a single in
structioD. For test and branch instructions, the'value of 
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the bit tested is also placed in the carrybitofthe condition 
code register; Refer to the following list for bit manipu
lation 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) 

OPCODE MAP SUMMARY 

Table 3 is an opcode map for the instructions used on 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing modesto 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 anywhereiin 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 effe~tive 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 8e 

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 
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 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. Any readlwrite 
bit in the first 256 locations of memory, including liD, 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. 
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Table 3. Opcode Map 

Bit Manipulation j Br.nch~ Read-Modify-Write Control 
BTB ~--'iEL DIR I~H L~ IXl IX INH I INH 
o 1 2 :3 4 !) II 7 8 

0000 0001 0010 0011 0100 0101 0110 0111 1000 
9 

1001 ,,

-IMM 
A 

1010 

10 [7 14 r kf - 14 --1 7 
-- , 6 BASETO BSETO BAA NEG NEG NEG NEG • NEG ATI ". 

13BTB 2 BSC 2 REl ~ DIR I __ IN~I IN~ 2 IX I 1, IX 1, IN~ 12 
'UB 

IM~ 

Regilter/Meinory 
DIR EXT 1X2 1X1 
,:" lfoo ,r,T 1~0 

15 16·----,5 

IX 
F 

1111 

[; SUB IX 

10 ~4-1 L~L[ 16 
BACLAO .. BCLAO BAN ATS CMP CMP CMP CMP CMP CMP 1 

3 BTB 2 BSC 2 REL __ _ 1 INH 12 IMM I 2 DIA 13 EXT 13 IX21 2 IXl I, IX I 0001 

BASET1 BSETl BHI· SBC SBC SBC SBC SBC SBC 2 10 r· 14 I LT- ~. ]4 --r" -1 6 --1 5 14 
3 BTB 2 BSC 2 REI . 2 IMM 2 DIA 3 EXT 3 IX2 2 IXI I IX I 0010_ 

BACLA1 BCLA1 BLS COM COMA COMX COM COM SWI CPX CPX CPX CPX CPX CPX 3 -'0 --~7 -t- 1
6 

14 14 17 1
6 I" I [- ~~ ~~ I_ 

b BTB 2 BSC_ .. AEL 2 PIA 1 INH ! INH 2 IX I 1 IX l __ ----.llil:i 2 IMM 2· DIA J.H_ EXT 3 _ IX IXI I _ IX I 0011 

BASET2 I BS.ET2 I BCC I LSA.l I LSAA .1_ LSAX j 7 LSA... 1
6 

LSA j j 2 AND .. j 4 AND j 5 AND j 6 AND j 5 AND ]4 AND .. _I 4 
3 BTB 2 ~ AELlL ~ L~ ..l_ INH 2 IX" IX 2 'MM 2 DIH 3 EXT 3 IX2 2 IX! ' __ IX 0100 

1 '~ACLA2 f' BCLA2 14 BCS 1 1 1 1 ~ [-2 BIT [4 BIT 1
5 

BIT 1
6 

BIT 1
5 

BIT 1 4 BIT. I 5 
3 BTsl 2 skL B.aL _~ _---.l__ ___ 1 2 IMM2 DIA 3 EXT 3 IX2 2_ ~l.ltL----'IllIt 
-'0 ..... r:;--~ . .- 1

6 
14 14 ~ 1 6 

] 1-- 1Y--]4 1 5 1 6 1 5 ~· BASET3 BSET3 BNE AOA AOAA AOAX AOA AOA LDA LDA LOA LDA LDA LOA 6 
13 BTB 2 _ . REI 2 DIR , INH 1 !NH _'XI' IX 2 IMM 2 DIA 3 EXT 3 IX2 2 ___ IXI _' __ IXt _...2110.. 

7 
111 

lRCLR4 r 7 BCLA4 1 '-SHCS )6 --;~L )4 A~LA )4 AOLX 17 AOL 1
6 

AOL -I 12~EC ~;~14 ADC 1
5 

AOC 1
6 

AOC 1
5 

AOC 14 A-DC I 9 
3 BTiJ 2 ~ AEL 2 DIA' INH' INH 2 IX" IX : I, INH 12' IMM 2 DIA 3 EXT 3 IX2 2 IXI I IX 1001 

BRSET5 BSET5 BPL DEC DECA DECX DEC DEC Cli OAA OAA OAA OAA ORA ORA A ~7~· J:--- 14 14 -J7 16 --T--- 12 12 -]4 15 1
6 ~- ~ 

T 2 .H L 2 OIA 1 INH 11 INH 2 IX 1 1 IX 1 INH 2 IMM 2 DIR I 3 EXT 3 tX2 2 IXl 1 IX I 1010 

10 J7 L I I 12 12 I 4 1
5 

1
6 

1
5 I" BACLA5 BCLA5 BMI SEI ADD ADD ADD ADD ADD ADD B 

3 BTIi 2 6.SJ::_ AEL _ , - INH 2 IMM 2 DIA 3 EXT 3 IX2 2 IXI I IX I lOll 

l[;SET6 rr~SET6 ]4BMC [6 INC - [4 INCA 14 INCX [7 INC 1
6 

INC r-- [2 ASP j [3 JMP 14 JMp· ··r 5 J~P 14 JMP 1
3 

JMP 
b .iliJ 2 BSC 2 AEL 2 DIA I INH I I INH 2 IX' , IX I I INH 2 DIA 3 EXT 3 IX2 2 IXI I IX 

10 17 14 1
6 

14 I 4 I 7 1
6 

12 1
8 I 7 1

8 
1

9 
1

8 
BACLA6 BCLA6 BMS TST TSTA TSTX TST TST NOP 8SA JSA JSA JSR JSR JSR 

13 BTS 2 BSC 2 AEL 2 DIA' INH' INH 2 IX I , , INH 2 AEL 2 DIA 3 EXT 3 IX2 2 IXI I I IX 

~-~YH~~~~-~~---+'---~4'-C-LRX l'-~A ~:: 
'~'XI 

C 
1100 

o 
1101 

E 
1110 

F 
1111 

Abbreviations for Address Modes LEGEND 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 

IX1 
IX2 

Inhererit 
Immediate 
Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and Branch 
Indexed (No Offsetl 
Indexed, 1 Byte (S-Bitl Offset 
Indexed, 2 Byte (16-Bitl Offset 

j ,[" J.. Opcode in Hexadecimal 

• 01 C,cle; 4 ~ 
Mnemonic .-

Bytes 1 1)1.. UJUU ---

Opcode in Binary 

" Address Mode 

• 

3: n m 
00 
Q 
U1 
c: 
W 
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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 c(>ntrol 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 VCC -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 o to 70 
MC6805U3C -40 to +85 
MC6805U3V -40 to + 105 

Storage Temperature Range TstQ -55 to + 150 

Junction Temperature TJ 
Plastic 150 
PlCC 150 
Cerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance eJA 
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 
eJA 

Po 
PINT 
PPORT 

TJ=TA+(POoeJA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+ PPORT 
= ICC x VCC, Watts - Chip Internal Power 
= Port Power Oissipation, 

Watts - User Oetermined 

Unit 

V 

V 

°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 .;; (Vin or Vout) .;; VCC. 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 VCC). 

For most applications PPORT<PINT and can be ne
glected. PPORT may become significant if the device is 
configured to drive Oarlington bases or sink LEO loads. 

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

PO=K-o-(TJ+2-73°C) (2) 
Solving equations (1) and (2) for K gives: 

K = Po 0 (T A + 273°C) + eJAoP0 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 T A.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 T A-
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ELECTRICAL CHARACTERISTICS (VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc; TA =lL to TH, unless otherwise noted) 

Characteristic Symbol Min 

Input High Voltage VIH 
RESET (4.75,,;; VCC ,,;; 5.75) 4.0 

VCC < 4.75) VCC-0.5 
INT (4.75 ,,;; VCC ,,;; 5.75) 4.0 

(VCC < 4.75) VCC-0.5 
(All Other (Except Timer) 2.0 

Input High Voltage Timer VIH 
Timer Mode 2.0 
Self-Check Mode 9:0 

Input Low Voltage VIL 
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, T A = O°C PINT -
VCC= 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 VCe! -
EXTAL (Vin=2.4 V to VCC Crystal Option) lin -
__ (Vin = 0.4 V Crystal Option) -
RESET (Vin = 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 (VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=TL to TH) 

Characteristic Symbol Min 

Oscillator Frequency tosc 0.4 

Cycle time (4/foscl tcyc 0.95 

INT, INT2, and TIMER Pulse Width tWL, tWH tCyc + 250 

RESET Pulse Width tRWL tcyc+ 25O 

RESET Delay Time (External Capacitance = 1 fLF) tRHL -

INT Zero-Crossing Detection Input Frequency tiNT 0.03 

External Clock Input Duty Cycle (EXTAL) - 40 

Crystal Oscillator Start-Up Time - -
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Typ Max 

- VCC 
- VCC 
* VCC 
* VCC 

- VCC 

- VCC+ 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 

- -

- -

100 -

- 1.0 

50 60 

- 100 

Unit 

V 

V 

V 

V 

Vac p-p 

mW 

pF II 
V 

V 

fLA 

Unit 

MHz 

fLs 

ns 

ns 

ms 

kHz 

% 

ms 
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PORT ELECTRICAL CHARACTERISTICS (VCC= +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, ILoad = 1.6 mA VOL -

Output High Voltage, ILoad= -100 j.LA VOH 2.4 

Output High Voltage, ILoad = -10 j.LA VOH VCC-1.0 

Input High Voltage, ILoad= -300 j.LA (max.) VIH 2.0 

Input Low Voltage, ILoad = - 500 j.LA (max.) VIL VSS 

Hi-Z State Input Current (Vin = 2.0 V to Vccl IIH -

Hi-Z State Input Current (Vin = 0.4 V) IlL -

Port B 

Output Low Voltage, ILoad = 3.2 mA VOL -
Output Low Voltage, ILoad = 10 mA (Sink) VOL -
Output High Voltage, ILoad = - 200 j.LA VOH 2.4 

Darlington Current Drive (Source), VO= 1.5 V IOH -1.0 

Input High Voltage VIH 2.0 

Input Low Voltage VIL VSS 

Hi-Z State Input Current ITSI -
Port C and Port A with TTL Drive 

Output Low Voltage, ILoad = 1.6 mA VOL -
Output High Voltage, ILoad = -100 j.LA VOH 2.4 

Input High Voltage VIH 2.0 

Input Low Voltage VIL VSS 

Hi-Z State Input Current .ITSI -

Port C (Open-Drain Option) 

Input High Voltage PCO-PC6 VIH 2.0 

Input High Voltage PC7 VIH 2.0 

Input Low Voltage VIL VSS 

Input Leakage Current (Vin = 13.0 V) ILOD -

Output Low Voltage ILoad = 1.6 mA VOL -
Port D (Digital Inputs Only) 

Input High Voltage VIH 2.0 

Input Low Voltage VIL VSS 

Input Current lin -
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Typ Max Unit 

- 0.4 V 

- -'- V 

- - V 

- VCC V 

- 0.8 V 

- -300 j.LA 

- -500 j.LA 

- 0.4 V 

- 1.0 V 

- - V 

- -10 mA 

- VCC V 

- 0.8 V 

<2 10 j.LA 

- 0.4 V 

- - V 

- VCC V 

- 0.8 V 

<2 10 j.LA 

- 13.0 V 

- VCC V 

- 0.8 V 

<3 15 j.LA 

- 0.4 V 

- VCC V 

- 0.8 V 

<1 5 J.l.A 
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40 pF 
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MMD6150 
or Equiv. 

12 k!1 

Figure 11. TTL Equivalent Test Load 
(Port B) 

Test 
Point 

30 pF 
(Total) 

Figure 13. TTL Equivalent Test Load 
(Ports A and C) 

~VDD 

MC6805U3 

Port COpen-Drain 

Option 
f PortA CMOS 

kPuliup Option 
I 

Port DDR 

Port Data 

IP = Input Protection 

Figure 15. Ports A and C Logic Diagram 

~-A.A~---.,.-':"'-;. To 1/0 Logic 

Figure 17. Typical Input Protection 

Test Point 0---1-' 
30 pF (Total) 

I 
Figure 12. CMOS Equivalent Test Load 

(Port A) 

Test 
Point 

. 

. 

J. VCC=5.75 V 0--:1'.'4 '" 
T 30 pF (Total) 

Figure 14. Open-Drain Equivalent Test Load 
(Port C) 

VDD 

PB DDR 

PB Data 

Figure 16. Port B Logic Diagram 

Vary V, 
Measure I 

Figure 18. I/O Characteristic 
Measurement Circuit 

MOTOROLA .MICROPROCESSOR DATA 

3-565 

II 



II 

MC6805U3 

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. 

MDOS 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 5114 inch compatible floppy diskette. The 
diskette must contain object file code irtMotorola'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 followin,g 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 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 

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, th~ 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 MC6805U3. 

Table 5. Generic Information 

Package Type Temperature Order Number 

Plastic O°C to 70°C MC6805U3P 
(P Suffix) - 40°C to + 85°C MC6805U3CP, 

Cerdip O°C to 70°C MC6805U3S 
S Suffix - 40°C to + 85°C MC6805U3CS 

PLCC O°C to 70°C MC6805U3FN 
FN Suffix -40°C to +85°C MC6805U3CFN 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 

XTAL 
(VSS) NUM 

TIMER 
PCO 
PC1 
PC2 
PC3 
PC4 
PC5 
NC 

PC6 

MC6805U3 

MECHANICAL DATA 

Dual-in-Line Package 

VSS 

RESET '2 

iN'T3 

PC3 

PC4 

PC5 

PC6 

PCl 

POl 

PD6f1NT2 
PD5 

PD4 

PLCC Package 

~ I~ <{ w 
~u (/)(/)r-.CDLOV 

U X U l!z w (/) <{ <{ <{ <{ u 
zw>-a::>o...o...o...o...z 

6 

r-. r-. IN LO V (/) M N ... 0, ° 
lrf2 !zf2~~~~~~f 

~ 
0 
0... 

PA3 
PA2 
PA1 
PAO 
PB7 
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 TTUCMOS Compatible Bidirectional 1/0 Lines 

BLOCK DIAGRAM 

TIMER 

Accumulator 
8 A 

CPU Data Port 
Index Control Dlr B 

8 
Register 

X 
Reg Reg 

PAO 

Port 
PAl Condition 
PA2 Port Data Code 

A PA3 A Dlr Register CC 
I/O PA4 Reg Reg CPU 

lines PA5 Stack 
PA6 POinter 
PA7 5 SP 

Program Data Port 

Counter Dlr C 

1804 X 8 3 High PCH Reg Reg 
AlU 

EPROM Program 

115X8 
Counter 

8 low PCl 
Bootstrap ROM 

112 X 8 
RAM 

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

VCC AND VSS 
Power is supplied to the microcomputer using these 

two pins. VCC is + 5.26 volts (± O.5d) power, and VSS is 
ground. 

Vpp 
This pin is used when programming the EPROM. In 

normal operation, this pin is connected to Vcc. 

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 

8.0.--...,.------------------, 
7.0 

~ 6.0 

>-
~ 5.0 

! 40 

~ 3.0 

Q 2.0 
c3 

1.0 

10 20 30 

VCC=525 V 
T A = 25·C 

40 50 
ReSistance IkOi 

60 70 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option only 

BO 

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 5 XTAL 
MCU 

IRC Option. 
MOR b7= 1. 
See Note 1) 

NOTES: 

MCU 
External -

Clock 4 EXT AL (C~Y~~lb~~t~.n; 
Input See Note 11 

4 EXTAL 

Crystal 

Crystal Parameters C, 

EXTAL ~~XTAL 
4 ~W'5 

AT - Cut Parallel Resonance Crystal 
Co =7 pF Max. 
Freq=4.0 MHz@CL=24pF 
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,. and RS values 

External Clock 

VCC 

ApprOXimately 25% to 50% Accuracy 
TYPical tcyc= 1.25 ~s 

External Jumper 

L..J\/VI_~~ XT AL 

No 
Connection 

MCU 

EXT AL ~~R O~;i~~ .. 
See Note 1) 

ApprOXimately 10% to 25% Accuracy 
I Excludes ReSistor Tolerance) 

External ReSistor 

1. When the TIMER input pin is in the VIHTP range (in the bootstrap EPROM programming mode), the crystal option is forced. 
When the TIMER input is at or below VCC, 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 freque'ncies 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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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. Refer 
to RESETS section for more detail. 

INPUT/OUTPUT LINES (PAO-PA7, PBO·PB7, PCO·PC3) 

These 20 lines are arranged into two a-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 (DDR); DDRs always read "1". The 
port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic 1 for output 
and a logic 0 for input. On reset, aft the DDRs are initialized 
to a logic 0 state to put the ports in the input mode. The 

III 
c: 

~ .g 
Q) ~ 
- c: c: c: 
- 0 

u 

7 

Data 
Direction Register 

Bit" 

Latched 
Output 
Data 
Bit 

"DDR 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 0-31 

o 

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 (0) and also the latched output when the 
DDR is an output (1). Refer to Table 1 for 1/0 functions 
and to Figure 3 for typical port circuitry. 

Table 1. I/O 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. 

7 
PORT DATA DIRECTION REGISTER IDDRI o 

(1) Write Only; reads as all "15" 
(21 1-Output; O~ Input, Cleared to 0 by reset. 
(31 Port A Addr= $004 

PortB Addr=$005 
PortC Addr=$006 (Bits 0-31 

Figure 3. Typical Port I/O Circuitry and Register Configuration 
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MEMORY 

The MCU is capable of addressing 2048 bytes of mem
ory and I/O 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 I/O. The interrupt vectors are located from 
$7F8 to $7FF. The bootstrap is a mask-programmed ROM 
that allows theMCU 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 thefol-

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. 

000
7 

Page Zero 
Access with 

Short 127 
Instructions 128 

2 
256 

I/O Ports Timer 
and 

RAM 
1128 Bytes) 

Page Zero 
User EPROM 
1128 Bytes) 

Main User 
EPROM 

11668 Bytes) 

Mask Option Reg 

Bootstrap 
ROM 

0 
$000 

,-__ I_ll_5.;..B_y_te_s_) _ ...... $7F7 

Timer Interrupt $7F8 
$7F9 
$7FA 
$7FB 
$7FC 
$7FD 
$7FE 

..... ___ R_ese_t __ --' $7FF 

A ,I 
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 

I x 1 

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 0 

1 PCH pel I 

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 DDR * $004 

5 Port B DDR* $005 

6 1 1 PortCDDR $006 

Not Used $007 

8 Timer Data Reg $008 

9 Timer Control Reg $009 

10 Not Used $OOA 

11 Programming $OOB 
Control Re 

12 
Not Used $OOC-OOF 

15 
16 $010 

RAM 
1112 Bytes) 

Stack 

$07F 

Caution: pata Direction Registers /DORs) 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 

1 0 1 0 1 0 1 0 11 11 1 SP 1 

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(!) 

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 in£!!! 
consists mainly of a Schinitt 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 togo high. Connecting a ca
pacitor to the RESET input (Figure 5) typically provides 
sufficient delay. 

1 -V CC~'VV\.--+--_ 

::r:: 1.0 "F 

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 three different ways: (1) 
through the external interrupt INT input pin, (2) with the 
interna.1 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. 

7 6 5 4 3 2 1 0 Pull 

1 I Condition 
11 Code Register n-·4 n+l 

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), 

1-1 Bit (In CCI 
07F-SP 
O-DDRs 

CLR INT Logic 
FF-Tlmer 

7 F -P rescaler 
7F-TCR 

Put 7FE on 
Address Bus 

Load PC 
from 

7FE17FF 

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 ICCR) 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~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 

SWI 

StaCk 
PC, X, A, CC 

Load PC From 
SWI7FC17FD 
INT 7FA17FB 

TIMER 7F817F9 

Figure 7. Reset and Interrupt Processing Flowchart 
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Zero-Crossing 
A sinusoidal input signal (fINT maximum) can be used 

to generate an external interrupt (see Figure 8a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicingtime-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.lnterrupt 
With this type of circuit (Fibure 8b), 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 
lo.gic .is dependent on the parameter labeled tWL, twH. 
Refer to TIMERfor 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 

lal Zero·Croaaing InterruPt 

Inapc
ut 

(Current 

(f'NT M. aX.)~Llml\lngl 2 iNT 
Rs1 Mn MCU 

ac Inputs R 0.1-1.0 
10 Vac pop . . I'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 i-bit software programmable pres
caler. Various timer sources are made via the timer con
trol reQister (TCR). The 8-bitcounter 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, 

Ibl Digital-Signal Inte"upt 

VCC 

TTL 4.7 k 

~~~~~1 __ ~~2 iNT 
Input 

MCU 

lJ -----'----
Figure 8. Typical Interrupt Circuits 

Figure 9. Timer Bloc.k 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 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 
(TOR). This allows a program to determine the length of 
time sihce 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 adisable mode, depend
ing on the value written to TCR'control bi~s <;l 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 time(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 inthe MORcontrol 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 TIR (bit 7) are 
controlled by the counter and software. ' 

TIMER CONTROL REGISTER (TCR) $00$' 

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. 
765432 I 

I TlR I TIM 

RESET: 
o 

TIR 

RESET: 
o 

u u 
TCR with MOR TaPT = I (MC6805P2IP6 Emulation) 

TiM Tlf\! TIE PSC PS2 PSI 

TCR with MaR TaPT = 0 (Software Programmable Timer) 

TIR - 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= Cieared by external reset, power-on reset, or 
under program control 

TIM - Timer Interrupt Mask. . , 
Used to inhibit the timer interrupt. 

1 = Interrupt inhibited 
0= Ihterrupt enabled 

TIN - External or Internal 
Selects input clock source 

1 =;= External clock selected 
0= Internal.clockselected (fosc/4) 

TIE - TIMER External Enable. 
Used to enable external TIMER pin 

1 = Enables external tim('lr 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 Pr'escaler Division 

a 0 0 I (Bypass Prescaler) 

0 0 1. 2 

0 I 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. 

ClK TOPT CLS TIE 

ClK - Clock (oscillator type) 
1 = Resistor Capacitor (RC) 
0= Crystal 

TOPT - Timer Option 

P2 P1 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 
0= Internal clock 

TIE - Timer External Enable 
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 

P2, P1, PO 
The logical levels ofthese bits, when decoded,select 
one of eight outputs on the timer prescaler. 

P2 P1 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 l' 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 
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 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 "0" 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 ifPLE = 0 

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, MC68705P31R31U3 
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 MC68705P3 have different data stored in them. 
This data is subject to change without notice. The 
MC6805P2/P6 use the reserved ROM for the self
check feature, and the MC68705P3 uses this area for 
the bootstrap program. 

3. The MC6805P2/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 MC68705P3. 

4. The Vpp line (pin 6) in the MC68705P3 must be tied 
to VCC for normal operation. In the MC6805P2/P6, 
pin 6 is the NUM pin and is grounded in normal 
operation. 

5. The LVI feature is not available in the MC68705P3. 
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 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 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 

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 
.. 

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 I Mnemonic 

(Branch if Higher or Same) (BHS) 

Branch if Carry Set BCS 

(Branch if lower) (BlO) 

Branch if Not Equal BNE 

Bran~h 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 isLow 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 ofthe 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 2.56 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) 

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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Table 2. Opcode Map 

Bit Menipulation~rench Read-Modify-Write Control Rlllilter/tMmorv 
BTB~SC REL DIR INH INH IXI IX INH I INH I IMM DIR EXT IXl IXI IX 

~L _ ~ J, L_~o J" -I o:x. o~, o~o L----'I~l ,~ -J ,~, ,:'0 I:', ,[00 ,~, ,,~o ,[" I~ 
1

10 17 14 16 1-4 14 -]7 1'6 -----]9 12 - 14 15-~- ]~---]4 o BRSETO BSHO BRA NEG NEG NEG NEG • NEG RTI SUB SUB SUB SUB SUB SUB 0 
0000 3 BTB 2 Bse 2 REL 2 DIR 1 INH 1 INH 2 - IXll IX 1 INH 2 IMM 2 DIR 3 EXT 3 IX22 IXll Ixl 0000 

10 17 14 I 1
6 

12 14 15 1
6 

- T5~-4 1 BRClRO BClRO BRN RTS CMP CMP CMP CMP - CMP CMP 1 
0001 13 BTB 2 Bse 2 REL 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI I IX I 000' 

2 
0010 

3 
0011 

4 
0100 

5 
Otol 

6 
0110 

7 
..Q!ll 

B 
1000 

9 
1001 

A 
1010 

B 
1011 

C 
UJl!L 

o 
1101 

E 
lUQ. 

F 
1111 

BRSETl BSH1 BHI SBC SBC SBC S8C S8C S8C 2 10 17 14 --- L J l L- ----] J 1
2 :r: 15 1

6 15 
14 

3 _BTB 2 BSCL REL _ ___ ____ ___ 2 IMM 2 DIR 3 EXT 3 IX2.2 IX" _ .Ix I 00'0. W-w- -)4 -1
6 

J4 14 17 1
6 

111 I 8RClR1 8ClR1 BlS COM COMA COM X COM COM SWI 3 
3 BTB 2 Bse 2 REL 2 Q!fI 1 U'ttiL_----.lNH 2 IXI 1 IX 1 INH 0011 

10 17 r~ J4 14 ~~--- 12 14 1
5 -1 6 t5 

_\4 8RSET2 8SET2 BCC lSR lSRA lSRX LSR LSR AND AND AND AND AND AND 4 
13 BTB 2 Bse 2 _ REL 2 QTR 1 INH 1 INH 2 IX 1 1 IX 2 IMM 2 DIA 3 EXT 3 IX2.2 IXI _.1 IX I 0'00 

8RClR2 8ClR2 BCS. BIT BIT BIT BIT BIT BIT 5 10 I' r~ J------l I l j ----=:J r 14 r r ---I~- -r J b _BTB 2 BSC2__ REL - _____ 2.. __ ..iMM 2 DIR 3 EXT 3 IX2 2 IXI 1 I 0101 

1O--~--)4 ~ 14- 14 17 - ]6] 1:2 
14 15 r - 1'--- 14 BRSET3 BSH3 BNE ROR RORA RORX ROR ROR _ lOA lOA lOA lOA lOA lOA 6 

13 BTB 2 Bse 2 REL 2 D!1L 1 INH l_lNH 2 IXI 1 IX __ lMM 2 DIA 3 EXT 3 IX2 2 IXI 1 IX I 0110 

7 
111 

BRClR4 BClR4 BHCS ROl ROlA ROlX ROL ROL SEC AOC 9 10 ]7 ]4 ]6 [-4 ]4 -]7 1_6 ---I 12 - ]2 
3 BTB 2 Bse 2 REL 2 DIR 1 INH 1 tNH 2 IX 1 1 IX I 1 INH 2 IX I 1001 

I ~RSET5 T' BSH5 14 -;;:--1 6 
DEC rD-;;A -114 DECX-----rr DEC ]6 D~ r CLI 12 ORA 14 ORA 1 5 ORA 1

6 
ORA 1

5 
ORA 14 ORA I A 

BTB 2 Bse 2 AEl 2 DIA 1 lNH 1 INH I 2 IX 1 1 '0'" IX I 11 INH 2 lMM 2 D1A I 3 EXT 3 IX2 2 IXI 1 IX 1010 

fO 4 I J ) I j --r- r r ~-T'~-- I~ BRClR5 BMI - SEI - ADD ADO ADO ADD ADD ADD 
3 BTB REL __ ____ __ . 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1- IX 

1:~RSEJ6 j 7 BSET6 14 BMC --]6 INC f4 I~CA 14 INCX- 17 INC ]6 INC 1- ~--] 1
3 

JMP 14 JMP 1
5 

JMP 14 JMP 1
3 

JMP 
IB_.2 ..8S_C 2.. AEL 2 DIA 1 INH I 1 INH 2 IXII IX 1, n"cINH 2 DIR 3 EXT 3 11<2 - 2 IXI 1 IX 

10 - J'-]4 1
6 r r 17 j 6 12 1

8 
17 1

8 
1

9 ~ BRClR6 BClR6 BMS TST TSTA TSrx rST TST NOP BSR JSR JSR JSR JSR JSR 
BTB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 IX 1 1 1 INH 2 REL 2 DIR 3 EXT 3 _ IX21Xl 1, IX 

I j~RsEw ___ s __ Er_7_ 1_4 ___ Bil I 12 lOX 14 LOX 15 lOX 1
6 

lOX _ I 5 LOX 14 lOX 
3 sse. 1 AEL 2 IMM 2 DIA 3 EXT 3 IXru IXI 1 IX 

1~RClR7 .1 7 
BClR7 114 ~- T 6 CLR 14 CLRA -1 4 CLRX~; 1

6 
CLR 12 TXA 1 1

5 
srx - 1

6 
srx 1 7 srx -,6' STX 1

5 
srx 

3 BTB 2 esc 2 AEL I 2 DIA 1 INH 1 INH I 2 '"u IX 1 1 1 INH 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 

B 
1011 

C 
1100 

o 
lJJ!1 

E 
1110 

F 
1111 

Abbreviations for Add ..... Modes LEGEND 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Set/Clear 
Bit Test and Branch 
Indexed (No Offset I 
Indexed, 1 Byte (S-Bit) Offset 
Indexed. 2 Byte (16-Bit) Offset 

• of c",~ j 4 ,i., ~l 
MnemOniC ~ 

Bytes 1 IX_ 

Opcode in Binary 

" Address Mode 

• 

3: 
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en co ..... 
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." 
W 



II 

MC68705P3 

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 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 I/O, can 
be selectively set or cleared with a single 2-byte instruc
tion. 

CAUTION 

The corresponding DDRs for ports A, S, and Care 
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. 
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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS 

Rating Symbol Value 

Supply Voltage VCC -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) Vin -0.3 to + 7.0 
All Others 

Operating Temperature Range TA TL to TH 
o to +70 

Storage Temperature Range Tstg -55 to + 150 

Junction Temperature TJ 
Cerdip 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 6JA 
Cerdip 60 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J' in °c can 
be obtained from: 

where: 

TA 
6JA 

PD 
PINT 
PI/O 

Test 
Pomt 

TJ=TA+(PD o 6JA) (1) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 

= PINT+PI/O 
= ICCxVCC' Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

VCC=575V 

40 pF 

lTotall 

Unit 

V 

V 
V 

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, 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 Vout should be con
strained to the range VSS ,,;; (Vin or Vout) ,,;; 
VCC. Reliability of operation is enhanced if 
unused inputs except EXTAL are tied to an 
appropriate logic voltage level (e.g., either 
VSS or VCC)· 

For most applications PI/O<PINT and can be neglected. 
The following is an approximate relationship between 

PD and TJ (if PliO is neglected): 
PD= K7 (TJ + 273°C) (2) 

Solving equations (1) and (2) for K gives: 
K=PD 0 (TA +273°C)+!lJA 0 PD2 (3) 

where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring PD 
(at equilibrium) for a known T A. Using this value of K, 
the values of PD and T J can be obtained by solving equa
tions (1) and (2) iteratively for anyvalue of T A. 

VCC=575V 
Test MMD6150 
POint or Equiv 

2.97kn 

~pF 24 kO MMD7cxx) 

lTotall or Equlv 

Figure 10. TTL Equivalent Test Load 
(Port B) 

TestPomt~ I 30 pF IT otal! 

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 VIH V 
RESET (4.75,,;.;; VCC";';; 5.75) 4.0 - VCC 

(VC~4.75) VCC -0.5 - VCC 
INT (4.75 ,,;.;; VCC ,,;.;; 5.75) 4.0 ** VCC 

(VCC < 4.75) VCC -0.5 ** VCC 
All Other 2.0 - VCC 

Input High Voltage (TIMER Pin) VIH V 
Timer Mode 2.0 - VCC 
Bootstrap Programming Mode 9.0 12.0 15.0 

Input Low Voltage VIL V 
RESET -0.3 - 0.8 
INT -0.3 ** 1.5 
All Other -0.3 - 0.8 

Internal Power Dissipation (No Port Loading, VCC=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 Vacp-~ 

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 VCC 5.75 

Input Current lin f1.A 
TIMER (Vin=O.4 V) - - 20 
INT (Vin=0.4 V) - 20 50 
EXTAL (Vin=2.4 V to VCC 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 VCC 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 

Figure 13. Power and Reset Timing 

MOTOROLA MICROPROCESSOR DATA 

3-582 



MC68705P3 

PORT DC ELECTRICAL CHARACTERISTICS (VCC= +5.25 ±0.5 Vdc, VSS=O Vdc, TA=O° to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Port A 

Output Low Voltage, ILoad = 1.6 mA VOL - - 0.4 V 

Output High Voltage, ILoad = -100 "",A VOH 2.4 - - V 

Output High Voltage, ILoad = -10 "",A VOH VCC .-10 - - V 

Input High Voltage, ILoad= -300 "",A (Max) VIH 2.0 - VCC +0.7 V 

Input Low Voltage, ILoad = - 500 "",A (Max) VIL VSS - 0.8 V 

Hi-Z State Input Current (Vin = 2.0 V to Vccl IIH - - -300 "",A 

Hi-Z State Input Current (Vin = 0.4 V) IlL - - -500 "",A 

Port B 

Output Low Voltage, ILoad = 3.2 mA (VOL - - 0.4 V 

Output Low Voltage, ILoad= 10 mA (Sink) VOL. - - 1.0 V 

Output High Voltage, ILoad= -200 !LA VOH 2.4 - - V 

Darlington Current Drive (Source), VO=1.5 V IOH -1.0 - -10 mA 

Input High Voltage VIH 2.0 - VCC+0.7 V 

Input Low Voltage VIL VSS - 0.8 V 

Hi-Z State Input Current ITSI - 2 20 !LA 

Port C 

Output Low Voltage, ILoad = 1.6 mA VOL - - 0.4 V 

Output High Voltage, ILoad= -100 "",A VOH 2.4 - - V 

Input High Voltage VIH 2.0 - VCC+0.7 V 

Input Low Voltage VIL VSS - 0.8 V 

Hi-Z State Input Current ITSI - 2 20 !LA 

SWITCHING CHARACTERISTICS (VCC= +5.25 ±0.5 Vdc, VSS=O Vdc, TA=O° to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Oscillator Frequency tosc MHz 
Normal 0.4 - 4.2 

Instruction Cycle Time (4ltoscl tcyc 0.950 - 10 !Ls 

INT or Timer Pulse Width (See Interrupt Section) tWL,tWH tc~c+250 - - ns 

RESET Pulse Width tRWL tcyc+250 - - ns 

RESET Delay Time (External Cap = 1.0 "",F) tRHL 100 - - ms 

INT Zero Crossing Detection Input Frequency tiNT 0.03 - 1.0 kHz 

External Clock Duty Cycle (EXTAL) - 40 50 60 % 

PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS (VCC = + 5.25 ± 0.5 Vdc, VSS =,0 Vdc, TA = 20° to 30°C,l:Inless 
otherwise noted) 

Cl;laracteristic '. Symbol Min 

Programming Voltage (Vpp Pin) Vpp 20.0 

Vpp Supply Current Ipp 
Vpp=5.25 V -
Vpp=21.0 V -

Programming Oscillator Frequency toscD 0.9 

Bootstrap Programming Mode Voltage (TIMER Pin) lin=100 VIHTP 9.0 
"",A Max 
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21.0 22.0 V 

mA 
- 8 
- 30 

1.0. 1.1 MHz 

12.0 15.0 V 
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Port DDR 
Port Data 

MC68705P3 

IP = Input Protection 

Vee 

Figure 14. Port A Logic Diagram 

Port DDR 
Port Data 

IP= Input Protection 

Figure 15. Port B and Port C Logic Diagram 

EJ--7----- To 110 Logic 

~ 
Vary V, 

Measure I 

V 

Figure 16. Typical Input Protection Figure 17. I/O Characteristic 
Measurement Circuit 

ORDERING INFORMATION 

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) 

Cer(iip (S Suffix) 

1.0 0° to 70°C 

1.0 - 40° to + 85°C 
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Order Number 

MC68705P3S 

MC68705P3CS 



PIN ASSIGNMENTS 

MC68705P3 

MECHANICAL DATA 

Vss 
iNT 

PA6 

PA5 

PA4 

PA3 

PA2 

PAD 
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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 I/O 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 I/O 
• On-chip Oscillator • Versatile Interrupt Handling 

• 112 Bytes RAM • Bit Manipulation 
• 1804 Bytes EPROM • Bit Test and Branch Instruction 
• 20 nL/CMOS Compatible Bidirectional I/O Lines • Vectored Interrupts 
• EPROM Security Features (Hardware and Software) 

BLOCK DIAGRAM 

TIMER 

Accumulator 
A 

CPU Data Port 
Index Control Dir B 

8 
Register 

X 
Reg Reg 

PAO 
PAl Condition 

Port PA2 Port Data Code 
A PA3 A Dir Register CC 

110 PA4 Reg Reg CPU 
Lines PA5 Stack 

PA6 POinter 
PA7 5 SP 

Data Port Program 
Counter Dir C 

1804 X 8 3 High PCH Reg Reg 
AlU 

EPROM Program 

115 X 8 
Counter 

8 low PCl 
Bootstrap ROM 

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 

VCCAND VSSI 

Power is supplied to the microcomputer usihgthese 
two pins. VCC is + 5.25 volts (± 0.5~) power, and VSS is 
ground.· . 

Vpp 

This pin is used when programming the EPROM. In 
normal operation, this pin i.s connecteq to Vcc. 

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 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 
higher voltage level used to initiate. the. bootstrap pro
gram. 

RESET 
This pin has a schm'iti trigger input and an on-chip 

pullup. The MCU can be reset by pulling RESET low. RE)fer 
to RESETS for addition informa'tion. ' . 

INPUT/OUTPUT LINES (PAO-PA7, 'PBO-PB7, PCO-PC3) 

These 20 lines are arrangedinto two 8-bit ports (A and 
B) and one 4-bit port (C). All lines areprogrammable as 

MCU 
(Crystal Option, 

MOR b7=O, 
See Note') 

~XTAL 
MCU MCU 

[RCOption, 
MOR b7=l, 
See Note 1) 

NOTES: 

Crystal 

External ~ 
Clock 
Input 

Crystal Parameters C, 

EXTAL~~XT .. AL 

4 -~W 5 

AT - Cut Parallel Resonance Crystal 
Co =7 pF Max. 
Freqz4.0 MHz@CL=24 pF 
RS-5O 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" and RS values. 

I Crystal Option, 
MOR b7=O, 
See Note 1) 

External Clock 

No 
Connection 

ApprOXimately 25% 10 500/0 Accur.acy 
Typical tcyc= 1251'S 

External Jumper 

MCU 

EXTAL ~~Ro~;i~~,. 
See Note 1) 

ApprOXimately 10% to 25% Accuracy 
IExciudes Resistor Tolerancei 

External Resistor 

1. When the TIMER input pin isin the VIHTP ral')ge (in the bootstrap EPROM programming !110tle), the crystal option is forced. 
When the TIMER input is at 0'': below VCC, 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. pFon 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, pr 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...---.r------------------..., 

1.0 

10 20 30 

VCC=525V 
T A.= 25°C 

40 50 
ReSistance IkOi 

60 70 

Figure 2. Typical Frequency vs Resistance for 
RCOscillator 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 direc~ion register (DDR). DDRs always read "one". 
The port liD programming is accomplished by writing the 
corresponding bit in the port ODR to a logic one for output 

7 

Data 
Direction Register 

Bit* 

Latched 
Output 
Data 
Bit 

*DDR is a write-only register and reads as all "ls". 

PORT DATA REGISTER 

. Port A Addr"; $000 
Port B Addr=$OOl 

. Port C Addr= $()o2 (Bits 0-3) 

o 

I 

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 w~itten t.o before setting the DbR 
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 toinpllt. 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 
DDRis an input (zero) and also to the latched output when 
the DDR is an output (one). Refer to Table 1 for liD func
tions and to Figure 3 for typical port circuitry. 

Table 1. I/O Pin Functions 

R/W* DDR 1/0 Pin Functions 

0 0 The liD 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 liD pin. 

1 0 The state of the liD pin is read. 

1 1 The liD pin is in an output mode. The 
output data .Iatch is read. 

*RIW is an internal signal. 

7 
PORT DATA DIRECTION REGISTER (DDR) o 

(1) Write Only;r~ds as all "ls" 
(2) 1-Output;O-lnput. 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 I/O Circuitry and Register Configuration 
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MEMORY 
The MCU is capable of addressing 2048 bytes of mem

ory and I/O 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 I/O. The interrupt vectors are located from 
$7F8to $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 (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and 'results of arithmetic calcu
lations or data manipulations. 

$000 000
7 o 

Page Zero 
Access with 

Short 
Instructions 

127 
128 

255 
256 

1923 

1924 
1925 

2039 

Interrupt {§ 
Vectors 2044 

2045 
2046 
2047 

I/O Ports Timer 
and 

RAM 
(128 Bytes) $07F 

Page Zero 1, User EPROM 
(128 Bytes) 

--~---- $1 

Main User 
EPROM 

(1668 Bytes) 

$783 ------
Mask Option Reg $784 

Bootstrap 
$785 

ROM 
(115 Bytes) 

$7F7 

Timer Interrupt $7F8 

-----,- $7F9 

External Interrupt $7FA 

------ S7FB 

SWI $7FC 

------ $7FD 

Reset 
S7FE 
$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 

[ 
PROGRAM COUNTER (PC) 

The program counter is an ll-bit register that contains 
the address of the next byte to be fetched. 

10 8 7 o 
PCH PCl \ 

STACK POINTER (SP) 

The stack pointer is an ll-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, 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
15 
16 

12 

76543210 

Port A 

Port B 

1 1 1 1 I Port C 

Not Used 

Port A DDR * 

Port B DDR* 

1 1 1 1 I Port CDDR 

Not Used 

Timer Data Reg 

Timer Control Reg 

Not Used 

Programming 
Control Reg 

Not Used 

RAM 
(112 Bytes) 

Stack 
(31 Bytes Maximum) 

t 

SOOO 

$001 

S002 

S003 

$004 

S005 

$006 

$007 

SOO8 

S009 

SooA 

$ooB 

SooC-OOF 

SOlO 

$07F 

Caution: Data Direction Registers (DORs) 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 useup t9 15 
levels of subroutine calls (less if interrupts are allowed). 

10 5 4 0 

I 0 I 0 I 0 I 0 11 11 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 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 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 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 ~he 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 
(tcyel. Under this type,of reset, the Schmitt trigger switches 
off at V,RES - to provide an internal reset volta!i!e. 

1 -
:r: 10 ILF 

(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. 

7 Ji 5 4 3 2 1 0 Pull 

1 I Condition 
11 Code Register n-4 n+l 

n-3 Accumulator n+2 

n-2 Index Register n+3 

n- 1 11 11 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), 

1-1 Bit (in CCI 
07F-SP 
O-DDRs 

CLR INT LogiC 
FF-Timer 

7F-Prescaler 
7F-TCR 

Put 7FE on 
Address Bus 

Load PC 
from 

7FE17FF 

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) isalso 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 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 
iNi' 

Request 
Latch 

SWI 

Stack 
PC, X, A, CC 

Load PC From 
SWI7FC17FD 
INT 7FA17FB 

TIMER: 7FS17F9 

Figure 7. Reset and Interrupt Processing Flowchart 
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Zero-Crossing 

A sinusoidal input signal (fINT maximum) tan be used 
to generate an external interrupt (See Figure 8a) 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. 

(a) Zero-Crossing Interrupt 

In~eut (Current 

(tiNT MaX.I~'mltln91 2 iN't 
Rs1 MO 

ae Inputs R 0.1.1.0 
10 Vae p.p I'F 

MCU 

SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruct.ion 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 9 for timer block diagram. 

(b) Digital-Signal interrupt 

vee 

TTL 4.7 k 

Level 2 iNT 
DI9Ital--"'---"-I 
Input 

lJ 

MCU 

Figure 8, Typical Interrupt Circuits 

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
turbingthe counting proce~s. 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 pu Ise 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. 

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. 
7654321 

I TIR TIM 

RESET: 
o I U U 

TCR with MOR TOPT = 1 (MC6805P2/P6 Emulation) 

Tlfl TIM TIN TIE PSG PS2 PSI PSO 

RESET: 
o 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 

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-

Timer Input Mode 4 caler 
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 

PS2 

0 

0 

0 

0 

1 

1 

1 

1 

PSI 

0 

0 

1 

1 

0 

0 

1 

1 
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PSO Prescaler Division 

0 1 (Bypass Prescaler) 

1 2 

0 4 

1 8 

0 16 

1 32 

0 64 
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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 PI 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. 

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 

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, Pl, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 

P2 PI 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 
O=High voltage on Vpp 

NOTE 

VPON, being "zero", does not indicate that the Vpp 
leve.l 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 PGEand 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, MC68705P31 
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 MC68705P5 emulates the MC6805P2 and MC6805P6 
"exactly". The MC6805P2/P6 mask features are imple
mented in the mask option register (MaR) EPROM byte 
on the MC68705P5. 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 
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 MC6805P2/P6 and 
the MC68705P5 have different data stored in them, 
and this data is subject to change without notice. 
The MC6805P2/P6 use the reserved ROM for the self
check feature, and the MC68705P5 uses this area for 
the bootstrap program. 

3. The MC6805P2/P6 read all "ones" in its 48-byte "fu
ture RAM" area. This RAM is not implemented in 
the MC6805P2/P6 mask ROM versions but is imple
mented in the MC68705P5. 

4. The Vpp line (pin 6) in the MC68705P5 must be tied 
to VCC for normal operation. In theMC6805P2/P6, 
pin 6 is the NUM pin and is grounded in normal 
operation. 

5. The LVI feature is not available in the MC68705P5. 
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 designedto 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 either the accumulator or the index register. The 
other operand is obtained from memory using one ofthe 
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 

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 Mnemon.ic 

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 
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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 =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 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 toA 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 co v
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 mdde,the effective address 

of the argument is contained in the two bytes following 
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Bit Manipulation Branch 
B",B JlSl: BEL nlR 

~ ~ ~1 OO~O ~1 
:BRSEJfR 

.• BRA 
: NEG

nlA ~ 7 BSE~~r 7 A 
10 7 4 

1 
3
BRCL

:PB 2 BCL~~c 2 BRNAEI 0001 
10 7 4 

2 
3
BRSE

JiB 2 BSE~1c BHI 
0010 2 A 

1£. 7 4 6 
3 

3
BRCL

:is 2 BCL~~c 2 BLS
REL 

~ COM
D1A 0011 

10 7 4 6 
4 

3
BRSE

Jls 2 BSE1~c 2 BCC
A 2 LS~TA 0100 

I!!. 7 4 

0~1 3
BRCL

:ls 2 BCL~~c 2 BCS
AEI 

1£. 7 4 6 

o~o .3
BRSE

JiR 7 BSE1~r 7 BNEfIfJ. ~ ROR
nlA 

10 7 4 6 

01~1 ,3
BRCL

:is 2 BCL~~c 2 BEQ 
.J!ll 

2 ASR
DIA 

I~RSET4 7 4 6 

,~ 2 BSE1~c 2 BHC~El 2 LSL
DIA 13' BTB 

10 7 4 6 
9 BRCLR4 2 BCL~~c BHCS ROL 

100' 13, BTB 2 A 2 DIA 

~RSET5 7 4 6 
A 2 BSE~~c 2 BPL

AEI 
2 DEC

DIR '010 13 BiB 
10 7 4 

B 3BRCL:iB 2 BCL~~c BMI 
'011 2 REL 

1:~RSEJfB : BSE~~c 
4 6 

1~ 2 BMC ~ INC 
AEL DIA 

10 7 4 6 

1 Po, 13
BRCL

:fs 2 BCL~~c 2 BM~EL 2 TST DIA 
10 7 4 

11~0 13
BRSE

JIB 2 BSE~~c 7 BILAE!. 
10 7 4 6 

F BRCLR7 BCL~~c 12 BIH REL CLR 
1111 3 BTB 2 2 DIR 

Abbreviations for AdclrtIII 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 Offset) 
Indexed, 1 Byte (S-Bit) Offset 
Indexed, 2 Byte (16-Bit) Offset 

4 

1 

4 

1 
4 

1 

4 

1 
4 

1 
4 

, 
4 

, 
4 

, 

4 

, 
4 

, 

4 

, 

Table 2. Opcode Map 

Read-Modify-Write Control R~ IMemory 

IKH Jt.IJi 1X1 J2t LNH INH IMM 'IR EX IX2 IX IX 

O~ 01~1 01'k JI1~l 8 9 A 
1:'1 lii.o lrol ll

E
lO If,l ~ 1000 1001 1010 

4 7 6 
• RTI I' SUB 4 SUB 5 SUB : SUB

IX2 
: SUBlx ' • SUB IX ~ NEG NEG 7 NEG • NEG 

INH 1 INH IXl 1 IX 1 INH 12 IMM 2 -DIA 3 EXT 
6 2 4 5 6 5 4 

RTS CMP CMP CMP CMP 2 CMP CMP ~1 1 INH 2 IMM 2 DIA 3 EXT 3 IX2 IXI I IX 

I' SBC 
4 

5 SBC 6 SSC 5 SBC • SBC SBC k 12 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 
4 7 6 11 2 4 

5 CPX 6 CPX 5 CPX • CPX 
rl,1 

COMA COMX 2 COM COM SWI CPX CPX 
INH 1 INH IXl 1 IX 1 INH 2 IMM 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 

4 7 6 2 4 ~ AND : AND
IX2 

: AND
IX1 

• AND LSRA LSRX LSR LSR AND AND o~ INH 1 INH 2 IX' , IX 12 IMM 2 DIA 3 EXT 1 IX 
2 4 5 6 5 4 

i BI~MM 2 BIT DIR 3 BIT
EXT 3 BIT IX2 L BIT IX' BIT IX 0~11 

4 7 6 2 4 5 6 5 4 
RORA RORX ROR ROR -1 LOA LOA LOA 3 LDA

IX2 
2 LOA LOA O~O INH 1 INH 7 IXl 1 IX IMM 2 DIA 3 EXT IX' 1 IX 

4 7 6 2 ~ STA 
: ST~XT e STA o STA ASRA ASRX 2 ASR ASR TAX 3 STA

IX2 01~1 INH 1 INH IXl , IX 1 INH 2 DIR 2 IXI 1 X 
4 7 6 2 2 4 5 6 

5 EOR 
4 

LSLA LSLX 7 LSL LSL CLC,N,. • 7 EOR EOR EOR 3 EOR
IX2 

EOR 1~ INH , INH IXl , IX IMM 2. DIA 3 EXT 2 IXI , IX 
4 7 6 2 2 4 5 6 

" AOC 
4 

ROLA ROLX ROL ROL SEC ADC ADC ADC ADC AOC 9 
INH , INH 2 IX' , IX , INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1001 

4 7 6 2 2 
• ORA "ORA o ORA " ORA • ORA DECA DECX DEC DEC CLI ORA A 

INH , INH 2 IXl , IX 1 INH 2 IMM 2 DIR 3 .EXT 3 IX2 2 IXI 1 IX 1010 

, SEI ' ADD 
4 

" ADD o ADD " ADD • ADD ADD 8 
I INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1011 

4 7 6 2 3 4 
5 JMP • JMP , JMP INCA INCX INC INC RSP JMP JMP C 

INH , INH 2 IX' , IX 1 INH 2 DIA 3 EXT 3 IX2 2 IXI , IX 1100 
4 7 6 2 8 

B JSR 9 JSR B JSR TSTA TSTX TST TST NOP BSR JSR JSR 
1 Pol INH , INH 2 IX' , IX 1 INH 2 AEL 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 

LOX • LOX " LOX e LOX " LOX • LOX E 
2 IMM 2 DIR 3 EXT 3 IX2 1. IXI , IX 1110 

4 7 
eLR 

6 2 
5 STX ti STX ti STX 5 STX CLRA CLRX CLR TXA STX F 

INH , INH 2 IX' , IX , INH 2 DIA 3 EXT 3 IX2 2 IXI , IX 1111 

LEGEND 

~ ,i,':j # of CYCle, ' ; 4 
Mnemonic • 

Bytes 1 IX 

Opcode in Binary 
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• 
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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 setlclear 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 readlwrite 
bitin 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 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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MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage VCC 

Input Voltages 
EPROM Programming Voltage Vpp 

(Vpp Pin) 
TIMER Pin 

Normal Mode Vin 
Bootstrap Programming Mode Vin 

All Others Vin 

Operating Temperature Range TA 

Storage Temperature Range Tstg 

Junction Temperature TJ 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance 
Cerdip 9JA 

MC68705P5 

ELECTRICAL SPECIFICATIONS 

Value Unit 

-0.3 to + 7.0 V 

V 
- 0.3 to + 22.0 

-0.3 to +7.0 
-0.3 to + 15.0 
-0.3 to +7.0 

o to +70 °c 

-55 to + 150 °c 

+150 °c 

Value Unit 

60 °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 precau~ions 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 Clnd Vout be constrained to 
the range VSS ,,;; (Vin or Voutl ,,;; VCC. Reli
ability of operation is enhanced if unused in
puts are tied to an appropriate logic voltage 
level (e.g., either VSS or VCC). 

The average chip-junction temperatLire, T J' in °c can 
be obtained from: 

For most applications PI/O<PINT and can be neglected. 
The following is an approximate relationship between 

PD and TJ (if PliO is neglected): 
where: 

TA 
eJA 

PD 
PINT 
PI/O 

TJ=TA+(PDoeJA) (1) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 

= PINT+ PliO 
= ICC x V CC, Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

, Pins.,.. User Determined 

PD=K+(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K= PD 0 (T A + 273°C) +9JA 0 PD2' (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring PD 
(at equilibrium) for a known T A Using this value of K, 
the values of PD and T J can be obtained by solvin'g equa
tions (1) and (2) iteratively for any value of T A. 

PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(VCC = 5.25 Vdc ± 0.5, VSS = 0 Vdc, TA = 20° t() 30°C, unless otherwise noted) 

Characteristic Symbol Min 

Programming Voltage (Vpp Pin) Vpp 20.0 

Vpp Supply Current Ipp 
Vpp=5.25 V -
Vpp=21.0 V -

Programming OsCillator Frequency fOSCD 0.9 

Bootstrap Programming Mode Voltage (TIMER Pin) lin = 100 VIHTP 9.0 
!LA Max , 
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21.0 22.0 V 

- rnA 
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30 
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SWITCHING CHARACTERISTICS (VCC= +5.25 Vdc :to.5Vdc, VSS=O Vdc, TA =0° to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Oscillator Frequency fosc 0.4 - 4.2 MHz 
Normal 

Instruction,Cycle Time (4/fosc) . tg'tc 0.950 - 10 fis 

INT or Timer Pulse Width (see Interrupt section) tWL,tWH tcvc + 250 - - ns 

RESET Pulse Width tRWL tcvc + 250 - - ns 

RESET Delay Time (External Cap = 1.0 fiF) tRHL 100 - - ms 

INT Zero Crossing Detection Input Frequency flNT 0.03 - 1.0 kHz 

External Clock Duty Cycle (EXTAL) - 40 50 60 % 

ELECTRICAL CHARACTERISTICS (VCC = + 5.25 Vdc :t 0.5 Vdc, VSS = 0 Vdc, TA = 0° to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage VIH V 
RESET (4.75 '" VCC ~ 5.75) 4.0 - VCC 

(V Cc..l:I.75) VCC -0.5 - VCC 
INT (4.75 ~ VCC ~ 5.75) 4.0 ** VCC 

(VCC (4.75) VCC -0.5 ** VCC 
All Other 2.0 - VCC 

I 
Input High Voltage (TIMER Pin) VIH V 

Timer Mode 2.0 - VCC 
Bootstrap Programming Mode 9.0 12.0 15.0 

Input Low Voltage VIL V 
RESET -0.3 - 0.8 
INT -0.3 ** 1.5 
All Other -0.3 - 0.8 

Internal Power Dissipation (No Port Loading, VCC = 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 Vacp-p 

RESET Hysteresis Voltage - 4.0 V 
Out of Reset Voltage VIRES+ 2.1 - 2.0 
Into Reset Voltage VIRES- . 0.8 

Programming Voltage (Vpp Pin) Vpp* 21.0 V 
Programming EPROM 20.0 VCC 22.0 
Operating Mode 4.0 5.75 

Input Current lin j.lA 
TIMER (Vin) = 0.4 V) - - 20 
INT (Vin = 0.4 V) - 20 50 
EXTAL (Vin2.4 Vto VCC 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 MC68705P5 and is connected to VCC 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 (VCC= +5.25 Vdc, :to.5 Vdc, VSS=O Vdc, TA=O° to 70°C, 
unless otherwise noted) 

Characteristic 

Output Low Voltage, ILoad = 1.6 rnA 

Output High Voltage, ILoad = -100 f.lA 

Output High Voltage, ILoad = -10 f.lA 

Input High Voltage, ILoad = - 300 f.lA (Max) 

Input Low Voltage, ILoad = - 500 f.lA (Max) 

Hi-Z State Input Current (Vin = 2.0 V to VCC) 

Hi-Z State Input Current (Vin = 0.4 V) 

Output Low Voltage, ILoad = 3.2 rnA 

Output Low Voltage, ILoad = 10 rnA (Sink) 

Output High Voltage, ILoad = - 200 J.LA 

Darlington Current Drive (Source), Vo = 1.5 V 

Input High Voltage 

Input Low Voltage 

Hi-Z State Input Current 

Output Low Voltage, ILoad = 1.6 rnA 

Output High Voltage, ILoad = -100 f.lA 

Input High Voltage 

Input Low Voltage 

Hi-Z State Input Current 

Test 
Point 

MMD6150 
or Equiv. 

VCC=5.75V 

40 pF 

lTotan 
1.25kOI MMD7(XX) 

or EqUiv. 

Symbol Min 

Port A 

VOL -

VOH 2.4 

VOH VCC-1.0 

VIH 2.0 

VIL VSS 

IIH -
IlL -

PortS 

(VOL -

VOL -

VOH 2.4 

IOH -1.0 

VIH 2.0 

VIL VSS 

ITSI -

Port C 

VOL -

VOH 2.4 

VIH 2.0 

VIL VSS 

ITSI -

TestPoint~ I 30 pF IT olall 

Test 
Point 

Typ 

-

-
-

-

-

-

-

-

-

-

-

-

-

2 

-

--

-

-

2 

:I) pF 
ITotal) 

Max Unit 

0.4 V 

- V 

- V 

Vec + 0.7 V 

0.8 V 

- 300 f.lA 

500 f.lA 

0.4 V 

1.0 V 

- V 

10 rnA 
--

Vec + 0.7 V 

0.8 V 

20 f.lA 

--
0.4 V 

--
- V 

VCC . 0.7 V 

0.8 V 

20 I-lA 
.. -

VCC=575V 

Figure 10. TTL Equivalent Test Load 
(Port B) 

Figure 11. CMOS Equivalent Test Load 
(Port A) 

Figure 12. TTL Equivalent Test Load 
(Ports A and C) 

Vee 

Internal 
Reset 

5V 

Figure 13. Power and Reset Timing 
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Port DDR 
Port Data 

MC68705P5 

IP = Input Protection 

Vcc 

Figure 14. Port A Logic Diagram 

Port DDR 
Port Data 

IP = Input Protection 

Figure 15. Port Band C Logic Diagram 

~ To 1/0 Logic 

~ 
Test po

1
,nt -:- V"V V, 

. . Me,,"," 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 (MHz) Temperature 

Cerdip (S Suffix) 

Cerdip (S Suffix) 

1.0 0° to 70°C 

1.0 -40° to 85°C 

MOTOROLA MICROPROCESSOR DATA 

3-602 

Order Number 

MC68705P5S 

MC68705P5CS 



PIN ASSIGNMENTS 

MC68705P5 

MECHANICAL DATA 

PA7 

PA6 

PA4 

PA3 

TIMER 

PAl 

PAD 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 
MC68705R3 

I 

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 I/O 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 I/O 
• Versatile Interrupt Handling 

• Bit Manipulation 
• Bit Test and Branch Instruction 

Port Data 8 
A Dir 

I/O Reg 
lines 8 

S 

P80 S 
P81 

Port P82 
8 Port Data 

PB3 B Dir 4 1/0 P84 Reg Reg Lines PBS 
PB6 
P87 8 

• Vectored Interrupts 
• Bootstrap Program in ROM 

• 112 Bytes of RAM 

• 3776 ~ytes of Eprom 

• 24 I/O Pins 
• 4-Channel Analog-to-Digital 

Converter 

BLOCK DIAGRAM 

Accumulator 
A 

CPU 
Index Control 

Register 
X 

COndition 
Code 

Register CC 
CPU 

Stack 
Pointer 

S 

Program 
Counter 

High PCH ALU 
Program 
Counter 

Low PCl 

POO/ANO 
PDI/ANI 
PD2/AN2 
PD3/AN3 
PD4IVRl 
PD5IVRH 
PD6/iNTi 
PD7 

PCO 
PCI 
PC2 Port 
PC3 C 
PC4 1/0 

Port 
D 

Input 
lines 

PC5 Lines 

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 

VCC AND VSS 

Power is supplied to the microcontroller using these 
two pins. Vee is + 5.25 volts (± O.5~) 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 

C1 

EXTAL_~_ L1. ~XTAL 
5 -- -~E---J 6 

AT - Cut Parallel Resonance Crystal 
Co = 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. 

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 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. 

6 XTAL 

VCC 

MCU 

MCU 
(Crystal Option. 

See Note 1) 

Crystal 

5 EXTAL (RC Option. 
MCU 

"EXTAL (RC Option. 

NOTES: 

External 
Clock. 
Input 

MCU 
(Crystal Option. 

See Note 1) 

External Clock 

See Note 1) 

Approximately 25% to 50% Accuracy 
Typical tCyc= 1.25"s 

External Jumper 

No See Note 1) 
Connection 

Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 

External Resistor 

1. For the MC68705R3 MaR b7 = 0 for the crystal option and MaR b7 = 1 for the RC option. When the TIMER input pin is in the 
VIHTP range (in the bootstrap EPROM programming mode), the crystal option is forced. When the TIMER input is at or below 
VCC, 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 frequen~y 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 

7.0 
;;; 
r 6.0 
~ 
> 
~ 5.0 
:!I ! 40 

~ 30 

iii 2.0 
0 

1.0 

0 
0 10 20 

VCC=5.25 V 
TA= 25°C 

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, PD~· 
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 0 is a fixed input port. It has up to 
four analog inputs, plus two voltage reference inputs when 
the analog-to.:f!!.gJtal converter is used (PD5NRH, PD4/ 
VRLl,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. 

·DDR is a writ&-only register and reads as all "1s" 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Ports A, 8, and C are programmable aseither input or 
output under software control of the corresponding data 
direction register (DDR). Port 0 lines are input only. The 
port I/O 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,'Thisport 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/ 
o functions and to Figure 3 for typical port circuitry. 

Table 1. I/O 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 C are three-state ports. Port A has an internal pull
up devices to provide CMOS data drive capability. 

Port 0 provides reference voltage and multiplexed an
alog inputs. The VRL and VRH lines are internally con
nected to the AID resistor. Port 0 can always be used as 

Figure 3. Typical Port I/O 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 MCU is capable of addressing 4096 bytes of mem
ory and I/O 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 I/O. 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. 

7 

1/0 Ports 
Timer 
RAM 

(128 Bytes) 

Page Zero 

o 
$()()() 

$07F 
$080 ~E:I: 

255 
256 

User EPROM 

\OFF __ tE8!.yt~ __ 

$100 

User 
Main 

EPROM 
(3640 Bytes) 

$F37 1"'------- $F38 Mask Option Register 
$F39 

3895 
3896 
3897 
3967 Not Used $F7F 
3968 Bootstrap $F80 

ROM 
4(ll7 (120 Bytes) $FF7 

$FF8 
Timer Interrupt 

$FF9 r------- $FFA 
External Interrupt 

$FFB 1"'------- $FFC 
SWI 

$FFD ro:..- -- - -- $FFE 

4(ll8 

4(ll9 

4090 
Interrupt 4091 
Vectors 4092 

4093 
4094 
4095 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 0 

A I 

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 immediatevalueto 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. 

0 

I 

2 

3 

4 

5 

6 

i 
8 

9 

10 

11 

12 

13 

14 

15 

16 

127 

11 8 7 0 

PCH PCl I 

76543210 

Port A Data Register 

Port B Data Register 

Port C Data Register 

Port D Data Register 

Port A DDR* 

Port B DDR* 

Port C DDR* 

Not Used 

Timer Data Register 

Timer Control Register 

Miscellaneous Register 

Program Control Register 

Not Used 

Not Used 

AI D Control Register 

, AI D Register 

RAM 
(112 Bytes) 

Stack 
(31 Bytes Maximum) 

t 

$()()() 

$001 

$002 

$003· 

$004* 

$005* 

$006* 

$007 

$008 

$009 

$OOA 

$OOB 

$OOC 

$OOD 

$OOE 

$OOF 
$010 

$07F 

* Caution: Data direction registers (DDRs) . 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 pe>inter 
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 

1 0 1 0 1 0 1 0 1 0 11 lisp 
CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit regiliter in which 
four bits are used to indicate the results of the instruction 
just executed. These Qits 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) 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 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 JLF 

(MCU) 

Figure 5. Power-Up RESET Delay Circuit 

EXTERNAL RESET INPUT 

~MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyel. 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 (lNT2) 
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 o Pull 

1 I 1 I 1 I Condition Code Register 

1 

n-4 

n-3 

n-2 

n"":1 

Accumulator n+2 n+1 j 
Index Register n+3 

n+4 1 I 1 I 1 I 1 I PCH* 

n PCl* n+5 

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 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 (bit7) 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 (fINT maximum) can be used 
to generate an external interrupt (see Figure 8a) foruse 
as a zero~crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit alloVl.(s applications 
such as servicing,time~of-day routines and engaging/dis
engaging ac power control devices. Off-chip, full-wave 
rectification provides aninterruptat every zerQcrossing 
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 olthe 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) the RESET line is low, 
(2) the pca pin is within its normal operational range, 
and (3) the Vpp pin is connected to VCe. 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= + 12 
V. Refer to application note, MC68705P3/R3!U3 8-Bit 
EPROM Microcomputer 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 m'ade via the timer 
control register (TCR) and/or the mask optiOriregister 
(MaR). The 8-bit courher may be loaded under program 
control and is decremented toward zero; When the timer 
reaches zero, the timer interrupt request b,it (bit 7) in the 
timer control register (TCR) is set. Refer to Figure 9 for 
timer block diagram. 
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1.1 (in CC) 
07F. SP 
O.DDRs 

ClR INT logic 
FF. Timer 
TeR6.1 
TCR7.0 

Load OPtions From 
MOR'($F3B1 Into 

Control Logic 

Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 

Timer or 
iiiiT2: FFS/FF9 

Figure 7; Reset and Interrupt Processing Flowchart 

(a) Zero-Crossing Interrupt 

Mel! 

Inapc
ut 

(Current 

(tiNT Max.)~'ml.tJn91. . .2 iiiff 
Rsl MO 

ac Inputs R 0.1-1.0 
10 Vac p-p I'F 

TTL 

(b) Digital-Signal Interrupt 

VCC 

4.7 k 

Level 2 iNT 
Dlgltal--.... ......:~ 

Input 
Meu 

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 theconpition code regi~ter iS,cleared ar;ld 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 tilTler 

interrupt request bit must be cleared by software. Refer 
to RESETS andlNTERRUPTSfbr additional information. 

The prescaleris a 7-bii divider which is used to extend 
the maximum length pf the timer. To avoid truncation 
errors, the prescaleris cleared when TCR bit 3 is set to 
alo~ic 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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0 
-4 
0 ::a 
0 
!j; 

~I 
W ::a 
~ 0 ..... "g ..... ::a 

0 
(') 
m 

~I 
e 

fCIN 

Timer 
Pin 

In'ternal 
';2 

Clock 
(fosc+4) 

fplN - Prescaler Input Frequency 
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8-Bit Counter 
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Timer Control Register Bits: 

Set 

TIR - Timer Interrupt Request Status 
TIM - Timer Interrupt Mask 
TIN - Timer Input Select 
TIE - Timer External Input Enable 
PSC- Prescaler Clear 
PS2, PS1, PSO- Prescaler Select 

Timer Control Register (TCR) 

Mask Option Register Bits: 
ClK - Clock Oscillator Type 
TOPT - Timer Mask/Programmable Option 
CLS - Timer Clock Source 
P2, P1, PO- Prescaler Option 

NOTE: The TOPT bit in the mask option register selects whether the timer ~s software programmable via the timer control register or 
emulates the mask programmable parts via the MOR EPROM byte, 

Figure 9. Timer Block Diagram 
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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 
(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. 

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 = ° 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 ,,;:; fasc/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 theMOR 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) ate 
controlled by the counter and software. 

TIMER CONTROL REGISTER ITCR) $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 = 0, the TCR is controlled by software. 

TGR with MOR TOPT = I 
7 6 5 4 

I TlR I TIM I PSG 

TGR with MOR TOPT=O 
7 6 5 

I TlR I TIM TIN TIE PSG PS2 PSI PSO 

RESET: 
0 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=O. 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 PSG Divide By 

0 0 0 1 

0 0 1 2 

0 1 0 4 

0 1 1 8 

1 0 0 16 

1 0 I 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 (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 5 

I CLK I TOPT I CLS I 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 = I. Sets the initial value of TIE in 
the TCR if TOPT = O. 

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 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 _ 
__ O=Enable EPROM programming (if PlE is low) 
VPON - Vpp On 

A read-only bit that indicates high volta.illUlt the m 
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 ~c 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 toimple
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, MC68705P31R31U3 B-bit 
EPROM Microcomputer Programming Module (AN-857 
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Rev.2) for schematic diagrams and· instructions on pro
gramming the M.CU 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 - VRL/2, VRH - VRL/4, and VRLl may be se
lected for calibration. The accuracy ofthese internal chan
nels 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 2 for mul
tiplexer selection. The ACR is shown in Figure 10. The 
converter uses 30 machine cycles to complete a <;:onver
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 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 VCC, (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 ofthe quantizing error to ± 112 LSB, rather 
than + 0, -1 LSB with no offset. This implies that, ig
noring errors, the transition point from $00 to $01 occurs 
at 112 LSB above VRL. Similarly, the transition from $FE 
to $FF occurs 1-112 LSB below VRH, ideally. 

Table 2. AID Input MUX Selection 

PDQ/ANO 

PD1/AN1 
PD2/AN2 

PD3/AN3 

A/D 

AID Control Register 

ACR2 ACR1 ACRO 

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

*Internal (calibration) levels 

D/A 

15 kO lTypl 

1-of-8 
Select 

Multiplexer 

0 
1 
0 
1 
0 
1 
0 
1 

Input Selected 

Min 

ANO 
AN1 
AN2 
AN3 
VRH* FE 
VRl* 00 

VRH/4* 3F 
VRH/2* 7F 

AID Output (Hex) 

Typ 

FF 
00 
40 
80 

Control 
logic 

Max 

FF 
01 
41 
81 

A/D 
Result 

Count 

8 

'-"'&"_'-"&"'--I~"""--I~"""""'" 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 toA 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; Comp~re.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 settin.g 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 vyithin 
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 listforbit manipu-
lation instructions. . 

Function Mnemonic 

Branch if Bit n is Set BRSET n (n=O ... 7) 

Branch if Bitn 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 (lST) 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. Refertothe 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 B5R 
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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 eLi 
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. 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 liD 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 ofthe unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used ina man
ner similar to indexed, 8-bit offset except that this three
byte instruction allows tables to be anywhere in memory. 

BIT SETICLEAR 

In the bit set/clear addressing mode, the bit to beset 
or cleared is part of thecopcode. The byte following the 
opcodespecifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/w~ite 
bit in the first 256 locations of memory, including liD, 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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0001 
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0010 
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0011 

4 
0100 

5 
0101 

6 
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0111 

8 
1000 

9 
1001 

A 
-1lllil 
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1011 
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E 
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Table 3. Opcode Map 

Bit Manipulation Branch I Read-Modify-Write CQrltrol __ l RIIIIiIter~ 
BTB BSC REL I~ INH INH·--r- IXI T IX [INA ~ INti L I~ I-.OIR_I EXT L JX2 L JXL ~ IX 
~~ T ;;';. r 00:;'- 1- o~ 1 o,~,_ L_o~m. ! o{" ,:; L-,~,-I -;-~o .. 1 ,:" .1,& ,Po, l1~O ,[" 

I W--~-J:· - 16 
- 1"'--- - 14~·J7 -. ~6 1

9 
12 14 1

5 16 xl: 14 BRSETO BSETO BRA NEG NEG NEG NEG • NEG RTI SUB SUB SUB SUB SUB SUB 
3 BTB 2 Bse 2 AEL 2 DIA 1 INH 1 INH 2 IXI II IX 1 INH 2 IMM 2 DIA 3 EXT 3 _I IX" IX 

10 [7 r 1--1-· -1-1 - 1- f6 [ [2 [4 T-5 [6 -1 5- ··[4 BRCLRO BCLRO BRN RTS CMP CMP CMP CMP CMP CMP 
3 .BTB 2. s.se 2 RE.L . 1 INH 2 IMM 2 DIA 3 EXT 3 IX2 2 IXI I IX 

'~RSE0 7 Bsm7 ;-1 1 1.. 1.. .L· [ .1 1·. -1 2 
-;BC .1 4 

~~c l' SBC .l·6 SBC 15 
SBC 14 SBC 3...Br'lli BSC 12 All. _ _ _ _ _ _ _ ___ _ _ 2. IMM 2 DIA 1 3 EXT 3 IX2 2 IXI 1 IX 

~ 
o 

IDXl 

1 
~ 

2 
0010 

BRClRl BCLRI BlS . COM COMA COM X COM COM SWI CPX CPX CPX CPX CPX CPX 3 10 -1
7

.. 14 1
6 

[4 14 17 1
6 

111 I 12 14 1
5

. 1
6 L [4 

3 8TB 2 BSC 2 AEL 2 DIR 1 INH I INH 2 IX I 1 IX , I INH 2 IMM 2 DIR 3 EXT 3 _ IX2..J)(1..l... .. ~ I _CO', 

10 ~ 1:.' .1:.:. -w· T -.1 4
- I ~-r -1 h ] 4 15 ls-· -1 5

- J4 BRSET2 BSET2 BCC . LSR lSRA LSRX LSR LSR AND AND AND AND AND AND 4 
3· . ....8T . ..8SC ..1!f..L .. TA. 1._INH _1 Il'lH 2... IXl 1 IX _ 2_1MM <- DLf!. 3 EXT 3 IX22 JXl JL 1lI I . ...0100 

BRCLR2 BCLR2 BCS BIT BIT BIT BIT BIT BIT 5 10 ····1'· 14 I l r· J j 2 .1
4 r· 1-

6 j 5 14 
13 8TB 2 Bse 2 AEL . _. .2.. IMM 2 DIA 3 EXT 3 IX2 2 . .lX! JL .~ I Jl!O! 

10 iL r ~--J··-'-·-14--· -r 7- ~6 - 1 -[2- 14 15 ]6 r J: BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LOA LOA LOA LOA LOA LOA 6 
13 BTB 2 .J!SC.L. REI. 2 _ DIA 1 .INHJ iNH 2 IXI I IX 2 IMM 2 DIR 3 EXT 3 .1X2.2 ...lx, JL . ..Jl< I J!110 

~ __ ~~+-__ ~~ __ ~~~_~~_A_S_R~IXF {" 

LSL 
~ 

10 [7 14 1 6 [-4 -··[4--~-·r·- ~I . __ .. [Y- -T2 4 4 
BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC 9 

3 8TB 2 SSC 2 REL 2 DIR 1 INH I INH 2 IX I I IX I 1 INH 2 IMM 1 IX I 100' 

110 1 7-- J: -··r - 1- 4 - I 4-· :[7 _. ~ 12 I r -I· 4 _. .,.-s- - III 15 14 BRSET5 BSET5 BPl DEC DECA DECX DEC DEC Cli ORA ORA ORA ORA ORA ORA 
3 BTB 2 ....BSC 2.. REI. 2 DIR 1 INH 11 .INH 2 IX 1 1 1 INH 2 IMM 2 DIR 1 3 EXT 3 IX2 2 IXI 1 IX 

10 [ r [4 I I' - 12 14 15 16 15 14
. BRClR5 BCLR5 BMI SEI ADD ADD ADD ADD ADD ADD 

3 . BTB 2 Bse 2 REL 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 

m--.. ~' r~~-Gc 4 7 ... 16 
- I 12 I 1

3 
14 15 14~ BRSET6 BSET6 BMC INC INCA INCX INC INC RSP JMP JMP JMP JMP . JMP 

l~BTSBSC 2 REL 2 DIR 1 INH I 1 INH IXI 1 IX 1 INH 2 DIR 3 EXT 3 IX2 2 IXI 1· IX 

10 -1 7-- ~~ -~ ~4-·W7-·r I 12 IS 17 IB 19 18 
BRCLR6· BCLR6 BMS TST TST A TSTX TST TST NOP BSR JSR JSR JSR JSR JSR 

13 BTB 2 Bse 2 REL 2 . IR 1 __ INH 1 INH 2 IX 1 1 . IX 1 INH 2 REL 2 DIA 3 EXT 3 IX2 2 IXI 1, IX 

I~RSET7 17 BSET; 14 Bil L [ 1 .. -- t LOX 
BTB2 ~---'l.<.:" _I 1 IX 

BRClR7 BCLR7 BIH CLR CLRA CLRX (LR CLR TXA STX STX STX STX STX 10 17 I 4 16 
14 1 4 I' - 16 

12 1 I 5 1
6 

17 1
6 15 

3 BTB 2 sse 12 REL 2 DIR 1 INH 1 INH 2 IX 1 1 1 INH 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 

A 
10'0 

B 
1011 

C 
1100 

o 
1101 

E 
1110 

F 
1111 

Abbreviations for Addre88 Modes LEGEND 

INH 
IMM 

DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX' 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Set/ Clear 
Bit Test and Branch 
Indexed (No Offset) 
Indexed. , Byte (8-Bit) Offset 
Indexed. 2 Byte ('6-Bit) Offset 

j . ,f" ;;1. Opcode in Hexadecimal 

, 01 C"I" 4 ~ 
Mnemonic .-

Bytes 1 IX 0000 .-

Opcode in Binary 

" Address Mode 

• 

3: 
~ 
CO ...... 
o 
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the single byte immediately following the opcode byte. 
The signed relative a-bit offset in the third byte is added 
to the PC if the specified Qit 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 VCC -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 
MC68705R3 o to + 70 
MC68705R3C -40.to 85 

Storage Temperature Range Tstg -55 to + 150 

Junction Temperature TJ 
Plastic 150 
Cerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 
Plastic (P Suffix) 6JA 50 
Plastic (FN Suffix) 100 
Cerdip (S Suffix) 60 

POWER CONSIDERATIONS 

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

where: 
TA 
6JA 

Po 
PINT 
PpORT 

Tj=TA+(PO o 6jA) (1) 

= Ambient Temperature,9C 
= Package Thermal Resistance, 

junction-to-Ambient, °CIW 
= PINT+PPORT 
= ICC x VCC' Watts - Chip Internal Power 
== Port Power Oissipation, 

Watts - User Oetermined 

Unit 

V 

V 

°c 

°c 

°C/W 

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 Vout)~VCC. 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 
VCC). 

For most applications PPORT<PINT and can be ne
glected. PPORT may become significant if the device is 
configured to drive Oarlington bases or sink LEO 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 0 (T A + 273°C) + 6jAOP0 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 T A. 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 T A 
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(VCC=5.25 Vdc ±0.5%, VSS=O, TA=20 to 30°C, unless otherwise noted) 

Characteristic Symbol 

Programming Voltage VPP 

VPP Supply Current Ipp 
Vpp=5.25 V 
Vpp=21.0 V 

Oscillator Frequency fosc(p) 

Bootstrap Programming Mode Voltage VIHTP 
(TIMER Pin) @ IIHTP=100 IloA Maximum 

ELECTRICAL CHARACTERISTICS 

Min 

20.0 

-
-
0.9 

9.0 

(VCC = + 5.25 Vdc ± 0.5 Vdc, VSS = 0 Vdc, TA = 0° to 70°C, unless otherwise noted) 

Characteristic Symbol 

Input High Voltage VIH 
RESET (4.75 ,,;; VCC ,,;; 5.75) 

(VCC < 4.75) 
INT 4.75 ,,;; VCC < 5.75) 

(VCC < 4.75) 
All Other 

Input High Voltage (TIMER Pin) VIH 
Timer Mode 
Bootstrap Programming Mode 

Input Low Voltage VIL 
RESET 
INT 
All Other 

INT Zero-Crossing Input Voltage - Through a Capacitor VINT 

Internal Power Dissipation (No Port Loading, Vec = 5.25 V TA=O°C PINT 
for Steady-State Operation) TA=40°C 

Input Capacitance Cin 
EXTAL 
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 V) 
EXTAL (Vin = 2.4 V to VCC) lin 

(Vin=0.4 V) 
RESET (Vin = 0.8 V) IRES 
(External Capacitor Changing Current) 

*Vpp (pin 7) is connected to Vce 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-0.5 

4.0 
VCC-0.5 

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 
- VCC' 
- VCC 
** VCC 
** VCC 
- VCC 

V 
- VCC+ 1.0 II 

12.0 15.0 

V 
- 0.8 
** 1.5 
- 0.8 

- 4.0 Vac POp 

520 740 mW 
580 800 

pF 
25 -
10 -

V 
- 4.0 
- 2.0 

V 
21.0 22.0 
Vce 5.75 

fJ.A 
- 20 
20 50 
- 10 
- -1600 
- -40 
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SWITCHING CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=O°C to 70oe, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Oscillator Frequency fosc MHz 
Normal 0.4 - 4.2 

Instruction Cycle Time (4/foscl tCYC 0.950 - 10 J.Ls 

INT, INT2, or Timer Pulse Width tWL, tWH tCyc+250 - - ns 

RESET Pulse Width tRWL tcyc+ 25O - - ns 

RESET Delay Time (External Cap = 1.0 J.LF) tRHL - 100 - ms 

INT Zero Crossing Detection Input Frequency flNT 0.03 - 1.0 kHz 

External Clock Duty Cycle (EXTAL) - 40 50 60 % 

Crystal Oscillator Start-Up Time - - - 100 ms 

AID CONVERTER CHARACTERISTICS 
(VCC = + 5.25 V ::t 0.5 Vdc, VSS = 0 Vdc, T A = 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 - - Vce V AID accuracy may decrease proportionately as 
VRL 

Conversion Time 

Monotonicity 

Zero Input Reading 

Ratiometric Reading 

Sample Time 

Sample/Hold Capacitance, Input 

Analog Input Voltage 

VSS - 0.2 V VRH is reduced be below 4.0 V. The sum of VRH 

30 

00 

FE 

5 

-

VRL 

and VRL must not exceed VCC. 

30 30 tcyc Includes sampling time 

Inherent (within total error) 

00 01 hexadecimal Vin=O 

FF FF hexadecimal Vin=VRH 

5 5 tcvc 

- 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 
(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=OD to 70DC, unless otherwise noted) 

Characteristic Symbol Min 

Port A 

Output Low Voltage, ILoad = 1.6 rnA 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) VIH 2.0 

Input Low Voltage, ILoad = - 500 ,..,A (Max) VIL VSS 

Hi-Z State Input Current (Vin = 2.0 V to VCe) IIH -

Hi-Z State Input Current (Vin = 0.4 V) IlL -
Port B 

Output Low Voltage, ILoad=3.2 rnA VOL -
Output Low Voltage, ILoad=10 rnA (Sink) VOL -

Output High Voltage,.ILoad= :"'200,..,A VOH 2.4 

Darlington Current Drive (Source). Vo = 1.5 V IOH -1.0 

Input High Voltage VIH 2.0 

Input Low Voltage VIL VSS 

Hi-Z State Input Current ITSI -
Port C 

Output Low Voltage, ILoad = 1.6 rnA VOL -

Output High Voltage, ILoad = -100 ,..,A VOH 2.4 

Input High Voltage VIH 2.0 

Input Low Voltage VIL VSS 

Hi-Z State Input Current ITSI -
Port D (Input Only) 

Input High Voltage VIH 2.0 

Input Low Voltage VIL VSS' 

Input Current lin -
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Typ Max Unit 

- 0.4 V 

- - V 

- - V 

- VCC V 

- 0.8 V 

- -300 ,..,A 

- -500 ,..,A 

- 0.4 V 

- 1.0 V 

- - V 

- -10 rnA 

- Vce V 

- 0.8 V 

<2 10 ,..,A II 
- 0.4 V 

- - V 

- VCC V 

- . 0.8 V 

<2 10 ,..,A 

- Vce V 

- 0.8 V 

<1 5 f.LA 
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Test 
Point 

40 pF 
(Total) 

VCC=5.75 V 

Figure 11. TTL Equivalent Test Load 
(Port B) 

Test 
Point 

30 pF 
(Total) 

VCC=5.75 V 

Figure 13. TTL Equivalent Test Load 
(Ports A and C) 

MC68705R3 

VDD Port A 
~Only 

Port DDR 

Port Data 

IP = Input Protection 

Figure 15. Ports A and C Logic Diagram 

~J\N\r-""'-"" To 1/0 Logic 

Port 17. Typical Input Protection 

TestPoint~ I 30 pF iTo"') 

Figure 12. CMOS Equivalent Test Load 
(Port A) 

Test 
Point ~

. VCC=5.75 V 
3.34 k!l 

130 pF (Total) 

Figure 14. Open-Drain Equivalent Test Load 
(Port C) 

VDD 

1 -.10 k Typ. 

PB DDR 

PB Data 

IP = Input Protection 

Figure 16. Port B Logic Diagram 

Test pOpint ~ 
Vary V, 

Measure I 
± V 

Figure 18. I/O 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 

PCl 

Table 4. Generic Information 

Package Type Temperature Order Number 

Cerdip 
S Suffix 

Plastic 
P Suffix 

PLCC 
FN Suffix 

PA7 

PAS 

PA5 

PA4 

PA3 

PA2 

PAl 

PAO 

PB7 

PB4 

PB3 

PB2 

PBl 

PBO 

POO/ANO 

POllANl 

P02/AN2 

O°C to 70°C MC68705R3S 
- 40° to + 85°C MC68705R3CS 

O°C to 70°C MC68705R3P 
- 40°C to 85°C MC68705R3CP 

- 40°C to +85°C MC68705R3CFN 

MECHANICAL DATA 

PA3 
PA2 
PAl 
PBO 
PB7 
PB6 34 
PB5 

PB4 
PB3 
PB2 
PBl 29 

I
~ -J 
W « 

LOtOl'(/)(/) u~ 
U ~ « « « (/) w I~ u X u 
Zo.. 0..0.. 0..> 0=_> wZ 
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XTAL 

Vpp 
TIMER 
PCO 
PCl 
PC2 
PC3 
PC4 
PC5 
NC 

PC6 
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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 I/O 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 I/O 
• Versatile Interrupt Handling 

• Bit Manipulation 
• Bit Test and Branch Instruction 

• Vectored Interrupts 

Port Data 8 
A 

110 
Oir 
Reg 

lines 

PBO 5 
PBI 

Port PB2 
B Port Data 

PB3 B O,r 1/0 P84 Reg Reg lines PB5 
PB6 
PB7 8 

• Bootstrap program in ROM 

• 112 Bytes of RAM 

• 3776 Bytes of Eprom 

• 241/0 Pins 
• 4-Channel Analog-to-Digital 

Converter 

• EPROM Security Feature 

BLOCK DIAGRAM 

Accumulator 
A 

CPU 
Index Control 

Register 
X 

Condillon 
Code 

Register CC 
CPU 

. Stack 
Pointer 

S 

Program 
Counter 

HIgh PCH ALU 
Program 
Counter 

Low PCL 

x 
Bootstrap 

ROM 

POO/ANO 
PDl/AN1 
PD2/AN2 Port 

PD3/AN3 D 

PD4IVRL Input 
Lines PD5IVRH 

PD6IiNi'2 
P07 

PCO 
PCI 
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 

VCC AND VSS 

Power. is supplied to the· microcontroller using these 
two pins. Vee is + 5.25 volts ( ± 0.5.:1) 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 

C1 tr 5 . Co 6 
EXTAL· . . S . XTAL 

AT - Cut Parallel Resonance CryStal 
Co =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 

XTAL 

8.0 r----..-----------------, 
70 

~ 60 
~, . 

> 
~ 50 

! 40 

~ 30 

u 20 
o 

1.0 

10 20 30 

VCC=525V 
TA=25°C 

40 50 
ReSistance Ik{l) 

60 70 

Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 

Crystal 

80 

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
ure1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 

I See Note 21 c:::J 

MCU 

XTAL 

MCU 
EXTAL (Crystal Option. 

See Note 1) 

VCC 
...... "AA,-~ XT AL 

MCU 
EXTAL (RC Option. 

See Note 1) 

MCU EXTAL (RC Option. 

No 
Connection 

External 
ClOCK 
Input 

NOTES: 

EXT AL (Crystal Option. 
See Note 1) 

External Clock 

See Note 1) 

Approximately 25% to 50% Accuracy 
Typicaltcyc = 1.25/"s 

External Jumper 

ApprOXimately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 

External ReSistor 

1. For the MC68705R5 MaR b7 = 0 for the crystal option and MaR b7 = 1 for the RC option. When the TIMER input pin is in the 
VIHTP range (in the bootstrap EPROM programming mode), the crystal option is forced. When the TIMER input is at or below 
VCC, 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 exactvalue depends 011 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-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. It has up to 
four analog inputs, plus two voltage reference inputs when 
the analog-to~tal converter is used (PD5IVRH, PD4/ 
VRLl, and an INT2 input. Port D lines can be read directly 
and used as binary Inputs. If an analog input is used, then 
the voitage reference pins must be used in the analog 
mode. Refer to PROGRAMMING for additional informa-
tion. 

- . 

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 I/O 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;:lre' 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 

Internal 
Connections 

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). See Table 1 for I/O 
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 AID 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. I/O 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 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 I/O registers. The memory map is shown in Figure 
4. The location consist of user EPROM, bootstrap ROM, 
user RAM, a mask option register (MOR), a program con
trol register, miscellaneous register, AID control regis
ters, and I/O. 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. 

Figure 3. Typical Port I/O Circuitry and 
Register Configuration 
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o 7654321 

000 
I/O Ports $000 0 Port A Data Register $000 

Access With 

Timer 
1 Port B Data Register 

RAM 
$001 

Short 127 (128 Bytes) $07F 2 Port C Data Register $002 

128 

P,g,Z~o I 
Instructions 

255 

Page Zero $080 3 Port D Data Register 
User EPROM 

\OFF (128 Bytes) 4 PortA DDR* 

$003 

$004* -------256 $100 5 Port B DDR* $005* 

User 
6 Port C DDR* $006* 

Main 7 Not Used $007 
EPROM 

8 Timer Data Register (3640 Bytesl 
$008 

9 Timer Control Register $009 

3895 
3896 
3897 
3967 

$F37 10 Miscellaneous Register 1-------- $F38 Program Control Register Mask Option Register 11 
$F39 

Not Used Not Used $F7F 12 

$OOA 

$OOB 

$OOC 

3968 Bootstrap $F80 13 Not Used $OOD 
ROM 

4087 (120 Bytes) $FF7 14 AID Control Register $OOE 

4088 

4089 
4090 

Interrupt 4091 
Vectors 4092 

4093 
4094 
4095 

$FF8 
15 A/D Register Timer Interrupt 

------- $FF9 
$FFA 16 RAM 

External Interrupt 
$FFB 

(112 Bytes) 

~- - -- -- $FFC 
SWI 

$FFD 
Stack 

1--- -- - -- SFFE 
(31 Bytes Maximum) 

Reset $FFF t 127 

$OOF 
$010 

$07F 

* Caution: Data direction registers (DDRs) are write-only; they read as $FF. 

Figure 4. Memory Map 

The stack area is used during processing of an interrupt 
or subroutine cal.1 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 i~ an8-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 I 
L-----'--___ ~ 

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 

SP I 
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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) 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 theexternal 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 
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 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 
(tcyel. Under this type of reset, the Schmitt trigger switches 
off at VIRES - to provide an internal reset voltage. 

1 -v CC -"'VV'l.---+---, 

:r: 10 IJ.F 

(MCU) 

Figure 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 0 (lNT2) 
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. 

7 ~ 5 4 3 2 1 0 Pull 

n-4 11 
I Condition 

1 Code Register n+1 

n-3 Accumulator n+2 

n-2 I nde. Register n+3 

1 11 11 1 I PCH- n+4 

n PCl- n+5 

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 iff~tched 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. 
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1.1 (in CC) 
07F. SP 
O. DDRs 

CLR INT Logic 
FF. Timer 
TCR6.1 
TCR7.0 

Load PC From 
SWI: FFC/FFD 
INT' FFA/FFB 

Timer or 
INT2: FF81 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 
inhilJited 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 1 bit is clear. The 
following paragraphs describe two typical external in
terrupt circuits. 

Zero-Crossing Interrupt 

A sinusoidal input signal (fINT maximum) can be used 
to generate an external interrupt (see Figure 8a) 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 orlNT 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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(al Zero-Crossing Interrupt 

In~~t .1 Current 

ItlNT Max,)~'m't'ng) '. 2 iNT 
As1 MO 

ac Inputs R. 0.1-1.0 
10 Vac p-p I'F 

MCl) 

TTL 

(bl Digital-Signal Interrupt 

VCC 

4.7 k 

Level 2 iiiiT 
Dlgltal--.... ~ 
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 th.e 

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 VCC. 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, MC68705P3/R31U3 8-Bit 

Ifosc+41 

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 cOLJnter 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 

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 
o to ensure proper operation with read-modify-writein
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. TheTDR 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 programmedto 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 inte~r.upts. Frequency of 
external input must be .;;; fosc/8. 

MOR CONTROLLED MODE 
This mode isselected when TOPT (bit 6) in the MOR 

is programmed to logic one. The timer circuits are the 
sa'11e 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 = 0, the TCR is controlled by software. 

TCR with MaR TOPT = 1 
7. 6 5 

Li'R 'I' TIM I PSC ·l 
TCR with MaR TOPT = 0 

7 6 5 0 
1'~T-IR-'--T-IM-'--T-IN-'--T-IE-'--PS-C-'-P-S~2-'-P-S-l-'-~ 

RESET: 
o u u u u u u 

*The value of corresponding bits in MaR 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 TOPTc= 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 = 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,soould be written to a "one" in the salTle write 
cycle to clear the prescaler. Changing the PS bits 
withou't 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 andis not affected 
by reset. The MOR bits are described in the following 
paragraphs. 

7 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 i.n 
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 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) $008 

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 

I VPON I 
RESET: 

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 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 wavelehgth 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 "0" state. 
Data then can be entered by programming "1s" into the 
desired bit locations. 
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PROGRAMMING 

The MCU bootstrap program tan 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 
MC6e705R3. Referto application note, MC68705P31R31U3 
8-Bit EPROM Microcontroller Programming Module 
(AN-857 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 7) line is tied to VCC during 
normal operations. On MC6805R2, this pin is 
grounded during normal operation; on MC6805R3, 
this pin is not connected. 

D/A 

15 kO (Typ) 

1-of-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 - VRL/2, VRH - VRL/4, and VRL) may be se
lected for calibration. The accuracy ofthese internal chan
nels may not meet the accuracy specifications of the 
external channels. 

Multiplexer selection is controlled by the A D control 
register (ACR) 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 A D result 
register (ARR); theconversion 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 should 
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 VCe. (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 ADhas a built-in 1 2 LSB offset intended to reduce 
the magnifude 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 

Control 
Logic 

8 

Count 

PDO/ANO 

PD1/ANl 

PD2/AN2 

PD3/AN3 ~~--~~~------------------~ 

A/D 
Result 

'--~_"""-""""_"""--.L __ ---,,_ .... , Register 

Figure 10. AID Block Diagram 
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Table 2. A/D Input MUX Selection 

AID Contro: 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 

at 1 2 LSB above VRL. Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB belowVRH, 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 
other operand is obtained from memory using one of the 
addressing modes. The jump un<;:onditional (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 

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 

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 
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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 

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 a'il 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) 
p€rmit 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 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memo~y 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 use'ful 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). 

MOTOROLA MICROPROCESSOR DATA 

3·635 

II 



s: o 
d 
::I:J o 
§; 
s: n 

Co) ::I:J 
0> 0 
Co) "TI 
en ::I:J o 

(') 
m 
en 
en o 
::I:J 

~ 

Bit Manipulation Branch 
BTB Bse REl IR 

~ Low ~ ~1 oo"io ~1 

I ~BRSEJ~B 
4 

': NEGnlR ~ , BSE~~c , BRARFI 
10 I 4 

1 BRCLRO 2 BCL~~c BRN 
0001 3 BTB 2 REL 

10 I 4 
2 BRSETl 2 BSE~~c 2 BHIREL 0010 3 BTB 

10 I 4 6 
3 BRCLRl 2BCL~~c , BLS

REl 
:i COM

nlA 0011 3 BTB 
10 7 4 6 

4 
3
BRSE

J1B ~ BSE1~c 2 BCC
REL 2. LS~TR 0100 

i :gRCL~le 
4 

5 . 
2 BCL~~c , BCS

R 0101 
10 I 4 6 

6 
3
BRSE

JiB 2 BSE~~c BNE o ROR
OIA 0110 2 REL 

10 I 4 6 
7 13BRCL~iB 2 BCL~~c BEG ASR 

0111 2 ....!ill- 2 OIR 
10 7 4 6 

l~L 3BRSEJ'r~ 2 BSE1~c 2BHC~EL 2 LSL 
OIR 

10 7 4 6 
9 3BRC~ -"-BCL~~c ., BHC~FI ROL 

1001 2 OIR 

~RSEJ1B 
7 4 6 

1~0 2 BSE1~c BPL DEC 
2 REI 2 OIR 

10 7 4 
B BRCLR5 BCLR5 BMI 

1011 3 BTB 2 BSC 2 REL 

'gRSET6 
4 6 

lfoo 2 BSE~~c BMC INC 
BTB 2 REL 2 OIR 

10 7 4 6 

lEI }RC~ 2 BCL~c 2 BM~EL 2 TST
OIR 

10 7 4 
E BRSEJls 2 BSE1~c BIL 

1110 2 AEL 
10 7 4 6 

F BRCLR7 BCLR7 BIH CLR 
1111 3 BTB 2 BSC 2 __ REL ~ OIR 

Abbreviation. for Addr ... Mod .. 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IXl 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Set/Clear 
Bit Test and Branch 
Indexed INo Offset) 
Indexed. 1 Byte 18-Bit) Offset 
Indexed. 2 Byte '16-Bit) Offset 

Read-Modify-Write 
INH INH IXl 

O~ 01~1 01~0 
4 4 I 

NEG NEG NEG 
1 INH 1 INH 2 IXI 

4 4 7 
COMA COMX COM 

1 INH 1 INH , Ixi 
4 4 I 

LSRA LSRX LSR 
1 INH I INH 2 IXI 

4 4 7 
RORA RORX ROR 

1 INH 1 INH 2 IXI 
4 4 7 

ASRA ASRX ASR 
1 INH 1 INH 2 IXI 
4 4 7 

LSLA LSLX LSL 
1 INH 1 INH 2 IXI 
4 4 7 

ROLA ROLX ROL 
1 INH 1 INH 2 IXI 
4 4 I. 

DECA DECX DEC 
1 INH 1 INH 2 IXI 

4 4 I 
INCA INCX INC 

1 INH 1 INH 2 IXI 
4 4 7 

TSTA TSTX TST 
1 INH 1 INH 2 IXI 

4 4 7 
CLRA CLRX (LR 

1 INH 1 INH 2 IXI 

• 
Table 3_ Opcode Map 

Control Register/Memory 
IX INH INH IMM OIR ex- 1X2 IXl IX 

01~1 8 9 A B 11~ 0 E lr,l H~ 1000 1001 1010 1011 1101 1110 
6 9 2 4 

: SUtT : SUB
,x

, : SUB
,X1 

4 SUB '-, NEG RTI l2 SUB -"- SUB ~ 1 IX 1 INH IMM OIR 1 IX 

1
6 

RTS 
2 4 5 6 5 4 

CMP CMP CMP CMP CMP CMP 1 
1 INn 2 IMM 2 OIR 3 EXT 3 IX2 2 IXI I IX 0001 

2 4 5 6 
" SBC 4 SBC SBC SBC SBC SBC 2 

2 IMM 2 OIR 3 EXT 3 :X2 2 IXI 1 IX 0010 
6 11 2 4 5 6 

5 CPX 4 CPX COM SWI CPX CPX CPX CPX 3 
IX 1 INH 2 IMM 2 OIR 3 EXT 3 IX2 L IXI 1 IX 0011 

6 2 4 5 6 5 4 
LSR AND AND AND AND AND AND O~ I IX 2 IMM 2 Olft 3 EXT 3 IX2 2 IX 1 IX 

2 4 5 6 5 4 
, BIT BIT BIT 

, BIT IX' 2 BIT IX BIT: IX -o~, 1M o -'1JR 3 XT 
6 2 4 5 6 5 4 

ROR LDA LOA LOA LOA LDA LOA- 6 
1 IX 2 IMM 2 OIR 3 EXT 3 IX2 2 IXI 1 IX 0110 
6 2 5 

6 STA 7 STA 
6 

" STA ASR TAX STA STA 7 
1 IX 1 INH 2 OIR 3 EXT 3 IX2 2 IXI 1 IX 0111 
6 2 2 4 5 6 5 4 

LSL CLC 2 EOR EOR EOR 3 EOR
IX2 

EOR EOR 1~ 1 IX INH IMM 2 OIR 3 EXT 2 IXI 1 IX 
6 2 2 4 5 6 5 4 

ROL SEC ADC ADC ADC ADC ADC AOC 9 
1 IX 1 INH 2 IMM 2 OIA 3 EXT 3 IX2 2 IXI 1 IX 1001 
6 2 2 4 

5 ORA 6 ORA ' ORA 4 ORA DEC CLI ORA ORA A 
I IX 1 INH 2 IMM 2 OIR 3 EXT 3 IX2 2 IXI 1 IX 1010 

I L SEI 
4 

, ADD o ADD ' ADD • AOD ADD ADD B 
1 INH 2 IMM 2 OIR 3 EXT 3 IX2 2 IXI 1 IX 1011 

6 2 3 4 
5 JMP 

4 
3 JMP INC RSP JMP JMP JMP C 

1 IX 1 INH 2 OIR 3 EXT 3 IX2 2 IXI 1 IX 1100 
6 2 8 7 

" JSR 9 JSR " JSR TST NOP BSR JSR JSR 0 
1 IX 1 INH 2 REL 2 OIR 3 EXT 3 IX2 2 IXI 1 IX 1101 

4 
" LOX o LOX ' LOX 

4 
LOX LOX LOX E 

2 IMM 2 OIR 3 EXT 3 I~ 2 IXI 1 IX 1110 
6 2 

, STX o STX 
6 

, STX CLR TXA STX STX F 
1 IX 1 INH 2 OIA 3 EXT 3 IX2 2 IX' 1 IX 1111 

LEGEND 

j. ,;" ::1 0,,,,,,,, '0 H.~""dm" 
'ofCyolffi 4 ~ 
Mnemonic .. SUB 

Bytes 1 IX_ 0000 ---

Opcode in Binary 

'---------- Address Mode 

:s: 
C') 
0) 
CO 
...... 
C) 
U'1 
:xJ 
U'1 
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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 I/O, 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 + 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 

I Characteristic 

! Thermal Resistance 
I Plastic (P Suffix) l Plastic (FN Suffix) 

Cerdip (S Suffix) 

Symbol 

VCC 

Vpp 
Vin 

Vin 
Vin 

TA 

Tstg 

TJ 

Symbol 

HJA 

Value 

-0.3to +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 
o to + 70 

~ 40 to + 85 

- 55 to T 150 

150 
175 

Value 

50 
100 
60 

Unit 

V 

V 

C 

C 

CW 

Unit 

CW 

i 

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 hi'gher than 
maximum rated voltages to this high-imped
ance circuit. For proper operation, it is rec
ommended that Vin and Vou,t be constrained 
to the range VSS (Vin and Voutl Vce 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 
VCC). 
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POWER CONSIDERATION 

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

where: 
TA 
"JA 

TJ=TA+(PD°!JJA) (1) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+ PPORT 
= ICC x VCC' Watts - Chip Internal Power 
= Port Power Dissipation, 

Watts - User Determined 

ELECTRICAL CHARACTERISTICS 

For most applications PPORT<PINT and can bene'" 
glected. PPORT may become significant if the device is 
configured to drive Darlington oases or sink LED loads. 

An approximate relationshipb.etween PD and TJ (if 
PpORT is neglecte~) is: .. 

PD = K -7-(T J + 273°C) (2) 
Solving equations (1) and (2) for K gives: 

K = PD 0 (T A + 273°C) + !JJAoPD2 (3) 
where K is a constant pertaining to the particular part, K 
can be determined from equation (3) by measuring PD 
(at equilibrium) for a known T A. Using this value of K, 
the values of PD and T J car. be obtained by solving equa
tions (1) and (2) iteratively for any value of T A 

(VCC • 5.25 Vdc:': 0.5 Vdc, VSS =0 Vdc, T A = O'C to 70°C, unless otherwise noted) 

Characteristic , Symbol Min 

Input High Voltage VIH 
RESET (4.75 . Vee 5.75) 4.0 

(Vce' 4.75) Vec-0.5 
INT 4.75 . Vee 5.75) 4.0 

(Vee' 4.75) Vee- 0.5 
All Other 2.0 

Input High Voltage (TIMER Pin) VIH 
Timer Mode 2.0 
Bootstrap Programming Mode 9.0 

Input Low Voltage VIL 
RESET VSS 
INT VSS 
All Other VSS 

INT Zero-Crossing Input Voltage - Through a Capacitor VINT 2.0 

Internal Power Dissipation (No Port Loading, Vec = 5.25 V TA=Ooe PINT -
for Steady-State Operation) TA =40oe -

Input Capacitance Cin 
EXTAL -
All Other (See Note) -

RESET Hysteresis Voltage 
Out of Reset Voltage VIRES+ 2.1 
Into Reset Voltage VIRES- 0.8 

Programming Voltage (Vpp Pin) Vpp* 
Programming EPROM 20.0 
Operating Voltage 4.75 

Input Current 
TIMER (Vin = 0.4 V) lin -
INT (Vin ~ 0.4 V) -
EXTAL (Vin = 2.4 V to Vce) -

(Vin c 0.4 V) -
RESET (Vin = 0.8 V) IRES -4.0 
(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, ein = 25 pF for the first 5 out of 30 cycles. 
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Typ Max Unit 

V 
- Vce 
- Vec 
** Vce 
** Vec 
- Vec 

V 
- Vee+ 1.O 

12.0 15.0 

V 
- 0.8 
** 1.5 
- 0.8 

- 4.0 Vacp-p 

520 740 mW 
580 800 

pF 
25 -
10 -

V 
- 4.0 
- 2.0 

V 
21.0 22.0 
Vee 5.75 

f.LA 
- 20 
20 50 
- 10 
- -1600 
- -40 
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(VCC = 5.25 Vdc :!: .05%, VSS = 0, T A = 20°C to 30°C, unless otherwise noted) 

Characteristic Symbol 

Programming Voltage Vpp 

Vpp Supply Current Ipp 
Vpp=5.25 V 
Vpp=21.0V 

Oscillator Frequency fosc(p) 

Bootstrap Programming Mode Voltage VIHTP 
(TIMER Pin) (({ IIHTP= 100 fJ-A Maximum 

SWITCHING CHARACTERISTICS 

Min 

20.0 

-
-
0.9 

9.0 

(VCC = + 5.25 Vdc :!: 0.5 Vdc, VSS·~ 0 Vdc, TAO C to 70 C, unless otherwise noted) 

Characteristic Symbol 

Oscillator Frequency fosc 
Normal 

Instruction Cycle Time (4fosc) tcyc 

INT, INT2, or Timer Pulse Width tWL,tWH 

RESET Pulse Width tRWL 

RESET Delay Time (External Cap ~ 1.0 fJ.F) tRHL 

INT Zero Crossing Detection Input Frequency flNT 

External Clock Duty Cycle (EXTAl) -

Crystal Oscillator Start-Up Time -

AID CONVERTER CHARACTERISTICS 
(VCC = + 5.25 V :!: 0.5 Vdc, VSS 0 Vdc, TAO C to 70 C, unless otherwise noted) 

Characteristic Min Typ Max Unit 

Resolution 8 8 8 Bits 

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 fJ-S 

t~c+250 - - ns 

t~c+250 - - ns 

- 100 - ms 

0.03 - 1.0 kHz 

40 50 60 % 

- - 100 ms 

Comments 

Non-Linearity - - . 1 2 LSB For VRH = 4.0 to 5.0 V and VRL = 0 V. 

Quantizing Error -

Conversion Range VRL 

VRH -

VRL VSS 

Conversion Time 30 

Monotonicity 

Zero Input Reading 00 

Ratiometric Reading FE 

Sample Time 5 

Sample/Hold Capacitance, Input -

Analog Input Voltage VRL 

- . 1 2 LSB 

- VRH V 

- VCC V A, D accuracy may decrease proportionately as 

- 0.2 V VRH is reduced be below 4.0 V. The sum of VRH 
and VRL must not exceed VCe. 

30 30 tcyc Includes sampling time 

Inherent (within total error) 

00 01 hexadecimal Vin =0 

FF FF hexadecimal Vin =VRH 

5 5 tcyC 

- 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 
(VCC = + 5.25 Vdc :': 0.5 Vdc, VSS = 0 Vdc, T A = 0° to 70°C, unless otherwise noted) 

Characteristic 

Output Low Voltage, ILoad = 1.6 rnA 

Output High Voltage, ILoad = - 100 fLA 

Output High Voltage, ILoad = - 10 fLA 

Input High Voltage, ILoad = - 300 fLA (Max) 

Input Low Voltage, ILoad = - 500 fLA (Max) 

Hi-Z State Input Current (Vin = 2.0 V to VCC) 

Hi-Z State Input Current (Vin = 0.4 V) 

Output Low Voltage, ILoad = 3.2 rnA 

, Output Low Voltage, ILoad = 10 rnA (Sink) 

I 

Output High Voltage, ILoad~" - 200 fLA 

Darlington Current Drive (Source), Vo = 1.5 V 

Input High Voltage 

Input Low Voltage 

Hi-Z State Input Current 

Output Low Voltage, ILoad = 1.6 rnA 

Output High Voltage, ILoad = - 100 fLA 

Input High Voltage 

Input Low Voltage 

Hi-Z State Input Current 

Input High Voltage 

Input Low Voltage 

Input Current 

Test 
Point 

VCC=5.75V 

MMD7000 
or Equiv. 

Symbol Min 

Port A 

VOL -

VOH 2.4 

VOH VCC-1.0 

VIH 2.0 

VIL VSS 

IIH -

IlL -

Port B 

VOL -

VOL -

VOH 2.4 

IOH -1.0 

VIH 2.0 

VIL VSS 

ITSI -

Port C 

VOL -

VOH 2.4 

VIH 2.0 

VIL VSS 

ITSI -

Port 0 (Input Only) 

VIH 2.0 

VIL VSS 

lin -

Typ Max Unit 

- 0.4 V 

- - V 

- - V 

- VCC V 

- 0.8 V 

- -300 fLA 

- -500 fLA 

- 0.4 V 

- 1.0 V 

- - V 

- -10 rnA 

- VCC V 

- 0.8 V 

<2 10 fLA 

- 0.4 V 

- - V 

- VCC V 

- 0.8 V 

<2 10 fLA 

- VCC V 

- 0.8 V 

<1 5 fLA 

TestPoint~ 

130 ,FiT,to" 

Figure 11. TTL Equivalent Test Load 
(Port BI 

Figure 12. CMOS Equivalent Test Load 
(Port AI 
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Test 
Point 

30 pF 
!Total) 

VCC=5.75V 

Figure 13. TTL Equivalent Test Load 
(Ports A and C) 

Port DDR 

Port Data 

Figure 15. Ports A and C Logic Diagram 

f-Jo,IV'v--,-"'To I/O Logic 

Figure 17. Typical Input Protection 

MC68705R5 

Test 
Point ~

VCC=5'75V 

3.34 kO 

l' 30 pF (Total) 

Figure 14. Open-Drain Equivalent Test Load 
(Port C) 

VDD 

PB DDR 

PB Data 

Figure 16. Port B Logic Diagram 

Vary V, 
Measure I 

Figure18. 1/0 Characteristic 
Measurement Circuit 
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MECHANICAL DATA 

ORDERING INFORMATION 

The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705R5. 

PIN ASSIGNMENTS 

VSS 

RESET 2 

iNi 3 

PCl 

PC4 

PC6 

PD6/INT2 

P05/VRH 

PD4IVRL 

Table 4. Generic Information 

Package Type Temperature Order Number 

Cerdip 
S Suffix 

Plastic 
P Suffix 

PLCC 
FN Suffix 

'--

O°C to 70°C MC68705R5S 
- 40°C to + 85cC MC68705R5CS 

O°C to 70°C MC68705R5P 
- 40°C to 85"C MC68705R5CP 

- 40°C to 85cC MC68705R5CFN 

PA7 
I~ ~ w ~ 

PA6 '<tLne,o,.....VlVl U~ 
U ~ ~ ~ ~ Vl w I~ u >< u 

PA5 Za..a..a..a..>O:::_>wZ 

PA4 

PA3 
PA3 

PA2 PA2 
PAl PA1 
PAO PBO 
PB7 PB7 

PB6 

PB5 
PB4 PB4 
PB3 PB3 

PB2 PB2 

PBl PB1 

PBO 

POO/ANO 
00.- N 

C"'l Vl ~I:::CN 
,.....,..... 

P01/ANl [l)ZZ Z Z Vl: 0::: 0:::1- au 
a..~~ <! ~ > '> >~ a.. a.. 

P02/AN2 0.- N M ;;a=L!)(O 
00 a a 000 a.. a.. a.. a.. a.. 'a.. a.. 
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XTAL 

Vpp 
TIMER 

PCO 
PC1 

PC2 
PC3 

PC4 

PC5 

NC 

PC6 
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I SEMICONDUCTOR 

TECHNICAL DATA 

Technical Summary 

MC68705S3 

8-Bit EPROM Microcontroller Unit 
The MC68705 (I-jMOS) Microcontroller Unit (MCU)is an EPROM member of the MC6805 Family of 

microcontrollers. The user programmable EPROM allows program' changes and lower volu'me 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 Advance Information 8~Bit Microcontroller (ADI997R1) 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, 

• One 7-Bit and One 15-Bit Software Programmable Prescaler 

• On-chip Oscillator 
• Memory Mapped 1/0 
• Versatile Interrupt Handling 

• Bit Manipulation 
• Bit Test and Branch Instruction 

• Vectored Interrupts 

XTAl~. <1>1 
CLOCK 

EXTAl <1>2 

PAO 

PAl 

PA2 

PA3 ACCUMULATOR 

PM INDEX REGISTER 

PAS A CONDITION CODE 

PA6 
REGISTER 

PA7 
STACK POINTER 

RESET 
CONTROL 

INTl 

PBO PBl PB2 PB3 
SPISS SPICl SPID SPID 

BI,.OCK DIAGRAM 

PRESCALER1/PCO 

PROGRAM 
COUNTER 

LOW 
PROGRAM 
COUNTER 

HIGH 

ALU 

• Bootstrap Program in ROM 

• 3752 Bytes of EPROM 
• 104 Bytes of RAM 
• Serial Peripheral Interface 
• Two 8-Bit and One 16-Bit Timers 

• AID Converter 
• EPROM Read Inhibit Security Bit 

PRESCALER2/PC1 

--;0 VDD 

---0 VSS 

ANO/PDO 

ANlIPAI 

AN2/PD2 

AN3/PD3 

VRl 
. VRH 

INT2I 
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 

VCC and VSS 

Power is supplied to the microcontroller using these 
two pins. VCC 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 VSS. 

INT', INT2 
These pins provide the capability for asynchronously 

applying an external interrupt to the MCU. 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. 

Cl 

EXTAL ~~.RS.' .... XTAL 

27 - L---i~ 26 

EXTERNAL 
CLOCK 
INPUT 

(TTL COMPATIBLE, 
LOW IMPEDANCE 

SOURCE) 

At-CUT PARALLEL RESONANCE 
CRYSTAL 
Co= 7 pF MAX, 
FREQ. = 4,0 MHz(a CL = .24 pF 
RS = 40 OHMS MAX. 

26 

MCU 
EITHER CRYSTAL 

OR RC MASK 
OPTION 

EXTERNAL CLOCK 

:r: 
~ 
> u 

~ 
~ 
"" 0 

~ 
~ 

8.0 

7.0 

6,0 

5,0 

4.0 \ 

3.0 

2,0 

1.0 

\. 

"-, 
o 

o 10 20 30 40 50 60 70 

RESISTANCE (klli 

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). 

...-____ t--2-6~ XTAL 

XTAL 

EXTAL 

:r: 

MCU 
(RESISTOR MASK 

OPTION) 

APPROXIMATELY 10% to 25% 
ACCURACY 

MCU 
EXTAL (CRYSTAL MASK 

OPTION 

CRYSTAL 

MCU 
EXTAL (RESISTOR MASK 

OPTION) 

APPROXIMATELY 25% to 50% 
ACCURACY 

EXTERNAL RESISTOR 
(EXCLUDES RESISTOR TOLERANCE) 

TYPICAL tcyc = 1.25 flS 

EXTERNAL JUMPER 

NOTE: The recommended CL value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance, For crystal 
f,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. 

RESETIVpp 

This pin has a Schmitt trigger input. The MCU can be 
reset by pulling RESET low. The Vpp input is used to 
input the 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-~al (AID) converter is used (PD5NRH, PD4NRLl 
and an INT2 input. If the analog input is used, the voltage 
reference pins (PD5NRH and PD4NRL) 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 C are programmable as either input or 
output under software control of the corresponding data 

Data 
Direction Output Input 
Register Data Output To 

Bit Bit State MCU 

1 
X High-Z** Pin 

direction register (DDR). The port I/O 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 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
encevoltages, and INT2. These lines are shared with the 
port D digital inputs. PDo-PD3 may always be used as 
digital or apalog 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 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/ 
o functions and to Figure 3for 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 Care 
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 DCR bit 4 (DCR4) is 

*DDR is a write-only register and reads as' all "1s". 
**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 I/O Circuitry and Register Configuration 
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cleared. This bit is set on reset. An incoming toggle pulse 
on port Bl is allowed to toggle the port Bl data register 
under the following conditions governed by control bits 
in SPI control register and SPI clock arbitration flip-flop 
status. 

PBl 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 
PBl 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 I/O 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 A/D 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 des.cribed 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 manjpulations. 

7 

A 

INDEX REGISTER (X) 

The index register is an 8-bit register used for the in
dexedaddressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bitimmediate 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 1 

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 

1 0 1 0 1 0 1 0 1 0 11 '1,1 ! SP 1 

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, B, and C), the external 
(lNTl 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 w{ls negative (bit 
7 in the result is a logic one). 
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Zero (Z) 

IBYTESJ 

000 

127 

128 

255 

256 

1/0, AID, SPI, 
Timers, RAM, 

Prog. Cont. Reg. 
112B Bytes) 

Page 0 EPROM 
1128 aytes) 

Main EPROM 
13614 Bytes) 

\.h ... h 

.... ~-:-----.::I" 

IADDRESS! 

$000 

$07F 

$080 

$OFF 

$100 

Mirror MOR $F16 -------
1--------

Mask Option Reg. 
3871 1-------::-

3872 

Bodtstrap 
ROM 

4087 
1216 Bytes) 

. 

T4088 Timers lA, B, C), 
SPI,INT2 

1->~ External INTI 

a a:: ,,"-
t:~ SWI 

1- Reset 

$F1E 

$F1F 

$F20 

$FF7 

$FF8 

$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 D 

Port A DDR* 

Port B DCR* 

Port C DDR* 

Not Used 

Timer A 

Timer A Cont. Reg, 

Misc. Register 

Timer B MSB 

Timer B LSB 

Timer B Cont. Reg. 

AID Control 

'AID Result 

SPI Data 

SPI Control 

Prog. Cont. Reg. 

Timer C Capture 

Timer C Data 

Timer C Control 

Not Used 

Not Used 

RAM 
1104 Bytes) 

IADDRESS! 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$OOA 

$OOB 

$OOC 

$OOD 

$OOE 

$OOF 

$010 

$011 

$012 

$013 

$014 

$015 

$016 

$017 

$018 

$07F 

Figure 5. Memory Map 

I MR7 I MR6 
When set, this bit indicates that the result of the last 

arithmetic, logical, or data manipulation was zero. 
RESET: 

o 

User RAM' 
140 Bytes) 

Standby RAM 
116 Bytes) 

User RAM 
117 Bytes) 

JADDRESsl 

$018 

$03F 

$040 
$04F 

$050 
$060 

$061 
Shared Stack RAM 

131 Bytes) 
$07F 

MR5 MR4 MR3 MR2 

MR7 - INT2 Interrupt Request Bit 

MRl MRO 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmeticoperation. 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 (MR) $OA 

This register contains control and status information 
related to INT2, auxiliary counter, prescalers 1 and 2, and 
timer overflow. 

1 = Interrupt requested 
0= Interrupt not requested 

MR6 - INT2 Interrupt Request Mask 
10,; Inhibits INT2 interruptrequest 
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 overfl()w 
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 B1. 

1 = Timer A overflow output is directed to port BO, 
and timer B ortimerC (depending on the status 
of MOR5) output is directed to port B1 ' 

MCU 

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 trigger 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 
(tcyel. 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 

IkU 

1 f.lF TYP'** 

**OPTION-100 ms DELAY 
TYPICAL DURING POWER UP 

Figure 6. MCU Reset Circuit 
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1 

VCC -"''''--+N'_-+_2_3--, 

:::c ,1.0/LF 

Figure 7. Power-Up Reset DelavCircuit 

status bit (MR5) is set, as a result of counter overflow, a 
switch to VSS isturned 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 offorced 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). TI:1,e only requirement is thatthe VCC 
must remain at or below the VLVI threshold for one tcyc 
minimum. 

In typical applications, the VCC bus filter capacitor will 
eliminate negative-going voltage glitches of Jess than one 
tcyc. The output from the low-voltage detector is con
nected directly to the inte~nal reset cir~uitry. 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 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 0 bit 6 (lNT2) 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 

6 5 4 3 2 1 PULL 

n-4 I CONDITION 
1 1 1 CODE REGISTER n + 1 

n-3 ACCUMULATOR ' n+2 

n-2 INDEX REGISTER 

1111 I PCW n+4 

PCl' n+5 

PUSH 

*For subroutine calis, 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 interrup't isserviced first. The SWlis 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 c'leared, 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
ingthe 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 (fINT1 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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1.I(lN CCR) 

07F. SP 

O. DORA 
FO.DDRB 
FC.DDRC 

7F. PRESC. 1 
7FFFF • PRESC. 2 

40. SPICR 
50.MR 

50. TRCR 
FF. TIMER A 

50. TBCR 
FFFF. TIMER B 

53. TCCR 
FF. TIMER C 

07. RCSR 

CLR INT LOGIC 

+ TRCRHRCR6 + TBCRHBCR6 + 
ITIMER A) ITIMER B) 

TIMERS A, B, C, 
INT2, CAPTURE, SPI 

TCOF-TCOM . + 
ITIMER C) 

TCCF-TCOM 
ICAPTURE) 

LOAO PC FROM 
SWI: FFC/FFD 
INT1:FFA/FFB 

TIMERS A, B, C 
CAPTURE 

SPI OR INT2: 
FFS/FF9 

SPICR7-SPICR6 
ISPII 

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 lOb), the INTl pin can 
be driven by a digital signal. The maximum frequency of 
a signal that can be recognized by the TIMER or INTl 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 

MOTOROLA MICROPROCESSOR DATA 

3-651 

II 



I 

MC68705S3 

AC 
(fINTMAX.i 
R~l M!l 
AC INPUT 

"'10 Vacp-p 

(CURRENT 

~;,':INT MCU 

(Ai ZERO-CROSSING INTERRUPT 

VCC 

4.7 k 
TTL 

LEVEL __ .... _25.... INTl 
DIGITAL MCU 

INPUT 

lJ-----
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 a 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
ulu~ch 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 
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 

76543210 

I TAGR71 TAGR61 TAGR51 TAGR41 TAGR31 TAGR21 TAGRl I TAGRO I 
RESET: 

o 

TACR7 - Timer A Interrupt Request Flag 
1 = Timer A has transition to $00 
a = Software or reset cleared 

TACR6 - Timer A Interrupt Request Mask 
1 = Interrupt request inhibited 
0= Interrupt request not inhibited 

TACR5 - External or Internal Bit 
~ = External clock source for prescaler 1 
a = 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 PRESCALER1IPCO* 

1 0 Inputs Disabled 

1 1 PRESCALER1IPCO* 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) 
a = Allows direct loading of timer A 

TACR2, TACR 1, 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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RESET MR3 

PRESCALERl/PCO 

SELECT MRl OVERFLOW A 
TIMER A INT TO MCU 

SELECT TBRC3, 2, 1, 0 
OVERFLOW B 

INT TO MCU 

SELECT MRO PORT 

SELECT TBCR4, 5 Bl TOGGLE 

RESET MR2 PORT 
PRESCALER2 PCl BO TOGGLE 

TOMCU 

INTERAL 
CLOCK -------------..... 

c~~t}----~~~:.£..---j..--1INT TO MCU 

Figure 11. Timers A, B, and C Block Diagram 
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TACR2 TACR1 TACRO Divide By 
0 0 a 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 $OC 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), theSPI 
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 
76 S 4 3 21 a 

I TBCR71 TBCRSI TBCRSI TBCR41 TBCR31 TBCR2 I TBCRI I TBCRO I 

RESET: 
o 

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. 

iBCR3, TBCR2, TBCR1, TBCRO '- Prescaler 2 Division 
Ratio Control Bits 

When set, these bits select one of eight possible output 
on prescaler 2. 

TBCR3 TBCR2 TBCRl 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 a 0 256 

1 0 0 1 512 

1 a 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 
ofthe 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 S 4 3 1 0 

I TCaF I TCaM I TCCF I TCCM I TCEG I TCCS I TCCll I TCClO I 
RESET: 

o 1 0 0 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 
o = Softwa re 0 r reset cI ea red 
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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 PCl 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/PCl as capture source 
O=Select PRESCAlERlIPCO as capture source 

TCCl1 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 MRl 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 Band 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, TACR 1,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 MRS. 
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 "wa~chdog" 
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) $F1 E 

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 0 

I elK I TOPT I PBTS I lVI I SEC 

ClK' --- Clock (oscillator type) 
1 = Resistor Capacitor (Re) 
0= Crystal 

TOPT - Timer Option 
1 = Enables timer C 
0= Disables timer C 

PBTS - Port B Toggle Source 
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 comjng 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 
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 POE PLE Programming Coriditions 

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 RESETlVpp 
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 
~TP is applied to the PRESCALER/PCO pin and the RE
SET pin is allowed to rise above VIRES +. The level on 
the PRESCALERIPC1 pin, when the RESETIVpp pin rises 
above VIRES +, determines which programming mode 
is selected. A high level on PRESCALERIPC1 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·$OO to speed up the programming oper
ation. Figure 13 is a schematic diagram for aboard 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. 
b) 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. 

d) After two seconds DS4 will illuminate indicat- I .. 
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 MaR and 
mirror MaR 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, MaR bit 4 must be 
programmed to a logical one. 

4. The MC68705S3 RESETIVpp and VSTBy/AN4/1NT21 
PD6 electrical characteristics are different for the 
MC6805S2/S3. 

5. Pin 4 (AN4 and VSTBY) on MC6805S2/S3 is a mask 
option. On the MC68705S3, pin 4 is enabled for 
VSTByl AN4/1 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 AID 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 front 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 I/O 
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 ar.d 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 S 543210 

I SPICR71 SPICRsl SPICR51 SPI·CR41 SPICR31 SPICR21 SPICR1 I SPICRO I 
RESET: 

o 

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-,- SPllnterrupt Request Mask Bit 
1 = Disables interrupt request from SPleR7 
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 = O. 

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 = O. 

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 Bl 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 Bl data reg
ister toggle facility when SPICR4=0. 

0= Stop SPI operation when SPICR4 = 1. Cleared un
der program control when SPICR4=0. 

SPICRl - 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 bySPICR3. The MCU loses 
data mastership, and theSPI data output port 

DDR is cleared. 3 
(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 BlOOR 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 62 is routed to the input of the 
SPI data register 

SPI DATA REGISTER 

This register can b.e 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 bverflow, 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. 

SPIOPERATION 

TheSPI 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 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 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 1/0 operation is complete. 

5) SPI clock is always provided on port B1. In the clock 
slave mode, port B1 DDR is in the input mode 
(cleared). In the clock master mode, port B1 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 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 tran~fer of data. 

8) During the ac~ive 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 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 SPIOperations 

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 mode) or 
SPICR7.(DDRBO.PBO + DDRBO) if DDRB 1 = 1 (clock 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 DDRB 1 = 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 .0 (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 RAGE OPERATION (SPICR" 
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 
SPICR57' 1 :s,Plci Idle = High State 

These definitions are necessary for determining start and stop conditions. 

NOTE 

Clock. idle state can only be defined if $PICR4 = 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 SPieL 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 

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 

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 sever,al 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. Wh.en 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 connect~d 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 priorto 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 

Thismode.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 constructiori 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 (AID) converter 
uses a successive approximation technique as show in 
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VCC 

SLAVE SELECT ---....:...--.... --------4t------+--_e---..... ---

CLOCK -------_.~~--------e-~--------_.~~--------e-~-------
DATA -~.., 

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 conr;lected 
to the AID through a multiplexer via port D. Four internal 
analog .channels (VRH - VRL, VRH - VRL/2, VRH - VRL/4, 
and VRLl may be selected for calibration. The accuracy 
of these internal channels may not meet the accuracy 
specificati'ons 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 accur"cy 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 

~ 

I-- f---4 
MCU 1 

H 

- ---4 
MCU 2 ~ 

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 

*HALF DUPLEX { 
SPID:PB2/3 
SPICL:PBl 

*HALF DUPLEX { SPID:PD2/3 
WITH CLOCK ARBITRATION SPICL:PBl 

*HALF DUPLEX 
WITH SLAVE SELECT 

Vc C 
{ 

SPID:PB2/3 
SPICL:PBl 
SPISS:PBO 

MCU 3 

~ 

- ---4 

Cl ..... Cl CI) 
0:: to) 0:: CI) 

CI) a:: CI) a:: 
CI) CI) 

*FULL DUPLEX 

*FULL DUPLEX 
WITH SLAVE SELECT 

{ 

SPID IN:PB2/3 
SPID OUT:PB3/2 
SPICL:PBl 

{ 

SPID IN:PB2/3 
SPID OUT:PB3/2 
SPICL:PBl 
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** 
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 
** AN4 may replace the VRH calibration channel if selected via 
mask option. 

than VCe. (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 ± 112 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: 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator or the index register. The 

PD5/VRH 

DIA 

15 k (TYP.) 

PD4/VRL --4-'" 

PDDIAND 

PD1IANl 

PD2/AN2 

PD3/AN3 

1-OF-8 
SELECT 

MULTIPLEXER 

INT2/PD6/AN4 -'-------~ 

AID 
CONTROL 
REG I STER '--__ .............. L-....... --I ........................ -' 

($DDE) 

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 

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 

COUNT 

AID 
RESULT 

REGISTER 

Figure 18~ A/D Block Diagram 

MOTOROLA MICROPROCESSOR DATA 

3-665 

II 



II 

MC68705S3 

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 ofthe condition 
code register. Refer to the following list for bit manipu
lation instructions. 

Function Mnemonic 

Branch if Bit n is Set BRSEl 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 

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 Thru 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 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 

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 th~ 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
tionsto 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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Bit ManiDullltion Brench 
BTB BS( REL DIR 

~ ~ cri" J,o OO~, 

~ I :BRSEJfB 2 BSE~~c I: BRAREL : NEG
DIR 

10 7 4 
1 13BRCLRO 2 BCL~~c 2 BR~EL 0001 BTB 

1~ 7 4 
2 I JBRSEJ~B 2 BSE~~c 2 BHIREI 0010 

10 7 4 6 
3 IJBRCL:~B 2BCL~k ..2 BLSRFI 

2 COM
DIA 0011 

10 7 4 6 
4 I JBRSEJ1B 2 BSE1~c > BCC

REI 
LSR 

0100 2 DTR 
I!! 7 4 

O~I 3
BRCL

:1B 2 BCL~~c 2 BCS
REL 

I~ 7 4 6 

O~O BRSEJ,3B 2 BSE1~c 2 BNEREL 2 ROR
DIA 

,0 7 4 6 
7 r CL

:,3B 2 BCL~~c 2 BEa
REI 

2 ASR
DIR 0111 

'BRSET4 
7 4 6 

I~ 2 BSE1~e > BHC~EL 2 LSL
DIR -BTB 

,0 7 4 6 
9 BRCL::a 2 BCL~~e > BHC~EI ROL 

'001 2 DIR 

~RSEJiB 
7 4 6 

,t,o 2 BSE~~c 2 BPL
REL 2 DECOlA 

'0 7 4 
B 3BRCLR5 2BCL~e .2 BMI 

'011 BTB REL 

:BRSEJ~B 
4 6 

lfoo 2 BSE~~e 2 BM~EL 2 INC 
DIR 

,0 7 4 6 

,Po, JBRCL:~B 2 BCL~~c 2 BM~EL 2 TST
DIR 

10 7 4 

11~0 JBRSEJIB 2 BSE~1e 2 BILREL 
10 7 4 6 

F BRCLR7 BCLR7 BIH CLR 
1111 3 BTB 2 sse 2 AEL 2 DIA 

Abbreviations 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 Offset) 
Indexed, 1 Byte (8-Bit) Offset 
Indexed, 2 Byte (16-Bit) Offset 

Table 4. Opcode Map 

Read-Modify-Write Control ,.... IMemorv 
INH INH IXl IX !NIi JttIi JMM Oil! _EXT DC 1X1 IX 

c»~ o,~, 01~Jl Qj~' 8 9 A ,:" lfoo 1~ 11~0 1,'i, Hi~1 1000 1001 1010 
4 4 7 6 

" RTI : SUB
DIR : SU~XT : SUB

IX2 
: SUB

IX1 
• SUB ~ i 

NEG NEG 2 NEG • NEG 
7 SU~MN I INH 1 INH IXI 1 IX 1 INH 1 IX 

6 2 4 5 6 5 4 
RTS CMP CMP CMP CMP 2 CMP CMP ~1 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 IXI I IX 

2 4 
o SBC o SBC o SBC • SBC 

-I 
2 SBC SBC rJ,.o. IMM 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 

4 4 7 6 11 2 4 
5 CPX 6 CPX 5,CPX • CPX COMA COMX COM COM SWI CPX CPX ~, 1 INH 1 INH 2 IXI 1 IX 1 INH 2 IMM 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 

4 4 7 6 2 4 

: AN~XT 
o _ 

: AND
IX1 

• AND LSRA LSRX LSR LSR 
_ 2 AN?MM 2 AND 3 ANDIX2 o~ 1 INH 1 INH 2 IXI 1 IX DIR I IX 

2 4 5 

: BIT IX> : BIT IX' 

4 

7 BI~MN 2 BIT DIA J BI\XT BIT IX o~, 
4 4 7 6 2 4 5 6 5 4 

RORA RORX ROR ROR LOA LOA LOA 3 LDA
Ix2

' 2 LDA
IXI 

LOA o~o , INH 1 INH 2 IXI , IX 2 IMM > DIR J EXT I X 
4 4 7 6 2 

~ STADIA : ST"EXT 
o STA o STA ASRA 'ASRX 2 ASR ASR TAX 3. STAIX2, m~1 1 INH 1 INH IX' 1 IX 1 INH ..2. IXI 1 IX 

4 LSLA 
4 7 6 2 2 4 5 6 

5 EOR • EOR LSLX LSL LSL CLC
INH 2 EO~MM 2 EOR

DIA 
3 EOR

EXT 
3 EOR

IX2 I~ , INH 1 INH '2 IXI 1 IX 2 IX, 1 IX 
4 4 7 6 2 > 4 5 

• ADC o ADC • ADC ROLA ROLX ROL ROL SEC ADC ADC ADC 9 
1 INH , INH 2 IXI 1 IX 1 INH 2 IMM 2 DIR J EXT 3 IX2 2 IX' , IX ,00, 
4 4 7 6 2 

i ORA • ORA o ORA o ORA o ORA • ORA DECA DECX DEC DEC Cli A , INH 1 INH 2 IXI , IX , INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IX' , IX ,0,0 

2 SEI 2 ADD 4 ADD 5 ADD 6 ADD 5 ADD ., ADD 
B 

1 INH 2 IMM 2DIR 3 EXT 3 1X2 2 . IXI , IX ,011 
4 4 7 6 2 3 4 

o JMP • JMP ~ JMP INCA INCX INC INC RSP JMP JMP C , INH , INH 2 IXI 1 IX , INH 2 DIR 3 EXT 3 1X2 2 IX, I IX 1100 
4 4 7 6 2 

B BSR a JSR " JSR a JSR TSTA TSTX TST TST NOP JSR JSR I~ 1 INH , INH 2 IX' 1 IX , INH2 AEL 2 DIR J EXT J IX2 2 IXI I IX 

'2 LOX • LOX o LOX • LOX o LOX • LOX E 
2 IMM 2 DIR 3 EXT 3 1X2 2 IXI I IX 1110 

4 4 7 6 2 
5 STX 6 STX 7 STX 6 STX o STX CLRA CLRX CLR CLR TXA F 

1 INH , INH 2 IX_~ ,-,1_'_' _,IX 
---

I, INH , __ ,--2 DIll. -.l. EXT 3 
-

IX2 2 IX, I IX 1111 

LEGEND 

F oil Opcode in HexadeCimal 

, of Cy"" j 4 .. 1 ;r MnemOniC .-
Bytes 1 IX, lXllJ----

Opcode in Binary 

'-------...,.....-- Address Mode 
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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. o.FFSET 

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 I/O location. 

INDEXED, 8-BIT o.FFSET 

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
nersimilar 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 
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 follawing 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 lacation. This single three-byte instruction 
allows the pragram to branch based on the condition of 
any readable bit in the first 25610catians 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 candition code register. 

INHERENT 

In the inherent addressing mode, all the information 
necessary to execute the instructian is contained in the 
opcode. Operations specifying only the index register ar 
accumulator as well as the control instruction with no 
ather 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 VCC -0.3 to +7.0 

Input Voltage PCO in Vin 
Self·Check Mode -0.3to+15.0 

All Other -0.3to +7.0 

Port A and C Source Current per Pin lout 
(One at a Time) 10 

Operating Temperature Range TA 
MC68705S3S o to 70 
MC68705S3CS -40 to +85 

Storage Temperature Range Tsto - 55 to + 150 

Junction Temperature TJ 
Cerdip 175 

THERMAL CHARACTERISTICS 

I Characteristic Symbol Value 

I Thermal Resistance IlJA 
Cerdip 60 

POWER CONSIDERATIONS 

The average chip-junction temperature, T J' in °c can 
be obtained from:' 

where: 
TA 
flJA 

Po 
PINT 
PPORT 

TJ=TA+(POoeJA) (1) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+ PpORT 
= ICCxVCC' Watts - Chip Internal Power 
= Port Power Oissipation, 

Watts - User Oetermined 

TEST 
POINT 

40 pF 
(TOTAL) 

VCC=4.75 V 

MMD7000 
OR EQUIV 

Figure 19. TTL Equivalent 
Test Load (Port B) 

Unit 

V 

V 

mA 

"C 

"C 

"C 

Unit 

°C/W 

This device cont.ains 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 Vout) ~ VCC. 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 VCC). 

For most applications,PpORT<PINT and can bene
glected. PPORT may become significant if the device is 
configured to drive Oarlington bases or sink LEO loads. 

An approximate relationship between Po and T J (if 
PPORT is neglected) is: . 

Po = K -7- (T J + 273°C) (2) 
Solving equations (1) and (2) for K gives: 

K = Po 0 (T A + 273°C) + 8JA oP02 (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 T A 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 T A' 

TEST POIKiT ~ I 30 pF (TOTAL) 

Figure 20. CMOS Equivalent 
Test Low (Port A) 
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ELECTRICAL CHARACTERISTICS 
(VCC = + 5.25 Vdc ± 0.5 Vdc, VSS = 0 Vdc, TA = TL to TH, unless otherwise noted) 

Characteristic Symbol Min 

~ESET Hysteresis Voltages 1.3 
"Out of Reset" VIRES+ 1.5 
"Into Reset" VIRES- 0.8 

Standby Supply Voltage Ca VCC=O V VSTBY 4.0 

Standby Current (VSTBY = 4.0 V) ISTBY -

Power Dissipation - No Port Loading PD 
(VCC=5.75 V, TA=O°C) -
(VCC=5.75 V, TA= -40°C) -

Low Voltage Recover VLVR -
Low Voltage Inhibit VLVI -

Input Current lin 
INT 

(Vin = 2.4 V to VCC) -
EXTAL 

(Vin = 2.4 V to VCC Crystal Option) -
(Vin = 0.4 V Crystal Option) -

RESET 
(Vin = 5.75 V) -

PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5Vdc; VSS=O Vdc, TA=20° to 30°C, unless otherwise noted) 

Characteristic 

Programming Voltage 

Vpp Supply Current 
Vpp=21.0 V . 

Programming Oscillator Frequency 

Bootstrap Programmirig Mode Voltage 
(PCO Pin) (Ca IIHTP= 100 jJ.A Max) 

TEST 
POINT 

VCC=4.75 V 

Symbol Min 

Vpp 20.0 

Ipp 
-

foscp 0.9 

VIHTP 9.0 

Typ Max 

- 2.0 
- 2.5 
- 1.8 

-, VCC+ 0.7 

1.0 5.0 
" 

800 1006 
925 1092 

- 4.75 

3.75 -

20 50 

- 10 
- -1600 

2500 3800 

Typ Max 

21.0 22.0 

- 30 

1.0 : 1.1 

12.0 15.0 

1.36 k!l 

TEST 
POINT 30 pF 

(TOTAl) 
MMD7000 
OR EQUIV. ~

• . ,v. CC=4.7,5 V 

. 130 pF (TOTAL) 

Figure 21. TTL Equivalent 
Test Load (Ports A and C) 

Figure 22. Open-Drain Equivalent 
Test Load (PB1, PB2, and PB3) 
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SWITCHING CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=TL to TH), unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Oscillator Frequency fosc 0.4 - 4.2 MHz 

Cycle time (4/foscl tCYC 0.95 - 10 !J.s 

INT, INT2, and TIMER Pulse Width tWl,tWH tcyc +250 - - ns 
RESET Pulse Width tRWl 

RESET Delay Time (External Capacitance = 1 !J.F) tRHl - 100 - ns 
-
INT Zero-Crossing Detection Input Frequency flNT kHz 

(for::!: 5° Accuracy) 0.03 - 1 

External Clock Input Duty Cycle (EXTAl) - 40 50 60 0/0 

Oscillator Startup Time Crystal tsu - - 100 ms 

SPICl High Time tSPIClH 4 - - tcyc 

SPICl low Time tSPICHl 4 - - tcyc 

SPICl Rise and Fall Time tsr, tSf - - 1 !J.s 

SPID Input Data Setup Time tSDS 2 - - tcyc 

SPID Input Data Hold Time tSDH 2 - - tCYC 

SPiel to SPISS lag Time tSStG 4 - - tCYC 

SPISS to Sl>ICl lead Time tSSLD 4 - - tCYC 

Start Bit to First Clock lead Time tSTl 1 - - tcyc 

External Timer Input to Timer Change Time tpCT 3 - - tcyc 

Timer Change to Port B Toggle Time tTPB 2 - - tCyc 

INT2 to Timer A load Time tlNTl 3 _. - tcyc 

AID CONVERTER CHARACTERISTICS 
(VCC = + 5.25 Vdc ± 0.5 Vdc, VSS = 0 Vdc, T A = 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 VCC 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 VCC 

Conversion Time 30 30 30 tCYC Includes sampling time 

Monotonicity (Inherent within total error) 

Sample Time 5 5 5 tCyc 

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. 

MOTOROLA MICROPROCESSOR DATA 

3-671 

II 



I 

MC68705S3 

PORT ELECTRICAL CHARACTERISTICS 
(VCC= +5.25 Vdc ::!:0.5 Vdc, VSS=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol 

Port B 

Output Low Voltage, ILoad=3.2 mA VOL 

Output Low Voltage, 'Load = 10 mA (Sink) VOL 

Output High Voltage, 'Load = - 200 f.l.A VOH 

Darlington Current Drive (Source)*, Vo = 1.5 V IOH 

Input High Voltage V,H 

Input Low Voltage V,L 

Hi-Z State Input Current 'TS' 
Port C and Port A 

Output Low Voltage, ILoad = 1.6 mA VOL 

Output High Voltage, 'load = -100 f.l.A VOH 

Input High Voltage V,H 

Input Low Voltage Vll 

Hi-Z State Input Current 'TS' 
Port D (Digital Inputs Only) 

. Input High Voltage 

Input Low Voltage 

Input Current** 

*Not applicable if programmed to open-drain state. 
**PD4NRL - PD5NRH. 

V,H 

V,l 

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 

- VCC+O.7 V 

- 0.8 V 

<2 10 f.LA 

- 0.4 V 

- - V 

- VCC+0.7 V 

- 0.8 V 

<2 10 f.LA 

- VCC+O.7 V 

- 0.8 V 

<1 10 f.LA 

The AID conversion resistor (15 kH 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 MC68705S3. 

Table 5. Generic Information 

Package Type Temperature Order Number 

Cerdip O°C t() 70°C MC68705S3S 
(S Suffix) - 40°C to + 85°C MC68705S3CS 
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PIN ASSIGNMENTS 

MC68705S3 

MECHANICAL DATA 

VSS NUM 

PRESCALERl/PCO 2 EXTAL 

PRESCALER2/PCl 3 XTAL 

VSTByl AN4/1NT2/PD6 4 INTl 

VRH/PD5 5 VDD 

RESETlVpp 

AN3/PD3 7 PA7 

PA6 

PA5 

ANO/PDO PA4 

SPISS/PBO 11 PA3 

SPICLlPBl PA2 

SPID/PB2 PAl 

SPID/PB3 PAO 
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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 110 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 

Pori 
A 

I/O 
LInes 

POri 
B 

110 

LInes 

Dala 
Dir 
Reg 

Dala 
Dir 

Reg 

3776 x8 
EPROM 
19 x 

BOOISlra~ 
ROM 

8 

• Bit Test and Branch Instruction 

• Vectored Interrupts 
• Bootstrap Program in ROM 

• 112 Bytes of RAM 

• 3776 Bytes of EPROM 

• 24110 Pins 

BLOCK DIAGRAM 

RESET VPP INT 

Accumulalor 

A CPU 

Index ContrOl 

Reglsler 
X 

Condlilon 
Code 

Reglsler CC 
CPU 

Slack 
POlnler 

SP 
Program 
Counler 

HIgh PCH ALU 
Program 
COllnler 

Low PCL 

pca 
PCl 
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 

VCC AND VSS 

Power is supplied to the microcontroller using these 
two pins. Vee is + 525 volts (± O.5M 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 M'eU. 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. 

External 
Clock 
Input 

C, 

EXTAL S. XTAL C' t:J-5 ~ 6 

AT - Cut Parallel Resonance Crystal 
Co = 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 

6 XTAL 

MCU 
5 EXTAL (Crystal Option, 

See Note 1) 

6 XTAL 

5 EXTAL 

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 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 

6 XTAL 

ISee Note 2) c::::J MCU 

MCU 
(RC Option, 
See Note 11 

5 EXTAL (Crystal Option, 
See Note 1) 

Crystal 

VCC 
-vv'V-_6-i XT AL 

MCU 
5 EXTAL (RC Option, 

No See Note 11 
Connection 

External Clock 

Approximately 25% to 50% Accuracy 
Typical tcyc= 1.251's 

External Jumper 

ApprOXimately 10% to 25% Accuracy 
(Excludes ReSistor T olerancel 

External ReSistor 

NOTES: 
1. For the MC68705U3 MaR b7 = 0 for the crystal option and MaR b7 = 1 for the RC option, When the TIMER input pin is in the 

VIHTP range (in the bootstrap EPROM programming mode). the crystal option is forced, When the TIMER input is at or below 
VCC, 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 

7.0 

~ 6.0 
~ 
g 50 

~ I40 
~ 

3.0 

Q 2.0 

0 
10 

0 
0 10 20 

VCC=525V 
TA=25°C 

30 40 50 
Resistance IkOl 

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, POO
P07) 

These 32 lines are arranged into four B-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under softwC!re control of the data di
rection registers. Port D is a fixed in~ort. Port D bit 6 
may be used for a second interrupt (lNT2). 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 

·DDR is a write-only register and reads as. all "'.s" 

data direction register (DDR). Port D is 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 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, corresponds to the latched 
output when the DDR is an output (one). Refer to Table 
1 for 110 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. I/O 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 are three-state ports. Port A has an internal 
pullup devices to provide CMOS data drive capability. 

Figure 3. Typical Port I/O Circuitry and 
Register Configuration 
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MEMORV 

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 
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 over
written 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 isa general purpose 8-bit register 
used to hold operands and results of arithmetic calcu
lations or data manipulations. 

7 

A 

Page Zero ! 000 
Access With 

Short 127 
Instructions 128 

255 
256 

3895 
3896 
3897 
3967 
3968 

(
= , .4(lI9 

Interrupt. .= 
Vectors 4092 

, 4093 
" 4094 

4095 

I/O Ports Timer 
and 

RAM' 
(128 Bytes) 

Page Zero 
User EPROM 

__ 'E8~t~ ,... _ 

: User 
Main 

EPROM 
(3640 Bytes) 

t--...,.----
Mask Option Register 

Not Used 

Bootstrap 
ROM 

, (120 Bytes) 

Timer Interrupt 

~----.:....-
External Interrupt 

r.--------
SWI 

r.-------
RESET 

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 mayalso 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 decreme,nted as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits 9f 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 
le"el50f subroutine calls (less if interrupts are allowed). 

$000 

$07F 
$000 

~:OFF 
$100 

$F37 
$F38 
$F39 
$F7F 
$F80 

$FF7 
$FF8 

$FF9 
$FFA 

$FFB 
$FFC 

$FFD 
$FFE 
$FFF 

" 5 4 0 

1 0 1 0 1 0 1 0 1 0 I, I, I sp I 

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 0 Data Register 

Port A DDR* 

Port B DDR* 

Port C DDR* 

Not Used 

Timer Data f'legister 

Timer Control Register 

Miscellaneous Register 

Program Control Register 

Not Used 

RAM 
(112 Bytes) 

Stack, 
(31 Bytes Maximum) 

t 

$000 

Sool 

$002 

$003 

$004 

$005 

$006 

S007 

$008 

$009 

$ooA 

$ooB 

$ooC-$ooF 
$010 

$07F 

·Caution: Data direction registers !DDRs) are write-only; they read' as SFF, 

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. 

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 1). 

Zero IZ) 

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 

1 I 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 
oftRHL milliseconds is required before allowing RESET 
input to go high. Connectiriga capacitor to the RESET 
input (Figure 5) typically provides sufficient delay. 

1 -VCC--~j'~. __ ~----_ 
:r: 10/LF 

(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 
(tcyel. 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 (lNT2) 
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. 

2 o Pull 

Condition Code Register 

1 

n-4 

n-3 

n-2 

n-l 

Accumulator n+2 n+l j 
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 Stackil'lg.Order 
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NOT~ 

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 nextinstruction 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 
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 

1.1 (in CC) 
07F. SP 
O.DDRs ' 

CLR INT Logic 
FF. Timer 
TCR6.1 
TCR7.0 

Load Options From 
MOR ($F38) Into 

Control Logic 

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 isserv
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 statu~ bit can only be cleared by software. 

EXTERNAL INTERRUPT 

, The external interrupt is internruJy synchronized and 
then latched on the falling edge of I NT and INT2. Clearing 
the I bit enables the external interrupt. ThelNT2 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 

Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 

Timer or 
INT2: FFB/FF9 

Figure 7. Reset and Interrupt Processing Flowchart 
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following paragraphs describe two typical extemal in
terruptcircuits. 

Zero-Crossing Interrupt. 

A sinusoidal input signal (fINT maximum) can be used 
to generate an exter'nal interrupt (see Figwe8a) for use 
as a zero-crossing' detector (for negative transitions 'of 
the ac sinusoid). This type of circuita'ilows applications 
such as servicingtime-of-day ro'utines 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) 

TheSWI 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~ 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-Crosaing Interrupt 

ac ICurrent 
Input , 

ItlNT Max,)~'mit'ng) . .. 2 iNT 
Asl MO 
aclnput!S R. 0.1-1.0 
10 Vac pop . "F 

MCU 

MC68705P3/R31U3 8-8ft EPROM Microcomputer Pro
gramming Module (AN-8571D Rev. 2). 

TIMER 

The MCU consists of an 8-bitsoftware programmable 
counter driven bya 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 
timerbldck 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 py 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. TheTDR 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 mol:ie, depending on the value written to TCR 
.control bits 4 and 5 (TIE and TIN). The following para
graphs describe the different modes. 

TTL 

(b) Digital-Signal Interrupt 

Vee 

4.7 k 

Level 2 iNT 
Dlgltal--.... ---t 
Input 

MCU 

lJ·-~-
Figure 8. Typical Interrupt Circuits 
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8 

Timer Data Register (TOR) 
8-Bit Counter 

7-Blt Prescaler Select 
~ _______ ---411-of-8 

Clear 

3 

Timer Control Register Bits: 

Set 

TIR - Timer Interrupt Request Status 
TIM -- Timer Interrupt Mask 
TIN - Timer Input Select 
TIE- Timer External Input Enable 
PSC - Prescaler Clear 
PS2, PS1, PSO~ Prescaler Select 

Timer Control Register (TCA) 

Mask Option Register Bits 
CLK - Clock Oscillator Type 
TOPT- Timer Maskl Programmable Option 
CLS - Timer Clock Source 
(TIE) - (Timer External Input Enable) 
SNM,...,. Secure/Non-Secure Mode Option 
P2, Pl, PO- Prescaler Option 

Figure 9. Timer Block Diagram 
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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 signalsare ANDedto 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 tile 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 andTIN 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 :;s; 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 ofthe 
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 

I TIR I TIM I 

TCR with MOR TOPT=O 
7 6 5 

I TIR I TIM TIN 

RESET: 
o u 

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 (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 

PSG -::- 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= 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. 

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) 
0= 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 if TOPT = O. 

1 = Not used 
0= 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 Pl 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 , , 0 64 

1 1 1 128 

PROGRAMMING CONTROL REGISTER (PCR) $OOB 

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 
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 highvolta.IDUlt 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 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 "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, MC68705P31R3IU3 8-
bit EPROM Microcomputer Programming Module (AN-
857/0 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 MC6805U2. 

2. The reserved ROM areas have different data stored 
in them. In the MC6805U2 this area is used for self 
check, and in the MC68705U3 this area is used for 
the bootstrap program. 

3. The MC6805U2 reads all oneS in the 48 byte "future 
RAM" area. This area is not implemented on the 
MC6805U2/U3 mask ROM version but is imple
mented on the MC68705U3. 

4. The MC68705U3 Vpp (pin 7) line is tied to VCC dur
ing normal, operations. On MC6805U2, this pin is 
grounded during normal operations, and on the 
MC6805U3, this pin is not connected. 

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 listing. 

Function Mnemonic 

Lo~d A from Memory LDA 

Load X; from Memory LOX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to A ADO 

Add Memory and Carry to A ADC 

Subtract Memory SUB 

Subtract Memory from A with Borrow' SSC 

AND Memory to A AND 

OR Memory with A ORA 

Exclusive OR Memory with A EdR 

Arithmetic Compare A with Memory CMP 

Arithmetic Compare X with Memory CPX 

Binest 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 conte,nts, and write the modified 
vCllue 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 d,oesnot 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 BeC 

(Branch if Higher or Same) (BHS) 

E!ranch if Carry $et BCS 

(Branch it Lower) (BLO) 

Branch if Not Equal BNE 

Branch if Equal BEQ 

Branch if Half Carry Clear BHCC 

Branch if Half Carly Set SHCS 
:. 

Branch if Plus BPL 

Branch if Minus BMI 

Branch if Interrupt Mask Bit is Clear BMC 

Branch if h,terrupt Mallk 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, arid 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 n (n;"O ... 7) 

Clear Bit n BCLR n (n=O ... 7) 

CONTROL INSTRUCnONS 

These instructions are register reference instructions 
and are used to control processor operation during pre
gram executien. Refer to. the fellewing list fer centrel 
instructiens. 

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 epcede map fer the instructiens used en 
the MCU. 

ADDRESSING MODES 

The MCU uses ten different addressing medes to. pre
vide the programmer with an eppertunity to. eptimize the· 
cede fer all situatiens. The varieus indexed addressing 
medes make it pessible to. lecate data tables, cede cen
versien tables; and scaling tables anywhere in the mem
ery space( Shert indexed accesses are single~byte 
instructions, while the lengest instructiens(three bytes) 
permit accessing tables threugheut memery. Short and 
leng abselute addreSsing is also. included. Twe-byte direct
addressing instructiens access all data bytes in mest ap
plicatiens. Extended addressing permits jump instruc
tiens to. reach all memery. 

The term "effective address" (EA) is used in describing 
the varieus addressing modes. Effective address is de
fined as the address frem which the argument fer an 
instructien is fetched or stered. 

IMMEDIATE 

In the immediate addressing mode, the operand is con
tained in the byte immediately fellowing the epcode. The 
immediate addressing mede is used to access censtants 
that de net change during program executien (e.g., a 
censtant used to. initialize a loep counter). 

DIRECT 

In the direct addressing mede, the effective address of 
the argument is centained in a single byte fellewing the 
epcede byte. Direct addressing allows the user to. directly 
address .the lewest 256 bytes in memery with a single 
twe-byte instructien. 

EXTENDED 

In the extended addressing mede, the effective address 
ef the argument is centained in the two. bytes fellewing 
theopcede byte. Instructiens with extended addressing 
mede are capable ef referencing arguments anywhere in 
memery with a single three-bYte instruction. 

RELATIVE 

The relative addressing mede is enly used in branch 
instructiens. In relative addressing, the centents ef the 8-
bit signed byte (the effset) fellewing the epcede is added 
to. the PC if, and enly if, the branch cenditiens are true. 
Otherwise, centrel preceeds to. the next instructien. The 
span ef relative addressing is frem -126 to. + 129 frem 
the epcede address. 

INDEXED, .NO OFFSET 

In the indexed, no. effset addressing mede, the effective 
address ef the argument is centained in the 8-bit index 
register. Thus, this addressing mede can access the first 
256 memery lecatiens. These instructiens are enly ene 
byte leng. This mede is eften used to. meve a peinter 
threugh a ,table er to. hold the address ef a frequently 
referenced RAMor 1/0 lecatien. 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit effset addressing mede, the ef
fective address is the sum ef the contents enhe unsigned 
a-bit index register and the unsignedbytefollewing the 
epcede. The addressing mede is useful fer selecting the 
Kth element in· an n element table. With this two-byte 
instructien, K weuldtypically be in X with the address ef 
the beginning ef the table in the instructien. As such, 
tables may begin anywhere within the first 256 address
able lecationsand ceuld extend as far as lecatien 510 
($1 FE is the .·Iast location at which, the instructien may 

. begin).· , 

INDEXED, 16-BIT OFFSET 

In the indexed,16'-biteffset addressing mode, the ef
fective address is the sum ef the contents ef the unsigned 
8-bit index registerandthe two. unsigned bytes fellewing 
the epcede. This addressing mede can be used in a man
ner similar to. indexed, 8-bit offset except that this three
byte instructien allews tables to be anywhere in memery. 
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Table 3. Opcode Map 

Bit~.1 BrMCh Read-Modify-Write Control R~/~ 
IMM I DIR T EXT ~ I 1X1 J-----nc BTR BSC l----.rEL T DIR INti INH IXI IX - I INH I INH 

~L_~~I70 T J,1 4 
0100 

5 6 
0101 0110 ~_I£o 1£1 1:'0 1:'1 I~ T 1~ I ~1~O 1[,1 

OlD) 3 BTB 2 Bse 2 REl 2 OIR II 110 17 14 15 14 o BRSETO BSETO BRA NEG 
-4 ~ NEG NEG NEG 

INH II INH 2 IX I 
6 19 • NEG RTI 
I I INH 

10 -- 11 -- I" 
1 1 BRCLRO BCLRO BRN 

0001 3 BTB 2 Bse 2 REl 

1
10 ]'--' --1: 2 BRSETl BSET1 BHI 

0010 3 BTB 2 ~C R<I 

10 17 -1 4 16 14 3 BRCLR1 BCLR1 BLS. COM COMA 
0011 13 BTB 2 Bse 2 REl 2 DtA I INH 

4 17 16 
COMX COM COM 

1 lNH 2 IXl 1 IX 

1
10 ,-7 -[4-- 1-6 14 

4 BRSET2 BSET2 BCC LSR LSRA 4 17 1
6 

LSRX LSR LSR 
~ 3 ~2 ~2 ~2 ~I _ 1 INH 2 IXl 1 

J]-- ·1-,-----'4 5 BRCLR2 BCLR2 BCS 
0101 3 .. BTB 2 Bse 2 REt 

110 I'-C--l: --- ,-6 W 4 . 14 '17 6 BRSET3 BSET3 BNE . ROR .RORA RORX ROR 
0110 3 BTB 2 Bse- - . ..lIll L_ I __ INH L --.J!IIH 2 IX I I I 

ROR 

10·· r l4 --:16 _-[4 14 -.-]1 - i6 
7 BRCLR3 BCLR3 BEO ASR.ASRA . ASRX ASR 

0111 13 BTB_ 2 - BSe.2 ..B.El. L rnR I _ INH I INH 2 IXI I I 
ASR 

110 17. -.]-4.· T6-···[ --''-··~-7 .-16 
8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL 

1000 3 BTB. 2· Bse 2 REl 2 DIR I INH I INH 2 IX I I 
LSL 

9 BRCLR4 BCLR4 BHeS ROL ROLA ROLX ROL 10 r· r 1
6 ~4 ~·~·r--T6 

1001 13 BTB 2 sse 2 _AEL 2 OIR 1 INH I INH 2 IXI I I 
ROL 

La -J7 " -,6 
1010 3 -- BTl!. 2 __ Bse IXI I I 
A BRSET5 BSET5 DEC DEC 

B BRCLR5 BCLR5 BMI 10 r r 
_!lUI ~3 _ BTB_ 2 _BSe.2 llEl 

C BRSET6 8SET6 BMC INC INCA INCX INC INC r r 14-~ 
1100 3 BTB 2 Bse 2 REl 2 QIR II INH i I INH I 2 IXI I I IX 

F 
1111 

10 -17-- ,4 
BRCLR7 BCLR7 I BIH 

3 BTB 2 Bse 2 REL I 2 

AbbnIvietiona for Add,... Model 

TST [6 TST 
IXl I, IX 

TSTX 
INH I 2 

CLR 
IXI I I 

4 

CLR CIR II CLR~NH II CLR~NH I 2 
CLR 

RTS 
INH 

SWI 
INH 

TAX 
INH 

12 14 1
5 

1
6 

15 I" SUB SUB SUB SUB SUB SUB 
2 IMM 2 . DIR:L EXT' Ix2 2 IXI 1 IX 

2 14 IS - 16 -1 5 I" CMP CMP CMP CMP CMP CMP 
2 IMM 2 DIR 3 EXT 3 IX2~. IXI I IX 

SBC SBC. SBC SBC - SBC SBC r- -~ 4- -1: J 6 15 
]4 

I 2 IMM l._DIR J. EXT 3 IX2 2 IXI 1 IX 

CPX CPX CPX CPX CPX CPX I 15 16 J5 I· 
IMM I 2 DIR 3 EXT 3 IX 2 _1)\1 1 IX 

AND 
IX 2 r·~ 1:- - .,._,--- }4 

BIT BIT BIT BIT BIT BIT 
12 --.lMM 2 DIR 3 EXT 3 IX2 2 IXI I ---.llt 

LOA LOA LOA - LOA LOA LOA 1 14 1
5 r ~ J4 LL ~M _2 _.PIR L EltT_ 3 IX2 2 IXI 1 IX 

5 16 ]7 16 . L5 STA STA STA STA STA 
DIR 3 EXT 3 IX2 2 IXI J ---.lX 

CLC EOR EOR EOR EOR EOR EOR ~-;W-'---:T: - r ~ ~ 
II INH 12 IMM.2 .DIR 3_ El(I 3 _ IX IXI I IX 

SEC ADC ADC AOC ADC AOC _ ADC 2 12 14 - :1--J:-. -,.5- -_J4 
INH 2 IMM 2 CIR. 3 EXT 3 IX2 2 IXI I IX 

ORA ORA L~. 
2 IXI 1 IX 

SEI ADO ADD ADD ADO ADO ADO 12 12 14 15 J:- -11>- J. 
I INH 2 IMM 2 CIR 3 EXT 3 IX2 2 IXI I IX 

RSP JMP JMP JMP JMP JMP -, -13--:1: -- .15 14 13 

INH 2 DIR 3 EXT 3 IX2 2 IXI I IX 
L---,r.-----~----~~--~rt----~ 

TXA 
INH 

JSR 
IX 

LOX 
IX 

5 16 17 I--r-~ STX STX STX STX STX 
DIR 3 EXT 3 IX2 2 IXI 1 IX 

LEGEND 

~ 
o 

OlD) 

I 
0001 

2 
0010 

3 
mIl 

4 
O1m 

5 
0101 

6 
0110 

7 
0111 

8 
10m 

9 
1001 

A 
1010 

B 
1011 

C 
1100 

o 
!.!2! 
E 

1110 

F 
1111 

Inherent 
Immediate 
Direct 
Extended 
Relative 

# of Cycles 4 j ,f,';1 
M",m"". ; ~ SUB 

Opcode in Binary 

Bit Setl Clear Bytes 1 IX 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Bit Test and Branch 
Indexed (No Offsetl '------------ Address Mode 

Indexed. 1 Byte (S-Bit) Offset 
Indexed. 2 Byte (18-Bit) Offset 

s: 
(") 
(7) 
00 ..... 
Q 
U'1 
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 relative8-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 VCC -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 
MC68705U3 o to + 70 
MC68705U3C -40 to +85 

Storage Temperature Range TstQ -55 to +150 

Junction Temperature TJ 
Cerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 
Cerdip 8JA 60 

POWER CONSIDERATIONS 

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

where: 
TA 
6JA 

Po 
PINT 
PpORT 

TJ=TA+(PO 0 6JA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+PPORT 
= ICC x VCC, Watts - Chip Internal Power 
= Port Power Oissipation, 

Watts - User Oetermined 

Unit 

V 

V 

°c 

°c 

°CIW 

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 Yin and Vout be constrained 
to the range VSS,,;(Vin and Vout)";VCC. 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 
VCC)· 

For most applications' PPORT<PINT and can be ne
glected. PPORT may become significant if the device is 
configured to drive Oarlington bases or sink LEO 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 0 (T A + 273°C) + 6JAoP0 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 T A' 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 T A 
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PROGRAM/VIING OPERATI9N ELECTRICAL CHARACTERISTICS 
(VDO=5.25 Vdc. ±0.5%, VSS=O Vdc,TA=20 to 30°C, unless otherwise noted) 

Characteristic Symbol Min 

ProQramming Voltage .,-, Vpp 20.0 

Vpp Supply Current Ipp 
Vpp7' 5.25 V -
Vpp=21.0 V -

Programming Oscillator Frequency fos~ 0.9 

Bootstrap Programming Mode Voltage V,HTP 9.0 
(TIMER Pin) @ IIHTP~ 100'j.l.A Maximum 

, 

ELECTRICAL CHARACTERISTICS 
(Vec= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=ooe to 70°C, unless otherWise noted) 

Characteristic Symbol 

Input High Voltage V,H 
RESET (4.99 .,; Vec .,; 5.51) 

(VCC < 4.75) 
INT 4.99"; VCC .,; 5.51) 

(VCC < 4.75) 
All Other 

Input High Voltage (TIMER Pin) V,H 
Timer Mode 
Bootstrap Programming Mode 

Input' Low Voltage V,L 
RESET . 
INT 
All Other 

Internal Power Dissipation (No Port Loading, VCC=5.25 V TA=O°C P,NT 
for Steady-State Operation) . TA= -40°C 

Input Capacitance Cin 
EXTAL 
All Other 

INT Zero-Crossing Input Voltage - Through a Cap.acitor V,NT 

RESET Hysteresis Voltage 
Out of Reset Voltage V'RES+ 
Into Reset Voltage V'RES-

Programming Voltage (Vpp Pin) Vpp* 
Programming EPROM 
Operating Mode 

Input Current 
TIMER (Vin=0.4 V) 
INT (Vin=0.4 V) 
EXTAL (Vin=2.4 V to VCC Crystal Option) 'in 
__ (Vin=0.4Y,Crystal Option) 
RESET (Vin =0,8 V) IRES 
(External Capacitor Changing Current) 

~--

*Vpp (pin 7) is connected to VCC in the hormal 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-0.5 

4.0 
VCC-0.5 

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 
- Vec 
- Vec 
** VCC 
** VCC 
- VCC 

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~ 

- 4.0 .V 
- 2.0 

V 
21.0 22.0 
Vce 5.75 

/LA 
- 20 
20 50 
- 10 _. -1600 
- -40 
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SWITCHING CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 V, VSS=O Vdc, TA=O'C to 70'C, unless otherwise noted) 

Characteristic Symbol Min 

Oscillator Frequency tosc 
Normal 0.4 

Instruction Cycle Time (4/toscl tC'LC 0.950 

INT, INT2, or Timer Puls.e Width twL, tWH tcyc +250 

RESET Pulse Width tRWL tcyc+ 25O 

RESET Delay Time (External Cap = 1.0 fLF) tRHL 100 

INT Zero Crossing Detection .Input Frequency tiNT 0.03' 

External Clock Duty Cycle (EXTAL) - 40 

Crystal Oscillator Start-Up Time - ~- -

PORT ELECTRICAL CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=O' to 70'C, unless otherwise noted) 

Characteristic Symbol Min Typ 

Port A 

Output Low Voltage, ILoad= 1.6 mA VOL - -
Output High Voltage, ILoad = - 1 00 ~ VOH 2.4 -
Output High Voltage,!t.oad = - 1 0 ~ VOH VCC-1.0 -
Input High Voltage, ILoad='-300ILA (Max) VIH 2.0 -
Input Low Voltage, ILoad = - 500 ~ (Max) VIL VSS -
Hi-Z State Input Current (Vin=2.0 V to VCC) IIH - -
Hi-Z State Input Current (Vin = 0.4 V) IlL - -

Port B 

Output Low Voltage, ILoad ~ 3.2 mA VOL - -
Output Low Voltage, ILoad = 10 mA (Sink) VOL - -
Output High Voltage, ILoad = - 200 ~ VOH 2.4 -
Darlington Current Drive (Source), VO=1.5 V IOH -1.0 -
Input High Voltage VIH 2.0 -
Input Low Voltage VIL VSS -
Hi-Z State Input Current ITSI - <2 

Port C 

Output Low Voltage, ILoad = 1.6 rnA VOL .- -
Output High Voltage, ILoad = -100 ~ VOH 2.4 -
Input High Voltage VIH 2.0 -
Input Low Voltage VIL VSS -
Hi-Z State Input Current ITSI - <2 

Port D (Input Only) 

Input High Voltage VIH 2.0 -
Input Low Voltage VIL VSS -
Input Current lin - <1 
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Typ Max Unit 

MHz 
- 4.2 

- 10 fLs 

- - ns 

- - ns 

- - ms 

- 1.0 kHz 

50 60 % 

- 100 ms 

Max Unit 

0.4 V 

- V I 
- '. V 

VCC V 

0.8 V 

-300 fLA 

-500 fLA 

0.4 V 

1.0 V 

- V 

-10 rnA 

Vee V 

0.8 V 

10 fLA 

0.4 V 

- V 

Vee V 

0.8 V 

10 fLA 

Vee V 

0.8 V 

5 fLA 



I 

Test 
Point 

40 pF 
(Total) 

MMD6150 
or Equiv. 

12 kO 

Figure 10. TTL Equivalent Test Load 
(Port B) 

Test 
Point 

30 pF 
(Total) 

MMD6150 
or Equiv. 

24kO 

Figure 12. TTL Equivalent Test Load 
(Ports A and C) 

~VDD 

MC68705U3 

f PortA CMOS 
k Puliup Option 

I 

PortDDR 

Port Data 

IP= Input Protection 

Figure 14. Ports A and C Logic Diagram 

~JVI.,..,...~t-----l"To I/O Logic 

Figure 16. Typical Input Protection 

Test Point 0---... ± 30 pF (TotalJ 

Figure 11. CMOS Equivalent Test Load 
(Port A) 

Test 
Point 

~~.~~~75V 

T 30 pF (Total) 

Figure 13. Open-Drain Equivalent Test Load 
(Port C) 

VDD 

1-10 k Tvp. 

PB DDR 

PB Data 

I P = I nput Protection 

Figure 15. Port B Logic Diagram 

Vary V. 

TestPo~int ~ 

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 

Package Type Temperature Order Number 

Cerdip 
S Suffix 

0° to 70°C 
- 40° to + 85°C 

MECHANICAL DATA 

PD7 17 

PD6/1N'!'2 18 

PD5 19 

PD4 20 

PA2 

PB5 

PSI 

PBO 

MC68705U3S 
MC68705U3CS 

MOTOROLA MICROPROCESSOR DATA 

3-691 

II 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 
MC68705U5 

I 

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 If 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 110 
• Versatile Interrupt Handling 
• Bit Manipulation 
• Bit Test and Branch Instruction 

TIMER 

Port 
A 

110 
lines 

Port 
B 

1/0 
lines 

Data 
Oir 
Reg 

Dillil 
011 

3776 x8 
EPROM 

x 
BootslrillJ 

ROM 

8 

8 

5 

5 

8 

• Vectored Interrupts 
• BootstraiJProgram in ROM 
• 3776 Bytes of EPROM 
• 112 Bytes of RAM 

• 241/0 Pins 
• EPROM Security Feature 

BLOCK DIAGRAM 

RESET VppiNf 

Accumulator 

A CPU 

Index Conlrol 

Reglstm 
X 

Condition 
Code 

Register CC 
CPU 

Stilck ' 
POinter 

SP 

Program 
Counter 

High PCH ALU 
Program 
Counler 

low PCl 
112x8 
RAM 

This document contains information on a new product. Specifications 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. Vce is + 5.25 volts (± 0.5.1) power, and VSS is 
ground. ' 

Vpp 
This pin is used when programming the EPROM. In 

normal operation, this pin is connected to Vcc. 

INT 
This pin provides the capability for asynchronously ap

plying on external interrupt to the MCU. Refer to INTER
RUPTS for more detailed information. 

EXTAL,XTAL 

These pins pr9vide 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 f9SC is shown in Figure 2. 

C, 

EXTAL -G', ' ~, RS XTAL 
5 -~ . 6 

External 
Clock 
Input 

AT - Cut Parallel Resonance Crystal 
Co ",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" and RS values. 

6 XTAL 

MCU 
5 EXTAL (CrystalOption, 

See Note 1) 

6 XTAL 

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 di$tortion and startup stabiliiation time. Refer 
to ELECTRICAL SPECIFICATIONS for VCC specifications. 

External Clock 

An external clock.should be applied to the EXTAL input 
with the XTAL input connected to VSS, as showliin Fig
ure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 

TIMER 

This pi" is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage ,level ,u,sed 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 1) 

6 XTAL 

VCC 

MCU 
(CrystalOption, 

See Note 1) 

XTAL 
~V'.J'V---I 

MCU 
5 EXTAL (RC Option, 

No See Note 11 
Connection 

External Clock 

Approximately 25% to 50% Accuracy 
Typical tcyc= 1.25 "s 

External Jumper 

Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerancel 

External Resistor 

NOTES: 
1. For the MC68705U5 MaR b7=0 for the crystal option and MaR b7= 1 for the RC option. When the TIMER input pin is in the 

VIHTP range (in the bootstrap EPROM programming mode). the crystal option is forced. When the TIMER input is at or below 
VCC. 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 frequenciesother ,han 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 r----r-----------------, 
7.0 

~ 6.0 

> 
~ 5.0 
::l ! 4.0 

~ 3.0 

'0 2.0 
o 

1.0 

10 20 

VCC=525 Y 
TA= 25°C 

30 40 50 
ReSistance Iko) 

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-bitports(A, 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 0 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 (lNT2). Refer to PROGRAMMING 
for additional information. 

PROGRAMMING 

INPUT/OUTPUT PROGRAMMING 

Ports A, 8, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). Port 0 is input only. The port 1/ 
o programming is accomplished by writing the corre
sponding 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 t~e latched output 
when the DDR is an output (1). Refer to Table 1 for I/O 
functions and to Figure 3 for typical port circuitry. 

NOTE 

Read-modify-write instructions Should not be used 
when writing to the DDR since DDRs always read 
as 'one'. 

Table 1. I/O 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 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 I/O 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 I/O. 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 

Figure 3.· Typical Port I/O Circuitry and 
Register Configuration 
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Page Zero 
Access With 

1

000 

Shan 127 

Instructions : 

266 

3896 
3896 
3897 
3967 
3968 

. 07 

Interrupt I§ 
Vectors 4092 

4093 
4094 
4096 

7 

1/0 Ports Timer 
and 
RAM 

1128 Bytes) 

Page Zero 
User EPROM 

~ _ ~28!.vt~ __ 

User 
Main 

EPROM 
(3640 Bytes) 

1---.,.----
Mask Option Register 

Not Used 
Bootstrap 

ROM 
1120 Bytes) 

Timer Interrupt 

~------
Extemallnterrupt 1--------

SWI 1-------
RESET 

$000 0 

1 

$07F 2 
$(8) 3 

I\oFF 4 

$100 5 

6 

7 

8 

9 

$F37 10 

$F38 11 
$F39 12 $F7F 15 
$F80 16 

$FF7 
$FFS 

$FF9 
$FFA 

$FFB 
$FFC 

$FFD 
$FFE 
$FFF 

127 

766432.10 

Port A Data Register 

Port B Data Register 

Port C Data Register 

Port·D Data Register 

PortADDR* 

PortB DDR* 

PortCDDR* 

'NotUsed 

Timer Data Register 

TimefControl Register 

Miscellaneous Register 

Program Control Register 

Not Used 

RAM 
(112 Bytes) 

Stack 
(31 Bytes Maximum) 

+ 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$006 

$009 

$OOA 

$OOB 

$OOC-$OOF 
$010 

$07F 

* caution: Data direction registers (DDRs) 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 

I 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 0 

PCH pel 1 

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 thEm 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 1 0 1 0 1 0 1 0 11 1 1 I SP 

CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used toiridicate 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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4 0 

I HI I N I z Ie I 
Half Carry (H) 

This bit is set during ADD 'and ADC opera~ions to in
dicate that a carry occurred between bits 3 an~' 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 andis 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) 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 gener~tor to stabilize. 'The power-on 
reset is used strictly fqrpower turn~on voltatg~.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. 

6 5 

1 1 1 I 1 I 
4 

1 --- ::r:: 10 .... F 

(MCU) 

Figure 5. Power-Up RESET Delay Circuit 

EXTER~ALRESETINPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(tcyel. 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 0 (lNT2) 
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 prQcessing 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 

Th~, 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 unma,sked 

3 2 o Pull 

Condition Code Register 

I 
n-4 

n-3 

n-2 

n-l 

Accumulator 

Index Register 

1 r iI, 1 I 1 I PCH~ 

n PCl-

Push .. ,' 

- For subroutine calls, ~nly P<:;H 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 t,ime 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 ofthe 
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, 

1.1 (in CC) 
07F. SP 
O. DDRs 

CLR INT Logic 
FF. Timer 
TCR6.1 
TCR7.0 

Load Options From 
MOR ($F38) Into 

Control Logic 

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~ 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 whEm 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. 

Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 

Timer or 
INT2: FF81 FF9 

Figure 7. Reset and Interrupt Processing Flowchart 

MOTOROLA MICROPROCESSOR DATA 

3-697 

II 



II 

MC68705U5 

Zero-Crossing Interrupt 

A sinusoidal input signal (fINT maximum) can be used 
to generate an exte'rnal interrupt (see Figure 8a) 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
engagingac 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 PCOpin is within its normal operational range, 
and (3) the V...f..E...E.0 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/R31U3 8-Bit EPROM 
Microcomputer Programming Module (AN-857 Rev.2). 

(al Zero-Crossing Interrupt 

In~ut (Current 

(liNT MaX.)~Llml!ln9) 2 iNT 
Rs1 MO 

ac Inputs R. 0.1-1.0 
10 Vac p-p I'F 

MCU 

TIMER 

The MCU consists of an 8-bit software programmable 
counter driven bya 7-bit software programmable pres
caler. The various timer sources are made via the timer 
control register (TCR) and/or the mask option register 
(MaR). 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 raPT (bit 6) in the MaR 

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 

(bl Digital-Signal Interrupt 

VCC 

4.7 k 

Level 2 iNT 
DI9I1al--..... '"""-4 
Input 

lJ 

MCU 

Figure 8. Typical Interrupt Circuits 
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TIR - Timer Interrupt Request Status 

TIM -- Timer Interrupt Mask 
TIN - Timer Input Select 
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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 ~ 

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 
e)(ternal input must be .:; fosc/S. ' 

MOR CONTROLLED MODE 

This mode is selected when TOPT (bit 6) in the MOR 
fs programmed to logic one. T.he timer circuits are the 
$ame 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, ,; 2, and 5 in the MOR control the pres
caler division and the timer clock selection. TIE (bit 4) and 
PSC (bit 3) inthe TCR are set to a logic one when in the 
MOR contwlled mode. TIM (bit 6) and TIR (bit 7) are 
controlled 'by the counter and software. 

TIMER CONTROL REGISTER (TCR) $009 

This is an S-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 MC6S05U2; when 
TOPT = 0, the TCR is controlled by software. ' 

TCR with MaR TOPT = 1 
7 6 5 

\ TIR \ TIM I 
TCR with MaR TOPT = 0 

7 6 5 

I TIR I TIM TIN 

RESET: 
o u 

PSC 

PSC PS2 PSI 

u u u u 

*The value of corresponding bits in MaR 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 . 
o = Int~rruptenabled 

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. 

7 6 

\' ClK I TaPT I ClS SNM 

ClK - Clock (oscillator type) 
1 = Resistor Capacitor (RC) 
O=Crystal 

P2 PI 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. 

O~AII 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 = O. 

1 =Not used 
O=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. 

Presealer 

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 wit~ MOR TOPT = 1 
7 6 5 2 

1 I VPON I PGE PlE 

RESET: 
U U U U U U 

PLE - Programming Latch Enabe 
Controls address and data being latched into the 
EPROM. Set during reset, but maybe 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 (ifPLE is low) 

VPON - VppOn 
A read-only bit th~t 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 th~ 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 O. Programming' mode (program 
EPROM byte) 

1 0 0 PGE and PlEdisabled 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-ihten

sityultraviolet (UV) light with a wavelength of2537· angs
troms. The recommended integrated dose (UVintensity 
x exposuretime) is 25Ws/cm2 . The lamps should be 
used without software filters andt~e 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 
EPROMsmay 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, MC68705P31 
R3/U3 Bcbit EPROM Microcomputer Programming Mod~ 
ule(AN-857 Rev.2) for schematicdiilgrams and instruc- . 
tionson 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 folloVl(ing identify the few minor 
exceptions to the exactness of the emulation. 

1. The MC6805U2 "future ROM" areas are imple
mented in the MC68705U5 and these 1728 bytes 
must be left unprogrammed to accurately simulate 
the MC6805U2. 

2. The reserved ROM areas have different data stored 
in them. In the MC6805U2 this area i~ used for self 
check, and in the MC68705U5 this area is used for 
the bootstrap program. 

3. The MC6805U2 reads all ones in the 48 byte "future 
RAM" area. This area is not implemented on the 
MC6805U2/U3 mask ROM version but isimple
mented on the MC68705U5. 

4. The MC68705U5Vpp (pin 7) line is tied to Vec dur
ing normal operations. On MC6805U2, this pin is 
grounded during normal operations; on the 
MC6805U3, this pin is not connected. 

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 Memo.ry LDX 

Store A in Memory STA 

Store X in Memory STX 

Add Memory to. A ADD 

Add Memo.ry and Carry to' A ADC 

Subtract Memo.ry SUB 

Subtract Memo.ry fro.m A ,with Bo.rro.w SBC 

AND Memo.ry to A AND 

OR Memory with A 
" 

ORA 

Exclusive OR,Memo.ry with A, EOR 

Arithmetic Co.mpare A with Memo.ry CMP 

ArithmeticCo.mpare X with Memo.ry CPX 

Bit Test Memo.ry with A (Lo.gical Co.mpare) BIT 

Jump Unco.nditio.nal JMP 

Jump to. Subro.utine 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 

Co.mplement COM 

Negate (2's Complement) NEG 

Ro.tate Left Thru Carry ROL 

Rotate Right Thru Carry ROR 

Lo.gical Shift Left LSL 

Lo.gical Shift Right LSR 

Arithmetic Shift Right ASR 

Test fo.r Negative o.r 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 o.r Same BLS 

Branch if Carry Clear BCC 

(Branch if Higher o.r Same) (BHS) 

Branch if Carry Set BCS 

(Branch if Lower) (BLO) 

Branch if No.t 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. Subro.utine 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 bit tested is also placed in the carry bit ofthe 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 

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 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 
mem'ory 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 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 be.ginanywhere within the first 256 address
able . locations and cou Id extend as far as ·Iocation 510 
($1 FE is the last location at which the instruction may 
begin). 
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Bit Manipulation Branch 
BTIt BSe BEL DIR 

~ ~ ~1 J,o J,1 

~ I :BRSEJfR , BSE~~(' .: BRAIlll ~~. NEGOIR 
10 7 4 

1 
3
BRCL

:fB 2 BCL~~c BRN 
0001 2 AEL 

I'!. 7 4 
2 

3
BRSE

Jis 2 BSE11c 2 BHIREI 0010 

L:~RCL~T'B 
7 4 6 

3 2BCL~L .2 BLSAEI 
2 COM

OIR 0011 
12, 7 4 6 

4 
13

BRSE
JtB 2 BSE1~c .2 BCC

REL 2 LS'bTR 0100 
1!( 7 4 

01~1 13BRCL~tB 2 BCL~~c 7 BCS
AEl 

12, 7 4 6 

o~o 13
BRSE

JiB 2 BSE1~c BNE 2 ROR
DIR 2 AEL 

'2.. 7 4 6 

01~1 13
BRCL

:iB 2BCL~~c 2 BE~ 2 ASR
DlR 

I:BRSE~ 
7 4 6 

,~ ~BSE1tc 2 BHC~ 2 LSL
DIA 

10. J 4 6 
9 13BRCL~:S 2 BCL~~c 2 BHC~R 2 ROL

OIR 1001 

I!RSEJiB 

7 4 6 

1~0 2 BSE1~c BPL . DEC 
2 AEL 2 DIA 

10 7 4 

,J\1 13
BRCL:ta 2 BCL~~c BMI 

2 ~L 

1:~RSEJfB 
4 6 

lfoo 2 BSE1~c 2 BM~EL INC 
2 DIR 

I'!., 4 
: TST

DIA 1 Pol 13
BRCL

:fB 2 BCL~~c 2 BM~ll 
10 7 4 

11~O 13
BRSE

JIB 2 BSE1~c BIL 
2 REL 

ISRCLR7 
7 4 6 

F ~~~CI2 ~AEL CLR 
1111 3 B~ 2 DIA 

Abbreviation. for Add"", Model 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IXl 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and Branch 
Indexed (No Offset) 
Indexed. 1 Byte (S-Bit) Offset 
Indexed. 2 Byte (l6-Bit) Offset 

4 

1 

4 

, 
4 

, 

. 
, 
4 

, 
4 

, 
4 

, 
4 

, 

. 
, 
4 

1 

4 

1 

• 
Table 2. Opcode Map 

Read-Modify-Write Control Rlllliater/Memorv 
INH INH IXI IX INH INH IMM DIR EX 1X2 Ixl IX 

o~ 0~1 o~o 01~1 8 9 A B 
1 roo 1~1 11~0 lftl ~ 1000 1001 1010 1011 

4 7 6 9 
2 SUB 4 SUB ~ SUB : SUB

,X2 
: SUB

,X1 
• SUB NEG NEG NEG • NEG RTI ~ INH 1 lNH 2 IX' , IX , INH IMM 2 DIR 3 -EXT 1 I){ 

6 2 4 5 6 5 4 
RTS CMP CMP CMP CMP CMP CMP 1 , lNH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI I IX 0001 

2 4 
5 SBC 6 SBC 5 SBC 4 SBC SBC SBC 2 

2 IMM 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 0010 
4 7 6 11 2 4 5 

o CPX ~ CPX • CPX 
rl,1 

COMA COM X COM COM SWI CPX CPX CPX 
INH 1 INH 2 IX' , IX , INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 

4 7 6 2 4 ~ AND 6 AND 
5 4 

LSRA LSRx LSR LSR AND AND 2 AND,~ AND 4 
INH , INH 2 IXI , IX 2 IMM 2 DIR 3 EXT 3 IX2 1 IX ~ 

2 4 5 6 5 4 

,2 BI~MM 2 BIT DIR 3 BIT
EXT 

BIT 2 BIT IXI 1 BIT IX O~l 3 IX2 
4 7 6 L 4 5 6 

5 LDA 
4 

RORA RORX 2 ROR ROR 12 LDA LDA LDA LDA LDA 6 
INH 1 INH IX' , IX IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 0110 

4 7 6 2 
5 STA 

: ST~XT 6 STA ~ STA ASRA ASRX ASR ASR TAX 3 STA
,X2 0~1 INH , INH 2 IX' I IX , INH 2 DIR 2 . IXI 1 IX 

4 7 6 2 2 4 5 6 
5 EOR 

4 
LSLA LSLX 2 LSL LSL CLC

'NH 
, EOR ~ 2 EOR EOR 3 EOR

,X2 
EOR 8~ 

INH 1 INH IX' , IX IMM DIR 3 EXT 2 IXI 1 IX lcm 
4 7 6 2 2 4 5 6 ~ ADC 

4 
ROLA ROLX ROL ROL SEC ADC ADC ADC ADC AoC 9 

INH 1 INH 2 IX' , IX , INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1001 
4 7 6 2 2 

• ORA ~ ORA o ORA ~ ORA • ORA DECA DECX DEC DEC Cli ORA A 
INH , INH 2 IX' , IX , INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1010 

12 SEI 'L ADD • ADD ' ADD 6 ADD 5 ADD • ADD B , INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1011 
4 7 6 2 3 4 ~ JMP • JMP J JMP INCA INCX INC INC RSP JMP JMP C 

INH 1 INH 2 IX' I IX 1 INH 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 1100 
4 7 6 2 B 

H JSR ~ JSR H JSR TSTA TSTX TST TST NOP BSR JSR JSR 
1 Pol INH 1 INH 2 IXI , IX 1 INH 2 REL 2 DIA 3 EXT 3 IX2 2 IXI 1 IX 

12 LDX 
4 

5 LDX 6 LDX 5 LDX • LOX LDX E 
2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1110 

4 7 6 2 ~ STX o STX 
6 

o STX CLRA CLRX CLR CLR TXA STX STX F 
INH 1 INH 2 IX' , 

_~IX,- _ , 
-

INH 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1111 
I 

LEGEND 

j '[,'] 0"",. '0 H.udodm. 

'ofCyd" 4 ~ 
Mnemonic .-

Bytes 1 I X ()(XX) C'"'""' 
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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 
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 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 Vss) 

Rating Symbol Value 

Supply Voltage . VCC -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 
MC68705U5 o to +70 
MC68705U5C -40 to +85 

Storage Temperature Range Tstg -55 to + 150 

Junction Temperature TJ 
Cerdip 175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance 6JA 
Cerdip 60 

POWER CONSIDERATIONS 

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

where: 
TA 
8JA 

Po 
PINT 
PPORT 

TJ=TA + (PO 0 8JA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+PPORT 
= ICC x VCC, Watts - Chip Internal Power 
= Port Power Oissipation, 

Watts ~ User Oetermined 

Unit 

V 

V 

°c 

°c 

°CIW 

Unit 

°CIW 

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 Vout) ,;;; VCC. 
Reliability of operation is enhanced if unused 
inputs except EXTAL are tied to an appro
priate logic voltage level (e.g.,.either VSS or 
VCC)· 

For most applications PPORT<PINT and can be ne
glected. PPORT may become significant if the device is 
configured to drive Oarlington bases or sink LEO 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 0 (T A + 273°C) + 8JAoP0 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 T A- 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 T A 
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PROGRAMMING OPERATION ELECTRICAl; CHARACTERISTICS 
(Vee = 5.25Vc:lc ±0.5%, vss=o Vdc, TA =20°<:; to 300e, unless otherwise noted) 

Characteristic Symbol Min Typ 

Programming Volt!!ge ". VPP 20.0 2(0 

Vpp' Supply eurrent Ipp 
Vpp=5.25 V - -
Vpp=21.0V . - -

Programming Oscillator Frequency foscp 0.9 1.0 

Boot~trap' Programming Mode. Voltage VIHTP 9.0 12.0 
(TIMER Pin) @ IIHTP= 100 !LA Maximum 

ELECTRICAL CHARACTERISTICS 
(Vee = + 5.25 Vdc ± 0.5 Vdc, VSS = 0 Vdc, TA = ooe to 70°C, unless otherwise noted) 

Characteristic Symbol Min 

Inpu~ High Voltage VIH 
. RESET (4.99 ~ VCC ~ 5.51) .4.0 

(Vec < 4.75) VCC-0.5 
INT (4.99 ~ VCC ~ 5.51) 4.0 

(VCC < 4.75) VCC-0.5 
All Other 

','-
2.0 

Input High Voltage (TIMER Pin) VIH 
Timer Mode 2.0 
Bootstrap Programming Mode 9.0 

Input Low Voltage VIL 
RESET VSS 
INT VSS 
All Other VSS 

Internal'Power Dissipation (No Port Loading, VCC = 5.25 V TA=O°C PINT -
. for Steady-State Operation' TA=4SoC -
Input Capacitance Cin 

XTAL -
All Other -

INT ZerocCrossing Input Voltage - Through a Capacitor VINT 2.0 

RESET Hysteresis Voltage 
Out of Reset Voltage VIRES+ 2.1 
Into Reset Voltage VIRES- O.S 

Programming Voltage (Vpp Pin) Vpp* 
Programming EPROM 20.0 
Operating Mode 4.75 

Input Current 
TIMER (Vin = 0.4 V) -
INT (Vin=0.4 V) -
EXTAL (Vin=2.4 V to VCC Crystal Option) lin -

(Vin = 0.4 V Crystal Option) -
RESET (Vin = O.S V) IRES -4.0 
(E~ternal Capacitor Changing Current) 

*Vpp(pin7) is .connected to VCCin the normal operating mode. 
**Due to internal bi'asing:this input (when not used) flciat~'to approximately 2.0 V. 
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Max Unit 
" 

nO v 

mA 
S· 
30 

1.1 MHz 

15.0 V 

Typ Max Unit 

' . V 
- Vee 
- VCC 
** VCC 
** VCC 
- VCC 

V 
- VCC+1.0 

12'.0 15.0 

V 
- O.S 
** 1.5 
- O.S 

520 740 mW 
5S0 SOO 

pF 
25 -
10 -
--'- . 4.0 Vac D-D 

V 
- 4.0 
- 2.0 

V 
21.0 22.0 
VCC 5.75 

, 
!LA 

- 20 
20 50 
- 10 
- -1600 
- -40 

" 
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SWITCHING CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=O°C to 70°C, unless otherwise noted) 

Characteristic Symbol Min 

Oscillator Frequency tosc 
Normal 0.4 

Instruction Cycle Time (4Itosc) tcvc 0.950 

INT, INT2, or Timer Pulse Width tWL, twH tcvc +250 

RESET Pulse Width tRWL tcvc +250 

RESET Delay Time (External Cap = 1.0 !LF) tRHL 100 

INT Zero-Crossing Detection Input Frequency tiNT 0.03 

External Clock Duty Cycle (EXTAL) - 40 

Crystal Oscillator Start-Up Time - -

PORT ELECTRICAL CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=O° to 70°C, unless otherwise noted) 

Characteristic Symbol Min Typ 

Port A 

Output Low Voltage,'ILoad = 1.6 rnA VOL - -

Output High Voltage, ILoad = -100 IlA VOH 2.4 -
Output High Voltage, ILoad = -10 !LA VOH VCC-1.0 -
Input High Voltage, ILoad = -: 300 !LA (Max) VIH 2.0 -

Input Low Voltage, ILoad = - 500 !LA (Max) VIL VSS -

Hi-Z State Input Current (Vin = 2.0 V to VCC) IIH - -
Hi-Z State Input Current (Vin = 0.4 V) IlL - -

Port B 

Output Low Voltage, ILoad = 3.2 rnA VOL - -

Output Low Voltage, ILoad = 10 rnA (Sink) VOL - -
Output High Voltage, ILoad = - 200 !LA VOH 2.4 -
Darlington Current Drive (Source), VO= 1.5 V IOH -1.0 -
Input High Voltage VIH 2.0 -

Input Low Voltage VIL VSS -
Hi-Z State Input Current ITSI - <2 

Port C 

Output Low Voltage, ILoad = 1.6 rnA VOL - -

Output High Voltage, ILoad = -100 !LA VOH 2.4 -
Input High Voltage VIH 2.0 -
Input Low Voltage VIL VSS -

Hi-Z State Input Current ITSI - <2 

Port 0 (Input Only) 

Input High Voltage VIH 2.0 -
Input Low Voltage VIL VSS -

Input Current lin - <1 
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Typ Max Unit 

MHz 
- 4.2 

- 10 !LS 

- - ns 

- - ns 

- - ms 

- 1.0 kHz 

50 60 % 

- 100 ms 

,. 
Max Unit 

0.4 V 

- V 

- V II 
Vce. V 

0.8 V 

-300 IlA 

-500 IlA 

0.4 V 

1.0 V 

- V 

-10 rnA 

VCC V 

0.8 V 

10 !LA 

0.4 V 

- V 

Vce V 

0.8 V 

10 !LA 

VCC V 

0.8 V 

5 !LA 
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Test 
Point 

40 pF 
(Total) 

Figure 10. TTL Equivalent Test Load 
(Port B) 

Test MMD6150 
Point or Equiv. 

30 pF 24 k!l 
(Total) 

Figure 12. TTL Equivalent Test Load 
(Ports A and C) 

~VDD 

MC68705U5 

f PortA CMOS 
..... Pullup Option 

I 

Port DDR 

Port Data 

IP= Input Protection 

Figure 14., Ports A and C Logic Diagram 

r--...A./\IIr-~'---l~ To I/O logic 

Figure 16. Typical Input Protection 

Test Point 0 __ -

1
, 30 pF (Total) 

Figure 11. CMOS Equivalent Test Load 
(Port A) 

Test 
Point 4 ~.~~~~.75 V 

T 30 pF (Total) 

Figure 13. Open-Drain Equivalent Test Load 
(Port C) 

. VDD 

1-10 k Typ. 

PB DDR 

PB Data 

IP= Input Protection 

Figure 15. Port B Logic Diagram 

Vary V. 

TeStPo~int ~ 
Measure I 

± V 

. -

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 

PA6 

PA4 

PA3 

PA2 

PA1 

PAO 

PB7 

PC1 

PBS 

PB4 

PC4 PB3 

PCS PB2 

PC6 PB1 

PC7 PBO 

P07 POO 

P06/1NT2 POI 

P05 P02 

P04 P03 

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 

MOTOROLA. MICROPROCESSOR DATA 

3-709 

II 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 
MC68HC05A6 

II 

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 110 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 I/O 
• 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 

'io6VOLISe=; 

RESET AND MODE e=; 

INTERRUPT OR 
INPUT DATA PIN 

INPUT CAPTURE 

OUTPUT COMPARE .L --

....JIIo 

---

I\,IIC68HC05A6 

BLOCK DIAGRAM 

OSCilLATOR BIDIRECTIONAL 
M68HC05 I/O 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) isa member of the M68HC05 Family of microcontrollers. 
This high-performance, low-power MCU has parallel I/O 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 I/O 
• 176 Bytes of On-Chip RAM 

• 4160 Bytes of User ROM 
• 24 Bidirectional 110 Lines and 8 Input-Only Lines 

BLOCK DIAGRAM 

PBO 
ACCUMULATOR PBl 

PORT B PB2 PORT DATA 
I/O LINES PB3 B DIR INDEX 

PB4 REG REG. REGISTER 
PB5 
PB6 
PB7 CONDITION CODE 

REGISTER 
CC 

STACK 

PAD 
POINTER 

PAl 
PA2 PORT DATA PROGRAM COUNTER 

PORT A PA3 
A DIR. HIGH 

I/O LINE PA4 PCH 
PA5 REG. REG. 

PAS PROGRAM COUNTER 
PA7 LOW PCL 

USER ROM 
4l60'x 8 

SElF-CHECK 
432 y 8 

CPU 
CONTROL 

CPU 

RLU 

OSCl 

OSC2 

INTERNAL PROCESSOR CLOCK 

DATA PORT 
DIR. C 
REG. REG. 

PORT D 

---, 
I 

CI: I 
~ I 

~~ : 
8 L 

PCO 
PCl 
PC2iECLK 
PC3 
PC4 PORT C 
PC5 I/O LINES 
PCS 
PC7 

PDO/ANO 
PD1/ANl 
PD2/AN2 
PD3/AN3 
PD4/AN4 
PD5/AN5 
PDS/ANS 
PD7/AN7 

VRH 

VRL 

RDI 
SCLK 
TDO 

-VDD 
-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 (D/A) 

• 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. 

VDD 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. Notethat the voltage level on 
this pin affects the mode of operation. 

INPUT CAPTURE (TCAP2) 

This pin controls the input capture 2featurefor 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 0, 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 

2 MHz 4 MHz Units 2-4 MHz Units 

RSMAX 400 75 n RS (typical) 10 H 

Co 5 7 pF Co 40 pF 

C1 0.008 0.012 f.LF C1 4.3 f-LF 

COSC1 15-40 15-30 pF COSC1 30 pF 

COSC2 15-30 15-25 pF COSC2 30 pF 

Rp 10 10 Mn Rp 1-10 MH 

Q 30 40 K Q 1250 -

(a) Crystal/Ceramic Resonator Parameters 

MCU 

ascI OSC2 
16 Rp 17 

(b) Crystal/Ceramic Resonator 
Oscillator Connections 

~
C2 . L Cyl. RS ascI 

17 . .16 
Co 

-1-7------~IOI~ _______ 16_ 

(c) Equivalent Crystal Circuit 

EXTE~N.A.L CLOCK 

(d) External Clock Source Connections 

Figure 1. Oscillator Connections 

(PD5-PDO, AN5:-ANO). This change hasno 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. 

RDI (Receive Data In) 

This pin is theinput of the SCI receiver. See Serial 
Communications Interface for more information. 

TDO (Transmit Data Out) 
This pin isthe output of the SCI transmitter. See Serial 

Communications Interface for more information. 

SCLK 

This pin is the clock output pin of the SCI tr.ansmitter. 
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 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 2 for typical port circuitry and to Table 1 for a list 
of the 1/0 pin functions: 

Table 1. I/O Pin Functions 

R/W* DDR 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 ~tate 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. 

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. 

INTERNAL 
MCU 

CONNECTIONS 

E Clock Control Register (CTL/ECLK).$07 

L-__ -L ____ L-__ -L ____ L-E_C_LK~ ____ ~ __ ~ __ ~ 
RESET: 

o 

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 I/O pin. 

FIXED INPUT PORT PROGRAMMING 

POJt 0 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 D is always a digital input, whether the 
A/D is on or off. 

NOTE 

Any unused inputs and 1/0 ports should be tied to 
an appropriate logic level (e.g., either VDO or VSS). 

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 1/0 registers, as shown in Figure 3. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. 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 

110 
PIN 

Figure 2. Typical Port I/O Circuit 
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SOOOO 

SOOIF 

S0020 

S004F 

$0050 
SOOBF 

SOOCO 

SOOFF 

S0100 
SOIFF 

S0200 

S02BF 

, S02CO 

SOEFF 

SOFOO 
SIEFF 

SIFOO 

$IFEF 

$IFFO 

SIFFF 

lio AND 
REGIST~RS 
32 BYTES 

PAGE 0 
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 

0000-----
PORTS 

7 BYTES 
0031 

0032 \ 
\ 

ECLK 
CONTROL 
1 BYTES 

0079 \ 

0080 
\ 
\ 

0191 \ 

AID CONVERTER 
2 BYTES 

PLM SYSTEM 
0192 \ 2 BYTES 

\ 
0255 \ 
0256 \ 
0511 \ 
0512 \ 

\ 

0703 \ 
\ 
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INTERFACE 
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7935 

7936 

8175 
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00 00------
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\ ~ 
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\ 
\ 
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\ 
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\ 
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\ 

PORT A DATA REGISTER 

PORT B DATA REGISTER 

PORT C DATA REGISTER 

PORT D INPUT DATA REGISTER 

PORT A DATA DIRECTION REGISTER 

PORT B DATA DIRECTION REGISTER 

PORT C DATA DIRECTION REGISTER 

ECLK CONTROL REGISTER 

AID DATA REGISTER 

AIOSTATUSICONTROL REGISTER 

PULSE LENGTH MODULATION A 

PULSE LENGTH 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 1 

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 

SOO 

SOl 

S02 

S03 

$04 

S05 

S06 

S07 

S08 

S09 

SOA 

SOB 

SOC 

SOD 

SOE 

SOF 

S10 

$11 

S12 

S13 

S14 

$15 

S16 

$17 

$18 

S19 

SIA 

SIB 

SIC 

SlO 

SIE 

SIF 

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 setto location $OOFF. 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 $OOFF to $OOCO. 
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 

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 th.e 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 pinsPC3~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 
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 Not Used 

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. 

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 $OOFD contain $01. 

NOTE 

The watchdog system is turned on when calling this 
subroutine. 
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Figure 4. Self-Check Circuit Sche~atic Diagram;' 
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AID CONVERTER CHECK SUBRQUTINE 

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 STATI 
CTRL (address $09) = $20 (ADON =' 1 for more than 100 
t-LS and channel PDO selected). Conversion is done on 
three of the internal channels: VRH, VRL, and (VRL + VRH)I 
2. The result of these conversions is verified at ::': 1 LSB. 
Upon return to the user's program, if the test passed, 
X 0' $09, A=$OO or $01. 

ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, theZ bit is set. The HOM 
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 = 0, 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 
(PaR) 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-upio allovv 
the' internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and'should 
not be used to detect adropin the power supply voltage. 
There is a delay (tpORL) 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 (tcyel. 

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 (tcyel. 

Miscellaneous Register (OC) 

7 6 5 

I POR INTP INTN INTE SFA SFB SM I WDOG I 
RESET: 

U 

paR - 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 ,INl;P. 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) 
o = Fast speed used for PLMA (256 times the timer 

,clock period). See PULSE-LENGTH D/ACON
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 (fost'::1 

32) 
0= System runs at normal clock rate (fosci2) 

WDOG - Watchdog Counter System 
1 =Watchdog counter system enabled 
'0 ~ Watchdog counter system disabled 

NOTE 

The reset generated by the watchdog timer isa 
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 funetionis 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 bya 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 timet and, unless the counter is reset, generates a 
system reset when it reaches its maximum count 
(1024x8). 
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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 (DC). 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, 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 ohhe 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 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 011 the falling edge of IRQ. 
The action ohhe 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. 
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 pu,lse on the interrupt line spa~ed 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 (tIUU is obtained by adding 21 instruc
tion cycles to the total number ·of cycles it takes to com
plete the s.ervice routine (not including ~he RTI instruction). 
The second method shows many interrupt lines "wire
ORed" to forr:n 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 CQuid be latched and serviced 
as soon as the I bit is cleared. 

STACK 

1 JIll I CONDITION CODE REGISTER 

n INCREASING MEMORY 
ADDRESSES 

o I 0 I 0 I 

ACCUMULATOR 

INDEX REGISTER 

PCH 

PCl 

UNSTACK 

U 
P 
T 

NOTE: Since the Stack Pointer decrements during pushes, the 
PCLis stacked first, followed by PCH, etc. Pulling from 
the stack is in the reverse order. 

Figure 5. Interrupt Stacking Order 
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CLEAR IRQ 
REQUEST 

LATCH 

LOAD PC FROM: 
SWI: $1 FFC-$l FFD 
SWI: $lFFA-$lFFB 

TIMER: $lFFS-$lFF9 
SCI: $lFF6-$lFF7 

·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 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 
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IRQ~tILlH U 
I... tILlL-----l .. ~1 

IRQn 

IRQ--, r 
(MCUI I'-__________ ~ 

E~ge~Sel'lsitive Trigger Condition 
The minimum pulse width (tiL/H) is either 
125ns (VOO=5 V) or 250 ns (VOO=3 V). 
The period tlLlL 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 

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 

(11 FETCH RESET VECTOR DR 
(21 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 occLirs 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 a(e stopped and the AID con
verter is disabledfor 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 AID remain active (refer to Figure 9). An interrLlpt 
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 oftwo repetition rates. Referto Figure 
10 for a timer block ·diagram. 

Because the, timer ,has a 16-bit architecture, each spe
cific functional segrnent(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. 

OSCILLATOR ACTIVE 
TIMER. SCI, AND AID 

CLOCKS ACTIVE 
PROCESSOR' CLOCKS STOPPED 

(1) FETCH RESET VECTOR OR 
(2) 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 leastsignificantbyte (LSB) ofthefree-running. counter 
($19, $1 B) receives the count value 'at the time of the r.ead. 
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TO PLM 

TIMER 
STATUS 

REGISTER 
$13 

COUNTER 
ALTERNATE 

REGISTER 

$1A 

$1B 

MCU INTERNAL BUS 

HIGH LOW 
BYTE BYTE 

INPUT OUTPUT OVERFLOW 
CAPTURE COMPARE INTERRUPT 

INTERRUPT INTERRUPT $1FF4, 5 
$1FF8,8 $1FF6,7 

$16 

$17 

HIGH 
BYTE 

LOW 
BYTE 

$1E 

$1F 

HIGH 
BYTE 

LOW 
BYTE 

$14 

$15 

HIGH 
BYTE 

LOW 
BYTE 

TIMER 
'CONTROL 
REGISTER 

$12 

S1C 

$10 

Figure 10. Timer Block Diagram 

If a read of the free-running counter or counter alternate 
register first addresses the most significan't byte (MSB) 
($18, $1A), the LSa($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 of the counter register LSB 
can clear the timer overflow flag (TOn 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 (TOlE). 

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 8c 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 (OCF1, 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 signifjcant byte is vyrit
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 faci 1-

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 O~VL 1 
or OLVL2 values to be copied to the respective output 
registers (TCMP1 or TCMP2 pins). Internal logic allows a 
single instruction to change OLVL1 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 (lCR1) and input capture register 2 (lCR2). 

NOTE 

The same input capture interrupt enable bit (lCIE) 
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 (lCR1) 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 
(lEDG1). 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 (lCF1) 
is set or clear. The input captureregi\>ter 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 $1 C 
(most significant byte) and $1 D (least significant byte). 
Input capture register 2 functions identically to input cap
ture register 1, except that only negative edge sensitivity 
is. available. Bysubstituting the appropriate bits in the 
timer status register ($13)' and substituting register lo
cations; thelCR1 description applies to ICR.2. 

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 

ICIE OCIE TOlE I FOLV21 FOLVl I OLVL211EDGl I OLVLl I 
RESET: 

o 

ICIE - Input Capture Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

OCIE- Output Compare Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

TOlE - 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 atTCMP2 

O=No effect 
IEDG1 ~ Input Edge One 

Value 'of input edge determines which level transition 
on TCAP1 pin will triggerfree~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 TeMP 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. 

, 4 

ICFl OCFl TOF ICF2 om 

RESET: 
U u 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 CQunter 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 cleare.d when TSR and input capture 2 low 
register ($10) are accessed 

OCF2 - Output Capture Flag Two 
1 = Flag s~t 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. 

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 arm~d. 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 registercorrespcinding to the status bit. 
A problem can occur when using the timer overflow func
tion and reading the free·running counterat 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 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 $1 A 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 

• 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 

o 

IDLE LINE 

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 (TOO). 

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 (TOO) and between the 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 (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 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-orde~ 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 (ROR). 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 

CONTROL BIT "M" 
SELECTS 8 OR 9 BIT DATA 

o 

* 1..0--1 _L 
S 
T 
A 
R 
T 

*Stop bit is always high. 

s 
T 
o 
P 

S 
T 
A 
R 
T 

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 (RORF = 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. Ouring 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 TOO pin. 
When the SCI transmitter is disabled, the SCLK and the 
TOO 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 (TOO) 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. 

Oata transmission is initiated by a write to the serial 
communications data register (SCOAT). Provided the 
transmitter is enabled, data stored in the SCOAT is trans
ferred to the transmit data shift register. Th is 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. Oata 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 SCOAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RORF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg
ister to the SCOAT, which can cause an interrupt if the 
receiver interrupt is enabled. Oata transfer from the input 
serial shift register to the SCOAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NFL 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 10LE 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 

As shown in Figure 12, SCOAT 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 (ROR) 
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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 

R8 T8 M I WAKE I CPOL I CPHA I LBCL 

RESET: 
U U U 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 sta~t 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 dataqit is the eighth or ninth bit, depend
ing on whether an 8- 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 lor o. 

Table ~. 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 a 8 

9 Bit 1 1 9 

M = 0 tB DATA BIT STOP IDLE OR 
----------------------------~~~I~~ 

IDLE OR START 
~I~ 

PRECEDING 
TRANSMISSION 

CLOCK 

ICPOL = 0 CPHA = 0) 

CLOCK 

ICPOL=O CPHA= 1) 

CLOCK 

ICPOL = 1 CPHA = 0) 

CLOCK 

ICPOL = 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 OR START M = 1.9 DATA BIT STOP IDLE OR 
~I--+-I------------~~I ~~ 

PRECEDING 
TRANSMISSION I I II ·1 NEXT TRANSMISSION I I I CLOCK 

-----t--~ (CPOL = 0 CPHA = 01 

CLOCK 
----t---! 

(CPOL=O CPHA=11 

CLOCK .-----+----.;-.., 
(CPOL = 1· CPHA = 01 

CLOCK 

(CPOL= 1 CPHA= 11 

DATA 

*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. 

I TIE 

RESET: 
o 

TCIE RIE ILiE TE 

TIE - Transmit Interrupt Enable 

RE RWU SBK 

1 = SCI interrupt enabled, provided TDRE 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 shiftregister output is applied to the TDO 

line, and the corresponding clocks are applied to 
the SCLK pin. Depending upon the SCCR1 M bit, 
apreamble.of 10 (M = 0) or 11(M = 1) consecutive 
ones i.s 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 - R~ceiver 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 afterreceiving 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 ~mpty 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 intothe 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. 

TDRE TC RDRF IDLE OR NF FE 

RESET: 

TORE - 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 = 0 and the data preamble or break (in the 

transmit shift register) has been transmitted. 
0= 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. 

RORF 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 causjng 
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 re.ceived data 

character. FE is set the same timeRDRF 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= 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 $00 

The 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-SCTObaud 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 SCi bits. 

For example, assume that a 9600-Hz baud rate is de
sired from a 2.4576-MHz system clock cry tal. 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. . 

SCPl SCPO SCT2 SCTl SCTO SCR2 SCRl SCRO 

RESET: 
o u u 

SCP1-SCPO - SCI Prescaler Bit 1and 0 
These two prescalerbits 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: 

IRQ is at VDD +4 V 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 (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. 

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 Band 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 
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 D/A. 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 DA 
picks up the new value at the end of a complete conver
sion cycle so that a monotonic change in the dc 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 Execut~ 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 D/A convert
ers. 

NOTE 
Since the PLM system uses the timer counter, PLM 
results will be affected vvhile resetting the timer 
counter. 

Figure 17 shows a block diagram of the PLM system. 

PLMA (OAI 
76543210 

I PLMA71 PLMA61 PLMA51 PLMA41 PLMA31 PLMA21 PLMAl I PLMAO I 
RESET: 

o 

PLMB (OBI 
76543210 

I PLMB71 PLMB61 PLMB51 PLMB41 PLMB31 PLMB21 PLMBl I PLMBO I 
RESET: 

o 

Miscellaneous (OCI 
6 

I - I 
RESET: 

SFA SFB 

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) 
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 

Figure 17. PLM Block Diagram 
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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. 

AID 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 MC68HC05B4 is reduced to. six pins 
(pD5-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 AID accuracy. An ADON bit allows the AI 
D to be switched offto 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 

1 COCO ·1 ADRC 1 ADON 1 

RESET: 
o 

CH3 CH2 CH1 CHO 

256 T 

coco - Conversion Complete 
1 = Conversion is complete; a new result can be read 

from the result data register ($08). 
0= No conv~rsion since last reset 

ADRC - A/D 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 
0= 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 PD7/AN7-PDO/ANO 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 

$00 , .. 
-------- -I 

I 
I 

~L-________ __ 
I 
I 

$80 ! .. 128 T 

255 T 

------

.. '-

I 
I 
~~ 

I 
128 T I .., 

I 
I 

-255f"-- .~ ~~-~--------------~~~----------~--~ 
T = 4 CPU Clocks Fast Mode 
T = 64 CPU Clocks Slow Mode 

Figure 18. PLM Output Waveform Examples 
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Table 8. AID 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 Bit3 

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 ((VRH) + (VRL))/2 
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 (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. 

Multiplies the eight bits in the index register 
I by the eight bits in the accumulator to obtain 
I a 16-bit unsigned number in the concatenated 
accumulator and index register 

Condition I H: Cleared 
I Codes II: Not affected 

IN: Not affected 
I Z: Not affected 

~ I C: Cleared 

! Source I MUL LForm(s) 

i Addressing 

I Cycles Bytes Opcode i Mode 
i---

Inherent 11 $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 110 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 

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 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, p()rt 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 pit test, and branch functions are all implemented 
'with a single instruction. For test and branch instructions, 

MOTOROLA MICROPROCESSOR DATA 

3-738 



MC68HC0584 

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 BRSH n (n =0 . . ,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 ora 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 ar(J 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 InterruptMask 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 

Wait 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 theopcode is etdded 
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Bit Manipulation 
BTB BSC 

BRSETO 

BRCLRO 
BTBI2 

BRSETl 

BRCLRl 

BRSET2 

BSETO 

BCLRO 

BSETl 

BCLRl 

BSET2 

BRCLR2 I BCLR2 

BRSET3 I BSET3 

BRCLR~TBI2· BCLR3 

BRSET~TBr2 BSET4 

, 
BRCLR4 I BCLR4 

BRSET5 I BSET5 

BRCLR5 I BCLR5 

BRSET6 I BSET6 

BRCLR~TB I, BCLR6 

BRSET7'1 BSET7 

BRCLR7 BCLR7 

Branch 

REL DIR 

BRA NEG 

BRN 

BHI 

BLS 
3 .. 

COM 

BCC LSR 

BCS 

BNE ROR 

BEQ REL I·, ASR 

BHCC L$L 

BHCS ROL 

BPL DEC 

BMI 

BMC INC 

BMS TST 

BIL 

BIH CLR 

Read·Modify·Write 
INH INH IXl 

4 
0100 

NEGA 

MUL 

COMA 

LSRA 

RORA 

ASRA 

LSLA 

ROLA 

DECA 

INCA 

TSTA 

CLRA 

NEGX NEG 

COMX COM 

LSRX LSR 

RORX ROR 

ASRX ASR 

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 
IXl 
IX2 

Relative 
Bit Set Clear 
Bit Test and Branch 
Indexed (No Offset) 
Indexed, 1 Byte (8-Bit) Offset 
Indexed, 2 Byte (16-Bit) Offset 

• 
Table 9. Opcode Map 

IX 

NEG 

COM 

LSR 

ROR 

ASR 

LSL 

ROL 

DEC 

INC 

TST 

CLR 

Control 
INH INH IMM DIR 

A 

RTI SUB SUB 

RTS CMP CMP 

SBC SBC 

SWI CPX CPX 

AND AND 

BIT BIT 

LOA LOA 

TAX STA 

CLC EaR EaR 

SEC ADC ADC 

eLi ORA ORA 

SEI ADD ADD 

RSP JMP 

Nap BSR JSR 

STOP LOX LOX 

WAIT TXA STX 

. R~ster/Memory 
EXT IX2 

o 

SUB SUB 

CMP CMP 

SBC SBC 

CPX CPX 

AND AND 

BIT BIT 

LOA LOA 

STA STA 

EaR EaR 

ADC ADC 

·ORA ORA 

ADD ADD 

JMP JMP 

JSR JSR 

LOX LOX 

STX STX 

LEGEND 

IXl 

SUB 

CMP 

SBC 

CPX 

Ai\JD 

BIT 

LOA 

STA 

EaR 

ADC 

ORA 

ADD 

JMP 

JSR 

LOX 

STX 

IX 

SUB 

CMP 

SBC 

CPX 

AND 

BIT 

LOA 

STA 

EaR 

ADC 

ORA 

ADD 

JMP 

JSR 

LOX 

STX 

HI/ 
/~ 

A 

.. I :> Opcode in Hexadecimal 

Mnemonic i • tJ If ~ -: J 
Bytes J! 1 /IX OOOO~ 

/ 

Opcode in Binary 

Cycles --------" '---------Address Mode 
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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 directaddressing 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 

Self-Check Mode (IRQ Pin Only) 

Current Drain Per Pin Excluding 
VDD and VSS 

Operating Temperature Range 
MC68HC0584P, FN (Standard) 
MC68HC0584CP, CFN (Extended) 
MC68HC0584MP, MFN (Automotive) 

Storage Temperature Range 

Symbol Value 

VDD -0.5 to +7.0 

Vin VSS - 0.5 to 
VDD +0.5 

Vin VSS-0.5 to 
2 xVDD+0.5 

I 25 

TA TL to TH 
o to + 70 

-40 to +85 
-40 to + 125 

Tstg -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 Vin and Vout 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 VDD). 
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MC68HC05B4 

THERMAL CHARACTERISTICS' 

,Charac;teristic Symbol Value 

Thermal Resistance IIJA 
Plastic 40 
Plastic Leaded Chip Carrier (PLCC) 50 

POWER CONSlbERATIONS 

Th.e average chip-jupction temperature, TJ,in °C ·can 
be obtained from: 

where: 
TA 
!JJA 

PD 
PINT 

. PliO 

TJ=TA+(PDe!JJA) (1) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

J u nction-to-'Ambient, °C/W 
= PINT+ PliO . 
= ICC x VCC' Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

VOO=4.5 V 

Pins R1 R2 C 

PA7-PAO, 3.26 k!! 2.38 kl! 50 pF 
PB7-PBO, 
PC7-PCO, 
TCMPl 
TCMP2 

TOO, SCLK, 1.9 k!! 2.26 k!! 2'00 pF 
PLMA, plMB 

VOO=3.0 V 

Pins R1 R2 C 

PA7-PAO, 10.91 k!! 6.32 k!! 50 pF 
PB7-PBO, 
PC7-PCO, 
TCMP1, 
TCMP2 

TOO, SCLK, 6 kl! 6 k!! 200 pF 
PLMA, PLMB 

U.nit 

°C/W' 

For most applications PI/O<PINT ahdean be neglected. 
The following is an approximate relationship between 

PD and T J (if PI/Ois neglected): 
PD = K -;- (TJ + 273°C) (2) 

Solving equations (1) and (2) forK gives:' 
K = PD e (T A + 273°C) + !JJAePD2 '(3) 

where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring PD 
(ateqyilibrium) for a known T A. Using this value of K, 
the values of PD and T J can be obtained by solving equa~ 
tions (1) and (2) iteratively for aryvalueof T A. 

Voo 

TEST O-~-..,--_~-"" 
POINT 

C 
(SEE 

TABLE) 

R2 
(SEE TABLE) 

Rl 
(SEE TABLE) 

Figure .19. Equivalent Test Load 
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MC68HC05B4 

DC ELECTRICAL CHARACTERISTICS (VDD=5.0 Vdc:':10%, VSS=cO Vdc, TA=TLto TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad~10.0 J.LA VOL - - 0.1 V 
VOH VDD-O.l - -

Output High Voltage VOH V 
(lLoad =0.8 mAl PA7-PAD, PB7-PBO, PC7-PCO, TCMPt TCMP2 VDD-0.8 VDD-0.4 -
(lLoad = 1.6 mAl TDO, SCLK, PLMA, PLMB VDD-0.8 VDD-0.4 -

Output Low Voltage VOL V 
(lLoad = 1.6 mAl PA7-PAD, PB7-PBO, PC7-PCO, TCMP1, TCMP2, - 0.1 0.4 

PLMA, PLMB, TDO, SCLK 
RESET - 0.4 1.0 

Input High Voltage VIH 0.7 xVDD - VDD V 
PA7-PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRQ, 

RESET, OSC1, RDI 

Input Low Voltage VIL VSS - 0.2 xVDD V 
PA7-PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRQ, 

RESET, OSC1, RDI 

Supply Current (see Notes) IDD 
RUN (SM =0) - 3.5 9 rnA 
RUN (SM = 1, tcyc =8J.Ls) - 0.5 2 mA 
WAIT (SM=O) - 1 4 mA 
WAIT (SM = 1, tcyc = 8 f-ls) - 0.35 1 rnA 
STOP 

o to 70 (Standard) - 2 10 f-lA 
- 40 to 85 (Extended) - - 20 f-lA 

'-- 40 to 125 (Automotive) - - 50 of-lA 

1.0 Ports Hi-Z Leakage Current IlL - :':0.2 ±1 f-lA 
PA7-PAO, PB7-PBO, PC7-PCO, TDO, RESET, SCLK 

Input Current lin f-lA 
IRQ, TCAP1, TCAP2, OSC1, RDI - :':0.2 '±~ 

PD7;ANT-PDO/ANO (AID off) - ±0.2 :':.1 
PD7;AN7-PDO/ANO (AID on) - :':10 TBD 

Capacitanc~ pF 
Ports (as Input or Output), RESET Cout - - 12 
TDO,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 IDD: Only timer system active (TE = RE = 0). If SCI active (TE = RE = 1) add 10% current draw. 
4. Run (Operating) IDD, Wait IDO: Measured using external square wave clock source (fosc=4.0 MHz), all inputs 0.2V from rail; 

no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 
5. Wait, Stop IDD: All ports configured as inputs, VIL = 0.2 V, VIH = VDD:- 0.2 V. 
6. Wait IDD is affected linearly by the OSC2 capacitance. 

TBD = To be decided. 
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MC68HC0584 

DC ELECTRICAL CHARACTERISTICS (VOO =3.3 Vdc± 10%, VSS=O Vdc, TA =TL toTH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad'" 10.0 f.LA VOL - - 0.1 V 

VOH VOO-0.1 - -

Output High Voltage VOH V 
(lLoad =0.2 rnA) PA7-PAD, PB7-PBO, PC7~PCO, TCMP1, TCMP2 VOO-0.3 VOO-0.1 -
(lLoad = 0.4 rnA) TOO, SCLK, PLMA, PLMB VOO-0.3 VOO-0.1 -

Output Low Voltage VOL V 
(lLoad = 0.4 rnA) PA7-PAO, PB7-PBO, PC7-PC7, TCMP1, TCMP2, - 0.1 0.3 

PLMA, PLMB, TOO, SCLK 
RESET - 0.2 0.6 

Input High Voltage VIH 0.7 xVOO - VOO V 
PA7-PAD, PB7-PBO, PC7-PCO, P07-POO, TCAP1, TCAP2, IRQ, 

RESET, OSC1, ROI 

Input Low Voltage VIL VSS - 0.2xVOO V 
PA7-PAO,PB7-PBO, PC7-PCO, P07-POO, TCAP1, TCAP2, IRQ, 

RESET, OSC1, ROI 

Supply Current (see Notes) 100 
RUN (SM=O) - 1.2 5 rnA 
RUN (SM=1, tcyc=8 f.Ls) - 0.2 1 rnA 
WAIT (SM=O) - 0.4 2 rnA 
WAIT (SM = 1, tcyc=8 f.Ls) - 0.15 0:5 mA 
STOP 

o to 70 (Standard) - 1 10 f.LA 
- 40 to 85 (Extended) - - 10 f.LA 
- 40 to 125 (Automotive) - - 30 f.LA 

1,0 Ports Hi-Z Leakage Current IlL - ±0.2 ±1 f.LA 
PA7-PAO, PB7-PBO, PC7-PCO, TOO, RESET, SCLK 

Input Current lin f.LA 
IRQ, TCAP1, TCAP2, OSC1, ROI - ±0.2 ±1 
P07/AN7-POO/ANO (AID off) - ±0.2 ±1 
P07/AN7-POO/ANO (AID on) - ±10 TBO 

Capacitance pF 
Ports (as Input. or Output), RESET, TOO Cout - - 12 
TDO,SCLK Cout - - 12 
IRQ, TCAP1, TCAP2, OSC1, ROI Cin - - 8 
P07/AN7-POO/ANO (AID off) Cin - 12 TBO 
P07/AN7-POO/ANO (AID 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 100: Only timer system active (TE = RE = 0). If SCI active (TE = RE = 1) add 10% current draw. 
4. Run (Operating) 100, Wait 100: Measured using external square wave clock source (fosc = 4.0 MHz). all inputs 0.2 V from rail; 

no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured as inputs, VIL = 0.2 V, VIH = VOO - 0.2 V. 
6. Wait 100 is affected linearly by the OSC2 capacitance. 

TBO=To be decided. 
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MC68HC05B4 

AID CONVERTER CHARACTERISTICS (VDD = 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 - ±% LSB 
AID transfer characteristics (VRH = 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+0.1 V 

VRL Minimum ar.alog reference voltage VSS'-:0.1 VRH V 

Conversion Time Total time to perform a single analog-to-digital conversion 
a. External Clock (XTAL, EXTAL) - 32 tcyc 
b. Internal RC oscillator - 32 f.Ls 

Monotonicity Conversion result never decreases with an increase in input Guaranteed 
voltage and has no missing codes 

Zero-Input Reading Conversion result when Yin = VRL 00 - Hex 

Full-Scale Reading Conversion result when Yin = 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 f.Ls 

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 f.LA 
(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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MC68HC05B4 

CONTROL TIMING (VOD=5.0 Vdc::!:10%, VSS=O Vdc, TA=TL toTH) 

,. Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 4.2 
External Clock Option dc 4.2 

Internal Operating Frequency fop MHz 
Crystal (fosc/2) - 2.1 
External Clock (fosc/2) dc 2.1 

Cycle Time (see Figure 21) tcyc 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 - tcvc 

Power-On RESET Output Pulse Width tpORL tcyc 
4064 Cycle Option 4064 -
16 Cycle Option 16 -

Watchdog RESET Output Pulse Width tOOGL 1.5 - tcvc 

Watchdog Time-Out tOOG 6144 7168 tCYC ' 

Timer· 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 20) tTH, tTL 125 - ns 
Input Capture Pulse Period (see Figure 20) tTL, tTL *** - tCyc 

Interrupt Pulse Width (Edge-Triggered) tlLlH 125 - ns 

Interrupt Pulse Period tlLlL * - tCyc 

OSCl Pulse Width tOH,tOL 90 - ns 

NOTES: 
*The minimum period tllJL 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 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 
(TCAP1, 
TCAP2) 

Figure 20. Timer Relationship 
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MC68HC05B4 

CONTROL TIMING (VOO=3.3Vdc±10%, VSS=OVdc, TA=TL toTH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 4.2 
External Clock Option dc 4.2 

Internal Operating Frequency fop MHz 
Crystal (fosc/2) - 2.1 
External Clock (fosc/2) dc 2.1 

Cycle Time (see Figure 21) tc\fC 1000 - 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 - tcyc 

Power-On RESET Output Pulse Width tpORL tcyc 
4064 Cycle Option 4064 -
16 Cycle Option 16 -

Watchdog RESET Otuput Pulse Width tOOGL 1.5 - tcyc 

Watchdog Time-Out tOOG 6144 7168 tcyc 

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure.20) tTH, tTL' 250 - ns 
Input Capture Pulse Period (see Figure 20) tTL, tTL *** - tCYC 

Interrupt Pulse Width (Edge-Triggered) tlLlH 250 - ns 

Interrupt Pulse Period tlLlL * - tCyc 

OSCl Pulse Width tOH, tOL 200 - ns 

NOTES: 
*The minimum period tlLlL 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. 
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MC68HC05B4 

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@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. 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM(R, 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 EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM 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 MC68HC05B4 device. 

Package Type Temperature Me Order Number 

Plastic O°C to + 70°C MC68HC05B4P 
(P Suffix) - 40°C to + 85°C MC68HC05B4CP 

- 40°C to + 125°C MC68HC05B4MP 

PLCC O°C to + 70°C MC68HC05B4FN 
(FN Suffix) - 40°C to + 85°C MC68HC05B4CFN 

- 40°C to + 125°C MC68HC05B4MFN 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 

VRH 
PD4/AN4 

VDD 
PD3/AN3 

PD2/AN2 

PDlIANl 

PDO/ANO 

NC 

ascI 

II 
OSC2 

RESET 
IRQ 

PLMA D/A 

MC68HC0584 

52-Pin PLCC 

052 47 

21 27 33 

«-("'o.J,......,C'OLO~MN....--Or-.CO 

-..c..c..««««««««CDCD 
Cl««c..c..c..c...c..c...c..c...c..c... 
CD UU 
~,'- .-
c... 

48-Pin Dual-in-Line Package 

TOO SCLK 

TCMP2 RDI 

TCMPI PCO 

PD5/AN5 PCl 

46 PC3 
PC4 
PC5 

PCG 

PC7 

VSS 
40 NC 

PBO 
PBl 

PB2 

PB3 

PB4 

34 PB5 

VRL PC2/ECLK 

VRH PC3 

PD4/AN4 PC4 

VDD PC5 

PD3/AN3 PC6 

PD2/AN2 PC7 

PD1/ANl VSS 
PDO/ANO INC 

ascI PBO 

OSC2 PBl 

RESET PB2 

IRQ PB3 

PLMA D/A PB4 

PLMB D/A PB5 

TCAPI PB6 

TCAP2 PB7 

PA7 PAD 

PA6 PAl 

PA5 PA2 

PA4 PA3 
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TECHNICAL DATA 

Technical Summary 
8-Bit Microcontroller Unit 

MC68HC05B6 

The MC68HC05B6 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of microcontrollers. 
This high-performance, low-power MCU has parallel I/O 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 I/O 
• 176 Bytes of On-Chip RAM 
• 256 Bytes of On-Chip EEPROM 

PBO 
PBI 

PORT B PB2 

110 LINES PB3 
PB4 
PB5 
PB6 
PBl 

PAO 
PAl 
PA2 

PORT A PA3 
110 LINE PA4 

PA5 
PA6 
PAl 

VPPI 

« 
Cl 

« 

~ 

PORT 
B 

REG 

PORT 
A 

REG. 

DATA 
DIR 
REG 

DATA 
DIR 
REG 

USER ROM 
5952x8 

SELF·CHECK 
432 x 8 

BLOCK DIAGRAM 

ACCUMULATOR 

INDEX 
REGISTER 

CONDITION CODE 
REGISTER CC 

STACK 
POINTER 

PROGRAM COUNTER 

HIGH PCH 

OPTION REG. 
I x8 

CHARGE 
PUMP 

CPU 
CONTROL 

CPU 

RLU 

DATA 
DIR 
RE.G. 

.... 

~I 

OSCI 

OSC2 

PCO 
PCI 
PC21ECLK 
PC3 
PC4 PORT C 
PC5 110 LINES 
PC6 
PCl 

IPDO/ANO 
PDI/ANI 
PD2tAN2 
PD31AN3 
PD4/AN4 
PD5/AN5 
PD61AN6 
PDl/ANl 

VRH 

VRL 

RDI 
SCLK 
TOO 

-VOD 
-VSS 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC68HC05B6 

FEATURES (Continued) 

• 5952 Bytes of User ROM 
• 24 Bidirectional I/O 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. 

VDO 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) 

"T:his 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 A/D 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 

2 MHz 4 MHz Units 2-4 MHz Units 

RSMAX 400 75 !l RS (typical) 10 n 
Co 5 7 pF Co 40 pF 

Cl 0.008 0.Q12 fJ-F Cl 4,3 fJ-F 

COSCl 15-40 15-30 pF COSCl 30 pF 

COSC2 15-30 15-25 pF COSC2 30 pF 

Rp 10 10 M!l Rp 1-10 MH 
Q 30 40 K Q 1250 -

(a) Crystal/Ceramic Resonator Parameters 

MCU 
OSCl OSC2 

16 Rp 17 

COSCl ~ ~ COSC2 

(b) Crystal/Ceramic Resonator 
Oscillator Connections 

~
C2 L CylRS .OSC.l 
17· . 16 

Co 

_1_7 ______ ~IDI~------16-

(c) Equivalent Crystal Circuit 

(d) 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 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 
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. 

RDI (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 (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 toput 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 2 for typical port circuitry and to Table 1 for a list 
of the liD pin functions. 

Table 1. I/O Pin Functions 

-
R/W* DDR 1/0 Pin Functions 

0 0 The 110 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 110 pin. 

1 0 The state of the 110 pin is read. 

1 1 The 110 pin is in an output mode. The oLit-
put data latch is read. 

*RiW is an internal signal. 

INTERNAL 
MCU 

CONNECTIONS 

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. 

Control Register (CTLlECLK) $07 

RESET: 
o 

ECLK - ECLK Control 

EClK 

1 = liD port function of PC2 is forced to output mode, 
and PC2 outputs the ECLK CPU clock. 

0= PC2 functions as a regular liD 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 liD ports should be tied to 
an appropriate logic level (e.g., either VDD or VSS). 

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 liD registers, as shown in Figure 3. The locations 
consist of user ROM, user RAM, EEPROM, self-check ROM, 
control registers, and liD. The user-defined reset and in
terrupt vectors are located from $1 FFO to $1 FFF. 

I/O 
PIN 

Figure 2. Typical Port I/O Circuit 
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$0000 

$OOIF 

S0020 

S004F 

S0050 
$OOBF 

SOOCO 

SOOFF 

S0100 

$0101 

~ 
S0120 

SOIFF 

S0200 

S02BF 

S02CO 

S07FF 
S080D 
$IEFF 

$lFOO 

$lFEF 

$IFFO 

$IFFF 

I/O AND 
REGISTERS 
32 BYTES 

PAGE 0 
USER ROM 
48 BYTES 

RAM 
176 BYTES - ---
INCLUDING 

STACK 
64 BYTES 

OPTR 1 BYTE 
----

EEPROMl 
256 BYTES TOT 

31 BYTES 
NON PROTECTED --- --

224 BYTES 
PROTECTED 

SELF-CHECK 
ROM I 

192 BYTES 

UNUSED 
1344 BYTES 

6K USER ROM 
5888 BYTES 

SELF-CHECK 
ROM II 

240 BYTES 

USER VECTORS 
16 BYTES 

0000-----

0031 

0032-\ 
0079 \ 

0080 \ 
0191 \ 

0192 \ 

\ 
0255 \ 

0256 \ 
\ 

0257 \ 

\ 
\ 

0287 \ 

0288 \ 

0511 

0512 

0703 

0704 

~! 
(2048 , 
7935 

7936 

8175 

8176 

8191 

PORTS 
7 BYTES 

EEPROM/ECLK 
CONTROL 

1 BYTE 

A/D CONVERTER 
~ BYTES \ 

PLM SYSTEM 
2 BYTES 

MISCELLANEOUS 
1 BYTE 

SERIAL 
COMMUNICATIONS 

INTERFACE 
5 BYTES 

TIMER 
14 BYTES 

0------000 

~ \ 
\ 
\ 

00 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

PORT A DATA REGISTER SOO 

PORT B DATA REGISTER SOl 

PORT C DATA REGISTER S02 

PORT 0 INPUT DATA REGISTER S03 

PORT A DATA DIRECTION REGISTER $04 

PORT B DATA DIRECTION REGISTER S05 

PORT C DATA DIRECTION REGISTER S06 

EEPROM/ECLK CONTROL REGISTER S07 
, 

AID DATA REGISTER S08 

AID STATUS/CONTROL REGISTER S09 

PULSE LENGTH MODULATION A SOA 

PULSE LENGTH MODULATION B SOB 

MISCELLANEOUS REGISTER SOC 

SCI BAUD RATE REGISTER SOD 

SCI CONTROL REGISTER 1 SOE 

SCI CONTROL REGISTER 2 SOF 

SCI STATUS REGISTER $1U 

SCI OATA REGISTER $11 

TIMER CONTROL REGISTER $12 

TIMER STATUS REGISTER $13 

CAPTURE HiGH REGISTER 1 $14 

CAPTURE LOW REGISTER 1 $15 

COMPARE HIGH REGISTER,1 $16 

COMPARE LOW REGISTER 1 $17 

COUNTER HIGH REGISTER $18 

COUNTER LOW REGISTER $19 

ALTERNATE COUNTER HIGH REGISTER $lA 

ALTERNATE COUNTER LOW REGISTER $IB 

CAPTURE HIGH REGISTER 2 $lC 

CAPTURE LOW REGISTER 2 $10 

COMPARE HIGH REGISTER 2 $IE 

COMPARE LOW REGISTER 2 $IF 

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. 

EEPROM 

The MCU has 256 bytes of byte-erasable EEPROM (255 
bytes general purpose and l-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 E 1 PGM is zero. If a read is performed while 
E 1 LAT 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=0). 

EEPROM Erase Operation 

To erase a byte of EEPROM, set E1LAT and E1ERA to 
one, write to the address to be erased, and set E1 PGM 
for a time tERA1. After the required erase time, E1LAT 
must be cleared, which resets E1 ERA and E1 PGM. To 
erase a second word, E1LAT must be cleared before it is 
set, or the erase will have not effect. This procedure is 

MOTOROLA MICROPROCESSOR DATA 

3-755 

II 



II 

MC68HC05B6 

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 EEPROM, 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, E1LAT 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 EEPROM will have its data buses latched. 

Control Register (CTL/ECLK) $07 
2 1 0 

I - I I E1ERA I E1LAT IE1PGMI 

RESET: 
o u 

E1ERA - EEPROM Erase 
1 =An erase will take place if E1 LAT and E1 PGM are 

both one. 
O=A programming operation will take place if E1 LAT 

and E1PGM are both one. 
If E1 LAT = 0, E1 ERA is held to zero. Once an EE
PROM address is selected, E 1 ERA cannot be 
changed. 

E1LAT - EEPROM Latch Enable 
1 = Address and data can be latched into the EEPROM 

for programming or erase operation if E1 PGM = O. 
0= Data can be read from the EEPROM, and the E1 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 E1ERA and 
E1PGM bits. 

E1PGM - EEPROM 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 E1LAT. 

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 AID CON
VERTER for more information. 

Options Register (OPTR) $0100 
7 

I - I EE1P SEC 

RESET: 
U u u u u 

EE1 P - EEPROM Protect 
1 = EEPROM not protected. 
O=EEPROM addresses from $0120 to $01FF 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= EEPROM 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 $OOFF. 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 $OOFF to $OOCO. 
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 

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 
I'lst 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: 

I/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, TDRE, TC, 

and FE flags 
AID - Checks AID on internal channels: VRL, VRH, 

and (VRL + VRH)/2 
EEPROM - 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 

-.r-- VSS to VOD VSS to VDD Normal 

-.r-- +9 Volts VDD Self-Check 

VSS VSS to VDD VSS to VDD Reset Condition 

Table 3. Self-Check Results 

PC3 PC2 PC1 peo 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 LEO is off. 
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1!!. Vppl 

r RDl 

L2. TOO 

.--__ .;;.;28~ PLMA 

r--__ 21~ PLMB 

~ TCMPl 

~ SCLK 

~i...+-+-";;!~ PD7 
~~~"'PD6 

~....+ PD5 
9 
~ PD4 

~i...+-+--ioi12!-1 PD3 
~~~"'PD2 
~~ POl 

..J! POD 

....-!1-+-+-~24i-11 PA7 
~~~25"41PA6 
~~ PA5 

...4PA4 
,-+-++oii28

:-. PA3 
'-+-t-~29!-1 PA2 
~~ PAl 

..1l. PAD 

MC68HC05B6 

10 

..L .l 
10nF I 47fJ.FI 

nrlGND 

~1+5V 
.---+....J~~~)I + 9 V 

VDD 
OSCl .. 1_6 ____ ~~....., 

OSC2 ..-,:.17 __ .... _""1,,AO""~\r-.... 

b~~ 
22 pF I 4.8 MHz I 22 pF 

IRQ~1_9 _____________ e-__ ~ 

-"~~ } ~ 
--''YJ''YV'-'Y-~ ~cc 

TCAP2 :J2

1

3 10K .AAA 
TCMP2 " " " -l. 

47K 
TCAPl .. 2;;;;2 .... ___ +-__ "V ""\J'YA~,,,~_--_--.. 

VSS VRL 

PB7 ~ ,,4!~ EEPB.OM TESTED 
PB6~33~34~-'--+--J~""~,,r--<~-_o--~ 
PB5 ~-t-+-. 0--
PB4 ~3;.5 -+-+-.... EEPROM NOT TESTED 
PB3 ~ 
PB2 ~ 47K 
PBl ~3~8 __ ~+-~'Y~~VA,,,,~-----~. 
PBO ... 3;;,;;.9 ___ ...... 

PC7 .. 4,:.:;2 ___ __ 

PC6 .. 4_3~_""I 

PC5 ~ 

PC4 L 
46 .:a.. A~~ PC3 ~-+-+-~ ..... --.. ---'\'YI''Y'''\r_V'_. 

_ ....... a... " 680 
47 .... . "."" . 

PC2 ..-:--+-+-.... ~ ... ------~"IVAAV_ ..... .,...... """ 
PCI .4~8~ ..... __:~-...... ~ ........ ---.A~'Y"'~1/,,'l.V_V'-

~~ ., 
PCO 1"'41o::.9-4 __ ~ ....... a... ________ ¥A~.,'l.V_ ...... 

" """ 

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 deteGted;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 $OOFD 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 bitis set. The subrou
tine is called at location $1 FAA with X = $00 and AID ST AT/ 
CTRL (address $09) = $20 (ADON = 1 for more than 100 
Ils and channel PDO 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=$09, A=$OO 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 = 0, 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 (tpORU after the oscillator becomes ac
tive. If the RESET pin is low at the end Oi!eo.BL, 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 (tcyel. 

Miscellaneous Register (OC) 
7 6 5 

I POR I INTP INTN INTE SFA SFB SM I WDOG I 
RESET: 

U 

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 -:- Slo)IV Mode 
1 = System runs at 1/16th the normal clock rate (fosc/ 

32) 
O=System runs at normal clock rate (fosc/2) 

WDOG - Watchdog Counter System 
l=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, 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 
(1024 x 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 (lRO~ 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 biJt 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 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 ~
chronlzed and then latched on the falling edge of IRO. 
The action ofthe external interrupt is identical to the timer 
interrup~th the exception that the interrupt request 
input at IRO 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 

11111 I CONDITION CODE REGISTER 

n INCREASING MEMORY 
ADDRESSES 

o I 0 I 0 I 

ACCUMULATOR 

INDEX REGISTER 

PCH 

PCl 

UNSTACK 

U 
P 
T 

NOTE: Since the Stack Pointer decrements during pushes, the 
pel 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 

CLEAR IRQ 
REQUEST 

LATCH 

LOAD PC FROM: 
SWI: $lFFC-$lFFD 
SWI: $lFFA-$lFFB 

TIMER: $lFFB-$lFF9 
SCI: $lFFS-$lFF7 

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 (tluLl 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. Ifthe 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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IRO~tILlH U 
I.. tILlL-----'JI'Jr1! 

IRO~ ---r== tILlH----t 

IROn '---__ ---r 
IRO, r (MCU) '-__________ --' 

Edge-Sensitive Trigger Condition 
The minimum pulse width (tILiHI is either 
125 ns (VOO = 5 VI or 250 ns (VOO = 3 VI . 
.The period tlUL 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 thel bit in the CCR. If the I bit 
is zero, SWI executes after the Qther 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. 

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
cessorcan be brought out of the STOP mode only by an 
external interrupt or reset. 

SCI during STOP Mode 

YES 

STOP OSCILLATOR 
AND ALL CLOCKS 

CLEAR I BIT 

{11 FETCH RESET VECtOR OR 
(2) SERVICE INTERRUPT 

A.STACK 
B. SET I BIT 
C. VECTOR TO INTERRUPT 

ROUTINE When the MCUenters 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 Furiction 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 is enabled, a reset occurs that resets the 
entire MCU. 

EEPROM during STOP Mode 

The EEPROM is set to read, and theVPPl 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 forthe 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 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 

(1) FETCH RESET VECTOR OR 
m 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 D/A 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
cifidunctional 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 fl,lnction until the low byte is also ac-
cessed. . 
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TO PLM 

TIMER 
STATUS 

HIGH LOW 
BYTE BYTE 

COUNTER SIA 
ALTERNATE 

REGISTER $IB 

REG ISTER """""T'-'-"'r-.a......:.f'-'&"':'::;-=-""':;';r-' 
$13 

INPUT OUTPUT OVERFLOW 
CAPTURE COMPARE INTERRUPT 

INTERRUPT INTERRUPT $1 FF4, 5 
$IFF8,8 $IFF6,7 

$16 

$17 

HIGH 
BYTE 

LOW 
BYTE 

$IE 

$IF 

HIGH 
BYTE 

LOW 
BYTE 

$14 

$15 

HIGH 
BYTE 

LOW 
BYTE 

TIMER 
CONTROL 
REGISTER 

$12 

$IC 

$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-$1 B (counter alternate register). A read from only 
the least significant byte (LSB) ofthe free-running counter 
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($19, $1 B) receives the count value at the time ofthe 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, $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 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 (TOlE). 

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) isa 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 (OCF1, bit 6 of timer status register $13) is set, 
and the corresponding output level (OLVL1) 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) and bit4 (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 changeOLVL 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 (lCR1) and input capture register 2 (lCR2). 

NOTE 

The same input capture interrupt enable bit (lCIE) 
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 (lCR1) 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 
(lEOG1). 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 (lCF1) 
is set or clear. The input captLire 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 (lCR2) is a 16-bit register 
that is composed of two 8-bit registers at locations $1 C 
(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 ICRl 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 

RESET: 
o 

4 3 2 1 0 

TOlE i FOLV2 i FOLVl I OLVL1 ilEDGl I OLVL1 i 

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 

TOlE - Timer Overflow Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

FOLV2 - Force Output Compare 2 
1 = Forces the OLVL2 bittothe 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 
IEOGl - Input Edge 

Value of input edge determines which level transition 
on TCAPl 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 levell, which is copied into output 
level register by the next successful output compare 1, 
will appear on the TCMPl 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. 

ICFl OCFl TOF ICF2 OCF2 

RESET, 
U U U U U 

ICFl -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 
OCFl- 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 

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 ($10) 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 orone. 
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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 $1 A 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 

o 

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 (RD!) 
and transmit data out (TOO). 

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 (TOO) 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 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. 

CONTROL BIT "M·· 
SELECTS 8 OR 9 BIT DATA 

o 

*1 ____ C 
S 
T 
A 
R 
T 

*Stop bit is always high. 

S 
T 
o 
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 (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 registerduring 
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 il1duced, 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 TOO pin. 
When the .SCI transmitter is disabled, theSCLK and the 
TOO 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 (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 (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 (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 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 (SCDAn $11 

The SCDAT is a read/write register used to receive and 
transmit SCI data. 

SCD7 SCD6 SCD5 SCD4 SCD3 SCD2 SCD' SCDO 

RESET: 
U U 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) 
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 , 

R8 T8 M I WAKE I CPOL I CPHA I LBCL 

RESET: 
U u U U 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 

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 8- 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 
Number of 

M Bit LBCL Bit Clocks on 
Format SCLK Pin 

8 Bit 0 0 7 

8 Bit 0 1 8 

9 Bit , 0 8 

9 Bit 1 , 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. , 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: 
o 

TCIE RIE ILiE TE 

TIE - Transmit Interrupt Enable 

RE RWU SBK 

1 = SCI interrupt enabled, provided TDRE 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 
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IDLE OR START M=OU DATA BIT STOP IDLE OR 
--------------------------~·~I~~ 

PRECEDING 
TRANSMISSION 

CLOCK 

(CPOL = 0 CPHA = 0) 

CLOCK 

(CPOL=O CPHA=l) 

CLOCK 

(CPOL= 1 CPHA=O) 

CLOCK 

(CPOL = 1 CPHA = 1) 

DATA 

.. ~ 
I 
I 

I : NEXT TRANSMISSION 

I 

START LSB MSB STOP 

*LBCL Bit Controls Last Data Clock 

Figure 13. SCI Data Clock Timing Diagram (M=O) 

IDLE OR START M = 1.9 DATA BIT STOP IDLE OR 
----I .. ~I ___ I-------------_i .. ~1 ~--.... 
PRECEDING I J 

TRANSMISSION II : : II NEXT TRANSMISSION 

CLOCK ----+--+--(CPOL = 0 CPHA = 0) 

CLOCK 
----t---! 

(CPOL=O CPHA=1) 

CLOCK ---....+--.-.;... ... 

(CPOL = 1 CPHA = 0) 

CLOCK 

(CPOL = 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 TDO 

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 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) 
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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 TC RDRF IDLE OR NF FE 

RESET: 

TORE - Transmit Data Register (TOR) Empty 
1 = TOR contents transferred to the transmit data shift 

register 
0= TOR still contains data .. TORE is cleared by reading 

the SCSR, followed by a write to the TOR. 
TC - Transmit Complete 

1 = Indicates end of data frame, preamble, or break 
condition has occurred if: 
1. TE = 1, TORE = 1, and no pending data, pream

ble or break is to be transmitted; or 
2. TE = 0 and the data preamble or break (in the 

transmit shift register) has been transmitted. 
0= TC bit cleared by reading the SCSR, followed by 

a write to the TOR 
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=l. 

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. 

0= 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 $00 

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: 
o u u u u 

SCP1-SCPO - SCI Prescaler Bits 1 and 0 

u 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 

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. 

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 Band 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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Pin numbers are valid for 52-pin PLCC package only: 

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 D/A. 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 D/A 
picks up the new value at the end of a complete conver
sion cycle. A monotonic change in the dc 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 D/A 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) 
76543210 

I PLMA71 PLMA61 PLMA51 PLMA41 PLMA31 PLMA21 PLMAl I PLMAO I 
RESET: 

o 

PLMB (OB) 
76543210 

I PLMB7\ PLMB6\ PLMB51 PLMB4\ PLMB31 PLMB21 PLMBl I PLMBO I 
RESET: 

o 

Miscellaneous (OC) 
6 

I - I 
RESET: 

SFA SFB 

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 

Figure 17. PLM Block Diagram 
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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 ofthe PLM 
output waveforms. 

AID CONVERTER 

The A/D 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 
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 AID 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 ADRC I ADON I 
RESET: 

o 

CH3 CH2 

COCO - Conversion Complete 

CH1 CHO 

1 = Conversion is complete; a new result can be read 
from the result data register ($08). 

0= No conversion since ·Iast 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 
0= AiD disabled 

When the AD 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 AD 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 

_$_OO~I_" ___________ ~~ ~ __ ~I 
I 
I 255 T 

~~'---------
I 

____ ----I~ ~ 

I 
I 128 T I 

$80 I. 128 T .. i" 
I I 
I I 

~~ .. ~. ______________ -_-_-~2~~~T~-_-_-______________ ~.~~ 

T = 4 CPU Clocks Fast Mode 
T = 64 CPU Clocks Slow Mode 

Figure 18. PLM Output Waveform Examples 
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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. 

Table 8. AID Channel Assignments 

CH3 CH2 CH1 CHO Channel Selected 

a a a a ANa, Port D Bit a 
a a a 1 AN1, Port D Bit 1 
a a 1 a AN2, Port D Bit 2 
a a 1 1 AN3, Port D Bit 3 

a 1 a a AN4, Port D Bit 4 
a 1 a 1 AN5, Port D Bit 5 
a 1 1 a AN6, Port D Bit 6 
a 1 1 1 AN7, Port D Bit 7 

1 a a a VRH Pin (High) 
1 a a 1 ((VRH) + (VRL))/2 
1 a 1 a VRL Pin (Low) 
1 a 1 1 VRLPin (Low) 

1 1 a a VRL Pin (Low) 
1 1 a 1 VRL Pin (Low) 
1 1 1 a VRL Pin (Low) 
1 1 1 1 VRL Pin (Low) 

INSTRUCTION SET 

The MCU instructions can be divided into five different 
types: registerimemory, 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. 

I 

~? __ pe_r_at_io_n __ ~IX_:_A_. __ X_'_A ________________________ ~ 

Description I Multiplies the eight bits in the index register 
i by the eight bits in the accumulator to obtain 
i a 16-bit unsigned number in the concatenated I accumulator and index register 

Condition 
Codes 

L 
I Source 
I Form(s) 

I Addressing 
Mode 

i Inherent 

i H: Cleared 
i I: Not affected 
iN: Not affected 
I Z: Not affected 
C: Cleared 

MUL 

Cycles 

11 

Bytes 

1 

REGISTERIMEMORY INSTRUCTIONS 

Opcode 

$42 

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 

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 (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 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 ali 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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Bit Manipulation Branch Read·Modify·Write 
BTB BSe REl DIR INH INH IXl 

~-----"I 
llO\'l~ 

o 
0000 

5 
0101 

A 

D 

2 
0010 

BRSET~TB 12 BSETO Bse 12 BRA 

BRCLRO I BCLRO I BRN 
BTBI2 Bsel2 

BRSETl I BSETl BHI 
BTBI2 Bsel2 

BRCLRl 
BTBI2 

BCLRl BLS 

3 
0011 

NEG 

COM 
DIRl1 

NEGA 

MUL 

COMA 

BRSET~TBI2 BSET2
Bse

l
2 

BCC REll2 LSR DIRI, LSRA 

BRCLR2 I BCLR2 I BCS 
BTBI2 Bsel2 

51 51 
BRSET3 I BSET3 I' BNE ROR RORA 

BRCLR3 I BCLR3 I BEQ ASR ASRA 
BTBI2 Bsel2 REll2 

BRSET4 I BSET4 I BHCC LSL LSLA 

BRCLR4 I BCLR4 I BHCS ROL ROLA 
BTBI' Bsel, RELI' 

51 51 
BRSET5 I BSET5 I BPL DEC DECA 

BTBI2 Bsel, 

BRCLR5 I BCLR5 I BMI 
BTBI2 Bsel2 

5 
BRSET6 I BSET6 I BMC INC INCA 

BRCLR6 I BCLR6 I BMS TST TSTA 

BRSET7 

BRCLR7 
BTBI2 

BSET7 
BSCI2 

BCLR7 
Bsel, 

BIL 

BIH CLR CLRA 

NEGX 

COMX 

LSRX 

RORX 

ASRX 

LSLX 

ROLX 

DECX 

INCX 

TSTX 

CLRX 

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 (8-Bit) Offset 
Indexed,2 Byte (16-Bit) Offset 

NEG 

COM 

LSR 

ROR 

ASR 

LSL 

ROL 

DEC 

INC 

TST 

CLR 

• 
Table 9. Opeode Map 

IX 

NEG 

COM 

LSR 

ROR 

ASR 

LSL 

ROL 

DEC 

INC 

TST 

CLR 

Control 
INH INH IMM 

A 

RTI SUB 

RTS CMP 

SBC 

SWI CPX 

AND 

BIT 

LDA 

TAX 

CLC EOR 

SEC ADC 

CLI ORA 

SEI ADD 

RSP 

NOP BSR 
INHI2 

STOP LDX 

WAIT TXA 

Register/Memory 
DIR EXT IX2 IXl 

o 

SUB 0lRI3 SUB SUB SUB 

CMP CMP CMP CMP 

SBC SBC SBC SBC 

CPX CPX CPX CPX 

AND 0lRI3 AND AND AND 

BIT BIT BIT BIT 

WA WA WA WA 

STA STA EXTI3 STA STA 

EOR EOR EOR EOR 

ADC ADC ADC ADC 

ORA 0lRI3 ORA EXTI3 ORA 1X2I, ORA 

ADD 31 ADD 41 ADD 51 ADD 

JMP JMP EXTI3 JMP JMP 

JSR JSR JSR JSR 
DIRI3 

LDX LDX WX LDX 
DIRI3 

STX STX STX STX 
DIRI3 

LEGEND 

IX 

SUB 

CMP 

SBC 

CPX 

AND 

BIT 

LDA 

STA 

EOR 

ADC 

ORA 

ADD 

JMP 

JSR 

LDX 

STX 

~ 
o 

0000 

0001 

0010 

5 
0101 

A 

C 
1100 

D 

F III :> Opcode in Hexadecimal 

Mnemonic J Jr ~ ~ ~ 
Bytes 1 ~X OOOO:lllr 

Cycles 7 ----------Address Mode 

Opcode in Binary 

s: 
(') 
en 
CO 
::E: 
(') 
o 
U'I 
~ 
en 
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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 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 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 SETICLEAR 

In the bit setlclear 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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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol 

Supply Voltage VOO 

Input Voltage Vin 

Self-Check Mode (IRQ Pin Only) Vin 

Current Orain Per Pin Excluding I 
VOO and VSS 

Operating Temperature Range TA 
MC68HC05B6P, FN (Standard) 
MC68HC05B6CP, CFN (Extended) 

Value 

-0.5 to + 7.0 

VSS -0.5 to 
VOO +0.5 

VSS-0.5 to 
2xVOO+0.5 

25 

TL to TH 
o to + 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 proper oper
ation, it is recommended that Vin and Vout be 
constrained to the range VSS '" (Vin or Vout) ,,-.: 
VOO. Reliability of operation is enhanced if un
used inputs are connected to an appropriate logic 
voltage level (e.g., either VSS or VOO). 

MC68HC05B6MP, MFN (Automotive) -40 to + 125 

Storage Temperature Range TstQ -65 to + 150 "C 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value Unit 

Thermal Resistance fJJA °C/W 
Plastic 40 
Plastic Leaded Chip Carrier (PLCC) 50 

VOO=4.5 V 

Pins R1 

PA7-PAD, 3.26 kU 
PB7-PBO, 
PC7-PCO, 
TCMPl 
TCMP2 

TOO, SCLK, 1.9 kH 
PLMA, PLMB 

VOO=3.0 V 

Pins R1 

PA7-PAD, 10.91 k!! 
PB7-PBO, 
PC7-PCO, 
TCMP1, 
TCMP2 

TOO, SCLK, 6kU 
PLMA, PLMB 

R2 C VDD 

2.38 kH 50 pF R2 
(SEE TABLE) 

TEST o----~--. 
POINT 

2.26 kH 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 
IlJA 

Po 
PINT 
PliO 

TJ=TA+(PO·IlJA) (1) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+PI/O 
= ICC x VCC' Watts -' Chip Internal Power 
= Power Oissipation on Input and Output 

Pins - User Oetermined 

For most applications PI/O<PINT and can be neglected. 
The following is an approximate relationship between 

Po and T J (if PliO is neglected): 
PO= K-7- (TJ + 273°C) (2) 

Solving equations (1) and (2) for K gives: 
K = Po • (T A + 273°C) + IlJA"P0 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 T A 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 T A' 

DC ELECTRICAL CHARACTERISTICS (VDD = 5.0 Vdc:±: 10%, VSS = 0 Vdc, T A = TL te TH, unless .otherwise neted) 

Characteristic Symbol Min Typ Max Unit 

Output Veltage, ILead~10.0 j.lA VOL - - 0.1 V 

VOH VDD-0.1 - -

Output High Veltage VOH V 
(lLead = 0.8 rnA) PA7-PAD, PB7-PBO, PC7-PCO, TCMP1, TCMP2 VDD-0.8 VDD-0.4 -
(lLead = 1.6 mAl TOO, SCLK, PLMA, PLMB VDD-0.8 VDD-0.8 -

Output Lew Veltage VOL V 
(lLead = 1.6 rnA) PA7-PAD, PB7-PBO, PC7-PCO, TCMP1, TCMP2, - 0.1 0.4 

PLMA, PLMB, TOO, SCLK 
RESET - 0.4 1.0 

Input High Veltage VIH 0.7 x VDD - VDD V 
PA7-PAO, PB7-PBO, PC7~PCO, PD7-PDO, TCAP1, TCAP2, IRQ, 

RESET, OSC1, RDI 

Input Lew Veltage VIL VSS - 0.2 x VDD V 
PA7-PAD, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRQ, 

RESET, OSC1, RDI 

Supply Current (see Netes) IDD 
RUN (SM=O) - 3.5 9 rnA 
RUN (SM=1, tcyc=8 j.ls) - 0.5 2 rnA 
WAIT (SM=O) - 1 4 rnA 
WAIT (SM = 1, tcyc = 8 j.ls) - 0.35 1 mA 
STOP 

o t.o 70 (Standard) - 2 10 j.lA 
- 40 te 85 (Extended) - - 20 j.lA 
-40 te 125 (Autemetive) - - 50 j.lA 

1/0 Perts Hi-Z Leakage Current IlL - 0.2 :;:1 j.lA 
PA7-PAO, PB7-PBO,PC7-PCO,TDO, RESET,SCLK 

Input Current lin j.lA 
IRQ, TCAP1, TCAP2, OSC1, RDI - :±:0.2 :±:1 
PD7/AN7-PDO/ANO (AID .off) - :±:0.2 :±:1 
PD7/AN7-PDO/ANO (AID en) - :±:10 TBD 

Capacitance pF 
Perts (as Input .or Output), RESET Ceut - - 12 
TOO,SCLK Ceut - - 12 
IRQ, TCAP1, TCAP2, OSC1, RDI Cin - - 8 
PD7/AN7-PDO/ANO (AID .off) Cin - 12 TBD 
PD7/AN7-PDO/ANO (AID en) Cin - 22 TBD 

NOTES: 
1. All values shewn reflect average measurements. 
2. Typical values at midpeint .of veltage range, 25°C .only. 
3. Wait IDD: Only timer system active (TE = RE = 0). If SCI active (TE = RE = 1) add 10% current draw. 
4. Run (Operating) IDD, Wait IDD: Measured using external square wave cleck seurce (fesc = 4.0 MHz). all inputs 0.2 V frem rail; 

ne dc leads, less than 50 pF en all .outputs, CL = 20 pF en OSC2. 
5. Wait, Step IDD: All perts cenfigured as inputs, VIL=0.2 V, VIH=VDD-0.2 V. 
6. Wait IDD is affected linearly by the OSC2 capacitance. 

TBD - Te be determined. 
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DC ELECTRICAL CHARACTERISTICS (VDD =3.3 Vdc± 10%, VSS =0 Vdc, TA =TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad~10.0 f.LA VOL - - 0.1 V 
VOH VDD-O.l - -

Output High Voltage VOH V 
(lLoad = 0.2 mAl PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2 VDD-0.3 VDD-O.l -
(ILoad = 0.4 mAl TDO, SCLK, PLMA, PLMB VDD-0.3 VDD-O.l -

Output Low Voltage VOL V 
(ILoad=0.4 mAl PA7-PAD, PB7-PBO, PC7-PCO, TCMP1, TCMP2, - 0.1 0.3 

PLMA, PLMB, TDO, SCLK 
RESET - 0.2 0.6 

Input High Voltage VIH 0.7 xVDD - VDD V 
PA7-PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRQ, 

RESET, OSC1, RDI 

Input Low Voltage VIL VSS - 0.2 xVDD V 
PA7-PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRQ, 

RESET, OSC1, RDI 

Supply Current (see Notes) IDD 
RUN (SM=O) - 1.2 5 mA 
RUN (SM=1,tcyc =8 f.Ls) - 0.2 1 mA 
WAIT (SM=O) - 0.4 2 mA 
WAIT (SM = 1, tcyc=8 f.Ls) - 0.15 0.5 mA 
STOP 

o to 70 (Standard) - 1 10 f.LA 
- 40 to 85 (Extended) - - 10 f.LA 
-40 to 125 (Automotive) - - 30 f.LA 

I a Ports Hi-Z Leakage Current IlL - ±0.2 ±10 f.LA 
PA7-PAO,PB7-PBO, PC7-PCO, TDO,RESET,SCLK 

Input Current lin f.LA 
IRQ, TCAP1, TCAP2, OSC1, RDI - ±0.2 ±1 
PD7AN7-PDOIANO (A:D off) - ±0.2 ±1 
PD7AN7-PDO/ANO (AiD on) - ±10 TBD 

Capacitance pF 
Ports (as Input or Output); RESET, TDO Cout - - 12 
TOO, SCLK Cout - - 12 
IRQ, TCAP1, TCAP2, OSC1, RDI Cin - - 8 
PD7,AN7-PDO,ANO (AiD off) Cin - 12 TBD 
PD7,AN7-PDO,ANO (A:D 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 IDD: Only timer system active (TE = RE = 0). If SCI active (TE = RE = 1) add 10% current draw. 
4. Run (Operating) IDD' Wait IDD: Measured using external square wave clock source (fosc = 4.0 MHz), all inputs 0.2 V from rail; 

no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 
5. Wait, Stop IDD: All ports configured as inputs, VIL = 0.2 V, VIH = VDD - 0.2 V. 
6. Wait IDD is affected linearly by the OSC2 capacitance. 

TBD - To be determined. 
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AID CONVERTER CHARACTERISTICS (VDD = 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 - ±'12 LSB 
AiD transfer characteristics (VRH = VDD and VRL = 0 V) " 

Quantization Error Uncertainty due to converter resolution - :£:'12 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 VOD+0.1 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, EXTAL) - 32 tcyc 
b. Internal RC oscillator - 32 j.l.S 

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 j.l.S 

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 j.l.A 
(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 = 0 Vdc,T A ~ TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 4.2 
External Clock Option dc 4.2 

Internal Operating Frequency fop MHz 
Crystal (fosc/2) - 2.1 
External Clock (fosc/2) dc 2.1 

Cycle Time (see Figure 21) 
'.' 

" -' 480 tcyi; - 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 - tCYC 

Power-On RESET Output Pulse Width tPORL tcyc 
4064 Cycle Option 4064 -
16 CyCieOption 16 -

Watchdog RESET Output Pulse Width tOOGL 1.5 - tCYC 

Watchdog Time-Out tOOG 6144 7.168 tCYC 

EEPROM Byte Erase Time tERA ms 
o to 70 (Standard) 10 -
- 40 to 85 (Extended) 10 -
- 40 to 125 (Automotive) 10 -

EEPROM Byte Programming Time tpROG ms 
o to 70 (Standard) 10 -
- 40 to 85 (Extended) 10 -
- 40 to 125 (Automotive) 20 - . 

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture'PuisE1Width (see Figure 20) tTH.'tTL 125 - ns 
Input Capture Pulse Period (see Figure 20) tTL. tTL *** - tcyC 

Interrupt Pulse Width (Edge-Triggered) tlUH 125 - ns 

Interrupt Pulse Period tlUL * - tcyC 

OSC1 Pulse Width tOH. tOl 90 - ns 

NOTES: 
*The minimum period tlLll 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 (tcyel. 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 
(TCAP1. 
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 fosc MHz 
Crystal Option - 2.0 
External Clock Option dc 2.0 

Internal Operating Frequency fop MHz 
Crystal (fosc/2) - 1.0 
External Clock (fosc/2) dc 1.0 

Cycle Time (see Figure 21) tcyc 1000 - 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 - tCYC 

Power-On RESET Output Pulse Width tpORL tcyc 
4064 Cycle Option 4064 -
16 Cycle Option 16 -

Watchdog RESET Output Pulse Width tOOGL 1.5 - tcyC 

Watchdog Time-Out tOOG 6144 7168 tcyc 

EEPROM Byte Erase Time tERA ms 
o to 70 (Standard) 30 -
- 40 to 85 (Extended) TBO -
- 40 to 125 (Automotive) TBO -

EEPROM Byte Programming Time tPROG ms 
o to 70 (Standard) 30 -
- 40 to 85 (Extended) TBO -
- 40 to 125 (Automotive) TBO -

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 20) tTH. tTL 250 - ns 
Input Capture Pulse Period (see Figure 20) tTL. tTL *** - tcyc 

Interrupt Pulse Width (Edge-Triggered) tlLlH 250 - ns 

Interrupt Pulse Period tlLlL * - tcyc 

OSC1 Pulse Width tOH. tOL 200 - ns 

NOTES: 
*The minimum period tlLlL 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 prescalerin 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. 
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MC68HC05B6 

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 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 may be submit
ted for pattern generation. The diskette should be clearly 
labeled with the customer's name, data, projector 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',R) 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. 

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 datal, 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 EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM 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 MC68HC05B6 device. 

Package Type Temperature Me Order Number 

Plastic OUC to + 70°C MC68HC05B6P 
(P Suffix) - 40°C to + 85°C MC68HC05B6CP 

- 40°C to + 125°C MC68HC05B6MP 

PLCC O°C to + 70°C MC68HC05B6FN 
(FN Suffix) - 40°C to + 85°C MC68HC05B6CFN 

- 40°C to + 125°C MC68HC05B6M FN 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 

I 

VRH 
P04/AN4 

VOO 
P03/AN3 
P02/AN2 
POI/ANI 
POD/AND 

NC 
ascI 
aSC2 

RESET 
IRQ 

I PLMA O/A 

MC68HC05B6 

52-Pin PLCC 

052 47 

21 

~ - N ~ ~ ~ ~ M N _ 0 ~ ~ 
~ a... a... « « « « « « « « co co 
Cl««a...a...a...a...a...a...a...a...a...a... 
CC UU 
~f-f-
a... 
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48-Pin Dual-in-Line Package 

TOO SCLK 

TCMP2 ROI 
TCMPl PCD 

P05/AN5 PCl 

VRL PC2 

VRH PC3 
P04/AN4 PC4 

VOO PC5 
P03/AN3 PC6 

P02/AN2 PC7 

P01/ANl VSS 
POD/AND VpPl 

OSCl PBD 

OSC2 PBl 
RESET PB2 

IRQ PB3 
PLMA O/A PB4 

PLMB O/A PB5 
TCAPl PB6 
TCAP2 PB7 

PA7 PAD 
PA6 PAl 
PA5 PA2 
PA4 PA3 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 
MC68HC05C2 

I 

Technical Summary 
8-Bit Microcontroller Unit 

The MC68HC05C2 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O 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 I/O 
• 176 Bytes of On-Chip RAM 
• 2096 Bytes of User ROM 
• 24 Bidirectional I/O 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 

Port 
A 

1/0 
Lines 

Port 
B 

1/0 
Lines 

TCAP 

PAO 
PAl 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PBO 
PBl 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 

TCMP 

t 
Timer 

System 

Port Data 
A Dir ...... 

Reg Reg 

Port Data 
B Dir H 

Reg Reg 

BLOCK DIAGRAM 
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Stack 
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.-- Dir C PC4 
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PC6 
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PD3 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 

MOTOROLA MICROPROCESSOR DATA 

3-792 

Port 
C 

1/0 
Lines 



MC68HC05C2 

SIGNAL DESCRIPTION 

The signal descriptions of the MCU are discussed in 
the following paragraphs. 

VOOANOVSS 

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 

RSMAX 400 75 0 

Co 5 7 pF 

Cl 0.00l 0.012 ,.F 

COSCl 15-40 15-30 pF 

COSC2 15-30 15-25 pF 
Rp 10 10 MO 
0 30 40 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 
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 VDD 
specifications. 

Ceramic Resonator 

2-4 MHz Units 
RS (typical! 10 {l 

Co 40 pF 

Cl 4.3 pF 

COSCl 30 pF 

COSC2 30 pF 

Rp 1-10 M{l 

Q 1250 -

(a) Crystal/Ceramic Resonator Parameters 

MCU 

OSCl OSC2 

39 Rp 38 

COSC1"J' "J' COSC2 

(b) Crystal/Ceramic Resonator 
Oscillator Connections 

(d) RC Oscillator Connections 

Figure 1. Oscillator Connections 

~~ 
~38~ ______ ~IO~I ______ ~3~9 

(c) Equivalent Crystal Circuit 

(e) External Clock Source Connections 
(For Crystal Mask Option Only) 
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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, 

8, 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 '9, a fixed input port. 

Refer to PROGRAMMING for additio'nal 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 (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 ODRs 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. I/O Pin Functions 

RIW* DDR 1/0 Pin Functions 

0 0 The 110 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 110 pin. 

1 0 The state of the 110 pin is read. 

1 1 The 110 pin is in an output mode. The 
output data latch is read. 

*RiW is an internal signal. 

FIXED INPUT PORT PROGRAMMING 
Port D is 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 $OOOA 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 VDD or VSS). 
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Internal 
MCU 

Connections 

lID 
Pin 

Figure 3. Typical Port 1/0 Circuit 

MEMORY 

The MCU is capable of addressing 8192 bytes of mem
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. 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-bitregister used for the in
dexed addressing mode. It contains an 8-bit value that 
maybe added to an 8- or 16-bit immediatavalue 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 $OOFF. 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 $OOFF to $OOCO. 
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 

101010101011111 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 

$OOlF 
$0020 

$OO4F 
$0050 

$OOBF 
$OOCO 

$OOFF 
$0100 

$08FF 
$0900 

$1 EFF 
$lFOO 

$1 FDF 
$lFEO 

$lFEF 
$lFFO 

$lFF3 
$1 FF4 

$lFFF 

1/0 
32 Bytes 

User 
ROM 

48 Bytes 

RAM 
176 Bytes 

~--I---Stack 
64 Bytes 

User 
ROM 

2048 Bytes 

Unused 
5632 Bytes 

Self Check 

r-.-----
Self-Check 

Vectors 

Unused 
4 Bytes 

User 
Vectors 
12 Bytes 

0000 

0031 
\ 0032 

\ 
\ 

007~\ 
0080 \ 

0191 
0192 

0255 
0256 

4351 
4352 

7935 
7936 

8175 
8176 

8179 
8180 

8191 

\ 
\ 

\ 
\ 

\ 
\ 

\ 

256 Bytes 

Ports 
7 Bytes 

Unused 
11 Bytes 

Timer 
10 Bytes 

Unused 
4 Bytes 

0000 

0031 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

Port A Data Register 

Port B Data Register 

Port C Data Register 

Port 0 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 

Alternate Counter Low Register 

Unused 

Unused 

Unused 

Unused 

$00 

$01 

$02 

$03 

$04 

$05 

$06 

$07 

$06 

$09 

$OA 

SOB 

SOC 

$00 

$OE 

$OF 

$10 

$11 

$12 

$13 

$14 

$15 

$16 

$17 

$18 

$19 

$1A 

$1B 

$1C 

$10 

$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 interr,upt is latched and processed as soon as the 
interrupt bit is cleared. 

Negative (N) 

When set, this bit indicatEls 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 manipuldtion was zero. 

Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow o~t 
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 register and checks OCF flag 
Interrupts - Tests external, and timer interrupts 

Self-check results (using the LEOs 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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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 l 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. 

o indicates LED is on; 1 indicates LED is off. 

TIME~ 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=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=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 = O. If the test passed, A = O. 

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. 
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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 cycl~) 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 (tcyel. 

INTERRUPTS 

The MCU can be interrupted three different ways: the 
two maskable hardware interrupts (IRQ and timer) and 
the nonmaskable software ioterrupt 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 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 ~
chronized and then latched on the falling edge of IRQ. 
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 spac.ed far enough apart to be 
serviced. The minimum time between pulses is a function 
ofthe length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (tILlL) 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 ioterrupt 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 CCA. 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 FFCand $1 FFD. 

Increasing Memory 1; '-I 1 l' I Condition Code Register 

Stack 
I 

n Addresses U 
f! 
N 

Unstack 

01- 0 10 1 

Accumulator 

Index Register 

PCH 

PCl P 
T 

Decreasing Memory 
Addresses 

NOTE: Since the Stack Pointer decrements during pushes, the PCI, 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 iRO 
Request 
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Load PC from: 
SWI:$1FFC-$1FFD 
IRQ: $1 FFA-$1 FFB 

Timer: $1FFS-$1FFS 

Complete 
Interrupt 
Routine 

and Execute 
RTI 

Figure 7. Reset and Interrupt Processing Flowchart 

MOTOROLA MICROPROCESSOR DATA 

3 .. 799 

II 



II 

MC68HC05C2 

Level-Sensitive Trigger -------
Mask Option 

VDD ,...-__ .., 

D 01-----1 
External 
Interrupt 
Request 

Interrupt Pin ----..... ---4~:>C 

I Bit (CC) 

Power-On Reset 

External Reset 

External Interrupt 
Being Serviced (Vector Fetch) 

(a) Interrupt Internal Function Diagram 

ilm~tlLlH U 
I~ tILlL----...,·~1 

Edge-Senlitive Trigger CondItIon 
The minimum pulse width ItjLlHI is either 
125 nsIVDO=5 VI or 250 ns 1VOO=3 V)' 
The period tlLlL should not be less than 
the number of tcvc cycles it takes to ex
ecute the interrupt service routine plus 21 
tcvc cycles. 

Level-Senlitive Trigger CondItIon 
If after servicing an interrupt the i1iQ re
mains low, then the next interrupt is 
recognized. 

IROn L--____ ~r Normally 
Used with 
Wire-ORed 
Connection 

TIm! r (MCUI ~ ____________________________ ~ 

(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 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. 

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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Stop Oscillator 
And All Clocks 
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(1) Fetch Reset Vector or 
(2) Service Interrupt 

a, Stack 
b, Set I Bit 
c, Vector to Interrupt 

Routine 

Figure 9. STOP Function Flowchart 

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 afixeddivide~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 specifictimerfunction allows full controlofthat 
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) ofthe free-running counter 
($19, $1 B) receives the count value atthe time ofthe 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, $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 (TOlE). 

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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Oscillator Active 
Timer 

Clock Active 
Proces.sor Clocks Stopped 

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. 
Th~ 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 upd~tethe output compare reg
ist~r is a function of the. program rather than the internal 
hardware~ . . 

The processor can. write to~ither 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 inp!Jt edge bit (lEDG). Re$et 
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 <;jelay is required for internal syn
chronization. Resolution is one cou.nt 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 .(lCF)is set 
or dear.The input capture register always contains the 
free-run'ning counter value that corresponds to the most 
recent input capture. 
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Figure 11. Timer BIQckDiagram 

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 I OCIE TOlE 

RESET: 
o 

IEDG OlVl 

u 

ICIE - Input Capture Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

OCIE - Output Compare Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

TOlE --'-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 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 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 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. 

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 I 
Mode Cycles I Bytes J 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 u~ing one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JS.R) 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 AOC 

- 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 onthe 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 BSH 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, nooperation 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 

CONTROL INSTRUCTIONS 

These instructions are register refer~nce 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 Poi nter 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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Table 3. Opcode Map 

Bit ~ I ar.nch I Reed/Modify/Write Control ~/MemoIv 
BTlfI.!r~--1 REl DIR INH INH IXI ~J_.JNH ~ INK.... 1 I~ 1 ~...L EXT IX2 IXI IX 

~T~ ~-l,l;; ~, ~ It~, ~~o I_Jlft, r ,:m~_I~L_Qo -L __ ~ ,foo LJL I II~O ,f" l~ 
5f -°1- 31 51 31 31 61' 5 I ~ ~ ~ 31 41 51 4j J o 1 BRSETO BSETO BRA NEG NEGA NEGX - NEG NEG _ _ RlI_ SUB SUB ___ SUB SU_ B___ SUB SUB 1 0 

0000 3 BTB 2 BSC 2 REL 2 OIR 1 INH 1 INH 2 IXI 1 IX 11 ___ I I OIR 3_ EXT L _ _ IX2 2 1)(1 1 IX 0000 

51 51 J ~ ---.l I 1 -6 1 1 - 21 - 31 41 51 41 3 I BRClRO BClRO BRN RTS CMP CMP CMP CMP CMP CMP 1 
.J!!!!ll 13 BTB 2 BSC 2 REL __ 1 INH 2 IMM 2 OIR 3 EXT.3. _ IX2 2 IlU I _'X 1 <XIOl 

51 51 31 --.l ~-11 =r--~ ----C-.l I 21 31 41-~L -1 -- 3 2 BRSETl BSET1 BHI MUl SBC SBC SBC SBC SBC SBC 2 
0010 13 BTB 2 BSC 2 REL L INH __ _ ___ - _ ____ _ 2 IMM 2 OIR 3 EXT 3 1X2 2 IXI 1 ..Jl( 1 0010 

~._~ __ ~~~~~L--m~L-~~~~~~~~~_~~_~~_~~ ____ ~L-~~L-~~~~~2-__ ~~_~+L __ ~~~~~ 
4 

0100 

5 BRClR2 BClR2 BCS BIT BIT BIT BIT BIT BIT 5 ~ --Sl 31 - -I------,-T -, I -G 2r--~- -~ -S-I 41 3 
0101 13 BTB 2 BSC 2_ REl 2 IMM 2 OIR 3 EXT.3_ - IX' 2 IXI 1 IX 1 0,01 

~ 
5 6-~5C- 4~-3 

6 I B_ RSET3 BSET3 ROR __ _ lOA lOA_ _ I 6 
OlllL 3 -' T ' ___ 'X 2 IXJ 1 IX 0110 

7 BRClR3 - BClR3' BEa' ASR ASRA ASRX ASR ASR TAX- STA STA STA STA STA 7 51- 51 31 51 -- 31 31- 61 5-1 I -- 21 I 41 51 til x:L'. 
0111 /3 BTB 2 BSC 2 REl 2 DIR 1 INH 1 INH 2 IXI 1 IX "NH 2 DIR 3 EXT 3_ 1X2 I 1 ,_ ~_ 0111 

S I - 51- ---cll 'I 3 8 BRSET4 BSET4 BHCC EOR EOR 8 
1000 13 BTB 2 BSC 2 REL 2 2 IXI 1 IX 1 1000 

51 . 51 - 31 -o:L ~ ~ ---:1 5L - 1--- 2G 21 31- 41 - SI 41 9 BRClR4 BClR4 - BHCS ROl ROlA ROlX ROl ROL SEC _ ADC ADC ADC ADC ADC ADC 
IWI 13 _ ____.l.a ~ 2 REL 2 IR I_ I H 1 I H 2. __ 'Xl L.. __ IX __ 1 INH 2 IMM 2 DIR 3 EXT 3 - IX2 2 IXI 1 IX 

A BRSET5 BSET5 BPl DEC DECA DEC X DEC DEC ORA ORA w------s-"- --31----sGc -3'1-- --~- J, '1 I 
1010 13 BTB 2 BSC 2 REl 2 OIR 1 INH 1, INH 2 IX1,' IX 2 IXI 1 IX 51 51 31 I I I 21 21 31 41 SI 41 B BRClR5 BClRS BMI SEI ADD ADD ADO ADD ADD ADO 
1011 13 BTB 2 BSC 2 REl _ _ I INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 

C I BRSET6
5 1 aSET6 5 LB;c'r - ;Z 51 INCA 31 INCX 31 INC 6J INC---S-l 1 RSP 21- -T JMP 21 JMP 31 JMP 41 JMP:1 JMP T 

tJ.ixL....l.3 ':' __ B1B :L.. __ BSC _ REL..t2 IDR l' INH I 1 INH 2 IXII, IX 1 INH 2 - OIR 3 EXT 3 IX2 2 IX: 1 IX 

W - -~ 41 I 21 61 51 61 71 61 o BRClR6 BClR6 TST TST - NOP BSR JSR JSR JSR JSR JSR 
1101 /3 8TB 2 BSC 2 IX 1 I IX - I INH 2 -..J!t.l 2 DIR 3 EXT L IX2 2 IX' 1 

:I 5 ~ ~ J 1 I 12 ! ! 21 3[ 41-:1 4! E BRSET7 BSET7 Bil STOP LOX _ lOX LOX lOX - lOX lOX 
lll1L_J3 _______ 18 L BSC 2 ,RE _ _ I INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 

F BRCLR7 BClR7 _ BIH - CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX 51 '51 31 51 31"- 3r- 6f -----,-1 --:r~ <T- I 41 51 :l --SI-----. 
1111 /3 - BTB 2 BSC 2 REL 2 OIR' INH I INH 2 IX' I IX - 1 INH' INH 2 - DIR 3 EXT 3 IX2 2 IX 1 I IX 
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IX 
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MC68HC05C2 

ADDRESSING MODES 

The MCU uses ten different addressing modes to pro
vide t~e 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 t~bles,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-bytedi
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 thelowest256 bytes in memory withasingle 
two-byte instruction. . . 

EXTENDED 

In the extended adQressing mode, the effective address 
of the .argumen,t is. contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode areciipable 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 -126to + 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 lo.cations. 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 I/O location; 

INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mod~, the ef
fective address is the sum ofthe contents ofthe unsigned 
8-bit index register and the Unsigned byte foll()wingthe 
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). 

. INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum ofthe c.oritentsofthe 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 ofmemor'y, 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 addressingan'd 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 isset 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 
registt)r. 

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 VSS) 

Rating Symbol Value 

Supply Voltage VOO -0.3 to +7.0 

Input Voltage Yin VSS -0.3 to 
VOO +0.3 

Self-Check Mode (IRQ Pin Only) Yin VSS-0.3 to 
2xVOO+0.3 

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 -40 to +105 
MC68HC05C2MP, MFN -40 to +125 

Storage Temperature Range TstQ' -65 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance IIJA 
Plastic 60 
PI,astic Leaded Chip Carrier (PLCC) 70 

POWER CONSIDERATIONS 

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

where: 
TA 
6JA 

Po 
PINT 
PI/O 

TJ=TA+(PO-6JA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+PI/O 
= ICCxVCC' Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

VOO=4.5V 

Pins R1 R2 C 

PAO-PA7, 3.26 kO 2.38 kO 50 pF 
PBO-PB7, 
PCO-PC7, 
P01-P04 

POO, P05i P07 1.9 kO 2.26 kO 200 pF 

VOO=3.0V 

Pins R1 R2 C 

PAO-PA7, 10.91 kO 6.32 kO 50 pF 
PBO-PB7, 
PCO-PC7, 
P01-P04 

POO,P05, P07 6,kO 6 kO 200 pF 

Unit 

V 

V 

V 

rnA 

°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 ci(coit. For proper oper
ation, it is recommended that Yin and Vout be 
constrained to the ,range VSS os;; (Vin or Vout) os;; 
VOO. Reliability of operation is enhanced if un
used inputs are connected to an appropriate logic 
voltage level (e.g., either VSS or VOO)· 

For most applications PI/O<PINTand can be neglected. 
The following is an approximate relationship between 

Po and TJ (if PliO is neglected): 
PO=K+(TJ+273°C) (2) 

Solving equations (1) and (2) for K gives: 
K= Po - (T A + 273°C) + 6JA-P02 (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 T A' 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' 

VDD 

Test 
P(lint 0-----.--. 

C 
(See 

Table) 

R2 
(See Table) 

R1 
(See Table) 

Figure 12. Equivalent Test Load 
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MC68HC05C2 

DC ELECTRICAL CHARACTERISTICS 
(VOO=5.0 Vdc±10%, VSS=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad""10.0 IJ-A VOL - - 0.1 V 
VOH VOO-O.l - -

Output High Voltage VOH V 
(lLoad = 0.8 mAl PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 13) VOO-0.8 - -
(lLoad=1.6 mAl P01-P04 (see Figure 14) VOO-0;8 - -

Output Low Voltage (see Figure 15) VOL - - 0.4 V 
(I Load = 1.6 mAl PAO-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP 

Input High Voltage VIH 0.7xVOO - VOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSCl 

Input Low Voltage VIL VSS - 0.2xVOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSCl 

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 IJ-A 
0° to 70°C (Standard) - - 140 IJ-A 
- 40° to + 85°C - - 180 IJ-A 
-40° to + 125°C - - 250 IJ-A 

1/0 Ports Hi-Z Leakage Current IlL - - ±10 IJ-A 
PAO-PA7, PBO-PB7, PCO-PC7, P01-P04 

Input Current lin - - ±1 J.LA 
RESET, IRQ, TCAP, OSC1, POO, P05, P07 

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 100: Only timer system active (SPE=TE=RE=O). If SPI, SCI active (SPE=TE=RE= 1) add 10% current draw. 
4; Run (Operating) 100, Wait 100: Measured using external square wave clock source (fosc=4.2 MHz), all inputs 0.2 V from rail; 

no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured as inputs, VIL =0.2 V, VIH';VOO-0.2V. 
6. Stop 'DO measured with OSCl = VSS. 
7. Standard temperature range is 0° to 70°C. Extended temperature versions and a 25°C only version are available. 
8. Wait 100 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, ILoad",10.0 fLA VOL - - 0.1 V 
VOH VOO-0.1 - -

Output High Voltage VOH V 
(I Load = 0.2 mAl PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 13) VOO-0;3 - -
(lLoad = 1.6 mAl P01-P04 (see Figure 14) VOO-0.3 - -

Output Low Voltage (see Figure 15) VOL - - 0.3 V 
(lLoad=0.4 mAl PAO-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP 

Input High Voltage VIH 0.7xVOO - VOO ,V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RES,ET, OSC1 

Input Low Voltage VIL VSS - 0.2xVOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSC1 

Data Retention Mode W 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 fLA 
0° to 70°C (Standard) - - 80 fLA 
- 40° to + 85°C - - 120 fLA 
-40° to + 125°C - - 175 fLA 

1/0 Ports Hi-Z Leakage Current IlL - - ±10 JLA 
PAO-PA7, PBO-PB7, PCO-PC7, P01-P04 

Input Current lin - - ±1 fLA 
RESET, IRQ, TCAP, OSC1, POO, P05, P07 

Capacitance pF 
Ports (aUnPut 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 100: Only timer system active (SPE=TE=RE=O).lf SPI, SCI active (SPE=TE=RE=1) add 10% current draw. 
4. Run (Operating) 100, Wait 100: Measured using external square wave clock source (fosc=4.2 MHz); all inputs 0;2 V from rail; 

no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured as inputs, VIL =0.2 V, VIH=VOO-0.2 V. 
6. Stop 100 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 100 is affected linearly by the OSC2 capacitance. 
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5.0-----..----...... ---.----......, 

4.0+----I1---...... ----I--~.....j 

3.0 

2 .. 0 

1.0 

o~a--__I~----...... ------P_----~ 
o 0.2 0.4 

VOO-VOH (Volts! 

0.6 0.8 

Figure 13. Typical VOH vs IOH for Ports A, 8, C, and TCMP 

6.0...----..-------r---.,...------, 

5.0 "'----'----4----+_-'----l 

8.0 _---,.....--.....,.----:1 4.0 ..... ----1---4--

6.0 +---I----+~~___i 
« 
.§ 3.0 ..... ---f----++~:...-+_---
..J 

.9 

=- 4.0 -+---+- 2.0 +---f----,~ 
:I: 

~ 

2.0+---tIII~ 1.0 ..... ---J'----+---+------l 

o 0.2 0.4 0.6 o 0.1 0.2 0.3 0.4 

VOO-VOH (Volts! VOL (Volts! 

Figure 14. Typical VOH vs IOH for PD1-PD4 Figure 15. Typical VOL vs IOL for All Ports 
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(3.5 rnA) ·3.5 . 

·3.0 

2.5 

WAIT 
MODE 

2.0 

<{ 
E 
Cl (1.6 rnA) 
.9 

1.5 

1.0 

0.5 

0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 
Internal Frequency l/tcycle (MHz) Internal Frequency l/tcycle (MHz) 

Figure 16. Typical Current vs Internal Frequency for Run and Wait Modes 
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7.0 

VOO=5V±10% 
6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

Stop 100 . (1401tA. 0°-70°C) 

0 
0 0.5 1.0 1.5 2.0 

Internal Frequency (MHz) 

Figure 17. Maximum 100 vs Frequency for VOO=5.0 Vdc 

(2.5 mAl 
2.5,-----,,---...,-----,.---.---""21 

Voo= 3.3 V ± 10% 

2.0-t-------ii---+----+--_4----l 

1.5 
<{ 
.§ 
0 
.9 

1.0 

0.5 

(80 itA, OO-lO°CI 

0 
0 0.20.4 0.6 0.8 1.0 

Internal Frequency (MHz) 

Figure 18. Maximum 100 vs Frequency for VOO=3.3 Vdc 
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MC68HC05C2 

CONTROL TIMING 
(VOD=5.0 Vdc±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 dc 4.2 

Internal Operating Frequency fop MHz 
Crystal (fosc + 2) - 2.1 
External Clock (fosc + 2) dc 2.1 

Cycle Time (see Figure 21) tcvc 480 - ns 

Crystal Oscillator Startup Time (see Figure 21) toxOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 19) tlLCH - 100 ms 

RESET Pulse Width (see Figure 21) tRL 1.5 - tC'LC 

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 20) tTH. tTL 125 - ns 
Input Capture Pulse Period (see Figure 20) tTLTL *** - tcvc 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tlUH 125 - ns 

Interrupt Pulse Period (see Figure 8) tlLIL * - tcvc 

OSC1 Pulse Width tOH. tOL 90 - ns 

*The minimum period tlUL 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 in,ternal cycles (tcyel. this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tTL TL should not be less than t~e number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc. . 

OSC" ~ZZZZZZZZZZZ·~ ZZZZZZZZZZ; 
tRL 

IR02 

IR03 

Internal 
Clock 

1+---- tlLCH -----+ .... - 40641cyC 

------------------------~ 
Internal "f""~"'l'r'""ft"""X'"'"'7'I~~~I'r""7'C"''7'I''''"''ft''.., 

Address 
Bus ~~~~-K-K~~~~~~~~ 

NOTES: 
1. Represents the internal gating of the OSC1 pin. 
2. TAO 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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MC68HC05C2 

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 dc 2.0 

Internal Operating Frequency fop MHz 
Crystal (fosc "" 2) - 1.0 
External Clock (fosc ..,.2) dc 1.0 

Cycle Time (see Figure 21) t~yc 1000 - ns 

Crystal Oscillator Startup Time (see Figure 21) tOXOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 19) tlLCH - 100 ms 

RESET Pulse Width - Excluding Power-Up (see Figure 21) tRL 1.5 - tCyc 

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 20) trH. tTL 250 - ns 
Input Capture Pulse Period (see Figure 20) tTLTL *** - tm 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tlLlH 250 - ns 

Interrupt Pulse Period (see Figure 8) tlLlL * - tcvc 

OSC1 Pulse Width tOH, tOL 200 - ns 

*The minimum period tlLlL 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 trLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc. 

External 
Signal 
(TeAP 
Pin 37) 

Figure 20. Timer Relationships 
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* * OSCl 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 
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MC68HC05C2 

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@J, disk file 
MS@J-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 contactthe 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-sided5114 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. 

MOOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 

$0020 

xxx = Customer 10 

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 ~upplied 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 Me Order Number 

Plastic O°C to + 70°C MC68HC05C2P 
(P Suffix) - 40°C to + 85°C MC68HC05C2CP 

-40° to + 105°C MC68HC05C2VP 
- 40°C to + 125°C MC68HC05C2MP 

PLCC O°C to + 70°C MC68HC05C2FN 
(FN Suffix) - 40°C to + 85°C MC68HC05C2CFN 

- 40°C to + 105°C MC68HC05C2VFN 
- 40°C to + 125°C MC68HC05C2M FN 

IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 

40-PIN DUAl-IN-LiNE PACKAGE 

RESET VOO 

iRCi OSCl 

NC OSC2 

TCAP 

PD7 

TCMP 

PA4 PD5 

PA3 PD4 

PD3 

PAl PD2 

POl 

PBa PDa 

pca 

PB2 PCl 

PB3 PC2 

PB4 PC3 

PB5 PC4 

PB6 PC5 

PB7 PC6 

VSS 

44-lEAD PlCC PACKAGE 

It;; - N Q. 
~< U U Ig ~ 8 ~ ~ ~ U Q.Q.zz_a:>oOt-Z 

PD7 
PA4 TCMP 
PA3 PD5 
PA2 PD4 

PD3 
P02 

PBa POl 
PBl PDO 

'PB2 pea 
PB3 PCl 
PB4 PC2 

ULO"' ...... U)U ...... "'LO.,.., 
z~~~~z~~~~~ 

NOTE: Bulk substrate tied to Vss. 
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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 I/O 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. 

Th.e 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 I/O 
• 176 Bytes of On-Chip RAM 
• 2096 Bytes of User ROM 
• 24 Bidirectional I/O 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 OSCl OSC2 

t Internal t t Internal 
Processor I 

"",,;u,,", ~p,o~ro, TCAP Timer Clock 
System I 

and Clock 
+2 

~ . 
Port 

A 
1/0 

Lines 

Port 
B 

1/0 
Lines 

PAO 
PAl 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PBO 
PBl 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 

Port Data 
A Dir -< 

Reg Reg 

Port Data 
B Dir r-

Reg Reg 

Accumulator 

CPU 
Index Control 

Register r-

Condition 
Code 

Register 
CPU 

Stack 
~ 

Pointer 

Program .-
Counter 

High ALU 
Program ~ 
Counter 

Low 

1 
T T 

2096x8 

I 
l76x 8 

I ROM Static 
RAM 

240 x 8 
Self-Check 

ROM 

RESET 

IRQ 

PCO 
PCl 
PC2 

Data Port PC3 
Dir C PC4 
Reg Reg PC5 

PC6 
PC7 

Port 0 PD7 

RDt (PDQ) 
SCt 

TOO (PD1) 
MtSO(PD2) 
MOSI(PD3) 

SPI SCK (PD4) 

-.:s:S (PD5) 

Baud Rate 
Generator 

Int1nal 
Processor 

Clock 

Port 
C 

I/O 
Lines 

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

MOTOROLA· MICROPROCESSOR DATA 

3~819 

II 



II 

MC68HC05C3 

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. 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 4 MHz Units 

RSMAX 400 75 0 

Co 5 7 pF 

Cl O.~ 0.012 "F 
COSCl 15-40 15-30 pF 

COSC2 15-30 15-25 pF 
Rp 10 10 MO 
\) 3(; 4(J K 

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 stabiliiation time. Re
fer to ELECTRICAL SPECIFICATIONS for VOO 
specifications. 

Ceramic Resonator 

A ceramic resonator maybe used in place of the crystal 
in cost-se.nsitive 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 0 

Co 40 pF 

Cl 4.3 pF 

COSCl 30 pF 

COSC2 30 pF 
Rp 1-10 MO 
Q 1250 -

(a) Crystal/Ceramic Resonator Parameters 

MCU 

05Cl 0502 

39 Rp 38 

'I' C05C2 

(b) Crystal/Ceramic Resonator 
Oscillator Connections 

R 

(d) RC Oscillator Connections 

~
SC2 L Cyl RS OSC1 

38 39 

. Co 

~38~----~ID~1 _______ 3~9 

Figure 1. Oscillator Connections 

(c) Equivalent Crystal Circuit 

(e) External Clock Source Connections 
(For Crystal Mask Option Only) 
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N 
:x: 
~ 
>
U 
C 

10 

~ 0.5 

f 0.2 

j O. 
.~ 

1 

o 0.05 

0.02 

0.0 1 
1 

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

..... 
I' 

10 20 50 100 200 500 1000 

Resistance (km 

Figure 2. Typical Frequency vs Resistance for 
RC o.scillator o.ption o.nly 

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 contrpls the input capture feature for the on
c~ip programmable timer. 

OUTPUT Co.MPARE (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/o.UTPUT Po.RTS (PAO-PA7, PBO-PB7, PCO-.PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
8, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PRo.GRAMMING for additional infor
mation. 

FIXED INPUT Po.RT (PDO-PD5, PD7) 

These sev~n lines comprise port D, a fixed input port. 
All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PRo.GRAMMING for additional information. 

PROGRAMMING 

Inputloutput.port programming, fixed input port pro
gramming, and serial port programming are discussed 
in the following paragraphs. 

INPUT/o.UTPUT Po.RT PRo.GRAMMING 

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 DDRsare 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 I/O pin functions. 

Table 1. I/o. Pin Functions 

R!W* DDR 110 Pin Functions 

0 0·' The I/O 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 110 pin~ 

1 0 The state of the I/O pin is read. 

1 1 The I/O pin is in an output mode. The 
output data latch is read. 

*RiW isan internal signal. 

FIXED INPUT Po.RT PROGRAMMING 

Port D is 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, PD~ and PD1 inputs will r.ead zero. 
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Internal 
MCU 

Connections 

1/0 
Pin 

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 '110 ports should be tied to 
an appropriate logic level (e.g., eitherVDD 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 (RD!) and transmit data output (TDO), respectiv~ly. 
The SPI function requires four of the pins (P02-PD5) for 
its serial data input/output (MIS,O);' serial, data ou~tI 
input (IV!OSI), serial clock (SCK), and slave select (SS)' 
respectively.' ; 

MEMORY 

The MCU is capable of addressing 8192 bytes of mem
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. 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 pLills. 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 containsan 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The indexregister 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 

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 ~esetorthe reset 'sta<:~ pOinter(RSP) instruction, 
the stack pointeris setto location $OOFF. The stackpointer 
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 $OOFF to ,$OOCO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
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$0000 

$OOlF 
$0020 

$OO4F 
$0050 

$OOBF 
$OOCO 

$OOFF 
$0100 

$OBFF 
$0900 

$1 EFF 
$1 FOO 

$lFDF 
$lFEO 

$lFEF 
$lFFO 

$lFF3 
$lFF4 

$lFFF 

1/0 
32 Bytes 

, 
User 
ROM 

48 Bytes 

RAM 
176 Bytes 

--l--S:k-

64 Bytes 

User 
ROM 

2048 Bytes 

Unused 
5632 Bytes 

Self Check 

1------
Self-Check 

Vectors 

Unused 
4 Bytes 

User 
Vectors 
12 Bytes 

0000 

0031 
0032 

\ 
\ 

0079 
0000 

\ 

" \ 
0191 
0192 

0255 
0256 

2 
2 

303 
304 

7935 
7936 

8 
8 

175 
176 

8179 
8180 

8191 

\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 

256 Bytes 

Ports 
7 Bytes 

Unused 
3 Bytes 

Serial Peripheral 
Interface 
3 Bytes 

Seriill 
Communications 

Interface 
5 Bytes 

Timer 
10 Bytes 

Unused 
4 Bytes 

0000 

0031 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

Port A Data Register $00 

Port B pata Register $01 

Port C Data Register $02 

Port 0 Fixed Input Register $03 

Port A Data Direction Register $04 

Port B Data Direction Register $05 

Port C Data Direction Register $06 

, Unused $07 

Unused $08 

Unused $09 

Serial Peripheral Control Register $OA 

Serial PeripherarStatus Register SOB 

Serial Peripheral Data 1/0 Register SOC 

Serial Communications Baud Rate Register $00 

Serial Communications Control Register ,1 $OE 

Serial Communications Controi Register 2 $OF 

Serial Communications Status Register $10 

Serial Communications Data Register $11 

Timer Control Register $12 

Timer Status Register $13 

Input Capt4re 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 $lA 

Alternate Counter low Register $lB 

Unused $lC 

Unused $10 

Unused $lE 

Unused $lF 

Figure 4. Memory Map 

wraps around and loses the previously stored informa
tion. A subroutine call occupies two locations on the'st'ack; 
an interrupt uses five locations. 

12 7 

CONDITION CODE REGISTER (eCR) 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction jus1 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 (disabl~d). 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 IZ) 
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 - Transmi,ssion test; checks RORF, TORE, TC, 

and FE flags . . 
SPI .;..::,.. Transmission test; checks SPIF, WCOl, and 

MOOF flags 
Self-check results (using the LEOs 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 

10k 
47~ 

2N3904 
iR5 

+5V 
..2. NC 

10k '='" 
37 

TCAP 

MCU 
.........! PA7 

.....- ---2. PA6 
6 PA5 
7 

RESET 

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 t~e 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 $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 = o. If the test passed, A = O. 

RESETS 

The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 

RESET 

lI'q 1 

10k 

vDD 
40 

+5V 

OSCl 
39 - ~qF 

I 
10M o 4MHz 

1 'rlF 
OSC2 38 

36 
(See Notel J '='" 

PD7 
-4:-

+5V 

~ 4.7 K TCMP 
PA4 

PD5/SS 
34 

...2 33 ).M PA3 

~ 
PD4/SCK 

-4:- 10k PA2 32 
10 PD3/MOSI 

PAl 
PD2/MISO 

31 
11 

I PAO 30 
PD1/TOO 

29 
PDO/RDI 

~ 12 PCO 
28 

PBO 

r--11 27 
r-- PBl PCl 

~'--10k 14 
PB2 PC2 26 

.... 
.25 15 PC3 -~ PB3 

~ ~ PB4 PC4 

L.-.-.!l PB5 PC5 
23 

18 
PB6 PC6 

22 

19 PC7 
21 

PB7 
VSS 

...L2O 

. 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 I/O 

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. 

o Indicates lED IS 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 cycl~) 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 (teyel. 

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) 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 ofthe 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 ~: 
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. 

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 

o 

loe,ea,;09 Memo" l·~ 
1 1 1 11 1 Condition Code Register 

Stack 
I 

11 
Addresses U 

R 
N 

Unstack 

01 0 10 1 

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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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 (tILlLl 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 

VDD ...-__ ..., 

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 thel 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 INTERRU~TS 

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 

D QI------I 

External 
Interrupt 
Request 

Interrupt Pin ----...... ---Q.? C 

(a) Interrupt Internal Function Diagram 

I Bit(CC) 

Power-On Reset 

External Reset 

External Interrupt 
Being Serviced (Vector Fetch) 

iRO~tlUH U Edg&-S8I1IitMI Trigger Condition 
The minimum pulse widtl:dtlLlH) is eit.her 
125 ns (VO.D=5 VI or 250 ns {VOO=3 VI. 
The period tllll should not be less than 
the number of tcyc cycles it takeS to ex
ecute the interrupt service routine plus 21 
!eyc cycles. 

I.... tlllL.---.....--l.1IOf1 

IRQn ~ ____ ---,I 

level-S8IWitIve Trigger CondItIon 
If after servicing an interrupt the iFiQ re
mains low, then the next interrupt is 
recognized. 

NormaiJy 
Used witt) 
Wire-ORad 
Connection 

nm----, r (MCU) I~ ____________________________ ~ 

(b) Interrupt Mode Diagram 

FigureS. External Interrupt 

MOTOROLA MICROPROCESSOR DATA: 

3-826 



y 

MC68HC05C3 

Clear IRQ 
Request 

Latch 

Load PC from: 
SWI:$1 FFC-$1 FFD 
IRQ: $lFFA-$1 FFB 

Timer: $1 F~8-$1 FF9 
SCI: $1 FF6-$1 FF7 
SPI: $1 FF4-$1 FF5 

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 IRO 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 Iowan 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 
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 Oscillator 
And All Clocks 

Clear I Bit 

(1) FetCh Reset Vector or 
(2) 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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Oscillator Active 
Timer, SCI, And SPI 

Clocks Active 
Processor Clocks Stopped 

(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 16cbit architecture, each spe
cificfunctional 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. Theprescaler 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 
($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 

Clock 

High Low 
Byte Byte Low High Low 

Byte Byte Byte 

$16 16-Bit Free $18 $14 

$17 
Running 

$19 Counter $15 

Counter $lA 
Alternate 

$lB 

.-----1 D Q 

~--~~---------------+----~----~~CLK 

Timer r--..L--r.-L---,,..-.L-., 

Status 
Reg. 

Output 
Level 
Reg, C 

Timer RESET 

Control 
Reg. 
$12 

Output Edge 
Level Input 

(TCMP) (TCAP) 

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 of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, thEl 
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 $FFFCand 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 ClbCk cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bilis set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOlE). 

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 fQr several purposes, 
such as indicating when a period oftime,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 vallJes 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 tne 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 transf~r is 
defined by the corresponding input edge bit (lEDG). Reset 
does not affect the contents of the input capture register: 

The result obtained by an input capt~re will be one 
more than the value of the free-running counter on the 
rising edgeof the internal bus clockpreceding 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 (lCF) 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 isa read/write r.egister containing five control 

bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 

7 6 3 

I ICIE 1 OCIE TOlE 0, , ,I IEDG OLVL 

RESET: 
o 

ICIE ,-:- Input Capture Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

OCIE - Output Compare Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt dis~bled 

TOlE - Timer Overflow Interrupt Enable 
1 = Interrupt enabled ", 
0= Interrupt disabled 

IEDG - Input Edge 

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 1 OCF TOF 1 

RESET: 
U U U '0 

ICF - Input Capture ~Iag 
1 = Flag set when selectedpolarityedge 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 $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. Ouring 
STOP, if at least one valid inputcapture edge occurs at 
the TCAP pin, the input capture detect cir.cuit 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. 

o 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 TRANSMITIER FEATURES 

• Transmit data register empty flag 
• Transmit complete flag 
• Break send 

Any SCI two-wire system ,requires receive data in (ROI) 
and transmit data out (TOO). 

DATA FORMAT 
Receive data in (ROI) or transmit data out (TOO) is the 

serial data presented between the internal data bus and 
the output pin (TOO) and between the input pin (RDI) and 
the interna'i data bus. Data format is as shown for the 
NRZ inFigure 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 uniriterested 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 

a • 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 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) 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 registe'r 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 clc;>ck. 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 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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Internal 
Processor 

Clock 

NOTE: The Serial Communications Data Register (SCDAT) is controlled by the internal R/W signal. It is the transmit data register whe.n 
written and receive data register when read . 

. Figure 13 .. SCI Block Diagram 
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Serial Communications Control Register 1 (SCCR1) $OE 

The SCCRl provides control·bitsthat determine word 
length and select the wake-up method. 

3 ·1 

I R8 T8 M I WAKE I 
RESET: 

U 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 stbp 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 ~ssociated 
error flags. 

1 1 Detection of a received one in the ninth data 
bit allows an RDRF flag and associated error 
flags. 

Serial CommunicationsContr,ol 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: 
o 

TCIE RIE ILiE TE 

TIE - Transmit Interrupt Enable 
1 = SCI interrupt enabled 
0. = TORE interrupt disabled 

RE RWU 

TCIE - Trap~mit Complete Interrupt Enable 
1 = SCI interrupt enabled 
0. = TC interrupt disabled 

SBK 

RIE - Receive Interrupt Enable 
1 = SCI interrupt enabled 
0. = RORF and OR interrupts disabled 

ILlE- Idle Line Interrupt Enaple 
1 = SCI interrupt enabled 
0. = Idle interrupt di.sabled 

TE - Transmit Enable .1 

1 = Transmit shift register output isappHed to the TOO. 
line. Depending upon the SCCR1 M bit, a pream
ble 0110. (M =0.) or 11 (M = 1) consecutive ones is 
transmitted. 

0. = Transmitter disabled after last byte· is loaded in 
the SCOAT 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. 
a = Receiver disabled and RORF, 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 vali,d 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 
secondisqueued 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 

I TORE I TC RDRF IDLE OR NF FE 

RESET: 

TORE - Transmit Data Register (TOR) Empty 
1 = TOR contents transferredto the transmit data shift 

register 
a = TOR still contains data. TORE is cleared by reading 

the SCSR (with TORE = 1), followed by a write to 
the TOR. 

TC - Transmit ~omplete 
1 = Indicates end of data frame, preamble, or break 

condition has o.ccurred 
0. = TC .bit cleared by reading theSCSR (with TC =1 L 

followed by a write to. the TOR 
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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 RDlline 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=OR is cleared by reading the SCSR (with OR=1), 
followed by a read of the RDA. 

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 RDA. 

Bit 0 - Not used 
Can read either one or zero 

Baud Rate Register $00 

The baud tate register is used to select the SCI trans
mitter and receiver baud rate. SCPO and SCPT 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 SCPl SCPO 

RESET: 

SCPO - SCI Prescaler Bit 0 
SCP1 - SCI Prescaler Bit 1 

SCR2 SCRI SCRO 

u u 

Two prescaler bits are used to, inc~ease 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 a.ctual 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 43.69.1 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 tran~mit 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. 
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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 foll9win9 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 

55 I---Voo 
"--

M6805 HCMOS 
Master 

r---
P (I, 

0 1 
R 2 
T 3 t--

r 

I 
II 

It I I 1 

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 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 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 Slave 0 

MISO SC~ I 
MOSI SS 

I MOSI SS I MOSI SS MOSI SS 
MISO SCK MISO SCK MISO SCK 

M680S' HCMOS Slave 3 M680S HCMOS Slave 2 M680S HCMOS Slave 1 

Figure 14. Master-Slave System Configuration 
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SCK (CPOL = 0) 

SCK (CPOL = 1) 

Sample Input 
Data out (CPHA=l) 

Sample Input 
Data out (CHPA = 0) 

Figure 1.5. 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 SSline could be tied to 
VSS as long as CPHA= 1 clock modes are used. 

FUNCTIONAL DESCRIPTION 

Ablock 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 
viatheMOSI pin to the slave devices. During a read cyclei 

data is applied serially from a slave device viathe 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. 

55 (PD5) 

'Internal 
Processor 

Clock 

SCK (PD4) 

SPCR 
SOA L--_.,..-_ ..... 

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 (SPCRl, serial peripheral 
status register (SPSR), and serial peripheral data 1/0 reg
ister (SPDR), are described in the following paragraphs. 

MISO (PD2) 

Read 

Internal 
Data 
Bus 

Figure 16. SPI Block Diagram 
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I 
I MISO MISOI 

a-Bit Shift Register 

I 

I MOSI MOSI
I 

I 
I 
I 
I SCK SCKI 

I I 
ISS SSI 
I +5V o V ----,---, 

Figure 17. SPI Master-Slave Interconnections 

Serial Peripheral Control Register $OA 

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. 
76543210 

i SPIE I SPE I MSTR I CPOl I CPHA I SPRl SPRO 

RESET: 
a 

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 

u 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.QOl 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, SPRl - 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 SOB 

The SPSR contains three status bits. 
6 5 4 3 2 

SPIF I WCOl I I MODF I 
RESET: 

a 
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 SOC 

The SPDR is a read/write register used to receive and 
transmit SPI data. 

7 6 5 2. 

I SPD7 I SPD6 SPD5 SPD4 SPD3 SPD2 SPDl SPDO 

RESET: 
U U UU 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 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 

Formls) Addressing I 
Mode Cycles I Bytes I Opcode 

Inherent 11 1 $42 

REGISTER/MEMORY INSTRUCTIONS 

Most of these instructions use two operands. One op
erand is either the accumulator orthe 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 ILogical Compare) BIT 

Jump Unconditi'onal 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 
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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 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 reg ister 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 (n=O ... 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) 

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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Bit Manipulation Branch 
BTB Bse REL 

'~ ~ ~1 rito 
5 

2 BSE1~; BRA '3 
rk 3

BRSE
JfB 2 AEL 

5 5 3 , 
3BACL:TOe 2 BCL~~c 2 BR~ 

0001 

3BRSEJT1: 
5 3 

2 2 BSE1~c 2 BHIAEL 0010 
.5 5 3 

3 3BACL:T18 2 BCL~~c 2 BlS
A 0011 

5 5 3 
4 rSEJ1B 2 BSE1~c 2 BCCAE, 

0100 

3
BAeL:l: 

5 3 

01~1 2 BCL~~c 2 BCS
A 

5 5 3 

O~O L1RSE~?A 2 BSE1~c 2 BNEA 

" -' 5 3. 
7 

L3.
BACL:ls. ~BCL~%c ..2.. BEQI!El. 0111 

13BASH4' 
.', 5 3 

1~ 2 BSE1~c 2 BHCC 
BTB AE' 

5 5 3 
9 3BACL:~ 2 BCL~~c ..2..

BHCk 1001 

13
BRSE

Ji: 

5 3 

It,O 2 BSE1~c 2 BPl
AEI 

5 5 3 
B BAClR5 2 BCl~~c BMI 

1011 3 BTB 2 AEL 

13BASEJ~:_ ..2..BSE1~~ 
3 

1~ ..2.. BM~EL 

13BRCL:~: 
5 3 

lPol 2 BCL~~c 2 BM~E' 
5 5 3 

E 3BRSH7 2 BSE1~c Bil 
1110 BTB 2 A 

5 5 3 
F BRCLR7 BClR7 BIH 

1111 3 BTB 2 BSC 2 AEL 

AbbreYie1iona for Add,.. 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 (No Offset I 
Indexed, 1 Byte (S-Bitl Offset 
Indexed, 2 Byte I16-Bit) Offset 

DIA 

~1 
2 NEGo,: 

.5 

2 CO~,)'A 
5 

2 'LS~TA 

5 

2 RORO'A 
5 

2.. ASR
OIA 

5 
LSl 

2 D'A 
5 

2.. RO~IA 
5 

2 DEC 
O'A 

5 
INC 

2 D'A 
4 

TST 
2 D!A 

5 
CLR 

2 __ D'A 

• Table 5. Opcode Map 

R8IId/Modify/Wiite Control ~iater/Mernory 
INH INH IX' IX INH INH IMM DIR EX' IXl , IX 

o~ 0~1 01~0 01~1 8 9 A B lfoo 0 E lr,1 H~ 1000 1001 1010 1011 1101 1110 
3 3 6 5 

RTI " SUB 2 
2 SUBo,: 3 SU~X~ 3 SUB,x~ SUB 4 SUB] NEGA NEGX NEG· NEG rk 1 INH 1 lNH 2 ,X, , ,X , 'NH 12 'MM 2 'Xl 1 ,X 

6 2 3 4 5 4 3 
RTS CMP CMP CMP CMP CMP CMP , , 'NH 2 IMM 2 O,A 3 EXT 3 'X2 2 ,x, , ,X 0001 

II 2 3 4 
SBC: ' 

4 
SBC ] MUL SBC SBC SBC SBC 2 , INH 2 'MM 2 D'A 3 EXT 3 'X2 2 'Xl 1 'X 0010 

3 3 6 ,5 '0 2 3 4 
CPX ' 

4 
CPX ' COMA COMX 2 COM COM SWI CPX CPX CPX CPX 3 , 'NH 1 'NH 'Xl , 'X , 'NH 2 'MM 2 D'A 3 EXT 3 'X2 2 'Xl 1 IX 0011 

3 3 6 5 2 
AND 3 

4 5 4 3 
LSRA LSRX LSR lSR AND AND AND AND AND 4 

1 'NH 1 'N" 2 'Xl , 'X 2 'MM 2 D'" 3 ,EXT 3 ,X2 2 'Xl 1 'X 0100 
2 3 4 5 4 3 

li. BI~M 2.. BIT D'A 3 BITE.XT 3 BIT 'X2 2 BIT 'x , BIT 'x 01~1 
3 3 

2 ROR 
6 5 2 3 4 5 4 3 

1 AOR~,H RORX ROR 
12 lD~MM LOA LOA LOA LOA LOA 6 , 'NH 'Xl , 'X 2 O'A 3 EXT 3 'X2 2 'Xl 1 'X 0110 

3 3 6 5 2 4 
STA 5 STA ~ STA ' 

4 
ASRA ASRX 2 ASR ASR TAX STA STA 7 

1 'NH 1 'NH 'Xl 1 'X , ,NH 2 D,A 3 EXT 3 'X2 2 'Xl 1 ,X 0111 
3 3 6 5 2 2 3 4 5 4 3 

LSLA lSlX 2 lSl lSl ClC'N 12 EOR EOR EOR 3 EOR IX2 2 EOR EOR 8 
1 'NH , 'NH 'Xl , 'X 'MM 2 O'A 3 EXT 'Xl 1 'X 1000 

3 3 6 5 2 2 3 4 5 4 
ADC ] ROlA ROlX 2 ROl ROl SEC ADC ADC ADC ADC ADC 9 

1 'NH 1 'NH 'Xl , 'X ' , 'NH 2 'MM 2 D,A 3 EXT 3 IX2 2 'Xl 1 'X 1001 
3 3 6 5 2 

ORA] ORA' ORA 5 ORA' ORA' DECA DECX DEC DEC Cli ORA A 
1 'NH I 'NH 2 'Xl 1 'X , 'NH 2 'MM 2 O'A 3 EXT 3 'X2 2 'Xl 1 'X 1010 

SEI 1 ADD] 
4 

ADD' ADD 4 ADD] ADD ADD B , 'NH 2 'MM 2 O,A 3 EXT 3 'X2 2 'Xl 1 'X 1011 
3 3 6 5 2 2 

JMP 3 
4 

JMP 3 JMP 2 INCA INCX INC INC RSP JMP JMP C 
1 'NH , 'NH 2 'X, , 'X , 'NH 2 D'A 3 ExT 3 'X2 2 'Xl 1 'X 1100 

3 
TSTX 

3 5 4 2 6 
JSR ' JSR b JSR b JSR ' TSTA TST TST NOP BSR JSR 0 

1 ,NH 1 'NH 2 iXl 1 'X , 'NH 2 AEL 2 O,A 3 EXT 3 'X2 2 'Xl 1 'X 1101 

STOP 2 lOX 2 lOX 3 lOX 4 lOX 5 
4 

lOX 3 lOX E , 'NH 2 IMM 2 D,A 3 EXT 3 ,x2 2 'Xl 1 'X 11-10 
3 3 6 5 

WAIT 2 
2 

STX 4 STX 5 STX 6 STX 5 STX • CLRA CLRX CLR CLR TXA F 
1 

- - 'NH 1 INH 2 IXI 1 IX 1 INH 1 INH 2 D,A 3 EXT 3 IX2 2 'Xl 1 'X 1111 I 

LEGEND 

F II( Opcode in Hexadecimal 

Opcode in Binary 
Mnemonic ~. ~ l ~ 

Bytes 1 J~X~ 0000 c:: 

Cycles-------' '---------- Address Mode 

s: 
n en 
CO 
:::t: 
n 
C) 
U1 n 
Co\) 



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 e~tended addressing 
mode are capable of referencing arguments anywhere in 
memory withasingle three-byte instruction. When using 
the Motorola assembier, 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 mo.de ,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 I/O location. 

INDEXED, S-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef
fective address is the sum of the contents oft,he unsigned 
8-bit index register and the unsig'ned 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 woulq typically be in X with the address of 
the beginning, of the table i,n 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, 1.6·8IT OFFSET 

In the indexed, 16-bit offset addressing mode, the ef
fective address is the sum ofthe contentsofthe 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 forr;n 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 
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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MC68HC05C3 

ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Voltages referenced to Vss) 

Rating Symbol Value 

$upply Voltage VDD -0.3 to + 7.0 

Input Voltage Vin VSS -0.3 to 
VDD +0.3 

Self-Check Mode (IRQ Pin Only) Vin VSS-0.3 to 
2xVDD+0.3 

Current Drain Per Pin Excluding I 25 
VDD and VSS 

Operating Temperature Range TA TL to TH 
MC68HC05C3P, FN Oto + 70 
MC68HC05C3CP, CFN -40 to +85 
MC68HC05C3VP, VFN . -40 to + 105 
MC68HC05C3MP, MFN -40 to + 125 

Storage Temperature Range Tstg -65to + 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance tlJA 
Plastic 60 
Plastic Leaded Chip Carrier (PLCC) 7Q 

POWER CONSIDERATIONS 

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

where: 
TA 
6JA 

PD 
PINT 
PliO 

TJ =TA + (PD· IlJA) (1) 

= Ambient Temperature, °c 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+PIIO 
= ICCxVCC' Watts - Chip Internal Power 
= Power Dissipation on Input and Output 

Pins - User Determined 

VOO=4.5 V 

Pins R1 R2 C 

PAQ-PA7, 3.26 kfl 2.38 kfl 50 pF 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 

PDQ, PD5, PD7 1.9 kfl 2.26 kfl 200 pF 

VOO=3.0 V 

Pins R1 R2 C 

PAQ-PA7, 10.91 kfl 50 pF 
PBQ-PB7, 6.32 kfl 
PCQ-PC7, 
PD1-PD4 

PDQ, PD5, PD7 6 kfl 6 kfl 200 pF 

Unit 

V 

V 

V 

mA 

'C 

C 

Unit 

'CW 

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 "" (Vin or Vout) -
VDD. Reliability of operation is enhanced if un
used inputs are connected to an appropriate logic 
voltage level (e.g., either VSS or VDD). 

For most applications PI10<PINT and can be neglected. 
The following is an approximate relationship between 

Po and TJ (if PliO is neglected): 
PD= K -;- (T J + 273"C) (2) 

Solving equatio~s (1) and (2) for K gives: 
K = PO· (T A +273°C) + fJJA"P0 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 T A 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 T A 

Voo 

Test 
Point o----~._-~ 

C 
ISee 

Table) 

R2 
ISee Tablel 

Rl 
(See Tablel 

Figure 18. Equivalent Test Load 
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MC68HC05C3 

DC ELECTRICAL CHARACTERISTICS 
(VOO = 5.0 Vdc ± 10%, VSS =0 Vdc, TA = TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad'-S10.0 flA VOL - - 0.1 V 

VOH VOO-O.l - -

Output High Voltage VOH V 
(lLoad = 0.8 mAl PAD-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) VOO-O.8 - -
(lLoad = 1.6 mAl P01-P04 (see Figure 20) VOO-0.8 - - . 

Outr>ut Low Voltage (see Figure 21) VOL - - 0.4 V 
(ILoad=1.6 mAl PAD-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP 

Input High Voltage VIH 0.7 xVOO - VOO V 
PAD-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSCl 

Input Low Voltage - VIL VSS - 0.2 xVOO V 
PAD-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSCl 

Oata Retention Mode (0° to 70uC) 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 riA 
o to 70uC (Standard) - - 140 fl-A 
'- 40" to + 85°C - - 180 fl-A 
- 40" to + 125°C - - 250 fl-A 

I 0 Ports Hi-Z Leakage Current IlL - - ±10 fl-A 
PAD-PA7, PBO-PB7, PCO-PC7, P01-P04 

In~Current lin - - ±1 fl-A 
RESE~IRQ,TCA~OSC1, PO~PO~ P07 

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 100: Only timer system active (SPE == TE = RE = 0). If SPI, SCI active (SPE =' TE = RE = 1) addl 0% current draw. 
4. Run (Operating) 100, Wait 100: Measured using external square wave clock source (fosc =4.2MHz), all inputs 0.2 V from rail; 

no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured as inputs, VIL = 0.2 V, VIH '= VOO - 0.2 V. 
6. Stop 100 measured with OSCl = VSS. 
7. Standard temperature range is 0° to 70°C. Extended temperature versions and a 25°C only version are available, 
8. Wait 100 is affected linearly by the OSC2 capacitance. 
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MC68HC05C3 

DC ELECTRICAL CHARACTERISTICS 
(VOO = 3.3 Vdc ± 0.3 Vdc, VSS = 0 Vdc, T A = TL to TH, unless otherwise noted) 

\ Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad""lO.O I1A VOL - - 0.1 V 
.. VOH VOD - 0.1 - -

Output High Voltage VOH V 
(lLoad= 0.2 mAl PAD-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) VOO-0.3 - -
(lLoad = 0.4 mAl P01-P04 (see Figure 20) VOD-0.3 - -

Output Low Voltage (see Figure 21) VOL - -- 0.3 V 
(ILoad = 0.4 mAl PAD-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP 

Input High Voltage VIH 0.7 x VOO - VOO V 
PAD-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET, OSCl 

Input Low Voltage VIL VSS - 0.2 x VOO V 
PAD-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET, OSCl 

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 24) 

25°C - 1.0 30 I1A 
0° to 70°C (Standard) - - 80 I1A 
- 40° to + 85°C - - 120 I1A 
- 40° to + 125°C - - 175 I1A 

1/0 Ports Hi-Z Leakage Current IlL - - :2:10 I1A 
PAD-PA7, PBO-PB7, PCO-PC7, P01-P04 

Input Current lin - - :2:1 I1A 
RESET, IRQ, TCAP, OSC1, POO, P05, P07 

Capacitance pF 
Ports (a §...!!!putor 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 100: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 
4. Run (Operating) 100, Wait 100: Measured using external square wave clock source, (fosc =4.2 MHz)' all inputs 0.2 V from rail; 

no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured as inputs, VIL = 0 . .2 V, VIH = VOO - 0.2 V. 
6. Stop 100 measured with OSCl = VSS. 
7. Standard temperature range is 0°, to 70°C. Extended temperature versions and a 25°C"only version are available. 
8. Wait 100 is affected linearly by the OSC2 capacitance. 
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2.0 

1.0 
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MC68HC05C3 

0.4 

vDD-VOH (Volts) 

0.6 0.8 

Figure 19. Typic~1 VOH vs IOH for Ports A, B, C, and TCMP 

6.0 __ ---,..-----.-,..-----r-----, 

5.0 -l-----'----+----+--~---4 

8.0 ....... ---,.----,..------:1 4.0 *-"---1-----4---

<i 
6.0 +----II-----+--.,.~----i .§ 3.0 -+----I-----++~'---+-------1 

9 

=- 4.0 -+----+- 2.0 +---+--~ 
I 
9 

2.0-+----.,JII~ 1.0 4------J~---+---+------1 

0.2 0.4 0.6 0.1 0.2 0.3 04 

VDD-VOH (Volts) VOL (Volts) 

Figure 20. Typical VOH vs IOH for PD1-PD4 Figure 21. Typical VOL vs IOl for All Ports 
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3.0 

2.5 

2.0 

;;:{ 
.5 
0 

..9 
1.5 

1.0 

I 0.5 

MC68HC05C3 

(3.5 mAl 
3.5 

3.0 

2.5 

WAIT 
MODE 

2.0 

;;:{ 
.5 
0 \16 mAl 

..9 
1 5 

1 0 

0.5 

0.5 1.0 1.5 2.0 0.5 10 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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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 23. Maximum 100 vs Frequency for VOO = 5.0 Vdc 

12.5 mAl 
2.5-r----.-------r----r------,.-----,. 

VDD=33 V± 10% 

2.0;----+------t---+----7"t----i 

1 5 
:;{ 

E 
0 
.9 

1.0 

05 

04-~--_+------~--~~--~-+----~ 
o 0.2 0.4 06 0.8 1.0 

Internal Frequency (MHz) 

Figure 24. Maximum 100 vs Frequency for VOO = 3.3 Vdc 
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MC68HC05C3 

CONTROL TIMING 
(VDD=5.0 Vdc± 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 dc 4.2 

Internal Operating Frequency fop MHz 
Crystal (fosc c-2) - 2.1 
External Clock (fosc c- 2) dc 2.1 

Cycle Time (see Figure 28) tcyc 480 - ns 

Crystal Oscillator Startup Time (see Figure 28) tOXOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tlLCH - 100 ms 

RESET Pulse Width (see Figure 28) tRL 1.5 - tcyc 

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 *** - tcyc 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tlLlH 125 - ns 

Interrupt Pulse Period (see Figure 8) tlLlL * - tcyc 

OSC1 Pulse Width tOH, tOL 90 - ns 

*The minimum period tlLlL 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 (tcyel, this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period tTLTL should not be leI's. than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc. 

0SC11 ~ZZZZZZZZZZZ ~ ZZZZZZZZZZL 
tRL 

IR02 

IR03 

Internal 
Clock 

..... ---- tlLCH ------+11+-- 4064'tCYC 

Internal 

Add~~: YXX"/XYXX 
NOTES 

1. Represents the internal gating of the OSC1 pin 
2 IRQ 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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MC68HC05C3 

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 -7- 2) - 1.0 
External Clock (fosc -7- 2) dc 1.0 

Cycle Time (see Figure 28) teyc 1000 - ns 

Crystal Oscillator Startup Time (see Figure 28) toxOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tlLCH - 100 _~ ms 

RESET Pulse Width - Excluding Power-Up (see Figure 28) tRL 1.5 - tCYC 
.' 

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 26) tTH, tTL 250 - ns 
Input Capture Pulse Period (see Figure 26) tTLTL *** - tcvc 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tlLlH 250 - ns 

Interrupt Pulse Period (see Figure 8) tlLlL * - tcvc 

OSC1 Pulse Width tOH, tOL 200 - ns 

*The minimum period tlLlL 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 tTLTL should not be less tran the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc. 

External 
Signal 
(TeAP 
Pin 371 

Figure 26. Timer Relationships 
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MC68HC05C3 

SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(VDD=5.0 Vdc± 10%, VSS=O Vdc, TA=lL 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, MOS!, and MISO.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.L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 

Symbol 

fop(m) 
fo-.ills) 

tcyc(m) 
tcyc(s) 

tlead(m) 
tlead(s) 

tla~(m) 
tlag(s) 

tw(SCKH)m 
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 

MOTOROLA MICROPROCESSORIDATA 
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Min Max Unit 

de 0.5 fop 
dc 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 - teyc(m) 
- 240 ns 

0,25 - teye(m) 
0 - ns 

- 100 ns 
- 2,0 flS 

- 100 ns 
- 2,0 fls 



MC68HC05C3 

SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(VDD=3.3 Vdc±0.3 Vdc, 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 MISO.L 
SPI Inputs (SCK, MOS!, MISO, and SS) 

13 Fall Time (70% VDD to 20% VDD, CL = 200 pF) 
SPI Outputs (SCK, MOS!, and MISo,L 
SPI Inputs (SCK, MOSI, MISO, and S8) 

*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 

Symbol 

fop(m) 
foo(s) 

tcyc(m) 
tcyc(s) 

tlead(m) 
tlead(s) 

tlag(m) 
tlag(s) 

tw(SCKH)m 
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 

dc 0.5 fop 
dc 1.0 MHz 

2.0 - tcyc 
1.0 

" - flS 

* - ns 
500 - ns 

* - ns 
500 - -'- ns 

720 - flS 
400 - ns 

. 720 - flS 
400 - " ns 

200 - ns 
200 - ns II 
200 - ns 
200 - ns 

0 250 ns 

- 500 ns 

0.25 - tcyc(m) 
- 500 ns 

0.25 - tcyc(m) 
0 - ns 

200 ns 
- 2.0 fls 

- 200 ns 
- 2,0 , fls 
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B 
(INPUT) 

U is Held High on Mastl!' 

MC68HC05C3 

• 

SCK (CPOl.O) 
(OOTPUT) --~~f----'I 

SCK (CPOl.1) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This first clock Idgt is generaled iritl!'nallybut is riot seen altha SCK pin. 

al· SPI MASTER TIMING (CPHA = 0) 

B 
(INPUT) U is Held ~igh on Master • 

SCK (CPOl.O) 
(OUTPUT) ___ --' 

SCK (CPOl.1) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This last clock edge Is generaled internally but is not seen althe SCK pin. 

b) SPI MASTER TIMING (CPHA=1) 

Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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55 
(INPUT) 

SCK (CPOL.1) 
(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 transm~ted. 

d) SPI SLAVE TIMING (CPHA = 1) 

Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 
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* Internal timing signal and bus information not available externally 

1 *** -J! 
* *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: 

MDOS@), disk file 
MS@J-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 EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0100 through $OBFF 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 MC68HC05C3 device. 

Package Type Temperature Me Order Number 

Plastic O°C to + 70°C MC68HC05C3P 
(P 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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PIN ASSIGNMENTS 

40-PIN DUAl-IN-LiNE PACKAGE 

VDD 

OSCl 

OSC2 

TCAP 

PD7 

PA5 TCMP 

PA4 PD5/SS 

PD4/SCK 

PD3/MOSI 

PAl PD2/MISO 

PD1ITDO 

PBO PDO/RDI 

PBl PCO 

PB2 PCl 

PB3 PC2 

PB4 PC3 

PB5 PC4 

PB6 PC5 

PB7 PC6 

VSS 

44-lEAD PlCC PACKAGE 

I~ -N Q. cor-- en ouu« 
« « U U I~ w 0 en en U U 
Q.Q.zz_a::>oo~.z 

PD7 

PA4 TCMP 

PA3 PD5/SS 

PA2 PD4/SCK 

PAl PD3/MOSI 

PAO PD2/MISO 

PBO PD1/TOO 

PBl pnOf.RDI 

PB2 PLO 

PB3 PCl 

PB4 PC2 

ULOCOr-- enur--COLO<j"M 
z~~~~z~~~~~ 

NOTE: Bulk substrate tied to VSS. 
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MOTOROLA 
I 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 I/O 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 I/O 
• 176 Bytes of On-Chip RAM 
• 4156 Bytes of User ROM 
• 24 Bidirectional I/O Lines and 7 Input-Only Lines 
• Serial Communications Interface (SCI) System 
• Sqrial 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 Mode) 

• Fully Static Operation 
• 8 x 8 Unsigned Multiply Instruction 

BLOCK DIAGRAM 

TCMP OSCl OSC2 

t Internal t j I I 

'core,w, I . ~' ""'~ 

Port 
A 

1/0 
Lines 

Port 
B 

1/0 
Lines 

TCAP 

PAO 
PAl 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PBO 
PBl 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 

Timer 
System 

Port Data 
A Dir '-< 

Reg Reg 

Port Data 
B Dir --4 

Reg Reg 

Clock OSCillator Processor 

I ~~ Clock 

i , 
Accumulator 

CPU 
Index Control 

Register 

Condition 
Code 

Register 
CPU 

Stack 
Pointer 

Program 
Counter 

High ALU 
Program 
Counter 

Low 

1 
1 I 

4156·8 

I 
176x8 

I ROM Static 
RAM 

240 x 8 
Self-Check 

ROM 

-

--
~ 

RESET 

IRQ 

PCO 
PCl 
PC2 

Data Port PC3 
Dir C PC4 
Reg Reg PC5 

PC6 
PC7 

Port D 
PD7 

RDI (PDOI 
SCI TDO{PD1) 

MISO (PD2) 
MOSI (PD3) 

SPI SCK (PD4) 

If SS (PD5) 
Baud Rate 
Generator 

Int!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. 

VDD 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 4MHz Units 

RSMAX 400 75 {I 

Co 5 7 pF 

Cl 0.000 0.012 I'F 

COSCl 15-40 15-30 pF 

COSC2 15-30 15-25 pF 

Rp 10 10 M{I 

a 3U 4( 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 
Rand fosc is shown in Figure 2. 

Crvstal 

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 liypicail 10 0 

Ca 40 pF 

C, 4.3 pF 

Casc, 30 pF 

CasC2 30 pF 

Rp '-10 MO 

Q '250 -

(a) Crystal/Ceramic Resonator Parameters 

MCU 

OSCl OSC2 

39 Rp 38 

0 
COSC11; "J" COSC2 

(b) Crystal/Ceramic Resonator 
Oscillator Connections 

R 

(d) RC Oscillator Connections 

Figure 1. Oscillator Connections 

~
SC2 L. Cyl RS OSC1. 

38 39 

Co 

-38--------~ID~1 _______ 3_9 

(c) Equivalent Crystal Circuit 

(e) External Clock Source Connections 
(For Crystal Mask Option Only) 
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0 

"'" N 
:J: 

~ 1 ....... """ 
g 
::l .0.5 

f 0.2 

§ o. 
=a 

1 

Cl 0.05 

0.02 

0.0 1 
1 

~ 

I'" 

10 20 50 100 200 500 1000 

Resistance (kOl 

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 0, 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 outputregisters 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 I/O pin functions. 

Table 1. I/O Pin Functions 

.' RIW* DDR 1/0 Pin Functions 

0 0 The 110 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 lID 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 

I/O 
Pin 

Figure 3. Typical Port 1/0 Circ,uit 

FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port (PDO-PDS, PD7) that monitors 
the external pins whEmever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disab'led; For example, 
with the SCI enabled, PD~ 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 110 ports should be tied to 
an appropriate logic level (e.g., either VDD or VSS). , 

SERIAL PORT (SCI AND SPI) PROGRAMMING 

The SCI and SPI use the port P 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 datainputloutput (MISO)' serial dataout.2!!tl 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 

MEMORY 

The MCU is capable of addressing 8192 bytes ofmem
ory and 110 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 ca're 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(}() 

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 ofthe next free location on the stack: During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $OOFF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accel)sing memory, the seven most significant 
bits are permanently s.et to 0000011. These seven bits are 
appended to the six least significant regist,er. bits to pro
duce an address within the range of $OOFF to $OOCO. 
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$0000 

$OOlF 
$0020 

$OO4F 
$0050 

$OOBF 
$OOCO 

SOOFF 
$0100 

$10FF 
$1100 

$lEFF 
$1FOO 

$lFDF 
$lFEO 

$1FEF 
$1FFO 

$1FF3 
$1 FF4 

$1FFF 

1/0 
32 Bytes 

" User 
ROM 

48 Bytes 

RAM 
-176 Bytes 

~--t---Stack 
64 Bytes 

User 
ROM 

4096 Bytes 

Unused 
3584 Bytes 

Self Check 

t------
Self-Check 

Vectors 

Unused 
4 Bytes 

User 
Vectors 
12 Bytes 

0000 

0031 
0032 

\ 
\ 

0079 
0080 

\ 

\ 

0 191 
192 0 

0 255 
256 0 

4 
4 

351 
352 

7 935 
936 7 

8 
8 

8 
8 

175 
176 

179 
180 

8 191 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 

256 Bytes 

Ports 
7 Bytes 

Unused 
3' Bytes 

Se;ial Peripheral 
Interface 
3 Bytes 

Serial 
Communications 

Interface 
5 Bytes 

T(mer 
,10 Bytes 

Unused 
4 Bytes 

0000 

0031 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

Port A Data Register $00 

Port B Data Register $01 

Port C Data Register $02 

Port 0 Fixed Input Register $03 

Port A Data Direction Register $04 

Port B Data Direction Register $05 

Port C Data Direction Register $06 

Unused $07 

Unused $00 

Unused $09 

Serial Peripheral Control Register $OA 

Serial Peripheral Status Register SOB 

Serial Peripheral Data 1/0 Register SOC 

Serial Communications Baud Rate Register $00 

Serial Communication,s Control Register 1 $OE 

Sllrial Communications Contrql Register 2 $OF 

Serial Communications Status Register $10 

Serial Communications DiitaRegister $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 $lA 

Alternate Counter Low Register $lB 

Unused $lC 

Unused $10 

Unused $lE 

Unused SlF 

Figure 4. Memory Map 

Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locatidns are exceeded; the stack pointer 
wraps around and lo~es the previously stored informa
tion. A subroutine call bccupies two locations on the stack; 
an interrupt usesfive!locations. 

12 7 ,,0 

SP 

CONDITION CODE REGISTER (eCR) 

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. 

GGR 

H 

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 intern,lpt is latched and processed as soon as the 
interrupt bit is cleare'd. . 

Negative (N) 

When set, this bit indicates, that the result of the last 
arithrr\etic, Io'gical, or data manipulation was negative 
(bit T 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 (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 registerand checks OCF flag 
Interrupts - Tests external, timer, SCI and SPI in-

terrupts 

47~ rna 
10k 2N3904 

+:5V 
-1. NC 

; 

10 k ':' 
" 

37 
rCAP 

MCU 

~ PA7 

r--~ PA6 
6 

PA5 
7 

RESET 

VDD 

OSCl 

OSC2 

PD7 

TCMP 

SCI -Transmission test; checks RORF, TORE, TC, 
and FE flags 

SPI - Transmission test; checks SPIF, WCOl, and 
MOOF flags 

Self-check results (using the LEOs 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. 
/3ecause 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. 

RESET 

11'9 1 

10 k 

40 
+5V 

39 I~F r I ',:, 

10M o 4MHz 

I I~F 38 

36 
(See Note) 1 ':' 

~ 
+5V 

~ 4.7 K 
PA4 

PD5/SS 
34 

.....J! 1M PA3 33 

~ 
PD4/SCK -* 10 k PA2 32 

10 PD3/MOSI 
PAl 31 ' 

11 PD2/MISO 

I PAO 30 
" PD1/TDO 

29 
PDO/RDI 

~ 12 28 
PBO PCO .... 

~ 27 
r-- PBl PCl 

10k 14 PC2 26 
,-, 

PB2 -15 25 
-~ PB;3 PC3 

~ PB4 PC4 ~ 
L........-.lZ PB5 PC5 

23 

18 '. 22 
PB6 PC6 

19 PC7 
21 

PBl 
VSS ,~, 

J..20 

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 I/O 

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. 

o indicates LED is on; 1 indicates LED is oft 

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=O. Ifthe test passed, A=O;' 

RESETS 

The MCU can be reset !\Noways: 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 cycl~) 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 IN~UT 
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) 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~nterrupt whenever they are set and enabled. The 
interrupt flClg's are in the timer status register (TSR), and 
theenable' bits are in the timer control register (TCR). 
Refer to TIMER for more information. 

Increasing Memory 1 ~ 
1 1 1 11 1 Condition Code Register 

o Stack 
I 

~ r Addresses U 
R 
N 

Unstack 

01 0101 

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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Load PC from: 
SWI :$1 FFC-$l FFD 
IRQ: $1 FFA-$l FFB 

Timer: $1 FFS-$l FF9 
SCI: $1 FFS-$l FF7 
SPI: $1 FF4'$1 FF5 

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 IRQ. 
The action of the external interrupt is identical tothe 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 

Level-Sensitive Trigger 

Mask Option 

VOO r----..., 

serviced. The minimum time between pulses is a function 
of the length of the, interrupt service. Once a pulse occurs, 
th,e next pulse should not occur until an RTI occurs. This 
time (tIUU is obtained by adding 21 instruction cycles to 
the total number of cycles ittakes 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 latchis 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. 

D Ol----~ 

External 
Interrupt 
Request 

Interrupt Pin ----..... -_~:> C 

(a) Interrupt Internal Function Diag~am 

I Bit (CC) 

Power-On Reset 

External Reset 

External Interrupt 
Being Serviced (Vector Fetch) 

iiill~tlLlH U Edge-Sensitive Trigger Condition 
The minimum pulse width (tILlH) is either 
125 ns(Voo=5VI or 250 lis (VOO=3Vl. 
The period tlLlL should not be less than 
the number of !eyc cycles it takes to ex
ecute the interrupt service routine plus 21 
tcyc cycles. 

I.. tILlL-----,l·~1 

IROn L....-____ --It 

Level-S8nIitIve Trigger Condition 
If after servicing an interrupt theiRO re
mains low, then the next interrupt is 
recognized. 

Normally 
Used with 
Wire-ORed 
Connection 

TIm, r (MCU) ~ ____________________________ ~ 

(b) Interrupt Mode Diagram 

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, TheSWi 
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 
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 exitsthe 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 MCUis in the 
slave mode when the STOP:instruction is exec~ted, 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 Iowan 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 inc 
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 

(1) 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 
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, butthe device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 

Oscillator Active 
Timer, SCI, And SPI 

Clocks Active 
Processor Clocks Stopped 

(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 micro.seconds 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. 

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 aspe
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) ofthe free-running counter 
($19, $1 B) receives the count value at the time of the read. 

Internal 
Processor 

Clock 

If a read ofthe free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($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 $1B) anti, 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 

Low High 
Byte Byte 

$18 $14 

$19 $15 

$1A 

$1B 

r----~D a 
'---~----------------+---~----~~CLK 

Timer ....-..w-.....,.........L."""'T"-!: ........ 
Output 
Level 
Reg. Status 

Reg. 
C 

Timer mEr 
Control 

Reg. 
$12 

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 bya 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 (TOlE). 

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 compllre 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 th~ compare function is not 
needed, the two bytes ofthe output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents ofthe 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 usedinthe input 
capture software routine and its interactiop 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 I OCIE TOlE 

RESET: 
o 

ICIE - Input Capture Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

OCIE - Output Compare Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

TOlE - 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 
O=Lowoutput 

Bits 2, 3, and 4 - Not used 
Always read zero 

TIMER STATUS REGISTER (TSR) $13 

The TSR is a read-only register contairiing 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 
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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. Ouring 
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. 

o 

Idle Line S 

3 

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 nag 

SCI TRANSMITTER FEATURES 

• Transmit data register empty flag 
• Transmit complete flag 
• Break send 

Any SCI two-wire system requires receive data in (ROI) 
and transmit data out (TOO). 

DATA FORMAT 

Receive data in (ROI) or transmit data out (TOO) is the 
serial data presented between the internal data bus and 
the output pin (TOO) and between the input pin (ROI) and 
the internal data bus. Oata format is as shown for the 
NRZ in Figure 12. 

4 

Control bit "M" 
Selects 8 or 9 bit data 

o 
-I _____ L 
S S 

- Stop bit is always high. o 
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 r~~enabled by 
an idle string of at leastten (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) 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 (SCDAn. 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 ifthe 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 alsobe set, which will also generate an inter
rupt if the TCIE bit is set. Ifthe 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
ruptis 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 isa read/write register used to receive and 
transmit SCI data. 

7 6 5 

I SCD7 I SCD6 SCD5 SCD4 SCD3 SCD2 SCDl SCDO 

RESET: 
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. . 

Serial Communications Control Register 1 (SCCR1) SOE 
The SCCR1 provides control bits that determine word 

length and select the wake-up method. 

$00 

$OE 

RS TS M I WAKE I 
RESET: 

U u 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). 

Internal 
Processor 

Clock 

NOTE: The Serial Communications Data Registllr (SCDA Tl 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 signi.ficant 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 allpws 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. . 

7 

I TIE I TCIE RIE ILiE TE 

RESET: 
0 

TIE ~ Transmit Interrupt Enable 
1 = SCI interrupt enabled 
0= TDRE interrupt disaqled 

l RE RWU 

TCIE - Transmit Complete Interrupt Enable 
1 = SCI interrupt enabled 
0= TO interrupt disabled 

RIE - Receive Interrupt Enable 
1 = SCI interrupt enabled 
0= RDRF and OR interrupts disabled 

ILiE - Idle Line Interrut Enable 
1 = SCI interrupt enabled 
0= Idle interrupt disabled 

TE - Transmit Enable 

SBK 

0 

1 == Transmit shift register output is applied to the TDO 
line. Depending upon the SCCRl M bit, a pream
ble of 10 (M = 0) or 11 (M = 1) consecutive ones i::; 
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 = ReGeiver 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 fu nction also disabled after receiving 10 
(M=O) or 11 (M = 1) consecutive ones (ifWAKE=O) 

SBK- Send Break .'. . ' . ' 
1=Transm.itter continually sends biocks of zeros (sets 

of 10 or 11) u~tilcleared. Upon. completion of 
break code, transmitter sends one high bit for rec
ognition of vCllid 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 8Iso<:on
tained in the SCSR. 

TORE TC 

RESET: 
1 

RORF IDLE 

3, 

OR 

2 

NF FE 

TDRE -:... Transmit Data Register (TDR) Empty 
1 = TDR contents transferred to the transmit d.ata 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 tlw 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 RD~. dhce IDLE is 
cleared, IDLE cannot be set until RDIline becomes 
active ~lnd 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 riot,disturbed. '. " 
0= OR is cleared by re"ding 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: 

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 vitill only recognize the overrun 
error. Further data tran'sfer 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 theRDR. 

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 SCPl prescaler 
bits are used in conjunction with the SCRO through SCR2 
bal:ld rate bits to provid~ multiple baud rate combinations 
fora given crystal frequency. Bits 3, 6, and 7 always read 
zero. 

7 

I -I SCPl SCPO SCR2 SCRI seRO 

RESET: 
u u 

SCPO - SCI Prescaler Bit 0 " 
SCP1 - SCI Prescaler Bit 1 

Twoprescaler 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 
SCRl - SCI Baud Rate Bit 1 
SCR2 - SCI Baud Rate Bit 2 

Three baudr,ate 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-SCPl and SCRO
'SCR2 bitsin the baud rate register. All divided frequen
cies show'n 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 ciystal, the 9600 baud rate can be ob
tained vvith a prescaler divide-by-one and the SCRO~SCR2 
bits configured for 'a divide-by-eight. 

Table,3. Prescaler Highest Baud Rate Frequency OiJtput 

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 4800Hz 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 maybe 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 kH? 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 
,0 Q 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 1920 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 1200Hz 300 Hz 150 Hz 
1 1, 1 128 1.024 kHz 256 Hz 600 Hz 150 Hz 75 Hz 

NOTE: Table 4 i1lu!)trates 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 re'presentative samples. In all cases, the baud rates shown are transmit baud 
rates (transmIt clock), and the receive clock is16 times higher in frequency than the actual baud rate. 
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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 MCUand 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 
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 ota slave device is placed in a high
impedance state if slave is not selected (SS = 1). 

MISO 
MOSI 

SCK 

ss t---voo 
'---

M6805 HCMOS 
Master 

r--
P ()J 

0 1 
R 2 
T '3 "'--

I II 
T 
I T 

I I 

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 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 
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 

M6805 HCMOS SlaveO 

MISOSCK_ I 
MOSI . SS 

" . 

II MOSI. SS., II MOSI 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 Systern Configuration 
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?CK (CPOL = 0) 

SCK (CPOL", 1) 

Sample Input 
Data' o,ut (CPH~ = 1) 

Sample Input' 
Data out (CHPA=O) 

Figure 15. Data Clock Timing Diagram 

Internal 
Processor 

Clock 

SS (PD5). --+--...... ---'-'~ 

SPCR 
$OA L---r-_-J 

SCK (PD4) 

Internal 
1-+-=4--l_-.-_t"-+ Data 

Bus 

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-bitshift register. Da~a 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 regi~ter]rorn the internal data 
bus, awaiting the clocks from the master to shift out se-, 
rially to the MISO pin and then t6 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 re,gisters, the 

serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data 110 reg
ister (SPDR), are described in the following paragraphs. 

Serial Peripheral Control Register $OA 

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 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 PeripheraLSystem Enable 
1 = SPI system on 
0= SPI system off 

SPRI SPRO 

U U 
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M!!1!r ~ 
I 

8-Bit Shift Register 
I MISO MISOI, 

8-Bit Shift Register 

I MOS' MOS,I 

I 
I , 
I SCK SCKI 

I 
ISS SSI 
I +5V ov----, 

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 conjunctiop with the,clock phase (CPHA) bit. 

1 == SCK line idles high 
Oc=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 SOB 

The SPSR contains three status bits. 

7 6 4 

SPIF I weOl I I MODF I 
RESET: 

o 
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 accomplishedby reading SPSR(with 
SPIF = 1) followed by SPPR 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 Fau It 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$OC 

The SPDR is a read/write register used to receive and 
transmit SPI data. 

7 

I SPD7 I SPD6 SPD5 SPD4 SPD3 SPD2 SPD1 SPDO 

RESET: 
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, bi~ manipulation, and contro.!. The 
following, paragraphs briefly explain each type. , 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
l)1ultiply (MUl) 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' I 
Mode Cycles I 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 Memory LDX 

Store A in Memory STA 

St'ore 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 MCUis 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 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 

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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5 3 5 

O{" 2 BCL~~c 2 BEQ
AEL 

ASR 
2 DIA 

3BRSEJ~: 
5 3 5 

k , BSE~tc 2 BHC~E" 2 LSL~IR 

3
BACL:ia 5 3 5 

9 2 BCL~1c 2 BHCS 2 ROL
OIR '00' REL 

3BASEJ~: 
5 3 5 

,:'0 7 BSE1~c , BPL
RH 

2 DEC
OIR 

3BRCL:~ 
5 3 

B 2 BCL~~c BMI 
'011 2 AEL 

3
BASEJf: 2 BSE1~; 

3 5 

,~ BMC 2 INC 
2 AEL OIA 

_5 
, BCL~~; 

3 4 

,g, 3
BACL

:fR , BM~FI , TS~A 
5 5 3 

l1~O JBASEJIB 1 BSE~~c 2 BILREL 

BACLA7
5 5 3 5 

F BCLR7 BIH CLR 
1111 3 BTB , BSC , REL , OIA 

,AbbreYietiOna for Add ..... Model 

INH 
A 
X 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 

IXl 
IX2 

Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and Branch 
I"dexed (No Offset I 
Indexed. 1 Byte (8-Bitl Offset 
Indexed. 2 Byte 06-Bitl Offset 

• 
Table 5. Opcode Map 

-
Reed/Modify/Write Control Register/Memory 

INH INH IX1 IX INH INH IMM DIR EX· 1X2 IX1 IX 

o~ o~i 0~0 01~1 8 9 A ,8 lfoo 1~1 E lfll ~ 1000 1001 1010 1011 1110 
3 3 

NEG 6 NEG 5 ATI 9 SUB L 
; j 

J SU~x; 3. SUBlx: 
SUB' SUB j 

~ NEGA NEGX 2 SUB
OIA 1 INH 1 INH 2 IX' I IX 1 INH 2 IMM 2 ' IX' I IX 

6 2 3 4 5 4 3 
RTS CMP CMP CMP CMP GMP CMP 1 , INH 2 IMM 2 OIA 3 EXT 3 IX2 2 IX' I IX 000' 

11 2 3 4 
SBC 5 

4 
SBC 3 MUL SBC SBC SBC SBC ~<L , INH 12 IMM 2 OIR 3 EXT 3 IX2 2 IX' , IX 

3 3 6 5 10 2 3 4 
CPX ~ 4 

CPX j " COMA COM X 2 COM COM SWI CPX CPX CPX CPX 3 ' 
1 INH , INH IX' , IX , INH 2 IMM 2 OIA 3 EXT 3 IX2 2 IXl , IX ;0011 

3 3 6 5 2 
AND J 

4 5 4 
AND 3 LSAA LSRX LSR LSR AND AND AND AND 4 , INH , IN" 2 IX' , , IX 12 IMM 2 OIR 3 EXT 3 IX2 2 IX' , IX 0100 

2 3 4 5 4 

BIT: BIT BIT BIT 3 BIT IXl 2 BIT
lx

, , ~1 . 21M" 1 OIR 3 EXT 
3 3 6 5 2 3 4 '5 4 3 

, ROR.~~H RORX ROR ROR 
,2 LD~MM LDA LDA LDA LDA LDA 6 , INH 2 IX' , IX 2 OIA 3 EXT 3 IX2 2 IX" , IX 0110 

3 3 6 5 2 4 
STA ' STA " STA ' 

4 
' ASRA ASRX ASR ASR TAX STA STA 7 

, INH 1 INH 2 IX' , IX 
" 

INH 2 OIA 3 EXT 31X2 2 IX' , IX 0'11 
3 3 6 5 2 2 3 4 5 4 3 

LSLA LSLX 7 LSL LSL ~ CL~ ~ EOR L EOR EOR EOR EOR, ~OA B 
1 INH 1 INH IX' , IX IMM OIR 3 EXT 3 IX2 2 IX' , IX '000 

3 3 6 5 2 2 3 4 5 4 
ADC j ROLA ROLX ROL ROt SEC ADC ADC ADC ADC ADC 9 , INH 1 INH 2 IX' I IX I INH 2 IMM 2 OIR 3 EXT 3 IXl 1 IX' , IX '00, 

3 3 6 5 2 
ORA L ORA j ORA' ORA 5 ORA 4 ORA 3 A DECA DECX DEC DEC Cli , INH I INH 2 IX' I IX , INH 2 IMM 2 OIA 3 EXT 3 IXl 2 IX' , IX '010 

SEI l ADD 2 ADD 3 ADD 4 ADD' ADD 4 ADD j , B , INH 2 IMM 2 OIR 3 EXT 3 IXl 2 IX' , IX '011 
3 3 6 5 2 2 

JMP 3 
4 

JMP 3 JMP 2 INCA INCX INC INC RSP JMP JMP C , INH , INH 2 IX' , IX , 'NH 2 OIR 3 EXT 3 IX2 2 IX' , IX -1100 
3 3 5 4 2 6 

JSR ' JSR b JSR ,b JSA ' , TSTA TSTX TST TST NOP BSR JSR D , INH , INH 2 IX' , IX , INH 2 REL 2 OIR 3 EXT 3 IX2 2 IX' , 
'X 1101 

2 
LOX 2 LDX 3 LDX 4 LOX ~, 4 

LDX' j l1~oi STOP 2 LOX , INH 2 IMM 2 OIR 3 EXT 3 IX2 IX' , IX 
3 3 6 5 

WAIT 2 
2 

STX 4 STX 5 STX 6 STX ~ STX 4 

I CLRA CLRX CLR CLR TXA F , INH I INH 2 IX' , IX , INH , INH 2 OIR 3 EXT 3 IX, , IX' , IX '11' 

LEGEND 

01( I Opcode in Hexadecimal 

Opcode in Binary 
Mnemonic ~.. ~ l ~ 

Bytes 1 ~X CXXXJ c:: 

Cycles-----___ '---------- Address Mode 

s: 
(') 
0) 
CO 
:::I: 
(') 
o c.n 
(') 
~ 



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 ofthe contents ofthe unsigned 
8-bit index registerand 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 setlclear 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 instructfon 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 (IRQ Pin Only) 

Current Drain Per Pin Excluding 
VDD 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 

VDD 

Vin 

Vin 

I 

TA 

Tst~ 

Symbol 

flJA 

Value 

-0.3 to + 7.0 

VSS -0.3 to 
VDD +0.3 

VSS-0.3 to 
2xVDD+0.3 

25 

TL to TH 
o to + 70 

-40 to +85 
-40 to + 125 

-65 to + 150 

Value 

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 "'" (Vin or Vout) "'" 
VDD. Reliability of operation is enhanced if un
used inputs are connected to an appropriate logic 
voltage level (e.g., either VSS or VDD). 
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POWER CONSIDERATIONS 
The average chip:junction temperature, T J, in °C can 

be obtained from: 
For most applications PI/O<PINT and can be neglected. 

The following is an approximate relationship between 
PD and Tj (if PliO is neglected): 

where: 
TA 
I:lJA 

PD 
PINT 
PliO 

TJ=TA + (PD 0 I:lJA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
= PINT+Pr/O 
= Icex VCC' Watts - Chip Internal Power 
== Power Dissipation on Input and Output 

Pins - User Determined 

VOO=4.5 V 

Pins R1 R2 C 

PAD-PA7, 3.26 k!l 2.38 kn 50 pF 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 

PDO,PD5, PD7 1.9 k!l 2.26 k!l 200 pF 

VOO=3.0 V 

Pins R1 R2 C 

PAD-PA7, 10.91 kH 6.32 kH 50 pF 
PBO-PB7, 
PCO"PC7, 
PD1-PD4 

PDO,PD5,PD7 6 kH 6 kH 200 pF 

PD=K.;-(TJ+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K = PD 0 (T A + 273°C) + tlJAoPD2 (3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring. PD 
(at equilibrium) for a known T A- Using this value of K, 
the values of PD and TJ can be obtained by solving equa
tions (1) and (2) iteratively for any value of T A-

C 
(See 

Table) 

Voo 

R2 
(See Tablel 

Rl 
(See Tablel 

Figure 18. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS 
(VOO= 5.0 Vdc± 10%, VSS =0 Vdc, TA = TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad~10.0 fLA VOL - - 0.1 V 
VOH VOO-O.1 - -

Output High Voltage VOH V 
(lLoad=O.8 mAl PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) VOO-O.8 - -
(lLoad = 1.6 mAl P01-P04 (see Figure 20) VOO-0.8 - -

Output Low Voltage (see Figure 21) VOL - - 0.4 V 
(lLoad = 1.6 mAl PAO-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP 

Input High Voltage VIH O.7xVOO - VOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSC1 

Input Low Voltage - VIL VSS - 0.2xVOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSC1 

Oata Retention Mode (0° 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 rnA 
Stop (see Figure 23) 

25°C - 2.0 50 fLA 
0° to 70°C (Standard) - - 140 fLA 
- 40° to + 85°C - - 180 fLA 
-40° to + 125°C - - 250 fLA 

1/0 Ports Hi-Z Leakage Current IlL - - ±10 fLA 
PAO-PA7, PBO-PB7, PCO-PC7, P01-P04 

Input Current lin - - ±1 fLA 
RESET, IRQ, TCAP, OSC1, POO, P05, P07 

Capacitance pF 
Ports (a§Jnput 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 100: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 
4. Run (Operating) 100, Wait 100: Measured using external square wave clock source (fosc =4.2 MHz), all inputs 0.2 V from rail; 

no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured as inputs, VIL = 0.2 V, VIH = VOO - 0.2 V. 
6. Stop 100 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 100 is affected linearly.by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 
(VOO = 3.3 Vdc ± 10%, VSS = 0 Vdc, T A = TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad,;;10.0 iJ.A VOL - - 0.1 V 
VOH VOO-O.1 - -

Output High Voltage VOH V 
(lLoad =0.2 rnA) PAD-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) VOO-0.3 - -
(lLoad=1.6 rnA) P01-P04 (see Figure 20) VOO-0.3 - -

Output Low Voltage (see Figure 21) VOL - - 0.3. V. 
(lLoad=0.4 rnA) PAO-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP 

Input High Voltage VIH 0.7xVOO - VOD V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRO, 
RESET,OSC1 

Input Low Voltage VIL VSS - O.2 x VOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRO, 
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 rnA 
Wait (see Figures 22 and 24) - 0.5 1.4 rnA 
Stop (see Figure 24) 

25°C - 1.0 30 iJ.A 
OOto 70°C (Standard) - - 80 iJ-A 
:;-,40° to + 85°C - - 120 fJ.A 
-40° to + 125°C - - 175 iJ.A 

1/0 PO.rts Hi-Z Leakage Current IlL - - ±10 iJ.A 
PAO-PA7, PBO-PB7, PCO-PC7, P01-P04 

Input Current lin - - ±1 fJ.A 
RESET, IRO, TCAP, OSC1, POO, P05, P07 

Capacitance pF 
Ports (a§jnput or Output) Cout - - 12 
RESET, IRO, 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 100: Only timer system active (SPE = TE = RE=.O). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw. 
4. Run (Operating) 100, Wait 100: Measured using external square wave clock source (fosc=4.2 MHz), all inputs.0.2 V from rail; 

no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured as inputs, VIL = 0.2 V, VIH = VOO - 0.2 V. 
6. Stop 100 measured with OSC1 = VSS. 
7. Standard temp~rature range is 0° to 70°C. Extended temperature (-400to +85°C, -40° to + 125°C) versiOns and a 25°C only 

version are available. 
8. Wait 100 is affected linearly by the OSC2 capacitance. 
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Figure 19. Typical VOH vs IOH for Ports A, 8, C, and TCMP 
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5.0 
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<{ 
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-' 
9 

= 4.0 -+----+ 2.0 
:c 
:;;; 

2.0 ..... --....,;111" 

0.2 0.4 

VOO-VOH (Volts) 

1.0 

0.6 

VOL (Volts) 

Figure 20. Typical VOH vs IOH for PD1-PD4 Figure 21. Typical VOL vs IOL for All Ports 
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(3.5 mAl 
3.5 

3.0 

2.5 

2.0-

::i 
.§ 
0 (16 mAl 
.9 

1.5 

0.5 1.0 1.5 2.0 0.5 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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7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0 
0 0.5 1.0 1.5 2.0 

Internal Frequency (MHz) 

Figure 23. Maximum 100 vs Frequency for VOO = 5.0 Vdc . 

(2.5 rnA) 
2.5,-----.----.---.,..--'-----,--~ 

,VDD=3.3 V± 10% 

2.0+---+----+---+----A-----I 

1.5 

~ 
E 
0 
~ 

1.0 

0.5 +----;.,....t-"":7""'--+---+----+-----i 

04----~--~---+_--_+---~ 

o 0.2 0.4 0.6 0.8 1.0 

Intemal Frequency (MHz) 

Figure 24. Maximum 100 vs Frequency for VOO = 3.3 Vdc 
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CONTROL TIMING 
(VDD=5.0 Vdc±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 dc 4.2 

Internal Operating Frequency fop MHz 
Crystal (fosc 7 2) - 2.1 
External Clock (fosc 7 2) i dc 2.1 

. Cycle Time (see Figure 28) tCyc 480 - ns 

Crystal Oscillator Startup Time (see Figure 28) tOXOV - 100 ms 

Stop Recovery St~rtup Time (Crystal Oscillator) (see Figure 25) tlLCH - 100 ms 

RESET Pulse Width (see Figure 28) tRL 1.5 - tcvc 

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 *** - tcyc 

Interrupt Pulse Width low (Edge-Triggered) (see Figure 8) tlLlH 125 - ns 

Interrupt Pulse Period (see Figure 8) tlLll * - tcyc 

OSCl Pulse Width tOH, tal 90 - ns 

*The minimum period tlLll 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. . . . 

OW' ~IIIIIIIIIII ! 111111/ZIIt. 
tRL 

IR02 

1+----- tlLCH ------.~- 4004ltcyc 

IR03 

Internal 
Clock _____________ _ 

~~~~~i XXXX2<Xx~ 
NOTES: 

1. Represents the internal gating of the OSC1 pin. 
2. IRO pin edge-sensitive mask option. 
3. IRO 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=o Vdc, TA=TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option - 2.0 
External Clock Option dc 2.0 

Internal Operating Frequency fop MHz 
Crystal (fosc72) - 1.0 
External Clock (fosc72) dc 1.0 

Cycle Time (see Figure 28) tCYc 1000 - ns 

Crystal Oscillator Startup Time (see Figure 28) toxOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tlLCH - 100 ms 

RESET Pulse Width - Excluding Power-Up (see Figure 28) tRL 1.5 - tCYC 

Timer 
Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 26) tTH, tTL 250 - ns 
Input Capture Pulse Period (see Figure 26) tTLTL *** - tcyc 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tlLlH 250 - ns 

Interrupt Pulse Period (see Figure 8) tlLlL * - tcyc 

OSC1 Pulse Width tOH, tOL 200 - ns 

*The minimum period tlLlL 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 
(TeAP 
Pin 37) 

Figure 26. Timer Relationships 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(VDD=5.0 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 
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 MISO,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,L 
SPI Inputs (SCK, MOS!, MISO, and SS) 

*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 

Symbol.· 

fop(m) 
fop(s) 

tcyc(m) 
t~yc(s) 

tlead(m) 
tlead(s) 

tlag(m) 
tlC!g(s) 

tw(SCKH)m 
tw(SCKH)s 

tw(SCKL)m 
tw(SCKL)s 

tsu(m) 
tsu(s) 

th(m) 
this) 

ta 

tdis 

tv(m) 
tv(s) 

tho(m) 
tho(s) 

trm 
trs 

tfm 
tfs 
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Min Max Unit 

dc 0.5 fop 
dc 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 J.ls 

- 100 ns 
- 2.0 J.ls 
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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 
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 MISOL. 
SPllnputs (SCK, MOSI, MISO,and SS) 

13 Fall Time (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) 
fop(s) 

tcyc(m) 
tcyc(s) 

tlead(m) 
tlead(s) 

tlag(m) 
tlaa(s) 

tw(SCKH)m 
tw(SCKH)s 

tw(SCKL)m 
tw(SCKL)s 

tsu(m) 
tsu(s) 

th(m) 
this) 

ta 

tdis 

tv(m) 
tv(s) 

tho(m) 
tho(s) 

trm 
trs 

tfm 
tfs 
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Min Max Unit 

dc 0.5 fop 
dc 1.0 MHz 

2.0 - tcyc 
1.0 - f.Ls 

* - ns 
500 - ns 

* - ns 
500 - ns 

720 - f.Ls 
400 - ns 

720 - f.Ls 
' 400 - ns 

200 - ns 
200 - ns II 
200 - ns 
200 - ns 

0 250 ns 

- 500 ns 

0.25 - tcyc(m) 
- 500 ns 

0.25 - tcyc(m) 
0 - ns 

- 200 ns 
- 2.0 f.Ls 

- 200 ns 
- 2.0 f.Ls 



II 

MC68HC05C4 

~ is Held High on Master • 

SCK (CPOl.O) 
(OUTPUT) --....;.;.;~-f'----I) 

SCK (CPOL.1) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This first clock edge is generaled internally but is nol seen althe SCK pin. 

a) SPI MASTER TIMING (CPHA = 0) 

~ 
(INPUT) 

~ is Held High on Master 

SCK (CPOl.O) 
(OUTPUT) ___ --I 

SCK (CPOL.1) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This last clock edge is generaled internally but is not seen althe SCK pin. 

b) SPI MASTER TIMING (CPHA=1) 

Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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55 
(INPUT) 

SCK (CPOL=I) 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

MC68HC05C4 

NOT,E: 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 transmitted. 

d) SPI SLAVE TIMING (CPHA=1) 

Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 
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Internal 
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Internal 
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Internal 
Data 
Bus* 

RESET r- tRL -1 
* Internal timing signal and bus information not available externally. 

\ *** ¥ 
* * 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: 

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 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 EEPROM 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. 

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 MC68HC05C4 device. 

Package Type Temperature Me Order Number 

Plastic O°C to + 70°C MC68HC05C4P 
(P 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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PIN ASSIGNMENTS 

II 

PA4 

PA3 

PA2 

PBO 

PBl 

PB2 

PB3 

PB4 

40-PIN DUAl-IN-LiNE PACKAGE 

VDD 

OSCl 

OSC2 

TCAP 

PD7 

TCMP 

PD5/SS 

PD4/SCK 

PD3/MOSI 

PAl PD2/MISO 

PD1/TDO 

PBO PDO/RDI 

PBl PCO 

PB2 PCl 

PB3 PC2 

PB4 PC3 

PB5 PC4 

PB6 PC5 

PB7 PC6 

VSS PC7 

44-lEAD PlCC PACKAGE 

<01'- Ul aUU<l: I
~ ~ N a.. 

<l: <l: U U I~ UJ a Ul Ul U U 
a..a..ZZ_Il:>OOI-Z 

PD7 

TCMP 

PD5/SS 

PD4/SCK 

PD3/MOSI 

PD2/MISO 

PD1/TDO 
pnO/RDI 

pea 
PC1, 

PC2 

NOTE: Bulk substrate tied to Vss. 

MOTOROLA MICROPROCESSOR DATA 

3-898 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 
MC68HC05C8 

Technical Summary 
8-Bit MicrocontroUer Unit 

The MC68HC05C8 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro
grammableas 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 I/O 
• 176 Bytes of On-Chip RAM 
• 7740 Bytes of User ROM 
• 24 Bidirectional I/O Lines and 7 Input-Only Lines 
• Serial Communications InterfaGe(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 

Port 
A 

1/0 
Lines 

Port 
B 

liO 
Lines 

TCAP 

PAD 
PAl 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PBO 
PBl 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 

TCMP 

t 
Timer 

System 

Port Data 
A Dir r-< 

Reg Reg 

Port Data 
B Dir r--< 

Reg Reg 

BLOCK DIAGRAM 

OSCl OSC2 

Internal t t Internal 
Processor I Oocill~" ~,,,reM" Clock 

and Clock 

I +2 

• Y 

Accumulator 

CPU 
Index Control 

Register 

Condition 
Code 

Register 
CPU 

Stack 
Pointer 

Program 
Counter 

High ALU 
Program 
Counter 

Low 

1 
T 1 

7740 x 8 

I 
176x8 

I ROM Static 
RAM 

240 x 8 
Self-Check 

ROM 

r-

~ 

10-

10-

RESET 

IRQ 

PCO 
PCl 
PC2 

Data Port PC3 
Dir C PC4-
Reg Reg PC5 

PC6 
PC7 

Port D 
P07 

RDI (P~Q) 
SCI 

TDO(P01) 
MISO(PD2) 
MOSI (PD3) 

SPI SCK (PD4) 

• SS (P05) 

Baud Rate 
Generator 

Int!nal 
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. 

VOOANDVSS 

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 
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 {} 

Co 5 7 pF 

Cl 0.000 0.012 I'F 

COSCl 15-40 15-:ll pF 

COSC2 15-:ll 15-25 pF 

Rp 10 10 M{} 

~ 4( 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 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 

Ceramic Resonator 

2-4 MHz Units 

RS Itypical! 10 {} 

Co 40 pF 

Cl 4.3 pF 

COSCl 30 pF 

COSC2 30 pF 

Rp 1·10 M{} 

Q 1250 -

(a) Crystal/Ceramic Resonator Parameters 

MCU 

OSCl OSC2 

39 Rp 38 

~COSC2 

(b) Crystal/Ceramic Resonator 
Oscillator Connections 

R 

(d) RC Oscillator Connections 

~
SC2 L CJ1, ,RS, 08C1 38 39 

Co 

-38------~IDI~------3_9 

Figure 1. Oscillator Connections 

(c) Equivalent Crystal Circuit 

(e) External Clock Source Connections 
(For Crystal Mask Option Only) 
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~ 
~ 
>
(J 
c 

10 

1 

~ 0.5 

I 0.2 
o 
~ O. 1 
.~ 

o 0.05 

0.02 

0.0 1 

...... 

~ 

" 

1 10 20 50 100 200 500 1000 

Resistance (kOl 

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 (lCAP) 
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 

Inputloutput 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 df 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 

RIW* DDR I/O Pin Functions 

0 0 The 110 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 110 pin. 

1 0 The state of the 110 pin is read. 

1 1 The 110 pin is in an output mode. The 
output data latch is read. 

*RNV is an internal Signal. 

FIXED INPUT PORT PROGRAMMING 

Port D is 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, PDOand 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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Internal 
MCU 

Connections 

lID 
Pin 

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 VDD 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 (RDII 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 ou~tl 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 

MEMORY 

The MCU is capable of addressing 8192 bytes of mem
ory and I/O 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 $OOFF. 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 $OOFF to $OOCO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
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$0000 

$OOlF 
.. $0020 

$OO4F 
$0050 

$OOBF 
$OOCO 

$OOFF 
$0100 

$lEFF 
$lFOO 

$lFDF 
$lFEO 

$lFEF 
$lFFO 

$lFF3 
$lFF4 

$lFF F 

1/0 
32 Bytes 

User 
ROM 

48 Bytes 

RAM 
176 Bytes 

~--I---Stack 
64 Bytes 

User 
ROM 

7680 Bytes 

Self Check 

f------
Self-Check 

Vectors 

Unused 
4 Bytes 

User 
Vectors 
12 Bytes 

0000 

0031 
0032 

\ 
\ 

0079 
0080 

\ 

.... \ 

0191 
0192 

0255 
0256 

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 
10 Bytes 

Unused 
4 Bytes 

0000 

0031 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

Port A Data Register $00 

Port B. Data Register $01 

Port C Data Register $02 

Port 0 Fixed Input Register $03 

Port A Data Direction Register $04 

Port B Data Direction Register $05 

Port C Data Direction Register $06 

Unused $07 

Unused $06 

Unused $09 

Serial Peripheral Control Register $OA 

Serial Peripheral Status Register SOB 

Serial Peripheral Data 1/0 Register SOC 

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 ~om~re High Register $16 

Output Compare Low Register $17 

Counter High Register $18 

Counter Low Register $19 

Alternate Counter High Register $lA 

Alternate Counter Low Register $lB 

Unused $lC 

Unused $10 

Unused $lE 

Unused $lF 

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 .Iocations. 

12 7 

SP 

CONDITION CODE REGISTER leCR) 

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 IH) 

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 IN) 

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 Ii) 
When set, this bit indicates that the result of the last 

arithmetic, logical, or data manipulation was zero. 
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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 ,S 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: 

I/O - 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 RORF, TORE, TC, 
and FE flags 

SPI - Transmission test; checks SPIF, WCOl, and 
MOOF flags 

Self-check results (using the LEOs 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. 
B.ecause 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. 

RESET 

47~ RESET 1 :1'9 iRO 
10k 2N3904 10k 

..1 NC VOO 
40 +5V +5V 
39 '~-:( OSCl 

10k '::" I I ':' 
37 

TCAP 10M 0 4MHz 
MCU 

I 'rlF ~ PA7 OSC2 38 

r-~ PA6 36 
(See Note) I '::" 

6 P07 

i: PA5 2L 
7 TCMP 

PA4 
P05/SS 

34 

~ PA3 33 1M 

~ 
PD4/SCK 

~ 10 k PA2 32 
10 P03/MOSI 

PAl 31 
11 P02/MISO 

I PAO 30 
POl/TOO 

29 
PDQ/ROI 

~ 12 28 
PBO PCO - '!-~ 27 

r- PBl PCl 

10k 14 26 ~ PB2 PC2 
25 "" '!-15 PC3 

'* PB3 .... 
~ PB4 PC4 ~ 

--1l PC5 
23 

PB5 
18 

PB6' PC6 
22 

19 
PB7 PC7 21 

VSS 

...L20 

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. SeH-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. 

o 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 $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 = O. If the test passed, A = O. 

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 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 cyc~) 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 (tcyel. 

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) 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, regardles's 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. 

o 

Increasing Memory 1 i 
1 1 1 11 1 Condition Code Register 

Stack 
I 

II Addresses U 
R 
N 

Unstack 

01 0 Jo( 

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 iRQ 
Request 
latch 

load PC from: 
SWI: $1 FFC-$1 FFD 
IRQ: $1FFA-$1FFS' 

Timer: $1 FF8-$1 FF9 
SCI: $1 FF6-$1 FF7 
SPI: $1 FF4-$1 FF5 

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 ~x~ 
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. 

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 

Leilel-Sensitive Trigger 

Mask Option 

VDD ,.--__ .., 

time (tILlL) 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 reo' 
mains low after servicing an interrupt, then the next in
terrupt is recognized; 

NOTE 
The internal interrupt iatch is cleared in the first part 
of the interrupt service routine;'therefore, one ex~ 
ter'nal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 

SOFTWARE INTERRUPT,(SWI) 
TheSWI is an executable instruction that is executed 

regardless of the state of the I bit in the CCA. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 

D O~---_I 
External 
Interrupt 
Request 

Interrupt Pin -' ----4I-------4V C 

I Bit (CC) 

Power-On' Reset 

'External Reset 

, Externl,ll Interrupt 
Being Serviced (Vector Fetch) 

(a) Interrupt Internal Function Diag~am 

nm~tlLIH U 
I.. tILlL----~·~1 

TIm! ---r=-tILlH----.f 
• 

IROn L...-____ .....Ir 

(M:I ... ___________ ........ r 
(b) Interrupt Mode Diagram 

Edge-SenIitiYe Trigger CondItion 
The minimum pulse width (\ill HI is either 
125 nsIVOO=5 VI or 250 ns 1VOO=3 V). 
The period tlLIL should not be less, than 
the number of, tcvc cycles it takes to ex
ecute the interrupt S8f'Vice routine plus 21 
tcyc cycles. 

Lwel-Senlidye Trigger CondIdon 
If after servicing an interrupt the iliO r&

mains lOw, then the next interrUpt is 
recognized . 

Normally 
Used with 
Wire-ORed 
Connection 

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 INTJ:RRUPTS 
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. )nterrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 

SPIINTERRUPTS 

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 presci:lIeris 
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 informatiohinaddition 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 theMCU. Ca'ution should be observed when 
operating the SPI as a stave. 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 Oscillator 
And All Clocks 

Clear I Bit 

(1) 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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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 

Wait 

Oscillator Active 
Timer. SCI. And SPI 

Clocks Active 
Processor Clocks Stopped 

(1) Fetch Reset Vector or 
(2) Service Interrupt 

B. Stack 
b. Set I Bit 
c. Vector to Interrupt' 

Routine 

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. 

Figure 10; WAIT Function Flowchart 
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High Low 
Byte Byte 

$16 

$17 L..:.:.::l2;:':::::".J 

High 
Byte 

r-I-.,---,-L..., 
$14 

$15 

$1A 

$lB 
L:-;.;~~...I 

....----10 a 
.---~-----------------+----~--~~~CLK 

Timer .--~.,...-L--.---lII~ 

Status 
Reg, 

Output 
Level 
Reg, C 

Timer RESe'f 
Control 

Reg, 
$.12 

Output Edge 
Level Input 

(TCMP) (TCAP) 

Figure 11. Timer Block Diagram 

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 pr'ocessor 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-$18 (counter alternate register). A read from only 
the least significant byte (LS8) ofthefree-running counter 
($19, $1 8) 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 (MS8) 
($18, $1A), the LS8 ($19, $18) is transferred to a;buffer. 

This buffer value remains fixed after the first MS8 read, 
even if the user reads the MS8 several times. This buffer 
is accessed when r~ading the free-running counter or 
counter alternate register LS8 ($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 MS8 is read, the LS8 must also be 
read to complete th,e sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MS8 
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; th~ ,?ounter 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 (TOlE). 

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 (lEDG). 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 ofthefree-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 
inhibitthe free-running counter transfer since they occur 
on opposite edges of the internal b,us 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. 

I ICIE I OCIE -, TOlE 

RESET: 
o 

ICIE - Input Capture Interrupt Enable 
1 = Interrupt enabled 
0= Interrupt disabled 

OCIE---, Output Compare Interrupt Enable 
1 = Interrupt enabled 
o = Interrupt disabled 

TOlE - 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 t/:le 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 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 
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OCF - Output Compare Flag 
1 = Flag setwhen 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 iow 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. 

o 2 3 

Idle Line S 

SERIAL COMMUNICATIONS INTERFACE 

A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety bf 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 

• $tandard NRZ (mark/space) f()rmat 
• 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 in~errupt 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 (ROI) 
and transmit data out (TOO). 

DATA FORMAT 

Receive data in (ROI) or transmit data out (TOO) is the 
serial data presented between the internal data bus and 
the output pin (TOO) and between the input pin (ROil 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 

I, 

0 

* I C 
S S 

8 • Stop bit is always high. 0 

Figure 12. Data Format 
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WAKE-UP FEATURE 
In atypical 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 (ROil is the serial data which is pre

sented from the input pin via the SCI to the receive data 
register (ROR). 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 
Ifthere 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 (RORF = 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) 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 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 SCOAT 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 IOLE 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 IOLE bit to be set and for 
an idle line interrupt to be generated. 

REGISTERS 
There are five registers used in the SCI; 11)8 internal 

configuration of these registers is discussed in the fol
lowing paragraphs. 

Serial Communications Data Register (SCDAT) $11 
The SCOAT is a read/write register used to receive and 

transmit SCI data. 
7 6 5 0 

I SCD7 I SCD6 I SCD5 I SCD4 SCD3 SCD2 SCDt I SCDO I 
RESET: 

U u u u u u u u 

MOTOROLA MICROPROCESSOR DATA 

3-913 

II 



I 

MC68HC05C8 

As shown in Figure 13, SCDAT functions as tw'o 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. 

·$00 

$OE 

Internal 
Processor 

Clock 

NOTE: The Serial Communications Data Register (SCDAT) 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 

MOTOROLA MICROPROCESSOR DATA 

3-914 



MC68HC05C8 

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 RS I TS M I WAKE 1 I· 
RESET: 

U U U U 

RS- Receive Data Bit S 
R8 bit provides storage location for the ninth biiin 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 ~Notused 
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 
I 

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. 

I TIE 1 TCIE 

RESET: 
o 

RIE IUE TE 

TIE - Transmit Interrupt Enable 
1 = SCI interrupt enabled 
O=TDRE interrupt disabled 

RE RWU 

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 

SBK 

ILiE - Idle Line Interrut 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 SCCRl 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 enableswake-
. up function 
0= Wake-up function disabled after receiving data 

word with MSB set (if WAKE=l) . 
Wake-up function also disabled after receiving 10 
(M =()) or 11 (M = 1) consecutiveones.(jfWAKE=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. 

1 TDRE 1 TC 

RESET: 
1 

RDRF IDLE OR 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. 

Te - 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 
theRDR 
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0= Receive data shift register transfer did not occur. 
RDRF is cleared by reading the SCSR (with 
RDRF = 1) folfowed 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), 

folfowed 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 fulf 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), 
folfowed 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 (with NF = 1), 
folfowed 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 $OD 

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 SCPl SCPO SCR2 SCRI 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 leve,ls are listed in Table 3. 

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 fisted 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. Alf 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 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 

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. 
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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 131.0721<Hz 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 600Hz 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 SlaveO 
MOSI 

SCK MISO SCK 
SS I--VDD MOSI 55 -

M6805 HCMOS 
Master 

r---
p ()J 

0 1 
R 2 
T 3 r--

T 

I 

' I T 

II" I I I 
~ MOSI SS II MOSI SS MOSI SS 
MISO SCK MISO SCK MISO SCK 

M6!105 HCMOS Slave 3 M6805 HCMOS 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, scI<, andSS) 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 SPR1) in the SPCR of the master 
device select the clock rate. Ina 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=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 

SS (PD5) --+--...... -~ 

SPCR 
$OA '-----r---J 

SCK (?D4) 

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
te'rnal data bus during a CPU read cycle. 

Ina 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-bitshift registei'from the internal data 

tflternal 
I-+--...--I-..,.....:.-~ ,Data 

'----"""----,r---.;........,r-~ Bus 

Figure 16.SPI Block Diagram 
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bus, awaiting the clocks from the master to shift out se-. 
rially tathe 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 peripher~1 
status register (SPSR), and serial peripheral data I/O reg
ister (SPDR), are described in the following paragraphs. 

Serial PeripheralContr()1 Register $OA 

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 4 3 2 

I SPIE I SPE I MSTR ICPOl I' CPHA I 

RESET: 
0 U 

SPIE ~ Serial Peripheral Interrupt Enable 
1 = SPI interrupt enabled 
0= SPI interrupt disabled 

SPE - Serial Peripheral System Enable 
1 =SPI systen:1on 
0= SPI system off 

MSTR - Master Mode Select 
1 = Master mode 
O=S(a~e mode 

CPOl - Clock Polarity 

SPR1 SPRO 

U 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 tw.oclocking 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 sci< invokes first 
data sample. 

MeSler I 
I 
I MISO 

I 

. I MOSI 

.I 

I 
I 
ISCK 

I 
ISS 
I +5V 

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 SOB 

The SPSR contains three status bits. 

SPIF I WCOl I I MODF I 

RESET: 

SPIF - Serial Peripheral Data Transfer Flag 

,. 

1 = Indicates data transfer completed between p~o
cessor and external device. 
(If SPIF=1 and SPIE=1, SPlinterrupt isena
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 wril&to SPDR 

while data transfer is in process. 
0= Clearing is accomplished by reading SP$R (with 

WCOl = 1), followed by SPDR access. 
MODF - Mode Fault Flag 

1 = Indicates multi-master system contwl conflict. 
0= Clearing is accomplished by reading SPSR (with 

MODF= 1), followed by a write tathe SPCR. 
Bits 0-3, and 5 ....;.. Not used 

Can read either zero or one 

I 

MISOI 

MOSI
1 

SCKI 

I 
§Sl 

ov ----"--, 

Figure 17. SPI. Master-Slave Interconnections 
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Serial Peripheral Data 1/0 Register $OC 

The SPDR isa read/write register used to receive and 
transmit SPI data. 

S. 

SPD7 SPDS SPD5 SPD4 SPD3 SPD2 SPDl SPDD 

RESET: 
U U U U U U U U 

A write to theSPDR 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/niemory, 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 I 
I 

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 ofthe 
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 isan 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 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 
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 followin.g 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 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 
Inthe 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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~ 
o 

-.llIl!XL 

1 
0001 

2 
0010 

3 
0011 

4 
QllXL 

·5 
.1)101 

S 
0110 

, 7 
.JIlll, 

8 
lO!I!L 

9 
1001 

A 
.JlI1lL 

B 
1011 

C 
1100 

o 
lJOl 

E 
1110 

F 
1111 

Bit MMiPiiIetioil 1 Br .... ch Reed/Modify/Write 
~" ,~,] BEL -Ollt INH INH 1---.-00 

o 1 2 3 " 5 6 aaoo 0001 0010 0011 0100 0101 0110 

31 31 NEGA NEGX NEG 
1 INH llNH 2 Ixl I I 

~ I ~ I 31 
1 

BRSETO BSETO BRA NEG 
3 BlB 2 Bse 2 RR 2 OIR 

I 
BRCLRo51 ~CLRO 51 BRN 

3 8TB 2 BSe 2 REL 

~~31 I" BRSET1 BSETl BHI MUL 
3 T sse 2 RH 1 INH 

51 51 31 51 3 
1 

BRCLRl BCLRl BLS' I COM COMA 
3 BlB 2 Bse 2 REL 2 OIR 1 INti 

31 6 COMX COM 
1 INH 2 IXl I 1 

51 :l '--~ - 51 3 

Li
BRSET2 B,SET2 BCC LSR ,LSRA 

BTB 2 _ sse .2 . .2 ......oTR 1. INH 
31 LSRX LSR 

1 INn 2 IXI I 1 

I 
BRCLR2

5 I BCLR2 51 " BCS 
3 ' BlB 2 " sse 12 I\EL "G ~~ '-:r '-3[--- 3[ 1; BRSET3 BSET3 BNE ROR RORA RORX ROR 

I 3 BlB 2 ' Bse 2 REL 2 DIR 1 INH 1 INH 2 IX 1 I 1 

51 ':l -j3 '51' 31 31 
I 

BRCLR3 BeLR3 BEQ ,ASR ,ASRA ASRX ASR 
3 BlB 2 Bse 2 R 2 ----.IlIR 1 INH' 1 INH 2 IX 1 I 1 

~ :1 -- 31- sJ -3[-- ":r: -6 
,_B"R,SET4 ,BSET4 BH, CC LSL, LSLA LSLX LSL 
u. ---.lISe .l.__ RfL 2 _DIR 1 IN!:i ' 1 INH 2 IXI I I 51' :1"" '-31- ':\~' ~~-6 BRCLR4 BCLR4 BHCS ROL ROLA' ROLX ROL 
I 3 BlB 2 Bse 2 REL 2 DIR 1 INH 1 INH 2 IX 1 I 1 

I BRSET5
5 I BSET5 'j~ BPL 31 ~EC "T-, DE~-':;31' ~ECX 3 r- DEC 

3 BTB 2 ---.llSC.~. REJ...L ----'lIR 1 INH 1 INH 2 IXI I I 

I 
BRCLR~T;cLR5--or BMI 

3 ' BTB 1 2 D' Bse h REL 

BRSETs
51 BSET6 51 BMC 31 INC 5T 'N~31-;cx 3 

I 3 BTB 2 Bse 2 REL I 2 _ OIR 1 1 INH I 1 INH I 2 
INC 

IXI I 1 51 51 ~ J-3G~ I _BRCLRS BCLRS BMS TST T,STA TSTX 
LL IIIB. 2 Bse 2 R ......D!!L L INti 1 INH I 2 

TST 
IXI I 1 51 - 5, -3 

I 
BRSET7 BSET7 BIL 

3 BTB 2 Bse 2 REI 

51 51' 31 51 31 ~ BRCLR7 BCLR7 BIH CLR CLRA CLRX 
3 BTB 2 Bse 2 REL 2 OIR 1 INH 1 INH I 2 

CLR 
IXI I 1 

AbbrNetionI for Add .... Modes 

INH 
A 
X 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 

IX' 
IX2 

Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and Branch 
Indexed INo Offset) 
Indexed. , Byte IB-Bid Offset 
Indexed. 2 Byte I16-Bit) Offset 

IX 
7 

0111 

NEG 

COM 

LSR 

ROR 

ASR 

LSL 

ROL 

DEC 

INC 

TST 

IX I 1 

Control R8IIiater/Memorv 
INH I I~H IMM I DIR EXT--I IXl 1X1 

8 9 
1:';-1 ----;:'lr lfoo-I ~ -1~0 1000 1001 

RTI 
INH 

RTS 
INH 

·10 
SWI 

INH 

'2 
STOP 

INH 

SUB SUB SUB SUB SUB 21 - 31-- 41 51 
12 IMM 2 OIR 3 EXT 3 'Jl(L 2 --'----1lC..l I 1 

21 :-r:- ~I ~ 51 CMP CMP CMP CMp· CMP 
2, IMM 2 OIR 3 EXT 3 IX2 2 IXI I I 

21 u 31 41 :r- 4 SBC SBC SBC SBC SBC LL IMM 2 OIR 3 EXT 3 IX2 2 IXl I 1 

21 - 31" 41 ~~ CPX CPX 'CPX CPX CPX' 
2 ' IMM 2 OIR 3 EXT 3 1.x2 2 IX 1 I 1 

AND AND AND AND AND 21 31'~ ~ 4 
12 IMM 2 OIH 3 " EXT 3 IX2 2 IXl I 1 

BIT BIT BIT BIT BIT 21 JI l~-T, 4 
12_IMM 2. .D1R 3 _ . .EXT IX2 2 IXI 

LOA LOA LOA 'LOA LOA 21 --'~'~ - 51 
12 IMM 2 OIR 3' EXT 3 IX2 2 IXl I 1 - 2['- -[-X~ ---6[ TAX STA STA STA STA 

INH 2 OIR 3' EXT 3 IX2 '2 IXl I 1 W 21 '31 ~U_~ ,'4 CLC EOR EOR ,EOR EOR EOR 
2 _ IMM 2 DIR 3 EXT ....J. IX '2 IXl I 1 

21 21 -X'~ --51- " SEC ADC ADC ADC ADC ADC 
INH 2 IMM 2 OIR 3 EXT 3 IX2 2 IXI I 1 

CLI ORA ORA ORA ORA ORA 21 21 3 I 41 51 4 
INH 2 IMM 2 OIR 1 3 EXT 3 IX2 2 IX 1 I 1 2[ '21 -- 31- 41 ,51' 4 SEI ADD ADD ADD ADD ADD 
INH IMM 2 OIR 3 EXT 3 IX2 2 IXl I 1 

21 I' 21 31 41 3 RSP JMP JMP. JMP . JMP 
INH 2 OIR 3 IXT 3 IX2 2 IXl I 1 

2[ "I - .5T-:- --:1'- 71-T NOP . BSR JSR JSR· JSR JSR 
INH 2 REL 2 OIR 3 EXT 3 IX2 2 IXI I 1 

21 31 41 51 LOX LOX LOX LOX LOX 
2 IMM 2 OIR 3 EXT 3 IX2 2 IXl I 1 

IX 
f 

1111 

SUB 
JlL 

CMP 
IX 

SBC 
IX 

CPX' 

AND 
IX 

BIT 
IX 

LOA 
IX' 

STA 
IX 

EOR 
IX 

ADC 
IX 

ORA 
IX 

ADD 
IX 

JMP 
IX 

JSR 

LOX 

~ 
o 
~ 

1 
0001 

2 
0010 

3 
..tID 1 

4· 
0100 

5 
0101 

S 
.Qll0 

7 
0111 

8 
1000 

9 
1001 

A 
1010 

B 
1011 

C· 
1100 

o 
1101 

E 
1110 

'I 2 CLR ' WAIT TXA 
INH 

STX STX STX STX 41 51 61 STX F 
1111 IX 1 INH 11 OIR 3 EXT 3 IX2 2 IX1'1 1 

LEGEND 

4! I :> Opcode in Hexadecimal 

Mnemonic ~. ~ l ;..:i 
Bytes . 1 I}I. WUO --

J 

Opcode in Binary 

Cycles ______ ..J 
" AddreSS M9de 

s: 
(') 

m 
::t 
(') 
o 
U'I 
Q 



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 it and only if, the branch conditions are true. 
Otherwiseicontrol 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 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 
thebeginning 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-BITOFFSET 
In the indexed, 16-bit offset addressing mode, the ef

fective address is the sum ofthe contents ofthe unsigned 

8"bitindex 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. 
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ELECTRICAL SPECIFICATIONS 

MAXIMUM RATINGS (Voltages referenced to VSS) 

, Rating Symbol Value 

Supply Voltage .,VDD -0.3 to +7.0 

Input Voltage Yin VSS -0.3 to 
VDD +0.3 

Self-Check Mode (IRQ Pin Only) Yin VSS-0.3 to 
2xVDD+0.3 

Current Drain Per Pi.n 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 Tstg -65 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Value 

Thermal Resistance IIJA 
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 
6JA 

Po 
PINT 
PliO 

TJ=TA + (PO 0 6JA) (1) 

= Ambient Temperature, °C 
= Package Thermal Resistance, 

Junction-to-Ambient, °CIW 
= PINT+PIIO 
:;= ICCxVCC' Watts - Chip Internal Power 
= Power Oissipation on Input and Output 

Pins - User Oetermined 

VDD=4.5 V 

Pins R1 R2 C 

PAO-PA7, 3.26 kD 2.38 kD 50 pF 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 

PDO,PD5,PD7 1.9 kD 2.26 kD 200 pF 

VDD=3.0 V 

Pins R1 R2 C 

PAO-PA7, 10.91 kD 50 pF 
PBO-PB7, 6.32 kD 
PCO-PC7, 
PD1-PD4 

PDO,PD5,PD7 6 kD 6 kD 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 Vout) "" 
VDD., Reliability of operation is enhanced if un
used inputs are connected to an appropriate logic 
voltage level (e.g., either VSS or VDD). 

For most applications PIIO<PINT and can be neglected. 
The following is an approximate relationship between 

Po and TJ (if PliO is neglected): 
PO=K-i-(TJ+273°C) , (2) 

Solving equations (1) and (2) for K gives: 
K = Po 0 (T A + 273°C) + 6JAoP0 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 T A. Using this value of K, 
the values of Po and T J ~an be obtained by solving equa
tions (1) and (2) iteratively for any value of T A 

C 
(See 

Table) 

Voo 

R2 
(See Tablel 

Rl 
(See Tablel 

Figure 18. Equivalent Test Load 

MOTOROLA MICROPROCESSOR DATA 

3.;924 



MC68HC05C8 

DC ELECTRICAL CHARACTERISTICS 
(VOO=5.0 Vdc±10%, VSS=O Vdc, TA=TL to TH, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage, ILoad":;10.0 J.l-A VOL - - 0.1 V 

VOH VOO-0.1 - -

Output High Voltage VOH V 
(lLoad =0.8 mAl PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) VOO-0.8 - -
(lLoad = 1.6 mAl P01-P04 (see Figure 20) VOO-0.8 - -

Output Low Voltage (see Figure 21) VOL - - 0.4 V 
(lLoad=1.6 mAl PAO-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP 

Input High Voltage - VIH 0.7xVOO - VOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSC1 

Input Low Voltage VIL VSS - 0.2xVOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSC1 

Oata Retention Mode (0° 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 J.l-A 
0° to 70°C (Standard) - - 140 J.l-A 
- 40° to + 85°C - - 180 !LA 
- 40° to + 125°C - - 250 !LA 

1/0 Ports Hi-Z Leakage Current IlL - - ±10 !LA 
PAO-PA7, PBO-PB7, PCO-PC7, P01-P04 

Input Current lin - - ±1 J.l-A 
RESET, IRQ, TCAP, OSC1, POO, P05, P07 

Capacitance pF 
Ports (a§Jnput 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 100: Only timer system active (SPE=TE= RE=O). If SPI, SCI active (SPE =TE = RE= 1) add 10% current draw. 
4. Run (Operating) 100, Wait 100: Measured using external square wave clock source (fosc=4.2 MHz), all inputs 0.2 V from rail; 

no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. ' 
5. Wait, Stop 100: All ports configured as inputs, VIL =0.2 V, VIH=VOO-0.2 V. 
6. Stop 100 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 100 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,' ILoad""10.0 !LA VOL - - 0.1 V 
VOH VOO-0.1 - -

Output High Voltage VOH V 
(lLoad=0.2 mAl PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) VOO-0.3 - -
(lLoad=0.4 mAl P01-P04 (see Figure 20) , VOO-0.3 - -

Output Low Voltage (see Figure 21) VOL - - 0.3 V 
(lLoad=0.4 mAl PAO-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP -

Input High Voltage VIH 0.7xVOO - VOO V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, IRQ, 
RESET,OSC1 

Input Low Voltage VIL VSS - 0.2XVOO 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) 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 24) 

25°C - 1.0 30 !LA 
0° to 70°C (Standard) - - 80 !LA 
- 40" to + 85°C - - 120 j.tA 
_40° to + 125°C - - 175 j.tA 

1/0 Ports Hi-Z Leakage Current IlL - - ±10 j.tA 
PAO-PA7, PBO-PB7, PCO-PC7, P01-P04 

Input Current lin - - ±1 j.tA 
RESET, IRQ, TCAP, OSC1, POO, P05, P07 

Capacitance pF 
Ports (a~utor 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 100: Only timer system active (SPE=TE=RE=O). If SPI, SCI active (SPE=;TE=RE= 1) add 10% current draw. 
4, Run (Operating) 100, Wait 100: Measured using external square wave clock source (fosc =4.2 MHz), all inputs 0.2 V from rail; 

no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured as inputs, VIL =0.2V, VIH=VOO-0.2 V" 
6. Stop 100 measured with OSC1 = VSS. 
7. Sta,ndard 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 100 is affected linearly by the OSC2 capacitance. 
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5.0---~------"""""'----' 

3.0 
~ 
§ 
~ g, 

2.0 

1.0 

0.2 0.4 

VOO-VOH (Volts) 

0.6 ·0.8 

Figure 19. TYPical VOH vs IOH for Ports A, B, C, and TCMP 

6.0 ~-----";"""'r-----r---....,---., 

5.0 +----1~--+---t-~___i 

8.0 __ ----,.---..,......--_ 4.0 +----1r..----+-. 

6.0 +----+---+-.,..--1 ~ 
§ 3.0 +-----+----f--lf-+---+-----f 
....J 

9 

=- 4.0 +---+-- 2.0 +----+--#-.", :x: 
9 

2.0+--~'" 1.0 -+---~I__--_+_---i---_I 

o 0.2 0.4 0.6 o 0.1 0.2 0.3 0.4 

VOO-VOH (Volts) VOL (Volts) 

Figure 20. Typical VOH vs IOH for PD1·PD4 Figure 21. Typical VOL vs IOL for All Ports 
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(3.5 mAl 
3.5 

3.0 

2.5 

WAlT 
MODE 

2.0 

<t 
E 
0 (1.6 mAl 
.9 

1.5 

1.0 

0.5 

0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 
Internal Frequency l/tcycle (MHz) Internal Frequency l/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 

2.0 

1.0 

0 
0 0.5 1.0 1.5 2.0 

Internal Frequency (MHz) 

Figure 23. Maximum 100 vs Frequency for VOO = 5.0 Vdc 

(2.5 rnA) 
2.5-w-----,r---"'r'----.----r-----. 

VOO=3.3V ± 10% 

2.0+---1----+---~--_4----l 

1.5 
~ 
.§ 
0 
9 

1.0 

0.5+----:~f--~~+--___f---+----! 

(SO p.A. 0° - 70°C) 

04---~~--4_--_1------+_----~ 
o 0.2 0.4 0.6 0.8 .1.0 

Internal Frequencv {MHz) 

Figure 24. Maximum 100 vs Frequency for VOO = 3.3 Vdc 
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CONTROL TIMING 
(VOO=5.0 Vdc±10%, VSS=o VCtc, TA=TL to TH) 

Characteristic Symbol Min Max Unit 

Frequency of Operation fosc MHz 
Crystal Option ! - 4.2 
External Clock Option dc 4.2 

Internal Operating Frequency fop MHz 
Crystal (fosc+2) - 2.1 
External Clock (fosc+2) dc 2.1 

Cycle Time (see Figure 28) tcvc 480 - ns 

Crystal Oscillator Startup Time (see Figure 28) toxOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tlLCH - 100 ms 

RESET Pulse Width (see Figure 28) tRL 1.5 - tCYC 
'" Timer 

Resolution** tRESL 4.0 - tcyc 
Input Capture Pulse Width (see Figure 26) tTH, trL 125 - ns 
Input Capture Pulse Period (se~ Figure 26) trLTL *** - tcvc 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tiLlH 125 - ns 

Interrupt Pulse Period (see Figure 8) tlLlL * - tcvc 

OSCl Pulse Width tOH, tOL 90 - ns 
'" 

*The minimum period tlLlL 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 (tcyel, this is the limiting minimum factor in determining the 
timer resolution. 

***The minimum period trL TL should not' be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc' 

OSC" ~ZZZZZZOZZZ! ZZZZZZZZZZI 
tRL ' '. 

IRQ3 

Internal 
Clock ________ ....... ___ --' 

Internal _ ........................ """' ... 
Address 
Bus~~~~~~~~~ 

NOTES: 
1. Represents the internal gating of the OSC1 pin. 
2. IRQ pin edge-sensitive mask option. 
3. IRQ pin level and edge-sensitive mask option. 
4. ifESE'f vector address shown for timing example. 

Figure 25. Stop Recovery nming 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 dc 2.0 

Internal Operating Frequency fop ·MHz 
Crystal (fosc + 2) - 1.0 
External Clock (fosc+2) dc 1.0 

Cycle Time (see Figure 28) tCYC 1000 - ns 

Crystal Oscillator Startup Time (see Figure 28) toxOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tlLCH - 1,00, ms,: 

RESET Pulse Width - Excluding Power-Up (see Figure 28) tRL 1.5 - tcvc 

Timer 
Resolution** tRESL 4.0" - tcyc' 
Input Capture Pulse Width (see Figure 26) trH, trL 250 - ,', ns 
Input Capture Pulse Period (see Figure 26), trLTL *** - tcvc 

~~" 

Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tlLlH 250 - ns 

Interrupt Pulse Period (see Figure 8) tlLlL * - tcvc 

OSCl Pulse Width tOH, tOL 20Q ~ " 
- ns 

*The minimum period tlLlL 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 (tcyd, this is the limiting minimum .factor in determining the 
timer resolution. 

***The minimum period trL TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc. . 

Figure 26. Timer Relationships' 
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MC68HC05C8 

SERIAL PERIPHERAL INTERFACE (SPI) nMING 
(VOO=5.0 Vdc±10%, VSS=o Vdc, TA=TL to TH) (see Figure 27) 

Num. Ch .... cteristic 

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% VOO to 70% VOO, CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO.L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

13 Fall Time (70% VOO to 20% VOO, CL = 200pF) 
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) 
fOM~ 

tcyc(m) 
t~vc(s) 

tlead(m) 
tleacHs) 

tlag(m) 
tIIlQ(s)' 

tw(SCKH)m 
twjSCKHls 

tw(SCKL)m 
tw(SCKLts 

tsu(m) 
tsuJs) 

th(m) 
thIs) 

ta 

tdis 

tv(m) 
tv(s) 

tho(m) 
tho(s) 

trm 
trs 

tfm 
tfs 

MOTOROLA MICROPROCESSOR DATA,' 
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Min Max Unit 

dc 0.5 fop 
dc 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 fJ.s 

- 100 ns 
- 2.0 fJ.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. 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 MISO.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.L 
SPI Inputs (SCK, MOSI, MISO, and SS) 

*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 

Symbol 

fop(m) 
fools) 

tcyc(m) 
tCyc(M 

tlead(m) 
tlead1sJ 

tlag(m) 
tlag(s) 

tw(SCKH)m 
tw(SCKH)s 

tw(SCKL)m 
tw(SCKL)s 

tsu(m) 
tsu(s) 

th(m) 
thIs) 

ta 

tdis 

tv(m) 
tv(s) 

tho(m) 
tho(s) 

trm 
trs 

tfm 
tfs 
, 
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Min Max Unit 

dc 0.5 fop 
dc 1.0 MHz 

2.0 - tcyc 
1.0 - ,...s 

* - ns 
500 - ns 

* - ns 
500 - ns 

720 - ,...s 
400 - ns 

720 - ,...s 
400 - ns 

200 - ns 
200 - ns II 
200 - ns 
200 - ns 

0 250 ns 

- 500 ns 

0.25 - tcyc(m) 
- 500 ns 

0.25 - tcyc(m) 
.0 - ns 

- 200 ns 
- 2.0 ,...s 

- 200 ns 
- 2.0 f.I.S 



II 

§I 
(INPUT) 

• II HIId HIgh on Miller 

MC68HC05C8 

SCK (CPOL-O) 
(OUTPUT) --....;.;,;;;..;..;;;..p---"IL~ 

SCK (CPOl..1) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This first clock edgI II gtnIt'lIed mernally but is nat seen lithe SCK pin. 

a) SPI MASTER TIMING (CPHA = 0) 

§I 
(INPUT) 

.Is HIId H'Jgh on Master • 

SCK (CPOL.O) 
(OUTPUT) . ___ __ 

SCK (CPOL.1) 
(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

NOTE: This last clock edge Is generated intemally.bul is nat seen lithe SCK pin. 

b) SPI MASTER TIMING (CPHA = 1) 

Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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~ 
(INPUT) 

SCK (CPOL-1) 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

MC68HC05C8 

NOTE: Not defined but normally MSB of character just received. 

55 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 
(INPUT) 

c) SPI SLAVE TIMING (CPHA = 01 

NOTE: Not defined but normally LSB of cha\'3CI8f previously 1ransmil1ed. 

d) SPI SLAVE TIMING (CPHA= 1) 

Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 
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Internal 
Processor 

Clock * 

Internal 
Address 

Bus* 

Internal 
Data 
Bus* 

RESET r- tRL-1 
* Internal timing signal and bus information not available externally \{. ***J! 

* * OSCl 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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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@)-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 contactthe 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 5 114 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, mu~t 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 $OOOF. 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 

xxx = Customer 10 
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 II 
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
pos~ 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 Me 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 MC68HC05C8M FN 

IBM is a registered trademark of International Business Machines Corporation. 
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II 

PA4 
PA3 
PA2 

,PAl 
PAO 
PBO 
PBl 
PB2 
PB3 
PB4 

MC68HC05C8 

PIN ASSIGNMENTS 

40-PIN DUAl-IN-LiNE PACKAGE 

VDD 

IRQ OSCl 

NC OSC2 

TCAP 

PD7 

TCMP 

PD5/SS 

PD4/SCK 

PD3/MOSI 

PAl PD2/MISO 

PAO PD1/TOO 

PBO PDO/RDI 

PBl PCO 

PB2 PCl 

PB3 PC2 

PB4 PC3 

PB5 PC4 

'PB6 PC5 

PB7 PC6 

VSS PC7 

44-lEAD PlCC PACKAGE 

COl' cnouu« 'It.; ~ N Cl-
««uulli1UJ ocncnuu Cl-Cl-ZZ_a::>oOt-Z 

PD7 
TCMP 
PD5/SS 
PD4/SCK 
PD3/MOSI 
PD2iMISO 
PD1/TOO 
Pno/RDI 
P<-O 
PCl 
PC2 

NOTE: Bulk substrate tied to VSS. 
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