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MOTOROLA’S

MICROPROCESSOR AND MICROCOMPUTER FAMILIES

Serving as the “heart” of every microcomputer system is a microprocessor.
Start with the chip set that precisely meets your design objective. Motorola
manufacturers the industry’s most complete selection of sold-state
microcomputer components to give you the performance you need and the
design flexibility you want.

The family concept has been extremely popular in the microprocessor in-
dustry. Motorola pioneered this family concept with the introduction of the
M6800 Family in 1974. Since then the MPU/MCU Family has evolved in
several directions, as shown in Figure 1-1, in order to fill expanding use
concepts. In addition, the basic M6800 Family has been enhanced. A large
number of peripheral devices have been developed to support the expan-
ding family of microprocessors and microcomputers.

8-BIT MICROPROCESSORS (MPUs)
MC6800 — MC6802 — MC6803 — MC6808 —
MC6809 — MC6809E — MC146805E2

The MC6800 MPU was the first of the M6800 MPU Family and still remains
a highly cost-effective processor for a great many process-control and
data-communications applications. Seventy-two instructions and six dif-
ferent addressing modes give it powerful capability, and a full range of
compatible peripheral chips offer the widest possible latitude in system
implementation. After years of field experience, the MC6800 has earned an
enviable reputation as one of the easiest-to-use processors available.

Moreover,totailor the system to your specific needs at the lowest cost, the
MC6800 (and its peripherals) is available in three different packages, three
different temperature ranges, and three speed ranges, as follows:

1.5 MHz 1.5 MHz 2 MHz
0to70°C | —40to +85°C |-55t0 +125°C | 0 to 70°C —40 to 85°C | 0to 70°C
Plastic MC6800P MC6800CP — MC68A00P | MCBBA00CP | MC68B0OOP
Cerdip MC6800S MC6800CS MC6800BQCS — — —
Ceramic MC6800L MC6800CL — MC68A00L [ MCBBA00CL | MC68BOOL
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Relative Performance

FIGURE 1-1. GENEALOGY OF THE COHESIVE
M6800 MICROPROCESSOR/MICROCOMPUTER FAMILY
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The MC6802 MPU has all the attributes of the basic MC6800, but it
reduces the component count of a minimum microcomputer system to only
two.

The MC6802 adds an on-chip clock oscillator and 128 bytes of RAM to the
capability of an MC6800. Data in the first 32 bytes of the built-in RAM can
be retained in a low-power mode by an external power source, allowing
memory retention during a power-down situation.

Using this microprocessor, a minimum microcomputer system consists of:

1 — MC6802 Microprocessing Unit
1 — MC6846 ROM-I/O-Timer Unit

Of course, the system is expandable to any requirement with the adapters,
expanders, and other peripheral chips that are a part of the M6800 Family.

The MC6802 is available in both ceramic (suffix L) and plastic (suffix P)
packages.
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The MC6803 MPU is the microprocessor version of the MC6801 single-
chip microcomputer. The MC6803 accomodates applications where exter-
nal ROM is present. With 13 parallel input/output lines, a 16-bit timer, and a
serial communications interface the MC6803 offers a great deal of freedom
in system needs. One of the most desirable attributes of the multi-
generation MC6803 is its compatibility with existing software and hard-
ware. The MC6803 easily meets this goal by being thoroughly integrated in-
to the total M6800 family of components. In addition, since the MC6803 is
an HMOS device, it requires only a single + 5 volt power supply and inter-
faces with both TTL and MOS peripherals. The concept of an integrated
family of devices is predicated on continuity in both design and develop-
ment. As a member of the M6800 family, the MC6803 shares many of the at-
tributes of the basic MC6800 MPU. For example, the MC6803 encompasses
the full MC6800 instruction set, yet new instructions have been incor-
porated for even greater system capability and ease of programming. Many
MC6803 instructions execute in fewer cycles than on the MC6800. More
and faster instructions increase throughput and reduce software conver-
sion and development time. Some of the features of the MC6803 are:

Expanded MC6800 Iinstruction Set

Full Duplex Serial Communications Interface

Upward MC6800 Source and Object Code Compatibility

16-Bit Timer with Three Modes

16-Bit Multiplexed Address Bus Providing 64K-Byte Memory Space

128 Bytes of On-Chip RAM (64 Bytes Retainable with Battery
Backup)

13 Parallel 1/O Lines

Internal Clock (Divide-by-Four)

TTL-Compatible Inputs and Outputs

Interrupt Capability (Maskable and Non-Maskable)

The MC6808 low-cost version of the MC6802 microprocessor has an on-
chip clock oscillator and driver, but no on-chip memory. The MC6808 can
use up to 64K of external RAM, ROM, or peripherals.

The MC6809 microprocessor, with five internal 16-bit registers, offers up
to five times higher performance than the MC6800, yet, due to the 8-bit bus
is fully compatible with all M6800 bus-oriented supplementary circuits and
peripherals. Here’s how the MC6809 stacks up:

Architectural Improvements:
® Additional 16-Bit Index and Stack Registers
® Direct Page Register
® Increased Addressing Modes
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® 16-Bit Operations and 16-Bit Accumulator
@ 8 x 8 Multiplier
® Fast Interrupt

Software Improvements:
® Designed for efficient handling of high-level languages, including
Pascal, Basic, MPL, Cobol, and Fortran.
® Position-independent coding and reentrant-programming capability
encourage development of ‘“‘canned software,” with modular
program interchangeability.
® Structural, high subroutined code enhanced by two 16-bit
index registers and program counter usable for indexing.
® Multi-task and multi-processor organization.
@ Stack-oriented compiler instructions with both user and hardware
stack registers available.
Although the MC6809 is compatible with the extensive existing M6800
Family, Motorola is designing even more peripherals to enhance systems
designed with the MC6809. These new peripherals (e.g., the MC6829
Memory Management Unit, the MC6839 Floating Point ROM, and the
MC6855 Serial DMA Processor) allow an MC6809 user to realize the full
potential of the processor.

The MC6809 is a logical step for applications that crowd the capacity limits
of today’s conventional 8-bit processor — yet, hardware and software
(upward) compatibility with existing M6800 processors protects previous
software investment.

The MC6809E includes all the features of the MC6809 plus external clock-
ing to provide the flexibility required in a multi-processor system.

The MC146805E2 initiates the CMOS side of Motorola’s microprocessor
family. Battery-oriented and noise sensitive applications have long sought
an M6800 MPU implemented in CMOS. The MC146805E2 includes an 8-bit
optimized processor the equal of the MC6800 in speed and performance,
plus on-chip RAM, timer, parallel I/0 ports, and clock oscillator. Complete
CMOS systems are assembled using the MC146823 Parallel Interface,
MC146818 Real-Time Clock plus RAM, MCM65516 CMOS 2K ROM, and
many MSI and SSI support parts. The MC146805E2 also serves as a ROM-
less prototype device for the CMOS and HMOS M6805 Family single-chip
MCuUs.

The processor has sixty-one basic instructions that are similar to those of
the popular MC6800 microprocessor, plus some unique enhancements. A
complete set of bit-manipulation and test instructions allow any bit in RAM
or any |/O pin to be individually set or cleared or tested as a conditional
branch, all with a single instruction. The table look-up indexing modes have
also been enhanced and made more ROM efficient.
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The very low power requirement of static CMOS make the MC146804E2
family of processors and peripherals extremely attractive for those applica-
tions where power is a major consideration (portable instruments, telecom-
munications, point-of-sale terminals, remote instrumentation, industrial
control, applicance controllers, etc.). The operating voltage range is from 3
to 6 volts, while current usage ranges from microamps upward depending
upon frequency, voltage, standby modes, and operating duty cycle. Other
MC146805E2 features include:

® Expansion Bus Addressing 8K Bytes of Memory
® 112 Bytes of RAM
® 16 Bidirectional 1/0 Lines in Addition to the Bus
® 2 Program Initiated Low-Power Standby Modes
® Timer/Counter:

— 8-Bit Programmable Counter

— 7-Bit Software-Selectable Prescaler

— External Timer Input

— Maskable Timer Interrupt

® Maskable External Interrupt

® 40-Pin Package

® Fully Static Operation for Lower Power Needs

® Oscillator Frequency to 5 MHz at 5V

® Compatible ROM Available — MCM65516 (2K x 8)
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8-BIT MICROPROCESSORS FEATURES MATRIX

RAM| 1/0 Special | Mnem | Ext | Data
Device Tech |Pins | 8X Lines 1/0 Inst' | Addr | Size | Clock Timer
MC6800 NMOS | 40 - - - 72 64K 8 No -
MC6802 NMOS | 40 128 — - 72 64K 8 Yes -
MC6802NS NMOS | 40 128 - - 72 64K 8 Yes -
MC6803 HMOS 40 128 13 Serial 82 64K 8 Yes 16-Bit
MC6803NR HMOS 40 — 13 Serial 82 64K 8 Yes 16-Bit
MC6808 HMOS 40 - - - 72 64K 8 Yes -
MC6809 HMOS 40 - - - 59 64K? 8 Yes -
MC6809E HMOS | 40 - - - 59 64K2 | 8 No -
MC146805E2 CMOS | 40 112 16 - 61 8K 8 Yes 8-Bit +
Prescaler
NOTES:

1. Some Mnemonic Instructions can have many Opcode Instructions. As a result a Microprocessor
normally has many more Opcode Instructions than Mnemonic Instructions. For instance the
MC6809 has 59 Mnemonic Instructions and 1464 Opcode Instructions.

2. Two megabytes when used with the MC6829 Memory Management Unit.

8-BIT MICROPROCESSORS SELECTOR GUIDE

TECHNOLOGY PROCESSING POWER
HMOS/NMOS Page CMOSs Page 8-Bit Page
MCB800 455  MC146805E2 4-985 MC6800 455
MC6802 4-125 MC6802 4-125
MC6802NS 4-125 MC6802NS 4-125
MC6803 4-84 MC6803 4-84
MC6803NR 4-84 MC6803NR 4-84
MC6808 4-125 MC6808 4-125
MC6809 4-266 MC6809 4-266
MCB809E  4-298 MC6809E 4-298
MC146805E2  4-985
FUNCTIONAL BLOCKS LANGUAGE ORIENTATION
MPU with Low-Level High-Level
MPU Page On-Chip RAM Page Language Page Language Page
MC6800 4-55  M(C6802 4-125 MC6800 455 MC6809 4-266
MCB803NR 4-84 MC6802NS 4-125 MC6802 4-125 MCB809E 4-298
MC6808 4-125 MC6803 4-84 MC6802NS 4-125
MC6809 4-266 MC146805E2 4-985 MC6803 4-84
MC6809E 4-298 MC6803NR 4-84
MC6808 4-125
MC146805E2 4-985
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SINGLE-CHIP MICROCOMPUTERS (MCUs)
THE M6801 — M6805 — M3870 — M141000 FAMILIES

Take a basic MPU; add an on-chip clock oscillator and timer; put in enough
Read-Only Memory (ROM) to handle the program routines for dedicated
application, and enought Ready/Write (RAM) Memory capacity to handle
the associated data manipulations; cap it off with sufficient input/output
capability to interface with a number of parallel and serially oriented
peripherals and you have a single-chip microcomputer.

The single-chip system doesn’t necessarily have all the flexibility of a
multi-chip system, but with adequate capacity to handle a specific require-
ment, it can save both component cost and equipment manufacturing cost.

Motorola offers single-chip microcomputers across a broad spectrum of
processor performance and system functionality. Motorola’s first high
volume production single-chip MCU is the second source of the popular
3870. The 4-bit CMOS M141000 Family includes two ROM-based parts, plus
a ROM:-less version. The M6801 Family includes the high performance
single-chip MCU, plus EPROM and ROM-less versions. The rapidly expan-
ding M6805 Family includes a number of memory and package sizes with
various special 1/0 functions, in both HMOS and CMOS.

PERFORMANCE — Processor performance, or program efficiency, for
the application is an important single-chip MCU selection criteria. The
M6801 Family is the throughput leader with 16-bit data operations, binary
multiply, and an average of only 3.7 cycles per instruction. Bit modify and
test instructions and powerful indexing modes put the M6805 Family in
second place on the performance scale. The MC3870 offers a very suc-
cessful 8-bit architecture, while the M141000 Family parts are clasic 4-bit
processors.

TECHNOLOGY — The very high production volumes of high-density
NMOS (HMOS) permit low cost single-chip solutions. CMOS, as a relatively
new microcomputer technology, offers very low power consumption and
wide power supply tolerance at performance levels similar to HMOS. The
M6801 Family, M6805 Family, and MC3870 are produced in HMOS while the
M6805 and M141000 Families make CMOS benefits available. The M6805
Family is the first microcomputer that allows you to look at the technology
trade-offs independent of the architectural and supplier choices.

ROM SIZE — The mask ROM capacities of the present single-chip MCUs
range from 1K bytes for the M6805 and the M141000 Families up to 2.5K
bytes on one M6805 Family version. However, the M6801 and M6805
Families may in the future be implemented with as much as 64K bytes of
on-chip ROM without any architectural changes. In selecting the ROM size,
the ROM usage efficiency of the instruction set should be considered,
along with the application to be programmed. Architectures of the
M141000 and MC3870 class offer short one and two byte instructions. The
M6801 and M6805 Families use many multi-function instructions such as
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bit manipulation, memory modification, indexing, and multiply to do the
function of two or more instructions in traditional MCUs.

NON-MASK-ROM VERSIONS — EPROM versions and/or ROM-less ver-
sions of practically all single-chip MCUs are offered. They serve for limited
volume applications, prototype debugging, and field trials. EPROM ver-
sions are available in the M6805 and M6801 Families. ROM-less versions
are offered in the M6801, M6805, and M141000 Families.

RAM SIZE — On-chip RAM sizes range from 32 bytes in the M141000 Fami-
ly (organized as 64 nibbles) to 128 bytes in the M6801 Family. Between
these present limits are the M6805 Family versions and the M3870 at 64
bytes and 112 bytes. Architectures such as the M6801 and M6805 Families
which permit multi-level subroutines plus ROM and RAM data tables allow
you to trade-off ROM and RAM utilization. ROM usage can be minimized
with subroutines and look-up tables, while RAM use can be optimized with
ROM tables and fewer subroutines.

DIGITAL /O — Single-chip MCUs are available in 40-pin dual-in-line
packages as well as the smaller (and lower cost) 28-pin packages. All four
MCU families include 40-pin versions, while the M6805 and M141000
Families also have 28-pin members. Five to seven pins serve power and
control functions permitting up to 23 I/O pins in a 28-pin package and up to
34 1/0 pins in 40-pin versions (including interrupts, timers, and special I/O
functions). The M141000 Family has four dedicated input pins, with all
other I/O pins being outputs. All of the other MCUs offer essentially any mix -
of inputs and outputs. Higher output drive current is available in the M6805
and M141000 Families.

EXPANSION BUS — The ROM-less versions include a bus to access off-
chip program memory and additional I/O. However, the M6801 Family
single-chip MCUs also include three bus structure modes for off-chip ex-
pansion. The three bus modes permit the number of bus pins to be optimiz-
ed for the amount of address space needed off-chip.

INTERRUPTS — When an application program must synchronize to two or
more external events, interrupt hardware in some form is usually
necessary. The M6801 and M6805 Families include fully automatic inter-
rupts (registers are saved) with programmable vectors for both external
pins and internal timers. The MC3870 interrupt scheme requires more pro-
gram overhead. The M141000 Family serves the straight forward applica-
tions that do not need interrupts.
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TIMERS — On-chip timers are the most frequently used special /O func-
tion. Timers may generate interrupts to a program at a periodic rate, may
measure external values, may count external events, and may generate
measured output values. The M6801 Family includes a 16-bit timer that may
be used to perform three of the above functions simultaneously. The M6805
Family timer consists of a programmable 8-bit counter and a selectable
7-bit prescaler. The MC3870 timer is 8 bits with a decimal prescaler. The
M141000 Family does not include on-chip timers.

SPECIAL FUNCTIONS — Various members of the MCU families include
additional /O functions. For example, the MC6801 Family includes a full
8-bit UART with baud rate generator on-chip. A 4-channel 8-bit A/D con-
verter is included on a few M6805 Family versions. A 7-segment display
decoder is included on the M141000 Family parts. The digital portion of an
RF frequency synthesizer is added to an M6805 Family member.

DEVELOPMENT SUPPORT — All four families are fully supported on the
EXORciser development system. Included are assemblers, keyboard
debugging including breakpoints, user system emulation, and stand-alone
emulation. The M6801 Family has the added benefit of various high level
languages and compatibility with MC6800 programs.

THE CMOS M6805 COMPONENTS

Motorola offers an 8-bit CMOS processor in the MC146805E2. The CMOS
portion of the M6805 Family of 8-bit microprocessors, peripherals, and
single-chip microcomputers combines the low power characteristic of
CMOS, with the application flexibility of the M6800 Family.

The M6805 Family has evolved from the M6800 Family. The M6805 Family
includes similar programmable bidirection I/O, flexible memory organiza-
tion, many memory reference instructions, interrupts, and multi-level
subroutine nesting. ROM use efficiency, bit manipulation instructions, and
improved table look-up indexing are M6805 Family enhancements of the
M6800 heritage.

The benefits of CMOS are added to Motorola’s microprocessor repertiore.
Low operating power, and even lower standby power consumption, permit
battery operation, cut cooling costs, and reduces power supply expense.
The wider operating voltage range of CMOS offers higher noise immunity
and easier switching to standby power. Static CMOS parts permit true
standby operation plus power optimization with lower frequencies and
voltages.




PROGRAMMING — The enhanced M6800 architectural features make the
M6800 Family easy to program. The stack pointer permits up to 32
subroutine levels. Three ROM-efficient indexed addressing modes allow
for look-up tables anywhere in memory. Any I/O pin or RAM bit may be
modified with a single instruction. A branch may be taken depending upon
the bit state of any I/O pin or RAM bit with only a single instruction. RAM,
ROM, and I/O registers are all accessed with the same powerful memory
addressing instructions. An efficient instruction set permits programs to
be written faster, more easily optimized, and, therefore, more reliable.

INTERRUPTS — Real-time applications require sensing, measuring, and
controlling system events. Five vectored interrupts, which stack the pro-
gram registers, are included in M6805 Family processors to implement
these applications. For time dependent tasks, a programmable 8-bit
counter generates an interrupt when zero is reached. The timer includes a
program-selectable 7-bit prescaler and a software selectable input. The
timer input may be an external signal, pulse width measurement, or the on-
chip oscillator. An external interrupt pin is also provided. Software tech-
niques for external event synchronization are not needed.

MOTEL — The MOTEL concept (for MOtorola and InTEL bus compatibility)
allows both types of processors to be interchanged on a bus without
changing the design of the peripheral/memory system. The MOTEL circuit
automatically detects which type of processor is connected, and interprets
the bus control signals appropriately. The MCM65516 2K CMOS ROM,
MC146818 Real-Time Clock plus RAM, and MC146823 Parallel Interface in-
corporate the MOTEL concept to provide a high degree of system flexibility.

SINGLE-CHIP MICROCOMPUTERS — Dedicated single-chip MCUs are
also included in the M6805 Family. The MC146805F2 has 1K bytes of on-
chip ROM, while the MC146805G2 has a 2K ROM. The MC146805G2 also in-
cludes 112 RAM bytes, 32 input/output lines, programmable timer, external
and timer interrupts, and high current output pins. The 1K MC146805F2 has
the same interrupt features but fewer I/O lines, 28 pins, and a smaller RAM,
64 bytes. The MC146805E2 microprocessor serves as the ROM-less pro-
totyping part for both single-chip MCUs.

PERIPHERALS — Two types of CMOS peripherals are being added to
Motorola’s CMOS family. Parallel bus-oriented peripherals support
microprocessors such as the MC146805E2, while single-chip microcom-
puters are supported by port-oriented 1/0, usually using serial data transfer.
The MC146823 Parallel Interface offers three 8-bit ports (24 lines) of digital
interfacing, including port latch control signals, to multiplexed-bus
microprocessors such as the MC146805E2. The MC146818 Real-Time Clock
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plus RAM relieves the processor of maintaining the time and date,
generates timed interrupts, and includes 50 bytes of CMOS RAM. Program
memory is provided by the completely bus compatible MC65516 2K CMOS
ROM. Other support circuits include LCD drivers (MC145000, MC145001,
MC144115, and MC144117), LED drivers (MC14499 and MC144100), D/A con-
verters (MC144110 and MC144111), A/D subsystem (MC14443 and
MC14447), latches (MC14099, MC14597, MC14598, and MC14599), remote
110 (MC14469) and frequency synthesizers (MC14156 and MC145144).

POWER SAVINGS — Energy efficiency is, of course, the chief CMOS at-
traction. CMOS MPUs are seriously considered anywhere a battery is used,
whether it be the primary or a back-up power source. The operating current
can be orders-of-magnitude lower. Standby modes can have power usages
order-of-magnitude lower yet. Since the M6805 Family is static in design,
low-speed operating current is extremely low.

STATIC DESIGN — The clock of a static CMOS microprocessor may be at
any frequency below the specified maximum. CMOS users frequently lower
the frequency, to conserve power, approaching the point where the pro-
cessor is fully loaded during the worst-case program cycle. A static MPU
allows operation at 1 kHz or 10 kHz in applications where battery drain is
critical, and the work load light. A static processor can also be stopped dur-
ing any cycle without losing any volatile information, which assures ex-
tremely low standby current.

PROGRAM CONTROL OF POWER — Typical CMOS microprocessor ap-
plications require considerable attention to minimizing power consump-
tion. The M6805 Family CMOS processors include program control of
power usage, as well as the traditional external power optimizing tools. The
program may initiate either of two standby modes, called Stop and Wait,
which halt program execution. The external or timer interrupts automatical-
ly turn the processor back on to allow execution to resume. Why not save
power when the program has no work to do? The program can be restarted
when there is work that needs doing. Battery drain is the average of
operating and standby current for the average work duty cycle.

LOW POWER DISSIPATION — A major side benefit of low power usage
is that the heat dissipated is also low. The costs of cooling equipment is
not needed. Fan noise in an office environment, as well as fan unreliability,
need not be endured. Systems may be enclosed in smaller housings. Air
tight systems need not have special heat conducting mechanisms.

WIDER VOLTAGE RANGE — The initial CMOS MPU products are
characterized to operate from 3.0 to 6.0 voltages. The voltage range is be-
ing extended to higher voltages in upcoming versions. The wider voltage
range permits lower cost power regulation, easier switching to back-up
sources, and lower cost batteries. The higher voltage parts add noise im-
munity to the wide voltage range benefits.
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SINGLE-CHIP MICROCOMPUTER FAMILIES FEATURES MATRIX

141000 Family L - M6805 Family
McMIl)II| MCM1200|MCI41099 MC3870 | MCGB05P2 | MCGB05P4 | MC6805U2 | MC6805R2 | MC6805T2
Bits 4 Bits 8 Bits 8 Bits
Instruction Set TMS1000 F8 Control Optimization of MC6800
Registers 7 Special Registers 7 Registers 2 General Purpose and 3 Special Registers
P Addressing Modes 5 Addressing Modes 5 Addr Modes 10 Addressing Modes
focessor Basic Inst Types 43 Basic Inst Types 54 Basic Inst 59 Basic Instruction Types
Total Instructions 43 Total Instructions 76 Total Inst 207 Total Instructions
uslAvg Inst 10 puslinstruction (600 kHz) 4.7 pslinst 4.9 to 5.4 us per Average Instruction (1 MHz)
Subroutines 1 Subroutine Level 1 Level 13 Subroutine Levels
Technology CMOS NMOS HMOS
Mask ROM 1K ROM | 1K ROM | No ROM 2K ROM 1K ROM 1K ROM 2K ROM 2K ROM 2.5K ROM
Memory EPROM - - - - - - - - -
RAM Bytes 32 RAM 32 RAM 32 RAM 64 RAM 64 RAM 112 RAM 64 RAM 64 RAM 64 RAM
Package Size 28 Pins 40 Pins 48 Pins 40 Pins 28 Pins 28 Pins 40 Pins 40 Pins 28 Pins
Inputs 4 Inputs 4 Inputs 4 Inputs - - - 8 Inputs 2t05In -
Input/ Outputs 19 Outputs | 24 Outputs {21 Outputs - - - - - -
Output Mask Bidir - - - 3210 - - - - -
Pins Prog Bidir - - - 2010 20 /0 2410 24 1/0 191/0
Spec. Func — — = . — - ~ 1 to 4 Analog] 2 Special
Expansion Bus - - To ROM, PLA - - - - - -
Display Decoder 7-Segment PLA - - - - - - -
Special High Current Drive 20 mA, All Outputs - 10 mA Drive on 8 Pins
Function Analog Inputs - - - - - - 8-Bit AID -
110 Serial 1/0 - - - - Shift Register 1/0 with Bit Manipulation Instructions
Freq Synth — — — — — - — — Freq Synth
Standby RAM — - - - - Stby. RAM - - -
Prescale Bits -200 Prescale 7 Prescaler Bits
Timer Counter Bits No Timer 8-Bit Counter 8-Bit Counter
Timer Functions 1 Function 1 Timer Function at a Time
Timer Interrupt Timer IRQ or Timer Interrupt
Interrupts External IRQ No Interrupts 1 Ext IRQ 1 Ext IRQ 2 Ext IRQs 1 Ext IRQ
Serial 1/0 IRQ - - - - - -
ICs ROM-Less Version - EPROM and ROM:-Less Versions
Dev System EXORciser® EXORciser® EXORciser®
g:velo';:ment Emulation User System Emulator US'E User System Emulator
ppo Assembler Assembler Assembler Macro Assembler
HL Language - - -
SINGLE-CHIP MICROCOMPUTER FAMILIES SELECTOR GUIDE
TECHNOLOGY PROCESSING POWER
HMOS/NMOS Page CMOSs Page 4-Bit Page 8-Bit Page
MC6805P2 4-146 MC141000  4-968 MC141000 4-968 MC6805P2  4-146
MC6805P4 4-168 MC141099  4-968 MC141099 4-968 MC6805P4  4-168
MCB6805R2 4-191 MC141200  4-968 MC141200 4-968 MC6806R2  4-191
MC6805T2 4-216 MC146805E2 4-985 MC6805T2  4-216
MC6805U2 4-243 MC146805F2 4-1019 MC6805U2  4-243
MC68705P3 4-894 MC146805G2 4-1021 MC68705P3 4-894
MC68705R3 4-918 MC68705R3 4-918
MC68705U3 4-945 MC68706U3 4-945
MC3870 4-32 MC3870 4-32
MC146805E2 4-985
MC146805F2 4-1019
MC146805G2 4-1021
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MCG6805 Family (continued) MG6801 Family
MC68705P3 [MC68705U3 [MC68705R3]MC148805G2 | MC146805F2]MC146805E2 | MC6B01 |  MCE8701 | MC6803
8 Bits 8 Bits Bits
Control Optimization of MC6800 Super Set of MC6800 Instruction Set
2 General Purpose and 3 Special Registers 2 General, 4 Special Reg. Registers
10 Addressing Modes 7 Addressing Modes Addressing Modes P
59 Basic Instruction Types 61 Basic Inst Types 75 Basic Inst Types Basic Inst Types rocessor
207 Total Instructions 209 Total Instructions 219 Total Instructions Total Instructions
.9 to 5.4 us per Average Instruction (1 MHz) 3.9 to 4.0 ps/Avg Inst (1 MHz) 3.7 psiAvg Inst (1 MHz) uslAvg Inst
13 Subroutine Levels 29 Levels | 13 Levels | 29 Levels Indefinite Levels Subroutines
HMOS CMOS HMOS Technology
- - - 2K ROM 1K ROM No ROM 2K ROM - No ROM Mask ROM
1.8K EPROM | 3.8K EPROM | 3.8K EPROM - - - - 2K EPROM - EPROM Memory
112 RAM 112 RAM 112 RAM 112 RAM 64 RAM 112 RAM  |128 RAM 128 RAM 128 RAM RAM Bytes
28 Pins 40 Pins 40 Pins 40 Pins 28 Pins 40 Pins 40 Pins 40 Pins 40 Pins Package Size
- 8 Inputs 2t1051n — 4 Inputs - - - - Inputs
- - - - - - - - - Outputs Input/
- - - - - - - - - Mask Bidir Output
20 10 2410 24 10 3210 16 10 16 10 2410 31 10 Prog Bidir Pins
— — 1t04 Analog) — - - 0 to 7 Special Funct Pins Spec. Func .
- - - - - 8K Addr 64K Addressabihty , Expansion Bus
- - - - - - - - - Display Decoder
10 mA Drive on 8 Pins 10 mA, 4 Pins = . - - - High Current Drive | Special
- - 8-Bit AID - - - - - - Analog Inputs | Function
Shift Register /0 with Bit Manipulation Instructions 8-Bit UART +Bit Rate Gen. Senal 1/0 10
- - - - - = - - = Freq Synth
- — - - - - - - - Standby RAM .
7 Prescaler Bits - - - Prescale Bits
8-Bit Counter 16-Bit Timer Counter Bits | Timer
1 Timer Function at a Time 3 Simultaneous Timer Functions Timer Functions
Timer Interrupt 3 Timer Interrupts Timer Interrupt
1 Ext IRQ 2 Ext IRQs 1 Ext IRQ 2 Ext Interrupts External IRQ | Interrupts
- - — - — — 2 Senial /0 IRQs Senal 10 IRQ
EPROM and ROM:Less Versions EPROM and ROM:Less Versions ICs
EXORciser® EXORciser® Dev System
User System Emulator User System Emulator Emulation gﬁ;:f,'}'“’"‘
Macro Assembler Macro Assembler Assembler
- Fortran, Basic, MPL HL Language
FUNCTIONAL BLOCKS LANGUAGE ORIENTATION
Low-Level
MPU with Language Page
On-Chip RAM Page MCU Page MC6805P2 4-146
MC141099 4-498 MC6805P2 4-146 MC6805P4 4-168
MC146805E2 4-985 MC6805P4 4-168 MC6805R2 4-19
MC6805R2 4-191 MC6805T2 4-216
MC6805T2 4-216 MC6805U2 4-243
MC6805U2 4-243 MC68705P3 4-894
MC68705P3 4-894 MC68705R3 4-918
MC68705R3 4-918 MC68705U3 4-945
MC68705U3 4-945 MC3870 4-32
MC3870 4-32 MC141000 4-968
MC141000 4-968 MC141099 4-968
MC141200 4-968 MC141200 4-968
MC146805F2 4-1019 MC146805E2  4-985
MC146805G2 4-1021 MC146805F2  4-1019
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16-BIT MICROPROCESSORS (MPUs)
THE M68000 FAMILY AN INVESTMENT IN THE FUTURE

The family concept has been extremely popular in the Microprocessor in-
dustry. Motorola pioneered this family concept with the introduction of the
M6800 Family in 1974. Led by the MC68000 Microprocessing Unit (MPU) in
1979 and followed by a host of peripherals, the M6800C Family offers the
engineer a set of building blocks to construct cost-effective solutions to an
ever-widening range of complex 16/32 bit applications. The tremendous
popularity of the M68000 Family is not without warrant. HMOS technology,
performance, and support are but a few of the many reasons why the
M68000 Family continues to be the 16-bit industry leader.

It should be noted that the M68000 Family is a not-so-distant relative of the
MC6800. All M6800 Family peripherals interface directly with the MC68000,
so upward compatibility is built-in. Where lost cost and medium perform-
ance are required, they present a very attractive alternative. The plan for
the M68000 Family is a simple one. Provide the marketplace with the best
16-bit family and back it up with support that is second to none. And it’s
happening now.

What about expandability? The M68000 Family is designed with this in
mind. All the way from an internal microcoded 32-bit architecture to the
third-generation EXORmacs development system. Efficient high level
language support provided by Pascal allows upward compatibility of soft-
ware from 8-bit to 16-bit to 32-bit machines.

The majority of today‘s 16-bit microprocessor applications are quite
complex, with long design times. Clearly, the required investment in design
resources requires finished products to have increased longevity. Motorola
understands this, and is committed to offering a family which will allow
these products to remain state-of-the-art for years to come. Thus, the
M68000 Family is an investment in the future.

The following list represents the currently available 16-bit products. Con-
tact your Motorola representative for additional information.

16-BIT PRODUCT LISTING

Processor Page
MC68000 — 16-Bit MicroprocessingUnit .................... 4-661

Peripherals
MC68120/121 — Intelligent Peripheral Controller.............. 4-711
MC68122 — Cluster TerminalController . .................... 4-755
MC68230 — Parallel Interface/Timer ........................ 4-783
MC68450 — Memory ManagementUnit...................... 4-812
MC68451 — Direct Memory Access Controller .. .............. 4-818
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PERIPHERAL AND INTERFACE COMPONENTS

Motorola manufactures and is continuing in new design efforts to provide
you with an extensive selection of efficient, cost effective peripheral and
interface components.

PERIPHERAL AND INTERFACE COMPONENTS SELECTOR GUIDE

FOR NMOS/HMOS MICROPROCESSOR SYSTEMS Page
For MC6800 Two-Phase Clock Generation
MC6870A, 6871A, 6871B — Two-Phase Microprocessor Clocks . . .4-605

MC6875 — Two-Phase Clock Generator ...................... 4612
For Parallel-Oriented Applications
MC6821 — Peripheral Interface Adapter . ..................... 4-335
MC6822 — Industrial Interface Adapter. . ..................... 4-345
MC6828 — Priority Interrupt Controller .. ..................... 4-348
MC6840 — ProgrammableTimer ........... ... ..., 4-406
MC68488 — General Purpose Interface Adapter. . .............. 4-836
For Serial Applications
MC6850 — Asynchronous interface Adapter .................. 4-527
MC6852 — Synchronous Serial Data Adapter.................. 4-536
MC6854 — Advanced Data Link Controller .................... 4-550
MC6855 — Serial Direct Memory Access Controller ............ 4-572
MC6860 — DigitalModem .. ........ ... . i 4-583
MC6862 — Digital Modulator .......... ... ... i 4-597
MC68122 — Cluster Terminal Controller . ..................... 4-755
For Compiex Peripheral Control
MC6829 — Memory ManagementUnit........................ 4-356
MC6B835 — CRT Controller. ... 4-371
MC6839 — Floating PointROM . ........... ... ... ..c..o... 4-392
MC6843 — Floppy DiskController .............. ... ... ...... 4-419
MC6844 — Direct MeEmMOry ACCeSS ... ..o iii i 4-441
MC6855 — Serial Direct Memory Access Processor ............ 4-572
MC6859 — Data Security Device............. ... ... ..ol 4-574
MC68120/MC68121 — Intelligent Peripheral Controller.......... 4-711
For Television Display
MC1372 — Color TV VideoModulator ........................ 4-5
MC6847 — Video Display Generator ......................... 4-499
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PERIPHERAL AND INTERFACE COMPONENTS
SELECTOR GUIDE (CONTINUED)

FOR SYSTEM EXPANSION Page
MC3446 — Quad Bidirectional Bus Transceiver........cccccccveeerennnns 4-13
MC3447 — Octal Bidirectional Inst. Bus (GPIA) Transceiver...... 4-16
MC3448 — Quad Bidirectional Inst. Bus (GPIB) Transceiver...... 4-22
MC3482/MC6882 — Quad Buffer Latch........cccccereviricccniccciecnnnnns 4-28
MC6880A/MC68T26 — Quad Bus TranSCeiver........ccceeeererennerrannes 4-624
MC6889/MC8T28 — Quad Bus TranSCeiVer....cccccvvicerreceerscneennnns 4-655

FOR CMOS SYSTEMS

MC146818 — Real-Time ClockplusRAM.................... 4-1046
MC146823 — ParallelInterface . .................... ... ... 4-1066
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Concept and Use
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THE M6800 GENERIC BUS CONCEPT AND USE
M6800 — M6801 — M6802 — M6809 —
M6800 FAMILY PERIPHERALS

After more than 5 years of experience shipping many millions of
microprocessors and peripherals, Motorola has collected, coordinated,
and improved the bus timing parameters for these 8-bit devices. The
smaller geometries and reduced capacitances obtained by introduction of
optical reductions of existing mask sets, the use of new process tech-
niques such as HMOS | and HMOS II, and the natural improvement in prod-
uct yield that comes with experience have allowed Motorola to improve
many performance parameters.

The new enhanced peripheral bus timing specifications allow their use in
even wider ranges of applications and yet maintain complete compatibility
with existing systems. This section provides a discussion about:
® The Generic Bus concept for both 8-bit NMOS/HMOS and CMOS
devices.
® A complete set of bus timing for all of the 8-bit microprocessors
(except the MC6800) and peripherals in one table (grouped by
speed).
® A set of equations for calculating worst-case bus timing. These
appear as notes under appropriate Generic Bus timing diagram.
The bus timing diagram shown in Figure 2-1 illustrates the waveforms
needed for or generated by all but two of Motorola’s mid-range family of
8-bit microprocessors and peripherals. (The MC6800, although it began the
family, is not shown, due to the nature of the ¢1, $2, and DBE input signals.)
A generic bus timing characteristics table gives a side-by-side comparison
of major microprocessor types within the M6800 family, along with the in-
put and output specifications common to all bus peripherals. These tables
are shown as Tables 2-1 through 2-3.

A subset of the generic bus timing diagram and characteristics table ap-
pears in each data sheet (except the MC6800 and MCM6810) showing only
the signals and identification numbers appropriate to that part.

A standard bus specification such as this allows a comparison of
multiplexed and non-multiplexed processors; all timings associated with a
particular system are shown together, which makes worst-case design
easier.
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FIGURE 2-1. NMOS/HMOS GENERIC BUS TIMING DIAGRAM
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Not all signals are applicable to every part

Voltage levels shown are V| <04 V, V4=2.4 V, unless otherwise specified
Measurement points shown are 08 V and 2 0 V, unless otherwise specified

For MC6800, write data s referenced to DBE, not E, see M6800 pages.

For MC6800, address delay Is referenced to ¢1, not E, see M6800 pages

Clock pulse nise and fall ime for MC6800 measured to Vg —0 6 V, see M6800 pages
CS and CS on MC6810 have same timing

Address valid on the occurrence of the latest of 11, 12, 16, 22, or 23

Usable access time 1s computed by 1—(4+11+17), or 12+ 4—17, see note 8 (except for MC6809,
for MC6809, by 1-4—7 max +10—-17)

Usable address buffer time 1s computed by 2—(11+13), see note 8 (except for MC6809,
for MC6809, by. 2—7 max+ 10—13).

Usable read data buffer time 1s computed by 3-(17+30)

Usable write data buffer time 1s computed by* 3—(19+ 31), except for MC6809;

for MC6809, by: 1—(4+7 max+4+20+31)



TABLE 2-1. NMOS/HMOS GENERIC BUS TIMING CHARACTERISTICS
FOR 1.0 MHz OPERATION

6821/
Ident. 6800 6801 6802 6809 6869
Number Characteristics Symbol | Min | Max [ Min | Max [ Min | Max | Min | Max | Min | Max | Unit
1 Cycle Time teye 0] 0| 10| 20]10| 10 | 10| 10 [10| 10 | us
2 |Pulse Width, E Low (See Note 6) PWEL | 405 | 9500 | 430 | 1000 [ 450 | 5000 | 430 | 5000 | 430 | 9500 | ns
3 [Pulse Width, E High (See Note 6) PWEgH | 450 | 9500 | 450 | 1000 | 450 | 9500 | 450 | 9500 | 450 | 9500 | ns
4 |Clock Rise and Fall Time (See Note 6) tr, tf - [ 100] - 25 = 25 - 25 - 25 | ns
5 Pulse Width, Q High PWaH | - - - - - — | 430 | 5000 | — - ns
6 Pulse Width, Q Low PWqoL | - - - - - — | 450 | 9500 | — — ns
7 Delay Time, E to Q Rise® tAvQ - - - - - - | 200 260 | - - ns
9  |Address Hold Time tAH 30 - 20 - 20 - 20 - 10 - ns
10 |Address Valid Time to Q Rise® tAQ — - - - - - 50 - - - ns
11 |Address Delay from E Low (See Note 5) tAD — 270 | — — — — — — - - ns
12 |Non-Muxed Address Valid Time toE* (MPU)[ tay — — (20| - 160 | — - — — - ns
13  |Addres Setup Time Before E (Periph ) tAS — — - — — — — — 80 — ns
14 |Chip Select Setup Time Before E tcs - - - - - - - - 80 - ns
15  [Chip Select Hold Time tCH - - - - - - - - 10 - ns
16 [Non-Muxed Address Delay Time from AS | tap — — — - — - - - - — | ns
17 |Read Data Setup Time tpsr | 100 | — 80 - 100 | - 80 - - - ns
18 |Read Data Hold Time TDHR 10 - 10 — 10 - 10 — 20 50 | ns
19 |Wnte Data Delay Time (See Note 4) tDDW - | 25| - 26 | — |26 | — - - - ns
20 |Data Delay Time from Q tDDQ - - - - - — — 200 | - — ns
21 |Wnte Data Hold Time (See Note 4) tpHwW | 10 — 20 — 30 - 30 - 10 - ns
22 |Muxed Address Valid Time to E Rise* tAvMm | = - 1 20| - - — — - - - | ns
23 |Muxed Address Delay Time from AS tADAS | — - - - - - - - - — | ns
24 |Muxed Address Valid Time to AS Fall* tASL - - 60 - - - — - — - ns
25 |Muxed Address Hold Time tAHL — - 20 - - - - — — — ns
26  |Delay Time, AS to E Rise® tAsSD | — -1 9| - - - - - - — | ns
27  |Pulse Width, AS High* PWASH| - - 120 - - - . - — - ns
28 |Delay Time, AS to E Rise® tASED | — - 920 — - - - - - - ns
29 |Usable Access Time® (See Note 9) tacc | 605 — | 570 — [605| — | 695 — — — ns
30 |Peripheral Output Data Delay Time tDDR — — - - - - - - - 290 | ns
31 Peripheral Input Data Setup Time tDSW — - - - - - - - 165 | — ns
%2 Bu;\fs;rléggcc_gfl?;%r?gee Note 10) BDA | 55| - (120} = f100) = 180} - |~ | - | s
Bu(f;ee:3 I?\lecl,z Lu;ne, Read Data t8DR 60 _ 80 _ _ 80 _ B B ns
Bu(fé(:re %e(l;;l Er)ne, Write Data tsow | 60 _ 60 _ _ || - _ _ ns

* At specified cycle time



TABLE 2-2. NMOS/HMOS GENERIC BUS TIMING CHARACTERISTICS
FOR 1.5 MHz OPERATION

68A21/
Ident. 68A00 68A01 68A02 68A09 B68A59
Number Characteristics Symbol | Min | Max| Min | Max | Min | Max | Min | Max | Min | Max | Unit
1 Cycle Time tcyc |0667| 10 |0667| 2.0 |0.667f 10 [0667| 10 |0667| 10 | us
2 Pulse Width, E Low (See Note 6) PWEL | 230 | 9500| 300 | 1000 | 280 | 5000 | 280 | 5000 | 280 | 9500 | ns
3 |Pulse Width, E High (See Note 6) PWEgH | 280 | 9500] 300 | 1000 | 280 | 9700 | 280 | 9700 | 280 | 9500
4 | Clock Rise and Fall Time (See Note 6) tr, tf - | 100| - 25 - 25 - 25 - 25 ns
5 |Pulse Width, Q High PWoH | - - - — - — | 280 | 5000 | — — ns
6  |Pulse Width, Q Low PWaoL | — - - - - — | 280 |9700| — - ns
7 Delay Time, E to Q Rise” tAvVQ - - - - - — | 130 | 166 | — - ns
9 Address Hold Time tAH 30 - 20 - 20 - 20 - 10 - ns
10 | Address Vahd Time to Q Rise” tAQ - - - - - — 25 — - = ns
11 |Address Delay from E Low (See Note 5) tAD — | 180} - - - - — — — — ns
12 |Non-Muxed Address Valid Timeto E*(MPU)| tav - — 15| — 00| - — - - — ns
13 |Address Setup Time Before E (Penph ) tAS - - — - - —. - - 60 - ns
14 | Chip Select Setup Time Before E tcs - - - - - - - - 60 - ns
15 | Chip Select Hold Time tCH — - - - - - - - 10 - ns
16 |Non-Muxed Address Delay Time from AS | taAp — = - - — = - = — - ns
17 | Read Data Setup Time tDSR 60 — 60 — 70 - 60 - - - ns
18 |Read Data Hold Time TpHR | 10 — 10 — 10 — 10 — 20 | 50 | ns
19 |Wnte Data Delay Time (See Note 4) tDDW - |20 - |170| - |170] - - - - ns
20 |Data Delay Time from Q tDDQ = - - - - - - | 140 | - - ns
21 |Wnte Data Hold Time (See Note 4) tpHW | 10 - 20 - 20 - 30 - 10 - ns
22 |Muxed Address Valid Time to E Rise* tAVM - - | 15| — - - - - - - ns
23 | Muxed Address Delay Time from AS tADAS | — — — — — — — — — — ns
24  |Muxed Address Valid Time to AS Fall® tASL — = 40 - - - — — — — ns
25 |Muxed Address Hold Time tAHL - - 20 - - - - - - - ns
26 | Delay Time, AS to E Rise® tASD - - 60 - - ~ - - - - ns
27 |Pulse Width, AS High* PWasSH| — — | 140 | - - - - - - - ns
28 |Delay Time, AS to E Rise* ASED | — - 60 | — - - - — - - ns
29 |Usable Access Time* (See Note 9) tacCc | 400 — | 345 — | 310 — | 40| - - — ns
30 Peripheral Output Data Delay Time tDDR - - — — - — - - — 180 ns
31 |Penipheral input Data Setup Time tDSW - - - - - - - - 80 - ns
2 | o, CB. AW (Ses Note 10 LN el e O e e e il e e e
B\.l(fé(:;[r)\le::: ;l'1|r)ne, Read Data {8DR 30 _ _ 20 _ 30 _ _ _ ns
Bu(f;(:re Dl\lscl)z '1I'2|r)ne, Write Data tBDW 0 _ 50 _ 30 _ no| — _ _ ns

* At specified cycle time
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TABLE 2-3. NMOS/HMOS GENERIC BUS TIMING CHARACTERISTICS
FOR 2.0 MHz OPERATION

68B21/
Ident. 68800 68B01 68802 68B09 68B59

Number |! Characteristics Symbol | Min | Max| Min| Max [ Min [ Max | Min | Max | Min | Max | Unit
1 Cycle Time teye 05| 10| 05| 20| 05| 10 05| 10 |05} 10 | pus
2 Pulse Width, E Low (See Note 6) PWEL | 210 | 95001 210 | 1000 | 210 | 5000 | 210 | 5000 | 210 ) 9700 | ns
3 [Pulse Width, E High (See Note 6) PWEH | 220 950 | 220 | 1000 | 220 | 9700 [ 220 | 9700 | 220 | 9700 | ns
4 [Clock Rise and Fall Time (See Note 6) tr, tf — | w00} - 20 - 20 - 20 - 2 | ns
5 Pulse Width, Q High PWaH — — — - - — | 2105000} — — ns
6 [Pulse Width, Q Low PWqL [ - - . = - — | 2209700 | - = ns
7 Delay Time, E to Q Rise® tAVQ - - — — - - 80 | 1256 | — — ns
9 Address Hold tAH 30 — 10 — 20 - 20 — 10 — ns
10 |Address Vald to Q Rise” tAQ — - - - - - 15 - - - ns
11 |Address Delay from E Low (See Note 5) tAD - | 1B0| - - - - - - - - ns
12 |Non-Muxed Address Valid Timeto E*(MPU){ tAv — - 70 - 50 - - - - - ns
13 |Address Setup Time Before E (Periph ) tAS = — — = = — — — 40 — ns
14 Chip Select Setup Time Before E tcs — — — — — — — — 40 - ns
15 | Chip Select Hold Time tCH - - - - - - - - 10 - ns
16 [Non-Muxed Address Delay Time from AS | tap - - - - - - - - - - ns
17 |Read Data Setup Time tIDSR 40 - 40 - 60 - 40 — - - ns
18 |Read Data Hold Time TDHR 10 — 10 - 10 — 10 — 20 50 ns
19 |Wnte Data Delay Time {See Note 4) tDDW — 160 | — 120 | — 160 | — - - - ns
20 |Data Delay Time from Q tDDQ — - — - - — - | no| - - ns
21 |Wnte Data Hold Time (See Note 4) IDHW 10 - 10 — 20 - 30 — 10 - ns
22 |Muxed Address Valid Time to E Rise” tAVM - - 80 - - - - - - - ns
23 |Muxed Address Delay Time from AS tADAS| — - — — — — = - = - ns
24 |Muxed Address Valid Time to AS Fall* tASL - - 20 - - - - - - - ns
25 |Muxed Address Hold Time tAHL - - 10 - - - - - - - ns
26 |Delay Time, AS to E Rise® tASD — = 45 - - - = = = = ns
27 |Pulse Width, AS High* PWaASH| — - | 1oy - - - - - - - ns
28 |Delay Time, AS to E Rise” tASED | — — 45 - - - - - - - ns
29 |Usable Access Time" (See Note 9) tacC | 290| — | 260 — [ 28| - [330]| - - - ns
30 |Peripheral Output Data Delay Time tDDR - - - - - - - — - 180 | ns
31 |Penpherai Input Data Setup Time 1DSW - - - - - - - - 60 - ns
32 Bu::;r:ZSjCC—gflg\}\TTVITgee Note 10) 'BDA 0 - % - 10 - - - - ns
ey 1y s Dt wn | | @[ -] - o] -[-[-|=
24 Bu(féz;l?\leol?; Er)ne. Write Data t8DW 0 _ 40 _ 0 _ 60| — _ _ ns

* At specified cycle time
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DIAGRAMI/TABLE USE

As an example of the use of the timing diagram, consider the simple bus
connections of an MC6809 executing a read bus cycle with a peripheral
such as the MC6821 shown in Figure 2-2. The bus cycle, identified as #1 in
Figure 2-1 begins when E (#4) falls. The address output of the MC6809 is
valid prior to the rising edge of Q by time #10.

The MC6821, as well as all other bus peripherals, requires that the register
select inputs, derived from the address bus, be valid prior to the rising edge
of E by time #13. Similarly, address decoding for assertion of chip select(s)
must be valid by time #14. The time available for address buffers and
decoding logic is given by #32 and can be calculated from the equation in
note 10.

FIGURE 2-2. SIMPLE BUS CONNECTION — EXAMPLE

Address

N RSO, 1
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CSO
Address CS1

Decode MC6821
CS2
> pia

;——4
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MPU
MC6809

7415240

DBO0-DB7
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At 1 MHz, the characteristics table for the MC6809 shows that 150
nanoseconds are available for the combination of the two 74LS240 address
buffers in series with the address decoding logic shown in Figure 2-2. Stan-
dard LS-series buffers and gates may easily be used in such a case. At
2 MHz, the MC6809 provides 60 nanoseconds for address decoding logic.
Characteristic #32 on the 2 MHz table also illustrates the dramatic improve-
ment in technology attendant with the introduction of the MC6801 and
MC6809 when compared with the MC6800 and MC6802. Schottky buffering
is easily done in a 2 MHz system with either of these newer processors; the
MC6809 even allows ample time for use of LS-series buffers at 2 MHz.

To continue with the example, data access occurs and output buffers are
enabled within the MC6821 for the duration of E (#3) when chip select is
asserted. The peripheral output data will be valid by time #30. Propagation
through any data bus buffer must be done quickly to ensure valid data to
the MC6809 on or before the read data setup time (#17). This read buffer
delay time is #33. The overall time between the existence of a valid address
output from the microprocessor and the required input data valid (read
setup time) is called the usable access time and is characteristic #29. This
is the time provided by the microprocessor at any given bus rate, for ad-
dress buffers, address decoders, ROM/RAM access time, and data bus buf-
fers.

Table 2-4 shows a comparison of the different buffering arrangements
possible in the various speed ranges for the MC6809 used in the example,
and also for the MC6802 in a similar system. The buffers and gates listed
are a representative sampling of those available. At 2 MHz, the MC68B02
does not provide any buffer delay time for a write operation. As a result,
when operating at 2 MHz, the MC68B02 is limited to small unbuffered
systems.

29




TABLE 2-4. BUFFER TIME EXAMPLES

Available Available Available . .
. M
MPU Address Buffers Margin Data AB":;LZE_’LB (a:]rsg)ln
Buffer/Decode | and Decode (ns) Buffer Time (ns) (ns)
Time (ns) (ns) R W
R W
M(C6888/8T28 MC6880/
MC6809 150 + 7440 108 80 365 8T26 52 337
(10+ 10+ 22) (14+14)
MC6888/8T28 MC6830/
MCB68A09 80 MC+ 74L.S40 36 30 230 8T26 2 202
(10+ 10+ 24) (14+4)
MC6888/8T28 MC6880/
MC68B09 60 MC + 74LS40 16 30 160 8T26 2 132
(10+ 10+ 24) (14+14)
MC74LS240
MC6802 100 MC + 74LS40 44 60 60 MC74LS240 28 28
(14+ 18+ 24)
MC74LS240
MC68A02 40 MC+74LS40 | 2 20 30 7(‘;?;")0 6 | 16
(7+7+24)
MC68B02 10 74S40= (6) 4 15 0 — 15 0

In the case of multiplexed-bus parts such as the MC6801 and MC68120, ad-
ditional consideration must be given to the multiplexed address output.
The address is defined to be valid, in the case of the MC6801, prior to the
fall of address strobe by time #24. (In the MC68120, address is valid after
the rise of address strobe by time #23.) This is sufficient time to allow cap-
ture of the address by a transparent latch, such as the 74LS373. The prop-
agation time required by this latch, and the location of address strobe
within the E low time, reduces the time available for address decoding.
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When this approach is used with processors that include an on-chip
oscillator (e.g., MC6801, MC6802, MC6809), specify address valid by
XX (#10, #12, or #24) nanoseconds before E or Q rise or AS fall.

When this approach is used with processors that require external E or AS
input (e.g., MC6B09E or MC68120), specify address valid by xx (#11 or #23)
nanoseconds after E fall or AS rise.

Do not consider the address output of any microprocessor valid until all ap-
propriate parameters (#11, #12, #16, #22, or #23) have been considered.

THE CMOS GENERIC BUS

The timing diagrams shown in Figure 2-3 and the timing characteristics
given in Table 2-5 may be considered as a special case of the generic bus.
This information pertains to Motorola’s rapidly expanding family of CMOS
microprocessors and peripherals, beginning with the MC146805E2 and the
MC146818.

The identification numbers shown are consistent with those in Figure 2-1
for the NMOS/HMOS generic bus. The waveforms have been drawn to in-
dicate the input and output relationships of the MC146805E2 and
MC146818. The characteristic table shows, in addition to the MC146805E2
and the MC146818, timing characteristics for Motorola’s CMOS ROM, the
MCM65516, available in two speed ranges. Both the MCM65516 and the
MC146818 contain the MOTEL circuit, allowing direct application to both
the Motorola generic bus and the competitive 8085-type bus. Always refer
to the latest data sheet or other technical documentation for up-to-date
characteristics for all Motorola microcomponents.
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FIGURE 2-3. CMOS GENERIC BUS TIMING DIAGRAM
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NOTES:

1. Avallable access time:
mux =24 (MPU)+28+3—-17
non-mux=27+28+3-17-16
2. Buffer delay (address):
mux =24 (MPU) — 24 (peripheral)
non-mux =27 — 16— 24 (peripheral)
3. Buffer delay (data read)=3-30—-17
4. Buffer delay (data write)=3-19-31

5. VLow=0.6V, VHigh=2.0 V for VDp=3 V;
Viow=0.8V, Vngh=VDD—2-0 V for VDD=5V +10%.
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TABLE 2-5. CMOS GENERIC BUS TIMING CHARACTERISTICS
FOR 1.0 MHz OPERATION

. 146818 | MC65516-43 | MC65516-55 .

ngﬁ:‘l:ér Characteristic Symbol -MM_%@mN?aEf m:r:\ Max IVcI:in Max | Min | Max Unit
1 Bus Cycle Time teye 1000 | DC {953 | DC| 580 | DC | 725 - ns
2 Pulse Width, DS Low PWps1| 660 | — ]300 [ — — — — — ns
3 Pulse Width, DS High PWpsH| 3756 — 325 — - — — - ns
4 Clock Rise and Fall Time tr, tf — 30 — 30 — — — — ns
8 R/W Hold Time wwa] 0 [ - =T -1T -7 -T-1- 1hns
9 Non-Muxed Address Hold Time tAH 100 | - - — | 50**% — [ 8 | — ns
1 R/W Delay Time from DS tawp | — [300 | — — — _ _ _ ns
13 R/W Setup Time to DS tRWS — 1195 | — — — — — — ns
14 Chip Enable Setup Time to AS Fall tCES - — 55 — 50 — 50 — ns
15 Chip Enable Hold Time tCEH - - 0 — | 50%*¥ — 80 - ns
16 Non-Muxed Address Delay Time from AS tAD 0 100 = — — — — — ns
17 Read Data Setup Time tDSR 115 — — — — — — — ns
18 Read Data Hold Time tDHR 0 140 | 10 | 100 0 160 160 | ns
19 Write Data Delay Time tDDW - 120 - - - — — — ns
21 Wrnite Data Hold Time IDHW 55 — 0 — — — — — ns
23 Muxed Address Delay Time from AS tADAS 0 120 - - - - - - ns
24 Muxed Address Valild Time to AS Fall* tASL 55 — 55 — 50 - 50 - ms
25 Muxed Address Hold Time tAHL 60 {180 | 20 — 50 — 80 — ns
26 Delay Time, DS to AS Rise ¥ tpsp | 160 | — 50 — 50 — 50 = ns
27 Pulse Width, AS High* PWasH] 175 | — 100 | — 150 | — 175 | — ns
28 Delay Time, AS to DS Rise * taspsp] 160 | — 90 — 100 | — 160 | — ns
29 Usable Access Time *(See Note 1) tacc | 475 | — — — — | 430 | — | 550 | ns
30 Peripheral Output Data Delay Time tppR | 260 | — 20 240 175 | — 200 | — ns
31 Peripheral Input Data Setup Time tDSW - - 220 - — - — - ns
32 Buffer Logic Delay Time Address, CS, R/W tBDA _ _ _ _ 5 _ — B ns

(See Note 2)

33 Buffer Delay Time, Read Data (See Note 3) tBDR 20 — - — — — — — ns
34 Buffer Delay Time, Write Data (See Note 4) tBDW 35 — — — — — — — ns

*At specified cycle tme
*%*Hold tmes for MCM65516 are from AS fall and are easily met by MC146805E2
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Introduction

Motorola conducts extensive reliability testing to evaluate new processes and
materials, and to monitor performance levels. The test methods used to evaluate the
MC6800 family of NMOS LSI microprocessors and peripheral device types are described
in this report. Data reduction téchniques and prediction models are included, in addition
to a comprehensive summary of life and environmental test data. The life test data base
consists of results obtained on 8,761 devices representing twenty different types, in-
cluding two recently introduced circuits. Sixty percent of the life test data and all of the
environmental test results constitute new information not available in previous reports.
After five million device-hours of 125°C testing, an overall 70°C failure rate of
0.032%/1000 hours was observed. This performance is particularly impressive when the
complexity and density of microprocessors are considered.

Also of significance is the exceptional environmental performance demonstrated by
the MC68XX plastic package. The low operating potentials and moderate power levels of
NMOS microprocessors result in excellent moisture resistance verified by temperature-
humidity-bias testing. The integrity of die and wire bonds, as well as the matching of ex-
pansion coefficients, are examined in the temperature cycle test where 40-pin packages
were shown to perform as well as 14-pin devices.

This report, describing MC68XX reliability, is the most comprehensive to date. The
1980 reliability data bases are expanded and revised with new test information which im-
proves the accuracy of the reliability predictions. In addition, the report includes applica-
tion data useful in system design and qualification of MC68XX devices. The excellent
reliability of the MC6800 family reflects the high priority given to reliability and quality
standards by Motorola as an integral part of its corporate objectives.

Accelerated Life Testing

Accelerated operating life testing is used to simulate continuous system operation
while decreasing the time required to observe long-term effects. The test is typically con-
ducted at an ambient temperature of 125°C for 1008 hours with electrical measurements
performed at the 0, 24, 168, 504, and 1008 hour points. The value of the resultant failure
rate is dependent on many variables, the most important being:

1. Temperature

2. Voltage

3. Biasing Technique

4. Failure Criteria

5. Acceleration Factor

6. Confidence Limit
Since the manipulation of these can produce a wide range of results, it is imperative that
the customer have an adequate understanding of how these variables can contribute to

the reported failure rate. This section provides a brief narrative describing the test condi-
tions and results while more details are found in the appendices.
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Methods

The life test circuits were designed to simulate system operation by dynamically exer-
cising the internal circuitry of each device type. Dynamic biasing is preferred to static
biasing of LS| devices since the continual switching of internal nodes more closely
simulates the application. Appendix B, Accelerated Life Test Techniques, describes the
biasing arrangements used in life testing.

Electrical measurements were obtained with Fairchild Sentry Systems and test pro-
grams employing exhaustive functional routines under worst-case supply and clock con-
ditions. Pass/fail criteria are established for each circuit type based on data sheet limits
of AC, DC, and timing parameters. Devices which do not meet a test criterion are
segregated by failure mode, data logged and analyzed, when appropriate, to determine
specific failure mechanisms.

Equivalent device-hours and individual MC68XX failure rates are based on junction
temperatures measured on test samples. A significant characteristic of NMOS devices is
a decreasing power versus temperature relationship; this characteristic improves device
reliability in severe environments since the rate of junction temperature rise decreases
with increasing ambient temperature. The calculation of acceleration factors and failure
rates using junctions rather than ambient temperature is a more conservative approach
and is employed in all MOS reliability data. The Chi-Square distribution was used at the
60% confidence level to determine the failure rate values shown in this report (Tables 1
and 2, Figure C2). Appendix B illustrates in detail the steps involved in this calculation.

Results

Table 1 summarizes the life test results obtained by Motorola on devices sourced from
mask sets used in production during 1980. The system failure rate reflects the expected
field performance due to catastrophic failures while the total failure rate also includes
devices demonstrating parametric degradation which is not likely to impair system per-
formance.

The life test results presented in Table 2 include over three hundred million device-
hours and an overall 70°C system failure rate of 0.018%/1000 hours (MTBF = 5.6 x 106
hours) measured on standard product without preconditioning. Plastic and ceramic
devices demonstrated failure rates of 0.022%/1000 hours and 0.012%/1000 hours, respec-
tively. For a detailed description of failure modes observed during accelerated life
testing refer to Appendix D, Electrical Testing and Failure Characteristics.

TABLE 1
SUMMARY OF 1980 LIFE TEST DATA
Device Wafer Test 70°C Equivalent 700.6 System 790(: Total
Grouping Lots | Devices Device-Hours Failure Rate Failure Rate
(%/1000 Hrs.) (% /1000 Hrs.)
Microprocessors 92 4,462 120 1x 106 0027 0039
Peripheral Devices 59 2,962 156 6 x 106 0018 0033
RAMS 5 353 17 9% 106 0017 0040
ROMS 23 984 59 7 x 106 0 009 0014
Total 179 8,761 364 3x 106 0018 0032
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TABLE 2
MC6800 FAMILY RELIABILITY

Average 70° 70° Total
Failures Actual 70°C Junction System Failure
Device Type Tecr&?ogy Y:::r D:;sctes Device- Equivalent Temperature at Failure Rate| Rate
Catastrophic | Total Hours Device-Hours Ta=70°C %/ %/
Ceramic Plastic | 1000 Hrs. | 1000 Hrs.
Microprocessors
MC6800 N 25 1,089 13 18 895,628 54 4 x 106 83 92 0025 0034
MC6802/08 N 42 1,665 15 24 11,576,864 46 0% 106 91 116 0035 0051
MC6805 H 19 1,499 2 2 234,672 10 8x 106 88 102 0028 0028
MC6809 H 6 229 2 3 168,359 89x 106 88 107 0034 0 045
Peripheral Logic
MC6821 N 19 1,113 6 13 11,067,069 59 2x 106 79 92 0012 0023
MC6840 N 4 159 0 0 159,632 10 8x 106 80 87 0 008 0008
MC6845 N 3 135 0 0 90,720 50x 106 89 105 0018 0018
MC6846 N 5 294 5 6 356,688 10 8x 106 89 109 0057 0 066
MC6847 N 3 133 2 6 110,040 54x106 83 94 0 052 0120
MC6850 N " 477 2 3 478,223 27 1x 108 81 92 oon 0015
MC6852 N 3 17 1 7 129,360 811x106 83 91 0025 0100
MC6854 N 4 207 1 3 205,176 91x106 89 101 0 022 0 045
MC6860 N 2 76 4 4 72,984 57x 106 79 81 0091 0091
MC8862 N 3 170 5 7 169,740 12 2x 106 78 84 0 051 0068
MC68488 N 2 81 1 2 78,336 32x106 85 98 0061 0095
RAM
MCM6810 N 5 363 2 6 384,912 17 9% 106 83 92 0017 0040
ROMs
MCMB830/308 N 10 361 2 4 287,981 210x 106 81 88 0014 0025
MCM6B8316 N 6 218 0 0 133,728 57x106 86 96 0016 0016
MCMB8332 N 4 274 1 2 156,984 10 8x 106 78 83 0019 0029
MCMB8364 H 3 131 1 1 264,096 22 2% 106 75 78 0009 0009
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Plastic Package Environmental Performance

Molded dual-in-line packages are an attractive, low-cost alternative to hermetically-
sealed systems. Plastic is lighter, less expensive, and much more resistant to physical
damage than a ceramic device. However, there are four primary concerns: contamina-
tion, moisture resistance (corrosion), wire bond integrity, and thermal performance. The
accelerated life test described in the previous section produced no significant difference
in plastic and ceramic performance, thereby indicating the absence of a plastic con-
tamination mechanism. This section addresses the moisture resistance and wire bond
integrity of the product. Refer to Appendix A for additional descriptions of the packaging
systems and their thermal characteristics.

Temperature-Humidity-Bias Testing

The Temperature-Humidity-Bias (THB) test is used to evaluate the moisture resistance
of plastic devices by employing severe conditions (85°C, 85% RH, 5 V) to accelerate cor-
rosion of the metallization. The biasing circuits used in THB testing create static electric
fields between adjacent metal areas, thereby increasing the incidence of electrolytic
cells while minimizing power dissipation.

Each THB sample is sourced from a separate wafer lot and tested for a period of 1008
hours. Electrical measurements are performed at the 0, 168, 336, 504, and 1008 hour
points using Sentry test systems with complete parametric and functional test pro-
grams. The pass/fail criteria used for life test samples are also employed with THB
samples. A worst-case analysis is presented since all electrical failures are considered
instead of only those associated with the corrosion mechanisms.

TABLE 3
TEMPERATURE-HUMIDITY-BIAS (85°C/85% R.H./+5 V) TEST RESULTS
Cumulative Test Time (Hr.)

168 336 504 1008
Test Devices 576 338 569 561
Failures 2 1 4 3
Percent Defective 035 030 070 053
Cumulative % Defective 035 065 135 188

The data presented in Table 3 is based on testing of 576 devices in which ten failures
were observed. A Weibull plot (Figure 1) shows a comparison of the performance
measured in 1979 and 1980, respectively. This excellent performance is attributed to two
factors. First, corrosion takes place because an electrolytic cell is present which is field-
strength dependent and, therefore, has a lower reaction rate with 5-volt bias than with
higher supply levels. Secondly, the cell requires an electrolyte which is created by the in-
gression of moisture reacting with minute quantities of ionic material. The power
dissipation of these devices increases the temperature of the die surface, helping to
drive off moisture which prevents cell formation.
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FIGURE 1 — WEIBULL PLOT OF TEMPERATURE-HUMIDITY-BIAS TEST RESULTS
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Temperature Cycle Testing

The integrity of wires and die bonds in plastic packages can be accurately evaluated
through temperature cycle testing. MIL-STD-883B, Method 1010.4, Condition C is
employed to permit easy comparison with other sources of data. Condition C dictates a
cycle from —65°C to +150°C with a fifteen minute dwell time. This is a particularly
severe range which induces stress on the wires and bonds due to differences in the ther-
mal coefficients of expansion between the wire, lead frame, and encapsulant. Air-to-air
cycling has been shown to be more severe than liquid-to-liquid thermal shock testing of
this mechanism. This surprising difference is probably due to the longer dwell time for
temperature cycle and the fact that the internal movement involves a relatively slow relax-
ation of the package components. The predominant failure mechanism is wire breakage
above the ball bond where the heat and stress of the bonding process reduce the
strength of the wire. End point continuity testing at 125°C is used to detect potential in-
termittents.

TABLE 4
TEMPERATURE-CYCLE TEST RESULTS

Cumulative Test Cycles
100 250 500 750 1000
Test Devices 2250 2218 2193 2086 2050
Failures 2 7 8 5 8
Percent Defective 009 032 036 024 039
Cumulative % Defective 009 o4 077 101 140
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The temperature cycle test results presented in Table 4 reflect the effort directed
toward process control and its achievement of a consistently reliable bonding system.
Over two thousand plastic devices from thirty separate assembly lots were tested to 1000
cycles resulting in thirty failures. Of these, twelve were caused by broken bond wires,
while the remainder involved nonmechanical problems.

Handling Precautions

All MOS and many bipolar technologies require precautions against high static
voltages. It is important that conductive or antistatic materials be employed at all work
stations. Operators should use wrist straps and work surfaces should be conductive. At-
tention should be paid to the completed boards as well as the components since high-
impedance circuit nodes are readily accessible. Although most static damages cause
failures immediately, a small portion may continue to function and fail in the field.

A second type of precaution invoives the CERDIP package. Since this device employs
a glass seal, a high stress on the leads can cause hermeticity failure which will eventual-
ly result in aluminum corrosion on the die. To avoid this, the leads should never be flexed
above the seating plane. All insertion tools or automated equipment should contact the

lead at its narrowest dimension allowing it to bend without affecting the wide portion
above the seating plane.

FIGURE 2 — CERDIP INSERTION PRECAUTIONS
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Qualify And Testing

A complete Reliability and Quality Assurance System is in place to monitor and con-
trol the performance of Motorola MOS products. Incoming Quality Control inspects start-
ing wafers, masks, chemicals, package piece parts, and molding compounds. Process
Engineering and In-Process Quality Control perform step-by-step inspections in the
wafer area to check the oxidation, diffusion, photoresist, and metallization operations.
Final visual, class probe and capacitance voltage plot screens complete the wafer area
inspections. In the assembly area, In-Process Quality Control performs monitor (random
sample) and gate (all lots) inspections at each of the major process steps. The Outgoing
Quality Control group continues this philosophy in the final test area by gating electrical,
mechanical, visual, and clerical requirements. Refer to Appendix A for descriptions of the
process flow for ceramic and plastic MC68XX devices.

The Reliability Engineering group performs qualifications of new designs and process
changes prior to introduction. Many short term tests are performed on an ongoing basis
to monitor the trends of all process lines; these provide rapid feedback to correct
negative perturbations before they can affect device performance. Supporting the efforts
of these groups are the Standards Laboratory, the Metrology Laboratory, the Chemical
Laboratory, and a sophisticated Product Analysis Laboratory.

FIGURE 3 — RELIABILITY AND QUALITY ASSURANCE ORGANIZATION
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Conclusion

The reliability data examined in this report represents the cumulative results of recent-
ly completed test programs. The specific tests were chosen to be those most represen-
tative of MC68XX field performance. Failure rate estimates were based on the outcome
of tests and data analysis which are widely accepted and conservative. The level of per-
formance predicted by this data is among the best available in the industry and far ex-
ceeds the requirements of most applications. Comparison to previous reports verifies a
history of continuous improvement which has made Motorola MOS LSI the optimum
choice for system reliability.

Copies of this and other reliability reports may be obtained from your local Motorola
representative. For additional information, contact Reliability (512)928-6640 or Marketing
(512)928-6800 organizations or write to:

Reliability Engineering
Motorola Inc.

3501 Ed Biuestein Bivd.
Austin, Texas 78721



APPENDIX A
A COMPARISON OF PACKAGING SYSTEMS

The MC6800 family of microcomputers and NMOS peripheral device types are produc-
ed in plastic, CERDIP and sidebraze packages. The ceramic packages are hermetically
sealed to protect the integrated circuit from environmental factors and permit operation
over extreme temperature ranges. Although plastic devices are nonhermetic, modern
epoxies exhibit extremely high moisture resistance and long lifetimes may therefore be
expected from these integrated circuits in typical environments. Extensive reliability
testing has been performed to evaluate the three package types as specified in Report
7639-2, Package Qualification Program Plan.

Plastic

Encapsulated integrated circuits incorporate the simplest processing and package
construction of the various systems available. The die is attached to a lead frame, wire
bonded and encapsulated by a filled resin. The lead frame may be copper, or alloy 42, and
the die attach may be epoxy, gold silicon eutectic, or a variety of eutectic forming metal
foils. Wire bonding may be thermocompression or thermosonic, but the wire is always
gold. This system has evolved from early industry experiments with aluminum ultrasonic
wire bonding which experienced high rates of opens and intermittents. The encapsulant
is the most critical component of the system since it controls contamination, moisture
resistance, and stress effects. Epoxy novolacs have become the standard molding com-
pound since they combine excellent characteristics in all these areas. Silicones are very
susceptible to moisture and contamination ingression, and die coats have induced
disasterous stresses on the wire bonds.

The plastic package is, by far, the most resistant to physical damage since the die is
completely encapsulated and cavity hermeticity is not a concern. Since the package is
light in weight and the plastic is less brittle than ceramic, chipping and cosmetic damage
are not problems. The lead frame and plating are equivalent to CERDIP, and modern
epoxies pose no danger from contamination. Only two areas have yielded poorer perfor-
mance: moisture resistance and thermal resistance. Moisture resistance is a function of
encapsulant porosity and adhesion to the lead frame. Vendors of molding compounds
are constantly improving these parameters; but, even in their present state, the low
voltage and moderate power dissipation of microprocessor devices provide excellent
performance which is rarely distinguishable from hermetic performance (refer to
Figure 1). Thermal resistance has been improved dramatically through the introduction
of copper lead frames and heat spreaders with values even lower than those of currently
available ceramic packages.
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FIGURE A1 — PLASTIC PROCESS FLOW
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Hermetic

Two package styles are commonly used for dual-in-line hermetic applications. The
CERDIP package is composed of two layers of black alumina with the seal formed be-
tween these by a glass frit layer. The kovar or alloy 42 lead frame is embedded in the
glass and has aluminum deposited on the internal lead tips to provide a compatible sur-
face for ultrasonic aluminum wire bonding. The lead frame is formed into the dual-in-line
configuration prior to assembly to prevent unnecessary stress of the glass seal. Both the
lid and the base alumina have recesses to provide a cavity and the base recess is usually
coated with a gold or paladium silver frit for die bonding. Glass die bonding is occa-
sionally used for small die but LS| devices require a eutectic bond to minimize the ther-
mal expansion mismatch. Tin plating is applied to the leads subsequent to the sealing
operation.
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The solder seal package is composed of three layers of alumina whith are screened
with a refractory metal such as tungsten or moly manganese and fired together to form
the package body with a cavity for the die. The refractory metal is then plated and kovar
or alloy 42 lead frames are brazed to the bottom, sides or top of the package, depending
on the vendor. The advantage of the sidebraze version is accurate lead alignment without
the need for forming. The final piece part operation is plating which may be gold or tin
with a selective gold plate in the cavity. Versions are also available, without a metal seal
ring, for a frit seal ceramic lid similar to the CERDIP package. Although epoxy die bond-
ing is feasible in this package due to the lower sealing temperature, most manufacturers
employ a eutectic bond. Both aluminum ultrasonic wire bonding and gold thermocom-
pression bonding are used.

FIGURE A2 — HERMETIC PROCESS FLOW
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Monitor

Wafer Electrical Saw Break Dee In-Process Die Bond Wire Bond
Inventory Probe High-Power Quality Control
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Wire Bond

Gross Leak inspection

Monitor Or Certified

Operator

Lead Finish Fine Leak Gross Leak Temperature Seal PQC Precap IPQC Die
{Tin-Plated Test Sample Cycle* Precap Inspection Bond/Wire
Packages Only) Gate (As Applicable) Bond Gate

*Mil-Std 883B Method 1010 4
Condition C (—65° to 150°C)

Visual PQC Trim/Carrier Electrical Mark Qutgoing Outgoing Finished Goods
Inspection Solderability Load Test Quality Control Quality Control Warehouse
And Visual Gate Sample Sample
Electrical Test  Visual/Mechanical
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TABLE A1
A COMPARISON OF PACKAGING
MATERIALS AND PROPERTIES

Sidebraze

CERDIP

Plastic

Package Body
External Leads
Internal Leads

Alumina
Brazed Kovar
Gold-Plated Tungsten

Alumina
Formed Alloy 42
Aluminum-Coated Alloy 42

Epoxy Novolac
Formed Alloy 42/ Copper

Gold-Plated Alloy 42/
Silver-Plated Copper

External Lead Plating Tin Tin Tin/Solder
Seal Solder Glass N A
Die Bond Eutectic Eutectic Eutecuc/Epoxy
Wire Bond Ultrasonic Ultrasonic Thermo-Compression
Wire Aluminum-Silicon Aluminum-Silicon Gold
Typical Thermal
Resistance (6 )
Leads
24 52 52 120/80
28 50 51 112/74
40 40 50 95/42

Marking Suffix

P

Some tradeoffs exist in the performance characteristics of the two hermetic packages
as they are offered by Motorola. Both are ceramic, hermetic, employ a eutectic die bond,
use ultrasonic aluminum wire bonding, and have tin plating. The thermal resistance of
the packages is very similar, with the sidebraze having a slight advantage. Both
packages perform well on the standard thermal and mechanical environmental tests, but
each is susceptible to handliing damage. Loose shipping rail packaging or high velocity
impacts during testing can chip the sidebraze package and sever the interlayer metalliza-
tion. This type of handling will not affect the 10 mil thick lead frame 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. Another difference is the fact that CERDIP devices employ an all
aluminum wire bonding system and are immune to the intermetallic problems of
multimetal systems. Extensive testing of 24-, 28-, and 40-lead CERDIP and sidebraze
devices has indicated no significant difference in reliability.



APPENDIX B
ACCELERATED LIFE TEST TECHNIQUES

The test results reported in previous sections were obtained through the use of pro-
cedures employed throughout the semiconductor industry. This section details those
methods as applied by Motorola to perform accelerated tests and the subsequent
analysis.

TEST TECHNIQUES

Accelerated Life Testing is used to simulate continuous system operation while
decreasing the time required to observe long-term effects. This test method is designed
to detect latent defects in the integrated circuit and some types of packaging defects
which occur in accordance with the relatively well-defined models described in this sec-
tion. The operating parameters of temperature, time, and voltage are controlled during
the test, while moisture and other atmospheric constituents are assumed to be insignifi-
cant.

The accelerated life test is widely accepted as a qualification test method for in-
tegrated circuits and is consistent with Method 1005.3, Steady State Life, Conditions D
and F, contained in MiL-STD-883B. Each device type uses a distinct driver circuit capable
of dynamically exercising internal nodes of the integrated circuit. Most of the waveforms
are derivatives of a common clock signal and are therefore easily implemented with a
minimum of circuitry. The Vpp supply levels are regulated at the nominal rated value of
the devices. It is also important that supply lines be adequately decoupled and be of suf-
ficient cross-sectional area to prevent excessive voltage drop. Signal-carrying metal
traces on oven trays are limited to the shortest possible physical distances to prevent
undesired reflections and cross talk between lines. In order to insure that test devices
are properly exercised during the test, mid-range clock frequencies are chosen for each
device type based on data sheet limits. Increasing clock speed does not have a signifi-
cant effect on the power dissipation of MC68XX devices with unloaded outputs and is
not, therefore, an important factor in determining reliability. These circuits permit high
density testing and avoid the potential for accidental overstress of the parallel test
devices. Some pins are electrically isolated from device to device, since parallel connec-
tions may prevent device functions or lead to overstress; this is accomplished by remov-
ing designated socket pins from the life-test oven board.

The ambient test temperature is typically 125°C, although any value above the max-
imum system temperature will provide acceleration. Junction temperatures become a
limiting factor near 180°C for laminated ceramic devices and 150°C for plastic devices.
At these temperatures gold-aluminum intermetallics begin to form in the ceramic
packages and plastic encapsulants start to decompose. Junction temperature for CER-
DIP devices is limited only by circuit leakages which affect all package types above
150°C. A supply current measurement during the test will reveal the maximum permissi-
ble ambient temperature. Since supply currents will decrease with temperature at an
average rate of —0.25%/°C, extrapolations are possible if a reference point is obtained
initially. Test duration is 1008 hours, and electrical measurements are performed at O,
168, 504, and 1008 hours. More frequent measurements are performed to observe infant
mortality characteristics, but frequent handling increases the likelihood of physical or
electrical damage to the sample.
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ANALYSIS OF RESULTS

Upon completion of the test, failed devices are examined to characterize failure modes
and determine whether a pattern exists which would justify a physical analysis of the
failure mechanism. Failure rates are expressed in failures-per-hour and are calculated
using the Chi-Square distribution in the equation:

)\<x2(a , d.f)
=TTt

Where: (1)
\=Failure Rate

x2 = Chi-Square Function

o — 100 - Confidence Level
- 100

d.f. = Degrees of Freedom =2r +2
r=Numbers of Rejects
t = Device-hours

If a test has been conducted at the ambient temperature of the system, then device-
hours can be calculated directly and substituted into Equation 1. Since it is not practical
to observe long-term effects at system temperatures, the test is accelerated and
therefore requires a basis for equating device-hours at the test temperature to device-
hours at the temperature of operation. Acceleration factors express this ratio and are
derived from the Arrhenius relationship in Equation 2. One electron-volt is used as the ac-
tivation energy value based on Motorola’s experience and data from other industry
sources.

Fa=exp [(o/K). (%) - T1—t>] @)

Where:
Fa = Acceleration Factor
6 = Activation Energy in eV
K = Boltzman’s Constant, 8.62x 10— 5 eV/°K
To = Operating Temperature in °K
Tt =Test Temperature in °K
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Parameters Tt and To of Equation 2 are the average junction temperatures present
during the test and in system operation, respectively. Motorola uses junction rather than
ambient temperatures since they produce more conservative and representative ac-
celeration factors. Junction temperatures can be derived from power dissipation
measurements and Equation 3. The thermal resistance (9JA) values of MC68XX devices
are given in Appendix A and may be measured using the procedure outlined in Reliability
Report 7843, Thermal Resistance Measurement Method for Microcomponent Devices.
These values were obtained under “still-air” conditions and are, therefore, slightly
pessimistic for most systems. MIL-STD-883B Method 1005.3 provides a derating curve for
thermal resistance based on linear air movement.

Ty=TA+PDIJA
Where: Q)
TJ =Junction Temperature in °C
TA = Ambient Temperature in °C
Pp = Average Power Dissipation in Watts
0JA = Thermal Resistance. Junction-to-Ambient in °C/W
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APPENDIX C
APPLYING LIFE TEST DATA

The reliability test results reported in previous sections, although obtained under
severe conditions, can be extrapolated to predict failure rates expected in system ap-
plications. The conservative methods employed by Motorola in determining acceleration
factors and in electrical testing permit the calculation of system level failure rates with a
high level of confidence. This section details the techniques used in applying the
reported data to actual system conditions.

FIGURE C1
TIME DEPENDENT RELIABILITY

Failure Rate

1
|
|
|
|
|
|

A

|

1

|

Time

OPERATING LIFETIME

The time dependent reliability of semiconductor devices is illustrated by the “bathtub
curve” of Figure C1. Three regions are presented: |, a region of relatively high declining
failure rate known as “infant mortality”; Il, a region of constant, random failures; and
111, a region of increasing failure rate due to wear-out mechanisms. Careful attention to
manufacturing details and process screens help to eliminate the effects observed in
Region |. It is significant to note that wear-out phenomena have not been observed during
life testing of MC68XX devices. Failure rates are expressed in percent failures-per-
thousand hours. Mean-Time-Between-Failures (MTBF) is another frequently used
parameter which is the reciprocal of the failure rate (failures-per-hour) and is expressed
in units of time.

1
MTBF =
The failure rate characteristics of LSI circuits may be observed in a short period of
time using the accelerating effects of temperature. The Arrhenius equation described in
Appendix B establishes an exponential relationship between time and temperature
which permits a quantitative extrapolation of the data.
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FAILURE RATE DETERMINATION

Table 2 provides 70°C failure rate values for twenty MC68XX device types. Explained in
that section was the distinction between the Total Failure Rate, which includes all life
test failures, and the System Failure Rate, which includes only catastrophic failures. Ex-
trapolating this data to operating temperatures other than 70°C can be accomplished
using the curves in Figure C2. For a specific device type, plot the 70°C failure rate value
and corresponding junction temperature on the graph and draw a line through this point
parallel to the 1 eV curves shown. This line represents the failure rate values at cor-
responding junction temperatures for that device type. Measure the device power
dissipation at the maximum operating temperature and compute the corresponding junc-
tion temperature value using Equation 3. The failure rate for that temperature can then be
determined directly from the graph and will represent the operating condition of the
device in the system.

FIGURE C2
FAILURE RATE VERSUS JUNCTION TEMPERATURE
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APPENDIX D
ELECTRICAL TESTING AND FAILURE
CHARACTERISTICS

The electrical measurements performed on life test and temperature-humidity-bias
(THB) samples were obtained using Fairchild Sentry Test Systems and programs employ-
ing exhaustive functional routines under worst-case supply and clock conditions.
Devices which do not meet a test criterion, including those failing for parametric
reasons, are first segregated into “bin outs” defined by the test program. A data log is
obtained from which each failing device is then assigned to one of six failure mode
categories. An analysis to determine specific failure mechanisms is performed when the
level or pattern of failure indicates that it is appropriate. THB rejects are routinely decap-
sulated and inspected for corrosion of the metallization.

The electrical test programs are typically constructed in the following manner:

TABLE D1
TYPICAL MC68XX ELECTRICAL TEST SEQUENCE
"Opens’ test
“Shorts” test
Functionality under nominal supply and clock conditions

Three-State leakage
Functionality to data sheet imits during worst-case conditions
of Vpp level and clock frequency combinations

7 Output buffer current drive capability

8 Power dissipation test

]
2
3
4 Input leakage
5
6

Failure modes categorized according to these tests do not always indicate a specific
problem and individual test programs deviate from the sequence shown above as re-
quired for complete testing of the specific device type. Microprocessors and other LS|
logic circuits do not readily lend themselves to the identification of failure modes since
their complexity creates an astronomical number of possible combinations, some of
which are very subtle. Attempts to categorize these modes by the test sequence in-
variably result in groupings which are not mutually exclusive or related to physical
mechanisms.

The most valuable method of classification is a dichotomy based on system func-
tionality. Semiconductor devices failing a rigorous electrical test frequently function
adequately under nominal operating conditions such that they would not cause a system
failure. These units have parameters which exceed data sheet limits, but which do not
impact system reliability to the extent of catastrophic failures. Nearly half of the failures
observed in life testing were non-catastrophic in nature. The ultimate classification
criterion must be predicated upon the maintenance of system operation and MC68XX life
test failure modes are, therefore, categorized as being either catastrophic or non-
catastrophic. Opens, shorts, or functional (logic state) failure modes are considered to
be catastrophic, and are used in the determination of the ‘“System Failure Rate.” Input
leakage, three-state leakage, and parametric failure modes are non-catastrophic and are
combined with the catastrophic failures in the “Total Failure Rate.”
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TABLE D2
FREQUENCY OF FAILURE MODES ON MC68XX DEPLETION-LOAD DEVICES

|. CATASTROPHIC MODES

A. Opens — No electrical connection between an external terminal and corresponding die circuitry {possibly intermittent)
MOS inputs are normally high impedance ports and opens are detected by forward-biasing the substrate diode

DEFINITION OF FAILURE MODES

Input Three-
Failure Modes Opens Shorts Functional Leaﬁa o State Parametric
9 Leakage
Percentage of Occurrances 72% 6 0% 37 9% 22 7% 4 8% 21 4%
TABLE D3

B. Shorts — An unintended resistive path of relatively low value between one terminal and any other terminal
c

. Functional — Failure of one or more output terminals to respond with a correct logical state under nominal supply, clock,
and ViH/VjL levels a violation of the internal Boolean relationships defined by the circurt design

Il. NON-CATASTROPHIC MODES

A. Input Leakage — A current of either polarity which exceeds data sheet limits for input terminals Large values of leakage

may be classified as shorts

B. Three-State Leakage — A current of either polanty which exceeds data sheet hmits for 1/0 terminals when under three-
stated conditions This parameter is also timing dependent and when catastrophic is classified as a functional failure mode

C Parametric — A broad classification of non-catastrophic failure modes which exclude leakages but include

1 Failure to respond at one or more output terminals with a correct logical state under worst-case supply clock, and
ViH/ VL conditions, usually the result of excessive propagation delays, improper VOH/VQL levels, noise, or a
dynamic logic state which should be static, etc Must be 100% functional under nominal conditions and may be

assoclated with leakage currents not previously detected

N

Excessive power dissipation not caused by leakage currents Device 15 100% functional

3 Incorrect output analog voitage or current level not resulting in a functonal failure

The distribution of failure modes and mechanisms observed during life testing appear
to be the result of random manufacturing anomalies and do not, therefore, indicate
trends correlatable to specific process or design deficiencies. These results are consis-
tent with careful attention to process controls and reflect Motorola’s high priority on

quality and reliability.
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POWER CONSIDERATIONS

The previous paragraphs have shown that circuit performance and long-
term circuit reliability are affected by die temperature. Performance and
reliability are both improved by keeping junction temperatures low. Elec-
trical power dissipation by the integrated circuit causes an increase in the
die temperature relative to some reference point, usually the ambient
temperature. This increase in temperature depends on the amount of
power dissipated in the circuit and on the thermal resistance between the
heat source and the reference point. The average chip-junction
temperature, T4, in degrees C can be obtained from:

Ty=Ta+(PpebyA) (1
Where:
TaA=Ambient Temperature, °C
0 =Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PpPORT
PINT=Iccx Vce, Watts — Chip Internal Power
PpoRT=Port Power Dissipation, Watts — User Determined
For most applications PPORT < P|NT 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 Pp and T (if PPORT is neglected) is:
Pp=K+(Tgy+273°C) (2)
Where K is a constant pertaining to the particular part.
Solving equations 1 and 2 for K gives:
K=Ppe(TA+273°C) + 6 AP D2 (3)

The constant K can be determined from equation (3) by measuring Pp at
the Ta given in the data sheet (worst case), or by measuring Pp (at
equilibrium) for a known TA. Remember that power dissipation specifica-
tions on Motorola’s microprocessor, single-chip microcomputer, and
peripheral data sheets are specified at steady state current, maximum
power supply voltage, and minimum operating temperature. The value for
6JA for a particular package can be found in the data sheet. Using the
calculated value for K, the values of Pp and TJ can be obtained by solving
equations (1) and (2) iteratively for any value of TA.

Example:

In this example the power dissipation (Pp) and junction temperature (Ty)
for the MC6821P are calculated for an ambient temperature (TA) of 70°C.

The MC6821P data sheet specifies PD=0.55 W @ TA=0°C. 64A for a
plastic 40-lead package is 100° C/W.
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Solving for K:
K=Pp+(TA+273°C) +8JA-PD2 3)
K=180.4

Ty is calculated from equation (1)

TJ=TA+(PD-0JA) (1)
Ty =0°C + (100°C/W)(0.55 W) =55°C

Equation 1 must be used to calculate Ty. This equation, however, assumes
that Pp at the specified Ta is known. Since Pp at 70°C is not known, an
iterative process must be used. Since the only known Pp is at 0°C, this
number is used for the 1st pass iteration. Now Tj can be calculated. Once
calculated, equation 2 can be used to calculate Pp given the Ty calculated
from equation 1. If this Pp is different from the value used to calculate Ty,
then another iteration is required. For successive iterations the value of Pp
obtained from the last iteration should be used for the next calculations.
When the calculated values of Pp and Ty satisfy both equations 1 and 2,
the iteration is complete

First Iteration:

Equation (1) Ty = TA(PD+8JA)
T, =70 + (0.55)(100)
Ty=125°C

Equation (2) Pp=K +(Ty +273°C)
Pp =180.4 = (125 + 273)
PD=0.453 W

Second lteration:

Substituting Pp back into equation (1):
TJg =70+ (0.453)(100)
Tyg=115.3°C
Pp=180.4 +(115.3 + 273)
Pp=0.456 W

Continuing in this iterative manner the values Ty=116.3°C and
Pp =0.463 W satisfy both equations.

110 PORT POWER — Microcomputing units (MCUs) contain another source
of power dissipation — the /O ports (PPORT). Fortunately, PPORT
becomes a significant value only if the port pin is configured to sink LED
load currents or drive Darlington pair bases. If PPORT cannot be neglected,
the following equation should be used to obtain a value for PPORT:
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LED Drive Darlington Drive

PPORT = f(VOL)‘(l e+ >1:(Vcc —Voub)«([loH|) 4)
to to
n n

where n=# of port pins

Once a number is obtained for PPORT, it may be added directly to Pp to ge
a total device power dissipation value. This total value should be used in
place of Pp in equations (1) and (2).

INSTANTANEOUS POWER — The junction temperature rise above ambient
reaches equilibrium in a few minutes due to power dissipation. This ther-
mal response should be considered when measuring power and must be
considered when measuring power as part of a high-speed test.

The maximum power demand by any device occurs during turn-on when
TJ=TA. The following example should be followed when calculating worst-
case power supply values.

Example:
Continuing to use the MC6821P example to determine Pp @ TA=TJ=0°C,

Equation (2) Pp=K«+(TJ+273°C)
Pp =180.4 = (0 + 273)
PD=0.66 W

Thus, the maximum instantaneous power supply demand is 0.66 W.

SUMMARY — The calculated value of Ty should not exceed the data sheet
value of Ty (maximum) for a particular IC package. If Ty (calculated) is in ex-
cess of Ty (maximum), something must be done to reduce the junction
temperature. Equation (5) shows that 6ja consists of two parts, 6yc and
6CA.-

6JA=6JC+0CA (5)
6Jc = thermal resistance, junction-to-case, °C/W
0cA = thermal resistance, case-to-ambient, °C/W

Junction-to-case thermal resistance (6JC) is a function of die construction
and therefore cannot be changed. However, 6caA may be varied. Lowering
0CA can be accomplished by increasing the surface area of the package
with the addition of a heat sink, or by blowing air across the package to pro-
mote improved heat dissipation. Alternatively, 6CcA may be lowered by
selecting a different package.
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THE “BETTER” PROGRAM

Motorola standard commerical integrated circuits are manufactured under
stringent in-process controls and quality inspections combined with the in-
dustry’s finest outgoing quality inspections. The “BETTER” program offers
three levels of extra processing, each tailored to meet different user needs
at nominal costs.
The program is designed to:

® Eliminate Incoming Electrical Inspection

® Eliminate Need for Independent Test Labs and Associated Extra Time
and Costs

Reduce Field Failures

Reduce Service Calls

Reduce Equipment Downtime
Reduce Board and System Rework
Reduce Infant Mortality

Save Time and Money

Increase End-Customer Satisfaction

BETTER PROCESSING — STANDARD PRODUCT PLUS:
Level | (Suffix S)

® 100% temperature cycling per MIL-STD-883A. Method 1010, ten cycles
from —25°C to +150°C.

® 100% high temperature functional test at + 100°C.
Level Il (Suffix D)

® 100% burn-in to MIL-STD-883A test conditions equivalent to 160 hours
at +125°C.

® 100% post burn-in DC parametric test at 25°C.

Level Il (Suffix DS)
® Combination of Levels | and Il above.

TABLE 4-5. “BETTER” AQL GUARANTEES

Test Condition - T Tor T T Tovar Tl

High Temperature Functional TA=TMax 0.15 0.15* 0.10
DC Parametric Ta=256°C 0.28 0.28 0.28
AC Parametric Ta=25°C 0.65 0.65 0.65
External Visual and Mechanical Major 0.1 0.1 0.1

Minor 2.50 2.50 2.50
Hermeticity Gross 0.46 0.46 0.46
(Not applicable to plastic packages)

TMax =Maximum Operating Temperature of Device Under Test
*25°C

NOTES:

1. Major Defects — Affects Form, Fit, or Function

Minor Defects — Cosmetic
2. General Inspection Level Il
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PART MARKING — The part is marked with a suffix letter(s) as shown to in-
dicate the level of testing that the part received.

MC68XXX CcP S
nE 1 i
Part Standard “BETTER”
Identification Package Processing
Suffix Level | =Suffix S

Level Il =Suffix D
Level Il = Suffix DS

ORDERING INFORMATION — The Standard Motorola part number with the
corresponding “BETTER" suffix can be ordered from your local authorized
Motorola distributor or Motorola sales offices. “BETTER” pricing will be
quoted as an adder to standard commercial product price.
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DATA SHEETS

Data sheets at Motorola are grouped into one of three categories depen-
ding on the amount of information presented. These categories are:

Product Preview — This is the first official information released about a
potential device. It contains very basic information about a product and
usually precedes sample devices by approximately six months. This type of
data sheet is distinguished by the words “Product Preview’” appearing in
the header of the first page as shown in Figure 4-1.

Advanced Information — This information is released with sample devices.
It contains an extensive discussion of device operation and provides com-
plete parametric information such as Maximum Ratings, Thermal
Characteristics, Electrical Characteristics, Bus Timing, and I/O Port Timing
as applicable. Timing diagrams are included to support the tabular
material. All of the parametric information given is the result of early
testing of initial product from the manufacturing process. Values given are
subject to change without notice. This type of data sheet is distinguished
by the words ‘“Advanced Information” appearing in the header of the first
page as shown in Figure 4-1.

Final Data Sheet — This data sheet evolves from the Advanced Information
data sheet. It is a result of test information collected from a fully-
implemented manufacturing process. The parametric information has been
analyzed and approved. Motorola considers this is a fully characterized
device. This type of data sheet is distinguished by the absence of any designa-
tion appearing in the header of the first page as shown in Figure 4-1.

DATA SHEET ORGANIZATION

The data sheets that follow are arranged in ascending numerical order
disregarding the prefix letters and any speed designation letters.

When device numbers are essentially identical as in the MC6805 and
MC6809 families, the alphabetical letters used to distinguish the family
members are arranged in ascending alphabetical order. When one data
sheet covers closely related devices such as the MC6801, MC6803, and
MC6803NR, it is sorted by the lowest part number — in this case, MC6801.

MECHANICAL DATA

The package availability for each device is indicated on the front page of
the individual data sheet. Mechanical data for the different package types
used is located in a separate chapter of the manual. The data is arranged
by package size (pin count) and then package type (plastic, ceramic, etc.).
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Figure 4-1. DATA SHEET TYPE DESIGNATIONS

@ MOTOROLA

SEMICONDUCTORS

3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721

—

Product Preview

8-BIT MICROCOMPUTER UNIT

@ MOTOROLA

SEMICONDUCTORS

3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721

Advance Information

16-BIT MICROPROCESSING UNIT

@ MOTOROLA

SEMICONDUCTORS

3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721

MC6847/MC6847Y VIDEO DISPLAY GENERATOR (VDG)
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@ MOTOROLA MC1372

COLOR TV
VIDEO

COLOR TV VIDEO MODULATOR MODULATOR CIRCUIT

. ed circui d RF TV signal SILICON MONOLITHIC
...an integrated circuit used to generate an signal from INTEGRATED CIRCUIT

baseband color-difference and luminance signals.

The MC1372 contains a chroma subcarrier oscillator, a lead and
lag network, a quasi-quadrature suppressed carrier DSB chroma
modulator, an RF oscillator and modulator, and an LSTTL com-
patible clock driver with adjustable duty cycle.

The MC1372 is a companion part to the MC6847 Video Display
Generator, providing and accepting the correct dc interconnection
levels. This device may also be used as a general-purpose modulator

X N N ) . N R P SUFFIX
with a v.anety of )ndeo signal generating devices such as video games, 1 PLASTIC PACKAGE
test equipment, video tape recorders, etc. CASE 646

® Single 5.0 Vdc Supply Operation for NMOS
and TTL Compatibility

Pin Connections

® Minimal External Components
® Compatible with MC6847 Video Display Generator Clock (= 3
. sad s, Output
® Sound Carrier Addition Capability Oscillator §RF Tank
. . . . 2 13)
® Modulates Channel 3 or 4 Carrier with Encoded Video Signal input
ooy . Duty Cycle 3 12 RF Modulator
® Low Power Dissipation Ad) E] Output
® Linear Chroma Modulators for High Versatility Gnd [ 11)Vee
® Composite Video Signal Generation Capability C",',t’;“Bt 5 10 f“hp'::" inance
® Ground-Referenced Video Prevents Overmodulation CO'O:ﬂsz ) r:pmi"aﬂce
U
Color A 8] Chroma
Input Modulator
Output
FIGURE 1 — BLOCK DIAGRAM
RF
Color B Luminance Modulator
Vece Input Input Output
?11 [o]] Qo 912
N 2 Chroma RF R
Oscillator Chrominance
Input Lag . Modulator Modulator Input
Chrominance B
Oscillator \ 8 Chroma
and O Modul
Clock Output
Driver
1 Chroma RF
Clock Lead (—#= Modulator |[— Oscillator
Output A
a (L 30 70 60 13 140
Ground Duty Cycle Color A Color RF Tank
Adjust Input  Reference

Input
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MC1372

MAXIMUM RATINGS (T 5 = 25°C unless otherwise noted)

Rating Value Unit
Supply Voitage 8.0 Vdc
Operating Ambient Temperature Range 0to+70 oc
Storage Temperature Range -65to +150 oc
Junction Temperature 150 oc
Power Dissipation, Package 125 Watts
Derate above 25°C 13 mw/°c

RECOMMENDED OPERATING CONDITIONS

Supply Voitage 5.0 Vdc

Luma Input Voltage — Sync Tip 10 Vdc
Peak White 035

Color Reference Voltage 1.5 Vdc

Color A, B Input Voltage Range 10t020 Vdc

ELECTRICAL CHARACTERISTICS (Ve = +5 Vdc, Ta = 25°C, Test Circuit 1 unless otherwise noted)

Characteristic Min Typ Max Unit
Operating Supply Voitage 475 5.0 5.25 Volts
Supply Current - 25 - mA

CHROMA OSCILLATOR/CLOCK DRIVER (Measured at Pin 1 unless otherwise noted)
Output Voltage (VoL - - 04 Vdc
(VoH)! 24 - -
Rise Time (V1 =04 to 2 4 Vdc) - - 50 ns
Fall Time (V1 =24 to 04 Vdc) — — 50 ns
Duty Cycle Adjustment Range (V3 =5 0 Vdc) 70 — 30 %
(Measured at V1 =14 V)
Inherent Duty Cycle (No connection to Pin 3) — 50 — %
CHROMA MODULATOR (V5 =V6 = V7 =15 Vdc unless otherwise noted)

Input Common Mode Voltage Range (Pins 5,6, 7) 08 - 23 Vdc
Oscillator Feedthrough (Measured at Pin 8) — 15 31 mV(p-p)
Modulation Angle [68(V7 =2 0 Vdc) - 68(V5 =20 Vdc)] 85 100 115 degrees
Conversion Gain [V8/(V7 - V6), V8/(V5 - V6)] — 06 — V(p-p)/Vdc
Input Current (Pins 5, 6, 7) - — -20 uA
Input Resistance (Pins 5, 6, 7) 100 — — kQ
Input Capacitance (Pins 5, 6, 7) - - 50 pF
Chroma Modulator Linearity — 40 - %

(V6=10t020V,V7=10t020V)

RF MODULATOR

Luma Input Dynamic Range (Pin 9, Test Circurt 2) 0 - 15 Volts
RF Output Voltage (f =67 25 MHz, V9 =10V) — 15 — mVrms
Luma Conversion Gain
(AV12/AV9,V9 =01 to 10 Vdc) Test Circurt 2 — 038 — V/V
Chroma Conversion Gain VIV
(AV12/AV10,V10 =15 Vp-p, V9 =1 0 Vdc) Test Circuit 2 — 0.95 —
Chroma Linearity (Pin 12, V10 = 1.5 Vp-p) Test Circuit 2 — 10 — %
Luma Linearity (Pin 12, V9 =0to 1 5 Vdc) Test Circuit 2 — 20 — %
Input Current (Pin 9) — - -20 KA
Input Resistance (Pin 10) — 800 — Q
Input Resistance (Pin 9) 100 - - kQ
Input Capacitance (Pins 9, 10) — — 50 pF
Residual 920 kHz (Measured at Pin 12) See Note 1 — 50 - dB
Output Current (Pin 12, V9 =0 V) Test Circuit 2 — 1.0 ~ mA
TEMPERATURE CHARACTERISTICS (Voc =5 Vde, Tp =0 to 70°C, IC only)
Chroma Oscillator Deviation (f, = 3.579545 MHz) — +50 — Hz
RF Oscillator Deviation (f, = 67.25 MHz) — +250 — kHz
Clock Drive Duty Cycle Stability +5.0 - — %

NOTE 1 V9 =1.0 Vdc, V¢ =300 mV(p-p) @ 3.58 MHz,
Vg = 250 mV(p-p) @ 4.5 MHz, Source Impedance = 75 .
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FIGURE 2 — TEST CIRCUIT 1
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FIGURE 4 — SCHEMATIC DIAGRAM
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OPERATIONAL DESCRIPTION

Pin 1 — Clock Output

Provides a rectangular pulse output waveform with
frequency equal to the chrominance subcarrier oscillator.
This output is capable of driving one LS-TTL load.

Pin 2 — Oscillator Input

Color subcarrier oscillator feedback input. Signal from
the clock output is externally phase shifted and ac cou-
pled to this pin,

Pin 3 — Duty Cycle Adjust

A dc voltage applied to this pin adjusts the duty cycle
of the clock output signal. If the pin is left unconnected,
the duty cycle is approximately 50%.

Pin 4 — Ground

Pin 5 — Color B Input

Dc coupled input to Chroma Modulator B, whose
phase leads modulator A by approximately 100°. The
modulator output amplitude and polarity correspond to
the voltage difference between this pin and the Color
Reference Voltage at Pin 6.

Pin 6 — Color Reference Input

The dc voltage applied to this pin establishes the
reference voltage to which Color A and Color B inputs
are compared.

Pin 7 — Color A Input

Dc coupled input to Chroma Modulator A, whose
phase lags modulator B by approximately 100°. The
modulator output amplitude and polarity correspond to
the voltage difference between this pin and the Color
Reference Voltage at Pin 6.

Pin 8 — Chroma Modulator Output

Low 1impedance (emitter follower) output which
provides the vectorial sum of chroma modulators A
and B.

Pin 9 — Luminance Input

Input to RF modulator. This pin accepts a dc coupled
luminance and sync signal. The amplitude of the RF signal
output increases with positive voltage applied to the pin,
and ground potential results in zero output (i.e., 100%
modulation). A signal with positive-going sync should
be used.

Pin 10 — Chrominance Input

Input to the RF modulator. This pin accepts ac coupled
chrominance provided by the Chroma Modulator Output
(pin 8). Thesignal is reduced by an internal resistor divider
before being applied to the RF modulator. The resistor
divider consists of a 300 ohm series resistor and a 500
ohm shunt resistor. Additional gain reduction may be
obtained by the addition of external series resistance
to pin 10.
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Pin 11 = Vce
Positive supply voltage

Pin 12 — RF Modulator Output

Common collector of output modulator stage. Output
impedance and stage gain may be selected by choice of
resistor connected between this pin and dc supply.

Pins 13 and 14 — RF Tank

A tuned circuit connected between these pins deter-
mines the RF oscillator frequency. The tuned circuit must
provide a low dc resistance shunt. Applying a dc offset
voltage between these pins results in baseband composite
video at the RF Modulator Output.

MC1372 CIRCUIT DESCRIPTION

The chrominance oscillator and clock driver consist of
emitter follower Q4 and inverting amplifier Q5. Signal
presented at clock driver output pin 1 1s coupled to
oscillator input pin 2 through an external RC and crystal
network, which provides 180° phase shift at the resonant
frequency. The duty cycle of the output waveform s
determined by the dc component at pin 1 internally
coupled through R12 to the base of Q4. As pin 1 dc
voltage Increases, a smaller portion of the sinusoidal
feedback signal at pin 2 exceeds the Q4 base voltage of
two times VBE required for conduction. As the dc level
is reduced, device Q4 and thus Q5 s turned on for a
longer percentage of the cycle. Transistors QO, Q1,
Q2 and diode D1 provide the biasing network which
determines the dc operating level of the oscillator. The
transistor Q2 and resistors R5, R6, and R7 form a voltage
reference of four times VBE at the collector of Q2. The
dc voltage at pin 1 1s determined by the values of R4,
R8, and R12 and the applied duty cycle adjust voltage
at pin 3. Since these resistors are nominally equal, the
voltage at pin 1 will always approximate the dc voltage
atpin 3.

The oscillator signal at pin 1 is internally coupled to
active filter Q44. This filter reduces the frequency content
above 4 MHz. The output of the filter at the emitter of
Q44 s ac coupled through C3 to the input of the lead/lag
network. R32 and C1 provide approximately 50° of phase
lag, while C2 and R29 provide approximately 50° of
phase lead. These two quasi-quadrature waveforms are
used to switch chroma modulators B and A, respectively.
The transistors Q22 through Q25 and Q32-Q33 form
a doubly balanced modulator. The input signal applied
at pin 5 is compared to the color dc reference voltage
applied at pin 6 in differential amplifier Q32-Q33. The
source current provided by transistor Q34 is partitioned
in transistors Q32 and Q33 according to the differential
input signal. The bases of transistors Q23 and Q24 are
connected to the dc reference voltage at the emitter of
Q30. The bases of transistors Q22 and Q25 are connected
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to the phase delayed oscillator signal at the emitter of
buffer transistor Q21. The differential signal currents
provided by Q32 and Q33 are switched in transistors
Q22 through Q25 and the resultant signal voltage is
developed across R49. This signal has the phase and
frequency of the oscillator signal at the emitter of Q21.
The amplitude is proportional to the differential input
signal applied between pins 5 and 6. Transistors Q26
through Q29 and Q38-Q39 form chroma modulator B.
This modulator develops a signal voltage which is propor-
tional to the differential voltage applied between pins
7 and 6. The phase and frequency of the output is equal
to the phase advanced chroma oscillator at the emitter
of buffer transistor Q20. Both chroma modulators A and
B share the same output resistor, R49, so the output
signal presented at the emitter of Q42 (pin 8) is the
algebraic sum of modulators A and B.

The RF oscillator consists of differential amplifier
Q18 and Q19 cross-coupled through emitter followers
Q16 and Q17. The oscillator will operate at the parallel
resonant frequency of the network connected between
pins 13 and 14. The oscillator output is used to switch
the doubly balanced RF modulator, Q9 through Q15.
Transistors Q7 and Q8 provide level shifting and a high
input impedance to the luminance input pin 9. The
bases of transistors Q9 and Q10 are both biased through
resistors R17 and R18, respectively, to the same dc
reference voltage at Q6 emitter. The base voltage at Q10
may only be offset in a negative direction by luminance
signal current source Q8. This design insures that over-
modulation due to the luminance signal will never occur.
The chrominance signal developed at pin 8 is externally
ac coupled to pin 10 where it is reduced by resistor
dividers R20 and R17, and added to the luminance
signal in Q9. The resultant differential composite video
currents are switched at the appropriate RF frequency
in Q12 through Q15. The output signal current is presented
at pin 12.

Transistors Q36, Q41 and resistors R44, R47 provide
a highly stable voltage reference for biasing current sources
Q43, Q34,Q35, and Q11.

MC1372 APPLICATION INFORMATION

Chrominance Oscillator

The oscillator is used as a clock signal for driving
associated external circuitry, in addition to providing a
switching signal for the chroma modulators. The IC uses
an external crystal in a Colpitts configuration, as shown
in Figure 5. Resistor R1 provides current limiting to
reduce the signal swing. Capacitor C2 is adjusted for
the exact frequency desired (3.579545 MHz).

In some applications, the duty cycle of the clock signal
at pin 1 must be modified to overcome gate delays in

associated equipment. The duty cycle may be adjusted
by varying the dc voltage applied to pin 3. This adjust-
ment may be made with the use of a potentiometer
(10 kS2) between supply and ground. With no connection
to pin 3, the duty cycle is approximately 50%.

Chroma Modulator

The chrominance oscillator is internally phase shifted
and applied to chroma modulators A and B. No external
lead/lag networks are necessary. The phase relationship
between the modulators is approximately 100°, which
was chosen to provide the best rendition of colors using
equal amplitude color-difference signals. The voltage
applied to pin 5, 6, or 7 must always be within the Input
Common Mode Voltage Range. Since the amplitude of
chrominance output is proportional to the voltage dif-
ference between pins 5 and 6 or 7 and 6, it is desirable
to select the Color Reference Voltage applied to pin 6 to
be midway between V5max and V5min (which should
be V7max and V7min). The Chroma B Modulator will be
defined as a (B-Y) modulator if a burst flag signal is
applied to the Color B Input (pin 5) at the appropriate
time. This voltage should be negative with respect to the
Color Reference Voltage, and typically has an amplitude
equal to 1/2[V6-V5min]. Since the phase of burst is
always defined as -(B-Y), the Chroma A Modulator
approximates an (R-Y) modulator; however, the phase
is offset by 10° from the nominal 90°, to provide the
1000 phase shift as discussed previously.

RF Modulator and Oscillator

The coil and capacitor connected between pins 13 and
14 should be selected to have a parallel resonance at the
carrier frequency of the desired TV channel. The values
of 56 pF and 0.1 uH shown in Figure 5 were chosen
for a Channel 4 carrier frequency of 67.25 MHz. For
Channel 3 operation, the resonant frequency should
be 61.25 MHz (C = 75 pF, L = 0.1 uH). Resistors R4 and
R5 are chosen to provide an adequate amplitude of
switching voltage, whereas R6 is used to lower the maxi-
mum dc level of switching voltage below Vg, thus
preventing saturation within the IC.

Composite Luminance and Sync should be dc coupled
to Luminance Input, pin 9. This signal must be within
the Luma Input Dynamic Range to insure linearity.
Since an increase in dc voltage applied to pin 9 results
in an increase in RF output, the input signal should
have positive-going sync to generate an NTSC compatible
signal. As long as the input signal is positive, over-
modulation is prevented by the integrated circuit.

Chrominance information should be ac coupled to
Chrominance Input, pin 10. This pin is internally con-
nected to a resistor divider consisting of a series 300
ohms and a shunt 500 ohms resistor. The input impedance
is thus 800 ohms, and a coupling capacitor should be
appropriately chosen.
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FIGURE 5 — TYPICAL APPLICATION CIRCUIT
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The Luminance to Chrominance ratio (L:C) may be
modified with the addition of an external resistor in series
with pin 10 (as shown in Figure 5). The unmodified L:C
(Ag) is determined by the ratio of the respective Conver-
sion Gain for equal amplitude signals (typically, 0.883 =
-1.6 dB). The modified L:C will be governed by the
equation Ag(1 + Rext/800) for equal amplitude input
signals.

The internal chrominance modulators are not inter-
nally connected to the RF modulator; therefore, the user
has the option of connecting an externally generated
chrominance signal to the RF modulator. In addition,
the RF modulator is wideband, and a 4.5 MHz FM audio
signal may be added to the chrominance input at pin 10.
This may be accomplished by selecting an appropriate series
input resistor to provide the correct Luminance:Sound
ratio.

The modulated RF signal is presented as a current
at RF Modulator Output, pin 12. Since this pin represents
a current source, any load impedance may be selected for
matching purposes and gain selection, as long as the vol-

4-11

tage at pin 12 is high enough to prevent the output
devices from reaching saturation (approximately 4.5 V
with components in Figure 5). The peak current out of
pin 12 is typically 2 mA. Hence, a load resistance of up
to 250 ohms may be safely used with a 5 V supply.

Composite Video Signal Generation

The RF modulator may be easily used as a composite
video generator by replacing the RF oscillator tank
circuit with a diode as shown in Figure 3. This results in
the output modulator being biased so the summation of
luminance and chrominance appears unswitched at
pin 12. The polarity of the output waveform is con-
trolled by the direction of the diode. /nverted video:
Anode to pin 14, cathode to pin 13. Non-inverted
video: Anode to pin 13, cathode to pin 14. Note that the
supply resistor must always be connected to the anode
of the diode.

The amplitude of signal may be increased by increasing
the load resistor on pin 12 and returning it to a higher
supply voltage. Any voltage up to the Absolute Maximum
Rating may be used.
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RECOMMENDED CHROMA-LUMA SIGNALS

Applications with MC6847 Video Display Generator Pin #9 Pin #7 Pin #6 Pin #5
The MC1372 may be easily interfaced to the MC6847 Luminance
as shown in Figure 5. The dc levels generated and required Input | Color A | Color Ref.| Color B
by the VDG are compatible with the MC1372, so that {vde) {Vde) {Vde) (vde)
pins 1, 5, 6, 7, and 9 may be directly coupled to the Syne 0 15 15 1.5
appropriate MC6847 pins. Both integrated circuits as Blanking 075 15 15 15
well as any associated NMOS MPU may be driven from Burst 0.75 15 1.5 1.25
a common 5 Vdc supply. Black 0.70 1.5 1.5 1.5
Green 0.50 10 15 1.0
Yellow 0.38 1.5 1.5 1.0
Recommended Chroma-Luma Signals Blue 0.62 15 1.5 20
A chroma modulation angle of 100° was chosen to Red 062 20 15 15
facilitate a desirable selection of colors with a minimum Cyan 050 10 15 15
number of input signal levels. The following table demon- Magenta 050 20 15 2.0
strates applicable signal levels for a variety of colors. Orange 050 20 1.5 10
Buff 038 15 15 1.5

OUTLINE DIMENSIONS

1 P SUFFIX
R PLASTIC PACKAGE
B CASE 646-04
1 Rgya = 100°C/W Typical
THERMAL INFORMATION
The maximum power consumption an integrated circuit can F rL
tole be found
rate at a given operating ambient temperature can be foun ‘_I—\I—T \
from the equation Jy € ﬁ\
L J -
T -T A
PDITA) = JR(max() .A R 1
typ) | Pl SEATINGLK
0JA S Y IR g T /1 el
where PD(TA) = Power Dissipation allowable at a given operating
£ NOTES
amt;uent te;n;:’eraturei ThnT must b: greatler than the,s::,n [} th(e MILLIMETERS|  INCHES 1 LEADS WITHIN 013 mm
products of the supply voltages and supply currents a e worst- oIM [ MIN TMAX | MIN |MAX (0005) RADIUS OF TRUE
case operating condition A 1803 [1956 | 0710 (0770 POSITION AT SEATING
6.10 6 24 260 PLANE AT MAXIMUM
TJ(max) = Maximum Operating Junction Temperature as listed - _[508 = 200 ) MATERIAL CONDITION
038 .53 | 0015 0021 DIMENSION “L" TO
in the Maximum Ratings Section 102 | 178 [ 0040 [0070] CENTER OF LEADS
TA = Maximum Desired Operating Ambient Temperature 254 BSC 0100 BSC WHEN FORMED
132 | 241 | 0.052 {0035 PARALLEL
Rgyaltyp) = Typical Thermal Resistance Junction to Ambient 020 [ 038 | 0008 [0015 3 DIMENSION “B” DOES NOT
292 | - [0115 | — INCLUDE MOLD FLASH
762 B8SC 03008SC 4 DIMENSION “R” TO BE
00| 150 [ 15 MEASURED AT THE TOP OF
051 | - 0020 - THE LEADS (NOT AT THE
- 182 - 0325 TIPS)
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MC3446A

QUAD GENERAL-PURPOSE INTERFACE
BUS (GPIB) TRANSCEIVER

The MC3446A 1s a quad bus transceiver intended for usage in
instruments and programmable calculators equipped for interconnec-
tion into complete measurement systems. This transceiver allows the
bidirectional flow of digital data and commands between the various
instruments. The transceiver provides four open-collector drivers and
four receivers featuring hysteresis.

® Tailored to Meet the |EEE Standard 488-1978 (Digital Interface
for Programmable Instrumentation) and the Proposed |EC
Standard on Instrument Interface

® Provides Electrical Compatibility with General-Purpose Interface
Bus (GPIB)

QUAD INTERFACE
BUS TRANSCEIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
CASE 648

® MOS Compatible with High Impedance Inputs
® Driver Output Guaranteed Off During Power Up/Power Down
® Low Power — Average Power Supply Current = 12 mA
® Terminations Provided
TYPICAL MEASUREMENT SYSTEM APPLICATION
W'Y b A
Instrument -
A 1
(with GP1B)
- Programmable
' Calculator
* (with GPIB)
Instrument T
8 .
(with GP1B) !
Yy Yy

16 Lines Total

PIN CONNECTIONS

Receiver E E Vee
Output A
E 2] Recewer
Bus A OutputD
Driver E E] Bus D
Input A
Driver
| tD
ABC ney
Drer E E] Enable D
Iinput B
— Driver
Bus B Zl InputC
Receiver |« E] BusC
Output B Recei
eceiver
Gnd E 3 OutwputC

— T — = Bus Termination
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MAXIMUM RATINGS (T4 = 25°C unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Volitage Vee 7.0 Vde
Input Voltage \7] 5.5 Vdc
Driver Output Current 10(D) 150 mA
Junction Temperature Ty 150 °c
Operating Ambient Temperature Range TA 0to+70 oc
Storage Temperature Range Tstg -65 to +150 °c

ELECTRICAL CHARACTERISTICS

(Unless otherwise noted, 4.5V < Voc < 5.5 V and 0 < Tp < 70°C, typical values are at Tp = 25°c, Vee=5.0V)

[ Characteristic | symbot [ Min | Typ | Max | unit |
DRIVER PORTION
Input Voltage — High Logic State VIH(D) 2.0 - - v
Input Voltage — Low Logic State ViL(D) - = 08 v
Input Current — High Logic State lIH(D) - 50 40 HA
(ViH=24V)
Input Current — Low Logic State hiL(D) — -0.2 -0.25 mA
(ViL=04V,Vcc=50V, Tp = 25°C)
Input Clamp Voltage VIK(D) - - -15 v
(K = -12mA)
Output Voltage — High Logic State (1) VOH(D) 25 33 37 v
(ViH(s) = 24 V or V|y(p) = 2.0 V)
Output Voltage — Low Logic State VoL(D) - - 05
(ViL(s) =08V, V| _(D)=08V,IgL(D) =48 mA)
Input Breakdown Current 18(D) - - 10 mA
(Vi(p) =5.5V)
RECEIVER PORTION
Input Hysteresis - 400 625 — mV
Input Threshold Voltage — Low to High Output Logic State VILH(R) — 1.66 2.0 \
Input Threshold Volitage — High to Low Output Logic State VIHL(R) 0.8 1.03 - \
Output Voltage — High Logic State VOH(R) 24 - - v
(VIH(R) = 20 V, IoH(R) = -400 uA)
Output Voltage — Low Logic State VOL(R) - - 0.5 v
(VIL(R) =08V, IgL(R) =80mA)
Output Short-Circuit Current 10s(R) 40 - 14 mA
(Vi{H(R) = 20 V) (Only one output may be shorted at a time)
BUS LOAD CHARACTERISTICS
Bus Voltage (ViH(E) =24 V) V(BUS) 25 33 37 \
(tgys =-12mA) - - -156
Bus Current (VIH(D)=24 V,VBys>50V) l(BuUS) 07 - - mA
(VIH(D) =24V, Vgys =0.5V) -13 - -32
(Vgus<5.5V) - 25
(Vee=0,0V<Vgys<275V) - - 0.04
TOTAL DEVICE POWER CONSUMPTION
Power Supply Current Icc mA
(All Drivers OFF) - 12 19
(All Drivers ON) - 32 40
SWITCHING CHARACTERISTICS (Vo =5.0V, Tp = 25°C)
l Characteristic i Symbol Min I Typ | Max J Unit ]
DRIVER PORTION
Propagation Delay Time from Driver Input to Low Logic State Bus Output| tpH|_ (D) - - 50 ns
Propagation Delay Time from Driver Input to High Logic State Bus Output| tpLH(D) — — 40 ns
Propagation Delay Time from Enable Input to Low Logic State BusOutput | tpH(_(E) - - 50 ns
Propagation Delay Time from Enable Input to High Logic State Bus Output | tp H(E) - - 50 ns
RECEIVER PORTION
Propagation Delay Time from Bus Input to High Logic State Receiver Output] tpH(R) - - 50 ns
Propagation Delay Time from Bus Input to Low Logic State Receiver Output| tpH| (R) - - 40 ns
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FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
RECEIVER INPUT (BUS) TO OUTPUT
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FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS)
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MC3447

BIDIRECTIONAL INSTRUMENTATION
BUS (GPIB) TRANSCEIVER

This bidirectional bus transceiver is intended as the interface
between TTL or MOS logic and the IEEE Standard Instrumentation
Bus (488-1978, often referred to as GPIB). The required bus termi-
nation 1s internally provided.

Low power consumption has been achieved by trading a minimum
of speed for low current drain on non-critical channels. A fast
channel is provided for critical ATN and EOI paths.

Each driver/receiver pair forms the complete interface between
the bus and an instrument. Either the driver or the receiver of each
channel 1s enabled by a Send/Receive input with the disabled output
of the pair forced to a high impedance state. The receivers have
input hysteresis to improve noise margin, and their input loading
follows the bus standard specifications.

® Low Power — Average Power Supply Current = 30 mA Listening
75 mA Talking
Eight Driver/Receiver Pairs
Three-State Outputs
High Impedance Inputs
Receiver Hysteresis — 600 mV (Typ)
Fast Propagation Times — 15~20 ns (Typ)
TTL Compatible Receiver Outputs
Single +5 Volt Supply
Open Collector Driver Qutput with Terminations
Power Up/Power Down Protection (No Invalid
Information Transmitted to Bus)
No Bus Loading When Power is Removed From Device
® Required Termination Characteristics Provided

OCTAL BIDIRECTIONAL
BUS TRANSCEIVER
WITH
TERMINATION NETWORKS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 623

P3 SUFFIX
PLASTIC PACKAGE
CASE 724

MAXIMUM RATINGS (T p = 25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage Vce 70 Vdc
Input Voltage \ 5.5 Vdc
Driver Output Current 1o(D) 150 mA
Junction Temperature Ty 150 °c
Operating Ambient Temperature Range TA 0to +70 oc
Storage Temperature Range Tstg -65 to +150 oc
Tmetrament Tt TYPICAL MEASUREMENT
A T e SYSTEM APPLICATION
(With GPIB) = =
Programmable
- H Calculator
(With GPIB)
Instrument
B | S~
(With GPIB) |

16 Lines Total

N
s/ (o[ ——>— Balvee
Data o[2 | I {\gF F—{23) Bus 0
Data 1E-——@——'——T— 22] Bus 1
Data z[Z——-Eg } [ F—21] Bus 2
Data EE_E‘E r F—{20]Bus 3
Data “E'—‘&F_ F—19] Bus 4
Data 5[: [18]Bus 5
s/r(s)[E] T7)S/R (1-4)
Data GE——E E——FEBM 6
Data 7[10] [ :'\§¥ F—15]Bus 7
S/R (G)EI———D———LQ-—_T_Z]S/E (7)
ESHiE w2
Vee
—F—OBus — Indicates Bus

Terminations
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MC3447

ELECTRICAL CHARACTERISTICS
(Unless otherwise noted 4 50 V< Vgc < 550V and 0 < Tp < 70°C, typical values are at Tp = 25°C, Ve =50 V)

Characteristic — Note 2 Symbol Min Typ Max Unit
Bus Voltage \%
(Bus Pin Open)(V|(s/R) =08 V) V(Bus) 25 — 3.7
({Bus) = 12 mA) ViC(Bus) - - -15
Bus Current I(Bus) mA
(50V <V(Bus) <55V) 07 — 25
(V(Bus) =05 V) -1.3 - -32
(Vec=0V,0V < V(gys) <275V) - - +0 04
Receiver Input Hysteresis - 400 600 - mV
(Vi(s/R)=08V)
Receiver Input Threshold v
(Vi(s/R)=08V) Low to High VILH(R) - 16 20
High to Low VIHL(R) 08 10 -
Receiver Output Voltage — High Logic State VOH(R) 24 - — \
(Vi(s/R) =08V, IgH(R) = =200 pA, V(Bys) =20 V)
Receiver Output Voltage — Low Logic State VOL(R) - - 05 \
Vi(s/R) =08V, loL(R) =40 mA, (V(gus) =08V
Receiver Output Short Circuit Current 10s(R) -40 - -20 mA
(Vi(s/R) =08V, V(gus) =20V)
Driver Input Voltage — High Logic State ViH(D) 20 - - v
Vis/R) =20V)
Driver Input Voltage — Low Logic State ViL(D) - - 08 \
(Vi(s/R)=20V)
Driver Input Current — Data Pins MA
Vits/R)y=20V)
06<Vyp)<27V) (D) -100 - 40
Vip)=55V) '18(D) - - 200
Input Current — Send/Receive KA
(05<V(g/R)<27V) li(s/R) -250 - 20
Vi(s/R) =55V) '1B(S/R) - - 100
Driver Input Clamp Voltage Vic(p) - - -16 \%
(Vi(s/R) =20 V. Iic(p) = -18 mA)
Drwver Output Voltage -- High Logic State VOH(D) 25 - - \Z
Vis/R) =20V, ViH(D) =20V)
Driver Output Voltage — Low Logic State (Note 1) VoL(p) - - 05 \
Vi(s/R) =20V, ViL(D) =08V, loL(D) = 48 mA)
Power Supply Current mA
(Listening Mode — All Receivers On) lccL - 30 45
(Talking Mode — All Drivers On) lccH - 75 95
SWITCHING CHARACTERISTICS (Ve =50V, T = 25°C unless otherwise noted)
Propagation Delay of Driver ns
(Output Low to High) tPLH(D) — 70 15
(Output High to Low) tPHL(D) — 16 30
Propagation Delay of Receiver (Channels 0to 5, 7) ns
(Output Low to High) tPLH(R) - 28 50
(Output High to Low) tPHL(R) — 15 30
Propagation Delay of Receiver (Channel 6, Note 3) ns
(Output Low to High) tPLH(R) - 17 30
(Output High to Low) tPHL(R) - 12 22

NOTES 1. The IEEE 488-1978 Bus Standard changes Vg |_(p) from 0.4 to 0.5 V maximum to permit the use of Schottky technology

2 Specified test conditions for V(g/R) are 0.8 V (Low) and 2.0 V (High) Where V(s/R) is specified as a test condition, V| (§/R)
uses the opposite logic levels

3. In order to meet the |IEEE 488-1978 standard for total system delay on the ATN and EOI channels, a fast receiver has been
provided on Channel 6 (pins 9 and 16).
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MC3447

SWITCHING CHARACTERISTICS (continued) (Voo =5.0 V, Ta = 256°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Propagation Delay Time — Send/Receiver to Data ns
Logic High to Third State tPHZ(R) - 15 30
Third State to Logic High tPZH(R) - 15 30
Logic Low to Third State tPLZ(R) - 18 25
Third State to Logic Low tPZL(R) = 10 25
Propagation Delay Time — Send/Receiver to Bus ns
Logic Low to Third State tPLZ(D) - 13 25
Third State to Logic Low tpZL(D) - 30 50
PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS
FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER)
To Scope
(Output) +50V
30V
tnput 15V 15V To Scope 1k
ov (Input)
PLH(R) TPHL(R)
VoH
Output 15V 15V 1N916
or Equiv
f=10MHz VoL
tTLH = tTHL < 5 0 ns (10-90) S
Duty Cycle = 50% 1
Pulse *Includes Jig
Generator t Rec and Probe Capacitance
FIGURE 2 — DATA INPUT TO BUS OUTPUT (DRIVER)
30V
T(c: Scot;;e To Scope
ey (Output) 30V s0v
R Send/ D |
= e e rov
51 ov
ruse T 5 Bus tPLH(D) I-—tPHuo)
Generator 51 VoH
Output 20V
cL* 30 pF 08 Vy
= I VoL
f=10MHz

*Includes Jig
and Probe Capacitance

tTLH = tTHL < 5 0 ns (10-90)
Duty Cycle = 50%

FIGURE 3 — SEND/RECEIVE INPUT TO BUS OUTPUT (DRIVER)

To Scope
(Output)

Bus I

Data
[B—
_[ Send/Rec K -[
To Scope %] | CuL 51
(Input)
Pulse 4 51 -
Generator b3 = 30V
C =30 pF (Includes Jig and
’ Probe Capacitance
= N

4-18

input

Output
Low to Open

_—\\1 5V

30V

j15\\/

ov

-

[— tpL2(D)

f=10MHz

/—Tvz ~3.0V
10% 0BV vo,
ov

—a

- tPZL(D)

tTLH = tTHL = < 56 0 ns (10-90)

Duty Cycle = 50%
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FIGURE 4 — SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER)

30V
5.0V

To Scope
(Output)

51

ZH
Bus

[—‘ Send/Rec
zZL

To Scope
(Input)

51 C_ = 15 pF (includes Ji
Pulse L P ncludes Jig
Generator and Probe Capacitance)

Vg, OUTPUT VOLTAGE (VOLTS)

- FIGURE 5 — TYPICAL RECEIVER HYSTERESIS
CHARACTERISTICS

50
[

Vcc!.‘:OV
40 Tp = 250C
30
20
10
° 05 10 15 20

V), INPUT VOLTAGE (VOLTS)

[ \ 3.0V
Input j 15V 15V
e O V
PZH(R) —=
—_— VoH
Output KQO% 15V
High to Open oV
— [—tPPHZ(R)
Output 50V
Low to Open [10% -1.5 V VoL
fm— ov
— [*—tpLZ(R) — I‘"PZL(R)
f=10MHz
tTLH = tTHL = < 5 0 ns (10-90)
Duty Cycle = 50%
FIGURE 6 — TYPICAL BUS LOAD LINE
60
40
20 +
z | —1
E 0 I -
=
Z 20 |
«
5 -40
3 g0 Non-Shaded Area
a " Conforms to
S -80 Paregraph 3-5.3 of
= 0 1EEE Stendard
-1 4881978 .
12 Ve =50V
-14 l > l
-4.0 -20 0 20 40 6.0

Vgys. BUS VOLTAGE (VOLTS)

FIGURE 7 — SUGGESTED PRINTED CIRCUIT BOARD LAYOUT USING MC3447s AND MC68488

10 Mcesasgs O
o o 2 MC3447s
A
o o < Ve ® N
o o 8 ]
> >
o o
o [ 0
° R Vee
DAV
° 0 O———SRQ
DIO1
o 1 o—")
° 2 o—— o— |
o 3 o— // P e— :
o a4 O / —0 O——DIO8
DAC
o e 5 © / —~o O———RFD
o T/R 10_171_1_/ S/R (5) OS/R(1-4)
o T/R2 6 oﬁ\ o . ATN
ATN EOI
° . 7 o—————o  Oo——ren
DAV o1 IFC
DAVO—— Eo! s/A(6) isxﬁm i
pAC O——— o |
RFD O———— ] s“n‘oo—‘ J Gnd  Gnd Gnd Gnd
[¢] RENO— O =——-0
Jumper or second
° L level metal
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FIGURE 8 — SIMPLE SYSTEM CONFIGURATION

45V
0
T/R1 DBO 1 D0
: .
M Data M
———————— _ H H
! H T/R2 . .
| 2Mmc34a7s | bB7 o7
I ! _
DAV -— DAV R/W R/W
I MC6802
| __ RSO AQ or
Dvou—E : T80 s . MC6800
: + RS2 Address . MPU
| o .
ooz = HH— B2 :
|
i ! :
1 A15
DIOS \ - 1 iBa
| b
: : TRQ #{ IRQ
pio7 < - + 1B6
I
: |
NDAC T—E—L pAcC
» | :
2 | —
o EOI - EOI1
© | ]
~
) 1
< ! ! S
g rer{=—=H
- i I McC68488
w - 4 GPIA
= | J—
sRa - sRa
1 |
| T
] 1
| ! __
DIOAQ—@‘ II 183
|
I I

D|06: - IB5
! |
| ' _
DIO8 - 1B7
| |
| |
NRFD - 1 RFD NOTE 1 Although the MC3447 transceivers
| ] are non-inverting, the 488-1978 bus callouts
: 1 appear inverted with respect to the MC68488
ATN > + ATN pin designations This is because the 488-1978

Standard is defined for negative logic, while all
M6800 MPU components make use of positive
logic format.

2
m
z
g
m|
z

|
| S | Trig -

4-20



MC3447

FIGURE 9 — SUGGESTED PIN DESIGNATIONS FOR USE WITH MC68488

MC68488 MC68488
Connections MC3447 Pin Designations Connections
A B A B
TR 2| vee | s/ (@ 1~ 24 vee Vee | Vee
DAV | SRQ | Data0 0 2 23 | BusO DAV SRQ
— . < A AK_ -
=1 181 Data 1 3 22 Bus 1 DIO 1 DIO 2
B2 B3 Data 2 4 21 | Bus2 DIO3 | DI04 | GgPIB MC68488
_ - Bus GPIA |!nstrument
B4 1B5 Data 3 5 20 Bus 3 DIO S DIO 6
86 B7 Data 4 6 Octal 19 | Bus4 DI0O7 | DIO8
GPIB m. < > - - —
DAC | RFD | Data5 7 Transcewer 18 | Bus5 NDAC | NRFD n
R2| T/R2| SR |8 17 | s/RG1-a) | T/R2 | T/R2 Masaar
EOI ATN | Data 6 9 16 | Bus6 EOI ATN
TFC REN | pata7 10 15 | Bus7 IFC REN
T/R1| Gnd | s/R (6) 11 14 | S/R(T) Gnd Gnd
Gnd Gnd Logic Gnd | 12 13 | Bus Gnd Gnd Gnd
OUTLINE DIMENSIONS [MILLIMETERS| _INCHES
o DIM[ MIN | MAX | MIN | MAX
L SUFFIX P3 SUFFIX EERETERRE R
CERAMIC PACKAGE PLASTIC PACKAGE 160 [ 0180
CASE 62304 CASE 72402 e
) = 5§30, =ggo 48SC__| 0100BSC
JAtyp) = 630C/W 83A(typ) = 800C/W 5663 ] 0683
0071 0012
SEATING PLANE 115 0135
NOTE 230 [ 0310
1 LEADS, TRUE POSITIONED WITHIN W - 0 - T 100
ﬂj‘ 025 mm (0010) DIA AT SEATING 051 02 [0020 | 0040
PLANE AT MAXIMUM MATERIAL
L —'l CONDITION (DIM D)
s A
ANAANNANANANNA
24 13)
NOTES 1
1 DIM “L" TO CENTER OF I » ?
B LELEN FORMED TPV YOV UYYY
2 LEADSWITHINOD 13 ——
0.005) RADIUS OF TAUE H=—
POSITION AT SEATING — =F c L
PLANE AT MAXIMUM N Is Y r_ —.]
MATERIAL CONDITION
(WHEN FORMED PARALLEL) .
[ K
el —l—p J-IL \‘/M
SEATING PLANE
THERMAL INFORMATION
The maximum power consumption an integrated circuit the sum of the products of the supply voltages and supply
can tolerate at a given operating ambient temperature, can currents at the worst case operating condition
be found from the equation
a T ) -TA TJ(max) = Maximum Operating Junction Temperature
PD(TA) = .&_ as listed in the Maximum Ratings Section
R9JA(Typ) TA = Maximum Desired Operating Ambient
Where Pp(Tp) = Power Dissipation allowable at a given Temperature

RgJA(Typ) = Typical Thermal Resistance Junction to

operating ambient temperature This must be greater than
Ambient
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MC3448A

BIDIRECTIONAL INSTRUMENTATION
BUS (GPIB) TRANSCEIVER

This bidirectional bus transceiver is intended as the interface
between TTL or MOS logic and the IEEE Standard Instrumentation
Bus (488-1978, often referred to as GPIB). The required bus
termination is internally provided.

Each driver/receiver pair forms the complete interface between
the bus and an instrument. Either the driver or the receiver of each
channel is enabled by its corresponding Send/Receive input with
the disabled output of the pair forced to a high impedance state. An
additional option allows the driver outputs to be operated in an
open collector({1) or active pull-up configuration. The receivers have
input hysteresis to improve noise margin, and their input loading
follows the bus standard specifications.

Four Independent Driver/Receiver Pairs
Three-State Outputs
High Impedance Inputs
Receiver Hysteresis — 600 mV (Typ)
Fast Propagation Times — 15-20 ns (Typ)
TTL Compatible Receiver Qutputs
Single +5 Volt Supply
Open Collector Driver Output Option(1)
Power Up/Power Down Protection
(No Invalid Information Transmitted to Bus)
No Bus Loading When Power Is, Removed From Device
Required Termination Characteristics Provided

QUAD THREE-STATE
BUS TRANSCEIVER WITH
TERMINATION NETWORKS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

1

(1) Selection of the “Open Collector” configuration, in fact, selects an open collector device
with a passive pull-up load/termination which conforms to Figure 7, IEEE 488-1978

Bus Standard.
MAXIMUM RATINGS (T = 25°C unless otherwise noted)
Rating Symbol Value Unit
Power Supply Voltage Vee 7.0 Vdc
Input Voltage V) 5.5 Vde
Driver Qutput Current lo(D) 150 mA
Junction Temperature Ty 150 oc
Operating Ambient Temperature Range TA 0to+70 oc
Storage Temperature Range Tstg -65 to +160 oc
Iy A
e TYPICAL MEASUREMENT
SYSTEM APPLICATION
Instrument T N
A H e
(With GPIB)
Instrument
- IS B
(With GPIB)
Programmable T <
Calculator H S~ o
(With GPIB)
1A v ¢r
16 Lines Total

L SUFFIX
CERAMIC PACKAGE
CASE 620
1
P SUFFIX
PLASTIC PACKAGE
CASE 648
N
Send/Rec. v
Input A ZI cc
Send/Rec.
Data A E #| input D
Bus A E El Data D
Pull-Up
Enable E z|BusD
input A-B Pull-Up
= | Enable
BusB |«
[: Input C-D
Data B E z]Busc
Send/Rec. —1Data C
Input B E
Send/Rec.
Gnd E 2 linputC
TRUTH TABLE
Send/Rec Enable Info. Flow Comments
] X Bus —> Data -
1 1 Data > Bus | Active Pull-Up
1 [} Data ~> Bus Open Col.

X = Don’t Care
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MC3448A

ELECTRICAL CHARACTERISTICS
(Unless otherwise noted 4.75 V < Vo < 5.25 V and 0 < Tp < 70°C; typical values are at T = 25°C, Vgc =5.0 V)

Characteristic Symbol Min Typ Max Unit
Bus Voltage \}
(Bus Pin Open)(V(g/R) = 0.8 V) V(BUS) 275 - 3.7
U(Bus) = -12mA) Vic(sus) - - -15
Bus Current H(BUS) mA
(6.0 V<V(gys)<55V) 0.7 - 25
(V(gus) =05 V) -13 - -3.2
(Vcc=0V,0V <V@gys)<275V) - - +0.04
Receiver Input Hysteresis - 400 600 - mV
Vi(s/r) =08 V)
Receiver Input Threshold \")
(Vi(s/R) = 0.8 V, Low to High) VILH(R) - 16 18
(V|(s/R) = 0.8 V, High to Low) VIHL(R) 0.8 1.0 -
Receiver Output Voltage — High Logic State VOH(R) 27 - - Vv
(Vi(s/R) =0.8 V, IoH(R) = -800 pA, V(gys) = 2.0 V)
Receiver Output Voltage — Low Logic State VOL(R) - - 05 Vv
(Vi(s/R) =0.8 V, loL(R) = 16 mA, V(Bys) =08 V)
Receiver Qutput Short Circuit Current 10s(R) -15 - -75 mA
(Vi(s/R) =0.8 V, V(BUs) =20 V)
Driver Input Voltage — High Logic State VIH(D) 20 - - Vv
(Vi(s/R) =20 V)
Driver Input Voltage — Low Logic State ViL(D) - - 0.8 \2
(Vi(s/r) =20V)
Driver Input Current — Data Pins HA
(Vi(s/r) = Vi(g) =20 V)
(05 < V(D)< 27V) (D) -200 - 40
(Vi(p) =55 V) hB(D) - - 200
input Current — Send/Receive A
(056 < V|(s/R) < 27V) 11(S/R) -100 - 20
Vi(s/r) =55 V) '1B(S/R) - - 100
Input Current — Enable HA
(05<V|(E)<27V) 1I(E) -200 - 20
(Vi(g) =55 V) 11B(E) - - 100
Driver Input Clamp Voltage Vic(p) - - -1.5 v
(Vi(s/R) =20V, lic(D) = -18 mA)
Driver Output Voltage — High Logic State VOH(D) 25 - - \"
(Vi(s/R) =2.0 V, VIH(D) =2.0 V, V|H(E) = 2.0 V, IgH = -5.2 mA)
Driver Output Voltage — Low Logic State (Note 1) VoL(p) - - 0.5 Vv
(Vi(s/R) =20 V, IgL(D) =48 mA)
Output Short Circuit Current los(D) ' -30 - -120 mA
(Vi(s/R) =2.0 V, ViH(D) = 2.0 V, VIH(E) =20 V)
Power Supply Current mA
(Listening Mode — All Receivers On) IccL - 63 85
(Talking Mode — All Drivers On) IccH - 106 125
SWITCHING CHARACTERISTICS (Ve =5.0 V, Ta = 25°C unless otherwise noted)
Propagation Delay of Driver ns
(Output Low to High) tPLH(D) - - 15
(Output High to Low) tPHL(D) - - 17
Propagation Delay of Receiver ns
(Output Low to High) tPLH(R) - - 25
(Output High to Low) tPHL(R) - - 23

NOTE 1. A modification of the IEEE 488- 1978 Bus Standard changes VoL(p) from 0.4 to 0.5 V maximum to permit the use of
Schottky technology.
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SWITCHING CHARACTERISTICS (continued) (Vo = 5.0 V, Ta = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Propagation Delay Time — Send/Receive to Data| ns
Logic High to Third State tPHZ(R) - - 30
Third State to Logic High tPZH(R) - - 30
Logic Low to Third State tPLZ(R) - - 30
Third State to Logic Low tPZL(R) - — 30
Propagation Delay Time — Send/Receive to Bus | ns
Logic High to Third State tPHZ(D) - - 30
Third State to Logic High tPZH(D) - - 30
Logic Low to Third State tPLZ(D) - - 30
Third State to Logic Low tPZL(D) - - 30
Turn-On Time — Enable to Bus ns
Pull-Up Enable to Open Collector tPOFF(E) - - 30
Open Collector to Pull-Up Enable tPON(E) - - 20
PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS
FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER)
To Scope
(Output) +50Vv
Input 15V To Scope 240
(Input) Data
tPLH(R) "—tPHL(R) 53
VoH cp*
Output 15V 1 5V Bus I30DF 1N916
f=10MHz VO'- < = or faum.
tTLH = tTHL < 50 ns (10-90) o551
Duty Cycle = 50% ‘ =
Pulse *Includes Jig and Send/
Generator _'_ Probe Capacitance Rec
FIGURE 2 — DATA INPUT TO BUS OUTPUT (DRIVER)
(Output) 23V
Send/ Driver Input
Data Rec 16V
o—4 383 or Enable
puise J Y S Bus tPLH(D) I‘*‘PHL(D)
Generator 51
J_ Output 20V q vou
Cp* 30 pF e
= I f=10MHz

*Includes Jig

and Probe Capacitance Pull-Up Enable

tTLH = tTHL < 50 ns (10-90)
Duty Cycle = 50%

FIGURE 3 — SEND/RECEIVE INPUT TO BUS OUTPUT (DRIVER)

30V

To Scope —\ (_3 oV
oz (Output) Input \1.5 v j 15V
ov
Pull-Up ZL tPZH(D)
Enable Bus —_ VoH
o Output 90% 20V
—E‘ Send/Rec ZH 135 High to Open ov
zZL el i
= — ‘—tPHZ(D)
;rlo Sco)pe output /——__ Vz=~11V
neut, 11V Low to Open 10% 0.8V v
Pulse <S5 = = OLyyv
Generator < — e tpLz(D) — " PZL(D)
Cp = 15 pF (Inciudes Jig and f=1.0MHz

Probe Capacitance
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Duty Cycle = 50%
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FIGURE 4 — SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER)

/ \ 30V
50V Input 7 165V 1.5V
To Scope N ov
3ov (Output) 250 PZH(R) —=] vou
2ZH Bus Output \9°% 15V
High to Open ov
L—‘ Send/Rec — [e—1pHZ(R)
= zL Cp ZH 3k Output / 50V
To Scope Low to Open 10% 15V VoL
(Input) —_— lov
= = —> [*—tPLZ(R) — |-—-tpzu.(m
Pulse 51 CL = 15 pF (Includes Jig f=10MHz
Generator and Probe Capacitance) tTLH = tTHL = < 5 0 ns (10-90)
- Duty Cycle = 50%
FIGURE 5 — ENABLE INPUT TO BUS OUTPUT (DRIVER)
To Scope
Y
8 g (Output)
Pull-Up 3ov
Data 'iEnabls |Bus Enable Input 15V 15V
D, ov
Send/Re
ana/mee [ 7Y L tPON(E) POFF(E)
CLA v
To Scope %_ 480 20V 90% OH
(Input) <*+—9 Output
Pulse 51 L ~iov Voc
Generator \J L C_ = 15 pF (Includes Jig = f=10MHz
and Probe Capacitance tTLH = tTHL = < 50 ns (10-90)
L Duty Cycle = 50%
FIGURE 6 — TYPICAL RECEIVER HYSTERESIS
CHARACTERISTICS FIGURE 7 — TYPICAL BUS LOAD LINE
50 6.0
T 40
_ Ve =50V
@ 40 ¥ o0 20 T
g T = 250C z ] 1
> E 0
w E I
2 30 @ -20
5 &
o 3 -40
e NonShaded Area _
= g .
52 280 Gonforms to
5 2-80 Paragraph 3-6.3 of
- = X * |EEE Standard
£ 10 -10 asg1978
-124- Vg =50V
0 -14 .
0 05 10 15 20 -4.0 -20 0 20 40 60

V|, INPUT VOLTAGE (VOLTS)

VBus. BUS VOLTAGE (VOLTS)
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Management
e N
o
m
z

Bus

Hand-shake
N
z
P
m
o

Bus

DAV

IEEE 488-1975 BUS

d

(~ D101

Dl10O2

DIO3

D104

Data

DIOS

D106
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|
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FIGURE 8 — SIMPLE SYSTEM CONFIGURATION
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+5V
L ]
T/R1 g
.
.
_ Data M
T/R 2 .
D7
EOI d R/W
MC6802
- AB OR
SRQ H MC6800
Address H MPU
—_ H
REN .
.
.
.
J— A15
IFC
IRQ # iRQ
ATN
DAC
RFD
DAV
MC68488
GPIA
18¢
81
82
B3
B4
I-BE NOTE 1: Aithough the MC3448A transceivers
are non-inverting, the 488-1978 bus callouts
appear inverted with respect to the MC68488
pin designations. This is because the 488-1978
1B6 Standard is defined for negative logic, while
all M6800 MPU components make use of
187 positive logic format.

NOTE 2. Unless proper considerations are
provided, it is recommended that the pull-up
enable pins on the MC3448As be grounded,
selecting the open-collector mode.
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OUTLINE DIMENSIONS

3
3

K
i

[

"
d

A _t K
U\ Wk
1 L J
_':'GL———“.._D F sEATI'P:i\:M
NOTES

1 LEADS WITHIN 0 13 mm (0 005) RADIUS
OF TRUE POSITION AT SEATING PLANE
AT MAXIMUM MATERIAL CONDITION

2 PKG INDEX NOTCH IN LEAD
NOTCH IN CERAMIC OR INK DOT

3 DIM“L" TO CENTER OF LEADS
WHEN FORMED PARALLEL

MILLIMETERS
DIMImiN [ mMAX | MIN | MAaX

o|ojo|>

CASE 620-02

Rgya = 60°C/W (Typical)

aNaNalaNaNatala

Lo

OPTIONAL LEAD
CONFIG (1,8,9,& 16)

N

=

T
]

e el SEAngggEK 4w

MILLIMETERS| _INCHES NOTES

1 LEADS WITHIN 0.13 mm
DIM| MIN [ MAX | MIN | MAX (0005) RADIUS OF TRUE
A [1880 [21.34] 0740 | 0840 POSITION AT SEATING
10 | 660 | 0240 _lﬂ PLANE AT MAXIMUM
06 | 508 | 0160 [ 0200] MATERIAL CONDITION
38 [ 053 15 [ 0021 2 "L T0
2254 BS1078 ‘:‘mrocw CENTER OF LEADS
WHEN FORMED
038 [ 241 °'_5—+W—95 PARALLEL
J [ 020 | 038 [ 00080015 3 8% DOES NOT
797 | 343 [ 0115 [ 0135 INCLUDE MOLD FLASH
L | 76285C 300 BSC .
i B N ) 4 “F" DIMENSION IS FOR FULL
35 107 {502 (5040 LEADS “HALF" LEADS ARE
OPTIONAL AT LEAD POSITIONS

1,8,9,and 16)
5 ROUNDED CORNERS OPTIONAL

CASE 648-05

Rgya = 100°C/W (Typical)

THERMAL INFORMATION

The maximum power consumption an integrated circuit
can tolerate at a given operating ambient temperature, can
be found from the equation:

TJ(max) -TA
RoJA(Typ)

Where: PD(TA) = Power Dissipation allowable at a given
operating ambient temperature. This must be greater than

PD(TA) =

the sum of the products of the supply voltages and supply
currents at the worst case operating condition.

TJ(max) = Maximum Operating Junction Temperature
as listed in the Maximum Ratings Section
TA = Maximum Desired Operating Ambient

Temperature
Rg JA(Typ) = Typical Thermal Resistance Junction to
Ambient
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MC3482A /MC6882A
MC3482B /MC6832B

This device may be ordered under
either of the above type numbers.

OCTAL THREE-STATE BUFFER/LATCH

This series of devices combines four features usually found
desirable in bus-oriented systems: 1) High impedance logic inputs
insure that these devices do not seriously load the
bus; 2) Three-state logic configuration allows buffers not being
utilized to be effectively removed from the bus; 3) Schottky
technology allows for high-speed operation; 4) 48 mA drive
capability.

® |Inverting and Non-Inverting Options of Data
SN74S373 Function Pinouts
Eight Transparent Latches/Buffers in a Single Package

Full Parallel-Access for Loading and Reloading

Buffered Control Inputs

All Inputs Have Hysteresis to Improve Noise Rejection

High Speed — 8.0 ns (Typ)

Three-State Logic Configuration

Single +5 V Power Supply Requirement

Compatible with 74S Logic or M6800 Microprocessor Systems

High Impedance PNP Inputs Assure Minimal Loading of the Bus

OCTAL THREE-STATE
BUFFER/LATCH

L SUFFIX
CASE 732

MICROPROCESSOR BUS EXTENDER APPLICATION

(Clock)
Gnd +5V ¢1 ¢2

[T17

INPUT EQUIVALENT
CIRCUIT

Vee

M6800 -
MPU
! OUTPUT EQUIVALENT
CIRCUIT
MC3482A/MC6882A v,
MC3482B/MC68828 MC6880A/MC8T26A cc
Octal Bus Extender
Buffer/Latch
MC6830 ——N
Address ROMs
and
Dat
Control I l Bausa
Bus L—N MC6810
Be=—=a
—N MC6820 M
P
g o o -
M N
R Ny ORDERING INFORMATION
ACIAs
v (Temperature Range for the following
_I l ] devices = 0 to +75°C )
I~ ~
T Device Alternate Package
To DAA MC6860
Modemn MC3482AL MC6882AL Ceramic DIP
MC3482BL MC6882BL Ceramic DIP
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MC3482A/MC6882A*M(C3482B/M(C6882B

MAXIMUM RATINGS (T A = 25°C unless otherwise noted.)

Rating Symbol Value Unit

Power Supply Voltage Vee 8.0 Vdc

Input Voltage V| 5.5 Vdc

Operating Ambient Temperature Range Ta 0to +75 oC

Storage Temperature Range Tstg -65 to +150 oc

Operating Junction Temperature Ty oc
Ceramic Package 175

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 0°C <Tp <75°C and 4.75 V <V <56.25 V)

Characteristic Symbol Min Typ Max Unit
Input Voltage — High Logic State ViH 20 - - v
(Vce = 4.75V, Ta = 25°C)
Input Voltage — Low Logic State ViL - - 0.8 v
(Vcc=4.75V, Ta = 25°C)
Input Current — High Logic State UH - — 40 uA
(Vcc=5.25V, Viq=2.4V)
Input Current — Low Logic State L - - -250 nA
(Ve =525V, V| =05 V,V|_(OE) = 05 V)
Output Voltage — High Logic State VoH 24 - - \"
(Vec=4.75V, IoH = -20 mA)
Output Voltage — Low Logic State VoL - - 0.5 v
(IgL = 48 mA)
Output Current — High Impedance State loz nA
(Ve =56.26V, Vo =24 V) - - 100
(Vec =525V, VoL =05 V) — - -100
Output Short-Circuit Current los -30 -80 -130 mA
(Ve =5.25 V, Vo = 0) (only one output can be shorted at a time)
Power Supply Current MC3482A/MC6882A lce - 130 mA
(Vce =5.25V) MC3482B/MC6882B 150
Input Clamp Voltage Vik - - -1.2 \Y
(Ve =475V, l|K = -12mA)
SWITCHING CHARACTERISTICS (Vege=50V, 0°C < Ta< +75°C, unless otherwise noted, typical @ Ta = 25°C)
MC3482A/ mc34828/
Characteristics Symbol MC6882A MC6882B Unit
Min Typ Max Min Typ Max
Propagation Delay Times ns
Data to Output
Low to High tPLH(D)
Cyp =50pF 40 90 16 40 90 16
Cy =250 pF - 12 20 - 12 20
CL =375pF - 14 22 - 14 22
Ci =500 pF 10 16 24 10 16 24
High to Low tPHL(D)
C =50pF 4.0 8.0 16 40 8.0 16
C| =250 pF - 15 22 - 15 22
C=375pF - 18 25 - 17 24
C|_ =500 pF 16 21 28 14 18 27
Propagation Delay Times ns
Latch Disable (Low to High)
to Output
Low to High tPLH(L) ;
Cp =50pF - 22 30 - 18 30
High to Low PHL(L)
CL =50pF - 23 30 - 14 25
Propagation Delay Times ns
(C =20pF)
High Output Level to High Impedance tpHZ(OE) - 8.0 15 - 6.0 13
Low Output to High Impedance tpLZ(OE) - 20 27 - 15 23
High Impedance to High Output tpZH(OE) - 9.0 16 - 1 18
High Impedance to Low Output tpZL(OE) - 13 20 - 9.0 16
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MC3482A/MC6882A*M(C3482B/MC6882B

AC SETUP CHARACTERISTICS (Voo =5.0V, 0°C < Tp, < +75°C, unless otherwise noted, typical @ Tp = 25°C.)

Output I 1
Enable

o B v

A B @ 5

i—o_lvcc
EOutB
Ellns
Eln7
EOut7
EIOUIG
1__4||n6
Elns
E]Outs
1] Towen

Output
Enable Latch Input Output
0 1 [*] 1
0 1 1 0
0 0 X Q,
1 X X r4

Output
Enable

Out 1

In1

In2

Qut 2

Out 3

In3

in4

Out4

Gnd

o
2
B
4
5
6
7
8

9

[E] [e] [e] [+

10

i
& |

e
B
=
i

il

Lap-

EVCC
EOutB
EInB
Eln7
EOUI7
BOutG
Elnﬁ
EInS
Eoms

11} Latch

Output
Enable Latch Input | Output
0 1 0 0
0 1 1 1
0 0 X Q,
1 X X z

MC3482A/ MC34828/
Characteristic Symbol MC6882A MC68828B Unit
Min Typ Max Min Typ Max

Setup Time tsu(D) 10 0 - 7.0 0 - ns

(Data to Negative Going Latch Enable)
Hold Time th(D) 10 — - 8.0 - - ns

(Data to Negative Going Latch Enable)
Minimum Latch Enable Pulse Width twiL) - 15 - - 15 - ns

(High or Low)

PIN CONNECTIONS AND TRUTH TABLES
MC3482A/MC6882A MC3482B/MC6882B
A\ S
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MC3482A/MC6882A* MC3482B/MC6882B

FIGURE 1 — TEST CIRCUIT FOR SWITCHING CHARACTERISTICS

FIGURE 2 — WAVEFORMS FOR PROPAGATION DELAY
TIMES DATA TO OUTPUT

3v
To Scope (Input) ch;ust;i;‘)e
Closed for
Input or tPLZ(DE), tPZL(OE) only Input - (0 ;’
Enable +5 vV PHL(D) LH(D
\
jl } « ervv—o0 oH
l 1k Output
M A/MC6882A
3 50 cL 1N3064 C3482 VoL
Pulse 9 or Equivalent tp LH(D) tPHL(D)
Generator
VoH
= Output
£ 10k MC3482B/MC68828B

= Closed for
C_ Includes Probe and

Jig Capacitance

PHZ(OE),'PZH(GE) only

Input Pulse Conditions

TTHL = tTLH < 5 ns
f=10MH:z

FIGURE 3 - WAVE FORMS FOR AC SETUP AND
LATCH DISABLE TO OUTPUT DELAY

’—7‘w1 L) —t—1tW(L) —’
Caten M

tsu(D) th(D)
Input \W
(Data)
tPLH(D)—=f " ‘PHL(D)-‘# 1'
Output 15V 1.5V

NOTES
1 LEADS WITHIN 025 mm (0010)

MILLIMETERS|  INCHES

DIA, TRUE POSITION AT
SEATING PLANE, AT MAXIMUM
MATERIAL CONDITION X
2 DIM L TO CENTER OF LEADS
WHEN FORMED PARALLEL 54 BSC 0.100 BSC
3 DIM A AND B INCLUDES 051 ] 127 [0.020 ] 0.050
MENISCUS 0.20 | 0.30 ] 0.008 | 0.012
318 | 4.06] 0.125 [ 0.160
.82 BSC 0.300 BSC
______ 0 150 (1) 150
A{\ AA N[ 025 [ 1.02 | 0.010 | 0.040
20 n
CASE 73203
1 10/
Iv VAV S— ‘ N
I A 1

) L

THPA

——
z
[

FIGURE 4 — WAVEFORMS FOR PROPAGATION DELAY
TIMES — OUTPUT ENABLE TO OUTPUT

Output Enable 1.5V

3.0
1.5V¥

tPZL(OE) tPLZ(DE)

Output = 5.0 V 1.5V 1.5V
—\‘\_4 VoL 7l‘vo._+o.5v__f——\:OH-o.5v5k

1,5v% Skst
t ov | 4
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MC3870

Advance Information

SINGLE-CHIP MICROCONTROLLER

The MC3870 1s a monolithic 8-bit microcomputer utilizing 10on-
implanted, N-channel silicon-gate technology and advanced circuit
design techniques The single-chip 3870 offers maximum cost effec-
tiveness in a wide range of control and logic replacement applications

® Software Compatible with F8 Family
® 2048 Byte Mask Programmable ROM
® 64 Byte Scratchpad RAM
® 32 Bits (4 Ports) TTL-Compatible I/0
® Programmable Binary Timer
Interval Trmer Mode
Pulse Width Measurement Mode
Event Counter Mode

External Interrupt

Crystal, LC, RC, External

Low Power (275 mW Typ )

Single +5 Volt +10% Power Supply

MOS

{N-CHANNEL, SILICON-GATE
DEPLETION LOAD)

SINGLE-CHIP
MICROCONTROLLER

L SUFFIX
CERAMIC PACKAGE
CASE 715

S SUFFIX
CERDIP PACKAGE
CASE 734

P SUFFIX
PLASTIC PACKAGE
CASE 711

ABSOLUTE MAXIMUM RATINGS*

Operating Temperature

0 to 70°C

—40 to +85°C

Temperature Under Bias

Storage Temperature

Voltage on any Pin with Respect to Ground
(Except open-drain pins and TEST)

Voltage on TEST with Respect to Ground

Voltage to Open-Drain Pins with Respect
to Ground

Power Dissipation
Power Dissipation by any One /0 Pin
Power Dissipation by All I/0 Pins

*Stresses above those listed under ' Absolute Maximurn Ratings’’ may cause permanent dam-
age to the device This s a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification 1s
not imphed Exposure to absolute maximum rating conditions for extended periods may af-

fect device rehability

—20°C to +85°C
—65°C to +150°C  —66°C to +150°C

-10Vto +7V

-10Vto +9V

600 mW

—60°C to +100°C

-10Vto +7V

-10Vto +9V

-10Vto +135V —-10Vto +135V

15W 15W
60 mW 60 mW
600 mW

FIGURE 1 — PIN ASSIGNMENT

xTL1l @ w0 NVce
xTL 202 39 [IRESET
Po-003 38[IEXT INT
po1Q4 371 P10
o205 BpPTT
po3le 3B[1F12
STROBEDQ 7 4 pFT-3
P40l 8 33[1P5-0
pPa109 32[1 P51
Pa2010 311P52
pa-3n 30{1P53
Paai2 29[1P5-4
Pa5[i3 8[1P55
Paela 21[1P5-6
Pa7 15 26{1p57
pPo-7016 250 P17
Po-6l17 24{1P1-6
P_o-S'ém 23[1P15
poall19 20 P4
GND D20 211 TEST
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FIGURE 2 — BLOCK DIAGRAM

XTL 1 —
Clock Timer IneruPt lea— EXT INT
XTL 2 — 9
ROM
Adder/ i Address 2048 X 8
inc. b R Program
. egisters ROM
PO, P, DC, DC1
Indirect Accumulator
h Scratchpad Scratchpad and
T Address Registers ALY Status Control
Register Register Logic
M Instruction
Main Data Bus Register
Test Power
Logic Port 0 Port 1 Porta Port 5 On
Clear
Test 'STROBE RESET
AC CHARACTERISTICS
. 0 to 70°C —40° to +86°C
Signal Symbol Parameter Min Max Nin Max Unit Notes
XTL1 -
XTL2 to | Time Base Period, all clock modes 250 1000 250 6500 | ns
tex(H) | External clock pulse width high 90 700 100 390 ns
tex(L) | External clock pulse width low 100 700 10 39 | ns
[ t¢ | Internal ¢ clock 219 2t
WRITE tw Internal WRITE Clock period i) 4t¢ Short Cycle
6t¢ 6tp Long Cycle
50 pF plus
/0 1dli/O | Output delay from internal WRITE clock 0 1000 0 1200 | ns one TTL load
sl/O { Input setup time to internal WRITE clock 1000 1200 ns
<TRRaE 3t¢ 3t¢ 3t¢ 3t¢ 1/0 load =
e 1/0-s | Output valid to STROBE delay ~1000 4250 — 1200 +300 L P pF+1 TTL load
R TTeTTS 8¢ 12t 8t¢ 12t¢ STROBE load=
'sL | STROBE low tme _250 | +260] -300 |+300] "|80pF+3 TTL loads
=== 6t¢ 6to
tRH | RESET hold time, low +750 + 1000 s
RESET power power
— supply supply
tRpOC | RESET hold time, low for power clear nse nse ms
tme +01 time +0 15
6t 6t¢ To trigger
EXT INT tgH | EXT INT hold time in active and inactive state +750 +1000 ns | interrupt
2t¢ 2t¢ ns | To tngger timer
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DC CHARACTERISTICS (1/0 Power Dissipation< 100 mW) (Note 2)

Symbol Parameter 1%:10 70:12,( _,;%m +]a$a;’(c Unit Conditions
Vee Power Supply Voltage 45 55 475 525 \%
ViHex | External Clock Input High Level 24 V¢ 24 Vee | V
ViLEX | External Clock Input Low Level -03 06 -03 06 \
IiHEX | External Clock Input High Current — 100 — 130 | A |VIHEX=VCC
hiLex | External Clock Input Low Current - - 100 - —130 | pA |ViLEX=VsS
Vi | ot Hgh Level, 10 Prns 20 13| 22 w3 | v |opmbmnty
ViHR | Input High Level, RESET 20 Vec | 22 vec | v
VIHEl | Input High Level, EXT INT 20 Vcc | 22 vce
ViL Input Low Level -03 08 -03 07 Vv (1)
I Input Low Current, All Pins with Standard Pullup Resistor - -16 — -19 | mA|VN=04V
| Input Leakage Current, Open Drain Pins, - +10 — +18 A VIN=132V
L and Inputs with No Pullup Resistor — -5 — -8 | #|vin=02V
10H Output High Current Pins with Standard Pullup Resistor -100 - -9 - pA |VOH=24V
16 - | -13 - VOH=15V
IQHDD | Output High Current Direct Drive Pins _ -85 _ —1 mA VOH=07V
IOHS STROBE Output High Current -300 - -270 - wA IVoL=24V
loL Output Low Current 18 — 165 — mA VoL =04V
loLs STROBE Output Low Current 50 - 45 — mA|VoL=04V
Icc Power Supply Current — 85 — 110 mA | Outputs Open
Pp Power Dissipation - 400 - 525 | mW| Outputs Open

1 RESET and EXT INT have internal Schmitt triggers giving minimum O 2 V hysteresis

2 Power dissipation for /0 pins 1s calculated by Z(Vce— VL) ([ =Z(Vee - Vor!|lor)) =E(Voulior)

TIMER AC CHARACTERISTICS

Definitions
Error= Indicated time value — actual time value

tpsc = t¢ x Prescale Value

Interval Timer Mode:
Single interval error, free running (Note 3)
Cumulative interval error free running (Note 3)
Error between two Timer reads (Note 2)
Start Timer to stop Timer error (Notes 1, 4)
Start Timer to read Timer error (Notes 1, 2)
Start Timer fo interrupt request error (Notes 1, 3)
Load Timer to Stop Timer error (Note 1)
Load Timer to read Timer error (Notes 1, 2)
Load Timer to interrupt request error (Notes 1, 3)

Pulse Width Measurement Mode:

Measurement accuracy (Note 4)
Minimum pulse width of EXT INT pin

Event Counter Mode:
Minimum active time of EXT INT pin
Minimum inactive time of EXT INT pin

NOTES

-

instruction

w N

+6t¢

0

+ (tpsc+ t¢)

+ 10— tpsc + t¢)
—5t¢ to — (tpsc + 7t¢)
—2t¢ to — 8t

+1¢ 10 — (tpes + 2t9)
=5t 10— (tpsc +8t)
—2t¢ to —9t¢

T ip 1o — {tpgc+2tg)
2t

2tp
2t¢

All tmes which entail ioading, starting, or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS

All tmes which entail reading the Timer are referenced from the end of the iast machine cycle of the IN or INS instruction
All times which entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate in-

terrupt request latch 1s set Additional time may elapse if the interrupt request occurs during a privileged or multicycle instruction

EN

Error may be cumulative if operation is repetitively performed

4-34



MC3870

FIGURE 3 — STROBE SOURCE CAPABILITY FIGURE 4 — STROBE SINK CAPABILITY
(TYPICAL AT Vcc=5V, TA=25°C) (TYPICAL AT Vcc =5V, TA=25°C)
-15
+100
€
! K
= -10
2 -
3
3 & +50
g 2
[ x A
2 5 Z
2 4 5
1 OUTPUT VOLTAGE
1 2 3 4 5
OUTPUT VOLTAGE
FIGURE 5 — STANDARD 1/0 PORT SOURCE CAPABILITY FIGURE 6 — DIRECT DRIVE I/0 PORT SOURCE CAPABILITY
(TYPICAL AT Ve =5V, Tao=25°C) (TYPICAL AT Veg =5V, Tp=25°C)
-15
-10
<
E
K 10 ~ \
(Rl = ‘F
= &
E g =3 ~
3 =]
=2 w
o (=} -
g 2
£-05 2 ™
7
h 3 4 5
OUTPUT VOLTAGE
1 3 4 5
OUTPUT VOLTAGE
FIGURE 7 — 1/0 PORT SINK CAPABILITY FIGURE 8 — MAXIMUM OPERATING TEMPERATURE
(TYPICAL AT Ve =5V, Ta=25°C) vs 1/0 POWER DISSIPATION
100
+60:
o
©
+50 !
z = 2
| +40 50. b N
= PUstie ISR Cemamg
= S~
& +30
3 gt
Z.420
w
10 100 200 300 400 500 600 1000
Pp 0 — mW
2 4
OUTPUT VOLTAGE

4-35



MC3870

FIGURE 9 — MC3870 IDD vs TEMPERATURE (Vcc=5 V)

20 I
-40 -20 0 +20 +40 +60 +80 +100
TEMPERATURE Tp — °C

FIGURE 10 — AC TIMING DIAGRAM

External Clock

TEX(L)

Internal ¢ Ciock ——]F_\._J \—/ \_—/_

1/0 Port Output

—_— let— t1/0 -5

STROBE
——-\ f

TET T '

RH

ICP Bit2=0 N\ 4

EXTINT tEH

IcPBIt2=1 ] \

NOTE All measurements are referenced to V||_max , V| min, Vg max, or Voy min
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Internal

FIGURE 11 — INPUT/OUTPUT AC TIMING

Cycle Timing
Write Depends on Instruction
Clock 2 ps* 3 ps’ 3ps” 2 ps
n N\ S/
. IN or INs|  Port Addr Port Data Next
Cycle Timing Op Code Placed on Driven on to Op Code
Shown for Fetched Data Bus Data Bus Fetched
4 MHz External
Clock
Port Pins
1ps
Setup
Max
ts1/0
A Input on Port 4 or 5
Internal Cycle Timing
Write 2 st 3 st 3 s 2 450 Depends on Instruction
[ W us ns
cos A2 I A NN
%\#JTTgr Port Addr Accumulator Next
Op Code on Data Contents Op Code
Fetched Bus On Data Bus Fetched
Port Pins
STROBE 970 Stays Low |
(Active for Port 4 Only) For Two Wnte
1 s Cycles
Max 500 ns* min
4/0-s
B. Output on Port 4 or 5
Internal
Write 2us" - 248 2 us* 2 st 2 ps® 2ps*
s
Clock [‘\ F\PFN \ /—\ILI—J\#/—\uI—
ort ext . Next
|;us 0.1 bzt on | Op Code OUTS 0, 1|/ACC Data} et
etched Bus Fetched Fetched on Bus Fetched
Port Pins Port Pins
t
] I:A“S e 5170 di/0
ax 7
us
Setup Max

C. Input on Port 0 or 1
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3870 CLOCKS

The time base for the 3870 may originate from one of four

sources The four configurations are shown in Figure 12
There 1s an internal 26 pF capacitor between XTL 1 and GND
and an internal 26 pF capacitor between XTL 2 and GND
Thus, external capacitors are not necessarily required In all
external clock modes the external time-base frequency Is
divided by two to form the internal ¢ clock. The external
clock frequency Is divided by eight during short instruction
cycles and 1s divided by twelve during long instruction cycles
as given per instruction in the instruction set towards the end
of this data sheet To get the total instruction cycle time,
divide the external clock frequency by eight, invert the
number, then multiply by the short number of cycles Then
divide the external clock frequency by twelve and invert the
number (Yx) then multiply by the number of long cycles
Add these two numbers to get the number of nanoseconds
per instruction for a given clock frequency

CRYSTAL SELECTION

The use of a crystal as the time base 1s highly recommend-
ed as the frequency stability and reproducability from

system-to-system is unsurpassed The 3870 has an internal
divide-by-two to allow the use of inexpensive and widely
available TV Color Burst Crystals (3 58 MHz) The following
crystal parameters are suggested for 3870 applications

a) Parallel Resonance, Fundamental Mode AT-Cut,
HC-33/u holder

b) Frequency Tolerance measured with 18 pF load
(0 1% accuracy) — drive level 10 mW

c) Shunt capacitance (Co) =7 pF max

d) Series resistance (Rs)

f=1MHz Rs =550 ohms max
f=2 MHz Rs =300 ohms max
f=3 MHz Rs =100 ohms max

f=3568 MHz | Rs=100 ohms max
f=4 MHz Rs =100 ohms max

FIGURE 12 — CLOCK CONFIGURATION

RC Mode
Vee

XTL1 XTL 2

L

L
Minimum R=4 kQ T Cexternal (optional)
C=265pF £26 pF+Coxtenal o

LC Mode

XTL1 XTL 2

R——
Cexternal (optional)

Minimum L=01 mH
Minimum Q=40

Maximum Cexternal =30 pF
C=13pF +1 3 pF+ Cexternal

1
f 2x4C

Crystal Mode External Mode

XTL 1 XTL 2 XTL 1 XTL 2
AT Cut 1 — 4 MHz Open External
Clock

RC CLOCK MODE OF MC3870

\‘R;

} —
- MAXIMUM (4.55.5 V, 0°C-70°C) J =
- TYPICAL (Veg =5V, Th=25°C)
L MINIMUM (4.5.5.5 V, 0°C-70°C)
) I I T O O O T |

FREQUENCY IN MEGAHERTZ
w

4 6 8 10 12 14 16 18 20 22
EXTERNAL RESISTOR IN KILOHMS
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FUNCTIONAL PIN DESCRIPTION

P00 - PO-7 AND P10 - P1-7
Ports 1 and 2 are 16 lines which can be individually used as
standard TTL-type inputs or latched outputs

P40 - P47 AND P50 - P5-7

Ports 4 and 5 are 16 lines which can be individually used as
standard, open drain, or direct drive type latched outputs or
inputs Refer to Figure 15 for more information on port op-
tions

STROBE

This output, which is normally high, provides a single low
pulse after valid data I1s present on port 4 (P4-0 - P4-7) during
an output instruction

RESET

This active low input 1s used to reset the internal state of
the microcomputer When allowed to go high, program ex-
ecution begins at $000

EXT/INT

This input 1s an external interrupt Its active state 1s soft-
ware programmable The input is also used Iin conjunction
with the timer for pulse width measurement and event coun-
ting

XTL 1 AND XTL 2

These two inputs interface a crystal (1 to 4 MHz), LC net-
work, RC network, or an external single-phase clock to the
microcomputer

TEST

TEST is an input used only in testing the MC3870 For nor-
mal circuit functionality, this pin 1s left unconnected or may
be grounded

Vee
This 1s the power supply input (+5V +10%)
Pin Name Description Type
PO-0- P0-7 [1/0 Port 0 Bidirectional
[PT-0- P17 [1/0 Port 1 Bidirectional
Pa-0 P47 1/0 Port 4 Bidirectional
P6-0- P57 [1/0O Port 6 Bidirectional
STROBE Ready Strobe Output
EXT INT External Interrupt Input
RESET External Reset Input
TEST Test Line Input
XTL 1, XTL 2| Time Base Input
Vce, GND Power Supply Lines Input

3870 ARCHITECTURE

This section describes the basic functional elements of the
3870 as shown tn the block diagram of Figure 2 A program-
ming model 1s shown in Figure 13
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MAIN CONTROL LOGIC

The Instruction Register (IR) receives the operation code
(OP code) or the instruction to be executed from the pro-
gram ROM via the data bus During all OP code fetches eight
bits are latched into the IR Some instructions are completely
specified by the upper four bits of the OP code In those in-
structions the lower four bits are an immediate register ad-
dress or an immediate 4-bit operand Once latched into the
IR the main contro! logic decodes the instruction and pro-
vides the necessary control gating signals to all circuit
elements

ROM ADDRESS REGISTERS

There are four 11-bit registers associated with the 2K x 8
ROM These are the Program Counter (P0O), the Stack
Regster (P), the Data Counter (DC), and the Auxiliary Data
Counter (DC1) The Program Counter is used to address in-
structions or immediate operands P 1s used to save the con-
tents of PO during an interrupt or subroutine call Thus, P
contains the return address at which processing Is to resume
upon completion of the subroutine or the interrupt routine

The Data Counter (DC) 1s used to address data tables This
register is auto-incrementing Of the two data counters only
DC can access the ROM However, the XDC instruction
allows DC and DC1 to be exchanged

Associated with the address registers 1s an 11-bit Ad-
der/Incrementer This logic element is used to increment PO
or DC when required an 1 s also used to add displacements
to PO on relative branches or to add the data bus contents to
DC in the ADC (Add Data Counter) instruction

2048 x 8 ROM

The microcomputer program and data constants are
stored in the program ROM When a ROM access s re-
quired, the appropriate address register (PO or DC) 1s gated
onto the ROM address bus and the ROM output is gated on-
to the main data bus The first byte in the ROM 1s location
zero

SCRATCHPAD AND IS

The scratchpad provides 64 8-bit registers which may be
used as general purpose RAM memory The Indirect Scrat-
chpad Address Register (iS) 1s a 6-bit register used to ad-
dress the 64 registers All 64 registers may be accessed using
IS In addition, the lower order 12 registers may also be
directly addressed

IS can be visualized as holding two octal digits This divi-
sion of IS 1s iImportant since a number of instructions incre-
ment or decrement only the least-significant three bits of IS
when referencing scratchpad bytes via IS This makes 1t easy
to reference a buffer consisting of contiguous scratchpad
bytes For example, when the low order octal digit is in-
cremented or decremented IS I1s incremented from octal 27
(0'28') to 0'20) or 1s decremented from 0'20" to 0'27" This
feature of the IS is very useful in many program sequences
All six bits of IS may be loaded at one time or either half may
be loaded independently

Scratchpad registers 9 through 15 (decimal) are given
mnemonic names (J, H, K, and Q) because of special
linkages between these registers and other registers such as
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the Stack Register These special linkages facilitate the im-
plementation of multi-level interrupts and subroutine
nesting For example, the instruction LR K,P stores the
lower eight bits of the Stack Register into register 13 (K
lower or KL) and stores the upper three bits of P into register
12 (K upper or KU)

ARITHMETIC AND LOGIC UNIT (ALU)

After receiving commands from the main control logic, the
ALU performs the required arithmetic or logic operations
(using the data presented on the two input buses) and pro-
vides the result on the result bus The arithmetic operations
that can be performed in the ALU are binary add, decimal ad-

just, add with carry, decrement, and increment The logic
operatons that can be performed are AND, OR, EXCLUSIVE
OR, "1's” complement, shift night, and shift left Besides
providing the result on the result bus, the ALU also provides
four signals representing the status of the result These
signals, stored Iin the Status Register (W), represent
CARRY, OVERFLOW, SIGN, and ZERO condition of the
result of the operation

ACCUMULATOR (A)

The Accumulator (A) 1s the principal register for data
manipulation within the 3870 The A serves as one input to
the ALU for anthmetic or logical operations The result of
ALU operations are stored in the A

FIGURE 13 — MC3870 PROGRAMMABLE REGISTERS, PORTS, AND MEMORY MAP
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THE STATUS REGISTER (W)

The Status Register (also called the W register) holds five
status flags as shown in Figure 14

FIGURE 14 — STATUS REGISTER (W)
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INTERRUPT CONTROL BIT (ICB)

The ICB may be used to allow or disallow interrupts in the
MC3870 This bit 1s not the same as the two interrupt enable
bits in the Interrupt Control Port (ICP) If the ICB 1s set and
the MC3870 interrupt logic communicates an Interrupt re-
quest to the CPU section, the interrupt will be acknowledged
and processed upon completion of the first non-privileged in-
struction If the ICB 1s cleared an interrupt request will not be
acknowledged or processed until the ICB 1s set

I/0 PORTS

The MC3870 provides four complete bidirectional In-
put/Output ports These are ports 0, 1,4, and 5 In addition,
the Interrupt Control Port 1s addressed as port 6 and the
binary timer 1s addressed as poit 7 An output instruction
(OUT or CUTS) causes the contents of A to be latched into
the addressed port An input instruction (IN or INS) transfers
the contents of the port to A (port 61s an exception wnich is
aescribed later) The schematic of an 1/0 pin and wailable
outpul drive options are shown in Figure 15

An output ready strobe is associated with port 4 This flag
may be used to signal a peripheral device that the MC3870
has just completed an output of new data to port 4 The
strobe provides a single low pulse shortly after the output
operation I1s completely finished, so either edge may be used
to signal the peripheral STROBE may also be used as an in-
put strobe simply by doing a dummy output of H ‘00’ strobe
to port 4 after completing the input operation

FIGURE 15 — 1/0 PIN CONCEPTUAL DIAGRAM WITH OUTPUT BUFFER OPTIONS

Vee o—vwa—e

3 Output
o
2 Buffer
o q
g —— Port
E) o D o 1/0
w~ 3 =
1 2led Pin
o ol D Q
« 3|3
o] [ e
°
o
=
S
%
2
o
< I
g
[a) Output Buffer Options
Vee Vee
1Q Typ 6 Q Typ
Standard Open Drain Direct Drive
Output Output Output

Ports 0 and 1 are Standard Output type only

Ports 4 and 5 may both be any of the three output options (programmable bit-by-bit)
The STROBE output 1s always configured similar to a Direct Drive Output except that it 1s capable of driving 3 TTL loads
RESET and EXT INT may have standard 6 k@ (typical) pullup or may have no pullup These two inputs have Schmitt trigger inputs

with a minimum of 0 2 volts of hysteresis
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TIMER AND INTERRUPT CONTROL PORT

The Timer 1s an 8-bit binary down counter which is soft-
ware programmable to operate in one of three modes the In-
terval Timer Mode, the Pulse Width Measurement Mode, or
the Event Counter Mode As shown in Figure 16, associated
with the Timer are an 8-bit register called the interurpt con-
trol port, a programmable prescaler, and an 8-bit modulo-N
register A functional logic diagram 1s shown in Figure 17

INTERRUPT CONTROL PORT (PORT 6)

The desired timer mode, prescale value, starting and stop-
ping the timer, active level of the EXT INT pin, and local
enabling or disabling of interrupts are selected by outputting
the proper bit configuration from the Accumulator to the In-
terrupt Control Port (port 6) with an OUT or OUTS instruc-
tion Bits within the Interrupt Control Port are defined as
follows

Bit 0 — External Interrupt Enable

Bit 1 — Timer Interrupt Enable

Bit 2 — EXT INT Active Level

Bit 3 — Start/Stop Timer

Bit 4 — Pulse Width/Interval Timer

Bit 5 — —2 Prescale

Bit6 - —5 Prescale

Bit 7 — —20 Prescale

A special situation exists when reading the Interrupt Con-
trol Port (with IN or INS instruction) The Accumulator is not
loaded with the content of the ICP, instead, Accumulator
bits 0 through 6 are loaded with “0’'s" while bit 7 1s loaded
with the logic level being applied to the EXT INT pin, thus
allowing the status of EXT INT to be determined without the
necessity of servicing an external interrupt request When

reading the Interrupt Control Port (port 6) bit 7 of the Ac-
cumulator 1s loaded with the actual logic level being applied
to the EXT INT pin, regardless of the status of ICP bit 2 (the
EXT INT Active Level bit), thatis, if EXT INTisa + 5V bit 7
of the Accumulator is set to a logic 1", but if EXT INT 1s at
GND then Accumulator bit 7 is reset to logic “0” This
capability 1s useful in establishing a high speed polled hand-
shake procedure or for using EXT INT as an extra input pin if
external interrupts are not required and the Timer is used on-
ly in the Interval Timer Mode However, if it 1s desirable to
read the contents of the ICP then one of the 64 scratchpad
registers or one byte of RAM may be used to save a copy of
whatever 1s written to the ICP

The rate at which the timer is clocked in the Internal Timer
Mode is determined by the frequency of an internal ¢ clock
and by the division value selected for the prescaler (The in-
ternal ¢ clock operates at one-half the external time-base fre-
quency) If ICP bit 5s set and bits 6 and 7 are cleared, the
prescaler divides ¢ by 2 Likewsse, if bit 6 or 7 1s individually
set, the prescaler divides ¢ by 5 or 20 respectiveiy Combina-
tions of bits b, 6, and 7 may also be selected For example, if
bits 5 and 7 are set while 6 is cleared the prescaler will divide
by 40 Thus, possible prescaler values are —2, -5, —10,
—20, —40, —100, and —200

Any of three conditions will cause the prescaler to be
reset whenever the timer 1s stopped by clearing ICP bit 3,
execution of an output instruction to Port 7, (the timer 1s
assigned port address 7), or on the trailing edge transition of
the EXT INT pin when in the Pulse Width Measurement
Mode These last two conditions are explained in more detail
below

FIGURE 16 — TIMER AND CONTROL PORT BLOCK DIAGRAM
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FIGURE 17 — MC3870 TIMER/INTERRUPT FUNCTIONAL DIAGRAM
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An OUT or OUTS instruction to Port 7 will load the con-
tent of the Accumulator to both the Timer and the 8-bit
modulo-N register, reset the prescaler, and clear any
previously stored timer interrupt request As previously
noted, the Timer i1s an 8-bit down counter which is clocked
by the prescaler in the Interval Timer mode and in the Pulse
Width Measurement Mode The prescaler i1s not used in the
Event Counter Mode The modulo-N register i1s a buffer
whose function is to save the value which was most recently
outputted to Port 7 The modulo-N register 1s used in all
three timer modes

Interval Timer Mode — When ICP bit 4 1s cleared (logic 0)
and at least one prescale bit is set, the Timer operates in the
Interval Timer Mode when bit 3 of the ICP is set the Timer
will start counting down from the modulo-N value After
count:ing down to H ‘01", the Timer returns to the modulo-N
value at the next count On the transition from H ‘01 to H ‘N’
the Timer sets a timer interrut request latch Note that the in-
terrupt request latch s set by the transition to H ‘N’ and not
be the presence of H ‘N’ in the timer, thus allowing a full 256
counts If the modulo-N register 1s preset to H ‘00" If bit 1 of
the ICP is set, the interrupt request .s passed on to the CPU
section of the MC3870 However, if bit 1 of the ICP is a logic
0 the interrupt request is not passed on to the CPU section
but the interrupt request latch remains set If ICP bit 1s
subsequently set, the interrupt request will then be passed
on to the CPU section (Recall from the discussion of the
Status Register’s Interrupt Control Bit that the interrupt re-
quest will be acknowledged by the CPU section only if ICB is
set ) Only two events can reset the timer interrupt request
latch when the timer interrupt request latch is acknowledg-
ed by the CPU section, or when a new load of the modulo-N
register 1s performed

Consider an example in which the modulo-N register is
loaded with H ‘64’ (decimal 100) The timer interrupt request
latch will be set at the 100th count following the timer start
and the timer interrupt request latch will repeatedly be set on
precise 100 counter intervals If the prescaler i1s set at —40
the timer interrupt request latch will be set every 400 ¢ clock
periods For a 2 MHz ¢ clock (4 MHz time-base freugency)
this will produce 2 millisecond intervals

The range of possible intervals is from 2 to 51,200 ¢ clock
periods (1 us to 25 6 ms for a 2 MHz clock) However, ap-
proximately 50 ¢ periods I1s a practical minimum because the
time between setting the interrupt request latch and the ex-
ecution of the first instruction of the interrupt service routine
1s at least 29 ¢ periods (the response time is dependent upon
how many privileged instructions are encountered when the
request occurs), 29 is based on the timer interrupt occuring
at the beginning of a non-privileged short mnstruction To
establish time intervals greater than 51,200 ¢ clock periods I1s
a simple matter of using the timer interrupt service routine to
count the number of interrupts, saving the result in one or
more of the scratchpad registers until the desired interval is
achieved With this technique virtually any time interval, or
several time Intervals, may be generated

The Timer may be read at any time and in any mode using
an input instruction (IN 7 or INS 7) and may take place “on
the fly"” without interfering with normal timer operaticn
Also, the Timer may be stopped at any time by clearing bit 3
of the ICP The Timer will hold its current contents in-

4-44

definitely and will resume counting when bit 3 1s again set
Recall however that the prescaler 1s reset whenever the
Timer 1s stopped, thus a series of starting and stopping will
result in a cumulative truncation error

A summary of other timer errors is given in the timing sec-
tion of therr specification For a free running timer in the In-
terval Timer Mode the time interval between any two Inter-
rupt requests may be in error by + 6 ¢ clock periods although
the cumulative error over many intervals is zero The
prescaler and Timer generate precise intervals for setting the
timer interrupt request latch but the time out may occur at
any time within a machine cycle (There are two types of
machine cycles, short cycles which consist of 4 ¢ clock
periods and long cycles which consist of 6 ¢ clock periods )
Interrupt  requests are synchronized with the internal
machine clock thus, giving rise to the possible +6 ¢ error
Additional errors may arnse due to the interrupt request oc-
curing while a privileged instruction or multicycle instruction
1s being executed Nevertheless, for most applications all of
the above errors are neglibible, especially if the desired time
interval 1s greater than 1 ms

Pulse Width Measurement Mode — When ICP bit 4 is set
(logic 1) and at least one prescale bit i1s set, the Timer
operates in the Pulse Width Measurement Mode This mode
1s used for accurately measuring the duration of a pulse ap-
plied to the EXT INT pin The Timer i1s stopped and the
prescaler 1s reset whenever EXT INT is at its inactive level
The active level of EXT INT is defined by ICP bit 2, if cleared,
EXT INT 1s active low, if set, EXT INT is active high If ICP bit
31s set, the prescaler and Timer will start counting when EXT
INT transitions to the active level When EXT INT returns to
the inactive level the Timer then stops, the prescaler resets,
and /f /ICP bit O11s set an external interrupt request latch 1s set
(Unlike timer interrupts, external interrupts are not latched if
the ICP Interrupt Enable bit 1s not set )

As in the Interval Timer Mode, the Timer may be read at
any time, may be stopped at any time by clearing ICP bit 3,
the prescaler and ICP bit 1 function as previously described,
and the Timer still functions as an 8-bit binary down counter
with the timer interrupt request latch being set on the
Timer’s transition from H ‘01" to H ‘N’ Note that the EXT
INT pin has nothing to do with loading the Timer, its action is
that of automatically starting and stopping the Timer and of
generating external interrupts Pulse widths longer than the
prescale value times the modulo-N value are easily measured
by using the timer interrupt service routine to store the
number of timer interrupts in one or more scratchpad
registers

As for accuracy, the actual pulse duration is typically
shightly longer than the measured value because the status of
the prescaler i1s not readable and s reset when the Timer I1s
stopped Thus, for maximum accuracy, it is advisable to use
a small division setting for the prescaler

Event Counter Mode — When ICP bit 4 is cleared and all
prescale bits (ICP bits 5, 6, and 7) are cleared, the Timer
operates in the Event Counter Mode This mode 1s used for
counting pulses applied to the EXT INT pin If ICP bit 31s set,
the Timer will decrement on each transition from the inactive
level to the active level of the EXT INT pin The prescaler 1s
not used In this mode, but as in the other two timer modes,
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the Timer may be read at any time, may be stopped at any
time by clearing ICP bit 3, ICP bit 1 functions previously
described, and the timer interrupt request latch 1s set on the
Timer's transition from H ‘01" to H ‘N’

Normally ICP bit O should be kept cleared in the Event
Counter Mode, otherwise, external interrupts will be
generated on the transition from the inactive level to the ac-
tive level of the EXT INT pin

For the Event Counter Mode, the minimum pulse width re-
quired on EXT INT is 2 ¢ clock periods and the minimum in-
active time 1s 2 ¢ clock periods, therefore, the maximum
repetition rate 1s 500 kHz

External Interrupts — When the timer 1s in the Interval
Timer Mode the EXT INT pin 1s availlable for non-timer
related interrupts If ICP bit O 1s set, an external interrupt re-
quest latch 1s set when there 1s a transition from the inactive
level to the active level of EXT INT (EXT INT is an edge-
triggered input ) The Interrupt request 1s latched until erther
acknowledged by the CPU section or until ICP bit O1s cleared
(unhke timer interrupt requests which remain latched even
when ICP bit 11s cleared) External interrupts are handled in
the same fashion when the Timer i1s in the Pulse Width
Measurement Mode or in the Event Counter Mode, except
that only in the Pulse Width Measurement Mode the external
interrupt request latch is set on the trailing edge of EXT INT,
that 1s, on the transition from the active level to the inactive
level

INTERRUPT HANDLING

When either a timer or an external interrupt request IS
communicated to the CPU section of the MC3870, 1t will be
acknowledged and processed at the completion of the first
non-privileged instruction if the Interrupt Control Bit of the
Status Register i1s set |f the Interrupt Control Bit is not set,
the interrupt request will continue until either the Interrupt
Control Bit 1s set and the CPU section acknowledges the in-
terrupt or until the interrupt request is cleared as previously
described

If there 1s both a timer interrupt request and an external in-
terrupt request when the CPU section starts to process the
requests, the timer interrupt 1s handled first

When an interrupt 1s allowed the CPU section will request
that the interrupting element pass its intertupt vector ad-
dress to the Program Counter via the data bus The vector

addiess for a timer interrupt 1s H ‘'020' The vector address
for external interrupts 1s H ‘0AQ" After the vector address 1s
passed to the Program Counter, the CPU section sends an
acknowledge signal to the appropriate interrupt request latch
which clears that latch The execution of the interrupt ser-
vice routine will then commence The return address of the
onginal program I1s automatically saved in the Stack Register,
P

The Interrupt Control Bit of W (Status Register) 1s
automatically reset when an interrupt request 1s acknowledg-
ed It 1s then the programmer’s responsibility to determine
when ICB will again be set (by executing an El instruction)
This action prevents an interrupt service routine from being
interrupted unless the programmer so desires

Figure 18 details the interrupt sequence which occurs
whether the interrupt request 1s from an external source via
EXT INT or from the MC3870's internal timer Events are
labeled with the letters A through G and are described
below

Event A — An interrupt request must satisfy a hold time
requirement as specified in the AC Characteristics in order to
guarantee that 1t is valid on the nsing edge of the WRITE
clock

Event B — Event B represents the instruction being ex-
ecuted when the interrupt occurs The last cycle of B is nor-
mally the instruction fetch for the next cycle However, if Bis
not a privileged Instruction and the CPU’s Interrupt Control
Bit 1s set, then the last cycle becomes a “freeze’’ cycle rather
than a fetch At the end of the freeze cycle the interrupt re-
quest latches are inhibited from altering the interrupt daisy-
chain so that sufficient time will be allowed for the daisy-
chain to settle (If B is a privileged instruction, the instruction
fetch 1s not replaced by a freeze cycle, instead, the fetch is
performed and the next instruction 1s executed Although
unlikely to be encountered, a series of privileged instructions
will be sequentiaily executed without interrupt One more In-
struction, called a ‘protected’ instruction, will always be ex-
ecuted after the last privileged instruction The last cycle of
the protected instruction then performs the freeze )

The dashed lines on EXT INT illustrate the last opportunity
for EXT INT to cause the last cycle of a non-protected in-
struction to become a freeze cycle

FIGURE 18 — INTERRUPT SEQUENCE
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The freeze cycle Is a short cycle (4 ¢ clock periods) in all
cases except where B is the Decrement Scratchpad instruc-
tion, in which case the freeze cycle i1s a long cycle (6 ¢ clock
periods).

INT REQ goes low on the next negative edge of WRITE if
both PRI IN is low and the appropriate interrupt enable bit of
the Interrupt Control Port 1s set. Both INT REQ and WRITE
are internal signals

Event C — A NO-OP long cycle to allow time for the inter-
nal priority chain to settle

Event D — The Program Counter (PO} 1s pushed to the
stack register (P) in order to save the return address The in-
terrupt circuitry places the lower 8 bits of the interrupt vector
address onto the data bus This I1s always a long cycle

Event E — A long cycle in which the interrupt circuitry
places the upper 8 bits of the interrupt vector address onto
the data bus

Event F — A short cycle in which the interrupting interrupt
request latch 1s cleared. Also, the CPU’s Interrupt Control Bit
1s cleared, thus disabling interrupts until an El instruction is
performed. The fetch of the next instruction from the inter-
rupt address

Event G — Begin execution of the first instruction of the
interrupt service routine

SUMMARY OF INTERRUPT SEQUENCE

For the MC3870 the interrupt response time is defined as
the time elapsed between the occurrence of EXT INT going
active (or the Timer transitioning to H ‘N’) and the beginning
of execution of the first instruction of the interrupt service
routine The interrupt response time 1s a variable dependent
upon what the microprocessor I1s doing when the interrupt
request occurs As shown in Figure 18, the minimum inter-

rupt response time is 3 long cycles plus 2 short cycles plus
one WRITE clock pulse width plus a setup time of EXT INT
prior to the leading edge of the WRITE pulse — a total of 27
¢ clock periods plus the setup time At a 2 MHz ¢ this is
14 25 s Although the maximum could theoretically be in-
finite, a practical maximum 1s 35 us (based on the interrupt
request occurring near the beginning ot a Pland LR K, P se-
quence)

POWER-ON RESET

The intent of the Power-On Reset circuitry on the MC3870
1S to automatically reset the device following a typical power-
up situation, thus saving external reset circuitry in many ap-
plications This circuitry 1s not guaranteed to sense a '’ Brown
Out” (low voltage) condition nor 1s It guaranteed to operate
under all possible power-on situations

Three conditions are required before the MC387C will leave
the reset state and begin operation Refer to Figure 19 as an
aid to the following descriptions The On-Chip V¢ detector
senses a minimum value of Vcc before 1t will allow the
MC3870 to operate The threshold of this detector Is set by
analog circuitry because a stable voltage reference 1s not
available with n-channel MOS processing. Processing varia-
tions will cause this threshold to vary from a low of 3 0 volts
to a high of 4 3 volts with 3 5 volts being typical

The MC3870 uses a substrate bias as a technique to pro-
vide improved performances versus power consumption
relative to conventional grounded substrate approaches
This bias generator may start operating as low as
Vcc=3 volts on some devices while others may require
Ve =4 volts in order to get adequate substrate bias Until
the substrate reaches the proper bias, the MC3870 will not
be released from the reset state The final condition required
1s that the clocks of the MC3870 must be functioning
Typically the clocks will start to function at Vcc equal to 3 to
3 5 volts but since the part Is tested at 4 5 volts, Motorola
can not guarantee any operation below 4 5 volts The output
of the delay circuit in Figure 19 will stay low until the clocks

FIGURE 19 — POWER ON RESET BLOCK DIAGRAM
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start to function If the input to the delay circuit is high,
typically after 100 cycles of the WRITE clock (800 cycles of
the external clock) the output of the delay circuit will go high
allowing the MC3870 to begin execution

If Vce falls to ground for at least a few hundred
nanoseconds the output of the delay circuit will go low im-
mediately and the MC3870 will reset

The internal logic may detect a valid V¢, bias and clocks
at Vcc =35 volts and allow the MC3870 to start executing
after the time delay With a slowly rising power supply, the
part may start running before Vc is above 4 5 volts which 1s
below the guaranteed voltage range When power-on-clear
1s required with a slowly nsing power supply, an external
capacitor must be used on the RESET pin to hold it below
0 8 volts until V¢ is stable above 4 5 volts (Note_The op-
tion to disconnect the internal pullup resistor on RESET 1s
available which allows the use of a larger external pullup
resistor and a small capacitor on RESET )

In many applications it is desirable if the unit does an
automatic power-on-clear, but not mandatory The unit will
have a RESET push button and if the unit does not power-up
correctly or malfunctions because of some disturbance on
the Ve line, the operator will simply press RESET and
restore normal operation It is for these applications that the
internal power-on-clear circuitry was designed

In some applications i1t 1s required that the microcomputer
continue to run properly without operator intervention after
brown-outs, power line disturbances, electrical noise, com-
puter malfunction due to a programming bug, or any other
disturbance except a catastrophic failure of some compo-
nent

One concept used to keep computers running is that of
the “WATCHDOG TIMER"” The computer is programmed
to periodically reset the watchdog timer during the normal
execution of its program (this 1s easily done in the MC3870 as
1ts normal application 1s in some control function which is
typically periodic) As long as the computer continues to ex-
ecute Its program the watchdog timer 1s continually reset
and never times out Should the computer stop executing its
program for whatever reason, the watchdog timer will time
out producing a RESET pulse to the CPU re-starting execu-
tion This 1s a very positive way to assure that the computer
1s doing its job, 1 e , executing the program It i1s important
that the software driving the watchdog timer test as many
functional blocks (timer, ALU, scratchpad RAM, and ports)
of the MC3870 as possible before resetting the watchdog
umer This I1s because operation of the MC3870, with an out
of specification power supply, may allow some of the func-
tions to operate correctly while other functions are not
operable

Motorola can guarantee correct operation of the MC3870
only while the Vcc voltage remains within 1ts specified
hmits  If proper operation of the MC3870 must be
guaranteed after a disturbance on the V¢ line, then an ex-
ternal circuit must be used to monitor the V¢ ¢ line and pro-
duce RESET to the MC3870 whenever V¢ 1s out of the
specified limits

A related characteristic to power-on-clear 1s the startup
time of the basic timing element The LC and RC oscillators
begin to function almost immediately once V¢ i1s high
enough to allow the on-board oscillator to operate
(Vcc=35V) Operation with a crystal s partly mechanical
and some start time is required to get the mass of the crystal
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into vibrational motion This time 1s basically dependent on
the frequency (mass) of the crystal 4 MHz crystals typically
require about 2-3 ms to start while 1 MHz crystals require
60-70 ms to start oscillating Of course, this time may vary
greatly from crystal to crystal and 1s also a function of the
power supply rnise time characteristic, however, the high-
frequency crystals start faster and are definitely recommend-
ed (e, 3-4 MHz)

The condition of the port pins during the power-in-clear
sequence is often asked The port pins or the STROBE line
cannot be specified until V¢ reaches 4 5 V and the MC3870
enters the RESET state Before this, the port pins may stay
at Vgs, may track VCC as it rises, or they may track Ve
part way up then return to Vs (ports 4 and 5 will go to V¢
once the clocks are running and the MC3870 has sufficient
Ve to properly operate the internal control logic and 1/0
ports)

EXTERNAL RESET

When RESET s taken low, the content of the Program
Counter 1s pushed to the Stack Register and then the Pro-
gram Counter and the ICB bit of the W Status Register are
cleared The original Stack Register content 1s lost Ports 4,
5, 6, and 7 are loaded with H ‘00" The contents of all other
registers and ports are unchanged or undefined When
RESET is taken high, the first program instruction is fetched
from ROM location H ‘000" When an external reset of the
MC3870 occurs, PO 1s pushed into P and the old contents of
P are lost It must be noted that an external reset Is recog-
nized at the start of a machine cycle and not necessarily at
the end of an instruction Thus, if the MC3870 i1s executing a
multi-cycle instruction, that instruction is not completed and
the contents of P upon reset may not necessarily be the ad-
dress of the instruction that would have been executed next
It may, for example, point to an immediate operand if the
reset occurred during the second cycle of an LI or Cl instruc-
tion Additionally, several instructions (JMP, P, Pi, LR, PO,
Q) as well as the interrupt acknowledge sequence modify PO
in parts That 1s, they alter PO by first loading one part then
the other and the entire operation takes more than one cycle
Should reset occur during this modification process the
value pushed into P will be part of the old PO (the as yet un-
modified part) and part of the new PO (already modified
part) Thus, care should be taken (perhaps by external
gating) to insure that reset does not occur at an undesirable
time 1f any significance 1s to be given to the contents of P
after a reset occurs

Vcc DECOUPLING

The MC3870 family devices have dynamic circuitry inter-
nally which requires a good high frequency decoupling
capacitor to surpress noise on the Voc hne A 001 uF or
0 1 uF ceramic capacitor should be placed between V¢ and
ground, located physically close to the MC3870 device This
will reduce noise generated by the MC3870 to about
70-100 mV on the V¢ hine

TEST LOGIC

Special test logic is implemented to allow access to the in-
ternal main data bus for test purposes

In normal operation, the TEST pin is unconnected or 1s
connected to GND When TEST 1s placed at a TTL level
{20 V102 6V) port4becomes an output of the internal data
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bus The data appearing on the port 4 pins Is logically true
whereas input data forced on port 5 must be logically false
When TEST 1s placed at a high level (60 V to 70 V), the
ports act as above and additionally the 2K x 8 program ROM
is prevented from driving the data bus In this mode,
operands and instructions may be forced externally through
port 5 instead of being accessed from the program ROM
When TEST 1s in either the TTL state or the high state,
STROBE ceases its normal function and becomes a machine
cycle clock (identical to the F8 multi-chip system WRITE
clock except inverted)

Timing complexities render the capabilities associated with
the TEST pin impractical for use in a user’s application, but
these capabilities are thoroughly sufficient to provide a rapid
method for thoroughly testing the MC3870

SUPPLEMENTARY NOTES

The Interrupt Control Bit of the W Status Register s
automatically reset when an interrupt request Is acknow-
ledgea It 1s then the programmer’s responsibility to deter-
mine when ICB will again be set (by execution an El instruc-
tion) This action prevents an interrupt service routine from
being interrupted unless the programmer so desires

When reading the Interrupt Control Port (port 6), bit 7 of
the Accumulator s loaded with the actual logic level being
applied to th2 EXT INT pin, regardless of the status of ICP
bit 2 (the EXT INT Active Level bit) Thisis, if EXT INT 1s at

4-48

+5V, bit 7 of the Accumulator 1s set to a logic 1", but, if
EXT INT 1s at GND, then Accumulator bit 7 is reset to logic
o

In the MC3870 (F8 COMPATIBLE) INSTRUCTION SET
summary, the number of cycles shown are “nominal”
machine cycles A nominal machine cycle 1s defined as 4 ¢
clock periods, thus, requiring 2 us for a 2 MHz ¢ clock fre-
quency (4 MHz external time-base frequency)

Also, the summary uses an older nomenclature for register
names The translation is as follows

PCO= PO Program Counter

PC1=P Stack Register

DCO=DC Data Counter

DC1=DC1 Auxihary Data Counter
The nomenclature 1s used in order to be consistent with the
assembly language mnemonics

For the MC3870, execution of an INS or OUTS instruction
requires 2 machine cycles for ports 0 and 1, whereas ports 4
and 5 require 4 machine cycles

INSTRUCTION EXECUTION

This section detalls the tming and execution of the
MC3870 instruction set Refer to Figure 20 for a MC3870 Pro-
gramming Model!
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FIGURE 20 — MC3870 PROGRAMMING MODEL
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MC3870 INSTRUCTION SET
ACCUMULATOR GROUP INSTRUCTIONS

Operation %r:rc':‘:g: Operand Function Meode.  Bytes _Shon vdesLong (2 Mhzs) OVR ZERO GRY_SIGN
Add Carry LNK A—(A)+CRY 19 1 1 2 10 1/0 10 1/0
Add Immediate Al " A—(A)+HW 240 2 1 1 5 170 10 1/0 1/0
And Immediate NI " A—{(AAHW pall 2 1 1 5 0 170 0 1/0
Clear CLR A—H00 70 1 1 2 - - - -
Compare Immediate Cl ] Hn' + (A +1 251 2 1 1 5 10 1/0 10 1/0
Complement CcoM A—(A)+H'FF 18 1 1 2 0 170 0 1/0
Exclusive or Immediate Xi u A—(A)+HWw 230 2 1 1 5 0 1/0 0 1/0
Increment INC A—(A)+1 1F 1 1 2 170 1/0 1/0 1/0
Load Immediate L n A—H' 20 2 1 1 5 - - - -
Load Immediate Short Lis ! A—HO" 7 1 1 2
OR Immediate ol i A—(AWVHW 221 2 1 1 5 0 1/0 0 1/0
Shift Left One SL 1 Shift Left 1 13 1 1 2 0 170 0 1/0
Shift Left Four SL 4 Shuft Left 4 15 1 1 2 0 170 0 1/0
Shift Right One SR 1 Shift Right 1 12 1 1 2 0 170 0 1
Shift Right Four SR 4 Shift Right 4 14 1 1 2 0 1/0 0 1

BRANCH INSTRUCTIONS In all conditional branches PO+ (P0O) + 2 if the test condition 1s not met Execution i1s complete in 3 short cycles

Operation %r:rg:g: Operand  Function Méﬁ:':e Bytes sr.ors YCIesLong (2 MHz ¢) OVR zset;g i gr':\sr SIGN
Branch on Carry BC aa PO+~ (PO)+ 1+ H'aa’ 82aa 2 2 1 7 - — - -
if CRY=1
Branch on Positive BP aa PO+ (PO) + 1+ H'aa’ 8laa 2 2 1 7 - - - -
if SIGN=1
Branch on Zero BZ aa PO+ (PO) + 1+ 'Haa’ 84aa 2 2 1 7 - - - -
if Zero=1
Branch on True BT taa PO+ (PO) + 1+ "Haa’ 8taa 2 2 1 7 - - - -
TEST CONDITION if any test Is true
[ ZERO] CRY [ SIGN |
Branch if Negative 8M aa PO+ (PO)+ 1+ H'aa’ 9laa 2 2 1 7 - - - -
if SIGN=0
Branch if No Carry BNC aa PO—(PO}+ 1+ H'aa’ 92aa 2 2 1 7 - - - -
if CARRY =0
Branch if No Overfiow BNO aa PO—(PO) + 1+ H'aa’ 98aa 2 2 1 7 - - - -
if OVR=0
Branch if Not Zero BNZ aa PO+ (PO) + 1+ H'aa’ 94aa 2 2 1 7 - - - -
if ZERO=0
Branch if False Test BF taa PO+ (PO) + 1+ H'aa’ Staa 2 2 1 7 - - - -
TEST CONDITION if all false test bits
[2 ]2 21]2]
[ ovr [ zEro| CRY | siGN]
Branch if ISAR (Lower) BR7 aa PO+ (PO) + 1+ H'aa’ 8Faa 2 2 1 5 - - - -
#7 ISARL#7
PO—(PO) +21f
ISARL=7 2 2 4 — - - -
Branch Relative BR aa PO~ (P0) + 1+ H'aa’ 90aa 2 2 1 7 - - - -
Jump* JMP aaaa PO+ H'aaaa’ 29aaaa 3 1 3 n - - - -

*Privileged instruction, accumulator contents altered during execution JMP
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MEMORY REFERENCE INSTRUCTIONS In all Memory Reference Instructions, the Data Counter i1s incremented DC+—(DC) + 1

Operation Nc‘;:rgggf Operand  Function iy Bytes Shor:: ydesLong (2 MHz ¢) OVR Zon0 CAY SIGN
Add Binary AM A—(A)+ DO ) 7 i 1 5 10 1/0 10 10
Add Decimal AMD A—(A) +[(DC)le 89 1 1 1 5 10 1/0 10 1/0

BCD Adjust

AND NM A—(AIALDC) 8A 1 1 1 5 0 w0 0 10
Compare cM DO +(A) 41 ) 1 1 1 5 10 10 10 1/0
Exclusive OR XM A—(A) 8 ((DC)] 8c 1 1 1 5 o 0 1/0
Load M A—((DC)] 1 1 1 1 5 - - - -
Logical OR oM A—(ANI(DON 88 1 1 1 5 o 10 0 10
Store ST A—1(DC)] 17 1 1 1 5 - - - -

ADDRESS REGISTER GROUP INSTRUCTIONS

Operation %r:’g:g;c Operand  Function Mome”  Byes  Shon'long (2MHzs) OVR ZERO CRY SIGN

Add to Data Counter ADC DC—(DC) +(A) 8E 1 1 1 5 - - - -

Call to Subroutine® PK POU—(r12), oc 1 1 2 8 - - - -
POL+—(r13),
P— (PO

Cail to Subroutine P aaaa P—(PO), 28aaaa 3 2 3 13 - - - -

Imrediate” PO H'aaaa

Exchange DC xDC (DC)=(DCN 2C 1 2 4 - - - —

Load Data Counter LR DC,Q DCU—(n4), OF 1 1 2 8 - - - -
DCL+(r15)

Load Data Counter LR DC,H DCU~(r10), 10 1 1 2 8 - - - -
DCL—(r11)

Load DC Immediate DCl aaaa DC H'aaaa’ 2Aaaaa 3 3 2 12 - - - -

Load Program Counter LR PO, Q  POU «—(r14), oD 1 1 2 8 - - - -
POL «— (r15)

Load Stack Register LR P, K PU = (r2), 09 1 1 2 8 - - - -
PL—r13)

Return from POP PO=(P) c 1 2 4 - - - -

Subroutine*

Store Data Counter LR Q, DC  r14—(DCU), OE 1 1 2 8 - - - —
r15+—(DCL)

Store Data Counter LR H,DC r10— DCU, " 1 1 2 8 - - - -
r11—(DCL)

Store Stack Register LR K, P r2—{(PU), 08 1 1 2 8 - - - -
13+ (PL)

SCRATCHPAD REGISTER INSTRUCTIONS (Refer to Scratchpad Addressing Modes)

Operation hg?rgggf Operand  Function MSZZL."" Bytes Shor? Vdesl.ong (2 MHz ¢) OVR zsstsg *cav SIGN
Add Binary AS r A—(A)+(n) Cr 1 1 2 10 10 10 1/0
Add Decimal ASD r A—(A)+(n Dr 1 4 10 170 1/0 1/0
Decrement DS r re—(n+HFF 3r 1 1 3 170 10 1/0 1/0
Load LR A r A—in 4r 1 1 2 - - - -
Load LR A KU  A—(12) 00 1 1 2 - - - -
Load LR A KL  A<(r13) 01 1 1 2 - - - -
Load LR A, QU A—(r14) 02 1 1 2 - - - -
Load LR A, QL A—(r1D) 03 1 1 2 - - - -
Load LR A r—(A) 5r 1 1 2 - - = -
Load LR KU, A r12—(A) 04 1 1 2 - - - -
Load LR KL, A r13+—(A) 05 1 1 2 - - - -
Load LR Qu, A r14—(A) 06 1 1 2 - - - =
Load LR QL, A rl5—(A) 07 1 1 2 - - - =
AND NS r A—(AAIN Fr 1 1 *2 0 1/0 0 1/0
Exclusive OR XS r A—(A)+(n Er 1 1 2 0 1/0 0 1/0

*Privileged instruction, accumulator contents altered during execution of Pl instruction
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MISCELLANEOUS INSTRUCTIONS

Operation 'L Operand  Function Meode.  Bytes shon ycml.ong (2 MHz 6) OVR ZERO CRY SIGN

Disable Interrupt [o]] Reset ICB 1A 1 1 2 - - - -

Enable Interrupt® El Set ICB 1B 1 1 2 - - -

Input IN 04,05,06,07 A= (Input Port aa) 26aa 2 1 2 8 0 1/0 0 1/0

Input Short INS 0,1 A<« (Input Port A0,A1 1 2’ 4 0 1/0 0 1/0
Oor1)

Input Short INS 45,6,7 A=I(input Port a) Aa 1 1 2 8 0 1/0 0 1/0

Load ISAR LR IS.A IS—(A) 0B 1 1 2 - - - -

Load ISAR Lower LISL bbb ISL—bbb 6(0Obbb)** 1 1 2 - - - -

Load ISAR Upper LISU bbb ISU~bbb 6(1bbb)** 1 1 2 - - - -

Load Status Register® LR w,J W (r9) 1D 1 2 4 10 1/0 1/0 1/0

No Operation NOP $ PO—(PO) +1 2B 1 1 2 - - - -

Output® ouT 04,05,06,07 Output Port 27aa 2 1 2 8 - - - -
aa=—(A)

Output Short QUTS 0,1 Output Port B0,B1 1 2 4 - - - -
0or 1—(A)

Output Short OUTS 4,5,6,7 Output Port a=(A) Ba 1 1 2 8 - - - -

Store ISAR LR AlS A—(IS) 0A 1 1 2 - - - -

Store Status Reg LR J W r9—(w) 1E 1 1 2 — - - —

*Privileged instruction

**b=1-bit immediate operand

NOTES

Lower case denotes variables specified by programmer KL Register 13

Function Definitions gg l;reog;;;rw 1C20unter

- 1s replaced by POL Least Significant 8 Bits of Program Counter

() the contents of POU Most Significant 8 bits of Program Counter

() Binary ""1s" complement of P Stack Register

+ Anthmetic Add (Binary or Decimal) PL Least Significant 8 bits of Program Counter

) Logical “OR"" exclusive PU Most Significant 8 bits of Active Stack Register

A Logical “AND" Q Registeis 14 and 15

v Logical “OR" inclusive QL Reigster 15

H” Hexadecimal digit Qu Register 14

wn Contents of memory specified by () r Scratchpad Register (any address 0 through B)

a Address Vaniable (four bits) (See Below)

A Accumulator w Status Register

:;C g:ﬁ'gbcnomrtr;d(lls:;rzg?rzzgress Register) Scra?ctrpad Addressing Modes Using IS. (r#0 through B)

De1 Data Counter 1 (Auxiliary Data Counter) r= H’C’ Register Addressed by IS is (Unmodified)

DCL Least significant 8 bits of Data Counter Addressed r= H,D, Register Addressed by IS is Incremented

DCU Most significant 8 bits of Data Counter Addressed r= H,F, Register Addressed by IS 1s Decremented

H Scratchpad Register 10 and 11 r=HF llegal OP Code

| Immediate operand (four bits) Status Register

ICB Interrupt Control Bit - No change in condition

IS Indirect Scratchpad Address Register 1/0 1s set to 1" or 0" depending on conditions

ISL Least Significant 3 bits of ISAR CRY Carry Flag

I1SU Most Significant 3 bits of ISAR OVR Overflow Flag

J Scratchpad Register 9 SIGN Sign of Result Flag

K Registers 12 and 13 ZERO Zero Flag
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ORDERING INFORMATICN

The following information is required when ordering a
custom MCU This information may be transmitted to
Motorola in the following media

PROM(s) MCM2716s or MCM2708s

MDOS disk file

To initiate a ROM pattern for the MCU 1t 1s necessary to
first contact your local field service office, local sales person,
or your local Motorola representative

PROMs — The MCM2708 or MCM2716 type PROMs, pro-
grammed with the customer program (positive logic sense
for address and data), may be submitted for pattern genera-
tion The PROMs must be clearly marked to indicate which
PROM corresponds to which address space (000-3FF HEX),
(400-7FF) or (000-7FF) See Figure 21 for recommended
marking procedure

After the PROM(s) are marked they should be placed in
conductive IC carriers and securely packed Do not use
styrcfoam

FIGURE 21 — PROM MARKING

U

XXX

—_

XXX

400

xxx = Customer 1D

VERIFICATION MEDIA

Ali original pattern media (PROMs or Floppy Disk) are filed
for contractual purposes and are not returned A computer
listing of the ROM code wiil be generated and returned along
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with a listing verficatton form The lsting should be
thoroughly checked and the verfication form completed,
signed, and returned to Motorola The signed verification
form constitutes the contractual agreement for creation of
the customer mask |f desired, Motorola will program a blank
2716 EPROM (supplied by the customer) from the data tile
used to create the custom mask to aid in the verification pro-
cess

ROM VERIFICATION UNITS

Ten MC3870s 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 they are usually un-
marked, packaged in ceramic, and tested only at room
temperature and 5 volts These RVUs are included in the
mask charge and are not production parts

FLEXIBLE DISKS

The disk media submitted must be single-sided, single-
density, 8-inch, MDOS compatible tioppies The customer
must write the binary file name and company name on the
disk with a felt-tip pen  The floppies are not to be returned by
Motorola as they are used for archival storage The minimum
MDOS system files must be on the disk as well as the ab-
solute binary object file ttiename LO type of file) from the
MC3870 cross assembler An object file made from a
memory dump using the ROLLOUT command s also ad-
missable Consider submitting a source listing as well as the
following files filename LX (EXORciser® loadable format)
and filename SA (ASCIl Source Code) These files will of
course be kept confidential and are used 1) to speed up the
process in house If any problems arise, and 2) to speed up
our customer to factory interface if a user finds any software
errors and needs assistance quickly from the factory
representatives

MDOS 1s Motorola’s Disk Operating System available on
development svstems such as EXORcisers, or EXORsets,
etc
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MC3870 ORDERING INFORMATION

Date Customer PO Number

Customer Name

Address

City State Zip
Country

Phone Extension

Contact

Customer Part Number

Options
Reset Pullup 3 No Pullup 23
External Interrupt Pullup 3 No Puliup 3
Port Options
Standard TTL Open Drain Direct Drive
P4-0 o c [m]
P4-1 ] a c
P4-2 ] a c
P4-3 ] =] [
Pa-4 ] O -]
P4-5 (] ca -
P4-6 [ o] -]
P4-7 a ca ]
P5-0 [ ) a ca
P5-1 - ) ca
P5-2 ca o [
P5-3 c - ca
P&-4 [ ) [om } 0
P5-5 [} c (]
P5-6 O a ]
P5-7 [} ] ]
Pattern Media
3 PROMs (MCM2716 or MCM2708) 3 Floppy Disk
(Customer can send in two extra PROMs,
Motorola will program the customer’'s 3 other
code on these PROMs for code verification

Clock Mode 3 xtaL 3 re 3 LC 3 External
Clock Freq
Temp Range 1 o-70°C C3J -40-+85°C

Marking Information (12 Characters Maximum)

NOTE All other media requires prior factory approval
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MC6800
(1.0 MHz)

MCG8A00
(1.5 Miz)

C68
(2.0 MHz)

8-BIT MICROPROCESSING UNIT (MPU)

The MCB800 1s 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 O-volt
power supply, and no external TTL devices for bus interface.

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 — Varable Length

® Seven Addressing Modes — Direct, Relative, Immediate, Indexed,
Extended, Implied and Accumulator

Varniable Length Stack

Vectored Restart

Maskable Interrupt Vector

Separate Non-Maskable 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

MOS

(N-CHANNEL, SILICON-GATE,
DEPLETION LOAD)

MICROPROCESSOR

S SUFFIX

CASE 734

P SUFFIX
PLASTIC PACKAGE
CASE 711

L SUFFIX
CERAMIC PACKAGE
CASE 715

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee -03to+70 | V
Input Voltage Vin -03t0 +70 | V
Operating Temperature Range TLtoTH
MC6800, MC68A00, MC68B00 TA Oto +70 °C
MC6800C, MCBBA00C —40to +85
Storage Temperature Range Tstg -5t +160 | °C

THERMAL RESISTANCE

Rating Symbol Value Unit
Plastic Package 100
Cerdip Package CATN 60 °C/W
Ceramic Package 50

This device contains circuitry to protect the inputs against damage due to high
static voltages or electrical fields, however, 1t is advised that normal precautions
be taken to avoid application of any voltage higher than maximum-rated
voltages to this high-impedance circuit Reliability of operation is enhanced 1f
unused Inputs are tied to an appropriate logic voltage (e g , either Vgg or Vec)

PIN ASSIGNMENT

[IRESET
1y
[N C
162
[1DBE
[IN C
R/W
1100
[1D1
102
o3
D4
105
106
07
[1A15
A14
[A13
[A12
IVss
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MC6800° MC68A00°MC68B00

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
Ty=Ta+(PDe6jA) (1

Where:

TA=Ambient Temperature, °C

0 A= Package Thermal Resistance, Junction-to-Ambient, °C/W

PD=PINT+PPORT

PINT=Icc x Ve, Watts — Chip Internal Power

PpPORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < P|NT and can be neglected. PPQRT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

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

Pp=K=(Tj+273°C) (2)
Solving equations 1 and 2 for K gives:
K=Pp ¢ (Ta+273°C) +6 A ® PD2 3

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

DC ELECTRICAL CHARACTERISTICS (Vcc=50 Vde, +5%, Vgg=0, TA=T| to TH unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage Logic VIH Vgs+20| - Vce v
¢1,¢2| ViHc |Vcc-06f — |Vec+03
Input Low Voltage Logic ViL Vgs—-03 - Vgs+08 v
¢1,62| Viic |Vss-03] - |Vss+04 .
Input Leakage Current
(Vin=01t05 25V, Vgc=Max) Logic hn - 10 25 nA
(Vin=0t05.25V, Vcc=0Vt0525V) @1, 62 - - 100
Three-State Input Leakage Current DO-D7 | - 20 10 A
(Vin=0.4102 4V, Vcc=Max) AO-A15, R/W 1z - - 100 a
Output High Voltage
(I pad= — 205 A, Vcc=Min) _ bo-b7 v, Vgg+24| - - v
(ILoad= — 145 A, Vco=Min) A0-A15, R/W,VMA [ "OH |vgg+24| - -
(lLoad= — 100 A, Vcc=Min) BA Vss+24 - -
Output Low Voltage (I oag= 1.6 MA, VCC=Min) VoL = — |Vss+04] V
Internal Power Dissipation (Measured at TA=T)) PINT - 05 10 W
Capacitance
(Vin=0, TA=25°C, f=1.0 MHz) @1 - 25 35
$2 Cin - 45 70 pF
DO-D7 - 10 125
Logic Inputs - 65 10
A0-A15, R/W, VMA Cout — - 12 pF

CLOCK TIMING (Vcc=50V, +5%, Vgg=0, TA=T| to TH unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Frequency of Operation MC6800 0.1 - 1.0
MC68A00 f 01 - 16 MHz
MC68B00 0.1 — 2.0
Cycle Time (Figure 1) MC6800 1000 - 10
MC68A00 teye 0.666 - 10 us
MC68B00 0.500 — 10
Clock Pulse Width ¢1, 92 — MC6800 400 - 9500
(Measured at Voc—0.6 V) 1,92 — MCBBA00 | PWgH 230 - 9500 ns
¢1, $2 — MC68B00 180 - 9500
Total ¢1and ¢2 Up Time MC6800 900 - -
MC68A00 tut 600 - - ns
MC68B00 440 — —
Rise and Fall Time (Measured between Vgg+0.4 and Vcc—0.6) tr tf = - 100 ns
Delay Time or Clock Separation (Figure 1)
(Measured at Voy=Vsg+0.6 V@t;=t§< 100 ns) td 0 - 9100 ns
(Measured at Voy=Vgg+ 1.0 V@t;=1§=<35 ns) 0 - 9100
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FIGURE 1 — CLOCK TIMING WAVEFORM

teye

tut
Tgr —— ~—PWgy ——‘—! T tof

1 ViHc
Vov
—_—AViLe

td —"{ 9

|
02 ViHC
Vov
ViLc
tor ——-| PWoH

READ/WRITE TIMING (Reference Figures 2 through 6, 8, 9, 11, 12 and 13)

T

tot

Characteristic Symbol Mc M MC68B00 Unit
Y Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Address Delay
C=90 pF tAD - - 270 - - 180 - - 150 ns
C=30pF — - | 260 | — — | 165 | — — | 135
Peripheral Read ‘Access Time
1 - - - — 290 | - — | ns
tacc=tut= (tAD + tDSR) ace 605 400
Data Setup Time (Read) tDSR 100 | — — 60 - - 40 = — ns
Input Data Hold Time tH 10 - — 10 — — 10 - — ns
Output Data Hold Time tH 10 | 26 — 10 25 — 10 [ 25 — ns
Address Hold Time (Address, R/W, VMA) tAH 30 50 - 30 50 - 30 50 - ns
Enable High Time for DBE Input tEH 450 | — — | 280 | — - |20 | - — ns
Data Delay Time (Write) tDDW — — |25 | - — |20 | - - 160 | ns
Processor Controls
Processor Control Setup Time tPCS 200 | — - 140 | — - 10 | — -
Processor Control Rise and Fall Time tPCr. tPCf - - 100 | — - 100 | — - 100
Bus Avallable Delay tBA - - 1250 | — — | 165 [ — - | 135 ns
Three-State Enable tTSE - - 40 - - 40 - - 40
Three-State Delay tTSD - - 1270 | - - | 270 | - — | 220
Data Bus Enable Down Time During ¢1 Up Time t1DBE 180 | — - 120 | - - 75 - -
Data Bus Enable Rise and Fall Times tDBEr. 1DBEf | — - 25 - — 25 - - 25
FIGURE 2 — READ DATA FROM MEMORY OR PERIPHERALS
Start of Cycle
I/
o1 ViHC \ /
0av 04V
f—— t,
VIHC
2 Loav
24V AR
- N
R/W N
- TAH
Address 2.4V \ 20
From MPU 0.4 v —A\AANN p—os
[~ —taD
24V
VMA
= feth
e——tAD t, tDSR-—=
Data 20v
From Memory Data Valid &—
or Peripherals o8 v D>

m‘ Data Not Vaiid
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600

500

400

300

DELAY TIME (ns)

200

100

FIGURE 3 — WRITE IN MEMORY OR PERIPHERALS

—— Start of Cycle

teye
" ViHC \ /
— |04V 04V
—] f—t,
m_\ / \
tAD —]
R/W {
04v WA\
—_— = tAH
Address 24v
From MPU 04V
le——tAD — =
24V
VMA
fe——TtA D ——at

1DBE

EH }
20v ‘..K
DBE 0.8 V e ——
=— DBEf, — |=—tDBEr t
— fe—tHy
24V
Data —
From MPU ﬂ Data Valid
[~—'DDW—=|
m Data Not Valid
FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY FIGURE 5 — TYPICAL READ/WRITE, VMA, AND ADDRESS
versus CAPACITIVE LOADING (Tppw) OUTPUT DELAY versus CAPACITIVE LOADING (TAp)
10H =-205 yA max @ 2.4 V 800 [N =145 pA max @24 V
FigL=16mAmax @04V FloL=16mAmax@04V
L Vec=5.0V 500 L Vee=5.0V
1A=25°C Ta=25°C
T
Z 400
w
E VMA
=
= T 300 \
— z Address, R
— S 200 ]
] L ]
1 P
100
CL includes stray capacitance Cy includes stray capacitance
100 200 300 400 500 600 00 100 200 300 400 500 600

CL, LOAD CAPACITANCE (pF)

CL. LOAD CAPACITANCE (pF)
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FIGURE 6 — BUS TIMING TEST LOADS

Vee
R =22 k2
TEST CONDITIONS
Test Point MMDG" 50 The dynamic test load for the Data Bus s
or Equiv 130 pF and one standard TTL load as shown.
The Address, R/W, and VMA outputs are tested
c ] under two conditions to allow optimum opera-
MMD 7000
X tion in both buffered and unbuffered systems.
or Equiv. The resistor (R) is chosen to insure specified

load currents during Vo measurement.
Nctice that the Data Bus lines, the Address
C = 130 pF for DO-D7, E lines, the Interrupt Request line, and the DBE
— hine are all specified and tested to guarantee
=90 pF for A0-A15, R/W, and VMA 04 V of dynamic noise immunity at both
(Except taop2) _ ““1’ and ‘0’ logic levels.
=30 pF for AO-A15, R/W, and VMA
(tap2 only)
= 30 pF for BA

R =117k for DO-D7
=16 5 kQ for AO-A15, R/W, and VMA

= 24 k) for BA
FIGURE 7 — EXPANDED BLOCK DIAGRAM
A5 A14 A13 A12 A1l A0 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
25 24 23 212 20 19 18 17 16 15 14 13 112 1" 10 ?
Output Output
Buffers Buffers
Clock, ¢1 3
Clock, 2 37 —]
RESET 40 —»] Program Program
Non-Maskable Interrupt 6 ——m{ Counter, H Counter |
HALT 2 1 Instruction
Interrupt Request 4 ——m  Decode Stack Stack
and Pointer Pointer |
Three-State Control 39— Control
Data Bus Enable 36 ——# Index Index
Bus Avallable 7 @ Register H Register L
Valid Memory Address 5 <@
Read/Wnite, R/W 34 <#— Accumulator
I -
Instruction Accumulator
Register
Condition
Code
Rgﬂnster
Data _—
Buffer ALU

Vec=Pin 8
Vgs=Pins 1, 21
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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 (¢1, $2) — Two pins
are used for a two-phase non-overlapping clock that runs at
the V¢ voltage level.

Figure 1 shows the microprocessor clocks. The high level
1s specified at VIHC and the low level 1s specified at V||.C
The allowable clock frequency is specified by f (frequency).
The minimum ¢1 and ¢2 high level pulse widths are specified
by PWgH (pulse width high time) To guarantee the required
access time for the peripherals, the clock up time, tyt, Is
specified. Clock separation, tg, is measured at a maximum
voltage of VQv (overlap voltage). This allows for a multitude
of clock vaniations at the system frequency rate.

Address Bus (A0-A15) — Sixteen pins are used for the ad-
dress bus. The outputs are three-state bus drivers capable of
driving one standard TTL load and 90 pF When the output is
turned off, it 1s essentially an open circuit. This permits the
MPU to be used in DMA applications Putting TSC n its high
state forces the Address bus to go into the three-state mode

Data Bus (D0-D7) — Eight pins are used for the data bus
It 1s 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, 1t would be
driven by the phase two clock. During an MPU read cycle,
the data bus drivers will be disabled internally. When 1t 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#¢2). The minimum down ume 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, 1t 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 dnvers will go to their off
state and other outputs to their normally inactive level. The
processor 1s removed from the WAIT state by the occurrence
of a maskable (mask bit | =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
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Read (high) or Write (low) state. The normal standby state of
this signal 1s Read (high). Three-State Control going high will
turn Read/Write to the off (high impedance) state. Also,
when the processor is halted, it will be In the off state. This
output Is capable of dnving one standard TTL load and
90 pF.

RESET — The RESET input 1s 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 1s detected in this input, this will signal the
MPU to begin the reset sequence. During the reset se-
quence, the contents of the last two locations (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 1s set and must be cleared
under program control before the MPU can be interrupted by
IRQ. While RESET s low (assuming a minimum of 8 clock
cycles have occurred) the MPU output signals will be in the
following states: VMA =low, BA=low, Data Bus=high im-
pedance, R/W =high (read state), and the Address Bus will
contain the reset address FFFE. Figure 8 illustrates a power
up sequence using the RESET control line. After the power
supply reaches 4.75 V, a minimum of eight clock cycles are
required for the processor to stabilize in preparation for
restarting During these eight cycles, VMA will be in an in-
determinate 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 untit VMA s forced
low after eight cycles RESET can go high asynchronously
with the system clock any time after the eighth cycle.

RESET timing 1s shown in Figure 8 The maximum rise and
fall transition times are specified by tpcr and tpcs If 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 MPU system at any time
during 1ts operation This 1s accomplished by pulsing RESET
low for the duration of a minimum of three complete ¢2
cycles. The RESET pulse can be completely asynchronous
with the MPU system clock and will be recognized during ¢2
If setup time tpCS 1s 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 1s being executed before 1t recognizes
the request. At that time, If the interrupt mask bit in the Con-
dition Code Register is not set, the machine will begin an in-
terrupt sequence The Index Register, Program Counter, Ac-
cumulators, and Condition Code Register are stored away on
the stack. Next, the MPU will respond to the interrupt re-
quest by setting the interrupt mask bit high so that no further
interrupts may occur. At the end of the cycle, a 16-bit ad-
dress will be loaded that points to a vectoring address which
is located in memory locations FFF8 and FFF9. An address
loaded at these locations causes the MPU to branch to an in-
terrupt routine in memory. Interrupt timing I1s shown In
Figure 9.
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FIGURE 8 — RESET TIMING

Cycle .
l # l #2 ' I#S ‘ #6 | #71 l #8 l #9 l n n+‘lln+2 n+3|n+4 n+5' m lm+1‘m+2|m+3l
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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 HAL
1s low.

The IRQ has a high-impedance pullup device internal to
the chip; however, a 3 k{2 external resistor to V¢ should be
used for wire-OR and optimum control of interrupts.

Non-Maskable Interrupt (NMI) and Wait for Interrupt
(WAI) — The MC880Q is capable of handling two types of in-
terrupts. maskable (IRQ) as described earlier, and_non-
maskable (NMI) which i1s an edge sensitive input. IRQ 1s
maskable by the interrupt mask In the condition code register
while NMI 1s not maskable The handling of these interrupts
by the MPU s the same except that each has its own vector
address The behavior of the MPU when interrupted 1s
shown in Figure 9 which details the MPU response to an in-
terrupt while the MPU 1s executing the control program The

interrupt shown could be either IRQ or NMT and can be asyn- -

chronous with respect to 2 The interruptis shown going
low at time tpcS in cycle #1 which precedes the first cycle of
an instruction (OP code fetch). This instruction Is not ex-
ecuted but instead the Program Counter (PC), Index
Register (1X), Accumulators (ACCX), and the Condition
Code Register (CCR) are pushed onto the stack.

The Interrupt Mask bit 1s 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 TRQ interrupt. Upon completion of the interrupt ser-
vice routine, the execution of RT! will pull the PC, IX, ACCX,
and CCR off the stack; the Interrupt Mask bit is restored to
1ts condition prior to Interrupts (see Figure 10)

Figure 11 1s a similar interrupt sequence, except in this
case, a WAIT instruction has been executed in preparation
for the interrupt. This technique speeds up the MPU's
response to the interrupt because the stacking of the PC, IX,
ACCX, and the CCR s already done While the MPU s
waiting for the interrupt, Bus Available will go high In-
dicating the following states of the control ines VMA is low,
and the Address Bus, R/W and Data Bus are all in the high
impedance state. After the interrupt occurs, 1t Is serviced as
previously described.

A 3-10 kQ external resistor to V¢ should be used for wire-
OR and optimum control of interrupts.

MEMORY MAP FOR INTERRUPT VECTORS

MsVector s Description

FFFE FFFF Reset

FFFC FFFD Non-Maskable 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 s a logic “'1”, the Address
Bus and the R/W line are placed in a high-impedance state.
VMA and BA are forced low when TSC="1" to prevent
false reads or writes on any device enabled by VMA. it s
necessary to delay program execution while TSC is held
high. This 1s done by insuring that no transitions of 1 (or $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 ¢1 clock can be stopped for a maximum
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time PWgH without destroying data within the MPU TSC
then can be used 1n 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
¢1 high and ¢2 low as shown The Address Bus and R/IW
line will reach the high-impedance state at tTSp (three-state
delay), with VMA being forced low. In this example, the
Data Bus 1s also In the high-impedance state while ¢2 1s be-
ing held low since DBE=¢2. At this point in time, a DMA
transfer could occur on cycles #3 and #4. When TSC s
returned low, the MPU Address and R/W lines return to the
bus. Because It is too late in cycle #5 to access memory, this
cycle 1s 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 1s 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 1s
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 1s low, the MPU s in the process of ex-
ecuting the control program; If BA i1s high, the MPU has
halted and all internal activity has stopped

When BA s high, the Address Bus, Data Bus, and R/W
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 s halted, all program activity 1s 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 s taken out
of the halted mode. If a RESET command occurs while the
MPU s 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 1s 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 tralling edge of ¢1 of the last cycle of an instruction
(point A of Figure 13). HALT must not go low any time later
than the minmum tpcs specified

The fetch of the OP code by the MPU s the first cycle of
the instruction. If HALT had not been low at Point A but
went low during ¢2 of that cycle, the MPU would have
halted after completion of the following instruction. BA wili
go high by time tg A (bus available delay time) after the last
instruction cycle. At this point in time, VMA s low and R/W,
Address Bus, and the Data Bus are in the high-impedance
state.
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To debug programs It 1s 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
HALT must occur tpcs before the trailing edge of ¢1 BA
will go low at tgA after the leading edge of the next ¢1, in-
dicating that the Address Bus, Data Bus, VMA and R/W

lines are back on the bus. A single byte, 2 cycle instruction
such as LSR 1s used for this example also. During the first cy-
cle, the instruction Y is fetched from address M+ 1. BA
returns high at tgA on the last cycle of the instruction in-
dicating the MPU s 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

ITMP—1 1.

ITMP =1
Stack
PC, X, A, B, CC
N
swi? WAl

Notes

Y

L.

0—-BA
|
1-ITMP
1—=1
' Condition Code Register
Vector—PC [1|1lHl'llelvlfj
NMI FFCA
SWi_| FFFA ITEMP' 1-B1t
IRQ FFF8 Buffer Register

Reset 1s recognized at any position in the flowchart
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, 1s not delayed
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. See Tables 6-11 for details of Instruction Execution
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FIGURE 11 — WAIT INSTRUCTION TIMING
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FIGURE 13 — HALT AND SINGLE INSTRUCTION EXECUTION FOR SYSTEM DEBUG
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Instruction Instruction | Instruction
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R
" e N o—
Fetch Execute .
;B\::ress #} ~C Addr (M + 1 X >——
e XXX —if OC X 0—
Bus 7
inst Inst
X Y
Note' Midrange waveform indicates
high impedance state.
MPU REGISTERS
The MPU has three 16-bit registers and three 8-bit FIGURE 14 — PROGRAMMING MODEL OF
registers available for use by the programmer (Figure 14) THE MICROPROCESSING UNIT
Program Counter — The program counter 1s a two byte ,
(16 bits) register that points to the current program address. 9
Stack Pointer — The stack ponter Is a two byte register 7 0
that contains the address of the next available location in an Accumulator B
external push-down/pop-up stack This stack 1s normally a 15
random access Read/Write memory that may have any loca- e
tion (address) that 1s convenient. In those applications that [ X Index Register
require storage of information in the stack when power is 15 0
lost, the stack must be nonvolatile. ! j
PC Program Counter
Index Register — The index register 1s a two byte register 15 ]
that 1s used to store data or a sixteen bit memory address for l sP I Stack Pointer
the Indexed mode of memory addressing 7 ry

Accumulators The MPU contains two 8-bit ac-
cumulators that are used to hold operands and results from
an anthmetic logic unit (ALU).

Condition Code Register — The condition code register in-
dicates the results of an Anthmetic 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 condi-
tional branch instructions. Bit 4 is the interrupt mask bit (1).
The unused bits of the Condition Code Register (b6 and b7)
are ones.
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Condition Code
1{1([H{1|N[Z|V c| Register

Carry (From Bit 7)

Overflow

2Zero

Negative

Interrupt

Half Carry (From Bit 3)
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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
MCB800 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 1s obtained during execution

Microprocessor instructions are often divided into three
general classifications. (1) memory reference, so called
because they operate on specific memory locations; (2)
operating Instructions that function without needing a
memory reference; (3) 1/0 instructions for transferring data
between the microprocessor and peripheral devices.

In many instances, the MC6800 performs the same opera-
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 1/0
instructions as such are required Because of these features,
other classifications are more surtable for introducing the
MCB8800's instruction set' (1) Accumulator and memory
operations; (2) Program control operations, (3) Condition
Code Register operations.

TABLE 1 — HEXADECIMAL VALUES OF MACHINE CODES

oo 40 NEG A 80 SuB A MM
01 NOP 41 81  CMP A MM
02 42 82 SBC A IMM
03 - 43 COM A 83

04 44 LSR A 84  AND A MM
05 45 85  BIT A MM
06 TAP 46 ROR A 86  LDA A MM
07  TPA 47 ASR A 87  *

08 INX 48 ASL A 88 EOR A MM
09  DEX 49 ROL A 83  ADC A IMM
0A CLV 4A  DEC A 8A  ORA A MM
0B SEV 48 - 88  ADD A MM
oCc CLC 4C INC A 8C  CPX A IMM
0D SEC 4D TST A 8D BSR REL
OE CLI 4E * 8E LDS IMM
OF  SEI 4F  CLR A 8F

10  SBA 50 NEG B S0 suB A DIR
11 CBA 51 91 CMP A DIR
2 52 92  SBC A DIR
13 53 COM B 93

14 54 LSR B 94  AND A DIR
15 55  * 95 BIT A DIR
16  TAB 56  ROR B 96 LDA A DIR
17 TBA 57  ASR B 97  STA A DIR
18 58  ASL B 98 EOR A DR
19 DAA 59  ROL B 99  ADC A DIR
1A 5A  DEC ] 9A  ORA A DR
1B ABA 58 98  ADD A DIR
ic - 5C INC B 9C  CPX DIR
0 5D TST B 9 -

1E 5 9E LDS DIR
1F - 5F  CLR B 9F  STS DIR
20 BRA REL | 60 NEG IND | A0 SuB A IND
21 61 A1 CMP A IND
22 BHI REL |62 * A2 SBC A IND
23 BLS REL| 63 COM IND A3~

24  BCC REL |64 LSR IND [ A4 AND A IND
25 BCS REL| 65 * A5  BIT A IND
26  BNE REL { 66 ROR IND | A6 LDA A IND
27 BEQ REL | 67 ASR IND A7 STA A IND
28 BVC REL |68  ASL IND [A8  EOR A IND
29 BVS REL | 69 ROL IND [A9  ADC A IND
2A  BPL REL| 6A DEC IND |AA ORA A IND
28 BMI REL| 6B AB  ADD A IND
2C BGE REL | 6C INC IND |AC  CPX IND
20  BLT REL| 6D TST IND | AD JSR IND
26 BGT REL | 6E  JMP IND | AE  LDS IND
2F  BLE REL| 6F CLR IND [AF STS IND
30 TSX 70 NEG EXT[BO sSuB A EXT
31 NS noo Bt CMP A EXT
32  PUL A 72 B2 SBC A EXT
33 PUL B 73 COM EXT|B3 *

34 DES 74 LSR EXT|B4  AND A EXT
35 TXS 75 B5 BIT A EXT
36 PSH A 76  ROR EXT|B6 LDA A EXT
37 PSH B 77 ASR EXT|B7 STA A EXT
k< 78 ASL EXT|B8 EOR A EXT
39 RTS 79  ROL EXT|B9 ADC A EXT
3A 7A  DEC EXT|BA ORA A EXT
38 RTI m - BB  ADD A EXT
3¢ - 7C  INC EXT|BC CPX EXT
3 - 7D TST EXT|BD JSR EXT
3E  wal 7E  JMP EXT|BE LDS EXT
3F  swi 7F  CLR EXT|BF STS EXT

sus B MM

CMP B MM

SBC B MM

AND B MM

BIT B8 iMM

!-DA 8 1M Notes 1 Addressing Modes

EOR ' B IMM A = Accumulator A
ADC B iMM B = Accumulator B
ORA B MM REL = Relative
ADD B MM IND = Indexed
. IMM = Immediate
DX MM DIR Direct
sus B DIR Iy
omP B DIR 2 Unassigned code indicated by .
SBC B DIR

AND B DIR

BIT B DIR

LDA B DIR

STA B DIR

EOR B DIR

ADC B DIR

ORA B DIR

ADD 8 DIR -

LDX DIR

8TX DIR

sus B IND

CMP B IND

SBC B IND

AND B IND

BIT B IND

LDA B IND

STA B IND

EOR B IND

ADC B IND

ORA B IND

ADD B IND

LDX IND

STX IND

sus B EXT

CMP B EXT

SBC B EXT

AND B8 EXT

BIT B EXT

LDA B EXT

STA B EXT

EOR B EXT

ADC B EXT

ORA B EXT

ADD B EXT

LDX EXT

STX EXT
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TABLE 2 — ACCUMULATOR AND MEMORY OPERATIONS

MODES BOOLEAN/ARITHMETIC OPERATION COND CODE REG
IMMED DIRECT INDEX EXTND IMPLIED (AN register labels 5{4l3(2]1]0
OPERATIONS o ~ =|op ~ =|{op ~ =|op ~ =|lop ~ = refer to contents) H|I[N[Z[V(C
Add ADDA |88 2 2|98 3 2|AB 5 2(BB 4 3 A+M A tleft|tft]t
ADDB C8 2 2{0B 3 2|EB 5 2({FB 4 3 B+M -8B tleftit]t]t
Add Acmitrs ABA 1B 2 1 |A+B A HOHHEE
Add with Carry ADCA 89 2 2[99 3 2[A9 5 2/B9 4 3 A+M+C A tleft|ifr|t
ADCB €3 2 2(D3 3 2(E9 5 2{F3 4 3 B+M+C B Tleltitt)e
And ANDA 8 2 2|9 3 2/A0 5 2[/Bs 4 3 AM-A ele|tft|rie
ANDB & 2 2(Da 3 2(E4 5 2|F4 4 3 8-M -8 oleftit(R|e
Bit Test 8ITA 85 2 2[/9% 3 2(A5 5 2(85 4 3 A-M eleltit|r|e
BITB C5 2 2|05 3 2|{E5 5 2|F5 4 3 B M eio|t|t|R|e
Clear CLR 6F 1 2|7F 6 3 00 -M elefR(S[R|R
CLRA 4F 2 1100 -A e|e|r[s|R[R
CLRB 5F 2 1 [00-8 elelris|RriR
Compare cMPA 81 2 2(91 3 2(A1 5 2(B1 4 3 A M eofeftitft]t
cmPe € 2 201 3 2]E1 5 2/F1 4 3 B-M ejefritlt]t
Compare Acmitrs cBA M2 1[A-8 elefrftitfs
Complement, 1's com 6 7 2|13 6 3 [ ele[t|l|R]S
COMA 43 2 1| K-A ejo|tft|R|S
coms 53 2 1|B-8 ele|1|1|RIS
Complement, 2's NEG 60 7 2|7 6 3 0W-m- M ele|11DIQ
(Negate) NEGA 40 2 1|00-A-A olelt|1DQ
NEGB 50 2 1|00-8-8 oot 1O@
Decimal Adjust, A DAA 19 2 1 | ConvertsBinary Add of BCD Characters (@ (@ |11} 1@
nto BCD Format
Decrement DEC 6A 7 2|7A 6§ 3 M-1-m oo 4le
DECA 4A 2 1 [ A-1-A ole 4o
DECB 5A 2 1|8B-1-B ole ale
Exclusive OR EORA 88 2 2|9 3 2|A8 5 2|B8 4 3 AOM A ole Rle
EQRB C8 2 2|D8 3 2(E8 5 2{F8 4 3 B@AM~8 ele Rle
Increment INC 6C 7 2|7 6 3 Me1-M ole ®| e
INCA 4 2 1 [ A+1-A ole ® e
INCB 5 2 1[8+1-B ole @) *
Load Acmitr LDAA 86 2 2)9 3 2(A6 5 2|B6 4 3 M-A ole Rie
LDAB €6 2 2|06 3 2|E6 5 2[F6 4 3 M-B ole Rie
Or, Inclusive ORAA 8A 2 219A 3 2{AA 5 2(BA 4 3 A+M—-A ole Rie
ORAB CA 2 2|DA 3 2[/EA 5 2|FA 4 3 B+M-B ole R|e
Push Data PSHA 3 4 1| A->MgpSP-1-5P oo oo
PSHB 31 4 1| B-Mgp,SP-1-5P ole ole
Pull Data PULA 32 4 1| SP+1-SP, Mgp—A ole ole
PULB 33 4 1 SP+1-SP,Mgp—B oo ole
Rotate Left ROL 68 7 21719 6 3 M oo ® ¢
: ROLB 9 2 18 C b7~ b0 ole @t
Rotate Right ROR 66 7 27 6 3 M oo ®| ¢
RORA % 2 1|A -~ ole ®
RORB 56 2 18 C b7 = b0 ofe @
Shift Left, Anthmetic ASL 68 7 2{7 6 3 M - ole 8t
ASLA 48 2 1|A 0 - OIOmIn-o oo @1
ASLB 58 2 1|8 c o7 b0 ole ®
Shift Right, Anthmetic ASR 6/ 1 2|17 6 3 M - ole ®
ASRA w2 1| A - o oo ®t
ASRB 57 2 1|8 b7 b0 c ole ® t
Shift Right, Logic LSR 64 7 2|74 6 3 M - oo ® ¢
LSRA @4 2 1A 0~ - O oo ®
LSRB 4 2 1|8 b7 o c oo ® ¢
Store Acmite STAA 97 4 2|A1 6 2{8 5 3 A-M ole Rle
STAB D7 4 2|/E7 6 2({F1 5 3 B->M oo R(e
Subtract SUBA 80 2 2{8% 3 2(A0 5 2|BO 4 3 A-M-A oo 11
sues CO 2 2|/D00 3 2}E0 5 2|F0 4 3 B-M-B ole Tt
Subtract Acmltrs SBA 10 2 1| A-B-A oo 1
Subtr with Carry SBCA 82 2 2(92 3 2|A2 5 2{8B2 4 3 A-M-C—A ole k1K
sBCB €2 2 2|02 E2 5 F2 4 3 B-M-C—8 oo HE *
Transfer Acmitrs TAB 16 2 1] A-B ele R(e
TBA 17 2 1]8-A oo R|e
Test, Zero or Minus TST 60 7 2|70 6 3 M-00 oo R|R
TSTA 4 2 1| A-00 ofe R{R
TST8 S0 2 1| 8-00 ole R[R
H|1 vic
LEGEND CONDITION CODE SYMBOLS CONDITION CODE REGISTER NOTES:
OP  Operation Code (Hexadecimal), (Bit set if test 1s true and cleared otherwise)
; :umb‘r n: :PU Cycles, H Half carry from bit 3, 1 (BitV) Test Result = 100000007
L yam Byt N o ) 2 (BitC) Test Result = 000000007
~ Anthmetic Minus, z Zero (byte) 3 (Bit C)  Test Decimal value of most significant BCD
- Boolean AND, V  Overflow, 2's complement Character greater than nine?
Mgp  Contents of memory location peinted to be Stack Pointer, € Carry frombit 7 (Not cleared if previously set )

° 4+ Boolean Inclusive OR, R Resst Always 4 (Bit V) Test Operand = 10000000 prior to execution?
@  Boolean Exclusive OR, S Set Always 5 (BitV)  Test Operand = 01111111 prior to execution?
M Complement of M, 1 Testand set if true, cleared otherwise [ (Bit V) Test Setequal to result of N®C after shift has occurred
- Transter Into, ®  Not Affected
0 Bit = Zero,

00  Byte = Zero,
Note - A addressing mode 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 (DEX, DES), increment (INX, INS), load (LDX,
LDS), and store (STX, STS) instructions are provided for
both The Compare instructiori, 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
systern

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 i1s imited only by the
amount of memory that i1s made available.

Operation of the Stack Pointer with the Push and Pull in-
structions 1s 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 i1s
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, 1A 1s 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 1s decremented after each byte of the return address is
pushed onto the stack For both of these instructions, the
return address 1s 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) addressing mode
Before it is stacked, the Program Counter 1s 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 retneved
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 (SW1)
and Wat for Interrupt (WAI) instructions as well as the
maskable (TRQ) and non-maskable (NMi) hardware inter-
rupts all cause the MPU's internal registers (except for the
Stack Pointer itself) to be stacked as shown in Figure 23
MPU status is restored by the Return from Interrupt, RTI, as
shown in Figure 22

Jump and Branch Operation

The Jump and Branch instructions are summarized in
Table 4. These instructions are used to control the transfer or
operation from one point to another in the control program

The No Operation instruction, NOP, while included here,
1s @ )Jump operation in a very imited sense Its only effect s 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

COND CODE REG

IMMED DIRECT INDEX EXTND IMPLIED 5(4/3/2{1]|0
POINTER OPERATIONS OP|~| %|OP|{ ~| = {0P|{~| =|0P|~|={0P|~|= BOOLEAN/ARITHMETIC OPERATION | H| 1| N vic
Compare Index Reg CPX 8C |3 9C| 4| 2(AC|6|2|BC|5 |3 XH-M X -M+1) oo D)o
Decrement Index Reg DEX [C: R X-1-X LA el
Decrement Stack Pntr DES 30411 SP—1-8P oo e oo
Increment Index Reg INX 084 |1 X+1-X eeeiiloe
Increment Stack Pntr INS 3411 SP+1 8P oo ojsioie
Load Index Reg LDX - CE|3| 3(DEf4| 2 /EE|6|2|FE|5 |3 M= Xy, (M +1) - X oo !|R|e
Load Stack Pntr Los 8E | 3| 3|9E|4| 2|AE[6|2|BE[5 |3 M—=SPH, (M +1) ~SP DLOIREIN
Store Index Reg §TX DF| 5| 2|EF|{T7 |2 |FF| 6|3 XH=M XL =M+ 1) oo :|R|®
Store Stack Pntr STS 9F (5| 2{AF|7|21iBF|6 |3 SPH =M, SPL—~(M+1) ele®:|R|e
Indx Reg — Stack Pntr TXS /L4 X-1-~8P e 0 0 000
Stack Pntr — Indx Reg TSX )41 SP+i *X DRI

@ (Bit N) Test Sign bit of most significant (MS) byte of result =

8

(Bit N) Test Result less than zero? (Bit 15 = 1)

1?

(Bit V) Test 2's complement overflow from subtraction of ms bytes?
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FIGURE 15 — STACK OPERATION, PUSH INSTRUCTION

MPU MPU
ACCA acca  [F3]
m -2 m-—2
m -1 SP — m — 1
@
SP ——> m a New Data m F3
2
m+1 7F 3 m+1 7F
Previously Previously
Stacked m+2 63 Stacked m+2 63
Data Data p
m+ 3 FD m+3 FD
| X — | 3¢ —
PC—> PSHA <: PSHA
Next Instr. / PC —> Next instr.
’\—_ \—
(a) Before PSHA (b) After PSHA

FIGURE 16 — STACK OPERATION, PULL INSTRUCTION
MPU MPU

o

= ]

ACCA

Acca

m-—2 m-2

m -1 m -1

SP =—————p- m m
m+1 1A SP—» m+1 1A

Previously
Stacked m+2 3c m+2 3c
Data Previously
m+3 D5 Stacked m+3 D5
Data

_/ /

PC —— PULA K PULA

Next instr. PC — Next Instr.

/

(a) Before PULA
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TABLE 4 — JUMP AND BRANCH INSTRUCTIONS

COND CODE REG.

RELATIVE INDEX EXTND IMPLIED 5/4(3[2|1]0
OPERATIONS MNEMONIC | OP |~ | # |OP| ~ | #|OP #{OP|~ | # BRANCH TEST H|1|N|Z|V]|C
Branch Always BRA 2(412 None oo o0 lole
Branch If Carry Clear BCC 24412 c=0 o|le|lo|eo|leole
Branch If Carry Set BCS 25(4 )2 c=1 oo o o0 |e
Branch If = Zero BEQ 27|42 zZ=1 e o e 0o 0 0
Branch If > Zero BGE 204 (2 N®V=0 eo| oo 0|00
Branch If > Zero BGT 26142 Z+(IN@V)=0 o(lo|lo/ofofe
Branch If Higher BHI 22|42 c+Z=0 e[ oo/ o feofe
Branch If < Zero BLE 2P| 4|2 Z+(N®V)=1 e/ oo/ e|efe
Branch If Lower Or Same BLS 23(412 C+Z=1 e/ oo/l eojo|e
Branch If <Zero BLT 2014 |2 N®V=1 el e ojofoje
Branch If Minus BMI B(4]|2 N=1 o/l ejo|/o(efe
Branch If Not Equal Zero BNE 26(412 Z=0 o/l o o/ 0|0 e
Branch If Overflow Clear BVC 28142 v=0 e/ o|efo|o 0
Branch If Overfiow Set BVS 29142 V=1 o e(ojoje|e
Branch If Plus BPL 2A| 4|2 N=0 e/ oo/ ofo|e
Branch To Subroutine BSR 80| 8|2 e/ oo/ o oo
Jump Jmp 6E| 4| 21 7E See Special Operations el oo ojo|e
Jump To Subroutine JSR AD| 8| 2[BD } ol ool olo|e
No Operation NOP 012 (1 Advances Prog Cntr Only ol oo/ oje]|e
Return From Interrupt RTI 3 (101 @
Return From Subroutine RTS 385 |1 o e , ol oo
Software Interrupt swi F (121 See Special Operations ol e oo 0@
Wait for Interrupt* WAI 3|19 {1 } @' e o|leole

'WAI puts Address Bus, R/W, and Data Bus in the three-state mode while VMA is held low
@ (AN)  Load Condition Code Register from Stack (See Special Operations)

@ (Bit 1) Set when interrupt occurs. If previously set, a Non-Maskable interrupt

I1s required to exit the wait state

Execution of the Jump Instruction, JMP, and Branch
' Always, BRA, affects program flow as shown in Figure 17.
When the MPU encounters the Jump (Indexed) instruction,
it adds the offset to the value in the Index Register and uses
the result as the address of the next instruction to be ex-
ecuted. In the extended addressing mode, the address of the
next Instruction to be executed is fetched from the two loca-
tions immediately following the JMP instruction. The Branch
Always (BRA) instruction i1s similar to the JMP (extended) in-
struction except that the relative addressing mode applies
and the branch is limited to the range within — 125 or +127
bytes of the branch instruction itself. The opcode for the
BRA instruction requires one less byte than JMP (extended)
but takes one more cycle to execute
The effect on program flow for the Jump to Subroutine
(JSR) and Branch to Subroutine (BSR) 1s shown in Figures
18 through 20 Note that the Program Counter is properly in-
cremented to be pointing at the coriect return address
before 1t 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-

INDXD

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 1s shown in Figure 22 SWI causes the
MPU 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 I1s 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 i1s
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 i1s used to decrease the time required to service a
hardware interrupt, 1t stacks the MPU contents -and then
waits for the interrupt to occur, effectively removing the
stacking time from a hardware interrupt sequence.

FIGURE 17 — PROGRAM FLOW FOR JUMP AND BRANCH INSTRUCTIONS

PC  Man Program
n { 6E=JMP
K = Offset

X +K | Next Instruction

n+1

Main Program Main Program

7E=JMP

n 2¢=BRA

KH = Next Address

n+1 K = Offset*

K| = Next Address

:
o
K Next Instruction

PC

n

n+1

EXTND n+2
(a) Jump

*K=Signed 7-bit value
(b) Branch
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FIGURE 18 — PROGRAM FLOW FOR BSR

m -2 SP—»m — 2
m-1 m-—1 (n+2)H
SP—> m m (n+2)L
m+1 7€ m+1 7€
- —
PC—> n BSR n BSR
n+1 +K = Offser* n+1 1K = Offset
n+2 Next Main Instr. n+2 Next Main Instr.
K = .Bi
K = Signed 7-Bit Value PC—»(n + 2) K 1st Subr. Instr.

(a) Before Execution (b) After Execution

FIGURE 19 — PROGRAM FLOW FOR JSR (EXTENDED) FIGURE 20 — PROGRAM FLOW FOR JSR (INDEXED)

-—/
m-3 m-2 SP—a-m -2
m-2 SP—>m -2 m-1 m-1 (n+2H
m_1 m-1 (n+3)H SP — m m (n+2)L
SP —— m m {n+3)L m+1 7€ ma 7€
m+1 7€ me 7€ 1A A
- - __———
m+2 74 m+2 7A  — —
v}'—— \_)'—— PC—n JSR = AD ISR = AD
— ] — | n+1 K = Offset* n+l K = Offset
PC——>n JSA =80 " ISR n+2 Next Main Instr n+2 Next Main Instr
n+1 Sy = Subr. Addr. n+1 Sy = Subr. Addr /_ f
n+2 [ S_=Subr. Addr n+2 | S_=Subr. Addr. . ]
n+3 | NextMan Instr. n+3 | NextMain instr KT e unmonea Valie pe—e x4k Tst Subr Inste
-_— _—
— )
(a) Before Execution PC—~»S 1st Subr. Instr *Contents of Index Register
(a) Before Execution (b) After Execution
(S formed from
swanasy) |

(b) After Execution
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m-—4
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m
n+1

Sn

PC —om
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FIGURE 21 — PROGRAM FLOW FOR RTS

(n +3)H

(n+3)L

7€

7A

-
——/

JSR = BD

Sy = Subr. Addr.

Sy = Subr. Addr.

Next Main Instr.

-
7

Last Subr. Instr.

RTS

-

(a) Before Execution

/

CCR

AcCCB

ACCA

Xy (Index Reg)

X (Index Reg)

PC(n+1)H

PC(n+1)L

7E

Next Main Instr.

/
rf

Last Inter. Instr.

PC—» n+3

Sn
FIGURE 22 — PROGRAM FLOW FOR RTI

m-7

m—6

m-—-5

m—4

m -3

m-—2

m -1

SP—fm— m
PC—a= n+1
sn

RTI

(a) Before Execution
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7€

7A

—

JSR = BD

SH = Subr. Addr.

S|_ = Subr. Addr.

Next Main Instr.

—

Last Subr. Instr.

RTS

L/,___

(b) After Execution

//_\

CCR

ACCB

ACCA

Next Main Instr.

L
/

L.ast Subr. Instr.

RTI

—/—-

(b) After Execution
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FIGURE 23 — PROGRAM FLOW FOR INTERRUPTS

Wait For Hardware Interrupt or
Software Interrupt Interrupt Non-Maskable Interrupt (NMI)
Main Program Main Program Main Program
n [ 3F=swi 1 n [3e=wal ]
n+1 rNexl Mamlnstr] n+l [ Next Main lnstrj n [ Last Prog thej
(. J AN J L\ J
—~N" Y

Continue Main Prog

Stack

SP—> m-—7

-6 di
Stack MPU m Condition Code
Register Contents :> m—5| Acmitr. B
| m—41 Acmitr A
m — 3 [ Index Register (Xy)
m — 2| Index Register (X)
m—1{ PC(n+ 1)H
m PC(n + 1)L

[swi HDWR WAI NMI Restart
INT

Wait Loop

FFFA FFF8 FFFC FFFE
| R FFFY i i
Interrupt Memory Asslgnmem1 St Interropt
FFF8 IRQ L] Mask (CCR 4)
FFF9 IRQ Ls
FFFA SWI ms Furst Instr
SWI LS Addr Formed Load Interrupt
FFFB ™ By Fetching Vector Into
FFFC NMI 2-Bytes From Program Counter
FFFD NMI LS Per Mem
FFFE Reset ms Assign.
FFFF Reset LS
Interrupt Program
NOTE* MS = Most Significant Address Byte, 1st Interrupt Instr.
LS = Least Significant Address Byte;
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FIGURE 24 — CONDITIONAL BRANCH INSTRUCTIONS

BMI N=1; BEQ : zZ=1,
BPL : N=9¢ BNE . Z=¢ ;
BVC : V=¢ ; BCC - C=¢ ;
BVS : v=1 BCS : =1,
BHI : C+Z=¢ ; BLT . N®V=1 ;
BLS : c+2=1 , BGE : N®V=¢ ,

BLE : Z+(N®V)=1 ,

BGT : Z+(N®V)=9¢ ,

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 (BMI) 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 (BVS) 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 1s, 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 (BHI) 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 CMP, 1t will cause a branch If the value in
the accumulator I1s 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 1s between larger or smaller where the range of
values is between — 128 and + 127.

Branch On Less Than Zero (BLT) and Branch On Greater
Than Or Equal Zero (BGE) test the status bits for Ne V=1
and Ne V=0, respectively BLT will ailways cause a branch
following an operation in which two negative numbers were
added. In addition, it will cause a branch following a CMP in
which the value In the accumulator was negative and the
operand was positive. BLT will never cause a branch follow-
ing a CMP 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
forZe(N+V)=1and Ze (N+ V) =0, respectively. The ac-
tion of BLE is identical to that for BLT except that a branch
will also occur If the result of the previous result was zero.
Conversely, BGT is similar to BGE except that no branch will
occur following a zero result.

CONDITION CODE REGISTER
OPERATIONS

The Condition Code Register (CCR) is a 6-bit register
within the MPU that 1s 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 CLI-WAI instruction sequence operated properly, with
early MC6800 processors, only if the preceding instruction
was odd (Least Significant Bit=1). Similarly it was advisable

4-74

to precede any SEl instruction with an odd opcode — such
as NOP These precautions are not necessary for MC6800
processors indicating manufacture in November 1977 or
later.

Svstems which require an interrupt window to be opened
under program control should use a CLI-NOP-SEI sequence
rather than CLI-SEI.
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FIGURE 25 — CONDITION CODE REGISTER BIT DEFINITION

bs bg bz by by bg

el [nfz]v]e]

H = Half-carry; set whenever a carry from b3 to by of the resuit is generated
by ADD, ABA, ADC, cleared if no b3 to by 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 RT1 instruction if |y, 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 as a result of the operation,
cleared otherwise.

C = Carry, set If there was a carry from the most significant bit (by) of the
result; cleared otherwise.

TABLE 5 — CONDITION CODE REGISTER INSTRUCTIONS
COND CODE REG

. IMPLIED s|af32(1]0
OPERATIONS MNEMONIC | 0P| ~ | = | BOOLEANOPERATION| H | 1 [N [Z [V C
Clear Carry cLe oc|2 {1 0-C e|eo|e(e|e|R
Clear Interrupt Mask cLl 0E|2 (1 01 ®/R| o (0 0@
Clear Overflow cLv 0A|2 |1 0~V e|e|ejeR}e
Set Carry SEC D[22 |1 1-C e|e e 0o 0 S
Set Interrupt Mask SEI OF |2 |1 1-1 e|S|e (e e e
Set Overflow SEV 0B(2(1 1=V ejejelejs|e
Acmitr A > CCR TAP 062 |1 A-CCR (©)
CCR — Acmitr A TPA 0721 CCR—~A ole|ejee]e
R = Reset

S = Set

® = Not affected

@ (ALL) Set according to the contents of Accumulator A

ADDRESSING MODES

The MPU operates on 8-bit binary numbers presented to 1t
via the Data Bus A given number (byte) may represent
either data or an instruction to be executed, depending on
where it Is encountered in the control program. The M6800
has 72 unique instructions, however, it recognizes and takes
action on 197 of the 256 possibilitis 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 addressing 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 addressing the
MPU's internal registers and all of the external memory loca-
tions

Selection of the desired addressing mode 1s made by the
user as the source statements are written. Translation into
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appropniate 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 instruc-
tion. The proper mode Is determined by selecting (hex-
adecimal notation) 8B, 9B, AB, or BB, respectively

The source statement format includes adequate informa-
tion for the selection if an assembler program is used to
generate the opcode. For instance, the Immediate mode I1s
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 Assembler
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 1s In the range 0-255 and Extended otherwise. There
are a number of instructions for which the Extended mode i1s
valid but the Direct 1s not For these instructions, the
Assembler automatically selects the Extended mode even if
the operand is in the 0-255 range The addressing modes are
summarized in Figure 26.

Inherent (includes “Accumulator Addressing’” Mode)

The successive fields in a statement are normally
separated by one or more spaces An exception to this rule
occurs for instructions that use dual addressing in the
operand field and for instructions that must distinguish be-
tween the two accumulators In these cases, A and B are

"‘operands’ but the space between them and the operator
may be omitted. This 1s commonly done, resulting In ap-
parent four character mnemonics for those instructions

The addition instruction, ADD, provides an example of
dual addressing In the operand field.

Operator Operand Comment

ADDA MEM12 ADD CONTENTS OF MEM12 TO ACCA
or

ADDB MEM12 ADD CONTENTS OF MEM12 TO ACCB

The example used earlier for the test instruction, TST, also

applies to the accumulators and uses the ““accumulator ad-
dressing mode” to designate which of the two accumulators
Is being tested

FIGURE 26 — ADDRESSING MODE SUMMARY

Direct: n DO Instruction

Example SUBB Z
Addr. Range = 0—255 n+1

A

Z = Oprnd Address

n+2 Next instr.

z l K = Operand l

OR

(K = One-Byte Oprnd)

(K = Two-Byte Oprnd) z K = Operand

Z+1 K = Operand

& 1f 2 S 255, Assembler Select Direct Mode
1f Z.>255, Extended Mode Is selected

Extended: n FO Instruction
Example: CMPA Z n+1 24y = Oprnd Address
Ad(;g:_';;;zis n+2 Z|_= Oprnd Address
n+3 Next Instr.
L]
o

(K = One-Byte Oprnd)

OR
(K = Two-Byte Oprnd) z Ky = Operand
Z+1 K| = Operand

Immediate: n Instruction

Example LDAA #K n+1 =

(K = One-Byte Oprnd) K = Operand
n+2 Next Inst.

OR

(K = Two-Byte Oprnd) n

(CPX, LDX, and LDS) Instruction
n+1 K = Operand
n+2 K = Operand
n+3 Next Instr.

Relative: n Instruction

Example: BNE K n+1 +K = Brnch Offset

(K = Signed 7-Bit Value) n+2 Next Instr. /2\

Addr. Range: )

—125 to +129

Relative to n. °

(n+2) K

A\ 11 Bench Tt False, /3 1f Brnch Tat True.

Indexed: n Instruction
Example. ADDA Z, X n+1 Z = Offset
Addr. Range: n+2 Next Instr.
0—-255 Relative to
index Register, X P

L]

{Z = 8-Bit Unsigned
Value)
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Operator Comment
7578 TEST CONTENTS OF ACCB

TSTA 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 1s required, that 1s, “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 S:milarly, 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 1s illustrated in
Figures 27 and 28 In these figures, the general case i1s shown
on the left and a specific example 1s shown on the rght.
Numerical examples are in decimal notation Instructions of
this type require only one byte of opcode. Cycle-by-cycle
operation of the inherent mode 1s shown in Table 6

Immediate Addressing Mode — In the Immediate address-
ing mode, the operand Is the value that 1s to be operated on.
For instance, the instruction

Operator Operand Comment
LDAA #25 LOAD 25 INTO ACCA

causes the MPU to “immediately load accumulator A with
the value 25", no further address reference i1s required The
Immediate mode s selected by preceding the operand value
with the ““#"" symbol Program flow for this addressing mode
1s illustrated in Figure 29

The operand format allows either properly defined sym-
bols or numerical values. Except ior 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 27 — INHERENT ADDRESSING

MPU MPU

INDEX

RAM

= N

PROGRAM
MEMORY

PROGRAM
MEMORY

PC INSTR K PC - 5000 INX K

G

V\

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 i1s 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. Drirect addressing generates a single 8-bit operand
and, hence, can address only memory locations O 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 1s obtained from locations 5007 and 5008
after the LDAB (Extended) opcode shows up in location
5006 Extended addressing can be thought of as the “'stan-
dard” addressing mode, that is, it is a method of reaching
any place in memory. Direct addressing, since only one ad-
dress byte Is required, provides a faster method of process-
ing data and generates fewer bytes of control code. In most
applications, the direct addressing range, memory locations
0-255, are reserved for RAM. They are used for data buffer-
ing and temporary storage of system vanables, the area in
which faster addressing i1s of most value Cycle-by-cycle
operation 1s shown In Table 9 for Extended Addressing.

FIGURE 28 — ACCUMULATOR ADDRESSING

mMPU MPU
accs
RAM RAM
PROGRAM PROGRAM
MEMORY MEMORY
se[_wstR K PC = 5001 INC B
GENERAL FLOW EXAMPLE
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Relative Address 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
lncation Branch instructions generate two bytes of machine
code, one for the instruction opcode and one for the
"relative’’ address (see Figure 32) Since it is desirable to be
able to branch in either direction, the 8-bit address byte 1s in-
terpreted as a signed 7-bit value, the 8th bit of the operand 1s
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 1s 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 1s defined as the address of the
branch destination, the range i1s then

(PC+2)—127<D=(PC+2)+127
or
PC-125<D=<PC+129
that 1s, the destination of the branch instruction must be
within =125 to + 129 memory locations of the branch in-
struction itself For transferring control beyond this range,

the unconditional jump (JMP), jump to subroutine (JSR),
and return from subroutine (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 Regster. If that bit1s *“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 MPU adds the offset, 15 In this case, to PC+ 2 and
branches to location 5025 for the next instruction.

The branch instructions allow the programmer to efficient-
ly direct the MPU to one point or another in the control pro-
gram depending on the outcome of test results. Since the
control program i1s normally in read-only memory and cannot
be changed, the relative address used in execution of branch
instructions 1s a constant numerical value. Cycle-by-cycle
operation 1s shown in Table 10 for relative addressing.

Indexed Addressing Mode — With Indexed addressing,
the numerical address Is vanable and depends on the current
contents of the Index Register A source statement such as

Comment
PUT A IN INDEXED LOCATION

Operator Operand
STAA X

causes the MPU to store the contents of accumulator A in

TABLE 6 — INHERENT MODE CYCLE-BY-CYCLE OPERATION

Address Mode Cycle | VMA R/W
and Instructions Cycles = Line Address Bus Line Data Bus
ABA DAA SEC 1 1 Op Code Address 1 Op Code
ASL DEC SEI 2 2 1 Op Code Address + 1 1 Op Code of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLlI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA .
DES 1 1 Op Code Address 1 Op Code
PNESX 4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
INX 3 0 Previous Register Contents 1 Irrelevant Data (Note 1)
4 ] New Register Contents 1 Irrelevant Data (Note 1)
PSH 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Acdress + 1 1 Op Code of Next Instruction
3 1 Stack Pointer 0 Accumulator Data
4 0 Stack Pointer — 1 1 Accumulator Data
PUL 1 1 Op Code Address 1 Op Code
! 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 0 Stack Pointer 1 Irrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Operand Data from Stack
TSX 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 0 Stack Pointer 1 Irrelevant Data (Note 1)
4 0 New Index Register 1 Irrelevant Data (Note 1)
TXS 1 1 Op Code Address 1 Op Code
a 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 0 Index Register 1 Irrelevant Data
4 0 New Stack Pointer 1 Irrelevant Data
RTS 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Irrelevant Data (Note 2)
5 3 0 Stack Pointer 1 Irrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Address of Next Instruction (High
Order Byte)
5 1 Stack Pointer + 2 1 Address of Next Instruction (Low
Order Byte)
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TABLE 6 — INHERENT MODE CYCLE-BY-CYCLE OPERATION (CONTINUED)

[ Address Mode I Cycle VMAI R/W 1
and Instructions Cycles # Line Address Bus Line Data Bus
WAI 1 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 | Op Code 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 Pointer — 2 0 | Index Register (Low Order Byte)
6 1 | Stack Pointer — 3 0 | Index Register (High Order Byte)
7 1 |Stack Pointer — 4 0 | Contents of Accumulator A
8 1 |Stack Pointer — 5 0 | Contents of Accumulator B
9 1 |Stack Pointer — 6 (Note 3) 1 | Contents of Cond. Code Register
RTI 1 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 | Irrelevant Data (Note 2)
3 0 | Stack Pointer 1 | irrelevant Data (Note 1)
4 1 |Stack Pointer + 1 1 | Contents of Cond Code Register from
Stack
10 5 1 |Stack Pointer + 2 1 | Contents of Accumulator B from Stack
6 1 [Stack Po.nter + 3 1 | Contents of Accumulator A from Stack
7 1 |Stack Pointer + 4 1 | Index Register from Stack (High Order
Byte)
8 1 |Stack Pointer +5 1 | Index Register from Stack (Low Order
Byte)
9 1 |Stack Pointer + 6 1 | Next Instruction Address from Stack
(High Order Byte)
10 1 |Stack Pointer + 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 |lIrrelevant Data (Note 1)
3 1 {Stack Pointer 0 | Return Address (Low Order Byte)
4 1 |Stack Pointer — 1 0 | Return Address (High Order Byte)
5 1 |Stack Pointer — 2 0 | Index Register (Low Order Byte)
12 6 1 |Stack Pointer — 3 0 | Index Register (High Order Byte)
7 1 |Stack Pointer — 4 0 | Contents of Accumulator A
8 1 |Stack Pointer — 5 0 | Contents of Accumulator B
9 1 |Stack Pointer — 6 0 | Contents of Cond Code Register
10 0 |[Stack Pointer — 7 1 | Irrelevant Data (Note 1)
11 1 |Vector Address FFFA (Hex) 1 /Bkddr)ess of Subroutine (High Order
yte
12 1 |Vector Address FFFB (Hex) 1 | Address of Subroutine (Low Order
Byte)
Note 1 If device which 1s addressed during this cycie uses VMA, then the Data Bus will go to the high impedance three-state condition.
D ding on bus itance, 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 1s waiting for the interrupt, Bus Available will go high indicating the following states of the control hines. VMA s

low; Address Bus, R/W, 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 (LDX, INX, DEC, etc.), the In-
dexed addressing mode provides a dynamic “‘on the fly'"" way
to modify program activity

The operand field can also contain a numerical value that
will be automatically added to X during execution This for-
mat is illustrated in Figure 33.

When the MPU encounters the LDAB (Indexed) opcode in
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location 5006, 1t 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 0-256
as in the example In the earlier example, STAA X, the
operand s equivalent to 0, X, that 1s, the 0 may be omitted
when the desired address 1s 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 FIGURE 30 — DIRECT ADDRESSING MODE

MPU mMPU MPU MPU
ACCA ACCA
<1 B < -
RAM RAM RAM RAM
<: <: ADDR [ DATA K ADDR = 100 35 K
PROGRAM RAM PROGRAM PROGRAM
MEMORY PMREOMGORV MEMORY MEMORY
pc | INSTR PC = 5002] LOA A pc | INSTR pc=5004| LDAA
pATA K . 25 <l pc+1| ApDR K 5005 100 K
ADDR = 0 < 255
GENERAL FLOW EXAMPLE

GENERAL FLOW EXAMPLE

TABLE 7 — IMMEDIATE MODE CYCLE-BY-CYCLE OPERATION

Address Mode [ Cycle [VMA R/W
and Instructions Cycles # | Line Address Bus Line Data Bus

ADC EOR 1 1 Op Code Address 1 Op Code

233 égﬁ 2 2 1 Op Code Address + 1 1 Operand Data

BIT SBC

CMP SUB

CPX 1 1 Op Code Address 1 Op Code

tgi 3 1 Op Code Address + 1 1 Operand Data (High Order Byte)
3 1 Op Code Address + 2 1 Operand Data (Low Order Byte)

TABLE 8 — DIRECT MODE CYCLE-BY-CYCLE OPERATION
l Address Mode L |Cy¢le VMA J RIW
and Instructions Cycles # | Line Address Bus Line Data Bus

ADC EQR 1 1 Op Code Address 1 Op Code

233 ggﬁ 3 2 1 Op Code Address + 1 1 Address of Operand

BIT SBC 3 1 Address of Operand 1 Operand Data

CMP suB

CPX 1 1 Op Code Address 1 Op Code

LS 4 2 | 1 | OpCode Address + 1 1 | Address of Operand
3 1 Address of Operand 1 Operand Data (High Order Byte)
4 1 Operand Address + 1 1 Operand Data (Low Order Byte)

STA 1 1 Op Code Address 1 Op Code

4 2 1 Op Code Address + 1 1 Destination Address

3 o Destination Address 1 Irrelevant Data (Note 1)
4 1 Destination Address 0 Data from Accumulator

STS 1 1 Op Code Address 1 Op Code

STX 2 1 Op Code Address + 1 1 Address of Operand

5 3 o Address of Operand 1 Irrelevant Data (Note 1)

4 1 Address of Operand [¢] Register Data (High Order Byte)
5 1 Address of Operand + 1 0 Register Data (Low Order Byte)

Note 1 If device which 1s 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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FIGURE 31 — EXTENDED ADDRESSING MODE

MPU MPU
: ACCB :
RAM RAM

)
)

ADDR DATA ADDR = 300 45

2
X

PROGRAM PROGRAM
MEMORY MEMORY

INSTR PC=5006 [ LDA B
PC ADDR
/‘\I_J_— 300
ADDR
5009 I~
ADDR - 256

GENERAL FLOW EXAMPLE

)

TABLE 9 — EXTENDED MODE CYCLE-BY-CYCLE

L Address Mode \ Cycle | VMA R/W l J
and Instructions Cycles = Line Address Bus Line Data Bus
STS 1 1 Op Code Address 1 Op Code
sTX 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 0 Address of Operand 1 Irrelevant Data (Note 1)
5 1 Address of Operand 0 Operand Data (High Order Byte)
6 1 Address of Operand + 1 0 Operand Data (Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Address of Subroutine (High Order Byte)
3 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte)
4 1 Subroutine Starting Address 1 Op Code of Next Instruction
5 1 Stack Pointer 0 Return Address (Low Order Byte)
6 1 Stack Pointer — 1 0 Return Address (High Order Byte)
7 0 Stack Pointer -- 2 1 Irrelevant Data (Note 1)
8 0 Op Code Address + 2 1 Irrelevant Data (Note 1)
9 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte)
Jmp 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Jump Address (High Order Byte)
3 1 Op Code Address + 2 1 Jump Address (Low Order Byte)
ADC EOR 1 1 Op Code Address 1 Op Code
233 %)DRQ 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
BIT SBC 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
CMP SUB 4 1 Address of Operand 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
tgi 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 1 Address of Operand 1 Operand Data (High Order Byte)
5 1 Address of Operand + 1 1 Operand Data (Low Order Byte)
STA A 1 1 Op Code Address 1 Op Code
STAB 2 1 Op Code Address + 1 1 Destination Address (High Order Byte)
3 1 Op Code Address + 2 1 Destination Address (Low Order Byte)
a4 (o] Operand Destination Address 1 Irrelevant Data (Note 1)
5 1 Operand Destination Address ) Data from Accumulator
ASL LSR 1 1 Op Code Address 1 Op Code
é‘?g g(E)E 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
COM ROR 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
I'DNEé: TST a 1 Address of Operand 1 Current Operand Data
5 o Address of Operand 1 Irrelevant Data (Note 1)
6 1/0 Address of Operand 0 New Operand Data (Note 2)
(Note
2)
Note 1 If device which 1s addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus
Note 2 For TST, VMA = 0 and Operand data does not change
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FIGURE 32 — RELATIVE ADDRESSING MODE

MPU MPU
RAM RAM
Program Program
Memory Memory
PC Instr.
Offset PC 5008 BEQ
(PC + 2)| Next Instr. 15
PC 5010f Next Instr.
T ~—— ‘\—\
(PC + 2) + (Offset)} Next Instr PC  5025| Next instr.

T ~—

FIGURE 33 — INDEXED ADDRESSING MODE

MPU MPU

ACCB

[ 59 ]

NBEX

[400]

RAM RAM

ADDR = INDX -
+ OFFSET DATA ADDR = 405 59
PROGRAM PROGRAM ¢
MEMORY MEMORY
pc| INSTR PC = 5006 LDAB
OFFSET 5 <

OFFSET < 255
GENERAL FLOW EXAMPLE

TABLE 10 — RELATIVE MODE CYCLE-BY-CYCLE OPERATION

Address Mode lecle vMA R/W
and Instructions Cycles # Line Address Bus Line Data Bus
BCC BHI BNE 1 1 |Op Code Address 1 |Op Code
BeS BLE L 4 2 | 1 |Op Code Address + 1 1 |Branch Offset
BGE BLT BVC 3 0 |{Op Code Address + 2 1 |irrelevant Data (Note 1)
BGT BMI BVS 4 0 |[Branch Address 1 |lrrelevant Data (Note 1)
BSR 1 1 |Op Code Address 1 |Op Code
2 1 |Op Code Address + 1 1 |Branch Offset
3 0 |Return Address of Main Program 1 {Irrelevant Data (Note 1)
8 4 1 |Stack Pointer 0 |Return Address (Low Order Byte)
5 1 |Stack Pointer — 1 0 |Return Address (High Order Byte)
6 0 |Stack Pointer — 2 1 |irrelevant Data (Note 1)
7 0 |Return Address of Main Program 1 [|lIrrelevant Data (Note 1)
8 0 |Subroutine Address 1 |lrrelevant Data (Note 1)
Note 1. If devnce which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition.
g on bus ce, data from the previous cycle may be retained on the Data Bus.
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TABLE 11 — INDEXED MODE CYCLE-BY-CYCLE

L Address Mode l Cycle VMA"| l RIW
and Instructions Cycles Line Address Bus Line Data Bus
INDEXED
JMP 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 Irrelevant Data (Note 1)
4 [} Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
ADC EOR 1 1 Op Code Address 1 Op Code
ARD H2a 2 | 1 | opcode Address + 1 1| offset
BIT SBC 3 o Index Register 1 Irrelevant Data (Note 1)
cmP sus 4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
::g;s( 2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 Irrelevant Data (Note 1)
a4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Operand Data (High Order Byte)
6 1 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte)
STA 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
3 [} Index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 0 Index Register Plus Offset 1 Irrelevant Data (Note 1)
6 1 Index Register Plus Offset 0 Operand Data
ASL LSR 1 1 Op Code Address 1 Op Code
ase ggf_ 2 | 1 | OpCode Address + 1 1 | offset
COM ROR 3 o Index Register 1 Irrelevant Data (Note 1)
E\‘Eé: TST 4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Current Operand Data
6 0 Index Register Plus Otfset 1 Irrelevant Data (Note 1)
7 1/0 Index Register Plus Offset 0 New Operand Data (Note 2)
(Note
2)
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 0 Index Register Plus Offset 1 Irrelevant Data (Note 1)
6 1 Index Register Plus Offset 0 | Operand Data (High Order Byte)
7 1 Index Register Plus Offset + 1 0 Operand Data (Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
3 [¢] Index Register 1 Irrelevant Data (Note 1)
4 1 Stack Pointer (] 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 Index Register 1 Irrelevant Data (Note 1)
8 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
Note 1. li device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition.

Note 2

on bus

data from the previous cycle may be retained on the Data Bus.

For TST, VMA = 0 and Operand data does not change.
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MC6801
MC6803
MC6803NR

MICROCOMPUTER/MICROPROCESSOR (MCU/MPU)

The MCB801 is an 8-bit single-chip microcomputer unit (MCU) which
significantly enhances the capabilities of the M6800 family of parts It in-
cludes an upgraded M6800 microprocessor unit (MPU) with upward-
source and object-code compatibility Execution times of key instruc-
tions have been improved and several new instructions have been add-
ed including an unsigned multiply The MCU can function as a
monolithic microcomputer 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 Senal
Communications Interface (SCI), parallel I/0, and a three function Pro-
grammable Timer The MC6803 can be considered as an MC6801
operating in Modes 2 or 3 The MC6803NR 1s comparable to MC6801
operating in Mode 3. An EPROM version of the MC6801, the MC88701
microcomputer, Is available for systems development The MC68701 is
pin and code compatible with the MC6801/03/03NR and can be used to
emulate the MC6801/03/03NR The MC68701 i1s described in a separate
Advance Information publication MC6801 MCU Family features in-
clude.

© Enhanced MC6800 Instruction Set

® 8x 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)

® 128 Bytes of RAM (MC6801 and MC6803)

©® 64 Bytes of RAM Retainable During Powerdown (MC6801

and MC6803) .
® 29 Parallel I/0 and Two Handshake Control Lines
® Internal Clock Generator with Divide-by-Four Output

PART NUMBER DESIGNATED

BY SPEED
MC6801 MC68A01
MC6803 MC68A03
MC6803NR  MC68A03NR
(1.0 MHz) (1.5 MHz2)
MC6801-1 MC68B01
MC6803-1 MC68B03
MC6803NR-1 MC68BO3NR
(1.25 MHz2) (2.0 MHz)

MOS

(N-CHANNEL, SILICON-GATE,
DEPLETION LOAD)

MICROCOMPUTER
MICROPROCESSOR

G SUFFIX
) PLASTIC PACKAGE
t - CASE 711

L SUFFIX
CERAMIC PACKAGE
CASE 715

FIGURE 1 — PIN ASSIGNMENT

Vss]' @ A 40 :E
XTALTQ 2 39{1sct
EXTAL2 13 38f1sc2
M4 37{1P30
TRQ105 36[1P31
RESET [6 35[1P32
vee 7 34[1P33
P20 Qs 33PP34
P21[}9 32[1P35
" p22[010 31[P36
P23 11 301 P37
P24 [j12 29 {1 P40
P10 [}13 28 [1Pa1
P11[14 21[1P42
P12 s 26 {]P43
P13Q16 25[1Pas
P14 [}17 24 ;P45
P15 []18 23[1 P46
P16 [j19 22[1Pa7
P17020 21f§Vee

Standby
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee -03t0 +70 \
Input Voltage Vin -03t0 +70 \
Operating Temperature Range Ta 0to 70 °C
Storage Temperature Range Tsig —56to +150 °C

*An extended temperature device, the MC6801C 1s avallable with Ta = —40°C to 85°C

THERMAL CHARACTERISTICS

Characteristic Symbol Value Rating
Thermal Resistance
Plastic ATN 50 °C/W
Ceramic 50

This device contains circuitry to protect the in-
puts against damage due to high static voltages
or electric fields, however, 1t 1s advised that nor-
mal precautions be taken to avoid application of
any voltage higher than maximum rated voltages
to this high-impedance circuit For proper opera-
tion 1t1s recommended that V,, and Vot be con-
strained to the range Vgg < (Vi or Voyut) = VCC
Input protection 1s enhanced by connecting
unused Inputs to either Vpp or VsS

POWER CONSIDERATIONS

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

Ty=Ta+(Ppedja)
Where.

Ta=Ambient Temperature, °C
64 =Package Thermal Resistance, Junction-to-Ambient, °C/W

PD=PINT+PPORT

PINT=ICcCx Ve, Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined
For most applications PPORT<P|NT 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 Pp and T (if PPORT s neglected) 1s

PD=K— (T +273°C)

Solving equations 1 and 2 for K gives.
K=Ppe(TA+273°C) + 8 )A*PD2

(1

(2)

(3)

Where K Is a constant pertaining to the particular part K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known Ta Using this value of K the values of Pp and T can be obtained by solving equations (1) and (2) iteratively for any

value of Ta

CONTROL TIMING (Voc=560V +6%, Vgs=0, TA=0 o 70°C)

Characteristic Symbol Mcsm1 M.CGBN 1 MpeBAm MCGBBN Unit
Min | Max | Min [Max | Min_[Max | Min | Max
Frequency of Operation fo 065|110 |05 |1.25] 05 [15 |05 {20 | MHz
Crystal Frequency fxTAL |3579] 40 |35679] 560 |3579] 60 |3579| 80 | MHz
External Oscillator Frequency 4ty 2014020} 50| 20 |60 )20 |80 |MHz
Crystal Oscillator Start Up Time trc - | 100 | - 0t - 100 ]| — 100 | ms
Processor Control Setup Time tpcg (200 — (170 | — | 140 | — [ 110 | — ns
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DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vdc +5% Vss=0, TA=0 to 70°C unless otherwise noted)

L
H

Characteristic Symbol Min Typ Max Unit
Input High Voltage RESE v Vgs+40 | — Vee v
Other Inputs® IH Vgg+20 | — vce
Input Low Voltage All Inputs® ViL Vss—-03 - Vss+08 \
Input Load Current Port4 | - - 05 mA
(Vin=0t02.4V) sc1 n - - 08
Input Leakage Current | _ 15 25 A
(Vin=0105 25V) NMI, IRQ1, RESET n s
Three-State (Off State) Input Current
(Vin=05102.4V) P10-P17, P30-P37 | ITg) - 20 10 uA
P20-P24 - 100 100
Output High Voltage
(lload= —100 A, Vcc=min) P30-P37 v Vgg+24 | — - v
(lload= —66 wA, Vec=min)** P40-P47,E,8C1,8C2 | 'OH | vgg+24 | — -
(load= — 100 uA, Ve =min) Other Outputs Vgsg+24 | — -
Output Low Voltage _ _
(ljoad=2 0 mA, Ve =min) Alloutputs | VOL Vss+05 |V
Darlington Drive Current
(Vo=15V) piop17| 'OH 10251 100 mA
Internal Power Dissipation (Measured at To=0°C in Steady-State Operation) PINT - - 1200 mwW
Input Capacitance .
(Vin=0, TA=25°C, fo=10MHz) P30-P37, P40-P47, SC1 Cin - - 125 pF
Other Inputs - — 100
V¢ Standby Powerdown | VSBB 40 - 525 v
Powerup Vsg 475 - 5.25
Standby Current Powerdown | Isgg - - 60 mA
*Except Mode Programming Levels, See Figure 16
**Negotiable to — 100 uA (for further information contact the factory)
FIGURE 2 — M6801 MICROCOMPUTER FAMILY BLOCK DIAGRAM
=93 —
e 7}
5522 seh
" H *L *—) Mode
Expanded Multiplexed MPU
Expanded Non-Multiplexed
I l-— Single Chip .
3¢ P37 A7/D7 D7 1/0 &3 (‘—Lle »p20 ¢ PCO
P36 AB/D6 D6 1/0 - Port | »P21 9 Pct
P35 AS5/D5 D5 1/0 <» Port Q Mux ¥ 2 >p2210 PCZ QLA ¢
P34 A4/D4 D4 1/0 - 3 - > P23 || RY
P33 A3/D3 D3 1/0 < < - P24\ Ty
P32 A2/D2 D2 1/0 <& Ol :
P31 A1/D1 D1 1/0 <6 —
37 P30 A0/DO DO /0 i L -
3% SC2 R/W  R/W 0S3 K Timer |l
39 sci As 03 153 <> v > -
B 7
T: SCI
2% pa7 A5 A7 1/0 - <> p10 D
P46 Al4 A6 1/0 -] (:m— €3 P11
P45 A3 A5 1/O e Port Port lg———3p12
Pa4s A12 A4 /0 - ¢ v le———p3
P43 AN A3 /0 -] lf€——>p14
P42 A10 A2 1/0 -] l€———3 P15
P41 A9 Al 110 < Data fE—————> P16
29 P40 A8 A0 170 P17 20
Ve Standby—3 13;[8 20;8;2 8
(1) No functioning RAM in MC6803NR n 2

(2) No functioning ROM in MC8803 and MC6803NR

4-86



MC6801eMC6803* MC6803NR

PERIPHERAL PORT TIMING (Refer to Figures 3-6)

Characteristics Symbol Min Typ Max Unit
Peripheral Data Setup Time tPDSU 200 — - ns
Peripheral Data Hold Time tPDH 200 - — ns
Delay Time, Enable Positive Transition to 0S3 Negative Transition tOSD1 - - 350 ns
Delay Time, Enable Positive Transition to OS3 Positive Transition t0SD2 — - 350 ns
Delay Time, Enable Negative Transition to Peripheral Data Vald
Port 1 tPWD - - 350 ns
Port 2,3, 4 - - 350
Delay Time, Enable Negative Transition to Peripheral CMOS Data Valid tCMOS - - 20 #S
Input Strobe Pulse Width tPWIS 200 — — ns
Input Data Hold Time tH 50 - — ns
Input Data Setup Time s 20 — - ns
FIGURE 3 — DATA SETUP AND HOLD TIMES FIGURE 4 — DATA SETUP AND HOLD TIMES
(MPU READ) (MPU WRITE)

[‘ MPU Write
r—MPU Read

E $ E
i -
tPDSU

PDH
P10-P17
t
P20-P24 3 R PWER | 07 vee
P40-P47 Data Vahd S K
1
Inputs 'PDH All Data Data Vahd
tPDSU Port Qutputs ata Val
Pi?p':iz Data Vahd
NOTES

1 10 k Pullup resistor required for Port 2 to reach 0 7 V¢g
2 Not applicable to P21
3 Port 4 cannot be pulled above VcC

*Port 3 Non-Latched Operation (LATCH ENABLE  0)

FIGURE 5 — PORT 3 OUTPUT STROBE TIMING FIGURE 6 — PORT 3 LATCH TIMING
(MC6801 SINGLE-CHIP MODE) (MC6801 SINGLE-CHIP MODE)

r MPU access of Port 3

N R N
Address ($0006) >< ><
Bus

> |<€osD1 10SD2
oI A— P30-P37
Inputs

*Access matches Output Strobe Select (0SS = 0, a read,
0SS =1, a write)

|

%

Data Vald

wi

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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BUS TIMING (See Notes 1 and 2)

MC6801 MCG801-1 | MC68A01 | MC68BO1
Numbor Characteristics Symbol |\ CoTINR | MCBBIONR1|MCBBAGINR |MCaBONR] U™
Min | Max | Min.| Max | Min | Max | Min | Max
1 Cycle Time teye 10 | 20| 08| 20 {0667| 20 [ 06 |20 | mus
2 Pulse Width, E Low PWEL | 430 | 1000 360 | 1000 | 300 | 1000 | 210 | 1000 ns
3 Pulse Width, E High PWEgH | 450 [ 1000} 360 | 1000 | 300 | 1000 | 220 |1000| ns
4 Clock Rise and Fall Time tr, tf - 25 - 25 - 25 - 20 ns
9 Address Hold Time tAH 20 - 20 - 20 - 10 - ns
12 Non-Muxed Address Valid Time to E* taAv 200 | — 150 - 15| — 70 - ns
17 Read Data Setup Time tDSR 80 - 70 - 60 — 40 - ns
18 Read Data Hold Time tDHR 10 - 10 - 10 - 10 - ns
19 Write Data Delay Time tDDW - 2% - | 200f{ — | 170 | — 120 | ns
21 Write Data Hold Time tDHW | 20 - 20 - 20 - 10 - ns
22 Muxed Address Valid Time to E Rise® tavm |20 | — [ 0| — | 115 — | 80 | - ns
24 Muxed Address Valid Time to AS Fall* tASL 60 - 50 — 40 - 20 = ns
25 Muxed Address Hold Time tAHL 20 - 20 - 20 - 10 - ns
26 Delay Time, E to AS Rise* tasp | 90| — |70°*| — |60°*| — |45°"| — ns
27 Pulse Width, AS High* PWaASH | 220 - 170 = 140 - 110 — ns
28 Delay Time, AS to E Rise* tASED | 90 - 70 — 60 — 45 - ns
29 Usable Access Time* (See Note 9) tACC 695 | — | 465 — | 380 ] — 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 taoSp specifications 100 ms min (1.0 MHz devices), 80 ms min. (1 256 MHz device),
65 ms min. (1 5 MHz devices), 50 ms min (2 0 MHz devices)

FIGURE 7 — BUS TIMING

_ 0O >
U/
<—@—————->
: Z See Note 4 \=——'
o on == 00— o
e o ©) <O
gt RXX
l @9 Note 3 @ _" '<_
A(:::;/x tha Icc oog K Read Data Muxed g‘- m
1 —® ~—@®—] !
~ O @
Addr/Data K Write Data Muxed 4 }_
Muxed 4 D
> 24)—> O
Address @ B > O Z
Strobe (AS) @ l
te——(27)—
TL.®
NOTES @ = @"‘

1 Voltage levels shown are V| <05V, V=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 1s 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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FIGURE 8 — CMOS LOAD

Test Point QT.
I 30 pF

FIGURE 9 — TIMING TEST LOAD PORTS 1, 2, 3, 4

Vce
RL18kQ

Test Point MMD6150

or Equiv

MMD7000
or Equiv

C=90 pF for P30-P37, P40-P47, E, SC1, SC2
=30 pF for P10-P17, P20-P24

R =37 k@ for P40-P47, E, SC1, SC2
=24 kQ for P10-P17, P20-P24
=24 k{1 for P30-P37

INTRODUCTION

The MCB6801 1s 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
1s 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 1s 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)

4-89

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,” 1t 1s 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 1 identifies one of four ports and j indicates the par-
ticular bit

The Microprocessor Unit (MPU) is an enhanced MC8800
MPU with additional capabilities and greater throughput. It i1s
upward source and object code compatible with the
MC6800 The programming model is depicted in Figure 10,
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 The MC6803NR is comparable to an
MC6801 that operates in Mode 3 only
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FIGURE 10 — PROGRAMMING MODEL

8-Bit Accumulators A and B
Or 16-Bit Double Accumulator D

(il Index Register (X)

jl Stack Pointer (SP)

0] Program Counter (PC)

[15 sp
hs PC
7 0

I 1 | 1 IHI I |NIZI vlcl Condition Code Register (CCR)

Carry/Borrow from MSB
Overflow
Zero

e Negative

Interrupt
Half Carry (From Bit 3)

OPERATING MODES

The MC6801 provides eight different operating modes
(Modes 0 through 7), the MC6803 provides two operating
modes (Modes 2 and 3), and the MC6803NR provides one
operating mode (Mode 3) The operating modes are hard-
ware 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 exght operating modes can be grouped into three fun-
damental modes which refer to the type of bus it supports
Single Chip, Expanded Non-Multiplexed, and Expanded
Multiplexed Single chip modes include 4 and 7, Expanded

Non-Muttiplexed 1s Mode 5 and the remaining five are Ex-
panded Multiplexed modes Table 2 summarizes the
characteristics 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 11 The MCU functions as a monolithic microcom-
puter in these two modes without external address or data
buses A maximum of 29 1/0 lines and two Port 3 control
lines are provided Peripherals or another MCU can be inter-
faced to Port 31n a loosely coupled dual processor configura-
tion, as shown in Figure 12

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 s 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 1s shifted into the C-bit (same as
ASL)
LSRD Shifts the double accumulator right (towards LSB) one bit, the MSB 1s cleared and the LSB 1s shifted into the C-bit
MUL Unsigned muitiply, multiphes 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
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In Single-Chip Test Mode (4), the RAM responds to
$XX80 through $XXFF and the ROM 1s removed from the in-
ternal address map A test program must first be loaded into
the RAM using modes 0, 1, 2, or 6 If the MCU 1s 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 1s used primarily to test Ports 3and 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 s configured inmtially
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 13 illustrates a typical system configuration in the
Expanded Non-Multiplexed Mode The MCU interfaces
directly with M6800 family parts and can access 256 bytes of
external address space at $100 through $1FF 10S provides
an address decode of external memory ($100-$1FF) and can
be used as a memory page select or chip select line

TABLE 2 — SUMMARY OF MC6801/03/03NR OPERATING MODES

Common to all Modes:
Reserved Register Area
Port 1
Port 2
Programmable Timer

Senal Communications Interface

Single Chip Mode 7

128 bytes of RAM, 2048 bytes of ROM

Port 3 1s a parallel 1/0 port with two control lines
Port 4 1s a parallel 1/0 port
SC11s Input Strobe 3 (IS3)_
SC2 1s Output Strobe 3 (0S3)

Expanded Non-Muitiplexed 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 1s an input port/address bus
SC1 s Input/Output Select (10S)
SC21s 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 1s a multiplexed address/data bus
Port 4 1s an address bus (inputs/address in Mode 6)
SC11s Address Strobe (AS)
SC21s Read/Write (R/W)
Test Modes 0 and 4
Expanded Multiplexed Test Mode O
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 1/0 ports

*The MC6803 operates only in modes 2 and 3, the MCB803NR operates only in Mode 3
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FIGURE 11 — SINGLE-CHIP MODE

FIGURE 12 — SINGLE-CHIP DUAL PROCESSOR CONFIGURATION

Vee Vee Vece
il | ]
_—x7Au1 ——=e€ XTAL1 —eE _1:—-1 XTAL 1 —eE
- - [~ \mi - o— M
lo—
TT—{exTAL2  [e—NMI T JexTAL2 IRQ1 T |extAl2 *— TRQ1
V¢ Standby ——» Vcce Standby ——6» Vg Standby ——e
RGO RESET ——e RESET—w
RESET——=f Mceso1 [*——'RQ1 MC6801 ESE MC6801
Port 1 Port 3, 8 1/0 Lines Port 1
Port 1 Port 3 510 G s o
81/0 Lines 7_81/0 Lines Lines Lines
jo———— 1S3 053] iS3
0 Port 2 153 0S3
Port 4 Port 4
81/0 Lines Port 2 S1/QLines - 81/0
51/0 Lines Sci Lines
L Serial 170 16-Bit Timer L Port 4 Port 2 _—
- 16-Bit Timer - 81/0 51/0 Lines -
V.
Vss Vss Lines SCI ss
16-Bit Timer
FIGURE 13 — EXPANDED NON-MULTIPLEXED CONFIGURATION
V?c vee
|
—{X7AL E —XTAL1 Port3 8 - (00-07)
- : NI - Portd 8 ® (AO-A7)
TT—EXTAL2 T dExTAL2 Iﬁ_g_ 05
Ve Standby ——ed F—— IRQ1 Vee Standby ——e R/W R/W
MC6801 ESET —® 06801 £ e
RESET —# NMI ——e
iRQ1—*
P -
81/0 Lines 8 Data Lines Port 1
———» R/W 81/0
Port 2
51/0 rl Port 2
Lines Port 4 51/0 .
Senal 170 To8 scl
16-Bit Timer Address Lines Timer L
Vs Vss
Ss RAM PIA ACIA
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Expanded-Multiplexed Modes (0, 1, 2, 3, 6)

A 64K byte memory space 1s 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 vald on the negative edge of Address
Strobe (AS), and data valid while E 1s high In Modes 0 to 3,
Port 4 provides address lines A8to A15 In Mode 6, however,
Port 4 initially 1s 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 subset of A8 to A15 can be provided while
retaining the remaining port 4 lines as input data lines Inter-
nal pullup resistors pull the Port 4 lines high until software
configures the port

In Mode 0, the Reset vector 1s external for the first two
E-cycles after the positive edge of RESET, and internal
thereafter In addition, the internal and external data buses
are connected so there must be no memory map overlap in
order to avoid potential bus conflicts Mode 0 1s used
primarily to verify the ROM pattern and monitor the internal
data bus with the automated test equipment

Only the MC6801 can operate in each of the expanded
multplexed modes The MC6803 operates only in Modes 2
and 3, while the MCB803NR operates only in Mode 3

Figure 14 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 15 This allows Port 3 to function as a Data
Bus when E 1s high

PROGRAMMING THE MODE

The operating mode 1s 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 program-
ming levels and timing must be met as shown in Figure 16 A
brief outline of the operating modes 1s shown in Table 3

PORT 2 DATA REGISTER
7 6 5 4 3 2 1 0

[pe2

Circuitry to provide the programming levels i1s dependent
primarily on the normal system usage of the three pins If
configured as outputs, the circuit shown in Figure 17 may be
used, otherwise, three-state buffers can be used to provide
isolation while programming the mode

PC1 P23 | P22 | P21 | P20 | $0003

PCO l P24

N v
TABLE 3 — MODE SELECTION SUMMARY
Mode* poo | mom | mam | VEER | ode tode "
7 H H H I | | | Single Chip
:7 6 H H L | | | Mux (6. 6) Multiplexed/Partial Decode
/ 5 H L H | | | NMUX!B. 6) | Non-Multiplexed/Partial Decode
4 H L L 12 I | I Single Chip Test
k 3 L H H E E E Mux ‘4! Multiplexed/No RAM or ROM
A 2 DO E i E MUx® | Multplexed/RAM
1 L L H | | E Mux'4) Multiplexed/RAM & ROM
[o] L L L | 1 3 Mux(4) Multiplexed Test
I — Internal (1) Internal RAM 1s addressed at $XX80

E — External

MUX — Multiplexed
NMUX — Non-Multiplexed
L — Logic "0”

H — Logic “1"

1,2, and 3

(2) Internal ROM 1s disabled
(3) RESET vector is external for 2 cycles after RESET goes high
(4) Addresses associated with Ports 3 and 4 are considered external in Modes O,

(5) Addresses assoclated with Port 3 are considered external in Modes 5 and 6

(6) Port 4 default 1s user data input, address output i1s optional by writing to Port 4
Data Direction Register

*The MC6803 operates only in Modes 2 and 3, the MC6803NR operates only in Mode 3
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FIGURE 14 — EXPANDED MULTIPLEXED CONFIGURATION

Vee
|
XTALT > E
L}
T EexTaL2  je—RNMI
Vce Standby ——3p
RESET —»  MC6801 le—— irai
MC6803
MCG6803NR Port 3
Port 1 or!
51/0 nes L R
- P_Multiplexed Data Address
—>»r. W
Port 2 A poia
51/0 Lines “ 8 Lines
Seral 1/0 Address Bus
16-Bit Timer
Vss
VT;
] XTAL?
p— Port3 8 8 . Data Bus
T extAt2  |as o 67
Vee Standby ——3p
RESET ———»{ MC6801 Port 4 3 Address Bus
NMI ————» MC6803 R/ 16 (A0 A15)
iRQT —»{ MC6803NR >R W
E
Port 1 > £
81/0
Port 2
51/0
SCi
Timer
Vss
ROM RAM PIA

NOTE To avoid data bus (Port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time

GND »
AS »— 1
> G oc
>
L1 Q1
» | I— >
> —>
Port 3 > 7418373 >
Address/Data »- (Typical)
> ——
> p———>
> | —
Ds Qg
>
>
>
>
—

FIGURE 15 — TYPICAL LATCH ARRANGEMENT
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FIGURE 16 — MODE PROGRAMMING TIMING

See Figure 17
for Diode Arrangement

VMPDD

\
(P20, P21, P22) Pl MPL
e ” ? Mode Latch
RESET Level

Mode Inputs
(P20, P21, P22)

MODE PROGRAMMING (Refer to Figure 16)
Characteristic

Symbol Min | Max Unit

Mode Programming Input Voltage Low VMPL - 18 2
Mode Programming Input Voltage High VMPH 40 — vV
Mode Programming Diode Differential (If Diodes are Used) VMPDD 06 - \
RESET Low Pulse Width PWRsTL | 30 | — [E-Cycles
Mode Programming Setup Time tMPS 20 — | E-Cycles

Mode Programming Hold Time
RESET Rise Time=1 ps IMPH 0 - ns
RESET Rise Time< 1 ps

FIGURE 17 — TYPICAL MODE PROGRAMMING CIRCUIT
Vee

RESET»— ® lneser
P20 8 P20 (PCO)
P2l S P21 (PC1)
P22 10 P22 (PC2)

Mode
Control MC6801
Switches MC6803
MCB803NR
D D D
Notes
1 Mode 7 as shown ]
2 RpeC=Reset ime constant ¢
3 R1=10k (typical) I
4 D=1N914, 1N4001 (typical) -
5 Diode V¢ should not exceed VMPDD min
MEMORY MAPS 6R, the MC6801 ROM has been relocated by a mask option
The M6801 Family can provide up to 64K byte address The first 32 locations of each map are reserved for the inter-
space depending on the operating mode A memory map for nal register area, as shown in Table 4, with exceptions as in-
each operating mode 1s shown in Figure 18 In Modes 1R and dicated
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FIGURE 18 — MC6801/03/03NR MEMORY MAPS

Multiplexed Test mode

MC6801
Mode

$0000"

$001F

$0080

$OOFF

$F800

SFFFF®

Internal Registers

External Memory Space

Internal RAM

External Memory Space

Internal ROM

Internal Interrupt Vectors'’

Notes

1)

2

3

4)

Excludes the following addresses which may
be usedexternally $04, $05, $06, $07 and $OF
Addresses $FFFE and $FFFF are considered
external if accessed within 2 cycles after a
positive edge of RESET and internal at all other
times

After 2 MPU cycles, there must be no over-
lapping of internal and external memory
spaces to avoid driving the data bus with more
than one device

This mode 1s the only mode which may be used
to examine the interrupt vectors in internal
ROM using an external RESET vector
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FIGURE 18 — MC6801/03/03NR MEMORY MAPS (CONTINUED)

MC6801
Mode

Multiplexed/RAM & ROM

$0000""

Internal Registers
$001F

External Memory Space
$0080

Internal RAM
$OOFF

External Memory Space
$F800

Internal ROM
SFFEF %
$FFFO External Interrupt Vectors
$FFFF
Notes

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

MC6801 R
Mode

Multiplexed/RAM & ROM

$0000""
A Internal Registers
$001F
External Memory Space
$0080
Internal RAM
SOOFF
Sxternal Memory Space
$X800%
Internal ROM®
S$XFFF
SFFFO
SFFFF External Interrupt Vectors
Notes

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

2) Starting addresses for the internal ROM may
be $C800, $D80O0 or $EBOO as a mask option

MC6801
MC6803
Mode

Multiplexed/RAM

$0000""
% Internal Registers
$001F
External Memory Space
$0080
Internal RAM
$OOFF 4
External Memory Space
SFFFO
SFEFF External Interrupt Vectors
Notes

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

HNEOBIDIN «£083DN e LOBIOIN
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FIGURE 18 — MC6801/03/03NR MEMORY MAPS (CONTINUED)

$0000(1)

MC6801
MC6803
MCB803NR

Mode

Multiplexed/No RAM or ROM

7
% Internal Registers
$001F

External Memory Space

$FFFO

External Interrupt Vectors

$FFFF

Notes

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

MC6801
Mode
Single Chip Test

$0000
m} Internal Registers
$001F

Unusable!114)

$XX80 Internal RAM
SXXFF Internal Interrupt Vectors

Notes

1) The internal ROM s disabled

2) Mode 4 may be changed to Mode 5 without hav-
ing to assert RESET by wniting a "1"" into the
PCO bit of Port 2 Data Register

Addresses A8 to A15 are treated as "don't
cares’’ to decode internal RAM

Internal RAM will appear at $XX80 to $XXFF

3

4

MC6801
Mode
Non-Multiplexed/ Partial Decode

$0000(1)
Internal Registers
$001F

Unusable
$0080 Y
Internal RAM
$00FF
$0100
External Memory Space
$O1FF
Unusable
$F800,
g /24/ Internal ROM
/,/
Internal Interrupt Vectors
SFFFF
Notes

1) Excludes the following addresses which may not
be used externally $04, $06, and $OF (No 10S)

This mode may be entered without going
through RESET by using Mode 4 and subse-
quently writing a 1" into the PCO bit of Port 2
Data Register

Address ines A0 to A7 will not contain addresses
until the Data Direction Register for Port 4 has
been wnitten with “1's” in the appropriate bits

These address lines will assert ““1's” untl made
outputs by writing the Data Direction Register

2

3]
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FIGURE 18 — MC6801/03/03NR MEMORY MAPS (CONCLUDED)

MC6801
Mode

Multiplexed/Partial Decode

(1) o7
$0000 Internal Registers
$001F
External Memory Space
$0080
Internal RAM
$OOFF
External Memory Space
$F800
/ Internal ROM
SFFFF Internal Interrupt Vectors
Notes

1) Excludes the following addresses which may be
used externwily $04, $06, $OF

2) Address hnes A8-A15 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

MC6801 R
Mode

Multiplexed/Partial Decode

$0000""
Internal Registers
$001F
External Memory Space
$0080
Internal RAM
$OOFF
External Memory Space
$X800"
Internal ROM '
2 //
SXFFF
External Memory Space
$FFFO
External Interrupt Vectors
SFFFF
Notes

1) Excludes the following addresses which may
be used externally $04, $06, $SOF

Address lines A8-A15 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

Starting addresses for the internal ROM may
be $C800, $D800 or $E80O

2

3

MC6801
Mode

Single Chip
$0000
$O001F
Unusable
$0080
SOOFF
Unusable
$F800

SFFFF

Internal Registers

Internal RAM

Internal ROM

Internal Interrupt Vectors
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MC6801/03/03NR INTERRUPTS

The M6801 Family supports two types of interrupt re-
quests maskable and non-maskable A Non-Maskable inter-
rupt (NMI) 1s 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 TRQ1
and TRQ2 The Programmable Timer and Serial Communica-
tions Interface use an internal TRQ2 interrupt line, as shown
in Figure 2 External devices (and 1S3) use TRQT An IRQ1 in-
terrupt 1s serviced before TRQZ If both are pending

All IRQ2 interrupts use hardware prioritized vectors The
single SClinterrupt and three timer interrupts are serviced in
a prioritized order and each s vectored to a separate loca-
tion All interrupt vector locations are shown in Table 5

The Interrupt flowchart 1s depicted in Figure 19 and 1s
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 I1s set to inhibit maskable inter-
rupts and a vector s fetched corresponding to the current
highest prionty interrupt The vector s transferred to the
Program Counter and instruction execution Is resumed In-
terrupt and RESET timing are illustrated in Figures 20 and 21

FUNCTIONAL PIN DESCRIPTIONS

Vce AND Vss

Vce and Vss provide power to a large portion of the
MCU The power supply should provide +5 volts (+5%) to
Vce, and Vss should be tied to ground Total power
dissipation (including Vcc Standby), will not exceed Pp
milhiwatts

Vcc STANDBY
Vce 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 I1s In a powerup or powerdown
state In the powerup state, the power supply should provide
+5 volts (+5%) and must reach Vgg volts before RESET
reaches 4 0 volts During powerdown, V¢ Standby must
remain above Vggg (min) to sustain the standby RAM and
STBY PWR bit While in powerdown operation, the standby
current will not exceed ISBB

It1s typical to power both V¢ and Vcc Standby from the
same source during normal operation A diode must be used
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between them to prevent supplying power to Vg during
powerdown operation V¢ 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
Output Compare Register (High Byte) [o]:]
Output Compare Register (Low Byte) ocC
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 1
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 16-1F

*External addresses in Modes 0, 1, 2, 3, 5, 6, cannot be accessed
in Mode 5 (No 10S)
**External addresses in Modes 0, 1, 2, 3
***1=0utput, 0= Input

TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS

MSB LSB Interrupt

FFFE | FFFF RESET

FFFC | FFFD NMI

FFFA FFFB Software Interrupt (SWI)
FFF8 | FFF9 IRQ1 (or 1S3)
FFF6 FFF7 ICF (input Capture)®
FFF4 FFF5 OCF (Output Compare)*®
FFF2 FFF3 TOF (Timer Overflow)*

FFFO FFF1 SCI (RDRF + ORFE+ TDRE)"
*1RQ2 Interrupt
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RESET

13 ITMP
13

Vector 3» PC

RESET | FFFE FFFF

ITMP3»|

1IT™MP 3|

I

Next
Instr

EXECUTE

FIGURE 19 — INTERRUPT FLOWCHART

Stack Machine State
PC X, A,B CC

Condition Code Register
CLTelInfzfv]c]

IT™MP

<

ITMP
> |

Vector ¥ PC
NMI FFFC FFFD
SWI FFFA FFFB
IRQ1 FFF8 FFFY
\CF FFF6 FFF7
OCF FFF4 FFFS
TOF FFF2 FFF3
sci FFFO FFF1

A

€

SCl=TIE®TDRE + RIE®(RDRF + ORFE)

Non-Maskable Interrupt

Software Interrupt

Maskable Interrupt Request 1

Input Capture Interrupt

Output Compare Interrupt

Timer Overflow Interrupt

SCl Interrupt (TDRE + RDRF + ORFE)
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FIGURE 20 — INTERRUPT SEQUENCE

Cycle
Last Instruction——  #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12
Uy yuy iy
1-Bit Set

pamerna X X X X X X X XX XX XXX

Op Code Op Code SP(n) SP(n-1) SP(n-2) SP(n-3) SP(n-4) SP(n-5) SP(n-6) SP(n-7) Vector Vector New PC
——\ Addr  Addr + 1 MSB Addr LSB Addr Address

|~ trcs

g
3
N

—>| je—tpcs
anternal X X X X X X X X X X X XX XX

Code Op Cod PC0O-7 PC8-156 XO0-7 X 8-1 ACCA AC CCR Irrelevant  Vector  Vector First Inst of
Op Code P T 8 0 815 ce ce ' Da;/a MSB LSB Interrupt Routine
Internal R/W \

FIGURE 21 — RESET TIMING

mmmmm

— 525V
v 7£4 75V
e }: tRC o M —i l<—u=cs
RESET ) — 3 - j4ov 08
aderess Bus SETRTRTRTRRTIRTERY {RRRTTIRITRRRRRTIIRRRINN T X XX X X XX XX
FFFE ' 'FFFE  FFFE FFFE  FFFF  New PC FFFE FFFE

Internal R/W mm WL < : ‘-—:
oo A ISEERTRTRRTRRRRALY, ,{SRERRRRTRRRIIRRNRRRRRRRRRRRRN | XX X X XX XXX

PC 815 PCO-7 First
RN Wot Valid

Instruction

HNEOBION €083 N« LOBION



MC68012MC6803*MC6803NR

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 1s included which allows use of the inexpensive
3 58 MHz or 4 4336 MHz Color Burst TV crystals A 20 pF
capacttor should be tied from each crystal pin to ground to
ensure reliable startup and operation Alternatively, EXTAL2
may be driven by an external TTL compatible clock at 4fq
with a duty cycle of 50% (+5%) with XTAL1 connected to
ground

The internal oscillator 1s 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
tme * The MCU 1s compatible with most commercially
available crystals Nominal crystal parameters are shown In
Figure 22.

RESET

This input 1s 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¢ 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 1s an output clock used primarily for bus synchroniza-
tion It1s 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
1t responds to the request The MCU will then begin an inter-
rupt sequence Finally, a vector 1s fetched from $FFFC and
$FFFD, transferred to the Program Counter and instruction
execution 1s resumed NMI typically requires a 33 kQ
(nominal) resistor to V¢ There 1s no internal NMT pullup
resistor NMI must be held low for at least one E-cycle to be
recognized under all conditions

IRQ1 (MASKABLE INTERRUPT REQUEST 1)

IRQ1 1s a level-sensitive input which can be used to re-
quest an interrupt sequence The MPU will complete the cur-
rent instruction before 1t 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 1s fetch-
ed from $FFF8 and $FFF9, transferred to the Program
Counter, and instruction execution 1s resumed

IRQ1 typically requires an external 33 k@ (nominal)
resistor to V¢ for wire-OR applications TRQ1 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

*Devices made with masks subsequent to M5G, M8D and T5P in-
corporate an advanced clock with improved startup charac-
teristics
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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 1S3 and can be used to in-
dicate that Port 3 input data is ready or output data has been
accepted Three options associated with 153 are controlled
by Port 3 Control and Status Register and are discussed in
the Port 3 description If unused, 1S3 can remain uncon-
nected .

SC2 s 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 i1s generated by a read (0SS=0) or
write (0SS=1) to the Port 3 Data Register 053 timing 1s
shown In Figure 5

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 (I0S) and is asserted only when $0100 through
$O1FF i1s sensed on the internal address bus

SC2 1s configured as Read/Write and i1s used to control
the direction of data bus transfers An MPU read 1s 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 1s configured as Read/Write and 1s 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 11s a mode independent 8-bit I/0 port with each line
an input or output as defined by the Port 1 Data Direction
Register The TTL compatible three-state output buffers can
drive one Schottky TTL load and 30 pF, Darlington tran-
sistors, or CMOS devices using external pullup resistors It is
configured as a data input port by RESET Unused lines can
remain unconnected

P20-P24 (PORT 2)

Port 2 1sa mode-independent, 5-bit, multipurpose 1/0 port
The voltage levels present on P20, P21, and P22 on the rising
edge of RESET determine the operating mode of the MCU
The entire port 1s 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 Direction
Register The Port 2 Data Register 1s used to move data
through the port However, If P21 i1s configured as an out-
put, 1t 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 three-state, TTL-compatible output buffers are
capable of driving one Schottky TTL load and 30 pF, or
CMOS devices using external puliup resistors

PORT 2 DATA REGISTER
7 6 5 4 3 2 1

lPCZ ’PC1 'PCO LPZA lP23 P22 | P2

0
P20

1 $0003
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FIGURE 22 — M6801 FAMILY OSCILLATOR CHARACTERISTICS

(a) Nominal Recommended Crystal Parameters

Nominal Crystal Parameters*

3.58 MHz 4.00 MHz 5.0 MHz 6.0 MHz 8.0 MHz
RS 60 @ 50 @ 30-50 @ 30-50 2 20-40 @
Co 35pF 65 pF 4-6 pF 4-6 pF 4-6 pF
Cq 0015 pF 0025 pF 001-0 02 pF 001-0 02 pF 001-0 02 pF
Q >40 K >30 K >20 K >20K >20 K

*NOTE These are representative AT-cut crystal parameters only Crystals of other

types of cut may also be used

MC6801

CL CL

T

T

C =20 pF (typical)

N

TTL-compatible osciilators may be
obtained from

Motorola Component Products

Attn Data Clock Sales

2553 N Edgington St
Frankhin Park, IL 60131
Tel 312-451-1000

: 1 Is
__—fVI:'V‘\—ig_RMS____—
2 3
1L
LAY
Co

Equivalent Circuit

Telex 433-0067
(b) Oscillator Stabilization Time (tgc)
{c
€475V i
vce /
£ J
{
-
RESET
:{ osv
le————tRC
Oscillator
Stabilization
Time. tRC
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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 31s an 8-bit 1/0 port in the Single-Chip Mode, with
each line configured by the Port 3 Data Direction Register
There are also two lines, 1S3 and 0S3, which can be used to
control Port 3 data transfers

Three Port 3 options are controlied 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 1S3 as a
control signal, (2) OS3 can be generated by either an MPU
read or write to the Port 3 Data Regrster, and (3) an IRQ1 in-
terrupt can be enabled by an 1S3 negative edge Port 3 latch
timing 1s shown in Figure 6

PORT 3 CONTROL AND STATUS REGISTER
6 5 4 3 2 1 0

1S3
IRQ1
Enable

1S3
Flag

Latch

058 Enable

$000F

Bit 0-2
Bit 3

Not used

LATCH ENABLE This bit controls the
input latch for Port 3 If set, input data
i1s latched by an 1S3 negative edge The
latch 1s transparent after a read of the
Port 3 Data Register LATCH ENAL-
BLE 1s cleared during reset

0SS (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 1s generated by a read, when
set, 1t 1s generated by a write 0SS is
cleared during reset

Not used

1S3 1RQ1 ENABLE When set, an TRQT
interrupt will be enabled whenever 1S3
FLAG 1s set, when clear, the interrupt
1s inhibited This bit 1s cleared during
reset

IS3 FLAG This read-only status bit I1s
set by an IS3 negative edge It is
cleared by a read of the Port 3 Control
and Status Regster (with 1S3 FLAG
set) followed by a read or write to the
Port 3 Data Register or during reset

Bit 4

Bit6
Bit 6

Bit 7

Port 3 In Expanded Non-Multiplexed Mode

Port 3 s configured as a bidirectional data bus (D7-DO0) in
the Expanded Non-Muitiplexed Mode The direction of data
transfers is controlled by Read/Write (SC2) Data 1s clocked
by E (Enable)
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Port 3 In Expanded Multiplexed Mode

Port 31s configured as a ime multiplexed address (A0-A7)
and data bus (D7-D0) in the Expanded Multiplexed Modes,
where Address Strobe (AS) can be used to demultiplex the
two buses Port 31s held in a high impedance state between
valid address and data to prevent bus conflicts

P40-P47 (PORT 4)

Port 4 1s configured as an 8-bit 1/O port, as address out-
puts, or as data inputs depending on the operating mode
Port 4 can dnive 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/0 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 1s 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, A0 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 A15
In Mode 6, the port 1s 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 A15 Internal pullup resistors pull the lines high until the
Port 4 Data Direction Register 1s configured, where bit O con-
trols A8

RESIDENT MEMORY

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

One half of the RAM 1s powered through the V¢ standby
pin and I1s 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 VcC standby if the internal
RAM 1s to be used regardless of whether standby power
operation 1s anticipated

The RAM is controlled by the RAM Control Register

RAM CONTROL REGISTER ($14)

The RAM Control Register includes two bits which can be
used to control RAM accesses and determine the adequacy
of the standby power source during powerdown operation
It 1s intended that RAME be cleared and STBY PWR be set
as part of a powerdown procedure
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RAM CONTROL REGISTER

7 6 5 4 3 2 1 0
[sTBY [ RAME [ X [ X [ X [ X [ x | X
PWR

Bit 0-56 Not Used
Bit 6 RAME

Bit 7 STBY PWR

RAM Enable This Read/Write bit can
be used to remove the entire RAM
from the internal memory map RAME
1s set (enabled) during Reset provided
standby power s available on the
positive edge of RESET If RAME 1s
clear, any access to a RAM address is
external If RAME 1s set and not in
Mode 3, the RAM 1s included in the in-
ternal map

Standby Power This bit 1s a
Read/Write status bit which s cleared
whenever Vcc Standby decreases
below Vggg (min) It can be set only
by software and i1s not affected during
reset

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 1s shown in Figure 23

COUNTER ($09:0A)

The key timer element 1s a 16-bit free-running counter
which 1s incremented by E (Enable) It s cleared during reset
and 1s read-only with one exception a write to the counter
($09) will preset 1t to $FFF8 This feature, intended for
testing, can disturb serial operations because the counter
provides the SCI internal bit rate clock TOF 1s set whenever
the counter contains all 1's

OUTPUT COMPARE REGISTER ($0B:0C)

The Output Compare Register 1s a 16-bit Read/Write
register used to control an output waveform or provide an ar-
bitrary timeout flag It 1s compared with the free-running
counter on each E-cycle When a match occurs, OCF is set

FIGURE 23 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER
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and OLVL is clocked to an output level register If Port 2, bit
1, 1s 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 its high byte ($0B) to ensure a valid
compare The Output Compare Register 1s set to $FFFF at
RESET

INPUT CAPTURE REGISTER ($0D:0E)

The Input Capture Register 1s 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 i1s in-
hibited, however, between accesses of a double byte MPU
read The input pulse width must be at least two E-cycles to
ensure an input capture under all conditions

TIMER CONTROL AND STATUS REGISTER ($08)

The Timer Control and Status Register {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 occured 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 IRQ2 interrupt
and 1s controlled by an individual enable bit in the TCSR

TIMER CONTROL AND STATUS REGISTER (TCSR)

7 6 5 4 3 2 1 0
[ICF | OCF ]TOF | EiC! ]EOCI]ETOII!EDG[OLVL] $0008

Bit 0 OLVL Output level OLVL s 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 1s set It i1s cleared during
reset

Input Edge IEDG s cleared during
reset and controls which level transi-
tion will tnigger a counter transfer to
the Input Capture Register

IEDG =0 Transfer on a negative-edge
IEDG =1 Transfer on a positive-edge

Enable Timer Overflow Interrupt
When set, an IRQ2 interrupt 1s enabled
for a timer overflow, when clear, the
interrupt 1s inhibited it 1s 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 1t 1s cleared
during reset

Bit 1 EIDG

Bit 2 ETOI

Bit 3 EOCI

Bit 4 EICI Enable Input Capture Interrupt When
set, an IRQ2 interrupt is enabled for an
input capture, when clear, the inter-
rupt is inhibited 1t 1s cleared during
reset
Timer Overflow Flag TOF is set when
the counter contains all 1's It s
cleared by reading the TCSR (with
TOF set) then reading the counter high
byte ($09), or during reset
Output Compare Flag OCF 1s 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 ($0B or $0C), or
during reset
Bit 7 ICF Input Capture Flag ICF i1s set to in-
dicate a proper level transition, it 1S
cleared by reading the TCSR (with ICF
set) and then the Input Capture
Register High Byte ($0D), or during
reset

Bit 5 TOF

Bit 6 OCF

SERIAL COMMUNICATIONS INTERFACE (SCl)

A full-duplex asynchronous Serial Communications Inter-
face (SCI) is provided with two data formats and a variety of
rates The SCI transmutter and receiver are functionally in-
dependent, but use the same data format and bit rate Senal
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 senial loop multi-processor configuration, the
software protocol will usually identify the addresseel(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 1s included whereby all further SCI receiver flag (and
interrupt) processing can be inhibited until its data hine goes
idle An SCI receiver is re-enabled by an idle string of ten
consecutive 1's or during reset Software must provide for
the required 1dle string between consecutive messages and
prevent 1t 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 4 per E-clock frequency, or external
clock (x 8 desired baud)

® wake-up feature enabled or disabled

® interrupt requests enabled individually for trans-
mitter and receiver

® clock output internal bit rate clock enabled or dis-
abled to P22
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SERIAL COMMUNICATIONS REGISTERS

The Serial Communications Interface includes four ad-
dressable registers as depicted in Figure 24 It 1s 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 5 4 3 2 1 0
[ x I x T x ] x Jcci]cco[ss1]sso] soo1o

Bit1B1t0 SS1 SSO Speed Select

ternal clock  Four

frequencies
Bit3Bit2

use of P22

If both CC1 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 CC1 CCO=10, the internal bit rate clock 1s

provided at P22 regardiess 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 24 — SCI REGISTERS
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These two
bits select the Baud when using the in-
rates may be
selected which are a function of the
MCU input frequency Table 6 lists bit
time and rates for three selected MCU

CC1 CCO Clock Control and Format
Select These two bits control the for-
mat and select the serial clock source
If CC11s set, the DDR value for P22 1s
forced to the complement of CCO and
cannot be altered until CC1 1s cleared
If CC11s cleared after having been set,
1its DDR value 1s unchanged Table 7
defines the formats, clock source, and
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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 0 to 4 are also
writable The register is initialized to $20 by RESET

TRANSMIT/RECEIVE CONTROL AND STATUS
REGISTER (TRCSR)

7 6 5 4 3 2 1 0

]RDRF,ORFELTDREI RlE‘ RE I TE ] TE ]wu' $0011

Bit 0 WU ““Wake-up”’ on ldle Line When set,
WU enables the wake-up function, it is
cleared by ten consecutive 1's or dur-
ing reset WU will not set if the line 1s
idle

Transmit Enable When set, P24 DDR
bit 1s set, cannot be changed, and will
remain set if TE 1s subsequently
cleared When TE 1s changed from
clear to set, the transmitter 1s con-
nected to P24 and a preamble of nine
consecutive 1's i1s transmitted TE 1s
cleared during reset

Transmit Interrupt Enable When set,
an IRQ2 interrupt 1s enabled when
TDRE is set, when clear, the interrupt
1s inhibited TE 1s cleared during reset
Receive Enable When set, the P23
DDR bit 1s cleared, cannot be chang-
ed, and will remain clear if RE is subse-
quently cleared While RE is set, the
SCl receiver i1s enabled RE is cleared
during reset

Recelver Interrupt Enable When set,
an IRQ2 interrupt 1s enabled when
RDRF and/or ORFE is set, when clear,
the interrupt i1s inhibited RIE is cleared
during reset

Bit 1 TE

Bit 2 TIE

Bit 3 RE

Bit 4 RIE

Bit 5 TDRE Transmit Data Register Empty TDRE
is set when the Transmit Data Register
1s transferred to the output senal shift
register or during reset It is cleared by
reading the TRCSR (with TDRE set)
and then writing to the Transmit Data
Register  Additional data will be
transmitted only If TDRE has been
cleared

Overrun Framing Error if set, ORFE In-
dicates either an overrun or framing er-
ror An overrun i1s a new byte ready to
transfer to the Receiver Data Register
with RDRF still set A recewver framing
error has occurred when the byte
boundaries of the bit stream are not
synchronized to the bit counter An
overrun can be distinguished from a
framing error by the state of RDRF f
RDRF 1s 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 framing error 1s transferred
to the Receive Data Register
However, subsequent data transfer is
blocked until the framing error flag 1s
cleared * ORFE s cleared by reading
the TRCSR (with ORFE set) then the
Receive Data Register, or during reset
Receive Data Register Full RDRF s
set when the input serial shift register
1s transferred to the Receive Data
Register It 1s cleared by reading the
TRCSR (with RDRF set), and then the
Receive Data Register, or during reset

Bit 6 ORFE

Bit 7 RDRF

*Devices made with mask numbers M5G, M8D, and T5P do not
transfer unframed data to the Receive Data Register

TABLE 6 — SCI BIT TIMES AND RATES

$S1:550 4fo— 2.4576 MHz 4.0 Mhz 4.9162 MHz
i} E 614.4 kHz 1.0 MHz 1.2288 MHz
0 0 -16 26 ps/38,400 Baud 16 pus/62,500 Baud 13 0 us/76,800 Baud
0 1 -128 208 ps/4,800 baud 128 us/7812 5 Baud 104 2 ps/9,600 Baud
1 0 - 1024 167 ms/600 Baud$ 1024 ms/976 6 Baud 833 3 ps/1,200 Baud
1 1 — 4096 6 67 ms/150 Baud 4 096 ms/244 1 Baud 3 33 ms/300 Baud
*External (P22) 13 0 ps/76,800 Baud 8 0 ¢s/125,000 Baud 6 5 us/153,600 Baud

*Using maximum clock rate

TABLE 7 — SCI FORMAT AND CLOCK SOURCE CONTROL

Clock Port 2

Cc1:Ccco Format Source Bit 2
00 Bi-Phase | Internal | Not Used
01 NRZ Internal | Not Used

10 NRZ Internal Qutput

1" NRZ External Input
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SERIAL OPERATIONS

The SCI 1s intialized 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 1s con-
nected to P24 and serial output Is initiated by transmitting a
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=0), it will be
transferred to the output senal shift register (synchronized
with the bit rate clock), TDRE will be set, and transmission
will begin

The start bit (0), erght 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 1s 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 25

INSTRUCTION SET

The MC6801/03/03NR is upward source and object code
compatible with the MC6800 Execution times of key instruc-
tions have been reduced and several new instructions have
been added, including a hardware multiply A list of new
operations added to the MC6800 instruction set 1s 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 1s 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 n 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 MC6801/03/03NR 1s shown
in Figure 11 Accumulator A can be concatenated with ac-
cumulator B and jointly referred to as accumulator D where
A 1s 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 1s a 16-bit
register which always points to the next instruction

Stack Pointer — The stack poimnter i1s 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 1s a 16-bit register
which can be used to store data or provide an address for the
indexed mode of addressing

Accumulators The MPU contains two 8-bit ac-
cumulators, A and B, which are used to store operands and
results from the arthmetic 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
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 instructions Bit 4 1s the interrupt mask (I-bit) and in-
hibits all maskable interrupts when set The two unused bits,
B6 and B7, are read as ones

FIGURE 25 — SCI DATA FORMATS
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ADDRESSING MODES

Six addressing modes can be used to reference memory
A summary of addressing modes for all instructions 1s
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 microseconds A cycle-by-cycle
description of bus activity for each instruction 1s provided in
Table 14 and a description of selected instructions 1s shown
in Figure 26

Immediate Addressing — The operand or “immediate
byte(s)” i1s contained in the following byte(s) of the instruc-
ton 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 1s assumed to be $00
Direct addressing allows the user to access $00 through $FF
using two byte instructions and execution time is reduced by

tions, the 256-byte area 1s 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 1s 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 operandl(s) are registers and
no memory reference is required These are single byte in-
structions

Relative Addressing — Relative addressing 1s used only for
branch instructions If the branch condition 1s true, the Pro-
gram Counter 1s 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 fust byte of the instruction

elminating the additional memory access In most applica- These are two byte instructions

TABLE 8 — CPU INSTRUCTION MAP

OP MNEM MODE ~ #]l OP MNEM MODE ~ #([OP MNEM MODE ~ /| OP MNEM MODE ~ || OP MNEM MODE ~ &
00 - 34 DES INHER 3 1[[68  ASL INDXD 6  2[]|9C  CPX DR 5 2] D0 SUBB  DIR 3 2
o1 NOP INHER 2 1l 35  TxS b 3 tles moL Ak 5 2({9 Usm 5 2|]{p1  cmeB A 3 2
02 36 PSHA 3 1llea  DEC 6 2|[9 ips | 4 2(|D2 sBCB 3 2
03 37 PSHB 3 1|es - 9 STS DIR 4 2//D3  ADDD 5 2
04 LSRD 3 1(j38  Pux s 1l{ec INC 6 2/|40 susa nDxD 4 2[{Da  ANDB 3 2
05 ASLD 3 1|}39 RTS 5 1lep TsT 6 2|| At cMmPA a 2||os 8T8 3 2
06 TAP 2 l3a aBx 3 1f[ee  ump 3 2{| A2 sBCA a 2|06 LDAB 3 2
07 TPA 2 1)l38 &M 10 1|6 R INDXD 6  2{i A3 SUBD 6 2|07 sTAB 3 2
08 INX 3 ff 3¢ PsHx 4 70 neG EXTND 6 3[| A4 ANDA a4 2]/|o8 EORB 3 2
09 DEX 3 1{{3® MuL 1w ] . A5 BITA a4 2{|D3  ADCB 3 2
0A  CLV 2 T 3€ WAL 9 72 . A6 LDAA 4 2||DA  ORAB 3 2
0B SEV z 3k sw 12 1173 coMm 6 3||A7  sTAA 4 2/|oB  ADDB [
oc  cle 2 1]l 40 NEGA 2 1f|74 SR 6 3||A8 €ORA a4 2{foc 10D a2
oD SEC 2 11 a1 . 75 . A9 ADCA 4 2{({OoD STO a 7
OE cu 2 111 a2 . 76 ROR 6 311 AA ORAA 4 2| oe DX ‘ a ’
OF  SEI 2 1|la3  coma 2 aff77 Asr 6 3|[AB  ADDA a4 2f|oF  six iAo
10 SBA 2 1|} a4 LSRA 2 1178 ASL 6 3{| Ac cPX 6 2]||€0 SUBH INOXO A B
1 CBA 2 t|las . 79 ROL 6 3[|AD USR 6 2|1E1 (mPR a
12 46 RORA 2 1i7a  DEC 6 3||AE DS 5 2/{E2  SB(B a2
13 . a7 ASRA 2 178 . AF STS INDXD 5 2(1€3 ADDD b 2
14 a8 ASLA 2 e INC 6 3|80 SuBA EXIND 4 3[{E4 ANDB a 2
15 43 ROLA 2 af{mo 18T 6 3|{B1  CMPA 4 3|les  BiT8 a2
16 TAB 2 V|laA  DECA 2 afl7e ame 3 3||B2 sBCA a 3||ee  LpaB a2
17 TBA 2 1ljas - 7F CLR EXTND 6  3{{B3  SUBD 6 3|{€7  sSTAB 4 2
AL 4C  INCA 2 1]|s0  susAa IMMED 2 2{{B4  ANDA a 3|les  EORB a2
19 DAA INHER 2 1({lap  TSTA 2 1|8t cmpa 2 2|85 eiTA a4 3|le9  ADCB a 2
oo a T 82  SBCA 2 2||86 LDAA a4 3{|Ea  ORAB a2
1B ABA INHER 2 1{laF  CLRA 2 1||83  sueD a4 3){B7 sTAA a4 3lles  AoDB a2
1coo 50  NEGB 2 1|{84a  ANDA 2 2/|88 EORA a4 3flec oD 5 2
10 * 51 . 85 BITA 2 2|89 ADCA 4 3|[eD  STO 5 2
1€ . 52 . 86 LDAA 2 2| |8A ORAA 4 3||€EF LDX 5 2
¥ ° 53  COMB 2 1ijsr - BB  ADDA a4  3||EF STX INDXD 5 2
20 BRA REL 3 2{ls4a LSR8 2 1{| 88  EORA 2 2(|BC  CPX 6 3]FO  sueB EXIND 4 3
21 BRN 3 2flss 89 ADCA 2 2{|BD USR 6 3||F1  CcmPB b 4+ 3
22 BHI 3 2{[s6 RORB 2 V]| 8A  ORAA 2 2|{BE LDS 5 3||F2  S8CB 4 3
23 BLS 3 2|js7 Asmrs 2 1|88  ADDA 2 2||BF  STS EXTND 5  3f|f3  ADDD 6 3
24 BCC 3 2}|ss ASLB 2 1|8c CPX IMMED 4 3]|CO  sueB IMMED 2 2{|F4 ANDB 4 3
25 BCS 3 2ils9  ROLB 2 1[|8D BSR REL 6 2/{Ct  cmPB 2 2|5 Bit8 4 3
26 BNE 3 2}isa  DECB 2 1jlse DS IMMED 3 3{{(2  SBCB 2 2)lF6  LDAB a3
27 BEQ 3 2|{ss - 8 - 3 ADDD a4 3f|¢7 staB 4 3
28 BVC 3 2||sc INCB 2 1ffe0 susa DR 3 2{[C4  ANDB 2 2{}F8  EORB 4 3
29 BVS 3 2{/sp TsTB 2 1{ler  cmea 3 2f|C5 BB 2 2|ifo  ADCB 4 3
2a  BPL 3 2flse T / 92 SBCA 3 2[|C6 LDAB 2 2fFA  ORAB a3
28 BMI 3 2|lsF  CLRB INMER 2 1{]93  SuBD 5 27 FB  ADDB 4 3
2 BGE 3 2/j60  NEG INDXD 6  2[|94  ANDA 3 2/|C8 EORB 2 2yffC . LDD 5 3
20 BLT 3 2lier . 95 BITA 3 2/|C8  ADCB 2 2|ffFb  STD ~ 3
2€ BGT V 3 2 {162 N 96 LDAA 3 2] |cA ORAB 2 2||FE LDX 5 3
2F  BLE REL 3 2{{63 cOM 6 2||97 sTAa 3 2{{cB  ADDB 2 2l X EXTND » 3
30  TsSx INHER 3 1 {64 LSR 6 21198 EORA 3 2jlcc oo 303

3 INS 3 1 {les . 99  ADCA 3 2|jco

2 Pua + 1llee  rom b 6 2llon  onmn 3 ol ox MMED 3 3 UNDEFINED OP ( ODE

33 PuLB 4 11]l67 ASR INDXD 6 2|98  ADDA 3 2 fCF

NOTES

1 Addressing Modes
INHER =Inherent INDXD=Indexed IMMED =Immediate
REL = Relative EXTND = Extended DIR = Direct
2 Unassigned opcodes are indicated by *"* and should not be executed
3 Codes marked by ""T" force the PC to function as a 16-bit counter
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TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

Condition Codes
Immed| Direct | Index | Extnd | Inherent| 5(4]3]2[{1(0
Pointer Operations Mnemonic|OP|~| #|OP|~ | #|OP|~ | #|OP|~| #|OP|~ | # Boolean/ HlII1|N|[Z[V]C
Anthmetic Operation
Compare Index Reg cPx | 8cla] 3[aoc[5]2|acl62][Bc[6]3 X-M M+1 ole[TTT[IH
Decrement Index Reg DEX 09|31 ]X-1=X ele|e elo
Decrement Stack Pntr DES 34|3|1|SP -1 =SpP LICIEICIK K
Increment Index Reg INX 08f{3[1|X+1 =X eole|o f [ JKJ
Increment Stack Pntr INS 31)3|1[1 SP+1 =SP ejojo(o/0]e
Load Index Reg LDX CE|3]| 3|DE|4 | 2|EE|5| 2|FE|5] 3 M =XH, (M + 1) =X 6|e Rle
Load Stack Pntr LDS 8E|3| 3|9E|4 | 2|AE|5|2[BE|5] 3 M -=SPH, (M + 1) =SP|_ [ I Rle
Store Index Reg STX DF|4 | 2|EF|{5|2|FF|5| 3 XH =M, XL =(M + 1) 1K) R|l@®
Store Stack Pntr STS 9F|4 | 2|AF|5 ] 2|BF|5] 3 SPH =M, SPL —(M + 1) ®|e R|l®
Index Reg — Stack Pntr TXS 35/3|1(X-1~=SP I K]
Stack Pntr — Index Reg TSX 30|3|1[SP+1 =X (LK ICINIK])
Add ABX 3A|3]1|B+X =X [ICIKILIK K )
Push Data PSHX 3C{4|1|XL =Msgp, SP -1 +~SP o000
XH =Msp SP - 1 =~SP
Pull Data PULX 38|/5{1{SP + 1 =~SP, Mgp =Xn (A 2K IR N ]
SP +1 =SP, Mgp =X

TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS

Accumulator and Immed Direct Index Extend inhe Booi jition Codes
Memory Operations MNE Op|~ [#|Op|{~ [#|Op|~ |#|Op|~ | #[Op|~ |# Expression Hi I [NjZ]V]|C
Add Acmitrs ABA 1Bl/2 [1[A+B~=A Tle [HEAN
Add B to X ABX 3A[3 [1]|00B+X =X (I IKIKIK ]
Add with Carry ADCAI[89/212{99{3[2]A9[4 [2]B9j4|3 A+M+C=A ®
ADCB|C9|2 [2]|D9|3 |2|E9|4 [2|F9]4|3 B+M+C=8B Y
Add 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 ®
Add Double ADDD|C3{4 {3|D3[{5[2{E3|6 |2|F3{6]3 D+MM+1 =D [ JKJ]
And ANDA| 842 [2[94|/3[2]A4[4 |2|[B4]|4 |3 A-M=A (K] Rie
ANDB|C4|2 | 2|D4[3 [2]|E4[4 [2]F4]4]3 B-M =B [JKJ Rl @
Shift Left, ASL 68[6 [2]78]6]3 - LK)
Arithmetic ASLA 482 [1| B<{ITIITIT] < [e]'®
ASLB 582 |1 1K)
— Continued —
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (CONTINUED)

Accumulator and Immed | Direct Index Extend Inher Bool Condition Codes
Memory Operations | MNE [GpT~ [ #{0p] ~ ] #]0p] ~ [#|0p] ~| #|0p|~ [#|  Expression H] 1[N] Z] V] C
Shift Left Dbl ASLD 05/3 |1 DK 1
Shift Right, ASR 676 |12|77|6 |3 —> (1K)
Arthmetic ASRA a7]2 |1 l:E]:I:l:]:l:l]}»lél ol e
ASRB 57]2 |1 o7 o0 ol e
Bit Test BITA [85[2[2]95[/3|2]A5]4 |2|B5]4 |3 A-M (1K ] Ri®
BITB [C5[2|2|D5[/3 |2|E5|4 [2|F5]4 |3 B-M [(JKJ Rl@®
Compare Acmitrs CBA 11/2 J1]A-B el e 114
Clear CLR 6F| 6 |2]| 7F{6 [ 3 00 =M e/ e|RIS[R[R
CLRA 4F|2 |1]00 = A ®|®|R{S|R|R
CLRB s5F[2 [1]00 =B e/ o[R|S|R[R
Compare CMPA|81[2 |2]91[3 |2|A1]4 [2]B1|4 |3 A-M K] [}
cmpPB[c1|2 [2[p1[3|2]ET|4 [2]F1[4 3 B-M ol e 111
1's Complement COM 63[6 [2]73][6 3 M=M o] @ R| S
COMA| 43[2 [N[A=A ol e R[S
COMB 53|2 |1|[B =8B ole R[S
Decimal Adj, A DAA 19| 2 | 1] Ad)binary sumto BCD| ®| ® [}
Decrement DEC 6A[6 [2|7A] 6|3 M-1-M K] o
DECA 4Al2 1IJA-1T=A ol e °
DECB 5A[2 [1][B-1 =8B O )
Exclusive OR EORA |88(2 (2983 |2[A8]|4 |2|B8B|4 |3 AQ@M=A [ K Ri@®
EORB |C8|2 [2]|D8|3 |2|(E8|4 |2|F8|4 |3 B® M=B [ 1K) R|@®
Increment INC 6C[6 [2[7C| 6|3 M+1 =M el e [
INCA acl2 1A+ 1=A ole °
INCB 5C{2 [1[B+1 =B ole °
Load Acmitrs LDAA |86(2 |2]|96|3 |[2|A6]4 |2]|B6|4 |3 M =—A (1K) R|®
LDAB |C6[2 [2]|D6{3 [2|{E6{4 [2|F6]4 |3 M -8B [ JKJ R{®
Load Double oD [cc|3[3][pcla [2]ec]s [2]FC[5]3 MM+1 =D ole Rj®
Logical Shift, LSL 686 [2]78][6[3 o0 1
Left LSLA 4812 [l g <o [21® b
LSLB 58] 2 |1 b7 50 ele
LSLD 053 |1 ele
Shift Right, LSR 6416 |2]74/6 |3 — ®|®|R
Logical LSRA 2412 1 O*Emmg*@ ®|®|R
LSRB 5412 11 ®/O0|R
LSRD 0413 |1 @|®|R
Multiply MUL 3D[10[1]AXB=D oj/elejo]e
2’'s Complement NEG 60|6 |[2]70] 6|3 00 -M =M K]
(Negate) NEGA 402 |1/00-A =A ole
NEGB 50|2 [1]00-B =B ele
No Operation NOP 01}]2 |1/PC+1 =PC KKK
Inclusive OR ORAATBA[2 [2[9A[3 [2|AA]4 [2]BAT4 |3 A+M=A DDOHEED
ORAB |CAT2 [2]pA[3 [2]eAa]a [2]FAT 4T3 B+M =B ole {[Rl®
Push Data PSHA 36] 3 J1[A =Stack o/oie/oje]e
PSHB 37[ 3 [1] B =Stack ojle[ojofe]e
Pull Data PULA 32[4 | 1| Stack =—A [IEIIKIKIK]
PULB 33}4 |1]|Stack =B (I IKIK N IK ]
Rotate Left ROL 69|6 {2]|79]|6 |3 - ele i
ROLA 49[2 |1 e[e |
ROLB 59[2 |1 >’ % ol e
Rotate Right ROR 6616 |2]76]|6 |3 . el e
RORA 4612 |1 g-OIIIIID-0 |®]®
RORB 5612 |1 b7 b0 (1K ]
Subtract Acmitr SBA 10[2 [1|A-B=A ole
Subtract with SBCA[82[2 [2]92]|3 [2[A2]4 |2[B2[4 |3 A-M-C=A el o
Carry SBCB |[C2 (2 |2|D2|3 [2|E2|4 [2[F2]|4 |3 B-M C=B (1K ] ‘
Store Acmitrs STAA 97(3 |2]A7]4 [2]B7]4 |3 A =M K] Rl @
STAB D7|3 |2|E7[4 |2|F7[4 |3 B8 —M [ JK ] Ri®
STD DD|4 [2|ED]|5 |2|FD|5 |3 D=-MM+1 el 0 Rl ®
Subtract SUBA |80[2 [2|90|3 [2|AO0j4 [2|BO{4 |3 A-M-=A (1K)
SUBB |CO[2 |2{DO|3 |2|EO[4 |2|FO|4 |3 B-M-=B e| 0
Subtract Double SUBD (83 {4 [3|93|5 [2|A3]|6 {2(B3[6 (3 D-MM+1 =D (1K
Transfer Acmitr TAB 16| 2 [1]A =B 0Kl Rl ®
TBA 1712 [1|B =A [ JKJ Ri®
Test, Zero or ST 6D|6 [2]7D|6 |3 M - 00 e| 0 R| R
Minus TSTA 4D{2 |1|]A-00 (K] R|R
TSTB 6D} 2 [1]B-00 el e RIR

The Condition Code Register notes are listed after Table 10
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS

Cond. Code Reg.
Direct | Relative| Index Extnd 514 J3]2T1T0
Operations Mnemonic [OP|~|# |OP|~| #|OP|~| #|OP|~| #|OP|~ | # Branch Test HlI [NjZ|V]|C
Branch Always BRA 20|32 None olejojo|o|e
Branch Never BRN 211312 None ojojojoj0i0
Branch If Carry Clear BCC 241312 Cc=0 olo/ojo(o|0
Branch If Carry Set BCS 251312 c=1 ojejojoio|0
Branch If = Zero BEQ 271312 Z=1 olejojojo|®
Branch If = Zero BGE 2C|3]|2 N®V =0 oleo|olojole
Branch If > Zero BGT 2E|13|2 Z+(NOV)=0 olelojojo|e
Branch If Higher BHI 221312 C+2=0 olojojo|o|e
Branch If Higher or Same BHS 2413)2 c=0 ojojeojojo|e
Branch If < Zero BLE 2F|3]2 Z+(N®V)=1 (2201000
Branch If Carry Set BLO 25132 c=1 ojojo/eoj@]|O®
Branch If Lower Or Same BLS 231312 C+2=1 oeieolojo|e
Branch If < Zero BLT 2D|3 |2 NOV=1 olejojoje|e
Branch If Minus BMI 2B{3 |2 N=1 olojejojo]e
Branch If Not Equal Zero BNE 26132 Z=0 ejojojojo|e
Branch If Overflow Clear BVC 281312 V=0 oj|®0j0i0]0 |0
Branch If Overflow Set BVS 2913 |2 V=1 oloje(eojo|0
Branch if Plus BPL 2A13 |2 N=0 oj0oelolo]|0
Branch To Subroutine BSR 8D|6 |2 See Special ojojo|elo]e
Jump JMP 6E|3|2|7E{3|3 }Operanons- [AC R AR B AL )
Jump To Subroutine JSR |9D[5] 2 AD[6[2[BD[6[3 Figure 26 ejeje[e]e e
No Operation NOP 0112 |1 ojojojoje e
Return From Interrupt RTI 3BN1O|1 ’ 8 ' ' ’
Return From Subroutine RTS 395 [ 1| See Special [ OD000
Software Interrupt Swi 3Fh2[1 ggﬁ::té%ns- o({sjeje|e]e
Wait For Interrupt WAI 3E|9 |1 ojeojojc |0 |0®
TABLE 12 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS
Cond Code Reg
Inherent 514[3[2(|1]0
Operations Mnemonic | OP|~| # | Boolean Operation HII[NjZ]V]C
Clear Carry CcLC ocf2f1 0~=C o0 0/ 0{0|R
Clear Interrupt Mask CLI OEj{2]1 0= ®|R|®|oj0|®
Clear Overflow CLv OAl2] 1 0=V oje/0/O|R|@®
Set Carry SEC opf2f1 1=C ojeje|®|0|S
Set Interrupt Mask SEI OFf2]1 1=l o(S|ejeje|e
Set Overflow SEV oBj2]1 1=V ojejele|S|®
Accumulator A —CCR TAP_|06]2] 1 A —CCR HHIHHE
CCR -=Accumulator A TPA 071211 CCR =A [ AL IR AN 3K )

LEGEND

OPOperation Code (Hexadecimal)
~ Number of MPU Cycles
Mgp Contents of memory location pointed to by Stack Pointer

# Number of Program Bytes

+

Arithmetic Plus
Arithmetic Minus
Boolean AND
Arithmetic Multiply

@+ xe@!

M Complement of M
- Transfer Into

0 Bit=Zero

00 Byte = Zero

Boolean Inclusive OR
Boolean Exclusive OR

CONDITION CODE SYMBOLS

Half-carry from bit 3
Interrupt mask

Negative (sign bit)

Zero (byte)

Overflow, 2's complement
Carry/Borrow from MSB
Reset Always

Set Always

Affected

Not Affected

O~V IVOINZ—T
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E-CYCLES
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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) hine during each cycle of each instruction

The information 1s useful in comparing actual with ex-
pected results during debug of both software and hardware
as the program 1s 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

r Address Mode & J Cycles l Cycle I Address Bus l R‘/W Data Bus
Instructions # Line

IMMEDIATE

ADC EOR 2 1 Op Code Address 1 Op Code

ADD LDA 2 Op Code Address + 1 1 Operand Data

AND ORA

BIT SBC

CMP SUB

LDS 3 1 Op Code Address 1 Op Code

LDX 2 Op Code Address + 1 1 Operand Data (High Order Byte)

LDD 3 Op Code Address + 2 1 Operand Data (Low Order Byte)

CPX 4 1 Op Code Address 1 Op Code

SUBD 2 Op Code Address + 1 ) 1 Operand Data (High Order Byte)

ADDD 3 Op Code Address + 2 1 Operand Data (Low Order Byte)
4 Address Bus FFFF 1 Low Byte of Restart Vector

DIRECT

ADC EOR 3 1 Op Code Address 1 Op Code

ADD LDA 2 Op Code Address + 1 1 Address of Operand

AND ORA 3 Address of Operand 1 Operand Data

BIT SBC

CMP SuB

STA 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address
3 Destination Address 0 Data from Accumulator

LDS 4 1 Op Code Address 1 Op Code

LDX 2 Op Code Address + 1 1 Address of Operand

LDD 3 Address of Operand 1 Operand Data (High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)

STS 4 1 Op Code Address 1 Op Code

STX 2 Op Code Address + 1 1 Address of Operand

STD 3 Address of Operand o} Register Data (High Order Byte)
4 Address of Operand + 1 [0] Register Data (Low Order Byte)

CPX 5 1 Op Code Address 1 Op Code

SUBD 2 Op Code Address + 1 1 Address of Operand

ADDD 3 Operand Address 1 Operand Data (High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)
5 Address Bus FFFF 1 Low Byte of Restart Vector

JSR . , 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Subroutine Address 1 Fr st Subroutine Op Code
4 Stack Pointer (o] Return Address (Low Order Byte)
5 Stack Pointer + 1 0 Return Address (High Order Byte)

— Continued —
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (CONTINUED)

Ad::\;.t:zc“:i::: & | Cycles ’ Cy:b I Address Bus l ?_,/,,? Data Bus
EXTENDED
JMP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Jump Address (High Order Byte)
3 Op Code Address + 2 1 Jump Address (Low Order Byte)
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Address of Operand
AND ORA 3 Op Code Address + 2 1 Address of Operand
(Low Order Byte)
BIT SBC 4 Address of Operand 1 Operand Data
CMP SUB
STA 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address
(High Order Byte)
3 Op Code Address + 2 1 Destination Address
(Low Order Byte)
4 Operand Destination Address ) Data from Accumulator
LDS 5 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Address of Operand
(High Order Byte)
LDD 3 Op Code Address + 2 1 Address of Operand
(Low Order Byte)
4 Address of Operand 1 Operand Data (High Order Byte)
5 Address of Operand + 1 1 Operand Data (Low Order Byte)
STS 5 1 Op Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Address of Operand
(High Order Byte)
STD 3 Op Code Address + 2 1 Address of Operand
(Low Order Byte)
4 Address of Operand 0 Operand Data (High Order Byte)
5 Address of Operand + 1 (0] Operand Data (Low Order Byte)
ASL LSR 6 1 Op Code Address 1 Op Code
ASR NEG 2 Op Code Address + 1 1 Address of Operand
(High Order Byte)
CLR ROL 3 Op Code Address + 2 1 Address of Operand
(Low Order Byte)
COM ROR 4 Address of Operand 1 Current Operand Data
DEC TST 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Address of Operand 0 New Operand Data
CcPX 6 1 Op Code Address 1 Op Code
SUBD 2 Op Code Address + 1 1 Operand Address
(High Order Byte)
ADDD 3 Op code Address + 2 1 Operand Address
(Low Order Byte)
4 Operand Address 1 Operand Data (High Order Byte)
5 Operand Address + 1 1 Operand Data (Low Order Byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 6 1 Op Code Address 1 Ob Code
2 Op Code Address + 1 1 Address of Subroutine
(High Order Byte)
3 Op Code Address + 2 1 Address of Subroutine
(Low Order Byte)
4 Subroutine Starting Address 1 Op Code of Next instruction
5 Stack Pointer (o] Return Address
(Low Order Byte)
6 Stack Pointer - 1 0 Return Address
(High Order Byte)
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (CONTINUED)

Address Mode & l Cycles l Cycle Address Bus R/W Data Bus
Instructions # Line
INDEXED
JMP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Offset
AND ORA 3 Address Bus FFFF 1 Low Byte of Restart Vector
BIT SBC 4 Index Register Plus Offset 1 Operand Data
CMP SUB
STA 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 0 Operand Data
LDS 5 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Offset
LDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 1 Operand Data (High Order Byte)
5 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte)
STS 5 1 Op Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Offset
STD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset [¢] Operand Data (High Order Byte)
5 Index Register Plus Offset + 1 0 Operand Data (Low Order Byte)
ASL LSR 6 1 Op Code Address 1 Op Code
ASR NEG 2 Op Code Address + 1 1 Offset
CLR ROL 3 Address Bus FFFF 1 Low Byte of Restart Vector
COM ROR 4 Index Register Plus Offset 1 Current Operand Data
DEC TST (1) 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Index Register Plus Offset (0] New Operand Data
CPX 6 1 Op Code Address 1 Op Code
SUBD 2 Op Code Address + 1 1 Offset
ADDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register + Offset 1 Operand Data (High Order Byte)
5 Index Register + Offset + 1 1 Operand Data (Low Order Byte)
6 Address Bus FFFF Low Byte of Restart Vector
JSR 6 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register + Offset 1 First Subroutine Op Code
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer - 1 0 Return Address (High Order Byte)
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (CONTINUED)

Ad,d'”s IV!ode & l Cycles l Cy::le | Address Bus 7_./:: Data Bus
Instr
INHERENT
ABA DAA SEC 2 1 Op Code Address 1 Op Code
ASL DEC SEI 2 Op Code Address +1 1 Op Code of Next instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
ABX 3 1 Op Code Address 1 Op Code
2 Op Code Address +1 1 Irrelevent Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
ASLD 3 1 Op Code Address 1 Op Code
LSRD 2 Op Code Address +1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
DES 3 1 Op Code Address 1 Op Code
INS 2 Op Code Address +1 1 Op Code of Next Instruction
3 Previous Register Contents 1 Irrelevant Data
INX 3 1 Op Code Address 1 Op Code
DEX 2 Op Code Address +1 1 Op Code of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PSHA 3 1 Op Code Address 1 Op Code
PSHB 2 Op Code Address +1 1 Op Code of Next Instruction
3 Stack Pointer (o] Accumulator Data
TSX 3 1 Op Code Address 1 Op Code
2 Op Code Address +1 1 Op Code of Next instruction
3 Stack Pointer 1 Irrelevant Data
TXS 3 1 Op Code Address 1 Op Code
2 Op Code Address +1 1 Op Code of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PULA 4 1 Op Code Address 1 Op Code
PULB 2 Op Code Address +1 1 Op Code of Next Instruction
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer +1 1 Operand Data from Stack
PSHX 4 1 Op Code Address 1 Op Code
2 Op Code Address +1 1 irrelevant Data
3 Stack Pointer 0 Index Register (Low Order Byte)
4 Stack Pointer —1 o} Index Register (High Order Byte)
PULX 5 1 Op Code Address 1 Op Code
2 Op Code Address +1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer +1 1 Index Register (High Order Byte)
5 Stack Pointer +2 1 Index R (Low Order Byte)
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (CONTINUED)

!
[ Address Mode & l Cycles T Cv;e

[R/v‘v

Instructions Address Bus Line Data Bus
INHERENT
RTS 5 1 Op Code Address 1 Op Code
2 Op Code Address +1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer +1 1 Address of Next Instruction
(High Order Byte)
5 Stack Pointer +2 1 Address of Next Instruction
(Low Order Byte)
WAI 9 1 Op Code Address 1 Op Code
2 Op Code Address +1 1 Op Code of Next Instruction
3 Stack Pointer 0 Return Address (Low Order Byte)
4 Stack Pointer -1 0 Return Address
(High Order Byte)
5 Stack Pointer -2 (0] Index Register (Low Order Byte)
6 Stack Pointer -3 o Index Register (High Order Byte)
7 Stack Pointer -4 0 Contents of Accumulator A
8 Stack Pointer -5 0 Contents of Accumulator B
9 Stack Pointer -6 (o] Contents of Cond Code Register
MUL 10 1 Op Code Address 1 Op Code
2 Op Code Address +1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Address Bus FFFF 1 Low Byte of Restart Vector
5 Address Bus FFFF 1 Low Byte of Restart Vector
6 Address Bus FFFF 1 Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 Address Bus FFFF 1 Low Byte of Restart Vector
9 Address Bus FFFF 1 Low Byte of Restart Vector
10 Address Bus FFFF 1 Low Byte of Restart Vector
RTH 10 1 Op Code Address 1 Op Code
2 Op Code Address +1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer +1 1 Contents of Cond Code Reg
from Stack
5 Stack Pointer +2 1 Contents of Accumulator B
from Stack
6 Stack Pointer +3 1 Contents of Accumulator A
from Stack
7 Stack Pointer +4 1 Index Register from Stack
(High Order Byte)
8 Stack Pointer +5 1 Index Register from Stack
{Low Order Byte)
9 Stack Pointer +6 1 Next Instruction Address from
Stack (High Order Byte)
10 Stack Pointer +7 1 Next Instruction Address from
Stack (Low Order Byte)
swi 12 1 Op Code Address 1 Op Code
2 Op Code Address +1 1 Irrelevant Data
3 Stack Pointer (o] Return Address (Low Order Byte)
4 Stack Pointer -1 [0] Return Address
(High Order Byte)
5 Stack Pointer -2 [o] Index Register (Low Order Byte)
6 Stack Pointer -3 (o] Index Register (High Order Byte)
7 Stack Pointer -4 o Contents of Accumulator A
8 Stack Pointer -5 0o Contents of Accumulator B
9 Stack Pointer -6 (o] Contents of Cond Code Register
10 Stack Pointer -7 1 Irrelevant Data
1 Vector Address FFFA (Hex) 1 Address of Subroutine
(High Order Byte)
; 12 Vector Address FFFB (Hex) 1 Address of Subroutine
‘. (Low Order Byte)

— Continued —
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (CONCLUDED)

Address Mode & Cycle R/W
[ Instructions 1 Cycles % J Address Bus Lin:] Data Bus

RELATIVE

BCC BHT BNE BLO 3 1 Op Code Address 1 Op Code

BCS BLE BPL BHS 2 Op Code Address +1 1 Branch Offset

BEQ BLS BRA BRN 3 Address Bus FFFF 1 Low Byte of Restart Vector

BGE BLT BVC

BGT BMT BVS

BSR 6 1 Op Code Address 1 Op Code
2 Op Code Address +1 1 Branch Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Subroutine Starting Address 1 Op Code of Next Instruction
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer -1 [0] Return Address (High Order Byte)
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JSR, Jump to Subroutine

FIGURE 26 — SPECIAL OPERATIONS

PC Main Program
$9D = JSR
Direct K
Next Main Instr
RN K = Direct Address
Main Program 8P Stack
EC SAD = JSR —»sP-2
INDXD K = Offset SP-1 RTNH
RTN Next Main Instr @ sp RTNL
Main Program
EC $BD :?)SR
SH = Subr Addr
EXTND SL = Subr Addr
RTN | Next Main Instr
BSR Branch To Subroutine Main Program sp Stack
B $8D = BSR —»SP -2
K - Offset [:> P TN
RTN | Next Main Instr sp RTNL
RTS, Return from Subrougn_e Subroutine sP Stack
B [Coecrrs ] :> s
‘ > sp+2 RTNL
SWI, Software Interrupt
Main Program SP Stack
ke $3F = SWI —»sp-7
RTN sp-6 | Condition Code
SP-5 Acmitr B
SP-4 Acmitr A
SP - 3 |index Register (XH)
WAL, Wait for Interrupt Main Program sp - 2 |Index Register (XU)
B $3E = WAI SP-1 RTNH
RIN [::> sp RTNL
RTI, Return from Interrupt Interrupt Program sp Stack
ke $38B = RTI | SP
I———:‘\> SP+1 Condition Code
SP+2 Acmitr B
SP+3 Acmitr A
SP + 4 |index Register (XH)
SP + 5 {index Register (X)
SP+6 RTNH
—»SP~7 RTNL
M Main Program C Main Program
Y S6E - JMP $7E = JMP
K = Offset KH = Next Address
INDXD Extended KL = Next Address
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 sigmificant byte of Return Address
-== Stack Pointer After Execution

K = 8-bit Unsigned Value
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A.0 CUSTOM MC6801 ORDERING INFORMATION

The custom MC6801 specifications may be transmitted to
Motorola in any of the following media

1) PROM(s)

2) MDOS diskette

The specification should be formatted and packed, as in-
dicated In the appropriate paragraph below, and mailed
prepaid and insured with a cover letter (see Figure A-2) to-

Motorola Inc
3501 Ed Bluestein Bivd
Austin, Texas 78721

A copy of the cover letter should also be mailed separately
A.1 PROMs

MCM2708 and MCM2716 type PROMs, programmed with
the custom program (positive logic sense for address and

APPENDIX
CUSTOM MC6801 ORDERING INFORMATION

data), may be submitted for pattern generation The
MC2708s must be clearly marked to indicate which PROM
corresponds to which address space ($X800-$XFFF) See
Figure A-1 for recommended marking procedure

After the PROM(s) are marked, they should be placed in
conductive IC carners and securely packed Do not use
styrofoam

XXX XXX
X800 XC00

FIGURE A-1 XXX = Customer ID

A.2 DISKETTE (MDOS)
The start/end location should be written on the label EX-
ORcisor format

FIGURE A-2
CUSTOMER NAME
ADDRESS
STATE CcITy ZIp
PHONE () EXTENSION

CONTACT MS/MR

CUSTOMER PART #

ROM START ADDRESS OPTION

TEMPERATURE RANGE

0 sC800 00° to 70°C

0 sD800

0O $E800

0O $F800

0O A12 and A13 don't care PACKAGE TYPE
O Ceramic
0O Piastic
MARKING

PATTERN MEDIA 0O Standard

02708 PROM O Special

02716 PROM

O Diskette (MDOS)

(Note 1)

NOTE: (1) Other Media Require Prior Factory Approval

SIGNATURE

TITLE
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MC6801L1 — LILBug™ Monitor

An MC6801 may be purchased without specifying the
ROM pattern This standard part is labeled as MC6801L1
and contains a 2K monitor in the ROM The monitor,
LiLbug, may be used to evaluate and debug a program
under development Details and a source listing are
specified in the “LILbug Manual

IMPORTANT NOTICE
Devices made with mask #T5P may generate multiple framing error
flags in response to unframed data These devices will eventually syn-
chronize correctly after a framing error, but valid, framed data following
an unframed data byte may generate false framing error flags
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@ MOTOROLA MC6808
MC6802NS

MICROPROCESSOR WITH CLOCK AND OPTIONAL RAM

The MC6802 is a monolithic 8-bit microprocessor that contains all the Mos
registers and accumulators of the present MC6800 plus an internal clock
oscillator and driver on the same chip In addition, the MC6802 has 128 (N-CHANNEL, SILICON-GATE,
bytes of on-board RAM located at hex addresses $0000 to $007F The DEPLETION LOAD)
first 32 bytes of RAM, at hex addresses $0000 to $001F, may be retained
In a low power mode by utihzing Vcc standby, thus, facilitating MICROPROCESSOR
memory retention during a power-down situaticn WITH CLOCK AND OPTIONAL RAM

The MC6802 1s completely software compatible with the MC6800 as
well as the entire M6800 family of parts Hence, the MC6802 is expand-
able to 64K words

The MC6802NS 1s identical to the MC6802 without standby RAM
feature The MC6808 i1s identical to the MC8802 without on-board
RAM

L SUFFIX
® On-Chip Clock Circuit CERAMIC PACKAGE
® 128x8 Bit On-Chip RAM CASE /15
® 32 Bytes of RAM are Retainable
® Software-Compatible with the MC6800
® Expandable to 64K Words
@ Standard TTL-Compatible Inputs and Outputs
©® 8-Bit Word Size Jees. P SUFFIX
® 16-Bit Memory Addressing ot PLASTIC PACKAGE
® Interrupt Capability CASE 711

PART NUMBER DESIGNATION BY SPEED
MC6802 MC6808 MC6802NS
(1 0 MHz) (10 MH2) (10 MHz)

PIN ASSIGNMENT
MC68A02 MCB8A08

(15MHz) (156 MHz2) vss]r @\ ahreser
MC68B02  MC68B08 HALTH 2 39 PexTAL
(20MHz) (20 MHz) waga slixTaL
LRl e
TYPICAL MICROCOMPUTER vMAlS 3 RE"*
Vee vee vee vee NMits 3 Ve Standoy®
8al7 URW
b3 veells ki old
Counter/ | | MC6846 TRQ A A0 9 2flo
Timer 1/0| g1 ROM, 170, Timer MR A110 afIo2
RESET — cso ‘C’MA VMA FALT = T a2 f103
- lock -
=] 2xByesROM [T E_ RE M- a3z 29104
- 10 170 Lines H/WMC6802 NM| e— A4['|3 28]05
Parallel ) <—e 3 Lines Timer MPU N
170 | == D0-D7 D0-D7 A5 [f14 27[106
- EXTAL a6l 26[1D7
- O -
‘ A70Q16 250 A15
control § 152 AR AO-A15 AO-ATS  XTALF— ; A
ontro cp1 cs1 | as [t 241 A4

1 ) asl]'s 20A13

This block diagram shows a typical cost effective microcomputer The MPU 1s A10 n 9 2[1A12
the center of the microcoputer system and is shown in a minimum system inter- Al |'_‘ 20 210 Vss
facing 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 *Pin 35 must be tied to 5 V on the 6802NS
Microcomputer family **Pin 36 must be tied to ground for the 6808
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MAXIMUM RATINGS

This input contains circuitry to protect the

Rating Symbol Value Unit inputs against damage due to high static

Supply Voltage Vec | =030 +70) Vv voltages or electric fields, however, it is ad-
Input Voltage Vin -03to +70} V vised that normal precautions be taken to
Operating Temperature Range TA 0to +70 °C avoid application of any voltage higher than
St Temperature Range T 5510 +150 | °C maximum rated voltages to this high-
orage Jempera ang stg impedance circuit Reliability of operation 1s

enhanced If unused inputs are tied to an ap-
te | oltage level (e g , either V

THERMAL CHARACTERISTICS 2:0\72?: y o voegetevelie 9 . emher Uss

Characteristic Symbol Value Unit

Average Thermal Resistance (Junction to Ambient)

Plastic 100 o
/W
Ceramic f.a c

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from
Ty=Ta+(Ppedja) %)
Where
TA=Ambient Temperature, °C
0 A =Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=Iccx Vce, Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT <P|NT and can be neglected PpQORT may become significant if the device 1s configured to
drive Darlington bases or sink LED loads

An approximate relationship between Pp and Tj (if PPORT 1s neglected) 1s

PD=K— (T +273°C) 2
Solving equations 1 and 2 for K gives
K=Ppe(TA+273°C) + 6 a°Pp2 @)

Where K 1s a constant pertaining to the particular part K can be determined from equation 3 by measuring Pp (at equilibrium)
foraknown TA Using this value of K the values of Pp and T j can be obtained by solving equations (1) and (2) iteratively for any
value of Ta
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OPERATING TEMPERATURE RANGE

Device Speed Symbol Value Unit
MC6802P L (10 MHz2) TA Oto +70 oc
MC6802CP,CL (10 MHz) -40to +85
MC68A02P,L (15 MHz) A Oto +70 oc
MC68A02CP,CL (15 MHz) ~40to +85
MC68B02P,L (20 MHz2) A Ot +70 oc
MC68B02CP,CL (2 0 MHz) —-40t0 +85
MC6802NSP,L (10 MHz) TA Ot +70 °C
MC6808P, L (10 MHz)
MC68A08P, L (15 MHz) TA Oto +70 °C
MC68B08P, L (20 MHz)

DC ELECTRICAL CHARACTERISTICS (Vcc=50 Vdc +5%, Vgs=0, To=0 to 70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage Logic, EXTAL, RESET |  Vin \\;gg :f 8 - xgg v
Input Low Voltage Logic, EXTAL, RESET ViL Vss-03 - Vgs+08 \
Input Leakage Current (V,;=0105 25V, Vcc = max) Logic Iin - 10 25 pA
Output High Voltage
(ILoad= —205uA, Vcc=min) __ Dbo-D7 Vou Vgg+24 | - - v
(ILoad= — 145,A, Vcc =min) A0-A15, R/W, VMA, E Vss+24 | — -
(I oad= — 100 A, VcC=min) BA Vgs+24 - -
Output Low Voltage (I pag=16 mA, Vcc=min) VoL - — |Vss+04| V
Internal Power Dissipation (Measured at Tp=0°C) PINT - 0 600 10 W
Vec Standoy " eoverp | vew | am | = | 3w |V
Standby Current isgB - 80 mA
Capacitance #
(Vin=0, TA=26°C, f=10MHz) D0-D7 Cin 10 125 pF
Logic inputs, EXTAL 65 10
AO-A15, R/W, VMA | Couy 12 pF

*In power-down mode, maximum power dissipation is iess than 42 mW
#Capacitances are perodically sampled rather than 100% tested

CONTROL TIMING (Vcc=50V +5%, Vgg=0, TA=T to TH, unless otherwise noted)

MC6802NS, | MC68A02 | MC68B02
Characteristics Symbol MC6808 MC68A08 | MC68B08 | Unit
Min | Max | Min | Max | Min | Max
Frequency of Operation fo 01110 |01 15 {01 ] 20 | Mtz
Crystal Frequency fxTaL | 10 |40 [ 10| 60 |10 | 80 | MHz
External Oscillator Frequency 4xto 04 | 40 | 04| 60 |04 | 80 |MHz
Crystal Oscillator Start Up Time tre 100 — 100 - 100 - ms
Processor Controls (HALT, MR, RE, RESET, TRQ NMI)
Processor Control Setup Time tpPCS 200 - 140 | — 110 - ns
Processor Control Rise and Fall Time t .
(Does Not Apply to RESET) (T)%rf i i AR R BN L
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BUS TIMING CHARACTERISTICS

o, N M o2y | Mcssacz | mcesso2
Number Characteristic Symbol MC6808 MC68A08 | MC68B08 | Unit
Min | Max | Min | Max | Min | Max
1 Cycle Time teyc 10| 10 (0667 10 |05 | 10 us
2 Pulse Width, E Low PWEL | 450 | 5000 | 280 | 5000 | 210 [5000| ns
3 Pulse Width, E High PWEgH | 450 | 9500 | 280 | 9700 | 220 | 9700| ns
4 Clock Rise and Fall Time tr, tf - 25 - 25 - 20 ns
9 Address Hold Time tAH 20 - 20 — 20 - ns
12 Non-Muxed Address Valid Time to E (See Note 5) :ﬁx; 1(_30 2;0 180 - 5_0 B ns
17 Read Data Setup Time tpSR | 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) taACC | 605 - 310 - 235 - ns

FIGURE 2 — BUS TIMING

[ ()
\VU
e TN & g% N
- G) >
> @ mainO)
R/W, Address “AK
{Non-Muxed) W AN XXX
i12 }—‘—‘—H
<l® @
Read Data MPU Read Data Non-Muxed y,
Non-Muxed 4 Y L Z_
L @ Note 4
™= =4
~® e ®—
Write Data K 1
Non-Muxed 4
(D e
NOTES
1 Voltage levels shown are V| <04V, V4=24 V, unless otherwise specified
2 Measurement points shown are 0 8 V and 2 0 V, unless otherwise noted
3 All electricals shown for the MC6802 apply to the MC6802NS and MC6808, unless otherwise noted
4 Usable access time i1s computed by 12+3+4-17
5

If programs are not executed from on-board RAM, TAV1 applies |f programs are to be stored and executed from on-board RAM, TAVZ ap-
plies 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, MC68A08, MC68B02, MC68B08) On-board RAM can be used for data storage with all parts
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FIGURE 3 — BUS TIMING TEST LOAD

475V
RL=22kQ
C=130 pF for DO-D7, E __ Test Pont 'ﬂ:w E%T,?O
=90 pF for AD-A15, R/W, and VMA
=30 pF for BA c R
R=117k@ for DO-D7, E MMD7000
=16 5 kQ for AO-A15, R/W, and VMA or Equiv

=24 kQ for BA

FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY

FIGURE 5 — TYPICAL READ/WRITE, VMA AND
versus CAPACITIVE LOADING

ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING

800 T T 71 800777
F10H=-205 pA max @24 V LigH - 145 pA max © 24 V
5o} 0L 7 18mAmIX @04V IoL=16mAmax @04V
Vee=50V 500[V(;(;=50V
FTa=25C TA=25C
z 400 Z 400
g g Address, VMA
£ 300 = "]
> — % 300
— = —
T
& 200 ] 8 ol L ——Trm
/—/
100 100
CL includes stray capacitance CL includes stray capacitance
0 P 0 L L — e
0 100 200 300 400 500 600 100 200 300 400 500 600
CL, LOAD CAPACITANCE (pF) CL, LOAD CAPACITANCE (pF)
FIGURE 6 — EXPANDED BLOCK DIAGRAM
A5 Al4 AI13 A12 A1l A0 A9 A8 A7 A6 A5 A4 A3 A2 Al AQ
25 24 23 22 20 19 18 17 16 % 14 13 12 1110 9
Output Output
Buffers Bufters
r o 71
; Cif::‘rﬂoi 36 RAM Enable
| |
| |
| 32 Bytes {®—+35 V¢ Standby
_______ |
i
t
Memory Ready 3 —31 | 96 Bytes Not Q\gégobgle
Enable 37 <— Lo === _ on
RESET 40—3» Program { Program
Non-Maskable Interrupt (NMI)  6——3 Clock Counter Counter
HALT 2—3{ Instruction
Interrupt Request (IRQ)  4——3» Decode Stack | Stack
and Pointer HI Pointer |
EXTAL 39—~ Control
XTAL 38—> Index s — Index
Bus Available 7 <€ Register H[ ] Register L
Valid Memory Address 5 <
Read/Wnite (R/W) 34 <— -
A
Instruction Jll Accumulator
Register B
Condition
ode
¢ Register
Vee=Pin 8 Data
Vce=Pin 35 for MCE802NS Butfer
Vgs=Pins 1, 21
SV, R
26 27 28 29 30 31 32 33

D7 D6 D5 D4 D3

D2 D1 DO
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MPU REGISTERS

A general block diagram of the MC6802 1s shown in Figure
6. 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 re-
tained during power-up and power-down conditions via the
RE signal.

The MCB802NS s identical to the MC6802 except for the
standby feature on the first 32 bytes of RAM. The standby
feature does not exist on the MC6802NS and thus pin 36
must be tied to 5 V.

The MC6808 1s identical to the MC6802 except for on-
board RAM. Since the MC6808 does not have on-board
RAM pin 36 must be tied to ground allowing the processor to
utilize up to 64K bytes of external memory

The MPU has three 16-bit registers and three 8-bit
registers available for use by the programmer (Figure 7)

PROGRAM COUNTER

The program counter I1s a two byte (16-bit) register that
points to the current program address

STACK POINTER

The stack pointer is a two byte register that contains the
address of the next available location in an external push-
down/pop-up stack This stack is normally a random access

read/write memory that may have any location (address)
that i1s convenient. In those applications that require storage
of information In the stack when power is lost, the stack

must be non-volatile.

INDEX REGISTER

The index register is a two byte register that is used to
store data or a 16-bit memory address for the indexed mode

of memory addressing

ACCUMULATORS

The MPU contains two 8-bit accumulators that are used to
hold operands and results from an anthmetic logic unit

(ALU)

CONDITION CODE REGISTER

The condition” code register indicates the results of an
Anthmetic 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 1s the interrupt mask bit (1) The unused bits of the Con-

dition Code Register (b6 and b7) are ones.

Figure 8 shows the order of saving the microprocessor

status within the stack.

*If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board RAM, TAV2 ap-
ples. 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, MC68A08, MC68B02, and MC68B08) On-board RAM can be used for data storage with all parts.

FIGURE 7 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT

7

7

[¢]

Accumulator A
o]

Accumulator B

—I index Register

l Program Counter

15 o
| I

15 o]
T

I PC

15 o
| e

I Stack Pointer

7

[o}
l l Condition Codes
MY N?VC Register

I— Carry (From Bit 7)
Overflow

Zero

Negative

interrupt

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 By
ACCB = Accumulator B
ACCA = Accumulator A
IXH = Index Register, Higher Order 8 Bits
I1XL = Index Register, Lower Order 8 Bits
PCH = Program Counter, Higher Order 8 Bits
PCL = Program Counter, Lower Order 8 Bits

m-9
m-8
m-7 |¢——— SP
te) m-6 cc lr
m-5| ACCB
m-4| ACCA
m-3 IXH
m-2 m-2] XL x
m-1 m-1| PCH 2
m |-———— SP m PCL
m+ 1 m+ 1
—_—
m+2 x m+2
°
/\{ s r/_/-—
»
| I |
! | . | | l
Before 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, 2 input, and two unused pins have been eliminated,
and the following signal and timing lines have been added

RAM Enable (RE)

Crystal Connections EXTAL and XTAL

Memory Ready (MR)

V¢ Standby

Enable ¢2 Output (E)

The following is a summary of the MPU signals

ADDRESS BUS (A0-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 (D0-D7)

Eight pins are used for the data bus. It 1s bidirectional,
transfernng 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 s accessed and RE will be high This prohibits external
data entering the MPU It should be noted that the internal
RAM s fully decoded from $0000 to $007F External RAM at
$0000 to $007F must be disabled when internal RAM 1s ac-
cessed

HALT

When this input 1s 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-
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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 falling edge of E and
the HALT line must go high for one clock cycle.

HALT should be tied high if not used This 1s good
engineering design practice in general and necessary to en-
sure proper operation of the part

READ/WRITE (R/W)

This TTL-compatible output signals the peripherals and
memory devices whether the MPU 1s in a read (high) or write
(low) state The normal standby state of this signal i1s read
(high) When the processor I1s halted, 1t will be in the read
state This output I1s capable of driving one standard TTL
load and 90 pF.

VALID MEMORY ADDRESS (VMA)

This output indicates to peripheral devices that there i1s a
valid address on the address bus In normal operation, this
signal should be utiized for enabling peripheral interfaces
such as the PIA and ACIA This signal i1s 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 1s 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 therr 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 | =0)
or nonmaskable interrupt. This output i1s 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 1s 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 1s 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
1S low.

A nominal 3 k pullup resistor to V¢ should be used for
wire-OR and optimum control of interrupts 1RQ may be tied
directly to Vg if not used

RESET

This input 1s used to reset and start the MPU from a
power-down condition, resulting from a power failure or an
initial start-up of the processor When this line 1s low, the
MPU is inactive and the information in the registers will be
lost If a hugh level is detected on the input, this will signal
the MPU to begin the restart sequence This will start execu-

tion of a routine to initialize the processor from its reset con-
dition All the higher order address lines will be forced high
For the restart, the last two ($FFFE, $FFFF) locations in
memory will be used to load the program that 1s addressed
by the program counter During the restart routine, the inter-
rupt mask bit 1s set and must be reset before the MPU can be
interrupted by IRQ Power-up and reset timing and power-
down sequences are shown in Figures 9 and 10, respectively

RESET, when brought low, must be held low at least three
clock cycles This allows adequate time to respond internally
to the reset This i1s independent of the t,c power-up reset
that 1s required.

When RESET is released it must go through the low-to-
high threshold without bouncing, oscillating, or otherwise
causing an erroneous reset (less than three clock cycles)
This may cause improper MPU operation until the next valid
reset

NON-MASKABLE INTERRUPT (NMI)

A low-going edge on this input requests that a non-
maskable Interrupt sequence be generated within the pro-
cessor. As with the interrupt request signal, the processor
will complete the current instruction that is being executed
before i1t 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 $FFFC and $FFFD is loaded causing the
MPU to branch to an interrupt service routine in memory

A nominal 3 k2 pullup resistor to V¢ should be used for
wire-OR and optimum control of interrupts NMI may be tied

FIGURE 9 — POWER-UP AND RESET TIMING

Ik

475V
vVee

X

tre =1
o ViH
S — Vit
Option 1
(See Note Below)
trc —3 N
RESET *“‘--.§____——
Option 2
(See Figure 10 for
Power-down Condition)
RE

tPCr

NOTE If option 11s chosen, RESET and RE pins can be tied together

l(— tpCf
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directly to V¢ if not used FIGURE 10 — POWER-DOWN SEQUENCE
Inputs TRQ and NMi are hardware interrupt lines that are

sampled when E is high and will start the interrupt routine on v % 475V

a low E following the completion of an instruction cc -\

Figure 11 1s 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 Descrioti
MS LS pHen
$FFFE | $FFFF Restart
$FFFC | $FFFD | Non-Maskable Interrupt
S$FFFA | SFFFB Software Interrupt
$FFF8 $FFF9 Interrupt Request
FIGURE 11 — MPU FLOWCHART
Start Sequence
$FFFE, $FFFF
=+‘
Machine
on Halt
Yes
No

Y \

Execute
Interrupt Routine

Fetch Instruction

' \
Execute =
Instruction M 1RQ
$FFFC $FFF8
$FFFD $FFFQ
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FIGURE 12 — CRYSTAL SPECIFICATIONS

Y1 Cin Cout

3 58 MHz 27 pF 27 pF

4 MHz 27 pF 27 pF

3 » 6 MHz 20 pF 20 pF
1 8 MHz 18 pF 18 pF

IDL
T
Y1
L c1 Rs
— *——
[¢0]
I
LAY
Nominal Crystal Parameters*
3.58 MHz 4.0 MHz 6.0 MHz 8.0 MHz
Rs 60 Q 50 Q 30-50 @ 20-40 @
Cco 35pF 65 pF 4-6 pF 4-6 pF
C1 0015 pF 0025 pF 001-0 02 pF 001-0 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

[€——20 mm max—3»

s
L5

/Other Signals are Not Wired in this Area

L

E Signal 1s Wired Apart from 38 Pin
and 39 Pin

\ L—ZO mm max——3m»
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FIGURE 14 — MEMORY READY SYNCHRONIZATION

axfo
Oscillator

x
4
z
CRE
1

Memory Ready
D Generated from
CS Logic

SN74L.574

FIGURE 15 — MR NEGATIVE SETUP TIME REQUIREMENT

E Clock Stretch

~tpPCS I-tPCS
o8V [\E:AY

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 tpcg setup time is not met, E will be stretched at the end of the next E-high 2 cycle E will be stretched in in-
tegral multiples of % cycles

Resuming E Clocking

Je—>»}tpcs fe—>}tpcs je—>ftpcs fe—>fipcs
] ] 1

| | ~ ’ \
Stretched E | | :
1

" il

The E clock will resume normal operation at the end of the % cycle during which MR assertion meets the tpcs setup time The tpCS setup time
1s referenced to transitions of E were it not stretched If tpcg setup time is not met, E will fall at the second possible transition time after MR 1s
asserted There 1s no direct means of determining when the tpcs references occur, unless the synchronizing circuit of Figure 14 1s used
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RAM ENABLE (RE — MC6802+ MC6802NS ONLY)

A TTL-compatible RAM enable input controls the on-chip
RAM of the MC6802 When placed in the high state, the on-
chip memory 1s enabled to respond to the MPU controls In
the low state, RAM 1s disabled This pin may also be utilized
to disable reading and writing the on-chip RAM during a
power-down situation RAM Enable must be low three
cycles before Vcc goes below 4 75 V during power-down
RAM enable must be tied low on the MC6808 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 controlled These connections are for a parallel
resonant fundamental crystal (see Figure 12) (AT-cut) A
divide-by-four circuit has been added so a 4 MHz crystal may
be used In lieu of a 1 MHz crystal for a more cost-effective
system An example of the crystal circuit layout 1s shown in
Figure 13 Pin 39 may be driven externally by a TTL input
signal four times the required E clock frequency Pin 381s to
be grounded

An RC network i1s not directly usable as a frequency
source on pins 38 and 39 An RC network type TTL or CMOS
oscillator will work well as long as the TTL or CMOS output
dnives the on-chip oscillator

LC networks are not recommended to be used in place of
the crystal

If an external clock Is used, 1t may not be halted for more
than tpwgl The MC6802, MC6808 and MCE802NS are
dynamic parts except for the internal RAM, and require the
external clock to retain information

MEMORY READY (MR)

MR 1s a TTL-compatible input signal controlling the stret-
ching of E Use of MR requires synchronization with the 4xfg
signal, as shown in Figure 14 When MR is high, E will be in
normal operation When MR is low, E will be stretched in-
tegral numbers of half periods, thus allowing interface to
slow memories Memory Ready timing i1s shown in Figure 15

MR should be tied high (connected directly to V) if not
used This I1s necessary to ensure proper operation of the
part A maximum stretch Is toyc

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 ¢2 on the MC6800 This output I1s capable of
dniving one standard TTL load and 130 pF

Vce STANDBY (MC6802 ONLY)

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 guaranteed Maximum
current drain at VSg maximum i1s ISgg  For the MC6802NS
this pin must be connected to Vg
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MPU INSTRUCTION SET

The instruction set has 72 different instructions Included
are binary and decimal anthmetic, logical, shift, rotate, load,
store, conditional or unconditional branch, interrupt and
stack manipulation instructions (Tables 2 through 6) The in-
struction set i1s 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 1s 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 s specified These are one-byte instructions

IMMEDIATE ADDRESSING

In immediate addressing, the operand 1s contained in the
second byte of the instruction except LDS and LDX which
have the operand in the second and third bytes of the in-
struction The MPU addresses this location when it fetches
the immediate instruction for execution These are two- or
three-byte instructions

DIRECT ADDRESSING

In direct addressing, the address of the operand is contain-
ed In the second byte of the instruction Direct addressing
allows the user to directly address the lowest 256 bytes in the
machine, 1 e , locations zero through 2556 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
1s used as the lower eight bits of the address for the operand
This 1s an absolute address iIn memory These are three-byte
instructions

INDEXED ADDRESSING

In indexed addressing, the address contained in the se-
cond byte of the instruction 1s 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 i1s held
In a temporary address register so there i1s 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 (1.e , stack pointer, index register, etc ) These are
one-byte instructions

RELATIVE ADDRESSING

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

In relative addressing, the address contained in the second

TABLE 2 — MICROPROCESSOR INSTRUCTION SET — ALPHABETIC SEQUENCE

ABA Add Accumulators CLR Clear PUL Pull Data
ADC Add with Carry CLv Clear Overflow ROL Rotate Left
ADD  Add CMP  Compare ROR  Rotate Right
AND Logical And COM  Complement RTI Return frogm Interrupt
ASL Anthmetic Shift Left CPX Compare Index Regster P
RTS Return from Subroutine
ASR Arthmetic Shift Right
DAA Decimal Adjust SBA Subtract Accumulato
BCC  Branch ff Carry Clear DEC Decrement A Subtract (h“c ulators
BCS Branch f Carry Set DES Decrement Stack Pointer SEC S:l (r:acr with Larry
BEQ Branch if Equal to Zero DEX Decrement Index Register arry
SEI Set Interrupt Mask
BGE Branch if Greater or Equal Zero EOR Exclusive OR SEV Set Overfl
BGT  Branch ff Greater than Zero xclusive STA S? f ow |
BHI Branch if Higher INC Increment ore Accumulator
STS Store Stack Register
BIT Bit Test INS Increment Stack Pointer STX Store Index Register
BLE Branch ff Less or Equal INX Increment Index Register SUB Subtract 9
BLS Branch ff Lower or Same IMP J swi Soft Int
BLT  Branch ff Less than Zero 3 ump oftware Interrupt
BMI Branch if Minus SR Jump to Subroutine TAB Transfer Accumulators
BNE Branch f Not Equal to Zero LDA Load Accumulator TAP Transfer Accumulators to Condition Code Reg
BPL Branch f Plus LDS Load Stack Pointer TBA Transfer Accumulators
BRA Branch Always LDX Load Index Register TPA Transfer Condition Code Reg to Accumulator
BSR Branch to Subroutine LSR Logical Shift Right ST Test
BvC Branch f Overflow Clear TSX Transfer Stack Pointer to Index Register
NEG Negate
BVS Branch if Overflow Set NOP NggOperatlon TXS Transtfer Index Register to Stack Pointer
CBA Compare Accumulators WAI Wart for Interrupt
ORA Inclusive OR Accumulator
CLC Clear Carry
CLl Clear Interrupt Mask PSH Push Data
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TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS

MODES BOOLEAN/ARITHMETIC OPERATION COND CODE REG
IMMED DIRECT INDEX EXTND | IMPLIED (A register labels slafajzf1]o
OPERATIONS o ~ =lop ~ =lop ~ =|op ~ =|op ~ = feter o contents) MM E
Add ADDA |38 2 2|98 2|{AB 5 2|88 3 A+M A tlefr|tftft
ADDB | CB 2 2|DB 3 2|EB 5 2|FB 4 3 BiM -8B tjeftit]t]t
Add Acmitrs ABA 1B 2 1 |A+B A BOHHEBE
Add with Carry ADCA 189 2 2(99 3 2/A3 5 2{B3 4 3 AsM+C A HOBHEBE
ADCB [ C9 2 2|D9 3 2/E9 5 2|F3 4 3 B+M+C 8 tlefttft]t
And ANDA |84 2 2|94 3 2(lAs 5 20Bs 4 3 AM-A oleftii|r]|e
ANDB | C4 2 2{D4 3 2[/E4 5 2|F1 4 3 B M B ole[i|1[r]e
Bit Test BITA 8 2 2(9% 3 21A5 5 2|85 4 3 A M ejeft|tir|e
8ITB C5 2 2|05 3 2|€ 5 2(F5 4 3 B M ele|t|1[rle
Clear CLR 6F 1 2|7 6 3 00 -m ®le®IR|SIR|R
CLRA aF 2 1 00 A ®|®[RIS[RIR
CLRB sF 2 1|00 8 ele|ris|riR
Compare cvPA {81 2 2|91 3 2[Al 5 2|81 4 3 AM eloft|t1|t
cMPB €12 2{01 3 2|E1 5 2;F1 4 3 B M olefr|t]| 1|1
Compare Acmitrs CBA m 2 1A 8 LILIRE RTINS
Complement, 1 com 63 7 2713 6 3 oM ele|t[1]Rfs
COMA a3 2 1|A-A elell|1]R|S
coms 53 2 1/8-8 ele|tit]|RfsS
Complement, 25 NEG 60 7 2170 6 3 0 M M ele}! D@
(Negatel NEGA 4 2 1100 A-A ele ! DQ
NEGB 50 2 1{00 8 8 ool D@
Decimal Adjust A 0AA 19 2 1 Converts Binary Add of BCD Cheracters | @@ f i [} @
Wty BCD Format
Decrement DEC 6A 7 2178 68 3 Mo1om elel!| (D e
DECA a2 1| A 1 A ele|i[![@e
DECB sA 2 118 18 oleli|1[D e
Exclusive OR EORA | 88 2 2/9 3 2/A8 5 2|88 4 3 AGM -A efefifi|R]e
EORE | C8 2 2|/D8 3 2|€ 5 2/F8 4 3 8OM B eje|t|t|R|e
Increment INT 6 7 2|1 6 3 Mol oM ele|: i [®)fe
INCA 4 2 1T 1Al a DOMHO O
INCB 5C 2 1B+l B ele|:f:(®]e
Load Acmite wAA |86 2 2196 3 2|A6 5 2[85 4 3 M oA olol:|:|r|e
A8 | C6 2 2|06 3 2[E 5 2[F6 4 3 M8 ele|t|:|r|e
0¢ tnclusive ORAA [ 8A 2 2{9A 3 2|An 5 2l8A 4 3 AtM A elej |:|R|e
0ORAB CA 2 2|DA 3 2/EA 5 2|FA 4 3 B+M B ole i|R|e
Push Data PSHA % 4 1| A MgpSP 1 SP elefelo|ofe
PSHB 37 4 B Mgp SP 1 SP ole ofejo
Pull Data PULA 32 4 1| SPe1 SPMgp A oleleiejo]e
PULB 33 4 1| SPe1 SPMgp B oo slele
Rotate Left ROL 69 ' 2|19 6 3 M — DOHHGHE
ROLA 49 2 1 A} E:] - m olei]! H
ROLB 59 2 1|8 C b7~ w0 DRHHGHE
Rotate Right ROR 66 7 2176 6 3 M} S — DORE % H
RORA 46 2 1 A - O ele| i 1i®)
RORB 56 2 1|8 ¢ LI eleli|1|®):
Shift Left Anthmetic ASL 68 7 2|71 6 3 [ - ejel i)
ASLA 48 2 1| A 0 - OIIIIIs-o eleftitiE):
ASLB 8 2 1|8 c b7 b0 DINHG N
Shift Right Arthmetic ASR 6 1 2|11 6 3 [ - DOEHGHE
ASRA a7 2 A}EE]_ULU:D-D DOHHGHE
ASRY s7 2 1]e b7 [ DOHHGHE
Shift Right Logie LSR 66 7 2|14 6 3 M - elelrf:|(®) !
LSRA @ 2 1A [Russaasaaisys] o|o(r|:I@):
LSRB 58 2 1|8 b7 50 c olelriti®):
Store Acmlite STAA 97 4 2(A/7 6 2|8 5 3 A M ole| | [R|e®
sTAg 07 4 2(€ 6 2|F 5 3 8 m elel:]:|n|e
Subtract suea |80 2 2(/9% 3 2/A0 5 2{80 4 3 A M A DOHHEE
suBB c 2 2{00 3 2(E0 5 2|{f0 4 3 3 m B ool |t
Subtract Acmitrs SBA 10 2 1 A B A elo|ilijir:
Subtr with Carry secA |82 2 2|9 3 20A2 5 2[B2 4 A M C A elofifri:]:
SBCB €2 2 2002 3 2{€2 5 2|F2 4 B M (B eleir|] 1]
Transfer Acmltrs TAB 16 2 1 A B elefitIRle®
TBA o2 1|8 A NOHEED
Test, Zero or Minus ST 60 7 2{ 6 3 M 00 ele|il:|R{R
TSTA 40 2 1 A 00 elel I !IR|R
578 50 2 1|8 00 ole|:{!|r|R
H{1njzv|c
LEGEND CONDITION CODE SYMBOLS
0P Operation Code (Hexadecimal) +  Boolean Inclusie OR
~ Number of MPU Cycles ©] Boolean Exclusive OR H Half carry from it 3,
= Number of Program Bytes '] Complement of M 1 Interrupt mask
+  Anthmetc Plus - Transfer Into N Negatwe (sgn bit)
- Anthmetic Minus 0 Bit - Zero, z Zero (byte]
- Boolean AND, 00 Byte= Zero V. Overflow 2's complement
Mgp  Contents of memory location pointed 1o be Stack Pointer € Carryfrombit 7
R Reset Always
Note - Accumulator addressing mode instructions are ncluded in the column for IMPLIED addressing N Set Always
1
L]
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TABLE 4 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

COND CODE REG

IMMED DIRECT INDEX EXTND IMPLIED 5(4/3(2/1(0
POINTER OPERATIONS MNEMONIC | OP | ~] = |OP| ~| =|OP |~ | =|OP|~ | =|OP|~ | = BOOLEAN/ARITHMETIC OPERATION N|ZiV(C
Compare Index Reg CPX BC|[3| 3(9C|4|2|AC|{6|2|BC|5 |3 XH M Xp-(M+1) @ . @ .
Decrement Index Reg DEX 094 |1 X 1 -X eoilllele
Decrement Stack Pntr DES ¥4 SP 1 -SP eleloje
Increment Index Reg INX 0814 |1 X+1 -X ejiijo|e
Increment Stack Pntr INS KINEC SP+1 -SP o(ejoe
Load Index Reg LDX CE[3| 3|DE| 4| 2 |EE|6|2|FE|5 |3 M - Xp, (M+1) =X @[t|R|®
Load Stack Pntr LDS 8E (3 3(9E|4| 2 |AE[6|2(BE|S5 |3 M -SPy. (M +1) -SP_ @ {/Rje
Store Index Reg STX DF| 5| 2 |EF |7 | 2|FF|6 |3 XH "M XL (M+1) OHLIEE
Store Stack Patr STS 9F [ 5| 2[AF| 7|2 BF| 6|3 SPH -M.SPL -(M+1) ®@|:|rle'
Indx Reg - Stack Pntr TXS | %4 X 1 -Sp |. elee
Stack Pntr - Indx Reg TSX l 341 SP+1 -X | ®|e]|e -|

TABLE 5 — JUMP AND BRANCH INSTRUCTIONS
COND CODE REG

RELATIVE INDEX EXTND IMPLIED S5 4 |3j2[1]0
OPERATIONS MNEMONIC OP|~|=|0P|~|=|0OP|~|=(0P|~|= BRANCH TEST H{1IN[Z|V][C
Branch Always BRA 20|42 None e|loeieojo|ole
Branch if Carry Clear BCC 214 |2 c=0 e oo feoio|e
Branch If Carry Set BCS 254 |2 c=1 e eiololo|e
Branch If = Zero BEQ 27| 4|2 Z=1 e o/ o/eo 0le
Branch If > Zero BGE 20|42 N®V=0 e o|ole|ele
Branch If > Zero BGT 2 (4|2 Z+(N®V)=0 e o000
Branch If Higher BHI 21412 c+72=0 o o 0o , 0| 0le
Branch If < Zero BLE 274 |2 Z+IN®V) =1 o . 0ole/ 0|0 e
Branch If Lower Or Same BLS 23|42 C+Z=1 LRNC I B R B
Branch If < Zero BLT 2014 |2 N@V=1 e e e 0 0|0
Branch If Minus BMI 8(4]2 N= . el o/e'e
Branch If Not Equal Zero BNE 264 |2 Z=0 e ol 0|00
Branch If Qverfiow Clear BVC 28 (4 (2 V=0 DRI
Branch If Overflow Set BVS 29142 v=1 e ool e|o|e
Branch If Plus BPL 2A | 4} 2 N=0 el oo | 00 o
Branch To Subroutine BSR 80|82 ‘ o/ o0 o e o
Jump JMp 6Ef 4| 2|7€E| 3|3 See Special Operations o/ o 0 0le|o
Jump To Subroutine ISR AD| 8| 2|BD| 9|3 ‘ (Figure 16) el o'eje|o]e
No Operation NOP 012 |1 Advances Prog Cotr Only o o LR
Return From Interrupt RTI B0 @ -
Return From Subroutine RTS 395 |1 . | . I o e|ele
Software Interrupt swi F L1211 See Special Operations . i e o/ olo|e
Wait for Interrupt WAl ls 1] ) (Figure 16) o[@)e|o]o]e
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FIGURE 16 — SPECIAL OPERATIONS

SPECIAL OPERATIONS
JSR, JUMP TO SUBROUTINE:
PC _ Ma Program sP Stack [ Subroutine
n | AD=JSR - §P-2 INX + K
INOXD | n+1 | K= Offset® :> sp-1 | [n+2l H
n+2 | Next Main Instr sp | (ne2] L
*K = 8 Bit Unsigned Value [n+2lyand [n+2] Formn+2
pc _ Main Program sP Stack [ Subroutine
n | BD=JSR — SP-2 S
oo | BEE A ) [
" il 4 P In+3l L (S Formed From Sy and S| )
n+3 | Next Mam Instr — = Stack Pointer After Execution

BSR, BRANCH TO SUBROUTINE

PC  Main Program se Stack PC Subroutine
n | 8D=BSR - $P-2 n+21K
n+1 | £ K= Offset* :> sP-1 | n+2l H
n+2 | Next Main Instr SP | (n+2] L
*K = 7 Bit Signed Value, n+2 Formed From [n+2]yand [n+2]
JMP, JUMP
BC  Main Program PC Main Program
n+l m n+1 [Ky = Next Address|
INDXD H EXTENDED n+2 JK = Next Address
0

« [armamer]
RTS, RETURN FROM SUBROQUTINE

PC Subroutine sP Stack PC Main Program

0 [[Next Main instr_]

— sp+2 | N

RTi, RETURN FROM INTERRUPT

pg Interrupt Program SP Stack PC Main Program
SP n

SP+1 Condition Code
SP+2 Acmitr B
SP+3 Acmitr A
SP+4 Index Register (XH)
SP+5 Index Register (X()
sP+6 | PCn

- SP+7 PCL

TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS
COND CODE REG

5/4/3/2|1]0
OPERATIONS OP| ~ | = | BOOLEANOPERATION| H | I [N |Z |V | C
Clear Carry cLc oc|2 |1 0-C eo/e /o |0e|e| R
Clear Interrupt Mask cLl 0E |2 |1 - e|R|oe | 0|0 @
Clear Overflow cLv 0A|2 |1 0 -V ¢(e /o o R e
Set Carry SEC b2 {1 1-C e|o|eo |0 eSS
Set Interrupt Mask SEI OF |2 |1 1 el Sle|ejel e
Set Overflow SEV 0B |21 1V o|ejeo iejiSie
Acmitr A~ CCR TAP 0612 |1 A -CCR —
CCR = Acmitr A TPA 07]2 |1 CCR A o|le|e] .

CONDITION CODE REGISTER NOTES  (Bit set if test1s true and cleared otherwise)

1 (Bit V)  Test Result = 100000007 7 (BitN)  Test Sign bit of most significant (MS) byte = 1?7
2 (Bit C)  Test Result # 000000007 8 (BitV)  Test 2's complement overflow from subtraction of MS bytes?
3 (Bit C)  Test Decimal value of most significant BCD Character greater than nine? 9 (Bit N)  Test Result less than zero? (Bit 15 = 1)
(Not cleared if previously set ) 10 (AN Load Condition Code Regrster from Stack (See Spectal Operations)
4 (Bit V) Test Operand = 10000000 prior to execution? 11 (Bit1)  Set when interrupt occurs If previously set, a Non Maskable
§ (Bit V)  Test Operand = 01111111 prior to execution? Interrupt 1s required to exit the wait state
6 {Bit V) Test Set equal to result of N@C after shift has occurred 12 (AN Set according to the contents of Accumulator A
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TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES
(Times in Machine Cycle)
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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.

This information 1s useful In comparing actual with ex-
pected results during debug of both software and hardware

SUMMARY OF CYCLE-BY-CYCLE OPERATION

table.)

TABLE 8 — OPERATIONS SUMMARY

as the control program is executed The information Is
categorized in groups according to addressing modes and
number of cycles per instruction. (In general, instructions
with the same addressing mode and number of cycles ex-
ecute In the same manner, exceptions are indicated in the

Address Mode Pycae VMA R/W ]
and Instructions Cycles # | Line Address Bus Line Data Bus
IMMEDIATE
ADC EOR 1 1 Op Code Address 1 Op Code
ADD LDA 2 1 Op Code Address + 1 1 Operand Data
AND ORA 2
BIT SBC
CMP SuB
CPX 1 1 Op Code Address 1 Op Code
tgi 3 2 1 Op Code Address + 1 1 Operand Data (High Order Byte)
3 1 Op Code Address + 2 1 Operand Data (Low Order Byte)
DIRECT
ADC EOR 1 1 Op Code Address 1 Op Code
ADD LDA
AND ORA 3 2 1 Op Code Address + 1 1 Address of Operand
BIT SBC 3 1 Address of Operand 1 Operand Data
CMP SuB
CPX 1 1 Op Code Address 1 Op Code
tgi 4 2 1 Op Code Address + 1 1 Address of Operand
3 1 Address of Operand 1 Operand Data (High Order Byte)
4 1 Operand Address + 1 1 Operand Data (Low Order Byte)
STA 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Destination Address
3 o Destination Address 1 Irrelevant Data (Note 1)
4 1 Destination Address 0 Data from Accumulator
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Address of Operand
5 3 ] Address of Operand 1 Irrelevant Data (Note 1)
4 1 Address of Operand 0 Register Data (High Order Byte)
5 1 Address of Operand + 1 0 Register Data (Low Order Byte)
INDEXED
JMP 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
ADC EOR 1 1 Op Code Address 1 Op Code
ﬁgg ('3?{'2 2 1 Op Code Address + 1 1 Offset
BIT SBC 5 3 (o] Index Register 1 Irrelevant Data (Note 1)
CMP sus 4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
oy 2 | 1 | OpcCodeAddress +1 1| Offset
6 3 o] Index Register 1 Irrelevant Data (Note 1)
4 1] Index Register Plus Offset (w/o Carry) 1 irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Operand Data (High Order Byte)
6 1 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte)
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED)

Address Mode [ Cycle [VMA R/W
and Instructions Cycles # | Line Address Bus Line Data Bus
INDEXED (C d)
STA 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
6 3 0 Index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 0o Index Register Plus Offset 1 Irrelevant Data (Note 1)
6 1 Index Register Plus Offset [b] Operand Data
ASL LSR 1 1 Op Code Address 1 Op Code
éfg ggﬁ 2 1 Op Code Address + 1 1 Offset
COM ROR 7 3 0 Index Register 1 Irrelevant Data (Note 1)
:DNECC TST 4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Current Operand Data
6 0 Index Register Plus Offset 1 Irrelevant Data (Note 1)
7 "1]/0 index Register Plus Offset 4] New Operand Data (Note 3)
st;te
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Offset
7 3 0 Index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 0 Index Register Plus Offset 1 Irrelevant Data (Note 1)
6 1 Index Register Plus Offset 0 | Operand Data (High Order Byte)
7 1 Index Register Plus Offset + 1 0 Operand Data (Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 Irrelevant Data (Note 1)
8 4 1 Stack Pointer [¢] Return Address (Low Order Byte)
5 1 Stack Pointer — 1 0 Return Address (High Order Byte)
[ [¢] Stack Pointer — 2 1 Irrelevant Data (Note 1)
7 ] Index Register 1 Irrelevant Data (Note 1)
8 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
EXTENDED
JMP 1 1 Op Code Address 1 Op Code
3 2 1 Op Code Address + 1 1 Jump Address {High Order Byte)
3 1 Op Code Address + 2 1 Jump Address (Low Order Byte)
ADC EOR 1 1 Op Code Address 1 Op Code
ﬁsg (I'Sgﬁ a 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
BIT SBC 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
CMP sUB 4 1 Address of Operand 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
tg)s( 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
5 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 1 Address of Operand 1 Operand Data (High Order Byte)
5 1 Address of Operand + 1 1 Operand Data (Low Order Byte)
STAA 1 1 Op Code Address 1 Op Code
STAB 2 {1 Op Code Address + 1 1 | Destination Address (High Order Syte)
5 3 1 Op Code Address + 2 1 Destination Address (Low Order Byte)
4 0 Operand Destination Address 1 Irrelevant Data (Note 1)
5 1 Operand Destination Address 0 Data from Accumulator
ASL LSR 1 1 Op Code Address 1 Op Code
éi; ';(E)E 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
COM ROR 6 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
R“Eé: TST 4 1 Address of Operand 1 Current Operand Data
5 0 Address of Operand 1 Irrelevant Data (Note 1)
6 1/0 Address of Operand 0 New Operand Data (Note 3)
(Nst;te
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED)

Address Mode [Cycle VMA [ R/W
and Instructions Cycles # Line Address Bus Line Data Bus
EXTENDED (Continued)
STS 1 1 Op Code Address 1 Op Code
§TX 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
6 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 0 Address of Operand 1 Irrelevant Data (Note 1)
5 1 Address of Operand 0 Operand Data (High Order Byte)
6 1 Address of Operand + 1 0 Operand Data (Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Address of Subroutine (High Order Byte)
3 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte)
4 1 Subroutine Starting Address 1 Op Code of Next Instruction
9 5 1 Stack Pointer 0 Return Address (Low Order Byte)
6 1 Stack Pointer — 1 0 Return Address (High Order Byte)
7 0 Stack Pointer — 2 1 Irrelevant Data (Note 1)
8 0 Op Code Address + 2 1 Irrelevant Data (Note 1)
9 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte)
INHERENT
ABA DAA SEC 1 1 Op Code Address 1 Op Code
ASL DEC SEI 2
ASR INC SEV 2 1 Op Code Address + 1 1 Op Code of Next Instruction
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
DES 1 1 Op Code Address 1 Op Code
IIJNESX a 2 1 Op Code Address + 1 1 Op Code of Next Instruction
INX 3 0 Previous Register Contents 1 Irrelevant Data (Note 1)
4 0 New Register Contents 1 Irrelevant Data (Note 1)
PSH 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 1 Stack Pointer 0 Accumulator Data
4 0 Stack Pointer — 1 1 Accumulator Data
PUL 1 1 Op Code Address 1 Op Code
a 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 0 Stack Pointer 1 Irrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Operand Data from Stack
TSX 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
, 3 0 Stack Pointer 1 Irrelevant Data (Note 1)
4 o] New Index Register 1 Irrelevant Data (Note 1)
TXS 1 1 Op Code Address 1 Op Code
a 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 0 Index Register 1 Irrelevant Data
4 0 New Stack Pointer 1 Irrelevant Data
RTS 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Irrelevant Data (Note 2)
5 3 0 Stack Pointer 1 Irrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Address of Next Instruction (High
Order Byte)
5 1 Stack Pointer + 2 1 Address of Next Instruction (Low
Order Byte)
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TABLE 8 — OPERATIONS SUMMARY (CONCLUDED)

Address Mode ] LCycle VMA J R/WI 7
and Instructions Cycles # | Line Address Bus Line Data Bus
INHERENT (Continued)
WAI 1 1 |Op Code Address 1 | Op Code
2 1 |Op Code Address + 1 1 | Op Code of Next Instruction
3 1 |Stack Pointer 0 |Return Address (Low Order Byte)
a4 1 |Stack Pointer — 1 0 | Return Address (High Order Byte)
9 5 1 |Stack Pointer — 2 0 | Index Register (Low Order Byte)
6 1 |Stack Pointer — 3 0 | Index Register (High Order Byte)
7 1 |Stack Pointer — 4 0 | Contents of Accumulator A
8 1 [Stack Pointer — 5 0 | Contents of Accumulator B
9 1 |Stack Pointer — 6 1 | Contents of Cond. Code Register
RTI 1 1 |Op Code Address 1 | Op Code
2 1 |{Op Code Address + 1 1 | Irrelevant Data (Note ?)
3 0 |Stack Pointer 1 [lrrelevant Data (Note 1)
4 1 |Stack Pointer + 1 1 | Contents of Cond. Code Register from
Stack
10 5 1 [Stack Pointer + 2 1 | Contents of Accumulator B from Stack
6 1 [Stack Pointer + 3 1 | Contents of Accumulator A from Stack
7 1 |Stack Pointer + 4 1 [ Index Register from Stack (High Order
Byte)
8 1 |[Stack Pointer +5 1 | Index Register from Stack (Low Order
Byte)
9 1 |Stack Pointer + 6 1 | Next Instruction Address from Stack
(High Order Byte)
10 1 |Stack Pointer + 7 1 | Next Instruction Address from Stack
(Low Order Byte)
SWI 1 1 |Op Code Address 1 | Op Code
2 1 |Op Code Address + 1 1 | Irrelevant Data (Note 1)
3 1 |Stack Pointer 0 | Return Address (Low Order Byte)
4 1 |Stack Pointer — 1 0 | Return Address (High Order Byte)
5 1 |Stack Pointer — 2 0 | Index Register (Low Order Byte)
12 6 1 |Stack Pointer — 3 0 | index Register (High Order Byte)
7 1 |Stack Pointer — 4 0 | Contents of Accumulator A
8 1 |Stack Pointer — 5 0 | Contents of Accumulator B
9 1 |Stack Pointer — 6 0 [ Contents of Cond. Code Register
10 0 [Stack Pointer — 7 1 | Irrelevant Data (Note 1)
1 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)
RELATIVE
BCC BHI BNE 1 1 | Op Code Address 1 | Op Code
BCS BLE BPu ‘ 2 | 1 |OpCode Address + 1 1 | Branch Offset
BGE BLT BVC 3 0 | Op Code Address + 2 1 | Irrelevant Data (Note 1)
BGT BMI BVS 4 0 | Branch Address 1 | Irrelevant Data (Note 1)
BSR 1 1 [Op Code Address 1 | Op Code
2 1 |Op Code Address + 1 1 [ Branch Offset
3 0 | Return Address of Main Program 1 | Irrelevant Data (Note 1)
8 4 1 | Stack Pointer 0 | Return Address (Low Order Byte)
5 1 |Stack Pointer — 1 0 | Return Address (High Order Byte)
6 0 [ Stack Pointer — 2 1 | Irrelevant Data (Note 1)
7 0 | Return Address of Main Program 1 | Irrelevant Data (Note 1)
8 0 | Subroutine Address (Note 4) 1 | Irrelevant Data (Note 1)
NOTES

1 If device which 1s 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 1s ignored by the MPU
3 For TST, VMA =0 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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Advance Information

8-BIT MICROCOMPUTER UNIT

The MC6805P2 Microcomputer Unit (MPU) i1s a member of the
M6805 Family of low-cost single-chip microcomputers This 8-bit
microcomputer contains a CPU, on-chip CLOCK, ROM, RAM, 1/0, and
TIMER. It1s designed for the user who needs an economical microcom-
puter with the proven capabilities of the M6800-based instruction set A
comparison of the key features of several members of the M6805 Family
1s shown on the last page of this data sheet The following are some of
the hardware and software highlights of the MC6805P2 MCU

HARDWARE FEATURES:

® 8-Bit Architecture
@ 64 Bytes of RAM
® Memory Mapped I/0
® 1100 Bytes of User ROM
® 20 TTL/CMOS Compatible Bidirectional I/O Lines (8 Lines are
LED Compatible)
® On-Chip Clock Generator
® Self-Check Mode
® Zero Crossing Detection
® Master Reset
@ Complete Development System Support on EXORciser®
® 5V Single Supply
SOFTWARE FEATURES:
® Similar to M6800 Family
® Byte Efficient Instruction Set
® Easy to Program
@ True Bit Manipulation
® Bit Test and Branch Instruction
® Versatile Interrupt Handling
® Versatile Index Register
® Powerful Indexed Addressing for Tables
® Full Set of Conditional Branches
® Memory Usable as Register/Flags
® Single Instruction Memory Examine/Change
® 10 Powerful Addressing Modes
® All Addressing Modes Apply to ROM, RAM, and I/0
USER SELECTABLE OPTIONS:
® Internal 8-Bit Timer with Selectable Clock Source (External Timer
Input or Internal Machine Clock)
@ Timer Prescaler Option (7 Bits 2N)
® 8 Bidirectional I/0 Lines with TTL or TTL/CMOS Interface Option
® Crystal or Low-Cost Resistor Oscillator Option
® Low Voltage Inhibit Option
@ 4 Vectored Interrupts; Timer, Software, and 2 External

HMOS

(HIGH DENSITY
N-CHANNEL, SILICON-GATE
DEPLETION LOAD)

8-BIT
MICROCOMPUTER

L SUFFIX
CERAMIC PACKAGE
CASE 719

P SUFFIX
PLASTIC PACKAGE
CASE 710

(U ‘

S SUFFIX
1l CERDIP PACKAGE
I‘ A CASE 733

FIGURE 1 — PIN ASSIGNMENTS

vssfl 1@ ~~  aspREsEr
INTQ 2 27{1PA7
Veel s 26[1PA6
EXTALD 4 25[1PA5
xTALO 5 24[1PA4
NUM 6 23[1PA3
TIMERQ 7 2201PA2
pcol} 8 210 PA1
pcif] 9 20[1PAO
pc2fj10 19f PB7
Pc3gn 18[1PB6
PBOQ12 17f1PBS
PB113 16[1PB4
PB2[} 14 15[1PB3
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FIGURE 2 — MC6805P2 HMOS MICROCOMPUTER BLOCK DIAGRAM
XTAL EXTAL  RESET NUMINT

TIMER Prescaler Timer/ l
7 g Counter
Timer Control Oscillator
|e—a PBO
Accumulator j=—a PB1 Port
j—a (]
Al CPU Data | Port PB2 B
Index Control — Dir B [ P83
. . [+ PB4 |/0
s Register x Reg. | Reg. lw—s= pg5 | . oo
PAO [
PA1 Condition — ::‘75
Port pa2 ~—1 pot | Data Co_de
A PA3 w—a Dir. —& |5 Register cc
1/0 PA4 <—a : cPU
Lines PAS <= Reg. | Reg. Stack
PAG & s Pointer P
] ol
o Program Data | Port [*—™ ;CO cn
b— Dir c |t—a= PC1
Counter . le—sPC2 |/O
3 High PpcH ALU Reg. Reg |w— pc3 Lines
1100 X 8 Program
User ROM [—o Counter
116 X 8 Self- 8 Low PpcL 64 X 8
Check ROM T ) Ram
MAXIMUM RATINGS
_ i This device contains circuitry to protect the
Rating . Symbol Yalue Unit inputs against damage due to high static
Supply Voltage Vce —03to +70 \ voltages or electric fields, however, 1t 1s ad-
Input Voltage (Except Pin 6) Vin —03to +70 vV vised that normal precautions be taken to
o avord application of any voltage higher than
Operating Temperature Range TA D070 OC maximum rated voltages to this high-
Storage Temperature Range Tstg —55t0 +150 C impedance circuit For proper operation it is
Junction Temperature recommended that Vi, and Vgut be con-
Plastic 150 strained to the range Vgg=(V,y or Vgt
Ceramic T 175 oC =Vcc Rehability of operation i1s enhanced if
. J . unused inputs are tied to an appropriate logic
erdip 175 voltage level (e g, either Vgg or V)
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Thermal Resistance
Plastic 120
Ceramic AT 50 °C/W
Cerdip 60

POWER CONSIDERATIONS
The average chip-junction temperature, TJ, in °C can be obtained from
Ty=TA+(PpebyA) M
Where:

TA=Ambient Temperature, °C

6 A= Package Thermal Resistance, Junction-to-Ambient, °C/W

PD=PINT+PPORT

PINT=IccxVce, Watts — Chip Internal Power

PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT <€ P|NT and can be neglected PpoRT may become significant if the device 1s configured to
drive Darlington bases or sink LED loads
An approximate relationship between Pp and Tj (if PPORT Is neglected) 1s

PD =K+ (T +273°C) (2)
Solving equations 1 and 2 for K gives.
K=Ppe(TA+273°C) + 6 aePD?2 3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equiibrium)
fora known Ta. Using this value of K the values of Pp and TJ can be obtained by solving equations (1) and (2) iteratively for any
value of TA.
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ELECTRICAL CHARACTERISTICS (Vcc=+525Vdc+05 Vde, Vgs=GND, TA=0° to 70°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage
RESET (4 76=V(cc <575 40 _ vee
(Vce<475) Vce—-056 - Vee
INT (4 75V =<5 75) ViH 40 * vee v
(Vcec<475) Vece—-05 * Vce
All Other 20 - Vee
Input High Voltage Timer
Timer Mode ViH 20 - Vee \
Self-Check Mode — 90 150
Input Low Voltage
RESET -03 - 08
iNT viL -03 * 15 v
All Other —03 - 08
RESET Hysteresis Voltage (See Figures 11, 12, and 13)
""Out of Reset” VIRES + 21 - 40 \
|___"Into Reset” VIRES — 08 - 20
INT Zero Crossing Input Voltage, Through a Capacitor VINT 20 — 40 Va-cp-p
Internal Power Dissipation—No Port Loading Vcc=575V, To=0°C PINT — 400 630 mW
Input Capacitance
EXTAL Cin - 25 - pF
All Other - 10 —
Low Voltage Recover VLVR — — 475 \
Low Voltage Inhibit Vivi — 35 — \
Input Current
TIMER (V=04 V) - - 20
NT (Vjp=24V to Vo) - 20 50
EXTAL (V=24 V to V¢, Crystal Option) In - - 10 uA
(Vin=04V, Crystal Option) — — —1600
RESET (Vin=08V) —40 - —50
(External Capacitor Charging Current)

Due to internal biasing, this input (when unused) floats to approximately 2 0 Vdc

PORT DC ELECTRICAL CHARACTERISTICS (Vce=+525 Vdc+05 Vde, Vss=GND, TA=0° to 70°C unless otherwise noted)

Characteristic | symbol [ Min | Ty Max |  Unit
Port A with CMOS Drive Enabled
Output Low Voltage, I padg=16 mA VoL — — 04 Vi
Output High Voltage, |} padg= —100 A VoH 24 — — Vv
Output High Voltage, || gad= — 10 gA VOH 35 - — v
Input High Voltage, || oad= —300 pA (max ) ViH 20 —~ Vee \
Input Low Voltate, || gad= —500 A (max ) VL 03 — 08 v
Hi-Z State Input Current (Vin=20V to Vc) IIH — - —300 A
Hi-Z State Input Current (V=04 V) i — — —500 pA
Port B
Output Low Voltage, I gag=3 2 mA VoL - - 04 \
Output Low Voltage, || oad= 10 mA (sink) VoL — — 10 \
Output High Voltage, || pag= —200 pA VoH 24 - - v
Darlington Current Drive (Source), V=15V I0H -10 - —10 mA
Input High Voltage ViH 20 — Vee \%
Input Low Voltage ViL —-03 - 08 \
Hi-Z State Input Current ITs) - 2 20 pA
Port C and Port A with CMOS Drive Disabled

Output Low Voltage, I pag=16 mA VoL - - 04 \%
Output High Voltage, I gag= — 100 A VOH 24 - - \
Input High Voltage VIH 20 - Vee \
Input Low Voltage ViL -03 - 08 \
Hi-Z State Input Current ITg) - 2 20 pA
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SWITCHING CHARACTERISTICS (Vcc= +5 25 Vdc+ 05 Vde, Vgg=GND, Ta =0°to 70°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Oscillator Frequency fosc 04 42 MHz
Cycle Time (4/fggc) teye 095 - 10 s
TNT and TIMER Pulse Width WL WH teyc + 250 - - ns
RESET Pulse Width tRWL teyc+ 250 - - ns
RESET Delay Time (External Capacitance=1 0 uF) RHL - 100 - ms
INT Zero Crossing Detection Input Frequency (+5° Accuracy) fINT 003 - 10 kHz
External Clock Input Duty Cycle (EXTAL) - 40 50 60 %

(PORT B)

FIGURE 3 — TTL EQUIVALENT TEST LOAD FIGURE4 — CMOS EQUIVALENT TESTLOAD  FIGURES — TTL EQUIVALENT TEST LOAD
(PORT A)

(PORTS A AND C)

Vce=57V

Test MMD6150
Point or Equiv

15kQ

40 pF

(Total)

125kQy MMD7000
Ji. or Equiv

C = 40 pF (Total)

Test Point o—_l

i

Vee=57V

Test MMD6150
Point or Equiv

297kQ

MMD7000
or Equiv

30 pF (Total) 30 pF
(Total)

SIGNAL DESCRIPTION

The input and output signals for the MCU, shown in
Figure 1, are described In the following paragraphs

Vcc AND Vgs — Power is supplied to the MCU using
these two pins VC(C 1s power and Vgg is the ground con-
nection

INT — This pin provides the capability for asynchronously
applying an external interrupt to the MCU Refer to INTER-
RUPTS for additional information

XTAL AND EXTAL — These pins provide connections to
the on-chip clock oscillator circuit A crystal, a resistor, or an
external signal depending on the user selectable manufactur-
ing mask option, can be connected to these pins to provide a
system clock source with various stability/cost tradeoffs
Lead lengths and stray capacitance on these two pins should
be minimized Refer to INTERNAL CLOCK GENERATOR
OPTIONS for recommendations about these inputs

TIMER — This pin allows an external input to be used to
decrement the internal timer circuitry Refer to TIMER for
additional information about the timer circuitry

RESET — This pin allows resetting of the MCU at times
other than the automatic resetting capability already in the
MCU Refer to RESETS for additional information

NUM — This pin is not for user application and must be
connected to Vgg

INPUT/OUTPUT LINES (A0-A7, B0-B7, CO-C3) — These
20 lines are arranged into two 8-bit ports (A and B) and one

4-bit port (C) All lines are programmable as either inputs or
outputs under software control of the data direction
registers Refer to INPUTS/OUTPUTS for additional infor-
mation

MEMORY

As shown n Figure 6, the MCU 1s capable of addressing
2048 bytes of memory and 1/0 registers with its program
counter The MC6805P2 MCU has implemented 128 of these
locations This consists of 1100 bytes of user ROM, 116
bytes of self-check ROM, 64 bytes of user RAM, 6 bytes of
port 1/0, and 2 timer registers

The stack area 1s used during the processing of interrupt
and subroutine calls to save the processor state The register
contents are pushed onto the stack in the order shown in
Figure 7 Because the stack pointer decrements during
pushes, the low order byte (PCL) of the program counter Is
stacked first, then the high order three bits (PCH) are
stacked This ensures that the program counter is loaded
correctly, during pulls from the stack, since the stack pointer
increments during pulls A subroutine call results in only the
program counter (PCL, PCH) contents being pushed onto
the stack The remaining CPU registers are not pushed

CENTRAL PROCESSING UNIT

The CPU of the M6805 Family 1s implemented In
dependently from the 1/0 or memory configuration Conse-
quently, 1t can be treated as an independent central pro-
cessor communication with 1/0 and memory via internal ad-
dress, data, and control buses
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FIGURE 6 — MC6805P2 MCU ADDRESS MAP

7 6 54 3 2 10

7 0
000 1/0 Ports $000
Timer
Page Zero RAM
Access with  } 127 (128 Bytes) SO7F
Short 128 $080
Instructions Page Zero
User ROM
(128 Bytes)
256 Y SOFF
256 $100
Not Used
(704 Bytes)
959 $3BF
960 $3C0
Main User
ROM
1923 (964 Bytes) 783
1924 $784
Self Check
ROM
M
2039 6 Bytes) $7F7
2040 Interrupt $7F8
Vectors
ROM
2047 (8 Bytes) STEF

0 Port A $000
1 PortB $001
211 11] potc | so02
3 Not Used $003
4 Port ADDR $004*
5 Port B DDR $005*
6 | NotUsed [Portc DDR] s006*
7 Not Used $007
8 Timer Data Reg $008
9 Timer Control Reg $009
10 Not Used S00A
& (64 Bytes) $03F
64 RAM $040
(64 Bytes)
Stack
(31 Bytes
Maximum)
127 f $07F

*Caution (DDRs) are write-only, they read as $FF

FIGURE 7 — INTERRUPT STACKING ORDER

7 6 5 4 3 2 1 0 pull
A CONDITION

n 411 1 11 CODEREGISTER | N *!

n-3 |~ ACCUMULATOR n+2

n-2 INDEX REGISTER n+3

nct 111 1(PCH* n+4

n pcL* n+5

Push
*For subroutine calls, only PCL and PCH are stacked

REGISTERS

The M6805 Family CPU has five registers avallable to the
programmer They are shown in Figure 8 and are explained in
the following paragraphs.

ACCUMULATOR (A) — The accumulator s a general pur-
pose 8-bit register used to hold operands and results of
anthmetic calculations or data manipulations

FIGURE 8 — PROGRAMMING MODEL

7 0
L A j Accumulator
7 0
] X ] Index Register
10 0
{ PCH : PCL I Program Counter
10 54
MO|0|0l1l1l SP —|StackPomter
H| I N} Z | C| Condition Code Register

I—— Carry/ Borrow

Zero

Negative

Interrupt Mask
Half Carry
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INDEX REGISTER (X) — The index register I1s an 8-bit
register used for the indexed addressing mode. It contains
an 8-bit value that may be added to an instruction value to
create an effective address The index register can also be
used for data manipulations using the read/modify/write in-
structions The index register may also be used as a tem-
porary storage area

PROGRAM COUNTER (PC) — The program counter is an
11-bit register that contains the address of the next instruc-
tion to be executed

STACK POINTER (SP) — The stack pointer is an 11-bit
register that contains the address of the next free location on
the stack. Imitially, the stack pointer is set to location $07F
and 1s decremented as data is being pushed onto the stack
and incremented as data is being pulled from the stack The
six most significant bits of the stack pointer are permanently
set to 000011 During a MCU reset or the Reset Stack Pointer
(RSP) instruction, the stack pointer is set to location $07F
Subroutines and interrupts may be nested down to location
$061-(31 bytes maximum) which allows the programmer to
use up to 15 levels of subroutine calls

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 ac-
tion taken as a result of their state Each individual condition
code register bit 1s explained in the following paragraphs

Half Carry (H) — Set during ADD and ADC instructions to
indicate that a carry occurred between bits 3 and 4

Interrupt (I) — This bit I1s set to mask (disable) the timer
and external interrupt (INT) If an interrupt occurs while this

bit is set the interrupt :s latched and 1s processed as soon as
the interrupt bit i1s cleared

Negative (N) — Used to indicate that the result of the last
anthmetic, logical or data manipulation was negative (bit 7 in
result equal to a logical one)

Zero (Z) — Used to indicate that the resuit of the last
anthmetic, logical or data manipulation was zero

Carry/Borrow (C) — Used to indicate that a carry or bor-
row out of the arithmetic logic unit (ALU) occurred during
the last arithmetic operation This bit I1s also affected during
bit test and branch instructions plus shifts and rotates

TIMER

The MC6805P2 MCU timer circuitry is shown in Figure 9
The 8-bit counter may be loaded under program control and
1s decremented toward zero by the clock input (prescaler
output). When the timer reaches zero, the timer interrupt re-
quest bit (bit 7) in the Timer Control Register (TCR) is set
The timer interrupt can be masked (disabled) by setting the
timer interrupt mask bit (bit 6) in the TCR The interrupt bit
(I-bit) 1n the Condition Code Register also prevents a timer
interrupt from being processed The MCU responds to this
interrupt by saving the present CPU state in the stack,
fetching the timer interrupt vector from locations $7F8 and
$7F9 and executing the interrupt routine, see the INTER-
RUPTS section The TIMER INTERRUPT REQUEST BIT
MUST BE CLEARED BY SOFTWARE

The clock input to the timer can be from an external
source (decrementing of Timer Counter occurs on a positive
transition of the external source) applied to the TIMER input
pin or 1t can be the internal ¢2 signal When the ¢2 signal 1s
used as the source, it can be gated by an input applied to the
TIMER input pin allowing the user to easily perform pulse-
width measurements. (Note' For ungated ¢2 clock inputs to
the timer prescaler, the TIMER pin should be tied to Vcc).

FIGURE 9 — TIMER BLOCK DIAGRAM

®2
(Internal)
Prescaler
Al VAR A Y
(> ) S A Sy oy Timer
T 1 1 L L
TIMER Interrupt
Input Mask Not Used
Pin | N N W O S
—— 6 & oo &1 N
Clock Time 7{ T = + If |0
Input 8-Bit Counter Out=
Timer Data Register (TDR) Timer Control Register (TCR)

Manufacturing
Mask Options

oy

Write Read

Write Read

Internal Data Bus
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The source of the clock input is one of the mask options that
1s specified before manufacture of the MCU

A prescaler option can be applied to the clock input that
extends the timing interval up to a maximum of 128 counts
before decrementing the counter This prescaling mask op-
tion 1s also specified before manufacture

The timer continues to count past zero, falling through to
$FF from zero and then continuing the count Thus, 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, and not
disturb the counting process

At Power-up or Reset, the prescaler and counter are
inttiahized with all logical ones, the timer interrupt request bit
(bit 7) 1s cleared, and the timer interrupt mask bit (bit 6) I1s
set

SELF-CHECK

The self-check capability of the MC6805P2 MCU provides
an internal check to determine if the part 1s functional Con-
nect the MCU as shown in Figure 10 and monitor the output
of Port C bit 3 for an oscillation of approximately 7 Hz A 9
volt level on the Timer input, Pin 7, energizes the ROM-
based self-check feature The self-check program exercises
the RAM, ROM, timer, interrupts, and 1/0 ports

RESETS

The MCU can be reset three ways by initial power-up, by
the external reset input (RESET), and by an optional internal
low voltage detect circuit, see Figure 11 The internal circuit
connected to the RESET pin consists of a Schmitt trigger
which senses the RESET line logic level The Schmutt trigger
provides an internal reset voltage If it senses a logic 0 on the
RESET pin During power-up, the Schmitt trigger switches
on {removes reset) when the RESET pin voltage nises to
VIRES + When the RESET pin voltage falls to a logical O for
a period longer than one tcyc, the Schmitt tngger switches
off to provide an internal reset voltage The “switch off”
voltage occurs at VIRgS — A typical reset Schmutt trigger
hysteresis curve i1s shown in Figure 12

Upon power-up, a delay of tRHL I1s needed before allowing
the RESET input to go high This time allows the internal
clock generator to stabilize Connecting a capacitor to the
RESET input as shown in Figure 13, typically provides suffi-
cient delay See Figure 17 for the complete reset sequence

INTERNAL CLOCK GENERATOR OPTIONS

The internal clock generator circuit 1s designed to require a
minimum of external components A crystal, a resistor, a
jumper wire, or an external signal may be used to generate a
system clock with various stability/cost tradeoffs A

FIGURE 10 — SELF—CHECK CONNECTIONS

2 | INT
28 | RESET

i

10 wf
I
— 5 | XTAL
*

4 | EXTAL

oy 10k 7 | TIMER

6 | NUM

vVce

PCO
PC1
PC2

'PC3

MC6805P2

pA7 27
PAG |26
PA5 [25
PA4 |24
PA3 |23
PA2 |22
pA1 | 2!
pAo |20

pB7 |19
pB6 |18
pes |17
P4 |16
P83 |18
pB2 |14
pB1 |13
PBO | 12

Vgg=Pin 1
*This connection depends on the clock oscillator user selectable mask option
Use crystal if that option is selected
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manufacturing mask option s required to select either the
crystal oscillator or the RC oscillator circuit The oscillator
frequency Is internally divided by four to produce the internal
system clocks

The different connection methods are shown in Figure 14
The crystal specifications are given in Figure 15 A resistor
selection graph 1s given in Figure 16

The crystal oscillator startup time 1s a function of many
vanables crystal parameters (especially Rs), oscillator load
capacitance, IC parameters, ambient temperature, and
supply voltage To ensure rapid oscillator startup, neither the
crystal charactenistics nor the load capacitance should ex-
ceed recommendations

FIGURE 11 — POWER AND RESET TIMING

5V VLR ——IN—\ 0" N\
vee / VLVl N inPower / LVR
oV

RESET v
Pin IRES +
— | [RHL [—
Internal
Reset

FIGURE 12 — TYPICAL RESET SCHMITT
TRIGGER HYSTERESIS

l VIRES —
.

(RHL [—

FIGURE 13 — POWER UP RESET DELAY CIRCUIT

|
wod 28
Vee —'VV\/_—‘__L

RESET 10pF

XL ¢
Part Of

MC6805P2

MCU

FIGURE 14 — CLOCK GENERATOR OPTIONS

Out
of
Reset
In 1 1 1
Reset T L T
o8V 2V 4V
5 | XTAL
(See Note) £ MC6805P2
:Ei_‘ EXTAL  MCU
c (Crystal Mask
L T Option)
Crystal
5 | XTAL
External — MC6805P2
Clock 4 | EXTAL MCU
Input | (Crystal Mask
Option)

External Clock

(See Figure 16) 4 | ExXTAL MCU

Connection

5 | XTAL

MC6805P2
4 | EXTAL MCU

(Resistor Mask
Option)

Approximately 26% Accuracy
Typical toyc=125ps
External Jumper

5 IXTAL
MC6805P2

(Resistor Mask

No Option)

W

Approximately 10% Accuracy
External Resistor
(Excludes Resistor Tolerance)

NOTE The recommended C| value with a 4 0 MHz crystal i1s 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 scalled 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
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FIGURE 15 — CRYSTAL MOTIONAL ARM PARAMETERS
AND SUGGESTED PC BOARD LAYOUT

Crystal Parameters 1
L [
EXTAL | 1 S ® XT_AL
4 Co 5
T4
LAY
AT — Cut Parallel Resonance Crystal
Co=7 pF Max

FREQ=4 0 MHz @ C| =24 pF
Rg =50 ohms Max

(a)
GND
cL '0) Crystal

extaL [
XTAL [

(b)

GND

&/
——

CL

CRYSTAL

nn

Note Keep crystal leads and circuit
connections as short as possible

FREQUENCY (MHz)

FIGURE 16 — TYPICAL FREQUENCY SELECTION FOR
RESISTOR OSCILLATOR OPTION

50 l I

Vee=56V
40 Ta=25°C
N
30
\\
20 \-\\
I~
10 .
<
0
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RESISTANCE (k OHMS)
INTERRUPTS

The MC6805P2 MCU can be interrupted three different
ways through the external interrupt (INT) input pin, the
internal timer interrupt request, or the software interrupt in-
struction (SWI) When any interrupt occurs, processing Is
suspended, the present CPU state i1s pushed onto the stack,
the interrupt bit (1) in the condition code register 1s set, the
address of the interrupt routine i1s obtained from the
appropriate interrupt vector address, and the interrupt
routine 1s executed Stacking the CPU register, setting the
I-bit, and vector fetching requires a total of 11 tcyc penods

for completion
A flowchart of the interrupt sequence i1s shown in Figure

17 The interrupt service routine must end with a return from
interrupt (RTI) instruction which allows the MCU to resume
processing of the program prior to the interrupt (by unstack-
ing the previous CPU state) Table 1 provides a listing of the
interrupts, therr priority, and the address of the vector which
contains the starting address of the appropriate interrupt ser-
vice routine The interrupt prionity applies to those pending
when the CPU 1s ready to accept a new interrupt RESET is
histed in Table 1 because i1t I1s treated as an interrupt
However, 1t I1s not normally used as an interrupt. When the
interrupt mask bit in the Condition Code Register 1s set the
interrupt 1s latched for later interrupt execution

The external interrupt i1s internally synchronized and then
latched on the falling edge of INT A sinusoidal input signal
(fiNT maximum) can be used to generate an external inter-
rupt, as shown in Figure 18a, for use as a Zero Crossing
Detector For digital applications the INT can be driven by a
digital signal at a maximum period of tyyy| This allows ap-
plications such as servicing time-of-day routines and engag-
ing/disengaging AC power control devices Off-chip full
wave rectification provides an interrupt at every zero cross-
ing of the AC signal and thereby provides a 2f clock

A software interrupt (SWI) 1s an executable instruction
which 1s executed regardless of the state of the I-bit in the
Condition Code Register SWI!'s are usually used as break-
points for debugging or as system calls
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FIGURE 17 — RESET AND INTERRUPT PROCESSING FLOWCHART

1—1(in CCR) ‘
07F— SP
0—~DDR's Clear . Stack
CLR INT Logic INT INT PC, X, A, CC
FF—Timer Request
7 F—Prescaler Latch ‘
7F—-TCR
1-1
Timer {
Load PC From
Put 7FE
Aduer:s Bus SWI 7FC/7FD
INT 7FA/7FB

Timer _ 7F8 /7F9

Fetch
Instruction
RESET
Pin=Low
RESET Y Swi
Pin=High PC—PC+1
Load PC
from
7FE/TFF
Execute
1__ Instruction
Ly
FIGURE 18 — TYPICAL INTERRUPT CIRCUITS
a — Zero Crossing Interrupt b — Digital Signal Interrupt
Vee
A
| ¢ (Current TTL 47k
nput Limiting) Level
(fyNT Max ) 9 MC6805p2 eve 2| wF MC6805P2
R=1MQ h mcu ?'9"?' ‘ MU
AC Input= npu
10 \7PP 01 uf {(t)wr Maximum
Period) 1
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TABLE 1 — INTERRUPT PRIORITIES

Interrupt Priority Vector Address
RESET 1 $7FE and $7FF
swi 2% $7FC and $7FD
iNT 3 $7FA and $7FB
Timer 4 $7F8 and $7F9

*Prionty 2 applies when the I-bit in the Condition Code Regster is
set When |=0, SWI has a priority of 4, ike any other instruction,
the prionity of INT thus becomes 2 and the timer becomes 3

INPUT/OUTPUT —

There are 20 input/output pins The INT pin may also be
pulled with branch instructions to provide an additional input
pin All pins (Port A, B, and C) are programmable as either
inputs or outputs under software control of the corres-
ponding Data Direction Register (DDR) The port 1/0
programming 1s accomplished by writing the corresponding
bitin the port DDR to a logic 1" for output or 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 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, see Figure 19 When Port B 1s pro-

grammed for outputs, 1t is capable of sinking 10 mA and
sourcing a 1 mA on each pin

All input/output lines are TTL compatible as both inputs
and outputs Ports B and C are CMOS compatible as inputs
Port A may be made CMOS compatible as outputs with a
mask option The address map in Figure 6 gives the address
of data registers and DDRs The register configuration is pro-
vided in Figure 20 and Figure 21 provides some examples of
port connections

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 I1s undefined. Since

BSET and BCLR are read/modify/write functions, they

cannot be used to set or clear a DDR but (all “"unaffected”

bits would be set) It 1s recommended that all DDR bits in

a port be written using a single store instruction

The latched output data bit (see Figure 19) 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 out-
puts, however, care must be exercised when using
read/ modify/write Instructions since the data read cor-
responds to the pin level of the DDR i1s an iput (0) and cor-
responds to the latched output data when the DDR 1s an out-
put (1)

FIGURE 19 — TYPICAL PORT I/0 CIRCUITRY

Data
1 Direction Register
Bitk
o

= 5 Loatched e

€ 5 utput

2 §< = Data lOuID/uI Pin

-0 Bit

o
/ nput
Reg
w
N -]
Input
1/0
w
Data
Direction Output input
Register Data Output To

Bit Bit State MCU
1 0 0 0
1 1 1 1
0 X 3-State ¥ ¥ Pin

*DDR s a write-only register and reads as all 1's

%%k Ports A (with CMOS dnve disabled), B, and C are three state ports Port A has optional inteinal pullup devices
to provide CMOS drve capability See Electrical Characteristics tables for complete information
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FIGURE 20 — MCU REGISTER CONFIGURATION

PORT DATA REGISTER

Port A Addr= $000
Port B Addr= $001
Port C Addr=$002 (Bits 0—3}

TIMER CONTROL REGISTER (TCR)

0

L1

6 5 4 3 2 1
|

ERERERER R

TCR7—Timer Interrupt Status Bit Set when TDR goes
to zero, must be cleared by software Cleared to

0 by Reset

TCR6 Bit 6— Timer Interrupt Mask Bit 1=tmer inter-
rupt masked (disabled) Setto 1 by Reset
TCR Bits 5, 4, 3, 2, 1, O read 1's—unused bits
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PA3
PA2
PA1
PAO

27

p——— (CMOS Loads)

26

25

24
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23

16mA
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L~/

PORT DATA DIRECTION REGISTER (DDR)

0
{1) Wnte Only, reads as all 1's
(2) 1=0Output, 0=Input Cleared to 0 by Reset
(3) Port A Addr=$004
Port B Addr=$005
Port C Addr= $006 (Bits 0—3)

TIMER DATA REGISTER (TDR)

7 0
[ wmse Lse | soos
FIGURE 21 — TYPICAL PORT CONNECTIONS
a. Output Modes
PB7
8 19 l0=Hre.lp

pB6| 18

PBS | 17

PB4 | 16 'o

1 _110ma

PB3| 15 2N6386 (Typical)

PB2| 14

PB1 | 13

PBO| 12 —=

Port A, Bit 7 Programmed as Output, Driving
CMOS Loads and Bit 4 Driving one TTL Load
Directly (using, CMOS output option)

+V
pe7| 19 T
PB6| 18
PB5| 17
PB4 | 16 44 /?
PB3| 15
PB2 14 10 mA
-
PB1 13
PO 12
«—10mA

Port B, Bit 0 and Bit 1 Programmed as Output,
Drniving LEDs Directly

41567

Port B, Bit 5 Programmed as Output, Driving
Darlington-Base Directly

+ V

PC3| 1 > cMOS

pez| 10 = MC141|(;:;/[:;;:S14069
PCI 9 - (Typical)

PCO 8 -

Port C, Bits 0-3 Programmed as Output, Driv-
ing CMOS Loads, Using External Pullup
Resistors
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FIGURE 21 — TYPICAL PORT CONNECTIONS (CONTINUED)

e b. Input Modes
—»—‘>o—- 27| paz *‘l o 19| e
: % | Pas . 18 | PB6
: 2% | PAS MC74LS04 o 7_|Pes
MC74LS04 ¢ 24 | PAs4 or . 16 | PB4
(Typical) : 2 | Pas MC14069 | 15 | PB3
. (Typicall ~ «
: 2 | pPa el 14| P82
. 21 | PA1 : 13 |PBI
—5—(><>— 20 | Pro - l >° 12| PBO
W e

TTL Dnving Port A Directly

CMOS or TTL Driving Port B Directly

MC14069 [: L pes
(Typical) : 10 pc2
. 9 PC1
8 PCO
MC74LS04
(Typical)

CMOS and TTL Driving Port C Directly

BIT MANIPULATION
The MC6805P2 MCU has the ability to set or clear any .

single random access memory or input/output bit (except
the Data Direction Register, see Caution under INPUT/OUT-
PUT paragraph), with a single instruction (BSET, BCLR)
Any bit in page zero including ROM, except the DDRs, can
be tested, using the BRSET and BRCLR instructions, and
the program branches as a result of its state The Carry bit
equals the value of the bit referenced by BRSET or BRCLR
A Rotate instruction may then be used to accumulate serial
input data in a RAM location or register The capability to
work with any bit in RAM, ROM, or I/0 allows the user to

have individual flags in RAM or to handle I/0 bits as control
lines

The coding example in Figure 22 illustrates the usefulness
of the bit manipulation and test instructions Assume that
the MCU 1s to communicate with an external seral device
The external device has a data ready signal, a data output
line, and a clock line to clock data one bit at a time, LBS first,
out of the device The MCU waits until the data 1s ready,
clocks the external device, picks up the data in the Carry Flag
(C-bit), clears the clock line, and finally accumulates the data
bit in a RAM location

FIGURE 22 — BIT MANIPULATION EXAMPLE

MCU
Ready o 2p
Senal o
Device Clock 1R
T
Data oA

SELF BRSET 2, PORTA, SELF
BSET 1, PORTA
BRCLR 0, PORTA, CONT
CONT BCLR 1, PORTA
ASR RAMLOC

4-158



MC6805P2

ADDRESSING MODES

The MCB805P2 MCU has 10 addressing modes which are
explained briefly in the following paragraphs For additional
details and graphical illustrations, refer to the M6805 Family
User's Manual

The term “‘effective address’ (EA) is used in describing the
address modes EA is defined as the address from which the
argument for an instruction 1s fectched or stored

IMMEDIATE — In the immediate addressing mode, the
operand 1s contained In the byte immediately following the
opcode The immediate addressing mode Is used to access
constants which do not change during program execution
(e g, a constant used to nitialize a loop counter)

DIRECT — In the direct addressing mode, the effective
address of the argument is contained in a single byte follow-
Ing the opcode byte Direct addressing allows the user to
directly address the lowest 256 bytes in memory with a single
2-byte instruction This includes the on-chip RAM and 1/0
registers and 128 bytes of ROM Direct addressing 1s an ef-
fective use of both memory and time

EXTENDED — In the extended addressing mode, the ef-
fective address of the argument Is contained in the two bytes
following the opcode Instructions using extended address-
ing are capable of referencing arguments anywhere In
memory with a single 3-byte instruction When using the
Motorola assembler, the programmer 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 1s only used in
branch instructions In relative addressing, the contents of
the 8-bit signed byte following the opcode (the offset) i1s add-
ed to the PC if and only if the branch condition is true Other-
wise, control proceeds to the next instruction The span of
relative addressing 1s from —126 to + 129 from the opcode
address The programmer need not worry about calculating
the correct offset when using the Motorola assembler, since
1t calculates the proper offset and checks to see if it is within
the span of the branch

INDEXED, NO OFFSET — In the indexed, no offset ad-
dressing mode, the effective address of the argument is con-
tained In the 8-bit index register Thus, this addressing mode
can access the first 266 memory locations These instruc-
tions are only one byte long This mode 1s 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 effective address I1s the sum of the
contents of the unsigned 8-bit index register and the unsign-
ed byte following the opcode This addressing mode Is
useful in selecting the kth element in an n element table
With this 2-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
addressable locations and could extend as far as location 511
($1FE)
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INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset
addressing mode, the effective address 1s the sum of the
contents of the unsigned 8-bit index register and the two un-
signed bytes following the opcode This addressing mode
can be used In a manner similar to indexed, 8-bit offset, ex-
cept 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 1s part of the opcode, and the
byte following the opcode specifies the address of the byte
in which the specified bit is to be set direct or cleared Thus,
any read/write bit in the first 256 locations of memory, in-
cluding 1/0, can be selectively set or cleared with a single
2-byte instruction See Caution under the INPUT/OUTPUT
paragraph

BIT TEST AND BRANCH — The bit test and branch ad-
dressing mode I1s a combination of direct addressing and
relative addressing The bit and condition (set or clear) which
1S to be tested I1s included in the opcode, and the address of
the byte to be tested is In the single byte immediately follow-
ing the opcode byte The signed relative 8-bit offset 1s In the
third byte and 1s added to the value of the PC if the branch
condition 1s true This single 3-byte instruction allows the
program to branch based on the condition of any readable
bit in the first 266 locations of memory The span of
branching i1s from + 130 to — 125 from the opcode address
The state of the tested bit is also transferred to the Carry bit
of the Condiuon Code Register See Caution under the
INPUT/OUTPUT paragraph

INHERENT — In the inherent addressing mode, all the in-
formation necessary to execute the instruction I1s contained
in the opcode Operations specifying only the index register
or accumulator, as well as control instruction with no other
arguments, are included in this mode These instructions are
one byte long

INSTRUCTION SET

The MC6806P2 MCU has a set of 59 basic instructions,
which when combined with the 10 addressing modes pro-
duce 207 usable opcodes They 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 All the instructions within a given
type are presented In individual tables

REGISTER/MEMORY INSTRUCTIONS — Most of these
instructions use two operands One operand 1s either the ac-
cumulator or the index register The other operand I1s obtain-
ed from memory using one of the addressing modes The
Jump unconditional (JMP) and jump to subroutine (JSR) in-
structions have no register operands Refer to Table 2

READ/MODIFY/WRITE INSTRUCTIONS — These in-
structions read a memory location or a register, modify or
test 1ts contents, and write the modified value back to
memory or to the register (see Caution under INPUT/OUT-
PUT paragraph) The test for negative or zero (TST) instruc-
tion 1s included In read/ modify/write instructions though 1t
does not perform the write Refer to Table 3
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BRANCH INSTRUCTIONS — The branch instructions
cause a branch from the program when a certain condition 1s
met Refer to Table 4

BIT MANIPULATION INSTRUCTIONS — These instruc-
tions are used on any bit in the first 2566 bytes of the memory
(see Caution under INPUT/OUTPUT paragraph) One group
either sets or clears The other group performs the bit test
branch operations Refer to Table 5
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CONTROL INSTRUCTIONS — The control instructions
control the MCU operations during program execution
Refer to Table 6

ALPHABETICAL LISTING — The complete instruction set
1s given in alphabetical order in Table 7

OPCODE MAP SUMMARY — Table 8 is an opcode map
for the instructions used on the MCU



TABLE 2 — REGISTER/MEMORY INSTRUCTIONS

19L-v

Addressing Modes
Indexed Indexed Indexed
Immediate Direct Extended (No Offset) {8-Bit Offset) (16-Bi1t Offset)
Op # # Op # # Op # # Op # # Op # # oP # #
Function M CodeBytes| Cycles | Code[Bytes| Cycles | Code|Bytes | Cycles | Code|Bytes | Cycles | Code|Bytes | Cycles | Code|Bytes | Cycles
Load A from Memory LDA A6 2 2 B6 2 4 C6 3 5 F6 1 4 E6 2 5 D6 3 6
Load X from Memory LDX AE 2 2 BE 2 4 CE 3 5 FE 1 4 EE 2 5 DE 3
Store A 1n Memory STA — — — 87 2 5 c7 3 6 F7 1 5 E7 2 6 D7 3 7
Store X in Memory STX — — — BF 2 5 CF 3 6 FF 1 5 EF 2 6 DF 3 7
Add Memory to A ADD AB 2 2 BB 2 4 CB 3 5 FB 1 4 EB 2 5 [o):] 3 6
Add Memory and
Carry to A ADC A9 2 2 B9 2 4 c9 3 5 F9 1 4 E9 2 5 D9 3 6
Subtract Memory sSuB AO 2 2 BO 2 4 CO 3 5 FO 1 a4 EO 2 5 DO 3 6
Subtract Memory from
A with Borrow SBC A2 2 2 B2 2 4 Cc2 3 5 F2 1 4 E2 2 5 D2 3 6
AND Memory 10 A AND A4 2 2 B4 2 4 Cc4 3 5 F4 1 4 E4 2 5 D4 3 6
O8] Memory with A ORA AA | 2 2 BA | 2 4 CA | 3 5 FA 1 4 EA 2 5 DA | 3 6
Exclusive OR Memory
with A EOR A8 2 2 B8 2 4 C8 3 5 F8 1 4 E8 2 5 D8 3 6
Arithmetic Compare A
with Memory cMP Al 2 2 B1 2 4 c1 3 5 F1 1 4 El | 2 5 D1 3 6
Anthmetic Compare X
with Memory CPX A3 2 2 B3 2 4 C3 3 5 F3 1 4 E3 2 5 D3 3 6
Bit Test Memory with
A (Logical Compare) BIT A5 2 2 BS 2 4 C5 3 5 F5 1 4 ES 2 5 D5 3 6
Jump Unconditional JMP — — — BC 2 3 CcC 3 4 FC 1 3 EC 2 4 DC 3 5
Jump to Subroutine JSR — - — BD 2 7 CcD 3 8 FD 1 7 ED 2 8 DD 3 9

TABLE 3 — READ/MODIFY/WRITE INSTRUCTIONS

Addressing Modes
Indexed Indexed
inherent (A) Inherent (X) Direct (No Offset) (8 Bit Offset)
Op # # Op # # Op # # Op # # Op # #
Function Mnemonic | Code|Bytes| Cycles| Code|Bytes| Cycles|Code|Bytes| Cycles | Code|Bytes | Cycles | Code|Bytes| Cycles
Increment INC 4ac 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC 4A 4 5A 1 4 3A 2 6 7A 6 6A 2 7
Clear CLR 4F 1 4 5F 1 4 3F 2 6 7F 1 6 6F 2 7
Complement COM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7
Negate
(2's Complement) NEG 40 1 4 50 1 4 30 2 6 70 1 6 60 2 7
Rotate Left Thru Carry ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 2 7
Rotate Right Thru Carry]  ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7
Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Logical Shift Right LSR 44 1 4. 54 1 4 34 2 6 74 1 6 64 2 7
Arithmetic Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7
Test for Negative
or Zero ST 4D 1 4 5D 1 4 3D 2 6 70 1 6 6D 2 7

C¢dS0890N




MC6805P2

TABLE 4 — BRANCH INSTRUCTIONS

Relative Addressing Mode

Op # #

Function Mnemonic| Code Bytes | Cycles
Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
Branch IFFHigher BHI 22 2 4
Branch IFFLower or Same BLS 23 2 4
Branch IFFCarry Clear BCC 24 2 4
(BranchIFFHigher or Same)| (BHS) 24 2 4
Branch IFFCarry Set BCS 25 2 4
(BranchIFF Lower) (BLO) 25 2 4
Branch!|FFNot Equal BNE 26 2 4
BranchIFFEqual BEQ 27 2 4
Branch  Half Carry Clear] BHCC 28 2 4
BranchIFFHalf Carry Set BHCS 29 2 4
BranchIFF Plus BPL 2A 2 4
BranchlFF Minus BMI 2B 2 4
BranchIFFinterupt Mask

Bit is Clear BMC 2C 2 4
BranchIFFinterrupt Mask

Bit 1s Set BMS 2D 2 4
BranchlIFFInterrupt Line

15 Low BIiL 2E 2 4
BranchIFFInterrupt Line

1s High BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

TABLE 5 — BIT MANIPULATION INSTRUCTIONS
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Addressing Modes
Bit Set/Clear Bit Test and Branch
Op # # Op # #
Function Mnemonic Code Bytes| Cycles| Code Bytes | Cycles
Branch IFF Bit n s set BRSETn(n=0 7) — — — 2en 3 10
Branch IFF Bit n s clear BRCLRn(n=0 7} — - 01 +2en 3 10
Set Bit n BSETn(n=0 7) 10+ 2en 2 7 — — —
Clear bit n BCLRn(n=0 7) 11 +2en 2 7 — — —
TABLE 6 — CONTROL INSTRUCTIONS
Inherent
Op # #
Function Mnemonic | Code Bytes | Cycles
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI 98 1 2
Clear Interrupt Mask Bit CLI 9A 1 2
Software Interrupt sSwi 83 1 11
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2




MC6805P2

TABLE 7 — INSTRUCTION SET

Addressing Modes Condition Code
Bit Bit

Indexed |Indexed|Indexed|Set/ | Test &
Mnemonic | Inherent | immediate | Direct | Extended |Relative| (No Offset)| (8 Bits) (16 Bits)|Clear | Branch
ADC X X X X X X
ADD X X X
AND X X X
ASL X
ASR X
BCC
BCLR X
BCS
BEQ
BHCC
BHCS
BHI

BHS
BIH

BIL

BIT X X X X X X
BLO
BLS
BMC X
BMI
BMS
BNE
BPL
BRA
BRN
BRCLR X
BRSET X
BSET X
BSR X
CLL X
CLl
CLR X
CMP X
COM X
CPX X
DEC X
EOR X
INC X
JMP
JSR
LDA X
LDX X
LSL
LSR
NEQ
NOP
ORA X
ROL
RSP X

X
X
X
X

x| x| x| x
X[ x| x| x

bl

x| x| X | x| X x| x| X

x

x

x

x|

x| X X| X
X | X| X[ X

X[ x| x| xi x| X| x| X| X| X| X| X| X]|X
X x| x| x| x| X| x| x| x| x| x| X| X]| X
X X[ X[ X | X X| X| X| X| X[ X| X[ X[X

x| x| x| x

x
x
x
x
x

X
x|
x|
x

olojoj0o(0oj0oj00j0f00/0j00/000000 00O O OCOCGOCOCOOOCOCOOOCOOCOIOCOIOONOCOOOOEOOOEOe >
o/lo/oo/0j0/j0/0/0/0/ 000 OGO OG OGSO GOGOGOGOGOCOGCOCOCOGOGONEOGFOELOOONO(IO OO IO ONOOO O OO O
O >>@>O>>|> e 0> >>>>>Ole|e|/ejo/eo/0/0/0oj0/0/j0j0j00j0/> 00 06 00006000 >>>>>2
S>> O|>|>I>> (> e 0>>>> > >|-|e|e|oje|/ej0oj0j0j0j0j0j0j0j0(0 > 0/0/0(00/0[0000 >|>I>I> >IN
o[>0 |0|>(>|> 0600|000 >—-|>0|0|[Of0|0|>>|0|0/0/0/0/0/0/0|0/0/0/0/0 000G OGO O >I>0>>0

Condition Code Symbols

H Half Carry (From Bit 3) C Carry/Borrow
| Interrupt Mask A Test and Set if True, Cleared Otherwise
N Negative (Sign Bit) * Not Affected

Z Zero

4-163



MC6805P2

TABLE 7 — INSTRUCTION SET (CONTINUED)

Addressing Modes Condition Code
Bit Bit
Indexed |Indexed|Indexed|Set/ | Test &

Mnemonic| Inherent |Immediate | Direct | Extended |Relative|(No Offset)| (8 Bits) [(16 Bits)|Clear { Branch|{ H| 1 [N]Z | C
RTI X 221212 ?
RTS X LJEJEICIK ]
SBC X X X X X X OO IA|IAI A
SEC X eo|joj0|0| 1
SEI X o1 |ele| @
STA X X X X X QIO IANIN|O®
STX X X X X X OO N|AN| @®
suB X X X X X X OO INIAlA
sSwi X eoll|ofle]| @
TAX X o000 0
TST X X X X OO AN O®
TXA X ole(ofo| e

Condition Code Symbols
H Half Carry (From Bit 3)
| Interrupt Mask
N Negative (Sign Bit)
Z Zero

Carry/Borrow

Test and Set if True, Cleared Otherwise
Not Affected

Load CC Register From Stack

v o>
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TABLE 8 — M6805 FAMILY OPCODE MAP

Bit Manipulation Branch Read/Modify/Write Control Register/ Memory
BTB C REL D!B Al | INH(X) X1 X IMM_ DIR EXT X2 X1 X
Low " g B-?—m Q};g 0011 2100 Qfm 0110 m71 1 ums ugu WA_m 1931 J]?u 11031 1 1E10 1 1F11 ! Low
517 514 3 7 314 317 ® S 2 3|5 76 515 aE
0 BRSETO BSETO BRA NEG NEGA NEGX NEG NEG RTI suB suB suB sus suB suB 0
{0000 3 BB |2 BSC {2 REL | 2 DIR |1 INH | 1 INH | 2 X141 X |1 INH 2 IMM |2 DIR |3 EXT | 3 X2 {2 X1 X 0000
10 57 54 3 6 2 214 35 a6 5[5 4 3
1 BRCLRO BCLRO BRN RTS CMP CMP CMP CMP CMP CmpP 1
{0001 3 BTB | 2 C |2 1 INH 2 IMM | 2 DIR |3 EXT |3 X2 | 2 X111 X 0001
10 517 54 3 2 K 5 776 516 T4 3
2 BRSET1 BSET1 BHI SBC SBC SBC sBC SBC SBC 2
0010 3 878 | 2 8sC |2 REL 2 mMM|2 DIR {3 ExT | 3 X2 | 2 X1 X 0010
10 57 514 376 7 3|4 37 BE 5 0 2 3 35 T[6 515 ) 3
3 BRCLR1 BCLR1 BLS COoM COMA COMX COM COoM SWI CPX CPX CPX CPX CPX CPX 3
11 3 BTB|2  BSC|2 REL | 2 DIR | 1 INH | 1 INH |2 X141 X 1 INH 2 MM | 2 DIR |3 EXT] 3 X2 ] 2 X1 1 X 011
10 517 514 376 5 3[4 377 66 5 2 K 35 B 515 ) 3
4 BRSET2 BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
0100 3 BIB|2  BSC|2 REL|2 — DIR[1 INH | 1 INH | 2 x1]1 X 2 MM | 2 DiR | 3 ExT| 3 ix2| 2 X141 X 0100
10 57 5[4 3 7 3 35 76 515 a4 3
5 BRCLR2 BCLR2 BCS BIT BIT BIT BIT BIT BIT 5
0101 3 BTB |2 — BSC|2 REL_ 2 M2 DR |3 EXT| 3 x2{2 — ixila X 0101
0 7 514 376 Z 3% 37 56 5 2 1 35 76 515 aK 3
6 BRSET3 | BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6
0110 3 BTB |2  BSC|2 REL| 2 DR {1 INH | 1 INH X141 X 2 M2 OIR | 3 EXT| 3 X2 2 X1l X 0110
10 57 514 36 514 3[4 3 66 5 2 7 5 76 517 616 515 3
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
0111 3 BIB | 2 8SC |2 REL | 2 1 INH |1 INH | 2 x1 |1 1X 1 INH 2 DR |3 EXT| 3 X212 X1 |1 X o1
10 57 54 376 514 3|2 37 5 5 2 2 714 375 716 515 3K 3
8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSt LSL CcLC EOR EOR EOR EOR EOR EOR 8
1000 3 818 |2 R |1 INH | 1 INH x1 |1 X 1 INH | 2 mMMl2 o |3 EXT | 3 x2| 2 X1 ix 1000
10 517 54 514 3[4 37 66 5 2 22 g 5 a6 575 71 3
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 3 BTB [ 2 BSC |2 R 2 DIR |1 INH 1 INH | 2 X111 1X 1 INH {2 IMM | 2 DR |3 EXT | 3 X212 Xi{1 iIX 1001
—— 10 57 514 6 5[4 34 37 66 5 2 272 2 5 76 515 K] 3
A BRSETS BSETS BPL DEC DECA DECX DEC DEC (9N ORA ORA ORA ORA ORA ORA A
w010 )3 8T8 |2  BSC|2 REL DIR | 1 INH | 1 INH | 2 ixi |1 X 1 INH |2 MM 2 DR | 3 EXT| 3 x2| 2 X1 X 1010
10 517 5|4 3 2 712 2 — 35 5 “5(5 T a 3
B BRCLRS BCLRS BMI SEI ADD ADD ADD ADD ADD ADD B
101 3 BB |2  BSC|2 REL 1 INH |2 MM 2 OIR | 3 EXT | 3 X2 2 x1 ] I 1011
10 517 514 376 513 313 37 BE 5 2 2 3 714 315 O K 2
C BRSET6 BSET6 BMC INC INCA INCX INC INC RSP JMP JMP JMP JMP JmP C
1100 3 BTB |2  BSC|2 REL | 2 DIR | 1 INH | 1 INH | 2 X1 X 1 INH 2 DIR |3 ExT| 3 x2| 2 x| 1 ix 1100
10 517 514 376 a4 7 37 56 3 28 7 5]8 GE U] 517 5
D BRCLR6 BCLR6 BMS TST TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR D
1101 3 8T8 |2  B8SC {2 REL|2 DIR |1 INH | 1 INH | 2 Xi1 X 1 INH | 2 REL | 2 DR | 3 EXT| 3 ix2{ 2 xi]1 1x e
10 57 514 3 7 2 274 ~3]5 Z]6 515 oK 3
E BRSET7 BSET7 BIL sToP LDX LDX LDX LDX LDX LDX E
1110 3 BTB|2  BSC|2 REL 1 INH 2 M| 2 OR |3 exT| 3 x2] 2 xi] 1 X 1110
10 517 514 36 513 3% 37 B 5 22 7 5 76 57 616 55 3
F BRCLR7 BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX F
1 3 BTB |2  BSC|2 REL | 2 DR |1 INH | 1 INH | 2 xi |1 X |1 INH [ 1 INH 2 DR |3 EXT| 3 X2 2 xi] 1 X 1
Abbreviations for Address Modes LEGEND
INH Inherent — Opcode in Hexadecimal
IMM Immediate 1M -
DIR Direct =
EXT Extended # of Cycles (HMOS Versmns)——): 4 3 Opcode in Binary
REL  Relatwe Mnemonic ——————3 SUB/ 0
BSC Bit Set/Clear Bytes —————»f 1 IX 0000 <]
BTB Bit Test and Branch
IX indexed (No Offset) # of Cycles (CMOS Versions) Address Mode
X1 Indexed, 1 Byte (8-Bit) Offset
1X2 Indexed, 2 Byte (16-Bit) Offset

*

CMOS Versions Only
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ORDERING INFORMATION

The information required when ordering a custom MCU 1s
listed below The ROM program may be transmitted to
Motorola on EPROM(s) or a MDOS disk file

To initiate a ROM pattern for the MCU 1t 1s necessary to
first contact your local Motorola representative or Motorola
distributor

EPROMs — The MCM2716 or MCM2532 type EPROMSs, pro-
grammed with the customer program (positive logic sense
for address and data), may be submitted for pattern genera-
tion The EPROM must be clearly marked to indicate which
EPROM corresponds to which address space The recom-
mended marking procedure 1s illustrated below

e /]
XXX XXX
000 400

XXX = Customer ID

After the EPROM(s) are marked they should be placed in
conductive IC carriers and securely packed Do not use
styrofoam

VERIFICATION MEDIA

All oniginal pattern media (EPROMs or Floppy Disk) are fil-
ed for contractual purposes and are not returned A com-
puter listing of the ROM code will be generated and returned
along with a histing verfication form The hsting 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 on
blank EPROM from the data file used to create the custom
mask and aid in the verification process

ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer's ROM pattern will be
sent for program verification These units will have been
made using the custom mask but are for the purpose of
ROM verification only For expediency they are usually un-
marked, packaged in ceramic, and tested only at room
temperature and 5 volts These RVUs are included in the
mask charge and are not production parts The RVUs are
thus not guaranteed by Motorola Quality Assurance,and
should be discarded after venfication 1s completed

FLEXIBLE DISKS

The disk media submitted must be single-sided, single-
density, 8-inch, MDOS compatible floppies The customer
must write the binary file name and company name on the
disk with a felt-tip pen  The minimum MDOS system files as
well as the absolute binary object file (filename LO type of
file) from the M6805 cross assembler must be on the disk An
object file made from a memory dump using the ROLLOUT
command 1s also acceptable Consider submitting a source
listing as well as the following files filename, LX (EXOR-
ciser® loadable format) and filename, SA (ASCII Source
Code) These files will of course be kept confidential and are
used 1) to speed up the process in-house If any problems
anise, and 2) to speed up the user-to-factor interface If the
user finds any software errors and needs assistance quickly
from Motorola factory representatives

MDOS 1s Motorola’s Disk Operating system available on
development systems such as EXORcisers, EXORsets, etc
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MC6805P2 MCU ORDERING INFORMATION

Date Customer PO Number

Customer Company Motorola Part Numbers
M

Address C
sC

City State Zip

Country

Phone Extension

Customer Contact Person

Customer Part Number

OPTION LIST
Select the options for your MCU from the following list A
manufacturing mask will be generated from this information

Timer Clock Source
O Internal ¢2 clock
O TIMER input pin

Timer Prescaler

0 2° (divide by 1) 1 2* (divide by 16)

0 2' (divide by 2) O 25 (divide by 32)

O 22 (divide by 4) O 28 (divide by 64)

O 22 (divide by 8) O 27 (divide by 128)
Internal Oscillator input Port A Output Drive

O Crystal 0 CMOS and TTL

[0 Resistor O TTL Only

Low Voltage Inhibit
OO0 Disable
O Enable

Pattern Media (All other media requires prior factory approval )

O EPROMs (MCM2716 or MCM2532 O Floppy Disk
O Other
Clock Freq
Temp Range [ 0° to +70°C (Standard) 0O -40°1t0 +85°C*

*Requues pnor factory approval

Marking Information (12 Characters Maximum)

Title

Signature
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Advance Information

8-BIT MICROCOMPUTER UNIT

The MC6805P4 Microcomputer Unit (MCU) i1s a member of the
M6805 Family of low-cost single-chip microcomputers This 8-bit
microcomputer contains a CPU, on-chip CLOCK, ROM, RAM, 1/0, and
TIMER. Itis designed for the user who needs an economical microcom-
puter with the proven capabilities of the M6800-based instruction set. A
comparison of the key features of several members of the M6805 Family
1s shown on the last page of this data sheet The following are some of
the hardware and software highlights of the MC6805P4 MCU

HARDWARE FEATURES:
® 8-Bit Architecture
® 112 Bytes of Standby RAM
@ Standby RAM Power Pin
® Memory Mapped I/0
® 1100 Bytes of User ROM
® 20 TTL/CMOS Compatible Bidirectional 1/0 Lines (8 Lines are
LED Compatible)
On-Chip Clock Generator
Self-Check Mode
Zero Crossing Detection
Master Reset
Complete Development System Support on EXORciser®
® 5V Single Supply
SOFTWARE FEATURES:
® Similar to M6800 Family
Byte Efficient Instruction Set
Easy to Program
True Bit Manipulation
Bit Test and Branch Instructions
Versatile Interrupt Handling
Versatile Index Register
Powerful Indexed Addressing for Tables
Full Set of Conditional Branches
Memory Usable as Register/ Flags
Single Instruction Memory Examine/Change
10 Powerful Addressing Modes
® All Addressing Modes Apply to ROM, RAM, and I/0
USER SELECTABLE OPTIONS:

® |Internal 8-Bit Timer with Selectable Clock Source (External Timer
Input or Internal Machine Clock)

® Timer Prescaler Option (7 Bits 2N)

® 8 Bidirectional I/0 Lines with TTL or TTL/CMOS Interface Option
® Crystal or Low-Cost Resistor Oscillator Option
[ ]
®

Low Voltage Inhibit Option
4 Vectored Interrupts, Timer, Software, and 2 External

HMOS

(HIGH DENSITY
N-CHANNEL, SILICON-GATE -
DEPLETION LOAD)

8-BIT
MICROCOMPUTER

L SUFFIX
CERAMIC PACKAGE
CASE 719

P SUFFIX
PLASTIC PACKAGE
CASE 710

S SUFFIX
CERDIP PACKAGE
CASE 733

FIGURE 1 — PIN ASSIGNMENTS

vssl 1~ 28] AEsEr
iNTQ 2 27 [1 PA7
veel 3 26 [1PA6
EXTALQ 4 25 1 PAS
XTALQ 6 24 1 PA4
Vvsgl] 6 23 [1 PA3
TIMER[ 7 22 [1 PA2
PCO/NUMT] 8 21 f1PA1
pcil] 9 20 f1 PAO
Pc2lj10 191 P87
pcafn 18 {1 P86
peol]12 17 {1 PBS
PB1[13 16 [1 PB4
pB2[ 14 15 {1 PB3
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FIGURE 2 — MC6805P4 HMOS MICROCOMPUTER BLOCK DIAGRAM

XTAL EXTAL  RESET TNT
TIMER—|  Prescaler Timer/ 1 l
7 g Counter
Timer Control Oscillator
| e—a PBO
Accumulator NUM le—a p:1
8 A cPU le—a pg2  Port
Index Control L—» B3 B
Register - pes 170
PAO 8 PB5 [ ines
PA1 ~a—a Condition | ;:g
PZ"‘ PA2 w— port | Data Code
PA3 <] : 5  Register cC
/0 pA4=—el A | DIt 9 cru
Lines PAS = Reg. | Reg. Stack
PAG e 5 Pointer
PA7 ~&— Port
Program Data | Port [3& FEONUM T
Counter P—1 Or C le—arC2 1/0
3 High pcH ALU Reg Reg |e— pCc3 Lines
1100 X 8 Program
User ROM  |—o Counter
116 X 8 Self- 8 Low PcL 12X8 v
Check ROM T 1 Ram s

MAXIMUM RATINGS

This device contains circuitry to protect the in-
Rating Symbol Value Unit puts against damage due to high static voltages
Supply Voltage Vee —03t0 +70 Vv or electrical fields, however, 1t is advised that
Input Voltage (Except PCO/NUM) Vin 03t +70 v normal precautions be taken to avoid application
Operating Temperature Ran T 0w 70 oC of any voltage higher than maximum rated
P 9 P ¢ Tange A t0 voltages to this high-impedance circuit For pro-
Storage Temperature Range Tstg —55 to +150 °C per operation it is recommended that V,n and
Junction Temperature Vout be constrained to the range Vgs<(V,n or
Plastic 150 Vout!=Vcc Reliability of operation 1s enchanc-
Ceramic T 175 oC ed if unused Inputs except EXTAL are tied to an
Cerdip 175 appropriate logic voltage level (e g , either Vgg
or Vel
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Thermal Resistance
Plastic 120 o
Ceramic %iA 50 c/w
Cerdip 60
POWER CONSIDERATIONS
The average chip-junction temperature, T, in °C can be obtained from-
Ty=Ta+(Ppedja) (N

Where*
TaA=Ambient Temperature, °C
0= Package Thermal Resistance, Junction-to-Ambient, °C/W
Pp=PINT+PPORT
PINT=ICcCc X Vcc, Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT<P|NT and can be neglected. PPORT may become significant if the device 1s configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and TJ (if PPORT s neglected) Is:

Pp=K+(Ty+273°C) (2)
Solving equations 1 and 2 for K gives:
K= Ppe(TA+273°C) + 6 A*PD2 3

Where K 1s a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known TA. Using this value of K the values of Pp and T J can be obtained by solving equations (1) and (2) iteratively for any
value of TA.
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SWITCHING CHARACTERISTICS (Vcc=+5 25 Vdc +05 Vdc, Vgs=GND, To=0° to 50° unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Oscillator Frequency fosc 04 - 42 MHz
Cycle Time (4/fqgc) teye 095 - 10 IS
TNT and TIMER Puise Width WL tWH teyc+ 250 — — ns
RESET Pulse Width tRWL teyc + 250 - - ns
RESET Delay Time (External Capacitance= 10 uF) TRHL - 100 - ms
INT Zero Crossing Detection Input Frequency (+5° Accuracy) ANT 003 - 10 kHz
External Clock Input Duty Cycle (EXTAL) — 40 50 60 %

ELECTRICAL CHARACTERISTICS (Vcc=+525Vdc+05 Vde, Vgg=GND, Tao=0° to 70°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voitage
RESET (4 76<VcC =575 40 - vee
(Vece<4 75) Vee-05 - Vee
INT (4 756<Vcc <5 75) ViH 40 * vee v
(Vce<4 75 Vee—-05 * Vee
All Other 20 — Vee
input High Voltage Timer
Timer Mode ViH 20 - Vee \
Self-Check Mode — 90 150
Input Low Voltage
RESET -03 - 08
INT VL -03 * 15 v
All Other —03 - 08
RESET Hysteresis Voltage (See Figures 11, 12, and 13)
“‘Out of Reset” VIRES + 21 - 40 \
“Into Reset” VIRES — 08 - 20
INT Zero Crossing Input Voltage, Through a Capacitor VINT 20 — 40 Va-cp-p
Internal Power Dissipation— No Port Loading Vcc=575V, Tpo=0°C PINT — 400 TBD mwW
Input Capacitance
EXTAL Cin - 25 - pF
All Other — 10 —
Low Voltage Recover VLVR — — 475 Vv
Low Voltage Inhibit Vivi - 35 — \
Input Current
TIMER (Vin=04 V) — - 20
NT (Vin=24V to V¢, Crystal Option) - 20 50
EXTAL (V=04 V, Crystal Option) in - - 10 A
(Vin=04V) _ _ 1600
RESET (V,,=08 V) —40 - —50
(External Capacitor Charging Current)

* Due to internal biasing, this input (when unused) floats to approximately 2 0 Vdc
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PORT DC ELECTRICAL CHARACTERISTICS (vcc= +525 Vdc+0 5 Vde, Vgs=GND, Ta=0° to 70°C unless otherwise noted)

Characteristic | Symbol ] Min ] Typ L Max [ Unit
Port A with CMOS Drive Enabled
Output Low Voltage, l| gag=16 mA VoL - - 04 \
Output High Voltage, 'Lo_a_df —100 pA Vol 24 — — \
Output High Voltage, || pag= — 10 gA VoH 35 = = v
Input High Voltage, || gag= —300 pA (max) Vil 20 - Vee Vv
Input Low Voltate, || gaq= —500 pA (max) V)L -30 - 08 v
Hi-Z State Input Current (V;3=20V to Vcc) |H — - - 300 pA
Hi-Z State Input Current (V=04 V) [ITe — ~ —500 A
Port B
Output Low Voltage, || pag=3 2 mA VoL - - 04 v
Output Low Voltage, I gad= 10 mA (sink) VoL - - 10 \
Output High Voltage, || oag= —200 pA VoH 24 - - \Y
Darlington Current Drive (Source), Vo=15V l0H -10 - -10 mA
Input High Voltage ViH 20 - vVee \
Input Low Voltage ViL -03 — 08 \
HI-Z State Input Current TS| — 2 20 A
Port C and Port A with CMOS Drive Disabled
Output Low Voltage, || ggd=16 mA VoL - - 04 \
Output High Voltage, I gag= — 100 pA VOoH 24 - - \Y
Input High Voltage ViH 20 - vVee \
Input Low Voltage ViL -03 - 08 \
Hi-Z State Input Current ITs) — 2 20 pA
STANDBY RAM CHARACTERISTICS (Temperature=0°C, Vgg = Max)
Characteristic Symbol Min Typ Max Unit
Standby Current
16 Bytes - 16 TBD
64 Bytes IsB - 34 18D nA
112 Bytes - 52 TBD
RAM Standby Voltage VsB 18D 525 18D \
Ve Turn-off Rate VceTo — — 1/100 V/us

FIGURE3 — TTL EQUIVALENT TEST LOAD
(PORT B)

FIGURE 4 — CMOS EQUIVALENT TEST LOAD
(PORT A)

FIGURES — TTL EQUIVALENT TEST LOAD
(PORTS A AND C)

Vee=575V

MMD6160
or Equiv

Test
Point

(Total)

C = 40 pF (Total)

30 pF (Total)

Test Point 0_1_

Vece=575V

Test
Point

MMD6150

or Equiv 297 kQ"

MMD7000
or Equiv

30 pF
(Total)
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SIGNAL DESCRIPTION

The input and output signals for the MCU, shown in
Figure 1, are described in the following paragraphs

VsB. Ve, Vss — Power is supplied to the MCU using
these two pins VcC 1s power and VSS 1s the ground con-
nection

VgB is the standby RAM voltage In order to allow orderly
transition into the standby mode, the turn-off rate of Vcc
must not exceed 1 volt per 100 ns

INT - This pin provides the capability for asynchronously
applying an external interrupt to the MCU Refer to INTER-
RUPTS for additional information

XTAL AND EXTAL — These pins provide connections to
the on-chip clock oscillator circuit A crystal, a resistor, or an
external signal depending on the user selectable manufactur-
ing mask option, can be connected to these pins to provide a
system clock source with various stability/cost tradeoffs
Lead lengths and stray capacitance on these two pins should
be minimized Refer to INTERNAL CLOCK GENERATOR
OPTIONS for recommendations about these inputs

TIMER — This pin allows an external input to be used to
decrement the internal timer circuitry Refer to TIMER for
additional information about the timer circuitry

RESET — This pin allows resetting of the MCU at times
other than the automatic resetting capability already in the
MCU Refer to RESETS for additional information

NUM — This pin i1s not for user application and must be
connected to Vgg

INPUT/OUTPUT LINES (A0-A7, B0-B7, C0-C3) — These
20 Iines are arranged into two 8-bit ports (A and B) and one
4-bit port (C) All lines are programmable as either inputs or
outputs under software control of the data direction
registers Refer to INPUTS/OUTPUTS for additional infor-
mation

MEMORY

As shown in Figure 6, the MCU 1s capable of addressing
2048 bytes of memory and 1/0 registers with its program
counter The MC6805P4 MCU has implemented 1336 of
these locations This consists of 1100 bytes of user ROM,
116 bytes of self-check ROM, 112 bytes of user RAM, 6
bytes of port I/0, and 2 timer registers

The stack area 1s used during the processing of interrupt
and subroutine calls to save the processor state The register
contents are pushed onto the stack in the order shown in
Figure 7 Because the stack pointer decrements during
pushes, the low order byte (PCL) of the program counter is
stacked first, then the high order three bits (PCH) are
stacked This ensures that the program counter i1s loaded
correctly, during pulls from the stack, since the stack pointer
increments during pulls A subroutine call results in only the
program counter (PCL, PCH) contents being pushed onto
the stack The remaining CPU registers are not pushed

CENTRAL PROCESSING UNIT

The CPU of the M6805 Family is inplemented in-
dependently from the I/0O or memory configuration Conse-
quently, 1t can be treated as an independent central pro-
cessor communication with 1/0 and memory via internal
address, data, and control buses
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FIGURE 6 — MC6805P4 MCU ADDRESS MAP

7 0 7 6 54 3 2 10
000 I O Ports $000 o Port A
Timer
1 Port B
Page Zero RAM
Access with  } 197 (128 Bytes) SO7F 2 v ﬂ Port C
Short 128 $080 3 Not Used
Instructions Page Zero
User ROM 4 Port A DDR
255 (128 Bytes) SOFF 5 Port 8 DOR
256 $100 6 | Not used [Port c DDR
Not Used
(704 Bytes) 7 Not Used
959 $3BF 8 Timer Data Reg
960 $3co 9 | Timer Control Reg
Main User 10
(%E%M ) Not Used
tes)
1923 Y $783 (6 Bytes)
1924 s784 5
Self Check 16 RAM
ROM (112 Bytes)
(116 Bytes)
2039 S7F7 Stack
2040 Interrupt S7F8 (31 Bytes
Vectors Maximum)
ROM
(8 Bytes) T
2047 STFF 127

*Caution (DDRs) are write-only, they read as $FF

FIGURE 7 — INTERRUPT STACKING ORDER
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*For subroutine calls, only PCL and PCH are stacked

REGISTERS
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6

5 4 3 2 1

0

111]

CONDITION
CODE REGISTER

ACCUMULATOR

INDEX REGISTER

11111]PCH7*

pcL*

Pull

$000
$001
$002
$003

$004 %

$005%
5006 %

$007
$008

$009
$00A

$00F
$010

$07F

FIGURE 8 — PROGRAMMING MODEL

0

l Accumulator

0

J Index Register

0

] Program Counter

spP

] Stack Pointer

The M6805 Family CPU has five registers available to the
programmer They are shown in Figure 8 and are explained in
the following paragraphs

ACCUMULATOR (A) — The accumulator is a general pur-
pose 8-bit register used to hold operands and results of
arithmetic calculations or data manipulations.
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INDEX REGISTER (X) — The index register is an 8-bit
register used for the indexed addressing mode It contains
an 8-bit value that may be added to an instruction value to
create an effective address The index register can also be
used for data manipulations using the read/ modify/write in-
structions. The index register may also be used as a tem-
porary storage area

PROGRAM COUNTER (PC) — The program counter is an
11-bit register that contains the address of the next instruc-
tion to be executed

STACK POINTER (SP) — The stack pointer is an 11-bit
register that contains the address of the next free location on
the stack Initially, the stack pointer is set to location $07F
and 1s decremented as data 1s being pushed onto the stack
and incremented as data i1s being pulled from the stack. The
six most significant bits of the stack pointer are permanently
set t0 000011 During a MCU reset or the Reset Stack Pointer
(RSP) instruction, the stack pointer is set to location $07F
Subroutines and interrupts may be nested down to location
$061 (31 bytes maximum) which allows the programmer to
use up to 31 levels of subroutine calls

CONDITION CODE REGISTER (CC) — The condition
code register I1s 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 ac-
tion taken as a result of their state. Each individual condition
code register bit 1s explained in the following paragraphs

Half Carry (H) — Set during ADD and ADC nstructions to
indicate that a carry occurred between bits 3 and 4

Interrupt (1) — This bit is set to mask (disable) the timer
and external interrupt (INT) If an interrupt occurs while this

bit is set the interrupt is latched and I1s processed as soon as
the interrupt bit 1s cleared

Negative (N) — Used to indicate that the result of the last
anthmetic, logical or data manipulation was negative (bit 7 in
result equal to a logical one)

Zero (Z2) — Used to indicate that the result of the last
anthmetic, logical or data manipulation was zero

Carry/Borrow (C) — Used to indicate that a carry or bor-
row out of the anthmetic logic unit (ALU) occurred during
the last anthmetic operation. This bit is also affected during
bit test and branch instructions plus shifts and rotates

TIMER

The MC6805P4 MCU timer circuitry 1s shown in Figure 9.
The 8-bit counter may be loaded under program control and
is decremented toward zero by the clock input (prescaler
output) When the timer reaches zero, the timer interrupt re-
quest bit (bit 7) in the Timer Control Register (TCR) is set
The timer interrupt can be masked (disabled) by setting the
timer interrupt mask bit {(bit 6) in the TCR The interrupt bit
(I-bit) in the Condition Code Register also prevents a timer
interrupt from being processed The MCU responds to this
Interrupt by saving the present CPU state in the stack,
fetching the timer interrupt vector from locations $7F8 and
$7F9 and executing the interrupt routine, see the INTER-
RUPTS section The TIMER INTERRUPT REQUEST BIT
MUST BE CLEARED BY SOFTWARE .

The clock input to the timer can be from an external
source (decrementing of Timer Counter occurs on a positive
transition of the external source) applied to the TIMER input
pin or it can be internal ¢2 signal. When the ¢2 signal 1s used
as the source, 1t can be gated by an input applied to the
TIMER input pin allowing the user to easily perform pulse-
width measurements. (Note for ungated ¢2 clock inputs to
the timer prescaler, the TIMER pin should be tied to Ccc.)

FIGURE 9 — TIMER BLOCK DIAGRAM

®2

(Internal) 1
i Prescaler
-
<. 20 2! 22 23 2‘ 25 26 27
- Sy . T-T Timer
L o Interrupt
TIMER
Mask
Irg];:l | L L1 | Not Used
66—
Clock Time 7‘= +———— =0
Input Out |
8-Bit Counter
Timer Data Register (TDR) Timer Control Register (TCR)

Manufacturing
Mask Options

Write

' Py

Read Write Read

Internal Data Bus
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FIGURE 10 — SELF-CHECK CONNECTIONS

2 | iNT MC6805P4  pa7 |27
PAB |26
28 | RESET PAS 25
= 10w PA4 |24
4 | XTAL PA3 23
.[ 22
o Y =] PA2
- I 5 [ EXTAL PA1 21
27 pF T PAO 20
oy JOKR T | nimer
2 AA—

Vee 3| Vec pB7 |19
| Vss PB6 |18
pBs5 |17
pea4 |16

470 Q
N @ 8] pco P83 [ 15
NN 9! pct pe2 14
PC2 pe1 |13
470 1] pc3 PBO [12

vce Pin3 GND
Vgs Pin1 -4-1
* NOTE  For RC user selectable mask option, omit the crystal and the 27 pF
capacitor and connect pin 4 and 5 together with a jJumper
The source of the clock input is one of the mask options that RESETS

1s specified before manufacture of the MCU

A prescaler option, divided by 2", can be applied to the
clock input that extends the timing interval up to a maximum
of 128 counts before decrementing the counter This prescal-
ing mask option Is also specified before manufacture

The timer continues to count past zero, falling through to
$FF from zero and then continuing the count Thus, 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, and not
disturb the counting process

At Power-up or Reset, the prescaler and counter are-
initialized with all logical ones, the timer interrupt request bit
(bit 7) 1s cleared, and the timer interrupt mask bit (bit 6) I1s
set

SELF-CHECK

The self-check capability of the MC6805P4 MCU provides
an internal check to determine If the part 1s functional Con-
nect the MCU as shown in Figure 10 and monitor the output
of Port C bit 3 for an oscillation of approximately 7 Hz A 9
volt level on the TIMER nput, Pin 7, energizes the ROM-
based self-check feature The self-check program exercises
the RAM, ROM, timer, interrupts, and I/O ports

The MCU can be reset three ways by initial power-up, by
the external reset input (RESET), and by an optional internal
low voltage detect circuit, see Figure 11 The internal circuit
connected to the RESET pin consists of a Schmutt trigger
which senses the RESET line logic level The Schmutt trigger
provides an internal reset voltage If it senses a logic 0 on the
RESET pin During power-up, the Schmitt tnigger switches
on (removes reset) when the RESET pin voltage rises to
VIRES + When the RESET pin voltage falls to a logical O for
a period longer than one tcyc, the Schmitt tngger switches
off to provide an internal reset voltage The "‘switch off”
voltage occurs at VIRES— A typical reset Schmitt trigger
‘hysteresis curve is shown in Figure 12

Upon power-up, a delay of tRHL s needed before allowing
the RESET input to go high This time allows the internal
clock generator to stabiize Connecting a capacitor to the
RESET input as shown in Figure 13, typically provides suffi-
cient delay See Figure 17 for the complete reset sequence

INTERNAL CLOCK GENERATOR OPTIONS

The internal clock generator circuit 1s designed to require a
minimum of external components A crystal, a resistor, a
jumper wire, or an external signal may be used to generate a
system clock with various stability/cost tradeoffs A
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manufacturing mask option 1s required to select either the
crystai oscillator or the RC oscillator circuit The oscillator
frequency is internally divided by four to produce the internal

system clocks

The different connection methods are shown in Figure 14
The crystal specifications are given in Figure 15 A res stor

selection graph i1s given in Figure 16

5V

Vee
oV

VLVR 7

variables

supply vo

capacitance,

The crystal oscillator startup time 1s a function of many
crystal parameters (especially Rs), oscillator load
IC parameters, ambient temperature, and
Iltage To ensure rapid oscillator startup, neither the
crystal characteristics nor the load capacitance should ex-
ceed recommendations

FIGURE 11 — POWER AND RESET TIMING

Internal
Reset

RHL

i N I\ Dip
vLv K InPower /

VIRES ~

l-g—

I\‘

VIRES -

LVR

(RHL

FIGURE 12 — TYPICAL RESET SCHMITT
TRIGGER HYSTERESIS

FIGURE 13 — POWER UP RESET DELAY CIRCUIT

XTAL
MC6805P4
EXTAL MCU
(Resistor Mask
Option)

Approximately 26% Accuracy
Typical tcyc=1 25 us
External Jumper

Out
Oof
Reset
In
Reset T } IL
08V 2V 4V
FIGURE 14 — CLOCK GENERATOR OPTIONS
5 | XTAL 5
(See Note) 33 MC6805P4
:}EfijEXTAL MCU I 4
cL (Crystal Mask
I Option)
Crystal
+5V 5
5 | XTAL
= | MC6805P4 R
External =
Clock 4 | EXTAL MCU (See Figure 16) 4
Input (Crystal Mask No
Option) Connection

NOTE The recommended C|_ value with a 4 0 MHz crystal 1s 27 pF, maximum, including system distributed capacitance There 1s 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 scalled as the inverse of the frequency ratio For example, with a 2 MHz crystal, use approximately 50 pF on EXTAL and

External Clock

| XTAL
MC6805P4
EXTAL  MCU
(Resistor Mask
Option)

Approximately 10% Accuracy
External Resistor
(Excludes Resistor Tolerance)

approximately 25 pF on XTAL The exact value depends on the Motional-Arm parameters of the crystal used
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FIGURE 15 — CRYSTAL MOTIONAL ARM PARAMETERS
AND SUGGESTED PC BOARD LAYOUT

Crystal Parameters 4
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Note. Keep crystal leads and circuit
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FIGURE 16 — TYPICAL FREQUENCY SELECTION FOR
RESISTOR OSCILLATOR OPTION
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INTERRUPTS

The MC6805P2 MCU can be interrupted three different
ways through the external interrupt (INT) input pin, the
internal timer interrupt request, or the software interrupt in-
struction (SWI) When any interrupt occurs, processing 1s
suspended, the present CPU state is pushed onto the stack,
the interrupt bit (1) in the condition code register is set, the
address of the interrupt routine is obtained from the
appropriate interrupt vector address, and the interrupt
routine 1s executed Stacking the CPU register, setting the
I-bit, and vector fetching requires a total of 11 tcyc perods

for completion
A flowchart of the interrupt sequence 1s shown in Figure

17 The interrupt service routine must end with a return from
interrupt (RT1) instruction which allows the MCU to resume
processing of the program prior to the interrupt (by unstack-
ing the previous CPU state) Table 1 provides a listing of the
interrupts, their priority, and the address of the vector which
contains the starting address of the appropriate interrupt ser-
vice routine The Interrupt priority applies to those Eendlng
when the CPU s ready to accept a new interrupt RESET is
listed in Table 1 because 1t 1s treated as an interrupt
However, 1t is not normally used as an interrupt When the
interrupt mask bit in the Condition Code Register 1s set the
interrupt Is latched for later interrupt execution

The external interrupt 1s internally synchronized and then
latched on the falling edge of INT A sinusoidal input signal
(fINT maximum) can be used to generate an external inter-
rupt, as shown in Figure 18a, for use as a Zero Crossing
Detector For digital applications the INT can be driven by a
digital signal at a maximum period of tyy This allows ap-
plications such as servicing time-of-day routines and engag-
ing/disengaging AC power control devices Off-chip full
wave rectification provides an interrupt at every zero cross-
ing of the AC signal and thereby provides a 2f clock

A software interrupt (SWI) 1s an executable instruction
which is executed regardless of the state of the I-bit in the
Condition Code Register SW!'s are usually used as break-
points for debugging or as system calls
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FIGURE 17 — RESET AND INTERRUPT PROCESSING FLOWCHART
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FIGURE 18 — TYPICAL INTERRUPT CIRCUITS
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TABLE 1 — INTERRUPT PRIORITIES

Interrupt Priority Vector Address
RESET 1 $7FE and $7FF
swi 2* $7FC and $7FD
iNT 3 $7FA and $7FB
Timer 4 $7F8 and $7F9

*Prionty 2 apphes when the I-bit in the Condition Code Register is
set When I=0, SWI has a prionity of 4, like any other instruction,
the priority of INT thus becomes 2 and the timer becomes 3

INPUT/OUTPUT .

There are 20 input/output pins The INT pin may also be
pulled with branch instructions to provide an additional input
pin. All pins (Port A, B, and C) are programmable as either
Inputs or outputs under software control of the corres-
ponding Data Direction Register (DDR) The port 1/O
programming is accomplished by writing the corresponding
bit in the port DDR to a logic 1" for output or 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 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, see Figure 19 When Port B is pro-

grammed for outputs, it i1s capable of sinking 10 mA and
sourcing @ 1 mA on each pin

All input/output lines are TTL compatible as both inputs
and outputs Ports B and C are CMOS compatible as inputs
Port A may be made CMOS compatible as outputs with a
mask option The address map in Figure 6 gives the address
of data registers and DDRs The register configuration is pro-
vided in Figure 20 and Figure 21 provides some examples of
port connections.

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 i1s undefined Since BSET
and BCLR are read/ modify/wnite functions, they cannot be
used to set or clear a DDR bit (all “unaffected” bits would be
set) It1s recommended that all DDR bits in a port be written
using a single store instruction

The latched output data bit (see Figure 19) may always be

written Therefore, any write to a port writes all of its data
bits even though the port DDR 1s set to input This may be
used to initialize the data registers and avoid undefined out-
puts, however, care must be exercised when using
read/ modify/write instructions since the data read cor-
responds to the pin level of the DDR 1s an input (0) and cor-
responds to the latched output data when the DDR is an out-
put (1)

FIGURE 19 — TYPICAL PORT I/0 CIRCUITRY

1/0

Data
~ s»—{ Direction Register
Bit¥
o
= S Latched
Q=
L S
=85 Bit
o
Input
Reg
Bit

\‘__—_

*DDR is a write-only register and reads as all 1's

Data
Direction Output Input
Register Data Output To
Bit Bit State MCU
1 0 0 0
1 1 1 1
0 X 3-State¥*¥ Pin

*%pPorts 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 Charactenstics tables for complete information
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FIGURE 20 — MCU REGISTER CONFIGURATION

PORT DATA REGISTER

Port A Addr= $000
Port B Addr= $001
Port C Addr=$002 (Bits 0—3)

TIMER CONTROL REGISTER (TCR)

7 6 5 4 3 2 1 0
TCR7—Timer Interrupt Status Request Bit Set when
TDR goes to zero, must be cleared by software
Cleared to O by Reset
TCR6 Bit 6— Timer Interrupt Mask Bit 1= timer inter-
rupt masked (disabled) Setto 1 by Reset
TCR Bits 5, 4, 3, 2, 1, 0 read 1's—unused bits

BB

PORT DATA DIRECTION REGISTER (DDR)

(1) Wnite Only, reads as all 1's
(2) 1=0utput, 0=Input Cleared to O by Reset
(3) Port A Addr=$004

Port B Addr = $005

Port C Addr= $006 (Bits 0—3)

TIMER DATA REGISTER (TDR)

7
[ wmss

FIGURE 21 — TYPICAL PORT CONNECTIONS
a. Output Modes

PA7 | 27 (CMOS Loads)
PAG6| 26

PA5| 25

PA4| 24 (1TTL Load)
PA3| 23 16mA

PA2 | 22

PA1 21

PAO| 20

I~/

Port A, Bit 7 Programmed as Output, Driving
CMOS Loads and Bit 4 Driving one TTL Load
Directly (using CMOS output option)

+V

PB7| 19
PB6| 18
PB5 17
el I i
PB3| 15
PB2 14 10 mA

-
PB1 13
PBO 12

«*+— 10mA
-’

Port B, Bit 0 and Bit 1 Programmed as Output,
Drniving LEDs Directly
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PB6 18
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PB3 15 2N6386 (Typical)
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PBO 12 e

Port B, Bit 5 Programmed as Output, Driving
Darlington-Base Directly
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< <
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Pez| 10 ™ \iCiaois/ MC1a060
PCl 9 —- {Typical)
PCO 8 —

Port C, Bits 0, 3 Programmed as Output, Driv-
ing CMOS Loads, Using External Pullup
Resistors
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FIGURE 21 — TYPICAL PORT CONNECTIONS (CONTINUED)

b. Input Modes

e
—»—Do—- 27| pa7 "‘D"“ 9 | P87
: % | Pac . 18 | PB6
25 | PAS MC74LS04 17 | PBS
MC74LS04 ¢ 24 | paa or : 16 | PB4
(Typical) : 2 | Pas MC14069 15 | PB3
: = PA (Typical) : 14 PB2
: 21 | pa1 : 13| P8I
*—DO— 20 | PAO 4>—{>0— 12 |PBO

S e

TTL Driving Port A Directly

CMOS or TTL Driving Port B Directly

PC3

MC14069 [

PC2

4
(Typical) |

PC1

MC74LS04
(Typical)

CMOS and TTL Driving Port C Directly

BIT MANIPULATION

The MC6805P4 MCU has the abilitity to set or clear any
single random access memory or input/output bit (except
the Data Direction Register, see Caution under INPUT/OUT-
PUT paragraph), with a single instruction (BSET, BCLR)
Any bit in page zero including ROM, except the DDRs, can
be tested, using the BRSET and BRCLR instructions, and
the program branches as a result of its state. The Carry bit
equals the value of the bit referenced by BRSET or BRCLR
A Rotate instruction may then be used to accumulate serial
input data in a RAM location or register The capability to
work with any bit In RAM, ROM, or I/0 allows the user to

have individual flags in RAM or to handle I/0 bits as control
lines

The coding example in Figure 22 illustrates the usefulness
of the bit manipulation and test instructions Assume that
the MCU 1s to communicate with an external serial device
The external device has a data ready signal, a data output
line, and clock line to clock data one bit at a time, LBS first,
out of the device The MCU waits until the data is ready,
clocks the external device, picks up the data in the Carry Flag
(C-bit), clears the clock line, and finally accumulates the data
bit in a RAM location

FIGURE 22 — BIT MANIPULATION EXAMPLE

MCuU
Ready ol2p
Senal Clock o
Device oc ' R
T
Data o A

SELF BRSET 2, PORTA, SELF

BSET 1, PORTA
BRCLR O, PORTA, CONT
CONT BCLR 1, PORTA

ASR RAMLOC
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ADDRESSING MODES

The MC6805P4 MCU has 10 addressing modes which are
explained briefly in the following paragraphs For additional
details and graphical illustrations, refer to the M6805 Family
User's Manual

The term “effective address’ (EA) i1s used in describing the
address modes EA is defined as the address from which the
argument for an instruction 1s fectched or stored

IMMEDIATE — In the immediate addressing mode, the
operand 1s contained in the byte immediately following the
opcode The immediate addressing mode I1s used to access
constants which 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 1s contained in a single byte follow-
ing the opcode byte Direct addressing allows the user to
directly address the lowest 256 bytes in memory with a single
2-byte instruction This includes the on-chip RAM and /0
registers and 128 bytes of ROM Direct addressing is an ef-
fective use of both memory and time

EXTENDED — In the extended addressing mode, the ef-
fective address of the argument 1s contained In the two bytes
following the opcode Instructions using extended address-
ing are capable of referencing arguments anywhere In
memory with a single 3-byte instruction When using the
Motorola assembler, the programmer 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 1s only used in
branch instructions In relative addressing, the contents of
the 8-bit signed byte following the opcode (the offset) 1s add-
ed to the PC if and only if the branch condition 1s true Other-
wise, control proceeds tc the next instruction The span of
relative addressing 1s from —126 to + 129 from the opcode
address. The programmer need not worry about calculating
the correct offset when using the Motorola assembler, since
1t calculates the proper offset and checks to see if it 1s within
the span of the branch

INDEXED, NO OFFSET — In the indexed, no offset ad-
dressing mode, the effective address of the argument is con-
tained in the 8-bit index register Thus, this addressing mode
can access the first 266 memory locations These instruc-
tions are only one byte long This mode i1s 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 effective address 1s the sum of the
contents of the unsigned 8-bit index register and the unsign-
ed byte following the opcode This addressing mode is
useful in selecting the kth element in an n element table

With this 2-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 266 ad-
dressable locations and could extend as far as location 511
($1FE)

INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset
addressing mode, the effective address i1s the sum of the
contents of the unsigned 8-bit index register and the two un-
signed bytes following the opcode This addressing mode
can be used in a manner similar to indexed, 8-bit offset, ex-
cept 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 s part of the cpcode, and the
byte following the opcode specifies the address of the byte
in which the specified bit is to be set direct or cleared Thus,
any read/write bit in the first 256 locations of memory, In-
cluding 1/0, can be selectively set or cleared with a single
2-byte instruction See Caution under the INPUT/QUTPUT
paragraph

BIT TEST AND BRANCH — The bit test and branch ad-
dressing mode 1s a combination of direct addressing and
relative addressing The bit and condition (set or clear) which
1S to be tested 1s Iincluded in the opcode, and the address of
the byte to be tested is in the single byte immediately follow-
Ing the opcode byte The signed relative 8-bit offset is in the
third byte and i1s added to the value of the PC if the branch
condition is true This single 3-byte instruction allows the
program to branch based on the condition of any readable
bit in the first 266 locations of memory The span of
branching 1s from + 130 to —125 from the opcode address
The state of the tested bit is also transfered to the Carry bit
of the Condition Code Register See Caution under the
INPUT/OUTPUT paragraph

INHERENT — In the inherent addressing mode, all the in-
formation necessary to execute the instruction is contained
in the opcode Operations specifying only the index register
or accumulator, as well as control instruction with no other
arguments, are included in this mode These instructions are
one byte long

INSTRUCTION SET

The MC6805P4 MCU has a set of 59 basic instructions,
which when combined with the 10 addressing modes pro-
duce 207 usable opcodes. They 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. All the instructions within a given
type are presented in individual tables

REGISTER/MEMORY INSTRUCTIONS — Most of these
instructions use two operands One operand is either the ac-
cumulator or the index register The other operand 1s obtain-
ed from memory using one of the addressing modes The
jump unconditional (JMP) and jump to subroutine (JSR) In-
structions have no register operands Refer to Table 2

READ/MODIFY/WRITE INSTRUCTIONS — These in-
structions read a memory location or a register, modify or
test 1ts contents, and write the modified value back to
memory or to the register (see Caution under INPUT/QUT-
PUT paragraph) The test for negative or zero (TST) instruc-
tion 1s included in read/ modify/write instructions though it
does not perform the write Refer to Table 3
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BRANCH INSTRUCTIONS — The branch instructions CONTROL INSTRUCTIONS — The control instructions
cause a branch from the program when a certain condition is control the MCU operations during program execution
met Refer to Table 4 Refer to Table 6

BIT MANIPULATION INSTRUCTIONS — These instruc- ALPHABETICAL LISTING — The complete instruction set
tions are used on any bit in the first 256 bytes of the memory 1s given In alphabetical order in Table 7
(see Caution under INPUT/OQUTPUT paragraph) One group
either sets or clears The other group performs the bit test OPCODE MAP SUMMARY — Table 8 is an opcode map
branch operations Refer to Table 5 for the instructions used on the MCU
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TABLE 2 — REGISTER/MEMORY INSTRUCTIONS

Addressing Modes
Indexed Indexed Indexed
Immediate Direct Extended (No Offset) (8 Bit Offset) (16 Bit Offset)
Op # # Op L H Op # H Op H H Op H H oP " H
Function [Mnemonic| Code|Bytes| Cycles [ Code[Bytes| Cycles | Code|Bytes | Cycles | Code(Bytes| Cycles [ Code|Bytes | Cycles | Code|Bytes | Cycles
Load A from Memory LDA A6 2 B6 2 4 C6 3 5 F6 1 4 E6 2 5 D6 3 6
Load X from Memory LDX AE 2 BE 2 4 CE 3 5 FE 1 4 EE 2 5 DE 6
Store A in Memory STA - B7 2 5 [ow) 3 6 F7 1 5 E7 2 6 D7 3 7
Store X 1n Memory STX — BF 2 5 CF 3 6 FF 1 5 EF 2 6 DF 3 7
Add Memory to A ADD AB 2 BB 2 4 CB 3 5 FB 1 4 EB 2 5 [o]:] 3 6
Add Memory and
Carry to A ADC A9 2 B9 2 4 C9 3 5 F9 1 4 E9 2 5 D9 3 6
Subtract Memory SUB A0 2 BO 2 4 CcO 3 5 FO 1 4 EO 2 5 DO 3 6
Subtract Memory from
A with Borrow SBC A2 2 B2 2 4 Cc2 3 5 F2 1 E2 2 5 D2 3 6
AND Memory to A AND A4 2 B4 2 4 Cca 3 5 F4 1 4 E4 2 5 D4 3 6
OR Memory with A ORA AA 2 BA 2 4 CA 3 5 FA 1 4 EA 2 5 DA 3 6
Exclusive OR Memory
with A EOR A8 2 B8 2 4 Cc8 3 5 F8 1 a E8 2 5 D8 3 6
Anthmetic Compare A
with Memory CcmP Al 2 B1 | 2 4 c1 3 5 F1 1 4 E1 | 2 5 o1 | 3 6
Arithmetic Compare X
with Memory CPX A3 2 2 B3 2 4 Cc3 3 5 F3 1 4 E3 2 5 D3 3 6
Bit Test Memory with
A (Logical Compare) BIT A5 2 B5 2 4 Cc5 3 5 F5 1 4 ES 2 5 D5 3 6
Jump Unconditional JMP — — — BC 2 3 cC 3 4 FC 1 3 EC 2 4 0oC 3 5
Jump to Subroutine JSR - - BD 2 7 cD 3 8 FOD 1 7 ED 2 8 oD 3 9
TABLE 3 — READ/MODIFY/WRITE INSTRUCTIONS
Addressing Modes
Indexed Indexed
inherent (A) Inherent (X) Direct (No Offset) (8 Bit Offset)
Op # # Op # # Op # # Op # # Op # #
Function Mnemonic | Code|Bytes| Cycles| Code|Bytes| Cycles|Code|Bytes| Cycles | Code|Bytes | Cycles | Code|Bytes| Cycles
increment INC 4c 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC 4A 1 4 5A 1 4 3A 2 6 7A 1 6 B6A 2 7
Clear CLR 4F 1 4 5F 1 4 3F 2 6 7F 1 6 6F 2 7
Complement ComM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7
Negate
(2 s Complement) NEG 40 1 4 50 1 4 30 2 6 70 1 6 60 2 7
Rotate Left Thru Carry ROL 49 1 4 59 1 4 39.| 2 6 79 1 6 69 2 7
Rotate Right Thru Carry ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7
Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Logical Shift Right LSR 44 1 4 54 1 4 34 2 6 74 1 6 64 2 7
Arthmetic Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7
Test for Negative
or Zero ST 4D 1 a4 5D 1 4 3D 2 6 70 1 6 6D 2 7
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TABLE 4 — BRANCH INSTRUCTIONS

Relative Addressing Mode
Op # #
Function Mnemonic | Code Bytes | Cycles
Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
Branch IFFHigher BHI 22 2 a4
BranchIFFLower or Same BLS 23 2 4
Branch IFFCarry Clear BCC 24 2 4
(BranchIFFHigher or Same){ (BHS) 24 2 4
Branch IFFCarry Set BCS 25 2 4
(BranchlIFF Lower) (BLO) 25 2 4
BranchIFFNot Equal BNE 26 2 4
BranchIFFEqual BEQ 27 2 4
Branch Half Carry Clear] BHCC 28 2 4
BranchIFFHalf Carry Set BHCS 29 2 4
BranchIFF Plus BPL 2A 2 4
BranchIFF Minus BMI 2B 2 a4
BranchIFFInterupt Mask
Bit 1s Clear BMC 2C 2 4
BranchIFFinterrupt Mask
Bit 1s Set BMS 2D 2 4
BranchIFFInterrupt Line
1s Low BIL 2E 2 4
BranchlIFFInterrupt Line
1s High BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

TABLE 5 — BIT MANIPULATION INSTRUCTIONS

Addressing Modes
Bit Set/Clear Bit Test and Branch
Op # # Op s | =
Function Mnemonic Code Bytes| Cycles| Code Bytes | Cycles
Branch IFF Bit n is set BRSETn(n=0 7) — — — 2en 3 10
Branch IFF Bit n s clear BRCLRN(n=0 7 — — — 01 -2en 3 10
Set Bit n BSETn(n=0 7) 10+2en 2 7 — — —
Clear bit n BCLRN(n=0 7) {11+ 2en 2 7 — — _
TABLE 6 — CONTROL INSTRUCTIONS .
Inherent
Op # #
Function Mnemonic | Code Bytes | Cycles
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SE| 98 1 2
Clear Interrupt Mask Bit CLI 9A 1 2
Software Interrupt Swi 83 1 1
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
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TABLE 7 - INSTRUCTION SET

Addressing Modes Condition Code
Bit Bit
Indexed [Indexed|Indexed|Set/ | Test &
Mnemonic | Inherent | Immediate | Direct | Extended [Relative|(No Offset)| (8 Bits) [(16 Bits)|Clear [Branch| H|1|[N|Z | C
ADC X X X X X X A|®|AIA| A
ADD X X X X X X A|®[AIA| A
AND X X X X X X @O AIAN|®
ASL X X X X I ANIAN|A
ASR X X X X @IS AN|A| A
BCC X (BN K BN J
BCLR X e@|o|o @
BCS X olelolo|e
BEQ X [ BLIL I RK )
BHCC X ele/o|0o o
BHCS X L ALK AY B J
BHI X [ ECIEIL K]
BHS X L ALK B BN J
BIH X [ ALK K AN}
BIL X [ BL IR BE B )
BIT X X X X X X O AIAN|O®
BLO X [ BC IR 2K BN )
BLS X olejofo] e
BMC X eejlofe o
BMI LA IN BY BN
BMS eolelo e
BNE ojle|e|o| e
BPL olefofo]e
BRA eje|lole| e
BRN [ RCIN B BN )
BRCLR X oleflefe| A
BRSET X ® |0 0|9 A
BSET X L ALK B BN J
BSR X oje/eje| o
CLL X o o000 O
cul X e 0Oleje|e
CLR X X X X eof0[1]e@
CMP X X X X X X ool AlA]A
com X X X X DDBRNE
CPX X X X X X X ole A[A|A
DEC X X X X [ AL AWV N ]
EOR ‘ X X X X X X el0[A|A[®
INC X X X X ®I0ANAN|O®
MP X X X X X elojefe|e
JSR X X X X X [ EL AN BE BN ]
LDA X X X X X X e(0[A|A|@®
LDX X X X X X X ele[r{n]e®
LSL X X X X O A|IA|A
LSR X X X X elefo[A]A
NEQ X X X X ®®|A|A[A
NOP X LEC K BE BN J
ORA X X X X X X ®O|AAN|®
ROL X X X X QIO AIAN|A
RSP X [ BRI AL BN ]
Condition Code Symbols

H Half Carry (From Bit 3) C Carry/Borrow

| Interrupt Mask A Test and Set if True, Cleared Otherwise

N Negative (Sign Big) * Not Affected

Z Zero
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TABLE 7 — INSTRUCTION SET (CONTINUED)

Addressing Modes Condition Code
Bit Bit
Indexed [Indexed|indexed|Set/ | Test &

Mnemonic| Inherent [Immediate | Direct | Extended |Relative|(No Offset)| (8 Bits) |{(16 Bits)|Clear | Branch| H| | |N C
RTI X I ERERER
RTS X ojeiojo| @
SBC X X X X X X OIOIANIA]A
SEC X [ 2K 2K 2K 2EN
SEI X [ AREE AN NN
STA X X X X X [ A AWV ]
STX X X X X X OO IN|A| @
SuB X X X X X X ®|@®|A|A| A
Swi X ol @@ ®
TAX X LI A 2RI J
TST X X X X o0 NN @
TXA X [ B B BE BN

Condition Code Symbols
H Half Carry (From Bit 3)
I Interrupt Mask
N Negative (Sign Big)
Z Zero

C Carry/Borrow

Not Affected

A Test and Set if True, Cleared Otherwise
.
?

Load CC Register From Stack
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TABLE 8 — M6805 FAMILY OPCODE MAP

Bit Manipulation Branch Read/Modify/Write Control Register/ Memory
ANH(A) INH(X) 1 1X IMM__| DIR EXT ) X1
i e e S ;
Low 2001 010 L0011 0100 0101 QU0 QU1 1000 1001, 1010 01 Joo L1101 100 ARRL] Low
10 517 514 36 3|7 5 519 S 2 716 515 14 3
0 BRSETO BSETO BRA NEG NEGA NEGX NEG NEG RTI sus sus suB SuB SuB suB 0
| 0000 3 BIB |2 BSCl2 — RELI?2 DIR |1 INH] 1 INH 2 X1t ix {1 INH_ IMM | 2 DR Ex1 |3 X2 x1 ] X 00 |
10 57 514 3 6 6 2 2[4 35 76 575 3K
1 BRCLRO BCLRO BRN RTS CMP CMP C™MP CMP CMP CMP 1
{0001 3 BTB [ 2 R 1 INH 2 IMM | 2 DR |3 EXT | 3 X212 X1 4 1X 0001
10 517 4 2 2[4 35 76 575 Ta 3
2 BRSET1 BSET1 BHI S8C SBC SBC SBC SBC SBC 2
|__ooi0 3 BTB |2 BSC {2 2 MM | 2 DR |3 ExT |3 X2 ]2 X1 1 0010
10 57 54 36 4 3[4 3 66 BN 10 2 714 375 6 515 T4 3
3 BRCLR1 BCLR1 BLS COM COMA COMX CoM comMm SWi CPX CPX CPX CPX CPX CPX 3
11 3 BTB | 2 B}%_ 1 INH | 1 INH | 2 1X1 1 X Ly INH 2 IMM | 2 DR |3 EXT | 3 1X2] 2 X1 X 0011
10 57 q 3 3 37 6]6 5 2 714 35 6 515 [ 3
'4 3BRSET]Z BSET2 2 BCC LSRDR , lemﬁ . LSR)b(NH LSR ol LSR x B ANRAM ANDDR 5 AN%XT 5 ANDIAZ 5 AND‘X‘ AND 0‘4
Q m 8 2 il 1 Il 1 1X 00
0 517 “‘% a 3T 2 7 35 716 515 a4 3
‘5‘ :’BRCL&?a 2 BCLR2 BCS BITMM 5 BED als BITL s B‘TJ , BIT “ BIT 0]51
Q 9 Il 1 X 1X: 1. X Q
0 517 % 4 5 7 3|4 37 66 5 2 2714 B a6 BB K] 3
6 BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6
0110 3 BIB [ 2 BsC | 1 _INH L1 INH | 2 X1 )1 X 2 IMM | 2 DR |3 EXT |3 1x2 | 2 X1 X 0110
10 517 514 36 34 7 3 5 2 pl 5 a6 5 616 515 7
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
0111 3 BTB | 2 ﬁs_g_ 1 INH | 1 INH | 2 X141 1X 1 INH 2 DIR |3 EXT | 3 X212 X110 1X o1
517 36 B 32 37 66 5 2 22 K 35 76 516 713 3
8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL LSt CLC EOR EOR EOR EOR EOR EOR 8
| 1000 3 BIB {2 BSCl2  REL| 1 INH | 2 X101 X 1 INH |2 IMM DR EXT |3 X2 | 2 X1] 1 1X 1000
517 5[4 36 5[4 32 7 6 5 2 22 4 35 a6 515 a3 3
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 3 BTB | 2 ﬂ_s_g_ 2 REL | 2 DIR [ 1 INH [ 1 INH | 2 X141 1X 1 INH | 2 MM | 2 DIR | 3 EXT| 3 X212 X141 X 1001
10 S| 7 4 36 5[4 3[4 37 3 5 2 22 MK 5 716 575 e 3
A BRSETS BSETS BPL DEC DECA DECX DEC DEC CLl ORA ORA ORA ORA ORA ORA A
3 BIB |2 ns% R | 1 INH | 1 INH | 2 X1 X 1 INH |2 MM | 2 DR |3 ExT| 3 X2 | 2 X1 ] X 1010
10 57 4 2 2 7 375 76 515 7T 3
B BRCLRS BCLRS BMI SEI ADD ADD ADD ADD ADD ADD B
o 3 BB | 2 a_s_g_ 1 INH | 2 MM | 2 DIR |3 EXT | 3 X2} 2 x| X 01
10 517 5 5[4 34 37 56 2 2 3 1 ) K 313 2
C BRSET6 BSET6 BMC INC INCA INCX INC INC RSP JMP JMP JMP JMP JMP C
1100 3 878 | 2 IR |1 INH | 1 INH | 2 X1 {1 1X 1 INH 2 DIR |3 EXT | 3 X2 | 2 X141 1X 1100
10 517 K] 4 37 56 4 2 B 517 __ 5[8 519 517 5
D BRCLR6 BCLR6 BMS 18T TSTA TSTX 18T 8T NOP BSR JSR JSR JSR JSR JSR o]
|10 3 BTB |2 BSC|2  REL] 1 INH | 1 INH | 2 X1 X 1 INH REL| 2 DR |3 EXT| 3 X2 | 2 X1 ] 1x 1101
10 517 514 3 2 2 K 315 3 515 7
E BRSET7 BSET7 BIL STOP LDX LDX LDX LDX LDX LDX E
11 3 BTB | 2 1 INH 2 MM | 2 DR |3 EXT| 3 1x2] 2 X1l Ix nic
10 517 3 5[4 32 37 66 5 2 (2 2 5 EAN) 517 616 575 7
F BRCLR? BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX
s 3 BTB | 2 BS! REL | 2 DIR | 1 INH | 1 INH | 2 X1 IX {1 INH |1 INH 2 DIR | 3 EXT | 3 X2 | 2 X1 |1 13 1
Abbreviations for Address Modes LEGEND
INH Inherent F < Opcode in Hexadecimal
IMM Immediate =
DIR Direct LLiL
EXT Extended # of Cycles (HMOS Versions) ————3 4 3 Opcode in Binary
REL  Relative Mnemonic > SuB 0
BSC  Bit Set/Clear Bytes ————>¢ 1 X 0000
BTB Bit Test and Branch /
1X Indexed (No Offset) # of Cycles (CMOS Versions) Address Mode
X1 Indexed, 1 Byte (8-Bit) Offset
1X2 Indexed, 2 Byte (16-Bit) Offset
. CMOS Versions Only
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ORDERING INFORMATION

The information required when ordering a custom MCU 1s
listed below. The ROM program may be transmitted to
Motorola on EPROM(s) or a MDOS disk file.

To iniiate a ROM pattern for the MCU 1t 1s necessary to
first contact your local Motorola representative or Motorola
distributor

EPROMs — The MCM2716 or MCM2632 type EPROMSs, pro-
grammed with the customer program (positive logic sense
for address and data), may be submitted for pattern genera-
tion The EPROM must be clearly marked to indicate which
EPROM corresponds to which address space. The recom-
mended marking procedure 1s illustrated below

) ]
XXX XXX
000 400

XXX = Customer ID

After the EPROM(s) are marked they should be placed in
conductive IC carriers and securely packed. Do not use
styrofoam

VERIFICATION MEDIA

All original pattern media (EPROMSs or Floppy Disk) are fil-
ed for contractual purposes and are not returned A com-
puter hsting of the ROM code will be generated and returned
along with a histing verification form The listing should be
thoroughly checked and the verification form completed,

signed, and returned to Motorola. The signed venfication
form constitutes the contractual agreement for creation of
the customer mask If desired, Motorola will program on
blank EPROM from the data file used to create the custom
mask and aid in the verfication process.

ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer’s ROM pattern will be
sent for program verification. These unmits will have been
made using the custom mask but are for the purpose of
ROM venfication only For expediency they are usually un-
marked, packaged in ceramic, and tested only at room
temperature and 5 volts These RVUs are included in the
mask charge and are not production parts The RVUs are
thus not guaranteed by Motorola Quality Assurance,and
should be discarded after verification 1s completed

FLEXIBLE DISKS

The disk media submitted must be single-sided, single-
density, 8-inch, MDOS compatible floppies. The customer
must write the binary file name and company name on the
disk with a felt-tip pen  The mimimum MDOS system files as
well as the absolute binary object file (filename LO type of
file) from the M6805 cross assembler must be on the disk. An
object file made from a memory dump using the ROLLOUT
command Is also acceptable. Consider submitting a source
listing as well as the following files filename, LX (EXOR-
ciser® loadable format) and filename, SA (ASCIHl Source
Code) These files will of course be kept confidential and are
used 1) to speed up the process in-house if any problems
anse, and 2) to speed up the user-to-factor interface If the
user finds any software errors and needs assistance quickly
from Motorola factory representatives.

MDOS s Motorola’'s Disk Operating system available on
development systems such as EXORcisers, EXORsets, etc
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Date

MC6805P4 MCU ORDERING INFORMATION

Customer PO Number

Customer Company

Motorola Part Numbers

Address MC
sC
City State Zip
Country
Phone Extension

Customer Contact Person

Customer Part Number

OPTION LIST

Select the options for your MCU from the following st A
manufacturing mask will be generated from this information

Timer Clock Source
O Internal ¢2 clock
O TIMER input pin

Timer Prescaler
O 2° (divide by 1)
O 2' (divide by 2)
O 22 (divide by 4)
O 23 (divide by 8)

Internal Oscillator Input
O Crystal
O Resistor

Low Voltage Inhibit

O 24 (divide by 16)
O 25 (divide by 32)
O 28 (divide by 64)
0O 27 (divide by 128)

Port A Output Drive
0O CMOS and TTL
O TTL Only

Standby RAM

O Disable 0O 16 Bytes
O Enable O 64 Bytes
0O 112 Bytes
Pattern Media (All other media requires prior factory approval )
O EPROMs (MCM2716 or MCM2532 O Floppy Disk
O Other

Clock Freq.

Temp. Range

[J0° to +70°C (Standard)

*Requires prior factory approval

Marking Information (12 Characters Maximum)

Title

0O —40°to +85°C* [ —40°to +125°C*

Signature
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Advance Information

8-BIT MICROCOMPUTER UNIT WITH A/D

The MC6805R2 Microcomputer Unit (MCU) 1s a member of the M6805
Family of low-cost single-chip Microcomputers The 8-bit microcomputer
contains a CPU, on-chip CLOCK, ROM, RAM, 1/0, 4-channel 8-bit A/D,
and TIMER It i1s designed for the user who needs an economical
microcomputer with the proven capabilities of the M6800-based instruction
set A comparison of the key features of several members of the M6805
Family of microcomputers i1s shown on the last page of this data sheet The
following are some of the hardware and software highlights of the
MC6805R2 MCU

HARDWARE FEATURES:
® 8-Bit Architecture
® 64 Bytes of RAM
® Memory Mapped I/0
® 2048 Bytes of User ROM
® 24 TTL/CMOS Compatible Bidirectional I/0 Lines (8 lines are LED
Compatible)
2 to 5 Digital Input Lines
A/D Converter
8-Bit Conversion, Monotonic
1 to 4 Multiplexed Analog Inputs
+1/2 LSB Quantizing Error
+1/2 LSB All Other Errors
+1 LSB Total Error (max)
Ratiometric Conversion
Zero-Crossing Detection
On-Chip Clock Generator
Self-Check Mode
Master Reset
Complete Development System Support On EXORciser®
5V Single Supply

SOFTWARE FEATURES:

Similar to M6800 Family

Byte Efficient Instruction Set

Easy to Program

True Bit Manipulation

Bit Test and Branch Instructions
Versatile Interrupt Handling

Versatile Index Register

Powerful Indexed Addressing for Tables
Full Set of Conditional Branches
Memory Usable as Register/Flags
Single Instruction Memory Examine/ Change
10 Powerful Addressing Modes

All Addressing Modes

User Callable Self-Check Subroutines

USER SELECTABLE OPTIONS:
® Internal 8-Bit Timer with Selectable Clock Source (External Timer
Input or Internal Machine Clock)
® Timer Prescaler Option (7 Bits 2N)
® 8 Bidirectional I/0 Lines with TTL or TTL/CMOS Interface Option
® Crystal or Low-Cost Resistor Oscillator Option
® Low Voltage Inhibit Option
® 4 Vectored Interrupts, Timer, Software, and 2 External

HMOS

(HIGH DENSITY
N-CHANNEL, SILICON-GATE
DEPLETION LOAD)

8-BIT
MICROCOMPUTER
WITH A/D

L SUFFIX
CERAMIC PACKAGE
CASE 7156

P SUFFIX
PLASTIC PACKAGE
CASE 711

S SUFFIX
CERDIP PACKAGE
CASE 734

FIGURE 1 — PIN ASSIGNMENTS

[1PA7

RESET[] 2 39fIPA6
INTQ3 38[IPAS
vVee 4 37{1PA4
EXTAL[]S 36[1PA3
XTAL[6 3B PA2
NUMI 7 H[IPA1
TIMERD 8 33[IPA0
pcoljo 32f1PB7
PC1 [1PB6
PC2 11 PBS
PC3 [1 PB4
PC4| 1 PB3
PCS P82
PC8! 1PB1
PC7 [1PBO
PD7 11PDO/ ANO
PD6/INT2 [1PD1/AN1
VRH 11PD2/AN2
VRL ] PD3/AN3
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FIGURE 2 — MC6805R2 HMOS MICROCOMPUTER BLOCK DIAGRAM

T y XTAL EXTAL RESET NUM INT
Tumer—q Prescaler \mer
Counter
7 8
Timer Control Oscillator 1
PAQ <88 A/D
PAla-8n| Accumulator — g:; E‘ A,Gﬂ;g
Pz" pA2@®l port | Data 8 cPU > >
PAS=-8 A Dir e
-9 Index Control
0 pasa® Reg | Rog Regrster INT2 p— PDO/ANO
Lines  pAG=a-a X PDI/ANT
PAG=8-In PD2/AN2 Port
Condition
PA7a-5 Code PD3/AN3 D
5 Register | VRL Input
CPU VRH __ Lines
Stack PD6/INT2
PBO <8 5 Pointer sPl ‘ { PD7
PBlag—8m
Port  pBo«g—om Program
8 PB3 Pgrt Data | { Counter o Port D
V0 posatl por | m 4 fhoh PCH ALU Input
Lines  pR5 «g—8 9 9 Program
PB6 «a—8 Counter
PB7 =88 8 Low PCL PCO
1 ja—PC1
- Port
® Dat Port @ PC2
L 1 o | ¢ fesmpcs C
2048 x 8 64x8 Reg Reg ba— pc4  1/0
User ROM RAM lg—& PC5 Lines
js—PC6
Self-Check
ROM e pPC7
MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage Vee —03to +70 \%
Input Voltage Vin —03t0 +70 \%
Operating Temperature Range T 0 to 70 °C Stres's’es above those listed under ‘“Maximum
R T 5510 7750 °C Ratings”” may cause permanent damage to the
Storage Temperature Range stg device This is a stress rating only and functional
Junction Temperature operation of the device at these or any other con-
Plastic Package 150 ditions above those indicated in the operational
Ceramic Package LN 175 °Cc sections of this specification 1s not implied Ex-
Cerdip 175 posure to absolute maximum rating conditions
for extended periods may affect device reliability
THERMAL CHARACTERISTICS Reliability of operation 1s enhanced if unused in-
- — puts are tied to an appropriate logic voltage level
c Symbol Value Unit (e g, erther Vgg or Vcc)
Thermal Resistance
Plastic 100 o
Ceramic AL 50 c/w
Cerdip 60
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POWER CONSIDERATIONS

The average chip-junction temperature, Tj, in °C can be obtained from
Ty=Ta+(Ppedja) 1
Where
TA=Ambient Temperature, °C
0 A= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=P|NT+PPORT
PINT=IcCcx Ve, Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < P|NT and can be neglected PpQRT may become significant if the device i1s configured to
dnive Darlington bases or sink LED loads

An approximate relationship between Pp and T (if PPQRT Is neglected) is’

Pp=K-(Ty+273°C) (2)
Solving equations 1 and 2 for K gives.
K=Ppe(TA+273°C) + 6 aPD2 3

Where K 1s a constant pertaining to the particular part K can be determined from equation 3 by measuring Pp (at equilibrium)

for aknown Ta Using this value of K the values of Pp and T can be obtained by solving equations (1) and (2) iteratively for any
value of Ta

ELECTRICAL CHARACTERISTICS (Vcc=+5 25 Vdc +056 Vdc, Vgg=GND, Ta=0° to 70°C Unless Otherwise Noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage
RESET (4 75<Vcc=<5 75) 40 - Vee
(Vce<4 75) Vce—-05 - vee
INT (4 76<V(c(c =5 75) ViH 40 * vee v
(Vec<4 75) Vee—-056 * Vee
All Other 20 - vee
Input High Voltage Timer
Timer Mode ViH 20 - Vee \
Self-Check Mode - 90 150
Input Low Voltage
RESET -03 - 08
INT ViU -03 * 15 v
All Other (Except A/D Inputs) -03 - 08
RESET Hysteresis Voltages (See Figures 11, 12, and 13)
"Out of Reset"” VIRES + 21 - 40 \
"“Into Reset”” VIRES — 08 — 20
INT Zero Crossing Input Voltage, Through a Capacitor VINT 2 - 4 Vac p-p
Power Dissipation — No Port Loading Vcc=575V, To=0°C Pp - 600 - mW
Input Capacitance
EXTAL Cin - 2% - pF
All Other Except Analog Inputs - 10 -
Low Voltage Recover VLVR - - 475 Vv
Low Voltage Inhibit VLVR - 35 - \
Input Current B B 20
TIMER (V) =0.4V) - 2 o
INT (Vin=24V to Vce) | - - 10 A
EXTAL (Vin=2 4 V to V¢ Crystal Option) n - - 1600 "
(Vin=04V Crystal Option) _40 _ _50
RESET (V,,=08 V)
(External Capacitor Charging Current)

NOTE Port D Analog Inputs, when selected, Cyn= 25 pF for the first 5 out or 30 cycles
*Due to internal biasing this Input (when unused) floats to approximately 2 0 V
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A/D CONVERTER CHARACTERISTICS (Vcc= +5 25 Vdc 05 Vdc, Vgs=GND, Tpo=0° to 70°C Unless Otherwise Noted)

Characteristic Min Typ Max Unit Comments
Resolution 8 8 8 Bits
Non-Linearity - - +1/2 LSB For VRH=4.01050V and VR =0V
Quantizing Error - - +1/2 LSB For VRH=4.0t05.0 V and VR =0 V
Conversion Range VRL - VRH \
VRH - - 50 \ A/D Accuracy may decrease proportionately as
VRL Vss — 0.2 \Z VRH s reduced below 4 0 V The sum of VRH and

VRL must not exceed 5 0 V
Conversion Time 30 30 30 teye Includes sampling time
Monotonicity Inherent (within total error)
Zero Input Reading 00 00 01 hexadecimal| Vin=0
Ratiometric Reading FF FF FF hexadecimal Vin=VRH
Sample Time 5 5 5 teye
Sample/Hold Capacitance, Input - - 25 pF
Analog Input Voltage VRL - VRH \ Negative transients on VR are not
allowed at any time during conversion

SWITCHING CHARACTERISTICS (Vcc=+525 Vdc +0 5 Vdc, Vgg'=GND, To=0° to 70°C Unless Otherwise Noted)

Ch Symbol Min Typ Max Unit
Oscillator Frequency fosc 04 - 42 MHz
Cycle Time (4/f5sc) teye 095 - 10 us
INT, iNT2, and TIMER Pulse Width WL tWH | teyc+250 - - ns
RESET Pulse Width tRWL teyc + 250 - - ns
RESET Delay Time (External Cap=1 uF) tRHL - 100 - ms
INT Zero-Crossing Detection Input Frequency (for +5° Accuracy) fINT 003 — 1 kHz
External Clock Input Duty Cycle (EXTAL) — 40 50 60 %

PORT ELECTRICAL CHARACTERISTICS (Vcc=+5 25 Vdc 05 Vdc, Vgg=GND, Tpo=0° to 70°C Unless Otherwise Noted)

Characteristic [ Symbol | Min | Typ | Max [ Unit
Port A with CMOS Drive Enabled
Output Low Voltage lj ggg=16 mA VoL — — 04 v
Output High Voltage | gad= — 100 pgA VOH 24 - - Vv
Output High Voltage I gad= — 10 pA VoH 35 - - Vv
Input High Voltage Ij gad= —300 pA (max) ViH 20 — Vee Vv
Input Low Voltage | gad= —500 pA (max) ViL ~03 — 08 ]
Hi-Z-State Input Current (Vin=20V to V) H — — ~300 wA
Hi-Z State Input Current (V=04 V) m — — - 500 nA
Port B
Output Low Voltage I gad=3 2 mA VoL - - 04 \
Output Low Voltage I} oad= 10 mA (sink) VoL — — 10 v
Output High Voitage I gad= —200 A VOH 24 — - v
Darlington Current Drive (Source) Vo=15V IoH -10 - -10 mA
Input High Voltage - ViH 20 — Vce Vv
Input Low Voltage ViL -03 — 08 \
Hi-Z-State Input Current ITs) - 2 20 KA
Port C and Port A with CMOS Device Disabled
Ouput Low Voltage || gad=16 mA VoL - - 04 v
Output High Voltage I gag= — 100 pA VOH 24 = - \
Input High Voltage ViH 20 — ] vce \
Input Low Voltage ViL -0.3 — 0.8 \
Hi-Z-State Input Current ITs) — 2 20 uA
Port D (Digital Inputs Only)

Input High Voltage ViH 2.0 - Ve \
Input Low Voltage ViL -03 - 08 \"
Input Current * hin - - 20 uA

*VR|/Pp4—VRH/Pp5 The A/D conversion resistor (11.6 k nominall 1s connected internally between these two lines, impacting their use as
digital inputs 1n some applications.
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FIGURE 3 — TTL EQUIVALENT TESTLOAD FIGURE 4 — CMOS EQUIVALENT TEST LOAD

FIGURES — TTL EQUIVALENT TEST LOAD

(PORT B) (PORT A) (PORTS A AND C)
Vee=575V Vee=57V
Test MMD6150 Test MMD6150
Point or Equiv Point or Equiv 297ka

15kQ

40 pF
(Totall

MMD7000
or Equiv

Test Point o—-‘
I 30 pF (Total)

MMD7000
or Equiv

30 pF
(Total)

SIGNAL DESCRIPTION
The input and output signals for the MCU, shown in
Figure 1, are described in the following paragraphs

Vcc AND Vss — Power is supplied to the MCU using
these two pins Vcc I1s power and VS§S Is the ground con-
nection

INT — This pin provides the capability for asynchronously
applying an external interrupt to the MCU Refer to INTER-
RUPTS for additonal information

XTAL AND EXTAL — These pins provide control input
for the on-chip clock oscillator circuit. A crystal, a resistor, or
an external signal depending on user selectable manufactur-
ing mask option, can be connected to these pins to provide a
system clock with various degrees of stability/ cost tradeoffs
Lead length and stray capacitance on these two pins should
be minimized Refer to INTERNAL CLOCK GENERATOR
OPTIONS for recommendations about these inputs

TIMER — The pin allows an external input to be used to
decrement the internal timer circuitry Refer to TIMER for
additional information about the timer circuitry

RESET — This pin allows resetting of the MCU at times
other than the automatic resetting capability already in the
MCU The MCU can be reset by pulling RESET low Refer to
RESETS for additional information

NUM (Non-User Mode) — This pin is not for user applica-
tion and must be connected to Vsg

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7,
PDO-PD7) — These 30 lines are arranged into three 8-bit
ports (A, B, and C) plus port D with 6 inputs Ports A, B, and
C are programmable as either inputs or outputs, under soft-
ware control of the data direction registers Port D has from
one to four analog inputs, an INT2 input, and from one to
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five digital inputs All port D lines can also be directly read
and used as binary inputs The voltage reference pins (VRH
and VR|) for the A/D converter are also read as a part of
port D Refer to INPUT/OUTPUT, A/D CONVERTER, and
INTERRUPTS for additional information

MEMORY — The MCU is capable of addressing 4096
bytes of memory and /O registers with its program counter
The MC6805R2 MCU has implemented 2316 of these bytes.
This consists of - 2048 user ROM bytes, 192 self-check ROM
bytes, 64 user RAM bytes, 7 port I/O bytes, 2 imer registers,
2 A/D registers and a miscellaneous register, see Figure 6 for
the Address Map The user ROM has been split into three
areas. The first area 1s memory locations $080 to $OFF, and
allows the user to access these ROM locations utihizing the
direct and table look-up indexed addressing modes The
main user ROM area 1s from $7CO0 to $F37. The last 8 user
ROM locations at the top of memory are for the interrupt
vectors

The MCU reserves the first 16 memory locations for I/O
features, of which 12 have been implemented These loca-
tions are used for the ports, the port DDRs, the timer, the
INT2 miscellaneous register, and the A/D Of the 64 RAM
bytes, 31 bytes are shared with the stack area The stack
must be used with care when data shares the stack area

The shared stack area is used during the processing of an
interrupt or subroutine calls to save the contents of the CPU
state The register contents are pushed onto the stack in
order shown in Figure 7. Since the Stack pointer decrements
during pushes, the low order byte (PCL) of the Program
Counter s stacked first, then the high order four bits (PCH)
are stacked. This ensures that the program counter Is loaded
correctly during pulls from the stack since the stack pointer
increments when 1t pulls data from the stack. A subroutine
call results in only the Program Counter (PCL, PCH) con-
tents bing pushed onto the stack, the remaining CPU
registers are not pusned
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FIGURE 6 — MC6805R2 MCU ADDRESS MAP

7664 3210

7
000 1/0 Ports
Timer
Page Zero RAM
Access with (128 Bytes)
Short }%
Instructions Page Zero
User ROM
(128 Bytes)
255
256
Not Used
(1728 Bytes)
1983
1984
Main User
ROM
(1912 Bytes)
3895
3896
Self Check
ROM
(192 Bytes)
4087
4088 Interrupt
Vectors
ROM
4095 (8 Bytes)

$000

$07F
$080

SOFF
$100

$7BF
$7C0

$F37
$F38

$FF7
$FF8

$FFF

*Caution. Data Direction Registers (DDRs) are

write-only, they read as $FF

FIGURE 7 — INTERRUPT STACKING ORDER

7 6 5 4 3 2 1 0 Pull
[ ) Condition
n-41 111 Code Register |n+1
n-3 Accumulator n+2
n-2 Index Register n+3
n=1 1111 PCH®* |n+4
n PCL* n+5 ¢

Push

*For subroutine calls, only PCH and PCL are stacked

0 Port A Data $000

1 Port B Data $001

2 Port C Data $002

3 Port D Data $003
4 Port A DDR* $004%

5 Port B DDR* $005%
6 Port C DDR* $006%

7 Not Used $007
8 Timer Data Reg $008

9| Timer Control Reg | $009
10 Misc Reg $00A
n Not Used $008
13 (3 Bytes) $00D
14| A/D Control/Status | $00E
15 A/D Result $O0F
16 Not Used
63 (48 Bytes) $03F
64 $040

RAM
(64 Bytes)
Stack
(31 Bytes Maximum)

127 4 $07F

CENTRAL PROCESSING UNIT

The CPU of the M6805 Family i1s implemented in-
dependently from the I/O or memory configuration Conse-
quently, it can be treated as an independent central pro-
cessor communicating with I/0 and memory via internal ad-
dress, data, and control buses

REGISTERS

The M6805 Family CPU has five registers available to the
programmer. They are shown in Figure 8 and are explained in
the following paragraphs.

ACCUMULATOR (A) — The Accumulator i1s a general
purpose 8-bit register used to hold operands and results of
anthmetic calculations or data manipulations

INDEX REGISTER (X) — The Index Register 1s an 8-bit
register used for the indexed addressing mode. It contains an
8-bit value that may be added to an instruction value to
create an effective address. The index register can also be
used for data manipulations using the read/ modify/write in-
structions. The Index Register may also be used as a tem-
porary storage area.
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FIGURE 8 — PROGRAMMING MODEL

0

] Accumulator

0

J Index Register

1

0

| pen PCL

I Program Counter

"

0

54
[ofofof oo ]

l Stack Pointer

I H I N ] z ICI Condition Code Register

PROGRAM COUNTER (PC) — The Program Counter is a
12-bit register that contains the address of the next instruc-
tion to be executed

STACK POINTER (SP) — The Stack Pointer 1s 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 to location $07F
The Stack Pointer i1s then decremented as data 1s pushed on-
to the stack and incremented as data is then pulled from the
stack. The seven most-significant bits of the Stack Pointer
are permanently set to 0000011 Subroutines and interrupts
may be nested down to location $061 (31 bytes maximum)
which allows the programmer to use up to 15 levels of
subroutine calls (less if interrupts are allowed)

CONDITION CODE REGISTERS (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 ac-
tion taken as a result of their state Each bit 1s explained in
the following paragraphs
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[—Carry/ Borrow

Zero

Negative
interrupt Mask

—————————Half Carry

Half Carry (H) — Set during ADD and ADC operations to
indicate that a carry occurred between bits 3 and 4

Interrupt ({I) — When this bit 1s set, the imer and external
interrupts (INT and INT2) are masked (disabled). If an inter-
rupt occurs while this bit is set, the interrupt is latched and i1s
processed as soon as the interrupt bit is cleared.

Negative (N} — When set, this bit indicates that the result
of the last anthmetic, logical, or data manipulation was
negative (bit 7 in the result 1s a logical one)

Zero (Z) — When set, this bit indicates that the result of
the last anthmetic, logical, or data manipulation was zero.

Carry/Borrow (C) — When set, this bit indicates that a
carry or borrow out of the Anthmetic Logic Unit (ALU)
occurred during the last anthmetic operation This bit I1s also
affected durning bit test and branch instructions plus shifts
and rotates.




MC6805R2

TIMER

The MC6805R2 MCU timer circuitry 1s shown in Figure 9.
The 8-bit counter may be loaded under program control and
is decremented toward zero by the clock input (or prescaler
output). When the timer reaches zero, the timer interrupt re-
quest bit (bit 7) in the Timer Control Register (TCR) 1s set.
The timer interrupt can be masked (disabled) by setting the
timer interrupt mask bit (bit 6) in the TCR The interrupt bit
(I-bit) in the Condition Code Register also prevents a timer
interrupt from being processed. The MCU responds to this
interrupt by saving the present CPU state in the stack,
fetching the timer interrupt vector from locations $FF8 and
$FF9 and executing the interrupt routine (see the INTER-
RUPT section). THE TIMER INTERRUPT REQUEST BIT
MUST BE CLEARED BY SOFTWARE. The timer and INT2
share the same interrupt vector THE INTERRUPT ROUTINE
MUST CHECK THE REQUEST BITS TO DETERMINE THE

SOURCE OF THE INTERRUPT

The clock input to the timer can be from an external
source (decrementing of Timer Counter occurs on a positive
transition of the external source) applied to the TIMER input
pin, or it can be the internal 2 signal. When the ¢2 signal is
used as the source, 1t can be gated by an input applied to the

TIMER input pin allowing the user to easily perform pulse-
width measurements. (NOTE" For ungated ¢2 clock input to
the timer prescaler, the TIMER pin should be tied to Vcc)
The source of the clock input is one of the mask options that
is specified before manufacture of the MCU

A prescaler option can be applied to the clock input that
extends the timing interval up to a maximum of 128 counts
before decrementing the counter This prescaling mask op-
tion 1s also specified before manufacture To avoid trunca-
tion errors, the prescaler Is cleared when bit 3 of Timer Con-
trol Register is written to a logic 1 (this bit always reads as a
logic 0). ’

The timer continues to count past zero, falling through to
$FF from zero and then continuing the count. Thus, 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, and not
disturb the counting process.

At power-up or reset, the prescaler and counter are in-
1tialized with all logical ones; the timer interrupt request bit
(bit 7) 1s cleared and the timer interrupt request mask bit (bit
6) 1s set.

FIGURE 9 — TIMER BLOCK DIAGRAM

?2
(Internal) K
} Prescaler
4 22 22 2 20 27
O s s S | Timer
TIMER Interrupt Not
Mask
Input as Used
Pin L I R |1

Manufacturing
Mask Options

SELF-CHECK

T I ) — L
Clock Time +—+—— LI L
Input 7 0fout 7 0

8-Bit Counter -
Timer Data Register (TDR)

——

Timer Control Register (TCR)

1

Write

R r

Read Write Read

Internal Data Bus

The self-check capability of the MC6805R2 MCU provides
an internal check to determine If the part is functional. Con-
nect the MCU as shown in Figure 10 and monitor the output
of Port C bit 3 for an oscillation of approximaty 7 Hz. A 9 volt
level on the TIMER input, pin 8, energizes the ROM-based
self-check feature. The self-check program exercises the
RAM, ROM, timer, A/D, interrupts, and I/0 ports.

Several of the self-check subroutines can be called by a
user program with a JSR or BSR instruction. They are the
RAM, ROM, and 4-channel A/D tests. The timer routine
may also be called if the timer input is the internal ¢2 clock.

RAM SELF-CHECK SUBROUTINE — The RAM self-
check is called at location $F6F and returns with the Z-bit
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clear if any error 1s detected; otherwise the Z-bit 1s set The
walking diagnostic pattern method I1s used.

The RAM test must be called with the stack pointer at
$07F.When run, the test checks every RAM cell except for
$07F and $07E which are assumed to contain the return
address.

The A and X registers and all RAM locations except the
top two are modified

ROM CHECKSUM SUBROUTINE — The ROM self-check
1s called at location $F8A and returns with the Z-bit cleared if
any error was found; otherwise Z=1. X=0 on return, and A
1s zero If the test passed. RAM locations $040-$043 are over-
written.
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FIGURE 10 — SELF-CHECK CONNECTIONS

RESET l:
1
E (e ! Vss PA7 ::
uF 2 MC6805R2  pA6
P 3 Aeeser 8
) PAS -
o N alvec pA4 L
4525 L0 ,4F 5 pa3 8
;-: _L'g ‘% EXTAL PA2 35
- ;_:R 40"61_5_ XTAL PA1 |34
ok e A pao
v ] LeD 44 510 : TIMER 2
[ T =PCO PB7
W LED — 10locs ogs 12!
) LED Y 1] FI pes |2
oLED A 2pc3 PB4 |2
K pB3 |28
14)ocs pe2 |27
15lpce pB1 (26
16) PC7 PBO |25
Tpp7
~8lpD6/(INT2)  PDO/ANO P
<+ 9 vy pD1/ANT 2
01 PD2/AN2 22
__Jt_- 20 vRL PD3/AN3 2!

*This connection depends on clock oscillator user selectable mask option Use jumper if the RC mask option is selected
LED Meanings

Remarks [1:LED ON; 0:LED OFF]

O—-=0 =0 =
co--0o0
cocoo -
coocooo|f

All Flashing

Bad I/0

Bad Timer

Bad RAM

Bad ROM

Bad A/D

Bad Interrupts or Request Flag
Good Part

Anything else bad Part, Bad Port 3, Bad ISP, etc

A-TO-D CONVERTER SELF-CHECK — The A/D self-
check 1s called at location $FA4 and returns with the Z-bit
cleared If any error was found, otherwise Z=1.

The A and X register contents are lost. The X register must
be set to 4 before the call. On return X==8and A/D channel 7
1s selected. The A/D test uses the internal voltage references
and confirms port connections

TIMER SELF-CHECK SUBROUTINE — The tmer self-
check 1s called at location $FCF and returns with the Z-bit
cleared If any error was found; otherwise Z=1.

In order to work correctly as a user subroutine, the internal
¢2 clock must be the clocking source and interrupts must be
disabled. Also, on exit, the clock is running and the interrupt
mask not set so the caller must protect from interrupts if
necessary.

The A and X register contents are lost The timer self-
check routine counts how many times the clock counts in
128 cycles. The number of counts should be a power of two
since the prescaler 1s a power of two If not, the timer
probably is not counting correctly. The routine also detects a
timer which 1s not running.
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RESETS

The MCU can be reset three ways: by initial power-up, by
the external reset input (RESET), and by an teyc Internal low
voltage detect circuit, see Figure 11 The internal circuit con-
nected to the RESET pin consists of a Schmitt tngger which
senses the RESET line logic level. The Schmitt trigger pro-
vides an internal reset voltage If it senses a logical O on the
RESET pin. During power-up, the Schmitt trigger switches
on (removes reset) when the RESET pin voltage rises to
VIRES+ When the RESET pin voltage falls to a logical O for
a period longer than one tcyc, the Schmitt tngger switches
off to provide an internal reset voltage. The “switch off”
voltage occurs at VIRES — A typical reset Schmitt trigger
hysteresis curve 1s shown in Figure 12

Upon power-up, a delay of TRHL milliseconds 1s needed
before allowing the RESET input to go high This time allows
the internal clock generator to stabilize Connecting a
capacitor to the RESET input as shown in Figure 13 typically
provides sufficient delay

INTERNAL CLOCK GENERATOR OPTIONS

The internal clock generator circuit 1s designed to require a
minimum of external components A crystal, a resistor, a
jumper wire, or an external signal may be used to control the
internal clock generator with various stability/ cost tradeoffs
A manufacturing mask option 1s used to select the crystal or
resistor option The oscillator frequency is internally divided
by four to produce the internal system clocks

The different connection methods are shown in Figure 14
The Crystal specifications are given in Figure 15 A resistor
selection graph 1s shown in Figure 16

The crystal oscillator start-up time s a function of many
variables crystal parameters (especially Rs) oscillator load
capacitances, IC parameters, ambient temperatures, supply
voltage, and supply voltage turn-on time To ensure rapid
oscillator start-up, neither the crystal characteristics nor the
load capacitances should exceed recommendations

FIGURE 11 — POWER AND RESET TIMING

5V VLVR
vVee /
ov
RESET
Pin VIRES +
—| (RH| j-at—

™ X o LR
vivi In Power

. — N —

l VIRES — /

| IRHL [—

Internal J\‘

Reset

FIGURE 12 — TYPICAL RESET SCHMITT
TRIGGER HYSTERESIS
Out
of
Reset

In
] 1 1
Reset T T T

FIGURE 13 — POWER UP RESET DELAY CIRCUIT

I10/4F
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.

(See Note)

i

DA
o £
=

External —

Clock
Input

NOTE The recommended C|_ value with a 4 0 MHz crytal 1s 27 pF, maximum, inlcuding 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 ap-

4

FIGURE 14 — CLOCK GENERATOR OPTIONS

External Clock

XTAL 5 | XTAL
MCB805R2 MCB805R2
EXTAL MCU 4 1 EXTAL MCU
(Crystal Mask (Resistor Mask
Option) Option)
Crystal Approximately 26% Accuracy
Typical tcyc=125 pus
External Jumper
+5V
XTAL 5 |XTAL
MC6805R2 R MC6805R2
EXTAL MCU (See Figure 16) 4 | EXTAL " MCuU
(Crystal Mask No es(l)sttor I\)/lask
Option) Connection ption

~

Approximately 10% Accuracy
External Resistor
(Excludes Resistor Tolerance)

proximately 26 pF on XTAL The exact value depends on the Motional-Arm parameters of the crystal used

FIGURE 156 — CRYSTAL MOTIONAL ARM PARAMETERS
AND SUGGESTED PC BOARD LAYOUT
Crystal Motional Arm

|EpEREREREREYS

Equivalent Parameters Cq
L R
EXTAL S XTAL
5 Co 6
AT — Cut Parallel Resonance Crystal
Co=7 pF Max
FREQ=4 0 MHz @ C| =24 pF
Rg =50 ohms Max
(a)
(b)
GND
CL -» Crystal GND
I &/
] 4
__._E j EXTAL
CRYSTAL
exTAL [~ ] XTAL
XTAL E____J : O
- H Eb«x‘.cfu'wv
MCU j
L~AA A Note Keep crystal leads and circuit connections as short as possible
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FIGURE 16 — TYPICAL FREQUENCY SELECTION FOR INTERRUPTS
RESISTOR OSCILLATOR OPTION The MC6805R2 MCU can be interrupted four different
\ I I ways: through the external interrupt (INT) input pin, the

50
internal timer Iinterrupt request, the external port D bit 6
Vee=5V (INT2) input pin, and a software interrupt instruction (SWI)
TA=25°C When any interrupt occurs, processing Is suspended, the
present CPU state 1s pushed onto the stack, the interrupt bit
(I-bit) in the Condition Code Register Is set, the address of
N the interrupt routine 1s obtained from the approprnate inter-
\ rupt vector address, and the interrupt routine i1s executed
Stacking the CPU registers, setting the I-bit, and vector
NG fetching requires a total of 11 teyc periods for completion
\I\ Refer to Figure 17 for a flowchart The interrupt service
10 - routine must end with a Return from Interrupt (RTI) instruc-
~ tion which allows the MCU to resume processing of the pro-
gram prior to the interrupt Table 1 provides a listing of the
0 - interrupts, their priority, and the address of the vector which
0 5 10 15 20 256 30 35 40 45 50 55 60

RESISTANCE (k OHMS)

IS
o

w
o
e

FREQUENCY (MHz)
N
o

FIGURE 17 — RESET AND INTERRUPT PROCESSING FLOWCHART

((Reset_)
1— Iin CCR) }
07F— SP
0—~DDR's Clear Stack N
CLR INT Logic INT INT PC, X, A, CC
FF—Timer Request
7 F—Prescaler Latch ‘
7F—=TCR
7F-MR
0—-CSR 1—1
{ I
Load PC From
Apdu(;,g::;fs SWI FFC/FFD
INT  FFA/FFB
Timer
or INT2 FF8/FF9
Fetch
Instruction

RESET
Pin=Low
RESET Y Swi
N{Pm=ngh PC—PC+1
Load PC
from
FFE/FFF
Execute
[_____.__ Instruction
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contains the starting address of the appropriate interrupt ser-
vice routine. The interrupt priority applies to those pending
when the CPU 1s ready to accept a new interrupt RESET Is
listed in Table 1 because 1t I1s processed similar to an inter-
rupt. However, it 1s not normally used as an interrupt. When
the interrupt mask bit In the Condition Code Register is set
the interrupt 1s latched for later interrupt execution
NOTE

The timer and INT2 share the same vector address.

The interrupt routine must determine the source by

examining the interrupt request bits (TCR7 and MR7)

Both TCR7 and MR7 can only be written to 0 by soft-

ware.

The external interrupts, INT and INT2, are set on the fall-
ing edge of the input signal The INT2 has an interrupt re-
quest bit (bit 7) and a mask bit (bit 6) located in the

Miscellaneous Register (MR), refer to Figure 18 The INT2
interrupt 1s inhabited when the mask bit is set The INT2 s
always readable as a digital input of Port D The INT2 and
timer interrupt request bits, if set, causes the MCU to pro-
cess an interrupt when the condition code |-bit is clear

TABLE 1 — INTERRUPT PRIORITIES

Interrupt Priority Vector Address
RESET 1 $FFE and $FFF
SWI 2% $FFC and $FFD
NT 3 $FFA and $FFB
TIMER/INT2 4 $FF8 and $FF9

*Prionty 2 applies when the I-bit in the Condition Code Register is
set When | =0, SWI has a prionity of 4, like any other instruction,
the prionty of INT thus becomes 2 and the timer becomes 3

FIGURE 18 — MCU REGISTER CONFIGURATION

PORT DATA DIRECTION REGISTER (DDR)
7

0
(1) Write Only, reads as all 1's
(2) 1=Output, 0=Input Cleared to 0 by Reset
(3) Port A Addr= $004

Port B Addr= $005
Port C Addr=$006

TIMER CONTROL REGISTER (TCR)

7 6 5 4 3 2 1 0
Ll [ofof [olofn oo
TCR7—Timer Interrupt Request Status Bit Set when
TDR goes to zero, must be cleared by software
Cleared to 0 by Reset
TCR6—Timer Interrupt Mask Bit 1=tmer inter-
rupt masked (disabled) Set to 1 by Reset
TCR3—Clear prescaler always reads as a 0, clears pre-
scaler when written to a logic 1
TCR Bits 5, 4, 2, 1, O reads 1's — unused bits

PORT DATA REGISTER

Port A Addr = $000
Port B Addr= $001
Port C Addr= $002
Port D Addr = $003

TIMER DATA REGISTER (TDR)

f MSB LsB |soos

MISCELLANEOUS REGISTER (MR)

7

6 0
[ I L1 1 1 1 1 |J$OOA

MR7 Bit 7—INT2 Interrupt Request Bit Set when fall-
ing edge detected on INT2 pin, must be
cleared by software Cleared to O by Reset

MR6 Bit 6—INT2 Interrupt Mask Bit 1=INT2 Interrupt
masked (disabled) Set to 1 by Reset

MR Blts 5, 4, 3, 2,1. 0—Read as 1's — unused bits

A/D CONTROL REGISTER (ACR)
7 6 5 4 3 2 1 0
L Lo [ Lol [ [ Joooe
Bit 7—Conversion Complete Status Flag Set when

conversion is complete, Cleared only on a write
to ACR

Readable, not writable

Bits 2, 1, 0 — A/D input Mux Selection (See Table 2)
Bits 6, 5, 4, 3 read as 1's — unused bits
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A/D RESULT REGISTER (ARR)
7 0

MSB LS8 J $OOF
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A sinusoidal input signal (fiyT maximum) can be used to
operate an external interrupt (INT), as shown in Figure 19,
for use as a Zero-Crossing Detector with hysteresis included.
An interrupt request is generated for each negative-slope,
zero crossing of the AC signal. For digital applications, the
INT can be driven directly by a digital signal at a maximum
peniod of tyywL. This allows applications such as servicing
time-of-day routines and engaging/disengaging AC power
control devices Off-chip full wave rectification provides an
interrupt at every zero crossing of the AC signal and thereby
provide a 2f clock

A software interrupt (SWI) 1s an executable instruction
which is executed regardless of the state of the I-bit in the
Condition Code Register SWi's are usually used as break-
points for debugging or as system calls

INPUT/OUTPUT .

There are 30 input or input/output pins The INT pin may
also be polled with branch instructions to provide an addi-
tional input pin All pins on ports A, B, and C are program-
mable as either inputs or outputs under software control of
the corresponding Data Direction Registers (DDRs) The
port 1/0 programming i1s accomphshed by setting the cor-

responding bit in the port DDR to a logic *“1”" for output or a
logic “0” for input. On reset all the DDRs are initialized to a
logic "'0" state, placing the ports in the input mode. The port
output registers are not initialized on reset and should be
initialized by software before changing the DDRs from input
to output When programmed as outputs, all I/0 pins read
latched output data, regardless of the logic levels at the out-
put pin due to output loading, refer to Figure 20

All input/output lines are TTL compatible as both inputs
and outputs Port A lines are CMOS compatible as outputs
using a mask option. Port B, C, and D lines are CMOS com-
patible as inputs. Port D lines are input only, thus, there is no
corresponding DDR When programmed as outputs, Port B
is capable of sinking 10 miliamperes and sourcing 10
millampere on each pin

Port D provides the multiplexed analog inputs, reference
voltages, and INTZ All of these lines are shared with the Port
D digital inputs Port D may always be used as digital inputs
and may also be used as analog inputs The VR{ to VRH
lines (PD4 and PD5) are internally connected by the A/D
resistor Analog Inputs may be pre-scaled to attain the VR
to VRH recommended input voltage range

FIGURE 19 — TYPICAL INTERRUPT CIRCUITS

a ~ Zero Crossing Interrupt

b — Digital Signal Interrupt

I:pcu‘ (Current

t

T Max ) Limiting)
R=1MQ

AC Input=10 Vpp

Vee
TJTL 47K
Level 3 |7 MG R2
Digital M68C0U5
Input
iy Maximum
Period) 1

FIGURE 20 — TYPICAL PORT 1/0 CIRCUITRY

1/0

Data
~ s»—q Direction Register
Bit*
2
% O Latched
c o Output
2 ?ﬁ b Data
=5 Bit
o
nput
e Rog
N
N ]

l()mp/m Pin

Input

/0
Pin

*DDR s a wnite-only register and reads as all 1's
**Ports A (with CMOS drnve disabled), B, and C are three-state

Data
Direction Output Input
Register Data Output To
Bit Bit State MCU
1 0 0 (¢]
1 1 1 1
0 X 3-State®* Pin

ports  Port A has optional internal pullup devices to provide CMOS
drive capability See Electrical Charactenistics tables for complete

information
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Figure 21 provides some examples of port connections. write-only registers (locations $004, $005, and $006) A
The Address Map in Figure 6 gives the addresses of data read operation on these registers i1s undefined Since
registers and DDRs The Register Configuration 1s provided BSET and BCLR are read/modify/write functions, they
in Figure 18 cannot be used to set or clear a DDR bt (all “unaffected”

CAUTION bits would be set) It 1s recommended that all DDR bits in

The corresponding DDRs for Ports A, B, and C are a port be written using a single-store instruction

FIGURE 21 — TYPICAL PORT CONNECTIONS
a. Output Modes

S~
PA7 40 (CMOS Loads} PB7 2
lo=Hre*lb
PA6 39 PB6 31
PA5| 38 PB5| 30
pasl 37 (1 TTL Load) N -" 5 mA'b
PA3 36 16 mA P83 28
N (T i}
PA2 35 PB2 27 2N6386 (Typica
PA1 34
Port A, Bit 7 Programmed as Output, Driving PB1 2
PAO| 33 CMOS Loads and Bit 4 one TTL Load Directly PBO| 25 —
(Using CMOS Output Operion) -
I 9 \’\J"J Port B, Bit 5 Programmed as Output, Driving
Darlington-Base Directly
pR7 2 y PC7 16
+
PB6| 31 PC6| 15 +V
pes| 30 PC5 14
PB4 29 / / PC4 13 < <
PC3 12 =
P3| 28 7 7 CMOS Inverter
pe2| 27 |10mA pcz) m ®  MC14049/14069
- 3 P (Typical)
PB1| 26 ey 10 >
PBO 2 PCO 9 >
@— 10 mA
Port B, Bit 0 and Bit 1 Programmed as Output, Driv- Port C, Bits 0-3 Programmed as Output, Driving
ing LEDs Directly CMOS Loads, Using Externai Pullup Resistors

b. Input Modes

Ny

e .»..l >o—- 32 |PB7

+D0— 40 |PA7 . 31 |p86

: 39 __|PA6 . 0 |P85

. 38 |pas MC74LS04 or MC14069 ¢ 29  |PBa4

MC74LS04 (Typical) : 37 _|PA4 (Typrcal M 28 |PB3

E %6 _|PA3 : 7 |pe2

: 35 | PA2 : Py P

. 3 |ear -»—Do~ 2% |PBO

—>—[>0— 33 |PAO SN
S~ CMOS or TTL Driving Port B Directly
TTL Drniving Port A Directly
ANO-8M 24 |PDO/ANO
Mmc14069 ¥ o1} et ANT-8 23 |PDV/ANI
(Typical) . 15 | pce AN2-8% 22 |PD2/AN2
: 14 PCS AN3 21 | PD3/AN3
. 13| Pea ov— 20 |VaL
. 12 | pc3 +5v—] 19 |vgn
S 1 PC2 18 PD6/INT2

MC74LS04 10 PCl 17 |pp7

(Typical) 14069 ~_

CMOS and TTL Dniving Port C Directly Port D used as 4-Channel A/D Input with Bit 7 used

as CMOS Digital Input
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The latched output data bit (see Figure 18) may always be
written Therefore, any write to a port wnites all of its data
bits even though the port DDR s set to input. This may be
used to initialize the data registers and avoid undefined out-
puts However, care must be exercised when using
read/ modify/write instructions since the data read cor-
responds to the pin level If the DDR 1s an input (0) and cor-
responds to the latched output data when the DDr is an out-
put (1)

ANALOG-TO-DIGITAL CONVERTER (A/D) — The
MC6805R2 MCU has an 8-bit A/D converter implemented on
the chip using a successive approximation technique, as
shown In Figure 22 Up to four external analog inputs, via
port D, are connected to the A/D through a multiplexer
Four internal analog signals may be selected for calibration
purposes (VRH, VRH/2, VRH/4. VRL)

The multiplexer selection is controlled by the A/D Control
Register (ACR) bits O, 1, and 2, see Table 2. This register is
cleared during any Reset condition. Refer to Figure 18 for
Register Configuration

Whenever the ACR is written, the conversion In progress
is aborted, the conversion complete flag (ACR bit 7) is
cleared, and the selected input is sampled and held inter-
nally.

The converter operates continously using 30 machine
cycles to complete a conversion of the sampled analog input
When conversion 1s complete, the digitized sample or digital
value is placed in the A/D Result Register (ARR), the conver-
sion complete fiag Is set, the selected input i1s sampled again,
and a new conversion Is started

The A/D is ratiometric Two reference voltage (VRH and
VRL) are supplied to the converter via Port D pins An input
voltage equal to VRH converts to $FF (full scale) and an in-
put voltage equal to VR converts $00 An input voltage
greater than VRH converts to FF1g and no overflow indica-
tion 1s provided For ratiometric conversions, the source of
each analog input should use VRH as the supply voltage and
be referenced to VRL.

CAUTION

This device contains circuitry to protect the inputs
against damage due to high static voltages or electric
field, however, the design of the input circuitry for the
analog reference voltage pins (19 and 20) does not of-
fer the SAME level of protection Precautions should
be taken to avoid applications of any voltage higher
than maximum-rated voltage or handled in any en-
vironment producing high-static voltages

FIGURE 22 — A/D BLOCK DIAGRAM

8
¥ re
D/A
Control c
10k (Typ) Logic ount
VWA
VRH b VRH/2
VRL VRH/4
PDO/ANO —
PD1/ANT — Select
PD2/AN2 — Multiplexer
PD3/AN3 — L
“1s
A/D A g 2 A/D
[ Yl NIl o
Control | & 51815 Result
Register L= S I IR Register
TABLE 2 — A/D INPUT MUX SELECTION
A/D Control Register Input Selected
CR2 CR1 CRO
0 0 0 ANO
0 0 1 AN1
0 1 0 AN2
0 1 1 AN3
1 0 0 VRH*
1 0 1 VR*
1 1 0 VRH/4%*
1 1 1 VRH/2%

*internal (Calibration) levels
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BIT MANIPULATION

The MC6805R2 MCU has the ability to set or clear any
single RAM or input/output bit {except the Data Direction
Registers, see Caution under INPUT/OUTPUT paragraph)
with a single instruction (BRSET, BCLR) Any bit in page
zero including ROM, except the DDRs, can be tested using
the BRSET and BRCLR Instructions and the program
branches as a result of its state The carry bit (C) equals the
value of the bit referenced by BRSET or BRCLR. The
capability of work with any bit in RAM, ROM, or I/0 allows
the user to have individual flags in RAM or to handle single

FIGURE 23 — BIT MANIPULATION EXAMPLE
MCU

BRSET 2,PORTA, * WAIT FOR READY Ready [
. -

BSET 1, PORTA CLOCK NEXT BIT IN S:JEL clock | ©

BRCLR 0, PORTA, NEXT  PICKUP BIT IN C-BIT 1R
NEXT  BCLR 1, PORTA RETURN CLOCK LINE HIGH T

ASR RAMLOC MOVE C-BIT INTO RAM SLILEN (N

ADDRESSING MODES

The MC6806R2 MCU has ten addressing modes available
for use by the programmer They are explained briefly in the
following paragraphs For additional details and graphical
ilustrations, refer to the M6805 Family Users Manual

The term “effective address” (EA) Is used in describing the
addressing modes EA 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 contained In the byte immediately following the
opcode The immediate addressing mode is used to access
constants which do not change durng program execution
(e g, a constant used to initialize a loop counter)

DIRECT — In the direct addressing mode, the effective
address of the argument 1s contained in a single byte follow-
ing the opcode byte Direct addressing allows the user to
directly address the lowest 256 bytes in memory with a single
2-byte instruction This address area includes all on-chip
RAM and (/O registers and 128 bytes of ROM Direct
addressing 1s an effective use of both memory and time

EXTENDED — In the extended addressing mode, the ef-
fective address of the argument is contained in the two bytes
following the opcode Instructions with extended addressing
mode are capable of referencing arguments anywhere In
memory with a single 3-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 in-
struction

RELATIVE — The relative addressing mode is only used in
branch instructions In relative addressing, the contents of
the 8-bit signed byte following the opcode (the offset) i1s
added to the PC i, and only if, the branch condition Is true
Otherwise, control proceeds to the next instruction The
span of relative addressing Is from + 129 to — 126 from the
opcode address. The programmer need not worry about
calculating the correct offset if he uses the Motorola
assembler, since 1t calculates the proper offset and checks to
see If it 1s within the span of the branch.
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1/0 bits as control lines

The coding example in Figure 23 illustrates the usefulness
of the bit manipulation and test instructions Assume that
the MCU 1s to communicate with an external serial device
The external device has a data ready signal, a data output
line, and a clock line to clock data one bit at a ime, LBS first,
out of the device The MCU waits until the data s ready,
clocks the external device, picks up the data in the Carry Flag
(C-bit), clears the clock line and finally accumulates the data
bits in a RAM location

INDEXED, NO OFFSET — In the indexed, no offset
addressing mode, the effective address of the argument I1s
contained in the 8-bit index register Thus, this addressing
mode can access the first 256 memory locations These in-
structions are only one byte long This mode 1s 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 effective address 1s the sum of the
contents of the unsigned 8-bit index register and the unsign-
ed byte following the opcode This addressing mode s
useful in selecting the kth element in an n element table
With this 2-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
addressable locations and could extend as far as location 511
($1FE)

INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset
addressing mode, the effective address i1s the sum of the
contents of the unsigned 8-bit index register and the two un-
signed bytes following the opcode This addressing mode
can be used in a manner similar to indexed, 8-bit offset ex-
cept that this 3-byte instruction allows tables to be anywhere
in_ memory As with direct and extended, the Motorola
assembler determines the shortest form of indexed address-
ing

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 address of the byte
in which the specified bit 1s to be set or cleared Thus, any
read/write bit In the first 266 locations of memory, including
170, can be selectively set or cleared with a single 2-byte in-
struction See Caution under INPUT/QUTPUT paragraph

BIT TEST AND BRANCH — The bit test and branch
addressing mode 1s a combination of direct addressing and
relative addressing The bit which s to be tested and condi-
tion (set or clear) included in the opcode, and the address of
the byte to be tested is in the single byte immediately follow-
ing the opcode byte. The signed relative 8-bit offset in the
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third byte I1s added to the PC if the specified bit is set or clear
in the specified memory location. This single 3-byte instruc-
tion allows the program to branch based on the condition of
any readable bit in the first 256 location of memory The span
of branching 1s from +130 to —125 from the opcode
address The state of the tested bit is also transferred to the
Carry bit of the Condition Code Registers. See Caution
under INPUT/QUTPUT paragraph.

INHERENT — In the inherent addressing mode, all the in-
formation necessary to execute the instruction 1s contained
in the opcode Operations specifying only the index register
or accumulator, as well as control instructions with no other
arguments, are included In this mode These instructions are
one byte long.

INSTRUCTION SET

The MC6805R2 MCU has a set of 59 basic instructions,
which when combined with the 10 addressing modes pro-
duce 207 usable opcodes They 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. All the instructions within a given
type are presented in individual tables

REGISTER/MEMORY INSTRUCTIONS — Most of these

instructions use two operands One operand Is either the ac-
cumulator or the index register The other operand I1s obtain-

ed from memory using one of the addressing modes The
Jump unconditional (JMP) and jump to subroutine (JSR) in-
structions have no register operand Refer to Table 3

READ/MODIFY/WRITE INSTRUCTIONS — These in-
structions read a memory location or a register, modify or
test its contents, and write the modified value back to
memory or to the register, see Caution under INPUT/OUT-
PUT paragraph The test for negative or zero (TST) instruc-
tion is included in the read/ modify/ write instruction though
1t does not perform the write. Refer to Table 4

BRANCH INSTRUCTIONS — The branch instructions
cause a branch from the program when a certain condition 1s
met Refer to Table 5

BIT MANIPULATION INSTRUCTIONS — The instruc-
tions are used on any bit in the first 256 bytes of the memory,
see Caution under INPUT/OUTPUT paragraph One group
erther sets or clears The other group performs the bit test
and branch operations Refer to Table 6

CONTROL INSTRUCTION — The control instructions
control the MCU operations during program execution
Refer to Table 7

ALPHABETICAL LISTING — The complete instruction set
1s given in alphabetical order in Table 8

OPCODE MAP — Table 9 i1s an opcode map for the in-
struction used on the MCU
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TABLE 3 — REGISTER/MEMORY INSTRUCTIONS

Addressing Modes
Indexed Indexed indexed
immediate Direct Extended (No Offset) {8 Bit Offset) (16 Bit Offset)
Op| # # Op| # Op | # # Op | # # Op | # # oP | # #
F M Code|Bytes| Cycles | Code|Bytes| Cycles | Code|Bytes | Cycles | Code |Bytes| Cycles | Code|Bytes | Cycles | Code|Bytes | Cycles
Load A from Memory LDA A6 2 2 B6 2 4 Cé 3 5 F6 1 4 E6 2 5 D6 3 6
Load X from Memory LDX AE 2 2 BE 2 4 CE 3 5 FE 1 4 EE 2 5 DE 3 6
Store A in Memory STA - — B7 2 5 Cc7 3 6 F7 1 5 E7 2 6 D7 3 7
Store X in Memory STX - - BF 2 5 CF 3 6 FF 1 5 EF 2 6 OF 3 7
Add Memory to A ADD AB 2 BB 2 4 CcB 3 5 FB 1 4 EB 2 5 [o]:] 3 6
Add Memory and
Carry to A ADC A9 2 2 B9 2 4 C9 3 5 F9 1 4 E9 2 5 D9 3 6
Subtract Memory SuB A0 2 BO 2 CO 3 5 FO 1 4 EO 2 5 DO 3 6
Subtract Memory from
A with Borrow SBC A2 2 2 82 2 4 Cc2 3 5 F2 1 4 E2 2 5 D2 3 6
AND Memory to A AND A4 2 2 B84 2 4 ca 3 5 Fa 1 4 E4 2 5 D4 3 6
OR Memory with A ORA AA | 2 2 BA | 2 4 CA | 3 5 FA 1 4 EA 2 5 DA 3 6
Exclusive OR Memory
with A EOR A8 2 B8 2 4 c8 3 5 F8 1 4 E8 2 5 D8 3 6
Anthmetic Compare A
with Memory CMP Al 2 2 81 | 2 4 ci |3 5 1 a E1 |2 5 o1 | 3 6
Anthmetic Compare X
with Memory CPX A3 2 2 B3 2 4 C3 3 5 F3 1 4 E3 2 5 03 3 6
Bit Test Memory with
A (Logical Compare) BIT AS 2 B5 2 Cc5 3 5 F5 1 4 ES 2 5 DS 3 6
Jump Unconditional JMP — — — BC 2 cC 3 4 FC 1 3 EC 2 a4 DC 3 5
Jump to Subroutine JSR — - - BD 2 CcD 3 8 FD 1 7 ED 2 8 [s]] 3 9
TABLE 4 — READ/MODIFY/WRITE INSTRUCTIONS
Addressing Modes
Indexed Indexed
Inherent (A) Inherent (X) Direct (No Offset) {8 Bit Offset)
Op| # # op| # # op| # # op | # # op | # #
Function Mnemonic | Code|Bytes| Cycles| Code|Bytes| Cycles}Code|Bytes| Cycles | Code|Bytes | Cycles | Code|Bytes| Cycles
Increment INC 4ac 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC 4A 1 4 5A 1 4 3A 2 6 7A 1 6 6A 2 7
Clear CLR 4F 1 4 5F 1 4 3F 2 6 7F 1 6 6F 2 7
Complement com 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7
Negate
(2's Complement) NEG 40 1 4 50 1 a4 30 2 6 70 1 6 60 2 7
Rotate Left Thru Carry ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 2 7
Rotate Right Thru Carry]  ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7
Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Logical Shift Right LSR 44 1 4 54 1 4 34 2 6 74 1 6 64 2 7
Arthmetic Shift Right ASR a7 1 a4 57 1 a4 37 2 6 77 1 6 67 2 7
Test for Negative
or Zero TST 4D 1 4 5D 1 4 3D 2 6 70 1 6 6D 2 7
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TABLE 5 — BRANCH INSTRUCTIONS

Relative Addressing Mode
Op # #

Function Mnemonic | Code Bytes | Cycles
Branch Always BRA 20 2 4
Branch Never BRN 21 4
Branch IFFHigher BHI 22 2 4
Branch IFF Lower or Same BLS 23 2 4
Branch IFFCarry Clear BCC 24 2 4
(BranchIFFHigher or Same)| (BHS) 24 2 4
Branch IFFCarry Set BCS 25 2 4
(Branch!FF Lower) (BLO) 25 2 4
BranchiFF Not Equal BNE 26 2 4
Branch IFFEqual BEQ 27 2 4
Branch!FF Half Carry Clear] BHCC 28 2 4
Branch IFFHalf Carry Set BHCS 29 2 4
BranchIFF Plus BPL 2A 2 4
BranchiFF Minus BMI 2B 2 4
Branch IFFInterupt Mask

Bit 1s Clear BMC 2C 2 4
BranchIFF Interrupt Mask

Bit 1s Set BMS 2D 2 4
BranchIFFinterrupt Line

1s Low BIL 2E 2 4
BranchIFFInterrupt Line

1s High BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

TABLE 6 — BIT MANIPULATION INSTRUCTIONS

4-210

Addressing Modes
Bit Set/Clear Bit Test and Branch
Op # # Op # #
Function Mnemonic Code Bytes| Cycles| Code Bytes| Cycles
Branch IFF Bit n s set BRSETn(n=0 7) — — — 2en 3 10
Branch IFF Bit n s clear BRCLRn(n=0 7) — - — 01 +2en 3 10
Set Bit n BSETn(n=0 7) 10+ 2en 2 7 — — —
Clear bit n BCLRn(n=0 7) 11+2en 2 7 — — —
TABLE 7 — CONTROL INSTRUCTIONS
Inherent
Op # #
Function Mnemonic | Code Bytes | Cycles
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI 98 1 2
Clear Interrupt Mask Bit CLi 9A 1 2
Software Interrupt sSwi 83 1 1
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
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TABLE 8 — INSTRUCTION SET
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C Carry/Borrow

H Half Carry (From Bit 3)

Condition Code Symbols

A Test and Set if True, Cleared Otherwise

Interrupt Mask

Not Affected

N Negative (Sign Bit)

Z Zero
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TABLE 8 — INSTRUCTION SET (CONTINUED)

Addressing Modes Condition Code
Bit Bit
Indexed [Indexed|Indexed|Set/ | Test &

M ic|Inh ] di Direct | Extended |Relative|(No Offset)| (8 Bits) [(16 Bits){Clear | Branch| H|!1 |[N|Z | C
RTI X 71202121 2
RTS X JEICILIK )
SBC X X X X X X OIOIANA| A
SEC X o|ojoio| 1
SEI X oll1jejej @
STA X X X X X O OINIAN] ®
STX X X X X X (O |AA] @
SuB X X X X X X OI®IANIAI A
swi X o1 |eoj®| @
TAX X LJL AL AL AN
TST X X X X OO |IAN|A| @
TXA X (AL A BE AN )
Condition Code Symbols

H Half Carry (From Bit 3) C Carry/Borrow

| Interrupt Mask A Test and Set if True, Cleared Otherwise

N Negative (Sign Bit) * Not Affected

Z Zero ? Load CC Register From Stack
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TABLE 8 — M6805 FAMILY OPCODE MAP

Bit Manipulation Branch Read/Modify/ Write Control Register/ Memory
BTB R D!_a INH(A) INH(X) X1 1X INH [l IMM DIR EXT X2 X1
Hi 4 5 6 7 8 9 A B C D E H
Low 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 nn Low
0 57 5 3 2K 314 317 5,6 5 3 Z 76 5 3
0 BRSETO BSETO BRA NEG NEGA NEGX NEG NEG RTI SuB suB suB suB SuB sus 0
0000 3 BTB | 2 BSC 1 INH | 1 INH | 2 X141 IX {1 INH 2 IMM {2 DIR EXT 13 1X2 ]2 X111 1X 0000 |
10 5(7 514 6 2 4 5 416 515 414 3
1 BRCLRO BCLRO BRN RTS CMP CMP CMP CMP CMP CMP 1
0001 3 BTB | 2 BSC REL 1 INH 2 IMM | 2 DIR [3 EXT |3 X2 | 2 X111 X 00Ct
10 57 514 3 2 714 35 6 515 K]
2 BRSET! BSET1 BHI SBC SBC SBC SBC SBC S8C 2
0010 3 BTB | 2 BSC 12 REL 2 MM | 2 DIR |3 EXT |3 X2 | 2 X141 1X 0010
10 517 514 3(6 4 3f 4 317 6[6 51N 10 2 4 35 416 515 a4 3
3 BRCLR1 BCLR1 BLS COM COMA COMX comM com SWiI CPX CPX CPX CPX CPX CPX 3
0011 3 BTB |2 BSC {2 REL | 2 DRI 1 INH 1 INH | 2 X111 X 41 INH 2 IMM | 2 DR |3 EXT |3 X2 1 2 X141 1X N
10 57 514 316 514 3|4 37 616 5 2 274 5 416 515 4
4 BRSET2 BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
0100 BTB | 2 BSC | 2 REL | 2. DIR |1 INH | 1 INH | 2 X141 X 2 IMM | 2 DIR | 3 EXT | 3 X2 | 2 X101 1X 0100
10 517 514 3 2 214 315 476 515 414 3
5 BRCLR2 BCLR2 BCS BIT BIT BIT BIT BIT BIT 5
0101 3 BTB | 2 BSC {2 REL 2 IMM_ DR {3 T X2 X101 1X 0101
10 57 514 316 514 3] 4 317 66 5 2 4 5 416 515 414 3
6 BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6
0110 3 BTB [ 2 BSC | 2 REL 12 DIR |1 INH 1 INH 1 2 X141 X 2 IMM | 2 DIR |3 EXT| 3 X212 X141 IX 0110
10 517 54 316 5[4 3[4 317 5 5 7 2 5 76 7 616 515 [
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
0111 3 BTB | 2 B8SC |2 REL | 2 DIR |1 INH |1 INH | 2 X111 IX 1 INH 2 DR 3 EXT |3 1X] 2 X141 1X o1
10 517 514 3[6 5[4 3[4 377 6 5 2 212 204 3135 416 515 4 3
8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL LSL CcLC EOR EOR EOR EOR EOR EOR 8
| 1000 3 BIB | 2 BSC |2 REL | 2 DR | 1 INH | 1 INH | 2 X141 ) 1 INH IMM | 2 DIR |3 EXT {3 iX2 ] 2 X141 X 1000
10 517 6 514 4 7 616 5 2 212 214 315 416 515 4|4 3
9 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 3 BTB | 2 BSC | 2 DIR | 1 INH | 1 INH | 2 X111 X 1 INH | 2 IMM | 2 DR |3 EXT{ 3 IX2] 2 X141 X 1001
S 517 514 36 5[4 34 377 66 5 7 712 777 3% 16 515 K
A BRSETS BSETS BPL DEC DECA DECX DEC DEC CLl ORA ORA ORA ORA ORA ORA A
1010 3 BTB | 2 _BSC | 2 DR |1 INH | 1 INH | 2 X1l IX 1 INH |2 IMM | 2 DR |3 EXT| 3 X2 ] 2 X141 X 1010,
10 517 514 2 2 2[4 305 6 515 414 3
B BRCLRS BCLRS BMI SEI ADD ADD ADD ADD ADD ADD B
1011 3 BTB | 2 BSC | 2 REL 1 INH [ 2 IMM | 2 DIR |3 EXT |3 X2 2 xii 1X 1011
10 517 514 514 34 377 616 2 2 3 274 315 a4 313 2
”%0 lBRSEg’% 2ESE'£6§C ) BMCR 5 INC als INCAN , INCX INC INC RSP JMP JMP s JMP B JMP JMP %0
EL o]} INH INH X141 1X 1 INH 2 DIR |3 EX 1X] X1 X 11
10 517 514 3 414 3714 317 516 a4 2 218 6|7 58 9 718 617
D BRCLR6 BCLR6 BMS TST TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR D
1101 3 BTB [ 2 BSC 12 REL 12 DIR |1 INH| 1 INH | 2 X111 X 1 INH {2 REL| 2 DIR {3 EXT1 3 X2 { 2 X141 X 1o
10 517 514 3 2 2 4 3% a1e 515 414 3
E BRSET7 BSET7 BIL STOP LDX LDX LDX LDX LDX LDX E
1110 3 BTB |2 BSC {2 REL 1 INH 2 IMM | 2 DIR |3 EXT| 3 X241 2 X111 1% 110
10 57 514 3Ts 514 33 37 56 5 272 7 k] a6 517 616 575 7
F BRCLR7 BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX F
1 3 BTB | 2 BSC REL | 2 DIR | 1 INH | 1 INH | 2 IX1j1 X 11 INH |1 INH 2 DIR|3 EXT| 3 IX2{ 2 X141 X nn
Abbreviations for Address Modes
INH Inherent LEGEND
MM Immediate
DIR Direct [¢]
— pcode in Hexadecimal
EXT  Extended F =
REL Relative p nn
BSC Bit Set/Clear of Cycles (HMOS Versions) —————3 4 3
Opcode 1n Binan
BTB  But Test and Branch Mnemonic > SUB 0 pe Y
1X Indexed (No Offset) Bytes ————>¢ 1 1X 0000 <
X1 Indexed, 1 Byte (8-Bit) Offset /
X2 Indexed, 2 Byte (16-Bit) Offset # of Cycles (CMOS Versions) Address Mode

#CMOS Versions only
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ORDERING INFORMATION

The information required when ordering a custom MCU is
listed below The ROM program may be transmitted to
Motorola on EPROM(s) or an MDOS disk file

To initiate a ROM pattern for the MCU 1t 1s necessary to
first contact you local Motorola representative or Motorola
distributor

EPROMs — The MCM2716 or MCM2532 type EPROMS,
programmed with the customer program (positive logic
sense for address and data), may be submitted for pattern
generation The EPROM must be clearly marked to indicate
which EPROM corresponds to which address space The
recommended marking procedure Is illustrated below

[N\

XXX XXX

XXX = Customer |D

After the EPROM(s) are marked they should be placed in
conductive IC carriers and securely packed Do not use
styroforam

VERIFICATION MEDIA

All onginal pattern media (EPROMs or Floppy Disk) are
filed for contractual purposes and are not returned A com-
puter histing of the ROM code will be generated and returned
along with a hsting venfication form The listing should be

4-214

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 |f desired, Motorola will program one
blank EPROM from the data file used to create the custom
mask to aid in the verification process

ROM VERIFICATION UNITS (RVUs)
Ten MCUs containing the customer’'s ROM pattern will be

sent for program venfication These units will have been
made using the custom mask but are for the purpose of
ROM verification only For expediency they are usually un-
marked, packaged in ceramic, and tested only at room
temperature and 5 volts These RVUs are included in the
mask charge and are not production parts The RVUs are
thus not guaranteed by Motorola Quality Assurance, and
should be discarded after verification is completed

FLEXIBLE DISKS

The disk media submitted must be single-sided, single-
density, 8-inch, MDOS compatible floppies The customer
must wrnite the binary file name and company name on the
disk with a felt-tip pen  The minimum MDOS system files as
well as the absolute binary object file (filename LO type of
file) from the M6805 cross assembler must be on the disk An
object file made from a memory dump using the ROLLOUT
command 1s also acceptable Consider submitting a source
listing as well as the following files filename LX (EXOR-
ciser® loadable format) and filename SA (ASCII Source
Code) These files will of course be kept confidential and are
used 1) to speed up the process In-house If any problems
anise, and 2) to speed up the user-to-factory interface iIf the
user finds any software errors and needs assistance quickly
from Motorola factory representatives

MDOS 1s Motorola’s Disk Operating System available on
development systems such as EXORcisers, EXORsets, etc
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MC6805R2 MCU ORDERING

Date

Customer Company

INFORMATION

Customer PO Number

Motorola Part Numbers

MC
Address

sC
City State Zip
Country
Phone Extension

Customer Contact Person

Customer Part Number

OPTION LIST

Timer Clock Source
O Internal ¢2 clock
O TIMER input pin

Timer Prescaler
O 2° (divide by 1)
0O 2' (divide by 2)
O 22 (divide by 4)
O 22 (divide by 8)

Internal Oscillator Input

Select the options for your MCU from the following list A
manufacturing mask will be generated from this information

O 24 (divide by 16)
O 2% (divide by 32)
O 2% (divide by 64)
0O 27 (divide by 128)

Port A Output Drive

O Crystal 0O CMOS and TTL
O Resistor O TTL Only
Low Voltage Inhibit
O Disable
O Enable
Pattern Media (Ali other media requires prior factory approval )
0O EPROMs (MCM2716 or MCM2532 O Floppy Disk
O Other
Clock Freq
Temp Range [0 0° to +70°C (Standard) 0 —40°t0 +85°C* [ —40°to +125°C*

%*Requires prior factory approval

Marking Information (12 Characters Maximum)

Title

Signature
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MC6805T2

Advance Information

8-BIT MICROCOMPUTER UNIT WITH PLL LOGIC

The MC6805T2 Microcomputer Unit (MCU) with PLL logic 1s a
member of the M6805 Family of low-cost single-chip microcomputers
This 8-bit microcomputer contains a CPU, on-chip CLOCK, ROM,
RAM, 1/0, TIMER, and the PLL logic for an RF synthesizer It s design-
ed for the user who needs an economical microcomputer with the
proven capabilities of the M6800-based instruction set, as well as the
necessary logic required for frequency synthesis applications A com-
parison of the key features of several members of the M6805 Family of
microcomputers is shown on the last page of this data sheet The
following are some of the hardware and software highlights of the
MC6805T2 MCU

HARDWARE FEATURES:

8-Bit Architecture
64 Bytes of RAM
Memory Mapped I/0
2508 Bytes of User ROM
Timer Start/Stop and Source Select
19 TTL/CMOS Compatible Bidirectional 1/0 Lines (8 Lines
are LED Compatible)
On-Chip Clock Generator
Zero-Crossing Detection
Self-Check Mode
Master Reset
Complete Development System Support on EXORciser®
5 V Single Supply
14-Bit Binary Variable Divider
10-Stage Mask-Programmable Reference Divider
Three-State Phase and Frequency Comparator
Suitable for TV Frequency Synthesizers
SOFTWARE FEATURES:
Similar to M6800
Byte Efficient Instruction Set
Easy to Program
True Bit Manipulation
Bit Test and Branch Instructions
Versatile Interrupt Handling
Versatile Index Register
Powerful Tndexed Addressing for Tables
Full Set of Conditional Branches
Memory Usable as Registers/Flags
Single Instruction Memory Examine/Change
10 Powerful Addressing Modes
All Addressing Modes Apply to ROM, RAM, and I/0
USER SELECTABLE OPTIONS:
® [nternal 8-Bit Timer with Selectable Clock Source (External Timer
Input or Internal Machine Clock)
® Timer Prescaler Option (7 Bits 2N)
® 8 Bidirectional I/0 Lines with TTL or TTL/CMOS Interface Option
® 4 Vectored Interrupts; Timer, Software, and 2 External

HMOS

(HIGH DENSITY
N-CHANNEL, SILICON-GATE
DEPLETION LOAD)
8-BIT
MICROCOMPUTER
WITH PLL LOGIC

P SUFFIX
PLASTIC PACKAGE
CASE 710

FIGURE 1 — PIN ASSIGNMENTS
5

Is

A\

vss 1 28 {1 RESET
iNTQ 2 2711 PA7
veel s 261 PAG
EXTALO 4 25 1 PAS
XTALD 5 241 PA4
NUM [} 6 23 p PA3
$COMP [} 7 2] PA2
RCO/TIMER [} 8 211 PA1
pc1g® 20 f1 PAO
pcz2Q 10 19 [1 PB7
fin 11 18 {1 PB6
P8O 12 17 [1 PBS
Pa1q 13 16 [] PB4
PB2[] 14 15 [ PB3
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FIGURE 2 — MC6805T2 HMOS MICROCOMPUTER BLOCK DIAGRAM

XTAL  EXTAL RESET NUM iNT
Prescale Timer/ | I
— 17 " |8 Counter Y Y ]
Timer Control CJL—i Osciliator |"*
- <i—>
PAQ <t——> | PCO TIMER
PA1 t— Accumulator «——PC1
Port PA2 <«——{ Port | Data 8 A cPU Data | Port |lg—3pCc2 Port
p ;AB A Dr 1 Control Or c c
1/ A4 ——|
ngs PAS Reg | Reg Index Reg Reg /0
6 —> Register Lines
PA7 €——>
Condition
Code
Register
5 CcC CPU
Stack
Pointer
5 SP
PB0 <—>1 Program Frelquencv
PB1 — Count nput
Port pg2<e—»| Port | Data et ‘ Variable )
B ppg3e— D 3 'gh pcH 11 Dwider n
/0 PB4 a— " r—*? ALY Phase
Lines PB5~<e——| €9 | Reg Program Comparator Phase
PB6 <— Counter Reference Comparator
PB7 —— 8 Low pcL Divider $COMP
25K X8 64 X8
User ROM Ram
Self-Check
ROM
MAXIMUM RATINGS
Rating Symbol Value Unit Th:sldewce con(!jalns cnc:nry to ;r)]m;ect the
Inputs against damage due to high static
Supply Voltage Vee —03t10 +70 v voltages or electric fields, however, 1t 1s ad-
Input Voltage Vin —03t10+70 v vised that normal precautions be taken to
Operating Temperature Range TA 0to +70 °C avoid application of any voltage higher than
Storage Temperature Range Tstg —55 to + 150 °C maximum rated voltages to this high-
impedance circuit For proper operation it 1s
recommended that Vi, and Vgyt be con-
THERMAL CHARACTE.RI.STICS - strained to the range Vgs=<(V|n or Vg
Characteristic Symbol Value Unit <Vcc Relability of operation 1s enhanced if
Thermal Resistance unused inputs are tied to an appropriate logic
Plastic 120 voltage level (e g , eitner Vgg or Vc)
Ceramic AN 50 °C/W
Cerdip 60

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from
Ty=Ta+(Ppedya)

Where
Ta=Ambient Temperature, °C

6 A= Package Thermal Resistance, Junction-to-Ambient, °C/W

PD=PINT+PPORT
PINT=ICccx Ve, Watts — Chip Internal Power
PpORT=Port Power Dissipation, Watts — User Determined

drive Darlington bases or sink LED loads

An approximate relationship between Pp and Tj (if PPORT 1s neglected) is

PD=K =+ (Ty+273°C)

Solving equations 1 and 2 for K gives.

K =Ppe(TA +273°C) + 8 A*PD2

m

For most applications PPORT<P|NT and can be neglected PpQRT may become significant if the device i1s configured to

(2)

(3)

Where K 1s a constant pertaining to the particular part K can be determined from equation 3 by measuring Pp (at equilibrium)

foraknown TA Using this value of K the values of Pp and T J can be obtained by solving equations (1) and (2) iteratively for any
value of Ta
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SWITCHING CHARACTERISTICS (Vcc=5 25 Vdc +05 Vdc, Vgs=GND, To=0 to 70°C unless otherwise noted)

Characteristics Symbol Min Typ Max Unit
Oscillator Frequency fosc 04 - 42 MHz
Cycle Time (4/fogc) teye 095 — 10 A
INT and TIMER Pulse Width tWH.tWL | teyc+250 - - ns
RESET Pulse Width RWL | toyc+250 - - ns
RESET Delay Time (External Capacitance= 10 uF) tRHL - 100 - ms
Input Frequency fin 1 - 16 MHz
Input Frequency Rise Time at fin tINR - - 20 ns
Input Frequency Fall Time at f tUNF - - 20 ns
Duty Cycle of f|5 and External Input on EXTAL - 40 - 60 %
Injection Pulse Active Time tarr - 70 - ns
INT Zero-Crossing Detection Input Frequency (for +5° Accuracy fINT 003 - 10 kHz

ELECTRICAL CHARACTERISTICS (Vcc=5 25 Vde 305 Vdc, Vgg=GND, TA=0 to 70°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage

RESET (4 756<V (=5 75) 40 — Vee

_ (Vcc<4 75 Vee—-05 - Vee

INT  (475=<Vcc=575) VIH 40 " Vee \

(Vcc<4 75 Vec—05 * Vee

All Other Except fi 20 - Vee
Input High Voltage ¢ COMP

Normal Mode ViH - - Vee

Self-Check Mode - 90 150 \
Input Low Voltage

RESET -03 - 08

INT ViL -03 . 15 %

All Other Except fip -03 — 08
INT Zero-Crossing Input Voltage, through a Capacitor VINT 20 - 40 Vac p-p
Internal Power Dissipation — No Port Loading,

Vee=5675V, Tpa=0°C PINT - 400 - mwW
Input Capacitance

EXTAL - 25 -

All Others Cin — 10 - pF
AC Coupled Input Voltage Swing VEIp 05 12 - Vac p-p
Input Current (Viy=Vcc) IEH — = 40 rA
Ouput Low Current (VoL =10V) IcML - 300 - A
Output High Current (Voy=Vcc—1V) ICMH - 200 - pA
Leakage Current (Vin=V¢c) lOFF — 2 - nA
RESET Hysteresis Voltage (See Figures 11 and 12)

Out of Reset” VIRES + 21 - 40 \

“Into Reset” VIRES — 08 - 20
Input Current

TIMER (Vin=04V) - — 20

INT (V=04 V) - 20 50

EXTAL (V\n=24 V to V¢ Crystal Option) lin - - 10 pA

*_ (Vin=04V Crystal Option) - - —1600

RESET (V=08 V) —-40 - —50

(External Capacitor Charging Current)

*Due to internal biasing, this input (when unused) floats to approximately 2 0 V
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PORT ELECTRICAL CHARACTERISTICS (Vcc= +525 Vdc +05 Vdc, Vgg=GND, TA=0° to 70°C unless otherwise noted)

Characteristic I Symbol l Min L Typ T Max l Unit
Port A with CMOS Drive Enabled
Output Low Voltage, || ggg=16 mA VoL — _ 04 v
Output High Voltage, lLoad= — 100 pA VoH 24 — — Vv
Output High Voltage, || ggg= — 10 pgA VoH 35 - = \
Input High Voltage, || gad= —300 pA (max) Viy 20 - Vee v
Input Low Voltate, || gad= —500 pA (max) ViL 03 — 08 \
Hi-Z State Input Current (V;n=20V to V) I|H — - —-300 pA
Hi-Z State Input Current (V;n=04 V) [ - - —500 »A
Port B
Output Low Voltage, 1| pad=3 2 mA VoL - - 04 \
Output Low Voltage, || gag= 10 mA (sink) VoL - - 10 \
Output High Voltage, || ggq= —200 pA VoH 24 - - \
Darlington Current Drive (Source), Vo=15V 10H -10 - -10 mA
Input High Voltage ViH 20 — Vee Vv
Input Low Voltage ViL 03 — 08 \
Hi-Z State Input Current ITs] — 2 20 rA
Port C and Port A with CMOS Drive Disabled

Output Low Voltage, I gag=16 mA VoL - - 04 \
Output High Voltage, 1| gad= — 100 pA VOH 24 - - \
Input High Voltage ViH 20 - Vee \
Input Low Voltage ViL 03 - 08 ]
Hi-Z State Input Current ITs1 — 2 20 pA

FIGURE 3 — TTL EQUIVALENT TEST LOAD  FIGURE 4 — CMOS EQUIVALENT TEST LOAD

FIGURES5 — TTL EQUIVALENT TEST LOAD

(PORT B) (PORT A) (PORTS A AND C)
Vec=575V Vee=57V

Test MMD6150 Test MMD6150

Point or Equiv 15k Point or Equiv 297kQ

40 pF
(Total)

125kQ ¥y MMD7000
or Equiv

C = 40 pF (Total)

Test Point o—‘l

MMD7000
or Equiv

30 pF (Total) 30 pF

(Total)

SIGNAL DESCRIPTION

The input and output signals for the MCU, shown in
Figure 1, are described in the following paragraphs

Vcc AND Vgg — Power is supplied to the MCU using
these two pins VC( I1s power and Vgs is the ground con-
nection

INT — This pin provides the capability for asynchronously
applying an external interrupt to the MCU Refer to INTER-
RUPTS for additional information.

XTAL AND EXTAL — These pins provide control input for
the on-chip clock oscillator circuit A crystal or an external
signal can be connected to these pins to provide the internal

oscillator Lead length and stray capacitance on these two
pins should be minimized Refer to INTERNAL
OSCILLATOR for recommendations about these pins

fin — The high frequency digital input to the variable
divider portion of the on-chip frequency synthesizer is on the
fin pin The reference frequency for the phase lock loop Is
divided down from the crystal oscillator. Refer to the PHASE
LOCK LOOP section for details on the frequency synthesizer
features

#COMP — This three-state output is the result of compar-
ing the internal reference frequency to the vanable divider
signal Refer to PLL for details In Self-Check, $COMP s
raised to =9 V
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RESET — This pin allows resetting of the MCU at times
other than the automatic resetting capability already in the
MCU. Refer to RESETS for additional information

NUM — This pin 1s not for user application and must be
connected to VssS.

INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC2)
— These 19 lines are arranged into two 8-bit ports (A and B)
and one 3-bit port (C) All hnes are programmable as either
inputs or outputs under software control of the data direc-
tion registers. Refer to INPUT/OUTPUTS for additional in-
formation The PCO/TIMER pin also serves as an external in-
put to the internal timer Refer to the TIMER section for in-
formation on the timer modes

MEMORY

The MCU memory 1s configured as shown in Figure6 The
MCU 1s capable of addressing 4096 bytes of memory and I/0
registers with 1ts program counter The MCU has im-
plemented 2698 of these memory locations This consists of.
2508 bytes user ROM, 116 bytes self-check ROM, 64 bytes of
user RAM, 6 bytes of port 1/0, 2 timer registers, and 2 PLL
registers The user ROM 1s sphit into four areas. The first area
begins at memory location $080, which allows the user to
access ROM locations utiizing the direct and table look-up
indexed addressing modes The second user ROM area
begins at memory location $100 The last eight user ROM
locations, at the top of memory, are for the interrupt vectors

The MCU reserves the first 16 memory locations for I/0
features, of which 10 have been implemented. These loca-
tions are used for the ports, the port DDRs, the timer, and
the PLL registers.

Sixty-four bytes of user RAM are provided Of the 64
bytes, 31 bytes are shared with the stack area The stack
must be used with care when data shares the stack area

The shared stack area is used during the processing of
interrupt and subroutine calls to save the processor state

The register contents are pushed onto the stack in the
order shown in Figure 7 Since the stack pointer decrements
dunng pushes, the low order byte (PCL) of the program
counter is stacked first, then the high order four bits (PCH)
are stacked This ensures that the program counter Is loaded
correctly following pulls from the stack, since the stack
pointer increments when 1t pulls data from the stack A
subroutine call results in only the program counter (PCH,
PCL) contents being pushed onto the stack, the remaining
CPU registers are not pushed.

REGISTERS

The MCU has five registers available to the programmer
They are shown in Figure 8 and are explained in the following
paragraphs

ACCUMULATOR (A) — The accumulator is a general pur-
pose 8-bit register used to hold operands and results of
anthmetic calculations or data manipulations

FIGURE 6 — MC6805T2 MCU ADDRESS MAP

7 0 7 6 b5 4 3 2 10
page Zero 1/0 Ports, RAM $000 0 PortA $000
Access with 127 PLL, Timer $O7F 1 Port B $001
Short 128 $080
Instructions Page Zero 20 1 1 1 1 l PortC | $002
User ROM
255 (128 bytes) \OFF 3 NOT USED $003
256 $100 .
User ROM 4 Port ADDR $004
(1792 bytes) .
2047 STFF 5 Port B DDR $005
2048 $800 6| NOTUSED | PortC DDR | $006
7 NOT USED $007
Not Used
(1344 bytes) 8 Timer Data Register $008
9 Timer Control Register $009
3391 $D3F 10 Variable Divider LSB $00A
3392 ROM $D40 mnl1oa ] Variable Divider MSB | $00B
(580 bytes) 12 NOT USED $00C
3o $F63 (52 bytes)
3972 Self-Check $F84 63 v $03F
ROM 64 User RAM $040
4087 (116 bytes) SFF7 (64 bytes)
$FF8 Stack
Interrupt Vectors (8 bytes) (31 bytes maximum)
4095 $FFF A
127 $07F

*Caution Data Direction Register (DDRs) are write-only, they read as $FF
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FIGURE 7 — INTERRUPT STACKING ORDER

7 6 5 4 3 2 1 0 Pull
A CONDITION

n 411 1 11 CcODEREGISTER | " !
n-3 ACCUMULATOR n-2
n-2 INDEX REGISTER n-3
a1 PCH* | n-4
n PCL* n -5

\j

Push

* For subroutine calls only PCH and PCL are stacked

INDEX REGISTER (X) — The index register is an 8-bit
register used for the indexed addressing mode It contains an
8-bit value that may be added to an instruction value to
create an effective address The index register can also be
used for data manipulations using the read/modify/write in-
structions The index register may also be used as a tem-
porary storage area

PROGRAM COUNTER (PC) — The program counter is a
12-bit register that contains the address of the NEXT instruc-
tion to be executed

STACK POINTER (SP) — The stack point 1s a 12-bit
register that contains the address of the next free location on
the stack Initially, the stack pointer is set to location $07F
and is decremented as data is being pushed onto the stack
and incremented as data I1s being pulled from the stack The
seven most-significant bits of the stack pointer are per-
manently set to 0000011 During a MCU reset or the Reset
Stack Pointer (RSP) instruction, the stack pointer is set to
location $07F Subroutines and interrupts may be nested
down to location $061 (31 bytes maximum) which allows the
programmer to use up to 15 levels of subroutine calls

CONDITION CODE REGISTER (CC) — The condition
code register Is a b-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 ac-
tion taken as a result of therr state Each individual condition
code register bit 1s explained in the following paragraphs

Half Carry (H) — Set during ADD and ADC instructions to
indicate that a carry occurred between bits 3 and 4

Interrupt (I) — This bit is set to mask (disable) the timer
and external interrupt (INT). If an interrupt occurs while this

FIGURE 8 — PROGRAMMING MODEL

0
A | Accumulator
0

F-- N —

X ] Index Register
1 0
L PCH { PCL I Program Counter

1 54
lofoJofofof T ] =

I Stack Pointer

HIV|N]Z Condition Code Register
L—— Carry/ Borrow
Zero
Negative
————— Interrupt Mask

Half Carry

bit 1s set, the interrupt is latched and i1s processed as soon as
the interrupt bit 1s reset

Negative (N} — Used to indicate that the result of the
LAST arithmetic, logical, or data manipulation was negative
(bit 7 in result equal to a logical one)

Zero (Z) — Used to indicate that the result of the LAST
arithmetic, logical, or data manipulation was zero

Carry/Borrow (C) — Used to indicate that a carry or bor-
row out of the arithmetic logic unit (ALU) occurred during
the LAST arithmetic operation This bit is also affected dur-
Ing bit test and branch instructions plus shifts and rotates

TIMER

The MCU tmer circuitry 1s shown in Figure 9. The 8-bit
counter may be loaded under program control and 1Is
decremented toward zero by the clock input (prescaler out-
put) When the timer reaches zero the timer interrupt request
bit (bit 7) in the Timer Control Register (TCR) 1s set. The
timer interrupt can be masked (disabled) by setting the timer
interrupt mask bit (bit 6) in the TCR The interrupt bit (I-bit)
in the Condition Code Register also prevents a timer inter-
rupt from being processed The MCU responds to this inter-
rupt by saving the present CPU state in the stack, fetching
the timer interrupt vector from locations $FF8 and $FF9 and
executing the interrupt routine, see INTERRUPT section

The timer clock input 1s established via bit 5 (TCRB) in the
Timer Control Register When this bit is set high, logical one
(external mode), the timer clock source is the PCO/TIMER
pin. In this mode a mask option is used to select either. a) the
gated ¢2 with PCO or b) the positive transition on
PCO/TIMER as timer clock source This allows easily per-
formed pulse width or pulse count measurements. When
TCR5 1s low, logical zero, the timer clock source i1s the inter-
nal ¢2.
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FIGURE 9 — TIMER BLOCK DIAGRAM

2
(Internal)

P

Prescaler

in
PCO/TIMER 21 21 23 08 25 28
AT T e
TCR4 : : Interrupt
' ! Mask
[N RN NN PR VDR M NN MU S | A
. b -
===
i i TmeOuty yfylyfy 44
I Clock | 8-Bit Counter 0T T T T To
Manufacturing Input | Timer Data Reg (TDR) Timer Control Reg (TCR)
Mask Option

Bit 4 in the Timer Control Register (TCR4) disables the
timer clock source when set to logical one

The timer continues to count past zero, falling through to
$FF from zero, and then continuing to count Thus, 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, and not
disturb the counting process

At Powerup or Reset, the prescaler and counter are
inttialized with all logical ones; the timer interrupt request bit
(bit 7) 1s cleared; the timer interrupt mask bit (bit 6) is set; the
external timer source bit (bit 5) is cleared and the timer
disable bit (bit 4) 1s cleared

SELF-CHECK

The self-check capability of the MCU provides an internal
check to determine if the port 1s functional. Ccnnect the
MCU as shown in Figure 10 and monitor the output of Port C
bit 3 for an oscillation of approximately 7 Hz A 9-volt level on
the ¢COMP input, pin 7, energizes the ROM-based self-
check feature The self-check program exercises the RAM,
ROM, timer, interrupts, and 1/0 ports

RESETS

The MCU can be reset two ways' by the external reset in-
put (RESET) and during power up time. See Figure 11

The internal circuit connected to the pin consists
of a Schmitt trigger which senses the RESET line logic level
The Schmutt tngger provides an internal reset voltage if it
senses a logical 0 on the RESET pin. During power up, the
Schmitt trigger switches on (removes reset) when the
RESET pin voltage rises to V|RgS + . When the RESET pin
voltage falls to a logical 0 for a period longer than one teye
the Schmutt trigger switches off to provide an internal reset
voltage The “switch off” voltage occurs at V|RgS—. A
typical reset Schmitt trigger hysteresis curve is shown in
Figure 12.

Upon power up, a delay of tgHL Is needed before allowing
the reset input to go high. This time allows the internal clock
generator to stabilize. Connecting a capacitor to the RESET
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input, as shown in Figure 12, will provide sufficient delay.
See Figure 17 for the complete reset sequence.

INTERNAL OSCILLATOR

The internal oscillator circuit has been designed to require
a minimum of external components The use of a crystal or
an external signal may be used to drive the internal oscillator
The different connection methods are shown in Figures 13
and 14 The crystal specifications are given in Figure 15.

The crystal oscillator startup time I1s a function of many
variables crystal parameters (especially Rg), oscillator load
capacitances, |C parameters, ambient temperature, and sup-
ply voltage To ensure rapid oscillator startup, neither the
crystal characteristics nor the load capacitance should ex-
ceed recommendations.

INTERRUPTS

The MCU can be interrupted three different ways through
the external interrupt (INT) input pin, the internal timer inter-
rupt request, or the software interrupt instruction (SWI).
When any interrupt occurs, processing is suspended, the
present CPU state is pushed onto the stack, the interrupt bit
(1) in the Condition Code Register Is set, the address of the
interrupt routine is obtained from the appropriate interrupt
vector address, and the interrupt routine is executed. Stack-
ing the CPU registers, setting the I-bit, and vector fetching
requires a total of 11 tcyc penods for completion

A flowchart of the interrupt sequence i1s shown in Figure
16 The interrupt service routine must end with a return from
interrupt (RTI) instruction which allows the MCU to resume
processing of the program prior to the interrupt (by unstack-
ing the previous CPU state). Table 1 provides a listing of the
interrupts, their priority, and the address of the vector which
contains the starting address of the appropriate interrupt ser-
vice routine The interrupt priority applies to those pending
when the CPU 1s ready to accept a new interrupt. RESET is
listed in Table 1 because It I1s treated as an interrupt.
However, it 1s not normally used as an interrupt When the
interrupt mask bit in the Condition Code Register 1s set the
interrupt is latched for later interrupt execution



MC6805T2

FIGURE 10 — SELF-CHECK CONNECTIONS
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FIGURE 11 — POWER AND RESET TIMING
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FIGURE 13 — CRYSTAL OSCILLATOR FIGURE 14 — EXTERNAL OSCILLATOR

=, L

..CL

4] exTAL

(SeeNote) MC6805T2
T2 XTAL Mcu

Crystal External Clock

NOTE. The recommended Cy_ value with a 4 0 MHz crystal 1s 27 pF,
maximum, including system distributed capacitance There
1s 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 in-
verse of the frequency ratio For example, with a 2 MHz
crystal, use approximately 50 pF on EXTAL and approxi-
mately 25 pF on XTAL. The exact value depends on the ;
Motional-Arm parameters of the crystal used

FIGURE 15 — CRYSTAL MOTIONAL ARM PARAMETERS
AND SUGGESTED PC BOARD LAYOUT

Recommended
Crystal Motional Arm Parameters Cq
R
XTAL | L1 S ] EXTAL
5 Co 4
1L
1AN
AT — Cut Parallel Resonance Crystal
Co=7 pF Max
FREQ=40 MHz @ C[ =24 pF
Rg =50 ohms Max.
(a) (b}
GND
C [©) Crystal 777,
L rystal
¥ , "
CL i
C CRYSTAL
exTaL [/ O
XTAL d.—.—/ d
D MCU
Note Keep crystal leads and circuit

connections as short as possible
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FIGURE 16 — RESET AND INTERRUPT PROCESSING FLOWCHART

1— | (in CCR) ‘
07F— SP
0—DDR's C;\la( id Stack
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Put FFE on Load PC From
Address Bus SW! FFC/FFD
INT FFA/FFB
Timer FF8/FF9
Fetch
Instruction
Y
PC—PC+1 Wl
Load PC
from
FFE/FFF
Execute
L___. Instruction

T !

I
TABLE 1 — INTERRUPT PRIORITIES
Interrupt Priority Vector Address INPUT/OUTPUT _—

RESET 1 SFFE and SFFF There are 19 input/output pins (The INT pin may also be
Sswi 2% $FFC and $FFD polled with branch instructions to provide an additional input
INT 3 $FFA and $FFB pin.) All pins (Ports A, B, and C) are programmable as either

Timer 4 $FF8 and $FF9 inputs or outputs under software control of the correspond-

*Prionty 2 applies when the I-bit in the Condition Code Regster is
set When 1=0, SWI has a priority of 4, like any other instruction,
the prionty of INT thus becomes 2 and the timer becomes 3

The external interrupt is internally synchronized and then
latched on the falling edge of INT. A sinusoidal input signal
(fINT maximum) can be used to generate an external inter-
rupt, as shown in Figure 17, for use as a Zero-Crossing
Detector. For digital applications the INT can be driven by a
digital signal at a maximum period of tyy

ing Data Direction Registers (DDR). The port I/O program-
ming I1s accomplished by writing the corresponding bit in the
port DDR to a logic ““1" for output or a logic "0’ for input.
On Reset all DDRs are initialized to a logic 0" state to put
the ports in the input mode. The port output registers are not
initiahized on Reset but may be written to before setting the
DDR bits to avoid undefined levels. When programmed as
outputs, the latched output data i1s readable as input data,
regardless of the logic levels at the output pin due to output
loading; see Figure 18. When Port B is programmed for out-
puts, it 1s capable of sinking 10 mA and sourcing 1T mA on
each pin.
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FIGURE 17 — TYPICAL INTERRUPT CIRCUITS

a — Zero Crossing Interrupt b — Digital Signal Interrupt
Vee
I:pfn (Current TTL 47k
(fiNT Max ) Limiting) DLeveI' 2 | NT MC6805T2
R<1MQ jore Mcu
npu
ACmIr:/putz 0.14F (tywL Maximum
PP Period) —L
FIGURE 18 — TYPICAL PORT 1/0 CIRCUITRY
Data
\vd Direction Register
Bit*
2
% O Latched o
€5 Output |
g 8< g Data Qutput Pin
=5 Bit
(6]
nput
Reg
Bit
Ne———¢
Input
* 170
I w
To Timer
for PCO/TIMER Pin
Data
Direction Output Input
Register Data Output To
Bit Bit State MCU
1 0 0 0
1 1 1 1
0 X 3-State**® Pin

“DDR 1s a write-only register and reads as all 1's
**Ports A (with CMOS drnive disabled), B, and C are three-state ports Port A has optional internal pullup devices
to provide CMOS drive capability See Electrical Charactenstics tables for complete information
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All input/output lines are TTL compatible as both inputs
and outputs Ports B and C are CMOS compatible as inputs
Port A may be made CMOS compatible as outputs with a
mask option Figure 19 provides some examples of port con-
nections The address map in Figure 6 gives the address of
the data registers and DDRs The regrster configuration 1s

shown in Table 2 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 undefined Since BSET and
BCLR are read/ modify/write functions, they cannot be used
to set or clear a DDR bit (all ““unaffected” bits would be set)
It 1s recommended that all DDR bits in a port be written using
a single-store instruction

The latched output data bit (see Figure 18) may always be
wrntten Therefore, any write to a port writes all of its data
bits even though the port DDR s set to input This may be

used to initialize the data registers and avoid undefined out-
puts, however, care must be exercised when using read/
modify/write instructions since the data read corresponds to
the pin level If the DDR s an input (0) and corresponds to the
latched output data when the DDR 1s an output (1)

PHASE LOCK LOOP (PLL)

The PLL section consists of a 14-bit binary vanable
divider, a fixed 10-stage divider, a digital phase and fre-
quency comparator with a three-state output, and circuitry
to avord "backlash” effects in phase lock conditions

With a suitable high-frequency prescaler and an active
integrator the user can easily establish a frequency syn-
thesizer system driving a voltage controlled oscillator, as
shown in Figure 20 The equations governing the PLL are
given in Figure 21

TABLE 2 — MCU REGISTER CONFIGURATION

PORT DATA DIRECTION REGISTER (DDR)

(1) Write Only, reads as all 1's
(2) 1=0Output, O=Input Cleared to O by Reset
(3) Port A Addr=$004

Port B Addr= $005

Port C Addr= $006

7

o

L

PORT DATA REGISTER

Port A Addr= $000
Port B Addr=$001
Port C Addr = $002

TIMER CONTROL REGISTER (TCR)

$009

TCR7—Timer Interrupt Request Status Bit Set when
TDR goes to zero, must be cleared by software
Cleared to 0 by Reset

TCR6—Timer Interrupt Mask Bit 1=timer interrupt
masked (disabled) Set to 1 by Reset

TCR5—External Timer Source 1=External, 0= Inter-
nal Cleared to O by Reset

TCR4—Disable Timer 1= Timer Source Disconnected,
0= Timer Input Enabled Cleared to O by Reset

TCR Bits 3, 2, 1, and O read as 1's (not used)

7

6 5 4

L1

[T T LT

TIMER DATA REGISTER (TDR)

$008

7

[ ™

s8 Lss |
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FIGURE 19 — TYPICAL PORT CONNECTIONS

PA7{ 27 (CMOS Loads)

PAG{ 26

PA5| 25

PA4| 24 (1 TTL Load)
[ S—

PA3| 23 16mA

PA21 22

PATl 21

PAO| 20

L

Port A, Bit 7 Programmed as Output, Driving
CMOS Loads and Bit 4 Driving one TTL Load
Directly (using CMOS output option)

PB7| 19
PB6| 18
PB5 17
PB4 16
PB3| 15
PB2 14
PB1 13
PBO 12

+V

10 mA: /? /5‘

(max)
-

<*— 10 mA (max)

Port B, Bit 0 and Bit 1 Programmed as Output,
Driving LEDs Directly

Y

MC74L.504

{Typical)

i

sesevecses

M
27 | PA7
26 | PA6
25 | PAS
24 PA4
23 | PA3
22 PA2
21 PA1
20 PAQ

L~

TTL Dniving Port A Directly

MC14069

(Typical)
D.
S
8
MC74L.504

{Typical)
CMOS and TTL Dnving Port C Directly

a. Output Modes

PB7
PB6
PB5
PB4
PB3
PB2
PB1
PBO

b. Input Modes

H 9
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Port B, Bit 5 Programmed as Output, Driving
Darlington-Base Directly.
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VARIABLE DIVIDER

The vanable divider i1s a 14-bit binary down counter which
communicates with the CPU via two read/write registers
located at address $00A, for the LS byte, and $00B, for the
MS byte The upper two bits in register $00B, always read
as logical “1's” When the vanable divider count has reached
zero a preset pulse, fyAR. 1s generated. This 1s used to
reload the vanable divider with the contents of the 14-bit
latch as shown in Figure 22

Data transfers from registers $00A and $00B to the latch
occur outside the preset time and only during a write opera-
tion performed on register $00A For example, a 6-bit data
transfer to register $00B is only transferred to the variable
divider 1If followed by a write operation to register $00A
Figure 23 shows a typical error free manipulation of the
14-bit data in the fine tuning operations

The use of the 14-bit latch synchronizes the data transfer
between two asynchronous systems, namely, the CPU and
the vanable divider

At power up reset both the vanable divider and the con-
tents of the PLL registers are set to logical “1's”

The vanable frequency input pin, fin, 1s self biased requir-
ing an ac coupled signal with a normal swing of 06V The
input frequency range of fi, allows the device, together with
a suitable prescaler, to cover the entire TV frequency spec-
trum
REFERENCE DIVIDER

This 10-stage binary counter generates a reference fre-
quency, fREF, which 1s compared with the output of the
vaniable divider The reference divider 1s mask program-
mable, thus, allowing the user a choice of reference fre-
quency, see Figure 22.

FIGURE 20 — PHASE LOCK LOOP AN AN RF FREQUENCY SYNTHESIZER

vCOo fvco .
(Tunen Prescaler I
fin
————————————————— "
|
fVAR + N |
A Co:'-:)aas:tor - Vanable - |
Divider
Band | | E:IELLF 1 !
Information | 4__}______4 l
128§l | pata ! fREF |
o = 4—1——1
‘ “o Reference
l e Divider cPU l
! l | +R I
|
Saayd _} L MCGSOGTZ_I
fcL

FIGURE 21 — PRINCIPAL PLL EQUATIONS

For a system in lock.

fvAR = fREF
sincey fin =fin®*N
fvco = fRer* P

where P = prescaler division ration

fvco

= fRep® PN

Minimum frequency step =
Afveo = fRer® P

AN
eg. fcL = 400 MHz
H = 2!0
where R = the reference divider ratio
P =64
Afyco = 62.5 kHz
AN
fREF = 9765Hz
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FIGURE 22 — MC6805T2 PLL BLOCK DIAGRAM

CPU Data Bus

6 8
READ PLLHI PLL HI PLL LO - READ PLLLOW
WRITE PLLHI Register $008 Register $00A — WRITE PLLLOW
_ Load
MSB Latch Lfg% I Synchronize
!14 } A
fin Variable Divider
f
\ VAR
¢$COMP O<€¢———— Buffer Comparator
Ir- 1 Manufacturing
Mask Option
vyp
+2 o
o] !
lo0 |
10 o |
LY ! f
+2 | fREF = __°
s w2, 2 29
T—__ N —
T 1 out of 10 Mask Option
fcL
FIGURE 23 — TYPICAL FINE TUNE EXAMPLE
FTUP LDA PLLLOW
INCA check if LS byte=$FF (Reg $00A)
BNE M if not increment only LS byte
INC PLLLOW increment MSB (Reg $00B) before LSB
m INC PLLLOW
L]
L]
L]
FTDWN TST PLLLOW check if LS byte=$00
BNE TT2 if not decrement only LS byte
DEC PLLHI decrement MSB before LSB

TT2 DEC PLLLOW
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PHASE COMPARATOR

The phase comparator compares the frequency and phase
of fy AR and fRgF, and according to their phase relationship
generates a three-level output, #COMP, as shown in Figures
24 and 25. The output waveform is then integrated,
amplified, and the resultant dc voltage 1s applied to the
voltage controlled oscillator

In practice a linear characteristic around the steady-state
region can not be achieved due to internal propagation

delays. Thus, phase comparators exhibit non-linear
charactenistics and for systems which lock in phase, this
results In a ‘backlash’ effect — creating sidebands and FM
distortion. To avoid this effect a very short pulse s injected
penodically into the system. The loop, in turn, attempts to
cancel this interference. and in doing so brings the phase
comparator to its linear zone, as shown in Figures 26 and 27.

A typical application, for a TV frequency synthesizer, is il-
lustrated in Figure 28

FIGURE 24 — PHASE COMPARATOR STATE DIAGRAM

fvAR  fREF
+ !
#COMP 0 I 3-State 1 ]
Output | High-impedance |
FIGURE 256 — PHASE COMPARATOR OUTPUT WAVEFORM
L
>
fVAR 4 l l —-— l
fREF L I —— I
PULSE INJECTION e Pulse Injection
- 4
$COMP 1ST -1
0— M teRR tERR
o TYP 40ns
Phaselead Phaselag Stable State
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FIGURE 26 — PHASE COMPARATOR CHARACTERISTICS
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FIGURE 27 — PHASE COMPARATOR WITH PULSE INJECTION
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FIGURE 28 — A TYPICAL TV SYNTHESIZER APPLICATION
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BIT MANIPULATION

The MCU has the ability to set or clear any single random-
access memory or input/output bit (except the Data Direc-
tion Registers, see Caution under INPUT/OUTPUT
paragraph), with a single instruction (BSET, BCLR) Any bit
in page zero including ROM, except the DDRs, can be
tested, using the BRSET and BRCLR instructions, and the
program branches as a result of its state The Carry bit
equals the value of the bit referenced by BRSET and BRCLR
A Rotate instruction may then be used to accumulate serial
input data in a RAM location or register The capability to
work with any bit in RAM, ROM, or |/0 allows the user to

have individual flags in RAM or to handle I/0 bits as control
lines

The coding example in Figure 29 illustrates the usefulness
of the bit manipulation and test instructions Assume that
the MCU 1s to communicate with an external senal device
The external device has a data ready signal, a data output
line, and a clock line to clock data one bit at a time, LSB first,
out of the device The MCU waits until the data Is ready,
clocks the external device, picks up the data in the Carry Flag
(C-bit), clears the clock line and finally accumulates the data
bits iIn a RAM location

FIGURE 29 — BIT MANIPULATION EXAMPLE

MCU
Ready {2 p
Senal o
Device Clock 1R
T
Data oA

2, PORTA, SELF

SELF BRSET

BSET 1, PORTA

BRCLR O, PORTA, CONT
CONT BCLR 1, PORTA

ASR RAMLOC
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ADDRESSING MODES

The MCU has 10 addressing modes which are explained
briefly in the following paragraphs For additional detatls and
graphical Illustrations, refer to the M6805 Family Users
Manual

The term “effective address’' (EA) 1s used in describing the
address modes EA is defined as the address from which the
argument for an instruction is fectched or stored

IMMEDIATE — In the immediate addressing mode, the
operand is contained In the byte immediately following the
opcode The immediate addressing mode Is used to access
constants which do not change during program execution
(e g, a constant used to intialize a loop counter)

DIRECT — In the direct addressing mode, the effective
address of the argument is contained in a single byte follow-
ing the opcode byte Direct addressing allows the user to
directly address the lowest 256 bytes in memory with a single
2-byte instruction This includes the on-chip RAM and 1/0
registers and 128 bytes of ROM Direct addressing Is an ef-
fective use of both memory and time

EXTENDED — In the extended addressing mode, the ef-
fective address of the argument is contained in the two bytes
following the opcode Instructions using extended address-
ing are capable of referencing arguments anywhere in
merhory with a single 3-byte instruction When using the
Motorola assembler, the programmer 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 following the opcode (the offset) I1s add-
ed to the PC if and only if the branch condition is true. Other-
wise, control proceeds to the next instruction The span of
relative addressing 1s from — 126 to + 129 from the opcode
address. The programmer need not worry about calculating
the correct offset when using the Motorola assembler, since
1t calculates the proper offset and checks to see if it 1s within
the span of the branch.

INDEXED, NO OFFSET — In the indexed, no offset ad-
dressing mode, the effective address of the argument is con-
tained in the 8-bit index register. Thus, this addressing mode
can access the first 256 memory locations. These instruc-
tions are only one byte long This mode Is often used to
move a potnter 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 effective address is the sum of the con-
tents of the unsigned 8-bit index register (X) and the unsign-
ed byte following the opcode. This addressing mode 1Is
useful In selecting the kth element in an n element table.
With this 2-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 ad-
dressable locations and could extend as far as location 511
($1FE).

INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset
addressing mode, the effective address i1s the sum of the
contents of the unsigned 8-bit index register and the two un-
signed bytes foliowing the opcode This addressing mode
can be used in a manner similar to indexed, 8-bit offset, ex-
cept 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, and the byte
following the opcode specifies the page-zero address of the
byte in which the specified bit is to be set or cleared Thus,
any read/write bit in the first 256 locations of memory, in-
cluding 1/0, can be selectively set or cleared with a single
2-byte instruction See Caution under the INPUT/OQUTPUT
paragraph

BIT TEST AND BRANCH — The bit test and branch
addressing mode I1s a combination of direct addressing and
relative addressing. The bit and condition (set or clear) is in-
cluded in the opcode, which is to be tested and 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 value of the PC if the branch
condition is true. This single 3-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 branch-
ing 1s from +130 to —125 from the opcode address The
state of the tested bit 1s also transferred to the Carry bit of
the Condition Code Register See Caution under the IN-
PUT/OUTPUT paragraph

INHERENT — In the inherent addressing mode, all the in-
formation necessary to execute the instruction I1s contained
in the opcode Operations specifying only the index register
or accumulator, as well as control instruction with no other
arguments, are included in this mode These instructions are
one byte long

INSTRUCTION SET

The MCU has a set of 59 basic instructions, which when
combined with the 10 addressing modes produce 207 usable
opcodes. They can be divided into five different types
register/memory, read/modify/write, branch, bit manipula-
tion, and control The following paragraphs briefly explain
each type. All the instructions within a given type are
presented In individual tables

REGISTER/MEMORY INSTRUCTIONS — Most of these
instructions use two operands. One operand 1s either the ac-
cumulator or the index register The other operand is obtain-
ed from memory using one of the addressing modes The
jump unconditional (JMP) and jump to subroutine (JSR) In-
structions have no register operand. Refer to Table 3.

READ/MODIFY/WRITE INSTRUCTIONS — These In-
structions read a memory location or a register, modify or
test its contents, and write the modified value back to
memory or to the register (see Cautions under INPUT/OUT-
PUT paragraph). The test for negative or zero (TST) instruc-
tion 1s included In the read/ modify/write instructions though
1t does not perform the write. Refer to Table 4.
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TABLE 3 — REGISTER/MEMORY INSTRUCTIONS

Addressing Modes
Indexed Indexed Indexed
Immediate Direct Extended (No Offset) (8 Bit Offset) (16-Bit Offset)
op| # Op| # # op| # # op | # # 091 # # opP | # ]
Function Mnemonic| Code| Bytes| Cycles | Code|Bytes| Cycles | Code|Bytes | Cycles | Code |Bytes | Cycles | Code|Bytes | Cycles | Code |Bytes | Cycles
Load A from Memory LDA A6 2 B6 2 4 cé 3 5 F6 1 a4 E6 2 5 D6 3 6
Load X from Memory LDX AE 2 BE 2 4 CE 3 5 FE 1 4 EE 2 5 DE 3 6
Store A in Memory STA — - - B7 2 5 c7 3 6 F7 1 5 €7 2 6 D7 3 7
Store X in Memory STX - — — BF 2 5 CF 3 6 FF 1 5 EF 2 6 DF 3 7
Add Memory to A ADD AB 2 BB 2 4 CB 3 5 FB 1 4 EB 2 5 DB 3 6
Add Memory and
Carry to A ADC A9 2 B9 2 4 C9 3 5 F9 1 4 €9 2 5 09 3 6
Subtract Memory SuB AOQ 2 BO 2 4 co 3 5 FO 1 4 EO 2 5 DO 3 6
Subtract Memory from
A with Borrow SBC A2 2 82 2 4 Cc2 3 5 F2 1 4 E2 2 5 D2 3 6
AND Memory to A AND A4 2 B4 2 a4 ca 3 5 F4 1 a4 E4 2 5 D4 3 6
OR Memory with A ORA AA 2 BA 2 4 CA 3 5 FA 1 4 EA 2 5 DA 3 6
Exclusive OR Memory
with A EOR A8 2 B8 2 4 Cc8 3 5 F8 1 4 E8 2 5 D8 3 6
Anthmetic Compare A
with Memory CMP Al 2 B1 2 4 c1 3 5 ] 1 4 E1 2 5 D1 3 6
Anthmetic Compare X
with Memory CPX A3 2 B3 2 4 Cc3 3 5 F3 1 4 E3 2 5 03 3 6
Bit Test Memory with
A (Logical Compare) BIT A5 2 B5 2 4 Cc5 3 5 F5 1 4 ES 2 5 1) 3 6
Jump Unconditional JMP - — — 8C 2 3 CcC 3 4 FC 1 3 EC 2 4 OC 3 5
Jump to Subroutine JSR — - - 8D 2 7 cD 3 8 FD 1 7 ED 2 8 oD 3 9
TABLE 4 — READ/MODIFY/WRITE/ INSTRUCTIONS
Addressing Modes
Indexed Indexed
Inherent (A) Inherent (X} Direct (No Offset) {8 Bit Offset)
Op # # Op # # Op # # Op # # Op # #
Function Mnemonic | Code|Bytes| Cycles| Code|Bytes| Cycles|Code|Bytes| Cycles | Code[Bytes [ Cycles | Code|Bytes| Cycles
Increment INC 4ac 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC aA 1 4 5A 1 a4 3A 2 6 7A 1 6 6A 2 7
Clear CLR 4F 1 4 S5F 1 4 3F 2 6 7F 1 6 6F 2 7
Complement com 43 1 4 53 1 a4 33 2 6 73 1 6 63 2 7
Negate
(2's Complement) NEG 40 1 4 50 1 4 30 2 6 0 1 6 60 2 7
Rotate Left Thru Carry ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 2 7
Rotate Right Thru Carry ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7
Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Logical Shift Right LSR 44 1 4 54 1 4 34 2 6 74 1 6 64 2 7
Anthmetic Shift Right ASR a7 1 4 57 1 a4 37 2 6 77 1 6 67 2 7
Test for Negative
or Zero ST 4D 1 4 50 1 4 3D 2 6 70 1 6 6D 2 7
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BRANCH INSTRUCTIONS — The branch instructions
cause a branch from the program when a certain condition is
met. Refer to Table 5.

BIT MANIPULATION INSTRUCTIONS — These instruc-
tions are used on any bit in the first 256 bytes of the memory
(see Cautions under INPUT/OQUTPUT paragraph). One
group either sets or clears. The other group performs the bit
test branch operations Refer to Table 6.

4-236

CONTROL INSTRUCTIONS — The control instructions
control the MCU operations during program execution
Refer to Table 7.

ALPHABETICAL LISTING — The complete instruction set
is given in alphabetical order in Table 8

OPCODE MAP SUMMARY — Table 9 is an opcode map
for the instructions used on the MCU.
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TABLE 5 — BRANCH INSTRUCTIONS

Relative Addressing Mode
Op # #

Function Mnemonic| Code Bytes | Cycles
Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
BranchIFFHigher BHI 22 2 4
Branch IFF Lower or Same BLS 23 2 4
Branch IFFCarry Clear BCC 24 2 4
(BranchiFFHigher or Same)| (BHS) 24 2 4
Branch IFFCarry Set BCS 25 2 4
(BranchlIFF Lower) (BLO) 25 2 4
BranchIFF Not Equal BNE 26 2 4
BranchIFFEqual BEQ 27 2 4
Branch IFF Half Carry Clear| BHCC 28 2 4
BranchIFFHalf Carry Set BHCS 29 2 4
BranchlIFF Plus BPL 2A 2 4
BranchlFF Minus BMI 28 2 4
Branch IFF Interupt Mask

Bit i1s Clear BMC 2C 2 4
BranchlIFFinterrupt Mask

Bit 1s Set BMS 20 2 4
BranchIFFInterrupt Line

1s Low BIL 2€E 2 4
BranchIFFinterrupt Line

1s High BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

TABLE 6 — BIT MANIPULATION INSTRUCTIONS

Addressing Modes

Bit Set/Clear Bit Test and Branch
Op # # Op # #

Function Mnemonic Code Bytes| Cycles| Code Bytes [ Cycles
Branch IFF Bit n s set BRSETn(n=0 7) — — —_ 2en 3 10
Branch IFF Bit nis clear | BRCLRn(n=0 7) — — — |01 +2en 3 10
Set Bit n BSETn(n=0 7) 10+2en 2 7 —_ — —
Clear bit n BCLRn(n=0 7) 11+2en 2 7 — — —

TABLE 7 — CONTROL INSTRUCTIONS

Inherent

Op # #
Function Mnemonic | Code Bytes | Cycles
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SE!l 98 1 2
Clear Interrupt Mask Bit CLi 9A 1 2
Software Interrupt Swi 83 1 1
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP oD 1 2
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TABLE 8 — INSTRUCTION SET
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C Carry/Borrow

Condition Code Symbols
H Half Carry (From Bit 3)

A Test and Set if True, Cleared Otherwise

Interrupt Mask
N Negative (Sign Bit)

Z Zero

Not Affected
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TABLE 8 — INSTRUCTION SET (CONTINUED)

Addressing Modes Condition Code
Bit Bit
Indexed |Indexed|indexed|Set/ | Test &

Mnemonic| Inherent [iImmediate | Direct| Extended [Relative|{(No Offset)| (8 Bits) |(16 Bits)|{Clear | Branch| H| | [N|Z | C
RTI X IR ERERER
RTS X olejojo| @
sBC X X X X X X O(O[A[A| A
SEC X ojloi0olo 1
SEI X oli|ele| @
STA X X X X X O(OIANIAN] @
STX X X X X X O(OINIAN| O®
SuB X X X X X X O|@®|A|A]| A
swi X ol1|ojo| @
TAX X olefojef e
ST X X X X eole[A[A] @
TXA X 000K

Condition Code Symbols
H Half Carry (From Bit 3) C Carry/Borrow
| Interrupt Mask Test and Set if True, Cleared Otherwise
N Negative (Sign Bit) Not Affected
Z Zero Load CC Register From Stack

~ >

-
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TABLE 9 — M6805 FAMILY INSTRUCTION OPCODE MAP

Bit Manipulation Branch Read/Modify/Write Control Register/ Memory
BTB J;_L D| (A) INH(X) X1 1X INH IMM DIR EXT X2 1X1 X
Hi 0 4 7 8 9 A B D E F Hi
Low 0001 0010 oon 0100 101 0110 o111 1000 1001 1010 1011 1100 1101 1110 1 Low
10 57 514 3 5|4 34 37 66 ERE £ 7 K] 5 7|6 T 17 3
0 BRSETO BSETO BRA NEG NEGA NEGX NEG NEG RTI suB sus suB sus sus sus 0
| 0000 3 BTB {2 BSC |2 REL 2 1 INH | 1 INH | 2 X1 |1 X |1 INH 2 IMM | 2 DIR |3 EXT |3 X2 X141 X 0000
10 7 ) 2 2] 4 5 4|6 515 a4 3
1 BRCLRO { BCLRO BRN RTS CMP CMP CMP CcmpP CMP CcmP 1
0001 3 BTB |2 BSC {2 REL 1 INH 2 IMM | 2 OIR |3 EXT |3 X2 |2 X1 X 0001
10 517 54 3 2 2]4 3[5 76 515 K] 3
2 BRSET1 BSET1 BHI SBC SBC SBC SBC SBC S8C 2
0010 3 BTB ___BSC 12 REL 2 IMM | 2 DIR |3 EXT 13 X2 ] 2 X1 )1 X 0010
10 57 54 3 4 34 37 66 EREE 0 2 2[4 5 76 575 a[a 3
3 BRCLR1 BCLR1 BLS CcoM COMA COMX CoM CoMm Swi CPX CPX CPX CPX CPX CPX 3
0011 3 BT8 BSC |2 REL | 2 DIR | 1 INH | 1 INH X1 {1 X |1 INH 2 MM | 2 DR |3 EXT [ 3 X2 X7 1X 0011
0 57 514 36 5 3[4 37 66 5 2 2 35 a6 55 a|a 3
4 BRSET2 BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 4
0100 3 BTB | 2 BSC | 2 REL |2 iR |1 INH | 1 INH | 2 X141 X 2 IMM | 2 DIR |3 EXT | 3 X2 | 2 X1 1X 0100
10 57 514 3 2 1 5 216 5|5 a4 3
5 BRCLR2 BCLR2 BCS BIT BIT BIT BIT BIT BIT 5
101 3 BTB | 2 2 REL 2 MM | 2 DIR |3 EXT |3 ix2] 2 X1 1 1X 0101
10 517 514 316 ) 3[4 37 66 5 2 2 5 46 5[5 aa 3
6 BRSET3 BSET3 BNE ROR RORA RORX ROR ROR LDA LDA LDA LDA LDA LDA 6
0110 3 BTB | 2 BSC 12 REL | 2 DR {1 INH 1 INH | 2 X141 1X 2 IMM | 2 DIR {3 EXT |3 X212 X1 X 0110
10 57 5[4 36 5[4 3[4 317 66 5 7 7 5 a6 517 616 5|5 q
7 BRCLR3 | BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA 7
o111 3 BTB | 2 8sc 2 REL | 2 DIR | 1 IN 1 INH X111 1X 1 INH 2 DIR |3 EXT |3 X212 X1 |1 X om
10 7 5|4 36 - 5[4 4 3|7 66 5 2 22 2 3[5 416 515 a4 3
8 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL LSL cLC EOR EOR EOR EOR EOR EOR 8
1000 3 BTB | 2 BSC |2 REL | 2 DR |1 INH | 1 INH | 2 X111 X 1 INH IMM DR |3 EXT |3 X212 X1t X 1000
10 517 514 316 5[4 34 3 66 5 2 212 2|4 5 76 515 a|a 3
9 BRCLR4 | BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC ADC 9
1001 3 BTB | 2 BSC | 2 REL | 2 DIR | 1 INH | 1 INH | 2 X141 X 1 INH | 2 IMM | 2 DR |3 EXT| 3 X2 2 X1 1 iX 1001
10 5]7 5[4 36 5[4 32 37 66 5 2 202 K 5 a6 515 K T
A BRSETS BSETS BPL DEC DECA DECX DEC DEC CLi ORA ORA ORA ORA ORA ORA A
1010 3 BTB {2 BSC {2 REL | 2 DIR |1 INH| 1 INH [ 2 X141 X 1 INH |2 IMM | 2 DIR | 3 EXT {3 X212 X1l 1X 1010
10 517 5[4 3 22 4 5 ale 5[5 473
B BRCLR5 | BCLR5 BMI SEI ADD ADD ADD ADD ADD ADD B
101 3 BTB | 2 BSC |2 REL 1 INH |2 IMM | 2 DR |3 EXT | 3 X2 2 x1]1 X 1011
10 5|7 5|4 3 5[4 314 3|7 5|6 2 2 3 4 35 a4 33 2
C BRSET6 BSET6 BMC INC INCA INCX INC INC RSP JMP JMP JMP JMP JMP C
1100 3 BTB |2 BSC | 2 REL OIR | 1 INH | 1 INH | 2 X1 |1 1X 1 iNH 2 DR |3 EXT| 3 x2] 2 x1]1 X 1100
10 517 5[4 3 K 32 3 516 ) 2 28 517 58 519 718 617 5
D BRCLR6 BCLR6 BMS TST TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR D
1101 3 BTBl2 BSC|2 REL DIR | 1 INH | 1 INH | 2 xifi iX 1 INH |2 REL| 2 DIR |3 EXT) 3 X2 2 IXi1 1x 1101
10 57 514 3 2 2 3(5 76 515 a2 3
E BRSET7 BSET7 BIL sTOP LDX LDX LDX LDX LDX LDX
1110 3 BB |2 BSC [2 REL 1 INH 2 IMM | 2 DIR |3 EX. | 3 X212 AN X 110
10 517 574 3 5[4 3[4 317 66 5 Z 5 6 6] 6 5[5 2
F BRCLR7 | BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX F
11 3 BTB | 2 BSC | 2 REL DR | 1 INH | 1 INH | 2 X1 |1 X |1 INH |1 INH 2 DR |3 EXT] 3 X2 2 X1 X 1
Abbreviations for Address Modes LEGEND
INH Inherent pcod:
MM Immediate F < (o] le in Hexadecimal
DIR Drrect m
EXT Extended # of Cycles (HMOS Versions) ——— 4
REL Relative Mnemonic > SUB 0 Opcode in Binary
BSC Bit Set/Clear Bytes ————>¢ 1 1X 0000
BTB Bit Test and Branch
1X Indexed (No Offset) # of Cycles (CMOS Versions) Address Mode
X1 Indexed, 1 Byte (8-Bit) Offset
1X2 Indexed, 2 Byte (16-Bit) Offset

-

CMOS Versions Only
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ORDERING INFORMATION

The information required when ordering a custom MCU is
listed below The ROM program may be transmitted to
Motorola on EPROM(s) or on MDOS disk file.

To initiate a ROM pattern for the MCU 1t 1s necessary to
first contact your local Motorola representative or
distributor

EPROMs — The MCM2716 or MCM2532 type EPROMs,
programmed with the customer program (positive logic
sense for address and data), may be submitted for pattern
generation The EPROM must be clearly marked to indicate
which EPROM corresponds to which address space The
recommended marking procedure s illustrated below

]
XXX XXX
000 400

XXX = Customer 1D

After the EPROM(s) are marked they should be placed in
conductive IC carriers and securely packed Do not use
styrofoam

VERIFICATION MEDIA

All onginal pattern media (EPROMs or Floppy Disk) are
filed for contractual purposes and are not returned. A com-
puter listing of the ROM code will be generated and returned
along with a listing verification form The listing should be
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thoroughly checked and the verfication form completed,
signed, and returned to Motorola The signed venfication
form constitutes the contractual agreement for creation of
the customer mask If desired, Motorola will program one
blank EPROM from the data file used to create the custom
mask to aid in the verification process

ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer's ROM pattern will be
sent for program venfication. These units will have been
made using the custom mask but are for the purpose of
ROM venfication only For expediency they are usually un-
marked, packaged in ceramic, and tested only at room
temperature and 5 volts These RVUs are included in the
mask charge and are not production parts. The RVUs thus
are not guaranteed by Motorola Qualty Assurance, and
should be discarded after verification 1s completed

FLEXIBLE DISKS

The disk media submitted must be single-sided, single-
density, 8-inch, MDOS-compatible floppies The customer
must write the binary file name and company name on the
disk with a felt-tip pen The minimum MDOS system files as
well as the absolute binary object file (filename,.LO type of
file) from the M6805 cross assembler must be on the disk An
object file made from a memory dump using the ROLLOUT
command Is also acceptable Consider submitting a source
listing as well as the following files. filename, .LX(EXOR-
ciser® loadable format) and filename, .SA (ASCIl Source
Code). These files will of course be kept confidential and are
used 1) to speed up the process in-house if any problems
anise, and 2) to speed up the user-to-factory interface if the
user finds any software errors and needs assistance quickly
from Motorola factory representatives

MDOS 1s Motorola’s Disk Operating System available on
development systems such as EXORciser, EXORsets, etc.
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MC6805T2 MCU ORDERING INFORMATION

Date Customer PO Number

Customer Company Motorola Part Numbers

Address me
SC
City State 2Zip
Country
Phone Extension

Customer Contact Person

Customer Part Number

OPTION LIST
Select the options for your MCU from the following list. A
manufacturing mask will be generated from this information.

Timer Clock Source
O Internal ¢2 clock
O TIMER input pin

Timer Prescaler

O 2° (divide by 1) O 2* (divide by 16)
O 2' (divide by 2) O 2% (dwvide by 32)
O 22 (divide by 4) O 2° (divide by 64)
O 22 (divide by 8) 3 2’ (divide by 128)
Internal Oscillator Input  Low Voltage Inhibit Port A Output Drive
O Crystal O Disable O CMOS and TTL
O Resistor O Enable O TTL Only

Pattern Media (All other media requires prior factory approval )

[0 EPROMs (MCM2716 or MCM2532 O Floppy Disk
O Other
Clock Freq.
Temp. Range 0O 0° to +70°C (Standard) 0O —40°to +85°C* O -40°to +125°C¥*

*Requires prior factory approval

Marking Information (12 Characteis Maximum)

Title

Signature
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Advance Information

8-BIT MICROCOMPUTER UNIT WITH A/D

The MC6805R2 Microcomputer Unit (MCU) 1s a member of the M6805
Family of low-cost single-chip Microcomputers The 8-bit microcomputer
contains a CPU, on-chip CLOCK, ROM, RAM, 1/0, 4-channel 8-bit A/D,
and TIMER It i1s designed for the user who needs an economical
microcomputer with the proven capabilities of the M6800-based instruction
set A companson of the key features of several members of the M6805
Family of microcomputers 1s shown on the last page of this data sheet The
following are some of the hardware and software highlights of the
MC6805R2 MCU

HARDWARE FEATURES:
® 8-Bit Architecture
® 64 Bytes of RAM
® Memory Mapped I/O
® 2048 Bytes of User ROM
® 24 TTL/CMOS Compatible Bidirectional I/0 Lines (8 lines are LED
Compatible)
2 to b Digital input Lines
A/D Converter
8-Bit Conversion, Monotonic
1 to 4 Multiplexed Analog Inputs
+1/2 LSB Quantizing Error
+1/2 LSB All Other Errors
+ 1 LSB Total Error (max)
Ratiometric Conversion
Zero-Crossing Detection
On-Chip Clock Generator
Self-Check Mode
Master Reset
Complete Development System Support On EXORciser®
5 V Single Supply

SOFTWARE FEATURES:

Similar to M6800 Family

Byte Efficient Instruction Set

Easy to Program

True Bit Manipulation

Bit Test and Branch Instructions
Versatile Interrup Handling

Versatile Index Register

Powerful Indexed Addressing for Tables
Full Set of Conditional Branches
Memory Usable as Register/Flags
Single Instruction Memory Examine/Change
10 Powerful Addressing Modes

All Addressing Modes

User Callable Self-Check Subroutines

USER SELECTABLE OPTIONS:

® Internal 8-Bit Timer with Selectable Clock Source (External Timer
Input or Internal Machine Clock)

® Timer Prescaler Option (7 Bits 2N)

® 8 Bidirectional I/0 Lines with TTL or TTL/CMOS Interface Option

® Crystal or Low-Cost Resistor Oscillator Option

® |ow Voltage Inhibit Option

® 4 Vectored Interrupts, Timer, Software, and 2 External

HMOS

(HIGH DENSITY
N-CHANNEL, SILICON-GATE
DEPLETION LOAD)

8-BIT
MICROCOMPUTER

L SUFFIX
CERAMIC PACKAGE
CASE 715

P SUFFIX
PLASTIC PACKAGE
CASE 711

S SUFFIX
CERDIP PACKAGE
CASE 734

FIGURE 1 — PIN ASSIGNMENTS

vssil' @ A\ 40{JPA7
RESET[] 2 29[IPA6
iNT[3 38[IPAS
vVec 4 37[1PA4
EXTALQ5 36({]PA3
XTALO6 35[]PA2
NumQ 7 upeat
Tlmenq 8 33fIpA0
pcoljo 32[1p87
pcif]io 31[1PB6
pc2fn 30{1PB5
pc3f2 29({] PB4
pcaf]is 28[]re3
PCsj14 27{1PB2
PCel}1s 26 {1PB1
pc7lji6 25[1PB0
PD7[17 24[1PDO
PD6/INT2 [J18 23f1PD1
PD5 [J10 22f1PD2
PD4 [} 20 21[1PD3
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FIGURE 2 — MC6805U2 HMOS MICROCOMPUTER BLOCK DIAGRAM

—— XTAL  EXTAL RESET NUM INT
Timer—m  Prescaler fmer
Counter
7 8
Timer Control Oscillator r—l
PAQ <@g
PA] g8 Accumulator
Port  pp2e-#» Port | Data 8 A CcPU INT2
A pAZae-»
110 pas Ri RD" = ] Index Control
-5 e <
Lines  pAas g g 8 Register M PDO
- PD1
F;:s ; Condition PD2
Code Port D e PD3 Port D
5  Register Input
< cpu Input PD4 Lines
Stack PDS ___
PBO - 5 Ponter o) h_ggg/mn
PBlag—8m
Port PB2 Program
B o por Data Counter
PBIat-8» g Dir 4 High PCH
/0 pp4ag—m R Re ALU
Lines pp5ag-tel O 9 Program
PB6 <8 Counter
PB7 8 Low PCL @ PCO
l jg— PC1
y r ja—m pC2  Port
T T DDallra Pglt js—& PC3 C
2048 x 8 64x8 Reg Reg j@— pCc4 |0
User ROM RAM j—® PC5 Lines
[ PCH
Self Check
ROM e PC7
MAXIMUM RATINGS
- " This device contains circuitry o protect the
Rating Symbol Value Unit inputs against damage due to high static
Supply Voltage Vee —-031t0+70 v voltages or electric fields, however, 1t 1s ad-
Input Voltage (Except Pin 6) Vin -03t0 +70 \ vised that normal precautions be taken to
Operating Temperature Ran o avoid application of any voltage higher than
perating perature Range TA 0 to 70 C o | s high
maximum rated voltages to this high-
Storage Temperature Range Tstg —55 to +180 °c impedance circuit For proper operation it is
Junction Temperature recommended that V,; and Vgt be con-
Plastic 150 strained to the range Vgg=iV,n or
Ceramic IN] 175 °C Vout!=Vce  Reliability of operation 1s
Cerdip 175 enhanced If unused Inputs are tied to an ap-
propriate logic voltage level \e g , either Vgg
or Vee!
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Thermal Resistance
Plastic 100
Ceramic A7 50 °C/W
Cerdip 60
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POWER CONSIDERATIONS

The average chip-junction temperature, Tj, in °C can be obtained from-
Ty=Ta+ (Ppedja) (1
Where*
T A= Ambient Temperature, °C
0 A= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT +PPORT
PINT=IccxVee. Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < P|NT and can be neglected. PPORT may become significant if the device 1s configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPORT Is neglected) 1s

PpD=K~(Ty+273°C) (2)
Solving equations 1 and 2 for K gives
K=Ppe(Ta+273°C) + 6 A*PD2 3

Where K is a constant pertaining to the particular part K can be determined from equation 3 by measuring Pp (at equiibrium)

for aknown TA Using this value of K the values of Pp and TJ can be obtained by solving equations (1) and (2) iteratively for any
value of Ta.

ELECTRICAL CHARACTERISTICS (Veco= +525 Vdc +0 5 Vde, Vgg=GND, Tao=0° to 70°C Unless Otherwise Noted)

Characteristic Symbol Min Typ Max Unit
input High Voltage
RESET (4 75=Vc =575 40 - Vee
_ (Vce<aTs) Vee—-05 - Vee
INT (4 75=Vcc=<b 76) VIH 40 * Vee \
(Vcc<475) Vee-05 * Vee
All Other 20 - Vee
Input High Voltage Timer
Timer Mode VIH 20 - Vce \
Self-Check Mode — 90 150
Input Low Voltage
RESET -03 - 08
iNT viL -03 * 15 v
All Other —03 - 08
RESET Hysteresis Voltages (See Figures 11, 12, and 13)
""Out of Reset” VIRES + 21 - 40 \
“'Into Reset’’ VIRES — 08 — 20
INT Zero Crossing Voltage, Through a Capacitor VINT 2 - 4 Vac p-p
Internal Power Dissipation, No Port Loading Vcc=575V, TA=0°C PINT - 600 - mwW
Input Capacitance
EXTAL Cin - 25 - pF
All Other — 10 -
Low Voltage Recover VLVR - - 475 \]
Low Voltage Inhibit Vivi - 35 — \4
Input Current
TIMER (Vin=04 V) - - 20
NT (Vin=24V to Vce) - 20 50
EXTAL (Vin=24V to V¢ Crystal Option) hin - - 10 wA
(Vin =04V Crystal Option) - - —1600
RESET (V=08 V) —-40 - —50
(External Capacitor Charging Current)

* Due to internal biasing, this input (when unused) floats to approximately 2 0 V
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SWITCHING CHARACTERISTICS (Vcc= +5 25 Vde 05 Vdc, Vgs=GND, Ta=0° to 70°C Unless Otherwise Noted)

Characteristic Symbol Min Typ Max Unit
Oscillator Frequency fog 04 — 42 MHz
Cycle Time (4/fosc) teye 095 - 10 us
INT and TIMER Pulse Width WL, twH| teyc+250 - - ns
| RESET Pulse Width TRWL | toyc+ 250 = = ns
| RESET Delay Time (External Cap=1 uF) tRHL — 100 - ms
{NT Zero Crossing Detection Input Frequency (for +5° Accuracy) fINT 003 ~ 10 kHz
External Clock Input Duty Cycle (EXTAL) - 40 50 60 %
PORT ELECTRICAL CHARACTERISTICS (Vce=+525 Vdc +05 Vde, Vgg=GND, Ta=0° to 70°C Unless Otherwise Noted)
Characteristic ] Symbol T Min [ Typ | Max ] Unit
Port A with CMOS drive enabled
Output Low Voltage I gad=16 mA VoL - - 04 \
Output High Voltage I{ gag= — 100 pA VOH 24 - - \"
Output High Voltage I ggg= — 10 gA VOH 35 - - \
Input High Voltage I gad= —300 A (max) ViH 20 — vee \
Input Low Voltage || gad= —500 pA (max) ViL —-03 = 08 \
Hi-Z State Input Current (V=20 V to Vcc) I|H - — —300 A
Hi-Z State Input Current (V=04 V) liL - - —500 uA
Port B
Output Low Voltage I| gad=3 2 mA VoL - — 04 \
Output Low Voltage || gad= 10 mA (sink) VoL — — 10 \
Output High Voltage || gag= —200 pA VOH 24 — — \
Darlington Current Drive (Source) Vo=15V 10H -10 — —-10 mA
Input High Voltage ViH 20 — Vee Vv
Input Low Voltage ViL —-03 — 08 \
Hi-Z State Input Current TSI — 2 20 pA
Port C and Port A with CMOS drive disabled
Output Low Voltage || oag=16 mA VoL - = 04 v
Output High Voltage || oad= — 100 pA VoH 24 - - \
Input High Voltage ViH 20 - vece \
Input Low Voltage ViL -03 - 08 \
Hi-Z State Input Current TS| — 2 20 pA
Port D (Inputs)
Input High Voltage ViH 20 — Vee \
Input Low Voltage ViL -03 - 08 \
Input Current lin — — 20 A

FIGURE3 — TTL EQUIVALENT TEST LOAD FIGURE 4 — CMOS EQUIVALENT TEST LOAD

FIGURES5 — TTL EQUIVALENT TEST LOAD

(PORT B) (PORT A) (PORTS A AND C)
Vee=57V Vece=5.75V
Test MMD6150 Test MMD6150
Point or Equiv Point or Equiv

40 pF
(Total)

Test Point oﬂ_

30 pF (Total)

2.97 k@

MMD7000

30 pF
or Equiv.

(Total)
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SIGNAL DESCRIPTION
The input and output signals for the MCU, shown In
Figure 1, are described in the following paragraphs

Vec AND Vgs — Power 1s supplied to the MCU using
these two pins VC(C 1s power and VSS Is the ground con-
nection

iNT — This pin provides the capability for asynchronously
applying an external interrupt to the MCU Refer to INTER-
RUPTS for additonal information

XTAL AND EXTAL — These pins provide control input
for the on-chip clock oscillator circuit. A crystal, a resistor, or
an external signal depending on user selectable manufactur-
ing mask option, can be connected to these pins to provide a
system clock with various degrees of stability/ cost tradeoffs
Lead length and stray capacitance on these two pins should
be minimized. Refer to INTERNAL CLOCK GENERATOR
OPTIONS for recommendations about these inputs

TIMER — This pin allows an external input to be used to
decrement the internal timer circuitry Refer to TIMER for
additional information about the timer circuitry.

RESET — This pin allows resetting of the MCU at times
other than the automatic resetting capability already in the
MCU. The MCU can be reset by puling RESET low Refer to
RESETS for additional information

NUM (Non-User Mode) — This pin is not for user applica-
tion and must be connected to Vg

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
direction registers Port D 1s for digital input only and bit 6
may be used for a second interrupt INT2 Refer to
INPUT/QUTPUT and INTERRUPTS for additional informa-
tion.

MEMORY — The MCU 1s capable of addressing 4096
bytes of memory and I/ O registers with its program counter
The MC6805U2 MCU has implemented 2314 of these bytes
This consists of 2048 user ROM bytes, 192 self-check ROM
bytes, 64 user RAM bytes, 7 port I/O bytes, 2 timer registers,
and a miscellaneous register, see Figure 6 for the Address
Map. The user ROM has been split into three areas The first
area 1s memory locations $080 to $OFF, and allows the user
to access the ROM locations utiizing the direct and table
look-up indexed addressing modes The main user ROM area
1s from $7CO to $F37 The last 8 user ROM locations at the
top of memory are for the interrupt vectors

The MCU reserves the first 16 memory locations for I/0
features, of which 10 have been implemented These loca-
tions are used for the ports, the port DDRs, the tmer, and
the INT2 miscellaneous register Of the 64 RAM bytes, 31
bytes are shared with the stack area The stack must be used
with care when data shares the stack area

The shared stack area i1s used during the processing of
interrupt and subroutine calls to save the processor state

FIGURE 6 — MC6805U2 MCU ADDRESS MAP

7 6 54 3210

7 [
000 1/0 Ports $000
Timer
Page Zero RAM
Access with (128 B )
snort 1 127 e
080
Instructions Page-Zero
User ROM
(128 Bytes)
256 $SOFF
256 $100
Not Used
(1728 Bytes)
1983 $7BF
1984 $7C0
Main User
ROM
{1912 Bytes)
3895 $F37
3896 $F38
Self-Check
ROM
(192 Bytes)
4087 $FF7
4088 Interrupt $FF8
Vectors
ROM
4095 (8 Bytes)

$FFF

0 Port A Data $000 N
1 Port B Data $001
2 Port C Data $002
3 Port D Data $003
4 Port A DDR* $004%
5 Port B DDR* | s005%*
6 Port C DDR* $006*
7 Not Used $007
8 Timer Data Reg $008
9| Timer Control Reg | $009
10 Misc Reg $00A
1 $00B
Not Used
(63 Bytes)
63 $03F
64 $040
RAM
(64 Bytes)
Stack
(31 Bytes
Maximum)
127 j $O7F

*Caution Data Direction Registers (DDRs) are write-only, they read as $FF
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The register contents are pushed onto the stack in the order
shown in Figure 7 Since the Stack Pointer decrements dur-
ing pushes, the low order byte (PCL) of the Program Counter
is stacked first, then the high order four bits (PCH) are stack-
ed This ensures that the program counter is loaded correctly
during pulls from the stack since the stack pointer in-
crements when it pulls data from the stack A subroutine call
results in only the Program Counter (PCL, PCH) contents be-
ing pushed onto the stack, the remaining CPU registers are
not pushed

FIGURE 7 — INTERRUPT STACKING ORDER

7 6 65 4 3 2 1 0 Pull
4 Condition
n=4f 111 Code Register |n+1
n-3 Accumulator n+2
n-2 Index Register n+3

n=1 1111] PCH* n+4

n PCL¥* n+5 9

Push

*For subroutine calls, only PCH and PCL are stacked

CENTRAL PROCESSING UNIT

The CPU of the M6805 Family is implemented in-
dependently from the I/0 or memory configuration Conse-
quently, it can be treated as an independent central pro-
cessor communicating with [/0 and memory via internal ad-
dress, data, and control buses

REGISTERS

The M6805 Family CPU has five registers available to the
programmer They are shown in Figure 8 and are explained in
the following paragraphs.

FIGURE 8 — PROGRAMMING MODEL

7 0

l A I Accumulator

7 0

| X I Index Register
1 0
l PCH E PCL J Program Counter

0
SP l Stack Pointer

Condition Code
Register

Boononon

HII|N] Z

Carry/Borrow

Zero

‘——————Negative

L —interrupt Mask

L—-————-——Half Carry

ACCUMULATOR (A) — The Accumulator is a general
purpose 8-bit register used to hold operands and results of
arithmetic calculations or data manipulations.

INDEX REGISTER (X) — The Index Register i1s an 8-bit
register used for the indexed addressing mode |t contains an
8-bit value that may be added to an instruction value to
create an effective address The index register can also be
used for data manipulations using the read/ modify/write in-
structions The Index Register may also be used as a tem-
porary storage area

PROGRAM COUNTER (PC) — The Program Counter is a
12-bit register that contains the address of the next instruc-
tion to be executed

STACK POINTER (SP) — The Stack Pointer 1s 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 to location $07F
The Stack Pointer is then decremented as data I1s pushed on-
to the stack and incremented as data is then pulled from the
stack The seven most-significant bits of the Stack Pointer
are permanently set to 0000011 Subroutines and interrupts
may be nested down to location $061 (31 bytes maximum)
which allows the programmer to use up to 15 levels of
subroutine calls (less If interrupts are allowed)

CONDITION CODE REGISTERS (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 ac-
tion taken as a result of their state Each bit 1s explained in
the following paragraphs

Half Carry (H) — Set during ADD and ADC operations to
indicate that a carry occurred between bits 3 and 4

Interrupt (1) — When this bit is set, the timer and external
interrupts (INT and INT2) are masked (disabled) If an inter-
rupt occurs while this bit 1s set, the interrupt is latched and 1s
processed as soon as the interrupt bit 1s cleared

Negative (N) — When set, this bit indicates that the result
of the last anthmetic, logical, or data manipulation was
negative (bit 7 in the result 1s a logical 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 Anthmetic Logic Unit (ALU)
occurred during the last anthmetic operation This bit is also
affected during bit test and branch instructions plus shifts
and rotates
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TIMER

The MC6805U2 MCU timer circuitry 1s shown in Figure 9
The 8-bit counter may be loaded under program control and
1s decremented toward zero by the clock input (or prescaler
output) When the timer reaches zero, the timer interrupt re-
quest bit (bit 7) in the Timer Control Register (TCR) 1s set
The timer interrupt can be masked (disabled) by setting the
timer interrupt mask bit (bit 6) in the TCR The interrupt bit
(I-bit) in the Condition Code Register also prevents a timer
interrupt from being processed The MCU responds to this
interrupt by saving the present CPU state in the stack,
fetching the timer interrupt vector from locations $FF8 and
$FF9 and executing the interrupt routine (see the INTER-
RUPT section) THE TIMER INTERRUPT REQUEST_BIT
MUST BE CLEARED BY SOFTWARE The timer and INT2
share the same interrupt vector THE INTERRUPT ROUTINE
MUST CHECK THE REQUEST BITS TO DETERMINE THE
SOURCE OF THE INTERRUPT

The clock input to the timer can be from an external
source (decrementing of Timer Counter occurs on a positive
transition of the external source) applied to the TIMER input
pin, or it can be the internal ¢2 signal When the ¢2 signal 1s

used as the source, 1t can be gated by an input applied to the
TIMER input pin allowing the user to easily perform pulse-
width measurements (NOTE For ungated ¢2 clock input to
the timer prescaler, the TIMER pin should be tied to Vg )
The source of the clock input 1s one of the mask options that
1s specified before manufacture of the MCU

A prescaler option can be applied to the clock input that
extends the timing interval up to @ maximum of 128 counts
before decrementing the counter This prescaling mask op-
tion 1s also specified before manufacture To avoid trunca-
tion errors, the prescaler i1s cleared when bit 3 of Timer Con-
trol Register 1s written to a logic 1 (this bit always reads as a
logic 0)

The timer continues to count past zero, falling through to
$FF from zero and then continuing the count Thus, 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, and not
disturb the counting process

At power-up or reset, the prescaler and counter are
imitialized with all logical ones, the timer interrupt request bit
(bit 7) 1s cleared and the timer interrupt mask bit (bit 6) is set

FIGURE 9 — TIMER BLOCK DIAGRAM

@?2
(Internah) !
L Prescaler
b
4 o A N A
% . + 1 -I-1I-I-J Timer
UL Interrupt Not
TIMER Mask °
Input Used
L Y T A N O T
Pin — T ST ——
I I S S W A A S 1
PS— N Clock 7 0 Time I LI B B B IS
! Input Out
) 8-Bit Counter >
{ Timer Data Register (TDR) Timer Control Register (TCR!
Manufacturing ‘
Mask Options I
Write Read Write Read
internal Data Bus

SELF-CHECK

The self-check capability of the MC8805U2 MCU provides
an internal check to determine if the part If functional Con-
nect the MCU as shown in Figure 10 and monitor the output
of Port C bit 3 for an oscillation of approximately 7 Hz A 9
volt level on the TIMER input, pin 8, energizes the ROM-
based self-check feature. The self-check program exercises
the RAM, ROM, timer, interrupts, and 1/0 ports

Two of the self-check subroutines (the RAM and ROM
tests) can be called by a user program with a JSR or BSR in-
struction. The timer routine may also be called If the timer in-
put i1s the internal ¢2 clock.

RAM SELF-CHECK SUBROUTINE — The RAM self-
check 1s called at location $F6F and returns with the Z-bit
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clear if any error 1s detected, otherwise the Z-bit is set The
walking diagnostic pattern method is used

The RAM test must be called with the stack pointer at
$07F When run, the test checks every RAM cell except for
$07F and $07E which are assumed to contain the return
address

The A and X registers and all RAM locations except the
top two are modified

ROM CHECKSUM SUBROUTINE — The ROM self-check
1s called at location $F8A and returns with the Z-bit cleared if
any error was found, otherwise Z=1 X=0 on return, and A
1s zero If the test passed RAM locations $040-$043 are over-
written. The checksum i1s the compliment of the exclusive
OR of the contents of the user ROM
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TIMER SELF-CHECK SUBROUTINE — The timer self-
check 1s called at location $FCF and returns with the Z-bit
cleared if any error was found, otherwise Z=1

In order to work correctly as a user subroutine, the internal
¢2 clock must be the clocking source and interrupts must be
disabled Also, on exit, the clock i1s running and the interrupt
mask not set so the caller must protect from interrupts if

necessary

The A and X register contents are lost The timer self-
check routine counts how many times the clock counts in
128 cycles The number of counts should be a power of two
since the prescaler 1s a power of two If not, the timer
probably 1s not counting correctly The routine also detects a
timer which is not running

FIGURE 10 — SELF-CHECK CONNECTIONS

1

RESET
,—0 O- o1 Vss PA7 :Z
4 3 Ureser MCGRRUE pas %
3 T PAS -
- o 4 vee PA4 ;
4525 L 10uF 5 PA3
; —Eud ‘% EXTAL pA2 |38
- :I_:R 4 o—8 xTAL PA1 |34
0k T NUM Pao
] g TIMER
R S W Heco pe7 |2
lLeo 510 ) pas 2!
! LED AR Wpco pas |22
LED VY Zpc3 PB4 |2
L3eca Pe3 {28
14 PC5 pB2 |27
15lpce pB1 {26
18lpcy PBO {25 |
N po7
81 pp6/(INT2) poo 24
4 N pos PO}
01 pD2 |2
E 28 pD4 po3 2!

*This connection depends on clock oscillator user selectable mask option Use jumper if the RC mask option i1s selected

LED Meanings

co] C2 | C3 |Remarks [1:LED ON; 0:LED OFF)

1 0 1 0 |Bad I/0

0 0 1 0 |Bad Timer

1 1 0 0 |Bad RAM

0 1 0 0 }|Bad ROM

1 0 0 0 |Bad A/D

0 0 0 0 | Bad Interrupts or Request Flag
All Flashing Good Part

Anything else bad Part, Bad Port 3, Bad ISP, etc
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RESETS

The MCU can be reset three ways by initial power-up, by
the external reset input (RESET), and by an optional internal
low-voltage detect circuit, see Figure 11 The internal circuit
connected to the RESET pin consists of a Schmitt trigger
which senses the RESET line logic level The Schmutt trigger
provides an internal reset voltage it if senses a logical 0 on
the RESET pin During power-up, the Schmitt trigger
switches on (removes reset) when the RESET pin voltage
rises to VIRES+ When the RESET pin voltage falls to a
logical O for a period longer than one teyc, the Schmtt tng-
ger switches off to provide an internal reset voltage The
“switch off” voltage occurs at VIRgS— A typical reset
Schmitt trigger hysteresis curve i1s shown in Figure 12

Upon power-up, a delay of tgH milliseconds 1s needed
before allowing the RESET input to go high This time allows
the internal clock generator to stabilize Connecting a
capacitor to the RESET input as shown in Figure 13 typically

provides sufficient delay See Figure 17 for the complete
reset sequence

INTERNAL CLOCK GENERATOR OPTIONS

The internal clock generator circuit is designed to require a
minimum of external components A crystal, a resistor, a
jumper wire, or an external signal may be used to control the
internal clock generator with various stability/ cost tradeoffs
A manufacturing mask option 1s used to select the crystal or
resistor option The oscillator frequency Is internally divided
by four to produce the internal system clocks

The different connection methods are shown in Figure 14
The Crystal specifications are given in Figure 15 A resistor
selection graph 1s shown in Figure 16

The crystal oscillator start-up time 1s a function of many
variables crystal parameters (especially Rs) oscillator load
capacitances, IC parameters, ambient temperatures, supply
voltage, and supply voltage turn-on time To ensure rapid
oscillator start-up, neither the crystal characteristics nor the
load capacitances should exceed recommendations

FIGURE 11 — POWER AND RESET TIMING

5v

VLVR £ N \
Vee / VLI
ov

LVR /

Dip
\ in Power /

RESET "V v o
Pin IRES- VIRES—
— 1 (RHL [ —| IRHL [—
Internal '\‘
Reset

FIGURE 12 — TYPICAL RESET SCHMITT
TRIGGER HYSTERESIS

Out
of
Reset
In 1 1 I
Reset T T

os8v 2V 4v
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FIGURE 13 — POWER UP RESET DELAY CIRCUIT
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FIGURE 14 — CLOCK GENERATOR OPTIONS

5 | XTAL 5 | XTAL
(See Note) L3 MC6805U2 MC6805U2
:E“_‘ EXTAL  MCU I 4 | EXTAL MCU
cL (Crystal Mask {Resistor Mask
I Option) Option)
Crystal Approximately 25% Accuracy
Typical tcyc =125 us
External Jumper
+5V
5 | XTAL 5 | xTAL
— R MC6805U2
e MC6805U2
E’é‘gc'f' alextaL  meu (See Figure 161 4 |gxTal  MCU
Input (Crystal Mask No (Re%sx?r f\{lask
Option) Connection ption,

External Clock

Approximately 10% Accuracy
External Resistor

(Excludes Resistor Tolerance!

NOTE The recommended C| 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 scalled as the inverse of the frequency ratio For example, with a 2 MHz crystal, use approximately 50 pF on EXTAL and
approximately 256 pF on XTAL The exact value depends on the Motional-Arm parameters of the crystal used

FIGURE 15 — CRYSTAL MOTIONAL ARM PARAMETERS
AND SUGGESTED PC BOARD LAYOUT
Crystal Motional Arm

Equivalent Parameters Cq
EXTAL b Rs XTAL
5 Co 6
T4
LAY
AT — Cut Parallel Resonance Crystal
Co=7 pF Max
(a) FREQ=4 0 MHz @ C| =24 pF
GND Rg =50 ohms Max (b}
CL [0) Crystal GND
Z VW5, .
CL :
—{ 1
— EXTAL u]
extaL [+ CRYSTAL XTAL ]
xtaL —’ O ]
C 4 L F

O

Note Keep crystal leads and circuit connections as short as possible
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FREQUENCY (MHz)

FIGURE 16 — TYPICAL FREQUENCY SELECTION FOR
RESISTOR OSCILLATOR OPTION

50

INTERRUPTS
The MC6805U2 MCU can be interrupted four different
ways through the external interrupt (INT) input pin, the

\ I [ internal timer interrupt request, the external port D bit 6
Vee=5V (INT2) input pin, and a software interrupt instruction (SWI).
40 Ta=25°C When any interrupt occurs, processing Is suspended, the
present CPU state I1s pushed onto the stack, the interrupt bit
N (I-bit) in the Condition Code Register is set, the address of
30 N the interrupt routine I1s obtained from the appropriate inter-
\ rupt vector address, and the interrupt routine I1s executed
20 \ﬁ.\ Stacking the CPU registers, setting the |-bit and vector
N fetching requires a total of 11 t¢yc perods for completion
10 \‘\
Y ~ Refer to Figure 17 for a flowchart The interrupt service
routines must end with a Return from Interrupt (RTI) instruc-
I tion which allows the MCU to resume processing of the pro-
0 5 10 15 20 25 30 35 40 45 50 55 60 gram prior to the interrupt Table 1 provides a histing of the
interrupts,their prionity, and the address of the vector which
RESISTANCE (k OHMS)
FIGURE 17 — RESET AND INTERRUPT PROCESSING FLOWCHART
(CReser )
1— Iin CCR) ;
07F — SP
0—-DDR's Clear . Stack
CLR INT Logic INT INT PC, X, A, CC
FF—Timer Request
7 F—Prescaler Latch ‘
7F-TCR
JF —-MR
1-1
Timer r
Put on FFE Load PC From
Address Bus SWI FFC/FFD
INT FFA/FFB
Timer
or iNT2 FF8/FF9
Fetch
Instruction
RESET
Pin=Low.
RESET M Swi
Load PC
from
FFE/FFF
Execute
L_____ Instruction
T
I
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contains the starting address of the appropriate interrupt ser-
vice routine The interrupt priority applies to those pending
when the CPU is ready to accept an interrupt or a new Inter-
rupt RESET s Iisted in Table 1 because it is processed
similiar to an interrupt However, 1t 1s not normally used as
an interrupt When the interrupt mask bit in the Condition
Code Register 1s set the interrupt is latched for later interrupt
execution

NOTE
The timer and INT2 share the same vector address
The interrupt routine must determine the source by
examining the interrupt request bits (TCR7 and MR7)
Both TCR7 and MR7 can only be written to O by soft-
ware

The external interrupts, INT and INT2, are set on the fall-
ing edge of the input signal The INT2 has an interrupt re-

quest bit (bit 7) and a mask bit (bit 6) located in the
Miscellaneous Register (MR), refer to Figure 18 The INT2
interrupt 1s Inhibited when the mask bit 1s set The INT2 1s
always readable as a digital input of Port D The INTZ and
timer interrupt request bits, 1t set, causes the MCU to pro-
cess an Interrupt when the condition code |-bit 1s clear

TABLE 1 — INTERRUPT PRIORITIES

Interrupt Priority Vector Address
RESET 1 $FFE and $FFF
Swi 2% $FFC and $FFD
INT 3 $FFA and $FFB
TIMER/INT2 4 $FF8 and $FF9

* Prionty 2 applies when the I-bit in the Condition Code Register is
set When =0, SWI has a prionty of 4, like any other instruction,
the prionty of INT thus becomes 2 and the timer becomes 3

FIGURE 18 — MCU REGISTER CONFIGURATION

PORT DATA DIRECTION REGISTER (DDR)

(1) Write Only, reads as all 1's
(2) 1=0Output, 0=Input Cleared to 0 by Reset
(3) Port A Addr=$004

Port B Addr = $005

Port C Addr=$006

Port D Addr=None, Port D is input only

PORT DATA REGISTER

Port A Addr = $000
Port B Addr = $001
Port C Addr = $002

TIMER CONTROL REGISTER (TCR)
7 6 0

5 4 3 2 1
Ll [ofef Tolol Joo
TCR7—Timer Interrupt Request Status Bit Set when
TDR goes to zero, must be cleared by software
Cleared to O by Reset
TCR6—Timer Interrupt Mask Bit =timer inter-
rupt masked (disabled) Set to 1 by Reset
TCR3— Clear Prescaler Always reads as a0, clears pre-
scaler when written to a logic 1
TCR Bits 5, 4, 2, 1, 0 reads 1's — unused bits

TIMER DATA REGISTER (TDR)
7 [

[ MSB Ls8 |socs

MISCELLANEOUS REGISTER (MR)

7 6 5 4 3

0

L]

EAEEERE

1
|1|1]$00A

MR7 Bit 7—iNT2 Interrupt Request Bit Set when fall-
ing edge detected on INT2 pin, must be
cleared by software Cleared to O by Reset

MRS Bit 6—NT2 Interrupt Mask Bit 1=TNT2 Interrupt
masked (disabled) Set to 1 by Reset

MR Bits 5, 4, 3, 2,1 0—Read as 1's — unused bits
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A sinusoidal input signal (fjNT maximum) can be used to
operate an external interrupt (INT), as shown 1n Figure 19,
for use as a Zero-Crossing Detector with hysteresis included
An interrupt request i1s generated for each negative-slope,
zero crossing of the AC signal For digital applications, the
INT can be driven directly by a digital signal at a maximum
period of tyyL This allows applications such as servicing
time-of-day routines and engaging/disengaging AC power
control devices Off-chip full wave rectification provides an
interrupt at every zero crossing of the AC signal and thereby
provide a 2f clock

A software interrupt (SWI) 1s an executable instruction
which s executed regardless of the state of the I-bit in the
Cendition Code Register SWI s are usually used as break-
points for debugging or as system calls

INPUT/OUTPUT

There are 32 input or input/output pins The INT pin may
also be polled with branch instructions to provide an addi-

tional input pin All pins on ports A, B, and C are program-
mable as either inputs or outputs under software control of
the corresponding Data Direction Registers (DDRs) The
port |/O programming 1s accomplished by setting the cor-
responding bit in the port DDR to a logic “1"" for output or a
logic “'0"" for input On reset all the DDRs are initialized to a
logic 0" state, placing the ports in the input mode The port
output registers are not Initialized on reset and should be
initialized by software before changing the DDRs from input
to output When programmed as outputs, all I/0 pins read
latched output data, regardless of the logic levels at the out-
put pin due to output loading, refer to Figure 20

All input/output ines are TTL compatible as both inputs
and outputs Port A lines are CMOS compatible as outputs
using a mask option Port B, C, and D lines are CMOS com-
patible as inputs Port D lines are input only, thus, there is no
corresponding DDR  When programmed as outputs, Port B
is capable of sinking 10 miliamperes and sourcing 10
milhlampere on each pin

FIGURE 19 — TYPICAL INTERRUPT CIRCUITS

a — Zero Crossing Interrupt

b — Digital Signal Interrupt

Vee
InApCu (Current TTL 47K
fiNT Max | Limiting) MC6805U2 DLevel| 3w MG U2
R=1MQ MCU ":%u? MSBOBCU
/ u
AC input=10 Vpp 014F (ywi Maximum

Penod) —*—

FIGURE 20 — TYPICAL PORT 1/0 CIRCUITRY

Data
~ s»——{ Direction Register

Bit¥

Latched
Output

170

Data
Bit

Connections

Input

- Reg
Bit
N

W Pin

Input

Data
Direction Output Input
Register Data Output To
Bt Bit State MCU
1 0 0 0
1 1 1 1
0 X 3-State** Pin

1/0
N]

*DDR s a write-only register and reads as all 1's

*¥ ports A (with CMOS drive disabled), B, and C are three-state
ports  Port A has optional internal pullup devices to provide CMOS
dive capability See Electrical Charactenistics tables for complete
information
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Figure 21 provides some examples of port connections.

bits would be set). It is recommended that all

The Address Map in Figure 6 gives the addresses of data DDR bits in a port be written using a single-store
registers and DDRs. The Register Configuration is provided instruction.
in Figure 18 The latched output data bit (see Figure 18) may always be

CAUTION

The corresponding DDRs for Ports A, B, and C
are write-only registers (locations $004, $005, and
$006). A read operation on these registers is
undefined. Since BSET and BCLR are
read/ modify/wnite functions, they cannot be
used to set or clear a DDR bt (all “’unaffected”

written Therefore, any write to a port writes all of its data
bits even though the port DDR s set to input This may be
used to initialize the data registers and avoid undefined out-
puts However, care must be exercised when using
read/modify/write nstructions since the data read cor-
responds to the pin level if the DDR is an input (0) and cor-
responds to the latched output data when the DDr 1s an out-
put (1)

FIGURE 21 — TYPICAL PORT CONNECTIONS

a. Output Modes
PA7| 40 (CMOS Loads) P87 32 10 =Hfg®lp
Pas| 39 Pee| 31
Pas| 38 F——0—
5 PB5| 30 N
PA4 37 p———(1TTL Load) PB4 29 10mA
-
PA3 ¥ 16 mA PB3 28 "M "M IN6386 1 Typican
PA2 35 PB2 27 VVVv \A A4
PA1 34 PB1 26
Port A, Bit 7 Programmed as Output, Driving
PAO| 33 CMOS Loads and Bit 4 one TTL Load Directly PBO| 25 =
(Using CMOS Output Option) Port B, Bit 5 Programmed as Output, Drving
Darlington-Base Directly
Pa7| 32 y PC71 16
PB6 31 PC6 15 %
P85 30 PC5 14
pea| 20 pcal 13
P 12
PB3 28 % // e CMOS Inverter
PB2 27 10 mA PC2 1 MC14049 14069
= P — +Typicall
PB1 2% PC1 10
PBO 25 PCO 9
*+—10mA
Port B, Bit 0 and Bit 1 Programmed as Output, Driv- Port C, Bits 0-3 Programmed as Output Driving
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MC74LS04 (Typrcall o 3% |PA3 MC74LS04 or MC14069  *
: (Typical) . 28 P83
. 35 | PA2 .
. . 27 PB2
Q 34 PA1 .
g . 26 PB1
33 PAO
6 | pc7 % |PBO
MC14069 . s
(Typical) PC6
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B
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‘D—DO— 9 | pco
MC74L504

(Typical)

CMOS and TTL Driving Port C Directly
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MC6805U2

BIT MANIPULATION

The MC6805U2 MCU has the ability to set or clear any
single RAM or input/output bit (except the Data Direction
Registers, see Caution under INPUT/OUTPUT paragraph)
with a single instruction (BSET, BCLR) Any bitin page zero
including ROM, except the DDRs, can be tested using the
BRSET and BRCLR instructions and the program branches
as a result of its state The carry bit (C) equals the value of
the bit referenced by BRSET and BRCLR The capability to
work with any bit in RAM, ROM, or 1/0 allows the user to
have individual flags in RAM or to handle single I/0 bits as

FIGURE 22 — BIT MANIPULATION EXAMPLE
MCU
BRSET 2,PORTA¥ WAIT FOR READY Feady [o7
* BSET 1, PORTA CLOCK NEXT BIT IN 5:\::1 Clock ©
BRCLR 0, PORTA, NEXT PICKUP BIT IN C-BIT 1R
NEXT  BCLR 1, PORTA RETURN CLOCK LINE HIGH T
ASR RAMLOC MOVE C-BIT INTO RAM Data_gl, A

ADDRESSING MODES

The MC6805U2 MCU has 10 addressing modes available
for use by the programmer They are explained briefly in the
following paragraphs For additional details and graphical iI-
lustrations, refer to the M6805 Family User Manual

The term "effective address’ (EA) 1s used in describing the
addressing modes EA 1s defined as the address from which
the argument for an instruction 1s fetched or stored

IMMEDIATE — In the immediate addressing mode, the
operand I1s contained in the byte immediately following the
opcode The immediate addressing mode I1s used to access
constants which 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 follow-
ing the opcode byte Direct addressing allows the user to
directly address the lowest 256 bytes in memory with a single
2-byte nstruction This address area includes all on-chip
RAM and 1/0 registers and 128 bytes of ROM Direct
addressing 1s an effective use of both memory and time

EXTENDED — In the extended addressing mode, the ef-
fective address of the argument 1s contained in the two bytes
following the opcode Instructions with extended addressing
mode are capable of referencing arguments anywhere In
memory with a single 3-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 in-
struction

RELATIVE — The relative addressing mode 1s only used in
branch instructions In relative addressing, the contents of
the 8-bit signed byte following the opcode (the offset) Is
added to the PC if, and only if, the branch condition s true
Otherwise, control proceeds to the next instruction The
span of relative addressing I1s from + 129 to — 126 from the
opcode address. The programmer need not worry about
calculating the correct offset 1f he uses the Motorola
assembler, since 1t calculates the proper offset and checks to
see If it 1s within the span of the branch

control lines

The coding example in Figure 22 illustrates the usefulness
of the bit manipulation and test instructions Assume that
the MCU 1s to communicate with an external senal device
The external device has a data ready signal, a data output
line, and a clock line to clock data one bit ata time, LBS first,
out of the device The MCU waits until the data s ready,
clocks the external device, picks up the data in the Carry Flag
(C-bit), clears the clock line and finally accumulates the data
bits in a RAM location

INDEXED, NO OFFSET — In the indexed, no offset
addressing mode, the effective address of the argument 1s
contained In the 8-bit index register Thus, this addressing
mode can access the first 266 memory locations These in-
structions 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 |/O location

INDEXED, 8-BIT OFFSET — In the indexed, 8-bit offset
addressing mode, the effective address 1s the sum of the
contents of the unsigned 8-bit index register and the unsign-
ed byte following the opcode This addressing mode is
useful in selecting the kth element in an n element table
With this 2-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
addressable locations and could extend as far as location 511
($1FE)

INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset
addressing mode, the effective address 1s the sum of the
contents of the unsigned 8-bit index register and the two un-
signed bytes following the opcode This addressing mode
can be used in a manner similar to in