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What you should consider before you rush into —

What's so important about the microprocessor
that it should have been catapuited into one of
the most significant developments in the elec-
tronics field over the last decade? Well, certainly
not that microprocessors, themselves, represent
anything new in the way of circuit implementa-
tion. Computer designers had been using them
as integral parts of large computers long before
they became the buzz-word of the industry.
Rather, it's the fact that technological advances
into large-scale integration have made the micro-
processor the most effective, most reliable,
simplest, and /east expensive way of accomplish-
ing complex electronic functions today. It's not
surprising, therefore, that the microprocessor, or
in a larger sense, the microcomputer, is dominat-
ing the design thinking for most equipment cur-
rently in the planning stage.

The microcomputer is such a powerful per-
former that the vast majority of ail possible
applications probably could be served by any one
of the dozens of different models available. Yet,
for each application there's probably one micro-
computer system that serves the purpose best.
And so, before entrusting your design to any
specific processor (or supplier) we offer the fol-
lowing four considerations for your investigation:

Choice

Despite occasional claims to the contrary, there's no
such thing as a truly universal circuit—not from the
standpoint of cost-effectiveness. While our M6800
microcomputer system comes as close as any other to
serving the bulk of all potential applications, it's “over-
qualified” for some, and “underqualified” for others.
That's why Motorola manufactures a variety of micro-
computer systems:

The M6800 Family—the most pervasive of the

general-purpose MPU systems,

The MC3870—a iow-cost, single-chip microcom-

puter for dedicated apptications,

The MC141000—a CMOS alternative to the above,

for lowest possible power dissipation,

The bipoiar M2900 and M10800 systems—for high-

est speed.

Moreover, each of these has at least one viable aiter-
nate source, so that your manufacturing requirements
can not easily be compromised.

in addition to components for microcomputer sys-
tems, Motorola supplies an extensive line of micro-
modules—assembled subsystems—for those manu-
facturers who wish to begin their equipment designs at
a higher level.

Support

The key to the successful development of a dedi-
cated MPU system and, ultimately, to manufactureand
service the system, is an umbreila of support equip-
ment. The Motorola microcomputer product families
are complemented with one of the industry’s most
pervasive arrays of user-oriented development aids,
test equipment and support literature. The support
hardware system is modularized to permit purchase of
just those components required for the complexity of
the system to be designed. An extensive software
library, including a proven iibrary of user-developed
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programs, is also available. And Motorola maintains a
nationwide network of Field Applications Engineers to
assist customers with microcomputer design
problems.
Commitment

Chances are your first MPU purchase will not be
your last. That's why a primary consideration in the
choice of an MPU line on which to hang your designs
should be the manufacturer's commitment to the
expansion of that specific line—-expansion of hardware
to keep up with the state of the art while maintaining
software compatibility with the existing system. l

| | \l
Motorola’s commitment to the M6800 line is manifest N \,
not only by the introduction of a second-generation %L/o
MPU (the MC8802), but by a literal explosion of
scheduled peripheral products encompassing over

100 new type numbers in 1977 alone. All are bus-
compatible with the original system and utilize the
original instruction set. This dedication assures the
safety of your software investment even as you switch

]
to increasingly cost-effective hardware for future l | L l [
design and production. | |
Diversification
Even the most compiex microprocessor system (or
single-chip microcomputer) isn't a complete system. _ LI

All need additional components of one kind or another
to perform an equipment function. More memory,
perhaps, for additional storage capacity; interface
circuits to match various peripherais; power devices to . .
drive external equipment. Motorola's product line ... for maximum versat/I/ty.
extends far beyond MPU device lines. As a world leader The M6800 Family with its peripherals.  Page 4
in solid-state products, we supply devices in almost
every semiconductor category—from ICs to discretes:
from digital to linear; from MOS to bipolar. This proven

. for system simplicity and

solid-state capability is your further insurance of total- ded’qated qpp(/catrons _
product support—today, tomorrow, and in the years Three single-chip microcomputers with
ahead. on-chip ROM and RAM. Page 15

May we help you?

where high-speed counts
Bipolar “slice” systems with state-of-the-art
performance and unlimited expandability.
Page 19

. Commitment to reliability
An abstract of the latest reliability report
on ME800 components. Page 22

. Commitment to Support Products

A quick overview of system-development
hardware, software, and higher-level system
design modules. Page 23

PHOENIX, ARIZONA
Microsystems and support products (58th Street Facility}.




For a maximum versatility —
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at a glance . . .

Inherent in the formula for successful MPU-
based designs is the selection of the most cost-
effective processor family from among the many
systems available today. The M6800 family ranks
high in meeting the requirements.

Its NMOS LSI architecture offers bus transfer
rates up to 2 MHz, and 8- and 16-bit processing
capability.

Its powerful instruction set minimizes memory
requirements and enhances system throughout.

The progressive complexity of its basic MPU/
MCU building blocks permits system design
flexibility that yields cost-effectiveness for any
potential applications.

But there are more considerations to the selec-
tion of the best microcomputer system than just
technical capability. When your production is as
heavily dependent on the availability of a set of
components as dictated by a commitment to a
specific MPU family, a constant and reliable
source of supply is of paramount importance. So
is the continuing flow of new and related products
that guards against system obsolescence.

Motorola is dedicated to the continual expan-
sion of the M6800 system with new products, new
designs and expanded peripherals—alltailored to
increase the scope and value of your investment.

M6800 LINE FEATURES

For System Design Ease:

¢ Powerful, variable-length instruc-
tions reduce programming com-
plexity and development time.

e 65K memory address capability
encompasses the largest program
requirements likely to be encoun-
tered in microcomputers.

e Single 5-voit power supply operation
and bus organization simplifies
system design.

For Maximum Throughput:

e Bus transfer rates to 2 MHz provide
high-speed operation.

e Automatic data stacking during
interrupts reduces programming
complexity.

® 3-state output.

e Vectored restart




M6600

Whether a microcomputer consists of a totally
integrated single chip, or is composed of a num-
ber of interactive LSI chips, the microprocessing
unit (MPU) is the central control system that
determines the eventual application for which the
system is best suited. Its architecture contains
the complex routines that permit the system to
respond correctly to each of the different
“instructions” associated with a particular
system. It controls the fiow of signals into and out
of the computer, routing each to its proper
destination in the required sequence to perform
an end function.

The M6800 Family currently includes two
standard 8-bit MPUs, with a third, a 16-bit unit,
scheduled to join the lineup during 1978. And for
maximum on-chip power, a complete single-chip
microcomputer will join the Family soon (see
Page 18).

The Original Lineup

THE MC6800

This microprocessor was the first of the M6800 MPU
Family and still remains a highly cost-effective pro-
cessor for a great many process-control and data-
communications applications. Seventy-two powerful
instructions and six different addressing modes give it
unexcelled capability and a full range of compatibie
peripheral chips offer the widest possible latitude in
system implementation. After years of fieid experience,
the MC6800 has earned an enviabie reputation as one
of the easiest to use processors available because:

Its bus organized architecture reduces component
count and simplifies interconnection;

Its single 5-V supply requirement reduces system
complexity and cost;

Its 16-bit address system permits selective address-
ing of more than 65,000 memory locations;

Its inherent design treats each peripheral as a
memory location, thereby reducing programming
complexity.

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

Selection
Frequency Limit
Rengs 1 MMz 1.5 MHz 2 MMz
0to 70°C MCBE800F /L MCBBAD0P /L MCB3B00P /L
40 to 85°C MCBROOCL
55 to 126°C “MCE800CQCS
P sutfix = Plastic Package L suftix = Ceramic Package
5
MC6800/6802 — Programmer’s Modei
Al AraAy3Aiz A1y Ay Ay Ag A7 Ag As Ag A3 Az Ay Ag
tobbp bbbt e
OUTPUT BUFFERS OUTPUT BUFFERS

' v
RAM CONTROL cc

STANDBY

32 BYTES

95 BYTES

l PROGRAM COUNTER }.—— ——{ PROGRAM COUNTER l
I STACK POINTER P—— STACK POINTER
cLock -—--{ ACCUMULATOR A l
b e -
INSTRUCTION
DECODE
ANDI CONTROL ACCUMULATOR &
INSTRUCTION CONDITION CODE
REGISTER REGISTER

RERRE

0, Dg Og Og D3 D3 O, O SHADED FUNCTIONS
APPLY TO MC6802 ONLY.

RAM
ENABLE

P
-l




MC6802

Taks the basic MOBEO0 MPL add an on-chip clock
and 128 pytes of RAM, and you essentially have the
second generation M6800 MPU chip—the MC6802.
This versatile processor has ail the attributes of the
basic unit;

~1t is fully compatible with all the peripherals,
features the same MPU architecture and capabilities,
and works with the same instruction set—

But it reduces the component count of a mimmum
microcomputer system 1o only two, compared with a
minimum of four with the earlier MPU.

The built-in clock operates at a maximum frequency
of 1 MHz but, thoughtfully, the chip designers have
added an on-chip divide-by-four circuit to permit the
use of an external 4-MHz crystal in lieu of a far more
expensive 1-MiHz crystal. In addition the first 32 bytes
of the built-in RAM may be operated in a low-power
mode, from an externai power source, to prevent the
ioss of information during a power-down situation.

Utilizing this MPLUL a minimum microcomputer sys-
tem consists of:

1 MCB802 MPU
1 MC8848 ROM-i/C-Timer Unit (Page 10).

Of course, the system is expandable to any require~
ment with the adapters, expanders and other periph-
eral chips that are a part of the M8800 Family

The MC6802 is available in both ceramic (suffix L)

and piastic (suffix P) package.

INTRODUCING
THE MC680% MICROPROCESSOR
(Coming Soon)

Today, there's a lot of controversy about where a
microcomputer tuins into a "mini’. While a number of
benchmarks have been suggested, it is generally con-
ceded that 16-bit processing capability constitutes a
minimum “mini” requirement.

Motorola is a microcomputer manufacturer, but the
soon-to-be-announced MCB809 Microprocessor at
least borders on minicomputer capabilities.

It has 16-bit capability with 50-percent more
throughput than the MC6800. It operates at 2 MHz,
adds 16 new addressing modes, utilizes an expanded
instruction set with migh-level language capability, and
features a host of other retinements that add functional
expansion to, while maintaining compatibiiity with, the
MB800 Microcomputer Components Family.

':]  index Pointer Register

Av? ¥ index Pointer Register

" 70] uiindex'Stack Pointer Register

Ei_ n} S Index'Stack Pointer Register
__’_;] Dirsct Page Regiater
b R TR progrm couner

M] Condition Code Register

§ Twice As Many Pointer Registers

M6800 CLOCKS

All MEB00-based sysiems operate with two non-
overlapping ciock phases, @1 and @2, Avariety of clock
modules is available for use with the M8800 MPU (other
MPUs have built-in clock). Variations include one
monolithic and thiee hybrid versions offering a num-
" ber of system design options.

THE HYBRID

e

LIMITED FUNCTION
250 kiHz to 2.5 MHz

oty

FULL FUNCTION
850 kiz 10 2.5 MMz

ALTERNATE FUNCTION
250 kHz 10 2.5 MHz

THE MONOLITHIC MC6875




gead

Read Only
ROMs

&

PROMs

Read ang
Write
SVSTEMS

and
write
RAMS

RAMs

a0 -] le—s- DO
A1 et pa—e—t le— D1
pet— —a D2
A2 —of MEMORY
A3 ADDRESS ME“‘;'X e—{ 3STATE fe— 03
a DECODE 28 x8 [*™ BUFFER |e—s D4
A5 - jo—a» D5
F-e la—s D6
a6 —] Db e o7
[
[
MEMORY
cs3 CONTROL
cs2
cst
€so READ/WRITE

—

Some microprocessor chips are replete with
on-chip memory capacity (see Pages 16, 17,
and 18); some aren’t. In the interest of system
flexibility, the M6800 Family of processors was
designed to use external memory. Even the
MC6802 processor (128 bytes of on-chip RAM)
still requires external ROM and, for very complex
applications, may require additional RAM as well.
To meet this need, Motorola has developed a
series of memories specifically structured for
M6800 systems. The memories are bus organized
interface components. Most of the memories
described here operate on a single 5-V power
supply to obviate additional power supply com-
plexity. However, some devices with additional
voltage requirements have been included for
their special attributes. These can be adapted to
M6800 systems simply by supplying the addi-
tional voltages.

128 x 8-Bit — MCM6810

This 1024-bit byte-organized memory circuit is
designed to take optimum advantage of the M6800
unique features. Fabricated with high-density, N-
channel, silicon-gate technology, it provides high-
speed access time even at the 5-voit operating levels
of the M6800 Family. Three-state, bidirectional input-
output buffers interface directly with the bidirectional
8-bit data bus of the overall system. Six individual
chip-select inputs, when interconnected with the
systems address bus, permit extensive memory
expandability and selectivity without the need of
separate decoder circuits. Static operation reduces
overall system complexity by eliminating refresh
requirements.

AVAILABLE OPTIONS

Temperature Frequency Compatibllity

Range 1 MHz 1.5 MHz 2 MHz

010 70°C | MCM6810P/L
-40 to +85°C| MCM6810CP/L
-55 t0 +125°C | MCM6810CJCS

MIL883B | MCM68108JCS

MCMB68A10P/L
MCM68A10CP/L

MCM68B10P/L

P suffix = Plastic Package L suffix = Ceramic Package

Additional Memory
Building Blocks

The above RAM is uniquely tailored to the M6800
system by virtue of a single 5-volt supply requirement
and 8-bit word organization. Motorola offers additional
RAMs that can easily be adapted to expand M6800
memory capability.

Voltage
Organization Operation Requil ts Type Number
16,384 x 1 Dynamic +5, -5, +12 MCM4116
1,024 x 4 Static +5 MCM2114
4,096 x 1 Dynamic +5, -5, +12 MCM4027A
4,096 x 1 Static +5 MCM66L.41




ROMs — Mask Programmable

PROMs — Ultraviolet Erasable
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MCM6830AL
1024 x 8-Bit — MCM68308L

This series of 8K-bit Read-Only memories houses
the user program of a dedicated microprocessors.
The customer defines the memory content and
Motorola supplies the preprogrammed packages per
the given instructions. As all other M6800 components,
these devices are byte organized and operate from a
single 5-voit supply. Memory expansion is provided
through multiple chip-select inputs, with the user
specifying the active levels of these inputs.

2048 x 8-Bit — MCM68316

Similar to above, but provides 16K-bit storage and
3 programmable chip-select inputs.

4096 x 8-Bit — MCM68332

Similar to above, but provides 32K-bit storage and
2 programmable chip-select inputs.

AVAILABLE OPTIONS

Temperature Frequency Compatibility
Range 1 MHz 1.5 MHz 2 MHz
8K-Bit

010 70°C |MCM68A30AP MCMB68A 30AP/C/MCME8B30AP/C
MCM68A308P/C |MCME8A308P/C
-40 to +85°C|MCM68A30AC - -

MCM68A308C
16K-Bit
010 70°C [MCM68A316EP/C{MCME8A316EC —
32K-Bit

0to70°C [MCM68A332P/C |MCM68A332P/C —

P suffix = Plastic Package C suffix = Ceramic Package

1024 x 8-Bit — MCM68708

For system development, a user-programmable
Read-Only Memory is often desirable. This 8K-bit
PROM is erasable by exposure to high intensity, ultra-
violet light introduced through the transparent lid
of the package. Using a commercially available
UV-Eraser (Turner Designs), erase time is 30 minutes.
For subsequent large-volume production runs,
Motorola can supply pin-for-pin compatible mask-
programmable ROMs. The device is M6800 compat-
ible, but requires additional power-supply volitage
(+12 V, +5 V and -5 V).

AVAILABLE OPTIONS

Frequency Compatibility

Temperature
Range

1 MHz 1.5 MHz 2 MH2
010 70°C MCM68708L MCMB68A708L | MCMBBAT08L
-55 10 +125°C | MCM68708CJCS — —

2048 x 8-Bit — TMS2716L
Similar to above, but provides 16K-bit storage.

2048 x 8-Bit — MCM2716L
Similar to above, but operates from single 5-V supply.

RAM — Memory Systems

To extend the storage capacity of monolithic
memory blocks, Motorola has developed a series of
memory modules for M6800 microcomputer systems.
All of these are compatible with the EXORciser
as system development tools, but can be used also
with functional microcomputer system where large
RAM capacity is required.

MEX6812-1 — 2048 x 8-Bit Static RAM*

MEX6815-3 — 8192 x 8-Bit Dynamic RAM**
MEX6816-1 — 16384 x 8-Bit Dynamic RAM™”
MMS68102 — 16384 x 8-Bit Dynamic RAM+

‘Requires 5 V power supply only
“"Requires -5 V, +12 V and -12 V power supply
*Requires +5 V, -12 V power supply plus battery pack




interface circuits for

Simple Microcomputers, or those dedicated to
one specific application, conceivably couid have
all the required circuitry on a single chip.
General-purpose microcomputers, and those
interided for complex system design, do not. The
reason—the design of a chip with the memory
and interface circuitry compatible with all
possible end-use applications would make it
cost-effective for none.

The M6800 system was conceived and de-
signed to encompass an array of LSl components
which, in various combinations, provide low-cost
solutions to most eventual microcomputer appli-
cations. The choice of microprocessor chips,
Page 6, together with the selection of the right
memory, Page 8, and the most suitable periph-
eral interface circuits described here, often
results in the most effective and least expensive
system that can be configured for most
applications.

MC6846* — ROM-1/O-Timer

Highly efficient interface chip contains 2048 bytes of
ROM, together with a 16-bit programmable timer-
counter and an 8-bit bidirectional data port for
peripheral interface In conjunction with MC6802
MPU, it constitutes a versatile 2-chip microcomputer
system. Compatibility with other M6800 interface and
peripheral circuits permits system expansion to any
required additional compiexity at low cost.

The built-in ROM provides read-only storage for a
minimum microcomputer system and is mask-
programmable to the user’s specifications. The timer
may be programmed to count events, measure fre-
quencies and time intervals, generate square waves,
etc. The I/0O portis under software controt and includes
two “handshake” control lines for asynchronous
interface with peripherals.

MC6821" — Peripheral Interface Adapter (PIA)

This paraliel oriented periperal interface circuit is
one of the most important interface circuits available.
Contains two 1/0 circuit blocks, each capable of con-
trolling an independent 8-bit peripheral data bus.
Multiple PlAs can be used with a single system and
selectively addressed by means of Chip-Select inputs.
Each peripheral data line can be programmed to actas
an input or output and each of four control/interrupt
lines can operate in one of several control modes.

“Available in package configurations and temperature and frequency
ranges to match those of the MC6800 MPU described on Page 6
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MC6828/8507 — Priority Interrupt Controller (PIC)

This bipolar device is used to add prioritized
responses to inputs of microprocessor systems. The
performance has been optimized for the M68C0
system, but will serve to eliminate input polling
routines from any processor system.

With the PIC, each interrupting device is assigned a
unique ROM location which contains the starting
address of the appropriate service routine. After the
MPU detects and responds to an interrupt, the PIC
directs the MPU to the proper memory location.

MC6840° — Programmabie Timer

This component is designed to provide variable sys-
tem time intervals. It has three 16-bit binary counters,
three corresponding control registers and a status
register. The counters are under software control and
may be used to cause system interrupts and/or gener-
ate out-put signals. The MC8840 may be utilized for
frequency measurements, event counting, interval
measuring and similar tasks.

MC68488° — General-Purpose interface Adapter

The MC68488 GPIA interfaces between the IEEE488
standard instrument bus and the M6800 System. With
it, many instruments may be interconnected and re-
motely and automatically controlied or programmed.
Data may be taken from, sent to, or transferred be-
tween instruments.

The MC68488 will automatically handie all hand-
shake protocol needed on the instrument bus.
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in many applications, input data to a computer
comes from program sources that are wired
directly to the computer inputs; in others tha data
is derived from remotely located sources and
fransmitted 1o the computer by means of i(—;xw-
"'c-ns» iines. Remote data communication:
uires additional peripheral equipment—1io
ish contact; to convert digital signal leveis
s cafresponding transmittable daia: o

semble serially transmitted data pulses into
myte sized parallel inputs to the computer {of
vice-varsa).

The MB800 Family contains a number of com-
patibie LSt components that make the develon-
ment of communications interface equipment
Juick, easy and relatively inexpensive.

cr

FECB854° — Advanced Data Link Conirolier (ADLT)

The MC6854 ADLC performs the complex MPLi/data
communication link function for the “Advanc
Communicaticn Control Procedure” (ADCCP), Hi
Lave! Data Link Control (HLDC) and Synchronous
Data Link Control (SDLC) standards.

in a bit-oriented data communication system the
cata is transmitted and received in a synchrong
serial form

The serial data stream must be converted into
aliel, analyzed, and stored (for use by the MPU) in
der for data link management to be accomplishad
‘-;rr-e'arty, paralle! data from the MPU system must be
":Pfla“ZeG with the approgpriate frame contro! informa-
tion in order to conform to the bit-oriented protono!
standards. The Advanced Data Link Controlier (ADLT)
provides these functions.

BACBES2" — Synchronous Serial Data Adapter (SSDAj)

Frovides interface between the MS800 MPU system
and synchronous data terminals such as floppy dis
equipment, cassette or carlridge tape comro'inrs
rnumetical control systems and other systems requir-
ing movement of data blocks. Operates at speeds up to
800 kbps

MC6862 -~ Digltal Moduisator

Otfers the necessary modulation and control func-

tions to implement a seria! data communications
over voice-grade channels at bit rates of 1200
2400 bps.

TAva

i package configurations and temperaturs and ir
natch those of the MCEB0G MPU described on Fe




New M6800

LS1 Peripheral CONGPOMERS

On the one hand there are the microcomputers,
and on the other there are the peripherals. Each
peripheral has different needs, both functionally
and electrically, and, therefore, demands a
different interface circuit to adapt it to a specific
microcomputer design.

The MC6821 Peripheral Interface Adapter on
Page 10 permits first-order peripheral selection
and 1/0 control, but it doesn’t provide the com-
plex functional control required by each unique
computer peripheral.

Normally, functional peripheral control re-
quires a board-fuit of SSI/MSI circuits. The LSI
circuits described here reduce this requirement
to a simple, convenient and relatively inexpensive
single package.

MC6843 — Floppy Disk Controller

This 40-pin LS8! circuit performs the complex MPU/
Floppy Disk interface function. It contains twelve
accessible and three nonaccessible internai registers
which, together with a Micro-Controiier/ROM network,
form the communications link between the M6800
MPUs and a wide range of disk drives. Multiple disk
drives can be controlled with the addition of external
multiplexing rather than additional controllers.

General Description

The three nonaccessible registers provide serial-to-
parallel and parailel-to-serial conversions as well as
Data-Clock pattern generation and detection. The disk
operation is monitored by the MPU via the three status
registers. Separate registers provide for Track and
Section Address information.

The Setup Register serves two purposes. One
section allows generation of a programmable delay
corresponding to the Seek Time of the drive in use.
The remaining section provides a programmabie
settling time delay.

The General Count Register provides the new track
number for SEK and STZ commands, and a second
count for muilti-sector read/write.

One bit in the Command Register selects either
Program Controt or Direct Memory Access. The
remaining bits in the Command Register direct the
internal Micro-Control Unit to perform either a micro
or macro command. A set of 10 macro commands
govern program operation
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MC6844 — Direct Memory Access
Controlier

This DMAC works with an MB800 MPU Ciock Puise
Generator and an I/Q Peripheral Controller, such as
the units described here, to facilitate direct access to
the computer memory by the peripheral, thusg by-
passing MPU interactive time delay.

General Description

The MCB844 is operable in three modes: HALT Burst,
Cycle Steal and TSC Steal. in the Burst Mode, the MPU
is halted by the first transfer request (TxRQ) input and
is restarted when the Byte Count Register (BCR) is
zero. Each data transfer is synchronized by a pulse
input of TxRQ. in the Cycle Steal Mode, the MPU is
halted by each TxRQ and is restarted after each one
byte of data transferred. inthe TSC Steal Mode, DMAC
uses the three-state control function of the MPU to
control the system bus. One byte of data s transtferred
during each DMA cycie.

The DMAC has four channels. A Priority Controi
Register determines which of the channels is enabled.
While data is being transferred on one channel, the
other channels are inhibited. When one channel com-
pletes transferring, the next will become valid for DMA
transfer. The PCR also utilizes a Rotate Control bit.
Priority of DMA transfer is normally fixed in sequential
order. The highest priority is in #0 Channel and the
lowest is in #3. When this bit is in high level, channel
priority is rotated such that the just-serviced channei
has the lowest pricrity in the next DMA transfer.

MCE8845 — CRY Controiler

This bﬂ(ﬁ@—a"*‘ Controller provides the o
tween a cathode-ray terminal and
prc«,esmr of the AAEB00 Famzty it

General Description

The CRTC consists of the horizontal and vertical
counting circuits, a display address generaior, a cursor
register and comparator, and a light-pen registar

The horizontal and vertical counting circuits gener-
ate the signals: Blank, HEYNC, VSYNC, and R0
A0-R4 ars row count signals to the exiernai characts
generator ROM . The numbers of horizontal cf i
per raster, rasters per character ling, chara
per scraen and horizontel and vertical SYN
are programmabie by the MPU,

With 14 address x;nes from the CRT’" iothe d splay

addressed for axspiay <
paged through the »rmre cmmay rr'pm?rg un
controt,

A light pen strobe input signal allows capture of
refresh address in an internal light-pen regist
The cursor control register determines ih

iocation on the screen. The o
programmed for fast-biink, siow-blink, or
appearance, with programmabie size

1O
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Auxiliary M6800 bipolar circuits

The M6B00 microprocessor units are capable
of directly driving up to eight peripheral com-
ponents (memories, interface modules, etc.) and
one TTL load. A great number of systems can be
configured within the framework of thess limits.
it is conceivable, however, that some very com-
plex systems may require more anciliary circuits
than the MPUs can safely accommodate. For
systems requiring greater load capacity, and to
increase the versatility of the system in general,
the monolithic circuits described here have been
designed. These circuits are manufaciured with
bipolar technology, but their operating charac-
teristics are designed for compatibility with other
{NMOS) MBBOO components
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MCBRES/MCETIS

MCEEBB/MCBTIH
BUS EXTENDER

THROUGH

N 10 y
DAAL  mceBEO 4

ADRRESS
AND
CONTROL
BuUS

MCE850
ACIAs /

T 1 /

N MODEM /
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Hex 3-State Buffer/Inverters

MC6885 to MC6888
(MC8T95 to MC8T98)

Designed as bus ex-
tenders for unidirectional
bus systems such as the
M6800 Address and Con-
trol bus functions. The
various devices in this
product seguence ditfer
nooutput {inverting and
noninverting} and enable
configurations. Schottky
technology assures high-

MCBEBS/MCETIS
T

speed cperation (8 ns
puts prevent loading of bus
system for output requirements up to 40 mA

Quad Bus Transceiver

MCG8B0A (MCETZ26A) — Inverting
MC:6889 (MC8T28) -~ Noninveriing

This component cons-
sists of four separate
receiver-transmitter com-
binations, designed for
use with a bidirectional

bus system such as the
ME80D data bus. Driver
and receiver output cur-
rents are 48 mA and
10 mA, respectively,
| Maximum input current
equirement of 2004 A at
t proper operation with MCB800
MPU Empioys Schonky technoiogy for high-speed

operation.

Three-Channe! Bidirectional
Bus Switch
MC6881

Permits bidirectional
exchange of TTL-level
signals between multipie
microprocessors and the
- |data bus, or the multi-
' | plexing of signals toa sin-
gle processor Greatly
expands versatility
of microcomputer sys-
tems. Fuily compatible
with MB6800 Family
_lcompanents.




Utitization of iarge-scale integratad circuits
always invoives a series of compromises. On the
one hand, the more circuitry that is incorporated
on a single chip, the more limited is the system
designer’s conirol over the axact behavior of the
uittimate systern. On the other hand, the more
complex the chip, the fewer the components
needed for system implementation and, concur-
rently, the simpler the design and the jower the
cost.

ApplhisG 10 microcompulers, the previously
described MBBOC Family of LSI components
gives the designer control over system architac-
ture and functional operation while, at the same
time, offering large ancugh bhuilding biocks for
simplified system designs at iow cost. Yet, there
are numerous micrecomputar applications where

the end reg e*nan? permits processing of all
necessary fz s—MPU, Memory, /O—intoa
single chig aﬂar\at:fe suze For such appisca—
.icrs the

ve ffnaf ﬁyﬁ!omv
crder g single-chip micro-
: you have it built for you. Since your
it § uf;‘ inLDFDO!aKEG in the
hip, your order con-
) m{zg—: Yet, because
ne ¢ in the finai
ge of chip processing, such
siatively inexpensive.
w supplies two single-chip micro-
design with still another in
t e, These components, described
on the feHowé,ng pages, merit serious
consideration

1

=
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-or dedicated applications .

ition that can be formatted within
ot an on-chip ROM is a likely candi-
of the single-chip microcomputers
ribed here. The customer develops and tests
tary source program and sends it to
of proper processing of the final chip.
From :ecpépt of the source program to delivery of

siype product takes approximately 8 weeks.

The MC3870 8-Bit MOS

Take a powerful Arithmetic Logic Unit (ALU);

P 2048 bytes of Read-Only Memory {(ROM) and
bytes of scratchpad RAM;

ir parts of TTL-compatible input/Output;
a programmablie binary timer capable of operat-
ing in the Interval Timer mode, the Pulse-Width
Measurement mode and the Event Counter
Mode; a built-in clock with internal or external
timing capability;

it compietely compatible with the extensive soft-
ware library of the popular F8 microcomputer
you've got as versatile a single-chip micro-
computsr as moderrn technology permits.

Make

And

The Motorola MC3870 is a complete 8-bit MOS
microcomputer utilizing ion-implanted, N-channel,
silicon-gate technology and offers maximum cost-
effectiveness for a wide range of control and logic-
replacement applications it is simple to implement
{requiring only & single +5-volt £10% power supply)
and ;;uwe* saving in operation {requires only 275 mW,
al}. Seve*\*y s;x'nsiludouns the entire instruction
imparttothe MC3870a

ole ghip MicPOCOMPULEPS

Functionai Pin Description

PO-0 to PO-7, P1-0 to P1-7, P4-0 to P4-7, and P5-0to P5-7
are 32 lines which can be individually used as either
TTL-compatible inputs or as latched outputs.

STROBE is a ready strobe associated with 1/0 Port 4.
This pin, which is normally high, provides a single low
puise after valid data is presented on the P4-0 to P4-7 pins
during an output instruction.

RESET may be used to externally reset the 3870. When
puiied low, the 3870 will reset. When then allowed to go
nigh, the 3870 will begin program execution at program
location H “000".

EXT INT is the externai interrupt input. Its active state is
software programmable. This input is also used in con-
junction with the timer for pulse-width measurement and
event counting.

XTL1 and XTL2 are the time base inputs to which a
crystal (1 to 4 MHz), LC network, RC network, or an ex-
ternal single-phase clock may be connected. !f timing is
not critical, the 3870 will operate from its internal oscillator
with no external components

TEST is an input, used only in testing the 3870. For
normal circuit functionality this pin is left unconnected or
may be grounded.

Ve is the power supply input (+5 + 10%).

l TIMER l

INTERRUPT
Xt

Lﬁ % ( XTL § -t
 S— ROM CLOCK
N ADDER/ P ADDRESS - waoggr)l(:m XTL 2 ]
) e »—4 HEGISTERS o
R ; PO, P, DC, DCY
Lo i CONTROL
| ACCUMULATOR LOGIC
§ 1 INDIRECT ~ a AND
i 5 R,Lms.nmo r SCRATCHPAD ALY STATUS
Lo AQDRESS REGISTER | REGISTERS REGISTER
: INSTRUCTION
¢ 12 1 ~A\| REGISTER
] MAIN DATA eus ).
i - - 14
i 11 L B
i
| o PORT 0 l [ PORT 1 —l PORT 4 PORT 5 ON
§ 2 AR
i {
i i
* i
i JEST 0-7 STROBE 0-7 RESET




with Mask- Programmable Read-Only Memory (ROM)

MC141000/1200 Family

Somewhat less sophisticated than the MC3870, this
4-bit single-chip microcomputer, nevertheless, is more
than adequate for a wide range of applications . .. and,
it offers some unique advantages. It features CMOS
circuitry, providing the iocwest possible power con-
sumption, and making it suitable for battery powered,
battery back-up, or conventional 5 V operation.

Forty-three basic instructions handie /0O, constant
data from ROM, bit control, internal data transfer,
arithmetic processing, logic comparison, conditional
and nonconditional branching, and subroutines. A
1024 x 8-bit ROM and a 64 x 4-bit RAM handie the on-
chip memory requirements.

The MC141000/1200 Family is source-program
compatible, pin-out compatible and architecturally
similar to the well-known PMOS TMS1000 Family, but
with the foliowing additional features:

e Power Consumption — only 2.5 mW at 5 V

only 500 uW at 3 V
® Fully Static Operation
@ TTL-Compatible — Drives One TTL Load or Four
LSTTL Loads
e Clock Frequency to 700 kHz at VDD = 5V
® 16 "R" Outputs (MC141200)

Applications

Appliance Controliers
Calculators

Toys

Radio Controliers
Communications Controilers
Data Terminals

Cash Registers
Heating/Air-Conditioning Controllers
Remote Sensing System
Printing Controllers

Security Systems

Power Systems Control
Automotive Controf

* 6 2 8 8 6 O @ O B B B W

The above applications of the MC141000 Family
demonstrate iis wide potential. Motorola will accept cus-
tomer programs or will contract complete program devel-
oprent, given the specifications for the application.
Customer hardware and software support is already avail-
able for developing programs and debugging systems.
This consists of one board and a software package using
the MB80G EXORciser. Contact your iocal sales office for

siatus and avaiiability Of support equipment.

OSCILLATOR
AND TIMING

INSTRUCTION
DECODER

ARITHMETIC
LOGIC UNIY

Y REGISTER ANO < S L] PROGRAM COUNTER
4 AND SUBROUTINE

PAGE ADDRESS
AND PAGE BUFFER
REGISTERS

RETURN REGISTER

z\i__
i X REGISTER } 8
8
{} ROM 4
1024 WORDS

RAM & BITS/WORD
B4 WORDS
4 BITS/WORD

5
COUTPUTS
88ITS T OUTPUTS
C::‘ LATCHES, " ACCUMULATOR
ROUTPUTS
MC14 1000
11 8IS 1
MC14 1200 H
16 BITS, |
No—— R-OUTPUT
LATCH AND [
<L-r——-—-——— BUFFER L LI N
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Smgle~chip microcomputers

a single chip

The first M6800 Mlcracamputer on a

With expected availability before theend ot 78
the MCEB801 single-chip microcomputer mer
sernous attention for the nextgeneration of equip-
ment now being designed

Why?

Well for starters, here are a few of the more
important reasons.

It 15 characterized with ali the circuitry basic to

the MEBGO MPL
piss

ine on-chip clock oscitfator and

HAM of the MCB802
,)m

128 x 8-bi

SKOx B-nit BOM

A 1b Dit funesr

A vast expansion of /O cap

There's not much left to cha
ture of the MC6B01. There are 31 prog rabhe
paratiel /O hnes for managing exte dl ;,ex mb
erals, and a senal 1/C port for controthng com-
municahions equipment A poweriul inte
capability, with 8 interrupt levels, cuts d
costs and boosts performance.

And, just in case the built-in capacity of t
MOBB0T 1s insuthcient, for a specific dpphu"’
it retains complete compatibiity with the rest of
the MBBO0 line. This means MEmory expar -
abiiity up 1o 65K bytes and a wide v
tunctional options that makes an MOB801 sy
one of the most powerful in the indusiry

can be
s

IR}

Profue of an
acvanced single-




8IPOLAR
&8I SLICE

S TS SRR

1 m:. consists of a
7807 ebéf‘lif"q various
urpose computer,
elo form sys-

3;&‘,/ rf‘ccropwg. A

afm:ed E,w ;:f«‘:»'ﬁ!‘

, the basic
d by the iwo

panded into
nes. S;)m:éaﬁ
ding

blocks




Where high speed counts . . .

Dipoiar 4 bik SHGE PPOGESSOPS

Speed and versatility are the key attributes of the bipolar 4-bit slice processor families when
compared with the MOS components. Speed is the biproduct of bipolar processing; versatility
results from the “slice” concept that permits virtuaily unlimited expansion of the computer
system. Specifically, both families described here consist of 4-bit-wide components that are
structured or “sliced” paraliel to the data flow. This permits system expansion to larger word
lengths simply by connecting several parts (of each type) in parallel.

The M2900 (LSTTL) Family
Systemn Clock Frequency 8.3 10 9.5 MHz

This famity of TTL LS8! components is micropro-
grammable for efficient emulation of aimost any com-
puting machine.

The heart of the system is the MC2801, a fully ex-
pandable 4-bit Arithmetic and Logic Unit {ALU)

This device consists of a 16-word by 4-bit two-port .

RAM, a high-speed ALU, and the associaied shift-

ing. decoding and muitipiexing circuitry  The ALU

function has look-ahead or rippie carry, thres-state

outputs, and various status-fiag outputs. The look- 2

ahead carry function is performed with an MC2902 ,5

Look-Ahead Carry Generator in conjunction with I | mcrorsccran T7 jI

the ALU. lzj MEMORY X
The MC2908/2811 are four-bit wide address con- H T im0 06 07

trollers intended for sequencing through a series of T czen ] eyt

micro instructions contained in the microprogram PIPELINE

memory. These controilers have a 4 x 4 stack that "“;ﬁ,’i" ‘;’\;’

atiows nesting of subroutines. The system speed can L NS TROCTION AUS |

be improved by “pipelining’ the contents of the micro- 110 BUSES

program into MC2918 four-bit registers. Aiso, the

MC2918 register can be used as an address register, £

ted M2900

i > X fe ©f basic systern implementation with dedica
condition code register, or for various other register camponents
applications.

The 1O interface can be achieved with several COMPATIBLE TTL MEMORIES
ditferent bus transceiver devices. The MC2905/06/07 - Suze Device A%:.“ "o Temperature
have high-current sinking, open-coliector bus outputs. & |©@rsnization) No line man (MW R/PRA CC)
The driver side has four D-type edge-triggered thp- e - - .
flops and the receiver side has four D-type latches. The o« “'(c.\éés:s” xgﬁé’iﬁf s 50 o170
MC2815A 16A 17A are three-staie bus cutput options -

These bus transceivers can be used to transfer infor- prew Py - P pyse
mation from the ALU to the main memory or other bus AR viiveocdl IS -85 1 *125
applications L WCHSo0a |7 860 T <70
= MCM5304 55 10 +125
o ax Bits MCM7640
X s12x8 MCM7641 | 40 typ 500 0t -70
4K Bits MCMT842
(1024 x 4) MCM7643
MC2902 MC2909/2911/2810°
LOOK AMEAD CARRY GENERATOR MICROPROGRAMMER SEGUENCERS

MCZS01A /2903
MICROPROCESSOR SLICE

MC2905/06/07/15A/16A/1TA

MC2%18 /O INTERFACE

QUAD "G REGULATOR

*AVAILABLE SOON

Complement of an expanding hne of LS! MSI components designed especialiy for M2200 system design
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The M10800C (ECL) Family
System Clock Frequency 10 to 15 MHz

Oftfering the fastest cycle times of any available bit-
slice processor family, the M10800 series of ECL 4-bit
processor slices permits the design of high-speed
computer systems.

The core of any M10800-based system is the Arith-
metic and Logic Unit (ALU). it operates at system-
clock frequencies of 10 to 15 MHz, which represent
cycle times of 60 to 100 ns. System word size starts at
the ALU width of 4 bits, but can be expanded ton x 4
bits by cascading ALU sections. To support the ALU,
Motorola has developed several ECL circuits that take
care of most of the housekeeping without restricting
the processor design.

intended to address the instructions stored in the
microprogram memory, the MC10801 Microprogram
Controlier provides a 4-bit address that can be
expanded to any size by cascading controllers. A
memory interface unit, the MC10803, aiso has a cas-
cadable 4-bit output bus, butit connects to the address
bus of the main memory and supplies all the read and
write addresses.

IEZASTIES /S

CONTROL
MEMORY ] FILE ™
ABUS
I s 8US
MICROPROGRAM aa ALY
CONTROL  |wd it 4
MC10801 Mc10800
{ 18US |
4 Lot
MEMORY
TIMING 4 L—ed inTERFACE )
mc10s02 MC10803
ADDRESS DATA

One exampie of high performance system implementation using basic
M10800 Building Blocks.

COMPATIBLE ECL MEMORIES

Acting as a register file, stack or /O butfer, the Fr——
MC 10806 duai-port memory provides 32 words x 9 bits o ::*“'.m) 9;:“ Time | 'v’:/wn) 7""(9.'3""'
of temporary storage and can be accessed through i ) (ns max)
either of its ports. For high-speed mathematical opera- 1K Bits _ |MCM10146 | 29 500
tions, the MC10808 Muitibit Shifter can handle up to o L (1024 x 1)
16 bits and, under software control, can do ieft-shift, = _L@Lﬁgﬂmﬁl_ 26 | 420 ] o0to+75
right-shift or rotate operations. Additional MC10808s < ‘1'"25:;“) ::cmg:ii :: i"?g =
can be cascaded for larger word lengths. el IR 0t
Other support circuits include the MC10802 Timing B WCWITOT4S 3 535 316775
Generator and Clock Controiler, the MC10804 and (16 x 4)
MC10805 Bidirectional Bus Transiators (ECL-to-TTL 1: Bgs MCM10143 | 145 610 -30 to +85
and vice-versa) and all of the MECL 10,000 series of = 2‘56‘83 e = —
R T
logic circuits. - e x Iu; typ o ]
o] 1K Bits MCM10149 25 540 -30 to +85
MECL is a trademark of Motorola Inc. [+ (256 x 4)
MC10801 l J MC10803
MICROPROGRAM CONTROLLER MEMORY INTERFACE FUNCTION
MC10800
MICROPROCESSOR SLICE
MC10802 MC10806
TIMING FUNCTION J [ DUAL ACCESS STACK
MC10808 MC10804/5
seir ';":A?S"gswm PROGRAMMABLE MULTIBIT MECL/TTL
o e SHIFTER BIDIRECTIONAL TRANSLATOR

Present complement of an expanding line of LSI/MSI ¢

designed for M10800 system design.




Commitment to . . .

Heliability data is necessary for the component
designer 1o evaluate and correct failure mech-
anisms toward the continual improvement of
component reliability. 1t is also required by the
system designer to relate component life to sys-
tem requireaments.

Motorola Reliability Report Number 7750 de-
scribes two tests applied to the Motorola M6800
Sicroprocessor Family—a long-term operation
ife test, and an environmental temperature-
nidity-hias test. The report projects the results
120 million equivaient device hours, on 12 dif-
ferant device types, as an impressively low worst-

: rate of 0.033% per 1000 hours, at the
ted temperature of 70°C. The worst-

case estimate was obtained by considering as
failures even those devices that ran siightly out
of spec” during the test, but which would not
normally cause malfunctioning of the associated
equipment.

Environmental (THB) tests are being con-
ducted principaily on plastic-packaged devices
which are much more subject to failures of this
nature than the corresponding ceramic
devices. Tests are conduc
temperature of 85°C, at &
85%, with a 5-volt bias to
type failure mechanisms.
these severe operating condition
{worst-case) median life of 18000 »

MB800 FAMILY OPERATING LIFE TEST DATA SUMMARY
FAILURE BATES AS A FUNCTION OF AMBIENT TEMPERATURE
WAFER oo FAILURES 126°C ACTUAL  709C EQUIV 7000 SYSTEM
LoTs  ° FUNCT TOTAL DEVICEHOURS DEVICEHOUKS
T T 7 T H B ) 7
| DEPLETION MOUE |
| HCE800 ‘11 as2 i 410,184 242 X 108 0013
MCES0ZE 4 205 4 143,306 3.1 X 108 0.166
R
TBY 788 TR BEER vy
123,984 11.7 % 108 i o008 0008
292,853 214 x 108 6.015 6.025
45,360 281108 0.033
129528 453 % 100 0610
113568 6.25 X 108 0.024 0034
ENMANCEMENT MODE
L MCE8RG. 4 | 245740 . lazaxseb 1 004 R
MCessz 4 60,312 4.15 x 106 {ooase 0,150
MCHEGH 72 984 5.73 X 108 Ponow 091
MCBB62 3 170 5 12.2 X 108 0051 0.082
! S S S, D SRS S
TOTAL DEPLETION 47 848 10 13 1,420,567 89.3 X 108 0.013
TOTAL ENHANCEMENT (13 §77 17 24 538,776 0.060 {
1OTAL CERAMIC 42 658 19 28 1,438,739 0.022 :
TUTAL PLASTIC 20 767 8 9 520,604 0037 i
GRAND TOTAL 60 425 27 37 1,959,343 120.8 X 108 \\\024
SO — | | 1
& 130 V20 118 1600 B8 8 7t b al
FUNCTION T5MPEIRATURY

%,

mmmsieans NOTES:  1BASED ON FUNCTIONAL FAILURES 2BASED ON TOTAL FAILURES ZBASED ON INTERIM RESULTS
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INTRODUCING THE

MOTOROLA'S ADVANCED COMPUTER
SYSTEM ON SILICON

The MC68,000 microprocessor is housed in a 64-pin
package that allows the use of separate (non-
multiplexed) address and data buses. This large
package provides optimum flexibility while at the
same time maximizing bus through-put.

PIN IDENTIFICATION & DEFINITIONS

A1-A23 Address Leads 23-bit address bus; capable
of addressing 16,777,216 bytes
in conjunction with UDS and
LDS.

D0-DI5  Data Leads 16-bit data bus; transfers 8 or
16 bits of information.

AS Address Strobe Indicates valid address & pro
vides a bus lock for indivis-
ible operations.

R'W Read/Write Defines bus operation as
Read or Write and controls
external bus buffers.

UDS, LDS Data Strobes Identifies the byte(s) to be op
erated on according to R/W
and AS.

DTACK Data Transfer Allows the bus cycle to syn

Acknowledge chronize with slow devices or
mermaories.

BR Bus Request Input to the Processor from a
device requesting the bus.

BG Bus Grant Output from the processor
granting bus arbitration.

BGACK  Bus Grant Confirmation signal from BG

Acknowledge indicating a valid selection
from the arbitration process.

IACK Interrupt Identifies that the bus is per-

Acknowledge forming an interrupt service
cycle.

IPLG, Interrupt Priority Provides the priority level of

IPLI, Level the interrupting function to

1PL2 the processor.

HLT

BERR

VMA

A
Yoo

GND

MC68000

Function Code

Reset

Halt

Bus Error
Enable

Valid Peripheral
Address

Valid Memory

Address

5

Ground (2 pins}

Provides external
with informg

2PPIngG.
termination of a b\AS
if no response or an

on the bus



TYPICAL CELL GEOMETRIES

HMOS NMOS

N
N Z i N+ @ Vss

Circuit gensities twic

I

MOS

HMOS =

OO

Figure 1: Comparison of HMOS and NMOS Technologies
HMOS Technology used for the MCE8000 resuits in significant improvements to Circuit Densities and Speed-Power Products
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14 flexible addr
“lude five basic types:

hown in Table],

{egister Direct « Immediate
= Register Indirect

= Absolute « Program Counter Relative

Included in the addressing modes is the capability to

do Post-incrementing, Pre-decrementing, Offsetting
and Indexing.

THE INSTRUCTION SET
MCEe800 “tion set is rich and full as evi-
\Jvm‘ed by the 61 distinct types shown in Table II.
ul emp n~ sis Qunna ihe “3’6‘ Lgn D\..S r‘een qwen

iwctured high level

on bytes,
words and most instructions can use
the 14 Gdd essing modes. Cr‘-mbinmg instruc-

data types, and addressing modes, over
usetul instructions are pr '\IlciofJ These instruc-
signed and u}qunec‘ multiply and di-
ok arithmetic operations, BCD arithmetic
extended operations (through traps). The pro-
r offers the most comprehensive and flexible
ction set of cmv m zcrooroces or of any class,

able

letary microcoded str uch re provides a sound
e base for the future.

REDUCED SOFTWARE COST AND RISK

A

Advances in VL3I semiconductor 'eﬂnno]ugy have
cost of com-

MC88000 micro-
in a single inte-

example
e « would have been three or four orders of
wtude more expensive. Software costs during
me period of time have, as a percentage of total
m cost, increased significantly, This has been
> primarily to inflation and the labw intensive na-
of px‘;\q ramrning. Without hificant architec-
o advances in computers, this trend can do noth-
ing but LU};UHLJM Cne of Motorola's major goals in
! this new microprocessor has been to re-
s of software. Many innovative features
ve been incorporated to make programming
1, fuster and more reliable

BIT MPU —- The highly orthogonal
> of the MC68000 microprocessor
l ort required
nguage as v

tzrn: on

in reg-

rcuit package compuu 1g power that just o

remember one mnemonic for each typ
and then specify data size, source addr
and destination addressing mode. This has
keep the total number of instruction mnemaoni
the M68000 to an easily remembered, vet co
61 types, eleven fewer than on Motorola's M
The dual operand nature of many of the
tions significantly increases the flexibility ar
{ this new Motorola microprocessor. Con
again is maintained since all data re
memory locations may be either a source or
tien for most operations on integer data.

s
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tions reduce subroutine call over-
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n of linked lists of data areas on the

(Store Multiple Registers) and
ple Registers! instructions also re-
call programming overhead. Thess
ng or storing, via an etfective address,
s that are specified by the program-
gre trap vec rs are provided with
1 and are useful in operating

Srouser genemk@q ‘macro

TR (Return tc
R and RTS

Ct course, t
structure of ik
forward genera

n—l'

modular Input/
Output routines. ‘uwx"ble levels of priority
with 192 vector locations provide maximum flexibility
for VO control, (A total of 256 vector locations are
available for interrupts, hardware traps, and
software tre

i

m‘pmv@d Sc f vare Testability —— One of the majer

wysks the system programmer encounters when writ-
irg %v\f-‘W’ re for microcompuiers is the detection and
< w‘remur " The time taken

TOCESS0T incorporates
e for errors.
i the Struc-
vy, have al-

terns programmer
porated specifically
programming errors or
aps, provided to indicate
onditions of the MCB8U00 proces-
g error conditions:

cess with an odd addre

S ;cd instructions

Unimplemented instructions
Hegal addres
lilegal Memeaory access (bus error)
Cwverflow on divide (dxv.de by zero
Cverllow ¢ {separa

TRAPV)

o

sing mode

d tectxor; or correction
routines.
An additional error detection too! is the CHK
{Check Register Against Bounds) instruction used for
array bound checking by veniying that 0 = (REG) <
LIMIT. A trap occurs if the register contents are nega-
tive or greater than the Limit.
Finally, the MCB8000 inciudes a facility that allows
instruction-by-instruction tracing of a program being
dehugged This TRACE MODE results in a trap being
made o a tracing routine after each instruction
execution. The TRACE MODE is available to the
programmer when the microprocessor is in the
SUPERVISCORY state as well as the USER state, but
may only be entered while in the supervisory state.
The SUPERVISORY/USER states provide an addi-
Lol ql degree of error pxot@ ion for the micro-
ST /‘qln memory protection of
i memory @h an external memory
od.
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FUTURE FLEXIBILITY

Microprocessor VLS circuit tachnology is advane-
ing at an ever increasing rate. For example, the
Motorola MCB800 — criginally intreduced in 1974 -
has evolved intc a number of more advancad prod-
ucts. This evolution has been along twe paths: in-
creased functionality, with the MCB80Z and MC8801
microcomputers, and increased performance with
the MCB8AQ0, MCH2BO0 and MCE809 microproces-
sors. (Figure 4). The sound, well planned, architec-
tural base provided by the original MCE800 made it
possible to develop these improved products while
taking full advantage of the major speed and density
enhancements to NMOS VLSI. This was ac-
complished while maintaining an unprecedented
degree of compatibility and consistency with the orig-
inal MC8800 MPU,

Similarly, a major consideration in the develop-
ment of the MCB8000 microprocessor has been to
provide a good, sclid, but flexible, base for future
extensibility. Several architectural concepts have
been incorperated that will allow this advanced
product to be enhanced as semiconductor tachnolog-
ical advances are made. For example, the highly
orthogonal structure of the CPU allows operations on
8-bit, 18-bit and 32-bit integers without the need for
concatenation of registers or mul 1p‘exm g of internai
data buses. This regular structure of the CPU lends
itself to a more consistent, reliable ieg‘cm that can be
easily expanded.

The MCB8000 incorporates a proprietary multi-
level mzcro—programmed stmctu;e that allows sig
nificant versatility in the implementation of instrue-
tions. In fact, more than one-eighth of the instruction
op-code map has been set aside specifically for im-
plemesniation of {uture instruciions, In the interim,

MEMORY MANAGEMERNT
LARGE ADDRESSING SPA
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by permitting the programmer to generate as many
as eight concurrent stacks or queues. Another feature
that allows the programmer to manage the use of
memory is the CHK (Check Register Against Bounds)
Instruction. This instruction permits the software
implementation of a basic memory protection/
management structure.

Still another significant feature provided in the
MC68000 microprocessor is the distinction between a
USER and a SUPERVISOR mode. The SUPERVISOR
mode permits certain protected operations within the
processor system. Of particular interest is that an
external Memory Management Controller ‘may be
used when the processor is in the USER mode to
manage the large address space for the program-
mer. The controller's memory management opera-
tions are transparent to the programmer when in the
USER mode and can be changed or updated only in
the SUPERVISOR mode. The Memory Management
Controller provides both management of a variable
number of variable size segments (Memory Segmen-
tation) and dynamic management of multi-task
memory relocation and protection. The Memory
Management Controller regulates access to storage
segments that are dedicated to read only datq,
read/write data, program code and protected data/
code.

REDUCED CODE DENSITY
AND IMPROVED SPEED

With the advent of low cost, very high density VLSI
RAMS and ROMS, it might incorrectly be assumed
that the number of bytes of code needed to execute a
given program is no longer important. Code density,
however, is very critical, since microprocessor speed
is highly dependent upon the number of executed
instruction words. During the early development of
Motorola's MC68000 microprocessor, extensive
studies were made of the use of instructions and
sequences of instructions in many microprocessor
applications. These studies identified not only stati-
cally frequent instructions but also dynamically fre-
quent instructions. (The dynamic frequency of in-
structions is a measure of how often an instruction is
executed while static frequency is a measure of how
often it occurs in a program listing or is encountered
by an assembler). The major contributer to the in-

creased efficiency, as a result of the studies, is the
highly regular or orthogonal structure of the architec-
ture. The consistency of the architecture, instruction
set, and addressing modes significantly reduces the
number of instructions needed to accomplish a given
task. Additionally, many instructions have been in-
cluded to specifically improve code density and
speed. For example, single word Add and Subtract
instructions using Quick Immediate addressing allow
fast, small value arithmetic operations on data regis-
ters and memory. A Load Quick Immediate (LDQ)
provides the ability to load a small (8-bit) signed word
into any register in a single word operation. In order
to improve the speed of loop operations, a single
word instruction for Decrement Count by One and
Branch if non-zero (DCNT) is included. Of course, the
TRAP Store Multiple Registers (STM), Load Multiple
Registers (LDM), Link Stack (LINK), Unlink Stack
(UNLK) and Check Limit (CHK) instructions signifi-
cantly reduce code requirements for subroutines,
operating system calls and stacking operations.

Other instructions that help reduce coding re-
quirements and improve performance of arithmetic
operations are Signed and Unsigned Multiply (MULS
and MULU), Signed and Unsigned Divide (DIVS and
DIVU), BCD Arithmetic (ABCD, SBCD, PACK and
UNPK) as well as the standard binary integer opera-
tions. In order to improve the efficiency of moving or
transferring data, a powertul MOVE data instruction
has been incorporated that allows the transfer of
bytes, words and long words and operates in all
data addressing modes. Thus; register-to-register,
register-to-memory, memory-to-register and
memory-to-memory transfers are permitted.

In addition to the powerful instructions that provide
a substantial improvement in processor through-put,
numerous architectural features significantly reduce
the execution times for all instructions. The separate
(non-multiplexed) address and data buses, instruc-
tion pre-fetch pipeline and 32-bit internal registers
are major contributors to the processor's unequaled
performance. As an example of the performance
capability of the MC88000 Table IIl and the accom-
panying graphs in figures 5 and 6 summarize the
execution times for a number of comrmon instructions.
For comparison purposes, similar information is pro-
vided for Zilog's Z-8000 microprocessor. It is interest-
ing to note that the MC68000 has significantly faster
execution times.



EXECUTION TIME 1S

TABLE il — EXECUTION TIMES FOR MOVB R,
SRC INSTRUCTION FOR VARIOUS ADDRESSING MODES

Source

Addressing

Register

Indirect Register
Absolute Addressing
{Direct)

Indexed Addressing
immediate

L 4
78600
(3.00)
- )
'/
(2.25) @ + momeme ..._.../'/ MC88000
2 (2.00) o

(1.50) .__..______.»/

LONG
BYTE WORD WORD
(8 BITS) (16 BITS) (32 BITS)

] | i

FIGURE 5: Execution Time for the Add Data Element (o a
register from a short Absolute Address
Instruction.

Motorols
MCBB000

Zilog
Z-8000

" 78000
-4 (3.75)
H »
| Ve
3 7
5 " MCe8000
@ (2.25) @mmm + s + e+ (2.00)
W
(11] | 2
(1.50)
LONG
BYTE WORD WORD
(16 BITS) {32 BITS)

_ (8 BITS)
0 .
0 | | |

FIGURE 6: Execution Time for the move a data element
from memory to a register from short
Absolute Address Instruction.
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Figure 7: Example of MCE8000 interface Connections for MC6821 Peripheral Interface Adapter

SOFTWARE SUPPORT AND
MC6800 COMPATIBILITY

rdware and software.
tull range of

1 level

low the

2 registers,
many {lexible ad-
ent translation of
which can then be
L advantage of the ver-
of the MC68000.

| planning of similarities between the

MCB8000 and the MCB800 does not stop at software
compatibility (by translation) but also extends to
peripheral controller interfacing. Motorola's exten-
sive line of intelligent M6800 family peripherals
(including the MC6854 Advanced Data Link Con-
troller and the MCB8488 General Purpose Interface
Adapter) can be directly and easily interfaced to the
MCB8000. Three signal lines; Enable (E), Valid Mem-
ory Address (VMA), and Valid Peripheral Address
(VPA) are provided tc simplify the interface to
Motorola's standard MCB800 peripherals as shown in
Figure 7. Interface to the new MCB80IE (Single Chip
ogrammable Controller) is also possible, allowing
user implementation of specialized input/output func-
tions. In addition, the MC88000 is supported by
unique peripheral controllers expected of an ad-
vanced architecture microprocessor, including a
DMA Controller and a Memory Management Unit.

The MCB88000 is not just @ component. By a unique

lend of VLSl design, software engineering and care-
ful planning, the MC88000 itis Motorola's Advanced
Computer System on Silicon.
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MC68000 PROPOSED PERIPHERALS

THIS PRESENTATION IS ADVANCED INFORMATION ON PROPOSED PRODUCTS
AND MOTOROLA RESERVES THE RIGHT OT MAKE CHANGES TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION, OR DESIGN.
MOTOROLA DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE
APPLICATION OR USE OF ANY PRODUCTS OR CIRCI'ITS DESCRIBED
HEREIN, NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS NOR THE RIGHTS OF OTHERS,



EXISTING M6800 PERIPHERAL PARTS

PIA - PERIPHERAL INTERFACE ADAPTER
ACIA - ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER
ADLC - ADVANCED DATA LINK CONTROLLER
SSDA - SYNCHRONOUS SERIAL DATA LINK CONTROLLER
PTM - PROGRAMMABLE TIMER MODULE
GPIA - GENERAL PURPOSE INTERFACE ADAPTER
VDG - VIDEO DISPLAY GENERATOR

CRTC - CRT CONTROLLER



NEW MC68000 PROPOSED PERIPHERAL PARTS

CONTROLLERS:
DMAC - DIRECT MEMORY ACCESS CONTROLLER

PPU - PERIPHERAL PROCESSOR UNIT

SYSTEM LEVEL MANAGERS:
MMU - MEMORY MANAGEMENT UNIT
BAM - BUS ARBITRATION UNIT



SYSTEMS CONCEPTS
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ADVANTAGES OF PARALLEL 170

HIGH SPEED DATA TRANSFER

LOW SOFTWARE OVERHEAD

DISADVANTAGES

DATA SKEWING PROBLEMS LIMIT BANDWIDTH
MULTIPLE LINES FOR INTERCONNECTION

HIGH CURRENT DRIVERS REQUIRED

USUALLY USED ONLY FOR SHORT DISTANCES
MULTIDROP CONFIGURATION IS HARD TO CONFIGURE

FULL-DUPLEX OPERATION DOUBLES HARDWARE OVERHEAD
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ADVANTAGES OF SERIAL 1/0

SIMPLE INTERCONNECTION

NO DATA SKEWING PROBLEMS

MULTIDROP CONFIGURATIONS ARE SIMPLE TO CONNECT

LONG LINES ARE EASY TO ACCOMMODATE.

LOWER OVERHEAD FOR FULL-DUPLEX FOR SERIAL THAN

PARALLEL 1/0.

LOWER BANDWIDTH.



DMA AND PERIPHERALS
UPSTREAM OF MMU

MC63000
PROCESSOR

DMAC
PERIPHERALS

MMU

ROM/RAM




FEATURES OF “DOWNSTREAM” ORGANIZATION

RELOCATABLE DMA CHANNELS AND PERIPHERALS

0S CAN "GIVE AWAY” DMA CHANNELS AND PERIPHERALS

TO USER TASKS.

DMA CHANNELS AND PERIPHERALS CAN BE MAPPED SO THAT

THEY ARE A CONTIGUOUS PART OF USER MEMORY MAP,

DMA AND PERIPHERALS ARE PROTECTABLE RESOURCES.

ONLY PHYSICAL ADDRESSES CAN BE TRANSFERRED WITH DMA--
LOGICAL ADDRESSES MUST FIRST BE CONVERTED TO PHYSICAL

ADDRESSES.

RESOURCE PROTECTION MUST BE DONE BY THE 0S TO PROTECT

AGAINST DMAC MIS-USE.



MC68000
PROCESSOR

MMU

DMAC

ROM/RAM/
PERTPHERALS

DMAC AND PERIPHERALS
DOWNSTREAM OF MMU




FEATURES OF “UPSTREAM” ORGANIZATION

FIXED PERIPHERAL AND DMA CHANNEL LOCATION.

DMA CAN BE SET UP WITH LOGICAL ADDRESSES RATHER
THAN PHYSICAL ADDRESSES. USER TASKS DO NOT HAVE

TO PERFORM ADDRESS CONVERSIONS,

DMA TRANSFERS ARE CHECKED FOR VALIDITY BEFORE

THEY TAKE PLACE.

0S MUST PROTECT RESOURCES IN SOFTWARE.



THE MCXXX

MEMORY MANAGEMENT UNIT



WHY MEMORY MANAGEMENT?

PROVIDE ADDRESS TRANSLATION TO SIMPLIFY PROGRAMMING

MODEL OF ADDRESS SPACE.

PROVIDE PROTECTION OF DIFFERENT MEMORY AREAS FROM

UNAUTHORIZED ACCESS.

ALLOW FOR SEGMENTS OF MEMORY TO BE SHARED AMONG USERS
(TASKS) .

PROVIDE TRANSLATION AND PROTECTION FOR USE WITH DMA

OPERATIONS.

PROVIDE SIMPLE CONTEXT SWITCHING.



MEMORY MANAGEMENT UNIT

CREATES LOGICAL AND PHYSICAL ADDRESS BUS =z2'¢

PROVIDES INTERFACE NECESSARY FOR VIRTUAL MEMORY
SYSTEMS

SUPPORTS 8 SEGHENTS 'eer »4 “pres pointer n (256 bntes)
PROVIDES PROTECTION OF SEGMENTS

PROVIDES FOR FAST CONTEXT SWITCHES

PROVIDES ADDRESS TRANSLATION

CASCADABLE TO ALLOW ANY NUMBER OF SEGMENTS

BUS CONPATIBLE WITH THE NCSB0GO FAMILY

64-PIN FAMILY SYTLE PACKAGE



68000
PROCESSOR

DO-D15

1 D0-D7 >
DATA PHYSICAL
ADDRESS BUS
A8-A23
MMU A
LOGICAL
ADDRESS BUS PA8-PAZ3 De
1 A8-A23 >
Al-A7

MMU SYSTEM CONFIGURATION

MAIN
MEMORY




ADDRESS SPACE 2
USER #1 STACK

USER #1 PROGRAM SPACE

ADDRESS SPACE 1

USER #1 VARIABLE
ADDRESS SPACE 2

UNUSED (UNDEFINED)

USER #2 VARIABLE SP 6

USER #2 PROGRAM SPACE

ADDRESS SPACE 5

DEFINED BUT NOT Q/’% //

7 1ercn

L ’)
-RESIDENT // Al // “SP #7
VIR-REQ GENERATED /

WHEN ACCESSED USER #3 VARIABLE SP 8
SUPERFISOR DATA SPACE 2 SP #4
SUPERVISOR STACK SPACE A sp

HYPOTHETICAL

MEMORY MAP SUPERVISOR PROGRAM SPACE

ADDRESS SPACE 3




LOGICAL BUS

INTERFACE FROM PHYSICAL BUS
PROCESSOR INTERFACE
D0-7 & > = WRITTEN
— PAS
AB-A23 >
, PAB-PA23
AL - ’
A2 -
LDS -
cs -
AS -
R/ - MU
DTACK ==
gl
VIRBEES - CASCADING CONNECTIONS
FCO - - BC
FC1 o - (0
FC2 - - CI
- = LTA
CLK -
RES -




FUNCTION CODE

RESERVED

USER PROGRAM

USER DATA

RESERVED

RESERVED

SUPERVISOR PROGRAM

SUPERVISOR DATA

INTERRUPT ACK

TASK TABLE

ACTIVE ADDRESS SPACE (%)
FOR USER PROGRAM

ACTIVE ADDRESS SPACE (S)
FOR USER DATA

ACTIVE ADDRESS SPACE (S)
FOR SUPERVISOR PROGRAM

ACTIVE ADDRESS SPACE (S)
FOR SUPERVISOR DATA

//




ONE SEGMENT OUT OF EIGHT

15 0
BEGINNING ADDRESS (BA)
ENDING ADDRESS (EA)
PHYSICAL ADDRESS OFFSET (PAD)
CONTROL ADDRESS SPACE NO.
15 7 0

1. AN ADDRESS SPACE NUMBER EQUAL TO ZERO DISABLES THE SEGMENT.

2, WRITING INTO BA, EA, PAO CLEARS THE AS NUMBER REGISTER.



FUNCTION CODE TASK TABLE

0 -

1 veer van 1

2 USER PG 3

3 St

q -

5 SUP PGM 3

6 SUP DATA 4

7 TAK &%

CURRENTLY EXECUTING
USER #1's PROGRAM

TO CHANGE CONTEXT FOR
EXECUTION OF USER #2's
PROGRAM, - USER PROGRAM
TASK NUMBER WOULD BE
SET TO 5, AND USER DATA
TASK NUMBER WOULD BE
SET TO 6.

ADDRESS SPACES

(MMU INTERNAL REGISTERS)

2

MMU #1 2

o

MMU #2

USER PGM #1
USER VAR SP #.
USER PGM #2
USER VAR SP #:
USER PGM #3
USER VAR #3
USER STACK #1
USER STACK #2
USER STACK #3
SUPERVISOR PGM
SUPERVISOR DAT
SUPERVISOR STA

UNDEFINED



MMU SEGMENTATION

1 OF 8 SETS

BEGINNING ADDRESS

ENDING ADDRESS

REGISTERS PHYSICAL ADDRESS OFFSET
CONTROL | ADD SPACE
6 5 4 3 1 0
VR| NR| VS| MO WE | AV

L—— ACCESS VIOLATION (R/¥)

WRITE ENABLE

SEGMENT WRITTEN INTO SINCE
BEING DEFINED (MODIFIED)

SEGMENT USED SINCE BEING
DEFINED

SEGMENT DEFINED BUT

NON-RESIDENT

SEGMENT WAS ACCESSED

BUT WAS NON-RESIDENT



@ OPERATING SYSTEM ORIENTED FEATURES:

DESCRIPTION OF STATUS BITS

® ACCESS VIOLATION:

IS SET WHEN A WRITE IS ATTEMPTED IN A “READ-ONLY”

SEGMENT,

® WRITE ENABLE:
WHEN SET TO ZERO SEGMENT IS DEFINED AS “READ-ONLY”,
WHEN SET TO ONE SEGMENT IS DEFINED AS READ/WRITE



® MODIFIED:
SET WHEN A SEGMENT HAS BEEN WRITTEN INTO.
USED BY THE OPERATING SYSTEM TO KEEP TRACK OF WHICH

SEGMENTS MUST BE UPDATED IN VIRTUAL MEMORY,

& USED:
SET WHEN SEGMENT HAS BEEN ACCESSED,
USED BY OPERATING SYSTEM FOR "GARBAGE COLLECTION”,
BY PURGING THE SEGMENTS WHICH HAVE NOT BEEN RECENTLY

USED,

® NON-RESIDENT:

RESET BY OPERATING SYSTEM WHEN SEGMENT IS MADE RESIDENT,

@ VIRTUAL-REQUEST:
SET WHEN AN ACCESS IS MADE TO A SEGMENT WITH ITS ’'NR’
BIT SET. INDICATES THAT DMA ACTION SHOULD BRING THE

SEGMENT 1IN,



MMU SYSTEM

REGISTERS

TASK TABLE

ASH
ASH
ASH
ASH
ASH#
ASH
ASH#

MAPPED ADDRESS

gt

-

CONTROL

MV

MS

VR

us

MO

A\ ‘;A

—— ACCESS VIOLATION IN
ONE OR MORE SEGMENTS

ONE OR MORE SEGMENTS
HAS ‘MO’ BIT SET

ONE OR MORE SEGMENTS
HAS “US" BIT SET

MAPPED ADDRESS MAPPED
SUCCESSFULLY

MAPPED ADDRESS MAPPED
VIRTUALLY




® MAPPED SUCCESSFULLY:
SET WHEN LOGICAL ADDRESS HAS BEEN BOUND CHECKED AND
HAS SUCCESSFULLY BEEN MAPPED INTO ONE SEGMENT. THE

MAPPED ADDRESS IS VALID IN THE "MAPPED ADDRESS’ REGISTER,

® MAPPED VIRTUALLY:
SET WHEN LOGICAL ADDRESS MAPPED INTO A SEGMENT WHICH

IS DEFINED, BUT NON-RESIDENT,



THE MCO8XXX

DIRECT MEMORY ACCESS CONTROLLER



WHY HAVE DMA?

& WIDEN THE BANDWIDTH OF I/0 CHANNELS.

® TO0 PERFORM MEMORY-TO-MEMORY BLOCK TRANSFERS FASTER

AND WITH LESS OVERHEAD THAN THE PROCESSOR COULD.



DIRECT MEMORY ACCESS CONTROLLER

FEATURES:

@ FOUR CHANNEL DMA CONTROLLER

8 16 MBYTE ALCDRESSING RANGE AND 65K BYTE COUNT RANGE
® MEMORY TO MEMORY BLOCK TRANSFERS

@ FIXED AND ROTATING PRIORITIES

8 3 DATA CHAINING MODES AVAILABLE

& BUS COMPATIBLE WITH THE MC68000

® TWO INTERRUPT VECTORS FOR EACH CHANNEL

@ BYTE, WORD, AND LONGWORD MODES

$ O64-PIN FAMILY STYLE PACKAGE



07 <
n-a3 <>

S »

AS

LDS

ubsS

R/W

DTACK
BERR

a Ar A4 A A

HALT >

BR

»

BGACK

BG ‘

ﬂl '3

FOLD

INTR

2

IACK
CLOCK

RESET i

TO PROCESSOR

DMAC PIN-OUT

DMAC

REQ 0

— ACK 0

A 4

PCL O

REQ 1

ACK 1

PCL 1

REQ 2

ACK 2

v v

PCL 2

REQ 3/FC

v

REQ 3/FC

T

]

REQ 3/FC

N

DONE

v

TO 1/0 DEVICES



REPEATED FOR
EACH CHANNEL

ONLY ONE
PER DMAC

DMAC REGISTERS

-

ADDRESS REGISTER (AR)
BASE ADDRESS REGISTER (B

TRANSFER COUNT (TC)
BASE TRANSFER COUNT (BTC

CHANNEL CONTROL REGISTER
(CCRXD

CHANNEL STATUS REGISTER
(CSR)

FUNCTION CODE REGISTER
(FCRX)

INTERRUPT VECTOR REGISTE
(IVRX)

N - NORMAL OPERATION VEC
E - EXCEPTION VECTOR

GENERAL CONTROL REGISTEF
(GCR)



BA +0 -*

CHANNEL #1 TRANSFER
PARAMETERS SEGMENT #1
BA + 100H *
CHANNEL #2 TRANSFER
PARAMETERS SEGMENT #2
BA + 200H -+
CHANNEL #3 TRANSFER
PARAMETERS SEGMENT #3
BA + 300H ‘L
CHANNEL #4 TRANSFER
PARAMETERS SEGMENT #4
BA + LOOH *
FUNCTION CODES AND
INTERRUPT VECTORS SEGMENT #5
&

DMAC MEMORY MAP



DMAC REGISTERS

ADD

ACK

RFQ

PCL

CHANNEL CONTROL REGISTER 1 (CCR1)

——
1 1 — ]
C )| 1
L I |

000 - STATUS INPUT

001 - S.I. + INT, ON _§—

010 - S.I. + INT, ON -

011 - START OUTPUT (1/8 CLK FR

100 - "E" INPUT FOR M6S00 FAMI

101 - READY INPUT FOR SLOW DEV

110 - ABORT INPUT _§

111 - ABORT INPUT T

00 - ACTIVE LOW

01 - ACTIVE HIGH

10 -+

11 -5

0 - ACK. ACTIVE LOW OUTt

1 - ACK. ACTIVE HIGH 0UT

00 - AR COUNTS UP (MMBT I
COUNTS UP)

01 - AR COUNTS DOWN (MMBI
BAR COUNTS DOWN)

10 - AR DOESN'T COUNT (Mt
BAR COUNTS UP)

11 - AR DOESN'T COUNT (M!
BAR DOESN'T COUNT)



DMAC REGISTERS

| 1

ey

-
1 1 —

XFR JINT [ARM | CHAIN | DIR| MODE

CHANNEL CONTROL REGISTER 2 (CCR2)

as

| B
L |

00 - BYTE MODE

01 - WORD MODE

10 - LONG WORD MODE

11 - MEM-TO-MEM BLOCK XFER

0 - FROM MEMORY TO DEVICE

1 - FROM DEVICE TO MEMORY

00 - CHAIN MODE DISABLED

01 - BASE REG, CHAINING

10 - ARRAY CHAINING

11 - LINKED CHAINING

0 - CHANNEL NOT ARMED

1 - CHANNEL ARMED (ENABLED)

0 - NOINTERRUPT UP ON COMPL. OR ABO

1 - INT, ON COMPLETION OR ABOR

0 -~ TRANSFER AT REQUESTED RATE

1 - ALLOW AT LEAST ONE BUS
CYCLE IN BETWEEN DMA
TRANSFERS.



DMA;IREGISTERS

L
L. 1 1 | ]

L ! i
i i J

— 1

/ | |
l | ]
7 6 5 4 3 2 1 0
ERR |CNTE |BERR [OVRN |PCLF |PCLS |DONE | BUSY [

L 0 - NO TRANSFER IN PROGRESS

1 - TRANSFER IN PROGRESS

0 - CHANNEL'S TRANS, INCOMPLE
1 - CHANNEL'S TRANSFER COMPLE
0 - THE PCL INPUT IS LOW

1 - THE PCL INPUT IS HIGH

0 - NO PCL INPUT/ABORT

1 - PCL INPUT/ABORT OCCURRED
0 - NO INTERRUPT LOST

1 - INTERRUPT LOST BY OVERRUN
0 - NO BUS ERRORS OCCURRED

1 - BUS ERROR IN LAST DMA CYC
0 - NO COUNTING ERROR

1 - COUNTING ERROR

0 - NO ERRORS

1 - ANY ERROR IN BITS 3-6

CHANNEL STATUS REGISTER (CSR)



DMAC REGISTERS

— —
b B E—
L | ]
]
l |
L L1
1 0
eeslemt| T —

GENERAL CONTROL REGISTER (GCR)

FIXED PRIORITY
ROTATING PRIORITY
CH, 3 PIN 5 ARE FCO-2 OUTP

O - O
1

CH. 3 PINS ARE FOR CH.3 DM



2ND BLOCK TO
BE TRANSFERRED

BASE ADDRESS #1

#2

BASE ADDRESS #3

TRANSFER COUNT

43 3RD BLOCK TO

BE TRANSFERRED

TRANSFER COUNT
#1 \_’
1ST BLOCK TO
BASE ADDRESS #2 BE. TRANSFERRED
TRANSFER COUNT

ARRAY CHAINING

DMAC OPERATING MODE




BAR —

BASE ADDRESS #1 -

TRANSFER COUNT
#1

LINK TO TRANSFER #2

1

BASE ADDRESS #2

2ND BLOCK TO
BE TRANSFERRED

TRANSFER COUNT
#2

LINK TO TRANSFER #3

1ST BLOCK TO
BE TRANSFERRED

BASE ADDRESS #3 >

TRANSFER COUNT

#3

-0- &TERMINATION LINK

LINKED ARRAY CHAINING

DMAC OPERATING MODE

3RD BLOCK TO
BE TRANSFERRED




+V

AR
AAAJ

[ep)

cc

7415245

By A

DIR

R/U "‘l

DO-D7 F*

Al1-A23

CONTROL

A

DMAC

(E)

MC68000
DATA BUS

A

DO-D7

RSO-RS52

o CONTROL

MC6843
FLOPPY DISK
CONTROLLER

T, REQ
Ty ACK

v

ADDRESS BUS s

CONTROL BUS

v v

A

DMAC CONNECTED TO EXISTING M6800
FAMILY PERIPHERAL PART

TO DISK
DRIVE



AR

+V

By A

DIR

R/W --I

D0O-D7 F

A1-A23 &

CONTROL #¢

DMAC

REQ

ACK

PCL

DONE

MC68000

D5-D15
DO-D7

CONTROL

PERIPHERAL
CONTROLLER

REQ
ACK

ABORT
TC

0

DATA_BUS €—

ADDRESS BUS <

CONTROL BUS €

DMAC CONNECTED TO FUTURE MC68000

PERIPHERAL PART




THE DMAC IS PERFORMANCE ORIENTED

FOUR INDEPENDENT DMA CHANNELS.

BANDWIDTH EQUAL OR GREATER THAN THE MC68000 PROCESSOR,

DUAL INTERRUPT VECTORS ELIMINATES POLLING.

DATA CHAINING LOWERS OS OVERHEAD FOR NON-CONTIGUOUS

BLOCK TRANSFERS.



THE DMAC IS FAMILY COMPATIBLE

COMPATIBLE WITH THE M6800 FAMILY OF PERIPHERAL PARTS.

PLANNED WITH A 32-BIT STRUCTURE FOR FUTURE EXPANSION,

UTILIZES FEATURES OFFERED BY THE MEMORY-MANAGEMENT-UNIT.

BUS CYCLES CAN BE SUSPENDED AND RE-INITIATED FOR USE

WITH THE BUS ARBITRATION MODULE.



THE DMAC IS FLEXIBLE

SUPPORTS THREE CHAINING MODES FOR SUPPORTING OPTIMUM

DATA STRUCTURES.

ALLOWS FOR VIRTUAL MEMORY IMPLEMENTATION,

SUPPORTS BYTE. WORD. AND LONG WORD MOVES.

PERIPHERAL CONTROL LINES (PCL) REDUCE HARDWARE OVERHEAD,

SUPPORTS 8-BIT M6800 FAMILY OR 16-BIT MC68000 PERIPHERALS.



THE DMAC LOWERS OPERATING SYSTEM OVERHEAD BY SUPPORTING:

¢ MEMORY-TO-MEMORY BLOCK TRANSFERS (MMBT).

® EVEN TO ODD AND ODD TO EVEN (MMBTS)

® MAPPED AND UNMAPPED OPERATION WHEN USED WITH THE

MMU FOR MULTITASKING SYSTEMS.

@ SEPERATE INTERRUPT VECTORS FOR NORMAL AND EXCEPTION

PROCESSING TO ELIMINATE POLLING.

® SEGMENT PROTECTION UTILIZING MMU TO ELIMINATE PRIVILEGE

CHECKING IN SOFTWARE.,

0 REGISTER MAP WHICH ALLOWS CHANNELS TO BE PROTECTED FROM
EACH OTHER, AND FOR FUNCTION CODES AND INTERRUPT VECTORS
TO BE TREATED AS A SEPERATE MEMORY SEGMENT.



THE MCE8XXX
BUS ARBITRATION MODULE



WHY BUS ARBITRATION?

ALLOW FOR INTERPROCESSOR COMMUNICATION,

PROVIDE PRIORITIZATION FOR BUS USE.

PREVENT “DEAD LOCKS”,

PROVIDE SYNCHRONIZATION BETWEEN TWO BUSSES WHICH

MIGHT BE ASYNCHRONOUS TO EACH OTHER,

ALLOW FOR DISTRIBUTED PROCESSING SYSTEMS



BUS ARBITRATION MODULE FEATURES

ALLOWS FOR MULTI-PROCESSOR CONFIGURATIONS.

PROGRAMMABLE FEATURE MAPS INTERPROCESSOR ADDRESSES.

ESTABLISHES A GLOBAL BUS AND ALLOWS FOR GLOBAL RESOURCES.

PROVIDES ADDRESS TRANSLATION FOR COMMUNICATION WITH

GLOBAL BUS.

DAISY CHAINABLE.

MC68000 BUS COMPATIBLE,

COMPATIBLE WITH DMAC AND MMU.

SUPPORTS MC68000 BERR PHILOSOPHY.

1K BLOCK ACCESS SIZE,



\
D0-D7 )
[
ya \ 2 \
A11-A23 { ) (_ > A11-A23
) 7 \ 7
CS >
AS <
DS <« >
UDS e«
R/W < BAM
DTACK <
BERR < >
RESET e > AS
CLOoCK > > DS
BR <« —* UDS
BG > > R/MW
BGACK <— E- —> DTACK
BGOUT < -> BERR
PIN > > POUT
LOCAL BUS GLOBAL BUS

PIN-OUT OF BUS ARBITRATION MODULE
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PROCESSOR OPERATING
NORMALLY

PROCESSOR ASSERTS
BUS GRANT (BG)

PROCESSOR RESUMES
OPERATION, '

BUS ARBITRATION SEQUENCE

PROCESSOR NEGATES
BG AND WAITS FOR
BGACK TO BE NEGATED

REQUESTING DEVICE
ASSERTS BUS REQUEST
(BR)

REQUESTING DEVICE
ACKNOWLEDGES BUS
MASTERSHIP, ASSERTS
BGACK, NEGATES BR,

REQUESTING DEVICE TAKES
CONTROL OF BUS AND
CONDUCTS NECESSARY
TRANSFERS

REQUESTING DEVICE RELEASES
BUS MASTERSHIP BY
NEGATING BGACK .
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MOTOROLA

Semiconductors

MC6801

Advance Information

MICROCOMPUTER UNIT (MCU)

The MC6801 MCU is an 8-bit microcomputer system which is compatible
with the M68B0C family of parts. The MC6801 MCU is object code
compatible with the MC8800 with improved execution times of key
instructions plus several new 16-bit and 8-bitinstructionsincludingan8X 8

unsigned muitiply with 16-bit result. The MC6801 MCU can operale as a

single chip microcomputer or be expanded to 65K words. The MC6801
MCU is TTL compatible and requires one +5.0 volt power supply. The
MCE8G1T MCU has 2K bytes of ROM and 128 bytes of RAM on chip, Serial
Communications Interface (S.C.1.), and parallel 1/0 as well as a three
function 16-bit timer. Block diagram is shown in Figure 1. Features of the
MC6801 include the following:

¢ Expanded M6800 Instruction Set

8 X 8 Multiply

On-Chip Serial Communications Interface (S.C.I.)

Object Code Compatible With The MC6800 MPU

16-Bit Timer

Single Chip Or Expandable To 65K Words

2K Bytes Of ROM

128 Bytes Of RAM (64 Bytes Retainable On Power Down)

31 Parallel 1/0 Lines

internal Clock/Divided-By-Four

TTL Compatible Inputs And Outputs

interrupt Capability

External Clock/Divide-By-One Mask Option (MC6801E) And EPROM
Versions MC68701 And MC68701E Avallable Soon.

® e ® 9 ® © 0 © 0 © & &

MOS

(N-CHANNEL, SILICON-GATE
DEPLETION LOAD)

MICROCOMPUTER

PLb L SUFFIX
CERAMIC PACKAGE
CASE 715

N I P SUFFIX
~ PLASTIC PACKAGE
CASE 711

P31

FIGURE 1 - SINGLE-CHIP MICROCOMPUTER BLOCK DIAGRAM

= Vee
i< Vss
P20
o > P21
ort
> P22
P23
P24
- ﬂ—vr‘-—
Timer | ]
scCl
¢ ————————— P10
e P11
= P12
Port e——————————= P13
) ¢ 1 -+ P14
I bt e P16
Vec ] 128Xx8 2K X 8 [e————————— p1§
Standby RAM ROM P17

FIGURE 2 — PIN ASSIGNMENT

vss 1 1 e
XTAL1 [ 2 391 sc1
ExTAL2 ] 3 387 sc2
NMi ] 4 37{1 P30
iRQ ] 5 361 P31
Reset [ 6 35(] p32
Vee T 7 34[] p33
P08 33 P34
P21 5 9 32[] P35
P2 [yp  MCEEO 31 J P36
P23 (] 11 30[ P37
P24 [ 12 291 p4ao
P10 ] 13 28[] pat
p11 ] 14 2711 P42
p12 T4 15 261 P43
p13 (] 16 25[7 pa4
p1a 1 17 24[] P4s
p1s (] 18 23[J pas
P16 O 19 22 P47
p17 [ 20 2113 Vee
Standby

This is advance information and specifications are subject to change without notice.

©Motorola Inc., 1978 ADI-803R1



ELECTRICAL CHARACTERISTICS (Vcc = 5.0V +5%, Vss = 0, Ta = Tt to TH unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Input High Voltage Vin Vss + 2.0 - Vee Vdc
Reset Vss +4.0 Vee
Input Low Voltage Vi Vss - 0.3 - Vss + 0.8 Vdc
Three-State (Off State) Input Current P10-P17 lysi - 2.0 10 pAdC
(Vin = 0.4 to 2.4 Vdc) P20-P24, P30-P37 Irsi - 2.0 10 uAdc
Output High Voltage Vown Vdc
All Outputs Except XTAL 1 and EXTAL 2 Vss +2.4 - -
(ILoad = -200 uAdc)
Output Low Voltage Voo Vdc
All Outputs Except XTAL 1 and EXTAL 2 - - Vss +0.4
{l Load = 1.6 mAdc)
Power Dissipation Py - - 1200 mwW |
Capacitance Cin pF |
(Vin=0,Ta =25°C, f = 1.0 MHz) - - 125
P10-P17, P20-P24, P40-P47 P30-P37 - - 10
Reset SC1, SC2, IRQ - - 75
Peripheral Data Setup Time (Figure 5) 'PDSU 200 - - ns
Peripheral Data Hold Time (Figure 5) 'PDH 0 - - ns
Delay Time, Enable negative transition to OS3 negative transition '0SD1 - 1.0 us
Delay Time, Enable negative transition to OS3 positive transition 'OSD2 - - 1.0 us
Delay Time, Enable negative transition to Peripheral Data Valid
(Figure 6) ‘PWD - - 350 ns
Delay Time, Enable negative transition to Peripheral CMOS Data Valid| 'CMOS - - 2.0 us
(Vcc - 30% Vec, P20-P24 (Figure 6)
Darlington Drive Current lok -1.0 -2.5 -10 mAdc
Vo = 1.5 Vdc P10-P17
Standby Voltage (Not Operating) Vsas 4.00 - 5.25 Vdc
(Operating) Vss 4.75 - 525
NOTE: The above electricals satisfy Ports 1 and 2 always, and Ports 3 and 4 in the single chip mode only.
BUS TIMING (Figure 9)
Characteristic Symbol Min Typ Max Unit
Cycle Time teve 1000 - - ns
Address Strobe Puise Width High PWasn 220 - - ns
Address Strobe Rise Time tasn - - 50 ns
Address Strobe Fall Time tase - - 50 ns
Address Strobe Delay Time taso 60 - - ns
Enable Rise Time ten - - 50 ns
Enable Fall Time ter - - 50 ns
Enable Pulse Width High Time PWen 450 - - ns
Enable Pulse Width Low Time PWeL 450 - - ns
Address Strobe to Enable Delay Time taseo 60 - - ns
Address Delay Time tao - - 270 ns
Data Delay Write Time toow - - 225 ns
Data Set-up Time tosn 100 - - ns
Hold Time}Raad tun 20 - 100 ns
Write thw 20 - - ns
Address Delay Time for Latch taoe - - 200 ns
Address Hold Time for Latch tan 20 - - ns
Pulse Width PW, 370 370 - ns
Address Hold Time tan 20 - - ns
JTotal Up Time tyr 750 - - ns

—— @ MOTOROLA Semiconductor Products Inc. -




MAXIMUM RATINGS

This device contains circuitry to protect the
inputs against damage due to high static

MCU SIGNAL DESCRIPTION

This section gives a description of the MCU signals for the various modes. Figure 2 shows theg

Rating Symbol Value Unit voltages or electric fields; however, it is
Supply Voltage VCC 031t0+7.0 Vdc advfzed th'gt rwtqrma: precaultionshbe;ake: to
- - avoid application of any voltage higher than
g\DUt \/'O"aT?e e \4_': 0;33:0_;07'0 \idc maximum rated voltages to this high
perating Temperature ge o c impedance circuit. For proper operation it is
Storage Temperature Range Tstg -55 to +150 °C recommended that Vi, and V. be
Thermal Resistance Plastic Package YN 100 °C/W constrained to the range Vss = (Vin 0r Vou) =
Ceramic Package 50 Voo.
TABLE 1 — MODE AND PORT SUMMARY

general pin assignments for the signals.

SC1 and SC2 are signals which vary with the mode that the chip is in. Table 1 gives a summary of their function.

PORT 1 PORT 2 PORT 3 PORT 4
MODE Eight Lines | Five Lines Eight Lines Eight Lines SC1 SC2
SINGLE CHIP 1/0 1/0 1/0 1/0 1S3{1) {0S3(0)
ADDRESS BUS
(A0-A7) ADDRESS BUS* o
EXPANDED MUX 1/0 1/0 DATA BUS (A8-A15) AS(0) |R/WI(O)
(D0-D7)
DATABUS | ADDRESSBUS* | _
EXPANDED NON-MUX 1/0 1/0 {DO-D7) (AQ-A7) 10S(0) | R/WI(O)
*These lines can be substituted for 1/O (Input Only) starting with the most significant address line.
i = Input IS = Input Strobe SC = Strobe Control
O =Output 0S = Qutput Strobe AS = Address Strobe
R/W = Read/Write 10S = 1/0 Select
READ/WRITE TIMING FOR PORTS 3 AND 4 (Figures 3-4)
Characteristic Symbol Min Typ Max Unit
IAddress Delay tAD - - 270 ns
Peripheral Read Access Time tacc - - 530 ns
tacc = tut - (tAD + 'DSR)
Data Setup Time (Read) tpsr 100 - - ns
Input Data Hold Time tHR 10 - - ns
Output Data Hold Time tHW 20 - - ns
Address Hold Time (Address, R/W) tAH 20 - - ns
Data Delay Time (Write) tDDW - 165 225 ns
Processor Controls
Processor Control Setup Time tpcs 200 - - ns
Processor Control Rise and Fall Time ‘PCr, tpet - . 100 ns
(Measured between 0.8V and 2.0V) 100
PORT 3 STROBE TIMING (Figures 7-8)
Characterlistic Symbol Min Typ Max Unit
Output Strobe Delay 1 tDSD1 - - 1.0 s
Output Strobe Delay 2 TosD2 - - 1.0 Hs
Input Strobe Pulse Width PWig 200 - - ns
Input Data Hold Time tiH 20 - N ns
Input Data Setup Time tis 100 - - ne

AAAAAAAAAAAA - @ MOTOROLA
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FIGURE 3 — READ DATA FROM MEMORY OR PERIPHERALS EXPANDED NON-MULTIPLEXED

‘\ / a\z.A v
E . 0.4V 'Y 04V
TAD |
24 Vi TN
R/W <N ; \\\
- r*—tAH
108, Address 2.8 V lionttoee o AN
Port 4 From MPU 0.4 v Qu.»\' AN
- = 'HR
e TAD e tace | IDSA =y
| i
Data ‘ 20V e e——
Port 3 From MPU TN Data Valid w___
or Peripherals 08 V —= -
m“ Data Not Valid
FIGURE 4 — WRITE DATA IN MEMORY OR PERIPHERALS EXPANDED NON-MULTIPLEXED
24v
j 0.4v
R/W ‘ {
e
-—i = taH
port4 [0S, Address 2.4V RN
From MPU 0.4 v __h) NN
Data
Port 3 From MPU
~] Data Not Valid
PORTS 1 AND 2, AND PORTS 3 AND 4 iN THE
SINGLE CHIP MODE
FIGURE 5 — PERIPHERAL DATA SETUP AND HOLD TIMES FIGURE 6 — PERIPHERAL CMOS DATA DELAY TIMES
(Read Mode) (Write Mode)
P10-P17
.oV
P20-P24 c2>,ev Enable
P30-P37 Port 2
P40-P47 tpwD | 17-- ===~=VCC -30% VCC
P10-P17 2.4V
Enable P20-P24 0.4V
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FIGURE 7 — OUTPUT STROBE TIMING —
SINGLE CHIP MODE

FIGURE 8 — INPUT STROBE TIMING —
SINGLE CHIP MODE

£ =)
0.8v S 0.8v J ) 0.8V 0.8V
CPU == F‘ls’t*—"wxs—”i
Read or /7, /?/\ | —=ltn
Wri % _ \
(I)‘_‘_e_ 't 05D 1 o —tosp2—f Input Data 2.0V
= 20v Port 3 oav A
04V !
FIGURE 9 — MULTIPLEXED BUS TIMING
tcye Min |
e 750 ns Min ——— ]
All Loads On TTL & 90 24V
0.4V Fo.av
Address Strobe K /
(AS) .
- tASE Vee —
0.6V
2.4v
2.4V
’ER" PWern —1\ I~ 'eF
Data Strobe
(€ WA S n4avi
—ltase —f= tASDle—
PWg 7
e taD—— |
— ol AHe——
P
R/W. AB-A15 __._< Address Valid >_._.
(Port 4) e
[— tDDW —=t+ tDSW
~tapLe] 1 AL 1= f—thw
MPU Write "
DO-D7, AO- A7 _< Address
(Port 3) . valid
MPU READ
A
D0-D7, AD-A7 32;;55
(Port 3)
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MC6801

FIGURE 11 — BUS TIMING TEST LOAD AND PORTS 1,

FIGURE 10—CMOS LOAD 3 AND 4 FOR SINGLE CHIP MODE

Vee

RL= 22k

MMD6150
or Equiv.

Test Point

MMD7000
or Equiv.

Test Point D—————l
I:&O oF

C = 90pF for P30-P37, P40-P47, E, SC1, SC2
R = 16.5KQ for P30-P37, P40-P47, E, SC1, SC2

FIGURE 12 — TEST LOADS FOR PORT 1
Darlington Load

(P10-P17)
Vee
C =40 R, R =12k RL
Adjust R so that |, = 3.2 mA ;
] o 1 MMD6150
with Vi= 0.4V and Vcc=5.25 V Test Point o or Equiv.
1
C R
MMD7000
or Equiv.
FIGURE 13 — TYPICAL DATA BUS OUTPUT DELAY FIGURE 14 — TYPICAL READ/WRITE, VMA AND
versus CAPACITIVE LOADING ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING
600 —T—T—T—T 80T 17 7 [
b IOH =-205 pA max @ 2.4 V LIoH =-145 pA max @ 24 V
L‘IQLz1.6mAmax@04V gL = 1.6 mMA max@ 0.4V I
5001 oo =50V 500 Fvep=50V f
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SIGNAL DESCRIPTIONS

Vce and Vss

These two pins are used to supply power and ground to the
chip. The voltage supplied will be +5 volts +5%.
XTAL 1 and EXTAL 2

These connections are for a parallel resonant fundamental
crystal, AT cut. Divide by 4 circuitry is included with the internal
clock, so a 4 MHz crystal may be used to run the system at 1
MHz. The divide by 4 circuitry allows for use of the inexpensive
3.56 Mz Coior TV crystai for non-time criticai applications.
Two 27 pF capacitors are needed from the two crystal pins to ground
to insure reliable operation. EXTAL2 may be driven

i riim o = vasibba
by an external clock source at a 4 MHz rate to run at 1 MHz with

a 40 /60% duty cycle. It is not restricted to 4 MHz, as it will divide
by 4 any frequency less than or equal to 4 MHz. XTAL1 must be
grounded if an external ciock is used. The foliowing are the
recommended crystal parameters:

AT = Cut Parallel Resonance Crystal
Co = 7 pF MAX
FREQ = 4.0 MHz @ C. = 24 pF
Rs = 50 ohms MAX.
Frequency Tolerance - +5% to +0.02%
The best E output “Worst Case Design
tolerance is +0.05% (500 ppM) using
A +0.02% crystal.

Vcc Standby

This pin will supply +5volts +5% to the standby RAM on the chip.
The first 64 bytes of RAM will be maintained in the power down mode
with 8 mA current max in the ROM version. The circuit of figure 15
can be utilized to assure that Vcc Standby does not go below Vsea
during power down.

To retain information in the RAM during power down the following
procedure is necessary:

1) Write “0" into the RAM enable bit, RAM E. RAM E is bit 6 of the
RAM Control Register at location $0014. This disables the standby
RAM, thereby protecting it at power down.

2) Keep Vcc Standby greater than Vsss.

FIGURE 15—BATTERY BACKUP FOR V.c STANDBY

Vce Standby Vee

= 525V
L

Reset =

This input is used to reset and start the MPU from a power
down condition, resulting from a power failure or an initial start-
up of the processor. On power up, the reset must be held low for
at Jeast 20 ms. During operation, Reset, when brought low, must be
held low at least 3 clock cycles.

When a high level is detected, the MPU does the following:

a) All the higher order address lines will be forced high.

b) 1/0 Port 2 bits, 2, 1, and 0 are latched into programmed
control bits PC2, PC1 and PCO.

c) The lasttwo (FFFE, FFFF) iocationsin memory will be used
to load the program addressed by the program counter.

d) The interrupt mask bit is set, must be cleared before the
MPU can recognize maskable interrupts.

Enable (E)
This supplies the external ciock for the rest of the system
when the internal oscillator is used. It is a single phase, TTL

compatible clock, and will be the divide by 4 result of the crystal
frequency. It will drive one TTL load and 90 pF.
Non-Maskable Interrupt (NMI)

A low-going edge on this input requests thata non-maskable-
interrupt sequence be generated within the processor. As with
the Interrupt Request signal, the processor will complete the
current instruction that is being executed before it recognizes
the NMi signal. The interrupt mask bit in the Condition Code
Dnme(nr has no effect on NMI.

In response to an NMi interrupt, the Index Register, Program
Counter, Accumulators, and Condition Code Register are
stored on the stack. Attheend of the sequence, a 16-bit address
will be loaded that points to a vectoring address located in
memory locations FFFC and FFFD. An address loaded at these
locations causes the MPU to branch to a non-maskable
interrupt service routine in memory.

A 3.3 k() external resistor to Vcc should be used for wire-OR
and opumum control of interrupts.

Inputs iRQ and NMi are hardware interrupt lines that are
sampled during E and will start the interrupt routine on the
clock bar following the completion of an instruction.

Interrupt Request (IRQ)

This level sensitive input requests that an interrupt sequence
be generated within the machine. The processor will wait until it
completes the current instruction that is being executed before
itrecognizes the request. Atthattime, if the interrupt mask bitin
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 on the
stack. Next the MPU will respond to the interrupt request by
setting the interrupt mask bit high so that no further maskable
interrupts may occur. At the end of the cycle, a 16-bit address
will be loaded that points to a vectoring address which is
located in memory locations FFF8 and FFFS. An address loaded
at these locations causes the MPU to branch to an interrupt
routine in memory.

The IRQ requires a 3.3 k() external resistor to Vcc which should
be used for wire-OR and optimum control of interrupts.
Internal Interrupts will use an internal interrupt line (IRQ2). This
interrupt will operate the same as IRQ except that it will use the
vector address of FFFO and FFF7. IRQ1 will have priority over
IRQ2 if both occur at the same time. The Interrupt Mask Bit in the
condition mode register masks both interrupts. (See Figure 25).

The following pins are available in the Single Chip Mode, and
are associated with Port 3 only.

Input Strobe (1S3) (SC1)

This sets an interrupt for the processor when the IS3 Enable
bit is set. As shown in Figure 8 Input Strobe Timing, 1S3 will fall
Tis minimum after data is valid on Port 3. If IS3 Enable is set in
the I/O Port Control/Status Register, an interrupt will occur. If
the latch enable bit in the I/O Control Status Register is set, this
strobe will latch the input data from another device when that
device has indicated that it has valid data.

Output Strobe (OS3) (SC2)

This signal is used by the processor to strobe an external
device, indicating valid data is on the I/O pins. The timing for
the Output Strobe is shown in Figure 7.1/0 Port Control/Status
Register is discussed in the following section.
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The following pins are available in the Expanded Modes.

Read/Write (R/W) (SC2)

This TTL compatible output signals the peripherals and
memory devices whether the MPU is in a Read (high) or aWrite
(low) state. The normal standby state of this signal is Read (high).
This output is capable of driving one TTL load and 90 pF.

1/O Strobe (I0S) (SC1)

In the expanded non-multiplexed mode of operation, 10S inter-
nally decodes A9 through A15 as zero's and A8 as a one. This allows
external access of the 256 locations from $0100 to $01FF. The
timing diagrams are shown as figures 3 and 4.

Address Strobe (AS) (SC1)

In the expanded multiplexed mode of operation address
strobe is output on this pin. This signal is used to latch the 8
LSB's of address which are multiplexed with data on Port 3. An
8-bit latch is utilized in conjunction with Address Strobe, as
shown in figure 29, Expanded Multiplexed Mode. Address
Strobe signals the latch when itis time to latch the address lines
so the lines can become data bus lines during the E pulse. The
timing for this signal is shown in the MC6801 Bus Timing Figure
9. This signal is also used to disable the address from the
multiplexed bus allowing adeselect time, Taso before the datais
enabled to the bus.

MC6801 PORTS

There are four I/O ports on the MC6801 MCU; three 8-bit
ports and one 5-bit port. There are two control lines associated
with one of the 8-bit ports. Each port has an associated write
only Data Direction Register which allows each 1/0O line to be
programmed to act as an input or an output.* A “1” in the
corresponding Data Direction Register bit will cause that /O
line to be an output. A “0" in the corresponding Data Direction
Register bit will cause that /O line to bean input. There are four
ports: Port 1, Port 2, Port 3, and Port 4. Their addresses and the
addresses of their Data Direction registers are given in Table 2.

“The only exceptionis bit 1 of Port 2, which can either be data input
or Timer output.

TABLE 2 — PORT AND DATA DIRECTION
REGISTER ADDRESSES

Ports Port Address Data Direction Register Address
1/0 Port 1 $0002 $0000
1/0 Port 2 $0003 $0001
1/0 Port 3 $0006 $0004
1/0 Port 4 $0007 $0005
1/0 Port 1

This is an 8-bit port whose individual bits may be defined as
inputs or outputs by the corresponding bit in its data direction
register. The 8 output buffers have three-state capability, allowing
them to enter a high impedance state when the peripheral data
lines are used as inputs. In order to be read properly, the voltage
on the input lines must be greater than 2.0 volts for a logic “1”
and less than 0.8 volt for a logic “0”. As outputs, these lines are
TTL compatible and may also be used as a sourceofupto1 mA
at 1.5 volts to directly drive a Darlington base. After Reset, the
1/0 lines are configured as inputs. In all three modes, Port 1 is
always parallel 1/0.

1/0 Port 2

This port has five lines that may be defined as inputs or
outputs by its data direction register. The 5 output buffers have
three-state capability, allowing them to enter ahigh impedance
state when used as an input. In order to be read properly, the
voltage on the input lines must be greater than 2.0 volts for a
logic “1”" and less than 0.8 volt for a logic “0”. As outputs, this
port has no internal pullup resistors but will drive TTL inputs
directly. For driving CMOS inputs, external pullup resistors are
required. After Reset, the 1/0 lines are configured as inputs.
Three pins on Port 2 (pins 10, 9 and 8 of the chip) are used to
program the mode of operation during reset. The values of
these pins atreset are latched into the three MSB's (bits 7,6, and
5) of Port 2 which are read only. This is explained in the Mode
Selection Section.

$000F | FLAG [ENABLE
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In all three modes, Port 2 can be configured as I/O and
provides access to the Serial Communications Interface and
the Timer. Bit 1 is the only pin restricted to data input or Timer
output.

1/0 Port 3

This is an 8-bit port that can be configured as /0, a databus,
or an address bus multiplexed with the data bus — depending
on the mode of operation hardware programmed by the user at
reset. As a data bus, Port 3 is bi-directional. As an input for
peripherals, it must be supplied regular TTL levels, that is,
greater than 2.0 volts for a logic 1" and less than 0.8 volt for a
logic “0".

Its TTL compatible three-state output buffers are capable of
driving one TTL load and 90 pf. In the Expanded Modes, after
reset, the data direction register is inhibited and data flow
depends on the state of the R/W line. The input strobe (1S3) and
the output strobe (OS3) used for handshaking are explained
later.

In the three modes Port 3 assumes the following
characteristics:

Single Chip Mode: Parallel Inputs/Outputs as programmed
by its associated Data Direction Register. There are two control
lines associated with this port in this mode, an input strobe and
an output strobe, that can be used for handshaking. They are
controlled by the I/0 Port Control/Status Register explained at
the end of this section.

Expanded Non-Multiplexed Mode: In this mode Port 3
becomes the data bus (D7-D0).

Expanded Muitiplexed Mode: In this mode Port 3 becomes
both the data bus (D7-D0) and lower bits of the address bus
(A7-A0). An address strobe output is true when the address is
on the port.

1/0 PORT 3 CONTROL/STATUS REGISTER

7 6 5 4 3 2 1 Y]

1S3 1S3 X OSS | LATCH | X X X

ENABLE

Bit 0 Not used.

Bit 1 Not used.

Bit 2 Not used.

Bit 3 Latch Enable. This controls the input latch for I/O Port 3.
If this bit is set high the input data will be latched with the
falling edge of the Input Strobe, IS3. This bitis cleared by
reset, or CPU Read Port 3.




Bit4 (OSS) Output Strobe Select. This bit will select if the Output
Strobe should be generated by a write to /O Port 3 or aread of
/0 Port 3. When this bitis cleared the strobe is generated by a
read Port 3. When this bit is set the strobe is generated by a
write Port 3

Bit 5 Not used.

Bit 6 1S3 ENABLE. This bit will be the interrupt caused by IS3.
When set1o alow ievel the 1S3 FLAG will be setby input strobe
but the interrupt will not be generated. This bit is cleared by
reset.

Bit 7 IS3FLAG. This 1s a read only status bit that is set by the falling
edge of the input strobe, 1S3. It is cleared by a read of the
Controi/'Status

3. Reset will clear this

e b m remd o st Af U0 Dot
iowed by a read or wiite of /O Port

/O Port 4

This is an 8-bit port that can be configured as 1/0 or as
address lines depending on the mode of operation. in order to
be read properly, the voltage on the input lines must be greater
than 2.0 volts for a logic “1" and less than 0.8 volt fora logic “0”

MODE

The mode of operation that 6801 will operate in after Reset is
determined by hardware that the user must wire on pins 10, 9, and 8
of the chip. These pins are the three LSB's (110 2, 'O 1, and /O 0

As outputs, each line is TTL compatible and can drive 1 TTL
load and 90 pF. After reset, the lines are configured as inputs.
To use the pins as addresses, therefore, they should be
programmed as outputs. In the three modes, Port4 assumes the
following characteristics:

Single Chip Mode: Parallel Inputs/Outputs as programmed
by its associated Data Direction Register.

Expanded Non-Multipiexed Mode: In this mode Port 4 is
configured as the lower order address lines (A7-A0) by writing
one's fo the data direction register. When aii eight address iines are
not needed, the remaining lines, starting with the most significant bit,
may be used as /O (inputs only).

Expanded Multiplexed Mode: In this mode Port 4 is
configured as the high order address lines {A15-A8) by writing
one's to the datadirection register. When all eightaddress lines
are not needed, the remaining lines, starting with the most
significant bit, may be used as I/O (inputs only).

SELECTION

respectively) of Port 2. They are latched into programmed control
bits PC2, PC1, and PCO when reset goes high. I/O Port 2 Register is
shown below.

$0003

pC2 PCY | PCO /0 4 170 3 170 2 170 1 1700

An example of external hardware that could be used in the
Expanded Non-Multiplexed Mode is given in Figure 16. in the
Expanded Non-Multiplexed Mode, pins 10, 9 and 8 are
programmed Hi, Lo, Hi respectively as shown.

Couplers between the pins on Port 2 and the peripherais
attached may be required. lf the lines go to devices which
require signals at power up differing from the signais needed to
program the 6801's mode, couplers are necessary

The MC14066B can be used to provide this isolation between the
peripherai device and the MCU during reset. Figure 17 shows the
logic diagram and truth table for the MC14066B. It is bidirectional
and requires no external logic to determine the direction of the
information flow. The logic shown insures that the data on the
peripheral will not change before it is latched into the MCU and the
MCU has started the reset sequence.

FIGURE 16 — DIODE CONFIGURATION FOR THE
Reset v EXPANDED NON-MULTIPLEXED MODE
< l cc
.,.l.. C
;_E s
Pin 84 - 1 - | As bits 5, 6 and 7 of Port 2 are read only, the mode cannot be
P20 = - Tof ﬁ”pie'a' changed through software. The mode selections are shown in
Pin 9 oup gr Control Table 3.
P2y - To Peripheral P20 refers to Port 2, bit 0.
Pin 10 Coupler Control
P2 = %’To Peripheral
Coupler Controi
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MCe6801

FIGURE 17—MC14066B QUAD ANALOG, SWITCH/
MULTIPLEXER IN A TYPICAL MC6801 CIRCUIT

>

INOUT o
CONTROL
CONTROL SWITCH
0 OFF
1 ON
V CONTROL Vin TO Vout RESISTANCE
Vss > 10° OHMS TYP.
Voo 300 OHMS TYP
7414
RESET B paWN D
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MC6801 BASIC MODES

O OUuT/IN

MC14066B
(% OF DEVICE SHOWN)

- TO 140668
CONTROL INPUTS

FIGURE 18 — MC6801 MCU SINGLE-CHIP MODE

Vece
l——a Enable
N 2 1 40
— __
- | 3 4 ta——O NMI
Ve Standby o——af 21 5 le—O IRQ

The MC6801 is capable of operating in three basic modes; (1)
Expanded Multiplexed Mode

Single Chip Mode, (2)
(compatible with M6800 peripheral family) (3) Expanded Non-

Multiplexed Mode.
SINGLE CHIP MODE

In the Single Chip Mode the Ports are configured for 1/0.
This is shownin Figure 18 the single Chip Mode. In this mode, Port

3 will have two associated control lines, an input strobe and an

output strobe for handshaking data.

Reset O——={ g

Port 1
8 1/0 Lines

Port4
8 1/0 Lines

13 37
iMce801}
Jo MCU 39

Port3
8 1/0 Lines

I

39 fa—ro } Port 3
38 }——= ] 1/O Strobes
29 8 Port 2
i .
22 1& 51/0 Lines
SCI
—_J-_— Timer
Vss
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EXPANDED NON-MULTIPLEXED MODE

In this mode the MC6801 will directly address M6800
peripherals with no external logic. In this mode Port 3 becomes
the data bus, Port 4 becomes the A7-A0 address bus or partial
address and /0 (inputs only), Port 2 can be parallel 1/0, serial
170, Timer, or any combination thereof. Port 1 is paraltel I/O

FIGURE 19 — MC6801 MCU EXPANDED NON-
MULTIPLEXED MODE

Vee

T r—=®~ Enable

-] J—

e - NMI
VCC Standby — g le—— RO

Reset ———m
MC6801

Port 1 MCU Port 3
8 Parallel I/O 8 Data Lines

- R/W

S |‘6§
Port 2 Port 4
5 Parallel 1/O <1:> To 8 Address
SCi Lines or To
Timer L 71/0 Lines

(Inputs Only)

only. in this mode the MC6801 is expandable to 256 locations.
The eight address lines associated with Port 4 may be
substituted for 1/O (inputs only) it a fewer number of address
lines will satisty the application. {See Figure 19).

FIGURE 20 — MC6801 MCU EXPANDED MULTIPLEXED
MODE

Vee

i

e —® Enable

| - J—

] e——O NMI
Vg Standby  O——a le——-0 IRQ

Reset o—a| MC6801 p—a R/W

MCuU
Port 1 <:> b Lines
. i
81/0 Lines Multiplexed

Data/Address
—® Address Strobe

Port2

51/0 Lines @ <——_> Port 4

sci To 8 Address

Timer T Lines or To
= 7 t/O Lines
Vss (Inputs Only)

EXPANDED MULTIPLEXED MODE

in this mode Port 4 becomes higher order address lines with
an alternative of substituting some of the address lines for I/0
(inputs only). Port 3 is the data bus multiplexed with the lower
order address lines ditferentiated by an output called Address
Strobe. Port 2 is 5 lines of Parallel I/0, SCI, Timer, or any
combination thereof. Port 1 is 8 Parallel I/O lines. In this mode it
is expandable to 65K words. (See Figure 20).
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TABLE 3 — MODE SELECTS

MODE PROGRAM CONTROL ROM RAM INTERRUPT VECTORS BUS
7 SINGLE CHIP Hi Hi Hi I | | |
6 EXPANDED MULTIPLEXED Hi Hi Lo ! i ! Ep/M
5 EXPANDED NON-MULTIPLEXED Hi Lo Hi | | | Ep
4 SINGLE CHIP TEST Hi Lo Lo 1(2) (1) I |
3 64K ADDRESS 1/0O Lo Hi Hi E E E Ep/M
2 PORTS 3 & 4 EXTERNAL Lo Hi Lo E ! E Ep/M
1 Lo Lo Hi | I E Ep/M
0 TEST-DATA OUTPUTTED FROM Lo Lo Lo I | " Ep/M

ROM & RAM TO I/0 PORT 3

E — EXTERNAL all vectors are external
I — INTERNAL

Ep — EXPANDED

M — MULTIPLEXED

* First two addresses read from external after reset
(1) Address for RAM XX80-XXFF
(2) ROM disabled

Lower order Address Bus Latches

Since the data bus is multiplexed with the lower order
address bus in Port 3, latches are required to latch those
address bits. The SN74L.S373 Transparent octal D-type latch

can be used wtih the MC6801 to latch the least significant
address byte. Figure 21 shows how to connect the latch to the
MC6801. The output control to the LS373 may be connected to
ground.

FIGURE 21 — LATCH CONNECTION

GND

Ds

PORT 3

ADDRESS/DATA

Ds

G

74LS373

ADDRESS:Aq - A;

Qs

DATA: Do- Dy

FUNCTION TABLE

OUTPUT ENABLE OUTPUT
CONTROL | G D Q

L H H H

L H L L

L L X Qo

H X X Zz
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PROGRAMMABLE TIMER

The MCB801 contains an on-chip 16-bit programmable timer
which may be used to perform measurements on an input
waveform while independently generating an output waveform.
Pulse widths for both input and output signals may vary from a
tew microseconds to many seconds. The timer hardware
consists of

® an 8-bit control and status register,

e 3 16-bit free running counter,

® a 16-bit output compare register, and

® a 16-bit input capture register
A block diagram of the timer registers is shown in Figure 22.

Free Running Counter ($0009:000A)

The key element in the programmable imer is a 16-bit free
running counter which is driven to increasing values by the
MPU ¢. The counter value may be read by the MPU software at
any time. The counter is cleared to zero on RESET and may be
considered a read-only register with one exception. Any MPU
write to the counter’s address ($09) will always resultin a preset
value of $FFF8 being loaded into the counter regardless of the
value involved in the write. This preset feature is intended for
testing operation of the part, but may be of value in scme
applications.

Qutput Compare Reglster ($0008:000C)

The Output Compare Register is a 16-bit read/write register
which is used to control an ocutput waveform. The contents of
this register are constantly compared with the current value of
the free running counter. When a match is found, a flag is set
{OCF) in the Timer Control and Status Register (TCSR) and the
current value of the Output Level bit (OLVL) in the TCSR is
clocked to the output level register. Providing the Data
Direction Register tor Port 2, Bit 1 contains a “1” (output), the
output level register value will appear on the pin for Port2 Bit 1.
The values in the Output Compare Register and Output level bit
may then be changed to control the output level on the next
compare value. The Output Compare Register is set to $FFFF
during RESET. The Compare function is inhibited for one cycie
following a write to the high byte of the Output Compare
Register to insure a valid 16-bit value is in the register before a
compare is made.

7 6

4

€.

]

FIGURE 22 — BLOCK DIAGRAM OF TIMER REGISTERS

Timer Control/Status Register

7 6 5 4 3 2 1 Q0
$08 [ icF {ocF| ToF| Eici lEOCI]ETOI[;EDG‘OLVLl
$0B~ $0C
l Output Compare High Byte [ Output Compare Low Byte ]
508 $OA
{ Counter Counter Low Byte }
$OD $OE

[ Input Capture

High Byte l input Capture

* The characters above the registers represent theiraddress in Hex.

Input Capture Register ($000D:00CE)

The Input Capture Register isa 16-bitread-only register used
to store the current value of the free running counter when the
proper transition of an external input signal occurs. The input
transition change required to trigger the counter transfer is
controlled by the input Edge bit {IEDG) in the TCSR. The Data
Direction Register bit for Port 2 Bit 0, should™ be ciear (zero) in
order to gate in the external input signal! to the edge detect unit
in the timer.

*With Port 2 Bit O configured as an output and set to "1", the
external input will stili be seen by the edge detect unit.
Timer Control and Status Register (TCSR) ($0008)

The Timer Control and Status Register consists of an 8-bit
register of which all 8 bits are readable but only the low order §
bits may be written. The upper three bits contain read-only
timer status information and indicate that:

® a proper transition has taken place on the input pin with a
subsequent transfer of the current counter value to the input
capture register,

# a match has been found between the value in the free
running counter and the output compare register, and

¢ when $0000 is in the free running counter.

Each of the flags may be enabled onto the MC6801 internal
bus {IRQ2} with an individual Enable bit in the TCSR. If the |-bit
in the MC6801 Condition Code register has been cieared, a
prioriy vectored interrupt wiil occur corresponding to the flag
bit(s) set. A description for each bit foliows:

3 2 1 0

Timer
Control

ICF l OCF [ TOFl EICH l EOCII ETOiI lEDGi OLVL] $0008

and Status Register
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Bit 0 OLVL Output Level — This value is clocked to the output
level register on an output compare. If the DDR for
Port 2 bit 1 is set, the value will appear on the
output pin.

Bit 1 IEDG Input Edge — This bit controls which transition of
an input will trigger a transfer of the counter to the
input capture register. The DDR for Port 2 Bit 0
must be clear for this function to operate.
IEDG =0 Transfer takes piace on a negative (high-
to-low transition).

IEDG = 1 Transfer takes place on a positive edge
(low-to-high transition).

Bit 2 ETOIl Enable Timer Overflow Interrupt — When set, this
bit enables IRQ2 to occur on the internal bus for a
TOF interrupt; when clear the interrupt is
inhibited.

Bit 3 EOCI Enable Output Compare Interrupt — When set,
this bit enables IRQ2 to appear on the internal bus
for an input capture interrupt; when clear the
interrupt is inhibited.

Bit 4 EIC! Enable Input Capture Interrupt — When set, this
bit enables IRQ2 to occur on theinternal bus foran
input capture interrupt; when clear the interrupt
is inhibited.

Bit 5 TOF Timer Overflow Flag — This read-only bit is
set when the counter contains $0000. It is
cleared by a read of the TCSR (with TOF set)
followed by an MPU read of the Counter ($09).

Bit 6 OCF Output Compare Flag — This read-only bit is
set when a match is found between the output
compare register and the free running counter. It
is cleared by a read of the TCSR (with OCF set)
followed by an MPU write to the output compare
register ($0B or $0C).

Bit 7 ICF Input Capture Flag — This read-only status bit is
set by a proper transition on the input to the edge
detect unit; itis cleared by a read of the TCSR (with
ICF set) followed by an MPU read of the Input
Capture Register ($0D).

SERIAL COMMUNICATIONS INTERFACE

The MC6801 contains a full-duplex asynchronous serial
communications interface (SCIl) on board. Two serial data
formats (standard mark/space (NRZ) or Bi-phase) are provided
at several different data rates. The controller comprises a
transmitter and a receiver which operate independently or each
other but in the same data format and at the same data rate.
Both transmitter and receiver communicate with the MPU via
the data bus and with the outside world via pins 2, 3, and 4 of
Port 2. The hardware, software, and registers are explained in
the following paragraphs.

Wake-Up Feature

in a typical multi-processor application, the software
protocol will usually contain a destination address in the initial
byte(s) of the message. In order to permit non-selected MPU's
to ignore the remainder of the message, a wake-up feature is
included whereby all further interrupt processing may be
optionally inhibited unti! the beginning of the next message.
When the next message appears, the hardware re-enables (or
“wakes-up”) the for the next message. The “wake-up” is
automatically triggered by a string of ten consecutive 1's which
indicates an idle transmit line. The software protocol must
provide for the short idle period between any two consecutive
messages.
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Programmable Options

The following features of the MC8801 serial 1/0 section are
programmable:

e format — standard mark/space (NRZ) or Bi-phase

e clock — external or internal

® baud rate — one of 4 per given MPU ¢2 clock frequency or
external clock X8 input

¢ wake-up feature — enabled or disabled

® interrupt requests — enabled or masked individually for
transmitter and receiver data registers

e clock output — internal clock enabled or disabled to Port2
(Bit 2)

® Port 2 (bits 3 and 4) — dedicated or not dedicated to serial
1/0 individually for transmitter and receiver.

Serial Communications Hardware

The serial communications hardware is controlled by 4
registers as shown in Figure 23. The registers include:

® an 8-bit control and status register

® a 4-bit rate and mode control register (write only)

® an 8-bit read only receive data register and

® an 8-bit write only transmit data register.

In addition to the four registers, the serial I/O section utilizes
bit 3 (serial input) and bit 4 (serial output) or Port 2. Bit2 of Port
2 is utilized if the internal-clock-out or external-clock-in
options are selected.




FIGURE 23 — SERIAL |/O REGISTERS
CONTROL AND STATUS REGISTER $0011, READ/WRITE
EXCEPT “*” (READ ONLY)

7 6 5 4 3 2 1
k?DRFl ORFE!TDRE‘ RIE [ RE l TIE l TE I WU]

RATE AND MODE REGISTER $0010, WRITE ONLY

ix!txixix iCCTiCCOiS‘.]SO]

RECEIVE DATA REGISTER, $0012, READ ONLY

]
ﬁm TR e

_, RECEIVE DATA SHIFT REGISTER

PORT2 BIT2
EXT CLK IN/INT CLK OUT
PORTS BI” (NOT USER ADDRESSABLE)
P24 TRANSMIT DATA SHIFT REGISTER

ﬁﬁﬁﬁﬁﬁﬁﬁ

TRANSMIT DATA REGISTER $0013, WRITE ONLY

Transmit/Receive Control and Status (TRCS) Register

The TRCS register consists of an 8-bit register of which all 8
bits may be read while only bits 0-4 may be written. The register
is initialized to $20 on RESET. The bits in the TRCS register are
defined as follows:

EDRE—[ORFEITDREI RIE I RE l TIE ] TE ! WU lADDR: $0011
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Bit 0

Bit 1

Bit 2

Bit 3

Bit 4

e — @ MOTOROL A Semiconductor Products Inc.-

wu

TE

T

E

RE

RIE

“Wake-up” on Next Message — set by MC6801
software cleared by hardware on receipt of
ten consecutive 1's.

Transmit Enabie — set by MC6801/MC68701 to
produce preamble of nine consecutive 1's and to
enable gating of transmitter output to Port 2, bit 4
regardiess of the DDR value corresponding to
this bit; when clear, serial 1/0 has no effectonPort
2 bit 4.

Transmit Interrupt Enable — when set, will permit
an IRQ2 interrupt to occur when bit 5 (TDRE) is
set; when clear, the TDRE value is masked from
the bus

Receiver Enable — when set, gates Port 2 bit 3
to input of receiver regardiess of DDR value for
this bit; when clear, serial I/0O has no effect on Port
2 bit 3.

Receiver Interrpt Enable — when set, will permit
an IRQ2 interrupt to occur when bit 7 (RDRF) or bit
6 (OR) is set; when ciear, the interrupt is masked.

Hate and Mode Control Reglster

Bit 5 TDRE Transmit Data Register Empty — set by hardware
when a transfer is made from the transmit data
register to the output shift register. The TDRE bit
is cleared by reading the status register, then
writing a new byte into the transmit data register,
TDRE is initialized to 1 by RESET.

Bit & ORFE Over-Run-Framing Error — set by hardware when
an overrun or framing error occurs (receive only).
An overrun is defined as a new byte received with
last byte still in Data Register/Buffer. A framing
error has occurred when the byte boundaries in bit
stream are not synchronized to bit counter. The
ORFE bit is cleared by reading the status register,
then reading the Receive Data Register, or by
RESET.

Bit 7 RDRF Receiver Data Register Full — Set by hardware
when a transfer from the input shift register to the
receiver data register is made. The RDRF bit is
cleared by reading the status register, then
reading the Receive Data Register, or by RESET.

The Rate and Mode Control register controls the foilowing

serial {/O variables:
# Baud rate
¢ format
@ ciocking source, and
e Port 2 bit 2 configuration

The register consists of 4 bits all of which are write-only and
cleared on RESET. The 4 bits in the register may be considered
as a pair of 2-bitfields. The two low order bits control the bit rate
for internal clocking and the remaining two bits control the
format and clock select logic. The register definition is as
foliows:

5 4 3 2 1

[X l X l X LX ]CC1ICCO] St l SO JADDR:$OO1O

Bit0 SO Speed Select — These bits select the Baud rate for

Bit1 S1 the internal clock. The four rates which may be
selected are a function of the MPU 2 clock fre-
quency. Table 4 lists the available Baud rates.

Bit2 cco Clock Control and Format Select — this 2-bit field

Bit3 cC1 controls the format and clock select logic. Table 5

defines the bit field.




TABLE 4 — SCI INTERNAL BAUD RATES

$1,50 XTAL 4.0 MHz 4.9152 MHz | 2.5476 MHz
®2 1.0 MHz 1.2288 MHz 0.6144 MHz
00 @2 - 16 62.5k Bits/s 76.8k Bits’s 38.4k Bits’s
o1 @2 + 128 | 78125 Bits/s 4,800 Bits’s
10 @2 + 1024 976.6 Bits's 600 Bits/s
11 @2 + 4096 244 1 Bits's 300 Bits/s 150 Bits's
TABLE 5 — BIT FIELD
Clock Port 2 Port 2 Port 2
CCt, cco Format Source Bt 2 Bit3 Bit 4
00 Bi-Phase Internal Not Used . .
01 NRZ internal Not Used . .
10 NRZ Internal OQutput* Seriat Input | Serial Qutput
11 NRZ External Input Serial input | Serial Cutput

*Clock output is available regardiess of vaiues for bits RE and

TE.
**Bit3isusedforserial inputif RE="1"in TRCS, bit 4 is used for

serial output if TE = “1” in TRCS.

Externally Generated Clock

internally Generated Clock
If the user wishes for the seriai I/O to furnish a clock, the fol- If the user wishes to provide an external clock for the serial
towing requirements are applicable: 1/0. the following requirements are applicable:
the values of RE and TE are immaterial. e the CC1, CCQ, field in the Rate and Mode Control Register
s the values of RE and TE are immaterial must be set to 11,
* the external clock must be set to 8 times (X8) the desired

e CC1, CCO must be set to 10
® the maximum clock rate will be ¢ + 18.
* the clock will be at 1X the bit rate and will have a rising edge

at mid-bit.

baud rate and
® the maximum external clock frequency is 1.3 MHZ.
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SERIAL OPERATIONS
The serial /O hardware should be initialized by the MC6801
software prior to operation. This sequence will normally consist of:

e writing the desired operation control bits to the Rate and
Mode Control Register and

e writing the desired operational control bitsin the Transmit/
Receive Control and Status Register.

The Transmitter Enable (TE) and Receiver Enable (RE) bits
may be left set for dedicated operations.

Transmit Operations

The transmit operation is enabled by the TE bit in the
Transmit/Receive Control and Status Register. This bit when
set, gates the output of the serial transmit shift register to Port 2
Bit 4 and takes unconditional control over the Data Direction
Register value for Port 2, Bit 4.

Following a RESET, the user should configure both the Rate
and Mode Control Register and the Transmit/Receiver Control
and Status Register for desired operation. Setting the TE bit
during tnis procedure initiates the serial output by first
transmitting a ten-bit preamble of 1's. Following the preamble,
internal synchronization is established and the transmitter
section is ready for operation.

At this point one of two situations exist:

a) if the Transmit Data Register is empty (TDRE = 1), a
continuous string of ones will be sent indicating an idle line, or

b) if data has been loaded into the Transmit Data Register
(TDRE = 0), the word is transferred to the output shift register
and transmission of the data word will begin.

During the transfer itself, the 0 start bit is first transmitted.
Then the 8 data bits (beginning with bit 0) followed by the stop
bit, are transmitted. When the Transmitter Data Register has
been emptied. the hardware sets the TDRE flag bit.

If the MC6801 fails to respond to the flag within the proper time,
(TDRE is still set when the next normal transfer from the parallel data
register to the serial output register should occur) then a 1 will be
sent (instead of a 0) at “Start” bit time, followed by more 1's until
more data is supplied to the data register. No 0's will be sent while
TDRE remains a 1.

The Bi-phase mode operates as described above except that
the serial output toggles each bit time, and on 1/2 bit times
when a 1 is sent.

Recelve Operation

The receive operation is enabled by the RE bit which gates in
the serial input through Port 2 Bit 3. The receiver section
operation is conditioned by the contents of the Transmit/
Receive Control and Status Register and the Rate and Mode
Control Register.

The receiver bit interval is divided into 8 sub-intervals for
internal synchronization. in the standard, non-Bi-phase mode,
the received bit stream is synchronized by the first 0 (space)
encountered.

The approximate center of each bit time is strobed during the
next 10 bits. If the tenth bit is not a 1 (stop bit) a framing erroris
assumed, and bit ORFE is set. If the tenth bitis a 1, the data is
transferred to the Receiver Data Register, and interrupt flag
RDRF is set. If RDRF is still set at the next tenth bit time, ORFE
will be set, indicating an over-run has occurred. When the
MC6801 responds to either flag (RDRF or ORFE) by reading the
status register followed by reading the Data Register, RDRF (or
ORFE) will be cleared.

$0014 BIT X X X
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RAM CONTROL REGISTER

This register, which is addressed at $0014, gives status informa-
tion about the standby RAM. A 0 in the RAM enable bit (RAM E) will
disable the standby RAM, thereby protecting it at power down if Vcc
is held greater than VssB volts, as explained previously in the signal
description for Vcc Standby.

STANDBY]

RAME

Bit 0 Not Used.

Bit 1 Not Used.

Bit 2 Not used.

Bit 3 Not used.

-Bit 4 Not used.

Bit 5 Not used.

Bit 6 The RAM ENABLE control bit allows the user the
ability to disable the standby RAM. This bit is set
toalogic “one"” by reset which enables the standby
RAM and can be written to one or zero under
program control. When the RAM is disabled, logic
“zero”, data is read from external memory.

Bit 7 The STANDBY BiT of the controi register, $0014,
is cleared when the standby voltage is removed.
This bit is a read/write status flag that the user can
read which indicates that the standby RAM voltage
has been applied, and the data in the standby RAM
is valid.




FIGURE 24 — MEMORY MAP

The MC6801 provides up to 65k bytes of memory for program
and/or data storage. The memory map is shown in Figure 24.

SPECIAL
$0000 i 1 PpumPoSE
s001F | REGISTER

- -
$00201 EXTERNAL
: RAM OR 1/0
$007F b
$0080 i
! INTERNAL RAM
E
$OOFF T
$0100 EXTERNAL RAM
OR I/0 FOR
: NON-MULTIPLEXED
$O1FF | A MODE
-
$0200 -
i
! EXTERNAL RAM
! OR ROM OR I/0
1
i
i
1
1
SETFF =
$F800
i INTERNAL ROM
i OR EROM
1
i
SFFFFL ]

Locations $0020 through $007F access external RAM or 1/O.
Internal RAM is accessed at $0080 through $00FF. The RAM
may be alternately selected by mask programming at location
$A080. However, if the user desires to access external RAM at
those locations he may do so by clearing the RAM ENABLE
control bit of the RAM Control Register. inthis way anextra 128
bytes of external RAM are available. The first 64 bytes of the 128
bytes of on-chip RAM are provided with a separate power
supply. This will maintain the 84 bytes of RAM in the power
down mode as explained in the pindescription for Vcc Standby.

Locations $0100 through $01FF are available in the Expanded
Non-Multiplexed Mode. The eight address lines of Port 4 make

TABLE 6 — SPECIAL REGISTERS

The first 32 bytes are for the special purpose registers as shown
in Table 6.

Hex Address Register
06 Data Direction 1
01 Data Direction 2
02 1/0 Port 1
a3 170 Port 2
04 Data Direction 3
05 Data Direction 4
06 1/0 Port 3
07 1/0 Port 4
08 TCSR
09 Counter High Byte
OA Counter Low Byte
oB Output Compare High Byte
oC Output Compare Low Byte
oD Input Capture High Byte
OE Input Capture Low Byte
OF 1/0 Port 3 C/S Register
10 Serial Rate and Mode Register
11 Serial Control and Status Register
12 Serial Receiver Data Register
13 Serial Transmit Data Register
14 RAM/EROM Control Register

15-1F Reserved

FIGURE 25 — MEMORY MAP FOR INTERRUPT VECTORS

Highest Priority FFFE, FFFF | Restart
FFFC, FFFD| Non-Maskable Interrupt
FFFA, FFFB | Software Interrupt
FFF8, FFF9 | IRQ1/Interrupt Strobe 3
FFF6, FFF7 | IRQ2/Timer input Capture
FFF4, FFF5 | IRQ2/Timer Output Compare
FFF2, FFF3 | IRQ2/Timer Overflow
Lowest Priority FFFO, FFF1 | IRQ2/Serial I/O interrupt

this 256 word expandability possible. Those not needed for address
lines can be used as input lines instead.

The full range of addresses available to the user is in the
Expanded Multiplexed Mode. Locations $0200 through $F7FF
can be used as external RAM, external ROM, or I/O. Any higher
order bits not required for addressing can be used as I/O as in the
Expanded Non-Multipiexed Mode.

The internal ROM is located at $F800 through $FFFF. The
decoder for the ROM may be mask programmed on A12, and
A13 as zeros or one's to provide for $C800, $D800, $E800 for the
ROM address. A12 and A13 may also be don't care in this
decoder. The primary address for the ROM will be $F800.
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GENERAL DESCRIPTION OF MPU ADDRESSING MODES ,
INSTRUCTION SET The MC8801 eight-bit microcomputer unit has seven address

modes that can be used by a programmer, with the addressing
mode a function of both the type of instruction and the coding
within the instruction. A summary of the addressing modes fora
particular instruction can be found in Table 11 along with the
associated instruction execution time that is given in machine
cycles. With a clock frequency of 4 MHz, these times would be
microseconds.

Accumulator (ACCX) Addressing — In accumulator only
addressing. either accumulator A or accumulator B is specified.
These are one-byte instructions.

immediate Addressing — in immediate addressing, the
operand is contained in the second byte of the instruction
except LDS and LDX which have the operand in the second and
third bytes of the instruction The MCU 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 contained in the second byte of the instruction.
Direct addressing allows the user to directly address the lowest
256 bytes in the machine ie., locations zero through 255.
Enhanced execution times are achieved by storing data in these

The MC6801 is upward object code compatible with the
MC6800 as it implements the fuli MB80O instruction set. The
execution times of key instructions have been reduced to
increase throughput, In addition, new instructions have been
added] these include 16-bit operations and a hardware multiply.

included in the instruction set section are the following:

® MPU Programming Model (Figure 26)
# Addressing modes
# Accumulator and memory instructions — Table 7
® '\va instructions
# index register and stack manipulations — Table 8
° np and branch instructions — Table 9
& Cpecial operations — Figure 27
e Condition code register manipulation instructions —
Table 10
nstruction Execution times in machine cycies — Tahie 11
Summary of cycie by cycie operation — Table 12

®

L]

MPU PROGRAMMING MODEL locations. In most configurations, it should bearandom access
The programming model for the MC6801 is shown in Figure 26 memory. These are two-byte instructions.

The double (D) accumulator is physically the same as the A Ac- Extended Addressing — in extended addressing, the address

cumulator concatenated with the B Accumulator so that any opera- contained in the second byte of the instruction is used as the

tion using accumulator D will destroy information in A and B higher eight-bits of the address of the operand. The third byte of

the instruction is used as the lower eight-bits of the address for
the operand. This is an absolute address in memory. These are

FIGURE 26 — MCU PROGRAMMING MODEL three-byte instructions.
indexed Addressing — in indexed addressing, the address
07 0 contained in the second byte of the instruction is added to the
index register’s lowest eight bits in the MCU. The carry is then
ACCA 1[ AGCB Accumulator B added to the higher order eight bits of the index register. This
5 result is then used to address memory. The modified address is

index register. These are two-byte instructions.
implied Addressing — In the implied addressin

index Register instruction gives the address {i.e., stack pointer, h’ich 7

ey [ e

0
ACCD ] Accumulator D held in atemporary address register so there is no change to the
0
1
J

etc.). These are one-byte instructions
Relative Addressing -— In relative addressing, the address
l Program Counter  contained in the second byte of the instruction is added to the
15 0 program counter's lowest eight bits plus two. The carry or
N N borrow is then added to the high eight bits. This allows the user
l sP l Stack Pointer to address data within a range of -125 to +129 bytes of the
7 0 present instruction. These are two-byte instructions.

'1 [ 1[Hl| lelv c[%oegﬁ;‘f;‘?” Code

L Carry (from bit 7)

Overflow
Zero

Negative
interrupt Mask
Half Carry (from Bit 3)
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TABLE 7—ACCUMULATOR & MEMORY INSTRUCTIONS

ACCUMULATOR AND ADDRESSING MODES
MEMORY IMMED. DIRECT INDEX EXTEND INHERENT 5 4 3 2 i e
Operations MNEMONIC | OPj~1 # [OP|~]# JOPi~i# JOP}~]# |[OP |~ |#]Boolean/Arithmetic Operation | H i N z Y [
Add ADDA 88 {2 |2(9B {3 {2|aB|4 |2 BB |3 A+ M—A « !} R
ADDE cel2|2ipB|s |2lesla J2|FBl4a |3 B+M =B < 1 H
Add Doubie ADDD C3{4 [3|{D3(5 |2]|E3|6 |2|F3¢6 |3 AB+M M1 —+AB o | e
Add Accumuiators ABA 1812 [1]A+ 8 <A Tl . i §
Add With Carry ADCA g9 lef2|99|af2]|as|e j2|Boj4 |3 A+“M+C-wA R K
calzlzlpeiajoirala I2}Fois I3 B+M+C-eB L ; :ﬂ
AND ANDA sal2|2laalal2jaals {2fBala AM-»A PO a1 el
ANDB Calz|z|Dala |2{E4]4 j2|F4 14 BM—B e s e
Bit Test BIT A 85 {2 ]2]95 |3 |2]asla J2]B5j4 |2 AM . | e R | e
BIT B csl2|zlosiaf2jes|a j2]Fs 14 |3 B M o | Rl e
Clear CLR 6F |6 [2|7F s |2 00 oM e jelnis laln
CLRA 4F 12 11100 —=A . . R g =] =1
CLRB 5F {2 |1]00-=B s lelnis inlan
Compare CMPA 8 f2|2f91|3|2]atia |2]B1]4 |3 A-M s | e 'R
CMPB ctijefalor|3{2]er|s j2|F1ia |3 B-M o | e 3 j
Compare ; f 4
Accumulators CBA 1142 {1jA-B . . + ; *
Complement, 1's coMm 8316 |2}73 16 |3 M =M « e 2 Ris
COMA 43 12 i1 Ae A Ly ® R S
coMB 5312 |11 B—=B ° . o s
Complement, 2's NEG 60 16 1247016 |3 QOC-M—eM . . ; Q @
(Negate) NEGA 40 |2 |1 00- A—eA e | e t O30
NEGB 50 12 {1 00 - B —=B N - : O @
Decimal Converts binary add of BCD 4 )
Adjust, A DAA 19 {2 |1 |characters into BCD format | e . i g ©)
Decrement DEC B6A {6 [217A16 12 M-1-—>M « | e : @ -
DECA 4A 42 11 A-T—eA . . : @ .
DECB 5A 12 |1 B-1—+8 o | e EEERIE
Exclusive OR EORA 88 |2 12|98 |3 |2|AB |4 [2|B8|4 |3 AOM»A . . t =) e
EORB cgi2l2|psi3|2]Esfs [2fF8i4 |2 e®OM~8 s | e 3 31 e
Increment INC 6C |6 j2{7C 6 {3 M+ 1M ° . G| -
INCA acle |1 A+ 1—eA « | REIE
INCB 5C {2 |1 B+ 1—B EEERERCIE
Load bt
Accumulator LDAA 86 |2 |2]96 {3 |2{a6 |4 |2|BB |4 |3 M—-A BEEEEREERE
LDAB cel2j2|p6|3|2]Es |4 (2]F6 |4 |3 M =8 HERE } nl e
Load Doubie 4 »
Accumulator LDAD CCl3|3|DCi4 |2|EC|s J2|FCI5 13 M M+ 1 —= R . » ' i R .

The Condition Code Register notes are listed after Table
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ACCUMULATOR AND

MEMO

TABLE 7 — Continued

ADDRESSING MODES

RY IMMED. DIRECT INDEX EXTEND INHERENT 3 1
Boolean/

Operations MNEMONIC| OP [~ #10P!~|#|0OP| ~1# 0P| ~| #|OP]~| # Arithmetic Operation N vV

Multiply Unsigned MUL 3D o1 AXB—+AB . ®

OR, Inclusive ORAA BA 12 |2 |SA |3 |2 |AA |4 [2]|BA|4 |3 A+M—=A 3 R
ORAB CA 2 |2 DA|3 |2 |EA |4 [2]FAj4 |3 B+M-—=B R

Push Data PSHA 36 13 |1 A-—=M,, SP -1—SP e .
PSHB 37 i3 |1 B8 — M,, SP-1—SP . ®

Pull Data PULA 324 |1 ]| SP+1—=SP M,,~=A . .
PULB 3314 |1 SP + 1-+=SP M,,—=B e .

Rotate Left ROL 6916 {21796 |3 M H ®
ROLA =] A b O-Omn-1 T ®
ROLB 5812 |1 B8 ¢ o b @_

Rotate Right ROR 66 16 12176{6 |3 M @
RORA 4612 |1 A C bry be @
RORB 5612 |1 B ®

Shift Left -

Arithmetic ASL 68 [6 |2{7816 |3 M) O~ ®
ASLA 48 {2 {1 Al C b obo ® |
ASLB 58 |2 |1 B B

Double Shift [1-ACC_A/_ACC g=0 I

Left, Arithmetic ASLD 0513 11 |o A; Aq By By ®

Shift Right

Arithmetic ASR 6716 |2(77]6 |3 e - ®
ASRA a7l 1] A B, By C ®
ASRB s7j2f1| B

Shift Right, e

Logical LSR 64 16 [2174]6 |3 o ‘DIU:U_‘D @
LSRA 442 [1] A B7 BO ¢ ® |
LSRB s4l2 |1 | B 4

Double Shift 0— ACC A ACGHl-[] R ®

Right Logica! LSRD 0413 11 A7 AQ B7 BO C 6

Store Accumulator STAA 97 |13 |2 A7 |4 (2iB7]4 |3 A—>M R
STAB D713 |21E7 |4 |2|F714 |3 B—eM R

Store Double A—sM

Accumulator STAD DD {4 j2 (ED}5 [21FD|5 |3 B-eM +1 R

Subtract SUBA 80 |2 {2190 |3 {2|AO {4 [2{BOj4 |3 A-M-—=A
sSuBB Co 2 {2 (D03 |2]E0f4 [2|FO]4 |3 B-M B

Double Subtract suBD 83 |4 |3 193 |5 [2|A3]6 |2|B3]|6 |3 AB-MM+1-—-AB

Subtract 1

Accumulators SBA 10142 |1 A-B—*A

Subtract

With Carry SBCA 82 |2 |2 |92 21A214 |2|B2|4 |3 A-M-C—=A I I
SBCB C2 2 |2 D23 |2 |E2 |4 j2{F2]4 |3 B-M-C-—B T t

Transter

Accumulators TAB 16 j2 {1 A~—+=B R
TBA 1712 {1 B-—+A R

Test Zero or Minus TST 6D {6 [2|7D}6 |3 M - 00 RR
TSTB 5D 12 |1 B - 00 R

The Condition Code Register notes are listed after Table 10
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MC6801

ABX

ADDD

ASLD

LDD

LSRD

MUL

PSHX

PULX

STD

SUBD

ADDED INSTRUCTIONS

in addition to the existing M6800 Insiruction Set, the
following new instructions are incorporated in the MC8801
Microcomputer.

Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account the
possible carry out of the low order byte of the X-Register.

Adds the double precision ACCD"* to the double precision value M:M+1 and places the
resuits in ACCD.

Shifts ali bits of ACCAB one place to the left. Bit 0 is loaded with zero. The C bitis loaded
from the most significant bit of ACCD.

Loads the contents of double precision memory location into the double accumulator A'B
The condition codes are set according to the data.

Shifts all bits of ACCD one place to the right Bit 15
from the jeast significant bit to ACCD.

Muitiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a 16-bit
unsigned number in A:B. ACCA contains MSB of result

The contents of the index register is pushed onto the stack at the address contained in the
stack pointer. The stack pointer is decremented by 2.

The index register is pulled from the stack beginning at the current address contained in the
stack pointer +1. The stack pointer is incremented by 2 in total.

Stores the contents of double accumutator A:B in memory. The contents of ACCD remain
unchanged

Subtracts the contents of MiM + 1 from the contents of double accumulator AB and places
the result in ACCD.

"ACCDis the 16 bit register (A:B) formed by concatenating the A and
B accumulators. The A-accumulator is the most significant byte.

IX=—1X +ACCS

ACCD = (ACCD) + (M:M+1)

ACCD = (M:M+1)

ACCD =~ ACCA * ACCB

HIXL), 8P = (3P} - 1
{IXL), 8P == (SP) - 1
SP < (SP) + 1, IXH
SP - (SP) + 1, {HL
MM + 1 == (ACCD)

ACCAB = (ACCD) - (M:M + 1)

TABLE 8 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

COND. CODE REG
- ™

The Condition Code Register notes are listed after Table 10.
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IMMED | DIRECT | INDEX | EXTND | MPLIED 5 T2 !
POINTER OPERATIONS MNEMONIC T R o R 120 ?G {
o op #1OP| 1y Hitiwnlzlvic!
. 1P ] 1
g AE -
i | i e .
| ol .
| | els .
! ol e el
i Lele e |
| Lels e |
| ol e Palel
i | | |
{ ale LR e
| .i o .} ol ol
1 .l * . O’ Q‘ s |
| ] |
Push Data E : § : : .§ : : : |
| o o |
| . [ o]
Pull Data | '; . '( .
H i *
L . I L A




TABLE § — JUMP AND BRANCH INSTRUCTIONS

COND. CODE REG.

[ ReaTive | INDEX EXTND | IMPLIED s al3l2]1]0
PERATIONS MNEMONIC | OP | ~ ~Talor <= op I~ BRANCH TEST H 1 N Z|ViC
; BRA 00412} i L None e o o 0 0 0
1 i BLC 2404 21 i c=0 el o cjoon
:: 2534;23 : | | | c=1 cocto‘oc
I (zra g2 | P Z=1 e o o o 0 0
i ‘2014 ? i | N®V=0 e o o o o @
| 20812 Lo [ Z+IN@V)=0 e o e o  ele
1 2,42 [ C+2=0 e o o ol oo
{ 2% a2 i Lo 5 FIN®VI=T e o o o oo
3.4 12 | i C+Z=1 e o o oo o
a2 N®V=1 e o o o ole
B4 2 | ! N=1 e o o o o o
42 | | -0 e o ole o o
80421 ! i V=0 e o e s o
29042 i V=i e s s 0 o o
a2 | o N=0 ® o e o -:0
812 ! o | e o e o e @
{ 6E | 4 ‘ 313 | | . See Special Operations e o e ol o le
ISR | ADL 8 | 913 | | s e ® o o 0
peration NOP | | lorl2 Advances Prog. Cntr. Only e oje o |0
F From Intertupt RTI | } 1380101 —— Q0 —
Return From Subroutine RTS ! i | 39;5 i | sl oo oleie
tware interrupt Swi { | | 3F 112 f 1 See Special Operations o o o o o e
1t for interrupt » WA} | I i _J{J 9 i 1 ) | :7‘7(\1»1\) ° oi, oo
TABLE 10 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS
COND. CODE REG
[ weuiep | Talslal1]o]
e S R S S B Rl
OPERATIONS MNEMONIC |OP ~ | = BOOLEANOPERATION! W ' 1 /N Z [V C |
[ Clear Carry } cLe loc | 2 y; 0-C e o e o el R!
| Cear Ioterrupt Mask | CL l‘ut‘ifwj 0t (elRle olel e
| Clear Dverflow I cLv [0A 2 1] 0V e e e R e
I Set Carry ! SEC 00121 1eC fejelele o 5
| Set Interrupt Mask SE joFl2 1y 11 e je e o o
| Set Overfiow | SEV log |21 1V e e lei .
| Accumulator A -+ CCR | TAP |06 12 IBR A--CLR i 02—
L GCR Accumulator A | TPA _ JO7j2| 1]  CCR-A ol
CONDITION CODE REGISTER NOTES:  (Bit set it test 15 true and cleared otherwise)
1 Test. Result = 100000007 7 {Bit N)  Test: Sign bit of most significant {(MS) byte = 1?7
2 Test. Result - 000000007 8 (Bit V) Test 2's complement overflow from subtraction of MS bytes?
K Test: Qecimal value of mast significant BCD Character greater than nine? 9 {Bit N} Test: Result less than zero? (Bit 15 = 1)
{Not cleared if previously set) 10 (Al) Load Condition Code Register from Stack_ (See Special Operations)
4 {Bit vV} Test Qperand = 10000000 prior to execution? 11 (Bitl)  Set when interrupt occurs. If previously set, a Non-Maskable
5 (8i1V) Test: Operand = 01111111 prior to execution? Interrupt is required to exit the wait state
4 (Bt Vo Test: Set equal to result of N®C after shift has ocrurred 12 (Al Set according to the contents of Accumulator A
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FIGURE 27 — SPECIAL OPERATIONS

ISR IUIMP TO SUBROUTING

e Stack PL Subroutine
[ N ) 8Py INX 4 K _‘m Subr. Instr.
INUXD A+t { K- Oftser” — SP-i I H ]
' ne2 Next Man instr 5P
*K = 8 Bit Unsigned Value in+2lyand {n+2i Formn+2
PC Main Program 3P Stack PC Subroutine
n | BO = ISR - SP-7 S 15t Subr. Instr
EXTND n+1 | SH = Subr. Addr :> SPoq fn+3 M
a2 St Subr Addr R UAEIC (S Formed From Sy and S
U3 | Next Mam fostr . .

BSR, BRANCH TO SUBROUTINE:

PC Main Program sp Stack oC Subroutine
- [0 e S 22k [Tatsunr o]
n+2 § Next Maw tnsu 5P ne2it
*K = 7 Bt Signed Value, 042 Formed f 042y and i+ 21y

JMP, JuMP.
PC Main Program Maw Program
TE = JMP

o | BE - MP 0
nel | K= Dffset a+ 1 Ky = Next Address|
INOXD T

H EXTENDED { n+2 [Ky = Next Address

RTS, RETURN FROM SUBROUTINE

P Subroutine Stack
s —
. Ny
RTI, RETURN FROM INTERRUPT:
pg  Interrupt Program 5P Stack oe  Main Program

s [Gs-ar, s "
—=> oo L]

SP+2 Acmitr 8
SP+ 3 Acmitr A

SP 4 Index Register (Xp)
SP+5 Index Register (X}
SP+6 Ny

~ 8P | N
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TABLE 11 — INSTRUCTION EXECUTION TIMES IN

MACHINE CYCLE

aAjePY

jualayuy

paxapuj

pepuaix3

wang -

aje|paww|

XOJV

aApejoy

jualayu|

paxapuj

papuaix3

wana

ajepaww

XJoV

INX

ABA
ABX

JMP
JSR

ADC
ADD

LDA

LDD
LDS
LDX
LSR

ADDD
AND
ASL

ASLD
ASR

LSRD
MUL
NEG
NOP
ORA
PSH

10

BCC
BCS

@

BEQ

BGE

BGT
BH!
BIT

PSHX
PUL

3

PULX

3

BLE
BLS
BLT
BMI

3

10

RT!

RTS
SBA

BNE
BPL

SBC
SEC
SEI

BRA
BSR

BVC
BVS
CBA

SEV
STA
STD
STS
STX

CLC
Ccul

CLR
CLv

suB

susD
swi

CMP
coM
CPX

12

TAB
TAP

DAA

TBA
TPA
TST
TSX
TXS
WAI

DEC
DES
DEX

EOR
INC

INS

iconductor Products Inc.
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Summary of Cycle by Cycle Operation

TABLE 12 — CYCLE BY CYCLE OPERATION

Table 12 provides a detailed description of the information present on the Address Bus, Data Bus, and the Read/Write line (R/W) during each
cycle for each instruction.

This information is useful in comparing actual with expected results during debug of both software and hardware as the control program is
exscuted. The information is categorized in groups according to addressing mode and number of cycles per instruction. (In general, instructions
with the same addressing mode and number of cycles execute in the same manner; exceptions are indicated in the table).

ADDRESS MODE & CYCLE R/W

INSTRUCTIONS CYCLE # ADDRESS BUS LINE DATA 8US

IMMEDIATE

ADC ECR 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)
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 l Address of Operand

STD 3 Address of Operand 4] 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 {rrelevant Data
3 Subroutine Address 1 First Subroutine Op Code
4 Stack Pointer 0 Return Address (Low Order Byte)
5 Stack Pointer + 1 0 Return Address (High Order Byte)

S @ MOTOROLA Semiconductor Products Inc.
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TABLE 12 — CYCLE BY CYCLE OPERATION

(cont)
ADDRESS MODE & CYCLE aw ]
INSTRUCTIONS ‘ CYCLES l # l ADDRESS BUS [ LlNE! 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 A 4 1 Op Code Address 1 Op Code
STAB 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 0 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 (1) 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Address of Operand 0 New Operand Data
CPX 6 1 Op Code Address 1 Op Code
SuUBD 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 Op 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 0 |Return Address (Low Order Byte)
6 Stack Pointer - 1 0 /Edctir;ess of Operand (High Order
yte

(continued)
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MC6801 '

TABLE 12 — CYCLE BY CYCLE OPERATION

{cont}
ADDRESS MODE & CYCLE R/W
INSTRUCTIONS CYCLES # ADDRESS BUS LIN DATA BUS
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 Cp 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 Pius 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 [¢] Operand Data
DS 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 0 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
sSuBD 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)

S @ MOTOROLA Semiconductor Products Inc.
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TABLE 12 — CYCLE BY CYCLE OPERATION
(cont)
ADDRESS MODE & CYCLES R/W
INSTRUCTIONS CYCLES # ADDRESS BUS LINE | DATA BUS
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 Irrevelant 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 Irreievant Data
TNX 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 0 Accumulator Data
1SX 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
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 0 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 5 Stack Pointer +2 1 Index Register (Low Order Byte)
BCC BHT BNE 3 1 Op Code Address 1 Op Code
BCS BLE BPL 2 Op Code Address +1 1 Branch Otfset
BEQ BLS BRA 3 Address Bus FFFF 1 Low Byte of Restart Vector
BGE BLT BVC
BGT BMT BVS
BSR 6 1 Op Code Address 1 Gp Code
2 Op Code Address +1 1 Branch Oftset
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)
— MOTOROLA Semiconductor Products Inc. —




FIGURE 28 — MC6801 MCU SINGLE-CHIP DUAL PROCESSOR CONFIGURATION
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OUTLINE DIMENSIONS
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Introducing...

a complete microcomputer on a chip

MC6801
gt — 1 5800 128 g?,’g BIT
cLOCK MICROPROCESSOR -3
- 6830
1,024 BY 8 BIT
ROM o
6850 6821
SERIAL PARALLEL
1o o X 1172
-
6840
. TIMER
AVAILABILITY

MC6801, as above — Q4, 1978 ———ix 113
MC6S01E, —Q1, 1979

as above, but wired for
external clock operation
MCARNR NA-ROM varcinn — 04
IVINANIININI , I TN/ VO el

R O] =,

1978
MC68701, EPROM version—Q1,
1979
- FEATURES:
. Architectural Functional
* 128 Bytes of On-Chip RAM e 25% Higher Performance than MC6800
64 Bytes Retainable : 5 V Operation
128 Bytes Retainable Option M6800-Compatible OP CODE
= 2K Bytes of On-Chip ROM Lower System Cost
- No-ROM Version Option 80% Component Reduction :

- EPROM Version Option » Expandable with all M6800-Compatnble
33 Parallel /O Data Lines _ peripheral chips :
: e On-Chip Three-Function Timer ' ¢ 64K External Addressability

il On-Ch[p Serial 1/0 Port s 16-Bit Instructions
~ » On-Chip Clock Oscillator/Driver (Load, Store, Add. Sub, Psh, Pul

‘External or Internal Clock Option Shift)




CLOCK OPTIONS
internal/External clock option optimizes
performance for specific applications.

MCU
Mask
Options External
Ciock
e
Enable -
p— MC8801 ® BENEFITS: MCBBO1E ~ Enable
::3 internai |-t LOW CoOst Crystal (x4} External
e Clock Clock
Rivide-by-Four Synchroncus System R Divide-by-One
{CRTC, DMAC . ..}

Programmable Configuration ——~—->-\
Modes

i
g Expanded e ded intellia Expanded £ ded
; Mul:\{glr('a‘xed Mtfl?&?)rl]e:ed P"e:p‘h\:;r:t‘! Mul’;‘:ggxed Mu’;ﬁ;?e:ed
‘ Processor Processor Processor Processor Processor
for low-cost communications including Measures signal time, generates output
multiprocesgsor operation signals, permits periodic interrupts
FEATURES: FEATURES:
= 8-Bit asynchronous (1 Start, e 3 timer functions

8-Bits, 1 Stop)

e Separate internal interrupts
¢ Full Duplex, double buffered

s 16-bit timer

* Internal or external clock « Timing derived from ¢2

¢ Standard or bi-phase

(F/2F) Data
FREE
RUNNING
COUNTER
Serial input 92
5 R KA MG g Roll R
Clock 16 BIT ollover iAo
Clock
MC6801 16 BIT Compare i'ﬁﬁ
Seriai Output
External Event
Pin 16 BIT Capture s




SINGLE-CHIP COMPUTER
The most powerful single-chip
computer made.

PERIPHERAL PROCESSOR
Intelligent peripherals now possible

6801 E only
Vee FEATURES
el { 13 + 13 Paralle! 1/0
6801
iy e o Enable o 2 |nterrupts
oA—T_.] o Wi * 256 Addressable
Vg Standby —sd le—— oI Locations
Reset ~~——um|
MCB801/E
MCU K N\ Port 3
\r—'] / 8 Data Lines
L e r
I 1/0 Strobe
Port 2 Portd
Qe 40 to 8 Address
Serial /0 et ot
e T 71/0 Lines
= {Inputs Only})
Vss

Ve i Voo T
< FEATURES &y FEATURES
I o ¢ 29 Parallel /O ﬁao———@'—j—‘ e * 23 Parallel {/O
= vy * 2 Interrupts ! i « Serial 1/0 &
T —o i = 2 Handshake Vog Stendoy == S Timer
Veg $2090Y o le——o G OR i ~ « interrupt or
R * 24 Paralle! 1/0 ! [JheamerSes  Polled Handshake
porrt K :: _41> hucasor Port3 2 Interrupts ‘ TeasarE ::;:::f;,m » Operates as a
£1/0 Linas wee K : D 6110 Lines « 2 Handshake i siot <:’l>j Poad o peripheral on
-—.-.}T%'s:: obes * Serial 1/0 & 1o, | Data Bus the M6800
P'r 5 Timer i ' i family bus
Port 4 ort art ! N
8 11O Lines < > K D I5 1/0 Lines !I! Paralie! K >§::;:1N/eé!«0
P Fare 1101 2 WL_“_:_ Times'
V;S Timer VS—S
EXPANDED EXPANDED
NON-MULTIPLEXED MODE MULTIPLEXED MODE
Works with all M680O peripherals Large system capabilities
to provide special functions FEATURES

* Full expansion
65K addresses

6801E only %
Vee * 13 1/0 Lines
s ? Clozk * Serial 1/0 &
£ Y T Enable Timer
= le—o i * Bus compatible
Vil Sre Lo oma with all MC6800
5 famil
sy amily parts
Reset O——=1 1 06801/E P
Port t N1 wmcu 1
8 1/0 Lines \ 1 ; \r‘-‘/
Data/Address. 85K
f——a Address Strobe ‘Addressed
Port 2
51/0 Lines Port 4
Serial 1/0 8 Lines
Timer __L. Address Bus
Vss

HARDWARE PROGRAMMABLE OPTIONS

P22 P21 P20 OPERATIONAL MODE
- RESET 0 0 0 TEST-DATA OUT PUTTED FROM ROM & RAM TO 1/0 PORT 3
MC&801/6801E T 7T -K External g ? ; 64K ADDRESS TEST AT 1/O
P20 Diodes e : PORTS3 & 4
1 0 0 SINGLE CHIP TEST
P 1 0 1 EXPANDED NON-MULTIPLEXED
p22 1 1 0 EXPANDED MULTIPLEXED
1 1 1 SINGLE CHIP / PERIPHERAL PROCESSOR
1 = No diode in circuit 0 = diode in circuit




The most powerful two-chip set to date

PARALLEL INTERCONNECT
FEATURES

* 46 Parallel {/0 Lines
s 2 Serial 1/O Lines & 2 Timers

» 2 Processors

s 4K Bytes ROM, 256 Bytes RAM

Vee

1

MC6801

p———8 Enable

e—— NMi
|——— TRQ1
8 Port 1
/- 8 Parallel
1/0
8 Port 4
et/ S Paraliel
4
170

bl Enable —E—“—
il NI 3
g [RQ1
Vee Standby -
Port 3 Reset ————i|
MCE801 Data Transfer Lines 8,
i 7 o
MCU
Port 3
Handshake Lines
-
Port 4 a 5 Port 2 Port 2 5
8 Paraliel ‘/«’ -‘7‘—’ Paraile! 1/O Paraliel 1/0 <+>‘
T UART UART
i Serial {/O Serial 1/O
= Timer Timer

SERIAL INTERCONNECT
FEATURES

» 52 Paralle! 1/0 Lines

» 2 Processors

IH

<
(23]
%]

s 4K Bytes ROM, 256 Bytes RAM

L

=
| S

Vg Standby e — g

Reset s

Port 2

Parallel 1/0 4—37é—->-

or Timer

Vee

I

e 2 Timers
Vee
?
............ . feee - Eniable
:L-w; o
| ol NMI
e
T R et (RO
Veg STaNADY e
Reset —e——f—
MC6801 3 Port 2
Port 1 MCU L Parallel 1/0
2 Paraltel .‘§7£’— or Timer
t0
Port 3
8 Parattel #’ Port2 ,
IYZe) . Serial 1/G
-
Port4 8
8 Parallel -‘-;L»
{0

MC6801
MCuU

Port 1
<;L> Parallel
1/0

Port 3
Parallet
1/0

Parallel

- e
8 Port 4
e

=
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COST SAVINGS — DUE TO:

* High-Level Integration * Lower PC Board Cost (size and number of
e Single Power Supply Operation insertion holes}
e Lower Inventory s Lower Component inser

* Lower Total Parts Cost * Lower System Manufact

o 6801 6802 6800
 Benefits System System System
Lower Power 200MW 1625MW
Lower Chip Count 1 4
Parts Required MC6801 MCE6802
68486
6850
6821

Instructions Reduced 3 Cycles Instructions Increa
JMP To Subroutine Extended CPX {now sets &l
Instructions Reduced 2 Cycles 16 Bit Operations
JMP To Subroutine Index Load And Store D-Reagister
Branch To Subroutine {ACCB:AC
Arithmat
instructions Reduced 1 Cycle Add And Subty
All Indexed Addressing Add B-Registe
All Branches
STAA, STAB, STX, STS 8 x 8 Multiply With 16-8it Result
INX, INS, DEX, DES
PSHA, PSHB

TSX



HARDWARE SUPPORT

The 6801 Support System is EXORciser/EXORterm com-
patible and is capable of operating with any of the existing
M6800 MPU modules allowing MC6801 software and hard-
ware development in either the EXORciser /Il or EXORterm.
The Support System consists of a control module, an extender
cable terminated by a 40 pin male DIP plug and control soft-
ware. This allows the user to evaluate and debug his own
MC6801 system in either the single-chip, expanded-multi-
plexed or non-multiplexed mode.

FEATURES:

e EXORciser/EXORterm Compatible

e User System Evaluator (U.S.E.) capability

e Current Product Compatibility

* Multi-Processor Development

¢ Real time emulation of MC6801 in all modes

e d B ininTatYe = o

SOFTWARE SUPPORT
Software supported with a disk based Cross Macro As-
sembler, Editor, and Debug package. The MC6801 software
is developed in the EXORciser and down loaded into the
MC6801 support module. Then the Debug package controls
the execution and provides trace, breakpoint and modifica-
tion commands using familiar EXORciser command syntax.

TRAINING

The MC6801 is supported by two training courses:
* One day training course for previous

M6800 family users.
* Three day training course for

new M6800 family users.



MC6801 vs intel

Computer for
Controlier Functions
and for Intelligent
Peripheral Functions

CPU

High Performance
6800

MOTOROLA INTEL
Mceaot 18042 18085
Single Chip Yes Yes No {3 chips}
Fuil Capability
Serial Comm. Yes No No
Timer 16 bit 8 bit 14 bit
’En:;::‘:xiitn‘)‘;ntiming Simple Simpie Complex
Proceseing. e Mo cometex
Intelligent R .
Peripherai ves No No
Compatible with Yes Yes Yes
all peripherals
Expandability Yes Limited Yes
. All memory Special Special
1/0 Instructions instructions instruction (Limited) instructions {Limited!
8 x 8 Multiplier Yes No No
Yes - with
RAM - Battery
standby power Yes No
Backup mode indicator
16 bit operations — Yes
Loads, Stores, Adds, Yes No A )
Subtracts, Push/Pulis {Limited
MC6801 Positioning Within the Motorola Family
6801 6800 68800 68B0g
PURPOSE High Performance Medium Performance General High Performance
Single Chip Generai Purpose Purpose CPU Featuring

High Level Software

Instruction Cycle Time

2us Fewer
Operation Cycles
Per Instruction

2Ms

TMs

Tus Fewer
Operation Cycles
Per Instruction

Program Memory

2K Internal
63K External

65K External

65K External

65K External

Data Memory

128 Bytes Internal
63K External

65K External

65K External

65K External

Minimum Equivalent Chip 1 3 3 3
Count System (6846, 6810)
Specialized |/O All All ) All T o
On-Chip 1/0 29 0 o
interrupts 2 2 2
1 SwWi 1SWI 1 SwWi




STANDBY POWER

64 Bytes of internal RAM are connected to
the VcC standby power pin. There is also a
standby bit in the status register which is set
when power is first applied to the standby
RAM. This bit is reset to “0” if the standby
power is lost or removed.

BENEFIT:

Allows the user to test (by his software) the
integrity of the data retained in the on-chip
RAM.

Vce
| Standby
5V —
-—[ MC6801
Gn

SERIAL COMMUNICATION LINKED DISTRIBUTED PROCESSING

MASTER CPU
RS
Address cs
MC6809 H {02
o =" #R/W MC6801E B>
MC6801 Data >
RN
1 i Inteligent Terminal
i ACIA |
\ |
——— <>_ ——d
Serial Communication >

Q <)

I | I
MC6801 MC6801
Timer Parallel Interrupt

/0

Serial Communication utilizes the serial port
on the MC6801. This type of communication
is enhanced with the 6801 because of the
WAKEUP (WU) BIT associated with the serial
port.

TYPICAL USE:

Each processor would have a unique address
which is transmitted as a prefix to the mes-
sage. Each processor checks this prefix and
determines if the message is addressed for
its use. If not the processor sets the WU Bit
and the serial port ignores the following

I

MC6801 MC6801

3
g

stream of information on the serial communi-
cation line; i.e., the Receiver Buffer Full bit
is not set nor is an interrupt activated. This
WU Bit is automatically reset when the serial
communication line is inactive (high) for 11
bit time slots.

BENEFIT:

The MC6801 is utilizing its processing power
servicing the 1/0 and must only switch to the
communication port when checking addresses
or actually communicating.



INSTRUMENTATION COMPUTER WITH IEEE 488 BUS

BENEFITS
Minimum Part Count

Will Work With All M6800 Family Peripherals
Enhanced Instruction Set

EXPANDED NON-MULTIPLEX MC3448A IEEE 488 BUS

MULTIPLEX @ /\
( Data >
11-‘:-5_: MCE801 m MC68488
Address/Control >

T T

Oﬁ"““l U U O

Special \/ N
Parailel 1/Q Paralle! Purpose
or /O Interface
Serial & Timer
v

Instrumentations 1/O

LOW COST TERMINAL

FEATURES
2K ROM 80 x 24 Display Format
1920 Byte Display RAM 29 Total Package Count

256 Type RAM

MC6801E
Keyboard
< 8 Control Keyboard
—#=4 Ciock 1

- ) [ RS232 ]:-: Serial

- Communication
< Data/Address >

T T < 1 7<
l Latch
3
Address )
L) )
Dot Displ
]E Clock - CRTC u ), I vt
Divider emory
A
Even/Odd
Light Pen MUX

Row Address

Character
Generator

Shift Reg

Video

- Horz
Vert
Blanking
Cursor
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MOTOROLA

microsystems

PRELIMINARY INFORMATION

August 21, 1978

NAME: MC6801 Microcomputer Evaluation Module
PART NUMBER: MEX6801EVM
AVATLABILITY: October 1, 1978

FEATURES

Single Module - EXORciser-bus Compatible

Incorporates an MC6801 Debug Monitor

Provides RS-232C Interface

Has Sockets for Optional ACIA, PTM, and 2K EPROM
Includes 4K Bytes of Static RAM

Address Map Established by ROM to Permit Reconfiguration
Additional Decoding Provided for 8K of Off-Board Memory
Large Wire Wrap Area

Two Modes of Operation: Single Chip or Expanded

Low Cost

DESCRIPTION

The MEX6801EVM Microcomputer Evaluation Module is a completely self-contained micro-
computer on a single printed circuit card that provides the user with the means of
evaluating the MC6801 microcomputer before the EXORciser-based MEX6801 Module becomes
available.

This Microcomputer Evaluation Module is a hardware and software system contained on
a single, low cost printed circuit card. This system allows the user to easily
evaluate the MC6801 microcomputer. As configured, the MC6801 may be evaluated in
either the Single Chip or Expanded mode by attaching an RS-232C-compatible terminal
to the serial port of the Module. Thus, the minimum functioning system consists of
only the MC6801 and an MC1488 and MC1489.

The Evaluation Module provides the user with the ability to evaluate the MC6801
microcomputer in the Single Chip mode using the debug monitor via the serial I/0
port and RS-232C interface. Refer to Table A for a description of the debug com-
mands. A 2.4576 MHz crystal is used to generate the standard baud rates of 150,
600, and 4800 baud. Sufficient space remains within the on-chip RAM for the user
to write a small I/0 program to work in conjunction with the debug monitor. The
debug monitor program (LILBUG) uses a patch table established within RAM for all
1/0. Thus, the debug program's 1/0 routines can be readily modified by the user
for the purpose of evaluation. Since the debug monitor uses the timer output and
the serial I/0 port, these resources are not available to the user in the Single
Chip mode. However, by using the Expanded mode, the user has the choice of adding
an ACIA or PTM, thereby freeing more of the on-chip resources. The Evaluation
Module also provides 4K bytes of static RAM and a 2K byte EPROM socket for the user



to develop his programs if desired. In addition, the Expanded mode allocates
8K bytes of off-board program space for further programming flexibility.

A wirewrap area is provided to permit the user to interface other peripheral
devices or special interface circuits to the MC6801.

TABLE A. MEX6801EVM Debug Commands

COMMAND EXPLANATION
L Load a program from tape.
L <OFFSET> Load a program from tape with an offset.
v Verify that a program was properly loaded.
V <OFFSET> Verify that a program was properly loaded with an offset.
D <ADDR1>,<ADDR2> Display contents of memory from <ADDR1> to <ADDR2>.
P

<ADDR1>,<ADDR2> Punch/record on tape the contents of memory from
<ADDR1> to <ADDR2>.

M <ADDR> Examine/modify the contents of the specified address
Tocation.
<DATA> Enter one byte of data to replace the value at the
current address location.
LF Display the contents of the next sequential memory

Tocation on the next line and enable the contents of
this location to be changed (LF = Line Feed).

SP Display the contents of the next sequential memory
Tocation on the same line and enable the contents of
this location to be changed (SP = SPace).

s Increment the memory location pointer, but do not
display the address or data. The contents of this
memory location may still be changed. This entry

permits data to be entered at sequential memory
locations without displaying the current address or
data.

UA Display the contents of the previous memory location
on the next line and enable the contents of this
Tocation to be changed (UA = Up Arrow).

/ Display the current address of the memory location
pointer and the contents of that location.

CR Terminate the memory examine/modify command and
accept next command (CR = Carriage Return).

<ADDR>/ Display the contents of the specified address location
and enable the contents of this location to be changed.

/ Display the address and contents of the memory
location last referenced by the memory examine/modify
command.



TABLE A.

COMMAND

0 <ADDR1> <ADDR2>

womw W

o O W

T <HEX NUMBER>

c

<ADDR>
-<ADDR>
<ADDR>

<DATA>
SP

<ADDR>

LO

HI

MEX6801EVM Debug Commands (Contd)

EXPLANATION

Calculate the relative offset of a branch instruction
from ADDR1 to ADDRZ2.

Display all breakpoints.

Delete all breakpoints.

Enter a breakpoint at the specified address.
Remove a breakpoint at the specified address.
Start program execution at the specified address.

Start program execution at the current program
counter setting.

Display/change the contents of the program registers
and counter. Register contents are displayed using the
following format:

P-XXXX X-XXXX A-XX B-XX C-XX S-XX
p-

where: Program Counter

Index Register
Accumulator A
Accumulator B

Condition Code Register

Stack Pointer

XXXX = Current 16-bit value
XX = Current 8-bit value

P
X
A
B
C
S

LL | L | B [ B |

Replace current register value with new DATA.

Display current register value (unless changed by the
<DATA> command). Close the current register and display
the next register mneumonic and dash. The R command
terminates after examining/changing the stack pointer

or whenever any character other than <DATA> or SP is
entered (SP = SPace).

Trace one instruction.
Trace the number of instructions specified in hexadecima’

Call and execute a user routine as a subroutine starting
at the specified address. A return address to the

debug program is stored in the user's stack. When the
user's RTS instruction is executed (at the end of the
user's routine), the debug program regains program
control and the current contents of the registers are
displayed.

Same as the C <ADDR> command except that the execution
begins from the current address in the program counter.

Set Tow speed - 30/15 characters per second for on-chip
clock.

Set high speed - 120/60 characters per second for
on-chip clock.



[YNMoTOROLA

microsystems

PRELIMINARY INFORMATION

September 11, 1978

PRODUCT: MC6801 EXORciser Support Module
PART NUMBER: MEX6801
AVAILABILITY: 1st Quarter, 1979

FEATURES

. EXORciser/EXORterm compatible
. User System Evaluator (U.S.E.) capability
. Current Product Compatibility
. Multi-Processor Development
. Extensive Debug Commands
. Real Time Emulation of MC6801

- Single Chip Mode

- Multiplexed Mode

- Non-Multiplexed Mode

MINIMUM SYSTEM REQUIREMENTS
. EXORciser/EXORterm with MPU and debug modules
. EXORdisk II
. 24K Memory
. EXORterm 100 (EXORciser users only)

DESCRIPTION

The MEX6801 is an EXORciser/EXORterm compatible support package for the NMOS MC6801
Microcomputer. It consists of a control module, an extender cable terminated by a 40-pin
male DIP plug, and control software that ailows evaluation and debug of MC6801 systems,
including single chip, expanded multiplexed and non-multiplexed modes.

The MEX6801 support package is capable of operating with any of the existing 6800 MPU
modules and therefore allows development of MC6801 software and hardware in either EXOR-
ciser I/II or EXORterm configurations. Therefore, the addition of MEX6801 to present
Motorola development systems provides the added development of MC6801 systems while
maintaining all of its present features. Additionally, the package provides the User
System Evaluator (U.S.E.) capability, as well as multiprocessor development capability.

With the 6801 support package installed in an EXORciser/EXORterm, the user can power-up

the system, and use the EXORdisk II disk operating system and software to edit and assemble
6801 source code, and debug the resulting object code using familiar EXORciser command
syntax. See Table I for a listing and description of MEX6801 commands.

The MEX6801 is completely compatible with the current EXORciser options such as System
Analyzer, PROM Programmer, EXORdisk, etc., since the operating programs for them are
being executed by the 6800 MPU module in the EXORciser/EXORterm. It is also compatible
with static memory and I/0 modules.



TABLE 1.

MEX6801 DEBUG COMMANDS

COMMAND

EXPLANATION

PRNT return
LOAD return
VERF return

SRCH return
PNCH return
JA ] return
B bytel return
C nn [bytel

E nn [bytel return

) return
3G
addr; G

$H nnnn [addr] return
JH
byte;I
;K nnnn [valuel return
;L nnnn [addr] return

™ or M

3N
value;N
3P

value;P

;Q nnnn [valuel] return
$R
5R
;S nnnn [addr] return
$T nnnn [addr] return

3T

Print memory in both hexadecimal and ASCII format
Load an object tape from the terminal to memory

Verify an object tape from the terminal against
memory

Search an object tape on the terminal
Punch an object tape on the terminal from memory

Display and change the A accumulator
Display and change the B accumulator
Display and change the condition code register
Display and change the second level SWI vector

Go (Jjump) to the target program at its restart
address

Go (Jjump) to the target program at the specified
address

Enable and change the halt on address or scope sync
Disable the halt on address and scope sync
Initialize memory using the specified byte

Display and change the terminal null pad value
Display and change the program (location) counter

Display and change the memory search beginning
and ending addresses and search mask

Trace the next instruction
Trace the next value instructions
Proceed with program execution

Proceed with program execution from breakpoint;
value specifies the number of times the breakpoint
Tocation is to be passed before returning control
to EXbug and providing a register printout.

Display and change the default debug offset
Display the target program registers

Display the target program registers

Display and change the stack pointer

Enable and change the trace to ending address
Disable the trace to ending address




COMMAND

EXPLANATION

sU
addr;U
$V
3V
addr;V
byte;W

;X nnnn [addr] return
EXIT return

Control-X
Control-W
addr/ nn cmnd

Remove all breakpoints

Remove a specified breakpoint

Display the breakpoint addresses

Display the breakpoint addresses

Set a breakpoint at the specified address

Search memory for the specified byte (word).
See the M command.

Display and change the index register
Switch to 6800 MPU, Reset, and enter EXBUG

Abort the current command or entry
Wait until some other character is entered

The memory change function is invoked by entering
addr/. Cmnd is one of the following memory change
function commands. These commands are accepted

as long as EXbug remains in the memory change function.

[byte]lF Change memory if byte entered, and display the next
sequential location
[byte]space Change memory if byte entered, and display the
previous sequential location
[byte]/ Change memory if byte entered, and redisplay the
current location
[bytelreturn Change memory if byte entered, and exit the memory
change function
addr;0 Calculate relative offset from currently open
location to the specified location
NOTE: Hexadecimal numbers may be preceded by a minus sign to obtain the two's

complement of the value entered.

Values shown in brackets ([ ]) in above explanations indicate optional

user inputs.




MOTOROLA

Semiconductors MC6805

Product Preview

MOS

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

The MCE805 is an 8-bit microcomputer containinga CPU, on-chip

clock, ROM, RAM, I/0 and timer. it is designed for the user who
needs an economical low-end microcomputer with the enhanced MICROCOMPUTER
capabiiities of an M8800-based instruction set. The foliowing are
some of the hardware and software highlights of the MC8805:

Hardware Features:

@ 8-Bit Architecture

o 64 Bytes of RAM L SUFFIX
® Memory Mapped i/0 CERAMIC PACKAGE
® 1100 Bytes of ROM CASE 638

@ Internal 8-Bit Timer

® Vectored Interrupts

® 20 TTL/CMOS Compatible i/G Lines, 8 Lines LED Compatible
® On Chip Clock Circuit Utilizing External Crystal, Resistor or No
#External Components

® External Interrupt/Sinusoidal Zero Crossing Detect

Software Features:
® Similar to M6800

@Byte Efficient P SUFFIX

eEasy to Program 28 PLASTIC PACKAGE
@ True Bit Manipulation CASE 710
@ Versatile Interrupt Handiing 1
®Bit Test And Set Instrutions
®Powerful Addressing for Tables
#Full Set of Conditional Branches
L FIGURE 2 — PRELIMINARY PINOUT
FIGURE 1 — CHIP ARCHITECTURE = vss RESET =
Ve o INT A7 o
c "
3 vce A6
Vgs =
3 XTL A5 [
e, i Ll e RN
XCLK 1 ——8 8 3 High ] TeST A3 ED
Stack [ rom I TIMER A2
xewe——=4 5 Ponter 1100 Bytes = co Al 3
oo 1 /
It | 1STTUCTION index Register Port C =5e A0 P
Decode 8 (X) Gng g c2 B7 (D
ytes .
Errrspu— U cjc3 86 o
Accumulator .
E* (A) Data {= 1/0 |e—s A/b0 jc: 80 85 =2 pPort B
Test —m—o-| Eg;i M Data Port B*J C4 81 84 |
ECondmon Code Reg I
g Register A |e—sA/T e 83 =2
E Data :1 1/0 vt 8/b0 *Hi Current Port
!——] Drec [ ata
instruction % Reg
Register B [*—*=B/b7
[ Data bd /0 j=—a C/p0
2T Pre g Timen | comten Direct [ pgrg
Timer g B outel) LBegister 9 Reg This is advance information and specifications are
¢ |*—=c/b3 subject to change without notice.

*Mask Option

©MOTOROLA INC., 1978 NP-302




. MC6805 ;

Vee and Vgg
These pins are used to supply power, +5 volts, and
ground to the chip.

XTAL and EXTAL

Two pins are provided for clocking the microprocessor.
They can be connected to a crystal or to an external
resistor. Divide by 4 circuitry is internal to the chip,
allowing use of the inexpensive 3.58 MHz color TV crystal
for 895 KHz operation. Maximum allowed external crystal
frequency is 4 MHz.

INT

This is a maskable interrupt pin. Unlike the MC68800's
IRQ, the 6805's INT is edge sensitive rather than level
sensitive. Also it can be used for zero-crossing detection
of an AC input.

RESET

Reset is similar to the reset on the MC6802 except that
the Stack Pointer is initialized on reset. All 1/0 lines are
set as inputs and both interrupts are masked at power
on/Reset. Reset contains power fail detect circuitry

PIN DESCRIPTION

TIMER INPUT

This is the input to the on-chip timer. There are two
choices for the mask option that determines the function
of this pin. If the internal ¢ 2 signal is used for clocking the
timer, this input is used for enabling or disabling the
timer. If the external clock option is chosen, this input will
be used for clocking the timer.

TEST

When asserted, this pin will cause the |/0 lines to be
converted to multiplexed address and data, allowing the
ROM program to be interrogated.

1/0 LINES

There are twenty 1/0 lines on the MC6805 available as
two eight-bit ports (Ports A and B), and one four-bit port
(Port C). Each of the bits in the ports is programmable as
either an input or output depending on the values written
into the appropriate data direction register. At power
on/Reset, all lines come up as inputs. The sink/source
capability of the 1/0 pins range from TTL to CMOS to LED
and Darlington type devices. The state of the output
latched data will be correctly read (as input data)
regardless of the output loading.

The software of the MC6805 has a similarity with the
MC6800 in mnemonics and instruction functionality.
One of the most powerful additions included on the
MC680S5 is its bit handling capability. Another benefit of
the MC6805 is its ease of programming, especially to an
MC6800 user. The MC6805 programming model is
shown in Figure 3.

ADDRESSING MODES

The MC6805 has all of the MC6800 addressing modes
required for accessing the on-chip memory locations.
These include inherent addressing, immediate
addressing, direct addressing, extended addressing,
indexed addressing (with no offset, one byte offset, and
two byte offset), and relative addressing.

BIT MANIPULATION

The bit manipulation of the MC6805 allows any
individual bit in RAM or I/0 to be set or cieared with
single instruction (BSET and BCLR). Also a test and
branch on the state (set or clear) of any bit in page 0 (0-
255) of the address space is accomplished with a single
instruction (BRSET, BRCLR). This eases packing

SOFTWARE

control lines. Bit manipulation also makes possible serial
communications as expiained iater

TIMER

A software initialized 8-bit timer is included on the
MC6805. After initialization, the timer counts down and
an interrupt occurs when the count equals zero. It will
continue counting after zero so that the software can
determine the elapsed time since the interrupt. Two mask
options are available to the user: The first selects internal
or external source for the timer clock; the second option
selects a pre-scaler factor to divide the clock source by 2N
where n =0, 1, 2-7 (+128 maximum).

SERIAL COMMUNICATIONS

Due to the bit manipulation capabilities of the MC6805,
serial communication is easily accomplished. Ease in
serial input is due to the fact that the bit test instructions
put the state of the bit tested in the C-bit position.
Succeeding rotate instructions place the bits received in
series into the accumulator, memory or index register. For
serial output, the bit set and clear instructions are utilized.

— @ MOTOROLA Semiconductor Products Inc.




MC6805

CPU REGISTERS

The CPU has one 11-bit register, two 8-bit, and two 5-bit registers (Figure 3).

FIGURE 3 — PROGRAMMING MODEL

7 O
[ X ! ACCUMULATOR
7 O
l_ A J INDEX REGISTER

10 o

L »e ] rnocramcouren
fol 0] sp
Ll DI

STACK POINTER®

o]
]
L"" CARRY BORROW

berreee ZERO

= NEGATIVE

b senmncmmcmemnerns {NTERRUPT MASK

b HALF CARRY

“STACK POINTER IS INITIALIZED TO $7F ON RESET

ACCUMULATOR

The 8-bit Accumulator is a general purpose register and
is used for arithmetic calculations and data
manipuiations

INDEX REGISTER

The index register is an 8-bit register used to store data
or a memory address for the indexed mode of memory
addressing Read-modify-write instructions are available
on the index register, allowing it to be used as a back-up
accumulator

PROGRAM COUNTER
The program counter is an 1 1-bit register that points to
the current program address.

S @ MOTOROLA Semiconductor Products Inc.

CONDITION CODE REGISTER

FIGURE 4 — STACK POINTER STACKING ORDER

CONDITION CODE REG INCREASING

MEMORY

CCUMULATOR

INDEX REGISTER

TIITII =

STACK POINTER

The stack pointer is a 5-bit register that contains the
address of the next available location. On reset, the stack
pointer is initialized to $7F, the highest location of RAM

CONDITION CODE REGISTER

The condition code register indicates the results of an
Arithmetic Logic Unit operation: Half carry from bit 3 (H),
interrupt mask bit (1), Negative (N), Zero (Z), Carry/Borrow
(o3}

)
i
i




MC6805

MCB805 INSTRUCTION SET

included here is a complete list of instructions available
on the MC6805. They are grouped according to
register/memory instructions, read/modify/write
instructions, branch instructions, bit manipulation
instructions, and control instructions.

REGISTER/MEMORY INSTRUCTIONS BRANCH INSTRUCTIONS
instruction Lists

ADC Add Memory and Carry to Accumulator BRA Branch Always

ADD Add Memcry to Accumulator 8CC Branch if Carry Clear (Same as BHS)
AND And Memory to Accuinulator BCS Branch if Carry Set (Same as BLO)
BIT Bit Test Memory with Accumulator BEQ 8Branch if Equal

CMP Compare Accumulator with Memory BHCC  Branch if Half Carry Clear

CPX Compare Index Register with Memory BHCS  Branch if Half Carry Set

EOR Exclusive or Memory with Accumulator BRI Branch if Higher

JMP Jump Absolute BHS Branch if Higher or Same (Same as BCC)
JSR Jump to Subroutine BIH Branch if Interrupt Line is HIGH
LDA Load Accumulator from Memory BiL Branch if Interrupt Line is Low

LDX Load Index Register from Memory BLO Branch if Lower {Same as BCS)
ORA Gr Memory with Accumulator BLS Branch if Lower or Same

SBC Subtract Memory and Borrow from Accumulator BMC Branch if interrupt Mask is Clear
STA Store Accumulator in Memory BM! Branch if Minus

STX Store Index Register in Memory BMS Branch if Interrupt Mask is Set

sSuB Subtract Memory from Accumulator BNE Branch if Not Equal

BPL Branch if Plus
BSR Branch to Subroutine

READ/MODIFY/WRITE INSTRUCTIONS

ASL Arithmetic Shift Left (Same as LSL)
ASR Arithmetic Shift Right

CLR Clear

CoOM Complement

DEC Decrement

CONTROL INSTRUCTIONS

INC Increment CcLC Ciear Carry Bit
LSL Logical Shift Left (Same as ASL) CLi Clear interrupt Mask Bit
LSR Logical Shift Right NOP No-Operation
NEG Negate RSP Reset Stack Pointer
ROL Rotate Left thru Carry AT Return from Interrupt
ROR Rotate Right thru Carry RTS Return from Subroutine
ST Test for Negative or Zero SEC Set Carry Bit
SEL Set Interrupt Mask Bit
SWi Software Interrupt
TAX Transter Accumuilator to Index Register
TXA Transfer Index Register to Accumulator

BIT MANIPULATION INSTRUCTIONS

BCLR  Bit Clear Bit n in Memory

BRCLR Branch if Bit n is Ciear in Memory
BRSET Branch if Bit n is Set in Memory
BSET  Bit Set Bit n in Memory

Motorola reserves the right to make changes 1o any products herein to improve rehabibity, function or design Motorola does not assume any liability anising
out of the appiication or use of any product or circutt described herein, neither does it convey any license under i1s patent rights nor the rights of others

@ MO TOROLA Semiconductor Products Inc.
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MOTOROLA

Semiconductors

Product Preview

HIGH-PERFORMANCE MICROPROCESSOR

® MCG6800 COMPATIBLE
® Hardware — Interfaces With All M6800 Peripherals
® Software — Upward Compatible Instruction Set and
Addressing Modes
B HARDWARE FEATURES
® On-Chip Oscillator (MC6809) 4 X fo Clock
® Optional +1 External Clock Inputs (VMC6809E)

® MRDY Input Extends Data Access Times for Use
With Slow Memory

@ BREQ/TSC Allows Quick Access to Bus for DMA and
Memory Refresh

® |ast Instruction Cycle Output for ldentification of
Opcode Fetch (MCB809E)

@ Fast interrupt Request Input Stacks Only Program Counter
and Condition Code

Busy Qutput Eases Multiprocessor Design (MCB80YE)

B ARCHITECTURAL FEATURES
® Two 8-Bit Accumulators Can Be Concatenated to Form
One 16-Bit Accumulator
® Two 16-Bit Index Registers
® Two 16-Bit Indexable Stack Pointers
® Direct Page Register Allows Direct Addressing
Throughout Memory Space

B INSTRUCTION SET
® Extended Range Branches
® 16-Bit Arithmetic
® Push/Pull Any Register or Set of Registers
To/From Either Stack
8 X 8 Unsigned Multiply
Transfer/Exchange Any Two Registers of Equal Size

® Enhanced Pointer Register Manipuiation

B ADDRESSING MODES

® Al MC6800 Modes, Plus PC Relative, Extended Indirect,
Indexed Indirect, and PC Relative Indirect

® Direct Addressing Available for All Memory Access
Instructions

® Index Mode Options Include Accumulator or Up to 16-Bit
Constant Offset, and Auto-Increment/Decrement
(by 1 or 2) With Any of the Four Pointer Registers

® |Interrupt Acknowledge Output Allows Vectoring by Device

This is advance information and specifications are subject to change without notice

M06809(E)

(1.0 MHz)

MCGSAOQ(E)

5 MHz)

MC68BO9(E)

(2.0 MHz)

MOS

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

HIGH-PERFORMANCE
MICROPROCESSOR

L SUFFIX
CERAMIC PACKAGE
CASE 715

NOT SHOWN

P SUFFIX

EMOTOROLA INC . 1978

FIGURE 1 - BLOCK DIAGRAMS

— E AO-A15 —@=
— O, DO-D7 jesl-gm
— TSC

= H MC6809E R
—g Reset BA g
—d N BS @
—&= FIRQ Busy f—
—@ (RO LIC 8
— EXtal AD-A15 g
BB Xtai DO-D7 -
—g@ MRDY Eoyy e
— G Qouy [
— MC6809 R/W g
— BA |
— ] BS g
—]

— RO

NP-98 R1




M6809 FEATURES

The MC6809 is an advanced processor within the
M6800 family offering greater through-put, improved
byte-efficiency, and increased adaptability to various
software disciplines. These include position independence,
reentrancy, recursion, block structuring, and high level
language generation. It is compatible with all M6800 peri-
pherals, and is software compatible with the MC6800 at
source code level,

This  product preview stresses the improvements
inherent in the MC6809. The basic operation of the MPU
is similar to the MC6800.

Hardware Features — Internal Clock MC6809

For internal clock use, an external crystal is connected
between Extal and Xtal. A synchronization signal is avail-
able at the Egyt terminal to be used as a system clock.
This signal operates at the basic processor frequency, and
is normally connected to the Enable (¢2) inputs of M6800
family peripherals. A Quadrature output (Qgut) provides
additional system timing by signifying that addresses and
data are stable as shown in Figure 2.

FIGURE 2 — MC6809 TIMING SIGNALS

Start End
of Addresses of
Cycle Stable Cycle

_1/4 Y2 /4
r Cye el Cye -tea- Cye ~v-1
Eout L I L

out \

O

NOTE: Basic Processor Frequency = 1/4 Crystal Frequency

A Memory Ready (MRDY) input allows extension of
data access times for use with slow memories. A logic zero
at this input (when Eqyt goes high) causes Egyt to remain
high until MRDY returns high. Stretching is always an
integral number of quarter bus cycles, and is limited to
a maximum of ten microseconds. The negative transition
of Qqut is unaffected by MRDY, but further positive
transitions of Qgyt are inhibited for the duration of the
clock stretch.

A Bus Request (§ﬁE6> input allows fast access to
the bus for DMA or Memory Refresh. This is a request
to temporarily suspend MPU operation and take the MPU
off the MOS bus. The BA line will immediately go high (as
a result of the trailing edge of E), signifying a Bus Avail-
able condition. One-half cycle later, the user may place
the DMA device on the MPU buses. This will eliminate
bus contentions into DMA.
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Hardware Features — External Clock MC6809E

The External Clock mode of the MC6809 is particularly
useful when it is desired to synchronize the processor to
an externally generated signal. The external clock generator
provides an output only at the basic MPU frequency, since
the internal frequency dividers of the MC6809 are not
used in the external clock mode. Ejy and Qi signals are
required with phasing as shown for Eqyt and Qqut,
respectively.

A Three-State Control (TSC) input replaces the BREQ
input of the MC6809, and serves to place the Address
and RAW line in the high-impedance state for DMA or
Memory Refresh. (The Data Bus is in the high-impedance
state when Ejn and Qj, are both low.) The Egyt and
Qput terminals are replaced by two status outputs (LIC
and Busy).

A last Instruction Cycle output (LIC) is activated
during the last cycle of any instruction. The first low
cyle after LIC is high signifies that this processor cycle
will be an opcode fetch.

A Processor Busy signal (BUSY) facilitates multi-
processor applications. This signal is asserted during MPU
Read-Modify-Write instructions, allowing the designer to
insure that flags being modified by one processor are not
accessed by another simultaneously. The signal is also
asserted during execution of double byte instructions
and when using the Indirect Addressing modes.

Hardware Features — Either Clock Option

A Fast Interrupt Request (FIRQ) is added to the IRQ
and NMI inputs available on the MC6800. When a logic
zero is recognized at this input, the MC6809 places only
the Program Counter and Condition Code Register on the
stack prior to accessing the FIRQ vector location to
obtain the starting location of the FIRQ service routine.
Either an TRQ or Non-Maskable Interrupt stacks the
contents of all registers {(same as MC6800) prior to vector-
ing. The three interrupt inputs have separate vector loca-
tions, and are prioritized (IRQ lowest, FIRQ next, NMI
highest).

An Interrupt Acknowledge function (IACK) indicates
that a vector is being fetched as a result of a Reset, a
Software Interrupt (SWI, SWI2, or SWI3), or recognition
of NMT, FIRQ, or TRQ. This function allows the program
counter to be loaded according to the interrupting device,
thus providing full vectored interrupt handling. IACK is
denoted by a logic zero at the Bus Available (BA) output
in conjunction with a logic one at the Bus Status (BS)
output.

A low level on the Halt input causes the MPU to halt at
the end of the present instruction. It will remain halted
indefinitely without loss of data, until the Halt line is
driven high. When the MPU is halted, the BA and BS
outputs are driven high to acknowledge the halt, and
the Address Bus and Data Bus drivers are made high-
impedance. While halted, the MPU cannot respond to




interrupt requests, nor can it be released from reset.

The MC6809 has the capability of entering an idle
state under program control via SYNC and CWAI instruc-
tions. SYNC Acknowledge can be detected via BA and
BS output states. These two status signals are defined
in Table 1.

TABLE 1 — STATUS SIGNALS

BA BS Function

[} (0] Normal Operation
o} 1 interrupt Acknowledge
1 [} Sync Acknowledge

1 1 Bus Grant or Hait Acknowledge

PROGRAMMING MODEL

The MC6809 adds three registers to the complement
available in the MC6800. These are the Direct Page
Register, the User Stack Pointer, and a second (Y) Index
Register (shown in Figure 3). In addition to increasing

FIGURE 3 —- PROGRAMMING MODEL
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the number of registers, the MCB809 features much
greater flexibility of register usage. For example, indexed
addressing is available using a stack pointer (U or S) as
the base register in addition to X or Y. Conversely, the
Automatic Increment/Decrement option of indexed
instructions allows X and Y to be used as stack pointers
if desired.

The enhanced instruction set of the MC6809 also
increases register uses. Exchanges, as well as transfers,
between any two similar-width registers are allowed.
Two's complement addition of the A, B, or D register (or
an immediate value) to X, Y, U, or S registers can be
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implemented via the Load Effective Address instruction.
Any register—or set of registers—may be pushed to {pulled
from) either stack with a single instruction.

Accumulators

The A and B registers are general-purpose accumulators
used for arithmetic calculators and data manipulation.
In general, the two registers are identical, although some
special purpose instructions apply to one register alone.

Certain instructions concatenate the A and B registers
to form a single 16-bit accumultor. This is referred to as
the D register, and is formed with the A register as the
Most Significant Byte.

Direct Page Register

The Direct Page Register of the MC6809 serves to
enhance the Direct Addressing Mode. The contents of
this register appear at the higher order address outputs
(A8-~A15) during direct addressing instruction execution.
This allows the Direct Page to be located at any place
in memory under program control. All bits of this register
are cleared during Processor Reset. This insures 6800
compatibility.

Condition Code Register

The Condition Code Register is the storage area for
processor flags. Bits @ through 5 are identical to the
MCB800. CCR—Bits 6 and 7 are used for FIRQ handling.

B7 B6 B5 B4 B3 B2 B1 BO
E F H | N z \% C

l L-— Carry
Overtlow
Zero
Negative
iRQ Mask
Half-Carry

FIRQ Mask
Entire Flag

Specifically, the E-bit controls the Return from Interrupt
(RTI) instruction to insure that the proper number of
registers are puiled from the Hardware Stack.

Index Registers

The Index Registers are used in indexed mode address-
ing. They provide a 16-bit address to be added to an
optional offset (of up to 16 bits) to form the effective
address of the instruction. The X and Y registers are
essentially equivalent in usage and support the same
instructions. Either index register is capabie of performing
the same function as the MCB800 index register, but can
also support many additional modes of operation.
Stack Pointers

The Hardware Stack Pcinter (S) is used by the pro-
cessor to automatically store machine states during
subroutines and interrupts in a manner similar to that of




the MC6800. A User Stack Pointer (U) is also provided
to be controlled exclusively by the program—thus
allowing arguments to be passed to and from subroutines
with ease.

Both U and S have the same indexed-mode addressing
capabilities as the X and Y registers. This allows the
MCB809 to be used efficiently as a stack processor—
greatly enhancing its ability to support higher level
languages. To facilitate use of the stack pointers in index-
ing mode addressing, the registers always point to the last
byte placed on the stack. (The MC6800 stack pointer
points to the location in which the next byte will be
stored.)

Program Counter

The PC is used by the processor to point to the next
instruction to be executed by the processor. Program
Counter Relative addressing is allowed on the MC6809,
effectively allowing the PC register to be used as an index
register. This allows Position Independent Code to be
written with greater ease than with other 8-bit processors.

ADDRESSING MODES

The MC6809 retains the Addressing modes available
with the MCB6800, and adds long relative branches, 16
variations of indexed addressing, program counter relative
and extended indirect addressing.

The enhancements to indexed addressing include auto
(post) increment, auto (pre) decrement, indexing with
0-, 5-, 8-, or 16-bit two's complement offsets, and indexing
with an accumulator as an offset. Also, any of these modes
may have one additional level of indirection applied.
Any of the four index registers (X, Y, U, or S) may be
used as the base register for the indexed addressing modes.

Inherent, Accumulator, Immediate, Direct, Extended

These modes are effectively the same as those available
with the MC6800. (The Direct Mode utilizes the DPR to
form the most significant address byte as explained
previously.)

indexed

The Indexed Mode of addressing has several options
which are selected by the byte following the opcode
(postbyte). Bits 5 and 6 of this postbyte are always used
to select the pointer register (X, Y, U, or S). Other
options are:

Zero Offset — This option allows selection of Auto
increment/Decrement by one or two bits. 1t is a minimum
two-byte instruction (opcode + postbyte).

Constant Offset, 4 Bits — This option uses Bit 4 of
the postbyte as a sign bit and Bits @ through 3 as a con-
stant offset. It is a minimum two-byte instruction.

Constant Offset, +7 Bits — This option designates the
byte after the postbyte as a two's complement offset.
it is a minimum three-byte instruction (opcode + post-
byte + offset).
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Constant Offset, £ 15 Bits — This option designates the
two bytes following the postbyte as a two's complement
offset. it is @ minimum four-byte instruction (opcode +
postbyte + two-byte offset).

Accumulator Offset — This option designates the A, B,
or D register as a two's complement offset. It is a mini-
mum two-byte instruction.

In all cases, the offset is temporarily added to the
contents of the selected pointer register to form an
effective address.

Indexed Indirect

Except for the *4-Bit Constant Offset and the Auto
Increment/Decrement by one, all indexed addressing
modes may be used with an additional ievel of indirec-
tion. Thus, the address formed by adding the offset to the
selected pointer register designates a location containing
the effective address of the operand data. Bit 4 of the
postbyte is used to select the Indexed Indirect mode.
(Note that this bit is used as a sign bit in the *4-bit con-
stant offset mode.) The number of bytes for a given
instruction is the same for either Indexed or Indexed
Indirect addressing modes.

Relative

Relative addressing involves adding a signed constant
to the contents of the program counter. When used in
conjunction with a Branch Instruction. this sum becomes
the new Program Counter content if the branch is taken.
(If the branch is not taken, the PC advances to the next
instruction.)

Relative addressing differs from that contained in the
MC6800 due to two important additions. The first of
these is that the offset (signed constant) can be either
+7 bits or £15 bits in length. This allows the program
to branch to any location in the memory field.

The second important addition to the Relative mode
is that it no longer is limited to branch instructions.
An Effective Address—which retains the position-
independent nature of relative addressing—may be formed
by adding a f£7-bit or £15-bit offset to the program
counter. This is, in effect, an Indexed Addressing mode
with one of two specific postbytes. (The optional post-
bytes allow selection of 7 or £ 15-bit offset.) Examples
of its use would be:

2015 LDA -$1FDA,PCR 2018 $413B,PCR

2015 OPCODE 2018 OPCODE

2016 POSTBYTE 2019 POSTBYTE

2017 OFFSET 201A OFFSET (MSB)

2018 [ | NEXTINST 201B OFFSET (LSB)
201C NEXT INST

1FDA [] DATA 4138 DATA

Note that the offset is added to the new value of the

program counter, ie,, the location of the next instruction.




Relative Indirect

This addressing mode is, in effect, Indexed Indirect
with the Program Counter used as an index register. One
or two bytes (optional) following the postbyte are used
to provide a =7 byte or £15 bit offset. This signed num-
ber is added to the contents of the program counter,
forming a pointer to consecutive locations in memory
which contain the new effective address. Examples are:

2015 LDA [$1FDA,PCR] 2018 LDA [$413B,PCR]
2015 OPCODE 2018 OPCODE
2016 [9C] POSTBYTE 2019 [OD] POSTBYTE
2017 OFFSET 201A [21] OFFSET (MSR)
2018 [ NEXTINST 2018 [TF] OFFSET
1FDA [OT1\NEW 2});2 L] vExTinsT
1FDB [00]({EA 4138 02 NEW
J 413C } EA

0100 [] DATA

0300 [J DATA

Extended Indirect

This addressing mode is actually another option of
Indexed Indirect Addressing. in this case, the two bytes
following the postbyte are used as a pointer to con-
secutive locations in memory which contain the new
effective address. An example is:

201C LDA  [$C200]
201C OPCODE
201D POSTBYTE
201E

POINTER
201F {@} OINTE
2020 []  NEXTINST
€200 NEW
€201 EA
0080 DATA

Absolute Indirect

This mode is exclusively used for Restart and Interrupt
vectoring. Servicing of these conditions involves fetching
the contents of an exact location in memory to be loaded
into the Program Counter.

Instruction Set

A complete listing of the Executable instructions is
contained in Tables 2 through 6. Some of the more
unique instructions include Load Effective Address,
Synchronization with Interrupt, and Exchange Registers.
These, along with others not available on the MC6800,
are detailed in the following paragraphs.

Load Effective Address — Besides its obvious use, this
instruction represents a converiient means of modifying
any of the pointer (X, Y, S, or U) registers. The processor
forms an Effective Address as dictated by the addressing
mode, then loads this value into the designated register
rather than outputting the data on the address lines. As
an example, LEAX A, X will add the signed number con-
tained in the A register to the contents of the X register,
then place this result into the X register.
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Synchronize with Interrupt — This instruction causes
processing to discontinue until an Interrupt Input (NMI,
TRQ, or FIRQ) is activated. When an interrupt occurs, the
processor services the interrupt normally if the associated
mask is clear. if the interrupt mask is set when the inter-
rupt occurs, the processor exits the Sync mode by con-
tinuing to the next instruction. The Bus Available output
is activated during the Sync mode, but BS remains low.
The instruction is useful for synchronizing the program
with a peripheral and for performing DMA under pro-
gram control.

Exchange and Transfer Registers — Both of these
instructions utilize an immediate byte to define the source
and destination registers. The only restriction is that both

50U

e and destination must be similarly sized registers.

Push/Pull Register(s) — These instructions also use an
immediate byte to designate whether the register assigned
to a particular bit is to be affected. Thus, a Push instruc-
tion followed by a byte containing a “one’ in bit 7 causes
the Program Counter to be pushed onto a stack. One to
eight registers can be pushed or pulled with a singie
instruction.

Sign Extend — This instruction causes all bits in the
A register to take on the value of the Most Significant Bit
of the B register.

CWAI — This instruction is similar to the Wait for
Interrupt used with the MCB800, but includes an immedi-
ate byte to clear condition codes if desired. The CWAI
instruction can be used with any of the three interrupt
lines, even though CWAI stacks all registers (except S).
After stacking is complete, the processor idles until an
interrupt occurs.

Those familiar with the MC6800 will note that some
instructions are missing from the compiement available
with the MC6800. Provisions have been made to perform
such operations in alternate ways when required. An
example might be Decrement X. This will not often he
needed with the MC6809 due to the Auto-Decrement
option with Indexed Addressing. If needed, however,
the operation can be accomplished with an LEAX -1,X
instruction. Likewise, the MCB800 instructions to
Clear/Set various condition codes are replaced with
ANDCC/ORCC. In this manner, the MCB809 uses
fewer instruction mnemonics (59 versus 72) than the
MCB800, yet is fully software compatible, as well as
being considerably more powerful.




Addressing Modes

]

TABLE 2 — 8-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS s N 5 2 2
HEEFEE AR AR RR AT
alE|]e|E& gl |3 |=2]=

Mnemonic(s) Operation E|E Q= & | .-g E | a
ADCA, ADCB Add memory to accumulator with carry — X X X X X X X X
ADDA, ADDB Add memory to accumulator — X X X X X X X X
ANDA, ANDB And memory with accumulator — X X X X X X X X
ASL Arithmetic shift left memory location - — | X X X X X X X
ASLA, ASLB Arithmetic shift left accumulator LN I e e e e e e
ASR Arithmetic shift right memory location — — I X | X X X X | X I X
ASRA, ASRB Arithmetic shift right accumulator X — - — - - - e
BITA, BITB Bit test memory with accumulator - | X X X X X X X X
CLR Clear memory location — - X X X X X X X
CLRA,CLRB Clear accumulator X | — i B Bt et Bt e e
CMPA, CMPB Compare memory with accumulator - X X X X X X X X
CcOomM Complement memory location - — X X X X X X X
COMA, COMB Complement accumulator X — - - - - - - -
DAA Decimal adjust A-accumulator X - - — — - - - -
DEC Decrement memory location — — X X X X X X X
DECA, DECB Decrement accumulator L B i e et e e
EORA, EORB Exclusive or memory with accumulator — X X X X X X X X
EXGR1,R2 Exchange R1 with R2 (R1,R2 = A, B, CC, DP) X - — — — — -
INC Increment memory location - — | X X X X X X X
INCA, INCB Increment accumulator X - — - — - - -
LDA, LDB Load accumulator from memory — X X X X X X X X
LSL Logical shift left memory location - — | X X X X X X X
LSLA, LSLB Logical shift left accumulator X - - |=-1=-1-1-1-1-
LSR Logical shift right memory location - - X X X X X X X
LSRA, LSRB Logical shift right accumulator X — - - - - - —
MUL Unsigned multiply (AXB - D) X! -1-}=-4{-1=-1-1-1-
NEG Negate memory location - | X X X X X X X
NEGA, NEGB Negate accumulator X|=-4=-1=-]{-1—-1-1-1-
ORA, ORB Or memory with accumulator - X X X X X X X X
ROL Rotate memory location left — - | X X X X X X X
ROLA, ROLB Rotate accumulator left X! =1-|/-1-1-1-1-1-
ROR Rotate memory location right - - X X X X X X X
RORA, RORB Rotate accumulator right X ~l-1—-1-1-1-1-1-
SBCA, SBCB Subtract memory from accumulator with borrow - X X X X X X X X
STA, STB Store accumulator to memory — — | X X X X X | X X
SUBA, SUBB Subtract memory from accumulator — X X X X X X X X
TST Test memory location — — | X X X X X X X
TSTA, TSTB Test accumulator L e e - |- f—-1-1-
TFR,R1,R2 Transfer R1 to R2 (R1, R2 = A, B, CC, DP) Xl=-4f{=-tft-1-1-1-1-1-

NOTE: A and B may be pushed to (pulled from) either stack with PSHS, PSHU (PULS, PULU) instructions. See Table 3.
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Addressing Modes

S
- -
TABLE 3 — 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS ° £ ] T
s T | T = -
slsl_lsl2 |83 lg]e
= @ o & < x 3 = =
a £ @ 5= 2 [} [ 1 ©
. " £ € |l=|x x |2 18 19 |
Mnemonic(s) Operation = l=jloajwjwl|]f|flx |l
ADDD Add memory to D accumulator - X X X X | x X X | X
CMPD Compare memory with D accumulator - X X X | X | X | X X | X
EXG DO, R Exchange D with X, Y, 5, U, or PC X - - —
LDD Load D accumulator from memory - X X X X X X X X
SEX Sign Extend X - — -l -1 -1-1-1-
STD Store D accumulator to memory — - X X X X X X X
SUBD Subract memory from D accumulator — X X X X X X X X
TFR D, R Transfer Dto X, Y, S, U,or PC X — — — — — — — —
TFR R, D Transfer X, Y, S, U,or PCto D X - — - - - — - -

Addressing Modes

bl
2 ° S
-] £ £
TABLE 4 — INDEX REGISTER/STACK POINTER INSTRUCTIONS @ = B 2
=4 - | o - -
Tl .13 1% 1% |8 |¢
= 4 o H £ x x | & 1S
a | E |2 | & |8 |2 2 || ®
i i E|E|Z | XI X BB |z |®
Mnemonic(s) Operation = | =10 |lw|jw|Z | £ ||
CMPS, CMPU Compare memory with stack pointer — X X X X X X X X
CMPX, CMPY Compare memory with index register — X X X X X X X X
EXG R1, R2 Exchange D, X, Y, S, U, or PCwith D, X, Y, S, U, or PC X — — — - — - - —
LEAS, LEAU Load effective address into stack pointer - - - - X X X X X
LEAX, LEAY Load effective address into index register i e B et X X X | X
LDS, LDU Load stack pointer from memory - X X X X X X X X
LDX, LDY Load index register from memory — | X X X X X X | X | X
PSHS Push any register{s) onto hardware stack (except S) Xl=-{=-1=-|=-t{=-|-1-1-
PSHU Push any register(s) onto user stack (except U) Xt - |-]l-t-f{-1-1-1-
PULS Pull any register(s) from hardware stack {except S) X i el e e o
PULU Pull any register(s) from hardware stack {except U) X - - - — - - — -
STS, STU Store stack pointer to memory — | = [ X XXX X | X [X
STX,STY Store index register to memory - — X X X X X X X
TFR R1,R2 Transfer D, X,Y,S,U,orPCto D, X,Y,S,U,or PC X — - — — - - -
ABX Add B-accumulator to X (unsigned) X - - -1 =-t-1-1-1-
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Addressing Modes

§ 5 -
TABLE 5 — BRANCH INSTRUCTIONS ® - 5 E E
AR AR ARARAN AN
-0 - O T R A - O
Mnemonic(s) Operation E|E|g|d|d |||

BCC, LBCC Branch if carry clear — — | = S R _ X
BCS, LBCS Branch if carry set - | - — | - -] =l x| =
BEQ, LBEQ Branch if equal — — | - — — -] = X _
BGE, LBGE Branch if greater than or equal (signed) - - = = = - - x| =
BGT, LBGT Branch if greater (signed) — -] =] = =1 =] =1 x| =
BHI, LBHI Branch if higher (unsigned) — -] =] =1=1=1=1x1]-=
BHS, LBHS Branch if higher or same (unsigned) - ===l =] =1x! =
BLE, LBLE Branch if less than or equal (signed) — =] =1 =1 -=1=1=1x1]-=
BLO, LBLO Branch if lower (unsigned) -l -l =] =1=1-1=1x1]=
BLS, LBLS Branch if lower or same (unsigned) ==l == =1 =1x]=
BLT, LBLT Branch if less than (signed) - | - - - - =1 =1x -
BMI, LBMI Branch if minus — -] =] =1 =-1-1]=1x1-
BNE, LBNE Branch if not equal [ R R S B e e e
BPL, LBPL Branch if plus N N R R - | = x| =
BRA, LBRA Branch always — — — — - — — X _
BRN, LBRN Branch never (3,5 Cycle NOP) —_— == ===l =1x1]-=
BSR, LBSR Branch to subroutine — — — — — | - — | x _
BVC, LBVC Branch if overflow clear == == =] =] x| =
BVS, LBVS Branch if overflow set — - -1-1=-1-=|x1| -

Addressing Modes
Q
TABLE 6 — MISCELLANEOUS INSTRUCTIONS ® - 5 g E
AR A AR AR AR AT
s |Ejeg |28 |3 |8|= |2
: EIE|IaIS IS 1lslel &)@
Mnemonic(s) Operation == |lojlw |w |2 |Ef|x|x
ANDCC AND condition code register — | x === 1=

CWAI AND condition code register, then wait for interrupt - | X - |- 1= - | -
NOP No operation X |- 1=1=1-= N I R
ORCC OR condition code register - | X - =1~ - | -
JMP Jump - |- X X X X | X | X X
JSR Jump to subroutine - | — | X X | X | X X | X X
RTI Return from interrupt X - - — — — — — —
RTS Return from subroutine X — - — — — — — —
SWI, SWI2, SWi3 Software interrupt (absolute indirect) X |- |- _ == =] -] =
SYNC Synchronize with interrupt line X — — - - — — — —

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Moto.rola does not assume anyliabilityarising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
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introducing

the Motorola MC6809

An 8-Bit Microprocessor (MPU) designed with particular attention to providing
an enhanced software and higher performance central processing unit.

2.5 to 5 Times the Performance of the MC6800

MC6800 Software Compatible (Source Code)

Architectural Improvements

Additional 16-Bit Registers

Expanded Addressing Mode Common to All Index (3) Registers
16-Bit Operations

8 X 8 Multiplier

Software Improvements Support

Tailored to Higher-Level-Language

Position Independence

Structured, Highly Subroutined Code
Multi-task and Multi-processor Organization
Stack-Oriented Compiler Instructions
Reentrancy and Recursion

Hardware Improvements

On-Chip Clock (MC6809) or Off-Chip Clock (MC6809E)

Additional Control (Fast IRQ, Ready, Busy, Last Instruction Cycle Output)
2-MHz Base Operation

Interrupt Acknowledge

Compatible with All 6800 Family Peripherals



the architectural improvements

Programming Model

slainEEE

A [ e ]

Accumulator A ‘
¢ AB =D

Accumulator B '

Direct Page Register

Condition Code Register

X-Index Register

Y-Index Register

User Stack Pointer/
Index Register

Hardware Stack Pointer

Program Counter

Double-Accumulator D

*The concatenation of A:B is the Double-Accumulator.

10 Addressing Modes

Inherent
Immediate

Direct

Extended
Extended Indirect

Register
Indexed
Indexed Indirect
Relative

Long Relative

® ® 9 ¢ o

Powerful Indexing Capabilities

® There are 5 Indexable Registers: X, Y, S, U, and PC

® \With 4 Options for Both Indexed and

Indexed Indirect:

Constant-Offset

Accumulator Offset Using A, B, or D
Auto-Increment or Auto-Decrement

Indirection

6 Interrupts

NMI Non-maskable
{RQ Normal-Maskable
FIRQ Fast-Maskable
SWI Software

SWI2 Software

SWI3 Software

16-Bit Operations

Add to D Accumulator
Subtract from D Accumulator
Load D Accumulator
Store to D Accumulator
Compare D Accumulator
Load X, Y, S, U Registers
Store X, Y, S, U Registers
Compare X, Y, S, U Registers
Load Effective Address
Sign Extend
Transfer Registers
Push/Pull X, Y, S, U
Add B Accumulator to

X Register

Additional Operations

8 X 8 Unsigned Multiply = 16-Bit

Push/Pull Multiple Registers

Long Branches

Synchronize with Interrupt Line
(to synchronize instructions
with an external event)

3 Software Interrupts

AN 8-BIT MICROPROCESSOR WITH 16-BIT OPERATIONS



software features

The MC6809 attacks the problem of high-cost software

HIGH-LEVEL
LANGUAGE EFFICIENCY

Specifically designed to
efficiently handle high-level
languages such as BASIC,

MPL, COBOL, FORTRAN, and
PASCAL.

POSITION-INDEPENDENT
CODE

Any program written for

the MCB809 can be structured
to execute in any position of
the address map.

REENTRANT PROGRAM

Any program written for

the MC6809 can be structured
to be interrupted in any position
of the address map and still
execute properly on return.

What do these features mean?

® Canned Software, “"Software on Silicon’’

® Modular Programming

® Ease of Use of Program Library

® [nterchangeability of Program

® Efficient Programs Written in a Higher-Level Language

The software of the MC6809 is
upward-software-compatible with the MC6800.

MC6800

MC6809

Common higher-level-language bridge.

MPL, PASCAL

i

MC6800

1

MC6809

~

MC68000




hardware improvements

TITTINY

BLOCK DIAGRAMS

Ein AD-A1S
Qi DO-D7 |

— EXtal A0-A15
——8 Xtal DO-D7
—a MRDY Eout
—& BREQ Qo
—® Halt  MC6809  R/W
—gm Reset BA
g NM] BS
— FIRQ

— (RO

® Busy

The busy cutput indicates that the processor is
accessing memory.

LiC, Last instruction Cycle

indicates the processor is executing the last
cycle of an instruction. The next cycle will be
an opcode fetch.

MRDY, Memory Ready

Stretches the E signal for slow memory.

BREQ, Bus Request

Bus request to allow fast access to the bus for
DMA or memory refresh.

BA and BS, Bus Available and Bus Status

® Off-Chip Clock (MCB809E)

=1 TTL Input

Additional Interrupts

NM!I Non-maskable
IRQ Maskable

FIRQ Fast Response IRQ,

Maskable

BA BS Function

0 0 Normal

0 1 Interrupt Acknowledge
1 0 Sync Acknowledge

1 1 Bus Grant or Halt

interrupt Acknowledge (BA =0, BS = 1)

indicates that a vector is being fetched by the
CPU in response to an interrupt. Can be used
to vector the interrupt.

BUS TIMING — ENABLE OUTPUT AND QUADRATURE OUTPUT

Start Cycle

Eout

Qout

End Cycle

Data Stabte



MC6809 development support

Advance MC6809 Support

To fac
Cross

ilitate the design before the availability of an MC6809, Motorola has developed a
Macro Assembler and a Simulator Module that will operate in the EXORciser/

EXORterm. The Simulator Module plugs directly into the EXORciser, allowing the user to
simulate MC6809 instructions which were developed with the MC6809 Macro Assembler.

MCé6

809 Support Products

The MC6809 support package — MPU/USE Module, firmware, and software — upgrades the
EXORciser I, Il or EXORterm to an MC6809 EXORciser.

MC6809 EXORciser Features:

Real-Time Execution
1.0, 1.5, and 2.0 MHz Operation
Disk-Based Operation

Emulate the user's MC6809 via a 40-pin DIP socket to be plugged into the user’s
MC6809 socket in the target system.

The software support of the MC6809 will include the following items:

Resident Macro Assembler
Resident Editor

Disk Operating System (MDQS)
Resident PASCAL Compiler

Resident MPL Compiler



further support

® 3rd Quarter introduction of System Analyzer firmware and PROM Programmer software.
® 3rd Quarter introduction of an MC6809 micromodule (single board computer).

® Additional higher-level languages are planned for introduction in the 3rd and 4th quarters of 1979.
1. Resident FORTRAN Compiler
2. Resident COBOL Compiler
3. Resident BASIC Interpreter
4. Symbolic Debug Software

5. Real-Time Operating System in a Micromodule Environment

Training Support

The MC6809 is supported by two training courses:
1. One-day training course for previous MC6800-family users.

2. Three-day training course for new MC6800-family users.



with all these improvements, how does
the MC6809 benchmark against competition?

EXECUTION TIME RELATIVE

16 —T1— MC68000 (16 bhit)
10 —+— 28000 (16 bit)
8086 (16 bit)

1
1
| 9900 (12L) Mil Version (16 bit)

MC6809 (2 MHz; 8 bit)

o

F I
3 —t
2.7 ZB0A (4 MHz; 8 bit)
2.45-4 9900 (3 MHz; 16 bit) 8085 (5 MHz; 8 bit)
2 —— MC68B00 (2 MHz; 8 bit)
- 280 (2.5 MHz; 8 bit)
1 ——MC6800 (1 MHz; 8 bit)

SUMMARIZED BENCHMARKS

Performance Criteria MC6809 Z80A MC6800 8085

Number of Instructions *1.0 1.56 1.72 2.30
Number of Bytes 1.0 1.31 1.68 1.80
Number of Microseconds 1.0 1.80 240 2.20

(2 MHz) (4 MHz) (2 MHz) (5 MHz)

*Normalized to 1.00 for the MC6809 — poorer performance has higher numbers



relative execution times for eight benchmarks

Double| Vector Vector
Shift | Addition | Addition Average
/0 Character | Computed | Right 16-Bit 8-Bit 16 X 16-Bit | Move Block Execution

Handler Search Go To 5 Bit | Elements | Elements | Multiplication | (64 Bytes) Time

6809 2.0 MHz 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.5 MHz 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3

1.0 MHz 20 2.0 2.0 20 20 2.0 2.0 2.0 20

230 4.0 MHz 1.4 0.8 21 2.7 16 18 3.3 1.0 1.8
2.5 MHz 2.2 1.2 3.4 4.4 26 29 52 1.6 29

9900 3.0 MHz 286 2.3 28 1.5 1.7 3.0 05 16 20
6800 20 MH:z 09 1.4 1.9 1.3 31 28 5.0 33 2.4
1.5 MHz 1.2 19 25 1.7 4.1 3.7 6.7 4.3 3.3

10 MHz 18 28 37 25 6.1 55 10 6.5 49

8080+ 3.0 MHz 1.9 1.8 28 6.1 23 2.7 96 24 3.7
3085 2.0 MMz 2.8 26 4.2 g1 3.4 4.1 143 3.7 55

actual execution times for eight benchmarks (us)

Vector Vector
/O Character | Computed | Double Shift Addition Addition 16 X 16-Bit | Move Block
Handler Search Go To Right — 5 Bits | 16-Bit Elements | 8-Bit Elements| Multiplication | (64 Bytes)
6803 2.0 MHz 28 2875 345 15 326 180 82 3445
1.5 MHz 37.3 383 46 20 433 240 109.3 459.3
1.0 MHz 56 575 69 30 650 360 164 689
Z30 4.0 MHz 38.3 2205 73.3 41 518 323 267 342
2.5 MHz 61.3 3528 1172 65.6 828.8 516.8 427.2 547.6
9900 3.0 MHz 72 661 98 22 537 537 42 537
6800 2.0 MHz 245 404 645 19 993.5 498 6 409.5 11235
1.5 MHz 327 539 86 253 1325 665 546 1498
1.0 MHz 49 808 129 38 1987 997 819 2247
8080+ 3.0 MHz 52.7 506.7 96.7 91.3 732 492 784 841
8085 2.0 MHz 79 760 145 137 1098 738 1176 1262




ME20R2-MEB®S CROSS-ASSEMBLER

eeeo7
eeoes
00oS
P10
voe11
ootz
eee13
oeet14d
eeetls
poete
oee17
eee1d
eee13

20eZzS

eeez?
eeezs
eeez9
ez
20031
eoes2
ReRZ3

2ee35

sample programs

These programs were used in the benchmark evaluation and represent the
software flexibility and architectural power of the MC6809. These bench-
marks were chosen because they are unusually well-defined and have been
applied to other computers for comparison.

1e0e4
1205

19207
1@eA
1eeD
10eF
1912
1214
1@e1€E

117

B6
BE
A7
EF
81
27
3B

g’

iee4
1ees
8@
1ees
2D
o1

FE

S
6
6
S
z
3
5

1

w

z.z2

HRMHHHNNNE [ /0 HANDLER 306060 50 00 0 03K

£ 3
L3
*
*
*
*
*
*
*
*
*
*

EOL
MODEM

BUFPTR FDB

A SINGLE INFUT INTERRUFT IS ARMED. RECEI
AN INTERRUFT, SAVE REGISTERS, INPUT A CHA
CLEAR THE INTERRUFT, FUT THE CHAR IN A
SOFTHARE BUFFER, INCREMENT THE BUFFER FTR
TEST FOR END OF LINE, RECOVER REGISTERS,
AND RETURN.

SETUF: NONE
TOTAL: 7 LN, 18 BY, 62 CY

(333333333 3333233333333 23333332

EQU s
FCB ©
%

¥ ASSUME IRQ FROM PIA (18 CY)»

REGIN

EOLGP

LDA MODEM CLEARS PIA IRGQC
LDX BUFFTR GET FTR
STa P X+ STORE CHAR

STX BUFFTR UPDATE FTR
CMPA #EOL END OF LINE?

BEQG ECLGP IF YES, MORE TO DO
RTI ELSE, RETURN
BRA *

10



ME80@-M6809 CROSS-ASSEMBLER

20038
00039
o0e40
020241
eee4dz
20043
eoed4q
Q0045
eoede
Qo047
eoe4d
oee4s

002051
eeesz
00053

00055
oeeSe
evees7
2ees3
eeess
eeece

eoesz

eeeocd

20065
00eEE

1019
1@1B
101E

i1eze
1ezz
i1ez4
1025
1ez7
1e2A

1ezC

1@ZE
1e42

4A
1eZE
za

ae

e

F9
eee1

FE

04n
Qe
ee

MmwhN

GwWwnhnoun

o)

2.2

XXXEXXREXXEX CHARACTER SEARCH ¥XXXEEXEXX

LR I 3 B B B B 3 3

SEARCH A TABLE OF N CHARACTERS FOR A SPECIFIC
CHARACTER.

THE MATCH,

IF FOUND,
ELSE RETURN ZERO.

LET THE SEARCH

SETUF

OPERATION:

TOTAL

o mw

FaTlL .

LN, 7 BY, 7 CY

RETURN THE ADDRESS OF
LET N BE 4e.

LN, 12 BY, (14%40)+8=568 CY

LN, 19 BY, S75 CY

(3332282322233 2323333233333 33333333333

CSRCH

csz

CHAR
BUF

LDaA
LDX
LCR

CMFA
REQ
DECR
BNE
LDX
LEAX

BRA

EQU

FCR
FCE

11

#CHAR
#RUF
#40

Ccs1
*1
-1,X

rJ

CHAR TO FIND
FTR INTO TARBLE
LENGTH CF TARLE

SAME CHAR?

[F YES, FOINT AT
ANCTHER CONE DOWN
ALL DONE?

TRICKY CLRX

WENT FAST!

Qrrrrrrvrrrrrrrrrrrss@

Qrrvrrrrrrrrrrrrrrs s @



ME800-ME80@9 CROSS-ASSEMBLER Z2.Z

oeees EERXXENREREX COMPUTED GO TO XENEEXEXEX

eco7e *

00071 x LSB FIRST, TEST A CONTRCL BYTE WHICH HAS
o0e72 * HAS EXACTLY ONE BIT TRUE. THE POSITION
0073 * OF THE TRUE BIT DETERMINES WHICH OF EIGHT
00074 x TARLE VECTORS IS USED FOR CONTROL-TRANSFER
eeo7s x LET B7 RE TRUE.

eceve *

eeev7 * SETUP: 2 LN, S BY, S CY

oo07a * OPERATION: S LN, 8 BY, 2+(7%8)+47=65 CY
eee7s x TOTAL: 7 LN, 13 BY, 70 C¥

00080 x

2081 133333333333 333333333333333333333 3333

0e0a3 1056 36 80 2 COMPGO LDA  #CONTRY

0@e84 1058 BE 1061 3 LDX  #TARLE-2 START OF TABLE

000386 1@5B SF 2 CLRB

0e@a7 105C CB @2 z cot ADDB  #2 THO BYTES ~ VECTOR

20038 10SE 44 2 LSRA

2003 105F 24  FR 3 RCC  coOt

e005e 1061 GE S5 7 JMP [B,X1] REGISTER-OFFSET INDIRECT
eeesz eeao CONTRY EQU  sae

00093 1063 1073 TAELE FLBE  ERR,ERR,ERR,ERR,ERR,ERR,ERR

eeesd4 1071 1075 FDR  NOERR

e0ess 1073 20  FE 3 ERR ERA %

00096 1075 20  FE 3 NOERR BRA ¥

ME80@2-ME6809 CROSS-ASSEMBLER 2.2

eoze1 xxxmxxxxx DOUBLE SHIFT RIGHT FIVE PLACES mXexEEXXENX
oozez

e0ze3 * LOGICALLY SHIFT RIGHT A 16-BIT QUANTITY

20204 * FROM MEMORY EXACTLY S PLACES.

Pezes * REPLACE THE RESULT IN MEMORY.

vezoe *

oeze7 * SETUP: NONE

Qezes £ TOTAL: 12 LN, 16 BY, 30 CY

eozes *

Q0zZ10 (133333333333 33313333333333333 333333333 3332323 33333322

eeziz 1171 FC 1183 6 LDD WORD GET DOURLE BYTE
%0213 1174 44 z LERA 1 16-BIT SHIFT
eez14 1175 S6 z RORR :

QezZ15 1176 44 z LSRA AGAIN

eez16 1177 S6 z RORR

ee217 1178 44 z LSRA AGRIN

22218 1179 S6 z RORE

20219 117A 44 z LSRA AGAIN

eezze 117B Se 2 RORB

@ezz1 117C 44 z LSRA AGAIN

eezzz 117D S6 z RORB

Q@223 117E FD 1183 [ STD WORD STORE DOUELE BYTE
Qeez2zs 1181 ze FE 3 BRA x

Q227 1183 F1CD WORD FDR $F1CD

12



MESQO-MER2S CROSS-ASSEMBLER

200389
eetee
20101
2e102
20103
eoi1e4
Qei1es
201e8
20107
22108
eret1es
ee11e

o112
Q2113
o114

20116
117
22118
20119
Q122

ge1z22

ee1z4
ee125
ee1ze
Q127
ee1z8
2129
ee13e
0131
ee132

1e77
1074
1Q7E

1281
1283
1085
1087
1e8n

1eacC

128E
198
1teaz
10aC
1QRE
1ece
1eCaA
1erd4
1@DE

8E
108E
CE

™o mmm
7o =N¥ el

1@8E
1@RE
10DE

81
Al

10BE
FS

FE

Qoee
@ees
eete
@1
Q@99
2024
oe8g
o34
eoee

W e

[ORF T

w

z.2

EXEXKEXXRNX VECTOR ADDITION / 16-BIT FEXXXXXEEXX

3
ES
¥
*
*
#*
*
®
*
*
*
ANENCN

AN1

TARLER
TABLEER

TARBLEC

PERFORM AN ELEMENT-BY-ELEMENT aDDITICON
THO VYECTORS OF N 16-RIT ELEMENTS EaQCH.

FLACE THE RESULT IN A DIFFERENT VECTOR.

LET N RE Zz@.

SETUP: 3 LN, 10 RBY, 1& Cy
OFERATION: S LN, 11 BY, 3Z#Z0=g40Q C¥Y
TOTAL: & LN, 21 BY, 650 CY

LDx #TABLEA
LDy #TARLEE
Lo #TARLEC

LDD y K+

ADDD s Y4+

STD PRRE X 3

CMFX #2%2@+TABLEA
ENE AN

BRA *

FOB $00,801,%02,8%023, 824
FDR $05, 806,407,408, 09
FDB $10,%11,812,%13,%14
FOE $15,%16,$17,%18,%12
FDB $99,898,%37, %56, %95
FDB $94,$93,%02,%21, %580
FDR #8332, 888, %87, 886, $85
FDE #34,483,%32,%21, 830
FDB I‘;'hll?’?fll'lffllil""e

13

ON

3333233333233 333 3833333333233 33 2233383333333



ME30ee-ME80@3 CROSS-ASSEMBLER 2.2

20135 KEEXXKERKEX VECTOR ADDITION / 8-BIT EXEEXEEKENKX
ee136 *

20137 * PERFORM AN ELEMENT-BY-ELEMENT ADDDITION
0138 * ON THO VECTORS OF N &-BIT ELEMENTS EACH.
20138 * PLACE THE RESULT IN A DIFFERENT VECTOR.
20140 * LET N BE Zze.

0141 *

ee142 * SETUF: 3 LN, {2 EY, ie Cy

0143 * OFERATION: € LN, 13 BY, 12¥35=35@ CY
00144 * TOTAL: 9 LN, 23 BY., 360 CY

20145 *

Qo146 b33 333333233333 3333 333333233333 333333333333333

20148 1106 8E 111F 3 ARCNNN LDX *+TABRLA
02149 1109 108E 1133 4 LDY #TABLR

20150 110D CE 1147 3 LDU #TARLC

00152 11106 EC a1 8 ARC1 LDD P K+

20153 1112 AB A 6 ADDA Y+

®0154 1114 EB ae & ADDE  , Y+

©2155 1116 ED c1 8 STD PU+4+

22156 1118 8C 1133 4 CMFX #TABLA+Z20@

60157 111B 26 F3 3 BNE ARC1

221592 111D 20 FE 3 BRA *

ee161 111F 1] TABLA FCR $00, %01 ,802,%03,%04
00162 1124 15 FCR $05,%$06,8$07,$08, 809
20163 1129 10 FCB $10,%$11,%$12,$13, %14
00164 112E 15 FCB $15,816,817,%13,819
Q165 1133 99 TABLB FCR $99,$98,%97, %96, 895
2166 1138 94 FCR $94,893,%$92,$91, 820
ee167 113D 89 FCR $39,%83,%37,%$36, %35
00168 1142 84 FCR $24,%33,%32,%31, 880

2e169 1147 Qe TABLC FCB @rorrrrrrrrrrrrrrrss®

14



MEBR2-ME809 CROSS-ASSEMBLER 2.2

20230 EXXEEMXKEX 16 X 16 MULTIPLY XEEXXEXXXX
eez31 *

Qez232 * MULTIPLY TWO 1E-RIT FPOSITIVE VALUES
eez33 * TO GENERATE A 32-RIT FRODUCT.
20234 * AT TERMINATION, BOTH INFUT VALUES
0ez235 » AND THE RESULT WILL BE IN MEMORY.
20236 *

Q0z37 ¥ (A:RY X (C:D)Y = EDH: EDL
28Z238 ¥ + BCH:ECL
@233 * + ADH: ADL
OR240 %* + ACH:AaCL

20241 X e e
oez4a2 ¥

RRZz43 * SETUF: 3 LN, 1@ RY, 12 CY
eez44 * QOPERATION: 25 LN, 46 RY, 154 CY
Q0245 * TOTAL: & LN, S& EY, 164 C¥Y
ee24c %

Qez47 33333833232 3 333333333 33333333333333323
22248 1185 8E 11BF 3 ABC LDx #AA FOINTER TC A (MS BYTE)
20250 1188 1@8E 11C1 4 LDY #ER

82251 118C CE 11C3 3 Lpu #C

0253 118F &F C4 [ CLR 2,V

eez254 1191 6F 41 7 CLR 1,U

eR255 1183 As 21 s LDA 1,% : %A LS BYTE
@e25€ 1155 E& z1 S LDE 1.Y . #E LS EBYTE
@257 1127 3D 11 MUL

eez258 1198 ED 4z [ aTD z.,u

2®259 113848 Aas &4 4 LDA @, x : #A ME RYTE
eoezee 119C E6 z1 S LDB 1.,Y i #BR LS RYTE
eezZ61 119E 3D 11 MUL

@262 119F E3 41 7 AaDpp 1 ,U

20263 11A1 ED 41 = STD 1.,U

20264 11A3 24 z 3 BCC ABR1

20265 11A5 &C c4 [ INC e,u

Q2266 11A7 A6 e1 5 AB1 LDA 1,X : #A LS RYTE
QOZ2E7 11A8 EE Aad 4 LDE @,Y : #B MS BYTE
QR268 11AaR 3D i1 MUL

QOZED 11AC ES 41 7 sDDD 1, U

027@ 11AE ED 41 [ STD 1,U

eez71 11EB0 24 ez 3 ECC ARZ

@RZ7Z 11Bz 6&C c4 (= [NC @,u

Q@273 11B4 Ac 84 4 ABZ DA Q,x : %A MS BYTE
2ez74 11BE E6 (a7 4 LDR 2,Y : #B MS RYTE
eez275 11R& 3D 11 MUL

22276 11B9 E3 c4 [ ARDD @, U

Q@eZ77 11BRE ED c4 = STD @,u

PR279 11BD Ze FE 3 RRA *

ee281 11BF 23E8 AA FDE l1eee

eezZaz 11C1 21F4 BRR FDE 50@

eez2383 11C3 eeeod C FDE 2,

15



MEB0O-ME809 CROSS-ASSEMBLER

pezas
20za7
eozas
2@z89
eezse
00z81
eezse
e2s3
20294
RRZ5S

QOZ37
eezss
20z89

ee3e1
eo3ez
ea3es
20304
@e30e5
Qeses
203507

Q2309

20311

20312
20313

11C7
11CA
11CE

11D1
11D2
11D4
11D6
11D7
11D2
11DA

11DC

ccC eeze

108E etee

CE ezee

4C

AE At

AF ct

54

z6 F9

4R/

zE Fé&

zZ0 FE
2100
ezee
ee4Q

WMNWMN XN LW

0]

2.2

XEXEXKXRXX MOVE BLOCK EEMEFXNEXN

COPY N BYTES TO
LET N BRE B4.

3 LN

OFERATION: 7LN,

TOTAL:

%

*

*

*

* SETUF:
%

*

*

*

12 LN

ANOTHER

»r 1@ BY,
11 BY,
» 21 BY.,

LOCATION

1e CY
Z2+( 21%3Z2)+5=679 CY
€8s Cy

3333323333333 3333333333333 33339

LoD
LDY
Lou

INC
LDX
STK
DEC
BENE
DEC
ENE

w
-

BRA

FROM EQU
TC EQU
LENGTH EQU

A

B

2]

#LENGTH/2
#FROM
*#TO

P Y4+
U+ +

B1

s100
$200
64

MS COUNT
GET THWO
FUT TKC
LS COUNT

MS CCOUNT

CORRECTION
BYTES
BEYTES

@ MOTOROLA Semiconductor Products Inc.
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THE MC6809 HIGH-PERFORMANCE
MICROPROCESSOR

With their 6809 CPU chip, Motorola has
significantly upgraded their 6800 microcomputer
family of parts. Because of its greatly enhanced
instruction set, we will treat it here in a separate
appendix*. And because the 6809's instruction set
is an expansion of the 6800’s instruction set, this
appendix will build upon the material in Appendix
A4** In particular, we will explore some of the
implications of the expanded capabilities since
they are both far-reaching and subtle.

The 6809's design encompasses major features
heretofore not found in a microcomputer. For those
who wish to use it for general purpose computingin
a floppy disk environment, the 6809 supports the
generation of position-independent code.
Programs prepared in this way can be brought from
disk into RAM and located anywhere without
requiring the services of a “relocating loader.” The
6809 also supports the compilation of high-level,
block-structured languages like PASCAL with
extensive stack-handling capability (and up to four
separate stacks).

For the instrument designer, the 6809 will permit
programs to be written in PASCAL (or other high-
level, block-structured language) and to be
compiled into significantly more efficient, faster
running, machine code than has been previously
possible in a microcomputer. This is a
consequence of the variety of features in the 6809
which can handle the block structure of the high-
level language directly.

The instrument designer will also find a new and
unique industry springing up to aid software
development for the 6809 which will not exist for
other microcomputers (presently available). The
6809 permits code to be written for general
distribution, in ROM form, which can be assigned
an arbitrary address on the address bus by the
instrument designer and which will not interfere
with any of the designer's other software.
Manufacturers of peripheral devices can offer a
working, debugged, flawless driver routine for their
device in the form of a low-cost ROM for the 6809.
Likewise, developers of generally useful software
packages (e.g., math routines, real-time executive
routines, etc.) can market these as ROMs for the
6809 with the knowledge that they will not give rise
to bugs in other software. Finally, the designer's
own code can be written in modular form with the

knowledge that as the software grows, the
interactions between parts can be kept in good
working order as a natural consequence of the
structure of the code. Later in this appendix we will
explore the features of the 6809 which yeild these
capabilities.

The philosophy taken by the designers of the
6809 has been to achieve the upgrading of 6800
system capability while maintaining 6800 system
compatibility. These designers made a brilliant
decision in the manner in which they achieved
software compatibility with the 6800. Rather than
constrain themselves to maintain the machine
code instruction definitions, they instead
maintained the assembly language source code
instruction definitions. Thus, any assembly
language code prepared for the 6800 can be
passed through a 6809 assembler to produce code
which will run on the 6809. As a consequence, the
6809 instruction set has been powerfully
augmented and yet the coding of these instructions
has been optimized.

The register structure of the 6809 has been
enhanced, from that of the 6800, to include:

® A second, sixteen-bit index register.

@ A second, sixteen-bit “user” stack pointer.

e An eight-bit direct-page register which permits a
user to determine (and to change) which page of
memory is accessed by the instructions
employing “page zero” addressing.

Some of the most significant features of the 6809

augmented instruction set are:

e The replacement of the 6800’'s indexed
addressing capablity by a family of addressing
capabilities which can employ any of the 6809's
four index registers and stack pointers as a
pointer to an operand or as a pointer to the
address of an operand (i.e., indirect addressing).
The pointer can have either a fixed or a variable
signed offset. It can be (optionally, but
automatically) incremented or decremented.
Even the program counter can be used as a
pointer to access operands, or addresses of
operands, using relative addressing. Finally, any
of the indexed addressing modes can be used to
form an address which can then be loaded into
any of the index registers or stack pointers.

*This material is Appendix 7 of Dr. Peatman’s book; the Appendix nomenclature has been retained. )
**The MC6800 Instruction Set, referenced as Appendix A4, is included on the Motorola MC6800 data sheet. It is felt that this discussion ot the 6809 is not

dependent on the presence of the 6800 information.



e Sixteen-bit add, subtract, compare, load, and
store instructions for the sixteen-bit “D”
accumulator (made up of the A and B
accumulators) plus the abilityto Add A, B, or Dto
any of the CPU's index registers and stack
pointers, plus the ability to perform exchanges
between any two like-sized CPU registers. This
greatly enhances the ability to manipulate
pointers.

® A multiply instruction which forms the sixteen-
bit product of the two eight-bit unsigned binary
numbers in A and B.

@ Two-byte instructions which will push, or pull,
any number of CPU registers onto, or from, either
stack.

e The addition of “long branch” instructions so
that relative addressing can be used throughout
a program.

Some of the hardware enhancements of the 6809

are:

@ The inclusion of an on-chip clock, eliminating the
need for a separate clock chip.

® The inclusion of a Schmitt trigger on the “Reset”
input so that nothing more than an RC circuit is
needed to initialize operations when power
comes up.

e The elimination of VMA (Valid Memory Address)
and the corresponding gating needed to use it in
device selection. The 6809 appears to other
devices to be reading from address FFFF during
any clock cycle when it is not actually using the
address bus/data bus structure.

® Support of three vectored priority-interrupt
levels, each of which automatically disables
lower priority interrupt levels while leaving
higher priority interrupt levels enabled.

The 6809 register structure is shown in Fig. A7-1.
The two most significant bits of the condition code
register have been put to use in the 6809. E is an
“entire” flag bit which is used automatically by an
RTI (return from Interrupt) instruction. It draws a
distinction between a return from the rew FIRQ
(fast interrupt request) interrupt on the one hand
(for which only the condition code register and the
program counter must be automatically restored
from the stack) and a return from IRQ and NMI
interrupts on the other hand (for which the entire
CPU state must be automatically restored from the
stack).

The F bit of the condition code register is a mask
bit for FIRQ interrupts. If it is clear and if the FIRQ
input is pulled low, then a fast interrupt is initiated.
The E bit is cleared, the program counter and
condition code register are stacked, and theFand |
mask bits are set (masking further FIRQ and IRQ
interrupts). The CPU then vectors to the FIRQ
service routine whose address is stored in
addresses FFF6 and FFF7.

In contrast, if the | bit is clear and if the IRQ input
is pulled low, then an IRQ interrupt is initiated. The
E bitis set, all CPU registers (except S) are stacked,
and the | bit is set. The CPU then vectors to the IRQ
service routine whose address is stored in
addresses FFF8 and FFF9. Because the F bit is not
automatically set by the IRQ interrupt, the FIRQis a
higher priority interrupt input which can interrupt
the service routine of an IRQ interrupt service
routine.

The NMI (non-maskable interrupt) input has the
highest priority of all. A negative edge on the NMI
input unconditionally causes an NMI interrupt
which sets E, stacks all CPU registers (except S),
sets the | and F mask bits, and vectors to the NMi
service routine whose address is stored in
addresses FFFC and FFFD. Thus, with no extra
hardware and no extra instructions the 6809 can
support three vectored priority interrupts. In
addition, the IRQ and FIRQ inputs can each handle
several sources of interrupts using a polling
routine, just as is done withthe 6800's IRQ input, as
described in Appendix A4.

The DP (direct page) register of Fig. A7-1 defines
which page of memory is accessed by “direct”
addressing. If DP is cleared (as is automatically
done by Reset), then the “direct” addressing of the
6809 becomes the “page zero" addressing of the
6800.

Some 6809 instructions deal with the sixteen-bit
double accumulator D, made up of accumulators A
and B. For such instructions, A holds the upper byte
while B holds the lower byte.

The four sixteen-bit pointers X, Y, U, and S each
provide identical capability in accessing operands
for any instruction which permits the “indexed”
family of addressing modes, to be discussed

Figure A7-1: Motorola 6809 CPU Registers
Direct page register Condition code register
P | 8 1 ccle[FIHTTIN]Z]V]C]
D (Double accumulator)
AL
Al (8} 1 8] 8 ]
index register
X (16) ]
Index register
Y| (16) )
User stack pointer
ul (16) ]
Hardware stack pointer
s| (16) ]
Program counter
pC| (16) ]




shortly. In addition, the two stack pointers, Uand S,
make use of push and pull instructions to stack
CPU registers under program control. Finally, it is
the hardware stack pointer, S, which corresponds
to the 6800's stack pointer for handling return
addresses and CPU registers automatically during
subroutine calls and interrupts.

The 6809 instruction set is given in Fig. A7-2.
While the CPU register involved in an instruction is
broken away from the mnemonic and shown in the
REG column, the 6809 assembly language actually
expects the CPU register name to be combined
with the mnemonic, as in the following examples:
CLRA (instead of CLR A)

STD TEMP (instead of ST D TEMP)
ORCC  #01 (instead of OR CC #01)
ADDD  X++ (instead of ADD D ,X++)

CMPX  #0123H (instead of CMP X #0123H)

The four exceptions to this rule are the TFR, EXG,
PSHS (PSHU), and PULS (PULU) instructions, as
exemplified below:

TFR D.X
EXG A,DP
PULS AX,CC

The 6809 permits “full indirect” addressing of an
operand. For example, in order to set up so that
when a programmable timer causes an interrupt, a
jump to address TIMR4 will be executed, we can
first store the full address labeled TIMR4 in the two
consecutive RAM locations TIMER and TIMER+1
using the sequence

LDX #TIMR4  Load X with the address
labeled TIMR4

Store it in the RAM address-
pair labeled TIMER

Then, when subsequently an interrupt occurs, the
following instruction inthe interrupt service routine

JMP  [TIMER]

will load the program counter with the contents of
the address-pair labeled TIMER.

STX  TIMER

Figure A7-2: Motorola 6809 Instruction Set (See Note 1)

a—————— Bytes/Cycles ————————&~

£ 5
. B ER
P @ IS} o P

2 E 28 % 3% TE Flags
Operation MNE REG Description k= = ae s e E &8 CZ7Z NV
Move. 8-bit g(i 2: E, V. Z} for R R’ = A, B, CC, DP o T
CLR A(B) A «— 0 1/2 0100
CLR M0 216 37 | 4n2 2+6+] 0 1 0 0
LD A(B) A «——M 2/2 2/4 35 4/10 2+i4+ | — 3 1 0
ST A{Bj Me— A 2i4 35 4/10 244+ — 1 O
Move, 16-bit ;‘zg :‘ 2, 2, - &] forR,R" =D, X, Y. U S, PC \)@ T
LD R Re—M forR=DX U ‘% 3/3 2/5 36 411 2+/5+ — 3 1 0
forR =Y, § fih 4/4 36 | 47 | 5112 346+ | — 1 L 0O
ST R M+«—R forR=D X U 205 | 366 | 411 245+ ) — 3 1 0
forR=V '@ 36 | 47 | 512 346+ — 1 1 0
Load effective address| LEA R R «— Addres- '\_'\- 4/10 2+i4+ | — 1 — —
q ?) 410 | 244+ | —— — —
Move, bytes PSHS | list vmslers 2/(4 + b) —— e —
PSHU | list ‘% S PU registers |(b = number ——

PULS | .stred C. _yisters «—— S stack of bytes (€C)

PULU I\O . of desired CPU registers «— U stack moved) (CC)
Increment INC A(B) A+—A+1 1/2 -1 11
INC R Re—R+1 forR=XY 2[5 —_f ——
forR = U. S 2/5 ———
INC Me—M+1 26 | 37 | 412 |2+6+ | — 1 0 8
Decrement DEC A(B) Ae— A -1 1/2 — 1112
DEC R Re—R-1 forR=X,Y 2/5 - ——
forR=U,S 215 ——
DEC Me—M -1 206 | 317 | 4/12 2+6+ | — 3 1 %
Complement COM | A(B) A ——A 1/2 1130
COM M «—M™M 206 | 37 | 4112 2++) 13 ¢ 0
Set selected CC bits OR cc CC«—CC ORM 2/3 111t
Clear selected CC bits | AND | CC CC «— CC AND M 213 I

Note 1. Since the writing of this material, some changes have been made in design of the MC6809. See new Instruction Set. (continued)



Figure A7-2: Motorola 6809 Instruction Set (See Note 1)

(continued)
w————— Bytes/Cycles e
2 ?
= = g - °
E F 3 -
- € E EE F 3% :E o
Operation MNE REG Description = - g @ @ 5 g & CZNV
Add, 8-bit ADD A(B) A—A+M 2i2 24 35 410 Z4d+ 11 vt
Add with carry, 8-bit ADC A(B) Ae—A+M+C 22 24 3 410 | 2+/4+ R
Decimal adjust acc. A DAA Correct BCD addition 12 111
Add, 16-bit ADD D De—D+M 34 26 317 412 246+ 1111
ABX X «—— X + B (unsigned addition of B 13 —
to X)
Sign extend SEX A «— FF if bit 7 of B is set 1.2 —1to0
00 if bit 7 of B is clear

Subtract, 8-bit SUB A(B) Ae—A-M 22 35 410 2414+ P

Subtract with carry,
8-bit SBC A(B) Ae—A-M-C 24 35 410 | 2+4+ Tttt
Negate. 8-bit NEG AB) | Ae—00-A ‘\) N
NEG M 00 - M % 26 | 37 | 412 | ze6e | 1111
Subtract. 16-bit SUB D De—D-M (ib 34 |26 |37 | 40z | o2ees | TTTD
Multiply MUL D «— A*B (unsigned’ .?‘)0 1711 1l ——
AND AND | A(B) | A «—A ANT q‘\% Q)X{L 2 24 |35 [ 410 [ 2+4+ [ —1 1 0
Exclusive-OR EOR A(B) A" ?\G 2 2/4 3 410 | 2+4+ | — 1 1 0
OR (inclusive) OR A(B) A QX"Q 22 2/4 410 2+4+ | — 1 1 o0
Compare, 8-bit CMP A 06?) % 202 24 35 410 | 2+4+ 1T
TST A, - 00 12 — 110
TST M - 00 l Only 206 7 412 2416+ — ! 10
BIT A(B) A AND M flags are 212 214 5 410 2+/4+ — 1t o0
Compare, 16-bit CMP R R-M forR = X affected 34 2/6 7 412 2+i6+ 111
forR=D.Y. U .S} 45 317 418 513 3+7+ 1111
Rotate left ROL A(B) 12 1Tt
ROL 206 37 412 | 246+ | 11 1 2
Rotate right ROR A(B} 12 11—
ROR 206 37 412 2+/6+ 1=
Arithmetic shift left ASL A(B) 12 1113
ASL 2/6 37 412 2476+ O A A
Arithmetic shift right ASR A(B) 12 1t =
ASR 26 37 412 2+6+ 1Tl -
Logic shift left LSL A(B) 12 Tl
LSL 206 37 412 | 246+ | 2 11
Logic shift right LSR A(B) 172 11 o—
LSR 26 37 412 | 246+ 11 0—
No operation NOP PC «—PC+ 1 112 —_————

Note 1. Since the writing of this material, some changgs have been made in design of the MC6809. See new Instruction Set.

{Continued )



Figure A7-2: Motorola 6809 Instruction Set (continued) (See Note 1)

a———————Bytes Cycles e

3 —

Inherent

Operation MNE Description
jump uncenditionally IMP PC «—M 23 34§ 49 |2+ 3 —_———
Branch unconditionally BRA PC e— PC + M 35 P
if carry set BCS O =1 4/6(3) e
if carry clear BCC =0 46(5)
jual zero BEQ ifZ =1 46(5)
if not equal zero BNE ifZ=0 %\) E 46(5) -
i minus BMI ifN =1 b 2i 46(5)
if plus BPL HN=10 46{5) -
if overflow set BVS i[ ;' =1 O L.BCS, 4.6{5) [
if overflow clear BVC 6 s the 23 4.6(5) SR
if = zero BGT X xl the 23 1 46(5) S,
it = zero 1 Signed BGE Q (, H slative 23 1 46(5)
if = zero ] numbers BLE pranch is desired 23 46(5} S
if < zero BLT 23 4.6({5) e
if higher Bt \} 23 | 46(5) R
if higher or same | Unsigned | BH 23 46(5) .
if lower or same | numbers | BLS LIS TN INERTE S I AN A N A (N ——
if Tower BLO 231 486(5) [
Jump to subroutine JSR S stack «— PC: -~ M 2.7 38 413z — -
Branch to subroutine BSR S stack «— PC: — PC + N (or use LBSR) 2:7 39 ———
Return from subroutine RTS | PC «— § stack i5 ————
-—— ByvtesCyeles Flags
Operation MNE Description Inherent  Immediate ¢ 7 NA
Software interrupt SWI { M{F H AL H F ’i\ 119 —_——
SWi2 S stack <« PC, U, Y, X, DP. B, A, CC; Set I, F; PC «—— 3 2:20 e
SWI3 MIFFF2. FFF H 220 S
Clear and wait CWAI CC «—— CC AND M; S stack «—— PC, U, Y, X, DP, B, A. CC: Halt 220 AN A )
Synchronize YO SYNC Halt: Continue when interrupt occurs (see text) 12 —
Return from interrupt RTI CC - S stack: If E is set, then A, B, DP, X, Y. U, PC «— S stack 115(6) R
If E is cleared, then PC «— § stack

Note 1. Since the writing of this material, some changes have been made in design of the MC6809. See new Instruction Set.

The extensive new addressing possibilities made
possible by Motorola's redefinition of its 6800
indexed addressing mode into its 6809 indexed
family of addressing modes is hardly evidentin Fig.
A7-2. A “bytes/cycles” listing of 2+/4+ indicates
the minimum bytes and cycles taken by any of
these modes. The actual bytes and cycles required
are found by adding the value listed in Fig. A7-3 for
the indexed addressing possibility selected to the
value listed in Fig. A7-2 for the instruction
operation selected. For example, the instruction

LDA 3,8
which loads accumulator A with the fourth byte into
the stack is actually a 2-byte, 5-cycle instruction.
Before discussing the implications of these
indexed addressing modes, we will clarify other
instructions listed in Fig. A7-2.

The load effective address instruction, LEA,
permits all of the flexibility of the 6809's indexed
addressing modes to be used to form a pointer and
to load it into any one of the index registers or stack
pointers. For example, the two-byte instruction

LEAX 3.S
loads the X index register with a pointer to the

fourth byte into the hardware stack.

The instructions for incrementing,
decrementing, and adding into pointers are
actually the following instructions:

LEAX 1,X Increment X
LEAY —1)Y DecrementY
LEAU DU U-~U+D

Also, LEAX B,X is similar, but not identical to the
ABX instruction. The former instruction treats B as
a 2s-complement, signed number whereas ABX
uses B as a positive offset between 0 and 255.

A lot of the power of the 6809 resides in the
flexibility of the indexed addressing modes. An
assembly language user will achieve more or less
powerful use of the 6809 depending upon the
amount of thought given the use of these indexed
addressing modes, and of the LEA instruction. A
high-level language user will find these used in
powerful ways automatically.

The push and pull instructions permit us to set
aside, and later restore, any combination of CPU
registers on either stack using two-byte
instructions, regardless of the number of registers
involved. While we have the freedom to list



whatever registers we want stacked or restored, the will actually push X, then A, then CC onto the

order of stacking or restoring is a hardware hardware stack {pointed to by S}. Since four bytes
function, with the order shown in Fig. A7-4 (if all are moved, this instruction takes 4 + 4 = 8cyclesto
registers are included). Thus the instructions execute, or 8 microseconds, usinga 1.0 MHz clock-
PSHS A CCX rate 6809.
and
PSHS AXCC

Figure A7-3: Indexed Addressing Options {See Note 1)

Source AdditionallAd
Indexed addressing form code form bvtes cyeles
No offset, no change in R | R Get operand pointed to by R 0 0
No offset, change R . R+ Get operand and then increment R once 0 +2
R+ Get operand and then increment R twice 0 +3
. —R Decrement R once and then get operand 0 +2
. ——R Decrement R twice and then get operand 0 +3
Fixed offset offset. R Temporarily add signed offset (expressed
as sign plus magnitude) to R and then get
E‘ operand. for =16 = offset = +15 0 +1
B —~128 < offset < +127 +1 +2
=4 —65536 < off < 65546 o a
5 5536 = o Q’ 15536 +2 +
=
<
k3] Variable offset A R Temporarily add \n {held in 0 +1
= B. R accumulatos > ement form) to R 0 +1
B D.R and tl" 0 .nd 0 +4
5 %
5 Relative addressing label, P G ,essm;, to access a
?)Q Javing a label
6 %?) nd located within £128 bytes of the
'\‘S: ) next instruction +1 +3
— and located anywhere +2 +5
offset. PC | Temporarily add signed offset (expressed
as sign plus magnitude) to the address of
the next instruction and then get operand,
for —128 < offset = +127 +1 +3
-65536 < offset < +65536 +2 +5
No offset, no change in R| [, R} 0 +3
e No offset, change R [, R++] 0 +6
o & [, ==R] 0 +6
23
w8 & [
£® ° Fixed offset [offset, R} ~128 < offset < +127 +1 +5
283 ~65536 < offset = +65536 +2 +7
SES
1 E E Variable offset 1A, R] 0 +4
R [B, R} 0 +4
£ 87 D, R] 0 +7
T ok B
£ g2
o -g Relative addressing [label, PCR] within £128 bytes of
3 a For label located { the next instruction +1 +6
= «© v ,
anywhere +2 +8
[offset, PC] ~128 < offset <= +127 +1 s
-65536 < offset < +65536 +2 +8

Note 1. Since the writing of this material, some changes have been made in design of the MC6808. See new instruction Set
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Figure A7-4: 6809 Stacking Order

Memory
0000
~ ~
Stack pointer } diti ode register contents
after stacking cc Condition ¢ 9
A } A accumulator contents
B > B accumulator contents
DP > Direct page register contents
X.H
- — » X contents
X.L
Y.H
- - Y contents
Y.L
UHorSH
o - Other stack pointer contents
UlLorS.L
PC.H
- - Program counter contents
PC.L
Stack pointer
before stacking
FFFF

Note that operands pushed ontothe stack gointo
successively decreasing addresses, just as in the
6800. However, the 6809 stack pointers actually
point to the top of the stack (i.e., tothe iast operand
pushed onto the stack) rather than to the address
just below this, as is done by the 6800's stack
pointer. Even though this represents a hardware
difference between the 6800 and the 6809, the
related instructions are designed to achieve
identical results. For example, the 6800's TSX
instruction is equivalent to the 6809's TFR S,X
instruction in the sense that the resulting contents
of X will, in both cases point to the top of the stack.
Recall that the 6800's TSX instruction loads X with
an address one higher than that held in the stack
pointer.

To set or clear selected bits of the condition code
register, the 6809 ANDs or ORs an immediate
operand into the condition code register. Thus, the
6800's six one-byte instructions SEC, CLC, SEV,
CLV, SEl, and CLI instructions have been replaced
by the two two-byte instructions

ORCC and ANDCC
For example,
ORCC #00000001B
will set the least significant bit of the condition code

register. Looking at Fig. A7-1 we see that this sets
the carry bit. Hence it is equivalent in execution to
the 6800's SEC set carry instruction. The designers
of the 6809 thus took these infrequently used
instructions and redefined their coding so as to free
up some operation codes for more significant use.

The unconditional jump and jump to subroutine
instructions, JMP and JSR, can employ any of the
indexed family of addressing modes. For example,
it is now possible, with one instruction, to execute
an indirect jump or anindirect jump to a subroutine
through a vector taken from a table. Thus, if X
contains the base address of a table of subroutine
addresses, then

JSR [B)X]
will jump to the subroutine whose address is stored
inthe table at X + Band X + B + 1.

Each of the conditional and unconditional
branch instructions now has two forms of
addressing. A short branch is the 6800's two-byte
instruction for branching up to (approximately) +
128 locations from the present location. A long
unconditional (conditional) branch will branch
anywhere, but requires three (four) bytes. The
long conditional branches take six clock cycles to
execute when the branch is taken but only five
cycles otherwise.

The new SYNC instruction is used to provide
software synchronization with an external
hardware process. The CPU will remain in the
stopped state until an interrupt is received. If that
interrupt is enabled, the CPU will handle the
interrupt just as it would if it were not in the
stopped state. Upon return from the interrupt
service routine, the stopped state has been cleared
and the sequencing of instruction continues. On
the other hand, if the interrupt is disabled, the
stopped state is simply cleared and the
sequencing of instructions continues without
vectoring to the interrupt service routine. For
example, consider the following loop for reading a
byte of data into an array from a device each time
the device causes an “interrupt” input — with that
interrupt source disabled:

FAST SYNC Wait for interrupt
LDA X Get data from input port
STA ,Y+  Store data and increment
address
DECB Are we done?

BNE FAST If not, do it again

Augmenting the 6800’s SWI software interrupt
instruction, the 6809 supports two new software
interrupts, SWI2, and SWI3. Like SWI, they put all
of the CPU registers on the S stack, disable IRQ
and FIRQ interrupts, and then vector through an
address on page FF to a service routine. With this
and the FIRQ (fast interrupt request) vectors, the
memory map for interrupt vectors corresponding
to Fig. A4-5 has three new entries, beginning at
address FFF2. The following 6809 assembly



language sequence assigns these vectors:

ORG  $FFF2
FDB  SwWI3
FDB  SWi2
FDB FIRQ
FDB IRQ
FDB  Swi
FDB  NMI
FDB  RESET

where FDB (form double byte) is Motorola’s
equivalent of the DW (define word) assembier
directive of Fig. 2-32. For this sequence to be
assembled correctly, each of the service routines
must be given the label listed above. For example,
the fast interrupt request service routine must be
iabeled FIRQ.

The 6809 supports the use of block-structured,
high-level languages. The availability of a user
stack and the addressing of operands within either
stack are some of the capabilities which help a
compiler of a high-level language to run efficiently
on the 6809. In fact, the two index registers, X and
Y, can also be employed as stack pointers. Thus,

STA —X
uses the X index register as a stack pointer and
pushes the contents of accumulator A onto this
stack. Likewise,

sTB ,—X

sTD —X
sTY —X
sTU  ——X
sTs —X

can be used to push other registers onto an “X"
stack. The correspondong “pulls” from the “X"
stack are

LDA X+
LDB X+
LDD X++
LDY X+
LDU X++
LDS X++

Of course, in actual use we would pull registers in
the opposite order from that used to push them.
Also, we would not tend to stack A and B and then
stack D also.

It may be interesting to note that only the
following instructions require a two-byte
operation code:

conditional long branches

SWi2  Swi3
CMPY CMPS

CMPD LDY LDS CMPU
STY S§TS

The first byte, 10 or 11 (hex), tells the CPU to look
at the second byte to decode which of these
instructions it is dealing with. From the extensive
6809 instruction set, the designers have carefully
picked these to be the inefficiently encoded
instructions since they are least likely to see much
use in the design of dedicated instruments and
devices (having relatively small programs stored in
ROM). All of the other instructions, and ali of the
various addressing modes, have been given
efficient encodings for this environment. At the
same time, the inefficiently encoded instructions
listed above give the 6808 useful capabilities for a
iarge-system, floppy-disk-based environment.
Here we hold little concern for the efficiency of
instruction encoding because of the large amount
of memory available. This contrasts sharply with
the Zilog Z80 instructions which augment the Intel
8080 instruction set by using only operation codes
unused by the 8080. Thus, a Z80 instruction
employing indexed addressing might be expected
to be a two-byte instruction (with one byte for the
operation code and one byte for the index).
Actually, all Z80 instructions employing indexed
addressing are either three-byte or four-byte
instructions.

The indexed addressing options of Fig. A7-3 are
THE exciting new feature of the 6809, especially in
light of their applicability to thirty-one of the
instructions listed in Fig. A7-2. Once a pointer is
set up, it can be used with a fixed or variable offset
or it can be automatically incremented or
decremented. Furthermore, the contents of the
address so identified can either be used as an
operand or as the address of an operand. Note also
that for users who have no interest in setting up a
separate user stack involving the U stack pointer,
there are really three general pointers available (X,
Y, and U) simultaneously for accessing operands.

An intriguing capability of the 6809 has been
afforded simply by giving the hardware stack
pointer S all of the same indexing capability asany
of the other pointers. For example, the two byte
instruction

LEAS -8,S

when used as the first instruction of a subroutine
subtracts eight from the stack pointer. This sets up
a temporary workspace on the stack consisting of
eight locations which are addressed within the
subroutine using instructions with operands
identified as 0,S through 7,S. The beauty of this
method of creating storage locations for
temporary variables within a subroutine is that we
know that these locations can be freely used by the
subroutine without disturbing any other variables
in our software. As we terminate the subroutine
with the two-instruction sequence

LEAS 8S
RTS



we relinquish the eight storage locations making
up the workspace.

The 6809 has extensive instructions for
operating upon pointers, in addition to the indexed
family of addressing modes. Just as one example,
the multiple-entry-point, table-driver subroutine
of Fig. 2-27 can be easily implemented in just five
bytes of ROM as follows, if X is first loaded with the
base address of a table and accumulator B with the
desired offset into it.

TBL4 ABX Add B to X
TBL3 ABX Add B to X
TBL2 ABX Add B to X
TBL1 ABX Add B to X
RTS Return

Even if we want to handle sixteen-bit offsets held in
D (the double accumulator), we need only replace
the ABX instructions with LEAX D, X instructions to
achieve the same results, but now with a nine-byte
subroutine.

As stated earlier, one of the unusual, and
unusually powerful, features of the 6809 is the full
support it gives to the preparation of position-
independent code. It does this in five ways:

1. Position-independent control transfer — with
long and short relative branches.

2. Position-independent temporary storage —
using workspace on the stack.

3. Position-independent access to constants
located within the position-independent code —
using the indexed addressing mode exemplified
by LDA CONST,PCR.

4. Position-independent access to tables located
within the position-independent code — using the
load effective address instruction LEAX
TABLE,PCR to load the base address of a table
into X, followed by indexed addressing into the
table.

5. Position-independent access to constants
located in ROM outside of the position-
independent code as well as access to global
variables located in RAM, whose addresses are not
known at the time the position-independent code
is assembled. This is vital for dedicated
applications like instrument design which involve
hardware-support software developed in a ROM
for “mass use” by many instrument designers fora
variety of projects. For example, a printer
manufacturer might support the printer with a
ROM prepared for the 6809 which contains a
subroutine to drive the printer. However, the
subroutine may require that a variety of
parameters be passed to it. If these parameters are
constants (e.g., I/0 port addresses, a number used
to derive the printer timing from the
microcomputer’s clock rate, etc.) or global
variables (e.g., a “BUSY"” state variable), then the
6809 can support this by permitting one pointer
(i.e., X, orY, or U) to beinitialized prior to any calls
to subroutines in the “mass-use” ROM. By

organizing these parameters with a table and
initializing the pointer to the base address of the
table, the parameters can be picked up within the
subroutines using the indexed addressing modes.
For example, the “mass-use” ROM might require
that we create the following table:

RTBL FDB $1400 Full address of output port 1
FDB $1402 Full address of output port 2
FCB 25
rate
FDB BUSY Full address of the global
variable BUSY

Then a call to a PRINT subroutine in the “mass-
use” ROM might take the form:

LDX  #RTBL
JSR  PRINT

Initialize X to point to RTBL

The PRINT subroutine can load accumulator A
with the 8-bit number to scale the clock rate with

LDA 4X
It can write to output port 2 with
STA [2,X]

It can read the global RAM variable labeled BUSY
with
LDA [5X]

In concluding this appendix, we repeat, in Fig.
A7-5, the microcomputer configuration of Fig. A4-
9 as it would be implemented with the 6809. Note
that the elimination of VMA (Valid Memory
Address) frees a chip enable on all chips. This
permits significantly larger systems to be
implemented without page decoders. In fact,
satisfactory performance can be achieved at the
maximum specified clock rate with up to eight
68XX chips plus one TTL load hung on the address
bus/data bus structure. Even more 68XX chips can
be employed, without buffering, if the clock rate is
reduced so as to reduce the effect of capacitive
loading.

The threshold of the resetinput on the 6809 CPU
chip has been designed to be higher than the
threshold of the reset input on the 68XX peripheral
chips (e.g., the 6820 PIA chip). Consequently,
when the 6809 starts up and initializes the PIA, we
can be assured that the PIA is no longer being
reset. Within the 6809 itself, resetting clears the |
and F bits, disabling maskable interrupts.
Resetting also clears the direct page register and
then causes the CPU to vector through addresses
FFFE and FFFF to the address of the first
instruction.

8-bit number to scale the clock
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New Figure A7-2: Motorola 6809 Instruction Set

—————— Bytes/Cycles —————

] )
= 2 [ -
2 E E£2 =z =z SE Flags

Operation MNE REG Description £ = 8 [ E& HCZNV
o Bxc | R | R g R - AR CCOP i —
CLR A(B) | A(B)— 0 172 — 0100
CLR M0 206 | 37 | 411 | 2+/6+|— 0 1 0 0
LD A(B) | AB)— M 22 | 24 | a5 | a9 |2+m+]——11 0
ST A(B) | M— A(B) 214 | 35 | 49 2+4+1——1 1 0
Move. 16-bit E;g ;‘ 2, : - 2] for R.R' = D, X, Y, U.S. PC ;;’ -~
LD R R«—M forR=D XU 33 2/5 | 3/ 410 | 2+i5+}|——1 1 0
forR=Y.S 4/4 3/6 4i7 511 3+%6+|——1 1 0
ST R Me—R forR =D X, U 25 | 36 | 410 | 2+5+|——1 1 ©
forR=Y,S 36 | 47 | 511 | 3+6+ |—— 1 1 0
Load effective address| LEA R R «— Address of M forR = X, Y 4/9 244+ |— — | — —
forR = U, S 4/9 2444 | — — — — —
PSHS | list S stack «— List of desired CPU registers 26+ 1 e e
PSHU | list U stack «— List of desired CPU registers {(b = number| | | | | = |— —— ——

PULS | list List of desired CPU registers «—— S stack of bytes (CC)

PULU | list List of desired CPU registers «— U stack moved) (CQ)
Increment INC AB) | Ae— A+1{(B— B +1) 12 — =11
INC MM+ 1 26 | 37 | 411 | 246+ |— — 1 1 ¢
Decrement DEC | AB) | Ae—A-1(B«——B-1) 172 —— 111
DEC Me—M-1 216 | 317 411 246+ | 1 1 1
Complement COM | A(B) A = A (B «— B) 172 — 1110
COM M «— M 26 |37 | an1 |2+m+ | 4 1 1 o
Set selected CC bits OR cc CC«—CCORM 2i3 1111t
Clear selected CC bits | AND CcC CC «— CC AND M 2/3 T
(continued)
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New Figure A7-2: Motorola 6809 Instruction Set

(continued)
«a——————— Bytes/Cycles ——————
] °
= K] s -
s 03 g3 A
D g -
E £ E & = 3§ <E Flags
Operation MNE REG Description = = 2% [ EE& HCZNV
Add. 8-bit ADD A(B) Ae—A+M(B—B +M 22 24 35 4/9 2+4+ 11111
Add with carry, 8-bit ADC AlB) Ace—A+M+CBe—B+M=+() 22 24 35 4/9 244+ [ 111 11
Decimal adjust acc. A DAA Correct BCD addition 12 —1 111
Add, 16-bit ADD D De—D+M 34 206 37 411 | 24w+ [ 11 1 11
ABX X «— X + B (unsigned addition of B 13 —_———— —
to X}
Sign extend SEX A «—— FF if bit 7 of B is set 12 —— 17110
00 ifbit 7 of B i
Subtract, 8-bit SUR A(B) Ae—— A - MI{B =~ 22 214 35 4/9 2+4+ [ % 11 10
Subtract with carry.
A-bit SBC A(RY Aer A -M-CiBe— B -NM-Q 22 2 4 3:5 49 244 *1 111
Negate, 8-bit NEG A(B) A e 00 - A{B «——00 - B} 12 -1 111
NEG M «— 00 - M 6 37 411 2+6+ | —1 0 11
Subtract, 16-bit SUB D De—D-M 34 26 37 4n1 | 246+ | —1 1 11
Multiply MU D «—— A<B  {unsigned} 111 — bzl 11
AND AND A(B) A «— A AND M (B+—— B AND M) 212 24 35 4/9 244+ | —— 1 1 0
Exclusive-OR EOR A(B) Ae—ABMBe—B & M) 22 24 35 4/ 244+ | —— 1 1 0
OR (inclusive) OR A(B) A= AORM (B «— B OR M) 212 35 4/9 244+ | —— 1 1 0
Compare, 8-bit A(B) A= M(B-M 212 214 35 4/9 244+ | % 7 1 11
< A(B} A — 00 (B - 00) 12 —— 1 10
ST M — 00 Only 26 37 411 2+6+ | —— 1 1 0
BIT A(B) A AND M (B AND M) flags arc 22 24 35 4/ 244+ | —— 1 1 0
Compare. 16-bit CMP R R-M for R = X affected 34 26 37 411 2+6+ -1 1 11
forR =D, Y. U.'S 45 37 48 512 | 3+7+ | —1 1 1 1
Rotate left A(B) C __ABorM 12 -t 111
T 1 26 317 411 | 246+ | —1 t 1 1
Rotate right A(B} 12 Tt —
26 37 4/11 246+ | —1 1 1 —
Arithmetic shift left A(B} 12 -1 11
26 37 411 | 246+ | — 1 1 11
Arithmetic shift right A(B) 12 -3 1 1 -
216 317 411 246+ | — 1 1 1 —
Logic shift left A(B) 1z B T T
216 37 411 2+6+ | —1 1 1 ¢
Logic shift right A(B) 12 -t 10—
26 37 411 | 246+ | — 1 ] 0 —
No operation NOP - T .

12
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New Figure A7-2: Motorola 6809 Instruction Set (continued)

¢————————Bytes/Cycies —————

E _ 8
_5:3 5 1 g ;;t = Flags
Operation MNE Description G 2o HC Z NV
ump unconditionally JMP | PC «—M 23 L 3a ) a8 | 2+3+] L — —
3ranch unconditionally BRA | PC«—PC+ M 23 | 35 [
if carry set BCS ifC=1 23 | 4/6(5) ———— —
if carry clear BCC ifC=0 23 ey y 0} | ———
if equal zero BEQ ifZ =1 2i3 | 4/6(5)
if not equal zero BNE ifZ=0 23 | 46(5)
if minus BMI ifN=1 23 | 4/6(5)
if plus BPL ifN=0 213 ] 4/6(5)
if overflow set BVS ifv=1 Use LBRA, LBCS, 3 1 46(5)
if overflow clear BVC ifv=0 LBCC, etc. as the 3 | 4'6(5) ——— ——
if > zero BGT ifZ + (N @ V) = 0| mnemonic if the 31 46(5) e — —
if = zero Signed BGE NGV =0 long relative 3 | 46(5) - ————
if < zero numbers BLE if Z+ (N & V)= 1] branch is desired 3| 46(35) -
if < zero BLT NGV =1 31 46(5) -
if higher BHI ifCorZz =0 3| 46{5) —
if higher or same | Unsigned | BHS ifC=0 31 46(5) —— — — -
if lower or same | numbers | BLS ifCorZ =1 46(5) —_————
if lower BLO ifC=1 46{5) o
NEVER BRN | PC «—PC + 2 (3) 23 1 45 —
jump to subroutine JSR S stack «— PC: PC «— M 270 38 412 24 7am —
Branch to subroutine BSR S stack «— PC: PC «— PC + M (or use LBSR) 27 {1 I S N
Return from subroutine RTS | PC «— S stack 15 —_————
~— Bytes Cveles —a Flags
Operation MNE Description Inherent  Immediate H C 72 NV
Software interrupt SWI 119 e
SWI2 } S stack «—— PC, U, Y, X, DP. B, A, CC; Set I F: PC «— 220 -
SWi3 A 220 e
Clear and wait CWAI CC «— CC AND M; S stack « PC. U, Y, X, DP. B. A, CC; Halt I A A
Synchronize 10 SYNC Halt, Continue when interrupt occurs {see text) 12 —_——— ——
Return from interrupt | RTI CC «—— S stack; If Eis set, then A, B. DP, X, Y. U, PC «—- S stack 115(6) FO A S ¥
If E is cleared, then PC «— § stack

13



New Figure A7-3: Indexed Addressing Options

Source Additional|Additional
Indexed addressing form code form | Description (where R = X, Y, U, or S) bytes cycles
No offset, no change in R | R Get operand pointed to by R 0 0
No offset, change R , R+ Get operand and then increment R once 0 +2
,R++ Get operand and then increment R twice 0 +3
. —R Decrement R once and then get operand 0 +2
,——R Decrement R twice and then get operand 0 +3
Fixed offset offset, R Temporarily add signed offset (expressed
as sign plus magnitude) to R and then get
%n operand, for —16 < offset < +15 0 +1
2 —128 < offset < +127 +1 +1
£ —-65536 < offset < +65536 +2 +4
-
«©
k3] Variable offset AR Temporarily add signed offset (held in 0 +1
2 B. R accumulator in 2s-complement form) to R 0 +1
= D, R and then get operand 0 +4
=
> Relative addressing label, PCR |Use relative addressing to access a
constant having a label
— and located within +128 bytes of the
next instruction +1 +1
— and located anywhere +2 +5
offset, PC | Temporarily add signed offset (expressed
as sign plus magnitude) to the address of
the next instruction and then get operand,
for —128 < offset < +127 +1 +1
-65536 < offset < +65536 +2 +5
No offset, no change in R| [, R] 0 +3
w No offset, change R [, R++] 0 +6
s & [, --RI 0 +6
20
[
G Fixed offset [offset, R] —128 < offset < +127 +1 +4
283 —65536 < offset < +65536 +2 +7
SES
T 2o Variable offset [A, R] 0 +4
— = O
S [B, R] 0 +4
- [D,R] 0 +7
EcE
- & »g Relative addressing [label, PCR] within 128 bytes of
& A For label located {the next instruction +1 +4
- ©
anywhere +2 +8
[offset, PC] —128 < offset < +127 +1 +4
—65536 < offset < +65536 +2 +8

14






@ MOTOROLA Product Preview
- MICROSYSTEMS

MEX6809-1 or MEX6809-2
MC6809 EXORciser
Support Package

USE Function Included on MC6809 MPU Module
EXORciser/EXORterm Compatible

1.0, 1.5 or 2.0 MHz Operation

EXbug 2 DEbug Capability

A key feature of Motorola’a total microprocessor support is the use of the popular EXORciser/EXORterm Development
Systems as a basis for new support tools. The main support for the 6809 follows this guideline.
The 6809 support package will enable 6808 users to evaluate their design as well as the real-time capability of the MC6809
microprocessor. The support package combines the 6809 MPU and USE functions:
a) The module will provide the timing and microprocessing unit for both the EXORciser or EXORterm and the user’s
prototype system,
b} The module will interface the MC6809 Microprocessing Unit with the EXORciser bus.

¢} The module will be capable of emulating the user’s 6809 via a 40-pin dip socket to be plugged into the user’s 6809
socket in his target system.

The 6809 MPU/USE Module will be compatible with any EXORciser | and Il modules (DEbug | module, excluded),
currently operating with an MPU module.
The microprocessor function will be implemented with a MC6809 in order to support 1.0, 1.5, and 2.0 MHz operation.
These three basic frequencies will be available on the board.
The software portion of this phase of the 6809 support will include the following items:
a) Resident Macro Assembler
b) Resident Editor
c) Resident Disk Operating System {MDQOS), including firmware
d) Resident PASCAL Compiler
e) Resident MPL Compiler

With the 6809 MPU/USE module properly installed in an EXORciser the user can power-up the system, enter. MDOS, edit
and assemble source code, and debug the resulting 6809 object code. The User System Evaluator (USE) function will be an
integral part of the support package. This function will allow a real-time evaluation of user’s system. This feature will permit
the user to debug his system hardware once the software appears to be functioning properly. Furthermore, the software
debug features are extended to the user’s system.

Minimum hardware system requirements are:
@ EXORciser or EXORterm (DEbug || module with 6809 EXbug firmware and 6809 MPU/USE Module)
® 24K Memory
® EXORdisk Il with 6809 MDOS and firmware
® Terminal (not necessary with EXORterm)

This is advance information and specifications are subject to change without notice. ISSUE A
EXbug, DEbug, EXORciser, EXORterm, and MDOS are trademarks of Motorola Inc. ©Motorola Inc., 1979



Further 6809 Support

Within 3 months after the 6809 MPU/USE module is
available, the 6809 version of the present System Analyzer
firmware and PROM Programmer software will be available
for delivery.

The following additional high level languages are planned
for introduction in the 3rd and 4th quarter 1979:

1. Resident FORTRAN Compiler for 6809

2. Resident COBOL Compiler for 6809

3. Resident BASIC Interpreter for 6809

Ordering Information

Part Number

MEX6809-1

MEX6809-2

M6809MPL

M6809PASCAL

Description

6809 Upgrade package for EXORciser 1/
EXORterm 200 consisting of MEX6809
MPU/USE Module, DEbug 1l Module
with 6809 EXbug firmware, Resident
Macro Assembler and Editor, MDOS
software on diskette and MDOS con-
troller module firmware.

6809 Upgrade package for EXORciser 11/
EXORterm 220 consisting of 6809
MPU/USE module, 6809 EXbug firm-
ware, Resident Macro Assembler and
Editor, MDOS software on diskette
and MDOS controller module firmware.

Resident MPL compiler on MDOS
diskette. Requires 56K of RAM.

Resident PASCAL corﬁpiler on MDOS
diskette. Requires 56K of RAM.

Availability: 2nd Quarter, 1979

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.

@ MOTOROLA Semiconductor Products Inc.
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COMPILATION AND PASCAL

Prepared By

Charles H. Forsyth and Randall J. Howard

ON THE NEW MICROPROCESSORS

Computer Communications Networks Group

University of Waterloo
Waterloo, Ontario
CANADA N2L 361

We are concerned with the use of high
level languages, and in particular Pascal, on
microcomputer  systems.  We are  most
interested in the use of such languages for
what is termed, on larger computer systems,
svstems programming. This includes writing
code to drive floppy disks, interpreters for
APL or BASIC, or all those bits of code that
people have until now written in assembler,
and which in some way make their micro-
computer systems friendly.

Microcomputer users show a generally
high level of sophistication, so it might be
surprising at first that so much of their code
is still written in assembler. The advantages
of writing in a high level language have been
often described in computing literature:
programs can be made more portable, they
exhibit better structure; and they are easier
to write and debug. In addition, it is much
easier to let a compiler worry about the
efficiency of the object code; and deficien-
cies of the object machine are hidden. With
the 8 bit microcomputers like the fntet 8080
and Motorola 6800, we feel that there is
little choice but to write in assembler (or
interpreter), since the facilities provided by
their order codes are simply insufficient to
support most high level languages.

Compilation may be inappropriate for
8 bit microcomputers, but it is the most
attractive alternative for the hybrid 8 and
16 bit microcomputers (such as the Motorola
6809), especially with respect to eliminating
most assembly code on these machines. We
also feel that Pascal has facilities that enable
a compiler to generate better code for such
machines than might be expected from
compilers for other languages.

Jensen and Wirth provide the definition

of and tutorial introduction to Pascal in the
Pascal User Manual and Report. Aho and
Uliman’s book, Principles of Compiler
Construction, provides an excellent descrip-
tion of the elements of a compiler.

Options

Tiny BASIC, Tiny C, APL, and FOCAL
are implemented on microcomputers with
interpretive code. Interpretation has a num-
ber of advantages. Since the interpretive
language is highly specialized, it can be made
compact. New macro operations can be
added easily as time and experience dictate.
Array and structure addressing and the block
copying associated with array and structure
assignment may be made particularly cheap.
When interpreting array indexing, run time
checks of the index values against the array
bounds are possible (although often left out)
at little extra cost. This is true of other kinds
of debugging facilities as well, such as value
traces or stack tracebacks. Both compiler
and interpreter are easy to write, especially
if the interpreted code implements a stack
machine. Interpretation’s main disadvantage
is that it is slow.

An alternative to interpretation that
alleviates this latter problem of speed some-
what is threaded code, which has been
described as “interpretive code which needs
no interpreter’’ (see references 2 and 3).
Rather than having a sequence of codes and
an interpreter which reads them, calling out
to the routines implementing each operation,
threaded code simply contains the sequence
of machine addresses of the routines to proc-
ess each operation. These routines, much
like the code segments called by the inter-



var

begin

end

index = (.10,
rwicelndex = (.20,
unsigned = (.32767;
short = — 128127,
shortUnsigned = 0..255:
thing = record

freldl: 0..7:
field2: 031

end,
packedThing = packed record
field: 0.7,
freld2: 0..31.

end.

a. b: array [index] of integer.
i j index,
ko rwicelndex;

The listings in this |
article were prepared by
arrangement with Walter
Banks of the University of
Waterloo.

siset of (READY. BLOCKED, RUNNING, SWAPIN. SWAPOUT);

{the dreaded array-indexing example{

{subranges are useful}

afi] == bfjj:

ko= i+j

s:=[READY. BLOCKED. RUNNING/:{set operations}
s:=5 = [READY. RUNNING].

si=5+ [SWAPIN]:

s:=5*[SWAPIN, BLOCKED]/:

Listing 1: Pascal program tragment for array indexing.

tsx

Ida A, J(X)
Ida B, j+1(X)
asl B

rol A

add B, b+1(X)
adc A, b(X)
sta A, temp
sta B, temp+1
ldx temp

Ida A, 0(X)
lda B. I(X)
psh A

psh B

tsx

Ida A i(X)
Ida B. i+1(X)
asl B

rol A

add B, a+i(X)

adc A, a(X)

sta A, temp
sta B, temp+1
ldx temp

pul B

pul A

sta A, U(X)
sta B, I(X)

Total code: 52 bytes

/Enable indexing off sp
/Fetch address of j relative..
/to sp into (A,B) register pair
/Shift (AB) pair left by 1.
/yielding integer offset

/Add in 16-bit array

/pointer i to (A,B) pair
/Transfer (A,B) pair to X reg..
/..not re-entrant

/Finally, fetch b[j] into..
/(A,B) pair..
/and push onto stack

/Following code is repeat of..
/above for getting address of..
/array element afi]

/X now points at afi]
/Pop b[j] from stack..
/into (A,B) pair..
/and store in afi}

Listing 2: Métoro/a 6800 assembly code for the first
line of the Pascal fragment shown in listing 1.

preter to implement the pseudo-machine,
provide the run time support for the threaded
code. Rather than return to an interpreter
after it has done its work, though, a routine
simply jumps (indirectly) to the next such
routine in the code flow. Arguments are
passed to these routines in various ways -
for example, by placing values or addresses
between the code pointers.

The third approach to language imple-
mentation is that traditionally adopted on
larger machines: real code generation. This
approach provides the fastest program
execution at the possible expense of space
used by the object code. On almost any
machine, the high level constructs of flow of
control and logical expressions as well as

calls to the intr iilt-in functions

e
oc

directly implemented as branch or jump
instructions with relatively little expenditure
of speed or time. However, for many of the
existing microcomputers, code generation
for even the simplest of the fundamental
high level language constructs proves effec-
tively impossible. Such constructs include
most common arithmetic operations, array
and structure accessing, and automatic
storage manipulation. Particularly difficult
on some machines are multiply, divide,
modulus and string operations. Therefore it
is important to determine what properties of
a particutar machine make it suitable for real
code generation.

8 Bit Microcomputers

A detailed study of the common 8 bit
computers available today {eg: Motorola
6800, Intel 8080) quickly reveals that such
machines are nol conducive to real code
generation by compilers for high level
languages such as Pascal.

On such machines, compilations of even
the simplest arithmetic or pointer expressions
lead to a very high object to source code
ratio, if such constructs can be compiled at
all. Listing 2 gives an example of code which
might be compiled for a Motorola 6800 to
implement the Pascal assighment statement:
afi]:=b[j]; in listing 1. The assumption here
is that automatic arrays are implemented as
pointers on the stack to areas of storage
residing elsewhere. In addition, we have
assumed that the compiler keeps track of the
stack offsets for its automatic variables
relative to the moving stack pointer; we are
using the notation j to represent the stack
offset of variable j. In addition to this code
segment, the procedure preamble must set
up the pointers to the arrays a and b (stored
at offsets @ and b respectively), to point at
the integer before the beginning of the array.
Thus, for example, a/7] will then be identi-



Auto Demmen

irect /

Table 1: A summary of the Motorola
MC6809 addressing modes.

fied with the beginning of the storage
associated with the array a.

Beyond the actual code shown here,
however, the most important insight to be
gained from all of this is the sheer bulk of
code that such a simple construct would
generate (and it is not even reentrant at that).
Imagine how large the object code size
would be for even a reasonably short Pascal
program.

Implementing threaded code is somewhat
difficult on these machines because they
require 16 bit memory pointers, an efficient
mechanism for indirect addressing, and some
method of incrementing such a pointer to
the next 16 bit pointer. At least one of the
above criteria is so troublesome on both the
Motorola 6800 and the Intel 8080 that the
threaded code becomes unwieldy. Thus, for
these machines one has little choice but to
interpret or write in assembler. This suggests
that the interpreters themselves must be
implemented in assembly language.

The above discussion is an attempt to
analyze the reasons why programs written
for 8 bit microcomputers have traditionally
been interpreted or written in assembly or
machine code, rather than being compiled
into ““true’’ code from a high level language.

16 Bit Microcomputers

Previously, the only alternative to the
8 bit architecture was that of the 16 bit
microcomputer. Examples of such machines
include the T1-990/4 and the DEC LSI-11.
While the considerable costs of these proc-
essors tend to make them impractical for
many computer experimenters, and for
those applications in which many processors

are required, it is instructive to consider
what properties set these machines apart
from their 8 bit counterparts with respect to
code generation. In fact, it can be shown
that, given a machine of sufficient sophisti-
cation, it should be possible for a compiler
to do as good a job as an assembler program-
mer vis-a-vis machine resource utilization.

There are two main virtues of these 16 bit
machines. In the first place, these machines
have complete 16 bit instruction repertoires
including hardware multiplication, division,
and long shifts. As well, the 16 bit processors
tend to have a good complement of addres-
sing modes such as indexing, stack opera-
tions, automatic increment and decrement
of pointers, and so on. (Here, as elsewhere in
this article, the descriptive terms may seem
fuzzy. Good complement does not admit of
a precise meaning. With real machines, one
usually loses clever addressing modes, for
plenty of general purpose registers, and one
must balance the benefits somehow. The
final judgment will usually be that of the
person writing the compiler.) With these
attributes, it is a fairly straightforward task
to construct a compiler for a high level
language such as Pascal.

8 and 16 Bit Hybrids

The current trend in 8 bit microprocessor
technology is towards a hybrid combination
8 and 16 bit machine. Essentially, these
processors are capable of 16 bit operations
while retaining 8 bit data paths throughout
the processor architecture. A prime example
of such a hybrid is the Motorola 6809,
which is due for formal product release later
this year. Table 1 gives a summary of the
basic addressing capabilities of the Motorola
6809, expressed in a hypothetical assembler
syntax which removes from the user the
burden of understanding all of the details of
the actual hardware addressing modes.

What advantages do these machines have
over their pure 8 bit predecessors? In partic-
ular, these machines now have at least one
accumulator for performing addition, sub-
traction, shifting and comparison operations
on 16 bit data. A second feature of these
machines is the 16 bit memory pointer,
which, combined with the ability to auto-
matically increment and decrement such
pointers, provides a very general memory
accessing capability. In addition, common
high level language features such as stack
frames and display pointers become quite
easy with the general index and stack
registers of the M6809. It is apparent that
the Motorola 6809 is particularly well-
endowed with addressing modes which
tend to facilitate code generation for high
level fanguages.



Listing 3: Motorola
MC6809 assembly code
for array indexing program
fragment.

Listing 4: DEC PDP-11
assembly code for array
indexing example.

Consider again the array assignment
which the 6800 handled so dismally. The
Motorola 6809 code for the same construct
is given in listing 3. (Note that the syntax of
our assembler code is intended to be more or
less consistent amongst the examples, and
not necessarily that of the manufacturer’s
assembler. It is in fact the syntax used by
our UNIX assemblers for these machines.)
Code for the PDP-11/45, considered to be a
good instruction set given in listing 4, is
included for comparison.

It is rather precipitous to deduce much
from this one example, although array
indexing does exercise many of the addressing
modes of a machine, and such assignment
statements can provide a check on the
register usage of a compiler. How a partic-
ular architecture fares with more general
arithmetic expressions and function and
procedure call, save, and return sequences
would provide further basis of comparison.
Indeed, other examples that we have tried
suggest that the results of this comparison
are typical.

Special Advantages of Pascal

We feel that the use of Pascal and a
competent compiler can lead to better
code in many cases on hybrid 8 and 16 bit
machines than can be achieved with many
other languages. Obviously, the best results
will require that Pascal be properly used -~
that subranges be used where possible, for
example — and that these be declared to be

/ "X points to top of stack (display)

Ida D. i(X) /i

asl B

rol A /*2

add D, $a-2 / +offset of "a’
lea Y. D(X) / +stack top
\da D. j(X) /i

asl B

rol A /*2

add D. $6-2 / +offset of b’
Ida D. D(X) / +stack top
sta D.(Y) / ali) := b})

Total code: 20 bytes

/ 15 points to the “top™ of the
/ stack frame

mov J(rS).r0 /i

asl 0 /%2

add r5,r0 /+ display pointer
mov i(rS),rl /i

asl rl / *2

add rS.ri /+ display pointer

mov b-2(r0).a-2(r1) / ali] == b(j}:

Total code: 22 bytes

as small as possible. A Pascal program can
contain a great deal of information that
allows even a straightforward compiler to
generate code which makes good use of the
available registers. The Pascal declarations of
listing 1 provide illustration for the following
discussion, and the code given is for the
Motorola 6809. Remember that the intent is
not to describe an implementation of Pascal.

The declaration of scalar and subrange
types essentially allows the declaration of
small integers and makes known the detailed
characteristics of variables of such types to
the compiler. Variables may thus be com-
pletely bounded, and the compiler can
compute upper and lower bounds on the
value of an expression.

In our example, variables of type short
or shortUnsigned may be loaded into the
8 bit accumulators of the 6809, and both
registers may be used simultaneously. A
variable may be recognized as wnsigned if
there are no negative values in the subrange
to which it belongs. In the assignment state-
ment k ;= /#/; the variables /, and/, are both
in the range O thru 10. The result is thus in
the range O thru 20, and an 8 bit accumulator
may again be used to compute this result.
(All of this is particularly useful if array
indexing is also involved.)

The Pascal set type may be regarded as
providing a readable way to do “‘bit twid-
dling.” A set is typically implemented as a
sequence of bits, one for each element of the
base type of the set. The variable s might
then be a byte in which the low order bit
corresponds to the element READY, the
next to BLOCKED, and so on. The sequence
of assignments might then be compiled as in
listing 5.

Pascal, of course, provides pointers,
record structures and arrays.

The use of pointers is strictly controlled:
arbitrary arithmetic operations on pointers
are not allowed. About the only things that
may be done with a pointer variable are:
indirect addressing, assigning another pointer
to it, or passing it to a procedure or function.
This structured use of pointers and indexing
results in a very stylized use of pointers in
the compiler’s internal representation. This
in turn allows the compiler to detect the
places where double indexing may be used
to advantage rather easily, on machines like
the 6809 which have this feature.

Indexing of an array of records does
require multiplication of the index by the
width, in bytes, of the record. Often, this
may be accomplished by a shift. Of course,
this cannot always be done, since records
need not be a power of 2 in length, though
a compiler could arrange to round the size
of a record up to an appropriate boundary if



/ X is display pointer
/ equates are in octal

READY = 01
BLOCKED = 02
RUNNING = 04
SWAPIN = 010
SWAPOUT = 020
A, SREADY +BLOCKED+RUNNING / immediate load

Ida
sta

/

Ida
anda
sta
/

Ida
ora
sta
/

Ida
anda
sta

A, s(X)

A, s(X)

A, $![READY+RUNNING] / complement

A, s(X)

A, s(X)

A, SSWAPIN

A, s(X)

A, s(X)

A, $[SWAPIN+BLOCKED]

A, s(X)

Listing 5: Set assignment code for the Motorola MC6809 processor.

the difference were small. In any event,
provided the size of the record is no more
than eight bits (as an unsigned quantity), the
code for the multiplication could reasonably
be included in line.

We wondered how often division or multi-
plication is used in the UNIX system (an
operating system developed at Bell Labs),
and wrote a simple command file which
would compile each of the source programs
of the system and scan the resulting assem-
bler for mul and div instructions. The
number of multiplications was of interest in
light of the above discussion; the number of
divisions was collected as well, since these

would have to be interpre , i
would have to be interpreted by subroutine

on the 6809, and we wanted to know how
many occurred in critical code. The results
are shown in table 2.

Only one of the divide instructions occurs
in a routine that might be regarded as signi-
ficant, with respect to increasing system
overhead, were a subroutine called to do the
divide piecemeal; and that divisjon was
performed at a low priority level. 31 of the
divide instructions in the device driver rou-
tines were in disk drivers, which had to
compute track and cylinder offsets. The

Number of Number of

Section of C Code Multiplications Divisions
UNIX Kernel a 9
Device Drivers 62 41

Table 2: A search through u particular operating sysien (o determine the
number of multiplications and divisions used. This was done to determine
how important the speed of a multiplication and division routine would be to

a typical program.

multiplications in all cases were of small
amounts; it seems that (most likely by
accident) record structures used in the
kernel happened to be a power of 2 in length.
It would have been more instructive, perhaps,
to examine user programs, but in that case it
would have been more difficult to separate
multiplications written explicitly from those
created implicitly by array indexing.

A Pascal programmer may declare partic-
ular record or array types as packed, which
is a hint to the compiler that the program-
mer would prefér elements of the given type
to occupy as little space as possible even if
there is a cost in increased code to access
them. This leaves the unit of packing to the
compiler. For example, the types thing and
packedThing (sce listing 1) describe packed
and unpacked records with similar fields (to
Pascal, these record types are not compatible
in any way). in a thing, both field] and
field2 will likely be bytes, but if a compiler
implements the notion packed completely,
then in a packedThing, fieldl will likely
occupy three bits, and fie/d2 five bits, ie:
they would share the same byte of storage.
Packing of records on microcomputers is
often much easier than on the larger proc-
essors, because microprocessors do not have
the alignment problems that plague compiler
writers on those machines.

Finally, as in many other languages, the
order of evaluation of expressions is left to
the implementor, but since side effects are
not allowed, no legal Pascal program can
possibly be harmed by this. This has two
related effects: in arithmetic expressions,
the compiler may evaluate the operands in
the order that leads to the least amount of
code, and in Boolean expressions the left-
hand side of the logical operators and and or
need not be evaluated if the expressions on
the right determines the truth value of the
entire expression. Faster or smaller code will
usually result if a compiler takes advantage
of these properties.

Pascal: Problems?

We feel that there are a number of areas
where Pascal is likely to require expensive
mechanisms, and which would be inappro-
priate for a systems programming environ-
ment. One solution might be to implement
a subset of the language, leaving these hard
features aside, but in most cases, since the
expensive mechanisms are only invoked if
the programmer asks for them, it should
be sufficient to have the compiler avoid
including the associated run time procedures
when they are not requested. (This is worth
mentioning, if only because this ruie is often
not followed.) We shall first mention those



constructs which are expensive, but which
appear only by programmer request.

The semantics of Pascal’s file variables,
and the input/output (10} system in general
tend to reflect characteristics of a batch
environment, with a restricted character set.
The basic 10 procedures are badly designed
for an interactive terminal. The read and
write procedures are fairly expensive to
implement, since they are extremely general
and all encompassing.

On machines like the 6809 which lack a
divide instruction of any sort (let alone a
16 bit onej, division will be done by calling a
run time support routine. Only if the pro-
gramimer explicitly writes either a divide, or
modulus operation, wiil the call be gener-
ated. Floating point numbers will be inter-
preted, as usual.

Pascal allows procedures and functions to
be defined inside other procedures and func-
tions. This requires either a display, which
must be copied, or a system of pointers by
which a routine may access the variables
owned by routines in an outer scope. (The
latter is the most likely choice.)

Strings, arrays, records and large sets (if
implemented) may all be assigned or passed
as parameters to routines. These operations
require block copies, but only if the opera-
tions appear in the source program. Copying
of actual parameters may be avoided, of
course, by declaring the matching formal
parameters as var parameters.

The remaining points concern some philo-
sophical concerns about Pascal and its
implementation. (Input and output might
also be considered in this class.)

It has been observed that much of the
checking done at run time in other languages
may be done at compile time in Pascal. This
is not always so, and run time checks are
required on assignments of a variable from a
larger subrange to a variable in a smaller
subrange of a given type, or on similar use
in array indexing, and pointers must always
be checked to ensure that they are not nil.
It might be argued that run time checks
might not be done at all. It is better to
arrange for them to be turned on and off, as
required, in different sections of code.

The Pascal Report (see references) does
not put boundaries on the number of ele-
ments in the base type of a set type, but it
does say that an implementor will likely
choose the word length of a given computer
as that limit. Otherwise, routines are required
to perform various Boolean operations on
large bit strings. Unfortunately, a great many
Pascal programs in existence, most notably

those for the CDC 6600, assume that it is
possible to delcare or use a set of char, as in:
ifcin|a. .2 then
{cisaletter}

where ¢ is declared as a char. The CDC
Pascal compiler restricts the number of
elements in the base type of a set to about
the number of bits in a word {58), but the
CDC character set is small enough that it
(nearly) fits within a set. On a microcom-
puter with the ASCII character set even 16
bits is clearly insufficient, and larger sets
may need to be implemented.

There is no method provided to initialize
variables in their declaration. This is of
consequence when one wishes to create a
table with values that remain constant
throughout the life of the program {eg: a
translation table). The only way to do this in
standard Pascal is to write a sequence of
assignment statements. This will typically
result in several bytes of code for each
assignment, as well as forcing two copies of
each data value in the table. On a large
machine like the CDC 6600, this may be of
little consequence, but on a microcomputer
with little core, thisisadistinct disadvantage.
Of course, various implementations of Pascal
have provided a means to do this sort of
thing efficiently, but this results in a porta-
bility problem because each implementor
tends to have slightly different rules about
where and how these initializations may be
accomplished.

Conclusions

For languages like Pascal, compilation is
the preferred method of implementation on
hybrid 8 and 16 bit microprocessors. The
object code size on these machines for
common constructs in these languages seems
to compare quite favorably with that for
larger processors like the PDP-11 or the
Honeywell 66/60. We illustrated this with a
very simple array operation; the reader can
try other operations.

When choosing a programming language,
one typically considers not only the ease or
difficulty of implementation and the effi-
ciency of the compiled code, but stylistic
qualities. as well. For example, we have
found the C language a pleasant and effective
language for developing programs, but it
does not, of course, follow that everyone
else would. The same holds true for Pascal.
We merely note that the Pascal is interesting,
in that Pascal programs may be so written as
to allow a compiler to compile code which
makes efficient use of 8 bit accumulators on
machines that have them, and that amongst
the other major high level languages this is



an unusual property (PL/l is a likely excep- language for a program of any size is greeted
tion). Whatever the language used, we hope with surprise, shock, depairs, dismay and
to see the day when on microcomputer outright hostility.m

systems, as on UNIX, the use of assembly
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MCM6664

Product Preview

65,536-BIT DYNAMIC RAM

The MCM6664 is a 65,5636 bit, high-speed, dynamic Random-Access
Memory. Organized as 65,536 one-bit words and fabricated using HMOS
high-performance N-channel silicon-gate technology. This new breed of
5-volt only dynamic RAM combines high performance with low cost and
improved reliability.

By multiplexing row- and column-address inputs, the MCM6664 re-
quires only eight address lines and permits packaging in standard 16-pin
dual-in-line packages. Complete address decoding is done on chip with
address latches incorporated. Data out is controlled by CAS allowing
for greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible.
The MCM6664 incorporates a one-transistor cell design and dynamic
storage techniques. In addition to the RAS-only refresh mode, refresh
control function available on pin 1 provides automatic and self-refresh
modes.

® Organized as 65,536 Words of 1 Bit

® Single +5 V Operation
® Fast 150 ns Operation
°

Low Power Dissipation
250 mW Maximum (Active)

MOS

(N-CHANNEL, SILICON-GATE)

65,536-BIT
DYNAMIC RAM

L SUFFIX
CERAMIC PACKAGE
CASE 690

C SUFFIX
FRIT SEAL
CERAMIC PACKAGE
CASE 620

20 W Moo immiims (Canm Al
WU TIVY IVIgATTTIUTT (o waniuy )
® Three-State Data Output
® |nternal Latches for Addr nd Data Input
essa P PIN ASSIGNMENT
® FEarly-Write Output Capability
® 16K Compatible 128-Cycle, 2 ms Refresh o
» REFRESH 1] © 16 vgg
@ Control on Pin 1 for Automatic and Self Refresh _
D2 15 Cas
® RAS-only Refresh Mode _
JE— w3 14 o
® CAS Controlled Output Providing Latched or Unlatched Data s a 13
RAS A6
® Upward Pin Compatible from the 16K RAM (MCM4116)
A0 5 12 A3
A2 6 11 A4
A1 7 10 A5
Vce 8 9 A7
OUTPUT BUFFER TRUTH TABLE
Internal
Early Write CAS Refresh Control (CAS Internal) Output Buffer . . . X
% - T This device contains circuitry to protect the
H o X (X} Te inputs against damage due to high static voit-
X H X {(X) Hi-Z ages or electric fields; however, it is advised that
L L L (H) Maintains Previous normal precautions be taken to avoid applica-
Data tion of any voltage higher than maximum rated
voltages to this high impedance circuit.
L L H (L) Active

This is advance information and specifications are subject to change without notice.
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MCM6664

BLOCK DIAGRAM

MOTOROLA Semiconductor Products Inc.

<+ V(o
— vgg
Precharge
Sense Amplifier Sense Amphifier
Clock -
©
S,
AC g S
[+
b
Q
L p—— 16538481 Memory 2 te— RAS
Asray o Acray
o -
z 8 3
A2 — 2 ® o fe— CAS
: 2
< o
A3 E 3 b Write, W
5 1/2 11 of 128} 2 {1 of 128) 3
g Column Decoder Column Decoder 3
3 2
A4 —pmf i b l@— REFRESH
z )
= 5
k= o
Y —— g - £ l@— Datain, O
8 Q 3
° 16,384-8)1 Memory > 16,384 811 Memory <
rr N
A6 ] Array ® Array l—& Output Data. Q
b
Q
H
AT~ g
0
e
Q
Precharge e
Sense Amphifier Sense Amphitier
Clock
4116 TO 6664 COMPARISON
MCM4116
Vs 1 ° 16 Vgs
PIN VARIATIONS
o 2 is CAS
W 3 14 Q PIN NUMBER MCM4116 MCM6664
AAS -
AS 4 13 A 1 Vgg (=5 V) REFRESH
A0 5 12 A3 8 Vpp (+12 V) Vee (+5 V)
A2 & 1 A4 9 Vge (45 V) A7
At 7 10 A5
Vpp 8 El Vee
MCM6664
REFRESH Vss
— On-Chip Refresh Features/Benefits
D CAS
w a Reduce System Refresh Controller Design Problem
FAS A6 Reduce System Parts Count
AO A3 Reduce System Noise Increasing System Reliability
A2 As Reduce System Power During Refresh
A1 A5
Vee A7




MCM6664 ' i

READ CYCLE TIMING

v bg——————————— TAR
S IHC- \
RAS v N
- k. £
tcsH 4 = | e tRP ——a

re— ICRP —8

\%
ADDRESSES

tRCS -f-’u —a{ tRCH }q_
|

e b tcac

|
- TRAC e —a ls— 'OFF

VoH lid
Oout Hi 2 Vali
Vou- Data

WRITE CYCLE TIMING

g TRC -
i "_iff-,Wf-r. il 7 1= T ———————— |
- e ' AR — (
N /
i o TASH s | e tRp '—>1]
e - - T fcsH ‘ o |
!‘*“_"LRCD cAas ] r ICRP —&»i
N VIHC- | { | |
T\ / \
tRAH “c;\:l
r‘ASR— 4——4[ ‘ASC.-(
oomesses TR T NI WW %
|
twes | fewt
paliay! jo- T C H
DU Vine?o 4—-“—-'—“——— WP~
T R R R R R R
. - : ——‘-——‘HWL
o — ————
wen el F‘DS jo— toH
v - ali
2 ol LR D s
————— TDHR ,__,_._______.J

Vou-

Dout Vol Hi Z
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MCM6664 :

SELF REFRESH MODE (Battery Backup)
(CAS1, Addresses, Data-in, and Write are Don’t Care)

AS I\
| A
[d—tRFD-Ol le—— trRP tFBR
' | o
i
b5
ﬁﬁﬁﬁﬁﬁﬁ i WA
REFRESH | f
AUTOMATIC PULSE REFRESH CYCLE
(CAST, Addresses, Data-In, and Write are Don’t Care)
< tRC * tRP
7 R
W N\
tRFD FRD —
- tFSR
}4——1FP--~—~> -
Z

1CA§ controis the output data. |f CAS remains low the previous output will remain valid. When CAS is brought high, the output
wiil assume a high-impedance state.

RAS-ONLY REFRESH CYCLE .
(Data-in and Write are Don’t Care, CAS is HIGH}

@ MOTOROLA Semiconductor Products Inc.
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MCM6664

|

ADDRESSES

Dout

READ-WRITE/READ-MODIFY-WRITE CYCLE

TRWC "
- TRAS ‘
ViHC- \‘—-_——‘ AR e -
Viu k_
: tASH
— ICSH
‘RCD | t‘cAs
ViHe- \ \ |
Vie- | K 1
| ! .
t | | I
RAH H i |
TASR e .!‘Asc.-g ?‘ e TCAH gm
| i
ViH- Row f Column '}\()X: > 'X(x/\ NS (X))
V- Address Address XX 2’)& X’()\« ;’X X )(\( ’\5\}\‘ XX (XX
| |
1 - tRWD —— }‘-—‘CWL———J ‘
- TCWD el b TRy | ———
|
Vinc \Q , i X|
Vie- ¥X ( {
| !
j F th—H i
L‘——‘~’CAC R } . }‘“OF—F
VOH - " 2 £ Valid
Vou- \y\ Data

.

TRAC

-l

W A A S

3\:’ X

Valid
Data

PACKAGE DIMENSIONS

CASE 690-07

|| =D

—dlen

|
-t G

SEATI

T

=[z]

NOTE

Y‘ ==
't
v
e e
NG PLANE

CASE 620-04

NOTES
1 LEADS WITHIN 0.13 mm (0.005) RADIUS
OF TRUE POSITION AT SEATING PLANE

AT MAXIMUM MATERIAL CONDITION

1. LEADS WITHIN 0.13 mm (0.005) RADIUS

2 PKG INDEX NOTCH IN LEAD

OF TRUE POSITION AT SEATING PLANE

NOTCH IN CERAMIC OR INK DOT

AT MAXIMUM MATERIAL CONDITION

3 DIM A" AND “B” G0 NOT

INCLUDE GLASS RUN-OUT

4 L TO INSIDE OF LEADS (MEASURED

1 mm (0.020} BELOW BODY)

f U&t}

1.02

0.020 | 0.040

@ MOTOROLA Semiconductor Products Inc.
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