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A Corporate Dedication to
Quality and Reliability

National Semiconductor is an industry leader in the
manufacture of high quality, high reliability integrated
circuits. We have been the leading proponent of driv-
ing down IC defects and extending product lifetimes.
From raw material through product design, manufac-
turing and shipping, our quality and reliability is second
to none.

We are proud of our success . . . it sets a standard for
others to achieve. Yet, our quest for perfection is on-
going so that you, our customer, can continue to rely
on National Semiconductor Corporation to produce
high quality products for your design systems.

R,

Charles E. Sporck
President, Chief Executive Officer
National Semiconductor Corporation




Wir fiihlen uns zu Qualitit und
Zuverlassigkeit verpflichtet

National Semiconductor Corporation ist flihrend bei der Her-
stellung von integrierten Schaltungen hoher Qualitdt und
hoher Zuverldssigkeit. National Semiconductor war schon
immer Vorreiter, wenn es galt, die Zahl von IC Ausfélien zu
verringern und die Lebensdauern von Produkten zu verbes-
sern. Vom Rohmaterial {iber Entwurf und Herstellung bis zur
" Auslieferung, die Qualitét und die Zuverléssigkeit der Pro-
dukte von National Semiconductor sind uniibertroffen.

Wir sind stolz auf unseren Erfolg, der Standards setzt, die
fiir andere erstrebenswert sind. Auch ihre Anspriiche steig-
en stindig. Sie als unser Kunde k&nnen sich auch weiterhin
auf National Semiconductor verlassen.

La Qualité et La Fiabilité:

Une Vocation Commune Chez National
Semiconductor Corporation

National Semiconductor Corporation est un des leaders in-
dustriels qui fabrique des circuits int&grés d’une trés grande
qualité et d'une fiabilité exceptionelle. National a &té le pre-
mier & vouloir faire chuter le nombre de circuits intégrés
défectusux et a augmenter la durée de vie des produits.
Depuis les matiéres premiéres, en passant par la concep-
tion du produit sa fabrication et son expédition, partout la
qualité et la fiabilité chez National sont sans équivalents.

Nous sommes fiers de notre succés et le standard ainsi
défini devrait devenir I'objectif & atteindre par les autres so-
ciétés. Et nous continuons & vouloir faire progresser notre
recherche de la perfection; il en résulte que vous, qui étes
notre client, pouvez toujours faire confiance a National
Semiconductor Corporation, en produisant des systémes
d’une trés grande qualité standard.

Un Impegno Societario di Qualita e
Affidabilita

National Semiconductor Corporation & un'industria al ver-
tice nella costruzione di circuiti integrati di alta qualita ed
affidabilita. National & stata il principale promotore per I'ab-
battimento della difettosita dei circuiti integrati e per I'allun-
gamento della vita dei prodotti. Dal materiale grezzo attra-
verso tutte le fasi di progettazione, costruzione e spedi-
zione, la qualita e affidabilitd National non & seconda a nes-
suno.

Noi siamo orgogliosi del nostro successo che fissa per gli
altri un traguardo da raggiungere. ll nostro desiderio di per-
fezione & d’altra parte illimitato e pertanto tu, nostro cliente,
puoi continuare ad affidarti a National Semiconductor Cor-
poration per la produzione dei tuoi sistemi con elevati livelli
di qualita.

A bl

Charles E. Sporck

President, Chief Executive Officer
National Semiconductor Corporation
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TRADEMARKS

Following is the most current list of National Semiconductor Corporation’s trademarks and registered trademarks.
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National Semiconductor®
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XPUT™
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IBM?® is a registered trademark of International Business Machines Corporation.
PAL® is a registered trademark of and used under license from Monolithic Memories, Inc.

_ UNIX® is a registered trademark of AT&T Bell Laboratories.

DECT™, VAX™ and VMS™ are trademarks of Digital Equipment Corporation.
MS-DOS™ is a trademark of Microsoft Corporation.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR-
PORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and whose failure to per-
form, when properly used in accordance with instructions
for use provided in the labeling, can be reasonably ex- -

pected to result in a significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be reason-
ably expected to cause the failure of the life support de-

vice or system, or to affect its safety or effectiveness.

National Semiconductor Corporation 2900 Serdiconductor Drive, P.O. Box 58090, Santa Clara, Qalifomia 95052-8090 (408) 721-5000

TWX (910) 339-9240

does not any resp

without notice, to change said circuitry or specifications.

ibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time
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Microcontroller Introduction

Practical Solutions to Real Problems

Microcontrollers have always been driven by customer need
rather than technological capability.

They were designed to mest specific needs with specific
performance in specific applications with specific cost.

That also meant, however, that your choices were limited to
what was available on the market—which meant possibly
having to compromise your design objectives because you
couldn’t get exactly the microcontroller you needed.

No more.

Now you can get a microcontroller from National that spans
a wide range of system solutions—to go almost anywhere
your design imagination takes you.

Whether you need a low-cost 4-bit workhorse or a 16-bit
30 MHz powerhouse, whether you want 1 kbyte of ROM or
over 64 kbytes, whether you're building a simple singing
greeting card or a complex telecommunications network, we
have a microcontroller for the job.

With on-board CPU, memory, internal logic, and 1/0Os, Na-
tional microcontrollers are helping more and more design-
ers lower system costs and shrink system size.

And as technology brings more peripheral functions onto
the chip, including user-programmable memory, fast SRAM,
timers, UARTS, comparators, A/D converters, and LAN in-
terfaces, the microcontroller will become the cost-efficient
choice for even such real-time *“‘microprocessor” applica-
tions as laser printers, ISDN, and digital signal processing.

That's why National continues to lead the industry in the
development of microcontroller technology.

That's why we have 8-bit and 16-bit controller cores.
That's why we’re scaling our common M2CMOSTM process
for submicron feature sizes, hypermegahertz frequencies,
and unparalleled performance levels.

That's why we offer you “Hot-Line" applications support
and a 24-hour-a-day digital information service.

That's why we offer you IBM®-PC and DECTM- VAXTM-
based development tools and high-level-language (C) com-
pilers

And that's why we've committed the full resources of our
company to provide you with the most complete, most reli-
able, most cost-effective systems solution for all your
needs.

This databook is a reflection of that committment.

It will give you an overview of microcontrollers in general
and of National’s microcontrollers in particular.

It will help you evaluate your microcontroller options from
both a business perspective and an engineering perspec-
tive.

It will help you make reasoned judgements about selecting
the best microcontroller for your needs.

And it will show you what the microcontroller future holds in
store for all of us.

if you'd like more information, or you'd like to find out how to
put a microcontrolier to work in your own application, just
contact your local National Semiconductor Sales Office.

UOI}ONPOJJU] J3]|OJJUOI0IIIN
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How to Select a Microcontroller

Microcontrollers have evolved far beyond their origins as
control chips in calculators.
Today, microcontrollers can be the perfect solution for sim-
plifying a wide range of designs. And for giving those de-
signs a clear competitive advantage in the marketplace.
Whether used for simple logic replacement or as an integral
part of a high performance system, a microcontroller can
reduce system costs, shrink system size, and shorten sys-
tem design cycles. And yet deliver performance often supe-
rior to “traditional” digital solutions.
Still, all microcontrollers are not created equal. And it's im-
portant to consider a number of factors before committing
to a particular device:
1. Is the microcontroller optimized for your specific applica-
tion in terms of speed, performance, features, and cost?
2. Is it code-efficient, and based on a true microcontroller
architecture for the highest performance and efficiency?

3.1s it fabricated in the most advanced CMOS process
technology, and is it fully scalable to maintain its perform-
ance edge in the future?

4. Is it supported by a comprehensive family of development
tools that run on standard platforms such as the IBM-PC
and DEC VAX?

5. Is it backed by a dedicated team of professionals who are
available not only to provide expert training for new users,
to get them on-line quickly and efficiently, but also to pro-
vide technical guidance for even the most experienced
user?

6. Is it designed for the future, with the capability of expand-
ing on-chip functionality.

If you answered “yes” to all these questions, then you al-

ready know that there’s only one company with the product

depth and technology capability to provide you with a micro-
controller optimized for your specific application.

National Semiconductor.

Laser Printers

Keyboards

Car Radios

Armaments

Fuses
Scales
Refrigerators

You'll find National Microcontrollers in:

Disc Controllers
Telecommunications Systems

Airplane Multiplex Systems

Engine Control Systems
Anti-Skid Brake Systems

Factory Automation
Medical Equipment

Security Systems
Garage Door Openers
Camera Aperture Controls
Office Copiers

Cable TV Converters
Televisions

Video Recorders

Solar Heating Controls
Thermostats

Climate Control Systems
Intelligent Toys

Kitchen Timers

vi
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Why Select a National Microcontroll

National has created the most complete selection of 4-, 8-,
and 16-bit microcontrollers of any company in the industry.
Which means that no matter what the specific needs of your
application are, you can find a National microcontroller to
meet them.

Our COP400 family offers the lowest-cost, 4-bit solutions for
timing, counting, and control functions.

er

Our COP800 family offers low-cost, feature-rich, 8-bit solu-
tions.

And our High Performance microController (HPC™) family
offers the highest performance with the world's fastest 16-
bit CMOS solution.

Microcontroller Family of Products

HPC

CoP80g

MOZ>»XTVOTMTMTO

COP400

cost [C—————»

TL/XX/0071-1

With a full range of performance- and feature-options,
National’s microcontroller famiiles can be customized
to meet the needs of your specific application.

1.0 COMMON FEATURES FOR A CUSTOM FIT

All our microcontrollers are designed to provide not just a
one-time-only solution, but a continuum of solutions to meet
the changing demands of your product and the market-
place.

Our COP400 family, for example, which consists of over 60
devices, is designed with a common instruction set, so you
can migrate from one member of the family to others with-
out having to recode, so you can take efficient advantage of
the application-specific flexibility of the COP400 family’s
programmable 1/0 options.

Our COP800 and HPC families, on the other hand, are each
designed around a common CPU core that then can be sur-
rounded by a variety of standard functional building blocks
such as RAM, ROM, user programmable memory, fast
SRAM, DMA, UART, comparator, A/D, HDLC, and 1/0.

This unique core approach allows us to offer you a micro-
controller with the exact combination of CPU power and
peripheral function you need for your specific application.
So you don’t have to compromise your design parameters
by using an inappropriate device, and you don’t have to
compromise your cost parameters by paying for perform-
ance and features you don’t need.

This core concept also allows us to bring new microcontrol-
ler products to market fast and at a lower cost to help you
keep pace with the rapidly changing conditions in your own
market.

And it allows us to implement designs for both the COP800
and the HPG cores, for the highest levels of integration and
flexibility in your own proprietary design.

vii
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Microcontroller Introduction
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2.0 TRUE MICROCONTROLLER ARCHITECTURE

Our microcontrollers are designed as true controllers, not
modified microprocessors.

The COP400 family is designed with a two-bus Harvard ar-
chitecture; the COP800 family with a memory-mapped,
modified Harvard architecture, and the HPC family with a
memory-mapped, von Neumann architecture.

All three control-oriented families, however, are optimized
for high code efficiency. Most instructions are only 1 byte
long—yet each can typically execute several functions. This
“function-dense” code provides a substantial increase in
memory efficiency and processing speed.

3.0 ADVANCED PROCESS AND PACKAGING
TECHNOLOGIES

National offers you not only the right microcontroller for your
needs, but also the right process technology for your micro-
controller.

COP400 devices are available in both high-speed NMOS
and low-power CMOS fabrications, while the higher-per-
formance COP800 and HPC families are both fabricated in
National’s advanced M2CMOS process.

M2CMOS. This double-metal CMOS process offers signifi-
cant design advantages. It combines the speed of NMOS,
the ruggedness of bipolar, and the low power consumption
of bulk CMOS to produce fast, dense, highly efficient, highly
scalable devices for a wide variety of integrated-circuit de-
signs.

It's for these reasons that M2CMOS has become the stan-
dard process technology for all of National's advanced-

TL/XX/0071-2

technology LS| and VLSI products, including microproces-
sors, gate arrays, standard cells, telecommunications devic-
es, linear devices and, of course, microcontrollers.

Post-Metal Programming (PMP). This is a new process
technology available from no other semiconductor manufac-
turer in the world. It offers the fastest, guaranteed prototype
programmed-ROM turn-time in the industry.

PMP is a high-energy implantation process that allows mi-
crocontroller ROM to be programmed after final metalliza-
tion.

This is a true innovation, because ROM is usually imple-
mented in the second die layer, with nine or ten other layers
then added on top. And that means the ROM pattern must
be specified early in the production process, and completed
prototype devices won't be available typically for six weeks.
With PMP, however, dice can be fully manufactured through
metallization and electrical tests (only the passivation layers
need to be added), and held in inventory. Which means
ROM can be programmed late in the production cycle, mak-
ing prototypes avallable in only two weeks!

And production parts can follow in as little as four weeks.
PMP allows you to adapt to fast-changing market conditions
and to take maximum advantage of narrow windows of op-
portunity.

And shorter production lead times can simplify your invento-
ry contro} and reduce safety stock by up to 20%, giving you
significant cost reductions.

Currently, Post-Metal Programming is available for selected
members of the COP400 family, and will be expanded to the
COP800 and HPC familes in the near future.

viii




Mllitary verslons. All National microcontrollers have CMOS
parts available in the full military temperature range (—55°C
to +125°C).

In addition, parts are available that have been certified un-
der MIL-STD-883, Rev. C, the most rigorous non-JAN
screening flow in the electronics industry.

Packaging. One major reason that National microcontrol-
lers demonstrate such consistently high levels of reliability is
that we've developed special advanced packaging process-
es to protect the die.

For example, we've designed a unique leadframe with
“locking holes” that helps block any penetrating moisture
from reaching the die itself. :

And the leadframes themselves are made of an unusual
high-strength copper alloy that has a lower thermal resist-
ance (0,4) than typical Alloy 42-leadframes.

We've also employed a unique low-stress, high-purity epoxy
molding compound for our packages, which gives them a
coefficient of expansion that nearly matches that of the
leadframes. As a result, many of our microcontrollers are
also offered in plastic packages for military-temperature-
range operation.

Reliability is built-in at the die level as well. Our M2CMOS
microcontrollers are fabricated on dedicated lines at our
world-class, six-inch wafer-fab facility in Arlington, Texas.
With its Class-10 clean rooms and automated-handling sys-
tem, Arlington has set a standard of reliability equalled by
few other companies in the industry.

And this reliability is available to you in a wide variety of
microcontroller packages, ranging in size from 20 to 84 pins.

Package types include plastic and ceramic DIPs, small out-
line (S.0.) surface mounts, plastic and ceramic leaded chip
carriers, and pin grid arrays.

Or, you can select the world’s most advanced, high-density
packaging option, TapePak™.

TapePak comines the advantages of an automated tape-
and-reel-type delivery system with built-in testing pads for
reliability and a unique plastic package carrier. The result is
a surface-mounted package that can be as small as 14, the
size of conventional surface mounts, with lead spacings of
20 mils.

4.0 FULL DEVELOPMENT SUPPORT

Even the right microcontroller, of course, is useless without
the right development tool to put that controller to work in
your application.

That's why National offers you a full range of development
support. Ready-to-run evaluation boards. Emulators. Soft-
ware. Prototyping devices. Training and seminars for begin-
ning and advanced users. Everything you need to take your
design from concept to reality.

And you don't need an expensive, dedicated, development
environment to do it. With our development systems, a stan-
dard IBM PG or DEC VAX becomes a full-featured platform.

And with our comprehensive library of prewritten routines,
from keyboard scanners to Fast Fourier Transforms, you
can reduce software programming to a minimum. This
“‘user-friendly” service can help you bring your design to
market quickly and cost-effectively.

5.0 FULL APPLICATIONS SUPPORT

At National, we believe that applications support should be
immediate and “hands-on”.

That's why we established the unique Dial-A-Helper pro-
gram.

With a computer, modem, and telephons, you can tie direct-
ly into our Microcontroller Applications Group for fast, direct
assistance in developing your design.

You can leave messages on our electronic bulletin board for
our Applications Engineers, who will respond to you directly.

You can access applications files.
You can download those files for later reference.

Or, if you're having a real problem, you can actually turn the
control of your Microcontroller On-Line Emulator develop-
ment system over to our engineering staff, who can perform
remote diagnostic routines to locate and eliminate any bugs.

The point is, when you buy a microcontroller from National,
you're buying more than silicon—you’re buying the commit-
ment of an entire company of dedicated professionals who
share a single goal: to help you put that silicon to work.

6.0 THE FUTURE

National's microcontrollers were designed to meet two ob-
jectives: to adapt to your evolving needs, and to adapt to
evolving technology.

Both “evolutions,” however, are leading to the same goal:
the complete “‘system-on-chip” solution.

The key to achieving this goal, of course, is a common,
advanced, scalable process technology.

That's why both the COP800 and HPC families are fabricat-
ed in our high-performance double-metal CMOS process.
This is a highly scalable technology that can accommodate
die shrinks to submicron feature sizes, increasing perform-
ance and cutting power consumption with each step.

Moreover, because M2CMOS is now the standard process
technology for all new National LS| and VLSI devices, the
COP800 and HPC cores are able to support one of the
broadest range of functional blocks available from any semi-
conductor manufacturer—all aligned on the same set of de-
sign rules.

So you can standardize your designs on just one or two core
processors, and, as we introduce new technologies and
functions, you can maintain that design knowledge base
while taking advantage of these new, higher levels of func-
tional integration.

And because National gives you the option of using stan-
dard parts or designing with our functional blocks—both
supported by common design tools and a common pro-
cess—you can create highly competitive, highly secure,
highly optimized solutions in minimal space at minimal cost
in minimal time.

And that’s the name of the game.
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Product Status Definitions

Definition of Terms

Data Sheet Identification Product Status

Definition

Formative or
In Design

This data sheet contains the design specifications for product
development. Specifications may change in any manner without notice.

First
Production

This data sheet contains preliminary data, and supplementary data will
be published at a later date. National Semiconductor Corporation
reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.

Full
Production

This data sheet contains final specifications. National Semiconductor
Corporation reserves the right to make changes at any time without
notice in order to improve design and supply the best possible product.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to

improve reliability, function or design. National 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.
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National
Semiconductor

The 4-Bit COP400 Family:
Optimized for Low-Cost Control

National's COP400 family offers the broadest range of low-
priced, 4-bit microcontrollers on the market.

Key Features
e High-performance 4-bit microcontroller
® 4 ps-16 ps instruction-cycle time
¢ ROM-efficient instruction set
¢ On-chip ROM from 0.5k to 2k
* On-chip RAM from 32 x 4 to 160 x 4
® More than 60 compatible devices in family
e Common pin-outs
® NMOS and P2CMOS™
¢ MICROWIRE™ serial interface
* Wide operating voitage range: +2.4V to +6.3V
o Military temp range available: —55°C to +125°C
® 20- to 28-pin packages

(incl. 20-, 24-pin SO and 28-pin PLCC)
And far from being “old technology,” 4-bit microcontrollers
are meeting significant market needs in more applications
than ever before. In fact, National shipped more than 40
million 4-bit devices last year alone. The reason for the con-
tinuing strength of the COP400 family is its versatility. You
can select from over 60 different, compatible devices. You
can select devices with unit costs below 50 cents—the
lowest-priced microcontrollers in the world. You can select
devices with a wide variety of ROM and RAM combinations,
from 0.5k ROM and 32 x 4 RAM to 2k ROM and 160 x 4
RAM.
And every COP400 family member shares the same power-
ful, ROM-efficient instruction set and the same pin-out, so
you can migrate between devices without re-engineering.
And like all of National’s microcontrollers, the COP400 can
be optimized to meet your specific application needs, with a
variety of 1/0 options, pin-outs, and package types, from
DIPs to SMDs.
COPS™ microcontrollers can be used to replace discrete
logic in high-volume consumer products and low-volume in-
dustrial products allowing you to add features, miniaturize
and reduce component count.

Key Applications
e Consumer electronics

® Automotive

® |ndustrial control

® Toys/games

® Telephones

Wide Acceptance

COPS wide acceptance comes from innovative products.

National has built on this established family with continued

and enhanced devices.

® The first under-a-dollar microcontroller led to a broader
range of automotive and consumer applications.

® The first high-speed, low-power CMOS microcontrollers
with 0.5k ROM provides design flexibility at low cost.

® The first microcontroller implementing MICROWIRE/

PLUS™ allowing two-way communication across only

three lines.

The first under $.50 microcontroller providing excellent

cost/performance benefits for applications impossible

before.

The first microcontroller implementing Post-Metal Pro-

gramming (PMPTM) for quick turns prototyping and pro-

duction.

PMP

Post-Metal Programming (PMP), another NSC microcontrol-

ler first. Takes advantage of:

e Seasonal or volatile market demand

o Narrow windows of opportunity in highly competitive mar-
kets

o Simplified inventory control

* Reduced safety stock

Get all the advantages of custom-programmed microcon-

trollers with all the business advantages of low cost, quick-

turn prototyping and production.

The secret is an entirely new process technology called

Post-Metal Programming.

Ajlwed 00vd0O Ng- AUL



The 4-Bit COP400 Family

PMP (continued)
INSIDE PMP

Post-Metal Programming is a high energy implantation pro-
cess that allows the ROM layer of a microcontroller to be
programmed after final metallization. That means every die
layer can be fully fabricated, except for the passivation lay-
ers, and held in inventory. Then when you request a ROM
pattern, a ROM implant mask is generated and the buried
ROM layer is programmed with an ion beam.

The wafer is passivated and cut into dice which are then
packaged on a quick-turn line.

So in only two weeks, you've got prototypes.

4-WEEK PRODUCTION QUANTITIES

Wafer fab accounts for the majority of prototyping and pro-
duction time for integrated circuits.

With PMP, however, the dice are essentially complete and
in inventory.

So we can take your approved prototypes right into full pro-
duction in as little as four weeks.

WINNING THE TIME-TO-MARKET RACE

The electronics market won't wait for anyone. If your com-
petitors make a move, you've got to respond now.

You can’t wait around for proof-of-design prototypes. Even
a week can make a difference between success or failure.
Between gaining market share or losing it. Between staying
ahead of the other guys or falling behind. With PMP, you
can stretch that lead by weeks. In fact, if you compare the
quick-turn PMP process to conventional prototype-and-pro-
duction timetables, you'll see that you can actually gain as
much as 3%, months over your competitors/

NO EXTRA COST

PMP is available at no extra cost.

Compare that with the traditional “alternative” for quick-turn
prototyping of user-programmable ROM. EPROM and
§§PROM can easily drive your unit costs up to as much as
And when you consider the additional cost-savings of being

able to reduce your safety stock in inventory, knowing you
can get quick-turns in a few weeks, the PMP process and

National Semiconductor microcontrollers not only make
good engineering sense, they make good business sense.

System Solutions

The COP400 family provides a flexible, cost-effective sys-
tem solutions to all applications requiring timing, counting,
or control functions.

And, bottom line, if a 4-bit controller can do the job, why pay
more?

Development Support

DEVELOPMENT SYSTEM

The Microcomputer On-Line Emulator Development System
is a low cost development system and emulator for COPs
microcontroller products. The Development System con-
sists of a BRAIN Board, Personality Board and optional host
software.

The purpose of the COP400 Development System is to pro-
vide the user with a tool to write and assemble code, emu-
late code for the target microcontroller and assist in both
software and hardware debugging of the system.

It is a self contained computer with its own firmware which
provides for all system operation, emulation control, com-
munication, PROM programming and diagnostic operations.
It contains three serial ports to optionally connect to a termi-
nal, a host system, a printer or a modem or to connect to
other Development Systems in a multi-Development Sys-
tem environment.

The Development System can be used in either a stand
alone mode or in conjunction with a selected host system
using PC-DOS communicating via a RS-232 port.

See AN-456 for more information.

HOW TO ORDER

To order a complete development package, select the sec-
tion for the microcontroller to be developed and order the
parts listed.

Order Manual
Microcontroller Part Number Description Includes Number
MOLE-BRAIN Brain Board Brain Board Users Manual 420408188-001
MOLE-COPS-PB1 Personality Board COP400 Personality Board 420408189-001
Users Manual
COP400 MOLE-COPS-IBM Assembler Software COP400 Software Users 424409497-002
for IBM Manual and Software Disk
PC-DOS
Communications Software 420040416-001
Users Manual
424410284-001 Programmers Manual 424410284-001
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COP400 Family of Microcontrollers

Description Features Development Tools
Commercial Industrial Military Memo. ) Data
Temp Version| Temp Version | Temp Version Technology y Time |y yero| TYP-5V) Max | o0 | RoMiess Sheet
0°C to +70°C | —40°C to +85°C| —55°C to +125°C ROM | RAM | I/O [Serial] Interrupt | Stack | Base |'g,."| Operat.|Standby| pjn| “pevice | Pig9yback| page
(Bytes)| (Digits) | Pins] 1/0 Counter Power | at3.3V
COP413L* COP313L NMOS Low Power| 0.5k 32 15 | Yes No 2Levell! No No |[15mW | 7.56mW | 20 |COP401L- 1-73
X13/R13

COP414L* COP314L NMOS Low Power| 0.5k 32 15 | Yes No 2 Level No No | 15mW | 7.5mW | 20 |COP401LN 1-100
COP410L COP310L NMOS Low Power| 0.5k 32 19 | Yes No 2level] No No | 15mW | 75mW | 24 |COP401LN 1-52
COP411L COP311L NMOS Low Power{ 0.5k 32 16 | Yes No 2 Level No No | 15mW ] 7.5mW | 20 |{COP401LN 1-52
COP413C COP313C CMOS Low Power| 0.5k 32 15 | Yes No 2Level| No No | 1mW |0.1mW | 20 |COP404CN [COP444CP| 1-86
COP413CH COP313CH CMOS Hi Speed 0.5k 32 15 | Yes No 2 Level No No 1mW | 0.1mW | 20 |COP404CN COP444CP| 1-86
COP410C COP310C COP210C (Note 1) | CMOS Hi Speed 0.5k 32 19 | Yes No 2 Level No No 1mW |0.1mW | 24 |COP404CN COP444CP| 1-37
COP411C COP311C COP211C (Note 1) | CMOS Hi Speed 0.5k 32 16 | Yes No 2 Level No No 1mW | 0.1mW | 20 jCOP404CN COP444CP| 1-37
COP420 COP320 NMOS Hi Speed 1.0k 64 23 | Yes | 1Source |3Level| Yes No |100mW|N/AmW| 28 |COP402N COP420P |1-115
COP421 COoP321 NMOS Hi Speed 1.0k 64 19 | Yes No 3level| Yes No (100 mW|N/AmW/| 24 [COP402N COP420P {1-115
COP422 COP322 NMOS Hi Speed 1.0k 64 16 | Yes No 3level| Yes No |100mW|N/AmW| 20 |COP402N COP420P | 1-115
COP424C* COP324C COP224C (Note 2) | CMOS Hi Speed 1.0k 64 23 | Yes | 1Source [3Level| Yes Yes | 1mW | 0.1mW | 28 |COP404CN COP444CP| 1-166
COP425C* COP325C COP225C (Note 2) | CMOS Hi Speed 1.0k 64 19 | Yes No 3level| Yes No 1mW | 0.1mW | 24 |COP404CN COP444CP| 1-166
COP426C* COP326C COP226C (Note 2) | CMOS Hi Speed 1.0k 64 16 | Yes No 3Llevel| Yes No 1imW | 0.1mW | 20 |COP404CN COP444CP| 1-166
COP420L* COP320L NMOS Low Power} 1.0k 64 23 | Yes | 1Source |3Level] Yes Yes | 45mW | 9.9 mW | 28 |COP404LSN-5|COP444LP | 1-139
COP421L* COP321L NMOS Low Power| 1.0k 64 19 | Yes No 3lLevel| Yes No | 45mW | 9.9mW | 24 |COP404LSN-5|COP444LP {1-139
COP422L* COP322L NMOS Low Power{ 1.0k 64 16 | Yes No 3level| Yes No {45mW | 9.9mW { 20 [COP404LSN-5{COP444LP | 1-139
COP440 COP340 NMOS Hi Speed 2.0k 160 35 | Yes [4 Sources|4 Level| Yes Yes (205 mW| 9.9mW | 40 |COP404N COP440R | 1-186
COP441 COP341 NMOS Hi Speed 2.0k 160 23 | Yes |4 Sources|4 Level| Yes Yes |205mW| 9.9mwW | 28 |COP404N COP440R [ 1-186
COP442 COP342 NMOS Hi Speed 2.0k 160 19 | Yes |2 Sources|2Level| Yes No |[205mW| 9.9mW | 24 |COP404N COP440R |1-186
COP444C* COP344C COP244C (Note 2) [CMOS Hi Speed 2.0k 128 23 | Yes | 1Source |3 Level| Yes Yes | 1mW | 0.1mW | 28 |COP404CN COP444CP| 1-166
COP445C* COP345C COP245C (Note 2) | CMOS Hi Speed 2.0k 128 19 | Yes No 3Llevel] Yes No 1mW |} 0.1 mW | 24 |COP404CN COP444CP) 1-166
COP444L COP344L NMOS Low Power| 2.0k 128 | 23 | Yes | 1 Source |3Level| Yes No | 65mW | 9.9mW | 28 [COP404LSN-6|COP444LP |1-209
COP445L COP345L NMOS Low Power| 2.0k 128 19 | Yes No 3level| Yes No | 65mW [ 9.9mW | 24 [{COP404LSN-6|COP444LP j1-209

Note 1: Datasheet found on page 1-8.
Note 2: Datasheet found on page 1-20.
*Microcontrollers available with Quick-Turns Post-Metal Programming (PMP).
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The 4-Bit COP400 Family

COPS Family Development Tools

rclal Description Features

Commercial Data

Temp Version Technology Memory 170 Time | oo | TYP-5V] Max | o o Su[;) plementary Sheet

0°Cto +70°C ROM | RAM | 1/O |Serfat | Interrupt | Stack | Base | 'p, " | Operat. | Standby | o) escription Page
(Bytes) | (Digits) | Pins | 1/0 Counter Power | at3.3v

ROMIless

COP401L-X13 NMOS Low Power | 0.5k 32 16 | Yes No 2 Level No No |[100mW|{ 7.5mW | 40 [ Has XTAL Oscillator Option 1-247

COP401L-R13 NMOS Low Power | 0.5k 32 16 | Yes No 2 Level No No |100mW | 7.5mW | 40 [ Has RC Osciilator Option 1-247

COP401L NMOS Low Power | 0.5k 32 16 | Yes No 2 Level No No |[100mW | 7.5mW | 40 | ROMiess Version of COP410L | 1-233

COP402 NMOS Hi Speed 1.0k 63 20 | Yes | 1Source | 3Level Yes No | 50mW | NNAmW | 40 | Has Interrupt, No Microbus 1-260

COP404LSN-5 NMOS Low Power | 1.0k 128 20 | Yes | 1Source |3 Level Yes No |125mW | N/AmW | 40 | W/Push-Pull Mem Interface 1-302

COP404 NMOS Hi Speed 2.0k 160 23 | Yes |4 Sources {4 Level Yes Yes | 35mW | 15mwW 48 | ROMless Version of COP440 | 1-278

COP404C CMOS Hi Speed 2.0k 128 23 | Yes | 1Source |3level| Yes Yes 1mW | 0.1mW | 48 | CMOS ROMIless Device 1-285

PIGGYBACK ;

COP420P NMOS Hi Speed 1.0k 64 23 | Yes |3 Sources | 3Level Yes No | 50mW | NJAmW | 28 | Includes: CPU, RAM, /O 1-316

COP444LP NMOS Low Power | 2.0k 128 23 | Yes |3 Sources| 3Level Yes No |125mW/|N/AmwW | 28 |and EPROM Socket 1-316

COP444CP CMOS Hi Speed 2.0k 128 23 | Yes | 1Source | 1Level Yes Yes 1mwW 1mwW 28 | Will Accept Standard EPROM | 1-316




DIAL-A-HELPER

Dial-A-Helper is a service provided by the Microcontroller
Applications group. The Dial-A-Helper is an Electronic Bulle-
tin Board Information System and additionally, provides the
capability of remotely accessing the MOLE development
system at a customer site.

INFORMATION SYSTEM

The Dial-A-Helper system provides access to an automated
information storage and retrieval system that may be ac-
cessed over standard dial-up telephone lines 24 hours a
day. The system capabilities include a MESSAGE SECTION
(electronic mail) for communications to and from the Micro-
controller Applications Group and a FILE SECTION which
consists of several file areas where valuable application
software and utilities could be found. The minimum require-
ment for accessing the Dial-A-Helper is a Hayes compatible
modem.

If the user has a PC with a communications package then
files from the FILE SECTION can be down loaded to disk for
later use.

Order P/N: MOLE-DIAL-A-HLP
Information System Package Contains

DIAL-A-HELPER Users Manual P/N
Public Domain Communications Software

FACTORY APPLICATIONS SUPPORT

Dial-A-Helper also provides immediate factory applications
support. If a user is having difficulty in operating a MOLE, he
can leave messages on our electronic bulletin board, which
we will respond to, or under extraordinary circumstances he
can arrange for us to actually take control of his system via
modem for debugging purposes.

Voice: (408) 721-5582
Modem: (408) 739-1162
Baud: 300 or 1200 baud
Set-Up: Length:  8-bit
Parity: None
Stop bit: 1
Operation: 24 hrs., 7 days
DIAL-A-HELPER
precosceccscecsccsncnannny rreccocnrcemrrencsoncsanasy
[} (] L] L}
[} [} [} L]
' USER'S ' . '
' TARGET ' ! H
] SYSTEM ] ] [
[ [} ] [}
' ' ' '
HOST

' MODEM ) T Mooew COMPUTER :
] [] 1 (]
[} [} (] [}
[} ) ) [}
[} ) ] L]
[} HOST ) ] [}
' MOLE COMPUTER | ! ! !
[} [] L} [}
[} ] [} 1
) ) ) []
- L] L L]

USER SITE

NATIONAL SEMICONDUCTOR SITE
TL/XX/0072-1
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COP210C/COP211C

National
Semiconductor

COP210C/COP211C Single-Chip CMOS

Microcontrollers

General Description

The COP210C and COP211C fully static, single-chip CMOS
microcontrollers are members of the COPS™ family, fabri-
cated using double-poly, silicon-gate CMOS technology.
These controller-oriented processors are complete micro-
computers containing all system timing, internal logic, ROM,
RAM, and I/0 necessary to implement dedicated control
functions in a variety of applications. Features include single
supply operation, a variety of output configuration options,
with an instruction set, internal architecture, and 170
scheme designed to facilitate keyboard input, display out-
put, and BCD data manipulation. The COP211C is identical
to the COP210C but with 16 I/0 lines instead of 20. They
are an appropriate choice for use in numerous human inter-
face control environments. Standard test procedures and
reliable high-density fabrication techniques provide the me-
dium to large volume customers with a customized control-
ler-oriented processor at a low end-product cost.

The COP404C should be used for exact emulation.

Features

| Lowest power dissipation (500 uW typical)

m Low cost

m Power-saving HALT mode with Continue function

® Powerful instruction set

m 512 x 8 ROM, 32 x 4 RAM

m 20 I/0 lines (COP210C)

B Two-level subroutine stack

m DC to 4.4 us instruction time

m Single supply operation (4.5V to 5.5V)

m General purpose and TRI-STATE® outputs

W Internal binary counter register with MICROWIRE™
compatible serial 170

m LSTTL/CMOS compatible in and out

m Software/hardware compatible with other members of
the COP400 family

m Military temperature (—55°C to +125°C) devices

Block Diagram

vee GND

‘! L

INSTRUCTION CLOCK (SYNCH Q—-I

{.
T ¥
cLocx vl
DIVIDER GENERATOR

RESET 8 RESEF
3 I LoGIc I
PROGRAM MEMORY
512 x8 ROM
01GIT ADDRESS
ADDRESS
DATAMEMORY  REG
* 3xakaM  ADDR B8R | 8D |
oyt W 2
-
L . 1 p 2 0
«
1] 22
e ACCUMULATOR REGISTER " 02
A
BUFFER L]
9 2
4 og

INSTRUCTION | SA 5
DICDB'E/ESEI'YDRUL — —— — —
> 5 ] (I
2.LEVEL STACK .
0 10
SI03 S10z S0y SI0p
| SERIAL IO REGISTER Y g
-~
10 CONTROLS —
r&» 63
[ 19 G2
8 )| REGISTER
14 18 &
4 | BUFFER
L DRIVERS o
T3 5 5 57 }
s |6 |2 fs fro Jun oz |3
Ly 6 Ls L4 L3 L2 L L
TL/DD/8444-1
FIGURE 1. COP210C




Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallabllity and specifications.

Maximum Allowable Voltage Vee = 6V
Voltage at Any Pin —0.3Vto Vo +0.3V
Total Allowable Source Current 25 mA
Total Allowable Sink Current 25mA
Maximum Allowable Power Consumption 150 mW

Operating Temperature Range —55°Cto +125°C
Storage Temperature Range —65°Cto +150°C
Lead Temperature (Soldering, 10 sec.) 300°C

Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum ratings.

DC Electrical Characteristics -s5:c < T4 < +125°Cunless otherwise specified

Parameter Conditions Min Max Units
Operating Voltage 45 55 v
Supply Current (Note 1) Vee = 5.0V, t¢ = Min 4 mA
(t¢ is instruction cycle time)
Power Supply Ripple (Notes 3, 4) Peak to Peak 0.25 Vv
HALT Mode Current (Note 2) Vee = 5.0V, Fyy = O0kHz 120 rA
Input Voltage Levels
RESET, CKI :
Logic High 0.9Vce \
Logic Low 0.1Vceg \
All Other Inputs
Logic High 0.7Vee \"
Logic Low 0.2Vce \
Hi-Z Input Leakage -10 +10 pA
Input Capacitance (Note 4) 7 pF
Output Voltage Levels Standard Outputs (except CKO)
LSTTL Operation Voe = 5.0V £10%
Logic High loy = —100 pA 27 \'
Logic Low loL = 400 pA 0.6 A
CMOS Operation
Logic High lo= —10 pA Vec-0.2 \
Logic Low loL = 10 pA 0.2 \
Allowable Sink/Source Current
per Pin (Note 5) 5 mA
CKO Current Levels (As Clock Out)
Sink +4 CKl = Ve, VouTt = Veo 0.2 mA
+8 0.4 mA
+16 0.8 mA
Source +4 CKI = 0V, Vout = OV -0.2 mA
+8 —-0.4 mA
+16 -0.8 mA
Allowable Loading on CKO
(as HALT 170 pin) 50 pF
Current Needed to
Override HALT (Note 6)
To Continue ViN = 0.2Vcg 20 mA
To Halt VIN = 0.7 Vgo 3.0 mA
TRI-STATE or Open Drain
Leakage Current -10 +10 pA

Note 1: Supply Current is measured after running for 2000 cycle times with a square-wave clock on CKI, CKO open, and all other pins pulled up to Vgg with 5k

resistors. See current drain equation.

Note 2: The HALT mode will stop CKI from oscillating in the RC and crystal configurations. Test conditions: all inputs tied to Vcg. L lines in TRI-STATE mode and

tied to ground, all other outputs low and tied to ground.

Note 3: Voltage change must be less than 0.25V in a 1 ms period.

Note 4: This parameter is only sampled and not 100% tested. Variation due to the device included.

Note 5: SO Output sink current must be limited to keep Vo less than 0.2 Ve
Note 6: When forcing HALT, current is only needed for a short time (approximatey 200 ns) to flip the HALT flip-flop.

1-9
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COP210C/COP211C

AC Electrical Characteristics —ss°c < T4 < +125°C unless otherwise specified

Parameter Conditions Min Max Units
Instruction Cycle Time (t;) 4.4 DC s
Operating CKI +4 mode DC 0.9 MHz
Frequency ~+8 mode DC 1.8 MHz

<16 mode DC 3.6 MHz
Instruction Cycle Time R = 30k £5%
RC Oscillator (Note 4) C = 82pF 5% (+4 Mode) 6 18 us
Inputs (See Figure 3)
tseTup (Note 4) G Inputs tc/4 + 0.8 us
Sl Input Ve = 4.5V 0.33 us
All Others 1.9 ns
tHoLD 0.40 1S
Output Propagation
Delay Vout = 1.5V, C_ = 100 pF, R, = 5k 14 us
tpD1, tPDO
Connection Diagrams
S.0. Wide and DIP S.0. Wide and DIP
L4 =—q 1 20 L5 GND 1 24 ~—D0
vee—1 2 19 j==L6 CK0 2 230
13— 3 18 p—L7 CKi—{ 3 22 }—D2
L2 4 17 |p=—RESET - 4 21 f—D3
U— s copznic 16 fcKi 7 s 20 |—c3
10— 6 15 |=—Dn0 B 6 onc 1902
Sl = 7 14 b=—p1 L5 7 18 |— 61
S0~ 8 13 b—g2 8 17 |60
SK=—1 9 12 =61 Vﬁg—- : 16 [~ SK
GND 10 1 (1] —t 1 15 — S0
I [ 2— 11 1 l=s
TL/DD/8444-2 L1aqd12 13 =10
Order Number COP211C-XXX/D,
See NS Hermetic Package Number D20A TL/DD/8444-3

Order Number COP211C-XXX/N,
See NS Molded Package Number N20A
Order Number COP211C-XXX/WM
See NS Surface Mount Package Number M20B

Pin Descriptions

Order Number COP210C-XXX/D,
See NS Hermetic Package Number D24C

Order Number COP210C-XXX/N,
See NS Molded Package Number N24A

Order Number COP210C-XXX/WM

See NS Surface Mount Package Number M24B

Pin Description Pin Description
L7-Lo 8-bit bidirectional I/0 port with TRI-STATE SK Logic-controlled clock
G3-Go 4-bit bidirectional 1/0 port (or general purpose output)
(G2-Gg for 20-pin package) CKiI System oscillator input
D3-Dg 4-bit general purpose output port CKO Crystal oscillator output, or HALT mode
(D1-Dg for 20-pin package) 170 port (24-pin package only)
Sl Serial input (or counter input) RESET System reset input
SO Serial output (or general purpose output) Vce System power supply
GND System Ground
FIGURE 2
|¢__ INSTRUCTION CYCLE TIME (tg) — o
101 —s tppo
Stioca N Von v 7777 A g
| |e——tsETUP ——=] |=—tHoLD
63-60. L1-Lo.
&SI INPUTS
la—- 01— | teo0
6300, O o LZ777F vow ‘ZZH_VL——

FIGURE 3. Input/Output Timing Diagrams (Divide-by-8 Mode)

TL/DD/8444-4

1-10




Functional Description

A block diagram of the COP210C is given in Figure 1. Data
paths are illustrated in simplified form to depict how the vari-
ous logic elements communicate with each other in imple-
menting the instruction set of the device. Positive logic is
used. When a bit is set, itis a logic “1"’; when a bit is reset, it
is a logic 0"

PROGRAM MEMORY

Program memory consists of a 512-byte ROM. As can be
seen by an examination of the COP210C/211C instruction
set, these words may be program instructions, program
data, or ROM addressing data. Because of the special char-
acteristics associated with the JP, JSRP, JID, and LQID in-
structions, ROM must often be thought of as being orga-
nized into 8 pages of 64 words (bytes) each.

ROM ADDRESSING

ROM addressing is accomplished by a 9-bit PC register. Its
binary value selects one of the 512 8-bit words contained in
ROM. A new address is loaded into the PC register during
each instruction cycle. Unless the instruction is a transfer of
control instruction, the PC register is loaded with the next
sequential 9-bit binary count value. Two levels of subroutine
nesting are implemented by two 9-bit subroutine save regis-
ters, SA and SB.

ROM instruction words are fetched, decoded, and executed
by the instruction decode, control and skip logic circuitry.

DATA MEMORY

Data Memory consists of a 128-bit RAM, organized as four
data registers of 8 x 4-bit digits. RAM addressing is imple-
mented by a 6-bit B register whose upper two bits (Br) se-
lects one of four data registers and lower three bits of the 4-
bit Bd select one of eight 4-bit digits in the selected data
register. While the 4-bit contents of the selected RAM digit
(M) are usually loaded into or from, or exchanged with, the A
register (accumulator), they may also be loaded into the Q
latches or loaded from the L ports. RAM addressing may
also be performed directly by the XAD 3, 15 instruction. The
Bd register also serves as a source register for 4-bit data
sent directly to the D outputs.

The most significant bit of Bd is not used to select a RAM
digit. Hence, each physical digit of RAM may be selected by
two different values of Bd as shown in Figure 4. The skip
condition for XIS and XDS instructions will be true if Bd
changes between 0 to 15, but nof between 7 and 8 (see
Table ). ’

INTERNAL LOGIC

The internal logic of the COP210C/211C is designed to en-
sure fully static operation of the device.

The 4-bit A register (accumulator) is the source and destina-
tion register for most /0, arithmetic, logic and data memory
access operations. It can also be used to load the Bd por-
tion of the B register, to load four bits of the 8-bit Q latch
data and to perform data exchanges with the SIO register.

The 4-bit adder performs the arithmetic and logic functions
of the COP210C/211C, storing its results in A. 1t also out-
puts the carry information to a 1-bit carry register, most of-
ten employed to indicate arithmetic overflow. The C register,
in conjunction with the XAS instruction and the EN register,
also serves to control the SK output. C can be outputted
directly to SK or can enable SK to be a sync clock each
instruction cycle time. (See XAS instruction and EN register
description below.)

Bd VALUE
15
"
13
12+
1

v 27

RAM DIGIT

- W s o o N oo

* Can be directly addressed by
LBl instruction (See Table )

TL/DD/8444-5
FIGURE 4. RAM Digit Address to
Physical RAM Digit Mapping

The G register contents are outputs to four general purpose
bidirectional 1/0 ports.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded from RAM and A, as well as 8-bit data from
ROM. Its contents are output to the L I/0 ports when the L
drivers are enabled under program control. (See LEI instruc-
tion.)

The eight L drivers, when enabled, output the contents of
latched Q data to the L 1/0O ports. Also, the contents of L
may be read directly into A and RAM.

The SIO register functions as a 4-bit serial-in/serial-out shift
register or as a binary counter, depending upon the con-
tents of the EN register. (See EN register description
below.) Its contents can be exchanged with A, allowing it to
input or output a continuous serial data stream. With SIO
functioning as a serial-in/serial-out shift register and SK
as a sync clock, the COP210C/211C is MICROWIRE
compatible.

The D register provides four general purpose outputs and is
used as the destination register for the 4-bit contents of Bd.

The XAS instruction copies C into the SKL latch. In the
counter mode, SK is the output of SKL,; in the shift register
mode, SK is a sync clock, inhibited when SKL is a logic “0".
The EN register is an internal 4-bit register loaded under
program control by the LEl instruction. The state of each bit
of this register selects or deselects the particular feature
associated with each bit of the EN register (EN3-ENO).

1. The least significant bit of the enable register, ENO, se-
lects the SIO register as either a 4-bit shift register or as a
4-bit binary counter. With ENO set, SIO is an asynchro-
nous binary counter, decrementing its value by one upon
each low-going pulse (“1” to “0") occurring on the SI
input. Each pulse must be at least two instruction cycles
wide. SK outputs the value of SKL. The SO output is
equal to the value of EN3. With ENO reset, SIO is a serial
shift register, shifting left each instruction cycle time. The
data present at Sl is shifted into the least significant bit of
S10. SO can be enabled to output the most significant bit
of SIO each instruction cycle time. (See 4, below.) The
SK output becomes a logic-controlled clock.

J112d0J/30k2d0D



COP210C/COP211C

Functional Description (continued)

TABLE I. Enable Register Modes — Bits ENO and EN3

ENO  EN3 SIo Sl SO SK

0 0 Shift Register Input to Shift 0 If SKL = 1, SK = clock
Register IfSKL=10,SK=10

0 1 Shift Register Input to Shift Serial If SKL = 1, SK = clock
Register out IfSKL =0,SK =0

1 0 Binary Counter Input to Counter 0 SK = SKL

1 1 Binary Counter Input to Counter 1 SK = SKL

2. EN1 is not used, it has no effect on the COP210C/211C. coP211C

3. With EN2 set, the L drivers are enabled to output the data
in Q to the L 170 ports. Resetting EN2 disables the L
drivers, placing the L 170 ports in a high impedance input
state.

4. ENB3, in conjunction with ENO, affects the SO output. With
ENO set (binary counter option selected), SO will output
the value loaded into EN3. With ENO reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resetting EN3 with the serial
shift register option selected, disables SO as the shift
register output; data continues to be shiiteu tirough SIO
and can be exchanged with A via an XAS instruction but
SO remains reset to “0”.

INITIALIZATION

The internal reset logic will initialize the device upon power-
up if the power supply rise time is less than 1 ms and if the
operating frequency at CKI is greater than 32 kHz, other-
wise the external RC network shown in Figure 5 must be
connected to the RESET pin. The RESET pin is configured
as a Schmitt trigger input. If not used, it should be connect-
ed to Vge. Initialization will occur whenever a logic “0” is
applied to the RESET input, providing it stays low for at
least three instruction cycle times.

When Ve power is applied, the internal reset logic will keep
the chip in initialization mode for up to 2500 instruction cy-
cles. If the CKI clock is running at a low frequency, this
could take a long time, therefore, the internal logic should
be disabled by a mask option with initialization controlled
solely by RESET pin.

Note: If CKI clock is less than 32 kHz, the internal reset logic (Option 25=1)

must be disabled and the external RC network must be present.

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, D, EN, and G registers are cleared.
The SK output is enabled as a SYNC output, providing a
pulse each instruction cycle time. Data memory (RAM) is
not cleared upon initialization. The first instruction at ad-
dress 0 must be a CLRA (clear A register).

{ 1

P+

0

w S vce
|3 S

R <

3 RESET copP210¢
3 L

P -

L GND
Y _ ]

TL/DD/8444-6
RC > 5 X Power Supply Rise Time and RC > 100 X CKI Period
FIGURE 5. Power-Up Clear Circuit

If the COP210C is bonded as a 20-pin package, it becomes
the COP211C, illustrated in Figure 2, COP210C/211C Con-
nection Diagrams. Note that the COP211C does not contain
D2, D3, G3, or CKO. Use of this option, of course, precludes
use of D2, D3, G3, and CKO options. All other options are
available for the COP211C.

HALT MODE

The COP210C/211C is a fully static circuit; therefore, the
user may stop the system oscillator at any time to halt the
chip. The chip also may be halted by the HALT instruction or
by forcing CKO high when it is used as a HALT I/0 port.
Once in the HALT mode, the internal circuitry does not re-
ceive any clock signal, and is therefore frozen in the exact
state it was in when halted. All information is retained until
continuing. The HALT mode is the minimum power dissipa-
tion state.

The HALT mode has slight differences depending upon the
type of oscillator used.

a. 1-pin oscillator—RC or external

The HALT mode may be entered into by either program

control (HALT instruction) or by forcing CKO to a logic

“1” state. )

The circuit may be awakened by one of two different

methods: :

1) Continue function. By forcing CKO to a logic “0", the
system clock is re-enabled and the circuit continues to
operate from the point where it was stopped.

2) Restart. Forcing the RESET pin to a logic “0” will re-
start the chip regardless of HALT or CKO (see initiali-
zation).

b. 2-pin oscillator—crystal

The HALT mode may be entered into by program control

(HALT instruction) which forces CKO to a logic 1" state.

The circuit can be awakened only by the RESET function.

HALT 170

HALT
INSTRUCTION | CKO

TL/DD/8444-~7

Halt 1/0 Port

CKO PIN OPTIONS

In a crystal-controlled oscillator system, CKO is used as an
output to the crystal network. CKO will be forced high during
the execution of a HALT instruction, thus inhibiting the crys-
tal network. If a 1-pin oscillator system is chosen (RC or




Functional Description (continued)

external), CKO will be selected as HALT and is an 1/0 flip-
flop which is an indicator of the HALT status. An external
signal can override this pin to start and stop the chip. By
forcing a high level to CKO, the chip will stop as soon as
CKl is high and the CKO output will go high to keep the chip
stopped. By forcing a low level to CKO, the chip will contin-
ue and CKO output will go low.

All features associated with the CKO |/O pin are available
with the 24-pin package only.

OSCILLATOR OPTIONS

~ There are three options available that define the use of CKi
and CKO.

a. Crystal-Controlled Oscillator. CKI and CKO are connect-
ed to an external crystal. The instruction cycle time
equals tha crystal frequency divided by 16 (optionally by 8
or 4).

b. External Oscillator. CKl is configured as LSTTL-compati-
ble input accepting an external clock signal. The external
frequency is divided by 16 (optionally by 8 or 4) to give
the instruction cycle time. CKO is the HALT 1/0 port.

c. RC-Controlled Oscillator. CKl is configured as a single pin
RC-controlled Schmitt trigger oscillator. The instruction
cycle equals the oscillation frequency divided by 4. CKO
is the HALT 1/0 port.

The RC oscillator is not recommended in systems that re-

COP210C/COP211C Instruction Set

Table |l is a symbol table providing internal architecture, in-
struction operand and operational symbols used in the in-
struction set table.

Table lll provides the mnemonic, operand, machine code,
data flow, skip conditions and description associated with
each instruction in the COP210C/211C instruction set.

A B
CKI KO CK KO
R2 Y
A AA
vvyy
Jr HALY
< EXTERNAL
:: A CLOCK
.._ﬁ__.,
& =0

R
I.itc e HALY

quire accurate timing or low current. The RC oscillator TL/DD/8444-8
draws more current than an external oscillator (typically an FIGURE 6. COP210C Osclllator
additional 100 pA at 5V). However, when the part halts, it
stops with CKI high and the halt current is at the minimum.
RC-Controller
Crystal or Resonator Oscillator
Crystal Component Values Cycle
Value R1 R2 C1pF C2pF R [+ Time
32kHz 220k 20M 30 5-36 47k 100 pF 17-25 us
455 kHz 5k 10M 80 40 30k 82 pF 6-18 s
3.58 MHz 1k iM 30 6-36 Note: 15k <R <150k,
50 pF<C<150 pF
TABLE Ii. COP210C/211C Instruction Set Table Symbols
Symbol Definition Symbol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Field, 0-15 binary (RAM Digit Select)
B 6-bit RAM Address Register r 2-bit Operand Field, 0-3 binary (RAM Register
Br Upper 2 bits of B (register address) Select)
Bd Lower 4 bits of B (digit address) a 9-bit Operand Field, 0-511 binary (ROM Address)
C 1-bit Carry Register y 4-bit Operand Field, 0-15 binary (Immediate Data)
D 4-bit Data Output Port RAM(s) Contents of RAM location addressed by s
EN 4-bit Enable Register ROM(t) Contents of ROM location addressed by t
G 4-bit Register to latch data for G 1/0 Port
L 8-bit TRI-STATE /0 Port . OPERATIONAL SYMBOLS
M 4-bit contents of RAM Memory pointed to by B
Register + Plus
PC 9-bit ROM Address Register (program counter) - Minus
Q 8-bit Register to latch data for L 1/0 Port —>  Replaces
SA 9-bit Subroutine Save Register A <> Isexchanged with
SB 9-bit Subroutine Save Register B = Is equal to
sio 4-bit Shift Register and Counter A The one’s complement of A
SK Logic-Controlled Clock Output ® Exclusive-OR
: Range of values

0112d02/2012d0D



COP210C/COP211C

Instruction Set (continued)

TABLE lll. COP210C/211C Instructloﬁ Set

Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
ARITHMETIC INSTRUCTIONS
ASC 30 00110000 A+ C+ RAM(B) — A Carmry Add with Carry, Skip on
Carry — C Carry
ADD 31 00110001 A+ RAM(B) — A None Add RAM to A
AISC y 5— 0101] y A+y— A Carry Add immediate, Skip on
Carry (y # 0)
CLRA 00 0000|0000 00— A None Clear A
COMP 40 0100/0000] [A — A None One’s complement of Ato A
NOP 44 1010010100 None None No Operation
RC 32 |0011]0010 “0" — C None Reset C
SC 22 |0010{0010 “1" —=> C None SetC
XOR 02 0000|0010 A © RAM(B) — A None Exclusive-OR RAM with A
TRANSFER OF CONTROL INSTRUCTIONS
JiD FF 11111111 ROM (PCg, A M) — None Jump Indirect (Note 2)
PC7:0
JMP a 6— |0110]000|ag| {a — PC None Jump
- aZ'Q ]
JP a - 1] as a —> PCgo None Jump within Page
(pages 2,3 only) (Note 1)
or
- 11| asg a —> PCsyg
(all other pages)
JSRP a - 10| as: PC+ 1 — SA — SB None Jump to Subroutine Page
(Note 2)
010 — PCsgg
a—> PCs:o
JSR a 6— 0110{100jag| | PC+ 1 — SA — SB None Jump to Subroutine
- azg a— PC
RET 48 01001000 SB — SA — PC None Return from Subroutine
RETSK 49 01001001 SB — SA — PC- Always Skip on Return Return from Subroutine
. then Skip
HALT 33 0011]0011 None Halt processor

38 00111000

1-14




Instruction Set (continued)

TABLE ill. COP210C/211C Instruction Set (Continued)

Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 0011]0011 A — Q74 None Copy A, RAMto Q
3C 0011]1100 RAM(B) — Qs
CQMA 33 0011|0011 Q7.4 — RAM(B) None Copy Q to RAM, A
2C 0010{1100 Q30 —> A
LD r -5 00|r|0101 RAM(B) — A None Load RAMinto A
Brer — Br Exclusive-OR Brwith r
LQID BF 1011]1111] ROM(PCg,AM) — Q None Load Q Indirect
SA — SB
RMB 0 4C 0100|1100 0 — RAM(B)o None Reset RAM Bit
1 45 01000101} 0 — RAM(B)¢
2 42 01000010 0 — RAM(B)2
3 43 {0100]0011| 0 — RAM(B)3
SMB 0 4D 0100(1101 1 — RAM(B)o None Set RAM Bit
1 47 [0100(0111] 1 — RAM(B)4
2 46 01000110 1 — RAM(B)2
3 4B 0100|1011 1 — RAM(B)3
STII y 7- o111] y y — RAM(B) None Store Memory Immediate
Bd+1 — Bd and Increment Bd
X r -6 00{r|0110 RAM(B) «—> A None Exchange RAM with A,
Brer — Br Exclusive-OR Br with r
XAD 3,15 23 100100011 RAM(3,15) «— A None Exchange A with RAM
BF [1011]1111] (3,15)
XDS r -7 [00]r|0111] RAM(B) «— A Bd decrements past0  Exchange RAM with A
Bd~1 — Bd and Decrement Bd
Brér — Br Exclusive-OR Br with r
XIS r —4 100]r|0100] RAM(B) «— A Bdincrements past 15 Exchange RAM with A
Bd+1 — Bd and Increment Bd
Brér — Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 |0101]0000| A — Bd None Copy A to Bd
CBA 4E |0100[1110] Bd — A None Copy Bdto A
LB! rd - 00|ri(d-1) rd — B Skip until not a LBl Load B Immediate with
(d = 0,9:15) r,d
LEI y 33 0011]0011 y — EN None Load EN Immediate
6— 0110 y |

1-15
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COP210C/COP211C

Instruction Set (continued)

TABLE JIl. COP210C/211C Instructlon Set (Continued)

Hex Machine
Mnemonic  Operand Language Code Data Flow Skip Conditions Description
Code
(Blnary)
TEST INSTRUCTIONS
SKC 20 0010|0000 C="" Skipif Cls True
SKE 21 0010]0001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 0011]0011 G3p=0 Skip if G is Zero
21 00100001 (all 4 bits)
SKGBz 33 00110011 1st byte Skip if G Bitis Zero
0 01 00000001 Gp=0
1 11 00010001 Gy1=0
2 03 0000/ 0017 2nd byte G2=0
3 13 0010|0011 Gz3=0
SKMBZ 0 01 0000|0001 RAM(B)o = 0 Skip if RAM Bit is Zero
1 11 00010001 RAM(B)1 = 0
2 03 0000]0011 RAM(B)2 = 0
3 13 0001}0011 RAM(B)3 = 0
INPUT/OUTPUT INSTRUCTIONS
ING : 33 00110011 G— A None Input G Ports to A
2A 001011010 .
INL 33 0011]0011] L7.4 — RAM(B) None Input L Ports to RAM, A
2E 0010]1110] | Lapo — A
0BD 33 0011]0011 Bd — D None Output Bd to D Outputs
3E 0011]1110]
OMG 33 0011|0011} RAM(B) — G None Output RAM to G Ports
3A 0011]1010] '
XAS 4F {0100 (1111 A «— SIO,C — SKL None Exchange A with SIO

Note 1: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 2: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP

may not jump to the last word in page 2.

Description of Selected

Instructions

The following information is provided to assist the user in
understanding the operation of several unique instructions
and to provide notes useful to programmers in writing
COP210C/211C programs.

XAS INSTRUCTION

XAS (Exchange A with SIO) exchanges the 4-bit contents of
the accumulator with the 4-bit contents of the SIO register.
The contents of SIO will contain serial-in/serial-out shift reg-
ister or binary counter data, depending on the value of the
EN register. An XAS instruction will also affect the SK out-
put. (See Functional Description, EN Register). If SIO is se-
lected as a shift register, an XAS instruction must be per-
formed once every four instruction cycle times to effect a
continuous data stream.

JID INSTRUCTION

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
to indirectly by A and M. It loads the lower eight bits of the

ROM address register PC with the contents of ROM ad-
dressed by the 9-bit word, PCg, A, M. PCg is not affected by
this instruction. ‘

Note: JID uses two instruction cycles if executed, one if skipped.

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 9-bit word PCg, A, M.
LQID can be used for table look-up or code conversion such
as BCD to 7-segment. The LQID instruction “pushes” the
stack (PC + 1 — SA —> SB) and replaces the least
significant eight bits of the PC as follows: A — PGCy.4,
RAM(B) — PCaj.g, leaving PCg unchanged. The ROM data
pointed to by the new address is fetched and loaded into
the Q latches. Next, the stack is “popped” (SB —> SA —
PC), restoring the saved value of the PC to continue se-
quential program execution. Since LQID pushes SA —>
SB, the previous contents of SB are lost.

Note: LQID uses two instruction cycles if executed, one if skipped.




Description of Selected
Instructions (continued)

INSTRUCTION SET NOTES

a. The first word of a COP210C/211C program (ROM ad-
dress 0) must be a CLRA (Clear A) instruction.

b. Although skipped Instructions are not executed, one in-
struction cycle time is devoted to skipping each byte of
the skipped instruction. Thus all program paths take the
same number of cycle times whether instructions are
skipped or executed (except JID and LQID).

¢. The ROM is organized into eight pages of 64 words each.
The program counter is a 9-bit binary counter, and will
count through page boundaries. If a JP, JSRP, JID, or
LQID instruction is located in the last word of a pags, the
instruction operates as if it were in the next page. For
example: A JP located in the last word of a page will jump
to a location in the next page. Also, a LQID or JID located
in the last word in page 3 or 7 will access data in the next
group of four pages.

POWER DISSIPATION

The lowest power drain is when the clock is stopped. As the
frequency increases so does current. Current is also low-
er at lower operating voltages. Therefore, to minimize pow-
er consumption, the user should run at the lowest speed
and voltage that his application will allow. The user should
take care that all pins swing to full supply levels to ensure
that outputs are not loaded down and that inputs are not at
some intermediate level which may draw current. Any input
with a slow rise or fall time will draw additional current. A
crystal- or resonator-generated clock will draw additional
current. An RC oscillator will draw even more current since

the input is a slow rising signal.
’ vee
P2
N1

a. Standard Push-Pull OQutput

vce
DISABLE

¢. Standard TRI-STATE
“L” Output

It using an external squarewave oscillator, the following
equation can be used to calculate the COP210C current
drain.

lc=Iq + (V X 35 X Fi) + (V X 2195 X Fi/Dv)
where Ic = chip current drain in microamps
Iq = quiescent leakage current (from curve)
Fi = CKI frequency in megahertz
V = chip V¢g in volts
Dv = divide by option selected
For example, at 5V Vg and 400 kHz (divide by 4),
lc =10 + (5 X 35 X 0.4) + (5 X 2195 X 0.4/4)
lc =10 + 50 + 1097.5 = 1157.5 pA

1/0 OPTIONS

COP210C/211C outputs have the following optional config-

urations, illustrated in Figure 7:

a. Standard. A CMOS push-pull buffer with an N-channe!
device to ground in conjunction with a P-channel device
to Vg, compatible with CMOS and LSTTL.

b. Open Drain. An N-channel device to ground only, allow-
ing external pull-up as required by the user's application.

c. Standard TRI-STATE L Output. A CMOS output buffer
similar to (a) which may be disabled by program control.

d. Open-Drain TRI-STATE L Output. This has the N-channel
device to ground only.

The Si and RESET inputs are Hi-Z inputs (Figure 76).

When using either the G or L 1/0 ports as inputs, an exter-

nal pull-up device is necessary.

.

b. Open Drain Output

Il

s N W

d. Open Drain TRI-STATE
“L” Qutput

e HI-Z lnput TL/DD/8444-9

FIGURE 7. 1/0 Configurations

All output drivers uses one or two common devices num-
bered 1 to 2. Minimum and maximum current (lgyt and
Vout) curves are given in Figure 8 for each of these devices

to allow the designer to effectively use these 1/0 configura-
tions.

0112d03/2012d0J



COP210C/COP211C

Typical Performance Characteristics

Minimum Sink Current Minimum Source Current
(Except CKO) (Except CKO)
24 1.2
20 1.0
1.6 08 -
z Vee=5.5V z Vo= 55V
- 12 — ~ 0.6 T
3 T Voc= 45V 3 Vo= 45V
0.8 0.4
L~ \\\
04 0.2
N
AN
0 10 20 30 40 5.0 6.0 0 10 20 30 40 50 60
Voo (VOLTS) Vo (VOLTS)

Maximum Quiescent Current

120 b 125°C]
-t
100
R
8 60 —
. |t asl>°c
—
40 [ 700¢
—
» 25%
I
4.0 50 6.0
Vo (VOLTS)
TL/DD/8444~11
FIGURE 8

TL/DD/8444-10




Option List

The COP210C/211C mask-programmable options are as- Option 10: Lg Driver. (Same as Option 5.)
signed numbers which correspond with the COP210C pins. Option 11: Ly Driver. (Same as Option 5.)
The following is a list of COP210C options. When specifying Option 12: L4 Driver. (Same as Option 5.)
a COP211 chip, options 20, 21, and 22 must be set to 0. The . X . .
options are programmed at the same time as the ROM pat- Optfon 13: Lo Driver. (Same as Option 5.)
tern to provide the user with the hardware flexibility to inter- Option 14: Sl Input.
face to various 1/0 components using little or no external No option available.
circuitry. = 1: Hi-Z input.
Option1: 0 = Ground Pin. No options available. Option 15: SO Output.
Option2: CKO 1/0 Port Determined by Option 3. = 0 no = 0: Standard push-pull output.
option (a. is crystal oscillator output for two pin - 0. Arai
oscillator b. is HALT 1/0 for one pin oscilator) , 2: Open-drain output.
Option3: CKI Input Option 16: SK Driver. (Same as Option 15.)
) pu- ! . . Option 17: Gg 1/0 Port. (Same as Option 15.)
= 0: Crystal-controlled oscillator input (+ 4). X )
. . . X Option 18: G4 1/0 Port. (Same as Option 15.)
= 1: Single-pin RC-controlled oscillator (+ 4). A R
= 2: External oscillator input (= 4) Option 19: G2 1/0 Port. (Same as Option 15.)
_ a: Crystal oscilator input (;' 8 ’ Option 20: Gg I/0 Port. (Same as Option 15.)
) aorinpu = = Option 21: D3 Output. (Same as Option 15.)
= 4: External oscillator input (+ 8). ) R
. . . Option 22: Dy Output. (Same as Option 15.)
= 5: Crystal oscillator input (+ 16). . .
. ) . Option 23: D4 Output. (Same as Option 15.)
= 6: External oscillator input (= 16). Option 24: Do Output. (Same as Option 15.)
Option4: RESET Input = 1: Hi-Z input. No option P . » Do Luip N p ’
available Option 25: Internal Initialization Logic.
opens. Ly e Bingibarvo
= 0: Standard TRI-STATE push-pull output. _ = 1: No Internal initiall ogic.
. Option 26: No option available.
= 2: Open-drain TRI-STATE output. X ¥
. . . Option 27: COP Bonding
Option 6: Lg Driver. (Same as Option 5.) . .
. . . = 0: COP210C (24-pin device).
Option7:  Ls Driver. (Same as Option 5.) . .
Option8: Ly Driver. (Same as Option 5.) = 1: COP211C (20-pin device). See Note.
Opt'o 6 Ve Pin = 0 10 oot piion 3. = 2: COP210C and COP211C. See Note.
plion=: Ve Fin = © no option. Note: If option 27 = 1 or 2 then option 20 must = 0.
Option Table
Please fill out a photocopy of the Option Table and send along with your EPROM.
Option Table
Option 1 Value = 0 is: Ground Pin Option 15Value= ____________ is: SO Output
Option 2 Value = 0 is: CKO Pin Option 16Value= ______ is: SK Driver
Option 3 Value = is: CKl Input Option 17Value= ____ ___ is:Gp /O Port
Option 4 Value = 1 is: RESET Input Option 18Value= _____ is:Gq1/OPort
Option 5 Value = is: Ly Driver Option 19Value= ____ is:Ga|/OPort
Option 6Value= ______ s LgDriver Option 20Value= _______ ___  is:Ggl/OPort
Option 7Value= _______ is:LgDriver Option 21Value= ______ _ is:DgOutput
Option 8Value= _____ _ __ ___ is:L4Driver Option 22Value= _______ is: Dy Output
Option 9 Value = 0 is: Vgg Pin Option 23Value= ____  is: D¢ Output
Option 10 Value = is: Lg Driver Option 24Value= _____ is: Dy Output
Option 11Value= _______ is:LoDriver Option 25 Value = . is: Internal
Option 12Value= _______ _ _  is:Lq Driver —  Initialization Logic
Option 13Value= ___________ is:LoDriver Option 26Value= 0 is:NoOption
Option 14Value= ____ 1 is:SlInput Option 27 Vaiue = is: COPS Bonding
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COP224C/COP225C/COP226C/COP244C/COP245C

National
Semiconductor

COP224C/COP225C/COP226C/COP244C/COP245C
Single-Chip 1k and 2k CMOS Microcontrollers

General Description

The COP224C, COP225C, COP226C, COP244C and
COP245C fully static, Single-Chip CMOS Microcontrollers
are members of the COPST™ family, fabricated using dou-
ble-poly, silicon gate microCMOS technology. These Con-
troller Oriented Processors are complete microcomputers
containing all system timing, internal logic, ROM, RAM, and
170 necessary to implement dedicated control functions in a
variety of applications. Features include single supply oper-
ation, a variety of output configuration options, with an in-
struction set, internal architecture and I/0 scheme de-
signed to facilitate keyboard input, display output and BCD
data manipulation. The COP224C and COP244C are 28 pin
chips. The COP225C and COP245C are 24-pin versions (4
inputs removed) and COP226C is 20-pin version with 15 170
lines. Standard test procedures and reliable high-density
techniques provide the medium to large volume customers
with a customized microcontroller at a low end-product cost.
These microcontrollers are appropriate choices in many de-
manding control environments especially those with human
interface.

Features

m Lowest power dissipation (600 pW typical)

m Fully static (can turn off the clock)

m Power saving IDLE state and HALT mode

W 4.4 ps instruction time

m 2k x 8 ROM, 128 x 4 RAM (COP244C/COP245C)

m 1k x 8 ROM, 64 x 4 RAM (COP224C/COP225C/
COP226C) .

m 23 1/0 lines (COP244C and COP224C)

m True vectored interrupt, plus restart

m Three-level subroutine stack

m Single supply operation (4.5V to 5.5V)

m Programmable read/write 8-bit timer/event counter

m Internal binary counter register with MICROWIRE™
serial 1/0 capability

m General purpose and TRI-STATE® outputs

m LSTTL/CMOS output compatible

m Software/hardware compatible with COP400 family

m Military temperature (—55°C to +125°C) operation

Block Diagram
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Absolute Maximum Ratings

If Mllitary/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales

—55°Cto +125°C
—65°Cto +150°C

Operating Temperature Range
Storage Temperature Range

Ottice/Distributors for availability and specifications.

Supply Voltage (Vce)

Voltage at any Pin

Total Allowable Source Current
Total Allowable Sink Current
Total Allowable Power Dissipation

—0.3Vto Vcc +0.3V

Lead Temperature

v (soldering, 10 seconds)

300°C

Note: Absolute maximum ratings indicate limits beyond

25 mA which damage to the device may occur. DC and AC electri-
25mA cal specifications are not ensured when operating the de-
150 mW vice at absolute maximum ratings.

DC Electrical Characteristics -55c<Ta< +125°C, +4.5V<Vco< +5.5V unless otherwise specified

Parameter Conditions Min Max Units
Operating Voltage 4.5 55 \
Power Supply Ripple (Note 5) Peak to Peak 0.25Vee \"
Supply Current Vcc=5.0V,tc=4.4 us 5 mA
(Note 1) (tc is instruction cycle time)

HALT Mode Current (Note 2) Vcec=5.0V, Fin=0 kHz 200 pA
Input Voltage Levels
RESET, CKI, Dg (clock input)

Logic High 0.9Vce \'

Logic Low 0.1Vce Vv
All Other Inputs

Logic High 0.7 Vo Vv

Logic Low 0.2Vee \
Hi-Z Input Leakage -10 +10 pA
Input Capacitance (Note 4) 7 pF
Output Voltage Levels (except CKO) Standard Outputs

LSTTL Operation Vee=5.0Vt10%

Logic High loy=—100 pA 2.7 \
Logic Low loL =400 pA 0.6 \"
CMOS Operation
Logic High loy=—10 pA Vec—0.2 \
Logic Low loL=10 pA 0.2 \'
CKO Current Levels (As Clock Out)

Sink 4 0.2 mA
+8 CKi=V¢e, Vout=Vce 0.4 mA
+16 . 0.8 mA

Source +4 -0.2 mA
+8 CKI=0V, Voyr=0V —-0.4 mA
+16 -0.8 mA

Allowable Sink/Source Current per Pin 5 mA
(Note 6)
Allowable Loading on CKO (as HALT) 50 pF
Current Needed to Over-Ride HALT
(Note 3)
To Continue Vin=0.2Vcg 2.0 mA
To Halt ViN=0.7Vcc 3.0 mA
TRI-STATE or Open Drain
Leakage Current -10 +10 rA
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COP224C/COP225C/COP226C/COP244C/COP245C

AC Electrical Characteristics —s5:c<Ty< +125°C, +4.5V<Vgg< +5.5V unless otherwise specified.

Parameter Conditions Min Max Units
Instruction Cycle Time (tc) 4.4 DC us
Operating CKI  +4 mode DC 0.9 MHz
Frequency +8 mode DC 1.8 MHz
+16 mode DC 3.6 MHz
Duty Cycle (Note 4) f1=38.6 MHz 40 60 %
Rise Time (Note 4) f1=23.6 MHz External Clock 60 ns
Fall Time (Note 4) f1=_3.6 MHz External Clock 40 ns
Instruction Cycle Time R=30k £5% )
RC Oscillator (Note 4) C=82pF 5% (+4 Mode) 6 18 ns
Inputs: (See Figure 3) (Note 4) :
tseTUP G Inputs tc/4+0.8 pns
Sl Input 0.33 pns
All Others 1.9 s
tHoLp 0.4 ps
Output Propagation Delay VouTt=1.5V, C_. =100 pF, R =5k
tpD1, tPDO 14 ks

Note 1: Supply current is measured after running for 2000 cycle times with a square-wave clock on CKi, CKO open, and all other pins pulled up to Vg with 5k

resistors. See current drain equation on page 13.

Note 2: The HALT mode will stop CKI from oscillating in the RC and crystal configurations. Test conditions: all inputs tied to Vcg, L lines in TRI-STATE mode and

tied to ground, all outputs low and tied to ground.

Note 3: When forcing HALT, current is only needed for a short time (approx. 200 ns) to fiip the HALT flip-flop.
Note 4: This parameter is not tested but guaranteed by design. Variation due to the device included.

Note 5: Voltage change must be less than 0.25 volts in a 1 ms period.
Note 6: SO output sink current must be limited to keep Vo less than 0.2 Voc when part is running in order to prevent entering test mode.
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Connection Diagrams
S.0. Wide and DIP

X0 = 1 20 == GND
CKl e 2 19 =02
RESET =43 18 == D3
LT—f4 17f=—63
16— 5 cop226t 16 = G2
L5 uad 6 15 e SK
g7 14 L.so
Voo —d 8 13 == SI
L13—9 12 =0
L2=—410 1] db
Top View
TL/DD/8422-2

Order Number COP226C-XXX/N
See NS Molded Package Number N20A

Order Number COP226C-XXX/D
See NS Hermetic Package Number D20A

Order Number COP226C-XXX/WM
See NS Surface Mount Package Number M20B

DIP
GND — 1 28 0
CKo 2 27 D1
cKI ~—{ 3 26 = D2
RESET —{ 4 25 P~ 03
17 =45 2463
16—{6 23 == 62
L5=—t7 coP224¢ 22[™ 61
L4 =8 COP244C ) [— ¢
Nt —]9 20 = IN3
IN2 =] 10 19 = IN0
vee =™ 1 18 ™ sK
13 —fn 7 so
12113 16 [ s
u=—u 15110
Top View
TL/DD/8422-4
Order Number COP224C-XXX/N
or COP244C-XXX/N

See NS Molded Package Number N28B

Order Number COP224C-XXX/D
or COP244C-XXX/D
See NS Hermetic Package Number D28C

FIGURE 2

S.0. Wide and DIP

GND —~ 1 24 p— D0
CKO —t 2 23 = D1
Kl =3 22 p— D2
RESET — ¢ 2 p— 03
L7=—5 20 p—— G3
L6 = 6 cop22s¢ 19 p— G2
15 =7 COP4S5C 45 g1
[ K 17 p— GO
vee —19 16 = SK
L13=—110 15— S0
=1 AL el
L -1 12 BF—1w

Top View TL/DD/8422-3
Order Number COP225C-XXX/N
: or COP245C-XXX/N

See NS Molded Package Number N24A

Order Number COP225C-XXX/D
or COP245C-XXX/D
See NS Hermetic Package Number D24C

28 PLCC

5

7] (= ~]

#8338z 8

Lt 1111

/ 4 3 2 1 282726

75 2503
L6—{6 24f~0G3
L5—7 2362
L4—8 22|61
INt—9 21=60
N2~ 10 20— IN3
Ve =M 19=1IN0

12 13 14 15 16 17 18

Fryririn

N9 2353%

TL/DD/8422-13
Order Number COP224C-XXX/V
or COP244C-XXX/V

See NS PLCC Package Number V28A
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COP224C/COP225C/COP226C/COP244C/COP245C

Pin Descriptions

Pin Description Pin Description

L7-LO 8-bit bidirectional SK Logic controlled
port with TRI-STATE clock output

G3-G0 4-bit bidirectional CKI Chip oscillator input
1/0 port CKO Oscillator output,

D3-Do 4-bit output port HALT I/0 port or

IN3-INO 4-bitinput port general purpose input

" (28 pin package only) RESET Reset input

Sl Serial input or Vee Most positive
counter input power supply

e} Serial or general GND Ground

purpose output

Functional Description

The internal architecture is shown in Figure 1. Data paths
are illustrated in simplified form to depict how the various
logic elements communicate with each other in implement-
ing the instruction set of the device. Positive logic is used.
When a bit is set, it is a logic “1", when a bit is reset, it is a
logic “0”.

Caution: .

The output options available on the COP224C/225C/226C
and COP244C/245C are not the same as those available
on the COP324C/325C/326C, COP344C/345C, COP424C/
425C/426C and COP444C/445C. Options not available on
the COP224C/225C/226C and COP244C/245G are: Option
2 value 2; Option 4 value 0; Option 5 value 1; Option 9 value
0; Option 17 value 1; Option 30, Dual Clock, all values; Op-
tion 32, MicrobusTM, all values; Option 33 values 2, 4, and 6;
Option 34 all values; and Option 35 all values.

PROGRAM MEMORY

Program Memory consists of ROM, 1024 bytes for the
COP224C/225C/226C and 2048 bytes for the COP244C/
245C. These bytes of ROM may be program instructions,
constants or ROM addressing data.

ROM addressing is accomplished by an 11-bit PC register
which selects one of the 8-bit words contained in ROM. A
new address is loaded into the PC register during each in-
struction cycle. Unless the instruction is a transfer of control
instruction, the PC register is loaded with the next sequen-
tial 11-bit binary count value.

Three levels of subroutine nesting are implemented by a
three level deep stack. Each subroutine call or interrupt
pushes the next PC address into the stack. Each return
pops the stack back into the PC register.

DATA MEMORY

Data memory consists of a 512-bit RAM for the COP244C/
245C, organized as 8 data registers of 16 X 4-bit digits.

RAM addressing is implemented by a 7-bit B register whose
upper 3 bits (Br) select 1 of 8 data registers and lower 4 bits
(Bd) select 1 of 16 4-bit digits in the selected data register.

Data memory consists of a 256-bit RAM for the COP224C/
225C/226C, organized as 4 data registers of 16 X 4-bits
digits. The B register is 6 bits long. Upper 2 bits (Br) select 1
of 4 data registers and lower 4 bits (Bd) select 1 of 16 4-bit
digits in the selected data register. While the 4-bit contents
of the selected RAM digit (M) are usually loaded into or
from, or exchanged with, the A register (accumulator), it
may also be loaded into or from the Q latches or T counter
or loaded from the L ports. RAM addressing may also be
performed directly by the LDD and XAD instructions based
upon the immediate operand field of these instructions.

The Bd register also serves as a source register for 4-bit
data sent directly to the D outputs.

INTERNAL LOGIC

The processor contains its own 4-bit A register (accumula-
tor) which is the source and destination register for most 1/0,
arithmetic, logic, and data memory access operations. It can
also be used to load the Br and Bd portions of the B regis-
ter, to load and input 4 bits of the 8-bit Q latch or T counter,
to input 4 bits of L 1/0 ports data, to input 4-bit G, or IN
ports, and to perform data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic functions,
storing the results in A. It also outputs a carry bit to the 1-bit
C register, most often employed to indicate arithmetic over-
flow. The C register in conjunction with the XAS instruction
and the EN register, also serves to control the SK output.

The 8-bit T counter is a binary up counter which can be
loaded to and from M and A using CAMT and CTMA instruc-
tions. This counter may be operated in two modes depend-
ing on a mask-programmable option: as a timer or as an
external event counter. When the T counter overflows, an
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Functional Description (continued)

overflow flag will be set (see SKT and IT instructions below).
The T counter is cleared on reset. A functional block dia-
gram of the timer/counter is illustrated in Figure 7.

Four general-purpose inputs, IN3-INO, are provided.

The D register provides 4 general-purpose outputs and is
used as the destination register for the 4-bit contents of Bd.

The G register contents are outputs to a 4-bit general-pur-
pose bidirectional 170 port.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded to or from M and A, as well as 8-bit data
from ROM. Its contents are outputted to the L 1/0 ports
when the L drivers are enabled under program control.

The 8 L drivers, when enabled, output the contents of
latched Q data to the L I/0 port. Also, the contents of L may
be read directly into A and M. )

The SIO register functions as a 4-bit serial-in/serial-out shift
register for MICROWIRE 1/0 and COPS peripherals, or as a
binary counter (depending on the contents of the EN regis-
ter). Its contents can be exchanged with A.

The XAS instruction copies C into the SKL latch. In the
counter mode, SK is the output of SKL; in the shift register
mode, SK outputs SKL ANDed with the clock.

EN is an internal 4-bit register loaded by the LEl instruction.
The state of each bit of this register selects or deselects the
particular feature associated with each bit of the EN regis-
ter:

0. The least significant bit of the enable register, ENO, se-
lects the SIO register as either a 4-bit shift register or a
" 4-bit binary counter. With ENO set, SIO is an asynchro-
nous binary counter, decrementing its value by one upon
each low-going pulse (“1” to “0") occurring on the S|
input. Each pulse must be at least two instruction cycles
wide. SK outputs the value of SKL. The SO output equals
the value of EN3. With ENO reset, SIO is a serial shift
register left shifting 1 bit each instruction cycle time. The
data present at Sl goes into the least significant bit of

SIO. SO can be enabled to output the most significant bit
of SIO each cycle time. The SK outputs SKL ANDed with
the instruction cycle clock.

. With EN1 set, interrupt is enabled. Immediately following
an interrupt, EN1 is reset to disable further interrupts.

2. With EN2 set, the L drivers are enabled to output the data
in Q to the L 1/O port. Resetting EN2 disables the L driv-
ers, placing the L 1/0 port in a high-impedance input
state.

3. EN3, in conjunction with ENO, affects the SO output. With
ENO set (binary counter option selected) SO will output
the value loaded into EN3, With ENO reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resetting EN3 with the serial
shift register option selected disables SO as the shift reg-
ister output; data continues to be shifted through S10 and
can be exchanged with A via an XAS instruction but SO
remains set to “0".

INTERRUPT

The following features are associated with interrupt proce-
dure and protocol and must be considered by the program-
mer when utilizing interrupts. ’

a.The interrupt, once recognized as explained below,
pushes the next sequential program counter address
(PC+ 1) onto the stack. Any previous contents at the bot-
tom of the stack are lost. The program counter is set to
hex address OFF (the last word of page 3) and EN1 is
reset.

b. An interrupt will be recognized only on the following con-
ditions:
1. EN1 has been set.
2. A low-going pulse (1" to “0") at least two instruction
cycles wide has occurred on the IN4 input.
3. A currently executing instruction has been completed.

e

|<—INSTHUCTIUN CYCLE TIME (tc )_’l

—| D1 |e— —| Ippg [«—
s 7 \
G3-6p, L7-Lo Je—— tsETUP——]
3-6o, L7-Lo, Y Y
CKO & S! INPUTS
Ga-Go. Dg-Do |<———lpm —| |«—tHoLD |e—— tPo0——|
OUTPUTS

TL/DD/8422-5

FIGURE 3. Input/Output Timing Diagrams (divide by 8 mode)

TABLE I. Enable Register Modes — Bits ENO and EN3

ENO|EN3| SIO Sl SO SK

0 | O |Shift Inputto Shift| 0 |If SKL=1,SK=clock
Register| Register If SKL=0,SK=0

0 1 | Shift Input to Shift| Serial | If SKL= 1,SK=clock
Register| Register out |If SKL=0,SK=0

1 0 [Binary Input to 0 SK=S8KL
Counter | Counter

1 1 |Binary Input to 1 SK=S8KL
Counter | Counter
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COP224C/COP225C/COP226C/COP244C/COP245C

Functional Description (continued)

4. All successive transfer of control instructions and suc-
cessive LBIs have been completed (e.g. if the main
program is executing a JP instruction which transfers
program control to another JP instruction, the interrupt
will not be acknowledged until the second JP instruc-
tion has been executed).

c. Upon acknowledgement of an interrupt, the skip logic
status is saved and later restored upon popping of the
stack. For example, if an interrupt occurs during the exe-
cution of ASC (Add with Carry, Skip on Carry) instruction
which results in carry, the skip logic status is saved and
program control is transferred to the interrupt servicing
routine at hex address OFF. At the end of the interrupt
routine, a RET instruction is executed to pop the stack
and return program control to the instruction following the
original ASC. At this time, the skip logic is enabled and
skips this instruction because of the previous ASC carry.
Subroutines should not be nested within the interrupt
service routine, since their popping of the stack will en-
able any previously saved main program skips, interfering
with the orderly execution of the interrupt routine.

d. The instruction at hex address OFF must be a NOP.

e. An LEI instruction may be put immediately before the
RET instruction to re-enable interrupts.

INITIALIZATION

The internal reset logic will initialize the device upon power-
up if the power supply rise time is less than 1 ms and if the
operating frequency at CKl is greater than 32 kHz, other-
wise the external RC network shown in Figure 4 must be
connected to the RESET pin (the conditions in Figure 4
must be met). The RESET pin is configured as a Schmitt
trigger input. If not used, it should be connected to Vgg.
Initialization will occur whenever a logic “‘0" is applied to the
RESET input, providing it stays low for at least three instruc-
tion cycle times.

Note: If CKI clock is less than 32 kHz, the internal reset logic (option
#29=1) MUST be disabled and the external RC circuit must be used.

pt ]
0
w < vee
1K

C0P244C/
: RESET “a24c
P
'y T GND
Y ]

RC>5X POWER SUPPLY RISE TIME
AND RC>100X CKI PERIOD.

TL/DD/8422-6
FIGURE 4. Power-Up Circuit

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, D, EN, IL, T and G registers are
cleared. The SKL latch is set, thus enabling SK as a clock
output. Data Memory (RAM) is not cleared upon initializa-
tion. The first instruction at address 0 must be a CLRA
(clear A register).

TIMER
There are two modes selected by mask option:

a. Time-base counter. In this mode, the instruction cycle fre-
quency generated from CKI passes through a 2-bit divide-
by-4 prescaler. The output of this prescaler increments
the 8-bit T counter thus providing a 10-bit timer. The pre-
scaler is cleared during execution of a CAMT instruction
and on reset.

For example, using a 3.58 MHz crystal with a divide-by-16
option, the instruction cycle frequency of 223.70 kHz in-
crements the 10-bit timer every 4.47 ps. By presetting the
counter and detecting overflow, accurate timeouts be-
tween 17.88 ps (4 counts) and 4.577 ms (1024 counts)
are possible. Longer timeouts can be achieved by accu-
mulating, under software control, multiple overflows.

b. External event counter. In this mode, a low-going pulse
(“1” to *0”) at least 2 instruction cycles wide on the IN2
input will increment the 8-bit T counter.

Note: The T instruction is not allowed in this mode.

B
A
KO
CKI KO udl
Y Rz 7
VWA ain HALT

AL OR
EXJI.EI%‘K GENERAL PURPOSE
INPUT

Y 2
% AAA

vee
HALT

OR
- GENERAL PURPOSE
INPUT

TL/DD/8422-7

Crystal or Resonator

Crystal Component Values
Value R1 R2 | Ci(pF) | C2(pF)
32 kHz 220k 20M 30 6-36
455 kHz 5k 10M 80 40
2.096 MHz 2k 1M 30 6-36
3.6 MHz 1k iM 30 6-36
RC Controlled Oscillator
Cycle
R ¢ Time Vee
30k 82 pF 6-18 ps >4.5V

Note: 15k<R <150k
50 pF<C<150 pF

FIGURE 5. Oscillator Component Values




Functional Description (continued)

HALT MODE

The COP244C/245C/224C/225C/226C is a FULLY STAT-
IC circuit; therefore, the user may stop the system oscillator
at any time to halt the chip. The chip may also be halted by
the HALT instruction or by forcing CKO high when it is
mask-programmed as a HALT 1/0 port. Once in the HALT
mode, the internal circuitry does not receive any clock sig-
nal and is therefore frozen in the exact state it was in when
halted. All information is retained until continuing. The chip
may be awakened by one of two different methods:

¢ Continue function: by forcing CKO low, if it mask-pro-
grammed as a HALT 1/0 port, the system clock is re-en-
abled and the circuit continues to operate from the point
where it was stopped.

® Restart: by forcing the RESET pin low (see Initializa-
tion).
The HALT mode is the minimum power dissipation state.

CKO PIN OPTIONS

a. Two-pin oscillator—(Crystal). See Figure 6a.
In a crystal controlled oscillator system, CKO is used as
an output to the crystal network. The HALT mode may be
entered by program control (HALT instruction) which
forces CKO high, thus inhibiting the crystal network. The
circuit can be awakened only by forcing the RESET pin to
a logic “0” (restart).

b. One-pin oscillator—(RC or external). See Figure 6b.
If a one-pin oscillator system is chosen, two options are
available for CKO:

® CKO can be selected as the HALT 170 port. In that
case, it is an 1/0 flip-flop which is an indicator of the
HALT status. An external signal can over-ride this pin
to start and stop the chip. By forcing a high level to
CKO, the chip will stop as soon as CKl is high and
CKO output will stay high to keep the chip stopped if

Block Diagram

Ckt

RESET

HALT
INSTRUCTION

the external driver returns to high impedance state.
By forcing a low level to CKO, the chip will continue
and CKO will stay low.

¢ As another option, CKO can be a general purpose in-

put, read into bit 2 of A (accumulator) upon execution
of an INIL instruction.

OSCILLATOR OPTIONS

There are three basic clock oscillator configurations avail-
able as shown by Figure 5.

a. Crystal Controlled Oscillator. CKI and CKO are connect-
ed to an external crystal. The instruction cycle time equals
the crystal frequency optionally divided by 4, 8 or 16.

b. External Oscillator. The external frequency is optionally
divided by 4, 8 or 16 to give the instruction cycle time.
CKO is the HALT 1/0 port or a general purpose input.

c. RC Controlled Oscillator. CKl is configured as a single pin
RC controlled Schmitt trigger oscillator. The instruction
cycle equals the oscillation frequency divided by 4. CKO
is the HALT 1/0O port or a general purpose input.

Figure 7 shows the clock and timer diagram.

COP245C AND COP225C 24-PIN PACKAGE OPTION

If the COP244C/224C is bonded in a 24-pin packags, it be-

comes the COP245C/225C, illustrated in Figure 2, Connec-

tion diagrams. Note that the COP245C/225C does not con-

tain the four general purpose IN inputs (IN3-INO). Use of

this option precludes, of course, use of the IN options, inter-

rupt feature, external event counter feature.

Note: If user selects the 24-pin package, options 9, 10, 19 and 20 must be
selected as a “2”. See option list.

COP226C 20-PIN PACKAGE OPTION

If the COP225C is bonded as 20-pin device it becomes the

COP226C. Note that the COP226C contains all the

COP225C pins except Dg, D4, Gg, and Gy.

CKk0

L———>p- T0 CLOCK GENERATOR

TL/DD/8422-8

FIGURE 6a. Halt Mode—Two-Pin Osclllator
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COP224C/COP225C/COP226C/COP244C/COP245C

Block Diagrams (Continued)

Q
LATCH

ENABLE

(24}

—g=— V(C
7]

HALT 170 PORT INPUTl T0 ACCUMULATOR

“SRUN"

T0 CLOCK GENERATOR

TL/DD/8422-9

T0 SKT

CKI
FIGURE 6b. Halt Mode—One-Pin Osclillator
IN2 ﬂ
OSCILLATOR +2 - 2 ‘ <)
EXT
? +B TiMER | CNTR
+4 +4 +256
HALY +4 +16
' T COUNTER
INSTRUCTION
+4 = CYCLE CLOCK
Yo
=10
I-— R
FIGURE 7. Clock and Timer

LATCH

TL/DD/B422-10
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Instruction Set

Table Il is a symbol table providing internal architecture, in- : tion O d Symbol
struction operand and operation symbols used in the in- nstruction Operand Symbols
struction set table. d 4-bit operand field, 0-15 binary (RAM digit select)
TABLE Il. Instruction Set Table Symbols r 3(2)-bit operand field, 0-7(3) binary
Symbol | Definition (RAM register select)
a 11-bit operand field, 0-2047 (1023)
Internal Architecture Symbols y 4-bit operand field, 0-15 (immediate data)
A 4-bit accumulator RAM(x) RAM addressed by variable x
B 7-bit RAM address register (6-bit for COP224C) ROM(x) ROM addressed by variable x
Br Upper 3 bits of B (register address)
(2-bit for COP224C)
Bd Lower 4 bits of B (digit address) Operational Symbols
C 1-bit carry register Plus
D 4-bit data output port - Minus
EN 4-bit enable register - Replaces
G 4-bit general purpose 1/0 port «—>  Isexchanged with
L two 1-bit (INO and IN3) latches = Is equal to
IN 4-bit input port A One's complement of A
L 8-bit TRI-STATE 1/0 port ® Exclusive-or
M 4-bit contents of RAM addressed by B : Range of values
PC 11-bit ROM address program counter Table lll provides the mnemonic, operand, machine code
Q 8-bit latch for L port data flow, skip conditions and description of each instruc-
SA,SB,SC | 11-bit 3-level subroutine stack tion.
SIo 4-bit shift register and counter
SK Logic-controlled clock output
SKL 1-bit latch for SK output
T 8-bit timer
TABLE lll. COP244C/245C Instruction Set
Machine
Hex Language Skip
Mnemonic Operand Code Codo Data Flow Conditions Description
(Blnary)
ARITHMETIC INSTRUCTIONS
ASC 30 00110000 A+C+RAM(B)— A Carry Add with Carry, Skip on
Carry—C Carry
ADD 31 0011]0001 A+RAM(B) — A None Add RAMto A
ADT 4A 0100] 1010 A+1090—> A None Add Tento A
AISC y 5— 0101 vy A+ty—A Carry Add Immediate. Skip on
Carry (y + 0)
CASC 10 00010000 A+RAM(B)+C—> A Carry Complement and Add with
Carry—C Carry, Skip on Carry
CLRA 00 00000000 0—A None ClearA
COMP 40 0100|0000 A—A None Ones complement of Ato A
NOP 44 0100/0100 None None No Operation
RC 32 0011]0010 “0”"—>C None ResetC
SC 22 0010|0010 1" —=>C None SetC
XOR 02 0000(0010 A®RAM(B) —> A None Exclusive-OR RAM with A
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COP224C/COP225C/COP226C/COP244C/COP245C

Instruction Set (continued)
TABLE l1l. COP244C/245C Instruction Set (Continued)

Machine
Hex Language Skip
Mnemonic  Operand Code Code Data Flow Conditions Description
(Binary)
TRANSFER CONTROL INSTRUCTIONS
JID FF 11111111 ROM (PCyg:g AM) = PC7.0  None Jump Indirect (Notes 1, 3)
JMP a 6— 0110|0|aip:8 a—PC None Jump
- a7.0
JP a -— 1] ago a—> PCg0 None Jump within Page (Note 4)
(pages 2, 3 only)
or
-— 11| a5 a—> PCs,o
(all other pages)
JSRP a -— 10 | as; PC+1—>SA—SB—>SC None Jump to Subroutine Page
00010 —> PCqq:¢ (Note 5)
a—> PCs.0
JSR a 6— 0110|1]ay0:8 PC+1—~>SA—SB—>SC None Jump to Subroutine
-= az.o a—PC
RET 48 01001000 SC—> SB—>SA—PC None Return from Subroutine
RETSK 49 0100|1001 SC— SB— SA— PC Always Skip  Return from Subroutine
on Return then Skip
HALT 33 100110011 None HALT Processor
38 100111000
IT 33 0011|0011 IDLE till Timer
39 100111001 None Overflows then Continues
MEMORY REFERENCE INSTRUCTIONS
CAMT 33 00110011 A— Tr4
3F 001171111 RAM(B) — Ta;o None Copy A,RAMto T
CTMA 33 00110011 T7.4 —> RAM(B)
2F 0010(1111 Tg0—>A None Copy T to RAM, A
CAMQ 33 0011(0011 A— Q74 None Copy A, RAMto Q
3C  [0011[1100 RAM(B) — Qg
CQMA 33 00110011 Q7.4 — RAM(B) None Copy Qto RAM, A
2C 0010|1100 Q30— A
LD r ~-5 00 {r |0101 RAM(B) — A None Load RAMinto A,
(r=0:3) Brer—> Br Exclusive-OR Br with r
LDD rd 23 0010{0011} RAM(r,d) — A None Load A with RAM pointed
-— ofr| d . to directly by r,d
LQID BF 10111111 ROM(PC10.8,AM) = Q None Load Q Indirect (Note 3)
SB — SC
RMB 0 4C 0100|1100 0 — RAM(B)o None Reset RAM Bit
1 45 0100|0101 0 — RAM(B)4
2 42 10100]0010 0 — RAM(B)2
3 43 0100|0011 0 — RAM(B)3
SMB 0 4D 0100(1101 1 — RAM(B)g None Set RAM Bit
1 47 0100|0111 1 — RAM(B)4
2 46 0100]0110] 1 —> RAM(B)2
3 4B 01001011} 1 — RAM(B)3
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Instruction Set (continuedg)

TABLE lil. COP244C/245C Instruction Set (Continued)

Machine
Hex Language Skip
Mnemonic Operand Code Code Data Flow Conditlons Description
(Binary)
MEMORY REFERENCE INSTRUCTIONS (Continued)
STI y 7- o1l y | y — RAM(B) None Store Memory Immediate
Bd+1—Bd 1 and Increment Bd
X r -6 00| r |0110 RAM(B) «— A None Exchange RAM with A,
(r=0:3) Bre® r— Br Exclusive-OR Brwith r
XAD rd 23 0010]0011 RAM(r,d) «— A None Exchange A with RAM
-- 1lr] d Pointed to Directly by r,d
XDS r -7 00 |r|0111 RAM(B) «— A Bd Exchange RAM with A
(r=0:3) Bd—1— Bd decrements and Decrement Bd.
Bre r — Br past0 Exclusive-OR Br with r
XIS r —4 00| r [0100 RAM(B) «— A Bd Exchange RAM with A
(r=0:3) Bd+1—Bd increments and Increment Bd,
Bror— Br past 15 Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 01010000 A— Bd None Copy Ato Bd
CBA 4E 0100]1110| Bd—> A None Copy Bdto A
LBI rd - 100{r|(d-1) rd—B Skip until Load B Immediate with r,d
(r=0:3: nota LBl (Note 6)
d=0,9:15)
or
33 0011|0011
- i(r(d
(anyr, any d)
LEI y 33 0011{0011 y—EN None Load EN Immediate (Note 7)
6— 0110 vy
XABR 12 0001 (0010 A< Br None Exchange A with Br (Note 8)
TEST INSTRUCTIONS
SKC 20 00100000 Cc="1" Skipif Cis True
SKE 21 00100001 A=RAM(B) Skip if A Equals RAM
SKGZ 33 00110011 G3.0=0 Skip if G is Zero
21 0010] 0001 (all 4 bits)
SKGBzZ 33 00110011 1st byte Skip if G Bit is Zero
0 01 00000001 Gp=0
1 11 0001|0001 G1=0
2 03 00000011 2nd byte G2=0
3 13 00010011 G3=0
SKMBZ 0 01 00000001 RAM(B)o=0 Skip if RAM Bitis Zero
1 11 0001 {0001 RAM(B)1=0
2 03 00000011 RAM(B)2=0
3 13 00010011 RAM(B)3=0
SKT 41 01000001 A time-base Skip on Timer
counter carry (Note 3)
has occurred

since last test
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COP224C/COP225C/COP226C/COP244C/COP245C

Instruction Set (Continued)
TABLE lll. COP244C/245C Instruction Set (Continued)

Machine
Hex Language Skip
Mnemonic Operand Code Code Data Flow Conditions Description
(Binary)
INPUT/OUTPUT INSTRUCTIONS
ING 33 0011/0011 G—>A None Input G Ports to A
2A [0010]1010]
ININ 33 00110011 IN— A None Input IN Inputs to A
28 0010]1000] (Note 2)
INIL 33 0011|0011 IL3, CKO,"“0", ILg —> A None Input IL Latches to A
29 0010[1001 (Note 3)
INL 33 0011]0011] L7.4 —> RAM(B) None Input L Ports to RAM,A
2E 0010|1110 Lagp—A
OBD 33 0011]0011} Bd—D None Output Bd to D Outputs
3E 0011{1110
OGI y 33 00110011 y—G None Output to G Ports
5— 0101{ y Immediate
OMG - : 33 00110011 RAM(B) — G None Output RAM to G Ports
3A 0011}1010
XAS . 4F 0100] 1111 A <= 8Sl0,C— SKL None Exchange A with SIO
(Note 3)
Note 1: Alf sub for alphabeti ymbols ind bit bers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N where
0 signifies the least significant bit (low-order, right-most bit). For ple, Az the most signi (left-most) bit of the 4-bit A register.

Note 2: The ININ instruction is not available on the 24-pin packages since these devices do not contain the IN inputs.
Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a jump to a ROM location within the current 84-word page. JP may not Jump to the last word of a page.

Note 5: A JSRP transters program control to subroutine page 2 (0010 is loadsd into the upper 4 bits of P). A JSRP may not be used when In pages 2 or 3. JSRP

- may not jump to the last word in page 2.

Note 6: LBl is a single-byte instructionif d = 0, 8, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the *'d"* data minus 1,
e.g., to load the lower four bits of B(Bd) with the value 9 (10015), the lower 4 bits of the LBI Instruction equal 8 (10005). To load 0, the lower 4 bits of the LBI
instruction should equal 15 (11113).

Note 7: Machine code for operand field y for LEI instruction should equal the binary value to ba latched into EN, where a *1" or “0" in each bit of EN corresponds
with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.)

Note 8: For 2K ROM devices, A «—> Br (0 — A3). For 1K ROM devices, A «—> Br (0,0 = A3, A2).
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Description of Selected Instructions

XAS INSTRUCTION

XAS (Exchange A with SIO) copies C to the SKL tatch and
exchanges the accumulator with the 4-bit contents of the
S10 register. The contents of SIO will contain serial-in/seri-
al-out shift register or binary counter data, depending on the
value of the EN register. If SIO is selected as a shift register,
an XAS instruction can be performed once every 4 instruc-
tion cycles to effect a continuous data stream.

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 11-bit word
PC10:PC8,A,M. LQID can be used for table lookup or code
conversion such as BCD to seven-segment. The LQID in-
struction *'pushes” the stack (PC+1 — SA — SB — SC)
and replaces the least significant 8 bits of the PC as follows:
A — PC7:4, RAM(B) — PC3:0, leaving PC10, PC9 and
PC8 unchanged. The ROM data pointed to by the new ad-
dress is fetched and loaded into the Q latches. Next, the
stack is “popped” (SC —> SB — SA — PC), restoring the
saved value of PC to continue sequential program execu-
tion. Since LQID pushes SB — SC, the previous contents
of SC are lost.

Note: LQID uses 2 instruction cycles if executed, one if skipped.

JID INSTRUCTION

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
to indirectly by A and M. It loads the lower 8 bits of the ROM
address register PC with the contents of ROM addressed by
the 11-bit word, PC10:8,A,M. PC10,PC9 and PC8 are not
affected by JID.

Note: JID uses 2 instruction cycles if executed, one if skipped.

SKT INSTRUCTION

The SKT (Skip On Timer) instruction tests the state of the T
counter overflow latch (see internal logic, above), executing
the next program instruction if the latch is not set. If the
latch has been set since the previous test, the next program
instruction is skipped and the latch is reset. The features
associated with this instruction allow the processor to gen-
erate its own time-base for real-time processing, rather than
relying on an external input signal.

Note: if the most significant bit of the T counter is a 1 when a CAMT instruc-

tion loads the counter, the overflow flag will be set. The following
sample of codes should be used when loading the counter:

CAMT ; load T counter
SKT ; skip if overflow flag is set and reset it
NoOP .

IT INSTRUCTION

The IT (idle till timer) instruction halts the processor and
puts it in an idle state until the time-base counter overflows.
This idle state reduces current drain since all logic (except
the oscillator and time base counter) is stopped. IT instruc-
tion is not allowed if the T counter is mask-programmed as
an external event counter (option #31=1).

INIL INSTRUCTION

INIL (Input IL Latches to A) inputs 2 latches, L3 and ILO,
CKO and 0 into A. The IL3 and ILO latches are set if a low-
going pulse (“1” to “0") has occurred on the IN3 and INO
inputs since the last INIL instruction, provided the input

pulse stays low for at least two instruction cycles. Execution
of an INIL inputs IL3 and ILO into A3 and A0 respectively,
and resets these latches to allow them to respond to subse-
quent low-going pulses on the IN3 and INO lines. If CKO is
mask programmed as a general purpose input, an INIL will
input the state of CKO into A2. If CKO has not been so
programmed, a *“1"" will be placed in A2. AQ is input into A1.
IL latches are cleared on reset. IL latches are not available
on the COP245C/225C, and COP226C.

INSTRUCTION SET NOTES

a. The first word of a program (ROM address 0) must be a
CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, they are
still fetched from the program memory. Thus program
paths take the same number of cycles whether instruc-
tions are skipped or executed except for JID, and LQID.

The ROM is organized into pages of 64 words each. The
Program Counter is a 11-bit binary counter, and will count
through page boundaries. If a JP, JSRP, JID, or LQID is
the last word of a page, it operates as if it were in the next
page. For example: a JP located in the last word of a
page will jump to a location in the next page. Also, a JID
or LQID located in the last word of every fourth page (i.e.
hex address OFF, 1FF, 2FF, 3FF, 4FF, etc.) will access
data in the next group of four pages.

Note: The COP224C/225C/226C needs only 10 bits to address its ROM.
Therefore, the eleventh bit (P10) is ignored.

o

Power Dissipation

The lowest power drain is when the clock is stopped. As the
frequency increases so does current. Current is also lower
at lower operating voltages. Therefore, the user should run
at the lowest speed and voltage that his application will al-
low. The user should take care that all pins swing to full
supply levels to insure that outputs are not loaded down and
that inputs are not at some intermediate level which may
draw current. Any input with a slow rise or fall time will draw
additional current. A crystal or resonator generated clock
input will draw additional current. For example, a 500 kHz
crystal input will typically draw 100 pA more than a square-
wave input. An R/C oscillator will draw even more current
since the input is a slow rising signal.

If using an external squarewave oscillator, the following
equation can be used to calculate operating current drain.

lco=Ig+VX70XFi+VX2400XFi/Dv where:
lco=chip operating current drain in microamps
lo=quiescent leakage current (from curve)
Fi=CKI frequency in MegaHertz
V=chip Vg in volts
Dv=divide by option selected

For example at 5 volts Vg and 400 kHz (divide by 4)
lco=120+5X70X0.4+5X2400X0.4/4
lco=120+140+1200=1460 pA
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COP224C/COP225C/COP226C/COP244C/COP245C

Power Dissipation (continued)

If an IT instruction is executed, the chip goes into the IDLE
mode until the timer overflows. In IDLE mode, the current
drain can be calculated from the following equation:

Ici=Iq+VX70XFi

For example, at 5 volts Vg and 400 kHz
Ici=120+5X70X0.4=260 nA

The total average current will then be the weighted average
of the operating current and the idle current:

Ita =1 x——Tg—+Ici>< Ti
CO % To+Ti To+Ti

where: Ita=total average current
lco=operating current
Ici=idle current
To=operating time
Ti=idle time

a. Standard Push-Pull Output

vee

DISABLE
P,
I eiCn

c. Standard TRI-STATE “L” Output

vee
DISABLE
— oy

d. Open Drain TRI-STATE
“L” Output

170 OPTIONS
Outputs have the following optional configurations, illustrat-
ed in Figure 8:

a. Standard — A CMOS push-pull buffer with an N-channel
device to ground in conjunction with a P-channel device
to Vce, compatible with CMOS and LSTTL.

b. Open Drain — An N-channel device to ground only, al-
lowing external pull-up as required by the user's applica-
tion.

c. Standard TRI-STATE L Output — A CMOS output buffer
similar to a. which may be disabled by program control.

d. Open-Drain TRI-STATE L Output — This has the N-chan-
nel device to ground only.

All inputs have the following option:
e. Hi-Z input which must be driven by the users logic.

All output drivers use two common devices numbered 1 to
2. Minimum and maximum current (Ioyt and Voyr) curves
are given in Figure 9 for each of these devices to allow the
designer to effectively use these 1/0 configurations.

vce

—Do—-lm

b. Open-Drain Output

vce

T

= TL/DD/8422-11
e. Hi-Z Input

FIGURE 8. Input/Output Configurations




Power Dissipation (continued)

Minimum Sink Current Minimum Source Current
" (Except CKO) .2 (Except CKO) Maximum Quiescent Current
y . 4“0
g
oc_|
20 10 120 — 125
18 °3 lsav *
i 1.2 — 33 3} 06 o .3; & ,a?°c
4.5V : 60 =
08 7 ] 04 ~ i - 7?°°
g— T
0.4 // 0.2 \\ © 7 el Z,I')°C
' ' N\ T
0 10 20 30 40 S0 60 0 10 20 30 40 50 60 40 5.0 6.0
Vo, (VOLTS) Vou (VOLTS) Vee (VOLTS)
TL/DD/8422-12
FIGURE 9. Input/Output Characteristics
Option List

The COP244C/245C/224C/225C/COP226C mask-pro-
grammable options are assigned numbers which corre-
spond with the COP244C/224C pins.
The following is a list of options. The options are pro-
grammed at the same time as the ROM pattern to provide
the user with the hardware flexibility to interface to various
170 components using little or no external circuitry.
Caution:
The output options available on the COP224C/225C/226C
and COP244G/245C are not the same as those available
on the COP324C/325C/326C, COP344C/345C, COP424C/
425C/426C and COP444C/445C. Options not available on
the COP224C/225C/226C and COP244C/245C are: Option
2 value 2; Option 4 value 0; Option 5 value 1; Option 9 value
0; Option 17 value 1; Option 30, Dual Clock, all values; Op-
tion 32, Microbus, all values; Option 33 values 2 4, and 6;
Option 34 all values; and Option 35 all values.
PLEASE FILL OUT THE OPTION TABLE on the next page.
Photocopy the option data and send it in with your disk or
EPROM.
Option 1=0: Ground Pin — no options available
Option 2: CKO Pin

=0: clock generator output to crystal/resonator

=1: HALT I/0 port

=3: general purpose input, high-Z
Option 3: CKl input

=0: Crystal controlled oscillator input divide by 4

=1: Crystal controlled oscillator input divide by 8

=2: Crystal controlled oscillator input divide by 16

=4: Single-pin RC controlled oscillator (divide by 4)

=5: External oscillator input divide by 4

=6: External oscillator input divide by 8

=7: External oscillator input divide by 16

Option 4: RESET input
=1: Hi-Z input
Option 5: L7 Driver
=0: Standard TRI-STATE push-pull output
=2: Open-drain TRI-STATE output
Option 6: L6 Driver — (same as option 5)
Option 7: L5 Driver — (same as option 5)
Option 8: L4 Driver — (same as option 5)
Option 9: IN1 input
=1; Hi-Z input, mandatory for 28 Pin Package
=2: Mandatory for 20 and 24 Pin Packages
Option 10: IN2 input — (same as option 9)
Option 11=0: Vg Pin — no option available

Option 12: L3 Driver — (same as option 5)
Option 13: L2 Driver — (same as option 5)
Option 14: L1 Driver — (same as option 5)
Option 15: LO Driver — (same as option 5)
Option 16: Sl input — (same as option 4)

Option 17: SO Driver
=0: Standard push-pull output
=2: Open-drain output

Option 18: SK Driver — (same as option 17)
Option 19: INO Input — (same as option 9)
Option 20: IN3 Input — (same as option 9)
Option 21: GO 1/0 Port — (same as option 17)
Option 22: G1 1/0 Port — (same as option 17)
Option 23: G2 1/0 Port — (same as option 17)
Option 24: G3 1/0 Port — (same as option 17)
Option 25: D3 Output — (same as option 17)
Option 26: D2 Qutput — (same as option 17)
Option 27: D1 Output — (same as option 17)
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COP224C/COP225C/COP226C/COP244C/COP245C

Option List (continued)
Option 28: DO Output — (same as option 17)
Option 29: Internal Initialization Logic
=0: Normal operation
=1: No internal initialization logic
Option 30=0: No Option Available
Option 31: Timer
=0: Time-base counter
=1: External event counter
Option 32=0: No Option Available

Option 33: COP bonding. See note.

(1k and 2k Microcontroller)

=0: 28-pin package

=1: 24-pin package

(1k Microcontroller only)

=3: 20-pin package

=5: 24- and 20-pin package
Note:—If opt. #33=0 then opt. #9, 10, 19, and 20
must=1.

If opt. #33=1 then opt. #9, 10, 19 and 20 must=2, and
option #31 must=0. .

If opt. #33=3 or 5 then opt. #9, 10, 19, 20 must=2 and
opt. #21, 22, 31 must=0.

Option 34=0: No Option Available

Option 35=0: No Option Available

OPTION DATA
OPTION 19 VALUE = IS: INO INPUT
OPTION 20 VALUE = 1S: IN3 INPUT
OPTION 21 VALUE = IS: GO 1/0 PORT
OPTION 22 VALUE = IS: G11/0 PORT
OPTION 23 VALUE = IS: G2 1/0 PORT
OPTION 24 VALUE = IS: G31/0 PORT
OPTION 25 VALUE = 1S: D3 OUTPUT
OPTION 26 VALUE = IS: D2 OUTPUT
OPTION 27 VALUE = IS: D1 OUTPUT
OPTION 28 VALUE = IS: DO OUTPUT
OPTION 29 VALUE = IS: INT INIT LOGIC
OPTION 30VALUE= ___ 0 IS:N/A
OPTION 31 VALUE = IS: TIMER
OPTION 32VALUE= ___ 0 S:N/A
OPTION 33 VALUE = IS: COP BONDING
OPTION 34VALUE= ___ 0 IS:N/A
OPTION 35VALUE= ___ 0 IS:N/A

Option Table
The following option information is to be sent to National along with the EPROM.
OPTION DATA

OPTION 1VALUE= __0 __ [S:GROUNDPIN
OPTION 2VALUE = IS: CKO PIN
OPTION 3VALUE = IS: CKI INPUT
OPTION 4VALUE= ___ 1 1S:RESET INPUT
OPTION 5VALUE = IS: L7 DRIVER
OPTION 6 VALUE = IS: L6 DRIVER
OPTION 7 VALUE = IS: L5 DRIVER
OPTION 8 VALUE = IS: L4 DRIVER
OPTION 9 VALUE = IS: IN1 INPUT
OPTION 10 VALUE = IS: IN2 INPUT
OPTION 11VALUE= __ 0 [S:VCCPIN
OPTION 12 VALUE = IS: L3 DRIVER
OPTION 13 VALUE = IS: L2 DRIVER
OPTION 14 VALUE = IS: L1 DRIVER
OPTION 15 VALUE = IS: LO DRIVER
OPTION 16 VALUE= ___ 1 IS:SIINPUT
OPTION 17 VALUE = IS: SO DRIVER
OPTION 18 VALUE = IS: SK DRIVER
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COP410C/COP411C/COP31

0C/COP311C

Single-Chip CMOS Microcontrollers

General Description

The COP410C, COP411C, COP310C, and COP311C fully
static, single-chip CMOS microcontrollers are members of
the COPS™ family, fabricated using double-poly, silicon-
gate CMOS technology. These controller-oriented proces-
sors are complete microcomputers containing all system
timing, internal logic, ROM, RAM, and 1/0 necessary to im-
plement dedicated control functions in a variety of applica-
tions. Features include single supply operation, a variety of
output configuration options, with an instruction set, internal
architecture, and 1/0 scheme designed to facilitate key-
board input, display output, and BCD data manipulation. The
COP411C is identical to the COP410C but with 16 1/0 lines
instead of 20. They are an appropriate choice for use in
numerous human interface control environments. Standard
test procedures and reliable high-density fabrication tech-
niques provide the medium to large volume customers with
a customized controller-oriented processor at a low end-
product cost.

The COP310C/COP311C is the extended temperature
range version of the COP410C/COP411C.

The COP404C should be used for exact emulation.

Features

m Lowest power dissipation (40 uW typical)

B Low cost

B Power-saving HALT Mode with Continue function

B Powerful instruction set

| 512 x 8 ROM, 32 x 4 RAM

B 20 |/0 lines (COP410C)

m Two-leve! subroutine stack

B DC to 4 us instruction time

m Single supply operation (2.4V to 5.5V)

® General purpose and TRI-STATE® outputs

| Internal binary counter register with MICROWIRE™
compatible serial 1/0

m LSTTL/CMOS compatible in and out

B Software/hardware compatible with other members of
the COP400 family

B Extended temperature (—40°C to +85°C) devices
available

B The military temperature range devices (—55°C to
+125°C) are specified on COP210C/211C data shest.

Block Diagram

vee GND
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x| txo

.1

T 48 o 1 2 13

L Lg Lp L L) L2 Ly Lo

FIGURE 1. COP410C
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COP410C/COP411C/COP310C/COP311C

COP410C/COP411C

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Supply Voltage
Voltage at Any Pin

Total Allowable Source Current
Total Allowable Sink Current

6V

—0.3V to Vg + 0.3V
25mA

25mA

Operating Temperature Range
Storage Temperature Range

0°Cto +70°C

—65°Cto +150°C

Lead Temperature (Soldering, 10 sec.)
Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-

vice at absolute maximum ratings.

DC Electrical Characteristics o°c < T < 70°C unless otherwise specified

300°C

Parameter Conditions Min Max Units
Operating Voltage 2.4 5.5 v
Power Supply Ripple5 0.1Vce \')
Supply Current Vec = 24V, t; = 125 ps 80 HA

Vo = 5.0V, t; = 16 us 500 pA
Voo = 5.0V, tc =4 us 2000 pA
(tc is instruction cycle time)
HALT Mode Current2 Vee = 5.0V, Fiy = 0 kHz 30 A
Voo = 2.4V, Fiy = 0 kHz 10 nA
Input Voltage Levels
RESET, CKI
Logic High 0.9Vee \
Logic Low 0.1 Ve \
All Other Inputs
Logic High 0.7 Vee \"
Logic Low 0.2Vce Vv
Hi-Z Input Leakage -1 +1 pA
Input Capacitance 7 pF
Output Voltage Levels Standard Outputs
LSTTL Operation Vec = 5.0V £10%
Logic High loH = —25 pA 2.7 \
Logic Low loL = 400 pA 0.4 \
CMOS Operation
Logic High loq = —10 pA Vec—0.2 v
Logic Low loL = 10 pA 0.2 \
Output Current Levels*
(Except CKO)
Sink Vee = 4.5V, Vout = Veo 1.2 mA
Vge = 2.4V, Vout = Vee 0.2 mA
Source (Standard Vee = 4.5V, Voyr = OV -0.5 mA
Option) Vee = 2.4V, Voyt = OV ~-0.1 mA
Source (Low Vce = 4.5V, Voyt = OV -30 —330 pA
Current Option) Vec = 2.4V, Vout = OV -6 —80 pA
CKO Current Levels
(As Clock Out)
Sink +4 Vee = 4.5V, CKI = V¢, VouT = Vee 0.3 mA
+8 0.6 mA
+16 1.2 mA
Source +4 Vce = 4.5V, CKI = 0V, Voyt = OV -0.3 mA
+8 —-0.6 mA
+16 -1.2 mA
Allowable Sink/Source
Current Per Pin4 5 mA
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COP410C/COP411C
DC Electrical Characteristics (continued)
Parameter Conditions Min Max Units
Allowable Loading on CKO
(as HALT /0O pin) 100 pF
Current Needed to
Override HALT3
To Continue Vce = 45V, Viy = 0.2Veo 0.6 mA
To Halt Vee = 4.5V, V|n = 0.7 Ve 1.6 mA
TRI-STATE or Open Drain
Leakage Current -2 +2 nA

Note 1: Supply current is measured after running for 2000 cycle times with a

resistors. See current drain equation on page 13.

Note 2: The Halt mode will stop CKI from oscillating in the RC and crystal configurations.

Note 3: When forcing HALT, current is only needed for a short time (approximately 200 ns) to flip the HALT flip-flop.

Note 4: SO output sink current must be limited to keep Vg less than 0.2 Vg when part is running in order to prevent entering .test mode.

Note 5: Voltage change must be less than 0.5V in a 1 ms period.
Note &: This parameter is only sampled and not 100% tested.

Note 7: Variation due to the device included.

square-wave clock on CKI, CKO open, and all other pins pulled up to Vgc with 5k

COP410C/COP411C
AC Electrical Characteristics o:c < Ta < 70°C unless otherwise specified
Parameter Conditions Min Max Units
Instruction Cycle Time (tc) Vee 2 4.5V 4 DC ks
4.5V > Vge = 2.4V 16 DC us
Operating CKI +4 mode DC 1.0 MHz
Frequency +8 mode Vee 2 4.5V DC 2.0 MHz
+16 mode DC 4.0 MHz
+4 mode DC 250 kHz
+8 mode 45V > Vg = 2.4V DC 500 KkHz
-+ 16 mode DC 1.0 MHz
Instruction Cycle Time R = 30k + 5%, Vcg = 5V
RC Oscillator? C = 82pF £ 5% (+4 Mode) 8 16 us
Duty Cycle8 fi = 4 MHz 40 60 %
Rise Time® fi = 4 MHz External Clock 60 ns
Fall Time6 f| = 4 MHz External Clock 40 ns
Inputs (See Figure 3)
tseTUP G Inputs tc/4+0.7 us
Sl Input Vee = 4.5V 0.3 Hus
All Others 17 us
tHoLD Vce 2 4.5V 0.25 1S
Voo = 2.4V 1.0 us
Output Propagation
Delay Vout = 1.5V, C_ = 100 pF, R = 5k
tPo1, tPDO Vce < 4.5V 1.0 us
tro1, tPDO Vee < 2.4V 4.0 Mus
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COP410C/COP411C/COP310C/COP311C

COP310C/COP311C

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the Natlonal Semlconductor Sales
Office/Distributors for avallablility and specifications.

Supply Voltage
Voltage at Any Pin

Total Allowable Source Current
Total Allowable Sink Current

6V

~0.3Vto Voo +0.3V
25 mA

25 mA

Operating Temperature Range —40°Cto +85°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 sec.) 300°C

Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum ratings.

DC Electrical Characteristics —40°c < Ts < +85°C unless otherwise speciied

Parameter Conditions Min Max Units
Operating Voltage 3.0 5.5V v
Power Supply RippleS 0.1 Vgo \'
Supply Current Voo = 3.0V, to = 125 us 100 pA

Vo = 5.0V, tc = 16 us 600 rA
Voo = 5.0V, tg = 4 ps 2500 pA
(tc is instruction cycle time)
HALT Mode Current2 Vee = 5.0V, Fiy = 0kHz 50 pA
Vec = 3.0V, Fjy = 0kHz 20 HA
Input Voltage Levels
RESET, CKI
Logic High 0.9Veo Vv
Logic Low 0.1Vee \"
All Other Inputs
Logic High 0.7 Ve R v
Logic Low 0.2Vce \"
Hi-Z Input Leakage -2 +2 pA
Input Capacitance 7 pF
Output Voltage Levels Standard Outputs
LSTTL Operation Vee = 5.0V £10%
Logic High loy = —25 pA 2.7 \'%
Logic Low loL = 400 pA 0.4 \"
CMOS Operation
Logic High loy = —10 pA Vec—0.2 \
Logic Low loL = 10 pA 0.2 \%
Output Current Levels4
(Except CKO)
Sink Voo = 4.8V, Vout = Voo 1.2 : mA
Vee = 3.0V, Vout = Veo 0.2 mA
Source (Standard Vee = 4.5V, Vout = OV -0.5 mA
Option) Voo = 3.0V, Voyt = 0V —0.1 mA
Source (Low Vee = 4.5V, Vout = OV -30 —440 pA
Current Option) Ve = 3.0V, Voyt = OV -8 —200 RA
CKO Current Levels
(As Clock Out)
Sink +4 Vee = 4.5V, CKI = Vgg, VouT = Voo 0.3 mA
+8 0.6 mA
+16 1.2 mA
Source +4 Vge = 4.5V, CKI = 0V, Voyt = 0V -0.3 mA
+8 —0.6 mA
+16 -1.2 mA
Allowable Sink/Source
Current Per Pin4 5 mA




COP310C/COP311C
DC Electrical Characteristics (continued)
Parameter Conditions Min Max Units
Allowable Loading on CKO
(as HALT 1/0 pin) 100 pF
Current Needed to
Override HALT3
To Continue Vee = 4.5V, VN = 0.2Vce 0.8 mA
To Halt Vec = 4.5V, V|N = 0.7 Ve 20 mA
TRI-STATE or Open Drain
Leakage Current -4 +4 pA

Note 1: Supply current is measured after running for 2000 cycle times with a square-wave clock on CK|, CKO open, and all other pins pulled up to Vg with Sk
resistors. See current drain equation on page 13.

Note 2: The Halt mode will stop CKI from oscillating in the RC and crystal configurations.

Note 3: When forcing HALT, current is only needed for a short time (approximately 200 ns) to flip the HALT flip-fiop.

Note 4: SO output sink current must be limited to keep Vo less than 0.2 Ve when part is running in order to prevent entering test mode.
Note 5: Voltage change must be less than 0.5V in a 1 ms period.

Note 6: This parameter is only sampled and not 100% tested.

Note 7: Variation due to the device included.

COP310C/COP311C
AC Electrical Characteristics -40°c < T4 < +85°C unless otherwise specified
Parameter Conditions Min Max Units
Instruction Cycle Time (tc) Ve = 4.5V 4 DC ps
4.5V > Vg = 3.0V 16 DC ps
Operating CKI  +4 mode DC 1.0 MHz
Frequency +8 mode Vce 2 4.5V DC 20 MHz
+16 mode DC 4.0 MHz
+4 mode DC 250 kHz
+8 mode 45V > Voo = 3.0V DC 500 KkHz
+ 16 mode DC 1.0 MHz
Instruction Cycle Time R = 30k +5%, Vg = 5V
RC Oscillator? C = 82 pF £5% (=4 Mode) 8 16 us
Duty Cycle fi = 4MHz 40 60 %
Rise Time6 fi = 4 MHz External Clock 60 ns
Fall Time6 fi = 4 MHz External Clock 40 ns
Inputs (See Figure 3)
tseTup G Inputs tc/4+0.7 ps
Sl Input Vee = 4.5V 0.3 ps
All Others 1.7 us
tHoLD Vce 2 4.5V 0.25 ps
Vee 2 3.0V 1.0 us
Output Propagation
Delay Vout = 1.5V, C = 100 pF, R_ = 5k
trD1, tPDO Ve < 4.5V 1.0 us
teD1, tPDO Vee £ 3.0V 4.0 us
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COP410C/COP411C/COP310C/COP311C

Connection Diagrams

S.0. Wide and DIP

-1 20 L5
vee—] 2 19 L6
3= 3 18 p=—L7
5: ; COPATIC IZ )
COP311C
L0—q 6 15 f~—po
Sl = 7 14 =01
So—4 8 13 G2
SK——1 9 12 p—G1
GND—- 10 11 G0
TL/DD/5015-2
Top View

Order Number COP311C-XXX/D or COP411C-XXX/D
See NS Hermetic Package Number D20A

Order Number COP311C-XXX/N or COP411C-XXX/N
See NS Molded Package Number N20A

Order Number COP311C-XXX/WM or
COP411C-XXX/WM
See NS Surface Mount Package Number M20B

S.0. Wide and DIP

GND —
CKO —
CKI =
RESET
L7 =
L6 —
L5 —d
L4
vee —
L3
L2 o
L1 ]

WO~ &N =

10
1"
12

2
23
22
21
20
COP410C 49
CoP310C 18
17
16
15
1
13

D0
= D1
— D2
— D3
— 63
— G2
b—G1
}— GO
— SK
l— S0
s
Lo

Top View

Order Number COP310C-XXX/D or COP410C-XXX/D
See NS Hermetic Package Number D24C

Order Number COP310C-XXX/N or COP410C-XXX/N
See NS Molded Package Number N24A

Order Number COP310C-XXX/WM or
COP410C-XXX/WM
See NS Surface Mount Package Number M24B

TL/DD/5015-3

FIGURE 2
Pin Descriptions
Pin Description Pin Description
L7-Lo 8-bit bidirectional I/0 port with TRI-STATE SK Logic-controlled clock
G3-Gp 4-bit bidirectional 1/0 port (or general purpose output)
(Ga2-G for 20-pin package) CKI System oscillator input
D3-Do 4-bit general purpose output port CKO Crystal oscillator output, or HALT mode
{D1-Dg for 20-pin package) 170 port (24-pin package only)
Si Serial input (or counter input) RESET System reset input
SO Serial output (or general purpose output) Vec System power supply
GND System Ground
Timing Diagram
l'—_ INSTRUCTION CYCLE TIME (tg) ———»]
e LML L LI g ipipEpEpSpNpigly
D} —s] tPO0
sor |k o, 7777 A g
1SETUP ——>{ fa—tHOLD
G3-Gp. L7-Lp,
& SHINPUTS
I-—tpm —| |- 100
G3;ca o L7777 Vow v

DUTPUTS

FIGURE 3. Input/Output (Divide-by-8 Mode)

TL/DD/5015-4

1-42




Functional Description

To ease reading of this description, only COP410C and/or
COP411C are referenced; however, all such references ap-
ply equally to COP310C and/or COP311C, respectively.

A block diagram of the COP410C is given in Figure 1. Data
paths are illustrated in simplified form to depict how the vari-
ous logic elements communicate with each other in imple-
menting the instruction set of the device. Positive logic is
used. When a bitis set, it is a logic “1"”’; when a bit is reset, it
is a logic “0".

PROGRAM MEMORY

Program memory consists of a 512-byte ROM. As can be
seen by an examination of the COP410C/411C instruction
set, these words may be program instructions, program
data, or ROM addressing data. Because of the special char-
acteristics associated with the JP, JSRP, JID, and LQID in-
structions, ROM must often be thought of as being orga-
nized into 8 pages of 64 words (bytes) each.

ROM ADDRESSING

ROM addressing is accomplished by a 9-bit PG register. Its
binary value selects one of the 512 8-bit words contained in
ROM. A new address is loaded into the PC register during
each instruction cycle. Unless the instruction is a transfer of
control instruction, the PC register is loaded with the next
sequential 9-bit binary count value. Two levels of subroutine
nesting are implemented by two 9-bit subroutine save regis-
ters, SA and SB.

ROM instruction words are fetched, decoded, and executed
by the instruction decode, control and skip logic circuitry.

DATA MEMORY

Data Memory consists of a 128-bit RAM, organized as four
data registers of 8 X 4-bit digits. RAM addressing is imple-
mented by a 6-bit B register whose upper two bits (Br) se-
lects one of four data registers and lower three bits of the 4-
bit Bd select one of eight 4-bit digits in the selected data
register. While the 4-bit contents of the selected RAM digit
(M) are usually loaded into or from, or exchanged with, the A
register (accumulator), they may also be loaded into the Q
latches or loaded from the L ports. RAM addressing may
also be performed directly by the XAD 3, 15 instruction. The
Bd register also serves as a source register for 4-bit data
sent directly to the D outputs.

The most significant bit of Bd is not used to select a RAM
digit. Hence, each physical digit of RAM may be selected by
two different values of Bd as shown in Figure 4. The skip
condition for XIS and XDS instructions will be true if Bd
changes between 0 to 15, but not between 7 and 8 (see
Table IlI). :

INTERNAL LOGIC

The internal logic of the COP410C/411C is designed to en-
sure fully static operation of the device.

The 4-bit A register (accumulator) is the source and destina-
tion register for most 1/0, arithmetic, logic and data memory
access operations. It can also be used to load the Bd por-
tion of the B register, to load four bits of the 8-bit Q latch
data and to perform data exchanges with the SIO register.
The 4-bit adder performs the arithmetic and logic functions
of the COP410C/411C, storing its results in A. It also out-
puts the carry information to a 1-bit carry register, most of-
ten employed to indicate arithmetic overflow. The C register,
in conjunction with the XAS instruction and the EN register,
also serves to control the SK output. C can be outputted
directly to SK or can enable SK to be a sync clock each
instruction cycle time. (See XAS instruction and EN register
description below.)

The G register contents are outputs to four general purpose
bidirectional 1/0 ports.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded from RAM and A, as well as 8-bit data from
ROM. Its contents are output to the L 1/0 ports when the L
drivers are enabled under program control. (See LEI instruc-
tion.)

The eight L drivers, when enabled, output the contents of
latched Q data to the L I/0 ports. Also, the contents of L
may be read directly into A and RAM.

8d VALUE
15*

1e
- _7%
‘2‘.

n*
10+

RAM DIGIT

L0111 L
-

* Can be directly addressed by
LBl instruction (See Table 3)

TL/DD/5015-5

FIGURE 4. RAM Digit Address to Physical
RAM Digit Mapping
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COP410C/COP411C/COP310C/COP311C

Functional Description (continued)

The SIO register functions as a 4-bit serial-in/serial-out shift
register or as a binary counter, depending upon the con-
tents of the EN register. (See EN register description
below.) Its contents can be exchanged with A, allowing
it to input or output a continuous serial data stream. With
SI0 functioning as a serial-in/serial-out shift register and SK
as a sync clock, the COP410C/411C is MICROWIRE com-
patible.

The D register provides four general purpose outputs and is
used as the destination register for the 4-bit contents of Bd.

The XAS instruction copies C into the SKL latch. In the
counter mode, SK is the output of SKL; in the shift register
mode, SK is a sync clock, inhibited when SKL is a logic “0”.

The EN register is an internal 4-bit register loaded under
program control by the LEI instruction. The state of each bit
of this register selects or deselects the particular feature
associated with each bit of the EN register (EN3-ENO).

1. The least significant bit of the enable register, ENO, se-
lects the SIO register as either a 4-bit shift register or as a
4-bit binary counter. With ENO set, SIO is an asynchro-
nous binary counter, decrementing its value by one upon
each low-going pulse (“1” to “0”) occurring on the SI
input. Each pulse must be at least two instruction cycles
wide. SK outputs the value of SKL. The SO output is
equal to the value of EN3. With ENO reset, SIO is a serial
shift register, shifting left each instruction cycle time. The
data present at Sl is shifted into the least significant bit of
SIO. SO can be enabled to output the most significant bit
of SIO each instruction cycle time. (See 4, below.) The
SK output becomes a logic-controlled clock.

EN 1 is not used, it has no effect on the COP410C/411C.

3. With EN2 set, the L drivers are enabled to output the data
in Q to the L 1/0O ports. Resetting EN2 disables the L
drivers, placing the L 170 ports in a high impedance input
state. '

4. EN3, in conjunction with ENO, affects the SO output. With
ENO set (binary counter option selected), SO will output
the value loaded into EN3. With ENO reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resetting EN3 with the serial
shift register option selected, disables SO as the shift
register output; data continues to be shifted through SIO
and can be exchanged with A via an XAS instruction but
SO remains reset to “‘0”.

»

INITIALIZATION

The internal reset logic will initialize the device upon power-
up if the power supply rise time is less than 1 ms and if the
operating frequency at CKi is greater than 32 kHz, other-
wise the external RC network shown in Figure 5 must be
connected to the RESET pin. The RESET pin is configured
as a Schmitt trigger input. If not used, it should be connect-
ed to Vgc. Initialization will occur whenever a logic “0” is
applied to the RESET input, providing it stays low for at
least three instruction cycle times.

When Vg power is applied, the internal reset logic will keep
the chip in initialization mode for up to 2500 instruction cy-
cles. If the CKI clock is running at a low frequency, this
could take a long time, therefors, the internal logic should
be disabled by a mask option with initialization controlled
solely by RESET pin.

Note: If CKI clock is less than 32 kHz, the internal reset logic (Option 25=1)

must be disabled and the external RC network must be present.

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, D, EN, and G registers are cleared.
The SK output is enabled as a SYNC output, providing a
pulse each instruction cycle time. Data memory (RAM) is
not cleared upon initialization. The first instruction at ad-
dress 0 must be a CLRA (clear A register).

+

: 1

w S vee

E S

R <

s | ¢ RESET COPetOc
b

Y T GND
Y _ ]

TL/DD/5015-6

RC > § X Power Supply Rise Time
and RC > 100 X CKI Period

FIGURE 5. Power-Up Clear Circuit

COP411C

If the COP410C is bonded as a 20-pin package, it becomes
the COP411G, illustrated in Figure 2, COP410C/411C Con-
nection Diagrams. Note that the COP411C does not contain
D2, D3, G3, or CKO. Use of this option, of course, precludes
use of D2, D3, G3, and CKO options. All other options are
available for the COP411C.

TABLE I. Enable Register Modes — Bits ENO and EN3

ENO  EN3 SIio SI SO SK
0 0 Shift Register Input to Shift 0 If SKL = 1, SK = clock
Register IfSKL=0,SK =0
0 1 Shift Register Input to Shift Serial If SKL = 1, SK = clock
) Register out IfSKL = 0,SK = 0
1 0 Binary Counter Input to Counter SK = SKL
1 1 Binary Counter Input to Counter 1 SK = SKL
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Functional Description (continued)

HALT MODE

The COP410C/411C is a fully static cireuit; therefore, the
user may stop the system oscillator at any time to halt the
chip. The chip also may be halted by the HALT instruction or
by forcing CKO high when It is used as a HALT 1/0 port.
Once in the HALT mode, the internal circuitry does not re-
ceive any clock signal, and is therefore frozen in the exact
state it was in when halted. All information is retained until
continuing. The HALT mode is the minimum power dissipa-
tion state.

The HALT mode has slight differences depending upon the
type of oscillator used.

a. 1-pin oscillator—RC or external

The HALT mode may be entered into by either program

control (HALT instruction) or by forcing CKO to a logic

“1" state.

The circuit may be awakened by one of two different

methods:

1) Continue function. By forcing CKO to a logic “0", the
system clock is re-enabled and the circuit continues to
operate from the point where it was stopped.

2) Restart. Forcing the RESET pin to a logic “0” will re-
start the chip regardless of HALT or CKO (see initiali-
zation).

b. 2-pin oscillator—crystal

The HALT mode may be entered into by program control

(HALT instruction) which forces CKO to a logic ““1" state.

The circuit can be awakened only by the RESET function.

HALT 170

HALT
INSTRUCTION | CKO

TL/DD/5015-7

Halt 170 Port

CKO Pin Options

In a crystal-controlled oscillator system, CKO is used as an
output to the crystal network. CKO will be forced high during
the execution of a HALT instruction, thus inhibiting the crys-
tal network. If a 1-pin oscillator system is chosen (RC or
external), CKO will be selected as HALT and is an I/0

flip-flop which Is an indicator of the HALT status. An exter-
nal signal can override this pin to start and stop the chip. By
forcing a high level to CKO, the chip will stop as soon as
CKI Is high and the CKO output will go high to keep the chip
stopped. By forcing a low level to CKO, the chip will contin-
ue and CKO output will go low.

All features associated with the CKO 1/0 pin are avalilable
with the 24-pin package only.

OSCILLATOR OPTIONS

There are three options avallable that define the use of CKI
and CKO.

a. Crystal-Controlled Oscillator. CKI and CKO are connect-
ed to an external crystal. The instruction cycle time
equals the crystal frequency divided by 16 (optionally by 8
or 4).

b. External Oscillator. CKl is configured as LSTTL-compati-

ble input accepting an external clock signal. The external

frequency is divided by 16 (optionally by 8 or 4) to give
the instruction cycle time. CKO is the HALT 1/0 port.

RC-Controlled Oscillator. CKl is configured as a single pin

RC-controlled Schmitt trigger oscillator. The instruction

cycle equals the oscillation frequency divided by 4. CKO

is the HALT 170 port.

The RC oscillator is not recommended in systems that re-
quire accurate timing or low current. The RC oscillator
draws more current than an external oscillator (typically an
additional 100 pA at 5V). However, when the part halts, it
stops with CKI high and the halt current is at the minimum.

o

A (]
cKI CKD Kl CKO
R2 y
AAA
yvy
nr HALY
:. a1 EXTERNAL
b3 cLOCK
c2 c1
g T :
- - cKi cKo

e

I
TL/DD/5015-8

FIGURE 6. COP410C Oscillator

RC-Controlled

Crystal or Resonator Oscillator
Crystal Component Value Cycle
Value R1 R2 C1pF C2pF R C Time Vee
32kHz 220k 20M 30 5-36 15k  82pF 4-9 us 24.5V
455 kHz 5k 10M 80 40 30k 82pF 8-16 us 24.5V
2.096 MHz 2k ™M 30 6-36 47k  100pF 16-32ps 24to45
4.0 MHz 1k 1M 30 6-36 | Note: 15k < R < 150k,
50 pf < C < 150 pF
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COP410C/COP411C/COP310C/COP311C

COP410C/COP411C Instruction Set

Table Il is a symbol table providing internal architecture, in-
struction operand and operational symbols used in the in-

struction set table.

Table Il provides the mnemonic, operand, machine code,
data flow, skip conditions and description associated with

each instruction in the COP410C/411C instruction set.

TABLE Il. COP410C/411C Instruction Set Table Symbols

Symbol Definition Symbol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Field, 0-15 binary (RAM Digit Select)
B 6-bit RAM Address Register r 2-bit Operand Field, 0-3 binary (RAM Register
Br Upper 2 bits of B (register address) Select)
Bd Lower 4 bits of B (digit address) ) a 9-bit Operand Field, 0-5611 binary (ROM Address)
C 1-bit Carry Register y 4-bit Operand Field, 0-15 binary (Immediate Data)
D 4-bit Data Output Port RAM(s) Contents of RAM location addressed by s
EN. 4-bit Enable Register ROM(t) Contents of ROM location addressed by t
G 4-bit Register to latch data for G 170 Port '
L 8-bft TRI-STATE 1/0 Port ‘ OPERATIONAL SYMBOLS
M 4-bit contents of RAM Memory pointed to by B

Register . + Plys
PC . ‘9-bit ROM Address Register (program counter) - Minus
Q 8-bit Register to latch data for L 1/0 Port —  Replaces
SA 9-bit Subroutine Save Register A «—>  Isexchanged with
sB 9-bit Subroutine Save Register B = Is equal to
sio 4-bit Shift Register and Counter A The one’s complement of A
SK Logic-Controlled Clock Qutput ® Exclusive-OR

H Range of values

TABLE I1l. COP410C/411C Instruction Set

H Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
ARITHMETIC INSTRUCTIONS
ASC 30 0011{0000f | A + C + RAM(B) — A Cary Add with Carry, Skip on
Carry — C Carry
ADD 31 00110001 A + RAM(B) — A None Add RAMto A
AISC y 5— [0101] y A+y — A Carry Add immediate, Skip on
’ Carry (y # 0)
CLRA 00 10000{0000| |0 — A None " ClearA
COMP 40 10100} 0000 A— A None One’s complement of A to A
NOP 44 0100|0100 None None No Operation
RC 32 0011/0010 “0" — C None Reset C
SC 22 00100010 “1" —> C None SetC
XOR 02 0000|0010 A © RAMB) — A None Exclusive-OR RAM with A

1-46




Instruction Set (continueq)
TABLE 11l. COP410C/411C Instruction Set (Continued)

Hex Machine
Mnemonic Operand Language Code Data Flow Skip Conditions Description
Code
(Binary)
TRANSFER OF CONTROL INSTRUCTIONS
JID FF 11111111 ROM (PCg, A M) —> None Jump Indirect (Note 2)
PCro :
JMP a 6— 0110]000]ag) [ a — PC None Jump
- aZ'Q
JP a - 1 ag: a —> PCgo None Jump within Page
(pages 2,3 only) (Note 1)
or
- 11 as;0 a — PCso
(all other pages)
JSRP a - 10| as: PC+1 — SA — SB None Jump to Subroutine Page
(Note 2)
010 — PCgp
a —> PCsy
JSR a 6— 0110/100}ag) | PC+ 1 — SA — SB None Jump to Subroutine
- az.g a —> PC
RET 48 0100]1000 SB — SA — PC None Return from Subroutine
RETSK 49 [0100]10011 SB — SA — PC Always Skip on Return  Return from Subroutine
then Skip
HALT 33 0011{0011 None Halt processor
38 0011]1000
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 00110011 A — Qzs None Copy A, RAMto Q
3C 00111100 RAM(B) — Qg
CQMA 33 0011]0011| Q7.4 —> RAM(B) None Copy Qto RAM, A
2C 00101100 Qa0 — A
LD r -5 00|r|0101 RAM(B) — A None Load RAMinto A
Brer — Br Exclusive-OR Br with r
LQiD BF 10111111 ROM(PCg,AM) — Q None Load Q Indirect
SA — SB
RMB 0 4C 0100|1100 0 — RAM(B)o None Reset RAM Bit
1 45 0100|0101 0 — RAM(B)4
2 42 0100j0010 0 — RAM(B)2
3 43 0100 [0011 0 — RAM(B)3
SMB 0 4D 0100|1101 1 — RAM(B)o None Set RAM Bit
1 47 0100]0111 1 — RAM(B)4
2 46 0100j0110 1 — RAM(B)2
3 4B 0100(1011 1 — RAM(B)3
STIl y 7- o111 y y — RAM(B) None Store Memory Immediate
Bd+1 — Bd and Increment Bd
X r -6 00{r|0110 RAM(B) «—> A None Exchange RAM with A,
Brer — Br Exclusive-OR Br with r
XAD 3,15 23 0010]0011 RAM(3,15) «— A None Exchange A with RAM
BF 1011[1111 (3,15)
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COP410C/COP411C/COP310C/COP311C

Instruction Set (continued)

TABLE lll. COP410C/411C Instruction Set (Continued)

Hex Machine
Mnemonic Operand c Language Code Data Flow Skip Conditions Description
ode
(Binary)
MEMORY REFERENCE INSTRUCTIONS (Continued)
XDS r -7 00jr|0111 RAM(B) «— A Bd decrements past0  Exchange RAM with A
Bd-1 — Bd and Decrement Bd
Broer — Br Exclusive-OR Br with r
XIS r -4 00(r]0100 RAM(B) «— A Bdincrements past 15 Exchange RAM with A
Bd +1 — Bd and Increment Bd
Brer — Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 01010000 A — Bd None Copy A to Bd
CBA 4E 0100|1110 Bd — A None Copy Bdto A
LBI rd - 00|r|(d-1) rd —> B Skip until not a LBI Load B Immediate with
(d = 0,9:15) rd
LE! y 33 00110011 y — EN None Load EN Immediate
6- [0010] vy |
TEST INSTRUCTIONS
SKC 20 0010|0000 c="" Skip if Cis True
SKE 21 00100001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 00110011 Gzo=0 Skip if G Is Zero
21 0010(0001 (all 4 bits)
SKGBZ 33 0011]0011 1st byte : Skip if G Bitis Zero
0 01 0000 (0001 Gop=0
1 11 0001{0001 Gy=0
2 03  [0000]0011 2ndbyte G2=0
3 13 0010(0011 G3=0
SKMBZ 0 01 0000 0001 RAM(B)o = 0 Skip if RAM Bit is Zero
1 11 00010001 RAM(B); = 0
2 03 0000|0011 RAM(B)2 = 0
3 13 0001{0011 RAM(B)3 = 0
INPUT/OUTPUT INSTRUCTIONS
ING 33 0011|0011 G— A None Input G Ports to A
2A 0010/1010]
INL 33 00110011 L7.4 — RAM(B) None Input L Ports to RAM, A
2E 0010[1110] Lgo — A
0oBD 33 0011/00t1| [(Bd —> D None Output Bd to D Outputs
3E 0011]1110
OMG 33 00110011 RAM(B) — G None Output RAM to G Ports
3A 0011]1010
XAS 4F |0100{1111] | A «—> SIO,C — SKL None Exchange A with SIO

Note 1: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwiss, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 2: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP

may not jump to the last word in page 2.
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Description of Selected

Instructions

The following information is provided to assist the user in
understanding the operation of several unique instructions
and to provide notes useful to programmers in writing
COP410C/411C programs.

XAS INSTRUCTION

XAS (Exchange A with SIO) exchanges the 4-bit contents of
the accumulator with the 4-bit contents of the SIO register.
The contents of SIO will contain serial-in/serial-out shift reg-
ister or binary counter data, depending on the value of the
EN register. An XAS instruction will also affect the SK out-
put. (See Functional Description, EN Register). If SIO is se-
lected as a shift register, an XAS instruction must be per-
formed once every four instruction cycle times to effect a
continuous data stream.

JID INSTRUCTION

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
to indirectly by A and M. It loads the lower eight bits of the
ROM address register PC with the contents of ROM ad-
dressed by the 9-bit word, PCg, A, M. PCg is not affected by
this instruction.

Note: JID uses two instruction cycles if executed, one if skipped.

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 9-bit word PCg, A, M.
LQID can be used for table look-up or code conversion such
as BCD to 7-segment. The LQID instruction “pushes” the
stack (PC + 1 — SA —> SB) and replaces the least
significant eight bits of the PC as follows: A — PCy.4,
RAM(B) — PCag., leaving PCg unchanged. The ROM data
pointed to by the new address is fetched and loaded into
the Q latches. Next, the stack is “popped” (SB — SA —
PC), restoring the saved value of the PC to continue se-
quential program execution. Since LQID pushes SA —>
SB, the previous contents of SB are lost.

Note: LQID uses two instruction cycles if executed, one if skipped.

INSTRUCTION SET NOTES

a. The first word of a COP410C/411C program (ROM ad-
dress 0) must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, one in-
struction cycle time is devoted to skipping each byte of
the skipped instruction. Thus all program paths take the
same number of cycle times whether instructions are
skipped or executed (except JID and LQID).

c. The ROM is organized into eight pages of 64 words
each. The program counter is a 9-bit binary counter, and
will count through page boundaries. If a JP, JSRP, JID, or
LQID instruction is located in the last word of a page, the
instruction operates as if it were in the next page. For
example: A JP located in the last word of a page will
jump to a location in the next page. Also, a LQID or JID
located in the last word in page 3 or 7 will access data in
the next group of four pages.

POWER DISSIPATION

The lowest power drain is when the clock is stopped. As the
frequency increases so does current. Current is also lower
at lower operating voltages. Therefore, to minimize power
consumption, the user should run at the lowest speed and
voltage that his application will allow. The user should take
care that all pins swing to full supply levels to ensure that
outputs are not loaded down and that inputs are not at
some intermediate level which may draw current. Any input
with a slow rise or fall time will draw additional current. A
crystal- or resonator-generated clock will draw additional
current. An RC oscillator will draw even more current since
the input is a slow rising signal.

If using an external squarewave oscillator, the following
equation can be used to calculate the COP410C current
drain.
lc=1q+ (VX 20 X Fi) + (V X 1280 X FI/Dv)
where Ic = chip current drain in microamps
Iq = quiescent leakage current (from curve)
Fl = CKI frequency in megahertz
V = chip Vgg in volts
Dv = divide by option selected

For example, at 5V Vg and 400 kHz (divide by 4),
lc =10 + (5 X 20 X 0.4) + (5 X 1280 X 0.4/4)
Ic = 10 + 40 + 640 = 690 pA

1/0 OPTIONS

COP410C/411C outputs have the following optional config-

urations, illustrated in Figure 7

a. Standard. A CMOS push-pull buffer with an N-channel
device to ground in conjunction with a P-channel device
to Vcc, compatible with CMOS and LSTTL.

b. Low Current. This is the same configuration as (a) above
except that the sourcing current is much less.

c. Open Drain. An N-channel device to ground only, allow-
ing external pull-up as required by the user's application.

d. Standard TRI-STATE L Output. A CMOS output buffer
similar to (a) which may be disabled by program control.

e. Low-Current TRI-STATE L Output. This is the same as
(d) above except that the sourcing current is much less.

f. Open-Drain TRI-STATE L Output. This has the N-chan-
nel device to ground only.

The S| and RESET inputs are Hi-Z inputs (Figure 7g).

When using either the G or L 1/0 ports as inputs, a pull-up
device is necessary. This can be an external device or the
following alternative is available: Select the low-current out-
put option. Now, by setting the output registers to a logic
“1” level, the P-channel devices will act as the pull-up load.
Note that when using the L ports in this fashion, the Q regis-
ters must be set to a logic “1” level and the L drivers must
be enabled by an LEI instruction.
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COP410C/COP411C/COP310C/COP311C

Functional Description (continued)

N

a. Standard Push-Pull Output

d. Standard TRI-STATE

“L” Output

b. Low Current Push-Pull Output

e. Low Current TRI-STATE

“L” Output
vce

g. HI-Z Input

FIGURE 7. 1/0 Configurations

Typical Performance Characteristics
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All output drivers uses one or more of three common devic- Option 6:  Lg Driver. (Same as Option 5.)
o o g Fars 3o v ocih Pl LDt Sama s Opons)
§2vicecs>ut1c; allow the degsigner to gﬂectively use these 1/0 Option8: Ly D"Yer' (Same as .Optlon 5)
configurations. Option9: Vge Pin = 0 no option.
Option 10: Lg Driver. (Same as Option 5.)
Option List Option 11: Ly Driver. (Same as Option 5.)
The COP410C/411C mask-programmable options are as- Option 12: L4 Driver. (Same as Option 5.)
signed numbers which correspond with the COP410C pins. Option 13: Lg Driver. (Same as Option 5.)
The following is a list of COP410C options. When specifying Option 14: SI Input.
a QOP411 chip, options 20, 21, and 22 must be setto 0. The No option available.
options are programmed at the same time as the ROM pat- )
tern to provide the user with the hardware flexibility to inter- = 1: Hi-Z input.
face to various |/0O components using little or no external Option 15: SO Output.
circuitry. = 0: Standard push-pull output.
Option 1: 0 = Ground Pin. No options available. = 1: Low-current push-pull output.
Option2: CKO 1/0 Port. (Determined by Option 3.) = 2: Open-drain output.
= 0: No option. Option 16: SK Driver. (Same as Option 15.)
(a. is crystal oscillator output for two pin Option 17: Gg I/0 Port. (Same as Option 15.)
oscilator. o Option 18: Gy I/0 Port. (Same as Option 15.)
' b. is HALT |/O for one pin oscillator.) Option 19: Gy I/0 Port. (Same as Option 15.)
Option3:  CKI Input. Option 20: Gg I/0 Port. (Same as Option 15.)
= 0: Crystal-controlled oscillator input (+ 4). Option 21: Dg Output. (Same as Option 15.)
= 1: Single-pin RC-controlled oscillator (+ 4). Option 22: Dy Output. (Same as Option 15.)
= 2 External °Sf:'“at°': input (= 4). Option 23: D¢ Output. (Same as Option 15.)
= 3: Crystal osclll'ator m'put =8 Option 24: Dg Output. (Same as Option 15.)
= 4: Bxternal oscillator input (+ ). Option 25: Internal Initialization Logic.
= 6: Crystal oscillator input (+ 16). = 0: Normal operation,
= 6: Extemal oscillator input (+ 16). = 1: No internal initialization logic.
Option4: RESET Input = 1: Hi-Z input. No option avail- Option 26: No option available.
Option 5 E:Igriver Option 27: COP Bonding
= 0: Standard TRI-STATE push-pull output. = 0: COP410C (24")}" dev.lce).
= 1: Low-current TRI-STATE push-pull output. i ; gg:::: :)g ﬁ%%noii‘::g) ::: ::tt:'
= 2 Open-drain TRI-STATE output. Note: If opt. #27 = 1 or 2 then opt #20 must = 0.
Option Table
Please fill out a photocopy of the option table and send it along with your EPROM.
Option Table
Option 1Value= _____ 0 is:GroundPin Option 15 Value = is: SO Output
Option 2Value= .0 is:CKOPin Option 16 Value = is: SK Driver
Option 3Value= ______  is:CKllInput Option 17 Value = is: Gg I/0 Port
Opton 4Vaue= _____ 1 is:RESET Input Option 18 Value = is: G4 170 Port
Option 5 Value = is: Ly Driver Option 19 Value = is: G2 170 Port
Option 6 Value = is: Lg Driver Option 20 Value = is: G3 1/0 Port
Option 7 Value = is: Ls Driver Option 21 Value = is: Dg Output
Option 8 Value = is: L4 Driver Option 22 Value = is: D2 Output
Option 9 Value = 0 is: Vog Pin Option 23 Value = is: D Output
Option 10 Value = is: Lg Driver Option 24 Value = is: Do Output
Option 11 Value = is: Lp Driver Option 25 Value = is: Internal
Option 12 Value = is: L4 Driver Initialization
Option 13Value= ________ s LgDriver JE— Logic
Option 14Value= 1 is:SlInput Opton 26Value= 0 js:N/A

Option 27 Value = is: COP Bonding
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COP410L/COP411L/COP310L/COP311L

National
Semiconductor

COP410L/COP411L/COP310L/COP311L
Single-Chip N-Channel Microcontrollers

General Description

The COP410L and COP411L Single-Chip N-Channel Micro-
controllers are members of the COPS™ family, fabricated
using N-channel, silicon gate MOS technology. These Con-
troller Oriented Processors are complete microcomputers
containing all system timing, internal logic, ROM, RAM and
170 necessary to implement dedicated control functions in a
variety of applications. Features include single supply oper-
ation, a variety of output configuration options, with an in-
struction set, internal architecture and 1/0 scheme de-
signed to facilitate keyboard input, display output and BCD
data manipulation. The COP411L is identical to the
COP410L, but with 16 1/0 lines instead of 19. They are an
appropriate choice for use in numerous human interface
control environments. Standard test procedures and reliable
high-density fabrication techniques provide the medium to
large volume customers with a customized Controller Ori-
ented Processor at a low end-product cost.

The COP310L and COP311L are exact functional equiva-
lents but extended temperature versions of COP410L and
COP411L respectively.

The COP401L shquld be used for exact emulation.

Features

u Low cost

m Powerful instruction set

W 512 x 8 ROM, 32 x 4 RAM

m 19 1/0 lines (COP410L)

B Two-level subroutine stack

m 16 us instruction time

m Single supply operation (4.5V-6.3V)

B Low current drain (6 mA max)

® Internal binary counter register with MICROWIRE™ se-
rial 1/0 capability

m General purpose and TRI-STATE® outputs

® LSTTL/CMOS compatible in and out

| Direct drive of LED digit and segment lines

m Software/hardware compatible with other members of
COP400 family

W Extended temperature range device
— COP310L/COP311L (—40°C to +85°C)

Block Diagram
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; {

INSTRUCTION CLOCK (SYNC) 4

1
cLock
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3 ‘] ek |
1] PROGRAM MEMORY
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FIGURE 1. COP410L
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COP410L/COP411L
Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors for availability and specifications.

Voltage at Any Pin Relative to GND —0.5Vto +10V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature —65°Cto +150°C

Lead Temperature

(Soldering, 10 seconds) 300°C

Power Dissipation

COP410L 0.75W at 25°C
0.4W at70°C

COP411L 0.65W at 25°C
0.3W at70°C

Total Source Current 120 mA
Total Sink Current 100 mA

Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum ratings.

DC Electrical Characteristics o:c < T5 < +70°C, 4.5V < Vg < 6.3V unless otherwise noted

Parameter Conditions Min Max Units
Standard Operating Voltage (Vcc) (Note 1) 4.5 6.3 v
Power Supply Ripple Peak to Peak 0.5 Vv
Operating Supply Current All Inputs and Outputs Open 6 mA
Input Voltage Levels
CKl Input Levels
Ceramic Resonator Input (+8)
Logic High (Vi) Voo = Max 3.0 v
Logic High (V|R) Voo = 5V £5% 2.0 \"
Logic Low (V1) -0.3 0.4 \
Schmitt Trigger Input (+4)
Logic High (Vi) 0.7 Voo \
Logic Low (V1) -0.3 0.6 \
RESET Input Levels (Schmitt Trigger Input)
Logic High 0.7Vee \
Logic Low -0.3 0.6 \
SO Input Level (Test Mode) (Note 2) 2.0 2.5 \Y
All Other Inputs
Logic High Vec = Max 3.0 \
Logic High With TTL Trip Level Options 2.0 \"
Logic Low Selected, Vo = 5V £5% -0.3 0.8 \
Logic High With High Trip Level Options 3.6 \
Logic Low Selected -0.3 1.2 \
Input Capacitance 7 pF
Hi-Z Input Leakage -1 +1 pA
Output Voltage Levels
LSTTL Operation Vee = 5V £10%
Logic High (VoR) loy = —25 pA 2.7 \
Logic Low (Vo) loL = 0.36 MA 0.4 \
CMOS Operation (Note 3)
Logic High loy = —10 pA Voo — 1 \
Logic Low loL = +10 pA 0.2 \

Note 1: Vg voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.

Note 2: SO output “0” level must be less than 0.8V for normal operation.
Note 3: TRI-STATE® and LED configurations are excluded.
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COP410L/COP411L/COP310L/COP311L

COP410L/COP411L
DC Electrical Characteristics o°c < T4 < +70°C, 4.5V < Vgc < 6.3V unless otherwise noted (Continued)
Parameter Conditions Min Max Units
Qutput Current Levels
Qutput Sink Current
SO and SK Outputs (Io) Vcc = 6.3V, VgL = 0.4V 1.2 mA
Vee = 4.5V, VoL = 0.4V 0.9 mA
Lo-L7 Outputs, Go-Gg and Vgec = 6.3V, VoL = 0.4V 0.4 mA
LSTTL Dy—-D3 Outputs (IoL) Voo = 4.5V, VoL = 0.4V 0.4 mA
Do-Dg Outputs with High Vece = 6.3V, VoL = 1.0V 1 mA
Current Options (lo) Vee = 4.5V, VoL = 1.0V 75 mA
Do-Dg3 Outputs with Very Vece = 6.3V, VoL = 1.0V 22 mA
High Current Options (lop) Vee = 4.5V, VoL = 1.0V .15 mA
CKI (Single-Pin RC Oscillator) Ve = 4.5V, Vi = 3.5V 2 mA
CKO Voe = 4.5V, VoL = 0.4V 0.2 ) mA
Output Source Current .
Standard Configuration, Vec = 6.3V, Vo = 2.0V -75 —480 pA
Ali Outputs (IoH) Vcg = 4.5V, Vo = 2.0V -30 —250 RA
Push-Pull Configuration Voo = 6.3V, Vou = 2.4V -1.4 mA
SO and SK Outputs (Ion) Vee = 4.5V, Vo = 1.0V —-1.2 mA
LED Configuration, Lo~L7 Ve = 6.0V, Voy = 2.0V -15 -13 mA
Outputs, Low Current
Driver Option (IoR)
LED Configuration, Lo-L7 Vce = 6.0V, Voy = 2.0V -3.0 -25 mA
Outputs, High Current
Driver Option (IoR)
TRI-STATE Configuration, Vee = 6.3V, Voy = 3.2V ~-0.8 mA
Lo-L7 Outputs, Low Vce = 4.5V, Vou = 1.5V -0.9 mA
Current Driver Option (lon)
TRI-STATE Configuration, Vce = 6.3V, Voy = 3.2V -1.6 mA
Lo-L7 Outputs, High Vec = 4.5V, Voy = 1.5V -1.8 mA
Current Driver Option (Ion)
Input Load Source Current Veco = 5.0V, VL =0V -10 —140 HA
CKO Output
RAM Power Supply Option Vg =33V 15 mA
Power Requirement
TRI-STATE Output Leakage 25 +25 A
Current
Total Sink Current Allowed
All Outputs Combined 100 mA
D Port ‘ 100 mA
L7-L4, G Port 4 ‘ mA
L3-Lg 4 mA
Any Other Pin 2.0 mA
Total Source Current Allowed ]
All1/0 Combined } 120 mA
L7-Lg 60 mA
La-Lo 60 mA
Each L Pin 25 mA
Any Other Pin 1.5 mA
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COP310L/COP311L

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the  National Semiconductor Sales
Office/Distributors for avallablility and specifications.

Voltage at Any Pin Relative to GND -0.5Vto +10V
Ambient Operating Temperature —-40°Cto +85°C
Ambient Storage Temperature —65°Cto +150°C
Lead Temperature

Power Dissipation

COP310L 0.75W at 25°C
0.25W at 85°C

COP311L 0.65W at 25°C
0.20W at 85°C

Total Source Current 120 mA
Total Sink Current 100 mA

(Soldering, 10 seconds)

300°C

Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operaling the de-
vice at absolute maximum ratings.

DC Electrical Characteristics —-40°c < T4 < +85°C, 4.5V < Vg < 5.5V unless otherwise noted

Parameter Conditions Min Max Units
Standard Operating Voltage (Vcc) (Note 1) 4.5 55 v
Power Supply Ripple Peak to Peak 0.5 v
Operating Supply Current All Inputs and Outputs Open 8 mA
Input Voltage Levels
Ceramic Resonator Input (+8)
Crystal Input )
Logic High (Vin) Vcc = Max 3.0 \"
Logic High (ViH) Ve = 5V £5% 2.2 A"
Logic Low (Vi) -0.3 0.3 \"
Schmitt Trigger Input (= 4)
Logic High (Vi) 0.7 Vge Vv
Logic Low (V1) -0.3 04 v
RESET Input Levels (Schmitt Trigger Input)
Logic High 0.7 Veo \
Logic Low -0.3 0.4 \
SO Input Level (Test Mode) (Note 2) 2.2 25 \
All Other Inputs
Logic High Ve = Max 3.0 v
Logic High With TTL Trip Level Options 22 v
Logic Low Selected, Vog = 5V £5% -0.3 0.6 \
Logic High With High Trip Level Options 3.6 Vv
Logic Low Selected -03 1.2 \
Input Capacitance 7 pF
Hi-Z Input Leakage -2 +2 nA
Output Voltage Levels
LSTTL Operation Voo = 5V £10%
Logic High (Vor) IoH = —20 pA 27 v
Logic Low (Vo) loL = 0.36 mA 0.4 v
CMOS Operation (Note 3)
Logic High loH = —10 pA Ve — 1 Vv
Logic Low loL = +10 pA 0.2 \

Note 1: Vg voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.

Nota 2: SO output “0" level must be less than 0.6V for normal operation.
Note 3: TRI-STATE and LED configurations are excluded.
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COP410L/COP411L/COP310L/COP311L

COP310L/COP311L

DC Electrical Characteristics (continued)
—40°C < Tp < +85°C, 4.5V < Vg < 5.5V unless othewise noted

Parameter Conditions Min Max Units
Output Current Levels
Output Sink Current
SO and SK Outputs (Io) Vce = 5.5V, VoL = 0.4V 1.0 mA
Vece = 4.5V, VoL = 0.4V 0.8 mA
Lo-L7 Outputs, Go-G3 and Vce = 5.5V, VoL = 0.4V 0.4 mA
LSTTL Dg-D3 Outputs (lo1) Voo = 4.5V, VgL = 0.4V 0.4 mA
Do-D3 Outputs with High Vee = 6.5V, VgL = 1.0V 9 mA
Current Options (Iop) Vee = 4.5V, VoL = 1.0V 7 mA
Do-D3 Outputs with Very Vce = 5.5V, VoL = 1.0V 18 mA
High Current Options (Iop) Vee = 4.5V, Vg = 1.0V 14 mA
CKI (Single-Pin RC Oscillator) Vco = 4.5V, V)y = 3.5V 1.5 mA
CKO Vee = 4.5V, VoL = 0.4V 0.2 mA
Output Source Current
Standard Configuration, Vce = 5.5V, Vo = 2.0V —55 —600 RA
All Outputs (Ion) Voo = 4.5V, Vg = 2.0V -28 —350 pA
Push-Pull Configuration Vee = 5.5V, Vo = 2.0V -1.1 mA
SO and SK Outputs (lon) Vee = 4.5V, Voy = 1.0V -1.2 mA
LED Configuration, Lo-L7 Vce = 5.5V, Voy = 2.0V -0.7 -15 pA
Outputs, Low Current
Driver Option (Ion)
LED Configuration, Lo~L7 Vee = 6.5V, Vo = 2.0V —-14 —-30 pA
Outputs, High Current
Driver Option (lon)
TRI-STATE Configuration, Vee = 5.5V, Vol = 2.7V -0.6 mA
Lo~L7 Outputs, Low Vece = 4.5V, Vo = 1.5V -0.9 mA
Current Driver Option (Ion)
TRI-STATE Configuration, Vce = 5.8V, Voy = 2.7V -1.2 mA
Lo-L7 Outputs, High Vee = 4.5V, Vo = 1.5V -1.8 mA
Current Driver Option (IonH)
Input Load Source Current Vee = 5.0V, V. = 0V —10 —200 MA
CKO Output
RAM Power Supply Option VR = 3.3V 2.0 mA
Power Requirement
'(I;l::;::tATE Output Leakage -5 +5 pA
Total Sink Current Allowed
All Outputs Combined 100 mA
D Port 100 mA
L7-L4, G Port 4 mA
L3-Lo 4 mA
Any Other Pins 1.5 mA
Total Source Current Allowed
All 1/0 Combined 120 mA
L7-Lg 60 mA
L3~-Lo 60 mA
Each L Pin 25 mA
Any Other Pins 1.5 mA
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AC Electrical Characteristics

COP410L/411L: 0°C < Ta < 70°C, 4.5V < Vg < 6.3V unless otherwise noted
COP310L/311L: —40°C < Tp < +85°C, 4.5V < Vg < 5.5V unless otherwise noted

Parameter Conditions Min Max Units
Instruction Cycle Time — tg 16 40 ns
CKI
Input Frequency — fj +8Mode 0.2 0.5 MHz
+4 Mode 0.1 0.25 MHz
Duty Cycle 30 60 %
Rise Time f = 0.5 MHz 500 ns
Fall Time 200 ns
CKI Using RC (+4) R =56k 5%
(Note 1) C = 100 pF £10%
Instruction Cycle Time 16 28 us
CKO as SYNC Input
tsyne 400 ns
INPUTS '
G3~Go, L7-Lo
tseTUP : 8.0 us
tHoLD 1.3 us
Sl
tsetup 2.0 ps
tHoLD 1.0 ns
OUTPUT PROPAGATION DELAY Test Condition:
Cp = 50 pF, R = 20k, Voyt = 1.5V
SO, SK Outputs
tpd1s tpdo 4.0 s
All Other Outputs .
tod1: tpdo 5.6 ps

Note 1: Variation due to the device included.

Connection Diagrams
SO Wide and DIP SO Wide and DIP

GND—{1 24 00 La—t1 L5
cxo-—J 2 2p—n Vee—12 L6
CKI=—3 22 fme 02 [RE K] L7
RESET—14 27 —z: L2—q4 RESET
L7 =15 20 p— Ll 5 16 CKI
w—]¢ coraroLs 19f—c2 w_ls Gt 15l —oo
15— : COP3I0L  4g ——‘G‘; Sl 7 Py —
12— — — -
vee—19 16 SK :?(— : :: —2:
L3—10 15 —S50 anp—j1o 1}—co
t:: :; :: :::, TL/DD/6919-3
TL/DD/6919-2 Top View
Top View Order Number COP311L-XXX/D or COP411L-XXX/D
Order Number COP310L-XXX/D or COP410L-XXX/D See NS Hermetic Package Number D24C
See NS Hermetic Package Number D24C Order Number COP311L-XXX/N or COP411L-XXX/N
Order Number COP310L-XXX/N or COP410L-XXX/N See NS Molded Package Number N20A
See NS Molded Package Number N24A
FIGURE 2
Pin Descriptions
Pin Description Pin Description
Ly-Lo 8 bidirectional I/0 ports with TRI-STATE CKI  System oscillator input
G3-Gg 4 bidirectional 1/0 ports (Ga—-Gg for COP411L) CKO System oscillator output (or RAM power supply or
D3-Do 4 general purpose outputs (Dy-Dg for COP411L) SYNG input) (COP410L only)
S| Serial input (or counter input) : RESET  System reset input
SO Serial output (or general purpose output) Vec  Power supply
sK Logic-controlled clock (or general purpose output) GND  Ground
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Timing Diagrams

I‘__ INSTRUCTION CYCLE TIME (tg) ———»

U lgipgipigigigigip!
S ASA *1 01 — )
K (AS ﬁ————
LOCK Vo you LU

LS SpSp Sy gy Ny Ny Ny

|=——1sETUP ——>] |=—tHOLD

Syt T XZZ77777777
tPD1 —»L
thsh sk EHMIVuH
0uTPUTS

| tPO0
v

TL/DD/6919-4

FIGURE 3. Input/Output Timing Diagrams (Ceramic Resonator Divide-by-8 Mode)

= b=

cKI
f— tw1

CKO
(INPUT)

| 1svnc

TL/DD/6919-5

FIGURE 3a. Synchronization Timing

Functional Description

A block diagram of the COP410L is given in Figure 1. Data
paths are illustrated in simplified form to depict how the vari-
ous logic elements communicate with each other in imple-
menting the instruction set of the device. Positive logic is
used. When a bit is set, it is a logic “1” (greater than 2V).
When a bit is reset, it is a logic “0” (less than 0.8V).

All functional references to the COP410L/COP411L also
apply to the COP310L/COP311L.

PROGRAM MEMORY

Program Memory consists of a 512-byte ROM. As can be
seen by an examination of the COP410L/411L instruction
set, these words may be program instructions, program data
or ROM addressing data. Because of the special character-
istics associated with the JP, JSRP, JID and LQID instruc-
tions, ROM must often be thought of as being organized into
8 pages of 64 words each.

ROM addressing is accomplished by a 9-bit PC register. Its
binary value selects one of the 512 8-bit words contained in
ROM. A new address is loaded into the PC register during
each instruction cycle. Unless the instruction is a transfer of
control instruction, the PC register is loaded with the next
sequential 9-bit binary count value. Two levels of subroutine
nesting are implemented by the 9-bit subroutine save regis-
ters, SA and SB, providing a last-in, first-out (LIFO) hard-
ware subroutine stack.

ROM instruction words are fetched, decoded and executed
by the Instruction Decode, Control and Skip Logic circuitry.

DATA MEMORY

Data memory consists of a 128-bit RAM, organized as 4
data registers of 8 4-bit digits. RAM addressing is imple-
mented by a 6-bit B register whose upper 2 bits (Br) select 1
of 4 data registers and lower 3 bits of the 4-bit Bd select 1 of
8 4-bit digits in the selected data register. While the 4-bit
contents of the selected RAM digit (M) is usually loaded into
or from, or exchanged with, the A register (accumulator), it

may also be loaded into the Q latches or loaded from the L
ports. RAM addressing may also be performed directly by
the XAD 3,15 instruction. The Bd register also serves as a
source register for 4-bit data sent directly to the D outputs.

The most significant bit of Bd is not used to select a RAM
digit. Hence each physical digit of RAM may be selected by
two different values of Bd as shown in Figure 4 below. The
skip condition for XIS and XDS instructions will be true if Bd
changes between 0 and 15, but NOT between 7 and 8 (see
Table lil).

Bd VALUE RAM DIGIT

‘___7r——
/L

*Can be directly addressed by
LBI instruction (see Table Il

TL/DD/6919-6
FIGURE 4. RAM Digit Address to
Physical RAM Digit Mapping
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Functional Description (continued)

INTERNAL LOGIC

The 4-bit A register (accumulator) is the source and destina-
tion register for most 1/0, arithmetic, logic and data memory
access operations. It can also be used to load the Bd por-
tion of the B register, to load 4 bits of the 8-bit Q latch data,
to input 4 bits of the 8-bit L 1/0 port data and to perform
data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic functions of
the COP410L/411L, storing its results in A. It also outputs a
carry bit to the 1-bit C register, most often employed to indi-
cate arithmetic overflow. The C register, in conjunction with
the XAS instruction and the EN register, also serves to con-
trol the SK output. C can be outputted directly to SK or can
enable SK to be a sync clock each instruction cycle time.
(See XAS instruction and EN register description, below.)

The G register contents are outputs to 4 general-purpose
bidirectional 1/0 ports.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded from M and A, as well as 8-bit data from
ROM. lts contents are output to the L 1/0 ports when the L
drivers are enabled under program control. (See LEl instruc-
tion.)

The 8 L drivers, when enabled, output the contents of
latched Q data to the L 1/0 ports. Also, the contents of L
may be read directly into A and M. L 1/0 ports can be direct-
ly connected to the segments of a multiplexed LED display
(using the LED Direct Drive output configuration option) with
Q data being outputted to the Sa-Sg and decimal point
segments of the display.

The SIO register functions as a 4-bit serial-in serial-out shift
register or as a binary counter depending on the contents of
the EN register. (See EN register description, below.) Its
contents can be exchanged with A, allowing it to input or
output a continuous serial data stream. SIO may also be
used to provide additional parallel 1/0 by connecting SO to
external serial-in/parallel-out shift registers.

The XAS instruction copies C into the SKL Latch. In the
counter mode, SK is the output of SKL in the shift register
mode, SK outputs SKL ANDed with internal instruction cycle
clock.

The EN register is an internal 4-bit register loaded under
program control by the LEI instruction. The state of each bit
of this register selects or deselects the particular feature
associated with each bit of the EN register (EN3-ENg).

1. The least significant bit of the enable register, ENg, se-
lects the SIO register as either a 4-bit shift register or a
~4-bit binary counter. With ENg set, SIO is an asynchro-
nous binary counter, decrementing its value by one upon

each low-going pulse (1" to *“0") occurring on the SI
input. Each pulse must be at least two instruction cycles
wide. SK outputs the value of SKL. The SO output is
equal to the value of ENg. With ENg reset, SIO is a serial
shift register shifting left each instruction cycle time. The
data present at Sl goes into the least significant bit of
SIO. SO can be enabled to output the most significant bit
of SIO each cycle time. (See 4 below.) The SK output
becomes a logic-controlled clock.

2. ENy is not used. It has no sffect on COP410L/COP411L
operation.

. With ENg set, the L drivers are enabled to output the data
in Q to the L 1/0 ports. Resetting EN2 disables the L
drivers, placing the L I/0O ports in a high-impedance input
state.

4. ENg, in conjunction with ENg, affects the SO output. With
ENp set (binary counter option selected) SO will output
the value loaded into ENg. With ENg reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resetting EN3 with the serial
shift register option selected disables SO as the shift reg-
ister output; data continues to be shifted through SIO and
can be exchanged with A via an XAS instruction but SO
remains reset to “0.” Table | provides a summary of the
modes associated with ENg and ENp.

INITIALIZATION

The Reset Logic will initialize (clear) the device upon power-
up if the power supply rise time is less than 1 ms and great-
er than 1 ps. If the power supply rise time is greater than
1 ms, the user must provide an external RC network and
diode to the RESET pin as shown below (Figure 5). The
RESET pin is configured as a Schmitt trigger input. If not
used it should be connected to V¢c. Initialization will occur
whenever a logic ‘0" is applied to the RESET input, provid-
ed it stays low for at least three instruction cycle times.

w

vee
RESET COPAtOL

I

RC = 5 X Power Supply Rise Time
FIGURE 5. Power-Up Clear Circuit

< ~TUCSY IMEOT
+

TL/DD/6818=-7

TABLE I. Enable Register Modes—BIts EN3 and ENg

EN3 ENg Slo SO SK

0 0 Shift Register Input to Shift Register 0 1f SKL = 1, SK = Clock
IfSKL=0,8SK=0

1 0 Shift Register Input to Shift Register Serial Out 1f SKL = 1, SK = Clock
IfSKL=0,SK=0

0 1 Binary Counter Input to Binary Counter 0 IfSKL = 1,8K =1
1fSKL=0,SK=0

1 1 Binary Counter Input to Binary Counter 1 IfSKL=1,8K=1

IfSKL = 0,SK =0
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COP410L/COP411L/COP310L/COP311L

| 2

S%S %E‘.
1 AAA
lﬂ-—vvh‘r

Functional Description (continued)

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, D, EN, and G registers are cleared.
The SK output is enabled as a SYNG output, providing a
pulse each instruction cycle time. Data Memory (RAM) is
not cleared upon initialization. The first instruction at ad-
dress 0 must be a CLRA.

cKi ckD
A
LK KO gy (VR OR N/C)
/ EXTERNAL
CLOCK

= C2 ¢
T I
I (VR DR N/C)
TL/DD/6919-8
Ceramic Resonator Oscillator
Resonator Components Values
Value R1(2) | R2(Q2) | C1(pF) | C2(pF)
455 kHz 4.7k M 220 220
RC Controlled Oscillator
Instruction
R (k$2) C (pF) Cycle Time
Inps
51 100 19 £15%
82 56 19 £13%

Note: 200k2 > R > 25kQ. 360 pF > C > 50 pF. Does notinclude tolerances.
FIGURE 6. COP410L/411L Oscillator

OSCILLATOR

There are three basic clock oscillator configurations avail-

able as shown by Figure 6.

a. Resonator Controlled Osclllator. CKI and CKO are
connected to an external ceramic resonator. The instruc-
tion cycle frequency equals the resonator frequency di-
vided by 8. This is not available in the COP411L.

b. External Oscillator. CKl is an external clock input signal.
The external frequency is divided by 4 to give the instruc-

tion frequency time. CKO is now available to be used as-

the RAM power supply (VR), or no connection.
Note: No CKO on COP411L.

c. RC Controlled Oscillator. CKI is configured as a single
pin RC controlled Schmitt trigger oscillator. The instruc-
tion cycle equals the oscillation frequency divided by 4.
CKO is available as the RAM power supply (Vg) or no
connection.

CKO PIN OPTIONS

In a resonator controlled oscillator system, CKO is used as
an output to the resonator network. As an option, CKO can
be a RAM power supply pin (VR), allowing its connection to
a standby/backup power supply to maintain the integrity of
RAM data with minimum power drain when the main supply
is inoperative or shut down to conserve power. Using no
connection option is appropriate in applications where the
COP410L system timing configuration does not require use
of the CKO pin.

RAM KEEP-ALIVE OPTION

Selecting CKO as the RAM power supply (VR) allows the

user to shut off the chip power supply (Vcg) and maintain

data in the RAM. To insure that RAM data integrity is main-
tained, the following conditions must be met:

1. RESET must go low before Vg goes below spec during
power-off; Vo must be within spec before RESET goes
high on power-up.

2. During normal operation, Vi must be within the operating
range of the chip with (Vgc — 1) < VR < Ve

3. VR must be > 3.3V with V¢ off.

170 OPTIONS

COP410L/411L inputs and outputs have the following op-

tional configurations, illustrated in Figure 7

a. Standard—an enhancement-mode device to ground in
conjunction with a depletion-mode device to Vcg, com-
patible with LSTTL and CMOS input requirements. Avail-
able on SO, SK, and all D and G outputs.

b. Open-Drain—an enhancement-mode device to ground
only, allowing external pull-up as required by the user's
application. Available on SO, SK, and all D and G out-
puts.

¢. Push-Pull—an enhancement-mode device to ground in
conjunction with a depletion-mode device paralleled by
an enhancement-mode device to V. This configuration
has been provided to allow for fast rise and fall times
when driving capacitive loads. Available on SO and SK
outputs only.

d. Standard L—same as a., but may be disabled. Available
on L outputs only.

e. Open Drain L—same as b., but may be disabled. Avail-
able on L outputs only.

f.LED Direct Drive—an enhancement mode device to
ground and to Vg, meeting the typical current sourcing
requirements of the segments of an LED display. The
sourcing device is clamped to limit current flow. These
devices may be turned off under program control (see
Functional Description, EN Register), placing the outputs
in a high-impedance state to provide required LED seg-
ment blanking for a multiplexed display. Available on L
outputs only.

Note: Series current limiting resistors must be used if LEDs are driven di-

rectly and higher operating voltage option is selected.

g. TRI-STATE Push-Pull—an enhancement-mode device
to ground and Vgg. These outputs are TRI-STATE out-
puts, allowing for connection of these outputs to a data
bus shared by other bus drivers. Available on L outputs
only.
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Functional Description (continued)
h. An on-chip depletion load device to Vcc.

I. A Hi-Z input which must be driven to a *1” or “0” by
external components.

The above input and output configurations share common
enhancement-mode and depletion-mode devices. Specifi-
cally, all configurations use one or more of six devices
(numbered 1-6, respectively). Minimum and maximum cur-
rent (loyT and Vout) curves are given in Figure 8 for each
of these devices to allow the designer to effectively use
these 1/0 configurations in designing a COP410L/411L sys-
tem.

The SO, SK outputs can be configured as shownin a,, b., or
c. The D and G outputs can be configured as shown in a. or
b. Note that when inputting data to the G ports, the G out-
puts should be set to ““1”. The L outputs can be configured
asind.,e,f.,org.

a. Standard Qutput

vee
A w
#

TL/DD/6919-9

d. Standard L Output
DISABLE v

cC
A #2
#1

TL/DD/6919-12

b. Open-Drain Output

=

e. Open-Drain L Output

DISABLE:I E£> DISABLE .‘ MEI::I:IE#Z

TL/DD/6919-13

An important point to remember if using configuration d. or
f. with the L drivers is that even when the L drivers are
disabled, the depletion load device will source a small
amount of current. (See Figure 8, device 2.) However, when
the L port is used as input, the disabled depletion device
CANNOT be relied on to source sufficient current to pull an
input to a logic 1"

COP411L

If the COP410L is bonded as a 20-pin device, it becomes
the COP411L, illustrated in Figure 2, COP410L/411L Con-
nection Diagrams. Note that the COP411L does not contain
D2, D3, G3, or CKO. Use of this option of course precludes
use of D2, D3, G3, and CKO options. All other options are
available for the COP411L.

¢. Push-Pull Output

sy Vee
—{[2 #
#1

TL/DD/6919-11

TL/DD/6919-10

f. LED (L Output)

.
|ﬂ

(A is depletion device) TL/DD/6919-14

g. TRI-STATE Push-Pull (L Output) h. Input with Load I. Hi-Z Input
DISABLE vee

.||-|_|1

A

INPUT! | TL/DD/€6918-17
TL/OD/6919-18

FIGURE 7. Input and Output Configurations

TL/DD/6919-15
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Typical Performance Characteristics
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=150

N
PN

iy ©
Vg = 45V

0
0 1020304050607080 95
Vi (voLTs)
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0123456782910
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Source Current for LO through
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TL/DD/6918-18

FIGURE 8a. COP410L/COP411L I/0 DC Current Characteristics
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Typical Performance Characteristics (continued)

loy (mA)

LED Output Direct Segment

and Direct Drive High
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-0 | /
l,wl HIGH CURRENT 3 3 0 Vo = 45V
-30 ——{ opmoN | J‘.—-L' g ‘—/4 I“A|x [] Vaf =45V f / uax Tc o
£ 2 £ 2
luax LOW CURRENT ~,
.20 1 opnont * iy © Vg = 45V = =
* WiGH i © Vg = 4 W © Vg = 45V
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[
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Qutput Sink Current for
Output Sink Current for DO-D3 D0-D3 (for High Current
- with Very High Current Option Option)
20
L .
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“ I 40
) 20 =
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TL/DD/6919-19

FIGURE 8a. COP410L/COP411L I/0 DC Current Characteristics (Continued)
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Typical Performance Characteristics (continued)
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FIGURE 8b. COP310L/COP311L Input/Output Characteristics
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Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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Typical Performance Characteristics (continueq)
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COP410L/COP411L/COP310L/COP311L

COP410L/411L Instruction Set

Table Il is a symbol table providing internal architecturs, in- Table Il provides the mnemonic, operand, machine code,
struction operand and operational symbols used in the in- data flow, skip conditions and description associated with
struction set table. _ each instruction in the COP410L/411L instruction set.

TABLE Il. COP410L/411L Instruction Set Table Symbols

Symbol Definition Symbol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Field, 0-15 binary (RAM Digit Select)
B 6-bit RAM Address Register r 2-bit Operand Field, 0-3 binary (RAM Register
Br Upper 2 bits of B (register address) Select)
Bd Lower 4 bits of B (digit address) a 9-bit Operand Field, 0-511 binary (ROM Address)
o] 1-bit Carry Register y 4-bit Operand Field, 0-15 binary ({mmediate Data)
D 4-bit Data Output Port RAM(s) Contents of RAM location addressed by s
EN 4-bit Enable Register ROM(t) Contents of ROM location addressed by t
G 4-bit Register to latch data for G 1/0 Port ‘
L 8-bit TRI-STATE 170 Port
M 4-bit contents of RAM Memory pointed to by B OPERATIONAL SYMBOLS
Register + Plus
PC 9-bit ROM Address Register (program counter) - Minus
Q 8-bit Register to latch data for L 1/0 Port —>  Replaces
SA 9-bit Subroutine Save Register A <> s exchanged with
SB 9-bit Subroutine Save Register B = Is equal to
sio 4-bit Shift Register and Counter A The one’s complement of A
SK Logic-Controlled Clock Output ® Exclusive-OR

Range of values

TABLE Ill. COP410L/411L Instruction Set

Hex Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
ARITHMETIC INSTRUCTIONS
ASC 30 00110000 A+ C+ RAMB) — A Carry Add with Carry, Skip on
Carry = C Carry
ADD 31 00110001 A + RAMB) — A None AddRAMto A
AISC y 5- |0101] y A+y —> A Carry Add Immediate, Skip on
Carry (y # 0)
CLRA 00 0000|0000 00— A None ClearA
COMP 40 0100|0000 A—A None One’s complement of A to A
NOP 44 10100{0100} None None No Operation
RC 32 |0011]0010} “0" —> C None ResetC
sC 22 00100010 “1" = C None SetC
XOR 02 0000|0010 A ® RAM(B) — A None Exclusive-OR RAM with A
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Instruction Set (continued)

TABLE lll. COP410L/411L Instruction Set (Continued)

He Machine
Mnemonic Operand Language Code Data Flow Skip Conditions Description
Code
(Blnary)
TRANSFER OF CONTROL INSTRUCTIONS
JID FF 11111111 ROM (PCg,A M) — None Jump Indirect {Note 2)
PCr.0
JMP a 6- 0110{/000lag| | a — PC None Jump
- az.o
JP a - - 1] as0 a — PCgo None Jump within Page
(pages 2,3 only) (Note 3)
or
-- 11| 350 a — PCsyp
(all other pages)
JSRP a -- 10| aso PC+1 — SA — SB None Jump to Subroutine Page
(Note 4)
010 — PCgg
a — PCsg
JSR a 6- 0110]100|ag| { PC+ 1 — SA — SB None Jump to Subroutine
-- ar.o a— PC
RET 48 01001000 SB — SA — PC None Return from Subroutine
RETSK 49 0100{1001 SB — SA — PC Always Skip on Return  Return from Subroutine
then Skip
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 0011|0011 A — Q7.4 None Copy A, RAMto Q
3C 0011[1100 RAM(B) — Qs
LD r -5 00|r|0101 RAM(B) — A None Load RAMinto A,
Brer ~> Br Exclusive-OR Br with r
LQiD BF 10111111 ROM(PCg,AM) — Q None Load Q Indirect (Note 2)
SA — SB
RMB 0 4C 0100(1100 0 — RAM(B)o None Reset RAM Bit
1 45 01000101 0 — RAM(B)4
2 42 0100|0010 0 — RAM(B)2
3 43 0100|0011 0 — RAM(B)3
SMB 0 4D 0100)1101 1 — RAM(B)o None . Set RAM Bit
1 47 0100(0111 1 — RAM(B)
2 46 0100(0110 1 — RAM(B)2
3 4B 0100]1011 1 — RAM(B)3
ST y 7- 0111} y y — RAM(B) None Store Memory Immediate
Bd + 1 — Bd and Increment Bd
X r -6 [00{r{0110] RAM(B) «— A None Exchange RAM with A,
Brer — Br Exclusive-OR Br with r
XAD 3,15 23 00100011 RAM(3,15) «—> A None Exchange A with RAM
BF 10111111 (3,15)
XDS r -7 00|r|0111] RAM(B) «— A Bd decrements past0  Exchange RAM with A
Bd-1 — Bd and Decrement Bd,
Brer — Br Exclusive-OR Br with r
XIS r -4 00|r|0100 RAM(B) «— A Bdincrements past 15 Exchange RAM with A
Bd+1 — Bd and Increment Bd
Brer — Br Exclusive-OR Br with r

1-69

7L1€d0J/70LEAOD/THEPHOD/T0L4HOD



COP410L/COP411L/COP310L/COP311L

Instruction Set (continued)
TABLE lll. COP410L/411L Instruction Set (Continued)

Machine
Mnemonic Operand e Language Code Data Flow Skip Conditions Description
Code
(Binary)
REGISTER REFERENCE INSTRUCTIONS
CAB 50 |0101{0000 A — Bd None Copy A to Bd
CBA 4E |0100[1110 Bd — A None Copy Bdto A
LBl rd - - 00|r{(d—1) rd = B Skip untilnota LBl  Load B Immediate with
(d = 0,9:15) r,d (Note 5)
LEI y 33 0011|0011 y = EN None Load EN immediate
6- [0110] y | (Note 6)
TEST INSTRUCTIONS
SKC 20 0010|0000 CcC=""1" Skipif Cis True
SKE 21 00100001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 1001110011 Gao =0 Skip if G is Zero
21 0010|0001 (all 4 bits)
SKGBZ 33 001110011 1st byte Skip if G Bit is Zero
0 01 0000|0001 Go=0
1 11 00010001 2ndbyte Gy=0
2 03 0000)0011 Ga=0
3 13 00010011 G3=0
SKMBZ 0 01 0000]0001 RAM(B)o = 0 Skip if RAM Bit is Zero
1 " 00010001 RAM(B); =0
2 03 0000|0011 RAM(B)2 = 0
3 13 10001 ] 0011 RAM(B)3 = 0
INPUT/OUTPUT INSTRUCTIONS
ING 33 0011]0011] G— A None Input G Ports to A
2A 001010190
INL 33 0011]0011] L7.4 —> RAM(B) None Input L Ports to RAM, A
2E 0010|1110 Lgo — A
0BD 33 00110011 Bd — D None Output Bd to D Outputs
3E 0011[1110
OMG 33 0011]0011 RAMB) — G None Output RAM to G Ports
3A 0011{1010]
XAS 4F 101001111 A « SIO,C — SKL None Exchange A with SIO
(Note 2)
Note 1: All ipts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N where

0 signifies the least significant bit (low-order, right-most bit). For example, Ag indicates the most significant (left-most) bit of the 4-bit A register.

Note 2: For additional information on the operation of the XAS, JID, and LQID instructions, see below.

Note 3: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 4: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP
may not jump to the last word in page 2.

Note 5: The machine code for the lower 4 bits of the LBI instruction equals the binary value of the ““d” data minus 1, e.g., to load the lower four bits of B (Bd) with
the value 9 (10015), the lower 4 bits of the LBI instruction equal 8 (1000,). To load 0, the lower 4 bits of the LBI instruction should equat 15 (11112).

Note 6: Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a “1" or “0” in each bit of EN corresponds
with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.)




Description of Selected Instructions

The following information is provided to assist the user in
understanding the operation of several unique instructions
and to provide notes useful to programmers in writing
COP410L/411L programs.

XAS INSTRUCTION

XAS (Exchange A with SIO) exchanges the 4-bit contents of
the accumulator with the 4-bit contents of the SIO register.
The contents of SIO will contain serial-in/serial-out shift reg-
ister or binary counter data, depending on the value of the
EN register. An XAS instruction will also affect the SK out-
put. (See Functional Description, EN Register, above.) If
SI0 is selected as a shift register, an XAS instruction must
be performed once every 4 instruction cycles to effect a
continuous data stream.

JID INSTRUCTION

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
to indirectly by A and M. It loads the lower 8 bits of the ROM
address register PC with the contents of ROM addressed by
the 9-bit word, PCg, A, M. PCy is not affected by this instruc-
tion.

Note that JID requires 2 instruction cycles to execute.

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 9-bit word PCg, A, M.
LQID can be used for table lookup or code conversion such
as BCD to seven-segment. The LQID instruction “pushes”
the stack (PC + 1 — SA — SB) and replaces the least
significant 8 bits of PC as follows: A — PCg7.4, RAM(B)
—> PCa.0, leaving PCg unchanged. The ROM data pointed
to by the new address is fetched and loaded into the Q
latches. Next, the stack is “popped” (SB — SA — PC),
restoring the saved value of PC to continue sequential pro-
gram execution. Since LQID pushes SA —> SB, the previ-
ous contents of SB are lost. Also, when LQID pops the
stack, the previously pushed contents of SA are left in SB.
The net result is that the contents of SA are placed in SB
(SA — SB). Note that LQID takes two instruction cycle
times to execute.

INSTRUCTION SET NOTES

a. The first word of a COP410L/411L program (ROM ad-
dress 0) must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, one in-
struction cycle time is devoted to skipping each byte of
the skipped instruction. Thus all program paths except
JID and LQID take the same number of cycle times
whether instructions are skipped or executed. JID and
LQID instructions take 2 cycles if executed and 1 cycle if
skipped.

c. The ROM is organized into 8 pages of 64 words each.
The Program Counter is a 9-bit binary counter, and will
count through page boundaries. If a JP, JSRP, JID or
LQID instruction is located in the last word of a page, the
instruction operates as if it were in the next page. For
example: a JP located in the last word of a page will jump
to a location in the next page. Also, a LQID or JID located
in the last word of page 3 or 7 will access data in the next
group of 4 pages.

Option List
The COP410L/411L mask-programmable options are as-
signed numbers which correspond with the COP410L pins.
The following is a list of COP410L options. The LED Direct
Drive option on the L Lines cannot be used if higher Vcg
option is selected. When specifying a COP411L chip, Option
2 must be set to 3, Options 20, 21, and 22 to 0. The options
are programmed at the same time as the ROM pattern to
provide the user with the hardware flexibility to interface to
various 1/0 components using little or no external circuitry.
Option 1 = 0: Ground Pin — no options available
Option 2: CKO Output (no option available for COP411L)

= 0: Clock output to ceramic resonator

= 1: Pin is RAM power supply (VR) input

= 3: No connection
Option 3: CKI Input

= 0: Oscillator input divided by 8 (500 kHz max)

= 1: Single-pin RC controlled oscillator divided by 4

= 2: External Schmitt trigger level clock divided by 4
Option 4: RESET Input

= 0: Load device to Vco

= 1: Hi-Z input
Option 5: Ly Driver

= 0: Standard output

= 1: Open-drain output
2: High current LED direct segment drive output
3: High current TRI-STATE push-pull output

= 4: Low-current LED direct segment drive output

= 5: Low-current TRI-STATE push-pull output
Option 6: Lg Driver

same as Option 5
Option 7: Lg Driver

same as Option 5
Option 8: L4 Driver

same as Option 5
Option 9: Operating voltage

COP41XL

=0: +4.5Vto +6.3V
Option 10: L3 Driver

same as Option 5
Option 11: Lp Driver

same as Option 5
Option 12: L4 Driver

same as Option 5
Option 13: Lg Driver

same as Option 5
Option 14: S| Input

= 0: load device to Vcc

= 1: Hi-Z input
Option 15: SO Driver

= 0: Standard Output

= 1: Open-drain output

= 2: Push-pull output
Option 16: SK Driver

same as Option 15

COP31XL
+4.5V to +5.5V
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Option List (Continued)
Option 17: Gg 170 Port
= 0: Standard output
= 1: Open-drain output
Option 18: G4 1/0 Port
same as Option 17
Option 19: G2 I/0 Port
same as Option 17
Option 20: Gg 1/0 Port (no option available for COP411L)
same as Option 17
Option 21: D3 Output (no option available for COP411L)
: Very-high sink current standard output
: Very-high sink current open-drain output
: High sink current standard output
: High sink current open-drain output
: Standard LSTTL output (fanout = 1)
: Open-drain LSTTL output (fanout = 1)
Option 22: D Output (no option available for COP411L)
same as Option 21
Option 23: D4 Output
same as Option 21
Option 24: Dg Output
same as Option 21

o wnnn
HPON=2O

Option 25: L input Levels
= 0: Standard TTL input levels (0" = 0.8V, “1" = 2,0V)
= 1: Higher voltage input levels (“0” = 1.2V, “1” = 3.6V)
Option 26: G Input Levels
same as Option 25
Option 27: Sl Input Levels
same as Option 25
Option 28: COP Bonding
= 0: COP410L (24-pin device)
= 1: COP411L (20-pin device)
= 2: Both 24- and 20-pin versions

TEST MODE (NON-STANDARD OPERATION)

The SO output has been configured to provide for standard
test procedures for the custom-programmed COP410L.
With SO forced to logic “1", two test modes are provided,
depending upon the value of Sl:

a. RAM and Internal Logic Test Mode (S| = 1)

b. ROM Test Mode (SI = 0)

These special test modes should not be employed by the
user; they are intended for manufacturing test only.

Option Table ‘

The following option information is to be sent to National along with the EPROM.
Optlon Data )

OPTION 1VALUE=-——20 _ __ |5: GROUND PIN

OPTION 2 VALUE = ——————8: CKO PIN

OPTION 3 VALUE = ——————|S: CKI INPUT

OPTION 4 VALUE = ————— |S: RESET INPUT

OPTION & VALUE =
OPTION 6 VALUE =
OPTION 7 VALUE =
OPTION 8 VALUE =

S: L(7) DRIVER
S: L(6) DRIVER
S: L(5) DRIVER
S: L(4) DRIVER

OPTION 9 VALUE = ——90 —|8: Vg PIN
OPTION 10 VALUE = IS: L(3) DRIVER
OPTION 11 VALUE = IS: L(2) DRIVER
OPTION 12 VALUE = IS: L(1) DRIVER
OPTION 13 VALUE = IS: L(0) DRIVER
OPTION 14 VALUE = IS: St INPUT

Option Data
OPTION 15 VALUE = ———————— |S: SO DRIVER
OPTION 16 VALUE = ———————S: SK DRIVER
OPTION 17 VALUE = ————————IS: G I/0 PORT
OPTION 18 VALUE = ——————— 18: G4 I/0 PORT
OPTION 19 VALUE = ———————S: G I/0 PORT
OPTION 20 VALUE = ———————18: G3 I/0 PORT
OPTION 21 VALUE = ————————18: D3 OUTPUT
OPTION 22 VALUE = ———————S: D2 OUTPUT
OPTION 23 VALUE = ————————IS: D1 OUTPUT
OPTION 24 VALUE = ———————1S: Dg OUTPUT .
OPTION 25 VALUE = —————— IS: L INPUT LEV-
ELS
OPTION 26 VALUE = ——————— IS: G INPUT LEV-
ELS
OPTION 27 VALUE = ———————8: SI INPUT LEV-
ELS
OPTION 28 VALUE = ————————|S: COPS BOND-
ING
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National
Semiconductor

COP413L/COP313L Single Chip Microcontrollers

General Description

The COP413L and COP313L Single-Chip N-Channel Micro-
controllers are members of the COPST™ family, fabricated
using N-channe!, silicon gate MOS technology. These Con-
trol Oriented Processors are complete microcomputers con-
taining all system timing, internal logic, ROM, RAM, and I/0O
necessary to implement dedicated control functions in a va-
riety of applications. Features include single supply opera-
tion, 15 1/0 lines with an instruction set, internal architecturs
and 1/0 scheme designed to facilitate keyboard input, dis-
play output and BCD data manipulation. They are an appro-
priate choice for use in numerous human interface control
environments. Standard test procedures and reliable high-
density fabrication techniques provide the medium to large
volume customers with a customized Control Oriented Proc-
essor at a very low end-product cost.

The COP313L is an exact functional equivalent but extend-
ed temperature version of the COP413L.

The COP401L-R13 and COP410L-X13 should be used for
exact emulation.

Features

B Low cost

m Powerful instruction set

m 512 x 8 ROM, 32 x 4 RAM

m 151/0 lines

m Two-Level subroutine stack

| 16 ps instruction time

B Single supply operation (4.5V-6.3V)

® Low current drain (6 mA max.)

® Internal binary counter register with MICROWIRE™
serial 1/0 capability

| General purpose outputs

® High noise immunity inputs (ViL= 1.2V, Vi4y=23.6V)

m Software/hardware compatible with other members of
COP400 family

m Extended temperature range device COP313L (—40°C
to +85°C)

Block Diagram
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COP413L/COP313L

COP413L Absolute Maximum
Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallabllity and specifications.
Volitage at Any Pin Relative to GND —-0.3to +7V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature —65°Cto +150°C
Lead Temp. (Soldering, 10 seconds) 300°C

Power Dissipation COP413L 0.3 Watt at 70°C
Total Source Current 25mA
Total Sink Current 25 mA

Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the ds-
vice at absolute maximum ratings.

DC Electrical Characteristics o°c < T4 < +70°C, 4.5V < Vg < 6.3V unless otherwise noted.

Parameter Conditions Min Max Units
Standard Operating Voltage (Note 1) 45 6.3 \
(Vee)
Power Supply Ripple Peak to Peak 0.4 '
Operating Supply Current All Inputs and Outputs 6 mA
Open
Input Voltage Levels
CKl Input Levels
Ceramic Resonator Input (=-8)
Logic High (Vi) 3.0 Y
Logic Low (V1) 0.4 \%
CKI (RC), Reset Input Levels (Schmitt Trigger Input)
Logic High 0.7 Veo v
Logic Low 0.6 v
SO Input Level (Test Mode) (Note 2) 25 v
Sl input Level
Logic High (TTL Level) 2.0 \
Logic Low 0.8 v
L, G Inputs
Logic High (High Trip Levels) 3.6 \"
Logic Low 1.2 \
Input Capacitance 7 pF
Reset Input Leakage -1 +1 pA
Output Current Levels
Output Sink Current
S0 and SK Outputs (Io0) VoL=0.4V 0.9 mA
LO-L7 Outputs, GO-G3 VoL=0.4V 0.4 mA
CKO (lo) VoL=0.4V 0.2 mA
Output Source Current
LO~L7 and GO-G3 Vou=2.4V -25 HA
SO and SK Outputs (IoR) VoH=1.0V -1.2 mA
Push-Pull Vonu=2.4V —25 pA
S| Input Load Source Current ViL=0ov -10 —140 pA
Total Sink Current Allowed
L7-L4, G Port 4 mA
L3-L0 4 mA
Any Other Pin 2.0 mA
Total Source Current Allowed
Each Pin 1.5 mA

Note 1: V¢ voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.

Note 2: SO output “0" level must be less than 0.8V for normal operation.
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COP313L Absolute Maximum
Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallabllity and specifications.
Voltage at Any Pin Relative to GND —0.3t0 +7V
Ambient Operating Temperature —40°Cto +85°C
Ambient Storage Temperature —65°Cto +150°C
Lead Temp. (Soldering, 10 seconds) 300°C

Power Dissipation COP313L 0.20 Watt at 85°C
Total Source Current 25mA
Total Sink Current 25mA

Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electr-
cal specifications are not ensured when opérating the de-
vice at absolute maximum ratings.

DC Electrical Characteristics —40°c < Ta < +85°C, 4.5V < Vg < 5.5V unless otherwise noted.

Parameter Conditlons Min Max Units
Standard Operating Voltage (Note 1) 4.5 5.5 \'
(Veo)
Power Supply Ripple Peak to Peak 0.4 v
Operating Supply Current All Inputs and Outputs 8 mA
Open
Input Voltage Levels
Ceramic Resonator Input (+8)
Logic High (ViH) 3.0 \"
Logic Low (Vi) 0.3 v
CKI (RC), Reset Input Levels (Schmitt Trigger Input)
Logic High 0.7 Ve v
Logic Low 0.4 v
SO Input (Test Mode) (Note 2) 25 \
Sl Input Level
Logic High (TTL Level) 2.2 Vv
Logic Low 0.6 v
L, G Inputs
Logic High (High Trip Levels) 3.6 v
Logic Low 1.2 \
Input Capacitance 7 pF
Reset Input Leakage -2 +2 pA
Output Current Levels '
Output Sink Current
SO and SK Outputs (o) VoL=0.4V 0.8 mA
LO-L7 Outputs, GO-G3 (Ig)) VoL=0.4V 0.4 mA
CKO (lov) VoL =0.4V 0.2 mA
Output Source Current
LO-L7 and GO-G3 VoH=2.4V —23 pA
SO and SK Outputs (Ion) Vou=1.0V -1.0 mA
(Push-Pull) Vou=2.4V -23 nA
8l Input Load Source Current ViL=0v -10 —200 HA
Total Sink Current Allowed
L7-L4, G Port 4 mA
L3-L0 4 mA
Any Other Pin 1.5 mA
Total Source Current Allowed
Each Pin 1.5 mA

Note 1: Vg voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.

Note 2: SO output “0” level must be less than 0.6V for normal operation.
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COP413L/COP313L

AC Electrical Characteristics cops13L: 0:C < Ta < 70°C, 45V < Vg < 6.3V

COP313L: —40°C < Tp < +85°C, 4.5V < Vg < 5.5V

Parameter ' Conditions Min Max Units
Instruction Cycle Time - t, 16 40 1S
CKI
* Input Frequency - fi +8 Mode 0.2 . 0.5 MHz
Duty Cycle ) 30 60 %
Rise Time fi=0.5 MHz 500 ns
Fall Time 200 ns
CKI Using RC (+4) R=56kQ 15%
' C=100pF £10%
Instruction Cycle Time (Note 1) . 16 28 us
Inputs:
. G3-Go, L7-L0
tseTUP 8.0 ks
tHoLp 1.3 1.3 us
Sl
tseTUP 20 kS
tHoLD 1.0 us
Output Propagation Delay Test Condition:
Cp=50pF, RL.=20kQ, Voyr=1.5V
S0, SK Outputs : 4.0 ps
tpd1, tpdo
All Other Outputs
tpd1, tpd0 5.6 ns

Note 1: Variation due to the device included.

Connection Diagram

S.0. Wide and DIP
La==d 1 20f=—L5 .
Vee—iq? 19}—16
133 18fmml?
124 17} RESET .
Ll-—* 5§  copraL 16 CKI ¥
L0med6  COPIBL . 15fmuncrn
Slad 7 [7) E—ey
so—dg 13j—t2
SKemd 8 12}=G1
GND==eqd 10 11 om0
TL/DD/8371-2
FIGURE 2

Order Number COP313L-XXX/D or COP413L-XXX/D
See NS Hermetic Package Number D20A

Order Number COP313L-XXX/WM or
COP413L-XXX/WM
See NS Surface Mount Package Number M20B

Order Number COP313L-XXX/N or COP413L-XXX/N
) See NS Molded Package Number N20A

|-_ INSTRUCTION CYCLE TIME {tc}

—sd

Pin
L7-LO
G3-G0
S|

SO

SK

CKI
CKO

RESET

Vce
GND

Pin Descriptions
Description

8-bit bidirectional 170 port
4-bit bidirectional I/0 port

Serial input (or counter

input)

Serial output (or generat
purpose output)
Logic-controlled clock (or

general purpose output)
System oscillator input

System oscillator output or

NC

System reset input
Power Supply

Ground

77—

w L oo ururrororer
) P01 «— tPDO
o] Vo vo K\
. - | «——1sETUP ——»| |=—tHOLD
s
NP
fe—trot—] -
63-6g -
Ur-Lg 85, K LLLLLLE Von v

OUTPUTS

FIGURE 3. Input/Output Timing Diagrams (Ceramic Resonator Divide-by-8 Mode)

TL/DD/8371-3
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Functional Description

A block diagram of the COP413L is given in Figure 1. Data
paths are illustrated in simplified form to depict how the vari-
ous logic elements communicate with each other in imple-
menting the instruction set of the device. Positive logic is
used. When a bit is set, it is a logic 1" (greater than 2V).
When a bit is reset, it is a logic “0" (less than 0.8V).

All functional references to the COP413L also apply to the
COP313L.

PROGRAM MEMORY

Program Memory consists of a 512-byte ROM. As can be
seen by an examination of the COP413L instruction set,
these words may be program instructions, program data, or
ROM addressing data. Because of the special characteris-
tics associated with the JP, JSRP, JID and LQID instruc-
tions, RON rnust often be thought of as being organized into
8 pages of 64 words each.

ROM addressing is accomplished by a 9-bit PC register. Its
binary value selects one of the 512 B-bit words contained in
ROM. A new address is loaded into the PC register during
each instruction cycle. Unless the instruction is a transfer of
control instruction, the PC register is loaded with the next
sequential 9-bit binary count value. Two levels of subroutine
nesting are implemented by the 9-bit subroutine save regis-
ters, SA and SB, providing a last-in, first out (LIFO) hard-
ware subroutine stack.

ROM instruction words are fetched, decoded and executed
by the Instruction Decods, Conitrol and Skip Logic circuitry.

DATA MEMORY

Data memory consists of a 128-bit RAM, organized as 4
data registers of 8 4-bit digits. RAM addressing is imple-
mented by a 6-bit B register whose upper 2 bits (Br) select 1
of 4 data registers and lower 3 bits of the 4-bit Bd select 1 of
8 4-bit digits in the selected data register. While the 4-bit
contents of the selected RAM digit (M) is usually loaded into
or from, or exchanged with, the A register (accumulator), it
may also be loaded into the Q latches or loaded from the L
ports. RAM addressing may also be performed directly by
the XAD 3, 15 instruction.

The most significant bit of Bd is not used to select a RAM
digit. Hence each physical digit of RAM may be selected by
two different values of Bd as shown in Figure 4 below. The
skip condition for XIS and XDS instructions will be true if Bd
changes between 0 and 15, but NOT between 7 and 8 (see
Table II).

INTERNAL LOGIC

The 4-bit A register (accumulator) is the source and destina-
tion register for most 1/0, arithmetic, logic and data memory
access operations. It can also be used to load the Bd por-
tion of the B register, to load 4 bits of the 8-bit Q latch data,
to input 4 bits of the 8-bit L 1/0 port data and to perform
data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic functions of
the COP413L, storing its results in A. It also outputs a carry
bit to the 1-bit C register, most often employed to indicate
arithmetic overflow. The C register, in conjunction with the
XAS instruction and the EN register, also serves to control
the SK output. C can be outputted directly to SK or can
enable SK to be a sync clock each instruction cycle time.
(See XAS instruction and EN register description, below.)

The G register contents are outputs to 4 general purpose
bidirectional 1/0 ports.

Bd VALUE
15°

RAM DIGIT

14

- /L
2 /L

0* *CAN BE DIRECTLY ADORESSED BY
LBIINSTRUCTION (SEE TABLE 3)

TL/DD/8371-4

FIGURE 4. RAM Diglt Address to
Physlcal RAM Digit Mapping

The Q register is an internal, latched, 8-bit register, used to
hold data loaded from M and A, as well as 8-bit data from
ROM. Its contents are output to the L I/O ports when the L
drivers are enabled under program control. (See LEI instruc-
tion.)
The 8 L drivers, when enabled, output the contents of
latched Q data to the L 1/0 ports. Also, the contents of L
may be read directly into A and M.
The SIO register functions as a 4-bit serial-in/serial-out shift
register or as a binary counter depending on the contents of
the EN register. (See EN register description, below.) Its
contents can be exchanged with A, allowing it to input or
output a continuous serial data stream. SIO may also be
used to provide additional parallel I/0 by connecting SO to
external serial-in/parallel-out shift registers.

The XAS instruction copies C into the SKL Latch. In the
counter modse, SK is the output of SKL in the shift register
mode, SK outputs SKL ANDed with internal instruction cycle
clock.

The EN register is an internal 4-bit register loaded under
program control by the LEI instruction. The state of each bit
of this register selects or deselects the particular feature
associated with each bit of the EN register (EN3~ENg).

1. The least significant bit of the enable register, ENg se-
lects the SIO register as either a 4-bit shift register or a 4-
bit binary counter. With ENg set, SIO is an asynchronous
binary counter, decrementing its value by one upon each
low-going pulse (“1” to “0") occurring on the Sl input.
Each pulse must be at least two instruction cycles wide.
SK outputs the value of SKL. The SO output is equal to
the value of ENg. With ENg reset, SIO is a serial shift
register shifting with each instruction cycle time. The data
present at SO goes into the least significant bit of SIO.
SO can be enabled to output the most significant bit of
SIO each cycle time. (See 4 below.) The SK output be-
comes a logic-controlled clock.

2. ENy is not used. It has no effect on COP413L operation.
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COP413L/COP313L

Functional Description (continued)

TABLE I. Enable Register Modes - Bits EN3 and ENg

EN3 ENpg SIo S| {e) SK
0 0 Shift Register Input to Shift 0 If SKL=1, SK=Clock
Register : If SKL=0, SK=0
1 0 Shift Register Input to Shift Serial If SKL=1, SK=Clock
Register Out If SKL=0, SK=0
0 1 Binary Counter Input to Binary 0 IfSKL=1,SK=1
' Counter 1fSKL=0, SK=0
1 1 Binary Counter Input to Binary 1 If SKL=1, SK=1
Counter If SKL=0, SK=0
3. With ENg set, the L drivers are enabled to output the data OSCILLATOR

in Q to the L 1/0 ports. Resetting EN5 disables the L
drivers, placing the L I/0 ports in a high impedance input
state. :

4. ENg, in conjunction with ENp, affects the SO output. With
ENg set (binary counter option selected) SO will output
the value loaded into EN3. With ENg reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resetting EN3 with the serial
shift register option selected disables SO as the shift reg-
ister output; data continues to be shifted through SIO and
can be exchanged with A via an XAS instruction but SO
remains reset to “0”. Table | provides a summary of the
modes associated with EN3 and ENg.

INITIALIZATION

The Reset Logic will initialize (clear) the device upon power-
up if the power supply rise time is less than 1 ms and great-
er than 1 ps. If the power supply rise time is greater than 1
ms, the user must provide an external RC network and di-
ode to the RESET pin as shown below (Figure 5). The
RESET pin is configured as a Schmitt trigger input. If not
used it should be connected to Vge. Initialization will occur
whenever a logic 0" is applied to the RESET input, provid-
ed it stays low for at least three instruction cycle times.

Pt

0

w vee

E

R

s RESET COPATIL
U

P

[ GND
T/

RC > 5x POWER SUPPLY RISE TIME
TL/DD/8371-5
FIGURE 5. Power-Up Clear Circuit

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, EN, and G registers are cleared.
The SK output is enabled as a SYNC output, providing a
pulse each instruction cycle time. Data Memory (RAM) is
not cleared upon initialization. The first instruction at ad-
dress 0 must be a CLRA.

There are two basic clock oscillator configurations available

as shown by Figure 6.

a. Resonator Controlled Oscillator. CKI and CKO are con-
nected to an external ceramic resonator. The instruction
cycle frequency equals the resonator frequency divided
by 8.

b. RC Controlled Oscillator. CKl is configured as a single pin
RC controlled Schmitt trigger oscillator. The instruction
cycle equals the oscillation frequency divided by 4. CKO
becomes no connection.

CKO

LY 2

= ]
S
' - TL/DD/8371-6
FIGURE 6. COP413L Oscillator
Ceramic Resonator Osclllator
Resonator Component Values
Value | pyq) | R2() | c1(pF) | C2(pF)
455 kHz 4.7k M 220 220
RC Controlled Oscillator
Instruction
R (k) C (pF) Cycle Time
(in ps)
51 100 19 + 15%
82 56 19 + 13%
Note: 200 kQ>R>25 k2
220 pF>C>50 pF
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Functional Description (continued)

a. Standard Output b. Push-Pull Qutput

DISABLE

c. Standard L Output

vee
#6
A eyt F——]
INPUT [ —

d. Input with Load

e. Hi-Z Input

FIGURE 7. Input and Output Configurations

1/0 CONFIGURATIONS

COP413L inputs and outputs have the following configura-

tions, illustrated in Figure 7

a. G0-G3—an enhancement mode device to ground in
conjunction with a depletion-mode device to V.

b. SO, SK—an enhancement mode device to ground in con-
junction with a depletion-mode device paralleled by an

TL/DD/8371-7

enhancement-mode device to Vgg. This configuration
has been provided to allow for fast rise and fall times

when driving capacitive loads.
¢. LO-L7—same as a., but may be disabled.
d. Sl has on-chip depletion load device to V¢c.

e. RESET has a Hi-Z input which must be driven to a *“1” or

“0" by external components.
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COP413L/COP313L

Typical Performance Characteristics

Input Current for LO
through L7 when Source Current L7-L0,
Output Programmed G3-G0 Standard
Input Current, S| » Off by Software - Output Configuration
=2 1 R
DEVICE h #6 0 DEVICEc #2 50 nsvllﬁ:z; )
-80 =800
-150 5 |- 700
= - -60 g -600
3 =100 - £ w0 ‘\\ é -500
-4 = g8 .
K Tyay@ Vo =45 3 -4 400 I IMAX@ Vee = 4.5V
\MAIX Joe™ g u N mix@vee=45v_ -300 i
-50 '|:||N’I V:Jc;‘ v - MIN@Y TI v -2122 D2 e rani |
i -10 @vVee=4.5 -
0 LI = i RN T
0123456782910 0 1 2 012345678 95
v, (VOLTS) V170 (VOLTS) VoH (VOLTS)
N
Source Current for SO Output Sink Current for
and SK (Push-Pull Output Sink Current for L0-L7, GO-G3
Configuration) S0 and SK . (Standard Drive)
15 4 T T T
DEVICE b #2 | -
| o /mm-a.sv 7'"“@"“ a8y
\ IMAX@VCC=4.5V 3 3
10 J ] / — I
g l ' l | Ej 2 / Eﬁ 2 IMIN@VCe=4.5V—
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05 1 7 MAx@Vec=4.5V
1 1
0 0 0
0123456782180 0 1 2 3 4 & 0o 1 2 3 4 5§
VoH (VOLTS) VoL (voLTs) VoL (VOLT8) 11/pD/e371-8
FIGURE 8a. COP413L I/0 DC Current Characteristics
Input Current for LO-L7 Source Current for L0O-L7,
when Output Program- GO0~-G3 Standard Output
" Input Current, Si med Off by Software Configuration
- =120 -1
-200 -100 \ -1.0
= -80 -08
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Output Sink Current for
Source Current for SO Output Sink Current for L0-L7, GO-G3
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FIGURE 8b. COP313L I/0 DC Current Characteristics
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COP413L Instruction Set

Table Il is a symbol table providing internal architecture, in-
struction operand and operational symbols used in the in-
struction set table. Table lil provides the mnemonic, oper-

and, machine code data flow, skip conditions and descrip-
tion associated with each instruction in the COP413L in-
struction set.

TABLE 1l. COP413L Instruction Set Table Symbols

Symbol

Definition

Internal Architecture Symbols

A
B
Br
Bd
(o]
EN
G
L
M
PC
Q
SA
SB
SI0
SK

4-bit Accumulator

6-bit RAM Address Register

Upper 2 bits of B (register address)

Lower 4 bits of B (digit address)

1-bit Carry Register

4-bit Enable Register

4-bit Register to latch data for G 1/0 Port

8-bit TRI-STATE® 1/0 Port

4-bit contents of RAM Memory pointed to by B Register
9-bit ROM Address Register (program counter)
8-bit Register to latch data for L 1/0 Port

9-bit Subroutine Save Register A

9-bit Subroutine Save Register B

4-bit Shift Register and Counter

Logic Controlled Clock Output

Instruction Operand Symbols

d
r
a
y
RAM(s)
ROM(t)

4-bit Operand Field, 0-15 binary (RAM Digit Select)
2-bit Operand Field, 0-3 binary (RAM Register Select)
9-bit Operand Field, 0-511 binary (ROM Address)
4-bit Operand Field, 0-15 binary (Immediate Data)
Contents of RAM location addressed by s

Contents of ROM location addressed by t

Operational Symbols

“e>luIl|+

Plus

Minus

Replaces

Is exchanged with

Is equal to

The one’s complement of A
Exclusive-OR

Range of values

1-81

1€1€d0J/1€17dOD



COP413L Instruction Set (continued)
TABLE IIl. COP413L Instruction Set

COP413L/COP313L

Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
ARITHMETIC INSTRUCTIONS
ASC 30 00110000 A+C+RAM(B)— A Carry Add with Carry, Skip on
Carry —>C Carry
ADD 31 00110001 A+RAM(B)— A None Add RAMto A
AISC y 5— 0101] y A+y— A Carry Add Immediate, Skip on
Carry (y+#0)
CLRA 00 0000{0000 0—A None Clear A
COMP 40 0100{0000 A—A None One’s complement of A to
A
NOP 44 0100(0100 None None No Operation
RC 32 0011|0010 ‘0" —>C None ResetC
SC 22 0010/0010 “"—=>C None SetC
XOR 02 0000}0010 ABRAM(B) —> A None Exclusive-OR RAM with A
TRANSFER OF CONTROL INSTRUCTIONS
JID FF 1111]1111) ROM(PCg,A,M) — None Jump Indirect (Note 2)
PC7.0
JMP a 6— |0110(000|ag| | a—> PC None Jump
- ar.o :
JP a - 1| as0 a—> PCgyo None Jump within-Page
(pages 2, 3 only) (Note 3)
or
- [11] as0 | |a—>PCso
(all other pages)
JSRP a - 10| aso PC+1—>SA—>SB None Jump to Subroutine Page
010 — PCgg (Note 4)
a—> PCs.
JSR a 6— 0110(100|ag PC+1—>SA—SB None Jump to Subroutine
- azo | a—PC
RET 48 0100|1000 SB—> SA— PC None Return from Subroutine
RETSK 49 0100|1001 SB— SA—PC Always Skip on Return  Return from Subroutine
then Skip
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 00110011 A— Q74 None Copy A, RAMto Q
3C 0011[1100 RAM(B) — Q3
LD r -5 00]r|0101 RAM(B) — A None Load RAMinto A,
Bror— Br Exclusive-OR Br with r
LQID BF 10111111 ROM(PCg, AM) —Q None Load Q Indirect (Note 2)
SA — SB
RMB 0 4C 0100|1100 0 — RAM(B)o None Reset RAM Bit
1 45 0100]0101 0 —> RAM(B),
2 42 0100|0010 0 — RAM(B)2
3 43 01000011} 0 — RAM(B)3
SMB 0 4D 101001101 1 — RAM(B)o None Set RAM Bit
1 47 0100(0111 1 — RAM(B)4
2 46 0100(0110 1 — RAM(B)2
3 4B 0100[1011 1 —> RAM(B)3
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COP413L Instruction Set (continued)

TABLE lIl. COP413L Instruction Set (Continued)

Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
MEMORY REFERENCE INSTRUCTIONS (Continued)
STl y 7- o111] vy | y — RAM(B) None Store Memory Immediate
Bd+1—Bd and Increment Bd
X r -6 [00[r{0110] RAM(B) «— A None Exchange RAM with A,
Brer— Br Exclusive-OR Br with r
XAD 3,15 23 0010{0011) RAM(3,15) «—> A  None Exchange A with RAM
BF 1011]1111} (3,15)
XDS r -7 00|r|0111) RAM(B) «— A Bd decrements past0  Exchange RAM with A
Bd—1— Bd and Decrement Bd.
Brér— Br Exclusive-OR Br with r
Xis r -4 00{r{0100 RAM(B) «— A Bdincrements past 15  Exchange RAM with A
Bd+1— Bd and Increment Bd,
Bror— Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 01010000 A—Bd None Copy A to Bd
CBA 4E 0100{1110 Bd— A None Copy Bdto A
LBI rd - 00!(r|(d-1) rd—>B Skip until not a LBI Load B immediate with
(d=0,9:15) r,d (Note 5)
LEI y 33 00110011 y—EN None Load EN Immediate
6— 0110} y (Note 6)
TEST INSTRUCTIONS
SKC 20 00100000 c="1" Skip if C is True
SKE 21 {0010{0001 A=RAM(B) Skip if A Equals RAM
SKGZ 33 1001140011 Ga.0=0 Skipif G is Zero
21 0010}0001 : (all 4 bits)
SKGBZ 33 0011{0011 1st byte Skip if G Bitis Zero
0 01 0000|0001 Gp=0
1 1 00010001 G1=0
2 03 00000011} 2nd byte Go=0
3 13 00010011 Ga=0
SKMBZ 0 01 0000|0001 RAM(B)=0 Skip if RAM Bit is Zero
1 1 00010001 RAM(B); =0
2 03 0000(0011 RAM(B)2=0
3 13 0001 {0011 RAM(B)3 =0
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COP413L Instruction Set (continued)
TABLE [ll. COP413L Instruction Set (Continued)

Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
INPUT/OUTPUT INSTRUCTIONS
ING . 33 001110011 G—A None Input G Ports to A
2A 0010]1010
INL 33 00110011 L7.4 — RAM(B) None Input L Ports to RAM, A
2E 0010|1110] La.o—> A
OMG 33 0011|0011 RAM(B) — G None Output RAM to G Ports
3A 00111010
XAS 4F 0100]1111 A «— SIO,C—> SKL None Exchange A with SIO
: (Note 2)
Note 1: All subscripts for alph i bol bit numbers unless explicity defined (e.g., Br and Bd are explicitly defined) Bits are numbered 0 to N

where 0 signifies the least significant bit (low-order, right-most bit). For example, A3 indicates the most significant (left-most) bit of the 4-bit A register.
Note 2: For additional information on the operation of the XAS, JID, and LQID instructions, see below.

Note 3: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP
instruction, otherwise, permits a jump to @ ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 4: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3.
JSRP may not jump to the last word in page 2. .

Note 5: The machine code for the lower 4 bits of the LBI instruction equals the binary value of the “d" data minus 7 e.g., to load the lower four bits of B (Bd)
with the value 9 (10015), the lower 4 bits of the LB instruction equal 8 (10007). To load 0, the lower 4 bits of the LBI instruction should equal 15 (11113).

Note 6: Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a “1" or “0" in each bit of EN

corresponds with the selection or deselection of a particular function associated with each bit. (See Functional Description EN Register.)

Description of Selected

instructions

The following information is provided to assist the user in
understanding the operation of several unique instructions
and to provide notes useful to programmers in writing
COP413L programs.

XAS INSTRUCTION

XAS (Exchange A with SIO) exchanges the 4-bit contents of
the accumulator with the 4-bit contents of the SIO register.
The contents of SIO will contain serial-in/serial-out shift reg-
ister or binary counter data, depending on the value of the
EN register. An XAS instruction will also affect the SK out-
put. (See Functional Description, EN Register, above.) If
SIO is selected as a shift register, an XAS instruction must
be performed once every 4 instruction cycles to effect a
continuous data stream.

JID INSTRUCTION

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
to indirectly by A and M. It loads the lower 8 bits of the ROM
address register PC with the contents of ROM addressed by
the 9-bit word, PCg, A, M. PCg is not affected by this instruc-
tion.

Note that JID requires 2 instruction cycles to execute.

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 9-bit word PCg, A, M.
LQID can be used for table lookup or code conversion such
as BCD to seven-segment. The LQID instruction “pushes”
the stack (PC + 1 — SA — SB) and replaces the least
significant 8 bits of PC as follows: A — PCy.4, RAM (B)

—> PCa., leaving PCg unchanged. The ROM data pointed
to by the new address is fetched and loaded into the Q
latches. Next, the stack is “popped” (SB — SA — PC),
restoring the saved value of PC to continue sequential pro-
gram execution. Since LQID pushes SA — SB, the previ-
ous contents of SB are lost. Also, when LQID pops the
stack, the previously pushed contents of SA are left in SB.
The net result is that the contents of SA are placed in SB
(SA — SB). Note that LQID takes two instruction cycle
times to execute.

INSTRUCTION SET NOTES

a. The first word of a COP413L program (ROM address 0)
must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, one in-
struction cycle time is devoted to skipping each byte of
the skipped instruction. Thus all program paths except
JID and LQID take the same number of cycle times
whether instructions are skipped or executed. JID and
LQID instructions take 2 cycles if executed and 1 cycle if
skipped.

c. The ROM is organized into 8 pages of 64 words each.
The Program Counter is a 9-bit binary counter, and will
count through page boundaries. If a JP, JSRP, JID or
LQID instruction is located in the last word of a page, the
instruction operates as if it were in the next page. For
example: a JP located in the last word of a page will jump
to a location in the next page. Also, a LQID or JID located
in the last word of page 3 or will access data in the next
group of 4 pages.
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Description of Selected
Instructions (continued)

TEST MODE (NON-STANDARD OPERATION)

The SO output has been configured to provide for standard
test procedures for the custom-programmable COP413L.
With SO forced to logic “1"”, two test modes are provided,
depending upon the value of Si:

a. RAM and internal Logic Test Mode (SI = 1)

b. ROM Test Mode (S| = 0)

These special test modes should not be employed by the
user; they are intended for manufacturing test only.

Option List

The option selected must be sent in with the EPROM of
ROM Code for a Mask order of 413L. Make xerox copy of
the table, select the appropriate option, and send it in with
the EPROM.

COP 413L/COP 313L
Option 1: Oscillator Selection
=0 Ceramic Resonator or
external input frequency
divided by 8. CKO is
oscillator output.
=1 Single pin RC
controlled oscillator
divided by 4.
CKO is no connection.
NOTE:
The following option information is to be sent to National
along with the EPROM

Option 1: Value = is: Oscillator Selection
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COP413C/COP413CH/COP313C/COP313CH

National
Semiconductor

COP413C/COP413CH/COP313C/COP313CH
Single-Chip CMOS Microcontrollers

General Description

The COP413C, COP413CH, COP313C, and COP313CH ful-
ly static, single-chip CMOS microcontrollers are members of
the COPS™ family, fabricated using double-poly, silicon-
gate CMOS technology. These controller-oriented proces-
sors are complete microcomputers containing all system
timing, internal logic, ROM, RAM, and I/0 necessary to im-
plement dedicated control functions in a variety of applica-
tions. Features include single supply operation, with an in-
struction set, internal architecture, and I/0 scheme de-
signed to facilitate keyboard input, display output, and BCD
data manipulation. The COP413CH is identical to the
COP413C except for operating voltage and frequency. They
are an appropriate choice for use in numerous human inter-
face control environments. Standard test procedures and
reliable high-density fabrication techniques provide a cus-
tomized controller-oriented processor at a low end-product
cost.

The COP313C/COP313CH is the extended temperature
range version of the COP413C/COP413CH.

For emulation use the ROMless COP404C.

Features

Lowest power dissipation (40 pW typical)

Low cost

Power-saving HALT Mode

Powerful instruction set

512 x 8 ROM, 32 x 4 RAM

15 1/0 lines

Two-level subroutine stack

DC to 4 ps instruction time

Single supply operation (3V to 5.5V)

General purpose and TRI-STATE® outputs

Internal binary counter register with MICROWIRE™

compatible serial I/0 -

m Software/hardware compatible with other members of
the COP400 family

u Extended temperature (—40°C to +85°C) devices
available

Block Diagram
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COP413C/COP413CH

Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage 6V
Voltage at Any Pin —0.3VtoVge + 0.3V
Total Allowable Source Current 25mA
Total Allowable Sink Current 25 mA

Operating Temperature Range 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum ratings.

DC Electrical Characteristics o°c < T4 < +70°C unless otherwise specified

COP413C COP413CH
Parameter Conditions Units
Min Max Min Max
Operating Voltage 3.0 5.5 45 5.5 \
Power Supply Ripple (Note 4) 0.1 Ve 0.1 Vo \
Supply Current (Note 1) Vee = 5.0V, t; = Min 500 2000 pA
Vee = 3.0V, t; = Min 300 nA
(tc is inst. cycle)
HALT Mode Current (Note 2) Vee = 5.0V, F| = 0 kHz 30 30 pA
Vcc = 3.0V, F = OkHz 10 pA
Input Voltage Levels
RESET, CKI
Logic High 0.9Vce 0.9Vce \
Logic Low 0.1 Vce 0.1 Vco v
Alt Other Inputs
Logic High 0.7 Veo 0.7 Voo \'
Logic Low 0.2Vee 0.2Vce \
RESET, Sl Input Leakage -1 +1 -1 +1 pA
Input Capacitance 7 7 pF
Output Voltage Levels
(SO, SK, L Port)
Logic High loy = —10 pA Vee — 0.2 Ve — 0.2 v
Logic Low loL = 10 pA 0.2 0.2 \
Output Current Levels
Sink (Note 3) Vec = Min, Vout = Ve 0.2 1.2 mA
Source (SO, SK, L Port) Vcc = Min, Voyt = OV -0.1 —-0.5 mA
Source (G Port) Vec = Min, Voyt = 0V -8 —150 -30 —330 pA
Allowable Sink/Source
Current Per Pin (Note 3) 5 5 mA
TRI-STATE Leakage
Current —2 +2 -2 +2 nA
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COP413C/COP413CH/COP313C/COP313CH

COP413C/COP413CH
AC Electrical Characteristics o:c < T4 < 70°C unless otherwise specified
COP413C COP413CH
Parameter Conditlons Units
Min Max Min Max

Instruction Cycle Time 16 DC 4 DC 1S
Operating CKI Frequency +8 Mode DC 500 DC 2000 kHz
Instruction Cycle Time R = 30k £5%, Vg = 5V 8 16 us
RC Oscillator + 4 C=82pF + 5%
Instruction Cycle Time R = 56k +5%, Vgg = 5V 16 32 16 32 us
RC Oscillator + 4 (Note 6) C = 100pF £ §%
Duty Cycle (Note 5) Fi = Max freq ext clk 40 60 40 60 %
Rise Time (Note 5) Fi = Max freq ext clk 60 60 ns
Fall Time (Note 5) Fi = Max freq ext clk 40 40 ns
Inputs (See Figure 3)

tseTup G Inputs tc/4 + 2.8 tc/4 + 0.7 ps

Sl Input 1.2 0.3 us
L Inputs 6.8 1.7 us

tHoLD 1.0 0.25 ns
Output Propagation Vout = 1.5,CL = 100 pF

Delay RL = 5k

tpD1, tPDO 4.0 1.0 Ix]

Note 1: Supply current Is measured after running for 2000 cycle times with a square-wave clock on CKi, CKO open, and all other pins pulled to Vg with 5k
resistors. See current drain equation on page 13.

Note 2: The Halt mode will stop CKI from oscillating.

Note 3: SO output sink current must be limited to keep Vo less tha 0.2 Vg when part Is running in order to prevent entering test mode.

Note 4: Voltage change must be less than 0.5V in a 1 ms period.
Note 5: This parameter is only sampled and not 100% tested.
Note 6: Variation due to the device included.
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COP313C/COP313CH

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Supply Voltage 6V
Voltage at Any Pin —0.3Vto Ve + 0.3V
Total Allowable Source Current 25 mA

Total Allowable Sink Current 25 mA

Operating Temperature Range —40°Cto +85°C
Storage Temperature Range —65°Cto +150°C
Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum ratings.

DC Electrical Characteristics -40°c < Ta < +85°C unless otherwise specified

Parameter Conditions Ccop3i3c COP313CH Units
Min Max Min Max
Operating Voltage 3.0 55 . 4.5 5.5 \
Power Supply Ripple (Note 4) 0.1 Vee 0.1 Voo \")
Supply Current (Note 1) Vee = 5.0V, t; = Min 600 2500 pA
Vee = 3.0V, t; = Min 360 pA
(tc is inst. cycle)
Halt Mode Current (Note 2) Vcc = 5.0V, Fi = 0kHz 50 50 rA
Vee = 3.0V, Fi = 0kHz 20 nA
Input Voltage Levels
RESET, CK!
Logic High 0.9 Veo 0.9 Vee \
Logic Low 0.1Vee 0.1 Vee v
All Other Inputs
Logic High 0.7 Vce 0.7 Voo \"
Logic Low 0.2Vce 0.2Vce \"
RESET, Sl Input Leakage -2 +2 -2 +2 LA
Input Capacitance 7 7 pF
Output Voltage Levels
(SO, SK, L Port)
Logic High loH = —10pA Vec — 0.2 Vo — 0.2 \
Logic Low loL = 10 pA 0.2 0.2 \'
Output Current Levels
Sink (Note 3) Vcc = Min, VouT = Ve 0.2 1.2 mA
Source (SO, SK, L Port) Vcc = Min, Voyt = OV -0.1 —-0.5 mA
Source (G Port) Vec = Min, Voyut = OV -8 —200 —30 —440 pA
Allowable Sink/Source
Current Per Pin (Note 3) 5 5 mA
TRI-STATE Leakage
Current3 -4 +4 —4 +4 pA
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COP413C/COP413CH/COP313C/COP313CH

COP313C/COP313CH
AC Electrical Characteristics -40c < Ta < +85°C unless otherwise specified
Parameter Conditions copaisc COoP313CH Units
Min Max Min Max

Instruction Cycle Time 16 DC 4 DC s
Operating CKI Frequency + 8 Mode DC 500 DC 2000 kHz
Instruction Cycle Time R = 30k 5%, Voc = 5V 8 16 us
RC Oscillator + 4 C=82pF £ 5%
Instruction Cycle Time R = 56k +5%, Voo = 5V 16 32 16 32 s
RC Oscillator + 4 (Note 6) C = 100pF * 5%
Duty Cycle (Note 5) Fi = Max Freq Ext Clk 40 60 40 60 %
Rise Time (Note 5) Fi = Max Freq Ext Cik 60 60 ns
Fall Time (Note 5) Fi = Max Freq Ext Clk 40 40 ns
Inputs (See Figure 3)

tsETUP G Inputs tc/4 + 2.8 tc/4 + 0.7 . s

Sl Input 1.2 0.3 us
L Inputs 6.8 1.7 us

tHoLD 1.0 0.25 us
Output Propagation Vout = 1.5V, C. = 100 pF
Delay R = 5k

tpD1: trDo 4.0 1.0 1S

Note 1: Supply current is measured after running for 2000 cycle times with a square-wave clock on CKI, CKO open, and all other pins pulled up to Ve with 5k
resistors. See current drain equation on page 13.

Note 2: The Halt mode will stop CKI from oscillating.
Note 3: SO output sink current must be limited to kesp Vo,_ less than 0.2 Vo when part is running in order to prevent entering test mode.
Note 4: Voltage change must be less than 0.5V in a 1 ms period.
Note 5: This parameter is only sampled and not 100% tested.
Note 6: Variation due to the device included.

Connection Diagram

L4 1
Vee—] 2
L3—q 3

L2——4 4 COP413C

20 =15
19 =16
18 f—L7
17 =—RESET

L1—=— § COP413CH 16 p—CKI
L0—d 6 COP313C 15 (KO
Sl ] 7 COP3I3CH 44 |—c3

S0—1 8 13 62
SK—= 9 12 —G1
GND =1 10 " GO
TL/DD/8537-2
Top View

Pin Descriptions

Pin
L7-Lo
G3-Gp
Sl
SO
SK

CKI
CKO
RESET
Vce
GND

FIGURE 2

Order Number COP313C-XXX/D, COP313CH-XXX/D,
COP413C-XXX/D or COP413CH-XXX/D
See NS Hermetlc Package Number D20A

Order Number COP313C-XXX/N, COP313CH-XXX/N,
COP413C-XXX/N or COP413CH-XXX/N
See NS Molded Package Number N20A

Description
8-bit bidirectional I/0 port with TRI-STATE
4-bit bidirectional 1/0 port
Serial input (or counter input)
Serial output (or general purpose output)
Logic-controlled clock
(or general purpose output)
System oscillator input
Crystal oscillator output, or NC
System reset input
System power supply
System Ground




Timing Waveform
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FIGURE 3. Input/Output Timing Diagrams (Dlvide-by-8 Mode)

Development Support

The MOLE (Microcontroller On Line Emulator) is a low cost
development system and real time emulator for COPS’
products. They also include TMP, 8050 and the new 16 bit
HPC microcontroller family. The MOLE provides effective
support for the development of both software and hardware
in the user's application.

The purpose of the MOLE is to provide a tool to write and
assemble code, emulate code for the target microcontroller
and assist in debugging of the system.

The MOLE can be connected to various hosts, IBM PC,
STARPLEX™, Kaypro, Apple and Intel systems, via RS-232
port. This link facilitates the up loading/down loading of
codse, supports host assembly and mass storage.

The MOLE consists of three parts; brain, personality and
optional host software.

The brain board is the computing engine of the system. It is
a self-contained computer with its own firmware which pro-
vides for all system operation, emulation control, communi-
cation, from programming and diagnostic operation. It has
three serial ports which can be connected to a terminal,
host system, printer, modem or to other MOLE’s in a multi-
MOLE environment.

The personality board contains the necessary hardware and
firmware needed to emulate the target microcontroller. The
emulation cable which replaces the target controller attach-
es to this board. The software contains a cross assembler
and a communications program for up loading and down
loading code from the MOLE.

MOLE Ordering Information

P/N Description
MOLE-BRAIN MOLE Computer Board
MOLE-COPS-PB1 COPS Personality Board
MOLE-XXX-YYY Optional Software

Where XXX = COPS
YYY = Host System, IBM, Apple,
KAY (Kaypro), CP/M
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COP413C/COP413CH/COP313C/COP313CH

Functional Description

To ease reading of this description, only COP413C is refer-
enced; however, all such references apply equally to
COP413CH, COP313C, and COP313CH.

A block diagram of the COP413C is given in Figure 1. Data
paths are illustrated in simplified form to depict how the vari-
ous logic elements communicate with each other in imple-
menting the instruction set of the device. Positive logic is
used. When a bit is set, it is a logic ““1"”"; when a bit is reset, it
is a logic “0".

PROGRAM MEMORY

Program memory consists of a 512-byte ROM. As can be
seen by an examination of the COP413C instruction set,
these words may be program instructions, program data, or
ROM addressing data. Because of the special characteris-
tics associated with the JP, JSRP, JID, and LQID instruc-
tions, ROM must often be thought of as being organized into
8 pages of 64 words (bytes) each.

ROM ADDRESSING

ROM addressing is accomplished by a 9-bit PC register. Its
binary value selects one of the 512 8-bit words contained in
ROM. A new address is loaded into the PC register during
each instruction cycle. Unless the instruction is a transfer of
control instruction, the PC register is loaded with the next
sequential 9-bit binary count value. Two levels of subroutine
nesting are implemented by two 9-bit subroutine save regis-
ters, SA and SB.

ROM instruction words are fetched, decoded, and executed
by the instruction decode, control and skip logic circuitry.

DATA MEMORY

Data Memory consists of a 128-bit RAM, organized as four
data registers of 8 X 4-bit digits. RAM addressing is imple-
mented by a 6-bit B register whose upper two bits (Br) se-
lects one of four data registers and lower three bits of the 4-
bit Bd select one of eight 4-bit digits in the selected data
register. While the 4-bit contents of the selected RAM digit
(M) are usually loaded into or from, or exchanged with, the A
register (accumulator), they may also be loaded into the Q
latches or loaded from the L ports. RAM addressing may
also be performed directly by the XAD 3, 15 instruction.

The most significant bit of Bd is not used to select a RAM
digit. Hence, each physical digit of RAM may be selected by
two different values of Bd as shown in Figure 4. The skip
condition for XIS and XDS instructions will be true if Bd
changes between 0 to 15, but not between 7 and 8 (see
Table 1ll).

INTERNAL LOGIC

The internal logic of the COP413C is designed to ensure
fully static operation of the device.

The 4-bit A register (accumulator) is the source and destina-
tion register for most 1/0, arithmetic, logic and data memory
access operations. It can also be used to load the Bd por-
tion of the B register, to load four bits of the 8-bit Q latch
data and to perform data exchanges with the SIO register.
The 4-bit adder performs the arithmetic and logic functions
of the COP413C, storing its results in A. It also outputs the
carry information to a 1-bit carry register, most often em-
ployed to indicate arithmetic overflow. The C register, in
conjunction with the XAS instruction and the EN register,
also serves to control the SK output. C can be outputted
directly to SK or can enable SK to be a sync clock each
instruction cycle time. (See XAS instruction and EN register
description below.)

The G register contents are outputs to four general purpose
bidirectional 1/0 ports. )
The Q register is an internal, latched, 8-bit register, used to
hold data loaded from RAM and A, as well as 8-bit data from
ROM. Its contents are output to the L 170 ports when the L
drivers are enabled under program control. (See LEI instruc-
tion.)

The eight L drivers, when enabled, output the contents of
latched Q data to the L 1/0 ports. Also, the contents of L
may be read directly into A and RAM.

Bd VALUE
15*
19
13
12*

RAM DIGIT

* Can be directly addressed by
LBI instruction (See Table 3)

TL/DD/8537-4

FIGURE 4. RAM Digit Address to Physical
RAM Digit Mapping
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Functional Description (continued)

The SIO register functions as a 4-bit serial-in/serial-out shift
register or as a binary counter, depending upon the con-
tents of the EN register. (See EN register description
below.) Its contents can be exchanged with A, allowing
it to input or output a continuous serial data stream. With
SIO functioning as a serial-in/serial-out shift register and SK
as a sync clock, the COP413C is MICROWIRE compatible.

The XAS instruction copies C into the SKL latch. in the
counter mode, SK is the output of SKL; in the shift register
mode, SK Is a sync clock, inhibited when SKL is a logic 0".

The EN register is an internal 4-bit register loaded under
program control by the LEl instruction. The state of each bit
of this register selects or deselects the particular feature
associated with each bit of the EN register (EN3-ENO).

1. The least significant bit of the enable register, ENO, se-
lects the SIO register as either a 4-bit shift register or as a
4-bit binary counter. With ENO set, SIO is an asynchro-
nous binary counter, decrementing its value by one upon
each low-going pulse (“1"” to “0") occurring on the SI
input. Each pulse must be at least two instruction cycles
wide. SK outputs the value of SKL. The SO output is
equal to the value of EN3. With ENO reset, SIO is a serial
shift register, shifting left each instruction cycle time. The
data present at Sl is shifted into the least significant bit of
S10. SO can be enabled to output the most significant bit
of SIO each instruction cycle time. (See 4, below.) The
SK output becomes a logic-controlled clock.

2. EN 1 is not used, it has no effect on the COP413C.

3. With EN2 set, the L drivers are enabled to output the data
in Q to the L 1/0 ports. Resetting EN2 disables the L
drivers, placing the L I/O ports in a high impedance input
state.

4. EN3, in conjunction with ENO, affects the SO output. With
ENO set (binary counter option selected), SO will output
the value loaded into EN3. With ENO reset (serial shift

register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resetting EN3 with the serial
shift register option selected, disables SO as the shift
register output; data continues to be shifted through SIO
and can be exchanged with A via an XAS instruction but
SO remains reset to “0".

INITIALIZATION

The external RC network shown in Figure 5 must be con-
nected to the RESET pin. The RESET pin is configured as a
Schmitt trigger input. If not used, it should be connected to
Vce. Initialization will occur whenever a logic 0" is applied
to the RESET input, providing it stays low for at least three
instruction cycle times.

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, EN, and G registers are cleared.
The SK output is enabled as a SYNC output, providing a
pulse each instruction cycle time. Data memory (RAM) is
not cleared upon initialization. The first instruction at ad-
dress 0 must be a CLRA (clear A register).

vee

RESET Cara13c

<-TOCW IMSOT
[} - ——ee -
[
=
=]

TL/DD/8537-86

RC > 5 X Power Supply Rise Time
and RC > 100 X CKI Period

FIGURE 5. Power-Up Clear Circult

TABLE I. Enable Register Modes—Bits ENO and EN3

ENO  EN3 Slo Sl SO SK
0 0 Shift Register Input to Shift 0 If SKL = 1, SK = clock
Register IfSKL =0,SK =0
0 1 Shift Register Input to Shift Serial If SKL = 1, SK = clock
Register out IfSKL=0,SK=0
1 0 Binary Counter Input to Counter 0 SK = SKL
1 1 Binary Counter Input to Counter 1 SK = SKL
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COP413C/COP413CH/COP313C/COP313CH

Functional Description (continued)

HALT MODE

The COP413C is a fully static circuit; therefore, the user may
stop the system oscillator at any time to halt the chip. The
chip may be halted by the HALT instruction. Once in the
HALT mode, the internal circuitry does not receive any clock
signal, and is therefore frozen in the exact state it was in
when halted. All information is retained until continuing. The
HALT mode is the minimum power dissipation state.

The HALT mode may be entered into by program control
(HALT instruction) which forces CKO to a logic “1” state.
The circuit can be awakened only by the RESET function.

POWER DISSIPATION
The lowest power drain is when the clock is stopped. As the
frequency increases so does current. Current is also lower
at lower operating voltages. Therefore, to minimize power
consumption, the user should run at the lowest speed and
voltage that his application will allow. The user should take
care that all pins swing to full supply levels to ensure that
outputs are not loaded down and that inputs are not at
some intermediate level which may draw current. Any input
with a slow rise or fall time will draw additional current. A
crystal- or resonator-generated clock will draw more than a
square-wave input. An RC oscillator will draw even more
current since the input is a slow rising signal.
If using an external squarewave oscillator, the following
equation can be used to calculate the COP413C current
drain.
le =lg + (V X 20 X Fi) + (V X 1280 X FI/Dv)
where lc = chip current drain in microamps
Iq = quiescent leakage current (from curve)
FI = CKI frequency in megahertz
V = chip Vg in volts
Dv = divide by option selected
For example, at 5V Vg and 400 kHz (divide by 8),
lc =30+ (5 X 20 X 0.4) + (5 X 1280 X 0.4/8)
lc = 30 + 40 + 320 = 390 pA

OSCILLATOR OPTIONS

There are two options available that define the use of CKI
and CKO.

a. Cyrstal-Controlled Oscillator. CKI and CKO are connect-
ed to an’ external crystal. The instruction cycle time
equals the crystal frequency divided by 8.

b. RC-Controlled Oscillator. CKI is configured as a single
pin RC-controlled Schmitt trigger oscillator. The instruc-
tion cycle equals the oscillation frequency divided by 4.
CKO is NC.

The RC oscillator is not recommended in systems that re-
quire accurate timing or low current. The RC oscillator
draws more current than an external oscillator (typically an
additional 100 pA at 5V). However, when the part halts, it
stops with CKI high and the halt current is at the minimum.

cKI cKo

T

CK! CKO

c

2

AY 2N .
L { AAA%
o= VvVvy—ow
©

TL/DD/8537-6
FIGURE 6. COP413C Osclllator

RC-Controlled
Crystal or Resonator Oscillator
Crystal Component Value Cycle
Value R1 R2 C1pF C2pF R [+ Time Vee
32 kHz 220k 20M 30 5-36 15k 82 pF 4-9 us 2 4.5V COP413CH Only
455 kHz 5k 10M 80 40 30k 82 pF 8-16 us > 4.5V COP413CH Only
2.000 MHz 2k M 30 6-36 47k 100 pF 16-32 us 3.0 to 4.5V COP413C Only

56k 100 pF 16-32 pus > 4.5V
Note: 15k < R < 150k, :
50 pF < C < 150 pF
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Functional Description (continued)

1/0 CONFIGURATIONS

COP413C outputs have the following configurations, illus-

trated in Figure 7.

a. Standard SO, SK Output. A CMOS push-pull buffer with
an N-channel device to ground in conjunction with a
P-channel device to Vgg, compatible with CMOS and
LSTTL.

b. Low Current G Output. This is the same configuration as
(a) above except that the sourcing current is much less.

c. Standard TRI-STATE L Output. L output is a CMOS out-
put buffer similar to (a) which may be disabled by pro-

gram control.
vee
P2
N1

a. Standard Push-Pull Output

The S! and RESET inputs are Hi-Z inputs (Figure 7).
When using the G 1/0 port as an input, set the output regis-
ter to a logic 1" level. The P-channel device will act as a
pull-up load. When using the L I/0 port as an input, disable
the L drivers with the LE! instruction. The drivers are then in
TRI-STATE mode and can be driven externally.

All output drivers use one or more of three common devices
numbered 1 to 3. Minimum and maximum current (IoyT and
Vour) curves are given in Figure 8 for each of these devices
to allow the designer to effectively use these 1/0 configura-
tions.

vee
P3

N1

b. Low Current Push-Pull Output

) ) vce vee
DISABLE
§
EDH :
- TL/DD/8537~7
c. Standard TRI-STATE d. Hi-Z Input
“L” Qutput
FIGURE 7. 1/0 Configurations
S0, SK, L Port, G Port S0, SK, L Port Standard G Port Low Current
Minimum Sink Current Minimum Source Current Minimum Source Current
24 I l 12 [>4] __i:»v ’—
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COP413C/COP413CH COP313C/COP313CH
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Maximum Source Current Maximum Source Current Maximum Quiescent Current
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" punr
500 |-5.5v 500 [ 50
l“i\ <—l} 8soc
400 ——+ N 400 C 4 /

~ _‘.5 . — 3

E N ) NN iy /

3 ANEAN 3 \\ 8 i
o 3.0¢ N = 3.0 N I\ » v Lo
100 TP \C 100 ISk 10 ,4/ 25%¢

0 0 0
00 10 20 30 40 50 60 00 10 20 30 40 50 60 0 1 2 3 4 5 6
Vo (YOLTS) Vi (VOLTS) Ve (VOLTS)

TL/DD/8537-8

FIGURE 8
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COP413C/COP413CH/COP313C/COP313CH

COP413C Instruction Set

Table Il is a symbol table providing internal architecture, in-
struction operand and operational symbols used in the in-

struction set table.

Symbol

Table IIl provides the mnemonic, operand, machine cods,
data flow, skip conditions and description associated with

each instruction in the COP413C instruction set.

TABLE Il. COP413C Instruction Set Table Symbols

Definition

Symbol

Definition

INTERNAL ARCHITECTURE SYMBOLS

INSTRUCTION OPERAND SYMBOLS

A 4-bit Accumulator

B 6-bit RAM Address Register

Br Upper 2 bits of B (register address)

Bd Lower 4 bits of B (digit address)

o] 1-bit Carry Register

EN 4-bit Enable Register

G 4-bit Register to latch data for G 1/0 Port

L 8-bit TRI-STATE 170 Port

M 4-bit contents of RAM Memory pointed to by B
Register

PC 9-bit ROM Address Register (program counter)

Q 8-bit Register to latch data for L 170 Port

SA 9-bit Subroutine Save Register A

SB 9-bit Subroutine Save Register B

[5]e) - 4-bit Shift Register and Counter

SK Logic-Controlled Clock Output

d
r

a
y

4-bit Operand Field, 0~ 15 binary (RAM Digit Select)
2-bit Operand Field, 0-3 binary (RAM Register
Select)

9-bit Operand Field, 0~511 binary (ROM Address)
4-bit Operand Field, 0-15 binary (Immediate Data)

RAM(s) Contents of RAM location addressed by s
ROM(t) Contents of ROM location addressed by t

OPERATIONAL SYMBOLS

"(B>IIIIl|+

Plus

Minus

Replaces

Is exchanged with

Is equal to

The one's complement of A
Exclusive-OR

Range of values

TABLE lI. COP413C Instruction Set

Skip Conditions Description

A+ C+ RAM(B) — A Cany

ox Machine
Mnemonic Operand Language Code Data Flow
Code
(Blinary)
ARITHMETIC INSTRUCTIONS
ASC 30 00110000
Carry — C
ADD 31 00110001 A + RAM(B) — A
AISC y 5— [0101] y A+y— A
CLRA 00 00000000 00— A
COMP 40 01000000 A—A
NOP 44 0100{0100 None
RC 32 0011[0010 “0" — C
SC 22 0010|0010 “1" —> C
XCR 02 0000{0010 A © RAM(B) — A

Add with Carry, Skip on

Carry

None Add RAM to A

Carry Add immediate, Skip on
Carry (y # 0)

None Clear A

None One’s complement of A to A

None No Operation

None ResetC

None SetC

None Exclusive-OR RAM with A




Instruction Set (continued)

TABLE lll. COP413C Instruction Set (Continued)

He Machine
Mnemonic Operand Language Code Data Flow Skip Conditions Description
Code
(Binary)
TRANSFER OF CONTROL INSTRUCTIONS
JID FF 11111111 ROM (PCg, AM) — None Jump Indirect (Note 2)
PCz:0
JMP a 6— 0110{000]ag| {a — PC None Jump
- ar.
JP a - 1] agg a — PCgyp None Jump within Page
(pages 2, 3 only) (Note 1)
or
- 11| asg a —> PCsp
(all other pages)
JSRP a - 10| as: PC+1 — SA — SB None Jump to Subroutine Page
(Note 2)
010 — PCgg
a —> PCsy
JSR a 6— 0110{100|ag| | PC+1 — SA — SB None Jump to Subroutine
- ay. a — PC
RET 48 0100{1000 SB — SA — PC None Return from Subroutine
RETSK 49 0100|10011 SB — SA — PC Always Skip on Return  Return from Subroutine
then Skip
HALT 33 00110011} None Halt processor
38 0011]1000
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 0011)0011 A — Q74 None Gopy A, RAMto Q
: 3C 0011]1100| | RAM(B) — Qayp
CQMA 33 001110011} | Q7.4 —> RAM(B) None Copy Q to RAM, A
2C 0010(1100| [ Qzp—> A
LD T -5 00|rj0101 RAM(B) — A None Load RAM into A
Brer — Br Exclusive-OR Br with r
LaQip BF 10111111 ROM(PCg,AM) = Q  None Load Q Indirect
SA — SB
RMB 0 4C 0100}{1100 0 — RAM(B)o None Reset RAM Bit
1 45 0100|0101 0 — RAM(B)4
2 42 0100|0010 0 — RAM(B)2
3 43 0100]0011 0 — RAM(B)s
SMB 0 4D 0100]1101 1 — RAM(B)g None Set RAM Bit
1 47 0100{0111 1 — RAM(B),
2 46 0100|0110 1 — RAM(B);
3 4B 0100]1011 1 — RAM(B)3
STII y 7- [o111] y y — RAM(B) None Store Memory Immediate
Bd+1 — Bd and Increment Bd
X r -6 00|r|0110 RAM(B) «— A None Exchange RAM with A,
Brer — Br Exclusive-OR Br with r
XAD 3,15 23 0010]0011 RAM(3,15) «— A None Exchange A with RAM
BF 1011]1111 (3,15) ’
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COP413C/COP413CH/COP313C/COP313CH

Instruction Set (continued)

TABLE lil. COP413C Instruction Set (Continued)

Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
MEMORY REFERENCE INSTRUCTIONS (Continued)
XDS r -7 00|r{0111 RAM(B) «— A Bd decrements past0  Exchange RAM with A
Bd-1 — Bd and Decrement Bd
Bror — Br Exclusive-OR Br with r
Xis r -4 00|r|0100] RAM(B) «— A Bdincrements past 15 Exchange RAM with A
Bd+1 — Bd and Increment Bd
Bror — Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 0101]0000] A — Bd None Copy Ato Bd
CBA 4E 0100[1110 Bd — A None CopyBdto A
LBI rd - 00]|r|(d-1) rd = B Skip until not a LBI Load B Immediate with
(d = 0,9:15) rd
LEI y 33 00110011 y = EN None Load EN Immediate
6— |0010] y |
TEST INSTRUCTIONS
SKC 20 0010 [0000 c="1" Skip if C is True
SKE 21 00100001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 1001110011 Ga3p=0 Skip if G is Zero
21 | 00100001 (all 4 bits)
SKGBz 33 0011]0011 1st byte Skip if G Bitis Zero
0 01 100000001 Go=0
1 11 0001]0001 2nd byte Gy=0
2 03 0000}0011 Ga=0
3 13 00100011 Ga=0
SKMBZ 0 01 0000|0001 RAM(B)p = 0 Skip if RAM Bitis Zero
1 11 0001|0001 RAM(B)1 =0
2 03 0000|0011 RAM(B)2 = 0
3 13 100010011 | RAM(B)3 =0
INPUT/OUTPUT INSTRUCTIONS
ING 33 0011) 0011 G— A None Input G Ports to A
2A 0010{1010]
INL 33 0011|0011 L7.4 — RAM(B) None Input L Ports to RAM, A
‘ 2E 0010/1110 Lagg — A
OoMG 33 00110011 RAM(B) — G None Output RAM to G Ports
3A 0011(1010
XAS 4F |0100|1111) | A <> SIO,C — SKL None Exchange A with SIO

Note 1: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page. ’

Note 2: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP

may not jump to the last word in page 2.
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Description of Selected Instructions

The following information is provided to assist the user in
understanding the operation of several unique instructions
and to provide notes useful to programmers in writing
COP413C programs.

XAS INSTRUCTION

XAS (Exchange A with SIO) exchanges the 4-bit contents of
the accumulator with the 4-bit contents of the SIO register.
The contents of SIO will contain serial-in/serial-out shift reg-
ister or binary counter data, depending on the value of the
EN register. An XAS instruction will also affect the SK out-
put. (See Functional Description, EN Register.) If SIO is se-
lected as a shift register, an XAS instruction must be per-
formed once every four instruction cycle times to effect a
continuous data stream.

JID INSTRUCTION

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
to indirectly by A and M. It loads the lower eight bits of the
ROM address register PC with the contents of ROM ad-
dressed by the 9-bit word, PCg, A, M. PCg is not affected by
this instruction.

Note: JID uses two instruction cycles if executed, one if skipped.

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 9-bit word PCg, A, M.
LQID can be used for table look-up or code conversion such
as BCD to 7-segment. The LQID instruction “pushes’ the
stack (PC + 1 — SA — SB) and replaces the least
significant eight bits of the PC as follows: A —> PCy.4,
RAM(B) — PCgs.q, leaving PCg unchanged. The ROM data
pointed to by the new address is fetched and loaded into
the Q latches. Next, the stack is “popped” (SB — SA —
PC), restoring the saved value of the PC to continue se-
quential program execution. Since LQID pushes SA —
SB, the previous contents of SB are lost.

Note: LQID uses two il ion cycles if d, one if ski

PP

INSTRUCTION SET NOTES

a. The first word of a COP413C program (ROM address 0)
must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, one in-
struction cycle time is devoted to skipping each byte of
the skipped instruction. Thus all program paths take the
same number of cycle times whether instructions are
skipped or executed (except JID and LQID).

c. The ROM is organized into eight pages of 64 words each.
The program counter is a 9-bit binary counter, and will
count through page boundaries. If a JP, JSRP, JID, or
LQID instruction is located in the last word of a pags, the
instruction operates as if it were in the next page. For
example: A JP located in the last word of a page will jump
to a location in the next page. Also, a LQID or JID located
in the last word in page 3 or 7 will access data in the next
group of four pages.

COPS Programming Manual

For detailed information on writing. COPS programs, the
COPS Programming Manual 424410284-001 provides an in-
depth discussion of the COPS architecture, instruction set
and general techniques of COPS programming. This manual
is written with the programmer in mind. .

OPTION LIST—OSCILLATOR SELECTION
The oscillator option selected must be sent in with the
EPROM of ROM Code for masking into the COP413C. Se-
lect the appropriate option, make a photocopy of the table
and send it with the EPROM.
COP413C/COP313C
Option 1: Oscillator selection
= 0 Ceramic Resonator input frequency divided by 8.
CKO is oscillator output.
= 1 Single pin RC controlled oscillator divided by 4. CKO
is no connection.
Note: The following option information is to be sent to Na-
tional along with the EPROM.
Option 1: Value = ___is Oscillator Selected.
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COP414L/COP314L

National |
Semiconductor

PRELIMINARY

COP414L/COP314L Single-Chip N-Channel

Microcontrollers

General Description

The COP414L Single-Chip N-Channel Microcontrollers are
members of the COPS™ family, fabricated using N-chan-
nel, silicon gate MOS technology. This Controller Oriented
Processor is a complete microcomputer containing all sys-
tem timing, internal logic, ROM, RAM and 1/0 necessary to
implement dedicated control functions in a variety of appli-
cations. Features include single supply operation, a variety
of output configuration options, with an instruction set, inter-
nal architecture and 170 scheme designed to facilitate key-
board input, display output and BCD data manipulation. The
COP414L is an appropriate choice for use in numerous hu-
man interface control environments. Standard test proce-
dures and reliable high-density fabrication techniques pro-
vide the medium to large volume customers with a custom-
ized Controller Oriented Processor at a low end-product
cost. .

The COP314L is an exact functional equivalent but extend-
ed temperature version of COP414L.

The COP414L can be emulated by the COP404C. The
COP401L should be used for exact emulation.

Features .

m Late waferfab programming of ROM and 1/0 for fast
delivery of units

B Low cost

W Powerful instruction set

B 512 x 8 ROM, 32 x 4 RAM

® 151/0 lines

B Two-level subroutine stack

W 16 ps instruction time

= Single supply operation (4.5V-~6.3V)

m Low current drain (6 mA max)

m Internal binary counter régister with MICROWIRE™ se-
rial 1/0 capability

m General purpose and TRI-STATE® outputs

M LSTTL/CMOS compatible in and out

m Software/hardware compatible with other members of
COP400 family .

m Extended temperature range device
— COP314L (—40°C to +85°C)

M Wider supply range (4.5V-9.5V) optionally available

Block Diagram
veo Gho K Ko
‘ 2 ‘IO ‘ 18 f 15
- I 1
INSTAUCTION CLOCK (SYNG) 4—I DivioR H Gekenkton ‘
: ‘ RESET l LI
3 I LOGIC I REstT
PAOSRAM MEMORY
§12x8ROM
IGIT ADDAESS 2
ADORESS
JATA MEMORY REG
= 0. ]‘;l.‘i‘g‘ﬂ ADDA BR BD
gyt (L] 2 L]
- -
. Al
| ot AECUMEIATUR
4
[
AL
INSTAUCTION sA s
DECODE/CONTROL o e = o e
'SKIP LOGIC 'Y . CARRY ¢ SKL N,
3 1]

2LEVEL STACK

s0 170

L— sio3 S0z 510y Siog
m SERIAL /D REGISTER s

VO CONTAOLS

rF Y}

G
REGISTER

L DRIVERS

BUFFER

I
~
e =2

Y

unmt?

tr s

s te L3 2 L3 Lo

4 5 |8

TL/DD/8814-1

FIGURE 1. COP414L
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COP414L

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Oftflce/Distributors for avallability and specifications.

Voltage at Any Pin Relative to GND —0.5Vto +10V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature —65°Cto +150°C
Lead Temperature (Soldering, 10 sec.) 300°C

Power Dissipation
COP414L

Total Source Current
Total Sink Current

0.65W at25°C
0.3W at70°C

120 mA
100 mA

Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-

vice at absolute maximum ratings.

DC Electrical Characteristics o°c < T4 < +70°C, 4.5V < Vg < 9.5V unless otherwise noted

Parameter Conditions Min Max Units
Standard Operating Voltage (Vcc) (Note 1) 4.5 6.3 v
Optional Operating Voltage (Vco) 4.5 95 Vv
Power Supply Ripple Peak to Peak 05 \
Operating Supply Current All Inputs and Outputs Open [} mA
Input Voltage Levels
CKi Input Levels
Ceramic Resonator Input (+ 8)
Logic High (ViR) Vce = Max 3.0 v
Logic High (Vi) Veco = 5V £5% 2.0
Logic Low (Vi) -0.3 0.4 v
Schmitt Trigger Input (+4)
Logic High (Vi) 0.7 Vco v
Logic Low (Vi) -0.3 0.6 v
RESET Input Levels (Schmitt Trigger Input)
Logic High 0.7 Vce v
Logic Low -0.3 0.6 \
SO Input Level (Test Mode) (Note 2) 20 25 \"
All Other Inputs
Logic High Veec = Max 3.0 v
Logic High With TTL Trip Level Options 2.0 \
Logic Low Selected, Vgg = 5V 5% -0.3 0.8 \
Logic High With High Trip Level Options 3.6 \
Logic Low Selected -0.3 1.2 \
Input Capacitance 7 pF
Hi-Z Input Leakage ~1 +1 pA
Output Voltage Levels
LSTTL Operation Vece = 5V £10%
Logic High (Von) lon = —25 pA 2.7 \
Logic Low (Vo) loL = 0.36 mA 0.4 \]
CMOS Operation
Logic High loH = —10 pA Veg — 1 \
Logic Low loL = +10 pA 0.2 v

Note 1: Vg voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.

Note 2: SO output “0" level must be less than 0.8V for normal operation.
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COP414L/COP314L

COP414L
DC Electrical Characteristics o°c < T4 < +70°C, 4.5V < V¢ < 9.5V unless otherwise noted (Continued)
Parameter Conditions Min Max Units
Output Current Levels
Output Sink Current
SO and SK Ouputs (Iop) Vee = 9.5V, VoL = 0.4V 1.8 mA
Vee = 6.3V, VoL = 0.4V 1.2 mA
Vee = 4.5V, VoL = 0.4V 0.9 mA
Lo—-L7 Outputs, Gg-Gg and Vce = 9.5V, VgL = 04V 0.4 mA
LSTTL Do-Dj3 Outputs (Iop) Voo = 6.3V, VoL = 0.4V 0.4 mA
Voo = 4.5V, VoL = 0.4V 0.4 mA
CKI (Single-pin RC Oscillator) Vco = 4.5,V = 3.5V 2 mA
CKO Vee = 4.5, VoL = 0.4V 0.2 mA
Output Source Current
Standard Configuration, Ve = 8.5V, Vo = 2.0V —140 —800 pA
All Outputs (loR) Vee = 6.3V, Vo = 2.0V ~75 —480 MA
Vee = 4.5V, Vo = 2.0V -30 —250 BA
Push-Pull Configuration Voo = 9.5V, Vo = 4.75V -1.4 mA
SO and SK Outputs (Ion) Vce = 6.3V, Vo = 2.4V —1.4 mA
Vo = 4.5V, Vou = 1.0V —1.2 mA
Input Load Source Current Vee = 5.0V, V)L =0V -10 —140 pA
Open Drain Output Leakage —-25 +25 pA
Total Sink Current Allowed
All Outputs Combined 100 mA
D Port 100 mA
Ly-L4, G Port 4 mA
La-Lo 4 mA
Any Other Pin 20 mA
Total Source Current Allowed
All 1/0 Combined 120 mA
L7-Lg 60 mA
Ls-Lo 60 mA
Each L Pin 25 mA
Any Other Pin 1.5 mA
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COP314L

Absolute Maximum Ratings
—0.5Vto +10V
—40°Cto +85°C
—65°Cto +150°C

Voltage at Any Pin Relative to GND
Ambient Operating Temperature
Ambient Storage Temperature

Lead Temperature
(Soldering, 10 seconds)

300°C

DC Electrical Characteristics
COP314L.: —40°C < Tp < +85°C, 4.5V < Vg < 7.5V unless otherwise noted

Power Dissipation

COP314L 0.65W at 25°C
0.20W at 85°C

Total Source Current 120 mA
Total Sink Current 100 mA

Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum ratings.

Parameter Conditions Min Max Units
Standard Operating Voltage (Vo) (Note 1) 4.5 55 v
Optional Operating Voltage (Vcc) 45 7.5 Vv
Power Supply Ripple Peak to Peak 0.5 \
Operating Supply Current All Inputs and Outputs Open 8 mA
Input Voltage Levels
Ceramic Resonator Input (+8)
Crystal Input
Logic High (V|R) Vee = Max 3.0
Logic High (Vi) Vec = 5V 5% 2.2 \
Logic Low (Vi) -0.3 0.3 Vv
Schmitt Trigger Input (- 4)
Logic High (ViR) 0.7 Ve \
Logic Low (Vi) —-0.3 0.4 \'}
RESET Input Levels (Schmitt Trigger Input)
Logic High 0.7Vce A
Logic Low -03 0.4 v
SO Input Level (Test Mode) (Note 2) 2.2 . 25 Vv
All Other Inputs
Logic High Vce = Max 3.0 \
Logic High With TTL Trip Level Options 2.2 A
Logic Low Selected, Voc = 5V 5% -0.3 0.6 \
Logic High With High Trip Level Options 3.6 \
Logic Low Selected -0.3 1.2 \
Input Capacitance 7 pF
Hi-Z Input Leakage -2 +2 pA
Output Voltage Levels
LSTTL Operation Vee = 5V £10%
Logic High (Von) loy = —20 pA 2.7 \"
Logic Low (Voo loL = 0.36 mA 0.4 \
CMOS Operation
Logic High loy = —10 pA Voo — 1 v
Logic Low lo= +10 pA 0.2 \

Note 1: V¢ voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.

Note 2: SO output “0" level must be less than 0.6V for normal operation.
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COP314L

DC Electrical Characteristics (continued)
COP314L: —40°C < Tp < +85°C, 4.5V < Vg < 7.5V unless otherwise noted

COP414L/COP314L

Parameter Conditions Min Max Units
Output Current Levels
Output Sink Current
SO and SK Outputs(ioL) Vee = 7.5V, VoL = 0.4V 1.4 mA
. . Vee = 5.5V, Vo = 0.4V 1.0 mA
4 Vee = 4.5V, VgL = 0.4V 0.8 mA
Lo~L7 Outputs, Go-G3 and Voo = 7.5V, VoL = 0.4V 0.4 mA
LSTTL, Dg-D3 Outputs (io) Voe = 5.5V, VoL = 0.4V 0.4 mA
Vo = 4.5V, VgL = 0.4V 0.4 mA
CKI (Single-pin RC Oscillator) Vee = 4.5V, Vi = 3.5V 1.5 . mA
CKO Vec = 4.5V, VoL = 0.4V 0.2 mA
Output Source Current
Standard Configuration, Vee = 7.5V, Vo = 2.0V —100 —900 rA
All Outputs (lon) Ve = 5.8V, Vou = 2.0V —55 —600 pA
Vee = 4.5V, Vpou = 20V —-28 —350 pA
Push-Pull Configuration Vee = 7.5V, Voy = 3.75V —0.85 mA
SO and SK Outputs (Ion) Vee = 5.5V, Vou = 2.0V -1.1 mA
Voo = 4.5V, Voy = 1.0V -1.2 mA
Input Load Source Current Vee = 5.0V, VL = 0V -10 —200 pA
Open Drain Output Leakage -5 +5 pA
Total Sink Current Allowed
All Outputs Combined 100 mA
D Port 100 mA
Lz=La4, G Port 4 mA
La-Lg 4 mA
Any Other Pins 1.5 mA
Total Source Current Allowed
All 1/0 Combined 120 - mA
L7-Lg 60 mA
L3-Lo 60 mA
Each L Pin 25 mA
Any Other Pins 1.5 mA
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AC Electrical Characteristics

COP414L: 0°C < Tp < 70°C, 4.5V < Vg < 9.5V unless otherwise noted
COP314L: —40°C < Tp < +85°C, 4.5V < Vg < 7.5V unless otherwise noted
COP214L: —40°C < Tp < +110°C, 4.5V < Vg < 7.5V unless otherwise noted

Parameter Conditions Min Max Units
Instruction Cycle Time — t¢ 16 40 pus
CKl1
Input Frequency — f; +8 Mode 0.2 0.5 MHz
+4 Mode 0.1 0.25 MHz
Duty Cycle 30 60 %
Rise Time fi = 0.5 MHz 500 ns
Fall Time 200 ns
CKi Using RC (+4) R =56k 5%
C = 100 pF £10%
Instruction Cycle Time (Note 1) 16 28 us
CKO as SYNC Input
tsYNG 400 ns
Inputs
G3-Go, L7-Lo
tseTUP 8.0 us
tHoLp 1.3 ps
S| .
tseTuP 2.0 rs
tHoLD 1.0 1%
Output Propagation Delay Test Condition:
CL = 50 pF, R = 20 kQ, Voyt = 1.5V
SO, SK Outputs
tpdt, tpdo 4.0 ps
All Other Outputs )
tpd1, tpdo 5.6 s

Note 1: Variation due to the device included.

Connection Diagram

Dual-In-Line Package

L4~ 1 2015 Order Number COP214L-XXX/D,
Vee—12 19}=—1L6 COP314L-XXX/D or COP414L-XXX/D
L3 3 [T -} See NS Hermetic Package D20A
L2myd 17|——-RESET Order Number COP214L-XXX/N,
Li—s 16[—cCKI COP314L-XXX/N or COP414L-XXX/N
L0—6 15f——CK0 See NS Molded Package N20A
I e 7 14 fomem 63
S0~—q8 13}=—g2 Order Number COP214L-XXX/WM,
Sk=—d g 12b—g1 COP314L-XXX/WM or COP414L-XXX/WM
GND—=] 10 11b—go ‘See NS Surface Mount Package M20B
TL/DD/8814-2
Top View
FIGURE 2
Pin Descriptions
Pin Description Pin Description

L7-Lo 8 bidirectional 1/0 ports with TRI-STATE CKi System oscillator input

G3-Gp 4 bidirectional 1/0 ports CKO  System oscillator output

Sl Serial input (or counter input) RESET System reset input

SO Serial output (or general purpose output) Vee Power supply

SK Logic-controlled clock (or general purpose output) GND  Ground
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COP414L/COP314L

Timing Diagrams
|<——_ INSTRUCTION CYCLE TIME (1) ———»]

wl LML riri e rurer

~.| D1 —-Wio—wnu
SKiasa VoH VoL 77 A /7777
" |e——tseTUP —] |=—1tHoLD

G3-Go, L7-Lp.
&SI INPUTS

'4— tpD 1 —o| le— tpp0

G3-Gg, D3-Dp. m

17-Lg, S0, SK Vo Y
oUTPUTS

TL/DD/8814-3

FIGURE 3. Input/Output Timing Diagrams (Ceramic Resonator Divide-by-8 Mode)

N

CK1
fo— w1 |+ 1svae

cK0
(INPUT)

TL/DD/8814~4
FIGURE 3a. Synchronization Timing

Functional Description

A block diagram of the COP414L is given in Figure 1. Data may also be loaded into the Q latches or loaded from the L
paths are illustrated in simplified form to depict how the vari- ports. RAM addressing may also be performed directly by
ous logic elements communicate with each other in imple- the XAD 3,15 instruction.

menting the instruction set of the device. Positive logic is
used. When a bit is set, it is a logic “'1” (greater than 2V).
When a bit is reset, it is a logic “0” (less than 0.8V).

The most significant bit of Bd is not used to select a RAM
digit. Hence each physical digit of RAM may be selected by
two different values of Bd as shown in Figure 4 below. The

All functional references to the COP414L also apply to the skip condition for XIS and XDS instructions will be true if Bd
COP314L, and COP214L. changes between 0 and 15, but NOT between 7 and 8 (see
PROGRAM MEMORY Table l).

Program Memory consists of a 512-byte ROM. As can be Bd VALUE ham D1GwT

seen by an examination of the COP414L instruction set, 15*

these words may be program instructions, program data or 10+

ROM addressing data. Because of the special characteris- .

tics associated with the JP, JSRP, JID and LQID instruc- 13 / /7

tions, ROM must often be thought of as being organized into 12*

8 pages of 64 words each. 1

ROM addressing is accomplished by a 9-bit PC register. Its .
binary value selects one of the 512 8-bit words contained in 10

ROM. A new address is loaded into the PC register during
each instruction cycle. Unless the instruction is a transfer of
control instruction, the PC register is loaded with the next
sequential 9-bit binary count value. Two levels of subroutine
nesting are implemented by the 9-bit subroutine save regis-
ters, SA and SB, providing a last-in, first-out (LIFO) hard-
ware subroutine stack.

ROM instruction words are fetched, decoded and executed
by the Instruction Decode, Control and Skip Logic circuitry.

DATA MEMORY

Data memory consists of a 128-bit RAM, organized as 4
data registers of 8 4-bit digits. RAM addressing is imple-
mented by a 6-bit B register whose upper 2 bits (Br) select 1
of 4 data registers and lower 3 bits of the 4-bit Bd select 1 of
8 4-bit digits in the selected data register. While the 4-bit
contents of the selected RAM digit (M) is usually loaded into
or from, or exchanged with, the A register (accumulator), it

«©
*

*Can be directly addressed by
LBl instruction (see Table IIl)

- N W H B N

TL/DD/8B14-5
FIGURE 4. RAM Digit Address to
Physical RAM Digit Mapping
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Functional Description (continued)

INTERNAL LOGIC

The 4-bit A register (accumulator) is the source and destina-
tion register for most I/O, arithmetic, logic and data memory
access operations. It can also be used to load the Bd por-
tion of the B register, to load 4 bits of the 8-bit Q latch data,
to input 4 bits of the 8-bit L. 170 port data and to perform
data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic functions of
the COP414L, storing its results in A. It also outputs a carry
bit to the 1-bit C register, most often employed to indicate
arithmetic overflow. The C register, in conjunction with the
XAS instruction and the EN register, also serves to control
the SK output. C can be outputted directly to SK or can
enable SK to be a sync clock each instruction cycle time.
(See XAS instruction and EN register description, below.)

The G register contents are outputs to 4 general-purpose
bidirectional 1/0 ports.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded from M and A, as well as 8-bit data from
ROM. Its contents are output to the L 1/0 ports when the L
drivers are enabled under program control. (See LEI instruc-
tion.)

The 8 L drivers, when enabled, output the contents of
latched Q data to the L 1/0 ports. Also, the contents of L
may be read directly into A and M.

The SIO register functions as a 4-bit serial-in serial-out shift
register or as a binary counter depending on the contents of
the EN register. (See EN register description, below.) Its
contents can be exchanged with A, allowing it to input or
output a continuous serial data stream. SIO may also be
used to provide additional parallel /0O by connecting SO to
external serial-in/parallel-out shift registers.

The XAS instruction copies C into the SKL Latch. In the
counter mode, SK is the output of SKL in the shift register
mode, SK outputs SKL ANDed with internal instruction cycle
clock.

The EN register is an internal 4-bit register loaded under

program control by the LEI instruction. The state of each bit

of this register selects or deselects the particular feature
associated with each bit of the EN register (EN3-ENp).

1. The least significant bit of the enable register, ENg, se-
lects the SIO register as either a 4-bit shift register or a
4-bit binary counter. With ENg set, SIO is an asynchro-
nous binary counter, decrementing its value by one upon

each low-going pulse (“1"” to “0") occuring on the Sl in-
put. Each pulse must be at least two instruction cycles
wide. SK outputs the value of SKL. The SO output is
equal to the value of EN3. With ENp reset, SIO is a serial
shift register shifting left each instruction cycle time. The
data present at Sl goes into the least significant bit of
SIO. SO can be enabled to output the most significant bit
of SIO each cycle time. (See 4 below.) The SK output
becomes a logic-controlled clock.

2. ENq is not used. It has no effect on COP414L operation.

3. With EN3 set, the L drivers are enabled to output the data
in Q to the L 1/O ports. Resetting EN, disables the L
drivers, placing the L 1/0 ports in a high-impedance input
state.

4. ENg, in conjunction with ENg, affects the SO output. With
ENp set (binary counter option selected) SO will output
the value loaded into EN3. With ENp reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resetting ENg with the serial

. shift register option selected disables SO as the shift reg-
ister output; data continues to be shifted through SIO and
can be exchanged with A via an XAS instruction but SO
remains reset to “0”. Table | provides a summary of the
modes associated with EN3 and ENg.

INITIALIZATION

The Reset Logic will initialize (clear) the device upon power-
up if the power supply rise time is less than 1 ms and great-
er than 1 ps. If the power supply rise time is greater than
1 ms, the user must provide an external RC network and
diode to the RESET pin as shown below (Figure 5). The
RESET pin is configured as a Schmitt trigger input. If not
used it should be connected to Vcg. Initialization will occur
whenever a logic “0” is applied to the RESET input, provid-
ed it stays low for at least three instruction cycle times.

~<r~TvUvCw IMEC

RC = 5 X Power Supply Rise Time
FIGURE 5. Power-Up Clear Circuit

TL/DD/8814-6

TABLE |. Enable Register Modes—Bits EN3 and ENg

ENj ENp SI10 SO SK

0 0 Shift Register Input to Shift Register 0 If SKL = 1, SK = Clock
IfSKL = 0,SK =0

1 o] Shift Register Input to Shift Register Serial Out If SKL = 1, SK = Clock
IfSKL=0,8SK=0

0 1 Binary Counter Input to Binary Counter 0 IfSKL=1,8K=1
fSKL=0,SK=0

1 1 Binary Counter Input to Binary Counter 1 IfSKL=1,SK = 1
IfSKL=0,SK =0

ri€d0D/TVIPdOD



COP414L/COP314L

Functional Description (continued)

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, D, EN and G registers are cleared.
The SK output is enabled as a SYNC output, providing a
pulse each instruction cycle time. Data Memory (RAM) is
not cleared upon initialization. The first instruction at ad-
dress 0 must be a CLRA.

CKI CKO

N/C

-
EXTERNAL
cLock

TL/DD/8814-7

Ceramic Resonator Oscillator

Components Values
R2(2) | C1(pF)

Resonator
Value

R1(0) C2 (pF)

455 kHz 4.7k

M 220 220

RC Controlled Oscillator

Instruction
Cycle Time
inus

R (k) C (pF)

51 100 19 £15%
82 56 19 £13%

Note: 200kQ2 > R > 25k. 360 pF > C > 50 pF. Does notinclude tolerances.
FIGURE 6. COP414L Oscillator

OSCILLATOR

There are four basic clock oscillator configurations available

as shown by Figure 6.

a. Resonator Controlled Oscillator. CKI and CKO are
connected to an external ceramic resonator. The instruc-
tion cycle frequency equals the resonator frequency di-
vided by 8.

b. External Oscillator. CK! is an external clock input signal.
The external frequency is divided by 4 to give the instruc-
tion frequency time. CKO is no connection.

c. RC Controlled Osclillator. CKl is configured as a single
pin RC controlled Schmitt trigger oscillator. The instruc-
tion cycle equals the oscillation frequency divided by 4.
CKO is no connection.

CKO PIN OPTIONS

In a resonator controlled oscillator system, CKO is used as
an output to the resonator network. CKO is no connection
for External or RC controlled oscillator. '

170 OPTIONS

COP414L inputs and outputs have the following optional
configurations, illustrated in Figure 7:

a. Standard—an enhancement-mode device to ground in
conjunction with a depletion-mode device to Vg, com-
patible with LSTTL and CMOS input requirements. Avail-
able on SO, SK and all D and G outputs.

b. Open-Drain—an enhancement-mode device to ground
only, allowing external pull-up as required by the user’s
application. Available on SO, SK and all D and G outputs.

¢. Push-Pull—an enhancement-mode device to ground in
conjunction with a depletion-mode device paralieled by
an enhancement-mode device to Vgg. This configuration
has been provided to allow for fast rise and fall times
when driving capacitive loads. Available on SO and SK
outputs only.

d. Standard L—same as a., but may be disabled. Available
-on L outputs only.

e. Open Drain L—same as b., but may be disabled. Avail-
able on L outputs only.

f. An on-chip depletion load device to Vce.

g. A Hi-Z input which must be driven to a “1” or “0” by
external components.

The above input and output configurations share common
enhancement-mode and depletion-mode devices. Specifi-
cally, all configurations use one or more of six devices
(numbered 1-6, respectively). Minimum and maximum cur-
rent (lout and Vouyrt) curves are given in Figure 8 for each
of these devices to allow the designer to effectively use
these 1/0 configurations in designing a COP414L system.

The SO, SK outputs can be configured as shown in a., b., or
¢. The G outputs can be configured as shown in a. or b.
Note that when inputting data to the G ports, the G outputs
should be set to ““1". The L outputs can be configured as in
d., ore.

An important point to remember if using configuration d.
with the L drivers is that even when the L drivers are dis-
abled, the depletion load device will source a small amount
of current. (See Figure 8, device 2.) However, when the L
port is used as input, the disabled depletion device CAN-
NOT be relied on to source sufficient current to pull an input
to a logic “1”.
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Functional Description (continued)
a. Standard Output

Ira

TL/DD/8814-8

d. Standard L Output

DISABLE Vi

cc
A 82
*1

b. Open-Drain Output

o

TL/DD/8814-9

TL/DD/8814-11

f. Input with Load

vee
)
A
INPUT! I
- TL/DD/8814~13

FIGURE 7. Input and Output Configurations

Typical Performance Curves

Input Current for LO through
L7 when Output Programmed

Input Current RESET, S| Off by Software
-200 T -100 T -1000
# -80 AND1 2] 300
-150 P .:: MAX@Vee=0.6V -:::
N N -
k. Iax @ Vog * 05V 2 ~600
3. N, \\L 11 E o 3 -500
2 - N ] NN 3
E ( E -40 NN = a0
ax @ Veg * 45V 2 ol max NN n
<50 | Vch - O.ll V[N
l l l Bl 2 n T -200
I @ o =45V |MIN o v“ S5V =10 %;!IN ? Vcic - '.au - _10:
0 e L [)]
0 1.0 20 3.0 40 60 60 7.0 BD 985 0 10 20
Vi VLTS) Vi
Source Current for SO and SK In Output Sink Current For
Push-Pull Configuration S0 and SK
135 m 4
\ &5 f i
w0 \ ! rE‘-? (1] 3 r
5[] e S ;
4 cemd.8V z, IMAX @ VCL=7.5V g
3 z N e @ Ve =t.3¥ E
0.8 VNS s N Vg1V
\/ 1 IMIN @ Veg=4.5V ]
K [ 0
0122345678810 o 1 2 3 4 s
DEVICE c#2
VOH(VOLTS) AND #3 VoLVOLTS)

FIGURE 8a. COP414 1/0 DC Current Characteristics

¢. Push-Pull Qutput

03y Voo
et

TL/DD/8814-10

e. Open-Drain L Output

TL/DD/8814-12

Hi-Z Input

TL/DD/8814-14

Source Current for Standard
Output Configuration

DEVICE a #2
AND d #2 1~

N

N

IMAX @ Voo =9.6V

Inax @
WLy
Inin ©)

Veg 45V

234 56 738
Vou (VOLTS)

TL/DD/8814-15

Output Sink Current for L0-L7,
and Standard Drive
Option for G0O-G3

T

3
I/\% IMAX @ VCC=7.5V
| |
2 / IMAX @ vcc-uv_‘
1 1MIN @ VCC=T7.5V —

1 1
>N @ Ve =457
|-

6 1 2 3 4 5
VoL(voLTS)
TL/DD/8814-16
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COP414L/COP314L

Typical Performance Curves (Continued)

Input Current for LO-L7
when Output Programmed
Input Current RESET, SI Off by Software

n;mc Y]] 0 \ l

-100 }
—200 1 IMAX @
IMAX @ Voo =75V
N Yoo ="7.5v
P
AX
c =

—150 P N
2
TN - A IMAX @
) oh N\ | vee=dsv
Vec =45V \ Sy N

50 | A
) j w9 0 RPN

cC=1. =4

o =2 ——

01 2 3 456 7 8 0 05 1 15 2
VIN (VOLTS) Viso (VOLTS)

-250

OEVICE d #2
AND 1 #2

1N (A
/
SE

—-100

lout OFF (uA)

Source Current for SO
and SK in Push-Pull
Configuration

15 DEVICE c#2
| AND #3

1.0 \
In N @
vergsv |V sy
\L 0 |
M IMAX @
e Zav | ViosTev

IoH(mA)

01 2 3 4 5 6 7 8
VoH(VOLTS)

FIGURE 8b. COP314L Input/Output Characteristics

Source Current for
Standard Output
Configuration
-1.2
l l DEVICE o, #2
and d #2
-1.0
L
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06 vc=4.sv\ IMIN @
Voo =4.5v
o4 N MIN @
Nl N\ Voo =1.5¢
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COP414L Instruction Set

Table |l is a symbol table providing internal architecture, in-
struction operand and operational symbols used in the in-

struction set table.

Table Il provides the mnemonic, operand, machine cods,
data flow, skip conditions and description associated with

each instruction in the COP414L instruction set.

TABLE Il. COP414L Instruction Set Table Symbols

Symbol Definition Symbol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Field, 0-15 binary (RAM Digit Select)
B 6-bit RAM Address Register r 2-bit Operand Field, 0-3 binary (RAM Register
Br Upper 2 bits of B (register address) Select)
Bd Lower 4 bits of B (digit address) a 9-bit Operand Field, 0-511 binary (ROM Address)
C 1-bit Carry Register y 4-bit Operand Field, 0-15 binary (Immediate Data)
D 4-bit Data Output Port RAM(s) Contents of RAM location addressed by s
EN 4-bit Enable Register ROM(t) Contents of ROM location addressed by t_
G 4-bit Register to latch data for G 1/0 Port
L 8-bit TRI-STATE 170 Port
OPERATIONAL SYMBOLS
M 4-bit contents of RAM Memory pointed to by B
Register + Plus
PC 9-bit ROM Address Register (program counter) - Minus
Q 8-bit Register to latch data for L 1/0 Port —  Replaces ‘
SA 9-bit Subroutine Save Register A <> Isexchanged with
SB 9-bit Subroutine Save Register B = Is equal f°
SIo 4-bit Shift Register and Counter A The one’s complement of A
SK Logic-Controlled Clock Output ® Exclusive-OR
: Range of values
TABLE I1l. COP414L Instruction Set
Hex Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
ARITHMETIC INSTRUCTIONS
ASC 30 0011/0000 A+ C+ RAM(B) — A Carry Add with Carry, Skip on
Carry — C - Carry
ADD 31 00110001 A + RAM(B) — A None Add RAMto A
AISC y 5- 10101] vy A+y —> A Carry Add Immediate, Skip on
Carry (y #+ 0)
CLRA 00 00000000 00— A None Clear A
COoMP 40 01000000 A— A None One’s complement of A to A
NOP 44 101000100 None None No Operation
RC 32 00110010 ‘0" — C None ResetC
sC 22 00100010 “1”" — C None SetC
XOR 02 1000010010 A ® RAM(B) — A None Exclusive-OR RAM with A

1-111
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COP414L/COP314L

COP414L Instruction Set (continued)
TABLE lIl. COP414L Instruction Set (Continued)

Hex Machine
Mnemonic Operand Language Code Data Flow Skip Conditions Description
Code
(Binary)
TRANSFER OF CONTROL INSTRUCTIONS
JID FF (11N ROM (PCg,AM) None Jump Indirect (Note 2)
PC7o
JMP a 6- |0110]{000jag| | a = PC None Jump
- - az,g
JP a ~-- 1] Q0 a — PCgyo None Jump within Page
(pages 2, 3 only) (Note 3)
or
-- 11| as0 a = PCsp
(all other pages)
JSRP a -- 10| aso PC+1 — SA — SB None Jump to Subroutine Page
(Note 4)
010 — PCggp
a — PCsg
JSR a 6 0110|100|ag} { PC+ 1 — SA — SB None Jump to Subroutine
-- aro a—> PC
RET 48 {0100{1000§ | SB — SA — PC None Return from Subroutine
RETSK 49 10100] 1001 SB — SA — PC Always Skip on Return  Return from Subroutine
then Skip
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 00110011 A= Q4 None CopyA,RAMto Q
3c 00111100 RAM(B) — Q3.0
LD r -5 00{r|0101 RAM(B) — A None Load RAMinto A,
Brer — Br Exclusive-OR Br with r
Laip BF [1011]1111] | ROM(PCg,A,M) — Q None Load Q Indirect (Note 2)
SA — SB
RMB 0 4C 0100[1100 0 — RAM(B)o None Reset RAM Bit
1 45 0100|0101 0 — RAM(B)4
2 42 0100({0010 0 — RAM(B)2
3 43 0100[0011 0 — RAM(B)3
SMB 0 4D 0100]1101 1 — RAM(B)o None Set RAM Bit
1 47 0100{0111 1 — RAM(B)y
2 46 0100{0110 1 — RAM(B)
3 4B 0100[1011 1 — RAM(B)3
STH y 7- 0111} y | y — RAM(B) None Store Memory Immediate
Bd+1 — Bd and Increment Bd
X r -6 00|r|0110 RAM(B) «— A None Exchange RAM with A,
Brer — Br Exclusive-OR Br with r
XAD 3,15 23 0010|0011 RAM(3,15) «—> A None Exchange A with RAM
BF 1011]1111] (3,15)
XDS r -7 00|r|0111 RAM(B) «— A Bd decrements past0  Exchange RAM with A
Bd-1 — Bd and Decrement Bd,
Brer — Br Exclusive-OR Br with r
XIS r -4 00(r|0100] RAM(B) «— A Bd increments past 15 Exchange RAM with A
Bd+1 — Bd and Increment Bd
Bror — Br Exclusive-OR Br with r
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COP414L Instruction Set (continued)

TABLE 11l. COP414L Instruction Set (Continued)

Machine ‘ )
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Blnary)
REGISTER REFERENCE INSTRUCTIONS
CAB 50 01010000 A — Bd None Copy Ato Bd
CBA 4E 0100]1110| Bd — A None CopyBdto A
LBI rd -- 00|r|(d—1) rd = B SkipuntiinotalBl Load B Immediate with
(d = 0,9:15) r,d (Note 5)
LEI y 33 00110011} y — EN None Load EN immediate
6— |0010| vy | (Note 6)
TEST INSTRUCTIONS
SKC 20 00100000 c="1" Skipif Cis True
SKE 21 0010]0001} A = RAM(B) Skip if A Equals RAM
SKGZ 33 00110011 G30=0 Skip if G is Zero
21 00100001 (all 4 bits)
SKGBZ 33 0011j0011 1st byte Skip if G Bitis Zero
0 01 000010001 Gp=0
1 11 00010001 2nd byte Gi=0
2 03 0000}0011 G,=0
3 13 0001|0011 G3=0
SKMBZ 0 01 {0000) 0001 RAM(B)p = 0 Skip if RAM Bit is Zero
1 11 {0001 0001 RAM(B); =0
2 03 {0000]0011] RAM(B)2 = 0
3 13 {0001}0011] RAM(B)3 = 0
INPUT/OUTPUT INSTRUCTIONS
ING 33 0011]0011 G—A None Input G Ports to A
2A 0010[1010
INL 33 001110011 L7.4 — RAM(B) None Input L Ports to RAM, A
2E 0010]1110 L3g — A
0OBD 33 00110011 Bd — D None Qutput Bd to D Outputs
3E 0011(1110
OMG 33 00110011 RAM@B) — G None Qutput RAM to G Ports
3A 00111010
XAS 4F 0100{1111 A «— SIO,C — SKL None Exchange A with SIO
(Note 2)
Note 1: All subscripts for alphabetical symbols indi bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N where

0 signifies the least significant bit (low-order, right-most bit). For example, A3 indicates the most significant (left-most) bit of the 4-bit A register.

Note 2: For additional information on the operation of the XAS, JID, and LQID instructions, see below.

Note 3: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 4: A JSRP transters program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP
may not jump to the last word in page 2.

Note 5: The machine code for the lower 4 bits of the LBI instruction equals the binary value of the "'d” data minus 7, e.g., to toad the lower four bits of B (Bd) with
the value 9 (1001y), the lower 4 bits of the LBI instruction equal 8 (10002). To load 0, the lower 4 bits of the LBI instruction should equal 15 (11112).

Note 6: Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a “1” or “0" in each bit of EN corresponds
with the selection or deselection of a particular function assoclated with each bit. (See Functional Description, EN Register.)
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Option List
The COP414L mask-programmable options are assigned
numbers which correspond with the COP414L pins.
The following is a list of COP414L options. The options are
programmed at the same time as the ROM pattern to pro-
vide the user with the hardware flexibility to interface to vari-
ous I/0 components using little or no external circuitry.
Option 1: L4 Driver
= 0: Standard output
= 1: Open-drain output
Option 2: Vgc Pin
= 0: Standard Vg
= 1: Optional higher voltage Vcc
Option 3: L3 Driver
same as Option 1
Option 4: Ly Driver
same as Option 1
Option 5: Ly Driver
same as Option 1
Option 6: Lg Driver
same as Option 1
Option 7: Sl Input
= 0: load device to Vco
= 1: Hi-Z Output
Option 8: SO Driver
= 0: Standard output
= 1: Open-drain output
= 2: Push-pull output
Option 9: SK Driver
same as Option 8
Option 10:
= 0: Ground Pin—no options available
Option 11: Gg 1/0 Port
= 0: Standard output
= 1: Open-drain output
Option 12: G4 1/0 Port
same as Option 11
Option 13: G I/0 Port
same as Option 11
Option 14: G3 I/0 Port
same as Option 11
Option 15: CKO Output
= 0: Clock output to ceramic resonator/crystal
= 1: No connection
Option 16: CKI Input
= 0: Ocillator input divided by 8 (500 kHz max)
= 1: Single pin RC controlled oscillator divided by 4
= 2: External Schmitt trigger level clock divided by 4
Option 17: RESET Input
= 0: Load device to Vg
= 1: Hi-Z Input
Option 18: Ly Driver
same as Option 1

Option 19: Lg Driver
same as Option 1

Option 20: Lg Driver
same as Option 1

Option 21: L Input Levels

= 0; Standard TTL input levels (“0" = 0.8V, “1” =
2.0v)

= 1: Higher voltage input levels (“0” = 1.2V, “1" =
3.6V)

Option 22: G Input Levels
same as Option 21

Option 23: Sl Input Levels
same as Option 21

TEST MODE (NON-STANDARD OPERATION)

The SO output has been configured to provide for standard
test procedures for the custom-programmed COP414L.
With SO forced to logic *1”, two test modes are provided,
depending upon the value of Sl:

a. RAM and Internal Logic Test Mode (SI = 1)

b. ROM Test Mode (S| = 0)

These special test modes should not be employed by the
user; they are intended for manufacturing tests only.

COP414L Option List
Please fill out the Option List and send it with the EPROM.
Option Data
OPTION 1VALUE = ______ IS: L4 DRIVER
OPTION 2VALUE = _____ IS:Vec PIN
OPTION 3VALUE = ______ [S:L3 DRIVER
OPTION 4 VALUE = _______IS: Lo DRIVER
OPTION 5VALUE = ______IS:L; DRIVER
OPTION 6VALUE =_______IS:Lg DRIVER
OPTION 7 VALUE = ______IS: SIINPUT
OPTION 8 VALUE =______ 1S: SO DRIVER
OPTION 9VALUE = ___ __ _IS: SKDRIVER
OPTION 10 VALUE = _0___IS: GROUND PIN
OPTION 11 VALUE = ______IS: Gg I/0 PORT
OPTION 12 VALUE = ______IS: G¢ I/0 PORT
OPTION 13 VALUE = _____IS: Go I/0 PORT
OPTION 14 VALUE = ____[S: G3 I/0 PORT
OPTION 15 VALUE = _____S: CKO OUTPUT
OPTION 16 VALUE = _____IS: CKI INPUT
OPTION 17 VALUE = _______ IS: RESET INPUT
OPTION 18 VALUE = ___IS: Ly DRIVER
OPTION 19 VALUE = _____IS: Lg DRIVER
OPTION 20 VALUE = ____ IS: Lg DRIVER
OPTION 21 VALUE = — IS: L INPUT LEVELS
OPTION 22 VALUE = _____IS: G INPUT LEVELS
OPTION 23 VALUE = _____IS: SI INPUT LEVELS
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Semiconductor

COP420/COP421/COP422 and COP320/COP321/COP322
Single-Chip N-Channel Microcontrollers

General Description

The COP420, COP421, COP422, COP320, COP321 and
COP322 Single-Chip N-Channel Microcontrollers are mem-
bers of the COPS™ family, fabricated using N-channel, sili-
con gate MOS technology. They are complete microcom-
puters containing all system timing, internal logic, ROM,
RAM and 1/0 necessary to implement dedicated control
functions in a variety of applications. Features include single
supply operation, a variety of output configuration options,
with an instruction set, internal architecture and 1/0 scheme
designed to facilitate keyboard input, display output and
BCD data manipulation. The COP421 is identical to the

COP420, except with 19 1/0 lines instead of 23; the-

COP422 has 15 1/0 lines. They are an appropriate choice
for use in numerous human interface control environments.
Standard test procedures and reliable high-density fabrica-
tion techniques provide the medium to large volume cus-
tomers with a customized Controller Oriented Processor at
a low end-product cost.

The COP320 is the extended temperature range version of
the COP420 (likewise the COP321 and COP322 are the ex-
tended temperature range versions of the COP421/
COP422). The COP320/321/322 are exact functional
equivalents of the COP420/421/422.

Features

m Low cost

m Powerful instruction set

m 1k x 8 ROM, 64 x 4 RAM

m 23 1/0 lines (COP420, COP320)

m True vectored interrupt, plus restart

m Three-level subroutine stack

B 4.0 ps instruction time

| Single supply operation

m Internal time-base counter for real-time processing

# Internal binary counter register with MICROWIRE™
compatible serial 1/0 capacity

m General purpose and TRI-STATE® outputs

u TTL/CMOS compatible in and out

m LED direct drive outputs

m Software/hardware compatible with other members of
COP400 family :

m Extended temperature range device COP320/COP321/
COP322 (—40°C to +85°C) .

Block Diagram
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FIGURE 1
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COP420/COP421/COP422/COP320/COP321/COP322

COP420/COP421/COP422 and COP320/COP321/COP322

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availablility and specifications.

Voltage at Any Pin

Operating Temperature Range
COP420/COP421/COP422
COP320/COP321/COP322

Storage Temperature Range

~0.3Vto +7V

0°Cto 70°C

—40°Cto +85°C
—65°Cto +150°C

Package Power Dissipation
24 and 28 pin

Package Power Dissipation
20 pin

Lead Temperature (soldering, 10 sec.)
Absolute maximum - ratings indicate limits beyond which

750 mW at 25°C
400 mW at 70°C
250 mW at 85°C

650 mW at 25°C
300 mW at 70°C
200 mW at 85°C

300°C

Total Sink Current 75 mA damage to the device may occur. DC and AC electrical
Total Source Current 95 mA specifications are not ensured when operating the device at
absolute maximum ratings. -
COP420/COP421/COP422
DC Electrical Characteristics o:c < T, < +70°C, 4.5V < Vg < 6.3V unless otherwise noted
Parameter Conditions Min Max Units
Operation Voltage 4.5 6.3 v
Power Supply Ripple Peak to Peak (Note 3) 0.4 v
Supply Current Outputs Open 38 mA
Supply Current Outputs Open, 30 mA
Voo = 5V, Ta = 25°C
Input Voltage Levels
CKl Input Levels
Crystal Input
Logic High Voo = Max. 3.0
Logic High Vec = 5V 5% 2.0 \
Logic Low -0.3 0.4 \"
TTL Input Voo = 5V £5%
Logic High 20 . \"
Logic Low -0.3 0.8 v
Schmitt Trigger Inputs
RESET, CKI (+4)
Logic High 0.7 Vee \
Logic Low -0.3 0.6 \"
SO Input Level (Test Mode) (Note 2) 20 3.0 \"
All Other Inputs .
Logic High Vee = Max. 3.0 \
Logic High Voo = 5V £5% 20 \%
Logic Low -0.3 0.8 v
Input Levels High Trip Option
Logic High 3.6 v
Logic Low -0.3 1.2 \]
Input Load Source Current Voo = 5V
CKO -4 —800 pA
All Others —100 —800 RA
Input Capacitance 7 pF
Hi-Z Input Leakage -1 +1 pA
Output Voltage Levels
Standard Outputs
TTL Operation Veg = 6V £10%
Logic High lon = —100 pA 24 v
Logic Low loL = 1.6 mA -0.3 0.4 \
CMOS Operation (Note 1)
Logic High loy = —10 kA Voo —1 v
Logic Low loL = +10 uA 0.2 \'

Note 1: TRI-STATE and LED configurations are excluded.

Note 2: SO output “0” level must be less than 0.8V for normal operation.
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COP420/COP421/COP422
DC Electrical Characteristics o°c < T4 < +70°C, 4.5V < Vg < 6.3V unless otherwise noted (Continued)
Parameter Conditions Min Max Unlts
Output Current Levels
LED Direct Drive Output Vee = 6V
Logic High Vou = 2.0V 2.5 14 mA
CKI Sink Current (R/C Option) ViN = 3.5V 2 mA
CKO (RAM Supply Current) VR = 3.3V 3 mA
TRI-STATE or Open Drain Vee = 5V 25 +25 A
Leakage Current
Output Current Levels
Output Sink Current (Io) Vce = 4.5V, VoL = 0.4V +1.6 mA
Output Source Current (IoR)
Standard Configuration
All Outputs Vee = 6.3V, Voy = 3.0V —200 —900 A
Vee = 4.5V, Voy = 2.0V —100 —500 pA
Push-Pull Configuration
SO, SK Outputs Vge = 6.3V, Vo = 3.0V -1.0 mA
Vece = 4.5V, Vpou = 2.0V —-0.4 mA
TRI-STATE Configuration
Lo-L7 Outputs Ve = 6.3V, Vo = 3.2V -0.8 mA
Ve = 4.5V, Vou = 1.5V -0.9 mA
LED Configuration
Lo—-L7 Outputs Vee = 6.3V, Vou = 3.0V -1.0 mA
Vec = 4.5V, Vou = 2.0V -0.5 mA
Allowable Sink Current '
Per Pin (L, D, G) 10 mA
Per Pin (All Others) 2 mA
Per Port (L) 16 mA
Per Port (D, G) 10 mA
Allowable Source Current
Per Pin (L) —15 mA
Per Pin (All Others) —-1.5 mA
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COP420/COP421/COP422/COP320/COP321/COP322

COP320/COP321/COP322
DC Electrical Characteristics —40°C < T, < +85°C, 4.5V < Vg < 5.5V unless otherwise noted
Parameter Conditions Min Max Units
Operation Voltage 4.5 5.5 \'/
Power Supply Ripple Peak to Peak (Note 3) 0.4 \
Supply Current Ta = —40°C, Outputs Open 40 mA
Input Voltage Levels
CKI Input Levels
Crystal Input
Logic High 22 v
Logic Low -0.3 03 \
TTL Input Vee = 5V £5%
Logic High 22 \
Logic Low -0.3 0.6 "V
Schmitt Trigger Inputs
RESET, CKi (+4)
Logic High 0.7 Vee \
Logic Low -03 0.4 \
SO Input Level (Test Mode) (Note 2) 2.0 3.0 Vv
All Other Inputs
Logic High Vee = Max. 3.0 v
Logic High Vec = 5V 5% 2.2 \
Logic Low -0.3 0.6 v
Input Levels High Trip Option
Logic High 3.6 \
Logic Low -0.3 1.2 \'2
Input Load Source Current Vee = 5V
CKO —4 —800 pA
All Others —100 —800 pA
Input Capacitance 7 pF
Hi-Z Input Leakage -2 +2 pA
Output Voltage Levels
Standard Outputs
TTL Operation Veo = 5V £10%
Logic High loy = —75 pA 2.4 v
Logic Low loL = 1.6 MA -0.3 0.4 v
CMOS Operation (Note 1)
Logic High lon = —10 A Vee —1 \"
Logic Low lop = +10 pA —-0.3 0.2 \
Output Current Levels
LED Direct Drive Output Ve = 5V (Note 4)
Logic High VoH = 2.0V 1.0 12 mA
CKI Sink Current (R/C Option) VN = 3.5V 2 mA
CKO (RAM Supply Current) Vg = 3.3V mA
TRI-STATE or Open Drain _
Leakage Current 5 +5 A
Allowable Sink Current
Per Pin (L, D, G) 10 mA
Per Pin (All Others) 2 mA
Per Port (L) 16 mA
Per Port (D, G) 10 mA
Allowable Source Current
Per Pin (L) -15 mA
Per Pin (All Others) -1.5 mA

Note 1: TRI-STATE and LED configurations are excluded.
Note 2: SO output “‘0” level must be less than 0.6V for normal operation.
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AC Electrical Characteristics
COP420/COP421/COP422 0°C < Tp < 70°C, 4.5V < V¢c < 6.3V unless otherwise noted

COP320/COP321/COP322 —40°C < Tp < +85°C, 4.5V < Vg < 5.5V unless otherwise noted

Parameter Conditions Min Max Units
Instruction Cycle Time 4 10 ps
Operating CKI Frequency +16 mode 1.6 4.0 MHz

+8 mode 0.8 2.0 MHz
CKI Duty Cycle (Note 1) 40 60 %
Rise Time Freq. = 4 MHz 60 ns
Fall Time Freq. = 4 MHz 40 ns
CKI Using RC (Figure 8c) +4 mode
Frequency R =15k £5%,C = 100 pF 0.5 1.0 MHz
Instruction Cycle Time (Note 5) 4 8 us
CKO as SYNC Input (Figure 8d)
tsynG Figure 3a 50 ns
Inputs:
S|
tseTup 03 ps
tHoLp 250 ns
All Other Inputs
tseTup 1.7 ns
tHoLD 300 ns
Output Propagation Delay Test Conditions: 300 ns
RL = 5k, G| = 50 pF, Voyt = 1.5V
SO and SK
tod1 1.0 us
todo 1.0 us
CKO
tod1 0.25 us
todo 0.25 us
All Other Outputs
todi 1.4 ns
thdo 1.4 ps

Note 1: Duty cycle = twq/(tw1 + two).

Note 2: See Figure 9 for additiona! I/0 characteristics.

Note 3: Voltage change must be less than 0.5V in a 1 ms period.

Note 4: LED direct drive must not be used. Exercise great care not to exceed maximum device power dissipation limits when sourcing similar loads at high

temperature.
Note 5: Variation due to the device included.
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COP420/COP421/COP422/COP320/COP321/COP322

Connection Diagrams

COP422, COP322

COP421,COP321

DIP
CKO =] 1 20 $— GND
CKl =i 2 19 f— D2
AESET ~—q 3 18 = 03
LT =4 17 | 63
[ [ 16 =62
15~—16 15 fp— SK
Le—7 14 |~ S0
Ve —18 13— Si
=19 121
L2==1 10 np—u
Top View
Order Number COP322-XXX/N
or COP422-XXX/N

See NS Molded Package N20A

Order Number COP322-XXX/D
or COP422-XXX/D
See NS Hermetic Package D20A

COP420, COP320
Dual-In-Line Package

GND=—q 1. 28 p=—=D0
CKOed 2 27 p——D1
CKi 3 26 D2
F!m’: 4 25 3
17§ 24 }~—03
L=t § 23 fm—G2
L5 wmed 7 22 p=—G1
Léaed 8 21 e GO
1N emd § 20 f==IN3
IN2=need 10 19 e |NO
Vg 11 18 e SK
L3 12 17 p——50
L2===f 13 16 =S|
L1=——o 14 15 Lo
Top View
Order Number COP320-XXX/N
or COP420-XXX/N

See NS Molded Package N28B

Order Number COP320-XXX/D
or COP320-XXX/D
See NS Hermetic Package D28C

TL/DD/6921-3

DIP and SO Wide

eNp—1 2 f—=00

. cko—]2 s
[ £ 22 f—D2
AESET i 4 21 p=—D3
17==15 =63
Lg=—46 19 f~—62
15=—17 1801
Le—e 17p—G0
vee=—18 18—
13=——10 15 fme50
2= 14 =S

L1 —{ 12 1310

TL/DD/6921~4 Top View

TL/DD/€021-2

FIGURE 2

Order Number COP321-XXX/N
or COP421-XXX/N
See NS Molded Package N24A

Order Number COP321-XXX/D
or COP421-XXX/D
See NS Hermetic Package D24C

Order Number COP321-XXX/WM
or COP421-XXX/WM
See NS Surface Mount Package M24B

28 PLCC
[
Egg88asa
| I I O I |
/ 4 3 2 1 2827 26
715 25— 03
L6=—16 24|~ G3
L1547 23 f= 62
L4=48 22 = o
DN1={ 9 21}~ 60
DN2~{ 10 20 J==DN3
Vee =111 19|=DNO
12 13 14 15 16 17 18
rFrrrlhel
MYI3FZH

TL/DD/6921-31

Order Number COP320-XXX/V
or COP420-XXX/V
See NS PLCC Package V28A
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Pin Descriptions

Pin Description Pin Description
L7-Lo 8 bidirectional I/0 ports with TRI-STATE SK Logic-controlled clock (or general purpose out-
G3-Gp 4 bidirectional 1/0 ports ' put)
D3-Dg 4 general purpose outputs CKI System oscillator input :
IN3-INg 4 general purpose inputs (COP420/320 only) CKO System oscillator output (or general purpose input
SI Serial input (or counter input) or RAM power supply)
SO Serial output (or general purpose output RESET  System reset input
Vee Power supply
GND Ground

Timing Diagrams

|<—_ INSTRUCTION CYCLE TIME (tc) ~—>|

IN3-INg, |— SETUP —»] |=—tHOLD
R S Iy, S /O

INPUTS I-— 01 —»| P00
G3-Gg. D3-Dg,
360 0000 L2 Von v

OUTPUTS

CKI

SK(ASA
CLOCK)

TL/DD/6921-5
FIGURE 3. Input/Output Timing Diagrams (Crystal Divide by 16 Mode)

e — o
Salipiginh Rl

— et q == tsvneo W
(anpoT) \ lpn|O| o — tPDO

TL/DD/6821-6 TL/DD/6921-7
FIGURE 3A. Synchronization Timing FIGURE 3B. CKO Output Timing
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COP420/COP421/COP422/COP320/COP321/COP322

Functional Description COP420/COP421/COP422,

COP320/COP321/COP322

For ease of reading this description, only COP420 and/or
COP421 are referenced; however, all such references apply
equally to the COP422, COP322, COP320 and/or COP321,
respectively. ’

A block diagram of the COP420 is given in Figure 1. Data
paths are illustrated in simplified form to depict how the vari-
ous logic elements communicate with each other in imple-
menting the instruction set of the device. Positive logic is
used. When a bit is set, it is a logic “1” (greater than 2V).
When a bit is reset, it is a logic “0” (less than 0.8V).

PROGRAM MEMORY

Program Memory consists of a 1,024 byte ROM. As can be
seen by an examination of the COP420/421 instruction set,
these words may be program instructions, program data or
ROM addressing data. Because of the special characteris-
tics associated with the JP, JSRP, JID and LQID instruc-
tions, ROM must often be thought of as being organized into
16 pages of 64 words each.

ROM addressing is accomplished by a 10-bit PC register. Its
binary value selects one of the 1,024 8-bit words contained
in ROM. A new address is loaded into the PC register during
each instruction cycle. Unless the instruction is a transfer of
control instruction, the PC register is loaded with the next
sequential 10-bit binary count value. Three levels of subrou-
tine nesting are implemented by the 10-bit subroutine save
registers, SA, SB and SC, providing a last-in, first-out (LIFO)
hardware subroutine stack.

ROM instruction words are fetched, decoded and executed
by the Instruction Decode, Control and Skip Logic circuitry.

DATA MEMORY

Data memory consists of 256-bit RAM, organized as 4 data
registers of 16 4-bit digits. RAM addressing is implemented
by a 6-bit B register whose upper 2 bits (Br) select 1 of 4
data registers and lower 4 bits (Bd) select 1 of 16 4-bit digits
in the selected data register. While the 4-bit contents of the
selected RAM digit (M) is usually loaded into or from, or
exchanged with, the A register (accumulator), it may also be
loaded into or from the Q latches or loaded from the L ports.
RAM addressing may also be performed directly by the LDD
and XAD instructions based upon the 6-bit contents of the
operand field of these instructions. The Bd register also
serves as a source register for 4-bit data sent directly to the
D outputs.

INTERNAL LOGIC

The 4-bit A register (accumulator) is the source and desti-
nation register for most 1/0, arithmetic, logic and data mem-
ory access operations. It can also be used to load the Br
and Bd portions of the B register, to load the input 4 bits of
the 8-bit Q latch data, to input 4 bits of the 8-bit L 1/0 port
data and to perform data exchanges with the SIO register.
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Functional Description COP420/COP421/COP422,

COP320/COP321/COP322 (continued)

A 4-bit adder performs the arithmetic and logic functions of
the COP420/421, storing its results in A. It also outputs a
carry bit to the 1-bit C register, most often employed to
indicate arithmetic overflow. The C register, in conjunction
with the XAS instruction and the EN register, also serves to
control the SK output. C can be outputted directly to SK or
can enable SK to be a sync clock each instruction cycle
time. (See XAS instruction and EN register description, be-
low.)

Four general-purpose inputs, IN3-INg, are provided; INy,
IN2 and IN3 may be selected, by a mask-programmable op-
tion, as Read Strobe, Chip Select and Write Strobe inputs,
respectively, for use in MICROBUS applications.

The D register provides 4 general-purpose outputs and is
used as the destination register for the 4-bit contents of Bd.

The G register contents are outputs to 4 general-purpose
bidirectional 1/0 ports. Gg may be mask-programmed as an
output for MICROBUS applications.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded to or from M and A, as well as 8-bit data
from ROM. Its contents are output to the L 170 ports when
the L drivers are enabled under program control. (See LEI
instruction.)

The 8 L drivers, when enabled, output the contents of
latched Q data to the L 1/0 ports. Also, the contents of L
may be read directly into A and M. L I/0 ports can be direct-
ly connected to the segments of a multiplexed LED display
(using the LED Direct Drive output configuration option) with
Q data being outputted to the Sa-Sg and decimal point
segments of the display.

The SIO register functions as a 4-bit serial-in/serial-out
shift register or as a binary counter depending on the con-
tents of the EN register. (See EN register description, be-
low.) Its contents can be exchanged with A, allowing it to
input or output a continuous serial data stream. SIO may
also be used to provide additional parallel 1/0 by connecting
SO to external serial-in/parallel-out shift registers. For ex-
ample of additional parallel output capacity see Application
#2.

The XAS instruction copies C into the SKL latch. In the
counter mode, SK is the output of SKL; in the shift register
mode, SK outputs SKL ANDed with the clock.

The EN register is an internal 4-bit register loaded under
program control by the LEI instruction. The state of each bit
of this register selects or deselects the particular feature
associated with each bit of the EN register (EN3—~ENg).

1. The least significant bit of the enable register, ENg se-
lects the SIO register as either a 4-bit shift register or a 4-
bit binary counter. With ENg set, SIO is an asynchronous
binary counter, decrementing its value by one upon each
low-going pulse (“1” to ““0" occurring on the Sl input.
Each pulse must be at least two instruction cycles wide.
SK outputs the value of SKL. The SO output is equal to
the value of EN3. With ENg reset, SIO is a serial shift
register shifting let each instruction cycle time. The data
present at Di goes into the least significant bit of SIO. SO
can be enabled to output the most significant bit of SIO
each cycle time. (See 4 below.) The SK output becomes
a logic-controlled clock.

With the EN4 set the IN4 input is enabled as an interrupt
input. Immediately following an interrupt, EN4 is reset to
disable further interrupts.

3. With ENy set, the L drivers are enabled to output the data
in Q to the L 170 ports. Resetting ENo disables the L
drivers, placing the L 1/0 ports in a high impedance input
state.

4. ENg, in conjunction with ENg, affects the SO output. With
ENp set (binary counter option selected) SO will output
the value loaded into EN3. With ENj reset (serial shift
register option selected), setting EN enables SO as the
output of the SIO shift register outputting serial shifted
data each instruction time. Resetting ENg with the serial
shift register option selected disables SO as the shift reg-
ister output data continues to be shifted through SIO and
can be exchanged with A via an XAS instruction but SO
remains reset to “0”. The table below provides summary
of the modes associated with EN3 and ENj.

OSCILLATOR

There are three basic clock oscillator configurations avail-
able as shown by Figure 8.

a. Crystal Controlled Oscillator. CKI and CKO are con-
nected to an external crystal. The instruction cycle time
equals the crystal frequency divided by 16 (optional by
8).

b. External Oscillator. CKl is an external clock input sig-
nal. The external frequency is divided by 16 (optional by
8) to give the instruction cycle time. CKO is now avail-
able to be used as the RAM power supply (VR) of as a
general purpose input.

¢. RC Controlled Oscillator. CKl is configured as a single
pin RC controlled Schmitt trigger oscillator. The instruc-
tion cycle equals the oscillation frequency divided by 4.
CKO is available for non-timing functions.

N

Enable Register Modes—Bits EN3 and ENg

EN3 ENg SI0 SO SK
0 0 Shift Register Input to Shift Register 0 If SKL = 1, SK = CLOCK
IfSKL=0,SK=0
1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = CLOCK
. IfSKL = 0,8K = 0
0 1 Binary Counter Input to Binary Counter 0 IfSKL=1,SK=1
IfSKL=0,8SK=10
1 1 Binary Counter Input to Binary Counter 1 IfSKL=1,SK=1

IfSKL=0,8K =0
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COP420/COP421/COP422/COP320/COP321/COP322

Functional Description COP420/COP421/COP422,

COP320/COP321/COP322 (continued)

cKi £X0 -
4 R2 ’
AAA
YWy
T
EXTERNAL
‘: A1 cLock
XTAL 9
-F c2 =1
Jh :

Crystal Oscillator

(VR OR GENERAL
PURPOSE INPUT
PIN}

External Osclllator

o
E=3

CKO CKO

vee
(VR OR GENERAL
PURPOSE INPUT
PIN)

Ul

TL/DD/6921-10
RC Controlled Osclilator

Crystal Osclilator RC Controlled Oscillator
Crystal Component Values Instruction
Value R1(Q) R2(Q2) Ci(pF) C2(pF) ~ R(k) C(pF) Cyc(le;l;lme
4 MHz 4.7k 1M 22 22 E N
358MHz | 3.3k ™ 22 27 12 100 5 +20%
209MHz | 8.2k 1™ 47 33 6.8 220 5.3 £23%
8.2 300 8 £29%
22 100 8.6 £16%
Note: 50 k > R > 5 k2
360 pF > C 250 pF
FIGURE 8. COP420/421/COP320/321 Oscillator
CKO PIN OPTIONS + 1) onto the stack, pushing in turn the contents of the

In a crystal controlled oscillator system, CKO is used as an
output to the crystal network. As an option CKO can be a
general purpose input, read into bit 2 of A (accumulator)
upon execution of an INIL instruction. As another option,
CKO can be a RAM power supply pin (VR), allowing its con-
nection to a standby/backup power supply to maintain the
integrity of RAM data with minimum power drain when the
main supply is inoperative or shut down to conserve power.
Using seither option is appropriate in applications where the
COP420/421 system timing configuration does not require
use of the CKO pin.

RAM KEEP-ALIVE OPTION (NOT AVAILABLE ON

COP422)

Selecting CKO as the RAM power supply (VR) allows the

user to shut off the chip power supply (Vcc) and maintain

data in the RAM. To insure that RAM data integrity is main-
tained, the following conditions must be met:

1. RESET must go low before Vg goes below spec during
power off; Voc must be within spec before RESET goes
high on power up.

2. VR must be within the operating range of the chip, and
equal to Voo £ 1V during normal operation.

3. VR must be > 3.3V with Vg off.

INTERRUPT

The following features are associated with the IN interrupt

procedure and protocol and must be considered by the pro-

grammer when utilizing interrupts.

a. The interrupt, once acknowledged as explained below,
pushes the next sequential program counter address (PC

other subroutine-save registers to the next lower level
(PC + 1 — SA — SB —> SC). Any previous con-
tents of SC are lost. The program counter is set to hex
address OFF (the last word of page 3) and ENj is reset.

b. An interrupt will be acknowledged only after the following
conditions are met:

1. EN4 has been set.

2. A low-going pulse (“1"” to “0") at least two instruction
‘cycles wide occurs on the N4 input.

3. A currently executing instruction has been completed.

4. All successive transfer of control instructions and suc-
cessive LBIs have been completed (e.g., if the main
program is executing a JP instruction which transfers
program control to another JP instruction, the interrupt
will not be acknowledged until the second JP instruc-
tion has been executed.

c. Upon acknowledgement of an interrupt, the skip logic
status is saved and later restored upon popping of the
stack. For example, if an interrupt occurs during the exe-
cution of ASC (Add with Carry, Skip on Carry) instruction
which results in carry, the skip logic status is saved and
program control is transferred to the interrupt servicing
routine at hex address OFF. At the end of the interrupt
routine, a RET instruction is executed to “pop” the stack
and return program control to the instruction following
the original ASC. At this time, the skip logic is enabled
and skips this instruction because of the previous ASC
carry. Subroutines and LQID instructions should not be
nested within the interrupt service routine, since their
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Functional Description COP420/COP421/COP422,_

COP320/COP321 /COP322 (Continued)

popping the stack will enable any previously saved main
program skips, interfering with the orderly execution of
the interrupt routine.

d. The first instruction of the interrupt routine at hex ad-
dress OFF must be a NOP.

e. A LEl instruction can be put immediately before the RET
to re-enable interrupts.

INITIALIZATION

The Reset Logic, internal to the COP420/421, will initialize
(clear) the device upon power-up if the power supply rise
time is less than 1 ms and greater than 1 ps. If the power
supply rise time is greater than 1 ms, the user must provide
an external RC network and diode to the RESET pin as
shown below. The RESET pin is configured as a Schmitt
trigger input. If not used it should be connected to Vcg.

Initialization will occur whenever a logic “0" is applied to the
RESET input, provided it stays low for at least three instruc-
tion cycle times.

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, D, EN, and G registers are cleared.
The SK output is enabled as a SYNC output, providing a
pulse each instruction cycle time. Data Memory (RAM) is
not cleared upon initialization. The first instruction at ad-
dress 0 must be a CLRA.

P +

1]

w vce

E

R

S AESET COP420/421
u

P — )

t j‘ GND

v ]

TL/DD/6921-13
FIGURE 7. Power-Up Clear Circuit

1/0 OPTIONS

COP420/421 outputs have the following optional configura-
tions, illustrated in Figure 9a:

a. Standard—an enhancement mode device to ground in
conjunction with a depletion-mode device to Vg, com-
patible with TTL and CMOS input requirements. Avail-
able on SO, SK, and all D and G outputs.

b. Open-Drain—an enhancement-mode device to ground
only, allowing external pull-up as required by the user's
application. Available on SO, SK, and all D and G out-
puts.

¢. Push-Pull—An enhancement-mode device to ground in
conjunction with a depletion-mode device paralieled by
an enhancement-mode device to Vcc. This configuration
has been provided to allow for fast rise and fall times
when driving capacitive loads. Available on SO and SK
outputs only.

d. Standard L—same as a., but may be disabled. Available
on L outputs only.

Open Drain L—same as b., but may be disabled. Avail-
able on L outputs only.
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COP420/COP421/COP422/COP320/COP321/COP322

Functional Description COP420/COP421/COP422,
COP320/ COP32 1/COP322 (Continued)

f. LED Direct Drive—an enhancement-mode device to of these devices to allow the designer to effectively use
ground and to Vg, meeting the typical current sourcing these /0 configurations in designing a COP420/421 sys-
requirements of the segments of an LED display. The tem.
sourcing device is clamped to limit current flow. These The SO, SK outputs can be configured as shown in a., b., or
devices may be turned off under program control (See ¢. The D and G outputs can be configured as shown in a. or
Functional Description, EN Register), placing the outputs b. Note that when inputting data to the G ports, the G out-
in a high-impedance state to provide required LED seg- puts should be set to *1.” The L outputs can be configured
ment blanking for a multiplexed display. asind., e, f.org.

g. TRI-STATE Push-Pull—an enhancement-mode device An important point to remember if using configuration d. or
to ground and Vcg. These outputs are TRI-STATE out- f. with the L drivers is that even when the L drivers are
puts, allowing for connection of these outputs to a data disabled, the depletion load device will source a small
bus shared by other bus drivers. amount of current (see Figure 9b, device 2); however, when

COP420/COP421 inputs have the following optional config- the L lines are used as input, the disabled depletion device

urations: can not be relied on to source sufficient current to pull an

h. An on-chip depletion load device to Vcg. input to logic “1"".

. A Hi-Z input which must be driven to a *“1” or “0” by COP421
external components. It the COP420 is bonded as a 24-pin device, it becomes the

The above input and output configurations share common COP421, illustrated in Figure 2, COP420/421 Connection

enhancement-mode and depletion-mode devices. Specifi- Diagrams. Note that the COP421 does not contain the four

cally, all configurations use one or more of six devices general purpose IN inputs (IN3-INg). Use of this option pre-

(numbered 1-6, respectively). Minimum and maximum cur- cludes, of course, use of the IN options and interrupt fea-

rent (loyt and Voyt) curves are given in Figure 9b for each ture. All other options are available for the COP421.

vee [> #3 vee
E A : -DH : g _l A #2
é =21 = : l%l
TL/DD/6921-15
TL/DD/6921-14 TL/DD/6921-16
a. Standard Output b. Open-Drain Output ¢. Push-Pull Qutput

DISABLE
DISABLE

) vee
=
vee 4
DISABLE —-| A =2
# TL/DD/6921-18
#

TL/DD/6921-~17 E:

(4 is Depletion Device) TL/DD/6921-19
d. Standard L Output e. Open-Drain L Output f.LED (L Output)
DISABLE vee
vee
# %6
X Y weut p——
#1 INPUT =
TL/DD/6921~-22
TL/0076921-20 TL/DD/6921-21
g. TRI-STATE Push-Pull (L Output) h. Input with Load I. Hi-Z Input

FIGURE 9a. Input/Output Configurations
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L-Bus Considerations

False states may be generated on Lo-L7 during the execu-
tion of the CAMQ instruction. The L-ports should not be
used as clocks for edge sensitive devices such as flip-flops,
counters, shift registers, etc. The following short program
illustrates this situation.

START:
CLRA
LEI 4
LBI  TEST
STII 3
AISC 12

;ENABLE THE Q
sREGISTER TO L LINES

LOOP:
LBI
CAMQ
JP

TEST ;LOAD Q WITH X'C3

LooP

In this program the internal Q register is enabled onto the L
lines and a steady bit pattern of logic highs is output on Lo,
L4, Lg, L7, and logic lows on Lp-L5 via the two-byte CAMQ
instruction. Timing constraints on the device are such that
the Q register may be temporarily loaded with the second
byte of the CAMQ opcode (X'3C) prior to receiving the valid
data pattern. if this occurs, the opcode will ripple onto the L
lines and cause negative-going glitches on Lg, Ly, Lg, Ly,
and positive glitches on Lo—Ls. Glitch durations are under 2
microseconds, although the exact value may vary due to
data patterns, processing parameters, and L line loading.
These false states are peculiar only to the CAMQ instruction
and the L lines.
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COP420/COP421/COP422/COP320/COP321/COP322

Typical Performance Characteristics

louT (mA)

1oyt {mA}

15

1guT (mA)

-20
=175
-15

od o L
e S - =
o &8 B8 &

-025

Output Sink Current
l J(ml;.s.ay (MAX)—
]: L/ vog=45V (uix)
Vee=6.3V (MIN
Vs {’
/ 1/”/.4‘,5\, (MIN)

/4
4

1 2 3 4 5§ 6 7
VouT (VOLTS)  DEVICE1

Standard Output Source Current

|

v’c-a_vm;x)

N

N

V (MAX)

N Veg =4

\ /vcc-n:.sv(%m)

N Ve = 6.3V (MIN)

\\ \J
: “k\

1 2 3 4 5 6 1

VouT (VOLTS)  DEVICE2

LED Output Source Current
N

\ Vee = 83V (Max)

I

\ L vee=a5vmax)
= |

\ \ [veesesvimm

\[vec= 8.avmin

A

7\"
1 2 3 4 5 68 1
vour (VOLTS)

DEVICE4 AND 2

TRI-STATE Output Source Current

8.3V (MAX)
A6V (MAX)

T
Lt

\\\ SV ]
X s

WAL |

t 2 3 4 B 8 71
VoUT(VOLTS)  DEVICEG

19uT (mA}

L Output Depletion Load OFF
Source Current

-0t

| MIN \

1 2 3 4 § [] 7

VouT (VOLTS) DEVICE 2

Push-Pull Source Current

Ve = 6.3V (MAX)

{MIN)

\
\
\

|
\ vee=6.3
\

vee =45V
(MAX)

Ll
1
\

vee=45v

[mimy

-0.78

1 2 3 4 6 6 7

VouT (VOLTS) DEVICE 3AND 2

LED Output Direct LED Drive
LI L
MAX

P

AN

Vout = 2.

4 45 5 55 8 (1]

vee (VOLTS) DEVICE 4 AND 2

Input Load Source Current

SEEEE"-

[ isvoian_
Vee® 6.3V (MIN)
N /)

N_A//Vce=dsvmam_|

AN

™

IiTAD4 d

4 []
VouT(VOLTS)  DEVICEE

FIGURE 9b. COP420/COP421 Input/Output Characteristics

TL/DD/6921-23

1-128




Typical Performance Characteristics (continued)
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COP420/COP421/COP422/COP320/COP321/COP322

Instruction Set

Table | is a symbol table providing internal architecturs, in-
struction operand and operational symbols used in the in-

struction set table.

Table Il provides the mnemonic, operand, machine code,
data flow, skip conditions and description associated with

each instruction in the COP420/COP421/COP422 instruc-

tion set.

TABLE 1. COP420/421/422/320/321/322 Instruction Set Table Symbols

Symbol Definition Symbol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Field, 0-15 binary (RAM Digit Select)
B 6-bit RAM Address Register r 2-bit Operand Field, 0-3 binary (RAM Register
Br Upper 2 bits of B (register address) Select)
Bd Lower 4 bits of B (digit address) a 10-bit Operand Field, 0-1023 binary (ROM Address)
(o} 1-bit Carry Register y 4-bit Operand Field, 0-15 binary (Iimmediate Data)
D 4-bit Data Output Port RAM(s) Contents of RAM location addressed by s
EN 4-bit Enable Register ROM(t) Contents of ROM location addressed by t
G 4-bit Register to latch data for G 1/0 Port
IL qu 1-bit latches associated with the IN3 or OPERATIONAL SYMBOLS
INg inputs
IN 4-bit Input Port + Plus
L 8-bit TRI-STATE I/0 Port - Minus
M 4-bit contents of RAM Memory pointed to by —  Replaces
B Register <«—> |s exchanged with
PC 9-bit ROM Address Register (program counter) = Is equal to
Q 8-bit Register to latch data for L 1/0 Port A The one's complement of A
SA 10-bit Subroutine Save Register A ® Exclusive-OR
SB 10-bit Subroutine Save Register B : Range of values
SC 10 Subroutine Save Register A
SIo 4-bit Shift Register and Counter
SK Logic-Controlled Clock Output
TABLE Il. COP420/421/422/320/321/322 Instruction Set
Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
ARITHMETIC INSTRUCTIONS
ASC 30 00110000 A+ C+ RAM(B) — A Carmy Add with Carry, Skip on
Carry — C Carry
ADD 31 00110001 A + RAM(B) — A None AddRAM to A
ADT 4A 0100[1010 A+ 1010 = A None Add Tento A
AISC y 5— 0101] y Aty — A Carry Add immediate, Skip on
Carry (y # 0)
CASC 10 00010000 A+ RAM(B)+ C — A Cany Complement and Add with
Carry = C Carry, Skip on Carry
CLRA 00 00000000 00— A None Clear A
COMP 40 01000000 A— A None One’s complement of A to A
NOP 44 0100|0100 None None No Operation
RC 32 00110010 “0" — C None Reset C
SC 22 0010{0010 “" = C None SetC
XOR 02 0000/0010 A ©® RAM(B) — A None Exclusive-OR RAM with A
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Instruction Set (continued)
TABLE Il. COP420/421/422/320/321/322 Instruction Set (Continued)

Hex Machine
Mnemonic Operand Language Code Data Flow Skip Conditlons Description
Code
(Binary)
TRANSFER OF CONTROL INSTRUCTIONS
JID FF 1111]1111| | ROM (PCg, AM) —> None Jump Indirect (Note 3)
PC7:0 '
JMP a 6— |0110|00jag| [a — PC None Jump
-- az.o
JP a -- 1 ag:.0 a — PCgpo None Jump within Page
(pages 2,3 only) (Note 4)
or
-- 11] asp a — PGCsyp
(all other pages)
JSRP a -- 10| aso PC+1 — SA — SB — SC None Jump to Subroutine Page
010 — PCgg (Note 5)
a — PCsg
JSR a 6— 0110(10|a9:8| |PC+ 1 — SA — SB — SC None Jump to Subroutine
-- ar.o a — PC
RET 48 0100 1000 SC — SB — SA — PC None Return from Subroutine
RETSK 49 0100] 1001 SC — SB — SA — PC Always Skip Return from Subroutine
on Return then Skip
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 00110011 A — Q74 None Copy A, RAMto Q
3C 0011{1100 RAM(B) —> Qg3
CQMA 33 00110011 Q7.4 — RAM(B) None Copy Q to RAM, A
2C 0010|1100| |Qazo—> A
LD r -5 00]|r|0101 RAM(B) — A None Load RAM into A
Brer — Br Exclusive-OR Br with r
LDD r,d 23 0010]0011 RAM(rd) — A None Load A with RAM pointed
- 00|r| d to directly by r,d
LQID BF 1011]1111 ROM(PCg:g,AM) — Q None Load Q Indirect (Note 3)
SB — SC
RMB 0 4C 0100/1100 0 — RAM(B)o None Reset RAM Bit
1 45 0100|0101 0 — RAM(B)
2 42 0100]0010 0 — RAM(B)2
3 43 0100{0011 0 — RAM(B)3
SMB 0 4D 0100/1101| |1 — RAM(B)o None Set RAM Bit
1 47 0100{1101 1 — RAM(B)4
2 46 0100/0110 1 — RAM(B)2
3 48 0100|1011 1 — RAM(B)3
ST y 7- [0111] y y — RAM(B) None Store Memory Immediate
Bd+1 — Bd and Increment Bd
X r -6 00/r|0110] | RAM(B) «—> A None Exchange RAM with A,
Brer — Br Exclusive-OR Br with r
XAD rd 23 0010]0011| | RAM(r,d) «—> A None Exchange A with RAM
- 10]r| d pointed to directly by r,d
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COP420/COP421/COP422/COP320/COP321/COP322

Instruction Set (continued)
TABLE Il. COP420/421/422/320/321/322 Instruction Set (Continued)

Hex Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
MEMORY REFERENCE INSTRUCTIONS (Continued)
XDs r -7 [00{r{0111 RAM(B) «— A Bd decrements past0  Exchange RAM with A
Bd-1 — Bd and Decrement Bd,
Brer — Br Exclusive-OR Br with r
Xis r ~4 00|r|0100 RAM(B) «— A Bdincrements past 15 Exchange RAMwithA
Bd+ 1 — Bd and Increment Bd,
Brer — Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 |0101]0000 A — Bd None Copy A to Bd
CBA 4E 0100(1110 Bd — A None Copy Bdto A
LBl rd - 00r|(d-1)| rd — B Skip until not a LBI Load B Immediate with
(d = 0,9:15) r,d (Note 6)
or
33 00110011
-- 10]rj d
(anyd)
LEI y 33 00110011 y — EN None Load EN Immediate
6~ {0010} y (Note 7)
XABR 12 |0001]0010| | A «— Br(0,0 = AzA) None Exchange A with Br
TEST INSTRUCTIONS
SKC 20 00100000 c="1" Skip if C is True
SKE 21 0010} 0001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 0011{0011} G30=0 Skip if G is Zero
21 0010(0001 { (all 4 bits)
SKGBZ 33 00110011 1st byte Skip if G Bitis Zero
0 01 00000001 Go=0
1 1 0001|0001 2nd byte Gy=0
2 03 0000|0011 Go=0
3 13 0010/0011 Gz =0
SKMBZ 0 01 0000|0001 RAM(B)p = 0 Skip if RAM Bit is Zero
1 11 00010001 RAM(B)1 =0
2 03 10000}0011] RAM(B)2 = 0
3 13 | 0001]0011) RAM(B)3 = 0
SKT 41 [0100{0001 | A time-base counter Skip on Timer (Note 3)

carry has occurred
since last test
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Instruction Set (continued)
TABLE II. COP420/421/422/320/321/322 Instruction Set (Continued)

He Machine
Mnemonic Operand Language Code Data Flow Skip Conditions Description
Code
(Binary)
INPUT/OUTPUT INSTRUCTIONS

ING 33 100110011 G— A None Input G Ports to A
2A 0010{1010

ININ 33 00110011 IN — A None Input IN Inputs to A (Note 2)
28 0010|1000

INIL 33 0011|0011 ILg, CKO, “0”,ILg — A None Input IL Latches to A
29 00101001 (Note 3)

INL 33 0011|0011 L7.4 — RAM(B) None Input L Ports to RAM, A
2E 0010[1110 Lag — A

oBD 33 00110011 Bd — D None Output Bd to D Outputs
3E 0011]1110

OG! y 33 00110011 y—G None Output to G Ports Immediate
5- 0101) vy

OMG 33 00110011 RAM(B) — G None Output RAM to G Ports
3A 0011/1010

XAS 4F 01001111 A <> SI0,C — SKL None Exchange A with SIO

(Note 3)

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N where
0 signifies the least significant bit {low-order, right-most bit). For example, Ag indicates the most significant (left-most) bit of the 4-bit register.

Note 2: The ININ instruction is not available on the COP421/COP321 and COP422/COP322 since these devices do not contain the IN inputs.

Note 3: For additional Information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below. ’

Note 4: The JP instruction allows a jump, while In subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a Jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded Into the upper 4 bits of P). A JSRP rna'y not be used when in pages 2 or 3. JSRP
may not jump to the last word in page 2.

Note 8: LBl Is a single-byte Instruction If d = 0, 9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the “d" data minus 1,
e.g., to load the lower four bits of B (Bd) with the value 9 (10013), the lower 4 bits of the LBI instruction equal 8 (1000,). To load 0, the lower 4 bits of the LB!
Instruction should equal 15 (11115).

Note 7: Machine code for operand fleld y for LEI instruction should equal the binary value to be latched into EN, where a ““1" or 0" In each bit of EN corresponds
with the selection or deselection of a particular function assoclated with each bit. (See Functional Description, EN Register.)

Description of Selected Instructions

The following information is provided to assist the user in
understanding the operation of several unique instructions
and to provide notes useful to programmers in writing
COP420/421 programs.

XAS INSTRUCTION

XAS (Exchange A with SIO) exchanges the 4-bit contents of
the accumulator with the 4-bit contents of the SIO register.
The contents of SIO will contain serial-in/serial-out shift reg-
ister or binary counter data, depending on the value of the
EN register. An XAS instruction will also affect the SK out-
put. (See Functional Description, EN Register, above.) If

SIO is selected as a shift register, an XAS instruction must
be performed once every 4 instruction cycles to effect a
continuous data stream.

JID INSTRUCTION

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
to indirectly by A and M. It loads the lower 8 bits of the ROM
address register PC with the contents of ROM addressed by
the 10-bit word, PCg.g, A, M. PCg and PCg are not affected
by this instruction.

Note that JID requires 2 instruction cycles to execute.
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COP420/COP421/COP422/COP320/COP321/COP322

Description of Selected Instructions (continued)

INIL INSTRUCTION

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILg (see
Figure 10) and CKO into A. The ILg and ILg latches are set if
a low-going pulse (““1" to “0") has occurred on the IN3 and
INg inputs since the last INIL instruction, provided the input
pulse stays low for at least two instruction times. Execution
of an INIL inputs ILg and ILg into A3 and AO respectively,
and resets these latches to allow them to respond to subse-
quent low-going pulses on the IN3 and INg lines. If CKO is
mask programmed as a general purpose input, an INIL will
input the state of CKO into A2. If CKO has not been so
programmed, a “1"” will be placed in A2. A “0" is always
placed in A1 upon the execution of an INIL. The general
purpose inputs IN3-INg are input to A upon execution of an
ININ instruction. (See Table ll, ININ instruction.) INIL is use-
ful in recognizing pulses of short duration or pulses which
occur too often to be read conveniently by an ININ instruc-
tion.

Note: IL latches are not cleared on reset.

COPa20

TL/DD/6921-25
FIGURE 10

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 10-bit word PCg, PCg, A,
M. LQID can be used for table lookup or code conversion
such as BCD to seven-segment. The LQID instruction
“pushes” the stack (PC + 1 — SA — SB — SC) and
replaces the least significant 8 bits of PC as follows: A ~—>
PC7.4, RAM(B) — PCg., leaving PCg and PCg un-
changed. The ROM data pointed to by the new address is
fetched and loaded into the Q latches. Next, the stack is
“popped” (SC — SB — SA —> PC), restoring the
saved value of PC to continue sequential program execu-

tion. Since LQID pushes SB —> SC, the previous contents
of SC are lost. Also, when LQID pops the stack, the previ-
ously pushed contents of SB are left in SC. The net result is
that the content of SB are placed in SC (SB — SC). Note
that LQID takes two instruction cycle times to execute.

SKT INSTRUCTION

The SKT (Skip On Timer) instruction tests the state of an
internal 10-bit time-base counter. This counter divides the
instruction cycle clock frequency by 1024 and provides a
latched indication of counter overflow. The SKT instruction
tests this latch, executing the next program instruction if the
latch is not set. If the latch has been set since the previous
test, the next program instruction is skipped and the latch is
reset. The features associated with this instruction, there-
fore, allow the COP420/421 to generate its own time-base
for real-time processing rather than relying on an external
input signal.

For example, using a 2.097 MHz crystal as the time-base to
the clock generator, the instruction cycle clock frequency
will be 131 kHz (crystal frequency <+ 16) and the binary
counter output pulse frequency will be 128 Hz. For time-of-
day or similar real-time processing, the SKT instruction can
call a routine which increments a “seconds” counter every
128 ticks.

INSTRUCTION SET NOTES

a. The first word of a COP420/421 program (ROM address
0) must be a CLRA (Clear A) instruction.

b. Although skipped instruction are not executed, one in-
struction cycle time is devoted to skipping each byte of
the skipped instruction. Thus all program paths take the
same number of cycle times whether instructions are
skipped or executed except JID and LQID. LQID and JID
take two cycle times if executed and one if skipped.

¢. The ROM is organized into 16 pages of 64 words each.
The Program Counter is a 10-bit binary counter, and will
count through page boundaries. If a JP, JSRP, JID or
LQID instruction is located in the last word of a page, the
instruction operates as if it were in the next page. For
example: a JP located in the last word of a page will jump
to a location in the next page. Also, a LQID or JID locat-
ed in the last word of page 3, 7, 11 or 15 will access data
in the next group of four pages.




Option List
The COP420/421/422 mask-programmable options are as-
signed numbers which correspond with the COP420 pins.
The following is a list of COP420 options. When specifying a
COP421 or COP422 chip, Options 9, 10, 19, 20 and 29 must
all be set to zero. When specifying a COP422 chip, Options
21, 22, 27 and 28 must also be zero, and Option 2 must not
be a 1. The options are programmed at the same time as
the ROM pattern to provide the user with the hardware flexi-
bility to interface to various 1/0 components using little or
no external circuitry.
Option 1 = 0: Ground—no options available
Option 2: CKO Pin

= 0: clock generator output to crystal

0 not available if option 3 = 4 or 5)
= 1: Pin is RAM power supply (VR) input
(Not available on COP422/COP322)

= 2: general purpose input with load device

= 4: general purpose Hi Z input
Option 3: CKI Input

= 0: crystal input devided by 16

= 1: crystal input divided by 8

= 2: TTL external clock input divided by 16

= 3: TTL external clock input divided by 8

= 4: single-pin RC controlled oscillator (= 4)

= 5: Schmitt trigger clock input (+4)
Option 4: RESET Pin

= 0: load devices to Vg

= 1: Hi-Z input
Option 5: L7 Driver

= 0: Standard output (Figure 9D)

= 1: Open-Drain output (E)

= 2: LED direct drive output (F)

= 3: TRI-STATE push-pull output (G)
Option 6: Lg Driver

same as Option 5
Option 7: L Driver

same as Option 5
Option 8: L4 Driver

same as Option 5
Option 9: INq Input

= 0: load devices to Vgg (H)

= 1: Hi-Z input (1)
Option 10: IN2 Input

same as Option 9
Option 11 = 0: Vg Pin—no options available
Option 12: L3 Driver

same as Option 5
Option 13: L Driver

same as Option 5
Option 14: L4 Driver

same as Option 5
Option 15: Lg Driver

same as Option 5

Option 16: S| Input
same as Option 9
Option 17: SO Driver
= 0: standard output (A)
= 1: open-drain output (B)
= 2: push-pull output (C)
Option 18: SK Driver
same as Option 17
Option 19: INg Input
same as Option 9
Option 20: IN3 Input
same as Option 9
Option 21: Gg 1/0 Port
= 0: Standard output (A)
= 1: Open-Drain output (B)
Option 22: G4 1/0 Port
same as Option 21
Option 23: Gy 1/0 Port
same as Option 21
Option 24: Gg 1/0 Port
same as Option 21
Option 25: D3 Output
= 0: Standard output (A)
= 1: Open-Drain output (B)
Option 26: Do Output
same as Option 25
Option 27: D4 Output
same as Option 25
Option 28: Dy Output
same as Option 25
Option 29: COP Function
= 0: normal operation
Option 30: COP Bonding
= 0: COP420 (28-pin device)
= 1: COP421 (24-pin device)
= 2: 28- and 24-pin device
3: COP422 (20-pin device)
4: 28- and 20-pin device
5: 24- and 20-pin device
6: 28-, 24- and 20-pin device
Option 31: In Input Levels
= 0: normal input levels
= 1: Higher voltage input levels
(“0” = 1.2V, “1” = 3.6V)
Option 32: G Input Levels
same as Option 31
Option 33: L Input Levels
same as Option 31
Option 34: CKO Input Levels
same as Option 31
Option 35: Sl Input Levels
same as Option 31
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COP420/COP421/COP422/COP320/COP321/COP322

Option List (continued)

COP OPTION LIST

The following option information is to be sent to National
along with the EPROM.

OPTION DATA
OPTION 1VALUE=___0__ |S:GROUNDPIN
OPTION 2 VALUE = IS: CKOPIN
OPTION 3 VALUE = IS: CKI INPUT
OPTION 4 VALUE = 1S: RESET INPUT
OPTION 5VALUE = IS: L7 DRIVER
OPTION 6 VALUE = IS: Lg DRIVER
OPTION 7 VALUE = 1S: Ls DRIVER
OPTION 8 VALUE = IS: Ly DRIVER
OPTION 9 VALUE = IS: IN1 INPUT
OPTION 10 VALUE = IS: IN2 INPUT
OPTION 11 VALUE = IS: VCC PIN
OPTION 12 VALUE = 1S: L3 DRIVER
OPTION 13 VALUE = 1S: L DRIVER
OPTION 14 VALUE = IS: Ly DRIVER
OPTION 15 VALUE = 1S: Lo DRIVER
OPTION 16 VALUE = 1S: SIINPUT
OPTION 17 VALUE = 1S: SO DRIVER
OPTION 18 VALUE = 1S: SK DRIVER
OPTION 19 VALUE = 1S: INg INPUT
OPTION 20 VALUE = 1S: INg INPUT
OPTION 21 VALUE = 1S: Go I/0 PORT
OPTION 22 VALUE = 1S: G4 170 PORT
OPTION 23 VALUE = 1S: G21/0 PORT
OPTION 24 VALUE = 1S: G3 I/0 PORT
OPTION 25 VALUE = IS: D3 OUTPUT
OPTION 26 VALUE = 18: D OUTPUT
OPTION 27 VALUE = 1S: Dy OUTPUT
OPTION 28 VALUE = IS: Do OUTPUT

OPTION29VALUE =____0 __ [S: COP FUNCTION
OPTION 30 VALUE = 1S: COP BONDING
OPTION 31 VALUE = IS: ININPUT LEVELS

OPTION 32 VALUE = IS: G INPUT LEVELS
OPTION 33 VALUE = IS: L INPUT LEVELS
OPTION 34 VALUE = IS: CKO INPUT LEVELS
OPTION 35 VALUE = _ IS: SI INPUT LEVELS

TEST MODE (Non-Standard Operation)

The SO output has been configured to provide for standard
test procedures for the custom-programmed COP420. With
SO forced to logic “1”, two test modes are provided, de-
pending upon the value of Sl:

a. RAM and Internal Logic Test Mode (Sl = 1)

b. ROM Test Mode (St = 0)

These special test modes should not be employed by the
user; they are intended for manufacturing test only.

APPLICATION # 1: COP420 General Controller

Figure 8 shows an interconnect diagram for a COP420 used

as a general controller. Operation of the system is as fol-

lows:

1. The Ly~Lp outputs are configured as LED Direct Drive
outputs, allowing direct connection to the segments of
the display.

2. The D3-Dg outputs drive the digits of the mulitplexed dis-
play directly and scan the columns of the 4 x 4 keyboard
matrix.

3. The IN3-INg inputs are used to input the 4 rows of the
keyboard matrix. Reading the IN lines in conjunction with
the current value of .the D outputs allows detection, de-
bouncing, and decoding of any one of the 16 keyswitch-
es.

4. CKl is configured as a single-pin oscillator input allowing
system timing to be controlled by a single-pin RC net-
work. CKO is therefore available for use as a Vg RAM
power supply pin. RAM data integrity is thereby assured
when the main power supply is shut down (see RAM
Keep-Alive option description).

5. Sl is selected as the input to a binary counter input. With
SIO used as a binary counter, SO and SK can be used as
general purpose outputs.

6. The 4 bidirectional G 1/0 ports (G3—Gp) are available for
use as required by the user’s application.

APPLICATION #2: MUSICAL ORGAN AND MUSIC BOX

Play Mode: Twenty-five musical keys and 25 LEDs are pro-
vided to denote F to F with half notes in between. All the
keys and LEDs are directly detected and driven by the mi-
croprocessor. Depression of the key will give the corre-
sponding musical note and light up the corresponding LED.
Clear: Memory is provided to store a played tune. Depres-
sion of the CLEAR key erases the memory and the micro-
processor is ready to store new musical notes. A maximum
of 28 notes can be stored where each note can be of one to
eight musical beats. (Two bytes of memory are required to
store one musical note. Any note longer than eight musical
beats will require additional memory space for storage.)

Playback: Depression of this button will playback the tune
stored in the memory since last “clear.”

Preprogrammed Tunes: There are ten preprogrammed
tunes (each has an average of 55 notes) masked in the
chip. Any tune can be recalled by depressing the “Tune
Button™ followed by the corresponding “Sharp Key.”

Learn Mode: This mode is for the player to learn the ten
preprogrammed tunes. By pressing the “Learn Button” fol-
lowed by the corresponding “Sharp Key,” the LEDs will be
lighted up one by one to indicate the notes of the selected
tune. The LED will remain “‘on” until the player presses the
correct musical key; the LED for the next note will then be
lighted up.

Pause: In addition to the 25 musical keys, there is a special
pause key. The depression of this key generates a blank
note to the memory.

Note: In the Learn Mode when playing "“Oh Susanna,” the pause key must
be used.

Tempo: This is a control input to the musical beat time os-
cillator for varying the speed of the musical tunes.

Vibrato: This is a switch control to vary the frequency vibra-
tion of the note.

Tunes Listing: The following is a listing of the ten prepro-
grammed tunes: 1) Jingle Bells, 2) Twinkle, Twinkle Little
Star, 3) Happy Birthday, 4) Yankee Dood!e, 5) Silent Night,
6) This Old Man, 7) London Bridge Is Falling Down, 8) Auld
Lang Syne, 9) Oh Susanna, 10) Clementine.
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Typical Applications
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Circuit Diagram of COP420 Musical Organ
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COP420/COP421/COP422/COP320/COP321/COP322

Typical Applications (continued)

Music Box Application with Direct Key Access

~ — _mma‘
45V~8.3v _I1 |n
vee 2 MM74C04
I N3
1%
n RN UE (T
330,
"FT 1 -
= SF0.334F & TEmPo
. 150k 7 ™
[ " sobZ !
8l IN4138
L2
NBI2IEY
COP420-0RX
| 6o ILDuF
61 T
<
I :i 100k
k] 6
K 3 n 5 20uF
63 9 LM385 D~
4
L“ VA"V
GND 2k |osst 82
1 ::Ik
= < 100
ne
= TL/DD/6921-28
Bell Sound Circuit
| N
0.0014F 8.2k J\_
PIN 17 50 —]
. II.OuF
AUDIO
PIN 18 5K Juuu\—
This additional circuit provides tinkling effect for the musical note. = TL/DD/6921-29
Auto Power Shut-Off Circuit
. NA32XY
4.5~6.3V I : %470;& 7
POWER | . = Vi y 4
i cC IN4148
C0P420-0RX
NBOEY S0 - -
= TL/DD/6921-30

This circuit automatically turns off the musical organ if none of the keys are pressed within approximately 30 seconds.
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National
Semiconductor

COP420L/COP421L/COP422L/COP320L/COP321L/
COP322L Single-Chip N-Channel Microcontrollers

General Description

The COP420L, COP421L, COP422L, COP320L, COP321L,
and COP322L Single-Chip N-Channel Microcontrollers are
members of the COPS™ family, fabricated using N-chan-
nel, silicon gate MOS technology. These controller oriented
processors are complete microcomputers containing all
system timing, internal logic, ROM, RAM, and 1/0 neces-
sary to implement dedicated control functions in a variety of
applications. Features include single supply operation, a va-
riety of output configuration options, with an instruction set,
internal architecture, and I/0 scheme designed to facilitate
keyboard input, display output, and BCD data manipulation.
The COP421L and COP422L are identical to the COP420L,
but with 19 and 15 1/0 lines, respectively, instead of 23.
They are an appropriate choice for use in numerous human
interface control environments. Standard test procedures
and reliable high-density fabrication techniques provide the
medium to large volume customers with a customized con-
troller oriented processor at a low end-product cost.

The COP320L, COP321L, and COP322L are exact function-
al equivalents, but extended temperature range versions, of
the COP420L, COP421L, and COP422L respectively.

Features

m Low cost

® Powerful instruction set

1k x 8 ROM, 64 x 4 RAM

23 1/0 lines (COP420L)

True vectored interrupt, plus restart

Three-level subroutine stack

16 s instruction time

Single supply operation (4.5V-6.3V)

Low current drain (9 mA max)

Internal time-base counter for real-time processing

Internal binary counter register with MICROWIRE™

compatible serial 1/0

B General purpose and TRI-STATE® outputs

m LSTTL/CMOS compatible in and out

m Direct drive of LED digit and segment lines

a Software/hardware compatible with other members of
COP400 family

| Extended temperature range device—
COP320L/COP321L/COP322L (—40°C to +85°C)

Block Diagram
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1-139

122£d00/112€d03/702€d0D/12ekd0D/T12¥d0I/T02¥dOD



COP420L/COP421L/COP422L/COP320L/COP321L/COP322L

COP420L/COP421L/COP422L

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Voltage at Any Pin Relative to GND —-0.5Vto +10V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature —65°Cto +150°C
Lead Temperature (Soldering, 10 sec.) 300°C

Power Dissipation

COP420L/COP421L 0.75W at 25°C
0.4W at 70°C

COP422L 0.65W at 25°C
0.3W at70°C

Total Source Current 120 mA
Total Sink Current 120 mA

Absolute maximum ratings indicate limits beyond which
damage to the device may occur. DC and AC electrical
specifications are not ensured when operating the device at
absolute maximum ratings.

DC Electrical Characteristics o-c < T4 < +70°C, 4.5V < Ve < 6.3V unless otherwise noted

Parameter Conditions Min Max Units
Standard Operating Voltage (Vcc) (Note 1) 4.5 6.3 \"
Power Supply Ripple Peak to Peak 0.5 \
Operating Supply Current All Inputs and Outputs Open 9 mA
Input Voltage Levels
CKl Input Levels
Crystal Input (+ 32, + 16, +8)
Logic High (Vi) Voo = Max 3.0 \
Logic High (Vi)
Voc = 5V £5% 2.0 v
Logic Low (VD) -03 0.4 \
Schmitt Trigger Input (+ 4) '
Logic High (ViH) 0.7 Veo \
Logic Low (Vi) -0.3 0.6 v
RESET Input Levels Schmitt Trigger Input
Logic High 0.7Vee \
Logic Low -0.3 0.6 \
SO Input Level (Test Mode) (Note 3) 2.0 25 v
Ali Other Inputs
Logic High Vcc = Max 3.0 \
Logic High with TTL Trip Level Options 2.0 v
Logic Low Selected, Vog = 5V 5% -0.3 0.8 \"
Logic High with High Trip Level Options 3.6 \"
Logic Low Selected -0.3 1.2 "
Input Capacitance 7 pF
Hi-Z Input Leakage -1 +1 pA
Output Voltage Levels
LSTTL Operation Vge = 5V £10%
Logic High (Von) loH = —25 pA 27 ‘ v
Logic Low (Vo) loL = 0.36 ma 0.4 \)
CMOS Operation (Note 2) Veo = 4.5V
Logic High loy = —10 pA Vee —-1 \
Logic Low loL = +10 pA : 0.2 v

Note 1: V¢ voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.

Note 2: TRI-STATE and LED configurations are excluded.
Note 3: SO output “0" level must be less than 0.8V for normal operation.
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COP420L/COP421L/COP422L
DC Electrical Characteristics o:c < T4 < +70°C, 4.5V < Vg < 6.3V unless otherwise noted (Continued)

Parameter Conditions Min Max Units
Output Current Levels ‘
Output Sink Current
SO and SK Outputs (Ip)) Ve = 6.3V, VoL = 0.4V 1.2 mA
Vec = 4.5V, VoL = 0.4V 0.9 mA
Lo-L7 Outputs and Standard Ve = 6.3V, VoL = 0.4V 0.4 mA
Go-Gg, Dg-D3 Outputs (lor) Vce = 4.5V, VoL = 0.4V 0.4 mA
Go-Gg and Dg-Dg3 Outputs with Vee = 6.3V, VoL = 1.0V 1 mA
High Current Options (Io) Ve = 4.5V, VoL = 1.0V 75 mA
Gp-Gg and Dg-Dg Outputs with Ve = 6.3V, VoL = 1.0V 22 mA
Very High Current Options (o) Voo = 4.5V, VoL = 1.0V 15 mA
CKI (Single-Pin RC Oscillator) Vce = 4.5V, Vi = 3.5V 2 mA
CKO Voo = 4.5V, VoL = 0.4V 0.2 mA
Output Source Current
Standard Configuration, Vec = 6.3V, Vou = 2.0V -75 —480 pA
All Outputs (lon) Vec = 4.5V, Vo = 2.0V -30 —250 BA
Push-Pull Configuration Ve = 6.3V, Vo = 2.4V -1.4 mA
SO and SK Outputs (Ion) Vec = 4.5V, Vo = 1.0V -1.2 mA
LED Configuration, Lo-L7
Outputs, Low Current Vce = 6.0V, Voy = 2.0V -1.5 -13 mA
Driver Option (loH)
LED Configuration, Lo-L7
Outputs, High Current Vge = 6.0V, Voy = 2.0V -3.0 —25 mA
Driver Option (Ion)
TRI-STATE Configuration, Voo = 6.3V, Voy = 3.2V -0.8 mA
Lo-L7 Outputs, Low Vee = 4.5V, Vou = 1.5V -0.9 mA
Current Driver Option (lon)
TRI-STATE Configuration, Vee = 6.3V, Vou = 3.2V -1.6 mA
Lg-L7 Outputs, High Vee = 4.5V, Voy = 1.5V -1.8 mA
Current Driver Option (Ion)
Input Load Source Current Vee = 5.0V —-10 —140 pA
CKO Output
RAM Power Supply Option VR = 3.3V 3.0 mA
Power Requirement
ZRI-STATE Output Leakage —25 +25 pA
urrent
Total Sink Current Allowed
All Outputs Combined 120 mA
D, G Ports 120 mA
L7-Ls 4 mA
La-Lo 4 mA
All Other Pins 1.5 mA
Total Source Current Allowed
All 1/0 Combined 120 mA
L7-L4 60 mA
L3-Lo 60 mA
Each L Pin 30 mA
All Other Pins 1.5 mA
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COP420L/COP421L/COP422L/COP320L/COP321L/COP322L

COP320L/COP321L/COP322L

Absolute Maximum Ratings

Voltage at Any Pin Relative to GND -0.5Vto +10V
Ambient Operating Temperature —40°Cto +85°C
Ambient Storage Temperature —65°Cto +150°C

Lead Temperature (Soldering, 10 sec.) 300°C
Power Dissipation

COP320L/COP321L 0.75W at 25°C

0.4Wat 70°C

0.25W at 85°C

COP322L 0.65W at 25°C

0.20W at 70°C

Total Source Current 120 mA
Total Sink Current 120 mA
Absolute maximum ratings indicate limits beyond which
damage to the device may occur. DC and AC electrical
specifications are not ensured when operating the device at
absolute maximum ratings.

DC Electrical Characteristics -40°c < T4 < +85°C, 4.5V < V¢ < 5.5V unless otherwise noted

Parameter Conditions Min Max Units
Standard Operating Voltage (Vo) (Note 1) 4.5 5.5 \
Power Supply Ripple Peak to Peak 0.5 v
Operating Supply Current All Inputs and Outputs Open " mA
Input Voltage Levels
CKIl Input Levels
Crystal Input
Logic High (V|y) Vcc = Max 3.0 \
Logic High (Vi)
Voo = 8V £5% 22 . v
Logic Low (V;) -0.3 0.3 v
Schmitt Trigger Input
Logic High (Vi) 0.7 Ve v
Logic Low (V)) -0.3 04 \
RESET Input Levels Schmitt Trigger Input
Logic High 0.7 Veo \
Logic Low -0.3 0.4 \
SO Input Level (Test Mode) (Note 3) 2.2 25 v
All Other Inputs
Logic High Vee = Max 3.0 \
Logic High with TTL Trip Level Options 22 \
Logic Low Selected, Voc = 5V 5% -0.3 0.6 \
Logic High with High Trip Level Options 3.6 \
Logic Low Selected -0.3 1.2 Vv
Input Capacitance 7 pF
Hi-Z Input Leakage -2 +2 nA
Output Voltage Levels
LSTTL Operation Voo = 5V £10%
Logic High (Vor) loH = —20 pA 2.7 \
Logic Low (Vop) loL = 0.36 mA 04 \
CMOS Operation (Note 2) Vee = 4.5V
Logic High loH = —10 pA Vee —1 \
Logic Low loL = +10 xA 0.2 v

Note 1: V¢ voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.

Note 2: TRI-STATE and LED configurations are excluded.
Note 3: SO output “0" level must be less than 0.6V for normal operation.
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COP320L/COP321L/COP322L

DC Electrical Characteristics
—40°C < Tp S +85°C, 4.5V < Ve < 5.5V unless otherwise noted (Continued)

Parameter Conditlons Min Max Units
Output Current Levels
Output Sink Current
SO and SK Outputs (Ig) Vge = 5.5V, Vo = 0.4V 1.0 mA
Vce = 4.5V, VoL = 0.4V 0.8 mA
Lo-L7 Outputs and Standard Vee = 5.5V, VoL = 0.4V 0.4 mA
Go~-Gg and Dg-D3 Outputs (Iop) Vee = 4.5V, VoL = 0.4V 0.4 mA
Go-Gga and Dg-D3 Outputs with Veo = 5.5V, VoL = 1.0V 9 mA
High Current Options (Iop) Ve = 4.5V, VoL = 1.0V 7 mA
Go-Gg and Dp~D3 Outputs with Vce = 5.5V, VoL = 1.0V 18 mA
Very High Current Options (o) Vco = 4.5V, VoL = 1.0V 14 mA
CKI (Single-Pin RC Oscillator) Vce = 4.5V, V| = 3.5V 2 mA
CKO Vco = 4.5V, VoL = 0.4V 0.2 mA
Output Source Current
Standard Configuration, Vce = 5.8V, Voy = 2.0V —55 —~600 pA
All Qutputs (IoH) Vce = 4.5V, Vo = 2.0V -28 —350 BA
Push-Pull Configuration Vce = 5.5V, Vou = 2.0V -1 mA
SO and SK Outputs (IoR) Voo = 4.5V, Vo = 1.0V -1.2 mA
LED Configuration, Lg-L7 Ve = 6.0V, Voy = 2.0V -1.4 -17 mA
Outputs, Low Current Vee = 5.5V, Voy = 2.0V -0.7 -15 mA
Driver Option (Ion)
LED Configuration, Lg-L7 Vee = 6.0V, Vo = 2.0V —-2.7 —34 mA
Outputs, High Current Vee = 5.5V, Vou = 2.0V -1.4 —30 mA
Driver Option (loH)
TRI-STATE Configuration, Vec = 5.5V, Vou = 2.7V —-0.6 mA
Lo-L7 Outputs, Low Vece = 4.5V, Vo = 1.5V -0.8 mA
Current Driver Option (lon)
TRI-STATE Configuration, Vec = 5.5V, Vou = 2.7V -1.2 mA
Lg-L7 Outputs, High Vec = 4.5V, Vou = 1.5V -1.8 mA
Current Driver Option (Ion)
Input Load Source Current Vee = 5.0V -10 —200 pA
CKO Output
RAM Power Supply Option VR = 3.3V 4.0 mA
Power Requirement
TRI-STATE Output Leakage
Current P s -5 +5 A
Total Sink Current Allowed
All Outputs Combined 120 mA
D, G Ports 120 mA
L7-Lg 4 mA
L3-Lo 4 mA
All Other Pins 15 mA
Total Source Current Allowed
All I/0 Combined 120 mA
L7-Ls 60 mA
La-Lo 60 mA
Each L Pin 30 mA
All Other Pins 1.5 mA
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AC Electrical Characteristics
COP420L/COP421L/COP422L: 0°C < Tp < +70°C, 4.5V < V¢ < 6.3V unless otherwise noted
COP320L/COP321L/COP322L: —40°C < Ta < +85°C, 4.5V < V¢ < 5.5V unless otherwise noted

COP420L/COP421L/COP422L/COP320L/COP321L/COP322L

Parameter Conditions Min Max Units
Instruction Cycle Time—tg 16 40 us
CKI
Input Frequency—; +32 Mode 0.8 20 MHz
+16 Mode 0.4 1.0 MHz
+8 Mode 0.2 0.5 MHz
+4 Mode 0.1 0.25 MHz
Duty Cycle 30 60 %
Rise Time fi = 2MHz 120 ns
Fall Time 80 ns
CKl Using RC (+4) R =56k £5%
C = 100 pF £10% 16 28 ps
Instruction Cycle Time (Note 1)
CKO as SYNC Input 400 ns
tsync
INPUTS:
IN3~INp, G3-Go, L7-Lg
tseTUP 8.0 us
tHoLp 1.3 ks
S| )
tseTUP 2.0 us
tHoLD 1.0 us
OUTPUT PROPAGATION DELAY Test Condition:
CL = 50 pF, RL = 20 k2, Voyt = 1.5V
S0, SK Outputs
tpd1, todo 4.0 us
All Other Outputs
tod1, tde 5.6 us

Note 1: Variation due to the device included.
Timing Diagrams

I‘—— INSTRUCTION CYCLE TIME (1g) _—.l

CKI

S'é{%%: ///////7/////. VoH /AL Vo Y

IN3-INp, 1SETUP ~——| |=—tHOLD
S-S0, -\ I, X
INPUTS |-——trm 1PD0
03-Gg. 03-Dg, Von W voy
L7-Lg, 50, SK
OUTPUTS

TL/DD/8825-5

gl

FIGURE 3. Input/Output Timing Diagrams (Crystal Divide-by-16 Mode)
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i

FIGURE 3a. Synchronization Timing

- 1syne

TL/DD/8825-6
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Connection Diagrams

SO Wide and DIP

X0 ] 1 20 f— GND
oKl —q 2 19 = D2
RESET —q 3 18 f— 03
=4 17 $— 63
w—s QL i
15— 15— 5K
w=—1 =50
vee =18 13 =i
1B—~—g 1210
[ 3o £1] np—u

TL/DD/8825-4
Top View
Order Number COP422L-XXX/N
or COP322L-XXX/N

See NS Molded Package Number N24A

Order Number COP322L-XXX/D
or COP422L-XXX/D
See NS Hermetic Package Number D20A

Order Number COP322L-XXX/WM
or COP422L-XXX/WM
See NS Surface Mount Package Number M20B

Dual-In Line Package

GND 1 28 D0
CKO—-q 2 27 p=——D1
CKlemd 3 26 p—D2
RESET——d 4 26 }==D3
L1==q§ 28 }=—G3
L6—6 23 G2
L5===17 COP420L/ 2201
L4-={g COP320L 21 p=—00
INcamed § 20 o= N3
IN2==] 10 19 }=——1ND
Vee=——{ 11 18 5K
L3 ==ef 12 17 p=—=$0
1213 16 p=—=51
L—u 15 =10
TL/DD/8825-2
Top View
Order Number COP420L-XXX/N
or COP320L-XXX/N

See NS Molded Package Number N28B

Order Number COP320L-XXX/D
or COP420L-XXX/D
See NS Hermetic Package Number D28C

SO Wide and DIP
GND~—] 1 24 00
txo~—f2 23Dt
CKI~=——13 22 p=—D2
RESET =1 4 21 P03
17==15 2003
16=18 copa21t/ 19}——G2
ts=7 COPRIL  ygfemi
—it 17 60
vee=—19 16 3K
L3=—110 15 =30
12— 11 W st
11— 12 1310

TL/DD/8825-3
Top View
Order Number COP421L-XXX/N
or COP321L-XXX/N

See NS Molded Package Number N20A

Order Number COP321L-XXX/D
or COP421L-XXX/D
See NS Hermetic Package Number D24C

Order Number COP321L-XXX/WM
or COP421L-XXX/WM
See NS Surface Mount Package Number M24B

PLCC
I
$g8%z2au
| I T Y I
/ 4 3 2 1 2827 26
s 2503
= I 24}-0c4
57 23}-¢2
L4—8 261
INt—{9 21}-60
IN2—{10 20}~ N3
Ve {11 19}-mo
12 13 14 15 16 17 18

IR
9539 %
TL/OD/8825-27
Order Number COP320L-XXX/V
or COP420L-XXX/V
See NS PLCC Package Number V28A

FIGURE 2
Pin Descriptions
Pin Description Pin Description

L7-Lo 8 bidirectional 170 ports with TRI-STATE SK Logic-controlled clock (or general purpose out-
G3-Gg 4 bidirectional 170 ports put)
D3-Dp 4 general purpose outputs CKi System oscillator input
INg-INg 4 general purpose inputs (COP420L only) CKO System oscillator output (or gene_ral purpose in-
S| Serial input (or counter input) put, RAM pow.er supply or SYNG input)
SO Serial output (or general purpose output) RESET  System reset input

Vee Power supply

GND Ground
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COP420L/COP421L/COP422L./COP320L/COP321L/COP322L

Functional Description

For ease of reading this description, only COP420L and/or
COP421L are referenced; however, all such references ap-
ply also to COP320L, COP321L, COP322L, or COP422L.

A block diagram of the COP420L is given in Figure 1. Data
paths are illustrated in simplified form to depict how the vari-
ous logic elements communicate with each other imple-
menting the instruction set of the device. Positive logic is
used. When a bit is set, it is a logic ‘1" (greater than 2V).
When a bit is reset, it is a logic “'0” (less than 0.8V).

PROGRAM MEMORY

Program Memory consists of a 1,024 byte ROM. As can be
seen by an examination of the COP420L/421L instruction
set, these words may be program instructions, program data
or ROM addressing data. Because of the special character-
istics associated with the JP, JSRP, JID and LQID instruc-
tions, ROM must often be thought of as being organized into
16 pages of 64 words each.

ROM addressing is accomplished by a 10-bit PC register. Its
binary value selects one of the 1,024 8-bit words contained
in ROM. A new address is loaded into the PC register during
each instruction cycle. Unless the instruction is a transfer of
control instruction, the PC register is loaded with the next
sequential 10-bit binary count value. Three levels of subrou-
tine nesting are implemented by the 10-bit subroutine save
registers, SA, SB and SC, providing a last-in, first-out (LIFO)
hardware subroutine stack.

ROM instruction words are fetched, decoded and executed
by the Instruction Decode, Control and Skip Logic circuitry.

DATA MEMORY

Data memory consists of a 256-bit RAM, organized as 4
data registers of 16 4-bit digits. RAM addressing is imple-
mented by a 6-bit B register whose upper 2 bits (Br) select 1
of 4 data registers and lower 4 bits (Bd) select 1 of 16 4-bit
digits in the selected data register. While the 4-bit contents
of the selected RAM digit (M) is usually loaded into or from,
or exchanged with, the A register (accumulator), it may also
be loaded into or from the Q latches or loaded from the L
ports. RAM addressing may also be performed directly by
the LDD and XAD instructions is based upon the 6-bit con-
tents of the operand field of these instructions. The Bd reg-
ister also serves as a source register for 4-bit data sent
directly to the D outputs.

INTERNAL LOGIC

The 4-bit A register (accumulator) is the source and destina-
tion register for most I/0, arithmetic, logic and data memory
access operations. It can also be used to load the Br and Bd
portions of the B register, to load and input 4 bits of the 8-bit
Q latch data, to input 4 bits of the 8-bit L I/O port data and
to perform data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic functions of
the COP420/421L, storing its results in A. It also outputs a
carry bit to the 1-bit C register, most often employed to indi-
cate arithmetic overflow. The C register, in conjunctions with
the XAS instruction and the EN register, also serves to con-
trol the SK output. C can be outputted directly to SK or

can enable SK to be a sync clock each instruction cycle
time. (See XAS instruction and EN register description, be-
low.)

Four general-purpose inputs, IN3-INp, are provided.

The D register provides 4 general-purpose outputs and is
used as the destination register for the 4-bit contents of Bd.
The D outputs can be directly connected to the digits of a
multiplexed LED display.

The G register contents are outputs to 4 general-purpose
bidirectional 1/0 ports. G 1/0 ports can be directly connect-
ed to the digits of a multiplexed LED display.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded to or from M and A, as well as 8-bit data
from ROM. Its contents are outputted to the L I/0 ports
when the L drivers are enabled under program control. (See
LEI instruction.)

The 8 L drivers, when enabled, output the contents of
latched Q data to the L 1/0 ports. Also, the contents of L
may be read directly into A and M. L I/0 ports can be direct-
ly connected to the segments of a multiplexed LED display
(using the LED Direct Drive output configuration option) with
Q data being outputted to the Sa-Sg and decimal point
segments of the display.

The SIO register functions as a 4-bit serial-in/serial-out shift
register or as a binary counter depending on the contents of
the EN register. (See EN register description, below.) Its
contents can be exchanged with A, allowing it to input or
output a continuous serial data stream. SIO may also be
used to provide additional parallel /0 by connecting SO to
external serial-in/parallel-out shift registers. For example of
additional parallel output capacity see Application #2.

The XAS instruction copies C into the SKL latch. In the
counter mode, SK is the output of SKL; in the shift register
mode, SK outputs SKL ANDed with the clock.

The EN register is an internal 4-bit register loaded under
program control by the LEI instruction. The state of each bit
of this register selects or deselects the particular feature
associated with each bit of the EN register (EN3g—ENg).

1. The least significant bit of the enable register, ENg, se-
lects the SIO register as either a 4-bit shift register or a 4-
bit binary counter. With ENg set, SIO is an asynchronous
binary counter, decrementing its value by one upon each
low-going pulse (‘1" to “0”) occeurring on the Sl input.
Each pulse must be at least two instruction cycles wide.
SK outputs the value of SKL. The SO output is equal to
the value of ENg. With ENg reset, SIO is a serial shift
register shifting left each instruction cycle time. The data
present at SI goes into the least significant bit of SIO. SO
can be enabled to output the most significant bit of SIO
each cycle time. (See 4 below.) The SK output becomes
a logic-controlled clock.

2. With ENq set the IN¢ input is enabled as an interrupt
input. Immediately following an interrupt, EN1 is reset to
disable further interrupts.

3. With ENy set, the L drivers are enabled to output the
data in Q to the L 1/O ports. Resetting EN, disables
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Functional Description (continued)

the L drivers, placing the L 170 ports in a high-impedance
input state.

4. ENg, in conjunction with ENp, affects the SO output. With
ENp set (binary counter option selected) SO will output
the value loaded into EN3. With ENg reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted

data each instruction time. Resetting EN3 with the serial
shift register option selected disables SO as the shift
register output; data continues to be shifted through SIO
and can be exchanged with A via an XAS instruction but
SO remains reset to ““0”. The table below provides a
summary of the modes associated with EN3 and ENg.

Enable Register Modes—BIts EN3 and ENp

EN3 ENg SI0 SO SK
0 0 Shift Register Input to Shift Register 0 Iif SKL = 1, SK = Clock
IfSKL =0,SK =10
1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = Clock
' fSKL =0,SK =0
0 1 Binary Counter Input to Binary Counter 0 IfSKL=1,SK =1
IfSKL=0,SK =0
1 1 Binary Counter Input to Binary Counter 1 IfSKL=1,8K=1
If SKL = 0,SK = 0

INTERRUPT

The following features are associated with the IN¢ interrupt

procedure and protocol and must be considered by the pro-

grammer when utilizing interrupts.

a. The interrupt, once aknowledged as explained below,
pushes the next sequential program counter address (PC
+ 1) onto the stack, pushing in turn the contents of the
other subroutine-save registers to the next lower leve!
(PC + 1 — SA — SB - SC). Any previous con-
tents of SC are lost. The program counter is set to hex
address OFF (the last word of page 3) and ENj is reset.

b. Aninterrupt will be acknowledged only after the following
conditions are met:

1. ENq has been set.

2. A low-going pulse (“1" to “0") at least two instruction
cycles wide occurs on the IN4 input.

3. A currently executing instruction has been completed.

4. All successive transfer of control instructions and suc-
cessive LBIs have been completed (e.g., if the main
program is executing a JP instruction which transfers
program control to another JP instruction, the interrupt
will not be acknowledged until the second JP instruc-
tion has been executed).

¢. Upon acknowledgement of an interrupt, the skip logic
status is saved and later restored upon popping of the
stack. For example if an interrupt occurs during the exe-
cution of ASC (Add with Carry, Skip on Carry) instruction
which results in carry, the skip logic status is saved and
program control is transferred to the interrupt servicing
routine at address OFF. At the end of the interrupt rou-
tine, a RET instruction is executed to “pop” the stack
and return program control to the instruction following
the original ASC. At this time, the skip logic is enabled
and skips this instruction because of the previous ASC
carry. Subroutines and LQID instructions should not be

nested within the interrupt servicing routine since their
popping the stack will enable any previously saved main
program skips, interfering with the orderly execution of
the interrupt routine.

d. The first instruction of the interrupt routine at hex ad-
dress OFF must be a NOP.

e. A LEl instruction can be put immediately before the RET
to re-enable interrupts.

INITIALIZATION

The Reset Logic will initialize (clear) the device upon power-
up if the power supply rise time is less than 1 ms and great-
er than 1 ps. If the power supply rise time is greater than
1 ms, the user must provide an external RC network and
diode to the RESET pin as shown below. The RESET pin is
configured as a Schmitt trigger input. If not used it should be
connected to Vgc. Initialization will occur whenever a logic
“0" is applied to the RESET input, provided it stays low for
at least three instruction cycle times.

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, D, EN, and G registers are cleared.
The SK output is enabled as a SYNC output, providing a
pulse each instruction cycle time. Data Memory (RAM) is
not cleared upon initialization. The first instruction at ad-
dress 0 must be a CLRA.

Power-Up Clear Circuit

vee
COP420L/821L
RESET

N

<~V UOCY IMSEOO

_-—
Ly
7

TL/DD/8825-7
RC = 5 X Power Supply Rise Time
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COP420L/COP421L/COP422L/COP320L/COP321L/COP322L

Functional Description (continued)

OSCILLATOR

There are three basic clock oscillator configurations avail-
able as shown by Figure 4.

a. Crystal Controlled Oscillator. CKI and CKO are con-
nected to an external crystal. The instruction cycle time
equals the crystal frequency divided by 32 (optional by
16 or 8).

b. External Osclllator. CKl is an external clock input sig-
nal. The external frequency is divided by 32 (optional by
16 or 8) to give the instruction cycle time. CKO is now
available to be used as the RAM power supply (VR) or as
a general purpose input.

¢. RC Controlled Osclllator. CKl is configured as a single
pin RC controlled Schmitt trigger oscillator. The instruc-
tion cycle equals the oscillation frequency divided by 4.
CKO is available as the RAM power supply (VR) or as a
general purpose input.

CKO PIN OPTIONS

In a crystal controlled oscillator system, CKO is used as an
output to the crystal network. As an option CKO can be a
general purpose input, read into bit 2 of A (accumulator)
upon execution of an INIL instruction. As another option,
CKO can be a RAM power supply pin (VR), allowing its con-
nection to a standby/backup power supply to maintain the
integrity of RAM data with minimum power drain when the
main supply is inoperative or shut down to conserve power.
Using either option is appropriate in applications where the
COP420L/421L system timing configuration does not re-
quire use of the CKO pin. )

RAM KEEP-ALIVE OPTION (Not available on COP422L)

Selecting CKO as the RAM power supply (Vg) allows the

user to shut off the chip power supply (Vcc) and maintain

data in the RAM. To insure that RAM data integrity is main-
tained, the following conditions must be met:

1. RESET must go low before Vog goes below spec during
power-off; Voc must be within spec before RESET goes
high on power-up.

2. During normal operation VR must be within the operating
range of the chip, with (Vcc — 1) < VR < Vce.

3. Vg must be = 3.3V with Vg off.

Crystal Osclllator
1 ]
K1 )
R2 y
AAA
vy
<
:: M

CKI CKO CKI CKO
t t | sAAR el 1 1
— (VR OR GENERAL
(VR OR GENERAL ’ FURPOSE INPUT
EXTERNAL RPOSE INPUT = :
cLoCcK ORSYNC PIN)
TL/DD/8825-8
RC Controlled Oscillator
Crystal Component Values Instruction
Value | R1@ | R2() | c1(pF) | C2(pF) R (k) C (pF) Cyc(le 1;Ime
s
455 kHz 4.7k ™ 220 220 = N
2,097 MHz 1k ™M 30 6-36 51 , 100 19 £15%
82 56 19 + 13%

Note: 200k > R > 25k
360 pF 2 C < 50 pF

FIGURE 4. COP420L/421L Oscillator
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Functional Description (continued)

1/0 OPTIONS

COP420L/421L outputs have the following optional configu-

rations, illustrated in Figure 5:

a. Standard-—an enhancement mode device to ground in
conjunction with a depletion-mode device to Vgg, com-
patible with LSTTL and CMOS input requirements. Avail-
able on SO, SK, and all D and G outputs.

b. Open-Drain—an enhancement-mode device to ground
only, allowing external pull-up as required by the user's
application. Available on SO, SK, and all D and G out-
puts.

c. Push-Pull—An enhancement-mode device to ground in
conjunction with a depletion-mode device paralleled by
an enhancement-mode device to Vgc. This configuration
has been provided to allow for fast rise and fall times
when driving capacitive loads. Available on SO and SK
outputs only.

d. Standard L—same as a., but may be disabled. Available
on L outputs only.

e. Open Draln L—same as b., but may be disabled. Avail-
able on L outputs only.

f. LED Direct Drive—an enhancement-mode device to
ground and to Vg, mesting the typical current sourcing
requirements of the segments of an LED display. The
sourcing device is clamped to limit current flow. These
devices may be turned off under program control (see
Functional Description, EN Register), placing the outputs
in a high-impedance state to provide required LED seg-
ment blanking for a multiplexed display. Available on L
outputs only.

g. TRI-STATE Push-Pull—an enhancement-mode device
to ground and Vgg. These outputs are TRI-STATE out-
puts, allowing for connection of these outputs to a data
bus shared by other bus drivers. Available on L outputs
only.

COP420L/COP421L inputs have the following optional con-

figurations:

h. An on-chip depletion load device to V¢g.

i. A Hi-Z input which must be driven to a “1” or “0” by
external components.

vee

A

TL/DD/8825-9
a. Standard Output

: Do ,,

b. Open-Drain Output

The above input and output configurations share common
enhancement-mode and depletion-mode devices. Specifi-
cally, all configurations use one or more of six devices
(numbered 1-6, respectively). Minimum and maximum cur-
rent (loyt and Vouyr) curves are given in Figure 6 for each
of these devices to allow the designer to effectively use
these 1/0 configurations in designing a COP420L/421L sys-
tem.

The SO, SK outputs can be configured as shown in a., b., or
c. The D and G outputs can be configured as shown in a. or
b. Note that when inputting data to the G ports, the G out-
puts should be set to “1". The L outputs can be configured
asind,e.,f.org.

An important point to remember if using configuration d. or
f. with the L drivers is that even when the L drivers are
disabled, the depletion load device will source a small
amount of current (see Figure 6, device 2); howsver, when
the L lines are used as inputs, the disabled depletion device
cannot be relied on to source sufficient current to pull an
input to a logic 1. ’

COP421L.

If the COP420L is bonded as a 24-pin device, it becomes
the COP421L, illustrated in Figure 2, COP420L/421L Con-
nection Diagrams. Nots that the COP421L does not contain
the four general purpose IN inputs (INg-INg). Use of this
option precludes, of course, use of the IN options and the
interrupt feature. All other options are available for the
COP421L.

COP422L

If the COP421L is bonded as a 20-pin device, it becomes
the COP422L, as illustrated in Figure 2. Note that the
COP422L contains all the COP421L pins except Dy, Dy, Go,
and Gy. COP422L also does not allow RAM power supply
input as a valid CKO pin option.

vee

—{ [ #2

#3

TL/DD/8825-10

TL/DD/8825-11
c. Push-Pull Output
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COP420L/COP421L/COP422L/COP320L/COP321L/COP322L

Functional Description (continued)
DISABLE ‘ vee

#1

TL/DD/8825-12

d. Standard L Output
DISABLE vee
] DeiCe
#1

TL/DD/8825-15
g. TRI-STATE Push-Pull (L Output)

L-Bus Considerations

False states may be generated on Lg-L7 during the execu-
tion of the CAMQ instruction. The L-ports should not be
used as clocks for edge sensitive devices such as flip-flops,
counters, shift registers, etc. the following short program
that illustrates this situation.

START :
CLRA
LEI 4
LBI  IEST
STII 3
AISC 12

;ENABLE THE Q
;REGISTER I0 L LINES

LOOP:
LBI
CAMQ
JP

TEST ;LOAD Q WITH X'C3

LOoP

! EHE
DISABLE ]
e
= >
TL/DD/8825-13 EE

e. Open-Drain L Output

vee
#6
A
INPUT I

h. Input with Load
FIGURE 5. Output Configurations

DISABLE vee

TL/DD/8825-14
(4 is Depletion Device)

f. LED (L Output)

eur P—— {

TL/DD/8825-17
TL/DD/8825-16

I. HI-Z Input

In this program the internal Q register is enabled onto the L
lines and a steady bit pattern of logic highs is output on Lo,
L4, Lg, L7, and logic lows on Lp-Lg via the two-byte CAMQ
instruction. Timing constraints on the device are such that
the Q register may be temporarily loaded with the second
byte of the CAMQ opcode (X'3C) prior to receiving the valid
data pattern. If this occurs, the opcode will ripple onto the L
lines and cause negative-going glitches on Lo, L4, Lg, L7,
and positive glitches on La~Ls. Glitch durations are under
2 ps, although the exact value may vary due to data pat-
terns, processing parameters, and L line loading. These
false states are peculiar only to the CAMQ Instruction and
the L lines. i
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Typical Performance Characteristics (continued)

LED Output Direct Segment
and Digit Drive (High Current

Options on Lg-L7; Very High
LED Output Source Current LED Output Source Current Current Optlons on Dg~D3 or
" (High Current LED Option) » (Low Current LED Option) © Go~-Ga)
-15 \\ -5 %
—- Vee=8.0 —~ ~ =3
g \, ] —W;ZL E \ | haaxVoees.ov —| g
3 \ A | i '_I 3 \ (] - 30
han Veg=8.Y]
RN 1T Vee=sov - N\ T
\<’\ \>< -10
0 N 0 ™
0123456782910 0123456782910 4 5 68 7 8 9 10
Vou (VOLTS) Vou (voLTS) Vec (VOLTS)
Output Sink Current for Lg-L7
LED Output Direct Output Sink Current for and Standard Drive Option
Segment Drive SO and SK for Dg~D3 and Go-G3
-50 4 - 4
Vou = 2.0V /
e / [
[ Imcﬂ CURRENT 3 T s 0 Vo = 45v
T -w—r:;meJ Josmtm = “)é'w°Vcc=¢5V = /w I
g LOW CURRENT E oAt L |
3 v l:#nu 2 I 2
o o Iy © Ve = 4.5V Iun © Vg = 4.5V
4 N 1 1
=10 |[—»* o CURRENT OPTION
Eidl P I LOW
o’ CURRENT OPTION|
0 ;-.g::::éé
4 5 6 7 8 9 10 o 1 2 3 4 5 o 1 2 3 4 5
Vg (VOLTS) Voo (VOLTS) Vg (VOLTS)
Output Sink Current for Output Sink Current for
Go~-Gj and Dg-D3 with Very Gp-Gg3 and Dg-D3
2 High Current Option 0 (HIgh Current Option)
a1 .
haax @ Vee = 45V
) 8 L
— P /
™ ™
2 I 2 Tuax © Veg = 45V
0 )
| -
20 20 =
ha © Ve = 45V T ane © Vg = 45V
0123456780910 0 123456782910
Vg (YOLTS) Vou (vOLTS)

TL/DD/8825-19
FIGURE 6. COP420L/COP421L/COP422L Input/Output Characteristics
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COP420L/COP421L./COP422L/COP320L/COP321L/COP322L

Typical Performance Characteristics (continued)

Input Current for Lo-L7 when

Output Programmed OFF Source Current for Standard
Input Current INg~IN3 by Software Output Configuration
=100 -1000
-20 -900
-8 -800
-150 _» 0
P N -60 I\ < =600
3w \\ K -5 N 3w
[
& -0 ] 5 o | uax
haax © Voo = 45V = haax © Vee = 45V oy Vg = 45V
~50 N i
:;m : 5\ = —.V“N.ljv ;0 M Voo = 45V
=45V ~10 i vee = =100 +—
o o ot o R N T
0 102030405060 7080 95 [} 0 20 012345678 95
Vi (voLTs) Vijo (voLTS) Vou (VOLTS)
Source Current for Lo-Ly in Source Current for Lo-L7 in
Source Current for SO and TRI-STATE Configuration TRI-STATE Configuration
SK in Push-Pull Configuration (High Current Option) (Low Current Option)
15 \ I_l 15 15 :
| L] L
10 1 Veg = A5V T 10 10 "y
3z Il 3z ° z |- I
E ,INN ° g /"V“;x= e 3 b Voo = 43V
3 T Veo = 45V 3 3 1]
Lhwo | MIJ
LAY Voo = 45V -v(:c" .45V
X LT (il
0123456728291 0123456782910 012345678091
Vou (OLTS) Vou (YOLTS) Vou (VOLTS)

TL/DD/8825-18
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Typical Performance Characteristics (continued)

Input Current INg-IN3

=200

N
TN T 0
Voo = 45V

Iy (WA

=100

~50 | lyy ©
Vog = 45V,

0

0t 2 3 4 5 6 7 8
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Source Current for SO and
SK in Push-Pull Configuration
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LED Output Source Current
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FIGURE 7. COP320L/DOP321L/COP322L Input/Output Characteristics
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COP420L/COP421L/COP422L/COP320L/COP321L/COP322L

COP420L/COP421L Instruction Set

Table | is a symbol table providing internal architecture, in-
struction operand and operational symbols used in the in-

struction set table.

Table 1l provides the mnemonic, operand, machine code,
data flow, skip conditions and description associated with
each instruction in the COP410L/411L instruction set.

TABLE |. COP420L/421L 'Instructlon Set Table Symbols

Symbol Definition Symbol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Field, 0~15 binary (RAM Digit
B 6-bit RAM Address Register Select)
Br Upper 2 bits of B (register address) r 2-bit Operand Field, 0-3 binary (RAM Register
Bd Lower 4 bits of B (digit address) Select)
C 1-bit Carry Register a 10-bit Operand Field, 0-1023 binary (ROM
D 4-bit Data Output Port Address)
EN 4-bit Enable Register y 4-bit Operand Field, 0-15 binary (Immediate Data)
G 4-bit Register to latch data for G 170 Port RAM(s) Contents of RAM location addressed by s
IL Two 1-bit Latches associated with the INg or ROM(t) Contents of ROM location addressed by t
INg inputs
IN 4-bit Input Port
L 8-bit TRI-STATE /0 Port OPERATIONAL SYMBOLS
M 4-bit contents of RAM Memory pointed to by B + Plus
Register - Minus
PC 10-bit ROM Address Register (program counter) - Replaces
Q 8-bit Register to latch data for L 1/0 Port «<—> Is exchanged with
SA 10-bit Subroutine Save Register A = Is equal to
SB 10-bit Subroutine Save Register B A The ones complement of A
SC 10-bit Subroutine Save Register C @ Exclusive-OR
Slo 4-bit Shift Register and Counter : Range of values
SK Logic-Controlled Clock Output
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Instruction Set (Continued)

TABLE ll. COP420L/421L Instruction Set

He Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
ARITHMETIC INSTRUCTIONS
ASC 30 00110000 A+ C+ RAMB) — A Carry Add with Carry, Skip on
Carry — C Carry
ADD 31 0011 (0001 A + RAMB) — A None Add RAMto A
ADT 4A 0100]1010 A+ 1090 = A None Add Tento A
AISC 5— 0101 vy | ([A+y— A Carry Add Immediate, Skip on
Carry (y # 0)
CASC 10 00010000 |A+ RAM(B)+C — A Carry Compliment and Add with
Carry — C Carry, Skip on Carry
CLRA 00 0000{0000| |0 — A None Clear A
COMP 40 0100/0000] (A — A None Ones complement of Ato A
NOP 44 0100{0100| |None None No Operation
RC 32 0011/0010| |“0” — C None ResetC
SC 22 0010/0010] |“1” —> C None SetC
XOR 02 000010010 |A @ RAM(B) — A None Exclusive-OR RAM with A
TRANSFER OF CONTROL INSTRUCTIONS
JID FF 11111114 ROM (PCg.8, AM) — None Jump Indirect (Note 3)
PCz.0
JMP 6- |0110|00|agg| |a —> PC None Jump
- az.o
JP - 1] 80 | |a — PCgyo None Jump within Page (Note 4)
(pages 2,3 only)
or
- 1] aso a —> PCsyp
(all other pages)
JSRP - 10| aso PC+1 — SA — None Jump to Subroutine Page
SB — SC (Note 5)
0010 — PCgg
a —> PCspo
JSR 6- |0110]10/ags| |[PC+1 — SA —> None Jump to Subroutine
- arz.o SB — SC
a— PC
RET 48 0100{1000| |SC — SB — SA — PC None Return from Subroutine
RETSK 49 0100] 1001 SC — SB — SA — PC Always Skip on Return Return from Subroutine

then Skip

1-155

122€d00/112€d03/102€d0J/122¥d0D/1+2¥d0I/702¥d 0D



COP420L/COP421L/COP422L/COP320L/COP321L/COP322L

Instruction Set (continued)

TABLE ll. COP420L/421L Instruction Set (Continued)

Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 0011{0011 A= Q4 None Copy A, RAMto Q
3C 00111100 RAM(B) — Qa0
CQMA 33 00110011 Q7.4 — RAM(B) None Copy Qto RAM, A
2C 0010|1100 Q30— A
LD r -5 00|r|0101 RAM(B) — A None Load RAMinto A,
Brer — Br Exclusive-OR Br with r
LDD rd 23 0010}0011] RAM(r,d) — A None Load A with RAM pointed
- 00jr| d to directly by r,d
LQID BF 10111111 ROM(PCg.g,AM) — Q None Load Q Indirect (Note 3)
SB — SC
RMB 0 4C 0100|1100 0 — RAM(B)p None Reset RAM Bit
1 45 01000101 0 — RAM(B)¢
2 42 01000010 0 — RAM(B)2
3 43 0100|0011 0 — RAM(B)3
SMB 0 4D 0100] 1101 1 — RAM(B)o None Set RAM Bit
1 47 0100|1101 1 — RAM(B)y
2 46 0100j0110 1 — RAM(B)2
3 4B 0100{1011 1 — RAM(B)3
STl y 7- 0111] vy | y — RAM(B) None Store Memory Immediate
Bd +1 — Bd and Increment Bd
X r -6 00(r|0110 RAM(B) «— A None Exchange RAM with A,
Brer — Br Exclusive-OR Br withr
XAD rd 23 0010|0011 RAM(r,d) «— A None Exchange A with RAM
-— 10|r| d pointed to directly by (r,d)
XDS r -7 {00]r]0111} RAM(B) «— A Bd decrements past0  Exchange RAM with A
Bd-1 — Bd and Decrement Bd,
Brer — Br Exclusive-OR Br with r
XIS r -4 [00{r[0100 RAM(B) «— A Bd increments past 15  Exchange RAM with A
Bd+ 1 — Bd and Increment Bd,
Brer — Br Exclusive-OR Brwith r
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Instruction Set (Continued)

TABLE I1. COP420L/421L. Instruction Set (Continued)

Machine
Language Code

H
Mnemonic Operand Code
(Binary)

Data Flow

Skip Conditions

Description

REGISTER REFERENCE INSTRUCTIONS

CAB 50 01010000
0100{1110

00)r|(d—1)]
(d=0,9:15)

or
0011]0011
10(r| d
(any d)

CBA 4E

LBI rd --

33

LEI y 33

6—

00110011
0110] y

XABR 100010010

12

A — Bd
Bd — A

rd —> B

y — EN

A <> Br(0,0 = A3Ar)

None
None

Skip until not an LBI

None

None

Copy Ato Bd
Copy Bd to A

Load B Immediate with
r,d (Note 6)

Load EN Immediate (Note 7)

Exchange A with Br

TEST INSTRUCTIONS

SKC 20

00100000
00100001

00110011
00100001

33 00110011
01 00000001
11 00010001
03 0000|0011
13 000110011

01 0000{0001
1 00010001
03 00000011
13 00010011

0100{0001

SKE 21

SKGZ 33

21

SKGBZ

wWN -0

SKMBZ

WN = O

SKT 41

1st byte

2nd byte

C=
A = RAM(B)

G30=0

Gp=0
G1=0
Gg=0
Gs—"O

RAM(B)o = 0
RAM(B); = 0
RAM(B)z = 0
RAM(B)3 = 0

A time-base counter
carry has occurred
since last test

SkipifCis True
Skip if A Equals RAM

Skip if G is Zero
(all 4 bits)

Skip if G Bit is Zero

Skip if RAM Bitis Zero

Skip on Timer (Note 3)
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Instruction Set (continued)
TABLE Il. COP420L/421L Instruction Set (Continued)

Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary) '
INPUT/OUTPUT INSTRUCTIONS .
ING - 33 001110011 G— A ‘ None . Input G Ports to A
2A 0010|1010
ININ 33 0011[0011 IN— A None Input IN Inputs to A (Note 2)
28 00101000
INIL 33 001110011 ILg, CKO, “0”,iLg —> A None Input IL Latches to A
29 0010]1001 (Note 3)
INL 33 0011)0011] L7.4 — RAM(B) None Input L Ports to RAM, A
2E 0010]1110] Lgg — A
OBD 33 00110011 Bd — D None Output Bd to D Outputs
3E 0011]1110
OGlI y 33 0011|0011 y—>G ) None Output to G Ports Immediate
5- 0101| y
OMG 33 0011(0011 RAM(B) — G None Output RAM to G Ports
3A 0011[1010
XAS 4F [0100(1111 A «— SIO,C — SKL None Exchange A with SIO
(Note 3)
Note 1: All subscripts for alphabeti bols indicate bit unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N where

0 signifies the least slgnmcant blt {low- order, right-most bit). For example, A3 indicates the most significant (left-most) bit of the 4-bit A register.

Note 2: The ININ instruction is only available on the 28-pin COP420L as the other devices do not contain the IN inputs.

Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP
may not jump to the last word in page 2.

Note 6: LBl is a single-byte instructionifd = 0, 8, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the *'d"’ data minus 1,
e.g., to load the lower four bits of B (Bd) with the value 9 (10015), the lower 4 bits of the LBI instruction equal 8 (10002). To load 0, the lower 4 bits of the LBI
instruction should equal 15 (11112).

Note 7: Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a *‘1” or “0" in each bit of EN corresponds
with the selection or desslection of a particular function associated with each bit. (See Functional Description, EN Register.)

Description of Selected

Instructions

The following information is provided to assist the user in SIO is selected as a shift register, an XAS instruction must
understanding the operation of several unique instructions be performed once every 4 instruction cycles to effect a
and to provide notes useful to programmers in writing continuous data stream.

COP420L/421L programs. JID INSTRUCTION

XAS INSTRUCTION JID (Jump Indirect) is an indirect addressing instruction,
XAS (Exchange A with SIO) exchanges the 4-bit contents of transferring program control to a new ROM location pointed
the accumulator with the 4-bit contents of the SIO register. to indirectly by A and M. It loads the lower 8 bits of the ROM
The contents of SIO will contain serial-in/serial-out shift reg- address register PC with the contents of ROM addressed by
ister or binary counter data, depending on the value of the the 10-bit word, PCqg.g, A, M. PCgy and PCg are not affected
EN register. An XAS instruction will also affect the SK out- by this instruction.

put. (See Functional Description, EN Register, above.) If Note that JID requires 2 instruction cycles to execute.
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Description of Selected
Instructions (continued)

INIL INSTRUCTION

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILg (see
Figure 8) and CKO into A. The IL3 and ILg latches are set if
a low-going pulse (1" to “'0") has occurred on the IN3 and
INg inputs since the last INIL instruction, provided the input
pulse stays low for at least two instruction times. Execution
of an INIL inputs ILg and ILg into A3 and AO respectively,
and resets these latches to allow them to respond to subse-
quent low-going pulses on the IN3 and INg lines. If CKO is
mask programmed as a general purpose input, an INIL will
input the state of CKO into A2. If CKO has not been so
programmed, a “1” will be placed in A2. A “0" is always
placed in A1 upon the execution of an INIL. The general
purpose inputs IN3-INg are input to A upon execution of an
ININ instruction. (See Table II, ININ instruction.) INIL is use-
ful in recognizing pulses of short duration or pulses which
occur too often to be read conveniently by an ININ instruc-
tion. IL latches are not cleared on reset.

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 10-bit word PCg, PCg, A,
M. LQID can be used for table lookup or code conversion
such as BCD to seven-segment. The LQID instruction
“pushes” the stack (PC + 1 — SA — SB — SC) and
replaces the least significant 8 bits of PC as follows: A —
PC7.4, RAM(B) — PCa., leaving PCy and PCg un-
changed. The ROM data pointed to by the new address is
fetched and loaded into the Q latches. Next, the stack is
“popped” (SC — SB — SA — PC), restoring the
saved value of PC to continue sequential program execu-
tion. Since LQID pushes SB — SC, the previous contents
of SC are lost. Also, when LQID pops the stack, the previ-
ously pushed contents of SB are left in SC. The net result is
that the contents of SB are placed in SC (SB — SC). Note
the LQID takes two instruction cycle times to execute.

COP420L/421L

INp/IN3=

INIL

TL/DD/8825-21
FIGURE 8. INIL Hardware Implementation

SKT INSTRUCTION

The SKT (Skip On Timer) instruction tests the state of an
internal 10-bit time-base counter. This counter divides the
instruction cycle clock frequency by 1024 and provides a
latched indication of counter overflow. The SKT instruction
tosts this latch, executing the next program instruction if the
latch is not set. If the latch has been set since the previous
test, the next program instruction is skipped and the latch is
reset. The features associated with this instruction, there-
fore, allow the COP420L/421L to generate its own time-
base for real-time processing rather than relying on an ex-
ternal input signal.

For example, using a 2.097 MHz crystal as the time-base to
the clock generator, the instruction cycle clock frequency
will be 65 kHz (crystal frequency + 32) and the binary coun-
ter output pulse frequency will be 64 Hz. For time-of-day or
similar real-time processing, the SKT instruction can call a
routine which increments a ‘‘seconds” counter every 64
ticks.

INSTRUCTION SET NOTES

a. The first word of a COP420L/421L program (ROM ad-
dress 0) must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, one in-
struction cycle time is devoted to skipping each byte of
the skipped instruction. Thus all program paths except
JID and LQID take the same number of cycle times
whether instructions are skipped or executed. JID and
LQID instructions take 2 cycles if executed and 1 cycle if
skipped.

c. The ROM is organized into 16 pages of 64 words each.
The Program Counter is a 10-bit binary counter, and will
count through page boundaries. If a JP, JSRP, JID or
LQID instruction is located in the last word of a page, the
instruction operates as if it were in the next page. For
example: a JP located in the last word of a page will jump
to a location in the next page. Also, a LQID or JID located
in the last word of page 3, 7, 11, or 15 will access data in
the next group of four pages.
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Option List

The COP420L/421L mask-programmable options are assigned numbers which correspond with the COP420L pins.

The following is a list of COP420L options. When specifying a COP421L chip, Options 9, 10, 19, and 20 must all be set to zero.
When specifying a COP422L chip, options 9, 10, 19, and 20 must all be set to zero; options 21 and 22 may not be set to one,
three or five; and option 2 may not be set to one. The options are programmed at the same time as the ROM pattern to provide
the user with the hardware flexibility to interface to various 1/0 components using little or no external circuitry.

The Option Table should be copied and sent in with your EPROM or disc.

Option 1 = 0: Ground Pin—no options available
Option 2: CKO Output
= 0: clock generator output to crystal/resonator (0 not
allowable value if Option 3 = 3)
= 1: pin is RAM power supply (VR) input (not available on
the COP422L)
= 2: general purpose input with load device to Vgc
= 3: general purpose input, Hi-Z
Option 3: CKI Input
= 0: oscillator input divided by 32 (2 MHz max.)
= 1: oscillator input divided by 16 (1 MHz max.)
= 2: oscillator input divided by 8 (500 kHz max.)
= 3: single-pin RC controlled oscillator (= 4)
= 4: Schmitt trigger clock input (+4)
Option 4: RESET Input
= 0: load device to Voo
= 1: Hi-Z Input
Option 5: Ly Driver
= 0: Standard output
= 1: Open-drain output
= 2: High current LED direct segment drive output
= 8: High current TRI-STATE push-pull output
= 4: Low-current LED direct segment drive output
= 5: Low-current TRI-STATE push-pull output
Option 6: Lg Driver
same as Option 5
Option 7: Ls Driver
same as Option 5
Option 8: L4 Driver
same as Option 5
Option 9: IN¢ Input
= 0: load device to Vg
= 1: Hi-Z input
Option 10: IN Input
same as Option 9
Option 11: Vo pin
= 0: Standard Vg
Option 12: Lg Driver
same as Option 5
Option 13: Lp Driver
same as Option 5
Option 14: L¢ Driver
same as Option 5§
Option 15: Lg Driver
same as Option 5
Option 16: S Input
same as Option 9
Option 17: SO Driver
= 0: standard output
= 1: open-drain output
= 2: push-pull output
Option 18: SK Driver
same as Option 17

Option 19: INg Input
same as Option 9
Option 20: IN3 Input
same as Option 9
Option 21: Gg 1/0 Port
= 0: very-high current standard output
= 1: very-high current open-drain output
= 2: high current standard output
= 3: high current open-drain output
= 4: standard LSTTL output (fanout = 1)
= 5: open-drain LSTTL output (fanout = 1)
Option 22: G4 1/0 Port
same as Option 21
Option 23: G 1/0 Port
same as Option 21
Option 24: G3 /0 Port
same as Option 21
Option 25: D3 Output
same as Option 21
Option 26: D Output
same as Option 21
Option 27: D1 Output
same as Option 21
Option 28: Dy Output
same as Option 21
Option 29: L Input Levels
= 0: standard TTL input levels (0" = 0.8V, “1"” = 2.0V)
= 1: higher voltage input levels
(“0” = 1.2V, “1” = 3.6V)
Option 30: IN Input Levels
same as Option 29
Option 31: G Input Levels
same as Option 29
Option 32: Sl Input Levels
same as Option 29
Option 33: RESET Input
= 0: Schmitt trigger input
= 1: standard TTL input levels
= 2: higher voltage input levels
Option 34: CKO Input Levels
(CKO = input; Option 2 = 2,3)
same as Option 29
Option 35: COP Bonding
= 0: COP420L (28-pin device)
= 1: COP421L (24-pin device)
2: 28- and 24-pin versions
3: COP422L (20-pin device)
4: 28- and 20-pin versions
5: 24- and 20-pin versions
5: 28-, 24-, and 20-pin versions
Option 36: Internal Initialization Logic
= 0: normal operation
= 1: no internal initialization logic

T
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Option Table

The following EPROM option information is to be sent to
National along with the EPROM.

OPTION DATA
OPTION 1VALUE=___ 0  |S:GROUNDPIN
OPTION 2VALUE = IS: CKO OUTPUT
OPTION 3 VALUE = IS: CKI INPUT
OPTION 4 VALUE = IS: RESET INPUT
OPTION 5VALUE = IS: L7 DRIVER
OPTION 6 VALUE = IS: Lg DRIVER
OPTION 7 VALUE = IS: Ls DRIVER
OPTION 8 VALUE = IS: Ly DRIVER
OPTION 9VALUE = IS: IN1 INPUT
OPTION 10 VALUE = IS: IN2 INPUT
OPTION11VALUE=_ O  IS:VCCPIN
OPTION 12 VALUE = IS: L DRIVER
OPTION 13 VALUE = IS: L, DRIVER
OPTION 14 VALUE = IS: Ly DRIVER
OPTION 15 VALUE = IS: Lo DRIVER
OPTION 16 VALUE = IS: S INPUT
OPTION 17 VALUE = IS: SO DRIVER
OPTION 18 VALUE = IS: SK DRIVER

TEST MODE (Non-Standard Operation)

The SO output has been configured to provide for standard
test procedures for the customer-programmed COP420L.
With SO forced to logic “1", two test modes are provided,
depending upon the value of Si:

a. RAM and Internal Logic Test Mode (S! = 1)

b. ROM Test Mode (SI = 0)

These special test modes should not be employed by the
user; they are intended for manufacturing test only.

APPLICATIONS # 1: COP420L General Controller

Figure 9 shows an interconnect diagram for a COP420L

used as a general controller. Operation of the system is as

fotlows:

1. The Ly~Lg outputs are configured as LED Direct Drive
outputs, allowing direct connection to the segments of
the display.

OPTION DATA

OPTION 19 VALUE = IS: INg INPUT
OPTION 20 VALUE = 1S: IN3 INPUT
OPTION 21 VALUE = I1S: Go 170 PORT
OPTION 22 VALUE = 1S: G¢ I/0 PORT
OPTION 23 VALUE = 1S: G2 170 PORT
OPTION 24 VALUE = I1S: G 170 PORT
OPTION 25 VALUE = 1S: D3 OUTPUT
OPTION 26 VALUE = 1S: D2 OUTPUT
OPTION 27 VALUE = I1S: Dy OUTPUT
OPTION 28 VALUE = 1S: Dy OUTPUT
OPTION 29 VALUE = IS: L INPUT LEVELS
OPTION 30 VALUE = 1S: IN INPUT LEVELS
OPTION 31 VALUE = I1S: G INPUT LEVELS
OPTION 32 VALUE = IS: SI INPUT LEVELS
OPTION 33 VALUE = IS: RESET INPUT
OPTION 34 VALUE = IS: CKO INPUT

LEVELS
OPTION 35 VALUE = 1S: COP BONDING
OPTION 36 VALUE = IS: INTERNAL

INITIALIZATION

LOGIC
2. The D3~-Dg outputs drive the digits of the multiplexed dis-

play directly and scan the columns of the 4 x 4 keyboard
matrix.

. The IN3g-INg inputs are used to input the 4 rows of the
keyboard matrix. Reading the IN lines in conjunction with
the current value of the D outputs allows detection, de-
bouncing, and decoding of any one of the 16 keyswitch-
es.

4. CKl is configured as a single-pin oscillator input allowing
system timing to be controlled by a single-pin RC net-
work. CKO is therefore available for use as a Vg RAM
power supply pin. RAM data integrity is thereby assured
when the main power supply is shut down (see RAM
Keep-Alive option description).

5. Sl is selected as the input to a binary counter input. With
SIO used as a binary counter, SO and SK can be used as
general purpose outputs.

6. The 4 bidirectional G 1/0 ports (G3-Go) are available for
use as required by the user’s application.

w
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Typical Applications

~AAA

\AA &
b Va
/
3NICAD cko
BATTERIES| VCC vec
il
401GIT
GND GND R . . .
= 4 [ 4 4
COP420L
0g
by
b2
03
N Ne N N
AN N\
ng |
4 GENERAL %o 0 S -
1] & INg |- ~ s S - axa
> e N No KEYSWITCH
N2 N N MATRIX
EVENT -
COUNTER et 51 IN3 - - -
INPUT - AN N S
SK S0

2 GENERAL OUTPUTS
| S

*S0, S|, SK may also be used for Serial 1/0
FIGURE 9. COP420L. Keyboard/Display Interface

APPLICATION #2:
Digitally Tuned Radio Controller and Clock

Keyboard Matrix Configuration
60 61 62 63

i | 1 1

12 = wews |~ wems | aann |STRAPAL
1 1 1

11 ] wewz | wewr | woun |STRAPEL

STRAP 6

Lo MEM1 MEM6 MINUTE

TL/DD/6825-22

TL/DD/8825-23
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Typical Applications (Continued)

KEYBOARD

au-nst LD-I.1I

Ig?s'f»m"mms D3
RST N3 93 DISPLAY OPTIONS
1 B et T
—Joi N
3 CoPa20L TNz | LSPLAY ENABLE (D7) ‘ MME45S
1 FREQUENCY OPTIONS NSMA000A
——1DISPLAY ENABLE (01 |
= v ENT,
50Hz_ CKI _ SOT ENO_ CLK DATA

N3 W1 00] SK| so DATA

o>

CLK

STATION DETECT

h

|

Lo

CLX

500KHz 50Hz_VcC

BIT 17
BIT 19 RADIO ON/QFF .

AM/FM

BANDSWITCH
058306 BIT 18 e

UTE
BIT 2@—'!—»

CP0_BIT16 BIT15

I S0kHz IND

L wewstoRewo

CHARGE PUMP OUTPUT

SUPPLY

LM341P—5.0,

£

TL/DD/8825-24

FIGURE 10. Digital Tuning System Block

Functional Description

LOGIC 1/0s

CKI Input: This input accepts an external 500 kHz signal,
divides it by eight and outputs the quotient at the CLK out-
put as the system clock.

RST Input: Schmitt trigger input to clear device upon initiali-
zation.

SDT Input: Interrupt input for station detection. The SDT
signal is generated by the radio’s station detector and used
by the COP420L to determine if there is a valid station on
the active frequency. The status of the SDT input is only
relevant during station searching mode. A high on SDT will
temporarily terminate the search mode for eight seconds.
ALM Input: A high on ALM will activate alarm output via
slave device at alarm time. A low on the input will disable
alarm function.

DATA Output: Push-pull output providing serial data to ex-
ternal devices.

CLK Output: Push-pull output providing system clock at
data transmitting time.

50 Hz Input: A normally high input to accept a 50 Hz exter-
nal time base for real-time calculation.

MOMENTARY KEYS DESCRIPTION

MEM 1-MEM 10: Each memory represents data of a favor-
ite station in a certain band. Depression of one of these

keys will recall the previous stored data and transmit it to
the PLL. The PLL will in turn change the radio’s receiving
frequency as well as the band if necessary. Memory recall
keys can also turn on the radio.

UP: This key will manually increment receiving frequency.
The first four steps of increment will be for fine tuning a
station, after which will be fast slewing meant for manual
receive frequency changing.

DOWN: Has the same function as UP key except that fre-
quency is decremented.

MEMORY SCAN: This will start the radio scanning through
all ten memories automatically at eight seconds per memory
starting from Memory 1. This will also turn on the radio if it
was off.

MEMORY STORE: Enables the memory store mode which
lasts for three seconds. Depression of any memory key will
store the active frequency and band in that memory and
disable the store mode. Any function key will also disable
the mode to prevent memory data being accidentally de-
stroyed.

HALT: Depression of the HALT key will stop the search and
scan functions at current frequency or memory. HALT also
turns on the radio during off time and recall frequency dis-
play in signal display mode.

SEARCH: Activates station searching in the current band.
Search speed is 50 ms per frequency step with wrapping
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Functional Description (Continued)

around at end of band. An 8-second stop will take place on
reaching a valid station. The HALT key or any function key
will terminate the search. Search direction will normally be
upwards unless the DOWN key has been depressed prior to
the SEARCH key or during the search function in which
case search direction will be downwards.

OFF: Turns off the radio or alarm when active.

AM/FM: Radio band switch.

SLEEP: Activates sleep mode, turns on radio on depression
and off radio at the end of sleep period. Setting of sleep
period is done by depressing the SLEEP and MINUTE key
simultaneously.

ALARM: Enables alarm time setting. Depressing the HOUR
or MINUTE key and ALARM key simultaneously will set the
alarm hour and minute respectively.

HOUR: Sets the hour digits of time-related functions.
MINUTE: Sets the minute digits of time-related functions.

DIODE STRAPS CONNECTIONS

STRAP 0: Controls the on and off of radio. In applications
where a toggle type ON/OFF switch is used, momentary
OFF key can be omitted; connecting the strap will turn on
the radio and vice versa. Must be connected to use momen-
tary OFF key.

STRAP 1, 2: Selects the AM IF options.

STRAP 3: 12/24-hour clock select.

STRAP 4: 3/5 kHz AM step size select.

STRAP 5, 6: FM IF offsets select.

STRAPO STRAP3 STRAP4
Connected  Radio ON 12hour  5kHzstep
Open RadioOFF 24 hour 3 kHz step
AM/FM IF OPTIONS

AM STRAP 1 STRAP 2

455 kHz X X

460 kHz X v

450 kHz »” X

260 kHz v v
FM STRAP5 STRAP6

10.7 MHz X X

10.75 MHz X 4

10.65 MHz v X

10.8 MHz 4 174

X = No connection.
» = Diode inserted.

INDIRECT FEATURES AND OPTIONS

As indicated in Figure 10, there are a few options and indi-
rect features provided via the help of a slave device, namely
the Phase Lock Loop, DS8906N.

DISPLAY OPTIONS

As mentioned above, the COP420L-HSB is MICROWIRE
compatible. Internal circuitry enables it to directly interface
with all of National’s serial input MICROWIRE compatible
display drivers whether they are of a direct drive or multiplex
drive format. On Figure 10is a list of drivers available for the
system. EN1 and EN2 are optional enable outputs meant for
a dual display system in which EN3 will not be used. By dual
display, it means that one display will be constantly showing
time information and the other showing frequency informa-
tion. Whereas in conventional single display systems, the
display shows both time and frequency information in a
time-sharing method. The National system provides a time-
prioritized display-sharing method. That is, whenever a tun-
ing function is completed, the frequency information will
stay on the display for eight seconds then time display will
take over. This is achieved by using EN3 for the driver’s
enable logic.

CONTROL OUTPUTS

Six open collector outputs controlled by the COP420L are
provided from DS8906N, the phase lock loop for controlling
radio switching circuits.

Radio ON/OFF: A high from this output indicates that the
radio should be switched on and vice versa.

AM/FM: Output for controlling the AM/FM bandswitch. A
high level output indicates FM and a low indicates the AM
band.

MUTE: For muting the audio output when performing any
frequency related function. The output will go high prior to
the frequency change except when doing fine tuning.
ALARM ENABLE: Active high output for turning on the
alarm circuit at alarm time.

50 kHz IND: For driving the 50 kHz indicator in FM band or
the LSB in a 5-digit display. Output is active high.

MEM STORE IND: For driving the memory store mode indi-
cator. Output is active high.

TYPICAL IMPLEMENTATION ALTERNATIVES

A full keyboard or any portion of it can be implemented with
various applications for features/functions vs. cost/size.
Figure 11 shows two keyboard configurations with 22-key
and 11-key keyboards for a desk-top/tuner system or auto-
radio system, respectively.
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Functional Description (continued)
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COP424C/COP425C/COP426C/COP324C/COP325C/COP326C/COP444C/COP445C/COP344C/COP345C

National
Semiconductor

COP424C, COP425C, COP426C, COP324C, COP325C,
COP326C and COP444C, COP445C COP344C COP345C

Single-Chip 1k and 2k CMOS

General Description

The COP424C, COP425C, COP426C, COP444C and
COP445C fully static, Single-Chip CMOS Microcontrollers
are members of the COPS™ family, fabricated using dou-
ble-poly, silicon gate microCMOS technology. These Con-
troller Oriented Processors are complete microcomputers
containing all system timing, internal logic, ROM, RAM, and
170 necessary to implement dedicated control functions in a
variety of applications. Features include single supply oper-
ation, a variety of output configuration options, with an in-
struction set, internal architecture and 1/0 scheme de-
signed to facilitate keyboard input, display output and BCD
data manipulation. The COP424C and COP444C are 28 pin
chips. The COP425C and COP445C are 24-pin versions (4
inputs removed) and COP426C is 20-pin version with 15 1/0
lines. Standard test procedures and reliable high-density
techniques provide the medium to large volume customers
with a customized microcontroller at a low end-product cost.
These microcontrollers are appropriate choices in many de-
manding control environments especially those with human
interface.

The COP424C is an improved product which replaces the
COP420C.

Microcontrollers

Features

® Lowest power dissipation (50 uW typical)

m Fully static (can turn off the clock)

W Power saving IDLE state and HALT mode

W 4 ps instruction time, plus software selectable clocks

m 2k x 8 ROM, 128 x 4 RAM (COP444C/COP445C)

m 1k x 8 ROM, 64 x 4 RAM (COP424C/COP425C/
COP426C)

m 23 1/0 lines (COP444C and COP424C)

| True vectored interrupt, plus restart

M Three-level subroutine stack

m Single supply operation (2.4V to 5.5V)

m Programmable read/write 8-bit timer/event counter

u Internal binary counter register with MICROWIRE™
serial 1/0 capability

B General purpose and TRI-STATE® outputs

m LSTTL/CMOS output compatible

m Microbus™ compatible

m Software/hardware compatible with COP400 family

m Extended temperature range devices COP324C/
COP325C/COP326C and COP344C/COP345C (—40°C
to +85°C)

m Military devices (—55°C to + 125°C) to be available

Block Diagram
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COP424C/COP425C/COP426C and COP444C/COP445C

Absolute Maximum Ratings

Supply Voltage (Vcc) 6V
Voltage at any Pin —0.3Vto Ve + 0.3V
Total Allowable Source Current 25mA
Total Allowable Sink Current 25 mA

0°Cto +70°C

Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-

vice at absolute maximum ratings.

Operating Temperature Range
Storage Temperature Range
Lead Temperature

(soldering, 10 seconds)

—65°Cto +150°C

300°C

DC Electrical Characteristics o°c<T15<70°C uniess otherwise specified

Parameter Conditions Min Max Units
Operating Voltage 2.4 5.5 \
Power Supply Ripple (Note 5) Peak to Peak 0.1 Vee \
Supply Current Vcc=2.4V,tc=64 ps 120 MA
(Note 1) Vec=5.0V,tc=16 us 700 pA
Vce=5.0V,tc=4 us 3000 pA
(tc is instruction cycle time)
HALT Mode Current Voe=5.0V, FiN=0kHz 40 pA
(Note 2) Vecc=2.4V,Fin=0kHz 12 nA
Input Voltage Levels
RESET, CKI, Do (clock input) .
Logic High 0.9Vce \
Logic Low 0.1 Vee \
All Other Inputs
Logic High 0.7 Vee \
Logic Low 0.2Vee \
Input Pull-Up Current Vec=4.5V,Vin=0 30 330 pA
Hi-Z Input Leakage -1 +1 pA
Input Capacitance (Note 4) 7 pF
Output Voltage Levels Standard Outputs
LSTTL Operation Vcc=5.0V+10%
Logic High loH= —100 pA 2.7 v
Logic Low loL=400 pA 0.4 v
CMOS Operation
Logic High loH=—-10 pA Vgg—0.2 Vv
Logic Low loL=10 pA 0.2 \
Output Current Levels (excopt CKO)
Sink (Note 6) Vee=4.5V, Vout=Vce 1.2 mA
Vec=2.4V, Vout=Vcc 0.2 mA
Source (Standard Option) Vce=4.5V, Voytr=0V -0.5 mA
Vec=2.4V, Voyr=0V -0.1 mA
Source (Low Current Option) Vee=4.5V, Voyr=0V -30 —330 pA
Vecc=2.4V, Voyr=0V -6 -80 BA
CKO Current Levels (As Clock Out)

Sink +4 0.3 mA
+8 Vee=4.5V, CKI=Vee, Vour=Vee 0.6 mA
+16 1.2 mA

Source +4 -0.3 mA
+8 Vee=4.5V, CKI=0V, Vouyr=0V -0.6 mA
+16 -1.2 mA

Allowable Sink/Source Current per Pin 5 mA
(Note 6)
Allowable Loading on CKO (as HALT) 100 pF
Current Needed to Over-Ride HALT
(Note 3)
To Continue Vee=4.5V, ViN=0.2Vcco 0.7 mA
To Halt Vee=4.5V, ViN=0.7Vcc 1.6 mA
TRI-STATE or Open Drain
Leakage Current —-2.5 +25 pA
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COP424C/COP425C/COP426C/COP324C/COP325C/COP326C/COP444C/COP445C/COP344C/COP345C

COP324C/COP325C/COP326C and COP344C/COP345C
Absolute Maximum Ratings

Supply Voltage
Voltage at any Pin
Total Allowable Source Current
Total Allowable Sink Current
Operating Temperature Range
Storage Temperature Range
Lead Temperature

(soldering, 10 seconds)

—0.3V1to Ve + 0.3V

6V Note: Absolute maximum ratings indicate limits beyond

25 mA
25 mA

—40°C to +85°C
—65°Cto +150°C

300°C

DC Electrical Characteristics —40°C<Tax< +85°C unless otherwise specified

which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum ratings.

Parameter Conditions Min Max Units
Operating Voltage 3.0 5.5 v
Power Supply Ripple (Note 5) Peak to Peak 0.1Vee \
Supply Current Vec=3.0V,ic=64 us 180 pA
(Note 1) Voo=5.0V,tc=16 us 800 RA
Voo=5.0V,tc=4 ps 3600 RA
(tc is instruction cycle time)
HALT Mode Current Vec=5.0V, Fin=0kHz 60 HA
(Note 2) Vco=3.0V, Fjn=0kHz 30 MA
Input Voltage Levels
RESET, CKl, Do (clock input)
Logic High 0.9 Ve v
Logic Low 0.1 Ve v
All Other Inputs
Logic High 0.7 Veo \
Logic Low 0.2Vce \
Input Pull-Up Current Vec=4.5V,ViN=0 30 440 nA
Hi-Z Input Leakage -2 +2 RA
Input Capacitance (Note 4) 7 pF
Output Voltage Levels Standard Outputs
LSTTL Operation Vec=5.0V £10%
Logic High loH= —100 pA 27 v
Logic Low loL=400 pA 0.4 v
CMOS Operation
Logic High loH=—10 pA Vee—0.2 \"
Logic Low loL=10 pA 0.2 \
Output Current Levels (except CKO)
Sink (Note 6) Vec=4.5V, Vour=Vce 1.2 mA
Vce=3.0V, Voyt=Vce 0.2 mA
Source (Standard Option) Vec=4.5V, Voyr=0V -05 mA
Vee=3.0V, Voyt=0V ~0.1 mA
Source (Low Current Option) Vec=4.5V, Voyr=0Vv —30 —440 pA
Vec=3.0V, Voyr=0VvV -8 —200 nA
CKO Current Levels (As Clock Out)
Sink +4 0.3 mA
+8 Vec=4.5V, CKI=Vcg, Vour=Vee 0.6 mA
+16 1.2 mA
Source +4 -03 mA
+8 Vec=4.5V, CKI=0V, Vour=0V —-0.6 mA
+16 -1.2 mA -
Allowable Sink/Source Current per 5 mA
Pin (Note 6)
Allowable Loading on CKO (as HALT) 100 pF
Current Needed to Over-Ride HALT
(Note 3)
To Continue Voe=4.5V, ViN=0.2Vcc 0.9 mA
To Halt Veg=4.5V, ViN=0.7Vcc 2.1 mA
TRI-STATE or Open Drain
Leakage Current -5 +5 RA
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COP424C/COP425C/COP426C and COP444C/COP445C

AC Electrical Characteristics 0°C<TA<70°C unless otherwise specified.

Parameter Conditions Min Max Units
Instruction Cycle Time (tc) Vec24.5V 4 DC us
45V>Voo22.4V 16 DC us
Operating CKI +4 mode DC 1.0 MHz
Frequency +8 mode Vceo=4.5V DC 2.0 MHz
+16 mode DC 4.0 MHz
+4 mode DC 250 kHz
+8 mode 45V>Vog22.4V DC 500 kHz
+ 16 mode DC 1.0 MHz
Duty Cycle (Note 4) fy=4 MHz 40 60 %
Rise Time (Note 4) f1 =4 MHz External Clock 60 ns
Fall Time (Note 4) f1=4 MHz External Clock 40 ns
Instruction Cycle Time R=30k £5%, Vg = 5V 5 1 s
RG Oscillator (Note 4) C=82pF 5% (+4 Mode) M
Inputs: (See Figure 3)
tseTUP G Inputs tc/4+. s
Sl Input Veez 4.5V 0.3 us
All Others 1.7 s
tHowo Veo= 4.5V 0.25 ns
4.5V>Vep224V 1.0 us
Output Propagation Delay Vour=1.5V, CL=100 pF, R_ =5k
tpp1. tPDO Vec2 4.5V 1.0 us
tPD1, tPDO 45V>Vegz2.4V 4.0 us
Microbus Timing CL=50pF,Vcc=5V+5%
Read Operation (Figure 4)
Chip Select Stable before RD —tcgp 65 ns
Chip Select Hold Time for RD —trcs 20 ns
RD Pulse Width—tgg 400 ns
Data Delay from RD —tgp 375 ns
RD to Data Floating —tpg (Note 4) 250 ns
Write Operation (Figure 5)
Chip Select Stable before WR —tcgw 65 ns
Chip Select Hold Time for WR —twcs 20 ns
WR Pulse Width—tyw 400 ns
Data Set-Up Time for WR —tpw 320 ns
Data Hold Time for WR —twp 100 ns
INTR Transition Time from WR —ty, 700 ns

Note 1: Supply current is measured after running for 2000 cycle times with a square-wave clock on CKI, CKO open, and all other pins pulled up to V¢ with 5k

resistors. See current drain equation on page 17.

Note 2: The HALT mode will stop CKI from oscillating in the RC and crystal configurations. Test conditions: all inputs tied to V¢, L lines in TRI-STATE mode and

tied to ground, all outputs low and tied to ground.

Note 3: When forcing HALT, current is only needed for a short time (approx. 200 ns) to flip the HALT flip-flop.

Note 4: This parameter is only sampled and not 100% tested. Variation due to the device included.
Note 5: Voltage changse must be less than 0.5 volts in a 1 ms period.
Note 6: SO output sink current must be limited to keep Vgy_ less than 0.2V¢c when part is running in order to prevent entering test mode.
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COP424C/COP425C/COP426C/COP324C/COP325C/COP326C/COP444C/COP445C/COP344C/COP345C

COP324C/COP325C/COP326C and COP344C/COP345C
AC Electrical Characteristics —40°c<Tx< +85°C unless otherwise specified.

Parameter Conditions Min Max Unlts
Instruction Cycle Time (tc) Veo24.5V 4 DC us
4.5V>Vcc=3.0V 16 DC us
Operating CKI +4 mode DC 1.0 MHz
Frequency +8 mode Vec=4.5V DC 20 MHz
+16 mode DC 40 MHz
+4 mode DC 250 kHz
+8 mode 4.5V>Vgc23.0V DC 500 kHz
+16 mode DC 1.0 MHz
Duty Cycle (Note 4) f1=4 MHz 40 60 %
Rise Time (Note 4) f1 =4 MHz external clock 60 ns
Fall Time (Note 4) f4 =4 MHz external clock 40 ns
Instruction Cycle Time R = 30k 5%, Vg = 5V 5 1 s
RC Oscillator (Note 4) G = 82 pF +5% (+4 Mode) w
Inputs: (See Figure 3)
tseTuP G Inputs te/4+. us
Sl Inputs Vec2 4.5V 0.3 ps
All Others 1.7 us
tHoLD Veco= 4.5V 0.25 us
4.5V>Vcc=3.0V 1.0 us
Output Propagation Delay Voutr=1.5V, CL=100 pF, R =5k
tep1, tPDO Veo= 4.5V 1.0 us
trp1, tPDO 4.5V>Vgc23.0V 4.0 us
Microbus Timing CL=50pF, Voc=5V+5%
Read Operation (Figure 4)
Chip Select Stable before RD —tcgg 65 ns
Chip Select Hold Time for RD —trcs 20 ns
RD Pulse Width—tgp 400 ns
Data Delay from RD —tgp 375 ns
RD to Data Floating —tpr (Note 4) 250 ns
Wirite Operation (Figure 5)
Chip Select Stable before WR —tcsw 65 ns
Chip Select Hold Time for WR —twcs 20 ns
WR Pulse Width—tyww 400 ns
Data Set-Up Time for WR ~tpw 320 ns
Data Hold Time for WR —twp 100 ns
INTR Transition Time from WR —tyy 700 ns

Note 1: Supply current is measured after running for 2000 cycle times with a square-wave clock on CKI, CKO open, and all other pins pulled up to Vgc with 5k

resistors. See current drain equation on page 17.

Note 2: The HALT mode will stop CKI from oscillating in the RC and crystal configurations. Test conditions: all inputs tied to Vg, L lines in TRI-STATE mode and

tied to ground, all outputs low and tied to ground.

Note 3: When forcing HALT, current is only needed for a short time (approx. 200 ns) to flip the HALT flip-flop.

Note 4: This parameter is only sampled and not 100% tested. Variation due to the device included.
Note 5: Voitage change must be less than 0.5 volts in a 1 ms period.
Note 6: SO output sink current must be limited to keep Vg less than 0.2Vcc when part is running in order to prevent entering test mode.
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Connection Diagrams
DIP and S.0. Wide
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LTemf s 17 f=-03
i T
155 COPSEC g5 sk
Uq7 1 feso
Vecd 8 13 =8I
B9 1210
L2=410 1—u

TL/DD/5259-16
Top View

Order Number COP326C-XXX/D
or COP426C-XXX/D

See NS Hermetic Package D20A

Order Number COP326C-XXX/N
or COP426C-XXX/N

See NS Molded Package N20A
Order Number COP326C-XXX/WM
or COP426C-XXX/WM
See NS Surface Mount Package M20B

DIP and S.0. Wide
GND 1 U P00
[14] —1 2 23 b= 01
o -3 22 - 02
RESEY == 4 A p—0
u—{s 20 63
6—{6 23,',;;.52 19 f— G2
s—71 ML wil—w
U~ 17 == GO
vee =19 16 == SK
3 ~110 15 = S0
L2 =11 W =S|
u-~—ue 13—
TL/DD/5259-2
Top View

Order Number COP325C-XXX/D
or COP425C-XXX/D
See NS Hermetic Package D24C

Order Number COP325C-XXX/N
or COP425C-XXX/N
See NS Molded Package N24A
Order Number COP325C-XXX/WM
or COP425C-XXX/WM
See NS Surface Mount Package M24B

Dual-In-Line Package 28 Lead PLCC
GND —4 1 28 }— D0 B_.ce
— #3353z 48
Cx0 —1 2 p—n [
o =13 26 = 02 / 4 3 2 1 282726
SET —{ 4 25— 03 75 25=D3
I.1j5 24— G3 66 24=G3
16 —6 262 - -
] CoPa2eC [ L5=47 23 =62
L5 =17 copsac 22[ G - =
4—{s 22—G1
w—{g CoPamc ,L_ .,
COP3MC N1—{9 21|~ G0
o b I IN2 =410 20 f=IN3
N2 = 10 19 = INO .
ve bl Yo" 12 13 14 15 16 17 18 e
13 =112 17 s0
T
L= 1) oY) MYS ST Q¥
L L TL/DD/5259-18
TL/DD/5259-3
Top View Order Number COP324C-XXX/V

or COP424C-XXX/V

Order Number COP324C-XXX/D See NS PLCC Package V28A
or COP424C-XXX/D
See NS Hermetic Package D28C
Order Number COP324C-XXX/N
or COP424C-XXX/N
See NS Molded Package N28B
FIGURE 2
Pin Description Pin Description
L7-L0 8-bit bidirectional port with TRI-STATE SK Logic controlled clock output
G3-Go 4-bit bidirectional 1/0 port CKl Chip oscillator input
D3-D0O 4-bit output port CKO Oscillator output, HALT 170 port or general
IN3-INO 4-bit input port (28-pin package only) purpose input
Sl Serial input or counter input RESET Reset input
SO Serial or general purpose output Veo Most positive power supply
GND Ground
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COP424C/COP425C/COP426C/COP324C/COP325C/COP326C/COP444C/COP445C/COP344C/COP345C

Functional Description

The internal architecture is shown in Figure 1. Data paths
are illustrated‘in simplified form to depict how the various
logic elements communicate with each other in implement-
ing the instruction set of the device. Positive logic is used.
When a bit is set, it is a logic “1"”, when a bit is reset, itis a
logic “0".

For ease of reading only the COP424C/425C/COP426C/
444C/445C are referenced; however, all such references
apply equally to COP324C/325C/COP326C/344C/345C.

PROGRAM MEMORY

Program Memory consists of ROM, 1024 bytes for the
COP424C/425C/426C and 2048 bytes for the COP444C/
445C. These bytes of ROM may be program instructions,
constants or ROM addressing data.

ROM addressing is accomplished by a 11-bit PC register
which selects one of the 8-bit words contained in ROM. A
new address is loaded into the PC register during each in-
struction cycle. Unless the instruction is a transfer of control
instruction, the PC register is loaded with the next sequen-
tial 11-bit binary count value.

Three levels of subroutine nesting are implemented by a
three level deep stack. Each subroutine call or interrupt
pushes the next PC address into the stack. Each return
pops the stack back into the PC register.

DATA MEMORY

Data memory consists of a 512-bit RAM for the COP444C/
445C, organized as 8 data registers of 16 X 4-bit digits.
RAM addressing is implemented by a 7-bit B register whose
upper 3 bits (Br) select 1 of 8 data registers and lower 4 bits
(Bd) select 1 of 16 4-bit digits in the selected data register.
Data memory consists of a 256-bit RAM for the COP424C/
425C/426C, organized as 4 data registers of 16 X 4-bits
digits. The B register is 6 bits long. Upper 2 bits (Br) select 1
of 4 data registers and lower 4 bits (Bd) select 1 of 16 4-bit
digits in the selected data register. While the 4-bit contents
of the selected RAM digit (M) are usually loaded into or
from, or exchanged with, the A register (accumulator), it
may also be loaded into or from the Q latches or T counter
or loaded from the L ports. RAM addressing may also be
performed directly by the LDD and XAD instructions based
upon the immediate operand field of these instructions.

The Bd register also serves as a source register for 4-bit
data sent directly to the D outputs.

INTERNAL LOGIC

The processor contains its own 4-bit A register (accumula-
tor) which is the source and destination register for most 170,
arithmetic, logic, and data memory access operations. It can
also be used to load the Br and Bd portions of the B regis-
ter, to load and input 4 bits of the 8-bit Q latch or T counter,
to input 4 bits of L 1/0 ports data, to input 4-bit G, or IN
ports, and to perform data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic functions,
storing the results in A. It also outputs a carry bit to the 1-bit
C register, most often employed to indicate arithmetic over-
flow. The C register in conjunction with the XAS instruction
and the EN register, also serves to control the SK output.

The 8-bit T counter is a binary up counter which can be
loaded to and from M and A using CAMT and CTMA instruc-
tions. This counter may be operated in two modes depend-
ing on a mask-programmable option: as a timer or as an
external event counter. When the T counter overflows, an
overflow flag will be set (see SKT and IT instructions below).
The T counter is cleared on reset. A functional block dia-
gram of the timer/counter is illustrated in Figure 10a.

Four general-purpose inputs, IN3-INO, are provided. IN1,
IN2 and IN3 may be selected, by a mask-programmable op-
tion as Read Strobs, Chip Select, and Write Strobe inputs,
respectively, for use in Microbus application.

The D register provides 4 general-purpose outputs and is
used as the destination register for the 4-bit contents of Bd.
In the dual clock mode, DO latch controls the clock selection
(see dual oscillator below).

The G register contents are outputs to a 4-bit general-pur-
pose bidirectional 170 port. GO may be mask-programmed
as an output for Microbus applications.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded to or from M and A, as well as 8-bit data
from ROM. Its contents are outputted to the L 1/0 ports
when the L drivers are enabled under program control. With
the Microbus option selected, Q can also be loaded with the
8-bit contents of the L 1/0 ports upon the occurrence of a
write strobe from the host CPU.

The 8 L drivers, when enabled, output the contents of
latched Q data to the L I/0 port. Also, the contents of L may
be read directly into A and M. As explained above, the
Microbus option allows L 170 port data to be latched into the
Q register.

1-172




Functional Description (continued)

The SIO register functions as a 4-bit serial-in/serial-out shift
register for MICROWIRE 1/0 and COPS peripherals, or as a
binary counter (depending on the contents of the EN regis-
ter). Its contents can be exchanged with A.

The XAS instruction copies C into the SKL latch. In the
counter mode, SK is the output of SKL; in the shift register
mode, SK outputs SKL ANDed with the clock.

EN is an internal 4-bit register loaded by the LEI instruction.

The state of each bit of this register selects or deselects the

particular feature associated with each bit of the EN regis-

ter:

0. The least significant bit of the enable register, ENO, se-
lects the SIO register as either a 4-bit shift register or a
4-bit binary counter. With ENO set, SIO is an asynchro-
nous binary counter, decrementing its value by one upon

e

each low-going pulse (1" to “0") occurring on the Si
input. Each pulse must be at least two instruction cycles
wide. SK outputs the value of SKL. The SO output equals
the value of EN3. With ENO reset, SIO is a serial shift
register left shifting 1 bit each instruction cycle time. The
data present at S| goes into the least significant bit of
SI0. SO can be enabled to output the most significant bit
of SIO each cycle time. The SK outputs SKL ANDed with
the instruction cycle clock.

. With EN1 set, interrupt is enabled. Immediately following

an interrupt, EN1 is reset to disable further interrupts.
With EN2 set, the L drivers are enabled to output the data
in Q to the L 170 port. Resetting EN2 disables the L driv-
ers, placing the L 1/0 port in a high-impedance input
state.

l‘—'———lNSTHUCTlON CYCLE TIME (¢ )-———-——>.

gepSpEpiy

|t——— tPDg——|
VoL

CKi
—] lp01 |e—o —| tpD0 |—
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INPUT
|
63-Go. D3-Do, ~—1tn1 —| |—thowo
L7-Lo. S0, SK /[ T
QUTPUTS

TL/DD/5259-4

FIGURE 3. Input/Output Timing Diagrams (divide by 8 mode)
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FIGURE 4. Microbus Read Operation Timing
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FIGURE 5. Microbus Write Operation Timing
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COP424C/COP425C/COP426C/COP324C/COP325C/COP326C/COP444C/COP445C/COP344C/COP345C

Functional Description (continued)

3. EN3, in conjunction with ENO, affects the SO output. With
ENO set (binary counter option selected) SO will output
the value loaded into EN3. With ENO reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resetting EN3 with the serial
shift register option selected disables SO as the shift reg-
ister output; data continues to be shifted through SIO and
can be exchanged with A via an XAS instruction but SO
remains set to “‘0”.

INTERRUPT

The following features are associated with interrupt proce-
dure and protocol and must be considered by the program-
mer when utilizing interrupts.

a.The interrupt, once recognized as explained below,
pushes the next sequential program counter address
(PC+ 1) onto the stack. Any previous contents at the bot-
tom of the stack are lost. The program counter is set to
hex address OFF (the last word of page 3) and EN1 is
reset.

b. An interrupt will be recognized only on the following con-

ditions:

1. EN1 has been set.

2. A low-going pulse (1" to “0") at least two instruction
cycles wide has occurred on the IN¢ input.

3. A currently executing instruction has been completed.

4. Ali successive transfer of control instructions and suc-
cessive LBIs have been completed (e.g. if the main
program is executing a JP instruction which transfers
program control to another JP instruction, the interrupt
will not be acknowledged until the second JP instruc-
tion has been executed).

c. Upon acknowledgement of an interrupt, the skip logic
status is saved and later restored upon popping of the
stack. For example, if an interrupt occurs during the exe-
cution of ASC (Add with Carry, Skip on Carry) instruction
which results in carry, the skip logic status is saved and
program control is transferred to the interrupt servicing
routine at hex address OFF. At the end of the interrupt
routine, a RET instruction is executed to pop the stack
and return program control to the instruction following the
original ASC, At this time, the skip logic is enabled and
skips this instruction because of the previous ASC carry.
Subroutines should not be nested within the interrupt
service routine, since their popping of the stack will en-
able any previously saved maln program skips, interfering
with the orderly execution of the interrupt routine.

d. The instruction at hex address OFF must be a NOP.

e. An LEI instruction may be put immediately before the
RET instruction to re-enable interrupts.

MICROBUS INTERFACE

The COP444C/424C has an option which allows it to be
used as a peripheral microprocessor device, inputting and
outputting data from and to a host microprocessor (uP).
IN1, IN2 and IN3 general purpose inputs become Microbus
compatible read-strobe, chip-select, and write-strobe lines,
respectively. IN1 becomes RD — a logic “0” on this input
will cause Q latch data to be enabled to the L ports for input
to the uP. IN2 becomes CS — a logic “'0” on this line se-
lects the COP444C/424C as the uP peripheral device by
enabling the operation of the RD and WR lines and allows
for the selection of one of several peripheral components.

IN3 becomes WR — a logic “0” on this line will write bus
data from the L ports to the Q latches for input to the
COP444C/424C. GO becomes INTR a “ready” output, reset
by a write pulse from the uP on the WR line, providing the
“handshaking” capability necessary for asynchronous data
transfer between the host CPU and the COP444C/424C.

This option has been designed for compatibility with Nation-
al's Microbus — a standard interconnect system for 8-bit
parallel data transfer between MOS/LSI CPUs and interfac-
ing devices. (See Microbus National Publication.) The func-
tioning and timing relationships between the signal lines af-
fected by this option are as specified for the Microbus inter-
face, and are given in the AC electrical characteristics and
shown in the timing diagrams (Figures 4 and ). Connection
of the COP444C/424C to the Microbus is shown in Figure 6.

POWER
supPLY  CLOCK

f¥ec oAD cKi cko
INTERRUPT (INTR) :cc

0 61-63
8-BIT DATA BUS
lo-t7  Dg-Dg
COP444C/424C

MICROPROCESSOR | READ STROBE (RD)

WTEE

THIP SELECT (€5) I:‘ INg W
WAITE STROBE (W) | 2 St
IN3 80 out
K
FESEY RESET
HESEY

TL/DD/6259-7
FIGURE 6. Microbus Optlon Interconnect

TABLE I. Enable Reglster Modes — Bits ENO and EN3

ENO(EN3| SIO sl 1o] SK

0 | O |Shiit Input to Shift] 0 |[If SKL=1,SK=clock
Register| Register If SKL=0,SK=0

0 1 | Shift Input to Shift] Serial | If SKL=1,SK=clock
Register| Register out |If SKL=0,SK=0

1 0 |Binary Input to 0 SK=S8KL
Counter | Counter

1 1 [Binary Input to 1 SK=SKL

Counter | Counter
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Functional Description (continued)

INITIALIZATION

The internal reset logic will initialize the device upon power-
up if the power supply rise time is less than 1 ms and if the
operating frequency at CKl is greater than 32 kHz, other-
wise the external RC network shown in Figure 7 must be
connected to the RESET pin (the conditions in Figure 7
must be met). The RESET pin is configured as a Schmitt
trigger input. If not used, it should be connected to Vgc.
Initialization will occur whenever a logic “'0” is applied to the
RESET input, providing it stays low for at least three instruc-
tion cycle times. :

Note: If CKI clock is less than 32 kHz, the internal reset logic (option
#29=1) MUST be disabled and the external RC circuit must be used.

+
Sr
w S vee
B3
C0P444C/

a RESEY 424
?
P e
e I GND
Y -

: RC35X POWER SUPPLY RISE TIME

AND RC>100X CKi PERIOD.

TL/DD/5259-8
FIGURE 7. Power-Up Circuit

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, D, EN, IL, T and G registers are
cleared. The SKL latch is set, thus enabling SK as a clock
output. Data Memory (RAM) is not cleared upon initializa-
tion. The first instruction at address 0 must be a CLRA
(clear A register).

TIMER
There are two modes selected by mask option:

a. Time-base counter. In this mode, the instruction cycle fre-
quency generated from CKi passes through a 2-bit divide-
by-4 prescaler. The output of this prescaler increments
the 8-bit T counter thus providing a 10-bit timer. The pre-
scaler is cleared during execution of a CAMT instruction
and on reset.

For example, using a 4 MHz crystal with a divide-by-16
option, the instruction cycle frequency of 250 kHz incre-
ments the 10-bit timer every 4 ps. By presetting the coun-
ter and detecting overflow, accurate timeouts between
16 ps (4 counts) and 4.096 ms (1024 counts) are possi-
ble. Longer timeouts can be achieved by accumulating,
under software control, multiple overflows.

b. External event counter. In this mode, a low-going pulse
(1" to ““0”) at least 2 instruction cycles wide on the IN2
input will increment the 8-bit T counter.

Note: The IT instruction is not allowed in this mode.

HALT MODE

The COP444C/445C/424C/425C/426C is a FULLY STAT-
IC circuit; therefore, the user may stop the system oscillator
at any time to halt the chip. The chip may also be halted by
the HALT instruction or by forcing CKO high when it is
mask-programmed as an HALT 1/0 port. Once in the HALT
mode, the internal circuitry does not receive any clock sig-
nal and is therefore frozen in the exact state it was in when
halted. All information is retained until continuing. The chip
may be awakened by one of two different methods:
¢ Continue function: by forcing CKO low, if it mask-pro-
grammed as an HALT 1/0 port, the system clock is re-
enabled and the circuit continues to operate from the
point where it was stopped.
® Restart: by forcing the RESET pin low (see Initializa-
tion).

B
vee -
A
ek cKo e £KO
NV |
vy - HALY D 00 OR EXTERNAL CLOCK
< > E)gfggxn csuenALo ';um’oss
sm INPUT I
[- Cc -

AL H ..L I . CKO

= €2 Im

= = CKI CKO

W Veo t
T
= GENERAL PURPOSE
INPUT TL/DD/5259-9
Crystal or Resonator RC Controlled Oscillator (+5% R, £5% C)
Crystal Component Values R c E:nyniI: Vee
Value R1 R2 C1(pF) C2(pF)
30k 82 pF 5-11 ps >4.5V
32kHz 220k 20M 30 6-36 g
455 kHz sk | 10M 80 40 60K 100 pF 12-24 ps 2.4-4.5V
2.096 MHz 2k 1M 30 6-36 Note: 15k<R< 150k

4.0 MHz 1k iM 30 6-36 50 pF<C< 150 pF

FIGURE 8. Oscillator Component Values
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Functional Description (continued)
The HALT mode is the minimum power dissipation state.

Note: If the user has selected dual-clock with DO as external
oscillator (option 30=2) AND the COP444C/424C is
running with the DO clock, the HALT mode — either
hardware or software — will NOT be entered. Thus,
the user should switch to the CKI clock to HALT. Al-
ternatively, the user may stop the DO clock to mini-
mize power.

CKO PIN OPTIONS
a. Two-pin oscillator — (Crystal). See Figure 9A.

In a crystal controlled oscillator system, CKO is used as

an output to the crystal network. The HALT mode may be

entered by program control (HALT Instruction) which

forces CKO high, thus inhibiting the crystal network. The

circuit can be awakened only by forcing the RESET pin to

a logic 0" (restart).

b. One-pin oscillator — (RC or external). See Figure 95.

If a one-pin oscillator system is chosen, two options are

available for CKO:

® CKO can be selected as the HALT 1/0 port. in that
case, it is an 170 flip-flop which is an indicator of the
HALT status. An external signal can over-ride this pin
to start and stop the chip. By forcing a high level to
CKO, the chip will stop as soon as CKi is high and
CKO output will stay high to keep the chip stopped if
the external driver returns to high impedance state.
By forcing a low level to CKO, the chip will continue
and CKO will stay low.

¢ As another option, CKO can be a general purpose in-
put, read into bit 2 of A (accumulator) upon execution
of an INIL instruction.

OSCILLATOR OPTIONS

There are four basic clock oscillator cohfigurations available

as shown by Figure 8.

a. Crystal Controlled Oscillator. CKI and CKO are connect-
ed to an external crystal. The instruction cycle time equals
the crystal frequency optionally divided by 4, 8 or 16.

b. External Oscillator. The external frequency is optionally
divided by 4, 8 or 16 to give the instruction cycle time.
CKO is the HALT 1/0 port or a general purposs input.

Block Diagram (continued)

CKI

HALT
INSTRUCTION

¢. RC Controlled Oscillator. CKl is configured as a single pin
RC controlled Schmitt trigger oscillator. The instruction
cycle equals the oscillation frequency divided by 4. CKO
is the HALT 170 port or a general purpose input.

d. Dual oscillator. By selecting the dual clock option, pin DO
is now a single pin oscillator input. Two configurations are
available: RC controlled Schmitt trigger oscillator or exter-
nal oscillator.

The user may software select between the DO oscillator
(in that case, the instruction cycle time equals the DO
oscillation frequency divided by 4) by setting the DO latch
high or the CKI (CKO) oscillator by resetting DO latch low.
Note that even in dual clock mods, the counter, if mask-
programmed as a time-base counter, is always connect-
ed to the CKI oscillator.
For example, the user may connect up to a 1 MHz RC
circuit to DO for faster processing and a 32 kHz watch
crystal to CKl and CKO for minimum current drain and
time keeping.

Note: CTMA instruction is not allowed when chip is running

from DO clock.
Figures 10A and 708 show the clock and timer diagrams
with and without Dual clock.

COP445C AND COP425C 24-PIN PACKAGE OPTION

If the COP444C/424C is bonded in a 24-pin packags, it be-
comes the COP445C/425C, illustrated in Figure 2, Connec-
tion diagrams. Note that the COP445C/425C does not con-
tain the four general purpose IN inputs (IN3-INO). Use of
this option precludes, of course, use of the IN options, in-
terrupt feature, external event counter feature, and the
Microbus option which uses IN1-IN3. All other options are
avalilable for the COP445C/425C.
Note: If user selects the 24-pin package, options 9, 10, 19
and 20 must be selected as a “0” (load to Vg on the
IN inputs). See option list.

COP426C 20-PIN PACKAGE OPTION

If the COP425C is bonded as 20-pin device it becomes the
COP426C. Note that the COP426C contains all the
COP425C pins except Do, D4, Gg, and Gj.

CKO

S~ TO CLOCK GENERATOR

TL/DD/5259-~10

FIGURE 9A. Halt Mode — Two-PIn Osclilator




Block Diagram (continued)

HALT
INSTRUCTION

[+

HALT 170 PORT

| LATCH

ENABLE

T ]

—<r— vee

)
INPUT L T0 ACCUMULATOR

“'RUN"

T0 CLOCK GENERATOR

TL/DD/5259-11

oKt
FIGURE 9B, Halt Mode — One-Pin Osclllator
N2 ﬂ
oscitLaTon +2 ] +2 ‘
o N
+8 TIMER | CNTR
O, +4 +4 +256
HALT +4 +16
T COUNTER
-4 INSTRUCTION
CYCLE CLOCK
Jms
i —]s 0
R
FIGURE 10A. Clock and Timer without Dual-Clock
CKI .
OSCILLATOR +2 *2 IN2
1 - LS. 'l
woUY T B
TIMER
10 SKT
+4 +4 +256 LATCH
T COUNTER
INSTRUCTION
oscitron Mo 4 CYCLE CLOCK
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FIGURE 10B. Clock and Timer with Dual-Clock

T0 SKT
LATCH

TL/DD/5259-12
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Instruction Set

Table Il is a symbol table providing internal architecture, in-
struction operan and operation symbols used in the instruc-
tion set table.

TABLE Il. Instruction Set Table Symbols

Definition

Table lll provides the mnemonic, operand, machine code
data flow, skip conditions and description of each instruc-
tion.

Instruction Operand Symbols

Symbol d 4-bit operand field, 0~ 15 binary (RAM digit select)
Internal Architecture Symbols r 3(2)-bit operand field, 0~7(3) binary
N (RAM register select)
A 4-bit accumulator
-bi i , 0- 4
B 7-bit RAM address register (6-bit for COP424C) 3 11-bit gperand fleld, 0-2047 (1024)
N , y 4-bit operand field, 0-15 (immediate data)
Br Upper 3 bits of B (register address) .
R RAM(x) RAM addressed by variable x
(2-bit for COP424C) ROM(x) ROM addressed by variable x
Bd Lower 4 bits of B (digit address) y
C 1-bit carry register
D 4-bit data output port Operational Symbols
EN 4-bit enable register + Plus
G 4-bit general purpose |/0 port _ Minus
IL two 1-bit (INO and IN3) latches — Replaces
IN 4-bitinput port <> |sexchanged with
L 8-bit TRI-STATE I/0 port _ Is equal to
M 4-bit.contents of RAM addressed by B A One's complement of A
PC 11-bit ROM address program counter @ Exclusive-or
Q 8-bit latch for L port . Range of values
SA,SB,SC 11-bit 3-level subroutine stack
SIo 4-bit shift register and counter
SK Logic-controlled clock output
SKL 1-bit latch for SK output
T 8-bit timer
TABLE IIl. COP444C/445C Instruction Set
Machine
Hex Language Skip
Mnemonic Operand Code Code Data Flow Conditions Description
(Binary)
ARITHMETIC INSTRUCTIONS
ASC 30 0011)0000}) | A+C+RAM(B)—>A  Cany Add with Carry, Skip on
Carry—>C Carry
ADD 31 00110001 | A+RAM(B) — A None Add RAMto A
ADT 4A 0100{1010] A+1099g—> A None Add Tento A
AISC y 5— 0101} vy A+y—A Carry Add Immediate. Skip on
' Carry (y # 0)
CASC 10 00010000 A+RAM(B)+C— A Carry Complement and Add with
Carry—C Carry, Skip on Carry
CLRA 00 0000|0000 0~>A None Clear A
COMP 40 |0100{0000 A—A None Ones complement of A to A
NOP 44 |0100{0100 None None No Operation
RC 32 0011]0010 0" —C None Reset C
SC 22 0010|0010 “1"—>C None SetC
XOR 02 0000{0010f | A®RAM(B)— A None Exclusive-OR RAM with A
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Instruction Set (Continued)
Table lil. COP444C/445C Instructlon Set (Continued)

Machine
Hex Language Skip
Mnemonic Operand Code Code Data Flow Conditions Description
(Binary)
TRANSFER CONTROL INSTRUCTIONS
JID FF 11111111 ROM (PCy0.5 AM) — PC7.0 None Jump Indirect (Notes 1, 3)
JMP a 6— 0110|0]ay0;8 a—PC None Jump
_ 127.0
JP a -= 1[ ago a—> PCg.0 None Jump within Page (Note 4)
(pages 2,3 only)
or
- 11 | a5, a—> PCs.0
(all other pages)
JSRP a - 10 | as; PC+1—>SA—>SB-—>SC None Jump to Subroutine Page
00010 —> PCyq:6 (Note 5)
a— PCs0
JSR a 6— 0110|1]a408 PC+1-—>SA—SB—SC None Jump to Subroutine
-= az.0 a—PC
RET 48 0100/1000 SC—>SB— SA—>PC None Return from Subroutine
RETSK 49 0100(1001 SC—SB— SA—PC Always Skip  Return from Subroutine
on Return then Skip
HALT 33 00110011 None HALT Processor
38 00111000
IT 33 0011]0011 IDLE till Timer
39 0011{1001 None Overflows then Continues
MEMORY REFERENCE INSTRUCTIONS
CAMT 33 00110011 A—> T4
3F 00111111 RAM(B) —> T3, None Copy A,RAMto T
CTMA 33 00110011} T7.4 — RAM(B)
2F 0010]1111 Tg.0—> A None Copy T to RAM, A (Note 9)
CAMQ 33 00110011 A—> Q74 None Copy A, RAMto Q
3C 00111100 RAM(B) — Q3.0
CQMA 33 0011]0011 Q7.4 —> RAM(B) None Copy Qto RAM, A
2C 0010|1100 Q30— A
LD r -5 |00 |r|O101 RAM(B) — A None Load RAMinto A,
(r=0:3) Brér — Br Exclusive-OR Br with r
LDD rd 23 100100011 RAM(r,d) — A None Load A with RAM pointed
-= Ofrf d to directly by r,d
LQib BF  [1011]1111 ROM(PC10:8,AM) = Q None Load Q Indirect (Note 3)
SB— SC
RMB 0 4C  |0100{1100| 0 — RAM(B)o None Reset RAM Bit
1 45 01000101} 0 — RAM(B)¢
2 42 01000010 0 — RAM(B)2
3 43 01000011 0 — RAM(B)3
SMB 0 4D 0100|1101 1 —> RAM(B)g None Set RAM Bit
1 47 0100|0111 1 — RAM(B)4
2 46 0100(0110] 1 — RAM(B)2
3 4B 0100|1011 1 — RAM(B)3
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Instruction Set (continued)
Table 11l. COP444C/445C Instruction Set (Continued)

Machine
Hex Language Skip
Mnemonic Operand Code Code Data Flow Conditions Description
(Binary)
MEMORY REFERENCE INSTRUCTIONS (Continued)
STl y 7- 0111 y y —> RAM(B) None Store Memory Immediate
Bd+1—>Bd 1 and Increment Bd
X r -6 00| r |0110 RAM(B) «—> A None Exchange RAM with A,
(r=0:3) Bre r—>Br Exclusive-OR Br withr
XAD rd 23 0010]0011 RAM(r,d) «—> A None Exchange A with RAM
-— 1jr] d Pointed to Directly by r,d
XDs r -7 00 frj0111 RAM(B) «— A Bd Exchange RAM with A
(r=0:3) Bd—-1-— Bd decrements and Decrement Bd.
Bror —>Br past0 Exclusive-OR Br with r
XIS r -4 {00 | r |0100 RAM(B) «— A Bd Exchange RAM with A
(r=0:3) Bd+1— Bd Increments and Increment Bd,
Brer— Br past 15 Exclusive-OR Brwith r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 010110000 A—>Bd None Copy A to Bd
CBA 4E 0100{1110] Bd— A None CopyBdto A
LB! rd - 00(r[(d-1)] rd—B Skip until Load B Immediate with r,d
(r=0:3: notalLBI (Note 6)
d=0,9:15)
or
33 00110011}
- 1jrjd
(anyr, any d)
LEI y 33 00110011} y— EN None Load EN Immediate (Note 7)
6— 0110} y
XABR 12 0001|0010 A< Br None Exchange A with Br (Note 8)
TEST INSTRUCTIONS
SKC 20 00100000 c=“1" Skip if C is True
SKE 21 0010|0001 A=RAM(B) Skip if A Equals RAM
SKGZ 33 0011)0011 Gg;0=0 Skip if G is Zero
21 0010]0001 (all 4 bits)
SKGBZ 33 0011]0011} 1stbyte Skip if G Bitis Zero
0 01 00000001} Go=0
1 11 00010001 db G1=0
2 03 0000)0011 2nd byte G2=0
3 13 00010011 G3=0
SKMBZ 0 01 100000001 RAM(B)o=0 Skip if RAM Bit is Zero
1 11 {0001 {0001 RAM(B)1=0
2 03 10000{0011 RAM(B)2=0
3 13 000110011 RAM(B)3=0
SKT 41 0100{0001] A time-base Skip on Timer
counter carry (Note 3)
has occurred

since last test
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Instruction Set (continued)
Table ill. COP444C/445C Instruction Set (Continued)

Machine
Hex Language Skip
Mnemonic Operand Code Code Data Flow Conditions Description
(Binary)
INPUT/OUTPUT INSTRUCTIONS
ING 33 0011{0011 G—A None Input G Ports to A
2A 0010{1010
ININ 33 0011]0011 IN— A None Input IN Inputs to A
28 0010|1000 (Note 2)
INIL 33 0011]0011 ILg, CKO,“0",ILo—> A  None Input IL Latches to A
29 0010{1001 (Note 3)
INL 33 00110011 L7.4 — RAM(B) None Input L Ports to RAM,A
2E 0010|1110 Lag—>A
OBD 33 0011]0011 Bd— D None Output Bd to D Outputs
3E 00111110
OGI y 33 00110011 y—>G None Output to G Ports
5— 0101| vy Immediate
OMG 33 00110011 RAM(B) — G None Output RAM to G Ports
3A 0011{1010
XAS 4F 0100/1111 A <> SI0,C — SKL None Exchange A with SIO
(Note 3)

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N where
0 signifies the least significant bit (low-order, right-most bit). For example, Az indicates the most significant (left-most) bit of the 4-bit A register.

Note 2: The ININ instruction is not available on the 24-pin packages since these devices do not contain the IN inputs.

Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP Instruction,
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP
may not jump to the last word in page 2.

Note 6: LBI is a single-byte instruction if d = 0, 9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the “‘d" data minus 1,
8.g., to load the lower four bits of B(Bd) with the value 8 (10015), the lower 4 bits of the LB! instruction equal 8 (1000,). To load O, the lower 4 bits of the LBI
instruction should equal 15 (1111).

Note 7: Machine code for operand field y for LE! instruction should equal the binary value to be latched into EN, where a “1” or “0” in each bit of EN comesponds
with the selection or deselection of a particular function associated with each bit. (See Functionat Description, EN Register.)

Note 8: For 2K ROM devices, A «—> Br (0 — A3). For 1K ROM devices, A «—> Br (0,0 — A3, A2).
Note 8: Do not use CTMA instruction when dual-clock option is selected and part is running from Dg clocks.
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Description of Selected Instructions

XAS INSTRUCTION

XAS (Exchange A with SIO) copies C to the SKL latch and
exchanges the accumulator with the 4-bit contents of the
SIO register. The contents of SIO will contain serial-in/seri-
al-out shift register or binary counter data, depending on the
value of the EN register. If SIO is selected as a shift register,
an XAS instruction can be performed once every 4 instruc-
tion cycles to effect a continuous data stream.

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 11-bit word
PC10:PC8,A,M. LQID can be used for table lookup or code
conversion such as BCD to seven-segment. The LQID in-
struction “pushes” the stack (PC+1 —> SA — SB — SC)
and replaces the least significant 8 bits of the PC as follows:
A — PC(7:4), RAM(B) — PC(3:0), leaving PC(10), PC(9)
and PC(8) unchanged. The ROM data pointed to by the new
address is fetched and loaded into the Q latches. Next, the
stack is “popped” (SC — SB — SA — PC), restoring the
saved value of PC to continue sequential program execu-
tion. Since LQID pushes SB — SC, the previous contents
of SC are lost.

Note: LQID uses 2 instruction cycles if executed, one if skipped.

JID INSTRUCTION

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
to indirectly by A and M. It loads the lower 8 bits of the ROM
address register PC with the contents of ROM addressed by
the 11-bit word, PC10:8,A,M. PC10,PC9 and PC8 are not
affected by JID.

Note: JID uses 2 instruction cycles if executed, one if skipped.

SKT INSTRUCTION

The SKT (Skip On Timer) instruction tests the state of the T
counter overflow latch (see internal logic, above), executing
the next program instruction if the latch is not set. If the
latch has been set since the previous test, the next program
instruction is skipped and the latch is reset. The features
associated with this instruction allow the processor to gen-
erate its own time-base for real-time processing, rather than
relying on an external input signal.

Note: If the most significant bit of the T counter Is a 1 when a CAMT instruc-

tion loads the counter, the overflow flag will be set. The following
sample of codes should be used when loading the counter:

CAMT ; load T counter
SKT ; skip if overflow flag is set and reset it
NOP

IT INSTRUCTION

The IT (idle till timer) instruction halts the processor and
puts it in an idle state until the time-base counter overflows.
This idle state reduces current drain since all logic (except
the oscillator and time base counter) is stopped. IT instruc-
tion is not allowed if the T counter is mask-programmed as
an external event counter (option #31=1).

INIL INSTRUCTION

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILO,
CKO and 0 into A. The IL3 and ILO latches are set if a low-
going pulse (“1" to “0") has occurred on the IN3 and INO
inputs since the last INIL instruction, provided the input
pulse stays low for at least two instruction cycles. Execution
of an INIL inputs IL3 and ILO into A3 and AO respectively,

and resets these latches to allow them to respond to subse-
quent low-going pulses on the IN3 and INO lines. If CKO is
mask programmed as a general purpose input, an INIL will
input the state of CKO into A2. If CKO has not been so
programmed, a “1” will be placed in A2. A0 is input into A1.
IL latches are cleared on reset. IL latches are not available
on the COP445C/425C, and COP426C.

INSTRUCTION SET NOTES

a. The first word of a program (ROM address 0) must be a
CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, they are
still fetched from the program memory. Thus program
paths take the same number of cycles whether instruc-
tions are skipped or executed except for JID, and LQID.

c. The ROM is organized into pages of 64 words each. The
Program Counter is a 11-bit binary counter, and will count
through page boundaries. If a JP, JSRP, JID, or LQID is
the last word of a page, it operates as if it were in the next
page. For example: a JP located in the last word of a
page will jump to a location in the next page. Also, a JID
or LQID located in the last word of every fourth page (i.e.
hex address OFF, 1FF, 2FF, 3FF, 4FF, etc.) will access
data in the next group of four pages.

Note: The COP424C/425C/426C needs only 10 bits to address its ROM.
Therefore, the eleventh bit (P10) Is ignored.

Power Dissipation

The lowest power drain is when the clock is stopped. As the
frequency increases so does current. Current is also lower
at lower operating voltages. Therefore, the user should run
at the lowest speed and voltage that his application will al-
low. The user should take care that all pins swing to fuli
supply levels to insure that outputs are not loaded down and
that inputs are not at some intermediate level which may
draw current. Any input with a slow rise or fall time will draw
additional current. A crystal or resonator generated clock
input will draw additional current. An R/C oscillator will draw
even more current since the input is a slow rising signal.

If using an external squarewave oscillator, the following
equation can be used to calculate operating current drain.

lco=Ilq+VX40XxFi+VX1400xFi/Dv

where lco=chip operating current drain in microamps
quiescent leakage current (from curve)

CKI frequency in MegaHertz

chip Vcg in volts

divide by option selected

For example at 5 volts Vg and 400 kHz (divide by 4)
lco=20+5X40X0.4+5X1400X0.4/4
lco=20+80+700=800 uA

At 2.4 volts Vg and 30 kHz (divide by-4)
lco=6+2.4X40X0.03+2.4X1400x0.03/4
lco=6+2.88+25.2=34.08 nA
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Power Dissipation (continued)

If an IT instruction is executed, the chip goes into the IDLE
mode until the timer overflows. In IDLE mode, the current
drain can be calculated from the following equation:

lei=Iq+VX40XFi

For example, at 5 volts Voo and 400 kHz
lci=20+5X40X0.4=100 pA

The total average current will then be the weighted average
of the operating current and the idle current:

To Ti

Ita = oo X + 1ol X
CO ™ To+Ti To+Ti

where: Ita=total average current

lco=operating current
Ici=idle current

To=operating time
Ti=idle time

170 OPTIONS

Outputs have the following optional configurations, illustrat-
ed in Figure 11:

a. Standard — A CMOS push-pull buffer with an N-channel
device to ground in conjunction with a P-channel device
to Vge, compatible with CMOS and LSTTL.

b. Low Current — This is the same configuration as a.
above except that the sourcing current is much less.

vee
P2
N1

vee
P3
N1

¢. Open Drain — An N-channel device to ground only, allow-
ing external pull-up as required by the user's application.

d. Standard TRI-STATE L Output — A CMOS output buffer
similar to a. which may be disabled by program control.

8. Low-Current TRI-STATE L Output — This is the same as
d. above except that the sourcing current is much less.

f. Open-Drain TRI-STATE L Output — This has the N-chan-
nel device to ground only.

All inputs have the following options:
g. Input with on chip load device to Vcg.
h. Hi-Z input which must be driven by the users logic.

When using either the G or L I/0 ports as inputs, a pull-up
device is necessary. This can be an external device or the
following alternative is available: Select the low-current out-
put option. Now, by setting the output registers to a logic
“1" level, the P-channel devices will act as the pull-up load.
Note that when using the L ports in this fashion the Q regis-
ters must be set to a logic “‘1” level and the L drivers MUST
BE ENABLED by an LE| instruction (see description above).
All output drivers use one or more of three common devices
numbered 1 to 3. Minimum and maximum current (loyT and
Vour) curves are given in Figure 12 for each of these de-
vices to allow the designer to effectively use these |/0 con-
figurations.

vce

—Do—lm

a. Standard Push-Pull Output b. Low Current Push-Pull Output c. Open-Drain Output
v
DISABLE v DISABLE i vee
DISABLE
—1] e —1 DeCw S
d. Standard TRI-STATE “L"” Output e. Low Current TRI-STATE f. Open Drain TRI-STATE
“L” Output “L” Output
veo Voo vee
Ll %
- - TL/DD/5259~14
g. Input with Load h. HI-Z Input

FIGURE 11. Input/Output Configurations

1-
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COP424C/COP425C/COP426C/COP324C/COP325C/COP326C/COP444C/COP445C/COP344C/COP345C

Power Dissipation (continued)
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Option List

The COP444C/445C/424C/425C/COP426C mask-pro-
grammable options are assigned numbers which corre-

spond with the COP444C/424C pins.

The following is a list of options. The options are pro-
grammed at the same time as the ROM pattern to provide
the user with the hardware flexibility to interface to various
170 components using little or no external circuitry.

PLEASE FILL OUT THE OPTION TABLE on the next page.
Xerox the option data and send it in with your disk or

EPROM.

Option 1=0: Ground Pin — no options available

Option 2: CKO Pin

=0: clock generator output to crystal/resonator

=1: HALT I/0 port

=2: general purpose input with load device to Voo

=3

: general purpose input, high-Z

Option 3: CKl input

=0
=1
=2

: Crystal controlled oscillator input divide by 4

: Crystal controlled oscillator input divide by 8

: Crystal controlled oscillator input divide by 16

: Single-pin RC controlled oscillator (divide by 4)
: External oscillator input divide by 4

: External oscillator input divide by 8

: External oscillator input divide by 16

Standard Low Current Option
Minimum Source Current Minimum Source Current
1.2 60
5.5V
[ ———
1.0 50
5.5V
0.8 1] AN
i SN W = N
‘s" 06 sy \ é 30 \
0.4 S L # 20 \ \
3.0 \ \ 3.0) \
0.2 10
o 24Y \ o L24¥ N \
0 1.0 20 30 40 50 60 0 10 20 30 40 S50 60
VON (VOLTS) VOH (VOLTS)
COP344C/345C/324C/325C
Low Current Option
Maximum Source Current Maximum Qulescent Current
600 o 120
[ —
500 —
400 80
- = 85°C
3 300 %
3 \\ 8 y
200 {3.0v 40 7 17 e
100 [~ \\ >, =
0 \ 0 1 5"
0 1.0 20 30 40 50 &0 0 1 2 3 4 5 6
YOH (VOLTS) Vee (V)

FIGURE 12. Input/Output Characteristics

Option 4: RESET input
=0: load device to Voo

=1: Hi-Z input

Option 5: L7 Driver
=0: Standard TRI-STATE push-pull output
=1: Low-current TRI-STATE push-pull output
=2: Open-drain TRI-STATE output

Option 6: L6 Driver — (same as option 5)

Option 7: L5 Driver — (same as option 5)

Option 8: L4 Driver — (same as option 5)

Option 9: IN1 input

=0: load device to Vgo

=1: Hi-Z input

Option 10:

IN2 input — (same as option 9)

Option 11=0: Vg Pin — no option available

Option 12:
Option 13:
Option 14:
Option 15:
Option 16:
Option 17:
=0: Standard push-pull output
=1: Low-current push-pull output

L3 Driver — (same as option 5)
L2 Driver — (same as option 5)
L1 Driver — (same as option 5)
LO Driver — (same as option 5)
Sl input — (same as option 8)
SO Driver

=2: Open-drain output

TL/DD/5259-15
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Option List (Continued)

Option 18: SK Driver — (same as option 17)
Option 19: INO Input — (same as option 9)
Option 20: IN3 Input — (same as option 9)
Option 21: GO 1/0 Port — (same as option 17)
Option 22: G1 1/0 Port — (same as option 17)
Option 23: G2 /0 Port — (same as option 17)
Option 24: G3 1/0 Port — (same as option 17)
Option 25: D3 Output — (same as option 17)
Option 26: D2 Output — (same as option 17)
Option 27: D1 Output — (same as option 17)
Option 28: DO Output — (same as option 17)

Option 29: Internal Initialization Logic
=0: Normal operation
=1: No internal initialization logic

Option 30: Dual Clock
=0: Normal operation }
=1: Dual Clock. DO RC oscillator
=2: Dual Clock. DO ext. clock input
Option 31: Timer
=0: Time-base counter
=1: External event counter

}(opt. #28 must=2)

Option Table
The following option information is to be sent to National along with the EPROM.
OPTION DATA
OPTION 1VALUE = 0 1S: GROUND PIN
OPTION 2VALUE = IS: CKO PIN
OPTION 3 VALUE = 1S: CKIINPUT

OPTION 4 VALUE = 1S: RESET INPUT

OPTION 5VALUE = 1S: L(7) DRIVER
OPTION 6 VALUE = IS: L(6) DRIVER
OPTION 7 VALUE = IS: L(5) DRIVER

OPTION 8 VALUE = 1S: L(4) DRIVER

OPTION 9 VALUE = 1S: IN1 INPUT
OPTION 10 VALUE = 1S: IN2 INPUT
OPTION 11 VALUE = IS: VCC PIN

OPTION 12 VALUE =

OPTION 13 VALUE =
OPTION 14 VALUE =
OPTION 15 VALUE =

OPTION 16 VALUE =

1S: L(3) DRIVER
1S: L(2) DRIVER
1S: L(1) DRIVER
1S: L(0) DRIVER

1S: SIINPUT .

Option 32: Microbus

=0: Normal

=1: Microbus (opt. #31 must=0)
Option 33: COP bonding

(1k and 2K Microcontroller)

=0: 28-pin package

=1: 24-pin package

=2: Same die purchased in both

24 and 28 pin version.

(1K Microcontroller only)

=3: 20-pin package

=4: 28- and 20-pin package

=5: 24- and 20-pin package

=6: 28-, 24- and 20-pin package

Note:—if opt. #33=1 or 2 then opt.#9, 10, 19, 20 and 32
must = 0—if opt. #33=3, 4, 5 or 6 then opt. #9, 10, 19,
20, 21, 22, 30 and 32 must = 0.

OPTION DATA
OPTION 17 VALUE = IS: SO DRIVER
OPTION 18 VALUE = I1S: SK DRIVER
OPTION 19 VALUE = ISt INO INPUT
OPTION 20 VALUE = IS: IN3 INPUT
OPTION 21 VALUE = IS: GO 1/0 PORT
OPTION 22 VALUE = IS: G1 1/0 PORT
OPTION 23 VALUE = IS: G21/0 PORT
OPTION 24 VALUE = IS: G31/0 PORT
OPTION 25 VALUE = 1S: D3 OUTPUT
OPTION 26 VALUE = IS: D2 OUTPUT
OPTION 27 VALUE = IS: D1 OUTPUT
OPTION 28 VALUE = IS: DO OUTPUT
OPTION 29 VALUE = IS: INT INIT LOGIC

OPTION 30 VALUE = 1S: DUAL CLOCK

OPTION 31 VALUE = IS: TIMER
OPTION 32 VALUE = 1S: MICROBUS

OPTION 33 VALUE = 1S: COP BONDING
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COP440/COP441/COP442/COP340/COP341/COP342

National
Semiconductor

COP440/COP441/COP442 and COP340/COP341/COP342
Single-Chip N-Channel Microcontrollers

General Description

The COP440, COP441, COP442, COP340, COP341, and
COP342 Single-Chip N-Channel Microcontrollers are mem-
bers of the COPS™ microcontrollers family, fabricated us-
ing N-channel, silicon gate MOS technology. These are
complete microcontrollers with all system timing, internal
logic, ROM, RAM, and 1/0 necessary to implement dedicat-
ed control functions in a variety of applications. Features
include single supply operation, various output configuration
options, and an instruction set, internal architecture, and
1/0 scheme designed to facilitate keyboard input, display
output, and data manipulation. The COP440 is a 40-pin chip
and the COP441 is a 28-pin version of the same circuit (12
1/0 lines removed). The COP442 is a 24-pin version (4 more
input lines removed). The COP340, COP341, COP342 are
functional equivalents of the above devices respectively, but
operate with an extended temperature range (—40°C to
+85°C). Standard test procedures and reliable high-density
fabrication techniques provide the medium to large volume
customers with a customized controller oriented processor
at a low end-product cost.

Features

m Enhanced, more powerfu! instruction set

m 2k x 8 ROM, 160 x 4 RAM

& 35 1/0 lines (COP440)

m Zero-crossing detect circuitry with hysteresis

m True multi-vectored interrupt from 4 selectable sources
(plus restart)

m Four-level subroutine stack (in RAM)

u 4 ps cycle time

= Single supply operation (4.5V-6.3V)

m Programmable time-base counter

u Internal binary counter/register with MICROWIRE™
compatible serial i/0

| General purpose and TRI-STATE® outputs

m TTL/CMOS compatible in and out

m LED drive capability

= MICROBUS™ compatible

m Software/hardware compatible with other members of
the COP400 family

m Extended temperature range devices
COP341, COP342 (—40°C to +85°C)

m Compatible dual CPU device available
(COP2440 series)

COP340,

Block Diagram
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4
il Z DIGIY ADDR.
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DATA MEMORY B8R 80
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TL/DD/6926~1

FIGURE 1
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COP440/COP441/COP442

Absolute Maximum Ratings

If Military/Aerospace specifled devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors for avallability and specifications.

Voltage at Zero-Crossing Detect Pin

Relative to GND —1.2Vto +15V
Voltage at Any Other Pin

Relative to GND —0.5Vto +7V
Ambient Operating Temperature 0°Cto +70°C

Ambient Storage Temperature —65°Cto +150°C

Lead Temperature (Soldering, 10 sec.) 300°C
Power Dissipation 0.75W at 25°C

0.4W at 70°C
Total Source Current 150 mA
Total Sink Current 75 mA

Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum ratings.

DC Electrical Characteristics o°c < T4 < +70°C, 4.5V < Vg < 6.3V unless otherwise noted

Parameter Conditions Min Max Units
Operating Voltage (Vcc) (Note 3) 4.5 6.3 \
Power Supply Ripple (Peak to Peak) 0.4 \"
Operating Supply Current (All Inputs and Outputs Open)

Ta=0C 44 mA
Ta = 25°C 35 mA
Ta = 70°C 27 mA
Input Voltage Levels
CKl Input Levels
Crystal Input (=16, +8)
Logic High (Vi) Ve = Max 3.0 \
Logic High (Vi) Vec = 6V £5% 2.0 \'
Logic Low (V) -0.3 0.4 \
Schmitt Trigger Input (+ 4)
Logic High (Vi) 0.7Vce \
Logic Low (V) -0.3 0.6 \
RESET Input Levels (Schmitt Trigger Input)
Logic High 0.7 Vec \
Logic Low -0.3 0.6 \
Zero-Crossing Detect Input See Figure 7
Trip Point —-0.15 0.15 \"
Logic High (V) Limit 12 \"
Logic Low (V) Limit -0.8 \'
SO Input Level (Test Mode) (Note 5) 2.0 25 v
All Other Inputs
Logic High Voo = Max 3.0 \
Logic High Vee = 5V £5% 20 \
Logic Low -0.3 08 Vv
Input Levels High Trip Option
Logic High 3.6 v
Logic Low —-03 ° 12 \
Input Capacitance 7.0 pF
Hi-Z Input Leakage -1.0 +1.0 pA

Note 1: Duty Cycle = tw)/(tw; + two).
Note 2: See Figure for additional I/0 Characteristics.

Note 3: V¢ voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.
Note 4: Exercise great care not to exceed maximum device power dissipation limits when direct-driving LEDs (or sourcing similar loads) at high temperature.

Note 5: SO output “0” level must be less than 0.8V for normal operation.
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COP440/COP441/COP442/COP340/COP341/COP342

COP440/COP441/COP442
DC Electrical Characteristics o°'c < 74 < +70°C, 4.5V < V¢ < 6.3V unless otherwise noted (Continued)
Parameter Conditions Min Max Units
Output Voltage Levels
Standard Output
TTL Operation
Logic High (Vor) lon = —100 pA 24 v
Logic Low (Vo) loL = 1.6 mA 0.4 \"
CMOS Operation (Note 1)
Logic High (Von) loH= —10pA Vec — 04 \
Logic Low (Vo) loL = 10 pA 0.2 \
Output Current Levels
Standard Output Source Current Voo = 4.5V, Vou = 2.4V —100 —650 pA
LED Direct Drive Output Ve = 6V, Vo = 2V
Logic High (lon) -2.5 -17 mA
TRI-STATE Output Leakage Current —-25 +25 MA
CKO Output
Oscillator Output Option
Logic High VoH = 2V -0.2 mA
Logic Low VoL = 0.4V 0.4 mA
VR RAM Power Supply Option
Supply Current VR = 3.3V 3.0 mA
CKI Sink Current (RC Option) Vi = 3.5V, Vo = 4.5V 2.0 mA
Input Current Levels
Zero-Crossing Detect Input
Resistance ViH = 1.0V 0.9 4.6 kQ
Input Load Source Current ViH = 2.0V, Vg = 4.5V 14 230 uA
Total Sink Current Allowed
All /0 Combined 75 mA
Each L, R Port 20 mA
Each D, G, H Port 10 mA
S0, SK 25 mA
Total Source Current Allowed
All 1/0 Combined 150 mA
L Port 120 mA
L7-Lg 70 mA
L3~-Lo 70 mA
Each L Pin 23 mA
All Other Output Pins 1.6 mA

Note 1: TRI-STATE and LED configurations are excluded.
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COP340/COP341/COP342
Absolute Maximum Ratings

It Military/Aerospace speclfied devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallabllity and specifications.

Voltage at Zero-Crossing Detect Pin

Relative to GND —1.2Vto +15V
Voltage at Any Other Pin
Relative to GND —-0.5Vto +7V

—40°Cto +85°C
—65°Cto +150°C

Ambient Operating Temperature
Ambient Storage Temperature

Lead Temperature (Soldering, 10 sec.) 300°C
Power Dissipation 0.75W at 25°C

0.25W at 85°C
Total Source Current 150 mA
Total Sink Current 75mA

Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum ratings.

DC Electrical Characteristics -40°c < T4 < +85°C, 4.5V < Vg < 5.5V unless otherwise noted

Parameter Conditions Min Max Units
Operating Voltage (Vcg) (Note 3) 45 5.5 \)
Power Supply Ripple (Peak to Peak) 0.4 \
Operating Supply Current (All Inputs and Outputs Open)

Ta = —40°C 54 mA
Ta = 25°C 35 mA
Ta = 85°C 25 mA
Input Voltage Levels
CKl Input Levels
Crystal Input (+ 16, +8) Vee = Max 3.0 \
Logic High (Vi1) 2.2 v
Logic Low (VD) -0.3 0.3 \
Schmitt Trigger Input (+4)
Logic High (Vi) 0.7Vce \
Logic Low (Vit) -0.3 0.4 \
RESET Input Levels (Schmitt Trigger Input)
Logic High 0.7 Ve \
Logic Low -0.3 0.4 \
Zero-Crossing Detect Input See Figure 7
Trip Point -0.15 0.16 v
Logic High (V)) Limit 12 \
Logic Low (V) Limit -0.8 \
SO Input Level (Test Mode) (Note 5) 2.2 24 Vv
All Other Inputs Vee = Max 3.0 \
Logic High 2.2 \
Logic Low -0.3 0.6 v
Input Levels High Trip Option
Logic High 3.6 v
Logic Low -0.3 1.2 v
Input Capacitance 70 pF
Hi-Z Input Leakage —-2.0 +20 rA

Note 1: Duty Cycle = twy/(tws + two).
Note 2: See Figure for additional 170 Characteristics.

Note 3: Vg voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.
Note 4: Exercise great care not to exceed maximum device power dissipation limits when direct-driving LEDs (or sourcing similar loads) at high temperature.

Note 6: SO output “0" tevel must ba less than 0.6V for normal operation.
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COP340/COP341/COP342

DC Electrical Characteristics
—-40°C < Tp < +85°C, 4.5V < V¢ < 5.5V unless otherwise noted (Continued)

COP440/COP441/COP442/COP340/COP341/COP342

Parameter Conditions Min Max Units
Output Voltage Levels
Standard Output
TTL Operation
Logic High (Vor) loy = —100 pA 24 \
Logic Low (Vo) loL = 1.6 mA 0.4 v
CMOS Operation (Note 1)
Logic High (Von) loy= —10pA Veg — 0.5 . v
Logic Low (Vo) loL = 10 pA 0.2 \
Output Current Levels
Standard Output Source Current Vec = 4.5V, Vo = 2.4V —100 —800 pA
LED Direct Drive Output Vec = 5V (Note 4)

Logic High (lon) Voy = 2V -1.5 -15 mA
TRI-STATE Output Leakage Current -5.0 +5.0 pA
CKO Output

Oscillator Output Option
Logic High Vou = 2V -0.2 mA
Logic Low VoL = 0.4V 0.4 mA
Vr RAM Power Supply Option
Supply Current VR = 3.3V 4.0 mA
CKil Sink Current (RC Option) Vce = 4.5V, V| = 3.5V 2.0 mA
Input Current Levels
Zero-Crossing Detect Input
Resistance Vig = 1.0V 0.9 4.6 kQ
Input Load Source Current Vig = 2.0V, Vg = 4.5V 14 280 pA
Total Sink Gurrent Allowed
All'1/0 Combined 75 mA
Each L, R Port 20 mA
Each D, G, H Port 10 mA
SO, SK 25 mA
Total Source Current Allowed
All1/0 Combined 150 mA
L Port 120 mA
L7-Ls 70 mA
L3-Lo 70 mA
Each L Pin 23 mA
All Other Output Pins 1.6 mA

Note 1: TRI-STATE and LED configurations are excluded.
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AC Electrical Characteristics
COP440/COP441/COP442: 0°C < Tp < +70°C, 4.5V < Vg < 6.3V unless otherwise noted
COP340/COP341/COP342: — 40°C < Tp < +85°C, 4.5V < Vg < 5.5V unless otherwise noted

FIGURE 2a. MICROBUS Read Operation Timing
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FIGURE 2b. MICROBUS Write Operation Timing

Parameter Conditlons Min Max Units
Instruction Cycle Time-tg 4.0 10 ps
CKI Frequency +16 Mode 1.6 4.0 MHz
+8 Mode 0.8 2.0 MHz
-4 Mode 0.4 1.0 MHz
Duty Cycle (Note 1) fi= 4MHz 30 60 %
Rise Time fy = 4 MHz External Clock 60 ns
Fall Time fi = 4 MHz External Clock 40 ns
CKI Using RC (Figure 9¢) +4 Mode
Frequency R = 15k £5%,C = 100 pF £10% 0.5 1.0 MHz
Instruction Execution Time-tg 4.0 8.0 ps
(Note 1)
INPUTS: (Figure 4)
S|
tseTUP 0.3 ps
tHOLD 300 ns
All Other Inputs
tseTUP 1.7 ns
tHoLD 300 ns
OUTPUT PROPAGATION DELAY Test Condition:
CL = 80 pF, Vout = 1.5V
CKO
tod1, tpdo Crystal Input 0.17 ps
tpdSh tpdo Schmitt Trigger Input 0.3 us
, SK
tod1, tpdo RL = 2.4k 1.0 s
All Other Outputs RL = 5.0kQ 1.4 us
MICROBUS TIMING CL = 100 pF,Vgc = 5V £5%
Read Operation (Figure 2a) TRI-STATE Outputs
Chip Select Stable Before RD-tcsr 65 ns
Chip Select Hold Time for RD-tgcs 20 ns
RD Pulse Width-tgg 400 ns
Data Delay from RD-trp 375 ns
RD to Data Floating-tpg 250 ns
Write Operation (Figure 2b)
Chip Select Stable Before WR-tcsw 65 ns
Chip Select Hold Time for WR-twcs 20 ns
WR Pulse Width-tyw 400 ns
Data Set-Up Time for WR-tpw 320 ns
Data Hold Time for WR-twp 100 ns
INTR Transition Time from WR-ty 700 ns
Note 1: Variation due to the device included.
(IN2) 3 j
| AR RS
(Nq) RD 4’
¢~ {(CSR —»-|e— tRD —>| 10fF
{L7-Lg} D3-Dp e
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COP440/COP441/COP442/COP340/COP341/COP342

Connection Diagrams
Dual-In-Line Package

=1 o |—vee
—2 39 f—t2 Dual-In-Line Package
si—{3 B — 13 Dual-In-LIne Package
s0—]4 37 [— w2 GND — 1 ] o)
sK—{5 36 f— N1 ko —| 2 -0 ano — 1 24 |— D0
IN0— & 35— L4 Kl —{ 3 26 [~ D2 KO ~—] 2 23 f=e D1
N3 —y 7 up—1s RESET —| 4 25 b— 03 okl —3 2 |02
to—8 Bf— L6 7—s 2}— 63 RESET — 4 2 p—03
:; 9o w1 — :; S5 o 2% uj S copuy D[
1 kil 15 =7 |- {6 19 |- G2
R Dol ] ], coRA i: —c; t: i L e
HO == 12 2 — R2 Nt —4 8 20— N3 u—s 17 =60
=11 o Nz —{ 10 19 }—= o vee— @ 16 = sK
S Ll e — 1 18 f—= 8K 13— 10 15 =50
:;"‘ :: :: — :: 13 =] 12 17}—=s0 12— 11 14 =81
] — 12— 13 1B} 11— 12 13 f—t0
02— 17 2 f— a7 [~ I
pr—y 18 2 (— TR i il TL/DD/8626-6
B:: —] ;: ’:1 - g::, Ton VI TL/DD/6326-5 Top View
0| w
P Vie Order Number COP442-XXX/D or
TL/DD/6026-4 Order Number COP441-XXX/D or COP342-XXX/D
Top View COP341-XXX/D See NS Hermetic Package Number
Order Number COP440-XXX/D or See NS Hermetic Package Number D24C
COP340-XXX/D D2sC Order Number COP442-XXX/N or
See NS Hermetic Package Number Order Number COP441-XXX/N or COP342-XXX/N
D4oc COP341-XXX/N See NS Molded Package Number
Order Number COP440-XXX/N or See NS Molded Package Number N24A
COP340-XXX/N N28B ,
See NS Molded Package Number L]
N40A
FIGURE 3
Pin Descriptions
Pin Description Pin Description
L7-Lo 8-bit Bidirectional 170 Port with TRI-STATE CKI System Oscillator Input
G3-Gg 4-bit Bidirectional 170 Port CKO  System Oscillator Output (or General Purpose In-
D3-Dp 4-bit General Purpose Output Port put or RAM Power Supply)
INg=INg 4-bit General Purpose Input Port (Not Available on RESET System Reset Input
COP442/COP342) Vee Power Supply
Si Serial Input GND  Ground
SO Serial Output (or General Purpose Output) Hz-Hp 4-bit Bidirectional /0 Port (COP440/COP340
SK Logic-Controlled Clock (or General Purpose Out- Only)
put) R7-Rg 8-Bit Bidirectional /0 Port with  TRI-STATE
(COP440/COP340 Only)

Timing Diagram

| CYCLE TIME (ig) |

—| |
& 4 /™ 207 /N e

BETUPfe—~]  jo—tHow 1ETUP[e— |+—toto

s VNS nmmmmmmmmim S

' {SETUI

[+=woLo | | |e—wow

s T — > T —

‘-— 901 ——] [~
ALL OTHER
ouTPUTS ou vou

FIGURE 4. Input/Output Timing Dlagrams (Divide by 16 Mode)

TL/DD/6926-7
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Functional Description

The block diagram of the COP440 is shown in Figure 1.
Data paths are illustrated in simplified form to depict how
the various logic elements communicate with each other in
implementing the instruction set of the device. Positive logic
is used. When a bit is set, it is a logic *“1” (greater than
2.0V). When a bit is resst, it is a logic “0" (less than 0.8V).

PROGRAM MEMORY

Program Memory consists of a 2,048 byte ROM. As can be
seen by an examination of the COP440 instruction set,
these words may be program instructions, constants, or
ROM addressing data. Because of the special characteris-
tics associated with the JP, JSRP, JID, LQID, and LID in-
structions, ROM must often be thought of as being orga-
nized into 32 pages of 64 words each.

ROM addressing is accomplished by an 11-bit PC register.
Its binary value selects one of the 2,048 8-bit words con-
tained in ROM. A new address is loaded into the PC register
during each instruction cycle. Unless the instruction is a
transfer of control instruction, the PC register is loaded with
the next sequential 11-bit binary count value.

ROM instruction words are fetched, decoded and executed
by the Instruction Decode, Control and Skip Logic circuitry.

DATA MEMORY

Data memory consists of a 640-bit RAM, organized as 10
data registers of 16 4-bit digits. RAM addressing is imple-
mented by an 8-bit B register whose upper 4 bits (Br) select
1 of 10 (0-9) data registers and lower 4 bits (Bd) select 1 of
1 4-bit digits in the selected data register. While the 4-bit
contents of the selected RAM digit (M) is usually loaded
into, or from, or exchanged with the A register (accumula-
tor), it may also be loaded into or from the Q latches, L port,
R port, EN register, and T counter (internal time base coun-
ter). RAM may also be loaded from 4 bits of a ROM word.
RAM addressing may also be performed directly to the low-
er B registers by the LDD and XAD instructions based upon
the 7-bit contents of the operand field of these instructions.
The Bd register also serves as a source register for 4-bit
data sent directly to the D outputs. RAM register 8 (Br = 8)
also serves as a subroutine stack. Note that it is possible,
but not recommended, to alter the contents of the stack by
normal data memory access commands.

INTERNAL LOGIC

The 4-bit A register (accumulator) is the source and destina-
tion register for most 1/0 arithmetic, logic, and data memory
access operations. It can also be used to load the Br and Bd
portions of the B register, N register, to load and input 4 bits
of the 8-bit Q latch, EN register, or T counter, to input 4 bits
of a ROM word, L or R I/0 port data, to input 4-bit G, H, or
IN ports, and to perform data exchanges with the SIO regis-
ter. The accumulator is cleared upon reset.

A 4-bit adder performs the arithmetic and logic functions of
the COP440, storing its results in A. It also outputs a carry
bit to the 1-bit C register, most often employed to indicate
arithmetic overflow. The C register, in conjunction with the
XAS instruction and the EN register, also serves to control
the SK output. C can be outputted directly to SK or can
enable SK to be a sync clock each instruction cycle time.
(See XAS instruction and EN register description, below).

The 8-bit T counter is a binary up counter which can be
loaded to and from M and A. The input to this counter is
software selectable from two sources: the first coming from
a divide-by-four prescaler (from instruction cycle frequency)
thus providing a 10-bit time base counter; the second com-
ing from INz input, changing the T counter into an 8-bit ex-
ternal event counter (see EN register below). In this mode, a
low-going pulse (“1” to “0") of at least 2 instruction cycles
wide will increment the counter. When the counter over-
flows, an overflow flag will be set (see SKT instruction be-
low) and an interrupt signal will be sent to processor X. The
T counter is cleared on reset.

Four general-purpose inputs, IN3-INg, are provided; INy,
IN2 and INg may be selected, by a mask-programmable op-
tion, as Read Strobe, Chip Select, and Write Strobe inputs,
respectively, for use in MICROBUS applications; IN4, by an-
other mask-programmable option, can be selected as a true
zero-crossing detector with the output triggering an interrupt
or being interrogated by an instruction. These two mask-
programmable options are mutually exclusive.

The D register provides 4 general-purpose outputs and is
used as the destination register for the 4-bit contents of Bd.

The G register contents are outputs to a 4-bit general-pur-
pose bidirectional 1/0 port. Gg may be mask-programmed
as an output for MICROBUS applications.

The H register contents are outputs to a 4-bit general-pur-
pose bidirectional 1/0 port.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded to or from M and A, as well as 8-bit data
from ROM. Its contents are outputted to the L 1/0 ports
when the L drivers are enabled under program control. With
the MICROBUS option selected, Q can also be loaded with
the 8-bit contents of the L 1/0 ports upon the occurrence of
a write strobe from the host CPU. Note that unlike most
other COPS controllers, Q is cleared on reset.

The 8 L drivers, when enabled, output the contents of
latched Q data to the L 170 ports. Also, the contents of L
may be read directly into A and M. As explained above, the
MICROBUS option allows L 1/0 port data to be latched into
the Q register. The L I/0 port can be directly connected to
the segments of a multiplexed LED display (using the LED
Direct Drive output configuration option) with Q data being
outputted to the Sa-~Sg and decimal point segments of the
display.

The R register, when enabled, outputs to an 8-bit general-
purpose, bidirectional, 1/0 port.

The SIO register functions as a 4-bit serial-in/serial-out shift
register for MICROWIRE 1/0 and COPS peripherals, or as a
binary counter (depending on the contents of the EN regis-
ter; see EN register description, below). Its contents can be
exchanged with A, allowing it to input or output a continuous
serial data stream.

The XAS instruction copies the C flag into the SKL latch. In
the counter mode, SK is the output of SKL; in the shift regis-
ter mode, SK outputs SKL ANDed with the instruction cycle
clock.

The 2-bit N register is a stack pointer to the data memory
register 8 where the subroutine return address is located. It
points to the next location where the address may be stored
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COP440/COP441/COP442/COP340/COP341/COP342

Functional Description (continued)

and increments by 1 after each push of the stack, and dec-
rements by 1 before each pop. The N register can be ac-
cessed by exchanging its value with A and is cleared on
reset. The stack is 4 addresses deep, 12 bits wide, and
does not check for overflow or empty conditions. The RAM
digit locations where the addresses are stored are shown in
Figure 5. The LSBs of the addresses are at digits 0, 4, 8,
and 12. The MSBs of digits 2, 6, 10, and 14 contain an
interrupt status bit (see Interrupt description, below). The
four unused digits (3, 7, 11, and 15) can be used as general
data storage. When a subroutine cal! or interrupt occurs, an
11-bit return address and an interrupt status bit are stored in
the stack. The N register is then incremented. When a RET
or RETSK instruction is executed, the N register is decre-
mented and then the return address is fetched and loaded
into the program counter. The address and interrupt status
bits remain in the stack, but will be overwritten when the
next subroutine call or interrupt occurs.

DIGITS NOT USED N STACK
|

DATA
MEMORY N=3 N=2 N=1 N=0

REGISTER 8
7161 5|4

olGIT |15114|1s|1zn|w|9|a

ADDRESS

158= INTERRUPT
1s8l1o]s|8|7|6]5]4]3]2]1]0

STATUS BIT

TL/DD/6926-8
FIGURE 5. Subroutine Return Address
Stack Organization

The EN register in an internal 8-bit register loaded under
program control by the LEI instruction (lower 4 bits) or by
the CAME instruction. The state of each bit of this register
selects or deselects the particular feature associated with
each bit of the EN register.

0. The least significant bit of the enable register, ENg, se-
lects the SIO register as either a 4-bit shift register or a 4-
bit binary counter. With ENg set, SIO is an asynchronous
binary counter, decrementing its value by one upon each
low-going pulse (“1” to “0”) occurring on the S| input.
Each pulse must be at least two instruction cycles wide.
SK outputs the value of SKL. The SO output is equal to
the value of EN3. With ENg reset, SIO is a serial shift
register left shifting 1 bit each instruction cycle time. The
data present at Sl goes into the least significant bit of
SI0. SO can be enabled to output the most significant bit
of SIO each cycle time. The SK output becomes a logic-
controlled clock.

1. With ENy set, interrupt is enabled with EN4 and EN5 se-
lecting the interrupt source. Immediately following an in-
terrupt, EN¢ is reset to disable further interrupts.

2. With EN3 set, the L drivers are enabled to output the data
in Q to the L I/0O port. Resetting EN2 disables the L driv-
ers, placing the L 1/0 port in a high-impedance input
state. A special feature of the COP440 and COP441 is
that the MICROBUS option will change the function of
this bit to disable any writing into Gp when EN3 is set.

. ENg, in conjunction with ENg, affects the SO output. With
ENp set (binary counter option selected) SO will output
the value loaded into ENg. With ENp reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resetting EN3 with the serial
shift register option selected disables SO as the shift reg-
ister output; data continues to be shifted through SIO and
can be exchanged with A via an XAS instruction but SO
remains set to “0"”. Table | below provides a summary of
the modes associated with EN3 and ENg.

4. EN5 and ENy select the source of the interrupt signal.
5. The possible sources are as follows:

w

ENs ENg4 Interrupt Source
0 0  IN¢ (low-going pulse)
0 1 CKOinput (if mask-programmed as an input)
1 0  Zero-crossing (or IN¢ level transition)
1 1 T counter overflows

EN4 determines the interrupt routine location.

6. With ENg set, the internal 8-bit T counter will use INg as
its input. With ENg reset, the input to the T counter is the
output of a divide by four prescaler (from instruction cycle
frequency), thus providing a 10-bit time-base counter.

7. With EN7 set, the R outputs are enabled; if EN7 = 0, the
R outputs are disabled.

INTERRUPT

The following features are associated with the interrupt pro-
cedure and protoco! and must be considered by the pro-
grammer when utilizing interrupts.

a. The interrupt, once acknowledged as explained below,
pushes the next sequential program counter address
(PC+ 1) together with an interrupt status bit, onto the pro-
gram counter stack residing in data memory. Any previ-
ous contents at the bottom of the stack are lost. The
program counter is set to hex address OFF (the last word
of page 3) and ENq is reset. If ENy is reset, the next
program address is hex 100; if ENg is set, the next pro-
gram address is hex 300; thus providing a different inter-
rupt location for different interrupt sources.

TABLE I. Enable Register Modes — Bits EN3 and ENp

ENg ENg SIO S| SO SK

0 0 Shift Register Input to Shift Register 0 If SKL = 1, SK = Clock
IfSKL=0,SK=10

1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = Clock
IfSKL = 0,SK =0

0 1 Binary Counter Input to Binary Counter 0 IfSKL = 1,SK=1
If SKL = 0,SK =0

1 1 Binary Counter Input to Binary Counter 1 IfSKL=1,8K =1
IfSKL=0,SK=0
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Functional Description (continued)

b. An interrupt will be acknowledged only after the following
conditions are met:

1. EN4 has been set.

2. For an external interrupt input, the signal pulse must be
at least two instruction cycles wide.

A currently executing instruction has been completed.

. All successive transfer of control instructions and suc-
cessive LBIs have been completed (e.g., if the main
program is executing a JP instruction which transfers
program control to another JP instruction, the interrupt
will not be acknowledged until the second JP instruc-
tion has been executed.

¢. The instruction at hex address OFF must be a NOP.

d. A CAME or LEl instruction may be put immediately before
the RET instruction to re-enable interrupts.

e. If the interrupt signal source is being changed, the inter-
rupt must be disabled prior to, or at, the same time with
the change to avoid false interrupts. An interrupt may be
enabled only if the interrupt source is not changing. A
sample code for changing the interrupt source and en-
abling the interrupt is as follows:

o

CAME ; disable interrupt & alter interrupt source
SMB 1 ; setinterrupt enable bit
CAME ; enable interrupt

f. An interrupt status bit is stored together with the return
address in the stack. The status bit is set if an interrupt
occurs at a point in the program where the next instruction
is to be skipped; upon returning from the interrupt routine,
this set status bit will cause the next instruction to be
skipped. Subroutine and interrupt nesting inside interrupt
routines are allowed. Note that this differs from the
COP420/420C/420L/444L series.

MICROBUS INTERFACE
{not available in COP442, COP342)

The COP440 series has an option which allows them to be
used as peripheral microprocessor devices, inputting and
outputting data from and to a host microprocessor (uP). IN,
IN2 and IN3 general purpose inputs become MICROBUS-
compatible read-strobe, chip-select, and write-strobe lines,
respectively. INy becomes RD—a logic “0” on this input

will cause Q latch data to be enabled to the L ports for input
to the uP. INg becomes CS—a logic “0” on this line selects
the COPS processor as the pP peripheral device by en-
abling the operation of the RD and WR lines and allows for
the selection of one of several peripheral components. IN3
becomes WR—a logic ““0” on this line will write bus data
from the L ports to the Q latches for input to the COPS
processor. Gg becomes INTR, a “ready” output, reset by a
write pulse from the pP on the WR line, providing the
“handshaking” capability necessary for asynchronous data
transfer between the host CPU and the COPS processor.
Gp output can be separated from other G outputs by the
EN, bit (see EN description abova).

This option has been designed for compatibility with Nation-
al's MICROBUS—a standard interconnect system for 8-bit
parallel data transfer between MOS/LSI CPUs and interfac-
ing devices. (See MICROBUS National Publication.) The
functional and timing relationships between the COPS proc-
essor signal lines affected by this option are as specified for
the MICROBUS interface, and are given in the AC electrical
characteristics and shown in the timing diagrams (Figure 2).
Connection of the COP440 to the MICROBUS is shown in
Figure 6.

Note: TRI-STATE outputs must be used on L port.

ZERO-CROSSING DETECTION
(not available on the COP442, COP342)

The following features are associated with the IN4 pin: ININ
and INIL instructions input the state of INy to Aq; INy inter-
rupt generates an interrupt pulse when a low-going tran-
sition (“1” to “0") occurs on IN4; zero-crossing interrupt
generates an interrupt pulse when an INy transition occurs
(both *“1” to “0" and “0” to “1").

If the zero-crossing detector is mask-programmed in (see
Figure 7a), the INIL instruction and zero-crossing interrupt
will input the state of INy through the true zero-crossing
detector (“1” if input > 0OV, “0” if input < OV). The ININ
instruction and IN4 interrupt will then have unique logic
HIGH and LOW levels depending on the IN port input level
chosen. If normal (TTL) level is chosen, logic HIGH level is
3.0V (3.3V for COP340/341) and logic LOW level is 0.8V

supp& CLoCcK

ireRAueT wTe) | ‘66 SN0 OK1 €KO
8-BIT DATA BUS
Lo-L7 Dp-03 | 4out
MICROPROCESSOR | READ STROBE (RD) COPAd0
THIP SELECT (63) | Np [~ N
WRITE STROBE (WA |2 8t
N3 SOp—r
SK f———tm
RESET RESEY H3-Hg
RESET

TL/DD/6926-9

FIGURE 6. MICROBUS Option Interconnect
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COP440/COP441/COP442/COP340/COP341/COP342

Functional Description (continued)

ININ
[

-
& IN1 INTERRUPT

'NIL ENS, E""“"EE,

NEGATIVE ED

+
>
;—?ﬂ ZERO-CHOSS:IHG INTERRUPT

ENS,EN4 =1l
POSITIVE & NEGATIVE EDGE)

TL/DD/6926-10

*Note: This input has a different set of logic HIGH and LOW levels; see above description.
a. Zero-Crossing Detect Logic Option

ININ
wde

—

INIL

@=———p N1 INTERRUPT

(ENS ENa=a0)
{NEGATIVE EDGE)

ket~ ZER0-CROSSING INTERRUPT

(ENS,EN4=1(R
(POSITIVE & NEGATIVE EDGE)
TL/DD/6926-11

b. IN, without Zero-Crossing Detect Logic
FIGURE 7. IN, Mask-Programmable Options

(0.6V for COP340/341); if high trip level is chosen, logic
HIGH level is 5.4V and logic LOW level is 1.2V. if the zero-
crossing detector is not mask-programmed in (see Figure
7b), IN¢ will have logic HIGH and LOW levels that are de-
fined for the IN port (see option list).

The zero-crossing detector input contains a small hysteresis
(50 mV typical) to eliminate signal noise, and is not a high
impedance input but contains a resistive load to ground.
Since this input can withstand a voltage range of —0.8V to
+12V, an external clamping diode is needed for most input
signals, as shown in Fjgure 7a, to limit the voltage below
ground. An external resistor, Rg may be needed for the fol-
lowing two cases:
a. Input signal exceeds 12V; Rg and the internal resistor act
as a voltage divider to reduce the voltage at the input pin
to below 12V.

b. Signal comes from a low impedance source; when the
voltage at the pin is clamped to —0.7V by the forward
bias voltage of an external diods, Rg limits the current
going through the diode.

INITIALIZATION

The RESET pin is configured as a Schmitt trigger input. If
not used, it should be connected to Vgg. Initialization will
occur whenever a logic “0" is applied to the RESET input,
provided it stays low for at least three instruction cycle
times. The user must provide an external RC network and
diode to the RESET pin as in Figure 8. The external POR
(Power-on-Reset) delay must be greater than the internal
POR. The internal POR delay is 2600 internal clock cycles.

Upon initiatization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, D, EN, G, H, IL,L, N,Q,R,and T
registers are cleared. The SK output is enabled as a SYNC
output by setting the SKL latch, thus providing a clock. RAM
(data memory and stack) is not cleared. The first instruction
at address 0 must be a CLRA.

vee
CoP440
RESET

<-VOCY IMSOD
] - ——————————— 4
[
=
=]

TL/DD/6926-12
RC 2> 5 X power supply rise time

FIGURE 8. Power-Up Clear Circuit

OSCILLATOR

There are three basic clock oscillator configurations avail-
able, as shown by Figure 9.

a. Crystal Controlled Oscillator. CKI and CKO are con-
nected to an external crystal. The cycle frequency equals
the crystal frequency divided by 16 (optional by 8). Thus a
4 MHz crystal with the divide-by-16 option selected will
give a 250 kHz cycle frequency (4 ps instruction cycle
time).

b. External Osclllator. CKl is an external clock input signal.
The external frequency is divided by 16 (optional by 8 or
4) to give the cycle frequency. If the divide-by-4 option is
selected, the CKI input level is the Schmitt-trigger level.
CKO is now available to be used as the RAM power sup-
ply (VR) or as a general purpose input.

c. RC Controlled Oscillator. CKl is configured as a single
pin RC controlled Schmitt trigger oscillator. The cycle fre-
quency equals the oscillation frequency divided by 4.
CKO Is available for non-timing functions.

CKO PIN OPTIONS

As an option, CKO can be an oscillator output. In a crystal
controlled oscillator system, this signal is used as an output
to the crystal network. As another option, CKO can be an
interrupt input or a general purpose input, reading into bit 2
of A (accumulator) through the INIL instruction. As another
option, CKO can bs a RAM power supply pin (Vg), allowing
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Functional Description (continued)

A
8
itk
10M
AN CKI KO
>
<
3" L (CLOCK OUTPUT,
|D|—-JL EXTERNAL  yp OR GENERAL
5-3aprjé == 27pF CLOCK  pyRPOSE INPUT PIN)
— ; TL/DD/69268-14

TL/DD/6026-13 b. External Osclllator

a. Crystal Osclllator

Crystal Value R4
c 4 MHz 1k
3.58 MHz 1k
cKi ok 2.10 MHz 2k
RC Controlled Osclllator
LYY ::focx oUTAUT, Instruction
T VR OR GENERAL R (k) C(pF) Execution
= PURPOSE INPUT PIN) Time (us)
TL/DD/6928-15
c. RC Controlled Osclilator 13 100 5.0 £20%
68 220 5.3 +23%
8.2 300 8.0 +22%
22 100 8.2 +£17%

Crystal Osclllator

Note: 5 kil < R < 50 k1
50 pF < C < 360 pF

FIGURE 9. COP440/441/442 Osclilators

its connection to a standby/backup power supply to main-
tain the data integrity of RAM registers 0-3 with minimum
power drain when the main supply Is inoperative or shut
down to conserve power. Using either of the two latter op-
tions is appropriate in applications where the system config-
uration does not require use of the CKO pin for timing func-
tions.

RAM KEEP-ALIVE OPTION

Selecting CKO as the RAM power supply (VR) allows the

user to shut off the chip power supply (Vcg) and maintain

datain the lower 4 registers of the RAM. To insure that RAM
data integrity is maintained, the following conditions must be
met:

1. RESET must go low before V¢ goes below spec during
power-off; Vo must be within spec before RESET goes
high on power-up.

2. When Vg is on, Vg must be within the operating voltage
range of the chip, and within 1V of V¢c.

3. Vg must be > 3.3V with Vg off.

1/0 OPTIONS

COP440 inputs have the following optional configurations,
illustrated in Figure 10.

a. An on-chip depletion load device to Vgg.

b. A Hi-Z input which must be driven to a “1” or “0” by
external components.

c. A resistive load to GND for the zero-crossing input option
(INq only).
COP440 outputs have the following optional configurations:

d. Standard—an enhancement mode device to ground in
conjunction with a depletion-mode device to Vcg, com-
patible with TTL and CMOS input requirements. Available
on SO, SK, D, G, and H outputs.

6. Open-Drain—an enhancement-mode device to ground
only, allowing external pull-up as required by the user's
application. Available on SO, SK, D, G, L, H, and R out-
puts.

f. Push-Pull—an enhancement-mode device to ground in
conjunction with a depletion-mode device paralleled by an
enhancement-mode device to V. This configuration has
been provided to allow for fast rise and fall times when
driving capacitive loads. Available on SO and SK outputs
only.

g. Standard L,R—same as d., but may be disabled. Avail-
able on L and R outputs only (disabled on resst).

h.LED Direct Drive—an enhancement-mode device to
ground and Vcg together with a depletion device to Vg
meeting the typical current sourcing requirements of the
segments of an LED display. The sourcing devices are
clamped to limit current flow. These devices may be
turned off under program control (see Functional Descrip-
tion, EN Register), placing the output in a high-imped-
ance state to provide required LED segment blanking for
a multiplexed display. Available on L outputs only.

Note 1: When the driver is disabled, the depletion device may cause the
output to settle down to an intermediate level between Vg and
GND. This voltage cannot be relied upon as a ““1" level when read-
ing the L inputs. The external signal must drive it to a *1" level.

Note 2: Much power is dissipated by this driver in driving an LED. Care must
be taken to limit the power dissipation of the chip to within the
absolute maximum ratings specified.

I. TRI-STATE Push-Pull—an enhancement-mode device to
ground and Vgg. These outputs are TRI-STATE outputs,
allowing for connection of these outputs to a data bus
shared by other bus drivers. Available on L and R outputs
only (in TRI-STATE mode on reset).

J. Push-Pull R—same as f., but may be disabled. Available
on R outputs only.

k. Additional depletion pull-up—a depletion load to Vg
with the same current sourcing capability as the input

load a., in addition to the output drive chosen. Available
on L and R outputs only. This device cannot be disabled,
therefore, open-drain outputs with “1” output and TRI-
STATE outputs do not show high-impedance characteris-
tics. This device is useful in applications where a pull-up
with low source current is desired, e.g., reading key-
boards and switches.

The above input and output configurations share common
enhancement-mode and depletion-mode devices. Specifi-
cally, all configurations use one or more of six devices
(numbered 1-6 respectively). Minimum and maximum cur-
rent (loyt and Vour) curves are given in Figures 11 and 12
for each of these devices to allow the designer to effectively
use these 1/0 configurations in designing a COP440 sys-
tem.
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Functional Description (continued)
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FIGURE 10. Input/Output Configurations

L-BUS CONSIDERATIONS

False states may be generated on Lg-L7 during the execu-
tion of the CAMQ instruction. The L-Ports should not be
used as clocks for edge sensitive devices such as flip-flops,
counters, shift registers, etc. The following short program
illustrates this situation.

Glitch Test Program
START:
CLRA sENABLE THE Q
LEI 4 sREGISTER TO L LINES
LBI TEST
STII 3
AISC 12
LOOP:
LBI  TEST sLOAD Q WITH X'C3
CAMQ
JP LOOP

In this program the internal Q register is enabled onto the L
lines and a steady bit pattern of logic highs is output on Lg,
L1, Le, Ly, and logic lows on La-Ls via the two-byte CAMQ
instruction. Timing constraints on the device are such that
the Q register may be temporarily loaded with the second
byte of the CAMQ opcode (X'3C) prior to receiving the valid
data pattern. If this occurs, the opcode will ripple onto the L
lines and cause negative-going glitches on Lo, Ly, Lg, L7,
and positive glitches on La-Ls. Glitch durations are under
2 ps, although the exact value may vary due to data pat-
terns, processing parameters, and L line loading. These
false states are peculiar only to the CAMQ instruction and
the L lines.
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Typical Performance Characteristics

b. Input Load Minimum Source
w Current

o a. Input Load Source Current

SEEER N
NNV =63 (Max) \\
3 0.2 \\\\ < 2 N
. NN S ENCT
VCC=4.5V (MAX.) 5
o i A * o
Veg=5.3V (MIN.) \ Ve '”l\ \\\
v;g-il.gvpdlﬂ. L \
° J I 0 \
[ | 2 3 4 5 68 7 [ | 2 3 4 5 6§ 7
Vour - YOLTS  DEVICE1 YouT — VOLTS  DEVICE 1
d. Standard Output e. Standard Output Minimum
Source Current o Source Current
WL N
\Vcc-e.:lvm;\x.l 0.3 |—N\
3 5\“ =4.5V (MAX.) H A\ ICC=6.3V
LIRS AN
5 N 5 N
2 N \ e N
oo TN AT o
T \\ r—-Vcc-H} N
. ol AN
[ | 2 3 4 5 8 1 0o 1 2 3 4 5 6 7
Vour —VOLTS  DEVICE4 Vour —VOLTS  DEVICE4

h. TRI-STATE Output Source

g. Push-Pull Source Current Current
15 1 1 vecasav—| 15 \ Voo =6.3V—]
| \ A
1 L veg=6.av
? 1.0 \ |(mn.|) ? 1.0 \ \Y'- (MIN.) —
5 Vegm4.5V. ]
2 ‘ (MAX.) < \
[X] (X3 Vog=4.5V—|
VEg=4.5V \ \ Vepad v (MAX.)
(MIN.) =4. t—
NI ANA AN Co AN
b1 2 3 4 5 6 71 o 1 2 3 4 5 6 71
VouT — VOLTS DEVICES 4 AND 5 VouT — VOLTS  DEVICES
k. LED Output Minimum Source
J. LED Output Source Current Current
5
T T 7 .
V(G =0.3V (MAX,|
20 \\c i ik 20 //
TR \ VeC=4.5Y. ] 7 \
] MAX, | -
M v (WAX) 5 A \vcc 6.3V
a v 2 10
\ y V
5 VQ&-S.SV\
(MIN.) Vee=4.5V Veom4.5Y
o <Ny . \
01 2 3 4 5 6 7 0 1 2 3 4 5 8 7

VOUT — VOLTS DEVICES 4 AND 6 VoUT — VOLTS DEVICES 4 AND6

N —mA

10UT — mA

lout — mA

IoUT —mA

FIGURE 11. COP440/441/4421/0 Characteristics
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Typical Performance Characteristics (continued)
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FIGURE 12. CCOP340/341/3421/0 Characteristics
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Power Dissipation
In order not to damage the device by exceeding the abso-
lute maximum power dissipation rating, the amount of power
dissipated inside the chip must be carefully controlled. As
an example, an application uses a COP440 in room temper-
ature (25°C) environment with a Vg power supply of 6V; IN
and Sl inputs have internal loads; G and D ports drive loads
that may sink up to 2 mA into the chip; H port with standard
output option reads switches; L port with the LED option
drives a multiplexed seven-segment display; R, SO and SK
drive MOS inputs that do not source or sink any current.
a. At 25°C, maximum power dissipation allowed = 750 mW
b. Power dissipation by chip except
1/0 = lgg X Vg = 35 mA X 6V = 210 mW
¢. Maximum power dissipation by IN,
Sl =5xX03mA X 6V =9mW

d. G and D ports are sinking current-from external loads;

maximum output voltage with 2 mA sink current is less

than 0.4V. Power dissipation by G and D ports =

2mA X 0.4V X 8 = 6.4 mW
o. Maximum power dissipation by H port =
4 X 1.5mA X 6V = 36 mW

f. When the seven segments of the LED are turned on, the

output voltage is about 2V, so that the segment current is

17 mA. Power dissipation by L port =

7 X 17 mA X (6V — 2V) = 476 mW

This power dissipation caused by driving LEDs is usually

the highest among the various sources.
g. R, SO, and SK do not dissipate any significant amount of

power because they do not need to source or sink any

current.

Total power dissipation (TPD) inside the device is the
sum of items b through g above.

TPD =210+ 9 + 6 + 36 + 476 mW = 737 mW
This is within the 750 mW limit at room temperature. if
this application has to operate at 70°C, then the power
dissipation must be reduced to meet the limit at that tem-
perature. Some ways to achieve this would be to limit the
LED current or to use an external LED driver.

At 70°C the absolute maximum power dissipation rating
drops to 400 mW. The user must be careful not to exceed
this value.

COP440 SERIES DEVICES

If the COP440 is bonded as a 28- or 24-pin device, it be-
comes the COP441 or COP442, respectively, as illustrated
in Figure 3. Note that the COP441 and COP442 do not in-
clude H and R ports. In addition, the COP442 does not in-
clude IN inputs; use of this option precludes the use of the
IN options, the interrupt feature with IN as Input, the zero-
crossing detect option, INz external event counter input,
and the MICROBUS option. All other options are available.
COP340, COP341, and COP342 are extended temperature
versions of the COP440, COP441, and COP442, respective-
ly.

COP440 Series Instruction Set

Table Il is a symbol table providing internal architecture, in-
struction operand and operation symbols used in the in-
struction set table.

Table Iil provides the mnemonic, operand, machine code,
data flow, skip conditions and description associated with
each instruction in the COP440 series instruction set.

TABLE Il. COP440 Series Instruction Set Symbols

Symbol Definition Symbol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Field, 0-15 binary (RAM Digit Select)

B 8-bit RAM Address Register

Br Upper 4 bits of B (register address)

Bd Lower 4 bits of B (digit address)

C 1-bit Carry Register

D 4-bit Data Output Port

EN 8-bit Enable Register

G 4-bit Register to latch data for G 1/0 Port

H 4-bit Register to latch data for H I/0 Port

L Two 1-bit Latches associated with the INg or INg Inputs
IN 4-bit Input Port

INyZ  Zero-Crossing Input

L 8-bit TRI-STATE 1/0 Port

M 4-bit contents of RAM Memory pointed to by B Register
N 2-bit subroutine return address stack pointer

PC 11-bit ROM Address Register (program counter)

Q 8-bit Register to latch data for L 1/0 Port

R 8-bit Register to latch data for R TRI-STATE |/0 Port
SIO  4-bit Shift Register and Counter

SK Logic-Controlled Clock Output

T 8-bit Binary Counter Register

r 4-bit Operand Field, 0-9 binary (RAM Register Select)
a 11-bit Operand Field, 0-2047 binary (ROM Address)

y 4-bit Operand Field, 015 binary (Immediate Data)
RAM(s) Content of RAM location addressed by s

RAMy Content of RAM location addressed by stack pointer N
ROM(t) Content of ROM location addressed by t

OPERATIONAL SYMBOLS

Plus

Minus

Replaces

Is exchanged with

Is equal to

The one’s complement of A
Exclusive-OR

Range of values

OR

<"6>lllIll+
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instruction Set

TABLE Ill. COP440 Series Instruction Set

Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
ARITHMETIC/LOGIC INSTRUCTIONS
ASC 30 00110000 A + C + RAM(B) — A Carry Add with Carry, Skip on
Carry — C Carry
ADD 31 0011{0001| | A + RAM(B) — A None Add RAMto A
ADT 4A |0100{1010] |A + 10490 —> A None Add Tento A
AISC y 5- 0101] y A+y— A Carry Add immediate, Skip on
Carry (y  0)
CASC 10 0001|0000 A+ RAM(B) + C — A Carry Complement and Add with
Carry = C Carry, Skip on Carry
CLRA 00 0000|0000 00— A None Clear A
COMP 40 0100|0000 A—A None One’s complementof Ato A
NOP 44 0100|0100 None None No Operation
OR 33 00110011 AVM — A None OR RAM with A
1A 0001{1010
RC 32 0011)0010 “0”" —> C None Reset C
sC 22 0010|0010 “1” —> C None SetC
XOR 02 0000|0010 A ® RAM(B) — A None Exclusive-OR RAM with A
TRANSFER OF CONTROL INSTRUCTIONS
JID FF 11111111 ROM (PCy0.8, AAM) —  None Jump Indirect (Note 3)
PCr:o0
JMP a 6- 01100 aij-g a— PC None Jump
- aZ'Q
JP a -— 1| asp a — PCgyo None Jump within Page
(pages 2,3 only) (Note 4)
or
-- 11] asp a — PCsyg
(all other pages)
JSRP a - 10| as: PC + 1 — RAMy None Jump to Subroutine Page
N+1—>N (Note 5)
00010 —> PCj0:6
a — PCsp
JSR a 6~ |0110|1]ajg.g| | PC+ 1 — RAMy None Jump to Subroutine
N+1—N
- azo a— PC
RET 48 0100|1000 N—-1—N None Return from Subroutine
RAMN — PC
RETSK 49 0100{1001] {N—1 ~—> N Always Skip on Return Return from Subroutine
RAMy — PC then Skip
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Instruction Set (continued)
TABLE 11l. COP440 Series Instruction Set (Continued)

Hex Machine
Mnemonic Operand Language Code Data Flow Skip Conditions Description
Code
(Binary)
MEMORY REFERENCE INSTRUCTIONS
CAME 33 0011]0011 A —> EN74 None Copy A, RAM to EN
1F 00011111 RAM(B) — ENg;o
CAMQ 33 00110011 A — Q74 None Copy A, RAMto Q
3C 0011[1100{ [RAM(B) — Qay
CAMT 33 0011)0011 A— T4 None Copy A,RAMto T
3F 0011 {1111 RAM(B) — T30
CEMA 33 00110011 EN7.4 — RAM(B) None Copy EN to RAM, A
OF 0000|1111 ENgog — A
CQMA 33 0011}0011 Q7.4 —> RAM(B) None Copy Q to RAM, A
2C 0010{1100 Qao— A
CTMA 33 0011]0011 T7.4 — RAM(B) None Copy T to RAM, A
oF 0010|1111| |T30 — A
LD r -5 00{r|0101 RAM(B) — A None Load RAMinto A,
r=03 Brer — Br Exclusive-OR Br with r
LDD rd 23 00(10|0011 RAM(r,d) — A None Load A with RAM pointed
-- o[r{ d to directly by r,d
r=0:7
LID 33 0011|0011} | ROM (PC1g.8, A,M) — M, A None Load RAM, A Indirect
19 00011001
LQID BF 1011 {1111 ROM(PC10:8.,AM) — Q None Load Q Indirect (Note 3)
RMB 0 4C 0100|1100 0 — RAM(B)o None Reset RAM Bit
1 45 01000101 0 — RAM(B)¢
2 42 01000010 0 — RAM(B)2
3 43 01000011 0 — RAM(B)3
SMB 0 4D 0100{1101 1 — RAM(B)o None Set RAM Bit
1 47 0100]0111 1 — RAM(B)4
2 46 0100/0110 1 — RAM(B)2
3 4B 0100[1011| |1 — RAM(B);
STl y 7- o111l v | |y —> RAM(B) None Store Memory Immediate
Bd +1 — Bd and Increment Bd
X r -6 00{r|0110 RAM(B) «— A None Exchange RAM with A,
r=0:3 Brer — Br Exclusive-OR Br with r
XAD r,d 23 0010|0011 RAM(r,d) «<—> A None Exchange A with RAM
-- 1jr| d pointed to directly by r,d
r=07
XDS T -7 00|r|0111 RAM(B) «— A Bd decrements past0 Exchange RAM with A
r=03 Bd-1 — Bd and Decrement Bd,
Brer — Br Exclusive-OR Br with r
XIS r -4 00|r]0100 RAM(B) «— A Bdincrements past 15 Exchange RAM with A
r=0:3 Bd +1 — Bd and Increment Bd,
Broer — Br Exclusive-OR Br with r
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COP440/COP441/COP442/COP340/COP341/COP342

Instruction Set (continued)
TABLE ill. COP440 Serles Instruction Set (Continued)

Mnemonic Operand

Code

Machine
Language Code
(Binary)

Data Flow

Skip Conditions

Description

REGISTER REFERENCE INSTRUCTIONS

CAB
CBA

LBI rd

LEI y

XABR

XAN

50

4E

33

33

6-

12

33
0B

0101{0000
010011110

00|r|(d—1)
r=03,d=0915

or

0011{0011
11rj d

= 0:7,anyd

0011]0011
0110] y

0001{0010

001110011
0000{1011

A — Bd
Bd — A

rd = B

y = ENgo

A <> Br

A <= N(0,0 — A3, A))

None
None

Skip until not a LBI

None

None

None

Copy AtoBd
CopyBdto A

Load B Immediate with
r,d (Note 6)

Load lower half
of EN Immediate

Exchange A with Br

Exchange A with N

TEST INSTRUCTIONS

SKC

SKE

SKGZ

SKGBZ

SKMBZ

SKSZ

SKT

20

21

33
21

33
01
11
03
13

01
1
03
13

33
1C

41

0010|0000
0010[0001

0011]0011
00100001

001110011
0000|0001
0001|0001
(0000|0011
0001 /0011

00000001
000110001
00000011
00010011

00110011
00011100

01000001

1st byte

2nd byte

C=“"
A = RAM(B)

G3p =0

Go=0
Gy =0
Gp=0
Gg=0

RAM(B)o = 0
RAM(B); = 0
RAM(B)z = 0
RAM(B)3 = 0

SI0O=0
T counter carry has

occurred since last
test

Skipif Cis True
Skip if A Equals RAM

Skip if G is Zero
(all 4 bits)

Skip if G Bitis Zero

Skip if RAM Bit is Zero

Skipif SIO is Zero

Skip on Timer (Note 3)
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Instruction Set (Continued)
TABLE lil. COP440 Serles Instruction Set (Continued)

Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
INPUT/OUTPUT INSTRUCTIONS
CAMR 33 100110011 A — R7y4 None Output A, RAM to R Port
3D | 0011]1101 RAM(B) — Rsyo
ING 33 00110011 G— A None Input G Portto A
2A 001011010
INH 33 100110011 H— A None Input H Portto A
2B 0010|1011
ININ 33 (001110011 IN— A None Input IN Inputs to A (Note 2)
28 0010|1000
INIL 33 0011{0011 1Lz, CKO, IN4Z,ILg — A None Input IL Latches to A
29 0010{1001 (Note 3)
INL 33 00110011 L7.4 — RAM(B) None Input L Port to RAM, A
2E 0010{1110 Lao —> A
INR a3 0011|0011 R7.4 — RAM(B) None Input R Port to RAM,A
2D 0010|1101 Rao — A
0BD 33 00110011 Bd— D None Output Bd to D Port
3E 0011|1110
OGI y 33 0011/0011 y—>G None Output to G Port Immediate
5- 0101] y |
OMG 33 0011|0011 RAMB) — G None Output RAM to G Port
3A 0011]1010
OMH 33 0011]0011 RAM(B) — H None Output RAM to H Port
38 0011]1011
XAS 4F 0100|1111 A <« SI0,C — SKL None Exchange A with SIO
(Note 3)

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N where
0 signifies the least significant bit (low-order, right-most bit). For example, Ag indicates the most significant (left-most) bit of the 4-bit A register.

Note 2 The ININ instruction is not available on the 24-pin COP442/COP342 since this device does not contain the IN inputs.

Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a Jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 5: A JSRP transfers program control to subroutine page 2 (00010 is loaded into the upper 5 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP

may not jump to the last word in page 2.

Note 6: LB is a single-byts instructionifd = 0, 9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the d" data minus 1,
e.g., to load the lower four bits of B (Bd) with the value 9 (10015), the lower 4 bits of the LBI instruction equal 8 (1000,). To load 0, the lower 4 bits of the LBI

instruction should equal 15 (11115).
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Description of Selected

Instructions

The following information is provided to assist the user in
understanding the operation of several unique instructions
and to provide notes useful to programmers in writing
COP440 programs.

XAS INSTRUCTION

XAS (Exchange A with SIO) exchanges the 4-bit contents of
the accumulator with the 4-bit contents of the SIO register.
The contents of SIO will contain serial-in/serial-out shift reg-
ister or binary counter data, depending on the value of the
EN register. An XAS instruction will also affect the SK out-
put. (See Functional Description, EN register, above). If SIO
is selected as a shift register, an XAS instruction must be
performed once every 4 instruction cycles to effect a contin-
uous data stream.

JID INSTRUCTION

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
toindirectly by A and M. It loads the lower 8 bits of the ROM
address register PC with the contents of ROM addressed by
the 11-bit word, PCyg.8, A, M. PC1q, PCg and PCg are not
affected by this instruction.

Note that JID requires 2 instruction cycles if executed, 1
instruction cycle time if skipped.

INIL INSTRUCTION

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILg,
CKO and IN4 into A (see Figure 13). The ILg and ILg latches
are set if a low-going pulse (1" to “0”) has occurred on the
IN3 and INg inputs since the last INIL instruction, provided
the input pulse stays low for at least two instruction cycles.
Execution of an INIL inputs IL3 and ILg into A3 and AO re-
spectively, and resets these latches to allow them to re-
spond to subsequent low-going pulses on the IN3 and INg
lines. If CKO is mask-programmed as a general purpose
input, an INIL will input the state of CKO into A2. If CKO has
not been so programmed, a “1” will be placed in A2. Unlike
the COP420/420C/420L/444L series, INIL will input IN4
into A1.

TL/DD/6926-20
FIGURE 13. INIL Hardware Iimplementation

If zero-crossing detect is selected, the IN¢ input will go
through the detection logic, thus allowing the user to interro-
gate the input, sending a “‘1” if the input is above 0V and a
“0" if it is below OV. INIL is useful in recognizing pulses of
short duration or pulses which occur too often to be read
conveniently by an ININ instruction. It is also useful in
checking the status of the zero-crossing detect input. The
general purpose inputs IN3-INg are input to A upon execu-
tion of an ININ instruction, and the IN¢ input does not go
through zero-crossing logic so that it has the same logic
level as the other IN inputs for the ININ instruction (see
Figure 9).

Note: IL latches are cleared on reset. This is different from the COP420/

420C/420L/444L series.

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 11-bit word PC40:PCg, A,
M. LQID can be used for table lookup or code conversion
such as BCD to seven-segment. Note that LQID takes two
instruction cycles if executed and one instruction cycle if
skipped. Unlike most other COPS processors, this instruc-
tion does not push the stack.

LID INSTRUCTION

LID (Load Indirect) loads M and A with the contents of ROM
pointed to by the 11-bit word PC1¢:PCg, A, M. Note that LID
takes three instruction cycles if executed and two if skipped.

SKT INSTRUCTION

The SKT (Skip On Timer) instruction tests the state of the T
counter (see internal logic, above) overflow latch, executing
the next program instruction if the latch is not set. If the
latch has been set since the previous test, the next program
instruction is skipped and the latch is reset. The features
associated with this instruction allow the processor to gen-
erate its own time-base for real-time processing, rather than
relying on an external input signal.

INSTRUCTION SET NOTES

a. The first word of a COP440 program (ROM address 0)
must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, they are
still fetched from program memory. Thus program paths
take the same number of cycle times whether instructions
are skipped or executed, except for LID, LQID, and JID.

c. The ROM is organized into 32 pages of 64 words each.
The Program Counter is an 11-bit binary counter, and will
count through page boundaries. If a JP, JSRP, JID, LQID,
or LID instruction is the last word of a page, the instruc-
tion operates as if it were in the next page. For example: a
JP located in the last word of a page will jump to a loca-
tion in the next page. Also, a LQID or JID located in the
last word of page 3, 7, 11, 15, 19, 23, 27, or 31 will access
data in the next group of four pages.
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Option List

The COP440 mask-programmable options are assigned numbers which correspond with the COP440 pins.

Option 1: L4 1/0 Port (see note below)
= 0: Standard output
= 1: Open-drain output
2: LED direct drive output
3: TRI-STATE output
4: same as 0 with extra load device to Vg
5: same as 1 with extra load device to Vg
= 6: same as 2 with extra load device to Vg
= 7: same as 3 with extra load device to Vg
Option 2: Lg 1/0 Port
(same as Option 1)
Option 3: S| Input
= 0: Input with load device to Vo
= 1: Hi-Z Input
Option 4: SO Output
= 0: Standard output
= 1: Open-drain output
= 2: Push-pull output
Option 5: SK Output
(same as Option 4)
Option 6: INg Input
(same as Option 3)
Option 7: IN3 Input
(same as Option 3)
Option 8: Gg 170 Port
= 0: Standard output
= 1: Open-drain output
Option 9, G1 170 Port
(same as Option 8)
Option 10: Go 1/0 Port
(same as Option 8)
Option 11: G3 1/0 Port
(same as Option 8)
Option 12: Hg 1/0 Port
(same as Option 8)
Option 13: Hq 1/0 Port
(same as Option 8)
Option 14: Hp 1/0 Port
(same as Option 8)
Option 15: Hg 1/0 Port
(same as Option 8)
Option 16: D3 Output
(same as Option 8)
Option 17: Do Output
(same as Option 8)
Option 18: D4 Output
(same as Option 8)
Option 19: Dg Output
(same as Option 8)
Option 20: GND—No options available

Option 21: CKO Pin
= 0: Oscillator output
1: RAM power supply (VR) input
2: General purpose input with load device to Voo
= 3: General purpose Hi-Z input
Option 22: CKI Input
= 0: Crystal input divided by 16
= 1: Crystal input divided by 8
= 2: Single-pin RC controlled oscillator (+4)
= 3: Schmitt trigger clock input (+4)
Option 23: RESET Input
(same as Option 3)
Option 24: R7 1/0 Port (see note below)
= 0: Standard output
1: Open-drain output
2: Push-pull output
3: TRI-STATE output
4: same as 0 with extra load device to Vg
5: same as 1 with extra load device to Vgc
6: same as 2 with extra load device to Vge
= 7. same as 3 with extra load device to Vg
Option 25: Rg 1/0 Port
(same as Option 24)
Option 26: R5 1/0 Port
(same as Option 24)
Option 27: R4 1/0 Port
(same as Option 24)
Option 28: R3 1/0 Port
(same as Option 24)
Option 29: R /0 Port
(same as Option 24)
Option 30: Rq 170 Port
(same as Option 24)
Option 31: Rg 170 Port
(same as Option 24)
Option 32: L7 1/0 Port
(same as Option 1)
Option 33: Lg /0 Port
(same as Option 1)
Option 34: Lg I/0 Port
(same as Option 1)
Option 35: L4 1/0 Port
(same as Option 1)
Option 36: INy Input
= 0: Input with load device to Voo
= 1: Hi-Z Input
= 2: Zero-crossing detect input (Option 41 = 0)
Option 37: IN2 Input
(same as Option 3)
Option 38: L3 I/0 Port
(same as Option 1)
Option 39: L 1/0 Port
(same as Option 1)
Option 40: Vcc—no options available

[l
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COP440/COP441/COP442/COP340/COP341/COP342

Option List (continued)

Option 41: COP Function
= 0: Normal
= 1: MICROBUS option
Option 42: IN Input Levels
= 0: Standard TTL input levels (‘0" = 0.8V, “1" = 2.0V)
= 1: Higher voltage input levels (“0” = 1.2V, “1” =
3.6V)
Option 43: G input Levels
(same as Option 42)
Option 44: L Input Levels
(same as Option 42) -
Option 45: CKO Input Levels
(same as Option 42)

Option 46: Sl Input Levels
(same as Option 42)

Option 47: R Input Levels
(same as Option 42)

Option 48: H Input Levels
(same as Option 42)

Option 49: No option available

Option 50: COP Bonding

0: COP440 (40-pin device)

1: COP441 (28-pin device)

2: COP442 (24-pin device)

3: COP440 and COP441

4: COP440 and COP442

5: COP440, COP441, and COP442
6: COP441 and COP442

LI 1 2

COP440 Option Table

The following options information Is to be sent to National along with the EPROM.
OPTION 1 VALUE = IS: Ly 170 PORT
OPTION 2 VALUE = IS: Lo I/0 PORT
OPTION 3 VALUE = IS: SI INPUT
OPTION 4 VALUE = IS: SO OUTPUT
OPTION 5 VALUE = 1S: SK OUTPUT
OPTION 6 VALUE = IS: INg INPUT
OPTION 7 VALUE = IS: INg INPUT
OPTION 8 VALUE = IS: Gg I/0 PORT
OPTION 9 VALUE = iS: G4 1/0 PORT
OPTION 10 VALUE = IS: Gy 170 PORT
OPTION 11 VALUE = IS: G 170 PORT
OPTION 12 VALUE = IS: Hg 1/0 PORT
OPTION 13 VALUE = 1S: Hq 1/0 PORT
OPTION 14 VALUE = IS: Hy 170 PORT
OPTION 15 VALUE = IS: Hg I1/0 PORT
OPTION 16 VALUE = IS: Dz OUTPUT
OPTION 17 VALUE = 1S: D, OUTPUT
OPTION 18 VALUE = 1S: Dy OUTPUT
OPTION 19 VALUE = 1S: Dg OUTPUT
OPTION 20 VALUE = 1S: GROUND PIN
OPTION 21 VALUE = IS: CKO PIN
OPTION 22 VALUE = 1S: CKI INPUT
OPTION 23 VALUE = 1S: RESET INPUT
OPTION 24 VALUE = 1S: Ry I/0 PORT
OPTION 25 VALUE = IS: Rg I1/0 PORT

Note on L and R 1/0 Port Options

If L and R 170 Ports are used as inputs, the following must

be observed:

a. Open-Drain output (selection 1) is allowed only if external
pull-up is provided.

b.If L and R output ports are disabled when reading, an
external pull-up is required unless selections 4, 5, 6, or 7
are chosen.

c.If L output port is enabled, selections 3 and 7 are not
allowed.

d. If R output port is enabled, selections 2, 3, 6, and 7 are
not allowed.

OPTION26 VALUE = _______IS: Rg I/O PORT
OPTION 27 VALUE = ________1S: R4 1/O PORT
OPTION28VALUE = _____1S: Rg /O PORT
OPTION 29 VALUE = ______1S: R I/O PORT
OPTION30 VALUE = ____1S: Ry I/0 PORT
OPTION 31 VALUE = _______1S: Rg I/O PORT
OPTION32VALUE = _______IS: Ly I/0 PORT
OPTION33VALUE = _______1S: Lg I/O PORT
OPTION 34 VALUE = ______1S: L5 I/0 PORT
OPTION35VALUE = _____1S: L4 1/0 PORT
OPTION 36 VALUE = 1St INy INPUT
OPTION 37 VALUE = _____IS: IN INPUT
OPTION 38 VALUE = IS: Ly I/0 PORT
OPTION 39 VALUE = IS: Lp 1/0 PORT
OPTION40 VALUE = ___ 0 IS: Vg

OPTION 41 VALUE = IS: COP FUNCTION
OPTION 42 VALUE = IS: IN INPUT LEVELS
OPTION 43 VALUE = IS: G INPUT LEVELS
OPTION 44 VALUE = IS: L INPUT LEVELS
OPTION 45 VALUE = IS: CKO INPUT LEVELS
OPTION 46 VALUE = IS: SI INPUT LEVELS
OPTION 47 VALUE = IS: R INPUT LEVELS
OPTION 48 VALUE = IS: H INPUT LEVELS
OPTION 49 VALUE = IS: NO OPTION
OPTION 50 VALUE = IS: COP BONDING

Test Mode (Non-Standard Operation)

The SO output has been configured to provide for standard
test procedures for the custom-programmed COP440. With
SO forced to logic “1”, two test modes are provided, de-
pending upon the value of Si:

a. RAM and Internal Logic Test Mode (SI = 1)

b. ROM Test Mode (S! = 0)

These special test modes should not be employed by the
user; they are intended for manufacturing test only.
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National
Semiconductor

COP444L/COP445L/COP344L/COP345L
Single-Chip N-Channel Microcontrollers

General Description

The COP444L, COP445L, COP344L, and COP345L Single-
Chip N-Channel Microcontrollers are members of the
COPS™ family, fabricated using N-channel, silicon gate
MOS technology. These controller oriented processors are
complete microcomputers containing all system timing, in-
ternal logic, ROM, RAM, and 1/0 necessary to implement
dedicated control functions in a variety of applications. Fea-
tures include single supply operation, a variety of output
configuration options, with an instruction set, internal archi-
tecture and 1/0 scheme designed to facilitate keyboard in-
put, display output and BCD data manipulation. The
COP445L is identical to the COP444L, but with 19 1/0 lines
instead of 23. They are an appropriate choice for use in
numerous human interface control environments. Standard
test procedures and reliable high-density fabrication tech-
niques provide the medium to large volume customers with
a customized controller oriented processor at a low end-
product cost.

The COP344L and COP345L are exact functional equiva-

lents, but extended temperature range versions of the
COP4441 and COP445L respectively.

Features

W Low cost

m Powerful instruction set

| 2k x 8 ROM, 128 x 4 RAM

m 23 I/0 lines (COP444L)

W True vectored interrupt, plus restart

m Three-level subroutine stack

® 15 ps instruction time

m Single supply operation (4.5-6.3V)

| Low current drain (11 mA max.)

m Internal time-base counter for real-time processing

= Internal binary counter register with MICROWIRE™ se-
rial 1/0O capability

B General purpose and TRI-STATE® outputs

B LSTTL/CMOS compatible in and out

m Direct drive of LED digit and segment lines

B Software/hardware compatible with other members of
COP400 family

m Extended temperature range devices
COP3441./COP345L (—40°C to +85°C)
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COP444L/COP445L/COP344L/COP345L

COP444L/COP445L

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Voltage at Any Pin Relative to GND =0.5Vto +10V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature —65°Cto +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation 0.75 Watt at 25°C

0.4 Wattat 70°C

Total Source Current 120 mA
Total Sink current 120 mA
Absolute maximum ratings indicate limits beyond which
damage to the device may occur. DC and AGC electrical
specifications are not ensured when operating the device at
absolulte maximum ratings.

DC Electrical Characteristics o-c < Tx < +70°C, 4.5V < Vg < 6.3V unless otherwise noted.

Parameter Conditions Min Max Units
Standard Operating Voltage (Vcc) (Note 1) 4.5 6.3 Vv
Power Supply Ripple Peak to Peak 0.5 \
Operating Supply Current All Inputs and Outputs Open 13 mA
Input Voltage Levels
CKI Input Levels
Crystal Input (=32, + 16, +8)
Logic High (Vi) Vec = Max. 3.0 \
Logic High (V1) Ve = 5V £5% 2.0 0.4 v
Logic Low (V1) —-0.3
Schmitt Trigger input (+-4)
Logic High (Vi) 0.7Vce v
Logic Low (V|D) —-0.3 0.6 v
RESET Input Levels Schmitt Trigger Input
Logic High 0.7 Veo \"
Logic Low -0.3 0.6 v
SO Input Level (Test Mode) (Note 3) 2.0 25 \
All Other Inputs
Logic High Vce = Max. 3.0 \
Logic High With TTL Trip Level Options 2.0 \
Logic Low Selected, Vgg = 5V £10% -0.3 0.8 v
Logic High With High Trip Level Options 3.6 \)
Logic Low Selected -0.3 1.2 Vv
Input Capacitance 7 pF
Hi-Z Input Leakage -1 +1 HA
Output Voltage Levels
LSTTL Operation Vee = 5V 5%
Logic High (Von) loh = —25 pA 2.7 \
Logic Low (Vor) loL = 0.36 mA 0.4 \4
CMOS Operation (Note 2)
Logic High loH = —10pA Vee—1 \
Logic Low loL = +10pA 0.2 \J

Note 1: V¢ voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.

Note 2: TRI-STATE and LED configurations are excluded.
Note 3: SO output “0” level must be less than 0.8V for normal operation.
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COP444L/COP445L (Continued)

DC Electrical Characteristics o°c < T4 < +70°C, 4.5V < Vg < 6.3V unless otherwise noted. (Continued)

Parameter Conditions Min Max Units
Output Current Levels
Output Sink Current
SO and SK Outputs (lop) Ve = 6.3V, VoL = 0.4V 1.2 mA
Vece = 4.5V, VoL = 0.4V 0.9 mA

Lo-L7 Outputs and Standard Vce = 6.3V, VoL = 0.4V 0.4 mA

Go-Gg, Dg~Dg Outputs (Io) Vcc = 4.5V, VgL = 0.4V 0.4 mA

Go-G3 and Dg-D3 Outputs with Vce = 6.3V, VoL = 1.0V 11 mA

High Current Options (Io|) Veo = 4.5V, VoL = 1.0V 75 mA

Go-Gg and Dg-D3 Outputs with Vce = 6.3V, VoL = 1.0V 22 mA

Very High Current Options (loL) Vce = 4.5V, VoL = 1.0V 15 mA

CKI (Single-pin RC oscillator) Voo = 4.5V, V| = 3.5V 2 mA

CKO Vee = 4.5V, VoL = 0.4V 0.2 mA

Output Source Current

Standard Configuration, Vce = 6.3V, Vou = 2.0V -75 —480 rA

All Outputs (Ion) Veo = 4.5V, Vo = 2.0V —30 —250 pA

Push-Pull Configuration Vece = 9.5V, Vo = 4.75V —1.4 mA

SO and SK Outputs (lon) Voo = 6.3V, Vo = 2.4V —-1.4 mA

Vcoe = 4.5V, Vo = 1.0V —1.2 mA

LED Configuration, Lo-L7

Outputs, Low Current

Drivers Option (Ion) Vco = 6.0V, Vo = 2.0V —-1.5 -13 mA

LED Configuration, Lo—L7

Outputs, High Current

Driver Option (loH) Vce = 6.0V, Vo = 2.0V —-3.0 —25 mA

TRI-STATE Configuration,

Lo-L7 Outputs, Low Vcc = 6.3V, Vo = 3.2V -0.8 mA

Current Driver Option (Ion) Ve = 4.5V, Vo = 1.5V -0.9 mA

TRI-STATE Configuration,

Lo-L7 Outputs, High Vce = 6.3V, Vo = 3.2V -1.6 mA

Current Driver Option (Ion) Voo = 4.5V, VoH = 1.5V -1.8 mA
Input Load Source Current Vee = 5.0V -10 —140 pA
CKO Output

RAM Power Supply Option

Power Requirement VR = 3.3V 3.0 mA
TRI-STATE Output Leakage Current —-25 +2.5 BA
Total Sink Current Allowed

Al Outputs Combined 120 mA

D, G Ports 120 mA

L7-L4 4 mA

L3-Lg 4 mA

All Other Pins 1.5 mA
Total Source Current Allowed

All'1/0 Combined 120 mA

L7-Ly4 60 mA

La-Lo0 60 mA

Each L Pin 30 mA

All Other Pins 1.5 mA
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COP444L/COP445L/COP344L/COP345L

COP344L/COP345L

Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availablility and specifications.
Voltage at Any Pin Relative to GND —0.5Vto +10V
Ambient Operating Temperature —40°Cto +85°C
Ambient Storage Temperature —65°Cto +150°C

Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation 0.75 Watt at 25°C
0.25 Watt at 85°C

Total Source Current 120 mA
Total Sink Current 120 mA
Absolute maximum ratings indicate limits beyond which
damage to the device may occur. DC and AC electrical
specifications are not ensured when operating the device at
absolute maximum ratings.

DC Electrical Characteristics —40c < Ta < +85°C, 4.5V < V¢ < 5.5V unless otherwise noted.

Parameter Conditions Min Max Units
Standard Operating Voltage (Vcg) (Note 1) 45 5.5 v
Power Supply Ripple Peak to Peak 0.5 \
Operating Supply Current All Inputs and Outputs Open 15 mA
Input Voltage Levels
CKi Input Levels
Crystal Input
Logic High (Vi) Vee = Max. 3.0 v
Logic High (V) Veg = 5V 5% 22 0.3 v
Logic Low (Vi) : -0.3
Schmitt Trigger Input
Logic High (Vi) 0.7 Ve \
Logic Low (Vi) -03 0.4 v
RESET Input Levels Schmitt Trigger Input
Logic High 0.7 Ve v
Logic Low -0.3 04 v
SO Input Level (Test Mode) 2.2 2.5 \"
All Other Inputs
Logic High Vee = Max. 3.0 \"
Logic High With TTL Trip Level Options 2.2 v
Logic Low Selected, Vog = 5V £5% -0.3 0.6 \'
Logic High With High Trip Level Options 3.6 \"
Logic Low Selected -0.3 1.2 v
Input Capacitance 7 pF
Hi-Z Input Leakage -2 +2 HA
Output Voltage Levels
LSTTL Operation Vec = 5V £10%
Logic High (Von) lon = —20 pA 2.7 \
Logic Low (Vo) loL = 0.36 mA 0.4 v
CMOS Operation (Note 2)
Logic High loy = —10 pA Vec—1 v
Logic Low loL= +10 nA 0.2 v

Note 1: Ve voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.

Note 2: TRI-STATE and LED configurations are excluded.
Note 3: SO output 0" level must be less than 0.6V for normal operation.
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COP344L/COP345L (Continued)
DC Electrical Characteristics

—40°C < Tp < +85°C, 4.5V < Vg < 5.5V unless otherwise noted. (Continued)

Parameter Conditlons Min Max Units
Output Current Levels
Output Sink Current
SO and SK Outputs (Iop) Vec = 5.5V, VoL = 0.4V 1.0 mA
Vo = 4.5V, VoL = 0.4V 0.8 mA
Lo-L7 Outputs, and Standard Vee = 5.5V, VoL = 0.4V 0.4 mA
Gp-Gg, Dg—-D3 Outputs (Iop) Vee = 4.5V, VoL = 0.4V 0.4 mA
Go-Gg and Dg—Dg3 Outputs with Ve = 5.5V, VoL =1.0V 9 mA
High Current Options (o) Vce = 4.5V, VoL = 1.0V 7 mA
Go-Gg and Dg—-Dj3 Outputs with Vee = 6.5V, VoL = 1.0V 18 mA
Very High Current Options (lo) Vee = 4.5V, VoL = 1.0V 14 mA
CKI (Single-Pin RC Oscillator) Veo = 4.5V, Vg = 3.5V 2 mA
CKO Vee = 4.5V, VoL = 0.4V 0.2 mA
Output Source Current
Standard Configuration, Vee = 6.5V, Vo = 2.0V- —55 —600 pA
Ali Outputs (lon) Vec = 4.5V, Vou = 2.0V —28 —350 pA
Push-Pull Configuration Vee = 5.5V, Vo = 2.0V —-1.1 mA
SO and SK Outputs (Ion) Voo = 4.5V, VoH = 1.0V -1.2 mA
LED Configuration, Lo-L7
Outputs, Low Current Voo = 6.0V, VoH = 2.0V -1.4 -17 mA
Driver Option(lon) Vge = 6.5V, Vou = 2.0V -0.7 -15 mA
LED Configuration, Lo-L7
Outputs, High Current Vee = 6.0V, Vo = 2.0V -27 —34 mA
Driver Option (loR) Vee = 5.5V, Vou = 2.0V -1.4 -30 mA
TRI-STATE Configuration,
Lo-L7 Outputs, Low Vee = 5.5V, Von = 2.7V —-0.6 mA
Current Driver Option (Ios) Vee = 4.5V, Vgy = 1.5V -0.9 mA
TRI-STATE Configuration,
Lo-L7 Outputs, High Ve = 5.5V, Vo = 2.7V -1.2 mA
Current Driver Option (IoH) Vce = 4.5V, Vo = 1.5V -1.8 mA
Input Load Source Current Vce = 5.0V -10 --200 pA
CKO Output
RAM Power Supply Option Vg = 3.3V 4.0 mA
Power Requirement
TRI-STATE Output Leakage Current -5 +5 pA
Total Sink Current Allowed
All Outputs Combined 120 mA
D, G Ports 120 mA
L7-Ls 4 mA
L3-Lo 4 mA
All Other Pins 1.5 mA
Total Source Current Allowed
All 170 Combined 120 mA
Ly-Ly4 60 mA
L3-Lo 60 mA
Each L Pin 30 mA
All Other Pins 1.5 mA
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COP444L/COP445L/COP344L/COP345L

AC Electrical Characteristics
COP444L/445L: 0°C < T < 70°C, 4.5V < Vgc < 6.3V unless otherwise noted.
COP344L/345L: —40°C < Tp < +85°C, 4.5V < Vg < 5.5V unless otherwise noted.

Parameter Conditions Min Max Units
Instruction Cycle Time—tg 16 40 us
CKI
Input Frequency—f; +32 Mode 0.8 2.0 MHz
+16 Mode 04 1.0 MHz
+8 Mode 0.2 0.5 MHz
+4 Mode 0.1 0.25 MHz
Duty Cycle 30 60 %
Rise Time fi = 2MHz 120 ns
Fall Time 80 ns
CKI Using RC (+4) R =56k +5%
C = 100pF £10%
Instruction Cycle Time (Note 1) 16 28 us
CKO as SYNC Input
tsYNC 400 ns
INPUTS:
IN3~INg, G3-Go, L7-Lg
tseTup 8.0 ks
tHoLD 1.3 ps
Si
tseTuP 20 ps
tHoLD 1.0 us
OUTPUT PROPAGATION DELAY Test Condition:
CL = 50 pF, R = 20k, VoyT = 1.5V
SO, SK Outputs
tpd1s tpdo 4.0 us
All Other Outputs
tod1, todo 5.6 us

Note 1: Variation due to the device included.
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Connection Diagrams

Dual-In-Line Dual-In-Line
GNO— 1 28 p—D00 GND—] 1 28 [—=00
CKO— 2 27 f=—01 cko~—]2 23 p—D01
CKI—1 3 26 }—02 cKI—q3 22 D02
RESET— 4 25 4—03 RESET— 4 21 f—D3
L 5 24 }——03 L1715 20p-—G3
16— 6 23|62 16—{6 copeasL/ 19}—G2
=7 copaay 2p—01 ts—]7 COPMSL jgf—q1
L8 COPIAL 23 |—io La-—q8 17 —G0
INI-—1 9 20 p——IN3 vee—19 16 p—=SK
IN2——] 10 19—IND L3=—10 15 prem150
vee=—— 1t 18 p==$K =N =3
13— 12 17 =S50 L—12 13p~—L0
[¥] 1 16 f=—=51
: 14 S TL/DD/6928-3
H ® w Top View
Top View TL/DD/6825-2 Order Number COP445L-XXX/N or COP345L-XXX/N

See NS Package Number N24A
Order Number COP444L-XXX/N or COP344L-XXX/N

See NS Package Number N28B

FIGURE 2

Pin Descriptions

Pin Description Pin Description
L7-Lo 8 bidriectional 1/0 ports with TRI-STATE CKl System oscillator input
G3-Gp 4 bidirectional 1/0 ports CKO System oscillator output (or general purpose in-
D3-Do 4 general purpose outputs put, RAM power supply, or SYNC input)
IN3-INg 4 general purpose inputs (COP444L only) RESET  System reset input
Sl Serial input (or counter input) Veo Power supply
S0 Serial output (or general purpose output) GND  Ground
SK Logic-controlled clock (or general purpose out-

put)

Timing Diagrams

}‘_—_— INSTRUCTION CYCLE TIME (tg) ———.{

--1 w01 |+ —»| |<—tr00
SEoER L Von Vou 7 AN [T
oo |e——1seTUP ——>| |=—tHoLD
3-6g, L7-L0,
CK0&Si X A
INPUTS |<— P01 — DD

G3-Go. D3-0g, ) / X Von v
17-Lg, SO, SK

OUTPUTS

. TL/DD/6928-4
FIGURE 3a. Input/Output Timing Diagrams (Crystal Divide-by-16 Mode)

e

CKI

|— w1 j=tsvac

CKO
(INPUT)

FIGURE 3b. Synchronization Timing

TL/DD/6928-5
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COP444L/COP445L/COP344L/COP345L

Functional Description

A block diagram of the COP444L is given in Figure 7. Data
paths are illustrated in simplified form to depict how the vari-
ous logic elements communicate with each other in imple-
menting the instruction set of the device. Positive logic is
used. When a bit is set, it is a logic “1” (greater than 2
volts). When a bit is reset, it Is a logic “0" (less than 0.8
volts).

All functional references to the COP444L/COP445L also
apply to the COP344L/COP345L.

PROGRAM MEMORY

Program Memory consists of a 2048 byte ROM. As can be
seen by an examination of the COP444L/445L instruction
set, these words may be program instructions, program data
or ROM addressing data. Because of the special character-
istics associated with the JP, JSRP, JID, and LQID instruc-
tions, ROM must often be thought of as being organized into
32 pages of 64 words each.

ROM addressing is accompligshed by a 11-bit PC register. Its
binary value selects one of the 2048 8-bit words contained
In ROM. A new address Is loaded into the PC register during
each instruction cycle. Unless the instruction is a transfer of
control Instruction, the PG register is loaded with the next
sequential 11-bit binary count value. Three levels of subrou-
tine nesting are implemented by the 11-bit subroutine save
registers, SA, SB, and SC, providing a last-in, first-out (LIFO)
hardware subroutine stack.

ROM instruction words are fetched, decoded and executed
by the Instruction Decode, Control and Skip Logic circuitry.

DATA MEMORY

Data memory consists of a 512-bit RAM, organized as 8
data registers of 16 4-bit digits. RAM addressing is imple-
mented by a 7-bit B register whose upper 3 bits (Br) select 1
of 8 data registers and lower 4 bits (Bd) select 1 of 16 4-bit
digits in the selected data register. While the 4-bit contents
of the selected RAM digit (M) is usually loaded into or from,
or exchanged with, the A register (accumulator), it may also
be loaded into or from the Q latches or loaded from the L
ports. RAM addressing may also be performed directly by
the LDD and XAD instructions based upon the 7-bit con-
tents of the operand field of these instructions. The Bd reg-
ister also serves as a source register for 4-bit data sent
directly to the D outputs.

INTERNAL LOGIC

The 4-bit A register (accumulator) is the source and destina-
tion register for most 1/0, arithmetic, logic and data memory
access operations. It can also be used to load the Br and Bd
portions of the B register, to load and input 4 bits of the 8-bit
Q latch data, to input 4 bits of the 8-bit L 1/0 port data and
to perform data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic functions,
storing its results in A. it also outputs a carry bit to the 1-bit
C register, most often employed to indicate arithmetic over-
flow. The C register, in conjunction with the XAS instruction
and the EN register, also serves to control the SK output. C
can be outputted directly to SK or can enable SK to be a
sync clock each instruction cycle time. (See XAS instruction
and EN register descriptor, below.)

Four general-purpose inputs, IN3~INg, are provided.

The D register provides 4 general-purpose outputs and is
used as the destination register for the 4-bit contents of Bd.
The D outputs can be directly connected to the digits of a
multiplexed LED display.

The G register contents are outputs to 4 general-purpose
bidirectional I/0 ports. G 1/0 ports can be directly connect-
ed to the digits of a multiplexed LED display.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded to or from M and A, as well as 8-bit data
from ROM. Its contents are output to the L I/0 ports when
the L drivers are enabled under program control. (See LE|
instruction.)

The 8 L drivers, when enabled, output the contents of
latched Q data to the L 1/0 ports. Also, the contents of L
may be read directly into A and M. L 1/0 ports can be direct-
ly connected to the segments of a multiplexed LED display
(using the LED Direct Drive output configuration option) with
Q data being outputted to the Sa~Sg and decimal point
segments of the display.

The SIO register functions as a 4-blt serial-in/serial-out shift
register or as a binary counter depending on the contents of
the EN register. (See EN register description, below.) Its
contents can be exchanged with A, allowing it to input or
output a continuous serlal data stream. SIO may also be
used to provide additional parallel 170 by connecting SO to
external serial-in/parallel-out shift registers.

The XAS instruction copies C into the SKL latch. In the
counter mode, SK Is the output of SKL; in the shift register
mode, SK outputs SKL ANDed with the clock.

The EN register is an internal 4-bit register loaded under
program control by the LEI instruction. The state of each bit
of this register selects or desslects the particular feature
associated with each bit of the EN register (EN3—ENp).

1. The least significant bit of the enable register, ENg, se-
lects the SIO register as sither a 4-bit shift register or a 4-
bit binary counter. With ENg set, SIO is an asynchronous
binary counter, decrementing its value by one upon each
low-going pulse (1" to “0") occurring on the Sl input.
Each pulse must be at least two instruction cycles wide.
SK outputs the value of SKL. The SO output is equal to
the value of EN3. With ENg reset, SIO is a serial shift
register shifting left each instruction cycle time. The data
present at Sl goes into the least significant bit of SI0. SO
can be enabled to output the most significant bit of SIO
each cycle time. (See 4 below.) The SK output becomes
a logic-controlled clock.

2. With ENy set the IN4 input is enabled as an interrupt in-
put. Immediately following an interrupt, EN; is reset to
disable further interrupts.

3. With ENo set, the L drivers are enabled to output the data
in Q to the L I/0 ports. Resstting ENy disables the L
drivers, placing the L I/0 ports in a high-impedance input
state.

4. ENg, in conjunction with ENg, affects the SO output. With
ENp set (binary counter option selected) SO will output
the value loaded into EN3. With ENg reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resetting ENg with the serial
shift register option selected disables SO as the shift reg-
ister output; data continues to be shifted through SIO and
can be exchanged with A via an XAS instruction but SO
remains reset to “0". The table below provides a summa-
ry of the modes associated with EN3 and ENg.
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Functional Description (continued)

Enable Register Modes--Bits EN3 and ENg

EN3 ENg SI0 Sl SO SK

0 0 Shift Register Input to Shift Register 0 If SKL = 1, SK = CLOCK
fSKL=0,SK=0

1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = CLOCK
IfSKL = 0,SK =0

0 1 Binary Counter Input to Binary Counter 0 IfSKL=1,SK=1
ifSKL = 0,SK =0

1 1 Binary Counter Input to Binary Counter 1 ¥SKL=1,8K=1
IfSKL=0,SK =0

INTERRUPT INITIALIZATION

The following features are associated with the IN4 interrupt
procedure and protocol and must be considered by the pro-
grammer when utilizing interrupts.

a. The interrupt, once acknowledged as explained below,
pushes the next sequential program counter address
(PC+1) onto the stack, pushing in turn the contents of
the other subroutine-save registers to the next lower level
(PC + 1 — SA — SB —> SC). Any previous con-
tents of SC are lost. The program counter is set to hex
address OFF (the last word of page 3) and EN; is reset.

b. An interrupt will be acknowledged only after the following
conditions are met:

1. ENq has been set.

2. A low-going pulse (“1” to “0") at least two instruction
cycles wide occurs on the IN4 input.

3. A currently executing instruction has been completed

4. All successive transfer of control instructions and suc-
cessive LBIs have been completed (e.g., if the main
program is executing a JP instruction which transfers
program control to another JP instruction, the interrupt
will not be acknowledged until the second JP instruc-
tion has been executed.

Upon acknowledgement of an interrupt, the skip logic
status is saved and later restored upon popping of the
stack. For example, if an interrupt occurs during the exe-
cution of ASC (Add with Carry, Skip on Carry) instruction
which results in carry, the skip logic status is saved and
program control is transferred to the interrupt servicing
routine at hex address OFF. At the end of the interrupt
routine, a RET instruction is executed to “pop” the stack
and return program control to the instruction following the
original ASC. At this time, the skip logic is enabled and
skips this instruction because of the previous ASC carry.
Subroutines and LQID instructions should not be nested
within the interrupt service routine, since their popping the
stack will enable any previously saved main program
skips, interfering with the orderly execution of the inter-
rupt routine.

d. The first instruction of the interrupt routine at hex address
OFF must be a NOP.

e. A LEl instruction can be put immediately before the RET
to re-enable interrupts.

24

The Reset Logic will initialize (clear) the device upon power-
up if the power supply rise time is less than 1 ms and great-
er than 1 ps. If the power supply rise time is greater than 1
ms, the user use provide an external RC network and diode
to the RESET pin as shown below. If the RC network is not
used, the RESET pin must be pulled up to Vg sither by the
internal load or by an external resistor (=40 kQ) to Vce.
The RESET pin is configured as a Schmitt trigger input. Ini-
tialization will occur whenever a logic “0" is applied to the
RESET input, provided it stays low for at least three instruc-
tion cycle times.

Pt ]
g vee
£
R o
3 RESET
U
P

GND
T
Y ]

TL/DD/6928-8
RC = 5 x Power Supply Rise Time (R = 40k)
Power-Up Clear Circuit

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, D, EN, and G registers are cleared.
The SK output is enabled as a SYNC output, providing a
pulse each instruction cycle time. Data Memory (RAM) is
not cleared upon inftialization. The first instuction at address
0 must be a CLRA.

OSCILLATOR

There are four basic clock oscillator configurations available
as shown by Figure 4.

a. Crystal Controlled Oscillator. CKI and CKO are con-
nected to an external crystal. The instruction cycle time
equals the crystal frequency divided by 32 (optional by 16
or 8).

b. External Oscillator. CKl is an external clock input signal.
The external frequency is divided by 32 (optional by 16 or
8) to give the instruction cycle time. CKO is now available
to be used as the RAM power supply (VR), as a general
purpose input. )

c. RC Controlled Oscillator. CKl is configured as a single
pin RC controlled Schmitt trigger oscillator. The instruc-
tion cycle equals the oscillation frequency divided by 4.
CKO is available as the RAM power supply (VR) or as a
general purpose input.
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COP444L/COP445L/COP344L/COP345L

Functional Description (continued)

KO

Ew-b Vee
(VR OR GENERAL

j: PURPOSE INPUT

CKI CKO
S (VR OR GENERAL
EXTERNAL PURPOSE INPUT
cLocx OR SYNC PIN}
TL/DD/6928-7
Crystal Osclllator
Crystal Component Values
value | Rri(a) | R2() | C1(pF) | C2(pF)
455 kHz 4,7k ™M 220 220
2.097 MHz 1k M 30 6-36
RC Controlled Osclllator
Instruction
R (kQ) C(pF) Cycle Time
(n8)
51 100 19 £ 15%
82 56 19 £ 13%

NOTE: 200 k2 > R > 25 k2
360 pF > C 2 50 pF
. FIGURE 4. COP444L/445L Osciliator

CKO PIN OPTIONS

In a crystal controlled oscillator system, CKO is used as an
output to the crystal network. As an option CKO can be a
general purpose input, read into bit 2 of A (accumulator)
upon execution of an INIL instruction. As another option,
CKO can be a RAM power supply pin (VR), allowing its con-
nection to a standby/backup power supply to maintain the
integrity of RAM data with minimum power drain when the
main supply is inoperative or shut down to conserve power.
Using either option is appropriate in applications where the
COP444L/445L system timing configuration does not re-
quire use of the CKO pin.

1/0 OPTIONS

COP444L/445L outputs have the following optional configu-

rations, illustrated in Figure 5.

a. Standard—an enhancement mode device to ground in
conjunction with a depletion-mode device to Vg, com-
patible with LSTTL and CMOS input requirements. Avail-
able on SO, SK, and all D and G outputs.

b. Open-Drain—an enhancement-mode device to ground
only, allowing external pull-up as required by the user’s
application. Available on SO, SK, and all D and G out-
puts.

¢. Push-Pull—An enhancement-mode device to ground in
conjunction with a depletion-mode device paralleled by
an enhancement-mode device to V. This configuration
has been provided to allow for fast rise and fall times
when driving capacitive loads. Available on SO and SK
outputs only. "

d. Standard L—same as a., but may be disabled. Available
on L outputs only.

e. Open Drain L—same as b., but may be disabled. Avail-
able on L outputs only.

f.LED Direct Drive—an enhancement-mode device to
ground and to Vg, mesting the typical current sourcing
requirements of the segments of an LED display. The
sourcing device is clamped to limit current flow. These
devices may be turned off under program control (See
Functional Description, EN Register), placing the outputs
in a high impedance state to provide required LED seg-
ment blanking for a multiplexed display. Available on L
outputs only.

Note: Series current limiting resistors have to be used if the higher operat-

ing voltage option is selected and LEDs are driven directly.

g. TRI-STATE Push-Pull—an enhancement-mode device
to ground and Vgg. These outputs are TRI-STATE out-
puts, allowing for connection of these outputs to a data
bus shared by other bus drivers. Available on L outputs
only.

COP444L/COP445L inputs have the following optional con-

figurations:

h. An on-chip depletion load device to Vce.

1. A Hi-Z input which must be driven to a “1” or “0” by
external components.

The above input and output configurations share common
enhancement-mode and depletion-mode devices. Specifi-
cally, all configurations use one or more of six devices
(numbered 1-6, respectively). Minimum and maximum cur-
rent (Ioyt and Vour curves are given in Figure 6 for each of
these devices to allow the designer to effectively use these
170 configurations in designing a system.

The SO, SK outputs can be configured as shown in a., b., or

¢. The D and G outputs can be configured as shown in a. or

b. Note that when inputting data to the G ports, the G out-

puts should be set to “1”. The L outputs can be configured

ind, e, f.org.

An important point to remember if using configuration d. or

f. with the L drivers is that even when the L drivers are

disabled, the depletion load device will source a small

amount of current (see Figure 6, device 2); however, when
the L-lines are used as inputs, the disabled depletion device
can not be relied on to source sufficient current to pull an

input to logic 1",

RAM KEEP-ALIVE OPTION

Selecting CKO as the RAM power supply (VR) allows the

user to shut off the chip power supply (Vcc) and maintain

data in the lower four (Br = 0, 1, 2, 3) registers of RAM. To
insure that RAM data integrity is maintained, the following
conditions must be met:

1. RESET must go low before Ve goes low during power
off; Vo must go high before RESET goes high on power-
up.

2. VR must be within the operating range of the chip, and
equal to Vog * 1V during normal operation.

3. Vg must be = 3.3V with V¢ off.
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Functional Description (continued)
COP445L

If the COP444L is bonded as a 24-pin device, it becomes
the COP455L, illustrated in Figure 2, COP444L/445L Con-
nection Diagrams. Note that the COP445L does not contain

vee
A n
#

TL/DD/6928-9
a. Standard Output

DISABLE vee
A #2
#1
TL/DD/6928-12
d. Standard L Output

DISABLE

vee
#5
#1

TL/DD/6928-15
g. TRI-STATE Push-Pull (L Output)

>

b. Open-Drain Output

DISABLE
—ig

e. Open-Drain L Output

vce
#6
A
INPUT |

h. Input with Load

the four general purpose IN inputs (IN3—INg). Use of this
option precludes, of course, use of the IN options and the
interrupt feature, which uses IN4. All other options are avail-
able for the COP445L.

TL/DD/6928-10 TL/DD/6928-11

¢. Push-Pull Output

i

p———

52

DISABLE

TL/DD/6928-13 TL/DD/6928-14

(4 is Depletion Device)

f. LED (L Output)

eut P—— {

TL/DD/6928-17
i. Hi-Z Input

TL/DD/6928-16

FIGURE 5. Output Configuration

L-Bus Considerations

False states may be generated on Ly-L7 during the execu-
tion of the CAMQ instruction. The L-Ports should not be
used as clocks for edge sensitive devices such as flip-flops,
counters, shift registers, etc. The following short program
fllustrates this situation.

START:
CLRA
LEI 4
LBI TEST
STII 3
AISC 12

sENABLE THE Q
sREGISTER TO L LINES

LOOP:
LBI
CAMQ
JP

TEST sLOAD Q WITH X'C3

LooP

In this program the internal Q register is enabled onto the L
lines and a steady bit pattern of logic highs is output on Lg,
L4, Lg, L7, and logic lows on Lo-Lg via the two-byte CAMQ
instruction. Timing constraints on the device are such that
the Q register may be temporarily loaded with the second
byte of the CAMQ opcode (X'3C) prior to receiving the valid
data pattern. If this occurs, the opcode will ripple onto the L
lines and cause negative-going glitches on Lg, Ly, Lg, L7,
and positive glitches on La-Ls. Glitch durations are under
2 ps, although the exact value may vary due to data pat-
terns, processing parameters, and the L line loading. These
false states are peculiar only to the CAMQ instruction and
the L lines.
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COP444L/COP445L/COP344L/COP345L

Typical Performance Characteristics

Current for Inputs with
Load Device
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TL/DD/6928-18
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Typical Performance Characteristics (Continued)

LED Output Direct Segment Drive

High Current Options on Lo-L7

LED Output Source Current LED Output Source Current Very High Current Options on
(for High Current LED Option) (for Low Current LED Option) Do-D3 or Go-Ga
-40 -20 -50
-30 =13 “ haax -
P x 0 —_ - % ONE SEGEMENT O~
E N\ Ve = 6.0V .0 N ) /
4 7 3 Voo = 8.0V 3 4 <
e ® Vv L~
“w0f.! e -5 . | EGHT
- °’°$\ s s.ovl\ B e s“"“"""ﬁt
o 0 P e s
0123456787910 0123458782910 4 5 ¢ 7 8 9 10
Vou (VOLTS) Vo (VOLTS) Vg (VOLTS)
Output Sink Current for Lo-L7
LED Output Direct Segment Output Sink Current for SO and Standard Drive Option for
Drive and SK Do-D3 and Gy~G3
o 4 4
Vou = 2.0V / ,
e h,:r HIGH CURRENT s A s
huy © Veg = 4.8V
—_~ - L OPTION —} Ju—=__l —_ = hax © Yoo = 43V . I
g I uax LOW CURRENT E o { i U |
3. e 3 3B
® /1 OPTN / han © Voo = 45V iy © Voo = 45V
1 1
o 1t 2 3 4 5 o 1 2 3 4 s
Vee (VOLTS) VoL (VOLTS) Vo, (vOLTS)
Output Sink Current Output Sink Current for Go-G3
Gg~Gj and Dg-D3 with Very and Dg-Dj (for High Current
High Current Option Option
120 r 120
100 1 100
l luax © Veg = 4.5V
80 80 L
- - 1
3 60 3 60
K- 2 hiax O Voo = 4.5V
40 ©
[l LT
2 2 "
(I.!m 0 Vg = 45V t ™ Thaw © Vg = 45V
012345678910 012345678910
Vo, (VOLTS) Vou (VOLTS)

TL/DD/6828-19
FIGURE 6a. COP444L/COP445L Input/Output Characteristics
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COP444L/COP445L/COP344L/COP345L

Typical Performance Characteristics (Continued)
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FIGURE 6b. COP344L/COP345L Input/Output Characteristics
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COP444L/COP445L/COP344L/COP345L Instruction Set

Table | is a symbol table providing internal architecture, in-
struction operand and operational symbols used in the in-
struction set table.

Table | provides the mnemonic, operand, machine code,
data flow, skip conditions and description associated with
each instruction in the COP444L/445L instruction set.

TABLE I. COP444L/445L/344L/345L Instruction Table Symbols

Symbol

Definition

Symbol

Definition

INTERNAL ARCHITECTURE SYMBOLS

INSTRUCTION OPERAND SYMBOLS

A
B
Br
Bd
Cc
D
EN
G
IL

IN
L
M

PC
Q
SA
sB
SC
Sio
SK

4-bit Accumulator

6-bit RAM Address Register
Upper 3 bits of B (register address)
Lower 4 bits of B (digit address)

1-bit Carry Register
4-bit Data Output Port
4-bit Enable Register

4-bit Register to latch data for G 170 Port

Two 1-bit latches associated with the IN3 or

INg inputs
4-bit Input Port

8-bit TRI-STATE 1/0 Port
4-bit contents of RAM Memory pointed to by B

Register

11-bit ROM Address Register (program counter)

8-bit Register to latch data for L. 1/0 Port

11-bit Subroutine Save Register A
11-bit Subroutine Save Register B
11-bit Subroutine Save Register C
4-bit Shift Register and Counter
Logic-Controlled Clock Output

d
r

a
y

4-bit Operand Field, 0-15 binary (RAM Digit Select)
3-bit Operand Field, 0-7 binary (RAM Register
Select)

11-bit Operand Field, 0-2047 binary (ROM Address)
4-bit Operand Field, 0-15 binary (Immediate Data)

RAM(s) Contents of RAM location addressed by s
ROM(t) Contents of ROM location addressed by t

OPERATIONAL SYMBOLS

'e>l|IIll+

Plus

Minus

Replaces

Is exchanged with

Is equal to

The one’s complement of A
Exclusive-OR

Range of values

TABLE 1l. COP444L/445L Instruction Set

He Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
ARITHMETIC INSTRUCTIONS
ASC 30 | 0011|0000 A+ C+ RAM(B) — A Carry Add with Carry, Skip on
Carry — C Carry
ADD AN |0011]0001 A + RAM(B) — A None AddRAMto A
ADT 4A 0100|1010} A+ 1019 = A None Add Tento A
AISC y 5— 0101] y A+y—> A Carry Add Immediate, Skip on
Carry (y # 0)
CASC 10 100010000 A+ RAM(B)+ C — A Cary Complement and Add with
Carry — C Carry, Skip on Carry
CLRA 00 10000{0000| 00— A None Clear A
COMP 40 01000000 | A—A None Ones complement of Ato A
NOP 44 0100]0100| None None No Operation
RC 32 [0011]0010]| “0" — C None ResetC
SC 22 0010{0010] “1" — C None SetC
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Instruction Set (continued)
TABLE Il. COP444L/445L Instruction Set (Continued)

Hex Machine
Mnemonic Operand Language Code Data Flow Skip Conditions Description
Code
(Blnary)
TRANSFER OF CONTROL INSTRUCTIONS
XOR 02 0000{0010 A ©@ RAM(B) — A None Exclusive-OR RAM with A
JID FF 1111]1111 ROM (PC10.5, AM) — None Jump Indirect (Note 3)
PC70
JMP a 6~ 0110{0{a10:8| |a —> PC None Jump
-- a7.0 .
JP a -- 180 a — PCgyo None Jump within Page
(pages 2,3 only) ’ (Note 4)
©oor
== (1] as0 a —> PCso
allother pages
JSRP a -- 10] aspo PC+1—> SA— SB None Jump to Subroutine Page
—» SC (Note 5)
00010 — PCyp
a —> PCsp
JSR a 6- 0110jt|ajpg| [PC+ 1 —> SA —> SB None Jump to Subroutine
-- arp | | —> SC
a—» PC
RET 48 01001000 SC — SB — SA —> PC None Return from Subroutine
RETSK 49 101001001 SC — SB — SA — PC Always Skip on Return Return from Subroutine
then Skip
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 |0011{0011] |A —> Q74 None Copy A, RAMto Q
3C  [0071]1100] |RAM(B) — Qgp
CQMA 33 0011]0011 Q7.4 —> RAM(B) None Copy Q'to RAM, A
2C 0010([1100| {Qapo— A
LD r -5 00|r|0101 RAM(B) — A None Load RAMinto A
(r=20:3) Bror — Br Exclusive-OR Br with r
LDD rd 23 0010]0011 RAM(rd) — A None Load A with RAM pointed
-— o[rjd to directly by r,d
LQiD BF 1011[1111] | ROM(PCyg8.AM) — Q None Load Q Indirect (Note 3)
SB — SC
RMB 0 4C 010011100 0 — RAM(B)o None Reset RAM Bit
1 45 0100{0101 0 — RAM(B)4
2 42 0100[0010 0 — RAM(B)2
3 43 0100(0011 0 — RAM(B)3
SMB 0 4D 0100/1101 1 —» RAM(B)o None Set RAM Bit
1 47 0100[1701] |1 — RAM(B),
2 46 0100{0110 1 — RAM(B)2
3 4B 0700(1011| |1 — RAM(B)3
STil y 7- o111] y y —> RAM(B) None Store Memory Immediate
Bd+1 — Bd and Increment Bd
X r -6 00(r|0110 RAM(B) «—> A None Exchange RAM with A,
(r=0:3) Bror — Br Exclusive-OR Br with r
XAD rd 23 0010{0011| | RAM{r,d) «—> A None Exchange A with RAM
-- 1ir{ d ) pointed to directly by r,d
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Instruction Set (continued)

TABLE Il. COP444L/445L Instruction Set (Continued)

Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
MEMORY REFERENCE INSTRUCTIONS (Continued)
XDS r -7 100]r{0111 RAM(B) «— A Bd decrements past0 Exchange RAM with A
(r=0:3) Bd-1 — Bd and Decrement Bd,
Brer — Br Exclusive-OR Br with r
XIS r -4 00]|r|0100 RAM(B) «— A Bdincrements past 15 Exchange RAM with A
(r=0:3) Bd+1 — Bd and Increment Bd,
Brer — Br Exclusive-OR Brwith r
REGISTER REFERENCE INSTRUCTIONS
CAB 50  [0101[0000| |A — Bd None " CopyAtoBd
CBA 4E 0100|1110 Bd — A None Copy Bdto A
LBI rd - 00]r|(d-1) rd— B Skip until not a LBI Load B Immediate with
(r = 0:3; r,d (Note 6)
d =0, 9:15)
or
33 {0011{0011
- ijrj d
any r, any d)
LEI y 33 100010011 y = EN None Load EN Immediate (Note 7)
6- 0110] y
XABR 12 [0001]0010} | A «<—> Br(0 — Ag) None Exchange A with Br
TEST INSTRUCTIONS
SKC 20 0010/0000 C="1" Skip if Cis True"
SKE 21 00100001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 00110011 G3o=0 Skip if G is Zero
21 |0010{0001 (all 4 bits)
SKGBZ 33 {0011{0011 1st byte Skip if G Bit is Zero
0 01 | 00000001 Gop=10
1 1 0001 [ 0001 2nd byte Gy =0
2 03 00000011 Go=0
3 13 | 00010011 G3=0
SKMBZ 0 01 0000[0001 RAM(B)o = 0 Skip if RAM Bit is Zero
1 1 | 00010001 RAM(B)1 = 0
2 03 | 0000|0011 RAM(B)2 = 0
3 13 10001{0011 RAM(B)3 = 0
SKT 41 0100|0001 Atime-base counter  Skip on Timer
carry has occurred (Note 3)
since last test
INPUT/OUTPUT INSTRUCTIONS
ING 33 100110011 G— A None Input G Ports to A
~2A 0010]1010
ININ 33 | 00110011 IN— A None Input IN inputs to A
28 00101000 (Note 2)
INIL 33 00110011 ILg, CKO, “0",1Lg — A None Input IL Latches to A
20A 0010 1001 (Note 3)
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Instruction Set (continued)
TABLE Il. COP444L/445L Instruction Set (Continued)

Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
INPUT/OUTPUT INSTRUCTIONS (Continued)
INL 33 0011]0011 L7.4 — RAM(B) None Input L Ports to RAM, A
2E _ |0010{1110 Lag — A
OBD 33 00110011 Bd — D None Output Bd to D Outputs
3E 0011{1110
[e]c]] y 33 0011/0011 y—G None Output to G Ports
" b= 0101 t Immediate
oMG 33 0011[0011] | RAM(B) — G None Output RAM to G Ports
3A 0011/1010
XAS 4F 0100{1111 A <> S|IO,C — SKL None Exchange A with SIO
(Note 3)

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N where
0 signifies the least significant bit (low-order, right-most bit). For example, A3 indicates the most significant (left-most) bit of the 4-bit A register.

Note 2: The ININ instruction is not available on the 24-pin COP445L or COP345L since these devices do not contain the IN inputs.
Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP
may not jump to the last word in page 2.

Note 6: LB! is a single-byte instructionifd = 0, 9, 10, 11, 12, 13, 14 or 15. The machine code for the lower 4 bits equals the binary value of the *“d" data minus 1,
e.g., to load the lower four bits of B (Bd) with the value 8 (10015), the lower 4 bits of the LBI instruction equal 8 (10002). To load 0, the lower 4 bits of the LBI
instruction should equal 15 (11113).

Note 7: Machine code for operand field y for LE! instruction should equal the binary value to be latched into EN, where a “1" or “0" in each bit of EN corresponds
with the selaction or deselsction of a particular function associated with each bit. (See Functional Description, EN Register.)

Description of Selected Instructions

The following information is provided to assist the user in The JMP and JSR instructions are modified in that the ad-
understanding the operation of several unique instructions dress a may be anywhere within the 2048 words of ROM
and to provide notes useful to programmers in writing space. The opcodes are as follows:
COP444L/445L programs. JMP  |0110{0[210:9:8] JSR  [0110(1]210:9:8
SOFTWARE AND OPCODE DIFFERENCES IN THE a7.0 | | a7.0
COP444L INSTRUCTION SET The LDD, XAD, and two byte LBI are modified so that they
The COP444L is essentially a COP420L with a double RAM may address the entire RAM space. The opcodes are as
and ROM. Because of this increased memory space certain follows: :
instructions have expanded capability in the COP444L. Note
tl;lat there are no ne\rrf/ instrut:]tions in the COP444L and that LDD wg)-lr-o—m;'l XAD ]%01_01201%]
all instructions perform the same operations in the
COP444L as they did in the COP420L. The expanded capa- Lel |0011]0011)
bility is merely to allow appropriate handling of the in- 1]r|d
creased memory space. The affected instructions are: The XABR instruction change is transparent to the user.
JMP a (a=address) The opcode is not changed nor is the function of the instruc-
JSR a (a=address) tion. The change is that values of 0 through 7 in A will ad-
LDD rd (r.d=RAM address Br,Bd) dress registers in the COP444L (i.e., the lower three bits of
XAD rd (r.d=RAM address Br,Bd) A become the Br value following the instruction). In the
' ' ! COP420L, the lower two bits of A became the Br value fol-
LBl rd (rd=RAM address Br,Bd; lowing an XABR instruction.
only two byte form of the

| . Note that those instructions which have an exclusive-or ar-
instruction affected) gument (LD, X, XIS, XDS) are riot affected. The argument is

still two bits of the opcode. This' means that the exclusive-or
aspect of these instructions works within blocks of four reg-
isters. It is not possible to toggle Br from a value between 0
and 3 to a value between 4 and 7 by means of these instruc-
tions.

XABR
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Description of Selected Instructions (continued)

There are no other software or opcode differences between
the COP444L and the COP420L. Examination of the above
changes indicates that the existing opcodes for those in-
structions have merely been extended. There is no funda-
mental change.

XAS INSTRUCTION

XAS (Exchange A with SIO) exchanges the 4-bit contents of
the accumulator with the 4-bit contents of the SIO register.
The contents of SIO will contain serial-in/serial-out shift reg-
ister or binary counter data, depending on the value of the
EN register. An XAS instruction will also affect the SK out-
put. (See Functional Description, EN Register, above.) If
SIO is selected as a shift register, an XAS instruction must
be performed once every 4 instruction cycles to effect a
continuous data stream.

JID INSTRUCTION

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
to indirectly by A and M. it loads the lower 8 bits of the ROM
address register PG with the contents of ROM addressed by
the 11-bit word, PCyg.8, A, M. PCq9, PCg and PCg are not
affected by this instruction.

Note that JID requires 2 instruction cycles to execute.

INIL INSTRUCTION

INIL (Input IL Latches to A) inputs 2 latches, Lz and ILg (see
Figure 7) and CKO into A. The IL3 and ILg latches are set if
a low-going pulse (*'1”" to “0") has occurred or the IN3 and
INg inputs since the last INIL instruction, provided the input
pulse stays low for at least two instruction times. Execution
of an INIL inputs IL3 and ILg into A3 and AO respectively,
and resets these latches to allow them to respond to subse-
quent low-going pulses on the IN3 and INg lines. If CKO is
mask programmed as a general purpose input, an INIL will
input the state of CKO into A2. If CKO has not been so
programmed, a “1” will be placed in A2. A “0” is always
placed in A1 upon the execution of an INIL. The general
purpose inputs IN3~INg are input to A upon execution of an
ININ instruction. (See Table I, ININ instruction.) INIL is use-
ful in recognizing pulses of short duration or pulses which
occur too often to be read conveniently by an ININ instruc-
tion.

Note: IL latches are not cleared on reset; IL3-ILg not input on 445L

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 11-bit word PC4g, PCg,
PCg A, M. LQID can be used for table lookup or code con-

version such as BCD to seven-segment. The LQID instruc-
tion “pushes” the stack (PC + 1 — SA — SB — SC)
and replaces the least significant 8 bits of PC as follows: A
—> PC7.4, RAM(B) — PCg.q, leaving PC4q, PCg and PCg
unchanged. The ROM data pointed to by the new address is
fetched and loaded into the Q latches. Next, the stack is
“popped” (SC — SB — SA — PCQ), restoring the
saved value of PC to continue sequential program execu-
tion. Since LQID pushes SB — SC, the previous contents
of SC are lost. Also, when LQID pops the stack, the previ-
ously pushed contents of SB are left in SC. The net result is
that the contents of SB are placed in SC (SB —> SC). Note
that LQID takes two instruction cycle times to execute.

coP4aaL

ING/IN3==%

TL/DD/6928-21
FIGURE 7. INIL Hardware Implementation

SKT INSTRUCTION

The SKT (Skip On Timer) instruction tests the state of an
internal 10-bit time-base counter. This counter divides the
instruction cycle clock frequency by 1024 and provides a
latched indication of counter overflow. The SKT instruction
tests this latch, executing the next program instruction if the
latch is not set. If the latch has been set since the previous
test, the next program instruction is skipped and the latch is
reset. The features associated with this instruction, there-
fore, allow the COP444L/445L to generate its own time-
base for real-time processing rather than relying on an ex-
ternal input signal.

For example, using a 2.097 MHz crystal as the time-base to
the clock generator, the instruction cycle clock frequency
will be 65 kHz (crystal frequency + 32) and the binary coun-
ter output pulse frequency will be 64 Hz. For time-of-day or
similar real-time processing, the SKT instruction can call a
routine which increments a ‘“‘seconds” counter every 64
ticks.
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Description of Selected
Instructions (continued)

INSTRUCTION SET NOTES

a. The first word of a8 COP444L./445L program (ROM ad-
dress 0) must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, one in-
struction cycle time is devoted to skipping each byte of
the skipped instruction. Thus all program paths except
JID and LQID take the same number of cycle times
whether instructions are skipped or executed. JID and
LQID instructions take 2 cycles if executed and 1 cycle if
skipped. :

c. The ROM is organized into 32 pages of 64 words each.
The Program Counter is an 11-bit binary counter, and will
count through page boundaries. If a JP, JSRP, JID or
LQID instruction is located in the last word of a page, the
instruction operates as if it were in the next page. For
example: a JP located in the last work of a page will jump
to a location in the next page. Also, a LQID or JID located
in the last word of page 3, 7, 11, 15, 19, 23 or 27 will
access data in the next group of four pages.

Option List

The COP444L/445L mask-programmable options are as-
signed numbers which correspond with the COP444L pins.

The following is a list of COP444L options. When specifying
a COP445L. chip, Options 9, 10, 19, and 20 must all be set
to zero. The options are programmed at the same time as
the ROM pattern to provide the user with the hardware flexi-
bility to interface to various 1/0 components using little or
no external circuitry.

Option 1 = 0: Ground Pin—no options available

Option 2: CKO Output
= 0: clock generator ouput to crystal/resonator

(0 not allowable value if option 3 = 3)

= 1: pin is RAM power supply (VR) input

2: general purpose input, load device to Voo
= 3: general purpose input, Hi-Z

Option 3: CKl Input
= 0: oscillator input divided by 32 (2 MHz max.)
= 1: oscillator input divided by 16 (1 MHz max.)
= 2: oscillator input divided by 8 (500 kHz max.)
= 3: single-pin RC controlled oscillator divided by 4
= 4: oscillator input divided by 4 (Schmitt)

Option 4: RESET Input
= 0: load device to Vco
= 1: Hi-Z input

Option 5: L7 Driver
= 0: Standard output

1: Open-drain output

3: High current TRI-STATE push-pull output

= 4: Low-current LED direct segment drive output

= 5: Low-current TRI-STATE push-pull output
Option 6: Lg Driver
same as Option 5
Option 7: Ls Driver
same as Option 5
Option 8: L4 Driver
same as Option 5
Option 9: IN¢ Input
= 0: load device to Vg
= 1; Hi-Z input
Option 10: IN Input
same as Option 9
Option 11: V¢ pin Operating Voltage
COP44XL COP34XL
= 0: +4.5Vto +6.3V +4.5V to +5.5V
Option 12: Lg Driver
same as Option 5
Option 13: Lp Driver
same as Option §
Option 14: L4 Driver
same as Option 5
Option 15: Lg Driver
same as Option 5
Option 16: S| Input
same as Option 9
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Option List (continued)
Option 17: SO Driver
= 0: standard output
1: open-drain output
= 2: push-pull output
Option 18: SK Driver
same as Option 17
Option 19: INg Input
same as Option 9
Option 20: IN3 Input
same as Option 9
Option 21: Gg 1/0 Port
= 0: very-high current standard output
= 1: very-high current open-drain output
= 2: high current standard output
= 3: high current open-drain output
= 4: standard LSTTL output (fanout = 1)
= 5: open-drain LSTTL output (fanout = 1)
Option 22: G4 |/0 Port
same as Option 21
Optlon 23: G 170 Port
same as Option 21
Option 24: Gg I/0 Port
same as Option 21
Option 25: D3 Output
same as Option 21
Option 26: D5 Output
same as Option 21

Option 27: D4 Output
same as Option 21
Option 28: Dg Output
same as Option 21
Option 29: L Input Levels
= 0: standard TTL input levels
("0” = 0.8V, 1" = 2,0V)
= 1: higher voltage input levels
(“o" = 1.2V, 1" = 3.6V)
Option 30: IN Input Levels
same as Option 29
Option 31: G Input Levels
same as Option 29
Option 32: Sl Input Levels
same as Option 29
Option 33: RESET Input
= 0: Schmitt trigger input levels
= 1: standard TTL input levels
= 2: higher voltage input levels
Option 34: CKO Input Levels (CKO=
same as Option 29
Option 35: COP Bonding
= 0: COP444L (28-pin device)
= 1: COP445L (24-pin device)
= 2: both 28- and 24-pin versions
Option 36: Internal Initialization Logic
= 0: normal operation
= 1: no internal initialization logic

OPTION DATA
OPTION 21 VALUE=
OPTION 22 VALUE=
OPTION 23 VALUE=
OPTION 24 VALUE=
OPTION 25 VALUE=
OPTION 26 VALUE=
OPTION 27 VALUE=
OPTION 28 VALUE=
OPTION 29 VALUE=
OPTION 30 VALUE=
OPTION 31 VALUE=
OPTION 32 VALUE=
OPTION 33 VALUE=
OPTION 34 VALUE=
OPTION 35 VALUE=
OPTION 36 VALUE=

COP444L Option Table
The following option information is to be sent to National along with the EPROM.
OPTION DATA
OPTION1 VALUE=__ 0 ___ IS: GROUND PIN
OPTION 2 VALUE= 1S: CKO PIN
OPTION3 VALUE= __________ IS:CKIPIN
OPTION4 VALUE= _______ IS: RESET INPUT
OPTIONS VALUE= _______ IS:L(7) DRIVER
OPTION6 VALUE= _______ IS:1(6) DRIVER
OPTION7 VALUE= ___________ IS: L(5) DRIVER
OPTION8 VALUE= _________IS:L(4) DRIVER
OPTION9 VALUE= ___________IS:IN1INPUT
OPTION10 VALUE= _________IS: IN2 INPUT
OPTION11VALUE=____0__ _ i1S:VCCPIN
OPTION12VALUE= __________ IS:L(3) DRIVER
OPTION 13 VALUE= ________IS: L(2) DRIVER
OPTION14VALUE= __________IS: L(1) DRIVER
OPTION 15 VALUE= __________IS: L(0) DRIVER
OPTION 16 VALUE= _________IS: SIINPUT
OPTION 17 VALUE= _________1S: SO DRIVER
OPTION18 VALUE= __________IS: SK DRIVER
OPTION 19 VALUE= _____________IS:INO INPUT
OPTION20 VALUE= _______ IS: IN3 INPUT

input; Option 2=2, 3)

1S: GO I/0 PORT

1S: G1 170 PORT

I1S: G2 170 PORT

1S: G3 170 PORT

S: D3 OUTPUT

S: D2 OUTPUT

S: D1 OUTPUT

S: DO OUTPUT

: L INPUT LEVELS
: IN INPUT LEVELS
: G INPUT LEVELS
: S1 INPUT LEVELS
: RESET INPUT

S: CKO INPUT LEVELS
S: COP BONDING

1S: INTERNAL
INITIALIZATION
LOGIC

PODPDODDDDDDDD
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Typical Applications

TEST MODE (NON-STANDARD OPERATION)

The SO output has been configured to provide for standard
test procedures for the custom-programmed COP444L.
With SO forced to logic “1", two test modes are provided,
depending upon the value of Sl:

a. RAM and Internal Logic Test Mode (Sl = )

b. ROM Test Mode (S| = 0)

These special test modes should not be employed by the
user; they are intended for manufacturing test only.

APPLICATION #1: COP444L GENERAL CONTROLLER

Figure 8 shows an interconnect diagram for a COP444L
used as a general controller. Operation of the system is as
follows:

1. The Ly-Lg outputs are configured as LED Direct Drive
outputs, allowing direct connection to the segments of
the display

The D3~Dg outputs drive the digits of the multiplexed dis-
play directly and scan the columns of the 4 x 4 keyboard
matrix.

The IN3—INp inputs are used to input the 4 rows of the
keyboard matrix. Reading the IN lines in conjunction with
the current value of the D outputs allows detection, de-
bouncing, and decoding of any one of the 16 keyswitch-
es.

CKl is configured as a single-pin oscillator input allowing
system timing to be controlled by a single-pin RC net-
work. CKO is therefore available for use as a general-pur-
pose input.

»

©

b

vee vee
<
>
<
<P
=
=

GND GND

vee [ A RESET coPadaL

4GENERAL %
110 :
G3

EVENT
COUNTER mmtemmep] S|
INPUT

SK

INp
1Ny
IN2
IN3

5. Sl is selected as the input to a binary counter input. With
SIO used as a binary counter, SO and SK can be used as
general purpose outputs.

6. The 4 bidirectional G 1/0 ports (G3-Gp) are available for
use as required by the user’s application.

7. Normal reset operation is selected.

COP444L EVALUATION (See COP Note 4)

The 4441 -EVAL is a pre-programmed COP444L, containing
several routines which facilitate user familiarization and
evaluation of the COP444L operating characteristics. It may
be used as an up/down counter or timer, interfacing to any
combination of (1) an LED digit or lamps, (2) 4-digit LED
Display Controller, (3) a 4-digit VF Display Controller, and/or
(4) a 4-digit LCD Display Controller. Alternatively, it may be
used as a simple music synthesizer.

SAMPLE CIRCUITS

1. By making only the oscillator, power supply and “L7”
connections, (Figure 9) an approximate 1 Hz square wave
will be produced at output “D1.” This output may be ob-
served with an oscilloscope, or connected to additional
TTL or CMOS circuitry.

2. By making the indicated connections to a small LED digit
(NSA1541A, NSA1166, or equiv.—larger digits will be
proportionately dimmer), the counter actions may be ob-
served. Place the “up/down” switch in the “up” (open)
position and apply a TTL-compatible signal at the “coun-
ter-input.” Placing the “‘up/down’ switch in the “down”
(closed) position causes the count to decrement on each
high-to-low input transition.

. All 4 digits of the counter may be displayed by connecting
a standard display controller (COP472 for LCD, MM5450
for LED) as shown in Figure 9.

[A)

4-DIGIT
LED DISPLAY

rars

4x4
KEYSWITCH
MATRIX

444
V1V
44

L

—_—

2 GENERAL DUTPUTS

TL/DD/g928-22

FIGURE 8. COP444L Keyboard/Display Interface
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Typical Applications (continued)

Any combination of the single LED digit and display con-
trollers may be used simultaneously, and will display the
same data.

4. The simple counter described above becomes a timer
when the 1 Hz output is connected to the “counter input.”
Up or down counting may be used with input frequencies
up to 1 kHz. Improved timing accuracies may be obtained
by subsituting the 2.097 MHz crystal oscillator circuit of
Figure 4a for the RC network shown in Figure 9, or by
connecting a more stable external frequency to the
“counter input” in place of the 1 Hz signal.

5. An “entertaining” use of the 444L-EVAL is as a simple
music synthesizer (or electronic organ). By attaching a
simple switch matrix (or keyboard), a speaker or piezo-ce-
ramic transducer, and grounding “L7", the user can play
“music” (Figure 10). Three modes of operation are avail-
able: Play a note, play one of four stored tunes, or record
a tune for subsequent replay.

a. Play A Note

Twelve keys, representing the 12 notes in one octave,
are labeled “C"” through “B"’; depressing a key causes

Note:

a square wave of the corresponding frequency to be
outputted to the speaker. Depressing *“LShift” or
*“UShift” causes the next note to be shifted to the next
lower octave (one-half frequency) or the next upper
octave (double frequency), respectively.

Play Stored Tune

Depressing “Play” followed by “V4", “V4", “14", or 1"
will cause one of 4 stored tunes to be played.

. Record Tune

Any combination of notes and rests up to a total of 48
may be stored in RAM for later replay. To store a note,
press the appropriate note key, followed by the dura-
tion of the note (14-note, V4-note, V,-note, whole (1)-
note, followed by “Store”; a rest is stored by selecting
the duration and pressing “Store.” When the tune is
complete, press “Play” followed by “Store”; the tune
will be played for immediate audition. Subsequent de-
pression of “Play” and “Store” will replay the last
stored tune.

The accuracy of the tones produced is a function of the oscillator
accuracy and stability; the crystal oscillator is recommended.

Vee OSCILLATOR
Vee CKi CKO
00
if]
02
I 03
18 o E C INO
14 A F c INT A4AL-EVAL
172 At F* D IN2
1 8 G D- IN3
L u
pLaY | STORE | ey | ey s! "

Vee

SPKR

TeE
=

:

= PIEZ0-CERAMIC
TRANSDUCER

FIGURE 9. Counter/Timer

TL/DD/6928-23
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National
Semiconductor

COP401L ROMless N-Channel Microcontroller

General Description

The COP401L. ROMIless Microcontroller is a member of the
COPS™ family of microcontrollers, fabricated using
N-channel, silicon gate MOS technology. The COP401L
contains CPU, RAM, 1/0 and is identical to a COP410L de-
vice except the ROM has been removed and pins have
been added to output the ROM address and to input the
ROM data. In a system the COP401L will perform exactly as
the COP410L. This important benefit facilitates develop-
ment and debug of a COP program prior to masking the final
part.

The COP401L is intended for emulation only, not intended
for volume production. Use COP402 or COP404L for vol-
ume production.

Features

m Circuit equivalent of COP410L

m Low cost

m Powerful instruction set

m 512 x 8 ROM, 32 x 4 RAM

m Separate RAM power supply pin for RAM keep-alive
applications

m Two-level subroutine stack

& 15 us instruction time

m Single supply operation (4.5-9.5V)

B Low current drain (8 mA max.)

= Internal binary counter register with serial 1/0

m MICROWIRET™M compatible serial 1/O

m General purpose outputs

B LSTTL/CMOS compatible in and out

m Direct drive of LED digit and segment lines

m Software/hardware compatible with other members of
COP400 family

| Pin-for-pin compatible with COP402 and COP404L

Block Diagram
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COP401L

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availablility and specifications.

Voltage at any Pin Relative to GND —0.5Vto +10V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature —65°C to +150°C
Lead Temp. (Soldering, 10 sec.) 300°C

Power Dissipation 0.75W at 25°C

0.4W at 70°C
Total Source Current 120 mA
Total Sink Current 120 mA

Absolute maximum ratings indicate limits beyond which
damage to the device may occur. DC and AC electrical
specifications are not ensured when operating the device at
absolute maximum ratings.

DC Electrical Characteristics 0:c < T4 < +70°C, 4.5V < Vg < 9.5V unless otherwise noted

Parameter Conditions Min Max Units
Operating Voltage (Vcg) (Note 2) 4.5 9.5 v
Power Supply Ripple Peal to Peak 0.5 v
Operating Supply Current Alt Inputs and Outputs Open 8 mA
Input Voltage Levels

CKl Input Levels
Crystal Input
Logic High (Vi) 20 v
Logic Low (Vi) -0.3 0.4 v
RESET Input Levels Schmitt Trigger Input
Logic High 0.7 Ve \
Logic Low -0.3 0.6 \"
IPO-IP7 Input Levels
Logic High Vce = 9.5V 24 \"
Logic High Voo = 5V 5% 2.0 v
Logic Low -0.3 0.8 v
All Other Inputs
Logic High Voo = 9.5V 3.0 \
Logic High Ve = 5V £5% 2.0 v
Logic Low -0.3 0.8 '
Input Capacitance 7 pF
Output Voltage Levels
LSTTL Operation Vec = 5V £10%
Logic High (Vo) loy = —25 pA 2.7 \
Logic Low (Vop) loL = 0.36 mA 0.4 \
IPO-1P7, P8, SKIP (Note 1)
Logic Low loL = 1.6 mA 0.4 \
Output Current Levels
Output Sink Current
SO and SK Outputs (Ig) Vee = 9.5V, VoL = 0.4V 1.8 mA
Vec = 4.5V, VoL = 0.4V 0.9 mA
Lo-L7 and Go-Gg3 Outputs Vee = 9.5V, VoL = 0.4V 0.8 mA
Vee = 4.5V, VoL = 0.4V 04 mA
Do~D3 Outputs Vee = 9.5V, VgL = 1.0V 30 mA
Voo = 4.5V, VoL = 1.0V 15 mA
CKO
RAM Power Supply Input VR = 3.3V 1.5 mA
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DC Electrical Characteristics o:c < TaA < +70°C, 4.5V < Vgg < 9.5V unless otherwise noted (Continued)

Parameter Conditions Min Max Units
Output Source Current
Do-D3, Go-G3 Outputs {lon) Vec = 9.5V, Vo = 2.0V —140 —800 pA
Veg = 4.5V, Vo = 2.0V —30 —250 RA
SO and SK Outputs (IgR) Vce = 9.5V, Vo = 4.75V —-1.4 mA
Ve = 4.5V, Vo = 1.0V —-1.2 mA
Lo-L7 Outputs Vce = 9.5V, Voy = 2.0V -3.0 —-35 mA
Vce = 6.0V, Vo = 2.0V -03 —25 mA
Input Load Source Current (I;1) Vee = 5.0V, VL = 0V -10 -140 pA
Total Sink Current Allowed
All Qutputs Combined 120 mA
D Port 100 mA
L7-L4, G Port 4 mA
La-Lo 4 mA
All Other Pins 1.8 mA
Total Source Current Allowed
All 1/0 Combined 120 mA
L7-L4 60 mA
La-Lg 60 mA
Each L Pin 25 mA
All Other Pins 1.5 mA
AC Electrical Characteristics oc < Ta € +70°C, 4.5V < Vg < 9.5V unless otherwise specified.
Parameter Conditions Min Max Units
Instruction Cycle Time 15 40 s
CKI
Input Frequency f; (=32 Mode) 0.8 2.1 MHz
Duty Cycle 30 60 %
Rise Time 120 ns
Fall Time fi = 2.097 MHz 80 ns
INPUTS:
S|, IP7-1P0
tseTup 20 ns
tHoLb 1.0 [
G3-Gp, L7-Lo
tseTUP 8.0 ns
tHoLD 1.3 ps
OUTPUT PROPAGATION DELAY Test Condition:
CL = pF, Vout = 1.5V
SO, SK Outputs RL = 20kQ
tpd1, tpdo 4.0 us
D3-Do, G3-Go, L7-Lo RL = kO
tod1s tpdo 5.6 ps
IP7-1P0, P8, SKIP RL =5k
tod1, tpdo 7.2 us

710¥d0D

Note 1: Pull-up resistors required.
Note 2: V¢ voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.
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COP401L

Connection Diagram

CKD == 1 40 = DO
cKi =12 39 = D1
1P§ =13 38 == D2
RESET =1 4 37 p— D3
P3 =156 36 = IP5
P2 =16 35 p—— P8
P =17 34— NC
1Po =4 8 33 == AD/DATA
1P} =19 32 e SKIP
=110  copsorL 31 p~—G3
L7 =g 11 30 p— G2
16 =] 12 29 }— 61
L5 =1 13 28 p~— GO
L4 ==t 14 27 P NC
NG =] 16 26 p=— NC
NC 16 25 f— 5K
vee 17 24 === SO
L3 =118 23 p— I
L2 ——q19 22 p=—= GND
L1 == 20 21 = L0
TL/DD/6913-2
Order Number COP401L/N
NS Package Number N40A
FIGURE 2
Pin Descriptions
Pin Description Pin Description
L7-Lo 8 bidirectional I/0 ports with LED CKI System oscillator input
segment drive CKO RAM power supply input
G3-Go 4 bidirectional I/0 ports RESET  System resetinput
D3-Dg 4 general purpose outputs Vee Power supply
Sl Serial input (or counter input) GND Ground
SO Serial output (or general purpose output) IP7-1P0 8 bidirectional ROM address and data ports
SK Logic-controlled clock (or general P8 Most significant ROM address bit output
purpose output) SKIP Instruction skip output
AD/DATA Address Out/data in flag

Timing Diagram
fe————————INSTRUCTION CYCLE TIME (ty ———————]

CKi

= tpd1 -'i toa0
?fs’%bgﬁp Vou Vou I
l '«——knuy——l——h«nm—-'
E Y,
|~—'» |
60-63, D0-D3, W Vor

L0-L7, 50, 81
OUTPUTS

et

IPO-1P7, P8,
$KIP OUTPUTS

FIGURE 3. Input/Output

le—— ta 0~
VoL
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e 1pd0
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Functional Description

A block diagram of the COP401L is given in Figure 1. Data
paths are illustrated in simplified form to depict how the vari-
ous logic elements communicate with each other in imple-
menting the instruction set of the device. Positive logic is
used. When a bit is set, it is a logic 1" greater than 2 volts).
When a bit is reset, it is a logic “0” (less than 0.8 volts).

PROGRAM MEMORY

Program Memory consists of a 512-byte external memory.
As can be seen by an examination of the COP401L instruc-
tion set, these words may be program instructions, program
data or ROM addressing data. Because of the special char-
acteristics associated with the JP, JSRP, JID and LQID in-
structions, ROM must often be thought of as being orga-
nized into 8 pages of 64 words each.

ROM addresting is accomplished by a 9-bit PC register. Its
binary value selects one of the 512 8-bit words contained in
ROM. A new address is loaded into the PC register during
each instruction cycle. Unless the instruction is a transer of
control instruction, the PC register is loaded with the next
sequential 9-bit binary count value. Two levels of subroutine
nesting are implemented by the 9-bit subroutine save regis-
ters, SA and SB, providing a last-in, first-out (LIFO) hard-
ware subroutine stack.

ROM instruction words are fetched, decoded and executed
by the instruction Decode, Control and Skip Logic circuitry.

DATA MEMORY

Data memory consists of a 128-bit RAM, organized as 4
data registers of 8 4-bit digits. RAM addressing is imple-
mented by a 6-bit B register whose upper 2 bits (Br) select 1
of 4 data registers and lower 3 bits of the 4-bit Bd select 1 of
8 4-bit digits in the selected data register. While the 4-bit
contents of the selected RAM digit (M) is usually loaded into
or from, or exchanged with, the A register (accumulator), it
may also be loaded into the Q latches or loaded from the L
ports. RAM addressing may also be performed directly by
the XAD 3, 15 instruction. The Bd register also serves as a
source register for 4-bit data sent directly to the D outputs.

The most significant bit of Bd is not used to select a RAM
digit. Hence each physical digit of RAM may be selected by
two different values of Bd as shown in Figure 4 below. The
skip condition for XIS and XDS instructions will be true if Bd
changes between 0 and 15, but NOT between 7 and 8 (see
Table 3).

B8d VALUE RAM DIGIT

15

1%

17

- 77,
- 77777
. 7777
y [(Z227777
7

[}

1]

4

3

2

1

n.

TL/DD/6913-4
FIGURE 4. RAM Digit Address to
Physical RAM Digit Mapping

INTERNAL LOGIC

The 4-bit A register (accumulator) is the source and destina-
tion register for most 1/0, arithmetic, logic and data memory
access operations. It can also be used to load the Bd por-
tion of the B register, to load 4 bits of the 8-bit Q latch data,
to input 4 bits of the 8-bit L 1/0 port data and to perform
data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic functions of
the COP401L, storing its results in A. It also outputs a carry
bit to the 1-bit C register, most often employed to indicate
arithmetic overflow. The C register, in conjunction with the
XAS instruction and the EN register, also serves to control
the SK output. C can be outputted directly to SK or can
enable SK to be a sync clock each instruction cycle time.
(See XAS instruction and EN register description, below.)

The G register contents are outputs to 4 general-purpose
bidirectional 1/0 ports.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded from M and A, as well as 8-bit data from
ROM. Its contents are output to the L I/0 ports when the L
drivers are enabled under program control. (See LEI instruc-
tion.)

The 8 L drivers, when enabled, output the contents of
latched Q data to the L 1/0 ports. Also, the contents of L
may be read directly into A and M. L 1/0 ports can be direct-
ly’connected to the segments of a multiplexed LED display
(using the LED Direct Drive output configuration option) with
Q data being outputted to the Sa-Sg and decimal point
segments of the display.

The SIO register functions as a 4-bit serial-in/serial-out shift
register or as a binary counter depending on the contents of
the EN register. (See EN register description, below.) Its
contents can be exchanged with A, allowing it to input or
output a continuous serial data stream. SIO may also be
used to provide additional parallel 170 by connecting SO to
external serial-in/parallel-out shift register.

The XAS instruction copies C into the SKL Latch. In the
counter made, SK is the output of SKL in the shift register
mode, SK outputs SKL ANDed with internal instruction cycle
clock.

The EN register is an internal 4-bit register loaded under
program control by the LE! instruction. The state of each bit
of this register selects or deselects the particular feature
associated with each bit of the EN register (EN3g-ENg).

1. The least significant bit of the enable register, ENg, se-
lects the SIO register as either a 4-bit shift register or a
4-bit binary counter. With ENg set, SIO is an asynchro-
nous binary counter, decrementing its value by one upon
each low-going pulse (“1” to 0") occurring on the Si
input. Each pulse must be at least two instruction cycles
wide. SK outputs the value of SKL. The SO output is
equal to the value of EN3. With ENg reset, SIO is a serial
shift register shifting left each instruction cycle time. The
data present at Si goes into the least significant bit of
SI0. SO can be enabled to output the most significant bit
of SIO each cycle time. (See 4 below.) The SK output
becomes a logic-controlled clock.

2. EN4 is not used. It has no effect on COP401L operation.
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COP401L

Functional Description (continued)

TABLE I. Enable Register Modes—Blits EN3 and ENg

EN3 ENo S0 Sl SO SK

0 0 Shift Register Input to Shift Register 0 If SKL = 1, SK = Clock
IfSKL=0,SK =0

1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = Clock
fSKL =0,SK=0

[ 1 Binary Counter Input to Binary Counter 0 fSKL=1,8K=1
IfSKL=0,SK =0

1 1 Binary Counter Input to Binary Counter 1 IfSKL=1,8K=1

IfSKL=0,SK =0

w

. With ENa set, the L drivers are enabled to output the data
in Q to the L 1/0 ports. Ressetting EN» disables the L
drivers, placing the L 1/0 ports in a high-impedance input
state.

4. ENg, in conjunction with ENp, affects the SO output. With
ENg set (binary counter option selected) SO will output
the value loaded into ENg. With ENg reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resstting EN3 with the serial
shift register option selected disables SO as the shift reg-
ister output; data continues to be shifted through SIO and
can be exchanged with A via an XAS instruction but SO
remains reset to “0"”. Table | provides a summary of the
modes associated with ENg and ENg.

INITIALIZATION

The Reset Logic will initialize (clear) the device upon power-
up if the power supply rise time is less than 1 ms and great-
er than 1 us. If the power supply rise time is greater than 1
ms, the user must provide an external RC network and di-
ode to the RESET pin as shown below (Figure 5). The
RESET pin is configured as a Schmitt trigger input. If not
used it should be connected to Vgg. Initialization will occur
whenever a logic “0” is applied to the RESET input, provid-
ed it stays low for at least three instruction cycle times.

P+ =

‘vé : vee
Bl < COP4OIL
5 [ RESET

P e

{ I GND
v -

TL/DD/6913~5

RC 2 Power Supply Rise Time
FIGURE 5. Power-Up Clear Circult

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, D, EN, and G registers are cleared.
The SK output is enabled as a SYNC output, providing a
pulse each instruction cycle time. Data Memory (RAM) is
not cleared upon initialization. The first instruction at ad-
dress 0 must be a CLRA.

EXTERNAL MEMORY INTERFACE

The COP401L is designed for use with an external Program
Memory. This memory may be implemented using any de-
vices having the following characteristics:

1. random addressing

2. TTL-compatible TRI-STATE® outputs
3. TTL-compatible inputs

4. access time = 5 us max.

Typically these requirements are met using bipolar or MOS
PROMs.

During operation, the address of the next instruction is sent
out on P8 and IP7 through IPO during the time that
AD/DATA is high (logic “1” = address mode). Address
data on the IP lines is stored into an external latch on the
high-to-low transition of the AD/DATA line; P8 is a dedicat-
ed address output, and does not need to be latched. When
AD/DATA is low (logic “0” = data mode), the output of the
memory is gated onto IP7 through IPO, forming the input
bus. Note that the AD/DATA output has a period of one
instruction time, a duty cycle of approximately 50%, and
specifies whether the IP lines are used for address output or
instruction input.

OSCILLATOR

CKl is an external clock input signal. The external frequency
is divided by 32 to give the instruction cycle time. The di-
vide-by-32 configuration was chosen to make the COP 401L
compatible with the COP404L and the COPS™ Develop-
ment System. However, the +32 configuration is not avail-
able on the COP410L/COP411L. It is therefore possible to
exactly emulate the system speed (cycle time), but not pos-
sible to drive the 401L with the system clock during emula-
tion.
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Functional Description (continued)

CKO (RAM POWER)

CKO is configured as a RAM power supply pin (VR), allow-
ing its connection to a standby/backup power supply to
maintain the integrity of RAM data with minimum power
drain when the main supply is inoperative or shut down to
conserve power. This pin must be connected to Vg if the
power backup feature is not used. To insure that RAM integ-
rity is maintained, the following conditions must be met:

1. RESET must go low before Vg goes below spec during
power-off; Voo must be within spec before RESET goes
high on power-up.

2. During normal operation, Vg must be within the operating
range of the chip with (Vgc—1) < VR < Vce.

3. VR must be > 3.3V with Vg off.

INPUT/QUTPUT CONFIGURATIONS

COP401L outputs have the following configurations, illus-

trated in Figure 6.

a. Standard--an enhancement mode device to ground in
conjunction with a depletion-mode device to Vg, com-
patible with LSTTL and CMOS input requirements. (Used
on D and G outputs.)

b. Open-Drain—an enhancement-mode device to ground
only, allowing external pull-up as required by the user’s
application. (Used on IP, P and SKIP outputs.)

¢. Push-Pull—An enhancement-mode device to ground in
conjunction with a depletion-mode device paralleled en-

vee
A w
#1

TL/DD/6913-6

7]

a. Standard Output
DISABLE Vee
#4
—|[a =
[y .

TL/DD/6913-8
(a is Depletion Device)
d. L Output (LED)

>

b. Open-Drain Output

hancement-mode device to V¢c. This configuration has
been provided to allow for fast rise and fall times when
driving capacitive loads. (Used on SO and SK outputs.)

d. LED Direct Drive—an enhancement-mode device to
ground and to Vcg, meseting the typical current sourcing
requirements of the segments of an LED display. The
sourcing device is clamped to limit current flow. These
devices may be turned off under program control (See
Functional Description, EN Register), placing the outputs
in a high-impedance state to provide required LED seg-
ment blanking for a multiplexed display. (Used on L out-
puts.)

COP401L inputs have an on-chip depletion load device to

Vee:

The above input and output configurations share common

enhancement-mode and depletion-mode devices. Specifi-

cally, all configurations use one or more of five devices

(numbered 1-5, respectively). Minimum and maximum cur-

rent (loyt and Voyt) curves are given in Figure 7 for each

of these devices to allow the designer to effectively use
these 1/0 configurations in designing a system.

An important point to remember is that even when the L

drivers are disabled, the depletion load device will source a

small amount of current (see Figure 7, Device 2); however,

when the L-lines are used as inputs, the disabled depletion
device can not be relied on to source sufficient current to

pull an input to a logic “1".

#3, VECC
—]

#1

A »2

TL/DD/6913-7

TL/DD/6313-8
c. Push-Pull Output

INPUT

TL/DD/6913-10

e. Input with Load -

FIGURE 6. Output Configurations
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COP401L

Typical Performance Characteristics
Input Current for Lg through

Current for inputs with L7 when Output Programmed Source Current for Standard
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FIGURE 7. 1/0 Characteristics

TL/DD/69134-11

1-240




COP401L Instruction Set

Table |l is a symbol table providing internal architecture, in- Table Il provides the mnemonic, operand, machine cods,
struction operand and operational symbols used in the in- data flow, skip conditions, and description associated with

struction set table. each instruction in the COP401L instruction set.

TABLE [i. COP401L Instruction Set Table Symbois

Symbol Definition Symbol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Field, 0-15 binary (RAM
B 6-bit RAM Address Register Digit Select)
Br Upper 2 bits of B (register address) r 2-bit Operand Field, 0-3 binary (RAM
Bd Lower 4 bits of B (digit address) Register Select)
o] 1-bit Carry Register a 9-bit Operand Field, 0-511 binary (ROM
D 4-bit Data Output Port Address) i )
EN 4-bit Enable Register y 4-bit Ogerand Field, 0-15 binary
G 4-bit Register to latch data for G 1/0 Port (Immediate Data)
L 8-bit TRI-STATE 1/0 Port RAM(s) Contents of RAM Iocai[on addressed by s
M 4-bit contents of RAM Memory pointed to by B ROM(t) Contents of ROM location addressed by t
Register .
PC 9-bit ROM Address Register (program counter) OPERATIONAL SYMBOLS
Q 8-bit Register to latch data for L 1/0 Port + Plus
SA 9-bit Subroutine Save Register A _ Minus
SB 9-b?t Suproutiqe Save Register B - Replaces
lle} 4-b|? Shift Register and Counter -— Is exchanged with
SK Logic-Controlled Clock Output = Is equal to
A The one’s complement of A
-] Exclusive-OR
: Range of values

TABLE lll. COP401L Instruction Set

Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
ARITHMETIC INSTRUCTIONS
ASC 30 0011(0000 A + C + RAM(B) — A Carmy Add with Carry, Skip on
Carry — C Carry
ADD 31 00110001 A + RAMB) — A None AddRAMto A
AISC y 5-—- 0101} y A+y— A Carry Add immediate, Skip on
- Carry {y # 0)
CLRA 00 00000000 00— A None Clear A
COMP © 40 0100|0000 A— A None One’s complement of Ato A
NOP 44 010010100 None None No Operation
RC 32 00110010 “0” — C None Reset C
SC 22 0010|0010 “” — C : None SetC
XOR 02 0000|0010 A © RAM(B) — A None Exclusive-OR RAM with A
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COP410L Instruction Set (continued)
: TABLE IIl. COP401L Instruction Set (Continued)

Hex Machine
Mnemonic Operand Language Code Data Flow Skip Conditions Description
Code
(Binary)
TRANSFER OF CONTROL INSTRUCTIONS
JID FF 1111]1111] | ROM (PCg, AM) — None Jump Indirect (Note 2)
PC7
JMP a 6— 0110]000|ag] | a — PC None Jump
-- ] ar.o
JP a -- 1 a6:0 a —> PCgpo None Jump within Page
(pages 2,3 only) (Note 3)
. or
-- 11| - asp a —> PCsp
(all other pages)
JSRP a - - 10| asp PC+ 1 — SA — SB None Jump to Subroutine Page
(Note 4)
010 — PCgg
a —> PCsp
JSR a 6— 0110]100}ag| | PC+ 1 — SA — SB None Jump to Subroutine
- - ar:o ] a—> PC
RET 48 0100|1000 SB — SA — PC None Return from Subroutine
RETSK 49 101001001 SB — SA — PC Always Skip on Return  Return from Subroutine
’ then Skip
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 100110011 A — Q74 None Copy A, RAMto Q
3C [0011]1100 RAM(B) — Qs
LD r -5 [00]r[0O101 RAM(B) — A None Load RAMiinto A,
Brer — Br Exclusive-OR Br with r
LQID BF 1011|1111 ROM(PCg, A,M) — Q None Load Q Indirect
SA — SB (Note 2)
RMB 0 4C 0100|1100 0 — RAM(B)o None Reset RAM Bit
1 45 0100{0101 0 — RAM(B)4
2 42 0100|0010 0 — RAM(B)2
3 43 0100|0011 0 — RAM(B)3
SMB 0 4D 0100{1101 1 — RAM(B)p None Set RAM Bit
1 47 0100{0111 1 — RAM(B)
2 46 01000110 1 — RAM(B)2
3 4B 01001071 1 — RAM(B)3
STI y 77— 0111] vy y —> RAM(B) None Store Memory Immediate
Bd + 1 — Bd and Increment Bd
X r -6 00|rj0110 RAM(B) «— A None Exchange RAM with A,
Brer — Br Exclusive-OR Br with r
XAD 3,15 23 0010]0011 RAM(3,15) «— A None Exchange A with RAM
BF 10111111 (3,15)
XDs r -7 00|r|0111 RAM(B) «— A Bd decrementspast0  Exchange RAM with A
Bd-1 — Bd and Decrement Bd,
Bror — Br Exclusive-OR Brwith r
XIS r -4 00{r|0100 RAM(B) «— A Bdincrements past 15 Exchange RAM with A
Bd+ 1 — Bd and Increment Bd,
Bre&r — Br Exclusive-OR Br with r
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COP410L Instruction Set (continued)

TABLE lil. COP401L Instruction Set (Continued)

Machine
Mnemonic Operand Language Code Data Flow Skip Conditions Description
Code
(Binary)
REGISTER REFERENCE INSTRUCTIONS
CAB 50 01010000 A — Bd None Copy A to Bd
CBA 4E 0100|1110 Bd — A None Copy Bdto A
LBi rnd - 00(ri(d-1) rd—B Skipuntiinota LBl Load B Immediate with
(d = 0,9:15) r,d (Note 5)
LEI y 33 00110011} y — EN None Load EN Immediate
6— |0110] vy | (Note 6)
TEST INSTRUCTIONS
SKC 20 0010{0000 C="1" Skip if Cis True
SKE 21 00100001 A = RAM(B) Skip if A Equals RAM
SKGZ " 33 (00110011 Gap =0 Skip if G is Zero
21 10010/0001 (all 4 bits)
SKGBZ 33 | 0011/0011 1st byte Skip if G Bitis Zero
0 01 | 0000|0001 Gg=0
1 11 1 0001|0001 2nd byte Gy=0
2 03 0000|0011 G,=0
.3 13 0001(0011 G3=0
SKMBZ 0 01 0000 | 0001 RAM(B)o = 0 Skip if RAM Bit is Zero
1 11 10001 {0001 RAM(B); = 0
2 03 (00000011 RAM(B)2 = 0
3 13 10001 {0011 § RAM(B)3 = 0
INPUT/OUTPUT INSTRUCTIONS
ING 33 0011]0011 G— A None Input G Ports to A
2A 0010{1010
INL 33 | 0011(0011 L7.4 — RAM(B) None Input L Ports to RAM, A
2E |0010{1110 Lg.o — A
0OBD 33 00110011 Bd — D None Output Bd to D Outputs
3E [0011]1110{
OMG 33 0011]0011 RAM(B) — G None Output RAM to G Ports
3A |0011]1010
XAS 4F 0100|1111 A «—> SIO,C — SKL None Exchange A with SIO
(Note 2)

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N where
0 signifies the least significant bit (low-order, right-most bit). For example, A3 indicates the most significant (left-most) bit of the 4-bit A register.

Note 2: For additional information on the operation of the XAS, JID, and LQID instructions, see below.

Note 3: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 4: A JSRP transfers program control to subroutine page 2 (010 is loaded into the upper 3 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP may

not jump to the last word in page 2.

Note 5: The machine code for the lower 4 bits of the LBI instruction equals the binary value of the “d" data minus 1, e.g., to load the lower four bits of B (Bd) with
the value 9 (10015), the lower 4 bits of the LBI instruction equal 8 (1000,). To load 0, the lower 4 bits of the LB instruction should equal 15 (1111p).

Note 6: Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a “1” or 0" in each bit of EN corresponds
with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.)
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Description of Selected Instruc-
tions

The following information is provided to assist the user in
understanding the operation of several unique instructions
and to provide notes useful to programmers in writing
COP401L programs.

XAS INSTRUCTION

XAS (Exchange A with SIO) exchanges the 4-bit contents of
the accumulator with the 4-bit contents of the SIO register.
The contents of SIO will contain serial-in/serial-out shift reg-
ister or binary counter data, depending on the value of the
EN register. An XAS instruction will also affect the SK out-
put. (See Functional Description, EN Register, above.) if
SIO is selected as a shift register, an XAS instruction must
be performed once every 4 instruction cycles to effect a
continous data stream.

JID INSTRUCTION

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
to indirectly by A and M. It loads the lower 8 bits of the ROM
address register PC with the contents of ROM addressed by
the 9-bit word, PCg, A, M. PCg is not affected by this instruc-
tion.

Note that JID requires 2 instruction cycles to execute.

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 9-bit word PCg, A, M.
LQID can be used for table lookup or code conversion such
as BCD to seven-segment. The LQID instruction “pushes”
the stack (PC + 1 — SA - SB) and replacss the least
significant 8 bits of PC as follows: A — PCg7.4, RAM(B)
—> PCgz., leaving PCg unchanged. The ROM data pointed
to by the new address is fetched and loaded into the Q
latches. Next, the stack is “popped” (SB — SA — PC),
restoring the saved value of PC to continue sequential pro-
gram execution. Since LQID pushes SA —> SB, the previ-
ous contents of SB are lost. Also, when LQID pops the
stack, the previously pushed contents of SA are left in SB.
The net result is that the contents of SA are placed in SB
(SA — SB). Note that LQID takes two instruction cycle
times to execute.

INSTRUCTION SET NOTES

a. The first word of a COP401L program (ROM address 0)
must be a CLRA (Clear A) instruction.

. Although skipped instructions are not executed, one in-
struction cycle time is devoted to skipping each byte of
the skipped instruction. Thus all program paths except
JID and LQID take the same number of cycle times
whether instructions are skipped or executed. JID and
LQID instructions take 2 cycles if executed and 1 cycle if
skipped.

c. The ROM is organized into 8 pages of 64 words each.
The Program Counter is a 9-bit binary counter, and will
count through page boundaries. If a JP, JSRP, JID or
LQID instruction is located in the last word of a page, the
instruction operates as if it were in the next page. For
example: a JP located in the last word of a page will jump
to a location in the next page. Also, a LQID or JID located
in the last word of page 3 or 7 will access data in the next
group of 4 pages.

Typical Applications

PROM-BASED SYSTEM

The COP401L. may be used to emulate the COP410L. Fig-
ure 8 shows the interconnect to implement a COP401L
hardware emulation. This connection uses one MM5204
EPROM as external memory. Other memory can be used
such as bipolar PROM or RAM.

Pins IP7~1Pg are bidirectional inputs and outputs. When the
AD/DATA clocking output turns on, the EPROM drivers are
disabled and IP7-IPg output addresses. The 8-bit latch
(MM74C373) latches the address to drive the memory.
When AD/DATA turns off, the EPROM is enabled and the
IP7-1Pg pins will input the memory data. P8 outputs the
most significant address bit to the memory. (SKIP output
may be used for program debug if needed.)

24 of the COP401L pins may be configured exactly the
same as a COP410L. ‘

o
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Typical Applications (continued)
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FIGURE 8. COP401L Used to Emulate a COP410L
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Option Table
COP401L MASK OPTIONS

The following COP410L options have been implemented in

this basic version of the COP401L.

Optlon Value Comment

Option1 =0 Ground—no option

Option2 = 1 CKO is RAM power supply input

Option 3 = N/A CKl is external clock divide-by-
32 (not available on COP410L)

Option4 = 0 Reset has load to Voo

Option5 = 2

gz:g: .6, - g L outputs are LED direct-drive

Option8 = 2

Option9 = 1 Ve pin 4.5V to 9.5V operation

Option 10 = 2

8&:2: :; ; 2 L outputs are LED direct-drive

Option 13 = 2

Option Value
Option 14 = 0.
Option 16 = 2
Option 16 = 2
Option 17 = 0
Option18 =0
Option 19 = 0
Option20 =0
Option21 =0
Option22 =0
Option23 =0
Option24 = 0
Option25 =0
Option26 = 0
Option27 = 0

Option 28 = N/A

Comment
Sl has load to Vg
SO is push-pull output
SKis push-pull output

G outputs are standard -

D outpufé are standard
very high current

L

G Have standard TTL input levels
Sl

40-pin package
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National
Semiconductor

COP401L-X13/COP401L-R13 ROMless N-Channel

Microcontroller

General Description

The COP401L-X13/COP401L-R13 ROMless Microcontrol-
lers are members of the COPS™ family of microcontrollers,
fabricated using N-channel, silicon gate MOS technology.
The COP401L-X13/COP401L-R13 contain CPU, RAM, I/0
and are identical to a COP413L device except the ROM has
been removed and pins have been added to output the
ROM address and to input the ROM data. In a system the
COP401L-X13/COP401L-R13 will perform exactly as the
COP413L. This important benefit facilitates development
and debug of a COP program prior to masking the final part.
There are two clock oscillator configurations available. The
crystal oscillator configuration is called COP401L-X13 and
the RC oscillator configuration is called COP401L-R13.

Features

m Circuit equivalent of COP413L

| Low cost

m Powerful instruction set

| 512 X 8 ROM, 32 X 4 RAM

o Two-level subroutine stack

B 16 ps instruction time

| Single supply operation (4.5-5.5V)

m Low current drain (8 mA max)

| Internal binary counter register with serial 1/0

® MICROWIRE™ compatible serial 1/0

B General purpose outputs

® Software/hardware compatible with other members of
COP400 family

& Pin-for-pin compatible with COP402 and COP404L

m High noise immunity inputs (V). = 1.2V, V|y = 3.6V)

Block Diagram

vee o0 AD/BRTR Y txoee
)
in ;u 3 ;z 1
1
" mmcmumno—_l oivioe |._| e 4].__
[4]
- RESET [
It 0 R |
"l
ey DIGIT ADDRESS 2
" DATAMEMORY REG wlw
] UXARAM  ADDR
Py ey out [[
un—n
INSTRUCTION $A ]
DECODE/CONTAOL | = = === o= === o—a =
$KIPLOGIC N .
TLEVEL STACK
H0; 810; $0) 0y n
BERAL VD REGISTER [ttt 81
110 CONTROLS fl 1 [
[ -
' ' um:mn "‘%’:
- —— leta
I LORVERS ] &4 | WFFER E “
I|||| 19 |12 {13 14 )18 |40 J20 |21
34 bor | his dow
N0 CONNECTION L e by L 4 12 U1 Uy
TL/DD/8528-1
**COP401L-X13 only FIGURE 1
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COP401L-X13/ COP401L-R13

COP401L-X13/COP401L-R13 Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallabllity and specifications.

Voltage at Any Pin Relative to GND —-03to +7V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature —65°Cto +150°C
Lead Temp. (Soldering, 10 seconds) 300°C

Power Dissipation COP413L 0.3 Wattat 70°C
Total Source Current 25 mA
Total Sink Current 40 mA

Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum ratings.

DC Electrical Characteristics 0°C‘s Ta < +70° 4.5V < Vg < 5.5V unless otherwise noted.

Parameter Conditions Min Max Units
Standard Operating Voltage (Note 1) 4.5 5.5 v
(Vee)
Power Supply Ripple Peak to Peak 0.4 v
Operating Supply Current All Inputs and Outputs 8 mA
Open
Input Voltage Levels
CKI Input Levels }
Ceramic Resonator Input (+-8)
Logic High (Vin) 3.0 v
Logic Low (V) 0.4 \
CKI (RC), Reset Input Levels (Schmitt Trigger Input)
Logic High 0.7 Ve v
Logic Low . 0.6 \
SO Input Level (Test Mode) (Note 2) 25 \"
IPO-1P7, Si Input Level
Logic High (TTL Level) 2.0 v
Logic Low 0.8 "
L, G Inputs
Logic High (High Trip Levels) 3.6 \
Logic Low 1.2 v
Input Capacitance 7 pF
Reset Input Leakage -1 +1 pA
Output Current Levels
Output Sink Current (Io) »
SO and SK Outputs VoL = 0.4V 0.9 . mA
LO-L7 Outputs, GO-G3 VoL = 0.4V 0.4 mA
CKO VoL = 0.4V 0.2 mA
IPO-IP7, P8, SKIP, AD/DATA VoL = 0.4V 1.6 mA
Output Source Current (Ion)
LO-L7 GO~G3, SO, SK VoH = 24V -25 pA
IPO-IP7, P8, SKIP, AD/DATA VoH = 2.4V -25 LA
80, SK Vox = 1.0V -1.2 mA
IPO-1P7, P8, SKIP, AD/DATA Vou = 1.0V -1.2 mA
Sl Input Load Source Current ViL=0v -10 —-140 pA
Total Sink Current Allowed
L7-L4, G Port 4 mA
L3-L0 4 mA
Any Other Pin 20 mA
Total Source Current Allowed
Each Pin 15 mA

Note 1: Ve voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.

Note 2: SO output 0" level must be less than 0.8V for normal operation.
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AC Electrical Characteristics o°c < T4 < 70°C, 4.5v < Vg < 5.5V

Parameter Conditlons Min Max Units
Instruction Cycle Time - to 16 40 pns
CKI
Input Frequency - fi + 8 Mode 0.2 0.5 MHz
Duty Cycle 30 60 %
Rise Time fi = 0.5MHz 500 ns
Fall Time 200 ns
CK1 Using RC (+ 4) R =56kQ £5%
C = 100 pF £10%
Instruction Cycle Time (Note 1) 16 28 us
Inputs:
G3-GO, L7-L0
tseTup 8.0 us
tHoLp 1.3 ps
S|, IPO-1P7 '
tsETUP 20 ps
tHoLD 1.0 ns
Output Propagation Delay Test Condition:
Cp = 50 pF, Voyrt = 1.5V
SO, SK Outputs Ry = 20k
tpd1, tpd0 4.0 us
L, G Outputs RL = 20k
tpd1, tpd0 5.6 us
IPO-IP7, P8, SKIP RL =5k
tpd1, tpd0 7.2 us

Note 1: Variation due to the device included.

€14-110¥d0D /€L X-T10VdOD

Connection Diagram Pin Descriptions

cko =1 49— Pin Description

cKI =42 39 [N . .

1o — 3 anp—rnc Ly-Lo 8 bidirectional 1/0 ports

RESET == 4 np—nc G3-Gp 4 bidirectional 170 ports

=15 36 =17 S| Serial input (or counter input)

:: ] : : t: ;'c so Serial output (or general purpose output)
wo—| s 13— ao/5ATA SK Logic-controlled clock (or general
11— 32 f— sKIP purpose output)

1pg = 10 g“::t:::: k] Cs: AD/DATA | Address out/datain flag

17— :; =2 CKI System oscillator input

t: " :: — :; CKO System oscillator output or NC

14— 14 27— Nc RESET System reset input

Ne =] 15 26 f— NC Vee Power supply

NC—1 18 25 f SK GND - Ground
b ol Bt IP7-IP0 | 8 bidirectional ROM address and data ports

2 —] o P8 Most significant ROM address bit output

1) = 20 20 10 SKIP Instruction skip output

TL/DD/8528-2
FIGURE 2

Order Number COP401L-X13N or COP401L-R13N
See NS Package Number N4OA '
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COP401L-X13/ COP401L-R13

Timing Waveform

€Kl (COP4OTL=R13)

l L

CKI (COP401L~X13)

Uy

INSTRUCTION CYCLE TIME (t,) ————————

AD / DATA SK_’ Ll — b I »
(AS A CLOCK) | Py = ey _1
e X t
todt pd0
S0, SI OUTPUTS i ” ‘ @ -ou- ) e w; oL
FIGURE 3. Input/Output Timing Diagram TpoiRes
Development Support

The MOLE (Microcontroller On Line Emulator) is a low cost
development system and real time emulator for COP’s prod-
ucts, They also include TMP, 8050, and the new 16-bit HPC
Microcontroller Family. The MOLE provides effective sup-
port for the development of both software and hardware in
the user's application.

The purpose of the MOLE is to provide a tool to write and
assemble code, emulate code for the target microcontroller
and assist in debugging of the system,

The MOLE can be connected to various hosts, IBM PC
STARPLEXT™, Kaypro, Apple, and Intel Systems, via RS-
232 port. This link facilitate the up loading/down loading of
code, supports host assembly and mass storage.

The MOLE consists of three parts; brain, personality and
optional host software.

The brain board is the computing engine of the system. It is
a self contained computer with its own firmware which pro-
vides for all system operation, emulation control, communi-
cation, from programming and diagnostic operation. It has
three serial ports which can be connected to a terminal,
host system, printer, modem or to other MOLE’s in a multi-
MOLE environment.

The personality board contains the necessary hardware and
firmware needed to emulate the target microcontroller. The
emulation cable which replaces the target controller attach-
es to this board. The software contains a cross assembler
and communications program for up loading and down load:
ing code from the MOLE. .

MOLE Ordering information

P/N Description
MOLE-BRAIN MOLE Computer Board
MOLE-COPS-PB1 COPS’ Personality Board
MOLE-XXX-YYY Optional Software

Where XXX = COPS, TMP, 8050, or HPC

YYY = Host System, IBM, APPLE, KAY (Kaypro),
CP/M
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Functional Description

A block diagram of the COP401L-X13/COP401L-R13 is giv-
enin Figure 1. Data paths are illustrated in simplified form to
depict how the various logic elements communicate with
each other in implementing the instruction set of the device.
Positive logic is used. When a bit is set, it is a logic 1"
(greater than 2 volts). When a bit is reset, it is a logic 0"
(less than 0.8 volts).

PROGRAM MEMORY

Program Memory consists of a 512-byte external memory.
As can be seen by an examination of the COP401L-X13/
COP401L-R13 instruction set, these words may be program
instructions, program data or ROM addressing data. Be-
cause of the special characteristics associated with the JP,
JSRP, JID and LQID instructions, ROM must often be
thought of as being organized into 8 pages of 64 words
each.

ROM addressing is accomplished by a 9-bit PC register. Its
binary value selects one of the 512 8-bit words contained in
ROM. A new address is loaded into the PC register during
each instruction cycle. Unless the instruction is a transfer of
control instruction, the PC register is loaded with the next
sequential 9-bit binary count value. Two levels of subroutine
nesting are implemented by the 9-bit subroutine save regis-
ters, SA and SB, providing a last-in, first-out (LIFO) hard-
ware subroutine stack.

ROM instruction words are fetched, decoded and executed
by the instruction Decode, Control and Skip Logic circuitry.

DATA MEMORY

Data memory consists of a 128-bit RAM, organized as 4
data registers of 8 4-bit digits. RAM addressing is imple-
mented by a 6-bit B register whose upper 2 bits (Br) select 1
of 4 data registers and lower 3 bits of the 4-bit Bd select 1 of
8 4-bit digits in the selected data register. While the 4-bit
contents of the selected RAM digit (M) is usually loaded into
or from, or exchanged with, the A register (accumulator), it
may also be loaded into the Q latches or loaded from the L
ports. RAM addressing may also be performed directly by
the XAD 3,15 instruction.

The most significant bit of Bd is not used to select a RAM
digit. Hence each physical digit of RAM may be selected by
two different values of Bd as shown in Figure 4 below. The
skip condition for XIS and XDS instructions will be true if Bd
changes between 0 and 15, but NOT between 7 and 8 (see
Table 3).

8d VALUE
15
14
. 77
- 77
.z
10*

RAM DIGIT

PR )

*CAN BE DIRECTLY ADDRESSED BY
LBI INSTRUCTION (SEE TABLE 3)

TL/DD/8528-4

FIGURE 4. RAM Digit Address
to Physical RAM Digit Mapping

INTERNAL LOGIC

The 4-bit A register (accumulator) is the source and destina-
tion register for most 170, arithmetic, logic and data memory
access operations. It can also be used to load the Bd por-
tion of the B register, to load 4 bits of the 8-bit Q latch data,
to input 4 bits of the 8-bit L 1/0 port data and to perform
data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic functions of
the COP401L-X13/COP401L-R13, storing its results in A. It
also outputs a carry bit to the 1-bit C register, most often
employed to indicate arithmetic overflow. The C register, in
conjunction with the XAS instruction and the EN register,
also serves to control the SK output. C can be outputted
directly to SK or can enable SK to be a sync clock each
instruction cycle time. (See XAS instruction and EN register
description, below).

The G register contents are outputs to 4 general-purpose
bidirectional 1/0 ports.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded from M and A, as well as 8-bit data from
ROM. Its contents are output to the L I/0 ports when the L
drivers are enabled under program control. (See LEI instruc-
tion.)

The 8 L drivers, when enabled, output the contents of
latched Q data to the L 170 ports. Also, the contents of L
may be read directly into A and M.

The SIO register functions as a 4-bit serial-in-/serial-out
shift register or as a binary counter depending on the con-
tents of the EN Register. (See EN register description, be-
low.) lts contents can be exchanged with A, allowing it to
input or output a continuous serial data stream. SIO may
also be used to provide additional paralle! I/0 by connecting
SO to external serial-in/parallel-out shift registers.

The XAS instruction copies C into the SKL Latch. In the
counter mode, SK is the output of SKL in the shift register
modse, SK outputs SKL ANDed with internal instruction cycle
clock.

The EN register is an internal 4-bit register loaded under
program control by the LEl instruction. The state of each bit
of this register selects or deselects the particular feature
associated with each bit of the EN registers (EN3—ENg).

1. The least significant bit of the enable register, ENp, se-

lects the SIO Register as either a 4-bit shift register or a
- 4-bit binary counter. With ENg set, SIO is an asynchro-
nous binary counter, decrementing its value by one upon
each low-going pulse (“1” to *“0'") occurring on the SI
Input. Each pulse must be at least two instruction cycles
wide. SK outputs the value of SKL. The SO Output is
equal to the value of ENg. With ENg reset, SIO is a serial
shift register shifting left each instruction cycle time. The
data pesent at S goes into the least significant bit of SIO.
SO can be enabled to output the most significant bit of
SI0 each cycle time. (See 4 below.) The SK output be-
comes a logic-controlled clock.

2.ENy is not used. It has no effect on COP401L-X13/
COP401L-R13 operation.

3. With EN, set, the L drivers are enabled to output the data
in Q to the L 1/0 ports. Resetting EN2 disables the L
drivers, placing the L 170 ports in a high impedance input
state.
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COP401L-X13/ COP401L-R13

Functional Description (continued)

TABLE I. Enable Register Modes - Bits EN3 and ENp

ENg ENp Slo Sl Cle) SK

0 0 Shift Register Input to Shift 0 If SKL=1, SK=Clock
Register if SKL=0, SK=0

1 0 Shift Register Input to Shift Serial If SKL= 1, SK=Clock
Register Out If SKL=0, SK=0

0 1 Binary Counter Input to Binary 0 If SKL=1, SK=1
Counter If SKL=0, SK=0

1 1 Binary Counter Input to Binary 1 If SKL=1, SK=1
Counter If SKL=0, SK=0

4. ENg, in conjunction with ENp, affects the SO output. With
ENp set (binary counter option selected) SO will output
the value loaded into EN3. With ENg reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resetting EN3 with the serial
shift register option selected disables SO as the shift reg-
ister output; data continues to be shifted through SIO and
can be exchanged with A via an XAS instruction but SO
remains reset to “0". Table 1 provides a summary of the
modes associated with EN3 and ENp.

INITIALIZATION

The Reset Logic will initialize (clear) the device upon power-
up if the power supply rise time is less than 1 ms and great-
er than 1 pus. If the power supply rise time is greater than 1
ms, the user must provide an external RC network and di-
ode to the RESET pin as shown below (Figure 5). The
RESET pin is configured as a Schmitt trigger input. If not
used it should be connected to V¢c. Initialization will occur
whenever a logic “0” is applied to the RESET input, provid-
ed it stays low for at least three instruction cycle times.

P + we—
% s vee
> 1L — X13
R 9 Soreort = K13
H RESET
v
H = GND
v - e

RC > 5x POWER SUPPLY RISE TIME
: TL/DD/8528-5
Figure 5. Power-Up Clear Circuit

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, EN, and G registers are cleared.
The SK output is enabled as a SYNC output, providing a
pulse each instruction cycle time. Data Memory (RAM) is
not cleared upon initialization. The first instruction at ad-
dress 0 must be a CLRA.

EXTERNAL MEMORY INTERFACE

The COP401L-X13/COP401L-R13 is designed for use with
an external Program Memory. This memory may be imple-
mented using any devices having the following characteris-
tics:

1. random addressing

2. TTL-compatible TRI-STATE® outputs

3. TTL-compatible inputs

4. access time = 5 us max.

Typically these requirements are met using bipolar or MOS
PROMs.

During operation, the address of the next instruction is sent
out on P8 and IP7 through IPO during the time that
AD/DATA is high (logic “1” = address mode). Address
data on the IP lines is stored into an external latch on the
high-to-low transition of the AD/DATA line; P8 is a dedicat-
ed address output, and does not need to be latched. When
AD/DATA is low (logic 0" = data mods), the output of the
memory is gated onto IP7 through PO, forming the input
bus. Note that the AD/DATA output has a period of one
instruction time, a duty cycle of approximately 50%, and
specifies whether the IP lines are used for address output or
instruction input. .

OSCILLATOR

There are two basic clock oscillator conﬁguranons available

as shown by Figure 6.

a. The COP401L-X13 is a Resonator Controlled Oscillator.
CKl and CKO are connected to an external ceramic reso-
nator. The instruction cycle frequency equals the resona-
tor frequency divided by 8.

b. The COP401L-R13 is a RC Controlled Oscillator. CKl is
configured as a single pin RC controlled Schmitt trigger
oscillator. The instruction cycle equals the oscillation fre-
quency divided by 4. CKO becomes no connection.

COP401L=X13 COP401L~R13
A B
Kl o} Jex KO
A »
WA Voo

(N/C)

LY LN
>
>
s=
‘b
| —AAA <

I
TL/DD/8528-68

FIGURE 6. COP401L-X13/COP401L-R13 Oscillator
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Functional Description (continued)

Vee #3 , VeC
A »n —{ [ +
# .

TL/DD/8528-7
a. Standard Output

vee
[4]
A
INPUT I

d. Input With Load

DISABLE ‘_’cc
=y
#
TL/DD/B—SZB~9
¢. Standard L Ouput

TL/DD/8528-8
b. Push-Pull Output

weut D

TL/DD/8528-10 TL/DD/8528-11

e. HI-Z Input
FIGURE 7. Input and Output Configurations

1/0 CONFIGURATIONS
COP401L-X13/COP401L-R13 inputs and outputs have the

Ceramic Resonator Osclllator

Re‘s,:::la:or Component Values following configurations, illustrated in Figure 7.
R1(0) | R2(Q) | C1(pF) | C2(pF) a. G0-G3—an enhancement mode device to ground in
455 kHz 4.7k 1M 290 220 conjunction with depletion-mode device to Vge.
b. SO, SK, IP0-IP7, P8, SKIP, AD/DATA—an enhancement
RC Controlied Osclilator mode device to ground in conjunction with a depletion-
mode device paralleled by an enhancement-mode device
Instruction to Vgg. This configuration has been provided to allow for
R (k) C (pF) Cycle Time tast rise and fall times when driving capacitive loads.
(In ps) ¢. L0-L7—same as a, but may be disabled.
51 100 10 + 15% d. Sl has on-chip depletion load device to Vcg.
82 56 19 + 13% o. RESET has a Hi-Z input which must be driven to a 1" or
0" by external components.
Note: 200 k=R225 kO Curves are given in Figure 8 to allow the designer to effec-
220 pF=Cz=50 pF tively use the 1/0 configurations in designing a system,

An important point to remember is that even when the L
drivers are disabled, the depletion load device will source a
small amount of current, however, when the L lines are used
as inputs, the disabled depletion device can not be relied on
to source sufficient current to pull an input to a logic “1".
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COP401L-X13/ COP401L-R13

Typical Performance Characteristics
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COP401L-X13/COP401L-R13 Instruction Set

Table Ii is a symbol table providing internal architecturs, In- Table lil provides the mnemonic, operand, machine cods,
struction operand and operational symbols used in the in- data flow, skip conditions, and description associated with

struction set table.

each instruction in the COP401L-X13/COP401L-R13 in-
struction set.

TABLE Il. COP401L-X13/COP401L-R13 Instruction Set Table Symbols

Symbol Definition
Internal Architecture Symbols
A 4-bit Accumulator
B 6-bit RAM Address Register
Br Upper 2 bits of B (register address)
Bd Lower 4 bits of B (digit address)
C 1-bit Carry Register
EN 4-bit Enable Register
G 4-bit Register to latch data for G 1/0 Port
L 8-bit TRI-STATE 170 Port
M 4-bit contents of RAM Memory pointed to by B Register
PC 9-bit ROM Address Register (program counter)
Q 8-bit Register to latch data for L 170 Port
SA 9-bit Subroutine Save Register A
SB 9-bit Subroutine Save Register B
SIO 4-bit Shift Register and Counter
SK Logic Controlled Clock Output
Instruction Operand Symbols
d 4-bit Operand Field, 0-15 binary (RAM Digit Select)
r 2-bit Operand Field, 0-3 binary (RAM Register Select)
a 9-bit Operand Field, 0-511 binary (ROM Address)
y 4-bit Operand Field, 0~ 15 binary (Immediate Data)
RAM(s) Contents of RAM location addressed by s
ROM(t) Contents of ROM location addressed by t
Operational Symbols
+ Plus
- Minus
- Replaces
> Is exchanged with
= Is equal to
A The one’s complement of A
-} Exclusive-OR
H Range of vaiues
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COP401L-X13/ COP401L-R13

TABLE lll. COP401L-X13/COP401L-R13 Instruction Set

Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
ARITHMETIC INSTRUCTIONS
ASC 30 00110000 A+C+RAM(B)—> A Carry Add with Carry, Skip on
Carry —> C Carry
ADD 31 00110001 A+RAM(B)— A None Add RAM to A
AISC y 5 0101] y A+y— A Carry Add Immediate, Skip on
Carry (y=0)
CLRA 00 0000|0000 0—A None Clear A
COMP 40 0100} 0000 A—A None One’s complement of A to
A
NOP 44 0100(0100 None None No Operation
RC 32 10011]0010 “0"—>C None Reset C
SC 22 0010]0010 "1"—=>C None SetC
XOR 02 00000010 A®RAM(B) — A None Exclusive-OR RAM with A
TRANSFER OF CONTROL INSTRUCTIONS )
JID FF 11111111 ROM(PCg,AM) — None Jump Indirect (Note 2)
PC7.0
JMP a 6— 0110]000]ag a— PC None Jump
- ar.o
JP a - 1| ae0 a— PCgy None Jump within-Page
{pages 2, 3 only) (Note 3)
or
- 11| as0 a—> PCs0
(all other pages)
JSRP a - 10| as0 PC+1—>SA—>SB None Jump to Subroutine Page
‘ (Note 4)
010 —> PCg.g
a— PCsy
JSR a 6—  |0110]{100{ag| | PC+1—>SA—>SB None Jump to Subroutine
- az.0 a— PC
RET 48 0100(1000| | SB—>SA—PC None Return from Subroutine
RETSK 49 01001001 SB— SA—PC Always Skip on Return  Return from Subroutine
then Skip
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 00110011 A— Q74 None Copy A, RAMto Q
3C {0011{1100] RAM(B) — Qg0
LD r -5 00|r|0101 RAM(B) — A None Load RAMinto A,
Brér— Br Exclusive-OR Br with r
LQID BF 1011]1111 ROM(PCg, AAM) — Q None Load Q Indirect (Note 2)
SA—> SB
RMB 0 4C 0100(1100 0 — RAM(B)o None Reset RAM Bit
1 45 {0100]0101 0 — RAM(B)4
2 42 0100|0010 0 — RAM(B)2
3 43 01000011 0 — RAM(B)3
SMB 0 4D 0100}1101 1— RAM(B)o None Set RAM Bit
1 47 0100/0111 1 — RAM(B)4
2 46 0100{0110 1 —> RAM(B),
3 4B 0100{1011) 1 — RAM(B)3
STl y 7- 0111] vy y ~—> RAM(B) None Store Memory Immediate
Bd+1— Bd and Increment Bd
X r -6 00|rj0110 RAM(B) «— A None Exchange RAM with A,
Brer— Br Exclusive-OR Br with r
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TABLE I1l. COP401L-X13/COP401L-R13 Instruction Set (Continued)

Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
MEMORY REFERENCE INSTRUCTIONS (Continued)
XAD 3,15 23 0010{0011 RAM(3,15) «—> A None Exchange A with RAM
BF (10111111 (3,15)
XDS r -7 [o0jrjo111} RAM(B) «— A Bd decrements past0  Exchange RAM with A
Bd—1—>Bd and Decrement Bd,
Brer — Br Exclusive-OR Br with r
XIS r —4 [00{r{0100 RAM(B) «— A Bdincrements past 15 Exchange RAMwithA
Bd+1— Bd and Increment Bd,
Bror — Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 [0101]0000} A— Bd . None Copy Ato Bd
CBA 4E {0100]1110 Bd— A None Copy Bdto A
LBl rd - 00]r{(d-1) rd—B Skip until not a LBI Load B immediate with
(d=0,9:15) r.d (Note 5)
LES y 33 00110011 y—>EN None Load EN Immediate
: 6— 0110| y (Note 6)
TEST INSTRUCTIONS
SKC 20 0010]0000 C="1" Skip if Cis True
SKE 21 00100001 A=RAM(B) Skip if A Equals RAM
SKGZ 33 0011 (0011 Gg.0=0 Skip if G is Zero
21 00100001 ' (all 4 bits)
SKGBZ 33 0011(0011 1st byte Skip if G Bit is Zero
0 01 0000(0001 | Gp=0
1 11 00010001 2nd byte Gy=0
2 03 0000|0011 Gp=0
3 13 0001 (0011 G3=0
SKMBZ 0 01 0000|0001 RAM(B)o=0 Skip if RAM Bitis Zero
1 11 0001|0001 RAM(B); =0
2 03 0000|0011 RAM(B), =
3 13 [0001 0011 RAM(B)3=
INPUT/OUTPUT INSTRUCTIONS
ING 33 00110011 G—A None Input G Ports to A
2A 0010[1010
INL 33 00110011 L7.4 —> RAM(B) None Input L Ports to RAM, A
2E 0010|1110 Lgog—>A
OMG 33 0011|0011] | RAM(B)— G None Output RAM to G Ports
3A 0011{1010 .
XAS AF 0100] 1111 A «—> SIO,C — SKL ' None - Exchange A with SIO
(Note 2)
Note 1: All subscripts for alphabetical bols indi bit bers unless explicitly defined (e.g., Br and Bd are explicitly defined) Bits are numbered OtoN whera 0

signifies the least significant blt (low-order, right-most bit). For example, A3 indicates the most significant (left-most) bit of the 4-bit A register.

Note 2: For additional information on the operation of the XAS, JID, and LQID instructions, see below.

Note 3: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 4: A JSRP transfers program control to subroutine page 2 (010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP may not
jump to the last word in page 2.

Note 5: The machine code for the lower 4 bits of the LBI instruction equals the binary value of the “d" data minus 1 e.g., to load the lower four bits of B (Bd) with the value
9 (1001y), the lower 4 bits of the LB instruction equal 8 (1000y). To load 0, the lower 4 bits of the LBI instruction should equal 15 (11112).

Note 6: Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a **1” or “0" in each bit of EN corresponds with the
selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.)
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COP401L-X13/ COP401L-R13

Description of Selected Instructions

The following information is provided to assist the user in
understanding the operation of several unique instructions
and to provide notes useful to programmers in writing
COP401L-X13/COP401L-R13 programs.

XAS INSTRUCTION
XAS (Exchange A with SIO) exchanges the 4-bit contents of

- the accumulator with the 4-bit contents of the SIO register.

The contents of SIO will contain serial-in/serial-out shift reg-
ister or binary counter data, depending on the value of the
EN register. An XAS instruction will also affect the SK out-
put. (See Functional Description, EN Register, above.) If
SIO is selected as a shift register, an XAS instruction must
be performed once every 4 instruction cycles to effect a
continuous data stream.

JID INSTRUCTION

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
to indirectly by A and M. It loads the lower 8 bits of the ROM
address register PC with the contents of ROM addressed by
the 9-bit word, PCg, A, M. PCg is not affected by this instruc-
tion.

Note that JID requires 2 instruction cycles to execute.

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 9-bit word PCg, A, M.
LQID can be used for table lookup or code conversion such
as BCD to seven-segment. The LQID instruction “pushes”
the stack (PC + 1 — SA —> SB) and replaces the least
significant 8 bits of PC as follows: A —> PCy.4, RAM (B)
—> PCg., leaving PCg unchanged. The ROM data pointed
to by the new address is fetched and loaded into the Q
latches. Next, the stack is “popped” (SB — SA — PC),
restoring the saved value of PC to continue sequential pro-
gram exscution. Since LQID pushes SA — SB, the previ-
ous contents of SB are lost. Also, when LQID pops the
stack, the previously pushed contents of SA are left in SB.
The net resuit is that the contents of SA are placed in SB
(SA — SB). Note that LQID takes two instruction cycle
times to execute.

INSTRUCTION SET NOTES

a. The first word of a COP401L-X13/COP401L-R13 pro-
gram (ROM address 0) must be a CLRA (Clear A) instruc-
tion.

b. Although skipped instructions are not executed, one in-
struction cycle time is devoted to skipping each byte of
the skipped instruction. Thus all program paths except
JID and LQID take the same number of cycle times
whether instructions are skipped or executed. JID and
LQID instructions take 2 cycles if executed and 1 cycle if
skipped. ) .

c. The ROM is organized into 8 pages of 64 words each.
The Program Counter is a 9-bit binary counter, and will
count through page boundaries. If a JP, JSRP, JID or
LQID instruction is located in the last word of a page, the
instruction operates as if it were in the next page. For
example: a JP located in the last word of a page will jump
to a location in the next page. Also, a LQID or JID located
in the last word of page 3 or will access data in the next
group of 4 pages.

COPS Programming Manual

For detailed information on writing COPS programs, the
COPS Programming Manual 424410284-001 provides an in-
depth discussion of the COPS architecturs, instruction set
and general techniques of COPS programming. This manual
is written with the programmer in mind.

Typical Applications

PROM-Based System

The COP401L-X13/COP401L-R13 may be used to emulate
the COP413L. Figure 9 shows the interconnect to imple-
ment a COP401L-X13/COP401L-R13 hardware emulation.
This connection uses one MM2716 EPROM as external
memory. Other memory can be used such as bipolar PROM
or RAM.

Pins IP7—IPg are bidirectional inputs and outputs. When the
AD/DATA clocking output turns on, the EPROM drivers are
disabled and IP7—-IPg output addresses. The 8-bit latch
(MM74C373) latches the addresses to drive the memory.
When AD/DATA turns off, the EPROM is enabled and the
IP7-1Pg pins will input the memory data. P8 outputs the
most significant address bit to the memory. (SKIP output
may be used for program debug if needed.)

Twenty of the COP401L-X13/COP401L-R13 pins may be
configured exactly the same as the COP413L. Selection of |
the COP401L-X13 or COP401L-R13 depends upon which
oscillator is selected for the COP413L.

Order

Osclllator Requirement ROMIless
COP413L Option 1=0 Ceramic Resonator COP401L-X13

or external input

frequency divided by

8. CKO is oscillator

out.

Option 1=1 Single Pin RC COP401L-R13

controlled oscillator
divided by 4. CKO is
no connection.
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Typical Applications (continued)

Vee

Vep
Vss
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A8

A7 MM2716
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19116]15}12] 9} 6] §
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B7 B6 BS B4 B3 B2 Bl B0
17116 15| 14]13)11]10] 9

Q8 Q7 Q6 Q5 Q4 Q3 Q2 Qf
Veo
GND 74LS373 T3
OUTPUT DIS

D8 D7 D6 D5 D4 D3 D2 D1

18[17]14[13] 8} 7 4|3T

9 103643 |5 )6 )7 |8 33 34

IP7 PG IP5 IP4 IP3 IP2 IP1 IP0  AD/DATA NC
35
71 B
—_—i] e b
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18 COP401L = X13/COP401L = R13 Ne | 37
19 13
20 12
21 1
NC NC NC NC
23[24[15]16]25|22{28 29|30 31 | |2s|27l I
COPM3L| 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20
PINOUT | L4 Vee L3 L2 LT LO s S0 SKGND GO Gi G2 G3 CKO Kl RESET L7 L6 L5

TL/DD/B528-13
FIGURE 9. COP401L-X13/COP401L-R13 Used to Emulate a COP413L
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COP402/COP402M

National
Semiconductor

COP402/COP402M ROMIess N-Channel Microcontrollers

General Description

The COP402/COP402M ROM!ess Microcontrollers are
members of the COPST™ family, fabricated using N-channel
silicon gate MOS technology. Each part contains CPU,
RAM, and 1/0, and is identical to a COP420 devics, except
the ROM has been removed; pins have been added to out-
put the ROM address and to input ROM data. In a system,
the COP402 or 402M will perform exactly as the COP420;
this important benefit facilitates development and debug of
a COP420; this important benefit facilitates development
and debug of a COP420 program prior to masking the final
part. These devices are also appropriate in low volume ap-
plications, or when the program may require changing. The
COP402M is identical to the COP402, except the MICRO-
BUS™ interface option has been implemented.

The COP402 may also be used to emulate the COP410L,
411L, or 420L by appropriately reducing the clock frequen-
cy.

Features ‘

m Extended temperature (—40°C to +85°C) COP302/
COP302M, available as special order

W Low cost

m Exact circuit equivalent of COP420

® Standard 40-pin dual-in-line package

m Interfaces with standard PROM or ROM

W 64 x 4 RAM, addresses up to 1k x 8 ROM

m MICROBUS compatible (COP402M)

® Powerful instruction set

m True vectored interrupt, plus restart

m Three-level subroutine stack

W 4.0 ps instruction time

m Single supply operation (4.5V to 6.3V)

=m Internal time-base counter for real-time processing

= Internal binary counter register with MICROWIRE™
serial 1/0 capability

m Software/hardware compatible with other members of
COP400 family

Block Diagram
a0BRVE  VEC GND (2] cko
3 *n ‘u ‘ 2 ’ '
1 I
" TINEBASE
» ’ COUNTER i cLock l
" sUFFERs (OIVIDE BY 1020 DIVIDER I‘——{ GENERATOR
" INSTRUCTION CLOCK (5
“4 STRUCTION CLOCK (SYNC) [oeer 1L o
" ¢ [ i |
d "» v
"y
" surrens DIGIT ADDRESS
DATAMEMORY  REG
" B4x4RAM  ADDR 88 | ®0
" ouT IN 2 4]
r'y 31
" . 1 el
[ ] o
" REGISTER ™ 2
. BUFFER 01
A
& " T
sl 32 INSTRUCTION
(WOT USED) <@=f={  DECODE/CONTROL
$KIPLOGIC L2 e sx
250 vo
TVEL STACK
suves $I03 SI0z SI0) S0g
| SERIAL 10 REGISTER By
10 coNTAOLS s 1t
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N N Mgty
4 o )
! L] )| REGISTER ” 62
»
m / \ I L DRIVERS I 4 | BUFFER " G
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1 iz 13
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IN3 1Nz 1My INg
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1w faln

L7 g Ls L4 L3 12 11 Lo

TL/DD/6915-1

FIGURE 1
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COP402/COP402M and COP302/COP302M

Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Package Power Dissipation 750 mW at 25°C
please contact the National Semiconductor Sales 400 mW at 70°C
Office/Distributors for avallabllity and specifications. 250 mW at 85°C
Voltage at Any Pin —-0.3Vto +7V Total Sink Current 50 mA
Operating Temperature Range Total Source Current 70 mA

COP402/COP402M 0°Cto 70°C Note: Absolute maximum ratings indicate limits beyond
Storage Temperature Range —65°Cto +150°C which damage to the device may occur. DC and AC electri-
Lead Temperature (soldering, 10 sec.) 300°C cal specifications are not ensured when operating the de-

vice at absolute maximum ratings.

COP402/COP402M
DC Electrical Characteristics o°'c < T4 < 70°C, 4.5V < V¢ < 6.3V unless otherwise noted
Parameter Conditions Min Max Units
Operation Voltage 4.5 6.3 \
Power Supply Ripple Peak to Peak (Note 3) 0.4 \')
Supply Current All Outputs Open Vg = 5V 40 mA
Input Voltage Levels
CKi Input Levels
Crystal Input
Logic High 2.4 \"
Logic Low -0.3 0.4 v
Schmitt Trigger Input
RESET
Logic High 0.7 Vo v
Logic Low -0.3 0.6 \
All Other Inputs
Logic High Vec = Max 3.0 v
Logic High Voo = 5V £5% 20 \
Logic Low -0.3 0.8 \
Input Load Source Current Vee = 5V, iy = OV —100 —800 pA
Input Capacitance 7 pF
HI-Z Input Leakage Voo = 5V -1 +1 LA
Output Voltage Levels
D, G, L, SK, SO Outputs
TTL Operation Vee = 5V £10%
Logic High lon = —100 pA 2.4 \
Logic Low loL = 1.6 mA -0.3 0.4 \
IP0-IP7, P8, P9, SKIP, CKO,
AD/DATA
Logic High loh = =75 pA 24 v
Logic Low loL = 400 pA -0.3 0.4 \
CMOS Operation (Note 1)
Logic High loy = —10 pA Vec -1 \
Logic Low loL = 10 A -0.3 0.2 \'J
Output Current Levels
LED Direct Drive (COP402) Vge = 6V
Logic High VoH = 2.0V 2.5 14 mA
TRI-STATE® (COP402M) Leakage Current Veg = 5V —50 +50 pA
Allowable Sink Current
PerPin (L, D, G) 10 mA
Per Pin (All Others) 2 mA
Per Port (L) 16 mA
Per Port (D, G) 10 mA
Allowable Source Current
Per Pin (L) -15 mA
Per Pin (All Others) -1.5 mA

Note 1: TRI-STATE and LED configurations are excluded.
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COP402/COP402M

COP402/COP402M
AC Electrical Characteristics o:c < T4 < 70°C, 4.5V < V¢ < 6.3V unless otherwise noted
Parameter Conditions Min Max Units
Instruction Cycle Time 4 10 " ps
Operating CKI| Frequency +16 Mode 1.6 4.0 MHz
CKI Duty Cycle (Note 1) 40 60 %
Rise Time Frequency = 4 MHz 60 ns
Fall Time Frequency = 4 MHz 40 ns
Inputs:
Sl
tseTUP 0.3 ks
tHoLD 250 ns
All Other Inputs )
tseTUP 1.7 us
tHoLD 300 ns
Output Propagation Delay Test Conditions:
RL = 5k, C| = 50 pF, Voyt = 1.5V
SO and SK
tpd1 1.0 ps
thdo 1.0 us
CKO -
todt 0.25 s
todo 0.25 s
AD/DATA, SKIP
tpd1 0.6 us
tpdo 0.6 pns
All Other Outputs
tod1 14 ms
todo 1.4 us
MICROBUS Timing CL = 100 pF, Veg = 5V +5%
Read Operation (Figure 4)
Chip Select Stable before RD—tcsr 65 ns
Chip Select Hold Time for RD—trcs 20 ns
D Pulse Width—trg 400 ns
Data Delay from RD—tgp 375 ns
RD to Data Floating—tpg 250 ns
Write Operation (Figure 5)
Chip Select Stable before WR—tcsw 65 ns
Chip Select Hold Time for WR—twcs 20 ns
WR Pulse Width—tyw 400 ns
Data Set-Up Time for WR—tpw 320 ns
Data Hold Time for WR—twp 100 ns
INTR Transition Time from WR—ty 700 ns

Note 1: Duty Cycle = twi/(twy + two)-

Note 2: See Figure 9 for additional /O characteristics.

Note 3: Voltage change must be less than 0.5V in a 1 ms period.
Note 4: Exarcise great care not to exceed maximum device power dissipation limits when direct driving LEDs (or sourcing similar loads) at high temperature.
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Connection Diagram Pin Descriptions
Dual-In-Line Package Pin Description
L7-Lo 8 bidirectional 1/0 ports with TRI-STATE
cko =]+ af—m G3-Gp 4 bidirectional 1/0 ports
1 £ 3 f—o1 D3-Dg 4 general purpose outputs
m'::: : :: | z: IN3-INg 4 general purpose inputs

w3 —s 25 b— 1P Si Serial input (or counter input)

P2 =6 35— P8 SO Serial output (or general purpose output)
[ e B Up—n SK Logic-controlled clock (or general purpose out-
1p0 =~ 8 33 == AD/DATA put)

w—]s o AD/DATA Address out/data in flag

1pg == 10 LOpac2 N 63 . .
u—u coranzm 1 o SKIP Instruction skip output
16— 12 29 b 61 CKIl System oscillator input
15 == 13 28 = G0 CKO System oscillator output
U= u N3 RESET  System reset input

INt == 15 26 = IND I

2 — 16 i » Vee Power supply

Veg = 17 24 }—s0 GND Ground
13— 18 23 fmm §1 IP7-1P0 8 bidirectional ROM address and data ports
L2 =1 19 22 b= GND P8, P9 2 most significant ROM address outputs
=t 21 p—L0

TL/DD/6915-2
Top View
Order Number COP402N or COP402MN
See NS Package Number N40A
FIGURE 2.
Timing Diagrams ‘
I.___ INSTRUCTION CYCLE TIME (1) ———l
CK1I
- o1 l |
Hyprass QLR N on N\ VoL (i (2

IN3-INg, | l |-~ 1SETUP | |=—tHOLD
e N S/
INPUTS P01 — 1PDY
g o M
OUTPUTS

|‘—‘F°‘ —| tppo lq_.
SKIP QUTPUT
[/} pu— I P
LT SN a— \
QUTPUTS
J«1SETUP»| |«— tHOLD

e )

TL/DD/6915-3

FIGURE 3a. Input/Output Timing Diagrams (Crystal < 16 Mode)
| Wi | W0 I

CKIi I—
[— ]

CKQ =

tpD] —>| |<—- —~>| tPDO
TL/DD/6915-4 .
FIGURE 3b. CKO Output Timing
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COP402/COP402M

Timing Diagrams (Continued)

(IN2) (% \ j
tRR RCS
Ny RD A% y 4
e~ 1CSR —»|e—tRD —»| tDF
(L7-Lo) D7-Dp S
| TL/DD/6915-5
FIGURE 4. MICROBUS Read Operation Timing
ttcsw W twcs—-l
(IN2) <3
tow
(N3 WA AN y 4
—»| twp |-
(L7-1g) D7-Dg X *
wi f
(Go) INTR ‘L

TL/DD/6915-6

FIGURE 5. MICROBUS Write Operation Timing

Functional Description

A block diagram of the COP402 is given in Figure 1. Data
paths are illustrated in simplified form to depict how the vari-
ous logic elements communicate with each other in imple-
menting the instruction set of the device. Positive logic is
used. When a bit Is set, it is a logic 1" (greater than 2V).
When a bit is reset, it is a logic “0" (less than 0.8V).

PROGRAM MEMORY

Program Memory consists of a 1,024-byte external memory
(typically PROM). Words of this memory may be program
instructions, program data or ROM addressing data. Be-
cause of the speclal characteristics associated with the JP,
JSRP, JID and LQID Instructions, AOM must often be
thought of as being organized into 16 pages of 64 words
each.

ROM addressing Is accomplished by a 10-bit PC register. Its
binay value selscts one of the 1,024 8-bit words contained
in ROM. A new address is loaded into the PC register during
each instruction cycle. Unless the instruction is a transfer of
control Instruction, the PC register is loaded with the next
sequential 10-bit binary count value. Three levels of sub-
routine nesting are implemented by the 10-bit subroutine
save registers, SA, SB and SC, providing a last-in, first-out
(LIFO) hardware subroutine stack.

ROM instruction words are fetched, decoded and executed
by the Instruction Decode, Control and Skip Logic circuitry.

DATA MEMORY

Data memory consists of a 256-bit RAM, organized as 4
data registers of 16 4-bit digits. RAM addressing is imple-
mented by a 6-bit B register whose upper 2 bits (Br) select 1
of 4 data registers and lower 4 bits (Bd) select 1 of 16 4-bit
digits in the selected data register. While the 4-bit contents
of the selected RAM digit (M) is usually loaded into or from,
or exchanged with, the A register (accumulator), it may also
be loaded into or from the Q latches or loaded from the L
ports. RAM addressing may also be performed directly by
the LDD and XAD instruction based upon the 6-bit

contents of the operand field of these instructions. The Bd
register also serves as a source register for 4-bit data sent
directly to the D outputs.

INTERNAL LOGIC

The 4-bit A register (accumulator) is the source and desti-
nation register for most 1/0, arithmetic, logic and data mem-
ory access operations. It can also be used to load the Br
and Bd portions of the B register, to load and input 4 bits of
the 8-bit Q latch data, to input 4 bits of the 8-bit L 1/0 port
data and to perform data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic functions of
the COP402/402M, storing its results in A. It also outputs a
carry bit to the 1-bit C reglster, most often employed to
indicate arithmetic overflow. The C register, in conjunction
with the XAS Instruction and the EN register, also serves to
control the SK output. C can be outputted directly to SK or
can enable SK to be a sync clock each instruction cycle
time, (See XAS instruction and EN register description, be-
low.)

Four general-purpose Inputs, IN3~INg, are provided; IN4,
INg, and INg may be selected, by a mask-programmable
option, as Read Strobe, Chip Select and Write Strobe in-
puts, respectively, for use in MICROBUS applications.

The D register provides 4 general-purpose outputs and is
used as the destination register for the 4-bit contents of Bd.
The G reglster contents are outputs to 4 general-purpose
bidirectional I/0 ports. Gg may be mask-programmed as a
“ready” output for MICROBUS applications.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded to or from M and A, as well as 8-bit data
from ROM. Its contents are output to the L 1/0 ports when
the L drivers are enabled under program control. (See LEI
instruction.) With the MICROBUS option selected, Q can
also be loaded with the 8-bit contents of the L 1/0 ports
upon the occurrence of a write strobe from the host CPU.
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Functional Description (continued)

The 8 L drivers, when enabled, output the contents of
latched Q data to the L I/O ports. Also, the contents of L
may be read directly into A and M. As explained above, the
MICROBUS option allows L 1/0 port data to be latched into
the Q register. L I/0 ports can be directly connected to the
segments of a multiplexed LED display (using the LED Di-
rect Drive output configuration option) with Q data being
outputted to the Sa-Sg and decimal point segments of the
display.

The SIO register functions as a 4-bit serial-in/serial-out
shift register or as a binary counter depending on the con-
tents of the EN register. (See EN register description
below.) Its contents can be exchanged with A, allowing it to
input or output a continuous serial data stream. SIO may
also be used to provide additional parallel I/0 by connecting
SO to external serial-in/parallel-out shift registers.

The XAS Instruction copies C into the SKL latch. In the
counter mode, SK is the output of SKL. In the shift register
mode, SK outputs SKL ANDed with internal instruction cycle
clock.

The EN register is an internal 4-bit register loaded under
program control by the LEl instruction. The state of each bit
of this register selects or deselects the particular feature
associated with each bit of the EN register (EN3g-ENo).

1. The least significant bit of the enable register, ENp, se-
lects the SIO register as either a 4-bit shift register or a
4-bit binary counter. With ENg set, SIO is an asynchro-
nous binary counter, decrementing its value by one upon
each low-going pulse (“1” to “0") occurring on the SI
input. Each pulse must be at least two instruction cycles
wide. SK outputs the value of SKL. The SO output is
equal to the value of ENg. With ENg reset, SIO is a serial
shift register shifting left each instruction cycle time. The
data present at S| goes into the least significant bit of
S10. SO can be enabled to output the most significant bit
of SIO each cycle time. (See 4 below.) The SK output
becomes a logic-controlled clock.

2. With ENy set the IN4 input is enabled as an interrupt in-
put. Immediately following an interrupt, EN4 is reset to
disable further interrupts.

3. With EN> set, the L drivers are enabled to output the data
in Q to the L I/O ports. Resetting EN disables the L
drivers, placing the L I/0 ports in a high-impedance input
state. If the MICROBUS option is being used, EN> does
not affect the L drivers.

4. ENg, in conjunction with ENp, affects the SO output. With
ENg set (binary counter option selected) SO will output
the value loaded into EN3. With ENg reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resetting ENg with the serial

shift register option selected disables SO as the shift reg-
ister output; data continues to be shifted through SIO and
can be exchanged with A via an XAS instruction but SO
remains reset to “‘0.” The table below provides a summa-
ry of the modes associated with EN3 and ENg.

INTERRUPT

The following features are associated with the INy interrupt
procedure and protocol and must be considered by the pro-
grammer when utilizing interrupts.

a. The interrupt, once acknowledged as explained below,
pushes the next sequential program counter address (PC
+ 1) onto the stack, pushing in turn the contents of the
other subroutine-save registers to the next lower level
(PC + 1 — SA — SB — SC). Any previous con-
tents of SC are lost. The program counter is set to hex
address OFF (the last word of page 3) and ENj is reset.

b. An interrupt will be acknowledged only after the following
conditions are met:

1. EN¢ has been set.

2, A low-going pulse (1" to “0") at least two instruction
cycles wide occurs on the N4 input.

3. A currently executing instruction has been completed.

4. All successive transfer of control instructions and suc-
cessive LBIs have been completed (e.g., if the main
program is executing a JP instruction which transfers
program control to another JP instruction, the interrupt
will not be acknowledged until the second JP instruc-
tion has been executed.

. Upon acknowledgement of an interrupt, the skip logic
status is saved and later restored upon the popping of the
stack. For example, if an interrupt occurs during the exe-
cution of ASC (Add with Carry, Skip on Carry) instruction
which results in carry, the skip logic status is saved and
program control is transferred to the interrupt servicing
routine at hex address OFF. At the end of the interrupt
routine, a RET instruction is executed to “pop” the stack
and return program control to the instruction following the
original ASC. At this time, the skip logic is enabled and
skips this instruction because of the previous ASC carry.
Subroutines and the LQID instruction should not be nest-
ed within the interrupt servicing routine since their pop-
ping of the stack enables any previously saved main pro-
gram skips, interfering with the orderly execution of the
interrupt routine.

d. The first instruction of the interrupt routine at hex address

OFF must be a NOP.

e. An LE! instruction can be put immediately before the RET
to re-enable interrupts.

Le]

TABLE |. Enable Register Modes—Bits EN3 and ENg

SO SK

ENj ENp slo

0 0 Shift Register Input to Shift Register 0 If SKL = 1, SK = SYNC
1fSKL =0,SK =0

1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = SYNC
IfSKL=0,SK =0

0 1 Binary Counter Input to Binary Counter 0 IfSKL=1,SK =1
IfSKL=0,SK =0

1 1 Binary Counter Input to Binary Counter 1 HSKL=1,8K =1
IfSKL=0,SK =0
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COP402/COP402M

Functional Description (continued)

MICROBUS INTERFACE

The COP402M can be used as a peripheral microprocessor
device, inputting and outputting data from and to a host mi-
croprocessor (wP). IN1, IN2, and IN3 general purpose inputs
become MICROBUS compatible read-strobe, chip-select,
and write-strobe lines, respectively. IN; becomes RD—a
logic “0” on this input will cause Q latch data to be enabled
to the L ports for input to the uP. INy becomes CS—a logic
0" on this line selects the COP402M as the uP peripheral
device by enabling the operation of the RD and WR lines
and allows for the selection of one of several peripheral
components. IN3 becomes WR—a logic “0” on this line will
write bus data from the L ports to the Q latches for input to
the COP402M. G becomes INTR, a “ready” output reset
by a write pulse from the P on the WR line, providing the
“handshaking” capability necessary for asynchronous data
transfer between the host CPU and the COP402M.

This option has been designed for compatibility with Nation-
al's MICROBUS—a standard interconnect system for 8-bit
parallel data transfer between MOS/LSI CPUs and interfac-
ing devices. (See MICROBUS, National Publication.) The
functioning and timing relationships between the COP402M
signal lines affected by this option are as specified for the
MICROBUS interface, and are given in the AC electrical
characteristics and shown in the timing diagrams (Figures 4
and 5). Connection to the MICROBUS is shown in Figure 6.

POWER
SUPPLY  CLOCK

* INTERRUPT (INTR) 60

8-BIT DATA BUS

MICROPROCESSOR | penn sroBe (AD) COP402M
CHIP SELECT (CS) :x;
WAITE STROBE (WRI, | |\
RESET FESET

RESET
TL/DD/6915-7
FIGURE 6. MICROBUS Optlion Interconnect

INITIALIZATION

The Reset Logic will initialize (clear) the device upon power-
up if the power supply rise time is less than 1 ms and great-
er than 1 us. If the power supply rise time is greater than 1
ms, the user must provide an external RC network and di-
ode to the RESET pin as shown below. The RESET pin is
configured as a Schmitt trigger input. If not used it should be
connected to Vcg. Initialization will occur whenever a logic
0" is applied to the RESET input, provided it stays low for
at least two instruction cycle times.

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, C, D, EN, G, and SO are cleared. The
SK output is enabled as a SYNC output, providing a pulse
each instruction cycle time. Data Memory (RAM) is not
cleared upon initialization. The first instruction at address 0
must be a CLRA.

©
+

0

\g vee

R COP402/402M
S RESET

M

P

’ - GND
Voo

RC 2 5 X Power Supply Rise Time
FIGURE 7. Power-Up Clear Circult

OSCILLATOR

There are two basic clock oscillator configurations available

as shown by Figure 8.

a. Crystal Controlled Osclllator. CKI and CKO are con-
nected to an external crystal. The instruction cycle time
equals the crystal frequency divided by 16.

b. External Osclllator. CKI is driven by an external clock
signal. The instruction cycle time is the clock frequency
divided by 16.

TL/DD/6915~8

C CKI cKo
A
< Naln NOT USED
= EXTERNAL
JP cLocK
TL/DD/6915-9
Crystal Component Values
Value R1 R2 c
4 MHz 1k M 27 pF
3.58 MHz 1k M 27 pF
2.09 MHz 1k ™ 56 pF

FIGURE 8. COP402/402M Oscillator

EXTERNAL MEMORY INTERFACE

The COP402 and COP402M are designed for use with an
external Program Memory. This memory may be implement-
ed using any devices having the following characteristics:

1. random addressing

2. TTL-compatible TRI-STATE outputs
3. TTL = compatible inputs

4. access time = 1.0 pus, max.

Typically these requirements are met using bipolar or MOS
PROMs.
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Functional Description (continued)

During operation, the address of the next instruction is sent
out on P9, P8, and IP7 through IPO during the time that
AD/DATA is high (logic “1” = address mode). Address
data on the IP lines is stored into an external latch on the
high-to-low transition of the AD/DATA line; P9 and P8 are
dedicated address outputs, and do not need to be latched.
When AD/DATA is low (logic ““0” = data mode), the output
of the memory is gated onto IP7 through IPO, forming the
input bus. Note that the AD/DATA output has a period of
one instruction time, a duty cycle of approximately 50%,
and specifies whether the IP lines are used for address out-
put or instruction input. A simplified block diagram of the
external memory interface is shown in Figure 9.

2]
[} COP402
AD/DATA
1P - IPg
8 DATA
D
»{CLK LATCH 8
Q
2
x|s
(=]
<
__ AD-A7 00- 07
i1 CE
> A8 MEMORY
] A9

TL/DD/6915-10
FIGURE 9. External Memory Interface to COP402

INPUT/OUTPUT

COP402 outputs have the following configurations, illustrat-
ed in Figure 10. .

a. Standard—an enhancement-mode device to ground in
conjunction with a depletion-mode device to Vgg, com-
patible with TTL and CMOS input requirements.

b. High Drive—same as a. except greater current sourcing
capability.

¢. Push-Pull—an enhancement-mode device to ground in
conjunction with a depletion-mode device paralleled by
an enhancement-mode device to Vcg. This configuration
has been provided to allow for fast rise and fall times
when driving capacitive loads.

d. LED Direct Drive—an enhancement-mode device to
ground and to Vg, meeting the typical current sourcing
requirements of the segments of an LED display. The
sourcing device is clamped. to limit current flow. These
devices may be turned off under program control (see
Functional Description, EN Register), placing the outputs
in a high-impedance state to provide required LED seg-
ment blanking for a multiplexed display.

e. TRI-STATE Push-Pull—an enhancement-mode device
to ground and Vg intended to meet the requirements
associated with the MICROBUS option. These outputs
are TRI-STATE outputs, allowing for connection of these
outputs to a data bus shared by other bus drivers.

f. Inputs have an on-chip depletion load device to Vg, as
shown in Figure 10f.

The above input and output configurations share common
enhancement-mode and depletion-mode devices. Specifi-
cally, all configurations use one or more of six devices
(numbered 1-6, respectively). Minimum and maximum cur-
rent (Iout and Vout) curves are given in Figure 10 for each
of these devices.

The SO, SK outputs are configured as shown in Figure 10c.
The D and G outputs are configured as shown in Figure 10a.
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COP402/COP402M

Functional Description (continued)

Note that when inputting data to the G ports, the G outputs
should be set to “1". The L outputs are configured as in
Figure 10d on the COP402. On the COP402M the L outputs

are as in Figure 10e.

An important point to remember if using configuration d with

the depletion load device will source a smal amount of cur-
rent. (See Figure 11.)

IP7 through IPO outputs are configured as shown in Figure

10c; P9, P8, SKIP, and AD/DATA are configured as shown

in Figure 10b.

the L drivers is that even when the L drivers are disabled,

vee
A w
#

TL/DD/6915-11

a. Standard
Ve
Ed
ql—{ !A 2

SN

TL/DD/6915~14

DISABLE

d.LED
(4 Is Depletion Device)

vee

-

— %
TL/DD/6915~-12

b. High Drive

DISABLE vee

TL/DD/6915-15

e. TRI-STATE Push-Pull

FIGURE 10. Input/Output Configurations

TL/DD/6915~13
c. Push-Pull

vee
#8
A
INPUT I

TL/DD/6915~16

f. Input with Load
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Typical Performance Characteristics

Output Sink Current
l , VCC 6.3V (MAX)—|
“ _— —Vccl-l.slv (MAX)
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e / ,/v‘;c/-isv (W)
) /74
/)
N4
01 2 3 4 5 6 1
VQUT (VOLTS)  DEVICE 1
High Drive Source Current
-1
-8 \
\,vu;- 8.3 (MAX)
-8 NCC = 8.3 (MIN),
i
EJRAEAN
NIRRT
-2 \
[] 1t 2 3 4 5 8 71
VouT (VOLTS)  DEVICE2n
LED Output Direct LED Drive
-n T
-1 wax LT
-1 P
3 -1 Vour = 20V
-1
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-8 .,.'/
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I O ——
ll,. 45 85 [ [ %]
VCC(VOLTS)  DEVICES

-3
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-1

. Source Current
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| MIN
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VouT (VOLTS) DEVICE2

Push-Pull Source Current

\ Ve = 8.3V (MAX)]
vee=6.3
Y l (MIR)
‘ Vege 48V
(MAX)
45V
vee [iMIN) \
1 2 31 4 8 8 1
VOUT(VOLTS)  DEVICE}
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Output Source Current
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\
\\\ \ 4.5V (MIN)
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X

KA |

01 2 3 4 5 8 1
VOUT(VOLTS)  DEVICES

Standard Output Source
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-20 —l
-178 i
. = 8.3V (MAX
18 fp I i
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57" Vo =45V (MIN)
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FIGURE 11. COP402/COP402M Input/Output Characteristics

TL/DD/6915-17
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COP402/COP402M

Typical Performance Characteristics (Continued)
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FIGURE 11a. COP302/COP302M Input/Output Characteristics
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Instruction Set

Table Il is a symbol table providing internal architecture, in-
struction operand and operational symbols used in the in-

struction set table.

Symbol

Table Il provides the mnemonic, operand, machine code,
data flow, skip conditions and description associated with

each instruction in the COP402/402M instruction set.

TABLE II. COP402/COPA402M Instruction Set Table Symbols
Definition

Symbol

Definition

INTERNAL ARCHITECTURE SYMBOLS

INSTRUCTION OPERAND SYMBOLS

A
B
Br
Bd

SIo

4-bit Accumulator

6-bit RAM Address Register
Upper 2 bits of B (register address)
Lower 4 bits of B (digit address)

1-bit Carry Register
4-bit Data Output Port
4-bit Enable Register

4-bit Register to latch data for G 1/0 Port
Two 1-bit Latches Associated with the IN3 or

INg inputs
4-bit Input port

8-bit TRI-STATE I/0 Port

4-bit contents of RAM Memory pointed to by B

Register

2-bit ROM Address Port

10-bit ROM Address Register (program counter)
8-bit Register to latch data for L 170 Port

10-bit Subroutine Save Register A
10-bit Subroutine Save Register B
10-bit Subroutine Save Register C
4-bit Shift Register and Counter
Logic-Controlled Clock Output

d
r

a
y

4-bit Operand Field, 0-15 binary (RAM Digit Select)
2-bit Operand Field, 0-3 binary (RAM Register
Select)

9-bit Operand Field, 0-511 binary (ROM Address)
4-bit Operand Field, 0-15 binary (Immediate Data)

RAM(s) Contents of RAM location addressed by s
ROM(t) Contents of ROM location addressed by t

OPERATIONAL SYMBOLS

'e>l||Il1+

Plus

Minus

Replaces

Is exchanged with

Is equal to

The one’s complement of A
Exclusive-OR

Range of values

TABLE [1l. COP402/COP402M Instruction Set

Hex Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary)
ARITHMETIC INSTRUCTIONS
ASC 30 00110000 A+ C+ RAMB) — A Carry Add with Carry, Skip on
Carry — C Carry
ADD 31 00110001 A + RAM(B) — A None Add RAMto A
ADT 4A 0100|1010 A+ 1010 —> A None Add Tento A
AISC y 5- 0101} y A+y —> A Carry Add Immediate, Skip on
Carry (y # 0)
CASC 10 0001|0000 A+ RAM(B) + C — A Carry Complement and Add with
Carry = C Carry, Skip on Carry
CLRA 00 10000} 0000 0—>A None ClearA
COMP 40 (0100 (0000 A— A None One’s complement of Ato A
NOP 44 0100|0100 None None No Operation
RC 32 0011{0010 0" — C None ResetC
SC 22 0010[0010 “1" = C None SetC
XOR 02 0000|0010 A ® RAMB) — A None Exclusive-OR RAM with A
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COP402/COP402M

Instruction Set (continued)
TABLE Ill. COP402/COP402M Instruction Set (Continued)

Hex Machine
Mnemonic Operand Language Code Data Flow Skip Conditions Description
Code
(Blnary)
TRANSFER OF CONTROL INSTRUCTIONS
JID FF 1111]1111] |ROM (PCg:g, A M) —> None Jump Indirect (Note 3)
PCr:0
JMP a 6- |0110]/00|agg|la —> PC None Jump
- l aZ'Q
JP a - ] ago ‘1a = PCgo None  Jump within Page
(pages 2,3 only) (Note 4)
or
-~ 11} asgp |ja—>PCso
(all other pages)
JSRP a -— 10| as; PC+1 —> SA — None Jump to Subroutine Page
SB — SC (Note 5)
0010 — PCgg
a — PCsyo
JSR a 6- |0110{10lagg||PC+ 1 — SA — SB — SC None Jump to Subroutine
-- [_@&g [ |a—>PC
RET 48 0100/1000| |SC —» SB — SA — PC None Return from Subroutine
RETSK 49 0100]1001] |SC — SB — SA — PC Always Skip on Return Return from Subroutine
then Skip
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 0011(0011| |A = Q74 None - Copy A, RAMto Q
3C  [0011[1100] [RAM(B) = Qs
CQMA 33 |0011]0011] |Qz.4 —> RAM(B) None Copy Q to RAM, A
2C  |0010]1100] |Qgo—> A
LD r -5 |o0{r|0101 RAM(B) — A None Load RAM into A,
Brer — Br Exclusive-OR Brwith r
LDD rd 23 10010{0011| [RAM(r,d) — A None Load A with RAM pointed
- oojr| d todirectlybyrd -
LQiD BF  [1011]1111] |ROM(PCg:sAM) — Q None Load Q Indirect
SB — SC (Note 3)
RMB 0 4C 0100|1100 [0 — RAM(B)o None Reset RAM Bit
1 45 0100]0101 0 — RAM(B)4
2 42 0100/0010] |0 — RAM(B)2
3 43 0100j0011| |0 — RAM(B)3
SMB 0 4D 0100}1101] {1 — RAM(B)o None Set RAM Bit
1 47 0100(0111] |1 — RAM(B)
2 48 0100[0110] |1 — RAM(B)2
3 4B 0100[1011] |1 —> RAM(B)3
ST y 7= 0111] y y — RAM(B) None Store Memory Immediate
Bd+ 1 — Bd and Increment Bd
X r -8 {00|r|0110] |RAM(B) «—=> A None Exchange RAM with A,
Brer — Br Exclusive-OR Br with r
XAD rd 23 0010]0011] |RAM(r,d) < A None Exchange A with RAM
-~ |10jr| d pointed to directly by r,d
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Instruction Set (continued)

TABLE lll. COP402/COP402M Instruction Set (Continued)

Machine
Mnemonic Operand :o.c;(o Language Code Data Flow Skip Conditions Description
(Blnary)
MEMORY REFERENCE INSTRUCTIONS (Continued)
XDSs r -7 00]r|0111 RAM(B) «— A Bd decrements past0  Exchange RAM with A
Bd-1 — Bd and Decrement Bd,
Brer — Br Exclusive-OR Br with r
XIS r -4 00{r{0100 RAM(B) «— A Bdincrements past 16 Exchange RAM with A
Bd+1 — Bd and Increment Bd,
Bror — Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 01010000 A — Bd None Copy A to Bd
CBA 4E 0100]1110 Bd — A None CopyBdto A
LBl rd - |00|rj(d— 1)} {rd —> B Skip until nota LBI Load B Immediate with
(d=0, 9:15) r,d (Note 6)
or
33 0011(0011
- 10(r| d
(anyd)
LEI y 33 00110011 y = EN None Load EN Immediate
6- 0110] y (Note 7)
XABR 12 0001|0010 | A «— Br(0,0 — A3,A2) None Exchange A with Br
TEST INSTRUCTIONS
SKC 20 001040000 C="" Skip if Cis True
SKE 21 0010{0001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 0011/0011 Gap=0 Skip if G is Zero
21 0010|0001 (all 4 bits)
SKGBZ 33 0011/0011 1stbyte Skip if G Bit is Zero
0 01 0000|0001 Gp=0
1 1 00010001 Gi1=0
2 03  [0000[0011 2nd byte Gp=0
3 13 00010011 G3 =0
SKMBZ 0 01 0000|0001 RAM(B)o = 0 Skip if RAM Bitis Zero
1 1 0001|0001 RAM(B)1 = 0
2 03 0000|0011 RAM(B)2 = 0
3 13 00010011 RAM(B)3 = 0
SKT 41 0100|0001 A time-base counter Skip on Timer (Note 3)

carry has occurred
since last test
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COP402/COP402M

Instruction Set (continued)
TABLE lil. COP402/COP402M Instruction Set (Continued)

He Machine
Mnemonic Operand Code Language Code Data Flow Skip Conditions Description
(Binary) '
INPUT/OUTPUT INSTRUCTIONS

ING 33 00110011 G— A None Input G Ports to A
2A 0010]1010

ININ 33 00110011 IN— A None Input IN Inputs to A
28 0010|1000 (Notes 2 and 8)

INIL 33 00110011 ILg, “0",1Lg — A None Input IL Latches to A
29 00101001 (Note 3)

INL 33 0011|0011 L7.4 — RAM(B) None Input L Ports to RAM,A
2E 0010/1110 Lg.o = A

OBD 33 0011]0011 Bd — D None Output Bd to D QOutputs
3E 00111110

OGl y 33 00110011 y—>G None Output to G Ports Immediate
5— [0101] y

OMG 33 0011]0011 RAMB) — G None Output RAM to G Ports
3A 0011]1010]

XAS 4aF 0100|1111 A <> SI0,C — SKL None Exchange A with SIO

(Note 3)

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N where
0 signifies the least significant bit (low-order, right-most bit). For example, A indicates the most significant (left-most) bit of the 4-bit register. '

Note 2: The ININ instruction is not available on the 24-pin COP421 since this device does not contain the IN inputs.
Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP
may not jump to the last word in page 2.

Note 6: LBl is a single-byte instruction if d = 0, 9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the *“d” data minus 1,
e.g., to load the lower four bits of B (Bd) with the value 9 (1001), the lower 4 bits of the LBI instruction equal 8 (10005). To load 0, the lower 4 bits of the LBI
instruction should equal 15 (11113).

Note 7: Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a *“1"" or ““0" in each bit of EN corresponds
with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.)

Note 8: The COP402M will always read a “1” into A1 with the ININ instruction.
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Description of Selected

Instructions

The following information is provided to assist the user in
understanding the operation of several unique instructions
and to provide notes useful to programmers in writing pro-
grams.

XAS INSTRUCTION

XAS (Exchange A with SIO) exchanges the 4-bit contents of
the accumulator with the 4-bit contents of the SIO register.

The contents of SIO will contain serial-in/serial-out shift reg-
ister or binary counter data, depending on the value of the
EN register. An XAS instruction will also affect the SK out-
put. (See Functional Description, EN Register, above.) If
SIO is selected as a shift register, an XAS instruction must
be performed once evey 4 instruction cycles to effect a con-
tinuous data stream.

JID INSTRUCTION

JID (Jump Indirect) is an indirect addressing instruction,
transferring program control to a new ROM location pointed
to indirectly by A and M. It loads the lower 8 bits of the ROM
address register PG with the contents of ROM addressed by
the 10-bit word, PCg.g, A, M. PCg and PCg are not affected
by this instruction.

Note that JID requires 2 instruction cycles.

INIL INSTRUCTION

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILg (see
Figure 12) and CKO into A. The IL3 and ILg latches are set if
a low-going pulse (“1” to “0”) has occurred on the IN3 and
INp inputs since the last INIL instruction, provided the input
pulse stays low for at least two instruction times. Execution
of an INIL inputs ILz and INg into A3 and AO respectively,
and resets these latches to allow them to respond to subse-
quent low-going pulses on the INg and INg lines. If CKO is
mask programmed as a general purpose input, an INIL will
input the state of CKO into A2. If CKO has not been so
programmed, a “1” will be placed in A2. A “0” is always
placed in A1 upon the execution of an INIL. The general
purpose inputs IN3-INg are input to A upon the execution of
an ININ instruction. (See Table Iil, ININ instruction.) INIL is
useful in recognizing pulses of short duration or pulses
which occur too often to be read conveniently by an ININ
instruction.

COPa20

INg/IN=

TL/DD/6915-19
FIGURE 12. INg/IN3 Latches

LQID INSTRUCTION

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 10-bit word PCg, PCg, A,
M. LQID can be used for table lookup or code conversion
such as BCD to seven-segment. The LQID instruction
“pushes” the stack (PC + 1 — SA — SB — SC) and
replaces the least significant 8 bits of PC as follows: A —>
PC7.4, RAM(B) — PCg., leaving PCg and PCg un-
changed. The ROM data pointed to by the new address is
fetched and loaded into the Q latches. Next, the stack is
“popped” (SC — SB — SA — PQ), restoring the
saved value of PC to continue sequential program execu-
tion. Since LQID pushes SB — SC, the previous contents
of SC are lost. Also, when LQID pops the stack, the previ-
ously pushed contents of SB are left in SC. The net result is
that the contents of SB are placed in SC (SB —> SC). Note
that LQID takes two instruction cycle times to execute.

SKT INSTRUCTION

The SKT (Skip on Timer) instruction tests the state of an
internal 10-bit time-base counter. This counter divides the
instruction cycle clock frequency by 1024 and provides a
latched indication of counter overflow. The SKT instruction
tests this latch, executing the next program instruction if the
latch is not set. If the latch has been set since the previous
test, the next program instruction is skipped and the latch is
reset. The features associated with this instruction, there-
fore, allow the controller to generate its own time-base for
real-time processing rather than relying on an external input
signal.

For example, using a 2.097 MHz crystal as the time-base to
the clock generator, the instruction cycle clock frequency
will be 131 kHz (crystal frequency + 16) and the binary
counter output pulse frequency will be 128 Hz. For time-of-
day or similar real-time processing, the SKT instruction can
call a routine which increments a “seconds” counter every
128 ticks.

INSTRUCTION SET NOTES

a. The first word of a program (ROM address 0) must be a
CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, one in-
struction cycle time is devoted to skipping each byte of
the skipped instruction. Thus all program paths take the
same number of cycle times whether instructions are
skipped or executed, except JID and LQID. LQID and JID
take two cycle times if executed and one if skipped.

¢. The ROM is organized into 16 pages of 64 words each.
The Program Counter is a 10-bit binary counter, and will
count through page boundaries. If a JP, JSRP, JID or
LQID instruction is located in the last word of a page, the
instruction operates as if it were in the next page. For
example: a JP located in the last word of a page will jump
to a location in the next page. Also, a LQID or JID located
in the last word of page 3, 7, 11, or 15 will access data in
the next group of 4 pages.
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COP402/COP402M

Typical Application: PROM-Based System

The COP402 may be used to exactly emulate the COP420,
Figure 13 shows the interconnect to implement a COP420
hardware emulation. This connection uses two MM5204
EPROMs as external memory. Other memory can be used
such as bipolar PROM or RAM.

Pins IP7-1PO0 are bidirectional inputs and outputs. When the
AD/DATA clocking output turns on, the EPROM drivers are
disabled and IP7-IPO output addresses. The 8-bit latch
(MM74C373) latches the addresses to drive the memory.

When AD/DATA turns off, the EPROMSs are enabled and
the IP7-IPO pins will input the memory data. P8 and P9 out-
put the most significant address bits to the memory. (SKIP
output may be used for program debug if needed.)

The other 28 pins of the COP402 may be configured exactly
the same as a COP420. The COP402M chip can be used if
the MICROBUS feature of the COP420 is needed.
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2] 08 @7 06 05 06 03 0z af D7 D6 05 D4 D3 D2 DI 0O
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FIGURE 13. COP402 Used to Emulate a COP420
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Option List
COP402 MASK OPTIONS

The following COP420 options have been implemented in this basic version of the COP402. Subsequent versions of the
COP402 will implement different combinations of available options; such versions will be identified as COP402-A, COP402-B,

etc.
Optlon Value Comment
Option 1 =0 Ground Pin—no option available
Option 2=0 CKO is clock generator output to
crystal
Option 3=0 CKl is crystal input +16
(may be overridden externally)
Option 4=0 RESET pin has load device to Voo
Option 5 = 2(402) L7 has LED direct-drive output
= 3 (402M) L7 has TRI-STATE push-pull output
Option 6 =2,3 L6 same as L7
Option 7=2,3 L5 same as L7
Option 8 =2,3 L4 same as L7
Option 9 = 0(402) IN1 has load device to Vog
=1 (402M) Hi Z
Option 10 = 0(402)  IN2 has load device to Vgg
=1(402M) Hi Z
Option11 =0 Ve pin—no option available
Option12 = 2,3 L3 same as L7
Option13 = 2,3 L2 same as L7
Option14 = 2,3 L1 same as L7

Option Value Comment
Option 15 = 2,3 LO same as L7
Option 16 = 0 S! has load device to Vcg
Option 17 = 2 SO has push-pull output
Option 18 = 2 SK has push-pull output
Option 19 = 0 INO has load device to Vg
Option 20 = 0(402) IN3 has load device to Voo

= 1(402M) Hi Z

Option21 =0 GO has standard output
Option22 = 0 G1 same as GO
Option23 = 0 G2 same as GO
Option 24 = 0 G3 same as GO
Option25 = 0 D3 has standard output
Option26 = 0 D2 same as D3
Option27 = 0 D1 same as D3
Option 28 = 0 DO same as D3
Option 29 = 0 (402) normal operation

1 (402M) MICROBUS operation
Option 30 = N/A 40-pin package

1-277

W20v¥d09/20vd0d



COP404

National
Semiconductor

COP404 ROMless N-Channel Microcontroller

General Description

The COP404 ROMiess N-Channel Microcontrollers are
members of the COPS™ family, fabricated using N-chan-
nel, silicon gate MOS technology. Each microcontroller con-
tains all system timing, internal logic, RAM and 1/0 neces-
sary to implement dedicated control functions in a variety of
applications, and is identical to the COP440/COP340 devic-
es, except that the ROM has been removed; pins have been
added to output the ROM address and to input ROM data.
In a system, the COP404 will perform exactly as the
COP440; this important benefit facilitates development and
debug of a COP440 program prior to masking the final part.
Features include single supply operation, various output
configurations, and an instruction set, internal architecture,
and I/0 scheme designed to facilitate keyboard input, dis-
play output and data manipulation. Standard test proce-
dures and reliable high-density fabrication techniques pro-
vide the medium to large volume customers with a control-
ler-oriented processor at a low end-product cost.

For extended temperature range (—40°C to +85°C)
COP304 available on special order.

Features

m Exact circuit equivalent of COP440

m Standard 48-pin dual-in-line package

m Interfaces with standard PROM or ROM

m Enhanced, more powerful instruction set

m 160 X 4 RAM, addresses up to 2k X 8 ROM

m MICROBUS™ compatible

W Zero-crossing detect circuitry with hysteresis

® True multi-vectored interrupt from four selectable sourc-
es (plus restart)

m Four-leve! subroutine stack (in RAM)

| 4 us cycle time

® Single supply operation (4.5V-6.3V)

m Programmable time-base counter for real-time process-
ing

m Internal binary counter/register with MICROWIRE™
compatible serial I/0

m General purpose and TRI-STATE® outputs

m TTL/CMOS compatible in and out

m Software/hardware compatible with other members of
COP400 family

u Compatible dual CPU device available
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FIGURE 1
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors for availabllity and specifications.

Voltage at Zero-Crossing Detect Pin
Relative to GND

Voltage at Any Other Pin Relative to GND
Ambient Operating Temperature
Ambient Storage Temperature

—1.2Vto +15V
—0.5Vto +7V
0°Cto +70°C
—65°Cto +150°C

Power Dissipation 0.75W at 25°C
0.4W at 70°C
Total Source Current 150 mA

Total Sink Current 90 mA
Absolute Maximum Ratings indicate limits beyond which
damage to the device may occur. DC and AC electrical
specifications are not ensured when operating the dsvice at
absolute maximum ratings.

Lead Temperature (Soldering, 10 sec.)

300°C

DC Electrical Characteristics o°c < T4 < +70°C, 4.5V < Vg < 6.3V unless otherwise noted

Parameter Conditions Min Max Units
Operating Voltage (Vco) (Note 4) 45 6.3 Vv
Power Supply Ripple (Peak to Peak) 0.4 Vv
Operating Supply Current (All Inputs and Outputs Open)
Ta=0C 44 mA
Ta = 25°C 37 mA
Ta = 70°C 30 mA
Vr RAM Power Supply Current VR = 3.3V 3 mA
Input Voltage Levels
CKl Input Levels (+16)
Logic High (Viy) Vce = Max, 25 Vv
Logic High (Vi) Voo = 6Vt5% 2.0 \
Logic Low (Vi) -0.3 0.4 \
RESET Input Levels (Schmitt Trigger Input)
Logic High 0.7 Ve \"
Logic Low -0.3 0.6 \"
Zero-Crossing Detect [nput (IN¢) Zero-Crossing Interrupt
Input; INIL Instruction
Trip Point —-0.15 0.15 \
Logic High (V|y) Limit 12 \Y
Logic Low (V) Limit —-0.8 \
IN4
Logic High Interrupt Input;
ININ Instruction; 3.0 \")
Logic Low MICROBUS Input -0.3 0.8 \
All Other Inputs
Logic High Ve = Max. 2.5 Vv
Logic High Ve = 5V £5% 2.0 \
Logic Low -0.3 0.8 Vv
IN4 Input Resistance to Ground Vig = 1.0V 1.5 4.6 kQ
Input Load Source Current ViH = 2.0V, Vgg = 4.5V 14 230 pA
Input Capacitance 7.0 pF
Hi-Z Input Leakage -1.0 +1.0 pA
Output Voltage Levels
Standard Output
TTL Operation
Logic High (Von) loy = —100 pA 24 \
Logic Low (Vo) loL = 1.6 mA 0.4 \
CMOS Operation (Note 1)
Logic High (Vop) loy = —10 pA Vec — 0.4 \
Logic Low (Vo) loL = 10 pA 0.2 v
TRI-STATE Output
TTL Operation
Logic High (Vo) loy = —100 pA 2.4 \
Logic Low (Vop) loL = 1.6 mA 0.4 \
CMOS Operation (Note 1) 33k 2 RL = 4.7kQ
Logic High (Vor) loy = —10 pA Vcc — 0.5 \
Logic Low (Vo) loL = 1.6 mA 0.4 \
Output Current Levels
Standard Output Source Current Vee = 4.5V, Vo = 2.4V —100 -650 pA
TRI-STATE Output Leakage Current —-25 +2.5 nA
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COP404

DC Electrical Characteristics o°c < Ta < +70°C, 4.5V < Vg < 6.3V unless otherwise noted (Continued)

Parameter Conditions Min Max Units
Total Sink Current Allowed
All 1/0 Combined 90 mA
Each L, R Port 20 mA
Each D, G, H Port 10 mA
S0, SK 25 mA
P 1.8 mA
Total Source Current Allowed (Note 5)
All1/0 Combined 150 mA
L Port 120 mA
L-Lg 70 mA
La-Lo 70 mA
Each L Pin 23 mA
All Other Output Pins 1.6 mA
Note 1: TRI-STATE configuration is excluded.
AC Electrical Characteristics o°'c < T4 < +70°C, 4.5V < Vg < 6.3V unless otherwise noted
Parameter Conditions Min Max Units
Instruction Cycle Time—tg 4.0 10 us
CKI Frequency +16 Mode 1.6 4.0 MHz
Duty Cycle (Note 2) fy = 4MHz 30 60 %
Rise Time fi = 4 MMz 60 ns
Fall Time fi = 4MHz 40 ns
INZUTS: (Figure 3)
|
tseTuP 03 us
tHoLD 300 ns
P
tseTUP 0.25 s
tHoLD 250 ns
tHoLD From AD/DATA Rising Edge 0 ns
All Other Inputs
tseTUP 1.7 ns
tHoLD 300 ns
OUTPUT PROPAGATION DELAY Test Condition:
P CL = 50 pF, Voyt = 1.5V
:pd1An :deA (1).3: ns
1B pd0B B pns
DCplé1 P
tod1, t 375 ns
AD‘;DF if
tod1, tpdo 300 ns
0, SK
tod1s tpdo RL = 24k 1.0 us
All Other Outputs RL = 5.0k} 1.4 1S
MICROBUS TIMING Cp = 100 pF, Veg = 5V15%
Read Operation TRI-STATE outputs
Chip Select Stable Before RD—tcsp 65 ns
Chip Select Hold Time for RD—tgcg 20 ns
RD Pulse Width—tgg 400 ns
Data Delay from RD—trp 375 ns
RD to Data Floating—tpr 250 ns
Write Operation
Chip Select Stable Before WR—tcsw 65 ns
Chip Select Hold Time for WR—twcs 20 ns
Pulse Width—t 400 ns
Data Set-Up Time for WR—tpw 320 ns
Data Hold Time for WR—t 100 ns
INTR Transition Time fromv%eﬁ—tm 700 ns

Note 2: Duty Cycle = twi/(twi + two)-
Note 3: Seo Figure for additional /0 Characteristics.

Note 4: Vcg voltage change must be less than 0.5V in a 1 ms period to maintain proper operation.
Note B: Exerclse great care not to exceed maximum device power dissipation limits when direct-driving LEDS (or sourcing similar loads) at high temperature.
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Connection Diagram Pin Descriptions
Dual-In-Line Package Pin o Description
L7-Lo 8-bit bidirectional TRI-STATE 1/0 port
w =1 8 —ipr G3-Go  4-bit bidirectional 1/0 port
1Pg —1 2 a :“‘3 INg-INg  4-bit general purpose input port
"ﬂ:"(ﬂl . : g ::; Hg-Hp  4-bit bidirectional 170 port,
ool =1 s P pg R7-Ro B-bi.t bidirectional TRI-STATE 1/0 port
RESET =1 6 QP S| Serial input
Rp—17 42 = AD/DATA SO Serial output (or general purpose output)
Rg — 8 il SK Logic-controlled clock (or general purpose out-
Rs 19 0—H put)
:; : :: :: : :: CKI System oscillator input
i b~ 1o cKol General purpose input
Ry} 13 3 [ G3 VRAM Power supply to first 4 registers of RAM
Rg 114 3 — 62 MB MICROBUS function select
b ] 18 u L 61 DCK Clock output to latch D outputs and high order
t‘ — :: :: L ?:3 address bits
l:_ 18 3 | INg AD/DATA Address out/data in flag
Ny —1] 18 30 P sK IP4-IPg  8-bit bidirectional port for ROM address, ROM
INz =] 20 29 S0 data and D outputs
vee —j & 28 =3 RESET  System reset input
t3 :: :: : E‘:“ Vee Power Supply
2 —
w6 — 2 % 11 GND Ground
TL/DD/6916-2
Top View
FIGURE 2
Order Number COP404N

See NS Package Number N48A
Timing Diagram
r————INSTRUCTION CYCLE TIME (tc) —————l

SK AS
A CLOCK

CRoSSIG oPTON X X

| 'ssrup | QHOLD | tsemup tHoLo

S SR S

—o1‘rno tppy ‘
AD / DATA

F—‘rm—- tppos }o—tppos teotp |-
|pouwurs—W com= cececaeas
D3~ Dgy SKIP D.,. WP Pep ourrurs L_tm
Pio=P
ALL OTHER 1078
OUTPUTS I mwi VoL
fa-tppy

FIGURE 3. Input/Output Timing Diagrams (-+ 16 Mode)

TL/DD/6916-3

1-281

¥0¥d0d



COP404

Functional Description

The COP404 is a ROMless microcontroller for emulating the
COP440 or for stand-alone applications. Please refer to the
COP440 description for detail functional description. The
following describes functions that are unique to the COP404
or are different from those in COP440. Figures 1 and 2 show
the COP404 block diagram and pin-out.

PROGRAM MEMORY

Program memory consists of 2048 bytes of external memo-
ry (on-chip in the COP440) that can be accessed through
the IP port. See External Memory Interface below.

DPORT

The D3-D0 outputs are missing from this 48-pin package,
but may be recovered through the IP port (see External
Memory Interface below). Note that the recovered signals
have the same timing but different output drive capability as
those from the COP440 (see D Port Characteristics below).

MICROBUS AND ZERO-CROSSING DETECT INPUT OP-
TION

The MICROBUS compatible 1/0, selected by a mask option
on the COP440, is selected by tying the MB pin directly to
ground. When the MICROBUS compatible /0 is not de-
sired, the MB pin should be tied to Vgc. Note that none of
the IN inputs are Hi-Z. Since zero-crossing detect input
(used by INIL instruction and zero-crossing interrupt feature)
is chosen for IN1, the IN1 input “1” level for ININ instruc-
tion, IN1 interrupt, and MICROBUS input is 3V. Even though
the MICROBUS option and zero-crossing detector option
appear on the COP404, they are mutually exclusive on the
COP440.

OSCILLATOR

CKl is an external clock input signal. The clock frequency is
divided by 16 to give the execution frequency.

CKO PIN OPTIONS

Two different CKO functions of the COP440 are available
onthe COP404. Vram supplies power to the lower four reg-
isters of RAM, and CKOI is an interrupt input or a general
purpose input, reading into bit 2 of A (accumulator) through
the INIL instruction.

EXTERNAL MEMORY INTERFACE

The COP404 is designed for use with an external program
memory. This memory may be implemented using any de-
vices having the following characteristics:

1. Random addressing

2. TTL-compatible TRI-STATE outputs
3. TTL-compatible inputs

4. Access time = 450 ns maximum

Typically these requirements are met using bipolar or MOS
PROMs.

Figure 3 shows the timings for IP port and the external
memory interface clocks—DCK and AD/DATA. While DCK
is low, the upper three address bits, P10-P8, of the next
instruction to be executed appear at IP2-1PO respectively;
D3-DO0 appear at IP7-1P4 and IP3 contains the SKIP output
used by the COPS Program Development System (PDS).
The rising edge of DCK clocks these data into D flip-flops,
e.g., 74L.8374. The timing of D port data is then the same
for COP404 and COP440. After DCK has risen to a “1”
level, the remaining address bits (P7-P0) appear at IP7-IP0.
The falling edge of AD/DATA latches these data into flow-
through latches, e.g., 74LS373. The latched addresses pro-
vide the inputs to the external memory. When AD/DATA
goes low, the IP outputs are disabled and the IP lines be-
come program memory inputs from the external memory.
Note that DCK has a duty cycle of about 50% and
AD/DATA has a duty cycle of about 75%. Figure 4 shows
how to emulate the COP440 using a COP404 and an EP-
ROM as the external memory.

170 OPTIONS

All inputs except IN1 and CKI have on-chip depletion load
devices to Vog. IN1 has a resistive load to GND due to the
zero-crossing input. CKI is a Hi-Z input.

G and H ports have standard outputs. L and R ports have
TRI-STATE outputs. IP port, DCK, AD/DATA, SO and SK
have push-pull outputs.

LED DRIVE

The TRI-STATE outputs of L port may be used to drive the
segments of an LED display. External current limiting resis-
tors of 10002 must be connected between the L outputs and
the LED segments.

D PORT CHARACTERISTICS

Since the D port is recovered through an external latch, the
output drive is that of the latch and not that of COP440.
Using the set-up as shown in Figure 4, at an output “0” level
of 0.4V, the 74L.S374 may sink 10 times as much current as
the COP440. At an output “1” level of 2.4V, the 74LS374
may source 10 times as much current as the COP440. On
the other hand, the output 1" level of 74LS374 latch does
not go to Vg without an external pull-up resistor. In order to
better approximate the COP440 output characteristics, add
a 74C906 buffer to the output of the 74LS374, thus emulat-

~ ing an open drain D output. A pull-up resistor of 10k should

be added to the input of the buffer. To emulate the standard
output, add a pull-up resistor between 2.7k and 15k to the
output of the 74C906.
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Functional Description (continued)
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Option Table
COP404 MASK OPTIONS
The following COP440 options have been implemented in the COP404.

Option Value Comment Option Value
Option 1-2 =3 L outputs are TRI-STATE Option 22 =0
Option 3 =0 SlhasloadtoVgc Option 23 =0
Option 4 =2  SOis push-pull output Option24-31 =3
Option 5 =2  SKis push-pull output Option 32-35 =3
Option 6 =0  [INOhasloadto Vco Option 36 =2
Option 7 =0 [IN3hasloadtoVco Option 37 =0
Option 8-11 =0 G outputs are standard Option 38-39 = 3
Option 12-15 =0  H outputs are standard Option 40 = N/A
Option 16-19 = N/A D outputs are derived from external Option 41 =0,

latch, see Figure 4 Option 42-48 =0
Option 20 = N/A GND—No option Option 49
Option 21 =1,2 CKOisreplaced by Vram and CKO! Option 50

Comment
CKl is input clock divided by 16
RESET has load to Vg
R outputs are TRI-STATE
L outputs are TRI-STATE
IN1 is zero-crossing detect input
IN2 has load to Vcg
L outputs are TRI-STATE
Vcc—No option available
MICROBUS option is pin selectable
inputs have standard TTL levels

= N/A No option available
= N/A 48-pin package
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National
Semiconductor

COP404C ROMIless CMOS Microcontrollers

General Description

The COP404C ROMless Microcontroller is a member of the
COPST™ family, fabricated using double-poly, silicon gate
CMOS (microCMOS) technology. The COP404C contains
CPU, RAM, 170 and is identical to a COP444C device ex-
cept the ROM has been removed and pins have been add-
ed to output the ROM address and to input the ROM data.
The COP404C can be configured, by means of external
pins, to function as a COP444C, a COP424C, or a
COP410C. Pins have been added to allow the user to select
the various functional options that are available on the fami-
ly of mask-programmed CMOS parts. The COP404C is pri-
marily intended for use in the development and debug of a
COP program for the COP444C/445C, COP424C/425C,
and COP410C/411C devices prior to masking the final part.
The COP404C is also appropriate in low volume applica-
tions or when the program might be changing.

Features

B Accurate emulation of the COP444C, COP424C and
COP410C

m Lowest Power Dissipation (50 pW typical)

| Fully static (can turn off the clock)

B Power saving IDLE state and HALT mode

B 4 us instruction time, plus software selectable clocks

m 128 X 4 RAM, addresses 2k X 8 ROM

m True vectored interrupt, plus. restart

B Three-level subroutine stack

m Single supply operation (2.4V to 5.5V)

m Programmable read/write 8-bit timer/event counter

| Internal binary counter register with MICROWIRE™
serial 1/0 capability

m General purpose and TRI-STATE® outputs

| LSTTL/CMOS compatible

m MICROBUS™ compatible

| Software/hardware compatible with other members of
the COP400 family
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COP404C

Absolute Maximum Ratings

Supply Voltage 5\ Operating temperature range 0° to +70°C
Voltage at any pin —0.3Vto Vge + 0.3V Storage temperature range —65°Cto +150°C
Total Allowable Source Current 25 mA Lead temperature (soldering, 10 sec.) 300°C
Total Allowable Sink Current 25mA
DC Electrical Characteristics 0°C<To<70°C unless otherwise specified
Parameter Conditions Min Max Units
Operating Voltage 24 5.5 v
Power Supply Ripple peak to peak 0.1 Veo \
(Note 5)
Supply Current Veo=24V, t;=64 us 120 pA
(Note 1) Vcc=5.0V, t;=16 pus 700 RA
Voo=5.0V,tc=4 us 3000 pA
(T is instruction cycle time)
HALT Mode Current Veo=5.0V, FiN=0kHz, TA=25°C 20 nA
(Note 2) Vec=2.4V, FinN=0kHz, TA=25°C 6 pA
Input Voltage Levels
RESET, DO (clock input)
CKl
Logic High 0.9 Ve \
Logic Low 0.1 Vee v
All other inputs (Note 7)
Logic High 0.7Vce \
Logic Low 0.2Vee \']
Input Pull-up
current Vec=4.5V,ViN=0 30 330 BA
Hi-Z input leakage —1 +1 pA
Input capacitance 7 pF
(Note 4)
Output Voltage Levels Standard outputs
LSTTL Operation Vce=5.0V £10%
Logic High lon= —100 pA 27 \
Logic Low loL=400 pA 0.4 \
CMOS Operation
Logic High loy=—10 pA Vec—0.2 v
Logic Low loL=10 pA 0.2 \
Output current levels .
Sink (Note 6) Vec=4.5V, Voutr=Vce 1.2 mA
Vecc=2.4V,Vour=Vce 0.2 mA
Source (Standard option) Vee=4.5V, Voyr=0Vv 0.5 mA
Vec=2.4V,Voyr=0v 0.1 mA
Source (Low current option) Voo=4.5V, Voyr=0V 30 330 rA
Vec=2.4V, Vour=0V 6 80 nA
Allowable Sink/Source current per pin 5 mA
(Note 6)
Allowable Loading on CKOH 100 pF
Current needed to over-ride HALT
(Note 3)
To continue Vec=4.5V, ViN=2Vcc 7 mA
To halt Vec=4.5V, ViIN=7Vce 1.6 mA
TRI-STATE leakage current —25 +2.5 pA

Note: Absolute maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications are not ensured when

operating the device at absolute maximum ratings.
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COP404C
AC Electrical Characteristics o°:c<T,<70°C unless otherwise specified
Parameter Conditions Min Max Units
Instruction Cycle - Vcc=4.5V 4 DC us
Time (tc) 4.5V>Vgec224V 16 DC us
Operating CKI Vec=4.5V DC 1.0 MHz
Frequency 4.5V>Vpg=2.4V DC 250 kHz
Duty Cycle (Note 4) fy=4 MHz 40 60 %
Rise Time (Note 4) f1=4 MHz external clock 60 ns
Fall Time (Note 4) 1 =4 MHz external clock 40 ns
Instruction Cycle R=230k, Vcc=5V
Time using D0 as a C=82pF 8 16 ps
RC Oscillator Dual-
Clock Input (Note 4)
INPUTS: (See Fig. 3)
tseTUP G Inputs Te/4+.7 ns
Sl Input 0.3 ps
IP Input Vecz4.5V 1.0 ps
All Others 1.7 ps
tHoLD Vccz24.5V 0.25 us
4.5V>Vgg22.4V 1.0 [15]
OUTPUT
PROPAGATION DELAY Vout=1.5V, C =100 pF, R =5K
1P7-1P0, A10-A8, SKIP
trD1: tPDO Vec=4.5V 1.94 us
4.5V>Veo> 2.4V 7.75 us
AD/DATA
teD1: tPDO Vccz24.5V 375 ns
4.5V>Vgeo=2.4V 1.5 us
ALL OTHER OUTPUTS
teD1. tPDO Vec>4.5V 1.0 us
45V>Veg2 2.4V 4.0 s
MICROBUS TIMING CL=50pF,Vgc=5V+5%
Read Operation (Fig. 4)
Chip select stable before RD —tcsr 65 ns
Chip select hold time for RD —trcs 20 ns
RD pulse width —tgr 400 ns
Data delay from RD —tgp 375 ns
RD to data floating —tpr (Note 4) 250 ns
Write Operation (Fig. 5)
Chip select stable before WR —tosw 65 ns
Chip select hold time for WR —twcs 20 ns
WR pulse width —tyw 400 ns
Data set-up time for WR —tpw 320 ns
Data hold time for WR —twp 100 ns
INTR transition time from WR —ty 700 ns

Note 1: Supply current is measured after running for 2000 cycle times with a square-wave clock on CKI and all other pins pulled up to Ve with 20k resistors. See

current drain equation on page 16.

Note 2: Test conditions: All inputs tied to Vcg; L lines in TRI-STATE mode and tied to Ground; all outputs tied to Ground.

Note 3: When forcing HALT, current is only needed for a short time (approx. 200 ns) to flip the HALT flip-flop.

Note 4: This parameter is only sampled and not 100% tested. Variation due to the device included.
Note 5: Voltage change must be less than 0.5 volts in a 1 ms period.

Note 6: SO output sink current must be limited to keep Vg, less than 0.2 Vg to prevent entering test mode.

Note 7: MB, TIN, DUAL, SEL10, SELZ0, input levels at Vg or Vgs.
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COP404C

Connection Diagram

Pin Descriptions

Dual-In-Line Package Pin Description
- Vee Most positive voltage
Al0—11 @A Vss Ground
CroI—2 AT—TH CKI Clock input
c:”_ 3 46 [— M8 RS Reset input
0H— 4 45 p—D1 .
cki—ds wl—n2 CKol General purpose input
M 4303 LO-L7 8 TRI-STATE I/0 )
PT—{7 2b—n0 G0-G3 4 general purpose |/0
1P6 =i 8 41 A8 D1-D3 3 general purpose outputs
P5==19 40 f—=DUAL DO Either general purpose output
1P4===] 10 39 [— A0/BATA or Dual-Clock RC input
IP3==111 38 [~—SEL10 INO-IN3 4 general purpose inputs
IP—l1z  COPAMC 37 —SEL2D SO Serial data output
i o sl Serial data input
17— 15 3tb—g2 SK Serial data clock output
L6 =] 16 . 33 fmme g IPO-IP7 1/0 for ROM address and data
L5=-qd 17 32 fG0 A8, A9, A10 3 address outputs
L4=—1 18 31 —iN3 SKIP Skip status output
IN1~==] 19 30— INO AD/DATA Clock output
IN2—20 2—5K MB MICROBUS select input
Vee— 21 28 p===UNUSED CKOH Halt /0 pin
Il;: i: ;; _—_::’ DUAL Dual-Clock select input
Umd 28 25}—10 Tl Timer input select pin
SEL10 COP410C emulation select input
TOP VIEW SEL20 COP424C emulation select input
TL/DD/5530-2 UNUSED Ground
Order Number COP404CN
See NS Package Number N48A
FIGURE 2

The internal architecture is shown in Figure 1. Data paths
are illustrated in simplified form to depict how the various
logic elements communicate with each other in implement-
ing the instruction set of the device. Positive logic is used.
When a bit is set, it is a logic “1”, when a bit is reset, itis a
logic “0”".

PROGRAM MEMORY

Program Memory consists of a 2048-byte external memory
(typically PROM). Words of this memory may be program
instructions, constants or ROM addressing data.

ROM addressing is accomplished by a 11-bit PC register
which selects one of the 8-bit words contained in ROM. A
new address is loaded into the PC register during each in-
struction cycle. Unless the instruction is a transfer of control
instruction, the PC register is loaded with the next sequen-
tial 11-bit binary count valus.

Three levels of subroutine nesting are implemented by a
three level deep stack. Each subroutine call or interrupt

pushes the next PC address into the stack. Each return
pops the stack back into the PC register.

DATA MEMORY .

Data memory consists of a 512-bit RAM, organized as 8
data registers of 16 X 4-bit digits. RAM addressing is imple-
mented by a 7-bit B register whose upper 3 bits (B;) select 1
of 8 data registers and lower 4 bits (Bg) select 1 of 16 4-bit
digits in the selected data register. While the 4-bit contents
of the selected RAM digit (M) are usually loaded into or
from, or exchanged with, the A register (accumulator), it
may also be loaded into or from the Q latches or T counter
or loaded from the L ports. RAM addressing may also be
performed directly by the LDD and XAD instructions based
upon the immediate operand field of these instructions. The
Bg register also serves as a source register for 4-bit data
sent directly to the D outputs.
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Timing Diagrams
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COP404C

Functional Description
INTERNAL LOGIC

The processor contains its own 4-bit A register (accumula-
tor) which is the source and destination register for most
1/0, arithmetic, logic, and data memory access operations.
It can also be used to load the B, and By portions of the B
register, to load and input 4 bits of the 8-bit Q latch or T
counter, L 170 ports data, to input 4-bit G, or IN ports, and to
perform data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic functions,
storing the results in A. It also outputs a carry bit to the 1-bit
C register, most often employed to indicate arithmstic over-
flow. The C register in conjunction with the XAS instruction
and the EN register, also serves to control the SK output.

The 8-bit T counter is a binary up counter which can be
loaded to and from M and A using CAMT and CTMA instruc-
tions. This counter may be operated in two modes: as a
timer if TIN pin is tied to Ground or as an external event
counter if TIN pin is tied to Voc. When the T counter over-
flows, an overflow flag will be set (see SKT and IT instruc-
tions below). The T counter is cleared on reset. A functional
block diagram of the timer/counter is illustrated in Figure
10a.

Four general-purpose inputs, IN3-INO, are provided. IN1,
IN2 and IN3 may be selected (by puliing MB pin low) as
Read Strobe, Chip Select, and Write Strobe inputs, respec-
tively, for use in MICROBUS application.

The D register provides 4 general-purpose outputs and is
used as the destination register for the 4-bit contents of Bg.
In the dual clock mode, DO latch controls the clock selection
(see dual oscillator below).

The G register contents are outputs to a 4-bit general-pur-
pose bidirectional 1/0 port. GO may be selected as an out-
put for MICROBUS applications.

The Q register is an internal, latched, 8-bit register, used to
hold data loaded to or from M and A, as well as 8-bit data
from ROM. Its contents are outputted to the L I/0 ports
when the L drivers are enabled under program control. With
the MICROBUS option selected, Q can also be loaded with
the 8-bit contents of the L 170 ports upon the occurrence of
a write strobe from the host CPU.

The 8 L drivers, when enabled, output the contents of
latched Q data to the L I/0 port. Also, the contents of L may
be read directly into A and M. As explained above, the MI-
CROBUS option allows L 1/0 port data to be latched into
the Q register. .

The SIO register functions as a 4-bit serial-in/serial-out shift
register for MICROWIRE™ 1/0 and COPS peripherals, or
as a binary counter (depending on the contents of the EN
register). Its contents can be exchanged with A.

The XAS instruction copies C into the SKL latch. In the
counter mode, SK is the output SKL; in the shift register
mode, SK outputs SKL ANDed with the clock.

EN is an internal 4-bit register loaded by the LEI instruction.
The state of each bit of this register selects or deselects the
particular feature associated with each bit of the EN regis-
ter:

0. The least significant bit of the enable register, ENO, se-
lects the SIO register as either a 4-bit shift register or a 4-
bit binary counter. With ENO set, SIO is an asynchronous
binary counter, decrementing its value by one upon each
low-going pulse (“1” to “0") occurring on the S! input.
Each pulse must be at least two instruction cycles wide.
SK outputs the value of SKL. The SO output equals the
value of EN3. With ENO reset, SIO is a serial shift register
left shifting 1 bit each instruction cycle time. The data
present at Sl goes into the least significant bit of SIO. SO
can be enabled to output the most significant bit of SIO
each cycle time. The SK outputs SKL ANDed with the
instruction cycle clock.

. With EN1 set, interrupt is enabled. Immediately following
an interrupt, EN1 is reset to disable further interrupts.

2. With EN2 set, the L drivers are enabled to output the data
in Q to the L 170 port. Resetting EN2 disables the L driv-
ers, placing the L 1/0 port in a high-impedance input
state.

8. ENS, in conjunction with ENO, affects the SO output. With
ENO set (binary counter option selected) SO will output
the value loaded into EN3. With ENO reset (serial shift
register option selected), setting EN3 enables SO as the
output of the SIO shift register, outputting serial shifted
data each instruction time. Resetting EN3 with the serial
shift register option selected disables SO as the shift reg-
ister output; data continues to be shifted through SIO and
can be exchanged with A via an XAS instruction but SO
remains set to “0”.

INTERRUPT

The following features are associated with interrupt proce-

dure and protocol and must be considered by the program-

mer when utilizing interrupts.

a.The interrupt, once recognized as explained below,
pushes the next sequential program counter address
(PC+ 1) onto the stack. Any previous contents at the bot-
tom of the stack are lost. The program counter is set to
hex address OFF (the last word of page 3) and EN1 is
reset.

. An interrupt will be recognized only on the following con-
ditions:
1. EN1 has been set.
2. A low-going pulse (1" to ““0”) at least two instruction

cycles wide has occurred on the IN1 input.

3. A currently executing instruction has been completed.

pry

(=2

TABLE I. ENABLE REGISTER MODES — BITS ENO AND EN3

ENO EN3 SIo S| {e) SK
0 0 Shift Register Input to Shift 0 If SKL=1, SK=clock
Register If SKL=0, SK=0
0 1 Shift Register Input to Shift Serial If SKL=1, SK=clock
Register out If SKL=0, SK=0
1 0 Binary Counter Input to Counter 0 SK = SKL
1 1 Binary Counter Input to Counter 1 SK = SKL




Functional Description (continued)

4. All successive transfer of control instructions and suc-
cessive LBlIs have been completed (e.g. if the main
program is executing a JP instruction which transfers
program control to another JP instruction, the interrupt
will not be acknowledged until the second JP instruc-
tion has been executed).

c. Upon acknowledgement of an interrupt, the skip logic
status is saved and later restored upon popping of the
stack. For example, if an interrupt occurs during the exe-
cution of an ASC (Add with Carry, Skip on Carry) instruc-
tion which results in carry, the skip logic status is saved
and program control is transferred to the interrupt servic-
ing routine at hex address OFF. At the end of the interrupt
routine, a RET instruction is executed to pop the stack
and return program control to the instruction following the
original ASC. At this time, the skip logic is enabled and
skips this instruction because of the previous ASC carry.
Subroutines should not be nested within the interrupt
service routine, since their popping of the stack will en-
able any previously saved main program skips, interfering
with the orderly execution of the interrupt routine.

d. The instruction at hex address OFF must be a NOP.

e. An LEIl instruction may be put immediately before the
RET instruction to re-enable interrupts.

MICROBUS INTERFACE

With MB pin tied to Ground, the COP404C can be used as a
peripheral microprocessor device, inputting and outputting
data from and to a host microprocessor (uP). IN1, IN2 and
IN3 general purpose inputs become MICROBUS compatible
read-strobe, chip-select, and write-strobe lines, respectively.
IN1 becomes RD — a logic “0” on this input will cause Q
latch data to be enabled to the L ports for input to the uP.
IN2 becomes CS — a logic “0” on this line selects the
COP404C and the P peripheral device by enabling the op-
eration of the RD and WR lines and allows for the selection
of one of several peripheral components. IN3 becomes WR
— a logic 0" on this line will write bus data from the L ports
to the Q latches for input to the COP404C. GO becomes
INTR a “ready” output, reset by a write pulse from the pP
on the WR line, providing the “handshaking” capability nec-
essary for asynchronous data transfer between the host
CPU and the COP404C.

This option has been designed for compatibility with Nation-
al's MICROBUS - a standard interconnect system for 8-bit
parallel data transfer between MOS/LSI CPUs and interfac-
ing devices. (See MICROBUS National Publication). The

POWER
suppLy  CLOCK

iteRRueT oty | oC BN K1
Gp 61-G3
8-8IT DATA BUS
lo-t7 g3
MICROPROCESSOR | READ STROBE (RD) _f CoPa0ac W
CHIP SELECT (CS) m‘ o= N
WRITE STROBE (WR) | .2 St
N3 $O po—— out
SK [
RESET RESET
T
RESET

TL/DD/5530-7
FIGURE 6. MICROBUS Option Interconnect

functioning and timing relationships between the signal lines
affected by this option are as specified for the MICROBUS
intertace, and are given in the AC electrical characteristics
and shown in the timing diagrams (Figures 4 and 5). Con-
nection of the COP404C to the MICROBUS is shown in Fig-
ure 6.

INITIALIZATION

The external RC network shown in Figure 7 must be con-
nected to the RESET pin for the internal reset logic to initial-
ize the device upon power-up. The RESET pin is configured
as a Schmitt trigger input. If not used, it should be connect-
ed to Vge. Initialization will occur whenever a logic “0” is
applied to the RESET input, providing it stays low for at
least three instruction cycle times.

Upon initialization, the PC register is cleared to 0 (ROM ad-
dress 0) and the A, B, G, D, EN, IL, T and G registers are
cleared. The SKL latch is set, thus enabling SK as a clock
output. Data Memory (RAM) is not cleared upon initializa-
tion. The first instruction at address 0 must be a CLRA
(clear A register).

|

Vee

AAA.
A A4

POWER
SUPPLY RESET  COP404C

T Gl'{l)

RC = 5X POWER SUPPLY RISE TIME
AND RC = 100X CK!I PERIOD.

TL/DD/6530-8
FIGURE 7. Power-Up Circuit

TIMER
There are two modes selected by TIN pin:

a) Time-base counter (TIN pin low). In this mode, the in-
struction cycle frequency generated from CKI passes
through a 2-bit divide-by-4 prescaler. The output of this
prescaler increments the 8-bit T counter thus providing a
10-bit timer. The prescaler is cleared during execution of
a CAMT instruction and on reset. For example, using a
1MHz crystal, the instruction cycle frequency of 250 kHz
(divide by 4) increments the 10-bit timer every 4 uS. By
presetting the counter and detecting overflow, accurate
timeouts between 16 p.S (4 counts) and 4.096 mS (1024
counts) are possible. Longer timeouts can be achieved
by accumulating, under software control, multiple over-
flows.

b) External event counter (TIN pin high). In this mods, a low-
going pulse (1" to ““0”) at least 2 instruction cycles wide
on the IN2 input will increment the 8-bit T counter.

Note: the IT instruction is not allowed in this mode.

HALT MODE

The COP404C is a FULLY STATIC circuit; therefore, the
user may stop the system oscillator at any time to halt the
chip. The chip may also be halted by two other ways (see
Figure 8):

— Software HALT: by using the HALT instruction.

— Hardware HALT: by using the HALT |/O port CKOH. it
is an 1/0 flip-flop which is an indicator of the HALT
status. An external signal can over-ride this pin to start
and stop the chip. By forcing CKOH high the
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Functional Description (continued)

chip will stop as soon as CKl is high and CKOH output will
stay high to keep the chip stopped if the external driver
returns to high impedance state.

Once in the HALT mode, the internal circuitry does not re-
ceive any clock signal and is therefore frozen in the exact
state it was in when halted. All information is retained until
continuing.

The chip may be awakened by one of two different meth-
ods:

— Continue function: by forcing CKOH low, the system
clock will be re-enabled and the circuit will continue to
operate from the point where it was stopped. CKOH
will stay low.

— Restart: by forcing the RESET pin low (see Initializa-
tion) )

The HALT mode is the minimum power dissipation state.

Note: if the user has selected dual-clock (DUAL pin tied to

Ground) AND is forcing an external clock on DO pin

AND the COP404C is running from the DO clock, the

HALT mode - either hardware or software - will NOT

be entered. Thus, the user should switch to the CKI

_ clock to HALT. Alternatively, the user may stop the DO
clock to minimize power.

Oscillator Options

There are two basic clock oscillator configurations available
as shown by Figure 9.

- CKi oscillator: CKI is configured as a LSTTL compati-
ble input external clock signal. The external frequency
is divided by 4 to give the instruction cycle time.

— Dual oscillator. By tying DUAL pin to Ground, pin DO is
now a single pin RC controlled Schmitt trigger oscilla-
tor input. The user may software select between the

DO oscillator (the instruction cycle time equals the DO
oscillation frequency divided by 4) by setting the DO
latch high or the CKI oscillator by resetting DO latch
low.
Note that even in dual clock mode, the counter, if used
as a time-base counter, is always connected to the CKI
oscillator.
For example, the user may connect up to a 1 MHz RC
circuit to DO for faster processing and a 32 kHz exter-
nal clock to CKI for minimum current drain and time
keeping.

Note: CTMA instruction is not allowed when the chip is run-

ning from DO clock.
Figures 10a and 10b show the timer and ciock diagrams
with and without Dual-Clock.

Yoo

= 1T

S

EXTERNAL
CLOCK TL/DD/5530-8
Cycle
R c Time Vee
15k 82 pF 4—-9 pus 24,5V
30k 82 pF 8—16 us 24.5V
60k 100 pF 16—-32 ps 24-45V
Note: 15k<R<150k
50 pF<C<150 pF

FIGURE 9. Dual-Oscillator Component Values
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FIGURE 8. HALT Mode




Functional Description (continued)

o 10 SKT
" LATCH

+4 +4

cK INSTRUCTION
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Tooue

HALY We={s

C

FIGURE 10a. Clock and Timer Block Diagram without Dual-Clock
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Figure 10b. Clock and Timer Block Diagram with Dual-Clock
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External Memory Interface

The COP404C is designed for use with an external Program
Memory.

This memory may be implemented using any devices having
the following characteristics:

1. random addressing

2. LSTTL or CMOS-compatible TRI-STATE outputs
3. LSTTL or CMOS-compatible inputs

4. access time=1. 0 us max.

Typically, these requirements are met using bipolar PROMs
or MOS/CMOS PROMs, EPROMs or E2PROMs.

During operation, the address of the next instruction is sent
out on A10, A8, A8 and IP7 through IPO during the time that
AD/DATA is high (logic “1" =address mode). Address data
on the IP lines is stored into an external latch on the high-to-
low transition of the AD/DATA line; A10, A9 and A8 are
dedicated address outputs, and do not need to be latched.
When AD/DATA is low (logic 0" =data mode), the output
of the memory is gated onto [P7 through IPO, forming the
input bus. Note that AD/DATA output has a period of one
instruction time, a duty cycle of approximately 50%, and
specifies whether the IP lines are used for address output or
data input. A simplified block diagram of the external memo-
ry interface is shown in Figure 71.

A10
A9 COP4D4C
A8
AD/DATA
IP7-1Pg
] DATA
D
$|CLK  LATCH 8
Q
"
4]
E 8
<
AN D0-07
->]A8
M
—]n MEMORY
${A10

TL/DD/5530-13
FIGURE 11. External Memory Interface to COP404C

COP404C Instruction Set
Table Il is a symbol table providing internal architecture, in-
struction operand and operation symbols used in the in-
struction set table.
Table il provides the mnemonic, operand, machine code
data flow, skip conditions and description of each instruc-
tion.
Table II. Instruction Set Table Symbols
Symbol Definition
Internal Architecture Symbols
A 4-bit Accumulator
B 7-bit RAM address register
Br Upper 3 bits of B (register address)
Bd Lower 4 bits of B (digit address)
Cc 1-bit Carry register
D 4-bit Data output port
EN 4-bit Enable register
G 4-bit General purpose 1/0 port
IL two 1-bit (INO and IN3) latches
IN 4-bit input port
L 8-bit TRI-STATE 170 port
M 4-bit contents of RAM addressed by B
PC 11-bit ROM address program counter
Q 8-bit latch for L port

SA 11-bit Subroutine Save Register A
SB 11-bit Subroutine Save Register B
SC 11-bit Subroutine Save Register C
SIO 4-bit Shift register and counter

SK Logic-controlled clock output

SKL  1-bit latch for SK output

T 8-bit timer

Instruction operand symbols
d 4-bit operand field, 0- 15 binary (RAM digit select)

r 3-bit operand field, 0-7 binary (RAM register select)
a 11-bit operand field, 0-2047
y 4-bit operand field, 0-15 (immediate data)

RAM(x) RAM addressed by variable x
ROM(x) ROM addressed by variable x
Operational Symbols
+ Plus
- Minus
-> Replaces
-> is exchanged with
Is equal to

A

one's complement of A
exclusive-or
range of values

o >
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Instruction Set (continued)

TABLE lll. COP404C Instruction Set

Machine

Mnemonic Operand e Language Data Flow Skip Description
Code Code (Binary) Conditions
ARITHMETIC INSTRUCTIONS
ASC 30  {0011/0000] A+C+RAM@B) — A Carry Add with Carry, Skip on
Carry — C Carry
ADD 31 |0011/0001| A+RAM(B) — A None Add RAM to A
ADT 4A  |0011[0001] A+1019g — A None Add Tento A
AISC y 5— |o101] y | Aty — A Carry Add Immediate. Skip on
Carry (y# 0)
CASC 10  |0001}0000| A+RAM(B)+C — A Carry Compliment and Add with
Carry — C Carry, Skip on Carry
CLRA 00  |0000[0000} 0~ A None ClearA
COMP 40  |0100{0000] A— A None Ones complement of Ato A
NOP 44 |0100/0100| None None No Operation
RC 32 {oo11{oo10] 0" — C None Reset C
sC 22 ]0010]0010] “" = C None SetC
XOR 02  {0000{0010| A ® RAM(B) — A None Exclusive-OR RAM with A
TRANSFER OF CONTROL INSTRUCTIONS
JID FF 11111111} ROM (PCy0.8 AM) — PGy None Jump Indirect (note 2)
JMP a 6— |0110|0lajgel | a —> PC None Jump
- ar.o
JP a — N agg | a — PCgyp None Jump within Page (Note 3)
(pages 2,3 only)
or
— {11} asp | a — PCsyo
(all other pages)
JSRP a ~ 10| asp PC+1 — SA — SB — SC None Jump to Subroutine Page
00010 — PCygg (Note 4)
a = PCsyg
JSR a 6— |0110{1lajggl | PC+1 — SA — SB — SC None Jump to Subroutine
- a7 a — PC
RET 48 0100{1000} SC — SB — SA — PC None Return from Subroutine
RETSK 49 0100{1001| SC —» SB — SA — PC Always Skip  Return from Subroutine
on Return then Skip
HALT 33 0011{0011 None HALT processor
38  [0011/1000
IT 33 |0011]0011 IDLE till timer
39 00111001 None overflows then continues
MEMORY REFERENCE INSTRUCTIONS
CAMT 33 {oo11{oo11 A~ Ty
3F  |oo11]1111 RAM(B) — Ta.o None Copy A, RAMto T
CTMA 33 {0011{0011 T7.44 ~> RAM(B)
2F  |oo10}1111 Tag — A None Copy Tto RAM, A
CAMQ 33 0011{0011 A — Q74 None Copy A,RAMto Q
3Cc  |oo11]1100 RAM(B) — Qg.0
CQMA 33 [0011{0011 Q7.4 — RAM(B) None Copy Q to RAM, A
2C  |oo10}1100 Qg0 — A
LD r -5 |00{r{o101 RAM(B) — A None Load RAMinto A,
(r=0:3) Bror — Br Exclusive-OR Br with r
LDD rd 23 |0010{0011} RAM(r,d) — A None Load A with RAM pointed
-— ofrfd] to direct by r,d
(Kells} BF 10111111} ROM(PC10:8AM) — Q None Load Q Indirect (Note 2)
SB — SC
RMB 0 4C  |0100]1100] 0 — RAM(B) None Reset RAM Bit
1 45  |0100{0101| 0 — RAM(B)4
2 42 |0100/0010] 0 — RAM(B),
3 43 |0100{0011| 0 — RAM(B)s
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Instruction Set (continued)

TABLE Ill. COP404C Instruction Set (Continued)

Machine .
Hex Language Skip
Mnemonic Operand Code Code Data Flow Conditions Description
{Binary)
SMB 0 4D lo100{1101| 1 —> RAM(B)g None Set RAM Bit
1 47 jo100j0111| 1 — RAM(B)
2 46 jo100l0110| 1 — RAM(B)2
3 48 lo100[1011 1 — RAM(B)3
ST y 7- [o111] y | y — RAM(B) None Store Memory Immediate
Bd+1 — Bd and Increment Bd
X r -6 joo| r j0110] | RAM(B) «—> A None Exchange RAM with A,
(r=0:3) Brer — Br Exclusive-OR Br with r
XAD rd 23 [0010]0011| RAM(r,d) «— A None Exchange A with RAM
_ Mirld] pointed to directly by r,d
XDS r -7 joo] r jo111] | RAM(B) «— A Bd Exchange RAM with A
(r=0:3) Bd~1 — Bd decrements and Decrement Bd.
Brer — Br past0 Exclusive-OR Br with r
XIS r -4 joo] r [0100] | RAM(B) «— A Bd Exchange RAM with A
(r=0:3) Bd+1 — Bd increments and Increment Bd,
Brer — Br past 15 Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 jo101]0000| A — Bd None CopyAtoBd
CBA 4E lo100{1110]| Bd — A None CopyBd to A
Ll rd —_ loo| r J(d-1)| rd — B Skip until Load B Immediate with r,d
(r=0:3: nota LBl (Note 5)
d=0,9:15)
or
33 |oo11]0011]
- lrldl
(anyr, any d)
LEI y 33 loot1jo011} y — EN None Load EN Immediate (Note 6)
6— lo110 y |
XABR 12 |0001|0010] A <> Br None Exchange A with Br (Note 7)
TEST INSTRUCTIONS
SKC 20 loo10{0000] c="1" Skip if Cis True
SKE 21 |oo10{0001| A=RAM(B) Skip if A Equals RAM
SKGZ 33 |0011]0011| Gg.0=0 Skip if G is Zero
21 |oo10j0001| (all 4 bits)
SKGBZ 33 joo11{o011| 1stbyte Skip if G Bit is Zero
0 01 loooolooo1| Go=
1 1 10001|0001| G1=0
2 03 fooooloors] | 2ndbvte G2=0
3 13 l0001]0011| G3=0
SKMBZ 0 01 Joooojooo1| RAM(B)o=0 Skip if RAM Bitis Zero
1 11 jooo1|0001| RAM(B);=0
2 03 |oooojoo11] RAM(B)2=0
3 13 looo1{0011] RAM(B)3=0
SKT 41 |0100]0001| A time-base Skip on Timer
counter (Note 2)
carry has
occured

since last test
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Instruction Set (continued)
TABLE l1l. COP404C Instruction Set (Continued)

Machine

Hex Language Ski

Mnemonic Operand Code Code Data Flow CO: ditions Description

(Binary)
INPUT/OUTPUT INSTRUCTIONS

ING 33 loo11joo11| | G — A None Input G Ports to A
2A |oo10|1010]

ININ 33 [oo11joo11] | IN — A None Input IN Inputs to A
28 |oo10}1000|

INIL 33 [0011|0011| | IL3, CKO,"0",ILp —> A None Input IL Latches to A
29 |0010|1001]| (Note 2)

INL a3 [0011]0011| | L7.4 — RAME) None Input L. Ports to RAM,A
2E loot1o[1110| | Lgo — A

0BD 33 |oo11jo011| | Bd — D None Output Bd to D Outputs
3E [oo11{1110]|

oGl y 33 loo11joo11| | y —> G None Output to G Ports
5~ lo101] y | Immediate

OMG 33 [oo11]0011 RAM(B) — G None Output RAM to G Ports
3A loo11|1010]|

XAS 4F |o100|1111] | A «— SIO,C — SKL  None Exchange A with SIO

(Note 2)
Note 1: All subscripts for alphabetical symbols ind| bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered O to N where

O signifies the least significant bit (Iawmder. right-most bit). For example, A3 indicates the most significant (left-most) bit of the 4-bit A register.
Note 2: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.

Note 3: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

Note 4: A JSRP transfers program control to subroutine page 2 (0010 is loaded Into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP
may not jump to the last word in page 2.

Note 5: LBl is a single-byte instructionifd = 0, 9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the “d" data minus 1,
e.g., to load the lower four bits of B(Bd) with the value 8 (10012), the lower 4 bits of the LBI instruction equal 8 (10002). To load 0, the lower 4 bits of the LBI
instruction should equal 15 (1111).

Note 8: Machine code for operand field y for LEI instruction should equal the binary value to be tatched into EN, where a *1" or “0" in each bit of EN corresponds
with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.)

Note 7: 1t SEL20 = 1, A«—>Br (0 —> A3)
1t SELZ0 = 0, A +—> Br (0,0 —> A3, A2).

Description of Selected Instructions

XAS INSTRUCTION new address is fetched and loaded into the Q latches. Next,
XAS (Exchange A with SIO) copies C to the SKL latch and the stack is “popped” (SC —> SB —> SA — PC), re-
exchanges the accumulator with the 4-bit contents of the storing the saved value of PC to continue sequential pro-
SIO register. The contents of SIO will contain serial-in/seri- gram execution. Since LQID pushes SB — SC, the previ-
al-out shift register or binary counter data, depending on the ous contents of SC are lost. .
value of the EN register. If SIO is selected as a shift register, Note: LQID uses 2 instruction cycles if executed, one if
an XAS instruction can be performed once every 4 instruc- skipped.

tion cycles to effect a continuous data stream. JID INSTRUCTION

LQID INSTRUCTION JID (Jump Indirect) is an indirect addressing instruction,
LQID (Load Q Indirect) loads the 8-bit Q register with the transterring program control to a new ROM location pointed
contents of ROM pointed to by the 11-bit word PC10: PC8, to indirectly by A and M. It loads the lower 8 bits of the ROM
A, M. LQID can be used for table lookup or code conversion address register PC with the contents of ROM addressed by
such as BCD to seven-segment. The LQID instruction the 11-bit word, PC10: 8, A, M. PC10, PC9 and PC8 are not
“pushes” the stack (PFC + 1 —> SA — SB — SC) and affected by JID.

replaces the least significant 8 bits of the PC as follows: A Note: JID uses 2 instruction cycles if executed, one if
= PC (7:4), RAM(B) — PC(3:0), leaving PC(10), PC(9) skipped.

and PC(8) unchanged. The ROM data pointed to by the
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Description of Selected Instructions (continued) : ,

SKT INSTRUCTION

The SKT (Skip On Timer) instruction tests the state of the T
counter overflow latch (see internal logic, above), executing
the next program instruction if the latch is not set. If the
latch has been set since the previous test, the next program
instruction is skipped and the latch is reset. The features
associated with this instruction allow the processor to gen-
erate its own time-base for real-time processing, rather than
relying on an external input signal

Note: If the most significant bit of the T counter is a 1 when
a CAMT instruction loads the counter, the overflow flag will
be set. The following sample of codes should be used when
loading the counter:

CAMT ; load T counter

SKT ; skip if overflow flag is set and reset it
~ Nop
IT INSTRUCTION

The IT (idle till timer) instruction halts the processor and
puts it in an idle state until the time-base counter overflows.
This idle state reduces current drain since all logic (except
the oscillator and time base counter) is stopped. IT instruc-
tion is not allowed if the T counter is used as an external
event counter (TIN pin tied to V).

INIL INSTRUCTION

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILO,
CKOl and 0 into A. The IL3 and ILO latches are set if a low-
going pulse (1" to “0”") has occurred on the IN3 and INO
inputs since the last INIL instruction, provided the input
pulse stays low for at least two instruction cycles. Execution
of an INIL inputs IL3 and ILO into A3 and AO respectively,
and resets these latches to allow them to respond to subse-
quent low-going pulses on the IN3 and INO lines. The state
of CKOl is input into A2. A 0 is input into A1. IL latches are
cleared on reset.

Instruction Set Notes

a. The first word of a program (ROM address 0) must be a
CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, they are
still fetched from the program memory. Thus program
paths take the same number of cycles whether instruc-
tions are skipped or executed except for JID, and LQID.

c. The ROM is organized into pages of 64 words each. The
Program Counter is a 11-bit binary counter, and will count
through page boundaries. If a JP, JSRP, JID, or LQID is
the last word of a page, it operates as if it were in the next
page. For example: a JP located in the last word of a
page will jump to a location in the next page. Also, a JID
or LQID located in the last word of every fourth page (i.e.
hex address OFF, 1FF, 2FF, 3FF, 4FF, etc.) will access
data in the next group of four pages.

Power Dissipation

The lowest power drain is when the clock is stopped. As the
frequency increases so does current. Current is also lower
at lower operating voltages. Therefore, for minimum power
dissipation, the user should run at the lowest speed and
voltage that his application will allow. The user should take
care that all pins swing to full supply levels to insure that
outputs are not loaded down and that inputs are not at
some intermediate level which may draw current. Any input
with a slow rise or fall time will draw additional current. For

example, an RC oscillator on DO will draw more current than
a square wave clock input since it is a slow rising signal.

If using an external square wave oscillator, the following
equation can be used to calculate the COP404C operating
current drain:

leo=Iq + VX 40 X Fj + V X 1400 X F; / 4

where:

lco = chip operating current drain in microamps

lq= quiescent leakage current (from curve)

Fi= CKI frequency in MegaHertz

V= chip V¢ in volts
For example at 5 volts Vgc and 400 kHz:

lco=20 + 5 X 40 X .4 + 5 X 1400 X 4/ 4

leco= 20 + 80 + 700 = 800 nA
at 2.4 volts Vg and 30 kHz:

leo= 6 + 2.4 X 40 X .03 + 2.4 X 1400 X .0%,

leo= 6 + 2.88 + 25.2 = 34.08 pA
If an IT instruction is executed, the chip goes into the IDLE
mode until the timer overflows. In IDLE mode, the current
drain can be calculated from the following equation:

lg=lg + V X 40 X F;
For example, at 5 volts Vg and 400 kHz
lei= 20 +5 X 40 X .4 = 100 pA

The total average current will then be the weighted average
of the operating current and the idle current:

To Ti
Ita=lcoX m + Ici X TotTi
where:
lia= total average current
leo= operating current
Ii= idle current
To= operating time
Ti= idle time
1/0 OPTIONS

COP404C outputs have the following configurations, illus-
trated in Figure 12.

a. Standard — A CMOS push-pull buffer with an N-channel
device to ground in conjunction with a P-channel device
to Ve, compatible with CMOS and LSTTL. (Used on SO,
SK, AD/DATA, SKIP, A10:8 and D outputs.)

b. Low Current — This is the same configuration as a.
above except that the sourcing current is much less.
(Used on G outputs.) )

c. Standard TRI-STATE L Output — A CMOS output buffer
similar to a. which may be disabled by program control.
(Used on L outputs.)

All inputs have the following configuration:

d. Input with on chip load device to Vgc. (Used on CKOL.)

e. HI-Z input which must be driven by the users logic. (Used
on CKI, RESET, IN, S|, DUAL, TIN, MB, SEL10 and
SEL20 inputs.)

All output drivers use one or more of three common devices

numbered 1 to 3. Minimum and maximum current (Ioyt and

Vour) curves are given in Figure 13 for each of these devic-

es to allow the designer to effectively use these I/0 configu-

rations.
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FIGURE 12. Input/Qutput Configurations

Typical Performance Characteristics
Standard Minimum Source

Minimum Sink Current Current
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FIGURE 13. Input/Output Characteristics
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COP404C

Emulation

The COP404C may be used to exactly emulate the
COP444C/445C, COP424C/425C, and COP410C/411C.
However, the Program Counter always addresses 2k of ex-
ternal ROM whatever chip is being emulated. Figure 14
shows the interconnect to implement a hardware emulation.
This connection uses a NMC27C16 EPROM as external

memory. Other memory can be used such as bipolar PROM
or RAM.

Pins IP7-IP0 are bidirectional inputs and outputs. When the
AD/DATA clocking output turns on, the EPROM drivers are
disabled and IP7-IP0 output addresses. The 8-bit latch
(MM74C373) latches the addresses to drive the memory.
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FIGURE 14. COP404C Used To Emulate A COP444C
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Emulation (continued)

When AD/DATA turns off, the EPROM is enabled and the

IP7-IPO pins will input the memory data. A10, A9 and A8

output the most significant address bits to the memory.

(SKIP output may be used for program debug if needed.)

— CKl is divided by 4. Other divide-by are emulated by ex-
ternal divider.

— CKO can be emulated as a general purpose input by us-
ing CKOI or as a Halt 170 port by using CKOH.

— MB pin can be pulled low if the MICROBUS feature of the
COP444C and COP424C is needed. Othewise it should
be high.

— DUAL pin can be pulled low if the Dual-Clock feature of
the COP444C and COP424C is needed. Otherwise it
should be high.

—TIN pin controls the input of the 8-bit timer of the
COP444C and COP424C (internal timer if TIN is low, ex-
ternal event counter if TIN is high).

— The SEL10 and SEL20 inputs are used to emulate the
COP444C/445C, COP424C/425C, or COP410C/411C.

* When emulating the COP444C/445C, the user must
configure SEL20=1 and SEL10=1.

¢ When emulating the COP424C/425C, the user must
configure SEL20=0 and SEL10=1. In this mode, the
user RAM is physically halved. As in the COP424C/
425C, the user has 64 digits (256 bits) of RAM avail-
able. Pin A10 should not be connected to the program
memory (most significant address bit of the program
memory should be grounded if using a 2k X8 memory).
* When emulating the COP410C/411C, the user must
configure SEL20=0 and SEL10=0. In this mode, the
user has 32 digits (128 bits) of RAM available organized

Option Table
COP404C MASK OPTIONS

in the same way as the COP410C/411G - 4 registers of
8 digits each. Pins A10 and A9 should not be connect-
ed to the program memory (the 2 most significant ad-
dress bits of the program memory should be ground-
ed).

Furthermore, the subroutine stack is decreased from 3
levels to 2 levels.

The pins SEL10 and SEL20 change the internal logic of the
device to accurately emulate the devices as indicated
above. However, the user must remember that the
COP424C/425C Is a subset of the COP444C/COP445C
with respect to memory size. The COP410C/411C is a sub-
set both in memory size and in function. The user must take
care not to use features and instructions which are not avail-
able on the COP410C/411C (see table IV. below) when us-
ing the COP404C to emulate the COP410C/411C.

TABLE IV. FEATURES AND INSTRUCTIONS NOT
AVAILABLE ON COP410C/411C.

ADT

CASC

CAMT

CIMA

IT

LDD r, d
XAD r, d
XABR

SKT

ININ

INIL

0GI v

Timer
Dual=~-clock
Interrupt
Microbus

(except 3, 15)

The following COP444C options have been implemented in the COP404C:

Option value
Option1=0
Option2=1,2
Option3=5
Option4=1
Option 5-8=0
Option9=1
Option 10=1
Option11=0
Option 12-15=0
Option 16=0
Option 17=0
Option 18=0
Option 19=1
Option 20=1
Option 21-24=1
Option 25-28=0
Option 29=1
Option 30=0, 1
Option31=0, 1
Option 32=0, 1
Option 33=N/A

Comment
Ground Pin — no option available
CKO is replaced by CKOI and CKOH
CKlis external clock input divided by 4
RESET is Hi-Z input
L outputs are standard TRI-STATE
IN1 is a Hi-Z input
IN2is a Hi-Z input
Ve pin — no option available
L outputs are standard TRI-STATE
Slis a Hi-Z input
SO is a standard output
SKis a standard output
INO is a HI-Z input
IN3 is a Hi-Z input
G outputs are low-current
D outputs are standard
No internal initialization logic
DUAL-CLOCK is pin selectable
TIMER is pin selectable
MICROBUS is pin selectable
48-pin package

1-301

J10¥d0D



COP404LSN-5

National
Semiconductor

COP404LSN-5 ROMIless N-Channel Microcontrollers

General Description

The COP404LSN-5 ROMIess Microcontroller is a member
of the COPS™ family, fabricated using N-channel, silicon
gate MOS technology. The COP404LSN-5 contains CPU,
RAM, 1/0 and is identical to a COP444L device except the
ROM has been removed and pins have been added to out-
put the ROM address and to input the ROM data. In a sys-
tem the COP404LSNN-5 will perform exactly as the
COP444L. This important benefit facilitates development
and debug of a COP program prior to masking the final part.
The COP404LSN-5 is also appropriate in low volume appli-
cations, or when the program might be changing. The
COP404LSN-5 may be used to emulate the COP444L,
COP445L, COP420L, and the COP421L.

Use COP404LSN-5 in volume applications. For extended
temperature range (—40°C to +85°C), COP304L is avail-
able on a special order basis.

Features

m Exact circuit equivalent of COP444L

m Low cost

® Powerful instruction set

m 128 x 4 RAM, addresses 2048 x 8 ROM

m True vectored interrupt, plus restart

N Three-level subroutine stack

| 16 ps instruction time

m Single supply operation (4.5V-5.5V)

u Low current drain (16 mA max)

m Internal time-base counter for real-time processing

| Internal binary counter register with MICROWIRET™
compatible serial 1/0

m General purpose outputs

m LSTTL/CMOS compatible in and out

m Direct drive of LED digit and segment lines

m Software/hardware compatible with other members of
COP400 family

Block Diagram
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallabllity and specifications.

Voitage at Any Pin Relative to GND —0.5Vto +10V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature —65°Cto +150°C

Lead Temperature (Soldering, 10 sec.) 300°C
Power Dissipation 0.75W at 25°C
0.4W at 70°C

DC Electrical Characteristics
4.5V < Ve < 5.5V;0°C < Tp < 70°C

Total Source Current 120 mA
Total Sink Current 140 mA
Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum rating