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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

CORPORATION. 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
perform, when properly used in accordance with in-
structions for use provided in the labeling, can be rea-
sonably expected to resuit 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 rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

TRI-STATE is a registered trademark of National Semiconductor Corp.
COPS, ISE, MICROBUS, MICROWIRE, STARPLEX and STARPLEX Il are trademarks of National

Semiconductor Corp.



The COPS™ Family

The COPS Family of microcontrollers provides a
flexible, cost-effective system solution in applications
requiring timing, counting or other control functions.
COPS can be used to replace discrete logic in high-
volume consumer products and iow-volume industrial
products allowing you to add features, miniaturize and
reduce component count.

All of the programmable microcontrollers in the COPS
Family share a common architecture, pin-out and
instruction set, so that once you have programmed
one, you can design with the entire family. In addition,
compatible standard peripherals and pre-programmed
microcontrollers can add extra capability to your
design at off-the-shelf prices.

National Semiconductor recognized the need for a
family of controllers that would grow with our custom-
ers’ needs. The COPS Family, with its programming
and cost efficiency, versatility and ease of develop-
ment is at the leading edge of technology. We are com-
mitted to keeping it there by continually phasing in
new design concepts and fabrication methods. This
systematic evolution brings you state-of-the-art
devices to drive your products into the future.

COPS devices are produced on some of the largest
fabrication lines in the semiconductor industry.
Located around the world, these lines actually
“second source” each other, ensuring you a steady
supply of products when you need them. Availability,
combined with the money that is saved by not having
to retrain from one product to the next, has made the
COPS Fal_mily a standard for many companies.

COPS: Cost-efficiencv

The COPS Family was designed with efficiency in
mind. The more the controller can do, the greater are
your product alternatives. Several approaches have
been taken to allow you to add capability to your
products while lowering costs:

We've designed the industry’s most ROM-efficient
instruction set. Every COPS microcontroller uses the
same ROM-efficienct instruction set, which often
requires significantly less ROM to carry out a set of
tasks than with other 4- or even 8-bit devices. As your
program develops and you find that you require less
(or more) ROM than you originally anticipated, you can
easily go to other COPS devices — of larger or smaller
ROM size —without starting over.

Our dual CPUs are an economical alternative to bigger
memories. National is the first to develop an architec-
ture that permits two CPUs to be placed onto a single
device. Speed is increased because one CPU can proc-
ess regular events while the other handles random
tasks, eliminating the need to shuffle back and forth
between diverse, time-critical operations. Since both
CPUs access common memories, program efficiency
is virtually doubled at littie extra cost.

Standard peripherals inexpensively add distributed
processing and unique capabilities. Two of these
devices are of special interest for their ability to
increase speed and reduce power requirements. The
COP452 Frequency/Counter assists the processor in
handling high-frequency information, increasing
system speed by a factor of up to 100. The COP498
RAT™ Chip (CMOS RAM and Timer) allows the CPU to
“sleep’” and “wake up” under software control,
reducing an NMOS controller's power consumption to
a level approaching CMOS controllers at a much lower
system cost. Both of these devices have other cap-
abilities that are detailed in their respective data
sheets.

MICROWIRE™ makes efficient use of every /0 line.
The COPS Family is designed with National’s MICRO-
WIRE system, which permits serial data exchange with
only three wires. This reduces 1/O lines, enabling the
use of a more cost-effective package (i.e., fewer
number of pins) or the addition of more features and
capability to your final product.

COPS: Design Flexibility

Never before have so many options been available
with a common architecture and pin-out. Once you
choose the COPS Family, any of the following options
can be selected or modified during the product devel-
opment cycle:

o Capacity. Memories range from 0.5k ROM and
32 x 4-bit RAM to 4k ROM and 256 x 4-bit RAM. The
2k ROM-size devices are available with either single
or dual CPUs.

o Fnuirnnmant COPRK rircnite ran ha fahricratad h:/
the optimum process technology for any applica-
tion, from high-speed NMOS to low-power NMOS to
very low-power CMOS. And operating temperature
ranges are available from —55°C to +125°C.

* Mask-programmable options. Several options can
be masked onto COPS devices simultaneously with
the user’s program. They include up to four basic
clock oscillators, as well as an array of 1/0 config-
urations (i.e., LED drive, open-drain and TRI-STATE®
circuitry). In addition, COPS devices can serve as
“smart” microprocessor peripherals by selecting
the MICROBUS™ option, National’s standard inter-
connect for 8-bit data transfer.

COPS: Development Ease i

The COPS Family places a variety of tools and profes-
sional support at your disposal to make designing
easier. Several alternatives are available to you,
depending on your in-house capabilities, product mix
and marketing strategies. Regardless of which path
you choose, National Semiconductor’s field and fac-
tory applications specialists are available throughout
the design process.




* COP400 Product Development System (PDS). This
powerful, easily understood programming system
performs complex software development and debug
tasks with a minimum of effort —and investment.
You interact with the system via a teletype or CRT
console and can attach a printer for fast program
listings. Data is stored on a floppy diskette for fast,
easy access and for convenience in providing
National with the mask program. A real-time in-
system emulator board allows you to develop and
debug your COPS™ device from within your
hardware environment.

National’s complete PDS training course will teach
you how to develop all of your products with the
COPS Family. So if your company needs to develop
in-house design capabilities for a minimal capital
outlay, PDS makes a lot of sense.

® The COPS In-System Emulator (ISE™) Package is
for companies who already own, or are considering,
a STARPLEX™ Development System. A target board
plugs directly into any STARPLEX or STARPLEX II™
system, giving it virtually the same diskette storage
and real-time emulation capabilities as the COP400
PDS. The powerful STARPLEX system also supports
National’s state-of-the-art programmable microproc-
essors, making it ideal if your company uses a wide

range of programmable products.

e Prototyping. ROMIless or piggyback COPS devices
can be interfaced with a standard PROM to facilitate
development and debugging, particularly when pre-
market testing is desirable prior to masking the final
part. They can also provide an effective alternative to
mask-programming in low-volume applications or
when your competitive environment demands fast
product modifications.

o National’s COPS Controller Engineering Group.
New companies, or those with little time or in-house
design expertise, can take advantage of our Gontrol-
ler Engineering Group. These professionals will put
their vast COPS programming and applications ex-
perience to work in implementing your specifica-
tions into a COPS-controlled system.

A Mutual Commitment

National Semiconductor has committed extensive
design and fabrication resources to providing you with
a steady stream of cost-efficient, flexible, easily devel-
oped COPS devices. This data book will help familiar- |
ize you with the many alternatives that are currently
available to help you bring your ideas to market.




Table of Contents

Section 1 Introduction COPS Family
COPS™ Microcontroller Family Guide. .. ... ...t 1-3
COPS ROMIless Microcontroller FamilyGuide. ..., 1-3

Section 2 Single-Chip Microcontroliers
COP410C/COP411C, COP310C/COP311C

Fully Static, Single-Chip CMOS Microcontrollers. .. ...................... 2-3
COP410L/COP411L, COP310L/COP311L

Single-Chip N-Channel Microcontrollers...............cooiiiiiiiiiennn. 2-5
COP420/COP421/COP422, COP320/COP321/COP322 ]

Single-Chip N-Channel Microcontrollers. ..., 2-23
COP420C/COP421C, COP320C/COP321C

Single-Chip CMOS Microcontrollers. .............. F T 2-45
COP420L/COP421L/COP422L, COP320L/COP321L/COP322L

Single-Chip N-Channel Microcontrollers. . ........ ... ... . . iiiiinn. 2-64
COP440/COP441/COP442, COP340/COP341/COP342

Single-Chip N-Channel Microcontrollers. . .......... ... .ot 2-88
COP444C/COP445C, COP344C/COP345C

Single-Chip CMOS Microcontrollers. .. ...t 2-11
COP444L/COP445L, COP344L/COP345L

Qinpla Chin N Chonaal Miceooondenllors | FR O s
COP464 and COP484 Single-Chip 3k and 4k Mlcrocontrollers ............... 2-134
COP2440/COP2441/COP2442, COP2340/COP2341/COP2342

Single-Chip Dual CPU Microcontrollers. ...........cooiiieiiinenen.. 2-135

Section 3 ROMIess Microcontrollers

COP401L ROMless N-Channel Microcontroller. . ........ ... oo, 3-3
COP402/COP402M, COP302/COP302M

ROMlIess N-Channel Microcontrollers. ..........c.oiiiiiiiiiiiiinnnnn. 3-17
COP404/COP304 ROMless N-Channel Microcontrollers.................... 3-36
COP404L/COP304L ROMIless N-Channel Microcontrollers. . ................ 3-46
COP2404/COP2304 ROMIess Dual CPU Microcontrollers................... 3-65

Section 4 Piggyback Microcontrollers
COP420R/COP444LR Piggyback-EPROM Microcontroller................... 4-3
COP440R/COP2440R Piggyback-EPROM Microcontroller. .................. 4-18



Table of Contents (continued)

Section 5 MICROWIRE™ Peripherals
COP431, COP432, COP434, COP438 8-Bit Serial |/O A/D Converters

with Multlplexer Optlons ............................................. 5-3
COP452/COP453, COP352/COP353 Frequency Generator and Counter........ 5-13
COP470, COP370 V.F. Display Driver. ........coiiiiiiiiinniinni s 5-44

~ COP472 Liquid Crystal Display Controller............. e 5-51
COP498/COP398 Low Power CMOS RAM and Timer (RAT™),

COP499/COP399 Low Power CMOS Memory. ......cvviiennrnvnnennnnns 5-58
DS8906 AM/FM Digital Phase-Locked Loop Synthesizer.................... 5-70
DS8907 AM/FM Digital Phase-Locked Loop Frequency Synthesizer........... 5-76
DS8908 AM/FM Digital Phase-Locked Loop Frequency Synthesizer. ... .. e 5-82
MM5445, MM5446, MM5447, MM5448 VF Display Drivers............. s 5-89
MM5450, MM5451 LED Display Drivers. . . ... o oviii ittt it i iieinienans 5-92
MM5452, MM5453 Liquid Crystal Dlsplay Drivers. . ....oiiiiiiiiiiiiiiiaaa 5-97
MMB5480 LED Display Driver. .. ..ottt it i s e a et 5-102
MM5481 LED Display Driver. . .. ..covtii et ittt ie i eeiineinncnrsanrnnnn 5-105
MM5484, MM5485 16-, 11-Segment LED Display Drivers.................... 5-108
MM58201 Multiplexed LCD Driver. .......iitiiieniiitiinaerinneennnans 5-111
MM58248, MM58241 High Voltage Display Drivers. ............cooeviinnnnn. 5-116
MM58348, MM58341 High Voltage Display Drivers. .......... ..o, 5-119
Section 6 Standard Controllers
MM57409 Super Number CrunCher. ... ..o iiiiiii it ii e i iaanenannn 6-3
MM57436 Decimal/Binary Up/Down COUNEEr. ... ..vvuevneienreneeneneennns 6-6
MM57455 Advanced Educational ArithmeticGame......................... 6-13
MM57459 8-Digit LED Direct-Drive Memory Calculator. .................. ... 6-16

Section 7 EPROMS and Support Circuits

MM2716 16,384-Bit (2048 x 8) UV Erasable PROM............ ...t 7-3
~-NMC27C16 16,384-Bit (2048 x 8) UV Erasable CMOSPROM................... 7-9
MM2758 8192-Bit (1024 x 8) UV Erasable PROM...................ccinaa 7-15
MM54C373/MM74C373 TRI-STATE® Octal D-Type Latch
MM54C374/MM74C374 TRI-STATE Octal D-Type Flip-Flop................. 7-21

DM54LS373/DM74L.S373, DM54LS374/DM74LS374 Octal D-Type
Transparent Latches and Edge-Triggered Flip-Flops. ..................... 7-27

vi.



Table of Contents coninueo)

Section 8 Development Systems and User’s Manuals

COP400-PDS Product Development System.............coviiiiiiii .. 8-3
COP400 Product Development System User's Manual....................... 8-5
COP400 In-System Emulator Boards User'sManual....................... 8-113
STARPLEX™ Development System. .........coiiiiiiiiiiininiinnn 8-134
STARPLEX [I™ Development System. . .......ciuiiie i, 8-141
COPS™ |n-System Emulator (ISE™)Package. .. .........cooviiiiiininnn, 8-157
STARPLEX COPS Cross-Assembler User'sManual.................... 8-163
SPM-A15, SPM90/A15 COP400 Emulator User's Manual. . .................. 8-240
Section 9 COPS Application
COPS™ FamilyUsersGuide. ..., T, 9-3
COP Note 1 Analog to Digital Conversion Techniques With COPS™

Family Microcontrollers. ........ ... .. . i, 9-78
COP Note 2 COPS™ Television Controller.............c.coivveieinnen... 9-113
COP Note 3 Design Considerations for a COP420C-Based

Telephone-Line Powered Repetory Dialer.................. 9-118
COP Note 4 The COP444L Evaluation Device 444L-EVAL................. 9-123
COP Note 5 Oscillator Characteristics of COPS™ Microcontrollers. .. .. .... 9-128
COP Note 6 Triac Control Usina the COP400 Microcontroller Familv. ... .. .. 9-152
COP Note 7 Testing of COPS™ Chips.......cuiuiiiiiiniiniinnennn 9-159
COP Brief 1 SIO Input/Output Register Description...................... 9-166
COP Brief 2 Easy Logarithms for COP400........... .. .. .. ccciiiienn.. 9-168
COP Brief 3 Use of Macro-AssembledCode................ ..ot 9-179
COP Brief 4 Bus Considerations. . ..........c.ouuiiiiiinineinenennnnnn 9-181
COP Brief 5 Software and Opcode Differences in the COP444L

Instruction Set................... e 9-182
COP Brief 6 RAMKeep-Alive. ... .o it 9-183
COP Brief 7 MICROBUS™ Programming Considerations................. 9-184
COP Brief 8 COPS™ Peripheral Chips........c.coiiiiiiiiiiii i, 9-185
COP Brief 9 Serial Interface Between COPS™ Microcontrollers

and Peripheral Chips.......... i 9-187
COP Brief 11 Power Seat with MEMOry. . .....ovvtii i 9-189
COP Brief 12 An Automotive Diagnostics Display. ................c.coovu. 9-193
COP Brief 13 An Electronic Speedometer and Odometer with Permanent

Mileage Accumulation.......... ... ... il 9-195

COP Brief 14 COP420C Voltage, Current, and Frequency.................. 9-201

Section 10 Appendix

COP420-HGZ/N Preprogrammed Single-Chip Microcontroller for Musical Organ10-3
COP420L-HSB Digital Tuning System Controller:. .. .. e 10-5
Ordering Information/Physical Dimensions. ............ ..ot 10-10

vii.



Alphanumerical Index

COP302
COP302M
COP304
COP304L
COP310C
COP310L
COP311C
COP311L
COP320
COP320C
COP320L
COP321
COP321C
COP321L
COP322
COP322L
COP340
COP341
COP342
COP344C
COP344L
COP345C
COP345C
COP352
COP353
COP370
COP398
COP399
COP401L
COP402.
COP402M
COP404
COP404L
COP410C
COP410L
COP411C
COP411L
"COP420
COP420C
COP420L

ROMIless N-Channel Microcontrollers. . ...............covvnn.n. 3-17
ROMIless N-Channel Microcontrollers. . .............coivunn... 3-17
ROMIless N-Channel Microcontrollers......................... 3-36
ROMIless N-Channel Microcontrollers......................... 3-46
Fully Static, Single-Chip CMOS Microcontroller.................. 2-3
Single-Chip N-Channel Microcontroller......................... 2-5
Fully Static, Single-Chip CMOS Microcontroller.................. 2-5
Single-Chip N-Channel Microcontroller.................cccuunn.. 2-5
Single-Chip N-Channel Microcontroller........................ 2-23
Single-Chip CMOS Microcontroller. . ..., 2-45
Single-Chip N-Channel Microcontroller........................ 2-64
Single-Chip N-Channel Microcontroller........................ 2-23
Single-Chip CMOS Microcontroller...............ccoviieiienn.. 2-45
Single-Chip N-Channel Microcontroller........................ 2-64
Single-Chip N-Channel Microcontroller........:................ 2-23
Single-Chip N-Channel Microcontroller........................ 2-64
Single-Chip N-Channel Microcontroller........................ 2-88
Single-Chip N-Channel Microcontroller........................ 2-88
Single-Chip N-Channel Microcontroller........................ 2-88
Single-Chip CMOS Microcontroller. .. ............... e 2-111
Single-Chip N-Channel Microcontroller........................ 2-112
Single-Chip CMOS Microcontroller. .. ..........c.coivviien.... 2-11
Single-Chip N-Channel Microcontroller. ....................... 2-112
Frequency Generator and Counter.................coivunnn. 5-13
Frequency Generatorand Counter............... ..., 5-13
V.F. DIiSPIay DFIVET . « . e v eee e e e e ettt ..5-44
Low Power CMOS RAM and Timer (RAT™). . .........cccvvunennn. 5-58
Low Power CMOS MEMOIY. .. .vivie i iiiiiieeeneneennns ....5-58
ROMIless N-Channel Microcontroller........... e 3-3
ROMiess N-Channel Microcontroller. . ......................... 3-17
ROMIess N-Channel MicroGontroller. . .. ......vuueueenenenenn.. 3-17
ROMless N-Channel Microcontroller.......................... 3-36
ROMIless N-Channel Microcontroller.......................... 3-46
Fully Static, Single-Chip CMOS Microcontroller.................. 2-3
Single-Chip N-Channel Microcontroller......................... 2-5
Fully Static, Single-Chip CMOS Microcontroller.................. 2-3
Single-Chip N-Channel Microcontroller......................... 2-5
Single-Chip N-Channel Microcontroller........................ 2-23
Single-Chip CMOS Microcontroller. .. ... e 2-45
Single-Chip N-Channel Microcontroller.............c.ccovuun.. 2-64

viii.



22

Alphanumerical index continuea)

COP420R
COP421
COP421C
COP421L
COP422
COP422L
COP431
COP432
COP434
COP438
COP440
COP440R
COP441
COP442
COP444C
COP444L
COP444LR
COP445C
COP445L
CArNDARD
COP453
COP464
COP470
COP472
COP484
COP498
COP499
COP2304
COP2340
COP2341
COP2342
COP2404
COP2440
COP2440R
COP2441
COP2442
DM54LS373
DM54LS374
DM74LS373
DM74LS374

Piggyback-EPROM. . ... .. .. i e 4-3
Single-Chip N-Channel Microcontroller. ..................... 2-23
Single-Chip CMOS Microcontroller. . ... ............ e 2-45
Single-Chip N-Channel Microcontroller. ..................... 2-64
Single-Chip N-Channel Microcontroller. ..................... 2-23
Single-Chip N-Channel Microcontroller. ..................... 2-64
8-Bit Serial IOA/DConverter. ......c.ouuiiiiiiiiiiiennnenn. 5-3
8-Bit Serial /0 A/D Converter with Multiplexer Options........... 5-3
8-Bit Serial 1/0 A/D Converter with Multiplexer Options........... 5-3
8-Bit Serial I/O A/D Converter with Multiplexer Options........... 5-3
Single-Chip N-Channel Microcontroller. ...................... 2-88
Piggyback-EPROM Microcontroller. ............. ..ot 4-18
Single-Chip N-Channel Microcontroller. .. .................... 2-88
Single-Chip N-Channel Microcontroller. ...................... 2-88
Single-Chip CMOS Microcontroller. .. ..o, 2-111
Single-Chip N-Channel Microcontroller...................... 2-112
Piggyback-EPROM Microcontroller. ...............ccovvvnn.. 4-3
Single-Chip CMOS Microcontroller. ............cocoiiiia... 2-1M1
Single-Chip N-Channel Microcontroller...................... 2-112
Ernn.unnn:l Nanaratar and Cnanntar A3
Frequency Generatorand Counter. . ..........covveveinennnn. 5-13
Single-Chip 3k Microcontroller............. ..., 2-134
V.F. Display Driver. . ..ottt e it e i e e 5-44
Liquid Crystal Display Controller........... ... o, 5-51
Single-Chip 4k Microcontroller. .. ....... ... ... . i, 2-134
Low Power CMOS RAM and Timer (RAT™). . ...........c..on.. 5-58
© Low Power CMOS Memory. .. ..v ittt it ie et i ieeeeeas 5-58
ROMIless Dual CPU Microcontroller. . ............covvnvninn. 3-65
Single-Chip Dual CPU Microcontroller. .......... ... ...t 2-135
Single-Chip Dual CPU Microcontroller. .. ............ ... ... 2-135
Single-Chip Dual CPU Microcontroller........ e 2-135
ROMIless Dual CPU Microcontroller. .............covvivenvnn. 3-65
Single-Chip Dual CPU Microcontroller. .............cova... 2-135
Piggyback-EPROM Microcontroller. . ................ccoautt. 4-18
Single-Chip Dual CPU Microcontroller. .. ................ ..., 2-135
Single-Chip Dual CPU Microcontroller. ..............covu... 2-135

Octal D-Type Transparent Latch and Edge-Triggered Flip-Flop....7-27
Octal D-Type Transparent Latch and Edge-Triggered Flip-Flop. ...7-27
Octal D-Type Transparent Latch and Edge-Triggered Flip-Flop. . ..7-27
Octal D-Type Transparent Latch and Edge-Triggered Flip-Flop. ...7-27



Alphanumerical Index (ontinuea)

DS8906
DS8907
DS8908

- MM2716
MM2758
MM5445
MMb5446
MMb5447
MMb5448
MM5450
MM5451
MM5452
MM5453

"MM5480

MM5481
MMb5484
MM5485
MM57409
MM57436
MM57455
MM57459
MM58201
MM58241
MM58248
MM58341
MM58348
MM54C373
MM54C374
MM74C373
MM74C374
NMC27C16

AM/FM Digital Phase-Locked Loop Synthesizer................ 5-70
AM/FM Digital Phase-Locked Loop Frequency Synthesizer. .. ... 5-76
AM/FM Digital Phase-Locked Loop Frequency Synthesizer. . .... 5-82
16,384-Bit (2048 x 8) UV Erasable PROM................ccountt. 6-3
8192-Bit (1024 x8) UV Erasable PROM.............cocveennnn, 7-15
V.F. Display Driver. .. ... uiii i ittt ittt i 5-89
V.F. Display Driver. ...ttt it ii e iieen s 5-89
V.F. Display Driver. ......couiii ittt e i eieenaann 5-89
V.F. Display Driver. ......cooiiii it i i i e e 5-89
LED Display Driver.......... T 5-92
LED DiSpPlay DIiVEr. . ..o v vttt et e etee e eeeeeeaeanin 5-92
Liquid Crystal Display Driver. .........coviiiiiineennnnennn. 5-97
Liquid Crystal Display Driver. ...........cvuiieeiuuenneennnn. 5-97
LED Display Driver. .. .....c.coouiiiiiniiniiiiniininneneens 5-102
LED Display Driver. . .....coviiiiiiii ittt e e ea s 5-105
16-Segment LED Display Driver. . .......cooviiniieinnnnnnnn 5-108
11-Segment LED Display Driver. . .......coviiiininiinennn.. 5-108
Super Number Cruncher. ...ttt i i eaen 6-3
Decimal/Binary Up/DownCounter. ............coovuiennn.in 6-6
Advanced Educational ArithmeticGame...................... 6-13
8-Digit LED Direct-Drive Memory Calculator................... 6-16
Multiplexed LCD Driver. ........vviiiniiiiniinennanennnns 5-111
High Voltage Display Driver. . .......ccoiiiiiiiiiiiiiineinns 5-116
High Voltage Display Driver. . .......coviiiiiiiiiiiinennnn 5-116
High Voltage Display Driver. . . ...t 5-119
High Voltage DisplayDriver. . ..........oiiiiiiiiniin s 5-119
TRI-STATE® Octal D-Type Latch............coviiiiinin... 7-21
TRI-STATE® Octal D-Type Flip-Flop. . . ..o i i i 7-21
TRI-STATE® Octal D-Type Latch.......... ..., 7-21
TRI-STATE® Octal D-Type Flip-Flop. . ..« oo i i i e s 7-21
16,384-Bit (2048 x 8) UV Erasable CMOSPROM.................. 7-9



Section 1
Introduction
COPS Family |






National Semiconductor COPS™ WMicrocontroller Family Guide

COP:

ROM x 8

: Future Future !
410L 410C 411L 4110 420 420L 4200 420C A 421L 421C 421C 422 422L
512 1024

RAM x 4

32 64

Inputs

0 4 [ 0

Bidirectional
TRI-STATE® /0

Bidirectional /0

3 4 I 4 | 2

Outputs

8 : 8
[
|

2 4 . | 4 | 2

Serial 1/0 and
External Event Counter

Yes Yes —| SI0 1 Yes | Slo I Yes

Internal Time
Base Counter

No Yes

Time Base Counter
Programmabie

No No ‘ Yes No ’ Yes I No

Interrupt

No Yes No

Stack Levels

2 3

MICROBUST™ Option

No Yes No Yes No

Instruction Cycle (us)
Min. —Max.

15-40 | 4-DC | 15-40 L4—DC 4-10 | 15-40 15—245;| 4-DC | 4-10 | 15-40 |15-245| 4-DC | 4-10 | 15-40

Package Size (Pins)

24 20 28 24 20

Availability
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COP:

434L [ 444C [ 445L | 445C | 440 | 441 | 442 | 2440 | 2441 | 2442 | 464 | 465 | 484 [ 485

ROM x 8

2048 3072 4096

RAM x 4
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Inputs
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Bidirectional
TRI-STATE® /0

8 16 8 16 8 8 8

Bidirectional 1/0
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Outputs
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Serial-1/0 and
External Event Counter
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Internal Time
Base Counter
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Programmable
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Interrupt
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MIrDNADIIRTM Nntinn

N 1 Ves | No Yes [ No Yes [ No No No

Instruction Cycle (us)
Min.—Max.

15-40 ' 4-DC | 15-40 | 4-DC 4-10 4-25 4-25
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Availability
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COoP: 401L 402 [ 402# 404C [ 4oL [ 404 I 2404 408 409
External ROM Up to Up to 1024 Up to 2048 Up to Up to
X8 512 4096 32768
RAM X 4 32 64 128 160 256 512
Inputs 0 4 4 4 4
Bidirectional
TRI-STATE® 1/0 8 8 8 16 8
Bidirectional 1/0 4 4 4 8 4
Outputs 4 4 4 4 4
Serial 1/0 and
External Event Counter Yes Yes Yes Yes Yes
Internal Time
Base Counter No Yes . Yes Yes Yes
Time Base Counter
Programmable No No Yes No Yes . No
Interrupt No Yes | No Yes Yes—4 sources Yes
Stack Levels 2 3 3 4 [ 4percpPu 4 [ 8
MICROBUSTM Option No No | Yes Yes No Yes No
pstruction Cycle (us) 15-40 410 4-0c 15-40 4-10 4-25
Package Size (pins) 40 40 40/48 40 48 40
Availability Now Now Future Now Now Future
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COP410C/COP411C and COP310C/COP311C
Fully Static, 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 complementary MOS technology. These
microcontrollers are complete microcomputers contain-
ing all system timing, internal logic, ROM, RAM, and 1/O
necessary to implement dedicated control functions in
a variety of output configuration options, with an instruc:
tion set, internal architecture, and /0O scheme designed
to facilitate keyboard input, display output, and BCD
data manipulation. The COP411C is identical to the
COP410C but with 16 I/O 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 Oriented Processor at a low end product cost.

The COP310C/COP311C are exact functional equiva-
lents, but extended temperature range versions of the
COP410C/COP411C.

Features

Lowest power dissipation (40 uW typical)

Low cost

Power saving HALT mode with Continue function
Powerful instruction set

512 x 8 ROM, 32 x 4 RAM

19 1/0 lines (COP410C)

Two-level subroutine stack

DC to 4us instruction time

Single supply operation (2.4V to 5.5V)

General purpose and TRI-STATE® outputs
Internal binary counter register with MICROWIRE™
serial |/O capability

LSTTL/CMOS compatible in and out

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

® MICROWIRE™ compatible serial I/O

B Extended temperature range device available (—40°C
to +85°C)
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Figure 1. COP410C/COP411C Block Diagram
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COP410C/COP411C, COP310C/COP311C

Connection Diagrams
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Functional Description

Oscillator
There are three basic clock oscillator configurations:

a) Crystal Controlled Oscillator
b) External Oscillator
c) RC Controlled Oscillator

HALT Mode

The COP410C/COP411C is a fully static circuit; there-
fore, the user is able to either stop the system oscillator
input (CKI), or place the device in its “HALT” mode by
either software or hardware control. 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 at the moment of the HALT stimulus. Since the circuit
is fully static, all information is retained. The HALT mode
is also the minimum power dissipation state of the
device.

110 Options

a) Standard (Push-Pull) — An N-channel device to ground
in conjunction with a P-channel device to Vgg, com-
patible with CMOS and LSTTL.

b) Low Current — This is the same as a) above except
that the source current is approximately ten times
smaller.

c) Open Drain — An N-channel device to ground only,
allowing external pull-up as required by the user’s
application.

GND—1 24— D0
cko—|2 23f—o1
cki—|3 22f—02
RESET—| 4 21 f—p3
L7—5 20—¢3
L5——{6 19f—g2
15—47 18f—061
L4—8 17—t
vee—9 165K
L3=—o10 15 ’—-SD
L2—{1 18f—si
Li—12 13p—10
COP410C/COP310C

d) Standard TRI-STATE® L Output — A CMOS output
buffer which may be disabled by program control.

e) Low Current TRI-STATE L Output — This is the same
as d) above except that the source current is approxi-
mately ten times smaller.

f) Open Drain TRI-STATE L Output — This has only the
N-channel device to ground, which may be disabled
by program control.

g) An on-chip pull-up load. device to Vg¢ (input option).
h) A Hi-Z input which must be driven by user logic.

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 crystal network. If a one-pin oscillator
system is chosen (RC or external), CKO will be a conver-
sational I/0 port used to flag the execution of a HALT
instruction. CKO can at any time and in any clock config-
uration be externally forced high to execute a Hardware
Halt, but the continue function (force CKO low to restart
the device) is only available when using a one-pin oscil-
lator.

Instruction Set

Exactly the same as the COP410L/COP411L with the
additional instruction: .

HALT Halt System Oscillator
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COP410L/COP411L and COP310L/COP311L
Single-Chip N-Channel Microcontrollers

General Description Features

The COP410L and COP411L Single-Chip N-Channel Micro- ® Low cost
co.ntroltl\lershare n}em}?‘ers of thte Cﬁgg”t" farl;r\il)l/, fabriﬁ;ted ® Powerful instruction set
using N-channel, silicon gate echnology. These
' Controller Oriented Processors are complete microcom- s 8.ROM, et
puters containing all system timing, internal logic, ROM, ® 19 /O lines (COP410L)
RAM and I/O necessary to implement dedicated control ® Two-level subroutine stack
fL_mctions ina variet‘y of app[ications. Features_ inclqde B 16,s instruction time
single supply operation, a variety of output configuration -
options, with an instruction set, internal architecture and
/O scheme designgd to facilitate keyboard input, display ®
output and BCD data manipulation. The COP411Lis iden- g4
tical to the COP410L, put Wlth‘16 1/0 lines |pstead of 19. serial 1/0 capability
They are an appropriate choice for use in numerous o
human interface control environments. Standard test ™ General purpose and TRI-STATE® outputs
procedures and reliable high-density fabrication tech- ® LSTTL/CMOS compatible in and out
[
]

Single supply operation (4.5-6.3V)
Low current drain (6mA max.)
Internal binary counter register with MICROWIRE™

niques provide the medium to large volume customers Direct drive of LED digit and segment lines

with a customized Controller Oriented Processor at a
low end-product cost. Software/hardware compatible with other members
of COP400 family

The COP310L and COP311L are exact functional equiva- : X
lents but extended temperature versions of COP410L ™ Extendedtemperature range device COP310L/COP31IL

and COP411L respectively. (-40°C to +85°C)
The COP401L may be used for exact emulation. | Wider supply range (4.5-9.5V) optionally available
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Figure 1. COP410L/411L Block Diagram

COPS and MICROWIRE are trademarks of National Semiconductor Corp.
TRI-STATE is a registered trademark of National Semiconductor Corp.
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COP410L/COP411L, COP310L/COP311L

COP410L/COP411L

Absolute Maximum Ratings

—0.5Vto +10V

Voltage at Any Pin Relative to GND
Ambient Operating Temperature 0°C to +70°C
Ambient Storage Temperature —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation
COP410L 0.75 Watt at 25°C
0.4 Watt at 70°C
COP411L 0.65 Watt at 25°C
0.3 Watt at 70°C
Total Source Current 120mA
Total Sink Current 100mA

Absolute.-maximum ratings indicate Jimits 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 < Tp < +70°C, 4.5V < Vg < 9.5V unless otherwise noted.

Parameter

Conditions Min. Max. " Units
Standard Operating Voltage (Vgc) Note 1 45 6.3 v
Optional Operating Voltage (Vgc) 45 9.5 \"
Power Supply Ripple peak to peak 0.5 \
Operating Supply Current all inputs and outputs open 6 mA
Input Voltage Levels
CKI Input Levels
Ceramic Resonator Input (+8) B
Logic High (Viy) 2.0 \
Logic Low (Vy) -0.3 0.4 \
Schmitt Trigger Input (+4)
Logic High (Vi) 0.7 Veo \Y%
Logic Low (Vy) -0.3 0.6 \Y
RESET Input Levels (Schmitt Trigger Input)
Logic High 0.7 Voo \
Logic Low R -0.3 0.6 \Y
SO Input Level (Test mode) Note 2 2.0 25 \
All Other Inputs
Logic High Voc = Max. 3.0 Vv
Logic High with TTL trip level options 2.0 Vv
Logic Low selected, Voo =5V 5% -0.3 0.8 Vv
Logic High with high trip level options - 36 ’ \
Logic Low selected -0.3 1.2 \"
Input Capacitance 7 pF
Hi-Z Input Leakage -1 +1 uA
Output Voltage Levels
LSTTL Operation Ve =5V £5%
Logic High (Vgon) lon =—25uA 2.7 \Y
Logic Low (Vo) loL=0.36mA 0.4 \%
CMOS Operation
Logic High lon=—10uA Veg—1 : \Y
Logic Low loL =+10pA 0.2 \Y

Note 1: V¢ voltage change must be less than 0.5V in a 1ms period to maintain proper operation.
Note 2: SO output “0” level must be less than 0.8V for normal operation.




COP410L/COP411L
DC Electrical Characteristics (continued) 0°C < Ta < +70°C, 4.5V < Vg < 9.5V unless otherwise noted.
Parameter Conditions Min. Max. Units
Output Current Levels
Output Sink Current
SO and SK Outputs (loy) Ve =9.5V, VoL =0.4V 1.8 mA
VCC =6.3V, Vo]_ =0.4V 1.2 mA
Voo =4.5V, Vo =0.4V 0.9 mA
Lo- L7 Outputs, Gp-G3 and Ve =95V, VoL =0.4V 0.8 mA
LSTTL Dg-Dj3 Outputs (Io) Vec =6.3V, Vo =0.4V 05 mA
VCC =45V, VoL = 0.4V 0.4 mA
Do-Dj3 Outputs with High Vec =95V, VoL =1.0V 15 mA
Current Options (o) Vec =6.3V, VoL =1.0V 1 mA
Vec=4.5V, Vo =1.0V 75 mA
Do-D3 Outputs with Very . Vec=9.5V, VoL =1.0V 30 mA
High Current Options (o) Vec=6.3V, VoL =1.0V 22 mA
Vg = 4.5V, Vo =1.0V 15 mA
CKI (Single-pin RC oscillator) Vo =4.5V, V) =3.5V 2 mA
CKO Voc = 4.5V, Vo =0.4V 0.2 mA
Output Source Current
Standard Configuration, Voo =9.5V, Vo =2.0V -140 -800 uA
All Outputs (loy) Voo =6.3V, Vo =2.0V -75 —480 uA
Voo = 4.5V, Vo =2.0V -30 —250 uA
Push-Pull Configuration Vec =9.5V, Vo =4.75V -1.4 mA
- 8O and SK Outputs (lon) Vce =6.3V, Vo =2.4V -1.4 mA
Vog = 4.5V, Vou = 1.0V -1.2 mA
LED Configuration, Ly-L7
Outputs, Low Current Vec =9.5V, Vou =2.0V -15 -18 mA
Driver Option (lon) Vee =6.0V, Vou =2.0V -1.5 -13 mA
LED Configuration, Lo-L7
Outputs, High Current Vec =9.5V, Vo =2.0V -3.0 -35 mA
Driver Option (lon) Voo =6.0V, Vou =2.0V -3.0 -25 mA
TRI-STATE® Configuration, Voc =9.5V, Vou =5.5V -0.75 mA
I a=l> Outnuts. | ow Var=6.3V. VAu =32V -0.8 mA
Current Driver Option (Ign) Vec=4.5V, Vou =1.5V -0.9 mA
TRI-STATE® Configuration, Vee =9.5V, oy =5.5V -1.5 mA
Lo-L7 Outputs, High Vec =6.3V, Vo =3.2V -1.6 mA
Current Driver Option (lon) Vec=4.5V, Vo =1.5V -1.8 mA
Input Load Source Current Vec=5.0V, V=0V -10 -140 uA
CKO Output
RAM Power Supply Option
Power Requirement VR=3.3V 1.5 mA
TRI-STATE® Output Leakage
Current -25 +2.5 uA
Total Sink Current Allowed
All Outputs Combined 100 mA
D Port 100 mA
L7-Ly4, G Port 4 mA
L3-Lg 4 mA
Any Other Pin 20 mA
Total Source Current Allowed
All I/O Combined 120 mA
L7— Lg 60 mA
L3-Lg 60 mA
Each L Pin 25 mA
Any Other Pin 15 mA
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COP410L/COP411L, COP310L/ICOP311L

COP310L/COP311L
Absolute Maximum Ratings
Voltage at Any Pin Relative to GND -0.5V to +10V
Ambient Operating Temperature '—40°Cto +85°C
Ambient Storage Temperature -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation
COP310L 0.75 Watt at 25°C
0.25 Watt at 85°C
COP311L 0.65 Watt at 25°C
0.20 Watt at 85°C
Total Source Current 120mA
Total Sink Current 100mA

Absolute maximum ratings indicate limits beyond which
damage to the device may occur. DC and AC electrical specifica-
tions are not ensured when operating the device at absolute

maximum ratings.

DC Electrical Characteristics -40°c < 7, < +85°C, 4.5V < V¢ < 7.5V unless otherwise noted.

Parameter Conditions Min. Max. Units
Standard Operating Voitage (Vcg) Note 1 4.5 5.5 v
Optional Operating Voltage (Vgg) 4.5 75 Vv
Power Supply Ripple peak to peak 0.5 Vv
Operating Supply Current all inputs and outputs open 8 mA
Input Voltage Levels
Ceramic Resonator Input(+8)
Crystal Input
Logic High (Viy) 2.2 \"
Logic Low (V) -0.3 0.3 \Y
Schmitt Trigger Input (+4)
Logic High (Vin) 0.7 Ve \
Logic Low (V) -0.3 0.4 \
RESET Input Levels (Schmitt Trigger. Input)
Logic High 0.7 Ve Vv
Logic Low -0.3 0.4 \
SO Input Level (Test mode) Note 2 2.2 25 "
All Other Inputs
Logic High Voo =Max. 3.0 \%
Logic High with TTL trip level options 2.2 \"
Logic Low selected, Voo =5V 5% -0.3 0.6 \'
Logic High with high trip level options 3.6 v
Logic Low selected -0.3 1.2 \Y
Input Capacitance 7 pF
Hi-Z Input Leakage -2 +2 uA
Output Voltage Levels
LSTTL Operation Vec=5V+5%
Logic High (Vou) lon =—20KA 2.7 \'
Logic Low (Vo) lop =0.36mA 0.4 \
CMOS Operation
Logic ngh 'OH = "10[,4A VCC -1 \
Logic Low loL =+10kA 0.2 \

Note 1: Vg voltage change must be less than 0.5V in a 1ms period to maintain proper operation.
Note 2: SO output ““0” level must be less than 0.6V for normal operation.




COP310L/COP311L
DC Electrical Characteristics (continued) -40°C < T4 < +85°C, 45V < Vo < 7.5V unless otherwise noted.
Parameter Conditions Min. Max. Units
Output Current Levels
Output Sink Current
SO and SK Outputs (lg)) Vec =75V, VoL =0.4V 14 mA
Vec =55V, Vo =0.4V 1.0 mA
Ve =45V, Vo =0.4V 0.8 mA
Lo-L7 Outputs, Gp-G3 and Vec =75V, Vo =0.4V 0.6 mA
LSTTL, Dg-D3 Outputs (loL) Vec =55V, VoL =0.4V 05 mA
Voo =4.5V, Vo =0.4V 04 mA
Do-D3 Outputs with High Vec =75V, Vo =1.0V 12 mA
Current Options (o) Vec =55V, Vo =1.0V 9 mA
Ve =4.5V, Vo_=1.0V 7 “mA
Do-D3 Outputs with Very Vec =75V, VoL =1.0V 24 mA
High Current Options (o) Ve =5.5V, VoL =1.0V 18 mA
Vec =4.5V, Vo =1.0V 14 mA
CKI (Single-pin RC oscillator) Vec=4.5V, Vi =3.5V 1.5 mA
CKO Voo =4.5V, Vo =0.4V 0.2 mA
Output Source Current
Standard Configuration, Vec=7.5V, Vo =2.0V -100 —900 uA
All Outputs (lon) Vec =5.5V, Vo =2.0V -55 —600 uA
Vec =4.5V, oy =2.0V -28 -350 uA
Push-Pull Configuration Vec =7.5V, Vo =3.75V -0.85 mA
SO and SK Outputs (Ioy) Vec =5.5V, Vo =2.0V -1.1 mA
Vec =4.5V, Vop =1.0V -1.2 mA
- LED Configuration, Lo-L7 Vec =7.5V, Vou =2.0V -1.4 =27 mA

| Outputs, Low Current Ve =5.5V, Voy =2.0V -0.7 -15 uA

j Driver Option (lgy)

j LED Configuration, Lo-Ly Vec=7.5V, oy =2.0V * -2.7 -54 mA
Outputs, High Current Vec =5.5V, Vo =2.0V -1.4 -30 uA

‘ Driver Option (lon)

i TRI-STATE® Configuration, Vec =75V, Vou =4.0V -0.7 mA
Loy Sulpuls, LW Voo TSV VY —oy -NR mA
Current Driver Option (lgp) Voo =4.5V, oy =1.5V -0.9 mA
TRI-STATE® Configuration, Voc =75V, Vouy =4.0V -1.4 mA
Lo-L7 Outputs, High Vec=5.5V, Vop =2.7V -1.2 mA
Current Driver Option (lgn) Vec =4.5V, oy =1.5V -1.8 mA

Input Load Source Current Vec =5.0V, V)L =0V -10 —200 uA
CKO Output
RAM Power Supply Option
Power Requirement Vgr=3.3V 20 mA
TRI-STATE® Output Leakage
Current -5 +5 uA
Total Sink Current Allowed
All Outputs Combined 100 mA
D Port 100 mA
L7-L4, G Port 4 mA
Ls-Lo 4 mA
All Other Pins ‘1.5 mA
Total Source Current Allowed
All /0 Combined 120 mA
Ly-Lg 60 mA
La-Lo 60 mA
Each L Pin 25 mA
All Other Pins 15 mA
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AC Electrical Characteristics copa1oLa11L: 0°C < Ta < 70°C, 4.5V < Vg < 9.5V unless otherwise noted.
COP310L/311L: —40°C < Tp < +85°C, 4.5V < Vg < 7.5V unless otherwise noted.

COP410L/COP411L, COP310L/COP311L

Parameter Conditions Min. Max. Units
Instruction Cycle Time — t¢ / 15 40 us
CKI '
Input Frequency — f; +8 mode 0.2 0.5 MHz
+4 mode 0.1 0.26 MHz
Duty Cycle v 30 60 %
Rise Time fi=0.5MHz ‘ 500 ns
Fall Time : 200 ns
CKI Using RC (+4) ' R=56kQ+5%
C=100pF £10%
Instruction Cycle Time 15 28 us
CKO as SYNC Input : :
tsync ’ 400 ns
INPUTS:
G3-G0, L7- Lo , ) .
tsetup 8.0 us
tHoLD - 13 HS
S| .
tsetup : 20 us
tHoLD 1.0 us
OUTPUT PROPAGATION DELAY Test condition: '
C=50pF, R_=20kQ, Voyr=1.5V
SO, SK Outputs ‘ .
tod1s tpdo 4.0 us
All Other Outputs . ‘
tpd1, tde 5.6 us
GND=——] 1 24 —D0
cko=——2 23 p—D1
cKI—]3 22 f—D2 L4=—i 1 20p—L5
RESET— 4 21 f—D03 Vge=—12 19f—16
L7=15 20 p—©63 } L33 18 L7
Lt6—6 COP4tOL/ 19 f——G2 - 124 17 |——RESET
Ls—q7 COPIOL 45 f—pc1 Li——{5  COPANIL/ 16[——CKI
La—{8 17 p—G60 L6 COPINIL  150__po
vee—19 16 f=—SK C Sl —]7 14 D1
L3~ 10 15 =S50 SO =i 8 1352
L2—{ 1 14 f—s1 SK=ei 8 12 |Gl
11— 12 13p—Lo GND— 10 11 f—G0
Order Number COP410L/N, COP310L/N Order Number COP411L/N, COP311L/IN
NS Package N24A NS Package N20A
Pin Description Pin Description
L7-Lo 8 bidirectional 1/0 ports with SK Logic-controlled clock (or general
TRI-STATE® - purpose output)
G3-Go 4bidirectional /O ports (Go-Go for COP411L) CKI System oscillator input
CKO System oscillator output (or RAM power
D3-Dg 4 general purpose outputs (Dy-Dg for supply or SYNC input) (COP410L only)
COP4tiL) . RESET System reset input
Sl Serial input (or counter input) Veo Power supply
SO Serial output (or general purpose output) GND Ground

Figure 2. Connection Diagrams
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Functional Description

A block diagram of the COP410L is given 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 volts). When a bit is reset, it is a logic “0”
(less than 0.8 volts).

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

Dranram Mamanrv

Program Memory consists of a 512-byte ROM. As can be
seen by an examination of the COP410L/411L instruc-
tion set, these words may be program instructions,
program data or ROM addressing data. Because 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 imple-
mented by the 9-bit subroutine save registers, SA and
SB, providing a last-in, first-out (LIFO) hardware
subroutine stack.

ROM instruction words are fetched, decoded and exe-
cuted 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 instruc-
tion. 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
RAMN Ainit Hanra aarh ,\hyeinnl riicit nf RAM may ha
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).

Bd VALUE RAM DIGIT

15*

14*

0
12*

. ///
100 VA
- /.

. /////
7

6

5

4

3

2

1

v "EANAEIETLY sonnesn v

Figure 4. RAM Digit Address to Physical RAM Digit Mapping
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COP410L/COP411L, COP310L/COP311L

Internal Logic

The 4-bit A register (accumulator) is the source and des-
tination register for most /O, arithmetic, logic and data
memory access operations. It can also be used to load
the Bd portion of the B register, to load 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 func-
tions 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 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 I/O ports.

The Qregister 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 /O ports
when the L drivers are enabled under program control.
(See LEl instruction.)

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. L I/O ports can be
directly connected to the segments of a multiplexed
LED display (using the LED Direct Drive output configu-
ration 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 /O 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- EN).

1. The least significant bit of the enable register, ENg, -
selects the SIO register as either a 4-bit shift register .
or a 4-bit binary counter. With EN;, 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
ENj 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. EN, is not used. It has no effect on COP410L/COP411L
operation.

3. With ENj, 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.

4. ENg, in conjunction with ENy, affects the SO output.
With EN, set (binary counter option selected) SO will
output the value loaded into ENz. With EN, reset
(serial shift register option selected), setting ENg
enables SO as the output of the SIO shift register,
outputting serial shifted data each instruction time.
Resetting EN5 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.” Table'l 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 1ms
and greater than 1us. If the power supply rise time is
greater than 1ms, the user must provide an external RC

Enable Register Modes — Bits EN3 and ENg

ENj ENp Sio 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
If SKL = 0,SK = 0
0 1 Binary Counter Input to Binary Counter 0 If SKL = 1,SK = 1
If SKL = 0,SK =0
1 1 Binary Counter Input to Binary Counter 1 If SKL = 1,SK = 1

IfSKL = 0,SK =0




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 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.

vee

RESET coratoL

I GND

RC > 5x POWER SUPPLY RISE TIME

<FTUUVE® IMSOT
- 4

Figure 5. Power-Up Clear Circuit

Upon initialization, the PC register is cleared to 0 (ROM
address 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 address 0 must be a CLRA.

CKI CKO
A
] LKO - (VR ORN/C)
EXTERNAL
CLOCK

I
«
!

iH
2

vee
(Vg ORN/C)

Ceramic Resonator Oscillator

Component Values
Resonator
Value R1 (Q) R2(Q) | C1(pF) | C2 (pF)
455KkHz | 4.7k ™ 220 220

Oscillator

There are four basic clock oscillator configurations
available as shown by Figure 6.

a.'Resonator Controlled Oscillator. CKlI and CKO are
connected to an external ceramic resonator. The
instruction cycle frequency equals the resonator
frequency divided by 8. This is'not available in the
COP411L.

b. External Oscillator. CKIl is an external clock input
signal. The external frequency is divided by 8 to give
the instruction frequency time. CKO is now available
to be used as the RAM power supply (Vg), as a SYNC
input, or no connection. (Note: No CKO on COP411L)

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

d. Externally Synchronized Osclllator. intended for use
in multi-COP systems, CKO is programmed to function
as an input connected to the SK output of another
COP chip operating at the same frequency (COP chip
with L or C suffix) with CKI connected as shown. In
this configuration, the SK output connected to CKO
must provide a SYNC (instruction cycle) signal to
CKO, thereby allowing synchronous data transfer
between the COPs using only the Sl and SO serial I/O
pins in conjunction with the XAS instruction. Note
that on power-up SK is automatically enabled as a
SYNC output. (See Functional Description, Initializa-
tion, above.) This is not available in the COP411L.

ZE E 1 ' (SYNEi

AM_q
aHH

AVAVAV ‘
CKI CKO CK1 CKO
SK
D
coPatoL copaioL
SO 18|
Sl S0

RC Controlled Oscillator

Instruction
Cycle Time
R (kQ) C (pF) in us)
51 100 19+15%
82 56 19+13%

Note: 200k > R > 25kQ
360pF > C > 50pF

Figure 6. COP410L/411L Oscillator
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CKO Pin Options

In aresonator controlled oscillator system, CKO is used
as an output to the resonator network. As an option
CKO can be a SYNC input as described above. As
another 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 inopera-
tive 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 (Vg) allows the
user to shut off the chip power supply (Vo) and maintain
data in 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 dur-
ing power-off; Voc must be within spec before RESET
goes high on power-up.

2. During normal operation, Vg must be within the oper-
ating range of the chip with (Voo = 1) < Vg < V.

3. Vg must be > 3.3V with V¢ off.

1/0 Options

COP410L/411L inputs and outputs have the following
optional configurations, illustrated in Figure 7:

a. Standard Output

DISABLE

d. Standard L Output

DISABLE vee

g. TRI-STATE" Push-Pull (L Output)

b. Open-Drain Output

DISABLE
s

e. Open-Drain L Output

h. Input with Load

. Standard — an enhancement-mode device to ground

in conjunction with a depletion-mode device to Vg,
compatible with LSTTL and CMOS input requirements.
Available on SO, SK, and all D and G outputs.

. 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 paralleled
by an enhancement-mode device to Vge. This configu- -
ration has been provided to allow for fast rise and fall
times when driving capacitive loads. Available on SO
and SK outputs only.

. Standard L — same as a., but may be disabled.

Available on L outputs only.

. Open Drain'L — same as b., but may be disabled.

Available on L outputs only.

. LED Direct Drive — an enhancement mode device to

ground and to Vgc, meeting the typical current sourc-
ing 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 con-
trol (see Functional Description, EN Register), placing
the outputs in a high-impedance state to provide re-
quired LED segment blanking for a multiplexed dis-
play. Available on L outputs only.

DISABLE

b——>
C

(A1S DEPLETION DEVICE)

f. LED (L Output)

#6
A
veut —— |
1 INPUT - 1
] . _ =

i. H\I-Z‘ Input

Figure'7. Input and Output Configurations




g. TRI-STATE® Push-Pull —an enhancement-mode device
to ground and Vgc. 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.

h. An on-chip depletion load device to Vgc.

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

The above input and output configurations share com-
mon enhancement-mode and depletion-mode devices.
Specifically, all configurations use one or more of six
devices (numbered 1-6, respectively). Minimum and max-
imum current (loyt and Voyr) curves are given in Figure
8 for each of these devices to allow the designer to ef-
fectively use these 1/0 configurations in designing a
COP410L/411L system.

The SO, SK outputs can be configured as shown in a.,
b., or c. The D and G outputs can be configured as

Typical Performance Curves

Input Current for

Input Current RESET, SI Off by Software

L7 when Output Programmed

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., e., f., or g.

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.) How-
ever, when the L port is used as input, the disabled deple-
tion 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
Connection 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.

LO through
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Figure 8a. COP410L/COP411L 1IO

DC Current Characteristics
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Figure 8a. COP410L/COP411L 1/0 DC Current Characteristics (continued)
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COP410L/411L INSTRUCTION SET

Table 2 is a symbol table providing internal architecture,
instruction operand and operational symbols used in
the instruction set table.

Symbol

Table 3 provides the mnemonic, operand, machine code,
data flow, skip conditions and description associated
with each instruction in the COP410L/411L instruction

set.

Table 2. COP410L/411L Instruction Set Table Symbols .

Definition

INTERNAL ARCHITECTURE SYMBOLS

A
B
Br

PC

SA
SB
SIo
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 Data Output Port

4-bit Enable Register

4-bit Register to latch data for G /O Port
8-bit TRI-STATE I/O 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/O Port

9-bit Subroutine Save Register A

9-bit Subroutine Save Register B

4-bit Shift Register and Counter
Logic-Controlled Clock Output

Symbol

Detinition

INSTRUCTION OPERAND SYMBOLS

d
r

a

y
RAM(s)
ROM(1)

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

"°>lu1l|+

_ Plus

Table 3. COP410L/411L Instruction Set

Minus

Replaces

Is exchanged with

Is equal to

The one’s complement of A
Exclusive-OR

Range of values

Machine
Hex ' Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
ARITHMETIC INSTRUCTIONS
ASC 30 0011]0000 A + C + RAM(B) -~ A Carry Add with Carry, Skip on
Carry = C Carry
ADD 31 loo11j0001] A + RAM(B) — A None Add RAM to A
AISC y 5- |0 10 1| y | A+y—A Carry Add Immediate, Skip on
: Carry (y # 0)
CLRA 00 loooolooool 0~ A None Clear A
COMP 40 010 0]0 00 0| A—A None One’s complement of A to
A
NOP 44 |0 10 0[0 10 0] None None No Operation
RC 32 |0 01 1]0 01 0| “0" —~C None Reset C
sc 22 loo1olootg | “1"=c None Set C
XOR 02 IO 00 OIO 01 0| A @ RAM(B) ~ A None Exclusive-OR RAM with A
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Table 3. COP410L/411L Instruction Set (continued)

Mnemonic Operand

Hex
Code

Machine
Language Code
Binary)

Data Flow

Skip Conditions

Description

TRANSFER OF CONTROL INSTRUCTIONS

JiD FF 11111111 ROM (PCg,A M) — None Jump Indirect (Note 2)
PC7:0
JMP a 6- [0110000 ag a—= PC None Jump
== ar.o
JP a - 1| aso a— PCg None Jump within Page
(pages 2,3 only) (Note 3)
or
-- [11] aso a~— PCsp
(all other pages)
JSRP a -- 10| asp PC + 1—~SA—SB None Jump to Subroutine Page
(Note 4)
010 ~ PCg:p
a— PCs:0
JSR a 6~ 0110|100]ag PC + 1+ SA—-SB None Jump to Subroutine
- I az. a—PC
RET 48 010 0]1 00 OI SB—~ SA -~ PC None Return from Subroutine
RETSK 49 010 0]1 00 1l SB —+ SA —~ PC Always Skip on Return Return from Subroutine
then Skip
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 0011[0011] A—= Q74 None Copy A, RAM to Q
3C 0011j1100| RAM(B) — Q30
LD r -5 00]jr lO 101 RAM(B)— A None Load RAM into A,
Brer— Br Exclusive-OR Br with r
LQid BF 10111111 ROM(PCg,A,M) ~ Q None Load Q Indirect (Note 2)
SA -~ SB
RMB 0 4C 0100/1100 0 -+ RAM(B)g 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)g 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
STH y 7- ]0 111y y =~ RAM(B) None Store Memory Immediate
Bd + 1~ Bd and Increment Bd
X r -6 00|r 011 0] 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 ltotl1111) (3,19
XDS r -7 loolr ]0 111 RAM(B) — A Bd decrements past 0 Exchange RAM with A
Bd - 1— Bd and Decrement Bd,
Brer— Br Exclusive-OR Br with r
XIS r -4 lO 0 [ rj0100 RAM(B) «— A Bd increments past 15 Exchange RAM with A
Bd + 1— Bd and Increment Bd,
Brer— Br Exclusive-OR Br with r
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Table 3. COP410L/411L Instruction Set (continued)

Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
REGISTER REFERENCE INSTRUCTIONS
CAB 50 0101j0000] A -~ Bd None Copy A to Bd
CBA 4E b100/1110 Bd— A None Copy Bd to A
LBI rd - 00 l rjd-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- 110 y | (Note 6)
TEST INSTRUCTIONS
SKC . 20 0010/0000 c="1 Skip if C is True
SKE 21 0010/0001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 00110011 G3.0 =0 Skip if G is Zero
21 . [0010j0001 (all 4 bits)
SKGBZ 33 loot11joo11 1st byte Skip if G Bit is Zero
0 01 loooolooo1 Gp=0
1 1 00010001 2nd byte Gy =0
2 03 loooojoo11 Gy =0
3 13 looo1j0o011] G3 =0
SKMBZ 0 01 [0000]0001 RAM(B)g = 0 Skip if RAM Bit is Zero
1 1 looo1jooo1] "RAM(B) = 0
2 03 ]0 00 OIO 011 RAM(B)2 = 0
3 13 ‘0 00 1|0‘0 11 RAM(B)3 = 0
INPUT/OUTPUT INSTRUCTIONS
ING 33 0011l0011 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 0010j1110 L3o—~ A
0oBD 33 00110011 Bd— D None Output Bd to D Outputs
3E 0011]1110
OMG 33 001 1|0 01 1| RAM(B) = G None Output RAM to G Ports
3A 0011j1010 /
XAS 4F 010 0|1 111 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 (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 (10007). To load 0, the lower 4 bits of the LBI instruction
should equal 15 (1111y). >

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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The following information is provided to assist the user
in understanding the operation of several unique instruc-
tions 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 register or binary counter data, depending on
the value of the EN register. An XAS instruction will also
affect the SK output. (See Functional Description, EN
Register, above.) If SIO is selected as a shift register, an
XAS instruction must be performed once every 4 instruc-
tion 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 instruction.

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 —> PCz.,
RAM(B) = PCg3,, 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 program execution. Since LQID pushes SA -~
SB, the previous contents of SB are lost. Also, when
LWID pOpPS Ine Stack, tne previously pusnea conwents ol
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
address 0) must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, one
instruction 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 exe-
cuted. JID and LQID instructions take 2 cycles if exe-
cuted 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. When speci-
fying 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/O com-
ponents 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 (Vg) input
=2: Multi-COP SYNC 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 Voo
=1: Hi-Z input

Option 5: L7 Driver
=0: Standard output
=1: Open-drain output
=2: High current LED direct segment drive output
=3: High current TRI-STATE® push-puil 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: Lg4 Driver

eama ae Nntinn A

Option 9: Vg¢ Pin
=0: 4.5V to 6.3V operation
=1: 4.5V to 9.5V operation

Option 10: L3 Driver
same as Option 5

Option 11: L, Driver
same as Option 5

Option 12: L4 Driver
same as Option 5

Option 13: Lg Driver
same as Option 5

Option 14: Sl Input
=0: load device to Vg¢
=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
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COP410L/COP411L, COP310L/COP311L

Option 17: Gg I/O Port '
=0: Standard output
=1: Open-drain output

Option 18: G, I/0 Port
same as Option 17

Option 19: G, I/O Port '
same as Option 17

bption 20: G /O Port (no option available for COP411L)
same as Option 17

Option 21: D3 Output (no option available for COP411L)
=0: Very-high sink current standard output
=1: Very-high sink current open-drain output
=2: High sink current standard output
=3: High sink current open-drain output
=4: Standard LSTTL output (fanout =1)
=5: 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: Dy Output
same as Option 21

Option 25: L Input Levels
=0: Standard TTL input levels (“0” = 0.8V, “1” =2.0V)
=1: Highervoltageinputlevels (“0”"=1.2V,“1”"=3.6V)

Option 26: G Input Levels
same as Option 25

Option 27: S| 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 (Sl =1)
b. ROM Test Mode (Sl =0)

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




National
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
members of the COPS™ family, fabricated using N-
channel, silicon gate MOS technology. They are complete
microcomputers containing all system timing, internal
logic, ROM, RAM and /O necessary to implement dedi-
cated control functions in a variety of applications. Fea-
tures include single supply operation, a variety of output
configuration options, with an instruction set, internal
architecture and /O scheme designed to facilitate key-
board input, display output and BCD data manipulation.
The COP421 is identical to the COP420, except with 19
/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 fabrication techniques provide
the medium to large volume customers 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 extended temperature range versions of the COP421/
COP422). The COP320/321/322 are exact functional
equivalents of the COP420/421/422.

Features

Low cost

Powerful instruction set

1k X 8 ROM, 64 x 4 RAM

23 1/0 lines (COP420, COP320)

True vectored interrupt, plus restart

Three-level subroutine stack

4.0us instruction time

Single supply operation

Internal time-base counter for real-time processing

Internal binary counter register with MICROWIRE™
compatible serial I/O capability

General purpose and TRI-STATE® outputs
TTL/CMOS compatible in and out

LED direct drive outputs

MICROBUS™ compatible

Software/hardware compatible with other members
of COP400 family

Extended temperature range device COP320/COP321/
COP322 (-40°C to +85°C)

Vee GND

b
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*Not available on COP322/COP422.

Figure 1. COP420/COP421/COP422, COP320/COP321/COP322 Block Diagram
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COP420/COP421/COP422, COP320/COP321/COP322

COP420/COP421/COP422 and COP320/COP321/COP322
Absolute Maximum Ratings

Voltage at Any Pin

Operating Temperature Range
COP420/COP421/COP422
COP320/COP321/COP322

Storage Temperature Range

Total Sink Current

Total Source Current

Package Power Dissipation
24 and 28 pin

-0.3Vto+7V

0°Cto 70°C
-40°C to +85°C
—65°C to +150°C
75mA

95mA

Package Power Dissipation
20 pin

Lead Temperature (soldering, 10 sec.)

750mW at 25°C
400mW at 70°C
250mW at 85°C
650mW at 25°C
300mW at 70°C
200mW at 85°C

300°C

Absolute maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifi-
cations are not ensured when operating the device at absolute maximum ratings.

COP420/COP421/COP422
DC Electrical Characterlstlcs 0°C < Ta < 70°C, 4.5V < Vg < 6.3V unless otherwise noted.
Parameter - Conditions Min. Max. Units
Operation Voltage 45 6.3 \"
Power Supply Ripple Peak to Peak (Note 3) 0.4 \
Supply Current Outputs Open 38 mA
Supply Current Outputs Open,
VCC =5V, TA = 2500 30 mA
Input Voltage Levels
CKIl Input Levels
Crystal Input
Logic High Vce = Max. 3.0
Logic High Ve =5V +5% 2.0 \
Logic Low -0.3 0.4 \
TTL Input Vec=5V£5%
Logic High 2.0 \"
Logic Low -0.3 0.8 \
Schmitt Trigger Inputs
RESET, CKI (+4)
Logic High 0.7 Voo \'
. Logic Low -0.3 0.6 \"
SO Input Level (Test Mode) 2.0 3.0 \"
All Other Inputs
Logic High Ve = Max. 3.0 Vv
Logic High Ve =5V 5% 2.0 v
Logic Low -0.3 0.8 v
Input Levels High Trip Option
Logic High 3.6 \
Logic Low -0.3 1.2 v
Input Load Source Current Vec =5V, Vin=0V
CKO -4 -800 uA
All Others -100 -800 uA
Input Capacitance 7 pF
Hi-Z Input Leakage Vec =5V -1 +1 uA
Output Voltage levels
Standard Outputs
TTL Operation Vec=5V£5%
Logic High loy =—100uA 24 \'
Logic Low loL=1.6mA -0.3 0.4 Vv
CMOS Operation :
Logic High lon =—10KA Vec -1 \'

2-24




COP420/COP421/COP422
DC Electrical Characteristics (cont'd) 0°C < Ta < 70°C, 4.5V < V¢ < 6.3V unless otherwise noted.
Parameter Conditions Min. Max. Units
Output Current Levels
LED Direct Drive Output Vec =6V
Logic High Vou =2.0V 25 14 mA
CKI Sink Current (R/C Option) Vin=3.5V 2 mA
CKO (RAM Supply Current) Vp=3.3V 3 mA
TRI-STATE® or Open Drain
Leakage Current Vec =5V -2.5 +2.5 uA
Output Current Levels
Output Sink Current (lg) Vec =6.3V, Vo =04V -2.0 mA
Vec =4.5V, VoL =04V -1.0 mA
Output Source Current (lop) '
Standard Configuration
All Outputs Vec=6.3V, Vou =3.0V —200 —900 uA
VCC = 4.5V, VOH = 20\/ -100 -500 MA
Push-Pull Configuration
SO, SK Outputs Vec=6.3V, Vo =3.0V -1.0 mA
Vec=4.5V, Vop=2.0V -0.4 mA
TRI-STATE Configuration
Lo-L; Outputs Vec=6.3V, oy =3.0V -2.0 mA
Vec=4.5V, Voy=2.0V -0.8 mA
LED Configuration
Lo-L7 Outputs Vec=6.3V, oy =3.0V -1.0 mA
Vec =45V, Voy=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 -ao°c < T, < +85°C, 4.5V < Vg < 5.5V unless otherwise noted.
Parameter Conditions Min. Max. Units
Operation Voltage 4.5 5.5 \"
Power Sppply Ripple Peak to Peak (Note 3) ) 0.4 \"
Supply Current ) Ta=-40°C, Outputs Open 40 mA
Input Voltage Levels
CKIl Input Levels
Crystal Input
Logic High 2.2 \"
Logic Low -0.3 0.3 \
TTL Input Vec=5V£5%
Logic High 2.2 \
Logic Low -0.3 0.6 \"
Schmitt Trigger Inputs
RESET, CKI (+4)
Logic High 0.7Vee \
Logic Low -0.3 0.4 \
SO Input Level (Test Mode) 2.0 3.0 \
All Other Inputs
Logic High Ve = Max. 3.0 "
Logic High Vec=5V£5% 2.2 Vv
Logic Low -0.3 0.6 \Y
Input Levels High Trip Option
Logic High 3.6 \"
Logic Low -0.3 1.2 \
Input Load Source Current Ve =5V, Viy =0V
CKO -4 -800 uA
All Others -100 -800 uA
Input Capacitance 7 pF
Hi-Z Input Leakage Vec =5V -2 +2 pA
Output Voltage levels
Standard Outputs
TTL Operation Vec=5V£5%
Logic High lon=—75uA 24 Vv
Logic Low loo=1.6mA -0.3 0.4 v
CMOS Operation '
Logic High lon =—10pA Voo —1 \Y
Logic Low lop=10pA -0.3 0.2 \"
Output Current Levels
LED Direct Drive Output Vec =5V (Note 4)
Logic High Von =2.0V 1.0 12 mA
CKI Sink Current (R/C Option) Vin=3.5V 2 mA
CKO (RAM Supply Current) Vp=3.3V 4 mA
TRI-STATE® or Open Drain ;
Leakage Current Vec =5V -5 +5 uA
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) -15 mA




AC Electrical Characteristics
COP420/COP421/COP422 0°C <Tp < 70°C, 4.5V <Vg¢ < 6.3V unless otherwise noted.
COP320/COP321/COP322 —40°C < Tp < +85°C, 4.5V < V¢ < 5.5V unless otherwise noted.

Parameter Conditions Min. Max. Units
Instruction Cycle Time 4 10 us
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.=4MHz 60 ns
Fall Time Freq.=4MHz 40 ns
CKI Using RC (Figure 8c) +4 mode
Frequency R=15kQ+5%, C=100pF = 10% 0.5 1.0 MHz
Instruction Cycle Time 4 8 us
CKO as SYNC input (Figure 8d)
tsync Figure 3a 50 ns
Inputs:
S|
tseTup 0.3 us
tHOLD 250 ns
All Other Inputs
tsetup 1.7 s
tHoLp 300 ns
Output Propagation Delay Test Conditions: 300 ns
. RL=5k®, C_=50pF, Voyr=1.5V
SO and SK
tpd1 1.0 HS
tde 1.0 HS
CKO
tpd1 0.25 us
todo 0.25 us
All Other Outputs
tpd1 . 1.4 HS
tde . 1.4 HuS
MICROBUS™ Timina Ci =100D0F. Varn=5V+5%
Read Operation (Figure 4)
Chip Select Stable before RD—tcgg 65 ns
Chip Select Hold Time for RD—tgcs 20 ns
RD Pulse Width—tgg 400 ns
Data Delay from RD—tgp 375 ns
RD to Data Floating—tpr 250 ns
Write Operation (Figure 5)
Chip Select Stable before WR—tgsw 65 ns
Chip Select Hold Time for WR—tycs 20 ns
WR Pulse Width—tyw ‘ 400 ns
Data Set-Up Time for WR—tpy 320 ns
Data Hold Time for WR—typ 100 ns
INTR Transition Time from WR—ty, 700 ns

Note 1: Duty cycle = tw1/(tw1 + two)-
Note 2: See Figure 9 for additional I/O characteristics.
Note 3: Voltage change must be less than 0.5 volts in a 1ms period.

Note 4: Exercise 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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Figure 2. Connection Diagrams

COP420/COP421/COP422, COP320/COP321/COP322

Pin Description Pin Description
L7;-Lg 8 bidirectional /0O ports with TRI-STATE® SK Logic-controlled clock (or general
Gs-Go 4 bidirectional 110 ports purpose output)
D3- Do 4 general purpose outputs CKI Sys#em oscillator input

_ . . CKO System oscillator output (or general
IN3-1INg gngls)neral purpose inputs (COP420/320 purpose input or RAM power supply)
Si Serial input (or counter input) RESET System reset input
SO Serial output (or general purpose output) Vee Power supply

. GND Ground

|<—— INSTRUCTION CYCLE TIME (tc) ‘.{

*, D1 |- —»| |<—tppo
StibeR L Von vou J— \ [T
IN3-INg, |=— tsETUP — |=—tHoLo
Rl X X
INPUTS I._ D1 ._>' le— tpp0
G3-Gp, D3-Dg, .
L7-Lg, SO, SK L A Vor ] v
oUTPUTS

Figure 3. Input/Output Timing Diagrams (crystal divide by 16 mode)
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Figure 3A. Synchronization Timing Figure 3B. CKO Output Timing
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Figure 5. MICROBUSTM Write Operation Timing

Functional Desc.ription 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
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 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
characteristics associated with the JP, JSRP, JID and
LQID instructions, 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. Uniess
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 subroutine 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 exe-
cuted 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
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
dectination renister 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 I/O port data and to perform data exchanges with
the SIO register.

A 4-bit adder performs the arithmetic and logic func-
tions of the COP420/421, storing its results in A. It also
outputs a carry bit to the 1-bit C 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 reg-
ister description, below.)

Four general-purpose inputs, IN3~INg, are provided; IN+,
IN, and IN3 may be selected, by a mask-programmable
option, as Read Strobe, Chip Select and Write Strobe
inputs, respectively, for use in MICROBUS™ appli-
cations.

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. Gy may be mask-programmed as
an output for MICROBUS™ applications.
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COP420/COP421/COP422, COP320/COP321/COP322

The Qregister 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/O
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 occurence 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/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 1/0O ports can be directly
connected to the segments of a muitiplexed 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 I/O

- by connecting SO to external serial-in/parallel-out shift

registers. For example of additional parallel output cap-
acity see Application #2.

The XAS instruction copies C into the SKL latch. In t_hé
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,
selects 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")
ocurring 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 ENqset the INq input is enabled as an interrupt

input. Immediately following an interrupt, ENy 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/0 ports. Resetting EN; disables
the L drivers, placing the L I/O ports in a high-
impedance input state.

4. EN3,'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 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 ENz and ENj.

Enable Register Modes — Bits EN3 and ENg

ENg ENo SIo

SO SK

Shift Register

Input to Shift Register - 0

If SKL= 1, SK = CLOCK
If SKL = 0,SK = 0

Serial Out  If SKL = 1, SK

1 0 Shift Register Input to Shift Register = CLOCK
' If SKL = 0,SK = 0
0 1 Binary Counter Input to Binary Counter 0 If SKL = 1, 8K = 1
If SKL = 0,SK =0
1 1 Binary Counter Input to Binary Counter 1 If SKL = 1,SK = 1
IfSKL = 0,SK =0




Interrupt

The following features are associated with the IN4
interrupt procedure and protocol and must be consi-
dered by the programmer 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 contents of SC are lost. The program counter
is set to hex address OFF (the last word of page 3)
and ENq is reset.

b. An interrupt will be acknowledged only after the
following conditions are met:
1. ENy has been set.

2. Alow-going pulse (“1” to “0”) at least two instruc-
tion cycles wide occurs on the IN4 input.

3. A currently executing instruction has been com-
pleted.

4. All successive transfer of control instructions and
successive 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 instruction 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 execution of ASC (Add with Carry, Skip on
Carry) instruction which results in carry, the skip
logic status is saved and program control is trans-
ferred 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 ASG carry. SuDroutines and LWiv nsuuc:
tions should not be nested within the interrupt ser-
vice 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
address OFF must be a NOP.

e. A LEl instruction can be put immediately before the
RET to re-enable interrupts.

Microbus™ Interface

The COP420 has an option which allows it to be used as
a peripheral microprocessor device, inputting and out-
putting data from and to a host microprocessor (uP).
INy, 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. IN; becomes
'CS — alogic “0” on this line selects the COP420 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 COP420. Gy 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 COP420.

This option has been designed for compatibility with
National’s MICROBUS™ — a standard interconnect
system for 8-bit parallel data transfer between MOS/LSI
CPUs and interfacing devices. (See MICROBUS™
National Publication.) The functioning and timing rela-
tionships between the COP420 signal lines affected by
this option are as specified for the MICROBUS™
interface, and are given in the AC electrical characteris-
tics and shown in the timing diagrams (figures 4 and 5).
Connection of the COP420 to the MICROBUS™ is
shown in Figure 6.

POWER
SUPPLY  CLOCK
vee GND cki cko
INTERRUPT (INTR) G G1-
8-BIT DATA BUS
MICROPROCESSOR : ah cora20
Sopsrierrag o o[
WRITE STROBE (WR) N2 S
e { IN3 SO e out
SK e
RESET

RESET
‘ 4

Figure 6. MICROBUSTM Option Interconnect
Initialization

The Reset Logic, internal to the COP420/421, will initia-
lize (clear) the device upon power-up if the power supply
rise time is less than 1ms and greater than 1pus. If the
power supply rise time is greater than 1ms, the user
must orovide an external RC network and diode to the
RESET pin as shown below. The RESET pin is contigured
as a Schmitt trigger input. If not used it should be con-
nected 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
address 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 address 0 must be a CLRA.

Vee

RESET COP420/421

<r-wvc® ImsOoT
1 -~
t

2

o

RC > 5x POWER SUPPLY RISE TIME

Figure 7. Power-Up Clear Circuit
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COP420/COP421/COP422, COP320/COP321/COP322

Oscillator

There are four basic clock oscillator configurations

available as shown by figure 8.

a. Crystal Controlled Oscillator. CKI and CKO are
connected 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
signal. The external frequency is divided by 16

(optional by 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.

c. RC Controlled Oscillator. CKI is configured as a
single pin RC controlled Schmitt trigger oscillator.
The instruction cycle equals the oscillation frequency
divided by 4. CKO is available for non-timing func-
tions.

d. Externally Synchronized Oscillator. Intended for use
in multi-COP systems, CKO is programmed to function
as an input connected to the SK output of another
COP420/421 with CKI connected as shown. In this
configuration, the SK output connected to CKO must
provide a SYNGC (instruction cycle) signal to CKO,
thereby allowing synchronous data transfer between
the COPs using only the SI and SO serial 1/0 pins in
conjunction with the XAS instruction. Note that on
power-up SK is automatically enabled as a SYNC out-
put (See Functional Description, Initialization, above).

S (VR OR GENERAL
EXTERNAL PURPOSE INPUT
cLack PIN)

1) e
r

C

External Oscillator

Crystal Oscillator

Crystal Oscillator

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 SYNC input as described above. As another option
CKO can be a general purpose input, read into bit 2of A
(accumulator) upon execution of an INIL instruction. As
another 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 mini-
mum power drain when the main supply is inoperative
or shut down to conserve power. Using either option is
appropriate in applications where the COP420/421 sys-
tem 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 (Vg) allows the
user to shut off the chip power supply (Vgc) and
maintain data in the RAM. To insure that RAM data -
integrity is maintained, the following conditions must
be.met:

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

2. Vg must be within the operating range of the chip,
and equal to Vgg = 1V during normal operation.

3. Vg must be 3.3V with Vg off.

_sYND)

CKO

8 ) c
CcKI CKO c

vee

(Vg OR GENERAL

PURPOSE INPUT
PIN)

RC Controlled Oscillator

Crystal Component Values

Value R1(Q) R2 (Q) C (pF)
4MHz 1k ™ 27
3.58MHz 1k M 27
2.09MHz 1k ™M 56

COP420/421 €0Paz0/a21

Externally Synchronized Oscillator

RC Controlled Oscillator

Instruction
Cycle Time
R (kQ) C (pF) (us)
12 100 5+20%
6.8 220 5.3+23%
8.2 300 8+29%
22 100 8.6+ 16%

Note: 50kQ > R > 5kQ
360pF > C > 50pF

Figure 8. COP420/421/COP320/321 Oscillator




110 Options

COP420/421 outputs have the following optional config-
urations, illustrated in Figure 9a:

a. Standard — an enhancement mode device to ground
in conjunction with a depletion-mode device to Vg,
compatible with TTL and CMOS input requirements.
Available 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.

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 configu-
ration 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.
Available 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 segment blanking for a
multiplexed display.

g. TRI-STATE® Push-Pull — an enhancement-mode de-
vice to ground and Vgc. These outputs are TRI-STATE
outputs, allowing for connection of these outputs to
a data bus shared by other bus drivers.

a. Standard Output

DISABLE vee

5

d. Standard L Output e. Open-Drain L Output

DISABLE vee

>

b. Open-Drain Output

A =2 DISABLE
g

COP420/COP421 inputs have the following optional
configurations:

h. An on-chip depletion load device to Vgc.

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

The above input and output configurations share com-
mon enhancement-mode and depletion-mode devices.
Specifically, all configurations use one or more of six
devices (numbered 1-6, respectively). Minimum and
maximum current (loyt and Voyr) curves are given in
Figure 9b for each of these devices to allow the
designer to effectively use these 1/0 configurations in
designing a COP420/421 system.

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 outputs should be set to *“1.” The L outputs
can be configured as in d., e., f. or g.

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 9b, 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”.

COP421

If the COP420 is bonded as a 24-pin device, it becomes
the COP421, illustrated in Figure 2, COP420/421 Connec-
tion Diagrams. Note that the COP421 does not contain
the four general purpose IN inputs (IN3-INg). Use of this
option precludes, of course, use of the IN options, inter-
rupt feature, and the MICROBUS™ option which uses
IN{-IN3. All other options are available for the COP421.

c. Push-Pull Output

DISABLE vee

(A1S DEPLETION DEVICE)

f. LED (L Output)

g. TRI-STATE® Push-Pull (L Output)

Figure 9a.

vee

# 6
A

1 INPUT| [

h. Input with Load i.

Hi-Z Input

Input/Output Configurations
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Figure 9b. COP420/COP421 Input/Output Characteristics
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Figure 9c. COP320/COP321 Input/Output Characteristics

2-35

228d09/12€d02/02€d09 ‘22¥d0D/12¥d02/02¥d0D




, COP320/COP321/COP322

COP420/COP421/COP422

COP420/COP421/COP422/COP320/COP321/COP322 Instruction Set
Table 2 provides the mnemonic, operand, machine code,

Table 1is a symbol table providing internal architecture,
instruction operand and operational symbols used in
the instruction set table.

data flow, skip conditions, and description associated
with each instruction in the COP420/COP421/COP422
instruction set.

Table 2. 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
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)
(¢} 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
G 4-bit Register to latch data for G /O Port Data)
IL Two 1-bit latches associated with the IN3 or RAM(s) Contents of RAM location addressed by s

INo inputs ROM(t) Contents of ROM location addressed by t
IN 4-bit Input Port
L - 8-bit TRI-STATE® 1/0O Port OPERATIONAL SYMBOLS
M 4-bit contents of RAM Memory pointed to by

B Register + Plus
PC 10-bit ROM Address Register (program Minus

counter) - Replaces
Q 8-bit Register to latch data for L I/O Port - Is exchanged with
SA 10-bit Subroutine Save Register A _ Is alt
SB 10-bit Subroutine Save Register B _ equ , °
sC 10 Subroutine Save Register A A The one’s complement of A
SIO  4-bit Shift Register and Counter 4 Exclusive-OR
SK Logic-Controlled Clock Output Range of values

Table 2. COP420/421/422/320/321/322 Instruction Set
Machine
Hex Language Code .
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
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 ’ Adq RAM to A
ADT 4A 0100(1010 A+1010—~ A None Add Ten to A
AISC y 5- 0101 vy 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 0—A None Clear A
COMP 40 0100/0000 A A None One’s complement of A to A
NOP 44 01000100 None None No Operation
RC 32 ’001 1/0010 “0"—=C None Reset C
sC 22 EOJ_OIM “1"=>C None Set C
XOR 02 0000/0010 A e RAM(B) = A ‘None Exclusive-OR RAM with A
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Table 2. COP420/421/422/320/321/322 Instruction Set (continued)

Hex
Mnemonic Operand Code

Machine
Language Code
(Binary)

Data Flow

Skip Conditions

Description

TRANSFER OF CONTROL INSTRUCTIONS

JiD

JMP

JP

JSRP

JSR

RET

RETSK

FF

48

49

1111]1111
0110|00|agg
l ar.o

1| aeo
(pages 2,3 only)
or
11 as:g
(all other pages)

10| asyp

0110|10|agg|
l ar.o

0100(1000

0100/1001

ROM (PCq:g, A,M) =~ PC7.0 None

a—PC

a - PCg;0

a— PCs;

PC+1—+SA—+SB—SC
0010 —~ PCg:g
a— PCs:

PC+1—SA—~ SB—~ SC
a—~PC

SC—~SB—~SA—~PC

SC—~SB—SA—-PC

None

None

None

None

None

Always Skip on Return

Jump Indirect (Note 3)

Jump

Jump within Page (Note 4)

Jump to Subroutine Page
(Note 5)

Jump to Subroutine

Return from Subroutine

Return from Subroutine
then Skip

22£d09/12€d02/02€d09 ‘22rd0/12d0J/02Yd0D

MEMORY REFERENCE INSTRUCTIONS

CAMQ

CQMA

LD

LDD

Laip

RMB

SMB

w N = O

W N = O

33
3C

33
2C

-5

23

BF

4C
45
42
43

4D
47
46
4B

0011[0011

00111100

100110011

0010/1100

[0 r o101

100100011
(00 r| d

10111111
01001100,

|0100{0101I

0100[{0010

0100[0011

101001101
0100{1101
101000110
101001011

A—Q74
RAM(B) —~ Q3.0

Q7:4 ~ RAM(B)
Q30— A

RAM(B) ~ A

Ol wa o

RAM(r,d) —~ A

ROM(PCg:8,AM) ~ Q
SB - SC

0 -~ RAM(B)g

0 -~ RAM(B)4

0 - RAM(B)2

0 — RAM(B)3

1 -~ RAM(B)g
1 — RAM(B)
1 - RAM(B)2
1- RAM(B)3

None

None

None

None

None

None

None

Copy A, RAM to Q

Copy Q to RAM, A

Load RAM into A,

Cunliiniva.ND Dr with v

Load A with RAM pointed
to directly by r,d

Load Q Indirect (Note 3)

Reset RAM Bit

Set RAM Bit
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Table 2. COP420/421/422/320/321/322 Instruction Set (continued)

Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
MEMORY REFERENCE INSTRUCTIONS (continued)
STl 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
L——‘l——'l pointed to directly by r,d
-- 10{r| d
XDS r -7 00] r ]01 1 RAM(B) < A Bd decrements past 0 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 Br with r

REGISTER REFERENCE INSTRUCTIONS

COP420/COP421/COP422, COP320/COP321/COP322

carry has occurred
since last test

CAB 50 IO 101(0000 A-—Bd None Copy A to Bd
CBA 4E 0100/1110 Bd— A None Copy Bd to A
LBl rd -- 00| r|d=-1) rd—B Skip until not a LBI Load B Immediate with r,d
(d=0, 9:15) (Note 6)
or
33 0011(0011
-- 10/r| d
(any d) -
LEI y 33 001 1|001 1‘ y = EN None Load EN Immediate (Note 7)
6- 01 1_0| y l
" XABR 12 000 1]00 10 A < Br (0,0 > A3,A2) None Exchange A with Br
TEST INSTRUCTIONS
SKC 20 0010/0000 Cc=“1" Skip if C is True
SKE 21 IO 010/000 1] A=RAM(B) Skip if A Equals RAM
SKGz 33 0011(0011 G3.0=0 Skip if G is Zero (all 4 bits)
21 10 010j0001
SKGBZ 33 |001 110011 1st byte Skip if G Bit is Zero
0 01 0000|0001 Go=0
1 n 0001[0001 G1=0
[o00tjooot byte 1
2 03 0000{0011 G2=0
3 13 0001]0011] G3=0
SKMBZ 0 01 0000[0001 RAM(B)p=0 Skip if RAM Bit is Zero
1 1 }00010001 RAM(B)1=0
2 03 100000011 RAM(B)2=0
3 13 0001[0011 RAM(B)3=0
SKT a1 0100/0001 A time-base counter Skip on Timer (Note 3)
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Table 2. COP420/421/422/320/321/322 Instruction Set (continued) !

Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
INPUT/OUTPUT INSTRUCTIONS
ING 33 0011j001 1, G— A None Input G Ports to A
2A |00 10/101 0'
ININ 33 00110011 IN—> A None Input IN Inputs to A (Note 2)
28 0010[1000
INIL 33 0011/0011 IL3, CKO, “0”, ILg = A None Input IL Latches to A
29 0010/1001 (Note 3)
INL 33 [001 1[001 1 L7:4 =~ RAM(B) None Input L Ports to RAM,A
2E 00101110 L3~ A
oBD 33 0011/0011 Bd—D None Output Bd to D Outputs
3E 0011111 ol
OGl y 33 00110011 y—>G None Output to G Ports Immediate
5- |0 101] vy
. OMG 33 001 1[001 1 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 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 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 may not be used when in pages 2 or 3. JSRP
INAY (0L JUIP WU WIS 198 wutu i paye —

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,
eg., to load the lower four bits of B (Bd) with the value 9 (10019), 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 (1111p).

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.)
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COP420/COP421/COP422, COP320/COP321/COP322

The following information is provided to assist the user
in understanding the operation of several unique instruc-
tions and to provide notes useful to programmers in
writing COP420/421 programs.

XAS Instruction

XAS (Exchange A with SIO) exchanges the 4-bit con-
tents of the accumulator with the 4-bit contents of the
SIO register. The contents of SIO will contain serial-in/
serial-out shift register or binary counter data, depending
on the value of the EN register. An XAS instruction will
also affect the SK output. (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.

INIL Instruction

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILg
(see figure 10) 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 IL3z and
ILp into A3 and AO respectively, and resets these latches
to allow them to respond 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. 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 2, 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.

Note: IL latches are not cleared on reset.

CoPa20

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 conver-

sion 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
- PGCy4, RAM(B) — PCgjyg, leaving 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 —PC), restoring the saved
value of PC to continue sequential program execution.
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 pro-
vides 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 associ-
ated with this instruction, therefore, allow the COP420/
421 to generate its own time-base for real-time proces-
sing 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 fre- ~
quency will be 131kHz (crystal frequency + 16) and the
binary counter output pulse frequency will be 128Hz.
For time-of-day or similar real-time processing, the SKT

. instruction can call a routine which increments a “‘sec-

onds” counter every 128 ticks.

Instruction Set Notes

a. The first word of a COP420/421 program (ROM ad-
dress 0) must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, one
instruction 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.

c. The ROM is organized into 16 pages of 64 words
each. The Program Counter is an 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 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 specify-
ing 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 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 Pin
=0: clock generator output to crystal
(0 not available if option 3=4 or 5)
=1: pin is RAM power supply (Vg) input
(Not available on COP422/COP322)
=2: general purpose input with load device
=3: multi-COP SYNC input
=4: general purpose Hi Z input

Option 3: CKI Input
=0: crystal input divided 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 Vgo
=1: Hi-Z input
Option 5: L Driver
=0: Standard output (figure 9D)
=1: Open-Drain output (E)
=2: LED direct drive output (F)
=0! IFAIFDIAILCT PUSN-PUIl OUTPUT (1)
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: IN¢ Input
=0: load device to Vgc (H)
=1: Hi-Z input (I)
Option 10: IN3 Input
same as Option 9

Option 11=0: Vg Pin — no options available
Option 12: Lg Driver
same as Option 5
Option 13: Ly 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 I/O Port
=0: Standard output (A)
=1: Open-Drain output (B)
Option 22: G4 I/O Port
same as Option 21

Option 23: G, I/O Port
same as Option 21

Option 24: G3 I/O Port
same as Option 21

Option 25: D3 Output
=0: Standard output (A)
=1: Open-Drain output (B)

Option 26: D, 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
=1: MICROBUS™ option
Gp‘ciun SU. Gur Buuu‘iuy
=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

'!‘/EST 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, depending upon the value of Sl:

a. RAM and Internal Logic Test Mode (SI=1)
b. ROM Test Mode (Sl =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 follows: )

1. The L7-Lgoutputs are configured as LED Direct Drive
outputs, allowing direct connection to the segments
of the display.

,_N_.Vn

Ko N
vee vee -0

3 NICAD
BATTERIES

< H
> L
< 7
4 3

= p—>-| CKI

. The D3-Dg outputs drive the digits of the multiplexed

display directly and scan the columns of the 4x 4
keyboard matrix.

. 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, debouncing, and decoding of any one of
the 16 keyswitches.

. CKI is configured as a single-pin oscillator input

allowing system timing to be controlled by a single-
pin RC network. 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).

. 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.

. The 4 bidirectional G I/O ports (G3-Gp) are available

for use as required by the user’s application.

GND GND

@
@
m
o

4-DIGIT
LED DISPLAY
0

C0P420
0g
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4xa
KEYSWITCH
MATRIX

(35 f— 3
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aceneraL @ S0 0
0 63 INg
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EVENT
COUNTER ]| 510 N3

ararerd
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///./
VIV

INPUT
SK* S0

L

2 GENERAL OUTPUTS

*Sl, SO and SK may also be used for serial 1/0

Figure 11. COP420 Keyboard/Display Interface
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APPLICATION #2: Musical Organ and Music Box

Play Mode: Twenty-five musical keys and 25 LEDs are
provided to denote F to F with half notes in between. All
. thekeys and LEDs are directly detected and driven by the
microprocessor. Depression of the key will give the corres-
ponding 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 re-
quired 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”

vce

|11

followed 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
oscillator for varying the speed of the musical tunes.

Vibrato: This is a switch control to vary the frequency
vibration of the note.

Tunes Listing: The following is a listing of the ten pre-
programmed tunes: 1) Jingle Bells, 2) Twinkle, Twinkle
Little Star, 3) Happy Birthday, 4). Yankee Doodle, 5) Silent
Night, 6) This Old Man, 7) London Bridge Is Falling Down,
8) Auld Lang Syne, 9) Oh Susanna, 10) Clementine.

N

COP420-HGZ

=)
F3
=

MM74C04

18

SK

3
CKi

d}-

Circuit Diagram of COP420 Musical Organ
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COP420/COP421/COP422, COP320/COP321/COP322
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This additional circuit provides tinkling

effect for the musical note.

Bell Sound Circuit

8Q

o NA32XY
4.56.3V -]I-Emw 1
-I POWER wes = vee k IN4148
T—j 33k C0P420-HGZ .
. S0 _—
o o NBOT1EY SO0} 11—
T

This circuit automatically turns off the
musical organ if none of the keys are
pressed with in approximately 30 seconds.

Auto Power Shut-Off Circuit
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National
Semiconductor

COP420C/ICOP421C and COP320C/COP321C
Single-Chip CMOS Microcontrollers

General Description

The COP420C, COP421C, COP320C, and COP321C Single-
Chip CMOS Microcontrollers are members of the COPS™
family, fabricated using complementary MOS technology.
They are complete microcomputers containing all system
timing, internal logic, ROM, RAM and I/O necessary to
implement dedicated control functions in a variety of
applications. Features include single supply operation,
a variety of output configuration options, with an instruc-
tion set, internal architecture and 1/0 scheme designed
to facilitate keyboard input, display output and BCD and
binary data manipulation. The COP421C is identical to
the COP420C, except with 19 I/O 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 techniques provide
the medium to large volume customers with a customized
Control Oriented Processor at a low end-product cost.

The COP320C is the extended temperature range ver-
sion of the COP420C (likewise the COP321C is the ex-
tended temperature range version of the COP421C). The
COP320C/321C are exact functional equivalents of the
COP420C/421C.

Features

Lowest power dissipation (50uW typical)

Power saving “Idle” state

Powerful instruction set

1k X 8 ROM, 64 x4 RAM, 23 |/O lines (COP420C)
True vectored interrupt, plus restart

Three-level subroutine stack

15us instruction time, plus software selectable
oscillators

Single supply operation (2.4-5.5V)

Internal time-base counter for real-time processing
MICROWIRE™ compatible serial 1/0

General purpose and TRI-STATE® outputs
LSTTL/CMOS compatible

MICROBUS™ compatible

Software/hardware compatible with other members
of COP400 family

B Extended temperature range device
COP320C/COP321C (—40°C to +85°C)

COP420C/421C and COP320C/321C Block Diagram
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COP420C/COP421C and COP320C/COP321C

Absolute Maximum Ratings
Voltage at Any Pin

COP420C/COP421C, COP320C/COP321C

—0.3Vto Vgc + 0.3V Package Power Dissipation 700mW at 25°C

Operating Temperature Range 300mW at 70°C
COP420C/COP421C 0°Cto 70°C 150mW at 85°C
COP320C/COP321C —40°Cto +85°C  Total Sink Current 40mA
Storage Temperature Range —-65°Cto +150°C  Total Source Current 40mA

Lead Temperature (Soldering, 10 seconds) 300°C

Absolute maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifi-
cations are not ensured when operating the device at absolute maximum ratings.

DC Electrical Characteristics
COP420C/421C: 0°C < Tp < 70°C, 2.4V < V¢ < 5.5V unless otherwise noted.
COP320C/321C: —40°C < Tp < +85°C, 3.0V < Vge< 5.3V unless otherwise noted.

Parameter Conditions Min. Max. Units
Operation Voltage COP420C/421C 24 5.5 \
COP320C/321C 3.0 5.3 v
Power Supply Ripple peak to peak (Note 1) 0.1Vee \"
Supply Current Vo =2.4V, fiy =32kHz (+8 mode) 35 uA
Vee =5.0V, fiy =32kHz (+8 mode) 100 uA
Vec =5.0V, fiy =Max. (+8 mode) 800 uA
Vee =5.0V, fiy = Max. (+16 mode) 1200 uA
Idle State Current Vec =24V, fiy=32kHz 15 uA
Vee =5.0V, fiy = Max. 250 uA
Input Voitage Levels ’
Schmitt Trigger Inputs
RESET; DO (as clock)
Logic High 0.9Vee \'
Logic Low 0.1Vge \"
All Other Inputs
Logic High 0.6V v
Logic Low 0.25Vee Vv
- Output Voltage levels
Standard Outputs
LSTTL Operation Vec=5V£5%
Logic High lon =—100pA 27 Vv
Logic Low lor=0.4mA 0.4 \'
CMOS Operation Vee > 3V
Logic High lon =—10pA Ve - 0.2 \
Logic Low loL=10pA 0.2 v
Output Current Levels
Sink Current Vour =Vec
CKO Vec =5V 100 uA
All Others Vec =5V 1.2 mA
All Others Vee =Min. 0.2 mA
Source Current Vour =0V
- CKO Vec=5V -100 uA
All Others Voo =5V -0.2 mA
All Others Ve =Min. -0.1 mA
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DC Electrical Characteristics (contq)
COP420C/421C: 0°C < Ta < 70°C, 2.4V < Vgg < 5.5V unless otherwise noted.

COP320C/321C: —40°C < Tp < +85°C, 3.0V < V¢ < 5.3V unless otherwise noted.

Parameter Conditions Min. Max. Units
Allowable Sink Current
Per Pin (SO, SK, CKO) 2 mA
Per Pin (All Others) 8 mA
Per Port (L) 16 mA
Per Port (D, G) 8 mA
Allowable Source Current
Per Pin -5 mA
Input Load Source Current Vec =5V, Vin=0 -25 -300 uA
Vec=Min,, Viy =0 -6 =75 uA
Hi-Z Input Leakage Vcc =5V (COP420C/421C) -1 +1 A
Vee =5V (COP320C/321C) -2 +2 uA
TRI-STATE® or Open Drain (COP420C/421C) -2.5 +2.5 uA
Leakage Current (COP320C/321C) -5 +5 uA
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COP420C/COP421C, COP320C/COP321C

AC Electrical Characteristics
COP420C/COP421C: 0°C <Tj < 70°C, 2.4V < Tp < 5.5V unless otherwise noted.

COP320C/COP321C: —40°C < Ty < +85°C, 3.0V < V¢ < 5.3V unless otherwise noted.

Parameter Conditions Min. Max. Units
Instruction Cycle Time Vec 2 4.5V 15 245 us
COP420C/421C Vee = 2.4V 50 245 us
Operating CKI Frequency +8 mode 32 500 kHz
COP420C/421C +16 mode Ve > 4.5V 64 1000 _kHz
+32 mode cc =% 128 2097 kHz
Dual Clk or IT 500 kHz
+8 mode 32 ~ 160 kHz
+16 mode 64 320 kHz
+32mode Yoo =24V 128 640 KHz
Dual Clk or IT , 160 kHz
Instruction Cycle Time Voc > 4.5V 20 125 us
COP320C/321C Vec > 3.0V 50 125 us
Operating CKI Frequency +8 mode 64 400 kHz
COP320C/321C +16 mode 128 800 kHz
+32mode  Vcc =45V 256 1600 kHz
Dual Clk or IT 400 kHz
+8 mode 64 160 - kHz
+16 mode 128 320 kHz
+32mode Voo =30V 256 640 kHz
Dual Clk or IT 160 kHz
CKI Duty Cycle 30 50 %
Inputs:
tsetup 20 us
tHoLo 0.6 us
Output Propagation Delay Test Conditions:
tpd1 Voc > 4.5V, R =5kQ, 6 us
tpdo C_ =50pF, Voyr=1.5V 6 us
MICROBUS™ Timing CL=50pF, Voc =5V +5%
Read Operation (Figure 4)
Chip Select Stable before RD—tgsg 65 ns
Chip Select Hold Time for RD—tpgs 20 ns
RD Pulse Width —tgg -400 ns
" Data Delay from RD—tgp 375 ns
RD to Data Floating—tpr 250 ns
Write Operation (Figure 5)
Chip Select Stable before WR—tcsw 65 ns
Chip Select Hold Time for WR—tycs 20 ns
'WR Pulse Width—tyw 400 ns
Data Set-Up Time for WR—tpw 320 ns
Data Hold Time for WR—typ 100 ns
INTR Transition Time from WR—ty, 700 ns

Note 1: Voltage change must be less than 0.5 volts in a 1ms period.
Note 2: Supply current is measured on the Vg pin with a square wave clock, all inputs at Vg, SO =1, Lg-L7 =0 and outputs open. See

COP Brief #14 for further information.
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Pin Description Pin Description
L7-Lo 8 bidirectional I/O ports with TRI-STATE® SK Logic-controlled clock
G3-Go 4 bidirectional 1/0 ports CKI System oscillator input
D3-D4 3 general purpose outputs CKO  System oscillator output (or general purpose
Do General purpose output or oscillator input o input) » _ |
IN3-INo 4 general purpose inputs (COP420C only) RESET System reselt input
Si Serial input Vee Power supply
e} Serial output GND  Ground
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Figure 3. Input/Output Timing Diagrams (divide by 8 mode)
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Figure 4. MICROBUST™™ Read Operation Timing
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Figure 5. MICROBUS™ Write Operation Timing

Functional Description

For ease of reading this description, only COP420C and/
or COP421C are referenced; however, all such references
apply equally to COP320C and/or COP321C, respectively.

A block diagram of the COP420C is given 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".
When a bit is reset, it is a logic “0".

Program Memory

Program Memory consists of a 1,024-byte ROM. As can
be seen by an examination of the COP420C/421C in-
struction set, these words may be program instructions,
program data or ROM addressing data. Because of the
special characteristics associated with the JP, JSRP,
JID and LQID instructions, 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 subroutine nesting
are implemented by the 10-bit binary 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
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
destination register for most 1/O, 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 of the COP420C/421C, 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 conjuction 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 the SKto be a
sync clock each instruction cycle time. (See XAS in-
struction and EN register description, below.)

Four general-purpose inputs, IN3-INg, are provided; IN;,
IN; and IN3 may be selected, by a mask-programmable
option, as Read Strobe, Chip Select and Write Strobe
inputs, respectively, for use in MICROBUS™ appli-
cations. .

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, D-register bit 0 controls
the clock selection (see dual oscillator below).
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The G register contents are outputs to 4 general-purpose
bidirectional 1/O ports. Go may be mask-programmed as
an output for MICROBUS™ applications.

The Qregister 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/O
ports when the L drivers are enabled under program
control (see LE! instruction). With the MICROBUS™
option selected, Q can also be loaded with the 8-bit
contents of the L 1/0 ports upon the occurence 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/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.,

The SIO register functions as a 4-bit serial-in/serial-out
serial shift register shifting left each instruction cycle
time. The data present at Sl goes into the least signifi-
cant 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. The SIO
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.

The XAS instruction copies C into the SKL Latch. SK out-
puts SKL ANDed with the 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 (EN3-ENp).

1. ENg controls the SO and SK outputs. With ENg reset,
SK is a logic-controlled clock and SO is serial data
out. With ENg set, SO and SK become general-purpose
outputs..

2. With EN, set the IN; input is enabled as an interrupt -

input. Immediately following an interrupt, ENy is
reset to disable further interrupts.

3. With ENj set, the L drivers are enabled to output the
data in Qto the L I/O ports. Resetting EN, disables the
L drivers, placing the L I/O 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 ENy, affects the SO output.
If ENg=0, setting EN3 enables SO as the output of
the SIO shift register, outputting serial shifted data
each instruction time. Resetting EN3 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”. If ENg=1,
SO will output the value of ENg. The table below pro-
vides a summary of EN3 and ENj.

WARNING: If ENy is set, do NOT use the contents of
SI0.

Enable Register Modes — Bits EN3 and ENg

ENg ENg SIo SI

SO SK .

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,SK =0

0 1 Not Used Not Used 0 If SKL = 1,SK = 1
IfSKL = 0,SK =0

1 1 Not Used Not Used 1 If SKL = 1,SK =1

If SKL = 0,SK = 0

J12€d03/002ed0D ‘012¢d00/002¥d 00




COP420C/421C and COP430C/321C Instruction Set

Table 1is a symbol table providing internal architecture,
instruction operand, and operational symbols used in
the instruction set table.

Table 2 provides the mnemonic, operand, machine code,
data flow, skip conditions, and description associated
with each instruction in the COP420C/421C/320C/321C
instruction set.

Table 1. COP420C/421C and COP320C/321C Instruction Set Table Symbols

COP420C/COP421C, COP320C/COP321 C

Symbol Definition Symbol - Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Fleld 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) ,
(o} 1-bit Carry Register a 9-bit Operand Field, 0-511 binary (ROM
D ) 4-bit Data Output Port Address)
EN  4bit Enable Register y 4-bit Operand Field, 0-15 binary (Immediate
G 4-bit Register to latch data for G 1/0 Port Data)
iL ‘II"\\‘No.r:;L{;(SLatches Associated with the IN3 or RAM(s) Contents of RAM location addressed by s
o i N .

IN 4-bit Input port ROM(t) Contents of ROM location addressed by t
L 8-b!t TRI-STATE® 1/0 Port ' OPERATIONAL SYMBOLS
M 4-bit contents of RAM Memory pointed to by

B Register + Plus
PC 10-bit ROM Address Register (program - Minus

counter) - Replaces
Q 8-bit Register to latch data for L /O Port - | h d with
SA 10-bit Subroutine Save Register A s exchanged wi
SB 10-bit Subroutine Save Register B = Is equal to
1] 10-bit Subroutine Save Register C A The one’s complement of A
Slo 4-bit Shift Register and Counter ] Exclusive-OR

f
Range of values

SK Logic-Controlled Clock Output

Table 2. COP420C/421C, COP320C/321C Instruction Set Table (Note 1)

Machine
Hex Language Code
Mnemonic Operand Code (Binary) Da{a 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
ADT 4A 0100[1010 A+1010—~ A None Add Ten to A
AISC y 5~ 0101 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 0—A None Clear A
COMP 40 0100/0000 A-A None One’s complement of Ato A
NOP 44 0100/0100 None None No Operation
RC 32 ‘00 11[0010| “0"—~C None Reset C
SC 22 0010[0010 “1" = C None Set C
XOR 02 0000 001 0 A o RAM(B) =~ A None Exclusive-OR RAM with A




Table 2. COP420C/421C, COP320C/321C Instruction Set Table (continued)

Mnemonic Operand Code

Machine

Hex Language Code

(Binary)

Data Flow

Skip Conditions

Description

TRANSFER OF CONTROL INSTRUCTIONS

JID FF 1111111 1' ROM (PCg:8, A,M) =~ PC7.0 None Jump Indirect (Note 3)
JMP a 6- 0110] oolag:e a—PC None Jump
- | ar.o
JP a - 1 ag: a — PCg:0 None Jump within Page (Note 4)
(pages 2,3 only)
or
- 11 asp a— PCs:0
(all other pages)
JSRP a -- 10 aspg PC+1—+SA—SB—SC None Jump to Subroutine Page
0010 — PCg.g (Note 5)
a — PCs:0
JSR a 6- 0110|10|ag PC+1—SA—~SB—SC None Jump to Subroutine
a— PC
- ar.o
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
IT 33 0011j0011 PC - PC Idle till Timer overflows
39 0011]1001 then continue
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 l001 110011 A—> Q74 None Copy A, RAM to Q
3¢ [0011]1100 RAM(B) ~ Qa:0
CQMA 33 0011[0011 Q7:4 = RAM(B) None Copy Q to RAM, A
°r dnn<nleenat 1 Qan—A
LD r -5 00| r|0101 RAM(B) = A None Load RAM into A,
Brer— Br Exclusive-OR Br with r
LDD rd 23 0010[0011 RAM(r,d) > A None Load A with RAM pointed
- [00 rl d l to directly by r,d
LQlib BF 10111111 ROM(PCg:g8,A,M) =~ 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)1
2 42 0100[0010| 0 — RAM(B)2
3 43 01 00]001 1 0 -~ RAM(B)3
SMB 0 4D |O1 00|1 101 1 - RAM(B)g None Set RAM Bit
1 47 |0 1 00|1 101 1 - RAM(B){
2 46 |01 00|01 10 1— RAM(B)2
3 4B [0100[1 01 1| 1— RAM(B)3
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COP420C/COP421C, COP320C/COP321C

Table 2. COP420C/421C, COP3206/321C Instruction Set Table (continued)

Hex Machine Language
Mnemonic Operand  Code Code (Binary) Data Flow - Skip Conditions Description
MEMORY REFERENCE INSTRUCTIONS (continued)
STI y 7- |0 11 1| y l y = RAM(B) None Store Memory Immediate
Bd + 1—-Bd and Increment Bd
X r -6 |0 0| r |0 110 RAM(B) «— A None Exchange RAM with A,
Brer— Br Exclusive-OR Br with r.
XAD rd 23 00100011 RAM(r,d) «— A None 'Exchange A with RAM
_— 1 o| r d pointed to directly by r,d
XDS r -7 0 0| r ]0 111 RAM(B) — A Bd decrements past 0 Exchange RAM with A
Bd - 1+ Bd and Decrement Bd,
Brer— Br Exclusive-OR Br with r
XIS r -4 | 0 0| r |O 10 0| RAM(B) +— A Bd increments past 15 Exchange RAM with A
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 Bd to 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 6)
or
33 00110011
- 10]r d
(any d)
LEl . y 33 | 001 1]0 011} y—~ EN None Load EN Immediate
6- |0 11 0] y | (Note 7)
XABR 12 | 000 1]0 01 0] A < Br (0,0 = A3,A2) None Exchange A with Br
TEST INSTRUCTIONS
SKC 20 | 001 0]0 000 c="1 Skip if Cis True
SKE 21 [o0100001 | A = RAM(B) Skip if A Equals RAM
SKGZ 33 [0011j0011] G3p =0 Skip if G is Zero
21 ] 001 OIO 001 (all 4 bits)
SKGBZ 33 00110011 1st byte Skip if G Bit is Zero
0 01 0000{0001 Gp=0
1 1 0001j0001 2nd byte Gy =0
2 03 0000[0011 Ga=0
3 13 00010011 G3 =0
SKMBZ 0 01 |oo00 0|0 001} RAM(B)g = 0 Skip if RAM Bit is Zero
1 1 00010001 RAM(B)y = 0
2 03 00000011 RAM(B)2 = 0
3 13 00010011 RAM(B)3 = 0
SKT 41 01000001 A time-base counter Skip on Timer
overflow has occurred (Note 3)

since last test
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Table 2. COP420C/421C, COP320C/321C Instruction Set Table (continued)

Machine

Hex Language Code

Mnemonic Operand Code (Binary) Data Flow Skip Conditions - Description

INPUT/OUTPUT INSTRUCTIONS

ING 33 0011|0011 G—A None Input G Ports to A
2A 0010|1010

ININ 33 061 10011 IN— A None * Input IN Inputs to A
28 [0010[1000 (Note 2)

INIL 33 0011/0011 ILg, “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 L3:0—~ A

OBD 33 0011|0011 Bd ~ D None Output Bd to D Outputs
3E 00111110

OGI y 33 0011[001 1! y—>G None Output to G Ports Immediate
5- 0101 vy i

OoMG 33 00110011 RAM(B) = G None Output RAM to G Ports
3A 0011(1010 .

XAS 4F 01.00{1111 A < SIO, 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 COP421C 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 sinale-bvte instruction ifd = 0.9.10.11.12 13 14 ar 18 Tha marhina Anda fartha lauins A kiba ameiala bha bimas.ialis £l 8 G0 o8- oo

PREPRSIIN

e.g., to load the lower four bits of B (Bd) with the value 9 (10012), the lower 4 bits of the LBI instruction equal 8 (10002) To load 0 the lower 4 blts 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 deselection of a particular function associated with each bit. (See Functional Description, EN Register.)
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COP420C/COP421C, COP320C/COP321C

Interrupt

The following features are associated with the IN, inter-
rupt procedure and protocol and must be considered by
the programmer when utilizing interrupts.

a. The interupt, once acknowledged as explained
below, pushes the next sequential program counter
address (PC+1 — SA — SB — SC). Any previous
contents 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) EN,4 has been set.

2) A low-going pulse (“1” to *“0”) of 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
successive LBIs have been completed (e.g., if the
main program is executing a JP instruction which
transfers program control to another JP instruc-
tion the interrupt will not be acknowledged until
the second JP instruction has been executed.

c. 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 execution 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 nested within the interrupt
servicing routine since their popping of the stack
enables 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
address OFF must be a NOP.

e. A LEl instruction can be put immediately before the

RET to re-enable interrupts.
MICROBUS™ Interface

The COP420C 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).
INy, IN,, and INs 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. IN, becomes
CS — alogic 0 selects the COP420C as a uP peripheral
device and allows for the selection of one of several
peripheral components. IN; becomes WR — a logic “0”
on this line will write bus data from the L ports to the Q
latches for input to the COP420C. Gy 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 COP420C. :

This option has been designed for compatibility with
National’s MICROBUS™ — a standard interconnect
system for 8-bit parallel data transfer between MOS/LSI
CPUs and interfacing devices. (See MICROBUS™,
National Publication.) The functioning and timing
relationships between the COP420C signal lines
affected by this option are as specified for the
MICROBUS™ interface, and are given in the AC electri-
cal characteristics and shown in the timing diagrams
(Figures 4 and 5). Connection of the COP420C to the
MICROBUS™ is shown in Figure 6.

POWER
SUPPLY  CLOCK

Vce GND CKI CKO

« INTERRUPT (INTR) o 61-

63 “ .
8-BIT DATA BUS
MICROPROCESSOR 8% copa20C
REAUSTHDBELRD)I Ny INg | W
CHIPSELECT(CS)_ ||y st |e—
WRITE STROBE (W), |- : 50 b——s
——

out
SK

Figure 6. MICROBUSTM Option Interconnect

Initialization

The Reset Logic, internal to the COP420C/421C, will
initialize (clear) the device upon power-up if the power

supply rise time is less than 1ms and greater than 1pus.

If the power supply rise time is greater than 1ms, the
user must provide an external RC network and diode to
the RESET pin as shown below. The RESET pin is con-
figured 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
address 0) and the A, B, C, D, EN, and G registers are
cleared. The SK output is enabled as. a SYNC clock,
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.
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Figure 7. Power-Up Clear Circuit




The following information is provided to assist the user
in understanding the operation of several unique in-
structions and to provide notes useful to programmers
in writing COP420C/421C programs.

XAS Instruction

XAS (Exchange A with SIO) exchanges the 4-bit con-
tents of the accumulator with the 4-bit contents of the
SIO register. The contents of SIO will contain serial-
in/serial-out shift register data. An XAS instruction will
also affect the SK output, providing a logic controlled
clock. 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.

INIL Instruction

INIL (Input IL Latches to A) inputs 2 latches, ILz 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 in-
struction times. Execution of an INIL inputs IL3 and ILg
into Az and Ag respectively, and resets these latches to
allow them to respond to subsequent 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 A,. If CKO has not been so programmed, a “1”
will be placed in Ap. A “0” is always placed in Ay upon
LT CASCUULIVIT UL all LN, g gclll:‘ldl punpuac III[JU\D IN3'
INg are input to A upon execution of an ININ instruction.
(See Table 2, ININ instruction.) INIL is useful in recog-
nizing pulses of short duration or pulses which occur
too often to be read conveniently by an ININ instruction.
Note that IL latches are not cleared on reset. IL latches
are not available on the COP421C.

IN/INg ===

Figure 8. INIL Hardware Implementation

LQID Instruction

LQID (Load Q Indirect) loads the 8-bit Qregister with the
contents of ROM pointed to by the 10-bit word PCq, PCg,
A, M. LQID can be used for table lookup or code conver-
sion such as BCD to seven-segment. The LQID instruc-
tion “pushes” the stack (PC + 1 - SA— SB —SC) and re-
places the least significant 8 bits of PC as follows: A —
PCy7.4, RAM(B) = PCay, leaving 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 —~PC), restoring the saved value
of PC to continue sequential program execution. Since
LQID pushes SB — SC, the previous contents of SC are
lost. Also, when LQID pops the stack, the previously
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 pro-
vides a latched indication of counter overflow. The SKT
instruction tests this 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 fea-
tures associated with this instruction, therefore, allow
the COP420C/421C to generate its own time base for
real-time processing rather than relying on an external
input signal.

For example, using a 32kHz watch crystal for the oscil-
lator, the counter pulse frequency will be 4 Hz. For time-
of-day or similar real-time processing, the SKT instruc-
tion can call a routine which increments a ‘‘seconds”
counter every 4 ticks.

IT Instruction

The user may choose to use the IT function instead of
the SKT function. The IT (Idle till Timer) instruction halts
the processor and puts it in an idle state. This idle state
reduces current drain since all logic (except the oscilla-
tor and time base counter) is stopped. The time base
counter always divides CKI by 8192 regardless of the
divide-by option selected (see Figures 10 and 11).

If in the divide-by-8 mode, the chip will come out of the
idle state when the time base counter overflows. If in the
divide-by-16 mode, the chip will come out of the idle state
after the time base counter overflows TWICE. The IT
instruction cannot be used in the divide-by-32 mode.

Therefore, the number of instruction cycles that the chip
remains in the idle state is the SAME for both divide-by-8
and divide-by-16. For example, if CKl is 262kHz (divide-
by-16) or is 131kHz (divide-by-8), the chip will come out of
idle 16 times per second.

If using the dual clock feature, the user MUST switch the
processor to the CKl oscillator (DO = 0) before executing
the IT instruction.

Note: If using the dual clock feature or the IT instruétion,
contact the factory for emulation assistance.
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COP420CICOP421 C, COP320C/COP321C

Using Both SKT and IT Instructions

If specific guidelines are adhered 16, the SKT instruc-

tion may be used when the IT instruction is enabled.

(option 31=4t0 7).

1. Use divide by 8 CKI (option 3=1).

2. If using Dual clock, execute SKT only when operating
from CKI clock.

3. After executing an SKT which gives a skip, execute
another SKT instruction.

Sample Code:

SKT ; test timer
JP NO ; no overflow
SKT ; do another SKT
NOP ; defeat skip
YES: ; process timer overflow
(continue program)
NO: ; no timer overflow, continue

Using this technique, a careful programmer can use
both SKT and IT.

Oscillator

There are three basic clock oscillator configurations
available as shown by Figure 9.

a. Crystal Controlled Oscillator. CKI and CKO are
connected to an external crystal (or resonator). The
instruction cycle time equals the crystal frequency
divided by 32, 16 or 8.

b. External Oscillator. CKl is connected to an external
clock input signal. CKO is now available to be used
as a general purpose input.

c. Dual Oscillator. By selecting the dual clock option,
pin DO is now a clock input. The user may connect a 32
kHz watch crystal to CKl and CKO and up to a 500 kHz
clock to DO (R/C or external). The user may then soft-
ware select between the DO oscillator for faster pro-
cessing (D0 =1) or the crystal for minimum current
drain (D0 =0). The time-base counter runs off the CKI
oscillator even when the user selects DO as the clock.
Thus, a real time clock can be maintained by the IT
instruction even when running off the RC oscillator.
The SKT instruction is restricted when using the dual
clock feature.

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 (accumu-
lator) upon execution of an INIL instruction.

vee
| ‘- a c
R
‘cn CKO CKI CKO
% 1 f D0
’ 39pF
22M < R gy GENERAL I p
" N——¢ EXTERNAL PURPOSE INPUT L=
CLOCK
,___|D|_4 CKI KO
] d EXTERNAL OSCILLATOR
c1=¥ C2m=
I I 220k
= = 22M

CRYSTAL OSCILLATOR

Crystal Oscillator

—{—

I‘" 32kHz i

c2

DUAL CLOCK

RIC Oscillator

Component Values
Crystal
Value R1* (03] Cc2

2.097MHz 1k 5-36pF 30pF
32kHz 220k 5-36pF 30pF
500kHz 4.7k 47pF 82pF

: Instruction

R(Q) Vee Cycle Time
120k +10% 4.5to 5.5V 15us to 60us
160k 3v 30us to 120pus
180k 2.4V 50us to 200us

*Selected based on Crystal used.

Figure 9.
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Figure 10a. Oscillator Options Block Diagram Using SKT Instruction
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Figure 10b. Oscillatar Options Block Diagram Using IT Instruction

INPUT T0
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I___I TO SKT LATCH
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CLOCKS
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Figure 11. Dual Clock Option Block Diagram
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1/0 Options
COP420C/421C outputs have the following optional con-

figurations, illustrated in Figure 13:

a. Standard — An N-channel device to ground in con-
junction with a P-channel device to Vg, compatible
with CMOS and LSTTL.

b. Open-Drain — An N-channel device to ground only,
allowing external pull-up as required by the user’s
application.

c. TRI-STATE® L Output — A CMOS output buffer which

may be disabled by program control. These outputs
meet the requirements associated with the
MICROBUS™ option.

d. Standard L Output — This is the same configuration

as c. above except that the sourcing current is
standard.

e. Open Drain L Output— This has the N-channel

device to ground only.

COP420C/421C 1/0 Characteristics

Standard Output
Minimum Sink Current
3

2 Vee=5.5V —

loL (mA)

// m;v
. A1

///;c=2.4v
0

0 1 2 3 4 5 6

VoL (VOLTS)

Standard Output
Source Current

S~ Vee=4.5V

'\(MAX.)
\\\ & N

Veg=2.4V CC=5.5V
£e N \\; (MAX.)
v&-:uI v N )

vee=5.5V
(MIN.)

[
0 N 1
0 -1 2 3 4 5 6 '
VoH (VOLTS)

J4

10H (mA)

COP420C/421C inputs have the following options:
f. An on-chip pullup load device to Vcc.
g. A Hi-Z input which must be driven by user logic.

The above input and output configurations share com-
mon devices. Specifically, all configurations use one or
more of four devices (numbered 1-4, respectively). Mini-
mum and maximum current (loyr and Voyr) curves are
given in Figure 12 for each of these devices to allow the
designer to effectively use these /0 configurations.

COP421C

If the COP420C is bonded as a 24-pin device, it becomes
the COP421C, illustrated in Figure 2, COP420C/421C Con-
nection Diagrams. Note that the COP421C does not con-
tain the four general purpose IN inputs (IN3-INg). Use of
this option precludes, of course, use'of the IN options, in-
terrupt feature, and the MICROBUS™ option which uses
IN4-IN3. All other options are available for the COP421C.

TRI-STATE Output
Minimum Source Current
-2

t~—l_VeCc=5.5V
g 1 vee=4.5V
; N\ ’
= \
Vgg=2.4V \ \
0
[ | 2 3 4 5 6
VoH (VOLTS) .
Input Load
Source Current
-350 \l\
-300
Vce=4.5V
~250 ~d (MAX.)
T Vee=5.5V
3200 fygg=zav N ¢ 1
z (MAX.)
-150 t
T ERTTNEA
-100 } }
Vec=4.5V

50 =tk | (MIN) \
S
0 N
0 1 2 3 4 5 6
VIN (VOLTS)
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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
instruction cycle time is devoted to skipping each
byte of the skipped instruction. Thus all program
paths except LQID or JID take the same number of
cycle times whether instructions are skipped or exe-
cuted. LQID and JID take two cycle times if executed
and one if skipped.

c. The ROM is organized into 16 pages of 64 words
each. The Program Counter is an 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 orJID located in the last word of page'3, 7, 11,
or 15 will access data in the next group of 4 pages.

COP420C Power Dissipation

The lowest power configuration is at minimum
voltage and lowest frequency. The user should take
care that all inputs swing to full supply levels to
insure that there are no DC current paths on inputs.
An external square wave oscillator will use less
current than a crystal or resonator since an input from
a crystal is slow to transcend logic levels. For
example: at 500kHz, a crystal (or resonator)

Vee
N #2
1 P
D l N #1
a. Standard -

DISABLE

c. TRISTATE® L Output

DISABLE

) Do #

e. Open Drain L Output

will typically cause the 420C to draw 100uA more than
with a square wave oscillator input. Power will increase
with loading capacitance and frequency of the outputs.

The lowest possible current drain is when the processor
is in the idle mode (see IT instruction).

Another method to reduce power is to use the dual clock
option. The overall current drain will be an average of the
low frequency current and the high frequency current,
based on the amount of time spent at each frequency.

COP420C TTL Interface

The COP420C outputs can directly drive one standard
LSTTL load. A pull-up device should be selected on in-
puts driven by TTL in order to bring the input signal up
to the required logic “1” level.

TEST MODE (Non-Standard Operation)

The SO output. has been configured to provide for
standard test procedures for the custom-programmed
COP420C. 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 (SI=0)

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

DISABLE ~

=

f. Input with Load

R—>o—>o—

g. Hi Z Input

Figure 13. 1/0 Configurations




Option List

The COP420C/320C mask-programmable options are
assigned numbers which correspond with the COP420C
pins.

The following is a list of COP420C options. When
specifying a COP421C 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 flexibility to interface to various 1/O
components using little or no external circuitry.

Option 1=0: Ground Pin
Not an option

Option 2: CKO Output
00= Oscillator Output
02= General Input, Vg Load
.04= General Input, Hi-Z

Option 3: CKI Input
00= Oscillator IN (+16)
01= Oscillator IN (+8)
02 = Oscillator IN (+32)

Option 4: RESET Input
00= Load VCC
01= Hi-Z

Option 5: Ly Driver
00= Standard Output
01= Open Drain
02= High Current TRI-STATE®

Option 6: Lg Driver
same as Option 5

Option 7: Ls Driver
same as Option 5

Option 8: Ly Driver
same as Option 5

Option 9: IN4 Input
VU= Load voo
01=_.Hi-Z

Option 10: INy Input
same as Option 9

Option 11: Vg pin
not an option

Option 12: Lg Driver
same as Option 5

Option 13: Lo Driver
same as Option 5

Option 14: L Driver
same as Option 5

Option 15: Lg Driver
same as Option 5

Option 16: SI Input
same as Option 9

Option 17: SO Driver

00= Standard Output
01= Open Drain

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 /O Port
same as Option 17

Option 22: G4 I/O Port
same as Option 17

Option 23: Gy I/O Port
same as Option 17

Option 24: G3 I/O Port
same as Option 17
Option 25: D3 Output
same as Option 17
Option 26: D, Output
same as Option 17
Option 27: Dy Output
same as Option 17
Option 28: Dy Output
00= Standard Output

V= UG wialll (VI ual vivun)

Option 29: COP Function
00= Normal

01= MICROBUS™

Option 30: COP Bonding
00= COP420C (28-pin package)
01= COP421C (24-pin package)
02= COP420C and COP421C, same ROM (same die
purchased in both 24- and 28-pin versions)

. Option 31: Clock/Timer Mode

02= Xtal/Ext. Osc. in; SKT instruction enabled; no IT

04* = Xtal/Ext. Osc. in; IT instruction enabled; SKT
restricted

06* = Xtal/Ext. Osc. in; Dual Clock (RC); IT enabled
SKT restricted

07* = Xtal/Ext. Osc. in; Dual Clock (Ext.) IT enabled;
SKT restricted

*Contact factory for emulation assistance. Also note CKI
maximum frequency specifications (page 3).
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COP420L/COP421L/ICOP422L, COP320L/COP321L/COP322L

National
Semiconductor

COP420L/COP421L/ICOP422L and

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-channel, silicon gate MOS technology. These controller
oriented processors are complete microcomputers con-
taining all system timing, internal logic, ROM, RAM, and
1/0 necessary to implement dedicated control functions
in a variety of applications. Features include single sup-
ply operation, a variety of output configuration options,
with an instruction set, internal architecture, and 1/O
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
15 110 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
controller oriented processor at a low end-product cost.

The COP320L, COP321L, and COP322L are exact func-
tional equivalents, but extended temperature range
versions, of the COP420L, COP421L, and COP422L res-
pectively.

COPS and MICROWIRE are trademarks of National Semiconductor Corp. ®

TRI-STATE is a registered trademark of National Semiconductor Corp.

Features

B lLow 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

16us instruction time

Single supply operation (4.5-6.3V)

Low currerit drain (8mA max.)

Internal time-base counter for real-time processing

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

General purpose and TRI-STATE® outputs
LSTTL/CMOS compatible in and out

Direct drive of LED digit and segmént lines
Software/hardware compatible with other members
of COP400 family

Extended temperature range device
COP320L/COP321L/COP322L (-40°C to +85°C)
Wider supply range (4.5V —9.5V) optionally
available

Vee GND

b

oKl CKO

3 11

INSTRUCTION CLOCK (SYNC)

] 1 {
1 I
TIME-BASE
COUNTER j_l l‘_ I cLock
(DIVIDE BY 1024) DIVIDER GENERATOR

] PROGRAM MEMORY
1kx 8 ROM
ADDRESS

5

l RESET S RESET
l LoGIC I
DIGIT ADDRESS
DATAMEMORY ~ REG
64x4RAM  ADOR B8R ) 80
ouT IN 2] 4
- E 3 25

[)
REGISTER 02

BUFFER 0"
[}

I_ S0 7]
$103 sI0z St03 Si0g

n SERIAL I/0 REGISTER s1

-~

G
REGISTER 62

| L DRIVERS

4| BUFFER &’

T 5 T T x5

5 |8 |7 |8 p2z

20 |10 lo hs
IN3* IN2 INT® INg

I “Not available on COP422L/COP322L

1 s s L4 13 L2 Ly Lg

Figure 1. COP420LCOP421L/COP422L, COP320L/COP321L/COP322L Block Diagram
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COP420L/COP421L/ICOP422L

Absolute Maximum Ratings

Voltage at Any Pin Relative to GND
Ambient Operating Temperature
Ambient Storage Temperature
Lead Temperature (Soldering, 10 seconds)
Power Dissipation

COP420L/COP421L

COoP422L

Total Source Current
Total Sink Current

—0.5Vto +10V
0°Cto +70°C
—65°C to +150°C
300°C

0.75 Watt at 25°C
0.4 Watt at 70°C
0.65 Watt at 25°C
0.3 Watt at 70°C
120mA
120mA

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 < T, < +70°C, 4.5V < V¢ < 9.5V unless otherwise noted.

Parameter Conditions Min. Max. Units
Standard Operating Voltage (Vgg) Note 1 4.5 6.3 \%
Optional Operating Voltage (Vec) 45 9.5 \%
Power Supply Ripple peak to peak 0.5 \Y%
Operating Supply Current all inputs and outputs open 9 mA
Input Voltage Levels
CKI Input Levels
Crystal Input (+32, +16, +8)
Logic High (Vi) ’ 2.0 \
Logic Low (V) -0.3 0.4 \
Schmitt Trigger Input (+4)
Logic High (V|y) 0.7Vee \%
Logiv Low ALy -na 0.6 Vv
RESET Input Levels Schmitt Trigger Input
Logic High 0.7Vec \
Logic Low -0.3 0.6 \Y
SO Input Level (Test mode) 2.0 2.5 \Y
All Other Inputs
Logic High Vec = Max. 3.0 \Y%
Logic High with TTL trip level options 2.0 \Y
Logic Low selected, Vo =5V £5% -0.3 0.8 \Y
Logic High - with high trip level options 3.6 \Y
Logic Low selected -0.3 1.2 \%
Input Capacitance 7 pF
Hi-Z Input Leakage -1 +1 HA
Output Voltage Levels
LSTTL Operation Vec=5V 5%
Logic High (Von) lon =—25uA 2.7 \'
Logic Low (Vo) loL =0.36mA 0.4 \'
CMOS Operation
Logic High lon =—10pA Vee -1 \
Logic Low loL =+10puA 0.2 \

Note 1: V¢ voltage change must be less than 0.5V in a 1ms period to maintain proper operation.
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COP420L/COP421L/COP422L, COP320L/COP321L/COP322L

COP420L/COP421L/COP422L

DC Electrical Characteristics (continued) 0°c < Ta < +70°C, 4.5V < Ve < 9.5V unless otherwise noted.

Parameter Conditions Min. Max. Units
QOutput Current Levels
Output Sink Current
SO and SK Outputs (o) Vec =95V, VoL =0.4V 1.8 mA
Vec=6.3V, VoL =04V 1.2 mA
Vec =45V, Vo =0.4V 0.9 mA
Lo-L7 Outputs and Standard Vec =95V, VoL =04V 0.8 mA
Go-Gg, Dg-D3 Outputs (lor) - Vec=6.3V, VoL = 0.4V 0.5 mA
Voc =45V, Vo =04V 0.4 mA
Go-G3 and Dy-D3 Outputs with Voc=9.5V, VoL =1.0V 15 mA
High Current Options (loy) Voc=6.3V, VoL =1.0V 1 mA
Vec=4.5V, VoL =1.0V 7.5 mA
Go-G3 and Dy-D3 Outputs with Vec =95V, VoL =1.0V 30 mA
Very High Current Options (lo.) Vec=6.3V, VoL =1.0V 22 mA
: Vec=4.5V, VoL =1.0V 15 mA
CKI (Single-pin RC oscillator) Vec=4.5V, iy =3.5V 2 mA
CKO Vcc =4.5V, VOL =0.4V 0.2 mA
Output Source Current
Standard Configuration, Vec =9.5V, Vo =2.0V -140 —800 uA
All Outputs (IOH) Vcc =6.3V, VOH =2.0V =75 —480 uA
Vec = 4.5V, Voy = 2.0V -30 -250 uA
Push-Pull Configuration Vec =9.5V, Vo =4.75V -1.4 mA
SO and SK Outputs (IOH) Vcc =6.3V, VQH =24V -1.4 mA
Ve =4.5V, Vo =1.0V -1.2 mA
LED Configuration, Lo-L7
Outputs, Low Current Vec =95V, Vo =2.0V -15 -18 mA
Driver Option (lon) Vcg = 6.0V, Vou = 2.0V -15 -13 mA
LED Configuration, Lo-L7
Outputs, High Current Vec =9.5V, Voy =2.0V -3.0 -35 mA
Driver Option (lon) Vec =6.0V, Vou =2.0V -3.0 -25 mA
TRI-STATE® Configuration, Vec=9.5V, Vo =5.5V -0.75 mA
Lo-L7 Outputs, Low Vec =6.3V, Voy =3.2V -0.8 mA
Current Driver Option (lon) Vec =45V, Vouy =15V -0.9 mA
TRI-STATE® Configuration, Ve =9.5V, Von =5.5V -1.5 mA
Lo-L7 Outputs, High Vec= 6.3V, Vouy =3.2V -1.6 mA
Current Driver Option (loy) Vec=4.5V, Vo =1.5V -1.8 mA
Input Load Source Current Vec=5.0V, V=0V -10 -140 A
CKO Output
RAM Power Supply Option
Power Requirement Vgp=3.3V 3.0 mA
TRI-STATE® Output Leakage
Current -25 +2.5 uA
Total Sink Current Allowed
All Outputs Combined 120 mA
D, G Ports 120 mA
Ly-Lg 4 mA
La-Lg 4 mA
All Other Pins 1.5 mA
Total Source Current Allowed
All /O Combined 120 mA
L7-La 60 mA
La-Lg 60 mA
Each L Pin 30 mA
All Other Pins 1.5 mA
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COP320L/COP321L/COP322L
Absolute Maximum Ratings

Voltage at Any Pin Relative to GND -0.5V to +10V
Ambient Operating Temperature —40°C to +85°C
Ambient Storage Temperature —-65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation
COP320L/COP321L 0.75 Watt at 25°C
0.4 Watt at 85°C
COP322L 0.65 Watt at 25°C
0.20 Watt at 85°C
Total Source Current 120mA
Total Sink Current 120mA

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 < T, < +85°C, 4.5V < V¢ < 7.5V unless otherwise noted.

1226d02112€d091028d09 “122rd00/112rd0D/102¥d0D

Parameter Conditions Min. Max. Units
Standard Operating Voltage (Vgg) Note 1 4.5 5.5 \'
Optional Operating Voltage (Vcg) 45 75 \
Power Supply Ripple peak to peak 0.5 \
Operating Supply Current all inputs and outputs open 1 mA
Input Voltage Levels ‘
CKl Input Levels
Crystal Input
Logic High (Viy) 2.2 \'
Logic Low (V)) -03 - 0.3 \'
Schmitt Trigger Input )
Logic High (V||.|) 0.7Vec \
Loaic Low (Vi) -0.3 0.4 \
RESET Input Levels Schmitt Trigger Input
Logic High 0.7Vee \
Logic Low ) -0.3 0.4 \
SO Input Level (Test mode) 2.2 2.5 \
All Other Inputs
Logic High Voc = Max. 3.0 \
Logic High : with TTL trip level options 2.2 . Vv
Logic Low selected, Voo =5V £5% -0.3 0.6 \'
Logic High with high trip level options 36 . )
Logic Low selected -0.3 1.2 Vv
Input Capacitance 7 pF {
Hi-Z Input Leakage -2 +2 kA
Output Voltage Levels
LSTTL Operation Vec=5V£5%
Logic High (Von) loy =—20pA 2.7 Y
Logic Low (Vo) lo =0.36mA 0.4 \
CMOS Operation
Logic High lOH =-10uA Voo -1 \
Logic Low loL =+10pA 0.2 \

Note 1: V¢c voltage change must be less than 0.5V in a 1ms period to maintain proper operation.
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COP320L/COP321L/COP322L

DC Electrical Characteristics (continued) ~40°C < T, < +85°C, 4.5V < Vo < 7.5V unless otherwise noted.

Parameter Conditions Min. Max. Units
QOutput Current Levels
Output Sink Current
SO and SK Outputs (o) Vee =75V, Vo =0.4V. 1.4 mA
Vec =55V, VoL =04V 1.0 mA
Voc =45V, VoL = 0'4V. 0.8 mA
Lo~ L7 Outputs and Standard Vec =75V, VgL =04V 0.6 mA
Go—Gs, Do-Dg Outputs ('OL) VCC =55V, Vo|_ =04V 05 ) mA
Vec=4.5V, Vo =04V 0.4 mA
Go-G3 and Dg-Dj3 Outputs with Voc =75V, VoL =1.0V 12 mA
High Current Options (Io.) Véc =55V, VoL =1.0V 9 mA
Voc =4.5V, VoL =1.0V 7 mA
G-Gj3 and Dg-Dj Outputs with Vec=7.5V, VoL =10V . 24 mA
Very High Current Options (lg.) Vee =55V, Vo =1.0V 18 mA
Voc =45V, Vo =1.0V 14 mA
CKI (Single-pin RC oscillator) Veg =45V, Vip=385V 2 mA
CKO Voo =4.5V, VoL =0.4V 0.2 mA
Output Source Current _
Standard Configuration, Vec=7.5V, oy =2.0V -100 -900 uA
All Outputs (Ion) Voo =5.5V, Vo =2.0V ~-55 -600 uA
VCC = 4.5V, VOH =2.0V —28 -350 ;JA
. Push-Pull Configuration Ve =7.5V, Vo =3.75V ~0.85 mA
SO and SK Outputs (loy) Vec =5.5V, Vo =2.0V -1.1 mA
Vec=4.5V, Vou = 1.0V -1.2 mA
LED Configuration, Lo-L7 Vec'=7.5V, oy =2.0V -1.4 =27 mA
Outputs, Low Current Vee =6.0V, Vo =2.0V -1.4 =17 mA
Driver Option (lop) Vec =5.5V, oy =2.0V -0.7 -15 mA
LED Configuration, Lo-L7 Voc =75V, oy =2.0V -2.7 -54 mA
Outputs, High Current Ve =6.0V, Voy =2.0V -2.7 -34 mA
Driver Option (lon) Vec =5.5V, Voy =2.0V -1.4 -30 mA
TRI-STATE® Configuration, Voc = 7.5V, oy =4.0V -0.7 mA
Lo-L7 Outputs, Low Voc=5.5V, oy =2.7V -0.6 mA
Current Driver Option (Ipy) " Vg =4.5V, Vouy =15V -0.9 mA
TRI-STATE® Configuration, Voo =75V, Vo =4.0V -1.4 mA
Lo-L7 Outputs, High Vec = 5.5V, oy =2.7V -1.2 mA
Current Driver Option (lgR) Voc =45V, Vo =15V -1.8 mA
Input Load Source Current Vec=5.0V, V| =0V -10 -200 uA
CKO Output
RAM Power Supply Option
Power Requirement Vg=3.3V 4.0 mA
TRI-STATE® Output Leakage
Current ' -5 +5 uA
Total Sink Current Allowed
All Outputs Combined 120 mA
D, G Ports 120 mA
L7-L4 4 mA
L3—LQ 4 mA
All Other Pins 1.5 mA
Total Source Current Allowed .
All 1/0 Combined 120 mA
Lz-Lg 60 mA
La-Lo 60 mA
Each L Pin 30 mA
All Other Pins 1.5 mA
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(o}
AC Electrical Characteristics %
COP420L/COP421L/COP422L: 0°C < Ty < 70°C, 4.5V < V¢ < 9.5V unless otherwise noted. s
COP320L/COP321L/COP322L: —40°C < Tp < +85°C, 4.5V < V¢ < 7.5V unless otherwise noted. o
Parameter Conditions Min. Max. Units (:j
Instruction Cycle Time — t¢ 15 40 us %
CKI S
Input Frequency — f, +32 mode 0.8 2.1 MHz =
+16 mode 0.4 10 MHz 5
+8 mode 0.2 0.5 MHz o
+4 mode 0.1 0.26 MHz o
Duty Cycle 30 60 % F Y
Rise Time f,=2MHz 120 ns N
Fall Time 80 ns r
CKl Using RC (+4) R=56kQ+5% 0
, C=100pF +10% , (@]
Instruction Cycle Time 15 28 us 3
CKO as SYNC Input 8
tsync : 400 ns [
INPUTS: 8
IN3-1Ng, G3-Go, L7-Lo 0
tseTup 8.0 us @
tHoLD 1.3 HS B
sI ‘ c
tseTup 2.0 us (o]
tHoLo 1.0 us g
OUTPUT PROPAGATION DELAY Test condition: C'g
C_=50pF, R =20kQ, Vour =1.5V N
S0, SK Outputs " r
tpdts todo - v - 40 s
All Other Outputs
tpd1, tde ' 5.6 us
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COP420L/COP421L/COP422L, COP320L/COP321L/COP322L

GND— 1 28 p——D0 GND—1 24 p—=D0 CKO ~— 1 20 }— GND

cKko— 2 27 f—n1 cko—2 23 p—n1

CKlmmd 3 26 }=——D2 CKI=~— 3 22—12 _BKI—- 2 19 p— D2

RESET—] 4 25 =03 RESET— 4 21 f—D3 RESET —1 3 18— D3

L7—5 uf—s 1745 2063 17— 4 17}—63
L6=——1 6 23 G2 L6=6 coraziL/ 19 =62 ' L6—]5 COPA22L/ 151 g
=17 comat/ 22f—61 ts—]7 COPRIL  jgfgy s O Ll o«
La—dg COPI20L 5L __gp P L] 17 =G0

INt—] 9 20—z vee—]9 16 5K v B
IN2—1 10 19 f=—1INO L3—q 10 15 f—50 Vce—8 B3

vee— 11 18 sk L2—{1 up—s 13—9 1210
13— 12 17 f=—s0 11— 12 13 f=—L0 2~ nl—u
12— 13 18—S!

L1—q 14 15[~—L0

Order Number COP420L/N, COP320L/N Order Number COP421L/N, COP321L/N Order Number COP422L/N, COP322L/N

Pin
Lr-Lo

G3-Go
D3-Do
INg-INg
Sl

SO

NS Package N28A NS Package N24A . NS Package N20A

Figure 2. Connection Diagrams

Description Pin Description
8 bidirectional 1/0 ports with SK Logic-controlled clock (or general
TRI-STATE® purpose output)
4 bidirectional 1/0 ports CKI System oscillator input
4 general purpose outputs CKO System oscillator output (or general
4 general purpose inputs (COP420L only) }g‘;ﬁgﬁ?‘:ﬁ;ﬂ’ RAM power supply or
Serial input (or counter input) RESET System reset input
$erial output (or general purpose output) Veo Power supply
GND Ground
’4—_ INSTRUCTION CYCLE TIME (tg) ——|
SK(ASA
CcLOCK
IN3-INg,
G3-Gg, L7-Lg, T
CKO& S| =
INPUTS
G3-Gg, D3-0g,
L7-Lg, S0, SK
OUTPUTS

CKI

CKo
(INPUT)

Figure 3a. Synchronization Timing
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Functional Description

For ease of reading this description, only COP420L and/
or COP421L are referenced; however, all such references
apply 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 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 1,024 byte ROM. As can
be seen by an examination of the COP420L/421L in-
struction set, these words may be program instructions,
program data or ROM addressing data. Because of the
special characteristics associated with the JP, JSRP,
JID and LQID instructions, 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 regis-
ter. lts 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 in-
struction is a transfer of control instruction, the PC
register is loaded with the next sequential 10-bit binary
count value. Three levels of subroutine 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 exe-
cuted by the Instruction Decode, Control and Skip Logic
circuitry.

Data Memory

Data memory consists of a 256-bit RAM, organized as 4
aata registers or 10 4-DIt aIgits. rAlvi aaaressing 1s im-
plemented 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 instruc-
tions 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 des-
tination 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 func-
tions of the COP420/421L, storing its results in A. It also
outputs a carry bit to the 1-bit C 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 reg-
ister description, 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 muitiplexed LED display.

The G register contents are outputs to 4 general-purpose
bidirectional 1/0 ports. G I/O ports can be directly
connected to the digits of a multiplexed LED display.

The Qregister 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/O
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 I/0 ports. Also, the contents of L
may be read directly into A and M. L I/O ports 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 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 descrip-
tion, below.) Its contents can be exchanged with A, al-
lowing it to input or output a continuous serial data
stream. SIO may also be used to provide additional
parallel I/0O 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, SKis the output of SKL; in the shift regis-
ter mode, SK outputs SKL ANDed with the clock.

The EN register is an internal 4-bit register loaded under
program contol by the LEIl 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, ENy,
selects 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 “07)
occurring on the Slinput. 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 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 ENy set the IN4 input is enabled as an interrupt
input. Immediately following an interrupt, ENy 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
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the L drivers, placing the L I/O ports in a high-
impedance input state.

4 .ENg, in conjunction with ENy, 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 ENj
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 ENg

COP420L/COP421L/COP422L, COP320L/COP321L/ICOP322L

ENg ENg Slo Sl SO SK
0 0 Shift Register Input to Shift Regi_ster 0 If SKL = 1, SK = Clock
If SKL = 0,SK = 0
1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = Clock
If SKL = 0,SK = 0
0 1 Binary Counter Input to Binary Counter 0 If SKL = 1,8K = 1
If SKL = 0,SK = 0
1 B Binary Counter Input to Binary Counter 1 IfSKL = 1,8K = 1
If SKL = 0,SK = 0
Interrupt

The following features are associated with the INy
interrupt procedure and protocol and must be consid-
ered by the programmer 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 contents 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 fol-
lowing conditions are met:
1. ENy has been set.

2. Alow-going pulse (“1” to “‘0") at least two instruc-
tion cycles wide occurs on the IN4 input.

3. A currently executing instruction has been com-
pleted.

4. All successive transfer of control instructions and
successive 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 instruction 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 execution 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 con-
trol 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. Sub-
routines 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 1ms
and greater than 1us. If the power supply rise time is
greater than 1ms, 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 'initialvization, the PC register is cleared to 0 (ROM

.address 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 address 0 must be a CLRA.

vee
COPA20L/421L
RESET

+
o AAAJ

~ GND
1

RC > 5x POWER SUPPLY RISE TIME

<rTVTCY IMEOT

|
IJI

Power-Up Clear Circuit
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Oscillator

There are four basic clock oscillator configurations
available as shown by Figure 4.

a. Crystal Controlled Oscillator. CKl and CKO are con-
nected to an external crystal. The instruction cycle
time equals the crystal frequency divided by 32 (op-
tional by 16 or 8).

b. External Oscillator. CKl is an external clock input
signal. The external frequency is divided by 32 (option-
al 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, or as a SYNC input.

c. RC Controlled Oscillator. CKI is configured as a
single pin RC controlled Schmitt trigger oscillator.
The instruction cycle equals the oscillation frequen-
cy divided by 4. CKO is available as the RAM power
supply (Vg) or as a general purpose input.

d. Externally Synchronized Oscillator. Intended for use
in multi-COP systems, CKO is programmed to function
as an input connected to the SK output of another
COP chip operating at the same frequency (COP chip
with L or C suffix) with CKI connected as shown. In
this configuration, the SK output connected to CKO
must provide a SYNC (instruction cycle) signal to
CKO, thereby allowing synchronous data transfer be-
tween the COPs using only the S| and SO serial I/O
pins in conjunction with the XAS instruction. Note
that on power-up SK is automatically enabled as a

CKI CKO

1

R1

R2
c2 c1

o

||H

CKI CKO

bt

(VR OR GENERAL I
PURPOSE INPUT -
OR SYNC PIN)

vee

(VR OR GENERAL
PURPOSE INPUT
PIN)

EXTERNAL
CLOCK

Crystal Oscillator

Crystal Component Values

Value R1(Q) | R2(Q) | c1(pF) | C2(pF)

455kHz 47k 1M 220 220
2.097 MHz 1k M 30 6-36

SYNC output (See Functional Description, Initializa-
tion, above).

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 SYNC input as described above. As another option
CKO can be a general purpose input, read into bit 2of A
(accumulator) upon execution of an INIL instruction. As
another option, CKO can be a RAM power supply pin (VR),
allowing its connection to a standby/backup power sup-
ply 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 appro-
priate in applications where the COP420L/421L system
timing configuration does not require 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 (Voc) and maintain
data in the RAM. To insure that RAM data integrity is
maintained, the following conditions must be met:

1. RESET must go low before Vgc goes below spec dur-
ing power-off; Vcc must be within spec before RESET
goes high on power-up. .

2. During normal operation Vg must be within the oper-
ating range of the chip, with (Voo —1) < VR < Vge.

3. Vg must be > 3.3V with V¢ off.

- | T |

CKI CKo CKI CKo
—
COPa20L/a21L d COoP420/421L
SO Sl
S S0

RC Controlled Oscillator

Instruction
Cycle Time
R (kQ) C (pF) (us)
51 100 19+15%
82 56 19+13%

Note: 200k > R > 25k
360pF > C>50pF

Figure 4. COP420/421L Oscillator
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COP420L/COP421L/COP422L, COP320L/COP321L/COP322L

110 Options

COP420L/421L outputs have the following optional con-
figurations, illustrated in Figure 5:

a. Standard — an enhancement mode device to ground
in conjunction with a depletion-mode device to Vcg,
compatible with LSTTL and CMOS input require-
ments. Available 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.

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 configu-
ration 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. Avail-
able on L outputs only.

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

f. LED Direct Drive — an enhancement-mode device to
ground and to Vgg, 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 segment blanking for a
multiplexed display. Available on L outputs only.

g. TRI-STATE® Push-Pull — an enhancement-mode
device to ground and Vgc. These outputs are TRI-
STATE outputs, 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
configurations: |
h. An on-chip depletion load device to Vgc.

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

The above input and output configurations share com-
mon enhancement-mode and depletion-mode devices.
Specifically, all configurations use one or more of six
devices (numbered 1-6, respectively). Minimum and
maximum current (loyr and Voyt) 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 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 outputs should be set to “1”. The L outputs
can be configured as in d., e., f. or g.

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 deple-
tion device cannot be relied on to source sufficient cur-
rent 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
Connection Diagrams. Note that the COP421L does not
contain the four general purpose IN inputs (IN3=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,
Gp, and Gy. COP422L also does not allow RAM power
supply input as a valid CKO pin option.
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Figure 6. COP420/COP421L/ICOP422L Input/Output Characteristics
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Figure 7. COP320L/COP321L/COP322L Input/Output Characteristics
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COP420LICOP421L Instruction Set

Table 1 is a symbol table providing internal architecture, Table 2 provides the mnemonic, operand, machine code,
instruction operand and operational symbols used in data flow, skip conditions, and description associated

the instruction set table.

Symbol

with each instruction in the COP420L/421L instruction
set. -

Table 1. COP420L/421L Instruction Set Table Symbols

Definition

Symbol Definition

INTERNAL ARCHITECTURE SYMBOLS

INSTRUCTION OPERAND SYMBOLS

COP420L/COP421L/ICOP422L, COP320L/COP321 L/COP322L

A
B
Br

PC

SA
SB
SC
SIo
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 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 1/0 Port

4-bit contents of RAM Memory pointed to by
B Register

10-bit ROM Address Register (program
counter)

8-bit Register to latch data for L 1/0 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

Ce >y

d 4-bit Operand Field, 0-15 binary (RAM Digit
Select)

r 2-bit Operand Field, 0-3 binary (RAM
Register Select)

a 10-bit Operand Field, 0-1023 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

The ones complement of A
Exclusive-OR

Range of values

()
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Table 2. COP420L/421L Instruction Set

Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
ARITHMETIC INSTRUCTIONS
ASC 30 [0 011/0000 A+C+RAM(B) = A Carry Add with Carry, Skip on
Carry = C Carry
ADD 31 |0 01 1|0 001 A+RAM(B) = A None Add RAM to A
ADT 4A 0100|1010 A+1010—~ A None Add Ten to A
AISC 5- 0101] vy A+y—A Carry Add Immediate, Skip on
Carry (y # 0)
CASC 10 |000 1[0000 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 |01 oojoooo A—A None Ones complement of A to A
NOP 44 |0 10 olo 100 None None No Operation
RC 32 0011[0010 “0"—=C None Reset C
SC 22 |0010|0010 “" ->C None Set C
XOR 02 0000|0010 A @ RAM(B) = A None Exclusive-OR RAM with A
TRANSFER OF CONTROL INSTRUCTIONS
JID FF l1 11 1|1 11 1] ROM (PCg.g, A,M) = PC7.0 None Jump Indirect (Note 3)
JMP 6- |01 1 OIOO ag.g a—PC None Jump
- I az.0
JP - 11‘ ag:0 a— PCg:0 None Jump within Page (Note 4)
(pages 2,3 only)
or
- 111 asn | a— PCs.n
(all other pages)
JSRP -- 10 asp PC+1—+SA—>SB—~SC None Jump to Subroutine Page
0010 —~ PCg:g (Note 5)
a— PCsq
JSR 6- 0110]10]agg PC+1—+SA—>SB—~SC None Jump to Subroutine
a—PC
= ar.o
RET 48 0100|1000 SC—+SB—+SA—-PC None Return from Subroutine
RETSK 49 |01 00[1001 SC —+SB—+SA —PC Always Skip on Return Return from Subroutine

then Skip

2-79

122£d02/112€d02/102€d0D “122¥d0/1 k2vd0Jr102yd0d



COP420L/ICOP421L/ICOP422L, COP320L/COP321L/COP322L

COP420L/421L Instruction Set (continued)

Table 2.
~ Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 |001 1]001 1' A— Q74 None Copy A, RAM to Q
ac  [oot1[i100]  RAMEB)= Q30
CQMA 33 |001 10011 Q7.4 — RAM(B) None Copy Q to RAM, A
2 [poto[tio0]  G30~A
LD r -5 ldo rjo101 RAM(B) —~ A Noné Load RAM into A,
Brer-Br Exclusive-OR Br with r
LDD rd 23 . |001 0j001 1' RAM(r,d) —» A None Load A with RAM pointed
- IO 0] r ! d | to directly by r,d
LQID BF |1 01 1|1 11 1| ROM(PCg.g,A,M) =~ Q None Load Q Indirect (Note 3)
SB — SC :
RMB 0 4C 0100]|1100 0 - RAM(B)g None Reset RAM Bit
1 45 |0 10 O|0 10 1’ 0 — RAM(B)4
2 42 lo100j0010] 0 -+ RAM(B)2
3 43 0100j0011 0 -+ RAM(B)3
SMB 0 4D IO 1 00!1 10 1! 1 - RAM(B)o None Set RAM Bit
1 47 l0100|1 101' 1 - RAM(B){
2 46 l01000110| 1 - RAM(B)2
3 4B |01 00|1 011 1 -~ RAM(B)3
ST 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
- XAD rd 23 0010]001 1| RAM(r,d) < A None Exchange A with RAM
pointed to directly by r,d
- 10] r | d |
. XDS r -7 00| rjo111 RAM(B) < A Bd decrements past 0 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 Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 |01 0 1|0000| A — Bd None Copy A to Bd
CBA 4E |01 00]1 11 Ol Bd—~ A None Copy Bd to A
LBI rd -- 00| r |(d - 1)| rd—>B Skip until not a LBI Load B Immediate with r,d
(d=0, 9:15) (Note 6)
or
33 |0011|0011l
- |1 0| r] d
(any d)
LEI y 33 0011[0011 y > EN None Load EN Immediate (Note 7)
6- 0110 y |
XABR 12 0001|0010 A < Br (0,0 ~ A3,A2) None Exchange A with Br
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Table 2. COP420L/421L Instruction Set (continued)

Machine
Hex Language Code .
Mnemonic Operand Code Binary) Data Flow Skip Conditions Description

TEST INSTRUCTIONS

SKC 20 0010[0000 C="1" Skip if Cis True

SKE 21 0010[{000 1| A =RAM(B) Skip if A Equals RAM

SKGZ 33 0011[001 1! Gg3.0=0 Skip if G is Zero (all 4 bits)
21 [001 0{0001

SKGBZ - 33 00110011 1st byte Skip if G Bit is Zero

0 01 [00000001 : Gp=0

1 11 0001[0001 G1=0
2nd byte

2 03 |00000011 Go=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 0001j0011| RAM(B)3=0

SKT a1 0100[/0001 A time-base counter Skip on Timer (Note 3)
. carry has occurred
since last test

INPUT/OUTPUT INSTRUCTIONS

ING 33 0011[0011 G—A None Input G Ports to A
2A 00101010
ININ 33 0011/0011 IN— A None Input IN Inputs to A (Note 2)
28 0010/1000
INIL 33 0011001 11 IL3, CKO, “0”, ILg — A None Input IL Latches to A
29 0010[1001 (Note 3)
INL .33 001 1[001 1[ L7.4 = RAM(B) None Input L Ports to RAM,A
zZ Cil g o
OoBD 33 0011[0011 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
OoMG 33 0011j0011| 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 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 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 fn 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, 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 LBl instruction should equal 15 (11119).

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.)
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COP420L/COP421L/ICOP422L, COP320L/COP321L/COP322L

~

The following information is provided to assist the user
in understanding the operation of several unique in-
structions and to provide notes useful to programmers
in writing COP420L/421L programs.

XAS Instruction

XAS (Exchange A with SIO) exchanges the 4-bit contents
of the accumulator with the 4-bit contents of the SIO reg-
ister. The contents of SIO will contain serial-in/seriai-out
shift register or binary counter data, depending on the
value of the EN register. An XAS instruction will also
affect the SK output. (See Functional Description, EN
Register, above.) If SIO is selected as a shift register, an
XAS instruction must be performed once every 4 in-
struction 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, PCgg, A, M. 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, ILz 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 in-
struction times. Execution of an INIL inputs IL3 and iLg
into A3 and AO respectively, and resets these latches to
allow them to respond 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. A “0” is always placed in A1 upon the
execution of an INIL. The general purpose inputs IN3g-1Ng
are input to A upon execution of an ININ instruction. (See
Table 2, 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. 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 conver-
sion 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) = PCgy, 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 execution.
Since LQID pushes SB — SC, the previous contents of SC
are lost. Also, when LQID pops the stack, the previously
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.

COP420L/421L

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 pro-
vides 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 associ-
ated with this instruction, therefore, allow the COP420L/
421L to generate its own time-base for real-time proces-
sing 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 fre-
quency will be 65kHz (crystal frequency +32) and the
binary counter output pulse frequency will be 64Hz. 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
~ address 0) must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, one
instruction 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 exe-
cuted. JID and LQID instructions take 2 cycles if exe-
cuted 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 /0O components using little or no external circuitry.

Option 1=0: Ground Pin — no options available

Optlon 2: CKO Output
=0: clock generator output to crystal/resonator
(0 not allowable value if Option 3=23)
=1: pin is RAM power supply (Vg) input (not
available on the COP422L)
=2: general purpose input with load device to Vg
=3: general purpose input, Hi-Z
=4: multi-COP SYNC input (CKI + 32, CKIl + 16)
=5: multi-COP SYNC input (CKI + 8)
Option 3: CKI Input
=0: oscillator input divided by 32 (2MHz max.)
=1: oscillator input divided by 16 (1MHz 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 Vg
=1: Hi-Z input
Optlon 5: L7 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
=56: 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: IN¢ Input
=0: load device to Vg¢
=1 Hi-Zinput
Option 10: IN7 Input
same as Option 9
Option 11: Vg pin
=0: Standard Vgc
=1: Optional higher voltage Vcc
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: Sl 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
Opt|on 21: Gg l/O 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 /O Port
same as Option 21
Option 23: G, /0 Port
same as Option 21
Option 24: Gg /O Port
same as Option 21
Option 25: D3 Output
same as Option 21
Option 26: D, Output
same as Option 21
Option 27: D4 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)
COP421L (24-pin device)
28- and 24-pin versions
COP422L (20-pin device)
28- and 20-pin versions
24- and 20-pin versions
28-, 24-, and 20-pin versions
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COP420L/COP421L/ICOP422L, COP320L/COP321L/ICOP322L

TEST MODE (Non-Standard Operation)

"The SO output has been configured to provide for

standard test procedures for the custom-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 (Sl =1)

b. ROM Test Mode (Sl =0)

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

APPLICATION #1: COP420L General Controller

Figure 9 shows an interconnect diagram for a COP420L
used as a general controller. Operation of the system is
as follows:

1. The Ly-Ly outputs are configured as LED Direct
Drive outputs, allowing direct connection to the seg-
ments of the display.

—Pp—4 v

0
3 NICAD

saTTERIES | VCC vee

b

<

L 3
= b—>-| ci1

-~
GND GND

—

copa20L .

4 GENERAL %o
/o :
63

EVENT
COUNTER s 5§
INPUT

SK

Lo

L7

Dy
D1

D3

INp
N
IN2
IN3

. The D3- Dg outputs drive the digits of the multiplexed

display directly and scan the columns of the 4x 4
keyboard matrix.

. 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 detec-
tion, debouncing, and decoding of any one of the 16
keyswitches.

. CKl is configured as a single-pin oscillator input al-

lowing system timing to be controlled by a single-pin
RC network. 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).

. 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.

. The 4 bidirectional G 1/0 ports (G3~-Gp) are available

for use as required by the user’s application.

4-DIGIT
LED DISPLAY
.

4x4 .
KEYSWITCH
MATRIX

AR N
RN a RS
T A I
T e

T

L

*$0, S1, SK MAY ALSO BE USED FOR SERIAL I/0

2 GENERAL OUTPUTS

Figure 9. COP420L Keyboard/Display Interface
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APPLICATION #2:

Digitally Tuned Radio Controller and Clock

G0
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Keyboard Matrix Configuration
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Figure 10. Digital Tuning System Block
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COP420L/COP421L/ICOP422L, COP320L/COP321L/ICOP322L

Functional Description
Logic 1/0s.

CKI Input: This input accepts an external 500kHz signal,
divides it by eight and outputs the quotient at the CLK
output as the system clock.

RST Input: Schmitt trigger input to clear device upon

~ initialization.

SDT Input: Interrupt input for station detection. The SDT
signal is generated by the radio’s station detector and
used by the COP420L-HSB 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 dis-
able alarm function.

DATA Output: Push-pull output providing serial data to
external devices.. )

CLK Output: Push-pull output providing system clock at

-data transmitting time.

50Hz Input: A normally high input to accept a 50Hz
external time base for real-time calculation.

Momentary Keys Descriptibn

MEM 1-MEM 10: Each memory represents data of a fav-
orite 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 nec-
essary. Memory recall keys can also turn on the radio.

UP: This key will manually increment receiving fre-
quency. 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
frequency 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 destroyed.

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 display in single display mode.

SEARCH: Activates station searching in the current
band. Search speed is 50ms per frequency step with
wrapping 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 direc-
tion 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 turnon
the radio and vice versa. Must be connected to use mom-
entary OFF key.

STRAP 1, 2: Selects the AM IF options.
STRAP 2: 12/24-hour clock select.
STRAP 4: 3/5kHz AM step size select.
STRAP 5, 6: FM IF offsets select.

STRAP 0 STRAP 3 STRAP 4
Connected Radio ON 12 hour 5kHz step
Open Radio OFF 24 hour 3kHz step
AM/FM IF Options:

AM STRAP 1 STRAP 2

455kHz X X

460kHz X ‘ P

450kHz P X

260kHz v v
FM STRAP 5 STRAP 6

10.7 MHz X X

10.75MHz X P

10.65MHz v X

10.8 MHz v v

X = No connection.
+ = Dioded inserted.

Indirect Features and Options

As indicated in Figure 10, there are a few options and
indirect features provided via the help of a slave device,
namely the Phase Lock Loop, DS8906N.

Display Options

As mentioned above, the COP420L-HSB is MICRO-
WIRE® compatible. Internal circuitry enables it to direct-
ly interface with all of National’s serial input MICRO-
WIRE compatible display drivers whether they are of a
direct drive or multiplex drive format. On Figure 10 is 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 informa-
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tion and the other showing frequency information.
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, when-
ever a tuning function is completed, the frequency infor-
mation 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-
HSB 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.

50kHz IND: For driving the 50kHz 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
indicator. 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.

Go G2 Gt 63
Gp G2 G1 G3 wem ag
ON/OFF
L SCAN )
MEM MEM
Lo —SCAN STORE OFF
0 DOWN
L
Ly DOWN HALT
1 L2 up AM/FM|  STRAP 1
I.z v Ly A/ winAr 1
AM
L 5 10 STRAP 2
FM ‘VAV‘V
L 4 9 SLEEP| STRAP 3| (12/24 HOUR SELECT)
4 5/10 STRAP 2
L3
3 8] ALARM| STRAP 4 (AM STEP 5k/3k SELECT)
s L L/9 STRAP 3| (12/24 HOUR SELECT)
4
L 2 7 HOUR| STRAP S5
§ s 3/8 STRAP 4| (AM-5k/3k STEP SELECT)
L 1 6 MIN| STRAP6
7 2/1 HOUR| sTRAP S
L6
22 KEYS
1/6 MIN| STRAP 6
L7
11 KEYS
Desk Top DTR Keyboard Car DTR Keyboard
~ Figure 11.
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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
members of the COPS™ family, fabricated using N-
channel, silicon gate MOS technology. These are com-
plete microcontrollers with all system timing, internal
logic, ROM, RAM, and I/O necessary to implement dedi-
cated 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 key-
board 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/O 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°Cto +85°C). Standard
test procedures and reliable high-density fabrication
techniques provide the medium to large volume cus-
tomers with a customized controller oriented processor
at a low end-product cost.

Features

Enhanced, more powerful instruction set

2k X 8 ROM, 160 x 4 RAM

35 1/0 lines (COP440)

Zero-crossing detect circuitry with hysteresis
True multi-vectored interrupt from 4 selectable
sources (plus restart)

Four-level subroutine stack (in RAM)

4us cycle time

Single supply operation (4.5V-6.3V)
Programmable time-base counter

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

General purpose and TRI-STATE® outputs
TTL/CMOS compatible in and out

LED drive capability

MICROBUS™ compatible

Software/hardware compatible with other members
of the COP400 family

Extended temperature range devices COP340,
COP341, COP342 (—40°C to +85°C)

B Compatible dual CPU device available (COP2440
series)

COPS, MICROBUS, and MICROWIRE are trademarks of National Semiconductor Corp.

TRI-STATE is a registered trademark of National Semiconductor Corp.
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Figure 1. COP440 Block Diagram
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COP440/COP441/COP442
Absolute Maximum Ratings

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°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation 0.75 Watt at 25°C

0.4 Watt at 70°C
Total Source Current 150mA
Total Sink Current ) 75mA

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 < T, < +70°C, 4.5V < V¢ < 6.3V unless otherwise noted.

Parameter Conditions Min. Max. Units
Operating Voltage (Vcc) Note 3 4.5 6.3 Vv
Power Supply Ripple (peak to peak) 0.4 Vv
Operating Supply Current (All inputs and outputs open)
Ta=0°C 41 mA
Ta=25°C 35 mA
To=70°C 27 mA
Input Voltage Levels
CKl Input Levels
Crystal Input (+16, +8)
Logic High (Vi) Vee =Max. 25 \
Logic High (Vin) Vec=5V+5% 2.0 \"
Logic Low (V)) -0.3 0.4 \
Schmitt Trigger Input (+4)
Logic High (Vin) 0.7Vee Vv
Logic Low (V) -0.3 0.6 v
RESET Input Levels (Schmitt Triaaer Inout)
Logic High 0.7Vee \
Logic Low ; -0.3 0.6 \
Zero-Crossing Detect Input See Figure 7
Trip Point -0.15 0.15 \
Logic High (Vi) Limit 12 \"
Logic Low (V)) Limit -0.8 \"
SO Input Level (Test Mode) 2.0 25 \
All Other Inputs
Logic High Vec =Max. 25 Vv
Logic High Vec=5Vx5% 2.0 \
Logic Low -0.3 0.8 \
Input Levels High Trip Option
Logic High 3.6 \"
Logic Low -0.3 1.2 \
Input Capacitance 7.0 pF
Hi-Z Input Leakage -1.0 +1.0 uA

Note 1: Duty Cycle =ty/(tw + two)-

Note 2: See Figure for additional /0O Characteristics.
Note 3: Vg voltage change must be less than 0.5V in a 1ms 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.
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COP440/COP441/COP442, COP340/COP341/COP342

COP440/COP441/COP442
DC Electrical Characteristics (conta)
Parameter Conditions Min. Max. Units
Output Voltage Levels
Standard Output
TTL Operation
Logic High (Von) loy =—100pA 2.4 '
Logic Low (Vo) loo=1.6mA 0.4 v
CMOS Operation
Logic High (Von) lon =—10pA Vcc—-0.4 \
Logic Low (Vo) loL=10kA 0.2 \
Output Current Levels
Standard Output Source Current Vec =45V, Vo =2.4V =100 -650 uA
LED Direct Drive Output Vec =6V
Logic High (lon) } Von =2V -2.5 -17 mA
TRI-STATE® Output Leakage Current -25 +2.5 uA
CKO Output
Oscillator Output Option
Logic High Von =2V -0.2 mA
Logic Low VoL=0.4V 0.4 mA
Vr RAM Power Supply Option
Supply current Vg=3.3V 3.0 mA
CKI Sink Current (RC Option) Vi =3.5V, Vgc =4.5V 20 mA
Input Current Levels
Zero-Crossing Detect Input
Resistance Vigp=1.0V . 1.5 4.6 kQ
Input Load Source Current Vig=2.0V, Vgc =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
SO, SK 2.5 mA
Total Source Current Allowed '
All /O Combined 150 mA
L Port 120 mA
Ly-Ly 70 mA
La-Lo 70 mA
Each L Pin 23 mA
All Other Output Pins 1.6 mA
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COP340/COP341/COP342
Absolute Maximum Ratings

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 —40°C to +85°C
Ambient Storage Temperature —65°C to +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 150 mA
Total Sink Current 75mA

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 < Ta < +85°C, 4.5V < Vg < 5.5V unless otherwise noted.

Parameter Conditions Min. Max. Units
Operating Voltage (Vcc) 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
CKI Input Levels
Crystal Input (+16, +8)
Logic High (Viy) 2.2 Vv
Logic Low (V) -0.3 0.3 \
Schmitt Trigger Input (+4)
Logic High (Vi) 0.7Vee Vv
Logic Low (Vy) -0.3 0.4 \
RESET Input Levels (Schmitt Trigger Input)
LOUYIL Myt [VAR7e%) v
Logic Low -0.3 0.4 \
Zero-Crossing Detect Input See Figure 7
Trip Point -0.15 0.15 \
Logic High (Vi) Limit 12 \
Logic Low (V).) Limit -0.8 \
SO Input Level (Test Mode) 2.2 2.4 \
All Other Inputs
Logic High 2.2 \
Logic Low -0.3 0.6 \
Input Levels High Trip Option
Logic High 3.6 \
Logic Low -0.3 1.2 \
Input Capacitance 7.0 pF
Hi-Z Input Leakage -2.0 +2.0 uA
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COP440/COP441/COP442, COP340/COP341/COP342

COP340/COP341/COP342
DC Electrical Characteristics (cont'q)
Parameter Conditions Min. Max. Units
Output Voltage Levels
Standard Output
TTL Operation
Logic High (Vor) loy =—100uA 2.4 \'
Logic Low (Vo) lor=16mA_ 0.4 Vv
CMOS Operation
Logic High (VoR) loy =—10pA Vec—0.5 \
Logic Low (Vo) loL=10uA 0.2 \'
Output Current Levels
Standard Output Source Current Vcc =45V, Vo =2.4V -100 —800 uA
LED Direct Drive Output Vcec =5V (Note 4)

Logic High (lon) Von =2V -1.5 -15 mA
TRI-STATE® Output Leakage Current ' -5.0 +5.0 HA
CKO Output .

Oscillator Output Option
Logic High Vo =2V -0.2 mA
Logic Low VoL=0.4V 0.4 mA
Vg RAM Power Supply Option
Supply current VR=3.3V 4.0 mA
CKI Sink Current (RC Option) Vecc =45V, Viy=3.5V 2.0 mA
Input Current Levels
. Zero-Crossing Detect Input
Resistance Vig=1.0V 1.4 46 kQ
Input Load Source Current Vi =2.0V, Vgc =4.5V 14 280 KA
Total Sink Current Allowed
All /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 - K
All /O 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




: (@]
AC Electrical Characteristics %
COP440/COP441/COP442: 0°C < Ta < +70°C, 4.5V < Vg < 6.3V unless otherwise noted. t
COP340/COP341/COP342: —40°C < Tp < +85°C, 4.5V < V¢ < 5.5V unless otherwise noted. o
- 3
Parameter Conditions Min. Max. Units 8
Instruction Cycle Time — tg 4.0 10 us -.E
CKI Frequency +16 mode 1.6 4.0 MHz ﬂ
+8 mode 0.8 2.0 MHz -
+4 mode 0.4 1.0 MHz Q
Duty Cycle (Note 1) f, = 4MHz 30 60 % %
Rise Time fi=4MHz external clock 60 ns B
Fall Time fi = 4MHz external clock 40 ns S
CKI Using RC (Figure Sc) +4 mode -
Frequency R=15kQ +5%, C=100pF = 10% 0.5 1.0 MHz (@)
Instruction Execution Time — tg 4.0 8.0 us %
INPUTS: (Figure 4) (78]
=Y
Sl f=)
tsetup : 0.3 s o
tHoLp 300 ns le)
All Other Inputs O
tserup : 1.7 us g |
tHoLp 300 ns = |
OUTPUT PROPAGATION DELAY Test Condition: Q
CL=50pF, Vour=1.5V %
CKO (]
tpdts tpdo Crystal Input 0.17 us %
tpd1s tpdo Schmitt Trigger Input 0.3 us
SO, SK
tpd1y tde R =2.4kQ 1.0 HS ‘
All Other Outputs RL=5.0kQ 1.4 us
MICROBUS™ TIMING CL=100pF, Voc =5V 5%
Read Operation (Figure 2a) TRI-STATE® outputs
Chip Select Stable Before RD—tcgg 65 ns
Chip Select Hold Time for RD—tgcs 20 ns
RD Pulse Width—tgg 400 ns
Data Delay from RD—tgp 375 ns |
RD to Data Floating—tpg cou )
*Write Operation (Figure 2b) o
Chip Select Stable Before WR—tcsw 65 ns
Chip Select Hold Time for WR—twcs 20 ns
WR Pulse Width—twy 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
{
|=—tesw v wes—| .
{INg) [ Ng) T L
1 tRCS —] [« oW —>]
Ny "o 4 (IN3) WA \ _
= 1CSR —{<— tRD—| <——mr-———, —| wo ]‘—
R — | — (L7-Lg) D7-Dp x
[ w1
(Gg)  INTR 1
Figure 2a. MICROBUSTM Read Operation Timing Figure 2b. MICROBUS Write Operation Timing




COP440/COP441/COP442, COP340/COP341/COP342

u—1 40— Ve
L—2 39 f— L2
sl—3 38— 13
NE K 37 %—-INZ
SK—15 36 f— IN1 GND — 1 28 — DO
IN0— 6 35 L4 CKO — 2 27— GND —{ 1 24 [— D0
IN3— 7 M —15 CKl — 3 26 [— D2 CK0 — 2 23 p— D1
60— 8 33— L6 RESET —{ 4 25— 03 oKl — 3 22 |— D2
G1——9 R 7 5 24— 63 RESET —j 4 21 —D3
o B %%wo/ o e COP441/ @ i COP4 A
i M ! e M O e
5—7 18 |— G1
H1ﬁ 13 28— R3 INt — 9 20 [— IN3 uj 8 17 |— GO
H2=—1 14 21— R4 IN2 — 10 19 [— INO vee — 9 16 — SK
W3 — 15 26— R5 Voo — 11 18 f— sk 13— 10 15 |— so
::—' 16 25 — Rs 13 — 12 17 p— S0 LZ]H 14 |—si
— 17 24 — R7 —] -
| i R R ]
00 — 19 22 f— CKI
GND — 20 / 2 CKO

Order Number COP440N, COP340N Order Number COP441N, COP341N Order Number COP442N, COP342N
NS Package N40A NS Package N28A NS Package N24A

Figure 3. Connection Diagrams

Pin Description ) Pin Description
L-Lo 8-bit bidirectional I/0 port with CKI System oscillator input
TRI-STATE® CKO System oscillator output (or general
G3-Go 4-bit bidirectional /0 port ) purpose input or RAM power supply)
D3-Dg 4-bit general purpose output port RESET System reset input
IN3-INg 4-bit general purpose input port (not Vece Power supply
available on COP442/COP342) GND Ground
SI Serial input Ha~Ho 4+bit bidirectional 110 port
SO Serial output (or general purpose output) (COP440/COP340 only)
SK Logic-controlled clock (or general R7-Ro 8-bit bidirectional /0O port with
purpose output) ' TRI-STATE® (COP440/COP340 only)

i CYCLE TIME (t¢)

ISETUP|<—~|  [+—tHoLD 1SETUP[=—=| |~—tHoLo
S, I Wi
ETUF, tHOLD «lsn—up-|

|~— tHOLD

Y iiiim, L X

|-—|Pm I‘— tPD0—=]
ALL OTHER Vor -
OUTPUTS VoL

Figure 4. Input/Qutput Timing Diagrams (Divide by 16 Mode)
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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 2.0 volts). When a bit is reset, it is a logic
“0” (less than 0.8 volts).

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, con-
stants, or ROM addressing data. Because of the special
characteristics associated with the JP, JSRP, JID, LQID,
and LID instructions, ROM must often be thought of as
being organized into 32 pages of 64 words each.

ROM addressing is accomplished by an 11-bit PCregister.
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 instruc-
tion 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 exe-
cuted 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 im-
plemented 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 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, L port, R port, EN register, and T counter
(nternal uine pase Coulter). MAM lHiay atsv ue ivausu
from 4 bits of a ROM word. RAM addressing may also be
performed directly to the lower 8 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 recom-
mended , 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 des-
tination register for most /O 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/O port
data, to input 4-bit G, H, or IN ports, and to perform data
exchanges with the SIO register. The accumulator is
cleared upon reset.

A 4-bit adder performs the arithmetic and logic func-
tions of the COP440, storing its results in A. It also
outputs a carry bit to the 1-bit C 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 reg-
ister 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 coming from IN, input, changing the T counter
into an 8-bit external 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 overflows, an overflow flag will be set
(see SKT insruction below) 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; IN4,
IN, and IN3 may be selected, by a mask-programmable
option, as Read Strobe, Chip Select, and Write Strobe
inputs, respectively, for use in MICROBUS™ applica-
tions; IN4, by another 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-

purpose bidirectional 1/0 port. Gy may be mask-
programmed as an output for MICROBUS applications.

The H register contents are outputs to a 4-bit general-

_ purpose bidirectional 1/0 port.

The Qregister 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 /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 I/O ports
upon the occurence 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 I/O ports. Also, the contents of L
may be read directly into A and M. As explained above,
the MICROBUS option allows L /O port data to be
latched into the Q register. The L I/O 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, /O port.
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COP440/COP441/COP442, COP340/COP341/COP342

The SIO register functions as a 4-bit serial-in/serial-out
shift register for MICROWIRE™ 1/0 and COPS™ periph-
erals, 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 in-
put 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
register mode, SK outputs SKL ANDed with the instruc-
tion 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 and increments by 1 after each push of the stack,
and decrements by 1 before each pop. The N register
can be accessed 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 condi-
tions. 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 sub-
routine callor 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 decremented
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 IN STACK

DATA

MEMORY N=3 N=2 N=1 N=0
REGISTER 8 .
DIGIT 15]14!13]1211[10[9“ 7|s|5|4 3|2|1[o|

ADDRESS

1SB=INTERRUPT
1s8[10]9|8|7]6]5]4]3]2]1]0

STATUS BIT

Figure 5. Subroutine Return Address
Stack Organization

The EN register is 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 asso-
ciated with each bit of the EN register:

0. The least significant bit of the enable register, ENo,
selects 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”) occur-
ring 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 left shifting 1 bit
each instruction cycle time. The data present at S|
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 output becomes a logic-
controlled clock.

1. With EN; set, interrupt'is enabled with EN4 and ENg

selecting the interrupt source. Immediately following
an interrupt, EN+ is reset to disable further interrupts.

2. With ENj set, the L drivers are enabled to output the

data in Qto the L I/O port. Resetting EN, disables the
L drivers, placing the L I/O 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 Gg
when EN, is set.

3. ENg, in conjunction with ENg, 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 ENj3
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 set to “0.” Table 1 below provides a sum-
mary of the modes associated with EN3 and ENp.

Table 1. Enable Register Modes — Bits EN3 and ENp

EN3 ENg SIo

SO SK

Shift Register

Input to Shift Register "0 If SKL = 1, SK = Clock

If SKL = 0,SK =0

1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = Clock
) If SKL = 0,SK =0
0 1 Binary Counter Input to Binary Counter 0 If SKL = 1,SK = 1
If SKL = 0,SK =0
1 1 Binary Counter Input to Binary Counter 1 If SKL = 1,8K = 1

If SKL = 0,SK = 0




4, ENs and ENy4 select the source of the interrupt signal.
5. The possible sources are as follows:

EN5 ENg Interrupt Source
0 0 IN;j (low-going puise)
0 1 CKOinput (if mask-programmed as an input)
1 0 Zero-crossing (or IN4 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 IN;
as its input. With ENg reset, the input to the T counter
is the output of a divide by four prescaler (from in-
struction cycle frequency), thus providing a 10-bit
time-base counter.

7. With ENy set, the R outputs are enabled; if EN7=0,
the R outputs are disabled.

Interrupt

The following features are associated with the interrupt
procedure and protocol and must be considered by the
programmer 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 program counter stack residing in data mem-
ory. Any previous 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 ENj is reset. If ENg
is reset, the next program address is hex 100; if ENg4
is set, the next program address is hex 300; thus pro-
viding a different interrupt location for different inter-
rupt sources.

b. An interrupt will be acknowledged only after the
following conditions are met:
1. ENy has been set.

Z. Tur an Gatoinar witeiupt pul, S
must be at least two instruction cycles wide.

3. A currently executing instruction has been com-

pleted.

4. All successive transfer of control instructions and
successive 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 instruction has been executed.

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

d. A CAME or LEI instruction may be put immediately
before the RET instruction to re-enable interrupts.

e. If the interrupt signal source is being changed, the
interrupt 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 inter-
rupt source and enabling the interrupt is as follows:

CAME ; disable interrupt & alter interrupt source
SMB 1 ; set interrupt 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
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