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LIFE SUPPORT POLICY 

NATIONAl.:8 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 result in a significant injury to the 
user. 

2. A critical component is any component of a life support 
device or system whose failure to perform can be 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" are trademarks of National 
Semiconductor Corp. 
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The COPSTM 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 low-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. I n 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 Family 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 little extra cost. 
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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 
RATTM 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. 

MICROWIRETM makes effiCient use of every I/O line. 
The COPS Family is designed with National's MICRO
WIRE system, which permits serial data exchange with 
only three wires_ This reduces 1/0 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: 

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

• ~nll;rnnmt:lnt r.np~ l'il"'t"'llitc! ,...~n ho f!lhril""~t.orl h~1 

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 MICROBUSTM option, National's standard inter
connect for 8-bit data transfer_ 

cops: Development Ease 

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 COPSTM 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 (lSETM) Package is 
for companies who already own, or are considering, 
a STARPLEXTM Development System. A target board 
plugs directly into any STARPLEX or STARPLEX WM 
system, giving it virtually the same diskette storage 
and real-time emulation capabilities as the COP400 
PDS. The powerful STARPLEXsystem also supports 
National's state-of-the-art programmable microproc
essors, making it ideal if your company uses a wide 
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range of programmable products. 

• Prototyping. ROM less 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 Control
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. 
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National Samiconduc'jor COPSTM Microcontroller Family Guide 

410L 1 411L 1 .1 420L l 420C 
Futuro 

1 421L 
Future 

1 422L COP: 410C 411C 420 420C 421 421C 421C 422 
ROM x 8 512 1024 
RAM x 4 32 64 
Inputs 0 4 I 0 
Bidirectional 

8 8 TRI-STATE@I/O 
Bidirectional 110 4 3 4 I 4 I 2 
Outputs 4 2 4 4 I 2 
Serial 110 and 

Yes Yes 1 SIO Yes SIO Ves External Event Counter 
Internal Time 

No Ves Base Counter 
Time Base Counter No No Yes No Ves No Programmable 
Interrupt No Yes No 
Stack Levels 2 3 
MICROBUSTM Option No Yes I No I Ves No 
Instruction Cycle (~s) 15-40 1 4-DC 15-40 1 4-0C 4-10 115-40 115-245- 4-0C 4-10 115-40 15-245 4-0C 4-10 115-40 Min.-Max. 
PackaQe Size (Pins) 24 20 28 24 20 
Availability Now I Future Now I Future Now I Future Now Future Now 

i'~a'!ional Samiconduclor COPSTM Microcontroller Family Guide (continued) 

COP: 444L I 444C 445L I 445C 440 I 441 I 442 I 2440 2441 I 2442 464 I 465 484 I 485 
ROM x 8 2048 3072 4096 
RAM x 4 128 160 192 256 
Inputs 4 0 4 I 0 4 I 0 4 I a 4 1 a 
Bidirectional 8 16 

1 
8 16 8 8 8 

TRI-STATE® 110 
Bidirectional 110 4 8 I 4 8 I 4 4 4 
Outputs 4 4 4 4 
Serial 1/0 and Yes Ves Yes Ves External Event Counter 
Internal Time 

Yes Yes Yes Yes Base Cou nte r 
Time Base Counter 

No 
1 

Yes No 
1 

Yes Yes No No Programmable 
Yes I Yes Ves I Ves 

I Interrupt Ves No 4 sou~ces 4 sou~ces Yes No Ves No 
Sources Sources 

Stack Levels 3 4 4 Iler CPU 4 4 
u If'OnOI rcTl.~ nntinn ~,In y,< __ I Nn Ves I No Ves I No No No 
Instruction Cycle (~s) 

15-40 1 4-0C 15-40 I 4-0C 4-10 4-25 I 4-25 Min.-Max. 
PackaQe Size (pins) 28 24 40 28 24 40 I 28 I 24 28 24 28 I 24 
Availability Now I Future Now I Future Now Future Future 

[\lational Samiconduc~or COPSTM ROMless Microcontroller Family Guide 

cop: 401L 402 I 402M 404C 404L 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 8 8 8 16 8 TRI-STATE'" 110 
Bidirectional 110 4 4 4 8 4 
Outputs 4 4 4 4 4 
Serial 110 and Yes Yes Yes Ves Yes External Event Counter 
Internal Time No Yes Yes Yes Yes Base Counter 
Time Base Counter No No Yes No Yes No Programmable 
Interrupt No Yes I No Yes Yes-4 sources Ves 
Stack Levels 2 3 3 4 I 4 per CPU 4 8 
MICROBUSTM Option No No I Yes Yes No Yes No 
Instruction Cycle (~s) 15-40 4-10 4-0C 15-40 4-10 4-25 Min.-Max. 
Package Size (pins) 40 40 40/48 40 48 40 
Availabilitl Now Now Future Now Now Future 
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~National 
D Semiconductor 

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 COPSTM 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 1/0 
necessary to implement dedicated control functions in 
a variety of output configuration options, with an instruc. 
tion set, internal architecture, and I/O scheme designed 
to facilitate keyboard input, display output, and BCD 
data manipulation. The COP411C is identical to the 
COP410C but with 161/0 lines instead of 19. They are an 
appropriate choice for use in numerous human interface 
control environments. Standard test procedures and 
reliable high·density fabrication techniques provide the 
medium to large volume customers with a customized 
Controller 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. 
TRI.sTATE Is a registered trademark of National Semiconductor Corp. 
COPS and MICROWIRE are trademarks of National Semiconductor Corp. 
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Features 
• Lowest power dissipation (40J.'W typical) 

• Low cost 
• Power saving HALT mode with Continue function 
• Powerful instruction set 
• 512x8 ROM, 32x4 RAM 
• 19 1/0 lines (COP410C) 
• Two-level subroutine stack 
• DC to 4J.'s instruction time 
• Single supply operation (2.4V to 5.5V) 
• General purpose and TRI-STATE® outputs 

• Internal binary counter register with MICROWIRETM 
serial 1/0 capability 

• LSTTLICMOS compatible in and out 
• Software/hardware compatible with other members 

of the COP400 family 
• MICROWIRETM compatible serial I/O 
• Extended temperature range device available (-40°C 

to +85°C) 

D,' 

D,' 

D, 

D, 

r;:;:::;::;:;:::;::;r""-:: I MICROWIRE 110 

" 

G,· 
G, 
G, 
G, 

5 I 1 • 1011 12 13 

Figure 1. COP410C/COP411C Block Diagram 
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Connection Diagrams 

l4 20 l5 
. Vee 19 L6 

L3 18 L7 
L2 17 RESET 
L1 16 CKI 
LO 15 00 
S2 14 01 

SO 13 G2 
SK 9 12 Gl 

GND 10 11 GO 

COP411C/COP311C 

Functional Description 

Oscillator 

There are three basic clock oscillator configurations: 

a) Crystal Controlled Osci lIator 

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. 

1/0 Options 

a) Standard (Push-Pull) - An N-channel device to ground 
in conjunction with a P-channel device to Vcc, 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_ 

GNO 24 00 

CKO 23 01 

CKI " 02 

RESET - 21 03 

L7 20 G3 

L6 19 G2 

L5 " Gl 

L. 17 GO 

VCC 16 SK 

L3 10 15 SO 

L2 11 14 SI 

L1 12 13 LO 

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 Vee (input option). 

h) A Hi-Z input which must be driven by user logic. 

eKO 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 tne crystal network. If a one-pin oscillator 
system is chosen (RC or external), CKO will be a conver
sational 1/0 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 

2-4 



~National a Semiconductor 
COP410L/COP411L and COP310L/COP311L 
Single·Chip N·Channel Microcontrollers 
General Description 
The COP410L and COP411L Single-Chip N-Channel Micro· 
controllers are members of the COPSTM family, fabricated 
using N·channel, silicon gate MOS technology. These 
Controller Oriented Processors are complete microcom· 
puters containing all system timing, internal logic, ROM, 
RAM and 1/0 necessary to implement dedicated control 
functions in a variety of applications. Features include 
single supply operation, a variety of output configuration 
options, with an instruction set, internal architecture and 
I/O scheme designed to facilitate keyboard input, display 
output and BCD data manipulation. The COP411L is iden
tical to the COP410L, but with 16 1/0 lines instead of 19. 
They are an appropriate choice for use in numerous 
human interface control environments. Standard test 
procedures and reliable high·density fabrication tech
niques provide the medium to large volume customers 
with a customized Controller Oriented Processor at a 
low end·product cost. 

The COP310L and COP311L are exact functional equiva
lents but extended temperature versions of COP410L 
and COP411L respectively. 
The COP401 L may be used for exact emulation. 

'COP410lpin,only 

Notava,\able,nCOP411l 

"'0 

~ , 
tNSTRUCTION CLOCK (SYNCl 

Features 
• I.ow cost 
• Powerful instruction set 

• 512x8ROM,32x4RAM 

• 19 1/0 lines (COP410L) 

• Two·level subroutine stack 

• 161"s instruction time 

• Single supply operation (4.5-6.3V) 

• Low current drain (6mA max.) 

• Internal binary counter register with MICROWIRETM 
serial I/O capability 

• General purpose and TRI·STATE® outputs 

• LSTTLICMOS compatible in and out 

• Direct drive of LED digit and segment lines 

• Software/hardware compatible with other members 
of COP400 family 

• Extended temperature range device COP310LlCOP311 L 
(-40°C to +85°C) 

• Wider supply range (4.5-9.5V) optionally available 

OJ· 

0,· 
0, 
00 

SKI 

1.=====::;-1-"'- SOl MICROW1RE 110 

51 

G3· 

G, 
G, 

Go 

5 6 1 8 10 11 12 13 

Figure 1. COP410Ll411L 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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COP410UCOP411L 

Absolute Maximum Ratings 
Voltage at Any Pin Relative to GND -0.5V to +10V 
Ambient Operating Temperature O°Cto +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 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" TA " +70°C, 4.5V" Vee" 9.5V unless otherwise noted. 

Parameter Conditions Min. Max. 

Standard Operating Voltage (Ved Note 1 4.5 6.3 

Optional Operating Voltage (Ved 4.5 9.5 

Power Supply Ripple peak to peak 0.5 

Operating Supply Current all inputs and outputs open 6 

Input Voltage Levels 

CKI Input Levels 
Ceramic Resonator Input (';'8) 

Logic High (VIH) 2.0 
Logic Low (VILl -0.3 0.4 

Schmitt Trigger Input (+4) 
Logic High (VIH) 0.7 Vee 
Logic Low (VILl -0.3 0.6 

RESET Input Levels (Schmitt Trigger Input) 
Logic High 0.7 Vee 
Logic Low -0.3 0.6 

SO Input Level (Test mode) Note 2 2.0 2.5 

All Other Inputs 
Logic High Vee = Max. 3.0 
Logic High with TTL trip level options 2.0 
Logic Low selected, Vee = 5V ± 5% -0.3 0.8 

Logic High with high trip level options 3.6 
Logic Low selected -0.3 1.2 

Input Capacitance 7 

Hi·Z Input Leakage -1 +1 

Output Voltage Levels 
LSTTL Operation Vee=5V±5% 

Logic High (VOH) IOH =-25,.,A 2.7 
Logic Low (VoLl IOL=0.36mA 0.4 

CMOS Operation 
Logic High IOH =-10,.,A Vee- 1 
Logic Low IOL=+10,.,A 0.2 

Note 1: Vee voltage change must be less than 0.5V in alms period to maintain proper operation. 

Note 2: SO output "0" level must be less than,O.BV for normal operation. 
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COP410LlCOP411L 

DC Electrical Characteristics 
Parameter 

Output Current Levels 

Output Sink Current 

SO and SK Outputs (loll 

1.0- L7 Outputs, GO-G3 and 
LSTTL Do-D3 Outputs (loll 

Do- D3 Outputs with High 
Current Options (loll 

Do- D3 Outputs with Very 
High Current Options (loll 

CKI (Single-pin RC oscillator) 
CKO 

Output Source Current 

Standard Configuration, 
All Outputs (lOH) 

Push·Pull Configuration 
SO and SK Outputs (lOH) 

LED Configuration, Lo-L7 
Outputs, Low Current 
Driver Option (IOH) 

LED Configuration, Lo-L7 
Outputs, High Current 
Driver Option (IOH) 

TRI-STATE@ Configuration, 
1 ,,-I ..., nlltnllh::L I nw 

Current Driver Option (lOH) 

TRI·STATE@ Configuration, 
Lo-L7 Outputs, High 
Current Driver Option (lOH) 

Input Load Source Current 

CKO Output 

RAM Power Supply Option 
Power Requirement 

TRI·STATE@ Output Leakage 
Current 

Total Sink Current Allowed 

All Outputs Combined 
D Port 

L7- L4, G Port 
L3-Lo 
Any Other Pin 

Total Source Current Allowed 

All 1/0 Combined 

LrL4 
L3-Lo 
Each L Pin 
Any Other Pin 

(continued) O°C '" TA ", +70°C, 4.5V '" Vee'" 9.5V unless otherwise noted. 

Conditions Min. Max. Units 

Vee = 9.5V, VOL = O.4V 1.8 mA 
Vee = 6.3V, VOL = O.4V 1.2 mA 
Vee = 4.5V, VOL = O.4V 0.9 mA 

Vee = 9.5V, VOL = O.4V 0.8 mA 
Vee = 6.3V, VOL = O.4V 0.5 mA 
Vee = 4.5V, VOL = O.4V 0.4 mA 

Vee = 9.5V, VOL = 1.0V 15 mA 
Vee = 6.3V, VOL = 1.0V 11 mA 
Vee = 4.5V, VOL = 1.0V 7.5 mA 

Vee = 9.5V, VOL = 1.0V 30 mA 
Vee = 6.3V, VOL = 1.0V 22 mA 
Vee = 4.5V, VOL = 1.0V 15 mA 

Vee = 4.5V, V1H = 3.5V 2 mA 
Vee = 4.5V, VOL = O.4V 0.2 mA 

Vee = 9.5V, VOH = 2.0V -140 -800 "A 
Vee = 6.3V, VOH = 2.0V -75 -480 "A 
Vee = 4.5V, VOH = 2.0V -30 -250 "A 
Vee = 9.5V, VOH = 4.75V -1.4 mA 
Vee = 6.3V, VOH = 2.4V -1.4 mA 
Vee = 4.5V, VOH = 1.0V -1.2 mA 

Vee = 9.5V, VOH = 2.0V -1.5 -18 mA 
Vee = 6.0V, VOH = 2.0V -1.5 -13 mA 

Vee = 9.5V, VOH = 2.0V -3.0 -35 mA 
Vee = 6.0V, VOH = 2.0V -3.0 -25 mA 

Vee = 9.5V, VOH = 5.5V -0.75 mA 
V~~ = R::lV. Vn'J = ::l.2V -0.8 mA 
Vee = 4.5V, VOH = 1.5V -0.9 mA 

Vee = 9.5V, VOH = 5.5V -1.5 mA 
Vee = 6.3V, VOH = 3.2V -1.6 mA 
Vee = 4.5V, VOH = 1.5V -1.8 mA 

Vee = 5.0V, V1L = OV -10 -140 "A 

VR =3.3V 1.5 mA 

-2.5 +2.5 "A 

100 mA 
100 mA 
4 mA 

4 mA 
2.0 mA 

120 mA 

60 mA 

60 mA 
25 mA 
1.5 mA 
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COP310LlCOP311 L 

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

COP310L 

COP311L 

Total Source Current 
Total Sink Current 

-0.5V to +10V 
-40°C to +85°C 

-65°C to + 150°C 
300°C 

0.75 Watt at 25.oC 
0.25 Watt at 85°C 
0.65 Watt at 25°C 

0.20 Watt at 85°C 
120mA 
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" TA " +85°Cj 4.5V " Vee" 7.5V unless otherwise noted. 

Parameter Conditions Min. Max. 

Standard Operating Voltage (Vee) Note 1 4.5 5.5 

Optional Operating Voltage (Vecl 4.5 7.5 

Power Supply Ripple peak to peak 0.5 

Operating Supply Current all inputs and outputs open 8 

Input Voltage Levels 

Ceramic Resonator Input(+8) 
Crystal Input 

Logic High (VIH) 2.2 
Logic Low (VILl -0.3 0.3 

Schmitt Trigger Input ( + 4) 
Logic High (VIH) 0.7 Vee 
Logic Low (VILl -0.3 0.4 

RESET Input Levels (Schmitt Trigger Input) 
Logic High 0.7 Vee 
Logic Low -0.3 0.4 

SO Input Level (Test mode) Note 2 2.2 2.5 

All Other Inputs 
Logic High Vee = Max. 3.0 
Logic High with TTL trip level options 2.2 
Logic Low selected, Vee = 5V ± 5% -0.3 0.6 

Logic High with high trip level options 3.6 
Logic Low selected -0.3 1.2 

Input Capacitance 7 

Hi-Z Input Leakage -2 +2 

Output Voltage Levels 
LSTTL Operation Vee=5V±5% 

Logic High (VOH) IOH =-20/AA 2.7 
Logic Low (Vall IOL=0.36mA 0.4 

CMOS Operation 
Logic High IOH =-10/AA Vee- 1 
Logic Low IOL=+10/AA 0.2 

Note 1: Vee voltage change must be less thim O.5V in a 1 ms period to maintain proper operation. 
Note 2: SO output" 0" level must be less than O.6V for normal operation. 
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COP310LlCOP311L 

DC Electrical Characteristics 

Parameter 

Output Current Levels 

Output Sink Current 

SO and SK Outputs (Iou 

Lo-L7 Outputs, GO-G3 and 
LSTTL, Do-D3 Outputs (loll 

Do-D3 Outputs with High 
Current Options (loll 

Do-D3 Outputs with Very 
High Current Options (loll 

CKI (Single'pin RC oscillator) 
CKO 

Output Souree Current 

Standard Configuration, 
All Outputs (loH) 

Push·Pull Configuration 
SO and SK Outputs (IOH) 

LED Configuration, Lo-L7 
Outputs, Low Current 
Driver Option (IOH) 

LED Configuration, Lo-L7 
Outputs, High Current 
Driver Option (lOH) 

TRI·STATE<!l Configuration, - . ... -...................... -U It" 

Current Driver Option (lOH) 

TRI·STATE<!l Configuration, 
Lo-L7 Outputs, High 
Current Driver Option (IOH) 

Input Load Source Current 

CKO Output 

RAM Power Supply Option 
Power Requirement 

TRI·STATE<!l Output Leakage 
Current 

Total Sink Current Allowed 

All Outputs Combined 

D Port 

L7- L4, G Port 

L3-Lo 
All Other Pins 

Total Source Current Allowed 

All I/O Combined 

L7- L4 

~-Lo 
Each L Pin 

All Other Pins 

(continued) -40·C " TA " +85·C, 4.5V " Vee" 7.5V unless otherwise noted. 

Conditions 

Vee = 7.5V, VOL = O.4V 
Vee = 5.5V, VOL = 0.4V 
Vee = 4.5V, VOL = 0.4V 

Vee = 7.5V, VOL = O.4V 
Vee = 5.5V, VOL = 0.4V 
Vee = 4.5V, VOL = 0.4V 

Vee = 7.5V, VOL=1.0V 
Vee = 5.5V, VOL = 1.0V 
Vee = 4.5V, VOL = 1.0V 

Vee = 7.5V, VOL = 1.0V 
Vee = 5.5V, VOL = 1.0V 
Vee = 4.5V, VOL = 1.0V 

Vee = 4.5V, V1H = 3.5V 
Vee = 4.5V, VOL = 0.4V 

Vee = 7.5V, VOH = 2.0V 
Vee = 5.5V, VOH = 2.0V 
Vee = 4.5V, VOH = 2.0V 

Vee = 7.5V, VOH = 3.75V 
Vee = 5.5V, VOH = 2.0V 
Vee = 4.5V, VOH = 1.0V 

Vee = 7.5V, VOH = 2.0V 
Vee = 5.5V, VOH = 2.0V 

Vee = 7.5V, VOH = 2.0V ' 
Vee = 5.5V, VOH = 2.0V 

Vee = 7.5V, VOH = 4.0V 
" -I:. 1:,\1 \' -I) .,,, 

"'''' 
_.- . -_. 

Vee = 4.5V, VOH = 1.5V 

Vee = 7.5V, VOH = 4.0V 
Vee = 5.5V, VOH = 2.7V 
Vee = 4.5V, VOH = 1.5V 

Vee = 5.0V, V1L = OV 

VR=3.3V 
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Min. 

1.4 
1.0 
0.8 

0.6 
0.5 
0.4 

12 
9 
7 

24 
18 
14 

1.5 
0.2 

-100 
-55 
-28 

-0.85 
-1.1 
-1.2 

-1.4 
-0.7 

"':2.7 
-1.4 

-0.7 
_nil 
-0.9 

-1.4 
-1.2 
-1.8 

-10 

-5 

Max. Units 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
mA 

-900 ,..A 
-600 ,..A 
-350 ,..A 

mA 
mA 
mA 

-27 mA 
-15 ,..A 

-54 mA 
-30 ,..A 

mA 
mA 
mA 

mA 
mA 
mA 

-200 ,..A 

2.0 mA 

+5 ,..A 

100 mA 

100 mA 

4 mA 

4 mA 

1.5 mA 

120 mA 

60 mA 

60 mA 

25 mA 
1.5 mA 
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AC Electrical Characteristics COP410Ll411L: O°C oE; TA oE; 70°C, 4.5V oE; Vee oE; 9.5V unless otherwise noted. 
COP310Ll311 L: -40°C oE; TA oE; +85°C, 4.5VoE; VeeoE; 7.5V unless otherwise noted. 

Parameter Conditions 

Instruction Cycle Time - te 

CKI 

Input Frequency - fl +8 mode 
+4 mode 

Duty Cycle 

Rise Time fl =0.5MHz 
Fall Time 

CKI Using RC (+4) R=56kQ±5% 
C=100pF±10% 

Instruction Cycle Time 

CKO as SYNC Input 

tSYNe 

INPUTS: 

Ga-Go, L7-Lo 
tSETUP 
tHOLD .-

51 
tSETUP 
tHOLD 

OUTPUT PROPAGATION DELAY Test condition: 

CL=50pF, RL=20kQ, VOUT=1.5V 
SO, SK Outputs 

t pd1, tpdo 
All Other Outputs 

tpd1, tpdO 

Pin 

L7;-Lo 
-. 

Ga-Go 

Da-Do 

51 

SO 

GNO- 1 
CKO- 2 
CKi- 3 

iiErn'- 4 
17- 5 

L6 - 6 COP410LI 
L5 - 7 C0P310L 
L4- 8 

VCC- 9 
L3- 10 
L2- 11 
Ll- 12 

241--00 
231--01 
221-- 02 
211-- 03 
20l--G3 
191-- G2 
18I--Gl 
17I--GO 
16I--S·K 

151--S0 
141--S1 
131--LO 

Order Number COP410UN, COP310UN 
NS Package N24A 

Description 

8 bidirectional 110 ports with 
TRI·STATE'" 

4 bidirectional 110 ports (G2-GO for COP411L) 

4 general purpose outputs (D1-DO for 
COP411L) 

Serial input (or counter Input) 

Serial output (or general purpose output) 

Pin 

SK 

CKI 

CKO 

RESET 

Vee 
GND 

Min. Max. 

15 

0.2 
0.1 

30 

15 

400 

, 

L4-1 

VCC- 2 
L3- 3 
L2_4 
L1- 5. COP411LI 
LO_ 6 COP311L 

SI-7 
SO- 8 
SK- 9 

GNO- 10 

40 

0.5 
0.26 

60 

500 

200 

28 

8.0 
1.3 

2.0 
1.0 

4.0 

5.6 

20l--L5 
191--L6 
181--L7 
17I--RESET 
161--CKI 
151--00 
141--01 
131--G2 
121--Gl 
lll--GO 

Units 

lAS 

MHz 
MHz 

% 

ns 

ns 

lAS 

ns 

lAS 
/AS 

lAS 
lAS 

lAS 

lAS 

Order Number COP411UN, COP311UN 
NS Package N20A 

Description 

Logic-controlled clock (or general 
purpose output) 
System oscillator input 
System oscillator output (or RAM power 
supply or SYNC input) (COP410L only) 

System reset input 

Power supply 

Ground 

Figure 2. Connection ·Dlagrams 
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Figure 3, InputlOutput Timing Diagrams (Ceramic Resonator Divide,by-B Mode) 

-II-two 

Figure 3a, Synchronization Timing 

Functional Description 
A block diagram of the COP410L is given in Figure 1, 
Data paths are illustrated in simplified form to depict 
how the 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 COP410LlCOP411L also 
apply to the COP310LlCOP311L, 

Dr""",ra.rn U.a.I'ft"'_' 

Program Memory consists of a 512-byte ROM, As can be 
seen by an examination of the COP410Ll411L 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) 
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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 direclly to the D outputs, 

The most significant bit of Bd is not used to select a 
CAU rli"i+ ,"-,.on,.....o. o'!:lI,..h nh\lQ;I"'!l1 rli,.,it nf 1:1'.l~.PI..'" rT'I!:li\J no - -
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), 

BdVAlUE 

15" 

,.. 

'" ", 
to' 

9' 

0' 

RAM DIGIT 

~CAN BE DlREen Y ADDRESSED BY 
lBllNSTAUCTION (SEE TABLE l} 

Figure 4, RAM Digit Address to Physical RAM Digit Mapping 
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Internal Logic 

The 4-bit A register (accumulator) is the source and des
tination register for most I/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 S-bit 
Q latch data, to input 4 bits of the S-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 COP410U411L, 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 Q register is an internal, latched, S-blt register, used 
to hold data loaded from M and A, as well as S-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.) 

The S'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 serlal-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·inl 
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 internal4-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 (ENa- ENe). 

1. The least significant bit of the ,enable register, ENe, 
selects the SIO register as either a 4-blt shift register. 
or a 4-blt binary counter. With ENe set, SIO is an 
asynchronous binary counter, decrementing its value 
by one upon each low-going pulse ("1" to "0") 
occurring on the SI input. Each pulse must be at least 
two instruction cycles wide. SK outputs the value of 
SKL. The SO output is equal to the value of ENa. With 
ENe 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 COP410UCOP411L 
operation. 

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

4. ENa, In conjunction with ENe, affects the SO output. 
With ENe set (binary counter option selected) SO will 
output the value loaded into ENa. With ENe reset 
(serial shift register option selected), setting ENa 
enables SO as the output of the SIO shift register, 
outputting serial shifted data each Instruction time. 
Resetting ENa 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' I provides a summary of 
the modes associated with ENa and ENe. 

Initialization 

The Reset Logic will initialize (clear) the device upon 
power-up if the power supply rise time is less than 1 ms 
and greater than 1 "S. If the power supply rise time is 
greater than 1 ms, the user must provide an external RC 

Enable Register Modes - Bits EN3 andENo 

ENs ENo SIO SI SO SK 

0 0 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, SK = 1 

If SKL = 0, SK = 0 
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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 Vcc. 
Initialization will occur whenever a logic "0" is applied 
to the RESET input, provided it stays low for at least 
three instruction cycle times. 

P + 
o 
W 
E 
R 

S 
U 
P 
P 
L 
Y 

~ ~ VCC 

RESET COP410L 

"r- GNO 

RC;;' 5 x POWER SUPPLY RISE TIME 

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. 

A 

Resonator 
Value 

455kHz 

I CKI 

t 
..f1J 

EXTERNAL 
CLOCK 

Ceramic Resonator Oscillator 

Component Values 

(VR OR N/C) 

R1 (Q) I R2 (Q) I C1 (pF) I C2 (pF) 

4.7k I 1M I 220 I 220 

Oscillator 

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

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

b. External Oscillator. CKI 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 (VR), as a SYNC 
Input, or no connection. (Note: No CKO on COP411L) 

c. RC Controlled Oscillator. CKI is configured as a 
single pin RC controlled Schmitt trigger oscillator. 
The Instruction cycle equals the oscillation frequency 
divided by 4. CKO Is available as the RAM power sup· 
ply (VR) or no connection. 

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 Lor 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 SI and SO serial 110 
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. 

(SYNC) 

~ 
t 

CKI CKO CKI CKO 

SK~ 

0 
COP410L COP410L 

SO r---- SI 

sll_ SO 

RC Controlled Oscillator 

R(kQ) C (pF) 

51 100 
B2 56 

Note: 200kQ ~ R ~ 25kQ 
360pF ~ C ~ 50pF 

Instruction 
Cycle Time 

in lAs) 

19±15% 
19±13% 

Figure 6. COP410Ll411l0sciliator 
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eKO Pin Options 

In a resonator controlled oscillator system, CKO is used 
as an output to the resonator network. As an option 
CKO can be a 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 (VR) allows the 
user to shut off the chip power supply {Vecl 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 Vee goes below spec dur
ing power-off; Vee must be within spec before RESET 
goes high on power-up. 

2. During normal operation, VR must be within the oper
ating range of the chip with (Vce '-1) ,;; VR ,;; Vee. 

3. VR must be;;' 3.3V with Vee off. 

1/0 Options 

COP410Ll411L inputs and outputs have the following 
optional configurations, illustrated in Figure 7: 

a_ Standard - an enhancement-mode device to ground 
in conjunction with a depletion-mode device to Vee, 
compatible with LSTTL 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 Vee. 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 Vee, 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. 

a. Standard Output b. Open·Draln Output c. Push·Pull output 

DISABLE~~ 

( .... IS DEPLETION DEVICE) 

d. Standard L Output e. Open· Drain L Output f. LED (L Output) 

Vee 

r-I J #6 

INPUT~( 

g. TRI·STATE'" Push· Pull (L Output) h. Input with Load HI·Z Input 

Figure' 7. Input and Output Configurations 
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g. TRI·STATE® Push·Pull- an enhancement·mode device 
to ground and Vcc. 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 Vcc. 

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

The above input and output configurations share 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 (lOUT and VOUT) 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 
COP410Ll411L 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 

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., t., or g. 

An important point to remember if using configuration 
d. or t. 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, COP410Ll411L 
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. 
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Figure 8a, COP410L/COP411L 1/0 DC Current Characteristics 
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Figure 8a. COP410L./COP411 L 110 DC C'!rrent Characteristics (continued) 
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Figure 8b. COP310L/COP311L Input/Output Characteristics 

2-17 

o o 
"'tJ 
~ 
o 
C 
o 
o 
"'tJ 
~ ..... 
r 
o o 
"'tJ 
~ 
o 
C 
o o 
"'tJ 
~ ..... 
r-



..J --C") 
0-
o 
~ 
c 
l; 
0-
o o 
...i -~ 
0-
o o 
:J 
c 

~ 
o o 

COP410Ll411L INSTRUCTION SET 
Table 3 provides the mnemonic, operand, machine code, 

Table 2 is a symbol table providing internal architecture, data flow, skip conditions and description associated 
instruction operand and operational symbols used in with each instruction in the COP410Ll411 L instruction 
the instruction set table. set. 

Table 2. COP410U411 L Instruction Set Table Symbols. 

Symbol Oollnltlon Symbol Oollnilion 

INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS 
A 4·blt Accumulator d 4·bit Operand Field, 0-15 binary (RAM Digit Select) 
B 6·bit RAM Address Register r 2·blt Operand Field, 0-3 binary (RAM Register 
Br Upper 2 bits of B (register address) Select) 

Bd Lower 4 bits of B (digit address) a 9·blt Operand Field, 0-511 binary (ROM Address) 

C 1·blt Carry Register Y 4·blt Operand Field, 0-15 binary (Immediate Data) 

0 4·blt Data Output Port RAM(s) Contents of RAM location addressed by s 

EN 4·blt Enable Register ROM(t) Contents of AOM location addressed by t 

G 4·blt Aeglster to latch data for G 110 Port 

L a·blt TRI·STATE 110 Port 
M 4·blt contents of RAM Memory pointed to by B OPERATIONAL SYMBOLS 

Register + Plus 

PC 9·bit AOM Address Register (program counter) - Minus 
Q a·blt Register to latch data for L 110 Port - Replaces 

SA 9·bit Subroutine Save Register A - Is exchanged with 

SB 9·bit Subroutine Save Aegister B = Is equal to 

SIO 4·bit Shift Register and Counter A The one's complement of A 

SK Loglc·Controlied Clock Output ., Exclusive·OR 
Range of values 

Table 3. COP410Ll411L Instruction Set 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description 

ARITHMETIC INSTRUCTIONS 

ASC 30 10 0 1 110 0 0 01 A + C + RAM(B) - A Carry Add with Carry, Skip on 
Carry - C Carry 

ADD 31 10011100011 A + RAM(B)- A None Add RAM to A 

AISC Y 5- 10 1 0 11 y I A + y - A Carry Add Immediate, Skip on 

I Carry (Y" 0) 

CLRA 00 10000100001 0- A None Clear A 

COMP 40 10 1 00100001 A-A None One's complement of A to 
A 

NOP 44 10 1 0010 1 001 None None No Operation 

RC 32 10 0 1 110 0 1 01 "0"- C None Reset C 

SC 22 100 1 0100 1 01 "1" - C None Set C 

XOR 02 10000100 1 01 A .. RAM(B)- A None Exclusive·OR RAM with A 
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Table 3_ COP410U411L Instruction Set (continued) 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 11111111111 ROM (PCS,A,M) - None 
PC7:0 

JMP a 6- 1011ol000iasi a- PC None 

-- I a7:0 I 
JP a -- 111 a6:0 I a - PC6:0 None 

(pages 2,3 only) 

or 

-- 11 11 a5:0 I a - PC5:0 
(all other pages) 

JSRP a -- 1101 a5:0 1 PC + 1 - SA - SB None 

010 - PCS:6 
a - PC5:0 

JSR a 6- 101101100iasi PC + 1 - SA - SB None 

-- I a7:0 \ 
a- PC 

RET 4S 10100110001 SB - SA - PC None 

RETSK 49 10100110011 SB - SA - PC Always Skip on Return 

MEMORY REFERENCE INSTRUCTIONS 

CAMO 33 10 0 1 110 0 1 11 A - 07:4 None 

3C \0011\1100/ RAM(B) - 03:0 

LD r -5 10 0 I r 10 1 0 11 RAM(B)- A None 
Br .. r- Br 

LOID BF 11011111111 ROM(PCS,A,M) - 0 None 
SA - SB 

RMB 0 4C 10100111001 0- RAM(B)O None 
1 45 \ 0 1 0 0\0 1 0 1/ 0- RAM(B)j 
2 42 \0 1 00\00 1 01 0- RAM(B)2 
3 43 10 1 00100 1 11 0- RAM(B)3 

5MB 0 4D 1010011 1011 1 - RAM(B)o None 
1 47 10100101 1 11 1 - RAM(B)j 
2 46 10 1 0010 1 1 01 1 - RAM(B)2 
3 4B 101001101 11 1 - RAM(B)3 

STII y 7- 10 1 1 11 y y - RAM(B) None 
Bd+1-Bd 

X -6 1001 r 10 1 1 01 RAM(B)- A None 
Br .. r - Br 

XAD 3,15 23 100 1 0100 1 11 RAM(3,15) - A None 

BF 1101 111 1 1 11 

XDS -7 1001 r 101 1 11 RAM(B)- A Bd decrements past 0 
Bd-1-Bd 
Br .. r- Br 

XIS -4 1001 r 10 1 001 RAM(B) - A Bd increments past 15 
Bd + 1 - Bd 
Br .. r- Br 
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Description 

Jump Indirect (Note 2) 

Jump 

Jump within Page 
(Note 3) 

Jump to Subroutine Page 
(Note 4) 

Jump to Subroutine 

Return from Subroutine 

Return from Subroutine 
then Skip 

Copy A, RAM to 0 

Load RAM into A, 
Exclusive-OR Br with r 

Load 0 Indirect (Note 2) 

Reset RAM Bit 

Set RAM Bit 

Store Memory Immediate 
and Increment Bd 

Exchange RAM with A, 
Exclusive-OR Br with r 

Exchange A with RAM 
(3,15) 

Exchange RAM with A 
and Decrement Bd, 
Exclusive-OR Br with r 

Exchange RAM with A 
and Increment Bd, 
Exclusive-OR Br with r 
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Table 3. COP410Ll411L Instruction Set (continued) 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description 

REGISTER REFERENCE INSTRUCTIONS 

CAB 50 10 1 0 110 00 01 A- Bd None Copy A to Bd 

CBA 4E 1010011 1101 Bd - A None Copy Bd to A 

LBI r,d -- 100 1 r I(d-l) I r,d - B Skip until not a LBI Load B Immediate with 

(d = 0,9:15) r,d (Note 5) 

LEI Y 33 10011100111 y - EN None Load EN Immediate 

6- 101101 y I (Note 6) 

TEST INSTRUCTIONS 

SKC 20 10 0 1 010 0 0 01 C = "1" Skip if C is True 

SKE 21 10 0 1 010 0 0 11 A.= RAM(B) Skip if A Equals RAM 

SKGZ 33 10.0 1 110 0 1 11 G3:0 = 0 Skip if G is Zero 

21 10 0 1 010 0 0 11 (all 4 bits) 

SKGBZ 33 100111001 11 1st byte Skip if G Bit is Zero 

0 01 10 0 0 010 0 0 11 

}~,~" 
GO = 0 

1 11 10 0 0 110 0 0 11 Gl = 0 
2 03 10 0 0 010 0 1 11 G2 = 0 

3 13 10 0 0 110 0 1 11 G3 = 0 

SKMBZ 0 01 10 0 0 010 0 0 11 RAM(B)O = 0 Skip if RAM Bit is Zero 

1 11 10 0 0 110 0 0 11 . RAM(Bh = 0 

2 03 10 0 0 010 0 1 11 RAM(B)2 = 0 

3 13 10 0 0 110'0 1 11 RAM(B)3 = 0 

INPUT/OUTPUT INSTRUCTIONS 

ING 33 1001 11001 11 G-A None Input G Ports to A 

2A 10 0 1 011 0 1 01 

INL 33 1001 1100111 L7:4 - RAM (B) None Input L Ports to RAM,A 

2E 1001011 1101 L3:0 - A 

OBD 33 10011100111 Bd - D None Output Bd to D Outputs 

3E 1001 111 1 101 

OMG 33 1001 11001 11 RAM(B)- G None Output RAM to G Ports 

3A 1001 1110101 ; 

XAS 4F 1010011 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 explicilly 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 o(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 54·word page. JP may not jump to the last word of a page. 

Note 4: A JSRP transfers program control to subroullne page 2 (0010 is loaded into the upper 4 bits of Pl. A JSRP may not be used when in pages 
2 or 3. JSRP may not lump 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 (10012), the lower 4 bits of the LBI instruction equal 8 (10002)' To load 0, the lower 4 bits of the LBI instruction 
should equal 15 (11112). 

Note 5: Machine code for operand fieid 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 COP410Ll411 L 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 a bits 
of the ROM address register PC with the contents of 
ROM addressed by the 9-bit word, PCs, A, M. PCs is not 
affected by this instruction. 

Note that JID requires 2 instruction cycles to execute. 

LaiD Instruction 

LQID (Load Q Indirect) loads the a-bit Q register with the 
contents of ROM pOinted to by the 9-bit word PCs, A, M. 
LQID can be used for table lookup or code conversion 
such as 8CD to seven-segment. The LQID instruction 
"pushes" the stack (PC + 1 - SA - S8) and replaces the 
least significant a bits of PC as follows: A - PC7:4, 
RAM(8) - PC3:o, leaving PCs unchanged. The ROM data 
pOinted to by the new address is fetched and loaded 
into the Q latches. Next, the stack is "popped" (S8 - SA 
- PC), restoring the saved value of PC to continue 
sequential program execution. Since LQID pushes SA
S8, the previous contents of S8 are lost. Also, when 
L.l.IIU pops me slacK, me preVIoUSlY pusneo Gomems 01 

SA are left in S8. The net result is that the contents of 
SA are placed in S8 (SA - S8). Note that LQID takes two 
instruction cycle times to execute. 

Instruction Set Notes 

a. The first word of a COP410Ll411L program (ROM 
address 0) must be aCLRA (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 a 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. 
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Option List 

The COP410Ll411L 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 COP411 L chip, Option 2 must be set to 3, Options 
20,21, and 22 to O. The options are programmed at the 
same time as the ROM pattern to provide the user with 
the hardware flexibility to interface to various I/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 (VR) input 
= 2: Multi-COP SYNC input 
= 3: No connection 

Option 3: CKI Input 
=0: Oscillator input divided by a (500kHz 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 Vee 
= 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-pull output 
= 4: Low-current LED direct segment drive output 
= 5: Low-current TRI-STATE® push-pull output 

Option 6: La Driver 
same as Option 5 

Option 7: Ls Driver 
same as Option 5 

Option 8: L4 Driver 
C!~mQ ~C! nntinn l:;, 

Option 9: Vee 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: L2 Driver 
same as Option 5 

Option 12: L1 Driver 
same as Option 5 

Option 13: La Driver 
same as Option 5 

Option 14: SI Input 
= 0: load device to Vee 
= 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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Option 17: Go 1/0 Port 
= 0: Standard output 
= 1: Open-drain output 

Option 18: G1 1/0 Port 
same as Option 17 

Option 19: G2 1/0 Port 
same as Option 17 

Option 20: G3 1/0 Port (no option available for COP411L) 
same as Option 17 

Option 21: 03 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: O2 Output (no option available for COP411L) 
same as Option 21 

Option 23: 01 Output 
same as Option 21 

Option 24: Do Output 
same as Option 21 
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Option 25: L Input Levels 
= 0: Standard TTL input levels ("0" = 0.8V, "1" = 2.0V) 
= 1: Highervoltage input levels ("0" =1.2V, "1"=3.6V) 

Option 26: G Input Levels 
. same as Option 25 

Option 27: 51 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 51: 

a. RAM and Internal Logic Test Mode (51 = 1) 

b. ROM Test Mode (51 = 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 COPSTM family, fabricated using N
channel, silicon gate MOS technology_ They are complete 
microcomputers containing all system timing, internal 
logic, ROM, RAM and I/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 I/O scheme designed to facilitate key
board input, display output and BCD data manipulation_ 
The COP421 is identical to the COP420, except with 19 
I/O lines instead of 23; the COP422 has 151/0 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 arEi 
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 

• 1kxB ROM, 64x4 RAM 

• 23 I/O lines (COP420, COP320) 

• True vectored interrupt, plus restart 

• Three-level subroutine stack 

• 4_0/-,s instruction time 

• Single supply operation 

• Internal time-base counter for real-time processing 

• Internal binary counter register with MICROWIRETM 
compatible serial I/O capability 

• General purpose and TRI-STATE® outputs 

• TTL/CMOS compatible in and out 

• LED direct drive outputs 

• MICROBUSTM compatible 

• Software/hardware compatible with other members 
of COP400 family 

• Extended temperature range device COP320/COP321/ 
COP322 (-40°C to +B5°C) 

OK' CKG 

L t, 
I I 

INSTRUCTION CLOCK {SYNC) 

""'~~"V~~LUCK 
COUNTER DIVIDER GENERATOR 

(DIVIDE 8'1' 1(24) 

1 8 12 \l 14 15 

20 111 9 19 
IN3' 1N2" 1Nl'INa' 

SKI 

Ir=====~---"-- SOl MICROWIRE 110 

SI 

G3 

G, 
GJ" 

Go· 

* Not available on C9P322fCOP422. 

Figure 1. COP420/COP4211COP422, COP320/COP321/COP322 Block Diagram 
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COP420/COP421/COP422 and COP320/COP321/COP322 

Absolute Maximum Ratings 
Voltage at Any Pin -0.3Vto+7V Package Power Dissipation 750 mW at 25°C 
Operating Temperature Range 24 and 28 pin 400 mW at 70°C 

CO P420/COP421/CO P422 O°Cto 70°C 250 mW at 85°C 
CO P320/CO P321/CO P322 -40°C to +85°C Package Power Dissipation 650 mW at 25°C 

Storage Temperature Range -65°C to +150°C 20pin 300 mW at 70°C 
Total Sink Current 75mA 200mWat 85°C 

Total Source Current 95mA Lead Temperature (soldering, 10 sec.) 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/CO P421 ICO P422 
DC Electrical Characteristics O°C", TA ", 70°C, 4.5V '" Vce'" 6.3V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

Operation Voltage 4.5 6.3 V 

Power Supply Ripple Peak to Peak (Note 3) 0.4 V 

Supply Current Outputs Open 38 mA 

Supply Current Outputs Open, 
Vee =5V, TA=25°C 30 mA 

Input Voltage Levels 
CKI Input Levels 
Crystal Input 
Logic High Vee = Max. 3.0 

Logie High Vee=5V±5% 2.0 V 
Logic Low -0.3 0.4 V 

TTL Input Vee=5V±5% 
Logic High 2.0 V 
Logic Low -0.3 0.8 V 

Schmitt Trigger Inputs 
RESET, CKI (+4) 

Logic High 0.7 Vee V 
Logic Low -0.3 0.6 V 

SO Input Level (Test Mode) 2.0 3.0 V 
All Other Inputs 

Logic High Vee = Max. 3.0 V 
Logic High Vee=5V±5% 2.0 V 
Logic Low -0.3 0.8 V 

Input Levels High Trip Option 
Logic High 3.6 V 
Logic Low -0.3 1.2 V 

Input Load Source Current Vee = 5V, VIN = OV 
CKO -4 -800 IlA 
All Others -100 -800 IlA 

Input Capacitance 7 pF 

Hi-Z Input Leakage Vee=5V -1 +1 IlA 

Output Voltage levels 
Standard Outputs 
TTL Operation Vee=5V±5% 

Logic High IOH =-100IlA 2.4 V 
Logic Low IOL= 1.6mA -0.3 0.4 V 

CMOS Operation 
Logic High IOH =-10IlA Vee- 1 V I 
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COP42Q/COP421/COP422 

DC Electrical Characteristics 
Parameter 

Output Current Levels 
LED Direct Drive Output 

Logic High 
CKI Sink Current (RIC Option) 
CKO (RAM Supply Current) 

TRI-STATE® or Open Drain 
Leakage Current 

Output Current Levels 
Output Sink Current (loll 

Output Source Current (lOH) 

Standard Configuration 
All Outputs 

Push-Pull Configuration 
SO, SK Outputs 

TRI-STATE Configuration 

YJ-L7 Outputs 

LED Configuration 

YJ-L7 Outputs 

Allowable Sink Current 
Per Pin (L, D, G) 
Per Pin (All Others) 
Per Port (L) 
Per Port (D, G) 

Allowable Source Current 
Per Pin (L) 
Per Pin (All Others) 

(Cont'd) o·c .. TA .. 70·C, 4.5V .. Vee" 6.3V unless otherwise noted. 

Conditions Min. Max. Units 

Vee=6V 
VOH =2.0V 2.5 14 mA 
V1N =3.5V 2 mA 

VR=3.3V 3 mA 

Vee=5V -2.5 +2.5 ~ 

Vee=6.3V, VoL=O.4V -2.0 mA 
Vee = 4.5 V, VOL = 0.4 V -1.0 mA 

Vee = 6.3 V, VOH = 3.0 V -200 -900 /AA 
Vee = 4.5V, VOH=2.0V -100 -500 ;/ /AA 

Vee = 6.3V, VOH = 3.0V -1.0 mA 
Vee=4.5V, VOH=2.0V -0.4 rnA 

Vee = 6.3 V, VOH = 3.0V -2.0 mA 
Vee = 4.5 V, VOH = 2.0V -0.8 mA 

Vee = 6.3V, VOH = 3.0V -1.0 mA 
Vee = 4.5V, VOH=2.0V -0.5 mA 

10 mA 
2 mA 
16 mA 
10 rnA 

-15 mA 
-1.5 rnA 
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COP320/COP321/COP322 

DC Electrical Characteristics 
Parameter 

Operation Voltage 

Power Supply Ripple 

Supply Current 

Input Voltage Levels 
CKI Input Levels 

Crystal Input 
Logic High 
Logic Low 

TTL Input 
Logic High 
Logic Low 

Schmitt Trigger Inputs 
RESET, CKI (+4) 
Logic High 
Logic Low 

SO Input Level (Test Mode) 
All Other Inputs 

Logic High 
Logic High 
Logic Low 

Input Levels High Trip Option 
Logic High 
Logic Low 

Input Load Source Current 
CKO 
All Others 

Input Capacitance 

Hi·Z Input Leakage , 

Output Voltage levels 
Standard Outputs 
TTL Operation 

Logic High 
Logic Low 

CMOS Operation 
Logic High 
Logic Low 

Output Current Levels 
LED Direct Drive Output 
Logic High 

CKI Sink Current (RIC Option) 
CKO (RAM Supply Current) 

TRI·STATE® or Open Drain 
Leakage Current 

Allowable Sink Current 
Per Pin (L, 0, G) 
Per Pin (All Others) 
Per Port (L) 
Per Port (0, G) 

Allowable Source Current 
Per Pin (L) 
Per Pin (All Others) 

-40°C ~ TA ~ +85°C, 4.5V ~ Vee ~ 5.5V unless otherwise noted. 

Conditions Min. Max. Units 

4.5 5.5 V 

Peak to Peak (Note 3) 0.4 V 

TA = -40°C, Outputs Open 40 mA 

2.2 V 
-0.3 0.3 V 

Vee=5V±5% 
2.2 V 

-0.3 0.6 V 

0.7Vee V 
-0.3 0.4 V 

2.0 3.0 V 

Vee = Max. 3.0 V 
Vee=5V±5% 2.2 V 

-0.3 0.6 V 

3.6 V 
-0.3 1.2 V 

Vee = 5V, VIN = OV 
-4 -800 "A 

-100 -800 "A 
7 pF 

Vee=5V -2 +2 "A 

Vee=5V±5% 
IOH =-75"A 2.4 V 
IOl=1.6mA -0.3 0.4 V 

IOH =-10"A Vee- 1 V 
IOl= 10"A -0.3 0.2 V 

Vee = 5V (Note 4) 
VOH =2.0V 1.0 12 mA 

VIN =3.5V 2 mA 

VR=3.3V 4 mA 

Vee=5V -5 +5 "A 

10 mA 
2 mA 
16 mA 
10 mA 

-15 mA 
-1.5 mA 
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AC Electrical Characteristics 
COP420/COP421/COP422 O°C .. TA .. 70°C, 4.5V .. Vcc .. 6.3V unless otherwise noted. 
COP320/COP321/COP322 -40°C .. TA .. +B5°C, 4.5V .. Vcc .. 5.5V unless otherwise noted. 

Parameter 

Instruction Cycle Time 

Operating CKI Frequency 

CKI Duty Cycle (Note 1) 
Rise Time 
Fall Time 

CKI Using RC (Figure Bc) 
Frequency 
Instruction Cycle Time 

CKO as SYNC input (Figure Bd) 
tsyNc 

Inputs: 
SI 

tSETUP 
tHOLO 

All Other Inputs 
tSETUP 
tHOLO 

Output Propagation Delay 

SO and SK 
tpd1 
tpdO 

CKO 
tpd1 
tpdO 

All Other Outputs 
tpd1 
tpdo 

MICROBUSTM Timino 

Read Operation (Figure 4) 
Chip Select Stable before RD-tCSR 
Chip Select Hold Time for RD-tRCS 
RD Pulse Width-tRR 
Data Delay from RD-tRO 
RD to Data Floating-toF 

Write Operation (Figure 5) 
Chip Select Stable before WR-tcsw 
Chip Select Hold Time forWR-twcs 
WR Pulse Wldth-tww 
Data Set-Up Time for WR-tow 
Data Hold Time for WR-two 
INTR Transition Time from WR-twi 

Note 1: Duty cycle = tW1/(tW1 + two). 

Conditions 

+16 mode 
+B mode 

Freq. =4MHz 
Freq.=4MHz 

+4 mode 
R=15kQ±5%, C=100pF±10% 

Figure 3a 

Test Conditions: 
RL=5kQ, CL=50pF, VouT =1.5V 

C, =100oF. Vr.r.=5V±5% 

Note 2: See Figure 9 for additional I/O characteristics. 
Note 3: Voltage change must be less than 0.5 volts in a 1 ms period. 

Min. 

4 

1.6 
O.B 

40 

0.5 
4 

50 

0.3 
250 

1.7 
300 

300 

65 
20 

400 

65 
20 

400 
320 
100 

Max. Units 

10 I's 

4.0 MHz 
2.0 MHz 

60 % 
60 ns 
40 ns 

1.0 MHz 
B I's 

ns 

I's 
ns 

I's 
ns 

ns 

1.0 I's 
1.0 I's 

0.25 I's 
0.25 I'S 

1.4 I's 
1.4 I's 

ns 
ns 
ns 

375 ns 
250 ns 

ns 
ns 
ns 
ns 
ns 

700 ns 

Note 4: Exercise great care not to exceed maximum device power dissipation limits when direct driving LEOs (or sourcing similar 
loads) at high temperature. 
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GNO 28 00 GNO 24 00 CKO 20 GNO 
CKO 27 01 CKO 23 01 

19 02 CKI 
CKI 26 02 CKI 22 02 

REID 25 03 iiffi"f 21 03 RESET 18 U3 

L7 24 G3 L7 20 G3 L7 17 G3 
L6 23 G2 L6 19 G2 L6 16 G2 
L5 22 Gl L5 18 Gl L5 15 SK 
L4 21 GO L4 17 GO 

INI 20 IN3 VCC 16 SK L4 14 SO 

IN2 19 INO L3 10 15 SO VCC 13 SI 

VCC 11 18 SK L2 11 14 SI l3 12 LO 
L3 12 17 SO l1 12 13 LO L2 10 11 Ll 
L2 13 16 SI 
l1 14 15 LO 

COP420, COP320 COP421, COP321 COP422, COP322 

Order Number COP420N, COP320N Order Number COP421N, COP 321N Order Number COP422N, COP322N 
NS Package N28A NS Package N24A NS Package N20A 

Figure 2. Connection Diagrams 

Pin Description Pin Description 

L7-Lo 8 bidirectional 1/0 ports with TRI-STATE@ SK Logic-controlled clock (or general 

Ga-Ga 4 bidirectional 1/0 ports purpose output) 

Da-Da 4 general purpose outputs CKI System oscillator input 

INa-INa' 4 general purpose inputs (COP420/320 
CKO System oscillator output (or general 

only) 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 

CKI 

SK lAS A ,.;..;;.;",:1.:-".------; ...... 1- tpoo 
CLOCK ......... VO"'L':-~= ___ +;---' 

IN3-INo. I- tSETUP --I I-- tHOLO 

G3- GOckJi.L8i _________ -:-__ .Jx"'--: ___ --Jx ...... _____ _ 
INPUTS r.tP01-+1 

GC;~~o.~t~~~ I ~VOH 
OUTPUTS 

Figure 3. Input/Output Timing Diagrams (crystal divide by 16 model 

CKI 

CKO 
(INPUT) 

-I ~~lj 
\ . 

[-- tSYNCO 

Figure 3A. Synchronization Timing 

CKIJLnJ 

1 I 
tPo~tPOO 
Figure 3B. CKO Output Timing 
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• ~ tRes --':'1 

---+---,.,\1' 
IIN11 All \1'-----,-----', ~ 

-tcSR-I~tRD--t _tDF _____ 

(L)-LOI D)-DO ----------t{ _____________ . 

Figure 4. MICROBUS™ Read Operation Timing 

tcsw-. • tww I _twcs-!. 
\ 1 

___ tow_ 

IIN31 WR 

--- two .1-
(L)-LOI D)-DO X 

, tWI . 
(Gol INTR 

Figure 5. MICROBUS™ Write Operation Timing 

Functional Description COP420/COP421/COP422, COP320/COP321/COP322 
For ease of reading this description, only COP420 and/or 
COP421 are referenced; however, all such references 
apply equally to the COP422, COP322, COP320 and/or 
COP321, respectively. 

A block diagram of the COP420 is given in figure 1. Data 
paths are illustrated in simplified form to depict how the 
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 
LaID 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 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 
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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 a 
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 
rlg,,!in,,!inn rAni"tAr for most I/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 a 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 XASinstruction 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-INo, are provided; IN1, 

IN2 and IN3 may be selected, by a mask-programmable 
option, as Read Strobe, Chip Select and Write Strobe 
inputs, respectively, for use in MICROBUSTM 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 I/O ports. Go may be mask-programmed as 
an output for MICROBUSTM applications. 
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The Q register is an internal, latched, 8-bit register, used 
to hold data loaded to or (rom 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 MICROBUSTM 
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. 

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 MICROBUSTM option allows L I/O port data to be 
latched into the Q register. 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 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 the 
counter mode, SK is the output of SKL; in the shift 
register mode, SK outputs SKL ANDed with the clock. 

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

1. 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 ENo set, SIO is an 
asynchronous binary counter, decrementing its value 
by one upon each low·going pulse ("I" to "0") 
ocurring on the SI input. Each pulse must be at least 
two instruction cycles wide. SK outputs the value of 
SKL. The SO output is equal to the value of EN3. With 
ENo reset, SIO is a serial shift register shifting left 
each instruction cycle time. The data present at 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 SKoutput becomes 
a logic·controlled clock. 

2. With EN1set the IN1 input is enabled as an interrupt 
input. Immediately fOllowing an interrupt, EN1 is 
reset to disable further interrupts. 

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

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

Enable Register Modes - Bits EN3 and ENO 

EN3 ENo SIO SI SO SK 

0 0 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 IfSKL = 1,SK = 1 

If SKL = 0, SK = 0 
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Interrupt 

The following features are associated with the IN1 
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 EN1 is reset. 

b. An interrupt will be acknowledged only after the 
following conditions are met: 
1. EN1 has been set. 

2. A low-going pulse ("1" to "0") at least two instruc
tion cycles wide occurs on the IN1 input. 

3. A currently executing instruction has been com
pleted. 

4. All successive transfer of control instructions and 
successive LBls 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 Atilj carry. ;:)uoroullnes ana LI..IIU III:;lIUV 

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 LEI 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 (JAP). 
IN1, IN2 and IN3 general purpose inputs become 
MICRO~USTM compatible read-strobe, chip-select, and 
write-strobe lines, respectively. IN1 becomes RD - a 
logic "0" on this input will cause Q latch data to be 
enabled to the L ports for input to the "P. IN2 becomes 
CS - a logic "0" on this line selects the COP420 as the 
"p 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. Go becomes 
INTR a "ready" output, reset by a write pulse from the 
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"p 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 MICROBUSTM - a standard interconnect 
system for S-bit parallel data transfer between MOS/LSI 
CPUs and interfacing devices. (See MICROBUSTM 
National Publication.) The functioning and timing rela
tionships between the COP420 signal lines affected by 
this option are as specified for the MICROBUSTM 
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 MICROBUSTM is 
shown in Figure 6. 

MICROPROCESSOR 

INTERRUPT IINTRJ 

a·BIT OATA BUS 

REAO STROBE (Rill 
CHIP SElECT ICSI 
WRITE STROBE IWRI 

POWER 
SUPPL Y CLOCK 

SK 

Figure 6. MICROBUS™ Option Interconnect 

Initialization 

IN 

OUT 

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 1 ms and greater than 1 "s. If the 
power supply rise time is greater than 1 ms, the user 
must orovide an external RC network and diode to the 
RESET pin as shown below. The RESET pin is contigurea 
as a Schmitt trigger input. If not used it should be con
nected to Vee. 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. 

P +-_ ..... ---.., 
o 
W 
E 
R 

S 
U 
P 
P 
L 
Y 

VCC 

RESET COP42D/421 

RC" 5 x POWER SUPPLY RISE TIME 

Figure 7. Power-Up Clear Circuit 
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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. CKI 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 
(VA) 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 SYNC (instruction cycle) signal to CKO, 
thereby allowing synchronous data transfer between 
the COPs using only the SI and SO serial I/O 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). 

.J1..J (VR OR GENERAL 
EXTERNAL PURPOSE INPUT 

CLOCK PINl 

Crystal Oscillator External Oscillator RC Controlled Oscillator 

Crystal Oscillator 

Crystal Component Values 

Value R1 (Q) R2 (Q) C (pF) 

4MHz 1k 1M 27 

3.58MHz 1k 1M 27 

2.09 MHz 1k 1M 56 

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 2 of A 
(accumulator) upon execution of an INIL instruction. As 
another option, CKO can be a RAM power supply pin 
(VA), 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 (VA) allows the 
user to shut off the chip power supply (Vce) 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 Vce goes below spec during 
power off; Vee must be within spec before RESET goes 
high on power up. 

2. VA must be within the operating range of the chip, 
and equal to Vec ± 1V during normal operation. 

3. VA must be ;;'3.3V with Vee off. 

COP420142t COP4201421 

so 
so 

Externally Synchronized Oscillator 

RC Controlled Oscillator 

R (kQ) C (pF) 

12 100 
6.8 220 
8.2 300 
22 100 

Note: 50kQ ;;. R;;. 5kQ 
360pF;;. C;;' 50pF 

Instruction 
Cycle Time 

(I's) 

5±20% 
5.3±23% 
8±29% 

8.6± 16% 

Figure B. COP420/421/COP320/321 Oscillator 
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1/0 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 Vee, 
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 Vee. 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 Vee, 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 Vee. These outputs are TRI-STATE 
outputs, allowing for connection of these outputs to 
a data bus shared by other bus drivers. 

COP420/COP421 inputs have the following optional 
configurations: 

h. An on-Chip depletion load device to Vee. 

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 (lOUT and VOUT) 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 paint 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 -INo). Use of this 
option precludes, of course, use of the IN options, inter
rupt feature, and the MICROBUSTM option which uses 
IN1-IN3. All other options are available for the COP421. 

a. Standard Output b. Open· Drain Output c. Push·Pull Output 

""Bl'~~ 

(&IS DEPLETION DEVICE) 

d. Standard L Output e. Open· Drain L Output f. LED (L Output) 

'cc 

c;?" 
'''"'~( 

g. TRI·STATE~ Push·Pull (L Output) h. Input with Load i. HI·Z Input 

Figure 9a. 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 
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COP420/COP421/COP422/COP320/COP321/COP322 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. with each instruction in the COP420/COP421/COP422 

instruction set. 

Table 2. COP420/4211422/320/321/322 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) 

C 1-bit Carry Register a 10-bit Operand Field, 0-1023 binary (ROM 

D 4-bit Data Output Port Address) 

EN . 4-bit Enable Register y 4-bit Operand Field, 0-15 binary (Immediate 

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

IL Two 1-bit latches associated with the IN3 or RAM(s) Contents of RAM location addressed by s 
INa inputs ROM(t) Contents of ROM location addressed by t 

IN 4-bit Input Port 
L 8-bit 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 1/0 Port - Is exchanged with 
SA 10-bit Subroutine Save Register A 

= Is equal to 
SB 10-bit Subroutine Save Register B 
SC 10 Subroutine Save Register A A The one's compler:nent of A 

SIO 4-bit Shift Register and Counter <I> Exclusive-OR 

SK Logic-Controlled Clock Output : Range of values 

Table 2. COP420/4211422/320/3211322 Instruction Set 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description 

ARITHMETIC INSTRUCTIONS 

ASC 30 10011100001 A+C+ RAM(B) - A Carry Add with Carry, Skip on 
Carry - C Carry 

ADD 31 1°°111°°011 A+RAM(B)- A None Add RAM to A 

ADT 4A 101 ° °11 01 01 A+1010- A None Add Ten to A 

AISC Y 5- 1° 101 1 y I A+y- A Carry Add Immediate, Skip on 
Carry (y '" 0) 

-
CASC 10 10 ° 01 10 ° 0 01 Carry Complement and Add with A + RAM(B) + C - A 

Carry - C Carry, Skip on Carry 

CLRA 00 10 ° ° 010 ° ° 01 0- A None Clear A 

-
COMP 40· 101 °°1°°°°1 A-A None One's complement of A to A 

NOP 44 1°10°1° 1 001 None None No Operation 

RC 32 1°°111°°1 °1 "O"-C None Reset C 

SC 22 10 ° 1 010 01 01 "1"- C None Set C 

XOR 02 1°00°1°0101 A", RAM(B)- A None Exclusive·OR RAM with A 
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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 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 11111111111 ROM (PC9:8, A,M) - PC7:0 None 

JMP a 6- 1011 °IOOla9:sl a - PC None 

-- I 87:0 I 

JP a -- III a6:0 I a - PC6:0 None 
(pages 2,3 only) 

or 

-- 1111 85:0 I a - PC5:0 
(ali other pages) 

JSRP a -- 11°1 a5:0 I PC + 1 - SA - SB - SC None 
0010 - PC9:6 
a - PC5:0 

JSR a 6- 1011011°la9sl PC + 1 - SA - SB - SC None 

-- I 87:0 I 
a- PC 

RET 48 1°100110001 SC- SB- SA- PC None 

RETSK 49 1°100110011 SC - SB - SA - PC Always Skip on Return 

MEMORY REFERENCE INSTRUCTIONS 

CAMQ 33 10011100111 A- 07:4 None 

3C 10011111001 RAM(B) - Q3:0 

CQMA 33 1°°111°0111 Q7:4 - RAM (B) None 

2C 1°°1°111 °°1 
Q3:0- A 

LD r -5 1001 rl~_~1 RAM(B)- A None 
- -

LDD r,d 23 1001 °1°° 111 RAM(r,d) - A None 

1001 r I d I 

LOID BF 11011111111 ROM(PC9:8,A,M) - Q None 
SB-SC 

RMB ° 4C 10 1 0011 1 001 0- RAM(B)O None 

45 101 00101 0 11 0- RAM(Bh 

2 42 101 °°1°° 101 0- RAM(B)2 

3 43 101001°0 111 0- RAM(Bl3 

5MB ° 40 1°10°11101 1 1 -RAM(B)O None 

47 1°1°°11101 1 1- RAM(Bh 

2 46 1°1 0 010 11 01 1- RAM(B)2 

3 4B 1°1°°110111 1- RAM(B)3 
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Description 

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 

Copy A, RAM to Q 

Copy Q to RAM, A 

Load RAM into A, 
e •• _I ...... ;" .... j"'\c D ..... lit'" .. 

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 

MEMORY REFERENCE INSTRUCTIONS (continued) 

STI! y 7- 10111 1 y I y- RAM(B) None 
Bd+1-Bd 

X r -6 1001 r 1011 01 RAM(B)- A None 
Brer-Br 

XAD r,d 23 10010100111 RAM(r,d)- A None 

-- 1101 r I d I 
XDS r -7 100lrl01111 RAM(B)-A Bd decrements past 0 

Bd-1- Bd 
Br e r - Br 

XIS r -4 1001 r 101 001 RAM(B)-A Bd increments past 15 
Bd+1-Bd 
Brer- Br 

REGISTER REFERENCE INSTRUCTIONS 

CAB 50 10101100001 A- Bd None 

CBA 4E 101 001 11 1 01 Bd - A None 

LBI r,d -- 1001 r l(d-1)1 r,d - B Skip until not a LBI 

(d = 0, 9:15) 
or 

33 10011100111 

-- 1101 r I d I 
(any d) 

LEI Y 33 100 1 1100 1 11 y- EN None 

6- 10 11°1 y I 
XABR 12 10001100101 A - Br (0,0 - A3.A2) None 

TEST INSTRUCTIONS 

SKC 20 10010100001 C="1" 

SKE 21 10010100011 A=RAM(B) 

SKGZ 33 10011100111 G3:0=0 

21 10010100011 

SKGBZ 33 100 11100 111 1st byte 

0 01 10000100011 GO=O 

1 11 10001100011 G1=0 

2 03 10000100111 
2nd byte 

G2=0 

3 13 10001100111 G3=0 

SKMBZ 0 01 10000100011 RAM(B)O=O 

1 11 10001100011 RAM(Bl1 =0 

2 03 10000100111 RAM(B)2=0 

3 13 10001100111 RAM(B)3=0 

SKT 41 10100100011 A time·base counter 
carry has occurred 
since last test 
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Description 

Store Memory Immediate 
and Increment Bd 

Exchange RAM with A, 

Exclusive·OR Br with r 

Exchange A with RAM 
pointed to directly by r,d 

Exchange RAM with A 
and Decrement Bd, 
Exclusive·OR Br with r 

Exchange RAM with A 
and Increment Bd, 
Exclusive·OR Br with r 

Copy A to Bd 

Copy Bd to A 

Load B Immediate with r,d 

(Note 6) 

Load EN Immediate (Note 7) 

Exchange A with Br 

Skip if C is True 

Skip if A Equals RAM 

Skip if G is Zero (all 4 bits) 

Skip if G Bit is Zero 

Skip if RAM Bit is Zero 

Skip on Timer (Note 3) 



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 10011100111 G-A None Input G Ports to A 

2A 100 1 011 0 1 01 

ININ 33 10011100111 IN-A None Input IN Inputs to A (Note 2) 

28 10010110001 

INIL 33 10011100111 IL3, CKO, "0", ILa - A None Input IL Latches to A 

29 10010110011 (Note 3) 

INL 33 10011100111 L7:4 - RAM(B) None Input L Ports to RAM,A 

2E 10 01 01111 01 L3:0- A 

OBD 33 10011100111 Bd - D None Output Bd to 0 Outputs 

3E 10 0111111 01 

OGI y 33 10011100111 y-G None Output to G Ports Immediate 

5-
10101 1 y I 

OMG 33 10011100111 RAM(B)- G None Output RAM to G Ports 

3A 10011110101 

XAS 4F 10100111111 A - SIO, C - SKL None Exchange A with SIO 
(Note 3) 

Nole 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). F6r 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 COP4211COP321 and COP4221COP322 since these devices do not conlain the IN inputs. 

Note 3: For additional information on the operation of the XAS, JID, laiD, INIL, and SKT Inslructions, see below. 

Nole 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within Ihe Iwo·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. 

Nole 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of Pl. A JSRP may nol be used when in pages 2 or 3. JSRP 
I11ClY [lUI JUIIIIJ lV lilt;: I", .......... 'y ;" 1-'''':;1'' :. 

Nole 6: LBI i,s 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 (10012>, the lower 4 bits of the LBI Inslruction equalS (10002)' To load 0, the lower 4 bils of the LBI 
instruction should equal 15 (11112)' 

Nole 7: Machine code for operand field y for LEI inslruction 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 COP420/421 programs. 

XAS Instruction 

XAS (Exchange A with SID) exchanges the 4·bit con· 
tents of the accumulator with the 4·bit contents of the 
SID register. The contents of SID will contain serial·inl 
serial·out shift register or binary counter data, depending 
on the value of the ENregister. An XAS instruction will 
also affect the SK output. (See Functional Description, 
EN Register, above.) If SID 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, PC9:S, A, M. PC9 and 
PCs 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 ILa 
(see figure 10) and CKO into A. The IL3 and ILa latches 
are set if a low·going pulse ("1" to "0") has occurred on 
the IN3 and INa inputs since the last INIL instruction, 
provided the input pulse stays low for at least two 
instruction times. Execution of an INIL inputs IL3 and 
ILa into A3 and AO respectively, and resets these latches 
to allow them to respond to subsequent low·going 
pulses on the IN3 and INa lines. ff CKO is mask 
programmed as a general purpose inpJt, 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-INa are input to A upon execution of 
an ININ instruction. (See table 2, IN IN 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. 

C0P420 

ININ 

..L 
INoIlNJ 

INIL 

Figure 10. 
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LQID Instruction 

LQID (Load Q Indirect) loads the 8·bit Q register with the 
contents of ROM pointed to by the 10·bit word PC9, PCs, 
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) -+ PC3:a, leaving PC9 and PCs 
unchanged. The ROM data pOinted tp 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 COP4201 
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 131 kHz (crystal frequency .,.16) and the 
binary counter output pulse frequency will be 128 Hz. 
For time-of·day or similar real·time processing, the SKT 
instruction can call a routine which increments a "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 cycl.e 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 wo·rd 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 oUour pages. 



Option List 

The COP420/421/422 mask-programmable options are as
signed numbers which correspond with the COP420 pins. 

The following is a list of COP420 options. When 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 (VR) input 

(Not available on COP422/COP322) 
= 2: general purpose input with load device 
= 3: multi-COP SYNC input 
= 4: general purpose Hi Z input 

i 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 Vce 
= 1: Hi-Z input 

Option 5: L7 Driver 
= 0: Standard output (figure 9D) 
= 1: Open-Drain output (E) 
= 2: LED direct drive output (F) 
= oJ; I nh:> 11-11 c~ pu:;n-pull OUtPUt l\.:l) 

Option 6: Ls Driver 
same as Option 5 

Option 7: L5 Driver 
same as Option 5 

Option 8: L4 Driver 
same as Option 5 

Option 9: IN1 Input 
= 0: load device to Vee (H) 
= 1: Hi-Z input (I) 

Option 10: IN2 Input 
same as Option 9 

Option 11 = 0: Vee Pin - no options available 

Option 12: L3 Driver 
same as Option 5 

Option 13: L2 Driver 
same as Option 5 

Option 14: L1 Driver 
same as Option 5 

Option 15: Lo Driver 
same as Option 5 

Option 16: SI Input 
same as Option 9 
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Option 17: SO Driver 
= 0: standard output (A) 
= 1: open-drain output (8) 
= 2: push-pull output (C) 

Option 18: SK Driver 
same as Option 17 

Option 19: INo Input 
same as Option 9 

Option 20: IN3 Input 
same as Option 9 

Option 21: Go 1/0 Port 
= 0: Standard output (A) 
= 1: Open-Drain output (8) 

Option 22: G1 1/0 Port 
same as Option 21 

Option 23: G2 1/0 Port 
same as Option 21 

Option 24: G3 1/0 Port 
same as Option 21 

Option 25: D3 Output 
= 0: Standard output (A) 
= 1: Open-Drain output (8) 

Option 26: D2 Output 
same as Option 25 

Option 27: D1 Output 
same as Option 25 

Option 28: Do Output 
same as Option 25 

Option 29: COP Function 
= 0: normal operation 
= 1: MICR08USTM option 

- . -- --- - .. 
VtJLlVl1 oJV. \Jvr ~UIIUIII~ 

= 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: SI Input Levels 
same as Option 31 
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TEST MODE (Non·Standard Operation) 
/ 
The SO output has been configured to provide for 
standard test procedures for the custom·programmed 
COP420. With SO forced to logic "1," two test modes 
are provided, depending upon the value of 51: 

a. RAM and Internal Logic Test Mode (51 = 1) 

b. ROM Test Mode (51 = 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- La outputs are configured as LED Direct Drive 
outputs, allowing direct connection to the segments 
of the display. 

VR 

Vee 

":' 

GND GND 

":' 

COP4Z0 

RESET 

LO 

L, 

DO 
D, 
D, 

D, 

2. The D3- Do outputs drive the digits of the multiplexed 
display directly and scan the columns of the 4 x 4 
keyboard matrix. 

3. The IN3-INo 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 anyone of 
the 16 keyswltches. . 

4. 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 VR RAM power supply pin. RAM data Integrity is 
thereby assured when the main power supply is shut 
down (see RAM Keep-Alive Option description). 

5. 51 is selected as the input to a binary counter input. 
With 510 used as a binary counter, SO and 5K can be 
used as general purpose outputs. 

6. The 4 bidirectional G 1/0 ports (G3-GO) are available 
for use as required by the user's application. 

4·OIGIT 
LED DISPLAY 

4 GENERAL ~o 'NO 

liD 
G, 

EVENT 
COUNTER ---.. 

INPUT s" 

,., 
,., 
'N, 

I--+-+""--P---P---P+ ~E:SWITCH 
I--+-+""--P---P---P+ MATR'X 

'51, SO and SK may also be used lor serial 110 

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

Play Mode: Twenty·five musical keys and 25 LEOs are 
provided to denote F to F with half notes in between. All 
the keys and LEOs 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 reo 
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" 
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L5 
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followed by the corresponding "Sharp Key," the LEDs 
will be lighted up one by one to indicate the notes of the 
selected tune. The LEO will remain "on" until the player 
presses the correct musical key; the LEO 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. 
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Circuit Diagram of COP420 Musical Organ 
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Music Box Application with Direct Key Access 
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This additional circuit provides tinkling 
effect for the musical note. 

Bell Sound Circuit 
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This circuit automaticaliy turns off the 
musical organ if none of the keys are 

pressed with in approximately 30 seconds. 

Auto Power Shut-Off Circuit 



~National 
D Semiconductor 

COP420C/COP421C and COP320C/COP321C 
Single-Chip CMOS Microcontrollers 

General Description 
The COP420C, COP421 C, COP320C, and COP321 C Single· 
Chip CMOS Microcontrollers are members of the COPSTM 
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 I/O 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 COP320Cis 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/421 C. 

Features 
• Lowest power dissipation (50I'W typical) 

• Power saving "Idle" state 

• Powerful instruction set 

• 1k x 8 ROM, 64 x 4 RAM, 23 I/O lines (COP420C) 

• True vectored interrupt, plus restart 

• Three·level subroutine stack 

• 151's instruction time, plus software selectable 
osci Ilators 

• Single supply operation (2.4·5.5V) 

• Internal time·base counter for real·time processing 

• MICROWIRETM compatible serial I/O 

• General purpose and TRI·STATE® outputs 

• LSTTLICMOS compatible 

• MICROBUSTM compatible 

• Software/hardware compatible with other members 
of COP400 family 

• 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 -0.3V to Vee + 0.3V Package Power Dissipation 
Operating Temperature Range 

COP420C/COP421C 
COP320C/COP321C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

0·Ct070·C 
-40·C to +85·C Total Sink Current 

-65·C to +150·C Total 'Source Current 
300·C 

700mWat 25·C 
300mWat 70·C 
150mWat 85·C 

40mA 
40mA 

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: O·C .. TA" 70·C, 2.4V .. Vee" 5.5V unless otherwise noted. 
COP320C/321C: -40·C .. TA" +85°C, 3.0V .. Vee"" 5.3V unless otherwise noted. 

Parameter 

Operation Voltage 

Power Supply Ripple 

Supply Current 

Idle State Current 

Input Voltage Levels 

Schmitt Trigger Inputs 

RESET; DO (as clock) 
Logic High 
Logic Low 

All Other Inputs 
Logic High 
logic Low 

. Output Voltage levels 

Standard Outputs 

LSTTL Operation 
Logic High 
Logic Low 

CMOS Operation 
Logic High 
logic Low 

Output Current Levels 

Sink Current 

CKO 

All Others 

All Others 

Source Current 
CKO 

All Others 
All Others 

Conditions Min. 

COP420C/421C 2.4 
COP320C/321C 3.0 

peak to peak (Note 1) 

Vee = 2.4 V, fiN = 32 kHz (+8 mode) 
Vee = 5.0V, fiN = 32 kHz (+8 mode) 
Vee = 5.0V, fiN = Max. (+8 mode) 
Vee = 5.0V, fiN = Max. (+16 mode) 

Vee = 2.4V, fiN =32kHz 
Vee = 5.0V, fiN = Max. 

0.9 Vee 

0.6 Vee 

Vee=5V±5% 
IOH=-100/-fA 2.7 
IOL=O.4mA 

Vee> 3V 
IOH =-10/-fA Vee- 0.2 
IOL=10/-fA 

VOUT = Vee 
Vee=5V 100 

Vee=5V 1.2 

Vee = Min. 0.2 

VOUT=OV 
Vee=5V -100 

Vee=5V -0.2 

Vee = Min. -0.1 
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Max. Units 

5.5 V 
5.3 V 

0.1 Vee V 

35 /-fA 
100 /-fA 
800 /-fA 
1200 /-fA 

15 /-fA 
250 /-fA 

V 
0.1 Vee V 

V 
0.25Vee V 

V 
0.4 V 

V 
0.2 V 

/-fA 
mA 
mA 

/-fA 
mA 
mA 



DC Electrical Characteristics (Cont'd) 
COP420C/421C: O°C';; TA';; 70°C, 2.4V .;; Vee';; 5.5V unless otherwise noted. 
COP320C/321C: -40°C';; TA .;; +85°C, 3.0V .;; Vee';; 5.3V unless otherwise noted. 

Parameter Conditions Min. 

Allowable Sink Current 
Per Pin (SO, SK, CKO) 
Per Pin (All Others) 
Per Port (L) 
Per Port (0, G) 

Allowable Source Current 
Per Pin 

Input Load Source Current Vee=5V, VIN=O -25 
Vee = Min., VIN = 0 -6 

Hi-Z Input Leakage Vee = 5V (COP420C/421C) -1 
Vee = 5V (COP320C/321C) -2 

TRI-STATE'" or Open Drain (COP420C/421C) -2.5 
Leakage Current (COP320C/321C) -5 
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Max. 

2 
8 
16 
8 

-5 

-300 
-75 
+1 
+2 

+2.5 
+5 

Units 

mA 
mA 
rnA 
rnA 

rnA 

iJ.A 
iJ.A 
iJ.A 
iJ.A 

iJ.A 
iJ.A 

() 
o 
"tJ 

~ o 
Q 
() 
o 
"tJ 
~ 

~ 
p 
() 
o 
"tJ 
CN 

~ 
Q 
() 
o 
"tJ 
CN 
~ 
() 



o 
~ 
D. 
o 
M 
~ 
D. 
o o 
cJ 

~ o 
M 
~ 
D. o o 

AC Electrical Characteristics 
COP420C/COP421C: o·c .. TA <; 70·C, 2.4V .. TA" 5.5V unless otherwise noted. 
COP320C/COP321C: -40·C .. TA .. +85·C, 3.0V .. Vee" 5.3V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

Instruction Cycle Time Vee ~ 4.5V 15 245 ,..s 
CO P420C/421C Vee ~ 2.4V 50 245 ,..s 

Operating CKI Frequency +8 mode 32 500 kHz 
COP420C/421C +16 mode 

Vee ~ 4.5V 
64 1000 kHz 

+32 mode 128 2097 kHz 
Dual Clk or IT 500 kHz 

+8 mode 32 160 kHz 
+16 mode 

Vee ~ 2.4V 
64 320 kHz 

+32 mode 128 640 kHz 
Dual Clk or IT 160 kHz 

Instruction Cycle Time Vee> 4.5V 20 125 ,..s 
COP320C/321C Vee> 3.0V 50 125 ,..s 

Operating CKI Frequency +8 mode 64 400 kHz 
COP320C/321C +16 mode 

Vee ~ 4.5V 
128 800 kHz 

+32 mode 256 1600 kHz 
Dual Clk or IT 400 kHz 

+8 mode 64 160 kHz 
+16 mode 

Vee ~3.0V 
128 320 kHz 

+32 mode 256 640 kHz 
Dual Clk or IT 160 kHz 

CKI Duty Cycle 30 50 % 

Inputs: 
tSETuP 2.0 ,..s 
tHOLO 0.6 ,..S 

Output Propagation Delay Test .Conditlons: 
tpd1 Vee> 4.5V; RL = 5 kQ, 6 ,..S 
tpdO CL=50pF, VouT=1.5V 6 ,..S 

MICROBUSTM Timing CL=50pF, Vee=5V±5% 

Read Operation .(Flgure 4) 
Chip Select Stable before RD-tesR 65 ns 
Chip Select Hold Time for RD-tRes 20 ns 
RD Pulse Width-tRR 400 ns 
Data Deiay from RD-tRo 375 ns 
RD to Data Floating-toF 250 ns 

Write Operation (Figure 5) 

Chip Select Stable before WR-tesw 65 ns 
Chip Select Hold Time for WR-twes 20 ns 
WR Pulse Wldth-tww 400 ns 
Data Set·Up Time for WR-tow 320 ns 
Data Hold Time for WR-two 100 ns 
INTR Transition Time from WR-twi 700 ns 

Note 1: Voltage change must be less than 0.5 volts in a 1 ms period. 
Note 2: Supply current Is measured on the Vee pin with a square wave clock, all Inputs at Vee, SO = 1, Lo-L7 =0 and outputs open. See 
COP Brief #14 for further Information. 
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GNO 28 DO GNO 24 DO 

CKO 27 01 CKO 2J 01 

CKI 26 02 CKI 22 02 

RrnT 25 OJ RESET 21 OJ 

17 24 GJ L7 20 GJ 

L6 2J G2 L6 19 G2 

L5 22 Gl 
COP421C 

Gl L5 18 
L4 

COP420C 
21 GO 17 GO L4 

INI 20 INJ VCC 9 16 SK 

IN2 10 19 INO LJ 10 15 SO 

VCC 11 18 SK L2 11 14 SI 

LJ 12 17 SO L1 12 lJ LO 

L2 lJ 16 SI 

L1 14 15 LO 

Order Number COP420C/N, COP320C/N Order Number COP421C/N 
NS Package N28A NS Package N24A 

Figure 2. Connection Diagrams 

Pin Description Pin Description 

LrLo 8 bidirectional 1/0 ports with TRI·STATE® SK Logic·controlled clock 

G3·Go 4 bidirectional 1/0 ports CKI System oscillator input 

0 3.01 3 general pu rpose outputs CKO System oscillator output (or general purpose 

Do General purpose output or oscillator input input) 

IN3·INo 4 general purpose inputs (COP420C only) RESET System reset input 

SI Serial input Vee Power supply 

SO Serial output 
GNO Ground 

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

---.~--- .. -.-.----.-----------~---.----.---~.--------------
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Figure 4. MICROBUSTM Read Operation Timing 

tcsw~ • twW • ....--twcs-... ~t 

(lN21 cs \ I 
.-tow __ 

(lNJI WR -- 'W0.1-

(L)-LOI D)-DO X , 'WI . 
(Gol INTR 

Figure 5. MICROBUSTM Write Operation Timing 

Functional Description 
For ease of reading this description, only COP420C andl 
or COP421C are referenced; however, all such references 
apply equally to COP320C andlor 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 LaID 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 a 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 1/0, 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 a 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·blt 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 SK to be a 
sync clock each instruction cycle time. (See XAS in
struction and EN register description, below.) 

Four general'purpose inputs, IN3-INa, are provided; IN1, 

IN2 and IN3 may be selected, by a mask-programmable 
option, as Read Strobe, Chip Select and Write Strobe 
inputs, respectively, for use in MICROBUSTM appli
cations. 

The 0 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). 

L _____________________________ _ 
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The G register contents are outputs to 4 general-purpose 
bidirectional 1/0 ports. Go may be mask-programmed as 
an output for MICROBUSTM applications. 

The Q register is an internal, latched, S-bit register, used 
to hold data loaded to or from M and A, as well as S-bit 
data from ROM. Its contents are output to the L 1/0 
ports when the L drivers are enabled under program 
control (see LEI instruction). With the MICROBUSTM 
option selected, Q can also be loaded with the S-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 1/0 ports. Also, the contents of L 
may be read directly into A and M_ As explained above, 
the MICROBUSTM option allows L 1/0 port data to be 
latched into the Q register .. 

The 510 register functions as a 4-bit serial-in/serial-out 
serial shift register shifting left each instruction cycle 
tlme_ The data present at SI 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 1/0 by connecting 
SO to external serial-in/parallel-out shift registers. 

The XAS instruction copies C into the 5KL 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 LEI instruction. The state 
of each bit of this register selects or deselects the 
particular feature associated with each bit of the EN 
register (EN3-ENo). 

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

2. With EN1 set the IN1 input is enabled as an interrupt 
input. Immediately following an interrupt, EN1 is 
reset to disable further interrupts. 

3. With EN2 set, the L drivers are enabled to output the 
data in Q to the L 1/0 ports. Resetting EN2 disables the 
L drivers, plaCing the L 1/0 ports in a high-impedance 
input state. If the MICROBUSTM option is being used, 
EN2 does not affect the L drivers. 

4. EN3, in conjunction with ENo, affects the SO output. 
If ENo = 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 ENo = 1, 
SO will output the value of EN3. The table below pro
vides a summary of EN3 and ENo. 

WARNING: If ENo is set, do NOT use the contents of 
SIO_ 

Enable Register Modes - Bits EN3 and ENo 

EN3 ENo 510 51 SO 5K 

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

If SKL = 0, SK = 0 

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

If SKL = 0, SK = 0 

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

If SKL = 0, SK = 0 

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

If SKL = 0, SK = 0 
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COP420C/421C and COP430C/321C 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. with each instruction in the COP420C/421C/320C/321C 

instruction set. 

Table 1. COP420C/421C and COP320C/321C 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 S·bit RAM Address Register Select) 

Br Upper 2 bits of B (register address) r 2·bit Operand Field, 0-3 binary (RAM Register 
Bd Lower 4 bits of B (digit address) Select) 
C 1·bit Carry Register a 9·bit Operand Field, 0-511 binary (ROM 
0 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 I/O Port Data) 
iL Two 1-bit Latches Associated with the IN3 or RAM(s) Contents of RAM location addressed by s 

INa inputs 
ROM(t) Contents of ROM location addressed by t IN 4-bit Input port 

L B-bit TRI-STATE® I/O 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 B-bit Register to latch data for L I/O Port 

Is exchanged with SA 10-bit Subroutine Save Register A -
SB 10-bit Subroutine Save Register B = Is equal to 

SC 10-bit Subroutine Save Register C A The one's complement of A 

SIO 4-bit Shift Register and Counter (!j Exclusive-OR 

SK Logic-Controiled Clock Output 
! 

: Range of values 

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

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description 

ARITHMETIC INSTRUCTIONS 

ASC 30 10011100001 A+C+ RAM(B) - A Carry Add with Carry, Skip on 
Carry - C Carry 

ADD 31 10011100011 A+RAM(B)- A None Add RAM to A 

ADT 4A 101 0011 01 01 A+1010- A None Add Ten to A 

AISC Y 5- 10101 1 y I A+y- A Carry Add Immediate, Skip on 
Carry (y * 0) 

CASC 10 10001100001 A+RAM(B)+C- A Carry Complement and Add with 
Carry - C Carry, Skip on Carry 

CLRA 00 10000100001 O-A None Clear A 

COMP 40 10100100001 A-A None One's complement of A to A 

NOP 44 10100101001 None None No Operation 

RC 32 1°0 1 1100 1 01 "0"- C None Reset C 

SC 22 100101°0 101 "1"- C None Set C 

XOR 02 1000°1°0101 A", RAM(B)- A None Exclusive·OR RAM with A 
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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 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 11111111111 ROM (PC9:8, A,M) - PC7:0 None Jump Indirect (Note 3) 

JMP a 6- 10 1 1 010 0la9:61 a- PC None Jump 

-- I a7:0 I 
JP a -- 111 a6:0 I a - PC6:0 None Jump within Page (Note 4) 

(pages 2,3 only) 

or 

-- 1111 a5:0 I a - PC5:0 
(all other pages) 

JSRP a -- 1101 a5:0 I PC+1- SA- SB- SC None Jump to Subroutine Page 
0010- PC9:6 (Note 5) 
a - PC5:0 

JSR a 6- 10 11 011 0la9:61 PC+ 1 - SA - SB - SC None Jump to Subroutine 

-- I a7:0 I a- PC 

RET 46 10100110001 SC - SB - SA - PC None Return from Subroutine 

RETSK 49 10100110011 SC - SB - SA - PC Always Skip on Return Return from Subroutine 
then Skip 

IT 33 10011100111 PC- PC Idle till Timer overflows 

39 10011110011 
then continue 

MEMORY REFERENCE INSTRUCTIONS 

CAMO 33 10011100111 A- 07:4 None Copy A, RAM to 0 

3C 100 11111001 
RAM(B) - 03:0 

COMA 33 10011100111 07:4 - RAM(B) None Copy 0 to RAM, A 
",.. Inn04 nl .. of nnl O~·n- A ,- _. :," . - -, 

LD -5 1001 r 101011 RAM(B)- A None Load RAM into A, 
Brmr-Br Exclusive·OR Br with r 

LDD r,d 23 10 a 1 010 a 1 11 RAM(r,d)-A None Load A with RAM pointed 

1001 r I d I to directly by r,d 

LQID BF 11011111111 ROM(PC9:6,A,M) - 0 None Load 0 Indirect (Note 3) 
SB-SC 

RMB a 4C 10 1 a 0111 001 0- RAM(B)O None Reset RAM Bit 

45 10100101011 0- RAM(BI1 

2 42 10100100101 0- RAM(B)2 

3 43 10 1 a 010 a 1 11 0- RAM(B)3 

5MB a 40 10100111011 1 - RAM(B)O ·None Set RAM Bit 

47 10 1 00111 011 1 - RAM(BI1 

2 46 10 1 a 010 1 1 01 1 - RAM(B)2 

3 4B 10 1 a 011 a 111 1 - RAM(B)3 
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Table 2. COP420C/421C, COP320C/321C Instruction Set Table (continued) 

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

MEMORY REFERENCE INSTRUCTIONS (continued) 

STII y 7- 101111 y I y - RAM(B) None Store Memory Immediate 
Bd+l-Bd and Increment Bd 

X -r -6 1001 r 1011 01 RAM(B)- A None Exchange RAM with A, 
BrEI! r- Br Exclusive-OR Br with rc 

XAD r,d 23 100 1 01001 11 RAM(r,d)-A None Exchange A with RAM 

-- 110 1 r I d I pointed to directly by r,d 

XDS r -7 100IrlOl111 RAM(B)- A ad decrements past 0 Exchange RAM with A 
Bd-l-Sd and Decrement Bd, 
BrEI! r- Br ExclUSive-OR Br with r 

XIS r -4 1001 riO 1 001 RAM(B)- A Bd Increments past 15 Exchange RAM with A 
Bd+l-Bd and Increment Bd, 
BrEI! r- Br Exclusive-OR Br with r 

REGISTER REFERENCE INSTRUCTIONS 

CAB 50 101 0110000 I A- Bd None Copy A to Bd 

CBA 4E 1010011 1101 Bd - A None Copy Bd to A 

LSI r,d -- 100 1 r I (d-l) I r,d - B Skip until not a LBI Load B Immediate with 
(d = 0,9:15) r,d (Note 6) 

or 
33 100 1 11061 11 

-- 1101 r 1 d 1 
(any d) 

LEI y 33 1001 1100 11 1 y- EN None Load EN Immediate 
6- 101101 y I 

(Note 7) 

XABR 12 1000 11 001 0 I A - Br (0,0 - A3,A2) None Exchange A with Br 

TEST INSTRUCTIONS 

SKC 20 001 010000 C::: "1 " Skip if C is True 

SKE 21 001010001 A = RAM(B) Skip If A Equals RAM 

SKGZ 33 001110011 G3:0 =' 0 Skip if G is Zero 
21 001010001 (all 4 bits) 

SKGSZ 33 001110011 1st byte Skip if G Bit is Zero 
0 01 000010001 

}>w~' 
GO = 0 

1 11 000110001 Gl '" 0 
2 03 00001001 1 G2 = 0 
3 13 00011001 1 G3 = 0 

SKMBZ 0 01 000010001 RAM(B)O '" 0 Skip if RAM Bit Is Zero 
1 11 000110001 RAM(S)l = 0 
2 03 00001001 1 RAM(B)2 = 0 
3 13 00011001 1 RAM(B)3 = 0 

SKT 41 010010001 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 10011100111 G-A None Input G Ports to A 

2A 1001 011 0101 

ININ 33 10011100111 IN-A None Input IN Inputs to A 

28 10010110001 
(Note 2) 

INIL 33 10011100111 ILa, "0", ILO - A None Input IL Latches to A 

29 1001°11~ (Note 3) 

INL 33 10011100111 L7:4 - RAM(B) None Input L Ports to RAM,A 

2E 100 1 011 1 1 01 L3:0- A 

OBD 33 10011100111 Bd - D None Output Bd to D Outputs 

3E 10011111101 

OGI y 33 10011100111 y-G None Output to G Ports Immediate 

5-
10101 1 

y I 
OMG 33 10011100111 RAM(B)- G None Output RAM to G Ports 

3A 10011110101 

XAS 4F 10100111111 A - SIO, C - SKL None Exchange A with 510 
(Note 3) 

Note 1: All subscripts for alphabetical symbols Indicate bit numbers unless explicilly defined (e.g., Br and Bd are explicilly defined). Bits are numbered 0 to N 
where 0 signifies the least significant bit (Iow-order, right·most bit). For example, A3 indicates the most significant (Ieft'most) bit of the 4-bit A register. 

Note 2: The ININ instruction is not available on the 24'pln 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 locallon 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 subroullne 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: LSI is a sincle·bvte instruction if d = n. R. 1n. 11 19 1~ 1.4 nr 11::; Tht:o rno,..hin"" ............ " f,.. ........ t"', ....... Aha ....... --:,._1- ..... - ... :---~ , .... 1 •• __ ~~ ........................ --'- ." 
. _--_. ... - - -_.- ...... -- .. 

e.g.,to load the lower four bils of B (Bd) with the value 9 (10012), the lower 4 bits of the LBllnstruction equal 8 (10002)' To load 0, the lower 4 bilsof the LBI 
instruction should equal IS (11112)' . 

Note 7: Machine code for operand field y for LEI Instruction should equal the binary value to be latched into EN, where a "I" or "0" In each bit of EN 
corr.esponds with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.) 
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Interrupt 

The following features are associated with the IN1 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 EN1 is 
reset. 

b. An interrupt will be acknowledged only after the 
following conditions are met: 
1) EN1 has been set. 
2) A low-going pulse ("1" to "0") of at least two 

instruction cycles wide occurs on the IN1 input. 
3) A currently executing instruction has been 

completed. 
4) All successive transfer of control instructions and 

successive LBls 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 LaID 
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 LEI instruction can be put immediately before the 
RET to re-enable interrupts. 

MICROBUSTM 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 (JAP). 
IN 1, IN2, and IN3 general purpose inputs become 
MICROBUSTM compatible read-strobe, chip-select, and 
write-strobe lines, respectively. IN1 becomes RD - a 
logic "0" on this input will cause a latch data to be 
enabled to the L ports for input to the I'P. IN2 becomes 
CS - a logic 0 selects the COP420C as a I'P peripheral 
device 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 a 
latches for input to the COP420C. Go becomes INTR a 
"ready" output, reset by a write pulse from the I'P 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 MICROBUSTM - a standard interconnect 
system for a-bit parallel data transfer between MOS/LSI 
CPUs and interfacing devices. (See MICROBUSTM, 
National Publication.) The functioning and timing 
relationships between the COP420C signal lines 
affected by this option areas specified for the 
MICROBUSTM 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 
MICROBUSTM is shown in Figure 6. 

INTERRUPT CiNTRI 

B·BIT DATA BUS 
00-01 

MICROPROCESSOR READ STROBE IAliI 

CHIPSELECT Itsl 
WRITE STROBE IWliI 

POWER 
SUPPLY CLOCK 

SK 

Figure 6. MICROBUSTM Option Il1lerconnect 

Initialization 

IN 

OUT 

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 1 ms and greater than 11's. 
If the power supply rise time is greater than 1 ms, the 
user must provide an external RC network and diode to 
the RESET pin as shown below. The RESET pin is con
figured as a Schmitt trigger input. If not used it should 
be connected to Vee. 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. 

P + --1t-..... ---, 
o 
W 
E 
R 

S 
U 
P 
P 
L 
Y 

VCC 

GNO 

RC;;;;' 5 x POWER SUPPL V RISE TIME 

Figure 7. Power· Up Clear Circuli 
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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, PC9:B, A, M. PCg and 
PCB 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 ILo 
(see Figure 8) and CKO into A. The IL3 and ILo latches 
are set if a low-going pulse ("1" to "0") has occurred on 
the IN3 and INo inputs since the last INIL instruction, 
provided the input pulse stays low for at least two in
struction times. Execution of an INIL inputs IL3 and ILo 
into A3 and Ao respectively, and resets these latches to 
allow them to respond to subsequent low-going pulses 
on the IN3 and INo lines. If CKO is mask programmed as 
a general purpose input, an INIL will input the state of 
CKO into A2' If CKO has not been so programmed, a "1" 
will be placed in A2. A "0" is always placed in Al upon 
U It;; t:'At;:l,;UlIUII VI ell I II 'It IL.. lilt: yt:'IIt;:1 ell fJUI tJuO)t:' IIlfJUl~ ""3-
INo 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. 

ININ 

1 
INO/IN3 

'NIL 

Figure 8. INIL Hardware Implementation 
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LQID Instruction 

LaID (Load a Indirect) loads the 8-bit a register with the 
contents of ROM pOinted to by the 10-bit word PCg, PCB, 
A, M. LaiD can be used for table lookup or code conver
sion such as BCD to seven-segment. The LaiD instruc
tion "pushes" the stack (PC + 1 - SA - SB -SC) and re
places the least significant 8 bits of PC as folloiNs: A
PC7:4, RAM(B) - PC3:0, leaving PCg and PCB unchanged. 
The ROM data pOinted to by the new address is fetched 
and loaded into the a latches. Next, the stack is 
"popped" (SC - SB - SA -PC), restoring the saved value 
of PC to continue sequential program execution. Since 
LaiD pushes SB - SC, the previous contents of SC are 
lost. Also, when LaiD 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 LaiD 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 CKI is 262kHz (divide
by-16) or is 131 kHz (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 theCKI oscillator (DO = 0) before executing 
the IT instruction. 

Note: If using the dual clock feature or the IT instruction, 
contact the factory for emulation assistance. 
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Using Both SKT and IT Instructions 

If specific guidelines are adhered to, the SKT instruc
tion may be used when the IT instruction is enabled. 
(option 31 = 4 to 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: 

YES: 

SKT 
JP 
SKT 
NOP 

NO 
; test timer 
; no overflow 
; do another SKT 
; defeat skip 
; 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. CKI 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 CKI and CKO and up to a 500 kHz 
clock to DO (RIC or external). The user may then soft
ware select between the DO oscillator for faster pro
cessing (DO = 1) or the crystal for minimum current 
drain (DO = 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. 

a 

CKI CKO 

/b I 
~ 

VCC 
c 

R 

R1' 
22M 

C1 

CRYSTAL OSCILLATOR 

Crystal Oscillator 

t t 
..Jl.f" 

EXTERNAL 
CLOCK 

GENERAL 
PURPOSE INPUT 

EXTERNAL OSCILLATOR 

Crystal 
Component Values 

Value R1' C1 C2 
R (Q) 

2.097MHz 1k 5-36pF 30pF 120k±10% 

32kHz 220k 5-36pF 30pF 160k 

500kHz 4.7k 47pF 82pF 180k 

'Selected based on Crystal used. 

Figure 9. 
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DO 

32kHz I C2 

DUAL CLOCK 

RIC Oscillator 

Instruction 
Vec Cycle Time 

4.5 to 5.5V 15"s to 60"s 

3V 30"s to 120"s 

2.4V 50"s to 200"s 



CKO 
IO~_U_T ________________________ ~~~ TO 

1\ I A2 

p( 

Figure lOa. Oscillator Options Block Diagram Using SKT Instruction 

r-1~: INIL 
':', ..L 

SYSTEM 
CLOCKS 
(INCLUOING SKI 

~ 
~TO 

A2 
INPUT 

CKI 

OSC. OUT 

TIME BASE COUNTER (~B1921 

I 
"C3h--JJ 

Figure lOb. Oscillator Options Block Diagram Using IT Instruction 

Figure 11. Dual Clock Option Block Diagram 

L-__________________ . _______ ~ __ . __ ~ __________ _ 
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1/0 Options 

CO P420C/421 C 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 Vee, compatible 
with CMOS and LSTTL_ 

b. Open-Drain - An N-ehannel device to ground only, 
allowing external pull-up as required by the user's 
application_ 

c. TRI·STATE® L Output - A CMOS output buffer wh ich 
may be disabled by program control. These outputs 
meet the requirements associated with the 
MICROBUSTM 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 110 Characteristics 

Standard· Output 
Minimum Sink Current 
3.--r--.-~--'---r-~ 

<' 
~ .... 
!2 

-2_5 

-2.0 

<' -1.5 
~ 

'" !2 -1.0 

-0.5 

o 

VOL (VOLTS) 

Standard Output 
Source Current 

I -...... ........ VCC=4.5V 
(MAX.) 

............. r"-t'-, 

VCC=2.4V'r--, '\VCC=5.5V 

~ I " \(MAX.) 

VCC=4.~V(MI~;\ \ Idl-VCC=5.5V 
(MIN.)_~ I\. 

o 
VOH (VOLTS) 
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COP420C/421C inputs have the following options: 

f. An on-chip pullup load device to Vee. 

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 (lOUT and VOUT) curves are 
given in Figure 12 for each of these devices to allow the 
designer to effectively use these 1/0 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 (lN3-INo). Use of 
this option precludes, of course, use'of the IN options, in' 
terrupt feature, and the MICROBUSTM option which uses 
IN1-IN3' All other options are available for the COP421C. 

<' 
~ -1 

'" !2 

TRI·STATE Output 
Minimum Source Current 

VOH (VOLTS) 

Input Load 
Source Current 

-350 r-~----'---"'-----r--'---' 

-300 I-::-+--,-""t:--+----+-_+_---I 

-250 

1-200 

~ -150 H---t-+--'k---+-\--f_+_--; 

-100 

2 . 

VIN (VOLTS) 



COP320C/321C I/O Characteristics 

~ 

3 

o 

Standard Output 
Minimum Sink Current 

/' 
,/'" -

/ ;, :..--~3.0V 
o 

VOL (VOLTS) 

Standard Output 
Source Current 

VGG=5~V 

-3.0 r---r--,--.----r-..,----. 

-2.5 F""....r---t---t--+-+-~ 

-2.0 t--+---t-""r-'-+--::-:::+-~ 

~ -1.5 
" !2 

-1.0 

VOH (VOLTS) 
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TRI·STATE Output 
Minimum Source Current 

~ -1 r--+--+---r-~~+-~ 

" !2 

VOH (VOLTS) 

Input Load 
Source Current 

-400 r--r-...,--r---r-...,---, 

-350 I---+""""'..c--I---+--t---l 
-300 I---t--+--~ 

~ -250 r--+--+---I-'\;-+--+-~ 

~ -200 I-+-+--+---f--'\:--+---l 
-150 H--++--+---r--+~+--I 

-100 t--f"1"-.:: 

-50 I=*F=F¥l;:;::±--l'rl 
o t=±::±:::~--1~:s....J 

o 
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 LaiD or JID.take the same number of 
cycle times whether instructions are skipped or exe
cuted. LaiD and JID take two cycle times if executed 
and o.ne 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 LaiD 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 LaID 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 fuil 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 500 kHz, a crystal (or resonator) 

Vee 

r~p #2 ... 

~r 
a. Standard 

Vee 

DI~SABLE ~ P '3 

N " 

c. TRI STATE@ L Output 

DISABLE ~ 

~::DO-hi *, 

e. Open Drain L Output 

will typically cause the 420C to draw 100llA 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 red uce 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 SI: 

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. 

b. Open Drain 

Vee 

Jtg:~ 
d. Standard L Output 

Vee 

f. Input with Load 

g. HI Z Input 

Figure 13. I/O Configurations 
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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 110 
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, Vee 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 Vee 
01 = Hi·Z 

Option 5: L7 Driver 
00 = Standard Output 
01 = Open Drain 
02 = High Current TRI·STATE® 

Option 6: Ls Driver 
same as Option 5 

Option 7: Ls Driver 
same as Option 5 

Option 8: L4 Driver 
same as Option 5 

Option 9: IN1 Input 
uu= LUi;1U Vee 

01 = Hi·Z 

Option 10: IN2 Input 
same as Option 9 

Option 11: Vee pin 
not an option 

Option 12: L3 Driver 
same as Option 5 

Option 13: L2 Driver 
same as Option 5 

Option 14: L1 Driver 
same as Option 5 

Option 15: La Driver 
same as Option 5 

Option 16: SI Input 
same as Option 9 

Option 17: SO Driver 
00 = Standard Output 
01 = Open Drain 
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Option 18: SK Driver 
same as Option 17 

Option 19: INo Input 
same as Option 9 

Option 20: IN3 Input 
same as Option 9 

Option 21: Go 110 Port 
same as Option 17 

Option 22: G1 110 Port 
same as Option 17 

Option 23: G2 110 Port 
same as Option 17 

Option 24: G3 110 Port 
same as Option 17 

Option 25: D3 Output 
same as Option 17 

Option 26: D2 Output 
same as Option 17 

Option 27: D1 Output 
same as Option 17 

Option 28: Do Output 
00 = Standard Output - - --. 
VI - VtJCill L.llo..lll \VI L.lUo.l VIUI.JI'\} 

Option 29: COP Function 
00= Normal 
01 = MICROBUSTM 

Option 30: COP Bonding 
00 = COP420C (28·pin package) 
01 = COP421C (24·pin package) 
02:0 COP420C and COP421C, same ROM (same die 

purchased in both 24· and 28·pin versions) 

Option 31: Clock/Timer Mode 
02 = XtallExt. Osc. in; SKT instruction enabled; no IT 
04' = XtallExt. Osc. in; IT instruction enabled; SKT 

restricted 
06' = XtallExt. Osc. in; Dual Clock (RC); IT enabled 

SKT restricted 
07' = XtallExt. 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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~National 
U Semiconductor 
CO P420L/COP421 L/COP422L 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 COPSTM 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 1/0 
scheme designed to facilitate keyboard input, display 
output, and BCD data manipulation. The COP421L and 
COP422L are identical to the COP420L, but with 19 and 
15 1/0 lines, respectively, instead of 23. They are an 
appropriate choice for use in numerous human interface 
control environments. Standard test procedures and 
reliable high·density fabrication techniques provide the 
medium to large volume customers with a customized 
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. 

Features 
• Low cost 
• Powerful instruction set 

• lkx8 ROM, 64x4 RAM 

• 23 1/0 lines (COP420L) 

• True vectored interrupt, plus restart 

• Three·level subroutine stack 

• 161's 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 MICROWIRETM 
compatible serial 1/0 

• General purpose and TRI-STATE<!l outputs 

• LSTTLICMOS compatible in and out 

• Direct drive of LED digit and segment lines 

• Softwarelhardware compatible with other members 
of COP400 family 

• Extended temperature range device 
COP320LlCOP321L1COP322L (-40°C to +85°C) 

cops and MICROWIRE are trademarks of National Semiconductor Corp .• Wider supply range (4.5V -9.5V) optionally 
TRI·STATE is a registered trademark of National Semiconductor Corp. available 

TIME·BASE 
COUNTER 

OND 

L 
10IVtDE BY 1024) 

20 to 9 19 
1N3'INZ INI" INa 

5 5 1 8 12 13 14 15 

0, 
0, 
0,' 

DO' 

1.=====:;1-"-- ::1 MICROWIRE 110 

51 

G3 

G, 

G,' 

GO' 

"Not available on COP422L1COP322L 

Figure 1. COP420LCOP421L1COP422L, COP320L/COP321L/COP322L Block Diagram 
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COP420LlCOP421 L1CO P422L 

Absolute Maximum Ratings 
Voltage at Any Pin Relative to GND -0.5V to +10V 
Ambient Operating Temperature O°Cto +70°C 
Ambient Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 
Power Dissipation 

COP420LlCOP421L 0.75 Watt at 25°C 
0.4 Watt at 70°C 

COP422L 0.65 Watt at 25°C 
0.3 Watt at 70°C 

Total Source Current 120 mA 
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 O°C", TA'" +70°C, 4.5V '" Vee'" 9.5V unless otherwise noted. 

Parameter Conditions 

Standard Operating Voltage (Vee) 

Optional Operating Voltage (Vee) 

Power Supply Ripple 

Operating Supply Curient 

Input Voltage Levels 

CKI Input Levels 
Crystal Input (732, 716, 78) 

Logic High (V1H ) 
Logic Low (VILl 

Schmitt Trigger Input (74) 
Logic High (V1H ) 
.......... :::;, ................ \ "ILl 

RESET Input Levels 
Logic High 
Logic Low 

SO Input Level (Test mode) 

All Other Inputs 
Logic High 
Logic High 
Logic Low 

Logic High 
Logic Low 

Input Capacitance 

Hi·Z Input Leakage 

Output Voltage Levels 

LSTTL Operation 
Logic High (VOH ) 
Logic Low (VoLl 

CMOS Operation 

Logic High 
Logic Low 

Note 1 

peak to peak 

all inputs and outputs open 

Schmitt Trigger Input 

Vee = Max. 
with TTL trip level options 
selected, Vee = 5V ± 5%. 

with high trip level options 
selected 

Vee=5V±5% 
IOH =-25"A 
IOL=0.36mA 

IOH =-10"A 
IOL=+10"A 

Min. 

4.5 

4.5 

2.0 
-0.3 

0.7Vee 
-n q 

0. 7Vee 
-0.3 

2.0 

3.0 
2.0 

-0.3 

3.6 
-0.3 

-1 

2.7 

Vee- 1 

Note 1: Vee voltage change must be less than O.SV in alms period to maintain proper operation. 
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Max. 

6.3 

9.5 

0.5 

9 

0.4 

06 

0.6 

2.5 

0.8 

1.2 

7 

+1 

0.4 

0.2 

Units 

V 

V 

V 

mA 

V 
V 

V 
V 

V 
V 

V 

V 
V 
V 

V 
V 

pF 

"A 

V 
V 

V 
V 
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COP420LlCOP421 LlCOP422L 
DC Electrical Characteristics (continued) o'c .. TA .. +70'C, 4.5V .. Vee" 9.5V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

Output Current Levels 
Output Sink Current 

SO and SK Outputs (Iou Vee = 9.5V, VOL = 0.4V 1.8 mA 
Vee = 6.3V, VOL = 0.4V 1.2 mA 
Vee = 4.5V, VOL = 0.4V 0.9 mA 

Lo- L7 Outputs and Standard Vee = 9.5V, VOL = 0.4V 0.8 mA 
GO-G3' 00-03 Outputs (Iod Vee = 6.3V, VOL = 0.4V 0.5 mA 

Vee = 4.5V, VOL = O.4V 0.4 mA 

GO-G3 and 00-03 Outputs with Vee = 9.5V, VOL = 1.0V 15 mA 
High Current Options (lod Vee = 6.3V, VOL = 1.0V 11 mA 

Vee = 4.5V, VOL = 1.0V 7.5 mA 

GO-G3 and 00-03 Outputs with Vee = 9.5V, VOL = 1.0V 30 mA 
Very High Current Options (Iod Vee = 6.3V, VOL = 1.0V 22 mA 

Vee = 4.5V, VOL = 1.0V 15 mA 

CKI (Single-pin RC oscillator) Vee = 4.5V, VIH = 3.5V 2 mA 
CKO Vee = 4.5V, VOL = 0.4V 0.2 mA 

Output Source Current 

Standard Configuration, Vee = 9.5V, VOH = 2.0V -140 -800 ,..A 
All Outputs (loH) Vee = 6.3V, VOH = 2.0V -75 -480 ,..A 

Vee = 4.5V, VOH = 2.0V -30 -250 ,..A 

Push-Pull Configuration Vee = 9.5V, VOH = 4.75V -1.4 mA 
SO and SK Outputs (loH) Vee = 6.3V, VOH = 2.4V -1.4 mA 

Vee = 4.5V, VOH = 1.0V -1.2 mA 

LED Configuration, Lo-L7 
Outputs, Low Current Vee = 9.5V, VOH = 2.0V -1.5 -18 mA 
Driver Option (lOH) Vee = 6.0V, VOH = 2.0V -1.5 -13 mA 

LED COnfiguration, 'Lo-L7 
Outputs, High Current Vee = 9.5V, VOH = 2.0V -3.0 -35 mA 
Driver Option (loH) Vee = 6.0V, VOH = 2.0V -3.0 -25 mA 

TRI-STATEi!> Configuration, Vee = 9.5V, VOH = 5.5V -0.75 mA 
Lo- L7 Outputs, Low Vee = 6.3V, VOH = 3.2V -0.8 mA 
Current Driver Option (IOH) Vee = 4.5V, VOH = 1.5V -0.9 mA 

TRI-STATEi!> Configuration, Vee = 9.5V, VOH = 5.5V -1.5 mA 
Lo-L7 Outputs, High Vee = 6.3V, VOH = 3.2V -1.6 mA 
Current Driver Option (IOH) Vee = 4.5V, VOH = 1.5V -1.8 mA 

Input Load Source Current Vee = 5.0V, VIL = OV -10 -140 ,..A 

CKO Output 

RAM Power Supply Option 
Power Requirement VR=3.3V 3.0 mA 

TRI-STATEi!> Output Leakage 
Current -2.5 +2.5 ,..A 

Total Sink Current Allowed 

All Outputs Combined 120 mA 

0, G Ports 120 mA 

L7-~ 4 mA 

L3-Lo 4 mA 

All Other Pins 1.5 mA 

Total SOurce Current Allowed 

All 110 Combined 120 mA 

L7-~ 60 mA 

L3-Lo 60 mA 

Each L Pin 30 mA 

All Other Pins 1.5 mA 
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COP320LlCOP321L1COP322L 

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 

COP320LlCOP321L 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 ~ TA ~ +85°C, 4.5V ~ Vee ~ 7.5V unless otherwise noted. 

Parameter 

Standard Operating Voltage (Vecl 

Optional Operating Voltage (Vecl 

Power Supply Ripple 

Operating Supply Current 

Input Voltage Levels 

CKI Input Levels 
Crystal Input 

Logic High (VIH) 
Logic Low (VILl 

Schmitt Trigger Input 
Logic High (VIH) 
Loaie Low (V" ) 
--RESET Input Levels 

Logic High 
Logic Low 

SO Input Level (Test mode) 

All Other Inputs 
Logic High 
Logic High 
Logic Low 

Logic High 
Logic Low 

Input CapaCitance 

HI-Z Input Leakage 

Output Voltage Levels 

LSTIL Operation 
Logic High (VOH) 
Logic Low (VoLl 

CMOS Operation 

Logic High 
Logic Low 

Conditions 

Note 1 

peak to peak 

all inputs and outputs open 

Schmitt Trigger Input 

Vee = Max. 
with TTL trip level options 
selected, Vee = 5V ± 5% 

with high trip level options 
selected 

Vee=5V±5% 
IOH=-20,..A 
IOL=0.36mA 

IOH =-10,..A 
IOL=+10,..A 

Min. 

4.5 

4.5 

2.2 
-0.3 

0.7 Vee 
-0.3 

0.7 Vee 
-0.3 

2.2 

3.0 
2.2 

-0.3 

3.6 
-0.3 

-2 

2.7 

Vee- 1 

Note 1: Vee voltage change must be less than O.5V In a 1 ms period to maintain proper operation, 
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Max. 

5.5 

7.5 

0.5 

11 

0.3 

0.4 

0.4 

2.5 

0.6 

1.2 

7 

+2 

0.4 

0.2 

Units 

V 

V 

V 

mA 

V 
V 

V 
V 

V 
V 

V 

V 
V 
V 

V 
V 

pF 

,..A 

V 
V 
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V 
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COP320LlCOP321L1COP322L 

DC Electrical Characteristics 
Parameter 

Output Current Levels 

Output Sink Current 

SO and SK Outputs (loll 

4J- L7 Outputs and Sta'ndard 
Go-G3, 00-03 Outputs (lad 

GO-G3 and 00-03 Outputs with 
High Current Options (lad 

GO-G3 and 00-03 Outputs with 
Very High Current Options (loll 

CKI (Single'pin RC oscillator) 
CKO 

Output Source Current 

Standard Configuration, 
All Outputs (lOH) 

Push·Pull Configuration 
SO and SK Outputs (IOH) 

LED 9onfiguration, 4J-L7 
Outputs, Low Current 
Driver Option (IOH) 

LED Configuration, 4J-L7 
Outputs, High Current 
Driver Option (loH) 

TRI·STATE@ Configuration, 
4J-L7 Outputs, Low 
Current Driver Option (loH) 

TRI-5TATE@Configuration, 
4J-L7 Outputs, High 
Current Driver Option (lOH) 

Input .Load Source Current 

CKO Output 

RAM Power Supply Option 
Power Requirement 

TRI·STATEI!J ~utput Leakage 
Current 

Total Sink Current Allowed 

All Outputs Combined 

D, G Ports 

L7-L4 
L3-LO 
All Other Pins 

Total Source Current Allowed 

All 110 Combined 

L7-L4 

~-Lo 
Each L Pin 
All Other Pins 

(continued) -40·C" TA " +85·C, 4.5V" Vee" 7.5V unless otherwise noted. 

Conditions Min. Max. Units 

Vee = 7.5V, VOL = O.4V 1.4 mA 
Vee = 5.5V, VOL = 0.4V 1.0 mA 
Vee = 4.5V, VOL = 0.4V 0.8 mA 

Vee = 7.5V, VOL == 0.4V 0.6 mA 
Vee = 5.5V, VOL=0.4V 0.5 mA 
Vee = 4.5V, VOL = 0.4V 0.4 mA 

Vee = 7.5V, VOL = 1.0V 12 mA 
Vee = 5.5 V, VOL = 1.0V 9 mA 
Vee = 4.5V, VOL = 1.0V 7 mA 

Vee = 7.5V, VOL = 1.0V 24 mA 
Vee = 5.5V, VOL = 1.0V 18 mA 
Vec = 4.5V, VOL = 1.0V 14 mA 

Vee = 4.5V, V1H = 3.5V 2 mA 
Vee = 4.5V, VOL = 0.4V 0.2 mA 

Vee = 7.5V, VOH = 2.0V -100 -900 j./A 
Vee = 5.5V, VOH = 2.0V -55 -600 j./A 
Vec = 4.5V, VOH = 2.0V -28 -350 j./A 

Vee = 7.5V, VOH = 3.75V -0.85 mA 
Vee = 5.5V, VOH = 2.0V -1.1 mA 
Vee = 4.5V, VOH = 1.0V -1.2 mA 

Vee'=7.5V, VOH=2.0V -1.4 -27 mA 
Vee = 6.0V, VOH = 2.0V -1.4 -17 mA 
Vee = 5.5V, VOH = 2.0V -0.7 -15 mA 

Vee =7.5V, VOH = 2.0V -2.7 -54 mA 
Vee = 6.0V, VOH = 2.0V -2.7 -34 mA 
Vee = 5.5V, VOH = 2.0Y -1.4 -30 mA 

Vee == 7.5V, VOH = 4.0V -0.7 mA 
Vee = 5.5 V, VOH = 2.7V -0.6 mA 
Vee = 4.5V, VOH = 1.5V -0.9 mA 

Vee = 7.5V, VOH = 4.0V -1.4 mA 
Vee = 5.5V, VOH = 2.7V -1.2 mA 
Vee = 4.5V, VOH = 1.5V -1.8 mA 

Vee = 5.0V, VIL=OV -10 -200 j./A 

VR=3.3V 4.0 mA 

-5 +5 j./A 

120 mA 

120 mA 

4 mA 
4 mA 

1.5 mA 

120 mA 

60 mA 
60 mA 
30 mA 
1.5 mA 
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AC Electrical Characteristics 
COP420LlCOP421L1COP422L: O°C", TA'" 70°C, 4.5V '" Vcc'" 9.5V unless otherwise noted. 
COP320LlCOP321UCOP322L: -40°C", TA '" +85°C, 4.5V '" Vcc'" 7.5V unless otherwise noted. 

Parameter Conditions Min. Max. 

Instruction Cycle Time - tc 15 40 

CKI 
Input Frequency - fl +32 mode 0.8 2.1 

+16 mode 0.4 1.0 
+8 mode 0.2 0.5 
+4 mode 0.1 0.26 

Duty Cycle 30 60 
Rise Time fl=2MHz 120 
Fall Time 80 

CKI Using RC (+4) R=56kQ±5% 
C=100pF±10% 

Instruction Cycle Time 15 28 

CKO as SYNC Input 

tSYNC 400 

INPUTS: 

IN3-INo, G3-Go, L7-Lo 
tSETUP 8.0 
tHOLD 1.3 

SI 
tSETUP 2.0 
tHOLD 1.0 

OUTPUT PROPAGATION DELAY Test condition: 

CL=50pF, RL=20kQ, VouT=1.5V 
SO, SK Outputs 

tpd10 tpdO 4.0 
All Other Outputs 

tpdl, tpdo 5.6 
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Units 

jJs 

MHz 
MHz 
MHz 
MHz 

% 
ns 
ns 

jJs 

ns 

jJS 
jJs 

jJs 
jJs 

jJs 

jJS 
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GNO 28 DO GND 24 DO CKO 20 GNO 
CKO 27 01 CKO D1 

CKI 
CKI 02 

19 02 
26 02 CKI 

RIm' 25 DJ i!m'i' OJ RESET 18 OJ 

L7 24 GJ L7 GJ L7 17 G3 
L6 2J G2 L6 COP421L1 G2 L6 mml' 16 G2 
L5 7 COP420Ll G1 COP321L G1 

CUPJ20L 
L5 L5 15 SK 

L4 GO l4 GO 
IN1 INJ VCC SK 

L4 14 SO 

IN2 10 INO LJ 10 SO VCC 13 SI 

VCC 11 SK L2 11 SI L3 12 LO 
L3 12 SO L1 12 LO L2 10 11 U 
L2 1J SI 
L1 14 15 LO 

Order Number COP420UN, COP320UN Order Number COP421UN, COP321UN Order Number COP422UN, COP322UN 
NS Package N28A NS Package N24A NS Package N20A 

Pin 

L7-Lo 

G3-Go 

D3- DO 

IN3-INo 

51 

SO 

Figure 2. Connection Diagrams 

Description Pin Description 

8 bidirectional I/O ports with SK Logic'controlled clock (or general 
TRI-STATE" purpose output) 

4 bidirectional I/O ports CKI System oscillator input 

4 general purpose outputs CKO System oscillator output (or general 

4 general purpose inputs (COP420L only) purpose input, RAM power supply or 
SYNC input) 

Serial input (or counter input) 
RESET System reset input 

Serial output (or general purpose output) 
Vce Power supply 

GND Ground 

Figure 3. Input/Output Timing Diagrams (Crystal Divide·by·16 Mode) 

CKI 

CKO 
(INPUT) 

Figure 3a. Synchronization Timing 

2-70 



Functional Description 
For ease of reading this description, only COP420L andl 
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 COP420Ll421 L 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 LaiD 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. 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 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 
oala regl::Her:; or 10 'I-UII Olgll:;. r1f-\IVI Gloore:;:;lng I:; IIfI

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 a 
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 a latch data, to input 4 bits of the 
8-bit L 1/0 port data and to perform data exchanges with 
the 510 register. 

A 4-bit adder performs the arithmetic and logic func
tions of the COP420/421 L, 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, 

2-71 

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-INo, are provided. 

The D register provides 4 general-purpose outputs and 
is used as the destination 'register for the 4-bit contents 
of Bd. The D outputs can be directly connected to the 
digits of a multiplexed LED display. 

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

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

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

The 510 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. 510 may also be used to provide additional 
parallel 1/0 by connecting SO to external serial-inl 
parallel-out shift registers. For example of additional 
parallel output capacity see Application #2. 

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

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

1. The least significant bit of the enable register, ENo, 
selects the 510 register as either a 4-bit shift register 
or a 4-bit binary counter. With ENo set, 510 is an 
asynchronous binary counter, decrementing its value 
by one upon each low-going pulse ("1" to "0") 
occurring on the SI input. Each pulse must be at least 
two instruction cycles wide. SK outputs the value of 
SKL. The SO output is equal to the value of EN3. With 
ENo reset, 510 is a serial shift register shifting left 
each instruction cycle time. The data present at 51 
goes into the least significant bit of 510. SO can be 
enabled to output the most significant bit of 510 
each cycle time. (See 4 below.) The SK output 
becomes a logic-controlled clock. 

2. With ENj set the IN j input is enabled as an interrupt 
input. Immediately following an interrupt, EN j is 
reset to disable further interrupts. 

3. With EN2 set, the L drivers are enabled to output the 
data in a to the L 1/0 ports. Resetting EN2 disables 
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C\I 
~ the L drivers, placing the Lila ports in a high· outputting serial shifted data each instruction time. 
D.. impedance input state. Resetting EN3 with the serial shift register option 
o 4 . EN3, in conjunction with ENo, affects the SO output. selected disables SO as the shift register output; 
o With ENo set (binary counter option selected) SO will data continues to be shifted through SIO and can be 
:::r output the value loaded into EN3. With ENo reset exchanged with A via an XAS instruction but SO 
N (serial shift register option selected), setting EN3 remains reset to "0." The table below provides a 
C') enables SO as the output of the SIO shift register, summary of the modes associated with EN3 and ENo· 
D.. o . Enable Register Modes - Bits EN3 and ENO 
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EN3 ENo 510 51 50 5K 

0 0 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 IfSKL = 1,SK = 1 

Interrupt 

The following features are associated with the IN j 
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 j is reset. 

b. An interrupt will be acknowledged only after the fol· 
lowing conditions are met: 
1. ENj has been set. 

2. A low·going pulse ("1" to "0") at least two instruc· 
tion cycles wide occurs on the INj input. 

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

4. All successive transfer of control instructions and 
successive LBls 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 
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If SKL = 0, SK = 0 

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 Nap. 

e. A LEI instruction can be put immediately before the 
RET to re·enable interrupts. 

Initialization 

The Reset Logic will initialize (clear) the device upon 
power·up if the power supply rise time is less than 1 ms 
and greater than 1,..s. If the power supply rise time Is 
greater than 1 ms, the user must provide an external RC 
network and diode to the RESET pin as shown below. 
The RESET pin is configured as a Schmitt trigger input. 
If not used it should be connected to Vce. 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. 

P + -.-...... ---'1 
& - f- Vee 

~ ~ ~ eOP420l/4Z1l 

S RESET 
U 
P 

~ f GNO 

Re,. 5, POWER SUPPl V RISE TIME 

Power·Up Clear Circuit 



Oscillator 

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

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

b. External Oscillator. CKI 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 (VR) 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 Lor 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 SI 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 

SLr (VR OR GENERAL 
EXTERNAL PURPOSE INPUT 

CLOCK OR SYNC PIN) 

CKO 

VCC t 
(VR OR GENERAL 
PURPOSE INPUT 

PIN) 

Crystal Oscillator 

Crystal Component Values 
Value R1 (Q) R2(Q) C1 (pF) C2 (PF) 

455kHz 4.7k 1M 220 220 

2.097 MHz 1k 1M 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 2 of 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 COP420Ll421L 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 (VR) allows the 
user to shut off the chip power supply (Vecl 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 Vee goes below spee duro 
ing power·off; Vee must be within spec before RESET 
goes high on power·up. 

2. During normal operation VR must be within the oper· 
ating range of the chip, with (Vee -1) .;; VR';; Vee. 

3. VR must be ~ 3.3V with Vee off. 

...---IOl-----, (SYNC) * I I I ~ * .....---, --------., 

R (kQ) 

51 
82 

, 
CKO 

COP4Z0/4Z1 L 

RC Controlled Oscillator 

Instruction 
Cycle Time 

C(pF) (,.is) 

100 19±15% 
56 19±13% 

Note: 200k,. R ,. 25k 
360pF,. C,. 50pF 

Figure 4. COP420/421L Oscillator 
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1/0 Options 

COP420U421L 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 Vee, 
compatible with LSTTL and CMOS input require· 
ments. Available on SO, SK, and all 0 and G outputs. 

b. Open· Drain - an enhaneement·mode device to 
. ground only, allowing external pull·up as required by 

the user's application. Available on SO, SK, and all 0 
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 Vee. 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 Vee, 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 Vee. These outputs are TRI· 
STATE outputs, allowing for connection of these 
outputs to a data bus shared by other bus drivers. 
~vailable on L outputs only. 

COP420LlCOP421L inputs have the following optional 
configurations: 

h. An on·chip depletion load device to Vee. 

I. A Hi·Z input which must be driven to a "1" or "0" by 
external components. 
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The above input and output configurations share com· 
mon enhaneement·mode and depletion·mode devices. 
Specifically, all configurations use one or more of six 
devices (numbered 1- 6, respectively). Minimum and 
maximum current (lOUT and VOUT) 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 COP420U421L system. 

The SO, SK outputs can be configured as shown in a., 
b., or c. The o 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., I. or g. 

An important point to remember if using configuration 
d. or I. 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, COP420Ll421L 
Connection Diagrams. Note that the COP421L does not 
contain the four general purpose IN inputs (IN3;'INo). 
Use of this option precludes, of course, use of the IN 
options and the interrupt feature. All other options are 
available for the COP421 L. 

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 Do, 0" 
Go, and G,. COP422L also does not allow RAM power 
supply input as a valid CKO pin option. 



a. Standard Output 

d. Standard L Output 

g. TRI·STATE® Push· Pull 
(L Output) 

Input current INo-IN3 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 B.O 9.5 

VIN (VOLTS) 

Source current for SO 
and SK in push·pull 
configuration 

1.0 l-H-l-+-+-+++-=+r+-+-I 

0.5 

VOH(VOLTS) 

b. Open· Drain Output 

OISABLE'~ i · 
e. Open·Orain L Output 

Vcc 

r-I rt #6 

"'"'~f 
h. Input with Load 

Figure 5. Output Configurations 
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c. Push·Pull Output 
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i. Hi·Z Input 

Source current for 
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configuration 
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VOH fVOLTSI 
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in TRI·STATE® Configura· 
tion (Low Current Option) 
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Output sink current for 
Output sink current for 
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Figure 6. COP420/COP421 UCOP422L Input/Output Characteristics 
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Figure 7. COP320UCOP321 UCOP322L Input/Output Characteristics 
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COP420L/COP421L Instruction Set 

Table 1 is 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 COP420Ll421L instruction 
set. 

Table 1. COP420L/421 L Instruction Set Table Sym!lols 

Symbol Definition 

INTERNAL ARCHITECTURE SYMBOLS 

A 4·bit Accumulator 
B B·bit RAM Address Register 
Br Upper 2 bits of B (register address) 
Bd Lower 4 bits of B (digit address) 
C l·bit Carry Register 
D 4·bit Data Output Port 
EN 4·bit Enable Register 
G 4·bit Register to latch data for G I/O Port 
IL Two l·bit Latches associated with the IN3 or 

INO Inputs 
IN 4·bit ,Input Port 
L B·bit TRI·STATE 1/0 Port 
M 4·bit contents of RAM Memory pointed to by 

B Register 
PC 10·bit ROM Address Register (program 

counter) 
Q B·blt Register to latch data for L I/O Port 
SA 10·bit Subroutine Save Register A 
SB 10·bit Subroutine Save Register B 
SC 10·bit Subroutine Save Register C 
SIO 4·bit Shift Register and Counter 
SK Logic·Controlled Clock Output 
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Symbol Definition 

INSTRUCTION OPERAND SYMBOLS 

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

a 

y 

RAM(s) 
ROM(t) 

2·blt Operand Field, 0-3 binary (RAM 
Register Select) 
10·bit Operand Field, 0-1023 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 

+ Plus 
Minus 
Replaces 
Is exchanged with 
Is equal to 

, A The ones complement of A 
EO Exclusive·OR 

Range of values 

11 



Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) 

ARITHMETIC INSTRUCTIONS 

ASC 30 10 01 '10 a a 01 

ADD 31 10011100011 

ADT 4A 101001' 01 01 

AISC Y 5- 10 10 '1 y I 
CASC 10 10001100001 

CLRA 00 10 a a 010 a a 01 

COMP 40 10100100001 

NOP 44 10 1 a 010 1 001 

RC 32 100"100' 01 

SC 22 100 10100 1 01 

XOR 02 10000100101 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 1"111"111 

JMP a 6- 10 11 010 01'981 

-- I a7:0 I 
JP a -- I'I a6:0 I 

(pages 2,3 only) 

or 

-- I 11 I a,," 
(all other pages) 

JSRP a l' 01 a5:0 

JSR a 6- 10 11 al' 01'9,81 

I a7:0 I 
RET 48 10 '001' 0001 

RETSK 49 10'0°1'00'1 

Table 2. COP420Ll421 L Instruction Set 

Data Flow Skip Conditions 

A+C+ RAM(B) - A Carry 
Carry - C 

A+RAM(B) -A None 

A+ 1010 - A None 

A+y-A Carry 

A + RAM(B) + C - A Carry 
Carry - C 

a-A None 

A-A None 

None None 

"0" -C None 

"1" -C None 

Am RAM(B) - A None 

ROM (PC9:8, A,M) - PC7:0 None 

a - PC None 

a - PC6:0 None 

-a PC,," 

PC + 1 -r SA - SB - SC None 
0010 - PC9:6 
a - PC5:0 

PC + 1 - SA - SB - SC None 
a- PC 

sc - SB - SA - PC None 

SC - SB - SA - PC Always Skip on Return 
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Description 

Add with Carry, Skip on 
Carry 

Add RAM to A 

Add Ten to A 

Add Immediate, Skip on 
Carry (Y" 0) 

Complement and Add with 
CarrY,Skip on Carry 

Clear A 

Ones complement of A to A 

No Operation 

Reset C 

Set C 

Exclusive·OR RAM with A 

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 
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Table 2. COP420L/421L Instruction Set (continued) 

. 
Machine 

Hex Lanyuage Code 
Mnemonic Operand Code Binary) Data Flow Skip Conditions 

MEMORY REFERENCE INSTRUCTIONS 

CAMO 33 10011100111 A- 07:4 None 

3C 10011111001 RAM (B) - 03:0 

COMA 33 100 1 1100 1 11 07:4 - RAM(B) None 

2C 10010111,001 03:0- A 

LD r -5 1001 r 10101 1 RAM(B)-A None 
Br .. r- Br 

LDD r,d 23 100 1 0100 1 11 RAM(r,d)-A None 

-- 1001 r I d I 
LaiD BF /1011111111 ROM(PC9:8,A,M) - a None 

SB-SC 

RMB 0 4C 10 1 0011 1 001 0- RAM(BIo None 

1 45 10 1 0010 1 0 11 0- RAM(B)1 

2 42 10 1 00100 1 01 0- RAM(B)2 

3 43 10 1 00100 1 11 0- RAM(B)3 

5MB 0 40 10100111 01 1 1 - RAM(B)O None 

1 47 10 1 00/11 0 11 1 - RAM(BI1 

2 46 10100101101 1'" RAM(B)2 

3 4B 10 1 00/1 0 1 11 1- RAM(B)3 

STII Y 7- 10111 1 
y I y- RAM(B) None 

Bd+1 -Bd 

X r -6 1001 r /01101 RAM(B)-A None 
Br .. r-Br 

XAD r,d 23 10010100111 RAM(r,d)-A None 

-- 1101 r I d I 
. XDS r -7 1001 r 101111 RAM(B)-A Bd decrements past 0 

Bd-1-Bd 
Br .. r- Br 

XIS r -4 1001 r 10 1 001 RAM(B)-A Bd I ncrements past 15 
Bd+1 - Bd 
Br .. r- Br 

REGISTER REFERENCE INSTRUCTIONS 

CAB 50 10101100001 A- Bd None 

CBA 4E 10 1 001111 01 Bd-A None 

LBI r,d -- 1001 r l(d-1)1 r,d-B Skip until not a LBI 

(d-O, 9:15) 
or 

33 10011100111 

-- 1101 r I d I 
(any d) 

LEI Y 33 10011100111 y- EN None 

6- 101101 y I 
XABR 12 1000 1100 1 01 A - Br (0,0 - A3.A2) None 
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Description 

Copy A, RAM to 0 

Copy a to RAM, A 

Load RAM into A, 
Excluslve·OR Br with r 

Load A with RAM pointed 

to directly by r,d 

Load a Indirect (Note 3) 

Reset RAM Bit 

Set RAM Bit 

Store Memory Immediate 
and Increment Bd 

Exchange RAM with A, 

Exclusive·OR Br with r 

Exchange A with RAM 
pointed to directly by r,d 

Exchange RAM with A 
and Decrement Bd, 
Exclusive·OR Br with· r 

Exchange RAM with A 
and Increment Bd, 
Exclusive·OR Br with r 

Copy A to Bd 

Copy Bd to A 

Load B Immediate with r,d 
(Note 6) 

Load EN Immediate (Note 7) 

Exchange A with Br 



Table 2. COP420Ll421 L Instruction Set (continued) 

Machine 
Hex Lanyuage Code 

Mnemonic Operand Code Binary) Data Flow Skip Conditions Description 

TEST INSTRUCTIONS 

SKC 20 1°01°1°00°1 C= "1" Skip if C is True 

SKE 21 10 ° 1010 ° ° 11 A= RAM(B) Skip if A Equals RAM 

SKGZ 33 10 ° 1 110 ° 1 11 G3:0=0 Skip if G is Zero (all 4 bits) 

21 1°°1 °1° 001 1 

SKGBZ· 33 1°°111°°111 1 st byte Skip if G Bit is Zero 

0 01 
10000100"1 } 

GO=O 

1 11 1°°011°0011 Gl=O 

2 03 1°°00100111 
2nd byte 

G2=0 

3 13 10 ° a 110 a 1 11 G3=0 

SKMBZ a 01 10 ° a 010 001 1 RAM(B)O=O Skip if RAM Bit is Zero 

1 11 1°0011°0011 RAM(B)j =0 

2 03 1°0°°1°0111 RAM(B)2=0 

3 13 1°°01100111 RAM(B)3=0 

SKT 41 1°10°1°0011 A time·base counter Skip on Timer (Note 3) 
carry has occurred 
since last test 

INPUT/OUTPUT INSTRUCTIONS 

ING 33 100111°°111 G-A None Input G Ports to A 

2A 1°°1°1101°1 

ININ 33 1°0111°0 111 IN -A None Input IN Inputs to A (Note 2) 

28 1°01°110°°1 

INIL 33 1°°111°0111 IL3, CKO, "0", ILO - A None Input IL Latches to A 

29 10 ° 1 0Il 001 1 (Note 3) 

INL 33 10 ° 1 110 01 11 L7:4 - RAM (B) None Input L Ports to RAM,A 
-- ,- - . _ .. . -, 

I"" . "I' .. "I .... J.u 

OBD 33 1°0111°0 111 Bd - D None Output Bd to D Outputs 

3E 10 0111111°1 

OGI y 33 10 ° 1 110 01 11 y-G None Output to G Ports Immediate 

5- 1° 101 1 y I 

OMG 33 10 ° 1 110 01 11 RAM(B) - G None Output RAM to G Ports 

3A 1°°111101°1 

XAS 4F 1°10°111111 A - SIO, C - SKL Nolie Exchange A with SIO 
(Note 3) 

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Sr and Bd are explicitly defined). Bits are numbered a 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 only available on the 28-pin COP420L as the other devices do not contain the IN inputs. 

Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below. 

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP 

instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page. 

Note 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. 
JSRP may not jump to the last word in page 2. 

Note 6: LSI 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 biis of B (Bd) with the value 9 (10012), the lower 4 bits of the LSI instruction equal 8 (10002)' To load 0, the lower 4 bits of 

the LBI inslruction 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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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 COP420Ll421L 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 serlal·ln/serial-out 
shift register or binary counter data, depending on the 
val ue 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, PCg:s, A, M. PCg and 
PCs 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 ILa 
(see Figure 8) and CKO into A. The IL3 and ILa latches are 
set if a low·going pulse ("1" to "0") has occurred on the 
IN3 and INo inputs since the last INIL instruction, 
provided the input pulse stays low for at least two in' 
struction times. Execution of an INIL inputs IL3 and ILa 
into A3 and AO respectively, and resets these latches to 
allow them to respond to subsequent low·going pulses 
on the IN3 and INo lines. If CKO is mask programmed as a 
general purpose input, an INIL will Input the state of CKO 
into A2. If CKO has not been so programmed, a "1" will 
be placed in A2. A "0" is always placed In A1 upon the 
execution of an INIL. The general purpose inputs IN3-INo 
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 

LaID (Load a Indirect) loads the 8·bit a register with the 
contents of ROM pOinted to by the 10·bit word PCg, PCs, 
A, M. LaiD can be used for table lookup or code conver· 
sion such as 8CD to seven·segment. The LaiD instruc· 
tion "pushes" the stack (PC + 1 ..... SA ..... S8 ..... SC) and 
replaces the least significant 8 bits of PC as follows: A 
..... PC7:4, RAM(8) ..... PC3:0, leaving PCg .and PCs un· 
changed. The ROM data pOinted to by the new address 
is fetched and loaded into the a latches. Next, the stack 
is "popped" (SC ..... S8 ..... SA ..... PC),restoring the saved 
value of PC to continue sequential program execution. 
Since LaiD pUl!hes S8 ..... SC, the previous contents of SC 
are lost. Also, when LaiD pops the stack, the previously 
pushed contents of S8 are left in SC. The net result is 
that the contents of S8 are placed in SC (S8 ..... SC). Note 
that LaiD takes two instruction cycle times to execute. 
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COP420L/421 L 

ININ 

1 
INoIIN3 

INIL 

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 couriter 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 COP420Ll 
421 L 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 COP420Ll421L 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 LaID take the same number of 
cycle times whether instructions are skipped or exe· 
cuted. JID and LaiD 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 LaiD 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 LaiD or JID located in the last word of page 3, 7,11, 
or 15 will access data in the next group of four pages. 



Option List 

The COP420U421 L mask-programmable options are assigned numbers which correspond with the COP420L pins_ 

The following is a list of COP420Loptions_ When specifying a COP421Lchip, 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 I/O components using little or no external circuitry. 

Option 1 = 0: Ground Pin - no options available 

Option 2: CKO Output 
= 0: clock generator output to crystal/resonator 

(0 not allowable value if Option 3 = 3) 
= 1: pin is RAM power supply (VR) input (not 

available on the COP422L) 
= 2: general purpose input with load device to Vce 
=3: general purpose input, Hi-Z 
= 4: multi-COP SYNC input (CKI + 32, CKI + 16) 
= 5: multi-COP SYNC input (CKI + 8) 

Option 3: CKI Input 
= 0: oscillator input divided by 32 (2 MHz max.) 
= 1: oscillator input divided by 16 (1 MHz max.) 
=2: oscillator input divided by 8 (500kHz max.) 
= 3: Single-pin RC controlled oscillator (+4) 
=4: Schmitt trigger clock input (+4) 

Option 4: RESET Input 
= 0: load device to Vee 
=1: Hi-Zinput 

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-pull output 
= 4: Low-current LED direct segment drive output 
= 5: Low-current TRI-STATE® push-pull output 

Option 6: La Driver 
same as Option 5 

Option 7: L5 Driver 
same as Option 5 

Option 8: L4 Driver 
same as Option 5 

Option 9: IN1 Input 
= 0: load device to Vee 
= 1: Hi-Z input 

Option 10: IN2 Input 
same as Option 9 

Option 11: Vee pin 
= 0: Standard Vee 
= 1: Optional higher voltage Vee 

Option 12: L3 Driver 
same as Option 5 

Option 13: L2 Driver 
same as Option 5 

Option 14: L1 Driver 
same as Option 5 

Option 15: La Driver 
same as Option 5 

Option 16: SI Input 
same as Option 9 

Option 17: SO Driver 
= 0: standard output 
= 1: open-drain output 
= 2: push-pull output 
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Option 18: SK Driver 
same as Option 17 

Option 19: INo Input 
same as Option 9 

Option 20: IN3 Input 
same as Option 9 

Option 21: Go I/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: G1 I/O Port 
same as Option 21 

Option 23: G2 I/O Port 
same as Option 21 

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

Option 25: D3 Output 
same as Option 21 

Option 26: D2 Output 
same as Option 21 

Option 27: D1 Output 
same as Option 21 

Option 28: Do 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: SI Input Levels 
same as Option 29 

Option 33: RESET Input 
= 0: Schmitt trigger input 
= 1: standard TTL input levels 
= 2: higher voltage input levels 

Option 34: CKO Input Levels (CKO = input; Option 
2=2,3) 

same as Option 29 

Option 35 COP Bonding 
= 0: COP420L (28-pin device) 
= 1: COP421 L (24-pin device) 
= 2: 28- and 24-pin versions 
= 3: COP422L (20-pin device) 
= 4: 28- and 20-pin versions 
= 5: 24- and 20-pin versions 
= 6: 28-, 24-, and 20-pin versions 
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TEST MODE (Non-Standard Operation) 

The 80 output has been configured to provide for 
standard test procedures for the custom-programmed 
COP420L. With 80 forced to logic "1",two test modes 
are provid~d, depending upon the value of 81: 

a. RAM and Internal Logic Test Mode (81 = 1) 

b. ROM Test Mode (81 = 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 L7- La outputs are configured as LED Direct 
Drive outputs, allowing direct connection to the seg
ments of the display. 

2. The D3- Do outputs drive the digits of the multiplexed 
display directly and scan the columns of the 4 x 4 
keyboard matrix. 

3. The IN3-INo 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 anyone of the 16 
keyswitches. 

4. CKI 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 VR 
RAM power supply pin. RAM data integrity is thereby 
assured when the main power supply is shut down 
(see RAM Keep-Alive option description). 

5. 81 is selected as the input to a binary counter input. 
With 810 used asa binary counter, 80 and 8K can be 
used as general purpose outputs. 

6. The 4 bidirectional G 1/0 ports (G3-GO) are available 
for use as required by the user's application. 

4·0IGIT 
LED DISPLAY 

~-4~~--~--~~--~~-- 4x4 
KEYSWIT.CH 

I---t~ ....... --I-'--~"""'---'+-"-i-- MATRIX 

'50.51. SK MAY ALSO BE USED FOR SERIAL I/O 

Figure 9. COP420L Keyboard/Display Interface 
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~PPLICATION #2: 
Digitally Tuned Radio Controller and Clock 

-jVCC 
50Hz 

IN3 

L7 

L6 

L5 

L4 

L3 

L2 

L1 

LO 

CKI 

GO G1 G2 G3 

STRAP 0 

STRAP 1 

STRAP 2 

STRAP 3 

STRAP 4 

STRAP 5 

STRAP 6 

Keyboard Matrix Configuration 

COMMON 
EN3 DISPLAY ENABLE 103) 

TIME 
EN2 DISPLAY ENABLE 102) 

~R~nlU=t.lr.v I nDTIR"'~ COP420l 

ENjlDISPLAY ENABLE 101). J I SOT END ClK DATA 

DISPLAY OPTIONS 
MM5450 COP470 
MM5446 COP472 
MM5452 

NSM4001A 

IN11 00 
SK SO DATA ~ J ClK 

STATION DETECT 

rO~ ALARM EN 

I 
BIT 17 

""- DATA BIT 19 
RADIO ON/OFF 

AM/FM - ClK 058906 BIT 18 
BANOSWITCH 

ENA8lE EN 81T 20 
MUTE 

500KHz 50Hz VCC CPO 81T16 BIT 15 

J I I I 
I 50kHz INO 

MEM STORE INO 

CHARGE PUMP OUTPUT 

LM341P-5.0 
SUPPLY 

..L 

Figure 10. Digital Tuning System Block 
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Functional Description 
Logic II0s 

CKllnput: 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 SOT 
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 
SOT input is only relevant during station searching 
mode. A high on SOT 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 Description 

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 ba.nd 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 50 ms 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. 
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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 ONIOFF switch is used, momentary 
OFF key can be omitted; connecting the strap will turn on 
the radio and vice versa. Must be connected to use mom· 
entary 0 FF key . 

STRAP 1, 2: Selects the AM IF options. 

STRAP 2: 12/24·hour clock select. 

STRAP 4: 315kHz AM step size select. 

STRAP 5, 6: FM IF offsets select. 

Connected 

Open 

STRAP 0 

Radio ON 

Radio OFF 

AM/FM IF Options: 

AM 

455kHz 
460kHz 
450kHz 
260kHz 

FM 

1<i.7MHz 
10.75MHz 
10.65MHz 
10.8MHz 

x = No connection. 
".. = Dioded inserted. 

STRAP 3 

12 hour 

24 hour 

STR~P 1 

X 
X 
~ 

~ 

STRAP 5 

X-
X 
~ 

~ 

Indirect Features and Options 

STRAP 4 

5kHz step 

3kHz step 

STRAP 2 

X 
~ 

X 
~ 

STRAP 6 

X 
~ 

X 
~ 

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· 
Iy 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· 



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. 

Go 

LO 

MEM MEM ~ SCAN STORE OFF 

DOWN HALT 

u, v ........ "lIIfrlO! oJlflttr I 

5 10 STRAP 2 

4 9 SLEEP STRAP 3 (12 124 HOUR SELECT) 

3 B ALARM STRAP 4 (AM STEP 5k/3k SELECT) 

L6 2 7 HOUR STRAP 5 

1 6 MIN STRAP 6 

22 KEYS 

Desk Top OTR Keyboard 

LD 

AM 

FM 

L6 

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 INO: Fordriving the50kHz indicator in FM band or 
the LSB in a 5-digit display. Output is active high. 

MEM STORE INO: 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 II-key keyboards for a desk topltuner system 
or auto-radio system respectively. 

GO 

MEM )~ ONI 
SCAN 

OFF 

DOWN 

UP AM/FM STRAP 1 

..A r-< ......... 

5110 STRAP 2 

L/9 STRAP 3 (12 124 HOUR SELECT) 

3/8 STRAP 4 (A M 5k/3k STEP SELECT) 

217 HOUR STRAP 5 

1/6 MIN STRAP 6 

11 KEYS 

CarOTR Keyboard 

Figure 11. 
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~National 
D 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 COPSTM 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 110 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 I/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 
• 2kx8 ROM, 160x4 RAM 
• 35 I/O lines (COP440) 
• Zero-crossing detect circuitry with hysteresis 
• True multi-vectored interrupt from 4 selectable 

sources (plus restart) 
• Four-level subroutine stack (in RAM) 
• 41's cycle time 
• Single supply operation (4.5V-6.3V) 
• Programmable time-base counter 
• Internal binary counter/register with MICROWIRETM 

compatible serial I/O 
• General purpose and TRI-STATE® outputs 
• TTL/CMOS compatible in and out 
• LED drive capability 
• MICROBUSTM compatible 
• Software/hardware compatible with other members 

of the COP400 family 
• Extended temperature range devices COP340, 

COP341, COP342 (-40°C to +85°C) 
• 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. 

1'-13 7 

IN2 37 

IN1 36 

INO 6 

15141312 2425262728293031 

L7l6LsL4l3tzL1Lo 

Figure 1. COP440 Block Diagram 
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COP440/COP441/COP442 
Absolute Maximum Ratings 
Voltage at Zero-Crossing Detect Pin 

Relative to GND -1.2V to +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" TA " +70·C, 4.5V " Vee" 6.3V unless otherwise noted. 

Parameter 

Operating Voltage (Vee) 

Power Supply Ripple 

Operating Supply Current 

Input Voltage Levels 
CKI Input Levels 

Crystal Input (';'16, ';'8) 
Logic High (V1H) 
Logic High (V1H) 
Logic Low (VILl 

Schmitt Trigger Input (';'4) 
Logic High (VIH) 
Logic Low (V1Ll 

RESET Inout Levels 
Logic High 
Logic Low 

Zero-Crossing Detect Input 
Trip Point 

Logic High (V1H) Limit 
Logic Low (V1Ll Limit 

SO Input Level (Test Mode) 
All Other Inputs 

Logic High 
Logic High 
Logic Low 

Input Levels High Trip Option 
Logic High 
Logic Low 

Input Capacitance 

Hi-Z Input Leakage 

Note 1: Duty Cycle = tWII(tWI + two). 

Conditions 

Note 3 

(peak to peak) 

(All inputs and outputs open) 
TA=O·C 
TA = 25°C 
TA=70°C 

Vee = Max. 
Vee=5V±5% 

(Schmitt Triaaer Inoutl 

See Figure.7 

Vee = Max. 
Vee=5V±5% 

Note 2: See Figure for additional 110 Characteristics. 

Min. 

4.5 

2.5 
2.0 

-0.3 

0.7Vee 
-0.3 

0.7Vee 
-0.3 

-0.15 

-0.8 
2.0 

2.5 
2.0 

-0.3 

3.6 
-0.3 

-1.0 

Note 3: Vee voltage change must be less than 0.5 V in a 1 ms period to maintain proper operation. 

Max. 

6.3 

0.4 

41 
35 
27 

0.4 

0.6 

0.6 

0.15 
12 

2.5 

0.8 

1.2 

7.0 

+1.0 

Units 

V 

V 

mA 
mA 
mA 

V 
V 
V 

V 
V 

V 
V 

V 
V 
V 
V 

V 
V 
V 

V 
V 

pF 

JJ.A 

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 
DC Electrical Characteristics (Cont'd) 

Parameter Conditions 

Output Voltage Levels 
Standard Output 

TTL Operation 
Logic High (VOH) IOH =-100,..A 
Logic Low (VoLl IOL=1.6mA 

CMOS Operation 
Logic High (VOH) IOH =-10,..A 
Logic Low (VoLl IOL= 10,..A 

Output Current Levels 
Standard Output Source Current Vee = 4.5V, VOH = 2.4V 
LED Direct Drive Output Vee=6V 

Logic High (lOH) VOH=2V 
TRI·STATE® Output Leakage Current 
CKO Output 

Oscillator Output Option 
Logic High VOH=2V 
Logic Low VOL =O.4V 

VR RAM Power Supply Option 
Supply current VR=3.3V 

CKI Sink Current (RC Option) V1H = 3.5V, Vee = 4.5V 
Input Current Levels 

Zero·Crossing Detect Input 
Resistance V1H = 1.0V 

Input Load Source Current VIH = 2.0V, Vee = 4.5V 

Total Sink Curr~nt Allowed 
All 1/0 Combined 

Each L, R Port 
Each D, G, H Port 
SO,SK 

Total Source Current Allowed 
All 1/0 Combined 

L Port 
L7- L4 
L3-Lo 
Each L Pin 
All Other Output Pins 

2-90 

Min. Max. Units 

2.4 V 
0.4 V 

Vee- O.4 V 
0.2 V 

-100 -650 ,..A 

-2.5 -17 mA 
-2.5 +2.5 ,..A 

-0.2 mA 
0.4 mA 

I 
3.0 mA 

2.0 mA 

1.5 4.6 kQ 
14 230 ,..A 

75 mA 
20 mA 
10 mA 
2.5 mA 

150 mA 
120 mA 
70 mA 
70 mA 
23 mA 
1.6 mA 



0 
COP340/COP341/COP342 0 

"'tI 
Absolute Maximum Ratings 
Voltage at Zero-Crossing Detect Pin 

Relative to GND -1.2V to +15V 
Voltage at Any Other Pin Relative to GND -0.5Vto +7V 

~ 
0 
0 

" Ambient Operating Temperature - 40°C to +85°C 
Ambient Storage Temperature -65°C to +150°C 

-1:10 
-I:ao' ...... -Lead Temperature (Soldering, 10 seconds) 300°C 0 

Power Dissipation 0.75 Watt at 25°C 0 
0.25 Watt at 85°C 

Total Source Current 150mA 
"'tI 
-1:10 
-1:10 

Total Sink Current 75mA ~I\) 

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 .;; Vee';; 5.5V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

0 
0 
"'tI 
(A) 
-1:10 sa 
0 
0 

" (A) 

Operating Voltage (Veel Note 3 4.5 5.5 V ::!::: 
Power Supply Ripple (peak to peak) 0.4 V -0 
Operating Supply Current (All inputs and outputs open) 

TA=-40°C 54 rnA 
TA = 25°C 35 rnA 
TA=85°C 25 rnA 

0 

" (A) 
-1:10 
I\) 

Input Voltage Levels 
CKI Input Levels 

Crystal Input (716, 78) 
'\ 

Logic High (VIH) 2.2 V 
Logic Low (V1d -0.3 0.3 V 

Schmitt Trigger Input (74) 
Logic High (VIH) 0.7Vee V 
Logic Low (V1d -0.3 0.4 V 

RESET Input Levels (Schmitt Trigger Input) 
L.V~I\i nlyll V.I vee v 
Logic Low -0.3 0.4 V 

Zero-Crossing Detect Input See Figure 7 
Trip Point -0.15 0.15 V 

Logic High (V1H) Limit 12 V 
Logic Low (Vld Limit -0.8 V 

SO Input Level (Test Mode) 2.2 2.4 V 
All Other Inputs 

Logic High 2.2 V 
Logic Low -0.3 0.6 V 

Input Levels High Trip Option 
Logic High 3.6 V 
Logic Low -0.3 1.2 V 

Input Capacitance 7.0 pF 

HI-Z Input Leakage -2.0 +2.0 ,..A 
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COP340/COP341/COP342 
DC Electrical Characteristics (Cont'd) 

Parameter COnditions Min. Max. Units 

Output Voltage Levels 
Standard Output 

TTL Operation 
Logic High (VA H) IOH =-100"A 2.4 V 
Logic Low (Vou IOL=1.6mA. 0.4 V 

CMOS Operation 
Logic High (VOH) IOH =-1O"A Vcc- 0.5 V 
Logic Low (Vou IOL= 10"A 0.2 V 

Output Current Levels 
Standard Output Source Current Vcc = 4.5V, VOH = 2.4V -100 -800 "A 

LED Direct Drive Output Vee = 5V (Note 4) 
Logic High (IOH) VOH=2V -1.5 -15 mA 

TRI-5TATE<!l Output Leakage Current -5.0 +5.0 "A 
CKO Output 

Oscillator Output Option 
Logic High VOH=2V -0.2 mA 
Logic Low VOL=0.4V 0.4 mA 

VR RAM Power Supply Option 
Supply current VR=3.3V 4.0 mA 

CKI Sink Current (RC Option) Vcc = 4.5V, VIH = 3.5V 2.0 mA 

Input Current Levels 
. Zero-Crossing Detect Input 

Resistance V1H = 1.0V 1.4 4.6 kQ 
Input Load Source Current VIH = 2,OV, Vcc = 4.5V 14 280 "A 

Total Sink Current Allowed 
All I/O Combined 75 mA 

Each L, R Port 20 mA 
Each 0, G, H Port 10 mA 
SO,SK 2.5 mA 

Total Source Current Allowed . 
All I/O Combined 150 mA 

L Port 120 mA 
L7-t... \ 70 mA 
La-Lo 70 mA 
Each L Pin 23 mA 
All Other Output Pins 1.6 mA 
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AC Electrical Characteristics 
COP440/COP441/COP442: O·C .. TA .. +70·C, 4.5V" Vcc" 6.3V unless otherwise noted. 
COP340/COP341/COP342: -40·C .. TA" +85·C, 4.5V .. Vcc" 5.5V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

Instruction Cycle Time - te 4.0 10 JAs 

CKI Frequency .,.16 mode 1.6 4.0 MHz 
"'8 mode 0.8 2.0 MHz 
"'4 mode 0.4 1.0 MHz 

Duty Cycle (Note 1) 11=4MHz 30 60 % 
Rise Time II = 4 M Hz external clock 60 ns 
Fall Time II = 4 M Hz external clock 40 ns 

CKI Using RC (Figure 9c) .,.4 mode 
Frequency R=15kQ±5%, C=100pF±10% 0.5 1.0 MHz 
Instruction Execution Time - te 4.0 8.0 JAs 

INPUTS: (Figure 4) 
SI 

tseTuP 0.3 JAS 
tHOLO 300 ns 

All Other Inputs 
tSETUP 1.7 JAs 
tHOLO 300 ns 

OUTPUT PROPAGATION DELAY Test Condition: 
CL=50pF, VouT=1.5V 

CKO 
tpd1, tpdQ Crystal Input 0.17 JAS 
tpd1, tpdQ Schmitt Trigger Input 0.3 JAs 

SO,SK 
tpd1, tpdQ RL = 2.4kQ 1.0 JAS 

All Other Outputs RL=5.0kQ 1.4 JAs 

MICROBUSTM TIMING CL=100pF, Vcc=5V±5% 
Read Operation (Figure 2a) TRI·STATE® outputs 

Chip Select Stable Belore RD-tCSR 65 ns 
Chip Select Hold Time for RD-tRCS 20 ns 
RD Pulse Width-tRR 400 ns 
Data Delay lrom RD-tRO 375 ns 
RD to Data Floatlng-tOF ~;)V Ill> 

'Write Operation (Figure 2b) 
Chip Select Stable Belore WR-tcsw 65 ns 
Chip Select Hold Time for WR-twcs 20 ns 
WR Pulse Width-tww 400 ns 
Data Set·Up Time for WR-tow 320 ns 
Data Hold Time for WR-two 100 ns 
INTR Transition Time Irom WR-twi 700 ns 

al-ICSW----~/W---~,cs-I 

k I 

1'" 
J - 'W'I-
X X 

'W, ==1'--__ _ IGO) INTR 

Figure 2a. MICROBUSTM Read Operation Timing Figure 2b. MICROBUS Write Operation Timing 
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Ll 40 Vcc 
LO 39 L2 
SI 38 L3 

SO 37 IN2 
SK 36 INI GNO 28 00 

INO 35 L4 CKO 27 01 GNO 24 00 
IN3 34 L5 CKI 26 02 CKO 23 01 
GO 33 L6 RESET 25 03 CKI 22 02 
Gl 32 L7 L7 24 G3 RESET 21 03 
G2 10 COP4401 31 RO L6 COP340 23 G2 L7 20 G3 
G3 11 30 Rl L5 7 COP4411 22 Gl L6 

COP4421 19 G2 COP341 COP342 HO 12 29 R2 L4 21 GO L5 18 Gl 
HI 13 28 R3 INI 20 IN3 L4 17 GO 
H2 14 27 R4 IN2 10· 19 INO VCC 16 SK 
H3 15 26 R5 VCC 11 18 SK L3 10 15 SO 
03 16 25 R6 L3 12 17 SO L2 11 14 SI 
02 17 24 R7 L2 13 16 SI Ll 12 13 LO 
01 18 23 REm Ll 14 15 LO 
00 19 22 CKI 

GNO 20 21 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 

L7-Lo 8·blt bidirectional 1/0 port with CKI System oscillator input 
TRI·STATE~ CKO System oscillator output (or general 

G3-Go 4·blt bidirectional 1/0 port purpose input or RAM power supply) 

03- 00 4·bit general purpose output port RESET System reset input 

IN3-INo 4·blt general purpose Input port (not Vee Power supply 
available on COP4421COP342) GNO Ground 

SI Serial input 
H3- HO 4·bit bidirectional 1/0 port 

SO Serial output (or general purpose output) (COP440/COP340 only) 

SK Logie-controlled clock (or general R7-Ro 8·bit bidirectional 1/0 port with 
purpose output) TRI·STATE<!> (COP440/COP340 only) 

Figure 4. Input/output 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, LaiD, 
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 PC register. 
Its binary value selects one of the 2,048 8·bit words con· 
tained in ROM. A new address is loaded into the PC 
register during each instruction cycle. Unless the 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 a latches, L port, R port, EN register, and T counter 
\IIHernGtI lillie UC:1titj c.;UUlllt:::I). nMIVI Illay d.1~U ut::: IUdU,=,U 

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 1/0 arithmetic, logiC, and data 
memory access operations. It can also be used to load 
the Br and Bd portions of the B register, N register, to 
load and input 4 bits of the 8-bit a latch, EN register, or 
T counter, to input 4 bits of a ROM word, Lor R 1/0 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. 
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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 IN2 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-INQ, are provided; IN1, 

IN2 and IN3 may be selected, by a mask-programmable 
option, as Read Strobe, Chip Select, and Write Strobe 
inputs, respectively, for use in MICROBUSTM applica
tions; IN1, 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 excl usive. 

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. Go 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 a register is an internal, latched, 8·bit register, used 
to hold data loaded to or from M and A, as well as 8-bit 
data from ROM. Its contents are outputted to the L 1/0 
ports when the L drivers are enabled, under program 
control. With the MICROBUS option selected, a 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. 
Note that unlike most other COPSTM controllers, a is 
cleared on reset. 

The 8 L drivers,when enabled, output the contents of 
latched a data to the L 1/0 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 a register. The L 1/0 port can be directly 
connected to the segments of a multiplexed LED display 
(using the LED Direct Drive output configuration option) 
with a data being outputted to the Sa-Sg and decimal 
point segments of the display. 

The R register, when enabled, outputs to an 8-bit general· 
purpose, bidirectional, 1/0 port. 
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The SIO register functions as a 4·bit serial·in/serial·out 
shift register for MICROWIRE™ I/O and COPSTM 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 call or interrupt occurs, an 11-bit return address 
and an interrupt status bit are stored in the stack. The N 
register is then incremented. When a RET or RETSK 
instruction is executed, the N register is 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 subroutin'e call or interrupt occurs. 

DATA 
MEMDRY 

REGISTER 8 

DIGIT 

DIGITS NDT USED IN STACK 

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: 

O. 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 ENo set, SIO is an 
asynchronous binary counter, decrementing its value 
by one upon each low-going pulse ("1" to "0") occur
ring on the SI input. Each pulse must be at least two 
instruction cycles wide. SK outputs the value of SKL. 
The SO output is equal to the value of EN3. With ENo 
reset, SIO is a serial shift register left shifting 1 bit 
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. The SK output becomes a logic
controlled clock. 

1. With EN, set, interrupt is enabled with EN4 and EN5 
selecting the interrupt source. Immediately following 
an'interrupt, EN, is reset to disable further interrupts. 

2. With EN2 set, the L drivers are enabled to output the 
data in Q to the L I/O port. Resetting EN2 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 MICROBUSTM option will change 
the function of this bit to disable any writing into Go 
when EN2 is set. 

3. EN3, in conjunction with ENo, affects the SO output. 
With ENo set (binary counter option selected) SO will 
output the value loaded into EN3. With ENo reset 
(serial shift register option selected), setting EN3 
enables SO as the output of the SIO shift register, 
outputting serial shifted data each instruction time. 
Resetting EN3 with the serial shift register option 
selected disables SO as the shift 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 ENo. 

Table 1. Enable Register Modes - Bits EN3 and ENo 

EN3 ENo 510 51 SO SK 

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

2-96 



4, EN5 and EN4 select the source of the interrupt signal. 
5. The possible sources are as follows: 

EN5 EN4 Interrupt Source 
o 0 IN1 (Iow'going pulse) 
o 1 CKO input (if mask·programmed as an input) 
1 0 Zero·crossing (or IN1 level transition) 
1 1 T counter overflows 

EN4 determines the interrupt routine location. 

6. With ENs set, the internal 8·bit T counter will use IN2 
as its input. With EN6 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 EN? set, the R outputs are enabled; if EN? = 0, 
the R outputs are disabled. 

Interrupt 

The folJowing 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 memo 
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 EN1 is reset. If EN4 
is reset, the next program address is hex 100; if EN4 
is set, the next program address is hex 300; thus pro· 
viding a different interrupt location for different inter· 
rupt sources. 

b. An interrupt wiIJ be acknowledged only after the 
folJowing conditions are met: 
1. EN1 has been set. 

••• ___ , ___ , _ •. 1_-

G. I VI 0.11 I;;iA~II;;iIII!WI.1 11I~"""Ut-'~ '''t-' ... ~, H ......... :;:, ...... , t"' ............ 

must be at least two instruction cycles wide. 

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

4. AIJ successive transfer of control instructions and 
successive LBls have been completed (e.g., if the 
main program is executing a JP instruction which 
transfers program control to another JP instruction, 
the interrupt wiIJ 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 
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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 
5MB ; 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 
next instruction to be skipped. Subroutine and inter· 
rupt nesting inside interrupt routines are allowed. 
Note that this differs from the COP420/420C/420U444L 
series. 

MICROBUS™ Interface 
(not available in COP442, COP342) 

The COP440 series have an option which allows them to 
be used as peripheral microprocessor devices, inputting 
and outputting data from and to a host microproces· 
sor (JAP). IN1, IN2 and IN3 general purpose inputs become 
MICROBUS·compatible read'strobe, chip·select, and 
write·strobe lines, respectively. IN1 becomes RD - a 
logic "0" on this input will cause a latch data to be en· 
abled to the L ports for input to the "P. IN2 becomes CS 
- a 10gic"0" on this line selects the COPSTM processor 
as the lAP 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 a latches for input to the COPS processor. Go be· 
comes INTR, a "ready" output, reset by a write pulse 
from the lAP on the WR line, providing the "handshaking" 
capability necessary for asynchronous data transfer 
ho.+lAu~an the hnC!t r.DII ~nri thlQ r.np!=; nrnr.A~~nr_ Gin Ollt-

put can be separated from other G outputs by the EN2 
bit (see EN description above). 

This option has been designed for compatibility with 
National's MICROBUS - a standard interconnect sys· 
tem for 8·bit parallel data transfer between MOS/LSI 
CPUs and interfacing devices. (See MICROBUS National 
Publication.) The functional and timing relationships 
between the COPS processor signal lines affected by this 
option are as specified for the MICROBUS interface, and 
are given in the AC electrical characteristics and shown 
in the timing diagrams (Figure 2). Connection of the 
COP440 to the MICROBUS is sh9wn in Figure 6. 

Note: TRI·STATE@ outputs must be used on L port. 

o o 
" ~ 
o o 
" ~ o o 
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INTERRUPT (INTR) 

MICROPROCESSOR READ STROBE (liii) 

CHIP SELECT (CS) 

WRITE STROBE (WII) 

RESET 

POWER 
SUPPLY CLOCK 

IN 

OUT 

H3-HD 

Figure 6. MICROBUSTM Option Interconnect 

Zero·Crossing Detection 
(not available on the COP442, COP342) 

The following features are associated with the IN, pin: 
ININ and INIL instructions Input the state of IN, to A,; 
IN, interrupt generates an interrupt pulse when a low
going transition ("1" to "0") occurs on IN,; zero-crossing 
interrupt generates an interrupt pulse when an IN, transi
tion occurs (both "1" to "0" and "0" to "1"). 

If the zero-crossing detector is mask-programmed in (see 
Figure 7a), the INILinstructlon and zero-crossing interrupt 
will Input the state of IN, through the true zero-crossing 
detector ("1" If input> OV, "0" if input < OV). The ININ 
instruction and IN, interrupt will then have unique logic 
HIGH and LOW levels depending on the IN port Input 
level chosen. If normal (TTL) level is chosen, logic HIGH 
level Is 3.0V (3.3V for COP340/341) and logic LOW level 
Is 0.8V (0.6V for COP340/341); If high trip level Is chosen, 
logic HIGH level Is S.4V and logic LOW level is 1.2V. If 
the zero-crossing detector Is not mask-programmed In 

RS IN' 

(see Figure 7b), IN, will have logic HIGH and LOW levels 
that are defined for the IN port (see option list). 

The zero-crossing detector input contains a small hys
teresis (SOmV typical) to eliminate signal noise, and Is 
not a high impedance input but contains a resistive load 
to ground. Since this input can withstand a voltage 
range of -0.8V to +12V, an external clamping diode is 
needed for most input signals, as shown In Figure 7a, to 
limit the voltage below ground. An external resistor, Rs 
may be needed for the following two cases: 

a. Input signal exceeds 12V; Rs and the internal resistor 
act as a voltage divider to reduce the voltage at the 
Input pin to below 12V. 

b. Signal comes from a low Impedance source; when 
the voltage at the pin is clamped to -0.7V by the for
ward bias voltage of an external diode, Rs limits the 
current going through the diode. 

IN IN 
....L. 

00 
V-V 

EXTERNAL t--::i>-~--..J DIDDE 

IN' INTERRUPT 
(EN5.EN4=OO) 
(NEGATIVE EDCE) 

CLAMP ZERO-CROSSING INTERRUPT 
(EN5.EN4=IO) 
(POSITIVE & NEGATIVE EDGE) 

·NOTE: THIS INPUT HAS A DIFFERENT 
SET onOGIC HIGH AND LOW LEVELS; 

SEE ABOVE DESCRIPTION 

a. Zero·Crossing Detect Logic Option 

ININ 
....L. 

..... ...",,,. INI INTERRUPT 
(EN5.EN4=OO) 
(NEGATIVE EDGE) 

ZERO-CROSSING INTERRUPT 
(EN5,EN4='O) 
(POSITIVE &. NEGATIVE EDGE) 

b. IN, without Zero-Crossing Detect Logic 

Figure 7_ IN, Mask·Programmable Options 
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Initialization 

The reset logiC, internal to the COP440, will initialize 
the device upon power-up if the power supply rise time 
is less than 1 ms and greater than 1 "s_ If the power 
supply rise time is greater than 1 ms, the user must 
provide an external RC network and diode to the RESET 
pin as in Figure 8_ The RESET pin is configured as a 
Schmitt trigger input. If not used, it should be connected 
to Vee. 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, G, H, IL, L, N, a, R, and 
T registers are cleared. The SK output is enabled as a 
SYNC output by setting the SKL latch, thus providing a 
clock. RAM (data memory and stack) is not cleared. The 
first instruction at address 0 must be a CLRA. 

Oscillator 

P + 
o 
W 
E 
R 

S 
U 
P 
P 
L 
y 

I -.... Vcc 
.4~ COP440 

RESET 

T GNO 

RC,. 5 x POWER SUPPL Y RISE TIME 

Figure 8. Power-Up Clear Circuit 

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

a. Crystal Controlled Oscillator. CKI and CKO are con
nected to an external crystal. The cycle frequency 
equals the crystal frequency divided by 16 (optional 
by 8). Thus a 4 MHz crystal with the dlvlde-bY·16 option 
"",IA"tAr! will oive a 250kHz cvcle frequency (4"s 
Instruction cycle time). 

A 

CKI CKO 
10M 

Rl 

5-36 pF 

a. Crystal Oscillator 

..n..r 
EXTERNAL 

CLOCK 

(CLOCK OUTPUT, 
VR OR GENERAL 

PURPOSE INPUT PIN) 

b. External Oscillator 

b. External Oscillator. CKI Is an external clock Input sig
nal. The external frequency is divided by 16 (optional 
by 8 or 4) to give the cycle frequency. If the divide;by-4 
option Is selected, the CKllnput level is the Schmitt
trigger level. CKO is now available to be used as the 
RAM power supply (VR) or as a general purpose input. 

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

eKO Pin Options 

As an option, CKO can be an oscillator output. In a 
crystal controlled oscillator system, this signal Is used 
as an output to the crystal network. As another option, 
eKO can be an Interrupt Input or a general purpose input, 
reading Into bit 2 of A (accumulator) through the INIL 
Instruction. As another option, eKO can be a RAM power 
supply pin (VR), allowing its connection to a standbyl 
backup power supply to maintain the data integrity of 
RAM registers 0-3 with minimum power drain when the 
main supply Is inoperative or shut down to conserve 
power. Using either of the two latter options is appro
priate in applications where the system configuration 
does not require use of the eKO pin for timing functions. 

RAM Keep·Allve Option 

Selecting eKO as the RAM power supply (VR) allows the 
user to shut off the chip power supply (Ved and maintain 
data in the lower 4 registers of the RAM. To insure that 
RAM data Integrity Is maintained, the following condi
tions must be met: 

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

2. When Vcc Is on, VR must be within the operating 
voltage range of the chip, and within 1 volt of Vcc. 

;j. vR must oe ~ .:J.,;JV Willi ·yee v;;. 

C 

c. RC Controlled Oscillator 

Crystll Osclilitor 

Crystll Vllue R1 

4MHz lk 
3.58MHz lk 
2.10MHz 2k 

RC Controlled Osclilitor 

Instruction 
Execution 

R(kQ) C(pF) Time ("s) 

13 100 5.0±20% 
6.8 220 5.3±23% 
8.2 300 8.0±22% 
22 100 8.2±17% 

Note: 5kQ " R " 50kQ 
SOpF" C" 360pF 

Figure 9. COP440/441/442 Oscillators 
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1/0 Options 

COP440 inputs have the following optional configura
tions, illustrated in Figure 10: 

a_ An on-chip depletion load device to Vee-

b_ A Hi-Z input which must be driven to a "1" or "0" by 
external components_ 

c_ A resistive load to GND for the zero-crossing input 
option (IN, only)_ ' 

COP440 outputs have the following optional configura
tions: 

d. Standard - an enhancement mode device to ground 
in conjunction with a depletion-mode device to Vee, 
compatible with TTL and CMOS input requirements. 
Available on SO, SK, D, G, and H outputs. 

e. Open· Drain - an enhancement-mode device to 
grou'nd only, allowing external pull-up as required by 
the user's application. Available on SO, SK, D, G, L, H, 
and R outputs. 

f. Push· Pull - An enhancement-mode device to ground 
in conjunction with a depletion-mode device paral
leled by an enhancement-mode device to Vee. This 
configuration has been provided to allow for fast rise 
and fall times when driving capacitive loads. Available 
on SO and SK outputs only. 

g. Standard L,R - same as d., but may be disabled. 
Available on Land R outputs only (disabled on reset). 

h. LED Direct Drive - an enhancement-mode device to 
ground and Vee together with a depletion device to 
Vee meeting the typical current sourcing requirements 
of the segments of an LED display. The sourcing 
devices are clamped to limit current flow. These 
devices may be turned off under program control 
(See Functional Description, EN Register), placing 
the output in a high-impedance state to provide 
required LED segment blanking for a multiplexed 
display. Available on L outputs only. 

Vcc 

Notes: 
1. When the driver is disabled, the depletion device 

may cause the output to settle down to an inter
mediate level betwee,n Vee and GND. This voltage 
cannot be relied upon as a "1" level when reading 
the L inputs. The external signal must drive it to a 
"1" level. 

2. Much power is dissipated by this driver in driving 
an LED. Care must be taken to limit the power dis
sipation of the chip to within the absolute maxi
mum ratings specified. 

i. TRI·STATE® Push· Pull - an enhancement-mode 
device to ground and Vee. These outputs are TRI
STATE outputs, allowing for connection of these 
outputs to a data bus shared by other bus drivers. 
Available on Land R outputs only (in TRI-STATE mode 
on reset). 

j. Push·Pull R - same as f., but may be disabled. Avail
able on R outputs only. 

k. Additional depletion pull·up - a depletion load to Vee 
with the same current sourcing capability as the input 
load a., in addition to the output drive chosen. Avail
able on Land R outputs only. This device cannot be 
disabled; therefore, open-drain outputs with "1" 
output and TRI-STATE outputs do not show high
impedance characteristics. This device is useful in 
applications whlilre a pull-up with low source current 
is desired, e.g., reading keyboards and switches. 

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 (lOUT and VOUT) curves are given in 
Figures 11 and 12 for each of these devices to allow the 
designer to effectively use these 110 configurations 
in designing a COP440 system. 

r-I rt #, 

INPUT~ ".,~ '''~ 
~2i~ 

a. Input with Load b. Hi-Z Input c. Zero·Crossing Input d. Standard Output e. Open-Drain Output 

f. Push·Pull Output g. Standard L,R Outputs i. TRI·STATE® Push·Pull 
(L,R) Outputs 

DlSABLE~#~VCC ::-t .. #4 

#3 

j. Push·Pull R Outputs 

L.R OUTPUT _ ..... 4c_5 .... :C 

.. :_, ... 

k. Additional L,R Outputs 
Pull-Up 

Figure 10. Input/Output Configurations 
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Figure 11. COP440/4411442 1/0 Characteristics 
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Figure 12. COP340/3411342 I/O Characteristics 

2-102 

c 
E 

4.0 / 

(Mlx.) 
/' 

/ 
I 2.0 

/V ~ 

.. 
E 
I .... 
II 

.. 
E 
I .... 
II 

i!! 

(MIN.) -l? ---7 
-1 

VIN - VOLTS DEVICE 2 

c. Zero·Crossing Detect Input 
Current 

20 

l- ~CC=J.5V (JAX.) 
I I I 

15 I- VCC=4.5V (MiX') 

10 

5.0 

:.4c=51V(Mlj')-
./ 
~ 

Vcc 4.5V (MIN.) 

# 
0 If 

0 

VDUT - VOLTS DEVICE 3 

f. Output Sink Current 

0.4 

0.3 

0.2 

1\ 
\(MAX.) 

0.1 ~ 

~.~ o 
o 2 4 

VOUT - VOLTS DEVICE 4 

i. Depletion Load OFF Current 

20 
VOUT=2V 

(MAXY 

/" 
15 

/ 
,/ 

I 10 
~ 
:= 

(MIN.) 

o 
4.5 5.0 5.S 6.0 

VDUT - VOLTS DEVICES 4 AND 6 

I. LED Output Direct LED Drive 



Power Dissipation 

In order not to damage the device by exceeding the abso
lute maximum power dissipation rating, the amount of 
power dissipated inside the chip must be carefully con
trolled_ As an example, an application uses a COP440 in 
a room temperature (25°C) environment with a Vee power 
supply of 6V; IN and SI inputs have internal loads; G and 
o ports drive loads that may sink up to 2 mA into the chip; 
H port with standard output option reads switches; L 
port with the LED option drives a multiplexed seven
segment display; R, SO and SK drive MOS inputs that do 
not source or sink any current. 

a_ At 25°C, maximum power dissipation allowed = 750mW_ 

b_ Power dissipation by chip except 1/0 = Ice x Vec = 
35mA x6V =210mW_ 

c_ Maximum power dissipation by IN, SI = 
5xO_3mAx6V=9mW 

d_ G and 0 ports are sinking current from external loads; 
maximum output voltage with 2mA sink current is 
less than OAV_ Power dissipation by G and 0 ports = 

2mA xOAVx8=6AmW 

e_ Maximum power dissipation by H port = 
4x 1_5mA x6V =36mW 

f. When the seven segments of the LED are turned on, 
the output voltage is about 2V, so that the segment 
current is 17mA_ Power dissipation by L port = 

7x 17mA x(6V -2V)=476mW 

This power dissipation caused by driving LEOs is 
usually the highest among the various sources_ 

COP440 Series Instruction Set 

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

g_ R, SO, and SK do not dissipate any significant amount 
of power because they do not not need to source or 
sink any current. 

Total power dissipation (TPO) inside the device is the 
sum of items b through g above_ 

TPO =210+9+6+ 36+476mW= 737mW 

This is within the 750mW limit at room temperature_ 
If this application has to operate at 70°C, then the 
power dissipation must be reduced to meet the limit 
at that temperature_ Some ways to achieve this would 
be to limit the LED current or to use an external LED 
driver. 

At 70°C the absolute maximum power dissipation 
rating drops to 400mW_ The user must be careful not 
to exceed this value_ 

COP440 Series Devices 

If the COP440 is bonded as a 28- or 24-pin device, it be
comes the COP441 or COP442, respectively, as illustrated 
in Figure 3_ Note that the COP441 and COP442 do not 
include Hand R ports_ In addition, the COP442 does not 
include IN inputs; use of this option precludes the use of 
the IN options, the interrupt feature with IN as input, the 
zero-crossing detect option, IN2 external event counter 
input, and the MICROBUSTM option_ All other options 
are available_ 

COP340, COP341, and COP342 are extended tempera
ture versions of the COP440, COP441, and COP442, res
pectively_ 

Table 3 provides the mnemonic, operand, machine code, 
data flow, skip conditions and description associated with 
each instruction in the COP440 series instruction set. 

Table 2_ COP440 Series Instruction Set Symbols 
---, 

Symbol Definition Symbol Definition 

INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS 

A 4-bit Accumulator d 4-bit Operand Field, 0-15 binary (RAM Digit 

B 8-bit RAM Address Register Select) 

Br Upper 4 bits of B (register address) r 4-bit Operand Field, 0-9 binary (RAM 

Bd Lower 4 bits of B (digit address) Register Select) 

C 1-bit Carry Register a 11-bit Operand Field, 0-2047 binary (ROM 

D 4-bit Data Output Port 
Address) 

EN 8-bit Enable Register 
y 4-bit Operand Field, 0-15 binary (Immediate 

Data) 
G 4-bit Register to latch data for GilD Port RAM(s) Content of RAM location addressed by s 
H 4-bit Register to latch data for H 110 Port 

RAMN Content of RAM location addressed by 
IL Two 1-bit Latches associated with the IN3 or stack pointer N 

INo Inputs ROM(t) Content of ROM location addressed by t 
IN 4-bit Input Port 

IN,Z Zero-Crossing Input 

L 8-bit TRI-STATE® 110 Port 

M 4-bit contents of RAM Memory painted to by OPERATIONAL SYMBOLS 
B Register 

N 2-bit subroutine return address stack pointer + Plus 

PC 11-bit ROM Address Register (program - Minus 

counter) - Replaces 

Q 8-bit Register to latch data for L 110 Port - Is exchanged with 

R 8-bit Register to latch data for R TRI-STATE = Is equal to 

110 Port Ii. The one's complement of A 

SID 4-bit Shift Register and Counter .. Exclusive-OR 

SK Logic-Controlled Clock Output : Range of values 

T 8-bit Binary Counter Register V OR 
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Table 3. COP440 Series Instruction Set 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions 

ARITHMETIC/LOGIC INSTRUCTIONS 

ASC 30 10011100001 A+C+RAM(B) - A Carry 
Carry - C 

ADD 31 \0011\0001\ A+RAM(B)- A None 

ADT 4A \01 00\1 01 01 A+1010 -A None 

AISC Y 5- \0101\ Y \ A+y-A Carry 

CASC 10 \0001\0000\ A+ RAM(B)+C - A Carry 
Carry - C 

CLRA 00 \0 ° ° 010 ° ° 0\ O-A None 

COMP 40 \010°1°000\ A-A None 

NOP 44 \01 00\0 1 00\ None None 

OR 33 10 0 11 10 011\ Av M-A None 

1A \0 ° ° 1\1 ° 1 01 

RC 32 \°011\001 °1 "O"-C None 

SC 22 \001 °1°° 1 01 "1"- C None 

XOR 02 1°°0°1°°1 °1 A .. RAM(B)- A None 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 11111111111 ROM (PC10:8, A,M) - PC7:0 None 

JMP a 6- 10 1 1 0IOlalO:sl a- PC None 

-- I 87:0 I 

JP a -- 111 86:0 I a - PC6:0 None 

(pages 2,3 only) 
or 

-- \11\ a5:0 I a - PC5:0 
(all other pages) 

JSRP a -- \1 °1 85:0 I PC+1- RAMN None 
N+1- N 
00010 - PC10:6 
a - PC5:0 

JSR a 6- 1° 110\1\ alO:81 PC+1 - RAMN None 

-- I I 
N+1- N 

a7:0 
a - PC 

RET 48 1°1°°110 °°1 N-1- N None 
RAMN- PC 

RETSK 49 1°1°°11001 1 N-1- N Always Skip on Return 
RAMN - PC 
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Description 

Add with Carry, Skip on 
Carry 

Add RAM to A 

Add Ten to A 

Add Immediate, Skip on 
Carry (y '" 0) 

Complement and Add with 
Carry, Skip on Carry 

Clear A 

One's complement of A to A 

No Operation 

OR RAM with A 

Reset C 

Set C 

Exclusive-OR RAM with A 

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 



Table 3. COP440 Series Instruction Set (continued) 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions 

MEMORY REFERENCE INSTRUCTIONS 

CAME 33 1°°111°0111 A- EN7:4 None 

1F 1°001111111 RAM (B) - EN3:0 

CAMO 33 1°0111°0111 A- 07:4 None 

3C 1°0111110°1 RAM (B) - 03:0 

CAMT 33 1°°111°°111 A- T7:4 None 

3F 1°°11111111 RAM(B) - T3:0 

CEMA 33 1°0111°0 111 EN7:4 - RAM(B) None 

OF 1°0°°111111 EN3:0- A 

COMA 33 1°0111°0111 07:4 - RAM(B) None 

2C 1° 01 °111 001 
03:0- A 

CTMA 33 1°0111°0 111 T7:4 - RAM(B) None 

2F 1°°1 °111111 T3:0- A 

LD r -5 1°°1 r 1°1011 RAM(B)- A None 
r=0:3 Brer- Br 

LDD r,d 23 10 °11 010 ° 111 RAM(r,d)- A None 

-- 101 r I d I 
r=0:7 

LID 33 1°0111°0111 ROM (PC'O:B,A,M) -M,A None 

19 1°001110011 

LOID BF 11011111111 ROM(PC'O:B,A,M) - 0 None 

RMB ° 4C 10 1 ° °11 1 001 0- RAM(B)O None 

1 45 10100101011 0- RAM(B)1 

2 42 1°1°°1°° 1°1 0- RAM(B)2 

3 43 101 °°1°° 11 1 0- RAM(B)3 

5MB ° 4D 1°10°111011 1- RAM(B)O None 

47 1°1°°1°1111 1- RAM(Bh 

2 46 1° 1 0°1° 11 01 1- RAM(B)2 

3 4B 1°1°°11011 1 1- RAM(B)3 

STII Y 7- 1° 111 1 
y I y- RAM(B) None 

Bd+1 -Bd 

X -6 1°°1 r 1011°1 RAM(B)-A None 
r=0:3 Bre r- Br 

XAD r,d 23 1001 °1°0111 RAM(r,d)- A None -

111 r I dl 
r=0:7 

XDS -7 1001 r 101111 RAM(B)-A Bd decrements past ° 
r-O:3 Bd-1-Bd 

Brer-Br 

XIS -4 1001 r 101001 RAM(B)-A Bd Increments past 15 
r=0:3 Bd+1-Bd 

Brer- Br 
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Description 

Copy A, RAM to EN 

Copy A, RAM to 0 

Copy A, RAM to T 

Copy EN 10 RAM, A 

Copy 0 10 RAM, A 

Copy T to RAM, A 

Load RAM Into A, 
Exclusive·OR Br with r 

Load A with RAM pOinted 
to dl reclly by r ,d 

Load RAM, A Indirect 

Load 0 Indirect (Note 3) 

Reset RAM Bit 

Set RAM Bit 

Store Memory Immediate 
and Incremenl Bd 

Exchange RAM with A, 
Excluslve·OR Br with r 

Exchange A with RAM 
pointed to directly by r,d 

Exchange RAM with A 
and Decrement Bd, 
Exclusive-OR Br with r 

Exchange RAM with A 
and Incremenl Bd, 
Exclusive-OR Br with r 
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Table 3. COP440 Series Instruction Set (continued) 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions 

REGISTER REFERENCE INSTRUCTIONS 

CAB 50 10101100001 A- Bd None 

CBA 4E 10100111101 Bd-A None 

LBI r,d -- 1001 r l(d-1)1 r,d- B Skip until not a LBI 

r -0:3,d - 0,9:15 
or 

33 1°0111°0111 

-- 111 r I d I 
r-0:7,any d 

LEI y 33 10011100111 y':' EN3:0 None 

6-
101101 

y I 
XABR 12 100011°0101 A-Br None 

XAN 33 10011100111 A - N(O,O - A3h) None 

OB 10000110111 

TEST INSTRUCTIONS 

SKC 20 10010100001 C="1" 

SKE 21 10010100011 A=RAM(B) 

SKGZ 33 10011100111 G3:0=0 

21 1001°100011 

SKGBZ 33 10011100111 1st by1e 

0 01 10000100011 Go=O 

1 11 10001100011 G1.=0 

2 03 10000100111 
2nd by1e 

G2=0 

3 13 10001100111 G3=0 

SKMBZ O' 01 10000100011 RAM(B)o=O 

1 11 10001100011 RAM(B)1=0 

2 03 10000100111 RAM(B)2=0 

3 13 10001100111 RAM(B)3=0 

SKSZ 33 10011100111 SIO=O 

lC 100011110°1 

SKT 41 101,00100011 T counter carry has 
occurred since last 
test 

: 

2-106 

Description 

Copy Ato Bd 

Copy Bd to A 

Load B Immediate with r,d 
(Note 6) 

Load lower half of EN 
Immediate 

Exchange A with Br 

Exchange A with N 

Skip If C Is True 

Skip If A Equals RAM 

Skip If G Is Zero (all 4 bits) 

S/<ip If G Bit Is Zero 

Skip If RAM Bit Is Zero 

Skip If SIO Is Zero 

Skip on Timer (Note 3) 



Table 3. COP440 Series Instruction Set (continued) 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Dala Flow Skip Conditions 

INPUT/OUTPUT INSTRUCTIONS 

CAMR 33 10011100111 A- R7:4 None 

3D 10011111011 RAM (B) - R3:0 

ING 33 10011100111 G-A None 

2A 10010110101 

INH 33 10011100111 H-A None 

2B 10010110111 

ININ 33 10011100111 IN-A None 

28 10010110001 

INIL 33 10011100111 IL3, CKO, IN1Z, ILa - A None 

29 10010110011 

INL 33 10011100111 L7:4 - RAM (B) None 

2E 100101111 01 l3:0- A 

INR 33 10011100111 R7:4 - RAM (B) None 

2D 10010111011 R3:0- A 

OBD 33 10011100111 Bd - D None 

3E 10011111101 

OGI y 33 10011100111 y-G None 

5- 101011 y I 
OMG 33 10011100111 RAM(B)-G None 

3A 10011110101 

OMH 33 10011100111 RAM(B)- H None 

3B 100 1111 °!..:1.1 

XAS 4F 10100111111 A- SIO, C - SKL None 

Description 

Output A,RAM to R Port 

Input G Port to A 

Input H Port to A 

Input IN Inputs to A (Note 2) 

Input IL Latches to A 

(Note 3) 

Input L Port to RAM,A 

Input R Port to RAM,A 

Output Bd to D Port 

Output to G Port Immediate 

Output RAM to G Port 

Output RAM to H Port 

Exchange A with 510 
(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 Oow-order, right·most bit). For example, A31ndlcates the most significant (Ieft-most) bit of the 4·bit A register. 

Note 2: The ININ Instruction is not available on the 24'pln COP442/COP342 since this device does not contain the IN Inputs. 

Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below. 

Note 4: The JP instruction allows a jump, while In subroutine pages 2 or 3, to any ROM location within the two·page boundary of pages 2 or 3. The JP 
Instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page. 

Note 5: A JSRP transfers program control to subroutine page 2 (00010 Is loaded Into the upper 5 bits of Pl. 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: LBlls a slngle·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 (100121, 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 (111121. 
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Description of Selected Instructions 

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 COP440 programs. 

XAS Instruction 

XAS (Exchange A with SIO) exchanges the 4-blt contents 
of the accumulator with the 4-bit contents of the SIO reg
ister. The contents of SIO will contain serlal·in/serlal-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 4lnstruc
tlon 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 11-bit word, PC,o:a, A, M. PC,o, 
PCg and PCa are not affected by this Instruction. 

Note that JID requires 2 Instruction cycles if executed, 1 
instruction cycle time if skipped. 

INIL Instruction 

INIL (Input IL Latches to A) inputs 2 latches, ILa and ILo, 
CKO and IN, into A (see Figure 13). The ILa and ILo latches 
are set if a low-golng pulse ("1" to "0") has occurred on 
the IN3 and INo inputs since the last INIL instruction, 
provided the Input pulse stays low for at least two in
struction cycles. Execution of an INIL Inputs IL3 and ILo 
into A3 and AO respectively, and resets these latches to 
allow them to respond to subsequent low-going pulses 
on the IN3 and INo lines. If CKO Is mask-programmed as 
a general purpose Input, an INIL will input the state of 
CKO into A2. If CKO has not been so programmed, a "1" 
will be placed In A2. Unlike the COP420/420C/420Ll444L 
series, INIL will input IN, into A1.lf zero-crossing detect 
is selected, the IN, input will go through the detection 
logic, thus allowing the user to interrogate the Input, 

ININ 

1 
INo/IN3 

INIL 

Figure 13. INIL Hardware Implementation 
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sending a "1" if the input is above zero volts and a "0" if 
it is below zero volts. INIL Is useful in recognizing pulses 
of short duration or pulses which occur too often to be 
read conveniently by an ININ instruction. It is also useful 
In checking the status of the zero-crossing detect input. 
The general purpose input IN3-INo are input to A upon 
execution of an ININ instruction, and the IN, input does 
not go through zero-crossing logic so that it has the 
same logic level as the other IN inputs for the ININ In
struction (see Figure 9). 

Note: IL latches are cleared on reset. This Is different 
(rom the COP420/420C/420Ll444L series. 

LQID Instruction 

LaiD (Load a Indirect) loads the 8-bit a register with the 
contents of ROM pOinted to by the 11-bit word PC lO:PCa, 
A, M. LaiD can be used for table lookup or code conver
sion such as BCD to seven-segment. Note that LaiD 
takes two instruction cycles if executed and one in
struction cycle if skipped. Unlike most other COPSTM 
processors, this instruction does not push the stack. 

LID Instruction 

LID (Load Indirect) loads M and A with the contents of 
ROM pOinted to by the 11-bit word PC,o:PCa, A, M. Note 
that LID takes three instruction cycles if executed and 
two If skipped. 

SKT Instruction 

The SKT (Skip On Timer) instruction tests the state of 
the T counter (see Internal logic, above) overflow latch, 
executing the next program instruction if the latch is not 
·set. If the latch has been set since the 'previous test, the 
next program Instruction is skipped and the latch is reset. 
The features associated with this instruction allow the 
processor to generate its own time-base for real·time pro
cessing, rather tlian relying on an external input Signal. 

Instruction Set Notes 

a. The first word of a COP440 program (ROM address 0) 
must be a CLRA (Clear A) instruction. 

b. Although skipped instructions are not executed, they 
are still fetched from program memory. Thus program 
paths take the same number of cycle times whether 
Instructions are skipped or executed, except for LID, 
LaiD, and JID. 

c. The ROM is organized into 32 pages of 64 words 
each. The Program Counter is an 11-bit binary counter, 
and will count through page boundaries. If a JP, JSRP, 
JID, LaiD, or LID instruction is 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 LaiD 
or JID located in the last word of page 3, 7, 11, 15, 
19, 23, 27, or 31 will access data in the next group of 
four pages. 



Option List 

The COP440 mask-programmable options are assigned numbers which correspond with the COP440 pins_ 

Option 1: L1 1/0 Port (see note below) 
= 0: Standard output 
= 1: Open-drain output 
= 2: LEO direct drive output 
=3: TRI-STATE® output 
= 4: same as 0 with extra load device to Vee 
= 5: same as 1 with extra load device to Vee 
= 6: same as 2 with extra load device to Vee 
= 7: same as 3 with extra load device to Vee 

Option 2: La 1/0 Port 
(same as Option 1) 

Option 3: SI Input 
= 0: Input with load device to Vee 
= 1: Hi-Z input 

Option 4: SO Output 
= 0: Standard output 
= 1: Open-drain output 
= 2: Push-pull output 

Option 5: SK Output 
(same as Option 4) 

Option 6: INa Input 
(same as Option 3) 

Option 7: IN3 Input 
(same as Option 3) 

Option 8: Go 1/0 Port 
= 0: Standard output 
= 1: Open-drain output 

Option 9: G1 1/0 Port 
(same as Option 8) 

Option 10: G2 1/0 Port 
1Cl:!:ImlC ~C1: nntinn R' 

Option 11: G3 1/0 Port 
(same as Option 8) 

Option 12: Ho 1/0 Port 
(same as Option 8) 

Option 13: H1 1/0 Port 
(same as Option 8) 

Option 14: H2 1/0 Port 
(same as Option 8) 

Option 15: H3 1/0 Port 
(same as Option 8) 

Option 16: 03 Output 
(same as Option 8) 

Option 17: O2 Output 
(same as Option 8) 

Option 18: 01 Output 
(same as Option 8) 

Option 19: 00 Output 
(same as Option 8) 
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Option 20: GNO - No options available 

Option 21: CKO Pin 
= 0: Oscillator output 
= 1: RAM power supply (VR) input 
= 2: General purpose input with load device to Vee 

= 3: General purpose Hi-Z input 

Option 22: CKI Input 
= 0: Crystal input divided by 16 
= 1: Crystal input divided by 8 
= 2: Single-pin RC controlled oscillator (-+- 4) 
= 3: Schmitt trigger clock input (-+- 4) 

Option 23: RESET Input 
(same as Option 3) 

Option 24: R7 1/0 Port (see note below) 
= 0: Standard output 
= 1: Open-drain output 
= 2: Push-pull output 
= 3: TRI-STATE® output 
= 4: same as 0 with extra load device to Vee 
= 5: same as 1 with extra load device to Vee 
= 6: same as 2 with extra load device to Vee 
= 7: same as 3 with extra load device to Vee 

Option 25: R6 1/0 Port 
(same as Option 24) 

Option 26: R5 1/0 Port 
(same as Option 24) 

Option 27: R4 1/0 Port 
(same as Option 24) 

Option 28: R3 1/0 Port 
(same as Option 24) 

Option 29: R2 1/0 Port 
(same as Option 24) 

Option 30: R1 1/0 Port 
(same as Option 24) 

Option 31: Ro 1/0 Port 
(same as Option 24) 

Option 32: L7 1/0 Port 
(same as Option 1) 

Option 33: L6 1/0 Port 
(same as Option 1) 

Option 34: L5 1/0 Port 
(same as Option 1) 

Option 35: L4 1/0 Port 
(same as Option 1) 

Option 36: IN1 Input 
= 0: Input with load device to Vee 
= 1: Hi-Z Input 
= 2: Zero-crossing detect input (Option 41 = 0) 

Option 37: IN2 Input 
(same as Option 3) 

Option 38: L3 1/0 Port 
(same as Option 1) 
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Option List (continued) 

Option 39: L2 1/0 Port 
(same as Option 1) 

Option 40: Vee - no options available 

Option 41: COP Function 
=0: Normal 
= 1: MICROBUSTM option 

Option 42: IN Input Levels 
= 0: Standard TTL input levels ("0" = 0.8V, "1" = 2.0V) 
= 1: Higher voltage input levels ("0" =1.2V, "1" =3.6V) 

Option 43: G Input Levels 
(same as Option 42) 

Option 44: L Input Levels 
(same as Option 42) 

Option 45: CKO Input Levels 
(same as Option 42) 

Note on Land R 1/0 Port Options 

If Land R 1/0 Ports are used as inputs, the following 
must be observed: 

a. Open-Drain output (selection 1) is allowed only if 
external pull-up is provided. 

b. If Land R output ports are disabled when reading, an 
external pull-up is required unless selections 4, 5, 6, or 
7 are chosen. 

c. If L output port is enabled, selections 3 and 7 are not 
allowed. 

d. If R output port is enabled, selections 2, 3, 6, and 7 
are not allowed. 
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Option 46: SI Input Levels 
(same as Option 42) 

Option 47: R Input Levels 
(same as Option 42) 

Option 48: H Input Levels 
(same as Option 42) 

Option 49: No option available 

Option 50: COP Bonding 
= 0: COP440 (40·pin device) 
= 1: COP441 (28·pin device) 
= 2: COP442 (24-pin device) 
= 3: COP440 and COP441 
= 4: COP440 and COP442 
=5: COP440, COP441, and COP442 
= 6: COP441 and COP442 

Test Mode (Non-Standard Operation) 

The SO output has been configured to provide for stand
ard test procedures for the custom·programmed COP440: 
With SO forced to logic "1", two test modes are provided, 
depending upon the value of SI: 

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

b. ROM Test Mode (SI = 0) 

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



~National PRELIMINARY 

D Semiconductor 
COP444C/COP445C and COP344C/COP345C 
Single·Chip CMOS Microcontrollers 

General Description Features 
The COP444C, COP445C, COP344C, and COP345C Single- - Lowest power dissipation (50I'W typical) 
Chip CMOS Microcontrollers are members of the COPSTM -_ Power-saving IDLE state and HALT mode 
family, fabricated using double-poly, Silicon-gate CMOS· - -._Powerful instruction set 
technology. These controller-oriented processors are--_ 2k x 8 ROM 128 x 4 RAM 
complete microcomputers containing all system timing, _ 23 I/O IineS'(COP444C) 
internal logic, ROM, RAM, and I/O necessary to implement 
dedicated control functions in a variety of applications. - True vectored interrupt, plus restart 
Features include single supply operation, a variety of - Three-level subroutine stack 
output configuration options, with an instruction set, - 41's instruction time, plus software selectable 
internal architecture and I/O scheme designed to facili- oscillators 
tate keyboard input, display output and BCD data manipu- - Single supply operation (2.4-5.5V) 
lation. The COP445C is identical to the COP444C, but with - Programmable time-base counter for real-time 
191/0 lines instead of 23. They are an appropriate choice processing 
for use in numerous human interface control environ- - Internal binary counter register with MICROWIRETM 

. ments. Standard test procedures and reliable high- serial I/O capability 
density fabrication techniques provide the medium to 
large volume customers with a customized controller 

- General purpose and TRI-STATE® outputs 
- LSTTLICMOS compatible 

oriented processor at a low end-product cost. - MICROBUSTM compatible 

The COP344C and COP345C are exact functional equiva
lents, but extended temperature range versions of the 
COP444C and COP445C respectively. 

- Software/hardware compatible with other members 

COPS, MICROWIRE, and MICROBUS are trademarks of National Semiconductor Corp. 
TRI-STATE is a registered trademark of National Semiconductor Corp. 
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of COP400 family 
- Extended temperature range devices 

COP344C/COP345C (-40°C to +85°C) 

'" L 
I 

U L---J· 1'---__ --' 
"' __ "1 INSTRUCTION ClflCKISVNCI 

"I 1.:::::::==::::;1--"- so I MICROWIRE 1/0 

" 
COP444LOMV 

I • 

5 S 12 13 14 15 

20 10 9 19 
IN] IN2 IN1 1NO 

Figure 1. COP334C/COP345C, COP444C/COP445C Block Diagram 
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~National 
~ Semiconductor 

COP444L/COP445L and COP344L/COP345L 
Single·Chip N·Channel Microcontrollers 

General Description 
The COP444L, COP445L, COP344L, and COP345L Single
Chip N-Channel Microcontrollers are members of the 
COPSTM family, fabricated using N-channel, silicon gate 
MOS technology. These controller oriented processors 
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 I/O scheme designed 
to facilitate keyboard input, display output and BCD data 
manipulation. The COP445L is identical to the COP444L, 
but with 19 I/O lines instead of 23. They are an appro
priate choice for use in numerous human interface con
trol 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 COP344L and COP345L are exact functional equiva
lents, but extended temperature range versions of the 
COP444L and COP445L respectively. 

COPS and MICROWIRE are trademarks of National Semiconductor Corp. 
TRI-STATE is a registered trademark of National Semiconductor Corp. 

I/O CONTROLS 

C0P444LONLY 

GND 

TIME-SASE 
COUNTER 

~ , 

(DIVIDE BY 10241 

J.tEVELSTACK 

--, 

,.... ...... --+1 I 
I 
I 
I 
I 

Features 
• Low cost 
• Powerful instruction set 
• 2kx8 ROM, 128x4 RAM 
• 23 I/O lines (COP444L) 
• True vectored interrupt, plus restart 
• Three-level subroutine stack 
• 151's instruction time 
• Single supply operation (4.5-6.3V) 
• Low currl;>nt drain (11 mA max.) 
• Internal time-base counter for real-time processing 
• Internal binary counter register with MICROWIRETM 

serial I/O capability 
• General purpose and TRI-STATE® outputs 
• LSTTLICMOS compatible in and out 
• Direct drive of LED digit and segment lines 
• Software/hardware compatible with other members 

of COP400 family 
• Extended temperature range devices 

COP344L1COP345L (-40°C to +85°C) 

• Wider supply range (4.5-9.5V) optionally available 

CKl 

L 
CKD 

L 

OJ 

0, 
0, 
DO 

t----'--r--""'-SK 

1r::;:=======~I:::"" so MICROWIRE 1/0 

51 

G3' 

G, 

G, 

Go 

5 6 1 8 121] 14 15 
20109 19 

IN]INZ INt INO 

Figure 1. COP344L1COP34SL, COP444L/COP445L Block Diagram 
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COP444L1CO P445L 

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

Total Source Current 
Total Sink Current 

-0.5V to +10V 
O°Cto +70°C 

-65°C to +150°C 
300°C 

0.75 Watt at 25°C 
0.4 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", TA ", +70°C, 4.5V '" Vee'" 9.5V unless otherwise noted. 

Parameter Conditions Min. Max. 

Standard Operating Voltage (Veel Note 1 4.5 6.3 

Optional Operating Voltage (Veel 4.5 9.5 

Power Supply Ripple peak to peak 0.5 

Operating Supply Current all inputs and outputs open 13 

Input Voltage Levels 
CKI Input Levels 
Crystal Input (732, 716, ';'8) 

Logic High (VIH ) 2.0 
Logic Low (VILl -0.3 0.4 

Schmitt Trigger Input (';'4) 
Logie High (VIH) 0.7 Vee 
Logic Low (VILl -0.3 0.6 

RESET Input Levels Schmitt trigger input 
Logic High 0.7 Vee 
Logic Low -0.3 0.6 

- - - -;:;U Inpul Level \ I eSl moae) <..v ".~ 

All Other Inputs 
Logic High Vee = Max. 3.0 
Logic High with TTL trip level options 2.0 
Logic Low selected, Vee = 5V ± 5% -0.3 0.8 
Logic High with high trip level options 3.6 
Logic Low selected -0.3 1.2 

Input Capacitance 7 

Hi-Z Input Leakage -1 +1 

Output Voltage Levels 
LSTTL Operation Vcc=5V±5% 

Logic High (VOH) IOH =-25}JA 2.7 
Logic Low (VoLl IOL=0.36mA 0.4 

CMOS Operation 
Logic High IOH =-10}JA Vee- 1 
Logic Low IOL=+10}JA 0.2 

Note 1: Vee voltage change must be less than O.5V in a 1 ms period to maintain proper operation. 
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COP444L1COP445L 

DC Electrical Characteristics 
Parameter 

Output Current Levels 

Output Sink Current 

SO and SK Outputs {lod 

~-L7 Outputs and Standard 
GO-G3, 00-03 Outputs {lod 

GO-G3 and Do-D3 Outputs with 
High Current Options {lod 

GO-G3 and 00- D3 Outputs with 
Very High Current Options {lod 

CKI (Single-pin RC oscillator) 
CKO 

Output Source Current 

Standard Configuration. 
All Outputs (lOH) 

Push-Pull Configuration 
SO and SK Outputs (lOH) 

LED Configuration, ~-L7 
Outputs, Low Current 
Driver Option (lOH) 

LED Configuration, ~-L7 
Outputs, High Current 
Driver Option (lOH) 

TRI-STATE~ Configuration, 
~- L7 Outputs, Low 
Current Driver Option (loH) 

TRI-STAT~ Configuration, 
~-L7 Outputs, High 
Current Driver Option (lOH) 

Input Load Source Current 

CKO Output 

RAM Power Supply Option 
Power Requirement 

TRI-STATE~ Output Leakage 
Current 

Total Sink Current Allowed 

All Outputs Combined 

0, G P~rts 
L7-l,j 

L3-~ 
All Other Pins 

Total Source Current Allowed 

All 1/0 Combined 
L7-l,j 

4-~ 
Each L Pin 
All Other Pins 

(continued) O°C .,; TA .,; +70°C, 4.5V .,; Vee"; 9.5V unless otherwise noted. 

Conditions Min. Max. Units 

Vee = 9.5V, VOL = 0.4V 1.8 mA 
Vee = 6.3V, VOL = 0.4V 1.2 mA 
Vee = 4.5V, VOL = 0.4V 0.9 mA 

Vee = 9.5V, VOL = 0.4V 0.8 mA 
Vec=6.3V, VOL=0.4V 0.5 mA 
Vee = 4.5V, VOL = 0.4V 0.4 mA 

Vee = 9.5V, VOL = 1.0V 15 mA 
Vee = 6.3V, VOL = 1.0V 11 mA 
Vee = 4,5V, VOL = 1.0V 7.5 mA 

Vee = 9.5V, VOL = 1.0V 30 mA 
Vee = 6.3V, VOL = 1.0V 22 mA 
Vee = 4.5V, VOL = 1.0V 15 mA 

Vee = 4.5V, V1H = 3.5V 2 mA 
Vee = 4.5V, VOL = O.4V 0.2 mA 

Vee = 9.5V, VOH = 2.0V -140 -800 J.lA 
Vee = 6.3V, VOH = 2.0V -75 -480 J.lA 
Vee = 4.5V, VOH = 2.0V -30 -250 J.lA 

Vee = 9.5V, VOH = 4.75V -1.4 mA 
Vee = 6.3V, VOH = 2.4V -1.4 mA 
Vee = 4.5V, VOH = 1.0V -1.2 mA 

Vee = 9.5V, VOH = 2.0V -1.5 -18 mA 
Vee = 6.0V, VOH = 2.0V -1.5 -13 mA 

Vee = 9.5V, VOH = 2.0V -3.0 -35 mA 
Vee = 6.0V, VOH = 2.0V -3.0 -25 mA 

Vee = 9.5V, VOH = 5.5V -0.75 mA 
Vee = 6.3V, VOH = 3.2V -0.8 mA 
Vee = 4.5V, VOH = 1.5V -0.9 mA 

Vee = 9.5V, VOH = 5.5V -1.5 mA 
Vee = 6.3V, VOH = 3.2V -1.6 mA 
Vee = 4.5V, VOH = 1.5V -1.8 mA 

Vee = 5.0V, V1L = OV -10 -140 J.lA 

VR=3.3V 3.0 mA 

-2.5 +2.5 J.lA 

120 mA 
120 mA 

4 mA 

4 mA 

1.5 mA 

120 mA 

60 mA 

60 mA 

30 mA 
1.5 mA 
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COP344L1COP345L 

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 0.75 Watt at 25°C 

0.25 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 A C electrical specifications are 
not ensured when operating the device at absolute maximum 
ratings. 

DC Electrical Characteristics -40°C" TA " +85°C, 4.5V" Vee" 7.5V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

Standard Operating Voltage (Vecl Note 1 4.5 5.5 V 

Optional Operating Voltage (Vecl 4.5 7.5 V 

Power Supply Ripple peak to peak 0.5 V 

Operating Supply Current all inputs and outputs open 15 mA 

Input Voltage Levels 

CKI Input Levels 
Crystal Input 

Logic High (VIH) 2.2 V 
Logic Low (VILl -0.3 0.3 V 

Schmitt Trigger Input 
Logic High (VIH) 0.7 Vee V 
Logic Low (VILl -0.3 0.4 V 

I RESET Input Levels Schmitt Trigger Input 
Logic High 0.7Vee V I Lnnir. I nw -n "l nA \I 

SO Input Level (Test mode) 2.2 2.5 V 

All Other Inputs 
Logic High Vee = Max. 3.0 V 
Logic High with TTL trip level options 2.2 V 
Logic Low selected, Vee = 5V ± 5% -0.3 0.6 V 

Logic High with high trip level options 3.6 V 
Logic Low selected -0.3 1.2 V 

Input Capacitance 7 pF 
Hi·Z Input Leakage -2 +2 "A 

Output Voltage Levels 
LSTTL Operation Vee=5V±5% 

Logic High (VoH) 10H =-20"A 2.7 V 
Logic Low (VoLl IOL=0.36mA 0.4 V 

CMOS Operation 
Logic High IOH=-10"A Vee- 1 V 
Logic Low IOL=+10"A 0.2 V 

Note 1: Vee voltage change must be less than O.5V In alms period to maintain proper operation. 
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COP344L1COP345L 
DC Electrical Characteristics (continued) -40·C .. TA" +85·C, 4.5V .. Vee" 7.5V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

Output Current Levels 

Output Sink Current 

SO· and SK Outputs (loll Vee = 7.5V, VOL = O.4V 1.4 mA 
Vee = 5.5V, VOL = O.4V 1.0 mA 
Vee = 4.5V, VOL = 0.4V 0.8 mA 

lQ- L7 Outputs, and Standard Vee = 7.5V, VOL = 0.4V 0.6 mA I 
I 

Go- G3, 00- 03 Outputs (loll Vee = 5.5V, VOL = 0.4V 0.5 mA 
Vee = 4.5V, VOL = 0.4V 0.4 mA 

Go-G3 and 00-03 Outputs with Vec = 7.5V, VOL = 1.0V 12 mA 
High Current Options (loll Vee = 5.5V, VOL = 1.0V 9 mA 

Vee = 4.5V, VOL = 1.0V 7 mA 

GO-G3 and 00-03 Outputs with Vee = 7.5V, VOL = 1.0V 24 mA 
Very High Current Options (loll Vee = 5.5V, VOL = 1.0V 18 mA 

Vee = 4.5V, VOL = 1.0V 14 mA 

CKI (Single·pin RC OSCillator) Vee = 4.5V, VIH = 3.5V 2 mA 
CKO Vee = 4.5V, VOL = 0.4V 0.2 mA 

Output Source Current 

Standard Configuration, Vec = 7.5V, VOH = 2.0V -100 -900 "A 
All Outputs (IOH) Vee = 5.5V, VOH = 2.0V -55 -600 "A 

Vec = 4.5V, VOH = 2.0V -28 -350 "A 
Push·Pull Configuration Vee =7.5V, VOH = 3.75V -0.85 mA 
SO and SK Outputs (lOH) Vee = 5.5V, VOH = 2.0V -1.1 mA 

Vec = 4.5V, VOH = 1.0V -1.2 mA 

LED Configuration, lQ-L7 Vee = 7.5V, VOH = 2.0V -1.4 -27 mA 
Outputs, Low Current Vee = 6.0V, VOH = 2.0V -1.4 -17 mA 
Driver Option (lOH) Vee = 5.5V, VOH = 2.0V -0.7 -15 mA 

LED Configuration, lQ-L7 Vee = 7.5V, VOH = 2.0V -2.7 -54 mA 
Outputs, High Current Vee = 6.0V, VOH = 2.0V -2.7 -34 mA 
Driver Option (IOH) Vee = 5.5V, VOH = 2.0V -1.4 -30 mA 

TRI·STATE® Configuration, Vee = 7.5V, VOH = 4.0V -0.7 mA 
lQ-L7 Outputs, Low Vee = 5.5V, VOH = 2.7V -0.6 mA 
Current Driver Option (lOH) Vee = 4.5V, VOH = 1.5V -0.9 mA 

TRI·STATE® Configuration, Vee = 7.5V, VOH = 4.0V -1.4 mA 
lQ- L7 Outputs, High Vee = 5.5V, VOH = 2.7V -1.2 mA 
Current Driver Option (I OH) Vee = 4.5V, VOH = 1.5V -1.8 mA 

Input Load Source Current Vee = 5.0V, V1L = OV -10 -200 "A 
CKO Output 

RAM Power Supply Option 
Power Requirement VR=3.3V 4.0 mA 

TRI·STATE® Output Leakage 
Current -5 +5 "A 
Total Sink Current Allowed 

All Outputs Combined 120 mA 
0, G Ports 120 mA 
L7-L4 4 mA 

L3-Lo 4 mA 
All Other Pins 1.5 mA 

Total Source Current Allowed 
All 1/0 Combined 120 mA 

L7- L4 60 mA 

L3-lQ 60 mA 
Each L Pin 30 mA 
All Other Pins 1.5 mA 
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AC Electrical Characteristics 
COP444L1445L: O°C" TA " 70°C, 4.5V " Vee" 9.5V unless otherwise noted. 
COP344L1345L: -40°C" TA" +85°C, 4.5V" Vee" 7.5V unless otherwise noted. 

Parameter Conditions Min. 

Instruction Cycle Time - te 15 

CKI 

Input Frequency - II +32 mode 0.8 
+16 mode 0.4 
+8 mode 0.2 
+4 mode 0.1 

Duty Cycle 30 
Rise Time 11=2MHz 
Fall Time 

CKI Using RC (+4) R=56kQ±5% 
C=100pF±10% 

Instruction Cycle Time 15 

CKO as SYNC Input 

tSYNe 400 

INPUTS: 

IN3-INQ, G3- GQ, L7-Lo 
tSETuP 
tHOLD 

51 
tSETUP 
tHOLD 

OUTPUT PROPAGATION DELAY Test condition: 

CL=50pF, RL=20kQ, VouT=1.5V 
SO, SK Outputs 

tpdl, tpdQ 
All Other Outputs 

tpdl, tpdQ 
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Max. 
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Pin 

L7-4J 

G3-GO 

03- 0 0 

IN3- INo 

SI 

SO 

GNO 28 DO GNO 24 DO 
CK' 27 01 CK' 23 " CKI 26 D2 CK! 22 D2 

REm 25 OJ imTI 21 OJ 
17 24 OJ 17 20 OJ 
16 23 G1 16 

, 
CDP445L/ 19 G2 ~ 

l5 COP444LI 22 GI l5 ) COP345L 18 GI 

l4 CDP344l 21 GO l4 17 GO 
INI 20 IN' Vee 16 SK 
IN2 10 19 INO LJ 10 15 so 

Vee " 18 SK 12 " 14 51 
LJ 12 17 so LI 12 13 LD 
12 13 16 51 
L1 14 15 LD 

Order Number COP444UN, COP344UN 
NS Package N28A 

Order Number COP445L1N, COP345UN 
NS Package N24A 

Figure 2. Connection Diagrams 

Description Pin Description 

8 bidirectional I/O ports with SK Logic-controlled clock (or general 
TRI-STATE@ purpose output) 

4 bidirectional I/O ports CKI System oscillator input 

4 general purpose outputs CKO System oscillator output (or general 
purpose input, RAM power supply, or 

4 general purpose inputs (COP444L only) SYNC input) 

Serial inp~t (or counter input) RESET System reset input 

Serial output (or general purpose output) Vce Power supply 

GNO Ground 

Figure 3. Input/Output Timing Diagrams (Crystal Divide·by·16 Model 

-II-two 

CKI 

--I I-- twl j 1- 'SYNC 

CKO \ 
(INPUT) '-___ --'~-----_ 

Figure 3a. Synchronization Timing 
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Functional Description 
A block diagram of the COP444L 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 thim 2 volts). When a bit is reset, it 
is a logic "0" (less than 0.8 volts). 

All functional references to the COP444L1COP445L 
also apply to the COP344L1COP345L. 

Program Memory 

Program Memory consists of a 2048 byte ROM. As 
can be seen by an examination of the COP444L1445L 
instruction set, these words may be program instruc-

. tions, program data or ROM addressing data. Because 
of the special characteristics associated with the JP, 
JSRP, JID, and LaID instructions, ROM must often be 
thought of as being organized into 32 pages of 64 
words each. 

ROM addressing is accomplished by a 11-bit PC regis
ter. Its binary value selects one of the 2048 8-bit words 
contained in ROM. A new address is loaded into the 
PC register during each instruction cycle. Unless the 
instruction is a transfer of control instruction, the PC 
register is loaded with the next sequential 11-blt binary 
count value. Three levels of subroutine nesting are 
implemented by the 11-bit subroutine save registers, 
SA, SB, and SC, providing a last-in, first-out (LIFO) 
hardware subroutine stack. 

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

Data Memory 

Data memory consists of a 512-blt RAM, organized as 
8 nata rAni!'ltAr!'l nf 16 4-hit ninit!'l. RAM andrA!'l!'linn i!'l 
implemented by a 7·bit B register whose upper 3 bits 
(Br) select 1 of 8 data registers and lower 4 bits (Bd) 
select 1 of 16 4-bit digits in the selected data register. 
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 a latches or loaded from the L ports. RAM 
addressing may also be performed directly by the 
LDD and XAD instructions based upon.the 7-bit con
tents of the operand field of these instructions. The 
Bd 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 1/0, 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 a 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, 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 con· 
junction with the XAS instruction and the EN register, 
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also serves to control the SK output. C can be out· 
putted directly to SK or can enable SK to be a sync 
clock each instruction cycle time. (See XAS instruc
tion and EN register description, below.) 

Four general·purpose inputs, IN3-INo, are provided. 

The D register provides 4 general·purpose outputs 
and is used as the destination register for the 4-bit 
contents of Bd. The D outputs can be directly con
nected to the digits of a multiplexed LED display. 

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

The a register is an internal, latched, 8·bit register, 
used to hold data loaded to or from M and A, as well 
as 8-bit data from ROM. Its contents are output to the 
L 110 ports when the L drivers are enabled under 
program control. (See LEI instruction.) 

The 8 L drivers,when enabled, output the contents of 
latched a data to the L I/O ports. Also, the contents 
of L may be read directly into A and M. L 1/0 ports can 
be directly connected to the segments of a multiplexed 
LED display (using the LED Direct Drive output con
figuration option) with a 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. 

The XAS instruction copies C into theSKL latch. In the 
l,;UUllLtU IIIUU'=', \:11"\ I:; Llltf OULIJUL UI "1"\1-, III Lilt:;; O)IIIIL 

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-ENo). \ 

1. 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 ENo set, SIO 
is an asynchronous binary counter, decrementing 
its value by one upon each low-going pulse ("1" to 
"0") ocurring on the SI input. Each pulse must be 
at least two instruction cycles wide. SK outputs 
the value of SKL. The SO output is equal to the 
value of EN3. With ENo reset, SIO is a serial shift 
register shifting left each instruction cycle time.· 
The data present at SI 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. 

2. With EN, set the IN, input is enabled as an inter
rupt input. Immediately following an interrupt, EN, 
is reset to disable further interrupts. 
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3. With EN2 set, the L drivers are enabled to output 
the data in Q to the L I/O ports. Resetting EN2 
disables the L drivers, placing the L I/O ports in a 
high·impedance input state. 

4. EN3, in conjunction with ENo, affects the SO out· 
put. With ENo set (binary counter option selected) 
SO will output the value loaded into EN3. With ENo 
reset (serial shift register option selected), setting 

EN3 enables SO as the output of the SIO shift regis· 
ter, 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 instruc
tion but SO remains reset to "0". The table below 
provides a summary of the modes associated with 
EN3 and ENo. 

Enable Register Modes - Bits EN3 and ENO 

EN3 ENo 510 51 SO 5K 

0 0 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, SK = 1 

Interrupt 

The following features are associated with the IN, 
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 EN, is reset. 

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

2. A low·going pulse ("1" to "0") at least two 
instruction cycles wide occurs on the IN, input. 

3. A currently executing instruction has been 
completed. 

4. All successive transfer of control instructions 
and successive LBls have been completed (e.g., 
if the main program is executing a JP instruc
tion which transfers program control to another 
JP instruction, the interrupt will not be acknow· 
ledged 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 witl) 
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 
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If SKL = 0, SK = 0 

"pop" the stack and return program control to the 
instruction following the original ASC. At this 
time, the skip logic is enabled and skips this 
instruction because of the previous ASC carry. 
Subroutines and LQID instructions should not be 
nested within the interrupt service routine, since 
their popping the stack will enable any previously 
saved main program skips, interfering with the 
orderly execution of the interrupt routine. 

d. The first instruction of the interrupt routine at hex 
address OFF must be a Nap. 

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

Initialization 
The Reset Logic will initialize (clear) the device upon 
power-up if the power supply rise time is less than 
1 ms and greater than 11's. If the power supply rise 
time is greater than 1 ms, the user use provide an 
external RC network and diode to the RESET pin as 
shown below. If the RC network is not used, the 
RESET pin must be pulled up to Vec either by the inter
nalload or by an external resistor (;;'40kQ) to Vee. The 
RESET pin is configured as a Schmit! trigger input. 
Initialization will occur whenever a logic "0" is 
applied to the RESET input, provided it stays low for 
at least three instruction cycle times. 

P'-~-i---"" i Vee 

s f!ESff 
u 
P 
P 
L 
y 

GNO 

RC> 5xPDWERSUPPL'( RISE TIME (R;:'4Dk) 

Power·Up Clear Circuit 

I 
! 
I 
I 



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. 

Oscillator 

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

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

b. External Oscillator. CKI is an external clock input 
signal. The external frequency is divided by 32 
(optional by 16 or 8) to give the instruction cycle 
time. CKO is now available to be used as the RAM 
power supply (VR), as a general purpose input, or 
as a SYNC input. 

CKI CKO 

R2 

RI 

0 CKO 

-= VCC t 
IVR OR GENERAL 

1_ ... 
_..J * 

PURPOSE INPUT 
PIN) 

t t 
.J1..j IVR OR GENERAL 

EXTERNAL PURPOSE INPUT 
CLOCK OR SYNC PIN) 

Crystal Oscillator 

Crystal Component Values 

Value R1 (Q) R2 (Q) C1 (pF) C2(pF) 

455kHz 4.7k 1M 220 220. 
2.097 MHz 1k 1M 30 6-36 

c. RC Controlled Oscillator. CKI is configured as a 
single pin RC controlled Schmitt trigger oscillator. 
The instruction cycle equals the oscillation fre· 
quency divided by 4. CKO is available as the RAM 
power supply (VR) 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 Lor C suffix) with CKI connected 
as shown. In this configuration, the SK output con· 
nected to CKO must provide a SYNC (instruction 
cycle) signal to CKO, thereby allowing synchronous 
data transfer between the COPs using only the SI 
and SO serial 110 pins in conjunction with the XAS 
instruction. Note that on power·up SK is automati· 
cally enabled as a SYNC output. (See Functional 
Description, Initialization, above.) 

ISYNC) 

CKO 

COP444l/445l 

SI 

~~ _____ S~II~~SO ________ ~ 

RC Controlled Oscillator 

R(kQ) C (pF) 

51 100 
82 56 

Note: 200 kQ ;;. R ;;. 25 kQ 
360pF;;. C;;' 50pF 

Instruction 
Cycle Time 

(j.Is) 

19±15% 
19±.13% 

Figure 4. COP444L1445L Oscillator 
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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 2 of 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 minimum power drain 
when the main supply is inoperative or shut down to 
conserve power. Using either option is appropriate in 
applications where the COP444L1445L system timing 
configuration does not require use of the CKO pin. 

1/0 Options 

COP444U445L outputs have the following optional 
configurations, illustrated in Figure 5: 

a. Standard - an enhancement mode device to 
ground in conjunction with a depletion-mode device 
to Vcc, compatible with LSTTL 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 Vee. 
This configuration has been provided to allow for 
fast rise and fall times when driving capacitive 
loads_ Available on SO and SK outputs only_ 

d_ Standard L - same as a_, but may be disabled. 
Available on L outputs only_ 

e_ Open Drain L - same as b_, but may be disabled. 
Available on L outputs only. 

f. LED Direct Drive - an enhancement-mode device 
to ground and to Vee, meeting the typical current 
sourci ng 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 Descrip
tion, 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 Vee. 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. 
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COP444L1COP445L inputs have the following optional 
configurations: 

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

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 (lOUT and VOUT curves are given in 
Figure 6 for each of these devices to allow the designer 
to effectively use these I/O configurations in designing 
a system. 

The SO, SKoutputs 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., I. or g_ 

An important pOint to remember if using configura
tion d. or f. with the L drivers is that even when the L 
drivers are disabled, the depletion load device will 
source a small amount of current (see Figure 6, device 
2); however, when the L-lines are used as inputs, the 
disabled depletion device can not be relied on to 
source sufficient current to pull an input to logic "1". 

RAM Keep-Alive Option 

Selecting CKO as the RAM power supply (VR) allows 
the user to shut off the chip power supply (Ved and, 
maintain data in the lower four (Sr = 0,1,2,3) registers 
of RAM. To insure that RAM data integrity is 
maintained, the following conditions must be met: 

1. RESET must go low before Vee goes low during 
power off; Vee must go high before RESET goes 
high on power-up. 

2. VR must be within the operating range of the chip, 
and equal to Vee ± 1 V during normal operation. 

3. VR must be ~ 3.3V with Vee off. 

COP445L 

If the COP444L is bonded as a 24-pin device, it be
comes the COP445L, illustrated in Figure 2, COP444L1 
445L Connection Diagrams. Note that the COP445L 
does not contain the four general purpose IN inputs 
(IN3-INo). Use of this option precludes, of course, use 
of the IN options and the interrupt feature, which uses 
IN1 . All other options are available for the COP445L. 
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a. Standard Output 

d. Standard L Output 

g. TRI·STATE'" Push· Pull (L Output) 

Current for Inputs with Load 
Device 

1.0 Z.O 3.0 4.0 5.0 6.0 7.0 B.O 9.5 

V,N (VOLTS) 

Source Current for SO and SK 
in Push· Pull Configuration 

1.5 r-Tr-r-1rr-.-...-.,--r""",,,,,,,,.., 

1.0 HIHHl--f--I-+i-='i-t-r-H 

0.5 

o 1 3 4 5 6 7 8 9 10 
DEVICE e#2 

VOH(VOLTS) AND #3 

j 
~ 

c 
I-
=> 
E' 

b. Open· Drain Output 

DISABLE~~ 

e. Open· Drain L Output 

VCC 

r-H~ #6 

''""'~f 
h. Input with Load 

Figure 5. Output Configurations 
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when Output Programmed Off 
by Software 
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c. Push· Pull Output 

(. .. ,S DEPLETION DEVICE) 

" " E' 

-1000 

-900 

-BOO 

-700 

-600 

-500 

-400 

-300 

f. LED (L Output) 

INPUT 0-----1 {" 

i. Hi·Z Input 

Source Current for Standard 
Output Configuration 

DEVICE, #Z 
AN~ d #Z 

'\ 1 
'\ 1 

'- h ... vl@\I,.,.::al;V 

-200 k:h'l'o.:+-+ 
-100 I::-¥-+"T'~o..:.!:~ 
O~L-~~~~~~ __ ~~ 

1.5 

1.0 

0.5 

o 1 

VOH (VOLTS) 

Source Current for Lo through 
L7 in TRI·STATE" Configura· 
tion (Low Current Option) 

IMlx~ 
V~r.9.5V 

IMIN@ -
VCC=9.5V 

IMAX@!r 

I~c=nv 

IMIN~ J 
~1lr5r DEVICE 

9#5 

o 1 3 4 S 6 7 8 9 10 

VOH(VDLTS) 
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figure Sa. COP444UCOP445L'lnput/Output Characteristics 
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Figure 6b. COP444UCOP445L Input/Output Characteristics 
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COP444L1COP445L1COP344L1COP345L Instruction Set 

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

Jhe instruction set table. 

Table 2 provides the mnemonic, operand, machine code, 
data flow, skip conditions, and description associated 
with each instruction in the COP444L1COP445L instruc
tion set. 

Table 1. COP444L1445L1344L1345L Instruction Table Symbols 

Symbol Definition 

INTERNAL ARCHITECTURE SYMBOLS 

A 
B 
Br 
Bd 
C 
D 

EN 
G 

IL 

IN 
L 

4-bit Accumulator 
7-bit RAM Address Register 
Upper 3 bits of B (register address) 
Lower 4 bits of B (digit address) 
1-bit Carry Register 
4-bit Data Output Port 
4-bit Enable Register 
4-bit Register to latch data for G 1/0 Port 
Two 1-bit latches associated with the IN3 or 
INo inputs 
4-bit Input Port 
8-bit TRI-STATE® 1/0 Port 

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

PC 11-bit ROM Address Register (program 
counter) 

Q 8-bit Register to latch data for L 1/0 Port 
SA 11-bit Subroutine Save Register A 
SB 11-bit Subroutine Save Register B 
SC 11-bit Subroutine Save Register C 
SIO 4-bit Shift Register and Counter 
SK Logic-Controlled Clock Output 
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Symbol Definition 

INSTRUCTION OPERAND SYMBOLS 

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

r 3-bit Operand Field, 0- 7 binary (RAM Register 
Select) 

a 11-bit Operand Field, 0-2047 binary (ROM 
Address) 

y 4-bit Operand Field, 0-15 binary (Immediate 
Data) 

RAM(s) Contents of RAM location addressed by s 

ROM(t) Contents of ROM location addressed by t 

OPERATIONAL SYMBOLS 

+ Plus 

- Minus 
.... Replaces 

- Is exchanged with 

= Is equal to 

A The one's complement of A 

e Exclusive-OR 

: Range of values 



Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) 

ARITHMETIC INSTRUCTIONS 

ASC 30 1001 1100001 

ADD 31 10011100011 

ADT 4A 101 0011 01 01 

AISC Y 5-
10101 1 y I 

CASC 10 1°°011°°°°1 

CLRA 00 10 ° ° 010 0001 

COMP 40 101 °°1°°°°1 

NOP 44 101001°10°1 

RC 32 10 ° 1 11° 01 01 

SC 22 1001 01° 01 01 

XOR 02 100001°01 °1 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 1111 111 1 1 11 

JMP a 6- 1011 °IOla10:81 

-- I a7:0 I 

JP a -- 111 a6:0 I 
(pages 2,3 only) 

_. 
11 11 a5:0 I 

(all other pages) 

JSRP a 11 °1 a5:0 

JSR a 6- 1011°11IalO:81 

I a7:0 I 

RET 48 101001100°1 

RETSK 49 1°10°1 1001 1 

Table 2. COP444L1445L Instruction Set 

Data Flow Skip Conditions Description 

A+C+RAM(B}- A Carry Add with Carry, Skip on 
Carry - C Carry 

A+ RAM(B} - A None Add RAM to A 

A+ 1010 - A None Add Ten to A 

A+y - A Carry Add Immediate, Skip on 
Carry (y" O) 

A+RAM(B}+C- A Carry Complement and Add with 
Carry - C Carry, Skip on Carry 

0- A None Clear A 

A-A None Ones complement of A to A 

None None No Operation 

"0" - C None Reset C 

"1"- C None Set C 

A ill RAM(B) - A None Exclusive·OR RAM with A 

ROM (PC10:8, A,M) - PC7:0 None Jump Indirect (Note 3) 

a - PC 

a - PC6:0 

a - PC5:0 

PC + 1 - SA - SB - SC 
00010 - PC10:6 
a - PC5:0 

PC + 1 - SA - SB - SC 
a - PC 

sc - SB - SA - PC 

SC - SB - SA - PC 
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None Jump 

None Jump within Page (Note 4) 

None Jump to Subroutine Page 
(Note 5) 

None Jump to Subroutine 

None Return from Subroutine 

Always Skip on Return Return from Subroutine 
then Skip 
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Table 2. 

Mllchl.ne 
Hex Language Code 

Mnemo.nlc Operand Code (Binary) 

MEMORY REFERENCE INSTRUCTIONS 

CAMO 33 10011100111 , 
3C 10011J11ool 

COMA 33 1°°111°0111 

2C 1° 01 °111 001 

LD r -5 1001 r 1° 1011 
(r=0:3) 

LDD r,d 23 10 ° 1 010 ° 1 11 

-- 101 r I d I 
LaiD BF J1011J11111 

RMB ° 4C 1° 1 °°111 001 
1 45 1°10°1° 1 011 
2 42 1° 1 0°1° ° 1 01 
3 43 1° 1 °°1°° 111 

5MB ° 40 101 °°111 01 1 
1 47 1°1°°111011 

·2 46 1°10°1° 11 °1 
3 4B 10 1 ° 0p ° 1 11 

STII Y 7- 1° 1111 y I 

X r -6 1001 r 1011°1 
(r=0:3) 

XAD r,d 23 1° 01 °1°° 111 
-- 111 r I d I 

XDS r -7 1001 r 1° 1111 
(r-0:3) 

XIS r -4 1001 riO 1 001 
(r = 0:3) 

REGISTER REFERENCE INSTRUCTIONS 

CAB 50 1°1011000°1 

CBA 4E 1° 1 ° 0P11 01 

LBI r,d -- 1001 r l(d-1)1 
(r = 0:3; 

d =0. 9:15) 
or 

33 1°°111°0111 
-- PI r I d I 

(any r, any d) 

LEI y 33 1°°111°0011 
6- 1° 11 °1 y I 

XABR 12 1°0011001 °1 

COP444U445L Instruction Sei (continued) -

Data Flow Skip Conditions Description 

A - 07:4 None Copy A, RAM to a 
RAM(B) - 03:0 

07:4 - RAM (B) None Copy a to RAM, A 
03:0 - A 

RAM(B)- A None Load RAM into A, 
Brl!! r- Br Exclusive·OR Br with r 

RAM(r,d)- A None Load A with RAM pointed 

to directly by r,d 

ROM(PC1O:8.A,M) - a None Load a Indirect (Note 3) 
SB- SC 

0- RAM(B)O None Reset RAM Bit 

0- RAM(B)1 

0- RAM(B)2 

0- RAM(B)3 

1 -. RAM(B)O None Set RAM Bit 

1 - RAM(BI1 

1 - RAM(B)2 

1 .• RAM(B)3 

y- RAM(B) None Store Memory Immediate 
Bd+1-Bd and Increment Bd 

RAM(B)- A None Exchange RAM with A, 

Brl!! r- Br Exclusive-OR Br with r 

RAM(r,d)- A None Exchange A with RAM 

pointed to directly by r,d 

RAM(B)- A Bd decrements past ° Exchange RAM with A 
Bd-1-Bd and Decrement Bd, 
Brl!! r- Br Exclusive-OR Br with r 

RAM(B)- A Bd increments past 15 Exchange RAM with A 
Bd+1-Bd and Increment Bd, 
Brl!! r- Br Exclusive-OR Br with r 

A- Bd None Copy A to Bd 

Bd - A None Copy Bd to A 

r,d - B Skip until not a LBI Load B Immediate with r,d 

(Noie 6) 

-, 

y- EN None Load EN Immediate (Note 7) 

A-Br(0-A3) None Exchange A with Br 
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Table 2. COP444U445L Instruction Set (continued) 

Machine 
Hex Lan~uage Code 

Mnemonic Operand Code Binary) Data Flow Skip Conditions Description 

TEST INSTRUCTIONS 

SKC 20 10 a 1 010 a a a C = "1" Skip if C is True 

SKE 21 10 a 1 010 a a 1 A = RAM(B) Skip if A Equals RAM 

SKGZ 33 10 01 110 a 11 G3:0 = a Skip if G is Zero 

21 10 a 1 010 a 01 (all 4 bits) 

SKGBZ 33 10 01 110 all 1st byte Skip if G Bit is Zero 

a 01 10 a a 010 a 01 

1 
Go = 0 

1 11 10 a a 110 a 01 
2nd byte Gl = a 

2 03 10 a a 010 01 1 G2 = a 
3 13 10 a a 110 a 1 1 G3 = a 

SKMBZ a 01 10 a a 010 a a 1 RAM(B)O = a Skip if RAM Bit is Zero 

1 11 10 a a 110 a 01 RAM(B)1 = a 

2 03 10 a a 010 a 1 1 RAM(B)2 = a 

3 13 1000110011 RAM(BI3 = a 

SKT 41 10 10 010 a 01 A time·base counter Skip on Timer 
carry has occurred (Note 3) 
since last test 

INPUT/OUTPUT INSTRUCTIONS 

ING 33 10 a 1 110 a 1 11 G-A None Input G Ports to A 

2A 10 a 1 all 01 01 

IN IN 33 10 01 110 0111 IN- A None Input IN Inputs to A 

28 100 10110001 (Note 2) 

INIL 33 10011100111 1l3, CKO,"O", ILa - A None Input I L Latches to A 

29 10010110011 (Note 3) 

-" .. -. .. 1 __ .. , I 0 ............ + .... OJ\I\oA A II"IIL L.f.4 II,",I"I\~I IV U I 'IV v I II 

2E 1001 011 1 101 L3:0 - A 

OBD 33 10 01 1100111 Bd - D None Output Bd to 0 Outputs 

3E 100"1"'01 

OGI Y 33 100"100111 y-G None Output to G Ports 

5- 10 10 '1 y I Immediate 

OMG 33 10 a 1 110 0111 RAM(B)- G None Output RAM to G Ports 

3A 10011110101 

XAS 4F 10'0011"'1 A - SIO, C - SKL None Exchange A with SIO 
(Note 3) 

Nole 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 (Iow-order, rlght·most bit). For example, A31ndicates the most significant (Ieft'most) bit of the 4·blt A register. 

Nole 2: The IN IN instruction Is not available on the 24'pln COP445L or COP345L since these devices do n.at contain the IN Inputs. 

Nole 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT Instructions, see below. 

Nole 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 J P 
instruction, otherwise, permits a jump to a ROM location within the current 54-word page. JP may not jump to the last word of a page. 

Nole 5: A JSRP transfers program control to subroutine page 2 (0010 Is loaded Into the upper 4 bits of Pl. A JSRP may not be used when In pages 2 or 3. 
JSRP may not jump to the last word in page 2. 

Nole 6: LBlls a slngle'Qyte 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 (100121, the lower 4 bits of the LBllnstruction equal 8 (10002)' To load 0, the lower 4 bits of 
the LBI instruction should equal 15 (11112). 

Nole 7: Machine code for operand field y for LEI instruction should equal the binary value to be latched Into EN, where a "I" 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 
instructions and to provide notes useful to program· 
mers in writing COP444L1445L 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 instruc· 
tion, transferring program control to a new ROM 
location pOinted to indirectly by A and M. It loads the 
lower a bits of the ROM address register PC with the 
contents of ROM addressed by the 11·bit word, 
PC'O:8, A, M. PC,o, PCg and PCa 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 
ILa (see Figure 7) and CKO into A. The IL3 and ILa 
latches are set if a low'going pulse ("1" to "0") has 
occurred on the IN3 and INo inputs since the last INIL 
instruction, provided the input pulse stays low for at 
least two instruction times. Execution of an INIL 
inputs IL3 and ILa into A3 and AO respectively, and 

- resets these latches to allow them to respond to sub· 
sequent low·going pulses on the IN3 and INo lines. If 
CKO Is mask programmed as a general purpose 
input, an INIL will input the state of CKO into A2. If 
CKO has not been so programmed, a "1" will be 
placed in A2. A "0" is always placed in A1 upon the 
execution of an INIL. The general ·purpose Inputs 
IN3-INo 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 IN IN instruction. 

Note: IL latches are not cleared on reset; IL3 and ILa 
not input on 445L 

LQID Instruction 

LaiD (Load a Indirect) loads the a·bit a register with 
the contents of ROM pointed to by the 11·bit word 
PC1O, PCg, PCa, A, M. LaiD can be used for table 
lookup or code conversion such·as BCD to seven· 
segment. The Lal D instruction "pushes" the stack 
(PC + 1 -+ SA - SB -SC) and replaces the least signi· 
ficant a bits of PC as follows: A - PC7:4, RAM (B) -
PC3:0, leaving PC,o, PCg and PCa unchanged. The 
ROM data pointed to by the new address is fetched 
and loaded into the a latches. Next, the stack is 
"popped" (SC - SB - SA -PC), restoring the saved 
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Figure 7. INIL Hardware Implementation 

value of PC to continue sequential program execu· 
tion. Since LaiD pushes SB - SC, the previous 
contents of SC are lost. Also, when LaiD 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 LaiD takes two 
instructiun cycle times to execute. 

SKT Instruction 

The SKT (Skip On Timer} instruction tests the state of 
an internal 10·bit time·base counter. This counter 
divides the instruction cycle clock frequency by 1024 
and provides a latched indication of counter over· 
flow. The SKT instruction tests this latch, executing 
the next program instruction if the latch is not ·set. If 
the latch has been set since the previous test, the 
next program instruction is skipped and the latch is 
reset. The features associated with this instruction, 
therefore, allow the COP444L1445L to generate its 
own time·base for real·time processing rather than 
relying on an external input signal. 

For example, using a 2.097 MHz crystal as the time· 
base to the clock generator, the instruction cycle 
clock frequency will be 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 incre· 
ments a "seconds" counter every 64 ticks. 

Instruction Set Notes 

a. The first word of a COP444L1445L 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 LaiD take the same 
number of cycle times whether instructions are 
skipped or executed. JID and LaiD instructions 
take 2 cycles if executed and 1 cycle if skipped. 

c. The ROM is organized into 32 pages of 64 words 
each. The Program Counter is an 11·bit binary 
counter, and will count through page boundaries. If 
a JP, JSRP, J.ID or LaiD instruction is located in the 
last word of a page, the instruction operates as if 
it were in the next page. For example: a JP located 
in the last work of a page will jump to a location in 
the next page. Also,-a LaiD or JID located in the 
last word of page 3, 7,11,15,19,23, or 27 will access 
data in the next group of four pages. 



Option List 

The COP444L1445L mask-programmable options are 
assigned numbers which correspond with the COP444L 
pins_ 

The following is a list of COP444Loptions_ When specify
ing a COP445L chip, Options 9, 10, 19, and 20 must all be 
set to zero_ The options are programmed at the same 
time as the ROM pattern to provide the user with the 
hardware flexibility to interface to various 110 compo
nents using little or no external circuitry_ 

Option 1 = 0: Ground Pin - no options available 

Option 2: CKO Output 
= 0: clock generator output to crystal/resonator 

(0 not allowable value if option 3 = 3) 
= 1: pin is RAM power supply (VR) input 
= 2: general purpose input, load device to Vee 
= 3: general purpose input, Hi-Z 
= 4: multi-COP SYNC input (CKI+ 32, CKI+16) 
= 5: multi-COP SYNC input (CKI+ 8) 

Option 3: CKI Input 
= 0: oscillator input divided by 32 (2 MHz max_) 
= 1: oscillator input divided by 16 (1 MHz max.) 
=2: oscillator input divided by 8 (500kHz max.) 
= 3: single-pin RC controlled oscillator divided by 4 
= 4: oscillator input divided by 4 (Schmitt) 

Option 4: RESET Input 
= 0: load device to Vee 
= 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-pull output 
= 4: Low-current LED direct segment drive output 
= 5: Low-current TRI-STATE@ push-pull output 

Option 6: La Driver 
same as uptlon 0 

Option 7: Ls Driver 
same as Option 5 

Option 8: L4 Driver 
same as Option 5 

Option 9: IN1 Input 
= 0: load device to Vee 
= 1: Hi-Z input 

Option 10: IN2 Input 
same as Option 9 

Option 11: Vee pin 
=0: 4.5V to 6.3V operation 
=1: 4.5V to 9.5V operation 

Option 12: L3 Driver 
same as Option 5 

Option 13: L2 Driver 
same as Option 5 

Option 14: L1 Driver 
same as Option 5 

Option 15: La Driver 
same as Option 5 
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Option 16: SI 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: INa Input 
same as Option 9 

Option 20: IN3 Input 
same as Option 9 

Option 21: Go 110 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: G1 110 Port 
same as Option 21 

Option 23: G2 110 Port 
same as Option 21 

Option 24: G3 110 Port 
same as Option 21 

Option 25: D3 Output 
same as Option 21 

Option 26: D2 Output 
same as Option 21 

Option 27: D1 Output 
same as Option 21 

Option 28: Do Output 
~':lrT'l.o !l~ (",\1"'\+1,," ')1 

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: SI 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: COP444L (28-pin device) 
= 1: COP445L (24-pin device) 
= 2: both 28- and 24-pin versions 
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TEST MODE (Non·Standard Operation) 

. The SO output has been configured to provide for 
standard test procedures for the custom·program· 
med COP444L. With SO forced to logic "1," two test 
modes are provided, depending upon the value of 51: , 

a. RAM and Internal Logic Test Mode (51 = 1) 

b. ROM Test Mode (51 = 0) 

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

APPLICATION #1: COP444L General Controller 

Figure 8 shows an interconnect diagram for a COP444L 
used as a general controller. Operation of the system 
is as follows: 

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

2. The Da- Do outputs drive the digits of the multi· 
plexed display directly and scan the columns of 
the 4 x 4 keyboard matrix. 

3. The INa-INo inputs are used to input the 4 rows of 
the keyboard matrix. Reading the IN lines In 
conjunction with the current value of the 0 
outputs allows detection, debouncing, and decod· 
Ing of anyone of the 16 keyswitches. 

4. CKI is configured as a single·pin oscillator input 
allowing system timing to be controlled by a 
slngle·pin RC network. CKO is therefore available 
for use as a general·purpose input. 

5. 51 is selected as the input to a binary counter 
input. With 510 used as a binary counter, SO and 
SK can be used as general purpose outputs.' 

6. The 4 bidirectional G I/O ports (Ga-Go) are avail· 
able for use as required by the user's application. 

7. Normal reset operation Is selected. 

Vee RESET COP444L • 

'K' 

COP444L Evaluation (See COP Note 4) 

The 444L·EVAL is a pre·programmed COP444L, con· 
taining several routines which facilitate user famil· 
iarization and evaluation of the COP444L operating 
characteristics. It may be used as an up/down counter 
or timer, Interfacing to any combination of (1) an LED 
digit or lamps, (2) 4·digit LED Display Controller, (3) a 
4·diglt VF Display Controller, and/or (4) a 4·diglt LCD 
Display Controller, alternatively, it may be used as a 
simple music synthesizer. 

Sample Circuits 

1. By making only the oscillator, power supply and 
"L7" connections, (Fig. 9) an approximate 1 Hz 
square wave will be produced at output"D1." This 
output may be observed with an oscilloscope, or 
connected to additional TIL or CMOS circuitry. 

2. By making the indicated connections to a small 
LED digit (NSA1541A, NSA1166, or equiv. -larger 
digits will be proportionately dimmer), the counter 
actions may be observed. Place the "up/down" 
switch in the "up" (open) position and apply a TIL· 
compatible signal at the "counter·input." PlaCing 
the "up/down" switch In the "down" (closed) 
position causes the count to decrement on each 
high·to·low input transition. 

3. AI14 digits of the counter may be displayed by 
connecting a standard display controller (COP470 
for VF,' COP472 for LCD, MM5450 for LED) as 
shown In Figure 9. . 

Any combination of the Single LED digit and 
display controllers may be used simultaneously, 
and will display the same data. 

4. The Simple counter described above becomes a 
timer when the 1 Hz output is connected to the 
"counter input." Up or down counting may be used 
with input frequencies up to 1 kHz. Improved timing 
accuracies may be obtained by substituting the 

L0I-"'"'iI'1!='!I'I""_"" 

L'I--""'''-'''' ...... ., 

4·DlGIT 
LED DISPLAY 

00 

" " 
'3 

INo ,., 4,4 
KEYSWITCH 

IN, MATRIX 

IN3 

Figure 8. COP444L KeyboardlDlsplay Interface 
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2.097MHz crystal oscillator circuit of Figure 4a for 
the RC network shown in Figure g, or by connecting 
a more stable external frequency to the "counter 
input" in place of the 1 Hz signal. 

5. An "entertaining" use of the 444L-EVAL is as a 
simple music synthesizer (or electronic organ). 8y 
attaching a simple switch matrix (or keyboard), a 
speaker or piezo-ceramic transducer, and ground
ing "L7", the user can play "music" (Figure 10). 
Three modes of operation are available: Playa 
note, play one of four stored tunes, or record a 
tune for subsequent replay. 

a. Play A Note 

Twelve keys, representing the 12 notes in one 
octave, are labeled "C" through "8"; depres
sing a key causes a square wave of the cor
responding frequency to be outputted to the 
speaker. Depressing "LShift" or "UShift" causes 
the next note to be shifted to the next lower 
octave (one-half frequency) or the next upper 
octave (double frequency), respectively. 

b. Play Stored Tune 

Depressing "Play" followed by "y,", "'I.", "'/,", or 
"1" will cause one of 4 stored tunes to be 
played. 

c. Record Tune 

Any combination of notes and rests up to a total 
of 48 may be stored in RAM for later replay. To 
store a note, press the appropriate note key, fol
lowed by the duration of the note (¥a-note, 'I.-note, 
'/,-note, whole (1)-note, followed by "Store;" a rest 
is stored by selecting the duration and pressing 
"Store." When the tune is complete, press "Play" 
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followed by "Store;" the tune will be played for 
immediate audition. Subsequent depression of 
"Play" and "Store" will replay the last stored 
tune. 

Note: The accuracy of the tones produced is a func
tion of the oscillator accuracy and stability; the 
crystal oscillator is recommended. 
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Figure 9. Counter/Timer 
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Figure 10. Music Synthesizer 
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~National 
D Semiconductor 

PRELIMINARY 

COP464 and COP484 Single-Chip 3k and 4k 
Microcontrollers (COP464/COP465, COP364/COP365 
and COP484/COP485, COP384/COP385) 

General Description 
The COP464, COP465, COP484 and COP485 Single-Chip 
Microcontrollers are members of the COPSTM family, 
fabricated using National's XMOS-II technology. These 
microcontrollers contain 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, various output configura
tion options, and an instruction set, internal architecture 
and I/O scheme designed to facilitate keyboard input, dis
play output and data manipulation. The COP464/465 have 
3k of on-chip ROM and 192 digits of RAM, the COP484/485 
have 4k of ROM and 256 digits of RAM. The COP464 and 
COP484 are 28-pin chips. The COP465 and COP485 are 
24-pin versions (four inputs removed). The COP364/365 
and COP384/385 are functional equivalents of the above 
devices, but operate with an extended temperature range 
(-40°C to +85°C). Standard test procedures and reliable 
high-density fabrication techniques provide the medium
to-large volume customers with a customized micro
controller at a low end-product cost. These microcontrol
lers are appropriate choices In many demanding control 
environments, especially those with human interface. 

COPS and MICAOWIRE are trademarks of National Semiconductor Corp. 
TRI·STATE is a registered trademark of National Semiconductor Corp_ 

ON 28·PlNONLV 

TIME·BASE 
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Features 
• Low cost 
• Powerful instruction set 
• 4k x 8 ROM, 256 x 4 RAM (COP484/485) 
• 3k x 8 ROM, 192 x 4 RAM (COP464/465) 
• 23 I/O lines (COP464 and COP484) 
• True vectored interrupt, plus restart 
• Four-level subrou·tine stack 
• 4"s execution time 
• Single supply operation (4.5V-6.3V) 
• Low current drain (14mA at 25·C) 
• Standby current = 2mA at 3.3V (Keep entire RAM 

alive.) 
• Time-base counter for real-time processing 
• Internal binary counter/register with MICROWIRETM-

compatible serial 1/0 . 
• General purpose and TRI-STATE'" outputs 
• TTL/CMOS-compatible in and out 
• LED drive capability 
• Software/hardware compatible with other members 

of COP400 family 
• Extended temperature range devices COP364/365 

and COP384/385 (-40·C to 85·C) 
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Figure 1. COP484/COP485 Block Diagram 
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~National 
~ Semiconductor 
COP2440/COP2441/COP2442 and 
CO P2340/COP2341ICOP2342 
Single-Chip Dual CPU Microcontrollers 
General Description 
The COP2440, COP2441, COP2442, COP2340, COP2341, 
and COP2342 Single-Chip Dual CPU Microcontrollers 
are members of the COPSTM family, fabricated using 
N-channel, silicon gate MOS technology. These micro
controllers contain two identical CPUs with all system 
timing, internal logic, ROM, RAM, and 1/0 necessary to 
implement dedicated control functions in a variety of 
applications. Features include single supply operation, 
various output configuration options, and an instruction 
set, internal architecture, and 1/0 scheme designed to 
facilitate keyboard input, display output, and data mani
pulation. The COP2440 is a 40-pin chip and the COP2441 
is a 28-pin version of the same circuit (12 1/0 lines re
moved). The COP2442 is a 24-pin version (4 more input 
lines removed). The COP2340, COP2341, COP2342 are 
functional equivalents of the above devices respectively, 
but operate with an extended temperature range (-40'C 
to +85'C). Standard test procedures and reliable high
density fabrication techniques provide the medium to 
large volume customers with a customized dual CPU 
microcontroller at a low end-product cost. 

These microcontrollers are appropriate choices in many 
demanding control environments, especially those with 
human interface. Further, the high throughput and 
MICROBUSTM 1/0 facilitate numerous machine interface 
applications. The two CPUs provide the ability to handle 
two simultaneous but totallv indeoendent real timp. 
events on one chip. 

Features 
• Two independent processors 
• Dual CPU simplifies task partitioning-easy to 

program 
• Enhanced, more powerful instruction set 
• 2kx8 ROM, 160x4 RAM 
• 35 1/0 lines (COP2440) 
• Zero-crossing detect circuitry with hysteresis 
• True multi-vectored interrupt from 4 selectable 

sources (pi us restart) 
• Four-level subroutine stack for each processor (in 

RAM) 
• 4,..s execution time per processor (non-overlapping) 
• Single supply operation (4.5V-6.3V) 
• Programmable time-base counter for real-time pro

cessing 
• Internal' binary counterlregister with MICROWIRETM-

compatible serial 1/0 

• General purpose and TRI-STATE® outputs 

• TTL/CMOS-compatible in and out 

• LED drive capability 
• MICROBUS-compatible 
• Softwarelhardware compatible with other members 

of the COP400 family 

• Extended temperature range devices COP2340, 
COP2341. COP2342 {-40'r. In "-il'i'r.\ 

• Compatible single-processor device available 
(COP440 series) 

coPS, MICROBUS, and MICROWIRE are trademarks of National Semiconductor Corp. 
TAl-STATE is a registered trademark of National Semiconductor Corp. 

SI~Lr---., 
SO 
SK 

Vee 
GND 

MEMORY 
2048x 8 ROM 
16Dx4 RAM 

110 

L G 0 IN R H 
PORT PORT PORT PORT PORT PORT 

Figure 1. COP2440 Architecture 
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CO P2440/COP2441ICOP2442 
Absolute Maximum Ratings 
Voltage at Zero-Crossing Detect Pin 

Relative to GND -1.2Vto +15V 
Voltage at Any Other Pin Relative to GN 0 -0.5Vto +7V 
Ambient Operating Temperature O'Cto +70'C 
Ambient Storage Temperature -65'Cto +150'C 
Lead Temperature (Soldering, 10 seconds) 300'C 
Power Dissipation 0.75 Watt at 25'C 

0.4 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" TA" + 70'C, 4.5V .. Vee" 6.3V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

Operating Voltage (Vecl Note 3 4.5 6.3 V 

Power Supply Ripple (peak to peak) 0.4 V 

Operating Supply Current (All Inputs and outputs open) 
TA=O'C 41 mA 
TA=25'C 35 mA 
TA=70'C 27 mA 

Input Voltage ~evels 
CKI Input Levels 

Crystal Input (+16, +8) 
Logic High (VIH) Vee=Max. 2.5 V I 

Logic High (VIH) Vee=5V±5% 2.0 V 
Logic Low (VIIJ -0.3 0.4 V 

Schmitt Trigger Input (+4) 
Logic High (VIH) 0.7Vee V 
Logic Low (VIU -0.3 0.6 V 

RESET Input Levels . (Schmitt Trigger Input) 
Logic High 0.7Vee V 
Logic Low -0.3 0.6 V 

Zero-Crossing Detect Input See Figure 9 
Trip Point -0.15 0.15 V 

logic High (VIH) Limit 12 V 
Logic Low (VIU Limit -0.8 V 

SO Input Level (Test Mode) 2.0 2.5 V 
All Other Inputs 

Logic High Vee = Max. 2.5 V 
Logic High Vee=5V±5% 2.0 V 
Logic Low -0.3 0.8 V 

Input Levels High Trip Option 
Logic High 3.6 V 
Logic Low -0.3 1.2 V 

Input Capacitance 7.0 pF 

Hi·Z Input Leakage -1.0 +1.0 ".A 
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COP2440/COP2441/COP2442 
DC Electrical Characteristics (Cont'd) 

Parameter Conditions 

Output Voltage Levels 
Standard Output 

TTL Operation 
Logic High (VoH) IOH = -100,..A 
Logic Low (Vou 10L= 1.6rnA 

CMOS Operation 
Logic High (VOH) IOH = -10,..A 
Logic Low (Vou IOL=10,..A 

Output Current Levels 
Standard Output Source Current Vee = 4.5V, VOH = 2.4V 
LED Direct Drive Output 

Logic High (IOH) 
TRI·STATE® Output Leakage Current 
CKO Output 

Oscillator Output Option 
Logic High 
Logic Low 

VA RAM Power Supply Option 
Supply current 

CKI Sink Current (RC Option) 

Input Current Levels 
Zero·Crossing Detect Input 

Resistance 
Input Load Source Current 

Total Sink Current Allowed 
All 1/0 Combined 

Each L, R Port 
Each D, G, H Port 
SO,SK 

Total Source Current Allowed 
All 1/0 Combined 

I n_~ .. 

LrL4 

L3- LO 
Each L Pin 
All Other Output Pins 

Vee=6V 
VOH=2V 

VoH =2V 
~ 

VOL = O.4V 

VA=3.3V 

V1H = 3.5V, Vee = 4.5V 

V1H = 1.0V 

V1H = 2.0V, Vee = 4.5V 
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Min. 

2.4 

Vee -0.4 

-100 

-2.5 
-2.5 

-0.2. 
0.4 

2.0 

1.5 
14 

Max. 

0.4 

0.2 

-650 

-17 
+2.5 

3.0 

4.6 
230 

75 
20 
10 
2.5 

150 ,--
70 
70 
23 
1.6 
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COP2340/COP2341/COP2342 
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 150mA 
Total Sink Current 75mA 

Absolute maximum ratings Indicate /lmlts 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" TA " +85'C, 4.5V " Vcc " 5.5V unless otherwise noted. 

Parameter Conditions Mln_ Max_ Units 

Operating Voltage (Vcel Note 3 4.5 5.5 V 

Power Supply Ripple (peak to peak) 0.4 V 

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 (V1H) 2.2 V 
Logic Low (VII) -0.3 0.3 V 

Schmitt Trigger Input (+4) 
Logic High (V1H) 0.7Vcc V 
Logic Low (VII) -0.3 0.4 V 

RESET Input'Levels (Schmitt Trigger Input) 
Logic High 0.7Vcc V 
Logic Low -0.3 0.4 V 

Zero-Crossing Detect Input See figure 9 
Trip Point -0.15 0.15 V 

Logic High (VIH) Limit 12 V 
Logic Low (VIL) Limit -0.8 V 

SO Input level (Test Mode) 2.2 2.4 V 
All Other Inputs 

Logic High 2.2 V 
Logic Low -0.3 0.6 V 

Input Levels High Trip Option 
Logic High 3.6 V 
Logic Low -0.3 1.2 V 

Input CapaCitance 7.0 pF 

Hi-Z Input Leakage -2.0 +2.0 ,..A 
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DC Electrical Characteristics (Cont'd) 

Parameter Conditions 

Output Voltage Levels 
Standard Output 

TTL Operation 
Logic High (VOH) IOH= -100fJA 
Logic Low (VoLl IOL= 1.6 rnA 

CMOS Operation 
Logic High (VoH) IOH= -10",A 
Logic Low (VoLl IOL = 10fJA 

Output Current Levels 
Standard Output Source Current Vee = 4.5V, VOH = 2.4V 

LED Direct Drive Output Vee = 5V (Note 4) 
Logic High (IOH) VOH=2V 

TRI·STATE'" Output Leakage Current 
CKO Output 

Oscillator Output Option 
Logic High VoH =2V 
Logic Low VOL = O.4V 

VA RAM Power Supply Option 
Supply current VA = 3.3V 

CKI Sink Current (RC Option) Vee = 4.5V, V1H = 3.5V 

Input Current Levels 
Zero·Crossing Detect Input 

Resistance VIH = 1.0V 
Input Load Source Current VIH = 2.0V, Vee = 4.5V 

Total Sink Current Allowed 
All 1/0 Combined 

Each L, R Port 
Each 0, G, H Port 
SO,SK 

Total Source Current Allowed 
All 1/0 Combined 

L Port 
LrL4 
"-~-~ 

Each L Pin 
All Other Output Pins 
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Min. 

2.4 

Vee- 0.5 

-100 

-1.5 
-5.0 

-0.2 
0.4 

2.0 

1.4 
14 

Max. 

0.4 

0.2 

-BOO 

-15 

+5.0 

4.0 

4.6 
280 

75 
20 
10 
2.5 

150 
120 
70 
-~ 

Units 

V 
V 

V 
V 
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rnA 
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AC· Electrical Characteristics 
COP2440/COP2441/COP2442: o·c .. TA" + 70·C, 4.5V .. Vee" 6.3V unless otherwise noted. 
COP2340/COP2341/COP2442: -4Q·C .. TA .. +85°C, 4.5V .. Vee" 5.5V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

Instruction Execution Time - tE Each Processor (Figure 3) 4.0 10 lAs 

CKI Frequency +16 mode 1.6 4.0 MHz 
+8 mode 0.8 2.0 MHz 
+4 mode 0.4 1.0 MHz 

Duty Cycle (Note 1) fl=4MHz 30 60 % 
Rise Time fl = 4 M Hz external clock 60 ns 
Fall Time fl = 4 MHz external clock 40 ns 

CKI Using RC (Figure 11C) +4 mode 
Frequency R=15kQ:t5%, C=100pF:t10% . 0.5 1.0 MHz 
Instruction Execution Time -tE 4.0 8.0 lAs 

INPUTS: (Figure 3) 
SI 

tSETUP 0.3 /AS 

I 
tHOLO 300 ns 

All Other Inputs 
tSETUP 1.7 lAs 
tHOLO 300 ns 

OUTPUT PROPAGATION DELAY Test ConditIon: 
CL=50pF, VOUT= 1.5V 

CKO 
tpd1, tpdQ Crystal Input O.H lAs 
tpd1, tpdQ Schmitt Trigger Input 0.3, lAs 

SO,SK 
tpd1, tpdQ RL=2.4kQ 1.0 lAs 

All Other Outputs RL=5.0kQ 1.4 lAs 

MICROBUSTM TIMING CL = 100 pF, Vee = 5V:t 5% 
Read Operation (Figure 6) TRI·STATEIll outputs 

Chip Select Stable Before RD-tesR 65 ns 
Chip Select Hold Time for RD-tRes 20 ns 
RD Pulse Width-tRR 400 ns 
Data Delay from RD-tRO 375 ns 
RD to Data Floating-toF 250 ns 

Write Operation (Figure 7) 
Chip Select Stable Before WR-tesw 65 ns 
Chip Select Hold Time for WR-twes 20 ns 
WR Pulse Width-tww 400 ns 
Data Set·Up Time for WR-tow 320 ns 
Data Hold Time for WR-two 100 ns 
INTR Transition Time from WR-twi 700 ns 

Note 1: Duty Cycle = tWI/(tWI + two). 
Note 2: See Figure for additional I/O Characteristics. 
Note 3:· Vee voltage change must be less than 0.5 V In a 1 ms period to maintain proper operation. 
Note 4: Exercise great care not to exceed maximum device power dissipation limits when dlrect·drlving LEOs (or sourcing similar 

loads) at high temperature. 
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Figure 2. COP2440 Block Diagram 
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Figure 3. Input/Output Timing Diagrams (Divide by 16 Mode) 
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Ll 40 VCC 
LO 39 L2 
SI 38 L3 

SO 37 IN2 GNO 28 DO 

SK 36 INI CKO 27 01 GND 24 00 

INO L4 CKI 26 02 CKO 23 01 

IN3 L5 RESEt 4 25 03 CKI 22 D2 

GO L6 L7 5 24 G3 RESET 21 03 
Gl L7 L6 23 G2 L7 20 G3 
G2 COP24401 RO L5 COP24411 22 Gl L6 6 ~g~~~:r 19 G2 COP2340 COP2341 
G3 11 Rl L4 8 21 GO L5 18 Gl 
HO )2 R2 INI 9 20 IN3 L4 17 GO 
HI 13 R3 IN2 10 19 INO VCC 16 SK 
H2 14 . R4 VCC 11 18 SK. L3 10 15 SO 
H3 15 R5 L3 12 17 SO L2 11 14 SI 
03 16 R6 L2 13 16 SI Ll 12 13 LO 
D2 17 R7 Ll 14 15 LO 
Dl 18 RESET 
DO 19 22 CKI 

GNO 20 21 CKO 

Order Number COP2440N, COP2340N Order Number COP2441N, COP2341N Order Number COP2442N, COP2342N 
NS Package N40A NS Package N28A NS Package N24A 

Figure 4. Connection Diagrams 

Pin Description Pin Description 

L7-Lo B·bit bidirectional 1/0 port with CKI System oscillator input 
TRI·STATE'" CKO System oscillator output (or general 

G3-GO 4·bit bidirectional 1/0 port purpose input or RAM power supply) 

03- 00 4·bit general purpose output port RESET System reset input 

IN3-INo 4·bit general purpose input port (not Vee Power supply 
available on COP24421COP2342) GNO Ground 

SI Serial input 
H3- HO 4·bit bidirectional 1/0 port 

SO Serial output (or general purpose output) (COP2440/COP2340 only) 

SK Logic·controlled' clock (or general R7-RO B·bit bidirectional 1/0 port with 
purpose output) TRI·STATE'" (COP2440/COP2340 only) 
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Functional Description 
The internal architecture of the COP2440 is shown in 
Figure 1 and a more detailed block diagram is given in 
Figure 2. 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). 

Dual Processor 
The COP2440 provides an ease of programming and a 
degree of efficiency not previously available in a single 
chip microcontroller. the dual CPUs allow easy parti
tioning of tasks. Simultaneous events can be monitored 
and handled with ease. Furthermore, each CPU has 
complete access to all of the ROM and RAM. Both sub
routines and main line codes can be shared and both 
processors can access the same code simultaneously 
or at different times so that very efficient programs can 
be written. 

The chip contains two internal processors, X and Y. In 
order to distinguish between the two processors, start 
with the RESET pin low; the chip is then in the reset 
mode, with SK being a clock output; processor X exe
cutes when clock output is high and processor Y exe· 
cutes when the clock output is low. When the RESET pin 
goes high, both X and Y start at location 0 which con· 
tains a CLRA instruction, then Y jumps to location 401 
followed by X to location 1. The processors will then 
alternately execute 1 byte of code each. 

At maximum clock frequency, the instruction execution 
time (single byte instruction) for each processor is 
4Ils,hence, the instruction cycle time for either processor 
is twice that amount, i.e., 81ls. 

Each processor has its own set of status registers: 4-blt 
A register (accumulator), 8·bit B register (data memory 
__ l_.l. __ ' ... 1_'1 _ •• 

t" ............ " ....... __ ..... ~ .......... , \ .... """11/' C;oUIU """-1.,11"" 1'Cl~lo:ILIQ\'I \~UU-

routine stack pointer). They function identically except 
for the following: XAS instruction and SID register can 
only be used by X; processor Y treats XAS as a NOP in
struction and can only alter bits 2 and 7 of EN register 
(to enable or disable Land R ports) while leaving the 
other bits unchanged, hence processor Y does not have 
the interrupt feature nor access to SO and SK outputs. 

Program Memory 

Program Memory consists of a 2,048 byte ROM. As can 
be seen by an examination of theCOP2440 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, LaiD, 
and LID instructions, ROM must often be thought of as 
being organized into 32 pages of 64 words each. 

ROM addressing for each processor is accomplished by 
its own 11-bit PC register. Its binary value selects one of 
the 2,048 8·bit words contained in ROM, i.e., each pro· 
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cessor can address any word in the program memory. A 
new address is loaded into the PC register during each 
instruction cycle. Unless the instruction is a transfer of 
control instruction, the PC register is loaded with the 
next sequential 11·bit binary count value. Since either of 
the two processors can address any part of the ROM, 
they can share any subroutines or codes. 

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 for each 
processor is implemented by its own 8-bit B register 
whose upper 4 bits (Br) select 1 of 10 (0-9) data registers 
and lower 4 bits (Bd) select 1 0116 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 a latches, L port, R port, 
EN register, and T counter (internal time base counter). 
RAM may also be loaded 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 instruc· 
tions. The Bd register also serves as a source register 
for 4-bit data sent directly to the 0 outputs. The upper 2 
registers of RAM also serve as subroutine stacks for the 
two processors. Processor X uses register 8 as its stack, 
and processor Y uses register 9. Note that it is possible, 
but not recommended, to alter the contents of the stack 
by normal data memory access commands. 

Internal Logic 

Each processor contains its own 4-bit A register 
(accumulator! whir.h i" thp. "nurr.p. <Inri ri""tin"tinn 

register for most liD, 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 a latch, EN register, or 
T counter, to input 4 bits of a ROM word, Lor R I/O port 
data, to input 4-bit G, H, or IN ports, and to perform data 
exchanges with the SID register. The accumulator is 
cleared upon reset. 

A 4·bit adder performs the arithmetic and logic func· 
tions of the COP2440, 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 of 
processor X, 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.) 
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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 a10·bit time base counter; the 
second coming from IN2 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 1 instruction cycle 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-INo, are provided; IN1, 

IN2 and IN3 may be selected, bya mask·programmable 
option, as Read Strobe, Chip Select, and Write Strobe 
inputs, respectively, for use in MICROBUSTM applica· 
tions; IN1, 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 exclusi,ve. 

The 0 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 110 port.· Go may be mask· 
programmed as an output for MICROBUS applications. 

The H register contents are outputs to a 4·bit general· 
purpose bidirectional 110 port. 

The Q register is an internal, latched, 8·bit register, used 
to hold data loaded to or from M and A, as well as 8·bit 
data from ROM. Its contents are outputted to the L 110 
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 COPSTM controllers, Q is 
cleared on reset. 

The 8 L drivers,when enabled, output the contents of 
latched Q data to the L 110 ports. Also, the contents of L 
may be read directly into A and M. As explained above, 
the MICROBUS option allows L 110 port data to be 
latched into the Q register. The L 110 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, 110 port. 

The SIO register functions as a 4·bit serial·in/serial·out 
shift register for MICROWIRETM 110 and COPS peripher· 
als, or as a binary counter for processor X (depending on 
the contents of the EN register; see EN register descrip· 
tion, below). Its contents can be exchanged with A, allow· 
ing it to input or output a continuous serial data stream. 
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The XAS instruction, when executed by processor X, 
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 instruction cycle 
clock. 

Each processor includes a :I·bit N register which is a 
stack pointer to the data memory register where the sub· 
routine return address is located. It points to the next 
location where the address may be stored and incre· 
ments by 1 after each push of the stack, and decrements 
by 1 before each pop. The N register can be accessed by 
exchanging its v~lue with A and is cleared on reset. Pro· 
cessor X uses register 8 and processor Y uses register 9 
of the data memory as its stack. Each stack is 4 ad· 
dresses deep, 12 bits wide, and does not check for over· 
flow or empty conditions. The RAM digit locations where 
the addresses are stored are shown in Figure 5. The LSBs 
of the addresses are at digits 0, 4, 8, and 12. The MSBs 
of digits 2, 6, 10, and 14 contain an interrupt status bit 
(see Interrupt description, below). The four unused digits 
(3, 7" 11, and 15) can be used as general data storage. 
When a subroutine call or interrupt occurs, an 11·bit 
return address and an interrupt status bit are stored in 
the stack. The N register is then incremented. When a 
RET or RETSK instruction is executed, the N register is 
decremented and then the return address is fetched and 
loaded into the program counter. The address and inter· 
rupt status bits remain in the stack, but will be overwrit· 
ten when the next subroutine call or interrupt occurs. 

DATA 
MEMORY 

REGISTER 

DIGIT 

ISB = INTERRUPT 
STATUS BIT 

N=D 

Figure 5. Subroutine Return Address Stack Organizatior 



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. Processor Y can only load bits 
2 and 7 of the register. The state of each bit of this regis
ter selects or deselects the particular feature associated 
with each bit of the EN register: 

O. 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 END set, SIO is an 
asynchronous binary counter, decrementing its value 
by one upon each low-going pulse ("1" to "0") occur
ring on the SI input. Each pulse must be at least two 
instruction cycles wide. SK outputs the value of SKL. 
The SO output is equal to the value of EN3. With ENo 
reset, SIO is a serial shift register left shifting 1 bit 
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. The SK output becomes a logic
controlled clock. 

1. With EN1 set, interrupt is enabled with EN4 and ENs 
selecting the interrupt source. Immediately following 
an interrupt, EN1 is reset to disable further interrupts. 

2. With EN2 set, the L drivers are enabled to output the 
data in Q to the L 1/0 port. Resetting EN2 disables the 
L drivers, placing the L 1/0 port in a high-impedance 
input state. A special feature of the COP2440 and 
COP2441 is that the MICROBUSTM option will change 
the function of this bit to disable any writing into Go 
when EN2 is set. 

3. EN3, in conjunction with END, affects the SO output. 
With END set (binary counter option selected) SO will 
output the value loaded into EN3. With END 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 
excnangea wlln A via an XA:; instruction but SO 
remains set to "0." Table 1 below provides a sum
mary of the modes associated with EN3 and END. 

4, EN4 and ENs select the source of the interrupt signal. 
5. The possible sources are as follows: 

ENS EN4 Interrupt Source 
o 0 IN1 (low-going pulse) 
o 1 CKO input (if mask-programmed as an input) 
1 0 Zero-crossing (or IN1 level tranSition) 
1 T counter overflows 

EN4 determines the interrupt routine location. 

6. With EN6 set, the internal 8-bit T counter will use IN2 
as its input. With EN6 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 EN7 set, the R outputs are enabled; if EN7 = 0, 
the R outputs are disabled. 

Interrupt (Processor X only) 

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 EN1 is reset. If EN4 
is reset, the next program address is hex 100; if EN4 
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. EN1 has been set. 

2. For an external interrupt input, the signal pulse 
must be at least one instruction cycle wide. 

3. A currently executing instruction has been com
pleted. 

4. All successive transfer of control instructions and 
successive LBls have been completed (e.g., if the 
main program is executing a JP instruction which 
transfers program control to another J P instruction, 
the interrupt will not be acknowledged until the 
second JP instruction has been executed. 

Table 1. Enable Register Modes - Bits EN3 and ENo 

EN3 ENo SIO SI 

o 0 Shift Register Input to Shift Register 

a Shift Register Input to Shift Register 

o Binary Counter Input to Binary Counter 

Bi nary Counter Input to Binary Counter 
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SO 

0 

Serial Out 

0 

SK 

If SKL = 1, SK = Clock 

If SKL = 0, SK = 0 

If SKL = 1, SK = Clock 
If SKL = 0, SK = 0 

If SKL = 1, SK = 1 

If SKL = 0, SK = 0 

If SKL = 1, SK = 1 
If SKL = 0, SK = 0 
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c. The instruction at hex address OFF must be a Nap. 

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 
5MB ; 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 
mixt instruction to be skipped. Subroutine and inter
rupt nesting inside interrupt routines are allowed. 
Note that this differs from the COP420/420C/420U444L 
series. 

MICROBUS™ Interface 
(not available in COP2442, COP2~42) 

The COP2440 series have an option which allows them 
to be used as peripheral microprocessor devices, input
ting and outputting data from and to a host microproces-

(iNzl B 

.,' 

sor (jAP). IN1, IN2 and IN3 general purpose inputs become 
MICROBUS·compatible read·strobe, chip·select, and 
write·strobe lines, respectively. IN1 becomes RD - a 
logic "0" on this input will cause Q latch data to be en
abled to the L ports for input to the fLP. IN2 becomes CS 
- a 10gic"0" on this line selects the COPSTM processor 
as the fLP 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 COPS processor. Go be· 
comes INTR, a "ready" output, reset by a write pulse 
from the liP on the WR line, providing the "handshaking" 
capability necessary for asynchronous data transfer 
between the host CPU and the COPS processor. Go out· 
put can be separated from other G outputs by the EN2 
bit (see EN description above). 

This option has been designed for compatibility with 
National's MICROBUSTM -:- a standard interconnect 
system for 8"bit parallel data transfer between MaS/LSI 
CPUs and interfacing devices. (See MICROBUS National 
Publication.) The functional and timing relationships 
between the COPS processor signal lines affected by this 
option are as specified for the MICROBUS interface, and 
are given in the AC electrical characteristics and shown 
in the timing diagrams (Figures 6 and 7). Connection of 
theCOP2440 to the MICROBUS is shown in Figure 8. 

Note: TRI·STATE@ outputs must be used on L port. 

1 
tRR • __ tRcs~1 

'\ 
_tDF ___ ~ -- tCSR _1:'- tRD_~ 

(L7-l01 07-00 

Figure 6. MICROBUSTM Read Operation Timing 

I..-tcsw-+- • tww ' -rwcs--I, 
(lNZI cs \. 1 

~tDW_ 

- two .1-
(l7-l01 07-00 X 

(Gal INTR 

, twl . 
t'"---_ 

Figure 7. MICROBUS Write Operation Timing 
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POWER 
SUPPLY CLOCK 

INTERRUPT (INTR) 

8-BIT DATA BUS 

00-07 

MICROPROCESSOR READ STR08E (lfij) COP2440 
CHIP SELECT (CS) IN, INO -

.. W..;;R.:.:.IT::.,E..:,S==TR:=;O:,;.BE""(:,;W"'R .... ) ~IIN2 
IN3 

IN 

OUT 

Figure 8. MICROBUS™ Option Interconnect 

Zero·Crossing Detection 
(not available on the COP2442, COP2342) 

The following features are associated with the IN, pin: 
ININ and INIL instructions input the state of IN, to A,; 
IN1 interrupt generates an interrupt pulse when a low· 
going transition ("1" to "0") occurs on IN1; zero·crossing 
interrupt generates an interrupt pulse when an IN1 transi· 
tion occurs (both "1" to "0" and "0" to "1"). 

If the zero·crossing detector is mask·programmed in 
(see Figure 9a), the INIL instruction and zero·crossing 
interrupt will input the state of IN1 through the true zero· 
crossing detector ("1" if input> OV, "0" if input < OV). 
The ININ instruction and IN1 interrupt will then have 
unique logic HIGH and LOW levels depending on the IN 
port input level chosen. If normal (TTL) level is chosen, 
logic HIGH level is 3.0V (3.3V for COP2340/2341) and 
logic LOW level is 0.8V (0.6V for COP2340/2341); if high 
trip level is chosen, logic HIGH level is 5.4V and logic 
LOW level is 1.2V. If the zero·crossing detector is not 
mask·programmed in (see Figure 9b), IN1 will have logic 

OA 
\TV 

RS 

HIGH and LOW levels that are defined for the IN port 
(see option list). 

The zero·crossing detector input contains a small hys· 
teresis (50mV typical) to eliminate signal noise, and is 
not a high impedance input but contains a resistive load 
to ground. Since this input can withstand a voltage 
range of -0.8V to +12V, an external clamping diode is 
needed for most input signals, as shown in Figure 9a, to 
limit the voltage below ground. An external reSistor, Rs 
may be needed for the following two cases: 
a. Input signal exceeds 12V; Rs and the internal resistor 

act as a voltage divider to reduce the voltage at the 
input pin to below 12V. 

b. Signal comes from a low impedance source; when 
the voltage at the pin is clamped to -0.7V by the for· 
ward bias voltage of an external diode, Rs limits the 
current going through the diode. 

111111 
..L 

IN' INTERRUPT 
(EN5,EN4=00) 
(NEGATIVE EDGE) 

ZERO· CROSSING INTERRUPT 
(EN5.EN4=10) 
(POSITIVE & NEGATIVE EDGE) 

"NOTE: THIS INPUT HAS A DIFFERENT 
SET OF LOGIC HIGH AND LOW LEVELS; 

SEE A80VE DESCRIPTION 

a. Zero·Crossing Detect Logic Option 

ININ 
..L 

IN1 INTERRUPT 
(EN5,EN4=00) 
(NEGATIVE EDGE) 

ZERO·CROSSING INTERRUPT 
(EN5,EN4='0) 
(POSITIVE & NEGATIVE EDGE) 

b. IN1 without Zero·Crossing Detect LogiC 

Figure 9. IN1 Mask·Programmable Options 
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Initialization 

The reset logic, internal to the COP2440, will initialize 
the device upon power·up if the power supply rise time 
is less than 1 ms and greater than 1 ",s. If the power 
supply rise time is greater than 1 ms, the user must 
provide an external RC network and diode to the RESET 
pin as in Figure 10. The RESET pin is configured as a 
Schmitt trigger input. If not used, it should be connected 
to Vcc. 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, G, H, IL, L, N, Q, R, and 
T registers are cleared. The SK output is enabled as a 
SYNC output by setting the SKL latch, thus providing a 
clock. RAM (data memory and stack) is not cleared. The 
first instruction at address 0 must be a CLRA. 

P + 
0 

-~ Vcc W 
E ~~ COP2440 R 
S RESET 
U 
P .:=: P GND 
L 
y -

RC" 5 x POWER SUPPL Y RISE TIME 

Figure 10. Power·Up Clear Circuit 

Oscillator 

There are three basic clock oscillator configurations 
available, as shown by figure 11. 

a. Crystal Controlled Oscillator. CKI and CKO are con· 
nected to an external crystal. The ~xecution frequency 
equals the crystal frequency divided by 16 (optional 
by 8). Thus a 4 MHz crystal with the divide·by·16 option 
selected will give a 250 kHz execution frequency (4",s 
execution time) and a 125 kHz instruction cycle fre· 
quency (8",s instruction cycle time). 

A 

CKI CKO 
10M 

a. Crystal Oscillator 

...flJ 
EXTERNAL 

CLOCK 

(CLOCK OUTPUT, 
VR OR GENERAL 

PURPOSE INPUT PIN) 

b. External Oscillator 

b. External Oscillator. CKI is an external clock input 
signal. The external frequency is divided by 16 (op· 
tional by 8 or 4) to give the execution frequency. If the 
divide·by·4 option is selected, the CKI input level is 
the Schmitt·trigger level. CKO is now available to be 
used as the RAM power 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 execution frequency equals the oscillation fre· 
quency divided by 4. CKO is available for non·timing 
functions. 

eKO Pin Options 

As an option, CKO can be an oscillator output. In a 
crystal controlled oscillator system, this signal is used 
as an output to the crystal network. As another option, 
CKO can be an interrupt input or a general purpose input, 
reading into bit 2 of A (accumulator) through the INIL 
instruction. As another option, CKO can be a RAM power 
supply pin (VR), allowing its connection to a standby! 
backup power supply to maintain the data integrity of 
RAM registers 0-3 with minimum power drain when the 
main supply is inoperative or shut down to conserve 
power. Using either of the two latter options is appro· 
priate in applications where the system configuration 
does not require use of the CKO pin for timing functions. 

RAM Keep·Alive Option 

Selecting CKO as the RAM power supply (VR) allows the 
user to shut off the chip power supply (Ved and maintain 
data in the lower 4 registers of the RAM. To insure that 
RAM data Integrity is maintained, the following condi· 
tions must be met: 

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

2. When Vee is on, VR must be within the operating 
voltage range of the chip, and within 1 volt of Vee. 

3. VR must be ;;. 3.3V with Vee off. 

CKI CKO 

I Vcc t 
I-b Y' Y (CLOCK OUTPUT, 

VR OR GENERAL -=- PURPOSE INPUT PIN) 

c. RC Controlled Oscillator 

Crystal Oscillator 

Crystal Value Rl 

4MHz 1k 
3.58MHz 1k 
2.10MHz 2k 

RC Controlled Oscillator 

Instruction 
Execution 

R (kQ) C (pF) Time (",s) 

13 100 5.0±;20% 
6.8 220 5.3±23% 
8.2 300 8.0±22% 
22 100 8.2± 17% 

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

. Figure 11. COP2440/244112442 Oscillators 
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1/0 Options 

COP2440 inputs have the following optional configura
tions, illustrated in figure 12: 

a_ An on-chip depletion load device to Vcc. 

b. A Hi-Z input which must be driven to a "1" or "0" by 
external components_ 

c_ A resistive load to GND for the zero-crossing input 
option (IN, only). 

COP2440 outputs have the following optional configu
rations: 

d_ Standard - an enhancement mode device to ground 
in conjunction with a depletion-mode device to Vcc, 
compatible with TTL and CMOS input requirements. 
Available on SO, SK, D, G, and H outputs. 

e_ Open-Drain - an enhancement-mode device to 
ground only, allowing external pull-up as required by 
the user's application. Available on SO, SK, D, G, L, H, 
and R outputs. 

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

g_ Standard L,R - same as do, but may be disabled. 
Available on Land R outputs only (disabled on reset). 

h_ LED Direct Drive - an enhancement-mode device to 
ground and Vee together with a depletion device to 
Vee meeting the typical current sourcing requirements 
of the segments of an LED display_ The sourcing 
devices are clamped to limit current flow. These 
devices may be turned off under program control 
(See Functional Description, EN Register), placing 
the output in a high-impedance state to provide 
required LED segment blanking for a multiplexed 
display. Available on L outputs only. 

Vee 

Notes: 
1. When the driver is disabled, the depletion device 

may cause the output to settle down to an inter
mediate level between Vee and GND. This voltage 
cannot be relied upon as a "1" level when reading 
the L inputs. The external signal must drive it to a 
"1" level. 

2. Much power is diSSipated by this driver in driving 
an LED. Care must be taken to limit the power dis
sipation of the chip to within the absolute maxi
mum ratings specified. 

I. TR/·STATE'" Push-Pull - an enhancement-mode 
device to ground and Vee. These outputs are TRI
STATE outputs, allowing for connection of these 
outputs to a data bus shared by other bus drivers. 
Available on Land R outputs only (in TRI-STATE mode 
on reset). 

1_ Push-Pull R - same as t, but may be disabled_ Avail
able on R outputs only_ 

k. Additional depletion pull·up - a depletion load to Vee 
with the same current sourcing capability as the input 
load a., in addition to the output drive chosen. Avail· 
able on Land R outputs only. This device cannot be 
disabled; therefore, open-drain outputs with "1" 
output and TRI·STATE outputs do not show high
impedance characteristics. This device is useful in 
applications where a pull-up with low source current 
is desired, e.g., reading keyboards and switches. 

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 (lOUT and VOUT) curves are given in 
Figures 13 and 14 for each of these devices to allow the 
designer to effectively use these I/O configurations in 
designing a COP2440 system. 

Vee 

r-l ri #1 

INPUT~ "-'[]----/>- '"'~ 
~2i r-- ~~ ~f 

a. Input with Load b. Hi·Z Input c. Zero·Crosslng Input d. Standard Output e. Open·Draln Output 

f. Push-Pull Output g. Standard L,R Outputs i. TRI·STATE'" Push·Pull 
(L,R) Outputs 

OISABLE~#~vee 
:;-J .. #4 

#3 

I. Push-Pull R Outputs 

L.R OUTPUT __ ... r_5 .. :e~: .... 1 ... 

k_ Additional L,R Outputs 
Pull·Up 

Figure 12. Input/Output Configurations 
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Figure 13. COP2440/2441/2442 1/0 Characteristics 
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Figure 14. COP2340/2341/2342 1/0 Characteristics 
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Power Dissipation 

In order not to damage the device by exceeding the 
absolute maximum power dissipation rating, the 
amount of power dissipated inside the chip must be 
carefully controlled. As an example, an application uses 
a COP2440 in a room temperature (25°C) environment 
with a Vcc power supply of 6V; IN and SI inputs have in· 
ternalloads; G and D ports drive loads that may sink up 
to 2 mA into the chip; H port with standard output option 
reads switches; L port with the LED option drives a 
multiplexed seven·segment display; R, SO and SK drive 
MOS inputs that do not source or sink any current. 

a. At 25°C, maximum power dissipation allowed = 750mW. 

b. Power dissipation by chip except 1/0 = Icc x Vcc = 
35mAx 6V=210mW. 

c. Maximum power dissipation by IN, SI = 
5xO.3mA x 6V =9mW 

d. G and D ports are sinking current from external loads; 
maximum output voltage with 2mA sink current is 
less than O.4V. Power dissipation by G and D ports = 

2mAx0.4V x 8=6.4mW 

e. Maximum power dissipation by H port = 
4 x 1.5mA x 6V =36mW 

f. When the seven segments of the LED are turned on, 
the output voltage is about 2V, so that the segment 
current is 17 mAo Power dissipation by L port = 

7x 17mA x(6V - 2V)=476mW 
This power dissipation caused by driving LEDs is 
usually the highest among the various sources. 

COP2440 Series Instruction Set 

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

g. R, SO, and SK do not diSSipate any significant 
amount of power because they do not not need to 
source or sink any current. 

Total power dissipation (TPD) inside the device is the 
sum of items b through g above. 

TPD =210 +9+6+36 +476mW= 737mW 

This is within the 750mW limit at room temperature. If 
this application has to operate at 70°C, then the power 
diSSipation must be reduced to meet the limit at that 
temperature. Some ways to achieve this would be to 
limit the LED current or to use an external LED driver. 

At 70°C the absolute maximum power dissipation rating 
drops to 400 mW. The user must be careful not to ex
ceed th is val ue. 

COP2440 Series Devices 

If the COP2440 is bonded as a 28· or 24-pin device, it 
becomes the COP2441 or COP2442, respectively, as il· 
lustrated in Figure 4. Note that the COP2441 and 
COP21142 do not include Hand R ports. In addition, the 
COP2442 does not include IN inputs; use of this option 
precludes the use of the IN options, the interrupt 
feature with IN as input, the zero·crossing detect op
tion, IN2 external event counter input, and the 
MICROBUSTM option. All other options are available. 

COP2340, COP2341, and COP2342 are extended temper, 
ature versions of the COP2440, COP2441, and COP2442, 
respectively. 

Table 3 provides the mnemonic, operand, machine code, 
data flow, skip conditions and description associated with 
each instruction in the COP2440 series instruction set. 

Table 2. COP2440 Series Instruction Set Table Symbols 

Symbol Dellnillon 

INTERNAL ARCHITECTURE SYMBOLS 

A 
B 

Br 
Bd 
C 

D 

EN 
G 
H 

IL 

IN 

4·bit Accumulator 
B·bit RAM Address Register 
Upper 4 bits of B (register address) 
Lower 4 bits of B (digit address) 
1·bit Carry Register 
4·bit Data Output Port 
B·bit Enable Register 
4·bit Register to latch data for G 110 Port 
4·bit Register to latch data for H 110 Port 
Two 1·bit Latches associated with the IN3 or 
INa Inputs 
4·bit Input Port 

IN,Z Zero·Crossing Input 
L -B·bit TRI·STATE" 110 Port 
M 4·bit contents of RAM Memory pointed to by 

B Register 
N 2-bit subroutine return address stack pointer 
PC "-bit ROM Address Register (program 

counter) 
Q B·bit Register to latch data for L 110 Port 
R B·bit Register to latch data for R TRI·STATE 

110 Port 
SIO 4·bit Shift Register and Counter 
SK Logic·Controlied Clock Output 
T B·bit Binary Counter Register 
X First On·Chip Processor 
Y Second On·Chip Processor 
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Symbol Definition 

INSTRUCTION OPERAND SYMBOLS 

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

-r 4·bit Operand Field, 0-9 binary (RAM 
Register Select) 

a "·bit Operand Field, 0-2047 binary (ROM 
Address) 

y 4·bit Operand Field, 0-15 binary (Immediate 
Data) 

RAM(s) Content of RAM location addressed by s 

RAMN Content of RAM location addressed by 
stack pointer N 

ROM(t) Content of ROM location addressed by t 

OPERATIONAL SYMBOLS 

+ Plus 
- Minus 
~ Replaces - Is exchanged with 

= Is equal to 
A The one's complement of A 
ffi Exclusive·OR 

Range of values 
V OR 



Table 3. COP2440 Series Instruction Set 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description 

ARITHMETIC/LOGIC INSTRUCTIONS 

ASC 30 [0011[0000[ A + C + RAM(B) - A Carry Add with Carry, Skip on 
Carry - C Carry 

ADD 31 10011100011 A+ RAM(8) - A None Add RAM to A 

ADT 4A 10 1 0011 01 01 A+ 10'0 c.. A None Add Ten to A 

AISC Y 5- [0101 1 y I A+y - A Carry Add Immediate, Skip on 
Carry (Y" 0) 

CASC 10 /0001100001 A + RAM(8) + C - A Carry Complement and Add with 
Carry - C Carry, Skip on Carry 

CLRA 00 10000100001 O-A None Clear A 

COMP 40 101 00100001 A-A None One's complement of A to A 

NOP 44 1010010 1 001 None None No Operation 

OR 33 10 a 1 110 01 11 AvM -A None OR RAM with A 

1A 10001110101 

RC 32 10 01110 0 1 0\ "0" -C None Reset C 

SC 22 100 10100 101 "1" - C None Set C 

XOR 02 10000100101 A EO RAM(8)- A None Exclusive·OR RAM with A 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 11111111111 ROM (PC'O:8, A,M) - PC7:0 None Jump Indirect (Note 3) 

JMP a 6- 10 11 0101 a1081 a- PC None Jump 

-- I a7:0 I 
or- a 1'1 a6:0 I a- 1-'(.;6:0 None Jump within Page (Note 4) 

(pages 2,3 on Iy) 

or 

[11[ a5:0 I a - PC5:0 
(all other pages) 

JSRP a 
1101 a5:0 PC+1-RAMN None Jump to Subroutine Page 

N+l- N (Note 5) 
00010 - PC'O:6 
a - PC5:0 

JSR a 6- 10 1 1 0111 a,o:sl PC+1-RAMN None Jump to Subroutine 

I I N+l - N a7:0 a- PC 

RET 48 10 1 0011 0001 N-l- N None Return from Subroutine 
RAMN - PC 

RETSK 49 10100110011 N-l- N Always Skip on Return Return from Subroutine 
RAMN - PC then Skip 
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Table 3. COP2440 Series Instruction Set (continued) 

Machine 
Hex Lan~Uage Code 

Mnemonic Operand Code Binary) Data Flow Skip Conditions Description 

MEMORY REFERENCE INSTRUCTIONS 

CAME 33 10011100111 A- EN7:4 None Copy A, RAM to EN 

1F 10001111111 RAM(B) - EN3:0 (Processor Y loads EN2, 
EN7 only) 

CAMO 33 10011100111 A- 0 7:4 None Copy A, RAM to 0 

3C 10011111001 RAM(B) - 03:0 

CAMT 33 10011100111 A- T7:4 None Copy A, RAM to T 

3F 10011111111 RAM(B) -T3:0 

CEMA 33 10011100111 EN7:4 - RAM(B) None Copy EN to RAM, A 

OF 10000111111 EN3:0- A 

COMA 33 10011100111 07:4 - RAM(B) None Copy 0 to RAM, A 

2C 10010111001 03:0 - A 

CTMA 33 10011100111 T7:4 - RAM(B) None Copy T to RAM, A 

2F 10010111111, T3:O - A 

LD r -5 1001r'101011 RAM(B)-A None Load RAM Into A, 
r-0:3 Brer-Br Exclusive-OR Br with r 

LDD r,d 23 10011 0100 111 RAM(r,d)-A None Load A with RAM pointed 

-- 101 r I d I to directly by r,d 

r=0:7 

LID 33 1001110011 j ROM (PC10:8,A,M) -M,A None Load RAM, A Indirect 

19 10001110011 

LOID BF /1011111111 ROM(PC1O:a.A,M) - 0 None Load 0 Indirect (Note 3) 

RMB 0 4C 10100/11001 0- RAM(BIo . None Reset RAM Bit 

1 45 10 1 0010 1 0 11 0- RAM(Blt 

2 42 10100100101 0- RAM(B)2 

3 43 10100100111 0- RAM(B)3 

5MB 0 40 101 00111 0 11 1 - RAM(B)O None Set RAM Bit 

1 47 10 1 0010 11 11 1 - RAM(Blt 

2 46 1°100101101 1- RAM(B)2 

3 41il 101 00110111 1- RAM(B)3 

STII y 7- 10111 1 
y I y- RAM(B) None Store Memory Immediate 

Bd+1 -Bd and Increment Bd 

X r -6 1001 r 101101 RAM(B)-A None Exchange RAM with A, 

r=0:3 Brer-Br exclusive-OR Br with r 

XAD r,d 23 10010100111 RAM(r,d) -A None Exchange A with RAM 

-- /11 r I d I 
pointed to directly by r,d 

r=0:7 

XDS r -7 1001 r 10 11 11 RAM(B)-A Bd decrements past 0 Exchange RAM with A 

r-0:3 Bd-1 - Bd and Decrement Bd, 
Bre r- Br Exclusive-OR Br with r 

XIS r -4 10°1 r 10 1 001 RAM(B)-A Bd increments past 15 Exchange RAM with A 

r-0:3 Bd+1 - Bd and Increment Bd, 
Brer-Br Exclusive-OR Br with r 
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Table 3. COP2440 Series Instruction Set (continued) 

Machine 
Hex Lanyuage Code 

Mnemonic Operand Code Binary) Data Flow Skip Conditions Description 

REGISTER REFERENCE INSTRUCTiONS 

CAB 50 101011000°1 A - Bd None Copy A to Bd 

CBA 4E 101 0 011 11 01 Bd -A None Copy Bd to A 

LBI r,d -- 1001 r l(d-111 r,d - B Skip until not a LBI Load B Immediate with r,d 

r=0:3,d-O,9:15 (Note 6) 

or 

33 10 a 1 110 a 1 11 

-- 111 r I d I 
r=0:7,any d 

LEi y 33 10 a 1 110 a 1 11 y - EN3:0 None Load lower half of EN 

6- 10 11 01 y I Immediate 
(Processor Y loads EN2 only) 

XABR 12 10001100101 A - Br None Exchange A with Br 

XAN 33 10 a 1 110 a 111 A - N(O,O - A3,A-;j None Exchange A with N 

OB 10000110111 

TEST iNSTRUCTIONS 

SKC 20 10010100001 C="1" Skip if C is True 

SKE 21 10 a 1 010 a 011 A=RAM(B) Skip if A Equals RAM 

SKGZ 33 10011100111 G3:0=0 Skip if G is Zero (ali 4 bits) 

21 1°010100011 

SKGBZ 33 10011100111 1st byte Skip if G Bit is Zero 

a 01 10 0 0 010 a 011 

1 '"' "''' 
Go=O 

1 11 10 a a 110 0 a 11 G1=0 

2 03 10000100111 G2=0 

OJ lJ IUUU'IUU' '1 J G3=O 

SKMBZ 0 01 10000100011 RAM(Blo=O Skip if RAM Bit is Zero 

1 11 1000 110 0 0 11 RAM(B)1 =0 

2 03 10000100111 RAM(B)2=0 

3 13 10 00 1100 1 11 RAM(B13=O 

SKSZ 33 100 1 1100 1 11 SIO=O Skip if SIO is Zero 

1C 10001111001 

SKT 41 10100100011 T counter carry has Skip on Timer (Note 3) 
occurred since last 
test 
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Table 3. COP2440 Series Instruction Set (continued) 

Machine 
Hex Lan~uage Code 

Mnemonic Operand Code Binary) Data Flow Skip Conditions Description 

INPUT/OUTPUT INSTRUCTIONS 

100 1 1100 1 11 
\ 

CAMR 33 A - R7:4 None Output A,RAM to R Port 

3D 10011111011 RAM (B) - R3:0 

ING 33 10011100111 G-A None Input G Port to A 

2A 10010110101 

INH 33 10 0 1 1100 1 11 H-A None Input H Port to A 

2B ·1001Oj10111 

ININ 33 10011100111 IN-A None Input IN Inputs to A (Note 2) 

28 10010110001 

INIL 33 100 1 1100 1 11 IL3, CKO, IN1Z, ILo - A None Input IL Latches to A 

29 10010110011 (Note 3) 

INL 33 10011100111 L7:4 - RAM(B) None Input L Port to RAM,A 

2E 10010111101 L3:0- A 

INR 33 100 1 1100 1 11 R7:4 - RAM(B) None Input R Port to RAM,A 

2D 10 0 1 011 1 0 11 R3:0 - A 

OBD 33 10011100111 Bd - D None Output Bd to 0 Port 

3E 10011111101 

OGI Y 33 100 1 1100 1 11 y-G None Output to G Port Immediate 

5-
10101 1 

y I 
OMG 33 100 1 1100 1 11 RAM(B)- G None Output RAM to G Port 

3A 10011110101 

OMH 33 100 1 1100 1 11 RAM(B)- H None Output RAM to H Port 

3B 10011110111 

XAS 4F 10100111111 A - SIO, C - SKL None Exchange A with SIO 
(Note 3) Processor X only 

Nolel: 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 (Iow'order, right·most bit). For example, A3 indicates the most significant (ieft'most) bit of the 4·bit A register. 

Nole 2: The ININ instruction Is not available on the 24·pln COP2442/COP2342 since this device does not contain the IN inputs. 

Nole 3: For additional information on the operalion of the XAS, JID, LaiD, INIL, and SKT Instructions, see below. 

Not. 4: The JP Instruction ailows 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. 

Nole 5: A JSRP transfers program control to subroutine page 2 (00010 is loaded Into the upper 5 bits of Pl. A JSRP may not be used when In pages 2 or 3. JSRP 
may not jump to the last word in page 2. 

Not.6: LBI is a singie·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 (10012), the lower 4 bits of the LBI Instruction equal B (10002>. To load 0, the lower 4 bits of the LBI 
instruction should equal 15 (11112>. 
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Description of Selected Instructions 

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 COP2440 programs. 

XAS Instruction 

XAS (Exchange A with SIO) can only be executed by 
processor X. It exchanges the 4-bit contents of the accu
mulator 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. Processor Y 
treats XAS as Nap. 

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 a bits 
of the ROM address register PC with the contents of 
ROM addressed by the 11-bit word, PC'O:B, A, M. PC,o, 
PCg and PCB are not affected by this instruction. 

Note that JID requires 2 instruction cycles if executed, 1 
instruction cycle time if skipped. 

INIL Instruction 

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILo, 
CKO and IN, into A (see Figure 15). The IL3 and ILa latches 
are set if a low-going pulse ("1" to "0") has occurred on 
the IN3 and INa inputs since the last INIL instruction, 
provided the input pulse stays low for at least one in
struction cycle. Execution of an INIL inputs IL3 and ILa 
into A3 and AO respectively, and resets these latches to 
..... 11 ........ +hol'T"l tn rcC!~nnrl tn cUlh~pnllpnt Inw-noinn Dulses 

on the IN3 and INa lines. If CKO is mask-programmed as 
a general purpose input, an INIL will input the state of 
CKO into A2. If CKO has not been so programmed, a "1" 
will be placed in A2. Unlike the COP420/420C/420Ll444L 
series, INIL will input IN, into A 1. If zero-crossing detect 
is selected, the IN, input will go through the detection 
logic, thus allowing the user to interrogate the input, 

IND/IN3 

ININ 

1. 

t RESET 

INll 

Figure 15. INIL Hardware Implementation 
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sending a "1" if the input is above zero volts and a "0" if 
it is below zero volts. INIL is useful in recognizing pulses 
of short duration or pulses which occur too often to be 
read coriveniently by an ININ instruction. It is also useful 
in checking the status of the zero-crossing detect input. 
The general purpose input IN3-INo are input to A upon 
execution of an ININ instruction, and the IN, input does 
not go through zero-crossing logic so that it has the 
same logic level as the other IN inputs for the ININ in
struction (see Figure 9). 

Note: IL latches are cleared on reset. This is different 
from the COP420/420C/420Ll444L series. 

LaiD Instruction 

LaID (Load a Indirect) loads the a-bit a register with the 
contents of ROM pointed to by the 11·bit word PC1Q:PCa, 
A, M. LaiD can be used for table lookup or code conver· 
sion such as BCD to seven-segment. Note that LaiD 
takes two instruction cycles if executed and one in· 
struction cycle if skipped. Unlike most other COPSTM 
processors, this instruction does not push the stack. 

LID Instruction 

LID (Load Indirect) loads M and A with the contents of 
ROM pointed to by the 11·bit word PC,o:PCa, A, M. Note 
that LID takes three instruction cycles if executed and 
two if skipped. 

SKT Instruction 

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

Instruction Set Notes 

a. The first word of a COP2440 program (ROM address 
0) must be a CLRA (Clear A) instruction. 

b. Although skipped instructions are not executed, they 
are still fetched from program memory. Thus program 
paths take the same number of cycle times whether 
instructions are skipped or executed, except for LID, 
LaiD, and JID. 

c . The ROM is organized into 32 pages of 64 words 
each. The Program Counter is an 11-bit binary counter, 
and will count through page boundaries. If a JP, JSRP, 
JID, LaiD, or LID instruction is 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 LaID 
or JID located in the last word of page 3, 7, 11, 15, 
19,23,27, or 31 will access data in the next group of 
four pages. 
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Option List 

The COP2440 mask-programmable options are assigned numbers which correspond with the COP2440 pins_ 

Option 1: L1 1/0 Port (see note below) 
= 0: Standard output 
= 1: Open-drai n output 
= 2: LED direct drive output 
= 3: TRI-STATE® output 
= 4: same as 0 with extra load device to Vce 
= 5: same as 1 with extra load device to Vee 
= 6: same as 2 with extra load device to Vee 
= 7: same as 3 with extra load device to Vee 

Option 2: La 1/0 Port 
same as Option 1 

Option 3: SI Input 
= 0: Input with load device to Vee 
= 1: Hi-Z input 

Option 4: SO Output 
= 0: Standard output 
= 1: Open-drain output 
= 2: Push-pull output 

Option 5: SK Output 
same as Option 4 

Option 6: INo Input 
same as Option 3 

Option 7: IN3 Input 
same as Option 3 

Option 8: Go 1/0 Port 
= 0: Standard output 
= 1: Open-drain output 

Option 9: G1 110 Port 
same as Option 8 

Option 10: G2 1/0 Port 
same as Option 8 

Option 11: G3 1/0 Port 
same as Option 8 

Option 12: Ho 1/0 Port 
same as Option 8 

Option 13: H1 110 Port 
same as Option 8 

Option 14: H2 1/0 Port 
same as Option 8 

Option 15: H3 .1/0 Port 
same as Option 8 

Option 16: D3 Output 
same as Option 8 

Option 17: D2 Output 
same as Option 8 

Option 18: D1 Output 
same as Option 8 

Option 19: Do Output 
same as Option 8 
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Option 20: GND - No options available 

Option 21: CKO Pin 
= 0: Oscillator output 
= 1: RAM power supply (VR) input 
= 2: General purpose input with load device to Vee 
= 3: General purpose Hi-Z input 

Option 22: CKI Input 
= 0: Crystal input divided by 16 
= 1: Crystal input divided by 8 
=2: Single-pin RC controlled oscillator (..,. 4) 
= 3: Schmitt trigger clock input (..,. 4) . 

Option 23: RESET Input 
same as Option 3 

Option 24: R7 1/0 Port (see note below) 
= 0: Standard output 
= 1: Open-drain output 
= 2: Push-pull output 
= 3: TRI-STATE® output 
= 4: same as 0 with extra load device to Vee 
=5: same as 1 with extra load device to Vee 
=6: same as 2 with extra load device to Vee 
= 7: same as 3 with extra load device to Vee 

Option 25: Rs 110 Port 
same as Option 24 

Option 26: Rs 1/0 Port 
same as Option 24 

Option 27: R4 1/0 Port 
same as Option 24 

Option 28: R3 110 Port 
same as Option 24 

Option 29: R2 1/0 Port 
same as Option 24 

Option 30: R1 1/0 Port 
same as Option 24 

Option 31: Ro 1/0 Port 
same as Option 24 

Option 32: L7 1/0 Port 
same as Option 1 

Option 33: La 1/0 Port 
same as Option 1 

Option 34: Ls 1/0 Port 
same as Option 1 

Option 35: L4 1/0 Port 
same as Option 1 

Option 36: IN1 Input 
= 0: Input with load device to Vee 

. = 1: Hi-Z Input 
= 2: Zero-crossing detect input (Option 41 = 0) 

Option 37: IN2 Input 
same as Option 3 



Option List (continued) 

Option 38: L3 1/0 Port 
same as Option 1 

Option 39: L2 1/0 Port 
same as Option 1 

Option 40: Vee - no options available 

Option 41: COP Function 
=0: Normal 
= 1: MICROBUSTM option 

Option 42: IN Input Levels 
=0: Standard TTL input levels ("0"=0.8V, "1"=2.0V) 
= 1: Highervoltage input levels ("0"=1.2V, "1"=3.6V) 

Option 43: G Input Levels 
same as Option 42 

Option 44: L Input Levels 
same as Option 42 

Note on Land R 1/0 Port Options 

Option 45: CKO Input Leve'ls 
same as Option 42 

Option 46: SI Input Levels 
same as Option 42 

Option 47: R Input Levels 
same as Option 42 

Option 48: H Input Levels 
same as Option 42 

Option 49: No option available 

Option 50: COP Bonding 
= 0: COP 2440 (40-pin device) 
= 1: COP2441 (28-pin device) 
= 2: COP2442 (24-pin device) 
= 3: COP 2440 and COP2441 
= 4: COP2440 and COP2442 
= 5: COP2440, COP2441, and COP2442 
= 6: COP2441 and COP2442 

If Land R 1/0 Ports are used as inputs, the following must be observed: 

a. Open-Drain output (selection 1) is allowed only if external pull·up is provided. 

b. If Land R output ports are disabled when reading, an external pull-up is required unless selections 4, 5, 6, or 7 are chosen. 

c. If L output port is enabled, selections 3 and 7 are not allowed. 

d. If R output port is enabled, selections 2, 3, 6, and 7 are not allowed. 

Test Mode (Non·Standard Operation) 

The SO output has been configured to provide for stand
ard test procedures forthecustom·programmed COP2440. 
With SO forced to logic "1", two test modes are provided, 
depending upon the value of SI: 

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

b. ROM Test Mode (SI = 0) 

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

Application Example 

The dual processors on the COP2440 enable the user to 
do functions that are not possible (or very difficult) to do 
on a single processor. Programming is also easier using 
the dual processor COP2440, because different tasks 
can be partitioned to each processor. The power of the 
dual processor becomes apparent when two or more 
tasks must be performed where one task is constant 
and cannot be disturbed or interrupted. 

The following is a simple example to show the dual pre
cessor in action. In this example application, the chip 
must monitor two switches and two pulse train inputs. 
It must also output a continuous square wave which is a 
function of all the inputs (see Figure 16). 

. The tasks are partitioned such that processor Y will 
read a value in RAM and count it down to toggle an out
put. This is a constant process that gives a continuous 
output stream. Processor X counts pulses on one input, 
measures the period of another, and reads switches. 
Processor X will be interrupted to do a complex calcula-' 
tion based on the input values. 
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Figure 16. COP2440 Application Example 

This is exceedingly difficult to do using a single proces
sor, since the one output must be constantly updated. 
Therefore, the programmer of a single processor trying 
to do this task would have to interleave the code to up
date the output with all of the other code (i.e., multiply, 
divide, add, counting, etc.). 

The following is a flow chart of the COP2440 program to 
do the described tasks. Processor Y reads data register 
Wand counts it down in a fixed loop. Processor X counts 
pulses on IN2 in the T counter and measures the period 
of the pulse on IN3 by a software loop that counts in
struction cycles in data register C. When a negative edge 
comes on IN3, the calculation of pulse width is performed 
and the two keys are read. The program then branches 
back to the main loop to start again. 



C\I 
'It The following is some sample code to implement the discussed functions. C") 
C\I 

Note that both processor X and processor Y use the same subroutine DEeR. The programmer need not worry, since both Q. 

0 processors can use any code at any time. Thus any common routines can be used by both processors. 
0 000 CLRA ; CLRA IS 1ST INSTRUCTION -~ 
C") PROCESSOR X STARTS HERE 
C\I 
Q. 

0 001 X ;OTOMEM 

0 002 CLRA 

0 003 AISC 4 ; LOAD EN REG. WITH 4,0 

'It 004 
C") 

CAME ; ENABLE T TO COUNT IN2 

C\I 
Q. MAIN LOOP (PROCESSOR X) 

0 
0 006 XMAIN: INIL ; INPUT IL LATCH 

~ft 008 AISC 8 ; TEST FOR NEG. EDGE IN3 

009 JP XLOOP ; NO, CONTINUE LOOP 
'It OOA JP EVAL ; YES, SO DO CALC. 
C\I 
Q. OOB XLOOP: LBI 1,12 ; ADDRESS C DATA REG. 

0 OOC JSRP INCR ; C+ 1 - C 

0 OOD JP XMAIN ; LOOP TIL NEG. EDGE -~ OOE EVAL: LBI 0,10 ; ADDRESS N DATA REG. 'It 
C\I OOF CTMA ; READ T COUNTER 
Q. 011 XIS 
0 012 X ; STORE IN N REG. 
0 013 LBI 0,0 ; SCRATCH DIGIT 
0 014 CLRA 'It 
'It 015 X ; ZERO MEM 
C\I 016 CLRA ; ZERO A 
Q. 

0 017 CAMT ; CLEAR T COUNTER 

0 019 JSR ADD ; C + D - P, D IS A CONSTANT 
01B LBI 1, 12 ; ADDRESS C DATA REG. 
01C JSRP CLRR ; CLEAR C DATA REG. 
OlD JSR MULT ; MULTIPLY K TIMES N 
01F JSR DIV ; K'N/P-W 
021 LBI 0,12 ; ADDRESS K DATA REG. 
022 SKGBZ 0 ; TEST GO 
024 JP TG ; GO= 1, SWITCH UP 
025 JSRP INCR ; GO = 0, K + 1 - K 
026 TG: SKGBZ 1 ; TEST Gl 
028 JP TL ; Gl = 1, SWITCH UP 
029 JSRP DECR ;Gl=O,K-l-K 
02A TL: JMP XMAIN ; START MAIN LOOP 

SUBROUTINE AREA 

.=80 

CLEAR REGISTER SUBROUTINE 

080 CLRR: CLRA ; CLEAR A 
081 XIS ; CLEAR M, STEP TO NEXT DIGIT 
082 JP CLRR ; LOOP TIL END OF REG . 
083 RET . ; DONE 

INCREMENT REGISTER ROUTINE 

084 INCR: SC ; SET CARRY TO INCR. 
085 INCL: CLRA ; CLEAR A 
086 ASC ;M+l-A 
087 NOP 
088 XIS ; STORE SUM, STEP TO NEXT 

089 JP INCL ; LOOP TIL LAST DIGIT 

08A RET 
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08B DECR: 
08C DECL: 
080 
08E 
08F 
090 
091 

401 YMAIN: 
403 YML: 
404 XFER: 
405 
406 
407 YLOOP: 
408 
409 
40A 
40B 

40C TOGG: 
40E 
40F 
411 
412 RS: 

DECREMENT REGISTER ROUTINE 

RC ; RESET CARRY 

CLRA 
CASC ; M-1-A 

NOP 
XIS ; STORE RESULT 
JP DECL ; LOOP TIL LAST DIGIT 
RET 

. =0401 ; PROCESSOR Y START ADDRESS 

PROCESSOR Y OUTPUTS SQUARE WAVE TO G3 

OGI 
LBI 
LD 
XIS 
JP 
LBI 
JSRP 
SKC 
JP 
JP 

SKGBZ 
JP 
OGI 
JP 
JP 

END 

PROCESSOR X 

IT IS COUNTING # 
OF PULSES ON IN21 

7 
2,12 
1 
1 
XFER 
3,12 
DECR 

TOGG 
YLOOP 

3 
RS 
15 
YML 
YMAIN 

; RESET G3, GO&G1 SET HIGH 
; ADDRESS W DATA REG. 

THIS LOOP COPIES W - V 

; ADDRESS V DATA REG. 
;V-1-V, 
; TEST C 
; FALSE ( = BORROW) 
; TRUE, CONTINUE 

; TEST STATE OF G3 
; TRUE, SO RESET IT 
; SET G3, KEEP GO&G1 HIGH 
; CONTINUE LOOP 

PROCESSOR Y 

OIGIT 
15 14 13 12 11 10 

REGISTER 0 _K_ _N-_! 
_C _ 

_ W~ 

_v_ 

RAM MAP 

Flow Chart 
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Section 3 
ROMless 
Microcontrollers II 





~National 
~ Semiconductor 

COP401 L ROMless' N·Channel Microcontroller 

General Description 
The COP401L ROMless Microcontroller is a member of 
the COPSTM family of microcontrollers, fabricated using 
N-channel, silicon gate MOS technology. The COP401L 
contains CPU, RAM, 1/0 and is identical to a COP410L 
device except the ROM has been removed and pins have 
been added to output the ROM address and to input the 
ROM data. In a system the COP401L will perform exact
ly as the COP410L. This important benefit facilitates 
development and debug of a COP program prior to 
masking the final part. 

Features 
• Circuit equivalent of COP410L 
• Low cost 
• Powerful instruction set 
• 512xS ROM, 32x4 RAM 
• Separate RAM power supply pin for RAM keep-alive 

applications 
• Two-level subroutine stack 
• 151-'s instruction time 
• Single supply operation (4.5-9.5V) 
• Low current drain (SmA max.) 
• Internal binary counter register with serial 1/0 
• MICROWIRETM compatible serial 1/0 
• General purpose outputs 
• LSTTLICMOS compatible in and out 
• Direct drive of LED digit and segment lines 
• Softwarelhardware compatible with other members 

of COP400 family 
• Pin-for-pin compatible with COP402 and COP404L 

COPS and MICROWIRE are trademarks of National Semiconductor Corp. 

1P0 
IP, 
IP, 

'" IP, 
IP, 
1P6 
IP, 

P, 

SKIP 

GND AD/DATA 

~" 
INSTRUCTION CLOCK (SYNC) 

2·lEVEl STACK 

1112131418192021 

Figure 1. COP401L Block Diagram 
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Absolute Maximum Ratings 
Voltageat Any Pin Relative t6 GND 
Ambient Operating Temperature 
Ambient Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 
Power Dissipation 

Total Source Current 
Total Sink Current 

-0.5V to +10V 
0°Cto+70°C 

-65°C to +150°C 
300°C 

0.75 Watt at 25°C 
0.4 Watt at 70°C 

120mA 
120mA 

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 DoC';; TA';; +70°C, 4.5V';; Vee';; 9.5V unless otherwise noted. 

Parameter 

Operating Voltage (Vee! 

Power Supply Ripple 

Operating Supply Current 

Input Voltage Levels 

CKI Input LevelS 
Crystal Input 

Logic High (VIH) 
Logic Low (VILl 

RESET Input Levels 
Logic High 
Logic Low 

IPO-IP7 Input Levels 
Logic High 
Logic High 
Logic Low 

All Other Inputs 
Logic High 
Logic High 
Logic Low 

Input Capacitance 

Output Voltage Levels 

LSTTL Operation 
Logic High (VOH) 
Logic Low {VoLl 

IPO·IP7, PB, SKIP 
Logic Low 

Output Current Levels 

Output Sink Current 

SO and SK Outputs {loll 

Lo-L7 and Go-G3 Outputs 

Do- D3 Outputs 

CKO 

RAM Power Supply Input 

Conditions 

(Note 2) 

peak to peak 

all inputs and outputs open 

Schmitt trigger input 

Vec =9.5V 
Vce=5V±5% 

Vee=9.5V 
Vce=5V±5% 

Vee=5V±5% 
IOH =-25J.1A 
IOL =,0.36 mA 

(Note 1) 
IOL=1.6rnA 

Vee = 9.5V, VOL = O.4V 
Vee = 4.5V, VOL = O.4V 

Vee = 9.5V, VOL = O.4V 
Vee = 4.5V, VOL = O.4V 

Vee = 9.5V, VOL = 1.0V 
Vee = 4.5V, VOL = 1.0V 

VR=3.3V 

3-4 

Min. 

4.5 

2.0 
-0.3 

0.7 Vee 
-0.3 

2.4 
2.0 

-0.3 

3.0 
2.0 

-0.3 

2.7 

1.B 
0.9 

O.B 
0.4 

30 
15 

Max. 

9.5 

0.5 

B 

0.4 

0.6 

O.B 

O.B 

7 

0.4 

0.4 

1.5 

Units 

v 
V 

mA 

V 
V 

V 
V 

V' 

V 
V 

V 
V 
V 

pF 

V 
V 

V 

rnA 
rnA 

mA 
rnA 

rnA 
rnA 

mA 



DC Electrical Characteristics (continued) O°C" TA " +70°C, 4.5V" Vcc " 9.5V unless otherwise noted. 

Parameter Conditions Min. Max. 

Output Source Current 

00-03, GO-G3 Outputs (JOH) Vee = 9.5V, VOH = 2.0V -140 -800 
Vee = 4.5V, VOH = 2.0V -30 -250 

SO and SK Outputs (JOH) Vee = 9.5V, VOH = 4.75V -1.4 
Vee = 4.5V, VOH = 1.0V -1.2 

Lo- L7 Outputs Vec=9.5V, VOH =2.0V -3.0 -35 
Vee = 6.0V, VOH = 2.0V -3.0 -25 

Input Load Source Current (11Ll Vee = 5.0V, VL = OV -10 -140 

Total Sink Current Allowed 

All Outputs Combined 120 
o Port 100 
L7- L4 , G Port 4 

L3-La 4 

All Other Pins 1.8 

Total Source Current Allowed 
All 1/0 Combined 120 

L7-4 60 

L3-La 60 
Each L Pin 25 

All Other Pins 1.5 

AC Electrical Characteristics o°c" TA " +70°C, 4.5V" Vee" 9.5V unless otherwise specified. 

Parameter 

Instruction Cycle Time 

CKI 
Input Frequency fl 
Duty Cycle 
Rise Time 
Fall Time 

Il\leIITe:.· 

SI,IP7·IPO 
tSETUP 
tHOLD 

G3 -Go, L7-La 
tSETUP 
tHOLD 

OUTPUT PROPAGATION DELAY 

SO, SK Outputs 
tpd1, tpdO 

03-00, G3-GO, L7- LO 
tpd1, tpdO 

IP7-IPO, P8, SKIP 
tpd1, tpdO 

Note 1: Pull·up resistors required. 

Conditions 

(+32 mode) 

fl = 2.097 MHz 

Test Condition: 
CL = 50pF, VOUT = 1.5V 

RL=20kQ 

Min. 

15 

0.8 
30 

Note 2: Vee voltage change must be less t~an O.5V in alms period to maintain proper operation. 
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Max. 

40 

2.1 
60 
120 
80 

2.0 
1.0 

8.0 
1.3 

4.0 

5.6 

7.2 

Units 

IlA 
IlA 

rnA 
rnA 

rnA 
rnA 

IlA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

Units 

IlS 

MHz 
% 
ns 
ns 
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o 
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Pin 

L7-Yl 

G3-GO 

03- 00 

SI 

SO 

SK 

AD/DATA 

CKI 

AD/liMA, SK 
(AS A CLOCK) 

GD-G3, Lo-L7, SI 
1PG-1P7 INPUTS 

GO-G3, 00-03, 
LO-L1, SO, SI , 
OUTPUTS 

1PG-1P7, P8, 
SKIP OUTPUTS 

CKD 40 00 

CKI J9 01 

lP4 J8 02 

RESET OJ 

IPJ lP5 

'P2 P8 

'PI NC 

IPO AD/DATA 

IP7 SKIP 

IP6 GJ 

L7 G2 

16 Gl 

L5 GO 

L4 'NC 

NC NC 

NC SK 

VCC SO 

LJ SI 

L2 GND 

11 LO 

Order Number COP401UN 
NS Package N40A 

Figure 2. Connection Diagram 

Description Pin 

8 bidirectional I/O ports with LED CKI 
segment drive CKO 
4 bidirectional I/O ports RESET 
4 general purpose outputs Vce 
Serial Input (or counter Input) GND 

Serial output (or general purpose output) IP7-IPO 

Logic-controlled clock (or general 
purpose output) P8 

Address out/data in flag SKIP 

Description 

System oscillator input 

RAM power supply input 

System reset input 

Power supply 

Ground 

8 bidirectional ROM address and data 
ports 

Most significant ROM address bit output 

Instruction skip output 

Figure 3. Input/Output Timing Diagram 
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Functional Description 
A block diagram of the COP401L is given in Figure 1. 
Data paths are illustrated in simplified form to depict 
how the various logic elements communicate with each 
other in implementing the instruction set of the device. 
Positive logic is used. When a bit is set, it is a logic "1" 
(greater than 2 volts). When a bit is reset, It is a logic "0" 
(less than 0.8 volts). 

Program Memory 

Program Memory consists of a 512-byte external memo
rY. As can be seen by an examination of the COP401 L 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 LaiD instructions, ROM must often be thought of 
as being organized into 8 pages of 64 words each. 

ROM addressing is accomplished by a 9-bit PC register. 
Its binary value selects one of the 512 8-bit words 
contained in ROM. A new address is loaded into the PC 
register during each instruction cycle. Unless the 
instruction is a transfer of control instruction, the PC 
register is loaded with the next sequential 9-bit binary 
count value. Two levels of subroutine nesting are 
implemented by the 9-bit subroutine save registers, SA 
and SB, 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 128-blt 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 

••• ••• - '. , .•••• _ 0' __ A 

U,;,UClIIY IVQ.U";;;;;U III~V VI IIVIII, VI \"t'"' .... U .. II~ .......... ,UI, ~ •• _ •• 

register (accumulator), it may also be loaded into the a 
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 
RAM digit. Hence each physical digit of RAM may be 
selected by two different values of Bd as shown in 
Figure 4 below. The skip condition for XIS and XDS 
instructions will be true if Bd changes between 0 and 
15, but NOT between 7 and 8 (see Table 3). 

BdVALUE RAM DIGIT 

". ,.. 
13' 

". ,,-
". 

g' 

o· ·CA.N BE DIRECTLYA.DDRESSEDSY 
LBI INSTRUCTION (SEE TABLE 31 

Figure 4. RAM Digit Address to Physical RAM Digit 
Mapping 
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Internal Logic 

The 4-blt A register (accumulator) is the source and des
tination register for most I/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-blt 
a latch data, to input 4 bits of the 8·bit L I/O port data 
and to perform data exchanges with the 510 register. 

A 4-bit adder performs the arithmetic and logic func
tions of the COP401 L, 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 a register is an internal, latched, 8-bit register, used 
to hold data loaded from M and A, as well as 8-bit data 
from ROM. Its contents are output to the L I/O ports 
when the L drivers are enabled under program control. 
(See LEI instruction.) 

The 8 L drivers, when enabled, output the contents of 
latched a 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 a .. data being outputted to the Sa-Sg 
and decimal pOint segments of the display. 

The 510 register functions as a 4-blt serial-in/serial-out 
shift register or as a binary counter depending on the 
contents ofthe EN regis~er. (See EN register description, 
below.) Its contents can be exchanged with A, allowing 
It to input or output a continuous serial data stream. 510 
may also be used to provide additional parallel I/O by 
connecting SO to external serial·in/parallel-out shift 
......... : ... .&._ ...... 

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-:ENo). 

1. The least significant bit of the enable register, ENo, 
selects the 510 register as either a 4-bit shift register 
or a 4-bit binary counter. With ENo set, 510 is an 
asynchronous binary counter, decrementing its value 
by one upon each low-going pulse ("1" to "0") 
occurring on the 51 input. Each pulse must be at least 
two instruction cycles wide. SK outputs the value of 
SKL. The SO output is equal to the value of EN3. With 
ENo reset, 510 is a serial shift register shifting left 
each instruction cycle time. The data present at 51 
goes into the least significant bit of 510. SO can be 
enabled to output the most significant bit of 510 
each cycle time. (See 4 below.) The SK output 
becomes a logic-controlled clock. 

2. EN1 is not used. It has no effect on COP401L opera
tion. 

o o 
"tJ 

g 
r 
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Q. 
0 
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Table 1. Enable Register Modes - a,its EN3 and ENO 

EN3 END SIO SI SO SK 

0 0 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, SK = 1 

3. With EN2 set, the L drivers are enabled to output the 
data in Q to the L I/O ports. Resetting EN2 disables 
the L drivers, placing the L I/O ports In a high· 
Impedance input state. 

4, EN3, ii:J conjunction with ENo, affects the SO output. 
With ENo set (binary counter option selected) SO will 
output the value loaded into EN3. With ENo reset 
(serial shift register option selected), setting EN3 
enables SO as the output of the 510 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 510 and can be 
exchanged with A via an XAS instruction but SO 
remains reset to "0." Table I provides a summary of 
the modes associated with EN3 and ENo. 

Initialization 

The Reset Logic will initialize (clear) the device upon 
power·up If the power supply rise time Is less tlJan 1 ms 
and greater than 1,.s. If the power supply rise time Is 
greater than 1 ms, the user must provide an external RC 
network and diode to the RESET pin as shown below 
(Figure 5). The RESET pin Is configured as a Schmitt 
trigger Input. If not used It should be connected to Vcc. 
Initialization will occur whenever a logic "0" Is applied 
to the RESET Input, provided it stays low for at least 
three Instruction cycle times. 

, 

P + 
0 : -~ W VCC 
E ~~ COP40IL' R • 
s I'iEm 
U 
P 
P "'F" GNO 
L 
Y T -

RC;' 5 x POWER SUPPL Y RISE TIME 

Figure 5. Power·Up Clear Circuit 
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If SKL = 0, SK = 0 

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. 

External Memory Interface 

The COP401 L Is designed for use with an external 
Program Memory. This memory may be Implemented 
using any devices having the following characteristics: 

1. random addreSSing 

2 . TTL·compatible TRI·STAT~ outputs 

3. TTL·compatible Inputs 

4. access time=5,.s max. 

Typically these requirements are met using bipolar or 
MOS PROMs. 

During operation, the address of the next Instruction is 
sent out on P8 and IP7 through IPO during the time that 
AD/DATA is high (logic "1" = address mode). Address 
data on the IP lines Is stored Into an external latch on 
the high·to·low transition of the AD/DATA line; P8 Is a 
dedicated address output, and does not need to be 
latched. When AD/DATA Is low (logiC "0" = data mode), 
the output of the memory Is gated onto IP7 through IPO 
forming the Input bus. Note that the AD/DATA output 
has a period of one Instruction time, a duty cycle of 
approximately ,50%, and specifies whether the IP lines 
are used for address output or Instruction input. 

Oscillator 

CKI Is an external clock Input signal. The external fre· 
quency Is divided by 32 to give the instruction cycle 
time. The dlvlde·by·32 configuration was chosen to 
make the COP401 L compatible with the COP404L and 
the COPSTM Development System. However, the ... 32 
configuration Is not available on the COP410U 
COP411 L. It Is therefore possible to exactly emUlate the 
system speed (cycle time), but not possible to drive the 
401L with the system clock during emulation. 



CKO (RAM Power) 

CKO is configured as a RAM power supply pin (VR), 
allowing its connection to a standbylbackup 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. This pin must be con· 
nected to Vee if the power backup feature is not used. 
To insure that RAM integrity is maintained, the following 
conditions must be met: 

1. RESET must go low before Vee goes below spec duro 
ing power·off; Vee must be within spec before RESET 
goes high on power·up. 

2. During normal operation, VR must be within the oper· 
ating range of the chip with (Vee -1) .. VR .. Vee. 

3. VR must be ;;. 3.3V with Vce off. 

Input/Output Configurations 

COP401L outputs have the following configurations, il· 
lustrated in Figure 6: 

a . Standard - an enhancement mode device to ground 
in conjunction with a depletion·mode device to Vce, 
compatible with LSTTL and CMOS input require· 
ments. (Used on D and G outputs.) 

b .Open·Drain - an enhancement·mode device to 
ground only, allowing external pull·up as required by 
the user's application. (Used on IP, P and SKIP 
outputs.) 

c . Push·Pull - An enhancement·mode device to ground 
in conjunction with a depletion·mode device paralleled 

vCC 

....----11 £i #2 

~s: 

enhancement·mode device to Vee. This configuration 
has been provided to allow for fast rise and fall times 
when driving capacitive loads. (Used on SO and SK 
outputs.) 

d . LED Direct Drive - an enhancement·mode device to 
ground and to Vee, 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. (Used on L outputs.) 

COP401L inputs have an on·chip depletion load device 
to Vee. 

The above input and output configurations share 
common enhancement-mode and depletion-mode de
vices. Specifically, all configurations use one or more of 
five devices (numbered 1-5, respectively). Minimum and 
maximum current (lour and Vour) curves are given in 
Figure 7 for each of these devices to allow the designer 
to effectively use these 1/0 configurations in designing 
a system. 

An important pOint to remember is that even when the L 
drivers are disabled, the depletion load device will 
source a small amount of current (see Figure 7, Device 
2); however, when the L-lines are used as inputs, the dis
abled depletion device can not be relied on to source 
sufficient current to pull an input to a logic "1". 

a. Standard Output b. Open·Drain Output c. Push· Pull Output 

VCC 

I""S DEPLETION DEVICE) '''"'~f 
d. L Output (LED) e. Input with Load 

Figure 6_ Output Configurations 
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Current for Inputs with 
Load Device 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.5 

VIN (VOLTSI 

Source Current for SO and 
SK In Push·Pull Configuration 
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COP401L Instruction Set 

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

Table 3 provides the mnemonic, operand, machine code, 
data flow, skip conditions, and description associated 
with each Instruction in the COP401L Instruction set. 

Table 2. COP401 L Instruction Set Table Symbols 

Symbol Definition 

INTERNAL ARCHITECTURE SYMBOLS 

A 

B 

Br 

Bd 

C 

D 

EN 

G 

L 

M 

PC 

Q 

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-blt Carry Register 

4-bit Data Output Port 

4-bit Enable Register 

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

9-bit Subroutine Save Register A 

9-bit Subroutine Save Register B 

4-bit Shift Register and Counter 

Logic-Controlled Clock Output 

Symbol Definition 

INSTRUCTION OPERAND SYMBOLS 

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

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

a 9-bit Operand Field, 0-511 binary (ROM 
Address) 

y 4-bit Operand Field, 0-15 binary (Immediate 
Data) 

RAM(s) Contents of RAM location addressed by s 

ROM(t) Contents of ROM location addressed by t 

OPERATIONAL SYMBOLS 

+ Plus 
Minus 

Replaces 

Is exchanged with 

Is equal to 
Po. The one's complement of A 

ED Exclusive-OR 

Range of values 

Table 3. COP401L Instruction Set 

Machine I 
Hex Lan~Uage Code 

Mnemonic Operand Code Binary) Data Flow Skip Conditions Description 

ARITHMETIC INSTRUCTIONS 

ASC 30 100 11100001 A + C + RAM (B) - A Carry Add with Carry, Skip on 
Carry - C Carry 

ADD 31 10011100011 A + RAM(B) - A None Add RAM to A 

AISC y 5- 10 1 0 11 Y A+y-A Carry Add Immediate, Skip on 
Carry (y ,,0) 

CLRA 00 10000100001 0- A None Clear A 

COMP 40 10 1 00100001 A-A None One's complement of A to 
A 

NOP 44 10 1 0010 1 001 None None No Operation 

RC 32 10011100101 "0" - C None Reset C 

SC 22 . 100 1 0100 1 01 "1"- C None Set C 

XOR 02 10000100 1 01 A ill RAM(B)- A None Exclusive·OR RAM with A 
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Table 3. COP401 L Instruction Set (continued) 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 11111111111 ROM (PCS.A.M) - None 
PC7:0 

JMP a 6- 1011ol000lasi a- PC None 

-- I a7:0 I 
JP a -- 111 a6:0 I a - PC6:0 None 

(pages 2,3 only) 

or 

-- 1111 a5:0 I a - PC5:0 
(all other pages) 

JSRP a -- 1101 a5:0 I PC + 1 - SA - SB None 

010 - PCS:6 
a - PC5:0 

JSR a 6- 101 1 011 OOlasl PC + 1 - SA - SB None 

-- I a7:0 I a- PC 

RET 48 10100110001 SB - SA - PC None 

RETSK 49 10100110011 SB - SA - PC Always Skip on Return 

MEMORY REFERENCE INSTRUCTIONS 

CAMO 33 1001 11001 11 A - 07:4 None 

3C 1001 111 1001 RAM(B) - 03:0 

LD r -5 1001 r 101011 RAM(B)- A None 
BrED r- Br 

LOID BF 1'0111'1111 ROM(PCS,A,M) - 0 None 
SA- SB 

RMB 0 4C 10 1 0011 1 001 0- RAM(B)O None 
1 45 10 1 0010 1 0 11 0- RAM(B), 
2 42 10 1 00100 1 01 0- RAM(B)2 
3 43 10 1 00100 1 11 '0- RAM(B}J 

5MB 0 4D 1010011 1011 1 - RAM(B)O None 
1 47 101001011 11 1 - RAM(B), 
2 46 10 1 0010 1 1 01 1 - RAM(B)2 
3 4B 101001101 11 1- RAM(B)3 

STII y 7- 1011' 1 y I y - RAM(B) None 
Bd+1-Bd 

X r -6 1001 r 101 101 RAM(B) ~ A None 
BrED r- Br 

XAD 3,15 23 100 1 0100 1 11 RAM(3, 15) ~ A None 

BF 1101 111 11 11 

XDS r -7 1001 r 101 1 11 RAM(B) ~ A Bd decrements past 0 
Bd-1-Bd 
BrED r- Br 

XIS r -4 1001 r 10 1 001 RAM(B)~ A Bd increments past 15 
Bd+1-Bd 
Br<B r- Br 

3-12 

I 

Description 

Jump Indirect (Note 2) 

Jump 

Jump within Page 
(Note 3) 

Jump to Subroutine Page 
(Note 4) 

Jump to Subroutine 

Return from Subroutine 

Return from Subroutine 
then Skip 

Copy A, RAM to 0 

Load RAM into A, 
Exclusive·OR Br with r 

Load 0 Indirect (Note 2) 

Reset RAM Bit 

Set RAM Bit 

Store Memory Immediate 
and Increment Bd 

Exchange RAM with A, 
Exclusive·OR Br with r 

Exchange A with RAM 
(3,15) 

Exchange RAM with A 
and Decrement Bd, 
Exclusive·OR Br with r 

Exchange RAM with A 
and Increment Bd, 
Exclusive·OR Br with r 



I 
Table 3. COP401 L Instruction Set (continued) 

Machine 
Hex Language Code 

Skip Conditions Mnemonic Operand Code (Binary) Data Flow Description 

REGISTER REFERENCE INSTRUCTIONS 

CAB 50 10 1 0 110 0 0 01 A - Bd None Copy A to Bd 

CBA 4E 10 1 0 011 1 1 01 Bd - A None Copy Bd to A 

LBI r,d -- 10 0 I r I (d - 1) I r,d - B Skip until not a LBI Load B Immediate with 

(d = 0,9:15) r,d (Note 5) 

LEI Y 33 1001 11001 11 y - EN None Load EN Immediate 

6- 101 101 y I (Note 6) 

TEST INSTRUCTIONS 

SKC 20 10 0 1 0100001 C = "1 " Skip if C is True 

SKE 21 100 1 01000 11 A = RAM (B) Skip if A Equals RAM 

SKGZ 33 10011100111 G3:0 = 0 Skip if G is Zero 

21 10 0 1 010 0 0 11 (all 4 bits) 

SKGBZ 33 10 0 1 110 0 1 11 1st byte Skip if G Bit is Zero 

0 01 100001000 11 

},"'"", 
GO = 0 

1 11 10 0 0 110 0 0 11 Gl = 0 

2 03 10000100 1 11 G2 = 0 

3 13 10 0 0 110 0 1 11 G3 = 0 

SKMBZ 0 01 10 0 0 010 0 0 11 RAM(B)O = 0 Skip if RAM Bit is Zero 

1 11 10 0 0 110 0 0 11 RAM(BI1 = 0 

2 03 10 0 0 010 0 1 11 RAM(B)2 = 0 

3 13 10 0 0 110 0 1 11 RAM(B)3 = 0 

INPUT/OUTPUT INSTRUCTIONS 

00 In " .., .., I" n .. ..,1 I ~ , .. ,- - ~ ,- . ~ ~ 
"'t"-- ~. ~,.~.~. 

2A 1001 011 01 01 

INL 33 1001 11001 11 L7:4 - RAM (B) None Input L Ports to RAM,A 

2E 10 0 1 011 1 1 01 L3:0 - A 

OBD 33 10011100111 Bd - 0 None Output Bd to 0 Outputs 

3E 10 0 1 111 1 1 01 

OMG 33 1001 11001 11 RAM(B) - G None Output RAM to G Ports 

3A 10011110 tOI 

XAS 4F 1010011 1 1 11 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 
o to N where 0 signifies the least significant bit (Iow'order, right·most bit). For example, A31ndlcates the most significant (Ieft'most) bit of the 4·blt 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 AOM 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 JSAP transfers program control to subroutine page 2 (010 is loaded loto the upper 3 bits of Pl. A JSAP may not be used when In pages 2 or 3. 
JSAP may not jump to the last word In page 2. 

Note 5: The machine code for the lower 4 bits of the LBllnstruction 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 (10012), the lower 4 bits of the LBI Instruction equalS (10002>. To load 0, the lower 4 bits of the LBllnstruction should equal 15 
(11112)· 

Note 6: Machine code for operand field y for LEI Instruction should equal the binary value to be latched Into EN, where a "1" or "0" In each bit of EN 
corresponds with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Aeglster.) 
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The following Information is provided to assist the user 
in understanding the operation of several unique il'1struc· 
tions and to provide notes useful to programmers in 
writing COP401L programs. 

XAS Instruction 

XAS (Exchange A with SIO) exchanges the 4·blt contents 
of the accumulator with the 4·blt contents of the SIO 
register. The contents of SIO will contain serlal·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 

Jib (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 addrlilssed by the 9·blt word, PCs, A, M. PCs is not 
affected by this Instruction. 

Note that JID requires 2 Instruction cycles to execute. 

LQID Instruction 

LaID (Load a Indirect) loads the 8·bit a register with the 
contents of ROM pOinted to by the 9·bit word PCs, A, M. 
LaiD can be-used for table lookup or code conversion 
such as BCD to seven·segment. The LaiD instruction 
"pushes" the stack (PC + 1 - SA - SB) and replaces the 
least significant 8 bits of PC as follows: A - PC7:4, 
RAM(B) - P,C3:0, leaving PCa unchanged. The ROM data 
pOinted to by the new address Is fetched and loaded 
Into the a latches. Next, the stack Is "popped" (SB -
SA - PC), restoring the saved value of PC to continue 
sequential program execution. Since LaiD pushes SA
SB, the previous contents of 58 are lost. Also, when 
LQID pops the stack, the previously pushed contents of 
SA are left In S8. The net result Is that the contents of 
SA are placed In 58 (SA - 58). Note that LQID takes 
two Instruction cycle times to execute. 
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Instruction Set Notes 

a. The first word of a COP401L 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 LaiD take the same number of 
cycle times whether instructions are skipped or exe· 
cuted. JID and LaiD instructions take 2 cycles if exe· 
cuted and 1 cycle if skipped. 

c. The ROM is organized into 8 pages of64 words each. 
The Program Counter is a 9·bit binary counter, and 
will count through page boundaries. If a JP, JSRP, 
JID or LaiD 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 LaiD or JID located in the last word of page 3 
or 7 will access data in the next group of 4 pages. 

Typical Applications 

PROM·Based System 

The COP401L may be used to emulate the COP410L. 
Figure 8 shows the interconnect to implement a COP401L 
hardware emuiation. This connection uses one MM5204 
EPROM as external memory._Other memory can be used 
such as bipolar PROM or RAM. 

Pins IP7-IPO are bidirectional inputs and outputs. When 
the ADIDATA clocking output turns on, the EPROM 
drivers are disabled and IP7-IPo output addresses. The 
8·bit latch (MM74C373) latches the addresses to drive 
the memory. 

When AD/DATA turns off, the EPROM is enabled and 
the IP7-IPO pins will Input the memory data. P8 outputs 
the most significant address bit tei the memory. (SKIP 
output may be used for program-debug If needed.) 

24 of the COP401L pins may be configured exactly the 
same as a COP410L. -
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....I i COP401L Mask Options 

11. The following COP410L options have been implemented o in this basic version of the COP401 L. o 
Option Value Comment 

Option 1 = 0 Ground - no option 

Option 2 = 1 CKO is RAM power supply input 

Option 3 = N/A CKI is external clock divide·by·32 (not 

Option 4=0 

Option 5=2 

Option 6=2 

Option 7 =2 

Option 8=2 

Option 9 = 1 

Option 10=2 

Option 11 =2 

Option 12=2 

Option 13=2 

available on COP410L) 

Reset has load to Vee 

L outputs are LED direct·drive 

Vee pin 4.5V to 9.5V operation 

L outputs are LED direct·drive 

Option Value Comment 

Option 14 = 0 81 has load to Vee 

Option 15 = 2 80 is push·pull output 

Option 16 = 2 8K is push·pull output 

Option 17=0 

Option 18=0 

Option 19=0 

Option 20=0 

Option 21 =0 

Option 22=0 

Option 23=0 

Option 24=0 

G outputs are standard 

D outputs are standard 
very high current 

. Option 25=0 L 

Option 26=0 G Have standard TTL input levels 

Option 27 = 0 81 

Option 28 = N/A 40·pin package 
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~National 
~ Semiconductor 

COP402/COP402M and COP302/COP302M 
ROMless N·Channel Microcontrollers 
General Description 
The COP402/COP402M and COP302/COP302M ROM less 
Microcontrollers are members of the COPSTM family, fab
bricated using N-channel silicon gateMOS technology. 
Each part contains CPU, RAM, and I/O, and is identical 
to a COP420 device, except the ROM has been removed; 
pins have been added to output the ROM address and to 
input ROM data. In a system, the COP402 or 402M will 
perform exactly as the COP420; this important benefit 
facilitates development and debug of a COP420 program 
prior to masking the final part. These devices are also 
appropriate in low volume applications, or when the pro
gram may require changing. The COP402M is identical 
to the COP402, except the MICROBUSTM interface option 
has been implemented. 

The COP402 may also be used to emulate the COP410L, 
411L, 420L or 420C by appropriately reducing the clock 
frequency. The COP302 and COP302M are the extended 
temperature range versions of the COP402 and COP402M. 

Features 
• Low cost 
• Exact circuit equivalent of COP420 
• Standard 40-pin dual-in-line package 
• Interfaces with standard PROM or ROM 
• 64 x 4 RAM, addresses up to 1 k x 8 ROM 
• MICROBUSTM compatible (COP402M) 
• Powerful instruction set 
• True vectored interrupt, plus restart 
• Three-level subroutine stack 
• 4_0f's instruction time 
• Single supply operation (4.5V to 6.3V) 
• Internal time·base counter for real·time processing 
• Internal binary counter register with MICROWIRETM 

serial I/O capability 
• Software/hardware compatible with other members 

of COP400 family 
• Extended temperature range COP302 and COP302M 

(-40°C to +85°C) available 

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. COP402l402MBIock Diagram 
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COP402/COP402M and COP302/COP302M 

Absolute Maximum Ratings 
Voltage at Any Pin -0.3Vto+7V Package Power Dissipation 750 mW at 25°C 
Operating Temperature Range 400mWat 70°C 

COP402/COP402M O°Cto 70°C 250mWat 85°C 
COP302/COP302M -40°C to +85°C Total Sink Curr,ent 50mA 

Storage Temperature Range -65°C to +150·C Total Source Current 70mA 
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. 

COP402/COP402M 
DC Electrical Characteristics O°C,;; TA ,;; 70°C, 4.5V ~ Vee ~ 6.3V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

Operation Voltage .4.5 6.3 V 
Power Supply Ripple peak to peak (Note 3) 0.4 V 
Supply Current all outputs open Vee = 5V 40 mA 

Input Voltage Levels 
CKI Input Levels 
Crystal Input 
. Logic High 2.4 V 
Logic Low -0.3 0.4 V 

Schmitt Trigger Input 
RESET 
Logic High 0.7 Vee V 
Logic Low -0.3 0.6 V 

I All Other Inputs 
Logic High Vee = Max. 3.0 V 
Logic High Vec=5V±5% 2.0 V 
Logic Low -0.3 0.8 V 

Input Load Source Current Vee = 5V, VIN = OV -100 -800 J.lA 
Input Capacitance 7 pF 
Hi·Z Input Leakage Vee=5V -1 +1 J.lA 

Output Voltage levels 
D, G, L, SK, SO Outputs 
TTL Operation Vee=5V±5% 

Logic High 10H =-100J.lA 2.4 V 
Logic Low IOL=1.6mA -0.3 0.4 V 

IPO-IP7, P8, P9, SKIP, CKO, 
ADIDATA 

Logic High IOH =-75J.1A 2.4 V 
Logic Low IOL=400J.lA -0.3 0.4 V 

CMOS Operation 
Logic High IOH =-10J.lA Vec- 1 V 
Logic Low IOL= 10J.lA -0.3 0.2 V 

Output Current Levels 
LED Direct Drive (COP402) Vee=6V 

Logic High VOH =2.0V 2.5 14 mA 
TRI·STATE® (COP402M) Leakage Current Vee=5V -2.5 +2.5 J.lA 

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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COP302/COP302M 
DC Electrical Characteristics 

Parameter 

Operation Voltage 

Power Supply Ripple 

Supply Current 

Input Voltage Levels 
CKI Input Levels 
Crystal Input 

Logic High 
Logic Low 

Schmitt Trigger Input 
RESET 
Logic High 
Logic Low 

All Other Inputs 
Logic High 
Logic High 
Logic Low 

Input Load Source Current 

Input Capacitance 

Hi-Z Input Leakage 

Output Voltage levels 
D, G, L, SK, SO Outputs 
TTL Operation 

Logic High 
Logic Low 

IPO-IP7, P8, P9, SKIP, CKO, 
ADIDATA 

Logic High 
Logic Low 

CMOS Operation 
Logic High 
Logic Low 

Output Current Levels 
LEU Uirect Urive (vUI-';jUZ) 

Logic High 

CKI Sink Current (RIC Option) 

CKO (RAM Supply Current) 

TRI·STATE® (COP302M) Leakage Current 

A'iowable Sink Current 
Per Pin (L, D, G) 
Per Pin (All Others) 
Per Port (L) 
Per Port (D, G) 

Allowable Source Current 
Per Pin (L) 
Per Pin (All Others) 

-40°C" TA" +85°C, 4.5V " Vee" 5.5V unless otherwise noted. 

Conditions Min. Max. 

4.5 5.5 

peak to peak (Note 3) 0.4 

TA = -40°C, outputs open 50 

2.4 
-0.3 0.3 

0.7Vee 
-0.3 0.4 

Vee = Max. 3.0 
Vec=5V±5% 2.2 

-0.3 0.6 

Vee = 5V, VIN = OV -100 -800 

7 

Vee=5V -2 +2 

Vee=5V±5% 
IOH =-75"A 2.4 
IOL= 1.6mA -0.3 0.4 

IOH =-75"A 2.4 
IOL=400"A -0.3 0.4 

IOH =-10"A Vcc- 1 
IOL= 10"A -0.3 0.2 

vee = ov (NOte 4) I 

VOH=2.0V 1.0 12 

VIN =3.5V 2 

VR=3.3V 4 

Vce=5V -5 +5 

10 
2 
16 
10 

-15 
-1.5 
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Units 
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AC Electrical Characteristics 
COP402/COP402M o·c ~TA'; 70·C, 4.5V ~vcc ';6.3V unless otherwise noted. 
COP302/COP302M -40·C ~TA ';+85·C, 4.5V ~Vcc ~5.5V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

Instruction Cycle Time 4 10 j.ts 

Operating CKI Frequency .;.16 mode 1.6 4.0 MHz 

CKI Duty Cycle (Note 1) 40 60 % 
Rise Time Freq.=4MHz 60 ns 
Fall Time Freq. =4MHz 40 ns 

Inputs: 

SI 

tSETUP 0.3 j.ts 
tHOLO 250 ns 

All Other Inputs 
tSETUP 1.7 j.ts 
tHOLO 300 ns 

Output Propagation Delay Test Conditions: 
RL = 5k, CL = 50 pF, VOUT = 1.5V 

SO and SK 
tpd1 1.0 j.ts 
tpdQ 1.0 j.ts 

CKO 
tpd1 0.2~ j.ts 
tpdQ 0.25 j.ts 

ADIDATA, SKIP 
tpd1 0.6 j.ts 
tpdQ 0.6 j.ts 

All Other Outputs 
tpd1 1.4 j.ts 
tpdQ 1.4 j.ts 

MICROBUSTM Timing CL =100pF, Vcc=5V±5% 

Read Operation (Figure 4) 

Chip Select Stable before RD-tCSR 65 ns 
Chip Select Hold Time for RD-tRcs 20 ns 
RD Pulse Width-tRR 400 ns 
Data Delay from RD-tRo 375 ns 
RD to Data Floating-toF 250 ns 

Write Operation (Figu're 5) 

Chip Select Stable before WR-tcsw 65 ns 
Chip Select Hold Time for WR-twcs 20 ns 
WR Pulse Width-tww 400 ns 
Data Set·Up Time for WR-tow 320 ns 
Data Hold Time for WR-two 100 ns 
INTR Transition Time from WR-twi 700 ns 

Note 1: Duty cycle = tW1/(tW1 +tWQ). 
Note 2: See Figure 9 for additional I/O characteristics. 
Note 3: Voltage change must be less than 0.5 volts in alms period. 
Note 4: Exercise great care not to exceed maximum device power dissipation limits when direct driving LEOs (or sourcing similar 
loads) at high temperature. 

J 
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Pin 

LrLo 

G3-GO 

0 3-00 

IN3-INo 

SI 

SO 

SK 

CKO 40 00 

CKI 39 01 

IP4 3B 02 

RESET 37 03 

IP3 36 IP5 

IP2 35 PB 

IP1 34 PO 

IPO 33 AD/DATA 

IP7 32 SKIP 

IP6 10 CQP402 
COP402M 

31 G3 

L7 11 30 G2 

L6 12 20 G1 

L5 13 2B GO 

L4 14 27 IN3 

INI 15 26 INO 

IN2 16 25 SK 

Vee 17 24 SO 

L3 18 23 SI 

L2 19 22 GNO 

Ll 20 21 LO 

Order Number COP402N, COP402MN 
NS Package N40A 

Figure 2. 

Description 

B bidirectional 1/0 ports with TRI·STATE® 

4 bidirectional 1/0 ports 

4 general purpose outputs 

4 general purpose inputs 

Serial input (or counter input) 

Serial output (or general purpose output) 

Logic·controlled clock (or general purpose 
output) 

Connection Diagram 

Pin Description 

. ADIDATA Address outldata in flag 

SKIP 

CKI 

CKO 

RESET 

Vee 
GND 

IP7-IPO 

PB, pg 

Instruction skip output 

System oscillator input 

System oscillator output 

System reset input 

Power supply 

Ground 

B bidirectional ROM address and data ports 

2 most Significant ROM address outputs 

-- tpDO 
G3- GO, 03- 00, __ l-______ ~~4'!11f&jW1il~;oH---------~--.~m L7-LJu~~u~~ =""""","VO,,,L~ _____ _ 

-- tPDO 1"""-
SKIP OUTPUT 

'PD1-! -, I 
P9, PB,IP7-IPO "';'Wk;;'W;"ffi"'WI"';'W"'WI";'/~-.....! _ _ _ _ _ _ _ POO-

OUTPUTS; ____ ...I_r.rt_IIIII<_:i.:i.r.rt.IlI._IlI._ 
1~'sETUP- I-'HOLD 

'tJp-J1'~ __ #;/,iI#MWW$_ .. ~mWm~'"0im:~'"'Wd?'"'I0'"'!0'"'WII'"'~'"0i"'wII""% 
Figure 3a. Input/Output Timing Diagrams (Crystal + 16 Mode) 

~I~I 
CKI 

CKoivW 

,pol-I r- -I !---'PDO 

Figure 3b. CKO Output Timing 
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Figure 5. MICROBUSTM Write Operation Timing 

Functional Description 
A block diagram of the COP402 is given in Figure 1. 
Data paths are illustrated in simplified form to depict 
how the 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 o.a volts). 

Program Memory 

Program Memory consists of a 1,024·byteexternal 
memory (typically PROM). Words of this memory may 
be program instructions, program data or ROM 
addressing data. Because of the special character· 
istics 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 a·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 instruc· 
tion, the PC register is loaded with the next 
sequential 10·bil 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 
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 
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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 0 outputs. 

Internal Logic 

The 4-bit A register. (accumulator) is the source and 
destination register for most I/O, arithmetic, logic 
and data memory access operations. It can also be 
used to load the Br ahd Bd portions of the B register, 
to load and input 4 bits of the a-bit Q latch data, to 
input 4 bits of the a·bit L I/O port data and to perform 
data exchanges with the SIO register. 

A 4·bil adder performs the arithmetic and logic func· 
tions of the COP402/402M, 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 XASinstruction and EN register descrip· 
tion, below.) . 

Four general·purpose inputs, IN3-INo, are provided; 
IN"IN2 and IN3 may be selected, by a mask-program
mable option, as Read Strobe, Chip Select and Write 
Strobe inputs, respectively, for use in MICROBUSTM 
applications. 

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

The G register contents are outputs to 4 general
purpose bidirectional I/O ports. Go may be mask
programmed as a "ready" output for MICROBUSTM 
applications. 



The a register is an internal, latched, B-bit register, 
used to hold data loaded to or from M and A, as well 
as B-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 
MICROBUSTM option selected, Q can also be loaded 
with the B-bit contents of the L I/O ports upon the 
occurrence of a write strobe from the host CPU. 

The 8 L drivers, when enabled, output the contents of 
latched Q data to the L I/O ports. Also, the contents 
of L may be read directly into A and M. As explained 
above, the MICROBUSTM option allows L I/O port data 
to be latched into the Q register. L I/O ports can be 
directly connected to the segments of a multiplexed 
LED display (using the LED Direct Drive output con
figuration option) with Q data being outputted to the 
Sa-Sg and decimal point segments of the display. 

The 510 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. 

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 (ENs- ENo). 

1. 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 ENo set, SIO 
is an asvnchronous binarv counter. decremenfinn 
its value by one upon each low-going pulse ("1" to 
"0") occurring on the SI input. Each pulse must be 
at least two instruction cycles wide. SK outputs 
the value of SKL. The SO output is equal to the 
value of ENs. With ENo 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 ENl set the INl input is enabled as an inter
rupt input. Immediately following an interrupt, ENl 
is reset to disable further interrupts. 

3. With EN2 set, the L drivers are enabled to output 
the data in Q to the L I/O ports. Resetting EN2 
disables the L drivers, placing the L I/O ports in a 
high-impedance input state. If the MICROBUSTM 
option is being used, EN2 does not affect the L 
drivers. 

4. ENs, in conjunction with ENo, affects the SO 
output. With ENo set (binary counter option 
selected) SO will output the value loaded into ENs. 
With ENo reset (serial shift register option 
selected), setting ENs enables SO as the output of 
the SIO shift register, outputting serial shifted 
data each instruction time. Resetting ENs 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 ENs and ENo. 

Interrupt 

The following features are associated with the INl 
interrupt procedure and protocol and must be 
considered by the programmer when utilizing inter
tupts. 

a. The interrupt, once acknowledged as explained 
below, pushes the next sequential program 
r.nllntpr :=!rlrlrp~~ IPr, ....... 1\ nntn tho ~t!:l .... k "I.chin" 

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 ENl is reset. 

Enable Register Modes - Bits ENs and ENo 

EN3 ENo 510 51 SO SK 

0 0 Shift Register Input to Shift Register 

0 Shift Register Input to Shift Register 

0 Binary Counter Input to Binary Counter 

Binary Counter Input to Binary Counter 
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0 

Serial Out 

0 

If SKL = 1, SK = SYNC 

If SKL = 0, SK = 0 

If SKL = 1, SK = SYNC 

If SKL = 0, SK = 0 

If SKL = 1, SK = 1 

If SKL = 0, SK = 0 

If SKL = 1, SK = 1 

If SKL = 0, SK = 0 
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b. An Interrupt will be acknowledged only after the 
following conditions are met: 

1. EN 1 has been set. 

2. A low·going pulse ("1" to "0") at least two 
Instruction cycles wide occurs on the IN1 input. 

3. A currently executing instruction has been 
·completed. 

4. All s~ccessiv~ transfer of control Instructions 
and successive LBls 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 acknowl· 
edged 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 s'aved 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 contrQI 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 LaiD 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 LEI instruction can be put immediately before 
the RET to re·enable interrupts. 

MICROBUS™ Interface 

The COP402M can be used as a peripheral micro· 
processor device, inputting and outputting data from 
and to a host microprocessor (!-,P). INh IN2, and IN3 
general purpose inputs become MICROBUSTM com· 
patible read·strobe, chlp·select, and write·strobe 
lines, r~spectively. IN1 becomes RD - a logic "0" on 
this Input will cause a latch data to be enabled to the 
L ports for input to the !-,P. IN2 becomes CS - a logic 
"0" on this line selects the COP402M as the !-,P 
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 a latches for input to the COP402M. Go 
becomes INTR, a "ready" output reset by a write 
pulse from the !-,P on theWR line, providing the 
"handshaking" capability necessary for asynchro· 
nous data transfer between' the host CPU and the 
COP402M. 

This option has been designed for compatibility with 
National's MICROBUSTM - a standard interconnect 

3-24 

system for S·bit parallel data transfer between MOSI 
LSI CPUs and interfacing devices. (See MICROBUSTM, 
National Publication.) The functioning and timing rela
tionships between the COP402M signal lines affected 
by this option are as specified for the MICROBUSTM 
Interface, and are given in the AC electrical character
istics and shown In the timing diagrams (Figures 4 
and 5). Connection to the MICROBUSTM is shown in 

. Figure 6. ' 

POWER 

TY YOj 
INTERRUPT IINTRI Go 

... a·BIT DATA BUS 
00-07 LO-L7 .. 

COP40ZM MICROPROCESSOR READ STROBE (Ali) IN1 

r.:::CH:::IP~SE,::,:L;;;EC:::T~(C'i;;SI~·IINZ 
WRITE STROBE (WRI INJ 

t 

Figure 6. MICROBUSTM Option Interconnect 

Initialization 

The Reset Logic will Initialize (clear) the device upon 
power-up if the power supply rise time is less than 
1 ms and greater than 1!-,s. If the power supply rise 
time is greater than 1 ms, the user must provide an 
external RC network and diode to the RESET pin as 
shown below. The RESET pin is configured as a 
Schmitt trigger input.· If not used it should be 
connected to Vee. Initialization will occur whenever a 
logic "0" is applied to the RESET input, provided it 
stays low for at least two instruction cycle times. 

Upon initialization, the PC register is cleared to 0 
(ROM address 0) and the A, B, C, D, EN, G, and SO are 
cleared. The SK output is enabled as a SYNC output, 
providing a pulse each instruction eycle time. Data 
Memory (RAM) is not cleared upon Initialization. The' 
first instruction at address 0 must be a CLRA. 

P + -.-.... ----., 

~ ~ ~~ VCC 
~ ~ .. COP40Z/40ZM 

---- ..... RESET s· 
U 
P r GNO 

y_ ...... _----.... I 
RC" 5. POWER SUPPLY RISE TIME 

Figure 7. Power·Up Clear Circuit 



Oscillator 

There are two basic clock oscillator configurations 
available as shown by Figure B. 

a. Crystal Controlled Oscillator. CKI and CKO are 
connected to an external crystal. The instruction 
cycle time equals the crystal frequency divided 
by 16. 

b. External Oscillator. CKI is driven by an external 
clock signal. The instruction cycle time is the 
clock frequency divided by 16. 

A 

R2 

o 

CKO 

...f1..J 
EXTERNAL 

CLOCK 

NOT USEO 

Crystal Component Values 

Value R1 R2 C 

4MHz 1k 1M 27pF 

3.5BMHz 1k 1M 27pF 

2.09MHz 1k 1M 56pF 

Figure 8. COP402l402M Oscillator 

External Memory Interface 

The COP402 and COP402M are designed for use with 
an external ~rogram IVlemory. I nls melTlury "lay ut: 
implemented using any devices having the following 
characteristics: 

1. random addressing 

2. TTL·compatible TRI·STATE® outputs 

3. TTL·compatible inputs 

4. access time = 1.0I-'s, max. 

Typically these requirements are met using bipolar or 
MaS PROMs. 

During operation, the address of the next instruction 
is sent out on P9, PB, and IP7 through IPO during the 
time that ADIDATA is high (logic "1" = address 
mode). Address data on the IPlines is stored into an 
external latch on the high·to·low transition of the 
ADIDATA line; P9 and PB are dedicated address 
outputs, and do not need to be latched. Wh.en 
ADIDATA is low (logic "0" = data mode), the output 
of the memory is gated onto IP7 through IPO, forming 
the input bus. Note that the ADIDATA output has a 
period of one instruction time, a duty cycle of approx· 
imately 50%, and specifies whether the IP lines are 
used for address output or instruction input. A sim· 
plified block diagram of the external memory inter· 
face is shown in Figure 9. 
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P9 
-PB COP402 

;-- AO/OATA 
1P7 - 1Po 

I" 

B g 
'(' 

[lATA 

~ICLK 
0 

I LATCH B 

0 

~ a 
~;.-

AO·A7 00·07 
L..-.,.. CE 

_AB MEMORY 

A9 

Figure 9. External Memory Interface to COP402 

Input/Output 

COP402 outputs have the following configurations, 
illustrated in Figure 9: 

a. Standard - an enhancement·mode device to 
ground in conjunction with a depletion·mode 
device to Vee, compatible with TIL and CMOS 
input requirements. 

b. High Drive - same as a. except greater current 
sourcing capability. 

c. Push· Pull - an enhancement·mode device to 
oround in coni unction with a depletion·mode 
device paralleled by an enhancement·mode device 
to Vee. This configuration has been provided to 
allow for fast rise and fall times when driving 
capacitive loads. 

d. LED Direct Drive - an enhancement·mode device 
to ground and to Vce, 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 Descrip· 
tion, EN Register), placing the outputs in a high· 
impedance state to provide required LED segment 
blanking for a multiplexed display. 

e. TRI·STATE® Push· Pull - an enhancement·mode 
device to ground and Vce intended to meet the 
requirements associated with the MICROBUSTM 
option. These outputs are TRI·STATE® outputs, 
allowing for connection of these outputs to a data 
bus shared by other bus drivers. 

/. Inputs have an on·chip depletion load device to 
Vee, as shown in Figure 101. 

The above input and output configurations share 
common enhancement·mode and depletion·mode 
devices. Specifically, all configurations use one or 
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more of six devices (numbered 1-6, respectively). 
Minimum and maximum current (lOUT and VOUT) 
curves are given in Figure 10 for each of these 
devices. 

The SO,SK outputs are configured as shown in 
Figure 10c. The D and G outputs are configured as 
shown in Figure 10a. Note that when inputting data 
to the G ports, the G outputs should be set to "1." The 
L outputs are configured as in Figure 10d on the 
COP402. On the COP402M th.e L outputs are as in 
figure 10e. 

An important point to remember if using configura
tion d 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 11.) 

IP7 through IPO outputs are configured as shown in 
Figure 10c; P9, P8, SKIP, and ADIDATA are configured 
as shown in Figure 10b. 

COP402/402M Instruction Set 

Table 1 is a symbol table providing internal architec· 
ture, 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 COP402/402M 
instruction set. 

a. Standard 

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

J I D Instruction 
• JID (Jump Indirect) is an indirect addressing instruc-

tion, 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:s, 
A, M. PCg and PCs are not affected by this instruc· 
tion. 

Note that JID requires 2 instruction cycles. 

b. High Drive 

~~ 
~~-

c. Push·Pull 

'"."'~~ 
d. LED e. TRI·STATE@ Push·Pull f. Input with Load 

1.o.IS DEPLETION DEVICE) 

Figure 10. Input/Output Configurations 
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Table 1. COP402/COP402M Instruction Set Table Symbols 

Symbol Delinition Symbol Definition 

INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS 

A 4·bit Accumulator d 4·bit Operand Field, 0-15 binary (RAM Digit 

B 6·bit RAM Address Register Select) 

Br Upper 2 bits of B (register address) r 2·bit Operand Field, 0-3 binary {RAM Register 

Bd Lower 4 bits of B (digit address) Select) 

C 1·bit Carry Register a 9·bit Operand Field, 0- 511 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 1/0 Port 
Data) 

IL Two 1·bit Latches Associated with the IN3 or RAM{s) Contents of RAM location addressed by s 

INa inputs ROM{t) Contents of ROM location addressed by t 

IN 4·bit Input port 

L a·bit TRI·STATE® 1/0 Port 

M 4·bit contents of RAM Memory pointed to by 
B Register OPERATIONAL SYMBOLS 

P 2·bit ROM Address Port + Plus 
PC 10·bit ROM Address Register (program - Minus 

counter) 
Q a·bit Register to latch data for L 1/0 Port - Replaces 

SA 10·bit Subroutine Save Register A - Is exchanged with 

SB 10·bit Subroutine Save Register B = Is equal to 

SC 10·bit Subroutine Save Register C A The one's complement of A 

SIO 4·bit Shift Register and Counter Ell Exclusive·OR 

SK Logic·Controlled Clock Output : Range of val ues 

Table 2. COP402/402M Instruction Set Table (Note 1) 

Machine 
Mex Language ,",oat! 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description 

ARITHMETIC INSTRUCTIONS 

ASC 30 10011100001 A + C + RAM (B) - A Carry Add with Carry, Skip on 
Carry - C Carry 

ADD 31 10011100011 A+RAM(B)- A None Add RAM to A 

ADT 4A 101 0011 0 1 01 A+1010- A None Add Ten to A 

AISC Y 5- 10101 1 y I A+y- A Carry Add Immediate, Skip on 
Carry (y * 0) 

CASC 10 10001100001 A+RAM(B)+C - A Carry Complement and Add with 
Carry - C Carry, Skip on Carry 

CLRA 00 10000100001 O-A None Clear A 

COMP 40 10100100001 A-A None One's complement of, A to A 

NOP 44 10 1 0010 1 001 None None No Operation 

RC 32 10011100101 "O"-C None Reset C 

SC 22 1001 01 001 01 "1"- C None Set C 

XOR 02 10000100101 A", RAM(B) - A None Exclusive·OR RAM with A 
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Table 2. COP402/COP402M Instruction Set Table (continued) 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 11111111111 ROM (PC9:S, A,M) - PC7:0 None J~mp Indirect (Note 3) 

JMP a 6- 101101001"9:81 a- PC None Jump 

-- I a7:0 I 
JP a -- III a6:0 I a - PC6:0 None Jump within Page (Note 4) 

(pages 2,3 only) 

or 

-- 1111 a5:0 I a - PC5:0 
(all other pages) 

JSRP a -- 1101 a5:0 I PC+ 1 - SA - SB - SC None Jump to Subroutine Page 
0010 - PCg:6 (Note 5) 
a - PC5:0 

JSR a 6- 1011 011 01"9:81 PC + 1 - SA - SB - SC None Jump to Subroutine 

-- I a7:0 I a- PC 

-
RET 48 101 OOp 0001 SC - SB - SA - PC None Return from Subroutine 

RETSK 49 10100110011 SC - SB - SA - PC Always Skip on Return Return from Subroutine 
then Skip 

MEMORY REFERENCE INSTRUCTIONS 

CAMO 33 100111°0111 A- 07:4 None Copy A, RAM to 0 

3C 10011111001 RAM (B) - 03:0 

COMA 33 1°011100111 07:4 - RAM(B) None Copy 0 to RAM, A 

2C 10010111001 03:0- A 

LD r -5 1° 01 r 10 1 ° 11 RAM(B)-A None Load RAM into A, 
Bre r- Br Exclusive·OR Br with r 

LDD r,d 23 100 1 °100 1 11 RAM(r.d)-A None Load A with RAM pointed 

-- 1001 r I d I to directly by r,d 

LOID BF 11011111111 ROM(PC9:S,A,M) - 0 None Load 0 Indirect (Note 3) 
SB-SC 

RMB 0 4C 10100111001 0- RAM(B)O None Reset RAM Bit 

1 45 101 00101 0 11 0- RAM(BI1 

2 42 1010 010 01 01 0- RAM(B)2 

3 43 10100100111 0- RAM(B)3 

5MB 0 40 10100111011 1 - RAM(B)O None Set RAM Bit 

1 47 10100111011 1 - RAM(BI1 

2 46 101 001011 01 1- RAM(B)2 

3 4B 1010°110111 1- RAM(B)3 
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Table 2. COP402/COP402M Instruction Set Table (continued) 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions 

MEMORY REFERENCE INSTRUCTIONS (continued) 

STII y 7- 10 1111 y I y - RAM (B) None 
Bd+l-Bd 

X r -6 1001 r 101101 RAM(B)- A None 
BrEll r- Br 

XAD r,d 23 100 1 0100 111 RAM(r,d)- A None 

-- 1101 r I d I 
XDS r -7 1001 r 10 1111 RAM(B)- A Bd decrements past a 

Bd-l - Bd 
Br .. r- Br 

XIS r -4 1001 r 10 1001 RAM(B)- A Bd increments past 15 
Bd+l- Bd 
Br .. r- Br 

REGiSTER REFERENCE INSTRUCTIONS 

CAB 50 10 1 a 1100001 A- Bd None 

CBA 4E 10 1 001111 01 Bd - A None 

LBI r,d -- 10 01 r I (d -1)1 r,d- B Skip until not a LBI 

(d -0, 9:15) 

or 
33 100 11100 111 

-- 1101 r I d I 
(any d) 

LEI y 33 100 1110011 1 y- EN None 

6- 10 11 01 y I 
XABR 12 10001100101 A - Br (0,0 - A3.A2) None 

-
TEST INSTRUCTIONS 

SKC 20 10010100001 C="I" 

SKE 21 10010100011 A=RAM(B) 

SKGZ 33 10011100111 G3:0=0 

21 100 1 01000 11 

SKGBZ 33 100 1110011 1 1st byte 

a 01 
1""1""1 } GO=O 

11 10001100011 Gl=O 

2 03 10000100111 
2nd byte 

G2=0 

3 13 10001100111 G3=0 

SKMBZ a 01 10000100011 RAM(B)O=O 

11 1000 11000 11 RAM(Blt =0 

2 03 10000100111 RAM(B)2=0 

3 13 10001100111 RAM(B)3=0 

SKT 41 10100100011 A time·base counter 
carry has occurred 
since last test 
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Description 

Store Memory Immediate 
and Increment Bd 

Exchange RAM with A, 

Exclusive·OR Br with r 

Exchange A with RAM 
pointed to directly by r,d 

Exchange RAM with A 
and Decrement Bd, 
Exclusive·OR Br with r 

Exchange RAM with A 
and Increment Bd, 
Exclusive·OR Br with r 

Copy A to Bd 

Copy Bd to A 

Load B Immediate with r,d 

(Note 6) 

Load EN Immediate (Note 7) 

Exchange A with Br 

Skip if C is True 

Skip if A Equals RAM 

Skip if G is Zero (all 4 bits) 

Skip if G Bit is Zero 

Skip if RAM Bit is Zero 

Skip on Timer (Note 3) 
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Table 2. COP402/COP402M Instruction Set Table (continued) 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description 

INPUT/OUTPUT INSTRUCTIONS 

ING 33 10011100111 G-A - None Input G Ports to A 

2A 10010110101 

IN IN 33 10011100111 IN-A None Input IN Inputs to A 

28 10010110001 
(Notes 2 and 8) 

INIL 33 10011100111 IL3, "0", ILO - A None Input IL Latches to A 

29 10010110011 (Note 3) 

INL 33 10011100111 L7:4 - RAM(B) None Input L Ports to RAM,A 

2E 10010111101 L3:0- A 

OBD 33 10011100111 Bd- D None Output Bd to D Outputs 

3E 1°011111101 

OGI y 33 1°°111°0111 y-G None Output to G Ports Immediate 

5-
1° 101 1 y I 

OMG 33 10011100111 RAM(B)- G None Output RAM to G Ports 

3A 10011110101 

XAS 4F 1°100111111 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 ° to N 
where ° signifies the least significant bit (Iow-order, right-most bit). For example, A3 Indicates the most significant (left-most) bit of the 4·blt A register. 

Note 2: The IN IN Instruction Is not available on the 24'pln COP421 since this device does not contain the IN Inputs. 

Note 3: For additional Information on the operation of the XAS, JID, LaiD, 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 Pl. 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: LBlls 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 val ue 9 (10012), the lower 4 bits of the LBI instruction equal 8 (10002). To load 0, the lower 4 bits of the LBI 
Instruction should equal 15 (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.) 

Note 8: The COP402M will always read a "1" into AI with the ININ Instruction. 

3-32 



INIL Instruction 

INIL (Input IL Latches to A) inputs 2 latches, IL3 and 
ILa (see Figure 12) and CKO into A. The IL3 and ILa 
latches are set if a low·going pulse ("1" to "a") has 
occurred on the IN3 and INa inputs since the last INIL 
instruction, provided the input pulse stays low for at 
least two instruction times. Execution of an INIL 
inputs IL3 and ILa into A3 and AO respectively, and 
resets these latches to allow them to respond to sub
sequent low-going pulses on the IN3 and INa 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 "a" is always placed in A1 upon the 
execution of an INIL. The general purpose inputs 
IN3-INa are input to A upon the 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. 

COP420 

ININ 

1 
INOIINJ 

INll 

Figure 12. INoI1N3 Latches 

LQID Instruction 

LaiD (Load a Indirect) loads the 8-bit a register with 
the contents of ROM pointed to by the 10-bit word 
PCg, PCa, A, M. LQID can be usea ror laDle IOOl\UfJ UI 

code conversion such as 8CD to seven-segment. The 
LQID instruction "pushes" the stack (PC + 1 - SA
S8 - SC) and replaces the least significant 8 bits of 
PC as follows: A - PC7:4, RAM(8} - PC3:0, leaving 
PCg and PCa unchanged. The ROM data painted to by 
the new address is fetched and loaded into the Q 
latches. Next, the stack is "popped"(SC - S8 - SA 
- PC), restoring the saved value of PC to continue 
sequential program execution. Since LQID pushes 
S8 - SC, the previous contents of SC are lost. Also, 
when LQID pops the stack, the previously pushed 
contents of S8 are left in SC. The net result is that 
the contents of S8 are placed in SC (S8 - SC). Note 
that LaID takes two instruction cycle times to 
execute. 

SKT Instruction 

The SKT (Skip on Timer) instruction tests the state of 
an internal 10-bit time-base counter. This counter 
divides the instruction cycle clock frequency by 1024 
and provides a latched indication of counter 
overflow. The SKT instruction tests this latch, 
executing the next program instruction if the latch is 
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not set. If the latch has been set since the previous 
test, the next program instruction is skipped and the 
latch is reset. The features associated with this 
instruction, therefore, allow the controller to generate 
its own time-base for real-time processing rather 
than relying on an external input signal. 

For example, using a 2.097MHz crystal as the time
base to the clock generator, the instruction cycle 
clock frequency will be 131 kHz (crystal frequency + 
16) and the binary counter output pulse frequency 
will be 128Hz. For time-of-day or similar real-time pro
cessing, the SKT instruction can call a routine which 
increments a "seconds" counter every 128 ticks. 

Instruction Set Notes 

a. The first word of a program (ROM address a) 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 a 10-bit binary 
counter, and will count through page boundaries. 
If a JP, JSRP, JID or LaID 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 LaiD or JID 
located in the last word of page 3, 7,11, or 15 will 
access data in the next group of 4 pages. 

Typical Application: PROM·Based System 

The COP402 may be used to exactly emulate the 
COP420. Figure 12 shows the interconnect to imple
ment a COP420 hardware emulation. This connection 
uses two MM5204 EPROMs as external memory. 
Other memory can be used such as bipolar PROM or 
RAM. 

Pins IP7 -IPO are bidirectional inputs and outputs. 
When the ADIDATA clocking output turns on, the 
EPROM drivers are disabled and IP7 -IPO output 
addresses. The 8-bit latch (MM74C373) latches the 
addresses to drive the memory. 

When ADIDATA turns off, the EPROMs are enabled 
and the IP7-IPO pins will input the memory data. P8 
and P9 output the most significant address bits to 
the memory. (SKIP output may be used for program 
debug if needed.) 

The other .28 pins of the COP402 may be configured 
exactly the same as a COP420. The COP402M chip 
can be used if the MICR08USTM feature of the 
COP420 is needed. 
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Figure 13. COP402 Used to Emulate a COP420 
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COP402 Mask Options 

The following COP420 options have been implemented in this basic version of the COP402. Subsequent versions of 
the COP402 will implement different combinations of available options; such versions will be identified as 
COP402·A, COP402·B, etc. 

Option Value 

Option 1 = 0 

Option 2 = 0 

Option 3 = 0 

Option 4 = 0 

Option 5 = 2 (402) 
= 3 (402M) 

Option 6 = 2,3 

Option 7 = 2,3 

Option 8 = 2,3 

Option 9 = 0 (402) 
= 1 (402M) 

Comment 

Ground Pin - no option available 

CKO is clock generator output to crystal 

CKI is crystal input +16 
(may be overridden externally) 

RESET pin has load device to Vee 

L7 has LEO direct-drive output 
L7 has TRI·STATE'" push·pull output 

L6 same as L7 

L5 same as L7 

L4 same as L7 

IN1 has load device to Vee 
HiZ 

Option 10 = 0 (402) IN2 has load device to Vee 
= 1 (402M) Hi Z 

Option 11 = 0 

Option 12 = 2,3 

Option 13 = 2,3 

Option 14 = 2,3 

Option 15 = 2,3 

Option 16 = 0 

Option 17 = 2 

Option 18 = 2 

Vee pin - no option available 

L3 same as L7 

L2 same as L7 

L1 same as L7 

LO same as L7 

51 has load device to Vee 

SO has push-pull output 

SK has push-pull output 

Option 19 = O' INO has load device to Vec 

Option 20 = 0 (402) IN3 has load device to Vee 
= 1 (402M) Hi Z 

Option 21 = 0 

Option 22 = 0 

Option 23 = 0 

Option 24 = 0 

Option 25 = 0 

Option 26 = 0 

Option 27 = 0 

Option 28 = 0 

Option 29 = 0 (402) 
= 1 (402M) 

Option 30 = N/A 

GO has standard output 

G1 same as GO 

G2 same as GO 

G3 same as GO 

03 has standard output 

02 same as 03 

01 same as 03 

00 same as-03 

normal operation 
MICROBUSTM operation 

40-pin package 
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a Semiconductor 

COP404lCOP304 ROMless N·Channel Microcontrollers 

General Description 
The COP404/COP304 ROM less N·Channel Microcontrol· 
lers are members of the COPSTM family, fabricated 
using N·channel, silicon gate MOS technology. Each 
microcontroller contains all system timing, internal 
logic, RAM and I/O necessary to implement dedicated 
control functions in a variety of applications, and is 
identical to the COP440/COP340 devices, except that 
the ROM has been removed; pins have been added to 
output the ROM address and to input ROM data. In a 
system, the COP404 will perform exactly as the 
COP440; this important benefit facilitates development 
and debug ,of a COP440 program prior to masking the 
final part. Features include single supply operation, 
various output configurations, and an instruction set, 
internal architecture, and I/O scheme designed to 
facilitate keyboard input, display output and data 
manipulation. Standard test procedures and reliable 
high·density fabrication techniques provide the medium 
to large volume customers with a controller·oriented 
processor at a low end·product cost. COP304 is an 
exact functional equivalent version of COP404, but with 
an extended temperature range (-40°C to +85°C). 

TRt·STATE is a registered trademark of National Semiconductor Corp. 

Features 
• Exact circuit equivalent of COP440 
• Standard 48·pin dual·in·line package 
• Interfaces with standard PROM or ROM 
• Enhanced, more powerful instruction set 
• 160 x 4 RAM, addresses up to 2k x 8 ROM 
• MICROBUSTM compatible 
• Zero·crossing detect circuitry with hysterisis 
• True multi·vectored interrupt from four selectable 

sources (plus restart) 
• Four·level subroutine stack (in RAM) 
• 41's cycle time 
• Single supply operation (4.5V-6.3V) 
• Programmable time·base counter for real·time 

processing . 
• Internal binary counter/register with MICROWIRETM 

compatible seri<;ll I/O ' 
• General purpose and TRI·STATE® outputs 
• TTL/CMOS compatible in and out 
• Software/hardware compatible with other members 

of COP400 family 
• Extended temperature range device COP304 

(-40°C to +85°C) 
• Compatible dual CPU device available 

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

INa --2l..-H~-+-+--
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FUNCTION 
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Figure 1. COP404 Block Diagram 
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COP404 
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 O·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 90mA 

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'" TA '" + 70·C, 4.5V '" Vee'" 6.3V unless otherwise noted. 

Parameter Conditions Min. Max_ 

Operating Voltage (Vee) Note 3 4.5 6.3 

Power Supply Ripple (peak to peak) 0.4 

Operating Supply Current (All inputs and outputs open) 
TA=O·C 44 
TA=25·C 37 
TA=70·C 30 

VR RAM Power Supply Current VR=3.3V 3 

Input Voltage Levels 
CKI Input Levels (';'16) 

Logic High (VIH) Vee = Max., 2.5 
Logic High (VI H) Vee=5V±5% 2.0 
Logic Low (Vld -0.3 0.4 

RESET Input Levels (Schmitt Trigger Input) 
Logic High 0.7Vee .. -0.3 0.6 ........ ~ ..... _ ...... 

Zero-Crossing Detect Input (IN1) Zero-Crossing Interrupt 
Input; INIL Instruction 

Trip Point -0.15 0.15 
Logic High (VIH) Limit 12 
Logic Low (Vld Limit -0.8 

IN1 
Logic High Interrupt Input; 

ININ Instruction; 3.0 
Logic Low MICROBUSTM Input -0.3 0.8 

All Other Inputs 
Logic High Vee = Max. 2.5 
Logic High Vee=5V±5% 2.0 
Logic Low -0.3 0.8 

IN1 Input Resistance to Ground VIH=1.0V 1.5 4.6 

Input Load Source Current VIH = 2.0V, Vee = 4.5V 14 230 

Input Capacitance 7.0 

Hi-Z Input Leakage -1.0 +1.0 
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COP404 
DC Electrical Characteristics (Cont'd) 

Parameter Conditions Min. Max. Units 

Output Voltage Levels 
Standard Output 

TTL Operation 
Logic High (VoH) IOH = - 1OO IlA 2.4 V 
Logic Low (VoLl IOL= 1.6mA 0.4 V 

CMOS Operation 
Logic High (VOH) IOH = - 1O I'A Vee -0.4 V 
Logic Low (VoLl IOL= 1OI'A 0.2 V 

TRI·STATE~ Output 
TTL Operation 

Logic High (VoH) IOH = - 1OO IlA 2.4 V 
Logic Low {VoLl IOL=1.6mA 0.4 V 

CMOS Operation 33kQ~ RL~4.7kQ 

Logic High (VOH) IOH= - 1OI'A Vee- 0.5 V 
Logic Low (VoLl IOL=1.6mA 0.4 V 

Output Current Levels 
Standard Output Source Current Vee = 4.5V, VOH = 2.4V -100 -650 I'A 
TRI'STATE Output Leakage Current -2.5 +2.5 I'A 

Total Sink Current Allowed 
All 1/0 Combined 90 mA 

Each L, R Port 20 rnA 
Each D, G, H Port 10 mA 
SO,SK 2.5 mA 
IP 1.8 mA 

Total Source Current Allowed Note 4 
All 1/0 Combined 150 rnA 

L Port 120 rnA 
L7-l.,j 70 rnA 
L3-La 70 rnA-
Each L Pin 23 rnA 
All Other Output Pins 1.6 rnA 

I 

I 
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COP304 
Absolute Maximum Rating.s 
Voltage at Zero·Crosslng Detect Pin 

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

Total Source Current 
Total Sink Current 

-1.2Vto +15V 
-0.5Vto +7V 

-40·C to +85·C 
-65·C to +150·C 

300·C 
0.75 Watt at 25·C 

0.25 Watt at 85·C 
150mA 
90mA 

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

DC Electrical Characteristics -40·C';; TA.;; +85·C, 4.5V';; Vee';; 5.5V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

Operating Voltage (Vecl 

Power Supply Ripple 

Operating Supply Current 

VR RAM Power Supply Current 

Input Voltage Levels 
CKI Input Levels (+16) 

Logic High (VIH) 
Logic Low (VILl 

RESET Input Levels 
Logic High 
Logic Low 

..,_~_ ,.. ____ ! __ r"\_"' __ '" 1 __ ..... II~I \ 

Trip Point 
Logic High (VIH) Limit 
Logic Low (VILl Limit 

Logic High 

Logic Low 
All Other Inputs 

Logic High 
Logic Low 

IN1 Input Resistance to Ground 

Input Load Source Current 

Input Capacitance 

Hi·Z Input Leakage 

Note 3 

(peak to peak) 

(All inputs and outputs open) 
TA=-40·C 
TA=25·C 
TA=85·C 

VR=3.3V 

(Schmitt Trigger Input) 

--'- - -
Input; INIL Instruction 

Interrupt Input; 
ININ Instruction; 
MICROBUSTM Input 

VIH=1.0V 

VIH=2.0V, Vee=4.5V 
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4.5 

2.2 
-0.3 

0.7 Vee 
-0.3 

-0.15 

-0.8 

3.3 
-0.3 

2.2 
-0.3 

1.4 

14 

-2.0 

5.5 

0.4 

57 
37 
29 

4 

0.3 

0.4 

0.15 
12 

0.6 

0.6 

4.6 

230 
7.0 

+2.0 
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mA 
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COP304 
DC Electrical Characteristics (Cont'd) 

Parameter Conditions 

Output Voltage Levels 
Standard Output 

TTL Operation 
Logic High (VOH) IOH = -100"A 
Logic Low (VoLl IOL=1.6mA 

CMOS Operation 
Logic High (VOH) IOH = -10"A 
Logic Low (VoLl IOL=10"A 

TRI·STATE~ Output 
TTL Operation 

Logic High (VoH) IOH = -100"A 
Logic Low (VoLl IOL=1.6mA 

CMOS Operation 33kQ~RL~4.7kQ 
Logic High (VoH) IOH= -10"A 
Logic Low (VoLl IOL=1.6mA 

Output Current Levels 

Standard Output Source Current Vee = 4.5V, VOH = 2.4V 

TRI·STATE Output Leakage Current 

Total Sink Current Allowed 
All 110 Combined 

Each L, R Port 
Ea.ch D, G, H Port 
SO,SK 
IP 

Total Source Current Allowed Note 4 
All I/O Combined 
" L Port 
L7-~ 
La-La 
Each L Pin 
All Other Output Pins 
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Min. Max. Units 

2.4 V 
0.4 V 

Vee- 0.5 V 
0.2 V 

2.2 V 
0.4 V 

Vec- 0.7 V 
0.4 V 

-100 -800 "A 
-5.0 +5.0 "A 

75 mA 
20 mA 
10 mA 
2.5 mA 
1.8 mA 

150 mA 
120 mA 
70 mA 
70 mA 
23 mA 
1.6 rnA 

\ 



AC Electrical Characteristics 
COP404: o·c ~ TA ~ + 70·C, 4.5 V ~ Vee ~ 6.3 V unless otherwise noted. 
COP304: -40·C ~ TA ~ +B5·C, 4.5V ~ Vee ~ 5.5V unless otherwise noted. 

Parameter 

Instruction Cycle Time - tE 

CKI Frequency 
Duty Cycle (Note 1) 
Rise Time 
Fall Time 

INPUTS: (Figure 3) 

SI 
tSETUP 
tHOLD 

IP 
tSETUP 
tHOLD 
tHOLD 

All Other Inputs 
tSETUP 
tHOLD 

OUTPUT PROPAGATION DELAY 

IP 
tpd1A, tpdQA 

, tpd 1 B, tpdQB 

DCK 
tpd1, tpdQ 

ADIDATA 
tpd1, tpdQ 

SO,SK 
tpd10 tpdQ 

All Other Outputs 

MICROBUSTM TIMING 

Read Operation 
Chip Select Stable Before RD-tesR 
\,;nlp ::ieleet NOlO lime Tor nU-IReS 
RD Pulse Width-tRR 
Data Delay from RD-tRO 
RD to Data Floating-toF 

Write Operation 
Chip Select Stable Before WR-tesw 
Chip Select Hold Time for WR-twes 
WR Pulse Width-tww 
Data Set·Up Time for WR-tow 
Data Hold Time for WR-two 
INTR Transition Time from WR-twi 

Note 1: Duty Cycle = tWI/(tWI + two). 

Conditions 

+16 mode 
fl=4MHz 
f l =4MHz 
fl=4MHz 

From AD/DATA rising edge 

Test Condition: 
CL=50pF, VOUT= 1.5V 

RL=2.4kQ 

RL=5.0kQ 

CL=100pF, Vee=5V±5% 
TRI-STATE~ outputs 

Note 2: See Figure for additional 110 Characteristics. 

Min. 

4.0 

1.6 
30 

0.3 
300 

0.25 
250 
0 

1.7 
300 

65 
--

400 

65 
20 
400 
320 
100 

Note 3: Vee voltage change must be less than 0.5 V In a 1 ms period to maintain proper operation. 

Max. Units 

10 !Is 

4.0 MHz 
60 % 
60 ns 
40 ns 

!IS 
ns 

!IS 
ns 
ns 

!Is 
ns 

1.94 !IS 
0.94 j./S 

375 ns 

300 ns 

1.0 !Is 

1.4 !IS 

ns 

ns 
375 ns 
250 ns 

ns 
ns 
ns 
ns 
ns 

700 ns 

Note 4: Exercise great care not- to exceed maximum device power dissipation limits when direct-driving LEOs (or sourcing similar 
loads) at high temperature. 
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IP1 48 IP2 

IPO 47 IP3 

VRAM 46 IP4 
CKI 45 IP5 

CKDI 44 IP6 
RESET 43 1P7 

R7 42 AD/DATA 
R6 41 DCK 

R5 40 H3 

R4 10 39 H2 

R3 11 38 H1 

R2 12 37 HO 

R1 13 
COP404/304 

36 G3 

RO 14 35 G2 

L7 15 34 G1 

L6 16 33 GO 
L5 17 32 IN3 

l4 18 31 INO 

IN1 19 3D SK 

IN2 20 29 SO 

VCC 21. 28 SI 

13 22 27 GND 

L2 23 26 LO 
MB 24 25 L1 

Figure 2. Connection Diagram 

Order Number COP404N, COP304N 
NS Package N48A 

Timing Diagram 

CKI 

SKAS 
ACLDCK 

IN1ZERO- -=======~ CROSSINGOPTIDN _ 

ALL OTHER 
INPUTS ____ -'= 

.OK 

All OTHER 
OUTPUTS 

Pin 

L7-Lo 

G3 -Go 

IN3-INo 

H3- HO 

R7- RO 

SI 

SO 

SK 

CKI 

CKOI 

VRAM 

MB 

DCK 

ADIDATA 

IP1- IPo 

RESET 

Vee 
GND 

Description 

B·bit bidirectional TRI·STATE® I/O port 

4·bit bidirectional I/O port 

4·bit general purpose input port 

4·bit bidirectional I/O port 

B·bit bidirectional TRI·STATE I/O port 

Serial input 

Serial output (or general purpose output) 

Logic·controlled clock (or general 
purpose output) 

System oscillator input 

General purpose input 

Power supply to first 4 registers of RAM 

MICROBUSTM function select 

Clock output to latch D outputs and high 
order address bits 

Address out/data in flag 

B·bit bidirectional port for ROM address, 
ROM data and D outputs 

System reset input 

Power Supply 

Ground 

Figure 3. Input/Output Timing Diagrams (+16 Mode) 
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Flmctlonal Description 
The COP404 is a ROM less microcontroller for emulating 
the COP440 or for stand-alone applications_ Please refer 
to the COP440 description for detail functional descrip
tion_ The following describes functions that are unique 
to the COP404 or are different from those in COP440_ All 
references to COP404 also apply to COP304_ Figures 1 
and 2 show the COP404 block diagram and pin-out. 

Program fvlemory 

Program memory consists of 2048 bytes of external 
memory (on-chip in the COP440) that can be accessed 
through the IP port. See External Memory Interface 
below_ 

D PorI 

The D3-DO outputs are missing from this 48-pin package, 
but may be recovered through the IP port (see External 
Memory Interface below)_ Note that the recovered signals 
Ilave the same timing but different output drive capability 
as those from·the COP440 (see D Port Characteristics 
below)_ 

rlfilCROBUSTM and Zero-Crossing 
Deiect Input Option 

Tile MICROBUS compatible I/O, selected by a mask 
option on the COP440, is selected by tying the MB pin 
directiy to ground. When the MICROBUS compatible I/O 
is not desired, the MB pin should be tied to Vce- Note that 
none of the IN inputs are Hi-Z_ Since zero-crossing detect 
input (used by INIL instruction and zero-crossing inter
rupt feature) is chosen for IN1, the IN1 input "1" level for 
ININ instruction, IN1 interrupt, and MICROBUS input is 
3V. Even though the MICROBUS option and zero-cross
ing detector option appear on the COP404, they are 
mutually exclusive on the COP440_ 

CKI is an external clock input signal. The clock fre
quency is divided by 16 to give the execution frequency_ 

c[m Pin Options 

Two diiferent CKO functions of the COP440 are avail
able on the COP404_ VRAM supplies power to the lower 
four registers of RAM, and CKOI is an interrupt input or 
a general purpose input, reading into bit 2 of A (accumu
lator) through the INIL instruction_ 

External Memory Interface 

The COP404 is designed for use with an external pro
gram memory_ This memory may be implemented using 
any devices having the following characteristics: 
1. Random addressi ng 
2. TTL-compatible TRI-STATE® outputs 
3_ TTL-compatible inputs 
4_ Access time = 450 ns maximum 

Typically these requirements are met using bipolar or 
MOS PROMs. 
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Figure 3 shows the timings for IP port and the external 
memory interface clocks- DCK and AD/DATA. While 
DCK is low, the upper three address bits, P10-P8, of the 
next instruction to be executed appear at IP2-IPO 
respectively; D3-DO appear at IP7-IP4 and IP3 contains 
the SKIP output used by the COPSTM Program Develop· 
ment System (PDS). The rising edge of DCK clocks these 
data into D flip·flops, e_g., 74LS374. The timing of D port 
data is then the same for COP404 and COP440. After 
DCK has risen to a "1" level, the remaining address bits 
(P7-PO) appear at IP7-IPO_ The falling edge of AD/DATA 
latches these data into flow-through latches, e.g., 
74LS373. The latched addresses provide the inputs to 
the external memory. When ADIDATA goes low, the IP 
outputs are disabled and the IP lines become program 
memory inputs from the external memory. Note that 
DCK has a duty cycle of about 50% and ADIDATA has a 
duty cycle of about 75%. Figure 4 shows how to emulate 
the COP440 using a COP404 and an EPROM as the exter
nal memory. 

1/0 Options 

All inputs except IN1 and CKI have on-Chip depletion 
load devices to Vee. IN1 has a resistive load to GND due 
to the zero-crossing input. CKI is a Hi·Z input. 

G and H ports have standard outputs. Land R ports 
have TRI·STATE outputs. IP port, DCK, ADIDATA, SO 
and SK have push-pull outputs. 

LED Drive 

The TRI-STATE outputs of L port may be used to drive 
the segments of an LED display. External current limit
ing resistors of 100 ohms must be connected between 
the L outputs and the LED segments. 

D Port Characteristics 

Since the D port is recovered through an external latch, 
the output drive is that OT tne latcn and not tnat or 
COP440. Using the set-up as shown in Figure 4, at an 
output "0" level of O.4V, the 74LS374 may sink 10 times 
as much current as the COP440. At an output "1" level 
of 2.4 V, the 74LS374 may source 10 times as much 
current as the COP440. On the other hand, the output 
"1" level of 74LS374 latch does not go to Vee without an 
external pull-up resistor. In order to better approximate 
the COP440 output characteristics, add a 74C906 buffer 
to the output of the 74LS374, thus emulating an open 
drain D output. A pull·up resistor of 10k should be added 
to the input of the buffer. To emulate the standard 
output, add a pull·up resistor between 2.7k and 15k to 
the output of the 74C906. 
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COP440 
PINOUT 

20 
19 

18 

17 
1ti 

GNO 

DO 

1 

D1 

OJ 

15 ,~ H3 

H2 

HI 

HO 

G3 

G2 

14 ,~ 

13 ~ 

12 ,-2!.. 
11 :~ 
10 .~ 

----li 
,----11 

Gl 

GO 

1N3 

INO 

SK 

so 

:---1.!. 
,-21 
2 
,---'1 
,.......!! 
,.......!! LO 

11 -2!. 
40 Vee -,ll 

,-flJ. 39 l2 

:-fl1. 38 L3 

37 IN2 

36 IN1 

35 l4 

34 L5 

33 L6 

32 L7 

31 RD 

3D R1 

29 R2 

28 R3 

27 R4 

26 RS 

25 R6 

24 R7 

23 RESET 

22 CKI 

-.!!- CKD 
COP440 
PINOUT 

-~ 
-r!!-
-~ 

j-!l. 

r!!-
f1i 
fl!. 
~ 
-~ 
-t-!!-
-fl2. 
-f-l 
-fo-! 
-t-l 
-fo-! 
-...!. 

" ONO 43 18 J 1P7 DB 08 16 
44 17 

1P6 14 
07 07"'-;---

45 
1P5 06 06 -;;--

.6 13 

IP' 8 
05 05,=--

47 D4DM74lS374046SKIP 
'P3 7 4B 19 
IP2 03 03 A10 

1 • 5 " 'PI D1 D1 
2 

A9 
2 3 23 

,PO 01 01 A8 
41 11 

oeK CLOCK 
00 GND vee 

1 10 2D ~ VPP 
24 

Vee 
12 

Vss 
42 2D 

AD/DATA 

I 
OE 

1 10 2D MM2716 
COP404 00 GNO Vee 11 1B 

[£ CE 

~ 19 1 
DB 08 A7 

~ 16 2 
A6 07 07 

~ 
15 3 

A5 

~ 
06 OM74LS373 06 12 • 05 05 A4 

8 9 5 
A3 04 D. 

7 
03 03 

6 6 
A2 

• 5 7 
AI D1 02 

3 2 8 
01 01 AD 

07 06 (15 04 Q3 02 01 00 

1171''1''1'' 
1311 I. 9 

2. 47kQ 
MlI 6 vee 

eKOI VRAM ~ 

\f\' 
- MICROBUS FUNCTION OPTION SELECT GNO 

eKD FUNCTION 
OPTION SELECT 

Figure 4. COP204 Used to Emulate a COP440 
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COP404 Mask Options 

The following COP4400ptions have been implemented in 
the COP404. 

Option Value Comment 

Option 1- 2=3 L outputs are TRI·STATE® 
Option 3 =0 SI has load to Vee 
Option 4 =2 SO is push-pull output 
Option 5 =2 SK is push·pull output 
Option 6 =0 INO has load to Vee 
Option 7 =0 IN3 has load to Vee 
Option 8-11 = 0 G outputs are standard 
Option 12-15= 0 H outputs are standard 
Option 16-19=N/A D outputs are derived from 

external latch, see Figure 4 
Option 20 =N/A GND-Nooption 
Option 21 = 1,2 CKO is replaced by VRAM and 

CKOI 
Option 22 =0 CKI is input clock divided by 16 
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Option 23 =0 
Option 24-31 = 3 
Option 32-35= 3 
Option 36 = 2 
Option 37 =0 
Option 38-39= 3 
Option 40 = N/A 
Option 41 =0,1 

RESET has load to Vee 
R outputs are TRI-STATE 
L outputs are TRI·STATE 
IN1 is zero-crossing detect input 
IN2 has load to Vee 
L outputs are TRI·STATE 
Vee - No option available 
MICROBUSTM option is pin 
selectable 

Option 42-48= 0 Inputs have standard TTL levels 
Option 49 = N/A No option available 
Option 50 = N/A 48·pin package 
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..... 
~ ~National 
~ a Semiconductor 
~ 
~ COP404L/COP304L ROMless N-Channel Microcontrollers 
o 
(.) General Description Features 

The COP404L ROMless Mlcrocontrolier Is a member of 
the COPSTM family, fabricated using N-channel, silicon 
gate MOS technology. The COP404L contains CPU, RAM, 
1/0 and Is Identical to a COP444L device except the ROM 
has been removed and pins have been added to output 
the ROM address and to Input the ROM data. In a system 
the COP404L will perform exactly as the COP444L. This 
Important benefit facilitates development and debug 
of a COP program prior to masking the final part. The 
COP404L is also appropriate In low volume applications, 
or when the program might be changing. The COP404L 
may be used toemulatetheCOP444L, COP445L, COP420L; 
and the COP421 L. 

The COP304L Is an exact functional equivalent of the 
COP404L, but with extended temperature range. 

cops and MICROWIRE are trademarks of National Semiconductor Corp. 

IP, 
IP, 
IP, 
IP, 
IP, 
IP, 
IP, 
IP, 

Po 
P'~----'~-----' 

SKIP/P10 

AD/DATA 

• Exact circuit equivalent of COP444L 

• Low cost 
• Powerful Instruction set 
• 128 x 4 RAM, addresses 2048 x 8 ROM 
• True vectored interrupt, plus restart 
• Three-level subroutine stack 
• 151-'s Instruction time 
• Single supply operation (4.5-9.5V) 
• Low current drain (16mA max.) 
• Internal time-base counter for real-time processing 
• Internal binary counter register with MICROWIRETM 

compatible serial 1/0 
• General purpose outputs 
• LSTTLICMOS compatible in and out 
• Direct drive of LED digit and segment lines 
I; Softwarelhardware compatible with other members 

of COP400 family 
• Extended temperature range (-40°C to +85°C) 

device COP304L 

0, 

0. 

"I 1.=:::::::::;:;::::::;1--"- so I MICROWIRE 110 

S1 

G,· 
G, 

Gl 

Go 

11 12 13 14 18 19 20 21 

CKO 
(CDP404LP ONLY) 

27 16 15 26 
IN) IN2 INI INO 

Figure 1. COP404L Block Diagram 
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COP404L 
Absolute Maximum Ratings 
Voltage at Any Pin Relative to GND -0.5V to +10V 
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 CUrr6:1t 120mA 
Total Sink Current 140mA 

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"; TA .,; +70°C, 4.5V"; Vee"; 9.5V unless otherwise noted. 

Parameter Conditions Min. Max. 

Operating Voltage (Vee) (Note 2) 4.5 9.5 

Power Supply Ripple peak to peak 0.5 

Operati ng Supply Current all inputs and outputs open 16 

Input Voltage Levels 
CKI Input Levels 

Crystal Input 
Logic High (V1H) 2.0 
Logic Low (VILl -0.3 0.4 

RESET Input Levels Schmitt Trigger Input 
Logic High 0.7Vec 
Logic Low -0.3 0.6 

IPO-IP7, SI Input Levels 
Logic High Vee=9.5V 2.4 
Logic High Vee=5V±5% 2.0 
Logic Low -0.3 O.B 

All Other Inputs 
I nnir. Hinh hinh trin Ipvp.1 nnfinn!=; ::l.n 

Logic Low selected -0.3 1.2 

Input Capacitance 7 

Output Voltage Levels 

LSTTL Operation Vee=5V±5% 
Logic High (VoH) IOH = - 25 f'A 2.7 
Logic Low (VoLl IOL=0.36mA 0.4 

IPO-IP7, PB, P9, SKIP/P10 (Note 1) 
Logic High (COP404LS only) 10H =-1OO f'A 2.4 
Logic Low IOL=1.6mA 0.4 

Output Current Levels 
Output Sink Current 

SO and SK Outputs (loll Vee = 9.5V, VOL = 0.4V 1.B 
Vee = 4.5V, VOL = O.4V 0.9 

Lo-L7 Outputs Vec = 9.5V, VOL = O.4V O.B 
Vec = 4.5V, VOL = O.4V 0.4 

GO-G3 and Do-D3 Outputs Vce = 9.5V, VOL = 1.0V 30 
Vee = 4.5V, VOL = 1.0V 15 

CKO (COP404LS) Vee = 4.5V, VOL = O.4V 0.2 
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COP404L 
DC Electrical Characteristics (continued) O°C" TA" +70°C, 4.5V" Vec" 9.5V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

Output Source Current: 

00-03, Go-G3 Outputs (IOH) Vee = 9.5V, VOH = 2.0V -140 -800 IlA 
Vce = 4.5V, VOH = 2.0V -30 -250 IlA 

SO and SK Outputs (lOH) Vee =9.5V, VOH = 4.75V -1.4 rnA 
Vee = 4.5V, VOH = 1.0V -1.2 rnA 

Lo- L7 Outputs Vce = 9.5V, VOH = 2.0V -3.0 -35 rnA 
Vee = 6.0V, VOH = 2.0V -3.0 -25 rnA 

Input Load Source Current (lid Vee = 5.0V, VIL = OV -10 -140 IlA 

Total Sink Current Allowed 
All Outputs Combined 140 rnA 
0, G Ports 120 rnA 

L7-~ 4 rnA 

L3-Lo 4 rnA 
All Other Pins 1.8 rnA 

Total Source Current Allowed 
All 1/0 Combined 120 rnA 

LrL4 60 rnA 

L3-Lo 60 rnA 
Each L Pin 30 rnA 
All Other Pins 1.5 rnA 
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COP304L 
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 0.75 Watt at 25°C 

0.25 Watt at 85°C 
Total Source Current 120mA 
Total Sink Current 140mA 

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 ~ Vee ~ 7.5V unless otherwise noted. 

Parameter 

ulJ""i:1iiIlY 'v'uiii:1yt:: i'v'eel 

Power Supply Ripple 

Operating Supply Current 

Input Voltage Levels 
CKI Input Levels 

Crystal Input 
Logic High (V'H) 
Logic Low (V,Ll 

RESET Input Levels 
Logic High 
Logic Low 

IPO-IP7, SI Input Levels 
Logic High 
Logic High 
Logic Low 

.. Of _ .. L.., __ I __ •• .L_ .... -_ .......... ---... 
Logic High 
Logic Low 

Input Capacitance 

Output Voltage Levels 
LSTTL Operation 

Logic High (VOH) 
Logic Low (VoLl 

IPO·IP7, P8, P9,SKIPIP10 
Logic High 
Logic Low 

Output Current Levels 
Output Sink Current 

SO and SK Outputs (loll 

Lo- L7 Outputs 

GO-G3 and Do-D3 Outputs 

CKO (COP404LS) 

Conditions 

ii'ute 2) 

peak to peak 

all Inputs and outputs open 

Schmitt Trigger Input 

Vee = 7.5V 
Vee=5V±5% 

high trip level options 
selected 

Vee=5V±5% 
IOH =-20I'A 
IOL=0.36mA 

RL=5.6kQ (Note 1) 
IOH =-100I'A 
IOL=1.6mA 

Vee = 7.5V, VOL = O.4V 
Vee = 4.5V, VOL = O.4V 

Vee = 7.5V, VOL = O.4V 
Vee = 4.5V, VOL = 0.4V 

Vee = 7.5V, VOL = 1.0V 
Vee = 4.5V, VOL = 1.0V 
Vee = 4.5V, VOL = O.4V 
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Min. Max. 

4.5 7.5 

0.5 

21 

2.2 
-0.3 0.3 

0.7 Vee 
-0.3 0.4 

2.4 
2.2 

-0.3 0.6 

3.6 
-0.3 1.2 

7 

2.7 
0.4 

2.4 
0.4 

1.4 
0.8 

0.6 
0.4 

24 
14 
0.2 

Units 

V 

V 

mA 

V 
V 

V 
V 

V 
V 
V 

& 
V c 
V 

pF 

V 
V 

V 
V 

mA 
mA 

mA 
mA 

mA 
mA 
mA 



COP304L 
DC Electrical Characteristics (continued) -40°C" TA " +85°C, 4.5V" Vcc " 7.5V unless otherwise noted. 

Parameter Conditions Min. 

Output Source Current: 

Do-Da, Go-Ga Outputs (lOH) Vce = 7.5V, VOH = 2.0V -100 
Vce = 4.5V, VOH = 2.0V -28 

SO and SK Outputs (IOH) Vee = 7.5V, VOH = 3.75V -0.85 
Vee = 4.5V, VOH = 1.0V -1.2 

Lo- L7 Outputs Vee '= 7.5V, VOH = 2.0V -2.7 
Vee = 6.0V, VOH = 2.0V -2.7 

Input Load Source Current (11Ll Vee = 5.0V, VIL = OV -10 

Total Sink Current Allowed 
All ()utputs Combined 
0, G Ports 

LrL4 

La-Lo 
All Other Pins 

Total Source Current Allowed 
All 1/0 Combined 
L7- L4 

La-La 
Each L Pin 
All Other Pins 

COP404L1COP304L 
AC E;lectrical Ctlaracteristics 

C'QP404L: O°C" TA " +70°C, 4.5V" Vee" 9.5V unless otherwise specified. 
COP304L: -40°C" TA " +85°C, 4.5V " 7.5V unless otherwise specified 

Parameter Conditions Min. 

Instruction Cycle Time 15 

CKI 
Input Frequency fl (+32 mode) 0.8 
Duty Cycle 30 
Rise Time 

fl = 2.097 MHz Fall Time 

INPUTS: 

81,IP7-IPO -
tSETUP 
tHOLD 

INa-INo, Ga-Go, L7-Lo 
tSETUP 
t HOLD 

OUTPUT PROPAGATION DELAY Test condition: 
CL=50pF, VOUT·=1.5V· 

SO, SK Outputs RL=20kQ 
tpd1, tpdO 

Da-Do, Ga-Go, L7-Lo RL=20kQ 
tpd1, tpdO 

IP7-IPO, P8, P9, SKIP RL=5kQ 
tpd1, tpdO 

P10 
tpd1, tpdo RL=5kQ 

Note 1: Pull-up resistors required on COP404LP only; COP404LS has Push·Pull drivers on these outputs. 

Note 2: Vee voltage change must be less than O.5V in a 1 ms period to maintain proper operation. 
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Max. Units 

-900 Jl.A 
-350 Jl.A 

mA 
mA 

-54 mA 
-34 mA 

-200 Jl.A 

140 mA 
120 mA 
4 mA 
4 mA 

1.8 mA 

120 mA 
60 mA 
60 mA 
30 mA 
1.5 mA 

Max. Units 

40 Jl.S 

2.1 MHz 
60 % 
120 ns 
80 ns 

2.0 Jl.S 
1.0 Jl.s 

8.0 Jl.s 
1.3 Jl.S 

4.0 Jl.s 

5.6 Jl.s 

7.2 Jl.S 

6.0 Jl.s 



Pin 

L7-Lo 

G3- GO 

03- 00 

IN3-INo 

SI 

SO 

SK 

AD/DATA 

CKI 

AD/DATA, SK 
(AS A CLOCK) 

INO·IN3, Go-G3, 
Lo-L1, CKo. SI 
IPO-IP7 INPUTS 

GO-G3, 00-03, 
Lo·L7, SO, SI 
OUTPUTS 

SKIP/P10 
OUTPUT 

IPO-IP7, PB, pg 
OUTPUTS 

CKO 40 DO 

CKI 39 01 

IP4 02 

RESET 03 

IP3 IP5 

IP2 P8 

IPI P9 

IPo AD/DATA 

IP1 SKIP/Plo 

1P6 eOP404lP G3 
eOP404lS 

11 11 G2 

l6 12 Gl 

l5 13 GO 

l4 14 IN] 

INI 15 INo 

IN2 16 SK 

Vce 11 SO 

l3 18 SI 

l2 19 22 GNO 

II 20 21 LO 

Figure 2. Connection Diagram 

Order Number COP404UN, COP304UN 
NS Package N40A 

Description Pin Description 

8 bidirectional I/O ports with CKI System oscillator input 
TRI-STATE~ CKO General purpose Input (COP404LP) 
4 bidirectional I/O ports System oscillator output (COP404LS) 

4 general purpose outputs ~ System reset input 

4 general purpose inputs Vee Power supply 

Serial input (or counter Input) GND Ground 

Serial output (or general purpose output) 
IP7-IPO 8 bidirectional ROM address and data 

ports 
Logic-controlled clock (or general P8, P9 2 ROM address outputs 
ntJrnO!=lA nlltnllt\ ;;:'r\..,...',....IV m~HUC1l0n SKIp OUIPUI ana mosl 
Address out/data In flag significant ROM address bit output 

-I I---Ipdl ~ ~t,do I __ ~ 
~ YOH IC!Ol· 1IIIIIII//I 
I !-IsETUP--+_IHolO--! ________ >&W: 

I r~=I~I~~H~I--~~~ 
I-~ 

~~~~~l __ ~(P1~O~) ______ ~~~V~Ol~~ __________ ~~,~H 
1-1-_IPdl'--';'~;;;;I... __ ------- - ~ YOL 

YOH (SKIP) 
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Functional Description 
A block diagram of the COP404L 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 COP404L also apply to 
the COP304L. 

Program Memory 

Program Memory consists of a 2048 byte external memo 
ory. As can be seen by an examination of the COP404L 
instruction set, these words may be program instruc· 
tions, program data or ROM addressing data. Because of 
the special characteristics associated with the JP, JSRP, 
JID and LaiD instructions, ROM must often be thought 
of as being organized into 32 pages of 64 words each. 

ROM addressing is accomplished by a 11·bit PC register. 
Its binary value selects one of the 2048 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. Three levels of subroutine nesting are imple· 
mented by the 11·bit subroutine saves registers, SA, SB, 
and SC, providing a last·in, first·out (LIFO) hardware 
subroutine stack. 

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

Data Memory 

Data memory consists of a 512·bit RAM, organized as 8 
data registers of 16 4·bit digits. RAM addressing is im· 
plemented by a 7·bit B register whose upper 3 bits (Br) 
select 1 of 8 data registers and lower 4 bits (Bd) select 1 
of 16 4·bit digits in the selected data register. While the 
4·bit contents of the selected RAM digit (M) is usually 
loaded into or from, or exchanged with, the A register 
(accumulator), it may also be loaded. into or from the a 
latches or loaded from the L ports. RAM addressing may 
also be performed directly by the LDD and XAD instruc· 
tions 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. 

Internal Logic 

The 4·bit A register (accumulator) is the source and 
destination register for most I/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 a 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, 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 
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cycle time. (See XAS instruction and EN register des· 
cription, below.) 

Four general·purpose inputs, INa-INo, are provided. 

The D register provides 4 general·purpose outputs and 
is used as the destination register for the 4·bit contents 
of Bd. The D outputs can be directly connected to the 
digits of a multiplexed LED display. 

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

The a register is an internal,latched, 8·bit register, used 
to hold data loaded to or from M and A, as well as 8·bit 
data from ROM. Its contents are output to the L I/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 a 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 a 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/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 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 - ENo). 

1. 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 ENo set, SIO is an 
asynchronous binary counter, decrementing its value 
by one upon each low·going pulse ("1" to "0") ocur· 
ring on the SI input. Each pulse must be at least two 
instruction cycles wide. SK outputs the value of SKL. 
The SO output is equal to the value of EN3. With ENo 
reset, SIO is a serial shift register shifting left each 
instruction cycle time. The data present at 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 be· 
comes a logic·controlled clock. 

2. With EN1 set the IN1 input is enabled as an interrupt 
input. Immediately following an interrupt, EN1 is 
reset to disable further interrupts. . 

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



4. EN3, in canjunctian with ENo, affects the SO autput. 
With ENo set (binary caunter aptian selected) SO will 
autput the value laaded into. EN3' With ENo reset 
(serial shift register aptian selected), setting EN3 
enables SO as the autput af the SIO shift register, 
autputting serial shifted data each instructian time. 
Resetting EN3 with the serial shift register aptian 
selected disables SO as the shift ,register autput; 
data cantinues to. be shifted through SIO and can be 
exchanged with A via an XAS instructian but SO reo 
mains reset to. "0." The table belaw pravides a sum
mary af the mades assQciated with EN3 and ENo. 

Interrupt 

Thefallawing features are assaciated with the IN1 
interrupt pracedure and pratacal and must be cansi
dered by the programmer when utilizing interrupts. 

a. The interrupt, ance ac'knawledged as explained 
belaw, pushes the next sequential pragram caunter 
address (PC + 1) anta the stack, pushing in turn the 
c;ulli.mi::; oi iil~ oiil~r ,;uiJrouiine-save registers to tne 
next lawer level (PC + 1 - SA - SB - SC). Any 
previaus cantents af SC are last. The pragram 
caunter .is set to. hex address OFF (the last ward af 
page 3) and EN1 is reset. 

b.An interrupt will be acknawledged anly after the fal
lawingcanditians are met: 
1. EN1 has been set. 

2. A law-gaing pulse ("1" to. "0") at least twa in
structian cycles wide occurs an the IN1 input. 

3. A currently executing instructian has been 
.campleted. 

4. All successive transfer af cantral instructians 
ahd successive LBls have been campleted (e.g., 
if the main pragram is executing a JP instruc
tian which transfers pragram cantral to. anather 
.ID incdrl'f"ti"n tho into .. r'"n+ u.lill ""+ h.o. 0,..1..."1"'\\&1_ 

ledged until the secand JP instruct ian has been 
executed. 

C. Upan acknawledgement af an interrupt, the skip 
lagic status is saved and later restared upan papping 
af the stack. Far example, if an interrupt accurs during 
the executian af ASC (Add with Carry, Skip an Carry) 
instructian which results in carry, the skip lagic status 

is saved and pragram cantral is transferred to. the 
interrupt servicing rautine at hex address OFF. At the 
end af the interrupt rautine, a RET instructian is exe
cuted to. "pap" the stack and return pragram cantrol 
to. the instruct ian fallawing the ariginal ASC. At this 
time, the skip lagic is enabled and skips this instruc
tian because af the previaus ASC carry. Subrautines 
and LaiD instructians shauld nat be nested within 
the interrupt service rautine, since their papping the 
stack will enable any previausly saved main program 
skips, interfering with the arderly executian af the 
interrupt rautine. 

d. The first instructian af the interrupt rautine at hex 
address OFF must be a Nap. 

e. A LEI instructian can be put immediately be fare the 
RET to. re-enable interrupts. 

Initialization 

The Reset Lagic will Initialize (clear) the device upan 
pawer-up if the pawer supply rise time Is less than 1 ms 
elnU gr~aier lnan i !,s. ii tne pawer suppiy rise lime is 
greater than 1 ms, the user must provide an external RC 
netwark and diade to. the RESET pin as shawn belaw. 
The RESET pin is canfigured as a Schmitt trigger input. If 
the RC netwark is nat used, the RESET pin shauld be left 
apen. Initializatian will occur whenever a lagic "0" is 
applied to the RESET input, pravided it stays law for at 
least three instructian cycle times. 

P + I 0 .~ -~ vcc W 
E R> j ~ R 

--------. 
S RESET 
U 
P 

1== P GNO 
I 

Y , 
RC" 5 x POWER SUPPL Y RISE TIME (R>40k) 

Enable Register Modes - Bits EN3 and ENO 

ENo 510 51 

o o Shift Register Input to. Shift Register 

o Shift Register Input to. Shift Register 

o Binary Caunter Input to. Binary Caunter 

Binary Caunter Input to. Binary Caunter 
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SO 

o 

o 

5K 

If SKL = 1, 5K = CLOCK 

If SKL = 0, SK = 0 

If SKL = 1, SK = CLOCK 

If SKL = 0, SK = 0 

If SKL = 1, SK = 1 

If SKL = 0, SK = 0 

If SKL = 1, SK = 1 

. If SKL = 0, SK = 0 

W-
~ 
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Upon initialization, the PC register is cleared to 0 (ROM 
address 0) and the A, B, C, 0, 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. 

External Memory Interface 

The COP404L is designed for use with an external 
Program Memory. This memory may be implemented 
using any devices having the following characteristics: 

1. random addressing 

2. TTL-compatible TRI·STAT~ outputs 
3. TTL-compatible inputs 

4. access time=5,..s max. 

Typically these requirements are met using bipolar or 
MOS PROMs. 

During operation, the address of the next instruction is 
sent out on P10, P9, P8, and IP7 through IPO during the 
time that ADIDATA is high (logic "1" = address mode). 
Address data on the IP lines is stored into an external 
latch on the high·to·iow transition of the AD/DATA line; 
P9 and P8 are dedicated address outputs, and do not 
need to be latched. SKIP/P10 outputs address data 
when AD/DATA Is low. When AD/DATA is low (logic 
"0" =data mode), the output of the memory is gated 
onto IP7 through IPO, forming the input bus. Note that 
the AD/DATA output has a period of one instruction 
time, a duty cycle of approximately 50%, and specifies 
whether the IP lines are used for address output or 
instruction input. 

Oscillator 

Two basic clock oscillator configurations have been 
implemented, as shown in Figure 4. 

a. Crystal Controlled Oscillator (COP404LS only). CKI 
and CKO are connected to an external crystal. The 
instruction cycle time equals the crystal frequency 
divided by 32 

b. External Oscillator (COP404LP only). CKI is an 
external clock input signal. The external frequency is 
divided by 32 to give the Instruction cycle time. CKO 
Is used as a general purpose input. 

CKO as an Input 

On the COP404LP, CKO has been configured as a general· 
purpose Input. The logic level applied to CKO will be 
read Into bit 2 of A (accumulator) upon execution of an 
INIL Instruction. 

Input/Output Configurations 

COP404L outputs have the following configurations, II· 
lustrated In figure 5: 

a. Standard - an enhancement mode device to ground 
In conjunction with a depletion·mode device to Vee, 
compatible with LSTTL and CMOS input require· 
ments. (Used on 0 and G outputs.) 
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b. Open·Draln - an enhancement-mode device to 
ground only, allowing external pull'up as requited by 
the. user's application. (Used on IP, Pand SKIP/P10 
outputs on COP404LP only). 

c • Push· Pull - An enhancement·mode device to 
ground In conjunction with a depletlon-mode device 
paralleled by an enhancement·mode deVice to Vee. 
This configuration has been provided· to allow for 
fast rise and fall times when driving capacitive loads. 
(Used on SO and SK outputs on COP404LP and 
404LS; also used on IP, P and SKIP/P10 outputs on 
COP404LS only.) 

d • LED Direct Drive - an enhancement·mode device to 
ground and to Vec, 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 hlgh·lmpedance 
state to provide required LED segment blanking for a ! 
multiplexed display. (Used on L outputs). 

COP404L Inputs have an on-chlp depletion load device 
to Vce. 

The above hiput 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 maxi· 
mum current (lOUT and VOUT) curves are given In Figure 8 
for each of these devices to allow the designer to effec· 
tlvely use these 1/0 configurations In deSigning a system. 

An Important point to remember Is that even when the L 
drivers are disabled, the depletion load device will source 
a small amount of current (see Figure 8, device 2); how· 
ever, when the L·llnes are used as Inputs, the disabled 
depletion device can not be relied on to source sufficient 
current to pull an Input to a logic "1". 

COP404LP and COP404LS 

Two versiOns of the basic eOP404L have been Imple· 
mented: the eOP404LP, with open-draln memory Inter· 
face drlvers,ls used only In the COP400-E04L Emulator 
Card; the COP404LS, with push-pull memory Interface, 
Is Intended for use In small to medium volume produc· 
tlon applications. 

The COP404LP has an oscillator output option on eKOj 
the COP404LS has a general purpose Input option. 



COP4D4LS 

1M 

Vcc 

'-1 ---II ti #2 

a. Standard Output 

d. L Output (LED) 

EXTERNAL I 
CLOCK 

...JU""L 

Figure 4. Oscillator 

b. Open· Drain Output 

(A IS DEPLETION DEVICE) 

Figure 5. Output Configurations 
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PURPOSE INPUT 

"3 Vcc 
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c. Push· Pull Output 

e. Input with Load 
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Current for Inputs with 
Load Device 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 6.0 9.5 

VIN (VOLTS) 

Source Current for SO and SK 

-100 

-90 

-60 

-70 

j -60 
~ 

-50 ~ 
Q 

5 -40 
!2 

-30 

-20 

-10 

o 

Input Current for Lo through 
L7 when Output Programmed 
Off by Software 

1 DEVICE d #2 

1\..1 MAX @ VCC c 9.IV 

" " " I MAX} 
VCC"4.5V I'.. 
IMIN ~ VCC" 9.5 ~ ~ ~N@VCC"4.5V 

~ .... ~I "i I 
o 1.0 

v I/O (VOLTS) 

L Output Source Current 

2.0 

-1000 

-900 

-600 

-700 

1 -600 

j -500 

-400 

-300 

-200 

-100 
o 

-S 0 

-40 

Source Current for Standard 
Output Configuration 

DEVICE a #2 

"\ 
"\ IMAX @ VCC" 9.5 V 

IMAX@ '\.1 
~CC"4.SV 
f--'KI7:MiN@ I'\. 

Vcc" .SV 1 "-
7~~ J/~~~" 9.S " r-_ .'K'"N-l: "'" o I 2 3 4 5 6 7 6 9.5 

VOH (VOLTS) 

LED Output Direct Segment 
and Digit Drive 

DeVICE d '2 AND 14 
AND DeVICE a 11 

IMAX 
1.0 I--fl-I--I-HH-'i---=-'f-t-rl-l ONE SEGMENTS.,......... ..... 

0.5 

-50 

-40 

-30 

-20 

-10 

VOH(VOlTSi 

LED Output Direct Segment 
Drive 

VOH (VOLTS) 

Output Sink Current for SO 
and SK 

Ci -30 
.s 
E -20 

-10 

// 
........ 

,/ V 
.......-;'MAX EIGHT 

;';;;'1::::::' 
'.'" SEGMENTS ON 

IMIN 
1 1 

Vcc (VOLTS) 

Output Sink Current for Lo 
through L7 

10 

VOH"2.0V 
4~rTr---~--'---.---~ 

.' 

.... 

OEVICE d 
12 AND *4 

-
IMV' 

.--
......... 

IMIN ...... 
10 

Vcc (VOLTS) 

120 

100 

80 

< S 60 
s: 

40 

20 

Output Sink Current GO-G3 
and 00-03 

'1 IMAX@i~"T VCC=9.5V DEVICE a#l 
AND b#l 
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COP404L1COP304L 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. with each instruction in the COP404L1COP304L instruc-

tion set. 

Table 2. COP404L/304L Instruction Set Table Symbols 

Symbol .Deflnltion Symbol Definition 

INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS 

A 4-bit Accumulator d 4-bit Operand Field, 0-15 binary (RAM Digit 
B 10-bit RAM Address Register Select) 

Br Upper 3 bits of B (register address) r 3-bit Operand Field, 0-7 binary (RAM Register 
Bd Lower 4 bits of B (digit address) Select) 

C 1-bit Carry Register a 11-bit Operand Field, 0-2047 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 110 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 
IP S-bit bidirectional ROM address and Data Port 
L S-blt TRI-STATEI!> 110 Port 
M 4-bit contents of RAM Memory pointed to by OPERATIONAL SYMBOLS 

B Register 
P 3-bit ROM Address Register Port + Plus 

PC 11-bit ROM Address Register (program - Minus 
counter) - Replaces 

Q S-bit Register to latch data for L 110 Port .. Is exchanged with 
SA 11-bit Subroutine Save Register A 
SB 11-bit Subroutine Save Register B 

= Is equal to 

SC 11-bit Subroutine Save Register C A The one's complement of A 

SIO 4-bit Shift Register and Counter Ell Exclusive-OR 

SK Logic-Controlled Clock Output : Range of values 

3-58 



0 
Table 2. COP404L/304L In.tructlon Set 0 

""CJ 

§ 
Machine 

Hex Lln,UIgI Code ~ M_1c Operand Code Bln8ry) Date Flow Skip CondHIon8 Description 

ARITHMETIC IN~UCTIONS 0 
""CJ 

ASC 30 10011100001 A+C+RAM(B)- A Carry Add with Carry, Skip on § Carry- C Carry 
r-

ADD 31 10011100011 A+RAM(B)- A None Add RAM to A 

ADT 4A 10100110101 A+10l0- A None Add Ten to A 

AISC Y S- \01011 y \ A+y-A Carry Add Immediate, Skip on 
Carry (y" 0) 

CAse 10 10001100001 A+RAM(B)+C-A Carry Complement and Add with , Carry- C Carry, Skip on Carry 

CLRA 00 10000100001 O-"A None Clear A 

COMP 40 10100100001 'A-A None One's complement of A to A 

HOP 44 iu 1 uuiu 1 uui l'Ione l'1U"a 

.. ,_ ..... ____ .. 1 __ 

''1'''' "" .... U.UU ... II 

fie 32 10011100101 "O"-C None Reset C 

SC 22 10010100101 111"_0 None Set C 

XOR 02 100001°0101 Ae RAM(B)- A None exclusive-OR RAM with A 

TRANSFER OF CONTROL INSTRUCTIONS 

JII) FF 11111111111 ROM (PC'0:8, A,M) - PC7:0 None Jump Indirect (Note 3) 

-IMP a 8- 1011 0l0I-10:81 a-PC None Jump 

I 87:0 I 
JP a 111 118":0 I a-PO&:O None Jump within Page (Note 4) 

(pages 2,3 only) 

or All I' 'I "0:\1 I I ...... ;J:v .-
(aU other pages) 

JSRP a \101 85:0 PC+l- SA- SB- SC None Jump to Subroutine Page 
00010 - PCl0:8 (Note 5) 
a - PC5:0 

JSR a 8- ~ 11 ~11811)· .. 1 PC+l - SA- S8 - SC None Jump to Subroutine 

I 87:0 I a-PC 

RET 48 10100\1 0001 SC-SB-SA-PC None Return from Subroutine 

RETSK 40 \0100110011 SC-SB-SA-PC Always Skip on Return Return from Subroutine 
then Skip 
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...I 
"lit Table 2. COP404U304L Instruction Set (continued) 
~ 
4. 
0 Machine 
0 Hex Language Code , 
::J Mnemonic Operanci Code (Binary) Data Flow Skip Conditions Description 

"lit MEMORY REFERENCE INSTRUCTIONS i a. CAMa 33 1°011100111 A-a7:4 None Copy A, RAM to a 
0 3C 10011111001 RAM(B) - a3:0 
0 

CaMA 33 10011100111 a7:4 - RAM(B) None Copy a to RAM, A 

2C· 100 1 0/11 001 a3:0- A 

LD -5 1001 r 10 1 0 11 RAM(B)-A None Load RAM Into A, 

(r-0:3) BrG>r-Br Excluslve·OR Br with r 

LDD r,d 23 10010100111 RAM(r,d) - A None Load A with RAM pointed 

101 r I d I to directly by r,d 

LaiD BF /1011111111 ROM(PC10:8,A,M) - a None Load a Indirect (Note 3) 
SB-SC 

RMB 0 4C 10100/11001 0- RAM(B)O None Reset RAM Bit 

1 45 10100101011 0- RAM(B)1 

2 42 1010010.0101 O~ RAM(B!:! 

3 43 10100100111 0.- RAM(B)3 

5MB 0 40 10100/11011 1- RAM(B)O None Set RAM Bit 

47 10100111011 1 - RAM(BI1 

2 46 10100101101 1- RAM(B)2 

3 4B 10100110111 1- RAM(B)3 

STII Y 7-
10111 1 

y I y- RAM(B) None Store Memory Immediate 
Bd+1-Bd and Increment Bd 

X -6 1001 r 101101 RAM(B)-A None Exchange RAM with A, 

(r-0:3) BrG>r-Br Excluslve-QR Br with r 

XAD r,d 23 10010100111 RAM(r,d)- A None Exchange A with RAM 

111 r I d I pointed to directly by r,d 

XDS -7 1001 r 101111 RAM(B)- A Bd decrements past 0 Exchange RAM with A 

(r=0:3) Bd-1- Bd and DecremMt Bd, 
BrG> r- Br Exclusive-OR Br with r 

XIS r -4 10°1 r 101001 RAM(B)-A Bd Increments past 15 Exchange RAM with A 

(r-0:3) Bd+1- Bd and Increment Bd, 
BrG>r- Br Exclusive-OR Br with r 

REGISTER. REFERENCE INSTRUCTIONS 

CAB 50 10101100.001 A- Bd None Copy A to Bd 

CB,A 4E 10100111101 Bd-A None Copy Bd to A 

LBI r,d 10 °1 r I (d - 1)1 r,d- B Skip until not a LBI Load B Immediate with r,d 

(r-0:3; (Note 6) 
d ';0,9:15) 

or 

33 10011100111 

111 r 1 d 1 
(any. r, any d) 

LEI Y 33 10011100011 y- EN None Load EN Immediate (Note 7) 

6- 101101 
y 

1 

XABR 12 1°0011°01°1 A- Br (0- Aal None Exchange A with Br 
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Table 2. COP404L1304L Instruction Set (continued) 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Dala Flow Skip Condilions . 

TEST INSTRUCTIONS 

SKC 20 10010100001 C="l" 

SKE 21 10010100011 A=RAM(B) 

SKGZ 33 10011100111 G3:0=0 

21 10010100011 

SKGBZ 33 10011100111 1st byte 

0 01 10000100011 GO=O 

1 11 10001100011 2nd byte Gl=O 

2 03 10000100111 G2=0 

3 13 10001100111 G3=0 

SKMBZ 0 01 10000100011 RAM(B)O=O 

1 11 10001100011 RAM(Bh =0 

2 03 100001001 '1 nAiviiol£ - ~ 

3 13 10001100111 RAM(B)3=0 

SKT 41 10100100011 A time·base counter 
carry has occurred 
since last test 

INPUT/OUTPUT INSTRUCTIONS 

ING 33 

2A 

IN IN 33 

28 

INIL 33 

29 

..... ~~ 

2E 

OBD 33 

3E 

OGI Y 33 

5-

OMG 33 

3A 

XAS 4F 

10011100111 

10010110101 

10011100111 

10010110001 

10011100111 

10010110011 

Inn 111nn 111 
I , 

1°°1°111101 

1°011100111 

1°0111111°1 

1°0111°0111 

1° 1 ° 11 yl 

1°0111°0111 

100111101°1 

1°100111111 

G-A None 

IN-A None 

IL3, CKO,"O", ILa - A None 

I ~.A - RAMIB\ None 

L3:0- A 

Bd- D None 

y-G None 

RAM(B)- G None 

A - SIO, C - SKL None 

Descrlpllon 

Skip if C is True 

Skip if A Equals RAM 

Skip if G is Zero (ali 4 bits) 

Skip If G Bit is Zero 

Skip if RAM Bit Is Zero 

Skip on Timer (Note 2) 

Input G Ports to A 

Input IN Inputs to A 

Input IL Latches to A 
(Note 2) 

Input L Ports to RAM A 

Output Bd to D Outputs 

Output to G Ports Immediate 

Output RAM to G Ports 

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 Oto 
N where 0 signifies the least significant bit (Iow-order, right·most bit). For example, A3 indicates the most significant (Ieft·most) bit of the 4·blt A register. 

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

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

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

Note 5: LBI is a single·byte instruction if d = 0.9,10, ", 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the "d" data 
minus I, e.g., to load the lower four bits of B (Bd) with the value 9 (10012), the lower 4 bits of the LBllnstruction equal 8 (10002)' To load 0, the lower 4 bits of 
the LBI instruction should equal 15 (,,1'2). 

Note 6: Machine code for operand field y for LEI instruction should equai 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 COP404L programs. 

XAS Instruction 

XAS (Exchange A with SIO) exchanges the 4-blt contents 
of the accumulator with the 4-blt contents of the SIO 
register. The contents of SIO will contain serlal-inl 
serlal-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 regis
ter, 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 11-blt word, PC,o:s, A, M. PC,o, 
PCs and PCs 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, IlJ and ILa 
(see figure 7) and CKO Into A. The IlJ and ILa latches are 
set if a low-going pulse ("1" to "0") has occurred on the 
IN3 and INo inputs since the last INIL instruction, pro
vided the input pulse stays low for at least two Instruc
tion times. Execution of an INIL inuts IlJ and ILa into A3 
and AO respectively, and resets these latches to allow 
them to respond to subsequent low-going pulses on the 
IN3 and INo lines. INIL will input the state of CKO into A2 
on the COP404LP ("1" into A2 for the COP404LS). A "0" 
is always placed in A1 upon the execution of an INIL. 
The general purpose Inputs IN3-INo are input to A upon 
execution of an IN IN instruction. (See table 2, ININ in
struction.) INIL is useful in recognizing pulses of short 
duration or pulses which occur too often to be read con, 
veniently by an ININ Instruction. 

Note: IL latches are not cleared on reset. 

LQID Instruction 

LaiD (Load a Indirect) loads the 8-bit a register with the 
contents of ROM pointed to by the 11-bit word PC,o, 
PCg, PCs, A, M. LaiD can be used for table lookup or 
code conversion such as BCD to seven-segment. The 
LaiD instruction "pushes" the stack (PC + 1 .... SA .... SB 
.... SC) and replaces the least significant 8 bits of PC as 
follows: A .... PC7:4, RAM(B) .... PC3:0, leaving PC,o, PCs 
and PCs unchanged. The ROM data pointed to by the 
new address is fetched and loaded into the a latches. 
Next, the stack is "popped" (SC .... SB - SA -PC), 
restoring the saved value of PC to continue sequential 
program execution. Since LaiD pushes SB .... SC, the 
previous contents of SC are lost. Also, when LaiD 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 LaiD takes two Instruction 
cycle times to execute. 
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Figure 7. INIL Hardware Implementation 

SKT Instruction 

The SKT (Skip On Timer) instruction tests the state of an 
internal 1()'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 COP404L 
to generate its own time-base for real-time processing 
rather than relying on an external Input signal. 

For example, using a 2.097 MHz oscillator as the time
base to the clock generator, the instruction cycle clock 
frequency 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 in
struction can call a routine which increments a "seconds" 
cou'nter every 64 ticks. 

Instruction Set Notes 

a. The first word of a COP404L 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 LaiD take the same number of cycle 
times whether instructions are skipped or executed. 
JID and LaiD Instructions take 2 cycles if executed 
and 1 cycle if skipped. 

c. The ROM is organized into 32 pages of 64 words 
each. The Program Counter is an 11-bit binary coun
ter, and will count through page boundaries. If a JP, 
JSRP, JID or LaiD 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 LaiD or JID located in the last word of 
page 3, 7, 11, 15, 19, 23 or 27 will access data in the 
next group offour pages. 



Typical Applications 

PROM·Based System 

The COP404L may be used to exactly emulate the 
COP444L. Figure 8 shows the interconnect to imple' 
ment a COP444L hardware emulation. This connect!on 
uses a MM27t6 EPROM as external memory. Other 
memory can be used such as bipolar PROM or RAM. 

Pins IP7·IPO are bidirectional inputs and outputs. When 
the ADIDATA clocking output turns on, the EPROM 
drivers are disabled and IP7·IPO output addresses. The 
8·bit latch (MM74C373) latches the addresses to drive 
the memory. 

12 
GND 

1 
A7 

2 
A6 

3 
As 

4 
A, MM2716 ! 

5 LU.tO A jj i:rou:,~ 
A3 

6 
A, 

7 A, 

~ Ao 
07 06 05 04 03 0, 

17 16 15 14 13 11 10 

19 16 15 12 9 6 5 2 

+5V ~ 
as 07 06 05 0, 03 a, 0, 

- Vee 

~ GND MM74C373 [E11 

.....2 OUTPUT OIS 
Os 07 D6 05 D4 03 02 01 

lB 17 14 13 B 7 4 3 

I' 

9 10 36 3 5 6 7 

When ADIDATA turns off, the EPROM is enabled and the 
IP7·IPO pins will input the memory data. P8, P9 and 
SKIP/PtO output the most significant address bits to 
the memory. (SKIP output may be used for program 
debug if needed.) 

The other 28 pins of the COP404L may be configured ex· 
actly the same as a COP444L. The COP404L Vce can 
vary from 4.5V to 9.5V. However, 5 volts is used for the 
memory. 

For In·Circuit emulation, see also COP404LR. 
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Figure 8. COP404L System Diagram 
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COP404L Mask Options 

The following COP444L options have been implemented on the basic versions of the COP404L: 

Option Value Comment Option Value Comment 

Option 1 =0 Ground, no option available Option 17=2 SO has push-pull output 

Option 2 = 0 (404LS) CKO is clock generator output Option 18=2 SK has push-pull output 
to crystal/resonator Option 19=0 INO has load device to Vee 

=2 (404LP) CKO Is general purpose input 
with load device to Vee Option 20=0 IN3 has load device to Vee 

Option 3=0 CKI is oscillator input (divide Option 21 =0 

G'} by 32) Option 22=0 G1 have very high current 
Option 4=0 RESET pin has load device to Option 23=0 G2 standard output 

Vee 
Option 5=2 

L'} 
Option 24=0 G3 

Option 6=2 4 have LED direct-drive 
Option 25=0 

~} Option 7=2 Ls output Option 26=0 02 have very high current 

Option 8=2 L4 Option 27=0 01 standard output 

Option 9=0 IN1 has load device to Vee Option 28=0 Do 

Option 10=0 IN2 has load device to Vee Option 29=1 

~N )have higher voltage Option 11 = 1 Vee 4.5 to 9.5V operation Option 30=1 
Option 12=2 

:} 
Option 31 = 1 G Input levels 

Option 13=2 L2 have LED direct-drive Option 32=0 SI has standard input level 

Option 14=2 L1 output Option 33=0 RESET has Schmitt trigger Input 

Option 15=2 Lo Option 34=0 CKO has standard input levels 

Option 16=0 51 has load to Vee Option 35 = NIA 40-pin package 
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~National 
U Semiconductor 

COP2404/COP2304 ROMless Dual CPU Microcontrollers 

General Description 
The COP2404/COP2304 ROM less Dual CPU Micro
controllers are members of the COPSTM family, fabri
cated using N-channel, silicon gate MOS technology. 
Each microcontroller contains two identical CPUs with 
all system timing, internal logic, RAM and I/O necessary 
to implement dedicated control functions in a variety of 
applications, and are identical to COP2440/COP2340 
devices, except that the ROM has been removed; pins 
have been added to output the ROM address and to 
input ROM data. In a system, the COP2404 will perform 
exactly as the COP2440; this important benefit facili
!~!e" -:le""lnf'mpnt "nri rip-hug of a COP2440 proQram 
prior to masking the final part. Features include single 
supply operation, various output configurations, and an 
instruction set, internal architecture, and I/O scheme 
designed to facilitate keyboard input, display output 
and data manipulation. Standard test procedures and 
reliable high-density fabrication techniques provide the 
medium to large volume customers with a dual CPU 
microcontroller at a low end-product cost. COP2304 is 
an exact functional equivalent version of COP2404 with 
an extended temperature range (-40°C to +85°C). 

These microcontrollers are appropriate choices in many 
demanding control environments, especially those with 
human interface. Further, the high throughput and 
MICROBUSTM I/O facilitate numerous machine interface 
applications. The two CPUs provide on one chip the 
ability to handle two simultaneous but totally inde-
___ ...J __ '" .......... 1 .: ................. " ..... "'to:!-
r-··--··· . ---

TRI·STATE Is a registered trademark of National Semiconductor Corp. 

Features 
• Exact circuit equivalent of COP2440 
• Standard 48-pin dual-in-line package 
• Interfaces with standard PROM or ROM 
• Two independent processors 
• Dual CPU simplifies task partitioning -easy 

to program 
• Enhanced, more powerful instruction set 
• 160 x 4 RAM, addresses up to 2k x 8 ROM 
• MICROBUS compatible 
• Zero-crossing detect circuitry 
• True multi-vectored interrupt from 4 selectable 

sources (PIUS resiarij 
• Four-level subroutine stack for each processor 

(in RAM) 
• 4 f's execution time per processor (non-overlapping) 
• Single supply operation (4.5V-6.3V) 
• Programmable time-base counter for real-time 

processing 
• Internal binary counter/register with MICROWIRETM 

compatible serial I/O 
• General purpose and TRI-STATE® outputs 
• TTL/CMOS compatible in and out 
!!I Software/hardware compatible with other members 

of COP400 family 
• Extended temperature range device COP2304 

(-40°C to +85°C) 
• Compatible single-processor device available 

COPS, MICROBUS, and MICROWIAE are trademarks of National Semiconductor Corp. 
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CLOCKS 
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Figure 1. COP2404 Block Diagram 
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COP2404 . 
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 O·C to + 70·C 
Ambient Storage Temperature -65·Cto +150·C 
Lead Temperature (Soldering, 10 seconds) 300·C 
Power Dissipation 0.75 Watt at 25·C 

0.4 Watt at 70·C 
Total Source Current 150mA 
Total Sink Current 90mA 

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.;; TA .;; + 70·C, 4.5V';; Vee';; 6.3V unless otherwise noted. 

Parameter Conditions Min. Max. 

Operating Voltage (Vecl Note 3 4.5 6.3 

Power Supply Ripple (peak to peak) 0.4 

Operating Supply Current (All inputs and outputs open) 
TA=O·C 44 
TA=25·C 37 
TA=70·C 30 . 

VR RAM Power Supply Current VR=3.3V 3 

Input Voltage Levels 
CKI Input Levels (+16) 

Logic High (VIH) Vee = Max. 2.5 
Logic High (VIHl Vee=5V±5% 2.0 
Logic Low (Vlu -0.3 0.4 

RESET Input Levels (Schmitt Trigger Input) 
Logic High 0.7Vee 
Logic Low -0.3 0.6 

Zero·Crossing Detect Input (IN1) Zero·Crossing Interrupt 
Input; INIL Instruction 

Trip Point -0.15 0.15 
Logic High (VIH) Limit 12 
Logic Low (Vld Limit -0.8 

IN1 
Logic High Interrupt Input; 

ININ Instruction; 3.0 
Logic Low MICROBUSTM Input -0.3 0.8 

All Other Inputs 
Logic High Vee = Max. 2.5 
Logic High Vee=5V±5% 2.0 
Logic Low -0.3 0.8 

IN1 Input Resistance to Ground VIH=1.0V 1.5 4.6 

Input Load Source Current VIH = 2.0V, Vee = 4.5V 14 230 

Input Capacitance 7.0 

Hi-Z Input Leakage -1.0 +1.0 
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COP2404 . 
DC Electrical Characteristics (Cont'd) 

Parameter Conditions 

Output Voltage Levels 
Standard Output 

TTL Operation 
Logic High (VOH) IOH = -100!lA 
Logic Low (VoLl IOL= 1.6mA 

CMOS Operation 
Logic High (VOH) IOH = -10!lA 
Logic Low (VoLl IOL =10!lA 

TRI·STATE<!> Output 
TTL Operation 

Logic High (VoH) IOH= -1001'A 
Logic Low (VoLl IOL= 1.6mA 

CMOS Operation 33kQ;;.RL;;'4.7kQ 
Logic High (VoH) IOH= - 1OI'A 
Logic Low (VOL) IOL=1.6mA 

Output Current Levels 
S~e~~~~~ O'l~!"I_lt !=;nllrl'!A Currant Vr.r. = 4.5V. Vm< = 2.4V 
TRI·STATE Output Leakage Current 

Total Sink Current Allowed 

All 1/0 Combined 
Each L, R Port 
Each D, G, H Port 
SO,SK 
IP 

Total Source Current Allowed Note 4 
All 1/0 Combined 

L Port 
L7-L! 
L3-i..o 
Each L Pin 
All Other Output Pins 
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Min. Max. 

2.4 
0.4 

Vcc- 0.4 
0.2 

2.4 
0.4 

Vce- 0.5 
0.4 

-100 -650 
-2.5 +2.5 

90 
20 
10 
2.5 
1.8 

150 
120 
70 
70 
23 
1.6 

Units 

V 
V 

V 
V 

V 
V 

V 
V 

!lA 
!lA 

mA 
mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 
mA 
mA 
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COP2304 
Absolute Maximum Ratings 
Voltage at Zero-Crossing Detect Pin 

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

Total Source Current 
Total Sink Current 

-1.2Vto +15V 
-0.5Vto +7V 

-40·C to +85·C 
-65·Cto +150·C 

300·C 
0.75 Watt at 25·C 

0.25 Watt at 85·C 
150mA 
90mA 

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 '" TA '" +85·C, 4.5V '" Vee'" 5.5V unless otherwise noted. 

Parameter Conditions Min. Max_ Units 

Operating Voltage (Ved 

Power Supply Ripple 

Operating Supply Current 

VA RAM Power Supply Current 

Input Voltage Levels 
CKI Input Levels (+16) 

Logic High (VIH) 
Logic Low (Vld 

RESET Input Levels 
Logic High 
Logic Low 

Zero-Crossing Detect Input (IN,) 

Trip Point 
Logie High (VIH) Limit 
l.!ogic Low (Vld Limit 

Logic High 

Logic Low 
All Other Inputs 

Logie High 
Logic Low 

IN, Input Resistance to Ground 

Input Load Source Current 

Input Capacitance 

Hi-Z Input Leakage 

Note 3 

(peak to peak) 

(All inputs and outputs open) 
TA= -40·C 
TA =25·C 
TA=85,·C 

VA=3.3V 

(Schmitt Trigger Input) 

Zero-Crossing Interrupt 
Input; INIL Instruction 

Interrupt Input; 
ININ Instruction; 
MICROBUSTM Input 

VIH=1.0V 

VIH=2.0V, Vec=4.5V 
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4.5 

2.2 
-0.3 

0.7Vec 
-0.3 

-0.15 

-0.8 

3.3 
-0.3 

2.2 
-0.3 

1.4 

14 

-2.0 

5.5 

0.4 

57 
37 
29 

4 

0.3 

0.4 

0.15 
12 

0.6 

0.6 

4.6 

230 

7.0 

+2.0 

V. 

V 

mA 
mA 
mA 

mA 

V 
V 

V 
V 

V 
V 
V 

V 
V 



COP2304 
DC Electrical Characteristics (Cont'd) 

Parameter Conditions Min. Max. Units 

Output Voltage Levels 
Standard Output 

TTL Operation 
Logic High (VOH) IOH= -100J.lA 2.4 V 
Logic Low (VoLl IOL=1.6mA 0.4 V 

CMOS Operation 
Logic High (VOH) IOH = -10J.lA Vee- 0.5 V 
Logic Low (VoLl IOL=10J.lA 0.2 V 

TRI·STATE@ Output 
TTL Operation 

Logic High (VOH) IOH = -100J.LA 2.2 V 
Logic Low (VoLl IOL=1.6mA 0.4 V 

CMOS Operation 33kQ~RL~4.7kQ 

Logic High (VOH) IOH = -10J.lA Vee- 0.7 V 
Logic Low (VoLl IOL=1.6mA 0.4 V 

Output Current Levels 
.... , __ ...1 __ ...1 _ .... _ .... ~_ ....... _ r" ............... 
vtc;lIIUQI U '"'UL ....... L .... .., ... , .................... ~ '.';:,;; - '!-5'/, '/;:;;: = 2 /J.V -100 -800 iAA 
TRI·STATE Output Leakage Current -5.0 +5.0 J.LA 

Total Sink Current Allowed 
All 1/0 Combined 75 mA 

Each L, R Port 20 mA 
Each D, G, H Port 10 mA 
SO,SK 2.5 mA 
IP 1.8 mA 

Total Source Current Allowed Note 4 
All 1/0 Combined 150 mA 

L Port 120 mA 
L7-4 70 mA 
L3-Lo 70 mA 
Each L Pin 23 mA 
All Other Output Pins 1.6 mA 

3-69 



~ 
('101 
Q. 
o 

~ 
Q. o o 

AC Electrical Characteristics 
COP2404: o·c", TA ", + 70·C, 4.5V '" Vee'" 6.3V unless otherwise noted. 
COP2304: -40·C .. TA ", +85·C, 4.5V .. Vee" 5.5V unless otherwise noted. 

Parameter Conditione Min. MIx. Unitt 

Instruction Execution Tlme-tE Each Processor (F/gure 3) 4.0 10 ". 
CKI Frequency +16 mode 1.6 4.0 MHz 

Duty Cycle (Note 1) f,=4MHz 30 60 % 
Rise Time f,=4MHz 60 n8 
Fall Time f, =4MHz 40 n8 

INPUTS: (Figure 3) 

51 
tSETUP 0.3 ,.. 
tHOLD 300 n8 

IP 
tSETUP 0.25 ,.. 
tHOLD 250 n8 
tHOLD From AD/DATA rl81ng edge 0 n8 

All Other Inputs 
tSETUP 1.7 ". 
tHOLD 300 n8 

OUTPUT PROPAGATION DELAY Test Condition: 

IP CL=50pF, VOUT=1.5V 

tpdlA, tpdOA 1.94 118 
tpdlB, tpdOB 0.9.- ,.. 

DCK 
tpdl, tpdO 375 n8 

AD/DATA 
tpdl, tpdo 300 n8 

SO,SK 
tpdh' tpdO RL=2.4kQ 1.0 ,.. 

All Other Outputs' RL=5.0kQ 1.4 11& 

MICROBUSTM TIMING CL=100pF, Vec=5V±5% 

Read Operation TRI·STATE-, outputs 

Chip Select Stable Before RD-tCSR 65 na 
Chip Select Hold Time for RD-tRCS 20 na 
RD Pulse Width-tRR 400 n& 
Data Delay from RD-tRD 375 n8 
RD to Data Floating-tDF 250 n& 

Write Operation 
Chip Select Stable Before WR-tesw 65 n& 
Chip Select Hold Time for WR-twes 20 n& 
WR Pulse Width-tww 400 na 
Data Set-Up Time for WR-tDw 320 , na 
Data Hold Time for WR-tWD 100 na 
INTR Transition Time from WR-tw, 700 n& 

Note 1: Duty Cycle = tw,/(tw, + two). 
Note 2: See Figure for additional 110 Characteristics. 
Note 3: Vec voltage change must be less than 0.5 V In a 1 ms period to maintain proper operation. 
Note 4: Exercise great care not to exceed maximum device power dissipation IImitl when dlrect-driYing lEO. (or sourcing limilar 
loads) at high temperature. 
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Pin 

IPI 48 IP2 L7- LO 

IPO 47 IP3 G3-Go 
VRAM 46 IP4 

CKI 45 IP5 IN3-INo 

CKOI 44 IP6 H3- HO 
RESET 43 IP7 

R7 42 AD/DATA R7- Ro 

R6 41 DCK SI 
R5 40 H3 

R4 10 39 H2 SO 

R3 11 38 HI SK 
R2 12 37 HD 

Rl 
13 COP2404/2304 36 

G3 

Ro 14 35 G2 CKI 

L7 15 34 Gl CKOI 
L6 16 33 Go VRAM L5 17 32 IN3 

L4 18 31 INo MB 
INI 19 30 SK DCK 
IN2 20 29 SO 

VCC 21 28 SI 
ADIDATA L, 22 27 .GND 

~ =i 23 26 !== LO IP7-IPO 
25 Ll MB 24 

RESET 
Order Number COP2404N, COP2304N 

Vee NS Package N40A 

Figure 2. Connection Diagram 
GND 

Timing Diagram 
1---_____________ INSTRUCTlON.iYCLET1ME tlcl 

OK! 

S<AS 
A CLOCK 

IN, ZERO· 
CROSSING OPTION. 

SO, SK 
OUTPUTS _________________ --.~I 

DOK 

AD/DATA 

IP 
OUTPUTS 

ALL OTHER 
OUTPUTS 

Description 

S·bit bidirectional TRI·STATE'" 1/0 port 

4·bit bidirectional 1/0 port 

4·bit general purpose input port 

4·bit bidirectional 1/0 port 

S·bit bidirectional TRI·STATE 1/0 port 

Serial input 

Serial output (or general purpose output) 

Logic·controlled clock (or general 
purpose output) 

System oscillator input 

General purpose input 

Power supply for first 4 registers of RAM 

MICROBUSTM function select 

Clock output to latch D outputs and high 
order address bits 

Address out/data in flag 

B·bit directional port Tor HUM aaaress, 
ROM data and D outputs 

System reset input 

Power supply 

Ground 

Figure 3. Input/Output Timing Diagrams (+16 Mode) 
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COP2440 
PINOUT 

20 
19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

GN 

H 

H 

G 

0 

0 

1 

2 

3, 

3~ 
2-2!. 

1-2!. 

0....2!. 

3-2!. 

2~ 
1-.l!. 

o.-l! 
3--ll. 

o-ll 
C~ 
I~ 

IN 

IN 

SK 

SO 
I....;,,!! 

LO 

Ll 

I-l! 

I-E. 

:-~ 40 VCC 

!-fE. 39 L2 

1-fU. 38 L3 

!-~ 37 IN2 

36 INI -~ 
1- fl!. 35 L4 

i-flL 34 L5 

33 L6 -..!! 
32 L7 -r!! 

I-~ 31 RO 

30 Rl -~ 
H!!. 29 R2 

I_r!!-28 R3 

I-,l!!. 27 R4 
i_...!!. 26 R5 
i_..!. 25 R6 

24 R1 _2. 
-..! 23 RESET 

22 CK I-,.! 

.....!!.- CKO 
C0P2440 
PINOUT 

" 

27 

GNO 43 18 J IP7 08 08 
44 17 07~ IP6 07 
45 14 06~ IP5 06 
46 13 

IP4 D5 05 
9 47 8 04 OM74LS374 04 IP3 r.,-- SKIP 

48 7 6 19 
IP2 03 03 Al0 

1 4 5 22 
IPI 02 02 A9 

2 3 2 23 
IPO 01 111 A8 

41 11 
OCK CLOCK 

00 GNO VCC 

1 10 20 .,.!!. Vpp 
24 

VCC 
12 

VSS 
42 20 

AO/Ilm DE 

1 10 20 MM2716 
00 GNO VCC 11 18 

CE 
COP2404 ~ 

[E 
19 1 

08 08 A7 

~ 16 2 
01 07 A6 

~ 15 3 
06 OM74LS373 06 A5 

13 12 4 
05 05 A4 

8 9 5 
04 04 A3 

7 6 6 
03 03 A2 

4 5 7 
02 02 Al 

3 2 8 
01 01 AD 

07 06 05 04 03 02 01 00 

PTT5 

14 13 11 10 9 

24 41kQ 
fB '1>' VCC 

CKOI VRAM 

\~o 
- MICROBUS FUNCTION OPTION SELECT GNO 

CKO FUNCTION 
OPTION SELECT 

Figure 4. COP2404 Used to Emulate a COP2440 
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Functional Description 
The COP2404 Is a ROM less microcontroller for emlating 
the COP2440 or for stand-alone applications. Please 
refer to the COP2440 description for detail functional 
description. The following describes functions that are 
unique to the COP2404 or are different from those In 
COP2440. All references to COP2404 also apply to 
COP2304. Figures 1 and 2 show the COP2404 block dia
gram and pin-out. 

Program Memory 
Program memory consists of 2048 bytes of external 
memory (on-chip in the COP2440) that can be accessed 
through the IP port. See External Memory Interface be
low. 

D Port 
The D3-DO outputs are missing from this 48-pin 
package, but may be recovered through the IP port (see 
External Memory Interface below). Note that the re
covered signals have the same timing but different out
!"Illl drive caoabilitv as those from the COP2440 (see D 
Port Characteristics below). 

MICROBUSTM and Zero-Crossing 
Detect Input Option 
The MICROBUS compatible 1/0, selected by a mask 
option on the COP2440, is selected by tying the MB pin 
directly to ground. When the MICROBUS compatible 1/0 
is not desired, the MB pin should be tied to Vee. Note 
that none of the IN inputs are Hi-Z. Since zero-crossing 
detect input (used by INIL instruction and zero-crossing 
interrupt feature) is chosen for IN1, the IN1 input "1" 
level for ININ instruction, IN1 interrupt, and MICROBUS 
input is 3V. Even though the MICROBUS option and 
zero-crossing detector option appear on the COP2404, 
they are mutually exclusive on the COP2440. 

Oscillator 
-- - ..... ----. -I __ I~ =_ ............. : ........... 1· Th ......... 1" ....... ..... ,,' , .... -" .... ~ ....... -. _. __ .. ........ -. _ ..... . 

frequency is divided by 16 to give the execution fre
quency. 

CKO Pin Options 
Two different CKO functions of the COP2440 are 
available on the COP2404. VRAM supplies power to the 
lower 4 registers of RAM, and CKOI is an interrupt input 
or a general purpose input, reading into bit 2 of A (accu
mulator) through the INIL instruction. 

External Memory Interface 
The COP2404 is designed for use with an external 
program memory. This memory may be implemented 
using any devices having the following characteristics: 

1. Random addressing 

2. TTL-compatible TRI-STATE® outputs 

3. TTL-compatible inputs 

4. Access time = 450ns maximum 
Typically these requirements are met using bipolar or 
MOS PROMS. 
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Suppose we are looking at the IP port when processor X 
Is executing. While DCK Is low, the upper three address 
bits, P10-P8, of the next Instruction to be executed by 
processor x are sent out to IP2-IPO respectively. D3-DO 
are sent out to IP7-IP4. IP3 contains the SKIP output 
which Is used by the COPSTM Program Development 
System (PDS). These data are clocked Into D flip-flops by 
the riSing edge of DCK. The timing of D port data Is then 
the same for COP2404 and COP2440. After DCK goes to 
a "1" level, the remaining address bits (P7-PO) are sent 
out to IP7-IPO. They are latched Into flow-through 
latches, e.g., 74LS373 when ADIDATA goes low. The 
latched addresses provide the Inputs to the external 
memory. When ADIDATA goes low, the IP lines become 
program memory inputs from the external memory. Note 
that DCK has twice the cycle frequency of COP2404 with 
a duty cycle of about 50% and AD/DATA has twice the 
cycle frequency with a duty cycle of about 75%. Figure 3 
shows the timings for IP port, DCK and ADIDATA. Figure 
4 shows how to emulate the COP2440 using a COP2404 
and an EPROM as the external memory. 

ROM Interface Timing Example 
The following example shows the timing relationship 
between IP port 1/0 data (to and from external ROM) and 
the present instruction that is being executed by a pro
cessor. A sample program starts with the following in
structions: 

OP 
ADD CODE 
000 00 

001 80 

080 00 
081 04 
082 80 
083 48 

401 OE 
402 333E 
404 56 

CLRA ;CLRA IS 1ST 
INSTRUCTION 

PROCESSOR X STARTS HERE 

JSRP CLREG ;CLEAR REGISTER 

SUBROUTINE PAGE 

CLREG:CLRA 
XIS 
JP .-2 
RET 

PROCESSOR Y STARTS HERE 

LBI 0,15 ;OUTPUT 15 TO D 
OBD 
AISC 6 ;PUT 6TO 

ACCUMULATOR 

Figure 5 shows what IP inputs and outputs are in rela
tionship with the instructions that are being executed 
during the first few cycles of the above program. 
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~ Timing Diagram (Continued) 
Q. 

i 
o o 

PROCESSOR X Y X Y X X Y X 

OCK 

PRESENT 000 ODD DOD 401 001 402 080 403 081 ADDRESS 

INSTRUCTION CLRA CLRA CLRA LBI0.15· JSRP80 OBO(lst byte) CLRA OBD(2nd byte) XISO 

IP OUTPUTS 00 1001 04 1011 00 1011 04 102 1 00 1801 04 1031 00 1811 FC 1041 FO 1821 

IP INPUTS 100 IDE 180 133 100 13E 104 156 lao 
NEXT 000 401 001 402 080 403 081 404 082 ADDRESS 

D OUTPUTS 

SKIP 

NOTE: THE LAST 3 ROWS-NEXT ADDRESS. D OUTPUTS AND SKIP MAY BE DECODED FROM IP OUTPUTS 

Figure 5. IP Port 1/0 Timing 

110 Options 
All inputs except IN1 and CKI have on-chip depletion 
load device to Vce. IN1 has a reSistive load to GND due 
to the zero-crossing input. CKI is a HI·Z Input. 

G and H ports have standard outputs. Land R ports 
have TRI-STATE!!) outputs. IP port, DCK, AD/DATA, SO 
and SK have push-pull outputs. 

LED Drive 

The TRI-STATE outputs of L port may be used to drive 
the segments of an LED display. External current limit· 
ing resistors of 100 ohms must be connected between 
the L outputs and the LED segments. 

o Port 9haracteristics 
Since the 0 port Is recovered through an external latch, 
the output drive is that of the latch and not that of 
COP2440. Using the set·up as shown in Figure 4, at an 
output "0" level of 0.4V, the 74LS374 may sink 10 times 
as much current as the COP2440. At an output "1" level 
of 2.4V, the 74LS374 may source 10 times as much 
current as the COP2440.0n the other hand, the output 
"1" level of 74LS374 latch does not go to Vee without ·an 
external pull·up resistor. In order to better approximate 
the COP2440 output characteristics, add a 74C906 
buffer to the olitput of the 74LS374, thus emulating an 
open drain 0 output. A pull-up resistor of 10k should be 
added to the input of the buffer. To emulate the 
standard output, add a pull-up resistor between 2.7k 
and 15k to the output of the 74C906. 
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COP2404 Mask Options 
The f~lIowing COP2440 options have been implemented 
in the COP2404. 

Option Value Comment 
Option 1-2 = 3 L outputs are TRI-STATE!!) 
Option 3 =0 SI has load to Vee 
Option 4 = 2 SO is push-pull output 
Option 5 = 2 SK is push-pull output 
Option 6 =0 INO has load to Vce 
Option 7 =0 IN3 has load to Vec 
Option 8-11 = 0 G outputs are standard 
Option 12-15 = 0 H outputs are standard 
Option 16-19 = N/A 0 outputs are derived from external 

latch, see Figure 4 
Option 20 = N/A GND - No option 
Option 21 = 1,2 CKO is replaced by VRAM and CKOI 
Option 22 = 0 CKI is input clock divided by 16 
Option 23 = 0 RESET has load to Vcc 
Option 24·31 = 3 R outputs are TRI-STATE 
Option 32-35 = 3 L outputs are TRI-STATE 
Option 36 =2 IN1 is zero-crossing detect input 
Option 37 = 0 IN2 has load to Vcc 
Option 38-39 =3 L outputs are TRI-STATE 

. Option 40 = N/A Vee - No option available 
Option 41 =0,1 MICROBUS option is pin selectable 
Option 42-48 = 0 Inputs have standard TTL levels 
Option 49 = N/A No option available 
Option 50 = N/A48-pin package 
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~National 
a Semiconductor 
COP420R/COP444LR Piggyback-EPROM Microcontroller 
General Description 
The COP420R and COP444LR Piggyback-EPROM micro
controllers are members of the COPSTM family. The 
COP420R and COP444LR devices are identical to the 
COP420 and COP444L respectively except that the pro· 
gram ROM has been removed. In place of the ROM each 
device package incorporates the circuitry and socket to 
accommodate the Piggyback·EPROM. 

The socket provided on the package accepts an 
MM2716, NMC27C16, MM2758A, or MM2758B EPROM. 
Each part is a complete microcontroller system with 
CPU, RAM, I/O, and EPROM socket provided in a single 
28-pin package. In a system the COP420R and COP444LR 
will perform exactly as its mask programmed equivalent. 
.,..~ _____ 1_ .. ____ '. ____ ,, ___ 1/" ••• • ~ .' 

••• ~ .... Vlllt-"II;OL'C' "'Q,","'Cl~'C' QIIVVVi:) IICIU 1C'':;L UI d :JiY;:)Lt::1I1 III 

its final electrical and mechanical configuration. This 
important benefit facilitates development and debug of 
a COP400 program prior to masking of a production part. 

These devices are also economical in low and medium 
volume applications or when the program may require 
changing. 
COPS and M1CROWIRE are trademarks of National Semiconductor Corp. 

r-_______ ~12 GND 

r-_____ ~'A7 
.--____ -:-1' A6 

.--___ -"1' AS 

.-----,' A4 
.--__ ,5 A3 

6 A2 

7 AI 

EPROM 
SOCKET 

Features 
• Exact equivalent of the COP420 and COP444L -

plugs into same socket 

• Socket and interface for industry standard EPROMs 

• Self-contained voltage regulator for EPROM on 
COP444LR 

• Powerful instruction set 
• True vectored interrupt, plus restart 
• Three-level subroutine stack 
• Compatible with all COPS family peripherals 
• Internal binary counter register with MICROWIRETM 

family peripherals compatible serial I/O 
• Software and hardware compatible with other 

~e~~e!"~ C'~ !!'"!e COPS fe~!!~1 

• Single supply operation 
• Internal presettable time base counter for real time 

processing 
• 41'S instruction time (COP420R) 
• 16).1s instruction time (COP444LR) 

• 23 I/O lines 

A9 22 

AS 23 

n 18 

COP444LR 
ONLY 

1,111,,1, I. I r,1AO O!F-07 06 05 04 03 02 01 00 

191615129652 171615141311109 

-f19 
08 07 06 05 04 03 02 01 

~ Vee 

~ GND 74C373 LE" 
VPROM 

~ DUTDIS 
08 07 06 05 04 03 D2 01 

18 17 14 13 · r I" r- VPRDM 

H 

F 
9 10 36 , 5 6 7 • 33 35 34 32 

22 IP7 IPS IPS IP4 IP3 IP2 IP' IPO AD! pa P9 SKIP! 
Dill PlD 

1 40 , 39 , COP404lP 
f!--DR 

~ 
CDP402 fL-

,---l! r2!-
13 

1"1"1"1171181"120121123124),52627)"129130. 
I I I I I I I I I II II 

GND eKO CKI RESET 17 l6 15 l4 IN1 IN2 vee l3 l2 II lO 51 50 5K INO IN3 GO G1 G2 G3 03 02 01 DO 
1 234567 891011121314151617181920212223 2425262728 

Figure 1. COP420R/COP444LR Block Diagram 
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COP420R 
Absolute Maximum Ratings 
Voltage at any Pin 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soldering, 10 sec.) 
Package Power Dissipation 
Total Sink Current 
Total Source Current 

-0.3V to +7.0V 
O°C to 70°C 

-65°C to 150°C 
300°C 

see Figure 15 
50mA 
70mA 

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

DC Electrical Characteristics O°C to 70°C, 4.5V to 6.3V unless otherwise noted 

Parameter 

Operation Voltage 
Power Supply Ripple 
Supply Current 

Input Voltage Levels 
CKI Input Levels 

Crystal Input 
Logic High 
Logic Low 

Schmitt Trigger Input 
RESET 

Logic High 
Logic Low 

All Other Inputs 
Logic High 
Logic High 
Logic Low 

Input Load Source Current 
Input Capacitance 
Hi-Z Input Leakage 

Output Voltage Levels 
0, G, L, SK, SO Outputs 

TTL Operation 
Logic High 
Logic Low 

Ag-Ao, CKO Outputs 
Logic High 
Logic Low 

CMOS Operation 
Logic High 
Logic Low 

Output Current Levels 
LED Direct Drive (COP402) 

Logic High 

Allowable Sink Current 
Per Pin (L, 0, G) 
Per Pin (all others) 
Per Port (L) 
Per Port (0, G) 

Allowable Source Current 
Per Pin (L) 
Per Pin (all others) 

Conditions 

(peak to peak) note 3 
All outputs open, no EPROM installed 

Vcc=Max. 
Vce = 5.0V ± 5% 

Vee = 5.0V, VIN = 0 

Vee = 5.0V 

Vee=5.0V±5% 
IOH=-100!,A 
IOL=1.6mA 

IOH = -75!-iA 
IOL=400!,A 

IOH=-10!,A 
IOL=10!,A 

Vee=6.0V 
VOH =2.0V 

4-4 

Min. 

4.5 

2.0 
-0.3 

0.7Vee 
-0.3 

3.0 
2.0 

-0.3 
-100 

-1.0 

2.4 
-0.3 

2.4 
-0.3 

Vee- 1 
-0.3 

2.5 

Max. 

6.3 
0.4 
38 

0.4 

0.6 

0.8 
-800 
7.0 

+1.0 

0.4 

0.4 

0.2 

14 

10 
2.0 
16 
10 

-15 
-1.5 

Units 

V 
V 

mA 

V 
V 

V 
V 

V 
V 
V 

!,A 
pF 

!,A 

V 
V 

V 
V 

V 
V 

mA 

mA 
mA 
mA 
mA 

mA 
mA 



AC Electrical Characteristics O°C to 70°C, 4.5V to 6.3V unless otherwise noted 

Parameter Conditions Min. Max. Units 

Instruction Cycle Time 4.0 10 I-'S 
Operating CKI Frequency .;.16 mode 1.6 4.0 MHz 
CKI Duty Cycle (note 1) 40 60 % 

Rise Time Frequency = 4.0 MHz 60 ns 
Fall Time Frequency = 4.0 MHz 40 ns 

Inputs: 
SI 

tSETUP 0.3 I-'s 
tHOLD 250 ns 

All other Inputs 
tSETUP 1.7 I-'s 
tHOLD 300 ns 

Output Propagation Delay Test Conditions: RL = 5.0 k, CL = 50 pF, VOUT = 1.5V 
SO and SK 

tpD1 1.0 I-'S 
tpDO 1.0 I-'s 

CKO 
tpD1 U.LO I-'S 
tPDO 0.25 I-'s 

ADIDATA 
tpD1 0.6 I-'s 
t pDO 0.6 I-'S 

A7-AO 
tpD1 2.0 I-'s 
t pDO 2.0 I-'s 

All other Outputs 
tpD1 1.5 I-'s 
tpDO 1.5 1-'5 

Note 1: Duty cycle = tW1/(tW1 + tWO). 
Note 2: See Figure 6 for additional 1/0 characteristics. 
Note 3: Voltage change must be less than 0.5 volts in a 1 ms period. 
Note 4: Exercise great care not to exceed maximum device power dissipation limits when direct driving LEOs (or sourcing similar loads) 
at high temperature. 

------
GND 28 DO 

CKO 27 01 

CKI 26 02 A7 24 vee 
RESET 25 03 A6 23 AS 

17 24 G3 A5 22 A9 

16 23 G2 A. 21 vpp 
l5 22 G1 A3 20 Of (G) 
l4 21 GO A2 19 AIO 

IN1 20 IN3 A1 18 CE/PGM (E/P) 

IN2 10 19 INO AD 17 07 (07) 

Vee 11 18 'K DO (ao) 16 06(06) 

13 12 17 so 01 (Ol) 10 15 05(05) 

12 13 16 SI 02 (02) 11 14 04(04) 

l1 14 15 LO Vss 12 13 03(03) 

COP420 24 Pin Socket 

Figure 2. COP420R Connection Diagrams 

Pin 

LrLo 
G3-GO 

03-00 

IN3-INo 

SI 

SO 

SK 

Description 

8 bidirectional 1/0 ports with TRI-STATE® 

4 bidirectional 1/0 ports 

4 general purpose outputs 

4 general purpose inputs 

Serial input (or counter input) 

Serial output (or general purpose output) 

Logic-controlled clock (or general purpose 
output) 

4-5 

Pin Description 

ADIDATA Address out/data in flag 

CKI System oscillator input 

CKO General purpose input 

RESET System reset ,input 

Vee Power supply 

GND Ground 

0 7-00 PROM data lines 

Ag-AO PROM address outputs 

o o 
"'C 

~ 
C 

~ 
o 
"'C 
~ 

t 
r
:::D 



a:: 
..I 

i a.. 
0 

~ 
S a.. 
0 

~ . 
0 

CKI 

AD/DATA, SK 
(AS A CLOCK) 

IN3-INO, 
G3-GO, L7-LO, 

CKO " SI INPUTS 
G3-GO, 03-00, 
L7-LO, SO, SK 

OUTPUTS 

A8,A9 
OUTPUTS 

A7-AO 
OUTPUTS 

07-00 
INPUTS 

Figure 3a. COP420R Input/Output Timing Diagrams (Crystal + 16 Mode) 

!W1 'I' 'I' 'I'!WO 
CKISLJU 

CKo~/l~/T 
'PD1.-.! ~ -II--'PDD 

Figure 3b. COP420R CKO Output Timing 

Oscillator 
There are two basic clock oscillator configurations 
available for the COP420R as shown by Figure 4. 

a. Crystal Controlled Oscillator. CKI and CKO are can· 
nected to an external crystal. The instruction cycle 
time equals the crystal frequency divided by 16. 

b. External Oscillator. CKI is driven by an external clock 
signal. The instruction cycle time is the clock fre
quency divided by 16. 

A 

Crystal 
Value R1 

4MHz 1k 

3.58 MHz 1k 

2.09MHz 1k 

CKI 

EXTERNAL 
CLOCK 

...I'U'"L 

NOT USED 

Component Values 

R2 C 

1M 27pF 

1M 27pF 

1M 56pF 

Figure 4. COP420R Oscillator 

SO, 5K Push· Pull Output 

L7-LO LED Output 

Vcc . rmt #6 

".,~~ 
Reset, 51, IN3-INo Input with Load 

(.,5 DEPLETION DEVICE) 

Figure 5. COP420R Input/Output Configurations 
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-3 

-2 

<i 
.§ 

~ 
-1 

Reset, SI, IN3-INo Input 
Load Current 

-0.75 P-.ct--f-+---+.:::-::t...-.f..=-I 

1. -0.5 Pocl--f><.ftf-h 
l-

E 
-0.25 1::-+-f-A8------'1..-+--+----l 

<i 
.§ 

-0.4 

-0.3 

~-O.2 

-0. 1 

Input Current for Lo- L7 
when Output Programmed 
Off by Software 

l\ 
\ 

MAX 

MIN ~ 
~ --'i 

VOUT IVOLTS) OEVICE 2 

SO, SK Output Source 
Current 

L7-Lo Output Source 
Current 

L7-LO Output Direct LED 
Drive 

1\ 
\ 
\ 
\ 

vccll~~~ 

I I 
Vcc ,6.3V IIMAX) 

I- ;',f,~~ 6.31 
I I 

ft-- V~c = 4.)5 V 
IMAX) "f 

1\ ~ ~I 

-20 

-18 

-16 

-14 

<"-12 
E 

~-10 
!2 -8 

-6 

-4 

-2 

/' 

~ 

~I I J j 
\ Vcc = 6.3V IMAX) I I 

I I 

\ VCC = 4.5V IMAX) 

Iv I I 
\ 1\ Vcc = 4.5V IMIN) 

V I I 

\ VCC - 6.3V IMIN) -~ / I I 
~ '0;;: 1'...1 I 

-18 r-r-r--r--.,--.,---,---,---,--,-, 
-16 1-1-1-t-t-t-t-+-t--t.-4 

MAXV' 
-14 1-1-1-t-t-t-t-Tv7'f'--t--1 
-12 f--f--l--l---l----t-¥+--j----t--; 

VOUT·2.OV k" 1. -10 f--f--t-t-f7'f--t--t--j----t--; 
LV 

~ -8r-t-rV~~-T-T-T-T-T-i 
-6r-r",'~-r-T-T-T-T-T-T-i 

-4 ~LI-I-t-t-t-t-t-+ MIN 
.~ ... 

-2 •• , •••• !--

0'4 4.5 

VOUT IVOLTS) OEVICE 3 VOUT IVOLTS) OEVICE 4 

5.5 

Vcc IVOLTS) 

6.5 

OEVICE 4 

-2.0 

-1.75 

-1.5 

_ -1.25 

'" E 

~ -1.0 

- -0.75 

-0.5 

-0.25 

03-00, G3-GO Output 
Source Current 

,/VJc = 6Jv IMAx) 

[\( 
~ vJc = 4.JV IMAX) 

I'-. l/' Vcc = 4.5V IMIN) 

f".. ~ K Vcc = 6.3V IMIN) 

r-..... ~ r"... 

---~ ~ 
VOUT IVOLTS) OEVICE 2 

30 

25 

20 

0 

5 

Output Sink Current - -- - .-~-- .. -

.: ~cc = 1.5V I~AX) 

fU-l- VC~ = 6.31v IMAk) 

f . vc1c = 6.Jv IMI~ ~ 

fl vt'l 
V VCC=4.5~N) 

I" I I 

VDUT IVOLTS) OEVICE 1 

Note: Absolute maximum ratings for the COP420R must be observed 

Figure 6. COP420R Input/Output Characteristics 
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COP444LR 

Ab$olute Maximum Ratings 
Voltage at Any Pin Relative to GND 
Ambient Operating Temperature 
Ambient Storage Temperature 
Lead Temperature (Soldering; 10 seconds) 
Power Dissipation 
Total Source Current 
Total ~Ink Current 

-0.5V to +10V 
O·Cto 70·C 

-65·C to +150·C 
300·C 

see Figure 15 
120mA 
140mA 

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 
maximllm ratings. . 

DC Electrical Characteristics O·C'" TA '" +70·C, 4.5V '" Vee'" 9.5V unless otherwise noted. 

Parameter 

Operating Voltage (Vee) 

Power Supply Ripple 

Operating Supply Current 

Input Voltage Levels 

CKI Input Levels 
Crystal Input 

Logic High (V1H) 

Logic Low (VIU 

RESET Input Levels 
Logic High 
Logic Low 

0 0-07, SI Input Levels 
: Logic High 
Logic High 
Logic Low 

All Other Inputs 
Logic High 
Logic Low 

Input CapaCitance 

Output Voltage Levels 

L~TTL Operation 
"Logic High (VoH) 

Logic Low (VOU 

Output Current Levels (Note 3) 

Output Sink Current (Iou 

SO and SK Outputs 

Lo-L7 Outputs 

GO-G3 and Do-D3 Outputs 

Conditions 

(Notes 1 and 2) 

Peak to Peak 

(All Inputs and outputs open) 
No EPROM Installed 

(Schmitt Trigger Input) 

Vee=9.5V 
Vee=5.0V±5.0% 

High Trip Level Options Selected 

Vee = 5.0V ± 5.0% 
IOH = -25"A 
IOL = 0.36 rnA 

Vee=9.5V, VOL=0.4V 
Vee=4.5V, VOL=0.4V 

Vee.:: 9.5 V, VOL = 0.4 V 
Vee =·4.5V, VoL=0.4V 

Vee=9.5V, VOL=1.0V 
Vee =4.5V, VOL=1.0V 

4-8 

Min. 

4.5 

2.0 
-0.3 

0.7 Vee 
-0.3 

2.4 
2.0 

-0.3 

3.6 
-0.3 

2.7 

1.8 
0.9 

0.8 
0.4 

30 
15 

Max. 

9.5 

0.5 

25 

0.4 

0.6 

0.8 

1.2 

7.0 

0.4 

Units 

V 

V 

rnA 

V 
V 

V 
V 

V 
V 
V 

V 
V 

pf 

V 
V 

rnA 
rnA 

rnA 
rnA 

rnA 
rnA 



I 
! 

COP444LR 
DC Electrical Characteristics (Cont'd.) O·C .. T ..... +7O'C, 4.5V .. Vee" 9.5V unless otherwise noted. 

Parameter Conditions Min. Max. 

Output Source Current (IOH) 

00-03, GO-G3 Outputs Vee=9.5V. VOH=2.0V -140 -800 
Vee = 4.5V, VOH=2.0V -30 -250 

SO and SK Outputs Vee = 9.5V. VoH =4.75V -1.4 
Vee = 4.5V. VOH=1.0V -1.2 

Lo-L7 Outputs Vee=9.5V. VOH=2.0V -3.0 -30 
Vee = 6.0V. VOH = 2.0V -3.0 -20 

Input Load Source Current (lILl Ve~ = 5.0V, VOH = OV -10 -140 

Total Sink Current Allowed 

All Outputs Combined 140 
O. G Ports 120 
L7-4 4.0 
L3-Lo 4.0 
All Other Pins 1.8 

Total Source Current Allowed 

All I/O Combined 120 
L7-4 60 
L3-Lo 60 
Each L Pin 30 
All Other Pins 1.5 

CQP444LR 
AC Electrical Characteristics O·C .. T ..... +70·C. 4.5V .. Vee" 9.5V unless otherwise specified. 

Parameter 

Instruction Cycle Time 

CKI 
Input Frequency fl 
Duty Cycle 
Rise Time 
Fall Time 

Inputs 

SI,IP7-IPO 
tSETUP 
tHOLO 

IN3-INo, G3-GO. L7-Lo 
tSETUP 
tHOLO 

Output Propagation Delay 

SO, SK Outputs 
tpo" tpoo 

03-00, G3-GO. L7-Lo 
tpo" tpoo 

Ao-A7 
tpo" tpoo 

As,As 
tpo,. tpoo 

A,o 
tpo" tpDO 

Condltlona 

(+32 mode) 

. fl = 2.097 MHz 

Test Condition: CL=50pF. VouT=1.5V, RL=20kQ 

Note 1: See section on Vee considerations. 
Note 2: Vee voltage changes must be less than 0.5 Vlma to melntaln proper operation. 
Note 3: See Figure 11 for additional 1/0 characteristics. 
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Min. Max. 

15 40 

0.8 2.1 
30 80 

120 
80 

2.0 
1.0 

8.0 
1.3 

4.0 

5.6 

7.5 

11.5 

6.0 

Units 

,.A 
,.A 

mA 
mA 

mA 
mA 

I'A 

mA 
mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 
mA 

Units 

I'S 

MHz 
% 
ns 
ns 

I'S 
I'S 

I'S 
I's. 

I'S 

I'S 

I's 

I's 

I'S 



a: ..... 

i 
Il. 
o 
(.) 

a: 
c 
~ 
Il. 
o 
(.) 

Pin 

L7-Lo 
G3-GO 

D3-DO 

IN3-INo 

SI 

SO 

SK 

CKI 

AD/DATA, SK 
(AS A CLOCK) 

IN3-INO, 63-60, 
l7-l0, CKO & SI 

00-07 INPUTS 

63-60, 03-00, 
l7-l0, SO, SK 

OUTPUTS 

Al00UTPUT 

A8, A9 
OUTPUTS 

A7-AO 
OUTPUTS 

6NO 28 DO 
CKO 27 01 
CKI 26 02 A7 24 VCC 

RESET 25 03 A6 23 A8 
l7 24 63 A5 22 A9 
l6 23 62 A4 21 Vpp 
l5 22 61 A3 20 liE iO) 

21 60 A2 19 AID 
, INI 20 IN3 Al 18 CE/P6M (E/P) 
IN2 19 INO AD 17 07 (07) 

VCC 11 18 SK 00 (00) 16 06 (06) 
l3 12 17 SO 01 (01) 10 15 05 (05) 
l2 13 16 SI 02 (02) 11 14 04 (04) 
II 14 15 lO VSS 12 13 03 (03) 

COP444LR 24 Pin Socket 

Figure 7. COP444LR Connection Diagram 

Description Pin Description 

8 bidirectional I/O ports with TRI·STATE@ AD/DATA Address out/data in flag 

4 bidirectional I/O ports CKI System oscillator input 

4 general purpose outputs CKO General purpose input 

4 general purpose inputs RESET System reset input 

Serial input (or counter input) Vee Power supply 

Serial output (or general purpose output) GND Ground 

Logic·controlled clock (or general purpose 0 7-00 PROM data lines 

output) Al0-Ao PROM address outputs 

~-tPdl 
VOH 

_I~_tpdo I 
1

_ VOL '//////IIIm71m.,.--------... ~= 

~ .... -+'"~~ I~ rm~==T111177l===rmm.""'* __ 

l-tPd1 - 1 ~:=-!VOl #~VOH 1 ~ 
I.~? =..;:tp;;;d':L~~ ___ _ 

-'IlI/llIfVOH (SKIP) -=VOl (Al0) __ VOL !!!!LIl!VOH 

!-tPdl.I17"""jf--------m-- ~., 
I. tpdl _ _I 

Figure 8. COP444LR Input/Output Timing Diagram 
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Oscillator 

CKI is an external clock input signal. The external fre
quency is divided by 32 to give the instruction cycle time. 

eKO as General Purpose Input 

CKO has been configured as a general purpose input 
with a load device to Vee. The logic level applied to CKO 
will be read Into bit 2 of A (accumulator) upon execution 
of an INIL instruction. 

COP444LR 

CKI 

t 
I 

EXTERNAL 
CLOCK 

J1.IL 

CKO 

t 
I 

GENERAL 
PURPOSE INPUT 

Figure 9_ COP444LR Oscillator 

00 -03, Go-G3 Very High 
Current Standard Output 

Lo-L7 High Current LED Output 

(AIS DEPLETION DEVICE) 

SO, 5K Push-Pull Output 

VCC 

"'"'~~ 
Reset, 51, CKO, 1No-1N3 . 

Input with Load 

Figure 10. COP444LR Input/Output Configurations 
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a: .... 
J 
C
o o 
Ii: 
~ 
C-
O o 

~ ,g 

" 52 

~ ,g 

" 52 

Reset, SI, CKO, INo-INa 
Input Load Current 

-200 r-r-r-r-r-r-r-r-r---n 

1.0 2.0 3.0 4.0 5.0 6.0 1.0 8.0 9.5 

V,N (VoLTSI 

-100 

-90 

-80 

-10 

~ -60 

0 
-50 

!; -40 
52 

-30 

-20 

-10 

o 

Input Current for Lo- L7 
when Output Programmed 
Off by Software 

I I I 

I 

I\. 'MAX @ Vee=9.5V 

I\. 
'\ 

'\ 
I MAX} 

Vce"4.5V 

'MIN @Vec"9.5V ~ 

~rer~·5V 
o 1.0 

V I/O 

l'-.. 
~ """ 2.0 

Lo-L7 Output Source 
Current 

Lo-L7 Output Sink Lo-L7 Output Direct LED 

-50 

-40 

-30 

-20 

-10 

VOH (VOLTSI 

Lo-L7 Direct Segment Drive 
and Oo':'Da or GO-G3 
Direct Digit Drive 

IMAX ~ ONE SEGMENTS/ 

// 
.... V ,/" .... ~AXEIGHT 

"l .' IMIN 
SiGMENiS ON .. ' ....... 

:< .s 
-' 
!i: 

Current 
4~-rr---v-~r---r-~ 

2 

2.0 

1.5 

0.5 

2 3 

VOL (V) 

SO, SK Output Source 
Current 

'MIN 'M'~ @Vee 
=4.5V @Vee 

:-f--=9.5V 

'MAX 

-

\ \@vec 

1\ 'MAX \ 
\.5V 

@Vee 

\ SCI 1\ r\ 
'- -1-0. 

Drive 
-50 

VOH" 2.0 V 

-40 

-30 ~ 
,g 'V 

..-
§ 

-20 
......... 

-10 

IMIN 

0 
.... ...... 

4 

Vee (VOLTSI 

SO, SK Output Sink 
Current 

4 

o 
4 

::::~ ....... 
10 

o o 1 2 3 4 5 6 7 8 9 10 2 

Vee (VOLTSI 

-1000 

-900 

-800 

-100 

1 -600 

~ -500 
52 

-400 

-300 

-200 

-100 
o 

00-07, GO-G3 Output 
Source Current 

'\ IMAX@Vee"9.5V 

IMAX@ " 
seC"4.5~ '" 
-"..-- IMIN@ 

'\ Vee" .5VI .'\. 

1-~_1/~ 
~ -- ~ "K: 

VOH (V) 

:< 

00-03, GO-G3 Output Sink 
Current 

120 rrr-,r-r-r-r-r-,..-,::z:;.,..., 

100 I+H-f-t-:Y't-t-t-t-H 

:: 60 H-1H!--+-+-T"-F-i-+-+-l 
!i: 

VOL (V) 

o 1 2 3 4 5 6 1 8 9.5 
O~~~~~~~~~ 

o 1 2 3 4 5 6 7 8 9 10 
VOH (VoLTSI VOL (V) 

Note: Absolute maximum ratings for the COP444LR must be observed. 

Figure 11. COP444LR Input/Output Characteristics 
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External Memory Interface 

The COP420R/COP444LR are designed for use with an 
external program memory. This memory may be imple· 
mented using the EPROMs listed in Table 1. 

Table I. EPROMs for use with COP420R/COP444LR 

Vcc of EPROM COP420R COP444LR 

5.0V±O.25V MM2716 MM2716 
NMC27C16 NMC27C16 
MM2758A 
MM2758B 

5.0V±O.5V MM2716-1 MM2716-1 
MM2716E MM2716E 
MM2716M MM2716M 
NMC27C16-1 NMC27C16-1 

Jumper Configurations 

In order to enable various options seven solder bridge 
type jumpers, labeled A through H, have been imple· 
mented. These jumpers are located in the area under· 
neath the EPHUM. ::>ee t-Igure lZ ana I aOle Z. 

The COP420R is shipped with jumpers A, E, and F 
installed. 

The COP444LR is shipped with jumpers B, C, and F 
installed. 

Jumper 

A 

B 

C 

D 

E 

F 

H 

Table 2. Jumper Configurations 

Function 

Circuit Vee connected directly to 
EPROM's Vee pin (Vprom) 

Circuit Vee connected to regulator input, 
regulator output connected to EPROM's 
Vee pin (Vprom) 

EPROM A10 pin connected to COP404L 

EPROM A10 pin connected to Vee 
(MM2758A) 

EPROM A10 pin connected to GND 
(MM2758B) 

EPROM OE pin connected to AD/DATA 

Not used 

EPROM SOCKET 
(TOP) 

eeeGe8e88®®@ 

Figure 12. Jumper Locations 
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General Vee Considerations 

The CPU portion of the COP420R is the COP402. The 
Vee operating range for the COP402 is 4.SV to 6.3". The 
CPU portion of the COP444LR is the COP404LP. The Vee 
operating range for the COP444LP is 4.SV to 9.SV. 

Due to the fact that the Vee operating range for the 
EPROMs is either 4.7SV toS.2SV or 4.SV to S.SV the 
EPROMs become the Vee limiting device. Because of 
these limitations jumpers have been added on the 
COP420R; jumpers and a regulator have been added on 
the COP444LR. 

A 0.1/AF decoupllng capacitor should be connected be· 
tween Vee and Ground as close to the device as possible. 

Vee Considerations for the COP420R 

In the COP420R, jumper A is connected (Figure 13a). 
With A in this configuration the Vee operating range be· 
comes the Vee operating range of the EPROM selected. 

I---+-Vcc 

a. Standard Configuration 

H = .c; 

leeeeeeeee®®@1 

c. Jumpers for Standard Configuration as Shipped 
from NSC 

If the jumper at A is replaced by a diode the Vee oper
ating range will be changed. For example, if the diode 
voltage is O.BV and the EPROM selected Is 4.SV to S.SV 
the operating range of the COP420R becomes: 

4.SV + O.BV toS.SV + O.BV or S.3V to 6.3V. 

WARNING: THIS CHANGE SHOULD BE MADE WITH 
EXTREME CAUTION. IMPROPER 
INSTALLATION VOIDS WARRANTY. 

Remove solder from jumper A and insert the anode of 
the diode through the hole connected to the bottom of 
the jumper A and the cathode of the diode through the 
hole connected to the top of jumper A as shown in 
Figure 13B. 

I----Vcc 

b. Diode Configuration 

'-:1 e:::::---::::e:-:8::::-~ -::::8:-:e::::-~ -::::e:-:8::::-~ -::::e:-8::::-~ -:::®:-®::::-:: ·-:::@~I 

o 
o 
o 
o 

d. Jumpers for Diode Configuration as Modified by User 

Figure 13. COP420R Jumper Connections 
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Vee Considerations for the COP444LR 

In the COP444LR, jumper B is connected (Figure 14). 
With B in this configuration the 5.0V regulator is con· 
nected to the EPROM and the latch. The Vee range of 
the COP444LR is then determined by the V1NIVoUT speci· 
fication of the regulator; which is 2.0V. Therefore, the 
Vce range of the COP444LR is 7.0v to 9.5V. 

If the jumper is removed from the B position and eon· 
nected in the A position, the same limitations apply that 
are discussed above in the section on Vee Considera· 
tions for the COP420R. 

WARNING: THIS CHANGE SHOULD BE MADE WITH 
EXTREME CAUTION. IMPROPER 
INSTALLATION VOIDS WARRANTY. 

Power Considerations for COP420R/COP444LR 

The absolute maximum power dissipation of the 
COP420R and the COP444LR Is shown in Figure 15. In 
addition, the COP444LR contains a regulator with an 
absolute maximum power dissipation of 305 mW at 70·C. 

For an MM2716 EPROM the maximum operating current 
is 105mA and the maximum current in the standby 

, mode is 30 mAo The COP444LR is designed such that 
the EPROM is in the standby mode for 50% of the time. 
Therefore the power consumed by the regulator is: 
(9.5 - 5.0)(105 + 30)/2 = 304 mW. 

A 

l 

t-~---"""---VCC 

s. Regulator Configuration 

I®®®®®®®®®®®@I 
H = 
~ 

WGDBecaif 
= <:::7 

E 

H = ff: 

l leeeeeeeee®®@1 I lleeeeeeeee®®@1 'I 
'----_-----J '----_---J 

b. COP444LR Jumpers for Vcc = 7.0 to 9.5 V as 
Shipped from NSC 

c. COP444LR Jumpers for Vcc = 4.5 to 5.5 V as ' 
Modified by User 

Figure 14. COP444LR Jumper Connections 
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~ 900 
51 800 
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~ 400 
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I' 
615mW@25°C 
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I NI 
I I "'!o.. 

270mW@70"C 

I I 
I I 

o 10 20 3D 40 50 60 70 80 90100110 

TEMPERATURE (OC) 

Figure 15. Maximum Power Dissipation for the COP420R/COP444LR 
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For the' absolute maximum power dissipation of the 
COPS devices, all so,urces of power dissipation must be 
taken into account. For example: 

Wheh the COP outputs are used to drive loads directly 
the power consumed in the outputs must be considered 
in the maximum power dissipation of the package. Fig· 
ure 16a shows an LED segment obtaining its source cur· 
rent from the LO output and DO sinking that current. In 
this configuration all the power required to drive the 
LED, with the exception of the portion consumed by the 
LED itself, is consumed within'the chip. Assuming that 
the COP444LR is the driving device, Figure 11 shows the 
currents available on these outputs. 

If we assume the VSOlJRCE resistor is not inserted, the 
device has a Vcc of 9.5 V, and that the voltage drop 
across the LED is 2.0V we cim calculate the power dis· 
sipation in these outputs. The minimum current that DO 
can sink ai 1.0V is 35 mAo LO,can source up to 35 mA at 
3.0V. Therefore, the power dissipation tor the LO output 
could be: (9.5 - 3.0)0.035 = 227 mW. The power in the DO 
output could be: 1(0.035) = 35 rnW. 

Figure 16b depicts the DO output driving the base of a 
PNP transistor with a current limiting resistor. Without 
the curent limiting resistor the absolute maximum sink 
current of the DO output would be exceeded. 

Current Limiting Resistor Calculations 

In order to calculate the current limiting resistor for the 
case shown in Figure 16a, LED Drive, we must refer to 
Figure 11, LO-L7 output source current. This figure 
shows that at Vcc = 9.SV the minimum current curve 
peaks at 1= 6.0 mA and VSOURCE =4.8V. The current curve 
is actually very flat between 4.0 and S.O volts. For maxi· 

LO 
VSOURCE 

-= 400Q 

vcc 
X-LEO 

~& 00 VSINK 

-= 

a. LED Drive 

mum current we need to set the voltage on the L pin = 4.8V 
at 6.0 mA. The D line will sink this current at 0.4 V. There· 
fore, the resistor and LED must make up the difference. 

V, =Vo+ IR+ VLEO 
4.8 = 0.4 + 0.006R + 2.0 
2.4 = 0.006R 
R=400Q 

At the other end of the curve, when the L line sources 
the maximum curren't, assume the LED and the D line 
will have the same voltage drop. 

V,=0.4+IR+2.0 
V, =2.4 + IR 

From the curve of Figure 11 we see that at 6.4V the L line 
will source 10 mAo Therefore: V, = 2.4 + 0.01 (400) = 6.4 V. 

In the case of the D line driving the base of the PNP in 
Figure 16b, let us assume the 420R with a Vcc of 4.5V, a 
base to emitter reSistor of 5.1 kQ, VSE = 1.0V, and a worst 
case base drive requirement of 3.0mA. We see that we 
must supply 200~ to the base·emitter resistor to turn 
the transistor on. 

1.0V/S.1 kQ =200~ 

From Figure 6 we see that at 1.0V the D line can sink 
3.2 mAo To calculate the value of the current limiting 
resistor we have: 

R = (Vcc - VSE - Vo)/1 
R = (4.5 - 1.0 -1.0)/0.0032 = 780 Q 

At 6.3V the D line can sink more than enough current at 
0.3V, and if the VSE is 0.7V we can calculate the maxi· 
mum D line current: 

I = (Vee - VSE - Vo)/R 
1= (6.3 - 0.7 - 0.3)1780 = 6.3 mA 

Vcc 

b. PNP Drive 

Figure 16. COP Output Loading 
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Emulation of Other Members of the COPS™ Family 

The pin configurations for members of the COPS family 
of microcontrollers are shown in Figure 17. 

The COP420R, with an EPROM, is an exact emulator for 
the COP420. With appropriate pin scramblers, the 
COP420R will faithfully emulate the COP421 and COP422. 

The COP444LR, with an EPROM, is an exact emulator 
for the COP444L. With a pin scrambler, the COP444LR 
will emulate the COP445L. 

l4 20 LS 

VCC L6 

L3 L7 

L2 RESET 

CKI 

DO 

SI 01 

SO G2 

G1 

GND GO 

GNO 24 DO 

CKO 23 01 

CKI 22 02 

iim'f 21 03 

L7 20 G3 

L6 COP445L 
COP421 

19 G2 

L5 COP421L 18 G1 

l4 17 GO 

VCC 16 SK 

L3 10 1S SO 

L2 11 14 SI 

L1 12 13 LO 

The COP444LR will emulate the COP420L if the 
limitations on ROM and RAM are observed. Also, with 
appropriate pin scramblers, the COP444LR will emulate 
the COP421L and COP422L. 

The COP444LR can be used to emulate tile COP410L 
and COP411L with a pin scrambler, but caution must be 
used. The COP410L and the COP411L not only have less 
ROM but the RAM registers are organized differently 
and the stack only has two (2) levels. 

CKO 20 GNO 

CKI 19 02 

RESET 18 03 

L7 17 G3 

L6 COP422 16 G2 

LS COP422L 1S SK 

L4 7 14 SO 

VCC 8 13 SI 

L3 12 LO 

L2 10 11 L1 

GNO 28 DO 

CKO 27 01 

CKI 26 D2 

RESET 25 D3 

L7 24 G3 

L6 23 G2 

L5 COP444L 
COP420 

22 G1 

l4 COP420L 21 GO 

IN1 20 IN3 

IN2 19 INO 

VCC 18 SK 

L3 17 SO 

L2 16 SI 

L1 14 15 LO 

Figure 17. COPS Family Pin Configurations 
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~ National ' . 
a Semiconductor 

PRELIMINARY 

COP440R/COP2440R 
Piggyback-EPROM Microcontroller 

General Description 
The COP440R/2440R Piggyback-EPROM Mlcrocontrollers 
are members of the COPSTM family. The COP440R and 
COP2440R devices are Identical to the COP440 and 
COP2440 respectively except that the program ROM has 
been removed. In place of the ROM, each device package 
incorporates the circuitry and socket to accommodate 
the Piggyback-EPROM. 

The socket provided on the package accepts an MM2716 
or NMC27C16. Each part Is a complete microcontroller 
system with CPU, RAM, I/O, and EPROM socket provided 
In a single 40-pin package. In a system, the piggyback 
device will perform exactly as its mask-programmed 
equivalent. 

The complete package allows field test of a system In its 
final electrical and mechanical configuration. This Im
portant benefit facilitates development and debug of a 
COP400 program prior to masking of a production part. 

Features 
- Exact equivalent of the COP440/COP2440 

- Socket and interface for industry standard EPROMs 

- Two independent processors (COP2440) 

- Dual CPU simplified task partitioning-easy to 
program COP2440 

- Enhanced, more powerful instruction set 

- 160 x 4 RAM, addresses up to 2k x 8 ROM 
_ MicROBUSTM compatible 

- Zero-cros~lng detect circuitry 

- True multi-vectored Interrupt from four selectable 
sources (plus restart) 

- Four level subroutine stack for each processor 
(In RAM) 

II 4"s execution time per processor (non-overlapping) 

- Single supply operation (4.5V-6.3V) 

- Programmable time-base counter for real-time 
processing 

These devices are also economical in low and medium 
volume applications or when the program may require 
changing. - Software/hardware compatible with other members 

of COP400 family I 
COPS and MICROBUS are trademarks of National Semiconductor Corp. 
TRI.sTATE Is a registered trademark of National Semiconductor Corp. 

12 GND VCC~24:..oj~_-----____ ---. 

r.:: .... ::.::.::.~~=~~:-i:~ V h 2 ... ____ ..., ! A5 VPP~ 
r---->-I5 A4 ~~CW: AID ti2~2~ -_ -_ -.:-_-_-_ -_ -_ -_ -.:-.:-_ -~' ---t A3 A9 '23 

~7~ :I 0605 04030201 o~ r.:h~3--:·4-0-----.., 
1·1171615141311109 I·W SKIP 

~0=8~07~06~0~50~40=3~02~01~ .~0~'~02~03~04l-~_~ t:=== .... ::t~~C 74LS373 [f C~:S175 ~~~ U 
+- GNO GND ~ 

GNO 

D8 D7 06 05 04 03 D2 Dl 01 020 130 14 ! -='="_ 

1:1'1'---' I-H+++~--+-+---' 

1P1'P6IP5'P41P3'P2'P1,PO AD/iiAfA 

COP4D4124D4 

DCK M8 .r-... 
VRAM r- 6" 8 <J-' 

CKDlr-§ 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I-tt= 
__ NRR ___ R ___ R_._~9_UNR __ ~_.~ ___ R __ ·~I~~ 

QCQo:=%:~mm~~~0M ~§~~~~ ~~~=EEE=E==~U 

. il! 

Figure 1_ COP440R/COP2440R Block Diagram 
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0 
0 
"tJ 

Ll 40 VCC 
:t 
0 

LO 39 L2 :!! 
SI 38 L3 0 

SO IN2 A7 24 VCC 0 
SK INl A6 23 A8 "tJ 

INO 35 L4 
A5 22 A9 

I\) 
olio IN3 L5 8 GO L6 

A4 21 VPP 

Gl 32 L7 A3 20 DE (G) :u 
G2 10 31 RO A2 Al0 

G3 11 30 Rl Al CE/PGM (E/P) 

HO 12 29 H2 AD 07 (07) 
Hl 13 28 R3 00 (00) 06 (06) 
H2 14 27 R4 

H3 15 26 R5 
01 (01) 05 (05) 

03 16 25 R6 02 (02) 04 (04) 

02 17 24 R7 VSS 03 (03) 

01 18 23 IImf 
DO 19 22 CKI 

GNO 20 21 CKO 

COP440R/COP2440R 24-Pln Socket 

Figure 2. Connection Diagrams 

Pin Description Pin Description 

L7 -Lo B-bit bidirectional I/O port with CKI System oscillator input 
TRI-STATE<!l eKO System oscillator output (or general 

G3-GO 4-bit bidirectional I/O port purpose input or RAM power supply) 

03-00 4-bit general purpose output port RESET System reset input 

IN3-INo 4-bit general purpose input port Vee Power supply 

SI Serial input GNO Ground 

:::"::.~ ':'~~::- .. + ~"r ~.o.n.orol ~lIr~n!c:'A nlltnut\ H3- Ho 4-blt bidirectional I/O port 

SK Logic-controlled clock (or general R7 -Ro 8-bit biOireCllonal I/U pOll wlLi, 'ni-

purpose output) STATE 
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Section 5 
MICROWIRE™ 
Peripherals II 





~National a Semiconductor 
PRELIMINARY 

COP431, COP432, COP434 and COP438 
(ADC0831, ADC0832, ADC0834 and ADC0838) 
8·Bit Serial I/O AID Converters with Multiplexer Options 

General Description 
The COP431 series are 8-blt successive approximation 
AJD converters with a serial I/O and configurable input 
multiplexers with up to 8 channels. The serial 110 is con
figured to comply with the NSC MICROWIRETM serial 
etala Axr.h"'n!:)A "I", net", ret fnr A"'''!, ; nl<"f"" .. In Ih .. r.np~TM 

family of processors, and can interface with standard 
shift registers of "Ps. 

The 2·, 4- or 8·channel multiplexers are software config· 
ured for single·ended or differential inputs as well as 
channel assignment. 

The differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog 
voltage span to the full 8 bits of resolution. 

Features 
• NSC MICROWIRE compatible-direct interface to 

COPS family processors 
• Easy interface to all microprocessors, or operates 

"stand-alone" 

Typical Applications 

5VOC 

LM335 
111 111 

T1 ":" T2 ":" 

COPS ™ and MICROWIRE ™ are trademarks of National Semiconductor Corp. 

• Operates ratiometrically or with 5 Vec voltage 
reference 

• No zero or full·scale adjust required 
• 2-, 4- or 8·channel multiplexer options with address 

• Shunt regulator allows operation with high voltage 
supplies 

• OV to 5V input range with single 5V power supply 
• Remote operation with serial digital data link 
• T2L/MOS input/output compatible 
• 0.3" standard width 8-,14- or 20·pin DIP package 

Key Specifications 
• .Resolution 
• Total Unadjusted Error 
• SingleSuppiy 

• LowPower 
• Conversion Time 

5-3 

co_ 
SEllIAL 

AID 

: 5VOC 

MICROWIRE 

BIT STREAM 

8Bits 
± 1/2 LSB and ± 1 LSB 

5Vec 
10mW 

32,.s 

COPS 
CPU 



Absolute Maximum Ratings (Notes 1 and 2) 

Current into V+ (Note 3) 

Supply Voltage, Vee (Note 3) 
Voltage 

10mA 

6.5V 

logic Inputs - 0.3V to + 1BV 
Analog Inputs - 0.3V to V cc + 0.3V 

Storage Temperature - 6S·C to + 150·C 

Package Dissipation alTA = 25·C(Board Mount) O.BW 
lead Temperature (Soldering, 10 seconds) 300·C 

Operating Ratings (Notes 1 and 2) 

Supply Voltage, Vcc 
Temperature Range 

4.5 Voct06.3 Voc 
0·Ct070·C 

Converter and Multiplexer Electrical Characteristics 
The follo,wing specifications apply for Vcc= V + =5V, T MINSTAsT MAX and fCLK = 250 kHz unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

Total Unadjusted Error: (Note 4) 
ADCOB31B, 32B, 34B, 3BB VREF Forced to 5.000 Voc ±1/2 lSB 
ADCOB31C, 32C, 34C, 3BC VREF Forced to 5.000 Vric ±1 lSB 

Reference Input Resistance 2.4 kU 

Common-Mode All MUX Inputs and COM GND-0.05 Vcc+ 0.05 V 
Input Range (Note 5) Input 

DC Common-Mode Error Differential Mode ± 1/16 lSB 

Power Supply Sensitivi'ty Vcc=5V±5% ± 1/16 lSB 

10FF' Off Channel leakage On Channel'= 5V 
Current (Note 6) Off Channels = OV· 

~1 /LA 
TA=25·C -50 nA 
On Channel.=OV 
Off Channels = 5V 

1 /LA 
TA=25·C 50 nA 

ION, On Channel leakage On Channel = OV 
Current (Note 6) Off Channels = 5V 

-1 /LA 
TA=25·C -200 nA 

On Channel = 5V 
Off Channels = OV 

1 /LA , 
TA=25·C 200 nA 

AC Electrical Characteristics 
The following specifications apply for VCc= 5V, tr= tf = 20 ns and TA= 25·C unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

fCLK, Clock Frequency 10 250 kHz 

Clock Duty Cycle 40 60 % 

Tc, Conversion Time Not Including MUX B 1/fcLK 
Addressing Time 

tSETUP, SI; or Cs Falling Edge 100 250 ns 
or Data input Valid to ClK 
Edge 
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AC Electrical Characteristics (Continued) 

The following specifications apply for Vee= 5V. tr= tf = 20 ns and TA = 25°C unless otherwise specified. 

Parameter Conditions Min Typ 

tHOLD. Data Input Valid after 35 

ClK Rising Edge 

tespw. Minimum CS High 35 

Interval 

tpd1. tpdO-ClK C L=100pF 

Falling Edge to Output Data MSB First 650 

Data Valid (Note 7) Data lSB First 250 

t 1H. tOH-Rising Edge of CS to C L = 10 pF. RL = 10k 125 

Data Output and SARS Hi-Z (See TRI·STATE'" 

Test Circuits) 

CIN. Capacitance of logic 5 

Inputs 

COUT. Capacitance of logic 5 

UUlPUIS I I I I 

DC Electrical Characteristics 
The following specifications apply for Vee = 5V and TMINSTAsTMAX unless otherwise specified. 

Parameter Conditions Min 

VIN(l). logical "1" Input Voltage Vee=5.25V 2.0 

VIN(O). logical "0" Input Voltage Vee = 4.75V 

IIN(l). logical "1" Input Current VIN=Vee 

IIN(O). logical "0" Input Current VIN=OV -1 

VOUT(l). logical "1" Output Voltage lOUT = - 360 pA. Vee = 4.75V 2.4 

10UT= -10/LA. Vee=4.75V 4.5 

VOUT(O). Logical "0" Output Voltage lOUT = 1.6 mAo Vee = 4.75V 

lOUT. TRI-STATE Output Current VOUT=0.4V. TA = 25°C 

(DO.SARS): VouT =5V. TA=25°C 

ISOUReE VOUT Short to GND. TA = 25°C 

ISINK VOUT Short to Vee. TA = 25°C 

Icc. Supply Current (Note 3) 

I + • Current into V + (Note 3) 

Nola 1: Absolute Maximum Ratings are those values beyond which the life of the device may be Impaired. 
Note 2: All voltages are measured with respect to ground. 

Typ 

0.005 

-0.005 

-0.1 

0.1 

14 

16 

2.8 

Max 

90 

120 

1500 

600 

250 

Max 

15 

0.8 

1 

0.4 

-100 

3 

10 

Units 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

I 

Units 

V 

V 

pA 

pA 

V 

V 

V 

pADe 

/LADe 

mA 

mA 

mA 

mA 

Nola 3: An internal zener diode exists from Vee to GND on the V + and Vee Inputs. The breakdown of these zeners Is approximately 7V. The V + zener is in· 
tended to operate as a shunt regulator and connects to the Vee via a diode. When using this regulator to power the AID. this diode guarantees the Vee Input to 
be operating below the zener voltage (7V - O.SV). It is recommended that a series resistor be used to limit the maximum current into the V + Input. 
Nola 4: Tolal unadiusted error includes offset, full·scale, linearity, and multiplexer errors. 
Nola 5: ForVIN( _) .. VIN( +) the digital output code will be 0000 0000. Two on·chlp diodes are tied to each analog Input(see Block Dlagram)which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vee supply. Be careful, during testing at low Vee levels 
(4.5V), as high level analog inputs(5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog inputs near full· 
scale. The spec allows 50 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage by more than 50 mV, 
the output code will be correct. To achieve an absolute 0 VDe to 5 VDe Input voltage range will therefore require a minimum supply voltage of 4.950 VDe over 
temperature variations, Initial tolerance and loading. 
Nola 6: Leakage current Is measured with the clock not switching. 
Nola 7: Since data, MSB first, is the output olthe comparator used In the successive approximation loop, an additional delay is built In (see Block Diagram) to 
allow for comparator response time. 

TAI·STATEi!I Is a registered trademark of National Semiconductor Corp. 
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Timing Diagrams 

Data Input Timing 

CLK 

DATA 
OUT (00) 

Data Output Timing 

TRI·STATE Test Circuits and Waveforms 

Vee 

fS DATA 
OUTPUT 

10k 

':' ':' 

tOH 
Vee Vee 

10k 

fS DATA 
OUTPUT 

CLT .. -
Leakage CurrentTest Circuit 

5V 

CHANNel 
VOLTAGE 
SElECT 

'-11H 

OOANOvOH ~90% 
SARS OUTPUTS . "-

GNO -------" 

tr:::::20 ns 

tOH. CL = 10 pF 

t,=2O ns 

AOCOB3X 

CH A (ON CHANNEL) 

.... ----1::: } OFF +-_________ _: CHANNElS .. ---------
I .. _--------
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(CLK) 

CHIP SELECT 
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START 
BIT 
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DON'T 
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DATA IN (01) 
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MUX Addressing 
2-, 4- and 8-channel multiplexer options are available. 
These multiplexers are software configurable as single
ended or differential inputs. The configuration and chan
nel assignment of the multiplexer is accomplished with a 
serial input word which must be preceded by a leading "1" 
or start bit (leading zeros are ignored). 

Differential inputs are restricted to adjacent channel 
pairs. For example channel 0 and channel 1 may be 
selected as a differential pair. Channel 0 or 1 cannot act 
differentially with any other channe!.ln addition to select-

ing differential mode the sign may also be selected. Chan
nel 0 may be selected as the positive input and channel 1 
as the negative input or vice versa. 

Data is always shifted in on the rising clock edge and 
shifted out on the falling clock edge. The only exception is 
the ADC0831 which requires no input data since it does 
not have a multiplexer. If CS goes high, the conversion is 
stopped and all internal circuitry is reset. If another con
version is desired, CS must make a high to low transition 
followed by address information. 

TABLE I. MULTIPLEXER/PACKAGE OPTIONS 

Part Alternate Number of Analog Channels Number of 
Number Part Number Single-Ended Differential Package Pins 

ADC0831 COP431 0 1 8 
ADC0832 COP432 2 1 8 
ADC0834 COP434 4 2 14 

ADC0838 COP438 8 4 20 

TABLE II. MUX ADDRESSING: ADC0838 

Single· Ended MUX Mode. 

MUX Address Analog Single· Ended Channel # 
SGU 0001 SELECT 
DIF SIGN 1 0 0 1 2 3 4 5 6 7 COM 

1 0 0 0 + -
1 0 0 1 + -
1 0 1 0 + -
1 0 1 1 + -
1 1 0 0 + -
1 1 0 1 + -
1 1 1 0 + -
1 1 1 1 + -

Differential MUX Mode 

MUXAddress Analog Differential Channel-Pair # 
SGU 0001 SELECT 0 1 2 3 
DIF SIGN 1 0 0 1 2 3 4 5 6 7 

0 0 0 0 + -
0 0 0 1 + -
0 0 1 0 + -
0 0 1 1 + -
0 1 0 0 - + 
0 1 0 1 - + 
0 1 1 0 - + 
0 1 1 1 - + 
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MUX Addressing (Continued) 

TABLE III. MUX ADDRESSING: ADC0834 

Single·Ended MUX Mode 

MUXAddress Channel # 

SGU 0001 SELECT 
DIF SIGN 1 0 1 2 3 

1 0 0 + 
1 0 1 + 
1 1 0 + 
1 1 1 + 

COM is internally tied to A GND 

Differential MUX Mode 

SGU 
DlF 

0 

0 

0 

0 

MUXAaaress ""nanntH If 

0001 SELECT 
SIGN 1 0 1 

0 
0 

1 

1 

0 + -
1 

0 - + 
1 

TABLE IV. MUX ADDRESSING: ADC0832 

Single·Ended MUXMode 

Channel # 
.... _ ... , "' ....... , 
DIF SIGN 0 1 

1 0 + 
1 1 + 

COM is internally tied to GND 

Differential MUX Mode 

MUX Address Channel # 
SGLI 0001 
DIF SIGN 0 1 

0 0 + -
0 1 - + 
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Typical Applications (Continued) 

MUXADDRESS 

~::::=i:::::::;::::::;:::::~-o5VDC 

6Voc 

STARTt---+--=i-.....I 

START THE 
AID CONVERSION 

PUSHT1N• 

·Plnouts shown for COP43B. 
For all other products tie to 
pin functions as shown. 

5lk(41 

INPUT SHIFT REGISTER 

10 

CLR 

OUTPUT SHIFT REGISTER 

11 11· 10 

DATA DISPLAY 

A "Stand-Alone" Hook-Up for COP438 Evaluation 
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-START BIT 

SGL/ffii; 

DO 

14 74Cl&5 

SVoc 

QA 

74C184 

NSL5G27 (II 

Ne 



CJI 

~ 

17 

010 t 
CS 0 lB t. t t ' , 

R 
R .1 R J R 

5-81T SHIFT REGISTER 

START SGL/Oii' I ODD/SIGN I SELECT 1 SEll 

I 
16 

CLK 
MUX 

VCC ADDRESS NOTE 1 \ ,NOTE 1 

...... ...... 
CH 0' 

CH 1* 

CH 2* 

1 , ..... .... 
+1-1 ( 

, ..... ..... 

~~ 2 ....... I , ...... 
.... .... 

3 , ..... I , ..... ..... ...... , ..... 
CH3' 

4 , ..... I , ..... - ......... ...... ~ ANALOG 

CH4 
5 , ...... I ''''''' MUX ..... (EQUIVALENT,' , ..... .... 

CH 5 
6 , ...... I , ...... - ---< .. , .... 

CH 6* 
7 ., ...... I , ...... -.... , ..... 

CH 7' 
B , ...... I , ...... -.... , ..... 

COM* 
9 ..... I , ..... 

12 r; '7 
VREF 0 
VCC0 20 , 

, , TO INTERNAL ---f-, 
CIRCUITRY 

7V ZENER 

v" 19 ~ INPUT TO J 
INTE lNAL 

10 CIR[ JlTS 

""'1 ~ i!F 
11 A GNo 0 INPUT PROTECTION ALL LOGI : INPUTS. 

"rf 

*Some of these functions/pins are not available with other options. 

• I I ~ TART CONV AND ENABLE TSL OUTPUT BUFFER 

SAR L 
LOGIC 

L AND 
LATCH I 

4 

COMP 

CS 

I 

.6 

B5 

B4 

B3 

B2 

Bl 

13 
§E' 

cs 

+ EOC 

R C 

9·BIT 
SHIFT 

REGISTER ~ cs ...... ~oO 

8 
"'0 
~ 
w 
CO 
"11 
c: 
::::J 
2. 
C)" 
::::J 
I» 

m 
g 
~ 

c 
iii" 

CD ;; 
3 

Nolo 1: For the COP434, DI is input directly to the D input of SELECT 1. S ,LECT 0 is forced to a "1". 

(8&8000V pUB t&8000V '~&900aV '~&800aV) 
8&tdOO pue t&tdOO '~&tdOO '~&tdOO 



ooco 
('1)('1) 
"'=too 
0.0 
00 
00 
"C:( 
C" «1C 

"'=t«1 
('I)"'=t 
"'=t('l) 
0.00 
00 
00 
~O 

~c:( 
"'=t ~ 

o.C'II 
O~ 
0 0 
~O 

...-0 
~c:( 
0. ~ 

02; 
0 00 

0 
0 
0 
:$. 

Connection Diagrams 

COP438 8·Channel MUX 

Dual·ln·Llne Package 

CH 0 
20 

VCC 

19 
CH 1 v+ 

CH 2 
18 Cs 

CH 3 
17 

01 

CH4 16 ClK 

CH 5 15 SARS 

CH 6 
14 

DO 

13 _ 
CH 7 SE 

COM 12 VREF 

o GNO 
10 11 

A GNO 

TOP VIEW 

Order Number COP438BN, COP438CN 
NS Package N20A 

COP432 2·Channel MUX 

Dual·ln·Line Package 

ClK 

DO 

01 

TOP VIEW 

Order Number COP432BN, COP432CN 
NS Package N08A 

Ordering Information 
# of Maximum 
Analog Input 

Channels 

8 
8 

4 
4 

2 
2 

1 
1 

Linearity 
LSBs 

± 1/2 
±1 

± 1/2 
+1 

± 1/2 
±1 

± 1/2 
±1 

COP434 4·Channel MUX 

Dual·ln·Line Package 

V+ 

cs 
CH 0 

CH 1 

CH 2 

6 
CH 3 

o GNO 

TOP VIEW 

ClK 

SARS 

VREF 

AGNO 

Order Number COP434BN, COP434CN 
NS Package N14A 

COP431 Single Differential Input 

Dual·ln·Line Package 

CS VCC 

VIN(+) 
7 

elK 

VIN(-) 
6 

DO 

GNO 
4 5 

VREF 

TOP VIEW 

Order Number COP431BN, COP431CN 
NS Package N08A 

Part Number 

ADC0838BCN COP438BN 
ADC0838CCN COP438CN 

ADC0834BCN COP434BN 
ADC0834CCN COP434CN 

ADC0832BCN COP432BN 
ADC0832CCN COP432CN 

ADC0831BCN COP431BN 
ADC0831CCN COP431CN 
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~National a Semiconductor 
COP452/COP453 and COP352/COP353 
Frequency Generator and Counter 

General Description 
The COP452/COP453 and COP352/COP353 are peripheral 
members of the COPSTM family fabricated using N
channel silicon gate MOS technology. Containing two 
independent 16-bit counter/register pairs, they are well 
suited to a wide variety of. tasks involving the measure
ment and/or generation of times and/or frequencies. 
Included in the features are multiple tone generation, 
precise duty cycle generation, event counting, waveform 
measurement, frequency bursts, delays, and "white 
noise" generation. An on-chip zero crossing detector can 
trigger a pulse wl.th a programmed delay and duration. 
Th~ (,:OP4'5~ !~ !d~!"!t!':~! !':I !~e C0P"!52, b~! ::;::::-:.!:: ":::!h 
supply voltages up to 9.5 volts. The COP352/COP353 are 
extended temperature versions of the COP452/COP453, 
respectively. The COP352/COP353 are functional equi
valents of the COP452/COP453. 

The COP452 series peripheral devices can perform 
numerous functions that a microcontroller alone cannot 
perform. They can execute one or more complex tasks, 
attaining higher accuracies over a broader frequency 
range than a mlcrocontroller alone. These devices re
move repetitive yet demanding counting, timing, and 
frequency related functions from the microcontroller, 
thereby freeing It to perform other tasks or allowing the 
use of a simpler mlcrocontroller In the system. 

Features 
• Unburdens microcontroller by performing "mundane" 

tasks 

• Wider range and greater accuracy than microcon
troller alone 

• Generates frequencies, frequency bursts, and com-
plex waveforms 

• Measures waveform duty cycle 

• Two independent pulse/event counters 

• True zero crossing detector triggers output pulse 

• Compatible with all COP400 mlcrocontrollers 

• MICROWIRETM compatible serial I/O 

• 14-pln package 

• Single supply operation 
(4.5-6.3V, COP452; 4.5-5.5V, COP352) 
(4.5-9.5V, COP453; 4.5-7.5V, COP353) 

• Low cost 

• Crystal or external clock 
(25kHz to 4.44 MHz, COP452/COP453) 
(64 kHz to 4.0 MHz, COP352/COP353) 

• TTL compatible 
MICROWIRE and COPS are trademarks of National Semiconductor Corp. 
TRI-STATE Is a registered trademark of National Semiconductor Corp. 

CKI eKD 
1. L 

DI 

0. 
Z/ 

ZOI~-----....I 

IN':t=~C)--..l-+-1 EN' 

DB 

">--n __ ~~oo 

• 
IICC GND 

Figure 1. COP452/COP453, COP352/COP353 Block Diagram 
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Absolute Maximum Ratings 
Voltage at any pin (except ZI) relative to GND 

COP452 -0.5 V to + 7.0V 
COP453 -0.5Vto +10V 

Voltage at pin ZI relative to GND 
Sink current, output OA 
Sink current, all other outputs 
Total sink current 

-0.8V to +10V 
15mA 
5mA 

35mA 

Source current, outputs OA,OB 
Source current, all other outputs 
Total source current 
Ambient operating temperature 
Ambient storage temperature 
Lead temperature (soldering, 10 sec.) 
Power dissipation 

5mA 
1mA 

10mA 
O°C to +70°C 

-65°C to +150°C 
300°C 

0.5 Watt at 25°C 
0.2 Watt at 'WOC 

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 O°C ~ TA ~ 70°C, 4.5 V ~ Vee ~ 6.3 V (COP452), 4.5 V ~ Vee ~ 9.5 V (COP453) 
unless otherwise specified 

Parameter 

Operating Voltage {Veel 
COP452 
COP453 

Operating Supply Current 

Input Voltage Levels 
CKI Input Levels 

Logic High (VIH) 
Logic Low {Vld 

DI,INB,ENB,SK,CS 
Logic High 
Logic High (VIH) 
Logic Low (Vld 

ZI Input Voltage 

Impedance to GND at ZI 

ZI Offset Voltage 

Output Voltage Levels 
TTL Operation 

Logic High (VOH) 
Logic Low {Vou 

Maximum Allowable Output 
Current Levels 

Sink Current 
OA 
All Other Outputs 

Total Sink Current 

Source Current 
OA,OB 
All Other Outputs 

Total Source Current 

Conditions 

All outputs open 
TA = O°C, Vee = Max. 
TA = 25°C, Vee = Max. 

Vee = Max. 
Vee = 5.0V ± 5% 

Vee = Max. 
Vee=5.0V±5% 

(Note 1) 

Vee=5.0V±5% 
IOH =100,..A 
IOl= -1.6mA 

(Note 2) 
(Note 2) 
(Note 3) 

(Note 2) 
(Note 2) 
(Note 3) 

Min. 

4.5 
4.5 

3.0 
2.0 

3.0 
2.0 

-0.8 

2.6 

2.4 

Max. 

6.3 
9.5 

14 
12 

0.4 

0.8 
+10 

7.8 

150 

0.4 

15 
5.0 

35 

-5.0 
-1.0 
-10 

Units 

V 
V 

mA 
mA 

V 
V 
V 

V 
V 
V 
V 

kQ 

mV 

V 
V 

mA 
mA 
mA 

mA 
mA 
mA 

Note 1: ZI offset voltage Is the absolute value of the difference between the voltage at ZI and ground (pin 9) that will cause the zero detect 
circuit output to change state. This is the maximum value which takes into account the worst case effects of process, temperature, volt· 
age, and gain variation. 

Note 2: The maximum current for the specified pin must be limited to this value or less. 

Note 3: The total current In the device must be limited to this value or less. 
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COP452/COP453 
AC Electrical Characteristics O°C .. TA .. 70°C, 4.5 V .. Vcc .. 6.3 V (COP452), 4.5 v .. Vcc" 9.5 V (COP453) 

unless otherwise specilied 

Parameter Conditions Min. Max. Units 

CKI Input Frequency (liN) +4 mode 100 4440 kHz 
+1 mode 25 1110 kHz 

Duty Cycle +4 30 55 % 
+1 45 55 % 

Rise Time (t,) IIN=4.44MHz 50 ns 

Fall Time (ttl liN = 4.44 MHz 40 ns 

SK Input Frequency 25 250 kHz 

SK Duty Cycle 30 70 % 

Internal Clock Frequency (II) 25 1110 kHz 

I nternal Count Rate 0 11/2 Hz 

Output Frequency 11/131072 11/2 Hz 

Inputs 

01 tSETUP Rnn .. -

I 
tHOLD 1.0 fls 

Outputs 

CKO tpd1 CL=50pF 0.2 fls 
tpdQ 0.2 fls 

OA,OB tpd1 CL=50pF 0.4 fls 
tpdQ 0.3 fls 

ZO tpd1 ZI = sine wave (Figure 4) 0.7 fls 
tpdQ 0.6 fls 

DO tpd1 CL=50pF 1.0 fls 
tpdQ 0.6 fls 
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Absolute Maximum Ratings 
Voltage at any pin (except ZI) relative to GND 

COP352 -0.5Vto +7.0V 
COP353 -0.5V to +10V 

Voltage at pin ZI relative to GND 
Sink current, output OA 
Sink current, all other outputs 
Total sink current 

-O.BVto +10V 
15mA 
5mA 

35mA 

Source current, outputs OA,OB 
Source current, all other outputs 
Total source current 
Ambient operating temperature 
Ambient storage temperature 
Lead temperature (soldering, 10 sec.) 
Power dissipation 

5mA 
1mA 

10mA 
-40·Cto +B5·C 

-65·Cto +150·C 
300·C 

0.5 Watt at 25·C 
0.125 Watt at B5·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 -40·C';; TA ,;; B5·C, 4.5 V';; Vee';; 5.5 V (COP352), 4.5 V';; Vee';; 7.5 V (COP353) 
unless otherwise specified 

Parameter 

Operating Voltage {Veel 
COP352 
COP353 

Operating Supply Current 

Input Voltage Levels 
CKI Input Levels 

Logic High (V1H) 
Logic Low (V1d 

DI,INB,ENB,SK,CS 
Logic High 
Logic High (V1H) 
Logic Low (Vld 

ZI Input Voltage 

Impedance to GND at ZI 

ZI Offset Voltage 

Output Voltage Levels 
TTL Operation 

Logic High (VOH) 
Logic Low (Vou 

Maximum Allowable Output 
Current Levels 

Sink Current 
OA 
All Other Outputs 

Total Sink Current 
Source Current 

OA,OB 
All Other Outputs 

Total Source Current 

Conditions 

All outputs open 
TA = -40OC, Vee = Max. 
TA = 25·C, Vee = Max. 

Vee = Max. 
Vee = 5.0V ± 5% 

Vee = Max. 
Vee =5.0V±5% 

(Note 1) 

Vec = 5.0V ± 5% 
IOH =100flA 
IOL= -1.6mA 

(Note 2) 
(Note 2) 
(Note 3) 

(Note 2) 
(Note 2) 
(Note 3) 

Min. Max. Units 

4.5 5.5 V 
4.5 7.5 V 

15 rnA 
12 rnA 

3.0 V 
2.2 V 

0.3 V 

3.0 V 
2.2 V 

0.6 V 
-O.B +10 V 

2.6 7.B kQ 

150 mV 

2.4 V 
0.4 V 

15 rnA 
5.0 rnA 
35 rnA 

-5.0 rnA 
-1.0 rnA 
-10 rnA 

Note 1: ZI offset voltage Is the absolute value of the difference between the voltage at ZI and ground (pin 9) that will cause the zero detect 
circuit output to change state. This is the maximum value which takes into account the worst case effects of process, temperature, volt· 
age, and gain variation. 

Note 2: The maximum current for the specified pin must be limited to this value or less. 

Nota 3: The total current in the device must be limited to this value or less. 
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COP352/COP353 
AC Electrical Characteristics -40'C~ TA~ +85'C, 4.5V~ Vcc ~ 5.5 V (COP352), 4.5V~ Vcc~ 7.5V(COP353) 

unless otherwise specilied 

Parameter Conditions Min. Max. Units 

CKI Input Frequency (liN) +4 mode 256 4000 kHz 
+1 mode 64 1000 kHz 

Duty Cycle +4 35 55 % 
+1 50 55 % 

Rise Time (t,) IIN=4.0MHz 50 ns 

Fall Time (tt) IIN=4.0MHz 40 ns 

SK Input Frequency 25 250 kHz 

SK Duty Cycle 30 70 % 

Internal Clock Frequency (II) 25 1000 kHz 

Internal Count Rate 0 11/2 Hz 

Output Frequency 11/131072 11/2 Hz 

01 tSETUP 800 ns 

tHOLD 1.0 I's 

Outputs 

CKO tpd1 CL=50pF 0.25 I'S 
tpdo 0.25 I's 

OA,OB tpd1 CL=50pF 0.45 I'S 
tpdO 0.35 I's 

ZO tpd1 ZI = sine wave (Figure 4) 0.8 I'S 
tpdO 0.7 I's 

DO tpd1 CL=50pF 1.1 I's 
tpdo 0.7 I'S 
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C") 
LD 
C") 
Il. 
0 CKI 

0 

~ 
C") 
Il. CKO 

0 
tpdO 0 

ctf 
~ 
Il. 
0 
0 
N 
~ 
Il. 
0 
0 

CKI 

OA,OB 

IDA, DB CHANGES ON POSITIVE GOING CKI) 

Figure 2a. CKO Output Timing Figure 2b. OA alid 08 Output Timing 

SK~ 
tSETUP tHOLO 

01 

...... tpdl/- .- tpdO 

DO ______ .I.I..JfvOH 

I"lgure 3a. Synchronous Data Timing 

SK 

Dt 

M=1 FOR MODE 
= 0 FOR INSTRUCTION 

Figure 3b. Instruction Timing (Except Read/Write) 

~~~ ______________________________ ~r-
SK 

DI 

SK 

01 

.IlflIL-
r--~~'~-~rl~ 

L.--------.l.--.JI'o.=::::.II--I ~ 
1----16 DATA BITS .1 

Figure 3c. Write Instruction Timing 

~ ____________________ ~r--
JUL 

TRI· I TRI· 
DOSTATEIr--::;::~~:::-::~::::-:;==-::=="=.'-::::::=::::-""\J",::,:~.r--\l/~ 

~ 
A/hI - READ REGISTER A 

=0 - READ REGISTER B 

16 DATA BITs----l 

Figure 3d. Read Instruction Timing 
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Pin 

ZO 

OA 

ENB 

OB 

Vee 
CKO 

ZI VOFFSET --::~t::::::::::::~:;:~::::::::::::::~~::::= oV 

ZO 

Figure 4a. ZO Timing. VOFFSET > OV 

~ L 
ZI v~c~~~ ---/r---------'~\-------7r----

/ 

ZO 

Ipd1 Ipd1 

Figure 4b. ZO Timing, VOFFSET < OV 

Description Pin Description 

Zero Cross Output Signal CKI Crystal Oscillator Input 

Counter A, Logic Controlled Output GND Ground 

_VUIILCI Lol, J;;.A~t::IIIClI IlIfJUL 

Enable for INB 

Counter B Output 

Power Supply 

Crystal Oscillator Output 

v~ vnip ::ieleel 

SK Serial Data I/O Clock Input 

01 Serial Data Input 

DO Serial Data Output 
. ZI AC Wavefo~ Input, Counter A External Input 

ZO ZI 

OA 00 

INB 3 eOP452 Of 

ENB eOP453 11 SK eOP352 
DB eOP353 10 cs 

Vee GNU 

eKO eKI 

Order Number COP452N, COP352N 
NS Package N14A 

Order Number COP452D, COP352D 
NS Package D14A 

Figure 5. Pin Connection Diagram 
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Output Characteristics 
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8. 
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VOH(V) 
c. 

OA Sink Current 
16r-;--r-;--r-'--r--~ 

141-1i1=j:j:=:j:::::;;IF 

12 1fII;:lf=:A===!:= 

0.2 0.4 0.6 0.8 1.0 2 3 6 

1.75 

1.5 

1.25 

l 
§ 0.75 

0.5 

0.25 

o 

d. 

DO SOurce Current 

I~AX @ Vee = 4.5V 

I~IN 
@Vee 

=5r 
f- IIMIN 

@Vee f-=t5V 

o 

8. 

[0-

1\ 

i\r-

I-

1\ 
\ 

3 4 

VOH(V) 

\ 

VOL (VI 

IM~X 
@Vee 

5.5V 

1 
IMIN 
@vee 

rv 

IMAX 
@Vee 
=~.5V 

DO;ZO,OB Sink Current 

0.2 0.4 0.6 0.8 

VOL (VI 
d. 

Figure 6. COP452/COP453 

OA,OB Source CUrrent 

<" 
~4~\I--l'H 
g 

1· 3 4 5 6 7 
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1.0 

Figure 7. COP352/COP353 
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The COP452, COP453, COP352, and COP353 are func· 
tionally identical devices. They differ only in Vee range 
and/or operating temperature range, and certain electri· 
cal parameters associated with those temperature and 
voltage ranges. The following information will refer only 
to the COP452. All the information, however, applies 
equally to the COP452, COP453, COP352, and COP353. 

Instruction Set and Operating Modes 

The COP452 has ten instructions and eleven operating 
modes as indicated in Figure 8. The information for the 
instruction or mode is sent to the COP452 via the serial 
interface. The MSB is always a "1" and is properly viewed 
as a start bit. The second MSB identifies the communi· 
cation as an instruction or a mode. The lower four bits 
contain the command for the device. 

Ilnstruc'l Opcode I 
lion MSB LSB Comments 

LDRB 100000 Load register B from DI 
LDRA 100001 Load register A from DI 
RDRB 100010 Read register B to DO 
RDRA 100011 Read register A to DO 
TRCB 100100 Transfer register B to counter B 
TRCA 100101 Transfer register A to counter A 
TCRB 100110 Transfer counter B to register B 
TCRA 100111 Transfer counter A to register A 
CK1 101000 CKI divide by one 
CK4 101001 CKI divide by four 
LDM 11xxxx Load mode latches 

Figure 8a. COP452 Instruction Set 

ODeratina Mode 

Reset 
Dual Frequency 
Frequency and Count 
Dual Count 
Numberof Pulses 
Duty Cycle 
Waveform Measurement 
Triggered Pulse 
Triggered Pulse and Count 
White Noise and Frequency 
Gated White Noise 

I Opcode I 
MSB LSB 

111111 
110000 
110100 
110101 
110010 
110011 
110110 
110001 
110111 
111000 
111001 

Figure 8b. COP452 Operating Modes 
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Functional Description 
A block diagram of the COP452 is given in Figure 1. 
Positive logic is used. The COP452 can execute ten in· 
structions as indicated in Figure 8a. and has eleven 
operating modes. The operating mode is under user 
software control. 

The device basically consists of two sixteen bit shift 
registers and two sixteen bit binary down counters 
organized as two register·counter pairs. In most operat· 
ing modes, the two register·counter pairs are completely 
independent of one another. For frequency generation, 
both the register and counter of a given pair are utilized. 
The counter counts down to zero where a toggle flip flop 
is toggled. Then the data in the register is loaded, auto· 
matically, to the counter and the process continues. A 
similar procedure is used in the duty cycle mode and 
number of pulses modes. For counting, the counters 
count the pulses at their respective Inputs. There is no 
automatic counter-register transfer in the count modes. 
The counters wraparound from 0 to FFFF in the count 
modes. Data I/O is via the serial Dort and the registers. 
The counters are not involved in the input/output process 
at all. 

The device requires a low chip select signal. When the 
device is selected (CS low) the driver on the DO pin is 
enabled and the device will accept data at 01 on each 
SK pulse. When the device is deselected (CS high) the 
DO driver is TRI·STATE'" and the I register is reset to O. 
Note that chip select does not affect any other portion 
of the device. The mode latches are not affected. The 
COP452 will continue to operate in the mode specified 
by the user until the mode is changed by the user. 

The COP452 contains a clock generator. The user may 
connect a crystal network to CKI and CKO or he may drive 
CKI from an external oscillator. Certain RC and LC 
networks may also be used. See the applications section 
for further information. 

The user also has control over whether the clock gener· 
ator divides the CKI signal by 4 or 1. This allows the user 
to quickly get a 4 to 1 change in frequency output or 
input count rates. Alternatively, it allows the user to use 
a higher speed crystal or clock generator. The internal 
clock frequency (the frequency after the divider) must 
remain between the specified limits to guarantee proper 
operation. The state of the divider is not affected by CS. 

There is an internal power·on reset circuit which places 
the device in the Reset mode (mode latches all set to 1) 
and sets the clock divider to divide by four. If the CKI 
frequency is less than four times the minimum internal 
frequency the first access of the COP452 must be the 
command to set the divider to divide by 1. This command 
will be accepted and will be processed. Proper operation 
of the COP452 is not guaranteed if the internal fre· 
quency is less than the specified minimum. The power· 
on reset circuit does not affect the counter and regis· 
ters of the COP452. 

o o 
"0 
~ 
c.n 
~ 
o o 
"0 
~ 
c.n 
$>l 
o o 
"0 
Co) 
c.n 

~ o 
"0 
Co) 
c.n 
Co) 



C") 
Lt) 
C") 
Il. 
o 
o 
~ 
C") 
Il. 
o 
o 
M 
Lt) 
ooq-
Il. 
o o 
N 
Lt) 
ooq-
Il. 
o o 

Instruction Description 

1. Load Register (LDRA/LDRB) - The selected register 
(AlB) is loaded with 16 bits of data shifted in on DI 
and clocked in by SK. 

2. Read Register (RDRA/RDRB) - The data in the se
lected register (AlB) is shifted out serially onto DO. 
At the same time the data is recirculated back to the 
register. 

3. Load Counter (TRCA/TRCB) - The contents of the 
selected register are transferred to its associated 
counter. (Counter A is loaded from register A; counter 
B is loaded from register B). The contents of the reg
ister are unaffected. 

4. Copy Counter (TCRAITCRB) - The contents of the 
selected counter are transferred to its associated 
register. (Counter A loads register A; counter B loads 
register B). The contents of the counter are unaf
fected. 

5. CKI Divide by One - The oscillator divider at the CKI 
input is set to divide by one. The internal frequency is 
therefore equal to the CKI frequency. This instruction 
should not be used if the CKI frequency is greater 
than the maximum internal frequency. 

6. CKI Divide by Four - The oscillator divider at the CKI 
input is set to divide by four. The internal frequency is 
therefore equal to one-fourth of the CKI frequency. 
This instruction should not be used if the CKI fre
quency is less than four times the minimum internal 
frequency. 

7_ Load Mode Latches - The four mode latches are 
loaded with the lower four bits of the instruction. 

Mode Description 

1_ Reset Mode - This mode sets OA and OB to "0". The 
mode latches are all set to "1". No counting occurs; 
the COP452 is in an idle condition. The registers and 
counters are not altered in any way. 

2. Dual Frequency - Two frequencies are generated -
one at output OA and one at output OB. The period of 
the square wave at OA is determined by the contents 
of register A. The period of the square wave at OB is 
determined by the contents of register B. In frequency 
generation modes, the counters count down until 
they reach zero. At that point the output toggles and 
the counters are automatically loaded from the res· 
pective registers. The counters are only loaded when 
they count down to zero. Therefore it may be neces
sary to initially load the. counters. The frequency 
outputs at OA and OB are completely independent of 
one another. The respective counter inputs (INB, ZI) 
have no effect on the counters in this mode. 

OB J_IB .1 IB-I 
tA=(A+l)t 
tB = (8 + l)t 

L 

o .; A .; 65535; 0'; 8 .; 65535 
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Where: A = Contents of register A 

8 = Contents of register 8 
t = Period of internal clock 
= Period of CKI oscillator (.;-1 mode) 
= 4 x period of CKI oscillator (.;-4 mode) 

Period of output square wave = 2(N + l)t 
Where t is defined above 
N = Contents of register 
o .; N .; 65535 (0 .; N .; FFFFI6) 

3. Frequency and Count - A single frequency is output 
at OA. Counter B counts external pulses on INB (when 
ENB = 1). There is no automatic clear of the counter. 
Since counter B counts down from whatever state it 
is in it is usually desirable to preload the counter. 
Preloading the counter with all zeroes will give the 
two's complement of the count.Preloading the 
counter with all ones will give the one's complement 
of the count. 

OA 

Where: A = Contents of register A 

t = PeriOd of internal clock 
(as previously defined) 

0.; A'; 65535 (0 .; A'; FFFFI6) 

06 toggles each time counter 8 counts through zero. 

Maximum count rate at IN8 = fl/2 

Where: fl = Internal clock frequency 
= CKI input frequency (.;-1 mode) 
=CKI input frequency.;-4 (.;-4 mode) 

Minimum pulse width required for reliable counting = t 
where t = period of internal clock. 

4. Dual Count - In this mode counter A and counter B 
are enabled as external event or pulse counters. 
Counter A counts pulses at ZI and counter B counts 
pulses at INB (when ENB = 1). There is no automatic 
clear of either counter. Each counter counts down 
from whatever state it starts in. Thus, to ease reading 
the information, the counters should be preloaded. 
Preloading the counters with all zeroes will give the 
two's complement of the count. Preloading the count
ers with all ones will give the one's complement of 
the count. The cirCUitry which decrements the count· . 
ers is enabled by the high to low transition at the 
count input. There is no interaction between the two 
register counter pairs. 

OA toggles every time counter A counts through "0". 

OB toggles every time counter B counts through "0". 

The counters, when counting, count down and wrap· 
around from 0 to FFFF and continue counting down. 

Maximum count rate = fl/2 
where: fl = internal clOCk frequency 

Minimum pulse width = t 
where t = period of internal clock 
(as previously defined). 



There is no requirement that the count signal be sym
metrical. The pulse width low must be at least equal to 
1. The pulse width high must also be at least equal to 1. 

5_ Number of Pulses Mode - This mode outputs at OA a 
specified number of pulses of a specified width_ The 
number of pulses Is specified by the contents of regis
ter B_ The pulse width is specified by the contents of 
,register A. 

OA 

tA=(A+l)t 
N=B+l 

Where: A = Contents of register A 
B = Contents of register B 
t = Deriod of internal clock 

(as previously defined) 

1 .. A .. 65535, A * 0 (1" A .. FFFF16) 
0 .. B .. 65535 (0 .. B .. FFFF16) 

OB toggles each time a pulse train is generated at OA. 
The pulse train is generated each time the COP452 is 
selected and an instruction is sent to the device. 
Counter B Is automatically loaded from register B 
after the N pulses are generated. Counter A Is auto
matically loaded from register A at each transition of 
OA. Therefore simply reloading the number of pulses 
mode will repeat the previous sequence. 

6. Duty Cycle Mode - This mode generates a rectangu
lar waveform at OA. The pulse width high is specified 
by the contents of register A. The pulse width low is 
specified by the contents of register B. A combination 
roo ............ ,.. ........ ,.. .... i ........... 1 i .................... + .......... + no 

OA 

tA=At 
tB=Bt 
tA+B=(A+B)t 

Where: A = Contents of register A 
B = Contents of register B 
t = period of internal clock 

(as previously defined) 

1 .. A .. 65535, A * 0 (1" A .. FFFF16) 
1 .. B .. 65535, B * 0 (1" B .. FFFF16) 

7. Waveform Measurement Mode - This mode meas
ures the high and low times of an external waveform 
at INB (with ENB = 1). Counter A counts the pulse 
width high and counter B counts the pulse width low. 
On the high to low transition counter A is transferred 
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to register A and then cleared. On the low to high 
transition counter B is transferred to register Band 
then cleared. The counters, therefore, count down from 
zero. Therefore the value read from the registers is a 
two's complement value. The transfer from the counter 
to register is Inhibited during a read instruction. 

The outputs OA and OB toggle each time the respec· 
tive counter counts through zero. 

The minimum pulse width, either high or low, that can 
be measured, is the period of the internal frequency. 
The maximum pulse width that can be measured is 
the maximum count (65535) multiplied by the period 
of the internal frequency. 

'" J=. -1-" ·1 ,,~L....-
65535t ~ tA ~ t 
65535t ~ tB ~ t 

Where: I = period of internal clock 

8. Triggered Pulse Mode - This mode outputs a pulse 
triggered by the zero crossing of a Signal at ZI. The 
delay from the zero crossing is specified by the con
tents of register A. The pulse width is specified by 
the contents of register B. Input INB is ignored. See 
applications section for further information. 

~, 

IA = (A + 1.5)1 
tB=Bt 
tA+ B=(A+ B + 1.5)t 

Where: A = Contents of register A 
B = Contents of register B 
t = period of internal clock 

(as previously defined) 
0 .. A .. 65535 (0 .. A .. FFFF16) 
1 .. B .. 65535, B * 0 (1" B .. FFFF16) 
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9. Triggered Pulse and Count Mode - This mode out· 
puts a pulse at OA triggered by the zero crossing of 
a signal at ZI. The contents of register A specify the 
delay from the zero crossing. The pulse remains high 
until the next zero crossing of the signal at ZI. 

Independently of the zero detection, counter S counts 
external events at INS (when ENS =0 1). The conditions 
on the counter as described previously apply here. 

I 

OA~~ 
tA~{A+1.5)t 

Where: A =. Contents of register .A. 

t = period 01 interned clod .. 
(as previously defined) 

L 

0'$; A ~ G5535 (O·-Z;: f.. ~ FFFF16) 

08 toggles each time counter 8 cOllnts through 0 

10. Whiie Noise and Frequency Mode - Reqister Ais 
converted to a 17-stage shift register ge;erator for 
the generation of pseudo·random noise at output OA. 
OS outputs a square wave whose period is specified 
by the contents of register S. The shift register gen
erator is shifted at the internal frequency (=0 CKI fre· 
queney or '/,CKI flGquency aepending on the oscil· 
lator divider). See the applic8tions section for more 
information on the white noise generator. 

OA JlJLJlJlJl 
OB 

Where: B = Contents of register 8 

t = period of internal clock 
(as previously defined) 

0<; 8 <; 65535 (0';; B", FFFF16) 

11. Gated White Noise Mode - This mode generates 
pseudo·random noise ANDed with a square wave. 
OA outputs this combined signal. OB outputs a 
square wave frequency. Register A is converted into 
a 17·stage shift register generator which is shifted at 
the internal frequency rate. Counter A is not used. 
Counter S and register B are used in the frequency 
generation. See the applications section for further 
information on the white noise generation. 
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OA 

, . I 
l-tB~I~-tB_I~-tB-_1 

DB_II I L 
t8=(B+ 1)t 

Wilere: B = Contents of register B 

t = period of internal clock 
(R8 previously defined) 

a ~ B " 65535 (0 <; B,;; FFFF16) 

General Notes 

The master timing reference in the COP452 is the inter· 
na! frequency. This is the CKI frequency after it has 
passed through the divider. This frequency must remain 
within its specified limits. The maximum count rate at 
either input is this frequency divided by 2. The minimum 
pulse width that can be measured is the period of this 
irequency. 

CS, other than removing DO from the TRI·STATE'· condi
tion and allowing data to come into the I register via 01, 
does not affect tne operation of the device. CS must go 
high between accesses in order to clear the I register. 
Since the I register is cleared when CS goes high, the 
user must insure that CS does not go high before the 
COP452 has accepted the information in the I register. 
See the software interface section for further explana· 
tion on this point. CS does not affect the mode latches. 

In ttlOse modes where there is an automatic transfer 
from the register to the counter (frequency generation, 
duty cycle, number of pulses, triggered pulse), care must 
be exercised when reading or writing the register. To 
insure proper, "glltch·free" operation, one of the two 
procedures below must be followed: 

1. Place the COP452 in the RESET mode. 

2. Read or write the appropriate register. 

3. Place the COP452 back in the original mode. 

Alternatively: 

1. Read or write the appropriate register. 

2. Send the instruction to copy the appropriate register 
to its counter. 

WARNING: Failure to observe one or the other of these 
procedures can cause some faulty output conditions. 

The COP452 powers up in the RESET mode and with 
oscillator divide by 4. If the CKI input frequency is less 
than 4 times the minimum internal clock frequency the 
user must set the oscillator divider to divide by 1 before 
attempting any operation with the COP452. The instruc· 
tion setting the oscillator divider will be accepted regard
less of the value of the internal clock frequency. Caution: 
Failure to observe this requirement will result in the 
improper operation of the COP452. 



Applications Information 

Zero Cross 

The ZI input normally requires a resistor and diode ex
ternal to the device as indicated in Figure 9a. The resistor 
is part of a voltage divider used to ensure that the voltage 
at pin ZI does not exceed 10 volts peak and to protect 
the diode which is required to clamp the negative voltage 
swing at the input to less than -0.8 volts. Figure 9b. is 
the recommended input circuit if logic level pulses are 
input to ZI for counting. 

As indicated above, the input voltage at ZI must not 
exceed 10 volts peak. For inputs less than 10 volts peak, 
the resistor in Figure 9a. is required only to protect the 
diode. Otherwise, the resistor should be selected to 
guarantee that the voltage at pin ZI does not exceed 10 
volts peak. Figure 10 shows this resistor (Rs) and the 
impedance (RIN) which forms the first part of the input 
circuit at ZL The absolute value of RIN can vary widely 
with process variation. The user should compute the 
divider with Rs and the worst case maximum of RIN so 
.I.'---_.L .1.'- ___ '.1. ____ .I. _~_ .." ~_ ..on .. _ • .&. ___ • ___ "1"'-_ .I._I 
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lowing relationship should be used when the input volt
age is greater than 10 volts peak: 

RIN(MAX.) 
------XVIN .;;; 10 volts peak 
Rs + RIN(MAX.) 

Substituting the maximum value for RIN and solving for 
Rs gives: 

VIN 
Rs .;;;-x7.8k-7.8k 

10 

where: VIN = peak input voltage. 

Note that this equation is not valid for VIN less than 10 
volts. In this case, the value of Rs is chosen primarily for 
protection of the diode and not to divide the voltage 
down to acceptable values. 

Zero Cross Offset 

As the electrical characteristics indicates, the ZI input 
has a worst case offset of 150 mV in the zero crossing 
detection. Therefore, the output of the zero cross detec
tion circuit will change state within ±150 mV of zero 
volts. There are no directional characteristics to this, 
i.e., approaching zero from the positive or negative 
direction has no effect on where the output of the zero 
cross detection circuit will change state (see Figure 4). 
The offset further indicates that the voltage at pin ZI 
must exceed 150 mV peak in order to guarantee that the 
zero crossings will be detected and the appropriate sig
nals generated. 

Triggered Pulse Modes 

The delays from the zero crossing in the triggered pulse 
modes are measured from the point where the output of 
the zero crossing detection circuit changes state - the 
trip point of this circuit. As stated before, the delay time 
from this trip paint is: 

T=(A+1.5)t 

where: T = delay time from trip point 

A = contents of register A 

t = period of internal clock 
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The delay from the true zero crossing of the input wave
form has other parameters that must be considered. 
The equation is of the form: 

T=(A + 1.5)t ± IXl l +X2 +X3 

where: T, A, t are as defined previously 

Xl = time for input waveform to reach the trip 
point of the zero cross detection circuit 

X2 = propagation delay through the zero cross 
detection circuit 

X3 = input synchronization delay 

Parameter Xl is dependent on the peak voltage at pin ZI 
and on the frequency of the input signal. The peak volt
age at ZI is in turn dependent on the Rs-RIN voltage 
divider and the input voltage. The Xl time is added or sub
tracted because the trip point of the zero cross detection 
circuit may be either above or below zero. In the worst 
................ ' +100. .... + ... i ............ i .... + i ... th,.. ...... ""vi ...... ,'rn "lfcoat l"'IoF 1J;n m\1 ~I"\r 
................ , ~ ..... ~ •• t' ,... ..................... _,. .......... -"--'''''' ._- ...... _. 

a.sine wave Signal, Xl is determined as follows: 

VOFFSET = Vp sin[211f(Xl)] 

1 . VOFFSET 
Xl = 211f arcsin -----.::;;--

and 

substituting we have 

1 ( Rs+ RIN) Xl = -- arcsin VOFFSET ---
2~ ~N~N 

where: VOFFSET = zero crossing offset or trip point 
\/_ - nC!:IIi.- inn. It \f"lt~".c. ~t nin 71 . . ..... 

f = frequency of input Signal 

RIN = internal impedance to ground at pin ZI 

Rs = external series resistance at ZI 

Both VOFFSET and RIN vary from device to device. It is 
clear from the equation above that the maximum value 
of IX11 is obtained when VOFFSET is at its maximum of 
150 mV and RIN is at its minimum of 2.6kQ. The minimum 
value of IXl l is obtained if VOFFSET is O. USing this infor
mation, the following range of IX11 is obtained: 

1 Rs+2.6k 
o .;;; IXl l .;;; -- arcsin 0.15 --'=---

2~ ~Nx2~k 

Parameter X2 is the propagation delay through the zero 
crossing detection circuit and its range is given by: 

0.3I-'s';;; X2 .;;; 0.61-'s 

Parameter X3 is the internal synchronization delay and 
is dependent upon when the zero crossing occurs rela
tive to the internal timing which reads the output of the 
zero crossing detection circuit. The range for X3 is: 

where: t = period of internal clock 
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With the preceeding information, minimum and maxi· 
mum values of the delay from true zero can be derived 
by simply substituting into the original equation. 

TM1N =(A+1.5)t--- arcsin 0.15 +0.3"s , 1 ~ RS+2.6k~ . 
2nf V1N x 2.6 

TMAX=(A+1.5)1+-'- arcsin 0.15 0.6"s +-1 ~ Rs+2.6k~ t 
2nf V1N x2.6k 2 

The preceeding information should enable the llser to 
determine more closely the actual delay from zero of 
output OA of the COP452. This analysis applies to both 
of the triggered pulse modes. The three parameters, X1, 

X2, X3, also apply in the same way in the triggered pulse 
and count mode when OA returns to 0 since it is the zero 
cross detection circuit that causeS the output to return 
to zero in that mode. 

Vp:::z::u-

Figure 9a. 
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Figure 9b. 

RIN =5.2 kQ±50% 

Figure 10_ 

Triggered Pulse Modes: Intervening Zero Crossings 

In the triggered pulse modes, it is possible to specify a 
delay from the zero crossing ""hich will!extend beyond 
the next zero crossing. In the triggered pulse and count· 
mode, the intervening zero crossing is ignored arid there· 
fore lost. The device will still continue to operate prop· 
erly. The situation is somewhat different in the "pure" 
triggered pulse mode where both a delay and a pulse 
width are specified. Any zero crossing which occurs 
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during the programmed delay time is ignored and there· 
fore lost. However, if the delay time is counted out and 
the zero crossing occurs during the pulse width high 
time, the zero crossing will be recognized and the delay 
time will start counting again while the pulse width high 
time is being counted. This can result in a variety of pos· 
sible conditions at the output - ranging from the appar· 
ent loss of that zero crossing to an effective very short 
delay from the zero crossing. What will occur depends 
on the values of the two counters and on their relation· 
ship to the times between zero crossings. Some interest· 
ing output waveforms can be produced, but their utility 
is questionable. Therefore, the user should exercise ex· 
treme caution in this mode and make' sure that the times 
are such that all zero crossings occur at the "right" 
times. Otherwise, the user must be prepared to accept 
the bizarre effects that this situation can produce. 

Count Modes 

As stated before, the counters are 16·bit down counters. 
Preloading them when they are enabled as external 
event counters with one's or zeroes will give the one's or 
two's complement of the count. To read the counters it 
is necessary to first copy the counter to its respective 
register and then read the register. 

The user can utilize the fact that the outputs toggle when 
the counter counts through zero. The counter can be 
preloaded with a value that represents the number of 
events the user wishes to count. When the output 
corresponding to that counter toggles, the specified 
number of events have occLJrred. Thus, the user can 
know that the required number of events have occurred 
without having to actually read the counter. 

The counters require a pulse width greater than or equal 
to the period of the internal frequency in order to be reli: 
ably decremented. It is possible for a narrower pulse to 
decrement the counter, but it is not guaranteed. A nar
rower pulse will decrement the counter if it appears at 
the count input at the right time relative to the internal 
timing of the device. Since the user does not have access 
to this internal timing, it is impossible for him to syn
chronize the count input to this timing and effectively 
reduce the required width of the count pulse. Therefore, 
applying pulses at the count input of less than one period 
of the internal frequency in width may cause erratic 
counting in the sense that some of the pulses may be 
recognized and some may not be recognized. Reliable 
counting is assured only if the width of the count pulse 
is greater than or equal to one period of the internal fre
quency. 

The counters decrement on a low·going pulse at the 
input. As stated above, the pulse must remain low at 
least one internal frequency period to give reliable 
counting. Similarly, the count signal must go high and 
remain high at least one internal frequency period before 
it goes low again. However, the count signal does not 
have to be symmetrical. 

COP452 Oscillator 

The COP452 will operate over a wide range of oscillator 
input frequencies. The input frequency may be supplied 
from an external source or CKI and CKO can be used 



with a crystal or resonator to generate the oscillator 
frequency. Figure 11 indicates some crystal networks 
for some typical crystal values. 

RC and LC networks can also be connected between CKI 
and CKO to produce the oscillation frequency. Figure 12 
indicates some examples of such networks. Figure 12a. 
is the recommended RC network for use in this manner. 
With C1 = 0.005"F, R = 1.5 kQ, and C2 between 10 pF and 
400 pF oscillation frequencies between about 1 MHz 
and 3 MHz should be obtainable. The oscillation fre· 
quency decreases with increasing values of C2. The 
user should feel free to experiment with the Rand C 
value:;;, and with the network configuration, to produce 
the oscillation frequency desired. 

Figures 12b. and 12c. indicate LC networks that can be 
used to produce the COP452 oscillation frequency. In 
Figure 12b. with L = 100"H and C = 100 pF, a frequency of 
about 2 MHz should be produced. In Figure 12c., with 
L = 56 "H, C2 = 27 pF, and C1 between 25 pF and 0.01 "F, 
frequencies between about 1.5 MHz and 3 MHz can be 
prociuceci. 

There is, in effect, an inverter between CKI and CKO. 
This inverter was designed for use with a crystal and its 
associated network. It was not designed for use with 

COP452 

CKI CKO 

i ~~ R2 

fc ~D~ 

Crystal Component Values 
Value R, R2 C 

4.44 MHz 1k 1M 27pF 

4.OMHz 1k 1M 27pF 

3.58MHz 1k 1M 27pF 

2.0MHz 1k 1M 56pF 

1.0MHz 1k 1M 56pF 

the RC and LC networks previously described. However, 
these networks will work and are usable. The user should 
be prepared to experiment with the networks to deter
mine component values, stability, oscillation frequency, 
etc. These networks should be viewed as the starting 
point for a user who wishes to use networks of this type 
to generate the COP452 oscillation frequency. 

The RC networks provide an inexpensive way to generate 
the oscillation frequency. It is foolish, however, to expect 
any significant degree of frequency stability or accuracy 
over temperature and voltage with a Simple RC network 
- especialy if inexpensive, uncompensated compo· 
nents are used. LC and RLC networks can produce very 
stable and accurate frequencies. Regardless of the net
work used, the user must consider the variation of the 
external components in his design if accuracy and sta
bility are important considerations in his application. 

The crystal networks of Figure 11 provide frequency sta
bility and accuracy and are easy to use. If the application 
requires oscillation frequency accuracy and stability the 
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CKI CKO 

Cj" 

Crystal Component Values 
Value R1 R2 C1 C2 

455kHz 1M 16k 80pF 80pF 

32kHz .1M 220k 6-36pF 30pF 

Figure 11. COP452 Crystal Oscillator 

5-27 

o o 
'"tJ 
01:>
C11 
~ o o 
'"tJ 
01:>
C11 
J-l 
o o 
'"tJ 
CN 
C11 
~ o o 
'"tJ 
CN 
C11 
CN 



a. b. c. 

COP452 COP452 COP452 

CKI CKO 

C2 

Figure 12. RC and LC Networks to Produce COP452 OsciUator Frequency 

White Noise Generation Modes 

In the two white noise modes register A is converted 
into a 17·stage shift register, or polynomial, generator. 
With feedback taps at stages 17 and 14, as indicated in 
Figure 13, a maximal length sequence is generated. With 
these feedback taps the characteristic polynomial of 
the sequence is: 

x17 + X3 + 1. 

The output of this generator Is a pseudo·random se· 
quence. Since the register is shifted at the internal fre· 
quency rate, the sequence repeats after a period equal to 
(217 -1)t, where t is the period of the internal frequency. 

The first 16 stages of the shift register are the 16 bits of 
register A that the user may read or write. Entering 

PRESET~~-r---' 

WHITE NOISE & 
FREQUENCY MOOE 

08 

GATEOWHITE 
NOISE MOOE 

either white noise mode presets the 16th and 17th stages 
to a 1 and connects the 17th stage to the shift register. If 
the user wishes, he can write register A and then enter 
the white noise and frequency mode. The output at OA 
will then be two "1's", and the lower 15 bits of the data 
user had written to register A. Following that, the poly· 
nomial sequence dictates the output. This injection of a 
1 into the 16th and 17th stages prevents the lockup con· 
dition that occurs if all the stages are O. 

Warning: To insure proper operation, the white noise 
must be entered from the Reset mode. The COP452 must 
be in the Reset mode before the desired white noise 
mode and there may be no intervening modes between 
Reset and the desired white noise mode. 

OUTPUT OA 

Figure 13. COP452 White Noise Generator 
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Interface to COPSTM Microcontrollers 

Figure 14 indicates the typical intefface between the 
COP452 and a COPS microcontroller. As is obvious from 
the figure. the interface is the standard MICROWIRETM. 
G2 is indicated as the chip select line because it is avail· 
able on all COPS microcontrollers. Obviously, any con· 
venient output of the microcontroller may be used as 
the chip select for the COP452. 

COP411L SI 
OR 

LARGER 

Figure 14. 

COP452 
COP453 
COP352 
COP353 

ThF! CS oin of the COP452 must be toggled between sue· 
cessi.ve communications with the device. Tne Internal i 
register (instruction register) is held reset (all zero) when 
CS is high. Since this is the only way in which the I reg· 
ister is cleared,failure to take CS high between accesses 
will result in improper oper".tion. 

The COP452 contains an internal power·on reset circuit 
which sets the mode latches to one, i.e., places the 
COP452 in the RESET mode, and sets the oscillator di· 
vider to divide by 4. The counters and registers are not 
affected by this reset circuit and are therefore undefined 
at power up. 

Interface Software lor tOG COP452 

Sample software for interfacing COPS microcontrollers 
to the COP452 is given below. The code is completely 
general and will 'Nork in any COPS microcontroller. The 
following assumplions are made: 

1. Pin G2 is used as the chiD select for the COP452 (be· 
cause G2 is available on all COPS microcontrollers) 

2. G2 is assumed high on entry to the routines. 

3. The SK ciock is off (Oi on entry to the routines. 

4. Register 0 of the microcontroiler is arbitrarily chosen 
as 1I',e 110 register. 

5. The leading digit sent out is of the form 001X where 1 
is a start bit; X is 1 or 0, depending on the operation. 

6. The next lower digit contains the remaining 4 bits of 
the command. 

7. If data is being sent, it is in the next 16 bits of infol' 
mation sent. 

8. Location GSTATE chosen as RAM address 0,15. 

9. SK frequency is less than or equal to the internal 
frequency. 

5iru"rt:; i.ln:;: ~Cr'~~~ ;~ ~;-: !/C' -:::!~'.'!r:'e. ~ho r.nrlp. tHkes pre
cautions to insure that SO is 0 prior to enabling the SK 
clock. (This is a wise precaution to talle in any system 
witil 110 peripherals on the serial porL) 

Two version of the WRITE routine are provided. The 
destructive WRITE routine desiroys the information in 
the microcontroller as the data is being sent out to the 
COP452. The nondestructive WRITE routine preserves 
the data in the microcontroller as that data is being sent 
out to the COP452. The destructive routine is a little 
more code efficient than the nondestructive routine. 

WRCMND: CLRA ; SET UP POINTER FOR COMMAND ONLY WRITE 
AISC 
JP WRITE 

VynUMIM. . N:T 110 or""T':R ':OR r:()MMAND AND DATA WRITE 

AISC 5 
WRITE: LBI GSTATE ; GSTATE = LOCATION 0,15 

RMB 2 
OMG ; SEND COP452 CHIP SELECT LOVJ 
CAB ; POINT TO PROPER LOCATION FOR OUTPUT 
LEI 8 : ENABLE SHIFT REGISTER MODE 
RC : JUST TO INSURE SO = 0 BEFORE CLOCK ON 
CLRA 
XAS ; THESE 3 WORDS FOR SAFETY ONLY 
SC ; SO SK WILL TURN ON AT NEXT XAS 

SEND: LD 
XAS 
XDS 
JP SEND 

FINISH: RC ; ALL DONE, SK OFF, DESELECT COP452, ."'ND SET 
XAS ; SO TO ZERO 

DONE: LBI GSTATE 
5MB 2 
OMG 
LEI 0 
RET 

CODE TO WRITE COP452 - DATA DESTROYED IN MICROCONTROLLER 
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The code below is the code to read the COP452. It is tively could be easily generated but is not shown here. 
written so that the command to the COP452 is sent out The user is referred to the techniques in the WRITE 
nondestructively, I.e., the data in the microcontroller is routines to determine how to modify this READ routine 
preserved. A routine which sends out the data destruc· to send the command out destructively. 

READ: CLRA ; READ INSTRUCTION IN 0, 1 AND 0, 0 AND IS 
AISC ; OF THE FORM 00100010 OR 00100011 IF READ 
LBI GSTATE; RA OR RB 

SEND2: 

RMB 
OMG 
CAB 
SC 
CLRA 
LEI 
XAS 
LD 
XDS 
JP 
XAS 
CLRA 
AISC 
CAB 
NOP 
NOP 
NOP 

RDLOOP: CLRA 
XAS 
XDS 
JP 
RC 
XAS 
JP 

2 

8 

SEND2 

2 

RDLOOP 

DONE 

SAMPLE CODE TO READ THE COP452 

WRCMND: CLRA 
AISC 
JP WRITE 

WRDATA: CLRA 
AISC 5 

WRITE: LBI GSTATE 
RMB 2 
OMG 
CAB 
RC 
CLRA 
LEI 8 
XAS 
SC 
CLRA 

SEND: XAS 
LD 
XDS 
JP SEND 
XAS 
CLRA 
NOP 

FINISH: RC 
XAS 

DONE: LBI GSTATE 
5MB 2 

·OMG 
LEI 0 
RET 

; SELECT THE COP452 

; SO THAT ZEROES GO OUT FIRST 

; NONDESTRUCTIVE SENDING OF READ INSTRUCTION 

; SET UP TO READ 

; NOW WAIT FOR THE DATA 

; TURN OFF THE CLOCK 
; READ LAST 4 BITS 
; COMMON EXIT WITH WRITE ROUTINE 
; EXITS WITH DATA IN LOWER 3 DIGITS OF RO 
; AND IN THE ACCUMULATOR 

; SET UP POINTER FOR COMMAND ONLY WRITE 

; SET UP POINTER FOR COMMAND AND DATA WRITE 

; SELECT THE COP452 - G2 LOW 
; LOAD THE POINTER 

; ENABLE SHIFT REGISTER MODE 
; SEND OUT ZEROES 

; FIRST TIME THROUGH, TURNS ON CLOCK 
; THEN SENDS DATA 

; SEND LAST 4 BITS 

; ALL DONE, SK OFF 

; DESELECT THE COP452 

; SEND SO LOW 

CODE TO WRITE COP452 - DATA PRESERVED IN MICROCONTROLLER 
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The software interface routines provided above are 
general purpose routines written to work in the general 
case for all COPSTM microcontrollers. They are written 
as subroutines to be called by the main program. There 
is no question that other routines can be written to per· 
form the required function. It is also clear that these 
routines can be reduced in specific applications. These 
routines should be viewed as providing a framework 
from which the user can develop routines which are 
optimal to a specific application. 

Assumption 9 mentioned prior to the code itself presents 
an important requirement for the interface software. 
There must be a time delay greater than 3 periods of the 
internal frequency between the time the SK clock is 
turned off and the time the COP452 is deselected. This 
is required because the COP452 reads the instruction 
register with timing based on its internal frequency. 
When the microcontroller deselects the COP452, CS 
goes high and the instruction register is automatically 
cleared. Therefore, depending on the relative speeds of 
SK and the internal frequency, it is possible that the 
!~~!~~~!!~~ ~~2!~!er ~~~' ~e ~!~e.retj ~l?'f0re ~h'? G0pt1.13? 
has accepted the information. The sample code provided 
automatically satisfies the requirement mentioned 
above whenever the SK frequency is less than or equal 
to the counter clock frequency. When SK is faster than 
the internal frequency, some delay may be required 
between the time SK is turned off and the time the 
COP452 is deselected. The time delay is not required 
when reading or writing the COP452 registers or when 
changing the oscillator divider. 

Caution: Failure to observe this time delay will result in 
improper operation of the COP452. 

Application #1 - Generation of Multiple Tones 

The COP452 makes the generation of two independent 
frequencies a simple task. This application indicates 
how to generate frequencies with the COP452 and also 
indicates other aspects or conUOI or me aevlce. 

The requirement is to generate the following two DTMF 
frequencies: 

GSTATE 
POWUP: 

f1 = 941 Hz 

f2 = 1336 Hz 

. PAGE a 
0, 15 

CLRA 

We will select the CKI frequency of the COP452 as 1 MHz 
primarily for ease in computation. Therefore, in divide 
by.1 mode, the internal frequency is 1 MHz. Since the 
registers in the COP452 are loaded with a number related 
to the period of ttie frequency, we need the periods of f1 
and f2. 

1 ~ f1 = t1 = 1062.7I'S; 2 = 531.351's 

1 t2 12= t2= 748.5I's; 2= 374.251's 

As stated earlier, the period of an output frequency in the 
COP452 in the frequency generation mode is given by: 

T = 2(N+1)t 

where: t = period of internal clock 
N = register value 

Solving for N, the equation becomes: 
T 

N="2t- 1 

With the internal frequency at 1 MHz, the value of t is 
11's. Therefore, the N values with which the registers 
must be loaded to generate the frequencies specified 
above are 530 (212 hex) and 373 (175 hex). Note that the 
fractional parts of the numbers are lost since the COP452 
cannot be loaded with fractional numbers. Note that the 
fractional parts may be reduced or eliminated by judi· 
cious choice of the CKI frequency. With the numbers 
here, the COP452 will generate a frequency with a period 
of 10621's (941.62 Hz) and a frequency with a period of 
74811s (1336.9 Hz). Note that these values are accurate to 
within 0.7% of th,e desired output frequencies. 

Figure 15 indicates a connection diagram for this appli. 
cation. The software to accomplish this task is indicated 
below. The software indicates several aspects of the 
usage of the COP452. The code first resets the COP452, 
then loads the reaisters with the proper values, transfers 
the registers to the counters, puts the COP452 in the CKI 
divide by 1 state, and then loads the dual frequency 
mode. The output frequency generation begins when 
the dual frequency mode is loaded. Tt~e code as written 
is independent of the COP microcontroller used. The 
code uses the WRITE routines as described in the soft· 
ware interface section and assumes that these routines 
are located in the subroutine page . 

XAS ; TURN OFF SK CLOCK (C = a AT POWER UP) 
LBI GSTATE 
STII 15 
LBI GSTATE 
OMG ; MAKE SURE COP452 IS DESELECTED 
LBI 0,0 
JSRP CLEAR ; CLEAR REGISTER a 
LBI 0,0 NOW SET UP TO SEND RESET MODE TO COP452 
STII 15 
STII 3 RESET COMMAND AND START BIT 
JSRP WRCMND 
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; THE COP452 IS NOW RESET, NOW SETUP to WRITE REGISTER A TO 
; GENERATE OUTPUT FREQUENCY OF 941 HZ AT OA 

LBI 0, a 
STII 2 ; 0212 HEX = 530, GIVE PERIOD OF 1062~s 
STII 1 
STII 2 
STiI a 
STII 1 
STII 2 ; START BIT PLUS CODE TO WRITE RA 
JSRP WRDATA 

; REGISTER A IS NOW LOADED. NEXT TRANSFER REGISTER A TO COUNTER A 
LBI 0, a 
STII 5 
STII 2 ; INSTRUCTION TO TRANSFER PLUS START BIT 
JSRP WRCMND 

; ALL DONE WITH REGISTER AND COUNTER A, NEXT WORK ON REGISTER B 
LBI 0,0 
STII 5 
STII 7 
STII 1 
STII a 
STII a 
STII 2 
JSRP WRDATA 

; WRITE REGISTER B WITH 0175 HEX (373) 
; TO GIVE FREQUENCY OF 1336 HZ 

; INSTRUCTION TO WRITE RB 

REGISTER B IS NOW LOADED. NEXT TRANSFER RB TO CB 

LBI O. ° 
STII 4 ; INSTRUCTION TO TRANSER RB TO CB 
STII 2 
JSRP WRCMND 

; NOW LOAD CKI DIVIDE BY 1 

LIB 0, ° 
STII 8 
STII 2 
JSRP WRCMND 

; NOW PUT THE COP452 IN DUAL FREQUENCY MODE 

LBI 0, ° 
STII ° 
STII 3 
JSRP WRCMND 

; NOW THE CODE MAY PROCEED TO DO WHATEVER ELSE IS REQUIRED IN 
; niE APPLICATION. 
; THE SUBROUTINES USED IN THIS APPLICATION ARE CLEAR AND THE 
; WRITE ROUTINES. THE ADD ROUTINE IS USED IN THE EXAMPLE BELOW 

. PAGE 2 
CLEAR: CLRA 

XIS 
JP CLEAR 
RET 

ADD: SC 
LBI 2,9 ; ROUTINE ADDS 1 TO COUNTER 

ADD1: CLRA 
ASC 
NOP 
XIS 
JP ADD1 
RET 

WRCMND: ; SEE SOFTWARE INTERFACE FOR THIS ROUTINE 

WRDATA: ; SEE SOFTWARE INTERFACE FOR THIS ROUTINE 
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The preceding has done a lot with the COP452. It is 
clear that the code can be reduced and specialized. The 
purpose here was to illustrate the various communica· 
tions with the device. 

An interesting effect can now be produced by making 
use of the 4 to 1 CKI divider. With the CKI frequency at 
1 MHz, the internal frequency is well within the specified 

limits in either the divide by 1 or divide by 4 condition. 
Therefore, this characteristic of the device can be used 
to quickly multiply or divide the output frequency by 4. 
An interesting siren effect can thus be created. Sample 
code to do this is given below. This code assumes that 
the registers have been loaded and that the COP452 is 
in dual frequency mode. Again, the code is written to be 
independent of the COPSTM microcontroller used. 

SIREN: LSI 2, 9 USE REGISTER 2 AS COUNTER FOR DELAY TIME 
JSRP CLEAR 
LSI 0, ° 
STII 8 ;' CKI DIVIDE SY 1 
STII 2 
JSRP WRCMND 

PLUS1 : JSRP ADD INCREMENT COUNTER FOR DELAY 
SKC 
JP PLUS1 EXIST DELAY LOOP WHEN COUNTER OVERFLOWS 
LSI 0,0 
STII 9 ; CKI DIVIDE BY 4 
STII 2 
.j5F\r 'v··inCiv~i~u 

LSI 2,9 
JSRP CLEAR 

PLUS1A: JSRP ADD 
SKC ; AGAIN, TIME OUT VIA THE COUNTER 
JP PLUS1A 
JP SIREN ; DONE, START OVER AGAIN 

As is obvious from this code, it is a simple matter to 
create this effect. As was mentioned earlier, the code 
here is general purpose. This necessarily means that it 
can be reduced in specific applications. The user should 
view this code as representative of the techniques in
volved and then optimize or rewrite the routines to suit 
his particular application. 

OSCILLATOR 
Vee INPUT 

G2 es 

eOP411L SO 01 
OR 

LARGER SI 00 

SK SK 

CKO 

":" 

":" 

Vee 

OA 
eOP452 

DB 

CKI 

1MQ 

1 MHz 

0 
":" 

OA 

DB 

6-36pF 

Figure 15. Dual Frequency Application 
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Application #2 

This application makes use of the number of pulses 
mode of the COP452 to control a stepping motor. The 
technique is equally applicable in any situation where a 
number of pulses must be generated based upon the 
state of the system. Figure 16 indicates the system inter· 
connect. Since the oscillator frequency is 3.579545 MHz 
and the CKO pin of the COP452 is being used to drive the 
CKI of the microcontroller, a COP420 is specified as the 
microcontroller. If a separate oscillator were provided, 
any COPS™ microcontroller could be used. The software 
is completely general and will work in any COPS micro· 
controller. 

The application has the following specifications: 

1. The pulse width required for the stepping motor is 
5ms±5%. 

2. The system has 4 return lines which indicate 4 pos
sible variations in the number of output pulses reo 
quired. These four conditions are: 

a. 10 pulses required 
b. 100 pulses required 
C. Repeat the last number of pulses sent 
d. Send one more than the last number of pulses 

3. The system has a signal available indicating that the 
return lines contain valid information. 

4. One pulse is required at power up. 

A flow chart to implement this system is indicated in Fig· 
ure 17. Figure 16 is the interconnect used in this applica· 
tion. As the figure indicates, we will use a 3.579545 MHz 

3.579545 MHz 

0 

CKO 

G2 CS 

SI DO 
COP42D COP452 

SO 01 

SK SK 

L4 L3 L2 L1 

crystal as the time base for the COP452. With the oscil· 
lator divide by 4 selection, this gives an internal fre· 
quency period of 1.11745"s. With this information we can 
determine the number that needs to be loaded to register 
A to give a pulse width of 5 ms. From application #1 we 
have the following equation which is valid here: 

T = (N + 1)t 

where: T = pulse width 

N = contents of register A 

t = period of internal clock 

Solving for N we have: 

N = (T/t)-1 

= (5 ms/1.11746"s)-1 

= 4474.34-1 

= 4473.43 

The fractional part is discarded, so register A must be 
loaded with 4473 (1179 hex) to give a 5 ms pulse. The 
error created by the truncation of the number is 0.5"s. 
There is an error of 0.01 % - well within the tolerance 
limits required. 

The code to operate this system is given below. The 
interconnect of Figure 16 is assumed. The code uses 
the READ and WRITE subroutines as given in the soft· 
ware interface section of this data sheet. The code fur
ther assumes that those routines are located in the 
subroutine page. 

STEPPING 
MOTOR 

OA PLUS 
SYSTEM 

HARDWARE 

S4 S S R 
T T T E 
A A A A 
T T T 0 
E E E Y 

2 

Figure 16. COP452 in Stepping Motor Contro.1 
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· PAGE 
GSTATE 
POWRON: CLRA 

XAS 
LBI 
STI! 
LBI 
OMG 
LD 
CAMQ 
LEI 
LBI 
STI! 
STI! 
STI! 
STI! 
STI! 
STI! 
JSRP 

o 
0,15 

WRITE RA/CA 
OF COP452 

1 - RBICB 
OF COP452 

SET NUMBER 
OF PULSES MOOE 

RESET COP452 

OOOA - REG. 

RESET COP452 

0064 - REG. 

RESET COP452 

READ RB - REG. 

REG.+ 1 - REG. 

Figure 17. Flow Diagram for Application #2 

; TURN OFF SK CLOCK 
GSTATE 
15 
GSTATE 

4 
0,0 
9 
7 

2 

WRDATA 

DESELECT THE COP452 - G2 HIGH 

DRIVE THE L LINES HIGH FOR READING 
ENABLE THE L OUTPUTS 

; WRITE RA OF COP452 WITH 1179 HEX TO GET 
; 5MS PULSE 
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LBI 0, a 
STII 5 ; TRANSFER RA TO COUNTER A 
STII 2 
JSRP WRCMND 
lBI 0, a ; NOW WRITE RB WITH THE NUMBER OF PULSES 
STII 1 

RBWRT: STII a ; ONE PULSE REQUIRED AT POWER UP 
RBWRT2: STII a 

STII a 
RBWRT3: STII a 

STII 2 
JSRP WRDATA 
LBI 0, a ; NOW TRANSFER RB TO COUNTER B 
STII 4 
STII 2 
JSRP WRCMND 

PULSE: LBI 0, a 
STII 2 ; SET NUMBER OF PULSES MODE 
STII 3 
JSRP WRCMND 

; AT THIS POINT THE COP452 IS IN NUMBER OF PULSES MODE. ONE 
; PULSE IS OUTPUT AT OA. NOW MUST READ THE RETURN LINES, MAKE 
; THE APPROPRIATE DETERMINATION OF THE STATE OF THE SYSTEM 
; AND UPDATE THE COP452 ACCORDINGLY. ALSO AT THIS POINT, THE 
; COP452 IS SET UP TO AGAIN GENERATE A SINGLE PULSE 5MS WIDE 
; IF THE DEVICE IS ACCESSED AGAIN. 

STATE: LBI GSTATE 
LD 
CAMQ 
LEI 4 
LBI 0, 0 
INL 
SKMBZ a 
JMP STATE 
AISC 8 
JMP TEST2 

STATE1: STII 15 
STII 3 
JSRP WRCMND 
LBI 0,0 
STII 10 
JMP RBWRIT 

TEST2: AISC 4 
JMP TEST3 

STATE2: STII 15 
STII 3 
JSRP WRCMND 
LBI 0,0 
STII 4 
STII 6 
JMP RBWRT2 

TEST3: AISC 2 
JMP TEST4 

STATE3: JMP PULSE 

; CONTENTS OF GSTATE = 15 HERE 
; MAKE SURE L LINES ARE HIGH AND 
; ENABLED 

; READ THE L LINES TO A AND M(O, 0) 
; TEST DATA - RETURN LINES - VALID 
; DATA NOT VALID, WAIT FOR IT TO BE VALID 

; DATA IS VALID, DECODE A 

; POINTING AT 0, a 
; RESET THE COP452 FOR STATE 1 

; NOW SET UP TO SEND 10 PULSES 

; SHARE COMMON CODE 

; IN STATE2, MUST SEND 100 PULSES 
; FIRST RESET THE COP452 

; WRITE 100 (0064 HEX) TO RB OF COP452 

STATE 3 MERELY SENDS THE SAME NUMBER OF PULSES AGAIN. 
THEREFORE, MERELY SEND THE NUMBER OF PULSES MODE COMMAND 

AGAIN 
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TEST4: 

STATE4: 

PLUS1: 

,AISC 
JMP 
STII 
STII 
JSRP 
LBI 
STII 
STII 
JSRP 
LBI 
XIS 
XIS 
XIS 
XIS 
LBI 
SC 
CLRA 
ASC 
NOP 
XIS 
CSA 
AISC 

STATE 
15 

WRCMND 
0,0 
2 
2 
READ 
0, a 

0, a 

12 

: ALL L LINES WERE 0, JUMP BACK TO MAIN 
; RESET THE COP452 

; NOW READ THE COP452 

; COMMAND TO READ RB 

; MOVE DATA TO LAST 4 DIGITS OF RO 

; NOW INCREMENT THE VALUE BY 1 

JMP RBWRT3 HAVE INCREMENTED THE VALUE, SEND IT OUT 

, PAGE 2 
READ: 

WRDATA: 
; SEE SOFTWARE INTERFACE SECTION FOR THESE 
; ROUTINES 

WRCMND: 

These are general routines and can be reduced in specific 
applications, The application itself was kept general so 
that it can be ,easily adapted to particular applications, 
The user should view this code as the basis from which 
to work to optimize the code for a specific application, 

Application #3 

An "nnlir.Rlion such as a tachometer requires the count· 
ing of external pulses that occur within a given time 
period, The COP452 can be used both to perform the 
counting and to establish the "viewing window", or time 
period, during which to count the pulses. By using the 
frequency and count mode of the COP452, a frequency 
can be generated which will establish this viewing time. 
The other counter can then be used to count the pulses. 
Figure 18 provides a diagram of the interconnect in this 
application. 

As Figure 18 indicates, the oscillator frequency for the 
COP452 has been selected as 250 kHz. With the oscillator 
divider set at divide by 1, the internal frequency is also 
250 kHz. At this frequency, the minimum pulse width that 
can be reliably expected to decrement the counter is 
4 f's - the period of the internal frequency. 

A viewing time of 250 ms is arbitrarily selected. This 
means that the period of the output frequency is 500 ms 
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- a frequency of 2 Hz. Using the equation developed 
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2t 

= (500 ms/8 !-is) - 1 
= 62500-1 

N = 62499 = F423 hex 

Therefore, register A must be loaded with the hex value 
F423 to generate a frequency of 2 Hz at ~A. Counter B 
will count pulses when OA is high by virtue of the ENB 
input. When OA is low, the microcontrolier will read and 
reset the counter and perform any necessary operations. 

With the values above for the internal frequency and the 
viewing window, the tachometer range is 240 RPM to 
62,500 RPM. By making use of the divide by 1/divide by 4 
features of the oscillator di)lider, the range can be ex· 
tended down to 60 RPM. The range when the oscillator 
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is divided by 4 is 60 RPM to 15,625 RPM. However, a 
penalty is paid for this range extension. The viewing 
window goes from 250ms to 1 second. The minimum 
reliable pulse width also increase from 4"s to 16"s. The 
added time spent counting mayor may not be accept
able. It can be reduced somewhat by changing the value 
of RA to give a faster frequency at the reduced counter 
clock frequency. However, as the OA frequency increases, 
the low end of the range increases. 

A flow chart for this application is provided in Figure 19. 
Sample code is given below. Note that the sample code 

OEO EXPAN 
LOW RA NGE 

00-Y 

OSCILLATOR 
INPUT VCC 

I I 
CKI 

COP411L L3 OR LARGER 

0 

* 

L7 

L 
G2 

51 

SO 

SK 

OA 

ENB 

CS 

00 

01 

SK 

-DI 

'--- SK 

includes only the COP452 inter,tace and control. Other 
system requirements, e.g., display interface, arithmetic, 
etc., are not included here. Other data sheets and appli· 
cation notes provide sufficient information to fill in 
those details. 

The hardware interface indicated in Figure 18 and the 
code below, are completely general and valid for any 
COPSTM microcontroller. In specific applications both 
the hardware and software may be optimized to a greater 
extent than that shown here. 

250 kHz VCC 

+ I 
CKI 

..I1..I1. 
MOTOR /I 

COP452 INB ASSOCIATEO 
ELECTRONICS 

* _to. 
SA-SH 8 

COP470 4 DIGIT 
to. VF OISPLAY 

- 01-04 4 CS 

I 

. Figure 18. COP452 in Wide Range Tachometer Application 
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· PAGE 
GSTATE 
POWRON: CLRA 

XAS 
LBI 
OBD 
STII 
LBI 
OMG 
LD 
CAMO 
LBI 
STII 
STII 
STII 
STII 

WRITE F423 
- RA/CA 

WRITE FFFF 
TO RB/C3 

OUTPUT TO 
DISPLAY 

NO 

Figure 19. Flowchart for Tachometer Application 

o 
0, 15 

GSTATE 

15 
GSTATE 

0, 0 
3 
2 
4 
15 

; TURN OFF THE SK CLOCK-C = 0 AT POWER UP 

; DRIVE D LINES HIGH TO DESELECT DISPLAY 

; DESELECT THE COP452 

; SET THE 0 REGISTER TO ALL l'S FOR INPUT 

; NOW SET UP TO WRITE RA OF COP452 

; WRITE RA WITH F423 HEX 
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C") 
LO 
C") 
D
o o 
N 
LO 
C") 
D
O o 
M 
LO 
~ 
D-
O 

~ 
LO 
~ 
D-
O o 

TSTOAO: 

STII 
STII 
JSRP 
LBI 
STII 
STII 
JSRP 
JSR 
JS,R 
LEI 
LBI 
INL 
SKMBZ 
JP 
LBI 
STII 
STII 
JSRP 
LBI 
STII 
STII 
JSRP 
LBI 

2 
WRDATA 
0,0 
5 
2 
WRCMND 
RSTRB 
RANGE 
4 
0,0 

3 
. TSTOAO 
0,0 
6 
2 
WRCMND 
0, a 
2 
2 
READ 
0, a 

ONECMP: COMP 

XFER1: 

XIS 
COMP 
XIS 
COMP 
XIS 
COMP 
X 
LBI 
LD 

0,0 
1 

XIS 1 
JP XFER1 
JSR RSTRB 

; REMEMBER COP452 IS RESET AT POWER UP 

; TRANSFER RA TO CA 

; RESET RB AND COUNTER B WITH FFFF 
; TEST RANGE AND SET OSCILLATOR DIVIDER 
; ENABLE Q TO L-DRIVE L LINES HIGH 
; LOOK FOR OA=O 

; OA IS 0, READ COUNTER 
; FIRST TRANSFER CB TO RB 

; THEN READ RB 

; NOW TAKE THE 1'S COMPLEMENT 

; NOW SAVE VALUE IN R1 

; RESET RB AND CB WITH FFFF FOR NEXT TIME 

; AT THIS POINT INSERT THE APPROPRIATE CODE FOR ANY NECESSARY 
; ARITHMETIC, BINARY/BCD CONVERSION, DISPLAY OUTPUT, AND ANY OTHER 
; SYSTEM REQUIREMENTS. AFTER THESE ARE COMPLETE, JUMP TO LABEL 
; TSTRNG WHICH HAS BEEN ARBITRARILY PLACED IN PAGE 4 . 
. PAGE 2 
WRDATA: 

WRCMND: 

READ: 

; SEE SOFTWARE INTERFACE SECTION FOR THESE 
; THREE ROUTINES 

. PAGE 4 
TSTRNG: JSR 

LEI 
LBI 

TSTOA1: INL 
SKMBZ 
JMP 
JP 

RANGE 
4 
0,0 

3 
TSTOAO 
TSTOA1 

; CHECK THE RANGE 
; BE SURE Q IS ENABLED TO L 
; LOOK FOR OA = 1 

; THE SUBROUTINES RANGE AND RSTRB ARE INSERTED HERE 

RANGE: LEI 
LBI 
INL 
X 
CLRA 

4 
3,15 

; MAKE SURE L ENABLED 
; WILL SAVE RANGE STATUS IN 3, 15 

; NOW PREPARE TO SET OSCILLATOR DIVIDER 
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AISC 8 ; AN 8 MEANS DIVIDE BY 1 
SKMBZ 3 
JP HILOW 

LOW: AISC ; IF DIVIDE BY 4, WANT A 9 IN A 
HILOW: LBI 0,0 

XIS 
STII 2 
JMP WRCMND 

; THE FOLLOWING SUBROUTINE USES A SUBROUTINE LEVEL. IT RESETS BOTH 
; REGISTER B AND COUNTER B OF THE COP452 TO FFFF 

RSTRB: LBI 0,0 
STII 15 
STII 15 
STII 15 
STII 15 
STII 0 
STII 2 
JSRP WRDATA ; WRITE FFFF TO RB 
LBI 0,0 
C:-TII ;' T~.A.~!S!=!::~ R~ TO t::~ 
STII 2 
JMP WRCMND 

Application #4 

The triggered pulse mode of the COP452 provides the 
capability of generating the appropriate signals for triac 
control. Figure 20 is a general diagram of such an appli· 
cation. 

Assume the requirement is to switch on the triac 45 
degrees into the waveform. With a 60 Hz sine wave 
signal. the 45 degree delay is 2.0833 ms from the zero 
crossing. Assume also that the triac requires a gate 
pulse width of 150"s. As the diagram indicates, a 
2.097 MHz crystal provides the oscillator input to the 
~~:'~:~. \_A_/~~~ ~'a...,,:, ':"'h .......... ;nf ..... l"rn"!lltinn the tUln \I!:1IllIac:: ttu:~t 

must be loaded in the COP452 can be determined. With 
CKI at 2.097 MHz and the oscillator divider at divide by 4, 
the period of the internal frequency is 1.9075"s. From 
the description of the triggered pulse mode, the pulse 
width is given by: 

T=8t 
where: T = desired pulse width 

8 = contents of register 8 
t = period of internal clock 

Solving for 8 is trivial and gives: 

8 = Til 
= 150"s/1.9075"s 
=78.64 

Since the register and counter can be loaded with whole 
numbers only. register 8 and counter 8 must be initial· 
ized with 79 (002F hex) to give a pulse width of 150"s. 
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The delay from the zero cross trip point is given by: 

T=(A+ 1.5)t 

where: T = delay from zero cross trip point 
A = contents of register A 
t = period of internal clock 

Solving for A we have: 

A = (TIt) -1.5 
= (2.0833 ms/1.9075"s) - 1.5 

A = 1090.66 rounded up to lUlll 

Therefore register A and counter A must be initialized 
with 1091 (0443 hex) to delay 2.0833ms (45 degrees at 
60 Hz) from zero cross. 

Once the data has been given to the COP452 and the 
device placed in the triggered pulse mode, no further 
attention is required. The COP452 will generate the 
pulses with the appropriate delay as long as the power 
is applied and the input sine wave is available. It is a 
trivial matter to change any of the information. Merely 
write the appropriate register/counter pair. Thus very 
easy control is available over the firing angle of triacs. 

Sample code to accomplish this function is given below. 
The code is general purpose and is written to work in 
any COPSTM microcontroller. 
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(II) 
an 
(II) 
D.. 
0 2.097 MHz 

0 0 C'I -I-56PF an 1kQ 
(II) OSC. -= 1MQ 

D.. IN· VCC 

0 
0 CKI CKO 

(f) 
an COP411l SO 01 "lit 
D.. OR COP452 OA 

0 
LARGER' SI DO 

~ 
SK SK 

ZI 

an 
"lit 
D.. -= RS VCC -= 
0 1BOVPEAK 

150kQ RS " ViN/10 x 7.Bk -7.Bk 

0 60Hz 0 " 1BO/10x7.Bk-7.Bk 
:. RS ;i. 132.6kQ V -= :. ARBITRARILY SELECT RS = 150 kQ 

Figure 20. COP452 as Triac Controller 

. PAGE 0 
GSTATE 0,15 
POWRON: CLRA 

XAS ; T~RN OFF THE SK CLOCK 
LBI GSTATE 
STII 15 
LBI GSTATE 
OMG ; DESELECT THE COP452-G2 HIGH 
LBI 0,0 ; NOW WRITE RB/CB WITH 002F HEX TO GIVE 
STII 15 ; 150"s PULSE WIDTH 
STII 2 
STII 0 
STII 0 
STII 0 
STII 2 
JSRP WRDATA 
LBI 0,0 
STII 4 ; TRANSFER RB TO CB 
STII 2 
JSRP WRCMND 
LBI 0,0 ; NOW WRITE RA/CA WITH 0443 HEX FOR THE DELAY 
STII 3 
STII 4 
STII 4 
STII 0 
STII 
STII 2 
JSRP WRDATA 
LBI 0,0 
STII 5 
STII 2 
JSRP WRCMND ; TRANSFER RA TO CA 
LBI 0,0 
STII 9 
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STII 2 ; SET OSCILLATOR DIVIDER TO DIVIDE BY 4 
JSRP WRCMND 
LBI 0, 0 
STII 1 ; SET TRIGGERED PULSE MODE 
STII 3 
JSRP WRCMND 

; ALL COMPLETE AT THIS POINT. ROUTINES WRCMND AND WRDATA ASSUMED 
; IN PAGE 2 AND ARE THE SAME AS GIVEN IN SOFTWARE INTERFACE SECTION. 
; THE COP452 WILL NOW GENERATE THE 150 ~s PULSE DELAYED BY 2.0833 ms 
; FROM EVERY ZERO CROSSING. THE USER CAN NOW IGNORE THE TRIAC CONTROL 
; AND DO WHATEVER ELSE IS REQUIRED IN THE SYSTEM. FURTHER ATTENTION 
; IS REQUIRED ONLY WHEN THE DATA IN THE COP452 MUST BE CHANGED. 

Let us now compute the minimum and maximum delays 
from the true zero crossing in this application. As indi
cated earlier, the period of the internal frequency here is 
1.9075I-'s. Counter A contains 0443 hex (decimal 1091). 
Rs is 150 k and the peak input voltage is 180 volts. A 
60 Hz sine wave is assumed. As given earlier, the mini
mum time is: 

TMIN=(A+1.5t)---arcsin 0.15 +0.3f's 1 ~ Rs +2.6k) 
2rrf VIN x2.6k 

Substituting we have: 

TMIN = 1092.5t - 12~rr arcsin ~.1518~5~.~.~ ~+ 0.3f'S 

= 2093.9f's -129.7 f's + 0.3f's 
T MIN = 1954.51-'s 

Similarly, the maximum time is given as: 

TMAX =(A+1.5)t+--arcsin 0.15 +0.6I-'s+-1 ~ RS+2.6k~ t 
2d ~Nx2.6k 2 

Substituting we have: 

TMAX = 1092.5t + 12~rr arcsin ~.1518~5~.~.~ ~+ 0.6f's + 

1.9075 f's 
2 
= 2083.9f's + 129.7 f'S + 0.6f's + 0.9538f's 

TMAX = 2215.151-'s 
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As is obvious from the preceding analysis, the parame
ter previously defined as X, is the most significant of 
the additional factors that define the time delay from 
true zero. This factor can be minimized by using as 
small a series resistance as possible. The frequency 
and input voltage will be governed by the application. 
The user must also remember that the minimum and 
maximum times calculated in this manner are absolute 
worst case values derived using the worst case 
conditions. 
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~'National 
a Semiconductor 

COP470 and COP370 V.F. Display Driver 

General Description Features 
The COP470 is a peripheral member of National's 
COPSTM Microcontroller family. It is designed to directly 
drive a multiplexed Vacuum Fluorescent display. Data is 
loaded serially and held in internal latches. The COP470 
has an on-chip oscillator to multiplex four digits of eight 
segment display and may be cascaded and/or stacked 
to drive more digits, more segments, or both. 

• Directly interfaces io multiplexed 4 digit by 8 
segmenf Vacuum Fluorescent displays 

• Expandable to drive 8 digits and/or 16 segments 

With the addition of external drivers, the COP470 also 
provides a convenient means of Interfacing to a large
digit LED display. The COP370 is the extended tempera
ture range version of the COP470. 

• Compatible with all COP400 processors 
• Needs no refresh from processor 
• Internal or external oscillator 
• No "glitches" on outputs when loading data 
• Drives large and small displays 
• Programmable display brightness 
• Small (20·piri) dual·in-line package 
• Operates from 4.5V to 9.5V 
• Outputs switch 35 volts and require no external 

resistors 
• Static latches 
• MICROWIRETM compatible serial I/O 

COPS and MICROWIRE are trademarks 
of National Semiconductor Corp. 

• Extended temperature device COP370 (-40°C to 
+85°C) . 

Connection and Block Diagrams 

SO 2D Sf 

sc 19 SF 
SB 18 SG 
SA 17 SH 

osc 16 NOT USED 

voo 
COP470 

15 VGG . 

DI 14 D4 

SK " 03 

os 12 D2 

VSS '0 11 0' 

Order Number COP470N, COP370N 
NS Package N20A 

Order Number COP470D,.COP370D 
NS Package D20A 

Figure 1. COP470 Pin 
·Connection 

SA SC SE SG 01 03 osc 
S8 SO SF SH 02 04 

4 3 2 120191817 11121314 

DI-4-----------o~ 

SK~-----------~~--_1 

cs~-~---------~----4----~ 

Figure 2. COP470 Block Diagram 

5-44 

~voo 
.!!!.Vss 

~VGG 



Absolute Maximum Ratings (Vss = 0) 

Voltage at Display Outputs +0.3V to -35V 
Voltage at All Other Pins +0.3V to -20V 
Operating Temperature 

COP4l0 O°C to +70°C 
COP370 -40°C to +85°C 

Storage Temperature -65·C to +150·C 
Lead Temperature (Soldering, 10 seconds) 300·C 
Package Power Dissipation 400 mW at 25°C 

200 mW at 70·C 
125 mW at 85°C 

DC Electrical Characteristics Vss=o, Voo =-4.5V to -9.5V, VGG =-30V to -35V, TA=O°C to 70°C for 
COP470 and TA = 40·C to 85·C for COP370 unless otherwise specified. 

Parameter Min. Max. Unit 

Power Supply Voltage 

Voo -9.5 -4.5 V 

VGG (COP470) -35 Voo V 

VGG (COP370) I -32 Voo V 

Power Supply Current 

100 5 mA 

IGG (Display Blanked) 1 mA 

Input Levels 
V1H -1.5 +0.3 V 
V1L -10.0 -4.0 V 

Output Drive Digits and Segments 
IOH @ VoH=Vss-3V 10 mA 

IOH @ VoH =Vss -2V 7 mA 

IOL @ VoL =VGG+2V (See Note 1.) 10 ,.A 

Output Drive @ VGG=Voo=Vss-5V 

IOH @ VoH=Vss-2V 1 mA 

Allowable Source Current 
Per Pin 20 mA 
IULo.J lUI vCylllt:::lll,=" uv 1111"'\ 

Input Capacitance 7 pF 

Input Leakage 1 JJ.A 

AC 1::lectrical Characteristics 
osc Period (internal or external) 4 20 JJ.s 

OSC Pulse Width 1.5 JJ.s 

Clock Period T (twice Osc. period) 8 40 JJ.s 

Display Frequency 

4 digits = 1/64T 390 2000 Hz 
8digits=1/128T 190 1000 Hz 

SK Clock Frequency 0 250 kHz 

SK Clock Width 1.5 JJ.s 

Data Set·up and Hold Time 

tSETUP 1.0 JJ.s 
tHOLO 50 ns 

CS Set·up and Hold Time 

tSETUP 1.0 JJ.s 
tHOLO 1.0 JJ.s 

Duty Cycle 
4 digits 1/64 15/64 
8 digits 11128 15/128 

Note 1. 10L current is to VGG with the chip running. Current is measured just after the output makes a high·lo·low transition. 
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Timing Diagram 

-I 1- CS SETUP -I H~tD 1-- l-sKw'DTH 
~--'~~ ________________ ~~r--

I I I 
SK 

DI~IOI -I -SETUP 

-I-HDLD 

I 0 

Figure 3. Serial Load Timing Diagram 

Performance Characteristic 
-28 

-24 

-20 

.. -16 
E 

E -12 

-8 

-4 

-2 -4 -6 -8 -10 -12 -14 

VOH VOLTS 

OUTPUT SOURCE CURRENT 

Functional Description 

Segment Data Bits 

Data is loaded in serially in sets. Each set of segment 
data is in the following format: 

I SA I SB I SC I SO I SE I SF I SG I SH I 
Data is shifted into an eight bit shift register. The first 
bit of the data is for segment H, digit 1. The eighth bit is 
segment A, digit 1. 

A set of eight bits is shifted in and then loaded into the 
digit one latches. The second set of 8 bits is loaded into 
digit two latches. The third set into digit three latches 
and the fourth set is loaded into digit four latches. 

Display on Time and Control Bits 

The fifth set of 8 data bits contains blank time data and 
control data in the following format: 

Display Digits 
I 

Sync Ext. I Right Left i....- On Time _ 

Osc. 14 of 814 of 81 LSB I I MSB I 
the first four bits Shifted in contain the on time. This is 
used to control display brightness. The brightness is a 
function of the on time of each segment divided by the 
total time -(duty cycle). The on time is programmable 
from 0 to 15 and the total time is 64. For example, if the 
on time is 15, the duty cycle is 15/64 which is maximum 
brightness. If on time is 8, the duty cycle is 8/64, about 
112 brightness. There are 16 levels of brightness from 
15/64 to 0/64 (off). 

5-46 

The fifth and sixth bits control the multiplex digits. To 
enable the COP470 to drive a 4 digit multiplex display, 
set both bits to one. If two COP470s are used to drive an 
8 digit display, bit five is set on the left COP470 and bit 
six is set on the right COP470 (see Fig. 6). In the eight 
digit mode, the display duty cycle is on time/128. 

The seventh bit selects internal or external oscillator. 
The OSC pin of the COP470 is either an output of the 
internal oscillator (bit 7 = 0) or is an input allowing the 
COP470 to run from an external oscillator (bit 7 = 1). 

The eighth bit is set to synchronize two COP470s. For 
example, to set the COP470 to internal osc, 4 digits, and 
maximum brightness, send out six ones and two zeros. 

Figure 4. System Diagram - 4 Digit Display 



64T 

'\ 11~15T-1 T __ 

ANY SEGMENT ~ ON U ON OFF ON 

01J r--
01 ON TIME = 15 

(MAX BRIGHTNESSI 

03 

04 1 

OFF I ON TIME = B 
01~ 

I II 

1~15T~I_T 
ANY SEGMENT n n n I ON TIME = 1 

Dl~ 

Figure 5. Segment and Digit Output Timing Diagram 

I __ .-I! __ .... ________ _ 

----••• t; - ........ -_ •• __ • 

Step 

1 Turn CS Low. 

2 Clock in 8 bits of data for digit 1. 

3 Clock in 8 bits of data for digit 2. 

4 Clock in 8 bits of data for digit 3. 

5 Clock in 8 bits of data for digit 4. 

6 Clock in 8 bits of data for on time and control 
bits. 

7 Turn CS high. 

Note: CS may be turned high after any step. For example, to 
load only 2 digits of data do steps 1,2,3, and 7. CS must 
make a high to low transition before loading data in order to 
reset internal counters. 

8 Digit Displays 

Two COP470s may be tied together in order to drive an 
eight digit multiplexed display. This is shown in Figure 
6. The following is the loading sequence to drive an 
eight digit display using two COP470s. 

1. Turn CS low on both COP470s. 

2. Shift in 32 bits of data for the right 4 digits. 
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4. 

5. 

6. 

This synchronizes both chips, sets to external 
oscillator, and to right four of eight digits. Thus 
both chips are synchronized and the oscillator 
is stopped. 

Turn CS high to both chips. 

Turn CS low to the left COP470. 

Shift in 32 bits of data for the left 4 digits. 

7. Shift in 4 bits of on time, a one and three zeros. 
This sets this COP470 to internal oscillator and 
to left four of eight digits. Now both chips start 
and run off the same oscillator. 

8. Turn CS high. 

The chips are now synchronized and driving eight digits 
of display. To load new data simply load each chip 
separately in the normal manner. 

16 Segment Display 

Two COP470s may be tied together in order to drive a 
sixteen segment dispiay. This is shown in Figure 8. To 
do this, both chips must be synchronized, one must run 
off external oscillator while the other runs off its 
internal oscillator outputting to the other. Similarly, four 
COP470s could be tied together to drive eight digits of 
sixteen segments. 
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8 DIGIT VF DISPLAY 

III 02 03 04 SA. sa, SC, so, SE, SF, S6, P 05060708 

{) 
j 8 

SEGMENTS 

SA·SH I I SA·SH 

COP470 COP470 I ICHIPAI ICHIP 81 

r---
so 011 SK cS"1 011' SK CS 

SK I 
COP400 00 I 

01 

'---

Figure 6. System Diagram 8 Digit Display 

-----,~ __ ~01~ ___ C~H~IP~A ________________________________ ~~~ ______ __ 

~~~~--------------------~ -f02l CHIP A 

03 rcHiPAl L-____________________________ ~r 

04 CHIP A r____, 

01 CHIP 8 
r__I~ ______________________ __ 

02 CHIP 8 
______ ~ __ ~~ ________ ~r___lL_ ________________ __ 

03 CHIP B ______ ~ __ ~~ ____________ ~r____,L_ ____________ _ 

04 CHIP B 
______ ~ __ ~~ __________________ ~r___l~ ________ __ 

---, SEGMENT CHIP A r---I~ __________________ ~r___lL_ __ __ 

________ ~S~EG~M~EN~T~C~HIP~8~ ________ ·~~ ____ ~r__I~ ____________ __ 

RESULTANT SEGMENT 

SEG. CHIP A & SEG. CHIP 8 WIRED TOGETHER 

Figure 7. Segment and Digit Output Timing Diagram for 8 
Digits 

4 OIGIT, 16 SEGMENT 
VF DISPLAY 

~~ ~~ 
8 

I II 
B 

SEG. SEG. 

SA·SH SA·SH 

01 02 03 04 OSC 0' 03 02 01 
COP470 COP47Q 
01 SK cs 01 SK cs -

so 1 I I 
SK 1 

cOP 
'DO 00 

01 

-
Figure 8. System Diagram for 16 Segment Display 
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LED Display 

The COP470 may be used to drive LED displays. The 
COP470 can drive the segments directly on small, low 
current LED displays as shown in Figure 9. By adding 

Example: 

display drivers, large, high current LED displays can be 
driven as shown in Figure 10. 

COP420 Code to Load COP470 

(Display Data is in Memory 0, 12 - 0, 15) 

LB10,12 

aBO 
I ()()p. GLR.A 

LOID 

COMA 

SC 

XAS 

Nap 

Nap 

LD 

XAS 

NOP 

Nap 

RC 

XAS 

XIS 

SC 

CLRA 

AISC 15 

XAS 

NOP 

CLRA 

AISC 12 

XAS 

Nap 

LB10,15 

RC 

XAS 

aBO 
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; Point to first display data 

; Turn CS low (DO) 

: Look up segment data 

; Copy data from 0 to M & A 

; Set C to turn on SK 

; Output lower 4 bits of data 

; Delay 

; Delay 

; Load A with upper 4 bits 

; Output 4 bits of data 

; Delay 

; Delay 

; Reset C 

; Turn off SK clock 

; Increment B for next data 
_. o. 

,VI\ltJ ~III;:' JUllltJ allel 1000:H UI~ll 

; Set C 

; 15 to A 

; Output on time (max brightness) 

; 12 to A 

; Output control bits 

; 15 to B 

; Reset C 

; Turn off SK 

; Turn CS high (DO) 



, 1 1-11-1 • 1-11-' 16 240 Q 
-20 VOLTS ---'-

l Il 1 l Jl , * • 
12 10 8 6 5 3 2 13 ..:::J 14 11 7 4 9L 

+5 ylTS 

A B C 0 E F G H 01 02 03 04 
00 

CS VGG r-- I--- - 20 VO 
SO 

LTS 

COP420 01 COP470 

SK ~ +5 VOLTS 
SK 

VOO 

..L ..L 

Figure 11. Sample V.F. System 
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'?'A National 
D Semiconductor 

COP472 Liquid Crystal Display Controller 

General Description Features 
• Direct interface to TRIPLEX LCD 

• Low power dissipation (1001'W typ.) 

• Low cost 
• Compatible with all COP400 processors 

• Needs no refreSh from processor 

• On·chip oscillator and latches 

• Expandable to longer displays 

The COP472 Liquid Crystal Display (LCD) Controller is a 
peripheral member of the COPSTM family, fabricated 
using CMOS technology. The COP472 drives a multi· 
plexed liquid crystal display directly. Data is loaded 
serially and is held in internal latches. The COP472 
contains an on-chip oscillator and generates all the 
multi-level waveforms for backplanes and segment 
outputs on a triplex display. One COP472 can drive 36 
segments multiplexed as 3 x 12 (4 % digit display). Two 
COP472 devices can be used together to drive 72 
segments (3 x 24) which could be an 8% digit display. 

• Software compatible with COP470 V.F. Display Driver 
chip 

• Operates from display voltage 
• MlljH0vvIHt:~;·; compalioie seriai ii0 

• 20-pin dual-in-line package 

COPS and MICROWIRE are trademarks of National Semiconductor Corp. 

BPA BPe BPc 

12 SEGMENT BUFFERS 

12 

DI~I----I 

SK--~----------~--~ 

~--r-----------------------~------------J 

COP472 Block Diagram 
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Absolute Maximum Ratings 
Voltage at CS, DI, SK pins -.0.3V to + 9.5V 
Voltage at all other Pins -0.3V to VDD + 0.3V 
Operating Temperature Range O'Ct070'C 
Storage Temperature -65'Cto +150'C 
Lead Temperature (Soldering, 10 Seconds) 300'C 

DC Electrical Characteristics GND =ov, VDD =2.4V to 5.5V, TA =O°C to 70°C 
(depends on display characteristiCs) 

Parameter Conditions Min. Max. 

Power Supply Voltage, VDD 2.4 5.5 

Power Supply Current, IDD (Note 1) VDD=5.5V 250 

VDD=3V 100 

Input Levels 
DI, SK, CS 

V1L 0.8 
V1H 0.7VDD 9.5 

BPA (as Osc: In) 
V1L 0.6 
V1H VDD-O.6 VDD 

Output Levels, BPC (as Osc. Out) 
VOL 0.4 
VOH VDD -0.4 VDD 

Backplane Outputs (BPA, BPB, BPC) 
VBPA, BPB, BPC ON During VDD-IN VDD 
VBPA, BPB, BPC OFF BP+Time V,VDD -IN V,VDD+IN 

VBPA, BPB, BPC ON During 0 IN 

VBPA, BPB, BPC OFF BP- Time 2/,VDD -IN 2/,VDD+AV 

Segment Outputs (SAl'" SA4) 

VSEG ON During 0 AV 
VSEG OFF BP+ Time ·V,VDD-AV V,VDD+AV 

VSEG ON During VDD-AV VDD 
VSEG OFF BP- Time V,VDD'-AV V,VDD+AV 

Internal Oscillator Frequency 15 80 

Frame Time (Int. Osc. -;- 192) 2.4 12.8 

Scan Frequency (1/TscAN) 39 208 

SK Clock Frequency 4 250 

SK Width 1.7 

DI 
Data Setup, tSETUP 1.0 
Data Hold, tHOLD 100 

CS 
tSETUP 1.0 
tHOLD 1.0 

Output Loading Capacitance 100 

Note 1: Power supply current is measured in stand·alone mode with all outputs open and all inputs at VDD. 
Note 2: AV =O.05VDDfor VDD;;>3V. AV=O.15V for VDD<3V. 
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Units 

Volts 

jJA 

jJA 

Volts 
Volts 

Volts 
Volts 

Volts 
Volts 

Volts 
Volts 

Volts 
Volts 

Volts 
Volts 

Volts 
Volts 

kHz 

ms 

Hz 

kHz 

jJs 

IJ.S 
ns 

IJ.s 
IJ.s 

pF 



SB. 
SC3 

SB' 
cs 

V" 
GNO 

DI 
SA2 

SB' 
SB2 

COP472 
Connection Diagram 

20 

19 

18 

17 
.6 

15 

14 

13 
12 

10 11 

SA' 
SA3 
SCI 
BPB 
BPC 
BPA 

SK 

SC' 
SC2 
SAl 

Order Number COP472N 
NS Package N20A 

Order Number COP472D 
NS Package D20A 

Figure 2. Connection Diagram 

__ I I-cs SETUP 
cs --r r- SK WIDTH 

I I. 
SK 

I I 
011101 

-HOLD -I -.!-I SETUP 

Pin 

CS 

Voo 
GND 

01 

SK 

BPA 

Description 

Chip select 

Power supply (display voltage) 

Ground 

Serial data input 

Serial clock input 

Display backplane A(or oscillator in) 

BPs Display backplane B 

BPc Display backplane C (or oscillator out) 

SA 1'" SC4 12 multiplexed outputs 

I
I 

I=lnllrA ~_ SArlal LDad Tlmlno Dlaaram 

USC 

VDD 
'h 

BPA '13 
o 
Voo 

BPB ~, 
,/, 
o 
Voo 

8pe :Z:~~+_--J 
U 

Voo 
'I, 

SEGMENT ,/, 
o 

Figure 4 .. Backplane and Segment Waveforms 
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Functional Description 
The COP472 drives 36 bits of display information or
ganized as twelve segments and three backplanes. The 
COP472 requires 40 information bits: 36 data and 4 can· 
trol. The function of each control bit is described below. 
Display information format is a function of the LCD 
interconnections. Atypical segm~nt/backplane configu· 
ration is illustrated in Figure 5, with this configuration 
the COP472 will drive 4 digits of 9 segments. 

To adapt the COP472 to any LCD display configuration, 
the segment/backplane multiplex scheme is iIIustated in 
Table 1. 

Two or more COP472 chips can be cascaded to drive ad· 
ditional segments. There is no limit to the number of 
COP472's that can be used as long as the output loading 
capacitance does not exceed specification. 

Table 1. COP472 Segment/Backplane Multiplex Scheme 

BII Number Segment, Backplane 

1 SA1, BPC 
2 SB1, BPB 
3 SC1, BPA 
4 SC1, BPB 
5 SB1, BPC 
6 SA1, BPB 
7 SA1,BPA 
8 SB1, SPA 

9 SA2,BPC 
10 SB2,BPB 
11 SC2,BPA 
12 SC2, BPB 
13 'SB2,.BPC 
14 SA2, BPB 
15 SA2,BPA 
16 SB2, BPA 

17 SA3; BPC 
18 SB3,BPB 
19 SC3,BPA 
20 SC3, BPB 
21 SB3, BPC 
22 SA3,BPB 
23 SA3,BPA 
24 SB3, BPA 

25 SA4, BPC 
26 SB4, BPB 
27 SC4, BPA 
28 SC4, BPB 
29 SB4, BPC 
30 SA4,BPB 
31 SA4, BPA 
32 SB4, BPA 

33 SC1, BPC 
34 SC2, BPC 
35 SC3, BPC 
36 SC4, BPC 
37 not used 
38 06 
39 07 
40 SYNC 

Data to 
Numeric Display 

SH 
SG 
SF 
SE 
SO 
SC 
SB 
SA 

SH 
SG 
SF 
SE 
SO 
SC 
SB 
SA 

SH 
SG 
SF 
SE 
SO 
SC 
SB 
SA 

SH 
SG 
SF 
SE 
SO 
SC 
SB 
SA 

SP1 
SP2 
SP3 
SP4 

Digit 1 

Digit 2 

Digit 3 

Digit 4 

Digit 1 
Digit 2 
Digit 3 
Digit 4 
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Segment Dala bits 

Data is loaded in serially, in sets of eight bits. Each set 
of segment data is in the following format: 

I SA I SB I SC I SO I SE I SF I SG I SH I 
Data is shifted into an eight bit shift register. The first 
bit of the data is for segment H, digit 1. The eighth bit is 
segment A, digit 1. A set of eight bits is shifted in and 
then loaded into the digit one latches. The second set of 
8 bits is loaded into digit two latches. The third set into 
digit three latches, and the fourth set is loaded into digit 
four latches. 

Control Bits 

The fifth set of 8 data bits contains special segment 
data and control data in the following format: 

I SYNC I 07 I 06 I X I SP4 I SP3 I SP2 I SP1 I 
The first four bits shifted in contain the special character 
segment data. The fifth bit is not used. The sixth and 
seventh bits program the COP472 as a stand alone LCD 
driver or as a master or slave for cascading COP472's. 
BPC of the master is conected to BPA of each slave. 
The following table summarizes the function of bits six 
and seven: 

07 a6 Function BPe Output BPA Output 

Slave Backplane . Oscillator 
Output Input 

o Stand Alone Backplane Backplane 
Output Output 

O· Not Used Internal Oscillator 
Osc. Output Input 

o 0 Master Internal Backplane 
Osc. Output OU)put 

The eighth bit is used to synchronize two COP472's to 
drive an 8Y2-digit display. 



Loading Sequence to Drive a 4Y2·Digit Diaplay 

Steps: 

1. Turn CE low. 

2. Clock in 8 bits of data for digit 1. 

3. Clock in 8 bits of data for digit 2. 

4. Clock in 8 bits of data for digit 3. 

5. Clock in 8 bits of data for digit 4. 

6. Clock in 8 bits of data for special segment and control 
function of BPC and BPA. 

o 0 1 1 SP4 SP3 SP2 SP1 

! 7. Turn CS high. 

Note: CS may be turned high after any step. For example 
to load only 2 digits of data, do steps 1,2,3, and 7. 

CS must make a high to low transition before loading 
data in order to reset internal counters. 

I ,..,~ft;n,.. c:..o.nl u~",..a in nrh,.o ~n A 11" .ni"it nie:nl!:llu 
--------. ---.------ -- ---.- --- - -- --""-- ---r-- .. 

Two or more COP472's may be connected together to 
drive additional segments. An eight digit multiplexed dis
play is shown in Figure 7. The following is the loading se
quence to drive an eight digit display using two COP472's. 
The right chip is the master and the left the slave. 

Steps: 

1. Turn CS low on both COP472's. 

2. Shift in 32 bits of data for for the slave's four digits. 

3. Shift in 4 bits of special segment data: a zero and 
three ones. 

I 1 I 1 I 1 ! 0 I SP4 I SP3 I SP2 I SP1 I 

This synchronizes both the chips and BPA is oscil
lator input. Both chips are now stopped. 

4 Tmn CS hieh te both chios. 

5. Turn CS low to master COP472 .. 

6. Shift in 32 bits of data for the master's 4 digits. 

7. Shift in four bits of special segment data, a one and 
three zeros. 

! 0 I 0 I 0 I 1 I SP4 ! SP3 ! SP2 I SP1 I 
This sets the master COP472 to BPA as a normal 
backplane output and BPC as oscillator output. Now 
both the chips start and run off the same oscillator. 

8. Turn CS high. 

The chips are now synchronized and driving 8 digits of 
display. To load new data simply load each chip sepa
rately in the normal manner, keeping the correct status 
bits to each COP472 (0110 or 0001). 
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Vee 

COP42D 

SO 1-----1 
SK ~-----I 

GND DO 1-----1 
'----r--..... 

DISPLAY 
VOLTAGE 

Figure 6. System Diagram - 4% Digit Display 

8'1, DIGIT LCD 

Vee 

VDD VDD 

COP420 
SO 
SK 
DO 

GND 01 

-= 

Figure 7. System Diagram - 8 th Digit Display 



~ 
:. Example Software 

8 Example 1 

COP420 Code to load a COP472 [Display data is in M(O, 12)-M(O, 15), special segment data is in M(O, 0)] 

LBI 0, 12 ; POINT TO FIRST DISPLAY DATA 
OBD ; TURN CS LOW (DO) 

LOOP: CLRA 
LQID ; LOOK UP SEGMENT DATA 
CQMA ; COPY DATA FROM Q TO M & A 

SC ; SET C TO TURN ON SK 
XAS ; OUTPUT LOWER 4 BITS OF DATA 

NOP ; DELAY 
NOP ; DELAY 
LD ; LOAD A WITH UPPER 4 BITS 

XAS ; OUTPUT 4 BITS OF DATA 

NOP ; DELAY 
NOP ; DELAY 
RC. ; RESET C 
XAS ; TURN OFF SK CLOCK 
XIS ; INCREMEI'-IT B FOR NEXT DATA 
JP LOOP ; SKIP THIS JUMP AFTER LAST DIGIT 
SC ; SET C 
LBI 0, 0 ; ADDRESS SPECIAL SEGMENTS 
LD ; LOAD INTO A 
XAS ; OUTPUT SPECIAL SEGMENTS 
NOP 
CLRA 
AISC 12 ; 12 to A 
XAS ; OUTPUT CONTROL BITS 
NOP 
LBI 0, 15 ; 15 to B 
RC ; RESET C 
XAS ; TURN OFF SK 
OBD ; TURN CS HIGH (DO) 
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Example 2 

COP420 Code to load two COP472 parts [display data is in M(O, 12)-M(0,15) and M(1, 12)-M(1, 15), special segment data is 
in M(O, 0) and M(1, 0)] -

INIT: LBI 
OBD 
LEI 
RC 
XAS 
LBI 
STII 
LBI 
JSR 

MAIN DISPLAY SEQUENCE 

DISPLAY: LBI 
STII 
LBI 
JSR 
LBI 
c::TII 

LBI 
JSR 

OUTPUT SUBROUTINE 

OUT: 

LOOP: 

OBD 
CLRA 
AISC 
CAB 
CLRA 
LaiD 
COMA 
SC 
XAS 
NOP 
NOP 
LU 

XAS 
NOP 
NOP 
RC 
XAS 
XIS 
JP 
SC 
NOP 
LD 
XAS 
NOP 
LBI 
LD 
XAS 
NOP 
NOP 
RC 
XAS 
OBD 
RET 

0,15 

8 

3,15 
7 
0,12 
OUT 

3,15 
8 
0, 13 
OUT 
3, 15 

'" 
1, 14 
OUT 

12 

LOOP 

3,15 

; TURN BOTH CS'S HIGH 
; ENABLE SO OUT OF S_ R_ 

; TURN OFF SK CLOCK 
; USE M(3, 15) FOR CONTROL BITS 
; STORE 7 TO SYNC BOTH CHIPS 
; SET B TO TURN BOTH CS'S LOW 
; CALL OUTPUT SUBROUTINE 

; SET CONTROL BITS FOR SLAVE 
; SET B TO TURN SLAVE CS LOW 
; OUTPUT DATA FROM REG_ 0 

- ~~T r.ONTROI RIT~ ~OR MASTER 

; SET B TO TURN MASTER CS LOW 
; OUTPUT DATA FROM REG. 1 

; OUTPUT B TO CS'S 

; 12 TO A 
; POINT TO DISPLAY DIGIT (BD=12) 

; LOOK UP SEGMENT DATA 
; COPY DATA FROM a TO M & A 

; OUTPUT LOWER 4 BITS OF DATA 
; DELAY 
; DELAY 
, LUAU A VVII M ut"'t"'t:.t1 4 011 v 

; OUTPUT 4 BITS OF DATA 
; DELAY 
; DELAY 
; RESET C 
; TURN OFF SK 
; INCREMENT B FOR NEXT DISPLAY DIGIT 
; SKIP THIS JUMP AFTER LAST DIGIT 
; SET C 

; LOAD SPECIAL SEGS. TO A (BD=O) 
; OUTPUT SPECIAL SEGMENTS 

; LOAD A 
; OUTPUT CONTROL BITS 

; TURN OFF SK 
; TURN CS'S HIGH (BD=15) 
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COP4981COP398 Low Power CMOS RAM and Timer (RArM) 
COP499/COP399 Low Power CMOS Memory 

General Description 
The COP498/398 Low Power CMOS RAM and Timer (RAT) 
and the COP499/399 Memory are peripheral members of 
the COPSTM family, fabricated using low power CMOS 
technology. These devices provide external data storage 
and/or timing, and are accessed via the simple MICRO
WIRETM serial interface. Each device contains 256 bits 
of read/write memory organized into 4 registers of 64 bits 
each; each register can be serially loaded or read by a 
COPS controller. 

The COP498/398 also contain a crystal·based timer for 
timekeeping purposes, and can provide a "wake-up" 
signal to turn on a COPS controller. Hence, these devices 
are Ideal for applications requiring very low power drain 
In a standby mode, while maintaining a real-time clock 
(e.g., electronically-tuned automobile radio). Power is 
minimized bY'cycling controller power off for periods of 
time when no processing is required. 

The COP499/399 contain circuitry that enables the user 
to turn a controller on and off while maintaining the 
integrity of the memory. 

A COP400 series N-channel mlcrocontroller coupled 
with a COP498 (or 499) RAM/Timer offers a user the low
power advantages of an all CMOS system and the low
cost advantage of an NMOS system. This type of system 
is Ideally suited to a wide variety of automotive and in
strumentation applications. 

TRI-8TATE Is a registered trademark of National Semiconductor Corp. 
qops, MICROWIRE. and RAT a,re trademarka of National Semiconductor Corp. 

CE _r--",-" 

14 t 7 

Vee GNO 

Features 
• Low power dissipation 

• Quiescent current = 40 nA typical (25°C, Vee = 3.0V) 

• Low cost 

• Single supply operation (2.4V-5.5V) 

• CMOS-compatible I/O 

• 4 x 64 serial read/write memory 

• Crystal-based selectable timer - 2.097152MHz or 
32.768 kHz (COP498/398) 

• Software selectable 1 Hz or 16 Hz "wake-up" signal 
for COPS controller (COP498/398) 

• External override to "wake-up" controller 

• Compatible with ali COP400 processors (processor 
Vee" 9.5V) 

• MICROWIRE-compatlble serial I/O 

• Memory protection with write enable and write disable 
instructions 

• 14-pin dual-in-line package (COP498/398) or' 8-pin 
dual-in-line package (COP499/399) 

osc 
13 

XOUT 

"N 

'------<f-illi 

'-----------+-.00 

Figure 1_ Block Diagram 
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Absolute Maximum Ratings 
Voltage relative to GND 

At XSEL, 1 Hz, XIN, XOUT, DO 
At all other pins 

Maximum Vee Voltage 
Total Sink Current Allowed 
Total Source Current Allowed 
Ambient Operating Temperature 

COP398/COP399 
COP498/COP499 

Ambient Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 
Power Dissipation 

-0.3V to Vee + 0.3V 
-0.3V to 10V 

6.SV 
1SmA 
10mA 

-40·C to +8S·C 
0·Cto+70·C 

-6S·C to +1S0·C 
300·C 

SOmW 

"Absolute maximum ratings" indicate limits beyond which damage 
to the device may occur. DC and AC electrical specifications are not 
insured when operating the device at absolute maximum ratings. 

DC Electrical Characteristics 
COP398/COP399: -40·C ~ TA ~ +85·C unless otherwise specified. 
---.--.---.-- _ .. - ... - .... - ..... - .• ~~- _-'-'-_ .•. __ 1 ______ :.£1_ ... 
l"Vt"4'tfO/vut""+~:nl; V v 'lIIlt IA ~ TIV '" UIIlt:P~tt UUU::::nWIii:t1l:l .,..,Q",IIIO\,Ol. 

Parameter Conditions 

Operating Voltage COP498/COP499 
COP398/COP399 

Quiescent Current All inputs at GND 
TA = 2S·C, Vec = 3.0V 
TA = 2S·C, Vcc = S.OV 
TA = 2S·C, Vce = S.S V 
TA=70·C, Vee=3.0V' 
TA = 70·C, Vee = S.OV 
TA = 70·C, Vee = S.S V 

(COP398/COP399 only) TA = 8S·C, Vee = 3.0V 
TA = 8S·C, Vee = S.OV 
TA=8S·C, Vee=S.SV 

COP498/COP398 
Standby Current (sleep moae) vee = Min., usc. = e;.UlI( IVIMZ 

(running with crystal) Vee = Max., Osc. = 2.097 MHz 
Vee = Min., Ose.=32.768kHz 
Vee'=Max.,Osc.=32.768kHz 

Operating Current SK = 2S0 kHz square wave 
Vee = Min., Ose. = 2.097 MHz 
Vee = Max., Osc. = 2.097 MHz 
Vee = Min., Osc.=32.768kHz 
Vee = Max., Osc. = 32.768 kHz 

COP499/COP399 Operating Current SK = 250 kHz square wave 
Vee = Min. 
Vee = Max. 

Input Voltage Levels 

CE'lnput (Schmitt Trigger Input) 
Logic High (VIH) 
Logic Low (VII) 

OVR Input (Schmitt Trigger Input) 
logic High (VIH) 
logic Low (VIU 

All Other Inputs 
logic High (VIH) 
Logic Low (VIU 

S-S9 

Min. Max. 

2.4 S.S 
3.0 S.S 

1.0 
3.0 
6.0 
4.0 
10 
20 
8.0 
16 
30 

- --
«.vv 

700 
20 
100 

300 
920 
120 
320 

100 
2S0 

0.8 Vee 
0.4 Vee 

0.8 Vee 
0.2 Vee 

0.7 Vee 
0.3 Vee 

Units 

V 
V 

,..A 
",A 
",A 
,..A 
",A 
",A 
,..A 
,..A 
,..A 

I"""' 

,..A 
,..A 
,..A 

",A 
",A 
,..A 
,..A 

,..A 
,..A 

V 
V 

V 
V 

V 
V 

o o 
"'0 
~ 
e! 
8 
"'0 ; 
o 
o 
"'0 

~ o 

i 

I 
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DC Electrical Characteristics (cont'd) 

Parameter Conditions 

Output Voltage Levels - ~O, 1 Hz 

CMOS Operation 
Logic High (VOH) IOH = -10llA 
Logic Low (Vou IOL = 10llA 

Input Leakage Current COP498/COP499, VIH = Vee, VIL = OV 
COP398/COP399, VIH = Vee, V1L = OV 

TRI·STATE~, Open Drain COP498/COP499, VH = Vee, VL = OV 
Leakage Current COP398/COP399, VH = Vee, VL = OV 

Output Current Levels Vee=4.5V 

Sink Current 
OSC VOL =O.4V 
ON VO[=1.5V 
XOUT XSEL = 1, X1N = 4.5V, VOL == 1.0V 
XOUT XSEL = 0, XIN = 4.5V, VOL = 2.0V 
1 Hz, DO . VOL=0.8V 

Source Current 
ON VOH = 1.0V 
XoUT XSEL = 1, X1N = OV, VOH = 3.0V 
XOUT XSEL = 0, XIN = OV, VOH = 3.0V 
1 Hz, DO VOH=2.0V 

AC Electrical Characteristics 
COP398/COP399: -40·C" TA " +85·C unless otherwise specified. 
COP498/COP499: O·C" TA " +70·C unless otherwise specified. 

Parameter Conditions 

COP Interface 
SK Frequency CS.=1, CE=1, COP498/COP499 

CS=1, CE=1, COP398/COP399 
SK Duty Cycle ' SK frequency ~ 25 kHz 
I SKfrequency = Min. 

Inputs 

CS 
tess 
tesH 

01 
tSETUP 
tHOLD 

Output 

DO CL = 100 pF, 4.5 V " Vee" 5.5 V, 
tpdh tpdQ VOH = 0.7Vee, VOL = 0.4 V 
tpd1, tpdQ CL = 50 pF, Vee = Min., VOH = 2V, 

VoL =0.7V 

Crystal Osc. Frequency XSEL=1 
XSEL=O 

5. I I 
I -I 'SETUP I'HOlD/- I 
DI~ 

1-'iVDH 1-',,",, 
DO 

-"",1- -I,esHI--
g~. :I 

Figure 2. Synchronous Data Timing 
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Min. Max. Units 

Vee- 0.1 V 
0.1 V 

-1.0 +1.0 IlA 
-2.0 +2.0 IlA 

, -2.5 +2.5 ,..A 
-5.0 +5.0 IlA 

0.5 rnA 
1.5 7.5 rnA 

0.25 rnA 
8.0 IlA 
0.8 rnA 

60 IlA 
0.27 rnA 
10 IlA 
0.4 rnA 

Min. Max. Units 

4.096 250 kHz 
8.192 ' 250 kHz 

25 75 % 
48 52 % 

0.2 ,..S 
0 ,..s 

0.4 ,..s 
0.4 ,..s 

2.0 /,Is 

2.4 ,..s 

2.1 MHz 
65 kHz 



es 14 Vee 

eE 13 ose 

SK 12 XOUT 

01 4 ~g~~~ 11 XIN 

00 10 OVR 

XSEL ON 
GNO 1 Hz 

Order Number COP498N, COP398N 
NS Package N14A 

eE Vee 

SK 2 eOP499 7 OVR 

01 3 e0P399 6 ON 
00 GNO 

Order Number COP499N, COP399N 
NS Package N08A 

Figure 3. Pin Connection Diagrams 

Pin Description Pin Description 

CS Chip Select 1 Hz 1 Hz Square Wave Output 

CE Chip Enable ON Active Low Wake·Up Signal to COPSTM 

SK Serial Data Clock Controller 

01 Serial Data Input OVR External Override Wake·Up for COPS 

DO Serial Data Output 
Controller 

XSEL Crystal Option Select OSC Open Drain Oscillator Output 

X1N Crystal Oscillator Input Vcc Power Supply 

XOUT Crystal Oscillator Output GND Ground 

COP39B and COP399 are extended temperature devices (-40°C to +B5°C) of COP49B and COP499 (O°C to 70°C) respec· 
tively, with all other functional and electrical characteristics being the same. Therefore, no further attempt will be made 
to distinguish between COP498 and COP39B or between COP499 and COP399. Unless otherwise specified, the following 
descriptions will apply to both COP49B and COP499, and they will be known as the device. 

Instruction Set 

COP49B has six instructions as indicated in Figure 4. 
Note that the MSB of any given instruction is a "1". This 
bit is properly viewl3d as a start bit in the interface se· 
quence. The lower'; bits of the instruction contain the 
commana for lilt:: ut::vu;t::. VII" u; ~;I'V ;II~~IV.V~;':"-''-:' ~7:::::; 
should not be used in COP499 as it serves no purpose. 

Instruction Opcode Comments 

MSB 
WRITE 1 s 1 r1 ro s=ON (wake up signal) fre· 

READ 

WREN 
WRDS 

TSEC 

SLEEP 

110r1 rO 

1 001 1 

1 0000 

1 001 0 

1 0001 

quency select 1=16Hz, 0=1 Hz 
(s selection for COP49B only) 
(s=O for COP499) 

r1, ro = register number (00, 
01, 10, 11) 

Write enable 
Write disable 

Test timer seconds latch 
(COP49B only) 

Put COPSTM controller to 
sleep (ON high) 

Figure 4. Instruction Set 

Functional Description 
A block diagram of COP49B and COP499 is given in 
Figure 1. Positive logic is used. When a bit is set to the 
higher voltage it is a logic "1"; when a bit is reset to the 
lower voltage it is a logic "0". The COP49B can execute 
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six instructions: READ (from anyone of 4 registers in 
memory); WRITE (to anyone of 4 registers in memory); 
WREN (write enable); WADS (write disable); TSEC (test 
and reset timer seconds latch); and SLEEP (drive ON 
:':--' h':h .,., toorn nlf r.OP!';TM r.ontrolierl. The COP499 
can execute all the above instructions except TSEC. Ali 
communications with the device are via the serial 
MICROWIRETM interface. Both CS and CE (CE only in 
COP499) must be high to enable the device. The device 
must be deselected between instructions - either CS 
and/or CE must go low to insure proper operation. The 
deselecting of the device resets the counters and serial 
input register. 

Read/Write Memory 

The device has 256 bits of read/write memory. The memo 
ory is organized as 4 registers of 64 bits each. The data 
Is accessed serially through the Data Input (01) and Data 
Output (DO) pins. SK is the clock signal for data and 
instructions. 

The memory address register can be c.onceived of as 
two registers: one two bits long and lu"ded directly from 
the instruction; the other six bits long and incremented 
by 1 with each SK pulse as long as the chip is selected. 
The two bit register does not change during the execu· 
tion of a given instruction. The six bit register is reset to 
zero while the device is deselected. When counting, the 
six bit register wraps around from its maximum value 
back to zero. Thus memory locations are addressed rela· 
tive to the number of SK pulses after the chip is selected. 
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The READ instruction will select one of the 4 registers 
(the register being identified in the instruction opcode 
as indicated in Figure 4) and output the contents of that 
register to the DO pin until the device is deselected. 
Note that data output from the device, as a result of a 
READ instruction, continues as long as the device is 
selected and clocks are provided. Reading more than 64 
bits will cause rereading of some bits as the memory 
address register wraps around from the maximum value 
back to zero. 

The WRITE instruction selects one of the 4 registers 
(the register being identified in the instruction opcode 
as indicated in Figure 4) and takes the data from the 01 
pin and stores that data into the memory register until 
the device is deselected. The write operation continues 
as long as the device is selected and clocks are pro· 
vided. Thus writing more than 64 bits will cause a 
portion of the data to be overwritten. 

Timer (COP498 only) 

With the XSEL pin tied high (Vee), the timer is a 21 stage 
counter which can divide a 2.097152 MHz Signal down to 
1 Hz. This creates the 1 Hz signal output. With XSEL tied 
low (ground), the timer is a 15 stage counter which divides 
a 32.768 kHz signal down to,create the 1 Hz signal output. 
The riSing edge of the 1 Hz signal is used internally to 
set the timer seconds latch. A wake-up signal is gener· 
ated at the ON output. This signal can be used to turn a 
COPS controller on. The wake-up rate Is software select
able and may be either 1 Hz or 16 Hz. A bit in the WRITE 
instruction controls this wake-up rate (see Figure 4). By 
means of the SLEEP instruction a COPS controller may 
cause the ON signal to go high thereby providing a 
means for the controller to safely turn Itself off. 

An override capability is present whereby the ON pin may 
be prevented from going high. A "1" level at the OVR pin 
will force ON to go low (or stay low) thereby causing the 
controller to turn on or remain on. ON will remain low, 
and the controller on, as long as the OVR pin is high. To 
preserve timekeeping when using the override feature, a 
timer seconds latch is provided. This latch is set by the 
rising edge of the 1 Hz signal and is read and reset by 
the TSEC instruction. The timer seconds latch is 
primarily intended for use when the override feature is 
implemented. However, it does provide a convenient 
one second timer which Is software testable over a com
mon serial port. 

System Considerations 

When the COPS processor is being turned on and off, 
during the power supply transition between ground and 
operating voltage, some pulses may occur at the output 

, pins of the processor. By using the WRDS and WREN 
InstrUctions, together with the higher "1" level of the CE 
pin, accidental writing Into the memory may be prevented. 
This Is done by disabling the write operation before 
going to sleep and enabling the write operation when 
the COPS processor starts execution. A WRDS Instruc
tion is automatically executed If the SLEEP Instruction 
causes ON to go high turning off the COPS processor. 
Furthermore, WREN Instruction is disabled as long as 
ON remains high. 

The XSEL pin, which identifies the timer counter length, 
should be tied to either Vee or ground depending on the 
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crystal input. For proper operation, the state of XSEL 
should not be changed while the device is in operation. 
If the oscillator and timer features are not used, the X1N 
pin should be connected to the GND pin and XSEL tied 
to Vee. If the override feature Is not used the OVR pin 
should be connected to the GND pin. 

The device is in a static mode when either the CS or CE 
pin is low. However, the device is in a dynamic mode 
when both CS and CE are high and at least one high level 
has been detected at SK while both pins are high. Be
caUse of this, a minimum frequency is specified for the 
SK clock. This minimum frequency really translates to 
maximum on and off times for the SK clock. As the SK 
clock slows down, the duty cycle must get closer to 50%. 
For best operation, the user should regard the maximum 
on and off times for the SK clock as about 122,..s (61,..s for 
COP398/COP399). 

COPSTM Controller to COP498/COP499 
Hardware Interface 

If the COPS controller is operating with a 4,..s instruction 
cycle time, a 47k resistor should be connected between 
SK and Vee to speed up the rise time of the SK clock. If 
the override feature is used in COP498, the override sig, 
nal should be connected to the OVR pin of the COP498 
and an input of the COPS controller. This is simply to 
provide a means for the controller to know if it was turned 
on by override or normal timeout. The override signal 
should be free of noise. In systems where the COPS con
troller is operating with Vee greater than 6 volts, SI and 
the override input on the controller should have high im
pedance, standard TTL level input options selected. To 
minimize current drain in the controller, the override 
input to the controller should always us'e the high imped
ance option. 

Figure 6a illustrates the COP498 interface in a system 
with supply voltage less than 6 volts. The COPS control
ler can either be turned on by the timer or an external 
signal. A PNP transistor, controlled by the ON signal of 
the COP498, is used to gate the power to the COPS con
troller. A 0.05,..F capacitor is connected across the sup· 
ply pins of the controller to reduce voltage variations 
due to current spikes. It is not recommended to use large 
capacitance values here as problems can be introduced 
if the power supply fall time is too long. The switched 
supply fall time should be kept to about ten instruction 
cycles of the COPS processor. Resistor R2, between the 
ON pin ofthe COP498 and the base of the transistor, is 
used to limit current. Resistor R1, between the base and 
emitter of the transistor, is used to turn the transistor 
off when ON is high. The CE pin of the COP498 is tied to 
the Vee pin of the controller. This guarantees that the 
controller is at its full operating voltage before the 
COP498 can be accessed. When turned on, the PNP 
transistor should be saturated in order to minimize the 
voltage drop across it. The system power supply, which 
here is Vee to the COP498, must be high enough to 
insure that the controller Vec - which is the system 
supply less the voltage drop across the PNP transistor 
- is high enough to be recognized as a logic "1" at the 
CE input of the COP498. It is also desirable to have all 
input Signals to the COP498 as close as possible to the 
COP498 supply levels to eliminate any static power drain 
which could significantly increase standby and 
operating current. 
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r WRITE CS 

01 

L 

SK 

DI 

1_ REAOINSTR== 

______ -'1 1 1 \ 0 ~X ... __ "_DO ....... , _____ -1/,/'-_____ _ 

READ I' 
DO 

:~~~~~~~~~~~~_TR_I-S_T_AT_E"~~~~~~~~~~~~:'i! __ ~CL_DA_T-<A n-
CS 

// L 

r WREN 
WROS 'CS 
SLEEP 

DI ___ ---'r;l 0 o ~~_X ....... _____ _ 

Figure 5a_ Instruction Timing 

SK 

CS 

OI _______ ~~L_O ____ O~~L __ O __________________ _ 

EITHER { DO . I 
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POSSIBLE -------- TRI-STATE"-------~ 
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IS SET 00 ---------------------------, 

V+ 

DO CKI 
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Figure 5b. TSEC Instruction Timing 
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Figure 6a. COP498·COP420 Interface Figure 6b. COP499·COP420 Interface 
TRI-STATE is a registered trademark of NatIonal Semiconductor Corp. 
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Figure 6b illustrates the COP499 interface in a system 
with a supply voltage less than 6 volts. The COPS proces
sor is being turned on by a switch (or an external signal) 
connected to the OVR pin. 

Figure 7 illustrates a COP498 interface in a system with 
a supply voltage greater than 6 volts. In such a system, 
the COP498 cannot be connected directly across the 
system supply. The power to the COP498 is derived from 
the system supply by means of a standard zener diode 
arrangement. A zener diode with a breakdown of about 5 
volts is recommended. A capacitor is connected across 
the COP498 supply pins to reduce voltage variations 
due to current spikes and to supply extra current when 
the COP498 is in active operation. Here it is assumed 
that the COP498 is in standby mode, i:e., deselected, 
most of the time and is active, selected, for a short 
period (less than 100 SK periods). 

The zener diode series resistor R3 should be selected to 
meet the current requirements of the zener diode and 
the standby current of the device. The primary purpose 
c~ ~~.: :::.:~::~ 8!~~e ~~!0 ~!?'--''? ~n 1I!'1!1Ar limit on the value 
of Vee to the device. This insures that Vce to the device 
will not exceed the specified maximum value. Since the 
device will operate from 2.5V to 6.0V, the choice of zener 
diode and series resistor is not critical. 

Note that the user may generate the two supply voltages 
in any manner compatible with system requirements. 

Because the COPSTM controller and the device have dif· 
ferent operating voltages, the high impedance standard 
TTL level input should be selected on the COPS control· 
ler for SI and any other input to the controller from the 
device. 
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Figure 7. COP498·COP420L Interface with Vs = 9V 
and 32.768 kHz Crystal 
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Sample System Current Drain Calculation 

Suppose a 5V system consists of a COP420 and a COP498 
with a 32.768kHz crystal. The COP420 is being turned. 
on once a second. Assume that the COP420 needs 10ms 
for internal reset and 10 ms to update all the necessary 
information, then the COP420 will be turned on for 20ms 
every second, i.e., a duty cycle of 2%; and the COP498 
will be in operating mode for at most 10 ms, i.e., a duty 
cycle of less than 1 %. Because of the short duty cycle, 
it is further assumed that the COP498 current drain will 
be that of standby current, about 751lA at 5V. The 
current drain through the base of the switching transis· 
tor that turns on the COP420 can be estimated by the 
voltage drop across the current limiting resistor and in 
this case is assumed to be 3.5 mAo 

COP498 current drain = 751lA 
COP420 current drain = 0.02 x 25 mA = 500ilA 
Switching transistor base current =0.02x3.5 mA =70 IlA 
Total system current drain = 500 + 70 + 751lA = 6451lA 

The result shows that it is possible to achieve the low 
cost of NMOS and low power dissipation of CMOS simUl
taneously with a system consisting of a COP498 and a 
COPS processor. 

COPSTM Controller ~ COP498/398 Software 
Interface 

Figure 8 shows a typical flow chart for a COP498 or 
COP499 interface to a COPS microcontroller system. 
This flow chart also illustrates the override feature. 
Since the override feature is being used, the first step is 
to inquire the device if it is necessary to increment the 
time. It is assumed that timekeeping is a necessary part 
of the application. This interrogation of the device is 

SEND WREN 
INSTRUCTION 

WRITE 
COP498 

Figure 8. Typical COP498 Inlerfac" Flowchart 
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accomplished by means of the TSEC instruction which 
dumps the contents of the timer seconds latch to the 
serial output port and resets the latch. If the latch was 
set, the time must be incremented. This is accomplished 
by reading the appropriate memory register into the con· 
troller, incrementing the time and writing the register 
back out to the device. The next step is to check for the 
override signal. If it is present a special override routine 
may be performed. If no o)lerride is present, the controller 
turns itself off by sending a SLEEP command to the 
device. After sending the Sl.EEP command, the control· 
ler goes into.a loop to wait for power to go off. In the 
event the controller is turned back on by the override 
signal before the voltage has dropped, the loop has a 
time limit which, when exceeded, causes the con·troller 
to jump to the beginning of the program and start again. 
If the override feature is not used there is no need to 
test the timer seconds latch nor to test for the override 
signal. Without the override, the controller can only be 
turned on by the COP498 if the time out period has 
elapsed. Note also that the timer features continue to 
operate regardless of the state of the override signal. 
The override signal, when high, merely forces the ON 

WRITE: JSRP SETUP 
RW: LD 

pin to go low. The operation of the rest of the chip is in 
no way affected by the override signal. 

General Code for Software Interface 

The code in Figure 9a is recommended for interfacing 
the device to any COPS controller other than COP410Ll 
COP411 L. The code in Figure 9b is the recommended 
interface code for COP410LlCOP411 L. The code is writ· 
ten as subroutines and the code uses one level of sub· 
routine internally. It is apparent from the code that the 
software interface is somewhat different for the READ 
and WRITE instructions than for the rest of the instruc· 
tions. The routine labelled SETUP is assumed to be in 
page 2 of the ROM. The rest of the code may be located 
anywhere in program memory subject to the usual 
programming rules of COPS microcontrollers. The lower 
four bits of the instruction opcode are assumed to be 
located in RAM location COMAND, which is chosen as 
location 3,15. Data 1/0 uses register 2. The controller· 
COP498/499 interface is assumed to be as in Figure 6 or 
Figure 7. It is assumed that the SIO register in the COPS 
controller is enabled as serial 1/0 prior to entry to these 
routines. 

XAS ; READ/WRITE DATA 
XIS 
JP RW 
OBD ; DISABLE THE COP498/499 (B = 0) 
JP FINISH 

READ: JSRP SETUP 
NOP NEED A TOTAL OF 5 SK CLOCK DELAYS (5 NOP'S) 
NOP UNTIL DATA OUT IS VALID AT SIO REGISTER 
NOP 
NOP 
NOP 
JP RW 

I NSTRT: JSRP SETUP ; ROUTINE FOR THE REST OF THE INSTRUCTIONS 
NOP 
NOP ; DELAYS TO INSURE PROPER TIMING 

FINISH: CLRA 
RC 
OBD ; DESELECT THE COP498/499 (B = 0) 
XAS ; TURN OFF THE CLOCK 
RET 
. PAGE 2 

SETUP: LBI COMAND POINT TO LOCATION WHERE COMMAND STORED 
CLRA 
SC 
XAS ; TURN ON SK CLOCK 
OBD ENABLE THE COP498/499 (B = 15) 
CLRA 
XAS MAKE SURE NO INVALID DATA SENT 

CLRA 
AISC ; SET UP START BIT 

SC 
XAS ; SEND START BIT MSD OF INSTRUCTION 

LD ; FETCH COMMAND TO A 
NOP 
NOP ; MAINTAIN PROPER TIMING 
XAS ; SEND COMMAND 
LBI 2,0 ; POINT TO READ/WRITE REGISTER 
RET ; RETURN TO MAIN ROUTINE 

Figure 9a. Software Interface to COP498/COP499 for COPSTM Controllers Other Than COP410LlCOP411L 
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WRITE: JSRP SETUP 
RW1: XAS ; SEND COMMAND 
RW2: LD 

XDS ; POSITION Bd PROPERLY 
RW: LD 

XAS 
XIS 
JP RW 
OBD ; DISABLE THE COP498/499 (B = 0) 
JP FINISH 

READ: JSRP SETUP 
XAS ; SEND READ COMMAND 
NOP ; DELAY FOR DATA VALID 
NOP 
NOP 
NOP 
NOP 
JP RW2 

INSTRT:JSRP SETUP ; ROUTINE FOR REST OF INSTRUCTIONS 
XAS ; SEND INSTRUCTION 
NOP 
NOP 

NOP ; DELAY FOR INSTRUCTION ACCEPT 
NOP 

FINISH: CLRA 
RC 
OBD ; DESELECT THE COP498/499 
XAS ; TURN OFF THE CLOCK 
RET 
. PAGE 2 

SETUP: LBI COMAND 
CLRA 
SC 
XAS ; TURN ON SK CLOCK 
OBD ENABLE THE COP498/COP499 (B = 15) 
CLRA 
XAS ; MAKE SURE NO INVALID DATA SENT 
CLRA 
AISC 

XAS ; SEND START BIT·MSD OF INSTRUCTION 
LD ; FETCH INSTRUCTION 
LBI 2,9 
RET 

Figure 9b. COP410L/COP411L Software Interface to COP498/COP499 

The code in Figure 9a will read or write 64 bits at a time. 
Note that in the COP4101l411L the code in Figure 9b will 
read or write 32 bits at a time. The code of Figure 10 is 
recommended if the user wishes to work in blocks of 64 
bits with the COP4101l411L. Only the code which is dif· 
ferent from that shown in Figure 9b is shown in Figure 10. 

The routine in Figure 10 will read/write into registers 2 
and 1 in the COP410L/411 L. Figure 10 illustrates the pre
ferred method of achieving full utilization of the device 
memory when the COP410Ll411L is the controller. Re
member that all the other routines are as shown in Figure 
98. Figure 10 illustrates only that code that must be 
changed to achieye full usage of the device memory 
when using the COP410Ll411L. 
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General Notes 

1. For complete safety in all cases it is recommended 
that the SK clock be turned off after the device has 
been deselected since the device is dynamic when it 
is enabled. If the clock is turned off while the device 
is selected, special care must be given to the SKtim
ing characteristics. In no case should the ciock be 
turned off while the device is selected if the SK 
period is greater than about 50 lAs. 

2. The device does not become dynamic until both CS 
and CE are high and at least one high level is seen at 
the SKinput. Thus the device may be safely enabled 
prior to turning on the clock as long as SK is low when 
the device is enabied. 

0 
0 
." 
~ 
CD e 
0 
0 
." 
~ 
CD 
!D 
0 
0 
." 
Co) 
CD e 
0 
0 
." 
Co) 
CD 
CD 



WRITE: JSRP 
RW1: XAS 
RW2: LD 

XDS 
RW: LD 

XAS 
X 
LD 
NOP 
XAS 
XIS 
JP 
OBD 
JP 

SETUP 

3 

3 
RW 

FINISH 

INITIALIZE, SEE FIGURE 9B 
SEND COMMAND 
POSITION Bd 

; USE REGISTERS 2 AND 1 

; DESELECT THE COP498/499 

Figure 10. COP410L/411L-COP498/499 Special Routine 

3. The device must be deselected between instructions. 
Failure to do so will yield improper operation. The de
vice relies on the select lines changing state in order 
to clear inte~nal registers. Only one of the select lines 
on the COP498 needs to go low between instructions. 

4. The user must insure that a WREN (write enable) in
struction has been performed in order to write to the 
device memory. The WREN command need be given 
only once unless the SLEEP feature is usep. If ON 
goes high as a result of a SLEEP command, a write 
disable is automatically pei/ormed in order to provide 
maximum protection to the device memory while the 
COPSTM controller is powering up and powering 
down. As long as ON remains high, WRITE and 
WREN instructions are disabled. Thus when the 
COPS controller wakes up after previously issuing a 
SLEEP command, a WREN instruction is required 
before data can be written to the device. 

5. The six bit section of the RAM address register will 
increment whenever there are clock pulses present 
when the CS and CE pins are high. Thus the user can 
position the RAM address register if he wishes by 
selecting the device, holding the 01 pin low and sup
plying the appropriate number of clocks. Then, with
out deselecting the device, the user would send the 
instruction and read or write data. Although possible, 
this technique is not recommended as it is fairly 
inVOlved. 

6. When using the TSEC command in COP498 with the 
code as given in Figure 9, the master program should 
test for the accumulator greater than 1 to determine 
if the timer seconds latch was set. Note again, test 
for greater than 1 ;do not test for greater than zero. 

a. COP453 9.5V 

COP420L 

51 

4.5V 

Note on MICROWIRE™lnterface 

If the device is connected to a MICROWIRE interface 
containing other circuits whose DO (data output) pins 
may produce a signal swing higher than Vcc of the de
vice, some protection is needed on the DO pin of the 
device. This happens when the DO pins of several peri
pherals powered by different voltages are connected 
together; e.g. a COP453 at 9.5V with a COP498 at 5.5V, 
or a COP452 at 4.5V with a COP499 at 2.4V. When the 
DO pin of COP498/499 is externally driven above its 
power supply voltage, a current will flow into it and this 
current must be limite.d to 1 mA. As an example, we have 
two COP453's with a COP420L operating at 9.5V and a 
COP498 operating at 4.5V. When enabled, the DO pin of 
a COP453 may swing higher than 4.5V, the power supply 
voltage of the COP498. One way to limit the current is to 
use a current limiting resistor of 5.6 kQ between the DO 
pins of the COP453 and the COP498. NOTE: the SI pin of 
the COPS processor MUST BE A Hi-Z INPUT. Two con
figurations are possible as shown in Figure 11. Note that 
the resistor between DO and SI will give extra RC delay 
to the signal going from the DO pin to the SI pin of the 
COPS processor. Connection B is preferred because the 
DO signal from COP498 has nearly a whole SK cycle to 
become valid at SI input before the signal is read by the 
processor. When a ROM less COPS processor (COP401L1-
COP402/COP404L) is used for emulation, the circuit 
shown in Figure 12 may be used to simulate a Hi-Z input 
for the SI pin. 

b. COP453 9.5V 

COP420L 

51 

4,5V 

Figure 11. High Voltage Protection on DO Pin 
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v+ 

Vee 

eOP401LI 
eOP4D21 
eOP404L 

SI 

,..---- eDP498/eOP499 Vee < v+ 

HI-2 SI 

Figure 12. Simulating Hi·Z Sllnput on ROM less Processors 

5-69 

8 
""CJ 

~ o 
""CJ 

j 
o o 
""CJ 

I o 
""CJ 

I 



co o 
~ ~National 
Q a Semiconductor 

OS8906 AM/FM Digital Phase-Locked Loop Synthesizer 
General Description 
The DS8906 is a Pll synthesizer designed specifically 
for use in AM/FM radios. It contains the reference 
oscillator, a phase comparator, a charge pump, a 
120 MHz ECLlI 2 l dual modulus programmable divider, 
and a 20·bit shift register/latch for serial data entry. 
The device is designed to operate with a serial data 
controller generating the necessary division codes 
for each frequency, and logic state information for 
radio function inputs/outputs. 

The Colpitts reference oscillator for the Pll operates 
at 4 M Hz. A chain of dividers is used to generate a 
500 kHz clock signal for the external controller. Ad
ditional dividers qenerate a 12.5 kHz reference signal 
for FM and a 500 Hz reference signal for AM/SW. 
One of these reference signals is selected by the data 
from the controller for use by the phase comparator. 
Additional dividers are used to generate a 50 Hz timing 
signal used by the controller for "time-of-day". 

Data is transferred between the frequency synthesizer 
and the controller via a 3 wire bus system. This consists 
of a data input line, an enable line, and a clock line. 
When the enable line is low, data can be shifted from 
the controller into the frequency synthesizer. When 
the enable line is transitioned from low to high, data 
entry is disabled and data present ;n the shift register 
is latched. 

From the controller 22-bit data stream, the first 2 
bits address the device permitting other devices to share 
the same bus. Of the remaining 20-bit data word, 
the next 14-bits are used for the Pll divide code. The 
remaining 6 bits are connected via latches to output 
pins. These 6 bits can be used to d rive radio functions 
such as gain, mute, FM, AM, lW and SW only. These 
outputs are open collector. Bit 18 is used internally 
to select the AM or FM loc~! oscillator input and to 
select between the 500 Hz and 12.5 kHz reference. A 
high level at bit 18 indicates FM and a low level in
dicates AM. 

The Pll consists of a 14·bit programmahle 12 l div
ider, an ECl phase comparator, an ECl dual modulus 
(p/p + 1) prescaler, and a high speed charge pump. 
The programmable divider divides by (N+ll. N being 
the number loaded into the shift register (bits 1-14 
after address). It is clocked by the AM input via an 
ECl .;. 7/8 prescaler, or through a .;. 63/64 prescaler 
from the FM input. The AM input will work at fre
quencies up to 8 MHz, while the FM input works up 
to 120 MHz. The AM band is tuned with a frequency 
resolution of 500 Hz and the FM band is tuned with 
a resolution of 12.5 kHz. The buffered AM and FM 
inputs are self·biased and can be driven directly by the 
VCO thru a capacitor. The ECl phase comparator pro
duces very accurate resolution of the phase difference 
between the input signal and the reference oscillator. 

The high speed charge pump consists pf a switchable 
constant current source (-0.3 mAl and a switchable 
constant current sink (+0.3 mAl. If the VCO frequency 
is low, the charge pump will source current, and sink 
current if the VCO frequency is high. 

A separate VCCM pin (typically drawing 1.5 mAl powers 
the oscillator and reference chain to provide controller 
clocking frequencies when the balance of the Pll is 
powered down. 

Features 
• Uses inexpensfve 4 MHz reference crystal 

• FIN capability greater than 120 MHz allows direct 
synthesis at FM frequencies 

• FM resolution of 12.5 kHz allows usage of 10.7 
MHz ceramic filter distribution. 

" Serial data entry for simplified control. 

• 50 Hz output for "time-of-day" reference with 
separate low power supply (VCCM). 

• 6-open collector buffered outputs for band switching 
and other radio functions. 

• Separate AM and FM inputs. AM input has 15 mV 
(typical) hysteresis. 

Connection Diagram 

Dual-In-Line Package 

BIT 19 OUT...!. U. ~BIT!!OUT 
FM/AM 

BIT 20 OUT.1.. 
19 
~BIT170UT 

OATA..2. 
18 
~BITI60UT 

CLOCK-! 
17 
-BITI50UT 

ENABLE...! ..!!.~HARGE PUMP 
OUTPUT 

OS8906 

VCC1~ ..l!.SOHzOUT 

AM IN.2.. .!!. 500 kHz OUT 

CAP 8 
BYPASS""";" ~OSC8 

FMIN..! ~OSCE 

GNO.22. 
11 
~VCCM 

TOP VIEW 

Order Number DS8906N 
NS Package N20A 
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Absolute Maximum Ratings (Note 11 Operating Conditions 
MIN 

Supply Voltage Supply Voltage, VCC 
(VCCll 7V VCCI 4.75 
(VCCMl 7V VCCM 4.5 

Input Voltage 7V Temperature, TA 0 
Output Voltage 7V 
Storage Temperature Range -65°C 10 +150'C 
Lead Temperature (Soldering, 10 secondsl 300°C 

DC Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP 

VIH Logical "1" Input Voltage 2.1 

IIH Logical "1" Input Current VIN = VCCl 0 

VIL Logical "0" Input Voltage 

IlL Logical "0" I nput Current Data, Clock, and ENABLE Inputs, VIN = OV -5 

IOH Logical "1" Output Current 

All Bit Outputs, 50 Hz Output VOH = 5.25V 

500 kHz Output VOH = 2.4V, VCCM = 4.5V 
,,_. 

~:::;::::! "0" 0~~~~! \.'~~!~~~ ·UL 

All Bit Outputs IOL = 5 mA 

50 Hz Output, 500 kHz Output IOL - 250 fJA 

ICCI Supply Current (VCC11 All Bit Outputs High 90 

ICCM(STANDBYI VCCM Supply Current VCCM = 6.0V, All Other Pins Open 1.5 

lOUT Charge Pump Output Current 1.2V -::: VOUT -::: VCCM - 1.2V Pump Up -0.10 -0.30 

VCCM ~6.0V Pump Down 0.10 0.30 

TRI·STATE® 0 

ICCM(OPERATEI VCCM Supply Current VCCM = 6.0V, VCCl = 5.25V, 2.5 

All Other Pins Open 

TRI·STAT~ Is a registered trademark of National Semiconductor Corp. 

AC Electrical Characteristics Vee = 5V, TA ='25°C, tr < Hi ns, tf ~ 10 ns 

PARAMETER CONDITIONS MIN TYP 

VIN(MIN)(FI FIN Minimum Signal Input I AM and FM Inputs,_~~ -::: TA -::: 70°C 20 

VIN(MAX)(FI FIN Maximum Signal Input AM and FM Inputs, O°C < T A < 70'C 1000 1500 

FOPERATE Operating Frequency Range VIN = 100 mV rms AM 0.4 

(Sine Wave Inputl O'C < T A < 70'C FM 60 

RIN (FMl AC Input Resistance, FM 120 MHz, VIN = 100 mV rms 300 

RIN (AM) AC Input Resistance, AM 2 MHz, VIN = 100 mV rms 1000 

CIN Input Capacitance, FM and AM VIN = 120 MHz 3 6 

tENl Minimum ENABLE High 625 

Pulse Width 

tENO Minimum ENABLE Low 375 

Pulse Width 

tCLKENO Minimum Time Before ENABLE -50 

Goes Low that CLOCK Must 

be Low 

tENOCLK Minimum Time After ENABLE 275 

Goes Low that CLOCK Must 

Remain Low 

tCLKENl Minimum Time Before ENABLE 300 

Goes High that Last Positive 

CLOCK Edge May Occur 

tEN1CLK Minimum Time After ENABLE 175 

Goes High Before an Unused 

Positive CLOCK Edge May Occur 
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I AC Electrical Characteristics· (Continued) VCC = 5V, TA = 25°C, tr ~ 10 ns, tf ~ 10 ns 

PARAMETER CONDITIONS MIN TYP MAX UNITS C 
tCLKH Minimum CLOCK High 275 550 ns 

Pulse Width 

tCLKL Minimum CLOCK Low 400 800 ns 

Pulse Width 

tos Minimum DATA Setup Time, 150 300 ns 

Minimum Time Before CLOCK 

that DATA Must be Valid 

tDH . Minimum DATA Hold Time, 400 800 ns 

Minimum Time After CLOCK 

that DATA Must Remain Valid 

Not.·1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Not. 2: Unless otherwise specified minimax limits apply across the OoC to +70°C temperature range for the DS8906. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground.unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Schematic Diagrams (OS8906 AM/FM PLL Typical Input/Output Schematics) 
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Timing Diagrams * 
ENABLE vs CLOCK 

--t--------tENo-------i 
JV-

£IlAB[E 

ov 

3V------+,~--.. 

CLOCK 

ov---------.J 

CLOCK vs DATA 

"''':~,,~ 
CLOC:v. J.W-

ov---------------' 

AM/FM Frequency Synthesizer (Scan Mode) 

ENABLE---,L-___ "'--______ -----',--

U-.-_--;~ 
CLOCK Jl..Jl.J1.Jl.JL 

CLOCK PULSE I I I ! ! ! 
1 16 17 18 19 20 

~ ,----------------~-----------------' 
Pll ADDRESS DATA BITS 

1,1 BITSl-14,:NCOOE(lSBF1RST) 
BITS 15-20. OUTP~T BITS 

1 
NEGATIVE TRANSITION ON 
ENABLE CLEARS PREVIOUS 
ADDRESS. CLOCK MUST BE 
LOW DURING TRANSITION. 

1 
POS1T1VE TRANSITION ON 
rnAIf[! LATCHES IN NEW 
CODE IF PlL IS ADDRESSED. 

*Timing diagrams are not drawn to scale. Scale within anyone drawing may not be consistent, and intervals are defined positive as drawn. 

SERIAL DATA ENTRY INTO THE DS8906 

Serial information entry into the DS8906 is enabled by 
a low level on the ENABLE input. One binary bit is 
then accepted from the DATA input with each positive 
transition of the CLOCK input. The CLOCK input 
must be low for the specified time preceding and fol
lowing the negative transition of the ENABLE input. 

The first 2 bits accepted following the negative tran· 
sition of the ENABLE input are interpreted as address. 
If these address bits are not 1,1, no further information 
will be accepted from the DATA inputs, and the internal 
data latches will not be changed when ENAB LE returns 
high. 

If these first 2 bits are 1,1, then all succeeding bits are 
accepted as data, and are shifted successively into the 
internal shift register as long as ENABLE remains low. 

Any data bits preceding the 20th to last bit will be 
shifted out, and are thus irrelevant. Data bits are 
counted as any bits following 2 valid (1,1) address 
bits with the ENABLE low. 

When the ENABLE input returns high, any further 
serial data input is inhibited. Upon this positive tran· 
sition of the ENABLE, the data in the internal.shift 
register is transferred into the internal data latches. 
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Note. that until this time, the states of the internal 
. . . , 

UdLd IdL~IIt::!) IIdVt;': 1t:1I1(1I1II;;U UIII,..IIUII~"'''''' 

These data bits are interpreted as follows: 

DATA BIT POSITION 
Last 
2nd to Last 
3rd to Last 
4th 'to Last 
5th to Last 
6th to Last 
7th to Last 
8th to Last 
9th to Last 
10th to Last 
11th to Last 
12th to Last 
13th to Last 
14th to Last 
15th to Last 
16th to Last 
17th to Last 
18th to Last 
19th to Last 
20th to Last 

DATA INTERPRETATION 
Bit 20 Output (Pin 2) 
Bit 19 Output (Pin 1) 
Bit 18 Output (FM/AM) (Pin 20) 
Bit 17 Output (Pin 19) 
Bit 16 Output (Pin 18) 
Bit 15 Output (Pin 17) 
MSB of N (2 13) 

(212) 
(211) 
(210) 

(29) 
(28) 
(27) 
(26) 
(25) 
(24) 

(23 ) 
(22) 
(21) 

LSB of N (20) 

Note. The actual divide code is N+1, i.e., the number loaded 
plus 1. . , 

I 
I 
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c 
~ ~National 
c ~ Semiconductor 

058907 AM/FM Digital 
Phase-Locked Loop Frequency Synthesizer 
General Description 
The DS8907 is a Pll synthesizer designed specifically 
for use in AM/FM radios. It contains the reference 
oscillator, a. phase comparator, a charge pump, a 120 
MHz ECLlI 2 l dual modulus programmable divider, 
and an 18-bit shift register/latch for serial data entry. 
The device is designed to operate with a serial data 
controller generating the necessary division codes 
for each frequency, and logic state information for 
radio function inputs/outputs. 

The Colpitts reference oscillator for the Pll operates 
at 4 MHz. A chain of dividers is used to generate 
a 500 kHz clock signal for the external controller. 
Additional dividers generate a 25 kHz reference signal 
for FM and a 10 kHz reference signal for AM. One 
of these reference signals is selected by the data from the 
controller for use by the phase comparator. 

Data is transferred between the frequency synthesizer 
and the controller via a 3 wire bus system. This consists 
of a data input line, an enable line, and a clock line. 
When the enable line is low, data can be shifted from 
the controller into the frequency synthesizer. When 
the enable line is transitioned from low to high, data 
entry is disabled and data present in the shift register 
is latched. 

From the controller 20-bit data stream, the first 2 
bits address the device permitting other devices to 
share the same bus. Of the remaining 18-bit data word, 
the next 13 bits are used for the Pll divide code. 
The rem_aining 5 bits are connected via latches to output 
pins. These 5 bits can be used to drive radio functions 
such as gain, mute, FM, AM and stereo only. These 
outputs are open collector. Bit 16 is used internally 
to select the AM or FM local oscillator input and to 
select between the 10 kHz and 25 kHz reference. A 
high level at bit 16 indicates FM and a low level in
dicates AM. 

The Pll consists of a 13-bit programmable 12 l div
ider, an ECl phase comparator, an ECl dual modulus 
(p/p+1) prescaler, and a high speed charge pump. The 
programmable divider divides by (N+1). N being the 
number loaded into the shift register (bits 1-13 after 
address). It is clocked by the AM input via an ECl 
-;- 7/8 prescaler, or through a -;- 63/64 prescaler from 
the FM input. The AM input will work at frequencies 
up to 15 MHz, while the FM input works up to 120 
MHz. The AM band is tuned with a frequency resolution 
of 10 kHz and the FM band is tuned with a resolution 
of 25 kHz. The buffered AM and FM inputs are self 
biased and can be driven directly by the VCO through 
a capacitor. The ECl phase comparator produces very 
accurate resolution of the phase difference between the 
input signal and the reference oscillator. The high 
speed charge pump consists of a switch able constant 

TRI·STATE<!< is a registered trademark of National Semiconductor Corp. 
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current source (-0.3 mAl and a switchable constant 
current sink (+0.3 mAIo If the VCO frequency is low, 
the charge pump will source current, and sink current if 
the VCO frequency is high. When using an AFC the 
charge pump output may be forced into TRI-STATE® 
by applying a low level to the charge pump enable input. 

A separate VCCM pin (typically drawing 1.5 mAl 
powers the oscillator and reference chain to provide 
controller clocking frequencies when the balance of 
the Pll is powered down. 

Features 
• Uses inexpensive 4 MHz reference crystal 

• FIN capability greater than 120 MHz allows direct 
synthesis at FM frequencies 

• FM resolution of 25 kHz allows usage of 10.7 MHz 
ceramic filter distribution 

• Serial data entry for simplified control 

• 50 Hz output for "time-of-day" reference driven 
from separate low power V CCM 

• 5-open collector buffered outputs for controlling 
various radio functions 

• Separate AM and FM inputs. AM input has 15 mV 
(typical) hysteresis 

Connection Diagram 
Dual·ln-line Package 

BIT 17 OUT-!.. u 
BIT lB OUT...!.. 

DATA....! 

CLOCK...! 

OS890) 

AM IN...!. 

~?IT!!OUT 
FM/AM 
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r!!-~~~:~: PUMP 

r!2-~~~~~i PUMP 

~50 Hz OUT 

14 r- 500 kHz OUT 

~OSCB 

r!!-OSCE 

GNO...!.!! r!-!-VCCM 
'---------' 

TOP VIEW 

Order Number DS8907N 
NS Package N20A 



Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN MAX UNITS 

Supply Voltage Supply Voltage, VCC 
(VCC1) 7V VCCl 4.75 5.25 V 
(VCCM) }V VCCM 4.5 6.0 V 

Input Voltage 7V Temperature. TA 0 70 °c 
Output Voltage 7V 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH Logical "1" Input Voltage 2.1 V 

IIH Logical "1" Input Current VIN: 2.7V 0 10 p.A 

VIL Logical "0" Input Voltage 0.7 V 

IlL Logical "0" Input Current Data, Clock, and ENABLE Inputs, VIN : OV -5 -25 p.A 

IlL Logical "0" Input Current Charge Pump Enable, VIN : OV -250 -450 pA 

IOH Logical "1" Output Current 

All Bit Outputs, 50 Hz Output VOH: 5.25V 50 p.A 

500 k Hz Output VOH - 2.4V, VCCM - 4.5V -250 p.A 

VOL Logical "0" Output Voltage 

All Bit Outputs IOL: 5 mA 0.5 V 

50 Hz Output, 500 kHz Output IOL: 250 p.A 0.5 V 

ICCl Supply Current (VCC1) All Bit Outputs High 90 160 mA 

ICCM(STANDBY) VCCM Supply Current VCCM: 6.0V, All Other Pins Open 1.5 4.0 mA 

lOUT Charge Pump Output Current 1.2V :::: VOUT:::: VCCM - 1.2V Pump Up -0.10 -0.30 -0.6 mA 

VCCM ::::;6.0V Pump Down 0.10 0.30 0.6 mA 

TRI-STATE® 0 ±100 nA 

ICCM(OPERATE) VCCM Supply Current VCCM: 6.0V, VCCl = 5.25V, 2.5 6.0 mA 

All Other Pins Open 

AC Electrical Characteristics Vr.r. = 5V, T A = 25°C, tr <: 10 ns, tf <: 10 ns 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIN(MIN)(F) FIN Minimum Signal Input AM and FM Inputs, O°C:::: TA :::: 70°C 20 100 mV (rms) 

VIN(MAX)(F) FIN Maximum Signal Input AM and FM Inputs, O°C:::: T A:::: 70°C 1000 1500 mV(rms) 

FOPERATE Operating Frequency Range VIN: 100 mV rms I AM 0.4 B MHz 

(Sine Wave Input) 0° C :::: T A :::: 70° C I FM 60 120 MHz 

RIN (FM) AC Input Resistance, FM 120 MHz, VIN: 100 mV rms 300 n 

RIN (AM) AC Input Resistance, AM 2 MHz, VIN: 100 mV rms 1000 n 

CIN Input Capacitance, FM and AM VIN: 120MHz 3 6 10 pF 

tENl Minimum ENABLE High 625 1250 ns 

Pulse Width 

tENo Minimum ENABLE Low 375 750 ns 

Pulse Width 

tCLKENO Minimum Time Before ENABLE -50 a ns 

Goes Low that CLOCK Must 

be Low 

tENOCLK Minimum Time After ENABLE 275 550 ns 

Goes Low that CLOCK Must 

Remain Low 

tCLKENl Minimum Time Before ENABLE 300 600 ns 

Goes High that Last Positive 

CLOCK Edge May Occur 
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.... I AC Electrical Characteristics (Continued) VCC = 5V, TA = 25°C, tr ~ 10 ns, tf ~ 10 ns 

PARAMETER CONDITIONS MIN TYP MAX UNITS C 
tEN1CLK Minimum Time After ENABLE 175 350 n, 

Goes High Before an Unused 

Positive CLOCK Edge May Occur 

. tCLKH Minimum CLOCK High 275 550 ns 

Pulse Width 

tCLKL Minimum CLOCK Low 400 800 ns 

Pulse Width 

tDS Minimum DATA Setup Time, 150 300 ns 

Minimum Time Before CLOCK 

that DATA Must be Valid 

tDH Minimum DATA Hold Time. 400 800 ns 

Minimum Time. After CLOCK 

that DATA Must Remain Valid 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified minimax limits apply across the -40°C to +85°C temperature range for the DS8907. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. . 

Schematic Diagrams (DS8907 AM/FM PLL Typical Inp~t/Output Schematics) 
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Timing Diagrams * 
ENABLE vs CLOCK -----------

IEIi,-I-------IENo-------! 
3V-+,.-..... 

OV 

'EliOCLK 

3V------+...---,. 
CLOCK 

OV-----...J 

CLOCKvsDATA 

3V""",,,,,,,,,,,,,,,,,,,,,,",,,, ~---"'" 
DATA 

OV =:.==.::.::.:.;~ '------' ~=:.==~ 

K.iviirivi rrtlquency ~yntnesizer i~can iviociel 

ENABLE --,L _____________ ----------1'--

CLOCK 

CLOCK PULSE 1 
~ 

PLL ADDRESS 
I,' 

I 
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ADDRESS. CLOCK MUST BE 
lOW DURING TRANSITION. 
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J1J1JUlJl-
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DATA BITS 
BITS 1-13, -;. N CODE (lSB FIRST) 

BITS 14-18, OUTPUT BITS 

I 
POSITIVE TRANSITION ON 
ENABLE LATCHES IN NEW 
CODe IF PlllS ADDRESSED. 

*Timing diagrams are not drawn to scale. Scale within anyone drawing mav not be consistent, and intervals ;]r£: defined positi~e as drawn . 

... ~ro. A ............... _ ................ __ -.,- ------
__ ...... __ ••••• _ .... II ........... ,. __ WtJ.,VI 

Serial information entry into the DS8907 is enabled 
by a low level on the ENABLE input, One binary 
bit is then accepted from the DATA input with each 
positive transition of the CLOCK input, The CLOCK 
input must be low for the specified time preceding 
and following the negative transition of the ENABLE 
input. 

The first two bits accepted following the negative tran· 
sition of the ENAB LE input are interpreted as address, 
If these address bits are not 1,1, no further information 
will be accepted from the DATA inputs, and the internal 
data latches will not be changed when ENABLE reo 
turns high. 

If these first two bits are 1,1, then all succeeding 
bits are accepted as data, and are shifted successively 
into the internal shift register as long as ENAB LE 
remains low, 

Any data bits preceding the 18th to last bit will be 
shifted out, and thus are. irrelevent. Data bits are 
counted as any bits following two valid address bits 
(1,1) with the ENABLE low, When the ENABLE 
input returns high, any further serial data entry is 
inhibited. Upon this positive' transition, the data in 

5-79 

l;n:: IIILt::lllctl ~lllll It:yl:::tlt::I I;) Lldll:ilttrn:u In[o lne Internal 

data latches. Note that until this time, the states of 
the internal data latches have remained unchanged. 

These data bits are interpreted as follows: 

DATA BIT POSITION DATA INTERPRETATION 
Last Bit 18 Output (Pin 2) 
2nd to Last Bit 17 Output (Pin 1) 
3rd to Last Bit 16 Output (FM/AM) (Pin 20) 
4th to Last Bit 15 Output (Pin 19) 
5th to Last Bit 14 Output (Pin 18) 
6th to Last MSB of7N (212) 
7th to Last (211) 

8th to Last (210) 

9th to Last (29) 
10th to Last (28) 

11th to Last (27) 

12th to Last (26) +N 

13th to Last (25) 
14th to Last (24) 

15th to Last (23) 
16th to Last (22) 

17th to Last (21) 

18th to Last LSB of+N (2°) 

Note. The actual divide code is N+1, ie., the number loaded 
plus 1. 

c 
~ 
C ...... 
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Logic Diagram 

AM/FM PLL/Synthesizer (Serial Data 20-Pin Packagel 
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~ ~ Semiconductor 

OS8908 AM/FM Digital Phase-Locked Loop 
Frequency Synthesizer 

General Description 
The OS8908 is a Pll synthesizer designed specifically 
for use in AM/FM radios. It contains the reference 
oscillator, a phase comparator, a charge pump, an opera· 
tional amplifier, a 120 MHz EClll2l dual modulus pro· 
grammable divider, and a 19·bit shift registerllatch for 
serial data entry. The device is designed to operate with a 
serial data controller generating the necessary division 
codes for each frequency, and logic state information for 
radio function inputs/outputs. 

A 3.96 MHz pierce oscillator and divider chain generate a 
1.98 MHz external controller clock, a 20 kHz, 10 kHz, 9 kHz, 
and 1 kHz reference signals, and a 50 Hz time·of·day sig
nal. The oscillator and divider chain are sourced by the 
V CCM pin thus providing a low power controller clock drive 
and time·of·day indication when the balance of the Pll is 
powered down. 

The 21·bit serial data stream is transferred between the 
frequency synthesizer and the controller via a 3·wire bus 
system comprised of a data line, a clock line, and an 
enable line. 

The first 2 bits in the serial data stream address the syn· 
thesizer thus permitting other devices such as display 
drivers to share the same bus. The next 14 bits are used for 
the Pll (N + 1) divide code. The 15th bit is used internally 
to select the AM or FM local oscillator input. A high level 
on this bit enables the FM input and a low levElI enables the 
AM input. The 16th and 17th bits are used to select one of 
the 4 reference frequencies. The 18th and 19th bits are con· 
nected via latches to open collector outputs. These out· 
puts can be used to drive radio functions such as gain, 
mute, AM, FM, or charge pump ourrent source levels. 

The Pll consists of a 14·bit programmable 12l divider, an 
ECl phase comparator, an ECl dual modulus (pip + 1) pre· 
scaler, a high speed charge pump, and an operational am· 
plifier. The programmable divider divides by (N + 1), N be· 
ing the number loaded into the shift register. The program· 
mabie divider is clocked through a .;. 7/8 prescaler by the 
AM input or through a .;. 63/64 prescaler by the FM input. 
The AM input will work at frequencies up to 15 MHz, while 
the FM input works up to 120 MHz. The VCO can be tuned 
with a frequency resolution of either 1 kHz, 9 kHz, 10 kHz, 
or 20 kHz. The buffered AM and FM inputs are self·biased 
and can be driven directly by the VCO through a capacitor. 
The ECl phase comparator produces very accurate reso· 
lution of the phase difference between the input signal 
and the reference oscillator. The high speed charge pump 
consists of a switchable constant current source and 
sink. The charge pump can be programmed to deliver from 
0.1 mA to 1 mA of constant current by connection of an ex· 
ternal resistor'from pin RpROGRAM to'ground or any of the 
open collector bit outputs. Connection of programming 
resistors to the bit outputs enables the controller to adjust 

the loop gain for the particular reference frequency 
selected. The charge pump will source current if the VCO 
frequency is high and sink current if the VCO frequency is 
low. The low noise operational amplifier provided has a 
high impedance JFET input and a large output voltage 
range, The op amp's negative input is common with the 
charge pump output and its positive input is internally 
biased, 

Features 
• Uses inexpensive 3.96 MHz reference crystal 

• F'N capability greater than 120 MHz allows direct syn· 
thesis at FM frequencies 

• FM resolution of either 10 kHz or 20 kHz allows usage of 
10.7 MHz ceramic filter distribution 

• Serial data entry for simplified control 
• 50 Hz output for time·of·day reference driven from 

separate low power V CCM 

• 2 open collector buffered outputs for controlling various 
radio functions 

• Separate AM and FM inputs; AM input has 15 mV (typical) 
hysteresis 

• Programmable charge pump current sources enable ad· 
justment of system loop gain 

• Operational amplifier provides high impedance load to 
charge pump output and enables a high voltage output to 
vco 

Conm. -:tion Diagram 
Dual·ln·Line Package 

BIT 1B OUT..!.·--.... U-,,-----,f.!!. VCC2 

BIT 19 OUT...l 

DATA..l. 

CLOCK...! 

VCC1....! 

AM IN.2. 

BVP~~:....! 

FM IN....!. 

OSB90B 

r!!- ~~~MP 
~~~~RGE PUMP 

~RpROGRAM 

~50Hz 

14 
-1.9BMHz 

r!!OSC B 

r2!-osc c 

GND..!.!!. ~VCCM 
'--------' 

TOP VIEW 

Order Number DS8908N 
NS Package N20A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Min 

Supply Voltage VCCl 4.75 
(VCC1 ) (VCCM) 7V VCC2 VCC1 + 1.5 
(VCC2) 17V VCCM 3.5 

Input Voltage 7V Temperature, T A -40 
Output Voltage 7V 

Storage Temperature Range -65°C to +150°C 

Lead Temperature(Soldering, 10 seconds) 300°C 

I DC Electrical Characteristics (Notes 2 and 3) 
! 

Parameter Conditions Min 

VIH Logical "1" Input Voltage 2.0 

IIH Logical "1" Input Current VIN=2.7V 

VIL Logical "0" Input Voltage 

IlL Logical "0" Input Current Data, Clock, and ENABLE Inputs, VIN = OV 

10H Logical "1" Output Current 
';ii oii. uuifJui:s, 00 riz UUlPUl \im =!).<!!)V 
1.98 MHz Output VoH =2AV, VccM =4.5V 

VOL Logical "0" Output Voltage 
All Bit Outputs 10L =5 mA 

, 50 Hz Output, 1.98 MHz Output 10L = 250 p.A 

ICCl Supply Current (Vcd All Bit Outputs High 

ICCM VCCM Supply Current V CCM = 5.5V, All Other Pins Open 

lOUT Charge Pump Output Current 2.5 kfl~ RpROG~25 kfl Pump Up -20 

V CC1 ~ 5.25V, VOUT = V BIAS Pump Down -20 

I PROG = Vccl /2 RpROG TRI-STATE" 

ICC2 V CC2 Supply Current VCCM = 5V, VCCl = 5.25V, VCC2 = 15V 
All Other Pins Open 

VOHOP Maximum Output Voltage VCC1 ~ 4.75V, Vcc2 -OA 
Op Amp Output CPO = Pump Down State 

----------

VOLOP Minimum Output Voltage VCCl = 5.25V, 
Op Amp Output CPO = Pump Up State 

+flV CPO Voltage Delta vs CPO Shorted to Op Amp Output 
Op Amp + Current Delta RpROGRAM = 2.5 kfl 

CPO State: TRI-STATE vs Pump Up 

-flY GPO Voltage Delta vs CPO Shorted to Op Amp Output 
Op Amp-Current Delta RpROGRAM = 2.5 kfl 

CPO State: Pump Down vs TRI-STATE 

AC Electrical Characteristics VCc= 5V, TA = 25'C, tr~ 10 ns, tf~ 10 ns 

Parameter Conditions Min 

VIN(MIN)(F) FIN Minimum Signal Input AM and FM Inputs, -40°C, ~TA~85°C 

VIN(MAX)(F) FIN Maximum Signal Input AM and FM Inputs, -40'C~TA~85°G 1000 

FOPERATE Operating Frequency Range VIN = 100 mV rms lAM 0.5 
(Sine Wave Input) -40oG~TA~85°G I FM 80 

RIN(FM) AC Input Re.sistance, FM 120 MHz, VIN = 100 mV rms 600 

RIN(AM) AC Input Resistance, AM 15 MHz, VIN = 100 mV rms 1000 

GIN Input Capacitance, FM and AM VIN =120MHz 3 

tEN1 Minimum ENABLE High 
Pulse Width 

TAI-STAT~ is a registered trademark of National Semiconductor Corp. 
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Max 

5.25 

15.0 

5.5 

+85 

Typ Max 

0 10 

0.8 

-5 -25 

50 
-250 

0.5 
0.5 

160 

2.5 4.5 

IpROG +20 
IpROG +20 

0 ± 100 

6.7 10 

0.6 

40 

-40 

Typ Max 

20 100 

1500 

8 
120 

6 10 

625 1250 

Units 

V 

V 

V 

°C 

Units 

V 

p.A 

V 

p.A 

p.A 
p.A 

V 
V 

mA 

mA 

% 
% 
nA 

mA 

V 

V 

mV 

mV 

Units 

mV(rms) 

mV(rms) 

MHz 
MHz 

fl 

n 
pF 

ns 

c en 
CO 
CO o 
CO 
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AC Electrical Characteristics (Continued) Vcc =5V, TA=25°C, t r :s10 ns, t f :s10 ns 

Parameter Conditions Min Typ Max Units 

tENO Minimum ENABLE Low 375 750 ns 
Pulse Width 

tCLKENO Minimum Time Before ENABLE -50 a ns 
Goes Low that CLOCK Must 
be Low 

tENOCLK Minimum Time After ENABLE 275 550 ns 
Goes Low that CLOCK Must 
Remain Low 

t CLKENI Minimum Time Before ENABLE 300 600 ns 
Goes High that Last Positive 
CLOCK Edge May Occur 

tEN1CLK Minimum Time After ENABLE 175 350 ns 
Goes High Before an.Unused 
Positive CLOCK Edge May Occur 

tCLKH Minimum CLOCK High 275 550 ns 
Pulse Width 

tCLKL Minimum CLOCK Low 400 800 ns 
Pulse Width 

t DS Minimum DATA Set-Up Time, 150 300 
I 

ns 
Minimum Time Before CLOCK 
that DATA Must be Valid 

tDH Minimum DATA Hold Time, 400 800 ns 
Minimum Time After CLOCK 
that DATA Must Remain Valid 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified minimax limits apply across the -40°C to +B5°C temperature range for the DSB90B. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Schematic Diagrams (DS8908 AM/FM PLL Typical Input/Output Schematics) 
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Schematic Diagrams (Continued) 
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Timing Diagrams· 
ENABLE vs CLOCK 

tElil-t-------tElio--------i 3V--+, __ 
ENABLE 

OV 

tEliOCLK 

3V------r~--. 

CLOCK 

OV-----..1 

CLOCK vs DATA 

3V----------r,---------
CLOCK 

OV----------' 

AM/FM Frequency Synthesizer (Scan Mode) 

ENABLE I r 
~-----------------------~i~i------------------

CL~CK 

CLOCK PULS. j 
-----.....-

PLL ADDRESS 
1.1 

U tL 
JlJ1JlJV1JL 
~ A A t ~ ~ 

DATA BITS 
BITS 1-14. +N CODE ILSB FIRST) 

BIT 15. AM/FM SELECT BIT 

I· 
BITS 16-11. REFERENCE FREQUENCY SElECTBITS 1 

BITS 18-19. OUTPUT BITS 

NEGATIVE TRANSITION ON 
ENABLE CLEARS PREVIOUS 
ADDRESS. CLOCK MUST BE 
LOW DURING TRANSITION. 

POSITIVE TRANSITION ON 
ENABLE LATCHES IN NEW 
CODE IF PLLIS ADDRESSED. 

·Tlmlng diagrams are not drawn to scale. Scale within anyone drawing may not be consistent, and intervals are defined positive as drawn. 

Serial Data Entry Into the 058908 

Serial information entry Into the 058908 is enabled by a 
low level on the ENABLE Input. One binary bit is then ac
cepted from the DATA input with each positive transition 
of the CLOCK input. The CLOCK Input must be low for the 
specified time preceding and following the negative tran
sition of the ENABLE input. 

The first two bits accepted following the negative transi
tion of the ENABLE input are Interpreted as address. If 
these address bits are not 1,1, no further information will 
be accepted from the DATA Inputs, and the internal data 
latches will not be changed when ENABLE returns high. 

If these first two bits are 1,1, then all.succeeding bits are 
accepted as data, and are shifted successively into the in
ternal shift register as long as ENABLE remains low. 

Any data bits preceding the 19th to last bit will be shifted 
out, and thus are irrelevant. Data bits are counted as any 
bits following two valid address bits (1,1) with the ENABLE 
low. When the ENABLE input returns high, any further 
serial data entry is inhibited. Upon this positive transition, 
the data in the internal shift register is transferred into the 
internal data latches. Note that until this time, the states 
of the internal data latches have remained unchanged. 
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These data bits are interpreted.as follows: 

Data Bit Position 

Last 

2nd to Last 
3rd to Last 
4th to Last 

5th to Last 
6th to Last 
7th to Last 
8th to Last 
'9th to Last 
10th to Last 
11th to Last 
12th to Last 

13th to Last 
14th to Last 
15th to Last 
16th to Last 
17th to Last 
18th to Last 
19th to Last 

Data Interpretation 

Bit 19 Output (Pin 2) 
Bit 18 Output (Pin 1) 
Ref. Freq. Select Bitll) 17 

Ref. Freq. Select Bit(1 ) 16 

AM/FM Select Bit 
(213) 

(212) 

(211) 

(210) 

(29 ) 

(28) 

(27) 

(26) 

(25) 

(24) 

(23) 

(22) 

(21) 

LSBof +N (2°) 

Note 1: See Reference Frequency Select Truth Table. 

Not. 2: The actual divide code is N + 1,le., the number loaded plus 1. 



Truth Table 
REFERENCE FREQUENCY SELECTION TRUTH TABLE 

Serial Data 
Reference 
Frequency 

Bit 16 Bit 17 (kHz) 

1 1 20 

1 0 10 

0 1 9 

Typical Application 0 0 1 
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~National a Semiconductor 

MM5445, MM5446, MM5447, MM5448 
VF Display Drivers 

General Description 
The MM5445 through MM5448 are monolithic MaS inte
grated circuits utilizing P-channel metal gate low thres
hold, enhancement mode and ion-implanted depletion 
mode devices. They are available in 40-pin molded dual
in-line packages. Each output can source up to 500l'A at 
2.0V maximum output voltage. A single pin controls the 
VF display brightness by selting the positive output 
voltage level. 

• Continuous brightness control 

• Serial data input 

• No load signal required 
• Enable (on MM5445 and MM5446) 

Block Diagram 200 kll Vss 

200kll 
200kll 

Voo -<I ....... W"r--<l>-"+I 
OUTPUT 34 IMM5446. 47. 4B) 

• Wide power supply operation 

• TTL compatibility 
• 33,34 or 35 outputs, 500l'A source capability 

• Alphanumeric capability 
• Input data format compatible with MM5450, 

MM5451 LED drivers and MM5452, MM5453 LCD 
drivers 

4nnli~$11linn~ - ,-.- .... __ .... _ .. _-
• cOPS or microprocessor displays 

• Industrial control indicator 
• Digital clock, thermometer, counter, voltmeter 

• Instrumentation readouts 

OUTPUT 33 OUTPUT 1 

• • • 
25 1B 

19 
VG. 

DATA ~~~~~~1:l;~~~~4::1~--"":;::j--. 
BRIGHTNESS CONTROL IMM5447) 

OATA..----..-. ,r-...::=:...:::::::':"=:::..:r::.l 

CLOCK ~----=..;t-I >----.. 

Connection Diagrams (Dual-In-Line Packages) 
40 

OUTPUT BIT 18 
J9 

OUTPUT BITU 

VDD 

OUTPUT BIT 17 

OUTPUT BIT 16 
3B 

OUTPUT BIT 20 

OUTPUT BIT 15 
J7 

DUTPUTBIT21 

OUTPUT SIT 14 
J6 

OU1PUT81122 

OUTPUT SIT 13 
J5 

OUTPUT BIT 23 

OUTPUT BIT 12 
34 

OUTPUT BIT 24 

OUTPUT BIT 11 
JJ 

OUTPUT BIT 25 

OUTPUT BIT 10 
J2 

OUTPUT BITZI 
J1 

OUTPUT 81T27 
3D 

OUTPUT BIT 28 

OUTPUT BIT9 
10 

MM54451 
OUTPUT'SIT 8 

11 MM5446 

OUTPUT BIT 1 
12 29 

OUTPUT BIT 29 

OUTPUT SIT6 " 2B 
OUTPUT BIT 30 

14 
OUTPUT BITS 

21 
OUTPUT BIT 31 

OUTPUT 81T 4 
15 26 

OUTPUT BIT 32 

OUTPUT BIT 3 " " OUTPUT BIT 33 

OUTPUT BIT2 " 24 
BRIGHT CONTR/OUTPUT 81T 34 

18 
OUTPUT BIT 1 

2J 
I!ATXlllAm 

" 2Z 
VGG 

2D Z1 
DATA IN 

V,S CLOCK IN 

TOP VIEW 

Order Number MM5445N, MM5446N 
NS Package N40A 

Figure 2a 
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OUTPUT BIT 15 

OUTPUT81T14 

OUTPUT BIT 13 
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OUTPUT BIT 11 

OUTPUT BIT 10 

OUTPUT BIT9 
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3D 
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2B 

27 

16 
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" 23 

2Z 

21 

OUTPUT 81T 20 

OUTPUT BIT 21 

OUTPUT 81T 22 

OUTPUT 81T 23 

OUTPUT BIT 24 

OUTPUT BIT 25 

OUTPUT BIT 26 

OUTPUTBIT2l 

OUTPUT 81T 28 

OUTPUTBIT29 

OUTPUT BIT 30 

OUTPUT BIT 31 

OUTPUT BIT 32 

OUTPUT BIT 33 

OUTPUT BIT 34 

BRIGHT CONTR/OUTPUT BIT 35 

DATA IN 

CLOCK IN 

Order Number MM5447N, MM5448N 
NS Package N40A 

Figure 2b 



Absolute Maximum Ratings 
Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Power Dissipation 

Junction Temperature 
l,ead Tempe~ature (Soldering, 10 seconds) 

Vss to Vss - 30V 
-40'Cto +85'C 

-65'Cto +150'C 
560mWat +85'C 

1Wat +25'C 
+150'C 

300'C 

Electrical Characteristics TA within operating range, Voo = OV, Vss = 4.5 to 5.5V, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

Power Supply 
Vss 4.5 5.0 5.5 V 
VGG Vss=5V -25 -7 V 
Vss Voo=VGG=O 12 18 V 

Power Supply Current 
Iss Vss = 5V, VGG = -25V 9 mA 
IGG Voo=O -2 mA 

Brightness Control With respect to Vss (Vss - VGG)/2 Vss V 
Input Logic Levels 

Logic "0" Level -25V'; VGG'; -7V -0.3 0.7 V 
Logic "1" Level -25V'; VGG'; -7V 2.2 Vss+0.3 V 

Logic "0" Level Voo=VGG=O -0.3 1 V 
Logic "1" Level Voo=VGG=O Vss-1 Vss+0.3 V 

Input Currents 
DATA IN and CLOCK -10 10 IlA 
PATA ENABLE -10 35 IlA 
BRIGHTNESS CONTROL Excluding Output Loads 2 mA 

(Note 2) 

Output Source Current 
Segment OFF VOUT = (Vss - VGG)/2 -2 IlA 
Segment ON Your = Vss - 2V (Notes 1 and 2) 500 IlA 

Input Clock Frequency 0 250 kHz 

Duty Cycle 40 50 60 % 

Output Matching lour= 5OOIlA -0.5 0.5 V 

Nole 1: With Brightness Control lied to Vss (MM5445 and MM5447) and VGG = -25V. 

Nole 2: All output source current is provided from the Brightness Control input pin (MM5445 and MM5447). 

Functional Description 
The MM5445 Series are specifically designed to operate 
4 or 5·digit alphanumeric displays with minimal inter· 
face with the display and the data source. Character 
generation is done external to the MM5445 Series. Serial 
data transfer from the data source to the display driver is 
accomplished with 2 Signals, serial data and clock. Using 
a format of a leading "1" followed by the 35 data bits 
allows data transfer without an additional load signal. 
The 35 data bits are latched after the 36th bit is complete, 
thus providing non·multiplexed, direct drive to the dis· 
play. Outputs change only if the serial data bits differ 
from the previous time. Display brightness is determined 
by control of the positive output voltage level. 

A block diagram is shown in Figure 1. 

Figure 2 shows the pin·out of the MM5445 series. Bit 1 is 
the first bit following the start bit and it will appear on 
pin 18. A logical "1" at the input will turn on the 
appropriate VF display segment. 

5-90 

Figure 4 shows the input data format. A start bit of logi· 
cal "1" precedes the 35 bits of data. At the 36th clock a 
LOAD Signal is generated synchronously with the high 
state of the clock, which loads the 35 bits of the shift 
registers into the latches. At the low state of the clock a 
RESET signal is generated which clears all the shift reg· 
isters for the next set of data. The shift registers are 
static master·slave configuration. There is no clear for 
the master portion of the first shift register, thus allowing 
continuous operation. 

There must be a complete set of 36 clocks or the shift 
registers will not clear. 

When the chip first powers ON an internal power ON 
reset signal is generated which resets all registers and 
all latches. The START bit and the first clock return the 
chip to its normal operation. 

Figure 3 shows the timing relationships between data, 
clock and data enable. A maximum clock frequency of 
250kHz is assumed. 



Typical Applications 

CLOCK~ 
OATA 

----~~ 
""'OA"'"TA'"'E"'NA""B,-;oLE MIN 

100 ns 
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Figure 3 
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KEYBOARD 

Figure 4. Input Data Format 
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~National .. 
a Semiconductor 
MM5450, MM5451 LED Display Drivers 
General Description 
The 5450 and MM5451 are monolithic MaS integrated 
circuits utilizing N-channel metal-gate low threshold, 
enhancement mode, and ion-implanted depletion mode 
devices_ They are available in 40-pin molded dual-in-line 
packages_ A single pin controls the LED display bright
ness by setting a reference current through a variable 
resistor connected to VOD -

Features 
• Continuous brightness control 

• Enable (on MM5450) 

• Wide power supply operation 

• TTL compatibility 

• 34 or 35 outputs, 15mA sink capability 

• Alphanumeric capability 

Applications 
• cops or microprocessor displays 

• Industrial control indicator 

• Relay driver 

• Serial data input • Digital clock, thermometer, counter, voltmeter 

• No load signal required • Instrumentation readouts 

Block Diagram VOO OUTPUT 34 

BRIGHTNESS r-"'--=~:----. 
CONTROL 24 

DATOAU~~~:~~ l~~~:~~: .... ---"""1-... 

SEOR~~~ .... ----=-1-1 

CLOCK .... ----'-'i-i >------' 

FIGURE 1 
Connection Diagrams (Dual-In-Line Packages) 
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Absolute Maximum Ratings 
Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Power Dissipation 

VSS to VSS + 12V 
-25° C to +85° C 

-65°C to +150°C 

Junction Temperature 
Lead Temperature (Soldering, 10 seconds) 

560 mW at +85°C 
lW at +25°C 

+150°C 
300°C 

Electrical Characteristics T A within operating range, VDD =4.75V to 11.0V,VSS = OV, unless otherwise'specified. 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Power Supply 4.75 11 V 

Power Supply Current Excluding Output Loads 7 mA 

Input Voltages 

Logical "0" Level ±10 J.lA Input Bias -0.3 0.8 V 

Logical "1" Level 4. 75 SVDDS5.25 2.2 VDD V 

VDD > 5.25 VDD -2 VDD V 

Brightness I nput (Note 2) 0 G.i'~ "'~ 

Output Sink Current (Note 3) 

Segment OFF VOUT = 3.0V 10 IlA 
Segment ON VOUT = lV (Note 4) 

Brightness Input = OIlA 0 10 IlA 

Brightness Input = 100 IlA 2.0 2.7 4 mA 

Brightness Input = 750 IlA 15 25 mA 

Brightness Input Voltage (Pin 19) Input Current = 750 J.lA 3.0 4.3 V 

Input Clock Frequency 0 0.5 MHz 

Duty Cycle 40 50 60 % 

Output MatChing (Note 1) ±20 % 

Note 1: Output matching is calculated as the percent variation from IMAX + IMINJ2. 
Note 2. With a fixed reSistor on the ongntness Input pin tiOIJl~ VdrldliVl1 III Utlyll\llt;;~;:, "~III ... " ......... ' I ...... '" ..... , ...... ..... _ •• ~ ...... ~ _ •• .:.:~~.:. .. 

Note 3: Absolute maximum for each output should be limited to 40mA. 
Note 4: The VOUT voltage should be regulated by the user. See Figures 6 and 7 for allowable VOUT vs. lOUT operation. 

Functional Description 
Both the MM5450 and the MM5451 are specifically 
designed to operate 4 or 5-digit alphanumeric displays 
with minimal interface with the display and the data 
source. Serial data transfer from the data source to the 
display driver is accomplished with 2 signals, serial 
data and clock. Using a format of a leading "1" fol
lowed by the 35 data bits allows data transfer without 
an additional load signal. The 35 data bits are latched 
after the 36th bit is complete, thus providing non
multiplexed, direct drive to the display. Outputs change 
only if the serial data bits differ from the previous 
time. Display brightness is determined by control 
of the output current for LED displays. A 0.001 capa
citor should be connected to brightness control, pin 
19, to prevent possible oscillations. 

A block diagram is shown in Figure 1. For the MM5450 
a DATA ENABLE is used instead of the 35th output. 
The DATA ENABLE input is a metal option for the 
MM5450. The output current is typically 20 times 
greater than the current into pin 19, which is set by 
an external variable resistor. There is an internal limiting 
resistor of 400n nominal value. 
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Figure 4 shows the input data format. A start bit of 
logical "1" precedes the 35 bits of data. At the 36th 
clock a LOAD signal is generated synchronously with 
the high state of the clock, which loads the 35 bits of 
the shift registers into the latches. At the low state of 
the clock a RESET signal is generated which clears all 
the shift registers for the next set of data. The shift 
registers are static master-slave configuration. There 
is no clear for the master portion of the first shift 
register, thus allowing continuous operation. 

There must be a complete set of 36 clocks or the shift 
registers will not clear. 

When the chip first powers ON an internal power ON 
reset signal is generated which resets all registers and all 
latches. The START bit and the first clock return the 
chip to its normal operation. 

Figure 2 shows the pin-out of the MM5450 and MM5451. 
Bit 1 is the first bit following the start bit and it will 
appear on pin 18. A logical "1" at the input will turn 
on the appropriate LED. 



Functional Description (Continued) 

Figure 3 shows the timing relationships between data, 
clock and data enable. A max clock frequency of 0.5 
MHz is assumed. 

For applications where a lesser number of outputs are 
used, it is possible to either increase the current per 
output, or operate the part at higher than 1 V VOUT. 
The following equation can be used for calculations. 

where: 

Tj ~ junction temperature +150°C max 

VOUT ~ the voltage at the LED driver outputs 

I LED ~ the LED current 

124°C/W ~ thermal coefficient of the package 

T A ~ ambient temperature 

The above equation was used to plot Figure 5, Figure 6, 
and Figure 7. 

FIGURE 3 

36 

CLOCK 

LOAO n (lNTERNALI __________________ ..... ... ____ _ 

R~" n (INTERNAL) _____________________ ..l 1. ___ _ 

FIGURE 4. Input Data Format 
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Typical Applications 
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~ Typical Applications (Continued) 
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~National 
a Semiconductor 
MM5452, MM5453 Liquid Crystal Display Drivers 

General Description 
• DATA ENABLE (MM5452) 

• Wide power supply operation 

• TIL compatibility 

• 32 or 33 outputs 

The MM5452 is a monolithic integrated circuit utilizing 
CMOS metal gate, low threshold enhancement mode 
devices. It is available in a 40-pin molded package. The chip 
can drive up to 32 segments of LCD and can be paralleled to 
increase this number. The chip is capable of driving a 
4 112-digit 7-segment display with minimal interface be
tween the display and the data source. 

• Alphanumeric and bar graph capability 

• Cascaded operation capability 
The MM5452 stores the display data in latches after it is 
clocked in, and holds the data until new display data is Applications 
received. 

• COPs or 'microprocessor displays 
.-__ .1. ____ _ 

rca lUI C;:, 
• Industrial control indicator 

• Digital clock, thermometer, counter, voltmeter 
• Serial data input 

• No load signal required 

Block and Connection Diagrams 

• Instrumentation readouts 

• Remote displays 

OUTPUT 33 
(MM545J) 

DATA ENABLE (MM5452l ...... ------+--------. 
SERIAL ~-------""-'I_-----i ~-------{2I~~~$~ DATA ,. 

CLOCK ~----.-:':.:.'I_-------i >---------' 

FIGURE 1 
Dual-In-Line Package Dual-In-Line Package 
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40 

vss 
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39 
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37 
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OUTPUT BIT 7 OUTPUT BIT 29 OUTPUT BIT 7 
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13 2B 
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OUTPUT BIT 6 
2B 
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OUTPUT BIT 5 OUTPUT BIT 31 OUTPUT BIT 5 

OUTPUT BIT 4 
15 26 

OUTPUT BIT 32 
15 

OUTPUT BIT 4 
26 
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OUTPUT BIT 3 DATA ENABLE OUTPUT BIT 3 
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17 24 
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FIGURE 2a FIGURE 2b 
Order Number MM5452N, MM5453N 

NS Package N40A 
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Absolute Maximum Ratings 
Voltage at Any Pin 

Operating Temperature 
Storage Temperature 

Electrical Characteristics 

Vss to Vss + 10V 
-40°C to +85°C' 

- 65' to + 150'C 

Power Dissipation 

Junction Temperature 

300 mW at + 85'C 
350 mW at +25'C 

Lead Temperature (Soldering, 10 seconds) 
+ 150'C 

300'C 

TA within operating range, Voo = 3.0V to 10V, Vss = OV, unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

Power Supply 3 10 V 

Power Supply Current Excluding Outputs 40 p.A 
OSC = Vss, BP IN @ 32 Hz 10 p.A 
V DO = 5V, Open Outputs, No Clock 

Clock Frequency 

Input Voltages 

Logical '0' Level 

Logical '1' Level 

Output Current Levels 

Segments 

Sink 

Source 

Backplane 

Sink 

Source 

Output Offset Voltage 

Voo<4.75 
Voo~4.75 

Voo >5.25 
Voo :S5.25 

Voo =3V, VouT =0.3V 

Voo =3V, VOUT = Voo - 0.3V 

Voo =3V, VouT =0.3V 

Voo = 3V, VOUT= Voo - 0.3V 

Segment Load 250 pF 
Backplane Load 8750 pF 

Functional Description (Continued) 

The MM5452 is specifically designed to operate 4 1/2·digit, 
7-segment displays with minimal interface with thedisplay 
and the data source. Serial data transfer from the data 
source to the display driver is accomplished with 2 signals, 
serial data and clock. Since the MM5452does not contain a 
character generator, the formatting of the segment infor
mation must be done prior to inputting the data to the 
MM5452. Using a format of a leading "1" followed by the 32 
data bits allows data transfer without an additional load 
signal. The 32 data bits are latched after the 36th clock is 
complete, thus providing non-multiplexed, direct drive to 
the display. Outputs change only ilthe serial data bitsdiffer 
from the previous tim.e. 

A block diagram is shown in Figure 1. For the MM5452 a 
DATA ENABLE is used instead of the 33rd output If the 
DATA ENABLE Signal is not required, the33rdoutputcan be 
brought out. This is the MM5453 device. 

DATA 

-0.3 
-0.3 

0.9 Voo 
2.0 

20 

320 

500 

0.1 Voo 
0.8 

Voo 
Voo 

-20 

-320 

±50 

kHz 

V 
V 

V 
V 

p.A 

p.A 

p.A 

p.A 

mV 

Figure 4 shows the input data format. A start bit of logical 
"1" precedes the 32 bits of data. At the 36th clock a LOAD 
Signal is generated synchronously with the high state of 
the clock, which loads the 32 bits cif the shift registers into 
the latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next 
set of data. The shift registers are static master-slave con
figuration. There is no clear for the master portion of the 
first shift register, thus allowing continuous operation. 

If the clock is not continuous, there must bea complete set 
of 36 clocks otherwise the shift registers will not clear. 

Figure 2a shows the pin-out of the MM5452. Bit 1 is the first 
bit following the start bit and it will appear on pin 18. 

Figure 3 shows the timing relationships between data, 
clock and DATA ENABLE. 

CLOCK~ 

----_-..JI~-+_-3--00-lIs-

"'DA"'T'"A~EN~A~B~L E \ MIN 
LOAD n (INTERNAL) __________ 11-1 _______ ...1 L. ____ _ 

--II-lOOns 
MIN 

TIME ,.----

FIGURE 3 

RESET n 
(INTERNAL) __________ "1 __ -------.....1 L. ___ _ 

--TIME 

FIGURE 4. Input Data Format 
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Functional Description (Continued) 

Figure 5 shows a typical application. Note how the input 
data maps to the output pins and the display. The MM5452 
and MM5453 do not have format restrictions, as all outputs 

are controllable. This application assumes a specific 
display pinout. Different display/driver connection pat· 
terns will, of course, yield a different input data format. 
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Functional Description (Continued) 

Figure 8 shows a four wire remote display that takes advan· 
tage of the device's serial input to move many bits of 
display information on a few wires. 

Using an External Clock 

The MM5452, MM5453 LCD Drivers can be used with an ex· 
ternally supplied clock, provided it has a duty cycle of 50%. 

Deviations from a50% duty cycle result in an offset voltage 
on the LCD. In Figure 7, a flipflopis usedtoassurea50% duo 
ty cycle. The oscillator input is grounded to prevent oscilla· 
tion and reduce current consumption in the chips. The 
oscillator is not used. 

DISPLAY 

BACKPLANE 

BP 

OSC OUT 
IN BP 

IN C' T L.--...... 

OSC 
IN 

.. The minimum recommended value for R for the oscillator input is 9 kn. An RC time constant of approximately 
4.91 x 10 - 4 should produce a backplane frequency between 30 Hz and 150' Hz. 

FIGURE 6. Parallel Backplane Outputs 

DISPLAY 

BACKPLANE 

50% DUTY CYCLE 
2 X BACKPLANE 

DRIVE FREDUENCY ~-+ ..... CK 

FIGURE 7. External Backplane Clock 
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Functional Description (Continued) 

Using an external clock allows synchronizing the display The next clock pulse increments the staircase and clocks 
drive with AC power, internal clocks, or DVM integration the new data in. 
time to reduce interference from the display. 

Figure 9 is a general block diagram that shows how the 
device's serial input can be used to advantage in an 
analog display. The analog voltage input is compared 
with a staircase voltage generated by a counter and a 
digital·to·analog converter or resistor array. The result of 
this comparison is clocked into the MM5452, MM5453. 

With a buffer amplifier, the same staircase waveform can 
be used for many displays. The digital-to-analog can· 
verter need not be linear; logarithmic or other non·linear 
functions can be displayed by using weighted resistors 
or special DACs. This system can be used for status in· 
dicators, spectrum analyzers, audio level and power 
meters, tuning indicators, and other applications. 
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FIGURE 8. Four Wire Remote Display 
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~National 
~ Semiconductor 

MM5480 LED Display Driver 

General Description 
The 5480 is a monolithic MaS integrated circuit utilizing 
N·channel metal gate low threshold, enhancement mode 
and ion·implanted depletion mode devices. It utilizes 
the MM5451 die packaged in a 28'pin package making it 
ideal for a 3% digit display. A single pin controls the 
LED display brightness by selting a reference current 
through a variable resistor connected either to VDD or to 
a separate supply of 11V maximum. 

Features 
• Continuous brightness control 

• Seri al data input 

• No load signal required 

Block Diagram Voo 

BRIGHTNESS ,... .... --::--::::::-=---... 
CONTROL 

• Wide power supply operation 

• TTL compatibility 
• Alphanumeric capability 

• 3% digit displays 

Applications 
• cops or microprocessor displays 

• Industrial control indicator 

• Relay driver 
• Digital clock, thermometer, counter, voltmeter 

II Instrumentation readouts 

OUTPUT 23 OUTPUT 1 

Figure 1 

Connection Diagram (Dual·ln·Line Packages) 
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OUTPUT BIT 13 

OUTPUT BIT 14 
OUTPUT BIT 15 

OUTPUT BIT 16 

OUTPUT BIT 17 

OUTPUT BIT 18 

OUTPUT BIT 19 

OUTPUT BIT 20 

OUTPUT BIT 21 

OUTPUT BIT 22 

OUTPUT BIT 23 

DATA IN 

CLOCK 

Order Number MM5480N 
NS Package N28A 

Figure 2 
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Absolute Maximum Ratings 
Voltage at Any Pin Vss to Vss + 12V 
Operating Temperature -25·Cto +85·C 
Storage Temperature -65·Cto +150·C 
Power Dissipation 490mWat +85·C 

940mWat +25·C 
Junction Temperature +150·C 
Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics TA within operating range, Voo = 4.75 to 11.0V, Vss = OV, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

Power Supply 4.75 11.0 V 

Power Supply Current Excluding Output Loads 7.0 mA 

Input Voltages 
Logical "0" Level ±10jiA Input Bias -q.3 0.8 V 
Logical "1" Level 4.75 ~ Voo ~ 5.25 2.2 Voo V 

Voo> 5.25 Voo-2 Voo V 

Brightness Input (Note 2) 0 0.75 mA 

Output Sink Current (Note 3) 
begmen! UI-I- vour=~·uv lU.U f'A 
Segment ON Your = 1V (Note 4) 

Brightness Input =Of'A 0 10.0 f'A. 
Brightness Input = 1OOf'A 2.0 2.7 4.0 mA 
Brightness Input = 750f'A 15.0 25.0 mA 

Maximum Segment Current 40.0 mA 

Brightness Input Voltage (Pin 13) Input Current = 750 f'A 3.0 4.3 V 

Input Clock Frequency 0 0.5 MHz 

Duty Cycle 40 50 60 % 

Output Matching (Note 1) ±20 % 

Nole 1: Output matching is calculated as the percent variation from IMAX + IMINI2. 
Nole 2: With a fixed resistor on the brightness input pin some variation in brightness will occur from one device to another. 
Nole 3: Absolute maximum for each output should be limited to 40rilA 
Nole 3: rhe Your voltage should be regulated by the user. 
Nole 4: The Your voltage should be. regulated by the user. 

Functional Description 
The MM5480 is specifically designed to operate 31f2-digit 
alphanumeric displays with minimal interface with the 
display and the data source. Serial data transfer from 
the data source to the display driver is accomplished 
with 2 signals, serial data and clock. Using a format of a 
leading "1" followed by the 35 data bits allows data 
transfer without an additional load signal. The 35 data 
bits are latched after the 36th bit is complete, thus pro
viding non-multiplexed, direct drive to the display. Out
puts change only if the serial data bits differ from the 
previous time. Display brightness is determined by con
trol of the output current for LED displays. A 0.001 capa
citor should be connected to brightness control, pin 13, 
to prevent possible oscillations. 

A block diagram is shown in Figure 1. The output current 
is typically 20 times greater than the current into pin 13, 
which is set by an external variable resistor. There is an 
internal limiting resistor of 400Q nominal value. 

Figure 4 shows the input data format. A start bit of logi
cal "1" precedes the 35 bits of data. At the 36th clock a 
LOAD signal is generated synchronously with the high 
state of the clock, which loads the 35 bits of the shift 
registers into the latches. At the low state of the clock a 
RESET signal Is generated which clears all the shift reg-
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isters for the next set of data. The shift registers are 
static master-slave configuration. There is no clear for 
the master portion of the first shift register, thus allow-
ing continuous operation.· . 

There must be a complete set of 36 clocks or the shift 
registers will not clear. 

When the chip first powers ON an internal power ON 
reset signal is generated which resets all registers and 
all latches. The START bit and the first clock return the 
chip to its normal operation. 

Figure 5 shows the Output Data Format for the 5480. 
Because it uses only 23 of the possible 35 outputs, 12 of 
the bits are 'Don't Cares'. 

Figure 3 shows the timing relationships between data, 
clock, and data enable. A maximum clock frequency of 
0.5MHz is assumed. 

For applications where a lesser number of outputs are 
used, it is possible to either increase the current per 
output, or operate the part at higher than 1V Your. The 
following equation can be used for calculations. 

TJ = (Vour) (ilE[i) (No. of segments) (132·C/W)+ TA 



Functional Description (Continued) 

where: 

Tj =junction temperature + 150·C max. 
VOUT = the voltage at the LED driver outputs 
ILED = the LED current 

LOAD 

Figure 3 

132 ·C/W = thermal coefficient of the package 
T A = ambient temperature 

36 

(INTERNAL) -----------(2;21-..-------.... 
RESET 

(INTERNAL) -----------rU;)---------..... 

Figure 4. Input Data Format 

Figure 5. Output Data Format 

CLOCK DATA 

Basic 3 Y2 Digit Interface 

5-104 



~National a Semiconductor 

MM5481 LED Display Driver 

General Description 
The 5481 is a monolithic MaS integrated circuit utilizing 
N-channel metal gate low threshold, enhancement mode 
and ion-implanted depletion mode devices_ It utilizes 
the MM5450 die packaged in a 20-pin package making it 
ideal for a 2 digit display_ A single pin controls the LED 
display brightness by setting a reference current through 
a variable resistor connected either to VDD or to a sepa
rate supply of 11 V maximum_ 

Features 
• Continuous brightness control 

• Serial data input 

• No load signal required 

• Data enable 

Block Diagram 

BRIGHTNESS 
CONTROL 

VDD 

CLOCK ---'+-1>------" 

• Wide power supply operation 

• TTL compatibility 

• Alphanumeric capability 

• 2 digit LED driver 

Applications 
• COPS or microprocessor displays 

• Industrial control indicator 

• Relay driver 
• Instrumentation readouts 

OUTPUT 14 OUTPUT 1 

-::-

Figure 1 

Connection Diagram 
(Dual-In-Line Package) 

OUTPUT BIT B 20 OUTPUT BIT 9 
OUTPUT BI17 19 OUTPUTBIT 10 
OUTPUT BIT6 1B OUTPUT BIT 11 
OUTPUT BIT5 17 OUTPUT BIT 12 
OUTPUT BI14 16 OUTPUT BIT 13 
OUTPUT BIT 3 

5481 
15 Vss 

OUTPUT BIT2 14 OUTPUT BIT 14 
OUTPUT BIT 1 13 DATA ENABLE 

BRIGHT CONTR. 12 DATA IN 

VOD 10 11 CLOCK 

Top View 

Order Number MM5481N 
NS Package N20A 

Figure 2 
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Absolute Maximum Ratings 
Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Power Dissipation 

Junction Temperature 
Lead Temperature (Soldering, '10 seconds) 

Vss to Vss + 12V 
-25'Cto +85'C 

-65'Cto +150'C 
450mWat +85'C 
860mWat +25'C 

+150'C 
300'C 

Electrical Characteristics TA within operating range, Voo = 4]5 to 11.0V, Vss = OV, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

Power Supply 4.75 11 V 

Power Supply Current Excluding Output Loads 7 mA 

Input Voltages 
Logical "0" Level ±10~A Input Bias -0.3 0.8 V 
Logical "1" Level 4.75 '" Voo'" 5.25 2.2 Voo V 

Voo > 5.25 Voo-2 Voo V 

Brightness Input (Note 2) 0 0.75 mA 

Output Sink Current (Note 3) 
Segment OFF VouT=3.0V 10 ~A 
Segment ON VOUT = 1 V (Note 4) 

Brightness Input = 0 ~A 0 10 ~A 
Brightness Input = 1 00 ~A 2.0 2.7 4.0 mA 
Brightness Input = 750 ~A 15 25 mA 

Maximum Segment Current 40 mA 

Brightness Input Voltage (Pin 9) input Current = 750~A 3.0 4.3 V 

Input Clock Frequency 0 0.5 MHz 

Duty Cycle 40 50 60 % 

Output Matching (Note 1) ±20 % 

Note 1: Output matching is calculated as the percent vanatiun frum IMAX + IMINI2. 

Note 2: With a fixed resistur un the brightness inpul pin sume variation in brightness will uccur frulll une device » an,.dler. 

Note 3: Absulute maximum for each output should be limited tu 40 mA 

Note 4: The VOUT vultage should be regulated by the user. 

Functional Description 
The MM5481 uses the 5450 die which is packaged to 
operate 2-digit alphanumeric displays with minimal in· 
terface with the display and the data source. Serial data 
transfer from the data source to the display driver is ac· 
complished with 2 signals, serial data and clock. Using 
a format of a leading "1" followed by the 35 data bits 
allows data transfer without an additional load signal. 
The 35 data bits are latched after the 36th bit is complete, 
thus providing non-multiplexed, direct drive to the dis· 
play. Outputs change only if the serial data bits differ 
from the previous time. Display brightness is determined 
by control of the output current for LED displays. A 0.001 
capacitor should be connected to brightness control, pin 
9, to prevent possible oscillations. 

A block diagram is shown in Figure 1. The output current 
is typically 20 times greater than the current into pin 9, 
which is set by an external variable resistor. There is an 
internal limiting resistor of 400Q nominal value. 

Figure 4 shows the input data format. A start bit of logi
cal "1" precedes the 35 bits of data. At the 36th clock a 
LOAD signal is generated synchronously with the high 
state of th~ clock, which loads the 35 bits of the shift 

registers into the latches. At the low state of the clock a 
RESET signal is generated which clears all the shift reg· 
isters for the next set of data. The shift registers are 
static master·slave configuration. There is no clear for 
the master portion of the firsi shift register, thus allow
ing continuous operation. 

There must be a complete set of 36 clocks or the shift 
registers will not clear. 

When the chip first powers ON an internal power ON 
reset signal is generated which resets all registers and 
all latches. The START bit and the first clock return the 
chip to its normal operation. 

Figure 5 shows the Output Data Format for the 5481. 
Because it uses only 14 of the possible 34 outputs, 20 of 
the bits are 'Don't Cares'. Note that only alternate groups 
of 4 outputs are used. 

Figure 3 shows the timing relationships between data, 
clock, and data enable. A maximum clock frequency of 
0.5 MHz is assumed. 

L-' _____________________ •• ______________________ .,-____ •• ____ ..J 
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Functional Description (Continued) 

For applications where a lesser number of outputs are 
used, it is possible to either increase the current per 
output, or operate the part at higher than 1 V VOUT. The 
following equation can be used for calculations. 

CLOCK 

Ti = (VOUT) (lLED) (No. of segments) (145 'C/W) + TA 

where: 

Tj = junction temperature + 150 'C max. 

OATA ---------'1 %1 ,..--10-0-n'----

MIN 

OA~ENABLE '\~ ________________ _ VOUT = the voltage at the LED driver outputs 
ILED = the LED current 
145'C/W=thermal coefficient of the package 
TA = ambient temperature 

Figure 3 

~ n 
(INTERNAL) -----------~(2,t---------..I L-___ _ 

RESET n (INTERNAL) __________ --(((&--________ --' '-___ _ 

Figure 4. Input Data Format 

Figure 5. Output Data Format 

Basic Electronically Tuned Television System 
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~National 
~ Semiconductor 

MM5484,MM5485 16-, 11-Segment LED Display Drivers 

General Description 
The MM5484, MM5485 are low threshold N-channel 
metal gate circuits using low thieshold enhancement 
and ion implanted depletion devices. the MM5484 is 
available in a 22-pin molded package and is capable of 
driving 16 LED segments while the MM5485 is available 
in a 16-pin molded package and is capable of driving 11 
LED segment outputs. 

Features 
• Serial data input 

• Wide power supply operation 

• 16 or 11 output~, 15mA sink capability 

• MM5484 is cascadeable 
COPS is a trademark of National Semiconductor Corp. 

Block Diagrams 
16 SEGMENT OUTPUTS 

ENABlE 0--+-----1 

CLOCK 

DATA IN 0--------1 

Figure 1. MM5484 

Connection Diagrams (Top Views) 

013 22 012 

014 21 011 

015 20 010 

016 19 09 

DATA OUT 18 ENABLE 

VOO MM5484 17 CLOCK IN 

DATA IN • 7 16 VSS 

01 15 08 

02 9 14 07 

03 10 13 06 

04 11 12 05 

Order Number MM5484N 
NS Package Number N22A 

DATA 
OUT 

• TTL compatibility 
• No load signal required 

• Non multiplex display 

• 2% digit capability-MM5484 
1V2 digit capability-MM5485 

Applications 
• COPSTM or microprocessor displays 

• Instrumentation readouts 

• Industrial control indicator 

• Relay driver 

11 SEGMENT OUTPUTS 

ENABLE 0--t------1 

CLOCK_--....._ 

OATA IN 0--------' 

Figure 2. MM5485 

05 16 04 

06 15 03 

07 14 02 

VSS 4 MMS4BS 13 01 

CLOCK IN 5 12 OATA IN 

ENABLE 11 Voo 

DB 10 011 

09 9 010 

Order Number MM5485N 
NS Package Number N16A 

Figure 4. 
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Absolute Maximum Ratings 
Voltage at LED outputs 
Voltage at other pins 
Operating Temperature 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 
Maximum Power Dissipation 

MM5484 
MM5485 

Vss -0.5Vto Vss +12V 
Vss -0.5 V to Vss +10 V 

-40°C to 85°C 
-40°C to 150°C 

300°C 

500mW 
400mW 

DC Electrical Characteristics VOD = 4.5 to 9V, TA = -40°C to 85°C unless otherwise specified 

Parameter Conditions Min. Typ. Max. 

Supply Voltage 4.5 9 
Supply Current 5 10 

Logic One 
Input High Level V1H 2.4 VD~+0.5 

Logic Zero 
Input Low Level V1L 0 0.8 
Input Current High or Low Level ±l 
Input Capacitance 7.5 

Outputs 
Data Output Voltage (Only for MM5484) 

High Level VOH IOUT=0.1 mA VDo-0.5 
Low Level VOL lOUT = - 0.1 mA 0.5 

Segment Off (logic zero on VOUT = 12V 50 
input) REXT =400 Q 

Output Current 
Segment On (logic one on 

input) 
Output Voltage IOUT= 15mA 0.5 1.0 

VDo ;;,6V 

Units 

V 
mA 

V 

V 
~ 
pF 

V 
V 

f1A 

V 

Nole 1: Under no condition should the power dissipated by the segment driver exceed 50mW nor the entire chip power dissipation 
exceed 500mW for the MM5484 and 400mW for the MM5485. 

A\,; I:.leClnCal \,;naraClenSliCS (See Figure 3.) VDD = 4.5 to 9V, TA = -40·C to 85u C unless otherwise SpeCITIea 

Symbol Parameter Conditions Min. Typ. Max. Units 

Clock Frequency 1 MHz 
tS1 Data Setup Time 
tH1 Data Hold Time 
tS2 Enable Setup Time 
tH2 Enable Hold Time 

Clock Rise Time 
tpd Data Out Delay 

Clock Period t( = 1/f) 
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0.5 JJs 
0.5 JJs 
0.5 JJs 
0.5 JJs 

0.5 JJs 
0.5 JJs 

2 JJs 



, 

Functional Description 
The MM5484 and MM5485 are designed to drive LED dis· 
plays directly. Serial data transfer from the data source 
to the display driver is accomplished with 3 signals, 
DATA IN, CLOCK and ENABLE. The signal ENABLE acts 
as an envelope and only while this signal is at a logic '1' 
do the circuits recognize the clock signal. 

While ENABLE is high, data on the serial data input is 
transferred and shifted in the internal shift register on 
the rising clock edge, i.e. a logic '0' to logic '1' transition. 

When the ENABLE signal goes to a low (logic zero state), 
the contents of the shift register is latched and the dis· 
play will show the new data. While new data is being 
loaded into the SR the display will continue to show the 
old data. 

Timing Diagram 

CLOCK 

ENABLE 

DATA IN 

DATA OUT 

For the MM5484, data is output from the serial DATA 
OUT pin on the falling edge of clock so cascading is 
made'simple with race hazards eliminated. 

The MM5485 is essentially a metal mask option of the 
MM5484 where only 11 segments are used. However, the 
MM5485 contains a 12·blt shift register and so when 
entering new data to this device 12 ciock puises should 
be input with the data in a 'don't care' state for the 12th 
clock pulse. See Figure 2. 

When the chip first powers on, an internal power on 
reset signal is generated which resets the SR and 
latches to zero so that the display will be off. 

-l t;=IPd 

" \ 
Figure 3. 
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~National 
~ Semiconductor 
MM58201 Multiplexed LCD Driver 
General Description Features 
The MM58201 is a monolithic CMOS LCD driver capable of 
driving up to 8 backplanes and 24 segments. A 192·bit 
RAM stores the data for the display:Serial input and out· 
put pins are provided to interface with a controller. An RC 
oscillator generates the timing necessary to refresh the 
display. The magnitude of the driving waveforms can be 
adjusted with the VTC input to optimize display contrast. 
Four additional bits of RAM allow the user to program the 
number of backplanes being driven, and to designate the 
driver as either a master or slave for cascading purposes. 
When two or more drivers are cascaded, the master chip 
drives the backplane lines, and the master and each slave 
chip drive 24 segment lines. Synchronizing the cascaded 
drivers is accomplished by tying the RC OSC pins together 

• Drives up to 8 backplanes and 24 segment lines 

The MM58201 is packaged in a 40·lead dual-in·line 
package. 

• Stores data for display 

• Cascadable 
• Low power 
• Fully static operation 

Applications 
• Dot matrix LCD driver 
• Multiplexed 7·segment LCD driver 

• Serial in/serial out memory 

Block Diagram Connection Diagram 

BACKPlANE 
OUTPUTS 

cs elK IN DATA DATA 
IN OUT 

FIGURE 1 

SEGMENT 
WAVEFORM 

LOGIC 

SEGMENT 
OUTPUTS 

5-111 

511 

S10 

S9 

SB 

S7 

56 

S5 

S4 

S3 

RC S2 
OSC 

Sl 

BPB 

BP7 

BP6 

BP5 

BP4 

BP3 

BP2 

BP1 

VSS 

Dual·ln-Line Package 

39 
VOO 

S12 
3B 

S13 
37 

S14 
36 

S15 
35 

~lh 

J. 
S17 

33 
S18 

32 
S19 

10 31 
S20 

11 30 
S21 

29 
S22 

2B 
S23 

27 
S24 

26 

25 
VTC 

cs 
24 

CLK IN 
1B 23 

OATA IN 
19 22 

20 21 
DATA OUT 

RC OSC 

TOP VIEW 

Order Number MM58201N 
NS Package N24A 

FIGURE 2 



Absolute Maximum Ratings 
Voltage at Any Pin Vss - 0.3V to Vss + 18V 
Operating Temperature Range O°C to 70°C 

Storage Temperature Range -65°C to + 150°C 

Package Dissipation 

Operating Voo Range 
Lead Temperature(Soldering, 10 seconds) 

500mW 

Vss + 7.0V to Vss + 18.0V 
300°C 

DC Electrical Characteristics Minimax limits apply across temperature range unless otherwise noted. 

Parameter Conditions Min Typ Max 

Icc Quiescent Supply Current 0.3 

VIN(1) Logical "1" Input Voltage 0.45 Voo Voo+0.3 

VIN(O) Logical "0" Input Voltage Vss -' 0.3 1.0 

VOUT(O) Logical "0" Output Voltage ISINK = 0.6 mA 0.4 

IOUT(1) Logical "1" Output Leakage VOUT=Voo 0 ±10 
Current 

IIN(1) Logical "1" Input Leakage VIN =Voo 0 1.0 
Current 

IIN(O) Logical "0" Input Leakage VIN =Vss -1.0 0 
Current 

VTC Input Voltage 4.5 Voo+0.3 

VTC Input Impedance 10 30 

ZOUT Output Impedance Backplane and Segment 10 
Outputs 

DC Offset Voltage Between Any Backplane 0 ±10 
and Segment Output 

AC Electrical Characteristics TA and V DO within operating range unless otherwise noted. 

Parameter 

losc Oscillator Frequency' 

IClKIN Clock Frequency 

tON Clock Pulse Width 

tOFF Clock OFF Time 

ts Input Data Set·Up Time 

tH Input Data Hold Time 

tAcc Access Time 

tr Rise Time 

tf Fall Time 

* IJ is the number of backplanes programmed. 

Conditions 

Backplane, Segment Outputs 
Cl= 2000 pF 

Backplane, Segment Outputs 
Cl =2000 pF 
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Min 

1281) 

DC 

5.0 

5.0 

2.0 

1.0 

5.0 

Typ Max 

4001) 

100 

60 

60 

Units 

mA 

V 

V 

V 

p.A 

p.A 

p.A 

V 

kn 

kn 

mV 

Units 

Hz 

kHz 

p's 

P.s 

p's 

P.s 

P.s 

I'S 

I'S 



Switching Time Waveforms 

CLK IN 

OATA IN, CS 

OATA OUT VALID 

Backplane Output 

Functional Description 
A block diagram of the MM58201 LCD driver is shown in 
Figure 1, A connection diagram is shown in Figure 2, 

Serial Inputs and Output 

,A. :--::;:.!:':: ~:::-:~ ==;:: ::": ~~: C'~ : ...... , ... i ... l+i ... +"" ....... fr ... .,.,~ 

The CS input must then stay low for at least one rising 
edge of ClK IN, and may not be pulsed low again for the 
next 31 clocks. At least one clock must occur while CS is 
high. If ClK IN is held at a logic "1'; CS is disabled. This 
allows the signal that drives CS to be used for other pur
poses when the MM58201 is not being addressed. 

ClK IN latches data from the DATA IN input on its rising 
edge. Data from the DATA OUT pin changes on the falling 
edge of ClK IN and is valid before the next rising edge. 

The first five bits of data following CS are the address bits 
(Figure 3). The address selects the column where the 
operation is to start. Bit 1 is the MSB and bit 5 is the lSB. 
The sixth bit is the readlwrite bit. A logic "1" specifies a 
read operation and a logic "a" specifies a write operation. 
The next 24 bits are the data bits. The first data bit cor
responds to the BP1 row of the display, the second data bit 
to the BP2 row, and so on. After the eighth and sixteenth 
data bits, the column pointer is incremented. When start
ing address 10110 or 10111 is specified, the column pOinter 
increments from 10111 to 00000. 

During a read or write cycle, the LCD segment outputs do 
not reflectthe data in the RAM. To avoid disrupting the 
pattern viewed on the display, the read or write cycle time 
should be kept short. Since the LCD turn-on time can be as 
little as 30 ms, a clock rate of at least 10 kHz would be 
required in orderto address the entire contents of the RAM 
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VALID 

Segment Output 

~II~ O.B8VTC _~ . 

O.32VTC --

within that time interval. The formula below can be used to 
estimate the minimum clock rate: 

fCLK IN = (300 + 7 ts)/tLCD 

where ts is the processor's set-up time between each read 
.....• - l_ ...... __ l_:_ .. _ ....... _ ......................... ..... 1-, 

.... , ........ ... J ........ , ........... LvU· .................... _ .... _ ... _ .. -- -_ .. 

time of the LCD as specified by the LCD manufacturer. 

The DATA OUT output is an open drain N-channel device to 
Vss (Figure 4). With an external pull-up this configuration 
allows the controller to operate at a lower supply voltage, 
and also permits the DATA OUT output to be wired in 
parallel with the DATA OUT outputs from any other drivers 
in the system. 

To program the number of backplanes being driven and 
the MIS bit, load address 11000, a write bit, three bits for 
the number of backplanes (Table I), and the MIS bit. The re
maining 20 data bits will be ignored but it is necessary to 
provide 21 more clocks before initiating another frame. 

TABLE I. BACKPLANE SELECT 

Numberof 
B2 B1 BO Backplanes 

2 a 0 1 
3 a 1 a 
4 0 1 1 
5 1 a a 
6 1 a 1 
7 1 1 a 
8 1 1 1 



Functional Description (Continued) 

RCOSC Pin 

This oscillator generates the timing required for multiplex· 
ing the liquid crystal display. The oscillator operates at a 
frequency that is 4~ times the refresh rate of the display, 
where ~ is the number of backplanes programmed. Since 
the refresh rate should be in the range from 32 Hz to 
100 Hz, the oscillator frequency must be: 

128~:5 f osc:5 400~ 

The frequency of oscillation is related to the external R 
and C components in the following way: 

fosc= __ 1_ ±30% 
1.25 RC 

The value used for the external resistor should be in the 
range from 10 kD to 1 MD. 

The value used for the external capacitor should be less 
than 0.005 I'F. 

VTC Pin 

The VTC pin is an analog input that controls the contrast of 
the segments on the LCD. If eight backplanes are being 
driven (~= 8), avoltage of typically 8V is required at 25·C. 
The voltage for optimum contrast will vary from display to 
display. It also has a Significant negative temperature 
coefficient. 

CLK IN 

DATA IN OO~'T CARE I A4 A3 A2 Al AO I RiW I 01 02 

The voltage source on the VTC input must be of relatively 
low impedance since the input impedance of VTC ranges 
from 10 kD to 30 kD. A suitable circuit is shown in Figure 5. 

In a standby mode, theV TC input can be set to Vss. This 
reduces the supply current to less than 300 I'A per driver. 

Backplane and Segment Outputs 

Connect the backplane and segment outputs directly to 
the LCD row and column lines. The outputs are designed 
to drive a display with a total ON capacitance of up to 
2000 pF. 

The output structure consists of transmission gates 
tapped off of a resistor string driven by VTC (Figure 6). 

A critical factor in the lifetime of an LCD is the amount of 
DC offset between a backplane and segment signal. 
Typically, 50 mV of offset is acceptable. The MM58201 
guarantees an offset of less than 10 mV. 

The BP1 output is disabled when the MIS bit is set to zero. 
This allows the BP1 output from the master chip to be con· 
nected directly to it so that synchronizing signals can be 
generated. Synchronization occurs once each refresh 
cycle, so the cascaded chips are assured of remaining 
synchronized. 

03 024 I DON'T CARE 

oATAOUT------~----------------------_[~0~1=r~0~2][~0~3][ 022 023 I 024 I 

Sl S2 S3 S4 S5 S6 S7 SB S9 SID Sl1 S12 S13 S14 S15 S16 S17 SIB S19 S20 S21 S22 S23 S24 -., 
BPI 01 09 017 B2 I 

--I 
B~2 02 010 018 81 I 

-I 
BP3 03 011 019 BO I 

--I 
BP4 04 012 020 MiS I 

_J 

BP5 05 013 021 

BP6 06 014 022 

BP7 07 015 023 

BPB DB 016 024 

A4 0 0 0 0 0" 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 
A3 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 
A2 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0 
Al 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 
AO 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 

Diagram above shows where data will appear on display if starting address 01100 Is specified in data format. 

FIGURE 3. Data Format 
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Functional Description (Continued) 

CS CLK DATA 

15V IN IN 

MM582Dl 
VSS 

-

FIGURE 4. DATA OUT Structure 

COP42DL 

L..:0:::D_...;D::,:l_--=,:SK~----,,;S0c-_SI 

15V 
CS 

RC OSC RC OSC 

~O.DD1/lF 

8x48 DOT MATRIX 
lInUID CRYSTAL DISPLAY 

CLK DATA 
IN IN 

MM58201 

FIGURE 5. Typical Application 

VTC 

t}-BACKPLANE OR t SEGMENT OUTPUT 

T 
SELECT 

FIGURE 6. Structure of LCD Outputs 
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~National a Semiconductor 
PRELIMINARY 

MM58248,MM58241 High Voltage Display Drivers 

General Description 
The MM58248 series are monolithic MOS Integrated cir
cuits utilizing a combined CMOS/Bipolar process with 
both MOS and Junction F.E.T. devices. They are avail
able In 40-pin dual-in-line packages, or as dice. Each 
output can source 1 mA at 2V maximum output voltage, 
and also has an internal Junction F.E.T. to the display 
supply voltage which can be up to 60V. The possibility 
of brightness control is also provided. 

Features 
• Direct interface to 60V VF display 

• Brightness and display blanking control input 
(MM58241) 

• No resistors needed 

• No load signal required (MM58248) 

Block Diagram 

• MICROWIRETM compatible (MM58241) 
• Simple to cascade (MM58241) 

• Wide supply operation 

• TTL compatible inputs 
• Software compatible with NS display driver family 

• Compatible with VF, high voltage LCD, and 
colloidal displays 

Applications 
• COPSTM or microprocessor displays 

• Instrumentation readouts 

• Integrated dashboard displays 

• Word processor text display 
CO~S AND MICROWIAE are trademarks of National Semiconductor Corp. 

(58241) 
OUT 32 OUT 1 

8RIGHTNESS/BLANKING ---+---Ij~~~~D----t-vOiS 
INPUT (58241) -

Connection Diagrams 

VsS(OV) 
OUTPUT 17 

OUTPUT 16 

OUTPUT 15 

OUTPUT 14 

OUTPUT 13 

OUTPUT 12 

OUTPUT 11 

OUTPUT 10 

'-r==~r-' .--f __ +-OATA OUT 

DATA IN_ --t-t>--I~§J~~~~ (58241) 

CLOCK ---+-t.::>--....... 

ENABLE 
(58241) 

Figure 1. Block Diagram 

40 OUTPUT 18 VsslOVI 
39 OUTPUT 19 OUTPUT 17 

38 OUTPUT 20 OUTPUT 16 

37 OUTPUT 21 OUTPUT 15 

36 OUTPUT 22 OUTPUT 14 

35 OUTPUT 23 OUTPUT 13 

34 OUTPUT 24 OUTPUT 12 

33 OUTPUT 25 OUTPUT 11 

32 OUTPUT 26 OUTPUT 10 

40 

39 

38 

37 

36 

35 

34 

33 

32 

OUTPUT 9 10 
MM58248 

31 OUTPUT 27 OUTPUT 9 10 
MM58241 

31 

OUTPUT 8 30 OUTPUT 28 OUTPUT 8 11 30 11 

OUTPUT 7 12 

OUTPUT 6 13 
OUTPUT 5 14 

OUTPUT 4 15 
OUTPUT 3 16 

OUTPUT 2 17 

OUTPUT 1 18 

VOIS 19 

Voo(+5VI 20 

29 OUTPUT 29 OUTPUT 7 12 

28 OUTPUT 30 OUTPUT 6 13 

27 OUTPUT 31 OUTPUT 5 14 

26 OUTPUT 32 OUTPUT 4 15 

25 OUTPUT 33 OUTPUT 3 16 

24 OUTPUT 34 OUTPUT 2 17 
23 OUTPUT 35 OUTPUT 1 18 

22 DATA IN VOIS 19 

21 CLOCK VOOI+5V) 20 

Order Number MM58248N, MM58241N 
NS Package Number N4DA 

Figure 2. 
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29 

28 

27 

26 

25 
. 24 

23 

22 

21 

OUTPUT 18 
OUTPUT 19 

OUTPUT 20 

OUTPUT 21 

OUTPUT 22 

OUTPUT 23 

OUTPUT 24 

OUTPUT 25 

OUTPUT 26 

OUTPUT 27 

OUTPUT 28 

OUTPUT 29 

OUTPUT 30 

OUTPUT 31 

OUTPUT 32 

BRIGHTNESS/BLANKING CONTROL 

ENABLE 

DATA OUT 

DATA IN 

CLOCK 
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Absolute Maximum Ratings 
Voltage at Any Input Pin Voo +0.3V to Vss -0.3V 
Voltage at Any Display Pin Voo to Voo -65V 
Operating Temperature -40°C to 85°C 
Storage Temperature -65°C to 150°C 
Power Dissipation 500mW.at 85°C 

750mW at 25°C 
Junction Temperature 130°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics TA within operating range, Voo = 5V ± 0.5V, Vss = OV, unless otherwise specified 

Parameter Conditions Min. Typ. Max. Units 

Power Supply 
Voo Vss=OV 4.5 5.0 5.5 V 
V01S Voo=5V -10 -55 V 

Vss=OV 

Power Supply Current 
Iss Voo=5V 10 100 JAA 

Vss=OV 
In~c: Vn ,,,, =-55V 5 12 mA 

-----

Input Logic Level 
Data In, Clock Enable Voo = 5.0 ± 0.5V 

Vss=O 
Logic "0" Vss 0.8 V 
Logic "1" 2.4 Voo 

Input Current 
Data In, Clock Enable 10 JAA 

Output Impedance 
Output Off VOIS = -40 V, VOUT = VOIS + 2V 200 kQ 
Output On ISOURCE = 1 mA 

Input Clock 
Frequency Voo=4.5V 
Rise Time 

Functional Description 
This series of products is specifically designed to drive 
either 4 or 5 digit non·multiplexed high voltage displays 
(e.g., dynamic scattering LCD or gas discharge) or multi· 
digit dot matrix high voltage displays (e.g., VF). Charac
ter generation is done externally in the microprocessor, 
with a serial data path to the display driver. Two data 
transfer modes and display brightness controls exist. 
The MM58248 uses two signals, data and clock, with a 
format of a leading '1' followed by the 35 data bits, 
hence allowing data transfer without an additional load 
signal. Display brightness can be achieved through 
software control with the MM58248. The MM58241 uses 
a standard MICROWIRETM interface for data transfer. 
Display brightness is determined by the duty cycle of 
the brightness/blanking input. Full brightness is ob
tained with a logic '0' at this input and blanking with a 
logic '1'. A block diagram is shown in Figure 1. 

Figure 2 shows the pinout of the MM58248 series. Bit 1 
is the first bit to be loaded (following the start bit of 
MM58248). A logic '1' at the input will turn on the appro
priate display segment output. Figure 5 describes the 
combined MaS and Junction F.E.T. output structure. 
The Junction F.E.T. has a pinch-off voltage in excess of 
60V and may be viewed simply as a high impedance 
resistor. 

MICROWIRE Is a trademark of National Semiconductor Corp. 
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2 kQ 

500 kHz 
200 ns 

Figure 4 illustrates both possible microprocessor Inter
faces. In 4a, a start bit of logic '1' precedes the 35 bits of 
data. At the 36th clock a LOAD signal is generated syn
chronously with the high state of the clock, which loads 
the 35 bits of shift registers into the latches. At the low 
state of the clock a RESET signal is generated which 
clears all the shift registers for the next set of data. 
Hence a complete set of 36 clocks is needed or the shift 
register will not clear. 

In Figure 4b, the ENABLE signal acts as an envelope 
and only while this signal is at a logic '1' does the circuit 
accept CLOCK input signals. Data is transferred and 
shifted in the internal shift register on the rising clock 
edge, i.e., '0' - '1' transition. When the ENABLE signal 
goes low, the contents of the shift register are latched 
and the display will show new data. During data trans
fer, the display will continue to show old data. DATA 
OUT is also provided in this mode, being output on the 
falling clock edge. 

When the chip first powers on, an internal reset is gen
erated which resets all registers and latches. The chip 
returns to normal operation on appl ication of the start 
bit and the first clock for MM58248 or an application of 
ENABLE for MM58241. All interface signals from the 
microprocessor should be inactive at power on. 



Timing Diagram 

Data Format 

INPUT 
FROM 
LATCH 

VOO 

CLOCK~< 
______ < __ ,-I',50_ns_I-____ __ 

DATA W 
--------~~~--------

Figure 3. 

LOAD n 
(INTERNAL) ___ ...,--______ ~I,I!_-----.... 1.. ____ _ 

RESET n 
(INTERNAL) __________ ~I,I!_------.... 1.. ___ _ 

Figure 4a. MM58248 Microprocessor Interface 

CLOCK 

1-1-'50ns ,I-~I~n' 
r-+---;--i-----MI-N<------<C 

ENABLE 

DATA IN 
I 

-1r;:1:::<' 
DATA OUT 1-------,\ 

------------~I ~ ______ _ 

Voo 

OUTPUT 

VOIS 

Figure 4b. MM58241 Microprocessor Interface 

Typical Application 

'For high current displays, MM58348 outputs may need to be paralleled or, as an 
alternative, the DS8881 may be required to be used as a grid driver. 

Figure 5. Output Structure Figure 6. Word Processor Application 
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PRELIMINARY 

MM58348, MM58341 High Voltage Display Drivers 

General Description 
The MM58348 series are monolithic MOS integrated cir
cuits utilizing a combined CMOS/Bipolar process with 
both MOS and Junction F.E.T. devices. They are avail
able in 40-pin molded dual-in-line packages or as dice. 
Each output can source 3mA at 1 V maximum output 
voltage, and also has an internal Junction F.E.T. to the 
display supply voltage which can be up to 32V. The pos
sibility of brightness control is also provided. 

Features 
• Direct interface to 32V VF display 

• Brightness and display blanking control input 
(MM58341) 

• No resistors needed 

• No load signal required (MM58348) 

COPS and MICROWIAE are trademarks of National Semiconductor Corp. 

Block Diagram 

• MICROWIRETM compatible (MM58341) 
• Simple to cascade (MM58341) 

• Wide supply operation 

• TTL compatible inputs 
• Software compatible with NS display driver family 

• Compatible with VF, high voltage LCD, and 
colloidal displays 

Applications 
• COPSTM or microprocessor displays 

• Instrumentation readouts 

• Integrated dashboard displays 

• Word processor text display 

IMM58341) 

35 OUT 32 OUT 1 

BRIGHTNESS/BLANKING ---t--~q~~~~~----t-INPUT IMM5B341) - VOIS 

r--+ ..... +-DATA OUT 
DATA IN _~J'-~Ir:;;==;-;:;=.;;'1 IMM58341) 

CLOCK --+-i>-......J 

IMM5834',---

Figure 1. Block Diagram 

Connection Diagrams 

VSS(OV) 40 OUTPUT 18 VSS(OV) 40 OUTPUT lB 
OUTPUT 17 39 OUTPUT 19 OUTPUT 17 39 OUTPUT 19 
OUTPUT 16 3B OUTPUT 20 OUTPUT 16 3B OUTPUT 20 
OUTPUT 15 37 OUTPUT 21 OUTPUT 15 37 OUTPUT 21 
OUTPUT 14 36 OUTPUT 22 OUTPUT 14 36 OUTPUT 22 
OUTPUT 13 35 OUTPUT 23 OUTPUT 13 35 OUTPUT 23 
OUTPUT 12 .34 OUTPUT 24 OUTPUT 12 34 OUTPUT 24 
OUTPUT 11 33 OUTPUT 25 OUTPUT 11 33 OUTPUT 25 
OUTPUT 10 32 OUTPUT 26 OUTPUT 10 32 OUTPUT 26 

OUTPUT 9 10 31 OUTPUT 27 OUTPUT 9 10 
MM58341 

31 OUTPUT 27 
OUTPUT 8 11 

MM58348 
30 OUTPUT 2B OUTPUT 8 11 30 OUTPUT 28 

OUTPUT 7 12 29 OUTPUT 29 OUTPUT 7 12 29 OUTP~T 29 
OUTPUT 6 13 28 OUTPUT 30 OUTPUT 6 13 28 OUTPUT 30 
OUTPUT 5 14 27 OUTPUT 31 OUTPUT 5 14 27 OUTPUT 31 
OUTPUT 4 15 26 OUTPUT 32 OUTPUT 4 15 26 OUTPUT 32 
OUTPUT 3 16 25 OUTPUT 33 OUTPUT 3 16 25 BRIGHTNESS/BLANKING CONTROL 
OUTPUT 2 17 24 OUTPUT 34 OUTPUT 2 17 24 ENA8LE 
OUTPUT 1 18 23 OUTPUT 35 OUTPUT 1 18 23 DATA OUT 

VOIS 19 22 DATA IN VOIS 19 22 DATA IN 
VOOI+5V) 20 21 CLOCK VOOI+5V) 20 21 CLOCK 

Order Number MM58348, MM58341 
NS Package N40A 

Figure 2_ 
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Absolute Maximum Ratings 
Voltage at Any Input Pin 
Voltage at Any Display Pin 
Operating Temperature 
Storage Temperature 
Power Dissipation 

Voo +0.3 V to Vss -0.3 V 
Voo to Voo -40V 

-40·C to 85·C 
-65·C to 150·C 
500mWat 85·C 
750mW at 25·C 

Junction Temperature 130·C 
Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics TA within operating range, Voo = 5V ± 0.5V, Vss = OV, unless otherwise specified 

Parameter Conditions 

Power Supply 
Voo Vss'=OV 
Vols Voo=5V 

Vss=OV 

Power Supply Current 
Iss Voo=5V 

Vss=OV 
, IDis VDls=-25V 

Input Logic Level 
Data In, Clock Enable Voo = 5.0 ± 0.5V 

Vss=O 
Logic "0" 
Logic "1" 

Input Current 
Data In, Clock Enable 

Output Impedance 
Output Off VOIS = -27V, VOUT = VOIS + 2 
Output On ISOURCE = 3mA 

Input Clock 
, Frequency Voo=4.5V 
Rise Time 

Functional Description 
This series of products Is specifically designed to drive 
either 4 or 5dlglt non·multlplexed high voltage displays 
(e.g., dynamic scattering LCD or gas discharge) or multi· 
digit dot matrix high voltage displays (e.g., VF). Charac· 
ter generation is done externally In the microprocessor, 
with a serial data path to the display driver. Two data 
transfer modes and display brightness controls exist. 
The MM58348 uses two signals, data and clock, with a 
format of a leading '1; followed by the 35,data bits, 
hence allowing data transfer without an additional load 
signal. Display brightness can be achieved through 
software control with the MM58348. The MM58341 uses 
a standard MICROWIRETM Interface for data transfer. 
Display brightness is determined by the duty cycle of 
the brightness/blanking input. Full brightness Is 
obtained with a logic '0' at this Input and blanking with 
a logic '1'. A block diagram Is shown In Figure 1. 

Figure 2 shows the pinout of the MM58348 series. Bit 1 
is the first bit to be loaded (following the start bit of 
MM58348). A logic '1' at the Input will turn on the' 
appropriate display segment output. Figure 5 describes 
the combined MOS and Junction F.E.T. output struc
ture. The Junction F.E.T. has a pinch-off voltage In 
excess of 32V and may be viewed simply as a. high 
Impedance resistor. 

MICAOWIRE Is a trademark of National Semiconductor Corp, 
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Min. Typ. Max. Units 

4.5 5.0 5.5 V 
-10 -27 V 

10 100 ,..A 

5 12 mA 

Vss 0.8 V 
2.4 Voo 

10 ,..A 

200 kQ 
250 400 Q . 

500 kHz 
200 ns 

Figure 4 illustrates both possible microprocessor Inter
faces. In 4a, a start bit of logic '1' precedes the 35 bits of 
data. At the 36th clock a LOAD signal Is generated syn· 
chronously with the high state of the clock, which loads 
the 35 bits of shift registers Into the latches. At the low 
state of the clock a RESET signal Is generated which 
clears all the shift registers for the next set of data. 
Hence a complete set of 36 clocks Is needed or the shift 
register will not clear. 

In Figure 4b, the ENABLE signal acts as an envelope 
and only while this signal Is at a logic '1' does the circuit 
accept CLOCK Input signals. Data is transferred and 
shifted in the Internal shift register on the rising clock 
edge, i.e., '0' - '1' transition. When the ENABLE signal 
goes low, the contents of the shift register are latched 
and the display will show new data. During data 
transfer, the display will continue to show old data. 
DATA OUT Is also provided In this mode, being output 
on the failing clock edge. 

When the chip first powers on, an internal reset Is gen· 
erated which resets all registers and latches. The chip 
returns to normal operation on application of the start 
bit and the first clock for MM58348 or an application of 
ENABLE for MM58341. All Interface signals from the 
microprocessor should be Inactive at power on. 



Timing Diagram 

Data Format 

INPUT 
FROM 
LATCH 

VoD 

CLOCK /\ ~ 
-J ~I_ ~ 

DATA -.----""""")K .... _____ _ 
Figure 3. 

1 ~ 

CLDCK~~ 
START BIT 1 BIT 35 

~~~L--_ 
LOAD 

1/ n (INTERNAL) __________ ~I_---___:_-..... 

RESET II 
II 

, , (INTERNAL) __________ ~I_------...... 

CLOCK 

ENABLE 

DATA IN 

DATA OUT 

Figure 4a. MM58348 Microprocessor Interlace 

.I_~I~~S 
r-+----i--i----------~·L 

I 

-'ir50ons MAX" 

y--"""'"'\ 
----------------~ -----------

VDD 

OUTPUT 

VOIS 

Figure 4b. MM58341 Microprocessor Interlace 

Typical Application 

·For high current displays, MM58348 outputs may need"to be paralleled or, as an 
alternative, the 058881 may be required to be used as a grid driver. 

Figure 5. Output Structure Figure 6. Word Processor Application 

5-121 





Section 6 
Standard 
Controllers 





s: 
~National PRELIMINARY s: 
~ Semiconductor 

MM57409 Super Number Cruncher 

General Description 
The MM57409 Super Number Cruncher is designed to 
function as a peripheral arithmetic processor in micro· 
processor applications. Data and instructions are trans· 
ferred asynchronously between processor and peripheral 
using the standard B·bit MICROBUSTM. Software develop· 
ment is greatly simplified when using the MM57409's cal· 
culator keyboard level language. This means that com· 
plex arithmetic functions can be incorporated in micro· 
processor software quickly and easily by any program· 
mer familiar with the operation of a scientific calculator. 

Besides arithmetic operations, the device has internal 
number storage, input/output instructions and test and 
branch capability. In the stand·alone mode, an B·bit 
address is present on the PCO-PC7 pins for interface to 
an external program PROM, ROM, or RAM. 

Features 
• Scientific calculator instructions (RPN) 

- Up to 12·digit mantissa, 2·digit exponent 
- Four·register stack, one memory register 
- Trigonometric functions, logarithmic functions, 

VX, eX, pi 
- Error flag generation and recovery 

VCC 
CLOCK 

CKO 

R7 
2' PC7 
25 PC6 

R6 
26 pe5 

R5 
27 PC4 

R. PC FOR STAND ALONE 

• Flexible input/output 
- Multidigit I/O instructions (IN, OUT) with floating 

pOint or scientific notations 
- Programmable mantissa digit count for IN, OUT 

instructions 
- Sense input and flag outputs 

• Branch control 
- Conditional and unconditional program branching 

• Interface simplicity 
- On·chlp clock OSC 

- MICROBUS interface 

Applications 
• Instruments 

• Microprocessor/minicomputer peripheral 

• Test equipment 

• Process controllers 

MICROBUS Is a trademark of National Semiconductor Corp. 

28 PC3 
R3 MOOE OR GENERAL 110· 

R2 

Rl 

RO 

SUPER 
(28) DO NUMBER 

CRUNCHER (27) 01 

(26) 02 

(25) 03 

= SYNC RIVI 

29 PC2 

30 PCl 
31 peD 

19 00 
18 0, l GENERAL PURPOSE 17 02 OUTPUTS 
16 0 

·THESE PINS DELETED 
FOR 28·PIN PACKAGE. 
NUMBERS IN PARENTHESES 
ARE PIN NUMBERS FOR 2B·PIN 
PACKAGE. 

Figure 1. Super Number Cruncher- Pinout 
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+V 

8·BIT DATA BUS 
00·07 

SNC 

RiiS 
READ STROBE 

MICROPROCESSOR WRS WRITE STROBE 
INTR/ROY 

cs CHIP SELECT 

Super Number Cruncher Interface 
with 8·BIt Microprocessor 

CJ1 ..... 
~ 
CD 



Data Entry Instructions 

a Mantissa or exponent digits. On first digit (d), 
1 if prior code was not EN (Enter), get stack push: 

was 
2 Z-t 
3 V-Z 
4 X-V 
5 d-X 
6 If prior code was EN, get simply d. 
7 Set number entry mode. See number entry de· 

scription. 
B 
9 
DP 

EE 

CS 

Pi 

AIN1 

NOP1 

Decimal poinl. Digits that follow will be man· 
tissa fraction. If first "numeric" entry, initiates 
number entry mode as above. 

Enter Exponenl. Digits that follow will be expo
nent. If first "numeric" entry, initiates number 
entry mode as above and loads 1 to mantissa. 

Change Sign. If EE instruction was executed 
after last number entry initiation, changes 
exponent sign X; else changes sign X mantis
sa. Does not initiate number entry. 

3.14159265359-X; iffirst numeric entry, initiate 
number entry mode (stack push) as above. 

Single-Digit Asynchronous input initiates num
ber entry as above. See input/output descrip
tion. 

No operation. Do nothing. Status not altered in 
anyway. 

Data Input 

IN Multidigit inpLit instruction - SNC accepts all 
required data for input. See input/output des
cription for further explanation. 

AIN2 Asynchronous input 2. 2-byte instruction. Write 
a single digit, any digit, in x. Second byte of form 
Nx where N = O-F for digit address in register 
x = BCD data. See input/output description for 
further explanation. 

I DPC Load PC/B-bit general 110 port with daa con
tained in next byte. 2-byte instruction. 

NOP2 Terminate number entry; no other operation. 

Mode and Flag Instructions 

RAD 

DEG 

Set radian angular mode. 

Set degrees angular mode default mode. 

RIO Enable R as general 110. 

RPC Enable R as program counter. 

NORND Disable round to MDC on output. 

RND Disable round to MDC on output default mode. 

FLP 

SCI 

SIF1 

RIF1 

SIF2 

RIF2 

Set floating point 110 mode. 

Set scientific notation 110 mode-default 
mode. 

Set internal flag 1. 

Reset internal flag 1. 

Set internal flag 2. 

Reset internal flag 2. 
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SIF3 Set internal flag 3. 

RIF3 Reset internal flag 3. 

SIF4 Set internal flag 4. 

RIF4 Reset internal flag 4. 

Math Instructions 

CLRX 

EN 

NOP2 

ROLL 

a-x 

Enter, terminate number entry and push stack. 
z-t 
y-+z 
x-y 

same number in x and y. 

Terminate number entry, no other operation. 

Roll Stack 
+-+x-y-z-t-+ 

SIN Sin (x)-x; y,z,t,m unchanged. 

COS COS (x)-+x; y,z,t,m unchanged. 

TAN Tan (x)-x; y,z,t,m unchanged. 

ARCSIN Sin-1 (x)-+x; y,z,t,m unchanged. 

ARCCOS COS-1 (x)-x; y,z,t,m unchanged. 

ARCTAN 

NOP2 

ECLR 

RTD 

DTR 

Tan-1 (x)-x; y,z,t,m unchanged. 

Terminates number entry, no other operation. 

Clear Error Flag. 

Convert x; radians to degrees y,z,t,m unchang
ed. 

Convert x; degrees to radians y,z,t,m unchang
ed. 

POP Pop Stack: 
y-x 
z-y 
t-z 
o-t 

MCLR Clear all internal registers and outputs; 10 MDC 
scientific notation; rouna to MDC on output. 

XEV Exchange X,y x +-+y 

EX eX-x; y,z,t,m unchanged. 

10X 10x-x; y,z,t,m unchanged. 

SQ 

SQRT 

LN 

LOG 

1/X 

vx 
+ 

x2-x; y,z,t,m unchanged. 

(X)O.5_ X; y,z,t,m unchanged. 

In x-+x; y,z,t,m unchanged. 

log x-x; y,z,t,m unchanged. 

1/x-x; y,z,t,m unchanged. 

yX-x; z-y, t-+z, O-t. 

x+y-x; z-y, t-z, 0-+1. 

x-y-x; z-y, t-z, 0-1. 

x x ·y-x; z-y, t-z, 0-1. 

x/y-+x; z-y, t-+z, O-t. 

NOP2 Terminate number entry, no other operation. 

LSH Left shift x mantissa, DP unchanged, MSD 
saved in guardllink digit. 

RSH Right shift x mantissa, DP unchanged, link/ 
guard digit MSD. 



Test Instructions 

TJC If jump condition (input JC) true, load PC with 
data in second byte. 

TX = ° If X = 0, load PC with data in second byte. 

TX<TO If X<O, load PC with data In second byte. 

TXF If 1 x 1<0, load PC with data in second byte; 
TERR If error flag set, load PC with data in second 

byte. 

JMP Load PC with data in second byte. 

TMNZ 

TM=O 

TF1 

IBMNZ 

DBMNZ 

TF2 

TIF1 

If M = 0, load PC with data in second byte. 

If M = 0, load PC with data in second byte. 

If F1 = 1, load PC with data in second byte. 

Increment M matissa. If M = 0, load PC with 
data in second byte. 

Decrement M matissa. If M = 0, load PC with 
data in second byte. 

If F2 = 1, load PC with data in second byte. 
If internal flag 1 = 1, load PC with data in 

TI F2 If internal flag 2 = 1, load PC with data in 
second byte. 

TIF3 If internal flag 3 = 1, load PC with data in 
second byte. 

TIF4 If internal flag 4 = 1, load PC with data in 
second byte. 

Memory Instructions 

XEM 

MS 

MR 

M+ 

M-
I'll" 

MI 
CLRM 

NOP2 

x-M; exchange x, memory. 

x-+M; store x in memory. 

M-+x; stack pushed; 
M-+x-+y-+z-+t 

M+x-+M; x,y,z,t unchanged. 

M-x-+M; x,y,z,t unchanged. 
•• - ••..... - ................. "".0'" 
.. 'I.... ..,' .~I,I ,-,- -". 

M/x-+M; x,y,z,t unchanged. 
O-+M. 

Terminate Number Entry, no other operation. 
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Digit Count Control 

SMDC1 Set Mantissa Digit Count = 1. 

SMDC2 Set Mantissa Digit Count = 2. 

SMDC3 Set Mantissa Digit Count = 3. 

SMDC4 Set Mantissa Digit Count = 4. 

SMDC5 Set Mantissa Digit Count = 5. 

SMDC6 Set Mantissa Digit Count = 6. 

SMDC7 Set Mantissa Digit Count = 7. 

SMDC8 Set Mantissa Digit Count = 8. 

SMDC9 Set Mantissa Digit Count = 9. 

SMDC10 Set Mantissa Digit Count = 10. 
SMDC11 Set Mantissa Digit Count = 11. 

SMDC12 Set Mantissa Digit Count = 12. 

NOP2 
NOP2 
NOP2 
NOP2 

Terminate number entry, 
no other operation. 

Output Control Instruction 

ROFF 

RON 

NOP2 

SF1 

PF1 

SF2 

PF2 

NOP2 

NOP2 

PRW 

PRW 
PRW 

Tristate R port, disallowed if R is program 
counter. 

Enable R drives. 
Terminate number entry, no other operation. 

Set F1 to 1. 

F1 is pulsed high. If F1 Is set, results in F1 being 
reset. 

Set F2 to 1. 

F2 is pulsed high. If F2 is set, results in F2 
-being reset. 

Terminate number entry; no other operation. 

Active low pulse (low going) generated at RIW. 

Active low pulse (low going) generated at RIW. 

Active lOW pUlse \IOW 90IlIIl} Il"""''''''';,,; -;;;;:. 
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MM57436 Decimal/Binary Up/Down Counter 
General D~scription Features 
The MM57436 Counter, an NMOS silicon gate technology 
device, is designed to be a minimal solution Decimal! 
Binary Up/Down counter with display capability. The 
counter length is user selectable at 4 digits deCimal (16 
bits binary) or B digits decimal (32 bits binary). The device 
has the capability of direct drive of a 4 digit multiplexed 
LED display. In the B-digit (32·bit) mode, the user may di· 
rect either the top four digits or lower four digits to the 
display. The MM57436 will run off an internal RC oscillator 
or the user may supply an external oscillator for greater 
precision in the count rate. 

• . Decimal or binary count 

• Up or down count 

• 4 or B digit (16 or 32 bit) counter length 

• 4 digit, seven segment multiplexed LED display drive 

• User display control 

• Single supply operation 

• Wide supply range (4.5V-9.5V) 

• TTL compatible on inputs 

GNDl _ 1 24 _ 03 

VCC2 - 2 23 - 02 

DSCIN - 3 22-01 

RESET _ 4 21-00 

D~m~i --- 5 20 - GND2 
4/8 DIGIT DECIMAL Sg - 6 

MM57436 19 - (16/32 BIT BINARY) 
SI- 7 18 - UP/DOWN 

Se - 8 17 - DECIMAl! BINARY 

VCCl - 9 16-N.C. 

Sd- 10 15 - N.C. 

Se- II 14 - COUNT 

Sb- 12 13 - Sa 

Top View 

Order Number MM57436N 
NS Package N24A 

Pin 

OSCIN 

Display 
Select 

SA-SG 
COUNT 

Decimall 
Binary 

UplDown 

4/B Digit 
(16/32 Bit 
Binary) 

Do-D3 

VCC1 , VCC2 

GND1, 
GND2 

Description 

Oscillator Input - External Oscillator or 
RC 

Control line to display upper or lower 4 
digits (16 bits) of B·digit (32·bit) counter 

Multiplexed 7-segment outputs 

Input for signal to be counted 

Counter mode control 

Up·down count control 

Counter length control 

Display digit strobes 

Power supply 

Ground 

Figure 1. Connection Diagram 
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Absolute Maximum Ratings 
Voltage at Any Pin Relative to GND1 

Ambient Operating Temperature 
Ambient Storage Temperature 
Lead Temperature (Soldering, 10 Seconds) 
Power Dissipation 

-0.3Vto +10V 
O·Cto +70·C 

-65·C to +150·C 
300·C 

0.75 Walt at 25·C 
0.4 Watt at 70·C 

"Absolute Maximum Ratings" indicate limits beyond which 
damage to the device may occur. DCand AC electrical specifica· 
tions are not ensured when operating the device at absolute 
maximum ratings. 

DC Electrical Characteristics O·C ... TA ... 70·C, 4.5V ... Vce'" 9.5V, unless otherwise specified 

Parameter 

Operating Voltage (Vecl 

Operating Supply Cu(rent 

Input Voltage Levels 
OSC IN, RESET Levels 

Logic High (V1H) 
Logic Low (V1u 

All Other Inputs 
Logic High (V1H) 
Logic High (V1H) 
Logic Low (VILl 

Output Current Levels 
Output Sink Current 

00-03 (Iou 

SA-SG (loll 

Output Source Current 
!:: •. !::- II~,.,\ 

Conditions 

(all inputs and outputs open) 

Vee =9.5V 
Vee=5V ± 10% 

Vee = 9.5V, VOL = 1.0V 
Vee = 4.5V, VOL = 1.0V 
Vee = 9.5V, VOL = 0.4V 
Vce = 4.5V, VOL = O.4V 

Vr.r. = 9.5V, VOH = 2.0V 
Vee = 6.0V, VOH = <!.uv 

Min. 

4.5 

0.7 Vee 

3.0 
2.0 

30 
15 
0.8 
0.4 

-3.0 
-..:J.Y 

Typ, Max. 

9.5 

6.0 

0.6 

0.8 

-35 

Units 

V 

mA 

V 
V 

V 
V 
V 

mA 
mA 
mA 
mA 

mA 
",11 

AC Electrical Characteristics o·c ... TA ... 70·C, 4.5V ... Vee'" 9.5V, unless otherwise specified 

Parameter 

OSCIN 
Frequency 

Duty Cycle 
Rise Time 
Fall Time 

Internal Time Base 
(= 4/Frequeney) 

OSC IN Using RC 
Frequency 
Internal Time Base 

(= 4/Frequency) 

Inputs 
UplDown, Display Select 

tSETUP 

tHOLO 
Count 

tSETUP 

tHOLD 

Conditions 

R=56kQ±5%, 
C=100pF±10% 
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Min. 

100 
40 

15 

140 

15 

Typ. Max. Units 

266.67 kHz 
60 % 
1 ,..S 
1 ,..s 

40 ,..S 

266.67 kHz 

28 ,..s 

8 ,..s 
1 

2 ,..s 
1 ~" .~ 

d 



~ 
~ 
LD 
:E 
:E 

, 

AC Electrical Characteristics (continued) o·c., TA ., 70 ·C, 4.5V., Vee" 9.5V, unless otherwise specified 

Parameter Conditions 

Count Input Frequency 4 Digit Decimal Up Count 
asc IN = 266.67 kHz 
asc IN = 100kHz 

4 Digit Decimal Down Count 
asc IN = 266.67 kHz 
asc IN = 100kHz 

8 Digit Decimal Up Count 
asc IN = 266.67 kHz 
asc IN = 100kHz 

8 Digit Decimal Down Count 
asc IN = 266.67 kHz 
asc IN = 100kHz 

16 Bit Binary Up Count 
asc IN = 266.67 kHz 
asc IN = 100kHz 

16 Bit Binary Down Count 
asc IN = 266.67 kHz 
asc IN = 100kHz 

32 Bit Binary Up Count 
OSC IN = 266.67 kHz 
OSC IN=100kHz 

32 Bit Binary Down Count 
OSC IN = 266.67 kHz 
OSC IN = 100kHz 

Pulse Width asc IN = 100kHz 
(= 8/0SC IN Frequency) asc IN = 266.67 kHz 

RESET Input Pulae Width Resetting device while 
device running 
OSC IN = 100kHz 
OSC IN = 266.67 kHz 

Functional Description 
The MM57436 will count' pulses at its count input and will 
display 4 digits of the resultant count. Under user control 
the device will count in either decimal or binary and will 
either count up or count down. The user may also select 
which group of 4 digits (16 bits) is to be displayed. 

The display is standard, seven-segment for the decimal 
counter. In the binary mode, hex characters are displayed 
as follows: 

0-9, A, b, C, d, E, F 

The mode controls of the MM57436 are as follows: 

DecimallBinary - With this pin left open or tied tq Vee, 
the MM57436 is a decimal counter. Connecting this pin 
to output D1 converts the MM57436 to a binary counter. 
This mode is a strap option and may not be changed 
while the device is running. 

4I8-Di9it Decimal (16/32-Bit Binary) - With this pin left 
open or tied to Vee the MM57436 is a 4-digit decimal or 
16-bit binary counter. Connecting this pin to ground 
converts the MM57436 to an 8-dlgit decimal or 32 bit 
binary counter. The counter length is a strap option and 
may not be changed while the device is running. 
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Min. Typ. Max_ Units 

14.4 kHz 
5.43 kHz 

13.6 kHz 
5.13 kHz 

9.52 kHz 
3.57 kHz 

9.17 kHz 
3.44 kHz 

16.3 kHz 
6.14 kHz 

15.3 kHz 
5.76 kHz 

11.2 kHz 
4.21 kHz 

10.3 kHz 
3.86 kHz 

80 I's 
30 I'S 

160 I'S 
60 I'S 

UplDown - With this pin left open or at a logic "1" 
(positive logic) the MM57436 will increment its internal 
counter by 1 with every pulse input at the COUNT input. 
With this pin connected to ground or to a logic "0" 
(positive logic), the MM57436 will decrement its internal 
counter by 1 with every pulse at the COUNT input. This 
input may be tied high or low, may come from a switch 
or may be controlled by a logic signal. It maybe changed 
by the user at any time. Note, if this input is to be con
trolled by a mechanical switch some external debounce 
protection may be required depending on the application. 
Thore is no debounce protection internally on this input. 

Display Select - With this input tied to Vcc or at a logic 
"1", the MM57436 will display the upper 4 digits (16 bits) 
of the 8 digit (32 bit) counter. Connecting this pin to 
ground or to a logic "0" will cause the lower 4 digits of 
the 8 digit counter to be displayed. If the MM57436 is 
operating as a 4-digit counter (pin 19 open or at Vee> the 
Display Select input is ignored and has no effect what
soever on the display. This input may be hard wired to 
either Vee or ground; may be controlled by a switch or 
may be controlled by a logic signal. The input may be 
changed at any time by the user without impairing the 
operation of the device. 

; 

: ~ 
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General Operation 

Initialization 

The RESET logic will clear the MM57436 if the power 
supply rise time is between 1 ms and 1,..s. If the power 
supply rise time is greater than 1 ms, the user must pro· 
vide an external RC network and diode to the RESET pin 
as shown below (Figure 2). The RESET input is configured 
as a Scbmitt trigger input. The user may control this 
with an external signal if desired as long as the proper 
levels are maintained. The RESET pin is the means by 
which the user may clear the counter. RESET may be 
brought low at any time. The MM57436 will be cleared 
whenever the proper "0" level is applied at the RESET 
input provided the input stays low.for at least 16 clock 
cycles. If the reset pfn is not used it should be connected 
toVcc· 

S 
U 
P 
P 
L 
Y 

t----I RESET MM57436 

Re ;. 5 x POWER SUPPLY RISE TIME 

\\:C2 

Figure 2. Power· Up Clear Circuit 

Oscillator 

The user has the option of connecting an RC network to 
the OSC IN pin and using the internal oscillator or he 
may supply an external oscillator to the OSC IN pin. The 
OSC IN input is a Schmitt trigger input and the user must 
insure that the proper levels are met when supplying an 
external cloCk. 

MM57436 

OSC IN 

O.7Vec ill ~' 
O.6V 

EXTERNAL CLOCK 

J 

The external oscillator is recommended when the count
ing speed and/or the stability of the counting speed Is 
critical. The internal RC oscillator is only accurate to 
about ±15% to ±20%. However, if practical in the 
application, the RC network can be tuned for the cleslred 
operating frequency. Some typical RC values that place 
the operating speed at near the maximum are shown 
below (Figure 3). 

Power Supply 

The MM57436 has two Vcc pins: VCC1 and VCC2 - and two 
ground pins: GND1 and GND2. Both VCC1 and VCC2 must 
be connected to the positive supply (Vcd.' Both GND1 
and GND2 must be connected to ground. Failure to do 
this will result in improper operation of the MM57436. 

Count Input 

The MM57436 counts negative-going pulses at the 
::::::.:;-:~ !;-:~:.:!. T~e ',i,irlth nf the negative-ooino (logic "1" 
to logic "0") must be at least 8 times the oscillator cycle 
time. 

In order to maximize the counting speed and not to miss 
any pulses, during the display cycles, the MM57436 has 
a 4-bit register at the COUNT Input which will accumulate 
up to 15 counts. This register Is added/subtracted from 
the counter. Therefore at the higher input count speeds, 
when the counter is changed from an up counter to a 
down counter or vice versa, there Is a window'of up to 15 
counts - the max'imum value In the input register - In 
the count. This effect is completely unobservable at 
slow input count speeds and gradually becomes more 
noticeable as the repetition rate of the count pulse 
increases. If the up/down mode is not changed during 
operation, the only observable effect of the input register 
Is that the display may appear to increment or decrement 
:-~ ... ':' .. , .... 0:0 ~ .. ooot.o.r th~n 1 

Vec 

f 
MM57436 

OSCIN 

I 
RC Controlled Oscillator 

R(kQ) C(pF) asc IN Period !/As) 

51 100 4.75 ± 15% 

82 56 4.75 ± 13% 

Figure 3. MM57436 Oscillator 
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Input/Output Characteristics 

. Inputs 

The MM57436 has three types of inputs. Figure 4a is the 
input with a depletion load to Vcc found on pins 17, 18, 
and 19 (Decimal/Binary, Up/Down, 4/8 Digit). Figure 4b is 
a slightly different type of input with a depletion load to 
Vcc found on pins 4 and 14 (RESET, COUNT). The re
maining input, pin 5-Display Select, has no load device 

'(Figure 4c). 

Vee 

INPUT INPUT 

Outputs 

There are only two types of outputs on the MM57436: 
the segment drivers (Figure 5a) and the digit drivers 
(Figure 5b). 

Vee 

.. = DEPLETION DEVICE 

a_ Pins 17, 18, 19 b. Pins 4, 14 c. Pin 5 

Figure 4. Input Configurations 

Vee 

Vee 

.. = DEPLETION DEVICE 

a. Segment Driver Outputs b. Digit Driver Outputs 

Figure 5_ Output Configurations 
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Figure 6. I/O DC Current Characteristics 
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4/8 VCC1 13 

Vee OR N/C 
OIGIT 

12 
Vee RESET Sb 

COUNT UP Sc 
11 

18 
UP/OOWN Sd 

10 

COUNT DOWNl S, 

Sf 

MM57436 
Sg 

OECIMAL! 17 
BINARY 

lSLJ 14 
COUNT 24 

D3 

02 
23 

0, 
22 

DISPLAY 21 

SELECT GND1- GND2 
00 

20 

-::- -::-

Figure 7_ MM57436 as 16-Bit Binary Counter with RC Oscillator and Switch-Controlled Up/Down Mode 

Vee 

13 

Sb 
12 

-::- Sc 
11 

17 
Sd 

10 
Vee OR N/C OECIMAL/8INARY 

S, 
19 • 4/8 DIGIT Sf 

Vee -::- Sg 
MM57436 

DISPLAY TOP 
4 DIGITS 

OISPLAY 
DISPLAY LOWER 1 SELECT 

4 DIGITS 03 
24 

02 
23 

lSLJ 14 
COUNT 0, 

22 

21 
GND1 GND2 00 

20 

Figure 8_ MM57436 as 8-Digit Decimal Down Counter with Extenal Oscillator 
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~National a Semiconductor 

MM57455 Advanced Educational Arithmetic Game 
General Description 
Figure 1 contains an electrical diagram of a complete 
teaching game system. 

Features 
• Produces add, subtract, multiply, and divide problems 

which teach basic arithmetic 

• 6,562 different problems are produced 

• Problems are generated randomly and al,ltomatically 

• Automatic entry, no "ENTER" key is needed 

• If the wrong answer is entered, "E" appears in the 
display and the user gets a second try 

• If the user answers incorrectly on both tries, the cor
rect answer is flashed in the display 

Electrical Diagram 

15-12 S.-Sg 
B-6 

28 
Do 

27 
D, 

26 "2 

25 
D3 

21 
D4 

22 
D5 

MM57455 D6 
23 

24 
D7 

19 
INo 

9 
IN, 

INz 
10 

20 
IN3 II CKI RESET Vee 

3 4 lB SK 

t 47k 

Vee 

:~ .. 2N2907 
Vee 

lOOk .,,< GREEN 
I ?/ LED 

-I-

rl00PF IO.l~F 50012 

-'-
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• Internal timer gives the user about 10 seconds to 
answer. If he doesn't answer, the problem is counted 
wrong 

• Ten problems in each problem set 

• Number of problems correct appears in the display at 
the end of a problem set, with the green LED flashing 

• "TABLE" button causes non-random problems to be 
generated 

• "COMPLEX" button causes algebra-type problems to 
be generated 

• "AMATEUR/PRO" buttons select easy/hard addition 
and subtraction problems 

• "NORMAL/FAST" buttons select 10 or 3 seconas io 
answer a problem 

• Automatically begins game on power "ON" 

• Low system cost (Figure 1) 

AMATEUR 7 4 1 SLOW 

L PRO B 5 2 FAST 

ALGEBRA 9 6 3 0 

TABLE I x - + 



Absolute Maximum Ratings 
Voltage at Any Pin Relative to GN 01 
Ambient Operating Temperature 
Ambient Storage Temperature 
Lead Temperature (Soldering, 10 Seconds) 
Power Dissipation 

-O.3Vto +10V 
O·Cto +70·C 

-65·Cto +150·C 
300·C 

0.75 Watt at 25·C 
0.4 Watt at 70·C 

"Absolute Maximum Ratings" indicate limits beyond which dam· 
age to the device may occur. DC andAC electrical specifications 
are not ensured when operating the device at absolute maximum 
ratings. 

DC Electrical Characteristics O·C" TA " 70 ·C, 4.5V " Vcc " 9.5V, unless otherwise specified 

Parameter Conditions 

Operating Voltage (Vccl 

Operating Supply Current (all inputs and outputs open) 

Input Voltage Levels 
OSCIN,~ 

Logic High (V1H) 
Logic Low (VIlJ 

All Other Inputs 
Logic High (V1H) Vcc=9.5V 
Logic High (V1H) Vcc.=5V± 10% 
Logic Low (VII) 

Output Current Levels 
Ouptut Sink Current 

00-07 (loJ Vcc = 9.5V, VOL = 1.0V 
Vcc = 4.5V, VOL = 1.0V 

S.-Sg (loJ Vcc = 9.5V, VOL = 0.4V 
Vee = 4.5V, VOL = 0.4V 

Output Source Current 
S.-Sg (IOH) Vee = 9.5V, VOH = 2.0V 

Vee = 6.0V, VOH = 2.0V 

Functional Description 

Display Configuration 

The special LED display used with the MM57455 displays 
any of the 4 symbols" + ", "- ", "x ", "I" in the third digit 
position. An "=" is displayed in the sixth digit position. 
The remaining 6 digits are normal 7·segment numeral 
displays. 

Power "ON" 

Upon powering "ON" the MM57455, it begins displaying 
the sysmbols "+", "_", "x", "I", "+", ... one after ano
ther, each lasting about V. second. This indicates that it 
is at the beginning of a "problem set" and ready to ac
cept a function key input. 

Key Operations 

Function Keys u+" "_" IIX" I'/,' 

One of these keys i~ dep;essed to begin a problem set. 
After pressing one of these keys, a randomly generated 
problem appears in the display. The problem is either 
"+", "_", "x", "I", depending on the key that was 
pressed. 
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Min. Typ. Max. Units 

4.5 9.5 V 

8 mA 

0.7Vcc V 
0.6 V 

3.0 V 
2.0 V 

0.8 V 

30 mA 
15 mA 
0.8 mA 
0.4 mA 

-3.0 -35 mA 
-3.0 -25 mA 

Number Keys, "0-9" 

These keys are used io enter answers to problems. After 
a problem appears in the display, the user has 2 tries to 
answer it correctly. 

Green LED 

If the user keys in the correct answer to a problem, the 
green LED lights up immediately for 1 V. seconds. Then 
a new problem appears. 

Incorrect Answer Indicator 

If the user keys in a wrong answer to a problem, his 
answer disappears in the display and an "E" appears. 

Second Try 

If the user answers incorrectly, he gets a second try. 
Whe;l the "E" appears (indicating that the answer is 
wrong), he types in his second try. Again, the green LED 
lights if correct, and an "E" appears if wrong. 

I 



Functional Description (cont'd) 

Internal Timer 

The MM57455 has an internal timer which allows the user 
10 seconds to answer a problem. If he doesn't answer in 
10 seconds, an "E" appears in the display, indicating a 
wrong answer. The user then gets a second try and again 
must answer within 10 seconds. 

Flashing of a Correct Answer 

In the user answers wrong on both tries, the correct 
answer flashes in the display. Then the next problem 
appears. 

Ten Problems per Problem Set 

New problems appear one after another until 10 prob· 
lems have been done. 

Score at End of Problem Set 

After 10 problems are done, the number of problems the 

I I ~I;~'h~~.i g~;~: f~;~~~:~~~;~r;;~!~~'U~~;d!~~r~:~~~it~~ 
16 flashes, the MM57455 again displays "+", "-", "x", 

, "I", "+ ", ... and is ready for another function key entry. 

"TABLE" Key 

If the "TABLE" key is depressed just before pressing a 
function key at the start of a problem set, table problems 
will appear, with a random table digit. 

Example: press "TABLE" x 
and these problems may appear: 

6x1= 
6x2= 
6x3= 

6x 10= 
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A non·random table digit can be selected by depressing 
the desired number (1·10) just before pressing a function 
button at the start of a problem set. 

Example: press 9 x 
and these problems will appear: 

9x1= 
9x2= 
9x3= 

9xO= 

"ALGEBRA" Key 

If the "ALGEBRA" key is depressed just before pressing 
a function key at the start of a problem set, algebra·type 
problems will be displayed (the answer is present and 
nnp of the factors is blank, as: (15 + = 21). The user 
must enter the missing factor. (Note. Both "ALGEBRA" 
and "TABLE" buttons may be pressed before pressing a 
function key. This will cause algebra·type table problems 
to be displayed.) The order of depression is unimportant; 
i.e., "ALGEBRA" or "TABLE" may be pressed first. 

"AMATEUR/PRO" Keys 

These keys select easy ("AMATEUR") or hard ("PRO") 
addition and subtraction problems. Easy means sum < 30 
and difference < 20. Hard means sum < 1 00 and differ· 
ence < 100. 

When power is turned "ON", the machine is in easy 
("AMATEUR") mode. 

"NORMAL/FAST" Keys 

T&.o..-:- ........ L,~:/e. !:Ire IIQo.n tn Qo.lpr.t 10 s,p.:cond ("NORMALII ) or 

3 second ("FAST") answer time. 

When power is turned "ON", the machine is in the 10 
second ("NORMAL") mode. 
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~ ~National 
~ a Semiconductor 
::E 

MM57459 a-Digit LED Direct-Drive Memory Calculator 

General Description 
The single-chip MM57459 calculator was developed using 
an N-channel enhancement and depletion mode MOS/LSI 
technology with a primary object of low end-product cost. 
A complete calculator as shown in Figure 1 requires 
only the MM57459 calculator chip, and X-Y matrix key
board, an NSA1188 LED display and a 9V battery_ 

Keyboard decoding and key debounce circuitry, all 
clocks, and timing generators, power-on clear, and 
7-segment output display decoding are included on
chip, and require no external components_ Segments 
and digits can usually be driven directly from the 
MM57459, as the segments source up to 30mA max. 
peak current and the digit drivers sink 30 mA min. 

Leading zero suppression and a 'floating negative sign 
allow convenient reading of the display and conserve, 
power. Up to 8 digits for positive numbers and 7 for 
negative numbers can be displayed, with the negative 
sign displayed in the left-most position. 

Features 
• 8 Digits with four key memory (M+, M-, MR, MC) 

• Low voltage operation (single power supply) 

• Direct interface with digits and segments of LED dis-
play 

• Percent function with add-on/discount 

• Automatic constant on all five functions 

• Floating minus sign 

• Leading zero suppression 

• Internal clock generator 

• Internal encoding for keyboard inputs 

• Internal debouncing for keyboard inputs 

• Display flash in calculator overflow state 

Typical Keyboard and Connection Diagram 

BBEJEJ GND 24 DO 

INO 23 D1 

I 108 CKI 22 D2 
CLEAR 

RESET 21 D3 

0000 Sf 20 D4 

Sb 19 D5 
MM57459 

00~[J 
Sg 18 D6 

Sd D7 

00[!]G VCC N.C. 

Se N.C. 

G0c:JCJ Sa IN1 

Sp Sc 

Top View 

Order Number MM57459N 
NS Package N24A 
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Absolute Maximum Ratings 
Voltage at Any Pin Relative to GND1 -0.3V to + 10V 
Ambient Operating Temperature O°Cto +70°C 
Ambient Storage Temperature -65°Cto +150°C 
Lead Temperature (Soldering, 10 Seconds) 300°C 
Power Dissipation 0.75 Watt at 25°C 

0.4 Watt at 70 °C 

Absolute Maximum Ratings indicate limits beyond which damage to 
the device may occur. DC and AC electrical specifications are not en· 
sured when operating the device at absolute maximum ratings. 

DC Electrical Characteristics O°C" TA .. 70°C, 4.5V" Vee" 9.5V, unless otherwise specified 

Parameter Conditions Min. Typ. Max. Units 

Operating Voltage (Vee) 4.5 9.5 V 

Operating Supply Current (all inputs and outputs open) 

I 
8 mA 

inpui 'v'oiiClyt: i...~vt::i'> 

CKI, RESET 
Logic High (V'H) 0.7 Vee V 
Logie Low (V,d 0.6 V 

[' All Other Inputs 
Logie High (V'H) Vee =9.5V 3.0 V 
Logie High (V'H) Vee = 5V ± 10% 2.0 V 
Logic Low (V,d 0.8 V 

Output Current Levels 
Ouptut Sink Current 

00 -03 (Iod Vee = 9.5V, VOL = 1.0V 30 mA 
Vee = 4.5V, VOL = 1.0V 15 mA 

Sa,-S9' Sp (Iod Vee = 9.5V, VOL = O.4V 0.8 mA 
Vee = 4.5V, VOL = O.4V 0.4 mA 

Output Source Current 
Sa-S9' Sp (IOH) Vee = 9.5V, VOH = 2.0V -3.0 -35 mA 

1/ __ ~ R OV v~ .. =? OV -3.0 -25 mA 
I -- , 

- , 
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1. Key Definition 

0-0-8 
The first number key in a sequence will clear the display 
and enter the digit in the LSD of the display. Successive 
entries will shift the display left and enter data in the 
LSD. The first decimal point entered is effective. An at. 
tempted entry of more than 8 digits or 7 decimal places 
will be ignored. 

~ - Clear 

Clears the display and constant registers, and the result 
overflow indicator. Memory register is not affected by 
key. In the memory overflow condition, this key is opera· 
tive as a clear memory key. 

~ - Clear Entry 

Clears the display of a number entry. In the result over
flow mode, this key resets the overflow condition and 
allows calculation to continue; however this key is inop
erative during memory overflow. 

~ - Memory Clear 

Clears the memory. 

8- Plus 

Stores an addition operation and performs a possible 
preceding operation. Successive depression of the plus 
key will not affect the display. 

[J - Minus 

Stores a subtract operation and performs a possible 
preceding operation. Repeat subtraction by the minus 
key will not be possible. If this is depressed after a % , 
+ ,or = key, subtraction becomes the pending opera· 

tion. Immediately following a x or ... key, this acts as 
a data entry and -0. is displayed. 

0- Multiply 

Operates the same as the plus key except that a multiply 
command is stored. Successive depression of the mUl
tiply key will not alter the display. 

Ej- Divide 

Operates the same as the plus key except that a divide 
command is stored. Successive depression of the divide 
key will not alter the display. 

GJ - Equal 

Executes any previous operation and maintains that 
operation for possible use in the implied constant mode. 
The first factor entered for multiplication and the second 
factor entered for division, subtraction, and addition, 
are retained for the constant operation. Completes the 
add·on or discount mode when used following the % 
key. The first depression of the equal key immediately 
following a + or - key will not alter the display. 
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~ - Percent 

The purpose of the percent key is to allow forthe calcu· 
lation of add·on and discount. Determination of add·on 
requires the principal amount to be the first enter fol· 
lowed by the + or x key, with the percentage being 
the second entry. Depression of the percent key yields 
the amount to be added·on, such as tax or interest. De· 
pression of the = key adds this amount to be principal. 
Discount is determined in a similar manner using the -
key (x and - keys). In the constant mode, new percent· 
ages to be added-on may be entered while retaining the 
principal amount. 

8 - Memory Recall 

Transfers the contents of the memory register into the 
display register. Memory is retained except in the memo 
ory overflow condition. In this case, memory is cleared 
and its previous contents are displayed in the result over· 
flow mode. 

B - Memory Plus 

Add the current display to the contents of memory. M + 
will termniate a number entry. 

B - Memory Minus 

Subtracts current display from the contents of memory. 
M- will terminate a number entry. 

2. Error Conditions 

Result Overflow 

If the result in absolute value exceeds 108 -1, the display 
will flash, and only the C and CE keys are operative. 

Memory Overflow 

If a M + or M - operation causes the contents of 
memory to exceed the above value, the display will flash. 
In this overflow condition, only the C key is operative. 

3. Operation Characteristics 

Data Entry 

Entry is always floating. On data entry, the data will be 
right hand justified with the last digit entered always 
appearing in the least significant digit position. The dis· 
play register will left shift the display one digit as each 
new digit is entered. 

Data Output 

The output data as a result of a calculation will be right 
hand justified such that trailing insignificant zeros after 
the decimal are not displayed. Numbers less than one (1) 
will be displayed with one leading zero (0.25 for example). 
Numbers greater than one (1) will not display zeros to 
the left of the most significant digit. 



Output Display 

The output segments are fully decoded for standard 
I seven-segment display. The digit outputs are multiplexed 

with the segment scan to provide the output. 

Digit and Segment Buffers 

The segment buffers provide constant drop and operate 
in conjunction with the constant current digit buffers to 
provide display current .. 

Constant Operation 

The MM57459 has an implied constant mode of operation 
on +, - , x , .,. ,and % operations. The constant 
calculation is performed automatically by the = key, 

% key, or % = keys without a constant switch. The 
second operand is treated as the constant for add, sub
tract, and divide and the first operand is the constant 
for multiplication. 

For A ± B%-type calculations, the first operand is treated 
as the constant with the percentage displayed with the 
proper sign. 

Decimal Alignment 

The results of addition or subtraction remain aligned to 
the preceding entry having the most decimal places un
less a right shift Is needed to keep the eight most signi
ficant digits (in which case the least significant decimal 
digits are lost). 

Display Font 

The following table shows the required segment outputs 
as a function of the display. In the truth table, the symbol 
• Is used to indicate a selected segment. 

+V 
I 

~~ 
9 

~ 
Vee 

51k 

ta CKI 

~ GND 

100pF 

-¥ 

KEYBOARD/'"' 

IN, INo 

14 2 , 4 

2 5 

3 6 

+ -

'--' , 

13 12 11 10 8 

S. Sp S, S, Sd 

MM57459N 

07 06 05 04 03 
17 18· 19 20 21 

CE C 7 MC 

° 8 MR . % 9 M-

= ... x M+ 

7 

Sg 

02 
22 

Character Display SA S8 SC SD SE SF 

0 n • '-' 

• 
2 :::J • • L. 

3 :1 .• • 
4 Y 
5 5 
6 5 • 
7 I 
8 B • 
9 9 

Minus Sign 

Dec. Pt. 

RESULT OVF: THE DISPLAY WILL FLASH. 
MEMORY OVF: THE DISPLAY WILL FLASH. 

Floating Minus Sign 

• 
SG SP 

• 
• 
• 
• 
• 

• . ' 

When displaying a negative number the minus indication 
will be located one digit to the left of the MSD display. 

The results of multiplication and division are completely 
right justified such that only the most significant digits are 
displayed (the digits not displayed will be truncated).The 
C key resets decimal alignment. 

Successive Operations 

Only the last operation entered is performed unless a -
entry follows a x or .,. which sets up the calculator for 
numeric entry only. 

II 
6 15 V+ 

Sb S, 

100k 
C DP A E 0 G B F 

RESET r NSA1188 LED DISPLAY 

10.1"F 
1 2 3 4 5 6 7 8 

0, Do 

23 r4 

Figure 1. Typical Calculator Application 
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Section 7 
EPROMs and 
Support Circuits 





~National 
D Semiconductor 

MM271616,384-Bit (2048 x 8) UV Erasable PROM 

General Description 

The MM2716 is a high speed 16k UV erasable and 
electrically reprogrammable EPROM ideally suited for 
applications where fast turn-around and pattern ex
perimentation are important requirements. 

The MM2716 is packaged in a 24-pin dual-in-line pack
age with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
•• I', __ .~ ____ 1\ ___ .••. __ ...... _ .•. ___ ._ ... 1..- __ L..._ ." ........ __ ._ .... _ 

lilt; Ull tJOllt::lll. r"'\ I";;;~II j-'Ullvlll ..... UII l' ...... ' ......... ""'.l ........ ' IlllV 

the device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, N-channel silicon gate technology. 

Block and Connection Diagrams * 

Features 

• 2048 x 8 organization 

• 525 mW max active power, 132 mW max standby 
power 

• Low power during programming 

• Access time-MM2716, 450 ns; MM2716-1, 350 ns; 
MM2716-2, 390 ns 

• Single 5V power supply 

• Inputs and outputs TTL compatible during both 
read and program modes 

• TRI-STATE® output 

-+-- VPP+5V 

+- VCC+5V 

+-- VSS GND 

AJ 

AS 

AS 

Dual-In-Line Package 

14 vee 

13 
A8 

22 A9 

DATA OUTPUTS (PROGRAM INPUTS) 

00-07 .1 00- 071 A4 
11 

VPP 

V GATING 

16,384 
BIT MATRIX 

Pin Connection During Read or Program 

PIN NAME/NUMBER 

CE/PGM OE 
MODE (E/P) (G) VPP VCC OUTPUTS 

18 20 21 24 9-11,13-17 

Read VIL VIL 5 5 DOUT 

Program Pulsed VI L VIH 25 5 DIN 
to VIH 

*Symbols in parentheses are proposed industry standard 
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A3 10 DE iGi 

A1 19 AI0 

Al 
18 

EElPGM (EiP) 

AD 
17 

07 (07) 

00 (00) 
16 

Dli (06) 

0, (011 10 15 
Os (OS) 

01 (01) 11 14 
04 (04) 

vss 
11 13 

03 (03) 

TOP VIEW 

Order Number MM2716Q, MM2716Q-1 
or MM2716Q-2 

See NS Package J24CQ 

Pin Names 

AO-A10 

00-07 (00-07) 
CE/PGM (E/P) 
OE ((3) 

VPP 

VCC 
VSS 

Address Inputs 

Data Outputs 
Chip Enable/Program 

Output Enable 

Read 5V, Program 25V 

Power (5V) 

Ground 



Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -2SoC to +8SoC All Input or Output Voltages with 

Storage Temperature -6SoC to +12SoC Respect to VSS (except VPP) 6V to -0.3V 

VPP Supply Voltage with Respect Power Dissipation 1.SW 

to VSS 26.SV to -0.3V Lead Temperature (Soldering, 10 seconds) 300°C 

READ OPERATION (Note 2) 

DC Operating Characteristics 
TA = oOe to +7oOe, vee = 5V ±5%, (vee = 5V ±10% for MM2716-1), 
Vpp = vee ±O.6V (Note 3), VSS = OV, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

III Input Curr,ent VIN = 5.25V or VIN = VIL 10 pA 

ILO Output Leakage Current VOUT = 5.25V. CE/PGM = 5V 10 pA 

IPPI VPP Supply Current VPP = 5.85V 5 rnA 

ICCl VCC Supply Current (Standby) CE/PGM = VIH. OE = VIL 10 25 rnA 
- --

ICC2 vee Supply Current (Active) CE/PGM = OE = VI L 57 100 rnA 

VIL Input Low Voltage 0.1 0.8 V 

VIH Input High Voltage 2.0 VCC + 1 V 

VOH Output High Voltage 10H = 400 pA 2.4 V 

VOL Output Low Vol tage 10L = 2.1 rnA 0.45 V 

AC Characteristics (Note 4) 

TA = oOe to +70o e, vee = 5V ±5%, (vee = 5V ±10% for MM2716-1), 
Vpp = vee ±O.6V (Note 3), VSS = OV, unless otherwise noted. 

SYMBOL MM2716 MM2716-1 MM2716-2 
PARAMETER CONDITIONS UNITS 

ALTERNATE STANDARD MIN MAX MIN MAX MIN MAX 

tACC TAVOV Address to Output Delay CE/PGM = OE = VIL 450 350 390 ns 

tCE TELOV CE to Output Delay OE = VIL 450 350 390 ns 

tOE TGLOV Output Enable to Output Delay CE/PGM = VIL 120 120 120 ns 

tDF TGHOZ Output Enable High to Output Hi·Z CE/PGM = VIL 0 100 0 100 0 100 ns 

tOH TAXOX Address to Output Hold CE/PGM = OE = VIL 0 0 0 ns 

too TEHOZ CE to Output Hi·Z OE = VIL 0 100 0 100 0 100 ns 

CapaCitance (Note 5) 

T A = 25°e, f = 1 MHz 

SYMBOL PARAMETER CONDITIONS TYP MAX UNITS 

CI Input Capacitance VIN ,;OV 4 6 pF 

CO Output Capacitance VOUT = OV 8 12 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating I 

temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation, 

Note 2: Typical conditions are for operation at: T A = 25° C, VCC = SV, VPP = VCC, and VSS = OV. 

Note 3: VPP may be connected"to vee except during program. The ±O'.6V tolerance allows a circuit to switch VPP between the read voltage 
and the program voltage, 

Note 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times <::: 20 ns. 

Note 5: Capacitance is guaranteed by periodic testing, 
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Switching Time Waveforms * 

Read Cycle (CE/PGM; VIL) 

VIH m~~~~-r-----------~ 
ADDRESSES VALID VALID 

VIL ~~~~~~ ___________ ~ 

IOH 
--(TAXDX)--

VIH ~~~~~~~~~~ 
OUTPUT ENABLE 

VIL ------t-----~--..,._------J 
1-__ ..----i .. -1- 10E tDF 

tACC (TGLDV) (TGHDZ)--
_ __________ ~I~·~~===i(T~A~V!D~V)~ __ ~ .. ~------------------~~ 

VOH Hi-Z 
VALID OUTPUT 

VOL-------------~ ________ J 

Read Cycle (OE ; VI L) 

VIH 
ADDRESSES VAllO VALID 

VIL 

IOH 
--(TAXDX)--

VIH 
CHIP ENABLE 

VIL 

I-ICE tOD .. __ tA~f_______ (TELDV) (TEHDZ) 

VOH 

~ P 
Hi-Z 

OUTPUT VAllO 

VOL 

Standby Power Down Mode (OE ; VI L) 

Hi-Z 

Hi-Z 

VIH~~~~~~~~~~~~~--------------

ADDRESSES VALID VALID 

VIL~~~~~~~~~~~~~----------------

VIH --------1------"1\"-1 
CHIP ENABLE VIL===="f 

---
VOH====V~A=L~ID==F~OR=====\ 

OUTPUT CURRENT ADDRESS 
VOL ;;;;;;;;;;;;;;;;;;;;;;;;;;;;:;;::;;;;;;;;;;;;;;~ 

*Symbols in parentheses are proposed industry standard 

STANDBY 

tOD 
(TEHDZ) 

Hi-Z 
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VALID FOR 
CURRENT ADDRESS 

STANDBY 

Hi-Z 



PROGRAM OPERATION 

. DC Electrical Characteristics and Operating Conditions (Notes 1 and 2) 

(TA; 25°C±5°C) (VCC; 5V ±5%, VPP;.25V±lV) 

SYMBOL PARAMETER MIN TYP MAX UNITS 

III Input Leakage Current (Note 3) 10 IlA 

VIL I nput Low Level -0.1 0.8 V 

VIH Input High Level 2.0 VCC + 1 V 

ICC VCC Power Supply Current 100 mA 

IPP.1 VPP Supply Current (Note 4) 5 mA 

IPP2 VPP Supply Current During 30 mA 

Programming Pulse (Note 5) 

AC Characteristics and Operating Conditions (Notes 1, 2, and 6) 

(T A; 25°C ±5°C) (VCC; 5V ±5%, VPP; 25V ±1V) 

SYMBOL 
PARAMETER MIN TYP MAX UNITS 

ALTERNATE STANDARD 

tAS TAVPH Address Setup Time 2 IlS 

tos TGHPH OE Setup Time 2 IlS 

tDS TDVPH Data Setup Time 2 IlS 

tAH TPLAX Address Hold Time 2 IlS 

tOH TPLGX OE Hold Time 2 IlS 

tDH TPLDX Data Hold Time 2 IlS 

tDF TGHQZ Chip Disable to Output Float 0 100 ns 

Delay (Note 4) 

tCE TGLQV Chip Enable to Output Delay (Note 4) 120 ns 

tpw TPHPL Program Pulse Width 45 50 55 ms 

tpR TPH1PH2 Program Pulse Rise Time 5 ns 

tpF TPL2PL 1 Program Pulse Fall Time 5 ns 

Note 1: vee must be applied at thE' same time or before VPP and removed after or at the same time as VPP. To prevent damage to 
the device it must not be inserted into a board with power applied. 

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V. 

Note 3: 0.45V~ VIN ~ 5.25V. 

Note 4: CE/PGM " VI L, VPP " VCC + O.6V. 
Note 5: VPP"26V. 
Note 6: Transition times::;' 20 ns unless noted otherwise. 
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Timing Diagram * Program Mode 

ADDRESSES 
VIH ==tr--~----t------, 

VIL ==f-'r-------+-.....,.----{ '1-___ _ 

VIH===\' 
DATA 

VIL===~ 

G VIH ----Y---j-t--;;;;;-:-t-"t:-, 
VIL 

E/P VIH -------ii'2 

VIL=====;;;;;;1f 

Functional Description 
DEVICE OPERATION 

The MM2716 has 3 modes of operation in the normal 
system environment. These are shown in Table I. 

Read Mode 

The MM2716 read operation requires that OE ~ VI L, 
CE/PGM ~ VIL and that addresses AO-Al0 have been 
stabilized. Valid data will appear on the output pins 
after tACC, tOE or tCE times (see Switching Time 
Waveforms) depending on which is limiting. 

Deselect Mode 

The MM2716 is deselected by making OE ~ VIH. This 
mode is independent of CE/PGM and the condition of 
the addresses. The 'outputs are Hi·Z when OE ~ VIH. 
This allows OR·tying 2 or more MM2716's for memory 
... ~~ ........ 'oIIV". 

Standby Mode (Power Down) 

The MM2716 may be powered down to the standby 
mode by making CE/PGM ~ VIH. This is independent of 
OE and automatically puts the outputs in their Hi·Z 
state. The power is reduced to 25% (132 mW max) 
of the normal operating power. VCC and VPP must be 
maintained at 5V. Access time at power up remains 
either tACC or tCE (see Switching Time Waveforms). 

PROGRAMMING 

The MM2716' is shipped from National completely 
erased. All bits will be' at a "1" level (output high) 
in .this initial state and after any full erasure. Table II 
snows tne J programming modes . 

TABLE I. OPERATING MODES (VCC ~ VPP ~ 5V) 

PIN NAME/NUMBER 

MODE CE/PGM OE OUTPUTS 
IE/P) (G) 

18 20 9-11.13-17 

Re~d VIL VIL DOUT 

Deselect Don't Care VIH Hi·Z 

Standby VIH Don't Care Hi·Z 

TABLE II. PROGRAMMING MODES (VCC = 5V) 

PIN NAME/NUMBER 

MODE CE/PGM OE VPP OUTPUTS Q 
IE/P) (G) 

18 20 21 9-11,13-17 

Program Pulsed VIL VIH 25 DIN 
to VIH 

Program Verify VIL VIL 25(5) DOUT 

Program Inhibit VIL VIH 25 Hi·Z 

*Symbols in parent~eses are proposed industry standard 
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Functional Description (Continued) 

Program Mode 

The MM2716 is programmed by introducing "O"s into 
the desired locations. This is done 8 bits (a byte) at a 
time. Any individual address, a sequence of addresses, 
or addresses chosen at random maY be programmed. 
Any or all of the 8 bits associated with an address 
location may be programmed with a single program 
pulse applied to the chip enable pin. All input voltage 
levels, including the program pulse on chip enable are 
TTL compatible. The programming sequence is: 

With VPP = 25V, VCC = 5V, DE = VIH and CE/PGM 
= VI L, an address is. selected and the desired data 
word is applied to the output pins. (VIL = "0" and 
VI L = "1" for both address and data.) After the 
address and data signals are stable the program pin 
is pulsed from VIL to VIH with a pulse width be
tween 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(VIH or higher) must nqt be maintained longer than 
tpW(MAX) on the program pin during programming. 
MM2716's may be programmed in parallel with the 
same data in this mode. . 

Program Verify Mode 

The programming of the MM2716 may be verified 
either 1 word at a time during the programming (as 
shown in the timing diagram) or by reading all of the 
words out at the end of the programming sequence. 
This can be done with VPP = 25V (or 5V) in either case. 

Program Inhibit Mode 

The program inhibit mode allows programming several 
MM2716's simultaneously with different data for each 
one by controlling which ones receive the program pulse. 
All similar inputs of the MM2716 may be paralleled. 
Pulsing the program pin (from VI L to VIH) will program 
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a unit while inhibiting the program pulse to a unit will 
keep it from being programmed and keeping DE = V I H 
will put its outputs in the Hi-Z state. 

ERASING 

The MM2716 is erased by exposure to high intensity 
ultraviolet light through the transparent window. This 
exposure discharges the floating gate to its initial state 
through induced photo current. It is recommended 
that the MM2716 be kept out of direct sunlight. The 
UV content of sunli!lht may cause a partial erasure 
of some bits in a relatively short period of time. Direct 
sunlight can also cause temporary functional failure. 
Extended exposure to room level fluorescent lighting 
will also cause erasure. An opaque coating (paint, tape, 
label, etc.) should be placed over the package window 
if this product is to be operated under these lighting 
conditions. 

An ultraviolet source of 2537 A yielding a total inte
grated dosage of 15 watt-seconds/cm 2 is required. 
This will erase the part in approximately 15 to 20 
minutes if a UV lamp with a 12,000 p.W/cm 2 power 
rating is used. The MM2716 to .be erased should be 
placed 1 inch away from the lamp and no filters should 
be used. 

An erasure system should be calibrated periodically. 
The distance from lamp to unit should be maintained 
at 1 inch. The erasure time is increased by the square 
of the distance (if the distance is doubled the erasure 
time goes up by a factor of 4). Lamps lose intensity 
as they age. When a lamp is changed, the distance is 
changed, or the lamp is aged, the system should be 
checked to make certain full erasure is occurring. In
complete erasure will cause symptoms that can be 
misleading. Programmers, components, and system 
designs have been erroneously suspected when incom
plete erasure was the basic problem. 
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NMC27C16 16,384·Bit (2048 x 8) UV Erasable CMOS PROM 
Parameter/Part Number NMC27C16Q·45 NMC27C16Q·55 NMC27C16Q·65 

Access Time (ns) 450 

Active Current (rnA) 5 

Standby Current (rnA) 0.1 

General Description 
The NMC27C16 is a high speed 16k UV erasable and 
electrically reprogrammable CMOS EPROM ideally suited 
for applications where fast turn·around, pattern ex· 
perimentation and low power consumption are important 
requirements. 
Ti-~ ... lkA,...r')7,...·II~ : ............ I ...... ,.. ... ~ : ...... ')A .... i .... ~ ..... I i .... Ii ... ,.. 
.It .... '~IWI ..... _ ...... , .... , .... t"' ......... n ..... ~ ........... '" ....... -, .... ', ............. ," ,., ..... 

package with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written into the 
device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, P2CMOS silicon gate technology. 

Block and Connection Diagrams 

550 650 

5 5 

0.1 0.1 

Features 
• CMOS power consumption 

53 mW max active 
5.3 mW max standby 

• Performance compatible to NSC800 CMOS microproc· 
essor and NMC6716 synchronous CMOS EPROM 

• ~0~~ v 8- nr~~ni7.Atinn 

• Pin compatible to 2716 

• Access time down to 450 ns 
• Single 5V power supply 
• Static-no clocks required 
• Inputs and outputs TTL compatible during both read 

and program modes 

• TRI·STATE@ output 

.--- vpp 

.--- vee 

.--- vss 

A7 

A6 

A5 

Dual·ln·Line Package 

23 AS 

22 A9 

DATA OUTPUTS (PROGRAM INPUTS) 
A4 II vpp 

00- 07 

V GATING 

16,384 
BIT MATRIX 

Pin Connection During Read or Program 

Pin Name/Number 

Mode CE/PGM DE VPP VCC Outputs 
18 20 21 24 9-11,13-17 

Read VIL VIL 5 5 DOUT 
Program Pulsed VIL VIH 25 5 DIN 

to VIH 

TRI·STATE~ is a registered trademark of -National Semiconductor Corp. 
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A3 

A2 

Al 

AO 

0, 

01 
10 

02 
11 

vss 12 

Pin Names 

AO-A1D 

0 0-07 

CE/PGM 

BE 
VPP 

VCC 
VSS 

TOP VIEW 

Address Inputs 

Data Outputs 

20 iIT 

19 A10 

18 CE/PGM 

17 07 

16 Os 

15 0 5 

Chip Enable/Program 

Output Enable 
Read 5V, Program 25V 
5V 
Ground 

...... 
en 
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Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -25·Cto +B5·C Output Voltages with Respect VCC + 0.3V to VSS - 0.3V 
Storage Temperature -65·Cto + 125·C toVSS 

VPP Supply Voltage with Respect 26.5V to - 0.3V Lead Temperature (Soldering, 10 seconds) 300·C 
toVSS 

Input Voltages with Respect to VCC + 1 to - 0.3V 
VSS (except VPP) (Note 4) 

READ OPERATION (Note 2) 

DC Operating Characteristics TA = o·c to ~ 70·C, VCC = 5V ± 5%, VSS = OV, unless otherwise noted. 

Symbol Parameter Conditions Min 
Typ 

Max Units 
(Note 2) 

III Input Current VIN = VCC or GND 10 p.A 

ILO Output Leakage Current VOUT = VCC or VSS (GND) 10 p.A 
CEIPGM=VIH 

VIL Input Low Voltage -0.1 0.8 V 

VIH Input High Voltage (Note 4) 2.2 VCC+1 V 

VOL1 Output Low Voltage IOL=2.1 mA 0.45 V 

VOH1 Output High Voltage 10H= -400p.A 2.4 V 

VOL2 Output Low Voltage 10L=0p.A 0.1 V 

VOH2 Output High Voltage 10H =0 p.A VCC-0.1 V 

IPP1 VPP Supply Current VPP=5.25V 10 p.A 

ICC1 VCC Supply Current Active CEIPGM, OE = VIL (Note 5) 
(TTL Levels) Addresses = VIH or VIL 2 10 mA 

Frequency 1 MHz, 110 = 0 mA 

ICC2 VCC Supply Current Active CEIPGM, OE = VIL (Note 5) 
(CMOS Levels) Addresses = GND or VCC 1 5 mA 

Frequency 1 MHz, 110=0 mA 

ICCSB1 VCC Supply Current Standby CEIPGM = VIH (Note 5) 0.1 1 mA 

ICCSB2 VCC Supply Current Standby CEIPGM = VCC (Note 5) 100 p.A 

Capacitance (Note 3) TA = 25·C, f = 1 MHz AC Test Conditions 

Symbol Parameter Conditions Typ Max Units Input Pulse Levels 0.8Vt02.2V 

Input Rise and Fall Times 20ns 
CI Input Capacitance VIN=OV 4 6 pF Timing 
CO Output Capacitance VOUT=OV B 12 pF Inputs 1Vand2V 

Outputs 0.8Vand2V 
Reference Levels 1.5V 
Output Load 1 TTL Gate and CL = 100 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. The functional operation of the device at 
these or any other conditions beyond those indicated in the "DC/AC Operating Characteristics" tables Is not Implied. Exposure to the absolute maximum 
rated conditions for extended periods may affect device reliability. 

Note 2: Typical conditions are for operation at: TA= 2S"C, VCC=SV, VPP=VCC, and VSS=OV. 

Note 3: CapaCitance Is guaranteed by periodic testing. TA = 2S"C, f = 1 MHz. 

Note 4: The inputs (Address, OE, CE) may go above VCC by one volt with no latch up danger. Only the output (data inputs during programming) need be 
restricted to VCC + O.3V to VSS - O.3V. 
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AC Characteristics TA = o·c to + 70·C, VCC = 5V ± 5%, VSS = OV, unless otherwise noted. 

Symbol 
Alternate Standard 

Parameter Conditions 
NMC27C16·45 NMC27C16-55 NMC27C16-65 Units 
Min Max Min Max Min Max 

tCE 

tOE 

tOH 

too 

TAVQV Address to Output Delay CE/PGM = OE = VIL 

TELQV CE to Output Delay OE = VIL 

TGLQV Output Enable to Output CE/PGM = VIL 
Valid 

TGHQZ Output Enable High to CE/PGM = VIL 
Output Hi·Z 

TAXQX Address to Output Hold CE/PGM = OE = VIL 

TEHQZ CE to Output Hi·Z OE = VIL 

o 

o 
o 

450 550 

450 550 

120 120 

100 o 100 o 

o o 
100 o 100 o 

Switching Time Waveforms 
Read Cycle (CE/PGM = VIL) 

.""""". VIH ;;m;;~;;~;;~;;~~ru'r-fl ----------,\1 
,,"""""""" VIL ~/.~~~~~~ ____ ""':":":LO:" _____ .f '-___ "_"_"'_" __ ......,. 

I tOH 
1~(TAXnX)~ 

OUTPUT ENABLE ~II: ------t----i\I-.. __ :-:-_____ --111 
1 ______ 'DE 'OF 

'AC/ ITGLQV) ITGHQZ)--

Hi·Z 
OUTPUT 

VOH--~--~~:~.Z-~IT~A~VQ~V~)-~·.r---------i 
VALID 

VOL-----------------------~~ _______ _1 

Read Cycle (OE = VIL) 

VIH~ \/ 
AOORESSES .... ~ VALID I}\ VALID 

CHIP ENABLE 
VIH =====:j====\: 

--------
'OH 

~ITAXQX)---

VIL ------·--t-------I~-~__:'-----...1 
ICE 
ITELQV) ----~{T~AJ8v)---

'00 
ITEHQZI-

OUTPUT VOH ---------cH~i.Zc-
VALID 

Hi·Z 

VOL-----------------'-________ -' 

Standby Power· Down Mode (OE = VIL) 

VIH===========~f------------

VAllO 

~ 
VALID 

ICE 

1 --ITELQV) 

/ STANDBY ACTIVE STANDBY 

AOORESSES 

VIH -------J-------K 

VIL~~~~~~~~~~~f4I-..-------------

CHIP ENABLE 

VIL====7 

,'00 ___ 'ACC 
J--ITEHQZ) ITAVQV)-

VOH =~VA~L~10~F~0~R=~I\.}----"H;.:i.Z'----_<1---V-AL-10-FO-R--""'\. Hi·Z 
OUTPUT CURRENT AOORESS l/ CURRENT AOORESS / VOL '-______ ---J 
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650 ns 

120 ns 

100 ns 

ns 

100 ns 
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PROGRAM OPERATION 

DC Electrical Characteristics and Operating Conditions (Notes 5 and 6) 

(TA = 25°C ± 5°C) (VCC = 5V ± 5%, VPP = 25V ± 0.5V) 

-

Symbol Parameter Min Typ Max Units 

III Input Leakage Current 10 p.A 

VIL Input Low Level -0.1 0.8 V 

VIH Input High Level (Note 4) 2.2 VCC+1 V 

ICC VCC Power Supply Current 2 10 mA 

IPP1 VPP Supply Current (Note 7) 10 p.A 

IPP2 VPP Supply Current During 30 mA 
Programming Pulse (Note 6) 

AC Characteristics and Operating Conditions (Notes 1 and 2) 
(TA = 25°e ± 5°C) (Vee = 5V ± 5%, VPP = 25V ± 1.0V) 

Symbol Parameter Min Typ Max Units 

tAS Address Set·up Time 2 ,,5 

tos OE Set·up Time 2 ,,5 
tos Data Set·up Time 2 ,,5 
tAH Address Hold Time 2 1<5 

tOH OE Hold Time 2 ,,5 
tOH Data Hold Time 2 p's 

tOF Output Disable to Output TRI·STATE Delay (Note 7) 0 100 ns 

tOE Output Enable to Output Delay (Note 7) 120 ns 

tpw Program Pulse Width 45 50 55 ms 

tpR Program Pulse Rise Time 5 ns 

tpF Program Pulse Fall Time 5 ns 

tvs VPP Set·Up Time 2 p's 

tVH VPP Hold Time 2 ~s 

Note 5: vee must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage tethe device it must 
not be inserted into a board with power applied. 

Note 6: Care must be taken to prevent overshoot of the VPP supply when switching to under 26V max. 

Note 7: CEIPGM = VIL, VPP = VCC. 

Note 8: The input timing reference level is 1V for VIL and 2V for VIH. 
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PROGRAM Timing Diagrams 
Single Address Programming Followed by a Verify Mode 

I-----PRO(;R .. '---_+-_____ u:;':~' _____ I-___ PR~~~~MM~~WV----I 

ADDRESS 

Multiple Address Programming Followed by a Verify Mode" 

PROGRAM 

etlPGM 

PROGRAM· VERIFY 
!READ.MODEI 

" All timings are the same as the single address programming mode. A dummy read is required only if the last programmed byte is the first byte to 
be verified. 

Functional Description 
DEVICE OPERATION 

The NMC27C16 has 3 modes of operation in the normal 
system environment. These are shown in Table I. 

Read Mode 

The NMC27C16 read operation requires that 6E = VIL, 
CElPGM = VIL and that addresses AO-A 10 have been sta
bilized. Valid data will appearon the output pins aftertACc, 
tOE or tCE times (see Switching Time Waveforms) depend
ing on which is limiting. 

. TABLE I, OPERATING MODES (VCC = 5V) 

Pin Name/Number 

Mode CEIPGM OE Outputs 
18 20 9-11,13-17 

Read VIL VIL DOUT 
Deselect Don't Care VIH Hi-Z 
Standby VIH Don't Care Hi-Z 
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Deselect Mode 

The NMC27C16 is deselected by making 6E = VIH. This 
mode is independent of CE/PGM and the condition of the 
addresses. The outputs are Hi-Z when OE = VIH. This 
allows OR-tying 2 or more NMC27C16s for memory 
expansion. 

Standby Mode (Power Down) 

The NMC27C16 may be powered down to the standby 
mode by making CE/PGM = VIH. This is independent of 6E 
and automatically puts the outputs in their Hi-Z state. 
The power is reduced to 0.4% of the normal operating 
power. VCC must be maintained at 5V. Access time at 
power up remains either tACC or tCE (see Switching Time 
Waveforms). . 

PROGRAMMING 

The NMC27C16 is shipped from National completely 
erased_ All bits will be at a "1" level (output high) in this 
initial state and after any full erasure. Table II shows the 3 
programming modes. 

z 
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Functional Description (Continued) 

TABLE II. PROGRAMMING MODES (Vee = 5V) 

Pin Name/Number 

Mode CE/PGM OE VPP Outputs Q 
18 20 21 9-11,13-17 

Program Pulsed VIL VIH 25 DIN 
toVIH 

Program Verify VIL VIL 5 DOUT 

Program Inhibit VIL VIH 25 Hi·Z 

p,rogram Mode 

The NMC27C16 is programmed by introducing "O"s Into 
the desired locations. This is done 8 bits (a byte) at a time. 
Any individual address, a sequence of addresses, or ad· 
dresses chosen at random may be programmed. Any or all 
of the 8 bits associated with an address location may be 
programmed with a single program pulse applied to the 
chip enable pin. All input voltage levels, including the pro· 
gram pulse on chip enable are TIL compatible. The pro· 
gramming sequence is: 

With VPP = 25V, VCC = 5V, BE = VIH and CE/PGM = VIL, 
an address Is selected and the desired data word Is ap
plied to the output pins. (VIL ="0" and VIL = "1" for both 
address and data.) After the address and data signals 
are stable the program pin is pulsed from VIL to VIH with 
a pulse width between 45 Ins and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A high level (VIH or 
higher) must notbe maintained longer than tpw(MAX) on the 
program pin during programming. NMC27C16s may be 
programmed in parallel with the same data in this mode. 

Program Verify Mode 
The programming of the NMC27C16 is verified in the pro· 
gram verify mode which has VPP at VCC (see Table II). 
After programming an address, that same address cannot 
be immediately verified without an address change (dum· 
my read). 
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Program Inhibit Mode 

The program inhibit mode allows programming several 
NMC27C16s simultaneously with different data for each 
one by controlling which ones receive the program pulse. 
All similar Inputs of the NMC27C16 may be paralleled. 
Pulsing the program pin (from VIL to VIH) will program a 
unit while inhibiting the program pulse to a unit will keep it 
from being programmed and keeping BE = VIH will put its 
outputs in the Hi-Z state. 

ERASING 

The NMC27C16 is erased by exposure to high intensity ul
traviolet light through the transparent window. This expo· 
sure discharges the floating gate to its initial state 
through induced photo current. It Is recommended that 
the NMC27C16 be kept out of direct sunlight. The UV con
tent of sunlight may cause a partial erasure of some bits in 
a relatively short period of time. Direct sunlight can also 
cause temporary functional failure. Extended exposure to 
room level fluorescent lighting will also cause erasure. An 
opaque coating (paint, tape, label, etc.) should be placed 
over the package window if this product is to be operated 
under these lighting conditions. Covering the window also 
reduces ICC due to photodiode currents. 

An ultraviolet source of 2537A yielding a total integrated 
dosage of 15 wall-seconds/cm2 is required. This w"l erase 
the part in approximately 15 to 20 minutes if a UV lamp 
with a 12,000 p.W/cm2 power rating is used. The NMC27C16 
to be erased should be placed 1 inch away from the lamp 
and no filters should be used. 

An erasure system should be calibrated periodically. The 
distance from'lamp to unit should be maintained at 1 inch. 
The erasure time is increased by the square of the dis· 
tance (if the distance is doubled the erasure time goes up 
by a factor of 4). Lamps lose intensity as they age. When 
a lamp is changed, the distance is changed, or the lamp 
is aged, the system should be checked to make certain 
full erasure is occurring. Incomplete erasure will cause 
symptoms that can be misleading. Programmers, com
ponents, and system designs have been erroneously sus
pected when incomplete erasure was the basic problem. 



~National .. 
D Semiconductor 

MM2758 8192·Bit (1024 x 8) UV Erasable PROM 

General Description 

The MM2758 is a high speed 8k UV erasable and elec
trically reprogram mabie EPROM id~ally suited for 
applications where fast turn-around and pattern ex
perimentation are important requirements. 

The MM2758 is packaged in a 24-pin dual-in·line pack
age with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
~I- - I_:~ . __ ...... _ .. _ ,, __ ••. __ ...... ______ +1- __ h ....... , .. i++n .... i .... + .... 
lilt;; UH. tJU~U:;'II. "" .... ~v t-' ..... ~ ... II .............................. ,.~~ ..... " .... _ 

the device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, N-channel silicon gate technology. 

Block and Connection Diagrams * 

Features 

• 1024 x 8 organization 

• 525 mW max active power, 132 mW max standby 
power 

• Low power during programming 

• Access time-450 ns 

• Single 5V power supply 

• Static-no clocks required 
~ !:-:j::":-:::: :::~~ ~~~~'~!~ ~TL ('''m!"'~tihlp rillring hoth 

read and program modes 

• TRI-STATE® output 

4-- VPP+5V 

+-- VCC+5V 

+-- VSS GNO 

Dual-In-Line Package 

DATA OUTPUTS (PROGRAM INPUTSI 
DO-OJ (OO-OJI 

A7....!. 

A6 2 

A5..2. 

A4..! 

A3..! 

f!-vcc 

~A8 

f!-A9 
~VPP 

~iiEiGI fiE ((i)--.......rl---r-n-.. -TD-n-"-oD-n-o-D'-.. ---, ttt++t+t 

Y GATING 

16,384 
BIT MATRIX 

Pin Connection During Read or Program 

PIN NAME/NUMBER 

CE/PGM OE 
MODE !EtP) (G) VPP VCC 

18 20 21 24 

Read VIL VIL 5 5 

Program Pulsed VIL VIH 25 5 
to VIH 

*Symbols in parentheses are proposed industry standard 

tFor MM2758A AR = VIL for all operating modes 
For MM27588 AR = VIH for all operating modes 

OUTPUTS 

9-11,13-17 

DOUT 

DIN 

7-15 

A2 

Al 

AD 

0 0 (no) 

10 
01 (011 

02 (021 11 

12 vss 

19 ARt 

18 EE/PGM (E/PI 

lJ OJ (OJI 

16 06 (nsl 

15 05 (051 

14 04 (041 

13 03 (031 L..-____ --' 

TOP VIEW 

Order Number MM2758AO 
or MM2758BO 

See NS Package J24CO 

Pin Names 

AO-Al0 
00-07 (00-07) 
CE/PGM (E/P) 
OE (G) 

VPP 
VCC 
VSS 

Address Inputs 
Data Outputs 
Chip Enable/Program 
Output Enable 
Read 5V, Program 25V 
Power (5V) 
Ground 



Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -25°C to +B5°C All Input or Output Voltages with 
Storage Temperature ~5°C to +125°C Respect to VSS (except VPP) BV to -0.3V 
vpp Supply Voltage with Respect Pow~r Dissipation 1.5W 

to VSS 2B.5V to -0.3V Lead Temperature (Soldering, 10 seconds) 300°C 

READ OPERATION (Note 2) 

DC Operating Characteristics 
TA = oDe to +7oO e, vee = 5V ±5%, 
vpp = vee ±O.6V (Note 3), VSS = OV, unless otherwise noted. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

III Inp'ut Current VIN " 5.25V or VIN "VIL 10 I1A 

ILO Output Leakage Current VOUT" 5.25V. CE/PGM - 5V 10 I1A 

IPPI VPP Supply Current VPP" 5.85V 5 rnA 

ICCI VCC Supply Current (Standby I CE/PGM " VIH. OE VIL 10 25 rnA 
- --

ICC2 VCC Supply Current (Activel CE/PGM •. OE - VIL 57 100 rnA 

VIL Input Low Voltage 
, 

0.1 0.8 V 

VIH Input High Voltage 2.0 Vee' 1 V 

VOH Output High Voltage IOH" 400l1A 2.4 V 

VOL Output Low Voltage IOL=2.1rnA 0.45 V 

AC Characteristics (Note 4) 

TA = oDe to +7ooe, vee = 5V ±5%, 
vpp = vee ±O.6V (Note 3), VSS = OV, unless otherwise noted. 

SYMBOL' MM2758 
PARAMETER CONDITIONS UNITS 

ALTERNATE STANDARD MIN MAX 

tACC TAVQV Address to Output Delay CE/PGM = OE = VIL . 450 ns 

tCE TELQV CE to Output Delay OE = VIL 450 ns 

tOE TGLQV Output Enable to Output Delay CE/PGM = VIL 120 ns 

tDF TGHQZ Output Enable High to Output Hi·Z CE/PGM= VIL 0 100 ns 

tOH TAXQX Address to Output Hold CE/PGM = OE = VIL 0 ns 

too TEHQZ CE to Output Hi·Z OE = VIL 0 100 ns 

CapaCitance (Note 5) 

TA = 25°e, f= 1 MHz 

SYMBOL PARAMETER CONDITIONS TYP MAX UNITS 

CI IntJut Capacitance VIN = OV 4 6 pF 

CO Output Capacitance VOUT = OV 8 12 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Not. 2: Typical conditions are for operation at: TA = 25°C, VCC = 5V, VPP = VC:C, and VSS = OV. 

Not. 3: VPP may be connected to VCC except during program. The ±O.BV tolerance allows a eirc,!it to switch VPP between the read voltage 
and the program vOltage. 

Not. 4: Output load: 1 TTL gate and CL = 100 pF. Input rise and fall times S. 20 ns. 

Nota 5: Capacitance is guaranteed by periodic testing. 
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Switching Time Waveforms * 

Read Cycle (CE/PGM ~ VI L) 

VIH~~~~~~------------------------~ 

ADDRESSES VALID VALID 
VIL~~~~~~ ________________________ -{ 

VIH ::::=========t:======~ 

IDH 
--(TAXUX)--

OUTPUT ENABLE 
VIL-----------t--------~----~~------------J 

I_ .. _--~ .. _I-IOE 

VOH 
OUTPUT 

(TGLUV) IDF 
(TGHUZ)--IACC 

_____________ ~:·~~===i(T~A~V~U~V~)-----~.r--------------------1 
Hi-Z 

VALID 
VOL------------------------~ ________________ _J 

Read Cycle (OE ~ VIL) 

VIH 
ADDRESSES VALID VALID 

VIL 

10H 
--(TAXUX)--

VIH 
CHIP ENABLE 

VIL 

t lCE 
100 .. IACC (TELUV) ITEHUZ) 

ITAVUV)------
VOH 

Hi-Z 

~ P OUTPUT VALID 
VOL .. 

Standby Power Down Mode (OE ~ VI L) 

ADDRESSES 

VIH 

Hi-Z 

Hi-Z 

CHIP ENABLE STANDBY STANDBY 
VIL 

--
VOH 

VALID FOR OUTPUT 
VOL 

CURRENT ADDRESS 

*Symbols in parentheses are proposed industry standard 

100 
(TEHUZ) 

Hi-Z 
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VALID FOR 
CURRENT ADDRESS 

Hi-Z 



PROGRAM OPERATION 

DC Electrical Characteristics and Operating Conditions (Notes 1 and 2) 

(T A ; 25°C ±5°C) (VCC; 5V ±5%, VPP ; 25V ± 1 V) 

SYMBOL PARAMETER MIN TYP MAX UNITS 

ILl Input Leakage Current (Note 3) 10 /1A 

VIL I nput Low Level -0.1 0.8 V 

VIH Inp'ut High Level io VCC + 1 V 

ICC VCC Power Supply Current 100 mA 

IPPI VPP Supply Current (Note 4) 5 mA 

IPP2 VPP Supply Current During 30 mA 

Programming Pulse (Note 5) 

AC Characteristics and Operating Conditions (Notes I, 2, and 6) 

(TA; 25°C ±5°C) (VCC; 5V ±5%, VPP; 25V ±lV) 

SYMBOL 
PARAMETER MIN TYP MAX UNITS 

ALTERNATE STANDARD 

tAS TAVPH Address Setup Time 2 /1S 

tos TGHPH OE Setup Time 2 /1S 

tDS TDVPH Data Setup Time 2 !1S 

tAH TPLAX Address Hold Time 2 /1S 

tOH TPLGX OE Hold Time 2 /1S 

tOH TPLDX Data Hold Time 2 /1S 

tOF TGHQZ Chip Disable to Output Float a 100 ns 

Delay (Note 4) 

tCE TGLQV Chip Enable to Output Delay (Note 4) 120 ns 

tpw TPHPL Program Pulse Width 45 50 55 ms 

tpR TPH1PH2 Program Pulse Rise Time 5 ns 

tpF TPL2PL1 Program Pulse Fall Time 5 ns 

Note 1: vee must be applied at the same time or before VPP and removed after or at the same time as VPP. To prevent damage to 
the device it must not be inserted into a board with power applied. 

Note 2: Care must be taken to prevent overshoot of the VPP supply when switching to +25V. 

Note 3: 0.45V,::: VIN <: 5.25V. 

Note 4: CE/PGM 0 VIL, VPP 0 vee + O.6V. 

Note 5: VPP o 26V. 

Note 6: Transition times S 20 ns unless noted otherwise. 

/ 
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Timing Diagram * Program Mode 

PROGRAM VERIFY 
DE '" Vil 

ADDAESSES 
VIH ===\-y-------t------"""'\ ..1----
VIL ==d-}-______ !--_____ ~ 

VIH===~ 
DATA 

VIL===:( 

_ VIH IOH 
G (TPlDXl~ 

Vil 'os __ 
ITDVPH) 

tDS 
-(TGHPH)--

VIH --------H" 
'/P 
VIL======~ 

tpA 
(TPH1PH2)~ 

Functional Description 
..... r-~I.~.- _nr-n ,..TI'-"'I\I 
VL- v ..... L.. ........... ,..... ........... 

The MM2758 has 3 modes of operation in the normal 
system environment. These are shown in Table I. 

Read Mode 

The MM2758 read operation requires that OE ~ VIL, 
CE/PGM ~ VI L and that addresses AO-A 10 have been 
stabilized. Valid data will appear on the output pins 
after tACC, tOE or tCE times (see Switching Time 
Waveforms) depending on which is limiting. 

Deselect Mode 

The MM2758 is deselected by making OE = VIH. This 
mode is independent of CE/PGM and the condition of 
the addresses. The outputs are Hi·Z when OE = V I H. 
ThiC' :::>llnlj\J<:: nR-t\linn ? or mom MM2716's for memory 

expansion. 

tpF 
ITPLIPLI} 

Standby Mode (Power Down) 

The MM2758 may be powered down to the standby 
mode by making CE/PGM ~ VIH. This is independent of 
OE and automatically puts the outputs in their Hi·Z 
state. The power is reduced to 25% (132 mW max) 
of the normal operating power. VCC and VPP must be 
maintained at 5V. Access time at power up remains 
either tACC or tCE (see Switching Time Waveforms). 

PROGRAMMING 

The MM2758 is shipped from National completely 
erased. All bits will be at a "1" level (output high) 
in this initial state and after any full erasure. Table II 
shows the 3 programming modes. 

TABLE I. OPERATING MODES (VCC = VPP = 5V) 

PIN NAME/NUMBER 

'MODE CE/PGM OE OUTPUTS 
(E/P) (<3) 

18 20 9-11,13-17 

Read VIL VIL DOUT 

Deselect Don't Care VIH Hi·Z 

Standby VIH Don't Care Hi·Z 

TABLE II. PROGRAMMING MODES (VCC = 5V) 

PIN NAME/NUMBER 

MODE CE/PGM OE VPP OUTPUTS Q 

(E/P) (<3) 

18 20 21 9-11,13-17 

Program Pulsed VI L VIH 25 DIN 
to VIH 

Program Verify VIL VIL 2515) DOUT 

Program Inhibit VIL VIH 25 Hi·Z 

*Symbols in parenth~ses are proposed industry standard 
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Functional Description (Continued) 

Program Mode 

The MM2758 is programmed by introducing "O"s into 
the desired locations. This is done 8 bits (a byte) at a 
time. Any individual address, a sequence of addresses, 
or addresses chosen at random may be programmed. 
Any or all of the 8 bits associated with an address 
location may be programmed with a single program 
pulse applied to the chip enable pin. All input voltage 
levels, including the program pulse on chip. enable are 
TTL compatible. The programming sequence is: 

With VPP = 25V, VCC = 5V, OE = VIH and CE/PGM 
= VIL, an address is selected and the desired data 
word is applied to the output pins. (VI L = "0" and 
VIL = "1" for both address and data.) After the 
address and data signals are stable the program pin 
is pulsed from VIL to VIH with a pulse width be· 
tween 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(VIH or higher) must not be maintained longer than 
tpW(MAX) on the program pin during programming. 
MM2758's may be programmed in parallel with the 
same data in this mode. 

Program Verify Mode 

The programming of the MM2758 may be verified 
either 1 word at a time during the programming (as 
shown in the timing diagram) or by reading all of the 
words out at ,the end of the programming s~quence. 
This can be done with VPP = 25V (or 5V) in either case. 

Program I nhibit Mode 

The program inhibit mode allows programming several 
MM2758s' simultaneously with different data for each 
one by controlling which ones receive the program pulse. 
All similar inputs of the MM2758 may be paralleled. 
Pulsing the program pin (from VIL to VIH) will program 
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a unit while inhibiting the program pulse to a unit will 
keep it from being programmed and keeping OE = VIH 
will put its outputs in the Hi·Z state. 

ERASING 

The MM2758 is erased by exposure to high intensity 
ultraviolet light through the transparent window. This 
exposure discharges the floating gate to its initial state 
through induced photo current. It is recommended 
that the MM2758 be kept out of direct sunlight. The 
UV content of sunlight may cause a partial erasure 
of some bits in a relatively short period of time. Direct 
sunlight can also cause temporary functional failure. 
Extended exposure to room level fluorescent lighting 
will also cause erasure. An opaque coating (paint, tape, 
label, etc.) should be placed over the package window 
if this product is used under these lighting conditions. 

An ultraviolet source of 2537 A yielding a total inte
grated dosage of 15 watt·seconds!cm 2 is required. 
This will erase the part in approximately 15 to 20 
minutes if a UV lamp with a 12,000 pW!cm 2 power 
rating is used. The MM2758 to be erased should be 
placed 1 inch away from the lamp and no filters should 
be used. 

An erasure system should be calibrated periodically. 
The distance from lamp to unit should be maintained 
at 1 inch. The erasure time is increased by the square 
of the distance (if the distance is doubled the erasure 
time goes up by a factor of 4). Lamps lose intensity 
as they age. When a lamp is changed, the distance is 
changed, or the lamp is aged, the system should be 
checked to make certain full erasure is occurring. In
complete erasure will cause symptoms that can be 
misleading. Programmers, components, and system 
designs have been erroneously suspected when incom
plete erasure was the basic problem. 
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MM54C3731MM74C373 TRI-STATE® Octal D-Type Latch 
MM54C3741MM74C374 TRI-STATE® Octal D-Type Flip-Flop 

General Description 
The MM54C373(MM74C373, MM54C374(MM74C374 
are integrated, complementary MaS (CMOS), 8-bit 
storage elements with TR I-ST ATE® outputs_ These 
outputs have been specially designed to drive highly 
capacitive loads, such as one might find when driving 
a bus, and to have a fan-out of 1 when driving standard 
TTL. When a high logic level is applied to the OUTPUT 
DISABLE input, all outputs go to a high impedance 
state, regardless of what signals are present at the other 
InPUts and tne state oT 1ne sIoraye·eielllt:Ili..~. 

The MM54C373(MM74C373 is an 8-bit latch_ When 
LATCH ENABLE is high the Q outputs will follow the 
D inputs_ When LATCH ENABLE goes low, data at the 
D inputs, which meets the set-up and hold time require
ments, will be retained at the outputs until LATCH 
ENABLE returns high again_ 

The MM54C374(MM74C374 is an 8-bit, D-type, positive
edge triggered flip-flop_ Data at the D inputs, meeting 

Connection Diagrams 

Dual-In-Line Package 

OUTPUT 
DISA8LE 

01 

01-+--t-i 

02-+--t-i 

02 

03 

03-+--t-i 

04-"t---t-i 

04 

GNO 

VCC 

08 

H~--+~08 

H~--+~07 

07 

06 

H~--+~06 

H~--+"-- os 

os 

TOP VIEW 

Order Number MM54C373J or MM74C373N 
See NS Package J20A or N20A 
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the set-up and hold time requirements, is transferred to 
the Q outputs on positive-going transitions of the 
CLOCK input. 

Both the MM54C373(MM74C373 and the MM54C374( 
MM74C374 are being assembled in 20-pin dual-in-line 
packages with 0_300" pin centers_ 

Features 

• High noise immunity 

• Low power consumption 

• TTL compatibility 

• Bus driving capability 

• TRI-STATE outputs 

'1nll tn 1 hll 

0.45 VCC typ 

fan-out of 1 driving 
standard TTL 

• Eight storage elements in one package 

• Single CLOCK/LATCH ENABLE and OUTPUT 
DISABLE control inputs , 

• 20-pin dual-in-line package with 0_300" centers takes 
half the board space of a 24-pin package 

Dual-In-Line Package 

OUTPUT 
OISABLE 

01 

01-+--H 

02-+--t-i 

02 

03 

03-+--t-i 

04 -"t---t-i 

04 

GNO 

TOP VIEW 

VCC 

08 

H---t"'--OB 

H---t"'--07 

07 

06 

H---t"'--06 

H--+'--OS 

os 

CLOCK 

Order Number MM54C374J or MM74C374N 
See NS Package J20A or N20A 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin - 0.3V to VCC -i- 0.3V Package Dissipation 500mW 

Operating Temperature Range Operating VCC Range 3V to 15V 

MM54C373, MM54C374 -55°C to +125°C Absolute Maximum VCC 18V 

MM74C373, MM74C374 -40° C to +85° C Lead Temperature (Soldering, 10 seconds) 300°C 

Storage Temperature Range -65°C to +150°C 

Electrical Characteristics Min/max limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

VIN(l) Logical "1" Input Voltage VCC = 5V 3.5 V 

VCC = 10V 8.0 V 

VIN(O) Logical "0" Input Voltage VCC = 5V 1.5 V 

VCC = 10V 2.0 V 

VOUT(l) Logical "1" Output Voltage VCC=5V,10=- lO /lA 4.5 V 

VCC = 10V, 10 = -10/lA 9.0 V 

VOUT(O) Logical "0" Output Voltage VCC= 5V, 10= 10/lA 0.5 V 

VCC= 10V, 10= 10/lA 1.0 V 

IIN(1I Logical" 1" I nput Current VCC= 15V, VIN = 15V 0.005 1.0 /lA 

IINIOI 'Logical "0" Input Current VCC = 15V, VIN = OV -1.0 -0.005 /lA 

10Z TRI·STATE Leakage Current VCC = 15V, Vo = 15V 0.005 1.0 /lA 

VCC = 15V, Vo = OV -1.0 -0.005 /lA 

ICC Supply Current VCC = 15V 0.05 300 /lA 

CMOS/LPTTL INTERFACE 

VINll) Logical "1" Input Voltage 54C, VCC = 4.5V VCC-l.5 V 

74C, VCC = 4.75V VCC-l.5 V 

VINIO) Logical "0" Input Voltage 54C, VCC = 4.5V 0.8 V 

74C, VCC = 4.75V 0.8 V 

VOUT( 11 Logical "1" Output Voltage 54C, VCC = 4.5V, 10 = -360 /lA VCC-O.4 V 

74C, VCC = 4.75V, 10 = -360 /lA VCC-O.4 V 

54C, VCC = 4.5V, 10 = -1.6 rnA 2.4 V 

74C, VCC = 4.75V, 10 = -1.6 rnA 2.4 V 

VOUT(O) Logical "0" Output Voltage 54C, VCC = 4.5V, 10 = 1.6 rnA 0.4 V 

74C, VCC = 4.75V, 10 = 1.6 rnA 0.4 V 

OUTPUT DRIVE 

ISOURCE Output Source Current VCC = 5V, VOUT = OV, T A = 25°C, -12.0 -24 rnA 

INote 4) 

ISOURCE Output Source Current VCC = 10V, VOUT = OV, TA = 25°C, -24.0 -48 rnA 

INote 4) 

ISINK Output Sink Current (N-Channel) VCC = 5V, VOUT = VCC, TA = 25°C, 6.0 12 rnA 

(Note 4) 

ISINK Output Sink Current (N-Channell VCC = 10V, VOUT = VCC, TA = 25°C, 24.0 48 rnA 

(Note 4) 

SWitchi.ng Characteristics T A = 25°C, CL = 50 pF, tr = tf = 20 ns, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdl, tpdO Propagation Delay, LATCH ENAB LE VCC- 5V, CL - 50pF 165 330 ns 

to Output VCC = 10V, CL = 50 pF 70 140 ns 

MM54C373, MM74C373 VCC= 5V, CL = 150 pF 195 390 ns 

VCC = 10V, CL = 150 pF 85 170 ns 
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Switching Characteristics (Continued) T A: 25°C, CL: 50 pF, tr: tf: 20 ns, unless otherwise specified. 

PARAMETER CONDITIONS 

tpd1. tpdO Propagation Delay Data In to LATCH ENABLE = VCC 

Output VCC=5V, CL = 50pF 

MM54C373, MM74C373 VCC = 10V, CL = 50 pF 

VCC = 5V, CL = 150 pF 

VCC = 10V, CL = 150 pF 

tpdl, tpdO Propagation Delay CLOCK.to Output VCC = 5V, CL = 50 pF 

MM54C374/MM74C374 VCC = 10V, CL = 50 pF 

VCC = 5V, CL = 150 pf 

VCC = 10V, CL = 150 pF 

tSET·UP Minimum Set·Up Time Data In to tHOLD = 0 ns 

CLOCK/LATCH ENABLE VCC= 5V 

VCC= 10V 

tpWH Minimum LATCH ENABLE Pulse VCC= 5V 

Width VCC= 10V 

MM54C373, MM74C373 

tpWH, tPWL Minimum CLOCK Pulse Width VCC= 5V 

MM54C374, MM74C374 Vee = 10V 

fMAX Maximum LATCH ENABLE VCC = 5V 

Frequency VCC= 10V 

MM54C373, MM74C373 

fMAX Maximum CLOCK Frequency VCC= 5V 

MM54C374, MM74C374 VCC= 10V 

tlH, tOH Propagation Delay OUTPUT R L = 10k, CL = 5 pF 

DISABLE to. High Impedance VCC = 5V 

State (From a Logic Level) VCC= 10V 

tHl, tHO Propagation Delay OUTPUT RL = 10k, CL = 50 pF 

DISABLE to Logic Level (From VCC= 5V 
High Impedance State) VCC= 10V 

lTHL. tTLH Transition Time VCC= 5V, CL = 50pF 

V('(' = 10V. CI = 50 of 

VCC = 5V, CL = 150 pF 

VCC= 10V,CL= 150pF 

t r, tf Maximum LATCH ENABLE Rise VCC= 5V 

and Fall Time VCC= 10V 
MM54C373, MM74C373 

t r, tf Maximum CLOCK Rise and Fall Time VCC = 5V 

MM54C374, MM74C374 VCC= 10V 

CCLK, CLE Input Capacitance CLOCK/LE Input, (Note 2) 

COD I nput Capacitance OUTPUT DISABLE Input,(Note 2) 

CIN I nput Capacitance Any Other Input,(Note 2) 

COUT Output Capacitance High Impedance State, (Note 2) 

CPO Power Dissipation Capacitance Per Package, (Note 3) 

MM54C373, MM74C373 

CPO Power Dissipation Capacitance Per Package, (Note 3) 

MM54C374, MM74C374 

MIN TYP 

155 

70 

185 

85 

150 

65 

180 

80 

70 

35 

75 

55 

70 

50 

3.3 6.7 

4.5 9.0 

3.5 7.0 

5.0 10.0 

105 

60 

105 

45 

65 

35 

110 

70 

NA 

NA 

15 >2000 

5 >2000 

7.5 

7.5 

5,0 

10 

200 

250 

MAX 

310 

140 

370 

170 

300 

130 

360 

160 

140 

70 

150 

110 

140 

100 

210 

120 

210 

90 

130 

70 

220 

140 

10 

10 

7.5 

15 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

/ls 

/ls 

/ls 

/ls 

pF 

pF 

pF 

pF 

pF 

pF 

Note 1; "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Range" they are· not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: Capacitance is guaranteed by r:>eriodic testing. 

Note 3: CpO determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics 
application note, AN-SO. ' 

Note 4: These are peak output curren~ capabilities. Continuous output current is rated at 12 rnA max. 
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Typical Performance Characteristics TA = 25°C 

MM54C373/MM74C373 
Propagation Delay, LATCH MM54C373/MM74C373 MM54C374/MM74C374 
ENABLE to Output vs Load Propagation Delay, Data I n to Output Propagation Delay, CLOCK to Output 
Capacitance vs Load Capacitance vs Load Capacitance 

300 300 300 

! ~ ] 
> > > g 100 ~ 100 ~ 100 Q Q 

" VCC' 5V " z 
0 0 VCC' 5V 0 vCC' 5V ;= ;= ;= 

" ;; ;; 
'" ;;: ;;: ;;: 
~ 

100 '" 100 
~ 

100 
VCC '10V go Vc~' 10V VCc,'0V 

I I I 

'" VICC"5V 
Q 1-1, '" s- s- rlVCC -115V s-

-+VCC"5V 
0 0 0 

0 50 100 150 0 50 100 150 0 50 100 150 
CL - LOAO CAPACITANCE IpF) CL - LOAD CAPACITANCE IpFI CL - LOAD CAPACITANCE IpF) 

MM54C373/MM74C373, 
MM54C374/MM74C374 
Change in Propagation Delay per pF of MM54C373/MM74C373, MM54C373/MM74C373, 
Load Capacitance (L'.tPD/pF) vs Power MM54C374/MM74C374 MM54C374/MM74C374 Output 
Supply Voltage Output Sink Current vs VOUT Source Current vs VCC - VOUT 

~ 0.75 100 0 g VCC ·15V I , 
90 

w -10 
u 80 VCC' 5Vt'~ z 

" -10 .... 70 <:; 0.5 
" ;;: " 60 .! -30 

5 .! VCC-l0V w 

'" '" 50 u -40 VICC"0V ; z !5 ~ 40 
~ -50 0.15 

Vci 
i-" :; 30 

~ -60 
'" 

10 VCC' 5V 
w 10 -70 

I ~ I L 
<i 0 0 -80 

0 5 10 15 0 1 4 6 8 10 11 14 16 16 14 11 10 8 6 4 1 0 
Vcc - POWER SUPPLY VOLTAGE IVI VOUTIVI vcc - VOUT IV) 

Truth Tables 
MM54C373/MM74C373 MM54C374/MM74C374 

OUTPUT LATCH OUTPUT CLOCK D Q 
L = low logic level 

DISABLE D Q DISABLE H = high logic level ENABLE 
L H H H L ~ H H X = irrelevant 

L H L L L ~ L L 
~= low to high logic level transition 

Q = preexisting output level 
L L X Q L L X Q Hi-Z = high j'mpedance output state 

H X X Hi-Z' L H X Q 

H X X Hi-Z 

Typical Applications 
Data Bus Interfacing Element Simple, Latching, Octal, LED Indicator Driver with Blanking 

For Use As Data Display, Bus Monitor, 
pP Front Panel Display, Etc. 

BLANKtNO 0----, 
CONTROL 

Vy' 
~ TRI-STATE DATA BUS ~ 

.m 1 ~ 
00 Vec 

~ ~7 
DI ., 
02 .2 

MMS4C373/ I MM54CJ7JI OJ MMS4CJ13! .3 
MM74C313 MM74C373 04 MM7ri~J73 .4 

OR OR 
MM54C374! MM54C374/ 

IN _ 
05 MM54C374/ .S 

MM74C374 MM74CJ74 - 06 MM74CJ74 .6 

""-r-- -.(7 - 01 ., 
-- 08 eLK/IT GND 

.8 

iM~M :M :~M ::M : PERIPHERAL DEVICE 

ClOCKING/LATCHIN~ o---J J CONTROL 
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Logic Diagrams MM54C373/MM74C373 (1 of 8 Latches) 

OUTPUT 
DISABLE 

OUTPUT 
DISABLE 
~

D 00 

MM54C374/MM74C374 (1 of 8 Flip-Flops) 

eL 

-L.... 

-1iI-
---t>o--4>J0 00 

--,--
Ci eL 

T 

TRI·STATE® Test Circuits and Timing Diagrams 

t1H, tH1 

Vee 

OUTPUT 
DISABLE 

-= 

tOH, tHO 

vee vee 

10k OUTPUT Vee -- -i-::::gD,,,"r. ---

DISABLE 50% 
OUTPUT 
DISABLE 

10% GNO 

eL 

-= "J" ~
tOH 

Vee ~~ 

OUTPU~ 10% ' 
VOL 
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'-I 
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s:: 
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(A) 
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s:: 
s:: 
(J1 
~ 
(') 
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~ -s:: 
s:: 

i ~ 
Vee 
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.;-) 
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Switching Time Waveforms 

DATA 
IN 

n 
OUTPUT 

DATA 
IN 

CLOCK 

n 
OUTPUT 

MM54C373/MM74C373 

GNO 

VCC --~:';"';';""'-f-"'\ 

GND----4-----+----~--J 

GNO 

MM54C374/MM74C374 

GNO 

GNO---~I 

VCC------'-----~.i:"::=----"";,,i.1 

GNO---......::~ 
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~National 
~ Semiconductor 
DM54LS373/DM74LS373, DM54LS3741DM74LS374 
Octal D-Type Transparent Latches 
and Edge-Triggered Flip-Flops 
General Description 
These a·bit registers feature totem·pole TR I·STATE® 
outputs designed specifically for driving highly·capacitive 
or relatively low impedance loads. The high impedance 
TR I·ST ATE and increased high logic level drive provide 
these registers with the capability of being connected 
directly to and driving the bus lines in a bus·organized 
system without need for interface or pull·up com· 
ponents. They are particularly attractive for imple· 
menting buffer registers, I/O ports, bidirectional bus 
drivers, and working registers. 

The a latches of the DM54LS373 are transparent D· 
type latches meaning that while the enable (G) is high 
the Q outputs will follow the data (D) inputs. When 
the enable is taken low the output will be latched 
at the level of the data that was set up. 

The a flip·flops of the DM54LS374/DM74LS374 are 
edge·triggered D-type flip-flops. On the positive transition 
of the clock, the Q outputs will be set to the logic states 
that were set up at the D inputs. 

Connection Diagrams and Truth Tables 
DM54LS373/DM74LS373 

Dual-In-Line Package 

t:11I~I:iLt 

vee U8 08 07 U7 U6 06 05 US G 

20 19 18 17 16 15 14 13 12 11 

OUTPUT Ul 
CONTROL 

01 02 

ENABLE 
G 

H 

H 

L 

U2 U3 

TOP VIEW 

D 

H 

L 

X 

10 

03 04 U4 GNO 

OUTPUT 

H 

L 

00 

A buffered output control input can be used to place 
the a outputs in either a normal logic state (high or low 
logic levels) or a high impedance state. In the high 
impedance state the outputs neither load nor drive the 
bus lines significantly. 

The output control does not affect the internal operation 
of the latches or flip-flops. That is, .the old data can be 
retained or new data can be entered even while the 
outputs are OFF. 

Features 
• Choice of a latches or aD-type flip·flops in a single 

package 

• TR I-STATE bus driving outputs 

• Full parallel access for loading 

• Buffered control inputs 

• PNP inputs reduce DC loading on data lines 

DM54LS374/DM74LS374 
Dual-In-line Package 

VCC U8 08 07 U7 U6 06 05 U5 CLOCK 

20 19 18 17 16 15 14 13 12 11 

OUTPUT at 
CONTROL 

01 02 

CLOCK 
t 
t 
L 

02 03 
TOP VIEW 

D 

H 

L 

X 

03 04 U4 GNO 

OUTPUT 

H 

L 

00 

When output control is high, the output is disabled to high impedance state; however, sequehtial 
operation of these devices are not affected. 
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Absolute Maximum Ratings Recommended Operating Conditions 
MIN MAX UNITS 

Supply Voltage (Note 11 7V Supply Voltage (VCCI 
Input Voltage 7V DM54LS373, DM54LS374 4,5 5.5 V 
OFF-State Output Voltage 7V DM74LS373, DM74LS374 4.75 5.25 V 
Operating Temperature Range High Level Output Voltage (VOHI 5.5 V 

DM54LS373, DM54LS374 -55°C to +125°C 
High Level Output Current IIOHI 

DM74LS373, DM74LS374 O°C to +70°C 
DM54LS373, DM54LS374 -1 rnA 

Storage Temperature Range -65°C to +150°C 
DM74LS373, DM74LS374 -2.6 rnA 

Width of Clock/Enable Pulse (twl 
High 15 ns 

Low 15 ns 

Data Set-Up Time (tsu I 
DM54LS373/DM74LS373 01 ns 
DM54LS374/DM74LS374 20t ns 

Data Hold Time (tHI 
DM54LS373/DM74LS373 151 ns 
DM54LS374/DM74LS374 5t ns 

Temperature (TAl 
DM54LS373, DM54LS374 -55 +125 °c 

DM74LS373, DM74LS374 0 +70 °c 

The arrow indicates the transition of the clock/enable input 
used for reference: t for the low-to-high transition; I for the 
high-ta-Iow transition. 

Electrical Characteristics Over recommended operating free-air temperature range (unless otherwise noted) 

DM54lS373, DM74lS373, 

PARAMETER 
CONDITIONS DM54lS374 DM74lS374 

UNITS 
(Note 21 TYP TYP 

MIN (Note 31 MAX MIN (Note 3) MAX 

VIH High Level Input Voltage 2 2 V 

VIL Low Level Input Voltage 0.7 0.8 V 

VIK Input Clamp Voltage Vee = Min, 11= -18 rnA -1.5 -1.5 V 

VOH High Level Output Voltage VCC ='Min, VIH = 2V, VIL = VIL(MAXI, 
2.4 

10H = Max 
3.4 2.4 3.1 V 

VOL Low Level Output Voltage Vee = Min, VIH = 2V, I IOL = 12 rnA 0.25 0.4 0.25 0.4 V 

VIL = VIL(MAXI I 10L - 24 rnA 0.35 0.5 V 

IOZH OFF State Output Current, 
Vee = Max, VIH = 2V, Va = 2.7V 20 20 IlA 

High Level Voltage Applied 

10Zl OFF State Output Current, 
Vee = Max, VIH = 2V, Va = O.4V -20 -20 "A Low Level Voltage ,Applied 

II Input Cur'rent at Maximum 
Vee = Max, VI = 7V 0.1 0.1 rnA 

I nput Voltage 

IIH High Level Input Current Vee = Max, VI = 2.7V 20 20 "A 

IlL Low Level Input Current Vee = Max, VI = O.4V -0.4 -0.4 rnA 

lOS Short Circuit Output Current 
Vee = Max -30 -130 -30 

(Note 41 
-130 rnA 

lee Supply Current Vee = Max, Output I DM54LS373/DM74LS373 24 40 24 40 rnA 

Control at 4.5V I DM54LS374/DM74LS374 27 45 27 45 rnA 
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Switching Characteristics VCC~5V,TA~25°C 

FROM TO 
DM54LS373! DM54LS374! 

PARAMETER CONDITIONS DM74LS373 DM74LS374 UNITS 
INPUT OUTPUT 

MIN TVP MAX MIN TVP MAX 

fMAX Maximum Clock Frequency 35 50 MHz 

tPLH Propagation Delay Time, 
Data Any Q 12 18 

Low-ta-High Level Output 
ns 

tpHL Propagation Delay Time, 
Data Any Q 12 18 

High-to-Low Level Output 
ns 

tPLH Propagation Delay Time, CL = 45 pF, RL = 667S1, 
Clock or Enable Any Q INotes 5 and 6) 20 30 16 28 ns 

LOW-la-High Level Output 

tpHL Propagation Delay Time, 
Clock or Enable Any Q 18 30 22 34 

High-ta-Low Level Output 
ns 

tPZH Output Enable Time to 
Output Control Any Q 

High Level 
15 28 16 28 ns 

tPZL Output Enable Time to 
Output Control Any Q 22 22 28 

Low Level 
36 ns 

tpHZ Output Disable Time from 
Output Control Any Q 12 20 10 18 

High level 
ns 

CL = 5pF, RL = 667S1, 
1"\ .... _ .... 1"'\:._1...'_ "'T"' __ L • _. j "'-,,"' 

I I I '(" L..L.. ~~'I"''''' .................... ,,'" "VIO' 

Output Control Any Q 
".-.- -I 

Low Level 
15 25 14 24 ns 

Note 1: Voltage values are with respect to network ground terminal. 

Note 2. For conditions shown as min or max, use the appropriate value specified under recommended operating conditions. 
Note 3: All typical values are at V CC '= 5V, T A = 25° C. 

Note 4: Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

Note 5: Maximum clock frequency is tested with all outputs loaded. 

Note 6: See load circuits and waveforms. 

Logic Diagrams 
DM54LS373/DM74LS373 DM54LS374/DM74LS374 

Transparent Latches Positive-Edge-Triggered Flip-Flops 

OUTPUT 111 

~ 
OUTPUT (1) 

~ 
CONTROL CONTROL 

(3) (3) 
01 01 

Q1 01 

(4) 
02 02 

02 

111 
03 03 

03 03 

(8) 
04 04 

04 04 

(131 
05 

05 05 

(141 
06 

06 06 

(111 
07 

07 07 

(18) 
08 

CLOCK 
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Schematic Diagrams 
DM54LS373/DM74LS373 

Equivalent of Data, Enable, and 
Output Control Inputs ' 

vcc------------~ 

INPUT~t_-.. t_~ .. 

Data: Aeq = 20 kl1 typ 
Output control: Aeq = 18 kl1 

Equ ivalent of Data Inputs 

Vcc-~---_""-

30k TYP 

INPUT -.; ... - ....... -+--

DM54LS374/DM74LS374 

Typical of All Outputs 

Typical of All Outputs 

--------4~-vcc 

, Equivalent of Output 
Control Clock Inputs 

VCC-----4 .. 

INPUT ~t--"I---" 

OUTPUT 

-------4 ..... -VCC 

OUTPUT 

7-30 



Section 8 8 
Development Systems . I 
and User's Manuals 





~National 
~ Semiconductor 
COP400-PDS Product Development System 

General Description 
A single development tool which supports microcontrol
ler development activities through every phase from con
cept to production, the COP400 Product Development 
System is built around a powerful 16-bit microcomputer 
to allow rapid execution of sophisticated, efficient utili
ties. The sytem meets the total product development 
need. An editor and assembler are provided to handle 
source code entry, conversion to object code, and main
tenance of documentation. The emulator card attach
ment allows object code to be executed under the careful 
control of the COPMON debug utility. A cable can be 
connected from the PDS to the final product; in this 
~0r:t~. tht:' f~!! r.:a~'..A_"?r ~r!~ ,!~!,,~:!!!!!!~I ,::,f the PDS !~ '?~
tended to the product-ta-be for real time emulation during 
development. When a program is complete and ready to 
be committed to production, the PDS generates a trans
mittal disc that NSC will use to assure accurate masking 
of the final components. The usefulness of the PDS 
does not end there: a fixture is available for the incoming 
functional test of the ROM programmed COP400 devices. 
Thus, the COP400-PDS actively supports every step of 
a microcontroller product development activity. 

System Diagram 

Features 
• Supports the entire COP400 and COP300 microcon

troller fam i1y 

• A total concept-to-production tool 

• Low cost 

• 32k bytes RIW memory 

• 12k bytes PROM (firmware) 

• Disk-based 

• Macro·assembler 

• H:)-<!;j<! ana current lOOp penpneral interraces 

• Automatic baud rate selection (110-9600) 

• Comprehensive in-system emulation (ISETM), with 
Single-step, breakpoint & trace 

• ROM pattern transmission by diskette 
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COP400 Product Development System 

FIRMWARE (ROM) 

Executive 
• Entered on a power-up or initialization_ 
• Provides for system definition_ 
• Allows loading and executing disk-based programs 

by file name_ 

Diagnostics 
• Memory address, ·bit and word test. 
• CPU operation. 
• Disk read test. 
• Diagnostics are called by pressing diag. button on 

front panel 

SOFTWARE (Disk) 

File Manager 
• Create and delete disk files. 
• Control file directory. 
• Protect disk files. 
• Pack disk fi les. 
• Copy disk to disk. 

DSKIT 
• Initialize disk. 
• Disk read/write diagnostic. 

COPMON 
• In-circuit emulator (ICE). 
• Software breakpoints. 
• External hardware breakpoint (2 lines). 
• Lists user specified registers when selected break

point is detected. 
• Real-time trace operation displays 256 address se· 

quences. Synchronization may be pre, post, or center, 
and may be software or external event initiated. 

• Mnemonic modificationllisting of object code. 
• Execution time measurement. 
• Single-step. 
• Step-list-restart. 

Editor 
• Read text from disk or terminal. 
• Display text on terminal. 
• Write edited text to disk printer. 
• Generate source code for assemblers. 
• Extensive word processing functions. 
• Edit source files larger than the edit buffer. 

Macro Assembler 
• Macro generation capabilities. 
• Listing controls. 
• Cross reference list. 
• Conditional assembly operators. 
• Wide variety of directives. 
• Diagnostic messages that include error position in 

source line. 
• MASKTRN creates a disk file for transmission of 

customer ROM patterns and device I/O options to 
National Semiconductor. 

SYSTEM COMPONENTS 
COP400-PDS 
• Host microprocessor. 
• 32k byte R/W memory. 

• Single disk drive. 
• System power supply. 
• 12k byte ROM (all firmware described). 
• Emulator cable. 
• External connectors (3). 
• Two master diskettes (all software described). 
• Operator's Manual. 
• PROM programmer. 

Peripherals 
• The COP400-PDS will interface to a wide range of 

peripheral devices. 
• Both RS-232 and current loop ports are provided. 
• Video display interface. 
• Printer interface (RS-232 serial). 
• Emulator cards for in-circuit emulation. 

Emulator Boards 
Emulator boards are ordered separately for each of the 
COPS family of devices to be used. The emulator board 
allows real-time emulation in your applications circuitry 
using PROM memory or the development system R/W 
memory for program storage. . 
• PC assembly with the appropriate COP400 ROMless 

device and its support circuitry. 
• Sockets for UV erasable PROMs. 
• In-circuit emulation cable with emulated COP device 

plug. 

ENVIRONMENTAL REQUIREMENTS 
Operating and Storage Temperature 
Relative Humidity 
Maximum Wet Bulb Temperature 

Shipping 
Temperature 
Relative Humidity 
Maximum Wet Bulb Temperature 
Weight 

Power 

50° to 125°F 
8%t080% 

85°F 

40° to 125°F 
8% to 80% 

85°F 
101 lb. 

115 volts AC ± 10%, 60 Hz, fused for 600 watts 
230 volts AC ± 10%, 50 Hz, fused for 600 watts 

Physical SpeCifications 
Height 12'12 ", Width 16", Depth 23" 

Ordering Information 
COP400-PDS2 - u.s. version (60Hz, 120 VAC) 
COP400-PDS2E-European version (50 Hz, 220 VAG) 
COP400-E02 - Emulator for 420 and 421 
COP400-E04L - Emulator for 420L, 421L, 444L, 445L, 

410L, and 411L 
COP400-E02C - Emulator for 420C, 421C, 410C, 411C 
COP400-E24 - Emulator for 440, 441, 442, 2440, 

2441, 2442 
COP400-D02 - PDS Master Diskette 

Manuals 
420305548-002 - COP400, PDS Operator's Manual 
420306469-001 - Emulator Cards User's Manual 
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COP400 
Product Development 
System 

User's 
Manual 

~National 
~ Semiconductor 

Publication No. 420305548-002A 
Order No. 420305548-002 
October 1981 
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Preface 
This manual describes the COP400 Product Develop· 
ment System (PDS). In particular, it discusses the 
following topics: . 

• System Installation 
• System Initialization 

• Diagnostics 
• The following PDS Programs: 

- File Manager 
- Disk Initialization and Test 
- Text File Editor 
- Cross·Assembler 
- Monitor and Debugger 

- File List 
- Cross Reference 
- Mask Transmittal 
- Memory Diagnostic 
- PROM Programmer 

This manual applies only to the current COP400·PDS 
(Part No. COP400·PDS2). For users with the COP400· 
PDS with a front panel keypad, see COP400 PDS 
User's Manual, Publication No. 420305548-001. 

This manual is for Information only and is subject to 
change without notice. 
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COP400 
Product Development System 
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Introduction and Overview 
1.1 General Description 

The COP400 Product Development System (PDS) is de
signed to aid in the development of products using 
National Semiconductor's COP400 Microprocessor 
series_ 

The PDS is a disk-oriented system. It is capable of cre
ating and acceSSing data and program files stored on 
a floppy diskette. This allows fast and easy access to 
system software, rapid access to program files, and a 
convenient way to provide National Semiconductor 
with program data for the mask-making process. 

The PDS provides for debugging of the COP400 device. 
Debugging uses hardware and software to single-step 
through a COP400 program, breakpoint on an address, 
trace program execution, and dump out Internal COP400 
registers. This feature speeds up the development cycle. 

The user interacts with the PDS via a system console 
sucn as a teletype or l,;H I. An optional printer can De 
attached to obtain p'rogram listings quickly. The PDS 
front panel allows the user to perform specific develop
ment functions without a system console. Connectors 
on the rear panel of PDS can be connected to an emula
tor board, which emulates a COP400 chip in the user's 
system. A PROM programmer on the PDS front panel 
allows the emulator board to be portable, for emulation 
in the final environment of the user's system. 

The following sections provide an overview of the 
COP400 PDS Hardware; COP400 PDS Software, and 
Emulation and Debugging. 

1.2 Hardware Overview 

This section provides a general description of the PDS 
hardware consisting of the following: I 

- -
- rlVll1. allY nl:l'QI rC;UIOI~ 

• Peripheral Devices 

Figure 1-1 shows the PDS as shipped from the factory. 

1.2_1 Front and Rear Panels 

The PDS front panel Is shown in Figure 1-2. The switch 
in the lower right corner is the power switch. To the left 
of the power switch are five switches. Two switches, la
beled PROGRAM LOAD, are used to load and execute 
the COP Monitor discussed in Chapter 7. A third 
switch, labeled DIAG, Is for a diagnostic test on the 
PDS Internal memory and the disk drive_ A fourth 
switch, labeled INIT, is for PDS system initialization. A 
fifth switch, labeled AUX, is a spare, not currently used 
by the PDS. The five switches are discussed In more 
detail inChapter 2. 

In the center of the PDS front panel is a quick-release 
socket that is used for programming MM2758, MM2716, 
MM2732, MM2724 EPROMs. 

On the left side of the PDS front panel is the floppy 
disk drive door. The door latches are closed and open
ed with the rectangular button to the left of it. In the 
center of the button is an indicator light which lights 
when the drive Is in use. 

The PDS rear panel is shown in Figure 1-3. On each 
side there is a cooling fan filter screen. Below the left 
screen is a fuse holder and a plug for the power cable. 
Above this screen are six connectors used to connect 
peripheral devices to PDS. 

1.2.2 Peripheral Devices 

Peripheral devices provide user interface with the PDS. 
A console is required for entering commands. A con
sole may be a CRT or TTY, i.e., any device with an -
RS232 or a current loop inteface. A printer for pro
ducing hard copy output is required when using a CRT, 
ana optional woen uSing a I I Y. A r I Y provlaes its own 
hard copy output. An emulator board is required for 
user's system emulation. Emulator Boards are discus
sed in the In-System Emulator Boards Manual\ Publica-

tion No. 420306469. ~ 
There are six connectors on the PDS rear pan I used to 
connect peripheral devices to the PDS, see Fi ure 1-4 
for a close~up view. TTY is a 9-pin connector f r 
teletype or other current loop device connecti n. CRT 
is a standard 25-pin RS232 connector for a CRT or 
other RS232 device. PRINTER is a standard 25-pin 
RS232 connector used to connect a printer to:the PDS. 

The console device (CRT or TTY) may operate at one of 
the following baud rates: 110, 150, 300, 600, 1200, 2400, 
4800 or 9600. The user can set EVEN or NO parity, and 
carriage return and line feed delays from 0 to 1000ms 

the various allowable baud rates are as follows: 

110 Baud: 
8-bit data (No Parity - PDS resets bit 8 = 0), 
2 Stop bits, Full Duplex operation 

150-9600 Baud: . 
8-bit data (No Parity - PDS resets bit 8 = 0), 
1 Stop bit, Full Duplex operation; or 7-bit data, 
Even Parity, 1 Stop bit, Full Duplex operation. 

If the console uses a current loop interface, PDS will 
assume a 110 Baud rate with the set-up as shown above. 

The printer device must meet the same requirements 
listed above for a console. The user can set EVEN or 
NO parity, and carriage return, line feed, form feed, and 
vertical tab delays from 0 to 1000ms for the printer. 
Table 1-1 lists some typical peripheral devices. 
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1.3 COP400 PDS Software Overview 

PDS software is divided into two parts: 

• Firmware in ROM 

• Software on disk 

The firmware contains general routines for console and 
printer configuration, system initialization, diagnostics, 
and program loading. The user invokes a general rou· 
tine by entering a command name at the console or by 
pressi ng one of the five switches on the PDS front panel. 

The software contains the programs for file editing, 
assembly, debugging, and PROM programming. The 
PDS Programs are interactive programs. The user in· 
vokes the program by entering the program name at the 
console, followed by a carriage return. The system 
responds with a message and prompts for user·entered 
commands. Each program has several commands. 

This section gives an overview of the following 
COP400 commands and programs: 

• System Configuration and Diagnostic Commands 

• File Manager Program (PM) 

• Disk Initialization and Test Program (DSKIT) 

• Text File Editor (EDIT) 

• COP Cross·Assembler (ASM) 

• COPSTM Monitor and Debugger (COPMON) 

• File List Program (LIST) 

• Cross Reference Program (XREF) 

• Mask Transmittal Program (MASKTR) 

• Memory Diagnostic (MDIAG) 

• PROM Programmer (PROG) 

1.3.1 System Configuration and 
Diagnostic Commands 

The system configuration commands are used to con· 
figure the console. The diagnostic command performs a 
snOrl olagnosllc rOUllnt::t on Ult::l HlltH I li;:tl IlItHllury dliU lilt:: 

disk drive. The System Configuration commands and 
the Diagnostics are described in Chapter 2. 

Table 1-1. Recommended Peripheral Devices 

Device Vendors 

CRT: 1. Lear Siegler Model ADM·3, 
Part No. 129450 
Lear Siegler 
714 No. Brookhurst SI. 
Anaheim, CA 92803 

2. Hazeltine Model 1500 
Hazeltine Industrial Products Div. 
Greenlawn, NY 11740 

PRINTER: 1. Centronics Mod. 702 w/RS232 
interface 
Centronics Data Computer Corp. 
Hudson, NH 03051 

2. FACIT Mod. 4555 w/RS232 interface 
(Sweden) 

3. G.E. TERMINET w/RS232 interface 

TTY: 1. Teletype Mod. ASR3320/3JC 
manual read 

2. Decwriter 
3. Silent 700 

Note: A Silent 700 with RS232 interface requires pins 5 and 8 to be 
connected together. 
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1.3.2 File Manager Program (FM) 

The File Manager (FM) is a PDS system program that 
provides an inteface to disk files. FM enables the user 
to copy files, delete and undelete files, list the disk 
directory, duplicate disks, list file size and type, list 
space available on a disk, list and change the disk 
name and perform various other functions. The File 
Manager Program is described in Chapter 3. 

1.3.3 Disk Initialization and Test Program (DSKIT) 

The Disk Initialization and Test Program is a PDS 
system program that initializes new disks. Initializa· 
tion consists of writing sector sync marks on each 
sector, writing and verifying a test pattern on each sec· 
tor, writing the volume name and header onto the disk, 
and create an empty directory. The Disk Initialization 
and Test Program is described in Chapter 4. 

1.3.4 Text File Editor (EDIn 

The Text File Editor (EDIT) is a system program which 
creates or changes text files. The Text File Editor can 
insert. delete. alter. and list program text as well as 
write the text to a floppy disk. EDIT can accept source 
from either disk files or console entry. The Text File 
Editor is described in Chapter 5. 

1.3.5 COPS Cross·Assembler (ASM) 

The COPS Cross·Assembler (ASM) is a PDS system 
program which translates symbolic program files (cre· 
ated with the Text File Editor) into object code files con· 
taining program instruction in machine language. The 
COPS Cross·Assembler also generates output listings 
containing source statements, corresponding machine 
code and memory locations, and error messages. The 
COPS Cross·Assembler is described in Chapter 6. 

1.3.6 COPS Monitor and Debugger (COPMON) 

The COPS Monitor and Debugger (COPMON) is a PDS 
system program which can monitor the execution of 
programs. 111t::ll.tUt"IYIUI~ fJrUYldl1i ~t::llllIlO) IJI UYIClIl I 

tracing and examination and modification of system 
registers during program execution. The COPS Monitor 
and Debugger is described in Chapter 7. 

1.3.7 File List Program (LIST) 

The File List Program (LIST) is a PDS system program 
which lists files on the system console or printer. LIST 
has several printing options. The File List Program is 
described in Chapter 8. 

1.3.8 Cross Reference Program (XREF) 

The Cross Reference Program (XREF) is a PDS system 
program which prints a symbol map of COP assembly 
language programs. The symbol map shows the name 
of every symbol in the program, the line number where 
the symbol is defined, and all of the line numbers 
where the symbol is used. The Cross Reference 
Program is described in Chapter 9. 
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1.3.9 Mask Transmittal Program (MASKTR) 

The Mask Transmittal Program (MASKTR) Is a PDS 
system program which creates the Transmittal File 
used by National Semiconductor to create the COP 
chip ROM/OPTIONS mask. The Mask Transmittal Pro· 
gram is described in Chapter 10. 

1.3.10 Memory Diagnostic (MDIAG) 

The Memory Diagnostic (MDIAG) is a PDS system pro· 
gram which runs diagno'stics on PDS memory. This 
program will run ADDRESS, BIT, WORD, and GALPAT 
tests. The Memory Diagnostics Program is described 
in Chapter 11. 

1.3.11 COP400 PDS PROM Programmer (PROG) 

The COP400 PDS PROM Programmer (PROG) Is a PDS 
system program which operates the PROM program· 
mer located in the center of the PDS front panel. The 
PROM programmer programs MM2716, MM2732, 
MM2724, and MM2758 EPROMs. The COP400 PDS 
PROM Programmer is described in Chapter 12. 

1.4 COP400 Emulation and Debugging Overview 

The following COP400 Emulation and Debugging facil· 
itate COP400 system development: 

• In·Circuit Emulation 

• Trace 
• Breakpoint 

• Single·Step 

Emulation and Debugging commands are described in 
Chapter 7. 

1.4.1 In·Clrcult Emulation 

In·Circuit Emulation refers to execution and testing of 
COP400 programs while under PDS control. The PDS 
In·Circuit Emulator emulates the operation of the 
user's COP400 system and permits user programs to 
be tested in the user environment. The user may modi· 
fy and re·test programs if errors are found. This 
ensures that the program is correct before dedicating 
it to mask·making. 

DEVELOPMENT 
SYSTEM 

The PDS In·Circuit Emulation System is shown in 
Figure 1-5. The Emulator Card emulates the COP chip 
by using a special 400 device which is identical to a 
masked·ROM COP. The ROM of the special COP400 
device has been replaced by a connection to an exter· 
nal memory. The external memory may consist of 
PROMs which plug into the emulator card, or random 
access memory located within the PDS. Random 
access memory used by both the emulator card and 
PDS is called "shared memory." 

The contents of shared memory may be first loaded 
from a disk file, then altered and/or listed using the 
PDS system software (COPMON) described in Chapter 7. 

A TARGET cable, supplied with the PDS, connects the 
PDS to the Emulator card. One end of the TARGET 
cable attaches to the 50·pin edge connector on the 
card. The other end splits into two connectors, one 
male and one female, that attach to the PDS rear panel 
connectors labeled "EMULATOR 1 and 2." Table 1-2 
shows the wiring of these connectors. Five types of 
signals come across the TARGET cable: 

1. Shared memory address and data lines-used by 
the emulator card to access shared memory. 

2. +5 Voc and GND power supply lines-used to 
power the emulator card. These lines are from the 
PDS power supply and should never be used to 
power the user's system. 

3. RESET line-permits PDS software reset of the 
emul ator card (see Chapter 7). 

4. External event lines - permit breakpoint and single· 
step on signals from external devices. Signals must 
be TTL compatible. 

5. Trigger out line-permits the PDS to signal external 
devices such as oscilloscopes. The signal is TTL 
compatible. 

The Emulator Card is described in detail in the In· 
Circuit Emulator Cards Manual, Publication No. 
420306469. 

STRIPE TO -
PIN 1 ::z:-===-....::;;:;:;:;:;o.:::..4-,/ 

COP / 

EM~k~~OR / 

PIN·FDR·PIN 
IDENTICAL 
COP PLUG 

COP 
. IN·SYSTEM 

EMULATOR 
CABLE 

Figure 1-5. PDS In·System Emulation System 
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Table 1-2. Edge Connector Assignments 
~/ 
0 
0 
""tJ .... 

Connector No. Name Description 0 
Co 

1 GND Signal and power return C 
2 GND Signal and power return (') -3 Vcc +5Voc power from Development System C 
4 Vcc +5Voc power from Development System CD 
5 EX2 Buffered External Event < 

CD 
6 EX1 Buffered External Event 0" 7 EX4 Buffered External Event "C 
8 EX3 Buffered External Event 3 
9 ClK Buffered ADIDATA signal from COP4XX CD 

10 SKIP COP4XX skip status line ::::s -11 A8 COP4XX program counter address bit en 
12 A9 Address Bit '< 
13 . A3 Address Bit en -14 A7 Address Bit CD 
15 A1 Address Bit 3 
16 A2 Address Bit ~ 17 A4 Address I:!It 

CD 18 AO least significant address bit ~ 
19 A6 Address Bit en 
20 A5 Address Bit s: 21 Not Used Q) 
22 A10 Most significant address bit ::::s 
23 Not Used C 

24 Not Used !!. 
25 Not Used 
26 Not Used 
27 Not Used 
28 Not Used 
29 Not Used 
30 Not Used 
31 Not Used 
32 Not Used 
33 BO least significant COP object code bit 

07 Ul"'\~t ~innifi,..ont r.np nhio,..t ~nrlA hit 

35 B2 Object code bit 
36 B5 Object code bit 
37 B3 Object code bit 
38 B4 Object code bit 
39 B6 Object code bit 
40 B1 Object code bit 
41 TRIGGER OUT BREAKPOINT/TRACE indicator 
42 Not Used 
43 RST Same as RESET 
44 PROM DISABLE Select PROM or Shared Memory mode 
45 See Note 1 
46 See Note 1 
47 Vcc +5Voc power from Development System 
48 Vcc +5Voc power from Develoment System 
49 GND Power ~nd signal return 
50 GND Power and signal return 

Note 1: Pins 45 and 46 are used as follows: 

pos with target board 980306552 REV A or later, normally not used. 
pos with target board 980305551 REV F or earlier, -12Voc from the POS. 
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1.4.2 Trace 

A trace records the path of execution control through 
the user program. 

A trace may store up to 254 consecutive COP instruc- "" 
tion addresses in the PDS Trace memory. A trace can 
be initiated on user command or it can be set up by 
the user to initiate when one of these conditions 
occurs: 

1. The COP chip program counter attains a specific 
address. 

2. External· Events 1 and 2 attain specific values. 

The user can specify that a given number of occur
rences (from 1 to 256) of the above conditions must 
occur before trace is initiated. At the time that trace is 
Initiated, a positive edge occurs on the Trigger Out 
(T.O.) signal post on the emulator card. This signal can 
be used for triggering oscilloscopes or logic analyzers. 

The user may specify the number of COP instruction 
addresses that are to be stored prior to the trigger. 
This number may be from 0 to 253. The remainder of 
trace memory will automatically store as many instruc· 
tion addresses as possible following the trigger. The 
user can thus perform pre-triggering, post·triggerlng, 
and mid-triggering. 

In addition to COP instruction addresses, trace 
memory stores the following data: 

1. COP chip SKIP flag, which indicates whether or not 
the corresponding instruction was skipped. 

2. The four external event signals connected by the 
user to the emulator card posts labeled 1,2,3, and 4. 

The user can specify that a given number of occur
rances (from 1 to 256) of the above conditions must 

occur before a break is initiated. At the time that break 
is initiated, a positive edge occurs on the Trigger Out 
(T.O.) signal post on the emulator card. This signal can 
be used for triggering oscilloscopes or logic analyzers. 

When break is initiated, the COP chip instruction lines 
are switched from shared memory or PROMs over to a 
special transparent memory containing a dump pro
gram. This program causes the special COP400 chip 
on the emulator card to dump all internal registers and 
memory to PDS, where it is available for inspection by 
the user. The program then restores all registers and 
maintains the COP chip in a waiting state until com
manded by the user to continue normal program 
execution. 

1.4:3 Breakpoint 

-Breakpoint provides a means to examine internal COP 
registers at specific points within program execution. 
A break can be initiated Immediately on user com
mand, or it can be set up by the user to initiate auto
matically when one of the following conditions occurs: 

1. The COP chip program counter attains a specific 
address. 

2. External Events 1 and 2 attain specific values. 

1.4.4 Single·Step 

Single-step provides a means for single-stepping the 
COP chip by breakpolnting on each consecutive 
instruction. Internal COP registers are available to the 
user after each step. 
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PDS Installation and Initialization 
2.1 Introduction 

This chapter provides a description of PDS installation 
and initialization procedures. Also discussed is the can· 
sale input, including command syntax, printer output, 
system configuration, diagnostics and error messages. 

2.2 PDS Installation 

Installation of the PDS involves a physical check of 
the PDS, connection of the peripheral devices to the 
PDS, and application of power to both the PDS and the 
peripheral devices. To install the PDS, do the following: 

1. Remove the PDS top cover by removing the two 
screws located toward the rear of the cover and slid· 
ing the cover off. Make sure that all six PC boards' 
are seated and firmly fastened. Replace the top 
cover. 

2. Connect the peripheral devices to the PDS. The user 
must orovide aopropriate cables for connection 
between the peripheral devices and the connectors 
on the PDS rear panel. Pin assignments are shown 
in Tables 2-1 and 2-2. 

3. Plug the power cable into the rear of the PDS. The 
PDS is now ready for operation. 

2.3 System Initialization 

System Initialization involves powering up the PDS and 
configuring system peripherals. To initialize the 
system, do the following: 

1. Turn on power to the PDS and system peripheral 
devices. (The PDS is powered up using the front 
panel key switch.) The system displays 

CR? 

on the front LED display. 

sale. The system performs an initialization routine, 
sets the console baud rate and type (RS232 or cur· 
rent loop), and then displays message: 

EXEC Rev A 

E> 

at the console. The system is now in the executive 
(EXEC) program. E> is the program prompt. 

3. Configure console and printer operation using the 
System Configuration Commands (see Section 2.6). 
Note that console configuration can be skipped if 
the default configuration is sufficient. Default can· 
figuration for current loop interface is 110 baud, no 
parity, two stop bits, and full duplex operation. 
Default for RS232 is 1200 baud, no parity, and no 
line feed or carriage return delays. 

4. Insert the PDS MASTER diskette in the PDS floppy 
disk drive and close the door (see Figure 2-1). 

The PDS is now ready to accept PDS commands. The 
user may enter a command or program name at the 
console as described in the next section or press the 
PDS front panel switches MONITOR, DIAG, and INIT. 
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Table 2-1. TTY Connector (Current Loop) 

Pin Number Signal Name 

1 TTY Xmitter ( + ) 
2 TTY Printer (+) 
3 Reader Relay (+ ) 
4 Not connected 
5 Not connected 
6 TTY Xmitter Return ( - ) 
7 TTY Printer Return (-) 
8 Reader Relay Return (- ) 
9 Not connected 

Table 2-2. Printer and CRT Connectors (RS232) 

RS232 Printer CRT Data Set Signal Name Pin No. Pin No. Pin No. 
-

1 Chassis Ground 1 1 
2 Transmitted Data 2 not conn. 2 
3 Received Data 3 3 
4 Request to Send 4 4 not conn. 
5 Clear to Send 5 5 
6 Data Set Ready 6 6 
7 Signal Ground 7 7 

8-19 8-19 8-19 
not conn. not conn. 

20 Data Terminal 20 20 
Ready not conn. 

21-25 21-25 21-25 
not conn. not conn. 

The MONITOR switch loads the COPMON program 
described in Chapter 7. 

The DIAG switch loads the Diagnostic routine des· 
cribed in Section 2.7. 

The INIT switch resets the PDS. The user may then 
initialize the PDS as described above. 

2.4 Console Input 

2.4.1 Commands and Command Line Syntax 

The PDS commands cause the system to perform a 
specified operation or load a PDS program from disk· 
ette into memory. A PDS command consists of 
symbols, names, and operands that specify the com
mand type and the operation to be performed. The oper
ands specify the diskette files, numbers, names, and 
options that are to be used during command operation. 

The user enters PDS commands at the command line. 
The command line is a line at the system console con
taining a program prompt. A prompt consists of a 
letter followed by the ">" symbol, e.g., "E>" is the 
EXEC program prompt. The prompt indicates which pro
gram the system is currently executing. Each PDS 
program has a unique prompt. Table 2-3 lists the 
prompts of the various PDS programs. 
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Figure 2-1. Inserting a Diskette into the Drive 
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Table 2-3. PDS System Program Names and Prompts 

System 
Program Function 

Name 

ASM* COP Macro Assembler 
COPMON* COP Monitor 
DSKIT* Disk Initialization and Test 
EDIT* Text File Editor 
FM* File Manager Program 
L1ST* Text File Listing 
MDIAG* PDS Memory Diagnostic 

Program 
PROG* PROM Programming Utility 
XREF* COP Program Cross 

Reference 
MASKTR* Mask Transmittal Program 
EXEC** PDS Executive Program 
* System program on Master Diskette. 

•• System program In Firmware. 

Prompt 

A> 
C> 
D> 
E> 
F> 
L> 
M> 

P> 
R> 

T> 
X> 

When a prompt appears, the system is ready to accept 
a command. The PDS commands are divided into three 
types: 

• System Configuration Commands 

• Program liwocation Commands 

• Program Commands 

The System Configuration commands configure the 
system peripheral devices. The commands consist of 
two "at signs" (@@);acommand name, and com· 
mand operands. Commands must be terminated by a 
carriage return. 

The Program Invocation commands load PDS pro· 
grams from diskette in memory and change the current 
nrnnram nrnmot. The commands consist of an "at 
sign" (@), a program name, and program operands and 
must be terminated by a carriage return. 

The Program commands cause the current PDS pro· 
gram to perform a specific operation. The commands 
consist of a command name'and command operands 
and must be terminated by a carriage return. Each PDS 
program has a unique set of Program commands. 

The syntax of a PDS command depends on the com· 
mand function and/or the program to which it belongs. 
In describing command syntax, the following conven· 
tlons are used. Upper·case and lower·case letters are 
used in these conventions; any combination of upper· 
case and lower·case letters may be used when 
actually entering the commands. 

UPPER·CASE letters show the command names and 
keywords. Mandatory items are shown outside of 
the brackets []; they must be included in the 
command. 

If an item shown consists of underscored letters 
followed by non·underscored letters, then that item 
may be entered in an abbreviated form. Minimum 
legal abbreviation of such items is the underscored 
letters i>0rtion; in addition, any number of the non· 
underscored letters that follow may also be used. 
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Blanks or commas, when present in command 
strings, are significant; they must be entered as 
shown. Multiple blanks may be used in place of a 
single blank. . 

< >-angle brackets enclose descriptive names (in 
lower·case) for user·supplied namesllabels for 
commands, parameters, devices, and files. 

{ } - braces enclose more than one item out of 
which one, and only one, must be used. The items 
are separated from each other by a logical OR sign 

"I"· 
[]-brackets enclose optional items(s). Brackets 
within a bracket enclose item(s) which may be 
optionally entered only if the item outside that inner 
bracket is entered. 

I-logical OR sign separates items out of which 
one and only one may be used. 

.. , -three consecutive periods indicate optional 
repetition of the preceding item. If a comma pre· 
r:",ri"" th" thr"A !'IA,inri", thAn Aach item must be 
separated from the other by a comma. 

2.4.2 Control Characters 

PDS uses a console input routine which has several 
features that allow the user to correct typing mistakes. 
Among the features are the ability to backspace and to 
abort a line using control characters. Table 2-4 des· 
scribes the various control characters and the function 
of each one. These control characters c;:an be used at 
any time when the user is typing on the PDS console. 
If a hardcopy console is being used, most of the can· 
trol characters cannot be used because of the inability 
to back up and change characters that have already 
been typed. However, the Shift/a, Control/Q, Control/I, 
and carriage return characters can be used. 

2.4.3 Disk Files 

A disK rile IS a COllection or oata storeo on a OI:>K anu 
given a name. (The words disk, diskette, and disc are 
used interchangeably throughout this manual.) A PDS 
filename has the following syntax: 

[<volume name>:] <name> [. <modifier>] 

The brackets ([]) around a term indicate that the term 
is optional and may be left off. An example of a file· 
name is PDS:SAMPLE.SRC. The volume name is PDS, 
the name is SAMPLE, and the modifier is SRC. 

The volume name is a name given to a diskette. All 
files on a particular diskette have the same volume 
name. The volume name is given to the diskette when 
it is initialized (see Chapter 4) and can be changed 
with the File Manager program (see Chapter 3). It 
consists of one to eight alphanumeric characters
blanks and special characters are not permitted. The 
volume name is optonal in a filename. If PDS encoun· 
ters a filename with no volume name, it will use the 
volume name of the diskette that is currently in the 
PDS disk drive. If given, the volume name must be sep· 
arated from the remainder of the filename by a colon. 
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Table 2-4. PDS Console Input Control Characters 

Character Function 

ControliH Backspace one character, but do not delete the character that Is backspaced 
over. 

Shift/O ("<-" on some TTY) 
ControllO 

Delete one character back. 
Abort line and try again. 

Carriage return 
ControliT or Controlll 
ControliX 

Line is completed. Must be entered at end of each line. 
Tab. (See @@TAB Command for setting tabs.) 

ControliL 
Delete character at current CRT cursor position. 
Forward space one character. 

ControliA 
ControliB 

Insert characters before current cursor character. 
Backspace one word. 

ControliF Forward space one word. 
ControliC Forward space to third t.ab position (for comments). 
ControliD 
ControliE 

Same as carriage return except line Is truncated at current cursor position. 
Forward space to end of line. 

ControliS Backspace to start of line. 
ControliO or ControliZ 
ControliP or ControllW 

Forward space to next occurrence of next character typed. 
Forward space one character beyond next occurrence of next character 
typed. 

Note: If no characters have been typed on a line, forward spacing will space over the last line typed, a useful means of repealing the last line. 
If the last line ended In "'PR",lt will not appear on the repeated line. 

The name part of a filename may consist of one to 
eight alphanumeric characters. The first character 
must be an,alphabetic-blanks and special characters 
are not permitted. 

The modifier part of a fIIename,may consist of up to 
three alphanumeric characters-blanks and special 
characters are not permitted. It is separated from the 
beginning part of the filename by a period. A period 
with no character following it specifies a modifier with 
zero characters. The modifier Is usually used to des· 
cribe the type of a file. For example, SRC is used for, 
text files and MP is used for PDS system program 
files. This convention is not mandatory. The user may 
choose any modifier. The modifier and its preceding 
period are optional. If left off, PDS will provide a 
default modifier. Table 2-5 lists the default modifiers. 

Table 2-5. System Default Modifiers 

Modifier Definition 

SRC Source Text 
LM COP Load Module 
MP PDS System Program 
LST Listing File 
SYT Special System File 
TRN PDS Transmittal File 

Each file on a diskette has a unique NAME. MODIFIER 
combination. The user creates flies using the PDS file 
manager, text editor, or assembler programs. PDS 
maintains a directory on each diskette, describing the 
name and other information for each file on it. The 
directory can be listed by using the PDS File Manager 
program (see Chapter 3). 

Eachflle has a special number called an Internal File 
Type (1FT) maintained by PDS In the diskette directory. 
The 1FT Is not alterable by the user. It Is used by PDS 
to indicate the type of data in each file (source text, 
system program data, etc.). This allows PDS to prevent 
the user from accidentally assembling a binary data 
file, or attempting to execute a source text file. The 
1FT Is not related to the file mOdifier. The·modifier Is 
selected by the user; the PDS selects the correct 1FT 
regardless of what modifier is used. Table 2-6 lists the 
PDS IFTs. 

Table 2-6. PDS Internal File Types 

File Type 

SYM 
LM 
MP 

Definition 

Symbolic Text .\ 

COP Load Module 
PDS System Program 

A file whose 1FT Is SYM (symboliC) consists of ASCII 
data written on the disk. The PDS File Manager pro· 
gram generates the SYM file type when copying ASCII 
data to the disk or when copying another SYM file. The 
PDS Text Editor program (see Chapter 5) requires a 
SYM file when reading data from the disk, and gener· 
ates a SYM file when writing data to the disk. The PDS 
Assembler program requires a SYM file as input, and 
generates a SYM file when creating a listing file. 

A file whose 1FT Is LM (Load Module) consists of binary 
data In COP load module format. The PDS Assembler 
program (ASM) generates an LM file as object code 
output. The COP Monitor program (COPMON) requires 
an LM file for loading into shared memory. 

A file whose 1FT Is MP (Main Program) consists of 
binary data In a format that allows it to be executed by 
PDS with an @ command, described later ,In this chap· 
ter. The PDS programs FM and Edit are examples of 
this file type. 
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PDS maintains another' number for each file, called a 
protection level. This is used to prevent accidental des
truction of files. Table 2-7 is a list of protection levels 
and their safeguard provisions. System programs such 
as FM and Edit create files for the user as level 2 files. 
All system programs are initially level 3 files. The pro
tect level of any file can be changed with the File Mana
ger PROTECT command (see Section 3.12). 

If PDS is directed to write into an existing file, it will 
delete the existing file and recreate a new file of the 
same name, type, and protection level. A file cannot be 
recreated if its protection level is 3, and if its protection 
level is 2, the user must give permission for recreation. 
A deleted file is not removed from the diskette. It still 
exists and can be undeleted with the File Manager 
UNDELETE command, provided that the disk has not 
been packed (see Section 3.15). 

A third number for each file, called the version number, 
is set to 1 the first time the file is created. Each time 
the file is recreated, as, for example, when a text file is 
edited using the editor program, the version number is 
incremented. This number is to keep an up-to-date 
backup of a file. It is recommended that the user always 
keep a backup of every file, because diskettes go bad 
occasionally. The File Manager DUPLICATE command 
is used to back up a file (see Section 3.6). 

A diskette is divided into sectors. There are 616 sectors 
on each diskette. One sector will hold approximately 
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20 average lines of text. The diskette directory requires 
at least eight sectors of its own. The File Manager 
DIRECTORY command can be used to list the size of 
each file (see Section 3.5). 

Table 2-7. 
Protection Levels and Safeguard Provisions 

Protection User Notified User Approval Required 
Level of Creation? to Delete or Modify File? 

0 No No 
Yes No 

2 Yes Yes 
3 Yes Delete/Modify not allowed 

The PDS disk file manipulation routines will generate an 
error message when certain conditions occur. A file err
or message has the following format: 

DISK ERROR, FILE <filename> 

error message 1 

[error message 2] 

Table 2-8 is a list of the error messages and their mean
ings. Normally only the first nine messages given in the 
table will occur. In some messages there is no filename 
involved, in which case only":." will be printed for the 
filename. Sometimes two error messages will be 
printed. . 
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Error Message 

WRONG DISK VOLUME 

DRV NOT RDY 

FILENAME SYNTAX 

ENDOF FILE 

END OF DISK 

CANT DELETE 

ILLEGAL DEVICE 

FILE NOT FOUND 

NO SYNC/WRT PRTCT 

WRTCRC ERR 

RDCRC ERR 

CANT RD NST 

DISK/DIR FULL 

CANT RD DIR 

CANTWRT NST 

CANTWRT DIR 

RD ERR 

WRT ERR 

CANT MODIFY 

ADDR ERR 

ILLEGALGMD 

NO DISKIO ERRS 

NO ERRS 

NOT OPEN FOR RD 

NOT OPEN FOR WRT 

NOT OPEN FOR MOD 

ALREADY OPEN 

TOO MANY FILES 

NSTIDIR CONT MATCH 

PAST END OF DIR 

BADCHNL TBL 

NO END OR DIR 

TOO MANY VOLUMES 

Table 2-8. Disk File Error Messages 

Problem 

User referred to a file on a diskette other than the one in the drive. 

No disk in drive, drive door isn't shut, or diskette is jammed. 

User typed an illegal filename. 

User tried to read past the end of the file while using the text editor. 

Diskette is full, no more data can be stored on it. See WARNING in Chapter 7 
concerning this error. 

Attempt to delete a file whose protect level is 3, or user didn't give 
permission to delete a file whose protect level is 2. 

User referred to an illegal device. 

Reference was made to a file that is not on the diskette. 

Attempt to write on write-protected diskette, or else disk is bad. 

Couldn't write on disk, disk may be bad. 

Couldn't read from disk, disk may be bad. 

Drive not ready or disk is bad. 

Diskette is full, no more data can be stored on it. See WARNING in Chapter 7 
concerning this error. 

Drive not ready or disk is bad. 

Drive not ready or disk is bad. 

Disk may be bad. 

Disk is bad. 

Disk is bad. 

Attempt to modify a file whose protect level is 3, or user didn't give 
permission to modify a file whose protect level is 2. 

System hardware or software error. 

System hardware or software error. 

System hardware or software error. 

System hardware or software error. 

System hardware or software error. 

System hardware or software error. 

System hardware or software error. 

System hardware or software error. 

System hardware or software error. 

System hardware or software error. 

System hardware or software error. 

System hardware or software error. 

System hardware or software error. 

System hardware or software error. 

2.5 Printer Output 

In a few system commands, a device name is accept
able in place of a filename. A device name is specified 
by an, asterisk, followed by two alphabetic characters 
indicating a peripheral device. At present, only two 
device names are allowed. These are shown in Table 2-9. 

If a PDS command line has' PR at the end of it, PDS 
will direct output generated by that command to the 
printer. This can be done with any PDS system pro
gram command. If a printer is not connected to the 
system, PDS will wait until one Is connected. The sys
tem must be reinitialized to terminate this wait state. 

Table 2-9. PDS Device Names 

Name 

'CN 
'PR 

Device 

System Console 
Printer 
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Example: 

F>C TEST1.SRC, TEST2.SRC, TEST3.SRC 'PR 

CREATING FILE CDS:TEST3.SRC 
(This line Is printed on the printer.) 



2.6 System Configuration Commands 

System configuration commands set and change the 
certain PDS system parameters. System configuration 
commands may be entered at the EXEC level or at any 
program level. Tables 2-10 and 2-11 list the commands 
and their parameters. 

A system configuration command is invoked by typing 
@ @ followed by a Command name and operands. The 
four·system configuration commands are described 
hereafter. 

Table 2-10. System Commands 

Directive Function Section 

CONSOLE @@C<baud>[,<type>[,<parity> 
[,<crdly>[,< Ifdly> llll 2.6.1 

PRINTER @@P<baud>[,<type>[,<parity> 
[, <crdly>[, < Ifdly>[, < ffdly> 
[, <vtdly> llllll 2.6.2 

TAB @@T[<t,>,[,<t2>[,<t3>lll 2.6.3 
WI nTH (iiJ rm WI r<nllmhl=H nf ~nhlmn!=:>l ?R4 

Table 2-11. Operand Parameters 

Command Description 

<baud> 
<crdly> 

<ffdly> 
<Ifdly> 
<parity> 
<t,> 
<t2> 
<t3> 
<type> 

<number of columns> 

baud rate listed in Table 2·3 
carriage return delay in milli· 
seconds (1-1000) 
form feed delay (1-1000ms) 
line feed delay (1-1000ms) 
E for even parity, N for no parity 
tab column 1 
tab column 2 
tab column 3 
R for RS232, C for current 
loop device 
vertical tab delay (1·1000ms) 
_ .• !_.L ___ --' __ . ___ • ___ ••• __ 

I ~idi'h'(1-0~80)-"--'- w._ ..... 

2.6.1 @ @ CONSOLE Command 

Syntax: @@ CONSOLE<baud>[,<type>[,<parity> 
[,<crdIY>[,<lfdly> llll 

The CONSOLE command sets the console parameters. 
The baud rate must be one of the following: 110, 150, 
300, 600, 1200,2400, 4800 or 9600. Type must be an "R" 
for RS232 or a "c" for current loop console. Parity 
must be "E" for even parity or "N" for no parity. Crdly 
is the carriage return delay in milliseconds. It must be 
a number from 0 to 1000. Lfdly is for line feed delay. It 
must be a number from 0 to 1000. Default parameters 
are RS232, no parity, zero delays. Console parameters 
are automatically set up when CR is typed at PDS 
initialization. 

Example: 

X>@@C1200,R,N,10,5 

2.6.2 @ @ PRINTER Command 

Syntax: @@ PRINTER<baud>[,<type>[,<parity> 
[, < crdly>[, < Ifdly> [, < ffdly>[, <vtdly> llllll 

The PRINTER command sets the printer parameters. 
Parameter description and defaults are the same as 
for @ @ CONSOLE command, except that form feed 
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and vertical tab delays are added. At system initializa· 
tion time, the print parameters are set to 1200 baud, 
RS232, no parity, zero delays. 

Example: 

X> @@ P 110,c,e,20,20,500,100 

2.6.3 @ @ TAB Command 

Syntax: @@TAB [<t,>,[,<t2>[,<t3>lll 

The TAB command sets the tab columns for Control/T 
or Controlll input line control characters. Three tab 
columns can be set. Initial and default tabs are col· 
umns 9, 17, and 33. 

Example: 

X> @ @T 10,20,30 

2.6.4 @ @ WIDTH Command 

Syntax: @@ WIDTH [<number of columns>l 

The WIDTH command sets the printer and console 
column width. At svstem initialization this Darameter 
is set to 72. Minimum setting is 10, maximum setting 
is 80. 

Example: 

X>@@WI80 

2.7 Diagnostics 

Syntax: .QIAGNOSTIC 

The Diagnostics command, the only command in the 
EXEC program, causes a PDS diagnostic test to be 
performed. The test performs a 7·minute diagnostic of 
the system memory followed by a brief disk drive test. 
If the memory test passes, the message: 

MEMORY TEST PASSED 

is displayed on the console. If the test fails, a memory 
address is displayed on the console and servicing by 
National tiemlconauctor Will oe necessary. An Inillal' 
ized disk must be inserted in the disk drive for the disk 
test to succeed. The message: 

DIAGNOSTICS PASS 

is displayed on the console when the disk drive test 
passes. If the test fails, the message: 

DISK TEST FAILED 

is displayed. 

Example: 

X>Q 
DIAGNOSTICS PASS 

The diagnostic test is also performed whenever the 
front panel DIAG switch is pressed. If the memory test 
(which takes about seven minutes) fails, the fail 
address will be given in the left side of the front panel 
display, and the test type (address, word, or bit) will be 
given in the right side. If this occurs, servicing by 
National Semiconductor is necessary. If the memory 
test passes, the disk test will be performed. As with 
the console diagnostic operation, it takes only a few 
seconds and requires that an initialized diskette be in 
the disk drive. If this test fails, DISK ERRS will be 
displayed on the front panel. If both tests pass, DIAG 
PASS will be displayed on the front panel. 
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File Manager Program (FM) 
3.1 Introduction 

The File Manager program (FM) provides an interface 
to system disk files. FM enables the user to copy files, 
delete and undelete files, list the disk directory, dupli· 
cate disks, list file size and type, list space available on 
a disk, list and change the disk name, and perform vari
ous other functions. This chapter describes the File 
Manager commands and gives examples of their use. 

To call FM, the user types in the @ command: 

X>@FM 

FM, REV:B 

F> 

After FM prompts for a command (F», the user types 
in the necessary FM commands. These commands are 
summarized in Table 3-1. In commands that require a 
filename, if the file modifier is not specified on a file
name that is to the left of TO, FM will use SRC for the 
default modifier. If a file modifier is not specified on a 
filename that is to the right of TO, FM wi II use the same 
modifier as it used for the filename to the left of TO. 

3.2 Combine Files Command 

Syntax: ,g,OMBINE <filename>,<filename> 
[, <filename> j ... TO< filename> 

Combines the specified disk files and saves the new 
disk file with the specified name. All of the disk files 
must be of the symbolic (SYM) file type. 

Example: 

F>C FILE1.SRC,FILE2.SRC,FILE3.SRC TO 
TEST.SRC 
CREATING FILE PDS:TEST.SRC 

3.3 Copy File Command 

Syntax: ,g,OPY <filename> TO<filename> 

Copies the specified disk file to a new file on the same 
diskette, thus creating duplicate files with two differ
ent names. 

Example: 

F>C FILE1.SRC TO SAMPLE 
CREATING FILE PDS:SAMPLE.SRC 

3.4 Delete Command 

Syntax: DELETE<filename>[,<filename> j ... 

Marks the specified files as deleted. After a file is 
deleted, it remains on the diskette and its name 
appears in the diskette directory with an asterisk 
beside it. It can be undeleted using the UNDELETE 
command. If the diskette is packed using the PACK 
command, the deleted file is removed from the disk
ette. An attempt to delete a file with a protect of 2 will 
cause a query to the user. The Ilser will not be allowed 
to delete a file whose protect level is 3. 

Example: 

F>DETEST.SRC, SAMPLE.MP 
CANNOT DELETE FILE PDS:TEST.SRC 
(protect level 3) 
OK TO DELETE FILE PDS:SAMPLE. MP 
(YIN, CR = YES)? CR 

3.5 Directory Command 

Syntax: QI RECTORY [< option >[. <option> j ... j 

This command lists the diskette directory. One or both 
of the following options, separated ,by commas, may 
be specified. 

Option A- List files in alphabetical order. Otherwise, 
the list is done chronologically. 

Option S -A "short" listing is to be made, excluding 
deleted files, file 1FT, version number, file#, and the num· 
ber of bad, used, and available sectors on the diskette. 

Example: 

F>QA 
DIRECTORY FOR: PDSUSER "PDS USER" 

FN D NAME TYPE SIZE PL VN 

2 EDIT . MP MAIN PROGRAM 20 3 

1 LIST . MP MAIN PROGRAM 8 3 

SECTORS BAD: 0 
SECTORS USED: 36 

SECTORS FREE: 580 

The first line in the above printout shows the diskette 
volume name (MASTER) and header (PDS MASTER 
DISKETTE). 

The FN column is a chronological numbering of the 
first 99 undeleted files. If there are more than 99 files 
on the diskette, the FN field will be blank for these 
files. 

The D (Delete) column denotes a deleted disk file with 
an asterisk preceding the filename. 

The NAME column is an alphabetical list of the 
filenames and modifiers. 

The TYPE column indicates the file's Internal File Type 
(1FT). 

The SIZE column indicates the number of sectors 
occupied by the file. 

The PL column indicates the protection level. 

The VN column indicates the file version number. 

The sum olthe bad, used, and free sectors account for 
the total number of sectors on a diskette (Section 2.4). 
Sectors used indicates the number of sectors occu
pied by the files, plus a minimum of eight sectors 
required by PDS. 
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3.6 Dupli.cate File Command 

Syntax: DUPLICATE<volume>:<filename>TO 
<volume>:<filename> 

Copies the file from the first volume to a new file on 
the second volume. The volume name must be differ· 
ent. FM prompts the user to exchange diskettes in the 
disk drive as required to complete the transfer. The 
user must enter CR after each prompt. ControllO 
instead of CR will abort the duplication. 

Example: 

F> DU VOL 1 :TEST. SRC TO VO l2:TEST . SRC 

lOAD INDICATED VOLUME, PRESS CR 

VOll CR 

VOl2 CR 

CREATING FilE VOl2:TEST. SRC 

VOll CR 

VOl2 CR 

DUPliCATION COMPLETE 

~.i' uutJii",c:ai.t:t yuiulllt:: CUlllllli:IIU.i 

Syntax: DUPLICATE<volume>TO<volume> 

This command copies each undeleted file on the first 
volume to the second volume. The two volume names 
must be different. FM prompts the user to exchange 
diskettes in the disk drive as required to complete the 
transfer. The user must enter CR after each prompt. 
Control/O instead of CR will abort the duplication. 
This command provides a means for making backup 
copies of diskettes, a recommended procedure. As 
many as 20 or more swaps may be needed to duplicate 
diskettes that have many files or large files on them. 
The first volume that FM will request to be loaded is 
the second, or destination volume. This allows a 
"cleaning up" operation to be performed on it prior 
to the duplication in order to improve the diskette's 
access time. 

Example: 

F>DU VOL1 TO VOl2 
lOAD INDICATED VOLUME, PRESS CR 
VOl2 CR 
VOll CR 
VOL2 CR 
CREATING FilE VOl2:FM. MP 
VOll CR 
VOl2 CR 
CREATING FilE VOl2:EDIT. MP 
DUPLICATION COMPLETED 

3.8 Header Command 

Syntax: .t!.EADER ["<header-string>"] 

This command changes the current header to the 
specified header-string. If no header-string is speci
fied, the command displays the current header but 
does not change it. 

Example: 

F>H "MY COP PROGRAMS" 

3.9 Locate Command 

Syntax:..b.0CATE<filename> 

Lists the file type, total 5'lctors occupied, protection 
level, and version number of the specified file. 

Example: 

F> l TEST. SRC 
FilE TYPE: 
TOTAL SECTORS: 

SOURCE 
16 

PROTECTION lEVEL: 3 
VERSION NUMBER: 10 

3.10 Pack File Command 

Syntax: .EACK<filename> 

Removes all deleted files of the given name from the 
directory. The file can no longer be undeleted. Disk 
space that was occupied by the file is then freed for 
use by other files. 

Example: 

F> P TEST. SRC 
OA('LtIl\If:: CII C one:·TCCT cor IVIF\I "'0 _ vec:\? roc ............ -. .. __ . -_ .. _ ............. - \ .... , ...... - .-.... ,. -- .. 

3.11 Pack Volume Command 

Syntax: fACK 

Removes all deleted files on the diskette. The removed 
files can no longer be undeleted. Disk space that was 
occupied by the files is then freed for use by other files. 

Example: 

F>.E, 
PACKING DISK (YIN CR = YES)? CR 

3.12 Protect Command 

Syntax: PROTECT < fi lename>[. < plevel >] 

Changes the protection level of the specified file to the 
protection level specified by plevel. If plevel is not 
.... ............. :~:'"'A .............................................. I: ........... 1-. ............................ : ......... 1 .......... 1 ..... & ,- - - ,_ .. _---_. 

the specified file but does not change it. 

Example: 

F> PR TEST. SRC,3 

3.13 Rename Command 

Syntax: RENAME<filename>TO<filename> 

Changes the name of a file. 

Example: 

F> R TEST. SRC TO TEST. OLD 

3.14 Space Command 

Syntax: ~PACE 

Lists the number of bad, used, and available sectors 
on the diskette. . 
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Example: 

F>~ 
VOlUME:MASTER 
SECTORS BAD: 0 
SECTORS USED: 140 
SECTORS FREE: 476 
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3.15 Undelete Command 

Syntax: 1i.NDELETE<filename> 

Restores the most recently deleted version of the specl· 
fied file and deletes the existing one (if any). If no delet· 
ed version exists, the following message is displayed. 

NO BACKUP EXISTS 

If there is more than one deleted file of the same 
name, the files can be successively undeleted and 
renamed, one at a time. 

Example: 

F>U TEST. SRC 

3.16 Volume Command 

Syntax: '{OLUME ["<volume-name>"] 

Changes the volume-name of the current diskette to 
the specified volume-name. If no volume·name Is 
specified, the command lists the current volume-name 
but does not change it. 

Example: 

F>V"PDS" 

Table 3-1. File Manager Command Summary 

Command Syntax Description 

COMBINE FILES C <filename>,<filename> Combine symbolic files into a new file 
[,<filename>] ... TO<fllename> 

COPY FILE C <filename>TO<fllename> Copy file with first name to a new 
file with the second name. 

DELETE DE <filename>[,<filename>] Delete files on diskette. 

DIRECTORY D [<option>[,<option>] ... ] List the disk directory. 

DUPLICATE FILE DU <volume>:<filename>TO COpy file from one diskette to a 
<volume>:<filename> second diskette. 

DUPLICATE VOLUME DU <volume>TO<volume> Copy all files on one diskette to a 
second diskette. 

HEADER H ["<header·string>"] List or change diskette header. 

LOCATE L <filename> List file type, number of sectors, pro-
tection level, and version number. 

PACK FILE P <filename> Remove deleted files of given name 
from the disk directory. 

PACK VOLUME P Remove all deleted files from the 
disk directory. 

PROTECT PR <filename>[,<plevel>] List or change file protection level. 

RENAME R <filename> TO<filename> Rename file. 

SPACE S List number of bad, used, and avail· 
able sectors on the diskette. 

UNDELETE U <filename> Undelete file. 

VOLUME V ["<volume>"] List or change diskette volume name. 
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Disk Initialization and Test (DSKIT) 
4.1 Introduction 

The Disk Initialization and Test program (DSKIT) allows 
the user to initialize new diskettes. Initialization con· 
sists of the following three operations: 

1. Write sector sync marks on each of the disk's 616 
sectors. This operation requires approximately one 
minute. 

2. Write and verify a test pattern in each of the sectors 
in order to detect bad sectors. This operation 
requires approximately 20 minutes. 

3. Write the diskette volume name and header onto 
the disk, and create an empty directory. This opera
tion requires approximately 10 seconds. 

These three operations can be performed with the INI
TIALIZE command. Although the user will probably not 
have use for any of the other OS KIT commands, they 
are described here for completeness. 

To call DSKIT, type: 

X>@DSKIT 

DSKIT,REV:B 

D> 

DSKIT is then ready to accept one of the commands des
cribed in detail below. Refer to Tables 4-1, 4-2 and 4-3. 

4.2 Initialize Command 

Syntax: iN ITIALIZE "< vol u me >", "< header >" 

Initializes the diskette that is currently in the disk 
drive, giving it the specialized volume name and 
header string. The volume name consists of one to 
eight alphanumeric characters. The header string con
sists of one to 40 characters of any type. The system 
will query the user regarding initialization of the 
UI':'''OUC< Ut;;IUIO UCYIIIIIIIIY LIIO U..,I:JIClllVII. 

Example: 

0>1 "COPS","COP PROGRAMS" 
OK TO DESTROY VOLUME "MASTER" 

(YIN, CR = YES)? 1i 
(user forgot to put correct disk in) 
0>1 "COPS","COP PROGRAM" 
OK TO RUN DESTRUCTIVE OPERATION ON DISK 

(YIN, CR = YES)? CR 
"'SECTOR MARKS COMPLETE'" 
'''PATTERN TEST COMPLETE'" 
'''DIRECTORY COMPLETE'" 
'''INITIALIZATION COMPLETE'" 

Table 4-2. Command Parameter Description 

Operand Parameter 

<sector> Hexadecimal # from 0 to X'267 

<track> Hexadecimal # from 0 to X'4C 
<sctrange> <sector>[I< sector>] 
<trkrange> <track>[I<track>] 
"<volume>" 1-8 alphanumeric characters 
"<header>" 1-40 characters 

<aopt>' CO,NE 

<popt>' CO, NO, NE, PA, RO, RW, WO 

<topt>' CO, PA, RO, RW, WO 
'See Table 4-3. 

4.3 Address Test Command 

Syntax: ADDRESS < sctrange>[ < aopt >] ... 

Tests the addreSSing ability of the disk head. All 
sectors in the specified range sctrange are written in 
descending sequence with their sector addresses 
aUring t-'ass 1, Inen verlTlea aUring t-'ass <!.. 

Valid Options: CO, NE 

Table 4-1. DSKIT Command Summary 

Command Syntax Description Section 

ADDRESS TEST A<sctrange>[<aopt>] ... Tests the capability to access sectors in 4-3 
given range. 

BAD SECTORS B Prints the sector numbers of bad sectors. 4-4 

CLEAR C Clears the results of previous tests. 4-5 

DIRECTORY DI ''<volume>'',''<header>'' Builds an empty directory. 4-6 

DUMP SECTOR D<sctrange> Prints the contents of given range. 4-7 

INITIALIZE I "<volume>","<header>" Initializes a diskette. 4-2 

PATTERN TEST P<sctrange>[< popt>] ... Tests all the sectors in given range. 4-8 

SECTOR MARKS S[<trkrange>] Writes sector marks on given track range. 4-9 

STATUS 4-10 ST Prints the drive status. 

TEST SECTOR T<sector>[<topt>] ... Tests an individual sector. 4-11 
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Table 4-3. DSKIT Command Option Description 

Option Meaning 

CO-Continuous Test Execute specified tests (RO, WO, or RW) continuously until a 
console interrupt is detected. 

ND- Nondestructive Test Save original data before the test is begun, and restore data after 
the test has ended. 

NE-No Error Message Suppress error messages. 

PA-Pattern Value Write a specified pattern (up to four hexadecimal digits) on one or 
more sectors. More than one pattern may be specified. 

RO - Read·Only Test Read previously written pattern to verify the data (primarily used 
to test compatibility between two drives.) 

RW - Read/Write Test Write specified pattern on each sector, and read to verify 
(default mode). 

WO-Write-Only Test Write specified pattern on each sector but do not read. 

Note: RO, RW, and WO are usually mutually exclusive, i.e., only one can be used within a given option declaration. 

Example: 

D>A 0/267 
READY TO RUN DESTRUCTIVE OPERATION ON 

DISK (Y/N, CR = YES)? CR 
"'ADDRESS TEST COMPLETE'" 

4.4 Bad Sector Command 

Syntax:~AD 

Prints the sector numbers of all sectors found to be 
bad by the tests that were run after the last CLEAR, 
DIRECTORY, or INITIALIZE commands. 

Example: 

D>.6. 
NO BAD SECTORS 

4.5 Clear Command 

Syntax: ~LEAR 

Clears the results of all tests that have been executed 
up to this point. The command is performed automat
ically upon completion of the INITIALIZE DIRECTORY 
command. 
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Example: 

D>~ 

4.6 Directory Command 

Syntax: QiRECTORY "<volume>","<header>" 

Builds an empty directory based on all information 
gathered in any preceding test. This operation should 
be performed after any sector tests. 

Example: 

D>DI "MASTER","PDS MASTER DISKETTE" 
"'DIRECTORY COMPLETE'" 

4.7 Dump Sector Command 

Syntax: QUMP<sctrange> 

Prints the contents of the specified sector range in 
hexadecimal with the equivalent ASCII values. 

Example: 

D>D 2121267 



4.8 Pattern Test Command 

Syntax: ..E.ATIERN<sctrange>[< popt> J .•. 
Tests all sectors in the specified range. In the normal 
default RW (Read/Write) Mode, each sector is written 
with the specified pattern, then read to verify the data. 
A total of five patterns may be specified with the PA 
option, though only one pattern may be specified duro 
ing RO (Read-Only) or WO (Write-Only) tests. If the PA 
option is not supplied, the pattern E5E5 is assumed. 

Valid Options: CO, ND, NE, PA, RO, RW, WO 

Example: 

D>P 0/267 ND PA=AAAA PA=.55555 
•• 'PATIERN TEST COMPLETE···· 

4.9 Sector Marks Command 

Syntax: §.ECTOR [<trkrange> J 
Writes the sector address marks for a new diskette. 
This must be followed by a PATIERN TEST command 
over the specified range of the diskette. The final com-_ .......... =_ .. ~: ... :",:",:_1: __ 4: _____ .. ____ !_ ..... ~ ___ ..... _" 

, .......... II. "'" ... II IItoIUII,,-U-LlVI I o ... "t,.n:::ill,",~ 10 LJlnt:vlunl. 

Example: 

D>S 0/4C 
•• 'SECTOR MARKS COMPLETE'" 

4.10 Status Command 

Syntax: STATUS 

Reads sector 0 of the disk and prints the resulting disk 
status. The status is given as fou~ hexadecimal digits. 
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The left byte is the number of errors encountered and 
the right byte indicates the type of error, as follows: 

Right Byte Description 

X'1 No error detected 
X'2 Drive not ready 
X'4 . Addressing error 
X'8 Missing sync/write protect 
X'10 Write error, CRC doesn't verify 
X '20 Read error, CRC doesn't verify 
X '40 Illegal disk command 

Example: 

O>ST 
DISK STATUS:0001 

4.11 Test Sector Command 

Syntax: .I.EST < sector>[<topt> J ... 
Tests a sector as in the PATIERN command. The com· 
'-.-ldIlU i;:) IIUlilldiiy u::stn.i iu it:l::il ihe cii::sk cirive iiseii 
rather than the actual diskette. If the PA option Is not 
supplied, the pattern E5E5 is assumed. 

Valid Options: CO, PA, RO, RW, WO 

Example: 

O>T 23A WO PA=3333 
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5.1 Introduction 

The Text File Editor (EDIT) creates and changes text 
files that may be subsequently used as source code 
for assembling programs or as documentation. A vari
ety of commands allows the user to insert, delete, 
alter and list the text, and to write text to a file on 
floppy disk. EDIT can accept source from disk files or 
keyboard input. Text entered goes into the edit buffer. 
The edit buffer is part of the RAM reserved for system 
programs in the PDSsystem, and will hold approxi
mately 800 lines of text. Most commands perform their 
operations on the contents of the edit buffer. The 
easiest way of editing text is' using the DISK EDIT 
MODE. DISK EDIT MODE allows the user to specify a 
disk filename at the beginning of an edit and have 
each subsequent READ or WRITE command default 
refer to the specified file. 

5.2 DISK EDIT MODE 

DISK EDIT MODE is entered by using the EDIT com
mand and speCifying anedit input file that contains 
the source to be edited, and optionally an edit output 
file that will contain the source after it is edited. If an 
edit output file is not named, the editor will replace the 
edit input file with the edit output file when the disk edit 
mode is exited. If the edit output file is named, the edit 
input file will not be replaced. 

Operationally, when the DISK EDIT MODE is entered, 
the user reads a range of lines from the edit input file 
to the edit buffer using an ADVANCE, READ, or POSI
TION command. The user performs the edits on the 
lines in the edit buffer, then uses another ADVANCE or 
POSITION command to automatically write the con
tents of the edit buffer to the edit output file, clear the 
buffer, and read the next range of lines from the edit 
input file. The size of the edit buffer written back to 
the disk need not be the same size as the block read 
into the buffer. When the edits are completed, the edit 
input file and the edit output file are closed automat
ically with a FINISH or TERMINATE command. To 
abort the DISK EDIT MODE, enter an ABORT com
mand. In the DISK EDIT MODE, disk write errors will 
refer to a file called "EDIT. SYT", a temporary file for 
the DISK EDIT MODE. 

Figure 5-1 shows the operational sequence. 

Using the DISK EDIT MODE, files larger than the edit 
buffer can be edited. In disk edit mode, the edit buffer is 
treated as an "edit window". (See Figure 5-2.) The edit 
window (in memory) may advance through the text of 
the source disk file. Use of the disk edit mode, allows 
repositioning of large sections of text, allowing easy 
editing of source files much larger than the edit buffer. 

A warning has been inserted when the disk has no 
room left for the edit. Nevertheless, care should be 
taken when editing to assure that there is enough 
room for the new edit before continuing or a disk error 
may occur, resulting in possible loss of a substantial 
portion or all of the edit. 

When a write error occurs with the use of the 
ADVANCE, FINISH, TERMINATE, or WRITE commands, 
the input and output (if available) file is closed and 
renamed RECV (recovery). If this happens, a console 
message will appear. Immediately write the buffer to a 
different disk. Then duplicate the bad disk to a good 
disk. The bad disk should either be discarded or reini
tialized. Now, between the original file, RECV file, and 
the different file, reconstruction of the edited file can 
be accomplished with the possible loss of only approx
imately 20 lines. 

5.3 Invoking Edit 

EDIT is a line editor, that is positioned by line number. 
Line numbers are aSSigned by EDIT, and are automat
ically adjusted when lines are inserted or deleted. EDIT 
is called from the disk with the @ command. 

Example: 

X>@EDIT 
EDIT,REV:B 
E> 

A common sequence of operations is to call EDIT and 
then enter the DISK EDIT MODE. 

Example: 

X>@EDITOLDFILETO NEWFILE 
EDIT, REV:B 
AVAILABLE SECTORS: 294 
INPUT FILE SECTORS: 12 
E> 
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For any command which lists text, the output may be 
interrupted by pressing any key on the console. 

5.4 Edit Command Mode 

Edit commands are entered from the console. Text 
may be entered from the console or from the disk. The 
prompt (E» indicates the editor is in command mode 
and is ready to accept a new command. (The DISK 
EDIT MODE is used in the command mode.) 

The following command formats are listed alphabet
ically in Table 5-1. The definitions used in the com
mand formats are listed in Table 5-2. Table 5-3 is a list 
of EDIT Error Messages. 

5.5 Commands Within the Edit Window (Buffer) 

5.5.1 INSERT Command 

Syntax:1NSERT [TO<line>] 

Accepts text from the console keyboad for insertion 
into the edit buffer. The text is inserted before the line 
indicated by the "TO line" option. If the "TO line" 
option is omitted, the text is appended to the end of 
the buffer. The prompt 

line? 

is given initially, and after each carriage return. The 
line number in the prompt is the actual number of the 
line about to be inserted. The insertion of lines causes 



all following line numbers to be increased by a number 
corresponding to the number of lines inserted. 

If the line number of the insert is greater than the last 
line of the buffer, then the text is appended to the end 
of the buffer. If the line number of the insert is less 
than the first line of the buffer, then the text is 
inserted in front of the first line of the buffer. 

If a Control/Q is entered in column 1 in response to 
the EDIT command prompt, EDIT will enter the "insert 
mode" at the end of the buffer. If a CR is entered in 
column 1 in response to the edit prompt, EDIT will 
enter the insert mode at the current line number as if 
the command 

I TO (current line) 

had been entered. If a Contrel/Q or CR is entered as 
the first character of an inserted line, the insert mode 
is exited. If a Contrel/Q is entered in any other 
position, EDIT will abort that line and prompt for it 
again. If a CR is entered in any other position, it 
~: __ :.t: __ ",- ___ -' _.l. .. 1... _ _ •. _____ ~ ~ __ ., .' 

,,""~"III .... u lIl\J o;,;;IIU VI lliG ..... UIIt;;;JIl IlItJUL 111Ie:;. 

Examples: 

1. Insert text before line 125. 

E>I TO 125 
125? $BCDADD: RC 
126? JP ASTART 
127? $INC: SC 
128? CTRUQ# CTRLlQ is the first character 
of the line, echoed on the console as a #, so 
insert mode is terminated. 

2. Insert text before the current line. 

E>l.I.Q 
128? 
129? 
130? 
130? 

132? CTRUO# 
E> 

LD 
JSR $BCDADD 
JSR $CSP CTRUO 
JMP $DSPLY 

3. Insert text before the current line (enter input 
mode) 

E>CR 
132? (ADD NEW TEXT) 
133? CR (Exit input mode) 
E> 

4. Add text to the end of the buffer. 

E>l 
349? (Text also may look like this. The text in· 

350? serted is just standard ASCII characters.) 

351? CTRUQ# 

E> 
5. Add more text to the end of the buffer. 

E>CTRUQ # Enter input mode. 

351? The above command can be used to 

352? insert more text. 

353? CTRUQ # Exit input mode. 
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5.5.2 LIST Commands 

The LIST commands list text from the edit buffer. The 
lines are listed with their current line numbers. If the 
"S" (squash) option is included, the lines are left
justified, and extra blanks (more than one) are removed 
from between the words. The S option affects only the 
listing, not the text in memory. 

LIST RANGE 

Syntax: I"IST [< range>[,<range>] ... ][S] 

Lists a range or ranges of lines. If the range option is 
omitted, the entire buffer is listed beginning at the first 
line of the buffer. (In DISK EDIT MODE the first line of 
the buffer is not necessarily line 1 of the text.) "·PR" 
at the end of the command line will cause the listing 
to be sent to the printer. 

Examples: 

1. List the first line of the buffer. 

E>U 
1 . TITLE DEMO, 'SOFTWARE EXAMPLE' 

2. List lines 430/435 on the printer. 

E> L 430/435 • PR 
430 AISC 13 These lines are printed on the 

printer. 
431 JP $DPINC 
432 JMP !Sc # Any key (K) terminates the 

listing. 
E> 

3. List the current position of the edit buffer. 

E>L 
432 JMP $DSPLY 
E> 

4. List the first line, the previous through the next 
line, and the last line. 

E>L, F, PIN, L 
• II IL.l.,... Wi-IV'V, I vvnnt::. L:.A.Ml'lIr'LC 

431 JP 
432 JMP 
433 
438 . E~ID 

$DPINC 
$RST 
Comment Line. 
START 

5. List with and without the S option. 

E> L 266/271 S 
266 COMP;BY SETTING ALL TO ONES 
267 XAS; GET CONTENTS OF S 
268 COMP;S COUNTS DOWN, SO INVERT 
269 SKGBZ O;IF KEY DOWN 
270 JP $NOHOLD 
271 CLRA;HOLD COUNTER 

E> L 266/271 
266 COMP 
267 XAS 
268 COMP 
269 SKGBZ 
270 JP 
271 CLRA 
E> 

;BY SETTING ALL TO ONES 
;GET CONTENTS OF S 
;S COUNTS DOWN, SO INVERT 
0; ;IF KEY DOWN 
$NOHOLD 
;HOLD COUNTER 
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LIST STRING 

Syntax: 1IST<string>[IN< range>[,<range» ... )[S) 

Lists every line within the given range or ranges in 
which the specified string occurs. If no such lines 
exist, the message 

VOID RANGE 

is printed on the console. If the range is omitted, every 
occurrence of the specified string will be listed. EDIT 
will accept both upper· and lower-case letters. How
ever, the user will normally use only upper-case: Within 
the string, upper-case characters and lower-case char
acters are treated as the same character. For Instance: 

ABC = ABc = Abc = abc = aBc = aBC = AbC 

This feature is true for the LIST, ADVANCE, and 
POSITION commands. In all other commands that 
have the string option (DELETE, EDIT, CHANGE, and 
WRITE), the string must match exactly. 

Examples: 

1. List all occurrences of . WORD in lines 100 
through 400. 

E> L ' . WORD' IN 100/400 
283 . WORD OFF 
294 MEMORY: . WORD 

358 CRDRDR: . WORD 

E> 

03F,06,05B,04F, 
066,06D,07D,07 
07F,067,077,07C, 
039,07E,079 

2. List all occurrences of the string RDBUF. 
E>L "RDBUF" 
VOID RANGE 
E> 

5.5.3 NEXT Command 

Syntax: !::!EXT [<lines» 
Lists lines from the edit buffer. If the number of lines 
option is given, the listing starts at the next line and 
continues until the given number of lines is listed or 
until the end of the buffer is reached, whichever 
occurs first. If the number of lines option is omitted, 
only the next line is listed. 

Examples: 

1. List the next line. 
E>!-! This command is equivalent to: 
103 CLRA L N 
E> 

2. List the next five lines. 

E>N 5 
104 
105 
106 
107 
E> 

$NHOLD: 
LBI 
JSR 

.!S# 

O,CNTR 
$BCDADD 

Terminate the listing by 
pressing any key. 
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5.5.4 COPY Command 

Syntax: COPY<range>[TO< line» 

Copies the specified range of lines and inserts them 
before the line indicated by the "TO line" option. If the 
"TO line" option is omitted, the copied lines are 
appended to the end of the buffer. The copied lines are 
not deleted from their original location. The buffer is 
renumbered after the copy. 

Examples: 

1. Copy lines 6 through 18 and insert them before 
line 23. 

E>CO 6/18 TO 23 
E> 

2. Copy lines 100 through 120 and append them to 
the end of the buffer. 

E>CO 100/120 
E> 

Note: If the editor is in DISK EDIT MODE and the 
buffer begins, for example, at line 110, only lines 110 
through ~20 are copied. 

5.5.5 DELETE Commands 

The DELETE commands delete lines of text from the 
edit buffer and then renumbers the buffer. If the "L" 
option is specified, the lines are listed on the console 
as they are being deleted. 

Note: If the "L" option is specified, striking any key 
will abort the deletion of the current line and any other 
lines that have not been deleted already. 

The specific options for the delete command are 
described below: 

DEL.:TE RANGE 

Syntax: QELETE<range>[,< range» ... [L) 

Deletes the specified range or ranges of lines from the 
edit buffer. 

Examples: 

1. Delete lines 94 through 98, 101, and 103 through 
105. 

E>D 94/98,101,103/105 
E> 

2. Delete lines 203 through 206 and list the deleted 
lines. 

o E>D 203/206 L 
203 $DOT: 
204 
205 
206 

DELETE STRING 

XAS 
COMP 
SKGBZ 
JP 

o 
$NOHOLD 

Syntax: gELETE<string>[IN< range>[,<range» ... )[L) 

Deletes only the lines in which the specified character 
string occurs. If no such lines exist, the message 

VOID RANGE 

is printed on the console. 

Note: Any character string found in the text must 
match exactly the specified character string. 



Examples: 

1. Delete all lines that contain the character string 
RAMCLR. List all the lines. 

E>D 'RAMCLR' L 
158 JSR 
170 JSR 
234 JSR 
282 JSR 
E> 

$RAMCLR 
$RAMCLR 
$RAMCLR 
$RAMCLR 

2. Delete all lines that contain the character string 
ABC from the range of line 100 through line 200. 

E>D 'ABC' IN 100/200 
VOID RANGE 
E> 

5.5.6 CLEAR Command 

Syntax: CLEAR 

Deletes all lines from the edit buffer. 

Clear the edit buffer and check to see if it is cleared. 

E>CL 
CLEAR CURRENT BUFFER ( YIN, CR = YES)? CR 

E>1 
Buffer EMPTY List the contents of the buffer. 

E> 

5.5.7 MOVE Command 

Syntax: MOVE <range>[TO<line>] 

Moves a range of lines and inserts them before the 
line specified by the "TO line" option. The lines are 
deleted from their original location after the move, and 
the text is renumbered. If the "TO line" option is not 
specified, the lines are appended to the end of the 
buffer. 

t:xamples: 

1. Move line 6 to the end of the edit buffer. 

E>M 6 
E> 

2. Move lines 31 through 40 and insert them before 
line 68. 

E>M 31/40 TO 68 
E> 

5.5.8 READ Commands 

The READ commands read text from a disk file into 
the edit buffer. The text read is merged with any exist· 
ing text in the edit buffer and the buffer is renumbered. 
If the buffer is filled during the course of the read, the 
message 

BUFFER FULL 

is printed on the console and the command is termi· 
nated. The buffer will contain text through the last 
complete line read. 

The specific options for the read command are des· 
cribed as follows: 
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READ RANGE 

Syntax: READ [<range>] FROM <filename> 
[TO<line>] 

Reads the specified range of lines from the disk file 
named to the edit buffer and inserts them before the 
line specified by the "TO line" option. If a range of 
lines is not specified, the active disk file will be read 
until an end·of-file is detected, or until the buffer is 
full. If the "TO line" option is omitted, the text read 
will be appended to the end of the buffer_ The charac
ters "F", "P", ".", "N", and "L" may not be used in the 
range option for this command. 

Examples: 

1. Read the disk file named "UTILITY". 

E>R FROM UTILITY This read cannot be termi
nated by console input. 
EOF AT 246 
E> 

'> 0,... ... .-1 li .... ,...t" I')na: +h .. ,...",..h 'lr:;.n fr",.,., tho ~;C!'., filo. ...... _ .............. _ ...... ~ ....... -~ .. ........................... ........ ~ ... -
named "LIST" and insert the text before line 128. 

E> R 206/350 FROM LIST TO 128 
E> 

3. Read from the disk file named "TEST". (The 
editor is in DISK EDIT MODE and using "TEST".) 

E>R 100/200 FROM TEST 
FILE ALREADY IN USE 
E> 

READ LINES 

Syntax: BEAD [<lines>] 

Reads the specified number of lines from the input file 
and appends them to the edit buffer. If the number of 
lines is not specified, lines will be transferred until the 
edit buffer is full or until an end-of-file is reached. 

l'IULt::=. lilt:: t1UHUI IIIU." ut:: III ulor' I:.UII IVIVU-=:' \/V11t;1I 

using this command format. 

Examples: 

1. Read the next 12 lines from the current disk edit 
input file. 

E>R 12 
E> 

2. Read the entire file. 

E>R 
BUFFER FULL Thebuffer filled before the 
entire file was read. 
E> 

5.5.9 WRITE Commands 

The WRITE commands write text from the edit buffer 
to a disk file. The specific options for the write 
command are described as follows: 

WRITE RANGE 

Syntax: y-yRITE [<range>[,<range>] ... ] 
[TO <filename>] 
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Writes a range or ranges of lines to the disk file named 
by the TO <filename> option. If the range is omitted, 
the entire edit buffer is written to the disk file. If the 
TO <filename> option is omitted and the editor Is in 
DISK EDIT MODE, the lines are appended to the 
current edit output file. 

Examples: 

1. Write the entire contents of the buffer to the disk 
file named "RESUME". 

E>W TO RESUME 
OK TO DELETE PDS:RESUME.SRC 
(YIN, CR = YES)? CR There was an existing 
copy of the file. 
CREATING FILE PDS:RESUME.SRC 
E> 

2. Write the contents of lines 1 through 200 to the 
disk file named "TEST1". 

E>W 1/200 TO TEST1 
CREATING FILE PDS:TEST1.SRC 
E> . 

3. Write lines 152 through 393 to the current disk 
edit output file. (The editor is in the DISK EDIT 
MODE) 

E>W 152/393 
E> 

4. Write lines 420 through 582 to the current disk 
edit output file. (The editor is not In DISK EDIT 
MODE). 

E>W420/582 
NO OUTPUT FILE SPECIFIED 
E> 

5. Write the contents of the buffer to the disk fi Ie 
named "TEST1 ". (Editor is in DISK EDIT MODE 
and using "TEST1 ".) 

E>WTOTEST1 
FILE ALREADY IN USE 
E> 

WRITE STRING 

Syntax: y!{RITE<string>[IN< range>[,<range>] ... ] 
[TO<filename> ] 

Writes all the lines within the given range or ranges of 
lines that contain the specified character string to the 
disk file named by the TO <filename> option. If the 
range option Is omitted, all lines that contain the 
string are written to the disk file. If the TO <filename> 
option is omitted and the editor Is In the DISK EDIT 
MODE, the lines are appended to the current edit 
output file. 

Note: All the character strings found In the text must 
match the specified character string. 

Examples: 

1. Write all occurrences of the string XYZ to the 
disk file "TEST2". 

E>W 'XYZ' TO TEST2 
VOID RANGE None found. 
E> 

2. Write to the current disk edit output file all the 
lines, from line 168 to line 250, that contain the 
string "DEV02". (The editor is in DISK EDIT 
MODE.) 

E>W 'DEV02' IN 168/250 
E> 

3. Write to the disk file named "TEST" all the lines 
that contain the string "ABCD". (The editor Is not 
In DISK EDIT MODE.) 

E>W'ABCD' 
NO OUTPUT FILE SPECIFIED 
E> 

5.5.10 EDIT Commands 

The EDIT commands allow the user to edit a range or 
ranges of lines. Within a line, characters may be in
serted, changed, or deleted; or the line may be insert~ 
ed, changed, or deleted; or the line may be extended or 
truncated. If the range option Is omitted, the entire 
buffer is edited beginning at the first line. If the "S" 
(single) option is selected, there will be no prompt for 
a second edit of the same line. The control characters 
that may be used with this command are shown in 
Table 5-4. They are similar to the control characters 
described in Chapter 2 for the general line input 
routine. The line edit mode described here, however, Is 
one of the few times when the general line input char
acters are not used. 

EDIT RANGE 

Syntax: !;DIT [<range>[,<range>] ... ][S] 

Edits a range or ranges of lines. 

Examples: 
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1. Edit line 179. 

E>E 179 
179 JRS IFBYP ;IF BYPASS 
EDITS? JSR CR 
179 JSR IFBYP ;IF BYPASS 
EDITS? CR (In column 1 terminates the edit) 
E> It Is necessary to correct only as far as 
the error. 

2. Edit the buffer starting at the current line. 

E>E ./L 
451--cE1 1 
EDITS? CR No edits to this line. 
452 AISC 9 9 should be. changed. 
EDITS? CTRLlZ 9 Search for the 9. 
EDITS? AISC 9 Carriage stops.at 9. 
EDITS? AISC 5 CR Correct the line. 
452 AISC 5 --
EDITS? CR No more edits this line. 
453 LBI!S. # Abort the listing. 
EDITS? CTRLlO # Abort the EDiT command. 

3. Edit lines 120 and 121 using the S option. 

E>E 120/121S 
120 LBI 0,4 
EDITS? LBI 1 CR 
121 AISC 4 
EDITS? AISC 5 CR 
E> 

With the S option, each line 
is presented for editing only 
once. 



EDIT STRING 

Syntax: gDIT<string>[IN<range>[,<range» ... )[S) 

Edits all occurrences of the specified character string 
within a range or ranges of lines. The character string 
searched for must match exactly the character string 
specified. For instance, to match "ABC" the editor 
must find "ABC". "ABc" would not match. 

Example: Edit all lines which contain the string CARRY. 

E>E 'CARRY' 
104 LBI O,CARRY Change CARRY to CRY. 
EDITS? CTRLlZ A Search for an "A ". 
EDITS? LBI O,CA Carriage stops at A. 
EDITS? LBI O,CA CTRLlX CTRLlX CR 
EDITS? LBI O,C Delete "AR" (" "are 
echoed back.) 
104 LBI O,CRY 
EDITS? CR No more changes. 

5.5.11 CHANGE Commands 

The CHANGE commands change a character string or 
a range of columns to a specified character string 
throughout a range or ranges of lines. The altered lines 
will be displayed on the console unless the "N" (no 
list) option is specified. Pressing any key will abort the 
change for the current line and th·e remaining lines of 
the given range or ranges. The specific options for this 
command are described below. 

CHANGE STRING 

Syntax: QHANGE<string>TO<string>[IN<range> 
[,<range» ... )[N) 

Substitutes the second character string for the first 
character string throughout the specified range or 

. ranges of lines. If no substitutions can be made, the 
message 

VOID RANGE 

is printed on the console. 

For a character string in the text to be changed from 
the first character string specified in the command to 
the second character string specified in the command, 
it must match exaclly the first character string (i.e., 
"ABC" does not match "abc"). 

Examples: 

1. Change the character string ABCD to 1234 through· 
out the entire buffer. 

E>C 'ABCD' TO '1234' The editor did not find 
VOID RANGE any occurrences of the 
E> string ABCD. 

2. Change the character string $3to $N10 in lines 
100 through 200. . 

E>L '$3' List aI/ occurrences of the string $3. 
101-;JP $3 
135 $3: LBI $BPI 
172 JP $3 
E>C '$3' TO '$N10' IN 100/200 
101 JP $N10 
135 $N10: LBI $BPI 
172 JP $N10 
E> 

CHANGE COLUMNS 

Syntax: QHANGE<crange> TO< string >[IN< range> 
[, < range» ... )[N) 

Changes one or more columns to the specified charac· 
ter string in a range or ranges of lines. If crange speci· 
fies a range of columns, then the existing columns in 
that range are modified. If crange specifies a single 
column, then the specified character string is inserted 
starting at that column. 

Examples: 
1. List lines 30 through 35, then insert .... " in 

column 1 in lines 30 through 35. 

E>L30/35 
30·· .. ·····• .. ···· .. ··············••·· .. ·· 
31 
32 READ INSTRUCTIONS BEFORE 
33 TURNING ON PROCESSOR 
34 
::I" ................................ -- .. 
E>C 1 TO , •• , IN 30/35 
30 .. , ................................. . 
31 
32 READ INSTRUCTIONS BEFORE 
33 TURNING ON PROCESSOR 
34 •• 
35 ...................................... . 

2. Change columns 2 through 3 to ";" in lines 30 
through 35. 

E>C 2/3 TO ';' IN 30/35 
30; ...................................... . 
31 ; 
32 ; 
33 : 
34 ; 

READ INSTRUCTIONS BEFORE 
TURNING ON PROCESSOR 

35; .................................... .. 
" ..... 

This command places the contents of column 1 and 
deletes the contents of column 2. The remainder of the 
affected lines are moved one column to the left. 

5.5.12 ALIGN Command 

Syntax: ALIGN [<range>][IN< indent>][CO<crange> I 
Aligns a range of lines on the columns specified by the 
CO crange option. if the second column number of the 
crange is not specified, it defaults to the width of the 
line. If the IN indent option is specified by indent, the 
first line of.the range is assumed to be the start of the 
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first paragraph. . 

Lines are added or deleted whenever necessary, and the 
text is renumbered when the ALIGN command is com· 
pleted. One or more blank lines defines a paragraph. 

The ALIGN command removes excess spaces within 
each paragraph, even from within any character string 
contained in the paragraph. If there are one or more 
spaces after the following characters before alignment, 
two spaces will follow each character after alignment: 
". ", ":", "!", "?". Ail other characters will be followed 
by a single space after alignment, provided, of course, 
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that they were followed by at least one space before 
alignment. 

The listing of the range of lines that were aligned may 
be aborted by pressing any key. 

This command is used primarily for realigning docu
mentation after text has been added or deleted. The 
user should be extremely cautious when using this 
command since all of the text within the range is 
aligned before any lines are listed. If Incorrect num
bers are given, the user could align areas he had no 
intention of aligning. It would be advisable to practice 
using this command before trying it on a large source 
file. 

Example: Align lines 1 through 5 of the following text. 
Indent 5 spaces in columns 20 through 60. 

E>L 
1 - THE FOLLOWING VERIFICATION PROCEDURE 
2 IS INTENDED TO PROVIDE THE USER WITH BOTH 
3 AN INTRODUCTION TO SYSTEM OPERATION AND 
4 A VERIFICATION OF SYSTEM SOFTWARE AND 
5 HARDWARE. 
6 THE FOLLOWING FIVE SYSTEMS WILL BE USED: 

E>AL 115 IN 5 CO 20/60 
1 THE FOLLOWING VERIFICATION 
2 PROCEDURE IS INTENDED TO PROVIDE THE 
3 USER WITH BOTH AN INTRODUCTION TO 
4 SYSTEM OPERATION AND A VERIFICATION 
5 OF SYSTEM SOFTWARE AND HARDWARE. 

5.5.13 SCALE Command 

Syntax: §CALE 

Prints out a repeating string of digits starting from 
column 1 of the text field and continuing to column 72. 
This line of digits may then be compared with printed or 
displayed text line to determine actual column numbers. 

Example: 

E>~ 
123456789-123456789-123456789-123456789· 

123456789-
E> 

5.6 Commands That Move 
the Edit Window 

The ADVANCE and POSITION disk edit mode com· 
mands maintain the same line numbers as the edit 
Input file on disk. For instance, an advance to line 100 
would read lines 100 through 149 (if the size default is 
used). Of course, any' insertions or deletions change 
the line numbers and the text written to the edit output 
file which will not, therefore, necessarily have the same 
line numbers as the text in the edit input file. 

The ADVANCE string and the POSITION string com· 
mand both have the automatic case conversion 
feature. That is, ABC = ABc = Abc, .etc. 

8-36 

5.6.1 ADVANCE Commands 

The ADVANCE commands advance the edit window 
forward only (in the direction of.increasing line num
bers). ADVANCE (rather than the POSITION command) 
normally is used to advance through a disk file. When 
advancing, prior to finding the first line or string, press
ing any key will stop the advance and list the line the 
command was currently processing. 

The specific options for the ADVANCE command are 
described below. 

ADVANCE RANGE 

Syntax: ADVANCE [< range> I 
Writes the contents of the edit output file, clears the 
edit buffer, then copies the contents of the edit Input 
file (starting at the next input line) to the edit output file 
until the lower line of the specified range Is reached. 
Text Is then read from the edit input file to the edit 
buffer until the upper line of the specified range is 
reached, or an end-of-file is reached, or the buffer is 
filled. If the lower line number of the specified range 
already has been passed (either it was in the current 
buffer or It previously had been written to the edit 
output file), the message 

LINE NUMBER BEYOND RANGE 

is printed on the console, and the command Is aborted. 

If only the lower line of a range is specified, the editor 
sets the upper line of the range to the lower line plus 
49. For example, . 

A LINE 

Is equivalent to 

A LiNE/LlNE+49 

Examples: ' 

1. Advance to 200. 

E>A 200 EquIvalent to AD 2001249. 
E> 

2. Advance to 300 through 600. 

E>A 300/600 
E> 

3. Advance to 200. 

E>A 200 
LINE NUMBER BEYOND RANGE 
E> 

ADVANCE STRING 

Syntax: ~DVANCE<string> 

Writes the contents of·the edit buffer to the edit output 
file, then copies the contents of the edit Input file 
(starting at the next input line) to the edit output file 
until the specified character string is found. If the 
character string is found, it will be t~e only line written 
from the edit Input file to the edit buffer. If the charac
ter string is not found, the contents of the edit input file 
are copied to the edit output file until an EOF (end-of
file) is found. 



Examples: 

1. Advance to the first occurrence of the character 
string $DEFAULT:. 

E>A "$DEFAULT:" 
1048 $DEFAULT: 
E> 

2. Advance to the first occurrence of the character 
string ABC. 

E>A 'ABC' 
EOF AT 276 ABC was not found. 
E> 

5.6.2 POSITION Commands 

The POSITION commands move the edit window to a 
new position in the edit input file. The contents of the 
edit buffer are written to the edit output file, the edit 
buffer is cleared, and then the specified lines are read 
into the buffer from the edit input file. 

POSITION allows a user to reorganize large blocks of 
lIJAi. ill iii;::, iiit:::. rUi ill;:)lClllt.;t:;;, ill li,t: t:;;xetllljJitl utliow, 
suppose a user wanted to move the sections of text 
designated A, B, and C so that C was the first section 
of text in the source file, B was next, and A was last. 

Source file before 
POSITION commands 

Source file aller 
POSITION commands 

A c 
500 _______ _ 

501 

B B 
1000 _______ _ 

1001 

c A 
10UU _______ _ 

First, enter the DISK EDIT MODE, then pOSition at the 
range of lines deSignated C, then at the range of lines 
deSignated B, then at the range of lines deSignated A. 
Finally, terminate the edit. If the source file was named 
"TEST", then the operation would be as follows: 

E>E TEST Enter DISK EDIT MODE. 
E>P1OO1T1500 Position at section "C". 
E>P 501/1000 Position at section "B': . 
E>P 1/500 Position at section "A". 
E>I Terminate DISK EDIT MODE. 
TERMINATE CURRENT EDIT (YIN, CR = YES)? CR 
OK TO DELETE FILE PDS:TEST.SRC 
(YIN, CR = YES)? CR 
E> 

The specific options for this command are described 
below. 

POSITION RANGE 

Syntax: !"OSITION<range> 

Positions the edit window at the specified range of 
lines. If the range is too large to fit into the edit buffer, 
the message 
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BUFFER FULL 

is printed on the console, and the command termi· 
nates with the last line that will fit in the buffer. 
If this happens, the user may use the ADVANCE com
mand to edit the remainder of the range, then con
tinue. (See Example 4.) 

If just the first line of the range is given, the default 
range will be "Iinelline + 49." 

Examples: 

1. Position at lines 100 through 700. 

E>P 100/700 The range was too large. 
BUFFER FULL 
E> 

2. Position at lines 1 through 200. 

E>P 1/200 
E> 

3. Position at line 100. (Range will be 100/149.) 

E>P 100 
E> 

4. In this example, the user has divided his source 
into three sections, and plans to move section C 
to the beginning of the file, followed by section 
B, then section A (see the figure below). However, 
there is a problem in that the buffer is not large 
enough to hold section B in its entirety. 

Line No. 

500 
501 

1500 

2000 

A 

B 

c 

E>E TEST Enter DISK EDIT MODE. 
E>P 1501/2000 Position at section C. 
E>P 50111500 Position at section B. 
BUFFER FULL 
E>li List the last line in th'e buffer. 
1000 JP ACOOP 

c 

B 

A 

E>A 100111500 Advance to the end of section B. 
E> P 1/500 Position at section A. 
E> I. Terminate the edit. 
TERMINATE CURRENT EDIT (YIN, CR = YES)? CR 
OK TO DELETE FILE PDS:TEST.SRC 
(YIN, CR = YES)? CR 

POSITION STRING 

Syntax: EOSITION<string>[FROM<line>] 

Positions the edit window at the first line in which the 
specified character string occurs, beginning from the 
line specified by the "FROM line" option. If the "FROM 
line" option is not specified, the search will begin from 
the next input file. 

(') 
o 
"tI 
8 o 
"tI a 
c. 
c 
C) -c 
~ 
0" 
'C 
3 
CD 
::::J -
~ -CD 
3 
c:: 
rn 
CD ..,., 
en 
3: 
I» 
::::J 
C 
I» 



-c: 
Q) 

E 
Q. 
o 

! c -() 
:::I 

" e 
Q. 

o 
~ 
Q. 

o o 

If a line containing the character is found, the line is 
listed on the console. The edit buffer will contain only 
that line. 

Exampl,es: 

1. Position to the first occurrence of DATA 
beginning from line 86. 

E>P 'DATA' FROM 86 
143 LBI a,DATA 
E> 

2. Position to the first occurrence of BLAN KS. 

E>P 'BLANKS' 
683 $GR: LBI 1,BLANKS 
E> 

5.7 DISK EDIT MODE Setup 
and Quit Commands 

The EDIT, FINISH, TERMINATE, and ABORT commands 
described in the following paragraphs allow the editor 
program to enter and exit DISK EDIT MODE. 

NOTE 

The user should assure that there is ample space on 
his disk for the edit output file before entering DISK 

EDIT MODE. Upon entering the DISK EDIT MODE, the 
size of the available disk space and the size of the 

input file are displayed. If the user is creating a new 
file, only the available disk size is displayed. 

5.7.1 EDIT Command 

Syntax: gDIT < fi lename>[TO< fi lename> 1 
Puts the editor in DISK EDIT MODE. In the above com· 
mand, the first named file is declared to be the edit input 
file and the second named file is declared to be the edit 
output file. If the edit output file does not exist, the 
editor will create one at a protection level equal to that 
of the input file. If the edit output file does exist, dia
logue appropriate to its protection level will take plac~ 
after the edit is completed. If a second file is not named, 
the editor will construct a provisional edit output file. If 
the edit is completed normally, the editor wi II delete the 
original edit input file and replace it with the edit output 
file. The protection level of the new edit input file will be 
the same as that of the old edit input file. 

Examples: 

1. Create a new edit output file. 

E>E TEST1 
CREATE NEW FILE (YIN, CR = YES)? CR 
E> --

2. Edit disk file TEST1 TO TEST2. 

E>E TEST1 TO TEST2 
E> 

3. Edit disk file TEMPA.SRC. (Editor already in 
DISK EDIT MODE editing TEMPA.SRC.) 

E>E TEMPA.SRC 
FINISH CURRENT EDIT (YIN, CR = YES)? N 
FILE PDS:TEMPA.SRC -
CAN'T DELETE No permission to delete file. 
E> 

4. Edit disk file B.SRC to C,SRC. (Editor already in 
DISK EDIT MODE editing A.SRC.) 

E>E B,SRC TO C.SRC 
FINISH CURRENT EDIT (YIN, CR = YES)? CR 
OK TO DELETE FILE PDS:A.SRC (YIN, 
CR=YES)? CR 
E> Now ready to begin new edit, 

5. Edit disk file B. SRC. (Editor already in DISK EDIT 
MODE editing A.SRC.) 

E>E B.SRC 
CONTINUE CURRENT OUTPUT FILE (YIN, 
CR = YES)? OR In this example, file A. SRC is 
terminated, and file B. SRC is opened. 

5.7.2 FINISH Command 

Syntax: fiNISH 

Appends the contents of the edit buffer and the 
remainder of the edit buffer and the remainder of the 
edit input file to the edit output file, terminates DISK 
EDIT MODE, and closes the edit input file and the edit 
output file. This is a normal completion. 

If the editor is not in DISK EDIT MODE, this command 
is ignored. 

Examples: 

1. Finish the current edit. 

E>E 
FINISH OURRENT EDIT (YIN, OR = YES)? CR 
OK TO DELETE FILE PDS:DIVIDE.SRC 
(YIN, CR = YES)? CR 
E> 

2. The editor was not in DISK EDIT MODE. 
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E>E 
NOT IN DISK EDIT MODE 
E> 

3. Finish the current edit. 

E>.E 
FINISH CURRENT EDIT (YIN, CR = YES)? CR 
FILE PDS:A.SRC There was not enough space 
on the disk for the edit output file. 
END OF DISK 
E> 

5.7.3 TERMINATE Command 

Syntax: IERMINATE 

Appends only the contents of the edit buffer to the edit 
output file, terminates the edit mode, and closes the 
edit input file and the edit output file. This is a normal 
completion. 

If the editor is not in DISK EDIT MODE, this command 
is ignored. 

Examples: 

1. Terminate the current edit. 

E>l 
TERMINATE CURRENT EDIT (YIN, CR = YES)? CR 
OK TO DELETE FILE PDS:SAMPLE,SRC 
(YIN, CR = YES)? CR 
E> 



2. The editor was not in DISK EDIT MODE. 

E>I 
NOT IN DISK EDIT MODE 
E> 

5.7.4 ABORT Command 

Syntax: ABORT 

Aborts the edit mode. The edit buffer is cleared, the 
edit Input file is closed, and the edit output file is not 
written. If the editor is not in the DISK EDIT MODE, 
this command is ignored. 

TEXT IS READ 
FROM THIS FILE 

TEXT IS WRITTEN 
TO THIS FILE 

EDIT INPUT FILE 

EDIT OUTPUT FILE 
-
~ 

Examples: 

1. ABORT DISK EDIT MODE, then list the contents 
of the ed it buffer. 

E>AB 
ABORT CURRENT EDIT (YIN, CR = YES)? CR 
OK TO DELETE FILE PDS:DIVIDE.SRC (YIN, 
CR=YES)? CR 
E>,b 
BUFFER EMPTY 
E> 

2. The editor was not in DISK EDIT MODE. 

E>AB 
NOT IN DISK EDIT MODE 
E> 

EDIT BUFFER 
(POS RAM) 

TEXT IS EDITED 
IN THE BUFFER 

Figure 5-1. Operational Sequences of DISK EDIT MODE 

EDIT INPUT FILE EDIT BUFFER EDIT OUTPUT FILE 

D 
FIRST BLOCK r-OF LINES 

EDIT 
FIRST 
BLOCK 

INITIAL "READ" OR "ADVANCE" 

SECOND BLOCK 
OF LINES FIRST BLOCK OF 

WRITE FIRST - OUTPUT FILE r- BLOCK. EDIT 
SECOND BLOCK 

NEXT "ADVANCE" 

FIRST BLOCK 
OF OUTPUT 

THIRD BLOCK f-
WRITE SECOND - SECOND BLOCK 

OF LINES BLOCK. EDIT OF OUTPUT THIRD BLOCK 

NEXT "ADVANCE" 

D FIRST BLOCK 
WRITE THIRD 

BLOCK. CLOSE SECOND BLOCK INPUT AND 
OUTPUT ALES - THIRD BLOCK 

"FINISH" OR "TERMINATE" 

Figure 5-2. DISK EDIT MODE Edit Window Operator 
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Table 5-1. Editor Commands 
The following is a list of the edit command mnemonics and formats. All commands may be abbreviated to the first 
two characters of the command word, and some commands may be abbreviated to the first character only. The 
abbreviations are indicated by an underline. . 

An asterisk in front of a command indicates the command is available only when the disk is inserted in the drive. 

Command Parameters Section 

'ABORT AB 5.7.4 

'ADVANCE A [<range>] 5.6.1 

ADVANCE A<string> 5.6.1 

ALIGN AL [<range>] [IN<indent>] [CO<crange>] 5.5.12 

CHANGE C<string>TO<string> [IN<range>[,<range>] ... ] [N] 5.5.11 

CHANGE C <crange> TO<string>[IN<range>[,<range>] ... ] [N] 5.5.11 

CLEAR CL 5.5.6 

COpy CO<range>[TO<llne>] 5.5.4 

DELETE D< range>[,<range>] ... [L] 5.5.5 

DELETE D<string>[IN< range>[,<range>] ... ] [L] 5.5.5 

EDIT E [<range>[,<range>] ... ] [S] 5.5.10 

EDIT E<string>[IN<range>(,<range>] ... ] [S] 5.5.10 

'EDIT E<filename>[TO<filename>] 5.7.1 

'FINISH F 5.7.2 

INSERT I [TO<line>] 5.5.1 

LIST L [<range>[,<range>] ... ] [S] 5.5.2 

LIST L<string>[IN<range>[,<range>] ... ] [S] 5.5.2 

MOVE M <range>[TO<line>] 5.5.7 

NEXT N [<lines>] 5.5.3 

POSITION P <range> 5.6.2 

POSITION P <string>[FROM<line>] 5.6.2 

READ R [<range>] FROM<filename>[TO<line>] 5.5.8 

'READ R [<lines>] 5.5.8 

SCALE S 5.5.13 

'TERMINATE T 5.7.3 

'WRITE W [<range>(,<range>] ... ] [TO<filename>] 5.5.9 

'WRITE W<string>[IN< range>[,< range>] ... ] [TO<filename>] 5.5.9 
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Symbol! 
Notation 

column 

crange 

device as 

filename 

Indent 

line 

lines 

range 

string 

I] 

Table 5-2. Command Format Definitions 

Definition 

is used as a single column number in the range of 1 to 80. 

(column range) is defined as: column (lcolumn), where the first column specified indicates 
the beginning of a column range and the second column specified indicates the end of a 
column range. The default for the second column is the last column of the line. 

Note: In the CHANGE command, if only the first column is specified, it indicates an insert 
starting at the column. 

Note: The second column number must be equal to or greater than the first column number. 

indicates an input/output device other than the disk. The legal device mnemonics are as 
follows: 

Mnemonic Device 

'CN Console 
'PR Printer 

indicates a legal disk filename. See Chapter 4 for a description of what constitutes a legal 
disk filename. 

indicates the number of columns to indent the first line of each paragraph in a range of lines. 
IUseci oniy in Ine Ai.iGi~ COIlIfIH:"IU.) 

indicates the number of a line in the edit buffer. Line may be entered as an Integer in the 
range of 1 to 32,766 or as one of the following characters: 

Buffer Line 
Character Indicated 

F First Ihie 
P Previous line 

Current line 
N Next line 
L Last line 

Note: The above characters may not be used In the READ command as part of the range 
specification. 

indicates the number of lines to be read or the number of lines to be listed. Lines is an 
integer In the range 1 to 32,766. 

Is defined as: line (/line), where the first line specified indicates the beginning line of the . .. ... .'" 
.•• ~_ •• __ ... __ "L. ___ .... 1 __ H ___ 6. ....... _ .. __ ... _ 

Examples: 10/50, F/L, P, N/200, ./L, 342 

is a string of 0 to 15 ASCII characters enclosed in single or double quotes. 

If the character string contains quotes (single or double), then the quotes defining the char
acter string must be different. 
Examples: "memory's" 

'memory's' 
'''to line'" 
""to line"" 

This would work. 
This would not work. 
This would work. 
This would not work. 

(slash) is entered as shown between the beginning and ending lines of a range or the begin
ning and ending columns of a range. 

(brackets) indicate the enclosed item or items are optional. 

(ellipsis) indicates that the previous items may be repeated if desired. 

8-41 

o o 
""D 
~ o 
""D 

8. 
c 
() -c 
! 
0' 
'C 
3 
CD 
::::J -~ 
'" -CD 
3 
c: 
'ft 
CD 
..". 

'" 3: 
I» 
::::J 
C e. 



ftI 
::::s 
c 
ftI 
::i 
U) 
~ ... 
CI) 
U) 

::l 

E 
CI) -~ -c 
CI) 

E 
c. o 

! c -CJ 
::::s 

e 
D.. 
o 

~ 
o o 

Table 5-3. Error Messages 

ALIGN ERROR-STOP AT line number 

The length of the line the editor stopped at is greater than the maximum line width set or the column range 
specified. Either increase the line width or the column range, or make the line shorter and re·align the range. 

BUFFER EMPTY 
Attempted to perform action on an empty buffer. 

, 

BUFFER FULL 

Attempted to exceed the protective limit of the edit buffer (i.e., next line may exceed the maximum buffer size). 

BUFFER FULL-CHANGE IGNORED 
The error message was caused by one of the following operations: 

1. "EDIT line" - buffer full after edit: changes are ignored. 

2. CHANGE command caused a buffer full (lines expanded), current line ("L") is next line to be changed. 

BUFFER FULL-STOP AT line number 

Buffer expanded during ALIGN command, next line to be aligned is shown. 

CANNOT DELETE OLD COPY OF OUTPUT FILE, NEW NAME: 

Edited output file has file of same name at protection level 3, non-deletable, user must enter new name. 

FILE ALREADY IN USE 

Attempted to read from or write to a file currently being used as either an input or an output file in "DISK 
EDIT MODE." 

FILE DOES NOT EXIST 

On an "EDIT filename to filename" the first filename does not exist. 

ILLEGAL COMMAND 

Nonexistant command used. 

ILLEGAL OPERAND 

The error message was caused by one of the following operations: 

1. Illegal operand. 

2. Disk not available and using disk-related commands ("READ FROM file, WRITE TO file," etc.). 

LINE NUMBER BEYOND RANGE 
In the command "ADVANCE line[/Iine)", the lower line of the range has already been brought into the edit 
buffer or written out, and therefore is not on the disk. 

NO INPUT FILE SPECIFIED 

Attempted to execute a "READ [line)" when not in DISK EDIT MODE and no input file specified. 

NOT IN DISK EDIT MODE 

The following commands are not available when not in DISK EDIT MODE: 

ABORT, ADVANCE, FINISH, POSITION, and TERMINATE 

NUMBER OVERFLOW 

The error message was caused by one of the following operations: 

1. The input number specified is greater than 32,766. 

2. The next input line will cause the text buffer to have a line number greater-than 32,766. 

3. The range of lines to be copied will cause the text buffer to have a line number greater than 32,766. 
\ 
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Table 5-3. Error Messages (Continued) 

OUTPUT ALREADY HAS EOF 

Disk error occurred when closing file. 

Attempted to execute ADVANCE, POSITION, READ, WRITE after a disk error on closing. Only valid commands 
are ABORT, FINISH, and TERMINATE. 

RANGE WILL NOT FIT 

The range of lines to be copied will cause the text buffer to exceed the maximum buffer size. 

UNABLE TO ACCESS FILE 

The editor is unable to transfer control to the file specified because an illegal character has been detected in 
the filename specified. 

VOID RANGE 

The lines referenced are not within the boundaries set by the specified ranges. 

Table 5-4. Edit Command Control Characters 

Control 
Character Description 

CTRLlA Followed by a character string and a carriage return inserts the string after the CTRLlA. A ">" is 
echoed on the console for the CTRL/A. 

CTRLlB Backspace one word. 

CTRLlC Advances the carriage to the third tab setting without changing any. intervening characters in the 
line. . 

CTRLlD Truncates the rest of the line from the current carriage position. 

CTRL/E Advances the carriage to one column past the last character of the current line, provided theposi· 
tion of the last character is less than the width. For example, if the last character is in column 65, 
and the width is 72, then CTRLlE will move the carriage to column 66. 

CTRL/F Forward space one word. 

CTRL/H Backspace one character. 

CTRLllor Advances the carriaoe to the next tab sAltinn r.h'mninn "nv intl>"'I>ninn ,..h"r""tl>r~ in tho Uno +~ .. -
CTRLIT spaces. Space one if past third tab. 

CTRLlL Forward space one character. 

CTRLlQ Aborts the current line modifications if entered in any column position other than column 1. If 
entered in column 1, CTRLlQ aborts the EDIT command and any modifications to the current line. 

CRTLlW Followed by any character, advances the carriage one column beyond the next occurrence of the 
or specified character. If there are no occurrences of the character before the carriage return, the 

CTRL/P carriage does not move. 

CTRLlX Deletes the current character and echoes a "/\" in its place. 

CTRLlZ Followed by any character, advances the carriage to the column containing the next occurrence of 
or the specified character. If there are no occurrences of the character before the carriage return, the 

CTRLlO carriage does not move. 

CR (Carriage return) in column 1 terminates modifications on the current line. 

K (Any key) aborts the listing of the current line. 

SHIFTIO Backspace one character. 

Underline Backspace one character. 
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6.1 Introduction 

The COP Cross Assembler (ASM) translates symbolic 
program flies (created with the text editor, using 
Assembly Language statements) into object code flies 
(Load Modules) which contain program Instructions In 
binary machine language format. The Load Modules, In 
turn, are used for loading into PDS shared·memory for 
debugging, for mask·programmlng the machine code 
into the appropriate COP400 device (MASKTR), or for 
programming test PROMs by the PDS user. The 
assembler also generates an output listing containing 
source statements with their corresponding machine 
code and memory locations, error messages, and other 
Information useful to the programmer In debugging 
and verifying COP400 programs. Included In the listing 
are some warning messages with respect to emulating 
the COP410L/COP411 L1COP420C chips with the 
COP400-E02 emulator. 

The warnings are: 
*1* RAM REGISTERS ARE NOT THE SAME AS 

THECOP420 
*2* STACK ON COP410/COP411 HAS ONLY TWO 

LEVELS 
*3* "IT" INSTRUCTION VALID FOR COP420C ONLY 

(2·BYTE NOP ON COP402L AND COP421) 
*4* "HALT" INSTRUCTION VALID FOR COP420C 

AND COP445C ONLY (2·BYTE NOP ON COP401 
ANDCOP402) 

. *W* IF THE LISTING HAS BEEN SUPPRESSED, AS 
IN MACROS WHERE THE EXPANSION IS NOT 
LISTED OR BY USE OF LIST OPTIONS, THE 
*W* WILL BE PRINTED ON THE FIRST PRINT· 
ED INSTRUCTION AFTER THE LIST IS TURNED 
BACK ON. THIS WARNING MEANS THAT 
THERE WERE INSTRUCTIONS IN THE NON LIST· 
ED CODE THAT WOULD HAVE GENERATED 
WARNINGS HAD THE LIST BEEN ALLOWED. 

The source version number Is printed on the assem· 
bled program listing. The version number aids In 
matching current listings with different versions of the 
sou rce fII es. 

This chapter will describe the assembler statements, 
coding conventions, and other Information necessary 
to use ASM. 

To call ASM, the user types in the @ command: 
X>@ASMI=<input>[,O=<outpu·t>j[,L=<lIst>] 
[,<options>] 

ASM,REV:C 

(Assembly now begins.) 

or: 

X>@ASM 

ASM,REV:C 

A>I = <input>[,O = <output>j[,L= <list>] 
[<options>] 

(Assembly now begins.) 

where the assembly parameters areas follows: 
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Description 

Input Device (required): 
Disk File 

Output Device (optional): 
Disk File 

List Device (optional): 
Console 

Printer 
Disk File 

Listing Options (optional): 
Error listing Only 
No Symbol Table List 
No Comment List 
No Listing 

Definition 

I = <filename> 

0= <filename> 

L=*CN 
(default) 
L=*PR 
L= <filename> 

EL 
NM 
NC 
NL 

The symbolic Assembly Language Input to ASM Is 
from a disk file created by the user. The default 
modifier for the Input filename Is SRC. . 

The machine code Load Module may be output to a 
disk file by the assembler. The default modifier for the 
output filename is LM. 

An assembly listing may be output to the console, 
printer, or a disk file. The default modifier for the list 
filename Is LST. 

The Load Module and Listing will be produced only If 
the user specifies the "0=" or "L=" parameters, 
respectively. 

The listing contains program assembiy language state· 
ments, together with line numbers and page numbers. 
For assembly language statement lines which gener· 
ate machine code, the hexadecimal address of memo 
ory locations and their contents are also Indicated. 
Errors associated with assembly language statements 
are flagged with descriptive error messages on the 
appropriate statement lines. The assembler listing 
also produces an alphabetical listing of all symbols 
used In the program together with their values. 
Symbols which are defined but not referenced by the 
program are flaggeli with an asterisk (*). Symbols 
which are referenced but undefined are flagged with a 
"U". The listing also Indicates the number, If any, of 
errors encountered during the assembly, the number of 
ROM words (bytes) used, the source and object check· 
sum values and the Input, output, and list filenames. 

Examples of Invoking an assembly: 

1. Assemble disk file ADD. SRC; output Load 
Module to disk file ADD. LM; output full listing to 
printer. 

A>I = ADD,O = ADD,L= *PR CR 

2. Assemble file DSPLY.SRC; no Load Module; 
output error list only to console. 

A>I = DSPLY,L= *CN,EL CR 

3. Assemble disk file ABC. SRC; output Load 
Module to disk file ABC. LM; output Load Module 
to disk file ABC. LM; output full listing to disk file 
ABC. LST: 

A>I = ABC,O = ABC,L = ABC CR 



4. Assemble disk Ii Ie ABC.SRC, no listing. 

A>I=ABC,NL 

Upon pressing the carriage return key associated with 
each of the above commands, the assembly process 
will begin. The user may terminate the assembly or the 
output of an assembler output listing by pressing any 
key. The system will then interrogate the user concern· 
ing aborting the assembly as lollows: 

CONTINUE ASSEMBLY (YIN, CR = YES)? 

Pressing "N CR" will abort the assembly, terminating 
the printing of an assembly output listing II in prog· 
ress. Pressing "Y CR" or "CR" will result in a continuo 
ation of the assembly. 

The disk containing ASM must be loaded into the disk 
drive prior to calling the assembler via the @ASM 
command. This may be the PDS master diskette or 
another disk to which ASM has been copied using the 
File Manager (see Chapter 3). After calling the Assem· 
hl .. r. Ih .. "" .. r m""t in!'l",rt the disk containino the 
source code Ii Ie to be assembled into the drive disk. (II 
the file to be assembled is contained on the same disk 
as the ASM disk, then no change of disks is required.) 

If the user program to be assembled is a disk file 
which resides on the same disk as ASM, the user may 
call and invoke an assembly after loading the disk con· 
taining both programs by combining the call 01 the 
Assembler program and Assembler parameter specifi
cations into one command. The following is an iIIustra
of this technique. Note that a space must be inserted 
between the Assembler call (@ASM) and Assembler 
parameter specifications. 

Example: 

To call tHe Assembler and begin an assembly of 
file ADD.SRC (as in Example #1) contained on the 
!'lame disk. enter: 

@ASM I =ADD,O=,ADD,L= ·PR CR 

ASM,REV:C 

(Assembly of ADD. SRC now begins.) 

6_2 The Assembly Process 

If an assembler were not available, programs would 
have to be written in machine code. The binary code 
for each instruction would have to be determined and 
manually entered into the machine. Transfer-ol-control 
Instructions, such as JMP, would require tedious 
manual calculation of the JMP address to allow calcu
lation of the machine code. Instructions with oper
ands, such as AISC, would require manual insertion of 
the operand value into the machine code. 

An assembler simplifies the programmer's task in 
several ways: 

1. Each instruction Is represented by an instruction 
mnemonic instead of the less intelligible binary 
machine code. The assembler translates the 
mnemonic into the appropriate code. For exam
ple, the COP400 No-OPeration instruction is rep
resented by the mnemonic "NaP". The assem
bler translates this into the code 01000100. 
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2. Instructions which are to be referenced by trans
fer-ol-control instructions may be labeled with a 
label. (See Section 6.3, Label Field, lof param
eters.) The label consists of one to six alpha
numeric characters fOllowed by a colon (:). The 
label precedes the mnemonic of the instruction it 
labels. For example, the label CLEAR: precedes 
the mnemonic CLRA in the lollowing instruction: 

CLEAR: CLRA 

A transfer instruction may specify the label to 
pass control. The assembler assigns the appro
priate address to the label, and then uses the 
address to determine the proper machine code 
for the transfer instruction. For example, if the 
above CLRA instruction is at address 3A7, and it 
Is desired to jump to this instruction from else
where In the program, the jump instruction 

JMPCLEAR 
may be used rather than JMP 3A7. The assembler 
,,,,1,,,,1,,1 .. ,, th .. a!",!",ronriate address (3A7\. 

3. Instructions with operands may be written with 
the operand lollowing the mnemonic. The assem
bler will insert the value of the operand into the 
machine code. For example, AISC 7 is translated 
by the assembler into the code: 

01010111 -- --AISC 7 

The above three functions are present in almost every 
assembler. The COP assembler has several other special 
leatures which further ease the programmer's task: 

4. Values may be aSSigned to "English-like" words, 
called symbols, and these symbols may be used 
as the operands for instructions. For example, the 
value 3 may be assigned to the symbol COUNT: 

COUNT=3 
and this symbOl may be useo as an operana Tor 
instructions: 

LBI COUNT (Equivalent to LBI 3.) 

This feature is often used when a value may be 
changed during the process of program develop
ment. In this example, only the value assigned to 
COUNT needs to be changed. If COUNT was not 
used, all LBI 3 instructions throughout the entire 
program would have to be changed. 

5. An operand may consist of an arithmetic expres
sion. The expression will be evaluated by the 
assembler and its value for the operand. 

Examples: 

a. LBI COUNT + 1 

b. STII-2 

C. JMP . +3 
d. AISC 3·SIZE-LEN/2 

Expressions may be used to improve clarity and 
to simplily alterations of the program byasslgn
ing values to symbols at the front of the program, 
and using them in arithmetic expressions for 
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instruction operands. Another use of an expres· 
sion is shown in 5c above, which jumps to the 
current instruction plus 3, thus precluding the 
necessity for a label on this instruction. 

6. Special assembler statements called directives 
give the user further flexibility in writing programs. 
Directives are available to assign a title to the pro
gram, specify the COP400 chip number and 
options, specify program page numbers, feed 
pages and lines of the output listing, perform 
conditional assembly of instructions, etc. 

7. Assembler procedures, or MACROs, allow the pro
grammer to give an "English-like" name, called 
the MACRO NAME, to sequences of instructions 
that are frequently used, and to insert these 
instructions Into the program simply by stating 
the MACRO NAME. 

The Assembler performs its functions by reading 
through the Assembly Language statements seq,uen
tially from top to bottom, generating the machine code 
and a program listing as it proceeds. Since it reads 
statements sequentially, a special problem occurs 
which must be overcome. Specifically, suppose the 
Assembler encounters the statement 

JMPCLEAR 

but has not yet encountered the label CLEAR. It will be 
unable to generate machine code for the instruction. 
This problem is solved by making the assembler perform 
two "passes" through Assembly Language statements. 

Pass 1 of the assembler does not generate a Load 
Module or a Listing. Its purpose is to assign address 
values to labels. It does this by using an internal 
counter called a "location counter." The location 
counter is initialized to zero at the beginning of each 
pass. Each time the assembler encounters a single
byte COP400 instruction, the location counter is incre
mented by one. Each time the assembler encounters a 
double-byte COP400 instruction, the location counter 
is incremented by two. The location counter thus 
keeps track of the ROM address of the next COP400 
instruction. In this respect it is similar to a COP400 
program counter (PC) register. As the assembler 
encounters program labels, the labels are assigned the 
current value of the location counter. In this way, the 
assembler builds a table of label values which can be 
used during pass 2 to generate machine code for 
transfer of control instructions. 

Pass 2 of the assembler generates the Load Module 
and lor Listing, as specified by the user. It uses the 
table of label values generated during pass 1 to calcu
late machine code values for transfer of control in
structions. It also uses the location counter to deter
mine the address which each COP400 instruction 
should occupy. The Load Module contains this 
address information. 

The user may alter the value of the location counter 
with special Assembly Language statements (des
cribed later). Care must be exercised when doing this 
so as not to try to put two different COP instructions 
in the same ROM location. 

6.3 Introduction to Assembly Language Statements 

The input to the assembler consists of a sequence of 
Assembly Language statements. There are three types 
of Assembly Language statements: 

1. Instruction statements, which provide a COP400 
instruction mnemonic to be translated by the 
assembler. 

2. Directive statements which provide the assem
bler with information or request it to perform 
specific tasks. 

3. Assignment statements, which assign values to 
symbols. 

Each statement is written using the following 
characters: 

Letters-A through Z 

Numbers-O through 9 

Special Characters - ! $ % ' (). + ,-I; : < = > b 

Note: "b" indicates a blank. 

These statements are entered into the assembler input 
file using the text editor (Chapter 5), and following 
certain coding conventions. Each statement contains 
from one to four fields in the following order: 
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label field operation field operand field comment field 

Since the assembler accepts free-form statements, the 
user may disregard specific field boundaries, provided 
the appropriate delimiters for each field are used. 
However, for clarity and readability, the use of field 
boundaries is highly recommended. Useful boundaries 
can be achieved with the PDS control I or T tab func
tion described in Section 2.7, PDS initially sets tabs at 
columns 9, 17, and 33. The @ @TAB command des
cribed in Section 2.7 can be used to change these 
settings if desired. The command field may extend to 
column 72. Following is a description of each field. 

LABEL FIELD 

The label field is optional and may contain a symbol 
used to identify a statement referenced by other state
ments. When the assembler encounters a label, it 
assigns it to the current value of the location counter. 
More than one label may appear in the label field, in 
which case any of the labels may be used to reference 
the labeled location. A label may appear by itself in a 
statement, in which case it refers to the next instruc
tion or data word in the source program. A colon (:) 
must be used to delimit (terminate) each label. 

Labels are the most common means of referencing 
address locations. 

Example: 

JMP SUB 

SUB: CLRA 

A label must conform to the following rules: 



1. A label may contain one or more alphanumeric 
characters, the first of which must be either a let· 
ter or a dollar sign ($). Although up to 32 characters 
may be included, only the first six characters are 
recognized by the assembler program. Therefore, 
the programmer must ensure that a long label is 
unique in the first six characters. 
Example: 

LONGLA } 
LONGLABEL 1 are identical to the assembler 
LONGLABEL2 

2. If the first character in the label is a dollar sign 
($), the label is defined as a local label. The 
. LOCAL directive allows the programmer to 
specify that local labels appearing between two 
. LOCAL directives are accessible only within 
that region of the program (see Section 6.4.3). 
This enables the programmer to use identical 
labels throughout a program without causing a 
conflict between label names. Within a local 
region, a local laoel must De unique In me firSt 
four alphanumeric characters, not including the 
dollar sign ($). 

Example: 

$ABCD } 
$ABCDEF assembler 

are identical labels to the 

3. No special characters or embedded blanks may 
appear within a label. 

4. A label represents a memory address and, hence, 
must have a value ranging between 0 and the 
maximum ROM address of the COP400 chip 
being used. 

Several examples of labels follow: 

Legal Labels 

$ABC 

AB2 
$2 

XYZ 

$ABCDEF 
$ABC2EF 

Illegal Labels Reason Illegal 

LONGLABEL1 First six characters are not 

2AB First character must be a 
2CDE letter or a dollar sign 
XYZ$ Last character is not 

alphanumeric 

$ABCDE First four characters of the 
$ABCDF local labels are not unique 

A label referencing an instruction need not be on the 
same line as the instruction - the label will be assigned 
the value of the address of the first instruction location 
following the label. This allows the programmer, when 
writing source code, to devote a separate line with com· 
ments to labels, providing clearer documentation of the 
program and allowing for easier editing of the source 
code. (An edit of a "label-line" instruction often involves 
a change of the label location.) 

Example: 

SUB: 
CLRA 

;SUBTRACT ROUTINE 
;CLEAR ACCUMULATOR 

Note: The label "SUB" will be assigned the value of the 
address of the CLRA instruction. 

The label field may also contain a symbol, without a 
following colon (:). This format is used for the assign
ment statement (Section 6.4.2). 

OPERATION FIELD 

The operation field is mandatory and contains an identi
fier indicating which type of statement it is. 
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In an instruction statement, the operation field contains 
the mnemonic name of the desired instruction. For 
example: 

label 

SUB: 

operation 

CLRA 

Valid COP400 instruction mnemonics are provided in 
Table 6-2. The operation field of an instruction state
ment is often called a mnemonic field. 

In a directive statement, the operation field contains a 
period (.) immediately followed by the name of the 
desired directive. For example: 

.t:I~U 

Valid directive names are provided in Table 6-6. 

In an assignment statement, the operation field con
tains an equal sign (=). (See Section 6.4.2.) 

One or more blanks terminate the operation field. 

OPERAND FIELD 

The operand field contains entries that identify data to 
be acted upon by the operation defined in the operation 
field. Many statements do not require use of the oper
and field. For those that do, the operand field usually 
consists of one or two expressions, separated by a 
comma. 

An expression is composed of terms. There are seven 
types of terms: 

I. 1-\ UeGllrlClI GUrJ~Lc:UIlI~ C1 U~LiIl'ldl IIUIlIUt;:n llldL UUt:b 

not begin with zero. Leading zeros for decimal 
data are not permitted, except for the simple case 
of the constant O. 

Examples: 3, 234, -10. 

2. A hexadecimal constant term is a hexadecimal 
number that starts with "X'" or with a leading zero. 

Examples: X'23A, 07B, X'F. 

3. A string constant term is a single character 
enclosed in Single quote marks. 

Examples: 'Z', '$', '3'. 

To use a Single quote mark for a string constant, 
write four quotemarks: "". 

4. A label term is described above under the label 
field description. 

5. A symbol term is constructed in the same way as 
a label term, but is used differently. (See Section 
6.4.2.) 

6. The location counter term is a Single dot (.). The 
dot represents the location counter, and, if it 
appears within an expression, it is replaced by the 
current value of the location counter. 

Example: JMP .+2 
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7. A lower·half term is represented by L (term). An 
upper-half term is represented by H (term). When 
the assembler encounters one of these in an 
expression, it replaced it with either the lower or 
the upper eight bits of the value of the symbol, 
respectively. 

Examples: 

H(X'172F) is replaced by X'17 

L(X'172F) is replaced by X'2F 

H(X'OOFF) is replaced by X'OO 

L(X'OOFF) is replaced by X'FF 

Terms are represented internally in the assembler in 
16-bit binary notation. Negative numbers are represented 
by two's complement notation. In this notation, the 
negative of a number 15 formed by complementing each 
bit In the data word and adding one to the complement
ed number. The sign of the number 15 Indicated by the 
most significant bit. When the most significant bit 15 0, 
the number is positive or zero; when the most signifi
cant bit is 1, the number 15 negative. The maximum 
range for a 16-bit number In this format is 7FFF16 
(+ 3276716) to 800016 (-3276810). 

String constants are represented internally by the 
appropriate 8-blt ASCII code. 

An expression may consist of a single term. 

Examples: 

5 
H'3C 
'0' 
SUB 

H(H'3CF) 
L(SUB) 

Alternatively, an expression may consist of two or 
, more terms combined using the operators shown in 

Table 6-1. 

E«amples: 

36+ SUB 
X'3FO-10 
X'7F&'O' 
3*5!XYZ 
%SUB/2 

The multiterm expression 15 evaluated by the assem
bler program in a left-to-rlght order regardless of the 
operators used between the terms. However, paren
theses are permitted for the purpose of grouping the 
terms of a multi term expression. They may be nested 
up to nine-deep within a multiterm expression, with the 
Innermost parenthetical operation being resolved first. 

The constructs "A<B", "A = B", and "A>B" cause the 
specified comparison to be made. The result is 1 If the 
comparison is true and 0 if the condition Is false. 
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Example: 

L(TABLE) + X'10 , 
100-1 MULTITERM EXPRESSIONS 

1=«2+3*(4+5))/6 } 

ENTRY1 + ENTRY2-4 
A>B*DISKAD 
(100 -1*12) + H(X'300) 

The magnitude of the expression must be compatible 
with the memory storage available for the expression. 
For example, If the expression 15 to be stored in an 
8-bit memory word, then the value of the expression 
must not exceed X'FF. 

Example: 

JMP X'40 + CHAR Expression vplue must not ex
ceed X3FF for COP420 (1024 bytes of program memory). 

If the expression 15 used in conjunction with the JP 
instruction to transfer control to a new ROM word on 
the sarne page, then the value must not exceed N * 4016 
+ 3E16 or precede N * 4016 where N = the number of the 
current page. 

Example: 

.PA,GE 0 

JP TABLE+4 

Expression value must not exceed 3E16 or precede O. 

Some statements consist of a mandatory first expres
sion and an optional second expression. When such a 
statement 15 encountered by the assembler and the 
operand field contains two expressions, the assembler 
will left shift the value of the left expression to four 
bits, and will then add to it the value of the right 
expression, which must evaluate to less than 1610 (four 
bits). This feature is useful on the LBI instruction. 

Example: LBI 3,15 

In this example, the assembler evaluates ihe left 
expression (3), shifts It left four bits to obtain the value 
X'30, then evaluates the 'right expression (15), and 
finally adds It to X'30, obtaining a result of X'3F. This 
value is then used to determine the correct machine 
code for the LBI instruction. The above example 15 
thus equivalent to: 

LBI X'3F 

Table 6-1. ASM Arithmetic and Logical Operators 

Operator Function Type 

+ Addition Binary , 
Subtraction Unary or Binary -

* Multiplication Binary 
1 Division Binary 
% Logical NOT Unary 
& LogicaL AND Binary 
! Logical OR Binary 

< "Less Than" Binary 

= "Equal To" Binary 

> "Greater Than" Binary 



COMMENT FIELD 

Comments are optional descriptive notes which are 
printed on the assembler output listing for program
mer reference and documentation. Comments should 
be included throughout the program to explain sub
routine linkages, data formats, algorithms used, for
mats of inputs processed, and so forth. A comment 
may follow a statement on the same line, or the 
comment may be entered on one or more separate 
statement lines. The comment has no effect on the 
assembled Load Module (. LM) file. 

The following conventions apply to comments: 

1. A comment must be preceded by a semicolon (;). 

2. All ASCII characters, including blanks, may be 
used in comments. 

3. Comments should not extend beyond column 72, 
but a comment may be carried over on the follow
ing line (preceded by a semicolon). 

i-.ioitl; v"ii 1t:::11 ii>:1i,iIl Y 0. GG~";~G Pi0i;jiCii"ii vi"'i ~!'"i;:; 

system printer, comments are listed to column 63 
only. 

Example: 

Label 

GETVAL: JSR 

Operand 

SAVREG ;LOAD MEMORY DATA 
INTO A 

The label, GETVAL, is a label name for the address of 
this instruction. Thus, GETVAL can be used in other 
statements (preceding or following) to reference this 
statement. The instruction mnemonic JSR specifies 
the COP400 instruction. The operand field for the JSR 
instruction is the symbol SAVREG. The comment field 
is separated from the operand field by a semicolon (;). 
Spaces on each side of the semicolon are optional. 
The comment allows the programmer to quickly iden
tITy tne opera(lon ptHIOrlllt:U uy 1I1V' II 1;:,\1 U\';LIUII. 

6_4 Assembler Statements 

The following sections describe the COP Assembly 
Language statements in detail. Some statements have 
optional fields. These optional fields will be enclosed 
in brackets ([]) to indicate that they are optional. 

6.4.1 Instruction Statements 

There are approximately 60 COP400 instructions, all of 
which are applicable to the COP440. The COP420 in
struction set is a subset of the COP440 instruction set. 
The COP410 instruction set, is a subset of the COP420 
instruction set (COP410 instruction set< COP420 
instruction set< COP440 instruction set). Also, the 
COP421 and COP411, which lack specific inputs, can
not use some instructions that are present in their 
related COP devices, the COP420 and COP410, respec· 
tively. Refer to the MOS Databook or the specific Data 
Sheet for information on the instruction set of the par· 
ticular COP device which the assembler code is being 
written for. 
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COP400 Series Assembler instruction statements fall 
within one of the following six classes: 

• Arithmetic Instructions 

• Transfer-of·Control Instructions 

• Memory Reference Instructions 

• Register Reference Instructions 

• Test Instructions 

• Input/Output Instructions 

Table 6-2 contains a summary of the COP400 series 
instruction set, grouped according to one of the above 
six classes. Additional instructions which will be in
cluded in the COP400 instruction set are not indicated. 
(Refer to COP440 data sheet.) This table provides the 
assembly mnemonic and operand, hexadecimal code, 
machine code (binary), data flow, skip conditions and 
description for each instruction. Refer to Table 6-3 for 
definitions of symbols used in describing the COP400 
series instruction set. The Notes to Table 6-~ provlae 
additional information to assist the user in under
standing the operations of specific instructions. For 
further detailed information on the nature and use of 
the COP400 series instruction set, examples of assem· 
bly language routines and programming techniques, 
information on the electrical specifications and archi· 
tecture of each COP400 series device, see the MOS 
Data Book or the specific Data Sheet. Refer to Table 
6-4 for an alphabetical listing of all COP400 series 
instructions showing their hexadecimal opcode. Also 
refer to Table 6-5 for a hexadecimal opcode ordered 
list of the COP400 series instruction set. These latter 
two tables do not include references to the additional 
COP400 instructions. 

6.4.2 Assignment Statements 
.. - . ~ ~ -- - .. ---~-- .... , 

~ylIIIJVI - ..... ,;;;;""1'-', ............ , ...... , .... II ......... H,... ................... , J 

[;<comments>] 

The Assignment Statement assigns the value of the 
expression on the right of the equals sign to the sym
bol on the left of the equals sign. If two expressions 
are given, the value of the leftmost is shifted left by 
four bits, and the rightmost expression, which must 
evaluate to less than 1610, is added to this value. The 
Assignment Statement does not generate machine 
code. It simply assigns a value to a symbol. When the 
symbol is used in a COP instruction 'statement oper· 
and field, the assigned value is used to generate code. 

Examples: 

X=3,15 

LBIX 

Y=5 
AISCY 

;ASSIGN VALUE OF X'3F TO 
;"X" 
;GENERATE LBI 3,15 
;INSTRUCTION CODE 
;ASSIGN VALUE OF 5 TO "Y" 
;GENERATE AISC 5 
;INSTRUCTION CODE 
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The Assignment Statement may also refer to the 
current value of the location counter. The location 

. counter symbol (" . ") may appear on both sides of the 
Assignment Statement equals sign. 

If it appears on the left, It is assigned the value of the 
expression to the right side of the equals sign. In that 
case, the expression on the right must be defined 
during the first pass so that the pass 1 label assign
ments may be made. 

Examples: 
.. =)('20 

. =. +10 

LOC= . 

;SET LOCATION COUNTER TO 
;ADDRESS X'20 
;RESERVE 10 LOCATIONS 
;FOR LATER USE 
;SAVE CURRENT LOCATION 
;COUNTER VALUE IN "LOC" 

If the symbol on the left of the equals sign is not a " . ", 
then the expression on the right need not have a value 
during pass 1, but the expression must have a value 
during pass 2. This permits only one level of forward 
referencing. An example of more than one level of for
ward referencing is included in the following examples: 

THD: A = B + 2 This expressions is undefined 
during pass 2 because it 
appears before B is defined 
below. It is therefore invalid; B 
is defined only after pass 2. 
See "SND" below. 

SND: B=C-1 

FST: C=25 

This expression is undefined 
during pass 1 because it 
appears before C is defined 
below. It is defined during 
pass 2 because C was 
defined during pass 1. 

This expression is absolute, 
defined during pass 1. 

A symbol may be assigned only one value during an 
assembly with an Assignment Statement. Attempting 
to redefine the value of the symbol will result in af) 
error message. The .SET directive, however, allows 
symbol values to be redefined during an assembly (see 
Section 6.4.3). 

6.4_3 Directive Statements 

Directive statements control the assembly process 
and may generate data in the object program. The 
directive name may be preceded by one or more labels, 
and may be followed by a comment. It occupies the 
operation field and may requi re an operand field 
expression as determined by the particular directive 
statement. 

Assembler directive statements and their functions are 
summarized in Table 6-6_ All directive statements 
begin with a period. The directive statements are des
cribed in detail in the following sections. 

· TITLE DIRECTIVE 

Syntax: . TITLE<symbol>,['<string>'] [;<comments>] 

The. TITLE directive identifies the load module and 
output listing in which it appears with a symbolic 
name and an optional definitive title string. If a . TITLE 
directive does not appear in the program, the load 
module and output listing are given the name MAINPR. 
If more than one. TITLE directive is used, the last one 
encountered specifies the symbolic name. The symbol
ic name must meet the symbol construction restric
tions discussed in Section 6.3. The string must be 26 
or fewer characters long for it to appear fully on the 
output listing. Single quotes (') must appear at the 
beginning and end of the chracter string. 

Example: 

. TITLE TBLKP, 'TABLE LOOKUP' 

· END DIRECTIVE 

Syntax: .END 

The. END directive signifies the physical end of the 
source program. All assembly source statements 
appearing after this directive are ignored. All Assem
bler programs must terminate with the. END directive. 

Example: 

;SOURCE CODE 

. END ;END OF PROGRAM 

· LIST DIRECTIVE 

Syntax: . LIST <expression >[;< comments>] 

The. LIST directive controls listing of the source 
program. This includes listing of assembled code in 
general, listing of unassembled code caused by the 
.IF and .IFC directives, listing of MACRO expansions 
and listing of code generated by the .INCLD directive. 

Control of the various list options depends upon the 
state of the six least significant bits of the evaluated 
expression in the operand field (bits 5 through 0). Table 
6-7 shows the options available, their associated bit 
weights and assembler default values. 

Options are usually combined to give the desired type 
of listing. 

Examples: 

1. Full Master listing: 

. LIST 1 
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2. Full Master listing and listing of all code 
expanded during macro calls: 

. LIST X'D 
or 

.L1ST01!OC 

3. Suppress listing: 

.L1STO 
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Table 6-2. COP400 Instruction Set 0 
0 

Machine ""tJ 
Hex Lan~Uage Code a 

Mnemonic Operand Code Binary) Data Flow Skip Conditions Description c.. 
C 

ARITHMETIC INSTRUCTIONS () -
ASC 30 I 0 0 1 110 0 0 0 I A + C + RAM(B) - A Carry Add with Carry. Skip on C 

CD Carry - C Carry < 
CD 

ADD 31 I 0 0 1 110 0 0 1 1 A + RAM(B) - A None Add A to RAM 0" 
'"C 

ADT 4A 101 0 Op 010 I A + 1010 - A None Add Ten to A 3 
CD 

AISC Y 5- 10101 1 y A + y- A Carry Add Immediate, Skip on ::J -Carry (y" 0) en 
1 0 0 0 110 0 0 0 I '< CASC '10 A + RAM(B) + C - A Carry Complement and Add til 

Carry - A with Carry. Skip on Carry -CD 

CLRA 00 I 0 0 0 010 0 0 0 I 0- A None Clear A 3 
c: 

COMP 40 I 0 1 0 010 0 0 0 I A-A None Ones complement of A to fn 
CD A ""!. 
til 

NOP 44 I 0 1 0 010 1 0 0 I None None No Operation :s:: 
RC 32 10011100101 "a" - C None Reset C 

Q) 
::J 
C 

SC 22 I a a 1 010 a 1 a I "1"-C None Set C Q) 

XOR 02 I a a a 010 a 1 a I A .. RAM(B) - A None Exclusive·OR A with RAM 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 1111111111 I ROM (PC9':8,A,M) - None Jump Indirect (Note 3) 
PC7:0 

JMP a 6- 10 11 0100Iag:8 I a - PC None • Jump 

I 
a7:0 

1 

JP a 111 a6:0 a - PC6:0 None Jump within ,Page 

(pages 2,3 only) (Note 4) 

or 

1111 a5:0 a - PC5:0 
(all other pages) 

JSRP a 110 1 a5:0 PC+1- SA- SB- SC None Jump to Subroutine Page 
(Note 5) 

0010 - PC9:6 
a - PC5:0 

JSR a 6- I a 1 1 011 01 ag:8 I PC+1- SA- SB- None • Jump to Subroutine 

1 a7:0 1 
a- PC 

RET 48 10100110001 SC - SB - SA - PC None Return from Subroutine 

RETSK 49 I a 1 a 011 a a 1 I sc - SB - SA - pc Always Skip on Return Return from Subroutine 
then Skip 
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:::E Table 6-2. COP400 Instruction Sat (continued) 

U) 
Machine ~ ... 

CD Hex Lan,uage Code 
U) Mnemonic Operand Code Binary) Data Flow Skip Conditions Description 

::::» 
E MEMORY REFERENCE INSTRUCTIONS 

CD CAMQ 33 10011100111 A- Q7:4 None Copy A, RAM to Q -U) 
3C 100 IIp 1 001 RAM(B) - Q3:0 

I; 
Q7:4 - RAM(B) - CQMA 33 10011100011 None Copy Q to RAM, A 

C 2C 1001011'1001 Q3:0-A 
CD 
E LD -5 1001 r 101 0 11 RAM(B)- A None Load RAM Into A, a. Brer- Br Exclusive·OR Br with r 0 

E LDD r,d 23 100 1 01001 1/ RAM(r,d)- A None Load A with RAM pointed 

/001 r I d I to directly by r,d 
Q - LQID BF 11 0 11/,111/ ROM(PC9:S.A,M) -: Q None -Load Q (Note 3) () 
:::I Indirect SB- SC 

~ RMB 0 4C 101 0 Opl 00/ 0- RAM(B)O None Reset RAM Bit 

Q. 1 45 10 1 0 010 1 0 11 0- RAM(Blt, 

0 
2 42 10 1 0 010 0 1 01 0- RAM(B)2 

l 
3 43 10 1 001001 11 0- RAM(B)3 

5MB 0 40 1010 Opl 011 1- RAM(B)O None Set RAM Bit 
0 1 47 10 1 0 010 1 111 1 - RAM(Blt 
() 2 46 10 1 0010 1 1 01 1- RAM(B)2 

3 4B 1010011 011 1 1- RAM(B)3 

STII y 7- /011 1/ y I y- RAM(B) None Store Memory Immediate 
Bd+l-Bd and Increment Bd 

X -6 1001 r 10110/ RAM(B)- A None Exchange RAM with A, 
Brer- Br Exclusive·OR Br with r 

XAD r,d 23 10 0 1 010 0 1 11 RAM(r,d)- A None Exchange RAM with A 

1101 r I d I pOinted to directly by r ,d 

XDS -7 /00/ r 10111/ RAM(B) ...... A Bd decrements past 0 Exchange RAM with A 
Bd-l-Bd and Decrement Bd, 
Brer- Br Excluslve·OR Br with r 

XIS -4 1001 r 10 1 0 11 RAM(B)-A Bd increments past 15 Exchange RAM with A 
Bd+l-Bd and Increment Bd, 
Bre r- Br Exclusive-OR Br with r 

REGISTER REFERENCE INSTRUCTIONS 

CAB 50 10 1 0 110 0 0 01 A- Bd None Copy A to Bd 

CBA 4E 1010 Opl1 0/ Bd- A None Copy Bd to A 

LBI r,d 1°0/ r /(d-l)1 r,d- B Skip until not a LBI Load B Immediate with 
(d = 0,9:15) r,d (Note 6) 

or 
33 10011100111 

11 01 r I d I 
(any d) 

LEI y 33 10011100111 y- EN None Load EN Immediate 
6- 101101 y I (Note 7) 

XABR 12 10 0 0 I/O 0 1 01 A - Br (0,0 - A3.A21 None Exchange A with Br 
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Table 6-2. COP400 Instruction Set (continued) 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description 

TEST INSTRUCTIONS 

SKC 20 10010100001 C = "1" Skip if C is True 

SKE 21 10010100011 A = RAM(B) Skip if A Equals RAM 

SKGZ 33 1001 110011 1 G3:0 = 0 Skip if G is Zero 

21 10 0 1 010 0 0 11 (all 4 bits) 

SKGBZ 33 1001 110011 1 1st byte Skip if G Bit is Zero 

0 01 10 0 0 010 0 0 11 

) '"" "" 
GO = 0 

11 10 0 0 110 0 0 11 Gl = 0 
03 10 0 0 010 0 1 11 G2 = 0 
13 10 0 0 110 0 1 11 G3 = 0 

SKMBZ 01 10 0 0 010 0 0 11 RAM(B)O = 0 Skip if RAM Bit is Zero 
11 10 0 0 110 0 0 11 HAM(t:S)1 = u 
03 10000100111 RAM(B)2 = 0 

3 13 10 0 0 110 0 1 11 RAM(B)3 = 0 

SKT 41 101 0010001 1 A time·base counter Skip on Timer 
carry has occurred (Note 3) 
since last test 

INPUT/OUTPUT INSTRUCTIONS 

ING 33 1001 11001 11 G-A None Input G Ports to A 

2A 1001 011 0101 

ININ 33 1001 11 001 11 IN - A None Input IN Inputs to A 

28 10 0 1 011 0 0 01 (Note 2) 

INIL 33 1001 11001 11 IL3,"I","0",ILO - A None Input IL Latches to A 

29 100 1 011 00 11 (Notes 2 and 3) 

INL 33 1001 110011 1 L7:4 - RAM(B) None Input L Ports to RAM,A 

2E 1001011 1 101 L3:0 - A 

OBO 33 1001 11 001 11 Bd - 0 None Output Bd to 0 Outputs 

3E 1001 111 1 1 01 

OGI y 33 1001 11001 11 y - G None Output to G Ports 

5-
10101 1 I Immediate 

OMG 33 1001 11001 11 RAM(B) - G None Output RAM to G Ports 

3A 1001 11 10101 

XAS 4F 1010011 1 1 11 A- SIO, C- SK None Exchange A with SIO 
(Note 3) 

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Sr and Bd are explicitly defined). Bits are numbered a to 
N where a signifies the least significant (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 and INIL instructions are not available on the 24·pin COP421, since this device does not contain the IN inputs. 

Note 3: For additional information on the operation of the XAS, JID, LaID, INIL, and SKT instructions, see data sheet. 

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 Pl. A JSRP may not be used when in pages 2 or 3. 
JSRP may not jump to the last word in page 2. 

Nota 6: LSI 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 S (Sd) with the value 9 (10012), the lower 4 bits of the LSI instruction equal 8 (10002)' To load 0, the lower 4 bits of 
the LSI instruction should equal 15 (11112)' 
Nota 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 carre 
sponds with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.) 
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Table 6-3. COP400 Instruction Set Table Symbols 

Symbol Dellnltlon 

INTERNAL ARCHITECTURE SYMBOLS 

A 4·blf Accumulator 

B 6·blt RAM Address Register 

Br Upper 2 bits of B (register address) 

Bd Lower 4 bits of B (digit address) 

C l·blt Carry Register 

0 4·blt Data Output Port 

EN 4·blt Enable Register 

G 4·blt Register to latch data for G 110 Port 

IL Two l·blt Latches associated with the IN3 or INO 
.Inputs 

IN 4·blt Input Port 

L B-blt TRI·STATE 110 Port 

M 4-blt contents of RAM Memory pOinted to by B 
Register 

PC 10-blt ROM Address Register (program counter) 

a S-blt Register to latch data for L 1/0 Port 

SA l!J.blt Subroutine Save Register A 

SB 10-blt Subroutine Save Register B 

SC 10-blt Subroutine Save Register C 

SIO 4-blt Shift Register and Counter 

SK Loglc-Controiled Clock Output 

Symbol Dellnltlon 

INSTRUCTION OPERAND SYMBOLS 

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

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

a 10-blt Operand Field, 0-1024 binary (ROM Address) 

y 4-blt ope'rand Field, 0-15 binary (Immediate Data) 

RAM(s) Contents of RAM location addressed by 5 

ROM(t) Contents of ROM location addressed by t 

OPERATIONAL SYMBOLS 

+ Plus 

- Minus - Replaces - Is exchanged with 

= Is equal to 

A The ones complement of A .. Excluslve-OR 

: Range of values 

Table 6-4. Alphabetical Mnemonic Index of 

COP400 Instructions 

Hexadecimal 
Instruction Opcode Description 

ADD 31 ADDAto RAM 

ADT 4A ADd Ten to A 

AISC 1-15 51-5F Add Immediate, Skip on 
Carry 

ASC 30 Add with carry, Skip on 
Carry 

CAB 50 Copy A to Bd 

CAMO' 33/3C Copy A, RAM to Bd 

CASC 10 Complement and Add with 
carry, Skip on Carry 

CBA 4E Copy Bd to A 

CLRA 00 CLeaR A 

COMP 40 ones COMPlement of A to A 

Table 6-4. Alphabetical Mnemonic Index of 
COP400 Instructions (continued) 

Hexadecimal 
Instruction Opcode Descriptio,! 

COMA' 3312C Copy A to RAM, A 

lNG' 33/2A INput G ports to A 

INIL' 33/00 INpul IL latches to A 

ININ 33/28 INput IN Inputs to A 

INL' 33/2E INput L ports to M, A 

JID FF Jump InDirect 

JMP' 60-63/00-FF JuMP 

JP SO-BE,CO-CE Jump within Page 

,JSR' 6S-6B/OO-FF Jump to SubRoutine 

JSRP SO/BE Jump to SubRoutine Page 

LBIO,9-15,O OS-OF 

LBll,9-15,O IS-IF Load B Immediate 

LB12,9-150,O 2S-2F (single-byte) 

LB13,9-150,O 3S-3F 

LBI' O,I-S 33/81-8S 

LBI'I,I-S 33/91-9S Load B Immediate 

LBI' 2,1-S 33/Al-AS (double-byte) 

LBI' 3,1-S 331Bl-BS 

LD 0,1,2,3 05,15,25,35 LoaD RAM Into A 

LDD' 0-3,0-15 23/00-3F LoaD A with RAM, Directly 

LEI' 0-15 33160-6F Load EN Immediate 

LaiD BF Load a InDirect 

NOP 44 No OPeration 

OBD' 33/3E Output Bd to 0 outputs 

OGI' 33150-5F Output to G ports Immediate 

OMG' 33/3A Output RAM to G ports 

RC 32 ReseLC 

RET 48 RETurn 

RETSK 49 RETurn then SKip 

RMB 0,1,2,3 4C,45,42,43 Reset Memory Bit 

SC 22 SetC 

5MB 0,1,2,3 4D,47,46,4S Set Memory Bit 

SKC 20 SKip if C is true 

SKE 21 SKip if A Equals RAM 

SKGBZ' 0,1,2,3 33/01,11,03,13 SKip if G Bit is Zero 

SKGZ' 33/21 SKip if G equals Zero 
(ail 4 bits) 

SKMBZ 0,1,2,3 01,11,03,13 SKip if Memory Bit is Zero 

SKT 41 SKip on Timer 

STiI 70-7F STore memory Immediate 
and Increment Bd 

X 0,1,2,3 06,16,26,36 eXchange RAM with A 

XABR 12 eXchange A with Br 

XAD' 0-3,0-15 23/S0-BF eXchange A with RAM 
Directly 

XDS 0,1,2,3 07,17,27,37 eXchange RAM with A and 
Decrement Bd 

XIS 0,1,2,3 04,14,24,34 eXchange RAM with A and 
Increment Bd 

XOR 02 eXclusive-OR A with RAM 

"Double·Byte Instruction: first bytefsecond byte (Dr first byte rangefsecond byte range). 
"Instruction nol available or has different features on COP421-serles. 
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00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

OA 

OS 

OC 

00 

OE 

OF 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

lA 

IS 

lC 

10 

IE 

IF 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

2A 

2S 

2C 

20 

2E 

2F 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

Table 6-5, Table of COP400 Instructions Listed by Opcodes (Hexadecimal) 

CLRA 

SKMSZ 0 

XOR 

SKMSZ 2 

XIS 0 

LO 0 

XO 

XOS 0 

LSI 0,9 

LSI 0,10 

L810,11 

L810,12 

L810,13 

L810,14 

L810,15 

L810,0 

CASC 

SKM8Z 1 

XA8R 

SKMSZ 3 

XIS 0 

LO 1 

XI 

XOS 1 

LSI 1,9 

L811,10 

LSI 1,11 

L811,12 

'LSI 1,13 

L811,14 

L811,15 

L811,0 

SKC 

SKE 

LOOIXAO' , 

XIS 2 

LO 2 

X2 

XOS 2 

LSI 2,9 

L812,10 

L812,11 

L812,12 

L812,13 

L812,14 

L812,15 

L812,0 

ASC 

ADD 

RC 

TWO WORD' 
(except LOO, XAO, 

JMP, JSR) 

XIS 3 

LO 3 

X3 

XOS 3 

LSI 3,9 

LSI 3,10 

3A 

38 

3C 

3D 

3E 

3F 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

4A 

48 

4C 

40 

4E 

4F 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

5A 

5S 

50 

5E 

5F 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

6A 

68 

6C } 
60 

6E 

LSI 3,11 

L813,12 

L813,13 

L813,14 

LSI 3,15 

L813,0 

COMP 

SKT 

RM82 

RM83 

NOP 

RMS 1 

SMS 2 

SM81 

RET 

RETSK 

AOT 

SMS 3 

RMtl U 

SM80 

C8A 

XAS 

CAS 

AISC 1 

AISC 2 

AISC 3 

AISC 4 

AISC 5 

AISC 6 

AISC 7 

AISC 8 

AISC 9 

AISC 10 

AISC 11 

AISC 13 

AISC 14 

AISC 15 

JMP'" to Page 
0,1,2, or 3 

JMP'" to Page 
4, 5, 6, or 7 

JMP'" to Page 
8,9,10, or 11 

JMP'" to Page 
12,13,14, or 15 

invalid 

invalid 

invalid 

invalid 

JSR'" to Page 
0, 1, 2, or 3 

JSR'" to Page 
4,5,6, or 7 

JSR'" to Page 
8,9,10, or 11 

JSR'" to Page 
12,13, 14, or 15 

invalid for 
COP420, COP410 

6F 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

7A 

78 

7C 

7D 

7E 

7F 

80·SE 

SF 

CO·CE 

FF 

invalid for 

COP420, COP410 

STII 0 

STili 

STII2 

STII3 

STII4 

STII5 

STII6 

STII7 

STII8 

STII9 

STlll0 

STlill 

STII12 

STII13 

STII14 

STII15 

JP 10 word XX 
(0·3F,S) or 

JSRP 10 page 2, 
word XX (0·3F,S): 
opcode = 80 + XX 

LOIO 

JP 10 word XX 

(0·3F,S): 
opcode = CO + XX 

JIO 

Two Word Instructions 
First Word:33; Second Word: 

01 

03 

11 

13 

21 

28 

29 

2A 

2C 

2E 

3A 

3C 

3E 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

5A 

58 

5C 

50 

5E 
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SKG8Z 0 

SKG8Z 2 

SKG8Z 1 

SKG8Z 3 

SKGZ 

IN IN 

INIL 

ING 

COMA 

INL 

OMG 

CAMO 

080 

OGIO 

OGII 

OGI2 

OGI3 

OGI4 

OGI5 

OGI6 

OGI,7 

OGI8 

OGI9 

OGi 10 

OGlll 

OGI12 

OGI13 

OGI14 

5F 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

6A 

68 

6C 

60 

6E 

6F 

81 

83 

84 

85 

86 

87 

88 

91 

92 

93 

94 

95 

96 

97 

98 

AI 

A3 

A4 

A5 

A6 

A7 

A8 

SI 

S2 

S3 

S4 

S5 

S6 

S7 

S8 

OGI15 

LEIO 

LEI 1 

LEI 2 

LEI 3 

LEI4 

LEI5 

LEI6 

LEI7 

LEI 8 

LEI9 

LEI 10 

LEI 11 

LEI 12 

LEI 13 

LEI 14 

LEI 15 

LSI 0,1 

L810,3 

L810,4 

L810,5 

LSI 0,6 

L810,7 

L810,8 

L811,1 

L811,2 

L811,3 

LSI 1,4 

LSI 1,5 

LSI 1,6 

LSI 1,7 

LSI 1,8 

LSI 2,1 

LSI 2,3 

LSI 2,4 

LSI 2,5 

LSI 2,6 

LSI 2,7 

LSI2,B 

LSI 3,1 

LSI 3,2 

LSI 3,3 

LSI 3,4 

LSI 3,5 

LSI 3,6 

LSI 3,7 

LSI 3,8 

fI*LOD/XAD Instruction 
First Word: 23; Second Word: 

"00 LOO 0,0 

01 LOO 0,1 

02 LDO 0,2 

03 LOO 0,3 

04 LOO 0,4 

05 LOO 0,5 

06 LOO 0,6 
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Table 6-5. Table of COP400 Instructions Listed by Opcodes (Hexadecimal) (continued) 

07 LDD 0,7 28 LDD 2,8 

08 LDD 0,8 29 LDD 2,9 

09 LDD 0,9 2A LDD 2,10 

OA LDD 0,10 2B LDD 2,11 

OB LDD 0,11 2C LDD 2,12 

OC LDD 0,12 20 LDD 2,13 

00 LDD 0,13 2E LDD 2,14 , 

OE LDD 0,14 2F LDD 2,15 

OF LDD 0,15 30 LDD 3,0 

10 LDD 1,0 31 LDD 3,1 

11 LDD 1,1 32 LDD 3,2 

12 LDD 1,2 33 LDD 3,3 

13 LDD 1,3 34 LDD 3,4 

14 LDD 1,4 35 LDD 3,5 

15 LDD 1,5 36 LDD 3,6 

16 LDD 1,6 37 LDD 3,7 

17 LDD 1,7 38 LDD 3,8 

18 LDD 1,8 39 LDD 3,9 

19 LDD 1,9 3A LDD 3,10 

1A LDD 1,10 3B LDD 3,11 

1B LDD 1,11 3C LDD 3,12 

1C LDD 1,12 3D LDD 3,13 

10 LDD 1,13 3E LDD 3,14 

1E LDD 1,14 3F LDD 3,15 

1F LDD 1,15 80 XAD 0,0 

20 LDD 2,0 81 XAD 0,1 

21 LDD 2,1 82 XAD 0,2 

22 LDD 2,2 83 XAD 0,3 

23 LDD 2,3 84 XAD 0,4 

24 LDD 2,4 85 XAD 0,5 

25 LDD 2,5 86 XAD 0,6 

26 LDD 2,6 87 XAD 0,7 

27 LDD 2,7 88 XAD 0,8 

.SPACE DIRECTIVE 

Syntax: [<label». SPACE<expression> 
[;<comments» 

The .SPACE directive skips forward a number of lines 
on the output IIstirig as specified by the expression in 
the operand field. 

Example: 

.SPACE20 
Skip 20 lines. 

. FORM DIRECTIVE 

Syntax: . FORM ['<string>')[;<comments» 

The. FORM directive spaces forward to the top of the 
next page of the output listing (form feed). The optional 
string is printed as a page title on each page until a 
. FORM directive containing a new string is encoun· 
teredo No action is taken (except for a new page title) if 
the. FORM directive is encountered immediately after 
an assembler·generated top·of·page request which 
occurs when an output listing is full. 

Example: 

. FORM'BCD ARITHMETIC ROUTINES' 
;FORM FEED 

89 XAD 0,9 A5 XAD 2,5 

8A XAD 0,10 A6 XAD 2,6 

8B XAD 0,11 A7 XAD 2,7 

8C XAD 0,12 A8 XAD 2,8 

80 XAD 0,13 A9 XAD 2,9 

8E XAD 0,14 AA XAD 2,10 

8F XAD 0,15 AB XAD 2,11 

90 XAD 1,0 AC XAD 2,12 

91 XAD 1,1 AD XAD 2,13 

92 XAD 1,2 AE XAD 2,14 

93 XAD 1,3 AF XAD 2,15 

94 XAD 1,4 BO XAD 3,0 

95 XAD 1,5 B1 XAD 3,1 

96 XAD 1,6 B2 XAD 3,2 

97 XAD 1,7 B3 XAD 3,3 

98 XAD 1,8 B4 XAD 3,4 

99 XAD 1,9 B5 XAD 3,5 

9A XAD 1,10 B6 XAD 3,6 

9B XAD 1,11 B7 XAD 3,7 

9C XAD 1,12 B8 XAD 3,8 

90 XAD 1,13 B9 XAD 3,9 

9E XAD 1,14 BA XAD 3,10 

9F XAD 1,15 BB XAD 3,11 

AO XAD 2,0 BC XAD 3,12 

A1 XAD 2,1 BD XAD 3,13 

A2 XAD 2,2 BE XAD 3,14 

A3 XAD 2,3 BF XAD 3,15 

A4 XAD 2,4 

'''OO+XX JSR or JMP to page 0, 4,10, or 14, word XX (03F,sl:0-3F 

8-56 

40+XX JSR or JMP to page 1,5,11, or 15, word XX (0-3F1sl:40-7F 
8O+XX JSR or JMP to page 2, 6, 12, or 16, word XX (0-3F,sl:80-BF 
CO+XX JSR or JMP to page 3,7,13, or 17, word XX (0-3F,6):CO-FF 

The string must be 26 or fewer characters to be fully 
printed on the output listing. 

. WORD DIRECTIVE 

Syntax: [<label>:). WORD<expression> 
[, <expression» ... [;< comments» 

The. WORD directive stores consecutively in memory 
one 8·bit byte of data for each given expression. If the 
directive has a label, it refers to the address of the 
first expression. The value of each expression must be 
in the range -128 to + 127 for signed data or 0 to 255 
for unsigned data. 

The hexadecimal value of ASCII characters may be 
stored in memory using the. WORD directive and an 
operand expression specifying character strings or 
their hexadecimal equivalents. (See Table 6-8, ASCII 
Character Set in Hexadecimal Representation.) 

In the smaller system dedicated applications in which 
COP400 devices are commonly used, a more typical 
function of the. WORD directive is to place 7·segment 
decode data in ROM for output to the digits of an LED 
or VF display. Table 6-9 provides the 7·segment binary 
and hexadecimal values associated with the display 
numerals 0 through 9, with and without the Decimal 



Point bit on and with the contents of ROM (l7-Lo) 
assigned to Sa-Sg, D.P. as well as to D.P., Sg-Sa. 

.ADDR DIRECTIVE 

Syntax: [<label:».ADDR<expression> 
Examples: [,<expression» ... [;<comments» 

1. .WORD X'FF 
2. TBl: · WORD MPR-10, X'FF 
3. · WORD 'H', 'E', 'l', '0' 
4. · WORD X'4a, )('45, )(,4C, X'4C, 2'4F 

Example 1 stores the hexadecimal number FF in a 
byte of memory. 

The. ADDR directive generates a·bit bytes as specified 
by one or more expressions in the operand field of this 
directive and places them in successive memory loca
tions. These expressions are usually labels and are used 
as address pOinters by the COP400 JID (Jump Indirect) 
instruction which transfers program control to the con
tents of the address generated by the. ADDR directive. 

Example 2 stores two hexadecimal numbers in con-
secutive bytes in memory. ' 

Examples 3 and 4 store the hexadecimal value of the 
word HEllO in consecutive bytes of memory. 

Control 
Function 

Master List 

.IF List 

Macro List 

Binary List 

Include List 

Table 6-6. Summary of Assembler Directives 

Directive 

.ADDR 

.CHIP 

.00 

.ELSE 

.END 

.ENDDO 

.ENDIF 

.ENDM 

.ERROR 

.EXIT 

.FORM 

.IF 

.IFC 

.INCLD 

. LIST 

. LOCAL 

.MACRO 

.MDEL 

.MLOC 

.OPT 

.PAGE 

.SET 

.SPACE 

.TITLE 

.WORD 

FunCtlOn'---______ --l._--=Sc...._ct'-lo--=n_~ 

Address constant generation 6.4.3 

Identification of COP400 device 6.4.3 

Begin Macro·time looping" 6.5.7 

Conditional assembly directive 6.5.5 

Physical end of source program 6.4.3 

End Macro·time looping" 6.5.7 

Conditional assembly directive 6.5.5 

End Macro definition" 6.5.1 

Macro error message generation"· 6.5.6 

Exit DO loop" 6.5.7 

Output listing top·of·form 6.4.3 

Conditional assembly directive 6.5.5 

Macro conditional assembly" 6.5.5 

Include disk file source code 6.4.3 

Listing output control 6.4.3 

Establish a new local symbol region 6.4.3 

Begin Macro definition' 

Macro delete" 

Macro local symbol designation" 

Define COP400 device options 

Set assembler location counter to page address 

Assign values to variables 

Space n lines on Output Listing 

Identification of program 

8·bit data generation 

6.5.6 

6.5.5 

6.4.3 

6.4.3 

6.4.3, 6.5.6 

6.4.3 

6.4.3 

6.4.3 

"Used only in Macro definitions. 
HMacro related directives. 

Table 6-7. List Options 

Bit 
6·Bit 

Description 
Positions 

Binary H.x Valu. 
Valu. 

a 0 00 Suppress all listing 
1 01 "Full listing 

1 a 00 "Suppress listing of unassembled code 
1 02 Full listing (of .IFs and IFCs) 

2,3 00 00 ·List only macro calls 
10 08 List only code generated by macro calls 
11 OC List all code expanded during macro calls 

4 0 00 List only the first two bytes of generated data 
1 10 'List all the binary output by statements generating more 

than one word (e.g., ASCII) 

5 a 00 'List only error lines for the included file 
1 20 List the included file (source statements from the in' 

cluded files are listed without line numbers) . 

"Indicates Default 
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as 
~ c Table 6-8. ASCII Character Set In Hexadecimal Representation 
as 
:::! 7·Blt 7·Blt 7:Blt 7·Blt 
en Hex Hex Hex Hex .... 
CD 
en 
;:) 

E 
CD 

Character Number Character Number Character Number Character Number 
NUM 00 SP 20 @ 40 60 
SOH 01 ! 21 A 41 a 61 
STX 02 " 22 B 42 b 62 -en ETX 03 # 23 C 43 c 63 

Ii EOT 04 $ 24 0 44 d 64 -c ENQ 05 % 25 E 45 e 65 
CD 
E a. 

ACK 06 & 26 F 46 f 66 
BEL 07 , 27 G 47 9 67 

0 

E 
BS 08 ( 28 H 48 h 68 
HT 09 ) 29 1 49 i 69 

c LF OA . 2A J 4A j 6A -u VT OB + 2B K 4B k 6B 
~ 

"'C FF OC , 2C L 4C 1 6C 

e CR 00 - 20 M 40 m 60 

I 11. 
0 
0' ... 
11. 
0 
0 

SO OE 2E N 4E n 6E 
SI OF I 2F 0 4F 0 6F 

OLE 10 0 30 P 50 P 70 
OC1 11 1 31 Q 51 q 71 
OC2 12 2 32 R 52 r 72 
OC3 13 3 33 S' 53 s 73 
OC4 14 4 34 T 54 t 74 
NAK 15 5 35 U 55 u 75 
SYN 16 6 36 V 56 v 76 
ETB 17 7 37 W 57 w 77 
CAN 18 8 38 X 58 x 78 
EM 19 9 39 Y 59 Y 79 

SUB 1A : 3A Z 5A z 7A 
ESC 1B ; 3B [ 5B 7B 
FS 1C < 3C \ 5C 7C 
GS 10 = 3D I 50 ALT 70 
RS 1E > 3E t 5E ESC 7E 
US 1F ? 3F - 5F DEL, 7F 

rubout 
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This directive masks out the upper eight bits of the 
expression specified in the operand field, and places 
the lower eight bits in successive memory locations. 
Next, the lower eight bits of the symbol or expression 
are masked and a comparison is made of the upper 
eight bits with the current location counter address to 
ensure that the address generated by the .ADDR direc
tive is in the same 4-page ROM block as the assembler 
location counter-this test is necessary since the JID 
instruction must access a pointer and transfer pro
gram control within the current 4-page program ROM 
block. If this test indicates an out-of-range expression, 
an error message will be generated upon assembly 
and listed on the assembler listing. For further infor
mation on the operation, restrictions asociated with, 
and use of the COP400 J ID instruction, see the MOS 
Data Book or the specific Data Sheet. 

Example: 

Create an address pOinter table to be used by the 
COP400 JID instruction. 

Assuming that program labels TBL1, TLB2 and TBL3 
are located at memory locations 01D3, 01DF and 
02CO, respectively, with the. ADDR directive placed 

in the program source code prececing memory loca
tion 01CO using an Assignment Statement, then 

. =X'1CO ;SET LOCATION POINTER TO 
;ROM LOCATION X'01CO 

. ADDR TBL 1 ,TBL2, TBL3 

will place the following address pointer data in the 
following memory locations: 

Address Data 
(HEX) (HEX) 

01CO D3 (lower eight bits of address of 
TBL1 label) 

01C1 DF (lower eight bits of address of 
TBL21abel) 

01C2 XX (ERROR message will be gener-
ated - TBL3 address is out of 
range for. ADDR directive) 

. PAGE DIRERECTIVE 

Syntax: . PAGE [<expression>][;<comments>] 

The. PAGE directive changes the assembler's location 
counter to the address of the beginning of the ROM 
page specified by the expression in the operand field. 

Table 6-9. Display Digit Segments 

Hexadecimal Hexadecimal 
Binary Values Values Values 

Sa-Sg, D.P., 
Sa-Sg, D.P.-L7-Lo D.P.-L7- LO Sg-Sa- L7- LO 

D.P. D.P. D.P. D.P. D.P. 
So Sb Sc Sd Se Sf Sg OfflOn Off On Off On 

1 1 1 1 1 1 0 0/1 FC FD 3F BF 

0 1 1 0 0 0 0 0/1 60 61 06 86 

1 1 0 1 1 0 1 0/1 DA DB 5B DB 

1 1 1 1 0 0 1 0/1 F2 F3 4F CF 

1 1 1 0 0 1 1 0/1 66 67 66 E6 

1 0 1 1 0 1 1 0/1 B6 B7 60 EO 

1 0 1 1 1 1 1 0/1 B7 BF 7D FO 

1 1 1 0 0 0 0 0/1 EO E1 07 87 

1 1 1 1 1 1 1 0/1 FE FF 7F FF 

1 1 1 0 0 1 1 0/1 E6 E7 67 E7 
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The value of the expression may not exceed the maxi· 
mum ROM page number for the chip being used. (See 
. CHIP directive.) There are 64 locations in each ROM 
page. 

Example: 

.PAGE2 

. LOCAL DIRECTIVE 

;SET LOCATION COUNTER TO 
;X'80 

Syntax: • LOCAL [;<comments» 

The. LOCAL directive establishes a new program sec
tion for local labels (labels beginning with a dollar Sign 
[$1). All local labels between two. LOCAL directive 
statements have their values aSSigned to them only 
within that particular section of the program. Note that 
a . LOCAL directive Is assumed at the beginning and 
the end of a program; thus, one. LOCAL directive 
within a program divides the program Into two local 
sections. Up to 58 . LOCAL directives may appear In 
one assembly. 

Example: 

$X:.WORD1 
• LOCAL 

$X:.WORD 1 

. SET DIRECTIVE 

;FIRST LABEL $X 
;ESTABLISH NEW LOCAL 
;SYMBOL SECTION 
;SECTION LABEL $X, NO CON
;FUSION SINCE THEY ARE IN 
;DIFFERENT "LOCAt:' BLOCKS 

Syntax: .SET <symbol>,<expresslon> 
[;<comments» 

The. SET directive is used to assign values to 
symbols. In contrast to an ASSIGNMENT statement, a 
symbol assigned a value with the. SET directive can 
be assigned different values an arbitrary number of 
times within an assembly language program with each 
new value taking precedence over the previous value 
for a particular symbol. . 

Example: 

.SET 

.SET 

.SET 

A,100 
B,50 
C,A-25·B/4 

;SET A=100 
;SET B=50 
;SET C = A-25·B/4 

Note: this expreslon Is always evaluated from left to 
right regardless of the operators used between the 
variables and constants unless parentheses appear in 
the expression. 

.CHIP DIRECTIVE 

Syntax: . CHIP<expresslon>[;<comments» 

The .CHIP directive specifies to the assembler the 
particular COP device for which the assembly source 
code Is being written, This Is necessary since different 
COP400 devices having a different number of COP400 
Instructions may use the COP Cross Assembler. The 
devices which may be specified with the .CHIP direc
tive and the corresponding values for their operand 
field expressions are as follows: 
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COP400 Device 

COP410P 
COP411L 

COP420/420Ll420C 
. COP421/421 Ll421C 

COP422/422L 
COP440 
COP441 
COP442 

COP444L 
COP445L 
COP2440 
COP2441 
COP2442 

·Indlcates default value. 

Operand 
Expression 

410 
411 
420· 
421 
422 
440 
441 
442 
444 
445 
2440 
2441 
2442 

A feature associated with the .CHIP directive Is that 
the assembler allows for multiple. CHIP directives In 
the program. The assembler will treat the program as 
one written for the COP device specified by the last 
.CHIP directive (the default device Is the COP420) until . 
It encounters a new .CHIP directive. It will then treat 
the program as one written for a different device as 
specified by the new .CHIP directive. 

Example: 

1. No .CHIP directive: 

. PAGE 0 

.END 
Assembler assumes default device, the COP420. 

2. Multiply .CHIP directives: 
. PAGE 0 ;ASSEMBLERASSUMES COP420 

.CHIP440 

.END 

. OPT DIRECTIVE 

;ASSEMBLER ASSUMES COP440 
;FOR FOLLOWING CODE UNTIL 
;NEXT .CHIP 

Syntax: . OPT<expresslonl >,<expression2> 
[;<comments» 

The .OPT directive specifies to the assembler which 
mask-programmable options have been selected for 
the device for which the program Is written (as specl· 
fled by the .CHIP directive). The first expression 
Indicates the option number; the second expression 
Indicates the value to be assigned to the specified 
option number. Values for the first expression (option 
·numbers) must be within the range 1 through 56; 
values for the second expression (option values) must 
be within the range 0 through 14. A value of 15 indl· 



cates an undefined option. Also, option numbers and 
values must be valid for the particular COP device for 
which the program is written. For specific information 
on the options and values associated with COP400 
devices, see the MaS Data Book or the specific Data 
Sheet. 

The .OPT directive does not convey information to the 
assembler for its own use. It is necessary to provide 
option information to be included in the assembler 
Load Module output file for mask·programming the 
selected options into the COP part when fabricated. 

Example: 

.OPT 1,3 

.OPT 2,1 
;SPECIFY OPTION 1 =3 
;SPECIFY OPTION 2= 1 

.INCLD DIRECTIVE 

Syntax: .INCLD<filename>[;<comments>] 
The .INCLD directive includes the symbolic file speci
~!ed !~ !~~ 0~i?~:a.~tj f!-:,!d nf th,:to rtirAr.tivp. in thA cllrrent 

assembler source code. Specifically, it causes the 
assembler to read source code from the specified file 
on the current diskette until an end-of·file mark is 
reached, at which time it will again start reading 
source code from the assembly input file. The file 
must be a symbolic file. The default modifier is SRC. 
Since the specified file is included in the source code 
at assembly time, the included file must, as mentioned 
above, be contained on the current diskette as assem
bly time. Expansion of the source code included by 
this directive on the assembler output listing is con
trolled by bit 5 in the operand field of the. LIST direc· 
tive. A . LIST with bit 5 set to "1" must be contained in 
the assembly source code prior to the .INCLD direc· 
tive in order for the'contents of the included file to be 
expanded on the assembler output listing (see. LIST 
directive, above). 

Example: 

. LIST X'21 ;EXPANDING .INCLD SOURCE 
;CODE ON OUTPUT LISTING 

.INCLD BCDADD ;INCLUDE 'BCDADD.SRC' FILE 
;ON CURRENT DISKETIE 

CONDITIONAL ASSEMBLY DIRECTIVES 

Syntax: [<label>:].IF<expression>[;<comments>] 
. ELSE [;< comments>] 
. ENDIF [;<comments>] 

The conditional assembly directives selectively assem
ble portions of a source program based on the value of 
the expression in the operand field of the .IF directive 
statement. All source statements between an .IF 
directive and its associated. ENDIF are defined as an 
.IF-. ENDIF block. These blocks may be nested to a 
depth of ten. The. ELSE directive can be optionally 
included in an .IF-. ENDIF block. The. ELSE directive 
divides the block into two parts. The first part of the 
source statements block is assembled if the .IF 
expression is greater than zero; otherwise, the second 
part is assembled. When the. ELSE directive is not 
included in a block, the block is assembled only if the 
. IF expression is greater than zero. If an error is detec
ted in the expression, the assembler assumes a true 
value (greater than zero). 
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Example: 

1. Two part conditional assembly: 

.IF COMPR 

': } 
.ELSE 

: } 
.ENDIF 

Assembled if COMPR greater 
than zero 

Assembled if COMPR less than 
or equal to zero 

2. Nested .IF-. ENDIF block conditional assembly: 

.IF SMT 

: } 
.ELSE 

Assembled if SMT greater than 
zero 

Assembled if SMT less than or . ) 
~ __ -ir ::;~::.! !: ::~: 

.IFOBR 
Assembled if OBR is greater 

1----+ than zero and SMT is less than 
or equal to zero 

.ENDIF 

.ENDIF 

Labels appearing on .IF statements are assigned the 
address of the next assembled instructions. Labels 
cannot be used on . ELSE or . ENDIF directives. 

Listing of conditional assembly code is controlled by 
the. LIST directive. 

6.5 Macros 

The primary use of macros is to make the assembly 
process easier, by Inserting duplicative or similar 
assembly language statements into the program source 
code without the need to manually enter these state
ments into the program each time they are required. A 
macro, once defined, will automatically, during assem
bly time, place reiterative code or similar code with 
changed parameters into the assembler source code 
when called by its macro name. The following sections 
are devoted to explaining the process of defining and 
calling macros, with and without parameters, and 
describing assembler directives associated with the use 
of macros. 

Using macros, a programmer can gradually build a 
library of basic routines, allowing variables unique to 
particular programming applciatlons to be defined in 
and passed to a particular macro when called by main 
programs. Such macros can be automatically included 
in the assembly source code of main programs using 
the .INCLD directive (see Section 5.4.3) or read into 
the source code during an editing session using the 
READ FROM<filename>command (see Chapter 5) . 
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6.5.1 Defining a Macro 

The process of defining a macro involves preparing 
statements which perform the following functions: 

• Give it a name 

• Declare any parameters to be used 

• Write the assembler statements it contains 

• Establish its boundaries 

Macros must be defined before their use in a program. 
Macro definitions within an assembly do not generate 
code. Code Is generated only when macros are called 
by the main program. Macro definitions are formed as 
follows: 

. MACRO mname [,parameters] 

macro body 

.ENDM 

where, 

a .. MACRO is the directive mnemonic which Inltl· 
ates the macro definition. It must be terminated 
by at least one blank. 

b. "mname" is the name of the macro. It Is legal to 
define a macro with the same name as an already 
existing macro, in which case the latest definition 
is operative. Previous definitions are, however, 
retained in the macro definition table unless delet· 
ed from the buffer space by the. MDEL directive 
(see below). The macro name is used by the main 
progam to call the macro, and must adhere to the 
rules given for symbol construction in Section 6.2. 

c. [,parameters] is the optional list of parameters 
used in the macro definition. Each parameter 
must adhere to the symbol construction rules. 
Parameters are delimited from "mname" and 
successive parameters bycommas. 

d. The macro body consists of assembly language 
statements. The macro body may consist of 
simple text, text with parameters, andlor macro· 
time operators. 

e. The. ENDM signifies the end of the macro and 
must be used to terminate a macro definition. 

The following are examples of legal and Illegal 
. MACRO directives. 

Legal 

· MACRO MAC,A,B 
· MACRO $ADD,OP1,OP2 
· MACRO LlST,$1 
. MACRO MSG3 

Illegal 

. MACRO SUB,?1H 

. MACRO 1 MAC,C,D 

. MACRO MAC,25 

. MACRO M$AC 

SIMPLE MACROS 

The simplest form of macro definition is one with no 
parameters or macro operators. The macro body is sim· 
ply a sequence of assembly language statements which 
are substituted for each macro call. Of course, such 
identical macro calls are inefficient if called repetitively 
within the same assembly program-a repeatedly used 
series of assembly language statements within a pro· 
gram should be coded as a subroutine. However, simple 
macros with no variables are useful in compiling a 
library of basic routines to be used within different pro· 
grams, since, as mentioned above, they allow the 
programmer to simply call the macro within the 
program rather than repeatedly coding all the macro 
body statements into each program when needed. An 
example of a simple macro definition follows: 

;MACRO "INC2" TO INCREMENT A 2·DIGIT BCD 
;RAM COUNTER WHEN CALLED, B MUST POINT TO 
;A LOW·ORDER DIGIT OF COUNTER 

. MACRO INC2 ;BEGIN MACRO DEFINITION 

SC ;INITIALIZE C TO 1 TO ADD 
;LOW·ORDER DIGIT 

CLRA 

AISC 6 

ASC 

ADT 

XIS 

CLRA 

AISC 6 

ASC 

ADT 

X 

.ENDM 

;ZEROTOA 

;BCD ADJUST RESULT IF 
;NECESSARY 

;IF RESULT> 9, LOW·ORDER 
;DIGIT=O 

;PLACE INCREMENTED DIGIT IN 
;M, POINT TO HIGH·ORDER DIGIT 

;ZEROTO A 

;ADD CARRY, IF PROPAGATED 
;FROM LOW·ORDER DIGIT TO 
;HIGH·ORDER DIGIT 

;BCD ADJUST RESULT IF 
;NECESSARY 

;REPLACE DIGIT IN M 

MACROS WITH PARAMETERS 

Obviously, the above macro cound 'be made more flexi· 
ble by the addition of parameters in the macro defini· 
tion, allowing the programmer to specify the low·order 
digit of the RAM counter to be incremented in the 
macro call itself, rather than relying on the instruction 
in the main program which loads the B (RAM address) 
register with the proper value before calling the macro. 
The following is an example of the use of parameters 
within a macro definition to accomplish this result: 

Reason Illegal 

Special character used in parameter 
First character of macro name numeric 
First character of parameter must be alphabetic 
Special character used In macro name 
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;MACRO "INC2A" TO INCREMENT A 2-DIGIT RAM 
;COUNTER THE LOW-ORDER DIGIT OF THE 
;COUNTER IS REPRESENTED BY PARAMETERS 
;"R", "D" 

. MACRO INC2A, 
R,D 

LBI 

SC 

CLRA 

AISC 6 

ASC 

ADT 

CLRA 

AISC 6 

ASC 

ADT 

X 

.ENDM 

6_5.2 Calling a Macro 

;R,D = REGISTER #. DIGIT # OF 
;LOW-ORDER DIGIT COUNTER 

;POINT TO LOW-ORDER DIGIT 
;OF COUNTER 

;INITIALIZE C TO A TO ADD TO 
;LOW-ORDER DIGIT 

;ZEROTO A 

;BCD ADJUST RESULT IF 
;NECESSARY 

;IF RESULT >9, LOW-ORDER 
;DIGIT=O 

;Fi..,ia.Cc ii"CMcivici"lcu i:iiGi. ii~ 
;M, POINTTO HIGH-ORDER DIGIT 

;ZEROTO A 

;ADD CARRY, IF PROPAGATED 
;FROM LOW-ORDER DIGIT TO 
;HIGH-ORDER DIGIT 

;BCD ADJUST RESULT IF 
;NECESSARY 

;REPLACE DIGIT IN M 

;END MACRO DEFINITION 

Once a macro has been defined, it may be called 
by a program to generate code. A macro is called by 
placing the macro name in the operand field of the 
assembly language statement ana tne actual value OT 

parameters to be used (if any) by the symbolic macro 
definition parameters. The following form is used for a 
macro call: 

< mname>[ < parameters>] 

where, 

a. "mname" is the name previously assigned in the 
macro definition. 

b_ [<parameters>] is the list of input parameters. 
When a macro is defined without parameters, 
the parameter list is omitted from the call. 

A call to the simple INC2 macro, defined above, would 
be expanded as follows: 
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Source Program 
Before Assembly 

Assembled Program 
(shown without comments) 

INC2 
SC 
CLRA 
AISC 6 

INC2 generates ADT 
XIS 
CLRA 
AISC 6 
ASC 
ADT 
X 

Note: The macro call (INC2), as well as the expanded 
macro machine and source code will appear on the 
assembler output listing if a . LIST directive with bits 2 
and 3 set is placed in the program's source code (see 
Section 6.4.3). The macro call statement (INC2) itself 
will not generate machine code. 

6.5.3 Using Parameters 

As already indicated, the power of a macro can be 
increased tremendously through the use of optional 
parameters. The parameters allow variable values to 
be declared when the macro is called. 

For example, the parameter version of INC2, INC2A 
(Section 6.5.1), could be used to increment a 2-digit 
RAM based upon the parameter values specified in the 
macro call. The following macro call illustrates the use 
of the INC2A macro to increment a 2-digit RAM 
counter whose low-order digit is contained in RAM 
ro.nicdor ~ ninit 1L1' - -

Source Program 
Before Assembly 

Assembled Program 
(shown without comments) 

INC2A 3,14 
LBI 3,14 
SC 
CLRA 
AISC 6 
ASC 

INC2A 3,14 generates ADT 
XIS 
CLRA 
AISC 6 
ASC 
ADT 
X 
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When parameters are included in a macro call, the 
following rules apply to the parameter list: 

a. Commas or blanks delimit parameters. 

b. Consecutive blanks are treated as a single 
delimiter. 

c. A leading, following or embedded comma in a 
string of blanks is treated as a single delimiter. 

d. A semicolon terminates the parameter list and 
starts the comment field. 

e. Quotes may be included as part of a parameter 
except as the first character of a parameter. 

f. A parameter may be enclosed in single quotes ('), 
in which case the quotes are removed and the 
string is used as the parameter. This function is 
useful when blanks, commas, or semicolons are 
to be included in the parameter. 

g. To include a quote in a quoted parameter, it must 
be preceded by another quote ("). 

h. Missing or null parameters are treated as strings 
of length zero. 

PARAMETERS REFERENCED BY NUMBER 

"#" is a macro operator that references the parameter 
list in the macro call. When used in an expression, it is 
replaced by the number of parametersin the macro 
call. The following .IF directive, for example, causes 
the conditional code to be expanded if there are more 
than 10 parameters.in the macrO call: 

.IF #>10 

'#N' - Nth Parameter 

When used in conjunction with a constant or variable, 
th.e '#' operator references individual parameters in the 
parameter list. The following example demonstrates 
how this function may be used in defining and calling 
a macro to establish a program memory data table: 

. MACRO X ;MACRO DEFINITION 

. WORD #1,#2,#3 

.ENDM 

Macro Call Generated Code 

X X'61,X'FF,X'90 . WORD X'61,X'FF,X'90 

This technique eliminates the need for naming each 
parameter in the macro definition, particularly conveni· 
ent when long parameter lists are to be used. It also 
allows powerful macros to be defined using an arbi· 
trary number of parameters. 

6.5.4 'N - Concatenation Operator 

The "1\" macro operator Is used for concatenation. 
When found, the "1\" is removed from the output string 
and the strings on each side of the operator are com· 
pressed together. after parameter substitution. 
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Example: 

. MACRO LABEL,X 
R X: .WORD 1 
I I: .WORD 1 

The Macro call: 

LABEL 0 

generates: 

RO: .WORD 1 
10: .WORD 1 

Another example of the use of this operation is shown 
in Section 6.5.8 (Macro·Time Loop Example). 

6.5.5 Local Symbols 

Syntax: . MLOC<symbol> [,<symbol» ... 
[;<comments> I 

When a label is defined within a macro, a duplicate defi· 
nition results with the second and each subsequent call 
of the macro. This problem can be avoided by using the 
. MLOC directive to declare labels local to the macro 
definition. In other words, if a macro definition contain· 
ing fixed labels is to be called more than once during 
an assembly, duplicate definition errors will occur un· 
less the .MLOC directive is used in the macro definition. 

To illustrate this problem, consider the following macro 
definition, intended for multiple calls in an assembly, 
which does not use the. MLOC directive. Since it is a 
multiple loop routine, jumping back to the CLRA instruc· 
tion, the inability to use a fixed label referencing this 
instruction requires the use of more complicated trans· 
fer of control instructions (JP) referenced to the assem· 
bly location counter (" . ") and not to one label: 

;MACRO "CLRAM" TO CLEAR ALL DIGITS (0~15) OF 
;ALL COP420 DATA MEMORY REGISTERS (0-3) 

. MACRO CLRAM 

LBI 3;0 

CLRA 

XIS 

JP -2 

XABR 

AISC 15 

JP .+3 

XABR 
JP .-7 

.ENDM 

;CLEAR REGISTER3 FIRST 

;EXCHANGE ZEROS INTO 
;MEMORY DIGIT 

;JUMP BACK TO "CLRA" UNTIL 
;REGISTER CLEARED 

;REGISTER CLEARED, BR TO A 

;REGISTER 0 CLEARED? 

;YES, JUMP TO FIRST INSTRUC· 
;TION AFTER ROUTINE 

;NO, BR -1 TO BR 

;JUMP BACK TO "CLRA" TO 
;CLEAR NEXT REGISTER 

;END MACRO DEFINITION 



Now here is the same macro (without comments) using 
the. MLOC directive which allows the fixed label, 
"CLEAR," to be referenced by the JP instructions: 

. MACRO CLRAM 

.MLOC CLEAR 

CLEAR: 

LBI 3,0 

CLRA 
XIS 
JP CLEAR 
XABR 
AISC 15 
JP . +3 
XABR 
JP CLEAR 
. ENDM 

The. MLOC directive may occur at any point in a 
macro definition, but it must precede the first occur· 
rence of the symbol(s) it declares local. If it does not, 
no error wi II be reported per se, but symbols used 
hAir",'! thA . MLOC will not be recoonized as local. 
Local macro labels appear in the symbol table map at 
the end of the assembly listing as ZZXXXX, where 
XXXX is a particular hex number. 

6.5.6 Conditional Expansion 

The versatility and power of the macro assembler Is en· 
hanced by the conditional assembly directives. The con· 
ditional assembly directives (.IF, . ELSE, . ENDIF; allow 
the user to generate different lines of code from the same 
macro simply by varying the parameter values used In the 
macro calls. Three relational operators are provided: 

= (equal) < (less than) > (greater than) 

.IF, . ELSE, . ENDIF DIRECTIVES 

When the macro assembler encounters an .IF directive 
within a macro expansion, it evaluates the relational 
nnAr"tinn thM fnllnw"_ If the exoression is satisfied 
(evaluated greater than 0), the lines following the .IF are 
expanded until an . ELSE or an . ENDIF Is encountered. 
If the expression is not satisfied (evaluated less than or 
equal to 0), only the lines from the. ELSE to the. ENDIF 
are expanded. See Section 6.4.3 for additional 
information on the conditional assembly directives. 

Example: 

;SHIFT THE CONTENTS OF RAM ADDRESS R,D 
;RIGHT IF N>O, LEFT OTHERWISE 

. MACRO SHIFT R,D,N 
LBI R,D ;POINT TO RAM DIGIT R,D 
.IF N>O 
CLRA ;SHIFT RIGHT IF N>O 
SKMBZ 3 
AISC 4 
SKMBZ 2 
AISC 2 
SKMBZ 
AISC 1 
.ELSE ;SHIFT LEFT IF N.;;O 
LD 
ADD 
.ENDIF 
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X 

.ENDM 

.IFC DIRECTIVE 

;EXCHANGE SHIFTED DIGIT IN 
;A BACK INTO RAM 
;END MACRO DEFINITION 

Syntax: [< label>:).1 FC< stri ng1 > < operator> 
<string2>[;<comments>] 

The .IFC directive allows conditional assembly based 
on character strings rather than the value of an expres· 
sion as in the .IF directive. String1 and string2 are the 
character strings to be compared. Operator is the rela· 
tional operator between the strings. Two operators are 
allowed: EO (equal) and NE (not equal). If the relational 
operator is satisfied, the lines following the .IFC are 
assembled until an . ELSE or an . ENDIF is encountered . 
· ELSE and. ENDIF directives have the same effect with 
the .IFC directive as they do with the .IF directive. 

The primary application of the .IFC is to compare a 
parameter value such as #3 against a specific string. 

Examole: 

.IF #3 NE INTEGER 

6.5.7 Useful Directives 

Syntax: [< label>:) . SET < symbol>, < expression> 
[; < comments> ) 

The .SET directive is used to assign values to symbols 
(variables). A variable assigned a value with the .SET 
directive can be reassigned different values an arbitrary 
number of times (see Section 6.4.3). Set variables are 
useful during macro expansion to control macro·time 
looping and macro communication. To ensure value 
correspondence between pass 1 and pass 2 of the 
assembler, all values In the expression must be defined 
before use In a . SET directive. If a value is not previous· 
Iy defined, an error Is reported and a value of zero Is 
returned. For an example of the . SET directive In a 
""" ............ _+1 ...... .0. 1",,1""11'\ 00..0. c:..o.,..tit'\n ~ J; A 

· MDEL DIRECTIVE 

Syntax: [<label>:).MDEL<mname>[,<mname» ... 
[;<comments» 

The. MDEL directive deletes macro definitions from the 
macro definition table and frees the buffer space used 
by the definitions. 

Examples: 

.MDEL INC2 

· ERROR DIRECTIVE 

Syntax: [<label>:].ERROR ['<string>'] 
[;<comments>] 

The . ERROR directive generates an error message and 
an assembly error that is included in the error count at 
the end of the program. The directive is useful for 
parameter checking in macros. For example, the INC2A 
macro, defined in Section 6.5.1, will put out erroneous 
code, If written for a COP420 program, if R>3 orO>15, 
since the COP420 has four RAM registers (0-3) contain· 
ing 16 digits (0-15) each. To flag this condition with an 
error message, the following . ERROR directives may be 
Included in the INC2A macro definition: 

o o 
." 

8 
." 
a 
Q. 
c 
() -



-c 
CD 
E 
c. o 

! c -to) 
:::I 

" e 
Q. 

o 
~ 
Q. 

o o 

· MACRO INC2A,R,D 
. IF D>15 
· ERROR 'LSI WILL NOT WORK WITH D VALUE>15' 
.ELSE 
.IF R>3 
· ERROR 'LSI WILL NOT WORK WITH R VALUE>3' 
.ELSE 
LSI R,D 
SC 
CLRA 
AISC 6 
ASC 
ADT 
XIS 
CLRA 
AISC 6 
ASC 
ADT 
X 
.ENDIF 
.ENDIF 
.ENDM 

6.5.8 Macro·Time Looping 

· DO AND. ENDDO DIRECTIVES 

Syntax: [<label>:]. DO<count>[;<comments>] 
[<label>:]. ENDDO[;<comments>] 

Macro-time looping is facilitated through the. DO and 
· ENDDO directives. These directives are used to delimit 
a block of statements which are repeatedly assembled. 
The number of times the block will be assembled is 
specified by the. DO directive "count" value. Following 
is the format of a . DO-.ENDDO block: 

.DO count 

source 

.ENDDO 

Note: . DO, . ENDDO, and. EXIT are defined only within 
a macro definition. . 

The "X" macro described in the section on "#" could be 
modified to generate a variable number of words, using 
· DO and a loop counter. 

· EXIT DIRECTIVE 

Syntax: [< label>]. EXIT [; < comments>] 

Early termination of looping in a . DO-. ENDDO block 
can be effected with the. EXIT directive. This directive 
allows the current loop to finish and then terminates 
looping. The . EXIT directive is commonly used in con
junction with a conditional test within a macro loop 
which will exit from the loop if a variable is equal to a 
particular value. In such cases the. DO "count" value is 
not crucial, provided it exceeds the maximum number 
of times the. DO loop will be required or expected to be 

executed for a particular macro definition or for possi· 
ble macro calls . 

EXAMPLE OF A MACRO-TIME LOOP 

The following examples show the use of the. DO, 
. ENDDO, and. EXIT directives. The macro CTAS gener
ates a constant table from 0 to MAX where MAX is a 
parameter of the macro call. Each word has label DOX:, 
where X is the value of the data word. 

. MACRO CTAS,MAX 

.SET X,O 

.DO MAX+1 

DO X: .WORD X 

.SET X,X+1 

.ENDDO 

.ENDM 

Now a call of the form: 

.CTAS 10 

generates code equivalent to: 

.SET X,O 

DOO: .WORD X 

.SET X,X+1 

D01: .WORD X 

.SET X,X+1 

D02: .WORD X 

.SET X,X+ 1 

D09: .WORD X 

.SET X,X+1 

D10: .WORD X 

Note: Care must be taken when writing macros that 
generate a variable number of data words through the 
use of the .IF or the. DO directives. If the operands on 
these directives are forward referenced, their values 
change between pass 1 and pass 2 and the number of 
generated words may change. Should this be the case, 
all labels defined after the macro call that has changed 
values generate numerous assembly errors of the 
following form: 
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ERROR DUP . DEF 

6.5.9 Nested Macro Calls 

Nested macro calls are allowed; that is, a macro 
definition may contain a call to another macro. When 
a macro call is encountered during macro expansion, 
the state of the macro currently being expanded is 
saved and expansion begins on the nested macro. Upon 
completing expansion of the nested macro, expansion 
of the original macro continues. Depth of nesting 
allowed will depend on the parameters list sizes, but on 
the average about 10 levels of nesting will be allowed. 



A logical extension of a nested macro call is a recur
sive macro call, that is, a m~cro that calls itself. This 
is allowed, but care must be taken that an infinite loop 
is not generated. 

6.5.10 Nested Macro Definitions 

A macro definition can be nested within another 
macro. Such a macro is not defined until the outer 
macro is expanded and the nested . MACRO statement 
is executed. This allows the creation cif special-purpose 
macros based on the outer macro parameters and, 
when used with the. MDEL directive, allows a macro 
to be defined only within the range of the macro that 
uses it. 

6_6 Example of Creating and Assembling 
A User Program 

The following example illustrates the basic process of 
creating an assembly language file and, after checking 
for errors, assembling the user program file. The use 
~f ~ ~!~~~!!e ~~~!2.!~!~~ !~~ P~S ~:.::"': ~:'::::;:":.~.:: =Q!T, 
LIST and ASM with the volume name "1" is assumed. 
The user program given is a sample display/keyboard 
debounce-decode program. This program illustrates 
typical usage of some of the most commonly used 
assembler directives. The use of a CRT console and 
high-speed printer is assumed. The assembler input 
file, DSPLY. LM, is written to and read from the same 
diskette containing the system main programs men
tioned above, disk 1. 

CREATING FILE DSPLY.SRC 

Assuming PDS has been initialized and the EXEC 
program is currently in use, the user creates the 
DSPL Y . SRC assembly as follows: 

1. Invoke the EDIT program: 

X>@EDITCR 

E> 

2. Next, enter the DISK EDIT MODE, creating a new 
filename, DSPLY. SRC. (The EDIT program dis
plays the number of available sectors on the 
DISK.): 

E>E DSPLY CR 
CREATE NEW FILE (Y/N, CR = YES)? CR 
AVAILABLE SECTORS (# of sectors) 

3. Enter input mode and insert assembly language 
statements as shown in Figure 6-2. After enter
ing a line and pressing a carriage return, EDIT 
will re-prompt with the next line number followed 
by a "?"; 

E>CR 
1? - . TITLE DSPLY, 'COP420 DISPLAY DEMO' CR 
2? 

source code 

229? .END CR 
230? CR 
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4. Exit input mode by pressing CR and finish the 
edit, writing the assembly language file to the 
disk, catalogued as DSPL Y. SRC: 

E>FCR 
FINISH CURRENT EDIT (Y/N, CR = YES)? CR 
E> 

5. If the user desires, the first debug of the entered 
code may be performed by using the LIST system 
program to obtain a listing of the source code to 
verify proper format and content of the assembly 
language statements prior to an assembly. The 
following command calls the LIST program and 
outputs a listing to the line printer as shown in 
Figure 6-1, unformatted except for line numbers: 

E>@LlST DSPLY .SRC PR NE NH NP CR 
LlST,REV:A 
(Listing now begins.) 

6. Having verified the assembly language statements 
contained in DSPLY. SRC, the user may perform a 
limited assembly of the program, obtaining only an 
error listing on the CRT to determine if any edits 
are required as indicated by the error message out
put to the CRT. The following command calls and 
invokes an assembly of DSPLY .SRC, outputting an 
error message listing as shown on the CRT. (If any 
errors had been encountered during the assembly, 
the line numbers, assembly language statements 
and type of errors would be displayed as well as 
the count of the total number of assembly errors.): 

L>@ASM 1- DSPLY,O+ DSPLY,L= ·CN,EL CR 
ASM,REV:A 
END PASS 1 (Error message listing fOllows.) 
COP CROSS ASSEMBLER PAGE1 
DSPLY COP420 DISPLAY DEMO 
NO ERROR LINES 

227 ROW WORD USED 
END PASS 2 

--- -- -------
~vunv..::. vn"::'VJ'\.uUIVI = UI 1""11 

OBJECT CHECKSUM = 0529 
INPUT FILE 1;DSPLY.SRC 
A> 

If error lines had been displayed, the user may 
have been able to determine from the error mess
age definitions the proper edits to make to the 
source code without the need for a complete 
assembler output listing. If not, to obtain a com
plete assembler output listing, the following com
mand would be entered on the console: 

A>I = DSPLY,L= ·PR CR 

7. After obtaining an error-free assembly, the user 
can create a load module file for loading into PDS 
shared memory for debugging and obtain a full 
output listing on the printer as follows: 

A>I = DSPLY,O= DSPLY,L= ·PR CR 
CREATING FILE 1:DSPLY. LM 
END PASS 1 (Listing begins to print.) 
END ?,ASS4 
A> J 

Figure 6-2 provides a complete assembler output listing 
for an assembly of DSPL Y . SRC. 'j, 

(") 
o 
""D 

~ o 
""D a c. 
c 
(') -c 
(1) 
< 
(1) 

0" 
"C 
3 
(1) 
:::J -If en -(1) 

3 
c: 
VI 
(1) 
l
en 
s: 
I» 
:::J 
C 
I» 



"i 
~ MONITOR PROGRAM LISTING c 
«S 
:E 
rn 1 .TITLE DSPLY, 'COP420 DISPLAY DEMO' 
~~ 

2 ;COP 420 DISPL 6,Y/KEYBOARD DEBOUNCE/DECODE ROUTINE. CD 
rn 3 ;DISPLAYS 14 BCD DIGITS CONTAINED IN M(O, 14) THROUGH 

::::) 4 ;M(O, 1), HIGH-ORDER TO LOW-ORDER, RESPECTIVELY. 

E 5 ;DECIMAL POINT POSITION VALUE CONTAINED IN M(O, 15). 
CD 6 ;DIGIT POSITION VALUE CONTAINED IN M(1,15). - 7 ;TEMPORARY STORAGE OF 4 BITS OF SEGMENT DATA IN M(3,14). rn 
I; 8 ;KEYBOARD DEBOUNCE COUNTER(KBC) CONTAINED IN M(3:15). - 9 ;SEVEN-SEGMENT DECODE ROM LOOKUP DATA CONTAINED IN PAGE 

C 10 ;4, WORDS 0 - F. 
CD 11 ;KEYSTRAP DATA TIED TO 014-012 LINES PLACED IN M(1, 14) 
E 12 ;THROUGH M(1, 12). 
Q. 13 ;EXIT TO KEYDECODE ROUTINE AFTER DEBOUNCING KEYSWITCH 
0 

CD 14 ;CLOSURES WITH DIGIT VALUE IN M(1, 15) AND G PORT DATA 

; 15 ;IN A. 
16 . SPACE 5 ;LEAVE 5 BLANK LINES ON LISTING 

C 17 .PAGE 0 - 18 DIGIT 1,15 ;ASSIGN VALUE 1,15 TO "DIGIT" U 
~ 19 STORE 3,14 ;ASSIGN VALUE 3,14 TO "STORE" 
'C 20 KBC 3,15 ;ASSIGN VALUE 3,15 TO "KBC" e 21 CLRA ;FIRST INSTRUCTION MUST BE A "CLRA" 
Il. 22 START: JSR CLRAM ;CLEAR ALL RAM 
0 23 LBI 0,14 

i 24 LDRAM: CBA 
Il. 25 XDS ;LOAD DISPLAY REGISTER WITH NUMBERS 
0 26 ;14 -1 
0 27 JP LDRAM 

28 DSPLY OGI 15 ;SET ALL G PORTS HIGH 
29 LBI KBC ;POINT TO M(3,15) 
30 STI! 15 ;15 TO KBC 
31 DSP1: 
32 LBI 0,14 ;NO, START DISPLAY AT DIGIT 14 
33 DSP2: CBA ;DIGIT POSITION TO A 
34 XAD DIGIT ;STORE IN M(1, 15) 
35 CLRA ," 

.'!. 

36 AISC 4 ;SET A2 TO FLIP TO PAGE 1 FOR LOOKUP 
37 LEI 0 ;BLANK SEGMENTS (RESET EN2) 
38 LaiD ;LOOKUP TABLE SEGMENT DATA TO a 
39 LBI DIGIT ;POINT TO DIGIT POSITION 
40 LD 1 ;DIGIT POSITION TO A, POINT TO 
41 ;DECIMAL POINT POSITION DIGIT TO A 
42 SKE ;DECIMAL POINT = DIGIT POSITION? 
43 JMP NODP ;NO, RESET DECIMAL POINT BIT IN a 
44 CLRA 
45 AISC 4 
46 JP .-1 ;DELAY 9 INSTR. CYCLE TIMES 
47 DIGOUT: LBI DIGIT ;POINT TO DIGIT POSITION 
48 LD ;DIGIT POSITION TO A 
49 CAB ;DIGIT POSITION TO BD 
50 OBD ;OUTPUT DIGIT VALUE 

Figure 6-1. DSPLY .SRC Source Code (Sheet 1 of 5) 
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0 
MONITOR PROGRAM LISTING (Continued) 

0 
"C 
~ 
0 
0 

51 LEI 4 ;OUTPUT SEGMENT DATA (SET EN2) "C 
52 LBI KBC ;POINT TO KBC ... 
53 ING ;G PORTS TO A 0 

a. 
54 AISC 1 ;ALL G PORTS STILL HIGH (= 15)? C 
55 JMP KEYDWN ;NO, JUMP TO "KEYDOWN" ROUTINE n -56 CLRA C 57 AISC 3 ;YES, DELAY 13INSTR. CYCLE TIMES CD 
58 JP .-1 ;BACK TO PREVIOUS INSTR. UNTIL SKIP < 

CD 59 LBI KBC 0' 60 JMP NRDY 'C 
61 .FORM ;FORM FEED 3 
62 .PAGE 1 CD 
63 ;WORDS O-F EQUAL SEVEN·SEGMENT DECODE LOOKUP DATA TABLE ~ 

64 ;1(0) - 1(7) = D.P., SG - SA -
65 ;SENT UPON LOOKUP TO Q(7) - Q(O), RESPECTIVELY. !f 
66 ;HEX VALUE FOR ASCII CHARACTERS 0 - 9,P,A,U,C,F,BLANK en -67 ;PLACED IN SUCCESSIVE LOCATIONS BY ". WORD" DIRECTIVE CD 
68 .SPACE 5 ;LEAVE 5 BLANK LINES ON LISTING 3 
69 .WORD X'FD ;=0 (7·SEGMENT DECODE HEX VALUES) 

~ IU . vvunu 1\-0 I ,= I VI 

71 .WORD X'DB ;=2 CD 
72 .WORD X'F3 ;=3 t. en 
73 .WORD X'67 ;=4 s: 74 .WORD X'B7 ;=5 C» 75 .WORD X'3F ;=6 ~ 
76 .WORD X'E1 ;=7 C 
77 .WORD X'FF ;=8 C» 

78 .WORD X'E7 ;=9 
79 .WORD X'CF ;=P 
80 .WORD X'EF ;=A 
81 .WORD X7D ;=U 
82 .WORD X'9D ;=C 
83 .WORD X'8F ;=F 
84 .WORD X '00 ;=BLANK 
85 DEBOUN: 
86 SKMBZ 3 ;UP BIT = 1? 
87 JP ALLUP ;YES 
88 SKMBZ 2 ;NO, NRB = 1? 
89 JP STR ;YES, A = 15 SO STORE IT IN KBC 
90 DECKBC: ADD ;DECREMENT KBC 
91 STR: X ;PLACE A IN KBC 
92 5MB 3 ;SET UP BIT OF KBC 
93 JMP DSP1 ;DO DISPLAY LOOP OVER AGAIN 
94 ALLUP: SKMBZ 2 ;NRB = 17 
95 JP DECKBC ;YES, DECREMENT KBC (A = 15) 
96 AISC 4 ;NO, SET KBC = 11 
97 NOP ;DEFEAT "AISC" SKIP 
98 JP STR 
99 KEYDWN: LDD DIGIT ;DIGIT POSITION TO A 

100 AISC 4 ;DIGIT POSITION> 11 (STRAP DATA)? 

Figure 6-1. DSPLY. SRCSource Code (Sheet 2 of 5) 
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MONITOR PROGRAM LISTING (Continued) 

101 
102 
103 
104 
105 
106 
107 
108 
109 
110 KBCTST: 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 CLRAM: 
124 CLEAR: 
125 
126 
127 
128 
129 
130 
131 
132 BLANK: 
133 

JP 
AISC 
CAB 
CLRA 
AISC 
XABR 
ING 
X 
JMP 
RMB 
CLRA 
AISC 
JP 
CLRA 
SKE 
JMP 
LEI 
ING 
LBI 
JMP 
. FORM 
. PAGE 
LBI 
CLRA 
XIS 
JP 
XABR 
AISC 
RET 
XABR 
JP 
CLRA 

134 AISC 
135 XIS 
136 JP 
137 RET 
138 .FORM 

KBCTST 
12 

NRDY 
3 

8 
. -1 

NRDY 
o 

DIGIT 
KEYDEC 

2 
3,0 

CLEAR 

15 

CLEAR 

15 

BLANK 

139 • .PAGE 4 

;NO 
;YES, RESTORE STRAP DIGIT VALUE 
;STRAP DIGIT POSITION TO BD 

;1 TO BR(POINT TO STRAP DATA REG. 1) 
;STRAP DATA TO A 
;PLACE IN APPROPRIATE DIGIT, REG. 1 

;RESET UP BIT OF KBC 

;DELAY 5 INSTR. CYCLE TIMES 
;REPEAT PREVIOUS INSTR. UNTIL SKIP 
;OTOA 
;KBC =O? 
;NO 
;YES, BLANK SEGMENTS 
;G PORTS TO A 
;POINT TO DIGIT VALUE 
;JUMP TO KEYDECODE ROUTINE 

;REGISTER 0 CLEARED? 
;YES, RETURN 
;NO, BR -1 TO BR 

;PLACE "F"S (DISPLAY BLANKS) IN A 
;RAM REGISTER 

;FORM FEED 

140 ;FOLLOWING CODE USES CONTENTS OF A AND M, KEYSWITCH COLUMN 
141 ;AND ROW CLOSURE DATA, RESPECTIVELY, ON EXIT FROM DISPLAY 
142 ;ROUTINE, TO ACCESS ROM POINTERS TO JUMP TO KEY1 - KEY16 
143 ;DECODE ROUTINES. LABELS "KEY1" THROUGH "KEY16" MUST 
144 ;BE LOCATED WITHIN PAGES 4 THROUGH 7. 
145 . SPACE 5 ;FIVE BLANK LINES ON LISTING 
146 KEYDEC: COMP ;COMPLEMENT A SO THAT BIT= 1 
147 ;INDICATES KEY CLOSURE 
148 JID ;JUMP TO KEYDECODE ROUTINE FOR 
149 ;PARTICULAR KEY CLOSURE 
150 . = X'111 ;MOVE ASSEMBLER LOCATION 

Figure 6-1. DSPLY. SRC Source Code (Sheet 3 of 5) 
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0 

MONITOR PROGRAM LISTING (Continued) 
0 
"'0 
~ 
0 
0 

151 ;COUNTER TO KEY1 ROM POINTER ADDRESS "'0 
152 .ADDR KEY1 ;PLACE KEY1 POINTER IN ADDRESS X'111 ... 

0 153 .ADDR KEY2 ;PLACE KEY2-KEY4 POINTERS IN NEXT a. 
154 .ADDR KEY3 ;ROM LOCATIONS C 
155 .ADDR KEY4 n -156 · = X'121 ;MOVE TO KEY5 POINTER LOCATION C 157. .ADDR KEY5 CD 
158 .ADDR KEY6 < 

CD 159 .ADDR KEY7 0' 160 .ADDR KEY8 "0 
161 · = X'141 ;MOVE TO KEY 9 POINTER LOCATION 3 162 .ADDR KEY9 ;(PAGE 5) CD 
163 .ADDR KEY10 ::J -164 .ADDR KEY11 en 165 .ADDR KEY12 '< 
166 · = X'181 ;MOVE TO KEY13 POINTER LOCATION (/) -167 .ADDR KEY13 ;(PAGE6) CD 
168 .ADDR KEY14 3 
169 .ADDR KEY15 c: 
1IU .ADDR KEY16 (/) 

171 KEY1: JMP ONE ;GO,D1 KEY CD .,. 
172 KEY2: JMP TWO ;GO,D2 KEY (/) 
173 KEY3: JMP THREE ;GO,D3 KEY s:: 174 KEY4: JMP FOUR ;GO,D4 KEY D'I 175 KEY5: JMP FIVE ;G1,D1 KEY ::J 
176 KEY6: JMP SIX ;G1,D2 KEY C 
177 KEY7: JMP SEVEN ;G1,D3 KEY !!. 
178 KEY8: JMP EIGHT ;G1,D4 KEY 
179 KEY9: JMP NINE ;G2,D1 KEY 
180 KEY10: JMP TEN ;G2,D2 KEY 
181 KEY11: JMP ELEVEN ;G2,D3 KEY 
182 KEY12: JMP TWELVE ;G2,D4 KEY 
183 KEY13: JMP THIRTN ;G3,D1 KEY 
184 KEY14: JMP FOURTN ;G3,D2 KEY 
185 KEY15: JMP START ;G3,D3 KEY 
186 KEY16: JMP START ;G3,D4 KEY 
187 NROY: LOO nl(.lIT ·nl(.lIT pn!':ITlnN Tn I!. 

188 AISC 14 ;LAST DIGIT DONE (A = 1)? 
189 JMP DEBOUN ;YES, JUMP TO DEBOUNCE ROUTINE (A = 15) 
190 AISC 1 ;NO, DECREMENT DIGIT POSITION VALUE 
191 LBI 0,0 ;POINT TO DISPLAY REGISTER 0 
192 CAB ;DIGIT POSITION VALUE TO BD 
193 CLRA 
194 AISC 4 ;DELAY 9 INSTR. TIMES 
195 JP .-1 ;REPEAT PREVIOUS INSTR. UNTIL SKIP 
196 JMP DSP2 ;DISPLAY NEXT DIGIT 
197 NODP: LBI STORE ;POINT TO M(2, 15 ) 
198 COMA ;SE-SG,D.P. TO A 
199 X ;EXCHANGE INTO M (2,15) 
200 RMB 0 ;RESETD.P. BIT (DECIMAL POINT OFF) 

Figure 6-1. DSPLY. SRC Source Code (Sheet 4 of 5) 
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«I 
::I MONITOR PROGRAM LISTING (Continued) C 
«I 

:iE 
U) 201 CAMQ ;SEGMENT DATA BACK TO Q 

ft ... 

202 JMP DIGOUT (I) 
U) 203 
:;) 204 .FORM 

E 205 . PAGE 7 
(I) 206 ONE: LBI 0,1 - 207 TWO: LBI 0,2 U) 

1i 208 THREE: LBI 0,3 
209 FOUR: LBI 0,4 - 210 FIVE: LBI 0,5 C 

(I) 211 SIX: LBI 0,6 
E 212 SEVEN: LBI 0,7 
Q" 213 EIGHT: LBI 0,8 
0 214 NINE: LBI 0,9 G) 
> 215 TEN: LBI 0,10 
(I) 216 ELEVEN LBI 0,11 
C 217 TWELVE LBI 0,12 - 218 THIRTN: LBI 0,13 CJ 
::I 219 FOURTN: LBI 0,14 

"C 220 CBA 
0 221 XAD 1,9 ;SAVE KEY NUMBER ... 
a. 222 LBI 0,0 
0 223 JSR BLANK ;BLANK DISPLAY REGISTER 
0 224 LBI 0,0 "'lit a.. 225 LDD 1,9 ;KEY NUMBER TO A 

0 226 CAB 
0 227 X ;KEY NUMBER TO DISPLAY REGISTER 

228 JMP DSPLY 
229 .END 

Figure 6-1. DSPLY.SRC Source Code (Sheet 5 015) 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 000 
22 001 
23 003 
24 004 
25 005 
26 
27 006 
28 007 

0005 

0000 
001F 
003E 
003F 
00 
6880 
OD 
4E 
07 

C4 
335F 

29 009 3E 
30 OOA 7F 
31 
<I? nnR nn 
33 OOC 4E 
34 ODD 239F 
35 OOF 00 
36 010 54 
37 011 3360 
38 013 BF 
39014 1E 
40 015 15 
41 
42 016 21 
43 017 61B2 
44 019 00 
45 01A 54 

MONITOR PROGRAM LISTING (Continued) 

. TITLE DSPLY, 'COP420 DISPLAY DEMO' 
;COP 420 DISPLAY/KEYBOARD DEBOUNCEIDECODE ROUTINE 
;DISPLAYS 14 BCD DIGITS CONTAINED IN M(O, 14) THROUGH' 
;M(0,1), HIGH·ORDER TO LOW-ORDER, RESPECTIVELY. 
;DECIMAL POINT POSITION VALUE CONTAINED IN M(O, 15). 
;DIGIT POSITION VALUE CONTAINED IN M(1,15). 
;TEMPORARY STORAGE OF 4 BITS OF SEGMENT DATA IN M(3,14). 
;KEYBOARD DEBOUNCE COUNTER (KBC) CONTAINED IN M(3,15). 
;SEVEN-SEGMENT DECODE ROM LOOKUP DATA CONTAINED IN PAGE 
;4, WORDS 0 - F. 
;KEYSTRAP DATA TIED TO D14-D12 LINES PLACED IN M(1, 14) 
;THROUGH M(1, 12) 
;EXIT TO KEYDECODE ROUTINE AFTER DEBOUNCING KEYSWITCH 
;CLOSURES WITH DIGIT VALUE IN M(1, 15) AND G PORT DATA 
;IN A 

.SPACE 5 ;LEAVE 5 BLANK LINES ON LISTING 

.PAGE 0 
DIGIT 1,15 . ;ASSIGN VALUE 1,15 TO "DIGIT" 
STORE 3,14 ;ASSIGN VALUE 3,14 TO "STORE" 
KBC 3,15 ;ASSIGN VALUE 3,15 TO "KBC" 
CLRA ;FIRST INSTRUCTION MUST BE A "CLRA" 

START: JSR CLRAM ;CLEAR ALL RAM 
LBI 0,14 

LDRAM: CBA 
XDS ;LOAD DISPLAY REGISTER WITH NUMBERS 

;14 - 1 
JP LDRAM 

DSPLY: OGI 15 ;SET ALL G PORTS HIGH 
LBI KBC ;POINT TO M(3, 15) 
STII 15 ;15 TO KBC 

DSP1: 
LBI 0.14 :NO. START DISPLAY AT DIGIT 14 

DSP2: CBA ;DIGIT POSITION TO A 
XAD DIGIT ;STORE IN M(1,15) 
CLRA 
AISC 4 ;SET A2 TO FLIP TO PAGE 1 FOR LOOKUP 
LEI 0 ;BLANK SEGMENTS (RESET EN2) 
LaiD ;LOOKUP TABLE SEGMENT DATA TO a 
LBI DIGIT ;POINT TO DIGIT POSITION 
LD ;DIGIT POSITION TO A, POINT TO 

;DECIMAL POINT POSITION DIGIT TO A 
SKE ;DECIMAL POINT = DIGIT POSITION? 
JMP NODP ;NO, RESET DECIMAL POINT BIT IN a 
CLRA 
AISC 4 

Figure 6-2. DISPL Y. SRC Assembly Output Listing (Sheet 1 of 7) 
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46 01B DA 
47 01C 1E 
48 010 05 
49 01E 50 
50 01F 333E 
51 021 3364 
52 023 3E 
53 024 332A 
54 026 51 
55 027 605E 
56 029 00 
57 02A 53 
58 02B EA 
59 02C 3E 
60 02D 61A5 

MONITOR PROGRAM LISTING (Continued) 

JP .-1 ;DELAY 9 INSTR. CYCLE TIMES 
DIGOUT: LBI DIGIT ;POINT TO DIGIT POSITION 

LD ;DIGIT POSITION TO A 
CAB ;DIGIT POSITION TO BD 
OBD ;OUTPUT.DIGIT VALUE 
LEI 4 ;OUTPUT SEGMENT DATA (SET EN2) 
LBI KBC ;POINT TO KBC 
ING ;G PORTS TO A 
AISC 1 ;ALL G PORTS STILL HIGH (= 15)? 
JMP KEYDWN ;NO, JUMP TO "KEYDOWN" ROUTINE 
CLRA 
AISC 3 ;YES, DELAY 13 INSTR. CYCLE TIMES 
JP .-1 ;BACK TO PREVIOUS INSTR. UNTIL SKIP 
LBI KBC 
JMP NRDY 

Figure 6-2. DSPLY. SRC Assembly Output Listing (Sheet 2 of 7) 
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61 

62 
63 
64 
65 
66 
67 
68 

69 040 
70 041 
71 042 
72 043 
73 044 
74 045 
75 046 
76 047 
77 048 

0040 

0005 

FD 
61 
DB 
F3 
67 
B7 
3F 
E1 
FF 

78049 E7 
79 04A CF 
80 04B EF 
81 04C 7D 
82 04D 9D 
83 04E 8F 
84 04F 00 
85 
86 050 13 
87 051 D9 
88 052 03 
89 053 D5 

'H - . 

91 055 06 
92 056 4B 
93 057 600B 
94 059 03 
95 05A D4 
96 05B 54 
97 05C 44 
98 05D D5 
99 05E 231F 

100 060 54 
101 061 EC 
102 062 5C 
103 063 50 
104 064 00 
105 065 51 
106 066 12 
107 067 332A 

MONITOR PROGRAM LISTING (Continued) 

.FORM ;FORM FEED 

. PAGE 1 
;WORDS O-F EQUAL SEVEN-SEGMENT DECODE LOOKUP DATA TABLE 
;1(0) - 1(7) = D.P., SG - SA 
;SENT UPON LOOKUP TO Q(7) - Q(O), RESPECTIVELY. 
;HEX VALUE FOR ASCII CHARACTERS 0 - 9,P,A,U,C,F,BLANK 
;PLACED IN SUCCESSIVE LOCATIONS BY ". WORD" DIRECTIVE. 

.SPACE 5 ;LEAVE 5 BLANK LINES ON LISTING 

.WORD X'FD ;=0 

.WORD X'61 ;=1 

.WORD X'DB ;=2 

.WORD X'F3 ;=3 

.WORD X '67 ;=4 

.WORD X'B7 ;=5 

.WORD X'3F ;=6 

.WORD X'E1 ;=7 

.WORD. X'FF ;=8 

.WORD X'E7 ;=9 

.WORD X'CF ;=P 

.WORD X'EF ;=A 

.WORD X7D ;=U 

.WORD X'9D ;=C 

.WORD X'8F ;=F 

.WORD X '00 ;=BLANK 
DEBOUN: 

SKMBZ 3 ;UP BIT = 1? 
JP ALLUP ;YES 
SKMBZ 2 ;NO, NRB = 1? 
JP STR ;YES, A = 15 SO STORE IT IN KBC 

nl:''''L(C~· linn ·nFr.RFMENT KBC 
STR: X ;PLACE A IN KBC 

5MB 3· ;SET UP BIT OF KBC 
JMP DSP1 ;DO DISPLAY LOOP OVER AGAIN 

ALLUP: SKMBZ 2 ;NRB = 1? 
JP DECKBC ;YES, DECREM ENT KBC (A = 15) 
AISC 4 ;NO, SET KBC = 11 
NOP ;DEFEAT "AISC" SKIP 
JP STR 

KEYDWN: LDD DIGIT ;DIGIT POSITION TO A 
AISC 4 ;DIGIT POSITION> 11 (STRAP DATA)? 
JP KBCTST ;NO 
AISC 12 ;YES, RESTORE STRAP DIGIT VALUE 
CAB ;STRAP DIGIT POSITION TO BO 
CLRA 
AISC 
XABR ;1 TO BR(POINT TO STRAP DATA REG. 1) 
ING ;STRAP DATA TO A 

Figure 6-2_ DSPL Y . SRC Assembly Output Listing (Sheet 3 of 7) 
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ca 
:= MONITOR PROGRAM LISTING (Continued) C ca 
::!: 
U) 108 069 06 X ;PLACE IN APPROPRIATE DIGIT, REG. 1 ~ ... 
CP 109 06A 61A5 JMP NRDY 
U) 110 06C 43 KBCTST: RMB 3 ;RESET UP BIT OF KBC 
::> 111 060 00 CLRA 
E 112 06E 58 AISC 8 ;DELAY 5 INSTR. CYCLE TIMES 
CP 113 06F EE JP .-1 ;REPEAT PREViOUS INSTR. UNTIL SKIP -U) 114 070 00 CLRA ;OTOA 
>- 115 071 21 SKE ;KBC = O? CJ) 

116 072 61A5 JMP NRDY ;NO -C 117074 3360 LEI 0 ;YES, BLANK SEGMENTS 
CP 118 076 332A ING ;GPORTS TO A 
E 119 078 1 E LBI DIGIT ;POINT TO DIGIT VALUE 
C. 120 079 6100 JMP KEYDEC ;JUMP TO KEYDECODE ROUTINE 0 
(j) 
> 
CP 
C -Co) 
:= 121 .FORM 

"C 
0 

122 0080 .PAGE 2 ... 
c.. 123 080 3F CLRAM: LBI 3,0 
0 124 081 00 CLEAR: CLRA 0 
"It 125 082 04 XIS 
c.. 126 083 81 JP CLEAR 
0 127 084 12 XABR 
0 128 085 5F AISC 15 ;REGISTER 0 CLEARED? 

129 086 48 RET ;YES, RETURN 
130 087 12 XABR ;NO, BR -1 TO BR 
131 088 81 JP CLEAR 
132 089 00 BLANK: CLRA ;PLACE "F"S (DISPLAY BLANKS) IN A 
133 ;RAM REGISTER 
134 08A 5F AISC 15 
135 08B 04 XIS 
136 08C 89 JP BLANK 
137 080 48 RET 

Figure 6-2. DSPLY. SRC Assembly Output Listing (Sheet 4 of n 
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0 
MONITOR PROGRAM LISTING (Continued) 

0 
"tI 
0l:Io 
Q 
Q 

138 .FORM ;FORM FEED "tI 

139 0100 . PAGE 4 a 
Q. 

140 ;FOLLOWING CODE USES CONTENTS OF A AND M, KEYSWITCH COLUMN C 
141 ;AND ROW CLOSURE DATA, RESPECTIVELY, ON EXIT FROM DISPLAY n -142 ' ;ROUTINE, TO ACCESS ROM POINTERS TO·JUMP TO KEY1 - KEY16 C 
143 ;DECODE ROUTINES. LABELS "KEY1" THROUGH "KEY16" MUST CD 
144 ;BE LOCATED WITHIN PAGES 4 THROUGH 7. < 

CD 
145 0005 .SPACE 5 ;FIVE BLANK LINES ON LISTING 6' 

"g 

3 
CD 
:::J -

146 100 40 KEYDEC: COMP ;COMPLEMENT A SO THAT BIT= 1 
en 
'< 

147 ;INDICATES KEY CLOSURE (I) -148 101 FF JID ;JUMP TO KEYDECODE ROUTINE FOR CD 
149 ;PARTICULAR KEY CLOSURE 3 
150 0111 · = X'111 ;MOVE ASSEMBLER LOCATION c: 
151 ;COUNTER TO KEY1 ROM POINTER AUUHI:::i::i VI 

152 111 85 .ADDR KEY1 ;PLACE KEY1 POINTER IN ADDRESS X'111 CD 
..", 

153 112 87- .ADDR KEY2 ;PLACE KEY2-KEY4 POINTERS IN NEXT (I) 

154 113 89 .ADDR KEY3 ;ROM LOCATIONS :s:: 155 114 8B .ADDR KEY4 m 
156 0121 · = X'121 ;MOVE TO KEY5 POINTER LOCATION :::J 
157 121 8D .ADDR KEY5 C 
158 122 8F .ADDR KEY6 !!. 
159 123 91 .ADDR KEY7 
160 124 93 .ADDR KEY8 
161 0141 · = X'141 ;MOVE TO KEY9 POINTER LOCATION 
162 141 95 .ADDR KEY9 ;(PAGE5) 
163 142 97 .ADDR KEY10 
164 143 99 .ADDR KEY11 
165 144 9B .ADDR KEY12 
166 0181 · = X'181 ;MOVE TO KEY13 POINTER LOCATION 
167 181 9D .ADDR KEY13 ;(PAGE6) 

nc Anntl 1(I::Y1A 

169 183 A1 .ADDR KEY15 
170 184 A3 .ADDR KEY16 
171 185 61CO KEY1: JMP ONE ;GO,D1 KEY 
172 187 61C2 KEY2: JMP TWO ;GO,D2 KEY 
173 189 61C4 KEY3: JMP THREE ;GO,D3 KEY 
174 18B 61C6 KEY4: JMP FOUR ;GO,D4 KEY 
175 18D 61C8 KEY5: JMP FIVE ;G1,D1 KEY 
176 18F 61CA KEY6: JMP SIX ;G1,D2 KEY 
177 191 61CC KEY7: JMP SEVEN ;G1,D3 KEY 
178 193 61CE KEY8: JMP EIGHT ;G1,D4 KEY 
179 195 61DO KEY9: JMP NINE ;G2,D1 KEY 
180 197 61 D1 KEY10: JMP TEN ;G2,D2 KEY 
181 199 61D2 KEY11: JMP ELEVEN ;G2,D3 KEY 
182 19B 61D3 KEY12: JMP TWELVE ;G2,D4 KEY 
183 19D 61D4 KEY13: JMP THIRTN ;G3,D1 KEY 
184 19F 61 D5 KEY14: JMP FOURTN ;G3,D2 KEY 

Figure 6-2. DSPLY. SRC Assembly Output Listing (Sheet 5 of 7) 
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'i 
;:, MONITOR PROGRAM LISTING (Continued) C 
&a 
:E 
(I). 185 lAl 6001 KEY15: JMP START ;G3,D3 KEY "i- 186 lA3 6001 KEY16: JMP START ;G3,D4 KEY CD 
(I) 187 lA5 231F NRDY: LDD DIGIT ;DIGIT POSITION TO A 

:::) 188 lA7 5E AISC 14 ;LAST DIGIT DONE (A = 1)? 

E 189 lA8 6050 JMP DEBOUN ;YES, JUMP TO OEBOUNCE ROUTINE (A = 15) 
CD 190 lAA 51 AISC 1 ;NO, DECREMENT DIGIT POSITION VALUE - 191 lAB OF LBI 0,0 ;POINT TO DISPLAY REGISTER 0 £ 192 lAC 50 CAB ;DIGIT POSITION VALUE TO BD 

193 lAD 00 CLRA - 194 lAE 54 AISC 4 ;DELAY 9 INSTR. TIMES C 
CD 195 lAF EE JP .-1 ;REPEAT PREVIOUS INSTR. UNTIL SKIP 
E 196 lBO 600C JMP DSP2 ;DISPLAY NEXT DIGIT 
Q, 197 lB2 3D NODP: LBI STORE ;POINT TO M(2,15) 
0 

1 
198 lB3 332C COMA ;SE-SG,D.P. TO A 
199 lB5 06 X ;EXCHANGE INTO M(2,15) 
200 lB6 4C RMB 0 ;RESETD.P. BIT (DECIMAL POINT OFF) 

0 201 lB7 333C CAMO ;SEGMENT DATA BACK TO 0 - 202 lB9 601C JMP DIGOUT U 
;:, 203 
"a e 
11. 
0 

i 
11. 204 .FORM 
0 
0 205 01CO . PAGE 7 

206 lCO 3381 ONE: LBI 0,1 
207 lC2 3382 TWO: LBI 0,2 
208 lC4 3383 THREE: LBI 0,3 
209 lC6 3384 FOUR: LBI 0,4 
210 lC8 3385 FIVE: LBI 0,5 
211 lCA 3386 SIX: LBI 0,6 
212 lCC 3387 SEVEN: LBI 0,7 
213 lCE 3388 EIGHT: LBI 0,8 
214 lDO 08 NINE: LBI 0,9 
215 lDl 09 TEN: LBI 0,10 
216 lD2 OA ELEVEN: . LBI 0,11 
217 lD3 OB TWELVE LBI 0,12 
218 lD4 OC THIRTN: LBI 0,13 
219 105 OD FOURTN: LBI 0.14 
220 106 4E CBA 
221 107 2399 XAD 1,9 ;SAVE KEY NUMBER 
222 lD9 OF LBI 0,0 
223 lDA 6889 JSR BLANK ;BLANK DISPLAY REGISTER 
224 lDC OF LBI 0,0 
225 lDD 2319 LDD 1,9 ;KEY NUMBER TO A 
226 lOF 50 CAB 
227 lEO 06 X ;KEY NUMBER TO DISPLAY REGISTER 
228 11=1 6007 JMP DSPLY 
229 .END 

Figure 6-2. DSPL Y . SRC Assembly Output Listing (Sheet 6 of 7) 

8-78 



MONITOR PROGRAM LISTING (Continued) 

ALLUP 0059 BLANK 0089 CLEAR 0081 CLRAM 
DEBOUN 0050 DECKBC 0054 DIGIT 001F DIGOUT 
DSP1 OOOB DSP2 OOOC DSPLY 0007 EIGHT 
ELEVEN 01D2 FIVE 01C8 FOUR 01C6 FOURTN 
KBC 003F KBCTST 006C KEY1 0185 KEY10 
KEY11 0199 KEY12 019B KEY13 019D KEY14 
KEY15 01A1 KEY16 01A3 KEY2 0187 KEY3 
KEY4 018B KEY5 018D KEY6 018F KEY7 
KEY8 0193 KEY9 0195 KEYDEC 0100 KEYDWN 
LDRAM 0004 NINE 01DO NODP 01B2 NRDY 
ONE 01CO SEVEN 01CC SIX 01CA START 
STORE 003E STR 0055 TEN 0101 THIRTN 
THREE 01C4 TWELVE 01D3 TWO 01C2 

NO ERROR LINES 

227 ROM WORDS USED 

SOURCE CHECKSUM = D7FO 

INPUT FILE 13:DSPL Y. SRC 

LISTING FILE 13:DSPLY.LST 

Figure 6-2. DSPLY. SRC Assembly Output Listing (Sheet 7 of 7) 
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~ COPS Monitor and Debugger (COPMON) 
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7.1 COPMON (COP Monitor) 

COPMON is a PDS system program which contains an 
extensive set of debugging commands. This chapter 
discusses the format of the COPMON commands and 
their use in debugging programs and hardware. 

COPMON allows the user to interrupt the flow of a 
COPs program as it is being executed on a prototype 
system. The interruption is directly caused by one of 
several events, all under user control. For instance, the 
interruption may be caused by the COPS chip perform
ing an instruction fetch from a predetermined point in 
the program called a breakpoint. Once the flow has 
been interrupted, the COPS registers can be examined 
and modified. COPMON also allows the user to exam
ine the trace of the program flow for the last 256 
instruction cycles, either before or after a specified 
condition was met. This is called a trace. Possible con
ditions for a breakpoint or trace may be the program 
encountering a specified address (address), the next 
value of the program counter (immediate), or any com
bination of two external events on the Emulation 
Board called EXT1 and EXT2. 

The TRACE command allows the user to specify the 
conditions that will initiate the trace and how many 
steps prior to meeting that condition will be traced. 
The GO command then arms the trace and executes 
the program. After a trace has been completed, the 
operator may examine the trace data with a TYPE com
mand or search for an address in the trace memory 
with the expected sequence of instructions, deviations 
resulting from incorrect operation are easily found. 

To speed operation, COPMON allows the operator to 
specify the information that will be printed out when a 
breakpoint occurs and to single-step operations. This 
is done with the AUTOPRINT command, especially 
useful during single-step operation. The COPS 
registers and RAM locations can also be examined 
and modified directly with MODIFY. The program in 
shared memory can be changed with ALTER or PUT. 

Another major function available on COPMON is the 
Time command. This can be used to determine the 
time, in milliseconds, between two specified trigger 
conditions. (A trigger condition can be an address or 
any combination of the external event lines EXT1 and 
EXT2.) 

7.2 Console Operation 

To call COPMON from the console, the user types in 
the @ command, getting the following response: 

>@COPMON 

COPMON, REV: X, (DATE) 

CHIP NUMBER (DEFAULT = 420)? XXX 

The operator must enter a chip number from Table 7-1 
in response to the system query. The chip number is 
used by COPMON to select the correct instruction sub
set, memory size, and register size. If no number is 
entered after the chip number prompt, COPMON de
faults to the COP420 number. The chip number may 
also be changed later with the CHIP command. After 

the operator responds to the initial chip number prompt, 
COPMON responds with the COPMON prompt symbol, 
C>. 

Example: 

CHIP NUMBER (DEFAULT=420)? 444 

CHIP BEING EMULATED: COP444 

C> 

COPMON responds with the prompt after completing 
the execution of each command. 

The following general rules apply to the console 
commands: 

1. Numbers-COPMON syntax uses both decimal 
and hexadecimal numbers (see Table 7-3). Input 
from the user is treated as decimal or hexa
decimal depending on what COPMON. is expect
ing. If COPMON expects a decimal number it 
assumes that the user will enter a decimal num
ber. Hexadecimal numbers do not require a lead
ing zero; however, they do no harm since they are 
ignored. F3 is a valid hexadecimal number. The 
usual conventions for hexadecimal, an H at the 
end of a hexadecimal number (3FH) or an X at 
the beginning of a hexadecimal number (X'1 F) are 
illegal. 

2. Console Output-Console output of COPMON is 
normally sent to the CRT. The output of anyone 
command may be directed to the printer by 
appending "*PR" to the end of the command. 
(The "*PR" must be Immediately followed by a 
carriage return.) . 

Example: C>STATUS *PR 

The status now appears on the printer, instead of 
the CRT. 

Console output (whether to the CRT or line 
printer), may be interrupted at any time by press
ing any key. Asterisks ('****') will be printed to 
indicate this. 

3. Disk Files- The LOAD, COMPARE and SAVE 
commands use disk files. The default extension 
assumed is ". LM". 

7.2.1 Dual Processor Emulation 

Users of the dual processor COPS chips (COP2440, 
COP2441, and COP2442) should note the following 
pOints before attempting emulation. 

1. The two processors are referred to as the X and Y 
processors. Processor X starts execution at 
address OH on power-on, processor Y at address 
401H. 

8-80 

2. COPMON makes sure that the two processors 
are always synchronized, that is, they execute 
instructions in the same order as they would if 
there were no breakpoints. While Single-stepping, 
it is sometimes necessary for one processor to 
execute two or more instructions before the 
other executes any (for example, if one processor 
is breakpointed on a skipped 2-byte instruction). 



Table 7-1. Valid Chip Numbers 

RAM 
Register RAM Digit 

Chip # Memory Size Address Address 

410/411 0-1 FFH OH-3H 0,9H-OFH 
420/421/422 0-3FFH OH-3H O*H-OFH 

444/445 0-7FFH OH-7H OH-OFH 
440/441/442 0-7FFH OH-9H OH-OFH 
2440/24411 0-7FFH OH-9H OH-OFH 

2442 

Note: One of these numbers must be entered Into the computer in 
response to the query for CHIP NUMBER? If no number is entered, 
COPMON will use the default chip number 420. 

It is possible for this synchronism to be lost, 
though it should not happen under normal cir· 
cumstances. 

When the Program Counters are printed, an 
asterisk (*) is used to mark the PC of the proc· 
essor which will execute next. 

3 . The hardware places some restrictions on trig· 
gering from a reset state. The target board syn· 
chronizes when processor Y sends out address 
401 H. If the trigger condition becomes valid 
before this, correct synchronization' is uncertain. 
For example, if a TRACE IMMEDIATE Is perform· 
ed from RESET, processors X and Y may get 
interchanged: i.e., processor X will be displayed 
on the right·hand side of the screen, instead of . 
the left·hand side as usual. There is a 50-50 
chance of this happening. 

This uncertainty also exists if an External Event 
condition is used for TRACE, BREAKPOINT or 
TIME operations starting from RESET and the 
condition is valid before address 401 H appears. 

AS FAR AS POSSIBLE, SUCH UNCERTAIN TRIG· 
GERING CONDITIONS SHOULD BE AVOIDED. IF 
SUCH AN OPERATION HAS TO BE PERFORMI:U, 
THE COP CHIP SHOULD BE RESET AFTER THE 
OPERATION, SINCE FURTHER EMULATION MAY 
BE INCORRECT. . 

4 . COPMON operates in three basic modes, referred 
to as the DUAL, X·only and Y·only modes. The 
DUAL mode Is the default, 'normal' mode of 
operation. The X·only and Y·only modes make it 
simpler to concentrate on the behavior of one 
particular processor and temporarily ignore the 
other. Refer to the 'SET PROCMODE' (Section 
7.3.22) command for details. 

7.3 COPMON Console Commands 

The COPMON console commands are summarized In 
Table 7-2 and are described in detail here. Command 
options are defined in Table 7-3. 

7.3,1 ALTER SHARED MEMORY Command 

Syntax: ~LTER [<addr>)[,[<value>] ... ] 
Alters the contents of consecutive shared memory 
locations to the specified hexadecimal values begin· 
ning at the specified address. Consecutive commas 
will increment the current address pointer, leaving the 
data at these locations unaltered. If no address is 
specified, the 
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command begins at the last altered or listed location 
(see LIST command). If two or more values separated 
by spaces are given for <value>, the last of these 
values will be the one stored. The alterable range of 
shared memory is determined by the chip number. The 
COP chip is reset if it was running. 

Example: 
C>A 1CF,DO"D1 +- Places DO in location 1CF, 
leaves 100 unchanged, and places 01 in location 
101. 

7.3.2 AUTOPRINT Command 

Syntax: AUTO PRINT [< print opt>[, < print opt>] ... ] 

Specifies the information that will be printed when the 
COPS chip encounters a breakpoint, is single·stepped, 
or executes a trace. Table 7-3 lists all of the allowable 
print options. The default value is ALL which sets all 
of the applicable options on, except S and ST. Some of 
the print options are only valid for breakpoints and 
slnQle·steps; others are valid for trace operations. A 
"*PR" entered at the end of the line will cause the 
autoprint output to go to the printer instead of the con· 
sole. The 16·digit contents of any specified RAM regis· 
ter will be printed, left to right, most·significant digit to 
least·significant digit. 

Example: 

C>AU A, P 

Causes the contents of the accumulator and the pro· 
gram counter to be printed after each breakpoint and 
single'step operation. 

If it is desired to modify the current list of print 
options, a " + " or "- " may be placed in front of the 
list of options. In this case, ALL may not be used as a 
print option. 

Examole: 

C> AU A,P +-Accumulator and program counter put 
in print option list. 

C>AU +M2 +-Now memory register 2 is also printed 
along with the accumulator and program counter. 

If no <print opt>'s are specified, the autoprint feature 
is turned off. 

Example: 

C>AU +- AUTOPRINT off 

COP2440, COP2441, COP2442 users should refer to the 
'SET PROCMODE' command (Section 7.3.21) for changes 
In <print opt>'s with the default processor setting. 

7.3.3 BREAKPOINT Command 

Syntax: ~REAKPOINT [<cond>[I<cond>] ... ] 
[,<occur#>[,<gopt> II 

Sets the breakpoint enable flag and establishes the 
conditions that will cause breakpoints to occur. Up to 
ten conditions can be specified, but only the first will be 
monitored. When that condition is satisfied and a break· 
pOint executed, the list of conditions is rotated so the 
next condition on the list becomes the one being monl· 
tored. If the BREAKPOINT command .is entered with no 
conditions specified, all previous conditions are 
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retained. If the BREAKPOINT command is entered with 
one or more conditions, all of the previous conditions 
are cleared and replaced by the new ones contained In 
the command string. If the occurrence number is not 
specified, the system defaults to the last specified 
value .. If <gopt> is specified, the breakpoint operation 
occurs repeatedly on successive conditions in a circular 
list. This continues until a break is received from the 
console. When the breakpoint occurs, the data speci
fied earlier by the AUTOPRINT command is printed out 
to provide the operator with a snapshot of the pertinent 
data during the COPS program execution. 

During a breakpoint, the system automatically does a 
trace with a prior count of 240. This information about 
the 240 cycles prior to the breakpoint may be printed 
using the TYPE command. Locations corresponding to 
the breakpointed state of the chip are displayed as 
asterisks ("" ""). 

The BREAKPOINT command sets the breakpoint 
enable flag but does not actually initiate the break
point. This Is done by the next GO command which 
initiates program execution. Since the breakpoint 
operation uses shared memory, if the operator is run
ning from programs contained in PROMs on the 
emulator board, the shared memory must contain the 
same data as the PROMs. 

Example: 

C>B 2/35/1/EVX1/26, 4, G 

BREAKPOINT ENABLED 

A:2 A:35IMED EVX1 A:26 OCCUR:4 GO:Y 

Break flag is enabled, the next GO will cause succes
sive breakpoints on the fourth occurrence of each of 
the five conditions, circling through the list until 
interrupted. 

COP2440, COP2441, COP2442 users should refer to the 
'SET PROCMODE' (Section 7.3.21) command for 
changes in <cond> with the default processor setting. 
Also, during a breakpoint, both processors are traced, 
even if the mode !s X-only or Y-only. 

7.3.4 CLEAR Command 

SY[1tax: QLEAR 

Clears the breakpoint enable, trace enable, and time 
enable flags. The conditions associated with each of 
these functions remain unchanged. 

Example: 

C>Q 
BREAKPOINT, TRACE, AND TIME DISABLED 

7.3.5 CHIP Command 

Syntax: CHIP <chlp#> 

Changes and displays the current chip number. Since 
the chip number determines the memory and register 
size, this must be done prior to emulating a COPS 
chip. See Table 7-1. If no chip is specified, the current 
chip number Is displayed. 

Exampl.e: 

C>CH 444 

CHIP BEING EMULATED: COP444 

Example: 

C>CH 

CHIP BEING EMULATED: COP444 

If the chip being emulated Is a COP410 or a COP411, 
COPMON will respond with another query: 

ROM LESS PART (DEFAULT = 401)? 

The operator must enter one of the following: 401, 402 
or 404 depending on which RqMless part is being used 
on the emulator board (COP401 L, COP402 or 
COP404L). 

Example: 

CHIP NUMBER (DEFAULT=420)? 411 
ROM LESS PART (DEFAULT = 401)? 402 
CHIP BEING EMULATED: COP411' 
ROM LESS PART BEING USED: COP402 
C> 

7.3.6 COMPARE Command 

Syntax: COMPARE <filename> 

Checks the load module on disk against shared memo 
ory. Each pair of values that does not compare is dis
played. This continues until either the entire file has 
been examined or a break is received from the con
sole. The COP chip is reset. 

Example: 

C>CO DEMO 
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003 S:OO F:3C 057 S:8A F:B3 - S: indicates 
shared memory; F: indicates a disk file; 003: indi
cates an address. 

Note: Only those shared memory locations which are 
defined In the load module are compared. 

7.3.7 DEPOSIT Command 

Syntax: QEPOSIT <value>, <addr range> 

Puts the specified value into each location of the 
specified address range. If the COP chip Is running, it 
will be reset. 

Example: 

C>D F6, 1111E +- F6 is put In locations 11 through 
1 E of shared memory. 

7.3.8 FIND Command 

Syntax: EIND <value>[,<addr range>[,<mask>J] 

Searches shared memory for the specified value and 
each occurrence is printed out. If the mask option Is 
present, each shared memory byte Is ANDed with the 
value of <mask> before it is tested. This allows the 
user to search out specific portions of bytes. If the 
mask option is not specified, it defaults to OFFH. Each 
occurrence of value is printed on the console until the 
search Is done or it Is Interrupted from the console. If 
the COP chip is running it will be reset. 

Example: 

C>F 8E, 200/3FF 
2CC:8E 2BO:8E 3FF:8E 
FIND DONE 



If the <value> typed in is three characters or more, a 
2·byte search is performed. This is useful for locating 
2·byte instructions. In this case, the mask defaults to 
OFFFFH. 

Example: 

C>F 6310, 100/3FF 

275:6310372:6310 

FIND DONE (2 BYTE) 

7.3.9 GO Command 

Syntax: go [<addr>] 

go [<addrx>][,<addry>] - Dual processor 
only, see note below. 

Goes to a specified address and begins executing the 
program there. The details of exactly how this is done 
vary somewhat depending on the status of the chip' 
and the breakpoint and trace enable flags. Generally 
speaking, a breakpoint will be initiated if the break· 
point enable flag is set, a trace will be done if the 
trace enable flag is set, a time operation will be done 
if the time enable flag is set, and the chip will be 
started in a normal manner if no flag is set. See Table 
7-4. Breakpoint and trace flags remain unchanged 
after the GO command. For example, if the breakpoint 
flag is enabled, the first condition on the list is EVOX, 
the autoprint options are B,P, and <gopt> is not set, 
the following sequence will occur: . 

Example: 

C>g 
BREAKPOINTED ON EVOX AT A:xxx 

B:01 P:xxx 

xxx indicates the address at which EVOX occurred. A 
similar message would appear if trace were enabled 
instead of breakpoint. 

Note: For COP244U, (jUI-'~441, ana (jUI-'~44~ users: 
Two addresses can be specified when emulating dual· 
processor COPS. 

< addrx> = address for processor X 
< addry> = address for processor Y 

If the processor mode is X:only or Y·only (see 'SET 
PROCMODE' command), and a single address is speci· 
fied, it Is assumed to refer to the default processor. 

Example: 

C>SET PR Y - Set processor Y as default 

C>G 58 - Will start processor Y at address 58 

C>G 27,439 - Start processor X at 27, processor Y 
at4~ 

7.3.10 HELP Command 

Syntax: .t! ELP 

The HELP command causes a summary of the COP· 
MON commands to be printed on the console. 

7.3.11 LIST Command 

Syntax: !,IST [<addr range>[,<addr range>] ... ] 

Lists the contents of shared memory across the speci· 
fied address ranges. Each range printed begins at the 
next lower multiple of 10H. If <addr range> is just one 

value, only the contents of that location are printed. If 
no address range is specified, 256 locations are listed 
starting from the multiple of 10H below the current 
address. The current address' is the last address 
printed or altered. Subsequent LIST commands with no 
operands will list the next 256 locations. The COPS 
chip is reset only if it was running when the LIST com· 
mand was issued. 
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Example: 

C>L4/8 
000 00 C2 00 F2 03 29 76 AA DO 

7.3.12 LOAD Command 

Syntax: LOAD <filename>IO] 

Loads the specified load module into shared memory. 
.If the optional "0" (for 'Overlay') is present in the 
command string, shared memory will not be cleared 
out first. LOAD automatically resets the COPS chip. 

Example: 

C>LO DEMU 

FINISHED LOADING 

7.3.13 MODIFY Command 

Syntax: ~ODIFY <print opt>,<value>[,<value>] ... 

Changes the registers on the COPS chip. Since these 
registers include the 1/0 ports as well as the general 
purpose registers and RAM registers, the MODIFY 
command can be used to debug a hardware prototype 
system prior to the prototype software being com· 
pleted. Each MODIFY command line is used to change 
a single register onthe chip. The MODIFY command is 
valid only while breakpointed. 

Example: 

C>,!U 
BRKPT ENABLED 
A:UU I U"",,,",UM I \.:IU:I~ 

C>B 
CHIP IS RESET 
C>G 
BREAKPOINTED ON A:001 AT A:001 

C>M MO, O,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F - This 
command sets memory register 0 digit 0 to 0, memo 
ory register 0 digit 1 to 1, etc. 

C>M M15,5,6,7,8 ... - This command sets memory 
register 1 digit 5 to 5, etc. 

C>M E,4 - This command loads the E register with 
4 (enable Q register to L bus). 

C>M Q,AA - This command in conjunction with 
the previous command loads the Q register with AA 
and thus puts AA on the L bus. 

C>M D,B - This command puts a HEX B on the 0 
port. Bits 0, 1,3 are high and bit 2 is low. 

C>M B,3D - This command sets the B register to 
RAM address 3,13. 

COP2440, COP2441, and COP2442 users should refer 
to the 'SET PROCMODE' command (Section 7.3.22) for 
changes in <print opt>'s with the default processor 
setting. 
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7.3.14 NEXT Command 

Syntax: f':!EXT [<gopt>] 

f':!EXT [<gopt>]IX[,<gopt>] 
IY[,<gopt>] - Dual processor only. See 'SET 
PROCMODE' command. 

This command is identical to the SINGLESTEP com· 
mand (see Section 7.3.17), except at a JSR or JSRP 
instruction, where it will set a breakpoint at the in· 
struction immediately after the JSR/JSRP and break· 
pOint there, after executing the subroutine in real·time. 

7.3.15 PUT Command 

Syntax: £,UT [<addr> ][,< instruct>[,< instruct>] ... ] 
Replaces the contents of shared memory, beginning at 
the address specified, with the opcodes of the speci· 
fied instruction mnemonics. If no address is given, 
placement begins at the current address. This com· 
mand resets the COPS chip if it is running. Instruction 
opcodes may be directly specified in the operand field. 
Instructions with double operands may only be speci· 
fied in hexadecimal format and, unlike the assembler 
format, double operands may not be separated by 
commas (e.g., LBI 23 is OK; LBI 2,3 is not allowed). 

Example: 

C>P 130, CLRA, AISC 5, LBI 39 

C> 

7.3.16 RESET Command 

Syntax: BESET 

Reset the COPS chip and sets the reset flag, which in 
turn determines the operation of the GO command. 
See Table 7-4. 

Example: 

C>R 
CHIP IS RESET 

7.3.17 SINGLESTEP Command 

Syntax: §.INGLESTEP [< gopt>] 

§.INGLESTEP [<gopt>]IX[,<gopt>] 
I Y[,<gopt>] - Dual processor only. See 'SET 
PROCMODE' command. 

Performs a breakpoint on the next instruction. If the 
COPS chip is reset, it breakpoints at address 1. If it 
has already breakpointed, it steps one instruction. 
After each single-step, information specified in the 
AUTOPRINT command is printed. If <gopt> is 
included, It will automatically step and print data until 
interrupted by the console. 

If the COP chip is breakpointed, a carriage return is 
identical to single-step without <gopt>. 

Example: 

C>S G - Go immediately after printing. 
(Step) 
A:O P:10 51 AISC 1 
(Step) 
A:1 P:11 53 AISC 3 
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7_3.18 SAVE Command 

Syntax: SAVE<filename> 

Saves the contents of shared memory in the specified 
file. All of shared memory, from address 0 to the 
maximum address of the chip being emulated, Is 
saved. Shared memory itself is unchanged. This file 
may later be loaded back into shared memory using 
the LOAD command. The COP chip will be automatic
ally reset. The saved program cannot be used In 
MASKTR to generate a transmittaifiie. 

Example: 

C>SA MYPROG 
SAVED MYPROG 

7.3_19 SEARCH Command 

Syntax: SEARCH <addr> 

Searches the trace memory for the specified address. 
Each occurrence is displayed and it searches until fin
ished or interrupted by the console. Each line of out
put from the SEARCH command and the TYPE (trace 
memory) command contains the following Information, 
from left to right: 

1. Trace Memory Location. 

2. Location relative to TRACE condition location. 

3. Program Counter. 

4. Skip Indication. 

5. Value of external event. inputs E4-E1, left to right. 

Example: 

C>SE2FE 
00 A:2FE SKIP E:1111 
88 A:2FE E:1101 
SEARCH DONE 

7.3.20 SET Command 

Syntax: SET SIOMODE {Y IN} 
. SET STACKMODE {Y IN} 

Turns the SIOMODE and STACKMODE flags on and 
off. The SIO register will be dumped during breakpoint 
and can be modified only if SIOMODE is on. Similarly, 
if STACKMODE is on, the stack will be dumped and 
displayed during breakpoint and single-step. The stack 
may also be modified. 

There is one limitation in using STACKMODE. If the 
COP is breakpointed in an interrupt routine and 
STACKMODE is ON, the interrupt skip status flag in 
the COP chip may be lost. It cannot be restored. (If 
lost, a message will be printed.) This limitation does 
not apply to the COP440, COP441, COP442, COP2440, 
COP2441, COP2442 and hence, for these chips, the 
default is STACKMODE ON. 

Use of the SET command will automatically reset the 
COP chip and set AUTOPRINT to ALL. 

Example: 

C>SETSTY 

STACKMODE: Y 



7.3.21 SET PROCMODE Command (COP2440, 
COP2441 and COP2442 only) 

Syntax: SET PROCMODE {X I Y I D} 

Sets the default processor mode for dual processor 
emulation. 

The effects of setting a particular mode are best seen 
by example. 

1. BREAKPOINT, TRACE and TIME <cond>s. 

A hexadecimal address by itself refers to the 
default processor. 

Example: 

C>SET PR D .... Set 'DUAL' mode. 

C>B 23 .... Breakpoint on address 23 of either 
processor X. 
C>B 23-X <- Breakpoint on address 23 of 
processor. 

C>SET PR X <- Set 'X-only' mode (i.e., default 
is X). 

C>!;! 2~~ <- f'lr""k.nnint on address 234 of 
processor X. 
C>TR 23-Y .... Trace on address 23 of 
processor Y. 
C> TR 23-D <- Trace on address 23 of either 
processor. 

The default processor setting has no effect on 
external event or immediate triggering. 

Example: 

C>TR EVX1 

This will initiate a trace when external event 
1 = 1, regardless of the default processor setting 
and regardless of the processor cycle during 
which the event is detected. 

2. AUTO PRINT, TYPE and MODIFY <print opt>s. 

Example: 

C>SET PR D <- Set 'DUAL'mode. 

C>AU AX,CY .... Will print AX and CY. 

C> MO A,3 <- Is ambiguous (Modify AX or A V?). 

C>SET PR Y .... Set 'Y-only' mode (i.e., default 
is V). 

C>AU ALL <- Will print all RAM liD registers, 
and all processor Y registers (i.e., AY,CY, etc.). 

C>AU A,BX,C <- Will print AY,BX,CY. 

C>MO A,3 <- Will modify AY to 3. 

3_ SINGLESTEP and NEXT operations. 

Syntax; §INGLESTEP [<gopt>]1 X[,<gopt>] 
IY[,<gopt>] 

(or ~EXT) 

Example: 

C>SET PR D <- Set 'DUAL' mode. 
I 

C>§ <- Single-step on processor which is to 
execute next. 

C>S G .... Single-step continuously on alter
nate processors. 

C>SET PR X .... Set !X-only' mode (i,e., default 
is X). 

C>N .... Do a 'NEXT' on processor X. 
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C>S Y .... Single-step on processor Y. 

C>S G .... Single-step continuously on 
processor Y. 

4. GO operation. 

Refer to 'GO' command description, Section 
7.3.10. 

As with the other SET commands, the SET PROC
MODE command will reset the COPS chip and restore 
default AUTOPRINT conditions. In addition, it will set 
BREAKPOINT, TRACE, and TIME conditions to their 
default values_ 

7.3.22 SHARED MEMORY Command 

Syntax; SHARED MEMORY {YIN} 

The command allows the operator to specify whether 
the COPS chip runs from shared memory or the 
PROMs on the emulator board. If "Y" is entered, the 
chip will run from shared memory. If UN" is entered, 
the chip will run from the PROMs. The chip is automa
tically reset by this command. 

Example; 

C>SHY 
SHARED MEMORY MODE 
C>SH N 
PROM MODE 
C> 

7.3.23 STATUS Command 

Syntax: STATUS 

This command causes the status of the COPS chip 
and various other internal conditions to be printed. 

Examples: 

C>ST 
CHIP BEING EMULATED: COP 420 
- ••• - ,,.. ................ "1" ...... .. , ..... ,.-__ . 
BREAKPOINT, TRACE AND TIME DISABLED 
SHARED MEMORY MODE 
NO UNASSEMBLY 
SIO REG MODE: N 
STACK MODE: N 
BRKPT CONDITIONS: 
A:005 OCCUR; 1 GO;N 
TRACE CONDITIONS: 
EVX1 OCCUR; 1 PRIOR:O GO;N 
TIME CONDiTIONS: 
A:001 OCCUR:1 A:237 OCCUR:2 GO:Y 

7.3.24 TIME Command 

Syntax: I! ME [< cond 1 >[, < occur1 >][1 < cond2 > 
[,<occur2>[,<gopt>]]H 

Sets and prints the conditions which control the 
time measurement. The timer is started when the 
first set of conditions is met and the timer is 
stopped when the second set of conditions is met. 
The second set of conditions is invoked only after 
the first set of conditions is satisfied, and it is 
looked for from that time_ If only cond1 is specified, 
cond2 is set to cond1 and occurrences are both set 
to the last value of occur1. If only cond1 and occur1 
are specified, cond2 is set the same as cond1 and 

o o 
""0 
~ g 
""0 
(; 
C. 
c 
n -



-U 
:::J 

" e 
Q. 

~ o o 

occur21s set the same as occur1. If cond1 and 
cond2 and specified, occur1 and occur2 are left at 
their previous values. 

The time is reported In milliseconds. The limits on the 
TIME command arl'!: the time between the events must 
be greater than 500 lis and less than 2 hours. If the 
time is less than 5001lS, the events may not be 
recognized, or if they are recognized, the time reported 
could be wrong. If the time is greater than 2 hours, a 
timer overflow message will be printed. The resolution 
of the TIME command Is ±100/lS. 

As In the TRACE command, the TIME command is not Ini· 
tiated until a GO command Is issued. The TIME, TRACE, 
and BREAKPOINT commands are mutually exclusive. 

COP2440, COP2441, COP2442 users should refer to the 
'SET PROCMODE' command (Section 7.3.21) for 
changes In <cond> with the default processor setting. 

Example: 

C> TI EVX1,2/234,3 ... This command will measure 
the time from the second positive transition of 
EXTERNAL EVENT 1 (high on 1, don't care on 2) to 
the third occurrence of address 234 after the EXTER· 
NAL EVENT condition has been met. 

TIME ENABLED 

EVX1 OCCUR:2 TO A:234 OCCUR:3 GO:N 

C> TI 350, 1/24,2,G ... This command will measure 
the elapsed time from the first occurrence of address 
350 to the second occurrence of address 24. It will . 
repeat thIs until Interrupted from the keyboard. 

A:350 OCCUR:1 TO A:024 OCCUR:2 GO:Y 

C>T144 

TIME ENABLED 

A:044 OCCUR:1 TO A:044 OCCUR:1 GO:N 

C>G ... This example shows the default conditions 
of the command. Used with the previous example, 
this command will measure the elapsed time 
between the first occurrence of address 44 and the 
next occurrence of address 44. 

7.3.25 TYPE Command 

Syntax:'!'yPE [<print opt>[,<prlnt opt» ... ) 

Prints out the information specified to the printer or 
console. As with the AUTOPRINT command, If a RAM 
register is specified, Its 16·dlglt contents will be listed, 
from left to right, most·significant digit to least· 
significant digit. If no options are specified and a trace 
operation was just executed, trace memory wjlLbe dis· 
played in blocks of 16. When printing trace memory 
while the chip is breakpolnted, the last eight locations 
of trace memory will not be displayed. 

Example: 

C>T P, Q, B, M1F M2 
B:10 Q:FF P:004 OF LBI 0 M1F:0 M2:00000000120F120E 

COP2440, COP2441, COP2442 users: See 'SET PROC· 
MODE' command (Section 7.3.21) for changes in <print 
opt> with the default processor setting. 

7.3.26 TRACE Command 

Syntax: TRACE [<cond>[,<occur#>[,<prior> 
[,<gopt>])]) 

Sets the print trace conditions. During a TRACE opera· 
tion, COPMON stores each consecutive value of the 
COP program counter in a 254·word circular buffer, so 
that at any time during trace operation, the buffer has 
the previous 254 values of the program counter. When 
<cond> has been met, the number of times specified 
by <occur#>, COPMON saves the number of values of 
the program prior to <cond> specified by <prior>, and 
fills the rest of the buffer with the subsequent values 
of the program counter. It then prints the <cond> 
specified and the address where <cond> was recog· 
nized, followed by any trace data specified by the 
AUTOPRINT command. If <cond>,< occur#> or 
<prior> are omitted, they retain their previous values. 
If <gopt> Is included, then each time a trace operation 
Is finished, another GO command is performed with 
the same conditions, continuing until Interrupted by 
the console. The TRACE command does not initiate 
trace operation, but sets the Trace Enable flag so that 
trace operation Is initiated on the next GO command. 
See Table 7-4. 

Example: 

C>TR EVOX, 2, 22 

TRACE ENABLED: 

EVOX OCCUR:2 PRIOR:22 G:N 

Under certain conditions (see Table 7-4),the <prior> 
count specified may not be fulfilled. That is,<cond> 
may occur before <prior> cycles of the Chip. In this· 
case, when typing trace memory, a message of the 
form "ONLY nn PRIOR LOCATIONS TRACED" will 
appear. 

Example: Assume that all of shared memory contains 
NOP InstrUctions, except location 0, which has a 
CLRA instruction. 
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C>8, 

CHIP IS RESET 

C>AUA,P 

C>~ 

STEP 

A:O P:001 

C>TR 5,1,245 

TRACE ENABLED 

A:005 OCCUR:1 PRIOR:245 GO:N 

C>§ 

TRACED ON A:005 AT A:005 

C>T0/250 

ONLY 4 PRIOR LOCATIONS TRACED 



Command Name 

ALTER 

AUTOPRINT 

BREAKPOINT 

CLEAR 

CHIP 

COMPARE 

DEPOSIT 

FIND 

GO 

GO 

HELP 

LIST 

LOAD 

MODIFY 
--.-

l~t:.A.1 

NEXT 

PUT 

RESET 

SINGLESTEP 

SINGLESTEP 

SAVE 

SEARCH 

SET 

SET 

SHARED MEM 

STATUS 

TI ... C 

TYPE 

TRACE 

UNASSEMBLE 

Table 7-2. Summary 01 COPMON Console Commands 

Operand Syntax 

A[<addr>][,[<value>l· .. 1 

AU[<print opt>[,<print opt>l ... 1 

B [< cond >[1< cond >1 ... ][, < occur#> [,< gopt >ll 

C 

CH <chip#> 

CO <filename> 

D <value>, <addr range> 

F <value>[,<addr range>[,<mask>ll 

G[<addr>1 

G[<addrx>][,<addry> ) 

H 

L[<addr range>[,<addr range>l ... 1 

LO<filename> [0) 

M<print opt>,<value>[,<value1 >1 ... 
.. , r ...... ___ ....... , 
I .. l ...... ~vl-'~/ J 

N[<gopt>11 X[,<gopt> II Y[,<gopt>1 

P [<addr> 1[,< instruct>[,< instruct>l ... 1 

R 

S[<gopt>1 

S[<gopt> II X[,<gopt> II Y[,<gopt>1 

SA<filename> 

SE<addr> 

SET SI { YIN} or SET ST {Y IN} 

SET PR {XIYID} 

SH{YIN} 

ST 

TIr<~nnrl1 >r .<occur1 > H l<cond2>[ ,<occur2> 
[,<gopt>llll 

T[<print opt>[,<print opt>l· .. 1 

TR[<cond>[,<occur#>[,< prior> [,< gopt> llll 

U{YIN} 
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Description 

Alter Shared Memory 

Set Print Options 

Set Breakpoint 

Clear Trace and Breakpoint Flags 

Set or Display Chip Number 

Compare File with Shared Memory 

Deposit Values into Shared Memory 

Find Value in Shared Memory 

Begin Program Execution 

(Dual Processor Chips Only) 

Display Command Summary 

List Shared Memory 

Load Shared Memory from File 

Modify Registers and COPS RAM 

BreakDoint on Next Instruction 

(Dual Processor Chips Only) 

Put Instruction (Assemble) 

Reset Chip 

Single·Step 

(Dual Processor Chips Only) 

Save Shared Memory into File 

Search for Address in Trace Memory 

Set SIOMODE or STACKMODE Flags 

Set Default Processor Mode. 
Dual Processor Only. 

Set/Clear Shared Memory Mode 

Display Chip Status 

Measure Elapsed Time 

Type Breakpoint or Trace Data 

Set Trace Conditions 

Display Instruction Mnemonics of the Data 
in Shared Memory 
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'" ::s 
s:::: 

'" Operand 
:E 
VI <addr> 
~ ... 
CD 
VI 
::J 
E <addr cond> 
CD -VI 

< addr range> >-en <chip#> -s:::: <cond> 
CD 
E 
c. 
0 
Gi <dig#> 
> <end> CD 
C <evt cond> -(,) ::s 

" e 
a.. <filename> 
0 

<gopt> 0 
~ <instruct> a.. 
0 <mask> 
() 

<occur#> 

<print opt> 
(See Note 2.) 

Table 7-3. Operand Syntax 

Description 

One to three hexadecimal digits, < = maximum address of the chip defined by < chip#>. 
P = Previous address. 
• = Current address, i.e., last address altered or typed. 
N = Next address. 
L = Last address defined by chip number. 

Address in hexadecimal, greater than 0, less than or equal to maximum address 
of chip. 

<addr> [1< addr>]. 

410, 411,420,421,422,444, 445, 440, 441,442,2440,2441 or 2442. 

<addr cond> 
<evt cond> 
I = Immediate trace or breakpoint. Cannot use with TIME command. 
<addr cond> - <proc> (Dual processor only). 

Hexadecimal digit specifying RAM digit address (see Table 7-1). 

Decimal 0-253; last location of trace memory desirlld. (See Note 1.) 

EVOO, EV01, EV10, EVil, EVXO, EVX1, EVOX, or EV1X. 
Format: EV<EXT2><EXT1>. 

"1" = Logic 1 
"0" = Logic 0 
"X" = Don't Care 

Valid PDS filename, default extension assumed is .LM. 

G = Go immediately after printing. 

Valid COPS Instruction mnemonic with operand. The operand is hexadecimal. 

Hexadecimal O·OFFH (O·OFFFFH for a 2·byte FIND). 

Decimal 1-256. Number of times <cond> occurs before initiating Breakpoint, Trace, 
orTime. 

A = Accumulator (BR,M). 
ALL = All Breakpoint Data (BR). 
B = RAM Address Register B (BR,M). 
C = Carry Bit (BR,M). 
D = Output Port (M). 
E = EN Register (M). (See Note 3.) 
G = G 1/0 Port (BR,M). 
H = H 1/0 Register (BR,M). 
1= I Input Port (BR). 
L = L 110 Port (BR). 
M = All RAM on Chip (BR). 
M<reg#>= RAM Register <reg#> (BR,M). 
M<reg#> <dig#> = RAM Digit <reg#><dig#> (BR,M). 
N = N (stack pointer) Register (BR,M). 
P = Program Counter (BR). 
R = R 110 Register (BR,M). 
S = Serial 1/0 Register (only If SIOMODE is true) (BR,M). 
SA = Stack Register SA ...... ; 
SB = Stack Register SB. ; .. (BR,M) 
SC = Stack Register SC. ; (See Note 4.) 
SD = Stack Register SD ...... ; 
ST = All Stack Registers (only if STACKMODE is true) (BR). 
T = Trace Memory 0 Through 253 (BR,TR). (See Note 2.) 
TI = T (Timer) Register (BR,M). 
<start> = Trace Memory Location<start>(BR,TR). 
<start>l<end> = Trace Memory <start> Through <end> (BR,TR). 
AX,BX,CX,NX = A,B,C& N Registers of Processor X (BR,M). 
AY,BY,CY,NY = A,B,C&N Registers of Processor Y (BR,M). 
PX = Program Counter, Processor X (BR). 
PY = Program Counter, Processor Y (BR). 
SAX,SBX,SCX,SDX = Stack Registers of Processor X (BR,M). 
SAY,SBY,SCY,SDY = Stack Registers of Processor Y (BR,M). 
STX = All Stack Registers of Processor X (BR). 
STY = All Stack Registers of Processor Y (BR). 
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Table 7-3. Operand Syntax (Continued) 

Operand Description 

<prior> Decimal 0-253; Number of Addresses Traced Prior to < cond >. (See Note 2.) 

<proc> X I V I D Designates Processor X, V, or Dual. 

<reg#> Hexadecimal Digit Specifying RAM Register. 

<start> Decimal 0-253; First Location in Trace Memory Desired. (See Note 2.) 

<value> Hexadecimal O-OFFH. 

Note 1: If using a Dual processor COPS in Dual mode, the maximum value is limited to 252. 

Note 2: Print Options listed with (BR) apply to breakpoint and single·step operations, those listed with (TR) apply to trace operations, and those 
listed with (M) apply to the MODIFV command. 

Note 3: Also applies to breakpoint and single·step (BR) for COP440, COP441, COP442, COP2440. COP2441 and COP2442. 

Note 4: Valid only if STACKMODE is true. Also, for COP440, COP441, COP442, COP2440, COP2441 and COP2442, if not a valid stack entry as 
indicated by the stack pointer reg N, a '?' is printed after the entry. For example, on the COP440, if N ~ 1, SA and SB are printed as SA:023 SB:344. 

Table 7-4. GO Operation Summary 

BRKPT or 
Address TRACE COP 

Given Enabled Status 

No No Reset 

No No Breakpointed 

No No Running 

No 

I 
BRKPT Reset 

No BRKPT Breakpointed 

No BRKPT Running 

No TRACE Reset 

No TRACE Breakpointed 

No TRACE Running 

Ves No Reset 

Ves No Breakpointed 

Ves No Running 

Yes BRKPT Reset 

Ves BRKPT Breakpointed 

Ves BRKPT Running 

Yes TRACE Reset 

Breakpointed 

Running 

Function Performed 

Start chip at addr 000. 

Start chip at BRK addr. 

'"COP ALREADV RUNNING.'" 

Start chip at addr 000, enter breakpoint mode. 

Start chip at BRK addr, enter breakpoint mode. 

Enter breakpoint mode, 

Start chip at addr 000, enter trace mode. 

This is allowed, but the prior count condition specified by the user 
in enabling TRACE may not be fulfilled. 

Enter TRACE mode. 

Breakpoint at 1, start chip at (ADDR). 

Start chip at (ADDR). 

"COP ALREADY RUNNING.'" 

Breakpoint at 1, start chip at <addr>, enter breakpoint mode. 

Start chip at <addr>, enter breakpoint mode. 

BreakpOint immediate, start chip at < addr>, enter breakpoint 
mode. 

BreakpOint at 1, start chip at <addr>, enter trace mode. 

Inls IS allowea, DUIlIlt: ~llUI I,.,UUIIl ..... VIIU .. 'uli .... t-' ........ :;: .... ..::...J : 
in enabling TRACE may not be fulfilled. 

Breakpoint immediately, start chip at <addr>, enter trace mode. 

Note: The function of the GO command depends on the mode that the COPS chip is in whether or not BRKPT or TRACE or TIME is enabled, and whether or 
not <addr> is given. 

The TIME enable flag has the same effects as the TRACE flag, i.e., if TIME is enabled, just substitute TIME for TRACE in the table. 

241 -4 A:001 E:1111 
242 -3 A:002 E:1111 
243 -2 A:003 E:1111 
244 -1 A:004 E:1111 
245 0 A:005 E:1111 
246 1 A:006 E:1111 
247 2 A:007 E:1111 
248 3 A:008 E:1111 
249 4 A:009 E:1111 
250 5 A:OOA E:1111 

I l __ I ____ L--__ External Event lines, EXT4 to EXT1. 
'------- Program Counter value. 

Location relative to <cond> (trace 
condition). 

'----------'---- Location In Trace Buffer. 
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COP2440, COP2441 and COP2442 users: See 'SET 
PROCMODE' command for changes in <cond> with 
the default processor setting. 

Also, when in DUAL mode, both processors are traced, 
and trace memory is restricted to locations a through 
252. Processor X is displayed on the left·hand side of 
the screen, processor Y on the right-hand side. 

If the mode is X·only or Y'only, only that processor is 
traced. 

7.3.27 UNASSEMBLE Command 

Syntax: \!NASSEMBLE {Y IN} 

Gives an opcode and mnemonic for each instruction. 
This command selects the unassemble mode for use 
during trace and list operations. If a LIST is started on 
the second byte of a 2-byte instruction, the unassem
bly will be incorrect until two successive 1-byte 
instructions are encountered. 

(") 
o 
"'D 

"" o o 
"'D 
a 
c. 
c 
(') -c 
~ 
!!!.. 
o 

1:1 
3 
CD 
:::s -!f 
til -CD 
3 
c: 
til 
{p 

""'!.. 
til 

:s: 
I» 
:::s 
C 
I» 
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::::II 
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M ... 

Q) 
U) 
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E 
Q) -~ -c 
Q) 

E 
a. 
o 

~ c -o 
::::II 

"0 e 
c. 

~ c. 
o 
CJ 

File List Program (LIST) 
8.1 Introduction 

The File List program (LIST) provides the user with a 
means of listing any type of file on the system console 
or printer. LIST has several print options available that 
allow setting of page headings, control of page and 
line numbers, etc. Files that are not symbolic are 
listed in hexadecimal and ASCII. 

8.2 Invoking LIST 

To call LIST, the user types in the @ command: 

X>@LlST<filename>[<options>] 

LlST,REV:A 

(Listing now begins.) 

or 

X>@LlST 

LlST,REV:A 

L><filename>[<options>] 

(Listing now begins.) 

where filename is the name of the file to be listed, and 
options are print options described below. Table 8-1 
summarizes all LIST options. Each may be abbreviated 
to the first two characters. The default modifier for the 
filename is SRC. 

Upon completion of all copies of the listing, LIST 
prompts the user for another filename and options. 

8.3 Options 

Options are scanned left to right and are separated 
from the @LlST command and other options by 
spaces. The order is significant to the extent that later 
options may change those previously specified. Other· 
wise, the only other requirement is that the HD option 
must be last (since it is followed by text rather than 
more options). All option names can be abbreviated to 
the first two characters. In the option parameters, n is a 
decimal number and phar is a single ASCII character. 

8.3.1 Device Output Options 

Device Selection Options specify the output device, 
line Width, and spacing between pages. 

Option Description 

(default) Six line feeds between page on output listing. 

Nl n Set number of nulls to be output after a 
carriage return; used for generating paper 
tapes to be read on other systems. 

P or PR Select Printer output and generate form feed 
between pages. 

TTY TTY new page: send form feeds instead of line 
feeds. 

WAIT TTY new page: wait for input character to 
resume. 

Table 8-1. Summary of LIST Options 

Option Meaning 
ASNI File contains ANSI carriage·control character in 

column 1. 
COn Select number of copies to print. 
DBl Double space. 
FO char Set form feed character. 
HDtext Set heading text. 
HEX Print file in unformatted hexlASCl1. 
IN n Indent left margin n spaces. 
U nln Select line range to print. 
lP nln Set number of lines per page. 
NE Suppress page eject after 58 lines. 
NF Suppress formatting (same as combination of 

NE, NH, NP and UN). 
NH Set number of nulls following a carriage return. 
Nl n Suppress page eject when encountering assem· 

bier directive. FORM. 
NP Print line numbers on listing. 
N orNU Select page range to print. 
PA nln Eject .page when encountering assembler 

directive .FORM. 
Por PR Select printer output. 
QU Compress blanks in the output (quick mode). 
TAB Print the tab character. 
TRn Set right margin at n characters and truncate 

characters exceeding the margin. 
TTY Send form feed on· new pages. 
UN Suppress line numbers on listing. 
WAIT Wait for any input character before resuming 

listing on new pages. 
Win Set right margin at n. characters and start new 

line for characters exceeding the margin. 

8.3.2 Text Formatting Options 

Text Formatting Options control the actual text that is 
printed. 

Option Description 

ANSI Treat the first character of the text line as an 
ANSI carriage'control character. The control 
character Is not printed but controls the line 
spacing instead. The control characters are: 

+ = No spacing (overprint) 
- = Tri pie space 
0= Double space 
1 =New page 
Anything else = Single space 

DBl Double space. If used together with the ANSI 
option, the specified spacing is doubled. 

FO char 

HEX 

Nor NU 

QU 

Set form feed character. If this character 
occurs in column 1 of the text line, a new page 
occurs (instead of printing the char,!,cter). 

Print file in unformatted hexadecimal/ASCII. 
Other formatting options will not apply. This 
option is always taken for files other than 
Symbolic or Data files. 

Print line numbers on listing (default for files 
with modifier of" .SRC"). 

Quick Mode: compress blanks in the printout. 
Any sequence of consecutive blanks in a line 
image is printed as a single blank. This option 
will negate any indent that may be set. 
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TAB Print the tab character (09). Otherwise the tab 
is printed as the number of spaces required to 
move to th,e next fixed tab stop (every eight 
columns in the text field). 

UN Do not print line numbers (default for all files 
except for those with a modifier of ... SRC"). 

8.3.3 Line Control Options 

Line Size Options control indentation and margin. 

Option Description 

IN n Indent left margin n spaces (default = 0). 

TR n Set right margin at n characters; any additional 
characters are truncated and not printed. 

WI n Set right margin at n characters; any additional 
characters are folded over onto a new line 
(default = 72). 

Note: the PR Option sets the width to 80, but does not 
change the fold/truncate mode. 

8.3.4 Printing Options 

Print Selection Options determine what part of the 
data is to be printed. 

Option Description 

CO n Select number of copies to print. 

LI nln Select line range to print. May be specified as n 
or n/n; the first number is the first line to be 
printed and the second number is the last line 
to be printed. 

PA nln Select page range to print; action is the same 
as LI option except that the range is by page 
number. 

Both LI and PA may be specified; the action is as 
follows: If either range starts at 1, the starting number 
of the other option determines the first line to be 
listed. The first end specification encountered stops 
the listing. If a single line or page number is specifi'ed, . "- . 
tJlllILlllld l..I~!dIIl"" W'I1H' uu;, ... ~ 1111 ..... VI t' ...... bt .......... " ... '-' ..... "~,, ............ ~ .... 

the end of the file. 
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8.3.5 Page Control Options 

Page/Heading Options control the number of lines on 
a page, page heading, and page printing. 

Option Description 

(default) Lines are counted so that a new page occurs 
after every 58 text lines, thus providing proper 
formatting on 8% x 11" pages. If the file 
modifier is . LST, the NF option is assumed. If 
the file modifier is SRC, the PG option is 
assumed; otherwise NP is assumed. 

HD text Set heading text. The default is the name of the 
file, e.g., LIST. SRC. This must be the last 
option on the calling line since all characters 
following the HD up to the carriage return are 
used for the heading text. 

LP nln Set number of lines per page. The first number 
is the number of text lines on a page; the 
second number is the number of lines on a 
sheet of paper. The default is 58/66, which is 
correct for 8% x 11" pages. It is not necessary 
to specify both numbers if only the number of 
text lines is to be changed. The text will be 
~lltnriu~tir.<=IlIy r.p.ntered vertical Iv on the oaae. 

NE Suppress page eject on counted line; page 
ejects occur only where explicitly determined 
by the text (either form feeds or assembler 
directive. FORM, if being checked). 

NF No formatting (same as NE, NH, NP, and UN). 
This option is the default for files with a 
modifier of ". LST". 

NH Suppress heading at top of page. 

NP Suppress page eject when encountering assem· 
bier directive. FORM 

PG Check for assembler directive. FORM. This 
option is the default for files with a modifier of 
".SRC". 

Example: List on printer ADD. SRC file, no formatting 
except for line number printout: 

X>@)LlST ADD.SRC PR NE NH NP 

o o 
"C 

~ o 
"C ... 
o 
c. 
c 
n -c 
~ 
~ 
o 
"0 
3 
CD 
:::J -
~ 
III -CD 
3 
~ 
VI 

CD ... 
III~ 

s: 
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1i 
::s Cross Reference Program (XREF) c 
ftS :e 
UI 9.1 Introduction 
~ .. 

The Cross Reference program (XREF) is a PDS system where <filename> is the name of the COP assembly CU 
UI program that provides a means for printing a symbol language (SYMBOLIC) file to be cross referenced. If 
;:) 

map of COP assembly language programs. The symbol the filename Is followed by "·PR", the listing will be 
E map shows the name of every symbol in the program, printed on the printer. 
CU the line number where the symbol is defined, and all of - Figure 9-1 shows a typical cross reference listing. UI the line numbers where the symbol is used. 

Ii Local symbols (i.e., those starting with a $ sign) are 

9.2 Invoking XREF listed first. Symbols are listed in alphabetical order. - The numbers listed beside each symbol are the num-C 
CU To call XREF, the user types in the @ command: bers of the lines in which the symbol appears. A "- " 
E X>@XREF<filename> beside a line number indicates that the symbol is 
Q. 

XREF,REV:A 
assigned or otherwise given a value In that line. A"·" 

0 beside a symbol means that the symbol appears in 
'ii (Cross referencing riow begins.) only one line. 
~ or 
Q X< @XREF -U XREF,REV:A ::s 
"C R><filename> e (Cross referencing now begins.) 
D.. 
0 

~ X>@XREF PDS:COPPGM.SRC 
D.. FILE PDS:COPPGM.SRC 
0 $5 653 703-
0 $8 538 557 560-

$DFl 258 287-
$DF2 260 88-
$END 536 563-
$LOOP 533- 552 
$SAVE 418 437 450- 577 592 595-
A 71- 103 104 112 113 133 134 
ADDl 88 326-
ADDSYM 338 392-
AFST 47- 257 525 
B 103 105 112 113 783- 789 790 791 792 793 

795 796 797 798 799 801 803 804 805 809 
820 821 822 824 825 829 830 832 835 837 
843 844 846 847 851 852 854 855 857 861 
863 864 867 872 874 

BEG 154- 170 171 172 173 190 200 204 205 205 
206 206 207 208 

lOT 157- 169 189 189 190 191 191 192 192 193 
193 194 194 

JTAB 81- 312 
L 66- 136 137 137 137 137 138 138 138 138 

139 139 139 139 140 140 140 140 141 141 
144 145 145 145 145 146 146 146 146 147 
147 147 147 148 148 148 148 149 149 

LAST 28- 237 336 391 400 420 652 722 
LBYT 468 472-
LlNCNT 41- 648 708 713 
LINE 39- 233 432 529 532 
MAIN 269 296- 313 
MAXRAM 60- 238 
MESG 51- 253 271 396 446 
MTOP 61- 239 
N 68- 131 131 131 131 132 132 132 133 

133 
SYM 155- 168 170 171 173 175 175 176 176 180 

182 183 187 203 
T 77- 127 
TEMP 43- 368 369 539 545 673 690 
TOVFLW 397 447 451-
X 67- 141 149 
·XREF 1 
XX 104 107 
YY 105 107 
ZRO 19- 466 583 685 
XX 106 107 

Figure 9-1. Typical Cross Reference Listing 
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Mask Transmittal Progran:-- (MASKTR) 
10.1 Use of Mask Transmittal Program 

MASKTR is a PDS system program which is used to 
generate a transmittal file that NSC uses for creating 
the COP chip ROM/OPTIONS mask and the functional 
test type is SYT. 

The transmittal filename will be the same as the LOAD 
Module filename, the modifier will be . TRN, and the 
internal file type is SYT. 

The transmittal file contains: 

1. Name and phone number of the responsible person. 

2. Company name and address. 

3. Date. 

4. Chip Number. 

5. Listing of options showing option number, option 
name and option value. 

" ~()M rl~t~ inr.lllrlin<:, addresses. Unused addresses 
are set to OP CODE zero (0), which is a 
CLRA instruction. 

7. Source, object, and transmittal file checksums. 

To enter any information for the TRANSMITIAL file, 
MASKTR must first be in the TRANSMITIAL command 
(T) or by typing the filename on the end of the 
'@MASKTR' line. 

When MASKTR is in the TRANSMITIAL mode, the user 
is requested to provide the following information: 

1. LOAD MODULE FILENAME. 

2. CHIP NUMBER. 

3. NAME AND PHONE NUMBER OF RESPONSIBLE 
PERSON. 

4. COMPANY NAME AND ADDRESS. 

6. OPTION VALUES. 

MASKTR prompts the user with a description of the 
desired item required by the program, the current value 
of the data.item (as last entered by the user), and then 
asks for the new value from the user. If no change is 
required, a carriage return will leave the value un· 
changed; if a change is requested for the chip number 
or options, the value entered is checked for validity. 
Entering a blank line causes an advance to the next 
item to be entered. 

The items are arranged in a circular order such that 
the user will be prompted for responsible person 
(name/phone), company (name/address), date, chip 
number, options, and then back to responsible person 
in that order. 

Note: A CNTUQ in column 1 causes a return to the 
prompt mode. 

To call MASKTR, type: 

X>@MASKTR 

MASKTR, REV:C, DATE 

T> 

MASKTR is then ready to accept one of the commands 
listed in Table 10-1 and described hereafter. 
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10.2 ABORT Command 

Syntax: ABORT 

Aborts the creation of a transmittal file and returns the 
program to the PROMPT mode. 

Example: 

T>A 

ABORT TRANSMITIAL FILE CREATION 
(Y/N, CR = YES)? CR 

TRANSMITIAL FILE CREATION ABORTED 

T> 

10.3 CHIP Command 

Syntax: .QHIP 

Prompts the user for the chip number. 

Example: 

T>Q 

CHIP NUMBER: 420L 

CHIP NUMBER: 320L 

EXTENDED TEMPERATURE RANGE 
(Y/N, CR = YES)? CR 

Note: The chip number must be specified in the above 
manner if parts with extended temperature range are 
desired. 

10.4 COMPANY Command 

Syntax: COMPANY 

Prompts the user for the company name and address. 
Eight lines are allowed for this entry. 

Example: 

COMPANY NAME AND ADDRESS: 

UNSPECIFIED 

COMPANY NAME AND ADDRESS: 

NATIONAL SEMICONDUCTOR 

2900 SEMICONDUCTOR DRIVE 

SANTA CLARA, CA 95051 

CR 

DATE: UNSPECIFIED 

10.5 DATE Command· 

Syntax: QATE 

Prompts the user for the date. One line is allowed for 
this entry, 

Example: 

T>Q 
DATE: UNSPECIFIED 

DATE: 1 JANUARY, 1979 

CHIP NUMBER: 420 
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10.6 FINISH Command 

Syntax: BNISH 

Finishes the creation of the transmittal file, and writes 
It to the disk. There is a prompt for the disk to be sent 
to NSC to be placed In the drive. Note: The disk must 
be an initialized disk. 

Example: 

T>E 
FINISH CREATION OF TRANSMITTAL FILE 
(Y/N,CR = YES)? CR 

INCOMPLETE OPTION SPECIFICATION 

T> 
Note: The· user must completely define all options 
before the program will allow a transmittal file to be 
written to the disk. 

The FINISH command also checks for conflicting 
CKO-CKI option selections and option selections 
which are Illegal for a bonding option value of 2. 

HELP Command 

Syntax: .!:!ELP 

Lists command summary. 

10.8 LIST Command 

Syntax: 1:IST 

Lists the transmittal file as It will appear on the form 
that will be returned to the customer from NSC for veri· 
flcation and sign·off before a mask will be generated 
from the customer's transmittal disk. 

Note: A 'PR at the end of this command will cause 
the listing to go to the printer. 

Example: 

T> 1: 

This example will list the transmittal file on the 
console in blocks that will fit on the .screen. A CR will 
advance to the next block of data. Any other key 
followed by a CR will return to the PROMPT. A CNTLlQ 
will also return to the PROMPT mode. 

10.9 NAME Command 

Syntax: !:!.AME 

Prompts the user for the name/phone number of the 
person responsible for this program. Two lines are 
allowed for this entry. 

Example: 

T>N 
RESPONSIBLE NAMElPHONE: 

UNSPECIFIED 

RESPONSIBLE NAME/PHONE: 

JOE USER. 

1234567690 

COMPANY NAME/ADDRESS: 

10.10 OPTION Command 

. Syntax: {QPTION [<opt#>ll<opt#>} 

Prompts the user for the valid options for the chip 
specified. If the "0" is omitted the <opt#> must be 
specified. If the "0" is inserted and <opt#> is omitted, 
the program prompts for options from the first option. 

Example: 

T>O 12 

OPTION 12: L3 DRIVER = UNSPECIFIED 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 
02 = HI CURRENT LED SEG OUT 
03= HI CURRENT TRI·STATE 
04 = LOW CURRENT LED SEG OUT 
05 = LOW CURRENT TRI-STATE 

OPTION 12: L3 DRIVER Q1 
OPTION 12: L3 DRIVER = 01 (Y/N, CR = YES)? CR 

OPTION 13: L2 PRIVER=UNSPECIFIED 

10_11 PRINT Command 

Syntax: fRINT 

Prints out the allowable options for the chip specified 
in the command. 

Note: If a • PR Is entered at the end of the line, the' 
options are sent to the printer. 

Example:. 

T> P420 

ABORT TRANSMITTAL FILE CREATION 
(Y/N, CR = YES)? CR 

TRANSMITTAL FILE CREATION ABORTED 
T>P420 

CHIP NUMBER: 420 

OPTION 1: GROUND 

NOT AN OPTION 

OPTION: CKO OUTPUT 

00= CLOCK GEN OUT XTALIRES 
01 = RAM KEEP ALIVE 
02=GENERAL INPUT, VCC LOAD 
03 = MULTICOP SYNC IN 
04= GENERAL INPUT, HI-Z 

This example will print the COP420 options on the con
sole. As In the LIST command, the block of data is 
sent to the screen and a CRwili advance through the 
options. A 'PR will send the options to the printer. The 
print command cannot be used while in the TRANS
MITTAL mode. 
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10_12 TRANSMITTAL Command 

Syntax:.IRANSMITTAL <filename> 

When the TRANSMITTAL command Is Invoked, the 
chip number prompt is given. The LOAD MODULE Is 
read into memory, and the entered chip number is 
checked against the chip number contained in the 
LOAD MODULE (assembled with REV B ASM). If the 
chip numbers do not match, the program aborts the 



TRANSMITTAL command and returns to Prompt. If the 
chip numbers agree, the valid chip number is entered 
into the data table and used to determine which 
options are valid and available. The ROM data and 
option values (if any) from the LOAD MODULE are also 
entered into the data table. 

The TRANSMITTAL command may also be invoked by 
typing the filename on the @MASKTR line. 

Example 

EXEC, REV:A 

X>@MASKTR 

MASKTR,REV:B, DATE 
M>T MASKEX 

DISK WITH LOAD MODULE IN DRIVE 
(Y/N, CR = YES)? CR 

CHIP NUMBER: UNSPECIFIED 
CHIP NUMBER: 421 

CHIP NUMBER: 421 
CHIP NUMBER: CR 

ERROR: PROGRAM ASSEMBLED FOR 420 
M>T MASKEX 

DISK WITH LOAD MODULE IN DRIVE 
(Y/N, CR = YES)? CR 

CHIP NUMBER: UNSPECIFIED 
CHIP NUMBER: 420 

CHIP NUMBER: 420 
CHIP NUMBER: CR 

RESPONSIBLE NAME/PHONE: 
UNSPECIFIED 
RESPONSIBLE NAME/PHONE: 
JOE COPUSER 
(415) 777-6234 

COMPANY NAME/ADDRESS: 
IIN!,;PFr.IFIFn 

COMPANY NAME/ADDRESS: 
NATIONAL SEMICONDUCTOR 
2900 SEMICONDUCTOR DRIVE 
SANTA CLARA, CA 95051 
CR 

DATE: UNSPECIFIED 
DATE: JANUARY 5, 1979 

CHIP NUMBER: 420 
CHIP NUMBER: CR 

OPTION 01: GROUND=OO 

NOT AN OPTION 

OPTION 02: CKO OUTPUT = 02 

00 = CLOCK GEN OUT XTALIRES 
01 = RAM KEEP ALIVE 
02 = GENERAL INPUT, VCC LOAD 
03 = MULTICOP SYNC IN 
04 = GENERAL INPUT, HI-Z 

OPTION 02: CKO OUTPUT CR 

OPTION 03: CKIINPUT=04 

00 = XTALl16 
01 =XTALl8 
02 = TTLl16 
03 = TTLl8 
04= RC/4 
05=OSC=(SCHMITT IN)/4 
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OPTION 03: CKI INPUT CR 

OPTION 04: RESET INPUT=OO 

00= LOAD VCC 
01 = HI·Z 

OPTION 04: RESET INPUT 1 
OPTION 04: RESET INPUT=01 
(Y/N, CR = YES)? CR 

OPTION 05: L7 DRIVER = 02 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 
02 = HI CURRENT LED SEG OUT 
03 = H I CURRENT TRI-STATE 

OPTION 05: L7 DRIVER CR 

OPTION 06: L6 DRIVER = 02 

00 = STAN DARD OUTPUT 
01 = OPEN DRAIN 
02 = HI CURRENT LED SEG OUT 
03 = HI CURRENT TRI·STATE 

OPTION 06: L6 DRIVER CR 

OPTION 07: L5 DRIVER = 02 

00 = STANDARD OUTPUT 
01 =OPEN DRAIN 
02 = HI CURRENT LED SEG OUT 
03 = HI CURRENT TRI-STATE 

OPTION 07: L5 DRIVER CR 

OPTION 08: L4 DRIVER = 02 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 
02 = HI CURRENT LED SEG OUT 
03 = HI CURRENT TRI-STATE 

OPTION 08: L4 DRIVER CR 

OPTION 09: IN 1INPUT=00 

OO=TTL LOAD 
U I = I I L nl-L 

OPTION 09: IN 1 INPUT CR 

OPTION 10: IN 2INPUT=00 

OO=TTL LOAD 
01 =TTL HI-Z 

OPTION 10: IN 2 INPUT CR 

OPTION 11: VCC=OO 

NOT AN OPTION 

OPTION 12: L3 DRIVER=02 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 
02 = HI CURRENT LED SEG OUT 
03 = HI CURRENT TRI-STATE 

OPTION 12: L3 DRIVER CR 

OPTION 13: L2 DRIVER = 02 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 
02 = HI CURRENT LED SEG OUT 
03 = HI CURRENT TRI-STATE 

OPTION 13: L2 DRIVER CR 
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OPTION 14: L 1 DRIVER = 02 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 
02= HI CURRENT LED SEG OUT 
03 = HI CURRENT TRI-STATE 

OPTION 14: L 1 DRIVER CR 

OPTION 15: LO DRIVER = 02 

00 = STANDARD OUTPUT 
01 = OPEN DRAI N . 
02 = HI CURRENT LED SEG OUT 
03 = HI CURRENT TRI-STATE 

OPTION 15: LO DRIVER CR 

OPTION 16: SIINPUT=OO 

00= LOAD VCC 
01 = HI-Z 

OPTION 16: SIINPUT CR 

OPTION 17: SO DRIVER=02 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 
02 = PUSHIPULL 

OPTION 17: SO DRIVER CR 

OPTION 18: SK DRIVER=02 

00= STANDARD OUTPUT 
02 = OPEN DRAIN 
03= PUSHIPULL 

OPTION 18: SK DRIVER CR 

OPTION 19: IN 0 INPUT=OO 

00 = TTL LOAD 
01 = TTL HI-Z 

OPTION 19: IN 0 INPUT CR 

OPTION 20: IN 3INPUT=00 

00 = TTL LOAD 
01 = TTL HI-Z 

OPTION 20: IN 3 INPUT CR 

OPTION 21: GO 110 PORT=OO 

00= STANDARD OUTPUT 
01 = OPEN DRAIN 
02= STANDARD OUTPUT SMALL DRIVER 
03 = OPEN DRAIN SMALL DRIVER 

OPTION 21: GO 110 PORT CR 

OPTION 22: G1110 PORT = 00 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 
02 = STANDARD OUTPUT SMALL DRIVER 
03=OPEN DRAIN SMALL DRIVER 

OPTION 22: G1 110 PORT CR 

OPTION 23: G2 110 PORT = 00 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 
02 = STANDARD OUTPUT SMALL DRIVER 
03=OPEN DRAIN SMALL DRIVER 

OPTION 23: G2 110 PORT CR 
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OPTION 24: G3110 PORT=OO 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 
02 = STANDARD OUTPUT SMALL DRIVER 
03 = OPEN DRAIN SMALL DRIVER 

OPTION 24: G3 110 PORT CR 

OPTION 25: D3 OUTPUT = 00 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 

OPTION 25: D3 OUTPUT CR 

OPTION 26: D2 OUTPUT = 00 

00 = STANDARD OUTPUT 
01 =OPEN DRAIN 

OPTION 26: D2 OUTPUT CR 

OPTION 27: D1 OUTPUT = 00 

00 = STANDARD OUTPUT 
01 =OPEN DRAIN 

OPTION 27: D1 OUTPUT CR 

OPT!ON 28: DO OUTPUT = 00 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 

OPTION 28: DO OUTPUT CR 

OPTION 29: COP FUNCTION = 00 

00= NORMAL 
01 = MICROBUS 

OPTION 29: COP FUNCTION CR 

OPTION 30: COP BONDING = UNSPECIFIED 

00 = 28 PIN PACKAGE 
01 = 24 AND 28 PIN PACKAGES 

OPTION 30: COP BONDING 2 

OPTION 30: COP BONDING = 02 
(YIN, CR = YES)? CR 

OPTION 31: IN INPUT LEVEL CR 

00 = STANDARD OUTPUT 
01 = HIGH TRIP POINT 

OPTION 31: IN INPUT LEVEL CR 

OPTION 32: G INPUT LEVEL = UNSPECIFIED 
00 = STANDARD OUTPUT 
01 = HIGH TRIP POINT 

OPTION 32: G INPUT LEVEL 1 
OPTION 32: G INPUT LEVEL = 01 
(YIN, CR = YES)? CR . 

OPTION 33: L INPUT LEVEL= UNSPECIFIED 

00 = STANDARD OUTPUT 
01 = HIGH TRIP POINT 

OPTION 33: L INPUT LEVELl. 

OPTION 33: L INPUT LEVEL=01 
(YIN, CR = YES)? CR 

OPTION 34: CKO INPUT LEVEL=l,INSPECIFIED 

00 = STANDARD TTL 
01 = HIGH TRIP POINT· 

OPTION 34: CKO INPUT LEVEL 0 

OPTION 34: CKO INPUT LEVEL=OO 
(YIN, CR = YES)? CR 



OPTION 35: SI INPUT LEVEL= UNSPECIFIED 

00 = STANDARD TTL 

OPTION VALUE 
01: GROUND =00 

01 = HIGH TRIP POINT 

OPTION 35: SIINPUT LEVELQ. 

OPTION 35: SIINPUT LEVEL=OO 
(Y/N, CR ='YES)? CR 

RESPONSIBLE NAME/PHONE: 

JOE COPUSER 
(415)777 -6234 

RESPONSIBLE NAME/PHONE: CR 

COMPANY NAME/ADDRESS: 

NATIONAL SEMICONDUCTOR 
2900 SEMICONDUCTOR DRIVE 
SANTA CLARA, CA 95051 
USA 

COMPANY NAME/ADDRESS: CNTLlQ 

# 
M>L 

PDS TRANSMITTAL FILE 

RESPONSIBLE NAME/PHONE: 

JOE COPUSER 
(415) 777-6234 

COMPANY NAME/ADDRESS: 

NATIONAL SEMICONDUCTOR 
2900 SEMICONDUCTOR DRIVE' 
SANTA CLARA, CA 95051 
USA 

DATE: JANUARY 5,1979 

FILE NUMBER: B8A7 62AO 102B 

CHIP NUMBER: 420 

02: CKO OUTPUT = 02 
03: CKIINPUT =04 
04: RESETINPUT = 01 
05: L7 DRIVER = 02 
06: L6 DRIVER = 02 
07: L5 DRIVER = 02 
08: L4 DRIVER = 02 
09: IN 1 INPUT = 00 
10: IN 21NPUT = 00 
11: VCC =00 
12: L3 DRIVER = 02 
13: L2 DRIVER = 02 
14: L 1 DRIVER = 02 
15: LO DRIVER = 02 
16: SIINPUT =00 
17: SODRIVER =02 
18: SK DRIVER = 02 

Table 10-1. MASKTR Command Summary 

Command Syntax Description 

ABORT A Abort transmittal fi Ie creation. 

CHIP C Enter chip number. 

COMPANY CO Enter company name/address. 

DATE D Enter date. 

FINISH F Finish transmittal file creation. 

HELP H List command summary. 

LIST L List transmittal file. 

NAME N Enter responsible person name/phone. 

OPTION {O[<opt#>ll<opt#> } Enter chip options. 

PRINT P <chip#> Print available options for chip. 

TRANSMITTAL T<filename> Begin creation of transmittal file. 

OPTION VALUE 
19: IN 0 INPUT = 00 
20: IN31NPUT =00 
21: GOI/OPORT =00 
22: G11/0PORT =00 
23: G21/0 PORT = 00 
24: G31/0 PORT = 00 
25: D3 OUTPUT = 00 
26: D2 OUTPUT = 00 
27: D1 OUTPUT = 00 
28: DO OUTPUT = 00 
29: COP FUNCTION = 00 
30: COP BONDING = 02 
31: IN INPUT LEVEL =00 
32: GINPUTLEVEL =01 
33: LINPUTLEVEL =01 
34: CKO INPUT LEVEL = 00 
35: SIINPUTLEVEL =00 

Section 

10.2 

10.3 

10.4 

10.5 

10.6 

10.7 

10.8 

10.9 

10.10 

10.11 

10.12 

Where: <opt#> Number of valid options for current chip number. "0" may be left off of 
command call of <opt#> is used. This number causes entry mode to be 
entered at the specified option number. If "0" alone is used, entry is at the 
beginning of the option list. 

<chip#> Valid chip number and letter. 

<filename> = Standard PDS filename. 
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000 00 
010 7F 
020 51 
030 00 
040 33 
050 2C 
060 2C 
070 52 
060 15 
090 48 
OAO 33 
OBO 3F 
OCO 30 
000 00 
OEO 00 

100 43 
110 01 
120 00 
130 4A 
140 5F 
150 F3 
160 00 
170 31 
160 lE 
190 33 
lAO 4F 
lBO 3E 
lCO 6B 
100 51 
lEO 5F 
lFO 3C 

200 30 
210 00 
220 00 
230 00 
240 00 
250 00 
260 00 
270 00 
280 33 
290 16 
2AO 5A 
2BO 3E 
2CO 00 
200 2B 
2EO 33 
2FO 00 

300 OA 
310 43 
320 F5 
330 33 
340 33 
350 DO 
360 E6 
370 00 
360 00 
390 00 
3AO 00 
3BO 00 
3CO 9F 
300 08 
3EO BO 
3FO 00 

SOURCE CHECKSUM 62AO 

OBJECT CHECKSUM 102B 

TRANSMIT CHECKSUM B8A7 

M> E! 

33: 
33 
5E 
00 
B8 
05 
05 
55 
23 
OE 
2A 
04 
4A 
00 
00 

01 
23 
CA 
48 
F7 
3F 
00 
00 
15 
3C 
OE 
35 
40 
DE 
E8 
32 

31 
70 
41 
5A 
21 
70 
41 
5A 
Al 
73 
FO 
05 
00 
11 
A8 
00 

00 
4C 
33 
91 
01 
15 
73 
00 
00 
00 
00 
00 
5F 
2E 
23 
00 

5E 33 
B8 7F 
49 48 
00 00 
15 5F 
5F 00 
52 5F 
21 CA 
B9 05 
68 80 
40 06 
04 04 
07 00 
00 00 
00 00 

4B 03 
21 03 
08 4B 
OA 4A 
8F 39 
F3 ED 
20 FF 
51 41 
54 BF 
33 5F 
05 3E 
AB 50 
33 5E 
23 3D 
2E 05 
21 . 22 

32 33 
51 57 
53 44 
58 43 
22 23 
51 57 
53 44 
58 43 
05 5F 
35 4E 
07 BO 
50 48 
07 C2 
32 03 
33 2C 
00 00 

OF 13 
DO 29 
B8 05 
80 6A 
48 33 
23 B8 
29 25 
00 00 
00 00 
00 00 
00 00 
00 00 
C6 51 
70 3A 
38 BO 
00 00 

FINISH CREATION OF TRANSMlnAL FILE 
(YJN, CR = YES)? CR 

DISK TO BE.MAILED IN DRIVE 
(YIN, CR = YES)? CR 

CREATING FILE JOEUSER:MASKEX.TRN 
M> 

6C 
2E 
00 
00 
CC 
26 
48 
3A 
23 
10 
4C 
04 
56 
00 
00 

4B 
49 
4B 
48 
OF 
01 
ED 
60 
33 
IF 
4F 
05 
3E 
2B 
5E 

·68 

34 
45 
46 
56 
24 
45 
46 
56 
C7 
58 
5E 
33 
OF. 
06 
16 
00 

18 
35 
5E 
CO 
68 
05 
50 
00 
00 
00 
00 
00 
68 
03 
3A 
00 

ROM VALUES 

2E 80 3E 80 91 3A 70 3E 70 33 A8 
70 61 80 00 01 51 11 51 03 51 13 
00 00 00 00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 00 00 00 
5F OA 5B 68 60 63 C6 00 58 21 Fl 
50 00 16 72 CA 00 58 21 EF 91 CA 
06 25 50 23 28 16 23 38 08 48 00 
46 CA 00 00 00 00 00 00 00 00 00 
A9 48 05 23 B9 05 04 83 00 07 80 
00 52 07 95 lE 70 70 2C 70 48 3C 
32 4F 5F 40 C8 05 51 51 5F AB 48 
04 04 04 C7 OE 33 3E 48 22 00 56 
30 4A 08 05 48 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 00 00 00 

03 01 03 00 4B 4B 30 02 14 24 03 
02 90 AO B4 54 93 02 24 01 AO 02 
08 3B 10 30 84 FC 48 60 00 C2 90 
42 42 48 4A 4A CE 88 10 02 04 41 
79 71 BO F6 09 11 70 38 36 36 3F 
3E 30 36 00 00 09 31 00 OE 00 08 
ED, 58 00 00 00 co co 00 co 00 00 
61 71 01 71 61 01 00 60 C8 40 ,83 
2C 16 06 OF BF 33 2C 16 08 38 15 
22 05' B9 4F 44 OF 05 4F 44 lE 05 
35 50 32 4F 41 ED 6A 80 BA 33 5F 
23 8F 15 23 80 05 lE 06 43 42 9F 
05 52 DO 23 3D 2A 17 05 5C DB 07 
68 B8 A9 A9 32 F4 6B 40 FB 23 3D 
E9 63 CO A9 20 05 3E 21 08 3D 05 
18 32 2E 00 30 06 3E AA 06 61 80 

ROM VALUES 

35 
52 
47 
42 
25 
52 
47 
42 
06 
CF 
ED 
A7 
06 
13 
08 
00 

2B 
50 
06 
33 
39 
23 
C9 
00 
00 
00 
00 
00 
18 
C6 
01 
00 

36 
54 
48 
4E 
26 
54 
48 
5E 
FO 
2F 
33 
01 
10 
54 
20 
00 

38 
60 
28 
6C 
13 
A8 
72 
00 
00 
00 
00 
00 
61 
6A 
60 
00 

37 38 39 30 2A 20 00 00 FF 
59 55 40 4F 50 OA 00 00 00 
4A 4B 4C 3B 7F 00 00 00 00 
40 2C 2E 2F 20 08 00 00 00 
27 28 29 40 3A 3D 00 00 00 
59 55 49 5F 40 OA 00 00 00 
4A 5B 5C 2B 7F 00 00 00 00 
50 3C 3E 3F 20 08 00 00 00 
07 C2 3A 11 CD 06 33 A2 25 
70 7A 33 A7 BO 5A F4 07 BO 
A3 05 5C ED 07 70 2F 7C 77 
CO FO 00 00 00 00 00 00 00 
00 52 07 C9 IF 06 48 22 00 
3D 13 53 03 52 11 51 20 BF 
42 48 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 00 

3A 35 35 33 B8 06 2A OF 29 
F5 3B 05 5E E6 06 05 50 87 
7F 38 7F F5 2C 05 5F El 06 
48 91 E6 29 15 70 08 63 OA 
OF 29 33 2C 16 06 39 05 56 
68 60 39 76 63 26 00 FF 01 
29 43 40 05 50 33 2C 07 CC 
00 00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 00 
FB B9 3E 05 20 06 3C 05 3D 
CE 3B 13 E9 05 52 06 23 .28 
40 C6 3F 4B E4 00 00 00 00 
00 00 00 00 00 00 00 00 00 

The disk Is now ready to be sent to: 

National Semiconductor Corp. 
2900 Semiconductor Drive 
Santa Clara, CA 95051 

AnN: 
COP Control Customer Service 
DISK/DISK/DISK/DISK/DISK/DISK 

Note: A mailing package, which includes a label with 
this Information, Is available from: 

COPS Marketing, MS C2385 
National Semiconductor Corp. 
2900 Semiconductor Drive 
Santa Clara, CA 95051 
Phone: (408) 737-5883 
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Memory Diagnostic 
11.1 Use of Memory Diagnostic (MDIAG) 

MDIAG allows the user to run diagnostics on the PDS 
memory. This program will run ADDRESS, BIT, WORD, 
and GALPAT tests. The program will test the area in 
which it resides by moving the entire program just 
before the tests are run on that section of memory. 
After the tests are run on that section of memory, the 
program is restored to its original location. 

All reports of errors or passes are sent to the console 
unless the· PR is invoked, in which case all reports 
will be routed to the printer (i.e., overnight runs). 

11.1.1 ADDRESS Test 

In the ADDRESS test, the address of each memory loca
tion in the test range is stored in that memory location. 
Each location is then checked for the proper value. 
This test checks the addressing capability of the PDS 
CPU and MEMORY boards. 

11.1.2 WORD Test 

In the WORD test, a value is stored in successive 
memory locations. As each value is stored, that mem
ory location is checked for the proper value. The value 
is then complemented, stored again, and the location 
is rechecked. Finally, the value is recomplemented, 
stored again, and the location is rechecked once 
again. Then the next memory location is tested in the 
same manner, until the end of the test range is 
reached. Then the entire test is repeated for a total of 
two passes. This test checks whether memory words 
within the test range can save the given values and 
their complements. 

11.1.3 BIT Test 

In the BIT test, each bit of each word in the test range 
:_ '&' __ "'_-':_ .o.L-_ _____ ___ _ •• •• ----

• _ • __ ._ .................................... 11 ......... .., III 'H,"" YVVI""1Lo1 ~I;:'~L 

above. This test is identical to the WORD test except 
that a single "1"-BIT MASK is used for memory store 
and compare operations, and this mask is changed 
(after completing testing of the bit) to the next bit of 
the word. When all bits of one word are exhausted, the 
test advances to the next word of the test range. 

11.1.4 GALPAT Test 

In the GALPAT test, a background word (X'AAAA) is 
stored in each memory location in the test range. Each 
location in the test range is then checked for the 
proper value. Next, a test word (X'5555) is stored in the 
first memory location of the test range. All the back
ground locations are tested sequentially, with the test 
location being tested between each sequential back
ground location. 

Then, the location where the test word was loaded is 
restored to the background word, and the test word is 
moved to the next location following the one it was 
stored in previously. All locations in the test range are 
checked again, in the same manner. This process con
tinues until the test word has been stored once in 
every location of the test range. This completes PASS 1. 

Then, the background word and the test word are 
swapped (background = X'5555, test word = X' AAAA) 
and the entire test is repeated for PASS 2. This test 
checks for "crosstalk" between memory locations. 
Note that the test time is proportional to the square of 
the range to be tested. Testing a 2k range takes about 
four times as long as testing a 1 k range. 

The diagnostics are broKen into ADDRESS/WORD/BIT 
tests on 0/4k, 4/16k, AOOO/AFFF, and DCOOIDFFF. The 
GALPAT tests are broken into 1 k increments. The 
parameter routine prompts for all required inputs: 
addresses to be tested, tests to be run, and the mode 
in which the tests are to be run. The tests allowed are 
ADDRESS (A), WORD (W), BIT (B), GALPAT (G), or ALL 
(CR). 
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The modes allowed are CONTINUOUS (C) and HALT (H). 

The CONTINUOUS (C) MODE continues testing until 
interrupted by a keyboard entry. If an error is encoun
tered, the error is reported and the next block of mem
ory is then tested. If no errors occur, then the block 
tested is reported and the next block is tested. 

The HALT(H) MODE tests the memory until there is an 
error, in which case the error is reported and the test is 
terminated, or until the entire requested test range is 
tested, in which case the addresses are reported and 
the test halts. 

To call MDIAG, type: 

X>@MDIAG 

MDIAG, REV A:, DATE 

M> 

MDIAG is then readv to accent on" of th" r.nmm"nrl" 

described below . 

The commands accepted by this program are: 

PARAMETER - This command gets all the param
eters required to run this program. The user is 
prompted for the type of input required and illegal 
responses are rejected. 

RUN: This command runs the test as specified by the 
input to the PARAMETER command. 

Examples: 

M>PA 

ADDRESS RANGE O/3FFF, AOOO/AFFF, DCOO/DFFF 
MAY BE SPECIFIED O/AFFF OR 100/FFFF ETC. 

ADDRESS RANGE TO BE TESTED? (CR = ALL) 
O/3FFF 

TESTS? (CR = YES) A, B, W 

MODE FOR RUNNING TESTS, C = CONTINUOUS, 
H= HALT 

MODE (CR = H) g 
M>RUN 

ADDRESS, WORD, BIT TEST(S) PASSED AT 1000/3FFF 
ADDRESS, WORD, BIT TEST(S) PASSED AT OOOOIOFFF 
ADDRESS, WORD, BIT TEST(S) PASSED AT 1000/3FFF 
ADDRESS, WORD, BIT TEST(S) PASSED AT OOOOIOFFF 
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CONTINUE TEST (YIN, CR = YES)? CR 
(keyboard Interrupt) -

ADDRESS, WORD, BIT TEST(S) PASSED AT 1000/3FFF 
CONTINUE TEST (YIN, CR = YES)?!,:! 

M> 

This example ran the ADDRESS, WORD, and BIT tests 
on the system program memory space. 

M>PA 

ADDRESS RANGES 0/3FFF, AOOO/AFFF, DCOOIDFFF 
MAY BE SPECIFIED O/AFFF OR 100/FFFF ETC. 

ADDRESS RANGE TO BE TESTED? (CR = ALL) 
AOOO/A080 

TEST TO BE RUN 
A = ADDRESS, B = BIT, W = WORD, G = GALPAT 

TESTS? (CR = ALL) CR 

MODE FOR RUNNING TESTS, C = CONTINUOUS, 
H=HALT 

MODE? (CR = H) 9 
M>RU 

ADDRESS, WORD, BIT TEST(S) PASSED AT AOOO/A080 
GALPAT BACKGROUND ERROR TEST FAILED AT 
A010 
DATA SHOULD BE AAAA/DATA IS AAEA 
ADDRESS, WORD, BIT TEST(S) PASSED AT AOOO/A080 
CONTINUE TEST (YIN, CR = YES)? .!':! 
M> ' 

This example runs all tests on addresses AOOO/A080 
reporting pass/fail information until a keyboard inter
rupt. (NOTE: A KEYBOARD INTERRUPT IS ONLY TEST
ED DURING A MESSAGE OUTPUT.) 
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COP400 PDS PROM Programmer (PROG) 
12.1 Introduction 

PROG operates the PROM programmer located in the 
center of the PDS front panel. PROG programs 
MM2716,MM2732, MM2724 and MM2758 EPROMs. 

The PROG program, using a COP Load Module, pro· 
grams the EPROMs. The PROM is used on an emulator 
board with a COP400 ROM less device. PROG uses 
PDS Shared Memory as the data buffer. When the 
COP400 program has been developed using COPMON, 
and is in shared memory, it can be saved on a PROM 
by using PROG. 

Shared Memory is divided into blocks, corresponding 
to the size of the PROM. For example, if 1 k PROMs are 
used, there are four blocks of 1 k each. 

Block 0 is 0 -X'3FF of shared memory. 

Block 1 is 400 - 7FF of shared memory. 

Block 2 is 800 - BFF of shared memory. 

Block 3 is COO - FFF of shared memory. 

The block operand in the Program, Dump and Compare 
commands specifies which part of shared memory 
to use. 

Tables 12-1 and 12-2 contain a command and operand 
summary, respectively. 

12.2 ALTER Data Buffer Command 

Syntax: ALTER [<addr>J,[<value>] ... 

Changes the contents of consecutive data buffer loca· 
tions to the specified hexadecimal values beginning at 
the specified address. Consecutive commas will incre· 
ment the current address pointer, leaving the data at 
these locations unaltered. 

ExamDle: 

P>A 10,60,,44 
Place 60 in location 10 and leave 11 unchanged, 
and place 44 in location 12. 

12.3 BASE Command 

Syntax: BASE 

Displays the base address used in the last LOAD 
command. 

Example: 

P>BA 

CURRENT LOAD BASE = 1000 

12.4 CHIP Command 

Syntax: CHIP [<chip#>] 

Displays and changes the PROM that the system is 
configured for dumping and programming. The user 
enters the number of the PROM to be programmed 
(see Table 12-1). If no number is specified, the current 
number is displayed. 

Example: 

P>CH 32 

Sets up programmer for MM2732's. 

12.5 COMPARE Command 

Syntax: COMPARE [<block#>] 

Compares the contents of the data buffer block with 
the contents of the PROM. Default block is O. 

Example: 

P>CO 

COMPARE DONE 

12.6 DEPOSIT Command 

Syntax: DEPOSIT<value>[,<addr range>] 

~o.~_ies t.h~_S?_ec~~El~ ~~~~~ t.?~~_c_h !~~~.ti,~?_ s~e_c!.fied 

location in the buffer. 

Table 12-1. 'PROM Programmer Command Summary 

Command Syntax Description Section 

ALTER A [<addr>],[<value>] ... Alter data in buffer location specified. 12.2 

BASE BA Display base address. 12.3 

CHIP CH [<chip#>] Display/change PROM chip number. 12.4 

COMPARE CO [<block#>] Compare buffer to PROM. 12.5 

DEPOSIT DE <value>[,<addr range>] Copies specified value to buffer. 12.6 

DUMP DU [<block#>] Dumps PROM contents into buffer. 12.7 

ERASE E [YIN] Verifies whether the PROM is erased or not. 12.8 

HELP H Displays command summary. 12.9 

LIST L [<addr>] Lists contents of specified location. 12.10 

LOAD <filename>[. LMJ[<base addr>] Loads file from diskette into buffer. 12.11 

PROGRAM [< block#> J[, < addr>] Programs the PROM with specified buffer. 12.12 
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Example: 

P>DE FF, O/FF 

Copies X'OFF in to the buffer location 0 to FF. 

12.7 DUMP Command 

Syntax: DUMP [<block#» 

Dumps the PROM into the buffer block specified. 
Default is block O. 

Example: 

P>DU 

12.8 ERASE Command 

Syntax: gRASE [Y IN) 

Verifies that the EPROM is erased before program
ming. Default is report status of erase flag. 

Example: 

P>E N 

DO NOT CHECK FOR ERASED BEFORE 
PROGRAMMING 

12.9 HELP Command 

Syntax: !:!ELP 

Prints out the command summary. 

Example: 

P>.!:! 
ALTER (A) [<ADDRESS»,<VALUE>[,<VALUE» 
BASE (BA) 
CHIP (CH)<CHIP#> 

WHERE CHIP#:: = 16/58A/58B/32/24A/24B 
COMPARE (C) [<BLOCK#» 
DEPOSIT (DE)<VALUE>[,<RANGE» 
DUMP (D) [<BLOCK#» 
ERASE (E) [<YIN» 
HELP (H) 
LIST (L) [<RANGE» 
LOAD (LO)<FILENAME>[BASE ADDRESS) 
PROGRAM (P) [<BLOCK#>)[,PROGRAM RANGE) 

12.10 LIST Command 

Syntax: 1:IST [<addr» 

Hex lists (hexadecimal) the contents of each location 
in the specified address range. Default is current 
address. 

Example: 

P>L 0/5 

000 00 44 60 33 51 OF 

12.11 LOAD Command 

Syntax: LOAD < fi lename> [ . LM) [< base address» 

Loads file from disk into buffer area. The base address 
option has been implemented to enable users to deal 
with programs larger than 4k bytes. A 4k byte segment 
of the program, starting at <base address>, is loaded 
into shared memory. 

For example, if the program MYPROG occupies abso
lute addresses X'3000 to X'4BFF then the command 
LO MYPROG, 3100 will load the segment of the pro
gram from X'3100 to X'OFF Into locations 0 through 
X'FF of shared memory. 

Example: 

P>LO MYFILE 

FINISHED LOADING 

12.12 PROGRAM Command 

Syntax: fROGRAM< block#>)[, < addr» 

Programs the PROM from the buffer clock specified, de
fault Is block O. The range option allows the user to pro
gram single bytes or a range of bytes within the PROM. 

Example: 

P>P 
INSERT 2716, PROGRAM (YIN, CR = YES)? CR 
PROGRAMMING 
VERIFYING 
CKSM=0123 

Sample Program Session: 
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X>@PROG 

PROG, REV:A,MAY 21 1981 

ALTER (A) [<ADDRESS»,<VALUE>[,<VALUE» 
BASE (BA) 
CHIP (CH) <CHIP#> 

WHERE CHIP#:: = 16/58A/58B/32/24A/24B 
COMPARE (C) [<BLOCK#» 
DEPOSIT (DE)<VALUE>[,<RANGE» 
DUMP (D) [<BLOCK#» 
ERASE (E) [<YIN» 
HELP (H) 
LIST (L) [<RANGE» 
LOAD (LO)<FILENAME>[BASE ADDRESS) 
PROGRAM (P) [< BLOCK#» [,PROGRAM RANGE) 
P>LO MYFILE 

FINISHED LOADING 

P>CH 16 

P>E , 
INSERT 2716, PROGRAM (YIN, CR = YES)? CR 

PROGRAMMING 
VERIFYING 
CKSM=4FBD 

P> 



Operand 

<addr> 

<addr range> 

<base address> 

<block#> 

<chip#> 

<filename> 

N 

Y 

<value> 

Table 12-2. Summary of PROG Operands 

Description 

One to three hexadecimal digits. O-OFF. 

P-Address prior to current address 
. -Current address 
N - Next address after current address 
L- Last address in buffer 

< addr> [/< addr> 1 

One to four hexadecimal digits. O-OFFFF. 

This depends on the chip specified. 
MM2716: 0-1 
MM2758: 0-3 
MM2732: 0 
MM2724: 0-1 

This depends on the chip specified. 
MM2716: 16 

---
IVIIVIL(OOA: OOA 

MM2758B: 58B 
MM2732: 32 
MM2724A: 24A 
MM2724B: 24B 

Valid name of COP400 LM file. 

NO - Do not check for erase before programming. 

YES-Check for erase before programming. 

Hexadecimal number in the range O-FF. 
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Appendix A 
Sample Program 

This appendix describes the creation, assembly, and debugging of a COP program on the COP400 Product 
Development System. 

The user can enter a COP program using EDIT. The program to be created here will read a number from the COP420 
I lines and add 5. The carry will be ignored. The result will be output on the D outputs, and the decoded 7-segment 
equivalent will appear on the L outputs. A 50% duty cycle square wave will appear on the SK output. The pulse 
width will increase with the magnitude of the above addition. As the user changes the data on the I inputs, there 
should be corresponding changes on the other outputs. These outputs may be examined and verified on an oscillo· 
scope. TM probes may be attached directly to the proper pins on the COP output cable from the emulator card. The 
program is called COPEX. 

F> @EDIT COPEX 

EDIT,REV:B 

CREATE NEW FILE (YIN, CR = YES)? CR 

AVAILABLE SECTORS: 496 

E>l 
1? 
2? 
3? 
4? START: 
5? 
6? 
7? 
8? 

8? CR 
E>I TO 7 

. TITLE COPEX, 'COP EXAMPLE' 
CLRA 
LEI 5 ;Q TO L, C TO SK ON XAS 

ININ 
AISC5 
OBD 
LB# 

;READ 10-13 TO A 
;ADD5 
;ouTPUT A TO DO-D3 
(ABORTED LINE TO INSERT A NOP AFTER THE AISC) 

7? NOP 

E>J.. 
8? CR 

9? 
10? 
11? 
12? 
13? 
14? 
15? 
16? 
17? 
18? 
19? 
20? 
21? 
22? 
23? 
24? 
25? 
26? 
27? 
28? 
29? 
30? 
31? 
32? 
33? 
34? 
35? 
36? 
37? 
38? 
39? 

LBIO 
-X-

CLRA 
AISC4 
LQID 
RC 
XAS 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
COMP 
AISC 1 
JP . -1 
SC 
XAS 
1]) 
COMP 
AISC 1 
.JP . -1 
JP START 

;SAVE ENTERED VALUE +5 IN 
;MO 
;sET UP FOR 
;LQID ON PAGE 1 
;PERFORM SEGMENT LOOKUP 

;OUTPUT 0 TO SK 

;DELAY FOR 50% DUTY CYCLE 

;MAKE DELAY PROPORTIONAL 
;TO VALUE +5 

;OUTPUT 1 TO SK 
;GET ENTERED VALUE +5 
;DELAY PROPORTIONAL TO 
;ENTERED VALUE +5 
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E>FI 

40? 
41? 
42? 
43? 
44? 
45? CR 

.PAGE 1 
~03F,006,05B,04F,066,06D,07D 
. WORD 007,07F,067;0-9 
. WORD 077,07C,039,05E,079,071 ;A-F 
.END 
(EXIT INPUT MODE) 

FINISH CURRENT EDIT (YIN, CR = YES)? CR 

The user may verify the new program on the disk by displaying the directory with FM. 

E>@FM 

FM,REV:B 

F>Q 
DIRECTORY FOR: PDSUSER "PDS USER" 

FN D NAME TYPE 
1 EDIT . MP MAIN PROGRAM 
2 ASM . MP MAIN PROGRAM 
3 COPMON. MP MAIN PROGRAM 
.1 

5 
6 

FM 
DIKIT 
COPEX 

SECTORS BAD: 0 
SECTORS USED: 124 
SECTORS FREE: 492 

MP MAIN PROGRAM 

. MP MAIN PROGRAM 

.SRC SYMBOLIC 

SIZE PL VN 
20 2 3 
32 2 3 
32 2 3 
111 ? :l 
12 2 3 
4 2 3 

The user may not assemble the COP program, displaying the assembly errors on the con_sole. 

F>@ASM 

ASM,REV:C 

A>I = COPEX,O = COPEX,L = 'CN,EL 

CREATING FILE PDSUSER:COPEX. LM 

END PASS 1 

COP CROSS ASSEMBLER PAGE 1 
COPEX COP EXAMPLE 

13 000 00 LQUID 
ERROR UNDEFINED @ 

1 ERROR LINES 
56 ROM WORDS USED 

END PASS 4 

SOURCE CH ECKSUM = E88F 
OBJECT CHECKSUM = 0276 
INPUT FILE PDSUSER:COPEX.SRC 
OBJ ECT FI LE PDSUSER:COPEX. LM 
A> 

;PERFORM SEGMENT LOOKUP 

The above assembly error ("LQUID" should be "LQID") can be edited with EDIT. 

A> @EDIT COPEX 

EDIT,REV:B 

AVAILABLE SECTORS: 488· 

INPUT FILE SECTORS: 4 

E>RE 

EOF AT 44 

E>10/L 
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10 
11 
12 
13 
14 
15 
16 
17 

E> 

X 
CLRA 
AISC 
LaUID 
RC 
XAS 
NOP 

4 
;SET UP A FOR LaiD ON 
;PAGE 1 
;PERFORM SEGMENT LOOKUP 

;OUTPUT 0 TO SK 

The listing was interrupted by the user pressing a key when the error was located. The "LaUID" is replaced by a 
"LaID." 

E>E 13 
13 

EDITS? 
13 

EDITS? CR 

E>E! 

LaUID 
LaiD 
LaiD 

;PERFORM SEGMENT LOOKUP 
:PERFORM SEGMENT LOOKUP 
;PERFORM SEGMENT LOOKUP 

FINISH CURRENT EDIT (YIN, CR = YES)? CR 

OK TO DELETE FILE PDSUSER:COPEX.SRC (YIN, CR = YES)? CR 

E> 

The user may now re-assemble the corrected program, obtaining an assembly load module file (COPEX. LM) and a 
full assembly output listing. 

E>@ASM I =COPEX,O=COPEX,L= ·PR 

ASM,REV:C 

OK TO DELETE FILE PDSUSER:COPEX. LM (YIN, CR = YES)? CR 

CREATING FILE PDSUSER:COPEX.LM 
END PASS 1 

END PASS 4 
A> 

Notice that the listing was assigned to the printer. The printer listing is shown below. No assembly errors occurred. 

COP CROSS ASSEMBLER PAGE 1 
COPEX COP EXAMPLE 

1 . TITLE COPEX, 'COP. EXAM PLE' 
2 000 00 CLRA 
3 001 3365 LEI 5 ;0 TO L, C TO SK ON XAS 
4 START: 
5 003 3328 ININ ;READ 10-13 TO A 
6 005 55 AISC 5 ;ADD5 
7 006 44 NOP 
8 007 333E OBD ;OUTPUT A TO DO-D3 
9 009 OF LBI 0 ;SAVE ENTERED VALUE +5 

1000A 06 X ;IN MO 
11 OOB' 00 CLRA ;SET UP A FOR LaiD ON 
1200C 54 AISC 4 ;PAGE 1 
1300D BF LaID ;PERFORM SEGMENT LOOKUP 
1400E 32 RC 
1500F 4F XAS ;OUTPUT 0 TO SK 
16 010 44 NOP 
17 011 44 NOP ;DELAY FOR 50% DUTY CYCLE 
18 012 44 NOP 
19 013 44 NOP 
20 014 44 NOP 
21 015 44 NOP 
22 016 44 NOP 
23 017 44 NOP 
24 018 44 NOP 
25 019 44 NOP 
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26 01A 44 
27 01B 44 
28 01C 44 
29 010 44 
30 01E 40 
31 01F 51 
32 020 DF 
33 021 22 
34 022 4F 
35 02.3 05 
36 024 40 
37 025 51 
38 026 E5 
39 027 C3 
40 0040 

NOP 
NOP 
NOP 
NOP 
COMP 
AISC 
JP 
SC 
XAS 
LD 
COMP 

1 
. -1 

AISC 1 
JP . -1 
JP START 
.PAGE 1 

;MAKE DELAY PROPORTIONAL 
;TO ENTERED VALUE +5 

;OUTPUT 1 TO SK 
;DELAY PROPORTIONAL TO 
;ENTERED VALUE +5 

41 040 3F · WORD 03F,006,05B,04F,066,06D,07D 
041 06 
042 5B 
043 4F 
044 66 
045 6D 
046 7D 

42 047 07 · WORD 007,07F,067;0-9 
048 7F 
049 67 

COP CROSS ASSEMBLER PAGE 2 
COPEX COP EXAMPLE 

43 04A 77 · WORD 077,07C,039,05E,079,071 ;A-F 
04B 7C 
04C 39 
04D 5E 
04E 79 
04F 71 

44 .END 

COP CROSS ASSEMBLER PAGE 3 
COPEX COP EXAMPLE 

START 0003 

I"V I::.nnvn L..II'OU;;;v 

56 ROM WORDS USED 

SOURCE CHECKSUM = E85A 

OBJECT CHECKSUM = 027C 

INPUT FILE PDSUSER:COPEX.SRC 

OBJECT FILE PDSUSER:COPEX. LM 

The new program may be tested now using COPMON. The chip number is 420. To make it easier to see the 
program, shared memory is zero-filled before loading the new program COPEX. 

A>@COPMON 

COPMON,REV:C 

CHIP NUMBER (DEFAULT=420)? CR 
C>DEO,O/L -
C > [(5(5()pEX 
FINISHED LOADING 

To begin execution of the program, first reset the COP, then start by giving the 'GO' command. 

C>RE 

CHIP IS RESET 

C>G 
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On examining the outputs, It is discovered that the L outputs have the proper values, but the 0 lines do not. Also, 
the square wave on the SK line Is incorrect. Only one half of the cycles varies with the Input. Begin by obtaining a 
trace and examine the path of the COP device. 



C>l 
48 48 A:020 E:1111 
49 49 A:01 F E:1111 
50 50 A:020 E:1111 
51 51 A:01 F E:1111 
52 52 A:020 E:1111 
53 53 A:01 F E:1111 
54 54 A:020 E:1111 
55 .55 A:01 F E:1111 
56 56 A:020 E:1111 
57 57 A:01 F E:1111 
58 58 A:020 E:1111 
59 59 A:01 F E:1111 
60 60 A:020 E:1111 
61 61 A:01 F E:1111 

. 62 62 A:020 SKIP E:1111 
63 63 A:021 E:1111 

The word SKIP indicates that the instruction was skipped. It also appears on the second half of 2·word 
instructions. Notice that at trace location 13, the address is 44. This is actually the second half of the LOID 
in"l" Ir.linn, "nrl i" the "rlrlress of the data to be loaded into the 0 reqister. The second instruction, LEI 5, assigns 
the 0 register to the L outputs. According to the trace, program execution has proceeded as expected, except that 
the loop at locations 1 F and 20 was done 15 times. Examination of the listing at those locations shows that the 
accumulator wasn't loaded with the entered value before the first loop. The LD instruction before the CaMP 
instruction was omitted. Single·stepping through the first several locations allows the user to inspect the COP 
registers, particularly the accumulator and the B register. 

C>B. 
CHIP IS RESET 

C>AU ALL 

C>~ 

STEP A:O B:OO C:O G:O I:F L:FF 0:66 S:F P:001 
MO:FFFFFFFFFFFFFFFA M1 :FFFFFFFFFFFFFFFF 
M2:9FFFFFFFFFFFFFFF M3:3377777777777777 

C>CR 

STEP A:O B:OO C:O G:O I:F L:66 0:66 S:F P:003 
•• ". "" """""" """ "" "" Il M l' i= i=i=i=i=i=i=i=i= i=i= i=i= i=i=i= 
M2:9FFFFFFFFFFFFFFF M3:3377777777777777 

C>CR 

STEP A:F B:OO C:O G:O I:F 1:.:660:66 S:F P:005 
MO: FFFFFFFFFFFFFFFA M 1 :FFFFFFFFFFFFFFFF 
M2:9FFFFFFFFFFFFFFF M3:3377777777777777 

C>CR 

A:006 SKIPPED 

STEP A:4 B:OO C:O G:O I:F L:66 0:66 S:F P:007 
MO:FFFFFFFFFFFFFFFA M 1 :FFFFFFFFFFFFFFFF 
M2:9FFFFFFFFFFFFFFF M3:3377777777777777 

C>CR 

STEP A:4 B:OO C:O G:O I:F L:66 0:66 S:F P:009 
MO:FFFFFFFFFFFFFFFA M 1 :FFFFFFFFFFFFFFFF 
M2~FFFFFFFFFFFFFFF 

C> 

From looking at the assembly listing, one sees that location 7 has the OBD instruction which puts the B register 
contents out to the D lines. After executing this instruction, B still contains zero but A contains the correct value. A 
CAB instruction is necessary before the OBD. Both of the mistakes in this program require instructions to be 
inserted when it is edited. But the Nap at location 10 may be easily replaced with an LD instruction, giving a much 
better square wave. After starting the chip, the square may be displayed again. 
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C>PU 1D,LD 

C>CL 

BRKPT AND TRACE CLEARED 

C>~ 

C> 

The program may now be re·edited. 

C> @EDIT COPEX 

EDIT,REV:B 

AVAILABLE SECTORS: 480 
INPUT FILE SECTORS: 4 
E>RE 

EOFAT 44 
E>!:: 

1 . TITLE COPEX, 'COP EXAMPLE' 
2 CLRA 
3 LEI 5 ;0 TO L, C TO SK ON XAS 
4 START: 
5 ININ ;READ 10-13 TO A 
6 AISC 5 ;ADD 5 
7 NOP 
8 OBD ;OUTPUT A TO DO-D3 
9 LBI 0 ;SAVE ENTERED VALUE +5 

10 X ;IN MO 
11 CLRA ;SET UP A FOR 
12#*** 

E> 

The missing CAB instruction should be inserted to line 8. 

E>IN TO 8 

8? CAB 
9? CR 

E>L 
1 .TITLE COPEX, 'COP EXAMPLE' 
2 CLRA 
3 LEI 5 ;0 TO L, C TO SK ON XAS 
4 START: 
5 IN IN ;READ 10-13 TO A 
6 AISC 5 ;ADD 5· 
7 NOP 
8 CAB 
9 OBD ;OUTPUT A TO DO-D3 

10 LBI 0 ;SAVE ENTERED VALUE +5 
11 X ;IN MO 
12 CLRA ;SET UP A FOR 
13 AISC 4 ;LOID#*** 

E>L25 

25 NOP 

E>N 21 

26 
27 
28 
29 
30 
31 
32 
33 

NOP 
NOP 
NOP 
NOP 
NOP 
COMP 
AISC 1 
JP .-1 

;MAKE DELAY PROPORTIONAL 
;TO ENTERED VALUE +5 
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34 
35 
36 

E> 

SC 
XAS 
LD 

;OUTPUT 1 to SK 
;G#*** 

The missing LD instruction should be inserted to line 31. 

E>IN TO 31 

31? LD ;GET ENTERED VALUE +5 
32? CR 

E>L 25 

25 NOP 

E>N 21 

26 NOP 
27 NOP 
28 NOP 
29 NOP 
30 NOP 
31 LD ;GET ENTERED VALUE +5 
v<- ""'1""'\. lin .............. ., .. ..... " VI:: nCI I\V DDI""\DADTI"I'\I 11.1 ,"<I" ~_ .......... _ . ... ................. , .......... _ 

33 AISC 1 ;TO ENTERED VALUE +5 
34 JP . -1 

. 35 SC 
36 XAS #*** 

E> 

The edit mode may be finished now, replacing the old program with the new one. 

E>FI 

FINISH CURRENT EDIT (YIN, CR = YES)? CR 

OK TO DELETE FILE PDSUSER:COPEX. SRC (YIN, CR = YES)? CR 

E> 

The new program may be verified by re-assembling and testing with COPMON. 

E>@ASM 1= COPEX.O= COPEX,L= *PR 

ASM,REV:C 

OK TO DELETE FILE PDSUSER:COPEX.LM (YIN, CR=YES)? CR 

CREATING FLE PDSUSER:COPEX. LM 

END PASS 1 
END PASS 4 

A> 

The new assembled program may be tested with COPMON and an oscilloscope as before to verify proper 
performance. 

A>@COPMON 

COPMON,REV:C 

CHIP NUMBER (DEFAULT= 420)? CR 

C>LO COPEX 

FINISHED LOADING 

C>RE 

CHIP IS RESET 

C>§ 
C> 
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Now that both the source and load module files are correct, the deleted versions may be packed with the 
commands in file manager, giving more room on the disk for new programs. 

C>@FM 

FM,REV:B 

F> 

Now the new disk is examined and packed. 

F>Q. 

DIRECTORY FOR: PDSUSER "PDS USER" 

FN D NAME TYPE SIZE PL VN 
1 EDIT · MP MAIN PROGRAM 20 2 3 
2 ASM · MP MAIN PROGRAM 32 2 3 
3 COPMON · MP MAIN PROGRAM 32 2 3 
4 FM · MP MAIN PROGRAM 16 2 3 
5 DSKIT · MP MAIN PROGRAM 12 2 3 

* COPEX · SRC SYMBOLIC 4 2 1 
* COPEX · LM LOAD MODULE 4 2 1 
* COPEX .SRC SYMBOLIC 4 2 2 
* COPEX · LM LOAD MODULE 4 2 2 

6 COPEX .SRC SYMBOLIC 4 2 3 
7 COPEX · LM LOAD MODULE 4 2 3 

SECTORS BAD: 0 
SECTORS USED: 144 
SECTQRS FREE: 472 

F>E 

PACKING DISK (y/N,CR = YES)? CR 

F>D 

DIRECTORY FOR: PDSUSER "PDS USER" 

FN D NAME TYPE SIZE PL VN 
1 EDIT · MP MAIN PROGRAM 20 2 3 
2 ASM · MP MAIN PROGRAM 32 2 3 
3 COPMON · MP MAIN PROGRAM 32 2 3 
4 FM · MP MAIN PROGRAM 16 2 3 
5 DSKIT · MP MAIN PROGRAM 12 2 3 
6 COPEX .SRC SYMBOLIC 4 2 3 
7 COPEX · LM LOAD MODULE 4 2 3 

SECTORS BAD: 0 
SECTORS USED: 128 
SECTORS FREE: 488 
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Preface 
This manual describes the COP400 In·System Emulator 
(ISETM) Boards. The In·System Emulator Boards allow 
emulation of COP400 devices. 

These boards are designed to stand·alone or to be 
used in conjunction with a Program Development 
System (PDS) or STARPLEXTM Development System. 

The manual (Publication No. 420306469) supercedes 
Publication No. 420306143-001 in all revisions. 

The material presented in this manual is for informa· 
tion purposes only. This manual is subject to change 
without notice. 

COPS, ISE, and STARPLEX are trademarks of National Semiconductor Corp. 
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~ Introduction 
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o 
i 
Q. 
o o 

The COP400 Emulator Board enables in-system emula
tion of the COP400 Microcontroller family. Table 1-1 
shows the emulator boards and the ROM less micro
controller combinations required to emulate the vari
ous COP4XX devices. 

The emulator board may be used stand-alone with 
EPROMs and external power supply, or as a peripheral 
to a development system. The COP400 Emulator Boards 
are designed to interface with either the COP400-PDS 
Development System u'sing the target board and soft
ware revisions shown in Table 1-2, or the STARPLEXTM 
Development System, using the target board and soft
ware revisions shown in Table 1-3. 

When used in conjunction with a development system, 
the emulator adds the capabilities of real-time pro
gram tracing, breakpoint/singlestepplng, and speedy 
program updating, resulting in rapid program evolution 
from conception through debug to final product. 

Note 

The user should read this manual thoroughly before 
attempting COP4XX Emulation. 

Table 1-1. Emulator Boards and ROMless Parts 
For COP4XX Device Emulation 

ROMless Emulator Parts Refer 
Part Board Emulated Chapters 

COP401Lt COP400-E02 COP410L 2,3,4 
COP400-E04L COP411L 

COP402 COP400-E02 COP420 2,3,4 
COP421 
COP422 

COP404L COP400-E04L COP420L 2,3,4 
COP421L 
COP422L 
COP444L 
COP445L 

COP404 COP400-E24 COP440 4,5 
COP441 
COP442 

COP2404tt COP400:-E24 COP2440 5,6 
COP2441 
COP2442 

tThe COP401L has the CKO pin selected as the RAM Keep Alive 
option. This pin must be connected to the Vee power supply In the 
user's system and J6 installed on the COP400-E02 or COP400-E04L 
Board. 

ttAs shipped, the E24 board contains a COP404 ROMless part. For 
emulating the COP 2440, 2441 or 2442, Install the COP2404 
shipped with the board In socket U2. 
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Table 1-2_ COP400-PDS Development System 
Software and Hardware 

ROMless 
Part 

COP401Lt 

COP402 

COP404L 

COP404 

COP2404 

Emulator 
Board 

Target 
Board Software 

COP400-E021 960306552-A COP4oo-D02 
COP4oo-E04L Rev A 

COP400-E02 980305551-F COP400-D01 
Rev D 

COP400-E02 980306552-A COP4oo-D02 
.RevA 

COP400-E04L 980305551-F COP400-D01 
Rev D 

COP400-E04L 980306552-A COP400-D02 
Rev A 

COP400-E24 980306552-A COP400-D02 
. Rev A 

COP400-E24 980306552-A COP400-D02 
Rev A 

tThe COP401L has the CKO pin selected as the RAM Keep Alive option. 
This pin must be connected to the Vee power supply In the user's 
system and W4 Installed on the COP400-E02 or COP400-E04L Board. 

Table 1-3_ STARPLEX Development System 
Software and Hardware 

ROM less Emulator Target 
Part Board Board Software 

COP401Lt COP400-E021 980306254-A 440306254-001 
COP400-E04L RevAorB 

COP402 COP400-E02 980306254-A 440306254-001 
Rev A or B 

COP404L COP400-E04L 980306254-A 440306254-001 
Rev A or B 

COP404 COP400-E24 980306254-A 440306254-001 
Rev B 

COP2404 COP400-E24 980306254-A 440306254-001 
RevB 



General Description of E02/E04L Boards 
2.1 Physical Features 

The emulator is a double-sided printed circuit board 
mounted on four 0.5·inch nylon stand·ofts. Figure 2-1 
is a drawing of the board with its .emulator cables 
removed. Processing is carried out by a ROM less 
microcontroller located top-center on the board. To the 
left of the ROMless device are four single in·line con· 
nectors and one 20-pin socket used in receptacles for 
the Dlp·to-DIP emulator cables. The DIP-to-DIP cables 
connect the emulator board to the Target System. In 
the center of the board are four MM5204 PROM soc
kets. The PROM socket labeled "PROM 0" is for COP 
addresses 0-1FFH, the socket labeled "PROM 1" is for 
addresses 200-3FFH, the socket labeled "PROM 2" is 
for COP addresses 400-5FFH, and the socket labeled 
"PROM 3" is for COP addresses 600-7FFH. Below and 
to the right of these PROM sockets is a socket for an 
MM2716 PROM. Below the PROM sockets at the bottom 
of the board is a 50-pin edge connector used to inter· 
race to Ine aeveioprnenl tiytilt::111 via i.ile C'-'-lu:a~Ci ~v~i.:! 
cable. Pin 1 of this cable should match up with pin 1 of 
the edge connector which is shown in the lower right
hand corner of Figure 2-1. 

WARNING 

Never connect or disconnect the emulator board 
from the emulator board cable while the development 
system is turned on; permenent development system 

and/or emulator damage may result. 

2.2 Jumpers 

The emulator board has wire-wrap pin jumpers. J1, J3, 
J4, J5, J6 and J7 are located to the right of the ROM
less microcontroller, J2 is in the upper left-hand corner . , .... ''"' .j ..... ---' , ..... ___ 1 ___ ... -. .... : ... .a. .......... 
v, " ......................... , """"" ........ , ........ , _ ..... _ .. _._ , ______ _ 

lower right-hand corner of the board. See Table 2-1 for 
the standard jumper configurations. 

2.2.1 J1 

J1 is a set of seven jumpers. However, only three are 
connected at anyone time. J1 is used to select the 
signal assignments of pins 13, 14 and 15 on the 20·pin 
COP411L emulator cable socket. For 411L operation 
J1-1, J1-4, and J1-6 should be jumpered. To emulate 
20-pin COP400 devices not discussed in this manual, 
contact the factory for the correct J1 configuration. 

2.2.2 J2 

J2 jumpers the +5 volt power bus on the emulator 
board to the Vee of the ROMless microcontroller and 
emulator cables. 

CAUTION 

The user must not connect the target system 
power supply to the development system supply via 

the 4XX emulation cables. This could destroy one 
or both supplies. 
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J2 should be removed if the board is connected to the 
development system and the user's system power is 
connected to the 4XX emulator cables. On the other 
hand, if the board is being used stand-alone with exter
nal power supplies, J2 may be left in place. The target 
system's power should be adequately bypassed and 
regulated to eliminate random malfunctioning of the 
ROM less microcontroller due to power glitches. 

2.2.3 J3 

The emulator board is supplied with an RC oscillator. 
J3 jumpers the output of this oscillator to the CKI input 
of the ROMless microcontroller. J3 should be removed if 
the user plans to generate a clock signal external to the 
board. Section 3.2 contains more information concern
ing J3 and clock timing. 

2.2.4 J4 

pin 11 of U7. J4 should be jumpered if U7 is replaced 
with any of the component carriers described in 
Section 3.2 of this manual. 

2.2.5 J5 

JumperJ5 connects CKI of the ROM less microcontrol
ler to the emulator cable sockets. This jumper is instal
led only when the clock is being furnished from the 
target system. 

2.2.6 J6 

Jumper J6 connects CKO of the ROMless microcon
troller to the emulator cable sockets. When using 
COP402 or COP404L, this jumper is installed only when 
the target system will ultimately use the clock from the 
user's COP4XX device. Due to cable capacitance, care 
:~:,_ .. ~ a.-.. .......... H ........... i~o.rI .uho.n IIc!in(1 thic. illmn,::lr WhAn IJ~-

ing a COP401 L, this jumper must be installed and the 
user should tie CKO to Vee in his system. 

2.2.7 J7 

Jumper J7 controls the.RC oscillator frequency. With 
J7 removed, the frequency is 3.5 MHz. With J7 instal
led, the frequency is 1.7 MHz. Jumper J7 should be 
installed for emulation of COP4XXL devices. 

2.2.8 J8 

Jumper J8 determines the pull-up load resistor value 
and power supply for the reset line to the ROMless 
microcontroll.er. The COP404L has the power fail reset 
option implemented. With J8 in the "A" position, a 
510Q pull·up to 5V is installed. This allows the ROM
less device to operate normally and is the preferred 
position for J8. With J8 in the "B" position, the reset 
line is pulled up to the chip Vee by a 20kQ resistor. 
This position allows the internal power fail reset on 
the COP404L to function properly. 

o o 
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Figure 2-1. COP4000-E02/E04L In· System Emulator™ Layout 
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2.2.9 J9 

J9 configures address line A10 for the various devices 
being emulated. In the "A" position, A10 is an address 
line, necessary for emulation of the COP444L!445L 
devices. In the "B" position, A10 is held in the low 
state, necessary for emulation of all other devices. 

2.2.10 J10 

Because SKIPIP10 are multiplexed on one pin, emula· 
tion of the COP404L device requires J10 In the "A" 
position. When emulating the COP401L and the 
COP402, place J10 in position "B." 

2.2.11 J11 

J11 generates the special clock used for the COP404L 
device and is installed only when this device is used. 

2.3 Turret Terminals 

The board contains eight turret·type terminals suitable 
for temporary connections via alligator clips, Q-balls, 
etc. Three of these terminals are used for power, four 
d;:' iu~;(, ;lljJu~3 !v !~~ ~:.:::::!:~~~~! ~~/~!e~ ?nrl nnp ~~ 

a logic output of the development system. 

2.3.1 Emulator Power Terminals 

Two power supplies (+5 and -12VDcl are necessary to 
operate the board stand-alone with MM5204 EPROMs. 
These voltage inputs and their returns are supplied to 
the board via the three terminals located on the left 
edge of the board marked Vee, -12V, and GND. 
THESE POSTS DO NOT ALLOW THE USER ACCESS 
TO DEVELOPMENT SYSTEM SUPPLIES; they supply 
power to the emulator board used independently of the 
development system. Typical power consumption of 
the board with four EPROMs is 250mA for +5V and 
60mA for the -12V input. For single +5Voperation 
using DM74S474 bipolar PROMs (see Section 3.3), the 
+5V current drain is approximately 500mA. 

-- . - ---'---'-
~."'., ~A'c:al'U' a-II .... II •• ................... 

Four external event terminals (EX1-EX4) are located 
on the right side of the board. The logical inputs (TTL 
levels) on these high impedance pins are stored in 

"Denotes an active low signal. 

TRACE memory along with the COP4XX program coun
ter values and the skip line status during a TRACE 
operation. Transitions on EX1 and EX2 may be used to 
initiate TRACE or BREAKPOINT operations. For more 
information concerning the external event terminals, 
consult Chapters 2 and 9 of the of the COP400 Product 
Development System User's Manual, or Chapter 4 of the 
STARPLEXTM SPM-A15 Operator's Manual. 

2.3.3 Trigger Out 

Trigger out (TO) is located beneath EX1-EX4 on the 
emulator board. TO is an open-collector development 
system output that makes a positive transition each 
time a TRACE or BREAKPOINT is initiated. In certain' 
applications TO is useful for triggering oscilloscopes 
or logic analyzers. (Note: When using a PDS target 
board, Part No. 980305551, Rev. F, or earlier, TO will con
tinue to make positive transitions every 256 trigger con
ditions following the actual TRACE or BREAKPOINT.) 

2_4 Reset Switch 

the emulator. When pressed, the reset switch clears 
the COP4XX program counter, registers and outputs. 
The COP4XX will remain in this reset condition until 
the switch is released. Pressing this switch also 
causes the RESET" pin (open-collector output, resistor 
pull-up to Vecl on the emulator cable sockets to go 
low. This switch is for stand-alone operation of the 
emulator board. When emulating using the develop
ment system program COPMON, it is preferable to use 
the 'R' (reset) command. 

2.5 Edge Connector Pin Assignments 

The 50-pin edge connector located at the bottom of the 
board provides interface to the development system 
(refer to Chapter 2 of the PDS User's Manual or Chap
ter 3 of STARPLEX SPM-A15 Operator's Manual). Table 
: : .:..:.;-:~.:.::-:: ~~: :-::- ............... ........ rI ';'.\ hriof rlp~f':rintion of each 
signal. 
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Table 2-1. Standard Jumper Configurations 

Jumper 410L/411L 420L/421L 444L/445L 4201421 See Section 

J1-1 IN N/A N/A N/A 
J1-2 OUT N/A N/A N/A 
J1-3 OUT N/A N/A N/A 
J1-4 IN N/A N/A N/A 
J1-5 OUT N/A N/A N/A 
J1-6 IN N/A N/A N/A 
J1-7 OUT N/A N/A N/A 
J2 IN IN IN IN 
J3 IN IN IN IN 
J4 OUT OUT OUT OUT 

J5 OUT OUT OUT OUT 

J6 Note2 OUT OUT OUT 2.2.6 
J7 IN IN IN OUT 

J8-A IN IN IN IN 
J8-8 OUT OUT OUT OUT 

J9-A OUT OUT IN OUT 

J9-8 IN IN OUT IN 
J10-A OUT IN IN OUT 2.2.10 
J10-8 IN OUT OUT IN 2.2.10 

J11 Note 1 IN IN OUT 2.2.11 

Note 1: This jumper must be in when using the eOP404L ROMless Microcontroller and out when using 
the eOP402, or eOP401 L ROMless Mlcrocontrollers. 

Note 2: When using a eOP401L ROMless part. this jumper must be Installed and eKO tied to Vee in the 
user system. For eOP402 or eOP404L operation this jumper should be out. 
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Table 2-2. Edge Connector Assignments 

Connector Name Description 
No. 

1 GND Signal and power return 
2 GND Signal and power return 
3 Vcc +5VDc power from development system 
4 Vcc +5VDC power from development system 
5 EX2 Buffered external event 
6 EX1 Buffered external event 
7 EX4 Buffered external event 
8 EX3 Buffered external event 
9 ClK Buffered ADIDATA' signal from COP4XX 

10 SKIP COP4XX skip status line 
11 A8 COP4XX program counter address bit 
12 A9 Address bit 
13 A3 Address bit 
14 A7 Address bit 
15 A1 Address bit 
16 A2 Address bit 
17 A4 Address bit 
18 AO least significant address bit 
." MO' Arlrlr""" hit 
20 A5 Address bit 
21 Not used 
22 A10 Most significant address bit 
23 Not used 
24 Not used 
25 Not used 
26 Not used 
27 Not used 
28 Not used 
29 Not used 
30 Not used 
31 Not used 
32 Not used 
33 BO least significant COP object code bit 
34 B7 Most significant COP object code bit 
35 B2 Object code bit 
36 B5 Object code bit 
;j( 0.;> vuJO .... ~ vv ..... v ..... ,~ 

38 B4 Object code bit 
39 B6 Object code bit 
40 B1 Object code bit 
41 TRIGGER OUT BREAKPOINT/TRACE indicator 
42 Not used 
43 RST' Same as RESET' 
44 PROM DISABLE' Select PROM or Shared Memory mode 
45 See Note 1 
46 See Note 1 
47 Vcc +5VDC power from development system 
48 Vcc +5VDC power from development system 
49 GND Power and signal return 
50 GND Power and signal return 

Note 1: Pins 45 and 46 are used as follows: 

PDS with target board 960306552 REV A or later, normally not used. 
with target board 960305551 REV F or earlier, -12Voc from the PDS. 

STARPLEX with target board 960306254, normally not used. However, jumper W5 on the 
target board may be installed to supply -12Voc to the emulator board. 
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Operating Considerations 
For E02/E04L Boards 
3.1 Emulator Cables 

Three Dlp·to·DIP cables (20-, 24, and 28-pln) are sup
plied with the board. The user should note the orienta
tion of pin 1 on the three emulator cable sockets (see 
Figure 2-1). The 20-pin socket (in the upper left corner 
of the emulator) is used for emulating a C.oP411 L 
device. Pin 1 of the device cable should be oriented 
away from the center of the board. The four SIP 
(single-in-line package) sockets to the right of the 
20-pin DIP (dual-in-line package) socket are configured 
as either a 24- or a 28-pin socket. Pin 1 for both of 
these sockets is oriented toward the center of the 
board. The 24-pin socket is used to emulate a 410L, 
421L, 421, or 445L device. The 28-pin socket is used 
to emulate the 420L, 420, and 444L devices. 

Note: Only one COP400 family device may be emulated 
at anyone time. 

3.2 Clock Timing 

3_2.1 RC .oscillator 

The emulator has an on-board 3.5/1.7MHz RC oscilla
tor. Jumper J7 controls the frequency - with J7 
removed it is 3.5 MHz, with J7 installed it is 1.7 MHz. 
Lower frequencies can be obtained by performing the 
following steps: 

1. Replace the 74LS14 of U7 with a 74C14. 

2. Remove J7. 

3. Remove R4. 

4. Set R3 and C1 to the values in Table 3-1. 

3.2.2 Crystal .oscillator 

The COP402 on the COP400-E02 board has a crystal 
oscillator option enabling the user to emulate with a 
crystal-controlled clock. Due to emulator cable capa
citance and inductance, the use of the crystal oscilla
tor on the user's target prototype system requires 
three changes to the circuit: first, replace the 74LS14 
(U7) with a 14-pin component carrier containing the 
circuit shown in Figure 3-1; second, install J3 and J4; 
and third, remove J5 and J6. Table 3-2 contains the 
various values of Rx1, Rx2, and Cx needed for three 
standard crystal frequencies .. 

3.2_3 LC .oscillator (C.oP402 only) 

Use of the LC oscillator requires replacing U7 with a 
14-pin carrier containing components for an LC oscilla
tor. Figure 3-2 shows the schematic and Table 3-3 
contains sample values for a COP420 LC oscillator. 
Jumpers J3 and J4 must be installed and jumpers J5 
and J6 must be removed. 

3_3 Single Supply .operation 

The board is factory equipped with sockets for 
MM5204 EPROMs which require multiple power sup
plies. For Single supply (+5V) operation, a socket for 
an MM2716 EPROM can be used instead of MM5204 
EPROMs. The MM2716 must be placed in the socket 

U13 In the lower right of the board. Also, the board can 
be modified to accept DM74S474 or DM74S475 bipolar 
PROMs. The mounting holes for these PROMs are 
located above the EPROM sockets on Figure 2-1 and 
are labeled S474. Pin 1 is marked. 

3.4 C.oP400 Family Chips Emulation 
Requirements 

As shown in Table 1-1, emulation of a particular , 
COP400 series device is normally done with the corres
ponding emulator board. For example, a COP400-E04L 
board is required to emulate a COP444L. In some 
cases, it is possible to emulate a COP400 device on a 
board not specifically designed for it, provided certain 
precautions are observed. 

The COP400-E04L board, which contains a COP404L, 
can be used to emulate any COP400L device. The 
COP400-E02 board, which contains a COP402, can be 
used to emulate any COP400 device except the 
COP444L and the COP445L. 

There may be substal)tial differences between the chip 
being emulated and the actual device on which the 
emulation is done. It is essential that all of the 
following paints are observed before emulation. 
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.Table 3-1_ RC .oscillator Component Values 

.oscillator Instruction Cycle {JJs) 

Frequency C.oP402 COP404L 
R3 (Q) C1 (pF) (MHz) (+16) (+32) 

1.2k 100 1.0 16 32 
4.7k 100 0.5 32 64 

COP402 
CKI CKO 

12 RX1 RX2 11 

8 14-PIN 

~CX 
COMPONENT 

10 CARRIER 

Figure 3-1. Crystal Oscillator Component 
Carrier Schematic 

Table 3-2_ Crystal .oscillator Component Values 

XTAL 
Frequency Instruction 

Rx1 (Q) Rx2 (Q) Cx (pF) (MHz) Cycle {JJs) 

1.0k 1.0M 27 4.00 4.0 
1.0k 1.0M 27 3.58 4.5 
1.0k 1.0M 56 2.09 7.7 



COP402 
CKI CKO 

RL2 

Figure 3-2. LC Oscillator Schematic 

Table 3-3. LC Oscillator Component Values 

Oscillator 
RLl Rl2 Cll Cl2 l Frequency Instruction 
(Q) (Q) (pF) (pF) {jIH) (MHz) Cycle {jIs) 

10.0M OlU iu0 luG " ' n An 
10.0M 510 500 100 22 3.0 5.3 
10.0M 510 200 500 22 2.6 6.2 
10.0M 510 200 25000 22 1.4 11.4 

3.4.1 RAM Registers 

The following table indicates how much RAM is avail· 
able on a given COP400 microcontroller. 

Device RAM 

401 L, 410L, 411 L 
402,420,420L,421,421L 

404L, 444L, 445L 

4 registers x 8digits 
4 registers x 16 digits 
8 registers x 16 digits 

For example, a COP410L can be emulated using a 
COP404L. The 404L has eight 16-digit registers and is 
emulating with more RAM than is available in the final 
device_ Figure 3-3 illustrates how a COP404L RAM 
rt:tgl:jLt::H IIICl"'~ ;II~V'" :::~~~:~ ~:~::~':' ...... f oi~ht ni':1it~ 

The 401L has no 2-byte LBI instructions, only single
byte instructions of LBI R,O and LBI R,9 through LBI 
R,15 (where R=O, 1,2,3)_ Nevertheless, the Bd register 
is still four bits wide, and instructions such as XDS 
and XIS will still generate a skip at their respective 
0-15 and 15-0 Bd value boundaries. The 410L has a 
2-level stack, compared to the 404L's 3-level stack. 

The COP PDS Assembler (Rev. B) will flag all RAM 
reference and stack reference instructions with an 
asterisk if the. CHIP directive specifies a COP410L or 
COP411L. 

The user should study these instructions in their 
program contents and verify that they are operating 
correctly. 

3.4.2 Program Memory (ROM) 

The following table indicates the maximum ROM 
address space available on COP400 microcontrollers. 

Device ROM 

401L, 410L, 411L 
402,420,420L,421,421L 

404L, 444L, 445L 

512 bytes 
1024 bytes 
2048 bytes 

For example, if emulating 410L using a 402, the program 
size must be restricted to a maximum of 512 bytes. 

In all cases, the program size will be properly restric
ted if the correct. CHIP directive is used in the assem
bly language source code_ 

3.4.3 Electrical Characteristics 

I 

The user must be aware of any differences in electrical 
characteristics between the emulating chip and the 
final device. A COP402, for example, can operate at a 
higher clock rate than a COP421L. Different chips may 
have different drive capabilities, and user options may 
cause tne iunciiull~ ul 501ii..3 p;;--;:; ~~ ~~: f!~e.! de\lir.p tn 
be different from the functions of those pins on the 
emulating chip. 

If there are questions, call COPSTM Applications at 
(408) 721-5582. 

B VALUE 402 

15 

14 I 
13 I 

REG R 

12 I----------~~~~ 

11 I--------~~~~-

10 I -----,r'-.r'-.r'-.7"---r-

410L/411L 
REG R 

I---'~~~r-T-~#_I ___ I 
I I I 

7' I 
I 
I 

Figure 3-3. COP402/404L to COP410/411L RAM Mapping 

8-123 

C') 
o 
" -'=" C 
C 

:::J 

~ en -CD 
3 
'm 
3 
c 
Q) -o .... 
ttl 
o 
Q) 

a.. 
en 
c: 
en 
CD 
"""!. 
'ft 



ftS 
::I 
C 
ftS 
::E 
tn 
~ .. 
CD 
tn 
::) 

tn 
"E 
ftS o 
a:I .. o -ftS 
:; 
E w 
E 
.! 
£ 
C: 

~ o o 

Functional Verification of the E02/E04L 
Boards and the E24 Board Using COP404 
Due to the board's physical location, external to the 
development system, it is easily damaged. Always 
observe the following: 

1. User power supplies are adequately bypassed and 
supplying the correct Voltage. 

2. Development system power is not connected to 
user power. 

3. Cables are correctlY installed. 

4. Device input/output ratings are not exceeded. 

5. PROMs are in their correct sockets and properly 
oriented. 

6. The COP4XX is receiving a valid clock signal. 

If a mishap or malfunction does occur, National Semi· 
conductor's Microcomputer Technical Support Man· 
ager can be contacted at (408) 721·6803. Questions 
concerning actual operation of the board or customer 
use of a COP400 device should be reffered to the 
COPSTM Application Group at (408) 721·5582. 

Alternatively, if the board develops a problem and clr· 
cumstances do not allow sufficient time to send it 
back to National, there is a series of COPMON com· 
mands that may be used to isolate faulty component(s). 
Before attempting the following diagnostic aids, the 
user should study Section 2.5 of this manual and the 
schematic supplied with the emulator board. The user 
will' also need a functional development system and an 
emulator board cable. 

PDS users should study Chapter 9 of the PDS User's 
Manual. 

STARPLEXTM users should consult the SPM-A15 Opera· 
tor's Manual (Manual No. 420306254) for Information on 
COPMON. 

1. With power turned off, connect the board to the 
Development System, making sure all jumpers are 
correctly assigned. Correct jumper assignments are 
determined by the ROM less microcontroller on the 
board. Refer to Section 2.2 for E02/E04L boards and 
Section 5.2 for the E24 board. 

2. Turn power on and load COPMON. When prompted, 
specify chip number 444 if verifying an E02 or an 
E04L emulator board; specify chip 440 If using an 
E24 board with a COP404 ROM less microcontroller. 

Note: Underline indicates user inputs. 

PDS Example: 

CR 

EXEC, REV:A 

X>@COPMON 

COPMON, REV: D 

CHIP NUMBER (DEFAULT = 420)? 444 (or 440) 

STARPLEX Example: 

>COPMON 

COPMON, REV: B, <date> 

CHIP NUMBER (DEFAULT = 420)? 444 (or 440) 

C> 

Note: Specifying the CHIP NUMBER as 444 or 440 
will allow the emulator to access all of shared 
memory. 

3. Load shared memory with CLRA (object code = OOH) 
Instructions. 

C>DEO,O/L 

4. Specify and perform a TRACE IMMEDIATE 

C>TRI 

8-124 

TRACE ENABLED: 

IMED OCCUR: 1 PRIOR: 0 GO: N 

C>Q. 
COPMON should come back with the following 
message: 

TRACED ON IMED AT A:OOO 

If It does not, then the CLK signal described In 
Section 2.5 Is not being generated by the COP4XX 
and/or the CLK signal is not reaching the system. 
Probable faulty circuits: 

E02/E04L board E24 with COP404 

COP 4XX (U4) COP404 (U2) 
81LS95 (U8) 74LS14 (U1) 

The user should also verify that the COP4XX is 
receiving a valid clock Input. 

If COPMON executed the TRACE properly, the COP 
program counter can now be examined with the 
TYPE command. 

C>TY 

o OA:OOO E:1111 

1 A:OOO E:1111 

2 2A:000 E:1111 

3 3A:000 E:1111 

4 4A:000 E:1111 

5 5A:000 E:1111 

6 6A:000 E:1111 

7 7 A:OOO E:1111 

8 8A:000 E:1111 

9 9A:OOO E:1111 

10 10A:OOO E:1111 

11 11 A:OOO E:1111 

12 12A:000 E:1111 

13 13A:000 E:1111 

14 14A:OOO E:1111 

15 15 A:OOO E:1111 



(') 
0 
"'tI 

Note all the address values (A:XXX) shown are zero. C>TY J:Io 
0 

This is correct because the TRACE operation was 16 16 A:02B E:1111 0 
begun before COPMON let RST*/RESET* go to a 

17 17 A:02C E:1111 j 
high level. If one or more of the program counter en bits are stuck high, the TYPE command might yield 18 18 A:02D E:1111 

'< the following information: 19 19 A:02E E:1111 til -C>TY 20 20A:02F E:1111 (1) 

0 OA:009 E:1111 21 21 A:030 E:1111 3 
1 1 A:009 E:1111 22 22 A:031 E:1111 m 

3 
2 2A:009 E:1111 23 23A:032 E:1111 C 
3 3A:009 E:1111 24 24A:033 E:1111 iir -4 4A:009 E:1111 25 25A:034 E:1111 0 ... 
5 5A:009 E:1111 26 26A:035 E:1111 D:J 
6 6A:009 E:1111 27 27 A:036 E:1111 0 

Q) 
7 7 A:009 E:1111 28 28A:037 E:1111 ... 

C. 
8 8A:009 E:1111 29 29A:038 E:1111 til 

9 9A:009 E:1111 30 30A:039 E:1111 c: 
til 

10 10A:009 E:1111 31 31 A:03A E:1111 (1) 
'""!.. 

11 11 A:009 E:1111 If the RST* IRESET* line is stuck low, the addresses til 
12 12A:009 E:1111 shown above would have remained at zero. Probable s: 
13 13A:009 E:1111 faulty circuits: Q) 

E02/E04L board E24 with COP404 j 
14 14A:009 E:1111 C 

With this information, the user can generally isolate COP4XX(U4) COP404 (U2) Q) 

which address line (AO-A10) is malfunctioning. Dev. System Dev. System 
Probable faulty circuits: The COP addresses from this second TRACE IMME-
E02/E04L board E24 with COP404 DIATE operation should be inspected for monoton-

81 LS95 (U8) 81 LS95 (U10) ically increasing binary values from 0 to the highest 
ROM address and wraparound from this address to 

81 LS95 (U16) 81 LS95 (U11) O. (The highest address depends on the ROM less 
74LS373174C373 (U6) 74LS374 (U7) microcontroller being used and is1 FF for a 

74LS374 (U9) COP401 L, 3FF for a COP402 and 7FF for a COP404L 

5. Enter another TRACE IMMEDIATE command to test 
or COP404.) This can be done by additional TRACE 

RST* IRESET* and proper binary operation of the 
and TYPE commands. 

.-.--~ - I,,~_- If several address lines are shorted or inoperative, a ......................... ............. 
C>g 

TYPE command mignt yield program coumer V8IUt:", 

like the following: 
TRACED ON IMED AT A:01 B 

C>TY 
C>TY O· OA:38B E:1111 
0 OA:01B E: 1111 1 1 A:38B E:1111 
1 1 A:01C E:1111 

2 2A:38D E:1111 
2 2A:01D E:11.11 3 3A:38D E:1111 
3 3A:01E E:1111 4 4A:38F E:1111 
4 4A:01F E:1111 

5 5A:38F E:1111 
5 5A:020 E:1111 6 6A:399 E:1111 
6 6 A:021 E:1111 7 7 A:399 E:1111 
7 7 A:022 E:1111 

8 8A:39B E:1111 
8 8A:023 E:1111 

9 9A:39B E:1111 
9 9A:024 E:1111 

10 10A:39D E:1111 
10 10 A:025 E:1111 11 11 A:39D E:1111 
11 11 A:026 E:1111 12 12 A:39F E:1111 
12 12A:027 E:1111 

13 13 A:39F E:1111 
13 13 A:028 E:1111 

14 14A:399 E:1111 
14 14 A:029 E:1111 15 15A:399 E:1111 
15 15A:02A E:1111 
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C>TY 

16 16A:39B E:1111 

17 17 A:39B E:1111 

18 18A:39D E:1111 

19 19A:39D E:1111 

20 20A:39F E:1111 

21 21 A:39F E:1111 

22 22A:3A9 E:1111 

23 23A:3A9 E:1111 

24 24A:3AB E:1111 

25 25A:3AB E:1111 

26 26A:3AD E:1111 

27 27 A:3AD E:1111 

28 28A:3AF E:1111 

29 29A:3AF E:1111 

30 30A:3A9 E:1111 

31 31 A:3A9 E:1111 

Probable faulty circuits: 

E02/E04L board E24 with COP404 

81 LS95 (U16) 81 LS95 (U10) ~ o 81 LS95 (U8) 81 LS95 (U11) 

o 74LS373/74C373 (U6) 74LS374 (U7) 

74LS374 (U9) 

6. Given 1 A:001 peration of the board to this point, 
test II 2 A:002 program data bits (BO-B7) by insert
ing va 3A:003 Ip commands into memory and using 
TRAC 4A:004 {that the jump occurred. Probable 
faulty Circuit IS: 

E02/E04L board E24 with COP404 

81 LS95 (U5) 81 LS95 (U6) 

Insert a jump to location 0 at address 3E and set up, 
execute, and list the trace. 

C>PU 3E, JPO 

C>TR 3E, 1, 0 

TRACE ENABLED: 

A:03E OCCUR: 1 PRIOR: 0 GO: N 

C>~ 
TRACE ON A:03E AT A:03E 

C>TY 0/4 

0 OA:03E E:1111 

1 1 A:OOO E:1111 

2 2 A:001 E:1111 

3 3 A:002 E:1111 

4 4 A:003 E:1111 

It the second TRACE memory location does not 
contain A:OOO, then the board is not recognizing the 
J P 0 instruction (object code = COH) properly. If the 
JP 0 Is working, then high levels on B6 and B7 from 
the PDS are being recognized by the board. Proper 
high levels on BO'-B5 may now be tested by succes
sively replacing the JP 0 instruction with the follow
ing jumps: JP 1 (C1H), JP 2 (C2H), JP 4 (C4H), JP 8 
(C8H), JP 10 (DOH), and JP 20 (EOH). The necessary 
COPMON commands are: 

C>PU 3E, JP 1 

C>Q 
TRACED ON A:03E AT A:03E 

C>TY 0/4 

0 OA:03E E:1111 

1 1 A:001 E:1111 

2 2A:002 E:1111 

3 3A:003 E:1111 

4 4A:004 E:1111 

C>TY 

0 OA:03E E:1111 

1 1 A:003 E:1111 

2 2A:004 E:1111 

3 3A:005 E:1111 

4 4A:006 E:1111 

5 5A:007 E:1111 

6 6A:008 E:1111 

7 7 A:009 E:1111 

8 8A:00A E:1111 

9 9A:00B E:1111 

10 10A:00C E:1111 

11 11 A:OOD E:1111 

12 12A:00E E:1111 

13 13A:00F E:1111 

14 14A:010 E:1111 

15 15A:011 E:1111 

Continuing the test: 

C>TR 3E, 1,0 

TRACE ENABLED: 

A:03E OCCUR: 1 PRIOR: 0 

C>PU 3E, JP 2 

TRACED ON A:03E AT A:03E 

C>TY 0/4 

0 OA:03E 

1 1 A:002 

2 2A:003 

3 3A:004 

4 4A:005 

C>PU 3E, JP 4 

C>Q 

E:1111 

E:1111 

E:1111 

E:1111 

E:1111 

TRACED ON A:03E AT A:03E 

C>TY 0/4 

GO: N 



0 OA:03E E:1111 

1 1 A:004 E:1111 

2 2A:005 E:1111 

3 3A:006 E:1111 

4 4A:007 E:1111 

C>PU 3E, JP 8 

C>G 

TRACED ON A:03E AT A:03E 

C>TY 014 

0 OA:03E E:1111 

1 A:008 E:1111 

2 2A:009 E:1111 

3 3A:00A E:1111 

4 4A:00B E:1111 

C>PU 3E, JP 10 

C>G 

TRACED ON A:03E AT A:03E 

C>TY 014 

0 OA:03E 

1 A:010 

2 2 A:011 

3 3A:012 

4 4A:013 

C>PU 3E, JP 20 

C>Q 

E: 1111 

E:1111 

E:1111 

E:1111 

E:1111 

TRACED ON A:03E AT A:03E 

C>TY 014 

0 OA:03E E:1111 

1 1 A:020 E:1111 

2 2A:021 E:1111 
., ") /I..nll..., 1:: ............. _ .. 
4 4A:023 E:1111 
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The final test ensures that B6 and B7 are not 
shorted together and that the SKIP line is function
ing_ Test this with a 2-byte JMP 1 instruction (Op 
code = 6001 H). 

C> PU 3E, JMP 1 

C>G 

TRACED ON A:03E AT A:03E 

C>TYOI4 

o OA:03E E:1111 

1 1 A:03F SKIP E:1111 

2 2A:001 E:1111 

3 3A:002 E:1111 

4 4A:003 E:1111 

If trace location 2 does not contai n A:001, then the 
JMP 1 instruction was not recognized. Also, if the 
jump to 1 was made, but location 1 does not show a 
SKIP, there is a problem with the SKIP line. Check: 

E02/E04L board 

COP4XX (U4) 

Dev. System 

E24 with COP404 

COP404 (U2) 

Dev. System 

If the emulator passes all the above tests, the support
ing circuitry to the COP4XX is functional. It is impera
tive that all these tests be performed with a completely 
operational development system. A malfunctioning emu
lator board is difficult to discern from a malfunctioning 
system. If the user still experiences difficulties during 
program emulation, the Microcomputer Technical 
Support Manager, (408) 721-6803, should be contacted. 
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Description of E24 Emulator Board 
5.1 Physical Features 

The emulator is a double·sided printed circuit board 
mounted on four O.5-inch stand-offs_ Figure 5-1 con
tains a drawing of the board with its emulator cables 
removed. Processing is carried out by a ROM less 
microcontroller located top.left center on the board. To 
the right of the ROM less microcontroller are connec
tors used as receptacles for the DIP-to-DIP emulator 
cables. The DIP-to-DIP cables connect the emulator 
board to the target system. In the center of the board is 
a PROM socket, at the bottom of the board is a 50-pin 
edge connector used to interface to the development 
system via the emulator board cable. Pin 1 of this cable 
should match up with pin 1 of the edge connector which 
is located in the lower right-hand corner of Figure 5-1. 
Pin 1 for all sockets is located on the end facing the 
50-pin edge connector_ 

Warning 

Never connect or disconnect the emulator board 
from the emulator board cable while the development 
system is turned on; permanent development system 

and/or emulator damage may result. 

5.2 Jumpers 

The emulator board has wire-wrap pin jumpers. W1, 
W2, W3, W4, W5, W6, and W7 are located to the left of 
the ROM less microcontroller. WB and W9 are located 
in the lower center of the board. W4 is a connection 
between the right-hand parts, of W3 and W5_ See Table 
5-1 for the standard jumper configurations. 

5.2.1 W1 

The emulator board has an on-board 3.5 MHz RC oscil
lator for user emulation convenience_ W1 jumpers the 
output of the oscillator into the CKI input of the ROM
less part. W1 should be removed if the user plans to 
generate a clock signal external to the board_ 

5.2.2 W2 

Jumper W2 connects CKI of the ROM less device to the 
emulator cable sockets_ This jumper is Installed only 
when the clock is being furnished from the user system_ 

5.2.3 W3 

If the user selects option 21 equal to 2 or 3, CKO as a 
general purpose input, W3 is used to connect CKOI to 
the CKO pin of the emulator cable. 

Table 5-1. Standard Jumper Configuration 
For COP400-E24 Board 

W1 ............. _ .......... _ ........ "IN 
W2 ................................. OUT 
W3 ... , ............................ _._.IN 
W4 ............. _ ............ _ ...... OUT 
W5 ................ _ .................. IN 
W6 ............. _ ............ _ ... _ .. OUT 
W7 .... , .............................. IN 
WB .............. _ ................ , .OUT 
W9 .................................. 'IN 

5.2.4 W4 

If the user selects option 21 equal to 1, CKO as RAM 
Keep Alive, W4 is used to power CKO from the user's 
system. W4 is installed by connecting the right side of 

, W3 to the right side of W5. See W5 and W7. 

Note: In order for the emulator board to function, the 
RAM Keep Alive pin must be powered. See W4, W5, 
and W7. CARE MUST BE TAKEN TO ENSURE THAT 
THE RAM KEEP ALIVE VOLTAGE IS WITHIN Vee ±1 V. 

5.2.5 W5 

W5 is installed to power the CKO RAM Keep Alive from 
the development system power supply. See W4 and W7. 

5.2.6 W6 

W6 is installed to enable the emulation of the MICRO· 
BUSTM option. (Option 41 = 1) 

5.2.7 W7 

W7 jumpers the +5V power bus on the emulator board 
to the Vee of the ROMless microcontroller and emula
tor caoles. 

Caution 

THE USER MUST NOT CONNECT THE SYSTEM 
POWER SUPPLY TO THE DEVELOPMENT SYSTEM 

SUPPL Y VIA THE 4XX EMULATION CABLES. 
This could destroy one or both supplies. 

W7 should be removed if the board is connected to the 
development system and the target system power is 
connected to the 4XX emulator cables. If the board is 
being used stand-alone with external power supplies, 
W7 may be left in place with no harmful effect. It should 
be noted that the target system's power should be ade
quately bypassed to eliminate random malfunctioning 
of the ROM less microcontroller due to power glitches. , 

5.2.8 W8 

Jumper WB is installed when an MM2724A EPROM is 
used in socket UB. 

5.2.9 W9 

Jumper W9 is installed when MM2716 or MM2724B 
EPROMs are used in socket UB. 

5.3 Turret Terminals 

The board contains seven turret·type terminals suitable 
for temporary connections via alligator clips, Q-balls, 
etc. Two of these terminals are used for power, four are 
used as logic inputs to the development system, and 
the last is a logic output of the development system. 

5.3.1 Emulator Power Terminals 

A +5V power supply is needed to operate the board 
stand·alone with an MM2716 EPROM. The voltage input 
and its return can be supplied to the board via the two 
terminals located on the left edge of the board marked 
Ve and GND. THESE POSTS ARE NOT MEANT TO 
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ALLOW THE USER ACCESS TO DEVELOPMENT SYS
TEM SUPPLIES_ They are to be used for supplying 
power to the emulator board when it is being used inde
pendently of the development system_ Typical power 
consumption for the board using an MM2716 is 250mA. 

5.3.2 External Event Terminals 

Four external event terminals (EX1-EX4) are located on 
the right side of the board. The logical inputs (TTL 
levels) on these high impedance pins are stored in 
TRACE memory along with COP4XX program counter 
values and the skip line status during a TRACE opera
tion. In addition, transitions on EX1 and EX2 may be 
used to initiate TRACE or BREAKPOINT operations. For 
more information concerning the external event termi
nals, consult the Development System User's Manual. . 

5.3.3 Trigger Out 

Trigger out (TO) is located directly beneath EX1-EX4 on 
the emulator board. TO is an open-collector develop
ment system output that makes a positive transition 
eacn time a I HA(;t: or tsHt:Ar\POINI is initiated. 10 can 
be used for triggering oscilloscopes or logic analyzers. 

5.4 Reset Switch 

The reset switch is located in the lower left corner of 
the emulator. When pressed, the reset switch clears 
the COP4XX program counter, registers and outputs. 
The COP4XX will remain in this reset condition until 
the switch is released. PreSSing this switch will also 
cause the RESET' pin (open-collector output, resistor 
pull-on to Vce) on the emulator cable sockets to go 
low. This switch is for stand-alone operation of the 
emulator board. When emulating using the develop
ment system program COPMON, it is preferable to 
use the 'R' (RESET) command. 

5.5 Edge Connector Pin Assignments 

The 50-pin edge connector located at the bottom of the 
board provides an interface to the development system. 
(Refer to Chapter 2 of the PDS User's Manual or Chap
ter 3 of the STARPLEXTM SPM-A15 Operator's Manual.) 
Table 5-2 contains the names and a brief description of 
each signal. 

'Denotes an active low signal. 
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Table 5-2. Edge Connector Assignments 

Connector Name Description 
No. 

1 GND Signal and power return 
2 GND Signal and power return 
3 Vcc +5Voc power from development system 
4 Vcc +5Voc power from development system 
5 EX2 Buffered external event 
6 EX1 Buffered external event 
7 EX4 Buffered external event 
8 EX3 Buffered external event 
9 ClK Buffered AD/DATA' signal from COP4XX 

10 SKIP COP4XX skip status line 
11 A8 COP4XX program counter address bit 
12 A9 Address bit 
13 A3 Address bit 
14 A7 Address bit 
15 A1 Address bit 
16 A2 Address bit 
17 A4 Address bit 
18 AO least significant address bit 
19 A6 Address bit 
20 A5 Address bit 
21 Not used 
22 A10 Most significant address bit 
23 Not used 
24 Not used 
25 Not used 
26 Not used 
27 Not used 
28 Not used 
29 Not used 
30 Not used 
31 Not used 
32 Not used 
33 BO least significant COP object code bit 
34 B7 Most significant COP object code bit 
35 62 Object code bit 
36 B5 Object code bit 
37 B3 Object code bit 
38 B4 Object code bit 
39 B6 Object code bit 
40 B1 Object code bit 
41 TRIGGER OUT BREAKPOINTITRACE indicator 
42 Not used 
43 RST* Same as RESET' 
44 PROM DISABLE' Select PROM or Shared Memory mode 
45 See Note 1 
46 See Note 1 
47 Vcc +5Voc power from development system 
48 Vcc +5Voc power from development system 
49 GND Power and signal return 
50 GND Power and signal return 

Nole 1: Pins 45 and 46 are used as follows: 

POS with target board 980306552 REV A or later, normally not used. 
with target board 980305551 REV F or earlier, -12VDC from the POS. 

STARPLEX with target board 980306254, normally not used. However, jumper W5 on the 
target board may be installed to supply -12VDC to the emulator board. 
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Functional Verification of E24 Board 
Using COP2404 
Note: This chapter describes the dual processor con
figuration (ROM less Microcontroller = COP2404) of 
the E24. When using the COP404, refer to Chapter 4. 

Due to the board's physical location, external to the 
development system, it is easily damaged. Always 
observe the following: 

1. User power supplies are adequately bypassed and 
supplying the correct voltage. 

2. Development system power is not connected to 
user power. 

3. Cables are correctly installed_ 

4. Device input/output ratings are not exceeded. 

5. PROMs are in their correct sockets and properly 
oriented. 

6. The COP4XX is receiving a valid clock signal. 

If a mishap or malfunction does occur, National Semi
conductor's Microcomputer Technical Support Man
ager can be contacter at (408) 721-6803. Questions 
concerning actual operation of the board or customer 
use of a COP400 device should be referred to the 
COPSTM Application Group at (408) 721-5582. 

Alternatively, if the board develops a problem and cir
cumstances do not allow sufficient time to send it 
back to National, there is a series of COPMON com
mands that may be used to isolate faulty components. 
Before attempting the following diagnostic aids, the 
user should study Section 5.5 of this manual and the 
schematic supplied with the emulator board_ The user 
will also need a functional development system and an 
emulator board cable. 

PDS users should study Chapter 9 of the PDS User's 
IVICinUCiI. 

STARPLEXTM users should consult the SPM-A15 
Operator's Manual (Manual No. 420306254) for informa
tion on COPMON. 

1_ With power turned off, connect the board to the 
development system, making sure all jumpers are 
correctly assigned. Correct jumper assignments are 
determined by the ROM less microcontroller on the 
board. Refer to Section 5.2. 

2. Turn power on and load COPMON. When prompted, 
specify chip number as 2404. 

Note: Underline indicates user inputs. 

PDS Example: 

CR 

EXEC, REV:D 

X>@COPMON 

CHIP NUMBER (DEFAULT = 420)? 2440 

C> 

STARPLEX Example: 

>COPMON 

COPMON, REV: B, <date> 

CHIP NUMBER (DEFAULT=420)? 2440 

C> 

3. Load shared memory with CLRA (object code = X'OO) 
instructions. 

C>DEO,O/L 

4_ Specify and perform a TRACE IMMEDIATE 

C>1B.! 
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TRACE ENABLED: 

IMED OCCUR: 1 PRIOR: 0 GO: N 

C>G 

COPMON should come back with the following 
message: 

TRACED ON IMED AT A:OOO 

If it does not, then the CLK signal described in 
Section 5.5 is not being generated by the COP2404 
and/or the CLK signal is not reaching the system. 
Probable faulty circuits: 

COP4XX (U2) 

74LS14 (U1) 

Also, verify that the COP4XX is receiving a valid 
clock input 

If COPMON executed the TRACE properly, the COP 
program counter can now be examined with the 
TYPE command_ 

C>TY 

o OA:OOO E:1111 A:OOO E:1111 
- - . 
Co LI""\.VVV 

4 4A:000 E:1111 A:OOO E:1111 

6 6A:000 E:1111 A:OOO E:1111 

8 8A:000 E:1111 A:OOO E:1111 

10 10 A:OOO E:1111 A:OOO E:1111 

12 12 A:OOO E:1111 A:OOO E:1111 

14 14A:000 E:1111 A:OOO E:1111 

Note all the address values (A:XXX) shown are zero. 
This is correct because the TRACE operation was 
begun before COPMON let RST'/RESET' go to a 
high level. If one or more of the program counter 
bits are stuck high, the TYPE command might yield 
the following information: 

C>TY 

o OA:009 E:1111 A:009 E:1111 

2 2A:009 E:1111 A:009 E:1111 

4 4A:009 E:1111 A:009 E: 1111 

6 6A:009 E:1111 A:009 E:1111 

8 8A:009 E:1111 A:009 E:1111 

10 10A:009 E:1111 A:009 E:1111 

12 12A:009 E:1111 A:009 E:1111 

14 14A:009 E:1111 A:009 E:1111 

o o 
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ca 
::::J 
c:: 
ca . With this information, the user can generally isolate C>TY 
:E which address line (AO-A10) is malfunctioning. 16 16A:6C9 E:1111 A:2CB E:1111 
(/) Probable faulty circuits: 

18 18A:6CB E:1111 A:2CB E:1111 ~ ... 
81 LS95 (U10) (1) 20 20A:6CB E:1111 A:2CD E:1111 (/) 81 LS95 (U11) 

::;) 
74LS374 (U7) 22 22A:6CD E:1111 A:2CD E:1111 

(/) 
74LS374 (U9) 24 24A:6CD E:1111 A:2CF E:1111 

"E 
ca 5. Enter another TRACE IMMEDIATE command to test 26 26A:6CF E:1111 A:2CF E:1111 

0 RSP/RESET· and proper binary operation of the 28 28A:6CF E:1111 A:2D9 E:1111 
al address lines. 30 30A:6D9 E:1111 A:2D9 E:1111 ... 
0 C>Q Probable faulty circuits: -.! TRACED ON IMED AT A:28B 81 LS95 (U10) 
::::J C>T 81 LS95 (U11) E 
W 0 0 A:28B E:1111 74LS374 (U7) 

E 1 2A:68B E:1111 A:28C E:1111 74LS374 (U9) 
(1) 3 4A:68C E:1111 A:28D E:1111 6. Given proper operation of the board to this pOint, -(/) 5 6A:68D E:1111 A:28E E:1111 test the actual program data bits (BO-B7) by insert-
=--en 7 8A:68E E:1111 A:28F E:1111 ing various jump commands into memory and using 

C 9 10A:68F E:1111 A:290 E:1111 
TRACE to verify that the jump occurred. If the board 
fails any of the following tests, the probable faulty 

0 11 12A:690 E:1111 A:291 E:1111 circuit is: 
0 
~ 13 14 A:691 E:1111 A:292 E:1111 81 LS95 (U6) 
Il. 15 15A:692 E:1111 Insert a jump to location 0 at address 3E; set up, 0 
0 C>TY execute, and list the trace. 

15 15 A:293 E:1111 C>PU 3E, JPO 

17 17 A:693 E:1111 A:294 E:1111 C>TR 3E 

19 19A:394 E:1111 A:295 E:1111 TRACED ON A:03E AT A:03E 

21 21 A:695 E:1111 A:296 E:1111 A:03E OCCUR: 1 PRIOR: 0 GO: N 

23 23A:696 E:1111 A:297 E:1111 C>G 

25 25A:697 E:1111 A:298 E:1111 TRACED ON A:03E AT A:03E 

27 27 A:698 E:1111 A:299 E:1111 C>1. 

29 29A:699 E:1111 A:29A E:1111 0 OA:03E E:1111 A:43F E:1111 

31 31 A:69A E:1111 2 2A:000 E:1111 A:440 E:1111 

If the RST·/RESET· line is stuck low, the addresses 4 4A:001 E:1111 A:441 E:1111 
shown above would have remained at zero. Probable 6 6A:002 E:1111 A:442 E:1111 
faulty circuits: 8 8A:003 E:1111 A:443 E:1111 

COP2404 (U2) 
10 10A:004 E:1111 A:444 E:1111 

Development System 
12 12A:005 E:1111 A:445 E:1111 

The COP addresses from this second TRACE IMME-
14 14A:006 E:1111 A:446 E:1111 DIATE operation should be inspected for monoton-

ically increasing binary values from 0 to 7FFH and If TRACE memory location 2 does not contain 
wraparound from this address to O. This can be A:OOO, then the board is not recognizing the JP 0 
done by additional TRACE and TYPE commands. instruction (object code = COH) properly. If JP 0 is 

If several address lines are shorted or inoperative, a working, then high levels on B6 and B7 from the 

TYPE command might yield program counter values development system are being recognized by the 

like the following: board. Proper high levels on BO-B5 may now be 

C>..I 
tested by successively replacing the JP 0 instruc-
tion with the following jumps: JP 1 (C1 H), JP 2 

0 OA:6C9 E:1111 A:2CB E:1111 (C2H), JP 4 (C4H), JP 8 (C8H), JP 10 (DOH), and JP 20 
2 2A:6CB E:1111 A:2CB E:1111 (EO H). The necessary COPMON commands are: 

4 4A:6CB E:1111 A:2CD E:1111 C>PU 3E, JP 1 

6 6A:6CD E:1111 A:2CD E:1111 C>§. 
8 8A:6CD E:1111 A:2CF E:1111 TRACED ON A:03E AT A:03E 

10 10A:6CF E:1111 A:2CF E:1111 
12 12A:6CF E:1111 A:2C9 E:1111 
14 14A:6C9 E:1111 A:2C9 E:1111 
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0 
0 
"'C 

C>~ 0 OA:03E E:1111 A:43F E:1111 ~ 
0 

0 OA:03E E:1111 A:43F E:11l1 2 2A:008 E:1111 A:440 E:1111 0 

2 2A:001 E:1111 A:440 E:1111 4 4A:009 E:1111 A:441 E:1111 :::l 

4 4A:002 E:1111 A:441 E:1111 6 6A:00A E:1111 A:442 E:1111 en 
'< 

6 6A:003 E:1111 A:442 E:1111 8 8A:00B E:1111 A:443 E:1111 til -8 8A:004 E:1111 A:443 E:1111 C>PU 3E, JP 10 (1) 

10 10A:005 E:1111 A:444 E:1111 C>G 
3 

12 12A:006 E:1111 A:445 E:1111 TRACED ON A:03E AT A:03E 
m 
3 

14 14A:007 E:1111 A:446 E:1111 C>T 0/9 s:::: 
Note that the contents of trace location 2 should 0 OA:03E E:1111 A:43F E:1111 iii" -be A:001. If BO and 81 were shorted or inoperative, 2 2A:010 E:1111 A:440 E:1111 0 
the TYPE command might yield the following 

.... 
information: 

4 4A:011 E:1111 A:441 E:1111 m 
6 6A:012 E:1111 A:442 E:1111 0 

C>Q. I» 

TRACED ON A:03E AT A:03E 
8 8A:013 E:1111 A:443 E:1111 a 

C>PU 3E, JP 20 til 
C>~ 

C>G C 
0 OA:03E E:1111 A:43F E:1111 til 

2. i::.1I11 TRACED ON A:03E AT A:03E !! 
,LJ-\;uu.:> 1"'\ .... "'tV &;;;..1111 

tII~ 

4 4A:004 E:1111 A:441 E:1111 C>TO/9 

6 6A:005 E:1111 A:442 E:1111 0 OA:03E E:1111 A:43F E:1111 :5: 
2 2A:020 E:1111 A:440 E:1111 I» 

8 8A:006 E:1111 A:443 E:1111 :::l 
4 4A:021 E:1111 A:441 E:1111 s:::: 

10 10A:007 E:1111 A:444 E:1111 ~ 
12 12A:008 E:1111 A:445 E:1111 6 6A:022 E:1111 A:442 .E:1111 

14 14A:009 E:1111 A:446 E:1111 8 8A:023 E:1111 A:443 E:1111 

Continuing the test: 
The final test ensures that B6 and B7 are not 
shorted together and that the SKIP line is function· 

C>TR 3E, 1, 0 ing. Use a 2·byte JMP 1 (object code = 6001H) 
TRACE ENABLED: instruction. 

\ A:03E OCCUR: 1 PRIOR: 0 GO: N C> PU 3E, JMP 1 

C>PU 3E, JP 2 C>G 

C>G TRACED ON A:03E AT A:03E 

TRACED ON A:03E AT A:03E C>T 0/9 

C>TO/!:I u UfI:U.j1: t::1111 J-\:,,+.:> I 1::;1111 

0 OA:03E E:1111 A:43F E:1111 2 2A:03F SKIP E:1111 A:440 E:1111 

2 2A:002 E:1111 A:440 E:1111 4 4A:001 E:1111 A:441 E:1111 

4 4A:003 E:1111 A:441 E:1111 6 6A:002 E:1111 A:442 1::1111 

6 6A:004 E:1111 A:442 E:1111 8 8A:003 E:1111 A:443 E:1111 

8 8A:005 E:1111 A:443 E:1111 If trace memory location 4 does not contain A:001, 

C>PU 3E, JP 4 then the JMP 1 instruction was not recognized. 

C>G 
Also, if the jump to 001 was made, but location 2 
does not show a skip, there is a problem with the 

TRACED ON A:03E AT A:03E SKIP line. Check: 
C>T 0/9 74LS374 (U9) 
0 OA:03E E:1111 A:43F E:1111 81 LS95 (U6) 
2 2A:004 E:1111 A:440 E:1111 If the emulator passes all the above tests, the 
4 4A:005 E:1111 A:441 E:1111 supporting circuitry to the COP4XX is functional. It 
6 6A:006 E:1111 A:442 E:1111 is imperative that all these tests be performed with a 

8 8A:007 E:1111 A:443 E:1111 completely operational development system. If the 

C>PU 3E, JP 8 
user still experiences difficulties during program 
emulation, the Microcomputer Technical Support 

C>G Manager, (408) 721-6803, should be contacted. 

TRACED ON A:03E AT A:03E 

C>T 0/9 
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~ National Semiconductor 

STARPLEXM 

Development System 

• A Total Development System 
• Hardware: 

CPU, Floppy Discs, Video Monitor, 
Keyboard 

• Software: 
Disc Operating System, Debugger, 
Editor, Macro Assembler, FORTRAN, 
BASIC, On-Board ROM Diagnostic 
and Utilities 

• Options: 
Emulators, PROM programmer, 
Printers, STARLlNK™, Cross 
Assemblers 

Product Overview 

The STARPLEXTM Development System is a general 
purpose microcomputer and microprocessor 
development system. New levels of operating 
simplicity have been designed into the STARPLEX 
system to significantly reduce the amount of time 
spent on product development. By getting the user 
into actual application work sooner and with fewer 
mistakes, the STARPLEX system allows the user to 
take full advantage of time spent at the console. 

A Total System 

The STARPLEX design combines all the 
components required for the entire development 

• Easy to Use 
• Function keys direct system 
• Prompting menus guide operator 

entries 
• Comprehensible error messages 
• Keystroke-driven editor 

• Full Product Line Support 
• Supports 80aO, a048, a049, a050, 

NSCaOO, 8085, a070 and Z-aO-based 
microprocessor systems 

• Expandable with industry standard 
BLC/SBC boards 

task in one complete system. The STARPLEX 
package includes an BOBO-based CPU board, 64K 
bytes of RAM, 1 M byte of disc storage, a video 
monitor and keyboard. The standard STARPLEX 
software package includes a disc operating 
system, assembler, debugger, editor, linker, 
loader, FORTRAN, BASIC, on-board ROM diagnos
tic and utilities. Options available are: an in-system 
emulator for real-time debugging of customized 
hardware and software, PROM programmer 
personality modules for programming, verifying 
and copying PROMs, STARLlNKTM for transferring 
files between STARPLEXTM and MDS Development 
System, and cross assemblers. 

ISE, STARLlNK, and STARPLEX are trademarks of National Semiconductor Corp. 
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Easy to Use 

The STARPLEX System reduces the time a user 
must spend at a terminal by making many complex 
functions accessible through one easy keystroke. 
System commands are initiated by clearly marked 
function keys which invoke prompting menus to 
guide the user through each task. These function 
keys eliminate the need to memorize system 
commands and various command options. As a 
result, there is no need to refer to lengthy docu
mentation, and errors or delays caused by incor
rectly entered commands are eliminated.' 

Recognizing that a great deal of the user's time 1s 
spent on creating and changing source code, the 
designers of the STARPLEX system have devoted 
special attention to the text editing facility. 

A set of special function keys directs the 
STARPLEX editor, allowing corrections to be made 
\A/ith ~innlQ kQ\lc::trnkoC!: tt.le:n tho nnulo.rf,aI "C"tl"'inn ...... - ... ~.- "-1-"-"--- .. ,--, "'- r--""""-' ....... "~ 

mode" commands allow search and replacement 
of character strings as well as block moves. An 
entire file may be quickly and easily reviewed or 
altered. The number of mistakes is reduced 
because the data and changes are immediately 
displayed. Backup files are automatically created, 
protecting the user from accidental loss of data. 
Because the STARPLEX system is easy to use, 
learning time is considerably shortened. A first 
time user can be productive within a half hour. 
Also, as users make more efficient use of the 
system, machine availability is maximized. 

Full Product Line Support 

When a user buys a STARPLEX System he can be 
assurea It Will meet botn lOday's and tomorrow's 
development needs. All the boards within the 
STARPLEX System are members of National's 
Series/BO family and use the standard Series/BO 
bus, making the system expandable with the more 
than 40 boards presently available in this series. 

The STARPLEX System supports development for 
the BOBOA, B04B, B049, B050, NSCBOO, B070, ZBO and 
BOB5 processors and will support all future 
National and other popular microcomputer and 
microprocessor products. 

The Result - Cost Effectiveness 

The most important feature of the STARPLEX 
. System is that it saves development time. Its ease 

of use allows the designer to concentrate on 
solving the application problem, rather than 
learning how to operate the system. With the 
STARPLEX system, the effectiveness of a 
company's most valuable resource - "engineering 
manpower" - is maximized. 

Functional Description 

Hardware Modules 

STARPLEX components are packaged into 
modules which form a unified system when placed 
together. The modules are durable, with housings 
constructed of 1/8 inch aluminum and front panels 
of molded lexan foam. 

STARPLEX is designed for easy maintanance. 
Snap-down doors on the base module make it easy 
to access the card cages and circuit boards. Inter
connecting cables between all modules and 
boards are routed to the rear of the system and 
covered by easily removable cable channels. Thus, 
cables are out of sight and protected from 
accidental damage. All cables, including the single 
AC power distribution system, are plug detachable 
at both ends, making it easy to disconnect 
modules and reconfigure the system. 

Human engineering concepts have directed the 
design of each STARPLEX module to make the 
man-machine interface as natural as possible. For 
example, the video monitor screen has antireflec
tive coating to minimize glare, and light-emitting 
diodes in certain keys provide operator awareness 
of their selection. Even cooling fans have been 
located to minimize noise levels. 

STARPLEX Electronics 

Four Series/BO boards make up the STARPLEX 
electronics: the main CPU board (based on the 
BLC-BO/204), the video monitor/keyboard controller 
(BLC-B229), the floppy disc controller (BLC-B222) 
and a 64K memory board (BLC-064). 

I nese boards communicate with each other via the 
standard BLC system bus. The CPU, BLC-B229 and 
BLC-B222 all have mUlti-master bus logic on their 
respective boards allowing them to share the 
system bus. The BLC-B229 and BLC-B222 communi
cate with the CPU using Direct Memory Access and 
programmed I/O. 

The optional printers and PROM programmer 
personality modules communicate with the CPU 
through two programmable parallel I/O ports. An 
RS232C port on the CPU is available and permits 
both asynchronous and synchronous com
munications for use with a printer or a communica
tions link such as STARLIN K. 
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Individual circuit boards are built to National's high 
manufacturing quality standards, utilizing 
techniques such as computer aided layout and 
auto insertion. All boards and the system as a 
whole are tested dynamically under system load 
conditions at elevated temperatures as part of a 
thorough factory burn-in. 
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Software 

STARPLEX software is completely thought out 
from a functional standpoint, carefully engineered 
to be easy to understand and use and thoroughly 
integrated into the total system. Every aspect is 
designed to assist the user in rapidly developing 
microprocessor·based systems from the ground 
up. 

The elegance of STARPLEX software lies in its 
ability to make the complicated process of 
program development appear simple to the user. 

The software system is structured as a series of 
rings around a nucleus. Segments of these rings 
can be changed or added for future development 
requirements such as other high·level languages, 
file handlers or special user-defined routines. 

NUCLEUS 

The nucleus of the STARPLEX operating system 
controls and allocates system resources for the 
higher level processes. 

• Provides synchronization and communication 
facilities for higher level asynchronous 
processes 

• Services all hardware interrupts 

• t-'rovldes Imerval timer TUnCtiOns 

• Completely device-independent 
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LEVEL I 

Level I of the operating system provides system 
housekeeping functions and coordinates access to 
system resources. It includes a file manager, an 110 
control system and a loader. 

File Manager 

The file manager organizes, stores and retrieves 
rI-::af<:) -::lInn nr,..,l"tr~""'~ cotnron I'\n tno rliC!~otto .... -~- _ .. - ,-'-;:"-"'- _._._- _ .. ... - -._ .. _ .. _-

• Maintains a directory 

• Allows multiple file attributes 

• Uses a "hierarchical linked list" structure 

• Supports random access 

liD Control System 

The 110 control system is designed to eliminate the 
need for the user to understand the physical 110 
characteristics of each individual device and 
presents a simplified, logical device-independent 
architecture. 

• Provides overlapped 110 commands 

• AllOWS Tiles to De accessea Dy name 

• Handles error conditions 
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Loader 

The loader brings programs into main memory' at 
specified locations. . 

• Provides "load and go" mode 

• Allows controlled load mode - starting 
address returhed to calling program 

LEVEL 2 

Level 2 of the operating system provides the 
"development services" including a linker, a CRT· 
oriented editor, utilities, a debugger, PROM pro· 
grammer support, Macro assemblers, BASIC and 
FORTRAN IV. 

Linker 

The linker combines selected relocatable object 
modules created by the assembler or language 
compiler into an executable run time module. 

• Assigns absolute addresses to load mOdules 

• Produces a memory map of linked components 

• Searches system and user libraries for 
unresolved external ref.erences 

Editor 

The STARPLEX editor is an easy-to-use CRT 
·oriented text editor. 

• Function key driven 

• String search and replace 

• Forward and backward paging 

• Block moves 

• Automatic source file backup 

• Traps illegal commands 

Utilities 

General utilities provide routine maintenance 
functions. 

• Transfer data files betWeen devices 

• Obtain diskette directory listings 

• Format diskettes 

• Modify file attributes 

• Rename files 

Debugger 

The program debugger simplifies 8080 program 
checkout by allowing program execution to be 
monitored and altered. 

• Allows single step control 

• Permits eight breakpoint assignments 

• Displays program counter and registers at 
breakpoints 

• Memory references are absolute or relative to 
one of the relocation registers 

PROM Programmer Support 

The PROM programmer support software manages 
the optional PROM personality module functions. 

• Allows PROM code to be listed, verified and 
copied 

• Data stored in a PROM can be transferred to or 
from another PROM, a diskette file, memory, 
the video -monitor or keyboard. 

Macro Assemblers 

The Macro assemblers assemble 8080, 8085, 8048, 
8070, NSC800, and Z80 mnemonic code and allow 
operator definition of useful higher level 
Instrl)ctlons called "Macros': which are then 
expanded into a sequence of machine level 
instructions. 

• Generates absolute or relocatable object 
modules 

• Conditional assembly parameters 

• Allows external references 

FORTRAN IV 

The FORTRAN IV compiler on the STARPLEX 
system meets the ANSI X3.9·1966 standard and 
includes the following enhancements: 
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• PEEK and POKE - allow direct access to 
memory 

• INP and OUT - allow direct 1/0 access 



• Comprehensive subroutine library 

• Supports user-written I/O drivers 

• Random access disc I/O 

• Allows assembly language subroutine calls 

BAS/C 

The STARPLEX BASIC compiler/interpreter con
forms to the Dartmouth defined BASIC with 
extensions: 

• PEEK and POKE - allow direct access to 
memory 

• INP and OUT - allow direct I/O access for 
non-STARPLEX devices 

• Complete string operators 

• MUlti-dimensional arrays 

• t:xlensive cieiJugging anci prografTIlTliny aiu::; -
trace, edit, direct mode, renumber 

The Command Interpreter is the interface between 
the operating system and the human operator. 

• Function key driven 

• Verifies user requests 

• Provides menus and prompting for system 
commands 

Specifications 

Memory -

Floppy Disc -

Format 

Capacity 

Maximum 
Capacity 

64K bytes 

IBM compatible, soft-sectored 

512K bytes per drive 

1 million bytes 
(4 drives) 

Printers -

Type 

Speed 

Width 

Character 
Type 

Type 

Speed 

Width 

Character 
Type 

Video Monitor -

Thermal 

50 characters per second 

80 columns 

5x 7 dot matrix 

Impact 

120 characters per second 

132 columns 

7 x 9 dot matrix 

Matrix 7x9dot 

Display Array 80 columns by 24 lines 

Phosphor P2 green 

Power - 115VAC, 60Hz, 10 amps (max) 
or 
230VAC, 50Hz, 5 amps (max) 

Base Module ·644 Watts 

Floppy Disc 
Module 966 Watts 

Thermal 
Printer 126 Watts 

Impact 
Printer 360 Watts 

Video Monitor 34 Watts 

Physical -
Floppy 

Base Dise Thermal Impaet Video 
Module Module Printer Printer Monitor 

Height 
5.75 in. 11.5 In. o'{o In. tlln. 11.0 In. 
14.6 em 29.2 em 14.6 em 20.3 em 29.2 em 

Width 
26 in. 13 in. 13 in. 24.5 in. 13 in. 
66 em 33 em 33 em 62.2 em 33 em 

Depth 
26 in. . 19 in. 19 in . 18 in. 19 in. 
66 em 48.3 em 48.3 em 45.7 em 48.3 em 

Weight 
68 lb. 50 lb. 281b. 60 lb. 29 lb. 

30.8 kg 22.7 kg 12.7 kg 27 kg 13.2 kg 
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E 
CD Order Information Documentation -~ SPX·80/40 STARPLEX Development 420305546·001 STARPLEX System Reference 

System with Thermal Printer Manual -C (60Hz) 
420305788·001 STARPLEX System Software CD 

E SPX·80/41 STARPLEX Development Reference Manual 
Q. System without Printer (60 Hz) 

420305789·001 STARPLEX Macro Assembler 0 
Q) SPX·80/42 STARPLEX Development Software User's Manual 
> System with Impact Printer CD 420305790·001 STARPLEX FORTRAN Compiler C (60Hz) Software User's Manual 
X SPX·80/51 STARPLEX Development W 420305791·001 STARPLEX BASIC Interpreter 
....I System with 1 Megabyte Disc Software User's Manual D. Storage (60 Hz) a: 
i! SPX·80/61 STARPLEX Development 420305586·001 BLC·8201/8221 Floppy Disc 

Controller Hardware Reference 
en System with 2 Megabyte Disc 

Manual Storage (60 Hz) 

Note: To order 50 Hz add the letter "E" to the order 420305804·001 BLC·8222 Double Density 

number. Floppy Disc Controller 
Hardware Reference Manual 

Options 420305587 ·001 BLC·8228/8229 Video 

SPM·A02 PROM programming interface Monitor/Keyboard Controller 

plus software Hardware Reference Manual 

SPM·A02-1 PROM programming module for 420305793·001 STARPLEX Hardware 

programming 2708 EPROMs Maintenance Manual 

SPM·A02·2 PROM programming module for 420305521·001 BLC-80/204 Board Level 

programming 2716 EPROMs Computer Hardware Reference 
Manual 

SPM·A06·1 STARPLEX 1 Megabyte Dual 
Disc Expansion 420305529·001 BLC-032/048/064 32/48/64K RAM 

Board Hardware Reference 
SPM·A06·2 STARPLEX 2 Megabyte Dual Manual 

Disc Expansion 
42030~869·001 In-System Emulator Reference 

SPM·A08 In-System Emulator Module Manual 

SPM·A09·1 8080 Emulator Package 420305653·001 SPM-A09·1 8080 ISE Target 

SPM·A09·2 8048 Emulator Package Board User's Manual 

SPM·A09·3 8070 Emulator Package 420306065·001 SPM·A09·2 8048 ISE Target 
Board User's Manual 

SPM·AlO Z·80 Develoment Package 
SPM·A10 ZSTARTM Z·80 420306155·001 

SPM·A15 COPS In·System Emulator (ISE) Development System Reference 
Package Manual 

SPM·A50 Thermal Printer 420306154·00t Z80 Assembler Manual 
SPM·A55 Impact Printer 420306064·001 8048 Family Cross·Assembler 

SFW·A001·1C 8048 Cross·Assembler User's Manual 

SFW·A002·1C 8070 Cross·Assembler 420306469·001 COP400 Emulator Card User's 
Manual 

SFW·A003·1C NSC800 Cross·Assembler 
420306253·001 COP Cross·Assembler. User's 

AEE·A001 STARLINK-SPX/MDS220, 230 Manual 
Link 

420306254·001 COP ISE Operator's Manual 
AEE·A002 STARLINK-SPX/MDS800, 888 

Link 

8-140 



~ National Semiconductor 

STARPLEX IITM 
Development System 

• A Complete Development System 

• Dual CPU microprocessor-based system 
in master/slave configuration 
- 128K bytes of Random Access Memory 
- Dual floppy disk drives 
- Video monitor and keyboard controller 
- Two RS232C interfaces 
- Integral CRT keyboard with eight upper/ 

lower case for a total of sixteen user 
definable keys 

- PROM oroorammer interface 

• Software 
- Disk Operating System 
- Resident Debugger 
- Text Editor 
- Macro Assembler 
- On-board ROM and RAM diagnostics 
- I/O Spooling 
- FORTRAN 
- BASIC 

• Options 
- In-System Emulator (ISETM) packages 

for NSC800, INS8048 family, INS8070 
family, NS80CX48, S080, 80S5andl80® 
microprocessor devices 

- In-System Emulator package for 
COP400 microcontroller devices 

- PL/M for SOSO/S085, PL/M for 
NSC800/l80® 

- PASCAL compiler for 8080/S085', 
PASCAL compiler for NSC800/Z8(}' 
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- Optional double-sided/double-density 
disk drives with 2 megabytes of memory 
expandable to 4 megabytes 

- Cross assemblers (Included with the 
emulator packages) 

- QuiklookTM Tester to perform incoming 
inspection for COP400 microcontroller 
devices 

- STARLlNKTM -Interface to Inteliec™ 
Development System 

- PAL™/PROM programmer personality 

• Field-Upgradable from STARPLEX'"M 
80/41,80/51 or 80/61 Systems 

• Upgrade kit includes: 
- lSOA Master CPU Board 
- l80A Slave CPU Board with 64K bytes 

of RAM 
- Internal RS232C cable and connector 
- Keyboard with user-definable keys 
- Disk-Based Operating System for 

STARPLEXII 

• Easy to Use 

• Prompting menus guide operator entries 
- English language explanation of 

user errors 
- Direct system function keys to 

PAUSE/CONTINUE/ABORT /DEBUG 
- HELP key for online user assistance 
- Single stroke CRT edit keys 
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Product Overview 
The STARPLEX II Development System is a general
purpose microcomputer and microprocessor develop
ment system. New levels of operating simplicity have 
been designed into the STARPLEX II system to signifi
cantly reduce the amount of time spent on product devel
opment. By getting the user into actual application work 
sooner and with fewer mistakes, the STARPLEX II system 
allows the user to take full advantage of time spent at the 
console. 

. A Complete System 

The STARPLEX II design combines all the components 
required for the entire development task in one complete 
system. The STARPLEX II package includes a Z80A
based system controller board, a Z80A-based user 
processor/memory board with 64K bytes of RAM, 64K 
bytes of system RAM, 1 M byte of disk storage controlled 
by a floppy disk controller, a video monitor and keyboard. 
The standard STARPLEX II software package includes a 
disk operating system, Z80 assembler, debugger, editor, 
linker, loader, FORTRAN, BASIC, on-board ROM diag
nostics and utilities. Options available are: in-system 
emulation packages for real-time debugging of custom
ized hardware and software prototype systems, PAll 
PROM programmer personality modules for verifying, 
copying and programming PROMs or PALs, STARLINK 
for transferring files between STARPLEX II and IntelleclM 

Development System, and cross assemblers. 

Easy to Use 

The STARPLEX Systems reduce the time a user must 
spend at a terminal by making many complex functions 
accessible through single easy keystrokes: System com
mands are initiated by clearly marked function keys which 
invoke prompting menus to guide the user through each 
task. These function keys eliminate the need to memorize 
system commands and various command options. As a 
result, there is no need to refer to lengthy documentation, 
and errors or delays caused by incorrectly entered com
mands are eliminated. With the user-definable keys on 
the STARPLEX II System keyboard, the amount of time a 
user must spend at a terminal is further reduced. Eight 
function keys are provided with upper and lower case 
capability for a total of sixteen different keys which are 
user-definable. These keys may be utilized both in com
mand mode (system) and by an application program run-. 
ning on the system. Thus, while system commands are 
initiated by clearly marked function keys, which invoke 
prompting menus to guide the user through each task, 

. many non-system complex functions become accessible 
through these user-definable keys. 

Recognizing that a great deal of the user's time is spent 
on creating and changing source code, the designers of 
the STARPLEX II system have devoted special attention 
to the text editing facility. . 

A set of spacial function keys direct the STARPLEX II 
Editor, allowing corrections to be made with single key
strokes. Also, the powerful "string mode': ,commands 
allow search and replacement of character strings as well 
as block moves. An entire file may be quickly and easily 
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reviewed or altered. The number of mistakes is reduced 
because the data and changes are immediately displayed. 
Backup files are automatically created, protecting the 
user from accidental loss of data. Because the STAR
PLi!:X II system iS,easy to use, learning time is consider
ably shortened. A first-time user can be productive within 
a half hour. Also, as users make more efficient use of the 
system, machine availability is maximized. 

Spooled Printer Capability 

STARPLEX II supports spooled 110 to a user-selected 
print or another input or output device. Thus, printing long 
listings of files; compiler output and similar tasks may 
now be done at the same time as text editing, compiling, 
emulation, debugging, etc. The net result is a greater 
utilization of designer resources and subsequent reduc
tion in program development time. 

Resident System Debugger 

The system debug utility is resident and always available 
to the user. This program does not occupy any user space 
in memory and can be invoked by a Single keystroke. 
Unlike many other debug utilities, the STARPLEX II 
debugger does not have to be specified prior to program 
execution and may be invoked at any time. 

Full Product Line Support 

When a user buys a STARPLEX II system, he can be 
assured it will meet both today's and tomorrow's develop
ment needs. All the boards within the STARPLEX II system 
use the standard Series/80 bus, allowing the system to 
be expandable with the family of boards presently avail
able in the Series/80 BLC line or with options currently 
available for use on STARPLEX II, such as ISE 8085 
(SPM-90-A13-3) or ISE NSC800 (SPM-90-A13-4), each 
with InteQrallSE (SPM-90-A13). 

The STARPLEX II system supports development for the 
NSC800, NS16000, INS8070 family (8070, 8072, 8073 
with Tiny Basic Interpreter), INS8048 family (8048, 8049, 
8050), NS80CX48, Z80A, Z80B, 8085 processors and 
COP400 microcontroller devices, and will support future 
National and other popular microcomputer and micro
processor based products. 

Functional Description 
Hardware Modules 

STARPLEX II components are packaged into modules 
which form a unified system when placed together. The 
modules are durable, with housings constructed of Ya-inch 
aluminum and front panels of molded lexan foam. 

STARPLEX II is designed for easy maintenance. Snap
down doors on the base module make it easy to access 
the card cages anc! circuit boards. Interconnecting cables 
between all modules and boards are routed to the rear of 
the system and covered by easily removable cable chan
nels. Thus, cables are out of sight and protected from 
accidental damage. All cables, including the single AC 
power distribution system, are plug-detachable at both 
ends, making it easy to disconnect modules and recon-
figure the system as the user chooses. . 



STARPLEX II Electronics 

Five printed circuit boards make up the STARPLEX II 
electronics: the main Z80A-based CPU board, a Z80A
based user processor board which also has 64K bytes of 
memory, an 8080A-based video monitor/keyboard con
troller board, an 8080A-based floppy disk controller board 
and an additional64K byte memory board. 

The Z80A-based CPU board and user slave processor 
board are designed in a master/slave configuration to 
give the user processing power and speed that were 
unobtainable with previous development systems. The 
main CPU board with the floppy disk controller board and 
the video/keyboard controller board all have multi-master 
bus logic allowing them to share the system bus. The 
floppy disk controller board and the video/keyboard con
troller board communicate with the main CPU board and 
user processor board using Direct Memory Access and 
programmed I/O. ' 

The optional printers and PALTM/PROM programmer per
~C'~~!~!~' ~01j!..!!~~ C:0~~~~~c:=.!e '.A.'!!h !he !"!:=.!~ CPU I ... !~~r
processor boards through two programmable parallel I/O 
ports. A pair of RS232C ports on the main CPU board are 
available and permit both asynchronous and synchro
nous communications for use with options such as 
STARLINK. 

Individual circuit boards are built to National's high manu
facturing quality standards, utilizing techniques such as 
computer-aided layout and auto insertion. All boards are 
tested dynamically under system load conditions at ele
vated temperatures as part of a thorough factory burn-in. 

Software 

User programs are separated from those of the STAR
PLEX II operating system. This means that users have 
much more memory space available, and since the oper-
cHillY byblt::111 I t::~IUt:::> III Il::> UVVII t::IIVIl UIIlIIt;:lll, Clt.AilUt'1 Ila; 

interface between user programs and the operating sys
tem is virtually eliminated. 

The STARPLEX II software is completely thought out 
from a functional standpoint, carefully engineered to be 
easy to understand and use, and thoroughly integrated 
into the total system. Every aspect is designed to assist 
the user in rapidly developing microprocessor-based 
systems from the ground up. 

The elegance of STARPLEX II software lies in its ability to 
make the complicated process of program development 
appear simple to the user. 

OPERATING SYSTEM 

The operating system provides system housekeeping 
functions and coordinates access to system resources. It 
includes a nucleus file manager, an 110 control system 
and a loader. 

The nucleus of the STARPLEX II operating system con
trols and allocates system resources for the higher-level 
processes. The nucleus: 

• Provides synchronization and communication facilities 
for higher-level asychronous processes. 

Services all hardware interrupts. 
Provides interval timer functions. 
Is completely device-independent. 

File Manager 

The file manager organizes, stores and retrieves data 
and programs stored on the diskettes. 

Maintains a directory. 
• Allows multiple file attributes. 
• Supports random access. 

I/O Control System 

The I/O control system is designed to eliminate the need 
for the user to understand the physical I/O characteristic 
of each individual device and presents a simplified, logical 
device-independent architecture. 

Provides overlapped I/O commands. 
Allows files to be accessed by name. 
Handles error conditions. 
Supports spooled I/O to a user-selected print or another 
~~r..'''''~! 0!'" 01~!!~1_'! 0,?Hi(,l? 

Loader 

The loader brings programs into main memory at speci
fied locations. 

Provides "load and go" mode. 
• Allows controlled load mode - starting address re

turned to calling program, useful for implementing over
lay structures. 

DEVELOPMENT SERVICES 

The "development services" include a linker, a CRT
oriented editor, utilities, a resident debugger, optional 
PALIPROM programmer support macro assemblers, 
BASIC and FORTRAN IV, optional PLIM for NSC800/ 
Z80 or 8080/8085, and optional PASCAL for NSC800/ 
70n ......... anon lonoe: 

Linker 

The linker combines relocatable object modules created 
by the assemblers or compilers into an executable run 
time module. 

Assigns absolute addresses to load modules. 
Produces a memory map of linked components. 
Searches system and user libraries for unresolved 
external references. 

Editor 

The STARPLEX II editor is an easy-to-use CRT-oriented 
text editor. 

• String search and replace. 
Forward and backward paging. 
Block moves. 
Automatic source file backup. 
Traps illegal commands. 

Utilities 

General utilities provide routine maintenance functions. 

• Transfer data files between devices. 
Obtain diskette directory listings. 

• Format diskettes. 
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o Modify file attributes. 
Rename files. 
Print screen. 

Debugger 

The system debug utility is resident and always available 
to the user. The debugger does not occupy any user 
space in memory and may be invoked by a single key
stroke. The program debugger simplifies program check
out by allowing program execution to be monitored and 
altered. 

o Allows single step control. 
Permits eight breakpoint assignments. 

o Displays program counter and registers at breakpoints. 
o Memory references are absolute or relative to one of 

the relocation registers. 

PALl PROM Programmer Support 

The PAUPROM programmer support software manages 
the optional PAUPROM personality module functi:ms. 

Allows PROM code to be listed, verified and copied. 
Data stored in a PROM can be transferred to or from 
another PROM, a diskette file, memory, the video moni
tor or keyboard. 

o Allows for custom programming of programmable array 
logic devices (PAL). 

Macro Assembler 

Individual macro assemblers can assemble 8080, 8085, 
8048, 8070, NSC800, or Z80 mnemonic code and allow 
operator definition of useful higher-level instructions 
called "Macros" which are then expanded into a sequence 
of machine-level instructions. (Macro assembler for 
NSC800/Z80 is included with the STARPLEX II system. 
All other cross assemblers are optionaL) 

o Generates absolute or relocatable object modules. 
o Conditional assembly parameters. 
o Allows external references. 

FORTRAN IV 

The FORTRAN IV compiler on the STARPLEX II. system 
meets the ANSI X3.9-1966 standard and includes the 
following enhancements: 

o PEEK and POKE - allow direct access to memory. 
o Supports user-written I/O drivers. 
o Random access disk I/O. 
o Allows assembly language subroutine calls. 

BASIC 

The STARPLEX II BASIC compiler/interpreter conforms 
to the Dartmouth-defined BASIC with extensions: 

o PEEK and POKE - allow direct access to memory. 
o Complete string operators. 
o Multi-dimensional arrays. 
o Extensive debugging and programming aids - trace, 

edit, direct mode, renumber. 

PLiM for 8080/8085 and NSC800/Z80 (Optional) 

PUM is compatible with the industry standard PUM, but 
offers many enhancements to improve program execu
tion time and memory utilization. 

o Available for 8080/8085 object code or NSC800/Z80 
object code. 
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o Hardware access via high-level statements. 
o Block structure facilitates structured programming 

techniques. 
o Relocatable and linkable output object code. 

PASCAL for 8080/8085' and NSC800/Z802 (Optional) 

Specifications 

Processor Subsystem: 

Floppy Disk Subsystem: 
Configuration 
Format 
Capacity 

Maximum Capacity 

Keyboard Subsystem: 
System Function 

ASCII 
Programmable 

CRT Subsystem: 
Matrix 
Display Array 
Phosphor 
Other 

Printers: 
Type 
Speed 
Width 
Character Type 

Power: 

Base Module 
Floppy Disk Module 
Impact Printers 
Video Monitor 

Physical· 

Base 

Z80A-based CPU board 
Z80A-based user processor/ 

memory with 64K bytes RAM 
Video monitor/keyboard 

controller 
Double-density floppy disk 

controller 
Memory board with 64K bytes . 

RAM (128K bytes total RAM) 

Dual disk drives 
IBM-compatible, soft-sectored 
Double-density, single-sided 

512K bytes/drives 
Expanded to 4 double-density, 

double-sided drives with 4 
megabyte storage capacity 

8 Single-stroke system 
control keys. 

58 alphanumeric keys 
8 user-definable keys with 

upper/lower case 

7x9 dot 
80 columns by 25 lines 
P2 green 
Screen tilted 10° for comfort

able viewing 

Impact 
120 characters per second 
132 columns 
7 x 9 dot matrix 

115 VAC, 60 Hz, 10 amps (max) 
or 
230 VAC, 50 Hz,S amps (max) 
644 Watts 
966 Watts 
360 Watts 

34 Watts 

Floppy 
Disk Impact Video 

Module Module Printer Monitor 

Height 5.75 in. 11.5 in. a in. 11.5 in. 
14.6em 29.2 em ~0.3cm 2.92 em 

Width· 26in. 13.in. 24.5 in. 13 in. 
66em 33 em 62.2 em 33em 

Depth 26in. 19in. 18in. 19in. 
66 em 48.3 em 45.7 em 48.3 em 

Weight 68 lb. 501b. 601b. 29 lb. 
30.8 kg 22.7 kg 27 kg 13.2 kg 



STARPLEX 
DEVELOPMENT SYSTEM 

In-System Emulator 
Module 

INTERFACE 

RAM (32Kx8) 

BREAKPOINT LOGIC 

TRACE LOGIC 

MAP AND CONTROL LOGIC 

TARGET MICROPROCESSOR 

TARGET MICROPROCESSOR 

In-System Emulator System Configuration 
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USER STATUS 
CABLE 
(8 LINES) 

BREAKPOINT 
SYNC 

TRACE SYNC 

EMULATION CABLES 
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Application Multiprocessor System Configuration 

PROCESSOR 
#1 

BUS 
ARBITER 

COMMON BUS 

EMULATOR 
CABLE 

PROCESSOR 
#2 

SHAR~LJ~ 
RAM~~~u" 

8080 Emulator Package 
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8048 Family Emulator Package 

8070 Series Emulator Package 
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Integral In-System Emulator 

IntegrallSE Components Installation 

ISE TWO PORr RAid BOARD __ 

~-'SETR.t.cEBOAAO 

~r----__ EXTAACTOR8I'IACI<ET 
.... HO CLIP ASSEMBLY 

(~,8~ 
~ ' 

" 

2PlCSTYP 
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MEMORY 
CARD 

IntegrallSE System Configuration 
(Total: 3 Boards and 2 Pods) 

CABLE 
POD 

USER PROTOTYPE 
SYSTEM 

STARPLEX 
CARDCAGE 

,--------, 

TRACE 
CARD 

USER STATUS 
POD 

STATUS PROBES 

8085 Emulator Package 

I r· ..... 
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NSC800 (5V) Emulator Package 

COPS™ In~System Emulator Package 
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Installation of the COPS ISE Target Board and an Emulator Board 

'~ ... ' _ .__ _ ______ --' ~:ApR:LEXII 
ISETARGET 

~BOARD 

7/~ LEFT HAND 
,----------- ____ CARDCAGE 

____________ DOOR OPEN 

~'. ---~~-- TARGET/EMULATOR 

f/ /CABLE 
/~. (3 FEET) Y "'. EMULATOR/USER 

-' . .X,' / CABLE 

~/ -, ~"-'\' / (TOT~~:::~:~ 
'V / REACH 4 FEET) 

~~~ 
~ ~~~o > 

~~ 

Universal PROM/PAL Programmer 
Personality Modules for 

"7na "71~ I=DRnM~ ::.nd PALs -- --, -- -
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Impact Printer 

STARPLEX II Development System 
Video Monitor Subsystem ----, 
Large screen - measures 12" diagonally 
Legible characters - 7 x 9 dot matrix 
24 lines x 80 characters 
Soft green phosphor 
Variable screen intensity 
IDe tilted screen for comfortable viewing 
Extensive screen control; scrolling, 
blink, blank, inverse video or 
alternate characters 

User Definable Function Keys ----~ 
Eight function keys are provided 
with upper and lower case 
capability for a total of sixteen 
different keys which are user 
definable 

Processors Subsystem --------. .. 
Z80-based CPU 
Z80-based user processor/memory 
with 64K byte RAM 
Floppy disk controller/formatter 
64Kbyte RAM 
Dual4-slot chassis provides 
three expansion slots 

ASCII Keypad 
58 alphanumeric keys 
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Disk Subsystem 
Dual standard floppy drives give 
512K bytes per drive capacity 
Uses IBM soft-sectored format 
Expanadable to four drives 
(two million bytes) 

PROM Programmer (Optional) 
Plug in PROM personality modules
standard PRO-LOG compatible 
Programs bipolar PROMs, 
2708.2716 EPROMs, PALs 

...... _______ System Function Keypad 
9 system control keys 
Control program execution 

Editor Keypad 
5 cursor keys 
13 special edit keys 

System Reset Boot Load Button 
Powerful resident bootstrap has built-in 
micro-diagnostics to check all system 
facilities on initialization, then 
automatically switch out of user 
memory space 



SYSTEM 
BUS 

STARPLEX II Multiprocessor System 

PAL/PROM PROGRAMMER 

USER PROCESSOR/MEMORY 
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STANDARD FLOPPY 
DISC DRIVER 

64K BYTE RAM 
AND OTHER 

SYSTEM OPTIONS 

EXPANSION 
DRIVES 
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STARPLEX II Keyboard 

User Defined Keypad 
Lower/upper case 

ASCII Keypad 
58 alphanumeric keys 
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Editor Keypad 
5 cursor keys 
13 special edit keys 



Standard Configuration 

IN THE STANDARD CONFIGURATION, STARPLEX II 
provides a fully functioning turnkey system including the 
following features: 

• CPU Master 

• CPU Slave 

• Bootstrap and diagnostic utility 

• Two RS232C serial I/O ports 

• Real time clock/calendar 

• 128K bytes of mappable RAM 

• Keyboard base 

• Video monitor with 7 x 9 dot matrix and 1920 character 
display 

• Dual floppy disk subsystem with double-density (1 mb) 
or double-sided double-density (2 mb) disk drives 

• Debugger for diagnosing program execution 

• Additional utilities for system maintenance 

• Expansion slots for IntegrallSE capability 

• BASIC interpreter 

• FORTRAN compiler 

• Modular construction for versatility in operation 

• Expansion capabilities to meet your growing 
requirements 

• Complete operating system including an input/output 
system with an independent interface to user tasks 

• File manager for comprehensive data storage and 
retrieval file creation, protection, deletion and attribute 
assignment with use of unique keyboard utility keys 

• Screen oriented text editor for creating and editing 
source statements 

• M8cro assembler for assemblinc:j Z80 mnemonics and 
user-defined macros 

• Linker for linking independent program modules into 
executable files 

• PROM programming capability including interface 
board and universal software with PAL support 

Order Information 

SPX-90/51 

SPX-90/61 

Options 

SPM-90-A02-1 

SPM-90-A02-2 

STARPLEX II Development 
System with 1 Megabyte Disk 
Storage (single-sided, double
density drives) (60 Hz) 

STARPLEX II Development 
System with 2 Megabyte Disk 
Storage (double-sided, double
density drives) (60 Hz) 

PROM programming module 
for programming 2708 
EPROMs 

PROM programming module 
for programming 2716 
EPROMs 

SPM-90-A06-1 

SPM-90-A06-2 

SPM-90-A08 

SPM-90-A09-1 

SPM-90-A09-2 

SPM-90-A09-3 

SPM-90-A10 

SPM-90-A13 

SPM-90-A13-3 

SPM-90-A13-4 

SPM-90-A13-7 

SPM-90-A15 

SPM-90-A55 

SFW-90-A001 

SFW-90-A002 

SFW-90-A003 

SFW-90-A006 

SFW-90-A009 

SFW-90-A50 

SFW-90-A100 

SFW-90-A200 

SFW-90-A300 

SFW-90-A320 

AEE-90-A001 

AEE-90-A002 

STARPLEX 111 Megabyte Dual 
Disk Expansion 

STARPLEX 112 Megabyte Dual 
Disk Expansion 

In-System Emulator Module 

8080 Emulator Package 

8048 Emulator Package 
(includes upgrade kits that 
convert ISE 8048 to emulate 
8049 and 8050) 

8070 Emulator Package 
(includes upgrade kits that 
convert ISE 8070 to emulate 
8070 and 8073) 

Z80 Development Package 

Integral In-Systems 
Emulator Package 

8085'Emulator Package 

NSC800 (5V) Emulator Package 

Z80 Emulator Package 

COPS Emulator Package 

Impact Printer 

8048 Cross Assembler 

8070 Cross Assembler 

NSC800 Cross Assembler 

COPS Cross Assembler 

8080 Cross Assembler 

PL/M Compiler for 
8080/8085 

rLJ IVI VVI I 11'-'11"'" , ........ 

NSC800/Z80 

PAL/PROM Programming 
Software 

CP/M Operating System 
Software Package 

PASCAL Compiler for 
8080/8085' 

PASCAL Compiler for 
NSC800/Z802 

STARLINK - SPX/MDS220, 
230 Link 

STARLINK - SPX/MDS800, 
888 Link 

Note: To order 50 Hz add the letter "E" to the order 
1. Not available at the time of this wntlng. 

2. Available in December 1981. 
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Documentation 420306240-001 SPM-90-A 13-3 8085 Integral 
ISE User's Manual 

STARPLEX II Development System 
420306241-001 SPM-90-A 13-4 NSC800 (5V) 

420306465-001 STARPLEX II System Hard-
IntegrallSE User's Manual 

ware Reference Manual (See 1. below) SPM-90-A13-7, l80 

420306383-001 STARPLEX II SY5tem Soft-
IntegrallSE User's Manual 

ware Reference Manual 420306254-001 SPM-90-A 15 COPS ISE 

420305788-001 STARPLEX II Macro Assem-
User's Manual 

bier Software User's Manual 

420305790-001 STARPLEX II FORTRAN Com-
STARPLEX II Development System Software piler Software User's Manual 

420305791-001 STARPLEX II BASIC Inter-
420305789-001 

preter Software User's Manual 

420305804-001 BLC-8222 Double-Density 
Floppy Disk Controller Hard- 420306050-001 
ware Reference Manual 

420305587-001 BLC-8228/8229 Video 
Monitor IKeyboard Controller 420306050-002 
Hardware Reference Manual 

420305529-001 BLC-032/048/064 
32/48/64K RAM Board Hard- 420306064-001 
ware Reference Manual 

STARPLEX II Development System Options 
420306123-001 

420305653-001 SPM-90-A09-1 8080 ISE 
Target Board User's Manual 

420306154-001 
420305869-001 SPM-90-A08 In-System 

Emulator Reference Manual 420306198-001 

420306065-001 SPM-90-A09-28048 ISE 
Target Board User's Manual 

420306253-001 
420306132-001 SPM-90-A09-3 8070 ISE 

Target Board User's Manual 

420306155-001 SPM-90-A 10 l80 420306344-001 
Development System 
Reference Manual 

420306183-001 SPM-90-A02 Universal 420306371-001 
PAL/PROM Program~er 
User's Manual 

1. Not available at the time of this printing. 
2. Available December 1981. 
STAALINK. Quiklook. STARPLEX, STARPLEX II and ISE are trademarks of National SemIConductor Corp. 
PAL is a registered trademark 01 Monolithic Memories. 
ZeD is a registered trademark of Zilog. 
COPS is a trademark of National Semiconductor Corp. 

SFW-90-A009 8085/8085 
Cross Assember 
Software User's Manual 

AEE-90-A001 STARLlNK, 
STARPLEX II/MDS220/230 
Software Manual 

AEE-90-A002 STARLlNK, 
STARPLEX II/MDS800/888 
Software Manual 

SFW-90-A001 8048 Family 
Cross Assembler User's 
Manual 

SFW-90-A002 8070 Family 
Cross Assembler User's 
Manual 

l80 Cross Assembler Manual 

SFW-90-A003 NSC800 
Cross Assembler User's 
Manual 

SFW-90-A006 COPS 
Cross Assembler User's 
Manual 

SFW-90-A200 CP/M 
Operating System User's 
Software Manual 

SFW-90-A50, SFW-90-A60 
PLM80 Software Reference 
Manual 

Information contained herein is intended to be a general product description and is subjecllo change. National does not assume any responsibility for use of any circuitry described. no circuitry 
patent licenses are implied. and National reselVes the right, al any time without notice. to change said circuitry. 
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~ National Semiconductor 

COPS™ 
In-System Emulator (ISETM) Package 

• True Real· Time Emulation of the COP400 
Family of Microcontrollers i 

• Plugs Directly into Any 
STARPLEXTM/STARPLEX WM 
nAUAlnnm~nt Svstem . -

• Compatible with the Req~ired Optional 
COP400 Family Emulator Boards 

• Easy to Use 
• Hardware 

- Real-time trace 01256 x 20-bit 
instruction cycles 

- 4K x a-bit of Shared RAM Memory for 
rapid downloading of programs from 
STARPLEX/STARPLEX II peripherals 

- 1 K x 12-bit dump memory used in place 
of control firmware 

- External hardware breakpoint 

. Product Overview 
The COP400 In-System Emulator (ISE) is designed for 
users with the STARPLEX/STARPLEX II Development 
System. Coupled with the power of STARPLEX/ 
STARPLEX II, COP400 ISE is a very powerful tool avail
able for developing and debugging COP400 family based 
microcontroller products. The COP400 ISE target board 
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- Breakpoint timer in milliseconds 
- Fully compatible with a STARPLEX/ 

STARPLEX II system bus 
- One target card handles entire series of 

microcontrollers and COP400 Emulator 
- ___ .-1_ 

• Software 
- Software breakpoints 
- Lists user-specified registers when 

selected breakpoint is detected 
- Mnemonic modification of object code 
- Step-list-restart command 
- Dump routines for various COPS micro-

controller chips 

plugs directly into any STARPLEX/STARPLEX (( Devel
opment System and interfaces easily with any COP400 
system. The designer has the capability of executing the 
target system program in real-time while collecting up to 
256 instruction cycles of true real-time trace data. In 
addition, he can single step through his program and 
display the data from a 4K Shared Memory location. 
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Functional Description 
liardware 
The COP400 ISE hardware consists of a printed circuit 
board (Target Board) which resides in the STARPLEX/ 
STARPLEX II chassis. This target board interfaces via 
a flat ribbon cable to a required external emulator board 
which interfaces to the user's prototype system. This 
interface from the emulator board to the user's proto
type system is accomplished through a COP400 pin
compatible plug - e.g., 20, 24 or 28 pin pin-compatible 
plugs, depending on the microcontroller chip. With the 
external COP400-E02, COP400-E02C, COP400-E04L, 
COP400-E24 or any other COP400 Emulator Board, a 
designer can perform emulation of the entire COP400 
family of microcontrollers. They include: 

• COP420, COP420L, COP420C 

~ • COP421, COP421 L, COP421 C 

o • COP444L 

• COP445L 

• COP410L, COP410C 

• COP411L, COP411C 

• COP440, COP441, COP442 

• COP2440, COP2441, COP2442 

Note: "C" and "L" denote CMOS and Low-power versions 
respectively. 

The COP400 ISE target board has 4K x 8-bit of Shared 
RAM Memory to allow rapid downloading of programs 
from STARPLEX/STARPLEX II peripherals. Also imple
mented on the target board is a Single hardware break
point to allow the userto halt execution ofthe user program 
at a specified point in order to obtain information on the 
internal state of the COPS microcontroller device under 
emulation before resuming execution. 

Also, on the target board is a 1 K x 12-bit dump memory, 
used in place of a control firmware. The purpose of this 
dump memory is to allow different dump routines, con
tained on the main host driver diskette, to be entered in 
the dump memory for different microcontroller chips. 
Thus, the target board can be used for the entire series of 
microcontrollers. 

On the Emulator Boards are two features that facilitate 
tracing. They are: 1) a "Trace Out" test point to help 
trigger oscilloscopes and logic analyzers, and 2) four 
user defined "external event" inputs into the Trace Logic 
cirCUitry to allow the user to define his own "events" for 
tracing. 

Software 

The COP400 ISE software is a STARPLEX/STARPLEX 
II systems program which performs as the interface be
tween the STARPLEX/STARPLEX II user and the COPS 
hardware system. The host driver, called COPMONTM, 
allows the user the interrupt the flow of a program as it is 
being executed. The interruption is directly controlled by 
one of several events, all under user control. This inter
ruption is. called a "breakpoint:' Possible conditions for a 

breakpoint are "address:' "next instruction:' or any com
bination of two external events. COPMON can maintain a 
ten (10) level "condition" stack to aid easy debugging of 
large programs, In addition, CO PM ON can be specified 
to "break" only on the nth occurrence of a particular 
condition. A breakpoint timer allows COPMON to display 
the time in milliseconds between two "conditions:' 

COPMON also has one other primary function, "trace" 
control and display. The trace command allows the user 
to specify: 1) conditions that will initiate the trace and 2) 
how many steps prior to meeting that condition will be 
traced. The "Go" (see Command Summary below) 
command then arms the trace logic and executes the 
user's program. After a trace has been completed, the 
user may wish to examine the trace data by using a 
"TYpe" command or the user may wish to search for an 
address in the trace memory by using a "SEearch" 
command. 

The COPS CrOSS-Assembler is also included with the 
COPS STARPLEX System Software package. It assem
bles COPS programs written with the STARPLEX Editor 
and stores them as object code load modules on the 
system diskette. There the load modules are accessible 
to the COPMON program which loads them into the 
Shared Memory on the COP400 ISE target board and 
executes them through the Emulator Board. 

The third program included with the software package is 
called MASKTRTM. MASKTR accepts final object code 
load modules prepared by the cross-assembler as input 
files and translates them into "Transmittal Files" which 
are stored on another diskette. The Transmittal Files each 
are in a format acceptable for National Semiconductor to 
prepare "hard" mask patterns from for custom ROM
based COP400 chip programs. A Transmittal File contains: 
1. Name and phone number of the customer 

2. Company name and address 

3. Date 

4. Chip number 

5. Listing of option showing option number, option name, 
and option value 

6. ROM data including addresses 

7. Source, object, and transmittal file checksums. 

COPMON Console Command Summary 
ALter Alter Shared Memory 

AUtoprint 

Breakpoint 

Clear 

CHip 

COmpare 

Deposit 

Find 
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Breakpoint printout control 

Breakpoint condition/occurrence 
control 

Clears Breakpoint and Trace 
enables, and disables Timer 

Selects Chip under emulation 

Compares Shared Memory to a disk 
file 

Deposit value into Shared Memory 

Searches Shared Memory for a 
specified value 



(') 
0 

END ExitCOPMON Specifications ." 
CJ) 

Go Begin Program Execution Note: The following specifications apply when the ::::I 
Help Prints out complete COPMON COPS ISE is configured with a standard COP400-E04L in 

command summary for quick Emulator Board. '< 
C/I reference -Environmental (1) 

List Prints out the contents of Shared 3 
Memory Operating Temperature O°C to 40°C 

m 
LOad Loads Shared Memory from a disk Storage Temperature -40°C to 85°C 3 

file Humidity (without 10% to 90% C 

Modify Alters register contents of COPS condensation) I» -chip under emulation Shock (Drop) 30g on 3 axis in shipping 0 ... 
Next Executes a single instruction but container -Cii skips subroutines .!!! 
Put Alters Shared Memory Power (DC Characteristics - SPM-A15/SPM-90-A15 ." 

mnemonically Power Consumption for Multiple Configurations) I» 
0 Reset Resets the COPS device Target Board +5VDC ::-;-

Singlestep Executes a single instruction +5 VDC, -12 VDC 
I» 

Emulator Board <C 
'3.A}.It~ C::"v"" C::h"rAn MAmory in a disk file (1) 

SEarch Searches Trace memory for a Reasonable 
specified address Typical Worst Case 

SET Set SIOMODE or STACKMODE 
Target with Emulator 

Flags 
and no PROMS 2.25A 3.20A 

SHared Mem Enables Shared Memory operation 
Target with Emulator 

STatus Prints out the emulation status with PROMS 2.50A 3.75A 
Time Breakpoint timer control Maximum User 
TYpe Prints out register contents of COPS Supplied VCC 150mA 250mA 

chip under emulation 

TRace Set Trace Conditions 
Physical 

UNassemble Display Instruction Mnemonics of 
Target Length 6.75 inches 

the data in Shared Memory 
Board Width 12.00 inches 

~_~ A ~"TD 1'_l"uu"lo r:n",",~nrl ~llmm~rv Depth 0.50 inches 

tmUiator LellYUI O.OUllllillv,:, 

Abort Aborts the creation of a Transmittal Board Width 4.55 inches 
File Depth 1.00 inches 

COmpany Prompts for Company Name and (with 4 - 0.50 inch 
Address nylon standoffs) 

Date Prompts for Date Cables 
Error Summarizes any option conflicts Target! Length 3 feet 
Finish Finishes the creation of the Emulator Material 50 x 28AWG 

Transmittal File flat ribbon 

List Lists the Transmittal File Termination 50-pin PCB edge 

Name Prompts for name/phone number of 
RS232 male 
RS232 female 

the person responsible for the 
Emulator: Length Approx. 1 foot program 

Option Prompts for the valid options 
User Material 20, 240r28 x 28 

AWG flat ribbon 
Print Prints allowable options for chip Termination 20-pin IC plug both ends 

specified 24-pin IC plug both ends 
Transmittal Load "Load Module" into memory 28-pin IC plug both ends 
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COPS Emulator/User Interface 

COP411L - 20-Pin COP 421/410/445 - 24-Pin 

Pin Signal Pin Signal 
1 L4 1 GND 
2 VCC 2 CKO 
3 L3 3 CKI 
4 L2 4 RESET/ 
5 L1 5 L7 
6 LO 6 L6 
7 SI 7 L5 
8 SO 8 L4 
9 SK 9 VCC 

10 GND 10 L3 
11 L5 11 L2 
12 L6 12 L1 
13 L7 13 DO 
14 RESET/ 14 D1 
15 CKI 15 D2 
16 DO 16 D3 
17 D1 17 G3 
18 G2 1? G2 
19 G1 19 G1 
20 GO 20 GO 

21 SK 
22 SO 
23 SI 
24 LO 

User Plug DC Characteristics Combined Specs For All Three Sockets 

Signal Symbol Parameter 

LO - L7 VOH Voltage, Output High 
DO - D3 VOL Voltage, Output Low 
GO - G3 10H Current, Output High 
SO,SK 10FF Hi-z Output Leakage 
CKO 10L Current, Output Low 

LO - L7 
CKI VIH Voltage, Input High 
SI VIL Voltage, Input Low 
INO -IN3 
GO - G3 
RESETI VIH Voltage, Input High 

VIL Voltage, Input Low 
Hysteresis 

. Prerequisites 

Any STARPLEX/STARPLEX II Development System' 
and a COP400-E02, COP400-E04L, COP400-E02C, 
COP400-E24 or any other COP400 Emulator Board. 
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Conditions 

10H = 100ltA 
10L = 1.6mA 

COP420/444 - 28-Pin 

Pin Signal 
1 GND 
2 CKO 
3 CKI 
4 RESET/ 
5 L7 
6 L6 
7 L5 
8 L4 
9 IN1 

10 IN2 
11 VCC 
12 L3 
13 L2 
14 L1 
15 DO 
16 D1 
17 D2 
18 D3 
19 G3 
20 G2 
21 G1 
22 GO 
23 IN3 
24 INO 
25 SK 
26 SO 
27 SI 
28 LO 

Value 

Min Max Unit 

2.4 V 
0.4 V 

-100 itA 
-10 +10 ~ 

1.6 rnA 

2.0 V 
0.8 V 

.7VCC V 

0.6 V 
1.0 V 
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Order Information 

(Includes ISETarget Board, STARPLEX/STARPLEX II 
Emulator Cable, Cross Assembler, complete soft
ware and user's manuals, software to create a disk 
file for transmission of customer ROM patterns and 
device I/O options_) 

For STARPLEX Development Systems: 

SPM-A15 COPS In-System Emulator (ISE) 
Package 

For STARPLEX II Development Systems: 

SPM-90-A15 COPS In-System Emulator (ISE) 
Package 

COP400 Family Emulator Boards: 

COP400-E02 402 Emulator Board 

EVEN/ODD 

'Woo 
TWDE 

COP400-E02C 
COP400-E04L 
COP400-E24 

Documentation 
420305785-001 

420306469-001 

420306253-001 

420306254-001 

CMOS Emulator Board 
404L Emulator Board 
440/2440 Emulator Board 

COP400 Microcontroller Family 
User's Manual 

COP400 In-System Emulator 
Card User's Manual 

COPS Cross-Assembler Soft
ware User's Manual 

COPS ISE Operator's Manual 

COP ADDRESS BUS 

:=="='='",,'::"::::j ~~~ !<=====~~§~~NE:'1 

DATA TOCOP 
eo - 67 

SKIP 
CC< 

~' FAOMDISABLE 

LOGIC ~~~- RESET 

TRACE OUT 

Target PWA Block Diagram 
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Preface 
This manual describes the COPSTM Cross·Assembler, a 
support program that allows a user to assemble a 
source program and generate object code on the 
STARPLEXTM Development System that executes on 
COPS microprocessor systems. Detailed information 
on formats and syntax is provided, but no attempt is 
made to teach assembly language programming to the 
STARPLEX system user. 

The following manuals provide further information on 
the STARPLEX Development System: 

• STARPLEX System Software Reference Manual 
Publication No. 420305788 

• STARPLEX WM Software Reference Manual 
Publication No. 420306383 

• STARPLEX System Hardware Reference Manual 
Publication No. 420305789 

• STARPLEX II Hardware Reference Manual 
Publication No. 420306465 

The material presented in this manual is for infor· 
mation purpose only as specifications for both the 
COPS Cross·Assembler and STARPLEX System are 
subject to change without notice. 
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~ Introduction and Overview 

::E 
1.1 General Description 

A cross·assembler is a program that executes on one 
type of computer and assembles source programs 
written In the assembly language of a different type of 
computer. Cross-assemblers produce object modules 
for execution (after a suitable transfer operation) on 
the second type of computer. 

The COPSTM Cross-Assembler executes on the STAR
PLE)(TM Development System and assembles COPS 
assembly language source programs Into Load 
Modules. The Load Modules created are executable 
only on those systems which are COPS (or equivalent) 
microprocessor-based. 

This manual describes the COPS Cross·Assembler as 
follows: 

Chapter 1 (Introduction and Overview) Introduces the 
cross-assembler, summarizes Its characteristics/fea
tures, and describes COPS microprocessor features. 

Chapter 2 (Assenibly Language) describes the lan
guage elements: character set, number representation, 
character strings, instruction and directive formats, 
expressions, and relocation rules. 

Chapter 3 (COPS Instructions) describes each Instruc
tion individually. 

Chapter 4 (Assembler Directives) describes each direc
tive individually. 

Chapter 5 (Macr()s) gives detailed Information on how 
to use the macro instructions. 

Chapter 6 (Assembler Operation) details COPS Cross
Assembler operating instructions. 

Chapter 7 (Programming Techniques) describes pro
gramming techniques that ease the task of writing 
COPS programs. 

Chapter 8 (Sample Programs) shows some very useful 
sample programs that use the programming 
techniques described in Chapter 7. 

Appendices A through I include the following 
Information: 

A ASCII Character Set 
B Alphabetic Listing of Instructions 
C Numeric Listing of Instructions 
D Directive Summary 
E Programmer's Checklist 
F Positive Powers of~ Two 
G Negative Powers of Two 
H The Hexadecimal Number System 
I Hexadecimal and Decimal Integer Conversion 
J Negative Hexadecimal Numbers 
K Program Listing Format 
L Load Module Format 
M Assembler Error Messages 

1.2 The STARPLEX Development System 

1_2.1 In-System Emulation 

The COPS In-System Emulator is a software devel
opment tool for users who wish to prototype systems 
involving one or more types of COPS microprocessors. 

Once the In-System Emulator Is Installed in the STAR
PLEX Development System, the user needs only a 
Single STARPLEX software-driver program to initiate 
the emulation process. The driver program is called by 
a single keystroke (STARPLEX only) or a typed com
mand. A fill-in-the-blank menu appears on the CRT and 
prompts the user to select the microprocessor to be 
emUlated. 

1_2_2 STARPLEX Compatibility 

The COPS Family Cross-Assembler (ASMCOP) is com
patible with the STARPLEX Development System and 
Its Operating System (OS) except for differences in 
directives. The COPS Family Cross-Assembler uses 
the same source line format as the 8080 macro
assembler, the 8070 Cross-Assembler, and the 8048 
Cross-Assembler. The output object file of the COPS 
Family Cross-Assembler is compatible with that 
required by the In-System Emulator. 

1.2_3 Theory 01 Operation 

AI] assembly language is a symbolic programming 
language that uses mnemonic equivalents of machine 
instructions. USing a symbolic rather than binary lan
guage has the following Important advantages: 

• Mnemonic operation codes can be used to desig
nate an operation. 

• Data and Instruction addresses can be assigned 
symbolic names which can be referenced by other 
instructions. 

• The programmer may specify constant data in 
alphabetic, hexadecimal, octal, or decimal format, 
rather than binary format. 

• Symbolic programs are easily modified because 
additional statements may be Inserted into an exist
Ing statement sequence without any concern for the 
changing of address In the existing instructions. 

The relationship between assembly language 
programming and the eventual execution of Instruc
tions by the processor is discussed In the rest of this 
section. 

The processor initially examines the contents of the 
location numbered In the program counter (PC), and 
the PC Is Incremented before each instruction fetch, or 
before the execution of the operation. In this opera
tion, the processor steps through a sequence of 
instructions called a program. 
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All numbers in the memory and the processor are rep· 
resented in the binary system. If the programmer 
wishes to write his program in binary notation, the 
interface between the programmer and the machine 
can be relatively simple. However, writing in binary 
notation is slow and cumbersome. Productivity in· 
creases dramatically when the programmer is able to 
use a more congenial symbolic language and takes 
advantage of mnemonic features. 

The conversion of the program from a symbolic to a 
binary representation is performed by the assembler 
program that translates the symbolic mnemonics into 
a binary machine·language program. This conversion 
is called the assembly process. 

The assembly process begins with the symbolic 
source program which contains two basic types of 
statements: (1) symbolic machine instructions, and (2) 
directives. Assembly language instruction statements 
ctrt:: tiYfTluuii(.; rt~J.Ht::::it::lliC:1iiull ui d.\,; Luai Uillc11 y 11Ic1\.ii Iii It:;; 
language instructions. Directives are assembly· 
dependent statements that control the assembly 
process and generate data in the assembled program. 

Operands of machine language instructions represent 
storage locations, registers, immediate data, or con
stant values. A machine language instruction state
ment may be identified by assigning a label to it. The 
value of the label is the address of the assembled 
machine·language instruction. 

Two outputs are generated as a result of running a 
program (programmer·generated statements) through 
the assembler program: (1) an object module (typically 
on diskette) consisting of actual machine language 
instructions and data corresponding to the source pro
gram statements, and (2) a program listing showing 
~rll Jrr.A !=:t~tp.mAnt~ !=:irtA-hv-!=:irlp. with thA nhiAr..t ("!ortA 

instructions created from the statements. Most pro
grammers work with the program listing once it is 
available. An example of a STARPLEXTM program 
listing is shown in Chapter 2. 

The object module (on diskette) is in a form suitable 
for use by the In·System Emulator™. 

1.2.4 Assembler Features 

There is a one·to·one relationship between assembly 
language statements and machine instructions. A 
feature of assemblers is that the number of assembly 
language statements is the same as the number of 
machine instructions. In high level languages, this is 
not necessarily the case since nearly all single state
ments in a high level language are translated into 
many machine instructions. 

The COPSTM Family Cross-Assembler is not the simple 
type of assembler described above. In any program 
written in COPS assembler language, there is likely to 
be a high ratio of machine instructions to program 
statements because of the extensive repertoire of 
directives in the COPS assembly language. 

Directives direct the assembler program to perform cer
tain operations during the assembly process. The direc· 
ted operations include: (1) assisting the programmer in 
data and symbol definition, (2) checking and document· 
ing the program, (3) controlling the assignment of stor
age addresses, (4) sectioning and including programs, 
and (5) controlling the assembler auxilliary functions to 
be performed by the assembler program. Operands of 
directives provide the information needed by the 
assembler program to perform the designated opera· 
tion. Refer to Chapter 4 for detailed information on 
directives. 

The feature of the COPS assembly language that pro
vides the greatest flexibility and efficiency for the pro· 
grammer is the MACRO directive. The programmer can 
define any sequence of instructions as a MACRO, and 
the assembler then inserts the entire sequence of 
instructions in response to a single·line directive in the 
source program. Refer to Chapter 5 for detailed infor· 
mation on MACROs. 

The assembler has a number of attractive features for 
the programmer. The organizational facilities that are 
represented by the extensive directives make pro· 
grams easier to write and understand once they are 
written. 

Modularity- The MACRO·directive capability makes it 
easier for the user to write program segments and 
debug these segments before the complete program is 
written. 

Division of Labor- Because of the modularity, differ· 
ent programmers can work on various sections of a 
large program. 

Library- Debugged MACROs can be stored in a library 
for use in other programs as the need arises. An exten
sive library of MACROs and simple calling facility of 
Ine assembly language constitutes a nlgn language 
that is tailor·made by the user for his own purposes. 

Productivity-Once a MACRO is written by one pro
grammer, it may be used by another programmer. This 
represents a productivity advantage. 

Flexibility- Because MACROs are small, separately 
identifiable segments of progams, each MACRO may 
be changed from time to time as the need arises. A 
large program may be updated in this fashion without 
much effort. 

1.2.5 Relationship of the COPS Family 
Cross·Assembler to Other Software 

The COPS Family Cross-Assembler accepts source 
program files written in COPS assembly language and 
generales an absolute machine language program 
(load module). Normally, these source programs have 
been created using the STARPLEX editor program. 
Figure 1-1 illustrates the process of creating a COPS 
program. 
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The user normally debugs the program using the In· 
System Emulator™ and a corrected version of the pro· 
gram is created, using the COPSTM Family Cross· 
Assembler. The cycle repeats itself unti I the user is 
satisfied with the operation of the program. At this 
stage, the user may, depending on the nature of his 
development project, transfer the complete program to 
be run on another microcomputer system. . 

1.3 COPS Family Cross·Assembler Features 

The ASMCOP Cross·Assembler produces an absolute 
object module from COPS assembly language pro· 
grams. The directives and conventions used are 
upward compatible to the PDS assembler. The 
ASMCOP assembler is similar to the other STARPLEX 
Assemblers. However, there are some differences 
between ASMCOP and the others. 

The COPS Family Cross·Assembler features include: 

• 51 instructions 

• Two·pass assembly 

• Symbol table is built·in memory 

• Input is accepted from test files on diskette 

• Non·relocatable output is generated to diskette in 
the format described in Section 6.4 

• Optional listing generated to CRT, line printer, or 
diskette 

• Optional cross reference information within pro· 
gram listing 

• Assembly directives for: 
- Data assignment 
- Control of location counter 
- Listing control 
- Conditional assembly 

0 ............ : ... : ............................ 1-..1.. 

• Macro facilities 

1.4 COPS Chip Overview 

The section provides the programmer with a functional 
overview of the COPS chip. Information is presented at 
a level that provides a programmer with the back· 
ground required to write efficient assembly language 
programs. 

1.4.1 Program Memory 

Program memory consists of 512·byte ROM for COPS 
chips 410/411, a 1024·byte ROM for COPS chips 
420/421, a 2048'byte ROM for COPS chips 444/445 and 
a 4096·byte ROM for COPS chips 440, 441, 442, and 
2440,2441,2442 (see Figure 1-2). ROM words may be 
instructions, data or ROM address pOinters. Due to the 
special characteristics associated with the J P and 
JSRP instructions, ROM must often be conceived of as 
organized into eight pages for COPS chips 410/411 (or 
16 pages for COPS chips 420/421) of 64 words (bytes) 
each. Also, because of the unique operations perform· 
ed by the LaiD and JID instructions, ROM pages must 
often be thought of as organized into four consecutive 
blocks of ROM pages. 

1024 .-_______ ~ 
Page 15 

Page 14 

Page 13 

Page 12 

Page 3 

Page 2 

Page 1 

o Page 0 

Figure 1-2. Program Memory Map for COP420 

ROM addressing is accomplished by the P register. Its 
binary value selects one of the ROM 8·bit words (17-10) 

contained in ROM. The value of P is automatically 
incremented by 1 prior to the execution of the current 
instruction to point to the next sequential ROM loca· 
tion, unless the current instruction is a transfer of 
control instruction. In the latter case, P is loaded with 
the appropriate nonsequential value to implement the 
transfer of control operation performed by the instruc· 
tion. It should be noted that P will automatically "roll 
over" to point to the next page of program memory. 
This feature has particular significance for instruc· 
tions with paging restrictions, i.e., JP, JSRP, JID and 
LaID. Since P is incremented to roll over to the next 
ROM page prior to executing these instructions, they 
will be treated as residing on the next ROM page if 
they reside in the last word of a ROM page. 

1.4.2 Data Memory 

UcUCt "It:::lllury liUlitiltilti VI d. nMIVl, UIYd.IIIL'='U 0.::' IVU' 
8·bit data registers for the 410/411 chips or eight 16·bit 
data registers for 444/445 chips. RAM addressing is 
implemented by a B register whose upper bits (Br) 
select one of the data registers and the lower bits (Bd) 
select one to 16 4·bit digits in the selected data regis· 
ter. While the 4·bit contents of the selected RAM digit 
(M) are usually loaded into or exchanged with the A 
register (accumulator), they may also be loaded into or 
from the a latches or loaded from the L ports. RAM 
addressing may also be performed directiy by the LDD 
and XAD instructions based upon the 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. 

1.4.3 Programmable Controls 

A Register. The 4·bit A register (accumulator) is the 
source and destination register for most I/O arithme· 
tic, 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 four bits of the 8·bit a latcl'> 
data, to input four bits of the 8·bit L 1/0 port data and 
to perform data exchanges with the SIO register. 
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B Register. The 6·bit (or 7-bit) RAM Address Register. 

C Register. The 1-bit Carry register, in conjunction with 
the XAS instruction and the EN register, also serves to 
control the SK output. C can be output directly to SK 
or can enable SK to be a SYNC pulse, providing a 
clock each instruction cycle time. 

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

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

1. The least significant bit of the enable register, 
ENO, selects the SIO register as either a 4-bit 
shift register or a 4-bit binary counter. With ENO 
set, SIO is an asynchronous binary counter, . 
decrementing its value by one upon each low
going pulse ("1" to "0") occurring on the SI input 
(count-down counter). Each pulse must be at 
least two instruction cycles wide. SK outputs the 
value of C upon execution of XAS and remains 
latched until the execution of another XAS 
instruction. The SO output is equal to the value of 
EN3. With ENO reset, SIO is a serial shift register 
shifting left each instruction cycle time. The data 
present at SI goes into the least significant bit of 
SIO. SO can be enabled, via EN3, to output the 
most significant bit of SIO each cycle time. The 
SK output becomes a logic-controlled clock, pro
viding a SYNC signal each instruction time. It will 
start outputting a SYNC pulse upon the execution 
of an XAS instruction with C = 1, stoping upon the 
execution of a subsequent XAS with C = O. 

2. With EN1 set, the COP420 IN1 input is enabled 
as an interrupt input. Immediately following an 
interrupt, EN1 is reset to disable further inter
rupts. Note that this interrupt feature associated 
with IN1 is available only on the COP420 and 
COP444l since only they have the IN inputs. Bit 1 

(EN1) of the Enable Register is a "don't care" bit 
for those chips without the IN port. Setting OL 

resetting this bit, via an lEI instruction, will have 
no effect on the operation of those chips. The 
chips that have an IN port are 420, 420l, 420C, 
and 444L. 

3. With EN2 set, the l drivers are enabled to output 
the data in Q to the l 1/0 ports. Resetting EN2 
disables thel drivers, placing the l 1/0 ports In a 
high-impedance input state. If the COP420 MICRO
BUSTM option is being used, EN2 does not affect 
the l drivers. 

4. EN3, in conjunction with ENO, affects the SO 
output. With ENO set (binary counter option 
selected), SO will output the value loaded into 
EN3. With ENO reset (serial shift register option 
selected), setting EN3 enables SO as the output of 
the SIO shift register, outputting serial shifted data 
each instruction time. Resetting EN3 with the 
serial shift register option selected disables SO as 
the shift register output; data continues to be 
shifted through SIO and can be exchanged with A 
via an XAS instruction, but SO remains reset to 
"0". Table 1-1 provides a summary of the options 
and features associated with EN3 and ENO. 

G Register. The 4-bit register to latch data for G 1/0 
port. The G register contents are output to four general
purpose bidirectional 1/0 ports. The COP420 GO pin may 
be mask-programmed as a "ready" output for MICRO
BUS applications. As with thelN3-IN1 COP420 
MICROBUS options discussed below, this GO MICRO
BUS option Is not available for those chips lacking the 
IN ports. 

IL Latches. Two 1-bit latches associated with the IN (3) 
or IN (0) inputs. 

IN 4-bits Input Port. Four general-purpose inputs, 
IN3-INO, are provided for the COP420. IN1, IN2, and 
IN3 may be selected, by a mask-programmable option, 
as Read Strobe, Chip Select and Write Strobe inputs, 
respectively, for use in MICROBUS applications. 

Table 1-1. Protection levels and Safeguard Provisions 

EN3 END SIO SI SO SK afterXAS 

0 0 Shift Register . Input to Shift Register 0 If C=1, SK=SYNC 
If C=O, SK=O 

1 0 Shift Register Input to Shift Register Serial Out If C= 1, SK=SYNC 
If C=O, SK=O 

0 1 Binary Counter Input to Binary Counter IfC=1,SK=1 
If C=O, SK=O 

1 1 Binary Counter Input to Binary Counter If C=1, SK=1 
If C=O, SK=O 
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The COP421 does not contain the IN3-INC inputs and, 
therefore, must use the four bidirectional G 110 porls 
or eight bidirectional L 110 ports as input pins to the 
device. Also, due to its lack of the IN inputs, direct use 
of National's MICROBUSTM Is inappropriate. 

L Register. The B-bit TRI·STATE@ I/O port. The eight 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 
COP420 MICROBUS option allows L 110 port data to be 
latched into the Q register. L I/O ports can be directly 
connected to the segments of a multiplexed LED dis
play (using the TRI-STATE LED Direct Drive output con
figuration option) with Q data being outputted to the 
Sa-Sg and decimal point segments of the display. 

M Register. The 4-bit contents of RAM memory pointed 
to by the B reg Ister. 

Fe iiegisier. Th~ IV- (9-, i i -, UI "-j ui L nvivj Q~~IG~~ 
register (program counter). 

Q Register. The B-bit register to latch data for L I/O 
port. The Q register is an internal, latched, B-bit regis
ter, used to hold data loaded to or from M and A, as 
well as B-bit program data from ROM. Its contents are 
output to the L I/O ports when the L drivers are en
abled under program control (via an LEI instruction). 

The COP420 may use the MICROBUS option to write L 
I/O port data into Q upon the occurrence of a WS 
pulse from the host CPU. 

SA, sa, se Registers. The 10- (11- or g-) bit subroutine 
stack registers. Three levels of subroutine are imple
mented by the 10-bit subroutine stack registers, SA, 
SB, and SC, providing a last·in, first-out (LIFO) hard
ware subrouti ne stack. 

SIO Register. The 4-bit shift register and counter. The 
510 register functions as a 4-blt serial-inlserlal-out 
register or as a binary counter, depending on the con
tents of the EN register. Its contents can be exchanged 
with A, allowing It to input or output a continuous 
serial data stream. 510 may also be used to provide 
additional parallel I/O when used as a shift register 
with its Input or output connected to external serial
inlparallel-out shift registers. 

~v 1 __ 1 ............... + ..... 11 ... ...4 .... 1 ........ 1.!0 "'11+1''''11+ Tho in.hit timQ_h~Q:iCI .... ', ..... ""tII.- ... "" ..... _ .. _- -.--.~ ---,.._ ..... - .- --0 ...... -_.-. 
counter divides the instruction cycle frequency by 
1,024, providing a pulse upon overflow. The COP420 
SKT Instruction tests for the occurrence of this pulse, 
allowing the programmer to rely on this Internal time
base rather than external inputs (e.g., 50160 Hz signals) 
to implement "real-time" routines. 
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'ii 
! COPSTM Assembly Language 
:E 

2.1 Introduction 2.2.1 Character Set 

This chapter describes the following elements of the Valid ASCII letters, numbers, and special characters are 
the same as described for all STARPLE)(TM assemblers; 
however, the uses of some characters are different. 

COPS Assembly Language: I 

• Character Set 

• Delimiters 
• Number Representation 

Assembly language source statements are written 
using the following letters, numbers, and special 

• Character Strings 
characters: . 

• Symbols 
• Instruction Format 

• Upper and lower case letters A through Z of the 
English alphabet . 

• Expression and Operators 
• Numbers 0 through 9 

All aspects of the ASMCOP assembler are compatible 
with the PDS COPS assembler except for some differ· 
ences In the macros. 

2.2 Language Elements 

Character 

CR 

LF 

FF 

HT 

Blank 

Name 

Carriage return 

Line feed 

Form feed 

Horizontal tab 

Blank or Space Input to the assembler consists of a sequence of char· 
acterscombined to form assembly language elements. 
These elements include the symbolli,'lnstruction 
mnemonics,constants, and expressions that make up 
the individual program elements of a source program. 

• The following printable characters: 

Character 

+ 

I 
\ 

? 
! 
& 
$ 
@ 
( 
) 
< 
> 
[ 
1 
{ 
} 
# 
% 

Not •• : 

Name 

Plus Sign 
Minus Sign 
Asterisk 
Slash 
Backslash" 
Comma 
Period 
Semicolon 
Colon 
Single Quote 
Double Quote 
Question Mark 
Exclamation Mark 
Ampersand 
Dollar Sign 
At Sign 
Left Parenthesis 
Right Parenthesis 
Left Angle Bracket 
Right Angle Bracket 
Left Square Bracket" 
Right Square Bracket" 
Left Bracket 
Right Bracket 
Pound Sign" 
Percent Sign 
Equal Sign 
Grav Accent" 
Caesura" 
Tilde" 
UpArrow 
Underscore 

STARPLEX COPS Other STARPLEX ASMs 

Addition Addition 
Subtraction Subtraction 
Multiplication Multiplication 
Division Division 

Delimits operands, para Delimits operands 
Program counter Can be in symbol name 
Delimits comments Delimits comments 
Delimits label Delimits label 
Delimits strings Delimits strings 
Delimits strings Delimits strings 
Can be In symbol name Can be In symbol name 
Logical OR Escape character 
Logical AND Concatenation 
Begins local symbol Program counter 
Escape character Can be In symbol name 
Delimits expressions Delimits expressions 
Delimits expressions Delimits expressions 
Less than, greater than Macro parameter delimit 
Less than, grE!ater than Macro parameter delimit 

Delimits macro parameters No special meaning 
Delimits macro parameters No special meaning 

Logical NOT No special meaning 
ASSignment, relational No special meaning 

Concatenation No special meaning 
Can be In symbol name Can be In symbol name 

1. Those charaClers above IIsled wllh an aSlerlsk (.) are· legal characlers only wllhln commenl slalemenls. 

2. Excepl In slrlngs, lower case lellers are equl,alenllo upper case, I.e., 'a' Is Ihe same as 'A'. 

3. The null characler (ASCII zero) Is Ignored·on Inpul. 
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2.2.2 Delimiters 

In an assembly language program, some of the special 
characters function as delimiters. Delimiters define 
the end of a field or the end of a source statement. The 
following list defines the delimiters recognized by the 
assembler. 

Character Meaning Use 

blank One or more blanks Field separator or symbol termlnalor 
HT Horlzonlal Tab Field separator or symbollerminalor 

Comma Separales operands In Ihe operand 
field 

Single Quoles Delimits a characler Siring 
Dou ble Quoles Delimits a characler string 

( ... ) Parentheses Dellmlls an expression 
Semicolon Delimits a comment field 

[ ... 1 Brackels Dellmlls macro paramelers 
Colon Dellmlls symbols used as labels 

CR RETURN Key Ends an Inpul sialemenllllne 

2.2.3 Number Representation 

In COPS assembly language source programs, 
numbers may be specified in decimal, hexadecimal, 
octal, or binary representation. A one· letter terminator 

Representation Terminator Example 
Binary B 11010010B 
Octal OorO 27630 or 27630 

Decimal D(or none) 23980 or 2398 
Hexadecimal H OB52H 

Noles: 
1. If a number begins wllh X' or a leading zero, Ihen Ills assumed 10 

be hexadecimal. 
2. If a number does nol begin wllh a leading zero or X' and no prefix 

or lermlnalor is used, Ihen Ihe number Is assumed 10 be decimal. 
3. Signed Inlegers belween -32766 and +32767, Inclusive, can be 

sp'eclfled using any of Ihe above represenlallon. This range Is Ihe 
maximum represenlable In 16 biiS or Iwo byles. 

4. The dig lis In a number musl agree wllh Ihe specified base. For 
example, oclal numbers may conlaln only Ihe dlgils 0 through 7. A 
hexadecimal number may conlaln dlglls 0 Ihrough 9 as well as 
lellers A Ihrough F. 

~.~.4 ,",untfn1 1.0CilliOIl ,,"uulln:n 

A period" . " as an operand is interpreted as the cur
rent value of the location counter at the time th'e 
Instruction is assembled. 

2.2.5 Evaluation of ExpreSSions 

An expression may contain combinations of symbols, 
operations and numbers. All expression values are 
evaluated to 16 bits. If a number Is too large for 16 
bits, It Is evaluated modulo 65,536. Furthermore, if an 
expression has an 8·bit operand, then the result of the 
expression must be In the range 0 to 255, or In two's 
complement, the range -127 to +128. 

The following operators are supported within 
expressions: 

Corresponding 
Arithmetic STARPLEX 
Operators Description Operators 

+ Unary or binary addition + 
Unary or binary subtraction 
Multiplication 
Division 
(remainder is discarded) 

Corresponding 
Logical STARPLEX 

Operators Description Operators 

% Logical one's complement NOT 
& Logical AND AND 

Logical OR OR 
H Isolate high order byte HIGH 
L Isolate low order byte LOW 

Corresponding 
Relational STARPLEX 
Operators Description Operators 

Equal EO 
< Less Than LT 
> Greater Than GT 

All operators except Hand L result in a 16-bit value. 
Relational operations always result in the value -1 if 
true and 0 if false. All logical operations are performed 
using unsigned arithmetic. 

2.2.6 Operator Precedence 

Expressions are evaluated left to right. Operators with 
higher precedence are evaluated before other opera
tors that Immeaiately preceae or ioiiow Inem. vvnen 
two operators have equal precedence, the left-most is 
evaluated first. 

Parentheses can be used to override normal rules of 
precedence. The part of an expression enclosed in 
parentheses is evaluated first. If parentheses are 
nested, the innermost are evaluated first. Operator 
precedence is the same as in all STARPLEXTM assem-

. biers. That order is (from highest priority to lowest): 

• Parenthesized expressions 

• H, L 
• MultiplicationlDivision: ., / 

• Addition/Subtraction: +, - (unary and binary) 

• Relational Operators: <, =, > 
• % (Logical NOT) 

• il< \LOg'C'" 1\'~UI 

• ! (Logical OR) 

The relational and logical operators must be separated 
from their operands by at least one blank. 

2.2.7 Terms 

The relationship of terms is shown in Figure 2-1. The 
various types of terms are described In the following 
paragraphs. 

2.2.8 Symbols 

All symbols must conform to the following rules: 

1. One to six characters in length (the actual length 
may be up to 32 characters, but only the first six 
characters will be used). 

2. The first character must be a letter, dollar sign "$", 
or a question mark "7". The symbol name may not 
begin with period because this indicates a directive 
name or the program counter. The symbol may not 
contain an "@" because this has special meaning 
in macros. If the first letter is a dollar sign, the 
symbol is assumed to be local. 
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3. Any remaining characters may be letters, digits, 
dollar sign "$", question mark "?", period ".", or 
underscore "_". 

4. Symbol names may not be the single letter "L" or 
the single letter "H". 

Symbolic representation of elements is superior to 
numeric representation for the following reasons: 

1. You can give meaningful names to the elements of a 
program. 

2. You can debug a program more easily, because the 
symbols are referenced in the symbol table at the 
end of the program. 

3. You can maintain a program more easily, because 
you can change a symbolic value in one place and 
its value will be changed throughout the program. 

Symbols are used in the label field of an instruction to 
identify the instruction and to represent its address. 
Symbols may be used for other purposes, such as the 
~~1~~0!!':' r,=,~rp.~pnt~ti(}n of a memory address, data 
constant, or register. Symbols used in this way must be 
defined before they are used. The assembler regards 
symbols as being reserved or user·defined. 

Defining a User Symbol. No matter how the symbol is 
used, it must be defined. A symbol is defined when the 
assembler knows what value the symbol represents. 
There are two ways of defining a symbol. The symbol is 
assigned the current value of the location counter when 
it appears in the label field of an instruction, or it may be 
assigned some other value through the use of the SET or 
" = " directive. A symbol may not appear in the label 
field more than once in a program, because this would 
cause the assembler to try to redefine an already defin
ed label. The assembler will not do this and it flags the 
second appearance of a label as an error. 

Examples of Symbol Usage. Figure 2-2 shows a 
number or symools useo HI C:l ~UUII.,;t:: jJ1V81 QIII. I~VL;,",C;; 

that symbols may appear in the label field or in the 
operand field of an instruction. 

Reserved, User-Defined, and Assembler·Generated 
Symbols. Reserved symbols are symbols that have 
special meaning to the assembler and therefore can
not appear as user·defined symbols. The mnemonic 
names for the instructions and the directives are all 
reserved symbols. 

Location Counter. The period refers to the current loca
tion counter. The location counter contains the 
address where the current instruction or data will be 
assembled. 

MULT: LBI 
Symbols JSR 

MULT1: LBI 
JSR 
JP 
JSR 
JSR 
LBI 
LD 
AISC 
JP 
RET 

0,13 
CLR 
2,0 
TMZERO Symbols 
NOTZ 
RSHRO 
RSHR2 
0,13 

3 
.+2 

Figure 2-2. Example 01 Symbol Usage 

2.2.9 Constants 

A constant is a self-defining language element. Unlike 
a symbol, the value of a constant is its own "face" 
value and does not vary; the assembler does not 
assign a value to the term, but derives the value from 
the term. 

Constants are used to specify immediate data, 
addresses, registers, and inputloutput information to 
the assembler. Five types of constants are available: 
binary, octal, decimal, hexadecimal, and character (or 
string). Constants are followed by a one character 
suffix that indicates the base. Numbers without a 
suffix are assumed to be decimal. 

Binary Constants. A binary constant consists of 1 to 
16 ones or zeros, followed by the letter "B". If there are 
less than 16 digits, leading zeros are assumed. The 
first digit of a binary constant cannot be a zero 
because hexadecimal constants begin with a zero. 

Examples: 

Valid 

101018 

1118 

Invalid 

1100100 

101 008 

Reason Invalid 

Invalid character 
(the blank) 

18 010101010101010101018 Too many digits 

10111111008 101020B 

118 01B 

Invalid character 
(the two) 

Invalid starting number 
(the zero) 

Octal Constants. An octal constant consists of a string 
of one to six digits followed by the letter "0" or the 
letter "Q". The octal digits are the numbers 0 through 7. 
Octal numbers in the range of 0 to 177777 are valid. 

Examples: 

Valid Invalid Reason Invalid 

1234560 1234567 No 0 after the last digit 
......... Ii,.! "h ........... tor 

(the blank) 

70 7234553740 Too many digits 

77770 23456780 Invalid character 
(the eight) 

Decimal Constants. A decimal constant consists of one 
to five numeric characters. Optionally, decimal con
stants may be fOllowed by the letter D. The value speci
fied is right-justified. That means a 12 is equivalent to 
writing 00012 and not 12000. For 8-bit data, the value 
range is 0-255 for an unsigned decimal integer and 
+ 127 to -128 for a signed decimal integer. For 16·bit 
data the value range of a decimal constant is 0-65,535 
for an unsigned decimal integer and +32,767 to 
-32,768 for a signed decimal integer. It should be 
noted that having signed and unsigned data is just a 
coding convenience made available because some 
instructions treat data as Signed values and other treat 
data as unsigned values. For example, in 8·bit data, -1 
and 255 both convert to the hexadecimal number FF. 
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You may wonder why the range of positive values for a 
signed number Is one less than the range of negative 
values. Logically it would seem that if the most signifi-. 
cant bit of binary number is the sign bit and the 
remaining bits specify the number, then the range for 
both positive and negative numbers would be the 
same. As it turns out, they are. The reason the positive 
numbers appear to be one less than the negative num
bers is that zero Is considered positive. This differs 
from mathematics where zero is considered neither 
positive or negative; but because most computers 
work on two's complement arithmetic, zero must be 
considered positive. 

Examples: 

Valid Invalid Reason Invalid 
12 123456 Too many digits 
-123 123- Invalid character (the minus) 
12345 12.34 Invalid character (the period) 
+1234 12 34 Invalid character (the blank) 
12340 99999 Number outside allowed range 

Hexadecimal Constants. A hexadecimal constant 
consists of one to four hexadecimal digits (0-9 and 
A-F) preceded by an "X" or a zero, or followed by an 
"H". If the first character is a zero, up to five 
hexadecimal digits may be specified. 

Examples: 

Valid Invalid Reason Invalid 
X'1234 1234 No X' after the last digit, this is 

interpreted as a decimal number 
OFFFF FFFF First character 0 or X' to indicate 

hexadecimal 
0120 12 E Invalid character, (the blank) 
357H 357 No "H" after the last digit, this is 

interpreted as a decimal number 

String Constants. A string is a series of printable 
ASCII characters delimited by single or double quotes. 
Quotes may be part of a string by using two quote 
marks. For example, 'AB' 'C' represents the string 
AB'C. 

Examples: 

Valid Invalid 
'VALID' INVALID 

"valid" 'invalid 
'It"sok' "it's not" 

2_2_10 expressions 

Reason Invalid 
No single quotes 
No quote following 
Two single quotes required to 
define a quote within a string 

An expression is an assembly language element that 
represents a value. It may consist of a single term or a 
combination of terms separated by arithmetic, rela
tional, andlor logical operators. A term may be a valid 
symbolic reference, a self-defining constant, or a 
general constant. The result of the expression evalua
tion is an 8- or 16-bit value. 

All of the operand types previously discussed can be 
combined by operators to form an expression. In fact, 
the example given for the location counter (. + 10) is an 
expression that combines the location counter with 
the. decimal number 10. 

2.2.10.1 Operands of Expressions 

Symbols. If a symbol is used as a label, its value (ioca
tion) is the value ofthe location counter immediately 
before the corresponding source line is assembled. 

Symbols can also be defined using the .SET directive 
or the' = ' operator. Once a symbol has been defined, 
all references to that symbol are replaced with the 
corresponding address value. All values of symbols in 
COPS programs are absolute, not relocatable. 

The COPS assembler allows local symbols. The follow
ing rules apply to the.assignment and use of local 
symbols: 

1. Local symbols can only be defined by using them 
as labels. 

2. A dollar sign as the first character in the symbol 
name defines a local symbol. 

3. Local regions are delimited by the. LOCAL directive. 

4. A local symbol name must be unique in the first 
four characters, not including the dollar sign. 

5. Local symbols defined in a local region are 
accessible only within that region of the program. 

Numbers. All numbers are evaluated using 16-bit 
unsigned arithmetic. All numbers are evaluated 
modulo 65,536. This is equivalent to two's complement 
sighed numbers for expression evaluation. 

Strings. Each character in a string is evaluated as a 
byte whose value is the ASCII value of that character. 

2.2.10.2 Arithmetic Operations 

When discussing arithmetic operations, we must dis
tinguish between assembly-time expression evaluation 
and program execution arithmetic. The numbers involv
ed are represented identically in both cases, but pro
gram execution arithmetic has much more flexibility 
than assembly-time expression evaluation in deter
mining the range of numbers, internal notation, and 
whether numbers are considered signed or unsigned. 
The characteristics of both modes of arithmetic are 
summarized in Table 2-1. 

2.2.10.3 Permissible Range of Numbers 

Numbers can range from a through 65,535 (OFFFFH). 
Numbers that are outside this range are evaluated 
"modulo" 64k (k= 1024). So, a number greater than 64k 
is divided by 64k and the remainder is substituted for 
the original number. 
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Table 2-1. Number Representation 

AssemblY'Time Program 
Number Expression Execution 

Characteristic Evaluation Arithmetic 

Base represen· Binary, octal, Any base 
tation decimal or hexa· 

decimal 

Range 0-65,535 User controlled 

Evaluates to: 16 bits User interpreta' 
tion 

Internal notation Two's comple· Two's comple-
ment ment 

Signed/unsigned Unsigned Unsigned unless 
arithmetic user manipulates 

2.2.10.4 Two's Complement Arithmetic 

In two's complement notation, negative numbers are 
formed by complementing all the bits in a number and 
adding a binary one to the result. 

There is no subtraction instruct:on in the COPS 
instruction set. Subtraction is performed by taking the 
two's complement of the number to be subtracted and 
adding it to a second number (the minuend). 

The CASC instruction performs a one's complement of 
the accumulator. To get a two's complement, you must 
complement and then add one to the result. 

When a number is interpreted as a signed, two's 
complement number, the low·order bits are interpreted 
as the magnitude of the number and the high-order bit 
is interpreted as the sign. The range of a signed, two's 
complement number is -32,768 through +32,767 for 
16 bits and -128 through +127 for eight bits. 

When a 16-bit value is interpreted as an unsigned, 
two's complement number, it is considered to be posi
tive and in the range of 0 through 65,535. An 8-bit value 
Ie in tho r~n"o. nl n +hl"' .... ""h ?t:;,t:;, 

All expression evaluation performed by the assembler 
assumes unsigned, two's complement numbers. 
Execution-time arithmetic also assumes unsigned, 
two's complement notation. 

2.2.10.5 Assembly·Time ExpreSSion Evaluation 

An expression is a combination of constants, symbols, 
and operators. Operators can be arithmetic, relational, 
and logical or specially-defined operators. Any symbol 
appearing in an expression must have been previously 
defined. All expression values are evaluated to 16-bits. 
If a number is too large for 16-bits, it is evaluated 
modulo 65,536. Furthermore, if an expression has an 
8·bit operand, then the result of the expression must 
be in the range 0 to 255, or in two's complement the 
range -128 to +127. 

All operators except Hand L result in a 16-bit value. 
Relational operations always result in the value -1 if 
true and 0 if false. All logical operations are performed 
using unsigned arithmetic. 

2.2.10.6 Operators 

The assembler recognizes the following groups of 
assembly-time operators: 

• Arithmetic 

• Logical 

• Relational 

Table 2-2 gives the legal arithmetic operators. 

Table 2-2. Arithmetic Operators 

Operator Meaning 

+ Unary or binary addition 
- Unary or binary subtraction 
* Multiplication 
1 Division. Remainder is discarded 

Examples: 

The following expressions generate an ASCII A: 

5 +30*2 

(25/5) +30*2 

5+(-30* -2) 

Table 2-3 gives the legal logical operators. 

Table 2':3. Logical Operators 

Operator Meaning 

% Logical one's complement 
& Logical AND 
! Logical OR 
H Isolate high order byte 
L Isolate low order byte 

Table 2-4 gives the legal relational operators. 

Table 2-4. Relational Operators 

Operator Meaning 

EQ Equal 
NE Not equal 

< Less Than 

> Greater Than 

The relational operators give a TRUEIFALSE result. If 
the evaluation of the relationship is TRUE, operations 
are based strictly on magnitude comparison of bit 
values. Therefore, a two's complement negative 
number has a greater value than a two's complement 
positive number, because a positive number always 
has a zero in its high-order bit position. 

2.3 Statement Fields 

Assembly language source lines consist of up to 131 
ASCII characters. Source statements ae divided into 
the following four fields: 
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Name/Label Opcode Operand 
Field Field Field Comment Field 

01 000 00 CLRA ;WE MUST DO WHAT WE MUST DO 
02 001 12 CLRRAM: XABR ;CLEAR ALL RAM 
03 002 00 CLR: CLRA 
0400304 XIS 
05004 C2 JP CLR 
06 005 12 XABR 
07006 50 AISC 13 
08007 C1 JP CLRRAM 
09 008 32 RC 
100094F XAS ;TURN OFF SK 
11 OOA 33.68 LEI 8 ;ENABLE SHIFT REG 

Figure 2-3. Sample Program Illustrating Fields 

• Label/Name Field (optional) 

• Opcode Field (mandatory) 

• Operand Field (usually required) 

• Comment Field (optional) 

Spaces and tabs between fields and before the first 
field are allowed. An Input line Is terminated by a carrl· 
age return, and has the following general format: 

[Label) Opcode [Operand,Operand) [;Comment) 

The sample program shown In Figure 2-3 has the four 
fields delineated. However, since the COPS assembler 
accepts "free-form" statements, the programmer may 
disregard field boundaries. For clarity and readability, 
use of aligned boundaries, whenever pOSSible, Is highly 
recommended. 

Following Is an explanation of each field. 

2.3.1 Label/Name Field 

Labels are always optional. An Instruction label is a 
symbol name whose value becomes the location where 
the instruction .Is assembled. A label may contain one 
to six alphanumeric characters, but the first character 
must be alphabetic. Alphanumeric characters Include 
the letters of the alphabet and the decimal digits 0 
through 9. The label name must be terminated with a 
colon (:). A symbol used as a label can be defined 
(appear in the label/name field) only once in.your 
program. 

A name is required for the. SET and" =" directives. 
Names follow the same coding rules as labels,except 
that they are terminated with a blank rather than a colon. 

Figure 2-4 shows an example of labels In a source 
program. . 

Label Field 

CLRA 
CLRRAM: XABR 
CLR: CLRA 

XIS 
JP 
XABR 
AISC 
JP 
RC 
XAS 
LEI 

CLR 

13 
CLRRAM 

;WE MUST DO WHAT WE 
;MUSTDO 
;CLEAR ALL RAM 

;TURN OFF SK 
B ;ENABLE SHIFT REG 

Figure 2-4. Label Field In a Source Program 

The following are some examples of the label field: 

Valid 
LABEL: 

F123: 

WHERE: 

Invalid 
123: 

LABEL 

ADD: 

Reason Invalid 
Begins with a decimal digit 

Not followed by a colon 

ADD Is a reserved word 

Since labels serve as instruction addresses, they 
cannot be duplicated. For example, the sequence: 

HERE: JMP THERE 

THERE: LDD REG 

THERE: SKMBZ 3 

is ambiguous. The assembler cannot determine which 
address is to be referenced by the JMP Instruction. 

A label may appear by itself in a statement, in which 
case, It refers to the next Instruction or data byte. For 
example, the following sequence is valid: 

LABEL1: 
LABEL2: LDD REG 

JMP LABEL1 

JMP LABEL2 

Both JMP instructions cause program contro.1 to be 
transferred to the same LOO Instruction. 

The label assigned to an instruction or data definition 
has as its value the address of the first byte of the In· 
structlon or data. Instructions elsewhere in the program 
can refer to this address by its symbolic label name. 

2.3.2 Operation or Opcode Field 

The operation field is mandatory In every noncomment 
statement and contains a mnemonic that defines an 
assembler operation (directive) or machine operation 
(executable Instruction) to be performed. 
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The operation field may begin in any column and is 
terminated by a blank, fab, or carriage return, if no 
operand or comment field is present. Figure 2-5 
identifies the operation field in a program. 

Operation Field 

CLRA ;WE MUST DO WHAT WE 
CLRRAM: XABR ;MUST DO 
CLR: CLRA ;CLEAR ALL RAM 

XIS 
JP CLR 
XABR 
AISC 13 
JP CLRRAM 
RC 
XAS ;TURN OFF SK 
LEI 8 ;ENABLE SHIFT REG 

Figure 2-5. Operation Field in a Source Program 

2.3.3 Operand Field 

The operand field containS aciciilionai illiuIIIIClliuli \o.y., 
parameters, immediate data, addresses) required by 
the assembler to interpret the opcode field completely. 
The operands may be symbols, constants, or expres· 
sions. The operand field must be separated from the 
operation field by at least one blank. Figure 2-6 identi· 
fies the operand fields of a program. 

Operand Field 

CLRA 
CLRRAM: XABR 
CLR: CLRA 

XIS 
JP 
XABR 
AISC 
JP 
RC 
XA::; 
LEI 

CLR 

13 
CLRRAM 

8 

;WE MUST DO WHAT WE 
;MUST DO 
;CLEAR ALL RAM 

; I UHI ... urr ,:)" 

;ENABLE SHIFT REG 

Figure 2-6. Operand Field in a Source Program 

2.3.4 Comment Field 

The comment field is optional and provides additional 
information that makes the source program easier to 
read. This field is ignored by the assembler and gener
ates no object code. Comments should be included 
throughout the program to explain subroutine linkage, 
assumptions made, algorithms used, formats of 
inputs, etc. 

The following conventions apply to comments: 

1. A comment must be preceded by a semicolon(;). 

2. All valid characters, including blanks, may be used 
in comments. • 

3. Comments should not extend beyond column 80, 
but a comment may be carried over on the following 
line (preceded by a semicolon). 

Figure 2-7 identifies the comment fields on a program. 

CLRA 
CLRRAM: XABR 
CLR: CLRA 

XIS 
JP 
XABR 
AISC 
JP 
RC 
XAS 

CLR 

13 
CLRRAM 

Comment Field 

;WE MUST DO WHAT WE 
;MUST DO 
;CLEAR ALL RAM 

;TURN OFF SK 
I FI 8 :ENABLE SHIFT REG 

Figure 2-7. Comment Field in a Source Program 

2.3.5 Aligning Fields 

One or more spaces are allowed to separate fields. 
Figure 2-8 illustrates the source program with a single 
space separating each field of the instruction. For 
clarity, it is recommended that all fields be aligned at 
the same character positions in every line. 
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Instruction Set 
3.1 Introduction 3.2 COP420 Series/COP444L Instruction Set 

This chapter provides information on the instruction 
sets of the COP400 microcontrollers. As with the archl· 
tecture of the different devices In the COP400 family, 
the instruction sets of the various devices allow the 
user to choose among several devices to provide only 
as much software capability as is needed for a partlcu, 
lar application. 

Table 3-1 provides the mnemonic, operand,machine 
code, data flow, skip conditions, and description asso· 
ciated with each instruction in the COP420 seriesl 
COP444L Instruction set. As indicated, an asterisk in 
the description column signifies a double·byte instruc· 
tion. Also, notes are provided following thls.table 
which describe or refer to additional information rele· 
vant to particular instructions. As indicated by Note 3, 
the ININ and INIL instructions are not Included in the 
COP421 Instruction set, due to its lack of IN inputs 
and the IL3 and ILO latches associated with two of the 
IN Inputs (IN3 and INO, respectively). 

The ASMCOP assembles code for all members of the 
COP400 Family (410/411/420/421/444/445). Each 
member of the family is specified by the "CHIP" direc· 
tlve. Instructions being assembled are checked for 
correct register bounds, address range and legality. 

The symbols used in the instruction descriptions are 
given below: 

Note that the COP420 series/COP444L set, as with all 
COP400 instruction sets, Is divided into the following 
categories: Arithmetic Operations, Input lOut put 
Instructions, Transfer of Control Instructions, Memory 
Reference Instructions, Register Reference Instruc
tions, and Test Instructions. 

Symbol 

a 
d 
r 

RAM(s) 
ROM(t) 

y 
A 
B 

Bd 
Br 
C 
D 

EN 
G 
IL 
IN 
L 
M 
PC 
Q 

SA 
SB 
SC 
510 
SK 

Optional 
Symbol 

+ 

A 
.I\. 

Definition 

10- (9- or 11-) bit operand field, 0-1024 binary (ROM address) 
4-bit operand field, 1-15 binary (RAM digit select) 
2- (or 3-) bit operand field, 0-3 binary (RAM register select) 
Contents of RAM location addressed by s 
Contents of ROM location addressed by t 
4-bit operand field, 0-15 binary (immediate data) 
4-bit accumulator 
6- (or 7-) bit RAM address register 
Lower four bits of B (digit address) 
Upper 2- (or 3-) bits of B (register address) 
1-bit carry register 
4-bit data output port 
3-blt enable register 
4-bit register to latch data for G I/O port 
Two 1-bit latches associated with the IN (3) or IN (0) inputs 
4-bit input port 
a-bit TRI-STATE<!> I/O port 
4-bit contents of RAM memory pointed to by B register 
10- (9- or 11-) bit ROM address register (program counter) 
a-bit register to latch data for L I/O Port 
10- (11- or 9-) bit subroutine save register A 
10- (11- or 9-) bit subroutine save register B 
10- (or 11-) bit subroutine save register C 
4-bit shift register and counter 
Logic-controlled clock output 

Plus 
Minus 
Replaces 
Is equal to 
Is exchanged with 
Ones complement of A 
Exclusive OR 
Range of values 
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Table 3.1 COP420 Series/COP444L Instruction Set "'0 
r-
m 

Machine X 
Hex Lan~uage Code 

0 Mnemonic Operand Code Binary) Data Flow Skip Conditions Description 

0 
ARITHMETIC INSTRUCTIONS "'0 en 
ASC 30 I 0 ° 1 110 ° 0 a I A + C + RAM(B) - A Carry Add with Carry, Skip on 0 

Carry - C Carry ... 
0 

I ° ° 1 110 a a 1 I 
In 

ADD 31 A + RAM(B) - A None Add RAM to A In 

:i> 
ADT 4A I a 1 a 011 0 1 ° I A + 1010 - A None Add Ten to A In 

In 
AISC Y 5y 10 1 a 11 A + y - A Carry Add Immediate, Skip on CD 

Carry (y " 0) 3 
0-

CASC 10 I a a a 110 a ° 0 I A + RAM (B) + C - A Carry Complement and Add CD 
Carry - C with Carry, Skip on Carry 

... 
c: 

CLRA 00 I a 0 0 010 a a ° I 0- A None Clear A In 
CD 
""t. 

COMP 4U i u i 0 0i0 u v v j ;. 
~ NnnA Ones complement of A to In 

A S; 
S» 

NOP 44 I ° 1 ° 010 1 a a I None None No Operation :::s 
C 

RC 32 I ° ° 1 110 ° 1 ° I "0" - C None Reset C !!. 
SC 22 I a ° 1 010 ° 1 a I "l"-C None Set C 

XOR 02 I ° ° ° 010 ° 1 a I A", RAM (B) - A None Exclusive-OR RAM with A 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 1111111111 ROM (PC10:8,A,M) - None Jump Indirect (Note 2) 
PC7:0 

JMP a 60-67 I 01 1010 01alo:81 a - PC None • Jump 

OO-FF I a7:0 I 
JP a 1 'I ... o;u I 

NonA Jump within Page 

(pages 2,3 only) (Note 3) 

or 

JP a CO-FE 111 I a5:0 1 a - PC5:0 None Jump within Page 

(all other pages) 

JSRP a SO-8E 
110 I a5:0 PC+l- SA- SB- SC None Jump to Subroutine Page 

(Note 4) 
0010 - PC 10:6 
a - PC5:0 

JSR a 6S-6F 1011 Opl al0:sl PC+l- SA-SB- SC None • Jump to Subroutine 

OO-FF I a7:0 I a- PC 

RET 48 I 0 1 0 0Il a 0 0 I SC - SB - SA - PC None Return from Subroutine 

RETSK 49 I a 1 0 011 a a 1 I SC - S8 - SA - PC Always Skip on Return Return from Subroutine 
then Skip 

[;]I 
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c 
'" Table 3'.1 COP420 Series/COP444L Instruction Set (continued} :E 
U) 
~ ... Machine 
G) Hex Lan,uage Code 
U) Mnemonic Operand Code' Binary) Data Flow Skip Conditions Description 

;::) ... MEMORY REFERENCE INSTRUCTIONS 
G) 

:0 CAMO 33 10011100111 A- 07:4 None • Copy A, RAM to 0 

E 3C 10011111001 RAM (B) - 03:0 
G) 
U) 

COMA 33 10011100111 07:4 - RAM(B) None • Copy 0 to RAM, A 

~ 2C 1001011 1001 °3:0 .... A 
U) 

e LD 05,15,25, 1001 r 101011 RAM(B)- A None Load RAM into A, 
35 Br .. r- Br Exclusive·OR Br with r 

0 
U) LDD r,d 23 10011 01001 11 RAM(r,d}- A None • Load A with RAM pointed 

0- 00-7F 101 r I d I to directly by r,d 

0 
0 LOID BF !1 011/1 111 1 ROM(PC10:8,A,M) - 0 None Load 0 Indirect (Note 3) 

~ 
SB- SC 

~ RMB 0 4C 101 0011 1001 0- RAM(B)O None Reset RAM Bit 

0- 1 45 10 1 0 010 1 0 11 0- RAM(B), 
a: 2 42 10 1 0 010 0 1 01 0- RAM(B)2 

~ 3 43 10 1 001001 11 0- RAM(B)3 

U) 5MB 0 4D 10 1 0 0J1 1 0 11 1- RAM(B)O None Set RAM Bit 
1 47 10100101111 1- RAM(B), 
2 46 10 1 0010 1 1 01 1 - RAM(B)2 
3 48 10 1 0011 0001 1- RAM(B)3 

STII Y 7y' 10111 1 y I y- RAM(B) None Store Memory Immediate 
Bd+l-Bd and Increment Bd 

X 06,16,26, 1001 r 101101 RAM(B)-A None Exchange RAM with A, 
36 Br .. r-,Br Exclusive-OR Br with r 

XAD r,d 23 100 1 01001 1 I RAM(r,d)-A None • Exchange A with RAM 

80-FF III r I d I pointed to direclly by r,d 

XDS 07,17,27, 1001 r 101111 RAM(B)- A Bd decrements past 0 Exchange RAM with A 
37 Bd-l-Bd and Decrement Bd, 

Br .. r-Br Exclusive-OR Br with r 

XIS 04,14,24, 1001 r 10 1 001 RAM(B)- A Bd increments past 15 Exchan'ge RAM with A 
34 Bd+l-Bd and Increment Bd, 

Br .. r- Br Exclusive-OR Br with r 

REGISTER REFERENCE INSTRUCTIONS 

CAB 50 10 1 0 110 0 0 01 A- Bd None Copy A to Bd 

CBA 4E 1010011 1001 Bd - A None Copy Bd to A 

LBI ·r,d 00 1001 r l(d-l)1 r,d - B Skip until not a LBI Load B immediate with 

(d = 0,9:15) r,d (Single-byte) 

or 
• Load B Immediate 

33 1001 110011 1 with r,d (Double-byte) 
80-FF 111 r I d I 

(any d) 

LEI y 33 10011100111 y- EN None • Load EN Immediate 
6y 101101 y I (Note 7) 

XABR 12 10 0 0 110 0 1 01 A - Br (0,0 - A3.A2) None Exchange A with Br 



Table 3.1 COP420 Series/COP444L Inslruction Set (continued) 

Machine 
Hex Lan~Uage Code 

Mnemonic Operand Code Binary) Data Flow Skip Conditions Description 

TEST INSTRUCTIONS 

SKC 20 10 0 1 01000 01 C = "1" Skip if C is True 

SKE 21 10 a 1 0100 a 1 I A = RAM(B) Skip if A Equals RAM 

SKGZ 33 1001 110011 1 G3:0 = 0 • Skip if G is Zero 

21 100 1 01000 11 (all 4 bits) 

SKGBZ 33 10011100111 1st byte • Skip if G Bit is Zero 

0 01 10000100011 ' I '"' ''', GO = 0 
1 11 10001100011 Gl = 0 
2 03 1000010 a 1 1 I G2 = 0 
3 13 10 0 0 110 0 1 11 G3 = 0 

~~~.~~Z I) n, 10 0 0 010 0 0 11 RAM(B)O = 0 Skip if RAM Bit is Zero 
1 11 10 0 0 110 0 0 11 RAM(Bl1 = 0 
2 03 10000100111 RAM(B)2 = 0 
3 13 10 0 0 110 0 1 1 I RAM(B)3 = 0 

SKT 41 10 1 0 010 0 0 11 A time·base counter Skip on Timer 
carry has occurred (Note 3) 
since last test 

INPUT/OUTPUT INSTRUCTIONS 

ING 33 10011100111 G-A None • Input G Ports to A 
2A 10 0 1 011 0 1 01 

ININ 33 100111001 11 IN- A None • Input IN .Inputs to A 
28 10 0 1 011 0001 (Note 2) 

INIL 33 10011100111 IL3,"1","0",ILO - A None Input IL Latches to A 
~n In n 1 nl1 n n 11 (Note 3) 

INL 33 10011100111 L7:4 - RAM(B) None • Input L Ports to RAM,A 
2E 10010111101 L3:0- A 

OBO 33 10011100111 Bd - 0 None • Output Bd to 0 Outputs 
3E 10011111101 

OGI 33 1001 110011 1 y-G None Output to G Ports 

5y 10101 1 y I Immediate 

OMG 33 10 0 1 110 0 1 1 I RAM(B)- G None • Output RAM to G Ports 

3A 10 0 1 111 0 1 01 

XAS 4F 10 1 0 0111 1 11 A- 510, C-SK None Exchange A with SIO 
(Note 3) 

Nole 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered Oto 
N where 0 signifies the least significant (Iow'order, right·most bit). For example, Aa indicates the most significant (Ieft·most) bit of the 4·bit A register. 
Nole 2: The ININ instruction is not available on the 24'pin COP421 since this device does not contain the IN inputs. 
Nole 3: For additional information on the operation of the XAS, JID, LOID, INIL, and SKT instructions, see Section 3.2. 

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 54·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 Pl. A JSRP may not be used when in pages 2 or 3. 
JSRP may not jump to the last word in page 2. 

Nole 6: LBI is a single·byte instruction if d = 0,9, 10, I I, 12, 13, 14, or IS. 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 (10012), the lower 4 bits of the LBI instruction equal 8 (10002)' To load 0, the lower 4 bits of 
the LBI instruction should equal IS (11112)' 
Nole 7: Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a "I" or "0" In each bit of EN corre
sponds with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.) 
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'" == Table 3-2. COP410L/COP411L Instruction Set 

CI) 
~ ... Machine 
G) Hex Lan~uage Code CI) Mnemonic Operand Code Binary) Data Flow Skip Conditions Description ::) ... ARITHMETIC INSTRUCTIONS G) 

:a ASC 30 1 0 0 1 110 0 0 0 I A + C + RAM(B) - A Carry Add with Carry, Skip on E 
G) Carry - C Carry 
CI) 
CI) ADD 31 100 1 110001 A + RAM(B) - A None Add RAM to A 

~ 
CI) AISC Sy 10 1 0 11 y A + y - A Carry Add Immediate, Skip on 
CI) Carry (y" 0) 0 ... 
0 CLRA 00 I 0 0 0 010 0 0 0 I O-A ~one Clear A 

UJ COMP 40 1 0 1 0 010 0 0 0 I A-A None Ones complement of A to Q". 
0 A 

0 
X 

NOP 44 1 0 1 0 010 1 00 I None None No Operation 

W RC 32 1 0 0 1 110 0 1 0 1 "0" - C None Reset C ..J 
Q". 

SC 22 I 0 0 1 010 0 -1 0 I a:: "1" - C None Set C 

~ XOR 02 I 0 0 0 010 0 1 0 I A", RAM(B)- A None Exclusive-OR RAM with A 
UJ 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 1111111111 ROM (PCS,A,M,) - None Jump Indirect (Note 2) 
PC7:0 

JMP a 60-67 I 0 1 1 010 0 01 a I a- PC None • Jump 

OO-FF I a7:0 
1 

JP a SO-BE 11 I a6:0 1 a - PC6:0 None Jump within Page 

(pages 2,3 only) (Note 3) 

or 
JP CO-FE 11 11 as:o a - PCS:O None Jump within Page 

(ali other pages) 

JSRP a SO-SE 
110 I as:o PC+1- SA- SB None 'Jump to Subroutine Page 

(Note 4) 
1010 - PCS:6 
a - PCS:O 

JSR a 6S-69 I 0 1 1 011 0 0 as I PC+1- SA- SB None • Jump to Subroutine 

OO-FF 
1 a7:0 1 

a- PC 

RET 4S 101 001 1 000 1 SB- SA- PC None Return from Subroutine 

RETSK 49 1 0 1 0 011 0 0 1 I SB- SA- PC Always Skip on Return Return from Subroutine 
then Skip 



Table 3-2. COP410L/COP411L Instruction Set (continued) 

Hex 
Mnemonic Operand Code 

Machine 
Language Code 

(Binary) 

MEMORY REFERENCE INSTRUCTIONS 

CAM a 

LD 

LaiD 

RMB 

Sivic 

STII 

x 

XAD 

XDS 

XIS 

a 
1 
2 
3 

1 
2 
3 

y 

3,15 

33 10 0 1 110 0 1 11 

3C 10011111001 

05,15,25, 10 01 r 10 1 0 11 
35 

BF 11011111111 

4C 
45 
42 
43 

47 
46 
48 

7y 

10 1 0011 1 001 
10 1 0 010 1 0 11 
10 1 001001 01 
10 1 0 010 0 1 11 

In 1 n "11 1 n 11 

io ; 0 oio 1 1 1 i 
10 1 0 010 1 1 01 
10 1 0 011 00 01 

10111 1 y 

06,16,26, 10 01 r 10 1 1 01 
36 

23 

BF 
100 1 0100 1 11 

11 011 1111 1 11 

07,17,27, 1001 r 101111 
37 

04,14,24, 1001 r 101 0 01 
34 

REGISTER REFERENCE INSTRUCTIONS 

CAB 

CBA 

LBI r,d 

LEI y 

50 

4E 

00 

33 

6y 

10 1 0 110 0 0 01 

10 1 0011 1 001 

1001 r l(d-1)1 
(d = 0,9:15) 

10 0 1 110 0 1 11 

101 1 01 y 1 

Data Flow 

A~ 07:4 
RAM(B) ~ 03:0 

RAM(B)~ A 
Br .. r ~ Br 

ROM(PC8,A,M,) ~ a 
SB~ SC 

o~ RAM(B)O 
O~ RAM(B)1 
o~ RAM(B)2 
o~ RAM(B13 

1 ~ RAM/B)!; 
1 ~ RAM(BI1 
1 ~ RAM(B)2 
1 ~ RAM(B)3 

Y ~ RAM(B) 
Bd + 1 ~ Bd 

RAM(B)- A 
Br .. r ~ Br 

RAM(3,15) - A 

RAM(B)- A 
Bd-1~Bd 

Br .. r ~ Br 

RAM(B)- A 
Bd+1~Bd 

01 ttl I ~ 01 

Bd ~ A 

r,d ~ B 

y ~ EN 
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Skip Conditions 

None 

None 

None 

None 

None 

None 

None 

None 

Bd decrements past 0 

Bd increments past 15 

None 

None 

Skip until not a LBI 

None 

Description 

• Copy A, RAM to a 

Load RAM into A, 
Exclusive·OR Br with r 

Load a Indirect (Note 3) 

Reset RAM Bit 

Set RAM Bit 

Store Memory Immediate 
and Increment Bd 

Exchange RAM with A, 
Exclusive·OR Br with r 

• Exchange A with RAM 
(3,15) 

Exchange RAM with A 
and Decrement Bd, 
Exclusive·OR Br with r 

Exchange RAM with A 
and Increment Bd, 
t:v ... lt .. :~h/.o.rH:~ Rr \"lith r 

Copy A to Bd 

Copy Bd to A 

Load B Immediate with 
r,d (Single·Byte) (Note 5) 

• Load EN Immediate. 
(Note 6) 

en 
~ 
::D 
"tI .
m 
X 
(') 
o 
"tI en 
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o en en 
:i> en en 
CD 
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Table 3-2. COP410LfCOP411L Instruction Set (continued) 

Machine 
Hex Lan~Uage Code 

Mnemonic Operand Code Binary) Data Flow Skip Conditions Description 

TEST INSTRUCTIONS 

SKC 20 10010100001 C = "1" Skip if C Is True 

SKE 21 100 1 0100011 A = RAM(B) Skip If A Equals RAM 

SKGZ 33 10 0 1 110 0 1 11 G3:0 = 0 • Skip if G is Zero 
21 10010100011 (all 4 bits) 

SKGBZ 33 10 0 1 110 0 1 11 1st byle • Skip if G Bit is Zero 

0 01 100001000 11 

I"''"'" 
GO = 0 

1 11 10001100011 Gl = 0 
2 03 10000100 1 11 G2 = 0 
3 13 10 0 0 110 0 1 11 G3 = 0 

SKMBZ 0 01 10 0 0 010 0 0 11 RAM(B)O = 0 Skip if RAM Bit is Zero 
1 11 10 0 0 110 0 0 11 RAM(Bh = 0 
2 03 10 0 0 010 0 1 11 RAM(B)2 = 0 
3 13 10001100111 RAM(B)3 = 0 

INPUT/OUTPUT INSTRUCTIONS 

ING 33 10 0 1 110 0 1 11 G-A None • Input G Ports to A 

2A 10 0 1 0J1 0 1 01 

INL 33 10011100111 L7:4 - RAM (B) None • Input L Ports to RAM,A 

2E 100 1 011 1 1 01 L3:0 - A 

OBD 33 10011100111 Bd- D None • Output Bd to D Outputs 

3E 10 0 1 111 1 1 01 

OMG 33 10 0 1 110 0 1 11 RAM(B)- G None • Output RAM to G Ports 
3A 10 0 1 1 J1 0 1 01 

XAS 4F 10 1 0 011 1 1 11 A- SIO,C- SK None Exchange A with SIO 
(Note 3) 

Nolo 1: All subscripts for alphabetical symbols Indicale bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to 
N where 0 signifies the least significanl (Iow'order, right'most bit). For example, A3 indicates Ihe mosl slgnificanl (Ieft'mosl) bit of Ihe 4·blt A register. 

Nole 2: For additional Information on the operalion of Ihe XAS, JID, and LOID Instructions, see Seclion 3.2. 

Nole 3: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the Iwo·page boundary of pages 2 or 3. The JP 
inslruclion, otherwise, permits a jump to a ROM location within Ihe currenl 64·word page. JP may not jump 10 the last word of a page. 

Nolo 4: A JSRPlransfers program control 10 subroutine page 2 (0010 Is loaded Into the upper 4 bits of P).A JSRP may nol be used when in pages 2 or 3. 
JSRP may not jump to the lasl word In page 2. 

Nolo 5: LSI is a single·byte Inslruction if d = 0, 9, 10, II, 12, 13, 14, or 15. The machine code for Ihe lower 4 bits equals the binary value of Ihe "d" dala 
minus I, e.g., to load Ihe lower four bits at B (Bd) wilh the value 9 (10012), the lower 4 bits of the LSllnslruclion equal 8(10002)' To load O,lhe lower 4 bits of 
the LBI Inslruction should equal 15 (11112)' 

Nale 6: Machine code for operand field y tor LEI Instruction should equallhe binary value 10 be lalched Inlo EN. where a "I" or "0" in each bit of EN carre 
sponds with Ihe selection or deselecllon of a particular funclion assoclaled with each bit. (See Functional Description. EN Reglsler.) 
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3.3 COP410LlCOP411L Instruction Set 

The COP410L and COP411 L instruction sets are sub
sets of the COP421 series instruction set. 

Table 3-2 provides the mnemonic, operand, machine 
code, data flow, skip conditions and description asso
ciated with each instruction in the COP410L and 
COP411 L instruction sets. An asterisk in the description 
column indicates the double-byte instruction. Notes are 
provided following this table which include additional 
information relevant to particular instructions. 

3.4 Arithmetic Instructions 

ASC Add with Carry, Skip on Carry 

byte 1 1 0 1 0 11 11 1 0 1 0 1 0 1 0 1 30 

A+C+RAM(B)- A 
Carry - C 

ASC (Add with carry, Skip on Carry) per
forms a binary addition of A, C (carry bit), 
and M, placing the result in A and C. If a 
carrv occurs, the next program instruction 
is skipped. 

CYCLES: 1 
SKIP CONDITIONS: Carry 

ADD Add RAM to A 

ADT 

AISC y 

byte 1 1 0 1 0 11 11 1 0 1 0 1 0 11 1 31 

A+RAM(B)-A 

ADD (ADD) performs binary addition. The 
4-bit addends are A and M. The 4-bit sum is 
placed in A. ADD does not affect the carry 
or skip. 

CYCLES: 1 
SKIP CONDITIONS: None 

Add Ten to A 

byte 1 1 0 11 1 0 1 0 11 1 0 I 1 I U I 4A 

A+101o-A 

ADT (ADd Ten to A) adds ten (10102) to A 
and, like ADD, does not affect the carry or 
skip. ADT facilitates Binary Coded Deci
mal (BCD) arithmetic. For example, the fol
lowing sequence of instructions perform a 
single-digit BCD add of the contents of A 
and M (the carry is assumed set when 
entering this routine if addition of the pre
vious least significant digits produced an 
overflow (A>9)): 

AISC6 
ASC 
ADT 

CYCLES: 1 
SKIP CONDITIONS: None 

Add Immediate, Skip on Carry (y,.O) 

byte 1 1 0 11 1 0 1 1 1 y 1 5y 

A+y-A 
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CASC 

CLRA 

AISC (Add Immediate, Skip on Carry) adds 
the instruction operand constant "y" 
changed. This instruction finds frequent 
use in BCD add and subtract routines (see 
ADT and CASC descriptions) as well as in 
testing the value of A. (If A is greater than 
12, for instance, an AISC5 will skip the 
next instruction.) 

This instruction is also used to put a con
stant in the accumulator. 

CYCLES: 1 
SKIP CONDITIONS: Carry 

Complement and Add with Carry, Skip on 
Carry 

byte 1 1 0 1 0 1 0 11 1 0 1 0 1 0 1 0 1 10 

A+RAM(B)+C- A 

CASC (Complement and Add, Skip on Carry) 
performs a binary subtraction of A from M 
=i' :::..:~~:~g !~~ '.:0~::,!~rn~nt nf A ~A) with C 
and M, placing the result in A and C. If no 
carry out occurs (indicating a borrow), C is 
reset and the next instruction is executed. If 
a carry occurs (indicating no borrow) C is 
set and the next instruction is skipped. 

A single BCD digit binary subtraction of A 
from M may be performed as follows (the 
carry bit is assumed set upon initial entry 
to the routine): 

CASC 
ADT 

The CASC instruction sets C and skips the 
ADT instruction if the subtraction does not 
result in a borrow (A>M). If a borrow 
occurs, the ADT instruction is executed, 
readjusting the result to the proper BCD 
vaIU'=', 1t;d.VIII~ V U::;;:)tH ;VI ... ,V .... U.~.:.~:.:;,;-• .:..~ 
the borrow in the subtraction of the next 
most-significant BCD digit. CASC is func
tionally equivalent to a COMP instruction 
fOllowed by an ASC. 

CYCLES: 1 
SKIP CONDITIONS: Carry 

Clear A 

byte 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 00 

O-A 

CLRA (CLeaR A) clears the accumulator by 
placing zeros in each of the four bits of A. 

This-instruction is often required prior to 
loading A equal to a desired value with an 
AISC instruction if the previous contents 
of A are unknown. For instance, to load 
A = 11, the following sequence may be 
necessary: 

CLRA 
AISC 11 

en 
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:0 
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r
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COMP 

NOP 

RC 

SC 

I . 

The skip features associated with AISC 
need not be considered In this example (a 
carry will never occur). 

CYCLES: 1 
SKIP CONDITIONS: None 

Ones complement of A to A 

byte 1 1 0 11 1 0 1 0 1 0 1 0 1 0 1 0 1 40 

A-A 

COMP (COMPlement A) changes the state 
of each bit of A with ones becoming zeros 
and zeros becoming ones. It has the effect 
of, and may be used to perform, a binary 
(two's complement) subtraction of A from 
15 (11112), e.g., complementing A = 6 (01102) 
will yield 9 (10012)' 

CYCLES: 1 
SKIP CONDITIONS: None 

No Operation 

byte 1 1011101010111010144 

None 

NOP (No OPeration) does not perform any 
operation. It Is useful, however, for simple 
single Instruction time delays or to defeat 
the skip conditions associated with partic
ular instructions. 

CYCLES: 1 
SKIP CONDITIONS: None 

Reset C 

byte 1 1 0 1 0 11 11 1 0 1 0 11 1 0 1 32 

O-C 

RC (Reset Carry) resets C. 

CYCLES: 1 
SKIP CONDITIONS: None 

Set C 

byte 1 1 0 1 0 11 1 0 1 0 1 0 11 1 0 1 22 

1-C 

SC (Set Carry) sets C. SC and RC are most 
often employed to initialize C prior to 
entering arithmetic routines. They also 
allow C to be used as a general purpose 
(testable) flag, as long as subsequent 
Instructions do not Inadvertently affect 
the C register. 

CYCLES: 1 
SKIP CONDITIONS: None 

XOR Exclusive-OR RAM with A 

byte 1 1 0 1 0 1 0 1 0 1 0 1 0 11 1 0 1 02 

Ao RAM(B)-A 

XOR (eXclusive-OR A with M) performs a 
logical Exclusive-OR operation of each bit 
of A with each corresponding bit of M, 
placing the result in A. This operation can 
be used to change the state of any bit in 
M, if the corresponding (equally weighted) 
bit of A Is set. This follows from the Exclu
sive-OR truth table where an X + "1" 
= X, and an X + "0" = X, assuming the "X" 
bits to be one of the four bits in M, and 
the "1" and "0" to be equally weighted 
bits In A. This Instruction, therefore, 
allows the selective complementing or 
toggling of one or more bits of M. 

For example, to change the state of bit 2 
of M, set A = 0100, perform an XOR, then 
exchange A into M with an X instruction. 

CYCLES: 1 
SKIP CONDITIONS: None 

3_5 Transfer of Control Instructions 

JID Jump Indirect 
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byte 1 11 11 11 11 11 11 11 11 1 FF 

ROM (PC,o:a,A,M) -
PC7:0 

JID (Jump InDirect) is an indirect addres
sing instruction, transferring program 
control to a new ROM location addressed 
by the contents of the ROM location 
pOinted to by A and M. Specifically, It 
loads the lower 8-blts of the ROM address 
register P with the contents of ROM 
pointed to by the 11-bit word P'OPgPaA3A2-
A,AoM3M2M,Mo. The contents of the 
selected ROM location (17-10) are, there
fore, located Into P7-Po, changing the 
lower eight bits of P to transfer program
control to the new ROM location. 

P10, Pg and Pa remain unchanged through
out the execution of the JID instruction. 
JID, therefore, may only jump to a ROM 
location within the current 4-page ROM 
"block" (page 0-3, 4-7, 8-11, 12-15, 16-19, 
20-23, etc.). 

JID can be useful In keyboard-decode 
routines when the values associated with 
the row and column of a particular key 
closure are placed In A and M for a Jump 
Indirect to the contents of ROM which 
pOint to the starting address of the appro
priate routine associated with that partic
ular key closure. 

CYCLES: 2 
SKIP CONDITIONS: None 



JMP a 

JP a 

Jump 

byte 1 

byte 2 
1 0 11 11 1 0 1 0 1 al0:B 

1 a7:0 

60-67 

OO-FF 

JMP (JuMP) transfers program control to 
any word in the ROM as specified by the 
"au field of this instruction. The 11.bit "au 
field is placed in Pl0-0. JMP transfers pro· 
gram control to any ROM location without 
restriction. 

CYCLES: 2 
SKIP CONDITIONS: None 

Jump within Page 

byte 1 11 1 a6:0 BO-BE 

a-PCs:o 
(pages 2,3 

only) 
or 

byte 1 11 11 1 a5:0 CO-FE 
(All otnar 

pages) a-PCs:o 

JP (Jump within Page) transfers program 
control to the ROM address specified in 
the operand field of this instruction. The 
machine code and operand field in this 
instruction have two formats. If program 
execution is currently within page 2 or 3 
(subroutine pages) a 7-bit "a" field is 
specified, transferring program control to 
a word within either of the two subroutine 
pages. Otherwise, only a 6-bit "a" field Is 
specified, transferring program control to 
a particular word within the current 
64·word ROM page. 

Specifically, this instruction places a6-aO 
in P6-PO if the program is currently in sub-

places a5-aO in P5-PO. 

The restrictions associated with the J P 
instruction, therefore, are that a 7-bit "a" 
field may be used only when in pages 2 or 
3. Otherwise, a JP may be used only to 
jump within the current page by specifying 
a 6-bit "a" field in the operand of this 
instruction. An additional restriction asso· 
ciated with the JP instruction, in either of 
the above two formats, is that a JP to the 
last word of any page is invalid, i.e., "a" 
may not equal all ones. A transfer of pro· 
gram control to last word on a page may 
be effected by using a JMP instruction. 

CYCLES: 1 
SKIP CONDITIONS: None 

JSRP a 

JSR a 

B-191 

Jump to Subroutine Page 

byte 1 11 1 0 1 a5:0 BO-BE 

PC+ l-SA-SB-SC 
0010 - PC10:6 
a -PCs:o 

JSRP (Jump to SubRoutine Page) trans· 
fers program control from a page other 
than 2 or 3 to a word within page 2. It 
accomplishes this by placing a 2 (00102) in 
P1Q-PS, and the word address specified in 
the 6·bit "a" field of the instruction into 
Ps-Po. Designed to transfer control to sub· 
routines, it pushes the stack to save the 
subroutine return address -the address 
of the next program instruction is saved in 
SA and the other subroutine stack regis
ters are likewise pushed (P + l-SA-SB
SC). Any previous contents of SC are lost, 
since SC is the last of the three sub
routine stack registers. Subroutine nest
ing, therefore, is permitted to three levels. 
JSRP is used in conjunction with the RET 
or RETSK instructions which "pop" the 
stack at the end of subroutine to return 
program control to the main program. As 
with the JP instruction, JSRP may not 
transfer program control to the last word 
of a page, in this case, page 2; "a" may 
not equal all ones. A JSR may be used to 
jump to the last word of a subroutine be
ginning at the last word of page 2 (see 
JSR, below). As mentioned above, a fur
ther restriction is that a JSRP may not be 
used when in subroutine pages 2 or 3. To 
transfer program control to a subroutine 
in page 2 when in pages 2 or 3, the double
byte JSR should be used. 

CYCLES: 1 
SKIP CONDITIONS: None 

Jump to Subroutine 

byte 1 1 0 11 11 1 0 11 1 al0:B 1 6B-6F 

byte 2 1 a7:0 1 OO-FF 
PC+l-SA-SB-SC 
a-PC 

JSR (Jump to SubRoutine) transfers pro
gram control to a subroutine located at a 
particular word address in any ROM page. 
It modifies the entire P register with the 
value of the "a" operand of this instruc· 
tion, as follows: ag-aO-Pg-Po. As with the 
JSRP instruction, JSR pushes the stack 
(P + l-SA-SB-SC), saving the next pro
gram instruction for a return from the sub
routine to the main program via a RET or 
RETSK instruction. JSR may be used to 
jump to a subroutine anywhere in ROM 
without restriction. 

CYCLES: 2 
SKIP CONDITIONS: None 
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RET Return from Subroutine 

RETSK 

byte 1 1 0 11 1 0 1 0 11 1 0 1 0 1 0 1 48 
SC-SB-SA-PC 

RET (RETurn from subroutine) returns pro
gram control to the main program follow
ing a JSR or JSRP instruction or Interrupt. 
RET "pops" the stack (SC-SB-SA-P); 
the next main program instruction address 
(P + 1) saved In SA Is loaded into P, the 
contents of SB are loaded into SA and the 
contents of SC are loaded into SB (the con
tents of SC are also retained in SC). 
Program control, therefore, is returned to 
the instruction immediately following.the 
previous subroutine call. 

CYCLES: 1 
SKIP CONDITIONS: None 

Return from Subroutine then Skip 

byte 1 1 0 11 1 0 1 0 11 1 0 1 0 11 1 49 
SC-SB-SA-PC 

RETSK(RETurn from subroutine then 
SKip), as with the RET instruction above, 
pops the stack (SC-SB-SA-P), 
restoring program control to the main pro
gram following a subroutine call. However, 
it always skips the first Instruction 
encountered when it returns to the main 
program. This instruction provides the pro
grammer wit~ an alternate return from 
subroutines, either via a RET or RETSK, 
based upon tests made within the subrou
tine itself. 

CYCLES: 1 
SKIP CONDITIONS: Always Skip on Return 

3.6 Memory Reference Instructions 

CAMO Copy A, RAM to 0 

byte 1 1 0 1 0 11 11 1 0 1 0 11 11 1 33 

byte 2 1 0 1 0 11 11 11 11 1 0 1 0 1 3C 

A-07:4 
RAM(B)-03:0 

CAMO (Copy A, M to 0) transfers the 8-blt 
contents of A and M to the 0 latches. 
A3-AO are output to 07-04; M3-Mo are out
put to 03-00: Note that CAMO is the 
inverse of COMA (see COMA instruction) 
with respect to the r bits of 0 with which 
A and M communicate. Therefore, the 
input and processing of 0 must often be 
followed by an X (Exchange M with A) 
Instruction, before final output to 0, In 
order to maintain the proper bit weights of 
the 0 data; For example, the following 
instructions read 0 to M, A, set 07 and 
perform the necessary exchange before 
execution of the CAMO instruction: 

COMA 

LD r 

8-192 

COMA 
5MB3 
X 
CAMO 

CYCLES: 2 

; Oto M,A 
; SET 07 BIT LOCATED IN M3 
; EXCHANGE M WITH A 
;A, MTOO 

SKIP CONDITIONS: None 

Copy 0 to RAM, A 

byte 1 1 0 1 0 11 11 1 0 1 0 11 11 1 33 

byte 2 1 0 1 0 11 1 0 11 11 1 0 1 0 1 2C 

0 7:4 - RAM(B) 
03:0- A 

COMA (Copy 0 to M,A) transfers the 8-bit 
contents of the 0 latches to M and A. 
07'-04 are placed in M3-MO; 03-00 are 
placed in A3-Ao. COMA can be employed 
after an LOID (Load 0 InDirect) instruction 
to input or alter the value of lookup data. 
COMA is also an essential instruction when 
the COP420 is employed as a MICROBUSTM 
peripheral component. In such applications, 
IN3 is used by the control microprocessor. 
to write bus data from the L ports to the 0 
latches. A COMA then inputs this data to 
M,A for processing by the COP420 program. 

CYCLES: 2 
SKIP CONDITIONS: None 

Load RAM into AI 

byte 1 1 0 1 0 1 riO I 1 I 0 I 1 I 05, 15 
RAM(B) - 0 25,35 

LD (LoaD M into A) loads M (the 4-bit con
tents of RAM pOinted to by the B register: 
M3-MO) Into A3-Ao. After M is loaded into 
A, the 2-bit "r" operand field is Exclusive
ORed with the contents of Br (upper two 
bits of B-RAM register select) to point to 
a new RAM register for successive memory 
reference operations. Since the properties 
of the Exclusive-OR logic operation are 
such that a 1 EO X equals the complement 
of X, use of the "r" field allows the pro
grammer to switch between anyone of the 
four RAM registers by complementing the 
appropriate bits of the current contents of 
the Br register. Of course, if "r" = 0, the 
contents of Br will remain unchanged after 
the execution of an LD instruction. 

For example, if the assembly language In
struction LD 3 ("r" = 112) is executed with 
Br = 2 (102) and Bd = 12 (11002), the contents 
of RAM register 2, digit 12 will be loaded to 
A and Br will be changed to (112 + 102 = 012), 
with B pointing to RAM register 1 digit 12. 
For assembly language programming, use 
of an Exclusive-OR "r" operand field with 
memory reference Instructions which use 
this field is optional- if not specified, an 
"0" operand is assumed. 

CYCLES: 1 
SKIP CONDITIONS: None 



LDD r,d ' 

LOID 

Load A with RAM 

23 byte 1 101011 1010101111 1 

byte 2 1 0 lid 1 
RAM(r,d)-A 

00-7F 
(OO-3F 

for 420/421) 
LDD (LoaD A with M Directly) loads the 
4·bit contents of the RAM memory loca· 
tion pointed to directly by the "r" and "d" 
operand fields (register and digit select, 
respectively) of the Instruction M3-MO, 
into A3-AO. Note that this instruction and 
the XAD Instruction differ from other 
memory reference instructions in that the 
operand of the instruction, not the B regis· 
ter, is used to point to the appropriate 
RAM digit location to be accessed-the B 
register is unaffected by these instruc· 
tions. This instruction is useful in access· 
ing RAM counters, status and flag digits, 
etc., within routines of loops without des· 
troyihg the previous value of B, allowing 
the latter to be used for sequential memo 
ory access operation and for other reitera· 
tive purposes. 

CYCLES: 2 
SKIP CONDITIONS: None 

Load 0 Indirect 

byte 1 11 1 0 11 11 11 11 11 11 1 BF 

RAM (PC10:8,A,M) - 0 
SB-SC 

LOID (Load 0 InDirect) is, in effect, a ROM 
data "lookup" instruction. It translates 
0 7-00, respectively. It does this by push· 
ing the stack (P+ 1-SA-SB-SC) and 
replacing the least significant 8 bits of P 
as follows: A3-Ao-P7-P4; M3-MO-P3-PO, 
leaving the three most signillcant Olts or I"' 

unchanged. The ROM data pointed to by 
the new P address is fetched and loaded 
into the 0 latches, 07-00. Next, the stack 
is popped (SC-SB-SA-P), restoring the 
previous pushed value of P (P + 1) to 
continue sequential program execution. 
Since LOID pushes SB-SC, the previous 
contents of SC are lost. Also, when LOID 
pops the stack, the previously pushed 
contents of SB are left in SC as well as 
loaded back into SB. The net result, 
therefore, of an LOID instruction upon the 
subroutine·save stack is that the contents 
of SB are placed In SC (SB-SC). Since it 
pushes the stack, a LOID should not be 
executed when three levels of subroutine 
nesting are currently in effect. (The last 
return address in SC will be lost.) 

CYCLES: 2 
SKIP CONDITIONS: None 

RMBO 

RMB1 

RMB2 

RMB3 

5MBO 

5MB1 

5MB2 

5MB3 

STH y 

8-193 

Reset RAM Bit 0 

byte 1 1 0 11 1 0 1 0 11 11 1 0 1 0 1 4C 
O .... RAM(B)o 

Reset RAM Bit 1 

byte 1 1 0 11 1 0 1 0 1 0 11 1 0 11 1 45 
O-RAM(B)l 

Reset RAM Bit 2 

byte 1 1 0 11 1 0 1 0 1 0 1 0 11 1 0 1 42 

O-RAM(B)2 

Reset RAM Bit 3 

byte 1 1 0 11 / 0 / 0 1 0 1 0 /1 11 1 43 

O .... RAM(B13 

RMB (Reset Memory Bit) resets a bit in M 
as specified by the operand field of the 
instructions. (Remember, M is the4·bit 
R'AM digit pOinted to by the B register.) 
The operand field is specified according 
to me Olt number iu-;;, ieii·rno:ii iu riyi,i· 
most bit) of the particular bit to be reset. 

CYCLES: 1 
SKIP CONDITIONS: None 

Set Ram Bit 0 

byte 1 1 0 11 1 0 1 0 11 11 1 0 11 1 40 

1-RAM(B)0 

Set RAM Bit 1 

byte 1 1 0 11 1 0 1 0 1 0 11 11 11 1 47 

1-RAM(B)1 

Set RAM Bit 2 

byte 1 1 0 11 1 0 10 1 0 11 11 1 0 1 46 

1-RAM(B)2 

Set RAM Bit 3 

byte 1 1 0 11 1 0 1 0 11 1 0 1 0 1 0 1 48 

1-RAM(B13 

5MB (Set Memory Bit) sets a bit in M as 
specified by the operand field of the In
structions. (Remember, M Is the 4·bit RAM 
digit pOinted to by the B register.) The oper· 
and field Is specified according to the bit 
number (0-3, left·most to right·most bit) of 
the particular bit to be set, e.g., an 5MB 3 
would set the most significant bit of M. 
These Instructions are useful in operating 
upon program status flags located in RAM. 

CYCLES: 1 
SKIP CONDITIONS: None 

Store Memory Immediate and Increment B 

byte 1 1 0 1 1 /1 11 1 y....J 7y 
y-RAM(B) 
Bd + 1-Bd 
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XAD rd 

XDS r 

STI! (Store Memory Immediate and Incre
ment Bd) loads the r-blt contents specified 
by the "y" operand field of the Instruction 
Into the RAM memory digit pointed to by 
the B register, M3-MO. Itls Important to 
note thatthe value of Bd (RAM digit-select) 
Is Incremented (as with the XIS Instruction) 
after the "y" data Is stored In M. 

CYCLES: 1 
SKIP CONDITIONS: None 

Exchange RAM with A 

byte 1 1 0 1 0 1 riO 11 r 1 1 0 1 06, 16, 
RAM (B) - A 26,36 
Bror-Br 

X (eXchange M with A) exchanges the 4-blt 
contents of RAM pointed to by the B regis
ter, M3-Mo, with Aa-Ao. The "r" operand 
field of the Instruction Is Exclusive-ORed 
with the contents of BR after the exchange 
to provide a new Br RAM register select 
value as explained In the LD Instruction 
previously. 

CYCLES: 1 
SKIP CONDITIONS: None 

Exchange RAM with A and Decrement Bd 

byte 1 101011 10101011 11 1 23 

byte 2 11 1 rid 1 6O-FF, 

RAM(r,d)~A 

XAD (eXchange A with M Directly) ex
changes the 4-blt contents of the RAM 
memory location pointed to directly by the 
"r"and "d" operand fields of the Instruc
tion, M3-MO, with Aa-Ao. It has the same 
characteristics and utility as the LDD 
Instruction,e.g., the B register Is not 
affected. 

CYCLES: 2 
SKIP CONDITIONS: None, 

Exchange RAM with A and Decrement Bd, 
Exclusive-OR Br with r 

byte 1 1 0 1 0 1 riO 11 11 11 1 07,17, 
RAM(B) ..;... A 27,37 
Bd-1-Bd 
Bror-Br 

XDS (eXchange M with A, Decrement' Bd 
and Skip on borrow) performs the same 
operation as the X Instruction above, and 
also decrements the value of the Bd 
register (RAM digit-select) after the 
'exchange. Use of an "r" operand field will 
result In both an altered RAM digit-select 
value and a new RAM register select value 
in B. XDS skips the next program Instruc
tion when Bd Is decremented past 0 (after 
the contents of RAM digit 0 have been 
exchanged with A and XDS decrements Bd 

XIS r 

to 15). Repeated XDSs will "walk down" 
through the digits of a RAM register before 
skipping. XDS together with X Instructions 
can'be used to operate upon the corres
ponding digits of different RAM registers In 
successive fashion . 

CYCLES: 1 
SKIP CONDITIONS: Bd decrements past 0 

Exchange RAM with A and Increment Bd 

byte 1 1 0 1 0 1 riO 11 1 0 1 0 1 04,14, 
RAM(B) - A 24,34 
Bd+1-Bd 
Bror-Br 

XIS (eXchange M with A, Increment Bd, and 
Skip on Carry) performs the same operation 
as the XDS Instruction except that It Incre
ments Bd after the exchange and skips the 
next program Instruction after Bd incre
ments past 15 (after the contents of RAM 
digit 15 have been exchanged with A and 
XIS Increments Bd to 0). Consequently, suc
cessive XISs "walk up" through the digits 
of a RAM register before skipping. 

CYCLES: 1 
SKIP CONDITIONS: Bd Increments past 15 

3.7 Register Reference Instructions 

CAB Copy A to Bd 

CBA 

LBI r,d 

8-194 

byte 1 1011101110101010150 

A-Bd 

CAB (Copy A to Bd) transfers the 4-blt con
tents of A, A3-Ao, to Bd (the RAM diglt
select register). This Instruction allows the 
loading of a new RAM digit-select value via 
the accumulator, a useful operation in 
many memory-dlglt access loops. 

CYCLES: 1 
SKIP CONDITIONS: None 

Copy Bd toA 

byte 1 1 0 11 1 0 1 0 11 11 11 1 0 1 4E 

Bd-A 

CBA (Copy Bd to A) transfers the 4-blt con
tents of Bd (RAM digit-select) to Aa-Ao. It 
Is the functional complement of the CAB 
Instruction and finds similar use In 
memory-dlgit access loops. 

CYCLES: 1 
SKIP CONDITIONS: None 

Load B Immediate (Single-byte) 

byte 1 10 1 0 1 r I, (d-1) 1 00 

or (d=O,9:15) 



LEI Y 

Load B Immediate (double-byte) 

byte 1 1 0 1 0 11 11 1 0 1 0 11 11 1 33 (any d) 

byte 2 11 lid 1 80-FF 
r,d -+ B 

LBI (Load B Immediate) loads the B 
register with the 7-bit value specified by 
the "r" (2-bit) and "d" (4-bit) fields of the 
instruction_ Its purpose is to directly load 
a new RAM register and digit select value 
into B and, unlike CAB, CBA or XABR, 
does not require use of the accumulator_ A 
further distinction with respect to CAB 
and CBA is its ability to alter the Br 
register (RAM register-select)_ 

The LBI instruction is coded or assembled 
into machine language as either a single
or a double-byte instruction, depending on 
the value of the "d" field. If the "d" field 
value equals 0 or 9 through 15, the instruc
tion is coded as a sinQle-byte instruction 
with the lower six bits equal to the value 
of "d" minus 1. If the "d" field equals 1 
through 8 (1-8), the instruction is coded as 
a double-byte instruction, with the lower 
six bits of the second byte equal to the 
value of "d". . 

To take advantage of the more efficient 
single-byte LBI format, frequently used 
program data (counters, flags, etc.) should 
be placed within RAM digit locations 
accessible by the LBI single-byte "d" 
field (d = 0,9-15). 

An important chracteristic of the LBI 
instruction is that it will skip all subse
quent LBI instructions until it encounters 
an instruction which is not an LBI. This 
feature accommodates It for use in 
multiple-entry subroutines. 

CYCLES: 1 or 2 
SKIP CONDITIONS: Skip until not an LBI 

Load EN Immediate 

byte 1 1 0 1 0 11 11 1 0 1 0 11 11 1 33 

byte 2 1 0 11 11 I 0 I y I 6y 

y-+ EN 

LEI (Load EN Immediate) loads the enable 
register with the value contained In the 
"y" operand field of this instruction (0-15), 
binary). Its function is to select or deselect 
a particular software selectable feature 
associated with each of the four bits of 
the enable register (EN3-ENO). These fea
tures and the corresponding bit weights 
and values associated with each feature 
are as follows: 

8-195 

1. The least significant bit of the enable register, 
END, selects the 510 register as either a 4-blt 
shift register or a 4-bit binary counter. With 
END set, 510 Is an asynchronous binary coun
ter, decrementing its value by one upon each 
low-going pulse ("1" to "0") occurring on the 51 
input. Each pulse must remain at each logic 
level at least two instruction cycles. SK out
puts the value of the C upon the execution of 
an XAS and remains latched until the execu
tion of another XAS instruction. The SO output 
Is equal to the value of EN3. 

With END reset, 510 is a serial shift register, 
shifting continuously left each Instruction 
cycle time. The data present at 51 goes Into 
the least significant bit of 510; SO can be 
enabled to output the most significant bit of 
510 each cycle time. SK output becomes a 
logic-controlled clock, providing a SYNC signal 
each Instruction time. It will start outputting a 
SYNC signal each Instruction time. It will start 
outputting a SYNC pulse upon the execution 
of an XAS Instruction with C = "1", stopping 
upon lOe execution OT a suosequent l'.A::i Witn 

C=UO". 

If END is changed from "1" to "0" ("0" to "1"), 
the SK output will change from "1" to SYNC 
(SYNC to "1") without the execution of an XAS 
Instruction. 

. 2. With EN1 set, the IN1 il)put is enabled as an 
Interrupt Input upon the occurrence of a nega
tive pulse on IN1; program control is trans
ferred to the last word of page 3 (address 
OFF16). Immediately following an Interrupt, 
EN1 Is reset to disable further interrupts until 
later set by an LEI instruction (usually at the 
end of the interrupt service routine or later 
within the main program). 

The following features are associated with the 
IN1 Interrupt procedure and protocol and must 
be considered by the programmer when using 

series. (Interrupt is unavailable on the COP421 
series since it does not have the IN3-INO 
inputs). 

a. The interrupt, once acknowledged as ex
plained below, pushes the next sequential 
program counter address (P + 1) onto the 
stack, pushing in turn the contents of the 
other subroutine-save registers to the next 
lower level (P + 1-SA-SB-SC). Any previ
ous contents of SC are lost. The program 
counter Is set to address OFF16 (the last 
word of page 3) and EN11s reset. 

b. An interrupt will be acknowledged only after 
the following conditions are met: 

1) EN1 has.been set. 

2) A low-golng pulse ("1" to "0") at least two 
instruction cycles in width has occurred on 
the IN1 Input. 

3) A currently executing instruction has 
been completed. 
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4) All successive transfer of control Instruc· 
tlons and successive LBI's have been com, 
pleted (e.g., If the main program Is executing 
a JP Instruction which transfers program 
control to another.JP Instruction, the Inter· 
rupt 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 Implemented 
upon popping the stack during the execu· 
tlon of a subsequent RET Instruction. For 
example, If an Interrupt occurs during the 
execution of ASC (Add with carry, Skip on 
Carry) Instruction which results In a carry, 
the next Instruction (which would normally 
be skipped) Is not skipped; Instead, Its 
address is pushed onto the stack; the skip 
logic status Is saved and program control Is 
transferred to the Interrupt servicing routine 
at location OFF16• 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 ACS. 
At this time, the skip logic Is enabled and 
skips this Instruction because of the pre· 
vlous ACS carry. Since, as explained above, 
It Is the RET Instruction which enables the 
previously saved status of the skip logic, 
subroutines should not be nested within the 
Interrupt service routine since their RET 
Instruction will enable any previously saved 
main program skips, Interfering with the 
orderly execution of the interrupt routine. 
Also, the LaID Instruction should not be 
used within any interrupt routine because It 
pops the stack and thus will enable any 
previously saved main program skips. 

d. The first Instruction of the interrupt routine 
at address OFF16 must be NOP. 

3. With EN2 set, the L drivers are enabled, load· 
Ing'data previously latched Into a to the L 110 
ports. Resetting EN2 disables the L drivers, 
placing the L 110 ports In a hlgh·lmpedance 
state. When the L 110 ports are used as seg· 
ment drivers to an LED display, the selting and 
resetting of EN2 results in the outputting and 
blanking, respectively, of segment data to the 
display. When using the MICROBUSTM option, 
EN2 does not affect the L drivers. 

4. EN3, In conJuctlon with ENO, affects the SO 
output. With ENO set (binary counter option 
selected) SO will output the value loaded Into 
EN3. With ENO reset (serial shift register fea· 
ture selected), setting EN3 enables SO as the 
output of the 510 shift register, outputting 
serial shifted data (the most significant bit of 
510) each Instruction time as explained above. 
Resetting EN3 with the serial shift register 
feature selected disables SO as the shift 
register output; data continues to be shifted 
through 510 and 'can be exchanged with A via 
an )(AS instruction, but SO remains reset to 
"0". 

CYCLES: 2 
SKIP CONDITIONS: None 

XABR Exchange A with Br 

byte 1 10101011 101011 101 12 

A-Br(O-Aa) 

XABR (eXchange A with Br) exchanges Br 
(upper three bits of B: RAM reglster·select) 
with A. Since Br contains only 3 bits, only 
the lower 3 bits of A, A2-Ao, are placed in 
Br. Similarly, the 3 bits of Br are placed In 
A2-AO with a zero being loaded into the 
upper bit of A, Aa. XABR Is an efficient 
means of loading the Br register via the 
accumulator; a direct load of the Br , 
register must otherwise be accomplished 
by an LBI instruction which also affects 
the Bd portion of the B register. 

CYCLES: 1 
SKIP CONDITIONS: None 

3.8 Test Instructions 

SKC Skip If C is True 

byte 1 1 0 1 0 11 1 0 1 0 1 0 1 0 1 0 1 20 

SKC (SKip on Carry) skips the next pro· 
gram Instruction If the carry bit is equal to 
one. When used in conjunction with the 
RC and SC Instructions, It allows C to be 
used as a 1 ~blt testable flag. 

CYCLES: 1 
SKIP CONDITIONS: C="1" 

SKE Skip If A Equals RAM 

byte 1 1 0 1 0 11 1 0 1 0 1 0 1 0 11 1 21 

SKE (SKip If A Equals M) compares all 
four bits of A with M, skipping the next 
Instruction if the value of A Is equal to the 
value of M. SKE can be used to compare A 
with a status or counter digit In M, 
skipping to an instruction which transfers 
program control to another routine If 
equality exists. 

CYCLES: 1 
SKIP CONDITIONS: A = RAM(B) 

SKGZ Skip If G Is Zero 
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byte 1 1010111110101111133 

byte 2 1 0 1 0 11 1 0 1 0 1 0 1 0 11 1 21 

SKGZ (SKip If G Is Zero) Is a double·byte 
instruction. It tests the state of all four of 
the G lines, skipping the next program In· 
struction If G3-GO are equal to zero. 

CYCLES: 2 
SKIP CONDITIONS: Ga:o = 0 

SKGBZ Skip if G Bit Is Zero 

byte 1 1 0 1 0 11 11 10 1 0 11 11 1 33 

SKGBZ 0 byte 2 10101010101010111 01 

SKGBZ 1 byte 2 1 0 1 0 1 0 11 10 1 0 1 0 11 1 11 



SKGBZ2 byte2 1010101010101111103 

SKGBZ3 byte2 1010101110101111113 

SKGBZ (SKip if G Bit is Zero) is a double· 
byte instruction. It tests the state of one 
of the four Glines (G3-Go) as specified by 
the "n" operand of the instruction, skip· 
ping the next program instruction if the 
specified G line is equal to zero. 

CYCLES: 2 
SKI P CON DITIONS: Go = 0 

G1 =0 
G2 =0 
G3 =0 

SKMBZ Skip if RAM Bit is Zero 

SKMBZ 0 byte 1 1 0 1 0 1 0 101 010 1 0 11 1 01 

SKMBZ1 byte 1 1010101110101011111 

SKMBZ 2 bvte 1 101 0 1 0 1 0 1 0 1 0 11 11 1 03 

S KM BZ 3 byte 1 1 0 1 0 1 0 1 1 1 0 1 0 11 11 1 13 

SKMBZ (SKip on Memory Bit Zero) skips 
the next program instruction if the RAM 
memory bit specified by the "n" field of 
instruction (0-3, right·most to left·most M 
bit) is equal to zero. This instruction, to
gether with the 5MB and RMB instruc
tions, allow for the testing and manipula
tion of single-bit flags contained within 
RAM digit locations. 

CYCLES: 1 
SKIP CONDITIONS: RAM(B)o=O 

RAM(B)1 =0 
RAM(B)2=0 
RAM(Bb=O 

SKT 
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Skip on Timer 

byte 1 1011101010101011 1 41 

SKT (SKip on Timer) instruction tests the 
state of an internal 10·bit time·base count· 
er. This counter divides the instruction 
cycle clock frequency by 1024 and pro
vides a latched indication of counter over· 
flow. 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 pro· 
gram instruction is skipped and the latch 
is reset. The features associated with this 
instruction, therefore, allow the controller 
to generate its own time·base for real·time 
processing rather than relying on an 
external input signal. 

For example, using a 2.097 MHz crystal as 
the time·base to the clock generator, the 
instruction cycle clock frequency will be 
1J1 KHZ (crystal irequency divided oy iii; 
and the binary counter output pulse fre· 
quency will be 128Hz. For time·of-day or 
similar real·time processing, the SKT 
instruction can call a routine which incre
ments a "seconds" counter every 128 
ticks. 

CYCLES: 1 
SKIP CONDITIONS: A time·based counter 
carry has occurred since last test. 
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4.1 Introduction 

Assembler directives are source statements that the 
assembler recognizes as directions to perform some 
particular operation, such as, put a title on each page 
of the program listing, define data, etc. Directives nor· 
mally do not generate any executable object code. 

The label field and the comment field In a directive are 
defined exactly lIk:e the label and comment fields In an 
Instruction. 

The directives are written In the same format as the 
COPS instructions, and normally can be iflterspersed 
throughout your assembly language program. 

The following documentation conventions are used In 
describing the directives: 

1. User·supplled directive labelslnames and parameters 
are shown enclosed in angle brackets "[)". Items 
shown enclosed in the brackets "[]" are optional. 

2. Actual directives are shown in uppercase . 

3. The symbol "I" specifies that the item on either 
side may be used. 

4. Items (except for the symbol "I") shown outside the 
angle brackets are part of the directive syntax. 

5. Three consecutive dots" ... " indicates optional 
multiple occurrences of the preceding item. 

4.2 Directive Format 

The directives are coded using the following syntax: 

I <label>: I <symbol> I <directive mnemonic> 
[<parameter>, ... ][;<comments> I 

where: 

label is a user-supplied name, terminated by a colon 
(:) for a directive. It Is optional for all directives 
except for the SET, MACRO, and" = ". 
symbol without the terminating colon (:) Is required 
and used only for SET, MACRO, and" = " directives. 

directive mnemonic Is the mnemonic used for a 
directive. Only one directive per line can be entered. 

parameter may be an expression or a character 
string. Most directives require at least one parameter. 

comments Optional program documenting com
ments. When Included, they must be preceded by a 
semicolon ";". 

The directives are listed below and explained in detail 
in the following pages. . • 

. Directive Function 
· ADDR Address constant generation 
· BYTE Define byte 
. CHIP Identification of COP400 device 
.CREF 
.00 
. ELSE 
.END 
· ENDDOI. ENDM 
.ENDDOI.ENDM 
.ENDIF 

Start cross reference 
Begin DO loop 
Conditional assembly directive 
Physical end of source program 
End DO loop 
End macro definition 
Conditional assembly directive 

Directive Function 
. ERROR Generate error message 
. EXIT Exit DO loop or macro expansion 

Assignment 
.FORM Output listing top-of-form 
.IF Conditional assembly directive 
.IFC If character directive 
.INCLD Include disk file source code 
. LIST Listing output control 
. LOCAL Begin local region 
.MACRO Begin macro definition 
.MLOC Macro local symbol designation 
.OPT Define COP400 device options 
.PAGE Set location counter to page address 
.PRINTX Send message to CRT screen 
.SET Assign values to variables 
. SPACE Space n lines on output listing 
.TITLE Identification of program 
.WORD 8-blt data generation 
. - Change program counter 
.XCREF Stop cross reference 

4.3 Definition Directives 

4.3.1 Deflne.8-Bit Word (. BYTE and . WORD) Directives 

Label Operation Operand 

[Label:] . BYTE expression [,expression 0 •• ] 

[Label:] .WORD expression [,expression. 0 0] 

Comment 

[;commentsj 
[;comments] 

These directives tell the assembler to allocate memory 
space and assign the value speCified by the data In 
the operand field of this directive. Beginning at the 
current value of the location counter; data is stored 
consecutively In memory, one 8-bit byte of data for 
each given expression. 

If the directive has a label, it refers to the address of 
the first expression. 

The value of each expression must be in the range 
-128 to + 127 for signed data or 0 to 255 for unsigned 
data. Each expression is evaluated to an 8-bit unsigned 
Integer. Each character string must be coded enclosed 
in single quotes. Expressions andlor strings must be 
separated from each other by commas. Any combina
tion of expressions and strings may be specified. The 
directive statement must be contained In one source 
line. (A source line may be up to 131 characters long.) 

. The operands co'mprlsing the expressions must be 
defined before the directive Is encountered . 

Both directives are equivalent to the STARPLE)(TM 
directive DB . 

4.3.2 Define Address Constant (. ADD~) Directive 

Label Operation Operand Comment 

[Label:] oADDR expression [,expression .. 0] [;comments] 
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The . ADDR directive generates B·bit bytes as specified 
by one or more expressions in the operand field of this 
directive and places them in successive memory 
locations. These expressions are usually labels and 
are used as address pointers by the COP400 JID 
(Jump-Indirect) instruction which transfers program 
control to the contents of the address generated by 
the .ADDR directive. This directive masks out the 
upper eight bits of the expression specified in the 
operand field,and the lower eight bits in successive 
memory locations. Next, the lower eight bits of the 
symbol or expression are masked and a comparison is 
made of the upper eight bits with the current location 
counter address to ensure that the address generated 
by the .ADDR directive is in the same 4-page ROM 
block as the assembler location counter. This test is 
necessary since the JID instruction must access a 
pOinter and transfer program control within the current 
4·page ROM "block." If this test indicates an out-of
range expression, an error message is generated upon 
assembly and listed on the assembler output listing. 

4.4 Symbol Definition Directive 

4.4.1 Symbol Assignment (. SET) Directive 

Label Operation Operand Comment 

[Label:] .SET symbol,expresslon [;commenls] 

The . SET directive assigns the value of the expression 
to the symbol. A symbol assigned a value with a .SET 
directive can be assigned different values an arbitrary 
number of times within an assembly language pro
gram, with each new value taking precedence over the 
previous value for a particular symbol. The name is 
encountered in the assembly, and the value of the 
expression will be used. 

This directive is identical to the EQU directive, except 
,iu:u, Lin::; IIdlllt:= IIlay Utt UtHHlea more lnan once. 

This directive is equivalent to the STARPLEXTM 
directive SET. 

Example: . SET A,100 ;Set A=100 
.SET C,A-2S*B/4 ;Set C=A-2S*B/24 

4.4.2 Assignment Statement 

Label Operation Operand Comment 

Symbol expression [,expression ... ] [;commenls] 

The assignment statement assigns the value of the 
expression on the right of the equals sign to the sym
bol on the left of the equals sign. If two expressions 
are given, the value of the left most is shifted by four 
bits, and the right-most expression, which must be 
evaluated to less than 16, is added to this value. The 
assignment statement may also refer to the current 
value of the location counter. The location symbol (.) 
may appear on both sides of the assignment state
ment equals sign. 

Example: 
· = X '20 

· =. +10 
LaC: . 

The statement 

· = expression 

;Set location counter to address 
;X'20 (hex value 20) 
;Reserve 10 locations for later use 
;Save current location counter value 
;in "LaC" 

is identical to the STARPLEX ORG directive. 

4.5 Assembler Control Directives 

4_5.1 Include File (.INCLD) Directive 

Label Operation Operand 

[Label:] .INCLD [:]fllename 

Comment 

[;commenls] 

The .INCLD directive includes the symbolic file 
specified in the operand field of the directive in the 
current assembler source code. Specificallv. it causes 
the assembler to read source code from the specified 
file on the current diskette until an end-of-file mark is 
reached, at which time it wil'l again start reading 
source code from the assembly input file. 

The colon in front of the filename is required if that 
filename is not on the diskette in drive O. 

This directive is identical to STARPLEX directive 
INCLD except that parentheses are not required. 
Included files may not be nested and may not contain 
" . END" directive. 

4.5.2 Change Location Counter (. =) Directive 

Label Operation Operand Comment 

. expression [;commenls] 

Tk ......... 1 .......... ' ........... :.... ......... : ... ___ •• _.1. __ I...I_..I! __ ...I .......... "-_ II ,. 
.. - .---- •. - .. --_ ..• -. ,-_ .... _ ... -J ....... . 

symbol) is set to the value of the expression on the 
right of the" =" sign. 

This directive is a special case of the assignment state
ment. For additional information, see Section 4.4.2. 

Example: 

· =X100 

· =. +20 

;Set location counter to address 
;X'100 (hex value 100) 
;Reserve 20 memory locations 

This directive is identical to the STARPLEX ORG 
directive. 

4.5_3 Page Address (. PAGE) Directive 

Label Operation Operand Comment 

ILabel:] . PAGE lexpression] I;commenls] 

The. PAGE directive changes the assembler's location 
counter to the address of the beginning of the ROM 
page specified by the expression in the operand field. 
The value of the expression field may not exceed the 
maximum ROM page number of the chip being used. 
Default is advancing to the next page. 
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4.5.4 End of Source (. END) Directive 

Label Operation Operand Comment 

ILabel:] . End [;comments] 

The. END directive signifies the physical end of the 
source program. All assembly source statements appear· 
ing after this directive are ignored. All assembler pro· 
grams must terminate with the. END directive. This 
directive is identical to the STARPLEXTM directive END. 

4.5.5 Define Local Region (. LOCAL) Directive 

Label Operation Operand Comment 

[Label:] . LOCAL [;comments] 

The . LOCAL directive establishes a new program 
section for local labels. All local labels within a local 
region are defined only within that particular section 
of the program. Up to 58 . LOCAL directives may 
appear in one assembly, giving a maximum of 59 local 
regions. For example, if a program does not contain a 
. LOCAL directive, then any local symbol is accessible 
throughout the program. If a program contains one 
. LOCAL directive, then the program is divided into two 
local regions, one before the . LOCAL and the other 
after it. 

4.5.6 Title (. TITLE) Directive 

Label Operation Operand Comment 

[Label:] .TITLE symbol, ['string'] [;comments1 

The. TITLE directive identifies the load module and 
output listing in which it appears with a symbolic 
name and an optional definitive title string. If a . TITLE 
directive does not appear in the program, the load 
module and output listing are given the name MAINPR. 
If more than one. TITLE directive is used, the last one 
encountered specifies the symbolic name. 

"string" is a string of up to 80 ASCII characters termi· 
nated by a carriage return. The string is printed with 
the page header on all pages following the specifica· 

tion of the title until a new title Is specified. The 
absence of this directive in a program forces a default 
title to be used in the page header on each page. 
When a . TITLE directive is encountered, it forces the 
string following it to appear at the top of all succeed
Ing pages until a new. TITLE directive is encountered. 

This directive accomplishes the functions of both the 
STARPLEX directives TITLE, and NAME. 

4.5.7 Top·of·Form (. FORM) Directive 

Label Operation Operand Comment 

[Label:] . FORM ['strlng'] [;comments] 

The. FORM directive spaces forward to the top of the 
next page of the output listing (form feed). The option
al string is printed as a page subtitle on each page 
until a . FORM directive containing a new string is 
encountered. This directive accomplishes the func
tions of both STARPLEX directives PAGE and SUBTTL. 

4.5.8 Space Forward (. SPACE) Directive 

Label Operation Operand Comment 

[Label:] .SPACE expression [;comments] 

The .SPACE directive skips forward a number of lines 
on the output listing as specified by the expression in 
the operand field. 

4.5.9 List (. LIST) Directive 

Label Operation Operand Comment 

[Label:i . LIST expression [;comments] 

The. LIST directive controls listing of the source pro
gram. Control of the various list options depends upon 
the state of the six least significant bits of the evalu
ated expression in the operand field. Options are 
usually combined to give the desired type of listing. 
The following table shows the options available, their 
associated bit weights and assembler default values. 

List Options 

Control 
Function 

Master List 

.IF List 

Positions 

o 

Macro Li st 2,3 

Binary List 4 

Include List 5 

Binary 
Value 

0 
1 
0 
1 

00 
10 
11 
0 
1 

0 
1 

6·Bit 
Descriptions Hex Value 

00 Suppress all listing 
01 Full Listing (default) 

00 Suppress listing of unassembled code (default) 
02 Full listing of .IFs and .IFCs 

00 List only macro calls (default) 
08 List only code generated by macro calls 
OC List all code expanded during macro calls 

00 List only the first two bytes of generated data 
10 List all the binary output by statements generating 

more than one word (default) 

00 List only error lines for the included file (default) 
20 List the included file 
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4.5.10 Send Ml!ssage to CRT Screen (. PRINTX) 
Directive 

Label Operation Operand Comment 

[Label:] _ . PRINTX dstrlngd [;comments] 

The. PRINTX directive sends "string" to the CRT 
screen during pass 2. The delimiter "d" may be any 
nonblank character. This directive is not available In 
the PDS COPSTM assembler, but is available in the 
STARPLE)(TM COPS assembler. 

4.5.11 Generate Error (. ERROR) Directive 

Label Operation Operand Comment 

[Label:] . ERROR -['string'] I;comments] 

The . ERROR directive generates an error message and 
an assembly error that is included in the error count at 
the end of the program. 

in iiu:I rLi5 carS df:)~t;;II'luiQ:i-, i.ld~ ~:icCL:;iG i~ vii:Y 'WQ::;:: 

In macros. However, in the STARPLEX COPS assem· 
bier, this directive is valid any time. 

4.5.12 Start Cross Reference (.CREF) Directive 

Label Operation Operand Comment 

[Label:] .CREF [;comments] 

The. CREF directive causes the gattierlng of the cross 
reference information to be Initiated as If It had been 
terminated previously by an . XREF directive. This 
directive has no effect unless . XREF was specified In 
the command line .. CREF is not available In the PDS 
COPS assembler, but Is available in the STARPLEX 
COPS assembler. 

4.5.13 Stop Cross Reference (.XREF) Directive 

Label Operation Operand Comment 

ILabel:] • XREF [;comments] 

The . XREF directive causes the gathering of the cross 
reference information to be terminated until a subse
quent .XREF directive is encountered. It does not stop 
the Incrementing of the line number. This directive Is 
not available in the PDS COPS assembler, but Is avail
able in the STARPLEX COPS assembler. 

4.6 Repetition Directives 

4.6.1 Do Loop (. DO) Directive 

Label Operation Operand 

[Label:] _ DO expression 

Comment 

I;comments] 

The. DO directive indicates the starting of a repetition 
block. All the text from. DO until corresponding 
. ENDDO or . ENDM will be repeated "expression" 
times. 

4.6.2 End Do (. ENDDO or. ENDM) Loop 

Label Operation Operand 

[Label:] • ENDDO 
[Label:] . ENDM 

Comment 

[;comments] 
[;comments] 

This directive is required to terminate a do·loop (repeti· 
tion block) or a macro. Each. ENDDO or . ENDM terml· 
nates the most recent do·loop or macro that has not al 
ready been terminated .. ENDDO and. ENDM are 
identical. 

4.6.3 Exit Do (. EXm Loop 

Label Operation Operand Comment 

[Label:] . EXIT [;comments] 

Early termination of looping in a do·loop (repetition 
block) can be affected with the . EXIT directive. When 
. EXIT directive Is encountered during assembly, the 
assembler stops expansion and proceeds to the state· 
ment immetiialeiy ioiiowiuy iil\~ . C:i"uuv vi" . :=~~~~~ 
directive. 

If this. ENDM marks the end of a macro definition, 
assembly resumes at the statement following the macro 
call. If the. ENDM marks the end of a repetition block, 
. EXITM terminates not only the current expansion, but 
subsequent iterations as well .. EXITM can only appear 
within a macro definition or a repetition block. 

4.7 Conditional Assembly Directives 

The conditional assembly directives allow selective 
assembly of source code segments depending on 
whether a speclfie!l condition is true or false. The truel 
false tests are performed by the assembler. 

A conditional assembly biock begins with an .IF or 
.IFC directive and terminates with an . ENDIF directive. 
A conOitlonal assemDIY DIOCK may De OIVIUtlU ""u .wu 

segments by including the. ELSE directive to end the 
first segment and begin the second"segment. 

The assembler evaluates the condition specified in the .IF 
or .IFC directive and then, depending on the result, as· 
sembles the code within the conditional assembly block. 

4.7.1 If (.IF) Directive 

Label Operation Operand Comment 

[Label:] .IF expressIon [;comments] 

Condition is true If expression evaluates to greater or 
less than zero, and false If equal to zero. 

4.7.2 If Character (.IFC) Directive 

Label Operation Operand Comment 

[Label:] .IFC strlng1 operator strlng2 [;comments] 

The .IFe directive allows conditional assembly based 
on character strings rather than the val ue of an expres· 
sion as In the .IF directive. String1 and String2 are the 
character- strings to be compared. Operator Is the rela· 
tional operator between the strings. Two operators are 
allowed: EQ(equal) and NE (not equal). If the relational 
operator Is satisfied, the condition is true. 
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4.7.3 Else (. ELSE) Directive 

Label Operation Operand Comment 

ILabel:) . ELSE I;comments) 

The. ELSE directive indicates the code between the 
· ELSE and the. ENDIF is to be assembled if thE! .IF 
condition is false. It corresponds to the most recent 
.IF directive which has not been terminated by an 
.ENDIF. 

4.7.4 End of If (. ENDIF) Directive 

Lebel Operetlon Operand Comment 

[Label:) • ENDIF [;comments) 

The. ENDIF directive terminates an .IF block. It termi· 
nates the most recentiy opened block which Is not 
terminated by a previous. ENDIF. 

Any data appearing in the operand field of an . ELSE or 
· ENDIF directive clI.uses an error. 

If the expression is TRUE, all the Instructions between 
the .IF directive and the next. ELSE or . ENDIF direc· 
tlve are assembled. If the expression is FALSE, the 
Instructions are not assembled. 

· ELSE Is the converse of .IF.1f the expression Is 
FALSE, all Instructions between . ELSE and the next 
· ENDIF directive are assembled. If the expression Is 
TRUE, the instructions are not assembled. The • ELSE 
directive is optional. 

All statements between an .IF directive and Its asso
ciated. ENDIF directive are defined as an .IF-. ENDIF 
block .. IF-.ENDIF blocks can be nested to eight 
levels_ Only one. ELSE directive can be Included In an 
.IF-.ENDIF block. 

Example 1: 
.IF REG EOO 

.ENDIF 

Example 2: 
. IF REG EOO 

. ELSE 

.ENDIF 

;ASSEMBLE IF REG = 0 IS TRUE 

;ASSEMBLE IF REG = 0 IS TRUE 

;ASSEMBLE IF REG = 0 IS FALSE 

Example 3: 

Level 
1 

Level 
2 

Level 
1 

.IF FiEG EO 0 

.IF TYP EOO 

.ELSE 

.ENDIF 

.ELSE 

.IFTYP EO 1 

. ELSE 

.ENDIF 

.ENDIF 

;ASSEMBLE IF REG =0 IS TRUE 

;ASSEMBLE IF REG = 0 IS TRUE 
;AND TYPE=O IS TRUE 

;ASSEMBLE IF REG =0 IS TRUE 
;AND TYP=O IS FALSE 

;ASSEMBLE IF REG = 0 IS FALSE 

;ASSEMBLE IF REG = 0 IS FALSE 
;AND TYPE = 1 IS TRUE 

;ASSEMBLE IF REG = 0 IS FALSE 
;AND TYP = 0 IS FALSE 

4.8 COPS Instruction Set Directives 

4.8.1 Define COP400 Device Options (.OPT) Directive 

Label Operation Operand Comment 

[Label:) . OPT expresslon1, expresslon2 [;comments) 

The. OPT directive specifies to the assembler which 
mask-programmable options have been selected for 
the device for which the program is written. The first 
expression indicates the option number; the second 
expression indicates the value to be assigned to the 
specified option number. Value of the first expression 
must be within the range 1 through 52; value for the 
second expression must be within range 0 through 14. 

This directive is not available in the Standard STAR
PLEX directive. The options availabie differ according 
to the chip chosen . 

4.8.2 Identification of the COP400 Device (. CHIP) 
Directive 

Label Operation Operand , Comment 

[Label:) ,CHIP expression [;comments) 

The. CHIP directive specifies to the assembler the 
partlcuiar COP device for which the assembly source 
code is being written. This is necessary since different 
COP400 devices having a different number of COP400 
instructions may use the COP Cross-Assembler. The 
device which may be specified with the. CHIPdirec
tive and the corresponding values for' their operand' 
field expressions are shown on the following page. 
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COP400 Devices 

COP410L 
COP411L 
COP420/420Ll420C 
COP421 1421 Ll421C 
COP444L 
COP445L 
COP440/2440 
COP441/2441 
COP442/2442 
COP422 

Operand 
Expression 

410 
411 
420 
421 
444 
445 

440,2440 
441,2441 
442,2442 

422 

If there Is no .CHIP directive, then 420 is assumed and 
a warning message Is generated to indicate that 
assumption. More than one .CHIP directive may be 
used to switch among instruction sets. 
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5.1 ·Introductlon 

Programming In simple assembly language enables 
. a user to be as efficient with his microprocessor 
resources as his capabilities allow. With assembly 
language, the user can specify explicitly every detail of 
the program operation. Because of this, a program In 
assembly language often takes longer to write than 
the. same program written In a hlgh·level language that 
fills In many details automatically according to Its 
Internal design. This design mayor may not be com· 
patlble with either the language of the machine on 
which the hlgh·levellanguage operates or the user's 
problem. Ideally, the user would like a programming 
language that Is compatible with the machine as need 
be, while remaining as natural as possible for the . 
expression of his particular problem. The language 
should fill In details whenever they are routine and. 
shoiJld leave the user free to specify the details when· 
ever they are crucial. This Ideal can often be closely 
approximated by the user of a versatile programming 
tool known as macros. , 

Macros are a form of text replacement that provide an 
automatic code-generatlon completely under the user's 
control. With macros, a user can gradually build a 
library tailored to his application, and, with a library of 
macros oriented toward a.particular application, a user 
who Is not a software expert can produce efficient 
machlne·language code; and an experienced user can 
significantly reduce his program development time. 

5.2 Macro Directives 

Table 5-1 contains a list of macro directives. A discus· 
slon of each macro follows the table. 

Table 5-1. Macro Directive. 

Name Mnemonic Function 

Begin macro definition . MACRO Defines a macro 
End macro definition .ENDDO Ends a macro repeat or 

a macro definition 
End macro definition .ENDM Ends a macro definition 

or a macro repeat 
Local macro symbols .MLOC Defines local macro 

symbols 
Exit macro . EXIT Terminates an expansion 

5.2.1 Begin Macro Definition (.MACRO) Directive 

Label Operation Operand Comment 

mname . MACRO Lparameters] ~commants] 

Macro Is the directive mnemonic which Initiates the 
macro definition. It must be terminated by at least one 
blank. 

"mname" Is the name of the macro. It is legal to define 
a macro with the same name as an already existing 
macro, In which case the latest definition is operative. 
The macro name Is used by the main program to call 
the macro, and must adhere to the rules given for 
symbol construction. 

"parameters" Is the optional list of formal parameters 
used In the macro definition. Each parameter must be a 
valid symbol and successive parameters must be separ· 
ated by commas or by commas and blanks. 

The macro body consists of assembly language state· 
ments. The macro body may consist of simple text, text 
with formal parameters, andlor macro·tlme operators. 
At the time of a macro call, each formal parameter Is 
substituted with the value of the corresponding actual 
parameter. 

5.2.3 End Macro Definition (. ENDDO and. ENDM) 
Directives 

Label Operation 

[Label:] .ENOOO 
[Label:] .ENDM 

Operand CoJl1ment 

~mment8] 
[;comments] 

The . ENDM or . ENDDO directive terminates a macro 
definition. Each macro definition requires a matching 
. ENDM or . ENDDO. Each. ENDM or . J:NDDO terml· 
nates the most recent macro or repetition block that 
has not already been terminated. These directives are 
Identical. 

5.2.3 Define Local Symbol (. MLOC) Directive 

Label Operation . Operand Comment 

ILabeI:] .MLOC symboll.symbol •.. ] ~comment8] 

When a label is defined within a macro, a duplicate 
definition results with the second and each subsequent 
call of the macro. This problem can be avoided by using 
the. MLOC directive to declare labels local to the macro 
definition. The . MLOC directive may occur at any point 
in a macro definition, but It must precede the first occur· 
rence of the symbol(s) It declares local. 

5.2.4 exit Macro (. EXIT) Directive 

'Label Operation Operand Comment 

ILabel:] . EXIT ~comments] 

The. EXIT directive terminates the expansion of a 
macro or repetition block. When the . EXIT statement 
Is encountered during assembly, the assembler stops 
and proceeds Immediately to the next . ENDM or 
. ENDDO directive. If the. ENDM or . ENDDO directive 
marks the end of a macro definition, assembly 
resumes at the statement following the macro call. 

5.3 Basic Macro Concepts 

The main use of macros Is to Insert assembly Ian· 
guage statements Into a source program, as shown In 
Figure 5-1. In the example, the original source program 
contains a macro Instruction, or m!lcro call, named 
NONAME. NONAME Is a macro that Inserts four NOP 
Instructions Into the program listing. When the assem· 
bier processes NONAME, It Inserts the predefined 
sequence of assembly language from the macro deflnl· 
tlon named NONAME Into the source program Immedl· 
ately after the pOint of call (NONAME). 
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Source Program 
Before Assembly 

Program Listing 
Alter Assembly 

NONAME.MACRO 
.D02 NOP 

NOP 
NOP 
NOP 

NOP 
NOP NONAME 

.ENDDO 

.ENDM 

Figure 5-1. Statement Insertion 

The process of inserting the text of the macro defini
tion into the source program is called macro expan
sion. The expanded macro is then processed as if 
it were part of the original source program. You will 
note that the macro call itself does not produce any 
machine language code. The directives used to define 
the limits to the macro definition are. MACRO and 
.ENDM. 

Figure 5-1 illustrates three aspects of a macro: the 
definition, the reference, and the expansion. 

5_4 Macros and Subroutines 

A macro is similar to a subroutine in that it is written 
once and called many times. A particular programming 
task mav be accomollshed bv a macro or a subroutine. 
One technique may be more convenient than the other, 
depending on the task. 

\ 
Calling a macro inserts the macro code in the pro· 
gram. Suppose a macro has n instructions. Calling the 
macro ten times will result in 10 x n lines of macro 
code in the assembled program. By contrast, repeat
edly calling a subroutine does not multiply the amount 
of subroutine code in that assembled program. Some
times it is necessary to conserve available memory . 
space, and, in that case, the programmer would favor 
subroutines rather than macros. 

The advantage that macros have is that because the 
program does not have to jump to the subroutine and 
then return, they will execute faster. So,the choice is 
usually execution time versus memory space required. 

5.5 Defining a Macro 

Defining a macro involves preparing statements that 
perform the following functions: 

1. Give it a name. 

2. Declare any parameters to be used. 

3. Write the statements it contains. 

4. Establish its boundaries. 

The following form is used to define a macro: 

mname . MACRO [,parameters] [;comments] 

macro body 

.ENDM 

where: 

a. "mname" is the name of the macro (the name used 
to "call" the macro). It Is legal to define a macro 
with the same name as an already existing macro. 
The latest definition is operative. The macro name 
must adhere to all rules for symbols. 

b. . MACRO Is the directive that initiates the macro 
definition .. MACRO must be followed by a blank. 
Macros must be defined before their use. 

c. Parameters is the operational list of parameters used 
in the macro definition. The list of parameters must 
adhere to all the rules for expressions. Parameters 
are separated by commas or commas and blanks. 
The following are examples of legal and illegal 
:MACRO directives. 

Legal -Illegal Reason Illegal 
MAC. MACRO A,B SUB. MACRO $1$ Special character Is used In 

parameter. 
$ADD .MACRO lMAC . MACRO First character In macro 
OP1,OP2 C,D name Is Illegal. 

LIST. MACRO $1 MACB . MACRO First character in parameter 

MSG3.MACRO 
25 must be alphabetic or $. 
$AC .MACRO Special character Is used 

In macro name. 

d. Macro body consists of assembly language 
statements. The macro body may contain simple 
text, text with formal parameters and lor macro-time 
operators. At the time of a macro call, each formal 
parameter is substituted with the value of the cor
responding actual parameter. 

e. The. ENDM or . ENDDO directive terminates the 
macro definition. 
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5.6 Calling a Macro 

Once a macro has been defined, it then may be called. 
A macro is called by placing the macro name in the 
operation field of an assembly language statement, 
and the parameters in the operand field. The following 
form Is used for a macro call: 

mname [parameters] 

where: 

a. "mname" is the name previously assigned In the 
macro definition. 

b. "parameters" is the list of input parameters. 
When a macro is defined without parameters, the 
parameter list is omitted from the call. 

5.7 Using Parameters 

The power of a macro can be increased tremendously 
through the use of the optional parameters. The 
parameters allow variable values to be declared when 
the macro is called. The variable values are then 
replaced with constants when the MACRO is called. 

5.7.1 Macro Definition 

Macros can be made more powerful through the use of 
parameters. 

Parameters need not be variables or numeric values, 
-but can be any string. The following macro, for exam· 
pie, takes an ASCII string as Input and generates a 
message string In memory suitable for Input to the 
MESG routine. 

MSGSTR 
. LABEL: 

. MACRO 

. BYTE 

. BYTE 

.ENDM 

LABEL,STRING 
'STRING' 
o 

The following macro generates a call to the MESG 
routine with the name of the message as input. 

MESG . MACRO MSGNAM 
JSR 337 
. DBYTE MSGNAM 
.ENDM 

Note the principle here: the hexadecimal firmware 
address is maintained centrally in the MESG macro, not 
scattered all over the code.as the macro calls will be. 

5.7.2 Calling a Macro with Parameters 

When parameters are included in a macro call, the 
following rules apply to the parameter list: 

1, Commas or commas and blanks delimit parameters. 

2. Consecutive blanks are treated as a single delimiter. 

3. A comma leading, following, or imbedded in a string 
of blanks is treated as a single delimiter. 

4. Parameters can be used In the macro definition to 
define a formal parameter list. The macro statement 
can use the parameter names In the definition. 

5. Parameters can also refer to a parameter!;ly Its posi
tion in the actual parameter list. During macro expan
sion, "I/n" is replaced by the nth parameter in the liSt. 

6. Parameters may be symbols, numbers, or literal 
strings. 

7. Missing or null parameters are permitted and are 
treated as strings of zero length. 

8. Missing parameters may be omitted at the end of a 
parameter list. 

5.7.3 Parameters Referenced by Number 

'#'-Numberof Parameters: '#' is a macro operator 
that references the parameter list In the macro call. 
When used In an expression, it Is replaced by the 
number of parameters in the macro call. The following 
.IF directive, for example, causes the conditional code 
to be expanded if there are more than the parameters 
in the macro call: 

.. IF # EQ 10 

'#N' - Nth Parameter: When used with a constant or 
variable, the '#' operator refer.ences individual 
parameters in the parameter list. The following 
example demonstrates how this function is used: 

X .MACRO 
. BYTE - #1,#2,#3 
.ENDM 

The Instruction "X 3,5,2" generates" . BYTE 3,5,2". This 
relieves the need for naming each parameter in a long 
list and allows powerful macros to be defined using 
arbitrary numbers of parameters. 

'A'~ Concatenation: The 'N macro operator Is used for 
concantenation. When found, the 'N is removed from 
the output string and the strings on each side of the 
operator are compressed together after parameter sub· 
stitution. The following example illustrates use of 'N 
operator.-

Macro definition: 

IMAGINARY . MACRO 
RX: 

Macro call: 

IX: 
.ENDM 

IMAGINARY 5 
Macro expansion: 

RS: 
IS: 

5.8 Local Symbols 

X 
. BYTE 0 
.BYTEO 

.BYTEO 

. BYTE 0 

When a label Is defined with a macro, a duplicate 
definition results with the second and each subsequent 
call. The problem can be avoided by using the. MLOC 
directive to declare labels local to the macro definition. 

Local symbols are replaced with unique names at 
expansion time with ZZXxxx, where xxxx is a 4-digit 
hexadecimal number. The user should avoid using his 
own labels of the above form as it may cause duplicate 
definition errors. The. MLOC directive may occur at 
any point in a macro definition, but it must precede the 
first occurrence of the symbols it declares local. If 
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it does not, no error will be reported, but symbols used 
before the. MLOC will not be recognized as local. 

5.9 Conditional Expansion 

The versatility and the power of the macro assembler 
is enhanced by the conditional assembly directives. 
The conditional assembly directives (.IF, . ELSE and 
· ENDIF) allow the user to generate different lines of 
code from the same macro simply by varying the 
parameter values used in the macro calls. Four rela· 
tional operators are provided: 

EO equal 
NE not equal 
< less than 
> greater than 

5.9.1 .IF,. ELSE, . ENDIF Directives 

When the macro assembler encounters an .IF directive 
within a macro expansion, it evaluates the relational 
operation that follows. If the expression is satisfied 
• •.• __ ' __ " _ ,.., " __ " ___ .1._"_. __ ! __ LL_ ..... 

\'='VdIUClLt:1U YICC:UCI lltCll1 VJ, Ult: 1111"'" IVIIVVVIII~ UIC ,II 

are expanded until an . ELSE or an . ENDIF directive is 
encountered. If the expression is not satisfied (evalu· 
ated less than or equal to 0), only the lines from the 
· ELSE to the. ENDIF are expanded. See Chapter 4 for 
additional information on the conditional assembly 
directives. 

5.9.2 .IFe Directive 

The .IFC directive allows conditional assembly based 
on character strings rather than the value of an expres· 
sion as In the .1 F directive. String 1 and Strlng2 are the 
character strings to be compared. Operator is the rela
tional operator between the strings. Two operators are 
allowed: EO (equal) and NE (not equal). If the relation, 
al operator is satisfied, the lines following the .IFC are 
assembled until an . ELSE or an . ENDIF is ehcoun
IArAti. ThA .I=LSI= :Inti .I=NDIF directives have the 
same effect with the .IFC directive as they do with the 
.IF directive. 

5.10 Macro·Time Looping 

Macro-time looping is facilitated through the. DO and 
· ENDDO directives. These directives are used to de· 
limit a block of statements which are repeatedly 
assembled. The nubmer of times the block will be 
assembled Is specified on the. DO directive. Following 
Is the format of a .00-. ENDDO block: 

.DO count 

source 

.ENDDO 

Note: . DO, . EN DDO, and . EXIT are defined only with a 
macro definition. 

The following examples show the use of the. DO, 
. ENDDO, and. EXIT directives. The macro CTAB gen
erates a constant table from 0 to MAX where MAX is a 
parameter of the macro call. Each word has a label 
DX:-where X is the value of the data word. 

CTAB . MACRO MAX 
.SET X,O 
.00 MAX+1 

DOX: . BYTE X 
.SET X,X+1 
.ENDDO 
.ENDM 

Now a call of the form: 

CTAB 10 

generates code equivalent to: 

.SET X,O 
DOO: . BYTE X 

.SET X,X+ 1 
001: . BYTE X 

!':FT X,X+1 

002: . BYTE X 

.SET X,X+1 
009: . BYTE X 

.SET X,X+1 
DOA: . BYTE X 

Note 
Care must be taken when writing macros that generate a 

variable number of data words through the use of the .IF or 
the. DO directives. If the operands on these directives are 

forward references, their values change between pass 1 and 
pass 2 and the nubmer of generated words may change. 

Should this be the case, all labels defined after the macro 
call that has changed values generate numerous assembly 

errors of the following form: 

5.11 Nested Macro Calls 

Nested macro calls are allowed. That is, a macro defini
tion may contain a call to another macro. When a macro 
call is encountered during macro expansion, the state of 
the macro currently being expanded is saved and expan
sion begins on the nested macro. Upon completing 
expansion of the nested macro, expansion of the 
original macro continues. Depth of nesting allowed will 
depend on the parameter list sizes, but usually about 
eight levels of nesting are allowed. 

A logical extension of a nested macro call is a recursive 
macro call; that is, a macro that calls itself. This is 
allowed, but care must be taken that an infinite loop is 
not generated. 

5.12 Nested Macro Definitions 

A macro definition can be nested within another macro. 
Such a macro is not defined until the outer macro is 
expanded and the nested . MACRO statement is 
executed. This allows the creation of special purpose 
macros based on the outer macro's parameters. 
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6.1 Introduction 

This chapter describes the COPSTM Cross·Assembler 
operation. Refer to the STARPLEXTM System Software 
Reference Manual (Publication No. 420305788) or 
STARPLEX WM Software Reference Manual (Publica· 
tion No. 420306383), chapters 4 and 6 for Text Editor 
and Linker operation. 

Execution of a COPS Assembly Language program 
involves the following steps: 

1. Code a source program. 

2. Transcribe the source program to a source file 
on a diskette using the STARPLEX Text Editor. 

3. Assemble the source program to create a load 
module. 

6.2 Invoking the Assembler 

The assemblers can be invoked from the Command 
Interpreter using one of two methods: 

1. Entering an ASM Command. 

2. Using the ASM key (STARPLEX only). 

6.2.1 Entering an ASM Command 

The first method of invoking the assembler is by enter· 
ing the assembler name followed by the appropriate 
parameters entered as a single command string. The 
format of the immediate command line is as follows: 

ASMCOP source [object [listing [XREF] [ISE])] 

Note: If ASMCOP is entered without any parameters, 
the form is displayed. 

6.2.2 Using the ASM Key (STARPLEX only) 

The second method of invoking the assembler is by 
pressing the ASM key on the keyboard. This will cause 
a form like the following one to be displayed on the 
screen. The user will enter the assembler name as the 
first parameter, followed by the other appropriate 
parameters for each field, and then press the RETURN 
key. The format of the display is as follows: 

6.2.3 Parameters 

The first four parameters of the ASM command are 
position dependent. The other parameters, XREF and 
ISE may be entered in any order after the first four . 
Parameters are separated by one or more spaces. The 
line is terminated by a carriage return. The input 
parameters for the assembler are as follows: 

6.2.3.1 Assembler 

The user should enter an ASMCOP as the assembler 
name. If no extension is specified, none is assumed. 
When using the ASM key, if a filename is not speci· 
fied, the default is ASM80. 

6.2.3.2 Source 

"Dev." is the device that contains the source file. If 
this is not specified, FDSO: is used. "Filename" is the 
one to six character alphanumeric name of the source 
file. This is required. The extension" . Ext" is the one 
to three character identifier that further describes the 
file function. If this is not specified, " . MAC" is . 
assumed. 

6.2.3.3 Object 

The syntax of the filename is the same as the source; 
however, if no extension is specified, REUs used. If 
no filename is specified, the filename specified in the 
source entry is used, with the extension REL. If no 
object file is desired, the parameter NIL: is entered to 
suppress generation. 

6.2.3.4 Listing 

The syntax of the filename is the same as the source; 
however, if no extension is specified, "LST" is assum· 
ed. If listing is to be directed to the printer, LPTn: is 
entered. If no filename is specified, no listing is gener· 
ated. If other options are desired, then listing may be 
suppressed by entering $NIL or NIL: after the object 
filename. 

STARPLEX Assembler 

Entry Item 

ASSEMBLER 

SOURCE 

OBJECT 

LISTING 

XREF 

ISE 

Enter data in the appropriate fields and then depress "RETURN" 

Entry Entry Format 

[<dev>:]<filename>[< .ext>] 

[<dev>:]<filename>[. <ext>] 

[<dev>:<filename> <ext>] 

[<dev>:][<filename>][< .ext>] 

XREF 

ISE 
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Default 

ASM80 

FDSO: <source> . MAC 

<Source>. REL 

No listing created 

No cross reference data created 

No ISE symbol table created 



6.2.3.5 XREF 

If XREF is specified, a list file is created, and the cross 
reference information is appended to the end of the 
source listing. It contains an alphabetical list of all 
user symbols, with a list of all line numbers in which 
each symbol was referenced. If XREF is not specified, 
then no cross reference listing is produced. 

6.2.3.6 ISETM Symbol Table 

If ISE is specified, an ISE symbol table is generated on 
the same device as the source file. It has the same 
name as the source fi Ie, but with . SYM extension. 
Default is to generate no ISE symbol table. 

Note: 6.2.3.6 does not apply for use with the SPM-A15 
product at this time. 

6.3 Object File Format 

The object file module is absolute and can be directly 
loaded by COP monitor. The requirement for the object 
field is that it contains the following: 

1. Code generated. 

2. Chip number. 

3. Options from the. OPT directive. 

4. Source file checksum. 

5. Object checksum. 

6.3.1 Object File Load Module 

The Load Module (LM) file contains loading informa
tion and object code produced from the source state· 
ments. The LM file is an unformatted file composed of 
a sequence of records, each containing up to 36 bytes. 
The representation of the records depends on the 
storage medium. There are three types of LM records: 

• Title record (one per LM fi Ie) 

• Data record (variable number per LM file) 

• End record (one per LM file) 

The records are produced in the sequence shown in 
Figure 6-1. Independent of the record type, the first 
two bytes in each record always have the same inter· 
pretation. The first byte specifies the record type (bits 
7 and 6) and the length of the record body (bits 5 
through 0). The second byte contains a checksum for 
error detection. The checksum is formed by taking the 
arithmetic sum of all the bytes in the record body. 

7 

TITLE RECORD 

DATA RECORD 

DATA RECORD M 

END RECORD 

Figure 6-1. LM File Format 

o Bit Position 

o to M Data 
Records 

6.3.2 Title Record 

The title record identifies the load module by name 
and, optionally, by a descriptive character string. 
These two items are supplied by the last. TITLE direc· 
tive statement in the source program. If the. TITLE 
directive is not included, a default name will be the 
source filename. If the default program name is 
assigned, the descriptive string is empty. Figure 6-2 
illustrates the format of the title record. 

RECORD TYPE 

Byte 7 6 5 

2 

3 

8 
9 

36 

0 o I RECORD LENGTH 

RECORD CHECKSUM 

PROGRAM NAME 

DESCRIPTIVE STRING 

o Bit Position 

Figure 6-2. Title Record Format 

Notes: 
1. The program name and descriptive string are com

posed of 7-bit ASCII characters. The strings are right 
justified with a zero-fill at the end. 

2. Only the first 28 characters in the descriptive string 
(of the source statement) are used in the title record. 

6.3.3 Data Record 

The data records contain the actual data and instruc
tion bytes to be loaded into memory. Each data record 
contains the load address of the initial data byte of 
the record. Each time a discontinuity (empty area or 
change·of-page) occurs in a program, the current 
record is terminated and outputted, and a new record 
is initiated. Figure 6-3 illustrates the format of the 

RECORD TYPE 

Byte 7 6 5 o Bit Position 
1 

0 1 I RECORD LENGTH 

2 RECORD CHECKSUM 

LOAD ADDRESS 
(Bits 7-0) 

3 

LOAD ADDRESS 
(Bits 15-8) 

4 

5 DATA BYTE (1) 

: 
: 

36 DATA BYTE (32) 

Figure 6-3. Data Record Format 
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6.3.4 End R.ecord 

The end record marks the end of the LM file and specl· 
fles an entry address for the load module. The format 
of the end record Is Illustrated In Figure 6-4. The 
source checksum represents the sum of all the charac· 
ters, taken one at a time, In a program source file. The 
sum is printed on the program listing following the 
symbol table printout. The object sum represents the 
sum of all the Individual record checksums of the LM. 
This sum Is also printed on the program listing follow
Ing the symbol table. Also, nonspeclfled options will 
be set to "F" Hex. 

6.4 Listing Format 

The time and date appear at the top of every page. 
Each line of source listing consists of: 

• Line number 

• Location 
• Object code generated 

• Source text 

RECORD TYPE 

Assembly errors are spelled out as messages. (See 
Appendix D for a complete list of error messages.) 

The summary at the end of the listing includes the 
following: 

• Alphabetical listing of all macros defined 
• Alphabetical listing of all user symbols and their 

respective val ues 

• Error count 
• Number of ROM words used 

• Chip number 
• Checksum of source 

• Checksum of object 

• Filename of source 

• Filename of listing 

If the user specified XREF, then cross reference Infor
mation will be appended to the end of the listing. 

7 6 5 4 3 2 o - Bit Position - 7 4 3 o 

Byte .Jo 9 OPTION 2 OPTION 1 
Byte .1 1 110 0 0 1 1 0 

(RECORD LENGTH) 

2 RECORD CHECKSUM 10 OPTION 4 OPTION 3 

ENTRY ADDRESS 
(Bits 7-0) 

t----'-----------
ENTRY ADDRESS 

(Bits 15-8) 

3 

4 

OPTION 50 OPTION 49 
SOURCE CHECKSUM 

(Bits 7-0) 
1--------------

5 33 

OPTION 52 OPTION 51 
SOURCE CHECKSUM 

(Bits 15-8) 6 34 

CHIPID 
OBJECT CHECKSUM 

(Bits 7-0) 
t--------------

7 35 

CHIPID 
OBJECT CHECKSUM 

(Bits 15-8) 
8 36 

Figure 6-4. End Record Format 

6.5 COPSTM Cross·Assembler Messages 

If a source program assembles error-free, the system 
displays the following message: 

No Fatal Error(s) 

If the cross-assembler detects any errors or warnings, 
the source lines containing errors or warnings are dis
played on the screen. Then a message In the following 
format is displayed: 

nn Fatal Error(s) nn Warnlng(s) 
where: 

nn Is the number of errors detected and/or number 
of warnings Issued by the cross-assembler. 

An appropriate message will be printed on the line. 
Therefore, for each line of source with an error, two 
lines will be generated In the listing. 

A program assElmbled with fatal errors will not 
execute. A program assembled with warning(s) mayor 
may not execute; the results may be unpredictable. 

If errors are detected in a source program, the source 
program should be appropriately corrected and the 
program reassembled. 
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Programming Techniques 
7.1 Introduction 

This chapter provides several examples of program
ming techniques for COP400 devices. All examples are 
given in COPSTM Cross-Assembler language, using 
COP400 assembler instruction mnemonics and oper
and statementS. Although, in the following examples, 
instruction operands and ROM page numbers are writ
ten using decimal notation, the programmer may 
specify these expressions in hexadecimal notation; 
the assembler accepts either format (e.g., AISC 
13 = AISC X'C, Page X'A = Page 10). On occasion, 
source code examples contain noninstruction state
ments, such as assembler directives which convey 
information to the assembler necessary for proper 
address allocation or similar assembler-related tasks. 

7.2 Program Memory Allocation 

Generally, COP420 series program memory may be 
inougrli oi d.~ Ullt: c11t:c1 u; ~G~~ ~i~c~ v~ :-:G~.,~ ';,,";!~ :;~ 

address range of 0 to 3FF (hexadecimal). However, 
while this concept is convenient in writing, in assem
bling and debugging major portions of COP420 series 
programs, it is necessary, with respect to a few 
instructions, to conceptualize program memory on a 
64-word "page" basis. Specifically, because of the 
characteristics and restrictions associated with the 
JP, JSRP, JID, and LQID instructions, the organization 
of program memory is as follows: 

Chips 

410/411 
420/421 
444/445 

Bytes/words 

512 
1024 
2048 

No. of Pages 

8, (0-7) 
16, (0-15) 
32, (0-31) 

The following discussion provides information and 
examples relating to the "page" characteristics of 

- ~ ',,- --- "_!_"- ! __ J.._ •• _J..! ___ T_L..I_ "7 ............... ; .... ,..ro ,.. ................. , ~ ................... -. ........... -.. ---'-"--
conversion chart indicating the hexadecimal address 
equivalents for each of the 16 "pages" of ROM. Note: 
each page consists of 0 through 3F16 words. 

7.2.1 JP Instruction 

The JP instruction transfers program control to a ROM 
location whether within a page or within a 2-page 
boundary consisting of "subroutine pages" 2 or 3. 

The following page restrictions apply to the JP 
instruction. 

• When used in any page other than page 2 or 3, it 
can only jump to a word within the current page. 

• When used in page 2 or 3, it may jump to a word 
within page 2 or 3. 

• In all cases, it cannot jump to the last word of a 
page (word 03F16). 

The JP instruction assembly operand normally con
sists of a program label or expression specifying the 
address of the word to be jumped to. To specify page 
boundaries and ensure correct placement of the JP 
and other page-oriented instructions, the assembler 
· PAGE directive is used to specify the beginning of 
new page boundaries for program code placement. 

The following are examples of use of the JP instruc
tion when used outside subroutine pages 2 and 3. 

LABEll: 

LABEL2: 

LABEL3: 

....,..." ............... 

. PAGE 0 ;PLACE FOLLOWING CODE 
;IN PAGEO 

JP LABEL2 ;LEGAL JUMP WITHIN PAGE 

JP LABEL3 ;ILLEGAL JUMP TO LAST 
;WORD OF PAGE 

JP LABEL4 ;ILLEGAL JUMP TO 
;ANOTHER PAGE 

PAGE 1 ;THIS INSTRUCTION IN LAST 
;WORD OF PAGE 0 
;PLACEFOLLOWING CODE 
iON PAGE 1· 

• Note: The. PAGE 1 directive is not necessary-the COPS 
Assembler automatically places code in successive 
memory locations. After a particular page is full, code Is 
automatically placed In successive location on the 
following page. 

The following examples illustrate use of the JP instruc
tion when in subroutine pages 2 and 3: 

. PAGE 2 ;START OF "SUBROUTINE" 
LABEL 1: ;PAGE 2 CODE 

LABEL2: 

LABEL3: 

LABEL4: 
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JP LABEL3 ;LEGAL JUMP TO PAGE 3 
;LOCATION 

JP LABEL2 ;ILLEGAL JUMP TO LAST 
;WORD OF PAGE 

;LAST WORD OF PAGE 2 
. PAGE 3 ;START OF PAGE 3 CODE 

JP LABEL4 ;ILLEGAL JUMP TO PAGE 
;OUTSIDE PAGE 2 OR 3 

JP LABEll ;LEGAL JUMP TO PAGE 2 
;LOCATION 

JP LABEL3 ;LEGAL JUMP WITHIN PAGE 

PAGE 4 ;START OF PAGE 4 CODE 

JP LABEL 1 ;ILLEGAL JUMPTO PAGE 2 
;(MAY ONLY BE DONE WHEN 
;IN PAGE 2 OR 3) 
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Table 7-1. Page to Hexadecimal Address Table 

Hexadecimal Hexadecimal 
Page Address Range Page Address Range 

0 000-03F 8 200-23F 
1 040-07F 9 240-27F 
2 080-08F 10 280-28F 
3 OCO-OFF 11 2CO-2FF 
4 100-13F 12 300-33F 
5 140-17F 13 340-37F 
6 180-18F 14 380-38F 
7 1CO-1FF 15 3CO-3FF 

7.2.2 JSRP Instruction 

The JSRP Instruction Is another page-orlented Instruc
tion that transfers program control to a word located 
within "subroutine" page 2 only. Its primary purpose Is 
to allow a slngle-byte jump to a subroutine in page 2 
from any program location other than from page 2 or 3. 
The JSRP pushes the subroutine-save stack to allow a 
return to the next program Instruction following the 
subroutine call. The restrictions with the JSRP instruc
tions are as follows: 

1. JSRP cannot be used to jump to a subroutine when 
, In pages 2 or 3. (The double-byte JSR instruction 

can,be used for ihlspurpose.) 

2. JSRP cannot be used to jump to a subroutine 
located at the last word of page 2. (A JSR can also 
be used for this purpose.) 

LABELl: 

ADD: 

SUB: 

. PAGE 0 

RET 

JSRP ADD 

JSRP SUB 

. PAGE 2 

RET 

;PAGEO SUBROUTINE 

;RETURN FROM SUBROUTINE 

;LEGAL CALL TO PAGE 2 

;ILLEGAL CALL TO PAGE 3 

;START OF PAGE 2 CODE 

;START OF ADD SUBROUTINE 

JSRP LABELl ;ILLEGAL CALL FROM PAGE 2 

. PAGE 3 ;START OF PAGE 3 CODE 

;SUBTRACT SUBROUTINE 

RET 

Hexadecimal Hexadecimal 
Page Address Range Page Address Range 

16 400-43F 24 600-63F 
17 440-47F 25 640-67F 
18 480,...48F 26 680-68F 
19 4CO-4FF 27 6CO-6FF 
20 500-53F 28 700-73F 
21 540-57F 29 740-77F 
22 580-58F 30 780-78F 
23 5CO-5FF 31 7CO-7FF 

7.2.3 Subroutine Pages 2 and 3 

The special characteristics of the JP and JSRP Instruc
tions facilitate the use of pages 2 and 3 as subroutine 
pages. Programmers should consider dedicating these 
pages to program subroutines for the following reasons: 

• A single-byte JSRP can be used to transfer program 
control to a page 2 subroutine. 

• When In page 2 or 3, a single-byte JP can be used to 
jump to either of these pages. 

The following code exemplifies the use of the JP and 
JSRP Instructions to transfer program control to and 
within pages 2 and 3 as follows. Note that In this 
example, the ADD subroutine jumps to MEMOVE (Mem
ory Move) routine before returning. Thus, subroutines 
may share a common "return" subroutine, jumped to, 
and from 2 or 3 with a single-byte JP instruction. . 

ADD: 

MEMOVE: 

. PAGE 0 

JSRP ADD ;CALL ADD SUBROUTINE 

. PAGE 2 ;START OF PAGE 2 CODE 

;ADD SUBROUTINE 

JP MEMOVE ;JUMP TO M'=MOVE 
;"RETURN"ROUTINE (NO 
;"PUSH" OF STACK) , 

. PAGE 3· ;START OF PAGE 3 CODE 

RET 

;MEMORY MOVE ROUTINE 

;RETURN TO MAIN PROGRAM 
;(POP STACK) 

7.2.4 JID Instruction 

The JID (Jump Indirect) Instruction is another page
oriented Instruction. JID Is an indirect ROM addressing 
instruction which transfers program control to a new 
ROM location based upon the contents of a ROM 
"pointer." The paging features and restrictions associ
ated with the JID instruction are as follows: 
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1. JID first looks up a ROM pointer based on the con· 
tents of A and RAM. 

2. JID then transfers program control to the ROM word 
specified by the contents of the ROM pOinter. 

3. The ROM pOinter and the indirect address jumped to 
must be within the same 4·page ROM "block" as the 
JID instruction. Specifically, for purposes of this in· 
struction, the 16 or 32 (for chip 440/444/445) pages of 
ROM are divided into four or eight blocks as follows: 

Block Pages 
1 0-3 
2 4-7 
3 8-11 
4 12-15 
5 16-19 
6 20-23 
7 24-27 
8 28-31 

For example, if the JID instruction is located in page 5, 
th" ROM Dointer and the indirect address to which pro· 
gram control is transferred must be within block 2 
(pages 4-7). 

7.2.5 LQID Instruction 

The LQID instruction is an indirect data output instruc
tion. It loadS the 8·bit Q register with the 8·bit contents 
of a particular ROM location pOinted to by A and RAM. 
The paging restrictions associated with this instruction 
are similar to those associated with the JID instruction, 
as follows: 

1. For purposes of the LQID instruction, as with the JID 
instruction, ROM is divided into 4·page (or 8-page for 
chip 440/444/445) ROM "blocks." 

2. The ROM location containing the LQID "lookup" data 
must be within the same ROM block as the LQID 
instruction. 

rUI t::XGlIII .... Ic:, C1 L-I...CIV 11";JLlUV~''''''' ''''' .................. , f"'-;:r- _ 

access ROM data located in pages 8 through 11. 

7.2.6 Restrictions on JP, JSRP, JID, and LQID 
Instructions 

As already mentioned, the ROM address register (P) 
increments its value when executing an instruction to 
point to the next memory instruction, automatically 
"rolling over" to the next page after executing an 
instruction located inthe last word of a page. It is 
important to realize, however, that P is incremented 
prior to the execution of the current instruction. This 
characteristic has important consequences for J P, JSR, 
JID and LQID instructions which are located in the last 
word of a page. Specifically, these instructions operate 
on the incremented value of P which, because of the 
increment before execution COP feature, pOint to the 
first word of the next page. Consequently, if any of 
these instructions are placed in the last word of a page, 
the program treats them as residing on the first word of 
the following page. Given the paging restrictions asso· 
ciated with these instructions, the following operations 
and restrictions are associated with the fJllowing place· 
ments of these instructions: 
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1. A JP in the last word of a page will go to any loca· 
tion in the following page (except the last word). A JP 
in the last word of page 1 will be able to go to any 
location (except the last word) ot.page 2 or 3 since it 
is treated as a JP in page 2. Furthermore, a JP in the 
last word of page 3 will not go to a location within 
page 2 or 3, but, instead, will go to a location within 
page 4. 

2. A JSRP instruction is not allowed to reside in the 
last word of page 1, since it will be treated as an 
illegal use of JSRP in page 2. A JSRP in the last 
word of page 3, however, is allowed, since it will be 
treated as a JSRP outside of pages 2 or 3, namely in 
page 4. 

3. An LQID or JID instruction located in the last word of 
the last page of a particular ROM block (last word of 
page 3, 7, 11 or 15) will lookup data or transfer pro
gram control, respectively, to a location within the 
next 4·page ROM block. 

As is evident from the above, these characteristics are 
"nt nO""Qc:c:~ril" rp.c:;trir.tions. orovided the oroarammer 
i~t~~t-i;~~;IY u~es these instructions to operate in the 
above manner. For example, a JP on the last word of 
page 1, unlike other page 1 JP instructions, will be able 
to transfer program control to the 2-page subroutine 
pages 2 or 3, provided the operand specifies a locati?n 
within page 2 or 3. Similarly, an LQID or JID located In 

the last word of the last page of a ROM block will allow 
data lookups on or indirect program control transfers to 
locations within the next ROM block, provided the 
lookup data or address pointers are placed in the 
appropriate locations within the next ROM block. 

7.3 Data Memory Allocation and Manipulation 

An important step which should occur prior to writing 
a COPSTM program is the allocation of program data 
(registers, flags, counters, etc.) to specific areas of 
.... ................. ......, rn.on"\nr\l (~b.M\ Thi~ nrocess is referred to as 
:'cr;ating a RAM map" and, although the map will 
undoubtedly change as programming continues, 
construction of an initial RAM map will make the 
ensuing programming process significantly easier. 

The COP420 series has four data memory registers, 
numbered 0 through 3, consisting of 16 4·bit digits. 
Frequently, accessed data should be stored in 
locations which are able to be pointed to by loading 
the B register with a single-byte LBI instruction. These 
locations consist of digit numbers 0 and 9 through 15 
in any data memory register. These areas are indicated 
by the diagonal·lined areas in Figure 7-1. It requires a 
double·byte LBI instruction to load the B register to 
access the other digits in data memory registers, thus 
requiring an extra program memory word. Single·bit 
flags and digit counters should be located in these 
diagonal·lined regions since they tend to be frequently 
accessed in most programs. 

The memory reference instructions LD, X, XDS, and 
XIS allow the programmer to modify the data memory 
register address without using an LBI instruction .. All 
of these instructions may modify the upper two bits of 

en 
~ 
:D 

" r-
m 
X 
o o 
" en 
o a en 
en 
:i> en en 
CD 
3 
C" 
CD ... 
C 
en 
CD ... 
en~ 

3l: 
S» 
::s 
c 
!!. 



Digit Address (Bd) 

Register 
Address 

o 

(Br) 

2 

3 

15 

III 
III 
111 
III 
III 
III 
111 
III 
III 
III 
III 
111 

XIS 
SKIP 

14 

III 
III 
III 
III 
111 
III 
111 
III 
III 
III 
111 
III 

13 12 11 

III III III 
III III III 
III 111 III 
III III ' III 
III III III 
III III 111 
111 111 III 
III III III 
III III III 
III 111 111 
111 III 111 
111 III III 

10 9 8 7 

III III III 
111 III 111 
111 III III 
III III III 
III III III 
III III 111 
III 111 III 
III III III 
III III III 
111 111 III 
111 111 111 
111 III III 

6 5 4 3 2 

.. 

.. .. .. 
... 
... 
... 
... 
... 
... 
... 
... 
... 

1 0 

III 
111 
111 
III 
III 
111 
111 
III 
III 
111 
III 
III 

XDS 
SKIP 

Figure 7-1. COP420 Data Memory Map 

B (Br- RAM register select) by specifying an "r" oper
and field which is EXCLUSIVE-ORed with the current 
value of Br, This feature allows the programmer to 
toggle back and forth between any of the four COP420 
data memory registers. For example, data located 
within the data memory locations marked with shaded 
boxes In Figure 7-1 can be easily swapped back and 
forth using the LD and X instructions. They can also 
be added to or subtracted from each other easily. 

The automatic data memory digit address increment 
and decrement features associated with the XIS and 
XDS instructions and their skip conditions features 
facilitate the shifting, adding, and subtracting of the 
contents of data memory. Data that needs to be 
shifted should be located in adjacent digit locations 
(for example, the dotted-box locations In Figure 7-1). 
Data that needs to be added,subtracted, or shifted 
should be located in areas adjacent to the XIS or XDS 
skip boundaries. The dotted locations in Figure 7-1 are 
against the XIS boundary at digit 15. This allows the 
programmer to take advantage of the skip feature of 
the XIS instruction. 

The following examples illustrate several of the 
principles discussed above. The notation M(N1,N2) 
indicates a particular data memory digit M, where 
N1 = register number and N2 = digit number. 
;MOVE M(3,0) TO M(1,0) 

LBI 3,0 

LD 
X 

2 

;3 TO BR; 0 TO BD (SINGLE 
;BYTE LBI: 0 = 0) 
;M(3,0) TO A; 1 TO BR 
;ATO M(1,0) 

;MOVE MEMORY REGISTER 1 TO MEMORY REGISTER 0 
;M(1, 15)-M(1 ,0) TO M(0,15)-M(0,0) 

LBI 1,15 ;2 TO BR, 15 TO BD (SINGLE 
;BYTE LBI) 

MV1: LD ;M(1,15)TOA;OTOBR 
XDS ;A TO M(0,15); 1 TO BR; BD-1 

;TO BD; CONTINUE TO MOVE 
;NEXT LOWER DIGIT UNTIL 
;BD GOES PAST 0 AND SKIPS 

JP MV1 ;HERE IF NO SKIP 

'LEFT SHIFT DOTTED AREAS OF FIGURE 7-1 
:0 TO M (0,12). M(0,12) TO M(0,13) TO M(0,14)TO M(0,15) TO A 

CLRA ;0 TO A 
LBI 0,12 ;0 TO BR; 12 TO BD 

LSHFT XIS ;M(0,12) TO A; 0 TO M(0,12) 
JP LSHFT ;SHIFT NEXT HIGHER DIGIT 

;UNTIL "BD" GOES PAST 15 
;ANDSKIPS 

7_4 Subroutine Techniques 

Any section of program code used repeatedly within 
the main program should be coded as a subroutine, 
preferably on "subroutine pages" 2 or 3 for the rea
sons discussed above. Subroutines are jumped to or 
"called" by the JSRP or JSR (double byte) instruction, 
both of which "push" the stack, saving the next 
memory location address after the subroutine call in 
the SA subroutine-save register. The other subroutine
save registers are correspondingly pushed. Subroutine 
nesting on the COP420 series is permitted to three 
levels, since this device contains three subroutine
save registers. 

Subroutines should terminate with a RET or RETSK 
instruction, both of which "pop" the subroutine stack, 
with the program return address in SA being placed in 
the program counter -register. The other subroutine
save registers are also popped. The contents of SC, 
which is the bottom-most subroutine-save register, are 
retained in SC in addition to being placed In SB. 

It is convenient to think of a subroutine as a program 
module. The programmer should make its interface to 
the calling program as clearly defined and as simple 
as possible. The interface (including data memory 
registers, entry points, etc., used by the subroutine) 
should be documented fully by comments to the code. 
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Subroutine examples presented In this chapter often 
use the double-byte JSR instruction to call subroutines 
since no restrictions are associated directly with its 
use_ When writing an actual program, programmers 
should use the more efficient single-byte JSRP 
instruction as well as the double-page boundaries of 
subroutine pages 2 and 3 for placement of subroutine 
code (as discussed previously) for efficient single-byte 
jumps while in the pages using the JP instruction_ 

It is often useful to define multiple-entry points for a 
single subroutine_ The successive-skip feature of the 
LBI instruction often facilitates this technique. 

The RETSK instruction allows the programmer to use 
an alternate return to the main progam (skipping the 
first program instruction encountered upon return) 
based upon tests or computations made within the 
subroutine itself. 

Example: 

.PAGEO 

JSRP ADD ;CALL ADD SUBROUTINE 
;RETURN HERE IF RESULT<9 
;RETURN HERE IF RESULT>9 

. PAGE2 ;START PAGE 2 CODE 

ADD: ADD ;ADD SUBROUTINE - ADDS 
;TWO BCD DIGITS; RESULT 
;TOA 

AISC 7 ;OVERFLOW AND SKIP IF 
;(RESULT>9) 

RET ;RETURN WITHOUT SKIP 
;(RESULT<9) 

RETSK ;RETURN THEN SKIP 
;(RESULT>9) 

7.5 Timing Considerations 

Programmers must often synchronize programs with 
external events ("real-time" programming). Such pro
grams must be balanced with respect to the execution 
times of the various branches taken by the program. To 
ensure equal execution times, program timing delays 
are added. There are numerous ways of introducing 
timing delays, the simplest but least efficient Involving 
the use of NOPs. Obviously, these are appropriate for 
only the shortest delays. 

A counting loop, such as 

CONTINUE: 

CLRA 
AISC1 
JP .-1 ;ADD 1 TO A UNTIL A 

;OVERFLOWS' 

Is more efficient for longer delays, but destroys the 
previous contents of A. Another method Is to use a 
"scratch-pad" counter In data memory using the XAD 
Instruction. For example, assuming the use of a 
counter in M(3,15): 

XAD 3,15 ;COUNTER TO A, A TO M 
;(3,15) 

AISC 
JP 

CONTINUE :XAD 

1 
. -1 

;ADD 1 TO COUNTER 
;UNTIL IT OVERFLOWS' 
;RESTORE A THEN 
;CONTINUE 

• Note: the above timing code example shows the use of. a 
special assembler symbol In the operand of the JP instruc
tion. Namely, the operand of the JP instruction, rather than 
using a program label, references the assembler location 
counter (which equals the address of the current program 
address). The"." signifies the assembler location counter 
and the value of the operand equals the location counter 
minus the number of memory bytes to the right of the "." 
sign. Use of the "." location pOinter symbol for transfer-of
control instructions facilitates coding In avoiding the need 
to create unique program labels to reference memory 
addresses. 

Larger delays may be implemented by using multldlgit 
RAM counters. Another technique Is calling unrelated 
subroutines which change registers or memory loca
tions not currently in use or whose net effect on memory 
is nUll. An example of the latter technique is illustrated 
~e!~';.A!_ 

JSR 
JSR 

LR03 
LR01 

;LEFT ROTATE 3 BITS 
;LEFT ROTATE 1 MORE BIT 

This combination of subroutines only affects A, while 
maintaining integrity of data in the rotated memory digit . 

7.6 Programming Techniques for the COP421 
Series, COP410L and COP411L 

7.6.1 COP421 Series Programming 

Since the COP421 series differs from the COP420 
series only in not having the IN3-INO Inputs, the fore
going programming considerations and examples for 
the COP420 series are, for the most part, relevant to 
COP421 series programming. However, due to its lack 
of IN Inputs, the COP421 series does not include the 
ININ instruction, and its INIL instruction inputs only 
lit\U IntO A \Wll~1I \:'"V i~ ""IV!:tI~II""-I':''::':'::' ;::-:::-:::! 
purpose input). The following are the results of these 
COP421 differences: 

1. MICROBUSTM interface programming Is not avail
able.since IN3-INO cannot be mask-programmed as 
WR, CS, and RD, respectively. Also, GO cannot be 
mask-programmed as a "ready" output to facilitate 
"handshaking" with a host CPU over the MICROBUS 
bus. The COP421 may stili, however, function as a 
CPU peripheral component, relying on more general 
programmed 110 techniques. 

2. Due to the lack of IN Inputs, other bidirectional 110 
pins must be used as general purpose input pins 
when implementing a programmed input operation. 

3. A hardware Interrupt using IN11s not possible. 
(Setting EN1 has no effect on the operation of any 
COP421.) Any interrupt servicing must be accom-
plished using software interrupt techniques. . 

4. A software interrupt cannot rely on the Inputting and 
testing of the IL3 or ILO latches associated with IN3 
and INO Inputs. Software Interrupts require that the 
interrupt signal be tied to one of the nonlatched 
Input pins. As a result, the input Interrupt signal 
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is a 50% duty cycle, 60 Hz square wave, it must'be 
tested at least twice every 1/60 second. 

7.6.2 COP410LlCOP411L Programming 

Since the COP410LlCOP411L, as with the COP421 
series, does not have IN inputs, the above program
ming considerations relating to the COP421 apply as 
well to COP410L/COP411L programming. Also, since 
other hardware logic elements are not included in the 
architecture of the COP410L, the following additional 
considerations apply to COP410L programming: 

1. The COP410LlCOP411L has one-half the ROM and 
RAM of the COP420 series and COP421 series. ROM 
consists of 512 x 8·bit words, limiting program code 
to eight pages (pages 0-7). RAM consists of a 
32 x 4-bit RAM, organized as four RAM registers 
(0-3) consisting of eight 4-bit digits (9-15,0). The LBI 
register reference Instruction should contain a "d" 
field equal to 9-15 or 0, since all LBls are single
byte instructions, occupying one word in program 
memory. A field restriction occurs with respect to 
the memory reference XAD instruction: only an XAD 
3,15 instruction is valid, limiting its use to reference 
a RAM "scratch'pad" digit contained in M(3,15) only. 

2. The COP410L/COP411L has two subroutine save 
registers, SA and SB. Only two levels of subroutine 
nesting are allowed. The programmer should also 
realize that since LOID pushes and pops the stack 
in performing the operation associated with this 
instruction, only one level of subroutine nesting 
should be in effect at the time of the execution of 
this instruction. (Otherwise the second level of 
previous subroutine nesting will be disrupted; the 
previous contents of SB will be lost.) 

8-216 

3. Since the COP410L/COP411L does not have an 
internal divide-by-1024 time-base counter, the SKT 
instruction Is not available. "Real·time" routines, 
such as 12·hour timekeeping and the like, must rely 
on external time-base inputs in order to derive a 
time-base for such routines (e.g., external 50/60 Hz 
input for time-of-day routines). 

4. Certain deleted or altered instructions have already 
been mentioned; ININ, INIL, and SKT are not avail
able. LBls must have a "d" field equal to 9-15 or 0, 
and XAD's operand must equal 3,15. The following 
Instructions have also been deleted from the 
COP410L/COP411 L instruction set. To the right of 
each of the following deleted instructions, where 
appropriate, alternative COP410LlCOP411 L 
instructions are shown which, when executed in 
succession, will perform the same or similar 
operations as the deleted instruction. 

Deleted 
Instructions 

LDD 
.CASC 
ADT 

COMA 
OGI 

XABR 
SKT 
ININ 
INIL 

Alternative 
COP41.0L/COP411 L 

Instructions 
LBI,LD 

COMP,ASC 
AISC 10, NOP 

INL. 
OMG 



Sample Programs 
Programmers often build a library of basic routines 
which are useful in numerous applications. This and 
the following sections provide examples of several 
such "utility" routines. 

8.1 Register Move Routines 

It is often necessary to move data from one memory 
register to another. The following are examples of this 

8.1.1 Adjacent Memory Move Routine 

type of routine. Note that the routines may be easily 
modified to perform moves in the opposite direction 
(e.g., from register 1 to 0) or to include a move from 
register 1 to 2. 

;ADJACENT MEMORY REGISTER MOVE, MULTIPLE ENTRY POINT SUBROUTINE 
;MOVOT1: MOVE MEMORY REGISTER ° TO REGISTER 1 ENTRY POINT 
;MOV2T3: MOVE MEMORY REGISTER 2 TO REGISTER 3 ENTRY POINT 
;ROUTINE MOVES DIGITS 15 THROUGH ° 
;PREVIOUS CONTENTS OF A AND B ARE LOST 

MOVOT1: 
MOV2T3: 
MOV: 

LBI 
LBI 
LD 
XDS 
JP 
RET 

0,15 
2,15 
1 
1 
MUV 

8.1.2 Data Memory Shift and Rotate Routines 

; POI NT TO M(0,15) 
;NOTE LBI SUCCESSIVE SKIP FEATURE 
;TRANSFER M TO A; EXCLUSIVE·OR 1 WITH BR 
;EXCHANGE A WITH.M; EXCLUSIVE·OR 1 WITH BR; DECREMENT BD 
;JuIViP ,·0 ';iviQ\i:: ji= iviun~ LiiGij"S IV iy~G'y':: 
;RETURN WHEN XDS SKIPS (LAST DIGIT MOVED) 

;MULTIPLE ENTRY POINT SUBROUTINE TO RIGHT SHIFT MEMORY REGISTER 0,1,2, OR 3 ONE DIGIT 
POSITION 

;ZEROS ARE SHIFTED INTO DIGIT 15 
;PREVIOUS CONTENTS OF A AND B ARE LOST 
;RSHO: RIGHT SHIFT REGISTER ° ENTRY POINT 
;RSH1: RIGHT SHIFT REGISTER 1 ENTRY POINT 
;RSH2: RIGHT SHIFT REGISTER 2 ENTRY POINT 
;RSH3: RIGHT SHIFT REGISTER 3 ENTRY POINT 

RSHO: LBI 0,15 ;POINT TO DIGIT 15 IN APPROPRIATE REGISTER 
RSH1: LBI 1,15 ;NOTE LBI SUCCESSIVE SKIP FEATURE 
RSH2: LBI 2,15 
RSH3: LBI 3,15 

CLRA ;ZEROS IN FIRST DIGIT (DIGIT 15) 
V"." ·", .. m=T QIr.I-IT-

JP SHFTR ;CONTINUE UNTIL ENTIRE REGISTER IS SHIFTED 
RET ;RETURN WHEN FINISHED ("XDS" SKIPS) 

-Note: The above routine can shift the registers one digit to the left using the "XIS" instruction in place of 
"XDS" and starting at digit 0. 

;MULTIPLE ENTRY POINT SUBROUTINE TO LEFT SHIFT THE BITS OF A MEMORY DIGIT 
;UPON ENTRY, B MUST POINT TO THE DIGIT TO BE SHIFTED 
;ZEROS ARE SHIFTED IN FROM THE RIGHT 
;PREVIOUS CONTENTS OF A ARE LOST 
;LEF1: SHIFT DIGIT LEFT 1 BIT ENTRY POINT 
;LEF2: SHIFT DIGIT LEFT 2 BITS ENTRY POINT 
;LEF3: SHIFT DIGIT LEFT 3 BITS ENTRY POINT 

LEF3: LD 
ADD 
X 
LD 
ADD 
X 

;DIGITTOA 

LEF2: 

LEF1: LD 
ADD 
X 
RET 

;ADD DIGIT TO ITSELF 
;SHIFTED DIGIT TO MEMORY 
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;MULTIPLE ENTRY POINT SUBROUTINE TO LEFT ROTATE THE BITS OF A MEMORY DIGIT 
;UPON ENTRY, B MUST POINT TO THE DIGIT TO BE ROTATED 
;PREVIOUS CONTENTS OF A ARE LOST 
;LR01: ROTATE DIGIT LEFT 1 BIT ENTRY POINT 
;LR02: ROTATE DIGIT LEFT 2 BITS ENTRY POINT 
;LR03: ROTATE DIGIT LEFT 3 BITS ENTRY POINT (SAME AS RIGHT ROTATE 1) 

LOR3: 
LOR2: 
LOR1: 

JSR 
JSR 
LD 
ADD 
X 
AISC 
RET 
5MB 
RET 

8.1.3 Accumulator Shift RoutIne 

LR01 
LR01 

8 

o 

;ROTATE 1, THEN 2 MORE 

;DIGITTOA 
;ADD DIGIT TO ITSELF 
;EXCHANGE M WITH A 
;WAS MEMORY BIT3 ON? 
;NO, RETURN 
;YES, WRAP AROUND BITO 

;SUBROUTINE TO LEFT SHIFT BITS OF A BY USING SIO REGISTER (SIO MUST BE ENABLED 
;AS A SERIAL SHIFT REGISTER) 
;S1 MUST BE CONNECTED TO LOGIC "0" (GROUND) 
;ZEROS ARE SHIFTED IN FROM THE RIGHT 
;LFTA1: LEFT SHIFT A 1 BIT ENTRY POINT 
;LFTA2: LEFT SHIFT A 2 BITS ENTRY POINT 
;LFTA3: LEFT SHIFT A 3 BITS ENTRY POINT 

LFTA1: ;ATOSIO 
LFT2: 

XAS 
XAS 
RET 
XAS 
JP 

;SIO TO A (SIO SHIFT RIGHT 1 BIT) 

LFTA2: 
LFT3: 

LFTA3: XAS 
JP 

LFT2 

LFT3· 

8.1.4 Clear Data Memory RoutIne 

;SUBROUTINE TO CLEAR ALL RAM 

;ATOSIO 
;DELAY 1 INSTRUCTION CYCLE TIME-SIO SHIFT RIGHT 

1 MORE BIT 
;ATOSIO 
;DELAY 1 INSTRUCTION CYCLE TIME-SI SHIFT RIGHT 

2 MORE BITS 

;CLEAR REGISTERS 3 THROUGH 0 IN SUCCESSION, THEN RETURN 

CLRAM: LBI 3,1 ;START .BY CLEARING REGISTER 3 
CLR: CLRA ;OTOA 

XDS ;EXCHANGE WITH DIGIT 15, DECREMENT DIGIT 
JP CLR ;CONTINUE UNTIL DIGIT 0 CLEARED 
XABR ;BRTOA 
AISC 15 ;REGISTER 0 CLEARED? 
RET ;YES, RETURN 
XABR ;NO, REPLACE BR-1INTO BR 
JP CLR ;CLEAR NEXT REGISTER 

8.2 BCD Arithmetic Routines 

BCD data manipulation routines are essential In 
applications which Interface with human operators of 
a microcomputer system. They are easily translated to 
and from codes used by decimal displays and key· 
boards. The COP400 series instruction set and Internal 
architecture has been deSigned to perform BCD rou· 
tines efficiently. The following routines are examples 
of simple BCD data manipulation routines. 

8.2.1 Unsigned BCD Integer Add and Subtract 
RoutInes 

The following programs present unsigned BCD Integer 
add and subtract subroutines. Data is stored in data 
memory registers 0 and 1 and is 13 digits long, occupy· 
ing memory digits 0 through 12, respectively, 

respectively. The most Significant BCD digit is in mem
ory digit 12. The techniques used to manipulate the 
contents of memory address register B are common to 
many arithmetic routines. The LD and XIS instructions 
transfer data between memory and A. After the trans
fer, they modify B. LD1 causes a one to be EXCLU
SIVE-ORed with Br. Since, in these routines, Br is 
always equal to one when the LD1 Instruction operates 
upon it, Br Is always changed to O. (LD1 causes Br to 
point to memory register 0). Similarly, XIS1 also 
changes Br to point to memory register 0, as well as 
incrementing the value of Bd to pOint to the next 
higher memory digit. Thus, Br "flip-flops" between 
register 1 and 0 while Bd "walks-up" the digits of the 
registers. 
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;SUBROUTINE TO DO UNSIGNED BCD INTEGER ADD OF R1 AND RO, RESULT TO RO; 
;EACH INTEGER OCCUPIES MEMORY DIGITS 0 (LOW ORDER) THROUGH 12 (HIGH ORDER) 
;ON RETURN, C = 1 INDICATES OVERFLOW 
;PREVIOUS CONTENTS OF A AND B ARE LOST 
;ENTRY POINT: BCDADD 

BCDADD: LBI 1,0 ;POINT TO LOW ORDER DIGIT, REGISTER 1 
;INITIALIZE C TO "0" (NO CARRY) RC 

ADDL: LD 1 
6 

;MOVE R1 DIGIT TO A, POINT TO SAME DIGIT IN RO 
;ADD BCD CORRECTIVE FACTOR OF 6 TO A AISC 

ASC 
XIS 
CBA 
AISC 
JP 
RET 

3 
ADDL 

;RESTORE BCD VALUE IF BCD CORRECTION NOT NECESSARY 
;MOVE SUM DIGIT TO RO: POINT TO R1, NEXT HIGHER DIGIT 
;BDTO A 
;LAST DIGITS ADDED? 
;NO, ADD NEXT HIGHER DIGITS 
;YES, RETURN 

;SUBROUTINE TO DO UNSIGNED BCD INTEGER SUBTRACT 
;MINUEND IS IN RO, SUBTRAHEND IS IN R1 
;DIFFERENCE IS PLACED IN RO 
;MINUEND, SUBTRAHEND AND DIFFERENCE DIGITS EACH OCCUpy MEMORY DIGITS 0 (LOW ORDER) 

THROUGH 12 (HIGH ORDER) 
ivi~ n~:"':n~~: ~--: :~~~:!:~i!:e !'!~ !:!a~~0\.".I, t:-I) !N['IIr.ATF~ RORROW 
;PREVIOUS CONTENTS OF A AND B ARE LOST 
;ENTRY POINT:BCDSUB 

BCDSUB: LBI 1,0 ;POINT TO LOW ORDER DIGIT IN R1 
;INITIALIZE C TO "1" (NO BORROW) 

SUB: 
SC 
LD 
CASC 
ADT 
XIS 

CBA 
AISC 
JP 
RET 

3 
SUB 

;LOAD R1 DIGIT TO A, POINT TO SAME DIGIT IN RO 
;SUBTRACT R1 DIGIT FROM RO DIGIT 
;BCD ADJUST IF BORROW (C = 0) 
;PLACE DIFFERENCE DIGIT IN RO, POINT TO NEXT HIGHER 

DIGIT IN R1 
;BDTO A 
;HIGH ORDER DIGITS (12) SUBTRACTED? 
;NO, SUBTRACT NEXT HIGHER DIGITS 
;YES, RETURN 

8.2.2 BCD Integer Multlpiy Routine 

This routine multiplies the contents of data memory 
register 2 wltn register 1, placing tnt! r,,::sul! III 1"l,Ii",,,, 
2 (digits 0-12). It also calls the BCD add routine 
("BCDADD") given above. Note that a loop·counter Is 

contained in M(O,13) which causes the program to 

the alternate·return feature of page 3 subroutine 
TMZERO (Test Memory Digit = 0). 

;TWO·LEVE.L BCD INTEGER MULTIPLY SUBROUTINE 
;12 DIGIT BCD INTEGER CONTAINED IN REGISTER 1, DIGITS 0-12 (LOW ORDER TO HIGH ORDER) 

MULTIPLIED BY 12 DIGIT BCD 
;INTEGER CONTAINED IN REGISTER 2, DIGITS 0-12 (LOW ORDER TO HIGH ORDER), RESULT TO REGISTER 2 
;MULTIPLICATION OF DIGITS PERFORMED BY MULTIPLE ADDITIONS OF REGISTER 1 ACCORDING TO 

VALUE OF REGISTER 2 
;DIGITS 
;DIGIT ADDITION RESULTS TEMPORARILY STORED IN RO AND CONSECUTI\lELY RIGHT SHIFTED INTO 

RESULT REGISTER 2, HIGH ORDER DIGIT 
;ENTRY POINT: MULT 
;SUBROUTINES CALLED: RSHRO, RSHR2, CLR, DEC1,INC1, TMZERO, BCDADD 

MULT: LBI 0,13 ;POINTTO M(O,13) 
JSR CLR ;CLEAR REGISTER 0 DIGITS 13-0 

MULT1: LBI 2,0 ;POINT TO M(2,O) 
JSR TMZERO ;IS M(2,O) = O? 
JP NOTZ ;NO, JUMP TO NOTZ 
JSR RSHRO ;YES, RIGHT SHIFT REGISTER 0, DIGITS 12-0 
JSR RSHR2 ;RIGHT SHIFT REGISTER 2, DIGITS 12-0 
LBI 0,13 ;POINT TO LOOP COUNTER 
LD ;LOOP COUNTER TO A 
AISC 3 ;IS COUNTER> 12? 
JP . + 2 ;NO, CONTINUE 
RET ;YES,ALL DIGITS MULTIPLIED, RETURN 
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NOTZ: 

JSR 
JP 
JSR 
JSR 
JP 

INC1 
MULT1 
DEC1 
BCDADD 
MULT1 

;CONTINUE, INCREMENT LOOP COUNTER DIGIT 
;MULTIPLY NEXT HIGHER ORDER DIGITS 
;DECREMENT M(2,0) 
;ADD RO, DIGITS 0-12, TO R1, DIGITS 0-12, RESULT TO RO 
;JUMP BACK TO MULT1 

;MULTIPLE ENTRY POINT SUBROUTINE TO RIGHT SHIFT DIGITS 12-0 OF REGISTER 2 
;ON RETURN A CONTAINS LOW ORDER REGISTER DIGIT 
;RSHRO: RIGHT SHIFT DIGITS OF REGISTER 0 ENTRY POINT 
;RSHR2: RIGHT SHIFT DIGITS OF REGISTER 2 ENTRY POINT 

RSHRO: 
RSHR2: 
RSH: 

LBI 
LBI 
XDS 

0,12 
2,12 

;POINT TO HIGH ORDER DIGIT, REGISTER 0 
;POINT TO HIGH ORDER DIGIT, REGISTER 2 
;SHIFT RIGHT DIGITS 12-0 IN REGISTER 

JP 
RET 

RSH 

;SUBROUTINE TO CLEAR ALL DIGITS TO THE RIGHT AND INCLUSIVE OF A HIGH ORDER DIGIT OF A REGISTER 
;ON ENTRY, B MUST POINT TO THE REGISTER AND HIGH ORDER DIGIT NUMBER 

CLR: CLRA 
XDS 
JP 
RET 

CLR 
;CLEAR REGISTER, STARTING WITH HIGH ORDER DIGIT 

;RETURN WHEN DIGIT 0 CLEARED 

;MULTIPLE ENTRY SUBROUTINE TO EITHER DECREMENT OR INCREMENT BY 1 THE VALUE OF A 
MEMORY DIGIT 

;ON ENTRY, B MUST POINT TO THE DIGIT TO BE OPERATED UPON 
;DEC1: ENTRY POINT TO DECREMENT A DIGIT 
;INC1: ENTRY POINT TO INCREMENT A DIGIT 

DEC1: CLRA ;15 TO A 
COMP ;ADD MEMORY DIGIT TO A 

ADEX: ADD ;EXCHANGE BACK TO MEMORY 
X ;RETURN 
RET 

INC1: CLRA 
AISC 1 ;1 TO A 
JP ADEX ;ADD AND EXCHANGE WITH MEMORY DIGIT 

;SUBROUTINE TO TEST MEMORY DIGIT EaUAL TO ZERO 
;ON ENTRY, B MUST POINT TO MEMORY DIGIT TO BE TESTED 
;ON RETURN, SKIP FIRST INSTRUCTION IF MEMORY DIGIT EaUAL TO ZERO 
;NORMAL RETURN IF MEMORY DIGIT NOT EQUAL TO ZERO 

TMZERO: CLRA ;OTOA 
SKE 
RET 
RETSK 

;DIGIT = ZERO? 
;NO, NORMAL RETURN 
;YES, RETURN THEN SKIP 

8.3 Simple Display Loop Routine 
The following routine Is a simple LED display loop rou· 
tine. It illustrates the use of LEI and LaiD instructions, 
both designed to facilitate the outputting of segment 
data to a multiplexed display. Setting bit 2 of the EN 
register enables Q latch (segment) data to the L 110 
ports; resetting EN2 disables the L I/O ports, providing 
segment blanking for the LED display. EN2 Is set and 
reset by the LEI4 and LEIO instructions, respectively. 

LaID loads the B-bit a register with the contents of a 
ROM location pOinted to by A and M (ROM "lookup" 
data must be within the same 4·page ROM block as the 
LaiD instruction). In this example, since A is always 
equal to zero at the time of the LaiD instruction, the 
ROM data accessed by this Instruction must be within 
the first 16 words of the first page of the ROM block In 
which the LQID instruction Is located as pointed to by 

the 4·bit contents of M (P9 and PB remain the same, 
P7-P4 equal zero). For example, If, as Is the case for the 
following routine, LaiD Is In page 5, It will lookup data 
within one of the first 16 locations of page 4. The value 
of the contents of the memory digit pOinted to by the B 
register at the time of the LQID Instruction determines 
which one of the 16 words is accessed (e.g., If M = 2, 
word 2 Is loaded into Q). 

Due to these considerations, page 4, words 0-9 should 
equal the B·blt, 7·segment decode lookup data for the 
BD digits 0-9 respectively. In this example the low order 
bit (decimal pOint) of each lookup data word Is reset, 
Signifying that the decimal pOint is off.) ROM 7·segment 
decode lookup data is placed in ROM memory locations 
by the assembler .WORD directive. 
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Another feature of this routine is the dual function of 
Bd. Its value may be output directly to the D outputs to 
select one of 16 digits of the multiplexed display 
(assuming the D outputs are connected to a 1-of-16 
decoder/driver device). Also, its value is used to select 
one of 16 RAM digits whose contents are used by the 
LaiD instruction to access the segment data to be out
put to the selected digit. To facilitate coding (by 
avoiding the need to change the value of Bd after its 

contents are output to 0 to select or display digit), 
RAM digit locations should correspond to the digit of 
the display. In other words, RAM digits 0-15 should 
contain, respectively, the LaID pointers to segment 
data for display digits 0-15. This technique, used 
below, allows Bd to first enable the appropriate dis
play digit and then, without Its value being changed, to 
point to the RAM digit used to access the segment 
data for the same display digit. 

;SEVEN SEGMENT DECODE DATA TABLE: 
;ROM BITS 17-10 = SA-SG,D.P.(DECIMAL POINT) BITS, RESPECTIVELY 

.PAGE 4 
LOOKUP: .WORD X'FC 

.WORD X'60 

.WORD X'DA 

.WORD X'F2 

.WORD X'66 

. WORD X'B6 

.WORD X'BE 

.WORD X'EO 

.WORD X'F4 

.WORD X'F6 

;BEGIN CODE FOR DISPLAY LOOP 
.PAGE 5 

DSPLY: LBI 0,15 
LOOP: CLRA 

LEI 0 
OBD 
LaiD 
LEI 4 
CBA 
AISC 15 
JP .+3 
CAB 
JP LUUt-' 

8.4 Interrupt Service Routine 

;PLACE LOOKUP DATA IN WORDS 0-9, PAGE 4 
; = 0 (SEVEN SEGMENT DECODE HEX VALUES) 
;=1 
;=2 
;=3 
;=4 
;=5 
;=6 
;=7 

. ;=ts 
;=9 
;NEXT FIVE LOCATIONS CAN BE USED FOR SPECIAL 

ALPHABETICAL DISPLAY 
;CHARACTER DATA 

;PLACE FOLLOWING CODE ON PAGE 5 
;POINT TO HIGH ORDER RAM DIGIT, BD = 15 
;A = 0 FOR LOOKUP 
;BLANK SEGMENTS (EN2=0 
;OUTPUT DIGIT VALUE 
;LOOKUP DATA TO a 
;OUTPUT SEGMENT DATA (EN2 = 1) 
;BDTOA 
;DECREMENT A 
;JUMP 3 WORDS WHEN FINISHED 
;A(BD-1) TO BD 
;UI\:)it"Ll-\l 1'11:1\1 L.v'I'v"r.:.n ui~;-; 
;CONTINUE WHEN FINISHED 

Setting bit 1 of the EN register enables the COP420 , 
series and COP444L IN1 input as an interrupt input, 
responding to low-going pulses. Upon the occurrence of 
an interrupt signal, the subroutine stack is pushed and 
program control is transferred to the last word of page 3 
(address OFF16). The following routine contains code 
which may be placed at the beginning and end of the' 
interrupt service routine to save the contents of A, C 

and B, freeing them for use by the interrupt routine. At 
the end of the routine, the previous contents of A, C and 
B are restored for use by the main program. It should be 
noted that the main program need only enable IN1 as 
an interrupt input once; thereafter, the Interrupt service 
routine, itself, re-enables interrupt servicing (LEI1 
instruction before return). 

;INTERRUPT SERVICE ROUTINE TO SAVE AND RESTORE THE CONTENTS OF A, C, AND B (BR AND BD) 
IN MEMORY REGISTER 0, DIGITS 0-2. 

;AUTOMATIC ENTRY TO LAST WORD OF PAGE 3 
;ON RETURN, IN1 INPUT RE·ENABLED AS INTERRUPT INPUT 

INTSER: NOP ;FIRST INTERRUPT ROUTINE INSTRUCTION MUST BE A NOP 

XAD 0,0 
CBA 
XAD 0,1 
XABR 
SKC 
AISC 8 

(LOCATION X'FF) 
;SAVE IN M(O,O) 
;BDTOA 
;SAVE BD IN M(0,1) 
;BRTOA 
;CARRY=1? 
;NO, SETA3 
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XAD 0,2 ;SAVE C AND BR IN M(0,2) 
;PERFORM INTERRUPT ROUTINE 

LDD 0,2 ;M(0,2) (C AND BR) TO A 
RC ;RESET CARRY 
AISC 8 ;A3 SET (SAVED CARRY = O?) 
SC ;NO RESTORE CARRY = 1 
XABR ;RESTORE BR 
LDD 0,1 ;M(0,1) (BD) TO A 
CAB ;RESTORE BD 
LDD 0,0 ;M(O,O) TO A, RESTORE A 
LEI 1 ;ENABLE INTERRUPT (SET IN1) 
RET ;RETURN FROM INTERRUPT SERVICE ROUTINE 

8.5 Timekeeping Routine 

The following multilevel subroutine counts time In a 
12-hour format. It relies on the COP420 system oscllla· 
tor Itself (controlled by an Inexpensive 3_58 MHz color 
TV crystal), and the COP420 Internal time-base counter 
for a real·time base, rather than on a 60 Hz external 
Input. The subroutine Is entered each time the SKT 
instruction skips, Indicating time-base counter over
flow. Overflow frequency fs dependent upon the 
frequency of the COPSTM system oscillator. This 
frequency equals the oscillator frequency, first divided 
by 16 by the instruction cycle divider, then by 1024 by 
the Internal10·bit time-base counter. In this case, the 
SKT overflow frequency will equal a fractional number: 
218.478 Hz (3.58 MHz divided by 16, divided by 1024). 
Consequently, the timekeeping calling routine must 
execute an SKT Instruction at least once approximately 
each 218 Hz to ensure that each SKT overflow Is 
detected. 

As Indicated above, using an Inexpensive TV crystal 
results in a fractional SKT frequency. Program com
pensation techniques, therefore, must be employed to 
derive an Integer which may be used by the program In 
counting seconds, the basic timekeeping units. This 
routine derives this Integer and uses it to keep accur· 
ate time In the following manner: 

1. A 2-<11glt binary "SKT" counter In RAM Is Initialized 
to different values at different times during the 
course of an hour so that the total counts for the 
hour equal an Integer which corresponds to the 
218.478 Hz SKT frequency. 

2. Every odd second in the range of 0-59 seconds, the 
SKT counter Is set to 218, decremented by one each 
time the SKT Instruction skips. When decremented 
to 0, a 2-dlglt BCD "seconds" counter In RAM Is 
Incremented by 1. (The seconds counter overflows 
every 60 counts to a 2-dlgit BCD "minute" counter. 
The minutes counter overflows every 60 counts to a 
1-<11glt "hours" counter.) 

3. Every even second In the range of 0-59 minutes, the 
SKT counter Is set to 218 and decremented as above. 

4. Every hour, the SKT counter Is set to 199 and decre
mented as above. 

These compensation techniques result In a timekeep
Ing routine which Is accurate at the end of each hour. 
(During the hour, Inaccuracy is extremely smaiL) The 
baSis for the preceding compensation scheme Is as 
follows: 

1. Using a 3.58 MHz crystal resulting In a 218.478 Hz 
SKT frequency, an SKT Integer count of 786,521 Is 
obtained each hour (218.478 x 3600 seconds/hours). 

2. Using the this compensation scheme, the same 
number of "SKT" counts (786,521) Is required to 
Increment the time by one hour. This follows since 
392,400 counts are required by the "odd" seconds 
compensation (30 x 60 x 218 counts); 381,060 by the 
"even" seconds compensation (29 x 60 x 219 
counts); 12,862 by the "minutes" compensation 
(59 x 218 counts) and 199 by the "hours" compensa· 
tlon-resulting In a total hours count of 786,521. 

This subroutine Is coded to reside on subroutine page 
2. The source code provided on the following page 
also Illustrates the use of the STARPLEXTM assembler 
. LOCAL directive and local symbol labels. Specifi
cally, the program begins and ends with a . LOCAL 
directive, making the memory addresses between them 
a local region. Within this local region, local symbols 
(labels whose first character is a "$") will be defined 
only within the local region; they will not conflict with 
labels appearing In other portions of program source 
code. This relieves the programmer from worry about 
duplicate label definitions, allowing the subroutine or 
other utility program to be Included or added to differ
ent programs, regardless of the labels used by these 
other programs. In effect, therefore, utility programs or 
commonly used subroutines may be coded In this 
manner and placed In separate "utility" flies on a disk. 
They can then be added or Included, when needed, to 
main programs at a later date. For an example of a 
program which Includes this "TIMEKP" subroutine 
(using the assembler .INCLD directive), see the follow
Ing program. 
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Local symbols must begin with a "$" and be unique 
within the particular local region In the first four char
acters following the "$." The programmer may, as is 
done In this example, use local labels with more than 
four characters for convenience and, although not 
"recognized" by the assembler, these extra characters 

will be printed out on the assembler output listing. 
Note: The label of the starting address of a local utility 
routine must be a long (regular) label since it will be 
referenced by a portion of the program outside of the 
local region (e.g., "TIMEKP" is not a local label). 

;PAGE 2 SUBROUTINE TO KEEP TIME IN A 12-HOUR FORMAT USING A 3.58 MHz TV CRYSTAL 
;2-DIGIT "SKT" COUNTER CONTAINED IN M(2,15)-M(2,14): HIGH TO LOW ORDER 
;1-DIGIT BINARY HOURS COUNTER IN M(2,13) 
;2-DIGIT BCD MINUTES COUNTER IN M(2,12)-M(2,11): HIGH TO LOW ORDER 
;2-DIGIT BCD SECONDS COUNTER IN M(2,10)-M(2,9): HIGH TO LOW ORDER 
;ENTRY POINT: TIMEKP; ENTRY UPON SKT INSTRUCTION OVERFLOW 
;SUBROUTINES CALLED: INC2 

. PAGE 2 ;PAGE 2 SUBROUTINE 

. LOCAL ;CREATE LOCAL REGION FOR LOCAL SYMBOLS 
$COUNT =2,14 ;ASSIGN "COUNT" = ADDRESS OF LOW ORDER SKT 

;COUNTER DIGIT 
TIMEKP: LBI $COUNT ;POINT TO LOW ORDER DIGIT OF SKT COUNTER 

LD ;LOAD DIGIT TO A 
AISC 15 ;DIGIT = O? (A = DlulT -1) 
JP $HIGHST ;YES, TEST HIGH ORDER DIGIT 
X ;NO, EXCHANGE DIGIT -1 INTO M 
RET ;RETURN UNTIL NEXT SKT OVERFLOW 

$HIGHTST: XIS ;REPLACE DIGIT IN COUNTER, INCREMENT BD 
JP TIMEKP+1 ;JUMP BACK AND TEST HIGH ORDER DIGIT -IF ALREADY 

TESTED AND = O. SKIP AND CONTINUE 
LBI $SECS ;POINT TO LOW ORDER SECS DIGIT 
JSR $INC2 ;INCREMENT SECS COUNTER 
JP $TSEC ;SECS<60,TEST SECS FOR ODD OR EVEN 
STII 0 ;SECS = 60,0 TO. HIGH ORDER DIGIT, POINT TO LOW-ORDER 

MINSDIGIT 
JSR $INC2 ;INCREMENT MINS COUNTER 
JP $C218 ;MINS<60, SET COUNTER = 218 
STII 0 ;MINS = 60,0 TO HIGH ORDER DIGIT, POINT TO HOURS DIGIT 
LD ;LOAD HOURS DIGIT TO A 
AISC ;INCREMENT HOURS 
~ :~~_J\':"C 1M "of DDC\lIt"\II~ I--IR~ Tn A .. 
AISC 4 ;HOURS>12? 
JP $C199 ;NO, SET COUNTER = 199 
STIli 1 ;YES, SET HOURS = 1 

SC199: LBI $COUNT ;POINT TO LOW ORDER COUNTER DIGIT 
STII 7 ;SET COUNTER = 199 (BINARY 12,7) 
STII 12 
RET ;RETURN UNTIL NEXT SKT OVERFLOW 

STSEC: LBI $SECS ;POINT TO LOW ORDER SECS DIGIT 
SKMBZ 1 ;SECSODD? 
JP $C218 ;YES, SET COUNTER = 218 (BINARY 13,10) 

$C219: LBI $COUNT ;NO, POINT TO LOW ORDER COUNTER DIGIT 
STII 11 ;SET COUNTER = 219 (BINARY 13,11) 

$C218: LBI COUNT ;POINT TO LOW ORDER COUNTER DIGIT 
STII 10 ;SET COUNTER = 218 
JP $C21X ;JUMP TO "C21X" THEN RETURN 

;SUBROUTINE TO INCREMENT A 2-DIGIT BCD RAM COUNTER 
;ON ENTRY, B MUST POINT TO LOW ORDER DIGIT OR COUNTER 
;ENTRY POINT: INC2 
;NORMAL RETURN IF 2 DIGIT VALUE LESS THAN 60 
;RETURN THEN SKIP IF 2 DIGIT VALUE EQUAL TO 60 
;BOTH RETURNS EXIT WITH. B POINTING TO HIGH ORDER DIGIT 

8-223 



"i 
;:, 
c 
CCI 
:E 
en 
'\.. 
CD en 
~ 
"-
CD 
:is 
E 
CD en 

~ en en 
2 o 
en 
Il.. 
o o 
~ 
....I 
Il.. 
a: 
~ en 

INC2: SC 
CLRA 
AISC 
ASC 
ADT 
XIS 
CLRA 
AISC 

AISC 
ADT 
X 
LD 
AISC 
RET 
REGSK 
. LOCAL 

8.6 String Search Routine 

6 

6 

10 

;INITIALIZE C TO 1 TO ADD TO LOW ORDER DIGIT 
;ZEROTOA 
;BCD ADJUST RESULT IF NECESSARY 
;IF RESULT>9, LOW ORDER DIGIT = 0 

;PLACE INCREMENTED DIGIT IN M, POINT TO HIGH ORDER DIGIT 
;ZEROTOA 
;ADD CARRY, IF PROPAGATED FROM LOW ORDER DIGIT TO 

HIGH ORDER DIGIT 

;BCD RESULT IF NECESSARY 
;REPLACE DIGIT IN M 
;LOAD HIGH ORDER DIGIT INTO A 
;HIGH ORDER DIGIT-6 (COUNT=60)? 
;NO, NORMAL RETURN 
;YES, RETURN THEN SKIP 
;END LOCAL REGION 

It is often necessary to search data memory for a 
string of characters. The following routine searches 
register 0 for a match with three contiguous 4·bit char· 
acters, "X," "Y," and "Z." Note that a match with more 
than three characters is easily accommodated by pro· 
viding for additional character tests, using the simple 

character test instruction provided below containing 
modified LDD instructions whose operands specify the 
additional characters to be matched. Also, the code 
may be easily modified to search through more than 
one RAM register for a match. 

;SUBROUTiNE TO SEARCH STRING OF DATA MEMORY CHARACTERS FOR A MATCH WITH 
;"X," "Y," AND "Z" CONTIGUOUS CHARACTERS 
;16 4·BIT CHARACTERS ASSUMED STORED IN M(0,15) THROUGH M(O,O) 
;"X," "Y," AND "Z" CHARACTERS ASSUMED STORED IN AND ASSIGNED VALUES OF M(1,15) 
;THROUGH M(1,13), RESPECTIVELY 
;NORMAL RETURN IF NO MATCH 
;RETURN THEN SKIP IF MATCH OCCURS WITH THE ACCUMULATOR CONTAINING THE DIGIT 
;NUMBER OF "X" 

X= 1,15 
Y=1;14 
Z= 1,13 

SEARCH: LBI 
LOOKX: LDD 

NOX: 

LOOKY: 

LOOKZ: 

SKE 
JP 
XDS 
JP 

LD 
XDS 
JP 

RET 
LDD 
SKE 
JP 
XDS 
P 

LDD 
SKE 
JP 
OBA 
AISC 
RETSK 

0,15 
X 

NOX 

LOOKY 

Y 

LOOKX 

LOOKX 

Z 

LOOKX 

2 

;POINT TO M(0,15) 
;XTOA 
;X FOUND? 
;NO, JUMP TO X 
;YES, POINT TO NEXT LOWER DIGIT 
;LOOK FOR Y MATCH, IF AT M(O,O) SKIP AND 
;NORMAL RETURN-NO MATCH 

;DECREMENT DIGIT POINTER 
;LOOP AGAIN FOR X MATCH, IF AT M(O,O), SKIP AND 
;NORMAL RETURN - NO MATCH 

;YTOA 
;Y FOUND? 
;NO, TRY AGAIN 
;YES, PONT TO NEXT LOWER DIGIT 
;LOOK FOR Z MATCH, IF AT M(O,O), SKIP AND 
;NORMAL RETURN - NO MATCH 
;ZTOA 
;Z FOUND? 
;NO, TRY AGAIN 
;YES, MATCH COMPLETE, COPY Z DIGIT ADDRESS TO A 
;ADD 2 TO A TO EQUAL X DIGIT ADDRESS 
;RETURN THEN SKIP-MATCH FOUND 
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Appendix A 

ASCII Character Set 

Hex. Char. Hex. Char. Hex. Char. Hex. Char. Hex. Char. 

00 NUL 1A SUB 34 4 4E N 68 h 
01 SOH 1B ESC 35 5 4F 0 69 i 
02 STX 1C FS 36 6 50 P 6A j 
03 ETX 1D GS 37 7 51 Q 6B k 
04 'EOT 1E RS 38 8 52 R 6C I 
05 ENO 1F US 39 9 53 S 6D m 
06 ACK 20 SP 3A : 54 T 6E n 
07 BEL 21 ! 3B ; 55 U 6F 0 

08 BS 22 " 3C < 56 V 70 P 
09 HT 23 # 3D = 57 W 71 q 
OA LF 24 $ 3E > 58 X 72 r 
OB VT 25 % 3F ? 59 Y 73 s 
OC FF 26 & 40 @ 5A Z 74 t 
OD CR 27 

, 
41 A 5B [ 75 u 

OE SO 28 ( 42 B 5C \ 76 V 

Ul" ::)1 ;!l:I ) 4" C 5u ; I, iii 

10 DLE 2A * 44 D 5E A 78 x 
11 DC1 2B + 45 E 5F - 79 Y 
12 DC2 2C , 46 F 60 7A z 
13 DC3 2D - 47 G 61 a 7B { 
14 DC4 2E 48 H 62 b 7C : 
15 NAK 2F I 49 I 63 c 7D } 
16 SYN 30 0 4A J 64 d 7E '" 
17 ETB 31 1 4B K 65 e 7F DEL 
18 CAN 32 2 4C L 66 f 
19 EM 33 3 4D M 67 Ji 

Definitions for Non·Prlntlng Characters 

Character Definition Character Definition 

NUL NULL SO SHIFT OUT 
SOH START OF READING; 81 SHIl"l IN 

ALSO START OF MESSAGE DLE DATA LINK ESCAPE 
STX START OF TEXT; DC1 DEVICE CONTROL 1 

ALSO EOA, END OF ADDRESS DC2 DEVICE CONTROL 2 
ETX END OF TEXT; DC3 DEVICE CONTROL 3 

ALSO EOM, END OF MESSAGE DC4 DEVICE CONTROL 4 
EOT END OF TRANSMISSION (END) NAK NEGATIVE ACKNOWLEDGE 
ENQ ENQUIRY (ENQRY): ALSO WRU SYN SYNCHRONOUS IDLE (SYNC) 
ACK ACKNOWLEDGE. ALSO RU ETB END OF TRANSMISSION BLOCK 
BEL RINGS THE BELL CAN CANCEL (CANCL) 
BS BACKSPACE EM END OF MEDIUM 
HT HORIZONTAL TAB SUB SUBSTITUTE 
LF LINE FEED OR LINE SPACE ESC ESCAPE. PREFIX 

(NEW LINE): ADVANCES PAPER TO FS FILE SEPARATOR 
NEXT LINE BEGINNING OF LINE GS GROUP SEPARATOR 

VT VERTICAL TAB (VTAB) RS RECORD SEPARATOR 
FF FORM FEED TO TOP OF NEXT PAGE US UNIT SEPARATOR 

(PAGE) SP SPACE 
CR CARRIAGE RETURN 
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Appendix B 

Alphabetlcai Mnemonic Index of .ASMCOP Instructions 

Hexadecimal 
Instruction Op Code Description 

ADD 31 Add A.to RAM 
ADT 4A Add Ten toA 

AISC 1-15 51o:.SF Add Immediate, Skip on Carry 
ASC 30 Add with Carry, Skip on Carry 
CAB 50 Copy A to Bd 

CAMO· '33/3C Copy A, RAM to 0 
CASC 10 Complement and Add with Carry, Skip on Carry 
CBA 4E Copy Bd toA 
CLRA 0 Clear A 
COMP 40 Ones complement of A to A 

COMA· 33/2C Copy A to RAM, A 
ING· 33/2A Input G Ports to A 
INIL· 33/0 Input IL Latches to A 
ININ 33/28 Input IN Inputs to A 
INL· 33/2E Input L Ports to M, A 
IT· 33/39 Idle Till Time Overflow 
JID FF Jump Indirect 

JMp· 6O-67/0-FF Jump 
JP 80-BE,CO-CD Jump within Page 

JSR· 68-6F/0-FF Jump to Subroutine 
JSRP 80-BE Jump to Subroutine Page 

LBI0,9-15,0 8-F 
LBI1,9-15,0 18-1F 

,LBI2,9-15,0 28-2F Load B Immediate (Single-by1e) 
LBI3,9-15,0 38-3F 
LBI· 0,1-8 33/81-88 
LBI" 1,1-8' 33/91-98 
LBI" 2,1-8 33/A1-AB Load B Immediate (Double-byte) 
LBI· 3,1-8 33/B1-B8 
LD 0,1,2,3 5,15,25,35 Load RAM into A 

LDD~ 0-7,0-15 23/0-7F Load A with RAM 
LEI· 0-15 33/60-6F, Load EN Immediate 

LQID BF Load Q Indirect 
NOP 44 No Operation 

OBD· 33/3E Output Bd to D Outputs' 
OGI· 33/50~5F Output to G Ports Immediate 

OMG· 33/3A Output RAM to G Ports 
RC ·32 Reset C 
RET 48 Return 

RETSK 49 Return then Skip 
RMB 0,1,2,3, 4C,45,42,43 Reset RAM Bit 

SC 22 Set C 
5MB 0,1,2,3 4D,47,46,48 Set RAM Bit 

SKC 20 Skip if C is True \ 
SKE 21 Skip if A Equals RAM Digit 

SKGB~· 0,1,2,3 33/1,11,3,13 Skip if G Bit is Zero 
SKGZ· 33/21 Skip If G Equals Zero (All 4-Blts) 

SKMBZ 0,1,2,3 1,11,3,13 Skip If RAM Bit is Zero 
SKT 41 Skip on Timer 
STII 70-7F Store Memory Immediate and Increment Bd 

X 0,1,2,3 6,16,26,36 Exchange RAM with A 
XABR 12 Exchange A with Br 

XAD" 0-7,0-15 23/80-FF Exchange RAM with A and Decrement Bd 
XIS 0,1,2,3 4,14,24,34 Exchange RAM with A and Increment Bd 

XAS 4F Exchange A with SIO 
XOR 2 Exclusive-OR A with RAM 

• Double-byte Instruction 

\ 
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Numeric Index of ASMCOP Instructions m 
X 

Table C-1. COP 420/421 Instructions 0 
0 

00 CLRA 25 L02 49 RETSK 68 JSW" to Page 0, "tJ 
02 SKMBZO 26 X2 4A AOT 1,2,or3 en 
02 XOR 28 LB12,9 4B 5MB3 69 JSR* * * to Page 4, 0 ... 
03 SKMBZ2 29 LB12,10 4C RMBO 5,6,or7 0 
04 XISO 2A LB12,11 40 5MBO 6A JSR* * * to Page 8, 0 

0 
05 LOO 2B LB12,12 4E CBA 9, 10, or 11 :i> 06 XO 2C LB12,13 4F XAS 6B JSR* * * to Page 12, 0 
07 XOSO 20 LB12,14 50 CAB 13, 14, or 15 0 
08 LB10,9 2E LB12,15 51 AISC 1 6C Invalid CD 

09 LB10,10 2F LB12,0 52 AISC2 60 Invalid 3 
C" OA LB10,11 30 ASC 53 AISC3 6E Invalid Ci) 

OB LB10,12 31 ADD 54 AISC4 6F Invalid ... 
OC LB10,13 32 RC 55 AISC5 70 STII 0 c: 
00 LB10,14 33 Two Word* (except LOO, 56 AISC6 71 STII1 0 

CD OE LB10,15 XAO, JMP, and JSR) 57 AISC7 72 STII2 ~ 
OF LBIO,O 34 XIS3 58 AISC8 73 STII3 0 
10 CASC 35 L03 59 AISC9 74 STII4 s: 
11 SKMBZ 1 36 X3 5A AISC 10 75 STII5 I» 
12 XABR 37 XOS3 5B AISC 11 76 STII6 ::l 
13 SKMBZ3 38 LB13,9 5C AISC 12 77 STII7 C 

I» 
14 XISO 39 LB13,10 50 AISC 13 78 STII8 
15 LO 1 3A LB13,11 5E AISC 14 79 STII9 
16 X1 3B LB13,12 5F AISC 15 7A STII10 
18 LB10,9 3X LB13,13 60 JMP*** to Page 0, 7B STII11 
19 LB10,10 3D LB13,14 1,2, or 3 7C STII12 
1A LB10,11 3E LB13,15 61 JMP*** to Page 4, 70 STII13 
1B LB10,12 3F LB13,0 5,6,or7 7E STII14 
1C LB10,13 40 COMP 62 JMP*** to Page 8, 7F STII15 
10 LB10,14 41 SKT 9, 10, or 11 80 JSRP to Word xx 
1E LB10,15 42 RMB2 63 JMP*** to Page 12, (0-3F) or J P to Page 2, 
1F LBIO,O 43 RMB3 13,14,or15 Word xx (0-3F) 
20 SKC 44 NOP 64 Invalid 8E opcode 80 + xx 

I run 

22 SC 46 5MB2 66 Invalid CO JP to word xx (0-3F) 
23 LOO/XAO*· 47 5MB1 67 Invalid CE opcode = CO + xx 
24 XIS2 48 RET FF JIO 
••• 00 + xx JSR or JMP 10 page 0,1,10, or 14, word xx (0-3F) 00-3F 

40 + xx JSR or JMP 10 page I, 5, II, or 15, word xx (0-3F) 40-7F 
80 + xx JSR or JMP 10 page 2, 6,12, or 16, word xx (0-3F) 80-BF 
CO + xx JSR or JMP 10 page 3, 7, 13, or 17, word xx (0-3F) CO-FF 
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AppendixC 

Numeric Index of ASMCOP Instruction (Continued) 

Table C-1. COP 420/421 Instructions - Second Word of, Two Word Instructions 

00 INIL" 6C LEI 12 08 LOOO,8 
01 SKGBZO 60 LEI 13 09 LOOO,9 
11 SKGBZ1 6E LEI 14 OA LOOO,10 
03 SKGBZ2 6F LEI 15 OB LOOO,11 
13 SKGBZ3 81 LBIO,1 OC LOOO,12 
21 SKGZ 82 LBIO,2 00 LOOO,13 
28 ININ 83 LBIO,3 OE LOOO,14 
2A ING 84 LBIO,4 OF LOOO,15 
2C COMA 85 LBIO,5 10 LOO 1,0 
2E INL 86 LBIO,6 11 LOO 1,1 
3A OMG 87 LBIO,7 12 LOO 1,2 
3C CAMO 88 LBIO,8 13 LOO 1,3 
3E OBO 91 LBI1,1 1.4 LOO 1,4 
50 OGIO 92 LBI1,2 15 LOO 1,5 
51 OGI1 93 LBI1,3 16 LOO 1,6 
52 OGI2 94 LBI1,4 17 LOO 1,7 
53 OGI3 95 LBI1,5 18 LOO 1,8 
54 OGI4 96 LBI1,6 19 LOO 1,9 
55 OGI5 97 LBI1,7 1A LOO 1,10 
56 OGI6 98 LBI1,8 1B L001,11 
57 OGI7 A1 LBI2,1 1C LOO 1,12 
58 OGI8 A2 LBI2,2 10 LOO 1,13 
59 OGI9 A3 LBI2,3 1E LOO 1,14 
5A OGI10 A4 LBI2,4 1F LOO 1,15 
5B OGI11 A5 LBI2,5 20 L002,O 
5C OGI12 A6 LBI2,6 21 L002,1 
50 OGI13 A7 LBI2,7 22 L002,2 
5E OGI14 A8 LBI2,8 23 LOO 2,3 
5F OGI15 B1 LBI3,1 24 L002,4 
80 LEIO B2 LBI3,2 25 L002,5 
61 LEI 1 B3 LBI3,3 26 L002,6 
62 LEI2 B4 LBI3,4 27 L002,7 
63 LEI3 B5 LBI3,5 28 L002,8 
64 LEI4 B6 LBI3,6 29 LDD2,9 
65 LEI5 B7 LBI3,7 2A L002,10 
66 LEI6 B8 LBI3,8 2B LDD2,11 
67 LEI7 00 LDDO,O" 2C L002,12 
68 LEI8 01 LOOO,1 20 LDD2,13 
69 LEI 9 02 LDOO,2 2E L002,14 
6A LEI 10 03 LODO,3 2F LDD2,15 
6B LEI 11 04 LDDO,4 30 LD03,O 

05 LOOO,5 
06 LOOO,6 
07 LOO07 

••• 00 + xx JSR or JMP 10 page 0, 1, 10, or 14, word xx (0-3F) 00-3F 
40+ xx JSR orJMPlo page 1,5,11, or 15, word xx (0-3F)40-7F 

. 80 + xx JSR or JMP 10 page 2, 6, 12, or 16, word xx (0-3F) BO-SF 
CO + xx JSR or JMP 10 page 3,7, .13, or. 17, word xx (0-3F) CO-FF 
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31 L003,1 9A XAO 1,10 
32 L003,2 9B XAO 1,11 
33 L003,3 9C XAO 1,12 
34 L003,4 90 XAO 1,13 
35 L003,5 9E XAO 1,14 
36 L003,6 9F XAO 1,15 
37 LOO 3,7 AO XA02,O 
38 L003,8 A1 XA02,1 
39 L003,9 A2 XA02,2 
3A L003,10 A3 XA02,3 
3B L003,11 A4 XA02,4 
3C L003,12 A5 XA02,5 
3D LD03,13 A6 XA02,6 
3E L003,14 A7 XAD2,7 
3F LOO 2,15 A8 XA02,8 
80 XAOO,O A9 XA02,9 
81 XAOO,1 AA XA02,10 
82 XAOO,2 AB XA02,11 
83 XAOO,3 AC XAO 2,12 
84 XAOO,4 AD XA02,13 
85 XAOO,5 AE XA02,14 
86 XAOO,6 AF XA02,15 
87 XAOO,7 BO XA03,O 
88 XAOO,8 B1 XA03,1 
89 XAOO,9 B2 XA03,2 
8A XAOO,10 B3 XA03,3 
8B XAOO,11 B4 XA03,4 
8C XAOO,12 B5 XA03,5 
80 XAOO,13 B6 XA03,6 
BE .XAO 0,14 B7 XA03,7 
8F XAOO,15 B8 XA03,8 
90 XAO 1,0 B9 XA03,9 
91 XAO 1,1 BA XA03,10 
92 XAO 1,2 BB XA03,11 
93 XAD 1,3 BC XAD3,12 
94 XAD 1,4 BO XA03,13 
95 XAO 1,5 BE XAD 3,14 
96 XAD 1,6 BF XA03,15 
97 XAO 1,7 
98 XAD1,8 
99 XAD 1,9 
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Directive Summary m 
X 

Directive Function Page 0 
.ADDR Address· constant generation 4-3 0 

." 
. BYTE Define byte 4-3 (J) 

.CHIP Identification of COP400 device 4-14 0 

.CREF Start cross reference 4-9 a 

.DO Begin DO loop 4-10 en en 

.ELSE Conditional assembly directive 4-11 » 

.END Physical end of source program 4-6 en en 
· ENDDOI. ENDM End DO loop 4-10, 5-2 m 
· ENDDOI. ENDM End macro definition 4-10,5-2 3 

C" 
.ENDIF Conditional assembly directive 4-12 CD 
.ERROR Generate error message 4-9 ... 
. EXIT Exit DO loop or macro expansion 4-10,5-3 c: en 

Assignment 4-4 m 
.FORM UU1PUl Ilsling 10p-oT-lOrm 4-7 ""t. 

en 
.IF Conditional assembly directive 4-11 3: 
.IFC If character directive 4-11 D) 

.INCLD Include disk file source code 4-5 :::J 
C 

. LIST Listing output control 4-8 !.. 

. LOCAL Begin local region 4-6 

. MACRO Begin macro definition 5-2 

.MLOC Macro local symbol designation 5-2 

.OPT Define COP400 device options 4-14 

. PAGE Set location counter to page address 4-6 

.PRINTX Send message to CRT screen 4-8 

.SET Assign values to variables 4-4 

.SPACE Space n lines on output listing 4-7 

.TITLE Identification of program 4-7 

.WORD 8-bit data generation 4-3 

· - ",nange program coum"r "+-0 

.XREF Stop cross reference 4-9 

Appendix E 

Programmer's Checklist 

1. Is the source program ended by the. END directive? 

2. Is each label ended by a colon (:)? 

3. Does each comment start with a semicolon (;)? 

4. Does each string constant start and end with a single quote (') or double 
quotes (")? 

5. Are all external statements listed in EXTRN Directives? 

6. Do all hexadecimal numbers start with a number (0-9) and end with H? 

7. Is there an . ENDIF for each .IF? 

8. Is there at most one. ELSE for each .IF? 

9. Is there an . ENDM for each. MACRO, IRP, IRPC and REPT? 

10. Are all labels defined once and only once? 

11. Is the source program well documented? 
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Appendix F· 

Positive Powers of Two 

n 2" n 2" 

1 2 51 22517 99813 68524 8 
2 4 52 45035 99627 37049 6 i 

3 8 53 90071 9!1254 '74099 2 
4 16 54 18014 39850 94819 84 
5 32 55 36028 79701 89639 68 
6 64 56 72057 59403 79279 36 
7 128 57 14411 51880 75855 872 
8 256 58 28823· 03761 51711 744 
9 512 59 57646 07523 03423 488 

10 1024 60 11529 21504 60684 6976 
11 2048 61 23058 43009 21369 3952 
12 4096 62 46116 86018 42738 7904 
13 8192 63 92233 72036 85477 5808 
14 16384 64 18446 74407 37095 51616 
15 32768 65 36893 48814 74191 03232 
16 65536 66 73786 97629 48382 06464 
17 13107 2 67 14757 39525 89676 41292 8 
18 26214 4 68 29514 79051 79352 82585 6 
19 52428 8 69 59029 58103 58705 65171 2 
20 10485 76 70 11805 91620 71741 13034 24 
21 20971 52 71 23611 83241 43482 26068 48 
22 41943 04 72 47223 66482 86964 52136 96 
23 83886 08 73 94447 32965 73929 04273 92 
24 16777 216 74 18889 46593 14785 80854 784 
25 33554 432 75 37778 93186 29571 61709 568 
26 67108 864 76 75557 86372 59143 23419 136 
27 13421 7728 77 15111 57274 51828 64683 8272 
28 26843 5456 78 30223 14549 03657 29367 6544 
29 53687 0912 79 60446 29098 07314 58735 3088 
30 10737 41824 80 12089 25819 61462 91747 06176 
31 21474 83648 81 24178 51639 22925 83494 12352 
32 42949 67296 82 48357 03278 45851 66988 24704 
33 85899 34592 83 96714 06556 91703 33976 49408 
34 17179 86918 4 84 19342 81311 38340 66795 29881 6 
35 34359 73836 8 85 38685 62622 76681 33590 59763 2 
36 68719 47673 6 86 77371 25245 53362 67181 19526 4 
37 13743 89534 72 87 15474 25049 10672 53436 23905 28 
38 27487 79069 44 88 30948 50098 21345 06872 47810 56 
39 54975 58138 88 89 61897 00196 42690 13744 95621 12 
40 10995 11627 776 90 12379 40039 28538 02748 99124 224 
41 21990 23255 552 91 24758 80078 57076 05497 98248 448 
42 43980 46511 104 92 49517 . 60157 14152 10995 96496 896 
43 87960 93022 208 93 99035 20314 28304 21991 92993 792 
44 17592 18604 4416 94 19807 04062 85660 84398 38598 7584 
45 35184 37208 8832 95 39614 08125 71321 68796 77197 5168 
46 70368 74417 7664 96 79228 16251 42643 37593 54395 0336 
47 14073 74883 55328 97 15845 63250 28528 67518 70879 00672 
48 28147 49767 10656 98 31691 26500 57057 35037 41758 01344 
49 56294 99534 21312 . 99 63382 53001 14114 70074 83516 02688 
50 11258 99906 84262 4 100 12676 50600 22822 94014 96703 20537 6 

101 25353 01200 45645 88029 93406 41075 2 
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Negative Powers of Two r-
m 
>< 

n 2- n 
C') 

0 1.0 0 
1 0.5 "tJ 
2 0.25 en 
3 0.125 C') ... 
4 0.0625 0 
5 0.03125 

(f) 
(f) 

6 0.01562 5 :i> 
7 0.00781 25 (f) 

8 0.00390 625 
(/) 
(1) 

9 0.00196 3125 3 
10 0.00097 65625 C" 
11 0.00048 82812 5 CD ... 
12 0.00024 41406 25 c: 
13 0.00012 20703 125 (f) 

14 0.00006 103fi1 fiR?fi (1) -,. 
15 0.00003 05175 78125 (/) 

16 0.00001 52587 89062 5 s:: 
17 0.00000 76293 94531 25 D) 

18 0.00000 38146 97265 625 ~ 
C 

19 0.00000 19073 48632 8125 !!. 20 0.00000 09536 74316 40625 
21 0.00000 04768 37158 20312 5 
22 0.00000 02384 18579 10156 25 
23 0.00000 01192 09289 55078 125 
24 0.00000 00596 04644 77539 0625 
25 0.00000 00298 02322 38769 53125 
26 0,00000 00149 01161 19384 76562 5 
27 0.00000 00074 50580 59692 38281 25 
28 0.00000 00037 25290 29846 19140 625 
29 0.00000 00018 62645 14923 09570 3125 
30 0.00000 00009 31322 57461 54785 15625 
31 0.00000 00004 65661 28730 77392 57812 5 
32 0.00000 00002 32830 64365 38696 28906 25 
33 0.00000 00001 16415 32182 69348 14453 125 
34 0.00000 00000 58207 66091 34674 07226 5625 
35 0.00000 00000 29103 83045 67337 03613 28125 
36 0.00000 00000 14551 91522 83668 51806 64062 5 
37 0.00000 00000 07275 95761 41834 25903 32031 25 
38 0.00000 00000 03637 97880 70917 12951 66015 625 
39 0.00000 00000 01818 98940 35458 56475 83007 8125 
40 0.00000 00000 00909 49470 17729 28237 91503 90625 
41 0.00000 00000 00454 74735 08864 64118 95751 95312 5 
42 0.00000 00000 00227 37367 54432 32059 47875 97656 25 
43 0.00000 00000 00113 68683 77216 16029 73937 98828 125 
44 0.00000 00000 00056 84341 88608 08014 86968 99414 0625 
45 0.00000 00000 00028 42170 94304 04007 43484 49707 03125 
46 0.00000 00000 00014 21085 47152 02003 71742 24853 51562 5 
47 0.00000 00000 00007 10542 73576 01001 85871 12426 75781 25 
48 0.00000 00000 00003 55271 36788 00500 92935 56213 37890 625 
49 0.00000 00000 00001 77635 68394 00250 46467 78106 68945 3125 
50 0.00000 00000 00000 88817 84197 00125 23233 89053 34472 65625 
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Appendix H 

The Hexadecimal Number System 

We have been taught from childhood to recognize and 
manipulate a number system called decimal or base·10, 
which uses ten symbols to represent values or numbers. 
These symbols are 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9. Com· 
binations of these form other numbers, and each 
number or digit position is assigned a value equal to Its 
position in the number sequence. For example, the 
number 12,045: 

Position 
NO.43210 

~1 2 0 4 5 ~ ;~ ~~~ ~ 
= Ox10' = 
= 2x 10' = 
= 1 x 1()4 = 

5 
40 

000 
2,000 

10,000 

12,045'0 

10 is the base value of the number system, and 0,1,2,3, 
4 are the positions of weighted values. 

Most computers use a base·2 number system In which 
zeros and ones are the only symbols used to represent 
any number. The least significant bit would have a value 
of 20, the next bit would be 2', then 2', etc. Let's use a 
group of five bits and aSSign bit 0 as the least 
significant bit. 

Bit No. 0 
1 
2 
3 
4 

1 x2° 
Ox2' 
1 x2' 
Ox2' 
1 x2' 

1 
o 
4 
o 
~ 

21'0 

21 is the sum of the values of the bit positions. 

It can also be seen that by using larger groups of bits, 
larger numbers may be represented. An 8·blt computer, 
which can handle 8·blt positions in parallel, can repre· 
sent numbers from 0 to 255". 

Bit No. 0 
1 
2 
3 
4 
5 
6 
7 

Bit No. 0 
1 
2 
3 
4 
5 
6 
7 

All Bits Equal 0 
0 Ox2' 
0 Ox2' 
0 Ox2' . 
0 Ox2' 
0 Ox2' 
0 Ox2" 
0 Ox2B 

0 Ox27 

All Bits Equal 1 
1 1 x2" 
1 1 x2' 
1 1 x2' 
1 1 x2' 
1 1 x2' 
1 1 x 2" 
1 1 X2B 
1 1 X27 

0 
0 
0 
0 
0 
0 
0 

__ 0_ 

0'0 

1 
2 
4 
8 

16 
32 
64 

128 

255'0 

A computer that has 16·blt positions may represent 
numbers with values from zero to 65,535. 

Another consideration In computers is the representa· 
tlon of both positive and negative values. In the "sign 
magnitude" system, this may be accomplished by 
assigning one of the bits In a group as a pius/minus 
indicator. The normal method is to assign the most 
significant bit position to this task. If it is a logic zero, 
then the value is positive; if It is a logic one, then the 
value is negative. Assuming a group of eight bits maxi· 
mum, and using the eighth position as the sign, we 
may represent the following numbers: 

Bit No. 0 1 1 x 2' 
1 1 1 X 2' 
2 1 1 x 2' 
3 1, = 1 x2' 
4 1 1 x 2' 
5 1 1 x 2' 
6 1 1x2"' 

sign bit 7 0 + 

1 
2 
4 
8 

16 
32 
~ 
+127'0 

If bit 7 Is equal to a 1, then the above number would be 
negative: -127. Note that by using the most slgnifi· 
cant bit for the sign, the maximum number that may 
be represented Is only ±127. In a 16·blt computer, this 
number would be ±32,767. 

Because It is difficultfor us to convert visually many 
one and zeros to their 'represented value, other meth· 
ods of representing numbers have been Implemented. 

BCD or Binary Coded Decimal 

BCD uses groups of four binary bits of positions, and 
only uses those combinations that add up to 0,1,2,3, 
4, 5, 6, 7, 8, or 9. For example: -

Bit 3210 
0000 = 0 
0001=1 
0010=2 
0011=3 
0100=4 
0101=5 
0110=6 
0111=7 
1000=8 
1001=9 

The other binary combinations possible in the 4·blt 
positions are not allowed in the BCD method: 

1 0 1 0 } 1 0 1 1 

1 1 0 0 Not Valid 
1 1 0 1 
1 1 1 0 
1 1 1 1 
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In an a-bit computer, the decimal numbers 00 through 
99 may be represented: 

Bit Position 7 6 5 4 

10 0 0 0 I 
o 

~
001 

Bit Position 3 2 1 0 

10 0 0 0 I 
o 

1 x2' 
Ox2' 
Ox2' 
1 x 2' 

~o 0 1 1x2' 

Ox2' 
Ox2' 
1 x2' 

1 
o 
o 
a 
9 

1 
o 
o 
a 
9 

Note that the binary weighting system repeats for each 
4-bit group. 

This is then compensated for by applying the decimal 
(base-10) rules to the converted numbers: 

CIT:U9 __ 
-~ 9x10' 

9x 10' 
9 

90 
99 

(By having to weigh only up to four binary bits, you 
quickly become efficient at converting binary numbers 
to decimal form and decimal numbers to binary form.) 

The maximum numbers that can be represented in an 
a-bit machine is then only 99" in decimal versus 255" 
In binary. 

As your can see, the efficiency of a computer is 
restricted because of the illegal combination in each 
4-bit group. Another representation of binary numbers 
allows for aI/ combinations of the four-bit groups. This 
system is called hexadecimal representation. 

Hexadecimal (Hex) Notation 

Hex uses a number system of base 16, and allows for 
all combinations of the 4-bit binary groups, as follows: 

Bit Position 3 2 0 Binary Hex 
Symbol 

0 0 0 0 0 0 
0 0 0 1 1 1 
0 0 1 0 2 2 
0 0 1 1 3 3 
0 1 0 0 4 4 
0 1 0 1 5 5 
0 1 1 0 6 6 
0 1 1 1 7 7 
1 0 0 0 a a 
1 0 0 1 9 9 
1 0 1 0 Hi A 
1 0 1 1 11 B 
1 1 0 0 12 C 
1 1 0 1 13 0 
1 1 1 0 14 E 
1 1 1 1 15 F 

The notations A through F are used to allow for a 
single-character representation of the four-bit group 
without duplication. 

I 

With hex we can now represent all 16 combinations of 
binary weights possible in a group of 4-bit positions. An 
a-bit computer can then represent the numbers 00 
through FF, which is equivalent to binary 0 through 255: 

Bit Position 7 6 5 4 

10 0 0 0 I 

~1i1 1 1x2' 

1 x2' 
1 x2' 
1 x2' 

Bit Position 3 2 1 0 

10 0,0 0 I 

~1111 1 x 2' 
1 X 2' 
1 x2' 
1 x2' 

1 
2 
4 
a 

15= F 

1 
2 
4 
a 

15=F 

Applying the same rules as for decimal, but using the 
base 16 instead of base 10: 

0IJF __ 
1·1- 15x16' 

15 x 16' 
15 

240 
255 

Thus, binary numbers, no matter what the number of 
position, can easily be converted simply by dividing 
.&.,- __ !_.&. ____ •• ___ .I. .1._ •• _ 1-.:.1._ r- __ _ .. ___ 1_ ! __ .. ~ L.!.I. 

~ ................ ~ ............................................. ... 1._ ... ,.. .... , ... _ ........ . 
computer: 

Hex 

Binary 

Hex 

F 
1\ 

1111 
v 
F 

E 
1\ 

1110 
v 
E 

9 
1\ 

1001 
v 
9 

A 
1\ 

1010 
V 

A 

Further, the use of hex symbols as an equivalent for 
four binary bits requires fewer printed symbols, and 
most computer documentation today uses the hexa
decimal code represenation. 

Positive and Negative Numbers 

In hex or in binary, the method of representing positive 
and negative numbers is the same. The most signifi
cant bit of the most significant group is set to a zero 
for a positive number or a one for a negative number. 

If there are four groups of four bits each, as in a 16-bit 
computer, we could have: 

Hex 7 F F F 
1\ 1\ 1\ 1\ 

Binary 0111 1111 1111 1111 
+1:..-______ sign bit 

This number is equivalent to +32,767. 
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Appendix I 

Hexadecimal and Decimal Integer Conversion 

8 7 6 5 

Hex Decimal Hex Decimal Hex Decimal Hex Decimal 

0 0 0 0 0 0 0 0 
1 268435456 . 1 16777 216 1 1048576 1 65536 
2 536 870912 2 33 554 432 2 2097152 2 131072 
3 805306 368 3 50331648 3 3145728 3 196808 
4 1 073741 624 4 67108664 4 4194304 4 262144 
5 1342177 280 5 83868080 5 5242880 5 327680 
6 1610612736 6 100663296 6 6291456 6 393216 
7 1879048192 7 117 440 512 7 7340032 7 458752 
8 2 147 463 648 8 134217 728 8 8388608 8 524268 
9 2415919104 9 150994944 9 9437184 9 569624 
A 2 664 354 580 A 167722180 A 10485780 A 655380 . 
B 2952790016 B 184549376 B 11534336 B 720896 
C 3 221 225 472 C 201326592 C 12582912 C 786432 
D 3 489 680 928 0 218103808 0 13631488 D 851968 
E 3 758 096 384 E 234681024 E 14680064 E 917504 
F 4026531 840 F 251658240 F. 15728640 F 963040 

6 7 6 5 

To Convert Hexadecimal to Decimal 

1. Locate the column of decimal numbers correspond· 
ing to the left·most digit or letter of the hexadecimal; 
select from this column and record the number that 
corresponds to the position of the hexadecimal digit 
or letter. 

2. Repeat step 1 for the next (second from the left) 
pOSition. 

3. Repeat step 1 for the units (third from the left) 
position 

4. Add the numbers selected from the table to form the 
decimal number. 

Hex 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
0 
E 
F 

4 3 2 1 

Decimal Hex Decimal Hex Decimal Hex Decimal 

0 0 0 0 0 0 0 
4096 1 256 1 16 1 1 
8192 2 512 2 32 2 2 

12268 3 768 3 48 3 3 
16384 4 1024 4 84 4 4 
20480 5. 1208 6 80 5 5 
24576 6 1536 6 96 6 6 
28672 7 1792 7 112 7 8 
32768 8 2048 8 128 8 8 
36884 9 2304 9 144 9 9 
40960 A 2560 A 180 A 10 
45056 B 2816 B 176 B 11 
49152 C 3072 C 192 C 12 
53248 0 3328 0 208 0 13 
57344 E 3584 E 224 E 14 
61440 F 3640 F 240 F 15 

4 3 2 1 

To Convert Decimal to Hexadecimal 

1. (a) Select from the table the highest decimal number 
that is equal to or less than the number to be 
converted. 
(b) Record the hexadecimal of the column containing 
the selected number. 
(c) Subtract the selected decimal from the number to 
be converted. 

2. Using the remalnder.from step 1(c) repeat all of step 
1 to develop the second position of the hexadecimal 
(and a remainder). 

3. Using the remainder from step 2 repeat all of step 1 
to develop the units position of the hexadecimal. 

4. Combine terms to form the hexadecimal number. 

To convert integer numbers greater than the capacity of table, use the techniques below: 

Hexadecimal to Decimal 

Successive cumulative multiplication from left to right, 
addition units position. 

Exampie: D34" = 3380,. 

D 13 

3 

4 

x16 

208 

+3 
211 

x16 

3376 

+4 
3380 

Example 

Conversion of Hexadecimal 
Value D34 

D 

3 
4 

Decimal 

3328 

48 

4 

3380 

Decimal to Hexadecimal 

Dlvlde.and collect the remainder in reverse order. 

Example: 3380,. = D34" 

8-234 

16 I 3380 ,remainder 

16 ~,: 1 
16 ~, 

D 

Example 

Conversion of Decimal 
Value 3380 

D -3328 

3 
52 

-48 

4 

4 -4 

Hexadecimal D34 



Appendix J 

Hexadecimal and Decimal Fraction Conversion 

1 2 
Hex Decimal Hex Decimal 

.0 .000 .00 .0000 0000 

.1 .0625 .01 .0039 0625 

.2 .1250 .02 .0078 1250 

.3 .1875 .03 .0117 1875 

.4 .2500 .04 .0156 2500 

.5 .3125 .05 .0195 3125 

.6 .3750 .06 .0234 3750 

.7 .4375 .07 .0273 4375 

.8 .5000 .08 .0312 5000 

.9 .5625 .09 .0351 5625 

.A .6250 .OA .0390 6250 

. B .6875 .OB .0429 6875 

.C .7500 .OC .0468 7500 

.D .8125 .OD .U5Uf til;!:> 

.E .8750 .OE .0546 8750 

.F .9375 .OF .0585 9375 

1 2 

To Convert . ABC Hexadecimal to Decimal 

Find. A in position 1 .6250 

Find .OB in position 2 .0429 6875 

Find .OOC in pOSition 3 .0029 2968 

.ABC Hex is equal to .6708 9843 7500 

Hex 

.000 

.001 

.002 

.003 

.004 

.005 

.006 

.007 

.008 

.009 

.OOA 

.OOB 

.OOC 

.UUU 

.OOE 

.OOF 

By making the most significant bit a logic 1, the number 
becomes: 

F F 
1\ 1\ 

1111 1111 

tSignbit 

F 
1\ 

1111 

This number is equivalent to -32,767. 

F 
1\ 

1111 

The method used to represent a negative hexadecimal 
number depends on the type of numbering system 
chosen for binary arithmetic processing. Most digital 
computers use either the "sign magnitude" system or 

3 4 

Decimal Hex Decimal 

.0000 0000 0000 .0000 .0000 0000 0000 0000 

.0002 4414 0625 .0001 .0000 1525 8789 0625 

.0004 8828 1250 .0002 .0000 3051 7578 1250 

.0007 3242 1875 .0003 .0000 4577 6367 1875 

.0009 7656 2500 .0004 .0000 6103 5156 2500 

.0012 2070 3125 .0005 .0000 7629 3945 3125 

.0014 6484 3750 .0006 .0000 9155 2734 3750 

.0017 0898 4375 .0007 .0001 0681 1523 4375 

.0019 5312 5000 .0008 .0001 2207 0312 5000 

.0021 9726 5625 .0009 .0001 3732 9101 5625 

.0024 4140 6250 .OOOA .0001 5258 7890 6250 

.0026 8554 6875 .OOOB .0001 6784 6679 6875 

.0029 2968 7500 .OOOC .0001 8310 5468 7500 

.UUJ 1 (Jtl~ ill~::l 
- -- - -- --- - ._--_._-

.uuuu .UUUI tJO..lO LfL.OI OI~O 

.0034 1796 8750 .OOOE .0002 1362 3046 8750 

.0036 6210 9375 .OOOF .0002 2888 1835 9375 

3 4 

the twos-complement system. In the sign magnitude 
system, a negative value is formed by setting a sign 
bit - the most significant bit of the most significant 
group of bits-to one, and the remaining bits to the 
desired absolute value. Thus, - 32,767 is represented as 
1111 1111 1111 1111. 

Conversely, if the most significant bit is a zero, the 
number is positive; + 32,767 is represented as 0111 
1111 1111 1111. 

In the twos-complement system - the method used in 
the STARPLEXTM System - positive numbers are repre
sented as in the sign magnitude system (sign bit is a 
logic zero); but negative numbers are represented by the 
twos-complement of the absolute value of the number. 
Thus, -32,767 becomes, in the twos-complement 
system, 1000 0000 0000 0001. 

(JJ 

~ 
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Appendix K 

Negative Hexadecimal Numbers 

The 8080 microprocessor maintains negative numbers 
in twos-complement form_ To convert a number in hexa
decimal notation to its twos-complement 'equivalent, 
subtract the number from hexadecimal 2", where "n" Is 
the number of binary bits In the computer word. For a 
16-bit word, "n" is 16, and 2" is 1 0000 0000 0000 0000 
(binary) or 1 0000 (hex). 

Thus, the negative of 1245,. Is: 

10000 
- 1245 

EDBB 

A hexadecimal number will be negative in the 8080 CPU 
if the left-most digit is 8, 9, A, B, C, D, E, or F (because 
all of these groupings start with a one). Thus, the twos
complement of hex FACE is: 

10000 
-FACE 

+ 0532 

Perhaps an easier way to find the twos-complement of 
a hexadecimal number is first to take the ones-comple
ment of the number; the ones-complement plus one Is 
the twos-complement. The ones-complement of a 
number is its inverted form; simply exchange its ones 
for zeros, and its zeros for ones. Thus, 

hexadecimal binary equivalent ones-complement 
FACE- 1111 101011001110-00000101 0011 0001 

Hex twos·complement of FACE-

8-236 

ones-complement + 1 
0000 0101 0011 0001 

+1 

0000 0101 0011 0010 ---.--.- -..-. 
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Appendix L 

Program Listing Format 

1. Listing without cross reference table. 

PRINT POSITION 

o 1 2 3 4 5 6 7 8 
12345678901234567890123456789012345678901234567890123456789012345678901234567890 

NSCSTARPLEX8080MACRO·ASSEMBLERVERSION 1.0 PAGE NNNN 
PROGRAM ............................................... - •••• - •.•••••••.• FILEID.EXT 
PROGRAM SU BTITLE ..................................................................... . 

22223 44444444 555 .................................................................. 555 -.-L USER SOURCE LINE EXACTLY AS IN SOURCE FILE 
. MAXIMUM SIZE 56 BYTES, LONGER LINES TRUNCATED. 

GENERATED OBJECT CODE 

III ADDRESSTYPE 

LOCATION COUNTER 

ERROR CODE (SEE APPENDIX N) 

2. Listing with cross reference table. 

PRINT POSITION 

o 1 2 3 4 5 6 7 8 
12345678901234567890123456789012345678901234567890123456789012345678901234567890 

NSC STARPLEX8080 MACRO·ASSEMBLERVERSION 1.0 PAGE NNNN 
PROGRAM .............................................................. - •••• FI LEI D.EXT 
PROG RAM SUBTITLE ••• : ................................................................. . 

nnnnn 1 ????~ A.A.A.A.A.A.A.A. !'i!'i!'i ......................................................... 555 
-.- -.-L USER SOURCE LINE EXACTLY AS IN SOURCE FILE 

MAXIMUM SIZE 48. BYTES, LONGER LINES TRUNCATED. 

GENERATED OBJECT CODE 

ADDRESS TYPE 

'---- LOCATION COUNTER 

'------- ERROR CODE (SEE APPENDIX N) 

'------- LINE NUMBER 
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CD 
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CJ 

~ 
0 
CJ 
>< 
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Q. 
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In 

BYTE 

1 
2 
3 
4 
5 
6 
7 
8 

16 
17 
18 
19 
20 
21 

41H 
LOWEST LOAD 

ADDRESS 
HIGHEST LOAD 

ADDRESS 
STACK 

LENGTH (BYTES) 
STACK OVERFLOW 

0 
0 
0 
0 
0 
0 
0 
0 

LOAD MODE. 
LOAD 

ADDRESS 
FIRST SEGMENT 
LENGTH (BYTES) 
F!RST SEGMENT 

DATA 

~ 

LOAD MODE 
LOAD 

ADDRESS 
LAST SEGMENT 
LENGTH (BYTES) 
LAST SEGMENT 

DATA 

~ 

FFH 
EXECUTION MODE 

EXECUTION .. 
ADDRESS 

Appendix M 

Load Module Forma' 

__ { 0-DISABLE STACK OVERFLOW DETECTION 
1-ENABLE STACK OVERFLOW DETECTION 

;~ 

FIRST SEGMENT 
(REPEAT FOR EACH SUBSEQUENT SEGMENT) 

LAST 
SEGMENT 

-- END OF SEGMENTS 

-- END OF FILE 

!-< , 
I ... ______ ---IJ __ LOAD MODULE ENDS ON A SECTOR (256 BYTES) BOUNDARY 

NOTE: The segments are not aligned on a sector boundary. 
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Assembler 'Error Messages m 
X 

N.1 ERROR MESSAGES 0 
MISSING ARGUMENT 0 

"'C 
ARGUMENT VALUE OUT OF RANGE en 
JUMP ADDRESS OUT OF RANGE 

0 a 
ILLEGAL INSTRUCTION tn 

tn 
SYNTAX ERROR ~ 
EXCESS ARGUMENTS tn 

CD 

UNDEFINED SYMBOL 3 
C" 

DUPLICATE DEFINITION Ci" ... 
PAGE OVERFLOW c: 

tn 
PARAM OVERFLOW (Reference to missing parameter) CD "". 
NESTING ERROR tn 

ILLEGAL DIGIT 
:s:: 
I» 
~ 

ROM 0 NOT 0 C 

INSTRUCTION INVALID FOR 410/411 
!. 

INSTRUCTION INVALID FOR 410/4111444/445 

INSTRUCTION INVALID FOR 410/411/421/445 

INCLUDE NESTING 

ILLE~AL USE OF HIGHILOW OPERATOR 

EXPANSION ERROR 

N.2 WARNING MESSAGES 

WARNING, END OF BLOCK 

WARNING, PASS 1,2 DISAGREE IN VALUE OF SYMBOL 

CHIP GIVEN ILLEGAL, DEFAULT 420 
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Preface 
This manual describes the COPSTM ISETM (In-System 
Emulation) Subsystem, a combination of hardware and 
software, that gives the user easy access to the regis
ters and RAM memory of the COPS microcontroller for 
the development of programs and hardware debugging 
of COPS microcontroller-based systems. The ISE Sub
system allows the user to edit and assemble COPS 
programs, emulate and test COPS chips, and transmit 
mask patterns. 

The COPS ISE Subsystem is designed for installation 
in National's STARPLEXTM or STARPLEX WM Develop
ment Systems. It consists of an ISE (In-System Emula
tion) Board, a COPS Emulator Board, a STARPLEXI 
Emulator Cable, COPS Emulation Cables, and a disk
ette containing the system software. 

The COPS ISE Subsystem software is compatible with 
STARPLEX Development System SPX-80/xx (software 
440305288-20x Rev. G). It will be compatible with 
~T.A.~p!...=~ !! !)~':~!~~~e~~ S~12!~~ SPX-90lxx t'I~ thA 
third quarter 1981. 

The following manuals provide further information on 
COPS and the STARPLEX Development System: 

• STARPLEX COPS Cross-Assembler Software 
User's Manual 
Publication No. 420306253-001 

• COP400 In-System Emulator Cards User's Manual 
Publication No. 420306469-001 

• COP400 Product Development System User's Manual 
Publication No. 420305528-001 

• COPS CHIP User's Manual 
Publication No. 420305785-001 

• STARPLEX System Software Reference Manual 
Publication No. 420305788-001 

• <::TAI'lPI I=¥ <::~'c:t"m I-brrlw' .... RAfArAnCA Manual 
Publication No. 420305789-001 

• STARPLEX II System Software Reference Manual 
Publication No. 420306383-001 

• STARPLEX II System Hardware Reference Manual 
Publication No. 420306465-001 

The material presented in this manual is for informa
tion purposes only as specifications for both the 
COPS ISE Subsystem and the STARPLEX System are 
subject to change without notice. 
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Introduction and Overview 
1.1 General Description 

The COPSTM ISETM Subsystem is designed for installa· 
tion in National's STARPlEXTM or STARPlEX WM 
Development Systems. It extends the use of these sys
tems to the development of programs and hardware 
debugging of COPS microcontroller-based systems. As 
such, it provides the user with four major capabilities: 

1. Editing COPS programs. Creates new programs 
andlor modifies existing programs. 

2. Assembling programs. The output of the assembler 
is object code that can be executed by a COPS 
microcontroller-based system. 

3. Emulation. Allows the user to execute COPS object 
code. The unit can execute this code either through 
a prototype system under test or internally without 
the prototype. This allows much of the target pro
gram to be developed while the prototype is being 
designed and constructed. later, the COPS ISE sys-
+ ............. ill .............. 1+0 +hO'!'l "' ....... ,.. .. 00""'"' in tho ~ .... +II"=II nrn+n. 
--'" ......... ,. ... -_.- ." ... r"'-~'-'" -,- "'- --.--. .,..._--

type, enabling the debugging of both hardware and 
software. 

4. Transmitting mask patterns. Because COPS pro
grams generally are meant to be encoded intoa 
ROM pattern on the COPS chip itself, some method 
of transmitting the program information to National 
is necessary so that the correct semiconductor 
masks can be fabricated with the appropriate ROM 
pattern. If this were done with paper and penci I, 
there would be a large potential for errors. The 
COPS ISE Subsystem solves this program by creat
ing diskettes that contain the ROM pattern data in a 
format that can be read directly at National. 

The first two functions above are covered in other 
manuals. New programs are edited and created by 
using the STARPlEX Editor. Once a program has been 
createO wltn tne eOltor, It can oe assemolea uSing tne 
COPS Assembler. The operation of this assembler and 
the instruction mnemonics recognized by it are cover
ed in detail in the COPS Assembly language Manual 
listed in the preface of this manual. 

Functions 3 through 4, that is, the emulation, trans
mission of mask patterns, are covered in this manual. 

1.2 Emulation and Debugging 

Because the process of debugging programs and proto
types is so important, we will pause and consider the 
problems a user faces in bringing up a prototype sys
tem for the first time. Then, with this process in per
spective, we can consider the operation of the COPS 
ISE Subsystem and how it solves those problems_ 

Assume that the user has created a COPS program, 
assembled it, and that program, in machine coded 
form, now resides on a floppy diskette. At the same 
time, he has constructed a prototype system to run the 
program. His immediate problem is to somehow load 
the program on the diskette into the prototype and 
then to determine if the prototype correctly executes 
that program. 

The COPS microcontroller family consists of a series 
of single-chip microcontrollers, each containing CPU, 
RAM, 1/0, and some specialized functions such as 
" • ___ , _ •• ___ I_~_._ ... __ 1 ___ I..l~"'~ _____ .... _" ....... _ 

IInt:::llutJ~;:, CltlU a. LlIII'O'/I..oVUlilCI. III o.UUHIV'I, IIIV ..... l VI u ..... 

devices in the family contain a mask-programmable 
ROM. That ROM is intended to store the program that 
the COPS chip will execute. Because the program is in 
ROM, it cannot be easily changed or modified by the 
user during the development phase of the project. The 
problem of loading the program into the prototype is 
complicated because the COPS chip stores the pro
gram as a ROM pattern on the COPS chip itself. So 
some means must be found of storing the program, 
not in ROM, but in RAM where it can be easily 
changed as the debugging process proceeds. This 
implies that some means of having the COPS do 
instruction fetches from the RAM rather than the on
chip ROM has been found; we will discuss this in more 
detail in a moment. For now, assume that the system 
contains some RAM, referred to in this manual as 
"Rhared memorv." and that the oroaram can be stored 
in this shared memory RAM. 

Of course, just having some appropriately placed RAM 
is not sufficient. Some means of transferring or load
ing the program from the diskette is also needed. In 
fact, as we go through this discussion, other functions 
will be developed, which must be controlled by the 
user from the system console. The loading and transla
tion process. and the other required functions are per
formed by COPMON, the COPS monitor program. After 
the program has been loaded, the COPS chip must be 
able to execute it, and COPMON must be able to start 
the COPS chip, stop it, single-step.it, and so on. 

The COPS microcontroller is also part of the emulation 
system. It performs instruction fetches from the pro
gram stored in the shared memory RAM, executes 
them, and performs the appropriate actions. The 
microcontroller in the emulation system is connected 
via a cable to the microcontroller socket in the proto
type. Since the microcontroller is electrically con
nected to the prototype through a cable, it exercises 
all of the 1/0 pins on that socket, just as the actual 
microcontroller would. As a result, the prototype 
should function in the same way as the production 
unit with the ROM-masked COPS chip-that is, if the 
program is correct. 
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Of course, the program will not be correct on the first 
pass, which brings the user to a quandary: What is 
wrong with the program and how can it be tested? 
Probably some of the functions of the program will 
appear to be operational and others will not. In extreme 
cases, a programming error early on will make the 
entire prototype nonfunctional, so the user cannot 
diagnose the problem by reviewing the symptoms. 
However, with the monitor program, the user can insert 
breakpoints in the program. Breakpoints interrupt the 
normal flow of the program and pass control back to 
the monitor. The monitor can ben be used to examine 
and modify the registers in the COPSTM chip. By placing 
the breakpoints at strategic points in the program, the 
user can determine if those points are being reached 
in the program flow; and if they are, do the registers 
contain the values expected? Since the user can mod· 
ify the contents of the registers before resuming pro· 
gram execution at that point, he can perform software 
experiments. For instance, if he had expected one of 
the registers to contain value A and instead It contains 
value B, does replacing B with A then make the func· 
tion work? If it does, only the question of how B got 
into the register remains. Once the ability to construct 
these experiments has been mastered, the operator 
can quickly locate the problem in most programs. 

The simple ability to set breakpoints and examine and 
modify the registers allows most programs to be suc· 
cessfully debugged. However, the added ability to 
single-step through the program can make debugging 
even easier. Assume that one of the program modules 
was not operating correctly, and the appropriate use 
of breakpoints had determined that the module was 
being entered with the correct values in the registers, 
but somehow they were being changed erroneously 
during the execution of that software or hardware. 
Single-stepping is an extension of the breakpoint 
function, but it is much faster to use once the problem 
has been localized to a small section of the program. 

1.3 COPS ISETM 

The COPS ISE Subsystem neatly solves all of the pre
viously discussed problems. It is a combination of 
software and hardware, integrated to give the user 
easy access to the registers and RAM memory of the 
COPS micr6controller. The software includes a moni
tor program that can be used to load machine coded 
programs from diskettes into the shared memory RAM 
on the ISE Subsystem. A ROM less microcontroller chip 
executes the code contained in the shared memory 
just as though it were contained in the ROM on the 
chip. The COPS chips is connected to the prototype 
system through an emulation cable plugged into the 
socket of the prototype board that would normally 
contain the COPS chip. Although the instruction 
fetches are from shared memory RAM on the ISE 
Subsystem, all other external functions of the micro
controller occur through the emulation cable. That 
means that all of the I/O activity on the prototype 
board will occur just as though the COPS chip was 
resident in the socket on the prototype board. Logic in 
the ISE Subsystem monitors the addresses on the bus 
connecting the COPS ROM less microcontroller chip to 

the program memory. When this logic detects a pre
programmed condition (a breakpoint address) the exe-

- cut ion of the program Is interrupted and the monitor 
program is entered. Now the operator can examine the 
registers of the controller. This Is pOSSible, because 
encountering a breakpoint causes the, internal regis
ters of the COPS chip to be saved In RAM dedicated 
for this purpose. Examining and modifying registers 
actually accesses these RAM locations. Then, when 
the user instructs the program execution to resume, 
the monitor reloads the registers with the contents of 
the appropriate image locations In RAM and begins 
executing the user program. In addition, single-step 
circuits allow the user to single-step through portions 
of the user program. 

Another function provides trace memory for user pro
gram execution. This means that the operator can set 
a condition for trace, execute his program, and If the 
trace condition is met, 256 instruction fetches will be 
stored In the trace memory where they can be examin
ed by the operator. In actual practice, the trace mem
ory Is constantly being loaded whenever the trace flag 
Is enabled. When the condition for trace is set, the 
number of cycles prior to trace point are also set. Then, 
when the trace pOint occurs, the trace memory con
tinues to load instruction fetches for the appropriate 
number of cycles AFTER the trace point. This allows 
the operator to examine the "history" of the program 
execution both before and after the trace point. 

1.4 Basic System Configuration 

The basic COPS ISE Subsystem consists of an ISE 
Board, a COPS Emulator Board, a STARPLEXTMI 
Emulator Cable, COPS Emulation Cables, and a disk
ette containing COPMON and MASKTR. The ISE Board 
is in the BLC configuration and is designed for instal
lation in the STARPLEX System. As such, it appears as 
a set of I/O ports In the STARPLEX I/O address map. 
All communication with the COPS ISE Subsystem is 
via these I/O ports. The COPMON program is loaded and 
executed on the $TARPLEX as any other program. It 
provides a set of console commands for interfacing to 
the ISE Board. The user need only become familiar with 
these commands; the actual interfacing Is done by 
COPMON. The details of the 1/0 addreSSing and data 
interchange, are totally transparent to the operator. 

The ISE Board contains 4k bytes of shared RAM 
memory, the trace memory, the trigger logic for break' 
pOints and Single-steps, and all of the necessary 
control logic, The STARPLEX/Emulator Cable connects 
the ISE Board in the STARPLEX System to the Emula
tor Board which is placed in close physical proximity 
to the prototype under development. The Emulator 
Board contains the ROM less COPS chip and a set of 
buffers for buffering the STARPLEX Emulator Cable 
signals. Signals through the COPS Emulation Cable 
are not buffered. The COPS Emulation Cables connect 
the Emulator Board to the COPS socket on the user's 
prototype board. 

8-244 



Ordering information for the various components of 
the COPSTM ISETM Subsystem is as follows: 

• SPM-A15, consists of the ISE board, STARPLEXTMI 
Emulator Cable, COPMON/MASKTR diskette and 
user documentation. 

• COP400-E02, E04L, consists of the Emulator Board 
(E02 or E04L), the Emulation Cables, and user 
documentation. 

• COP400-E24, consists of the Emulator Board, 
Emulation Cables, and user documentation. Used 
for emulation of COP440, COP441, COP442, 
COP2440, COP2441, and COP2442. 

• SPM90/A15, consists of the ISE board, the STAR
PLEX Emulator Cable, the COPMON/MASKTR 
diskette and user documentation for use with a 
STARPLEX II Development System. 

1.5 COPS Software 

This section covers the various COPS programs that 
, are inciuueu UII iin::: i...iOLi":.II"lci: i)utJ~:iQd G:::-'~ ~:~~ 

PLEX System Software Diskette. 

1.5.1 COPMON (Monitor) 

The basic interface to the ISE Board is via the COP
MON program. It includes all of the console com
mands used to load programs from diskette into the 
shared memory on the ISE board, set breakpoint and 
trace conditions, execute the program, examine and 
modify registers, change memory locations, single-
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step the program, examine the trace memory, etc. Vir
tually all of the operator interface with the ISE system 
during program debug and hardware checkout will be 
done through the COPMON program. The COPMON 
program is covered in detail in Chapter 4. 

1.5.2 Assembler 

The COPS Assembler is shipped with every ISE unit 
and is contained on its own diskette. It assembles 
COPS programs written with the STARPLEX Editor and 
stores them as object code load modules on the 
system diskettes. There they are accessible to the 
COPMON program which loads them into the shared 
memory on the ISE Board and executes them through 
the Emulator Board. The COPS Assembler is covered 
in a separate publication, the C.OPS Assembler Manual 
listed in the preface of this manual. 

1.5.3 MASKTR 

The second program on the COPS STARPLEX System 
Software diskette is the MASKTR program. It accepts 
object code load modules prepareo oy me assemoier 
as input files and translates them into a transmittal 
file which is stored on another diskette. This trans
mittal file is in a format that can be used by National 
to prepare the masks required to manufacture ROM
based COPS chips. MASKTR is only used at the com
pletion of the debugging process. It is discussed in 
detail in Chapter 5. 
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i Specifications 
:!E 

2.1 General 

This chapter details the characteristics and specifi· 
cations of the COPSTM ISETM and Emulator Board. 

2.2 COPS ISE Board 

2.2.1 Physical Specifications 

The COPS ISE Board is a 12 x 6.7S·lnch BLC·format 
printed circuit board intended for installation In the 
STARPLEXTM mainframe card cage. See Figure 2-1. 

2.2.2 Environmental Specifications 

Normal precautions must be taken to avoid tempera
ture and humidity extremes. Since the ISE Board will 
be installed in the STARPLEX mainframe card cage, 
the normal precautions applicable to the system will 
ensure that the conditions necessary for satisfactory 
operation of the ISE Board will have been met. This 
means that the opering temperatures for the system 
should not exceed 10·C to 32·C ambient temperature 
range and the relative humidity should not exceed 
90% noncondensing. 

2.2.3 Power Specifications 

The ISE Board receives Its power from the STARPLEX 
System. It requires only +S volts at a maximum 
current of 3.S amps. 

2.3 Emulator Board 

The COPS Emulator Board Is located outside of the 
STARPLEX System and in close physical proximity to 
the prototype system under development. While itis 
normally intended for use in conjunction with the ISE 
Board, it is possible to use the Emulator Board in a 
stand-alone mode connected to the user's prototype 
through the COPS Emulation Cable. In this mode, the 
ROMless COPS chip does its instruction fetches from 
EPROM sockets provided on the Emulator Board. For 
more details on the specifications and use of the 

IUD (TYPI-== 11 
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Emulator Boards, refer to the users' manuals listed 
in the preface of this manual. 

2.3.1 Physical Specifications 

At one end of the Emulator Board is a SO·pin edge 
connector. It receives the STARPLEX/Emulator Cable 
that plugs into the ISE Board connectors J1 and J2. 
The pinout assignment of this connector is listed in 
Appendix A of this manual. 

2.3.2 Environmental Specifications 

Normal precautions must be taken to avoid tempera, 
ture extremes. Guaranteed operation can be expected 
if the temperature is maintained between O·C and 
SS·C. Relative humidity should not exceed 90% 
noncondensing. 

2.3.3 Power Specifications 

The Emulator Board receives its power from tre ISE 
Board through the STARPLEX Emulator cable: Although 
the Emulator Board has a separate set of connections 
for +SVand -12V, these are for powering the board In 
the event that it Is used independently without the ISE 
Board. THESE CONNECTIONS ARE NOT INTENDED 
FOR ACCESSING THE STARPLEX POWER SUPPLIES! 
The Emulator Board requires only SOOmA at +SV. 
However, if it is used in the stand-alone mode with 
MMS204 EPROMs, an additional -12V supply Is needed 
to power the PROMs on the Emulator Board. 

2.4 Cable Assemblies 

When installed in the STARPLEX Development System 
as directed in Chapter 3, the overall reach of the 
various cable assemblies are approximately four feet 
from the STARPLEX Development System to the user's 
application system. 

I I~'H'~',"'''' ,,'lPl" 
8.0~3.0ao- O.OSR4PLCS 

CHAMFER 0.03 ~ 45' 4 PLCS 

Figure 2-1. COPS ISETM Board 
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System Installation and Setup 
3.1 General 

This chapter describes the initial installation of the 
ISETM Board in the STARPLEXTM or STARPLEX UlM 
Development Systems as well as the connection pro· 
cedures to the COPSTM Emulator board. Power·up and 
software loading is also described. 

3.2 Unpacking and Inspection 

All of the COPS ISE Subsystem modules are individu
ally tested at the factory during manufacture. However, 
improper handling practices during shipment may 
cause damage to the equipment, which if undetected, 
can create unnecessary problems in checking out the 
unit after It is installed. 

Before accepting the equipment from a carrier, inspect 
all shipping containers for evidence of external damage. 
Any indication of external damage must be noted by both 
!h::: :-:::=!~!e!'!! ~!"!d ,:,!~rril!Jr r.ArAfully unpack the eauip
ment, and before discarding the packing material, check 
to determine that everything is intact. All packages 
listed on the shipment billing should be accounted for. 

Carefully unwrap and inspect all of the modules and 
cables for evidence of shipping damage. Look for 
scratched PC boards, bends or creases in the floppy 
diskettes, sharp bends in the cables, etc. If such 
evidence is present, stop unpacking as soon as the 
damage is discovered, notify the carrier and arrange to 
have the shipment inspected by the carrier's agent or 
authorized representative immediately. All claims for 
damage should be filed promptly with the transporta
tion company involved. 

Any returns to the factory must be packed In either the 
original container or a substitute container of equal 
strenQth and durability. A description of the equipment 
defect, the nature or its cause, ano me l1i:1l1l" .. IIU 

address of the sender, should accompany each return 
shipment. 

Returned equipment is to be sent to the following 
address: 

Microcomputer Service Center 
675 Almanor Avenue 
Sunnyvale, CA 94086 
Attn: Microcomputer Service Manager 
Mall Stop 15205 
Telephone: (408) 721-5883 

Correspondence should be sent to the following 
address: 

Domestic Contact 
National Semiconductor Corp. 
2900 Semiconductor Drive 
Santa Clara, CA 95051 
Attn: Microcomputer Service Mgr. 
Mail Stop: 15205 
Telephone: (408) 721-6279 

European Contact 
National Semiconductor GmbH 
Industriestrasse #10 
08080 Fuerstenfeldbruck 
West Germany 
Telephone (08141) 1371 
Telex: 05-27649 

In other countries, contact your local National Semicon
ductor Sales Office or authorized representative. 

3.3 Installation 

Installation of the SPM-A15 (or SPM90/A15) and any of 
the various emulator boards is illustrated in Figure 3-1 
and discussed in the following text. 

3.3.1 ISE Board 

;h:: !S!: !:!::~~':! !~ ,:!~~iC""rt fnr installation in the 
expander card cage contained within the STARPLEX 
System. This cage is located at the left side of the 
STARPLEX Base Module as viewed from the operator 
position. It is accessed by opening the card cage 
access door located on the left side of the base module. 
Install the ISE Board according to the following 
procedure: 

1. Turn the STARPLEX power switch to OFF. 

2. Open the card cage access door on the left side 
of the base module, as viewed from the operator 
position. 

3. Insert the ISE Board Into any of the unused slots 
in the card cage. Make sure the board is correctly 
positioned in the card guides at the sides of the 
cage. Then slide the board into the cage until the 

. edge connector fingers reach the edge connector 
iiI 1I1~ Udlit\ vi Lil'l;;; "'Q~,",. 7:-. .:. .;.:;.:-;:;:::::::-:~ :~~-:' -:-" +h .... 

board should be facing up. Gripping both ends of the 
cage with your fingers, assert pressure on the ends 
of the board with your thumbs to push the board 
home into the socket. As soon as the board has 
initially entered the edge connector, it may be 
completely inserted by pressing against the toggle 
handles at each end of the board. 

4. Now connect the STARPLEX/Emulator cable to the 
ISE Board in the STARPLEX card cage. The cable is 
keyed so that it cannot be connected incorrectly. The 

. STARPLEX ISE end of the cable is terminated with 
two separate connectors: a 25·pin D-type MALE 
connector and a second 25-pin D·type FEMALE con
nector. Piug the MALE connector into the cor~es· 
ponding FEMALE connector on the IBE Board. Then 
plug the FEMALE connector into the corresponding 
MALE connector on the IBE Board. 

5. Close the card cage access door, ensurl ng that the 
STARPLEX/Emulator cable is not crimped between 
the door and the enclosure. 

The installation of the ISE Board is now complete. 
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3.3.2 COPSTM Emulator Board 

The COPS Emulator Board is designed to operate as a 
free-standing board. Four 0.5-inch nylon stand-oils on 
the bottom of the board raise the board 011 the surface 
on which it is resting. Although there are no mounting 
procedures to be followed when using the Emulator 
Board, care should be taken to be sure the working 
surface is free of metal tools, pieces of wire, or other 
metallic objects that might cause shorts on the board. 

The Emulator Board is connected electrically to the 
STARPLEXTMDevelopment System through the 
STARPLEX/Emulator cable that was connected to 
the ISETM Board above. The remaining end of the 

.STARPLEX/Emulator cable is terminated in a single 
card-edge connector (50-connector) that must be con
nected to the edge of the Emulator Board. This cable 
supplies power to the Emulator Board as well as sup
plying all control and data transfers between the 
Emulator Board and the ISE Board. 

BE SURE THAT PIN 1 OF THIS CONNECTOR LINES 
UP WITH PIN 1 OF THE CABLE. Damage to the Emula
tor or the ISE Board will result if this cable is connec
ted incorrectly. Also, do not install (or disconnect) this 
cable while the power is still on, as this also will result 
in damage to the Emulator or the ISE Board. 

All thatremains to complete the installation is to 
connect the COPS Emulation Cable between the user's 
prototype system and the Emulator Board. A DIP soc
ket on the Emulator Board receives one end of the 
COPS Emulation Cable. The other end is plugged into 
the COPS microcontroller socket in the prototype 
system. This completes the installation of the COPS 
ISE Subsystem. 

This discussion has assum'ed that the program execu~ 
tion is performed in the user's prototype system. It is 
possible to run the ISE Emulator Board and COPS 
Emulation Board without being connected to a proto
type system. All portions of the program that do not 
depend upon data being inputted through the I/O pins 
will operate correctly. During the early stages of the 
development project, this allows the user to debug 
portions of the program without the prototype being 

operationaJ.Later, when the prototype becomes avail
able, the program can be executed using the full set of 
COPS I/O pins. 

The Emulator Board has one additional feature not 
yet mentioned. Four TTL Inputs on the board, labeled 
EXT1-EXT4, can be connected by the user to points in 
the prototype system. During trace operations, the 
states of these four inputs will be stored with the other 
information in tra.ce memo~y. The allows the user to 
monitor asynchronous events during program execu
tion. In addition, two of the inputs, EXT1 and EXT2, 
can be useo to initiate trace or breakpoint or time 
operations. For further installation information on 
the Emulator Board, refer to the manual provided with 
that product. 

3.4 Jumpers and User Options 

3.4.1 ISE Board 

The ISE Board has· only one user configuration. This 
board has five Jumpers, but none are intended to be 
altered by the user. The standard shipping configura
tion is as follows: 

Jumper 

W1 
W2 
W3 
W4 
W5 

Description 

A to B (Future Option) 
A to B (110 Port Page 00) 
A to C (1/0 Port Address 10) 
A to B (Bus Priority Enabled) 
Open (-12 Volts to the Emulator) 

3.4.2 Emulator B~ard 

The Emulator Board has several user options and 
jumpers. For detailed. information on the use of these 
options, refer to the manual provided with the Emula
tor Board. 

3.5 InstaJiation Checkout 

To quickly verify the functional operation of the instal
ledISESubsys.tem, refer to the checkout procedure at 
the end of the Emulator Board User's manual. 

--"-~-----'----- STARPLEX 

COPS 
IS' 
BOARD 

LEFf.HA"1I 
CARO.cAGE 
DOOR·OPEN 

TARGET IEMULATOR 
CAQlE 
(3 FEET) 

EMULATOR/USER 
CABLE 
1.1 FOOT~ 

Figure 3-1. Installation of the SPM·A15 and an Emulator Board 

8-248 



COPSTM Monitor and Debugger (COPMON) 
4.1 COPMON (COP Monitor) 

COPMON is the control program that performs the 
interface between the STARPLEXTM console and the 
COPS ISETM Subsystem. This chapter discusses the 
format of the COPMON commands and their use in 
debugging programs and hardware. 

CO PM ON allows the user to interrupt the flow of a 
COPS program as it is being executed on a prototype 
system. The interruption is directly caused by one of 
several events, all under user control. For instance, the 
interruption may be caused by the COPS chip perform
ing an instruction fetch from a predetermined point In 
the program called a breakpoint. Once the flow has 
been interrupted, the COPS registers can be examined 
and modified. COPMON also allows the user to exam
ine the trace of the program flow for the last 256 
instruction cycles, either before or after a specified 
condition was met. This is called a trace. Possible con
!!!!!0~~ f"r .. hrAakooint or trace may be the program 
encountering a specified address (address), the next 
value of the program counter (immediate), or any com
bination of two external events on the Emulation 
Board called EXT1 and EXT2. 

The TRACE command allows the user to specify the 
conditions that will initiate the trace and how many 
steps.prior to meeting that condition will be traced. 
The GO command then arms the trace and executes 
the program. After a trace has been completed, the 
operator may examine the trace data with a TYPE 
command or search for an address in the trace mem
ory with a SEARCH command. By comparing the exe
cution sequence revealed in the trace memory with the 
expected sequence of instructions, deviations result
ing from incorrect operation are easily found. 

To speed operation, COPMON alloWs the operator to 
specity tne Inrormallon Uli:il wlli U,=, tJljtl~C;~ vu~ ... :-.":';-,': 

breakpoint, single step or trace occurs. This is done 
with the AUTO PRINT command, especially useful dur
ing single-step operation. The COPS registers and 
RAM locations can also be examined and modified 
directly with MODIFY. The program in shared memory 
can be changed with ALTER or PUT. 

Another major function available on COPMON is the 
TIME command. This can be used to determine the 
time, in milliseconds, between two specified trigger 
conditions. (A trigger condition can be an address or 
any combination of the external event. lines EXT1 
and EXT2.) 

4.2 Console Operation 

To call COPMON from the STARPLEX console, the 
STARPLEX COPS ISE Software diskette should be 
loaded into disk drive #1 with a standard STARPLEX 
OS diskette In drive #0. The program to be loaded, 
COPMON, is then entered on the keyboard followed 
by a carriage· return (CR). The system will respond: 

>FDS1:COPMON 

COPMON, REV:A, (DATE) 
CHIP NUMBER (DEFAULT=420)?XXX 

NOTE 

In discussing any man/computer dialogue, 
there is a tendency to confuse "who said what." 

To avoid this problem, this manual will adhere 
to the policy of underscoring the operator-entered 

characters and the computer response will be 
printed without an underscore. 

The operator must enter a chip number from Table 4-1 
in response to the system query. The chip number is 
used by COPMON to select the correct instruction sub
set, memory size, and register size. If no number is en· 
tered after the chip number prompt, COPMON defaults 
to the COP420 number. The chip number may also be 
changed later with the CHIP command. After the opera
tor responds to the initial chip number prompt, COP
MON responds with the COPMON prompt symbol, "C>". 

t::xampie: 

CHIP NUMBER (DEFAULT = 420)? 444 

CHIP BEING EMULATED: COP 444 

C> 

COPMON responds with the prompt after completing 
the execution of each command. 

The following general rules apply to the console 
commands: 

1. Numbers. COpMON syntax uses both decimal and 
hexadecimal numbers (see Table 4-3). Input from the 
user is treated as decimal or hexadecimal depending 
on what COPMON is expecting. If CO PM ON expects 
a decimal number it assumes that the user will enter 
a decimal number. Hexadecimal numbers do not re
quire a leading zero; however, they do no harm since 
.... _ •• --- innn.orl 1=<1 j" " valid hex number. The usual 
~6-;;ventio-ns for hex, an "H" at the end of a hexa
decimal number (3FH) or an "X'" at the beginning of 
a hex number (X'1F) are illegal. 

2. Console Output. Console output of COPMON is 
normally sent to the CRT. The output of anyone 
command may be directed to the printer by append
ing "LPT:" to the end of the command. (The "LPT:" 
must be immediately followed by a carriage return.) 

Example: C> STATUS LPT: 

The status now appears on the printer, instead of the 
CRT. 

Console output (whether to the CRT or line printer), 
may be interrupted at any time by pressing any key. 
Asterisks ('-"-') will be printed to indicate this. 

3. Disk Files. The LOAD, COMPARE ande SAVE com
mands use disk files. The default extension assumed 
is ".REL". If no device is specified, the STARPLEX 
default device "FDSx:" is assumed. 

For convenience, both the COPMON and MASKTR pro
grams can be copied onto the STARPLEX OS diskette. 
Drive #1 can then be used solely for user object 
programs. 
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4.2.1 Dual Processor Emulation 

Users of the dual processor COPSTM .chips (COP2440, 
COP2441, and COP2442) should note the following 
points before attempting emulation. 

1. The two processors are referred to as the X and Y 
processors. Processor X starts execution at ad· 
dress OM on power-on, processor Y at address 
401H. 

2. COPMON makes sure that the two processors are 
always synchronized, that Is, they executelnstruc
tions in the same order as they would If there were 
no breakpoints. While single-stepping, It is some
times necessary for one processor to execute two 
or more instructions before the other executes ·any 
(for example, if one processor is breakpointed on a 
skipped 2-byte Instruction). 

It is possible for this synchronization to be lost, 
though It should not happen under normal circum
stances. 

When the Program Counters are printed, an aster
isk (*) is used to mark the PC of the processor 
which will execute next. 

3. The hardware places some restrictions on trig
gering from a reset state. The ISE(target) board 
synchronizes when processor Y sends out address 
401H. If the trigger condition becomes valid before 
this, correct synchronization is uncertain. For 
example, if a TRACE IMMEDIATE Is performed from 
RESET, processors X and Y may get interchanged: 
i.e., processor X will be displayed on the right hand 
side of the screen, instead of the left hand side as 
usual. There is a 50-50 chance of this happening. 

This uncertainty also exists If an External Event 
condition is used for TRACE, BREAKPOINT or· 
TIME operations starting from RESET and the 
condition is valid before address 401H appears. 

AS FAR AS POSSIBLE, SUCH UNCERTAIN TRIG
GERING CONDITIONS SHOULD BE AVOIDED. IF 
SUCH AN OPERATION HAS TO BE PERFORMED, 
THE COP CHIP SHOULD BE RESET AFTER THE 
OPERATION, SINCE FURTHER EMULATION MAY 
BE INCORRECT. 

4. COPMON operates in three basic modes, referred 
to as the DUAL, X-only and Y-only modes. The . 
DUAL mode is the default, 'normal' mode of 
operation. The X-only and Y-only modes make it 
simpler to concentrate on the behavior of one 
particular processor and temporarily ignore the 
other. Refer to the 'SET PROCMODE' (Section 
4.3.22) command for details. 

4.2.2 Documentation Conventions 

The following documentation conventions are used In 
describing the command syntax. Upper·case and lower
case letters are used in these conventions; any 
combination of upper-case and lower-case letters may 
be used when actually entering the commands. 

UPPER-CASE letters show the commands and 
parameter names such as key words, logical device 
names, switches, and options. Mandatory items are 
shown outside of the. brackets < >, { }, and []; they 
must be Included In the command strings. 

If an item shown consists of underscored letters 
followed by non-underscored letters, then that Item 
may be entered In an abbreviated form: Minimum 
legal abbreviation of such Items Is the underscored 
letters portion; in addition, any number of the non
underscored letters that follow may also be used. 

Spaces or blanks, when present in command 
strings, are significant; they must be entered as 
shown. However, multiple blanks may be used In 
place of a single blank and only one blank may be 
used In place of multiple blanks. 

< >-angle brackets enclose descriptive names (in 
lower-case) for user-supplied namesllabels for 
commands, parameters, devices, and files. 

{ } - braces enclose more than one Item out of 
which one, and only one, must be used. The items· 
are separated .from each other by a logical OR sign 
"In. 
[ I-brackets enclose optional item(s). Brackets 
within a bracket enclose Item(s) which may be op
tionally entered only If the Item outside that inner 
bracket is entered. 

I-logical OR sign separates Items out of which one 
and only one may be used. 

... -three consecutive periods Indicate optional re
petition of the preceding item. If a comma precedes 
the three periods, then each item must be separated 
from the other by a comma. 

4.3 COPMON Console Commands 

The COPMON console commands are summarized in 
Table 4-2 and are described in detail here. Commands 
may be abbreviated to one or two characters as Indi
cated by the underscored characters In Table 4-2 and 
In the syntax descriptions in the following discussion. 
Command options are defined in Table 4-3. 

4.3.1 ALTER SHARED MEMORY Command 

Syntax: ~LTER [<addr>] [,[<value>] ... ] 

This command alters the contents of consecutive 
shared memory locations to the specified hexadecimal 
values beginning at the specified address. Consecu
tive commas will Increment the.current address 
pOinter, leaving the data at these locations unaltered. 
If no address Is specified, the command begins at the 
last altered or listed location (see LIST command). If 
two or more values separated by spaces are given 
for <value>, the last of these values will be the one 
stored. The alterable range of shared memory is deter
mined by the chip number. The COP chip Is reset If It 
was running. 

Example: 

C> A 1CF,DO"D1 ... Places in DO location 1CF, 
leaves 100 unchanged, and places 01 in location 
101. 

4.3.2 AUTOPRINT Command 

Syntax: AUTOPRINT [<print opt> [<print opt> ... ]] 

The AUTOPRINT command Is used to specify the infor 
mation that will be printed when the COPS chip encoun-
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ters a breakpoint, is single-stepped, or executes a trace. 
Table 4-3 lists all of the allowable print options. The 
default value is ALL which sets all of the applicable 
options on except S and ST. Some of the print options 
are only valid for breakpoints and single-steps; others 
are valid for trace operations. An "LPT:" entered at the 
end of the line will cause the autoprint output to go to 
the printer instead of the console. The 16-digit contents 
of any specified RAM register will be printed, left to 
right, most·significant digit to least-significant digit. 

Example: 

C> AU A, P 
causes the contents of the accumulator and the pro
gram counter to be printed after each breakpoint and 
single·step operation. 

If it is desired to modify the current list of print options, 
a" +" or "-" may be placed in front of the list of 
options. In this case, ALL may not be used as a print 
option. 

':xampie: 

C> AU A,P - Accumulator and program counter 
put in print option list 

C> AU +M2 - Now memory register 2 is also print· 
ed along with the accumulator and program counter. 

If no < print opt>'s are specified, the autoprint feature 
is turned off. 

Example: 

C>AU -AUTOPRINT off 

COP2440, 2441, 2442 users should refer to the 'SET 
PROCMODE' command (section 4.3.22) for changes in 
<print opt>'s with the default processor setting. 

4.3.3 BREAKPOINT Command 

~"nt"y· RRi=AKPOINT f<cond>f/<cond> ... 11 
[,<occur#>[,<gopt> II 

The BREAKPOINT command sets the breakpoint 
enable flag and establishes the conditions that will 
cause breakpoints to ccur. Up to ten conditions can be 
specified, but only the first will be monitored. When 
that condition is satisfied and a breakpoint executed, 
the list of conditions is rotated so the next condition 
on the list becomes the one being monitored. If the 
BREAKPOINT command is entered with no conditions 
specified, all previous conditions are retained. If the 
BREAKPOINT command is entered with one or more 
conditions, all of the previous conditions are cleared 
and replaced by the new ones contained in the com
mand string. If the occurrence number is not specified, 
the system defaults to the last specified value. If 
<gopt> is specified, the breakpoint operation occurs 
repeatedly on successive conditions in the circular 
list. This continues until a break is received from the 
console. When the breakpoint occurs, the data speci· 
fied earlier by the AUTOPRINT command is printed out 
to provide the operator with a snapshot of the perti· 
nent data during the COPS program execution. 

During a breakpoint, the system automatically does a 
trace with a prior count of 240. This information about 
the 240 cycles prior to the breakpoint may be printed 
using the TYPE command. Locations corresponding to 
the breakpointed state of the chip are displayed as 
asterisks (' •••••• '). 

The BREAKPOINT command sets the breakpoint 
enable flag but does not actually initiate the break· 
point. That is done by the next GO command which 
initiates program execution. Since the breakpoint 
operation occurs from the shared memory on the ISE 
Board, if the operator is running from programs con
tained in PROMs on the Emulator Board, the shared 
memory must contain the same data as the PROMs. 

Example: 

C> BR 2/3511/EVX1/26, 4, G 

BREAKPOINT ENABLED 

A:2 A:35 IMED EVX1 A:26 OCCUR:4 GO:Y 

Break flag is enabled, the next GO will cause succes· 
::'::: t:":::!~~:::~!~ ~~ !~e f01-,r~h nr.r.llrrFmce of each of 
the five conditions, circling through the list until 
interrupted. 

COP2440, 2441, 2442 users should refer to the 'SET 
PROCMODE' (section 4.3.22) command for changes in 
<cond> with the default processor setting. Also, 
during a breakpoint, both processors are traced, even if 
the mode is X·only or Y·only. 

4.3.4 CLEAR Command 

Syntax: QLEAR 
The CLEAR command clears the breakpoint enable, 
trace enable, and time enable flags. The conditions 
associated with each of these functions remains 
unchanged. . 

Example: 

BREAKPOINT, TRACE, AND TIME DISABLED 

4.3.5 CHIP Command 

Syntax: CHIP <chip#> 

The CHIP command allows the operator to change and 
display the current chip number. Since the chip num
ber determines the memory and register size, this 
must be done prior to emulating a COPSTM chip. See 
Table 4-1. If no chip is specified, the current chip 
number is displayed. 

Example: 

C> CH 444 

CHIP BEING EMULATED: COP 444 
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The operator must enter either of the following: 401, 
402 or 404 depending on which ROMless part is being 
used on the Emulator Board (COP401L, COP402 or 
COP404L). 

Example: 

CHIP NUMBER (DEFAULT = 420)? 411 

ROMLESS PART (DEFAULT=401)? 402 

CHIP BEING EMULATED: COP 411 

ROM LESS PART BEING USED: COP 402 

C> 

4.3.6 COMPARE Command 

Syntax: COMPARE <filename> 

The COMPARE command checks the load module on 
disk against the shared memory on the ISETM Board. 
Each pair of values that does not compare is display· 
ed. This continues until either the entire file has been 
examined or a break Is received from the console. The 
COP chip is reset. 

Example: 

C> CO FDS1:DEMO 

003 S:OO F:3C 057 S:8A F:B3 +- S: indicates shared 
memory, F: indicates a disk file, and 003 indicates 
an address. 

COMPARE DONE 

Note: Only those shared memory locations which are 
defined in the load module are compared. 

4.3.7 DEPOSIT Command 

Syntax: QEPOSIT <value>, <addr range> 

This command puts the specified value into each 
location of the specified address range. If the COP 
chip is running, it will be reset. 

Example: 

C> 0 F6, II/IE - F6 is put in locations 11 through 
1£ of shared memory. 

4.3.8 END Command 

Syntax: END 

Exits from COPMON and returns control to the STAR·' 
PLEXTM Operating System. Pressing the END Key on 
the keyboard also has the same effect. 

Example: 

C>END 

4.3.9 FIND Command 

Syntax: fiND <value>[,<addr range>[,<mask>)J 

The FIND command searches the shared memory for 
the specified value and each occurrence is printed out. 
If the mask option is present, each shared memory 
byte is ANOed with the value of <mask> before it is 
tested. This allows the user to search out specific por· 
tions of bytes. If the mask option is not specified, it 
defaults to OFFH. Each occurrence of value is printed 

on the console until the search is done or it is Inter· 
rupted from the console. If the COP chip is running it 
will be reset. 

Example: 

C> F 8E,200/3FF 

2CC:8E 2BO:8E 3FF:8E 

FIND DONE 

If the <value> typed in is three characters or more, a 
2·byte search is performed. This is useful for locating 
2·byte instructions. In this case, the mask defaults to 
OFFFFH. 

Example: 

C> F 6310, 100/3FF 

275:6310372:6310 

FIND DONE 

4.3.10 GO Command 

Syntax: GO [< addr>] 
GO [<addrx>][,<addry>]- Dual 
processor only, see note be/ow. 

The GO command causes the COPS chip to go to a 
specified address and begin executing the program 
there. The details of exactly how this is done vary 
somewhat depending on the status of the chip and the 
breakpoint and trace enable flags. Generally speaking, 
a breakpoint will be initiated if the breakpoint enable 
flag is set, a trace will be done if the trace enable flag 
is set, a time operation will be done if the time enable 
flag is set, and the chip will be started in a normal 
manner if neither flag is set. See Table 4-4. Breakpoint 
and trace flags remain unchanged after the GO com· 
mand. For example, if the breakpoint flag is enabled, 
the first condition on the list is EVOX, the autoprint 
options are B, P, and <gopt> is not set, the following 
sequence will occur: 

Example: 

C>GO 

BREAKPOINTED ON EVOX AT A:xxx 

B:01 P:xxx 

xxx indicates the address at which EVOX occurred. A 
similar message would appear if trace were enabled 
instead of breakpoint. 

Note: For COP2440, 2441, 2442 users: 
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Two addresses can be specified when emulating 
dual·processor COPS. 

<addrx> = address for processor X 
<addry> = address for processor Y 

If the processor mode is X·only or Y·only (see 
'SET PROCMODE' command), and a Single 
address is specified, It is assumed to refer to the 
default processor. 



Example: 

C>SET PR Y +- set processor Y as default 
C>G 58 +- will start processor Y at address 58 
C>G 27,439 +- start processor X at 27, processor 
Ya~ 

4.3.11 HELP Command 

Syntax: .!:!. ELP 

The HELP command causes a summary of the COP· 
MON commands to be printed on the console. The 
HELP key on the STARPLEX keyboard has the same 
effect. 

4.3.12 LIST Command 

Syntax: blST [<addr range>[.<addr range> ... ]] 

The LIST command lists the contents of the shared 
memory across the specified address ranges. Each 
range printed begins at the next lower multiple of X'10. 
If <addr range> is just one value, only the contents of 
that location are printed. If no address range is speci· 
fied, 256 locations are listed starting from the multiple 
of X'10 below the current address. The current address 
is the last address printed or altered. Subsequent LIST 
commands with no operands will list the next 25610ca· 
tions. The COPSTM chip is reset only if it was running 
when the LIST command was issued. 

Example: 

C> L4/8 

000 00 C2 00 F2 03 29 76 AA DO 

4.3.13 LOAD Command 

Syntax: LOAD <filename> [0) 

This command loads the specified load module into 
shared memory. If the optional "0" (for 'Overlay') is 
present in the command string, the shared memory will 
not be cleared out Tlrst. LUAU automaticallY resets me 
COPS chip. 

Example: 

C> LO DEMO 

FINISHED LOADING 

4.3.14 MODIFY Command 

Syntax: MODIFY <print opt>, <value>[.<value1 > ... ) 

The MODIFY command is used to change the registers 
on the COPS chip. Since these registers include the 1/0 
ports as well as the general purpose registers and RAM 
registers, the MODIFY command can be used to debug 
a hardware prototype system prior to the prototype 
software being completed. Each MODIFY command is 
used to change a single register on the chip. The 
MODIFY command is valid only while breakpointed. 

Example: 

C> BR 1 

BRKPT ENABLED 

A:001 OCCUR 1 GO:N 

C> B. 
CHIP IS RESET 

C>GO 

BREAKPOINTED ON A:001 AT A001 

C> M MO, O,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F +- This com· 
mand sets memory register 0 digit 0 to 0, memory 
register 0 digit 1 to 1, etc. 

C> M M15,5,6,7,8 ... +- This command sets memory 
register 1 digit 5 to 5, etc. 

C> M E,4 +- This command loads the E register with 
4 (enable Q register to L bus). 

C> M Q,AA +-This command, in conjunction with the 
previous command, loads the Q register with AA and 
thus puts AA on the L bus. 

C> M D,B +- This command puts a HEX B on the D 
port. Bits 0, 1, 3 are high and bit 2 is low. 

C> M B,3D +- This command sets the B register to 
RAM address 3,13. 

COP 2440, 2441, and 2442 users should refer to the 
'SET PROCMODE' command (Section 4.3.22) for 
changes in <print opt>'s with the default processor 
setting. . 

Syntax: !iEXT [<gopt» 
NEXT [<90pt» IX[,<gopt» IY[,<gopt» +- Dual 
Processor only. See 'SET PROCMODE' 
command. 

This command is identical to the SINGLESTEP com· 
mand (see Section 4.3.18), except at a JSR or JSRP in
struction, where it will set a breakpoint at the instruc
tion immediately after the JSR/JSRP and breakpoint 
thereafter executing the subroutine in real·time. 

4.3.16 PUT Command 

Syntax: EUT [<addr»[.<instruct>[.<instruct>]] 

The PUT command replaces the contents of the shared 
memory beginning at the address specified with the 
opcodes of the specified instruction mnemonics. If no 
address is aiven. olacement beQins at the current ad
dress. This command resets the COPS chip if it is run
ning. Instruction opcodes may be directly specified in 
the operand field. Instructions with double operands 
may only be specified in hex format and, unlike the 
assembler format, double operands may not be separ
ated by commas (e.g., LBI 23 is OK; LBI 2, 3 is not 
allowed). 

Example: 

C> P 130, CLRA, AISC 5, LBI 39 

C> 

4.3.17 RESET Command 

Syntax: B.,ESET 

This command resets the COPS chip and sets the 
reset flag, which in turn determines the operation of 
the GO command. See Table 4-4. 

Example: 

C> B. 
CHIP IS RESET 

4.3.18 SINGLESTEP Command 

Syntax: SINGLESTEP [<gopt» 
SINGLESTEP [<gopt» IX[,<gopt» I Y 
[<gopt» +- Dual processor only. See 'SET 
PROCMODE' command. 
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The SINGLESTEP command performs a breakpoint on 
the next instruction. If the COPS chip is reset, it break· 
points at address 1. If it has already breakpointed, It 
steps one instruction. After each single step, informa· 
iton specified in the AUTOPRINT command is printed. 
If <gopt> is included, it will automatically step and 
print data until interrupted by the console. 

If the COP chip is breakpointed, a carriage return is 
Identical to single step without <gopt>. 

Example: 

C> §..§. .... Go immediately after printing. 

(Step) 

A:O P:10 51 AISC 1 

(Step) 

A:1 P:11 53 AISC 3 

4.3.19 SAVE Command 

Syntax: SAVE <filename> 

This command saves the contents of shared memory 
in the specified file. AU of shared memory, from 
address 0 to the maximum address of the chip being 
emulated, Is saved. Shared memory Itself is unchang· 
ed.This file may later be loaded back into shared 
memory using the LOAD command. The COPSTM chip 
will be automatically reset. The saved program cannot 
be used in MASKTR to generate a transmittal file. 

Example: 

C> SA MYPROG.002 

SAVED MYPROG.002 

4.3.20 SEARCH Command 

Syntax: SEARCH <addr> 

This command searches the Trace memory for the 
specified address. Each occurence Is displayed and it 
searches until finished or Interrupted by the console. 
Each line of output from the SEARCH command and 
the TYPE (trace memory) command contains the 
following information, from left to right: 

1. Trace Memory location. 

2. Location relative to TRACE condition location. 

3. Program counter. 

4. Skip Indication. 

5. Value of external event Inputs E4-E1, left to right. 

Example: 

C>SE2FE 

00 A:2FE SKIP E:1111 

88A:2FE E:1101 

SEARCH DONE 

4.3.21 SET Command 

Syntax: SET SIOMODE <YIN>; 

SET STACKMODE<Y/N> 

This command allows the user to turn the SIOMODE 
and STACKMODE flags on and off. The SIO register 
will be dumped during breakpoint and can be modified 
only if SIOMODE is on. Similarly, if STACKMODE is on, 
the stack will be dumped and displayed during break· 
point and single·step. The stack may also be modified. 

There Is one limitation in using STACKMODE. Ii the 
COP is breakpointed In an interrupt routine and 
STACKMODE is ON, the interrupt skip status flag 
in the COP chip may be lost. It cannot be restored. 
(If lost, a message will be printed.) This limitation does 
not apply to the COP440, 441, 442, 2440, 2441, 2442 and 
hence, for these chips, the default is STACKMODE ON? 

Use of the SET command will automatically reset the 
COP chip and set AUTOPRINT to ALL. 

Example: 

C>SETSTY 

STACKMODE : Y 

4.3.22 SET PROCMODE Command 
(COPS 2440, 2441 and 2442 only.) 

Syntax: SET PROCMODE {X I Y I D} 

This command Is used to set the default processor 
mode for dual processor emulation. The effects of set· 
ting a particular mode are best seen by example. 

1. BREAKPOINT, TRACE and TIME <cond>s. 

A hex address by itself refers to the default 
processor. 

Example: 

C>SET PR D .... Set 'DUAL'mode 

C> BR 23 .... Breakpoint on address 23 of either 
processor 

C> BR 23·X .... Breakpoint on address 23 of 
processor X 
C>SET PR X .... Set 'X-only' mode (I.e., default Is X) 

C>BR 234 .... Breakpoint on address 234 of 
processor X 

C> TR 23·Y .... Trace on address 23 of processorY 

C> TR 23·D .... Trace on address 23 of either processor 

The default processor setting has no effect on External 
Event or Immediate triggering. 

Example: 

C>TR EVX1 

This will Initiate a trace when External Event 1 = 1, 
regardless of the default processor setting and regard· 
less of the processor cycle during which the event Is 
detected. 
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2. AUTO PRINT, TYPE and MODIFY <print opt>s 

Example: 

C>SET PR D +- Set 'DUAL' mode 

C>AU AX,CY +- Will print AX and CY 

C> MO A,3 +- Is ambiguous (Modify AX or A Y?) 

C>SET PR Y +- Set 'y·only' mode (i.e., default is Y) 

C>AU ALL +- Will print all RAM I/O registers, and 
all processor Y registers (i.e., A Y,CY, etc.) 

C> AU A,BX,C +- Will print A Y,BX,CY 

C> MO A,3 +- Will modify AY to 3 

3. SINGLESTEP and NEXT operations 

Syntax:,§,1NGLESTEP [<gopt>]IX[,<gopt>]IY 
[,<gopt>] 

(or NEXT) 

Example: 

C>SET PR D +- Set 'DUAL'mode 

C>.§, +- Singlestep on processor which is to 
execute next 

C>.§.§. +- Singlestep continuously on alternate 
processors 

C>SET PR X +- Set 'X·only' mode (i.e., default 
is X) 

C>.!i +- Do a 'NEXT' on processor X 

C>S Y +- Singlestep on processor Y 

C>S G +- Singiestep continuously on 
processor X 

4. GO operation 

Refer to 'GO' command description, Section 4.3.10. 

As with other SET commands. the SET PROCMODE 
command will reset the COPS chip and restore default 
AUTOPRINT concjitions. In addition, it will set BREAK· 
POINT, TRACE, and TIME conditions to their default 
values. 

4.3.23 SHARED MEMORY Command 

Syntax: SHARED MEMORY <YIN> 

This command allows the operator to specify whether 
the COPS chip runs from shared memory or the PROMs 
on the Emulator Board. If "Y" is entered, the chip will 
run from shared memory. If "N" Is entered, the chip will 
run from the PROMs. The chip Is automatically reset by 
this command. 

Example: 

C>SHY 

SHARED MEMORY MODE 

C>SH N 

PROM MODE 

C> 

4.3.24 STATUS Command 

Syntax: STATUS 

This command causes the status of the COPS chip and 
various internal conditions to be printed out. 

Example:· 

C>ST 

CHIP BEING EMULATED: COP420 

CHIP IS RESET 

BREAKPOINT, TRACE AND TIME DISABLED 

SHARED MEMORY MODE 

NO UNASSEMBLY 

SIO REG MODE: N 

STACK MODE: N 

BRKPT CONDITIONS: 

A:005 OCCUR: 1 GO:N 

TRACE CONDITIONS: 

eVA i 0GCun. i rnivn.v Gv:i~ 
TIME CONDITIONS: 

A:001 OCCUR:1 A:237 OCCUR:2 GO:Y 

4.3.25 TIME Command 

Syntax: TIME [<cond1 >[,<occur1 >] 
U<cond2>['<occur2>[,<gopt> lll] 

The TIME command sets and prints the conditions 
which control the time measurement. This timer is 
started when the first set of conditions is met and the 
timer Is stopped when the second set of conditions is 
met. The second set of conditions is invoked only after 
the first set of conditions is satisfied, and it is looked 
for from that time. If those conditions have been 
encountered prior to the first set of conditions having 
been met, they are ignored. If only cond1 is specified, 
cond21s set to cond1 and occur2 is set the same as 
occur1. If cond1 and cond2 are specified, occur1 and 
·occur2 are left at their previous values. 

The time is reported in milliseconds. The limits on the 
TIME command are that the time between the events 
must be greater than 500l'S and less than nine minutes. 
If the time is less than 500l'S, the events may not be 
recognized, or if they are recognized, the time reported 
could be wrong. If the time is greater than nine minutes, 
a timer overflow message will be printed. The resolution 
of the TIME command is ±100I's. ' 

As in the TRACE command, the TIME command is not 
initiated until a GO command is issued. The TIME, 
TRACE, and BREAKPOINT commands are mutually 
exclusive. 

COP2440, 2441, and 2442 users should refer to the 'SET 
PROCMODE' command (Section 4.3.22) for changes in 
<cond> with the default processor setting. 
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Example: 

c> TI EVX1,2/234,3 ... This command will measure 
the time from the second positive transition on 
EXTERNAL EVENT 1 (high on 1, don't care on 2) to _ 
the third occurrence of address 234 after the 
EXTERNAL EVENT condition has been met . 

TIME ENABLED 

EVX1 OCCUR: 2 TO A:234 OCCUR: 3 GO:N' 

C> TI 350, 1/24,2,G ... This command will measure 
the elapsed time from the first occurrence of 
address 350 to the second occurrence of address 24 
after the occurrence of address 350. It will repeat 
this until interrupted from the keyboard. 

TIME ENABLED 

A:350 OCCUR:1 to A:02~ OCCUR:2 GO:Y 

C>T144 

TIME ENABLED 

A:044 OCCUR:1 TO A:044 OCCUR:1 GO:N 

C> GO +0 This example shows the default 
conditions of the command. Used with the previous 
example, this command will measure the elapsed 
time between the first occurrence of address 44 and 
the next occurrence of address 44. 

TIME FROM A:044 TO A:044 = 16.8 MS 

4.3.26 TYPE Command 

Syntax:~PE [<print opt>[.<prlnt opt> ... 11 
The TYPE command prints out the information specified 
to the printer or console. As with the AUTOPRINT com
mand,.if a RAM register is specified, Its 16-digit con
tents will be listed, from left to right, most significant 
digit to least significant digit. If no options are speci
fied and a trace operation was just executed, trace 
memory will be displayed In blocks of 16. When printing 
trace memory while the chip is breakpolnted, the last 
eight locations of trace memory will not be displayed. 

Example: 

C> T P, Q, B, M1 F,M2 

B:10 Q:FF P:004 OF LBI 0 M1F:0 

M2:00000000120F120E 

COP2440, 2441, and 2442 users should refer to the 
'SET PROCMODE' command (Section 4.3.22) for 
changes In <print opt> with the default processor 
setting. 

4.3.27 TRACE Command 

Syntax: TRACE [<cond>[,<occur#>[,<prior> 
[,<gopt>)]]) 

This command allows the user to set the print trace 
conditions. During a Trace operation, COPMON stores 
each consecutive value of the COPSTM program coun
ter in a 254-word circular buffer, so that at any time 
during trace operating, the buffer has the previous 254 
values of the program counter. The <cond> has been 
met the number of times specified by <occur#>, COP
MON saves the number of values of the program prior 
to <cond> specified by'<prlor>, and fills the rest of 
the buffer with the subsequent values of the program 
counter. It then prints the <cond> specified and the 
address where <cond> was recognized, followed by 
any trace data specified by the AUTOPRINT command. 

If <cond>, <occur#> or <prior> are omitted, they retain 
their previous values. If <gopt> Is included, then each 
time a trace operation Is finished, another GO com
mand Is performed with the same conditions continuing 
until interrupted by the console. The TRACE command 
does not Initiate trace operation, but sets the Trace 
Enable flag so that trace operation is initiated on the 
next GO command; See Table 4-4. 

Example: 

C> TR EVOX, 2, 22 

TRACE ENABLED: 

EVOX OCCUR:2 PRIOR:22 G:N 

Under certain conditions (see Table 4-4), the <prior> 
count specified may not be fulfilled. That is, <cond:> 
may occur before <prior> cycles of the Chip. In this 
case, when typing trace memory, a message of the form 
"ONLY nn prior LOCATIONS TRACED" will appear. 

. Example: Assume that all of shared memory contains 
NOP instructions, except location 0, which has a 
CLRA instruction. 

C>B. 
CHIP IS RESET 

C>AUA,P 

C>~ 
STEP 

A:O P:001 

C> TR 5,1,245 

TRACE ENABLED 

A:005 OCCUR:1 PRIOR:245 GO:N 

C>§. 

TRACED ON A:005 AT A:005 

C>T0/250 

Only Four Prior Lo'catlons Traced 
241 -4 A:001 E:1111 
242 -3 A:002 E:1111 
243 -2 A:003 E:1111 
244 -1 A:004 E:1111 
245 0 A:005 E:1111 
246 1 A:006 E:1111 
247 2 A:007 E:1111 
248 3 A:008 E:1.111 
249 '4. A:009 E:1111 
250 5 A:OOA E:1111 

I I' I """," """",", "'" , to EXT1. 

Program Counter value .. 

, Location relative to 
<cond> (trace condition). 

L-_______ ~ Location In Trace Buffer. 
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COP 2440,2441, and 2442 users see 'SET PROCMODE' 
command for changes in <cond> with the default 
processor setting. 

of a two-byte instruction, the unassembly will be 
incorrect until two successive one·byte instructions 
are encountered. 

Also, when in DUAL mode, both processors are traced, 
and trace memory is restricted to locations 0 through 
252. Processor X is displayed on the left hand side of 
the screen, processor Y on the right hand side. 

If the mode is X-only or Y-only, only that processor is 
traced. 

4.3.28 UNASSEMBLE Command 

Syntax: !!NASSEMBLE {Y IN} 

CHIP # 

410/411 
420/421/422 

444/445 
440/441/442 
2440/24411 

2442 

Table 4-1. Valid Chip Numbers 

Memory RAM Register RAM Digit 
Size Address Address 

0-1FFH OH-3H 0,9H-OFH 
0-3FFH OH-3H OH-OFH 
0-7FFH OH-7H OH-OFH 
0-7FFH OH-9H OH-OFH 
0-7FFH OH-9H OH-OFH 

The UNASSEMBLE command mode will give an opcode 
and mnemonic for each instruction. This command 
selects the unassemble mode for use during trace and 
list operations. If a LIST is started on the second byte 

Note: One of these numbers must be entered into the compu· 
ter in response to the query for CHIP NUMBER? If no number 
is entered, COPMON will use the default chip number 420. 

- .. . 
,",UlllllldliU ..... dlll" 

ALTER 

AUTOPRINT 

BREAKPOINT 

Q.LEAR 

CHIP 

COMPARE 

QEPOSIT 

EIND 

END 

GO 

GO 

liELP 

1)ST 

LOAD 

MODIFY 

!:1.EXT 

NEXT 

.EUT 

RESET 

§jNGLESTEP 

§jNGLESTEP 

SAVE 

SEARCH 

SET 

SET 

SHAREDMEM 

STATUS 

TIME 

I.YPE 

TRACE' 

l,!NASSEMBLE 

Table 4-2. Summary of COPMON Console Commands 

- . - . "'..,'01 allu ""Yllla.t\ 

[<addr> ][,[<value>] ... ] 

[<print opt>[,<print opt> ... ll 

[<cond>[/<cond> ... ll['<occur#>[,<gopt>ll 

<chip#> 

<filename> 

<value>,<addr range> 

<value>[,<addr range>['<mask> II 

[<addr>] 

[<addrx> ][,<addry>] 

[<addr range>[,<addr range> ... ll 

<filename> [0] 

<print opt>,<value>[,<value1 > ... ] 

[<gopt>] 

[<gopt>]1 X[,<gopt>]1 Y[.<gopt>] 

[<addr> ][,<instruct>[,< instruct> ... ll 

[<gopt>] 

[<gopt>]1 X[,<gopt>]1 Y[,<gopt>] 

<filename> 

<addr> 

SIO{Y/N}orST{Y/N} 

PR<proc> 

{YIN} 

[< cond 1 >[,< occur1 > ][/< cond2>[,<occur2> 
[,<gopt>lll 

[<print opt>[,<print opt> ... ll 

[< cond >[ ,<occur#>[,< prior>[ ,<gopt >]lll 

{YIN} 
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Alter Shared Memory 

Set Print Options 

Set Breakpoint 

Clear Trace and Breakpoint Flags 

Set or Display Chip Number 

Compare File with Shared Memory 

Deposit Values into Shared Memory 

Find Value in Shared Memory 

Exit COPMON 

Begin Program Execution 

(Dual Processor Chips Only) 

Display Command Summary 

List Shared Memory 

Load Shared Memory from File 

Modify Registers and COPS RAM 

Breakpoint on Next Instruction 

(Dual Processor Chips Only) 

Put Instruction (Assemble) 

Reset Chip 

Single-Step 

(Dual Processor Chips Only) 

Save Shared Memory into File 

Search for Address in Trace Memory 

Set SIOMODE or STACKMODE Flags 

Set Default Processor Mode. Dual Processor 

Only 

Set/Clear Shared Memory Mode 

Display Chip Status 

Measures Elapsed Time 

Type Breakpoint or Trace Data 

Set Trace Conditions 

Display Instruction Mnemonics of the Data in 
Shared Memory 
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Operand 

<addr> 

<addr cond> 

<addr range> 

<chlp#> 
<cond> 

<dlg#> 

<end> 

<evt cond> 

<filename> 

<gopt> 

<Instruct> 

'<mask> 

<occur#> 

<print opt> 
(See Note 2) 

<print opt>. 
(cont'd) 

Table 4-3. Operand Syntax 

Description 

One to three hexadecimal digits, < = maximum address of the chip defined by < chip#>. 
P = Previous address. 
• = Current address, i.e., last address altered or typed. 
N = Next address . 
L = Last address defined by chip number . 

Address In hexadecimal, greater than 0, less than or equal to maximum address of 
chip. 

<addr>[/<addr» 
410,411,420,421,422,444,445,440,441,442,2440,2441 or 2442 
<addr cond> 
<eY! cond> 
I = Immediate trace or breakpoint. Cannot use with TIME command. 
<addr cond>-<proc> (Dual processor only). 

Hexadecimal digit specifying RAM digit address, see Table 4-1. 

Decimal 0-253; last location of trace memory desired. (See Note 1.) 

EVOO, EV01, EV10, EV11, EVXO, EVX1, EVOX or EV1X. 
Format: EV<EXT2><EXT1> 

'1' = Logic 1 
'O'=Loglc 0 
'X' = Don't care 

Valid STARPLEX filename, default extension assumed is . REL. 

G = Go Immediately alter printing. 

Valid COPS Instruction mnemonic with hexadecimal with operand. The operand Is 
hexadecimal. 

Hexadecimal O-OFFH. (O-OFFH for a 2·byte FIND). 

Decimal 1-256. Number of times <cond> occurs before Initiating BREAKPOINT, 
TRACE or TIME. 
A=Accumulator (BR,M) 
ALL = All breakpoint data (BR) 
B = RAM address register S (BR,M) 
C = Carry bit (SR,M) 
0= Output port (M) 
E = EN register (M) (See Note 3.) 
G = G 1/0 port (SR,M) 
H = H 110 register (SR,M) 
I = I Input port (SR) 
L = L 1/0 port (SR) 

M = All RAM on chip (SR) 
M<reg#> = RAM Register <reg#> (SR,M) 
M<reg#><dig#>= RAM digit <reg#><dlgl#> (BR,M) 
N = N (stack pointer) register (BR,M) 
P = Program counter (SR) 
R = R 1/0 register (SR,M) 
S=SerlallfO register (only If SIOMODE Is true) (SR,M) 
SA = Stack register SA. -----: 
SS = Stack register SS. :-'- (SR,M) 
SC = Stack register SC. : See Note 4. 
SO = Stack register SO. -----; 
ST = All stack registers (only If STACKMODE Is true) (SR), 
T = Trace memory 0 through 253 (SR,TR) (See Note 2.) 
TI = T (TImer) register (SR,M) 
<start> = Trace memory location <start>. (SR,TR) 
<start>l<en,d> = Trace memory <start> through <end>. (BR,TR) 
AX,SX,CX,NX=A,S,C & N registers of processor X (SR,M) 
AY,SY,CY,NY=A,S,C & N registers of processor Y (BR,M) 
PX = Program Counter, Processor X (SR) 
PY = Program Counter, Processor Y (SR) 
SAX,SSX,SCX,SDX = Stack registers of Processor X (SR,M) 
SAY,SSY,SCY,SOY = Stack registers of Processor Y CSR,M) 
STX = All stack registers of Processor X (SR) 
STY = All stack registers of Processor Y (SR) 
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Operand 

<prior> 

<proc> 

<reg#> 

<start> 

<value> 

Table 4-3. Operand Syntax (continued) 

Description 

Decimal 0-253, number of addresses traced prior to < cond > (See Note 2.) 

X I Y I D designates processor X, Y, or Dual. 

Hexadecimal digit specifying RAM register. 

Decimal 0-253; first location in trace memory desired (See Note 2.) 

HexadecimalO-OFFH 

Note 1: If using a Dual processor COPS in Dual mode, the maximum value is limited to 252. 

Note 2: Print options marked with (BR) apply to breakpoint and singlestep operations, those marked (TR) apply to trace operations, 
and those marked (M) apply to the Modify command. 

Note 3: Also applies to breakpoint and singlestep (BR) for COPS 440,441,422,2440,2441 and 2442. 

Note 4: Valid only if STACKMODE is true. Also, for COPS 440,441,442,2440,2441 and 2442, if not a valid stack entry as indicated by 
the stack pointer reg N, a '?' is printed after the entry. For example, on the COP 440, if N = 1, SA and SB are printed as SA:023 
SB:344? 

Table 4-4. GO Operation Summary 

BRKPTor 
Address TRACE COP Chip 

Given Enabled Status Function Performed 

No No Reset Start chip at addr 000. 

No No Breakpointed Start chip at BRK addr. 

No No Running "COP ALREADY RUNNING." 

No BRKPT Reset Start chip at addr 000, enter breakpoint mode. 

No BRKPT Breakpointed Start chip at BRK addr, enter breakpoint mode. 

No BRKPT Running Enter the br.eakpoint mode. 

No TRACE Reset Start chip at addr DOD, enter trace mode. 

No TRACE Breakpointed This is allowed, but the prior count condition specified by the user 
in enabling TRACE may not be fulfilled. 

No TRACE Running Enter TRACE mode. 

Yes No Reset Breakpoint at 1, start chip at (ADDR). 

Yes No Breakpolnted Start chip at (ADDR). 

Yes No Running "COP ALREADY RUNNING:' 

Yes BRKPT Reset Breakpoint at 1, start chip at <addr>, enter breakpoint mode. 

Yes BRKPT Breakpointed Start chip at <addr>, enter breakpoint mode. 

Yes BRKPT Running Breakpoint immediate, start chip at <addr>, enter breakpoint 
mode. 

Yes TRACE Reset Breakpoint at 1, start chip at <addr>, enter trace mode. 

Yes TRACE Breakpointed This is allowed, but the prior count condition specified by the user 
in enabling TRACE may not be fulfilled. 

Yes TRACE Running Breakpoint immediately, start chip at <addr>, enter trace mode. 

Note: The function of the GO command depends on the mode that the COPS™ chip is in whether or not BRKPT or TRACE or Time is 
enabled, and whether or not <addr> Is given. 

The TIME enable flag has the same effects as the TRACE flag, i.e., if TIME is enabled, just substitute TIME for TRACE in the table. 
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ca Table 4-5. Keyword Abbreviations 
:E 
rn Keyword 

Minimum Legal 
Keyword 

Minimum Legal 
~ .... Abbreviation Abbreviation 
Q) 

ALTER A NEXT N rn 
::l AUTOPRINT AU PUT P .... 

BREAKPOINT B RESET R 0 - CLEAR C SINGLESTEP S .! 
::s CHIP CH SINGLESTEP S 

E COMPARE CO SAVE SA 
W DEPOSIT D SEARCH SE 
0 FIND F SET SET 0 
oo:t END END SET SET D-
O GO G SHARED MEM SH 

0 GO G STATUS ST 
Ll) HELP H TIME TI 

;:;;: LIST L TYPE T -0 LOAD LO TRACE TR 
en MODIFY M UNASSEMBLE U 

:E 
D-

NEXT N 

en 
U; 

• T"" 

<C 
~ 
D-en 
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Mask Transmittal Program (MASKTR) 
5.1 MASKTR 

After all of the program writing, software bug hunting, 
hardware glitch locating, and so on, we are at last 
ready to turn our software into ROM masked COPSTM 
chips. To do this, we need a way of transmitting our 
program to National Semiconductor so that the appro· 
priate masks can be fabricated and the custom COPS 
chips built. Of course, we could translate our program 
into pencil marks on cards. In the early days of order· 
ing ROMs, this was exactly what was done. But the 
cost of an error is too high, and with 4,000 bytes of 
program to contend with, there is a very high likeli
hood of introducing an error. 

The COPS ISETM Subsystem solves the problem with 
another utility program, located on the COPS System 
Diskette. That program, MASKTR, accepts object code 
load modules prepared with the COPS Assembler as 
inputs and translates them into a standard format that 

• • _.' ___ ~ ___ "_ ......... !_'-_ ..... _ ._.I...!_L.. ! ____ .L.L_ 

\.idolt ut::: :::ILUIt::U VII Cl ;:,g .... VIIU UI;;)n.ca~Q" 'Ylllull I~ Q'VIIL L\J 

National. That prograr:n is the subject of this chapter. 

MASKTR works with two files: an input file called the 
Load Module and a second file created from the Load 
Module called the Transmittal File. The Transmittal 
filename is the same as the Load Module filename, but 
the modifier is .TRN. The Transmittal File contains the 
following information: 

1. Name and phone number of the responsible person. 

2. Company name and address. 

3. Date. 

4. Chip Number. 

5. Listing of options showing option nUrhber, option 
name and option value. 

6. ROM data including addresses, unused addresses 
!:lr.o. C!:,ot tn nn,..."no "7orn {m whi~h I~ ~ r.1 RA 

instruction. 

7. Source, object, and Transmittal file checksums. 

To enter any information for the Transmittal file, 
MASKTR must first be in the Transmittal mOde. This 
mode may be entered with the Transmittal command 
(T) followed by the load module filename; The default 
modifier is .REL. . 

When MASKTR is in the Transmittal mode, the user is 
requested to provide the following information: 

1. Chip number. 

2. Name and phone number of responsible person. 

3. Company name and address. 

4. Date. 

5. Option values. 

MASKTR prompts the user with a description of the 
desired item required by the program, the current value 
of the data item (as last entered by the ·user or speCi
fied in the load module), and then asks for the new 
value from the user. If no change is required, a carriage 
return will leave the value unchanged. If a change is 
requested for the options, the value entered is checked 
for validity. Entering a blank line causes an advance to 
the next item to be entered, 

To execute MASKTR, type: 

C> :MASKTR 

MASKTR, Rev:B, (Date) 

T> 

MASKTR uses a T> as a prompt. When it appears on 
the console, any of the MASKTR commands summa
rized in Table 5-1 can be entered. 

MASKTR can be entered directly from the Command 
Interpreter of the STARPLEXTM OS. It is entered in the 
same fashion as any other STARPLEX software utility. 

5.2 MASKTR Console Commands 

5.2.1 ABORT Command 

Syntax:ABORT 

This command aborts the creation of a Transmittal file 
and returns control to the Prompt mode. 

Example: 

T>A 

ABORT TRANSMITTAL FILE CREATION 
(YIN, CR=YES)CR 

TRANSMITTAL FILE ABORTED 

T> 

5.2.2 COMPANY Command 

Syntax: COMPANY 

The COMPANY command causes MASKTR to prompt 
the user for the company name and address. Eight 
lines are allowed for this entry. 

Example: 

COMPANY NAME AND ADDRESS: 

UNSPECIFIED 

COMPANY NAME AND ADDRESS: 

NATIONAL SEMICONDUCTOR 

2900 SEMICONDUCTOR DRIVE 

SANTA CLARA, CA 95051 

CR 

DATE: UNSPECIFIED 

5.2.3 DATE Command 

Syntax: QATE 

The DATE command causes MASKTR to prompt the 
user for the date. One line is allowed for this entry. 
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5.2.4 ERROR Command 

Syntax: E.RROR < LPT:> 

This command summarizes any option conflict which 
must be resolved before the Transmittal file may be 
creatEld. This summary may be directed to the printer 
by including "LPT:" at th~ end of the command line. 

Example: 

T> E.. 
ILLEGAL CKO, CKI COMBINATION, CKO = 0, 
CKI=4 

T> 

5.2.5 FINISH Command 

Syntax: fiNISH 

The FINISH command finishes the creation of the 
Transmittal file, and writes It onto the disk. If all of the 
options have been defined, the system will prompt the 
user to insert a diskette that will receive the newly 
created Transmittal File and will presumably be sent 
to National. This disk must be a formatted disk, i.e., a 
disk formatted with the standard FORMAT command 
in the STARPLEXTM Utilities. 

Example: 

T> f 
(y/N,CR = YES)? CR 

DISK TO BE MAILED IN DRIVE FDS1: 
(y/N,CR = YES)? CR 

CREATING FILE FDS1: xxxx.TRN 

T> 

5.2.6 LIST Command 

Syntax: .kiST 

The LIST command lists the Transmittal file as it will 
appear on the form returned to you from National for 
verification and sign-off before the mask is generated. 
A "LPT:" at the end of this command line will cause 
the listing to go to the system printer. 

Example: 

T> .b. 
This example will list the Transmittal file on the 
console. The listing may be interrupted by any key· 
stroke. The user may then either continue the listing or 
return to the Prompt mode. 

5.2.7 NAME Command 

Syntax: .!iAME 

The NAME command prompts the user for the 
name/phone number of the person responsible for this 
program. Two lines are allowed for this entry. 

Example: 

T> li 
RESPONSIBLE NAME/PHONE: 

UNSPECIFIED 

RESPONSIBLE NAME/PHONE: 

JOE USER 

1234567890 

COMPANY NAME/ADDRESS: 

UNSPECIFIED 

5.2.8 Option Command 

Syntax: Q.PTION <opt#> 

This command causes the program to prompt the user 
for the valid options for the chip specified. If the opt# 
is omitted, the program prompts for options from the 
first option. 

Example: 

T> 012 

OPTION 12: L3 DRIVER = UNSPECIFIED 

00 = STANDARD OUTPUT 

01 =OPEN DRAIN 

02 = HI CURRENT LED SEG OUT 

03 = CURRENT TRI·STATE 

04 = LOW CURRENT LED S.EG OUT 

05 = LOW CURRENT TRI·STATE 

OPTION 12: L3 DRIVER Q.1. 
OPTION 13: L2 DRIVER = UNSPECIFIED 

5.2.9 PRINT Command 

Syntax: fRINT <chip#> 

The PRINT command prints out the allowable options 
for the chip specified in the command. If a LPT: is 
entered at the end of the command line, the options 
are sent to the printer instead of the console. The 
PRINT command cannot be used while in the 
Transmittal mode. 

Example: 

T> P 420 

CHIP NUMBER:420 

OPTION 1: GROUND 

NOT AN OPTION 

OPTION 1: CKO OUTPUT 

00 = CLOCK GEN OUT XTALIRES 

01 = RAM KEEP ALIVE 

02=GENERAL INPUT, VCC LOAD 

03 = MULTICOP SYNC IN 

04=GENERAL INPUT, HI·Z 

5.2.10 TRANSMITTAL Command 

Syntax: l.RANSMITTAL <filename> 

When the TRANSMITTAL command is invoked, the 
chip number prompt is given. The Load Module is read 
into memory, and the entered chip number is checked 
against the chip number contained in the Load 
Module. If the chip numbers are not compatible, 
MASKTR aborts the Transmittal.command and returns 
to Prompt mode. If the chip numbers are compatible, 
the valid chip number is entered into the data table 
and used to determine which options are valid and 
available. The ROM data and option values (if any) 
from the Load Module are also entered into the data 
table. 

The filename specified in the TRANSMITTAL command 
must include the drive specification. 

The examples for Transmittal are included in the next 
section which is a sample working session for 
MASKTR. 
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5.3 MASKTR Example 

The easiest way to get a feeling for MASKTR is to 
follow a sample workout. In this section, a Load 
Module named MASKEX is to be transmitted to 
National. First, MASKTR itself must be called into the 
STARPLEXTM system. 

C> :MASKTR 

MASKTR, Rev:B, (Date) 

T> T FDS1:MASKEX 

CHIP NUMBER: 421 

LOAD MODULE CHIP NUMBER ERROR 

T> T FDS1:MASKEX 

CHIP NUMBER: 420 

RESPONSIBLE NAME/PHONE: 
UNSPECIFIED 
RESPONSIBLE NAME/PHONE: 
JOE COPUSER 
(415) 777-6234 

COMPANY NAME/ADDRESS: 
UNSPECIFIED 
COMPANY NAME/ADDRESS: 
NATIONAL SEMICONDUCTOR 
2900 SEMICONDUCTOR DRIVE 
SANTA CLARA, CA 95051 
CR 
DATE: UNSPECIFIED 
DATE: JANUARY 5, 1979 

OPTION 01: GROUND=OO 

NOT AN OPTION 

OPTION 02: CKO OUTPUT = 02 

00 = CLOCK GEN OUT XTALJRES 
01 = RAM KEEP ALIVE 
02=GENERAL INPUT, VCC LOAD 
03 = MULTICOP SYNC IN 
04 = GENERAL INPUT, HI-Z 

OPTION 02: CKO OUTPUT CR 

OPTION 03: CKIINPUT=04 

00=XTALJ16 
01 =XTALJ8 
02 = TTLJ16 
03=TTLJ8 
04= RC/4 
05 = EXT OSC/4 

OPTION 03: CKI INPUT CR 

OPTION 04: RESET INPUT=OO 

00= LOAD VCC 
01 = HI-Z 

OPTION 04: RESET INPUT l 
OPTION 05: L7 DRIVER = 02 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 
02 = CURRENT LED SEG OUT 
03 = HI CURRENT TRI-STATE 

OPTION 05: L7 DRIVER CR 

OPTION 06: L6 DRIVER = 02 

00 = STANDARD OUTPUT 
01 =OPEN DRAIN 
02 = HI CIIRRFNT I Fn !':EG 0UT 
03 = HI CURRENT TRI-STATE 

OPTION 06: L6 DRIVER CR 

OPTION 07: L5 DRIVER = 02 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 
02 = H I CURRENT LED SEG OUT 
03 = HI CURRENT TRI-STATE 

OPTION 07: L5 DRIVER CR 

OPTION 08: L4 DRIVER = 02 

00 = STANDARD OUTPUT 
01 = OPEN DRAIN 
02 = HI CURRENT LED SEG OUT 
03 = HI CURRENT TRI-STATE 

OPTION 08: L4 uRIVER CR 

OPTION 09: IN 1 INPUT=OO 

uu= IlL LUAD 
01 = TTL HI-Z 

OPTION 09: IN 1 INPUT CR 

OPTION 10: IN 2 INPUT = 00 

OO=TTL LOAD 
01 = TTL HI-Z 

OPTION 10: IN 2 INPUT CR 

OPTION 11: VCC=OO 

NOT AN OPTION 
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"i = c as OPTION 12: L3 DRIVER = 02 OPTION 21: GO 1/0 PORT = 00 :::E 
en 00 = STANDARD OUTPUT 00 = STANDARD OUTPUT 
~ ... 01 = OPEN DRAIN 01 = OPEN DRAIN 
CD 02 = HI CURRENT LED SEG OUT 02 = STANDARD OUTPUT SMALL DRIVER en 03 = HI CURRENT TRI·STATE 03=OPEN DRAIN SMALL DRIVER ::) ... OPTION 12: L3 DRIVER CR OPTION 21: GO 1/0 PORT CR 
0 - OPTION 13: L2 DRIVER = 02 OPTION 22: G1 1/0 PORT = 00 as 

00::: STANDARD OUTPUT 00 = STANDARD OUTPUT :; 
E 01 = OPEN DRAIN 01 = OPEN DRAIN 

W 02 = HI CURRENT LED SEG OUT 02 = STANDARD OUTPUT SMALL DRIVER 

§ 
, 03 = HI CURRENT TRI·STATE . 03 = OPEN DRAIN SMALL DRIVER 

OPTION 13: L2 DRIVER CR OPTION 22: G1 1/0 PORT CR 

ICL OPTION 14: L1 DRIVER=02 OPTION 23: G2 1/0 PORT = 00 
0 00 = STANDARD OUTPUT 00 = STANDARD OUTPUT 0 01 = OPEN DRAIN 01 = OPEN DRAIN 
ID 02 = HI CURRENT LED SEG OUT 02 = STANDARD OUTPUT SMALL DRIVER :;: 03 = HI CURRENT TRI·STATE 03 = OPEN DRAIN SMALL DRIVER - OPTION 23: G2 1/0 PORT CR i OPTION 14: L1 DRIVER CR 

:::E 
OPTION 15: LO DRIVER=02 OPTION 24: Co3 1/0 PORT = 00 

0- 00 = STANDARD. OUTPUT OO!::STANDARD OUTPUT 
U) 01 = OPEN DRAIN 01 = OPEN DRAIN . 

an 02 = HI CURRENT LED SEG OUT 02 = STANDARD OUTPUT SMALL DRIVER 

:;: 03"; HI CURRENT TRI·STATE 03 = OPEN DRAIN SMALL DRIVER 

:E 
OPTION 15: LO DRIVER QB. OPTION 24: G3 1/0 PORT CR 

OPTION 16: SIINPUT=OO OPTION 25: 03 OUTPUT = 00 
ICL 

00= LOAD VCC 00= STANDARD OUTPUT en 
01 =HI·Z 01 =OPEN DRAIN , OPTION 16: SIINPUT CR OPTION 25: 03 OUTPUT CR 

OPTION 17: SO DRIVER=02 OPTION 26: D2 OUTPUT = 00 

00 = STANDARD OUTPUT 00 = STANDARD OUTPUT 
01 = OPEN DRAIN 01 = OPEN DRAIN 
02 = PUSHIPULL OPTION 26: 02 OUTPUT CR 

OPTION 17: SO DRIVER CR OPTION 27: 01 OUTPUT = 00 
OPTION 18: SK DRIVER = 02 00 = STANDARD OUTPUT 

00= STANDARD OUTPUT 01 = OPEN DRAIN 

I 01 = OPEN DRAIN 
OPTION 27: D1 OUTPUT CR 

02 = PUSHIPULL 

OPTION 18: SK DRIVER CR 
OPTION 28: DO OUTPUT = 00 

OPTION 19: IN 0 INPUT=OO 00 = STANDARD OUTPUT 
01 = OPEN DRAIN 

00 = TTL LOAD 
OPTION 28: DO OUTPUT CR 

01 = TTL HI·Z 

OPTION 19: IN 0 INPUT CR OPTION 29: COP FUNCTION = 00 

OPTION 20: IN 3INPUT=00 00 = NORMAL 
01 = MICROBUS 

00 = TTL LOAD 
OPTION 29: COP FUNCTION CR 

01 = TTL HI·Z 
OPTION 20: IN 3 INPUT CR 
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OPTION 30: COP BONDING =00 

00 = 28 PIN PACKAGE 
01 = 24 AND 28 PIN PACKAGES 

OPTION 30: COP BONDING CR 

OPTION 31: IN INPUT LEVEL=OO 

00 = STANDARD TTL 
01 = HIGH TRIP POINT 

OPTION 31: IN INPUT LEVEL CR 

OPTION 32: G INPUT LEVEL = UNSPECIFIED 
OO=STANDARD TTL 
01 = HIGH TRIP POINT 

OPTION 32: G INPUT LEVELl 

OPTION 33: L INPUT LEVEL = UNSPECIFIED 

00 = STANDARD TTL 
01 = HIGH TRIP POINT 

OPTION 33: L INPUT LEVEL.L 

OPTION 34: CKO INPUT LEVEL = UNSPECIFIED 

00 = STANDARD TTL 
ul = i-iiGi-i Ini~ t=Qii~1 

OPTION 34: CKO INPUT LEVELQ. 

OPTION 35: SIINPUT LEVEL = UNSPECIFIED 

00 = STANDARD TTL 
01 = HIGH TRIP POINT 

OPTION 35: SIINPUT LEVEL Q. 
T> L 

TRANSMITTAL FILE 

RESPONSIBLE NAME/PHONE: 

JOE COPUSER 
(415)777 -6234 

COMPANY NAME/ADDRESS: 

NATIONAL SEMICONDUCTOR 
2900 SEMICONDUCTOR DRIVE 
SANTA CLARA, CA 95051 

DATE: JANUARY 5, 1979 

FILE NUMBER: B8A7 62AO 102B 

CHIP NUMBER: 420 

OPTION VALUE OPTION VALUE 
01: GROUND =00 19: IN 0 INPUT 
02: CKO OUTPUT =02 20: IN31NPUT 
03: CKIINPUT =04 21: GO I/O PORT 
04: RESET INPUT =01 22: G1110 PORT 
05: L7 DRIVER =02 23: G21/0 PORT 
06: L6 DRIVER =02 24: G31/0 PORT 
07: L5 DRIVER =02 25: D3 OUTPUT 
08: L4 DRIVER =02 26: D2 OUTPUT 
09: IN 1 INPUT =00 27: D1 OUTPUT 
10: IN 21NPUT =00 28: DO OUTPUT 
11: VCC =00 29: COP FUNCTION 
12: L3 DRIVER =02 30: COP BONDING 
13: L2 DRIVER =02 31: IN INPUT LEVEL 
14: L1 DRIVER =02 32: G INPUT LEVEL 
15: LO DRIVER =02 33: L INPUT LEVEL 
16: SIINPUT =00 34: CKOINPUTLEVEL 
17: SO DRIVER =02 35: SIINPUT LEVEL 
18: SK DRIVER =02 

SOURCE CHECKSUM 62AO 

OBJECT CHECKSUM 102B 

TRANSMIT CHECKSUM B8A7 

(Y/N,CR = YES)CR 

DISK TO BE MAILED IN DRIVE FDS1: (Y/N, 
CR = YES)? CR 

CREATING FILE FDS1: MASKEX.TRN 
T> 

The disk is now ready to be sent to: 

National Semiconductor Corp. 
2900 Semiconductor Drive 
Santa Clara, CA 95051 

ATTN: Deborah Jacobs - D3665 
ROM Control Customer Service 
DISK/DISKIDISK/DISKIDISK/DISK 

A mailing package, which includes a label with this 
information, is available from: 

COPS Marketing, 03667 
National Semiconductor 
2900 Semiconductor Drive 
Santa Clara, CA 95051 
Phone: (408) 721-5883 
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Table 5-1. Summary of MASKTR Console Command~ 

Operand Syntax 

<LPT:> 

<opt#> 

<chip#> 

<filename> 

Description 

Aborts the creation of a Transmittal File. 

Prompts for Company Name and Address. 

Prompts for Date. 

Summarizes any option conflict. LPT: sends output to the 
line printer. 

Finishes the creation of the Transmittal File. 

Lists the Transmittal File. 

Prompts for the Name/Phone Number of the person 
responsible for the program. ' 

Prompts for the valid options. opt# is the starting option 
number. 

Prints allowable options for chip specified. chlp# Is 410, 
411,420,421,422,444,445,440,441,442,2440,2441 or 2442. 

Load Module Is read, and entered chip number Is checked 
against chip number In Load Module. If the chip numbers 
are not compatible, MASKTR aborts the Transmittal com
mand. If they are compatible, the valid chip number Is used 
to determine which options are valid and available. 
<filename> is any valid STAR'PLEX 'filename, defauli exten
sion assumed Is .REL. 
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ROM VALUES 

000 00 33 5E 33 6C 2E 8D 3E 8D 
010 7F 33 B8 7F 2E 7D 61 80 00 
020 51 5E 49 48 00 00 00 00 00 
030 00 00 00 00 00 00 00 00 00 
040 33 B8 15 5F CC 5F DA 5B 68 
050 2C 05 5F 00 26 50 00 16 72 
060 2C 05 52 5F 48 06 25 50 23 
070 52 55 21 CA 3A 46 CA 00 00 
080 15 23 B9 05 23 A9 48 05 23 
090 48 OE 68 8D 1D 00 52 07 95 
OAO 33 2A 40 06 4C 32 4F 5F 4D 
OBO 3F 04 04 04 04 04 04 04 C7 
OCO 30 4A 07 00 56 30 4A 06 05 
ODO 00 00 00 00 00 00 00 00 00 
OEO 00 00 00 00 00 00 00 00 00 
100 43 01 4B 03 4B 03 01 03 00 
110 01 23 21 03 49 02 90 AO B4 
120 00 CA 08 4B 4B D8 3B 10 30 
130 4A 48 OA 4A 48 42 42 48 4A 
140 5F F7 8F 39 OF 79 71 BD F6 
150 F3 3F F3 ED 01 3E 30 36 00 
IUu uu uu "u rr CU cu '"'0 uu uu 
170 31 00 51 41 60 61 71 01 71 
180 1E 15 54 BF 33 2C 16 06 OF 
190 33 3C 33 5F 1F 22 05 B9 4F 
1AO 4F OE 05 3E 4F 35 50 32 4F 
1BO 3E 35 AB 50 05 23 8F 15 23 
1CO 6B 40 33 5E 3E 05 52 DO 23 
1DO 51 DE 23 3D 2B 68 B8 A9 A9 
1EO 5F E8 2E 05 5E E9 63 CO A9 
1FO 3C 32 21 22 68 18 32 2E 00 

ROM VALUES 

200 30 31 32 33 34 35 36 37 38 
210 00 7D 51 57 45 52 54 59 55 
220 00 41 53 44 46 47 48 4A 4B 
230 00 5A 58 43 56 42 4E 40 2C 
240 00 21 22 23 24 25 26 27 28 
250 00 7D 51 57 45 52 54 59 55 
260 00 41 53 44 46 47 48 4A 5B 
270 00 5A 58 43 56 42 5E 5D 3C 
280 33 A1 05 5F C7 06 FO 07 C2 
290 16 73 35 4E 58 CF 2F 7D 7A 
2AO 5A FO 07 BO 5E EO 33 A3 05 
2BO 3E 05 50 48 33 A7 01 CO FO 
2CO OD 00 07 C2 OF 06 10 00 52 
2DO 2B 11 32 03 D6 13 54 30 1,3 
2EO 33 A8 33 2C 16 06 20 42 48 
2FO 00 00 00 00 00 00 00 00 00 

300 OA 00 OF 13 18 2B 38 3A 35 
310 43 4C DD 29 35 50 80 F5 3B 
320 F5 33 B8 05 5E 06 28 7F 38 
330 33 91 80 6A CO 33 6C 48 91 
340 33 01 48 33 68 39 13 OF 29 
350 DO 15 23 B8 05 23 A8 68 60 
360 E6 73 29 25 50 C9 72 29 43 
370 00 00 00 00 00 00 00 00 00 
380 00 00 00 00 00 00 00 00 00 
390 00 00 00 00 00 00 00 00 00 
3AO 00 00 00 00 00 00 00 00 00 
3BO 00 00 00 00 00 00 00 00 00 
3CO 9F 5F C6 51 68 18 61 FB B9 
3DO 06 2E 70 3A 03 C6 6A CE 3B 
3EO BO 23 38 BO 3A 01 60 40 C6 
3FO 00 00 00 00 00 00 00 00 00 
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91 3A 70 3E 
01 51 11 51 
00 00 00 00 
00 00 00 00 
60 63 C6 00 
CA 00 58 21 
28 16 23 38 
00 00 00 00 
B9 05 04 83 
1E 70 70 2C 
C8 05 51 51 
OE 33 3E 48 
48 00 00 00 
00 00 00 00 
00 00 00 00 

4B 4B 30 02 
54 93 02 24 
84 FC 48 80 
4A CE 88 10 
09 11 70 38 
00 09 31 00 
uu .... v .... v vv 

61 01 00 80 
BF 33 2C 16 
44 OF 05 4F 
41 ED 6A 80 
80 05 1E 06 
3D 2A 17 05 
32 F4 6B 4D 
2D 05 3E 21 
30 06 3E AA 

39 30 2A 2D 
40 4F 50 OA 
4C 3B 7F OD 
2E 2F 20 08 
29 40 3A 3D 
49 5F 40 OA 
5C 2B 7F OD 
3E 3F 20 08 
3A 11 CD D6 
33 A7 BD 5A 
5C EO 07 70 
00 00 00 00 
07 C9 1F 06 
53 03 52 11 
00 00 00 00 
00 00 00 00 

35 33 B8 D6 
05 5E E6 06 
7F F5 2C 05 
E6 29 15 70 
33 2C 16 06 
39 76 63 26 
4D 05 50 33 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
00 00 00 00 
3E 05 2D 06 
13 E9 05 52 
3F 4B E4 00 
00 00 00 00 

7D 33 
03 51 
00 00 
00 00 
58 21 
EF 91 
06 48 
00 00 
00 07 
70 48 
5F AB 
22 00 
00 00 
00 00 
00 00 

14 24 
01 AO 
00 C2 
02 04 
36 36 
OE 00 

nn 
.... v vv 
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Appendix A 

Pinout Assignments 

ISE ISE 
Board J1 Board J2 

Signal Name Pin No. Pin No. 

GROUND 13 
GROUND 25 
vec 12 
VCC 24 
External Event 2 11 
External Event 1 23 
External Event 4 10 
External Event 3 22 
ClK 9 
SKIP 21 
A8 8 
A9 20 
A3 7 
A7 19 
A1 6 
A2 18 
A4 5 
AO 17 
A6 4 
A5 16 
A11 3 
A10 15 
Not used 2 
Not used 14 
Not used 1 
Not used 1 
Not used 14 
Not used 2 
Not used 15 
Not used 3 
Not used 16 
Not used 4 
BO 17 
B7 5 
B2 18 
B5 6 
B3 19 
B4 7 
B6 20 
B1 8 
TRACE OUT (TO) 21 
Not used 9 
RESET" 22 
PROM DISABLE" 10 
-12V 23 
-12V 11 
VCC 24 
VCC 12 
GROUND 25 
GROUND 13 

• 
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1 Introduction to the 
COP400 Microcontrollers 

This manual provides information on the COP400 
series of National's single-chip microcontrollers. 
The material contained in this manual is intended 
to assist the reader in understanding the internal 
architecture, instruction set, programming 
techniques, and hardware and software 1/0 tech
niques pertaining to the COP400 family of micro· 
controller devices. 

The primary focus of this manual is the COP420 -
at the time of this printing the most inclusive 
Ut1Vilit:::, UII ct ilc1IUVYClIt: ClIlU ;:,u~i:v·'iCii·t:I ;c·y.:;:, v: ~~c 
COP400 family. Other members of the COP400 
family are discussed primarily in terms of the less 
inclusive features of these other parts (i.e., the 
COP421, COP410L, COP411L). This approach 
should not result in a lack of understanding in 
terms of the operation and programming of these 
parts since they are "subset" devices of the 
COP420, distinguished, for the most part, by 
deleted hardware and software features. For further 
information on these other devices and on future 
COP400 devices the reader should consult the data 
sheets appropriate to particular COP400 devices. 

1.1 Summary of COP400 Microcontroller 
Features 

COP400 Microcontrollers are fabricated using 
CMOS or N-channel, silicon gate MOS technology. 
They are complete microcomputers containing all 
system timing, internal logic, ROM, RAM, and 110 
necessary to implement dedicated control 
functions in a variety of applications. Features of 
the COP400 devices include an instruction set, 
internal architecture, and 1/0 scheme designed to 
facilitate keyboard input, display output, and 
efficient BCD data manipulation. 

The various members of the COP400 family allow 
the user to specify a mlcrocontroller best suited for 
use in a particular dedicated application. 
Specifically, COP400 devices offer a choice among 
single-chip parts with differing amounts of ROM, 
RAM, 1/0 capability, and number of instructions. 
Additionally, many parts have different versions 
which allow a choice of electrical characteristics 
while retaining the basic architecture and 
instruction set of the basic device. (For example, 
the COP420L and COP420C are available as low
power and CMOS versions, respectively, of the 
standard COP420 device.) Finally, each part 
contains a number of clock, 1/0 and other options, 
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mask·programmed into the part at the same time 
as the user's program; this allows even greater 
flexibility in matching the COP400 Microcontroller 
to the user's specifications, reducing the need" for 
external interface logic. 

All COP400 devices feature single·supply operation 
and fast, standardized, "in-house" test procedures 
which verify the internal logic and user program 
(ROM code) mask-programmed into the 'device. 
Several COP400 controllers are available in ROM-
I ..................... l ......... J ...... " ....... in ..... ,...+ ... +,,""; ... 1"1 !:& t::np.dnn 
, ..................... , .... , ..... '''''' .......... '" ,.. • ..,~ ..... ~I"" ••• ;:, - -_. "--

system (using the COP400 Development System) or 
for low·volume applications. 

Section 1 provides a list of COP400 devices 
currently available or in design, together with a 
summary of the basic features of each device. 
Refer to this manual and data sheets of particular 
devices for further information on these parts. 
Future members of the COP400 family will include 
more powerful hardware and software capabilities, 
alternative electrical specification devices (low 
power, CMOS versions) and peripheral devices 
suitable for use in many applications. 

The flexible 1/0 configuration of COP400 
Microcontrollers allows them to interface with and 
anve a wloe range OJ ueVllit:::::i U::HlIY 1I11I11I1Icl.1 

external parts. Typical peripheral devices include: 

1. Keyboards and displays (directsegment and 
digit drive possible for several devices). 

2. External data memories. 

3. Printers. 

4. Other COPSTM devices. 

5. AID and DIA converters. 

6. Power control devices (SCRs, TRIACs). 

7. Mechanical actuators. 

8. General purpose microprocessors 
(communication with host CPUs over National's 
MICROBUSTM for several COP400 devices). 

9. Shift registers. 

10. External ROM data storage devices. 
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2 
COP400 Architecture 

This chapter provides information on the 
architecture of the COP400 Microcontrollers. 
Consistent with the general approach of this 
manual, the COP420 is primarily discussed with the 
COP421 treated in terms of differences with 
respect to the COP420. The COP410L, COP411L 
and COP444L are similarly treated. The text, 
therefore, primarily discusses the internal 
architecture of the COP420, with differences noted 
for the other devices. Also briefly discussed are 
different versions of each primary device (e.g., for 
the COP420, the COP420L and COP420C). As these 
additional devices, as well as the most inclusive 
COP400 device, the COP440, become available, 
further information will be provided in data sheets 
for each part. 
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2.1 COP420lCOP421 Architecture 

Figure 2.1 provides a block diagram of the 
COP420/COP421. It is intended to acquaint the user 
with the functions of, and Interconnections among, 
the various logic blocks within the processor. Data 
paths are illustrated in simplified form to depict 
how the logic elements communicate with each 
other in implementing the instruction set of the 
devices. Note that the IN3-INo general purpose 
inputs are not available on the COP421, nor are the 
two internal IL latches associated with IN3 and INo. 



Figure 2.2 shows the connection diagrams for the 
28·pin COP420 and the 24·pin COP421. Figure 2.3 
provides a pin description for the COP420/COP421 
devices. 
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One should consult the COP420/COP421 data sheet 
for maximum ratings, DC and AC electrical 
characteristics for these devices. 
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2.2 COP420/COP421 Functional Description 

The following text provides a functional description 
of the logic elements depicted in the 
COP420/COP421 block diagram. 

Program Memory 

Program memory consists of a 1,024-byte ROM. 
ROM words may be program instructions, program 
data or ROM address pOinters. Due to the special 
characteristics associated with the JP and JSRP 
instructions, ROM must often be conceived of as 
organized into 16 pages of ,64 words (bytes) each. 
Also, because of the unique operations performed 
by the LaiD and JID instructions, ROM pages must 
often be thought of as organized into four 
consecutive blocks of four ROM pages. (For further 
information on the paging characteristics of these 
instructions, see Section 4.1.) 

ROM addressing is accomplished by the 10-bit P 
register. Its binary value selects one of the 1,024 
8-bit words (17-10) contained in ROM. Thevalue ofP 
is automatically incremented by 1 prior to the 
execution of the current instruction to point to the 
next sequential ROM location, unless the current 
instruction is a transfer of control instruction. In 
the latter case, P is loaded with the appropriate 
non-sequential value to implement the transfer of 
control operation performed by the instruction. It 
should be noted that P will automatically 
"roll-over" to point to the next page of program 
memory. This feature has particular significance 
for transfer of control instructions with paging 
restrictions, i.e., JP, JSRP, JID and LaID. Since P is 
incremented to roll-over to the next ROM page prior 
to executing these instructions, they will be treated 
as residing on the next ROM page if they reside in 
the last word of a ROM page. Further information 
is provided in Section 4.1. 

Three levels of subroutine 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 
execU'ted 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) are usually loaded 
into or from, or exchanged with, the A register 
(accumulator), they may also be loaded into or from 
the a 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 1/0, 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 a latch data, to 
input 4 bits of the 8-bit L I/O port data and to 
perform data exchanges with the SIO register. 

A 4-bit adder performs the arithmetic and logic 
functions of the COP420, storing 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 SKL or can 
enable SKL to be a SYNC pulse, providing a clock 
each instruction cycle time. (See XAS instruction, 
Table 3.1, and EN register description, below.) 

Four general-purpose inputs, IN3-INo, are provided 
for the COP420: IN1, IN2 and IN3 may be selected, 
by a mask-programmable option, as Read Strobe, 
Chip Select and Write Strobe inputs, respectively, 
for use in MICROBUSTM applications. 

The COP421 does not contain the IN3-INoinputs 
and, therefore, must use the 4 bidirectional G I/O 
ports or 8 bidirectional L I/O ports as input pins to 
the device. Use of National's MICROBUS is ' 
inappropriate with the COP421. 

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 output to 4 general
purpose bidirectional I/O ports. The COP420 Go pin 
may be mask-programmed as a "ready" output for 
MICROBUS applications. 

The a register is an internal, latched, 8-bit register, 
used to hold data loaded to or from M and A, as 
well as 8-bit program data from ROM. Its contents 
are output to the L I/O ports when the L drivers are 
enabled under program control (via an LEI instruc
tion). The COP420 may use the MICROBUS option 
to write L I/O port data into a upon the occurrence 
of a WR pulse from the host CPU. 
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The 8 L drivers, when enabled, output the contents 
of latched a data to the L I/O ports. Also, the 
contents of L may be read directly into A and M. As 
explained above, the COP420 MICROBUS option 
allows L I/O port data to be latched into the a 



register. L I/O ports can be directly connected to 
the segments of a multiplexed LED display (using 
the TRI-STATE'" 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-inl 
serial-out shift register or as a binary counter 
depending on the contents of the EN register. (See 
EN register description, below.) Its contents can be 
exchanged with A, allowing it to input or output a 
continuous serial data stream_ SIO may also be 
used to provide additional parallel 1/0 when used 
as a shift register with its input or output 
connected ·to external serial-in/parallel-out shift 
registers. 

The 10-bit time base counter divides the instruction 
cycle frequency by 1,024, providing a pulse upon 
overflow. The COP420 SKT instruction tests for the 
occurrence of this Dulse, allowing the programmer 
to rely on this internal time-base rather than 
external inputs (e.g., 50/60 Hz signals) to implement 
"real-time" routines. 

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

1_ The least significant bit of the enable register, 
ENo, selects the SIO register as either a 4-bit 
shift register or a 4-bit binary counter_ With ENo 
set, SIO is an asynchronous binary counter, de
crementing its value by one upon each low-going 
pulse ("1" to "0") occurring on the SI input 
(count-down counter)_ Each pulse must be at 
least two instruction cycles wide_ ::;1\ OUtPUt:; lll., 

value of C upon execution of XAS and remains 
latched until the execution of another XAS 
instruction. The SO output is equal to ·the value 
of EN3' With ENo reset, SIO is a serial shift 
register shifting left each instruction cycle tlme_ 
The data present at SI goes into the least signifi
cant bit of SIO. SO can be enabled to output the 
most significant bit of SID each cycle time_ The 
SK output becomes a logic-controlled clock, 
providing a SYNC signal each instruction time. It 
will start outputting a SYNC pulse upon the 
execution of an XAS instruction with C = 1, 
stopping upon the execution of a subsequent 
XAS with C = 0_ 

. 2. With EN1 set, the COP420 IN1 input is enabled 
as an Interrupt input Immediately following an 
interrupt, EN1 is reset to disable further 
interrupts. Note that this interrupt feature 
associated with IN1 is unavailable on the 
COP421 since it lacks the IN inputs_ Bit 1 (EN 1) 

of the Enable Register is, therefore, a "don't 
care" bit for the COP421: setting or resetting 
this bit via an LEI instruction will have no effect 
on the operation of the COP421. (For further 
information on the procedure and protocol of 
this COP420 interrupt feature, see Section 3.2, 
LEI instruction description.) 

3. With EN2 set, the L drivers are enabled to output 
the data in Q to the L 1/0 ports. Resetting EN2 
disables the L drivers, placing the L I/O ports in 
a high-impedance input state. If the COP420 
MICROBUSTM option is being used, EN2 does not 
affect the L drivers. 

4. EN3, in conjunction with ENo, affects the SO 
output With ENo set (binary counter option 
selected), SO will output the value loaded into 
EN3. With ENo reset (serial shift register option 
selected), setting EN3 enables SO as the output 
of the SIO shift register, outputting serial shifted 
data each instruction time. Resetting EN3 with 
the serial shift register option selected disables 
SO as the shift register output: data continues 
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to be shifted through SIO and can be exchanged 
with A via an XAS instruction but SO remains 
reset to "0." Table 2.1 provides a summary of the 
options and features associated with EN3 and 
ENo· 

2_3 Initialization 

Upon initialization of the COP420/COP421 as 
described below, the P register is cleared to 0 
(ROM address 0) and the A, B, C, 0, EN, and G 
registers are cleared. The INo and IN3 latches are 
not cleared. The SK output is enabled as a SYNC 
output, providing a pulse each instruction cycle 

the user's program. The first instruction at address 
o must be a CLRA. 

The Reset Logic, internal to the COP420/COP421, 
will initialize (clear) the device upon power-up if the 
power supply rise time is less than 1 ms and 
greater than 1 f's. If the power supply rise time is 
greater than 1 ms, the user must provide an 
external RC network and diode to the RESET pin as 
shown in Figure 2.4 below. The RESET pin is 
configured as a Schmitt trigger input. If not used, it 
should be connected to Vcc. Initialization will occur 
whenever a logic "0" is applied to the RESET input, 
provided it stays low for at least three instruction 
cycle times_ In order to reset the Time Base 
Counter, a RESET pulse ten instruction cycle times 
wide must be applied; note that the counter will 
overflow and generate an output pulse. 
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~ 2.4 COP420/COP421 Mask Programmable 
e" Options 

To allow even greater flexibility in specifying a 
COP400 device appropriate to the user's 
application, all COP400 microcontroilers have 
specific clock configuration, I/O and other mask· 
programmable options associated with them. These 
options are masked into the part simultaneously 
with the masking of the user's program in ROM and 
have been chosen to offer the user a wide range of 
options which encompasses design options most 
frequently employed in dedicated, small system 
applications. 

The following text summarizes the COP420/COP421 
options according to the various functions 
(oscillator, I/O, etc.) with which they are associated. 

Clock Oscillator Options 

There are four basic COP420/COP421 clock 
oscillator configurations avilable as shown by 
Figure 2:5 (a-d): 

a. Crystal Controlled Oscillator. CKI and CKO are 
connected to an external crystal. The instruction 
cycle time equals the crystal frequency (4 MHz 
maximum) divided by 16 (optional by 8). 

b. External Oscillator. CKI is configured as a TTL 
compatible input accepting an external clock 
signal. The external frequency (4 MHz maximum) 
is divided by 16 (optional by 8) to derive the 
instruction cycle time. CKO is now available to 
be used as the RAM power supply (VR) pin, as a 
general purpose input, or as a synchronizing 
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 functions as in b above. 
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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/COP421 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 SI 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 Initialization, above.) 

The lower portion of Figure 2.5 provides component 
values for several instruction cycle times and 
crystal values associated with the RC controlled 
and Crystal Oscillator options, respectively. 

CKO Non·Timing Options 

In a crystal controlled or multi·COP oscillator 
system, CKO is used as an output to the crystal 
network. In the other two configurations (external 
clock or RC controlled OSCillator), CKO may be 
mask·programmed to perform one of two available 
options. Specifically, CKO may be mask· 
programmed as a general purpose input, read into 
bit 1 of the accumulator (A2) upon the execution of 
an INIL instruction. 

As another option (for both the COP420 and 
COP421), CKO can be a RAM power supply pin (VR), 
allowing its connection to a standby/backup power 
supply to maintain the integrity of RAM data with 
minimum power drain when the main supply is 
inoperative or shut down to conserve power. Use of 
this options should include external circuitry to 
detect loss of Vee power and force RESET low 
before Vee drops below spec. 



CKI CKO 

Vce t 
IVa OR GENERAL 
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PURPOSE INPUT 

PIN) 

c .. RC COl)trolled Oscillator 
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MICROBUSTM Option 

The COP420 has an option which allows it to be 
used as a peripheral microprocessor device, 
inputting and outputting data from and to a host 
microprocessor (jJP). IN1, IN2, and IN3 general 
purpose inputs become MICROBUS compatible 
read'strobe, chip'select, and write-strobe lines, 
respectively. IN1 becomes RD - a logic "0" on this 
input will cause Q latch data to be enabled to the L 
ports for input to the "P. IN2 becomes CS - a logic 
"0" on this line selects the COP420 as the "p 
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. Go becomes a "ready" output, reset by a 
write pulse from the "p on the WR line, providing 
the "handshaking" capability necessary for 
asynchronous data transfer between the host CPU 
and the 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 M/CROBUSTM, National Publication.) The 
functioning and timing relationships between the 
COP420 signal lines affected by this option are as 
specified for the MICROBUS interface. Connection 
of the COP420 to the MICROBUS is shown in 

I/O Options 

COP420/421 outputs have the following optional 
configurations, Illustrated in Figure 2.6: 

a. Standard - an enhancement mode device to 
ground in conjunction with a depletion-mode 
device to Vee, 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 Vee. This configuration has been 
provided to allow for fast rise and fall times 
when driving capacitive loads. Available on SO 
and SK outputs only. 

d_ Standard L - same as a_, but may be disabled. 
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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 Vee, 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 
di 



g. TRI·STATE" Push,Pul.1 - an enhancement·mode 
device to ground and Vee. These outputs are 
TRI·STATE outputs, allowing for connection of 
these outputs to a data bus shared by other bus 
drivers. 

COP420/COP421 inputs have the following optional 
configurations: 

h. An on·chip depletion load device to Vee. 

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

The above input and output configurations share 
common enhancement·mode and depletion'mode 
devices. Specifically, all configurations use one or 
more of six devices (numbered 1-6, respectively). 

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 configura· 
tion 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; however, 
when the L lines are used as inputs, the disabled 
depletion device can not be rei ied on to source 
sufficient current to pull an input to logic "1". 

All of the L driver options are TRI·STATE" ·able. 
Therefore, the L drivers have TRI·STATE·able 
Standard and Open·Drain output options as well as 
the TRI·STATE LED Direct Drive and Push·Pull 
output options. Since the device to Vee in the 
Standard output configuration is a depletion·mode 
device, it will source up to 0.125mA when this 
output is "turned off" in the TRI·STATE mode. This 
IS nUL i:1 WUI::;'ll..id.::>.t III..,Ul ;UI 0. ;V'8;V ";0' : ... H.,: ....... 

these inputs and will not be sufficient for an input 
level without previously enabling 0 to L with 
(0) = FF16. 

Bonding Option 

The COP421 is a bonding option of the COP420: if 
the COP420 is bonded as a 24·pin device (without 
the 4 IN inputs), it becomes the COP421. Note that 
since it lacks the IN inputs, use of the COP421 
bonding option precludes use of the IN input 
options; the MICROBUS™ option which would 
otherwise affect IN3-IN1 and Go: use of the IN1 
hardware interrupt pin and the use of the 1L3 and 
ILa latches associated with the IN3 and INa pins. All 
other options are available. The COP421 is pin· 
compatible with the COP410L. 

2.5 COP420LlCOP421l Description 

The COP420UCOP421 L are low power versions of 
the COP420/COP421 containing the same internal 
logic elements and instruction set as the 
COP420/COP421, with electrical characteristics 
which are similar to the COP410L. The major 
differences between the COP420UCOP421 Land 
COP420/COP421 are the following: 

• Wider operating voltage range of 4.5 to 9.5 V 
optionally available. 

• Operating supply current less than 8 mA @ 

Vee=5V. 

• Minimum instruction cycle time of 151's. 

• Divide·by·32 crystal clock option (2 MHz XTAL 
divided by 32= 151's instruction cycle time). 

• D and G outputs have direct LED digit drive 
option (sink 30mA). 

• Other outputs will drive 1 U:i I I L or ~ LPTTi... 

loads (IOl = 360l'A at 0.4 V; 10H = 40l'A at 2.4 V). 

• No MICROBUS™ option available. 

The COP421 L is simply a COP420L packaged in a 
24·pin dual·in·line package. As a result, the IN 
inputs are not available on the COP421 L, so that 
the COP421 Lis pin·compatible with the COP410L. 
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For further information, see the COP420UCOP421L 
data sheet. 

2.6 COP420LlCOP421l Mask Programmable 
Options 

Since the COP420UCOP421 L are frequently used in 
batterY'operated and/or hand·held consumer·type 
products, an even greater array of system·cost· 

summarizes these options. 

Clock Oscillator Options 

There are four basic COP420UCOP421 L clock 
oscillator configurations available as shown in 
Figure 2.8 (a-d): 

a. Crystal/Resonator Controlled Oscillator. CKI and 
CKO are connected to an external crystal or 
ceramic resonator. The instruction cycle time 
equals the crystal/resonator frequency 
(2.097 MHz maximum) divided by 32 (optional by 
16 or 8). 

b. External Oscillator. CKI is configured as a 
CMOS compatible input accepting an external 
clock signal. The external frequency (2 MHz 
maximum) is divided by 32 (optional by 16,8 or 
4) to derive the instruction cycle time. CKO is 
now available to be used as the RAM power 
supply (VR) pin, as a COP420L general purpose 
input, or as a synchronizing input. 
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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 functions as in b above. 

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 COP420UCOP421 L 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 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 output. 

The lower portion of Figure 2.7 provides component 
values for several instruction cycle times and 
crystal values associated with the RC controlled 
and crystal controlled oscillator options, 
respectively. 

eKO Non·Timing Options 

In a crystal controlled or multi·COP oscillator 
system, CKO is used as an output to the crystal 
network. In the other two configurations (external 
clock or RC controlled oscillator), CKO may be 
mask'programmed to perform one of two available 
options. Specifically, CKO may be mask· 
programmed as a general purpose COP420L input, 
read into bit 1 of the accumulator (A2) upon the 
execution of an INIL instruction. 

As another option (for both the COP420L and 
COP421 L), CKO can be a RAM power supply Pin 
(VR), allowing its connection to a standbylbackup 
power supply to maintain the integrity of RAM data 
with minimum power drain when the main supply is 
inoperative or shut down to conserve power. 

1/0 Options 

While the COP420UCOP421 L has capabilities to 
directly drive LED displays through increased 
voltage and current specs, the circuit 
configurations are identical to those of the COP420 
in Figure 2.6. Increased current sink and source 
values are a result of changing device sizes (within 
the bounds of the same circuit configuration). 
When emulating the COP420L with the COP402, 
one might use the typical values of the 402 as 
worst case COP420L drive parameters. An 
alternative is the use of the COP404L to emulate 
the drive of the COP420L. 

For detailed electrical characteristics, refer to the 
COP420LlCOP421 L data sheet. 
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The SO and SK outputs can be configured as 
shown in Figure 2.6, a, b. or c. The 0 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 shown in d, e, f, or g. 

An important pOint to remember is that aI/ of the L 
driver options are TRI·STATE' ·able. Therefore, the 
L drivers have TRI·STATE·able Standard and Open· 
Drain output options as well as the TRI·STATE LED 
Direct Drive and Push· Pull output options. Since 
the device to Vce in the Standard output 
configuration is a depletion·mode device, it will 
source up to 0.125mA when this output is "turned 
off" in the TRI·STATE mode,which is insufficient to 
guarantee a logic "1" input level. 

Bonding Option 

The COP421 L is a bonding option of the COP420L: 
if the c.;Ut-'4~UL IS Donoeo as a 24'pin liev;"e 
(without the 4 IN inputs), it becomes the COP421 L. 
The COP421L is pin·compatible with the COP410L. 

2.7 COP420C Description 

The COP420C is a CMOS version of the COP420. It 
differs from the COP420 primarily in electrical 
specifications; however, it also features a dual 
clock mode option for operation at low speed 
(typically 244~s instruction cycle time) with low 
power consumption (25~A with Vee=2.4V) or high 
speed (15~s instruction cycle time) when necessary 
to perform internal data computations at a faster 
rate. The COP420C has the same output drive 
characteristics as the COP420 (TTUCMOS 
..:::;.::-;,;:::.~:=~:~ :::-:= w::~ .... i ....... H"'\,... t..4lrCn~II~TM nntinn 

The following are the major differences between 
the COP420C and the COP420: 

• Operating voltage of 2.4V to 6.0V. 

• Low power consumption at 244~s instruction 
cycle time (inexpensive 32kHz XTAL+8)=25~A 
at Vee = 2.4V. 

• Dual clock mode option allowing operation at 
16~s instruction cycle time (using external RC 
network) for internal data computation 
operations. 

• "Fast" clock mode entered under program 
control. 

For further information, see the COP420C data 
sheet. 
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2.8 COP444L1COP445L Description 

The COP44411COP445L are expanded·memory 
versions of the COP420L containing the same 
internal logic elements and instruction set as the 
COP420 and COP420L, but with twice the amounts 
of ROM and RAM. The major differences between 
the COP44411COP445Land the COP4201lCOP421 L 
are the following: 

o Operating supply current less than 11 mA at 
Vee = 5V. 

o 2048 x 8 ROM. 

o 128x4 RAM. 

The COP445L is simply a COP444L in a 24'pin dual· 
in·line package. As a result, the IN inputs are not 
available on the COP445L, so that the COP445L is 
pin·compatible with the COP421L and CQP410L. 

These devices are emulated using the COP404L. 

For further information, see the COP44411445L 
andlor COP404L data sheets. 

2.9 COP402 and COP402M ROM· Less Parts 
Description 

The COP402 and COP402M are ROM·less versions 
of the COP420. They are packaged in 40'pin 
packages and are available for prototyping a 
COP420 sllstem using the COP400 Development 
System (PDS) or, in quantity, for small volume 
applications using external ROM. 

The COP402 has been mask programmed with 
options suitable for use as a general controller. 
COP402 inputs have load devices to Vec, the 
various outputs have the fullest drive capability 

associated with them (L outputs = LED direct drive; 
G and D outputs = standard; SO, SK outputs = push· 
pull). The COP402 has been programmed for use 
with an external crystal network, using CKI and 
CKO, with an instruction cycle time equal to the 
crystal frequency divided by 16. 

The COP402M is the MICROBUSTM compatible 
version of the COP402. It features the same options 
as the COP402 with the single exception that the 
MICROBUS option has been selected. It is, of 
course, intended for use in prototyping systems or 
small volume applications which use the 
microcontroller as a CPU peripheral component, 
with communication over National's MICROBUS. 

2.10 COP404L ROM·Less Part Description 

The COP404L is a ROM·less version of the 
COP444L. It is packaged in a 40·pin package and 
may be used to prototype all low·power COP400 
cevices (COP411 L,COP410L, COP420L, COP421 L, 
COP444L). 

2.11 COP410L/COP411L Architecture 

Figure 2.9 provides a block diagram of the 
COP410UCOP411L. As with the COP420lCOP421 
block diagram, it depicts the internal logic and 
interconnects of the device in simplified form. Note 
that the COP410L is functionally a subset of the 
24'pin COP421 L. As with the COP421 L, it lacks the 
COP420L IN inputs and the internal IL latches 
associated with two of these deleted input pins. 
These and other architectural differences are 
discussed in the Functional Description, below. 

Figure 2.10 shows the Connection Diagrams for the 
24'pin COP410L and the 20·pin COP411L. Figure 
2.11 provides a pin description for the 
COP410UCOP411 L-devices. 

See data sheet for the electrical specifications of 
the COP410UCOP411L, showing maximum ratings 
plus DC and AC characteristics for these devices. 

The COP401L is available for final program 
verification for a COP4101lCOP411L application. 
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2.12 COP410LlCOP411L Functional 
Description 

The following text provides a functional description 
of the differences which exist between the Internal 
architecture of the COP420, covered in detail in 
Section 2.2, and that of the COP410L and COP411 L. 
Consequently, for information on logic elements 
not discussed below which appear in Figure 2.9, 
COP410UCOP411L Block Diagram, refer to Section 
2.2. Where appropriate, differences between the 
COP410L and its smaller version, the COP411L, are 
noted in the following text. 

Program Memory 

Program memory consists of a 512·byte ROM. The 
same paging characteristics apply to the 
COP410UCOP411L when allocating program 
memory instruction code as those which apply to 
the COP420 (see Section 4.1) except that ROM 
consists of 8 (0-7) pages of 64 (0-63) words each. 

ROM addreSSing is accomplished by a 9-bit P 
register. The auto increment-before-execution and 
page-rollover features of the COP420 apply to the 
COP410UCOP411L. 

Since the COP410UCOP411L have 2 9-bit 
subroutine·save registers, SA and SB, subroutine 
nesting is allowable to two levels (only one level 
when executing a LaiD instruction since this 
instruction pushes the stack). 

Data Memory 

Data memory consists of a 128·bit RAM organized 
as 4 (0-3) data registers of 8 4·bit digits. Digit 
addressing is valid only for digits 0, 9-15 in a 
particular register. (The COP410UCOP411L will, 
however, treat digit addresses of 1-7 as valid digit 
values of 9-15, respectively.) As with the COP420, 
RAM addressing is accomplished by a 6·bit B 
register whose upper 2 bits (Br) select 1 of 4 data 
registers and lower 3 bits (Bd) select 1 of 84-bit 
digits. 

A direct access to data memory, without using the 
B register, is only permissible with respect to M(3, 
15) by using an XAD 3,15 instruction. All other XAD 
and all LDD instructions have been deleted from 
the COP410UCOP411L il]struction set. 
Consequently, all other RAM locations must be 
accessed by loading the B register with the 
address of data memory to be accessed. 

As with the COP420, Bd also may be used as a 
source register to output its 4-bit contents directly 
to the D outputs via an OBD instruction. 
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The Q register functions in a similar manner as the 
COP420 Q register with the following exceptions: 

1. Its contents must be read with the INL 
instruction, since the CQMA instruction has 
been deleted. 

2. It cannot be loaded with the contents of the L 
1/0 ports since this function is associated with 
the deleted MICROBUSTM option. 

The COP410UCOP411L does not contain the 
COP420 internal divide·by·1024 time·base counter; 
hence, the SKT instruction has been deleted. "Real· 
time" program counters must, therefore, rely on an 
external time·base input (e.g., 50/60 Hz square wave) 
to derive a program "clock" for such applications, 
rather than on the COP410UCOP411L instruction 
cycle clock itself. 

Bit 1 of the EN register (EN 1) is a "don't care" bit, 
as explained above, due to the lack of a 
COP410UCOP411L IN1 input. (The COP420 uses the 
EN1 bit to enable IN1 as an interrupt signaL) 

The CASC, ADT and OGI instructions have been 
deleted. See Section 3.4 for hints on performing 
these functions. 

2.13 COP410LlCOP411L Mask Programmable 
Options 

The following text describes the differences which 
exist between the COP420L mask Programmable 
options and those which are available for the 
COP410L and COP411L devices. 

Available clock oscillator configurations are as 
follows: 

a. Ceramic Resonator Controlled Oscillator. CKI 
and CKO are connected to an external ceramic 
resonator. The instruction cycle time equals the 
resonator frequency (500kHz maximum) divided 
by 8. This configuration and its associated 
options are not available on the 20·pin COP411L 
since it lacks the CKO pin. 

b. External Oscillator. CKI is configured as a 
Schmitt trigger input (not TTL compatible), 
accepting an external clock signal. The external 
frequency (500kHz maximum) is divided by 8 to 
derive the instruction cycle time. This option 
applies to both the COP410L and the COP411L. 
For the COP410L, moreover, this configuration 
allows CKO to be used for a RAM power supply 
(VR)· 

c. RC Controlled Oscillator. CKI is configured as a 
Single pin RC controlled Schmitt trigger 
oscillator. The instruction cycle equals the 
oscillator (RC time·constant) frequency divided 
by 4. 

d. Externally Synchronized Oscillator. CKO is 
configured as a synchronizing input from the SK 
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output of another COP400 device. CKI is an 
external oscillator (divide by 8). 

The lower portion of Figure 2.11 provides 
component values associated with the RC 
controlled oscillator option. 

eOP410L eKO Non·Timing Options 

In the COP410L resonator controlled configuration, 
CKO is used as an output to the resonator network. 
In the other two configurations (external clock and 
RC controlled), CKO may be mask-programmed as 
a RAM power supply pin (VR), allowing its 
connection to a standby battery backup power 
supply to maintain the integrity of RAM data with 
minimum power drain when the main supply is 

. inoperative or shut down to conserve power. 

eOP410L/COP411L 1/0 Options 

COP410UeOP411L inputs and outputs have the 
same optional configurations as the 
COP420LlCOP421L; see Section 2.7. 

The input and output configurations share common 
enhancement-mode and depletion-mode devices. 
For detailed electrical characteristics on these 
devices, refer to the COP410L and COP421 L data 
sheets. 

The SO and SK outputs can be configured as 
shown in Figure 2.6, a, b, or c. The 0 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 shown in d, e, f, or g. 

An important point to remember is that all of the L 
driver options are TRI-STATE® -able. Therefore, the 
L drivers have TRI-STATE-able Standard and Open
Drain output options as well as the TRI-STATE LED 
Direct Drive and Push-Pull output options. Since 
the device to Vee in the Standard output 
configuration is a depletion·mode device, it will 
source up to 0.125 mA when this output is "turned 
off" in the TRI-STATE mode, which is insufficient to 
guarantee a logic "1" input level. 

Bonding Option 

The COP411L is a bonding option of the COP410L: 
if the COP410L is bonded as a 20-pin device 
(without CKO, 02, 03, and G3), it becomes the 
COP411 L. Use of output options associated with 
these deleted pins are, of course, precluded. All 
other COP410L options are available. 
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3 COP400 Instruction Sets ~I 
:..___ __.-.-.J 

This chapter provides information on the 
instruction sets of the COP400 microcontrollers. As 
with the architecture of the different devices in the 
COP400 family, the instruction sets of the various 
devices allow the user to choose among several 
devices to provide only as much software 
capability as is needed for a particular application. 
Specifically, the instruction sets of the various 
devices are, generally, subsets of the most 
inclusive instruction set of the COP440. This 
chapter will discuss the COP420-series (includes 
COP421, COP421L, COP421C), COP444L, COP410L, 
and COP411L, respectively. Users of the COP440 
should refer to the COP440 data sheet (when the 
device becomes available) for information on the 
additional instructions associated with the COP440 
instruction set. 

This chapter primarily provides information on the 
machine operations associated with the instruction 
set of COP400 devices. However, where 
appropriate, short examples indicating typical 
usage of particular instructions are provided. For a 
detailed treatment on using COP400 instructions to 
write COP400 assembly language programs, see 
Chapter 4 of this manual. 
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3.1 COP420·Series/COP444L Instruction Set 

Table 3.1 provides the mnemonic, operand, machine 
code, data flow, skip conditions and description 
associated with each instruction in the COP420-
series/COP444L instruction set. As indicated, an 
asterisk in the description column signifies a 
double-byte instruction. Also, notes are provided 
following this table which describe or refer to 
additional information relevant to particular 
instructions. As indicated by Note 3, the INI and 
INIL instructions are not included in the COP421 
instruction set, due to its lack of IN inputs and the 
IL3 and ILo latches associated with two of the IN 
inputs (lN3 and INo, respectively). 

Note that the COP420:series/COP444L set, as with 
all COP400 instruction sets, is divided into the 
following categories: Arithmetic Operations, 
Input/Output Instructions, Transfer of Control 
Instructions, Memory Reference Instructions, 
Register Reference Instructions, and Test 
Instructions. 
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Table 3_l ,COP420' Series/COP444L Instruction Set (conlinued) 

Machine;,' ;, 
Hex Lan~uage Code, ' 

Mnemonic Operand COde Binary)" ;" Data Flow Skip Conditions 

MEMORY REFERENCE INSTRUCTIONS 

CAMO 33 10 01 'IO,Oltl A-07:4 
3C 100 ' '11'001 RAM(B) - 03:0 

None 

COMA 33 1001'1001'1 07:4 - RAM (B) None 

2C 10 01 011' 001 03:0 -A 

LD -5 1001 r 101011 RAM(B)- A None 
!3r .. r - Br 

LDD r,d 23 1001' 0100 1 'I None 

10 °1 r I d,+' 
> LaiD BF POll1' 1111 ;, None' 

RMB 0 4C 101 0 0j11 001 o ':'RAM(B)o 
1 45 101001010'1 0- RAM(BI1 
2 42 10 1 0010 0 1 01 o~ RAM(B)2 

NOr)e 

3 43 10 1 0010 ° 1 '1 O-RAM(!3l3 

5MB 0 4D 1010011' all ,1- RAM(B)o None 
,1 47 10 1 ° 010 1 111 1- RAM(B), 
2 46 1010 010 1 1 01 ; ,~, RAM(B)2 

3 4B 10 1 0 0j1 0 1 'I 1 -" RAM(B)3 

STII y 7- 10 11'1 y I Ii-RAM(B) 
,Bd + 1 - Bd 

None 

X -6 None 

XAD r,d 23 None 

XDS -7 A Bd decrements past a 

-4 Bdlnqremenls past ,15 

" 

'REGISTER REFERENCE INSTRUCTIONS,; 

, None 

;XABR, 12 None 
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Description 

• Copy A, RAM 10 a 

• Copy a to RAM, A 

Load RAM into A, 
Exclusive-OR Br with r 

• Load A with RAM pOinted 
to directly by r,d 

Load Q Indirect (Note 3) 

Reset RAM Bit 

Set RAM Bit 

Store Memory Immediate 
and Increment Bd 

Exchange RAM with A, 
Exclusive-OR Br with r 

• Exchange A with RAM 
pointed to directly by r,d 

Exchange RAM with A 
and Decremeflt Bd, 
Exclusive-OR Sr with r 

Exchange RAM with A 
afldlncremefl\ Bd, 
Exclusive·OR Br with r 

Copy A to Bd 

. Copy Bd.to A 

Load ,Blmrtfediat~;wlth .. 
r,d (Note 6) . 

• Load EN Immediate 
(Nate 7) 

Exchange A with Br 
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Table 3.2 provides a list of internal architecture, 
instruction operand and operational symbols used 
in the COP420·series/COP444L Instruction Set 
Table. Table 3.5 shows an alphabetical mnemonic 
index of COP420·series/COP444L instructions, 
indicating the hexadecimal opcode and description 
associated with each instruction. Table 3.6 is a list 
of COP420-series/COP444L instructions arranged in 
order of their hexadecimal opcodes. 

The following text gives a description of each 
COP420-series/COP444L instruction, explaining the 
machine operations performed by each instruction 
and, where appropriate, providing short examples 
illustrating typical usage of particular instructions. 

Symbol 

Table 3_2 ·COP420-Series/CO P44.4~ 
Instruclion.Set Table Symbols 

Definition 

INTERNAL ARCHITECTURE SYMBOLS 

A 4·bit Accumulator 

.8 6-bit RAM Address Register 

Br 

Bd 

3.2 COP420·Series/COP444L Instruction Set 
Description 

Arithmetic Instructions 

ASC (Add with carry, Skip on Carry) performs a 
binary addition of A, C (Carry bit), and M, placing 
the result in A and C. If a carry occurs, the next 
program instruction is skipped. 

ADD (ADD) performs binary addition. The 4-bit 
addends are A and M. The 4-bit sum is placed in A. 
ADD does not affect the carry or Skip. 

ADT (ADd Ten to A) adds ten (10102) to A and, like 
ADD, does not affect the carry or skip. It is 
intended to facilitate Binary Coded Decimal (BCD) 
arithmetic. For example, the following sequence of 
instructions will perform a single-digit BCD add of 
the contents of A and M [the carry is assumed set 
when entering this routine if addition of the 
previous least significant digits produced an 
overflow (A > 9)]: 

AISC 6 
ASC 
ADT 

The AISC 6 instruction adds a BCD correction 
factor (i.e., 6) to the digit in the accumulator. (See 
AISC instruction.) Since the accumulator contains a 
BCD digit (<:; 9) no carry will occur and the next 
instruction, ASC, will always be executed. The ASC 
instruction adds the carry and memory digit to A, 
as explained above. If the result does not produce 
a carry, signifying that the previous AISC 6 
(correction factor) instruction was unnecessary, the 
ADT instruction is executed, readjusting the 
accumulator to the proper BCD result. (Remember: 
ADT neither affects the carry nor skips.) 

If the ASC result does produce a carry, C is set for 
propagation to the addition of the next most 
significant digits and, since no readjustment of the 
result is necessary, the ADT instruction is skipped. 

AISC (Add Immediate, Skip on Carry) adds the 
instruction operand constant "y" (1-15) to A, 
skipping the next instruction if a carry out occurs 
(C is not changed). This instruction finds frequent 
use in BCD add and subtract routines (see ADT and 
CASC descriptions) as well as in testing the value 
of A. (If A is greater than 12, for instance, an 
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AISC 5 will skip the next instruction.) 

CASC (Complement and Add, Skip on Carry) 
performs a binary subtraction of A from M by 
summing the complement of A (Ii) with C and M, 
placing the result in A and C. If no carry out 
occurs, indicating a borrow, C is reset and the next 
instruction is executed. If a carry occurs, indicating 
no borrow, C is set and the next instruction is 
skipped. 
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A single BCD digit binary subtraction of A from M 
may be performed as follows. (The carry bit is 
assumed set upon initial entry to the routine.) 

CASC 
ADT 

The CASC instruction will set C and skip the ADT 
instruction If the subtraction does not result in a 
borrow (A > M). If a borrow occurs, the ADT 
instruction is executed, readjusting the result to 
the proper BCD val ue, leaving C reset for 
propagation of the borrow in the subtraction of the 
next most significant BCD digits. CASC is 
functionally equivalent to a COMP Instruction 
followed by an ASC. 

CLRA (CLeaR A) clears the accumulator by placing 
zeros in each of the 4 bits of A. 

This instruction is often required prior to loading A 
equal to a desired value with an AISC instruction if 
the previous contents of A are unknown. For 
instance, to load A = 11, the following sequence 
may be used: 

CLRA 
AISC 11 

The skip features associated with AISC need not 
be considered in this example. (A carry will never 
occur.) 

COMP (COMPlement A) changes the state of each 
of 4 bits of A with ones becoming zeros and zeros 
becoming ones. It has the effect of, and may be 
used to perform, a binary (one's complement) 
subtraction of A from 15 (11112), e.g., 
complementing A = 6 (01102) will yield 9 (10012). 

NOP (No OPeration) does not perform any 
operation. It is useful, however, for simple single 
instruction time delays or to defeat the skip 
conditions associated with particular instructions. 

SC (Set Carry) and RC (Reset Carry) set C and reset 
C, respectively. SC and RC are most often 
employed to initialize C prior to entering arithmetic 
routines. They also allow C to be used as a 
general·purpose (testable) flag, as long as 
subsequent instructions do notinadvertently affect 
the C register. 

XOR (eXclusive·OR A with M) performs a logical 
EXCLUSIVE·OR operation of each bit of A with 
each corresponding bit of M, placing the result in 
A. This operation can be used to change the state 
of any bit in M, if the corresponding (equally 
weighted) bit of A is set. This follows from the 
EXCLUSIVE·OR truth table where a X + "1" = X, and 
a, X + "0" = X, assuming the "X" bits to be one of 
the 4 bits in M, and th,e "1" and "0" to be equally 
weighted bits in A. This instruction, therefore, 
allows the selective complementing or toggling of 
one or more bits of M. Example: to change the 
state of bit 2 of M, set A = 0100, perform an XOR, 
then exchange A into M with an X instruction. 
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InputlOutput Instructions 

ING (INput G ports to A) transfers the 4·bil 
contents of the IN ports (lN3-INa) to A. 

ININ (INput IN inputs to A) transfers the 4·bit 
contents of the IN ports (IN3-INa) to A. 

INIL (INput IL latches to A) is a special purpose 
instruction which inputs the two latches IL3 and ILa 
(see Figure 3.1 below) and, if the appropriate option 
is selected, a general·purpose input, CKO, to the 
accumulator.- the unused bit/bits of A are reset. 
Specifically, INIL places, IL3 .... A3, CKO .... A2, 

"0" .... A1, ILa .... Aa. IL3 and ILa are the outputs of 
latches associated with the IN3 and INa inputs. 
(The general purpose inputs, IN3-INa, are input to A 
upon the execution of an ININ instruction. (See 
ININ Instruction.) The IL3 and ILa latches are set if 
a low·going pulse ("1" to "0") has occurred on the 
IN3 and INa inputs, respectively, since the last INIL 
instruction, provided the input pulse stays low for 
at least two instruction times. Execution of an INIL 
inputs IL3 and ILa into A3 and Aa respectively, and 
resets these latches to allow them to respond to 
subsequent low·going pulses on the INa and INa 
lines. These latches are not cleared during a power 
on reset. 

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. 

INIL is useful in recognizing and capturing pulses 
of short duration or which can't be read 
conveniently by an IN IN instruction. 

INL (INput L ports to M, A) transfers the 8·bit 
contents of the bidirectional TRI·STATE® I/O ports 
to M, A. L7- L4 are placed in M3- Ma (the memory 
digit pointed to by the B register); La- La are placed 
in Aa-Aa. 



oeD (Output Bd to 0 outputs) transfers the 4-bit 
contents of Bd (lower 4 bits of the B register) to the 
o output ports (Dr 00)- Since, in many 
applications, the 0 outputs are connected to a digit 
decoder, the direct output of Bd allows for a 
standard interconnect to the binary inputs of the 
decoder/driver device. 

OGI (Output to G ports Immediate) transfers the 
four bits specified in the "y" operand field of this 
instruction (0-15, binary) to G3-Go. 

OMG (Output M to G ports) transfers the 4-bit 
contents of M (M3 - Mo) to G3 - Go. 

XAS (eXchange A with SIO) exchanges the 4-bit 
contents of A (A3-AO) with the 4-bit contents of the 
SIO register (SI03-SIOo). SIO "llill 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. The XAS 
instruction copies C into the SKL latch. In the 
counter mode, SK is the output of SKL; in the shift 
register mode, SK outputs SKL ANDed with the 
clock. 

For further information on the EN register and its 
relationship to the XAS instruction, see LEI 
Instruction, below. If SIO is selected as a shift 
register, an XAS instruction must be performed 
once every 4 instruction cycle times to effect a 
continuous serial-in or serial-out data stream. 

Transfer of Control Instructions 

JID (Jump InDirect) is an indirect addressing 
instruction, transferring program control to a new 
ROM location addrssed by the contents of the ROM 
location pointed to by A and M. Specifically, it 
loads the lower 8 bits of the ROM address register 
P with the contents of ROM pointed to by the 10-bit 
word Pg PaA3A2A1 Ao M3 M2 M1 Mo. The contents of 
the selected ROM location (1 7 -10) are, therefore, 
loaded into Pr Po, changing the lower 8 bits of P 
to transfer program control to the new ROM 
location. 

Pg and Pa remain unchanged throughout the 
execution of the JID instruct jon. JID, therefore, may 
only jump to a ROM location within the current 
4-page ROM "block" (pages 0- 3, 4- 7, 8-11 or 
12-15). For further information regarding the 
"paging" restrictions associated with the JID 
instruction, see Section 4.1. 

JID can be useful.in keyboard-decode routines 
when the values associated with the row and 
column of a particular key closure are placed in A 
and M for a jump indirect to the contents of ROM 
which point to the starting address of the 
appropriate routine associated with that particular 
key closure. For an example of use of the JID 
instruction to access a keyboard-decode ROM 
pointer table, see Display/Keyboard Program, 
Section 5.3, #16. 
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JMP (JuMP) transfers program control to any word 
in the ROM as specified by the "a" field of this 
instruction. The 10-bit "a" field is placed in Pg- Po. 
J M P is used to transfer program control from one 
page to another page (if in page 2 or 3, the more 
efficient Single-byte JP instruction may be used) or 
to transfer control to the last word of the current 
page - an invalid transfer for the JP instruction. 

JP (Jump within Page) transfers program control to 
the ROM address specified in the operand field of 
this instruction. The machine code and operand 
field of this instruction have two formats. If 
program execution is currently within page 2 or 3 
(subroutine pages) a 7-bit "a" field is specified, 
transferring program control to a word within either 
of the two subroutine pages. Otherwise, only a 6-bit 
"a" field is specified, transferring program control 
to a particular word within the current 64-word 
ROM page. 

Specifically, this instruction places a6-aO in P6- Po 
if the program is currently in subroutine page 2 or 
3. If in any other page, it places a5- ao in P5- Po. 

The restrictions associated with the JP instruction, 
therefore, are that a 7-bit "a" field may be used 
only when in pages 2 or 3. Otherwise, a JP may be 
used only to jump within the current page by 
specifying a 6-bit "a" field in the operand of this 
instruction. An additional restriction associated 
with the JP instruction, in either of the above two 
formats, is that a JP to the last word of any page is 
invalid, i.e., "a" may not equal all 1s. A transfer of 
program control to last word on a page may be 
effected by using a JMP instruction. (See JMP 
Instruction, above.) 

JSRP (Jump to SubRoutine Page) is used to 
transfer program control from a page other than 2 
or 3 to a word within page 2. It accomplishes this 
by placing a 2 (00102) in Pg- P6, and the word 
address specified in the 6-bit "a" field of the 
instruction into P5- Po. Designed to transfer control 
to subroutines, it pushes the stack to save the 
subroutine return address - the address of the 
next program instruction is saved in SA and the 
other subroutine-save registers are likewise pushed 
(P + 1 ~ SA ~ SB ~ SC). Any previous contents of 
SC are lost, since SC is the last of the three 
subroutine-save registers. Subroutine nesting, 
therefore, is permitted to three levels. JSRP is used 
in conjunction with the RET or RETSK instructions 
which "pop" the stack at the end of subroutine to 
return program control to the main program. As 
with the JP instruction, JSRP may not transfer 
program control to the last word of page 2: "a" 
may not equal all "1s." A JSR may be used to jump 
to the last word of a subroutine beginning at the 
last word of page 2. (See JSR, below.) As 
mentioned above, a further restriction is that a 
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JSRP may not be used when in subroutine pages 2 
or 3. To transfer program-control to a subroutine in 
page 2 when in pages 2 or 3, the double·byte JSR 
should be used, or, if it is not necessary to push 
the stack, a,JP instruction may be used. 

J5R (~ump to SubRoutine) transfers program 
control to a subroutine located at a particular word 
address in any ROM page. It modifies the entire P 
register with the value of, the "a" operand of this 
instruction, as follows: ag- ao .... Pg- Po. As with the 
JSRP instrLiction, JSR pushes the stack 
(P + 1 .... SA .... SB .... SC), saving the next program 
instruction for a return from the subroutine to the 
main program via a RET or RETSK instruction. JSR 
may be used to overcome the restrictions 
associated with the JSRP instruction: to jump to a 
subroutine and push the stack when in pages 2 or 
3, or to jump to a subroutine located at the last 
word of page 2. 

RET (RETurn 'from subroutine) is used to return 
program control to the main program following a 
JSR or JSRP instruction. RET "pops" the stack 
(SC .... SB .... SA .... P): the next main program 
instruction address (P + 1) saved in SA is loaded 
into P, the contents of SB are loaded into SA and 
the contents of SC are loaded into SB. (The 
contents of SC are also retained in SC.) Program, 
control, therefore, is returned to the instruction 
Immediately following the previous subroutine call. 

RETSK (RETurn from subroutine then' SKip), as with 
the RET instruction above, pops the stack 
(SC .... SB .... SA .... P), restoring program control to 
the main program following a subroutine call. It, 
however, always1sklps the first instruction 
encountered when it returns to the main program. 
Th'is instruction, therefore, provides the 
programmer with an alternate return from 
subroutines, either via a RET or RETSK, based 
upon tests made within the subroutine itself. 

CAMQ (Copy A, M to Q) transfers the a·bit contents 
of A and M to the Q latches. Aa-Ao are output to 
Q7- Q4; Ma-Mo are output to Oa-Qo. Note that 
CAMQ is the inverse of COMA(see CQMA 
Instruction, below) with respect to the 4 bits of Q 
with which A and M communicate. Therefore, the 
input and processing of Q must often be followed 
by an X (Exchange M with A) instruction before 
final output to Q in order to maintain the proper bit· 
weights of the 0 data. For example, the following 
instructions read Q to M, A, set 0 7 and perform the 
nepessary exchange before execution of the CAMQ 
instruction: 

COMA OTOM.A 
5MB SET 0 7 BIT LOCATED IN M3 
X EXCHANGE M WITH A 
CAMO A. MTO 0 

CQMA (Copy Q to M, A) transfers the a·bit contents 
of the Q latches to M and A. Q7- Q4 are placed in 
Ma-Mo; Oa-Qo are placed in Aa-Ao. CQMA can be 
employed after an LQID (Load Q InDirect) 
instruction to input or alter the value of lookup 
data. COMA is also an essential instruction when 
the COP420 is employed as a MICROBUSTM 
peripheral component. In such applications, INa is 
used by the control microprocessor to write bus 
data from the L ports to the Q latches. (See Section 
2.4, MICROBUSTM option.) A CQMA will then input 
this data to M, A as explained above for processing 
by the COP420 program. 

Memory Reference Instructions 

LD (LoaD M into A) loads M (the .j·bit contents of 
RAM pOinted to by the B register: Ma- Mo) into 
Aa-Ao. After M is loaded into A, the 2·bit "r" 
operand field is EXCLUSIVE·ORed with the 
contents of Br (upper 2 bits of B - RAM register 
select) to point to a new RAM register for 
successive memory reference operations. Since the 
properties of the EXCLUSIVE·OR logic operation 
are such that a 1 al X equals the complement of X, 
use of the "r" field allows the programmer to 
switch between anyone of the 4 RAM registers by 
complementing the appropriate bit/bits of the 
current contents of the Br register. Of course, if 
"r" = 0, the contents of Br will remain unchanged' 
after the execLition of a LD instruction. 

For example, if the assembly language instruction 
LD 3 ("r" = 11 2) is executed with Br = 2 (102) and 
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Bd = 12 (11002), the contents of RAM register 2, 
digit 12 will be loaded to A and Br will be changed 
to (11 2 +102 =01 2), with B pointing to RAM register 
1, digit 12. For assembly language programming 
use of an EXCLUSIVE·OR "r" operand field with 
memory reference instructions which use this field 
is optional - if not specified, an "0" operand is 
assumed. For further information on allocating 
RAM map locations for optimum use of the 
EXCLUSIVE·OR feature associated with this and 
other memory reference instructions and for 
sample routines utilizing this feature, refer to 
Sections 4.2 and 4.4. 

5MB (Set Memory Bit) and RMB (Reset Memory Bit) 
set and reset, respectively, a bit in M as specified 
by the operand fieid of these instructions. 
(Remember: M is the 4·bit RAM digit pOinted to by 
the B register.) The operand field is specified 
according to the bit number (0-3, left·most to right· 
most bit) of the particular bit to be lIet or reset, 
e.g., an,SMB 3 would set the most significant bit of 
M. These instructions are useful in operating upon 
program status flags located in RAM. 

, , 

STII (Store Memory Immediate and Increment Bd) 
loads the 4·bit contents specified by the "y" 



operand field of the instruction into the RAM 
memory digit pointed to by the B register, MrMa. 
It is important to note that the value of Bd (RAM 
digit·select) is incremented (as with the XIS 
instruction) after the "y" data is stored in M. 

LDD (LoaD A with M Directly) loads the 4·bit 
contents of the RAM memory location pointed to 
directly by the "r" and "d" operand fields (register 
and digit select, respectively) of the instruction, 
M3- Ma, into A3-Aa. Note that this instruction and 
the' XAD instruction differ from other memory 
reference instructions in that the operand of the 
instruction, not the B register, is used to point to 
the appropriate RAM digit location to be accessed 
- the B register is unaffected by these 
instructions. This instruction is useful in accessing 
RAM counters, status and flag digits, etc., within 
routines or loops without destroying the previous 
value of B, allowing the latter to be used for 
sequential memory access operations and for other 
reiterative purposes. 

LQID (Load 0 InDirect) is, in effect, a ROM data 
"lookup" instruction, It transfers the 8·bit contents 
of ROM, Ir la, pOinted to by the 10·bit word 
PgPsAM to 07-0a, respectively. It does this by 
pushing the stack (P + 1 - SA - SB - SC) and 
replacing the least significant 8 bits of P as 
follows: A3-Aa- Pr P4; M3-Ma - P3 -Pa, leaving 
the two most significant bits of P unchanged. The 
ROM data pOinted to by the new P address is 
fetched and loaded into the 0 latches, OrOa, 
Next, the stack is popped (SC - SB - SA - P), 
restoring the previous pushed value of P (P + 1) to 
continue sequential program execution. Since LOID 
pushes SB - SC, the previous contents of SC are 
lost. Also, when LOID pops the stack, the 
previously pushed contents of SB are left in SC as 
well as loaded back into SB. The net result, 
therefore, of an LOID instruction upon the 
subroutine·save stack is that the contents of SB 
are placed in SC (SB - SC), Since it pushes the 
stack, a LOID should not be executed when three 
levels of subroutine nesting are currently in effect. 
(The lasl return address in SC will be lost.) 

Since, as with the JID instruction, LOID affects 
only the lower 8 bits of P (Pg and Ps are 
unchanged), it may only access ROM data located 
within the current 4'page ROM "block" (pages 0-3, 
4- 7,8-11 or 12-15), For further information on the 
use of the LOID instruction, see Section 4.1. 

X (eXchange M with A) exchanges the 4·bit 
contents of RAM pOinted to by the B register, 
M3-Mo, with A3-AO' The "r" operand field of the 
instruction is EXCLUSIVE·ORed with the contents 
of Br after the exchange to provide a new Br RAM 
register select value as explained in the LD 
instruction above. 

XAD (eXchange A with M Directly) exchanges the 
4·bit contents of the RAM memory location pOinted 

to directly by the "r" and "d" operand fields of the 
instruction, M3-MO' with A3-Aa. It has the same 
characteristics and utility as the LDD instruction 
above, e,g., the B register is not affected, 

XDS (eXchange M with A, Decrement Bd and Skip 
on borrow) performs the same operation as the X 
instruction above, and also decrements the value of 
the Bd register (RAM digit·select) after the 
exchange. Use of an "r" operand field will, 
therefore, result in both an altered RAM digit·select 
value and a new RAM register select value in B, 
XDS skips the next program instruction when Bd is 
decremented past 0 (after the contents of RAM 
digit 0 have been exchanged with A and XDS 
decrements Bd to 15), Repeated XDSs will "walk 
down" through the digits of a RAM register before 

. skipping, XDS together with X instructions can be 
used to operate upon the corresponding digits of 
different RAM registers in successive fashion, (See 
Section 4,2.) 
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XIS (eXchange M with A, Increment Bd, and Skip on 
carry) performs the same operation as the XDS 
instruction except that it increments Bd after the 
exchange and skips the next program instruction 
after Bd increments past 15 (after the contents of 
RAM digit 15 have been exchanged with A and XIS 
increments Bd to 0). Consequently, successive XISs 
"walk up" through the digits of a RAM register 
before skipping, 

Register Reference Instructions 

CAB (Copy A to Bd) transfers the 4·bit contents of 
A, A3-AO' to Bd (the RAM digit·select register), This 
instruction allows the loading of a new RAM digit· 
select value via the accumulator, a useful operation 
in many memory·digit access loops, 

CBA (Copy Bd to A) transfers the 4·bit contents of 
Bd (RAM digit select) to A3-AO' It is the functional 
cO[T,plement of the CAB instruction and finds 
similar use in memory·digit access loops. 

LBI (Load B Immediate) loads the B register with 
the 6·bit value specified by the "r" (2·bit) and "d" 
(4·bit) fields of the instruction. Its purpose is to 
directly load a new RAM register and digit select 
value into B and, unlike CAB, CBA or XABR, does 
not require use of the accumulator. A further 
distinction with respect to CAB and CBA is its 
ability to alter the Br register (RAM register·select), 

The LBI instruction is coded or assembled into 
machine language as either a single· or a double· 
byte instruction, depending on the value of the "d" 
field. If the "d" field value equals 0 or 9 through 15, 
the instruction is coded as a single·byte instruction 
with the lower 6 bits equal to the value of "d" 
minus 1, If the "d" field equals 1 through 8 (1- 8), 
the instruction is coded as a double·byte 
instruction, with the lower 6 bits of the second byte 
equal to the value of "d." (See LBI Instruction, 
Table 3,1, and Note 6 of Table 3,1,) 
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To take advantage of the more efficient slngle·byte 
LBI format, frequently used program data (counters, 
flags, etc.) should be placed within RAM digit 
locations accessible by the LBI single·byte "d" 
field (d = 0, 9-15). (See Section 4.2 for further 
information.) 

An Important characteristic of the LBI instruction is 
that it will skip all subsequent Lal instructions 
until It encounters an instruction which is not an 
LBI. This feature accommodates it for use in 
multlple·entry subroutines. (For example, see 
Adjacent Memory Move Routine, Section 4.4.) 

LEI (Load EN Immediate) loads the enable register 
with the value contained In the "y" operand field of 
this Instruction (0-15, binary). Its function Is to 
select or deselect a particular software'selectable 
feature associated with each of the four bits of the 
enable register (ENa- ENo). These features and the 
corresponding bit·welghts and values associated 
with each feature are as follows: 

1. The least significant bit of the enable register, 
ENo, selects the 510 register as either a 4·bit 
shift register or a 4·bit binary counter. 

With ENo set, 510 is an asynchronous binary 
counter, decrementing its value by, one upon 
each low'going pulse ("1" to "0") occurring on 
the 51 input. Each pulse must remain at each 
logic level at least two Instruction cycles. SK 
outputs tI:le value of the C upon the execution of 
an XAS and remains latched until the execution 
of another XAS instruction. The SO output Is 
equal to the value of ENa. 

With ENo reset, 510 is a serial shift register, 
shifting continuously left each instruction cycle 
time. The data present at 51 goes into the least 
significant bit of 510; SO can be enabled to 
output the most significant bit ,of 510 each cycle 
time. SK output becomes a logic·controlled 
clock, providing a SYNC signal each instruction 
time. It will start outputting a SYNC pulse upon 
the execution of an XAS instruction with C = "1," 
stopping upon the execution of a subsequent 
XAS with C = "0." 

If ENo is changed from "1" to "0" ("0" to "1"), 
the SK output will change from "1" to SYNC 
(SYNC to "1") without the execution of an XAS 
instruction. 

2. With EN1 set, the IN1 input is enabled as an 
Interrupt input. Upon the occurrence of a 
negative pulse on IN1, program control is 
transferred to the last word of page 3 (address 
OFF16). Immediately following an interrupt, EN1 
is reset to disable further interrupts until later 
set by an LEI instruction (usually at the end of 
the interrupt service routine or later within the 
main program). 
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The following features are associated with the 
IN1 interrupt procedure and protocol and must 
be considered by the programmer when utilizing 
this software·selectable feature of the COP420-
series. (Interrupt is unavailable on the COP421· 
series since it does not have the INa-INo inputs.) 

a. The interrupt, once acknowledged as 
explained below, pushes the next sequential 
program counter address (P + 1) onto the 
stack, pushing in turn the contents of the 
other subroutine·save, registers to the next 
lower level (P + 1 ... SA'" SB ... SC). Any 
previous contents of SC are losl. The program 
counter Is set to address OFF16 (the last word 
of page 3) and EN1 is reset. 

b. An Interrupt will be acknowledged only after 
the following conditions are met: 

1) EN1 has been set; 

2) A low'going pulse ("1" to "0") at least two 
Instruction cycles in width has occurred on 
the IN1 input; 

3) A currently executing Instruction has been 
completed; 

4) All successive transfer of control 
Instructions and successive LBls 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 e.xecuted). 

c. Upon acknowledgement of an Interrupt, the 
skip logic status Is saved and Implemented 
upon the execution of a subsequent RET 
Instruction. For example, If an Interrupt 
occurs during the execution of ASe (Add with 
carry, Skip on Carry) Instruction which results 
In a carry, the next Instruction (which would 
normally be skipped) Is not skipped; Instead, 
Its address Is pushed onto the stack, the skip 
logic status Is saved and program control Is 
transferred to the Interrupt servicing routine 
at locatlonOFF16. 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 ACS. At this 
time, the skip logic is enabled and skips this 
instruction because of the previous ASC 
carry. Since, as explained above, it is the RET 
instruction which enables the previously 
saved status of the skip logic, subroutines 
should not be nested within the interrupt 
service routine since their RET instruction 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 
address OFF16 must be NOP. 



3. With EN2 set, the L drivers are enabled, loading 
data previously latched into Q to the L 1/0 ports. 
Resetting EN2 disables the L drivers, placing the 
L 1/0 ports in a high·impedance state. When the 
L 1/0 ports are used as segment drivers to an 
LED display, the setting and resetting of EN2 
results in the outputting and blanking, 
respectively, of segment data to the display. 
When using the MICROBUSTM option EN2 does· 
not affect the L drivers. 

4. EN3, in conjunction with ENo, affects the SO 
output. With ENo set (binary counter option 
selected) SO will output the value loaded into 
EN3. With ENo reset (serial shift register feature 
selected), setting EN3 enables SO as the output 
of the 510 shift register, outputting serial shifted 
data (the most significant bit of 510) each 
instruction time as explained above. Resetting 
EN3 with the serial shift register feature selected 

. disables SO as the shift register output: data 
continues to be shifted through 510 and can be 
exchanged with A via an XAS instruction but SO 
remains reset to "0." Figure 3.2 below provides a 
summary of the features associated with EN3 
and ENo. 

XABR (eXchange A with Br) exchanges Br (upper 2 
bits of B: RAM register·select) with A. Since Br 
contains only 2 bits, only the lower two bits of A, 
A1-Ao, are placed in Br. Similarly, the 2 bits of Br 
are placed in A1-AO with "Os" being loaded into 
the upper 2 bits of A, A3-A2. XABR is an efficient 
means of loading the Br register. via the 
accumulator - a direct load of the Br register 
must otherwise be accomplished by an LBI 
instruction which also affects the Bd portion of the 
B register. 
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Test Instructions 

SKC (SKip on Carry) skips the next program 
instruction if the carry bit is equal to "I." When 
used in conjunction with the RC and SC 
instructions, it allows C to be used as a I-bit 
testable flag. 

SKE (SKip If A Equals M) compares all 4 bits of A 
with M, skipping the next instruction if the value of 
A is equal to the value of M. SKE can be used to 
compare A with a status or counter digit in M, 
skipping to an instruction which transfers program 
control to another routine if equality exists. 

SKGBZ (SKip if G Bit is Zero) is a double-byte 
instruction. It tests the state of one of the four G 
lines (G3-GO) as specified by the "n" operand of 
the instruction, skipping the next program 
instruction if the specified G line is equal to "0." 

SKGZ (SKip if G is Zero) is a double-byte 
instruction. It tests the state of all four of the G 
lines, skipping the next program instruction if 
G3-GO are all equal to "0." -

SKMBZ (SKip on Memory Bit Zero) skips the next 
program instruction if the RAM memory bit 
specified by the "n" field ofthe instruction (0-3, 
right-most to left-most M bit) is equal to "0." This 
instruction, together with the 5MB and RMB 
instructions,allow for the testing and manipulation 
of single·bit flags contained within RAM digit 
locations. 

SKT (SKip on Timer) instruction tests the state of 
an internal.l0-bit time-base counter. This counter 
divides the instruction cycle clock frequency by 
1024 and provides a latched indication of counter 
overflow. The SKT instruction tests this latch, 
executing the next program instruction if the latch 
is not set. If the latch has been set since the 
previous test, the next program instruction is 
skipped and the latch is reset. The features 
associated with this instruction, therefore, allow 
the controller to generate its own time-base for 
rea,l-time processing rather than relying on an 
external input signal. 

For example, using a 2.097 M Hz crystal as the time
base to the clock generator, the instruction cycle 
clock frequency will be 131 kHz (crystal 
frequency.,. 16) and the binary counter output pulse 
frequency will be 128 Hz. For time-of-day or similar 
real-time processing, the SKT instruction can call a 
routine which increments a "seconds" counter 
every 128 ticks. 



CD 3.3 COP421·Series Instruction Set Differences 
:2 
:::I The ININ instruction has been deleted. This is due 

" to the lack of the IN inputs. 
rn 
~.. The INIL instruction has been substantially 
~ modified due to the lack of IN inputs and IL3/1Lo 
:::)- latches. If an INIL instruction is executed on a 

COP421-series device, it will input only the state of 
eKO, providing eKO has been programmed as a 
general-purpose input (0 - A3, A1, Ao; eKO - A2). If 
eKO has not been programmed as a general
purpose input, the INIL instruction is non-functional 
on the eOP421-series. 

3.4 COP410LlCOP411 L Instruction Set 

The eOP410L and eOP411 L instruction sets are 
subsets of the eOP421-series instruction set. 

Table 3.3 provides the mnemonic, operand, machine 
code, data flow, skip conditions and description 
associated with each instruction in the, COP410L 
and eOP411L instruction sets. An asterisk in the 
description column indicates the double-byte 
instruction. Notes are provided, following this 

table, which include additional information relevant 
to particular instructions. 

Table 3.4 provideS a list of internal architecture, 
instruction operand and operational symbols used 
in the eOP410UeOP411L Instruction Set Table. 
Table 3.7 provides an alphabetical mnemonic index 
of eOP410UeOP411L instructions, indicating the 
hexadecimal opcode and description associated 
with each instruction. Table 3.8 is a list of 
eOP410UeOP411L instructions arranged in order 
of their hexadecimal opcodes. 

The following text discusses the differences which 
exist between the COP410L and eOP411L 
instruction sets and that of the eOP420-series. The 
eOP410L is specifically discussed with diflerences 
between it and the eOP411 L noted. All other 
instructions perform the same machine operations 
and have the same typical usage as discussed in 
Section 3.2. For a treatment of the significance of 
those differences when writing programs for the 
eOP410L and eOP411L, see Section 3.5, 
eOP410UeOP411L Instruction Set Differences, and 
Section 4.11, eOP410UeOP411L Programming. 
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3.5 COP410LlCOP411L Instruction Set 
Differences 

Arithmetic Instructions 

ADT has been deleted. To perlorm a similar 
operation an AISC 10 followed by a NOP to defeat 
the skip condition (carry) may be used. 

CASC has been deleted. A COMP instruction 
followed by an ASC will achieve the same result 
(subtraction of A from M). 
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Input/Output Instructions 

ININ has been deleted due to the COP410L's lack 
of IN inputs. 

OGI has been deleted. A loading of data to the G 
ports must be accomplished via M by first loading 
M and then outputting its contents to G via an 
OMG instruction. 

Memory Reference Instructions 

CQMA has been deleted. Since no MICROBUSTM 
option is provided for the 90P410L, 0 is used in 
the COP410L primarily for output operations. An 
input of the L 1/0 ports, therefore, will effectively 
function as the equivalent of a COMA; this is 
accomplished by the execution of an INL 
instruction. 

LDD has been deleted. To load the contents of a 
data memory digit location into A, the usual 
procedu~e of loading B via an LBI to pOint to a 
particular RAM location followed by an LD 
instruction must be used. 

XAD has been altered to reference one data 
memory location only; specifically, M(3,15). 
"Scratch'pad" data to be exchanged with A without 
affecting the B register should be placed, therefore, 
in M(3, 15) and accessed by the XAD 3,15 
instruction. 

Register Reference Instructions 

LBI has been altered to correspond to the data 
memory configuration of the COP410L. Specifically, 
it may only be used to access valid RAM locations, 
namely digits 9 through 15 and 0 in registers 0-3. 
The LBI "d" field, therefore, is limited to "d" values 
of 9-15 and 0, resulting in al/ LBls being coded as 
single-byte instructions. Remember, the machine 
code for the "d" operand field is the binary value of 
"d" minus 1. 

XABR has been deleted. To load Br, the entire B 
register must be loaded via an LBI. Altering Br may 
also be accomplished by using the EXCLUSIVE-OR 
"r" field associated with the memory reference 
instructions LD, X, XDS, and XIS. 

Test Instructions 

SKT has been deleted since the COP410L does not 
contain an internal divide-by-1024 time-base 
counter. 
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4 COP400 Programming 
Techniques 

This chapter provides several examples of 
programming techniques for C0P400 devices. The 
COP420-series/COP444L instruction set is assumed 
since it falls between the smaller and larger 
instruction sets, respectively, of the COP410L and 
the COP440. For users of the COP410UCOP411L, 
Section 3.5 provides Information on use of multiple 
COP410L Instructions to simulate the function of 
COP420 Instructions not provided for the COP410L. 
Users of the COP440 will find all examples relevant 
since this device contains all COP420 instructions 
as well as several additional instructions. 

All examples are given In COPSTM Cross Assembler 
language, using COP400 assembler instruction 
mnemonics and operand statements. Although, in 
the following examples, Instruction operands and 
ROM page numbers are wrlHen using decimal 
notation, the programmer may specify these 
expressions in hexadecimal riotation - the 
assembler accepts either format (e.g., 
AISC 13.=AISC X'C, Page X'A=Page 10). On 
.occaslon, source code examples contain non· 
Instruction statements, such as assembler 
directives which convey information to the 
assembler necessary for proper program address 
allocation and similar assembler related tasks. For 
further information on the COPS Cross Assembler 
and Its use see PDS User's Manual, Chapter 8. 

4.1 Program Memory Allocation 

Generally, COP420-series program memory may be 
thought of as one area of 1024 bytes of ROM with 
an address range of 0 to 3FF (hexadecimal). 
However, while this concept 15 convenient in 
writing, assembling and debugging major portions 
of COP420-series programs, it is necessary,'with 
respect to a few instructions, to conceptualize 
program memory on a 64·word "page" basis. 

Specifically, because of the characteristics and 
restrictions associated with the JP, JSRP, JID, and 
LaiD instructions, the programmer must conceive 
0.1 program memory as 1024 bytes or words, 
organized as sixteen pages, numbered 0-15 
respectively. The following discussion provides 
information and examples relating to the "page" 
characteristics of each of these unique 
instructions. For Information on the machine code 
and operations performed by these instructions, 
see Section 3.2. Table 4.1 provides a conversion 

chart indicating the hexadecimal address 
equivalerits for each of the 16 "pages" of ROM. 
Note - each page .consists of 0 through 3F16 

words. 
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J P In$truction 

The JP instruction is used to transfer program 
control to a ROM location within a page or within a 
two-page boundary consisting of "subroutine 
pages" 2 or 3. 

The following page restrictions apply to the JP 
instruction: 

• When used in any page other than page 2 or 3, It 
can only jump to a word within the current page. 

• When used In page 2 or 3, It may jump to a word 
within page 2 or 3. 

• In all cases, It cannot jump to the last word of a 
page (word 03F16). 

The JP instruction assembly operand normally 
consists of a program label or expression 
specifying the address of the word to be jumped to. 
To specify page boundaries and to ensure correct 
placement of the JP and other page-oriented 



instructions, the assembler .PAGE directive is used 
to specify the beginning of new page boundaries 
for program code placement. (See PDS User's 
Manual, Chapter 8.) The following are examples of 
use of the JP instruction when used outside 
subroutine pages 2 and 3: 

LABEL1: 

LABEL2: 

.PAGE 0 ; PLACE FOLLOWING CODE IN 
; PAGE 0 

JP LABEL2; LEGAL JUMP WITHIN PAGE 

Jp LABEL3; ILLEGAL JUMP TO LAST 
; WORD OF PAGE 

JP LABEL4; ILLEGAL JUMP TO ANOTHER 
; PAGE 

LABEL3: ; THIS INSTRUCTION IN LAST 
; WORD OF PAGE 0 

LABEL4: 

; PLACE FOLLOWING CODE 
; ON PAGE I' 

PAGE 1 

'Note: The .PAGE 1 directive is not necessary - the PDS 
Assembler automatically places code in successive 
memory locations. After a particular page is full, code is 
automatically placed in successive locatiQns on the 
following page. 

The following examples illustrate use of the JP 
instruction when in subroutine pages 2 and 3: 

.PAGE 2 
LABELl: 

JP 

JP 

LABEL2: 
.PAGE 3 

JP 

LABEL3: 
JP 

JP 

. PAGE4 

LABEL4: 

JP 

; START OF '"SUBROUTINE'" 
; PAGE 2 CODE 

LABEL3 ; LEGAL JUMP TO PAGE 3 
; LOCATION 

LABEL2 ; ILLEGAL JUMP TO LAST 
; WORD OF PAGE 

; LAST WORD OF PAGE 2 
; START OF PAGE 3 CODE 

LABEL4 ; ILLEGAL JUMP TO PAGE 
; OUTSIDE PAGE 2 OR 3 

LABELl ; LEGAL JUMP TO PAGE 2 

; LOCATION. 
LABEL3 ; LEGAL JUMP WITHIN PAGE 

; START OF PAGE 4 COD~ 

LABEL 1 ILLEGAL JUMP TO PAGE 2 
(MAY ONLY BE DONE WHEN 
IN PAGE 2 OR 3) 
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JSRP Instruction 

The JSRP instruction is another page'oriented 
instruction which transfers program control to a 
word located within "subroutine" page 2 only. Its 
primary purpose is to allow a single·byte jump to a 
subroutine in page 2 from any program location 
other than from page 2 or 3. As explained in 
Section 3.2, JSRP pushes the subroutine-save stack 
to allow a return to the next program instruction 
following the subroutine call. The restrictions with 
the JSRP instruction are as follows: 

• JSRP cannot be used to jump to a subroutine 
when in pages 2 or 3. (The double·byte JSR 
instruction can be used for this purpose.) 

• JSRP cannot be used'Io jump to a subroutine 
located at the last word of page 2. (A JSR can 
also be used for this purpose.) 

Examples of use of the JSRP instruction: 

,PAGE 0 

LABELl: ; PAGE 0 SUBROUTINE 

RET ; RETURN FROM SUBROUTINE 

JSRP ADD ; LEGAL CALL TO PAGE 2 

JSRP SUB ; ILLEGAL CALL TO PAGE 3 

',PAGE 2 ; START OF PAGE 2 CODE 

ADD: ; START OF ADD SUBROUTINE 

RET 

JSRP LABELl ; ILLEGAL CALL FROM PAGE 2 

,PAGE 3 ; START OF PAGE 3 CODE 

SUB: ; SUBTRACT SUBROUTINE 

RET 

Subroutine Pages 2 and 3 

The special characteristics of the JP and JSRP 
instructions facilitate the use of pages 2 and 3 as 
subroutine pages. Programmers should consider 
dedicating these pages to the recursive program 
subroutine for the following reasons: 

• A single·byte JSRP can be used to transfer 
program control to a page 2 subroutine . 

• When in pages 2 or 3, a single·byte JP can be 
used to jump to either of these pages. 

The following code exemplifies the use of the JP 
and JSRP instructions to transfer program control 
to and within pages 2 and 3 as follows. Note that 
in this example the ADD subroutine jumps to 
MEMOVE (Memory Move) routine before returning. 



Thus, subroutines may share a common "return" 
subroutine, jumped to from page 2 or 3 with a 
,single·byte JPinstructi9n. 

,PAGE 0 

JSRP ADD ; CALL ADD SUBROUTINE 

.PAGE 2 ; START OF PAGE 2 CODE 

ADD: ; ADD SUBROUTINE 

JP MEMOVE ; JUMP TO MEMOVE 
; "RETURN" ROUTINE (NO 
; "PUSH" OF STACK) 

. PAGE 3 ; START OF PAGE 3 CODE 

MEMOVE:. 

RET 

JID Instruction 

; MEMORY MOVE ROUTINE 

; RETURN TO MAIN PROGRAM 
; (POP STACK) 

The JID (Jump Indirect) instruction is another page· 
oriented instruction. For a machine operation 
description, see Section 3.2. JID is an indirect ROM 
addressing instruction which transfers program 
control to a new ROM location based upon the 
contents of a ROM "pointer." The paging features 
and restrictions associated with the JID Instruction 
are as follows: 

• JID first jumps to a ROM pOinter based upon the 
contents of A and RAM. 

• JID then transfers program control to the ROM 
word specified by the contents of the ROM 
pOinter. 

• The ROM pointer and the indirect address 
jumped to must be within the same 4·page ROM 
"block" as the JID instruction. Specifically, for 
purposes of this instruction, the sixteen pages 
of ROM are divided Into 4 blocks as follows: 

Block Pages 

1 0-3 
2 4-7 
3 8-11 
4 12-15 

For example, if the JID instruction is located In 
page 5, the ROM pOinter and the indirect address 
to which program control Is transferred must be 
within block 2 (pages 4- 7). For an example of the 
use of the JID Instruction in a simple keyboard 
decode routine, see Section 5.3. 

LaiD Inst'ructlon 

The LaiD Instruction is an indirect data output 
instruction. It,loads the 8·bit a register with the 
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8·bit contents of a particular ROM location pOinted 
to by A and RAM. For an explanation of the 
machine operations associated with this 
instruction, see Section .3.2. The paging restrictions 
associated with this instruction are similar to those 
associated with the JID instruction, as follows: 

• For purposes of the LaiD instruction as with the 
JID instruction, ROM is divided into 4·page ROM 
"blocks" (pages 0-.3, 4-7, 8-11 and 12-15). 

• The ROM location containing th,e LaiD "lookup" 
data must be within the same ROM block as the 
LaID instruction. 

For example, a LaiD instruction located in page 9 
must access ROM data located in pages 8 through 
11 . 

Additional Restrictions Associated with 
JP, JSRP, JID and LaiD Instructions 

As already mentioned, the ROM address register (P) 
incremellts its value when executing an instruction 
to point to the next memory instruction, 
automatically "roiling over" to the next page after 
executing an instruction located in the last word of 
a page. It is important to realize, however, that Pis' 
incremented prior to the execution of the current 
instruction. This characteristic has important 
consequences for JP, JSR, JID and LaiD 
instructions which are located in the last word of a 
page. Specifically, these instructions will operate 
on the incremented value of P which, because of 
the increment·before·execution COP feature, will 
pOint to the first word of the next page. 
Consequently, if any of these instructions are 
placed in the last word of a page, the program will 
treat them as residing on the first word of the 
following page. Given the paging restrictions 
associated with these Instructions, the following 
operations and restrictions are associated with tho 
following placements of these instructions: 

• A JP in the last word of a page will go to any 
location in the following page (except the last 
word). A JP in the last word of page 1 will be 
able to go to any location (except the last word) 
of page 2 or 3 since it is treated as a JP in page 
2. Furthermore, a JP in the last word of page 3 
will not go to a location within page 2 or 3, but, 
instead, will go to a location within page 4. 

• A JSRPinstruction Is not allowed to reside in 
the last word of page 1, since it will be treated 
as an illegal use of JSRP in page 2. A JSRP in 
the last word of page 3, however, is allowed, 
since it will be treated as a JSRPoutslde of 
pages 2 or 3, namely In page 4. 

• A LaiD or JID Instruction located in the last 
word of the last page of a particular ROM block 
(last word of page 3, 7, 11 or 15) will lookup data 
or transfer program control, respectively, to a 
locatio,n within the next 4 page ROM block. 



As is evident from the above, these characteristics 
are not necessarily restrictions, provided the 
programmer intentionally uses these instructions to 
operate in the above manner. For example, a J P on 
the last word of page 1, unlike other page 1 JP 
instructions, will be able to transfer program 
control to the two·page subroutine pages 2 or 3, 
provided the operand specifies a location within 
page 2 or 3. Similarly, a LOID or JID located in the 
last word of the last page of a ROM block will 
allow data lookups on or indirect program control 
transfers \0 locations within the next ROM block, 
provided the lookup data or address pointers are 
placed in the appropriate locations within the next 
ROM block. 

Use of Assembler .PAGE Directive 

Because of the above paging restrictions, 
programmers are advised to place .PAGE 
assembler directives at the beginning of each page 
of code. Although portions of the program may not 
contain page-related instructions, this practice will 
facilitate placement of program "patches" or other 
modifications required during the program debug 
phase, these often involving page·related 
instructions. This practice is also a convenient, if 
not necessary, documentation tool, dividing the 
assembler output listing into a COPSTM page 
format. Finally, since the COPS Cross Assembler 
places program memory words into successive 
locations without regard to COPS pages, the use of 
a .PAGE directive is a simple means of reserving 
program memory space at the end of a page during 
initial program code generation, often used later for 
program additions. An alternative means of 
reserving program memory space anywhere within 
a page is by use of an assembler assignment 
statement which references the assembler location 
pOinter - the pointer is referenced by a period 
("."). For more information on the assignment 
statement, see PDS User's Manual, Section 8.4. An 
example and explanation of its use in referencing 
the assembler location counter (".") is contained in 
Section 4.5 of this manual 

9-45 

4.2 Data Memory Allocation and Manipulation 

An important step which should occur prior to 
writing a COPSTM program is the allocation of 
program data (registers, flags, counters, etc.) to 
specific areas of program memory (RAM). This 
process is referred to as "creating a RAM map" 
and, although the map will undoubtedly change as 
programming continues, construction of an initial 
RAM map will make the ensuing programming 
process significantly easier. 

As explained in Section 2.8, the COP420-series has 
4 data memory registers, numbered 0 through 3, 
consisting of 16 4-bit digits. Frequently accessed 
data should be stored in locations which are able 
to be pOinted to by loading the B register with a 
single-byte LBI instruction. These locations consist 
of digit numbers 0 and 9 through 15 in any data 
memory register. These areas are indicated by the 
diagonal-lined areas of Figure 4.1. It requires a 
double-byte LBI instruction to load the B register to 
access the other digits in data memory registers, 
thus requiring an extra program memory word. 
Single-bit flags and digit counters should be 
located in these diagonal-lined regions since they 
tend to be frequently accessed in most programs. 

The memory reference instructions LD, X, XDS, and 
XIS allow the programmer to modify the data 
memory register address without using an LBI 
instruction. All of these instructions may modify 
the upper two bits of B (Br - RAM register-select) 
by specifying an "r" operand field which is 
exclusive-O Red with the current value of Br. This 
feature allows the programmer to toggle back and 
forth between any of the four COP420 data memory 
registers. For example, data located within the data 
memory locations marked with shaded boxes in 
Figure 4.1 can be easily swapped back and forth 
using the LD and X instructions. They can also be 
added to or subtracted from each other easily. 
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The automatic data memory digit address 
increment and decrement features associated with 
the XIS and XDS instructionS and their skip 
condition features facilitate the shifting, adding, 
and subtracting of the contents of data memory. 
Data that needs to be shifted should be located in 
adjacent digit locations (for example, the dotted· 
box locations in Figure 4.1). Data that needs 'to be 
added, subtracted, or shifted should be located iir 
areas adjacent to the XIS or XDS skip boundaries. \ 
The dotted locations in Figure 4.1 are against the 
XIS boundary at digit 15. This allows the 
programmer to take advantage of ttie skip feature 
of the XIS instruction. 

The following examples illustrate several of the 
principles discussed above. The notation M(N1,N2) 
indicates a particular data memory digit M, where 
N1 = register number and N2 = digit number. 

; MOVE M(3,0) TO M(l,O) 

LBI 

LD 
X 

3,0 ; 3 TO BR; 0 TO BD (SINGLE-BYTE 

;LBI:D=O) 
; M(3,0) TO A; 1 TO BR 3 $ 2 = 1) 
; A TO M(l,O) 

; MOVE MEMORY REGISTER 1 TO MEMORY REGISTER 0 
; M(1,15) - M(l,O) TO M(0,15) - M(O,O) 

LBI 1,15 ; 1 TO BR, 15 TO BD (SINGLE·BYTE 
; LBI) 

MV1: LD ; M(1,15) TO A; 0 TO BR 
XDS ; A TO M(0,15); 1 TO BR; BD -1 TO 

; BD; CONTINUE TO MOVE NEXT 
; LOWER DIGIT UNTIL BD GOES 
; PAST 0 AND SKIPS 

JP MV1 ; HERE IF NO SKIP 

; LEFT SHIFT DOTTED AREAS OF FIGURE 4.1 
; 0 TO M(0,12)- M(O,l2)- M(0,13)- M(0,14)- M(0,15) TO A 

CLRA ; OTO A 

LBI 0,12 ; ° TO BR; 12 TO BD 
LSHFT XIS ; M(0,12) TO A; ° TO M(0,12) 

JP LSHFT; EXCHANGE A INTO BD, LEFT 
; SHIFT NEXT HIGHER DIGIT UNTIL 
; "BD" GOES PAST 15 AND SKIPS 

4.3 Subroutine Techniques 

Any section of program code used repeatedly 
within the main program should be coded as a 
subroutine, preferably on "subroutine pages" 2 or 3 
for the reasons discussed above. Subroutines are. 
jumped to or "called" by the JSRP or JSR (double· 
byte) instruction, both of which "push" the stack, 
saving the next memory location address after the 
subroutine call in the SA subroutine·save register. 
The other subroutine·save registers are ' 
correspondingly pushed. Subroutine nesting on the 
COP420·series is permitted to 3 levels, since this 
device contains 3 subroutlne·save registers. 

Subroutines should terminate with a RET or RETSK 
instruction, both of which "pop" the subroutine 
stack, with the program return address in SA being 
placed in the program counter register. The other 
subroutine·save registers are also popped. The 
contents of SC, which Is the bottom·most 
subroutlne·save register, are retained in SC in 
addition to being placed in SB. 

It is convenient to think of a subroutine as a 
program module. The programmer should make its 
interface to the calling program as clearly defined 
and as simple as possible. rheinterface (including 
data memory registers, entry pOints, etc., used by 
the subroutine) should be documented fully by 
comments to the code. 

Subroutine examples presented in this chapter 
often use the double·byte JSR instruction to call 
subroutines since no restrictions are associated 
directly with Its use. When writing an actual 
program, programmers should use the more 
efficient single·byte JSRP instruction as well as 
use the double·page boundaries of subroutine 
pages 2 and 3 for placement of subroutine code (as 
discussed above) for efficient single·byte jumps . 
while in these pages using the JP instruction. 

It is often useful to define multiple·entry points for 
a single subroutine. The successive·skip.feature of 
the LBI instruction often facilitates this technique. 
For exampl~, see Register Move Routines, Section 
4.4. 

The RETSK instruction allows the programmer to 
use an alternate return to the main program 
(skipping the first program instruction encountered 
upon return) based upon tests or computations 
made within the subroutine itself. Example: 

.PAGE ° 

JSRP ADD ; CALL ADD SUBROUTINE 
; RETURN HERE IF RESULT .. 9 
; RETURN HERE IF RESULT> 9 

.PAGE2 ; START PAGE 2 CODE 

ADD: ADD ; ADD SUBROUTINE ~ ADDS TWO 
; BCD DIGITS; RESULT TO A 

AISC OVERFLOW AND SKIP IF RESULT 

>9 
RET RETURN WITHOUT SKIP (RESULT 

.. 9) 

RETSK RETURN THEN SKIP (RESULT> 9) 
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4,4 Utility Routines 

Programmers often build a library of basic routines 
which are useful in numerous applications, This 
and the following sections provide examples of 
several such "utility" routines, 

Register Move Routine 

It is often necessary to move data from one 
memory register to another. The following are 
examples of this type of routine, Note that the 
routines may be easily modified to perform moves 
in the opposite direction (e,g" from register 1 to 0) 
or to include a move of register 1 to 2, 

ADJACENT MEMORY MOVE ROUTINE 

; ADJACENT MEMORY REGISTER MOVE, MULTIPLE ENTRY POINT SUBROUTINE 

; MOVOT1: MOVE MEMORY REGISTER 0 TO REGISTER 1 ENTRY POINT 
; MOV2T3: MOVE MEMORY REGISTER 2 TO REGISTER 3 ENTRY POINT 
; ROUTINE MOVES DIGITS 15 THROUGH 0 
; PREVIOUS CONTENTS OF A AND B ARE LOST 

MOVOT1: LBI 0,15 ; POINT TO M(O,15) 

MOV2T3: LBI 2,15 ; NOTE LBI SUCCESSIVE SKIP FEATURE 

MOV: LD ; TRANSFER M TO A; EXCLUSIVE,OR 1 WITH BR 
XDS 1 ; EXCHANGE A WITH M; EXCLUSIVE,OR 1 WITH BR; DECREMENT so 

JP MOV ; JUMP TO "MOV" IF MORE DIGITS TO MOVE 
RET ; RETURN WHEN XDS SKIPS (LAST DIGIT MOVED) 

DATA MEMORY SHIFT AND ROTATE ROUTINES 

; MULTIPLE ENTRY POINT SUBROUTINE TO RIGHT SHIFT MEMORY REGISTER 0, 1, 2, OR 3 ONE DIGIT POSITION 
; ZEROS ARE SHIFTED INTO DIGIT 15 

; PREVIOUS CONTENTS OF A AND B ARE LOST 
; RSHO: RIGHT SHIFT REGISTER 0 ENTRY POINT 
; RSH1: RIGHT SHIFT REGISTER 1 ENTRY POINT 
; RSH2: RIGHT SHIFT REGISTER 2 ENTRY POINT 
; RSH3: RIGHT SHIFT REGISTER 3 ENTRY POINT 

RSHO: LSI 0,15 ; POINT TO DIGIT 15 IN APPROPRIATE REGISTER 
RSH1: LSI 1,15 ; NOTE LBI SUCCESSIVE SKIP FEATURE 
RSH2: LSI 2,15 
RSH3: LBI 3,15 

CLRA ; ZEROS IN FIRST DIGIT (DIGIT 15) 

SHFTR: XDS ; SHIFT RIGHr 
JP SHFTR ; CONTINUE UNTIL ENTIRE REGISTER SHIFTED 
RET ; RETURN WHEN FINISHED ("XDS" SKIPS) 

"NOTE THAT THE ABOVE ROUTINE CAN SHIFT THE REGISTERS ONE DIGIT TO THE LEFT USING THE "XIS" INSTRUCTION IN PLACE OF 

"XDS" AND STARTING AT DIGIT 0, 

; MULTIPLE ENTRY POINT SUBROUTINE TO LEFT SHIFT THE BITS OF A MEMORY DIGIT 
; UPON ENTRY, B MUST POINT TO THE DIGIT TO BE SHIFTED 
; ZEROS ARE SHIFTED IN FROM THE RIGHT 
; PREVIOUS CONTENTS OF A ARE LOST 
; LEF1: SHIFT DIGIT LEFT 1 SIT ENTRY POINT 
; LEF2: SHIFT DIGIT LEFT 2 BITS ENTRY POINT 
; LEF3: SHIFT DIGIT LEFT 3 BITS ENTRY POINT 

LEF3: LD 
ADD 
X 

LEF2: LD 
ADD 

X 
LEF1: LD 

ADD 
X 
RET 

DIGIT TO A 
ADD DIGIT TO ITSELF 
SHIFTED DIGIT TO MEMORY 
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; MULTIPLE ENTRY POINT SUBROUTINE TO LEFT ROTATE THE BITS OF A MEMORY DIGIT 

; UPON ENTRY, B MUST POINT TO THE DIGIT TO BE ROTATED 
; PREVIOUS CONTENTS OF A ARE LOST 
; LR01: ROTATE DIGIT LEFT 1 BIT ENTRY POINT 
; LR02: ROTATE DIGIT LEFT 2 BITS ENTRY POINT 
; LR03: ROTATE. DiGIT LEFT 3 BITS ENTRY POINT (SAME AS RIGHT ROTATE 1) 

LOR3: JSR 
LOR2: JSR 
LOR1: LD 

ADD 
X 
AISC 

RET 
5MB 
RET 

ACCUMULATOR SHIFT ROUTINE: 

LR01 

LR01 

0 

; ROTATE 1, THEN 2 MORE 

; DIGIT TO A 
; ADD DIGIT TO ITSELF 
; EXCHANGE M WITH A 
; WAS MEMORY BIT3 ON? 

; NO, RETURN 
; YES, WRAP AROUND BITO 

; SUBROUTINE TO LEFT SHIFT BITS OF A BY USING THE SIO REGISTER (SIO MUST BE ENABLED AS A SERIAL SHIFT REGISTER) 

; SI MUST BE CONNECTED TO LOGIC "0" (GROUND) 
; ZEROS ARE SHIFTED IN FROM THE RIGHT 
; LFTA1: LEFT SHIFT A 1 BIT ENTRY POINT 
; LFTA2: LEFT SHIFT A 2 BITS ENTRY POINT 
; LFTA3: LEFT SHIFT A 3 BITS ENTRY POINT 

LFTA1: XAS ;ATOSIO 
LFT2: XAS ; SIO TO A (SIO SHIFT RIGHT 1 BIT) 

RET 
LFTA2: XAS ;ATOSIO 
LFT3: JP LFT2 ; DELAY 1 INSTRUCTION CYCLE TIME - SIO SHIFT RIGHT 1 MORE BIT 
LFTA3: XAS ;ATOSIO 

JP LFT3 ; DELAY 1 INSTRUCTION CYCLE TIME - SI SHIFT RIGHT 2 MORE BITS 

CLEAR DATA MEMORY ROUTINE: 

; SUBROUTINE TO CLEAR ALL RAM 
; CLEAR REGISTERS 3 THROUGH 0 IN SUCCESSION, THEN RETURN 

CLRAM: LBI 3,15 ; START BY CLEARING REGISTER 3 
CLR: CLRA ; OTOA 

XDS ; EXCHANGE WITH DIGIT 15, DECREMENT DIGIT 
JP CLR ; CONTINUE UNTIL DIGIT 0 CLEARED 
XABR ; BRTO A 
AISC 15 ; REGISTER 0 CLEARED? 
RET ; YES, RETURN 
XABR ; NO, REPLACE BR -1 INTO BR 
JP CLR ; CLEAR NEXT REGISTER 

4.5 Timing Considerations 

Programmers must often synchronize programs 
with external events ("real·time" programming). 
Such programs must be balanced with respect to 
the execution times of the various branches taken 
by the program. To ensure equal execution times, 
program timing delays are added. There are 
numerous ways of introducing timing delays, the 
Simplest but least efficient involving the use of 
NOPs. Obviously these are appropriate for only the 
shortest delays. 

A counting loop, such as: 

CLRA 
AISC 
J P . - 1 ; ADD 1 TO A UNTIL A 

CONTINUE: . ; OVERFLOWS' 

is more efficient for longer delays, but destroys the 
previous contents of A. Another method is to use a 
"scratch'pad" counter in data memory using the 
XAD instruction. For example, assuming the use of 
a counter in M(3,15): 
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XAD 3,15 

AISC 1 
JP .-1 

:XAD 

; COUNTER TO A; A TO M(3.15) 
; ADD 1 TO COUNTER UNTIL IT 
; OVERFLOWS' 

; RESTORE A THEN CONTINUE 

"Note: The above timing code example shows 
the use of a special assembler symbol in the 
operand of the JP Instruction. Namely, the 
operand of the JP Instruction, rather than 
using a program label, references the 



assembler location counter (which equals the 
address of the current program address). The 
"." signifies the assembler location counter 
and the value of the operand equals the 
location counter minus the number of memory 
bytes to the right of the "." sign. Use of the 
"." location pointer symbol for transfer of 
control instructions facilitates coding in 
avoiding the need to create unique program 
labels to reference memory addresses. 

Larger delays may be implemented by using multi
digit RAM counters. Another technique is calling 
unrelated subroutines which change registers or 
memory locations not currently in use or whose net 
effect on memory is null. An example of the latter 
technique is illustrated below. 

JSR 
JSR 

LR03 
LROI 

; LEFT ROTATE 3 BITS 
; LEFT ROTATE 1 MORE BIT 

This combination of subroutines only affects A, 
while maintaining the integrity of data in the 
rotated memory digit. 

4.6 BCD Arithmetic Routines 

BCD data manipulation routines are essential in 
applications which interface with human operators 
of a microcomputer system. They are easily 

translated to and from codes used by decimal 
displays and keyboards. The COP400 series 
instruction set and internal architecture has been 
designed to perform BCD routines efficiently. The 
following routines are examples of simple BCD 
data manipulation routines. 

Unsigned BCD Integer Add and Subtract Routines 

The following programs present unsigned BCD 
integer add and subtract subroutines. Data is 
stored in data memory registers 0 and 1 and is 13 
digits long, occupying memory digits 0 through 12, 
respectively. The most significant BCD digit is in 
memory digit 12. The techniques used to 
manipulate the contents of mem'ory address 
register B are common to many arithmetic routines. 
The LD and XIS instructions transfer data between 
memory and A. After the transfer they modify B. 
LD 1 causes a "1" to be exclusive-ORed with Br. 
Since, in these routines, Br is always equal to 1 
when the LD 1 instruction operates upon it, Br is 
always changed to O. (LD 1 causes Br to point to 
memory register 0.) Similarly, XIS 1 also changes Br 
to point to memory register 0, as well as 
incrementing the value of Bd to point to the next 
higher memory digit. Thus, Br "flip-flops" between 
registers 1 and 0 while Bd "walks-up" the digits of 
the registers. 

; SUBROUTINE TO DO UNSIGNED BCD INTEGER ADD OF Rl AND RO, RESULT TO RO 
; EACH INTEGER OCCUPIES MEMORY DIGITS ° (LOW ORDER) THROUGH 12 (HIGH ORDER) 
; ON RETURN, C; 1 INDICATES OVERFLOW 
; PREVIOUS CONTENTS OF A AND B ARE LOST 
; ENTRY POINT: BCDADD 

BCDADD: LBI 
RC 

ADDL: LD 
AISC 
ASC 

ADT 
XIS 

CBA 
AISC 

JP 
RET 

1,0 

3 

ADDL 

; POINT TO LOW ORDER DIGIT, REGISTER 1 
; INITIALIZE C TO '"0" (NO CARRY) 
; MOVE Rl DIGIT TO A, POINT TO SAME DIGIT IN RO 
; ADD BCD CORRECTION FACTOR OF 6 TO A 
; ADD RO DIGIT TO Rl DIGIT 
; RESTORE BCD VALUE IF BCD CORRECTION NOT NECESSARY 

; MOVE SUM DIGIT TO RO: POINT TO Rl, NEXT HIGHER DIGIT 
; BD TO A 
; LAST DIGITS ADDED? 
; NO, ADD NEXT HIGHER DIGITS 
; YES, RETURN 

), 

; SUBROUTINE TO DO UNSIGNED BCD INTEGER SUBTRACT 
; MINUEND IS IN RO, SUBTRAHEND IS IN Rl 
; DIFFERENCE IS PLACED IN RO 
; MINUEND, SUBTRAHEND AND DIFFERENCE DIGITS EACH OCCUpy MEMORY DIGITS 0 (LOW ORDER) THROUGH 12 (HIGH ORDER) 
; ON RETURN: C; 1 INDICATES NO BORROW, C; 0 INDICATES BORROW 
'; PREVIOUS CONTENTS OF A AND B ARE LOST 
; ENTRY POI NT: BCDSU B 

BCDSUB: LBI 
SC 

SUB: LD 
CASC 
ADT 
XIS 

CBA 
AISC 
JP 
RET 

1,0 

3 

SUB 

; POINT TO LOW ORDER DIGIT IN Rl 
; INITIALIZE C TO "1'" (NO BORROW) 
; LOAD Rl DIGIT TO A, POINT TO SAME DIGIT IN RO 
; SUBTRACT R1 DIGIT FROM RO DIGIT 
; BCD ADJUST IF BORROW (C; 0) 

; PLACE DIFFERENCE DIGIT IN RO, POINT TO NEXT HIGHER DIGIT IN R1 

; BD TO A 
; HIGH ORDER DIGITS (12) SUBTRACTED? 

; NO, SUBTRACT NEXT HIGHER DIGITS 
; YES, RETURN 
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BCD Integer Multiply Routine 

This routine will multiply the contents of data 
memory register 2 with register 1, placing the result 
in register 2 (digits 0-12). It also calls the BCD add 
routine (UBCDADD") given above. Note that a loop
counter is contained in M(O,13) which causes the 
program to return after all 12 digits have been 
multiplied. Also note the alternate-return feature of 
page 3 subroutine TMZERO (Test Memory Digit = 0). 
A flowchart for the routine is given in Figure 4.2. 

; TWO·LEVEL BCD INTEGER MULTIPLY SUBROUTINE 
; 12 DIGIT BCD INTEGER CONTAINED IN REGISTER 1, DIGITS 0 - 12 (LOW ORDER TO HIGH ORDER) MULTIPLIED BY 12 DIGIT BCD 
; INTEGER CONTAINED IN REGISTER 2, DIGITS 0 - 12 (LOW ORDER TO HIGH ORDER), RESULT TO REGISTER 2 
; MULTIPLICATION OF DIGITS PERFORMED BY MULTIPLE ADDITIONS OF REGISTER 1 ACCORDING TO VALUE OF REGISTER 2 
; DIGITS 
; DIGIT ADDITION RESULTS TEMPORARILY STORED IN RO AND CONSECUTIVELY RIGHT SHIFTED INTO RESULT REGISTER 2, HIGH 
; ORDER DIGIT 
; ENTRY POINT: MULT 
; SUBROUTINES CALLED: RSHRO, RSHR2, CLR, DEC 1. INC 1, TMZERO, BCDADD 

MULT: LBI 0,13 ; POINT TO M(O,13) 

JSR CLR ; CLEAR REGISTER 0, DIGITS 13 - 0 

MULT1: LBI 2,0 ; POINT TO M(2,O) 

JSR TMZERO ; IS M(2,O) = O? 
JP NOTZ ; NO, JUMP TO NOTZ 
JSR RSHRO ; YES, RIGHT SHIFT REGISTER 0, DIGITS 12 - 0 

JSR RSHR2 ; RIGHT SHIFT REGISTER 2, DIGITS 12 - 0 

LBI 0,13 ; POINT TO LOOP COUNTER 

LD ; LOOP COUNTER TO A 

AISC 3 ; IS COUNTER> 12 
JP .+2 ; NO, CONTINUE 
RET ; YES, ALL DIGITS MULTIPLIED, RETURN 

JSR INC1 ; CONTINUE, INCREMENT LOOP COUNTER DIGIT 

JP MULT1 ; MULTIPLY NEXT HIGHER ORDER DIGITS 
NOTZ: JSR DEC1 ; DECREMENT M(2,O) 

JSR BCDADD ; ADD RO, DIGITS 0 - 12, TO R1, DIGITS 0 - 12, RESULT TO RO 

JP MULT1 ; JUMP BACK TO MULT 1 

; MULTIPLE ENTRY POINT SUBROUTINE TO RIGHT SHIFT DIGITS 12 - 0 OF REGISTER 0 OR 2 
; ON RETURN A CONTAINS LOW ORDER REGISTER DIGIT 
; RSHRO: RIGHT SHIFT DIGITS OF REGISTER 0 ENTRY POINT 
; RSHR2: RIGHT SHIFT DIGITS OF REGISTER 2 ENTRY POINT 

RSHRO: LBI 
RSHR2: LSI 
RSH: XDS 

JP 
RET 

0,12 
2.12 

RSH 

POINT TO HIGH ORDER DIGIT, REGISTER 0 
POINT TO HIGH ORDER DIGIT, REGISTER 2 
SHIFT RIGHT DIGITS 12 - 0 IN REGISTER 
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: SUBROUTINE TO CLEAR ALL DIGITS TO THE RIGHT AND INCLUSIVE OFA HIGH-ORDER DIGIT OF A REGISTER 
: ON ENTRY, B MUST POINT TO THE REGISTER AND HIGH ORDER DIGIT NUMBER 

CLR: CLRA 

XDS 
JP 
RET 

: CLEAR REGISTER, STARTING WITH HIGH ORDER DIGIT 
CLR 

: RETURN WHEN DIGIT a CLEARED 

: MULTIPLE ENTRY SUBROUTINE TO EITHER DECREMENT OR INCREMENT BY 1 THE VALUE OF A MEMORY DIGIT 
: ON ENTRY, B MUST POINT TO THE DIGIT TO BE OPERATED UPON 
: DEC1: ENTRY POINT TO DECREMENT A DIGIT 

: INC1: ENTRY POINT TO INCREMENT A DIGIT 

DEC1: CLRA 

COMP : 15 TO A 
ADEX: ADD ; ADD MEMORY DIGIT TO A 

X 
RET 

: EXCHANGE BACK TO MEMORY 
; RETURN 

INC1: CLRA 
AISC ; 1 TO A 
JP ADEX : ADD AND EXCHANGE WITH MEMORY DIGIT 

; SUBROUTINE TO TEST MEMORY DIGIT EQUAL TO ZERO 
: ON ENTRY, B MUST POINT TO MEMORY DIGIT TO BE TESTED 
; ON RETURN, SKIP FIRST INSTRUCTION IF MEMORY DIGIT EQUAL TO ZERO 
: NORMAL RETURN IF MEMORY DIGIT NOT EQUAL TO ZERO 

TMZERO: CLRA ; a TO A 
; DIGIT = ZERO? SKE 

RET 
RETSK 

; NO, NORMAL RETURN 
; YES, RETURN THEN SKIP 

4.7 Simple Display Loop Routine 

The following routine is a simple LED display loop 
routine, It illustrates the use of LEI and LQID 
instructions, both designed to facilitate the 
outputting of segment data to a multiplexed 
display, As explained in Section 3.2, LEI Instruction 
description, setting bit 2 of the EN register enables 
Q latch (segment) data to the Lila ports; resetting 
EN2 disables the Lila ports, providing segment 
blanking for the LED display, EN2 is set and reset, 
respectively, by the LEI 4 and LEIO instructions. 

As explained in Sections 3,2 and 4,1, LQID loads 
the 8-bit Q register with the contents of a ROM 
location pointed to by A and M (ROM "lookup" data 
must be within the same 4-page ROM block as the 
LQID instruction), In this example, since A is 
always equal to 0 at the time of the LQID 
instruction, the ROM data accessed by this 
instruction must be within the first 16 words of the 
first page of the ROM block in which the LQID 
instruction is located as pointed to by the 4-bit 
contents of M (Pg and Ps remain the same, Pr P4 

equal "0"). For example, if, as is the case for the 
following routine, LQID is in page 5, it will lookup 
data within one of the first 16 locations of page 4, 
The value of the contents of the memory digit 
pointed to by the B register at the time of the LQID 
instruction determines which one of the 16 words 
is accessed (e.g., if M = 2, word 2 is loaded into Q), 
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Due to these considerations, page 4, words 0-9 
should equal the 8-bit, seven-segment decode 
lookup data for the BCD digits 0- 9 respectively. (In 
this example the low-order bit - decimal point -
of each lookup data word is reset, signifying that 
the decimal point is off,) ROM seven-segment 
decode lookup data is placed in ROM memory 
locations by the Assembler WORD directive_ (See 
PDS User's Manual, Section 8.4.) 

Another feature of this routine is the dual function 
of Bd_ Its value may be output directly to the D 
outputs to select one of 16 digits of the 
multiplexed display (assuming the D outputs are 
connected to a 1-of-16 decode rid river device), Also, 
its value is used to select one of 16 RAM digits 
whose contents are used by the LQID instruction to 
access the segment data to be output to the 
selected digit. To facilitate coding (by avoiding the 
need to change the value of Bd after its contents 
are output to D to select or display digit), RAM digit 
locations should correspond to the digit of the 
display, In other words, RAM digits 0-15 should 
contain, respectively, the LQID pointers to segment 
data for display digits 0-15, This technique, used 
below, allows Bd to first enable the appropriate 
display digit and then, without its value being 
changed, to pOint to the RAM digit used to access 
the segment data for the same display digit. 
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; SEVEN·SEGMENT DECODE DATA TABLE: 

; ROM BITS 17 - 10=SA - SG, D.P. (DECIMAL POINT) BITS, RESPECTIVELY 

,PAGE 4 
LOOKUP: ,WORD X'FC 

,WORD X'60 
.wORD X'DA 
,WORD X'F2 

.wORD X'66 

.wORD X'B6 

.wORD X'BE 

.wORD X'EO 
,WORD X'F4 
.wORD X'F6 

; PLACE LOOKUP DATA IN WORDS 0 - 9, PAGE 4 
; = 0 (SEVEN,SEGMENT DECODE HEX VALUES) 

;=1 
;=2 

;=3 
;=4 
;=5 
;=6 
;=7 
;=8 
;=9 
; NEXT FIVE LOCATIONS CAN BE USED FOR SPECIAL ALPHABETICAL DISPLAY 

; CHARACTER DATA 

; BEGIN CODE FOR DISPLAY LOOP' 

,PAGE 

DSPLY: LBI 
, LOOP: CLRA 

LEI 
OBD 
LQID 
LEI 

CBA 
AISC 
JP 
CAB 
JP 

; PLACE FOLLOWING CODE ON PAGE 5 
0,15 ; POINT TO HIGH ORDER RAM DIGIT, BD=15 

; A = 0 FOR LOOKUP 
o ; BLANK SEGMENTS (EN2 = 0) 

; OUTPUT DIGIT VALUE 
; LOOKUP DATA TO Q 
; OUTPUT SEGMENT DATA (EN2 = 1) 
; BD TO A 

15 ; DECREMENT A 
,+ 3 ; JUMP 3 WORDS WHEN FINISHED 

; A(BD-1)TO BD 
LOOP ; DISPLAY NEXT LOWER DIGIT 

; CONTINUE WHEN FINISHED 
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4.8 Interrupt Service Routine 

As explained in Section 3.2, LEI Instruction 
description, setting bit 1 of the EN register enables' 
the COP420·series and COP444L IN1 input as an 
interrupt input, responding to low going pulses. 
Upon the occurrence of an interrupt signal, the 
subroutine stack is pushed and program control is 
transferred to the last word of page 3 (address 
OFF16)· The following routine contains code which 
may be placed at the beginning and end of the 
interrupt service routine to save the contents of A, 
C and B, freeing them for use by the interrupt 
routine. At the end of the routine the previous 
contents of A, C and B are restored for use by the 
main program. It should be noted that the main 
program need only enable IN1 as an interrupt input 
once; thereafter, the interrupt service routine, itself, 
re-enables interrupt servicing (LEI 1 instruction 
before return). 

; INTERRUPT SERVICE ROUTINE TO SAVE AND RESTORE THE CONTENTS OF A, C AND B (BR AND BD) IN MEMORY REGISTER 0, 
; DIGITS a - 2. 
; AUTOMATIC ENTRY TO LAST WORD OF PAGE 3 

; ON RETURN, IN1 INPUT RE·ENABLED AS INTERRUPT INPUT 

INTSER: NOP ; FIRST INTERRUPT ROUTINE INSTRUCTION MUST BE A NOP (LOCATION X'FF) 
XAD 0,0 ; SAVE A IN M(O,O) 

CBA ; BD TO A 
XAD 0,1 ; SAVE BD IN M(0,1) 
XABR ; BR TO A 
SKC ; CARRY = 1? 
AISC ; NO, SET A3 
XAD 0,2 ; SAVE C AND BR IN M(0,2) 

; PERFORM INTERRUPT ROUTINE 

LDD 0,2 ; M(a,2) (C AND BR) TO A 
RC ; RESET CARRY 
AISC 8 ; A3 SET (SAVED CARRY = a)? 

SC ; NO, RESTORE CARRY = 1 
XABR ; RESTORE BR 
LDD 0,1 ; M(a, 1) (BD) TO A 
CAB ; RESTORE BD 
LDD 0,0 ; M(a,O) TO A, RESTORE A 
LEI ; ENABLE INTERRUPT (SET IN1) 
RET ; RETURN FROM INTERRUPT S~RVICE ROUTINE 

4.9 Timekeeping Routine 

The following multilevel subroutine counts time in 
a 12-hour format. It relies on the COP420 system 
OSCillator, itself (controlled by an inexpensive 
3_58MHz color TV crystal), and the COP420 internal 
time-base counter for a real-time base, rather than 
on a 60 Hz external input. The subroutine is entered 
each time the SKT instruction skips, indicating 
time-base counter overflow. As explained in Section 
3.2, SKT Instruction description, overflow frequency 
is dependent upon the frequency of the 
COPSTMsystem oscillator_ This frequency equals 
the oscillator frequency, first divided by 16 by the 
instruction cycle divider, then by 1024 by the 
internal 10-bit time-base counter. In this case the 
SKT overflow frequency will equal a fractional 
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number: 218.478Hz (3.58 MHz divided by 16, divided 
by 1024). Consequently, the timekeeping calling 
routine must execute a SKT instruction at least 
once approximately each 218 Hz to ensure that 
each SKT overflow is detected. 

As indicated above, using an inexpensive TV 
crystal results in a fractional SKT frequency. 
Program compensation techniques, therefore, must 
be employed to derive an integer which may be 
used by the program in counting seconds, the 
basic timekeeping units. 
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This routine derives this integer and utilizes it to 
keep accurate time in the following manner: 

• A 2-digit binary "SKT" counter in RAM is 
initialized to different values at different times 
during the course of an hour so that the total 
counts for the hour equal an integer which 
corresponds to the 218.478 Hz SKT frequency. 

• Every odd second in the range of 0- 59 seconds, 
the SKT counter is set to 218, decremented by 1 
each time the SKT instruction skips. When 
decremented to 0, a 2-digit BCD "seconds" 
counter in RAM is incremented by 1. (The 
seconds counter overflows every 60 counts to a 
2-digit BCD "minute" counter. The minutes 
counter overflows every 60 counts to a 1-digit 
"hours" counter.) 

• Every even second in the range of 0-59 seconds, 
the SKT counter is set to 219 and decremented 
by 1, as above, each time the SKT pulse occurs. 

• Every minute in the range of 0- 59 minutes, the 
SKT counter is set to 218 and decremented as 
above. 

• Every hour, the SKT counter is set to 199 and 
decremented as above. 

The above compensation techniques result in a 
timekeeping routine which is accurate at the end of 
each hour. (During the hour, inaccuracy is 
extremely small.) The basis for the above 
compensation scheme is as follows: 
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• Using a 3.58 MHz crystal resulting in a 
218.478 Hz SKT frequency, an SKT integer count 
of 786,521 is obtained each hour (218.478 x 3600 
seconds/hour). 

• Using the above compensation scheme, the 
same number of "SKT" counts (786,521) is 
required to increment the time by 1 hour. This 
follows since 392,400 counts are required by the 
"odd" seconds compensation (30 x 60 x 218 
counts); 381,060 by the "even" seconds 
compensation (29 x 60 x 219 counts); 12,862 by 
the "minutes" compensation (59 x 218 counts) 
and 199 by the "hours" compensation -
resulting in a total hours count of 786,521. 

A flowchart and a RAM map for this routine are 
provided in Figure 4.3. Note that an assembler 
assignment statement is used in the assembler 
source code to equate the address of low order 
digits of the RAM SKT counter and seconds 
counter with the symbols "COUNT" and "SECS," 
respectively. This provides clearer documentation 
of the program since an instruction referencing the 
seconds counter, for instance, can use the word 
"SECS" instead of a numerical value in the 
operand field (i.e., LBI SECS). For further 
information on the assignment statement, see PDS 
User's Manua/, Section 8.4. Also note that the 
program initializes the SKT counter to 218, 219 and 
199, respectively, by loading its two digits with the 
following binary equivalent pairs (high-order value, 
low-order value): 13, 10; 13, 11; and 12,7. 



This subroutine is coded to reside on subroutine 
page 2. The source code provided below also 
illustrates the use of the PDS Assembler .LOCAL 
directive and local symbol labels. Specifically, the 
program begins and ends with a .LOCAL directive, 
making the memory addresses between them a 
local region. Within this local region, local symbols 
(labels whose first character is a "$") will be 
defined only within the local region - they will not 
conflict with labels appearing in other portions of 
program source code. This relieves the programmer 
from worry about duplicate label definitions! 
allowing the subroutine or other utility program to 
be Included or added to different programs, 

placed in separate "utility" files on a disk. They 
can then be added or included, when needed, to 
main programs at a later date. For an example of a 
program which includes this "TIMEKP" subroutine 
(using the assembler .INCLD directive), see Figure 
5.18. 

Local symbols must begin with a "$" and be 
unique within the particular local region in the first 
4 characters following the "$." The programmer 
may, as is done in this example, use local labels 
with more than four characters for convenience 
and, although not "recognized" by the assembler, 
these extra characters will be printed out on the 
assembler output listing, Note: The label of the 
starting address of a local utility routine must be a 
long (regular) label, since it will be referenced by a 
portion of the program outside of the local region 
(e.g., "TIMEKP" is not a local label), 

, regardless of the labels used by these other 
programs. 

In effect, therefore, utility programs or commonly 
used subroutines may be coded in this manner and 

; PAGE 2 SUBROUTINE TO KEEP TIME IN A 12-HOUR FORMAT USING A 3,58 MHZ TV CRYSTAL 
; 2-DIGIT "SKT" COUNTER CONTAINED IN M(2,15) - M(2,14): HIGH- TO LOW-ORDER 
; 1-DIGIT BINARY HOURS COUNTER IN M(2,13) 

; 2-DIGIT BCD MINUTES COUNTER IN M(2,12) - M(2.11): HIGH- TO LOW-ORDER 
; 2,DIGIT BCD SECONDS COUNTER IN M(2.10) - M(2,9): HIGH- TO LOW,ORDER 
; ENTRY POINT: TIMEKP; ENTRY UPON SKT INSTRUCTION OVERFLOW 
; SUBROUTINES CALLED: INC2 

,PAGE ; PAGE 2 SUBROUTINE 
,LOCAL ; CREATE LOCAL REGION FOR LOCAL SYMBOLS 
$COUNT =2,14 ; ASSIGN "COUNT" = ADDRESS OF LOW,ORDER SKT COUNTER DIGIT 
$SECS =2.9 ; ASSIGN "SECS" = ADDRESS OF LOW,ORDER SECONDS COUNTER DIGIT 

TIMEKP: 
LBI $COUNT ; POINT TO LOW-ORDER DIGIT OF SKT COUNTER 
LD ; LOAD DIGIT TO A 
AISC 15 ; DIGIT = O? (A = DIGIT - 1) 
JP $HIGHST ; YES, TEST HIGH-ORDER DIGIT 
X ; NO, EXCHANGE DIGIT - 1 INTO M 
RET : RETURN UNTIL NEXT SKT OVERFLOW 

$HIGHTST: XIS : REPLACE DIGIT IN COUNTER, INCREMENT BD 
JP TIMEKP+ 1 : JUMP BACK AND TEST HIGH-ORDER DIGIT - IF ALREADY TESTED AND = 0, 

; SKIP AND CONTINUE 
LBI $SECS ; POINT TO LOW-ORDER SECS DIGIT 
JSR $INC2 ; INCREMENT SECS COUNTER 
JP $TSEC ; SECS < 60, TEST SECS FOR ODD OR EVEN 
STII 0 : SECS=60. 0 TO HIGH-ORDER DIGIT, POINT TO LOW-ORDER MINS DIGIT 
JSR $INC2 ; INCREMENT MINS COUNTER 
JP $C218 ; MINS < 60, SET COUNTER = 218 
STII 0 : MINS= 60,0 TO HIGH-ORDER DIGIT, POINT TO HOURS DIGIT 
LD ; LOAD HOURS DIGIT TO A 
AISC : INCREMENT HOURS 
X ; PLACE IN M, PREVIOUS HRS TO A 

AISC 4 ; HOURS> 12? 
JP $C199 : NO, SET COUNTER = 199 
STII 1 : YES, SET HOURS = 1 

$C199: LSI $COUNT ; POINT TO LOW,ORDER COUNTER DIGIT 

STII ; SET COUNTER = 199 (BINARY 12,7) 
STII 12 ' 

RET ; RETURN UNTIL NEXT SKT OVERFLOW 
$TSEC: LSI $SECS ; POINT TO LOW-ORDER SECS DIGIT 

SKMBZ : SECS ODD? 
JP $C218 : YES, SET COUNTER = 218 (BINARY 13,10) 

$C219: LSI $COUNT ; NO, POINT TO LOW-ORDER COUNTER DIGIT 
STII 11 ; SET COUNTER=219 (BINARY 13,11) 

$C21X STII13 
RET 

$C218: LSI COUNT ; POINT TO LOW-ORDER COUNTER DIGIT 
STII 10 : SET COUNTER = 218 
JP $C21X ; JUMP TO "C21X" THEN RETURN 
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: SUBROUTINE TO INCREMENT A 2·DIGIT BCD RAM COUNTER 
: ON ENTRY, B MUST POINT TO LOW·ORDER DIGIT OF COUNTER 
: ENTRY POINT: INC2 

: NORMAL RETURN IF 2·DIGIT VALUE LESS THAN 60 
: RETURN THEN SKIP IF 2·DIGIT VALUE EQUAL TO 60 
: BOTH RETURNS EXIT WITH B POINTING TO HIGH·ORDER DIGIT 

$INC2: 

SC 
CLRA 
AISC 
ASC 
ADT 
XIS 
CLRA 
AISC 
ASC 
ADT 
X 

LD 
AISC 10 
RET 
RETSK 
.LOCAL 

4.10 String Search Routine 

: INITIALIZE C TO 1 TO ADD TO LOW·ORDER DIGIT 
: ZERO TO A 
: BCD ADJUST RESULT' IF NECESSARY 
: IF RESULT> 9, LOW ORDER DIGIT =0 

: PLACE INCREMENTED DIGIT IN M, POINT TO HIGH·ORDER DIGIT 
: ZERO TO A 
: ADD CARRY, IF PROPAGATED FROM LOW·ORDER DIGIT TO HIGH·ORDER DIGIT 

: BCD RESULT IF NECESSARY 
: REPLACE DIGIT IN M 
: LOAD HIGH·ORDER DIGIT INTO A 

: HIGH·ORDER DIGIT = 6 ICOUNT = 60)? 
: NO, NORMAL RETURN 
; YES, RETURN THEN SKIP 
: END LOCAL REGION 

It is often necessary to search data memory for a 
string of characters. The following routine searches 
register 0 for a match with three contiguous 4-bit 
characters, "X," "Y," and "Z," Note that a match 
with more than three characters is easily 
accommodated by providing for additional 

character tests, using the Simple character test 
instructions provided below containing modified 
LDD instructions whose operands specify the 
additional characters to be matched. Also, the code 
may be easily modified to search through more 
than one RAM register for a match, 

; SUBROUTINE TO SEARCH STRING OF DATA MEMORY CHARACTERS FOR A MATCH WITH "X," "Y," AND "Z" CONTIGUOUS 
; CHARACTERS 
; 16 4·BIT CHARACTERS ASSUMED STORED IN MI0,15) THROUGH MIO,O) 

; "X," "Y," AND "Z" CHARACTERS ASSUMED STORED IN AND ASSIGNED VALUES OF Mll,15) THROUGH MI1.13), RESPECTIVELY 
; NORMAL RETURN IF NO MATCH 
; RETURN THEN SKIP IF MATCH OCCURS WITH THE ACCUMULATOR CONTAINING THE DIGIT NUMBER OF "X" 

X=1,15 
Y=1,14 

Z= 1,13 

SEARCH: 

LBI 
LOOKX: 

LDD 
SKE 
JP 
XDS 
JP 

NOX: 

LD 
XDS 
JP 
RET 

LOOKY: 
LDD 
SKE 
JP 
XDS 
JP 
RET 

LOOKZ: 

LDD 
SKE 
JP 
OBA 
AISC 
RETSK 

D,15 

X 

NOX 

LOOKY 

LOOKX 

Y 

LOOKX 

LOOKX 

Z 

LOOKX 

; POINT TO MID,15) 

; XTO A 
; X FOUND? 

; NO, JUMP TO X 
; YES, POINT TO NEXT LOWER DIGIT 
; LOOK FOR Y MATCH, IF AT MID,D) SKIP AND NORMAL RETURN - NO MATCH 

; DECREMENT DIGIT POINTER 
; LOOK AGAIN FOR X MATCH. IF AT MID,D), SKIP AND NORMAL RETURN - NO 
; MATCH 

; YTO A 
; Y FOUND? 
: NO, TRY AGAIN 
: YES, POINT TO NEXT LOWER DIGIT 
; LOOK FOR Z MATCH, IF AT MID,D), SKIP AND NORMAL RETURN - NO MATCH 

;ZTO A 
; Z FOUND? 
; NO, TRY AGAIN 
; YES, MATCH COMPLETE, COpy Z DIGIT ADDRESS TO A 
; ADD 2 TO A TO EQUAL X DIGIT ADDRESS 
; RETURN THEN SKIP - MATCH FOUND 
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4.11 Programming Techniques for the 
COP421·Series, COP410L and COP411L 

COP421·Series Programming 

Since the COP421·series differs from the COP420· 
series only in not having the IN3-INo inputs, the 
foregoing programming considerations and 
examples for the COP420·series are, for the most 
part, relevant to COP421·series programming. 
However, due to its lack of IN inputs, the COP421· 
series does not include the ININ instruction, and its 
INIL instruction inputs only CKO into A (when CKO 
is programmed as a general·purpose input). The 
following are the results of these COP421 
differences: 

1. MICROBUSTM interface programming is not 
available since IN3-INo cannot be mask· 
programmed as WR, CS, and RD, respectively. 
Also, Go cannot be mask·programmed as a 
"ready" output to facilitate "handshaking:' with 
a host CPU over the MICROBUSTM bus. The 
COP421 may still, however, function as a CPU 
peripheral component, relying on more general, 
programmed 1/0 techniques. 

2. Due to the .lack of IN inputs, other bidirectional 
1/0 pins must be used as general purpose input 
pins when implementing a programmed input 
operation. 

3. A hardware interrupt utilizing INl is not possible. 
(Setting ENl has no effect on the operation of 
any COP421.) Any interrupt servicing must be 
accomplished using software interrupt 
techniques. (The routine provided in Section 4.8 
is inapplicable to the COP421·series.) 

4. A software interrupt can'not rely on the inputting 
and testing of the IL3 or IL6 latches associated 
with IN3 and INa inputs. Software interrupts, 
therefore, require that the interrupt signal be tied 
to one of the non·latched input pins. As a result, 
the input interrupt signal must be input and 
tested at least once during each "low" and 
"high" pulse occurring during each period of the 
signal. For example, if the interrupt signal is a 
50% duty cycle, 60Hz square wave, it must be 
tested at least twice every 1160 second. 

COP410L/COP411L Programming 

Since the COP410UCOP411L, as with the COP421· 
series, does not have IN inputs, the above 
programming considerations relating to the 
COP421 apply as well as to COP410UCOP411L 
programming, Also, since, as discussed below, 
other hardware logic elements are not included in 
the architecture of the COP410L, the following 
additional considerations apply to COP410L 
programming: 

1. The COP410UCOP411L has one·half the ROM 
and RAM of the COP420·series and COP421· 
series. ROM, therefore, consists of 512 x 8·bit 
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words, limiting program code to eight pages 
(pages 0- 7). RAM consists of a 32 x 4·bit RAM, 
organized as four RAM registers (0-3) consisting 
of 8 4·bit digits (9-15,0). The LBI register 
reference instruction should, therefore, contain a 
"d" field equal to 9-15 or O. Since all LBls will 
reference RAM digits 9-15 or 0, all LBls are 
single·byte instructions, occupying one word in 
program memory. A field restriction occurs with 
respect to the memory reference XAD 
instruction: only an XAD 3,15 instruction is valid, 
limiting its use to reference a RAM 
"scratch-pad" digit contained in M(3, 15) only. 

2. The COP410UCOP411L has 2 subroutine save 
registers, SA and SB. Only two levels of 
subroutine nesting, therefore, are allowed. The 
programmer should also realize that since LaiD 
pushes and pops the stack in performing the 
operation associated with this i'nstruction, only 1 
level of subroutine nesting should be in effect at 
the time of the execution of this instruction. 
(Otherwise the second level of previous 
subroutine nesting will be disrupted - the 
previous contents of SB will be lost.) 

3. Since the COP410UCOP411L does not have an 
internal divide-by-1024 time-base counter, the 
SKT instruction is not available. "Real-time" 
routines, such as 12·hour timekeeping and the 
like, must rely on' external time-base inputs in 
order to derive a time-base for such routines 
(e.g., external 50/60 Hz input for time-of-day 
routines). 

4. Certain deleted or altered instructions have 
already been mentioned: INIL, ININ, and SKT are not 
available; LBls must have a "d" field 
equal to 9-15 or 0, and XAD's 
operand must equal 3,15. The following 
instructions have also been deleted from the 
COP410UCOP411L instruction set. To the right 
of each of the following deleted instructions, ' 
where appropriate, alternative 
COP410UCOP411 L instructions are shown 
which, when executed in succession, will 
perform the same or similar operation as the 
deleted instruction: 

Deleted 
Instructions 

LDD 

CASC 
ADT 

COMA 
OGI 

XABR 
SKT 

ININ 
INIL 

Alternative 
COP410LICOP411L 

Instrucllons 

LBI, LD 
COMP, ASC 

AISC 10, NOP 
INL 

OMG 

For further information on deleted or altered 
COP410UCOP411L instructions and the operations 
performed by the alternative instructions given 
above, see Section 3.4, 
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5 COP400 1/0 Techniques 

This' chapter provides information and examples 
pertaining to hardware and software interfacing 
techniques for the COP400 Microcontrollers. The 
information contained in this chapter is derived, in 
large part, from material already provided In 
previous chapters, particularly Chapter 2. The 
reader should refer to this chapter when reading 
the following material to obtain a complete picture 
of the COP400 series 1/0 characteristics and 
capability. 

The following text provides 110 examples for the 
COP420 specifically. The 1/0 capability of the other 
members of the COP420-series (e.g., COP420L and 
COP420C), the COP444L and other, less inclusive 
devices, the COP410L and COP411L, are 
summarized in Table 5.1. 

9-58 

5.1 Hardware Interfacing Techniques 

COP420 1/0 

Figure 5.1 depicts the 1/0 lines associated with the 
COP420. As indicated, there are 24 110 lines. The 
following discussion provides information on the 
capabilities of the mask-programmable 1/0 options 
associated with the COP420. These optional 
configurations are shown in Figure 5.2. 

COP420 Inputs 

COP420 inputs may be programmed either with a 
depletion-load device to Vee or floating (Hi-Z input). 
All inputs are TIUCMOS compatible. Hi-Z inputs 
should not be left floating; they should be 
connected to the output of a "high" and "low" 
driving device if active or to Vee or ground if 
unused. Inputs may also be optionally programmed 
for higher trip levels for interfacing to non-TIL 
sources (e.g., keyboards, switches). 



COP420 Outputs 

Standard Output: The N-channel device to ground 
is good at sinking current and is compatible with 
the sinking requirements of 1 TTL load (1_6mA at 
O.4V); it will meet the "low" voltage requirements of. 
CMOS logic. All output options use this device 
(device # 1), as illustrated in Figure 5.2, for current 
sinking. The depletion-load device to Vcc provides 
low sourcing capability (100"A at 2.4V). While this 
device meets the sourcing requirements of TTL 
logic and will go to Vee to meet the "high" voltage 
requirements of CMOS logic, an external resistor to 
Vcc may be required to interface to other external 
devices requiring higher sourcing capability. A 
standard output may be connected directly to the 
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base of an external transistor for current sourcing 
since the depletion-load device's current capability 
is limited to a safe operating area. Figure 5.3 
provides a summary of the characteristics of the 
COP420 Standard Output. 

Open-Drain Output: The COP420 open-drain output 
uses the same enhancement mode device to 
ground as the standard output with the same 
current Sinking capability. As its name implies, this 
output configuration does not contain a load device 
to Vee, allowing various external pullup techniques 
as required by the user's application. 



Push· Pull Output: The COP420 push·pull output 
,differs from the standard output configuration in 
having an enhancement mode device in parallel 
with the depletion·load device to Vee, providing 
greater current sourcing capability and fast~r rise 
and fall times when driving capacitive loads, This 
option is available for the COP420 SO and SK 
outputs, often tied to the highly capacitive clock 
lines of external shift registers to provide 
additional external 1/0 for the COP420, (For an 
example, see Figure 5.20.) If a push·pull output is 
interfaced to an external transistor, a limiting 
resistor must be placed in series with the base of 
the transistor to avoid excessive source current 
flow out of the push·pull output. 

Figure 5.4 summarizes, in interconnect form, the 
information provided above relevant to the 
capabilities of the push·pull, open drain and 
standard outputs, as well as the Hi·Z and load 
device input configurations. 

For an example of use of the SK output, configured 
as a push·pull output to drive the clock lines of an 
external shift register, see Figure 5.10. 

LED Direct Drive Output: The COP420 LED direct 
drive output differs from the standard output 
configuration in two basic ways: 

1. Its depletion·load device to Vee is paralleled by 
an enhancement mode device to Vee to allow for 
the greater current sourcing capacity required by 
the segments of an LED display. Source current 
is clamped to prevent excessive source current 
flow. 

2. This configuration can be disabled under 
program control by resetting bit 2 (EN2) of the 
enable register to provide simplified display 
segment blanking. However, while both 
enhancement mode devices are turned off in the 
disabled mode, the depletion·load device to Vee 
will still source up to 0.125mA when this output 
is turned off. (This is not a worst case pull·up for 
keyboard input loads). 

For an example of use of the L 1/0 ports, using this 
option, to directly drive the segments of a LED and 
VF display, respectively, see Figures 5.11 and 5.12. 

TRI·STATE® Push·Pull Output 

This COP420 output was designed to meet the 
specifications of National's MICROBUSTM, 
outputting data over the data bus to a host CPU. It 
has TRI·STATE® logic to disable both 
enhancement mode devices to free the 
MICROBUSTM data lines for COP420 input 
operation. Figure 5.13 shows an interconnect 
between a host CPU and the COP420 over the 
MICROBUSTM using this L output option. 
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COP420 1/0 Summary 

Figures 5.5 through 5.9 provide diagrams of the 
internal logic and a summary of the hardware and 
software features associated with the COP420 1/0 
ports. 

Interconnect Examples 

Figures 5.10 through 5.14 provide interconnect 
diagrams illustrating several schemes for 
interconnecting the COP420 to external devices. 
Several of these interconnect diagrams, with minor 
variations, are used in providing software 1/0 
techniques in the final sections of this chapter. 
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Use: L Bus for·data 110 

IN t lor read strobe (AD) 

IN2 for .chip select (CSI 

IN3 for write strobe (WA) 

Go for interrupl request (COP420 "readyHoulput) 

lis TRI-STATED unlessbothCS.andWR.reiow. 

Go does not TRI-STATE 

COP400 1/0 Comparison Table 

Table 5.1 provides a comparison table of the 1/0 
capabilities of COP400 series devices. It should be 
understood that this is a partial listing of COP400 
devices, since more inclusive parts (the COP440 
and its related devices) as well as other devices 
will be available in the near future. For complete 
information on the listed devices, as well as other 
members of the COP400 Microcontroller family, 
consult the appropriate data sheets. 

5.2 Software 110 Techniques 

The following sections of this chapter provide 
several software 1/0 examples and techniques for 
interfacing the COP420 to external 1/0, including 
program code necessary to service these 
peripherals. 
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5.3 Keyboard/Display Interface 

One of the primary considerations in the design of 
the internal architecture of the COP400 family was 
to allow for easy interface to keyboards and 
numeric displays, the input and output peripherals 
commonly associated with small system 
applications, using a minimum amount of external 
circuitry. To further aid in the implementation of 
such systems, the instruction set was carefully 
designed to service these peripherals and handle 
BCD data manipulation with a minimum amount of 
external circuitry and program code. The following 
sections describe a typical keyboard/display 
interface system to output BCD data stored in data 
memory (RAM) to a 14·digit LED display, and input 
keyswitch closure data entered from a 4 x 4 
keyboard matrix. In addition, the sample program 
also makes provision for a timekeeping routine, 
another typical user application. 

Figures 5.15 through 5.18, respectively, provide the 
hardware interconnect diagram, program flowchart, 
display timing diagram and assembly source code 
for the basic interface scheme. The general 
approach of the interface is common to most 
keyboard/display interfaces. It takes advantage of 
the fact that an image persists in the eye for a 
fraction of a second after the source is removed. It 
is not necessary, therefore, to have all display 
digits on simultaneously: the digits are sequentially 
enabled (multiplexed) at a rate fast enough to avoid 
noticeable flicker. Multiplexing greatly reduces the 
amount of interconnect and buffer hardware 
required. 
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The most common type of display consists of 
several seven·segment digits (see lower right 
section of Figure 5.15). Each light emitting diode 
segment has two terminals and conducts current in 
only one direction. Various combinations of 
segments are turned on to represent numbers and 
a few alphabetical characters. In our example, the 
cathodes of all segments (8a- 8g, D.P.) in a given 
digit are connected together and the anodes of 
corresponding segments of the different digits are 
also connected together (common cathode display). 

The cathode or digit lines are driven by a 
decoder/driver device, the 088664, which provides a 
4·to·14 buffered decode of the COP420 D outputs. 

The anode or segment lines are driven directly by 
the COP420 L I/O ports, utilizing the L output LED 
Direct Drive output option. A given segment is 
turned on only if both its digit and segment lines 
are driven. 

Each digit of the display is multiplexed,"with each 
digit scanned in sequence by changing the binary 
output code at the D outputs. The 086664 
decoder/driver will set a corresponding 0 line to a 
low level to drive each cathode. At the same time 
the L outputs are set at a high level to correspond 
to the val ues necessary to turn on the segments 
associated with the numeric or alphabetical 
character to be displayed for the present digit. (To 
display a "3" at digit 5, segments 8a, 8b, 8c, Sd 
and 8g would be driven high when 05 is driven low.) 



Since people operate keyboards at a rate which is 
very slow compared to the COP420 instruction 
cycle time, it is possible to scan the keyboard as 
well as service the display and execute the 
timekeeping routine without missing a key closure. 
As with the display, the keys are connected in a 
matrix to minimize interconnect. Further economy 
is gained by sharing the 0 lines with the display. In 
fact, the program loop used to scan the display is 
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also used to scan the keyboard. When the program 
addresses a display digit, it also addresses a 
column in the keyboard matrix. The program 
senses the closure of a particular key in that 
column by testing the G 1/0 ports which are tied to 
the rows of the keyboard matrix: each key is 
associated with the conjunction of one 0 line and 
one G 1/0 line. 
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The following is a list of design criteria and 
considerations relevant to the sample 
keyboardldisplay interface: 

1. With this design, if two keys on different GilD 
lines are pressed simultaneously, key identity 
may be lost. After sensing a key closure, the 
program requires that the keyboard be clear (no 
keys pressed) for a short duration before it will 
input another key. "Rollover" and "shift-key" 
schemes may be implemented with more 
sophisticated designs. 

2. Multiple key closures on the same GilD line will 
allow segment current to flow through the 
keyboard causing display digits to be ANDed. 
Key closure is still detected, however, because 
the "on" driver presents a small resistance to 
GND compared to the resistance that the "off" 
driver and G port present to V cc. The AN Ding of 
display digits may be prevented by placing 
diodes on each digit line. If key identity must be 
maintained when more than two keys are closed, 
a diode must be placed in series with each 
keyswitch_ 

3. For this design, the G ports are configured as 
standard outputs (options 21- 24 = 0). The 
program itself sets them each to "1" at the 
beginning and on each pass through the main 
program loop. When all keys in the associated 
matrix row are up, the port will read as a "1." 
When a key is closed, its corresponding 0 line 
will pull the associated G port low, with a "0," 
therefore Signifying key closure. 

4. The L ports are configured as LED Direct Drive 
outputs (options 5-8 and 12-15 = 2) to directly 

drive the segments of the LED display. An 
average L output source current capability of 
8mA is assumed, being midway between the 
minimum (2.5mA) and maximum (14mA) current 
sourcing specifications for this output 
configuration at Vcc = 6V. 

5. To prevent flickering of the display, the display 
should be refreshed at a rate of at least 100 Hz 
(1/P in Figure 5.17). 

6. The duty cycle (SIP in Figure 5.17) must be 
maintained to ensure adequate brightness. The L 
port segment current capability is assumed, as 
mentioned above, to be SmA and the NSA5140 
requires 0.5 mA average current. Average current 
is determined by the segment duty cycle and 
should be the average display current 
requirement divided by the peak output current 
or 0.5 -;- S = 1/16. Therefore, the program must be 
written to ensure a duty cycle of at least 1/16 for 
proper LED display brightness. 

7. Each segment on time (S in Figure 5.17) must be 
the same width to ensure that all digits are 
uniformly bright. 
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S. Since keyswitches bounce, the program must de
bounce or filter the signals on the G lines. This 
is achieved by requiring that a key be held down 
for at least four display cycles before being 
accepted. A key must also be lifted for at least 
four display cycles before a new key can be 
accepted. 

9. To prevent crosstalk or ghosting between. display 
digits, a LED display requires segment blanking 
(Sb in Figure 5.17). 



10. The system clock oscillator is configured as a 
crystal controlled oscillator with the instruction 
cycle frequency derived by driving the crystal 
oscillator frequency by 16 (options 2 and 3 = 0). 
This interface scheme uses an inexpensive 
3.58 MHz TV crystal to provide the clock 
oscillator frequency, divided by 16 to derive a 
4.51's instruction cycle time. This also allows 
use of the "TIMEKP" (timekeeping) routine given 
in Section 4.9, which uses the internal COP420 
Time-Base Counter and the SKT instruction, 
together with program compensation techniques, 
to provide a "real time base" for keeping time -
eliminating the need for an external 60 Hz real
time input and associated external circuitry. 

Sample Display/Keyboard Debounce·Decode 
Program 

Figure 5.16 depicts the flowchart for the sample 
displaylkeyboard debounce routine. The actual 
assembly source code written to perform the 
flowchart operations is given in Figure 5.18. 

Following the flowchart from top to bottom, and 
referring to the source code where appropriate, the 
following sequence of operations is performed: 

1. The G port is set to 15 (each G line set to "1"). 
This allows them to be driven low when scanned 
by their associated 0 lines. If a keyswitch is 
closed, the associated G line will therefore 
become a "0," to be input and tested by the 
keyboard servicing routine. 

2. The program initializes the KBC (Keyboard 
Debounce Counter) to 15 (1111 2). This counter 
name, as well as two other RAM status digit 
names, "DIGIT" and "STORE," are assigned the 
values of their RAM register and digit numbers 
by assembler assignment statements at the 
beginning of the source code. This allows these 
names to be substituted in the operand field of 
instructions which reference these RAM digits, 
providing more effective documentation of the 
source code program. For example, since the 
KBC is located in RAM register 3, digit 15 and 
since this value (3,15) must be contained in the 
operand field of an instruction referencing the 
KBC, an assignment statement of KBC = 3,15 is 
written at the beginning of the program. 
Thereafter, an instruction referencing the KBC 
may use its name, rather than its RAM value, in 
the operand field of the instruction (e.g., an 
LBI KBC will be interpreted by the assembler as 
an LBI3,15). 

The contents of the KBC are depicted in the 
upper right hand corner of the flowchart. From 
left to right, the bits of the counter indicate the 
following status conditions: the "up" bit, set to 
"1" if a·1I keys are up; the "not ready" bit (NRB), 
set to "1" if keyswitch data has not been 
debounced; two binary counter bits, both set to 
"1" at the beginning of the debounce sequence. 
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As will be seen, the two leftmost bits of the KBC 
("up" and "NRB") are tested during the 
debounce routine to determine which branch of 
the routine will be executed. The rightmost bits, 
the binary counter bits, provide a bi nary count of 
the number of times the program falls through 
the debounce routine. 

3. The internal time-base counter is tested for 
overflow by an SKT instruction, calling the 
"TIMEKP" subroutine given in Section 4.9 to 
keep time if the SKT instruction tests "true." 

4. The digit position is set to 14, the most 
significant digit of the display. As indicated by 
the source code, the digit position is set by 
loading Bd (the RAM digit-select register) with 
the digit pOSition value with an LBI instruction. 
Bd is later output to the 0 ports using an OBD 
instruction, decoded by the DS8664 to enable 
the appropriate display digit line (014 - 0 1). Since, 
as mentioned, Bd also functions as a pointer to 
a particular RAM digit as well as being the 
source of a direct output of data to the 0 ports, 
loading Bd also is used to access the contents 
of a particular RAM digit, used later by an LaiD 
instruction to obtain seven-segment decode data 
contained in a lookup table. Because of this 
dual function of Bd, the segment data for a 
particular display digit should be located in a 
numerically corresponding RAM digit of the RAM 
display register (register 0). For example, when 
Bd is set to 14 by an LBI 0,14 to later enable 
display digit 14, it will also be used to obtain the 
segment lookup data for that display digit 
located in RAM register 0, digit 14. Consequently 
the segment data pointers for display digits 14 
through 1 are located in RAM register 0, digits 
14 through 1, respectively. 

As will be seen below, the segment data 
contained in a particular RAM digit, although 
used by LaiD to obtain the actual seven
segment data output to the display, will equal 
the binary equivalent of the numeral to be 
displayed (e.g., if a RAM register a digit 
contents = 00102, the LaiD instruction will 
access the seven·segment diode data for the 
numeral "2." RAM digit contents equal to 10-15 
will be used to access special seven-segment 
alphabetical characters. 

5. The value of the digit position loaded into Bd is 
saved in M(1,15), equated by an assembler 
statement, as explained in 1. above, to the 
symbol name "DIGIT." The digit value is saved 
for later manipulation by the display program 
(testing, decrementing). 

6. The segments of the display are blanked, a 
requirement for LED multiplexed displays. This 
is accomplished by disabling the drivers from 
the a latches (which contain the seven-segment 
decode display data) to the L ports by resetting 
bit 2 of the EN register with an LEI 0 instruction. 



With the L drivers thus disabled, the L 110 ports 
are disabled, turning off the segments of the 
display. 

7. Next, the program utilizes an LOID instruction to 
access and load seven-segment decode data 
contained in a lookup table into the 0 latches. 
This is accomplished in the following manner: as 
explained in Section 3.2, LOID loads Or 0 0 with 
the 8-bit contents of ROM (1 7-10) pointed to by 
Pg, Pa, A and M. In this example, LOID is located 
in page 0, with the result that, at the time of 
execution, Pg, Pa = 0,0. The program sets 
A = 0100 with an AISC 4 instruction before 
execution of the LQID instruction so that 
P7, P6 = 0, 1 and P5, P4 = 0,0. Since the upper 4 
bits of P may be thought of a ROM 
"page-select" bits, selecting 1 of 16 pages 
(0-15) and, since these 4 bits will equal 0001 at 
the time of the execution of the LOID 
instruction, it will always "look to" page 1. The 
lowest 6 bits of P (P5 - Po) may be thought of a 
ROM "word-select" bits, selecting 1 of 64 (0- 63) 
words on a "looked-to" page. Moreover, P5 and 
P4, the upper 2 bits of these 6 word-select bits, 
may be thought of as ROM "sub-page·select" 
bits, selecting 1 of 4 (0- 3) successive groups of 
16 words on a 64-word ROM page. Since P5 and 
P4 will always equal 0,0 upon the execution of 
the LOID instruction, it will always look to one of 
the first 16 words located in page 1. Since the 
contents of M (the RAM digit pointed to by the B 
register), are loaded into the lowest 4 bits of P 
(P3 - Po), it is the binary contents of M directly 
(0-15) which determine which of the first 16 
words (0-15) on page 1 are "looked up" and 
placed in O. 

In effect, M is the only variable involved in the 
LOID operation with its contents directly 
determining which one of the 16 words in page 1 
(words 0-15) are loaded into O. Of course, the 
seven-segment decode values have been placed 
in these locations. Also, as indicated abovl;!, the 
first 10 words (locations 0-9) have been loaded 
with the seven·segment decode values for the 
numerals 0-9, respectively. Consequently if 
M =3 binary (0011 2), a LOID will place the seven
segment lookup data for a display numeral 3 
into O. If M = 10-15 binary, LOID will place the 
seven-segment decode values for the special 
alphabetical characters P, A, U, C, F and E, 
respectively, into 0, since page 1, locations 
10-15, contain the decode values to display 
these characters on the display. 

The hexadecimal value of the seven-segment 
lookup data is placed in page 1, locations 0-15 
with the assembler .WORD directive. Although 
operands of the .wORD may be concatenated 
(i.e., .wORD X'FD, X'1 F, ... ), each 8-bit segment 
decode value has been placed in successive 
memory locations with a separate .WORD 
directive. It should benoted, as indicated by the 
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comments to the program, that ROM word bits 
Ir 10 (rightmost to leftmost) represent and are 
tied via the L ports to the Sa- Sg, D.P. segments 
of the display. A "1" bit for a particular segment 
means that that segment will be turned on. In all 
cases, each seven-segment decode word has the 
D.P. bit (1 0) seg; if not later reset by the. program 
the decimal pOint segment of a particular digit 
will be turned on when that digit is serviced. See 
Table 5.2 for a representation of the 
interconnection of the seven-segments of a 
display digit and a list of binary and hex values 
associated with settinQ the segments of a digit 
to display the numerals 0- 9. 

8. A comparison is made to see whether the 
decimal point position stored in RAM is equal to 
the digit position of the digit to be displaY!ld 
during the present pass through the display 
loop. If the comparison result is "false," the 
program jumps to "NODP':' which resets the 
least significant bit of Q to keep the decimal 
point segment of the current digit off when 0 
latch data is later output to the display via the L 
ports. Note that an X instruction must follow the 
COMA and precede the CAMO instruction to 
maintain the integrity (bit-weights) of the 0 data, 
since these instructions perform opposite 
exchanges with respect to A and M. (See Section 
3.2.) 

9. If the comparison tests "true," the least 
significant bit of 0 is left set to turn on the 
decimal point of the current digit and a delay is 
added to ensure that the program will require 



the same amount of execution time whether or 
not the comparison tests "false" (goes to 
"NODP") or "true." This and other delays 
contained in the program ensure that the 
servicing of a particular display digit will always 
require the same number of instruction cycle 
times regardless of which branch of the program 
is executed during a pass through the program; 
this is necessary for equal segment·on time for 
each digit and uniform brightness among the 
various digits of the display. 

10. Digit position data is output from Bd to the D 
outputs, decoded by the DS8664, enabling the 
appropriate digit of the display and scanning the 
corresponding D line (if connected) to the 
keyboard matrix column or strap switch line. 

11. Segment data is output to the current digit by 
enabling the L drivers with an LEI 4 instruction, 
setting bit 2 of the EN register and outputting 
the 8·bit Q latch data to the L I/O ports, the 
latter connected directly to the segments of the 
display. 

12. Having output data to one digit of the display, 
the program now begins to service the keyboard. 
A test is made to see whether any key closure 
has occurred. If so, the program jumps to 
"KEYDWN," first testing to see if the key 
closure occurred on a strap digit line. If this test 
result is true, the strap data is read into RAM 
and the program goes to "NRDY." If the key 
closure was associated with the keyboard 
matrix, the "up" bit of the KBC is reset and the 
KBC is tested for all 4 bits equal to O. If the KBC 
equals 0, indicating a debounced keyswitch 
closure, the program blanks the display, inputs 
the G port (keyswitch row data) into A, and 
jumps to the keyboard decode routine. If the 
KBC did not equal 0, the program also goes to 
"NRDY" (with the KBC "up" bit reset to indicate 
a key closure). 

It should be noted that the "up" bit is not reset 
if the key closure was a strap data switch. As 
will be seen, this means the program will not 
treat this switch closure as a key depression 
(since the "up" bit remains set) and does not 
debounce this closure nor jump to decode a 
strap switch closure. Strap switches are of the 
on/off type not requiring debouncing as do the 
momentary on/off keyswitches. Also, a strap 
switch decode routine, in this example, is not 
necessary. The strap data bits read into RAM 
may be tested at any time for execution of a 
routine implementing the "mode" associated 
with a particular strap switch closure. 

13. If the program jumps to "NRDY,"a test is made 
to determine whether the digit position equals 1, 
indicating that all 14 digits have been displayed. 
If the last digit has not been displayed, the digit 
position is decremented by one and the program 
goes to "DSP2" to service the next digit. If the 

last digit has been displayed, the program falls 
through to "DEBaUN," the keyswitch 
debouncing portion of the program. 

14. Debouncing begins at "DEBaUN" by testing to . 
see whether the up bit has been reset, indicating 
a keyswitch closure. If not, the program takes 
the right branch to "ALLUP" and tests the not 
ready bit (NRB) of the KBC. If NRB is equal to 1, 
the KBC is decremented, the up bit remains set 
and the program goes back to "DSP1" to output 
data to all 14 digits again. If, on the first pass 
through the program, no key closure has 
occurred, the KBC will enter the debounce 
routine equal to 1111, exiting with a 
decremented value of 1110. Provided all keys 
remain up, it will take four passes through the 
right debounce branch before the KBC has been 
decremented to 1011, thereby resetting the not 
ready bit. If all keys remain up after four passes, 
the program will continue to fall through the 
NRB not equal to 1 (right) branch, keeping the 
KBC at 1011. The foregoing operations ensure 
that all keys remain up for at least four 
debounce passes before the not ready bit is 
reset to 0 (and a key closure will be accepted for 
keydown·debouncing). 

15. If, upon entering the debounce routine, the up 
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bit has been reset indicating a key closure, the 
program will take the left debounce branch. If 
the not ready bit has been reset to 0, indicating 
as explained above that all keys have previously 
remained up for at least four passes, the 
program will continue to decrement the KBC, 
exiting by setting the up bit and going back to 
"DSP2." Assuming that the right debounce 
branch has previously decremented the KBC to 
1011, "DEBaUN" will be entered with the KBC 
equal to 0011. (A key closure resets the up bit.) If 
the key remains down for four passes, the left 
branch will decrement the KBC to 0000 and go 
back to "DSP1" with the KBCequal to 1000 (up 
bit reset). On the next pass, with the keyswitch 
still down, "KBCTST" will reset the up bit, the 
KBC will equal 0000 and the program will jump 
to the keyboard decode routine with the value of 
the current D line stored in RAM and the G port 
data in A. 

If the left branch of the debounce routine is 
entered without the keys having been up for at 
least four passes (NRB equal to 1), the program 
will set the KBC to 1111, continuing to do so 
until the key is lifted and remains up for four 
passes through the right branch of the debounce 
loop. Consequently, the program requires that a 
key be down, as well as up, for at least four 
debounce periods before keyboard data will be 
accepted and decoded. Since it takes 16 
milliseconds to execute four program passes, 
ample time is provided to debounce even the 
most inexpensive keyboards. 
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16. Once a keyswitch closure has been debounced, 
the program exits to "KEYDEC" (keyboard 
decode routine). Upon entry to "KEYDEC," G 
port data is in the accumulator and represents 
the particular row of the keyboard matrix upon 
which a key closure has occurred. Data memory 
M(1,15) contains the value of the D line and 
represents the particular keyboard matrix 
column upon which a key closure has occurred. 
The conjunction of a particular D line value and 
the state of a particular G port bit, therefore, 
define one of sixteen key closures. Only two 
instructions are necessary to jump to the 
particular decode routine associated with each 
key closure based upon the contents of A and 
M(1,15): a CaMP and a JID instruction. 

The CaMP instruction is necessary to invert the 
contents of A since a particular key closure will 
result in one bit of G being driven to "0," with 
the remaining bits of G set to "1." 
Complementing A results in a "1" representing a 
key closure with the value of A equal to 0001, 
0010,0100, or 1000 (binary) if the key closure 
occurred on the GO-G3 row lines, respectively. D 
will equal 0001,0010,0011, or 0100 (binary) if the 
key closure occurred on the D1- D4 lines, 
respectively. The JID instruction can then use A 
and M without further manipulation to access 
key routine pointers, provided these pointers 
have been placed in appropriate ROM locations 
(those which the JID will access based upon the 
values of A and M associated with each key). 

The operation of the JID instruction is similar to 
that of the LQID instruction in that it accesses a 
ROM location based upon the current value of 
Pg, Pa, A3, A2, A1, Ao, M3 , M2, M1, Mo. JID, 
however, then uses the contents of this ROM 
location as a pointer and transfers program 
control to this "pointed·to" address. The exact 
location of this address (first instruction of each 
decode routine) need not be of concern to the 
programmer provided it resides within the same 
ROM block as the JID instruction (see Section 
4.1); in this example within. ROM block 2 (pages 
4-7). ; 

The location of each JID key decode routine 
pointer must correspond with the current value 
of Pg and Pa, and with the value of A (G port 
data) and M (D line data) associated with each 
particular key closure. Table 5.3 depicts the 
various address values of Pg, Pa, A and M for 
each keyswitch closure. The programmer must 
place, within these address locations, the lower 
8 bits of the address of the first instruction of 
each keydecode routine, to allow the JID 
instruction to automatically transfer program 
control to one of these instructions. This loading 
of ROM address pOinters with the proper 8·bit 
data is easily accomplished using the assembler 
assignment statement and the .ADDR directive. 
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First, the programmer must specify a label for 
the first instruction of each keyswitch decode 
routine - in this example labels 
"KEY1"-"KEY16" are given for the starting 
address of keys witch number 1-16 decode 
routines, respectively. (No decode servicing code 
is given.) As already mentioned, these decode 
labels and the code for each decode routine 
must reside within the same ROM block as the 
JID instruction (ROM block 2, pages 4- 7). 

Second, at each pointer address for each key 
closure as indicated in Tabie 5.3, an .ADDR 
directive must be used to place the lower 8 bits 
of the address of the beginning of each 
keyswitch decode routine within each pointer 
location. This is easily accomplished by moving 
the assembler location counter to the 
appropriate pOinter address using an 
assignment statement which assigns the 
location counter (':.") to the hexadecimal 
address of the appropriate JID pointer location. 
In this example, for instance, the "KEY1" pOinter 
should be located at address X'111. The 
assignment statement,. =X'111, moves the 
assembler location counter to this address. The 
assembler will then generate code into 
successive memory locations starting at this 
location -until the assembler location counter is 
again moved. 

After moving the assembler location counter to 
the proper JID pointer address, the a·bit value of 
the address of each appropriate keyswitch 
decode label locption is loaded into the pOinter 
address by using an .ADDR directive with an 
operand specifying the label associated with the 
first instruction of each key decode routine. For 
example, to load the keyswitch number 1 decode 
routine starting address into its pOinter location, 
an .ADDR KEY1 directive will place the lower 8 
bits of the address of the KEY1 label into the 
ROM pointer location. 

As can be seen, once labels have been given to 
the beginning of each decode routine and the 
assembler location pointer has been moved to 
the proper JID pointer location, a simple 
.ADDR (label) statement for each label will 
automatically allow the JID instruction to 
transfer program control to the appropriate 
decode routine for each keyswitch immediately 
after exiting from the DISPLAY/KEYBOARD 
DEBOUNCE routine (after complementing G data 
as explained above). In this example, the 
assembler location pointer need only be moved 
four times, since each group of 4 JID pointers 
resides in successive memory locations. (See 
Table 5.3.) 

Of course, the gaps which exist between the JID 
pOinter locations on pages 4-6 are available for 
use by other portions of program code. To aid 
the user in understanding the operations of the 
assignment statements and .ADDR directives in 



this sample program, an assembler output 
listing of the program is provided in Figure 5.19, 
indicating in the leftmost columns the line 
numbers, memory addresses and 8-bit memory 
contents associated with the use of these 
assembler control statements. 

For convenience, the "KEY1"-"KEY16" labels 
are placed in successive double-byte memory 
locations, jumping back to "DSP1." In a "real" 
program, each of these labels would be 
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followed, respectively, by the code required to 
perform the program operations associated with 
each key closure. Alternatively, they might still 
be placed in successive double-byte memory 
locations if they used a JMP instruction to jump 
to any location within the 1 K ROM area to a 
routine which serviced the appropriate 
keyswitch. For further information on the use of 
the PDS assembler, see Chapter 8, PDS User's 
Manual. 
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JID 
X'll1 

.ADDR KEYl 

.ADDR KEY2 

.ADDR KEY3 
,ADDR KEY4 

X'12l' 
,ADDR KEYS 
.ADDR KEY6 
.ADDR KEY? 
.ADDR KEYB 

X'141 
.ADDR KEY9 
.ADDR KEV1() 
.ADDR " KEY11 
.ADDR 'KEY12' 

X'181 
,ADDR KEY13 
,ADOR, KEY14 
,ADDR KEY15 
.ADDR KEY16 

NODP: LBI STORE 
COMA 
X 
RMB 0 
CAMO 
J/y\P DIGOUT 

Figure 5.18 

; JUMP TO KEY DECODE ROiJTINE F;OR PARTICULAR KEY CLOSURE 
': MOVE ASSEMBLER LOCATION ,COIJNTER TO KEY1 ROM POINTER ADDRESS 

; PLACE KEY1, POINTER IN ADDRESS X'l,ll 
; PLACE KEY2 - KEY 4 POINTER,S IN NEXT ROM LOCATIONS 

; MOVE TO KEYS POINTER LOCATION 

; POINT TO M(2,15) 
" ;SE" SG, D.p. TO A 

;,eXCHANGE.lNTOM(2,15) ", " 
' ; RESET 0.1', arf(OECIMAL POINTOFF) 
; SEGMENT DATA BACKTO,O 

Oi$PlaYIKeYboard'lnterface~urce Code (continued) 

9-73 

'" ,v , ~ 

'"M2,"" :M1 

60 
:'0.1 ' 

'" Q"" '1 

,DO 

MO 
1 ' 

o 

,4" ,,00 

Polnler 
Hex (X,} 
Address 

X'111 

X'li2 

X'113 

X't14 

X'121 

X'122 

\,!);:'.' •• ~.::,':,.,1 
:::, ',:Q:':: "~I; "0 

:~;"~? :"'~" ",~~:! 
:'~:'/:lj::'l) , X'o131 

:"::~':', .. ""1 ", a X'132, 

' .. '.':'~" ':1' 1 , ,1('133 
,0 ,,',' 0' ' 1('134: 

~7 
89 

88 

80 
", SF 

9,L' 
93, 

,0:;, 
,97 

99 
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5.4 SIO Input/Output 

SI and SO can be used to provide additional I/O 
capability for the COP400 family by connecting, for 
example, external a·bit parallel·to·serial 
(MM74C165) and serial·to·parallel (MM74C164) shift 
registers, as shown in Figure 5.20. The following 
routine will output a bits of data serially using the 
SIO registers, at the same time inputting a bits 
serially. Data is output from and input to A and M. 
This program must be entered with the SIO register 
enabled as a serial shift register. The execution of 
an XAS instruction with C = "1" and "0" 
respectively will enable and disable SK as a SYNC 
output. (See Section 3.2, LEI instruction 
description.) With SK enabled as a SYNC output it 
will provide a clock pulse to the shift registers 
each instruction cycle time. Note that SI is 
simultaneously shifting 1 bit of serial data into SIO 
while SO is shifting 1 bit of serial data out. Since 
the 4·bit contents of SIO are continuously shifted 
each instruction cycle time, the routine is written 
to insure that SIO is exchanged with A every 4 
instruction cycle times. 

; ROUTINE TO OUTPUT 8 BITS OF DATA SERIALLY FROM M 
; AND A WHILE INPUTTING 8 BITS OF SERIAL DATA INTO M 
; AND A USING THE SIO REGISTER 
; UPON ENTRY, 510 MUST BE ENABLED AS A SERIAL SHIFT 
; REGISTER (ENO = 0) 

SERIO: 

sc ; SET CARRY TO ENABLE SK AS A SYNC 
; OUTPUT 

XAS ; START SYNC, A TO SIO, START SHIFTING 
; A OUT, Sl DATA IN 

NOP ; WAIT 4 INSTR. CYCLE TIMES 
NOP 
LD ; M TO A 
XAS ; FIRST 4 51 BITS TO A, A TO 510, 

; CONTINUE SHIFTING 51 IN, SO OUT 
X ; STORE FIRb; 4 Sl BITS IN M 

CLRA ; CLEAR A (WAIT 4 INSTR. CYCLE TIMES) 
RC ; RESET C TO DISABLE SK AS A SYNC 

; OUTPUT 
XAS ; STOP SYNC, LAST 4 Sl BITS TO A 
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Figure 5.21 shows an example of a multi·COP420 
system. As is indicated, data transfers between the 
two devices are done in a serial fashion, with one 
COP providing a SYNC pulse via the SK output to 
the CKO pin of the second COP. To ensure the 
validity of the data being transferred, both COPs 
must contain a routine which will synchronize the 
inputting and outputting of data between the two 
devices using the SIO register. The following code 
accomplishes this by providing that each COP 
receive and send a string of four "1s" (SIO = 11112) 

before an SIO data transfer is effected. 

; ROUTINE to SYNCHRONIZE SERIAL DATA TRANSFERS 

; BETWEEN TWO COP DEVICES (COPA AND COPB) USING 
; TH E 510 REGISTER 

; 510 MUST HAVE BEEN PREVIOUSLY ENABLED AS A SERIAL 
; SHIFT REGISTER 

; COPA CODE: 

BACK: NOP 

CLRA 
XAS 
NOP 
CLRA 
COMP 
XAS 
AISC 
JP 

; COPB CODE: 

BACK: 

CLRA 

XAS 
AISC 
JP 
CaMP 
XAS 
NOP 
NOP 
NOP 

BACK 

1 
BACK 

; ADD 1 INSTR. CYCLE TIME FOR 
; RE·SYNC 
; ZERO TO A 

; OUTPUT ZEROS, WAIT 4 INSTR. 
; CYCLE TIMES 

; 15TO A 
; OUTPUT 15 VIA SK. Sl BITS TO A 
; ARE INPUT BITS = 15? 
; NO, TRY AGAIN 

; YES, DEVICES SYNCHRONIZED 

; OUTPUT ZEROS IN 4·CYCLE 
; LOOP 

: 15 FROM COPA? 
; NO, KEEP SENDING OUT ZEROS 
; YES. OUTPUT 15 TO COPA 

; DEVICES SYNCHRONIZED 

; WAIT FOR COPA TO START 
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5.5 Add·On RAM 

The following routine will interface the COP420 to 
an additional 2K bits (512 x 4) of RAM. The 
interconnect diagram (see Figure 5.22) shows the 
COP420 interfaced to two additional MM2112 

memory digit M(3,15). It then reads from or write 1/0 
data into COP RAM memory, register 0, digits 0-15, 
respectively. 

Note that two different operands for the LEI 
instruction are used to select or de-select specific 
operations associated w.ith three of the four bits of 
the EN register. The LEI13 instruction sets 

(256 x 4) RAM devices, although CMOS equivalents 
(MM74C921s) may also be used where lower power 
consumption or RAM battery backup is desired. Up 
to four devices may be used by decoding the Do 
and D1 lines (2·to·4 binary decoder). If all 4 bits of D 
are used, up to 16 additional RAM devices can be 
interfaced utilizing a 4-10·16 binary decoder (an 
additional 2K bytes of RAM). 

EN3- ENo equal to 1101 with the result that EN3 
and ENo are equal to "1" and, therefore, SO will 
output a "1" to the WE pins of external RAM to 
perform a read operation. EN2 is also set to "1" to 
enable the L drivers so that Q latch data will be 
output to the L 1/0 ports and, via the interconnect, 
to the RAM address lines. The LEI 5 instruction 
alters EN3 to "0," resulting in SO being driven low, 
enabling a write operation into the external RAM 
device. 

The following routine treats the 1024 bits of 
external RAM as organized as 16 registers of 16 
4·bit digits. It sequentially addresses digits 0 
through 15 in a particular external RAM register (as 
determined by the 4·bit contents of COP RAM 

,SUBROUTINE TO READ FROM/WRITE TO ONE OF TWO EXTERNAL RAM DEVICES (256x4 BITS EACH) 
; 16 4·BIT DIGITS OF 110 DATA READ FROM OR WRITTEN INTO COP RAM, REGISTER 0, DIGITS 0 - 15 

; C = 0 INDICATES A READ OPERATION, C = 1 INDICATES A WRITE OPERATION 
; a·BIT RAM ADDRESS SPECIFIED BY A 4·BIT REGISTER NUMBER CONTAINED IN M(3,15), ASSIGNED TO SYMBOL "DIGIT" 

; CHIP·SELECT NUMBER (1110 OR 1101 BINARY) CONTAINED IN M(2,.15), ASSIGNED TO SYMBOL "CSEL" 
; READ: ENTRY POINT TO READ RAM 
; WRITE: ENTRY POINT TO WRITE RAM 

READ: 

WRITE: 

RW: 

RWL: 

RWCONT: 

RR: 

DIGIT =1,15 

CSEL =2,15 
REG =3,15 

RC 
JP 

SC 

OGI 
LEI 
LBI 
OBD 
LBI 

CLRA 

X 
LDD 
CAMQ 

LD 
CAB 
SKC 
JP 

LEI 
OMG 
LEI 
OGI 

LBI 
LD 
AISC 
JP 
OBD 
RET 

ING 
X 
JP 

RW 

15 
13 
CSEL 

DIGIT 

REG 

RR 
5 

13 
15 

DIGIT 

RWL 

RWCONT 

; RESET CARRY FOR READ OPERATION 

; SET CARRY FOR WRITE OPERATION 
; READ/WRITE CODE 

; SET G3 - GO HIGH 
; SO = 1, ENABLE L DRIVERS 

; OUTPUT CHIP SELECT VALUE 
; POINT TO DIGIT NUMBER 
; START WITH DIGIT 0 

; EXCHANGE A INTO DIGIT NUMBER IN M 
; REGISTER NUMBER TO A 
; OUTPUT REGISTER AND DIGIT NUMBER FOR RAM ADDRESS 
; DIGIT NUMBER TO A, POINT TO REGISTER 0 
; DIGIT NUMBER TO BD TO POINT TO 110 DATA IN M 
; IS CARRY EQUAL TO 1? 
; NO, JUMP TO READ RAM 
; YES, PERFORM WRITE OPERATION, DRIVE WRITE ENABLE LOW 
; OUTPUT DATA TO RAM 
; SET WRITE ENABLE HIGH 
; SET G3 - GO HIGH 

POINT TO DIGIT NUMBER 
DIGIT NUMBER TO A 

INCREMENT DIGIT NUMBER, IS DIGIT = 15? 
NO, CONTINUE READIWRITE 
YES, DISABLE RAMS (CHIP SELECTS HIGH) 
RETURN . 

READ RAM DATA 
STORE IN 110 DIGIT IN M 
CONTINUE 
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5.6 IN311No Inputs 

Section 4.8 has already provided an example of an 
interrupt service routine utilizing 'the "hardware" 
interrupt capability of the IN1 COP420 pin. It is also 
possible to implement a "software" interrupt, using 
either the COP420 IN3 or INo inputs, since they 

Technical Assistance 

National Semiconductor will be pleased to provide 
'technical assistance to aid a user in design and 
development. Inquiries may be directed to any of 
our Field Applications Engineers (FAEs) - located 
in every National sales office - or to our in·plant 
COPSTM Applications Group at (408) 737·5582. 
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have testable input latches associated with them. 
These latches, IL3 and ILo, will be set if a low going 
pulse, at least two instruction cycles wide, has 
occurred on the IN3 or INo inputs, respectively. The 
INIL instruction inputs these latches to A, as 
explained in Section 3.2, to allow them to be tested 
as software interrupt flags (A3 and Ao), 

To accomplish a software interrupt, an INIL 
instruction must be executed often enough to 
respond to the requirements of the interrupt signal 
tied to IN3 or INo. For example, in timekeeping 
applications, IN3 or INo may be connected to a 
60 Hz square wave. The program must, in this case, 
execute an INIL instruction at least every 1160 
second. 

If an interrupt input occurs irregularly, it will be 
more efficient to connect it to the hardware 
interrupt pin, IN1, to insure that no interrupt is 
missed due to infrequent testing. Conversely, if an 
interrupt input occurs regularly and predictably 
(such as a 60 Hz signal) a software interrupt may be 
efficiently utilized by simply building into the 
program a sufficient test rate to insure that no 
inputs are missed. 
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I. Introduction 
A variety of techniques for performing analog to 
digital conversion are presented. The COP420 micro
controller is used as the control element in all cases. 
However, any of the COPSl'M family of microcon· 
trollers could be used with only minor changes in 
some component values to allow for different 
instruction cycle times. 

All indirect analog to digital converters are 
composed of three basic building blocks: 

• 0/ A Converter 
• Comparator 
• Control logic 

National Semiconductor 
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In a software driven system the D/A converter and 
comparator are present but the control logic is 
replaced by instruction sequences. There are a 
variety of software/hardware techniques for imple
menting AID converters. They differ primarily in their 
approach to the included D/A. There are two primary 
approaches to the digital to analog conversion which 
can in turn be divided into a number of sub
categories: 

• D/A as a function of weighted closures 
- R/2R ladder 
- Binary weighted ladder 

• D/A as a function of time 
RC exponential charge 

- Linear charge/discharge (dual slope) 
- Pulse width modulation 

These techniques should be generally familiar to 
persons skilled in the electronic art. The objective 
here is to illustrate the application of these 
established methods to a low cost system with a 
COPS microcontroller as the intelligent control 
element. Circuit configurations are provided as well 
as the appropriate flow charts and code to 
implement the function. 

Some mathematical and theoretical analysis is 
presented as an aid to understanding the various 
techniques and their limits. However, it is not the 
purpose here to provide a definitive theoretical 
analysis of the analog to digital conversion process 
or of the various techniques described. 

II. Simple Capacitor Charge Time 
Measurement 

A. BASIC APPROACH 

A.1 General 

Perhaps the simplest means to perform an analog to 
digital conversion is to charge a capacitor until the 
capacitor voltage is equal to the unknown voltage. 
The capacitor voltage and the unknown are com
pared by means of a standard analog comparator. 
The unknown is determined simply by counting, in 
the microcontroller, the amount of time it takes for 
the charge on the capacitor to reach a value equal to 
the unknown voltage. The capacitor voltage is given 
by the standard capacitor charge equation: 
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Vc =VO+[V1-VO](1-e"(-t/RC)] 

where: V c = capacitor voltage 
VO = "discharge voltage" - low level voltage 
V1 = high level voltage 

The most obvious problem with this method, from the 
standpoint of software implementation, is the nonline· 
arity of the relationship: This can be circumvented in 



several ways. First of all, a routine to calculate the 
exponential can be implemented. This, however, usually 
requires too much code if the exponential routine is not 
otherwise required in the program. Alternatively, the 
range of input voltages can be restricted so that only a 
portion of the capacitor charge curve - which can be 
approximated with a linear relationship or with some 
minor straight line curve fitting - is used. Finally, a 
look up table can be used which will effectively convert 
the measured time to the appropriate voltage. The look 
up table has the advantage that all the math can be built 
into the table, thereby simplifying matters Significantly. 
If arithmetic routines are going to be used, it is clear 
that the relationship is simplified if va is a volts 
because it then drops out the equation. 

A.2. Basic Circuit Implementation 

The circuit in Figure 1 is the basic implementation of 
the capacitor charge method of AID conversion. The 
selection of input and output used is arbitrary and is 
dictated by general system considerations. va is the 
"0" level of the G output and V1 is the "1" level of the 
output. The technique is basically to discharge the 
capacitor to va (which is ideally ground) and then to 
apply V1 and increment an internal counter until the 
comparator changes state. The flow chart and code for 
this implementation are shown in Figure 2. 

A.3 Accuracy Considerations 

The levels reached by the microcontroller output 
constitute one of the more significant problems with 

Vee 

V,N 

-= 

Vee 

3k 

20 

this basic implementation. The levels of V1 and va are 
not Vee and ground as would be desired. The level is 
defined by the load on the output, the value of Vce, and 
the device itself. Furthermore, these levels are likely to 
change from device to device and over temperature. To 
be sure, the output values will be at least those given in 
the data sheet, but it must be remembered that those 
values are minimum high voltages and maximum low 
voltages. Typically, the high value will be greater than 
the spec minimum and the low value will be lower than 
the spec maximum. In fact, with a light load the values 
will be close to Vee and ground. Therefore, in order to 
obtain any accurate result for a voltage measurement 
the exact values of V1 and va need to be measured and 
somehow stored in the microcontroller. Typical values 
of these voltages can be measured experimentally and 
an average could be used for a final implementation. 

The other problem associated with the levels is that the 
capacitive load on the output line is substantial and far 
in excess of the values used when specifying the 
characteristics of the various COP420 outputs. The 
significant effect of this is that it will take longer than 
"normal" for the output to reach its maximum value. In 
addition, it is likely that there will be dips in the output 
as it rises to its maximum value since the capacitor will 
start to draw charging current from the output. All of 
this will be fast relative to the other system times. Still, 
it will affect the result since the level to which the 
capacitor is attempting to charge is not being applied 
uniformly and "instantaneously". It can be viewed as 
though the voltage V1 is bouncing before it stabilizes. 

IN3 

COP420 

Vee 

CRYSTAL OSCILLATOR VALUES CHOSEN TO GIVE 4~S CYCLE TIME WITH DIVIDE BY 16 OPTION 
SELECT EO ON COP 420 CKO/ CKI PINS 

Vee= +5V 

Figure 1. Basic Capacitor Charge Technique 
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Ht"'): 
11'1(;1<: 
DINI'Ui; 
BIN!'I I: 

(](:I 0 ; TURN OFF G TO DISCHARGE CAPACITOR 
, INSERT SOME DELAY TO MAKE SURE CAPACITOR DISCHARGED 
; USING 12 DIT COUNTER, BUT ONLY UPPER 8 USED IN TABLE 
;LOOK UP DUE TO ACCURACY OF RC CHARGE METHOD. THE OTHER 
;BITS COULD BE USED BUT THE COMPLICATIONS ARE NOT WORTH 
; THE EFFORT FOR THIS PARTICULAR TECHNIQUE. ALSO, HERE THE 
; INPUT RANGE IS RESTRICTED SO THAT THE TOP 3 BITS ARE ZERO 

DClI 
LBI 
SC 
CLRA 
IISC 
NOP 
XIS 

1 
2,13 

JI' BINPLJ 

; TURN ON THE G LINE 
; BINARY INCREMENT OF 12 BIT COUNTER 
; LOWER FOUR BITS WILL BE DISCARDED 
; ONLY TOP BITS USED IN TABLE LOOK UP 
; SPEED WOULD BE IMPROVED IF THE ADD WERE 
; STRAIGHT LINE CODED-BUT COSTS MORE CODE 

ININ ;READ IN3 TO SEE IF COMPARATOR CHANGED 
AIse 8 
~JP END 
CIRA 
..JP INCR 

ENI': OGI 0 ; TURN OFF THE G LINE AND DISCHARGE C 
;DO ARITHMETIC HERE DR LOOK UP TABLE DR. WHATEVER IS 
;REQUIRED--SAMPLE LOOK UP TADLE CONTROL INDICATED DELOW 
; SAMPLE TABLE WRITTEN CORRECTING FOR THE EXPONENTIAL 
; RELATIONSHIP. THE TADLE ALSO INCORPORATES A CONVERSION 
;TO BCD. THE VALUE IN THE TABLE IS THE RATIO OF 
; THE CAPACITOR VOLTAGE V '·0 THE MAXIMUM VOLTAGE VMAX. 
;THE NUMBER IS A TWO DIGIT BCD FRACTION. WE ARE USING 
;A 5 DIT COUNT IN THIS EXAMPLE. ADDRESSING ARBITRARILY 
; SET UP ASSUMING THAT CONTROL CODE IS IN PAGE 0 (OTHER 
; THAN AT ADDRESS 0> AND THAT THE TABLE THEREFORE IS IN 
;PAGE 1 (STARTING AT HEX ADDRESS 040>. 

2,15 ; POINT TO TOP 4 BITS L.OI 
XDS 
AISC 4 

; TOP 4 IN A, POINTING TO LOWER 4 IN 2, 14 
;THIS MERELY ADJUSTING FOR ADDRESS--NO 
,OTHER FUNC TI ON 

LOID ;00 THE LOOK UP 
COMA ;FETCH THE ADJUSTED VALUE FROM Q 

; THE ADJUSTED VALUE IS NOW IN A AND M. FROM THIS POINT MAY 
;USE THE VALUE IN OTHER CALCULATIONS DR OUTPUT THE INFORMATION, 
;OR WHATEVER MAY BE REQUIRED DY THE APPLICATION. 

LDI 2,13 ,CLEAR THE COUNTER 
STII 0 

STII ° 
STIr 
.. JP 

o 
ReAD: ,JUMP BACK AND REPEAT 

. =X '040 ; SET UP TABLE ADDRESS 

. WORD 000,003,006,008 ,SET UP THE TABLE VALUES 

. WORD 011,014,016,019 ,HERE, COMPENSATED FOR EXPONENTIAL 

. WORD 021,023,026,028 ;AND CONVERTED TO BCD FRACTION 

. WORD 030,032,034,036 ; TABLE VALUE IS RATIO V/VMAX 

. WORD 038,039,041,043 

. WORD 045,046,048,049 

. WORD 051,052,053,055 

. WORD 056,057,059,060 

Figure 2A. Typical RC Charge AID Code 

I 
DISCHARGE 
CAPACITOR 0- GO 

I 
APPLY V. 1- GO 

(INPUT VOLTAGE) 

I 

'''' I 
NO / CONVERSION. / COMPLETE 

PROCESS DATA 
AS REQUIRED 

INCREMENT 
TIMER 

(2.15-2.14) 

I 

Figure 28. RC Charge Flow Chart 
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A more general problem is that of the tolerance of RC 
time constant. The value of the voltage with respect to 
time is obviously related to the RC value. Therefore, a 
change in that value will result in a change in the 
voltage for a given time period t. The graph in Figure 3 
illustrates the effect of a ±10% variation in the RC 
value upon the voltage measured for a given time t. If 
one cares to work out the math, it comes out that the 
error is an exponential relationship in much the same 
manner as the capacitor voltage itself. The maximum 
error induced for ±10% RC variation is ±3.9%. 

Remember also that we are measuring time. Therefore 
variation in the RC value will have a direct, linear effect 
on the time required to measure a given voltage. It is 
also necessary that the time base for the COP420 be 
accurate. A variation in the accuracy in the operating 
frequency of the COP420 will have a direct impact on 
the accuracy of the result. 

Given the errors mentioned so far and assuming that no 
changes are made in the hardware, the accuracy of the 
technique then is determined by the resolution of the 
time measurement. This is improved in two ways: in· 
crease the RC time constant so that there is a smaller 
change in capacitor voltage for a given time period or 
try to minimize the loop time required to increment the 
counter. Lengthening the RC time constant is easier but 
the cost is increased conversion time. The minimum 
time to increment a 5 to 8 bit binary counter and test an 

4 

3.5 

2.5 

1.5 
w 
<0 
c< 
!:; 
0 
> .5 
0 
w 
=: 
::::I 

input is 13 cycle times. For a 9 to 12 bit binary counter 
this minimum time is 17 cycle times. Note also that the 
minimum time to perform the function does not neces· 
sarily correspond to the minimum number of code 
words required to implement the function. At a cycle 
time of 4 microseconds, the 13 cycle times correspond 
to 52 microseconds. 

B. ACCURACY IMPROVEMENTS 

Several options are available if it is desired to improve 
the accuracy of this method. Three such improvements 
are shown in Figure 4. Figure 4A is the smallest change. 
Here a pullup resistor has been added to the G output 
line and the G line is run open drain internally, i.e., the 
internal pullup Is removed. This improves the "bounce" 
problem mentioned earlier. The G line will go to the high 
state and remain there with this setup. However, the 
addition of the resistor does little more than eliminate 
the bounce. The de'gree of improvement is not great, but 
it is an easy way to eliminate a minor source of error. 

Figure 4B is the next step. A 74C04 is used as a buffer. 
The 74C04 was chosen because of its symmetric output 
characteristic!>. Any CMOS gate with 'such characteris
tics could be used. The software can easily be adjusted 
to provide the proper polarity. The COP420 output drives 
a CMOS gate which in turn drives the RC network. This 
change does make significant improvements in accu
racy. With a light load the CMOS gate will typically 

% ERROR IN MEASURED VOLTAGE (FOR A GIVEN 
PERIOD) AS A RESULT DF A ±10% VARIATION IN 
RC VALUE 

en 
c< w 
:11 -.5 

.4 .6 .8 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 
t1RC--

:!5 CALCULATED (NO ERROR FACTOR) 
=: -1 0 
=: =:. 
w 
;,e-1.5 

-2 

-2.5 

-3 

-3.5 

-4 

Figure 3 
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swing from ground to Vee and its output level is not as 
likely to be affected by the capacitor discharge. 

Figure 4C is the best approach, but it involves the 
greatest component cost. Here two G outputs are 
controlling analog switches. Ground is connected to the 
RC network to discharge the capacitor, and a positive 
reference is used to charge the capacitor. This refer
ence can be any suitable voltage source: zener diodes, 
Vee, etc. The controlling voltage tolerance is now 
clearly the tolerance of the reference. Precise voltage 
references are readily obtainable. Figure 4C also shows 
an analog switch connected directly across the 
capacitor to speed up the capacitor discharge time. 
When using this version of the basic scheme, remember 
to include the 'on' resistance of the analog switch 
connected to VREF in the RC calculation. Failure to do 
so will introduce error into the result. 

Note that the LM339 is a quad comparator. If these 
comparators are not otherwise needed in the system, 
they can be used in much the same manner as the 
CMOS gate mentioned above. They can be used to 
buffer the output of the COPSTM device and to reset the 
capacitor, or whatever other function is required. This 
has the advantage of fully utilizing the components in 

Vee Vee 
CKO CKI 

VIN 

IN3 

COP420 

-::-

Vee 

5k 

Vee 

A 

the system and eliminates the need to add another 
package to the system. 

C. CONCLUSIONS 

This approach is an inexpensive way to perform an AID 
conversion. However, it is not that accurate. With a 10% 
Vee supply and a 10% tolerance in the RC value and 
10% variation in the oscillator frequency the best that 
can be hoped for is about 25% accuracy. If a 1 % refer· 
ence voltage is used, this accuracy becomes about 15%. 

Under laboratory conditions - holding all variables 
constant and using precise measured values in the cal· 
cUlations - the configuration of Figure 2 yielded 5 bit 
accuracy over an input range of 0 to 3.5 volts. Over the 
same range and under the same conditions, the circuit 
of Figure 4B yield 7 to 8 bit accuracy. It must be 
emphasized that these accuracies were obtained under 
controlled conditions. All variables were held constant 
and actual measured values were used in all calcula· 
tions. It is unlikely that the general situation will yield 
these accuracies unless adjustments are provided and 
a calibration procedure is used. This could defeat the 
low cost objective. 

Vee 

VIN 
20 

IN3 

COP420 

21 

B 

COP420 

GO 
21 L-________ ~ __________ ~ 

c 

Figure 4 
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III. Pulse Width Modulation 
(Duty Cycle) Technique 

A. MATHEMATICAL ANALYSIS 

The pulse width modulation, or duty cycle, conversion 
technique is based on the fact that if a repetitive pulse 
waveform is applied to an RC network, the capacitor will 
charge to the average voltage of the waveform provided 
that the RC time constant is sufficiently large relative to 
the pulse period. See Figure 5. 

In this technique, the capacitor voltage Vc is compared 
to the voltage to be measured by means of an analog 
comparator. The duty cycle is then adjusted to cause Vc 
to approach the input voltage. The COPSTM device reads 
the comparator output and then drives one of its 
outputs high or low depending on the result, i.e., if Vc is 
lower than the input voltage, a positive voltage (V1) is 
applied to charge the capacitor; if Vc is higher than the 
input voltage, a lower voltage (Va) is applied to 
discharge the capacitor. Thus the capacitor voltage will 
seek a point where it varies above and below the input 
voltage by a small amount. Figure 6 illustrates the 
capacitor voltage and the comparator output. 

Some mathematical analysis here will be useful to help 
clarify the technique and to point out its restrictions. 
Referrring to Figure 6, we have the following: 

VA = va + [VB - VOlle' '( -t1/RC)] 
VB=VA+[V1-VA][1-e"(-t2/RC)] 

V 

= V1 + [VA - V1][e "( -t2/RC)] 

VI 

VB 

VIN 

VA 

VO 

VI-

VO-
I I I 
I-Tl--I--T2--1 
I I I 

V _(Vl-VO)·Tl 
c- T1+T2 

CAPACITOR VOLTAGE 

Figure 5 

V 

Figure 6 
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solving for t 1 and 12 we have: 

t1 = -RC In[(VA - VO)/(VB - Va)] 
12= -RC In[(VB- V1)/(VA - V1)] 

let: 

VA=V1N -d1 
VB = V1N + d2 

substituting the above, the equations for t1 and t2 
become: 

t 1 = - RC In{[1 - (d1/(V1N - VO))]/[1 + (d2/(V1N - Va))]} 

t2 = - RC In{[1 - (d2/(VIN - V1))]/[1 - (d1/(V1N - V1))]} 

the equations reduce by means of the following 
assumptions: 

1.d1=d2=d 

2. IV1N - Val» d 

IV1N - V11» d 

applying these assumptions, we get the following: 

t 1 = - RC In[(1 + x)/(1 - x)] where x = -d/(V1N - Va) 

t2 = - RC In[(1 + x)/(1 - y)] where y = d/(V1N - V1) 

because of the assumptions above, the x and y terms in 
the preceding equations are less than 1, therefore the 
following expansion can be used: 

In[(1 +z)/(1-z)]=2[z+(z"3)/3+(z"5)/5+ ... ] 

r--- -
-- t1---- .......-t2---------
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substituting we have: 

t1= -2RC[x+(x**3)/3+ ... ] 

t2 = -2RC[y + (y**3)/3 + ... ] 

under assumption 2 above, the linear term completely 
swamps the exponential terms yielding the following 
result (after substituting back into the equation): 

t1 = 2dRC/(VIN - Va) 

therefore: 

t2= -2dRC/(VIN -V1) 

t1/(t1 + t2) = (V1 - VIN)/(V1 - Va) 

t2/(t1 +t2) = (VIN - VO)/(V1 - va) 

solving for VIN: 

VIN = [t2/(t1 + t2)][V1 - Va] + va 
or VIN = V1 - [t1/(t1 + t2)][V1 - Va] 

It follows from the above results that by measuring the 
times t1 and t2, the input voltage can be accurately 
determined. As will be seen, the restrictions based upon 
the assumptions above do not cause any serious 
difficulty. 

A.2 General Accuracy Considerations 

In the preceding calculations it was assumed that the 
differential output above and below the input voltage 
was the same. If the comparator output is checked at 
absolutely regular intervals, and if the intervals are kept 
as small as possible this assumption can be fairly 
easily guaranteed - at least to within the comparator 
offset which is only a few millivolts. As we shall see, 
this aspect of the technique presents few, if any, diffi· 
culties. In addition, there is an RC network at the input 
of the comparator. The time constant of this network 
must be long relative to the time between checks of the 
comparator output. This will insure that the capacitor 
voltage does not change very much between checks 
and thereby help to insure that the differences above 
and below the input voltage are the same. 

The next major apprbximation has to do with the differ· 
ence between the input voltage and either V1 or va. We 
have relied on this difference being much greater than 
the amount the capacitor voltage changes above and 
below the input voltage. This approximation allows the 
nonlinear terms in the logarithmic expansion to be 
discarded. In practicality, the approximation means 
that the input voltage must not be "close" to either V1 
or va. Therefore, it becomes necessary to determine 
how closely the input voltage can approach V1 or va. It 
is obvious that the smaller the difference d can be 
made, the closer the input voltage can approach either 
reference. The following calculations illustrate the 
method for determining that difference d. Note, using 
either V1 or va produces the same result. Thus 
V=V1 =VO. 

For at least 1 % accuracy 

x+(x**3)/3< 1.01x 

therefore x < 0.173 

since x =dll(VIN - V)I we have d < 0.173 I(VIN - V)I. 

Using the same analysis for 0.1 % accuracy in the 
approximation we get d < 0.05481(VIN - V)I. By applying 
this relationship, the RC time constant can be adjusted 
so t,hat, within the time interval, the capacitor voltage 
does not change by more than d volts. The user may 
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then select, within reason', how close to the references 
he can allow the input voltage to go. 

The next consideration is really just one of simplifica· 
tion. It is clear that if va is zero, it drops out of the first 
equation and the relationship is simplified. Therefore, It 
is desireable to use zero volts as the va value. The 
equation then becomes: 

VIN =V1t2/(t1 +t2). 

It is obvious by now that the heart of the technique lies 
in accurately measuring the times t1 and t2. Clearly this 
requires that the time base of the COP420 be accurate. 
Short term variations in the COP420 time base will clearly 
impact the accuracy of the result. In addition to that 
there is a serious problem in being able to check the 
comparator output often enough to get any accuracy 
and resolution out of simply measuring the times t1 and 
t2. This problem is circumvented by measuring many 
periods of the waveform. Doing this gives a large aver· 
age, which improves the accuracy and tends to elimi· 
nate any spurious changes. Of course, the trade off is 
increased time to do the conversion. However if the time 
is available, the techniqu'e becomes restricted only by 
the accuracy of the external components. Those of the 
comparator and the reference voltage are most critical. 

It is clear from the equation above that the accuracy of 
the result is directly dependent upon the accuracy of 
the reference voltage V1. In other words, it is not pos· 
sible to be more accurate than the reference voltage. If, 
however, all that is required is a ratio between the input 
voltage and the reference voltage, the accuracy of the 
reference will not be a controlling factor provided that 
the input voltage tracks the reference. This requires that 
the input voltage be generated from the reference voltage 
in some form, e.g., a voltage divider with VIN coming off 
a variable resistance. 

Finally, we have noted that the difference d must be 
small. If the capacitor had to charge or discharge a long 
way toward VIN' the nonlinearity of the capacitor charge 
curve would be significant. This therefore requires that 
the conversion begin with the capacitor voltage close to 
the input voltage. 

Note that the RC value is not part of the equation. 
Therefore the accuracy of the time constant has no ef· 
fect on the result as long as the time constant is long 
relative to the time between checks of the comparator 
output. 

The final point is that the reference voltages, whatever 
they may be, must be hard sources. Should these vol· 
tages vary or drift at all, they will directly affect the 
result. In those configurations where the references are 
being switched in and out, the voltage should not change 
when it is switched into the circuit. 

B. BASIC IMPLEMENTATION 

B.1. General 

The objective, then, is to measure the times t1 and t2. 
This is accomplished in the software by means of two 
counters. One of the two counters counts the t2 time; 
the other counter counts the total time t1 + t2. 

It is necessary to check the comparator output at 
regular intervals. Thus the software must insure that 



path lengths through the test and increment loops are 
equal in time. Further it is desirable to keep the time 
required to increment the counters as short as possible. 
A trade off usually comes into play here. The shortest 
loop in terms of code required to implement the 
function is rarely the shortest loop in terms of time 
required to execute the function. The user has to decide 
which implementation is best for him. The choice will 
frequently be governed by factors other than the AID 
conversion limits. 

It must be remembered that we are now dealing with 
analog signals. If significant accuracy is required, we 
are handling very small analog signals. This requires 
the user to take precautions that are normally required 
when working with linear circuits, e.g., power supply 
decoupling and bypassing, lead length restrictions, 
crosstalk, op amp and comparator stabilization and 
compensation, desired and undesired feedback, etc. As 
greater accuracy is sought these factors are more and 
more significant. It is suggested that the reader refer to 
the National Semiconductor Linear Applications 
Handbook and to the data sheets for the various 
components involved to see what specific precautions 
should be taken both in general and for a specific 
device. 

B.2 The Basic Circuit 

Figure 7 shows the diagram for the basic circuit 
required to implement the duty cycle conversion 
scheme. The flow chart and code required to implement 
the function are shown in Figure 8. Note that the flow 
chart and code do not change - except for possible 
polarity change on output to allow for an inverting 
buffer - for any of the improvements in accuracy 
discussed later. The only exception to this is the 
technique illustrated in Figure 10 and the variations 
there are minor. 

The code and flow chart in Figure 8 implement the 
technique as described above. The large averaging 
technique is used as it would be too difficult to measure 
the times t1 and t2 in a single period. The total time, 
t1 + t2, is the viewing window under complete control of 
the software. This window is a time equal to the total 
number of counts, determined by desired accuracy, 
multiplied by the loop time for a single count. A second 
counter is counting the t2 time. Special care is taken to 
insure that all paths through the code take the same 
length of time since the integrity of the time count is the 
essence of the technique. The full conversion scheme 
would use the subroutine in Figure 8. Normally the 
subroutine would be called first just to get the capacitor 
charged close to the input voltage. The result obtained 
here would be discarded. Then the routine would be 
called a second time and the result used as required. 

In the configuration in Figure 7, there is an RC network 
in both input legs of the comparator. This is to balance 
the inputs of the device. For this reason, R1 = R2. C1 is 
the capacitor whose voltage is being varied by the pulse 
waveform. C2 is in the circuit only for stabilization and 
symmetry and is not significant in the result. The 
comparator tends to oscillate when the + and - inputs 
are nearly equal without capacitor C2 in the circuit. 

As would be expected, the basic circuit has some diffi· 
culties. By far the most serious of these difficulties. is 
the output level of the G line. To be sure of the high and 
low level of this output the levels should be measured. 
The "1" level will be between the spec minimum of 2.4~ 
and Vcc (here assumed to be 5 volts). The "0" level will 
be between the O.4V spec maximum and ground. With 
light loads, these levels are likely to vary from device to 
device. Furthermore, we have the same "1" level 
problem that was mentioned in the simplest technique: 
the capacitive load is large and the capacitor is 

23 CKO 
~------------------~G2 

Vee 

Vee = +5V 
VIN=0-3.5V 

Vee 

3k 

20 IN3 COP420 

Figure 7. Basic Duty Cycle AID 
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charging while the output Is trying to go to the high 
level. 

Under laboratory conditions - holding all variables 
constant and using precise 'measured values in the 
calculations. - the circuit of Figure 7 yielded 5 bit ± 1 
bit accuracy over the range of VO (here measured to be 
0.028 volts) to 3.5 volts (the maximum specified input 
voltage for the comparl!-tor with Vs = 5 volts). Increasing 
the number of total counts had very little effect on the 
result. In the general case, the basic scheme should not 
be relied upon for more than 4 bits of accuracy, 
especially If one assumes that V1 = Vee and VO = O. As 
shall be seen, it is not difficult to improve this accuracy 
considerably. 

There is alSo a problem with the low level. When the 
output goes low, the capacitor begins to discharge 
through the, output device of the COP420. This dis
charge current has the effect of raising the "0" level and 
thereby introducing error. Note that we are not talking 
about large changes In the voltages, especially the low 
leveL Typically, the change will only be a few millivolts 
but that can translate into a .Ioss of accuracy of several 
bits. 

,Alm> IS THE 
AH11I: LBI 

,",SRP 
LBI 
,",SRP 
LBI 
STII 
STII 
STlI 

A'IOlll: ININ 
AISC 
.lP 

SNllJi'I: LBI 

. 5MB 
OMG 
SC 
CLRA 
LBI 
ASC 
NOP 
XIS 
CLRA 
ABC 
NOP 
XIS 
CLRA 
ASC 
NOP 
X 
,",P 

SN1>O! : LB I 
RMB 
OMG 
CLRA 
AISC 
NOP 

DI Y: AISC 
,",P 

nnAL: CLRA 
LSI 
SC 
ASC 
NOP 
XIS 
CLRA 
ASC' 
NOP 
XIS 
CLRA 
ASC 
,",p 
RET 

A1IIll:': X 
,",P 

.PAGE 
CLEAR: CLRA 

XIS 
,",p 

RET 

FULL CONVERSION SCHEME WRITTEN AS A SUBROUTINE 
1.10 ,MAKE SURE COUNTERS CLEARED 
CLEAR 
2, 10 
CLEAR 
1, 13 ,PRELOAD FOR TOTAL COUNT 2048 
o 
o 
8 

8 
SND01 

,READ COMPARATOR--INPUT TO 420 = IN3 

3.0 ,USING OMG BELOW TO SAVE STATE OF OTHER G 
,VALUES IF IT WAS NECESSARY TO DO SO. ELSE USE OGI 
2 ,VIN > Vc.DRIVE Vc HIGHER 

2.13 

TOTAL 
3.0 
2 

,THIS CODE STRAIGHT LINED FOR SPEED 
,APPLY POS'ITIVE REFERENCE 
, INCREMENT THE SUB COUNTER 

,BINARY INCREMENT 
,WOULD ELIMINATE THESE 4 WORDS 'IF 8 BIT 
,COUNTER OR LESS-HERE SET UP FOR UP TO 12 BIl 
,COUNTER 

10. ;THIS PART OF THE CODE MERELY INSURES THAT 

1 
DLY 

1. 13 

ATOD2 

ATOD1 
2 

CLEAR 

; ALL PATHS THROUGH THE ROUTINE ARE EGUAL IN TI 

; INCREMENT THE TOTAL LOOP COUNTER 
; WHEN OVERFL.OW. DONE SO EX IT 

Figure 8A, Duly Cycle AID Code 
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Vc > VIN 

( 

Figure 8B. Duty Cycle AID FlowChart 

C. ACCURACY IMPROVEMENTS 
C.1 General Improvements 

Figure 9 illustrates circuit changes that will make 
significant improvements in the accuracy of the 
technique. In Figure 9A a CMOS buffer is used to drive 
the RC network. The output of the COP420 drives the 
CMOS gate, which here is a 74C04 because of its output 
characteristics. The main thing that this technique does 
is to reduce the difficulties with the output levels. 
Typically, VO is 0 volts and V1 is Vcc. We also have a 
"harder" source for the voltages - the levels don't 
change while the capacitor is charging or discharging.' 
Now, even more clearly than before, the accuracy of Vcc 
is the controlling voltage tolerance. The accuracy of the 
result will be no better than the accuracy of Vcc (for a 
system requiring absolute accuracy). 
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Under laboratory conditions, the circuit of Figure 9A 
yielded the accuracies as indicated below for various 
total counts. The accuracy increased with the total 
count until the count exceeded 2048. There was no 
significant increase in accuracy with this circuit for 
counts in excess of 2048. (Remember that these results 
were obtained under controlled conditions). We may 
then view the results obtained with 2048 counts as the 
upper limit of accuracy with the circuit of Figure 9A. The 
results were as follows: 

Total 
Count 

512 
1024 
2048 
4096 

Resultant Accuracy 

8 1/2 bits 
9 1 bits 
9 1/2 bits 
9 1/2 bits 
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23 
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'hCD4066 
COP420 

100k 

20 
100k IN3 

VIN 

Vee Vee 

B 

Vee Vee 

100k 
VO 3k 

20 
VI IN3 

COP420 

23 G2 

C 

Figure 9. Improvements to Duty Cycle AID 
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The circuit of Figure 9B makes a significant change to 
improve accuracy. Now the COP420 is controlling 
analog switches and switching in positive and negative 
references. Therefore the accuracy of the reference 
voltages is the controlling factor. Generally this will 
improve the accuracy over that obtained with Figure 9A. 
With the circuit of Figure 9B, with VO = 1 volt (negative 
reference), and V1 = 3 volts (positive reference), 9 bit 
accuracy was achieved with a total count of 1024. VO 
and V1 were arbitrarily chosen to place the input 
voltage approximately in the center of the allowable 
comparator input range with Vs = 5 volts. Remember, 
the accuracy of the references is controlling. The result 
can be no more accurate than the references. 
Furthermore, these references must be hard sources; 
i.e., they must not change when they are switched into 
the circuit as that contributes error into the result. 

In Figure 9C, capacitive feedback was added to the 
comparator circuit and the series resistance to VIN was 
decreased. The feedback added hysteresis and forced 
the comparator to slew at its maximum rate (significant 
errors are introduced if the comparator does not change 
state in a time shorter than the cycle time of the control· 
ler). Both of these changes resulted in increased accu· 
racy of the result. With VO = 0, V1 = 5 volts (Vecl and Vee 
held steady at 5.000 volts, an accuracy of 10 bits ± 1 bit 
was achieved over the input range of 0 to 3.5 volts. 

It is obviously possible to use any combination of the 
configurations in Figure 9 for a given application. What 
is used will depend on the user and his specific 
requirements. 

Vee 

2.5V 

910Q lOOk· 

'" O.3V 

lOOk 

Figure 10 illustrates a further refinement of the basic 
approach. This configuration can be used if greater 
accuracies are needed. The major change is the 
addition of a summing amplifier to the circuit for the 
purpose of adding a fixed offset voltage to the input 
voltage. This has the effect of moving the input voltage 
away from the negative reference (which is 0 volts here). 
This offset voltage should be stable as the changes in it 
will directly affect the result. The offset voltage should 
be chosen so as to place the effective input voltage (the 
voltage at the comparator input) approximately in the 
center of the range between the two references. The 
precise value of the offset in not critical nor is its 
source. The forward voltage drop across a germanium 
diode is used as the offset in Figure 10, but this offset 
can be generated in any convenient manner. The 
forward voltage drop of the germanium diode is 
aproximately 0.3 volts. Given this and the negative 
reference of 0 volts and a positive reference of 2.5 volts, 
the input voltage is restricted to a range of 0 to 2 volts. 
Therefore, the effective input voltage (at the comparator 
input) is approximately 0.3 volts to 2.3 volts - well 
within the limits of the two references. The circuit also 
includes provision for an autozero self calibration 
procedure. 

Note that the resistors in the summing amplifier should 
be matched. The absolute accuracy of these resistors is. 
not significant, but their accuracy relative to one 
another can have a significant bearing on the result. 
The restriction is imposed so that the output of the 
summing amplifier is exactly the sum of the input 
voltage and the offset voltage. This requires unity gain 

Vee 

>-+--tIN3 COP420 

~------------------~~~----~~G3 
Vee 

14 

VINC>--_...1 

·RESISTORS SHOULD BE MATCHED 

Vee= +5V 
o.:s;;; VIN " 2V 

Figure 10. Improved Duty Cycle AID with Autozero 
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through the amplifier and that the impedance in each 
summing leg be the same. These effects can become 
very serious if one is trying for significant accuracy -
e.g., if 12 bit accuracy is being sought 1 % matching of 
those resistors can introduce an error of 1 % maximum. 
While 1 % accurate is fairly good, it is significantly less 
than 12 bit accuracy. Related to this effect is a possible 
problem with the source impedance of the input 
voltage. If that impedance is significant in terms of its 
ratio to the summing resistor, errors are introduced just 
as if the resistors are mismatched. "Significant" is 
determined in terms of the desired system accuracy and 
the relative impedance values. The comparator section' 
is using some feedback to provide hysteresis for 
stability and a low series resistance is used for the 
Input to the comparator. 

Most significantly, this configuration allows a true 
zeroing of the system. Through the additional analog 
switches shown, the COP420 can easily perform an 

autozero function by tying the input to ground and 
measuring the result. Thus the system offsets can be 
calculated, stored and subtracted from the result. This 
improves the accuracy and is also more forgiving on the 
choice of the comparator and op amp selected. Further
more, the offset can be periodically recomputed by the 
COP420 thereby compensating for drift in system 
offsets. Nonetheless, the accuracy of the reference is 
the controlling factor. It is NOT possible to obtain an 
absolute (as opposed to ratiometric) accuracy of 12 bits 
without a reference that is accurate to 12 bits. The 
LM136 used in Figure 10 is a 1% reference. Although 
not inherently accurate to 12 bits, the voltage of the 
LM136 may be trimmed to an exact value by means of a 
variable resistor. The data sheet of the LM136 illus
trates this connection. Under laboratory conditions, the 
circuit of Figure 1 yielded 11 bit ± 1 bit accuracy with a 
total count of 4096 over the input range of 0 to 2 volts. 
Figure 11 indicates the flow chart and the code required 
to implement the technique of Figure 10. 

,CODE FOR IMPROVED A TO D PULSE WIDTH METHOD 
,SEE FIGURE 8A FOR CODE FOR ROUTINE ATOD 

Alnnll: LIlI 3.0 ,DO AUTO ZERO. 3.0 CONTAINS G STATUS 
RMIl 3 ,SET UP TO GRND INPUT & MEASURE OFFSET 
JSR ATOD ,FIRST TIME IS TO GET CLOSE 
JSR ATOD ,MEASURE THE OFFSET 
LIlI 2.13 ,NOW SAVE THE OFFSET VOLTAGE 

XI-HI: LD 1 ,SAVE THE OFFSET VALUE IN M3 
XIS 1 
JP XFER 
LBI 0.0 
JP INPUT 

MH\!illll: ,NOW DO REAL MEASUR (1ST TIME IS OFFSET) 
JSR ATOD ,FIRST TIME TO GET CLOSE 
JSR ATOD ,NOW REAL MEASUREMENT 
JSRP BINSUB ,SUIlTRACT THE OFFSET 
,HAVE THE VALUE AT THIS POINT(IN BINARY)-NOW DO WHAT 
,THE APPLICATION REGUIRES. VALUE MUST BE MULTIPLIED 
,IlY (VREF+/TOTAL COUNT) TO GET FINAL VALUE IF SUCH IS 
, DESIRED 
LBI 1.0 ; INCREMENT COUNTER FOR NEW OFFSET MEASURE 
LD 
AISC 1 
JP SAVE 
X ; IS 16TH TIME. MEASURE OFFSET AGAIN 
dP 

SAVt.: X 
LIB 
5MB 
JP 
. PAGE 

IlINmm: LBI 
SC 

BNlilllt~!: LD 
CASC 
NOP 
XIS 
JP 
RET 

AUTZFR 

3.0 
3 ,SET BIT SO CAN MEASURE VIN 
MEASUR 
2 
3. 13 

1 
BNSUB2 

Figllre l1A_ Duty Cycle A to D, Improved Method 
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Figure 11 B. Flow Chart lor Improved Duty Cycle AID 

IV. Dual Slope Integration Techniques 

A. MATHEMATICAL BACKGROUND 

(Some of this background information is taken from 
National Semiconductor Linear Applications Note 
AN·155. The reader is referred to that document for 
other related general information.) 

The basic approach of dual slope integration 
conversion techniques is to integrate a voltage across a 
capacitor for a fixed time, and then to integrate in the 
other direction with a known voltage until the starting 
pOint is reached .. The ratio of the two times then 
represents the unknown voltage. Some of the math 
below in conjunction with Figure 12 will illustrate the 
approach. 
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Figure 12. Dual Slope Integration - Basic Concept 

dV 
Ix=CCit = Vx/R 

dv 
Vx = RCd! 

IT1 Vxdt = \ v RCdV 
.0 .0 

VxT1=RCV 

V = Vx T1/RC = Ix T1/C 

Similarly: 
dV 

IREF = C dt = VREF/R 

dV 
VREF = RCd! 

-T1 + Tx '0 

\ VREFdt= \ RCdV 
. T1 ,v 

VREFTX= -RCV 

V= -VREFTx/RC 

- VREFTx/RC = Vx T1/RC 

Vx = -VREFTx/T1 

Two important facts arise from the preceding mathema
tics. First of all, there is a linear relationship involved in 
determining the unknown voltage. Secondly, the nega
tive sign in the final equation indicates that the refer· 
ence and the unknown, relative to some point (which 
may be a volts or some bias voltage), have opposite 
polarity. Thus, if it is desired to measure a to +5 volts, 
the reference voltage must be -5 volts. If the input is 
restricted to 2.5 to 5 volts, the reference can be a volts 
as the integrator and comparator are biased at +2.5 
volts (then the a volts is in fact -2.5 volts relative to the 
biasing voltage, and the input range is a to 2.5 volts 
relative to the same bias voltage). 

There are some difficulties with dual polarity conver
sion using the dual slope method. It is clear from the 
math above that if the input voltage will be dual polarity, 
it is necessary to have two references - one of each 
polarity. The midrange biasing arrangement briefly 
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"described above eliminates the need for two different 
polarities but does not help very much since two 
references are still required - one at the positive value 
and one at the bias value. Ground is the other reference. 
Further, the need to select one of two references further 
complicates the circuitry involved to implement the 
approach. Also, the dual requirement brings up a 
difficulty with the bias currents of the integrator and 
comparator. They could add to the slope in one polarity 
and subtract in the other. 

The only' real operational difficulty in dual slope 
systems is establishing the initial conditions on the 
integrating capacitor. If this capacitor is not at the 
proper Initial conditions, accuracy will be severely 
impaired. Figure 12 indicates a switch across the 
capacitor as a means of initializing it. In a software 
driven system, the initilization can be accomplished by 
doing two successive conversions. The result of the 
first conversion is discarded. It is performed only to 
initialize the capacitor. The second conversion 
produces the valid result. One need only insure that 
there is not significant time lapse between the two 
conversions. They should take place immediately after 
one another. 

This approach obviously lengthens conversion time but 
it eliminates many problems. The alternative to this 
approach of two successive conversions is to take a 
great deal of care in insuring the initial state of the 
integrating capacitor and in selecting op amps and 
comparators with low offsets. 

+5,000V 

2 VIN 
VOUT LH0070 

470k 

Vs= +15V 
-Vs= -'15V 
Vee= +5V 

VIN=O TO -5V 

-Vs 

B. THE, BASIC DUAL SLOPE TECHNIQUE 

Figure 13 indicates an implementation of the basic dual 
slope technique. This is a single polarity system and 
thus requires only the single reference voltage. The 
circuit of Figure 13 is perliapsnot the cheapest way to 
implement such a scheme but It is representative and 
illustrates the factors that must'be considered. 

'Consider first the means of initializing the Integrating 
capacitor C1. The"routine here connects the input to 
ground and does a conversion on zero volts as a means 
of initialization. Subsequently - and this is typical of 
the more usual teclinique - two conversions are 
performed. The first conversion is to initialize the 
capacitor. The second conversion yields the result. 
Some form of initialization or calibration prodcedure is 
required to achieve optimum accuracy from dual slope 
conversion schemes. 

The comparator in this circuit is used in the inverting 
mode and has positive feedback as recommended in 
the LM111 data sheet. The voltage reference is tho 
LHO,070, which is a 0.D1 % reference. A resistive voltage 
divider on the LH0070 creates the 5 volt value. The use 
of th'e voltage divider brings up two difficulties (which 
can be overcome if the LH0070 is used 'at its full value, 
thus eliminating the divider, and the result properly 
scaled in the microcontrolier or series integrating 
resistor Increased). First, the Impedance of the refer· 
ence must be small relative to the series resistance 
used in the integrator. If this were not the case, the 

Vs 

COP420 
100k 

-Vs 

500k 
100k 

Figure 13. Basic Dual Slope Integration AID Scheme 
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slopes would show an effect due to the difference in the 
R value between the applied reference voltage and the 
unknown input. (By the same token, the output imped
ance of the source supplying the unknown must also be 
small relative to that series integrating resistor). 
Secondly, the bias currents of the integrator may be 
such as to affect the reference voltage when it is 
coming from a simple resistor divider. Both problems 
are reduced if small resistor values are used in the 
divider. Note also that current mode switching would 
reduce the problem as well. It should be pointed out that 
the errors introduced by these problems are not gross 
deviations from the expected value. They are small 
errors that will not make much difference in the majority 
of applications. They are, however the kind of errors 
that can make the difference between a system accu
rate to 10 bits and one accurate to 12 bits (assuming all 
other factors the same). 

Figure 14 shows the flow chart and code required to 
implement the basic dual slope technique as shown in 
Figure 13. Under laboratory conditions an accuracy of 
12 bits ± 1 bit was achieved. The method is slow, with 
the maximum conversion time equal to 2 x T REF' Notice 
that the accuracy of Vee and that of the integrating 
resistor and capacitor are not involved in the accuracy 
of the result. The accuracy of VREF is, of course, 
controlling if absolute accuracy - rather than ratio
metric accuracy - is desired. The absolute accuracy of 
the circuit can be no better than the accuracy of the 
reference. If ratiometric accuracy is all that is required, 
there is no particular problem. The accuracy is merely 
relative to the reference. The Rand C values do not 
impact the accuracy because the integration in both 
directions is being done through the same Rand C. 
Results would be quite different is a different value of R 
or C was used for one of the slopes. 

mll!iI f': OCI 1 ; HOLD THE INPUT TO GROUND TO RESET THE 
LIl I 2, 11 ; INTEGRATING CAPACITOR 
dSRP Cl.EAR ;Cl.EAR THE COUNTER 
dSR INCRA ;TO GET US CLOSE, NEXT READING IS REAL 

el f-/W;': LBI 2,11 ; NOW CLEAR THE COUNTER 
dSRP CLEAR ; MAKE SURE COUNTER CL.EARED TO ZERO 

; ), I!, 0 AND START AT 1. 13 FOR COUNT = 4096 
;), J!, 14 AND START AT L 12 FOR COUNT 8192 
; ), I!, 12 AND START AT L 12 FOR COUNT = 16384 
; 1·(11[ OW SAME PATTERN FOR OTHER COUNTS 

MI'i\!illH: ,)SR INCRA, RUN THRU THE INCREMENTS 
NOW HAVE THE BINARY VALUE, USE IT AS IS OR 

; MULTIPLY BY (Vl'ef/TOTAL COUNT> TO CREATE THE VOLTAGE 
, RESULT--THEN CONTINUE WITH THE OPERATION 
LIE 2, 11 
dSRP CLEAR ,CLEAR THE COUNTER 
,)SR INCRA ;TO GET CAP CLOSE TO 0 AGAIN 
dP CLEAR2 

; :,(,11 IIWING SUBROUTINE INCRA IS THE REAL PART OF THE ROUTINE 
; (:(lNCf-RNED WITH THE COUNTING FOR THE CONVERSION. 

INClIA: LBI 1,15 ,Rl IS CLEARED PRIOR TO START 
STII 15 ,PRESET THE COUNTER FOR 4096 
OGI 4 ; APPLY VIN 

INCH: LDI 1,12 
sc 

BINAI)j: Cl.RA 
ASC 
NOP 
XIS 
JP DINADI 
NOP ;2 NOPS TO EGUALIZE TIMES 
NOP 
SKC 
JP 
OGI 

IN(:I(;': LBI 
se: 

B1NI\ll;'>: CLRA 
ASC 
NOP 
XlS 
JP 
ININ 
AISC 
JP 

Oll'II'IJ'I: OGI 
RET 

INCR 
2 
2, 12 

,DONE,NOW APPLY VREF 
; COUNT UNTIL COMPARATOR CHANGES 

BINAD2 ; STRAIGHT LINE THE ADD FOR SPEED 
; SAVE WORDS BY USING G 

8 
INCR2 
1 

; SEE IF IN3=1 
, IN3 IS 0, KEEP COUNTING 
,KEEP INPUT AT 0 

Figure 14A. Dual Slope AID Code 

9-93 

o o 
"0 

Z 
o -CD 
...a. 



,.. 
~ z 
a. o o 

( INCR A ) 

Figure 14B. Basic Dual Slope AID Flow Chart 

C. MODI.FIED DUAL SLOPE TECHNIQUE 

C.1 General 

The basic Idea of the modified dual slope technique is 
the same as that of the basic approach. The modified 
approach eliminates the need for dual polarity refer· 
ences and is also more forgiving in the selection of the 
op amp and comparator required. Figure 15 illustrates 
the basic idea. -
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Vc 

I 
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:---tREF-~--tX-..: 

Figure 15. Modified Dual Slope - Basic Concept 

The math analysis is much the same: 

dV 
Ix = C di = (Vx - VMAXl/R 

dV 
VX-VMAX=RCdi 

(VX - VMAXlT1 = RC 

V = (Vx - VMAXlT1/RC 

Similarly: 
dV 

IREF = C di = (VREF - VMAXl/R 

(VREF - VMAXlT x = - VRC 

V= -(VREF-VMAXlTx/RC 

(VMAX - VREFlT x = (Vx - VMAxlT1 

Vx = VMAX + (VMAX ..: VREFlT x/T1 

The main difference between this and the basic 
approach is the offset voltage VMAX- The main 
restriction is that all input voltage values (Vxl are less 
than VMAX' It is also apparent that the total count is 
proportional to the difference between VMAX and Vx. The 
only significant effect of this is, however, to slightly 
complicate the arithmetic required to arrive at a value 
for Vx. 

Given that the input voltage Vx is always less than 
VMAX' the modified dual slope technique is automatic 
polarity. This fact comes straight out of the equation 
above. Thus dual polarity references are not required. 
However, two precise voltages are required: VMAX and 
VREF. However, the VMAX value can be used for a zero 
adjust as indicated in Figure 16. This means that the 
VMAX value need not be so precise as it will be adjusted 
in a calibration procedure to produce a zero output. This 
adjustment amounts to a compensation for the bias 
currents and offsets. Thus the COP420 can use the 
supposed value of VMAX with VMAX later being 
"tweaked" to give the proper result at zero input. In 
addition, the initialization loop for the integrating 
capaCitor Includes the comparator. Thus the initial 
condition on the capacitor becomes not zero but the 



sum of the offset voltages of the comparator and op 
amp. Thus the choice of these components is not 
critical in a modified dual slope approach. 

C.2 An Example of the Modified Dual Slope 
Approach 

Figure 16 illustrates an implementation of the modified 
dual slope technique. The system is calibrated by 
holding VIN to ground and then adjusting VMAX for a "0" 
result. Capacitor C1 is the integrating capacitor. 
Capacitor C2 is used only to cause a rapid transition on 
the comparator output. C2 is especially useful if an op 
amp is being used as the comparator stage. Resistor R1 
is just part of the capacitor initializing loop. An LH0070 
is being used to generate the reference voltage and the 
VMAX value. The discussion previously about these 
being hard sources is equally relevant here. In fact, this 
problem was much more significant in this particular 

. implementation and made the difference between a 10 
and 12 bit system. As shown, the technique was 
accurate to 10 bits. Another bit was obtained when the 
VMAX and VREF values were buffered. It must be 
remembered that when trying to achieve accuracies of 
this magnitude board layout, parts placement, lead 
length, etc. become significant factors that must be 
specifically addressed by the user. 

There are some other considerations in using this 
technique. The amount of time required to count the 
specified number of counts starts to become a signifi
cant factor. If it takes "too long" to do the counting, tile 

Vs 

lk 

lk 

1.6k 

VIN o-_..:.10=+-__ "N:I4_--t=J 

capacitor can charge to either supply voltage depending 
on which direction it is integrating. This causes the 
wave shape shown in Figure 15 to flatten out. This effec
tively limits the input range for all accuracy is lost once 
that waveform flattens out. In fact, this was the limiting 
factor on the accuracy in Figure 16 as shown. Given the 
amount of time required for an increment of the counter 
for T REF (or T x), it was not possible to reach the 4096 
counts required for 12 bit accuracy before the waveform 
flattened out. Decreasing the total count solves the 
problem at the expense of accuracy. It is therefore 
desirable to keep the loop time required for an incre
ment as fast as possible. The code to implement Figure 
16 is shown in Figure 17 and reflects that concern. The 
other way to solve the problem is to use a large value for 
Rand C. This is the easiest solution and preserves 
accuracy. Its cost is increased conversion time. 

Both the basic and modified dual slope schemes can be 
very accurate and are commonly used. They tend to be 
relatively slow. In many applications, however, speed is 
not a factor and these approaches can serve very well. 
There are various approaches to dual slope analog to 
digital conversion which try to improve speed and lor 
accuracy. These are usually multiple ramping schemes 
of one form or another. The heart of the approach is the 
basic scheme described above. It is not the purpose 
here to delve into all the possible ways that dual slope 
conversion may be accomplished. The control software 
is not significantly different regardless of which parti
cular variation is used. The basic rampir:lg control is the 
same as that indicated here. 

COP420 

GO Gl 

21 22 11 

Vee 

Vs = +15V 
-Vs=-15V 

Vee = +5V 
-4V <VIN < +4V 

Figure 16. Modified Dual Slope Integration 
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The number of components required to implement a 
dual slope scheme is not related to the desired 
accuracy. The approach is generally tolerant as to the 
op amps and comparators used as long as proper care 
is given to the initialization of the integrating capacitor. 

Precise references are not required if a ratiometric 
system is all that is required. Cheaper switches can be 
safely used. The dual slope scheme controlled by a 
COPSTM microcontroller can be a very cost effective 
solution to an analog to digital conversion problem. 

CIIH:AP: OGI 
CI J-AR?: LBI 

.JSRP 
2,11 
CLEAR 

.APPLY VREF AND ENABLE RESET PATH 

.NOW CLEAR THE COUNTER 

; j, 15=15.1.14=4 AND START AT 1.12 FOR COUNT = 3072 
; j, 1:, =15 AND START AT 1. 12 FOR COUNT = 4096 
; j, 15 = 14 AND START AT 1,12 FOR COUNT 8192 
• 1. 1 ~j = 12 AND START AT 1, 12 FOR COUNT = 16384 
; H)LLOW SAME PATTERN FOR OTHER COUNTS 

MH\:lUH: JSR INCRA. RUN THRU THE INCREMENTS 
; HAVE THE VALUE AT THIS POINT, DO WHAT THE APPLICATION 
; REGUIRES--REMEMBER, TO CREATE REAL VALUE MUST MULTIPLY 
• RESULT BY (VREF-VMAX)/TOTAL COUNT AND THEN SUBTRACT 
• THAT RESULT FROM VMAX--DO IT IN DECIMAL OR BINARY,WHICHEVER 
• IS BEST FOR THE APPLICATION 
LBI 1,11 • MAKE SURE SPACE IS CLEARED 
JSRP CLEAR 
LBI 2,11 
JSRP CLEAR 
JSR INCRB ;FOR TEST-KEEP IT CLOSE 
LBI 1,11 .MAKE SURE COUNTER IS CLEARED 
JSRP CLEAR 
JP CLEAR2 

IN(;f{A: LBI 1,14 
STII 4 • PRESET HERE FOR SMALLER COUNT 
STII 15 ; PRESET THE COUNTER FOR 4096 

INGriA!: OGI 2 ; APPLY VIN AND ENABLE FEEDBACK 
I N<:11 : LBI 1, 12 

se 
BINADl: CLRA 

ASC 
NOP 
XIS 
JP BINADI 
NOP .2 NOPS TO EGUALIZE TIMES 
NOP 
SKC 
JP 
OGI 

IN(:R~': LB I 
SC 

BlNAU2: CLRA 
ASC 
NOP 
XIS 
JP 
IN IN 
AISC 
JP 

OlllPUT: OG I 
RET 

INCRIl: LBI 
STII 
STII 
JP 

INCR 
o 
2, 12 

BINAD2 

8 
INCR2 
1 

1,14 
7 
15 
INCRAl 

• DONE,NOW APPLY VREF 
• COUNT UNTIL COMPARATOR CHANGES 

• STRAIGHT LINE THE ADD FOR SPEED 
• SAVE WORDS BY USING G 
• SEE IF IN3=1 
.INI IS O,KEEP COUNTING 
.CLEAR THE CAPACITOR, APPLY VREF 

• MAKE THE PASS FOR CAP INIT SHORT 

Figure 17A. Modified Dual Slope Code 
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INITIALIZE INTEGRAT
ING CAPACITOR 

(APPLY VREF AND 
ENABLE RESET PATH) 

• ( INCRA ) 

CONVERSION DONE 
- APPLICATION DiC· 
TATES REMAINING 

CODE VIN = VMAX -
VREF- VMAX 
~ 

INITIALIZE THE 
CAPACITOR 
(DUMMY 

CONVERSION) 

( INCR ) 

( INCR2 .) 

Figure 17B. Modified Dual Slope Flow Chart 
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V. Voltage to Frequency Converters, 
VCO's 

A. BASIC APPROACH 

The basic idea of this scheme is simply to use the 
eOP420 to measure the frequency output of a voltage to 
frequency converter or veo. This frequency is in direct 
relation to the input voltage by the very nature of such 
devices. There are really only two limiting factors 
involved. First of all, the maximum frequency that can 
be measured is defined in the microcontroller by the 
amount of time required to test an input and increment 
a counter of the proper length. With the eOP420 this 
upper limit is typically 10 to 15kHz. The other limiting 
factor is simply the accuracy of the voltage to frequency 
converter or veo. This accuracy will obviously affect 
the accuracy of the result. 

Two basic implementations are possible and their code 
implementation is not significantly different. First, the 
number of pulses that occur within a given time period 
may be counted. This is straightforward and fairly 
simple to implement. The crucial factor is how long that 
given time period should be. To get the maximum 
accuracy from this implementation the time period 
should be one second. Such a time period would allow 
the distinction between the frequencies of 5000 Hz and 
5001 Hz for example (assuming the V to F converter was 
tliat accurate or precise). Decreasing the amount of 
time will decrease the precision of the result. The 
alternate approach is to measure (by means of a 
counter) the amount of time between two successive 
pulses. This period measurement is only slightly more 
complicated than' the pulse counting approach. The 
approach also makes it possible to do averaging of the 
measurement during conversion. This will smooth out 
any changes and add stability to the result. The time' 
measurement technique is also faster than the pulse 
counting approach. Its accuracy is governed by how 
finely the time periods can be measured. The greater 
the count that can be achieved at the fastest Input 
frequency - shortest period - the more accurate the 
result. 

Figure 18 illustrates the basic concept. Figure 19 shows 
the flow charts and code implementation for both of the 
approaches discussed above. Note that whatever type 
of V to F converter is used, the code illustrated in Figure 
19 is not significantly changed. In the code of Figure 19, 
the interrrupt is being used to test an input and thereby 
decreases the total time loop. 

VIN_ V TO F 
FOUT 

IN COP420 
10 Hz 10 10 kHz 

TYPICAL 

Figure 1 B. V to F Converter - Basic Concept 

o o 
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Z 
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MI·/\!lllfl: ,MEASURE BY COUNTING PULSES OF V TO F 

LEI 2 ,ENABLE INTERRUPT 
LBI 1,14 ,PRESET TIME FOR 122 COUNTS 
STII 5 ,APPROX ONE HALF SECOND 
STlI 8 

TlMf·: SKT ,USE INTERNAL TIMER TO FIND 
JP TIME ,THE 1/2 SECOND 

B1N1'1 1: LBI 1,14 ,HAVE GOT IT, INCREMENT COUNTER 
se 

BINAIJD: CLRA 
ASC 
NOP 
XIS 
JP BINADD 
SKC ,NOW SEE I F DONE 
JP TIME ,NO COUNTER OVERFLOW,CONTINUE 
LEI 0 ,DONE, DISABLE INTERRUPT 

FIN: ,AT THIS POINT HAVE THE VALUE--CONVERT IT TO DECIMAL OR 
,SEND IT OUT OR PROCESS IT FURTHER, WHATEVER IS REQUIRED 
,BY THE APPLICATION. ARITHMETIC IS REQUIRED TO CREATE THE 
,VOLTAGE VALUE, USUALLY A SIMPLE MULTIPLY 
,MAY HAVE TO DOUBLE THE RESULT TO COMPENSATE LOOKING FOR 
,ONLY 1/2 SECOND IN THIS CASE 

JP MEA SUR 
. =X 'OFF 

IN'I~Nl: NOP 
INHW'f: LSI 2, 12 

SC 
IN'lnJ: CLRA 

ABC 
NOP 
XIS 
CLRA 
ASC 
NOP 
XIS 
CLRA 
ASC 
NOP 
XIS 
CLRA 
ASC 
NOP 
X 
LEI 
RET 

2 

,DO IT OVER AGAIN 
,SET ADDRESS TO OFF FOR INTERRUPT 
,ADDRESS OFF MUST BE NOP FOR INTERRUPT 
,DO ADD OF THE VALUE FOR FREQ CNT 

,STRAIGHT LINE THE CODE FOR SPEED 

,ENABLE THE INTERRUPT AGAIN 

Figure 19A. V to F By Counting Pulses 

,USE INTERRUPT FOR CATCHING THE PULSE EDGE 

LBI 0,12 ,CLEAR COUNTER SPACE AND FLAG 
STU ° STU ° STII ° STII ° LBI 0, 12 
LEI 2 'NOW ENABLE THE INTERRUPT 

ADJUST VALUE 
IF TIME < 1 SEC 
•. g. FOR TIME 

= Y, SEC. DOUBLE 
VALUE 

Figure 19B. V to F By Counting Pulses 

Will'): SC 
LBI 0,12 

,DUMMY WAIT LOOP,WAITING FOR SIGNAL TO 
, INTERRUPT THE CONTROLLER 

IN11.Nl: 
C(~INl : 

PI U~H: 

JP WAIT 
. =X 'OFF 
NOP 
LBI 0,12 
SKMBZ ° JP DONE 
5MB ° LEI 2 
LBI 0,13 
se 
CLRA 
ABC 
NOP 
XIS 
CLRA 
ASC 
NOP 
XIS 
CLRA 
ASC 
NOP 
X 
JP PLUSI 

,SET ADDRESS TO OFF--INTERRUPT ENTRY POINT 
,REQUIRED FOR INTERRUPT ENTRY 
,NOW CHECKING TO SEE IF SECOND INTERRUPT 
'I.E. ,ARE WE DONE? 

,SET BIT FOR NEXT INTERRUPT 
,ENABLE INTERRUPT AGAIN 
,NOW START COUNT'ING 

,STRAIGHT LINE THE CODE FOR SPEED 

,FINISHED WHEN GET HERE--THE COUNT REPRESENTS THE PERIOD 
,WITH ABOVE CODE, THE ACTUAL PERIOD IS THE COUNT MULTIPLIED 
,BY 15(THE NUMBER OF WORDS TO INCREMENT BY I) PLUS AN OVERHEAD 
,OF 9 CYCLE TIMES = 24 CYCLE TIMES. AT 4us THIS IS 96 us 
,OR A FREQUENCY OF JUST OVER 10KHz. MAX COUNT HERE IS 4095. 
,THIS GIVES A MAXIMUM PERIOD = 61434 CYCLE TIMES(~245.736ms AT 
,4us). THIS CORRESPONDS TO A FREQUENCY OF JUST OVER 4Hz 
,NOTE,THIS IS 12 BIT RESOLUTION 

Figure 19C. A to D with VF ConverterlVCO By Measuring Period 
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THESE TESTS INSURE SYNCHRONIZATION 
- COUNT EXACTLY THE RIGHT PERIOD -
CATCH THE PULSE EDGE 

CAUGHT NEGATIVE GOING EDGE -
COUNT UNTIL NEXT NEGATIVE GOING EDGE 

Figure 190. V to F - Measure Period 

B. THE LM131/LM2311LM331 

The LM131 is a standard product voltage to frequency 
converter with a linear relationship between the input 
voltage and the resultant frequency. The reader should 
refer to the data sheet for the LM131 for further 
information on the device itself and precautions that 
should be taken when using the device. Figure 20 is the 
basic circuit for using the LM131. Figure 21 represents 
improvements that increase the accuracy (by increasing 
the linearity) of the result. Note that these circuits have 
been taken from the data sheet of the LM131 and the 
user is referred there for a further discussion of their 
individual characteristics. With the LM131 the frequen· 
cy output is given by the relationship: 

FOUT = (VIN/2.09)(1/RTCT)(Rs/RL) 

It is clear from the expression above that the accuracy 
of the result depends upon the accuracy of the external 
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components. The circuit may be calibrated by means of 
a variable resistance in the Rs term (a gain adjust) and 
an offset adjust. The offset adjust is optional but its 
inclusion in the circuit will allow maximum accuracy to 
be obtained. The standard calibration procedure is to 
trim the gain adjust (Rs) until the output frequency is 
correct near full scale. Then set the input ot 0.01 or 
0.001 of full scale and trim the offset adjust to get FOUT 
to be correct at 0.Q1 or 0.001 of full scale. With that 
calibration, the circuit of Figure 20 is accurate to within 
±0.03% typical and ±0.14% maximum. The circuit of 
Figure 21 attains the spec limit accuracy of ± 0.01 %. 

C. VOLTAGE CONTROLLED OSCILLATORS 
(VCO's) 

A VCO is simply another form of voltage to frequency 
converter. It is an oscillator whose oscillation frequency 
is dependant upon the input voltage. Numerous designs 
for VCO's exist and the reader should refer to the data 
sheets and application notes for various op·amps and 
VCO devices. The code in Figure 19 is still applicable if 
a VCO is used. The only possible difficulty that might be 
encountered is if the relationship between frequency 
and input voltage is non·linear. This does not affect the 
basic code but would affect the processi ng to create 
the final result. A sample circuit, taken from the data 
sheet of the LM358, is shown in Figure 22. The accuracy 
of the VCO is the controlling factor. 

D. A COMBINED APPROACH 

Elements of the period measurement and pulse 
counting techniques can be combined to produce a 
system with the advantages of both schemes and with 
few problems. Such a system is only slightly more 
complicated in terms of its software implementation 
than the approaches mentioned above. Note that in a 
microcontroller driven system, no additional hardware 
beyond the voltage to frequency converter is required to 
implement this approach. BaSically, the microcontroller 
establishes a viewing window during which time the 
microcontroller is both measuring time and counting 
pulses. The result can be very precise if two conditions 
are met. First, when the microcontroller determines that 
it needs the conversion information, the microcontroller 
does not begin counting time or pulses until the first 
pulse is received from the VFC (first pulse after the 
microcontroller "ready"). Note, the COPSTM microcon· 
troller could provide a "start conversion" pulse to 
enable the VFC if such an arrangement were desirable. 
The time would be counted for a fixed period and the 
number of pulses would be counted. After the fixed 
period of time the controller would wait for the next 
pulse from the VFC and continue to count time until 
that pulse is received. The ratio of the total time to the 
number of pulse is a very precise result provided that all 
the system times are slow enough that the micro· 
controller can do its job. The speed limits mentioned 
previously apply here. It is clear that the total time is not 
fixed. It is some basic time period plus some variable 
time. This is a little more complicated than simply using 
a fixed time, but it allows greater accuracies to be 
achieved. Also, the approach takes approximately the 
same amount of time for all conversions. It is also faster 
than the simple pulse counting scheme. 
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T"" 

CD 
'0 z 
c.. 
o o 

4mHz 
Vs 

H, 

6.ak 1% 

V" 100k 
10V HC 

FULL SCALE 
Cli 0.01.' 

22M 

1.' 
MYlAR 

lOOk 
1% 

LM331 

1 CURRENT 
OUTPUT 

6 
THRESHOLD 

Vee CQP420 

10k 

'RED. 3 
OUTPUT IN1 

Vee 

Vee = +5V 
Vs= +15V 
VIN= 0-10V 

~ USE STABLE COMPONENTS 

Figure 20. Basic LM331 Connection 

RE'I 

GAIN 
ADJUST 

lOUT 

5k" 

VIN lOOk ±, %. 
-10vo-M'r+--....!.j 

'ULL SCALE 
L-__ ----~;~1MOR 
OFFSET 200k 
ADJUST 

lOOk 

Vs 

LM331 

":" 

6,8k±1%* 

R.C 5 

'RED 
OUT 

CaMP 1 
IN 

~ 0.01.'" 

10k 

Vee 

2.2k 

IN4002 

9 INl COP420 

VS=15V TO 5V 
-Vs= -15VTO -5V 

Vee=5V 
VIN=OTO -lOY 

·STABLE COMPONENTS SHOULD BE USED 

Figure 21. A to D with Precision Voltage to Frequency Converter 

10k 

Vee= +5V 
VIN =O·5V 

>'-1 __ 9,IN1. 

Figure 22. A to D with VCO 
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VI. Successive Approximation 

A. BASIC APPROACH 

The successive approximation technique is one of the 
more standard approaches in analog to digital conver
sion. It requires a counter or register (here provided by 
the COP420), a digital to analog converter, and a com
parator. Figure 23 illustrates the basic idea with the 
COP420. In the most basic scheme, the counter is reset 
to zero and then incremented until the voltage from the 
digital to analog converter is equal to the input voltage. 
The equality is determined by means of the comparator. 
Figure 24 illustrates the flow chart and code for this 
most basic approach. The preferred approach is illustra
ted in Figure 25. This is the standard binary search 
method. The counter or register is set at the midpoint 
and the "delta" value set at one half the midpoint. The 
"delta" value is added or subtracted from the initial 
guess depending on the output of the comparator. The 
"delta" value is divided by 2 before the next increment 
or decr.ement. The method repeats until the desired 
resolution is achieved. While this approach is some
what more complicated than the basic approach it has 
the advantage of always taking the same amount of 
time for the conversion regardless of the value of the 

LSB LO 

Ll 

L2 

DIGITAL TO L3 
ANALOG 

CONVERTER L4 COP420 
L5 

VOUT L6 

L~ MSB L7 

IN 

V,.o-- y 
Figure 23A. Basic Parallel Implementation 

input voltage. The conversion time for the basic 
approach increases with the input voltage. The prefer
red approach is almost always faster than the basic 
approach. The basic approach is faster only for those 
voltages near zero where it has only a few increments to 
perform. 

The accuracy of the approach is governed by the 
accuracy of the digital to analog converter and the 
comparator. Thus, the result can be as accurate as one 
desires depending on the choice of those components. 
Digital to analog converters of various accuracies are 
readily available as standard parts. Their cost is usually 
in direct relation to their accuracy. The reader should 
refer to the National Semiconductor Data Acquisition 
Handbook for some possible candidates for digital to 
analog converters. It is not the purpose here to compare 
those parts. The COPSTM interface to these parts is 
generally straightforward and follows the basic sche
matics shown in Figure 23. The user should take note 
and make sure the input and output ports of the conver
ter are compatible - in terms of voltages and currents 
- with the COPS device. This is generally not a problem 
as most of the parts are TTL compatible on input and 
output. The precautions and restrictions as to the use of 
any given device are governed by that device and are 
indicated in the respective data sheets. 

DATA SO 
D TO A 

~ SK 
Your 

L~ COP420 

IN 

0--V 

Figure 23B. Basic Serial Implementation 

,8 BIT SUCCESSIVE APPROXIMATION--BASIC SCHEME 
,COMPARATOR INPUT TO COP = IN3 
,OUTPUTS TO 0 TO A ARE L7 THRU LO WITH L7 = MSB.LO ~ Lsa 

CliNVkl, LBI 
STII 
STII 
LEI 
JP 

INCH, SC 
PI I)SI, CLRA 

LUI 
ASC 
NOP 
XIS 
JP 

otJ'! I·U·I, LB I 
LD 
XDS 
CAMO 
JSR 

ININ 
AISC 
JP 

2,14 ;SET THE RESULT VALUE TO ZERO 
o 
o 
4 ,ENABLE THE L PORT AS OUTPUTS 
OUTPUT 

,ROUTINE FOR INCREMENTING THE RESULT VALUE 

2.14 

PLUS1 
2.15 ,SEND THE RESULT VALUE. STORED IN 2.15-2.14 TO 

,0 AND THEREBY OUT THROUGH L 

DELAY ,THIS IS ANY CONVENIENT ROUTINE TO MAKE SURE 
,THAT THE COP DOES NOT TEST THE COMPARATOR UNTIL 
,THE D TO A CONVERTER HAS HAD ENOUGH TIME TO DO 
,THE CONVERSION--THE AMOUNT OF TIME REGUIRED 
, IS CLEARLY DEPENDANT UPON THE 0 TO A CONVERTER 
, USED 
,NOW READ THE COMPARATOR INPUT TO COP 

8 ,COULD SAVE A WORD IF USE G LINE AS INPUT 
INCR ,INPUT VOLTAGE STILL) CONVERTED ANALOG VOL TACE 

,CONVERSION DONE AT THIS POINT--THE COMPARATOR HAS CHANGED STATE 
,HENCE. CONVERTED ANALOG VOLTAGE> INPUT VOLTAGE--SO STOP 

Figure 24A. Code for Basic Approach of Successive Approximation 
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Figure 24B. Basic Approach, Successive Approximation 

; 8 BIT BINARY SEARCH SUCCESSIVE APPROXIMATION 
; INPUT TO cop IS IN3.L BUS IS OUTPUT TO D TO A. L7=MSB. LO=LSB 
;COMPARATOR=O WHEN D TO A VOLTAGE> VIN. OTHERWISE = 1 

B) N~iI~H: LSI 
STII 
STII 
LOI 
STII 
51 I I 
LEI 
LOI 
CLRA 

3. 14 
o 
8 
2.14 
o 
8 
4 
1.15 

mftPU1: 

DJ Vl»[·: 
DlVA: 

DIVl: 

DIV3: 

AISC 
X 
LD 
XDS 
CAMG 
LOI 
LD 

9 
3 

3.15 

AISC 8 
, ojP DIVI 
STll 4 
ojP TEST 
AISC 4 
ojP DIV;;o 
STII 2 
ojp TEST 
AISC 2 
JP DIV3 
STII 1 
ojp TEST 
LBI 3. 14 
AIse 1 
ojp DIVA 
STII 8 
STII 0 

;SET INCREMENT = MAX VALUE/2<WILL BECOME 
;MAX VALUE/4 BEFORE FIRST USEl 

; SET INITIAL VALUE OF RESULT TO MAX VALUE/2 

; ENABLE THE L BUS AS OUTPUTS 
; NOW SET UP THE BIT COUNTER-OVERFLOW WHEN 8 BITS 

;DO IT THIS WAY FOR COMPATIBILITY WITH INCREMENT 
; SAVE THE BIT COUNTER VALUE AND POINT TO RESULT 

; SEND THE RESULT TO G AND HENCE TO L 

;DIVIDE THE INCREMENT VALUE BY 2. CAN BE DONE 
; IN SEVERAL WAYS SINCE THIS IS A VERY SPECIAL 
; PURPOSE DIVIDE FUNCTION 
; ALSO. DO THE DIVIDE HERE TO GIVE THE D TO A TIME 
;TO DO THE DIGITAL TO ANALOG CONVERSION 

; DEPENDING ON THE D TO A USED. MAY NEED MORE DELAY HERE 

Of,ell: 
SUB: 

INC": 
AUV: 

BllPl-l : 

;MUST BE SURE THE RESULT IS STEADY BEFORE TEST THE COMPARATOR 
LBI 3.14 
ININ 
AIse 
ojP 
se 
LD 
CASC 
NOP 
XIS 
ojP 
ojP 
RC 
LD 
ASC 
NOP 
XIS 
ojP 
LBI 
LD 
AISC 

8 
INCR 

1 
SUB 
BITPLl 

1 
ADD 
1.15 

ojP OUTPUT 

; COULD SAVE A WORD IF USED G LINE AS INPUT 

; INPUT LESS THAN D TO A CONVERTED VOLTAGE 
; SUBTRACT THE INCREMENT VALUE FROM RESULT 

; INPUT> D TO A CONVERTED VOLTAGE 
; ADD THE INCREMENT VALUE TO RESULT VALUE 

;NOW INCREMENT BIT COUNTER TO SEE IF DONE 

; CONVERSION DONE AT THIS POINT 

Figure 25A. Binary Search Successive Approximation Code 
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OUTPUT RESULT 
TODTOA 

INeR/2 
-INCR 

Figure 25B. Binary Search Successive 
Approximation Flow Chart 



B. SOME COMMENTS ON RESISTOR LADDERS 

If the user does not wish to use one of the standard 
digital to analog converters, he can always build one of 
his own. One of the most standard methods of doing so 
is to use a resistor ladder network of some form. Figure 
26 illustrates the basic forms of binary ladders for 
digital to analog converters. The figures also show the 
transition from the basic binary weighted ladder in 
Figure 26A to the standard R·2R ladder Figure 26C. 

Consider Figure 26A. The choice of the terminating 
resistor is made by hypothesizing that the ladder were 
to go on ad infinitum. It can then be shown that the 
equivalent resistance at point X in that figure would be 
equal to 128R, the same value as the resistor to the 
least significant bit output. This fact is used to create 
the intermediate ladder of Figure 26B. This step is done 
because it is usually undesirable to have to find the 
multitude of resistor values required in the basic binary 
ladder. Thus, the modification in Figure 26B signifi· 
cantly reduces the number of resistor values required. 
As stated earlier, the resistance looking down the 
ladder at point X in Figure 2 is equal to the. resistor 
connected to the binary output at that point; here the 
value is 2R. Remembering the objective is to minimize 
the number of different values required, if we simply use 

, the same R·2R arrangement as before with a termina' 
tion of 2R we get an effective resistance at point Y of 
Figure 26B or 0.5R. This means that a serial resistance 
of 1.5R is required to maintain the integrity of the 
ladder. If we carry this on through 8 bits, the circuit of 

27 

2R 
26 

4R 
25 

8R 
24 

16R 
23 

32R 
22 

64R 
21 

128R 
2° X 

128R 

-=-

A 

Figure 26B results. From this it is only a small step to 
create the standard R·2R network. The analysis is the 
same as done previously. 

There is absolutely no restriction that the ladders must 
be binary. A ladder for any type of code can be con· 
structed with the same techniques. Ladders comparable 
to Figures 26A and 26B are shown in Figure 27 for a 
standard 8421 BCD code. With the BCD code, the input 
must be considered in groups of digits with four bits 
creating one digit. This is the direct analog of 1 binary 
digit per input. We need four inputs to create one decimal 
digit. Thus the resistor values in each decimal digit are 
10 times the values in the previous decimal digit just as 
the resistor value for each successive binary digit was 
twice the value for the preceding binary digit. Note that 
this analysis can be easily extended to any code. The 
termination resistance is calculated in the same manner 
- assume the decimal digit groupings extend out to 
infinity. It can be shown that the resistance of the ladder 
at point X in Figure 27 A is 480R. Thus Figure 27 A repre
sents the basic 8421 BCD ladder for three digit BCD 
number. This termination resistance will vary with where 
it is placed. Basically this resistance is equal to nine 
times (for a decimal ladder) the parallel resistance of 
the last digit implemented. (This relation can be shown 
mathematically if one desires, the multiplier is a function 
of the type of ladder used - multiplier = 1 for binary 
systems, 9 for decimal systems, etc.) Thus the termina
tion resistance would be 48R if the network were ter
minated after the 2nd digit and 4.8R if the network were 
terminated after the 1st digit implemented. In Figure 27B 
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we are attempting to use only the resistor values for one 
decimal digit. This means that the last terminating resis
tor must be a 4.BR by the analysis above. Thus at point X 
in Figure 278 we must have an equivalent of resistance 
of 4.BR. The equivalent resistance at pOint Y of Figure 
278, looking down from the ladder, is O.4BR. Thus the 
other series resistance must be 4.32 R (4.BR - O.4BR). 
Thus the network of Figure 278 results. 

Generally, ladders can be very effective tools when 
understood and used properly. They can be significantly 
more involved than indicated here. There are a number 
of texts and articles that cover the subject very nicely 
and the reader is referred to them if more information on 
ladder deSign, the use of ladders, and advanced tech· 
nlques with ladders is desired. 

One final note is of some interest. The ladders may be 
readily constructed for any type of code to create the 
analog voltage. Note that there is no restriction that the 
code, or the ladder network, be linear. Thus, effective 
use of ladder networks may significantly reduce system 
difficulties and complexities caused by the fact that the 

{' MOST 
2R 

SIGNIFICANT 4 
DECIMAL 4R 

DIGIT 2 
BR 

1 

lOR , .. ,t 20R 

DECIMAL 40R 
DIGIT 2 

BOR 
1 

100R 

r LEAST 
200R 

SIGNIFICANT 4 
400R DECIMAL (BCD) 

DIGIT 2 
BOOR 

1 X 

4BOR 

-= 

A 

analog to digital conversion is being performed on a 
voltage source that changes nonlinearly, for example a 
thermistor temperature probe. 8y using the properly 
designed ladder network, the nonlinearity can effec· 
tively be eliminated from consideration in the code 
implementation of the analog to digital conversion. 

The accuracy of ladders Is a direct function of the 
accuracy of the resistors and the accuracy of the 
voltage source inputs. This is obvious since the analog 
voltage is in fact created by means of equivalent 
voltage dividers created when the various Inputs are on 
or off. It is also essential that the ladder sources be the 
precise same v .. lue at all inputs to th~ ladder network. If 
this is not the case, errors will be introduced. In 
addition, the output impedance of the voltage source 
should be as small as possible. The success of the 
ladder scheme depends on the ratios of the resistance 
values. Inaccuracies are introduced if those ratios are 
disturbed. Some possible implementations of the 
successive approximation approach with a ladder 
network used for the digital to analog conversion are 

~ {' Your 

MOST 
2R 

SIGNIFICANT 4 

DEC~~G~i 2 
4R 

BR 

4.32R 

r 2R 
SECOND 

DECIMAL 4R 
DIGIT 

BR 
X 

4.32R 

y 
2R 

mu I SIGNIFICANT 
DECIMAL 4R 

DIGIT 
BR 

4.BR 

-= 

B 

Figure 27. 8421 BCD Ladders 
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indicated in Figure 28. Note that these are functional 
diagrams. Feedback or hysteresis for comparator 
stabilization are not shown. The reader should be aware 
that his particular application may require that these 
factors be considered. Figure 28A is the simplest 
scheme and also the least accurate. With little or no 
load, the high output level of the L buffer should be very 
close to Vcc and the low level close to ground. Also the 
output impedance of the buffers must be considered. 
Therefore, rather large resistor values are used - both 
to keep the load very small and to dwarf the effect of the 

l3 2' • 

L2 2' 
R·2R 

LADDER 
Ll 2' (s:tF18~~4) 
LD 2° 

COP420 

IN3 

V,N 

A 

IN3 

L7 

L6 

L5 

L4 

CDP42D 

L3H_--I 

c 

output impedance. With the configuration in Figure 
28A, four bit accuracy is about the best that can be 
achieved. By bein'g extremely careful and using 
measured values, an additional bit of accuracy may be 
obtained but care must be used. However, the 
schematic of Figure 28A is very simple. Figure 28B 
represents the next step of improvement. Here we have 
placed CMOS buffers in the network. This eliminates 
the output impedance and reduces the level problems 
of the circuit of Figure 28A. The CMOS buffer will swing 
rail to rail, or nearly so. The accuracy of Vec and the 

V,N 

2' 
VOUT 

26 

2' 

24 
R·2R 

LADDER 
R = lOOk 

23 
(SEE FIG. 24) 

2' 

r--._~"""" 24 JD~~R 
r--._~"""" 23 (s:tF18°~4) 
1--f~>--I2' 

2' 

, ......... '2° 

V,N 

B 

Figure 28. Interfaces to Ladder Networks 
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resistor network is then controlling. Using 1 % resistors 
and holding Vee constant, the user should be able to 
achieve 7 to a bit accuracy without much difficulty. 
Remember, however, that Vee Is one of the controlling 
factors. If Vee is ±5%, there is no point in using 1% 
resistors since the Vee tolerance swamps their effect. 
Figure 2aC is the final and most accurate approach. 
Naturally enough, it is the most expensive. However, 
one can get as accurate as one desires. Here, an 
accurate reference is required. That reference is 
switched into the network by means of the analog 
switch. Alternately, ground may be connected to the 
input. Now the user need only consider the accuracy of 
the reference and the accuracy of the resistors. 
However,. the on Impedance of the switches must be 
considered. It Is necessary to make this on impedance 
as low as possible so as not to alter the effective 
resistor values. 

VII. "Offboard" Techniques 

A. GENERAL COMMENTS 

This section, is devoted to a few illustrations of 
interfacing the COP420 to standard, stand alone analog 
to digital converters. These standard converters are 
used as peripherals to the COPSTM device. Whenever 
the microcontroller requires a new reading of some 
analog voltage, it simply initiates a read of the peripheral 
analog to digital converter. As a.result, the accuracies 
and restrictions In using the·converters are governed by 
those devices and not by the COPS ~evice. These tech· 

Vee 

+ 
FULL SCALE 4.7I'F~ 10 

ADJUST 
VSS 

15 RNET 
TOP 

ADCOBOO 
(MM4357) 

5 RNET 
BonOM 

-Vo 

ADJUST ZERO ADJUST 
VIN 

LSB 

niques are generally applicable to other A to 0 conver· 
ters' not mentioned here and the user should not have 
difficulty in applying these principles to other devices. It 
should be pointed out that in almost every instance, the 
choice of COP420 inputs and outputs is arbitrary. Ob· 
viously, when there is an a·bit bus it is natural, and most 
efficient, to use the L port to interface to the bus. 
Generally, the G lines have been used as outputs rather 
than the 0 lines simply because the G lines are, in many 
instances, somewhat easier to control. The choice of 
input line is·also free. If the interrupt is not otherwise 
being used, it may be possible to utilize this feature of 
iN1 for reading a return signal from the converter. How· 
ever, this is by no means required. If there is a serial 
interface it is clearly more efficient to use the serial port 
of the COP420 as the interface. If a clock is required, SK 
is the natural choice. 

B. ADC0800 INTERFACE 

The ADCOaOO is an a·bit analog to digital converter with 
an a·bit parallel output port with complementary 
outputs. The ADCOaOO requires a clock and a start 
convert pulse. It generates an end of conversion signal. 
There is an output enable which turns the outputs on in 
order to read the a·bit result. 

The reader is referred to the data sheet for the ADCOaOO 
for more information on the device. The circuit of Figure 
29 illustrates the basic implementation of a system with 
the ADCOaOO. The interface to the COP420 is straight· 
forward. The appropriate timing restrictions on the 
control signals are easily met by the mlcrocontroller. 

13 15 LO 
14 14 L1 
16 13 L2 
17 12 L3 

8 L4 
2 7 L5 
3 6 L6 

COP420 

MSB 4 5 L7 

OUT 7 23 G2 
ENABLE 6 

22 G1 START 

EOC 9 9 IN1 
11 18 SK WITH VIN = - 5V VDDCLOCK 

ADJUST FULL SCALE 
WITH VIN = +5V 18 

Vee = +5V 
-VG= -12V 

VIN = -5 TO +5V -VG 

Figure 29. Simple AID with ADC0800 
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Figure 30 is the flow chart and code required to do the 
interfacing. As can be seen, the overhead in the COP420 
device is very small. The choice of inputs and outputs is 
arbitrary. The only pin that is more or less restricted is 
the use of SK as the clock for the converter. SK is 
clearly the output to use for that function as, when 
properly enabled, it provides pulses at the instruction 
cycle rate. 

C. NAKED·8™ INTERFACE 

The Naked·8 family of analog to digital converters 
(ADC0801, ADC0802, ADC0803, ADC0804) is very easy to 

MFAHUR: LEI 
SC 

SlAtn2: CLRA 
XAS 
OGI 
OGI 
LBI 

0 

2 
0 
2. 13 

14 
READ 11 
4 

iFLOAT 

i MAKE 
; MAKE 
; SEND 

; WAIT 

; HAVE 
iREAD 

interface and is generally a very useful offboard 
converter. The interface is not significantly different 
from that of the ADC0800, but the Naked·8 is a much 
better device. The four control signals are somewhat 
different, although there are still four control lines. Here 
we have a chip select, a read, a write, and an interrupt 
signal. All are negative going signals. Start conversion 
is the anding of chip select and write. Output enable is 
the anding of chip select and read. The interrupt output 
is an end convert signal of sorts. The device may be 
clocked externally or an RC may be connected to it and 
it will generate its own clock for the conversion. In 
addition the device has differential inputs which allow 

THE L LINES 

SURE SO STAYS ZERO 
SURE SK STAYS CLOCK 
START PULSE 

FOR' EOC SIGNAL 

EOC.ENABLE OUTPUTS 
THE L LINES 

Rl-.AllIl: ININ 
AISC 
.JP 
OGI 
INL 
X 
COMP 
XDS 

; CREATE PROPER POLARITY 

COMP 
X 
OGI 0 iDISABLE ADCOBOO OUTPUT 
iHAVE THE RESULT AT THIS POINT--USE IT IN WHATEVER 
iMANNER IS REOUIRED BY THE APPLICATION 
LBI 2.10' 
.JSRP CLRR 
.JP MEASUR 

Figure 30A. A to D with ADCOBOO 

Figure 308. ADCOBOO Interface Flow 
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the .a·bit conversion to be performed over a given 
window or range of input voltages. The reader should 
refer to the Naked·8™ data sheet for more information. 
Figure 31 indicates a basic interface of the Naked·8 to 

the COP420. Again,the interface is simple and straight· 
forward. The code required to interface to the device is 
minimal. Figure 32 illustrates the flow chart and code 
required to do the interface. 

leg 
Vee 

20 
Vee( = VREFI 

G1 2ifij 

1= G2 3Wij 

5 
INTR IN3 

L7 5 11 VREF/2 VREF/2 
087 AOC0801 

L6 6 12 086 AoC0802 VIN+ 
6 

VIN+ } COP42O AOC0803 7 13 085 AOC0804 DIFFERENTIAL 
L5 7 V INPUT 8 14 084 VIN- IN-
L4 

12 15 083 19 L3 
13 16 OB2 

CLK R 
L2 

14 17 10k 
l1 081 

15 18 080. Lo 
AGNO 

l150PF 
8 

Vee 

Figure 31. COP420 - Naked·8 Interlace 

; INTERFACE TO NAKED 8(TM) 

NAKI-I)U: OG I 

LEI 
LUUI': OGI 

OGI 
OGI 
OGI 

LII(JP~': ININ 
AISC 
.JP 
.JP 

RI-I'IH: LIH 
OGI 
OGI 
NOP 

INL 
OGI 

15 

o 
14 
10 
14 
15 

8 
READ 
LOOP2 
0.0 
14 
12 

15 

; SET ALL GLINES HIGH(USUALLY DONE AT 
; POWER UP 
;TRI STATE'THE L LINES FOR 'READING 

- ; SEND CHIP SELECT LOW(CS BRACKETS OTHER SIGNAL) 
;CS LOW AND WR LOW = START CONVERSION 
; RAISE WR 
; RAISE CS.NAKED 8 IS NOW CONVERTING 
;WAIT FOR THE' INTR SIGNAL--COULD SAVE THIS TES 
; IF USED IN1 AND THE INTERRUPT FEATURE OF COP4 
;INTR IS LOW. DATA IS READY 

; SET UP RAM LOCATION FOR READ 
; SEND CS ' 
; SEND CS AND READ = OUTPUT ENABLE 
; WAIT-NEED WAIT ONLY 125NS.BUT 1 CYCLE IS MIN 
; TIME WE CAN WAIT 
; READ THE L LINES 
; TURN OFF THE NAKED 8--CS AND RD HIGH 

; DONE AT THIS POINT. DO WHATEVER IS REQUIRED WITH THE RESULT 

Figure 32A. COP420/Naked·1! Sample Interface Code 
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Figure 32B. COP4201 Naked·8 Interface Flow 

D. THE MM5407 AS AN AID CONVERTER 

The MM5407 is a digital thermometer usually used in 
conjunction with the MM5406 digital clock. However, 
the MM5407 can make a very effective analog to digital 
converter. The heart of the MM5407 is, in fact, an analog 
to digital converter. The device is designed to interface 
directly with the LM134 temperature transducer which 
produces an output voltage related to temperature. The 
relationship is 10mV per degree Kelvin. The MM5407 Is 
specified to operate from -40°C to +88°C (233°K to 
361 OK). The device provides a serial output with the 
result in either centigrade or fahrenheit. The accuracy is 
±2°F. 

Now, translating all of this into the pertinent informa· 
tion that we need we get the following: The MM5407 will 
perform an analog to digital conversion for input 
volta'ges in the range of 2.33 volts to 3.61 volts. The 
result Is accurate to about ±10 millivolts. This 
translates to an accuracy of 7 bits ± 1 bit. The Interface, 
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Figure 33. MM5407 Interface 

as shown in Figure 33 is not complex. Note that here SK 
is not being used for the clock because SK is too fast. 
The clock input on the MM5407 has an 'upper limit of 
10kHz. Also because of the speed, we are using IN3 
rather than serial in as the input from the MM5407. Note 
also that the MM5407 is a nine volt device although the 
interface signals are TTL compatible. The COP420 Is a 5 
volt device. However, the COP420L will run at 9 volts 
and thereby remove a requirement for two power 
supplies. If the user system has dual supplies, the dual 
supply requirement is not serious. 

Once the data is read into the COPSTM device, the 
processing required is simple. One need only add 273to 
the number received (if the MM5407 is operated in the 
Centigrade mode) to create the proper voltage value. 
Obviously, if a different range is desired, it would be 
possible to do some scaling at the input of the MM5407 
to create the proper voltage. The COPS device would 
then have to account for this scaling -, generally. a 
straightforward task. 
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MM~ • .qO·/: 

L.UIII· : 

S"AlfI: 

RI·A": 

CI",I,",I : 

CUMP.': 

Anll~!"Ia: 

,CODE FOR MM5407/COP420 AS A TO 0 CONVERTER 
,GO AND Gl ARE.HIGH ON ENTRY TO THE ROUTINE 

CLRA 
AISC 
LBI 
X 
-lSRP 
NOP 
LD 
AISC 
-lP 
STU 
STU 
STU 
STII 
LBI 
-lSRP 
NOP 
-lSRP 
NOP 
-lSRP 
NfJP 
,)SRP 
NUP 
-lSRP 
5MB 
-lSRP 
5MB 
-lSRP 
5MB 
-lSRP 
5MB 
LD 
XIS 
Jp 
LBI 
CLRA 
X 
LBI 
X 
LBI 
X 
LOI 
X 
AISC 
-lP 
SC 
LBI 
CLRA 
X 
CASC 
AOT 
XIS 
-lP 
LBI 
STII 
STU 
STU 

8 
2.12 

CLOCK2 

1 
LOOP 

,RUN A FEW CLOCKS·TO 00 THE CONVERSION 

o ,NOW CLEAR OUT THE MEMORY FOR READ'ING 
o 
o 
o ,0 TO 2. 12 THRU 2. 15 
2.12 ,NOW SEND START TRANSMIT SIGNAL AND MAINTAIN 
CLOCK1 , TIMING 

CLOCK2 

CLOCK2 

CLOCK2 

CLOCK2 
3 
CLOCK2 
2 
CLOCK2 
1 
CLOCK2 
o 

,NOW READY TO READ THE DATA(16 BITS) 
,ALLOW FOR THE COMPLEMENT DATA ON THE READ· 

" I.E .• COMPLEMENT THE INFO. WHEN READING IT 

,NOW TEST TO SEE IF DONE 

READ ,NOT YET FINISHED 
2.13 ,NOW -lUGGLE THE DATA TO PUT IT IN MORE DESIRAB 

,FORM--MINUS/BLANK. TENS. UNIT 
,IGNORE 2.12 BECAUSE WE KNOW IS CENTIGRADE MODE 

2.15 .REFER TO MM5407 DATA SHEET 
,INFO WAS IN FORM: UNITS.TENS.MINUS/BLANK 

2.13 

2.15 ,NOW TEST TO SEE IF IS MINUS 
,ACCUMULATOR IS ZERO PRIOR TO THIS EXCHANGE 

5 ,TEST FOR THE MINUS CODE 
AD0273 

,IS MINUS. TAKE TENS COMPLEMENT OF NUMBER 
2.13 ,ALSO. ZERO IS IN MINUS POSITION 

COMP2 
1.13 ,NOW SET UP TO ADO 273 TO THE RESULT 
3 
7 
2 

Figure 34A. MM5407/COP420 AID Interlace Code 
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IlC 
LDI 

AI.>I'I P: LD 
AlSC 
ASC 
ADT 

1. 13 
3 
6 

XIS 3 
,jp ADDU' 

,I'INI~,IIED AT THIS POINT. DO ANY REGUIRED SCALING. ETC. HEilE 
HET 
. PAGE 

CI (I(:KI: CLRA 
OGI 
Jf' 

CI [1(;1\;': OG I 

CI K: 
CLRA 
AISC 
,)P 
AISC 

OGI 
NOP 
NUP 
NOP 
NOP 
ININ 
AISC 
RET 
RETSK 

2 

o 
CLK 
2 

3 
. -1 
4 
. .,.1 
3 

8 

,THE REQUIRED SUEROUTINES HERE 

,SEND CLOCK AND START SIGNAL Lao! 

,SEND CLOCK ONLY LOW 

,MAKING SIMPLE TIMING LOOP-HERE ADJUSTING FOR 
; TOTAL PERIOD - 100us(25 CYCLE TIMES AT 4U5 
, INSTRUCTION CYCLE TIME)--HERE USING 13 CYCLE 
;TIMES ON. 12 CYCLE TIMES OFF 
;SEl CLOCK BACK HIGH 
,THESE NOP'. FOR TIMING ONLY 

,READ THE INPUT LINEII3) 

Figure 34A. MM5407/COP420 AID Interlace Code. cont'd 

SEND CLOCKS 
TO DO CONVERSION 

RESET 
STORAGE 
MEMORY 

SEND START 
PULSE 

SEND 4 
CLOCKS 

i.e. START TO 
TRANSMIT 

r------;==:t~:=~ READ 

SEND 
CLOCK 

READ BIT 
AND STORE 

Figure 34B. MM5407 as AID Converter Flow Chart 
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VIII. Conclusion 
Several analog to digital techniques using the COPS™ 
family have been presented. These are by no means the 
only techniques possible. The user is limited only by his 
imagination and whatever parts he can find. The COPS 
family of parts is extemely versatile and can readily be 
used to perform the analog to digital conversion In 
almost any method. Generally, those techniques where 
the COPS device is doing the counting or timekeeping 
are slow. However, those techniques are generally slow 
inherently. The fastest methods are those where the 
conversion is being done offboard and the COPS device 
is merely reading the result of the conversion when 
required. Also, an attempt has been made to illustrate 
the lower costtechniques of analog to digital conver
sion. This, by itself, restricts most of the techniques 
described to about 8-bits accuracy. As was mentioned 
several times, the greater the accuracy that is desired 

, the more accurate the external circuits must be. Ten 
and twelve-bit accuracies, and more, require references 
that are accurate, These get very expensive very rapidly. 
There is nothing inherent in the COPS devices that pre
vents them from being used in accurate systems, The 
precautions are to be taken in the system regardless of 
the microcontroller. The only problem is that, in those 
accurate systems where the COPS device is doing the 
timekeeping and counting, this increased accuracy is 
paid for by increased time to perform the conversion. 

Several devices have been used in conjunction with the 
COPS device in the previous sections. It is again 
recommended that the user refer to the specific data 
sheets of those devices when using any of those 
circuits. It must again be mentioned that the standard 
precautions when dealing with analog signals and 
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circuits must be taken. These are described in the 
National Semiconductor Linear Applications Handbook 
and in the data sheets for the various linear devices. 
These precautions are especially significant when 
greater accuracy is desired. 

The COPS family of microcontrollers has shown itself 
to be very versatile and powerful when used to perform 
analog to digital conversions. Most techniques are code 
efficient and the microcontroller itself is almost never 
the limiting factor. It is hoped that this document will 
provide some guidance when it is necessary to perform 
analog to digital conversion in a COPS system. 

IX. References 
1. "Digital Voltmeters and the MM5330", National 

Semiconductor Application Note AN-155, 

2. Walker, Monty, "Exploit Ladder Network Design 
Potential." Part One of two part article on ladder 
networks. Magazine and date unknown. 

3. Wyland, David C., "VFC's give your ADC design high 
resolution and wide range." EON, Feb. 5, 1978. 

4. Redfern, Thomas P., "Pulse Modulation AID Conver
ter" Society of Automotive Engineers Congress and 
Exposition Technical paper # 780435, March 1978. 

5. National Semiconductor Linear Applications Hand
book, 1978. 

6. National Semiconductor Linear Databook, 1980. 

7. National Semiconductor Data Acquisition Handbook, 
1978, 



COPS™ Television Controller 

Introduction 

As part of National Semiconductor's continuing effort to 
define and implement a full spectrum of COPS Television 
Controllers (CTCs), this document will describe progress 
made in programming a COP420 to serve as a prototype 
'Iow·end' CTC. Used in conjunction with an MM5439 
Phase Locked Loop (PLL) and an MM5450 display driver, 
this processor allows a television receiver to have the 
following functions: 

1. Frequency Synthesis Tuning 

2. Keyboard Scan and Decode 

3. MM53126 Format Serial Decode 

4. 64 Level Analog Outputs 

5. Direct Channel Entry 

6. Channel and Fine Tune Slewing 

7. Analog Output Slewing 

8. LED Channel Display 

9. Last Channel Memory 

System Overview 

Shown in Figure 1, the heart of the CTC prototype hard· 
ware is the COP420 itself. This particular member of Na
tional's COPS family of 4·bit microcontrollers has 1024 
bytes of program memory, 64 digits of scratch·pad RAM, 
24 input and output pins, and an efficient 49·member in
struction set. It is the workhorse of the television tuning 

National Semiconductor 
COP Note 2 
Brett K. Nelson 
May 1980 

system and provides the processing power to scan the 
keyboard, decode the serial input, run the channel dis· 
play, and control the PLL. System capabilities may be en· 
hanced or scaled·down for different markets simply by 
changing the processor's algorithms. This flexibility 
combined with low-cost makes the COPS family, and in 
particular the COP420, a standout in the field of high· 
volume, low·to-medium range television controllers. 

The MM5439 PLL is of next importance in the prototype 
system. Originally designed for the European Micropro
cessor Television Controller (MTC) market, the 5439 of
fers capabilities found in traditional PLL circuits as well 
as general purpose input and output pins and 6 pulse
width modulation D/A converters. This allows the COP420 
to use it to band·switch the UHF and VHF tuners in addi· 
tion to providing analog outputs for controlling television 
parameters such as volume, brightness, and color. The 
MM5439 operates with a 14·bit code and is capable of 
resolving the RF spectrum into 64kHz steps; more than 
adequate for U.S. Television receivers. 

The serial input of Figure 1 is generated by using an 
MM53126 infrared remote control circuit. The MM53126 
scans and decodes a key closure and provides serial 
data to drive infrared transmitter diodes. At the receiving 
end, the infrared signal must be detected and amplified 
to provide a digital signal for the COP420. The COPS de· 
vice provides the intelligence to receive the serial data 

r----, ....... r--... _---"" ANALOG 
OUTPUTS 
TO TUNER 
INTERFACE 

Figure 1. eTe Block Diagram 
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and to route program control just as if the key entry ori
ginated from the main keyboard_ 

The third circuit shown in Figure 1 is the MM5450 
display driver_ The 5450 is a direct drive, serial input, 
35-segment LED driver. Due to its serial nature, it is best 
interfaced to the COPS' serial output port. The 5450 is 
gaining popularity because of its low-cost, adjustable 
high-current outputs, and low-noise non-multiplexed 
display format. Its sole duty in the system is to display 
the current channel number_ 

Hardware Description 
Utilizing the MM5439as the system PLLdictated the basic 
structure of much of the prototype circuitry. The MTC 
series of components were designed to be MICROBUSTM 
compatible. That is, they were designed to connect to an 
8-bit bi-directional data bus, address lines, and control 
strobes. The COPS™ family of processors does not pos
sess a traditional bus structure, and to interface to a 
parallel bus device such as an MM5439 requires that 
COPS inputs and outputs emulate the data, address, and 
control bus functions. Figure 2 illustrates the use of the 
COPS L pins as the data bus, the G port for addressing, 
SK as a read strobe, SO as a write strobe, and DO as 
chip select. 

Figure 2 also details the 5439 DIA, banc;l-switching, and 
oscillator circuitry. The DIA interface is a Simple capaci-

ALL NPN TRANSISTORS PROCESS 23 
ALL PNP TRANSISTORS PROCESS 62 

EXCEPT 01 
RESISTORS IN OHMS 

~~r~~~T~~~J~:r~~RZ~~:~DS Vee 

BUFFERED SIGNAL 
FROM MM53126 

VOL 1 

BAT 4 

""""CO"'"+7'--4:.... +_''''iD INZ 

FT t 20 IN3 

~lEO 
VCC~OISPlAY 

10k PU 

MM5439 

tor integrator that requires a current source from within 
the receiver chassis. UHFIVHF'band-switching is accom
plished by using 3 general purpose open-collector out
puts to drive dual transistor 24 volt buffers. The one tran
sistor 4.0MHzcrystal oscillator also shown provides the 
stable reference needed by the PLl. In addition, it is used 
to generate a 4-microsecond instruction cycle within the 
COP420_ This speed is necessary to insure that pulse
position-modulated (PPM) signals coming from the 
MM53126 are properly decoded. 

TO PIN 2 OF 
PRESCALER 

The MM5439 and UHFIVHF tuner interface shown in Fig
ure 2 is somewhat more complicated_ By comparing the 
UHFIVHF local oscillator to the 4 MHz system clock, the 
5439 generates two negative-going signals that are 
designed to raise or lower the varactor tuning voltage, 
and thus close the frequency synthesis loop. To accom
plish this an LF351 is configured as a differential integra
tor to generate the tuning voltage. The Single-pole filter 
on the output is to minimize transients. The PLL NMOS 
circuitry in the 5439 is not fast enough to handle the 
tuner local oscillator directly, so two counters are used 
to divide this frequency down. The SDA2001 ECL pre
scaler divides the frequency first by 64, and then the 
74LS169 alternately divides by 15 or 16 under 5439 
control. 

+Z4V 

UHF/VHF 
TUNER 

10k 

10k 

RF IN .a--RF 
..l. IN 

AGe -= 
~AGC 

IF OUT l:ur 
VHF UHF 

KEEP LEADS 
TO AND FROM 

UP 26 PRES CALER AS 
SHORT AS 

ANALOG 
OUTPUTS 
TO RECEIVER 
CHASSIS 

0.001 

POSSIBLE 

DECOUPLE 
ALL SUPPLIES 

O.lSpF 

Figure 2. Low-End eTC Schematic 
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Software Description 
The major features of the software written for this low
end CTC implementation are described in the flowchart 
of Figure 3. Readily observable items of interest are the 
initialization, serial-input, delay, and instruction decode 
portions of the program. The function blocks comprising 
the PLL code calculations, serial processing, and display 
routines are less noticeable, but worthy of additional 
mention. They will now be summarized. 

To successfully tune the television receiver a 14-bit 
code must be presented to the MM5439 PLL. This 14-bit 

( POWER-ON) 

_-f.lEAv~~trEll 
'---r----' 1-________ .1 

INSTRUCTION 
DECODE 

NO 

binary code is calculated from current BCD channel 
number using the following equation: 

PLL CODE = CHANNEL NUMBER' 6 MHz + BIAS 

The variable marked BIAS is necessary because there 
are gaps between channel groups in the American tele
vision RF spectrum. BIAS will have different values for 
the channel ranges 2-4, 5-6, 7-13, and 14-83. 

YES f;'\ INSTRUCTION 
\::JDECODE 

Figure 3. eTe Major Program Flow 
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Figure 3. eTC Major Program Flow (cont'd) 

9-116 



The most time critical software operation encountered 
was processing the remote 'serial input stream. Speed 
considerations necessitated that this routine be broken 
into two portions, reading and decoding. Reading the 
stream required that the time between each pulse in the 
14-bit code (counting start and stop bits) be saved in a 
unique memory location. Figures 4 and 5 illustrate the 
pulse timing and serial format. Only after all 14 bits 
were received could the timing be analyzed for validity 
and converted into a parallel code. Because the MM53126 
generates a continuous stream of pulse packages during 
key depression, a form of debouncing was also needed 
on the input so only the first packet was decoded as an 
instruction. 

1~1-2T ~ 200"'-1 

- 1-10 ", 

JlJL=JL 
Figure.4. Pulse· Position· Modulation (PPM) Timing 

LSB MSB LSB MSB 

AOA1 A2A3000102 03 0405 

1111111111 
3T 1+1 1 I 1 11 1+1 1 I 1 I 1 lui 3T I 

1 l l_AooREss_l_coNTRoL_1 1 
BITS BITS 

PRE· START STOP 
PULSE 

Figure 5. Format of Remote Control Signal 0111001110 

The keyboard routine scans the key contacts by sweep
ing a logic low through the column outputs and checking 
for a resulting low on the row inputs. Once a key closure 
is sensed, it is converted into a unique 1 of 16 code and 
acted upon. It must then be released 64 milliseconds 
before a new key may be processed. 

The last major routine shown only as a function block in 
the flowchart is the MM5450 display interface routine. 
In preparation to passing segment data to the 5450, the 
COP420 must first convert each digit of the channel num
ber into its seven-segment display equivalent and place 
that information in a buffer. The final part of the display 
routine is simply serializing that buffer along with a start 
bit to the MM5450. 

As previously stated, the COP420 has 64 digits of scratch
pad RAM. Well designed data structures within this RAM 
will optimize overall program efficiency. With this in 
mind, the CTC structures were defined and assigned to 

particular positions in memory. Table 1 breaks down the 
program data structures and lists the number of 4-bit 
digits needed for each. RAM efficiency for this program 
was 39/64 or approximately 60 percent. 

Table 1. CTC RAM Allocation 

Digits 
Data Description Used 

PLL Code and band data 5 

Display and PLL word area 5 

Remote input buffer 13 

Remote command buffer 3 

DIA mirror values 6 

Current channel 2 

Channel storage 2 

Flags 2 

Key decoding 2 

Misc. 2 

Total 39 

Listed in Table 2 are the major routines in the low-end 
CTC program and their respective ROM usage. ROM effi
ciency in this case would be 780/1024 or 76 percent. 

Table 2. CTC ROr5' Allocation 

Bytes 
Routine Description Used 

Initialization 50 

PLL code calculation 80 

Increment, decrement, PLL 110 130 

Remote input 80 

Remote input decoder 20 

Keyboard 100 

MM5450 display 50 

7-segment look-up table 10 

Channel check 20 

Slew control 40 

PLL fine tune 20 

Instruction decoding and main loop 180 

Total 780 

Conclusions 
A COP420 has been shown to be ideal in performing the 
functions of a low-end television controller. Manufactur
ers integrating COPS devices into their television receiver 
designs would benefit from cost and capability advan
tages. Due to the fact that ROM and RAM are under uti
lized in the software described, it would be logical and 
cost-effective from a product viewpoint to expand the 
low-end concept and take full advantage of the COP420 
by incorporating mid-range features into the controller 
software. Conversely, a lesser member of the COPS 
family could perform a subset of the functions pre
sented in more cost-driven applications. 
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Design Considerations for a 
COP420C·Based Telephone-Line 
Powered Repertory Dialer 

National Semiconductor 
COP Note 3 
Chris Stacey 
August 1980 

Introduction 

The COP420C is a CMOS member of the COPSTM low· 
cost microcontroller family. Its port flexibility and low 
power consumption make it an ideal controller for vari· 
ous functions which are attractive for a "smart" 
telephone set, capable of being powered from the tele· 
phone line. 

Figure 1 illustrates a repertory dialer phone with a Ii· 
brary of fifteen frequently used numbers, (plus the last 
number dialed) stored in a standard CMOS RAM. A 
push·button keyboard, scanned directly by the COP420C, 
enables telephone numbers to be keyed in and dialed 
out directly or a telephone number to be stored in the 
RAM and dialed automatically. An abbreviated code can 
be used for store access or separate keys provided for 
individual stored numbers. Either series or shunt mode 
loop·disconnect Signalling can be generated with soft· 
ware routines under control of the internal timer. 
Alternatively, the system can control a dual tone multi· 
frequency generator. An expandable LCD display is also 
provided, using drivers interfaced via the COPS serial 
port. Features such as a real time clock, call timing, 
alarm and calculator can readily be added, either in 
software or with low·cost peripheral devices. 

ON-HOOK POWE '......, 

" I" '" ( I 

The circuitry shown can operate on a single supply rail 
as low as 3V, consuming only 1 mA of current in the off· 
hook fully operational state. If necessary, this can be reo 
duced as low as 200"A during loop Signalling. In the on· 
hook condition a bias current of typically only 10nA is 
required by the CMOS RAM to retain data. 

To optimise the design, both hardware and software 
should be considered together. 

The first task is to define the desired sequence of 
events, construct a flow chart and plan the store and 
COP420C RAM maps. A protocol similar to the follow· 
ing could be used: 

1. A CMOS RAM is mapped into blocks each storing a 
16·digit number. There are 16 such blocks in this 
example (numbered 0·15). Digits are stored in BCD 
format. 

2. A code is defined to be keyed in so that numbers to 
be written to .or read from the store can be dif· 
ferentiated from numbers for direct dialing. For 
example, using a 3 x 4 keyboard: 

OFF· HOOK POWER 

- -

I~ -DIAL PULSE LCD DISPLAY r- QUTPUTOA 
SPARE 

r1 L1 
Vee WE eEL 51 -=- Go G1 G2 G3 Vee Voo Voo 

GNO 
A7 17 so ------ t-
AO 16 SI-

DATA DATA 

A5 L5 SK ------ r0-
M L4 RESET t--- OK OK 

MM74C921 A3 La 

~r:: := BPor-- BPI BPO 
~ CES A2 l1 

A1 11 CKG ~ OSC MM5452 r- OSC MM5452 

~ GNO AO LO 

04 03 02 01 COP420C ~r := 
CK! 

~ f-
GNO Vss t- Vss 

CE 

.~ I 
CE 

IN1 
IN2 KEYBOARD.J:.: 

IN3 -

~ 
Do D, D2 03 I ,. L 

-=- vl° GNO 

R4 113 R2A1 

CJ MM53130 
(OPTIONAL) 

Vss 

.J,.J J 
MUTE TONE 

OUT 

Figure 1. COP420C Telephone·Line Powered Repertory Dialer 
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HEX START ADDRESS ADDRESS SEQUENCE 

16 DIGITS BLOCK 0 

I 

(LAST DIALED 
NUMBER) 

BLOCK 1 

Er 

00 

10 

FO 

o 0 0 0 
o 0 0 0 

o 0 1 1 1 1 
00010000 

1 1 1 1 1 
1 1 1 0 o 0 

1 1 1 1 1 1 1 1 

Figure 2. 256 x 4 CMOS RAM· Map 

a) to direct dial a number and enter it into store block 
o (last number dialed): nnn ... n 

b) to automatically dial a number stored in block 
number 'b': *b 

c) to dial a number and write it into store block 'b': 
nn ... n#b 

d) to enter a number into store block 'b' without 
dialing out: #nn ... n#b 

Note that, if there are less than 16 digits in a tele
phone number, it is necessary to identify the last 
digit, so that dialing stops at the correct stage. This 
is conveniently done by using the #b to add a unique 
code (e.g., 1111) in the memory location after the last 
digit. Then a test is made for this "stop" code prior to 
dialing out each digit. 

3. One 16 x 4 bit register in COP420C RAM(B) is 
allocated to temporary storage of the telephone 
number to be processed (say register 0), and two 
pOinters are also set up in one of the other registers. 
One pOinter stores the "nibble" location in register 0 
where the next digit (entered from keyboard or store) 
is to be written into RAM(B); the other stores the 
"nibble" location in register 0 of the digit currently 
being dialed out. After dialing out each digit, these 
write and read pointers are compared to determine if 
there are further digits to be dialed. 

4. For block lengths of 16 digits, the storage block 
number 'b' (expressed in four bit binary e.g., b4b3b2b1) 
conveniently becomes the four most significant bits. 
of the store address of each digit of a telephone 
number, as shown in Figure 2. 

For storage of telephone numbers in block lengths other 
than 16 digits this method does not allow the maximum 
packing density of the memory to be achieved. For 
better efficiency a look-up table should be created in 
COP420C ROM. This lists the memory addresses of the 
first digit of each telephone number. The block number 
'b' can then be used as the four least significant bits of 
the ROM table location containing the address of the 

. first digit of block 'b' in the store. This block start 
address is then fetched from ROM using the lOID in
struction, followed by COMA. The addresses of subse
quent digits in a number are easily computed by 
incrementir,g the start address. 
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CMOS Ram Interface 
A 256 x 4 bit CMOS RAM is well suited to the COP420C 
arChitecture; and provides conveniently organized stor
age for 16 telephone numbers of 16 digits each, or 
similar multiples. The 8 bit bi-directional, TRI-STATE® 
l-port on the COP420C directly drives the RAM address 
inputs. Several.options are available for interfacing to 
the RAM data input and output ports. A particularly eco-

. nomic solution is available using the 18 pin MM74C921 
CMOS RAM, which has common data I/O and three 
control lines rather than the usual two. This enables the 
RAM DATA-OUT drivers to be tri-stated during both read 
and write operations. Thus the DATA-IN/OUT port can 
be multiplexed on the COP420C L-port without bus con
tention when the l-port drivers are driving the bus. The 
RAM data port is connected to l4-l7, which is more con
venient than lO-l3 when using the INL instruction to 
read data from the store. The data is read directly into 
the RAM(B) location pOinted to by Bd. 

Outputs GO, G1 and G2 are used here to drive the 
MM74C921 store control lines, although any of the G or 
D outputs could be used. 

To address the store, DATA-OUT is tri-stated by taking 
CEl high, so that the l-port output drivers control the 
bus. The address is strobbed into the RAM under ST 
control, then the address is removed enabling the bus to 
be used for data transfer. Option 00 should be chosen 
for all l outputs so that the L-port can be tri-stated 
during a store read operation - the RAM data outputs 
will drive the bus. 

An example routine to write a digit into the store, with 
correct timing, is shown In List 1. To read a number from 
store into the COP420C internal RAM(B) takes, typically 
30 instruction cycles per digit, or 480 cycles for a 16-digit 
number. This takes approximately 32ms with a 480kHz 
clock, divided by 32 option (using a 455kHz low-cost ce 
ramic resonator in anti-resonant mode). Thus, for abbre
viated dialing, a complete number can be read from store 
without significant delay to the start of loop signalling. 

For on-hook data retention it is necessary to power the 
store RAM from a back-up battery or via a 10 MQ resistor 
from the telephone line side of the hookswitch. The 
transistor inverters on the MM74C921 control inputs 
ensure that stored data is not corrupted as the 
COP420C powers up or down under hookswitch control. 
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Pull-down resistors on the address inputs are also 
recommended to ensure that these inputs do not "float" 
between the guaranteed input logic levels and cause 
increased current consumption_ 100kohms minimum 
must be used for circuit operation down to 3 V_ Contact 
your National Semiconductor representative for further 
assistance on operating the MM74C921 at reduced 
supply voltages (3 to 5 V). 

Memory Expansion 
Larger memories, for example a 1 K x 4 CMOS RAM, can 
be used by adding latches which are loaded with the 
additional address line information via the L, D or G 
ports. Alternatively, the COP451 RAM Interface Chip 
generates address capability for 1-bit wide RAMS up to 
8 K bits. Store data is organized in 64 bit blocks accessed 
via the COP420C SIO port, leaving the L port free for 
peripheral chip selects or other functions. 

COP499 CMOS RAM Solution 

An alternate scheme, particularly attractive for smaller 
stores, is to use the COP499 256 bit CMOS RAM with 
power-down control switch. The RAM is organized as 
four registers, each of 16 4-bit "nibbles," enabling one 
16 digit (or two 8 digit) telephone numbers to be stored 
per register. 

Data transfer between COP420C RAM registers and the 
store is via the SIO port, at a rate of one bit per instruc
tion cycle. Thus a typical search and read of a 16 digit 
telephone number takes only a few milliseconds in this 
system. 

Keyboard Interface 
The keyboard interface depends on whether separate 
keys are tobe provided' for each stored telephone num
ber or an abbreviated code is used to address a number 
within a block in the store. The latter method is illus
trated here, lIsing a 3 x 4 single-contact keyboard. 
COP420C outputs D1-D3 are used to scan the columns, 
and the rows are read by inputs INO-IN3. 

Keyboards as large as 8 x 4 can be directly interfaced by 
multiplexing the scan on the 8-bit L-port. In this case, 
each scan line must be diode isolated from other 
peripheral devices on the L-port to ensure that multiple 
key closures cannot corrupt data intended for the 
peripheral. Separating the keyboard from the store 
interface, as shown here, simplifies keyboard monitoring 
during loop signalling routines. 

Methods of keyboard scanning, debounce and decoding 
are well documented with software listings, in the 
COPS™ Family User's Guide, Section 5.3. As keyboard 
routines are usually the most frequently used of all 
repertory dialer functions, every effort should be made 
to maximize their efficiency. For minimum COP420C 
clock frequency, hence minimum supply current, 
keyboard scan intervals and debounce times must be as 
long as possible. Keypads with adequate hysteresis can 
accept scan intervals as long as 15 or even 20 
milliseconds, with only two consecutive scans of a key 
required for validation. 
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Loop-Disconnect Signalling 
The design thus far has left pins DO and G3 still available 
for use as outputs dedicated to driving interface circuits 
to make and break the loop current at 10 (or 20) pulses
per-second, and to mute the receiver during outpulsing. 
These outputs are controlled by software timing routines 
which generate 60 and 40 millisecond delay loops for a 
1.5:1 break/make ratio, or 67 and 33 millisecond delays 
for a 2:1 break/make ratio. An inter-digit pause interval of, 
typically, 800 milliseconds is also required. 

The easy method of writing these delay routines is to 
set up loop count constants which are incremented 
after a fixed number of instruction cycles. These 
instruction cycles are, of course, put to good use by 
including keyboard, display or other routines (taking 
care that no conditional jumps are included which 
might vary the loop length or, worse still, cause an exit 
from the loop). NOP (No Operation) Instructions may be 
necessary to achieve the desired loop length, although 
they do waste valuable ROM space. The oscillator fre
quency, loop constant and loop length should be 
calculated together to obtain the desired delays with 
maximum programming efficiency. 

Several other timing methods are described in the 
COPSTM Family User's Guide, Section 4.5_ 

These timing schemes are generally implemented with 
the COP420C running at normal speed and current con
sumption. As such they are particularly suitable for 
series mode pulse dialers, where the pulsing loop in· 
eludes the resistance of the speech network. Some spe· 
cifications, however, impose additional constraints, such 
as requiring the pulsing element to shunt the speech net
work. This results in virtually no voltage available at the 
telephone terminals to supply the dialer during loop 
make periods. In addition, the loop current during a loop 
break period may be specified to not exceed a certain 
value, sometimes as low as 200 microamps. 

Solutions to both of these problems involve careful 
power supply design, using a capacitor to maintain 
power to the circuit during dialing interruptions. The 
current consumption must therefore be reduced to a 
minimum by using the slowest possible instruction cy
cle time consistent with the execution of the real-time 
routines, such as keyboard scanning and signalling. 

A method of further reducing COP420C current con
sumption during dialing is to use the idle mode and on
chip timer to generate loop make and break timing rou
tines. For example, for a 2:1 break/make ratio at 10pps a 
timing loop is set up consisting of 8192 clock cycles, 
which is the period of the COP420C timer. With an oscil
lator frequency of 480 kHz, divided by 32 as before, the 
timing loop length turns out to be 17.07 milliseconds. 
This is an adequate interval between keyboard scans, 
and four such loops can provide a 68_24 millisecond 
loop break period. The oscillator frequency can be 
changed to provide other loop break periods. 

Figure 3 illustrates this method. 

A digit train is started by setting the MUTE output and 
timing a pre-pulsing pa'use if required. Before starting 
the first break period, an IT, (Idle till Timer) instruction is 
executed in order to synchronize the break period with 
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I 
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1. TIMER OVERFLOWS 
2. COP420C WAKES UP 
3. SCANS KEYBOARO 
4. INCREMENTS BREAK LOOP COUNT 
5. CHECKS IF END OF BREAK 
6. RETURNS TO IDLE MODE 

Figure 3. Loop Break Period Timing Using Idle Mode 

the start of the 8192 cycle timer'. When the timer over· 
flows, the COP420C wakes up and starts the break 
period timing routine, which will count four 17.07 milli· 
second timed loops. Then a loop count of Hex C (12) is 
set in RAM (B) and the DO or (G3) output set to the loop 
break state. After another scan of the keyboard the IT 
instruction puts the COP420C into the low power mode 
for the remainder of the 8192 clock cycles. 

When the timer next overflows, the COP420C wakes up, 
scans the keyboard and then interrogates the loop 
count to see if the end of the break period has arrived. If 
not, the loop count is incremented by one and another 
IT instruction puts the COP420C into the low power 
mode for the remainder of the Timer period. 

After four of these loops, i.e. 68.24 milliseconds, the 
loop count is Hex F, and therefore overflows and sets 
the carry when incremented. A Skip on Carry (SKC) 
instruction then exits the break period timing routine 
and enters a loop make period routine of two 17 milli· 
second timed periods. 

Timing routines such as this, using the idle mode, reduce 
the COP420C mean 100 current by typically 50%. As no 
code is executed during idle mode timing, operations 
such as memory access and display updating are insert· 
ed during inter·digital pauses. For larger systems; which 
may require too many real time routines to enable idle 
mode timing to be used, a dual clock option is available. 
The DO output becomes a fast RC controlled oscillator 
for executing most routines, then for accurate timing at 
reduced power consumption the CKO oscillator is used 
with a low frequency crystal, e.g., a 32 kHz watch crystal. 

The several timing methods available on the COP420C 
enable a wide variety of system configurations to be 
designed which can satisfy all the constraints of a tele· 
phone line·powered pulse dialer. 

Dual-Tone Multi-Frequency Signalling 
The standard form of fast 2·of·8 tone signalling is easily 
implemented by adding a device such as the National 
Semiconductor MM53130 Touch Tone™ generator to 
the L port. This device, which normally directly scans 
the keyboard itself, has a pin selectable option to 
accept binary coded data on the four row inputs. It is 
shown in Figure 1 connected to outputs Lo·L3. Timing 
loops, generated in the same way as those for pulse 
dialing, control the duration of output tone generation 
by connecting the Tone Disable pin to the COP420C DO. 
output. 

The MUTE function is generated by the MM53130 itself, 
so that G3 becomes available for use as a general pur· 
pose bidirectional 1/0 pin. Possible uses include read· 
ing a strap to logic "1" or "0" to determine whether par· 
ticular facility routines are required; raising a status 
indication (following on·hook dialing, for example); or 
chip·enable for some additional peripheral device. 

Display 
Recent improvements in liquid crystal display technol· 
ogy, together with new integrated driver circuits, make 
LCD a suitable choice for a reliable low·power display. 
This enables not only the dialed number to be dis· 
played, but also the addition of facilities such as clock, 
timer and calculator if desired. 

Low cost drivers for both multiplexed and direct displays 
are easily added to COPSTM systems using the MICRO· 
WIRETM interface. This uses the SIO register and SK 
output to serially clock data into various peripheral 
devices. The COP472 display driver, for example, 
decodes serial display and control data and provides 
multiplexed drive for 12 segments on each of 3 back· 
planes e.g. 4112 digits. 
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While multiplexed LCD's work well in 5 to 12V systems, 
reduced contrast at lower voltages tends to make direct 
drive preferable. For operation down to 3 V in this system 
the MM5452 32 segment driver is used. Like all MICRO
WIRETM compatible peripherals, mUltiple devices can be 
cascaded by providing each with a separate CHIP 
ENABLE line for unique addressing. The desired CHIP 
ENABLE is taken low prior to Clocking in 32 bits of data 
(one per segment) plUS four additional clock pulses for 
internal control. No further action is required until it is 
desired to change display data, as display refreshing is 
independently controlled by the on-chip oscillator. Fur
thermore, because Clock and data are internally gated 
together in the MM5452 the CHIP ENABLE inputs can be 
mUltiplexed on the COP420C L-port provided the SK 
Clock is kept at static logic '0' when not updating the dis
play. Thus, up to 8 display drivers or other peripherals 
can be driven via the MICROWIRETM interface without 
the need for additional decoders. 

COP CROSS ASSEMBLER 
REPEX 

1 

PAGE: 1 

. TITLE REPEX 

Conclusion 
Many other variations are possible on the repertory dial
er scheme presented here. Call timing routines can be 
added; so can a real time .clock if an on-hook power 
source is available; strapping fields for option selection 
can be read via the serial input SI, or can be mUltiplexed 
on the L·port. The L-port, in particular, is seen to be 
extremely flexible both in hardware and software capa
bility, enabling a minimum device count system to be 
built without the need for 1/0 expanders. Use of the on
chip timer enables all the specifications for a telephone 
line powered repertory dialer to be met. If local power is 
available, the NMOS versions of the COPS™ family can 
also be considered. 

Where mounting space is a problem, National Semicon
ductor can offer a low-cost custom module SOlution, 
whereby the devices are attached in die form to a circuit 
board, along with the display. Consult your local Nation, 
al Semiconductor Sales office for details. 

2 ; EXAMPLE RqUTINE TO WRITE THE DIGIT IN REGISTER 0, 0 
3 ; INTO THE FIRST ADDRESS SPACE IN STORE BLOCK 1. 
4 ; TELEPHONE NUMBERS OF 20 DIGITS ARE CHOSEN TO 
5 ; DEMONSTRATE THE USE OF A LOOK·UP TABLE TO GENERATE 
6 ; THE START ADDRESS. THUS, BLOCK 1 START ADDRESS IS 
7 ; HEX 15, WHICH WILL BE STORED IN A LOOK·UP TABLE 
8 ; BEGINNING IN ROM LOCATION OF1 (MUST BE IN SAME 4 
9 ; PAGE SEGMENT OF ROM) 

10 
11 
12 000 00 WRITE: CLRA 
13 001 3350 OGI 0 
14 003 2E LBI 2,15 ; POINT TO BLOCK NO. IN RAM (B) 
15 004 5F AISC 15 ; LOAD F INTO ACCUMULATOR 
16 005 BF LOID ; CONTENTS OF F1 PUT IN 0 
17 006 2D LBI 2,14 ; WANT ADDRESS COPIED IN RAM (B) 
18 007 332C COMA ; ADDRESS UPPER NIBBLE IN 2, 14 
19 009 2C LBI 2,13 
20 OOA 06 X ; ADDRESS LOWER NIBBLE IN 2, 13 
21 OOB 3364 LEI 4 ; ADDRESS OUT TO 74C921 
22 OOD 3357 OGI 7 ; ST, WE, CEL GO LO 
23, OOF . 2320 LDD 2,0 ; PUTS FIRST DIGIT IN ACC 
24 011 333C CAMO ; DIGIT OUT TO 74C921 DATA PORT 
25 013 3350 OGI 0 ; DATA STROBED IN 
26 015 3360 LEI 0 ; TRI STATE L 
27 00F1 . =X'F1 
28 OF1 i5 .wORD X'15 
29 . END 
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The COP444L Evaluation 
Device 444L·EVAL 

The 444L·EVAL is a preprogrammed COP444L intended 
to demonstrate operating characteristics and facilitate 
user familiarization and evaluation of the COP444L and 
the COPSTM family In general. 

The 444L·EVAL has two mutually exclusive operating 
modes: an up/down counter/timer or a simple music syn· 
thesizer. The state of pin L7 at power up determines the 
operating mode. 

1. The 444L·EVAL as a Simple Music 
Synthesizer 

Figure 1 Indicates the connection of the 444L·EVAL as a 
simple music synthesizer. As the diagram Indicates, the 
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OSCILLATOR 
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'-SO' ~ 0 *~.' ~ ~ 
SUGGESTED OSCILLATOR CIRCUITS 

CRYSTAL NETWORK RECOMMENDED FOR 
ACCURACY AND STABILITY 

National Semiconductor 
COP Note 4 
Leonard A. Distaso 
February 1981 

connections required for operation are minimal. The 
oscillator may be a crystal circuit using CKI and CKO; 
an external oscillator to CKI; or an RC network using 
CKI and CKO. As should be expected, the crystal circuit 
provides the greatest frequency stability and precision. 
The RC network will provide an acceptable oscillation 
frequency but that frequency will be neither precise nor 
stable over temperature and voltage. The external 
OSCillator, of course, is as good as its source. The fre· 
quencies for the various notes and delay times are set 
up assuming that the oscillator frequency is 2MHz. 
Three modes of operation are available in the music 
synthesizer mode: playa note; play one of four stored 
tunes; or record a tune for subsequent replay. 

DO 
28 

01 
27 

02 
26 

03 
25 

C G' % 
19 Y Y Y 

INO 
C· A V. 

Y Y Y 
IN1 

D F' A' 't. 

10 Y y y y 
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D' G B 1 

20 Y Y Y Y 
IN3 u L STDRE 

16 Y Y y 
SI 

\~ 
SHIFT 

SPEAKER 

o-JDJ--- Vec 
-= 

PIEZO·CERAMIC 
TRANSDUCER 

Figure 1. 444L·EVAL as simple Music Synthesizer 
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1.A. Playa Note 
Twelve keys, representing the twelve notes in one 
octave, are labeled "C" through "B". Depressing a key 
causes a square wave of the corresponding frequency 
to output at GO. The user may drive a piezo·ceramic 
transducer directly with this signal. With the appropri
ate buffering, the user may use this signal to drive any
thing he wishes. A simple transistor driver is sufficient 
.\0 drive a,small speaker. The user can be as simple or as 
complex as he desires at this point - e.g. he can do 
some wave shaping, add an audio amplifier, and drive a 
high quality speaker. 

The 444L-EVAL has a range of two and one·half octaves: 
the basic octave on the keyboard (which is middle C and 
th,e 11 notes above it in the chromatic scale), one full 
octave above the basic octave and one·half octave 
below ~he basic octave. The notes in the basic; octave 
are played by depressing the appropriate key (one key at 
a time - the keyboard has no rollover provisions). A 
note In the upper octave is played by first depressing 
and releasing the U SHIFT key and then depressing the 
note key. Similarly, a note in the lower one-half octave is 
played by first depressing and releasing the L SHIFT 
key and then depressing the note key. Two other shift 
keys are present: UPPER and LOWER. All notes played 
while the UPPER key is held down will be in the upper 
octave. Similarly, notes F# through B when played while 
the LOWER key is held down will be in,the lower one
half octave. The lower octave notes C through F are not 
present and depressing any of these 6 keys while the 
LOWER key is held down or after depressing the L 
SHIFT key will play the note in the basic octave. 

1.8. Play Stored Tune 
The 444L-EVAL can play four preprogrammed tunes. 
Depressi'ng PLAY followed by"'Ia", "'14", "V .. •• or "1" will 
cause one of these tunes to be played. The tunes are: 

PLAY 1 - Music Box Dancer 
PLAY Yo - Santa Lucia 
PLAY '14 - Godfather Theme 
PLAY'Ia - Theme from Tchaikowsky 

Plano Conc,erto #1 

1.C. Record A Tune 
Any combination of notes and rests up to a total of 48 
may be stored in RAM for later replay. A note is stored 
by depressing the appropriate keyes). followed by the 
duration of the note ('f" note. 'Ia note. 3f.. note. '14 note. % 
note. Yo note. 3A note. whole(1) note). followed by 
STORE. A test is stored by selecting the duration and 
depressing STORE. The rests or durations of 'f, •• 3f. •• %, 
and % are obtained by first depressing L SHIFT and 
then 'Ia. '14. Yo. or 1 respectively. When the tune is com
plete press PLAY followed by STORE. The tune will be 
played for immediate audition. Subsequent depression 
of PLAY and then STORE will play the last stored tune. 

'Only one tune may be stored. regardless of length. 
Attempts to store a new or second tune will erase the 
previously stored tune. There are no editing features in 
this mode. (In a "real system"- of this type some form of 

editing would be desirable. lI,would not be difficult to 
add editing features.) 

NOTE: The accuracy of the tones produced is a 
function of the oscillator accuracy 'aRti 
stability. The crystal oscillator, or an 
accurate, stable external asci lIator i,s 
recommended . 

2. The 444L·EVAL as an Up/Down 
CounterlTlmer 

By connecting pin L7 to Vee and providing power and 
oscillator the 444L-EVAL functions as an 8 digit 
binary/BCD up/down counter. In addition, an approxi· 
mate 1 Hz signal is produced by the device. The 
444L-EVAL can drive a single digit LED display directly. 
With the appropriate driver (COP472, COP470, 
MM5450/5451) the device can drive a 4 digit LCD, VF, or 
LED display. Any combination of these displays can be 
connected at any given time. 

The binary/BCD and up/down modes are controlled by 
the states of input pins INO and IN2 as indicated below: 

INO=1 (Default state) ~ BCD counter 
INO = 0 - Binary Counter 
IN2 = 1 (Default state) - Count Up 
I iii 2 = 0 - Count Down 

The up/down control may be changed at any time. 
Changing the binary-BCD control during operation clears 
the counter before counting begins in the new mode. 

Pins G2 and G3 provide display control to the user. He 
can choose to view either the most significant 4 digits 
of the counter or the least significant 4 digits of the 
counter. Further, the user can disable the update of the 
4 digit displays. The controls are as follows: 

G2 = 1 (Default state) - Enable update of 4 digit 
displays ' 

G2 = 0 - Disable update of 4 digit 
displays 

G3 = 1 (Default state) - Display least s,ignificant 4 
digits of counter 

G3 = 0 - Display most significant 4 
digits of counter 

The single digit LED display displays the least signifl· 
cant digit of the counter. (Note, the direct drive 
capability for the single digit LED display refers to a 
small LED digit - NSA1541A, NSA1166, or equivalenl.) 

2.A. 110 Mode 
The 444L-EVAL has the capability to allow the user to 
read or write the 8 digit counter through the L port. In 
the I/O mode, the single digit LED display is disabled. 
The 4 digit displays are not affected. In this mode pins 
DO and IN3 are used for the handshaking sequence. DO 
is a ReadylWrite signal from the 444L-EVAL to the 
outside; IN3 is a Write/Acknowledge from the outside to 
the 444L-EVAL. Data I/O is via LO-L3 with LO being the 
least significant bit. Data is standard BCD for the BCD 
counter mode or standard hex for the binary counter 
mode. The digit address Is on pins L4-L6 with L4 being 
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4 DIGIT 
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(EPSOM 
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OR EQUIV.) 

SI IN1 SK SO GNO 

COUNT IN 

VOO (DISPLAY VOLTAGE) 

VLEO 

VCC 

Figure 2_ 444L-EVAL in Counter Mode 

the least significant bit. Digit address 0 is the least 
significant digit of the counter; digit address 7 is the 
most significant digit of the counter_ The 1/0 modes are 
controlled by pins GO and G1 as follows: 

GO G1 
o 0 

o 

o 

Output data with handshake, single 
digit LED off 
Input data with handshake, single 
digit LED off 
Auto output, no handshake, single 
digit LED on 
Default condition, No 1/0, single digit 
LED displays least significant digit of 
counter 

2.A.1. Output Data with Handshake 

With this mode selected the 444L-EVAL will output data 
with a handshake sequence. Note that the outputting of 
data is relatively slow as the device is counting and 
updating displays between successive digit outputs. 

Before data is output, or the next digit of the counter is 
output, the 444L-EVAL must see IN3 (Acknowledge or 
ready from the external world high). The ReadylWrite pin 
(DO) is assumed to be high at this point. With DO high 
and IN3 high, the device will output the data and digit 
address. After the data and address are output, the DO 
line - functioning as a write strobe here - goes low. 
The 444L-EVAL then expects the signal at IN3 to go low 
indicating that the external world has read the data. 
When the device sees IN3 go low, DO will be brought 
high indicating that the sequence is ready to repeat as 
soon as IN3 goes high again. The counter digits are out-
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put sequentially from 'Ieast significant digit (digit ad
dress 0) through most significant digit (digit address 7). 
The sequence will continuously repeat as long as this 
mode is selected. 

2.A.2. Input Data with Handshake 

The 444L-EVAL will take data supplied to it and load the 
counter. The sequence is similar to that described 
above for the output mode. The external device(s) 
supplies both the data and the digit address where that 
data is to be loaded. 

When sending data to the 444L-EVAL, the external cir
cuitry must test that the device is ready to receive data 
(DO high). Then the data and address should be 
presented at the L port. Then the Write signal (IN3) 
should be driven low. The 444L-EVAL will read the data 
and then drive DO low. When DO goes low, the external 
circuitry should bring IN3 high. After IN3 returns high, 
the 444L-EVAL will signal it is ready to receive data by 
sending DO high. Note that this sequence is relatively 
slow. The 444L-EVAL is performing several operations 
between successive read operations_ 

2.A.3. Automatic Output Mode 

In the automatic output mode, the single digit LED is 
on. It is not displaying the least significant digit of the 
counter in this mode. The display is on so that the user 
can connect this LED digit, select the automatic output 
mode, and observe the states of the L lines without hav
ing to put more sophisticated eqUipment or circuitry 
external to the 444L-EVAL Segments a through dare 
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pins LO through L3; segments e, f, g are pins L4, L5, and 
L6. Thus the user can observe the digit address changing 
and observe the corresponding data. 

In this mode, the state of pin IN3 is Irrelevant. The 
444L·EVAL sequentially outputs the digits of the coun· 

OUTSIDE READY 

I 
IN3 

(ACKNOWLEDGE) 

DATA X & 
ADDRESS 

Do I \ DATA INVALID 
(WRITE STROBE) . 

ter. DO goes high when the data and address is being 
changed. DO goes low when the data is valid. As in the 
other 1/0 modes, the process is slow. There is about 4 to 
5 milliseconds between the successive digit outputs. 

OUTSIDE 

DATA AODRESS 
/READY 

~2 
RECEIVED / / 

:: >C 
OATA, ADORESS 

/ \ /VALID 

Ie DATA INVALID 

Figure 3A. Relative Timing - Output Handshake 

COP READY 

/ 
DATA ( 

/RECEIVED 

ADO::;i ______ ~;>c~ ________________________ ~:~------------J)(~-------
IN3 

(WRITE STROBE) 

WRITE 

\ I (DATA VALID) J 
""""'--'--------cl 

Figure 3B. Relative Timing - Input Handshake 

DO ____ ~/ \ DATA 
INVALIO 

AOD::;i _______ -JX~ ________________ _i:>:(_-----JX~-------------
Figure 3C. Relative Timing -Automatic Output 
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3. Selected Options 
The 444L-EVAL has the following options selected: 

GND Option 1 =0 
CKO Option 2 =0 CKO is clock generator 

output to crystal 
CKI Option 3 =0 CKI oscillator input divide by 

32 
RESET Option 4 =0 Load device to Vce on RESET 
L7 Option S =0 Standard output on L7 
L6 Option 6 =2 High current LED direct 

segment drive on L6 
L5 Option 7 =2 High current LED direct 

segment drive on LS 
L4 Option 8 =2 High current LED direct 

segment drive on L4 
IN1 Option 9 =0 Load device to Vee on IN1 
IN2 Option 10=0 Load device to Vee on IN2 
Vee Option 11 = 1 4.S V to 9.S V operation 
L3 Option 12=2 High current LED direct 

segment drive on L3 
L2 Option 13=2 High current LED direct 

segment drive on L2 
L1 Option 14=2 High current LED direct 

segment drive on L1 
LO Option 1S=2 High current LED direct 

segment drive on LO 
SI Option 16=0 Load device to Vce on SI 
SO Option 17=2 Push-pull output on SO 
SK Option 18=2 Push-pull output on SK 
INO Option 19=0 Load device to Vee on INO 
IN3 Option 20=0 Load device to Vce on IN3 
GO Option 21 =0 Very high current standard 

output on GO 
G1 Option 22=2 High current standard output 

on G1 
G2 Option 23=4 Standard LSTTL output on G2 
G3 Option 24=4 Standard LSTTL output on G3 
D3 Option 2S=0 Very high current standard 

output on D3 
D2 Option 26=0 Very high current standard 

output on D2 
D1 Option 27=0 Very high current standard 

output on D1 
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DO Option28=0 Very high current standard 
output on DO 

Option 29=0 Standard TTL input levels on 
L 

Option 30=0 Standard TTL input levels on 
IN 

Option 31 =0 Standard TTL input levels on 
G 

Option 32=0 Standard TTL input levels on 
SI 

Option 33= 1 Schmit! trigger inputs on 
RESET 

Option 34=0 CKO input levels, not used 
here 

Option 35=0 COP444L 
Option 36=0 Normal RESET operation 

4. Conclusion 
The 444L-EVAL demonstrates much of the capability of 
the COP444L. It does not indicate the limits of the 
device by any means. The 1/0 features were included to 
demonstrate that capability. The fact that they are slow 
is due strictly to the program. If such 1/0 capability were 
a necessary part of an application it could be 
accomplished much much faster than was done here .. 
The counter modes are quite versatile and are generally 
self explanatory. It was fairly easy to provide a counter 
with the versatility of that included here. The music syn
thesis mode demonstrates clearly the program effi
ciency of the device. 

The 444L-EVAL is intended for demonstration. There is 
no question that aspects of its operation could be 
improved and tailored to a specific application. It is 
unlikely that this particular combination of features 
would be found in anyone application. It is also interest
ing to note that the program memory in the device is not 
full. There is still a significant amount of room left in the 
ROM. This should serve to make it clear that the 
capabilities of the device have not been stretched at all 
in order to include these demonstration functions. 
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I. Introduction 
COPSTM microcontrollers will operate with a wide 
variety of oscillator circuits. This paper focuses on two 
of the oscillator options available on COPS 
microcontrollers: the internal RC oscillator, and the 
crystal or inverter oscillator. The typical behavior of the 
RC oscillator with temperature and voltage (and typical 
values of Rand C) is documented. For the crystal or 
inverter option, circuit configurations (RC, RL, RLC, R, 
LC, L) are presented- which will allow the micro
controller to operate properly without the use of 
ceramic resonator or crystal. 

The data contained here was obtained from a number of 
devices picked at random from production runs. The 
passive components used were inexpensive, un
compensated devices: standard carbon resistors, 
ceramic or foil capacitors, and air core or iron core 
inductors. To provide reasonably clear data on the char
acteristics of the microcontroller itself, no attempt at 
compensation for the external components was made. 

National Semiconductor 
COP Note 5 
February 1981 

II. RC Oscillator Option 
With the RC oscillator option selected, the graphs in 
Figures 1 through 6 indicate the variation of the instruc
tion cycle time of the microcontroller with temperature 
and voltage. Typical Rand C values, as recommended in 
the respective device data sheets, were used. The 
graphs are composite graphs reflecting the worst case 
variations of the devices tested. Therefore, the graphs 
show a percentage change of the instruction cycle time 
from a base or reference value. Where the results are 
plotted against voltage the reference is the value at 
Vcc=5 volts. Where the results are plotted against 
temperature, the reference Is the value at T = 20·C. A 
positive percent variation indicates a longer instruction 
cycle time and therefore a slower oscillator frequency. 
Similarly, a negative percent variation Indicates a 
shorter instruction cycle time and therefore a faster 
oscillator frequency. 

The measurements were taken by holding the RESET 
pin of the device low and measuring the period of the 
waveform at pin SK. In this mode the SK period is the 
instruction cycle time. The oscillator frequency is given 
by the following: 

4 
frequency = SK period 

Measurements were taken at temperatures between 
-40·C and +85·C and at Vee values between 4.5 volts 
and 9.5 volts. However, the reader must remember that 
the COP400 series is specified only between O·C and 
+ 70 ·C. The reader must also remember that the 
COP420 is specified at Vee levels between 4.5 volts and 
6.3 volts only. The data here is usable for the COP300 
series, which is specified at the extended temperature 
range of -40·C to +85·C. However, the reader must 
keep in mind the generally more restricted Vee range for 
some of the various COP300 series microcontrollers. 

The graphs in Figures 1 through 6 reflect the variation of 
the microcontroller only. The resistor and capacitor 
were not in the temperature chamber with the COPSTM 
device. Obviously, the results will be affected by the 
variation of the Rand C with temperature. However, this 
can vary dramatically with the type of components 
used. The user will have to combine the data here with 
the characteristics of the external components used to 
determine what type of variation may be expected in his 
system. 
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III. Crystal or Inverter Option 
With the crystal or inverter option selected on the 
COPSTM microcontroller there is, effectively, an inverter 
between the CKI and CKO pins. CKI is the input to the 
inverter and CKO is the output. Various passive circuits 
were connected between CKI and CKO and the results 
documented. Of the operational circuits, a subset was 
tested over temperature with the microcontroller only in 
the temperature chamber. A smaller subset was tested 
over temperature with both the microcontroller and the 
oscillator network in the temperature chamber. 

The data with the oscillator network in the temperature 
chamber is obviously highly dependent on the particular 
components used. This data was taken with standard, 
inexpensive, uncompensated components. Neither high 
precision nor high stability components were used. This 
data is included only to provide the user with some very 
general indication of how the oscillator frequency may 
vary with temperature in a real system. 

III.A. COP420/COP402 

Except for the ROM, the COP420 and COP402 are equiv· 
alent devices. The internal circuitry of each device is 
identical. Therefore, data taken for one of the devices is 
equally applicable to the other. The following discus· 
sion will refer to the COP420 but all such references 
apply equally well to the COP402. Similarly, the graphs 
for the COP420 apply to the COP402 and vice versa. 

With the crystal option selected, the COP420 oscillator 
circuitry will readily oscillate with almost any circuit 
configuration between CKI and CKO. What difficulty 
there is lies in finding the network of the device. With 
the appropriate divide option selected, oscillator fre· 
quencies between 800kHz and 4MHz are valid for the 
CO P420. No data was taken for any network that 
produced an oscillation frequency outside the valid 
range. 

III.A.1. RC Networks 

No single R or single C was found that produced a valid 
oscillation frequency. The RC network of Figure 111.1 
was the simplest RC network that produced a valid 
frequency. With R between 1 kQ and 3kQ and C between 
0.001 "F and 0.005"F oscillation frequencies, at room 
temperature, of between 3.4 MHz and 4 MHz were 
observed.' Smaller values of C produced higher oscil· 
lation frequencies. 

With the network of Figure 111.1, the oscillation fre· 
quency was approximately monotonically decreasing 
with increasing temperature. Since the oscillation fre· 
quencies produced by this network are near the upper 
end of the valid range, some care should be exercised 
when using this configuration, espeCially in an environ· 
ment where the temperature will go below room 
temperature. 

The addition of capacitor C2, as shown in Figure 111.2, 
both slows down the oscillation frequency and gives 
greater control over that frequency. With R = 1.5 kQ and 
C1 = 0.005"F, varying C2 from 10 pF to 400 pF produced 
oscillation frequencies between about 1 MHz and 
3.1 MHz. The larger C2 is, the slower the oscillation 
frequency. The oscillation frequency was monotonically 
decreasing with increasing temperature. 
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Figure 111.3 adds resistor R2 to the network. Acceptable 
results were obtained but the network, at least with the 
values used, did not appear to present any advantage 
over the network in Figure 111.2. With R1 = R2 = 1 kQ and 
C1 = C2 = 100 pF, the frequency was about 3.4 MHz. 
With R1 = R2 = 2 kQ, C1 = 0.001 "F, and C2 = 27 pF, the 
frequency was about 2.9 MHz. 

The RC networks provide a reasonably easy and inex· 
pensive means to provide an oscillator for the COP420. 
As is evident from the graphs, however, the oscillation 
frequency can vary widely over temperature. The appli· 
cation will determine if that wide variation is accept· 
able. The configuration of Figure 111.2 is the recom· 
mended RC network for use in this manner. 

III.A.2. L, LC, and RLC Networks 

Various L, LC, and RLC networks were connected with 
varying results. Certain networks produced results 
much more stable than the RC networks; others were no 
better than the RC networks. With a single inductor con· 
nected between CKI and CKO, frequencies between 
about 1 MHz and 4 MHz were easily obtained. However, 
the input gate capacitance at CKI (typically 5 pF to 
10 pF) and the series resistance of the inductance 
become factors that impact the oscillation frequency 
and its stability over temperature. 

The addition of a capacitor between CKI and ground 
tends to reduce the effects of the internal gate capaci· 
tance. For the single L, single C network of this type, the 
capaCitor value should be greater than about 50pF to 
begin to effectively swamp out the effects of the input 
gate capacitance. As might be expected, LC combina· 
tions which had their resonant frequencies within the 
valid COP420 frequency range produced the best 
results. 

The addition of another capacitor(s) to the basic two· 
component LC network, as shown in Figure 111.4, 
produced very good results. Varying the capacitor 
values in these networks - especially those capaCitors 
between CKI and ground and CKO and ground - pro· 
vided a great deal of control over the oscillation fre· 
quency. In Figure 111.4.a, varying C1 from 25 pF to 0.01 "F 
produced oscillation frequencies between about 3 MHz 
and 1.6MHz(C2=25pF, L=56"H).ln Figure 111.4.b, with 
C1 =330pF, L=56"H, and C2=27pF, varying C3 
between 10pF and 0.003"F produced oscillation fre· 
quencies between about 2 MHz and 1.1 MHz. Varying C2 
in Figure III.4.c produced a similar kind of control. 

As the graphs indicate, various types of RLC networks 
were also tried. The range of possible usable Circuits 
here is limited only by the user's imagination and his 
favorite type of RLC oscillator circuit. When their 
resonant frequency is within the valid frequency range 
of the COP420, LC and RLC networks can be a very 
effective substitute for a crystal. The only potential 
problem is that a good RLC, or even LC, oscillator 
circuit may not be a cost·effective substitute for a 
crystal in a COP420 system. The user will have to make 
that determination. 

COPS is a trademark of National Semiconductor Corp. 
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III.B. COP420L 

The valid input frequency range for the COP420L, with 
the appropriate divide option selected, is between 
200 kHz and 2.097 M Hz. With the crystal option selected 
the COP420L oscillated much less readily than the 
COP420. No RC circuit of the configuration of Figure 
111.1 was found that worked acceptably. The circuit of 
Figure 111.2 should be viewed as the minimum RC net· 
work that can be used to provide the osci lIator to the 
COP420L when the crystal option is selected. With 
C1 = 39 pF and C2 = 200 pF, varying R from 2.4 kQ to 
4.3 kQ gave oscillation frequencies between 2 MHz and 
1.3MHz. 

The LC networks gave outstanding results with the 
COP420L With the simple two·component LC network 
shown in the graphs, holding C at 50pF and varying L 
from 200l'H to 700l'H gave oscillation frequencies from 
about 2 MHz·to 1 MHz. Holding L at 390l'H and varying C 
from 10pF to 700pF gave oscillation frequencies of 
about 2MHz to 1.6MHz. Similar results were obtained 
when a capaCitor was placed in parallel with the 
inductance. 

III.C. COP420C 

With the appropriate divide option selected and under 
the appropriate Vee values, the COP420C has a valid 
input frequency range of 32kHz to 2.097 MHz, With the 
crystal option selected, the COP420C does not oscillate 
readily when a crystal is not used. No simple RC net
work was sufficient to make the device oscillate. 
However, outstanding results were achieved with the 
LC networks. The graphs are self·explanatory. The net· 
works indicated there produced oscillation frequencies 
between about 1.B M Hz and BOO kHz. 

111.0. COP410L 

The COP410L has a valid input frequency range of 
200 kHz to 530 kHz. No circuit of the configuration of 
Figure 111.1 produced acceptable results. Figure 111.2 is 
the minimum RC network that should be used with the 
COP410L in place of the resonator. With C1 = 0.001 I'F 
and C2 = 0.002I'F, varying R from 3 kQ to 12 kQ gave 
oscillation frequencies of about 460 kHz to 290 kHz. 

The LC networks also gave very good results. With the 
simple LC network shown in the graphs, holding L at 
4700l'H and varying C from 25 pF to 0,0031'F gave oscil· 
lation frequencies of about 460 kHz to 225 kHz. 

III.E. GENERAL NOTES 

With the crystal or inverter option selected on COPSTM 
microcontrollers, a wide variety of networks may be 
used in place of the ceramic resonator or crystal. The 
simple RC network of Figure 111.1 will work for the 
COP420 and COP402. Figure 111.2 is the minimum RC 
network that will work for the COP420L and COP410L 
(and is also the recommended network for the COP420 
and COP402). No RC network is usable in the COP420C 
in place of the crystal. The RC networks can be 
expected to have significant variation over temperature 
and, to a generally', somewhat lesser extent, over 
voltage. If this variation is not acceptable, alternate 
networks are required. 
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LC and RLC networks can be used in any of the devices. 
Appropriately designed, these networks will provide a 
stable oscillation frequency for the microcontroller. The 
user will have to allow for the variation of the exter[1al 
components with temperature when using these 
networks. The problem with networks such as these is 
that they may not be cost-effective alternatives to the 
crystal or resonator, especially if high stability, tem· 
perature compensated components are used. The user 
will have to make the determination of cost· 
effectiveness. 

A final note is that all of these networks place a load on 
the CKO output. If the signal from CKO is needed 
elsewhere in the system and a circuit similar to one of 
those discussed in this document is used, it will 
probably be necessary to buffer the CKO output. 

IV. Conclusion 
The data contained here does not necessarily indicate 
the worst case characteristics of any of the microcon· 
troliers involved; and, although the information may be 
reasonably viewed as representative, National Semi· 
conductor does not guarantee that all COPSTM micro· 
controllers will exhibit the characteristics described in 
this document. This data should not be used as the 
basis of a system design. In the case of the crystal or 
inverter option data, the networks described are not 
necessari Iy the only ones usable or even the best ones 
usable. The networks described are generally simple and 
inexpensive and have all been observed to be functional. 

The data contained here is not device ,characterization 
data, but is intended solely as a guide for the designer. 
It provides him with greater flexibility in the oscillator 
selection in a COPSTM system and gives some general 
indication as to what may be expected with the various 
circuits described. 

COPS is a trademark of National Semiconductor Corp, 
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Figure 1. COP310LlCOP410L RC Oscillator Variation 
with Vee 
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Triac Control 
The COP400 single-chip controller family members 
provide computational ability and speed which Is more 
than adequate to intelligently manage power control. 
These controllers provide digital control while low cost 
and short turnaround enhance COPSTM desirability. The 
COPS controllers are capable of 4"s cycle times which 
can provide more than adequate computational ability 
when controlling 60Hz line voltage. Input and output 
options available on the COPS devices can contour the 
device to apply in many electrical situations. A more 
detailed description of COPS qualifications is available 
in the COP400 data sheets. 

The COPS controller family may be utilized to manage 
power in many ways. This paper is devoted to the 
investigation of low cost triac interfaces with the 
COP400 family microcontroller and software tech
niques for power control applications. 

BASIC TRIAC OPERATION 

A triac is basically a bidirectional switch which can be 
used to control AC power. In the high-Impedance state, 
the triac blocks the principal voltage across the main 
terminals. By pulSing the gate or applying a steady 
state gate signal, the triac may be triggered into a low 
impedance state where conduction across the main ter
minals will occur. The gate signal polarity need not 
follow the main terminal polarity; however, this does 
affect the gate current requirements. Gate current 
requirements vary depending on the direction of the 
main terminal current and the gate current. The four 
trigger modes are illustrated in Figure 1. 

MT2 

~" ~ 
Ii:! IMT IGT llMT 

:-e MT1 :e MT1 

1+ 1-

MT2 

~" V (:'IMT f J!!.. IMT f 
~e MT1 GATe MT1 

111+ 111-

Figure 1_ Gate Trigger Modes_ Polarities Referenced to 
Main Terminal 1_ 

9-152 



The breakover voltage (VBO) is specified with the gate 
current (lGT) equal to zero. By increasing the gate 
current supplied to the triac, VBO can be reduced to 
cause. the triac to go into the conduction or on state. 
Once the triac has entered the on state the gate signal 
need not be present to sustain conduction. The triac will 
turn itself off when the main terminal current falls 
below the minimum holding current required to sustain 
conduction (I H). 

A typical current and voltage characteristic curve is 
given in Figure 2. As can be seen, when the gate voltage 
and the main terminal 2 (MT2) voltages are positive with 
respect to MT1 the triac will operate in quadrant 1. In 
this case the trigger circuit sources current to the triac 
(1+ MODE). 

-VBO OFF STATE 
IH 

LON STATE 

-------
I 

/ 
• v 

IH OFF STATE VBO 

Figure 2. Voltage·Current Characteristics 

After conduction occurs the main terminal current is 
independent of the gate current; however, due to the 
structure of the triac the gate trigger current is de· 
pendent on the direction of the main terminal current. 
The gate current requirements vary from mode to mode. 
In general, a triac is more easily triggered when the gate 
current is in the same direction as the main terminal 
current. This can be illustrated in the situation where 
there is not sufficient gate drive to cause conduction 
when MT2 is both positive and negative. In this case the 
triac may act as a single direction SCR and conduction 
occurs in only one direction. The trigger circuit must be 
designed to provide trigger currents for the worst case 
trigger situation. Another reason ample trigger current 
must be supplied is to prevent localized heating within 
the pellet and speed up turn-on time. If the triac is 
barely triggered only a small portion of the junction will 
begin to conduct, thus causing localized heating and 
slower turn·on. If an insufficient gate pulse is applied 
damage to the triac may result. 

TRIGGERING 

Gate triggering signals should exceed the minimum 
rated trigger requirements as specified by the manu· 
facturer. This is essential to guarantee rapid turn·on 
time and consistent operation from device to device. 

9-153 

Triac turn·on time is primarily dependent on the mag· 
nitude of the applied gate signal. To obtain decreased 
turn-on times a sufficiently large gate signal should be 
applied. Faster turn·on time eliminates localized heat 
spots within the pellet structure and increases triac 
dependability. 

Digital logic circuits, without large buffers, may not 
have the drive capabilities to efficiently turn on a triac. 
To insure proper operation in all firing Situations, 
external trigger circuitry might become necessary. Also, 
to prevent noise from disturbing the logic levels, ACIDC 
isolation or coupling techniques must be utilized. Sensi· 
tlve gate triacs which require minimal gate input signal 
and provide a limited amount of main terminal current 
may be driven directly. This paper will focus on 120VAC 
applications of power control. . 

ZERO VOLTAGE DETECTION 

In many applications it is advantageous to switch 
power at the AC line zero voltage crossing. In doing this, 
the device being controlled is not subjected to inherent 
AC transients. By utilizing this technique, greater 
dependability can be obtained from the switching 
device and the device being switched. It is also some· 
times desirable to reference an event qn a cyclic basis 
corresponding to the AC line frequency. Depending on 
the load characteristics, switching times need to be 
chosen carefully to insure optimal performance. Triac 
controlled AC switching referenced to the AC 60 Hz line 
frequency enables precise control over the conduction 
angle at which the triac is fired. This enables the COPS 
device to control the power output by increasing or 
decreasing the conduction angle in each half cycle. 

A wide variety of zero voltage detection circuits are 
available in various levels of sophistication. COPS 
devices, in most cases, can compensate for noisy or 
semi-accurate ZVD circuits. This compensation is 
utilized in the form of debounce and delay routines. If a 
noisy transition occurs near zero volts the COPS device 
can wait for a valid transition period specified by the 
maximum amount of noise present. Some software con
siderations are presented in the software section and 
are commented upon. The minimal detection circuit is 
shown in Figure 9. 

DIRECT COUPLE 

Isolation associated problems can be overcome by 
means of direct AC coupling. One such method is illus
trated in Figure 3. This circuit incorporates a half-wave 
rectifier in conjunction with a filter capacitor to provide 
the logic power supply. The positive half-cycle is 
allowed to drop across the zener diode and be filtered 
by the capacitor. This creates a low cost line interface; 
however, only a limited supply current is available. In 
order to control the current capabilities of this circuit 
the series resistor must be modified. However, as more 
current is required, the power that must be dissipated in 
the series resistor increases. This increases the power 
dissipation requirements of the series resistor and the 
system cost. For applications which require large 
current sources an alternative method is advisable. In 
order to assure consistent operation, power supply 
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Z o -(1) 
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ripple must be minimized. COPS devices can be 
operated over a relatively wide power supply range. 
However, excessive ripple may cause an inadvertent 
reset operation of the device. 

VPOS 

120VAC 
LOAD 

Figure 3. AC Direct Couple 

PULSE TRANSFORMER INTERFACE 

Digital logic control of triacs is easily accomplished by 
triggering through pulse transformers or optical cou
pling. The energy step-up gained by using a pulse trans
former should provide a more than adequate gate 
trigger Signal. This complies with manufacturers' sug
gested gate signal requirements. Pulse transformers 
also provide AC/DC Isolation necessary in control logic 
Interfaces. Minimal circuit interface to the pulse trans
former Is required as shown in Figure 4. Optical coupling 
circuits provide isolation, and In some cases adequate 
gate drive capabilities. 

120Y 

LOGIC 

Figure 4. Pulse Transformer Interface 

A logic controlled pulse is applied to the base of the 
transistor to switch current through the primary of the 
pulse transformer. The transformer then transfers the 
signal to the secondary and causes the triac to fire. The 
energy transfer that is now available on the secondary 
is more than adequate to turn on the triac in any of its 
operating modes. When the pulse transformer is 
I3wltched off a reverse EMF is generated in the primary. 
coli which may cause damage to the transistor. The 
diode across the primary serves to protect the collector 
junction of the switching transistor. Another major 
advantage Is AC isolation; the gate of the triac is now 
completely Isolated from the logiC portion of the circuit. 
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FALSE TURN·ON 

When switching an inductive load, voltage spikes may 
be generated across the main terminals of the triac 
which have the .potential of a non-gated turn-on of the 
triac. This creates the undesirable situation of limited 
control of the system. In a system with an inductive load 
the voltage leads the cumint by a phase shift corre· 
sponding to the amount of inductance in the motor. As 
the current passes near zero, the voltage is at a non
zero value, offset due to the phase shift. When the 
principal current through the triac pellet decreases to a 
value not capable of sustaining conduction the triac will 
turn off. At this point in time the voltage across the 
terminals will instantaneously attain a value corre
sponding to the phase shift caused by the inductive 
load. The rapid decay of current in the inductor causes 
an L dlidT voltage applied across the terminals of the 
triac. Should this voltage exceed the blocking voltage 
specified for the triac, a false turn-on will occur. 

In order to avoid false turn-on, a snubber network musl 
be added across the terminals to absorb the excess 
energy generated by this situation. A common form of 
this network .is a simple RC in series across the 
terminals. In order to select the values of the network It 
is necessary to determine the peak voltage allowable In 
the system and the maximum dV/dT stress the triac can 
withstand.· One approach to obtaining the optimal 
values for Rs and Cs is to model the effective circuit and 
solve for the triac voltage. The snubber in conjunction 
with the load can now be modeled as an RLC network. 
Due to the two storage elements (L motor, C snubber) a 
second order differential equation is generated. Rather 
than approach this problem from· a computer stand
point it becomes much easier to obtain design curves 

. generated for rapid solution of this problem. These 
design curves are available in many triac publications. 
(For instance, see RCA application note AN 4745.) 

Software Techniques 
ZERO VOLTAGE DETECTION 

In order to intelligently control triacs on a cyclic baSiS, an 
accurate time base must be defined. This may be in the 
form of an AC, 60 Hz sync pulse generated by a zero 
voltage detection circuit or a simple real time clock. The 
COP400 series mlcrocontrollers are suited to accommo
date either of these time base schemes while accom
plishing auxiliary tasks. 

Zero voltage detection is the most useful scheme in AC 
power control because it affords a real time clock base 
as well as a reference point in the AC waveform. With 
this Information it is possible to minimize RFI by initi
ating power-on operations near the AC line voltage zero 
crossing. It is also possible to fire the triac for only a 
portion of the cycle, thus utilizing conduction angle 
manipulation. This Is useful in both motor control and 
light intensity control. 

Sophisticated zero voltage detection circuits which are 
capable of discriminating against noise and switch pre
cisely at zero crOSSing are no!. necessary when used in 
conjunction with a COPS device. COPS software is 
capable of compensating for noisy or semi-accurate zero 
voltage detection circuits. This can be accomplished by 
Introducing delays and debounce techniques in the soft
ware routines. With a given reference point in the AC 



waveform it now becomes easy to divide the waveform to 
efficiently allocate processing time. These techniques 
are illustrated In the code listinll at the end of this paper. 

IMT VSOURCE 

TRIAC 
VOLTAGE 

~-+4---~~----~~--~+---~-t . 

ON ON 

12DVAC 

I 
I 

dlldti 

\/1 
oN'l oFF , I 

RS 

Cs 

Figure 5. Current Lag Caused by Inductive Load, 
Snubber Circuit 

PROCESSING TIME ALLOCATIONS 

l1all Cycle Approach 

In order to accomplish more than triac timing, dead 
delay time must be turned into computation time. It 
appears that the controller is occupied totally by time 
delays, which leaves a very limited amount of additional 
control capability. There are, however, many ways to 
accomplish auxiliary tasks simultaneously. 

On each half cycle an initial delay is Incorporated to 
space into the cycle. This dead time may be put to use 
and very little voltage to the load Is sacrificed. For 
example, if the load IS switched on at 71/4 RAD, the maxi· 
mum applied RMS voltage to the load is 114 VRMS 
(assuming VSUPPLY = 120VRMS). This is illustrated in the 
figurF! below. 

Figure 6. Full Cycle Approach 
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If a delay of 71/4 RAD (45 degrees) is inserted after each 
zero crossing detection the RMS voltage to the load can 
be determined in the following manner: 

(120 v'2.)2 (2)1
71 

sin2(a)da 
(2)71 71/4 

(12~~)2 (2) (1.42B) 

VLOAD = 114.4VRMS 

71/4 RAD = 45 degrees @ SO Hz t = 2.0B ms 

As can be seen the dead time on each half cycle can be 
2.0Bms and the load will still see 114.4VRMS of a 
VSUPPLY of 120VRMS.lf this approach.is implemented the 
initial delay of 2.0Bms can be used as computation 
time. The number of Instructions which can be executed 
when operating at 4"s instruction cycle time is: 

2.0Bms/4"s = 520 instructions 
(130 Instructions at 1S"s cycle time) 

Full Cycle Approach 

The methods of half cycle and full cycle triggering are 
very similar in procedure. The main difference is that all 
timing is referenced from only one (of the two) zero 
voltage detection transition in each full AC cycle. For 
most all applications, when varying the conduction 
angle it is desirable to fire at the same conduction angle 
each half cycle to maintain a symmetric applied 
voltage. In order to accomplish this the triac may be 
fired twice from one reference pOint. When applying this 
technique an 8.33 ms delay must be executed to main· 
tain the symmetric applied voltage. This approach pro· 
vides the most auxiliary computation time in that the 
B.33ms delay may be turned into computational time. 
The basic flow for this technique is illustrated below. 

RMS 
LOAD 

Figure 7. Full Cycle Approach 

In the above example the. zero crossing pulse is de· 
bounced on the one·to·zero transition, thus marking the 
beginning of a full cycle. Once this transition has been 
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Figure 8. Steady State Triggering 

detected an initial delay of n/4 RAD is incorporated and 
. the triac is fired. At this time exactly 8.33 ms is available 
until the triac need be triggered again. This will provide 
a symmetric voltage to the load only if the delay is 
8.33 ms. During this period the number of instructions 
which can be executed when operating at 41'S is: 

8.33ms/4I's = 2082 
(520 instructions at 161's) 

An alternative approach may be to take the burden from 
the COPS device by using peripheral devices such as 
static display controllers, external latches, etc. 

STEADY STATE TRIGGERING 

It is possible to trigger a triac with a steady state logic 
level. This is accomplished by allowing the triac gate to 
sink or source current during the desired on·time. When 
utilizing this method it becomes easier to trigger the 
triac and leave it on for many cycles without having to 
execute code to retrigger. This approach 'is advan· 
tageous when the triac must be fired for relatively long 
periods and conduction angle firing is not desired, thus 
more time is available to accomplish auxiliary tasks. A 
steady state on or off signal and external circuitry can 
accomplioh triac firing a~d free the processor for other 
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tasks. If it is desired to use a pulse transformer, an 
external oscillator must be, gated to the triac to provide 
the trigger signal. A pulse train of 10 to 15 kHz is 
adequate to fire the triac each half cycle. This calls for 
external components ami is relatively costly. If isolation 
associated problems can be tolerated or overcome 
(dual power supply transformers, direct AC coupling, 
etc.), a simple buffer may be utilized in triggering the 
triac. This method is illustrated in Figure 8. The 
National Semiconductor DS8863 display driver is 
capable of steady state firing of the triac. National 
offers many buffers capable of driving several hundred 
milliamps, which are suitable for driving triacs.On the 
market today there are many suppliers of sensitive gate 
triacs which may be triggered directly from a COPS 
device or in conjunction with a smaller external buffer. 

The DS8863 display driver is capable of Sinking up to 
500 mA, which is adequate to drive a standard triac. In 
the off state the driver will not sink current. When a 
logic "1" is applied to the input the device will turn on. 
Keeping the device off (butput "1 ") will prevent the triac 
from turning on because the buffer does not have the 
capability of sourcing current. A series resistor limits 
the current from the triac gate and the diode 'isolates 
the negative spikes from the gate. Since the drive circuit 
will only sink current in this configuration, the triac will 
be operating in the I· and III· modes. 



Triac Light Intensity Control Code 
The following code is not intended to be a final func
tional program. In order to utilize this program, modifi
cations must be made to specialize the routines. This is 
intended to illustrate the method and is void of control 
code to command a response such as intensify or de
intensify. The control is up to the user and full under
standing of the program must be attained before modi
fications can be implemented. 

This program is a general purpose light intensifying 
routine which may be modified to suit light dimmer 
applications. The delay routines require a 4.4691's cycle 
time which can be attained with a 3.578 MHz crystal 
(CKI/16 option). This program divides the half cycle of a 
60 Hz power line into 16 levels. Intensity is varied by 
increasing or decreasing the conduction angle by firing 
the triac at various levels. The program will increase the 
conduction angle to a maximum specified intensity in a 
fixed amount of time. The time required to intensify to 
the maximum level is dependent on the number of fire
times per level that is specified (FINO). This code 
illustrates a half cycle approach and relies on the 
parameters specified by the programmer in the control 
selection. 

Zero crossings of the 60 Hz line are detected and soft
ware debounced to initiate each half cycle; thus the 
triac is serviced on every half cycle of the power line. A 
level/sublevel approach is utilized to vary the conduc
tion angle and provide a prolonged intensifying period. 
The maximum intensity is specified by the "LEVEL" 
RAM location and the time required to get to that level 
is specified by the "FINO" RAM location. 

Vcc 

6.3 VAC -'lM,....-r:: 

Once a level has been specified, the remaining time in 
the half cycle is then divided into sublevels. The sub
levels are increased in steps to the maximum level. The 
"FINO" RAM location contains the number of times 
that the triac will be fired per sublevel, thus creating the 
intenSity time base. There are 15 valid sublevels and up 
to 15 fire-times per sublevel. Both these parameters 
may be increased to provide better resolution and 
longer intenSify periods. To make the triac de-intensify 
(dim) the sublevels need only to be decremented rather 
than incremented. If this is done, the conduction angle 
will start out at the maximum level and dim by means of 
stepping down the sublevels. When modifying this 
routine to incorporate more resolution or increased 
versatility, care must be taken to account for transfer of 
control instructions to and from the delay routines. 

The following is a schematic diagram of the COPS 
interface to 120VAc lamps. The program will intensify or 
de-intensify the lamps under program control. 

TRIAC LIGHT INTENSIFY ROUTINE 

This program intensifies a light source by varying the 
conduction angle applied to the load. The maximum 
level of intenSity is stored in "LEVEL," and the time to 
get to that level is specified by "FIND." Both these 
parameters may be altered to suit specific applications. 
To cause the program to de-intensify the light source, the 
sublevels must be decrer15anted rather than incremented. 

VCC 

AC GND 

AC GND 

Figure 9. Triac Interface for COPS Program 
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CD 
CD TRIAC LIGHT INTENSIFY ROUTINE NEED NOT BE REDEFINED FOR EACH OPERATION. -0 
Z THIS PROGRAM INTENSIFIES A LIGHT SOURCE BY VARYING THE NT: CLRA 

D.. CONDUCTION ANGLE APPLIED TO THE LOAD. THE MAX LEVEL ADT ; DELAY INTO WAVEFORM 
OF INTENSITY IS STORED IN 'LEVEL' AND THE TIME TO GET TO LBI TEMP ; USE TEMP REG 

0 THAT LEVEL IS SPECIFIED BY 'FIND'. BOTH THESE PARAMETERS X 
CJ MAY BE ALTERED TO SUIT SPECIFIC APPLICATIONS. TO CAUSE JSRP PORT ; DO DELAY 

THE PROGRAM TO DE·INTENSIFY THE LIGHT SOURCE, THE POINT: LDD LEVEL ; POINT TO LEVEL TO INITIATE 
SUBLEVELS MUST BE DECREMENTED RATHER THAN ; DELAY 
INCREMENTED. ; DELAY TO MAX LEVEL 

XAD TEMP ; USE TEMP DIGIT TO DELAY 
TAMP: LBI TEMP 

TEMP1 =1,0 ; TEMPORARY DELAY COUNTER LD 
FIND =0,9 ; NUMBER OF FIRE TIMES AISC 15 ; ARE WE AT THE LEVEL? 
LEVEL =0,0 ; MAX LEVEL JP ATLEV ; MADE IT TO THE LEVEL 
SUBLEV =1,10 ; SUBLEVEL COUNT X ;NO 
TEMP =1,11 ; TEMPORARY DELAY COUNTER JSRP DES ; DO SERIES OF .5MS TO GET 

: HERE THE OPERATING PARAMETERS ARE DEFINED AND LEVEL 
;THERE 

JP TAMP ; KEEP DOING IT 
; INITIATION IS SPECIFIE.D ATLEV: LDD SUBLEV ; AT MAX FIRE LEVEL 

XAD TEMP ; INIT FOR SUBLEVEL DELAY 
.FORM JK: LBI TEMP 
.PAGE 0 LD 
CLRA ; REQUIRED AISC 1 ; AT SUB LEVEL? 

CLRAM: LBI 3,15 ; ROUTINE TO CLEAR ALL RAM JP TRE ; NO DO DELAY 
CLR: CLRA JP SBLEV ;YES 

XDS TRE: X 
JP CLR JSRP SPDL ; VARIABLE DELAY 
XABR JP JK 
AISC 15 SBLEV: LBI FIND 
JP BEGG JSRP DEC ; DEC FIRE NUMBER 
XABR AISC 1 ; TEST IF FIND AT 15 
JP CLR MAXLEV: JMP FIRE ; NO KEEP FIRING AT THAT LEVEL 

LBI SUBLEV ; YES INC SUBLEVEL 
; THIS SECTION INITIATES CONTROL ON POWER UP OR RESET CLRA 
; AND SYNCHRONIZES THE COPS DEVICE TO THE 60 HZ AC LINE AISC 14 ;IS MAX SUBLEV REACHED 

BEGG: 
SKE 

OGI 15 ; OUTPUT 15 TO G PORTS TO PULL JP THERE ; NO INC SUBLEV 
; UP ZERO CROSSER INPUT JP MAXLEV ; YES FIRE IT 

LBI LEVEL ; SPECIFY MAX LEVEL THERE: JSRP INC ; GO TO NEXT SUBLEVEL 
STI! '7 LBI FIND 
JSR OUT ; COpy TO TEMP1 STI! 14 ; SET FIRE TIME 

BEG: SKGBZ 0 ; SYNC UP TO 60 HZ JP MAXLEV ;GO FIRE 
JP HI ; READY NOW 
JP BEG ; WAIT TILL G IS 1 

: THIS SECTION PROVIDES THE DEBOUNCE FOR THE ZERO 
.FORM 
.PAGE 2 

; VOLTAGE DETECTION INPUT AND COMPENSATES FOR THE 
; OFFSET OF THE DETECTION CIRCUIT ; SUBROUTINE PAGE 

HI: SKGBZ 0 ; TEST GO FOR ZERO CROSS INC: CLRA 
JP HI ; HIGH LEVEL AISC 1 

; GETS HERE ON FIRST TRANSITION JP ADEX ; GO ADD ONE TO DIGIT 
. CLRA ; START OF DEBOUNCE DELAY DEC: CLRA ;OTO A 

AISC COMP ; CREATE A 15 
JP .-1 ADEX: ADD ;ADD A TO RAM 

; DID A LITILE DELAY, IS IT STILL 0 X ; PUT BACK (D-1 IN A NOW) 
SKGBZ 0 ; TEST FOR 0 RET 
JP HI ; FALSE ALARM DE5: LBI 0,10 ; DELAY ROUTINE 

; MUST HAVE HAD SOME NOISE GO BACK AND WAIT FOR TRUE ZC CLRA ; WILL BE REPLACED LATER 
DOlT: JMP INT ; VALID TRANSITION, SERVICE AISC 3 

; TRIAC JP .-1 
LO: SKGBZ 0 ; DEBOUNCE IN 0 TO 1 LD 

JP DDD ; MAY HAVE SOMETHING THERE XIS 
JP LO ; NO WAIT HERE FOR A BIT JP .-5 

DDD: CLRA ; GOING TO WAIT AND SEE RET ; DONE DELAY 
AISC 1 FIRE: LBI 0,15 ; PULSE D OUTPUT 
JP .-1 OBD 
SKGBZ 0 ; WELL, DO WE HAVE A CLEAN NOP 

; TRANSITION NOP 
JP DELL ; YES, GO TO MAIN ROUTINE NOP 
JP LO ; FALSE ALARM, TRY AGAIN LBI 0,0 

DELL: CLRA ; DO A DELAY TO COMPENSATE OBD 
DEL: . NOP SKGBZ 0 ; TEST WHICH DEBOUNCE IS 

NOP ; FOR NON SYMMETRIC ZC ; NEEDED 
NOP JMP HI ; DEBOUNCE ONE TO ZERO 
AISC 1 JMP LO ; DEBOUNCE ZERO TO ONE 
JP DEL ; KEEP DELAY GOING SPDL: LBI TEMP1 ;TEMP1IS A TEMP REG 
JP DOlT ; GO TO MAIN ROUTINE PORT: LD ; VALUE IN TEMP1 DICTATES 

AISC 1 ; THE AMOUNT OF DELAY 
.FORM JP FOY 
.PAGE OUT: LBI LEVEL ; ALSO USED TO COPY LEVEL 

LD 1 ; RESTORE LEVEL 
X 

THIS IS THE MAIN ROUTINE FOR THE INTENSIFY/DE·INTENSIFY RET 
OPERATIONS. TRANSFER OF CONTROL TO THIS SECTION FOY: X 
OCCURS AFTER ZERO VOLTAGE CROSSING EACH HALF CYCLE. JP PORT 
THIS MAKES USE OF TEMP REGISTERS THUS PARAMETERS .END 
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Testing of COPSTM Chips 
This note will provide some insight into the test mode, 
the mechanh.:s of testing, and the philosophy of how to 
implement a test of the COP·400 microcontrollers. 
Other than the obvious, (verifyi ng that the part meets 
the specifications), the reason for the test must be con· 
sidered. Somewhat different criteria may hold, 
depending on the objective. The manufacturer wafer 
sort or final test can differ from an incoming inspection 
at the user's plant, or a field reject test. The first two 
tests have limited interest as this is not a justification of 
the testing done on the part during manufacture. Rather, 
this is a guide for those doing user functional testing. 

I. Introduction 
Since the introduction of the very first semiconductor 
devices, testing has been a major problem and expense 
in their production and use. As the complexity has 
risen, testing has become a more significant factor. 
With today's single chip microcontrollers like the 
COPSTM devices this is particularly true as one has a 
complete computer system in a chip. In order to reduce 
the testing burden, the facilities to ease the testing 
have been built into the COPSTM devices. With the test 
ability built into the device for production test, the user 
need only follow set procedures to verify the chip at 
incoming inspection or field test. 

COPS and M1CROW1RE are trademarks of National Semiconductor Corp. 

National Semiconductor 
COP Note 7 
May 1981 

II. Philosophy 
The basic test philosophy requires that four major areas 
be exercised. These areas are: 

1) Synchronize the device and tester. 

2) Test the internal logic and 110. 

3) Test the RAM 

4) Verify the ROM program. 

If the devices perform all of these four properly, the 
device is good. This is a reasonable assumption with a 
standard device that has a debugged test routine and is 
ROM programmed. A custom circuit just gOing into pro· 
duction might not have the accumulated test back· 
ground. By attacking the problem on a "sum of the 
parts" approach, one need not do any exhaustive 
functional test on routine production parts. This will be 
a major gain where lengthy time consuming or time 
dependent routines are involved. If one attempts to do a 
functional test of the chip, a sequence that is unique to 
the application is needed. Thus, a test program must be 
written and debugged for each ROM pattern. Further, a 
test box/boa~d must be designed, built, debugged, docu
mented, and maintained for each one. If testing has 
been considered from the beginning, the chip will have 
built·in capabilities to exercise the various parts of it. 
The different functional parts and instructions are 
tested to verify proper operation at the voltage and fre
quency limits. 

III. Built·in Test Features 
The first step in testing the COP400 devices is to under
stand the built·in test control features. This will involve 
the SilO and the L lines. The SO pin has been designed 
to be the control node for testing. The pin will normally 
be in an active low state and when forced high exter· 
nally, places the chip in the test mode. It should be 
noted that this output can sink considerable current 
and one should not force the pin to the Vee rail. By 
limiting the voltage to the 2.0/3.0V range one can not 
damage the device where the application of a higher 
voltage could. When forced into the test mode the SI pin 
controls the sub mode of the Chip. With SI high the data 
placed on the L port is used as an instruction. When SI 
is low (and the L output is enabled) the contents of the 
ROM will be dumped out through the L port. Certain 
other internal functions have been implemented to 
allow these modes but these are not part of the basic 
operation. Included in this category is the activation of 
the skip signal to prevent the program counter from 
jumping out of sequence by executing a program con· 
trol instruction. 
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A. Sync between Tester and DUT 

In order to be able to test a COPSTM chip, the tester 
must 'be in sync with the device under test (DUn. By 
using an external oscillator the two may be run at the 
same frequency. This is true regardless of the option or 
type of oscillator chosen for the chip. Even the RC con· 
figuration may be overridden with an external signal 
that meets the level requirements. In addition to running 
at the same frequency, the chip and tester must be in 
sync on a bit basis. See Figure 1. The supportive fea
tures mentioned above include the condition of the SK 
signal being Ii bit (instruction) c,lock until stopped by 
software In the program. Hence, one can start the tests 
based on an edge change of SK. It Is important that this 
be accurate because all data I/O changes will be relative 
to the SK timing (see the appropriate device data sheet). 

It should also be noted that the oscillator frequency is 
programmed to a rate of 4-32 higher than SK. If one is 
building a test fixture for more than one device, some 
method must be available to enter this number. If one is 
testing a COP420 or COP421 near its upper limit It 
would be wise to do the SK sync operation at a lower 
rate and then increase the input frequency. This is 
desirable because the phase relationship is close to 
TTL propagation delays at the upper limit. Implementa
tion of the area could be a preset counter that is gated 
on after a zero to one transition is seen on SK. Con
tinual comparison could be made but once in sync, 
there should not be any need for the comparison as they 
should remain in sync. 

The basic use of this "sync counter" is to derive the pro
per timing for loading data and Instructions Into the 
chip and verify the outputs. The COP402 data sheet 
should be used as a guide for these times, modified pro
perly for the Land C parts. For those designing testers, 
It is suggested that one not attempt to test worse case 
timing changes as these could be very difficult to imple
ment. Like other parametric tests these should in gene
ral be left to the professional test equipment. 

SK (OUT) 

SK (COP402) 

B_ Internal Logic Test 

With the device and the tester in sync, actual testing 
may begin. See the sequence control circuit of Figure 2. 
To place the chip into the test mode the SO output is 
pulled to a one level (between 2.0 and 3.0 volts). It 
should be pulled with a circuit that will limit the upper 
voltage to 3V as this output can have a significant cur
rent sink capability. On power up (or after reset) the SO 
line is set to a zero by the internal logic. An Internal 
sense line will detect the forced condition and provide 
test ·control. A delay of 10 mlliseconds should be taken 
after power-up to allow the power on reset circuit to 
time out before instructions can be executed. If the 
reset pin is activated in mid-program for some reason, 
several instructions cycle times should be ignored to 
insure complete operation. 

The tester should at this point force instructions into 
the L port. These instructions will be executed as if they 
were from the ROM. The sequence of the instructions is 
not particularly critical. Table 1 gives an example 
sequence. The, main steps are to be able to detect an 
output·change (OGI) early to verify connection/operation. 
It is much better to find a problem before going through 
the steps of loading RAM and then finding that the chip 
doesn't work. All instructions should be exercised 
although certain ones should be postponed. Enabling 
the Q register to the L port is an example. This would 
interfere with the insertion of instructions on the L port. 
Another problem is the SO test which could be set up 
with an XAS and then released from the test mode to 
check proper data output. 

Certain commands will require more effort than others. 
To check the program counter during JMP's and sub
routine operation will require that known info at the new 
address be available. One should execute a JSRP at 
some known address and release the test mode to see 
that the operation in the subroutine (eg, scI Is done and 
that a return is made to N + 1. At this point test mode 
can be re-established to continue the test. The main 
point to remember is to provide a positive indication of 
the success of that specific test. 

CLOCK TO OUT 

CLOCK TO COP402 

Figure 1_ Tester Clock Generation and Synchronization Circuit 
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Figure 2_ Tester Mode Sequencer 

C. RAM Test 

The verification of RAM is a part of the Internal logic 
test, but is treated separately here. One must check 
both the RAM and its address register to find all faults. 
An example of this testing would be to load RAM with a 
string of STII commands. By then going back and 
reading this data to the outside (through an OMG 
Instruction in a loop) the tester could verify both RAM 
and address were functional. One could then load RAM 
with all 6's and 9's (or 5's and 10's) sequentially to 
Insure that all bits were functional and adjacent bits not 
shorted. Other similar tests could be run at the discre
tion of the user to do further testing. All of these tests 
would utilize the output of data via the G ports to vali
date the data. See the comparator circuit Figure 3. 
D. ROM Dump 

Successful operation of the internal logic tests and 
RAM will lead to the final test phase, ROM comparison. 
In order to check the ROM contents, the ROM dump 
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mode must be entered. One should force a JMP to an 
address near the end of the ROM space (3FF for a 420 
chip, 1FF for a 410). A desirable point might be 3FA. 
The program counter will step ahead on each instruc
tion cycle unless a program control is executed. The 
(lext step is to load the Q register with a non-conflicting 
value so that the enabling of the L outputs will not 
destroy the second byte of the LEI instruction as control 
Is passed Into the ROM dump mode. After going to this 
address, one should execute an enable of the L lines to 
the output port (LEI 4). Having done this the external 
buffers should be disabled and the SI pin taken low. 
This will allow data out and remove potential level con
flicts. By letting the PC step ahead to address zero one 
can then begin the byte by byte comparison of data. In 
this mode the controller is not executing the code 
because the skip line is enabled throughout the 
sequence. By halting a counter on a failure, one could 
determine the questionable address. 
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MODE 10011 
SO LO 

TEST Ll 

80 

SI L2 
eOP402 L3 81 

!lEW L4 

SK02 L5 
L6 82 

DO 01 02 03 GO Gl G2 G3L7 

83 

84 

eOMP 2 85 

86 

2' 81 
eOP420 

OUT V420 
VSS V420 

1# 12 1J !lEW SKOUT 
LO Ll L2 L3 L4 L5 L6 L7 

":" 
80 
81 
82 
83 
84 
85 
86 
87 

eOMP3 

80 81 82 83 B4 85 86 87 

Va8 AD 

VSS PGM Al 

VSS 
A2 PGM 
A3 

-12 Voo A4 VSS 
MM5204· A5 MM5204 

Vee x2 A6 x2 Voo -12 
TEST A7 420 

":" PROGRAM AS PROGRAM Vee 
Cl! PROM 2 

":" 

Cl! PROM 1 

Cl! PROM 1 

PS 

21 
":" 

Figure 3. Functional Logic and RAM Comparison Circuit 
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0 
Table 1. Typical Test Sequence 0 

"'U 
INSTRUCTION RESULT COMMENTS INSTRUCTION RESULT COMMENTS 

Z 
NOP NO CHANGE CHECK NOP & ALLOW TRANSIENT OMG G(9)1) 0 CYCLE FOR MODE LO 3 1 >A; Bd>2,0 -OGI9 G(O >9) NOT ON 410U411L OMG G(1 > 2) CD 
OGIS G(9 >S) REVERSE ALL G STATES ADD ADD WITHOUT CARRY ...... STIIB SET UP 0,0 FOR FUTURE X STORE 3 IN 2,0 
LB13,13 B TO NEW POSITION (3,13) SC 
OBO 0(0)13) CHECK 0 LOO 0,0 7>A 
CLRA MAKE SURE A=O CASC CHECK CASC 
XABR 3>A;0>Br SKC 
CAB MOVE 3 to Bd X STORE 12 OBO 0(13)3) CHECK XABR CAB & 0 CHANGE OMG G(2) 12) 
CLRA ! 
JlISC 2 !FORCEA >2 CLRA 

CAB 2> Bd AISC 3 

OBO 0(3)2) VERIFY 2 FROM A> Bd X 

STII7 7>0,2&Bd>3 SC : CHECK 

OBO 0(2 >3) STII INCREMENTS Bd SKC : SKC/SC 

CAB SEE THAT A STILL THE SAME X 

OMG G(6)7) OMG & RAM CHECK OMG G(12 >3) 
CLRA RC 
CAB B(O,O) SKC : CHECK 
OMG G(7 > 8) TIE IN RAM, A & G OPERATION X : RC 
5MBO 5MB INST. CHECK OMG G)3> 12) 
OMG G(8)9) LBIO,O : CHECK 
5MB1 LB11,15 : SEQUENTIAL LBI'S 
OMG G(9)11) LB12,7 ALSO SKIPPED (LBI 2,7 NOT IN 410) 
'RMBO OMG G(2) 7) 
RMB3 CQMA LOAD CONSTANTS FROM a 
x :0> 0,0;2 >A OMG G(7 > 9) CHECK 
CAB A=2> B x 
OMG G(11 >7) OUTPUT M(0,2) OMG G(9 > 10) 
LO 1 M(0,2) > A; B > 1,2 LEI 1 
XAO 0,0 A(7) < - > M(O,O) 2 XAS STORE A- > S (9) 
AISC 15 AISC CHECK; A=1 CLRA 
LOO 0,0 CHECK SKIP OF 2 BYTE INST. AISC7 
X STORE 1 SKGBZO 
OMG G(7)1) VERIFY X : CHECK 
LO,O COPY1,2 BACK TO A OMG 
AOT ADD TEN SKGBZ 1 
XOS LEAVE 11 IN 1,2;GO 1,1 WITH 1 X :G BIT 
XOS LEAVE 1 IN 1,1;GO 1,0 W 7 OMG G(10 > 7) 
OBO 0(2)0) CHECK Bd MOVEMENT SKGBZ 2 
STII5 5> 1,0;Bd to 1,1 X 
CBA CHECK B >A OMG G(7) 10) : TESTS AISC3 AISC CHECK 4 > A SKGBZ 3 

INSTRUCTION RESULT COMMENTS 
X 
OMG G(10) 7) 

xes 1> A; 4 > 1,1 
OMG G(1 >5) FROM 1,0 INSTRUCTION RESULT COMMENTS 
XOS 5> A; 1 > 1,0; Bd < 15 SKIP 

SKGZ LOO 0,0 SKIPPED I 
OBO 0(0)15) x : CHECK 
AISC4 9>A OMG G(7 > 10) 
X 9> 15 OGIO G(10)0) : G TEST 
OMG G(5)9) SKGZ 
CLRA X 
COMP ONES TO A OMG G(O> 10) 
XOR FLIP MEMORY SKMBZO 
XIS S> 1,15; 9 > A; Bd > 1,0 X CHECK MEMORY BIT TESTS 
LOO 0,0 SKIP OMG NO CHANGE 

SKE SKMBZ 1 

LB 1,2 SKIP 2 WORD LBI (NOT IN 410) X 
G(10 >'7) OBO 0(15)0) VERIFY WORD OMG NO SKIP 

SKE 11 NOT=9 SKMBZ2 

LB11,0 BACK TO 1,0 X WON'T SKIP 

5MB2 OMG G(7 > 10) 

SKE INIL SEE THAT L LATCHES RESET 

RMB2 ININ ASSUME G- > I 

SKE ' : CHECK BIT SKE 

5MB3 : MANIPULATIONS X1 Br>1 

SKE OMG SHOULD BE EQUAL 

LDO 0,0 INIL 

X3 Bd > 2,0 X 

XAO 1,1 9>1,1;4>A SKMBZ3 

XIS 1 ~ > 2,0; Bd > 3,1 OBO 0)15>0) : INIL TEST 

ING INPUT G PORT OGI1 

X STORE LB13,11 

CLRA OGIO 

ASC CHECK ADD WITH CARRY INIL 

SC CHECK SET CARRY X 

SKC CHECK SKIP ON CARRY SKMBZO 

LOO 0,0 OBO 0(0)11) 

X STORE A NOP 

OMG G=9 NO CHANGE XAS 

CLRA X : XASTEST 

ASC OMG G(10 >9) 

x 
OMG G(9 > 10) CARRY ADDS ONE TO MEMORY 

, CAMa STORE A & M IN a; 10,9 
XOS 9> 3,1; 10 > A; Bd > 3,0 
X STORE 9 IN 3,0 
OMG G(10)9) 
LO 2 9>A; Bd >1,0 
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,... 
CD -0 INSTRUCTION RESULT COMMENTS 
Z 
D. 

LBIO,O LOAO RAM WITH LD 
STII7 CONSTANTS USING XIS : MOVE TO NEXT DIGIT 

0 STI! 14 STII OMG OUTPUT DATA 

(,) STII5 LD 
STII12 XIS : MOVE TO NEXT DIGIT 
STII3 OMG OUTPUT DATA 
STlll0 LD 
STill XIS : MOVE TO NEXT DIGIT 
STII8 OMG OUTPUT DATA 
STII15 LD 
STII6 XIS : MOVE TO NEXT DIGIT 
STII13 OMG OUTPUT DATA 
STII4 LD 
STlill XIS : MOVE TO NEXT DIGIT 
STII2 OMG OUTPUT DATA 
STII9 LD 
STII 0 XIS : MOVE TO NEXT DIGIT 
LBll,O OMG OUTPUT DATA 
STII7 LD 
STII14 XIS : MOVE TO NEXT DIGIT 
STII5 OMG OUTPUT DATA 
STII12 LD 
STII3 XIS : MOVE TO NEXT DIGIT 
STlll0 OMG OUTPUT DATA 
STill LD 
STII8 XIS : MOVE TO NEXT DIGIT 
STII15 OMG OUTPUT DATA 
STII6 LD 
STII13 XIS : MOVE TO NEXT DIGIT 
STII4 
STlill INSTRUCTION RESULT COMMENTS 
STII2 

CHECK FOR RAM DATA STII9 LBll,O 
STII 0 OMG OUTPUT DATA 

, LB12,0 LD 
STII7 XIS : MOVE TO NEXT DIGIT 
STII14 OMG OUTPUT DATA 
STII5 LD 
STII12 XIS : MOVE TO NEXT DIGIT 
STII3 OMG OUTPUT DATA 
STlll0 LD 
STill XIS : MOVE TO NEXT DIGIT 
STII8 OMG OUTPUT DATA 
STII15 LD 
STII6 XIS : MOVE TO NEXT DIGIT 
STII13 OMG OUTPUT DATA 

LD 
INSTRUCTION RESULT COMMENTS XIS : MOVE TO NEXT DIGIT 

OMG OUTPUT DATA 
STII4 LD 
STlill XIS : MOVE TO NEXT DIGIT 
STII2 OMG OUTPUT DATA 
STII9 LD 
STII 0 XIS : MOVE TO NEXT DIGIT 
LB13,0 OMG OUTPUT DATA 
STII7 LD 
STII14 XIS : MOVE TO NEXT DIGIT . 
STII5 OMG OUTPUT DATA 
STII12 LD 
STII3 XIS : MOVE TO NEXT DIGIT 
STlll0 OMG OUTPUT DATA 
STill LD 
STII8 XIS : MOVE TO NEXT DIGIT 
STII15 OMG OUTPUT DATA 
STII6 LD 

; MOVE TO NEXT DIGIT STII13 XIS 
STII4 OMG OUTPUT DATA 
STlill LD 
STII2 XIS : MOVE TO NEXT DIGIT 
STII9 OMG OUTPUT DATA 
STII 0 LD 

XIS : MOVE TO NEXT DIGIT 
INSTRUCTION RESULT COMMENTS OMG OUTPUT DATA 

LBIO,O CHECK FOR RAM DATA 
LD 
XIS : MOVE TO NEXT DIGIT 

OMG OUTPUT DATA OMG OUTPUT DATA 
LD .LD 
XIS : MOVE TO NEXT DIGIT XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA OMG OUTPUT DATA 
LD LD 
XIS : MOVE TO NEXT DIGIT XIS : MOVE TO NEXT DIGIT . 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT INSTRUCTION RESUi.T COMMENTS 
OMG OUTPUT DATA LB12,0 CHECK FOR RAM DATA LD 
XIS : MOVE TO NEXT DIGIT 

OMG OUTPUT DATA 
LD OMG OUTPUT DATA XIS : MOVE TO NEXT DIGIT LD 

XIS : MOVE TO NEXT DIGIT OMG· OUTPUT DATA 

OMG OUTPUT DATA LD o' 

LD XIS : MOVE TO NEXT DIGIT 

XIS : MOVE TO NEXT DIGIT OMG OUTPUT DATA 

OMG OUTPUT DATA LD 
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XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 

INSTRUCTION RESULT COMMENTS 

LB13,0 CHECK FOR RAM DATA 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 

This test sequence is not tobe taken as a recommended 
test routine and is only shown as an example of what 
might be done to test various COPS parts. It is also 
advisable to approach measurements in the test mode 
with some caution. As stated earlier, one can force a 
large current into the SO node to place the chip in the 
test mode. Not only can this current do damage if 
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LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 
XIS : MOVE TO NEXT DIGIT 
OMG OUTPUT DATA 
LD 

: MOVE TO NEXT DIGIT XIS 

INSTRUCTION RESULT COMMENTS 

JMP X INITIALIZE - SELECT ADDRESS X FOR 
OGI OR OMG (SELECT LBI FOR KNOWN 
DATA) 

RELEASE TEST MODE OBD (SELECT B FOR KNOWN CONDITION) 
CHECKS JMP 

SET TEST MODE 
JP X·2 
JSR Y CHECK JP & JSR 
RELEASE TEST MODE "Y" SHOULD CHANGE THE OUTPUT 

CONDITIONS OF "X" 
EXECUTE CODE (Y) IF AT ALL POSSIBLE 
SET TEST MODE 
RET 
RELEASE TEST MODE 
EXECUTE "X" AGAIN VERIFIES RET 
SET TEST MODE 
JP X·2 
JSRP Z CHECK JSRP & RETSK 
RELEASE TEST MODE 
EXECUTE CODE "Z" SHOULD CHANGE "X" 

OUTPUT CONDITIONS 
SET TEST MODE 
RETSK DON'T CHANGE Z CONDITIONS - RETSK 
RELEASE"TEST MODE 
EXECUTE 
SET TEST MODE 
LOAD A & M TO FIND VALUE OF ADDRESS IN BLOCK 

(4 PAGES) 
VALUE OF ADDRESS AT OR JUST BEFORE AN OUTPUT 
TO GO TO CHANGE SET A & M TO ADDRESS 
OUTPUT CHANGE OF "VALUE" 
JID CHECKS JID 
RELEASE TEST MODE 
EXECUTE OUTPUT 
SET TEST MODE LOAD A & M WITH AN UNIOUE ADDRESS 
LOAD A & M SUCH THAT CONTENTS OF THAT 

ADDRESS WILL BE SEEN ON G 
LOID 
X064 ; OR USE THIS CAUSE THE DATA COMES 

; FROM YOUR TESTER ANYWAY 
COMA 
OMG LOUID & COMA CHECKED 
X 
OMG 
INL 
OMG G-> 2 INL TEST (COPY OF 2nd BYTE) 
X 
OMG G-> E 

unlimited, but it can also cause local current over
loading such that some 1/0 conditions may be adversely 
affected. Obviously this will be more pronounced at 
higher Vcc voltages. A specific example is that the L 
output current sink test should only be tested at a VOUT 
of O.4V and O.36mA as the more stringent tests can 
exceed power limits when combined with the SO current. 
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SIO Input/Output Register 
Description· 

Contents 

• Logical Operation 

• Software Debug 

• Serial Out During Breakpoint 

• Serial Out During Trace 

• Binary Counter During Breakpoint 

• General 
• Using SIO as temporary storage 

COP4QO Serial SIO Register 

The general operation of the SIO port is treated in the 
COP400 data sheet..A more detailed look at the internal 
circuitry, as well as software debug, will be presented in 
this brief. 

Logical Operation 

It is important to examine the logical diagram of the SIO 
and SK circuitry to fully understand the operation of 
this I/O port. The output at SK is. a function of SYNC, 
ENo, CARRY, and the XAS instruction. 

If CARRY had been set and propogated to the SKL latch 
by the execution of an XAS instruction, SYNC is en· 
abled to SK and can only be overridden by ENo. Trouble 
coul.d arise if the user changes the state of ENo without 
paying close attention to the state of the latch in the SK 
circuit. 

If the latch was set to a logical· high and the SIO register 
enabled as a binary counter, SK is driven high. From this 
state, if the SIO register is enabled as a serial shift 
register, SK will output the SYNC pulse immediately, 
without any intervening XAS instruction. 

SYNC-
OR I--

ENo-

AND -SKOUTPUT 

CARRV- lATCH r--ClK 

I 
XAS 

Logical Diagram of SK Circuit 

\ 

National Semiconductor 
COP Brief 1 
May 1980 

Software Debug of Serial Register Functions 

In order to understand the method of software debug 
when dealing with theSIO register, one must first 
become familiar with the method in which the COPS 
Product Development System (PDS) BREAKPOINT and 
TRACE operations are carried out. Once these opera· 
tions are explained, the difficulties which could arise 
when interrogating the status of the SIO register should 
become apparent. 

Serial Out During BREAKPOINT 

When the PDS BREAKPOINTs, the COPS user program 
execution is stopped and execution of a monitor·type 
program, within the COP device is started. At no time 
does the COP part "idle". The monitor program loads 
the development system with the information contained 
in the COP registers. 

Note also that single·step is simply a BREAKPOINT on 
every instruction. 

If the COP chip is BREAKPOINTed while a serial function 
is in progress, the contents of the SIO register will be 
destroyed. By the time the monitor program dumps the 
SIO register to the PDS,the contents of the SIO register 
will have been written over by clocking in SI. To inspect 
the SIO register using BREAKPOINT an XAS must be 
executed prior to BREAKPOINT, therefore the SIO regis· 
ter will be saved in the accumulator. 

An even more severe consequence is that the monitor· 
program executes an XAS instruction to get the contents 
of the SIO register to the PDS. Therefore the SK Latch is 
dependent on the state of the CARRY prior to the BREAK
POINT. In order to guarrantee the integrity of the SIO 
register one must carefully choos.e the position of the 
BREAKPOINT address, . 

As can be seen, it is impossible to single-step or BREAK
POINT through a serial operation in the SIO register. 

Serial Out During TRACE 

In the TRACE mode, the user's program execution is 
never stopped. This mode is a real-time description of 
the program counter and the external event lines, there· 
fore the four external event lines can be used as logic 
analyzers to monitor the state of any input or output on 
the COPS device. The external event lines must be tied 
to the I/O which is to be monitored. The state of these I/O 
(External Event lines) is displayed along with the TRACE 
information. The safest way to monitor the real-time 
state of SO is to use the TRACE function In conjunction 
with the External Event lines. 

Binary Counter During BREAKPOINT 

Since the COPS chip is executing a Monitor Program 
during BREAKPOINT the SIO register is still active. In 
the Binary Counter mode SIO register will decrement on 
every negative transition of the Siline providing the pulse 
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stays low for at least two instruction cycles. However, if 
the pulse on SI occurs when the monitor is interrogating 
the SIO register, an erroneous situation may occur. 

General 

During a BREAKPOINT operation data is transmitted to 
the PDS over the SKIP output on the COP402. 

Notice that the D register is not contained in the Auto
Print options. The reason for this is that the contents of 
D cannot be read via COP software. These may be moni
tored by the External Event lines in the trace mode. 

Temporary Storage 

It is sometimes desirable to temporarily store the yalue 
of the accumulator. This can be done by designating a 
RAM digit and doing an exchange operatio'n. If the user 
can assure that the SIO register is in the binary counter 
mode and that SI is at a constant state, the SIO register 
may be used as a temporary storage location. This is 
advantagious because the storage and retrieval is ac
complished by the single byte XAS instruction and does 
not require the use of a RAM digit. The use of the SIO 
register as a binary counter is not available on the 
COP420C (CMOS version of the COP420), for this reason 
the SIO register may not be used as temporary storage. 
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Easy Logarithms for COP400 

Logarithms have long been a convenient tool for the sim
plification of multiplica:tion, division, and root extrac
tion. Many assembly language programmers avoid the 
use of logarithms because of supposed complexity in 
their application to binary computers. Logarithms con
jure up visions of time consuming iterations during the 
solution of a long series. The problem is far simpler 
than imagined and its solution yields, for the applica
tions programmer, the. classical benefits of logarithms: 

1) Multiplication can be performed by a single addition. 

2) Division can be performed by a single subtractio.n. 

3) RaiSing a number to a power involves a single mUl
tiply. 

4) Extracting a root involves a single divide. 

When applied to binary computer operation logarithms 
yield two further important advantages. First, a broad 
range of values can be handled without resorting tofloat
ing point techniques (other than implied by the charac-. 
teristic). Second, it is possible to establish the signifi
cimce of an answer during the body of a calculation, 
again, without resorting to floating point techniques. 

Implementation of base10 logarithms in a binary system 
is cumbersome and unnecessary since logarithmic func
tions can be implemented in a number system of any 
base. The techniques presented here deal only with 
logl'lrithms to the base2. 

A logarithm consists of two parts: an integer character
istic and a fractional mantissa. 

Y 

4 Y=LOG2 X 
LOG28=3.00 

X 
5 7 8 10 

CHARACTERISTIC MANTISSA 
LOG2 3= 1 0.95 
LOG2 4= 2 0.00 
LOG2 8= 3 0.00 
LOG210= 3 0.52 

National Semiconductor 
COP Brief 2 
May 1980 

In figure 1 some pOints on the logarithmic curve are 
identified and evaluated to the base2. Notice that the 
characteristic in each case represents the highest even 
power of 2 contained in the value of X. This is readily 
seen when binary notation is used. 

X10 X2 LOg2 X Log2 X Where X = 
24 23 22 21 ~ Characteristic Even Power of 2 

3 0 0 0 1 .. 
400100 2 010.0000 .. 
801000 3 011.0000 .. 

10 0 1 0 o 3 .. 
Figure 2. Identification of the Characteristic 

In Figure 2 each point evaluated in Figure 1 has been re
peated using binary notation. An arrow subscript indi
cates the highest even power of 2 appearing in each value 
of X. Notice that in X = 3 the highest even power of 2 is 
21. Thus the characteristic of the IOg2 3 is 1. Where X = 10 
the characteristic of the log2 10 is 3. 

To find the IOg2 X is very easy where X is an even power 
of 2. We simply shift the value of X left until a carry bit 
emerges from the high order position of the register. This 
procedure is illustrated in Figure 3. This characteristic 
is found by counting the number of shifts required and 
subtracting the result from the number of bits in the reg
ister: In practice it is easier to begin with the number of 
bits and count down once prior to each shift. 

Counter For 
Characteristic Vallie of X In Binary 

1000 
o 1 1 1 
o 1 1 0 
0101 
01 00 
001 1 

Characteristic 

o 0 0 0 1 0 0 0 Initial 
o 0 0 1 0000 First Shift 
o 0 1 0 0 0 0 0 Second Shift 
o 1 0 0 0000 Third Shift 
1 0 0 0 0 0 0 0 Fourth Shift 
o 0 0 0 0 0 0 0 Fifth Shift 

Mantissa' Final 

011.0000 0000 Log2 X=3.00 

Figure 3. Conversion to Base2 Logarithm by Base Shift 

Examination of the final value obtained in Figure 3 re
veals no bits in the mantissa. The value 3 in the charac
teristic, however, indicates that a bit did exist in the 23 

. position of the original number and would have to be 
restored in order to reconstruct the original value 

Figure 1. The logarithmic function and some example (antilog). 
values 
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The log of any even power of 2 can be found In this way: A simple flow chart, and program, can be devised for 
generating the values found in the table and, as will be 
apparent, a straight linc approximation for values that 
are not even powers of 2. The method, as already lIIus· 
trated in Figure 3, involves only shifting a binary number 
left until the most significant bit moves into the carry 
position. The characteristic is formed by counting. Since 
a carryon each successive shift will yield a decreasing 
power of 2, we must start the characteristic count with 
the number of bits in the binary value (x) and count down 
one each shift. 

Decimal Binary 

128 1 0000000 
6401000000 
3200100000 

4 000'001 00 
2 00000010 
1 00000001 

0111.00000000 
0110.00000000 
0101.00000000 
0010.00000000 
0001.00000000 
0000.00000000 

Figure 4. Base2 Logarithms of Even Powers of 2 

LOG2 

$LPl 

LOAD EXPONENT WITH COUNT EQUAL TO 
NUMBER OF BITS IN MANTISSA MINUS 1 

Figure 5. Log Flowchart 
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60p CROSS ASSEMBLER 
LOGS 

1 
2 
3 01A4 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 000 00 
51 001 57 
52 002 06 

COP CROSS ASSEMBLER 
LOGS 

53 003 A4 
54 
55 004 A9 
56 
57 005 20 
58 006 C8 
59 007 49 
60 008 05 
61 009 5F 
62 OOA 48 
63 OOB 06 
64 OOC C3 
65 
66 
67 
68 
69 
70 
71 
72 

.PAGE: 1 

; TITLE LOGS ; BINARY LOGARITHMS 

. CHIP 420 

; ..... - CONVERT TO LOGARITHM _ ..... ; 

RAM ASSIGNMENT 

; DIGIT: 

; REG 0 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

; REG 1 

; REG 2 

; REG 3 

---

. LOCAL 

-'---- '-"'-,' 

CH HM LM 

TEMP 

CH HM LM 

TEMP 

; CH. HM. LM REPRESENT ANY THREE SEQUENTIAL MEMORY DIGITS. THEY 
; MAY BE DEFINED IN ANY REGISTER. THE SYMBOLIC NOTATiON CH. HM. 
; AND LM ARE USED FOR ADDRESSING TO ALLOW USER FLEXIBILITY. 

CH 

CH 

; UPON ENTRY TO THE ROUTINE HM AND LM CONTAIN THE HI AND LO 
; OF SOME VALUE X. THE MEMORY"POINTER MUST CONTAIN THE ADDRESS 
; OF THE CHA'RACTERISTIC (CH). THE CONTENTS OF THIS LOCATION ARE 
; IGNORED AND ARE LOST DURING EXECUTION. 

; UPON EXIT CH. HM. LM CONTAIN A STRAIGHT LINE APPROXIMATION OF 
; THE LOG BASE 2 OF X. CH = CHARACTERISTIC HM = HI ORDER MANTISSA 
; LM = LO ORDER MANTISSA. AN 8 BIT MEMORY AREA (TEMP) IS USED IN 
; THE REGISTER OPPOSITE DURING THE CORRECTION OF A STRAIGHT 
LINE APPROXIMATION OF A LOG OR AN ANTILOG. 
; A TEST IS MADE FOR X = O. IF THE VALUE OF X 
; IS NOT ZERO AN INSTRUCTION IS SKIPPED UPON RETURN 
; TO THE CALLING ROUTINE. 

: SUBROUTINE CALL 
; RETURN HERE IF X = 0 .
; RETURN HERE IF X>O .. -

-EXAMPLE-

JSR LOG2 
JP ZERO 
CONTINUE 

'-'-
TEMP 

TEMP 

HMILM 

HMILM 

LOG2: CLRA 
AISC 
X 

07 
; SET CHARACTERISTIC. 
; TO REG LENGTH -1. 
; STORE IN MEMORY. 

PAGE: 2 

$LP1: JSRP SDB2 ; SET ADDRESS POINTER 
; BACK 2 DIGITS. 

JSRP SHLR ; RESET CARRY AND SHIFT 
; REG LEFT ONE BIT. 

$TS1: SKC ; IS CARRY = 1 YET? 
JP $NO ; NO - KEEP GOING. 

$LST: RETSK ; YES - FINISHED!! 
$NO: LD ; NO - LOAD COUNT IN ACC. 

AISC -1 ; SUBTRACT ONE. 
$TS2: RET ; MANTISSA IS A a! RETURN 

X ; STORE CHARACTERISTIC. 
JP $LP1 ; DO IT AGAIN! 

; 2 ROUTINES ARE CALLED FROM THE SUBROUTINE PAGE BY THIS 
; PROGRAM: SDB2. SHLR. . 

Figure 6. 
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The program shown develops the log2 of any even power 
of 2 by shifting and testing as previously described. 
Examine what happens to a value of X that is not an even 
power of 2. In Figure 7, the number 25 is converted to a 
base 2 log. 

2510 = 0 0 0 1 1 0 0 12 

Shift left until carry = 1 

Characteristic Carry Mantissa Log2 

0100 1 10010000 0100.10010000 

Figure 7. Straight Line Approximation of a Base2 Log 

The resulting number when viewed as an integer charac
teristic and fractional mantissa is 4.562510. The fraction 
0.5625 is a straight line approximation of the logarithmic 
curve between the correct values for the base210gs of 24 
and 25. The accuracy of this approximation is sufficient 
for many applications. The error can be corrected, as 
will be seen later in this discussion, but for now let's 
look at the problem of exponents or the conversion to an 
antilog. 

To reconstruct the original value of X, find the antilog, 
requires only restoration of the most significant bit and 
then its alignment with the power of 2 position indicated 
by the characteristic. In the example, approximation 
(log2 25 = 0100.1001) restoration of MSB can be accom
plished by shifting the mantissa (only) one position to 
the right. In the process a one is shifted into the MSB 
position. 

Approximation of Log2 X 

Char. Mantissa 

0100.10010000 

Restoration of MSB 

Char. Mantissa 

0100.11001000 

The value of the characteristic is 4 so the mantissa 
must be shifted to the right until MSB is aligned with the 
24 position. 

27 26 25 24 23 22 21 20 

000 1 100 1 

The completion of this operation restores the value of X 
(X = 25) and is the procedure used to find an antilog. 
Figure 8 is a flow chart for finding an antilog using this 
procedure. The implementation in source code is shown 
in Figure 9. 

~ 
ALOG: '---t 

~----M-O~V~E-M~A~NT~IS~S~A~T~O~TE~M~P~OR~A-RY~M~EM~O~R~Y~LO~C~M~IO~N~---' 
CLEAR MANTISSA AREA. SET X = <I> 

SET CARRY = 1 TO FORCE MSB OF X 

$SLX: 
r-------------~S~HI~~~CA~R~R~Y~IN~T~O~X--------------, 

SUBTRACT 1 FROM CHARACTERISTIC 

$TST: ( RETURN) 

Figure 8. Flow Chart for Conversion to Antilog 
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-CD COP CROSS ASSEMBLER PAGE 3 
"C LOGS 
m 
a. 
o 
() 

73 . FORM ; ..... - CONVERT TO ANTILOG -----. ; 

74 
75 
76 ; THE FOLLOWING SUBROUTINE CONVERTS THE STRAIGHT LINE 
77 
78 

; THE APPROXIMATION OF A BASE 2 LOGARITHM TO ITS CORRESPONDING 

; ANTILOG. UPON EXIT FROM THE ROUTINE THE CONTENTS OF CH 
79 
80 
81 
82 
83 

84 OOD A4 
85 OOE 00 
86 OOF 36 
87 010 34 
88 011 00 
89 012 36 
90 013 37 
91 014 22 
92 015 D8 
93 01 A9 
94 
95 017 A3 
96 018 AA 
97 019 05 
98 01A 5F 
99 01B 48 

100 01C 36 
101 
102 010 A4 
103 01E D6 
104 
105 

; WILL BE EQUAL TO THE HEXADECIMAL VALUE OF '¢>F'. 

ALOG: 
CLRA 

$SLM: 

$SLX: 

$TST: 
$LST: 

. LOCAL 

JSRP 

X 
XIS 
CLRA 

X 

XDS 
SC 
JP 
JSRP 

JSRP 
JSRP 
LD 
AISC 

RET 
X 

JSRP 
JP 

SDB2 

03 
03 

03 
03 

$SLX 

SHLR 

SDR2 
SHLC 

-1 

03 

SDB2 
$SLM 

; SET ACC TO O. 
; CLEAR MANTISSA AREA. 
; AND MOVE MANTISSA TO 
; TEMPORARY STORAGE. 
; LEAVE POINTER AT LO 
; ORDER OF MANTISSA. 

; RESTORE MSB OF X. 

; SHIFT REMAINDER 
; LEFT INTO CARRY. 
; MOVE BACK 2 DIGITS. 

; SHIFT X LEFT 1. 
; LOAD CHARACTERISTIC. 
; CHARACTERISTIC -1. 
; IF NO CARRY - FINIS. 
; STORE REMAINDER AND MOVE 
; DOWN ONE REGISTER. 
; MOVE BACK 2 DIG ITS. 
; DO IT AGAIN. 

106 
107 

; 4 ROUTINES ARE CALLED FROM THE SUBROUTINE PAGE BY THIS 
; PROGRAM: SDB2, SDR2, SHLR, SHLC. 

108 
109 

Using the linear approximation technique just described, 
some error will result when converting any value of X 
that is not an even power of 2. 

Figure 10 contains a table of correct base 2 logarithms 
for values of X from 1 through 32 along with the error 
incurred for each when using linear approximation, No
tice that no error results for values of X that are even 
powers of 2. Also notice that the error incurred for multi
ples of even powers of 2 of any given value of X is 
always the same: 

Figure 9, 
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ValueofX Error 

5 0.12 
2x.5=10 0.12 
4 x5 = 20 0.12 

3 0.15 
2x3= 6 0.15 
4 x 3 = 12 0.15 
8x3=24 0.15 



Linear 
Hexadecimal Approximation Error in 

EM -1 + 
EM-EM-1 

X Log Base of Log Base 2 Hexadecimal 2 

0.00 0.00 0.00 

2 1.00 1.00 0.00 

3 1.95 1.S0 0.15 

4 2.00 2.00 0.00 

5 2.52 2.40 0.12 

6 2.95 2.S0 0.15 

7 2.CE 2.CO O.OE 

S 3.00 3.00 0.00 

9 3.2B 3.20 O.OB 

10 3.52 3.40 0.12 

11 3.75 3.60 0.15 

12 3.95 3.S0 0.15 

13 3.B3 3.AO 0.13 

14 3.CE 3.CO O.OE 

15 3.ES 3.EO O.OS 

16 4.00 4.00 0.00 
0.03 

17 4.16 4.10 0.06 
0.09 

1S 4.2B 4.20 O.OB 
0.00 

19 4.3F 4.30 O.OF 
0.11 

20 4.52 4.40 0.12 
0.15 

21 4.67 4.50 0.17 
0.16 

22 4.75 4.60 0.15 
0.16 

23 4.S7 4.70 0.17 
0.16 

24 4.95 4.80 0.15 
0.15 

25 4.A4 4.90 0.14 
0.14 

26 4.B3 4.IAO 0.13 
0.12 

27 4.C1 4.BO 0.11 
0.10 

28 4.CE;. 4.CO O.OE 
0.00 

29 4.DB 4.00 O.OB 
O.OA 

30 4.ES 4.EO O.OS 
0.06 

31 4.F4 4.FO 0.04 
0.02 

32 5.00 5.00 0.00 

33 5.1· 

Figure 10. Error Incurred by Linear Approximation of Base 2 Logs 

An error that repeats in this way is easily corrected 
using a look·up table. The greatest absolute error will 
occur for the least value of X not an even power of 2, x = 3, 
is about 8%. A 4 point correction table will eliminate 
this error but will move the greatest uncompensated 
error to X = 9 where it will be about 4%. This process 
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continues until at 16 correction points the maximum er
ror for the absolute value of the logarithm is less than 1 
percent. This can be reduced to 0.3 percent by distribu
ting the error. Interpolated error values are listed in Fig
ure 10 and are repeated in Figure 11 as a binary table. 
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High Order Binary 
4 Mantissa Correction 

Bits Value 

0000 0000 0000 
0001 0000 1001 
a a 1 a 00001101 
a a 1 1 0001 0001 
a 1 a a 00010101 
a 1 a 1 00010110 
a 1 1 a 0001 0110 
a 1 1 1 0001 01 10 
1 a a a 0001 a 10 1 
1 a a 1 0001 0100 
1 a 1 a 0001 0010 
1 a 1 1 000 1 0000 
1 1 a a 00001101 
1 1 a 1 00001010 
1 1 1 a 0000 0110 
1 1 1 1 0000 0010 

Hexadecimal 
Correction 

Value 

a a 
a 9 
a 3 
1 1 

5 
6 
6 
6 
5 
4 
2 

1 a 
a D 
a A 
a 6 
a 2 

Notice in Figure 10 that left justification of the mantissa 
causes its high order four bits to form a binary sequence 
that always corresponds to the proper correction value. 
This works to advantage when combined with the COP400 
LQID instruction. LQID implements a table look·up func· 
tion using the contents of a memory location as the ad· 
dress pointer. Thus we can perform the required table 
look·up without disturbing the mantissa. 

Figure 12 is the flow chart for correction of a logarithm 
found by linear approximation. Figure 13 is its imple
mentation in COP400 assembly language. Notice that 

. there are two entry points into the program. One is for 
correction of logs (LADJ:), the other is for correction of a 
value prior to its conversion to an antilog (AADJ:). 

Figure 11. Correction Table for L2 X Linear 
Approximations 

C START ) 
+ 

LADJ: SET MEMORY ADDRESS POINT 
TO ORDER CORRECTION VALUE 

SAVE TABLE POINTER IN MEMORY 

LOAD HIGH ORDER MANTISSA 
INTO ACCUMULATOR 

SXPM: STORE MANTISSA VALUE IN MEMORY 

LOAO TABLE ADDRESS INTO ACCUMULATOR 

LOAD CORRECTION VALUE INTO 0 REGISTER 

SOTM: TRANSFER CORRECTION VALUE TO MEMORY 

SADD: AOD CORRECTION VALUE TO MANTISSA 

• 
$LST: C RETURN) 

Figure 12. Flow Chart for Correction of a Value Found by Straight Line Approximation 
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COP CROSS ASSEMBLER 
LOGS 

110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 01F 44 
121 020 03 

021 09 
022 OD 
023 11 

122 024 15 
025 16 
026 16 
027 16 

123 028 15 
029 14 
02A 12 
02B 10 

124 02C OD 
02D OA 
02E 06 
02F 02 

125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 030 32 
143 031 F3 
144 032 22 
145 033 05 
146 034 07 
147 035 05 
148 036 37 
149 037 06 
150 038 00 
151 039 52 

COP CROSS ASSEMBLER 
LOGS 

152 
153 
154 
155 
156 

157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 

03A 
03B 
03D 
03F 
03F 

040 
041 

042 
043 

BF 
332C 
04 
07 
20 

80 
98 

35 
48 

0020 
0002 

PAGE: 4 

. FORM ; ..... - ADJUST VALUE OF LOGARITHM _ ..... ; 

· LOCAL 

; THE FOLLOWING TABLE IS USED DURING THE CORRECTION OF VALUES 
; FOUND BY STRAIGHT LINE APPROXIMATION. IT IS PLACED HERE IN 
; ORDER TO ALIGN ITS BEGINNING ELEMENT WITH A ZERO ADDRESS AS 
REOUIRED BY THE LaiD INSTRUCTION. 

NOP ; REGISTER WITH ZERO ADDRESS. 
TPLS: · WORD 03,09,OD,011 

.WORD 015,016,016,016 

. WORD 015,014,012,010 

· WORD OD,OA,06,02 

; THE FOLLOWING SUBROUTINE ADJUSTS THE VALUE OF A BASE 2 
; LOGARITHM FOUND BY STRAIGHT LINE APPROXIMATION. THE 
; CORRECTION TERMS ARE TAKEN FROM THE TABLE ABOVE. THE 
; SUBROUTINE HAS 2 ENTRY POINTS: 

LADJ: - ADJUSTS A VALUE DURING CONVERSION TO A LOG 

AADJ: - ADJUSTS A VALUE DURING CONVERSION TO ANTILOG 

; THE CARRY FLAG IS SET UPON ENTRY TO DISTINGUISH BETWEEN LOG 
; (C = 1) AND ANTILOG (C = 0) CONVERSIONS. DURING A LOGARITHM 
; CONVERSION THE VALUE FOUND IN THE ABOVE TABLE IS ADDED TO 
; THE MANTISSA. DURING AN ANTILOG CONVERSION THE VALUE FOUND 
; IN THE ABOVE TABLE IS SUBTRACTED FROM THE MANTISSA. 

AADJ: 

LADJ: 
$LD 

PAGE: 5 

$GTM: 

$ADD: 

$LST: 

RC 
JP 
SC 
LD 
XDS 
LD 
XDS 
X 
CLRA 
AISC 

LOID 
COMA 
XIS 
XDS 
SKC 

JSRP 
JSRP 

LD 
RET 

$LD 

03 

TBL 

COMP 
ADRO 

03 
; CHARACTERISTIC AND 

; C = 0 FOR ANTILOG 
; CONVERSION. 
; C = FOR LOG2 ADJ. 
; MOVE ADDRESS POINTER BACK 
; ONE LOCATION. 
; LOAD CONTENTS OF HI MANTISSA 
; AND STORE IT IN THE LO ORDER 
; OF THE TEMP MEMORY LOCATION. 
; SET TABLE POINTER 
; (ACC) TO TABLE ADDRESS. 

; LOAD CORRECTION VALUE TO O. 
; TRANSFER 0 REGISTER 
; CONTENTS TO MEMORY. 

; ANTILOG? 

; YES - COMPLIMENT. 
; ADD CORRECTION VALUE 
; TO MANTISSA. 
; SET POINTER TO 

; RETURN. 

; 2 ROUTINES ARE CALLED FROM THE SUBROUTINE PAGE BY THIS 
; PROGRAM: COMP, ADRO 

V1 = TPLS&OFF 
TBL=V1116 

Figure 13. 
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Subroutines Used by the Log and Antilog Programs 

COP CROSS ASSEMBLER PAGE: 6 
LOGS 

172 

173 0080 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183. 

184 
185 
186 
187 

188 

1,89 
190 
191 
192 
193 
194 
195 
196 080 22 
197 081 00 
198 082 06 
199 083 10 
200 084 44 
201 085 04 
202 086 00 
203 087 06 
204 083 10 
205 089 44 
206 08A 04 
207 08B 44 
208 08C A4 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 

219 
220 
221 
222 
223 

. FORM 

. PAGE 02 ; '-'- SUBROUTINES _ ..... ; 

; THE FOLLOWING ROUTINES RESIDE ON THE SUBROUTINE PAGE. THEY 
; ARE CALLED BY THE LOGS PROGRAM BUT ARE GENERAL PURPOSE IN 
; NATURE AND FUNCTION AS UTILITY ROUTINES. 

; ••.•• - COMPLEMENT 8 BITS _ .• -. ; 

. LOCAL 

; THIS ROUTINE FORMS IN MEMORY THE 2'S COMPLEMENT OF THE TWO 
; ADJACENT DIGITS IDENTIFIED BY THE ADDRESS POINTER. THE 
; CONTENTS OF THE ADDRESS POINTER ARE NOT ALTERED. 

; THERE ARE TWO ENTRY POINTS: 

; COP: COMPLEMENT 8 BITS. 

; CMPE: EXTEND THE COMPLEMENT TO AN ADDITIONAL 8 BITS 
;. 

COMP: SC 
CMPE: CLRA ; SET MINUEND=O 

X ; AND STORE IN MEMORY. 

CASC 
NOP 
XIS 
CLRA ; SET MINUEND = 0 
X ; AND STORE IN MEMORY. 

CASC 
NOP 
XIS 
NOP ; AVOID SKIP IF DIGIT 15. 

JP SDB2 ; RETURN THRU SDB2 
; TO RESTORE POINTER. 

; -.... - ADD 8 BITS IN ADJACENT REGISTERS _ ..... ; 

. LOCAL 

; THIS ROUTINE ADDS TWO BINARY DIGITS (8 BITS) FROM ANY REGISTER 
; TO THE CORRESPONDING TWO BINARY DIGITS IN EITHER REGISTER 
; IMMEDIATELY ADJACENT. THERE ARE THREE ENTRY POINTS: 

LADR: - RESET CARRY AND ADD 2 DIGIT PAIRS 
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COP CROSS ASSEMBLER 

LOGS 

224 

225 
226 
227 
228 
229 
230 08D 32 
231 08E 15 

232 08F 30 

233 090 44 

234 091 14 

235 092 15 

236 093 30 
237 094 44 

238 095 14 
239 096 44 
240 097 48 

241 
242 
243 
244 
245 

246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 098 32 
263 099 35 
264 09A 30 
265 098 44 
266 09C 34 
267 09D 15 
268 09E 30 
269 09F 44 
270 OAO 34 
271 OA1 44 
272 OA2 48 
273 
274 
275 
276 
277 

PAGE: 7 

LADR: 
LADD: 

ADD1: 

$LST: 

LADD: - ADD 2 DIGIT PAIRS WITH UNMODIFIED CARRY 

ADD1: - ADD 2 SINGLE DIGITS WITH UNMODIFIED CARRY 

RC ; RESET CARRY PRIOR TO ADD. 

:D 01 ; LD ADDEND AND MOVE TO ADJ REG 

ASC ; ADD AUGEND. 

NOP ; AVOID CARRY! 

XIS 01 ; STORE SUM AND MOVE TO ADDEND 

LD 01 ; REPEAT PROCESS 

ASC ; FOR 
NOP ; HIGH ORDER 
XIS 01 ; DIGIT. 

NOP ; AVOID SKIP IF DIGIT 15. 

RET ; FINISHED - RETURN!!!! 

; •.... - ADD 8 BITS IN OPPOSITE REGISTERS _ ..... ; 

. LOCAL 

; THIS ROUTINE ADDS TWO BINARY DIGITS (8BITS) FROM ANY REGISTER 

; TO THE CORRESPONDING TWO BINARY DIGITS IN EITHER REGISTER 
; DIRECTLY OPPOSITE. THERE ARE THREE ENTRY POINTS: 

ADRO: 
AD DO: 

AD01: 

$LST: 

ADRO: - RESET CARRY AND ADD 2 DIGIT PAIRS 
ADDO: - ADD 2 DIGIT PAIRS WITH UNMODIFIED CARRY 
AD01: - ADD 2 SINGLE DIGITS WITH UNMODIFIED CARRY 

RC 
LD 03 
ASC 
NOP 
XIS 03 
LD 01 
ASC 
NOP 
XIS 03 
NOP 
RET 

; ..... - SET DIGIT ADDRESS BACK TWO _ ..... ; 

9-177 

; RESET CARRY PRIOR TO ADD. 
; LD ADDEND AND MOVE TO OPP REG 
; ADD AUGEND. 
; AVOID CARRY! 
; STORE SUM AND MOVE TO ADDEND. 

; REPEAT PROCESS 
; FOR 
; HIGH ORDER 
; DIGIT. 
; AVOID SKIP IF DIGIT 15. 
; FINISHED - RETURN!!!! 
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COP CROSS ASSEMBLER 

LOGS 

278 

279 

280 

281 
282 

283 

284 

285 

286 

287 

288 
289 

290 

291 

292 

293 

294 

295 

296 
297 

298 

299 

300 

301 

302 

303 
304 

305 

306 

307 

308 

309 

310 
311 

312 

313 

314 

315 

316 

317 
318 

319 

320 

321 

322 
323 

324 
325 

326 

327 

328 

329 

330 

331 

OA3 

0A4 

OA5 

OA6 

OA7 

OA8 

OA9 

OAA 

OAB 
OAC 

OAD 

OAE 

OAF 

35 

4E 

5E 

44 

50 

48 

32 

05 

30 

44 

04 

05 

30 

COP CROSS ASSEMBLER 
LOGS 

332 OBO 44 

333 OB1 04 
334 OB2 48 
335 

336 

337 

PAGE: 

. LOCAL 

; THIS ROUTINE SUBTRACTS 2 FROM THE CONTENTS OF THE 

; DIGIT POINTER (B REGISTER). THE CONTENTS OF THE 

; ACCUMULATOR ARE LOST IN THE PROCESS. THE USE OF 

; SDB2 ALLOWS ADDRESSING WITHIN THE LOGS SUB 

; ROUTINE TO BE RELATIVE TO THE CONTENTS OF THE 

; ADDRESS POINTER (B REGISTER) UPON ENTRY. 

; SDB21S COMMONLY USED IN BYTE OPERATIONS TO RESTORE THE 

; DIGIT POINTER TO THE LOW ORDER POSITION. 

; THERE ARE TWO ENTRY POINTS: 

; SDR2: SET DIGIT ADDRESS BACK 2 AND MOVE TO OPPOSITE REGISTER. 

; SDB2: SET DIGIT ADDRESS BACK 2 RETAINING PRESENT REGISTER. 

SDR2: LD 03 ; MOVE TO OPPOSITE REGISTER. 
SDB2: CBA ; PLACE DIGIT COUNT IN ACC. 

AISC -2 ; SUBTRACT 2. 

NOP ; SHOULD ALWAYS SKIP. 
CAB ; PUT DIGIT COUNT BACK. 
RET ; FINISHED - RETURN! I 

; ..... - SHIFT LEFT, _ ..... ; 

. LOCAL 

; THIS ROUTINE SHIFTS LEFT THE CONTENTS OF TWO MEMORY 

; LOCATIONS ONE BIT. THERE ARE THREE ENTRY POINTS: 

SHLR: RC 
SHLC: LD 

ASC 

NOP 

XIS 
SHL1: LD 

ASC 

PAGE: 9 

NOP 

XIS 
$LST: RET 

.END 

SHLR: RESETS THE CARRY BEFORE SHIFTING 

IN ORDER TO FILL THE LOW ORDER 

BIT POSITION WITH A O. 

SHLC: SHIFTS THE STATE OF THE CARRY INTO 

THE LOW ORDER BIT POSITION. 

SHL1: SHIFTS LEFT THE CONTENTS OF ONLY 

ONE MEMORY LOCATION. THE STATE 

OF THE CARRY IS SHIFTED INTO THE 

LOW ORDER POSITION OF MEMORY. 

; CLEAR CARRY PRIOR TO SHIFT. 

; LOAD FIRST MEM DIGIT. 

; DOUBLE IT. 

; AVOID SKIP. 

; STORE SHIFTED DIGIT. 

; LOAD NEXT MEM DIGIT. 
; DOUBLE IT TOO. 

; AVOID SKIP, IF ANY 

; STORE SHIFTED DIGIT. 

; FINISHED - RETURN! 
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Use of Macro-Assembled 
Code 

Introduction 

The use of macro assembled code in a COP400 series 
program can be beneficial to the user if implemented 
correctly. Care must be taken to insure that ROM space 
is not being utilized in a wasteful manner. In many cases 
a block of commonly used code would lend itself to a 
sUbroutine rather than repeating a macro. The purpose 
of this brief is to illustrate the advantages of the macro 
capability of the COP400 Product Development System 
(PDS). Due to modifications in the assembler program 
there is erroneous information concerning macro calls 
in the COP400 PDS' Manual. These modifications are 
discussed in the section labeled GENERAL. 

By using macros the programming process becomes 
much more general in nature. In some circumstances, 
with a good macro library, a pseudo higher level lan
guage can be created. This higher level of instructions 
inefficiently utilizes ROM space. However, if the ROM 
space is available, macros can ease the task of program
ming. A feasable approach to organized programming 
might be to work from a macro library and in the event 
of limited ROM space, optimize code by replacing the 
macros which are repeatedly used, by a single subrou
tine and calling statements. 

Macros also may be used as programming aids which 
ease the understanding of the instruction set. When uti
lizing macros to rename single instructions no ROM 
space is wasted. Macro statements must be declared at 
the beginning of a source file. However, this does not 
utilize ROM space unless the macro is called within the 
source. Various methods of creating multiple and Single 
instructions macros are discussed below. 

Creating Instruction Macros 
One very basic use of macros is to rename instructions 
or groups of instructions to suit individual preferences. 
In the example shown the user must add the macro to 
the source file and each time the new mnemonic is en
countered the assembler will create the correct code. 

B1 =0 
B2';0 

B4=2 
B8=3 

. MACRO 
SKMBZ 
.ENDM 

sz. BIT 
BIT 

; EQUATE STATEMENTS 
; USED FOR PROGRAMMING 
; CLARITY 

The renamed instruction may now be utilized in the fol
lowing way: 

sz B8 

OR 

sz 3 

In both cases 'SKMBZ 3' will be assembled. 

National Semiconductor 
COP Brief 3 
May 1980 

By utilizing the equate capabilities the user can even 
further personalize the instruction set. In the above ex
ample 'B1' is equated to '0', 'B2' to '1', etc. This translates 
a bit position '0,1,2,3' to a bit weight of '1,2,4,8' which 
may be of preference to the programmer. In any case, 
the ability to manipulate the instruction set is available 
to the user without direct modification to the assembler 
program. 

Conditional assembly in conjunction with macro capa
bilities may be utilized to further ease programming. In 
the following example the 'JSR' and 'JSRP' instructions 
are replaced with a simple 'CALL' statement. It is impor
tant to allocate the proper number of ROM spaces during 
pass 1 of the assembler so as to assign a ROM location 
to correspond to each label. It is not until pass 2 of the 
assembler that information of label addresses is known. 
Because of this the macro must be able to determine 
whether the 'CALL' is a one or two byte instruction. This 
can be accomplished by use of conditional assembly 
statements. In the example shown, all subroutines lo
cated in page 2 must be labeled by an 'A' followed by the 
subroutine name. Conversely, subroutines not located 
in page 2 must not begin with the letter 'A'. Note that the 
character' A' was chosen arbitrari Iy and may be modified 
to any legal character or characters. 

· MACRO CALL,X,Y 
· IFC #1 EQ A 

JSRP X'Y 

· ELSE 
JSR X'Y 

· ENDIF 
· endm 

CALL AINC 

; MACRO TO RENAME JSR, JSRP 
; TEST IF LABEL IS PREFACED 
; BY AN 'A' 
; YES, ASSEMBLE SINGLE BYTE 

; NO, ASSEMBLE DOUBLE BYTE 

; MUST TERMINATE. IF 
; TERMINATE MACRO 

; CALL SUB IN PAGE 2 

This statement will generate: 

JSRP AINC 

AINC must be located in page 2 or an assembler ,error 
will occur. 

CALL SUB ; CALL SUB NOT IN PAGE 2 

This statement will generate: 

JSR SUB 
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a; Macros of Interest 
·c 
III Table Look-Up Macro 
c.. 
o 
(.) 

This macro will place the look-up table in the ROM space 
designated by the LOC parameter or if the parameter is 
not specified the table will follOW in successive locations 
after being called. 

MACRO TABLE,LOC ; SEG TABLE LOOKUP 
,IFC #>0 ; TEST IF PARAMETER IS THERE 
,X' LOC ; YES, USE IT 

, ELSE ; NO, ELIMINATE ROM POINTER 

, ENDIF ; TEMINATE . IF 
, WORD OFD ; 0 
, WORD 061 ;1 
, WORD ODB ;2 
· WORD OF3 ;3 
, WORD 067 ;4 

, WORD OB7 ;5 
· WORD 03F ;6 

· WORD OE1 ;7 
, WORD OFF ;8 
, WORD OE7 ;9 
, WORD OCF ;P 

· WORD OEF ;A 
, WORD 07D ;U 

· WORD 09D ;C 

· WORD 06F ;F 

· WORD 000 ; BLANK 
.ENDM 

TABLE 024 ; SET ROM POINTER AT ROM 

; LOCATION 024<hex> 
OR 

TABLE ; START SEVEN SEG AT PRESENT 

; ROM LOCATION 

The code generated will correspond to the look-up table 
given in the macro. This table may be modified to suit 
any particular symbol. Sixteen segment arrays are listed 
only to take advantage of the LQID instruction. These 
may be modified to the user's preference. 

Additional Macro information is available in the COP400 
Product Development System Manual. 

General 
The COP PDS Manual defines parameter delimiters when 
using macros as commas or blanks. When creating the 
macro, parameters must be separated by commas where
as blanks are not acceptable. When calling the macro it 
is acceptable to delimit the parameters by either blanks 
or commas. 

In order to assure correct assembly when using the. IF or 
.IFC directives it is essential to terminate these directives 
by a .ENDIF. This point is not emphasized in the, manu
al. However it is important in the assembly process, 

The. LIST directive may be used to suppress the macro 
listing in the source or to expand it. The COP PDS Manual 
covers LIST options in detai I. 
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L·Bus Considerations 

L·Bus Considerations 

Users of the COP400 family of microcontrollers should 
be aware that certain outputs exhibit peculiarities that 
preclude their use as clocks for edge sensitive devices 
such as flip·flops, counters, shift registers, etc. All family 
members excluding the COP410L and COP411L may 

START: 
CLRA ; ENABLE THE 0 
LEI ; REGISTER TO L LINES 
LBI TEST 
STII 3 
AISC 12 

LOOP: 
LBI TEST ; LOAD 0 WITH X'C3 
CAMO 
JP LOOP 

Figure 1. Glitch Test Program 

National Semiconductor 
COP Brief 4 
May 1980 

. generate false states on La·L7 during the execution of the 
CAMQ instruction. Figure 1 contains a short program to 
illustrate this. 

In this program the internal Q register is enabled onto 
the L lines and a steady bit pattern of logic highs is out· 
put on La, L1, La, L7, and logic lows on L2-L5 via the two· 
byte CAMQ instruction. Timing constraints on the device 
are such that the Q register may be temporarily loa~ed 
with the slilcond byte of the CAMQ opcode (X'3C) prior to 
receiving the valid data pattern. If this occurs, the opcode 
will ripple onto the L lines and cause negative'going 
glitches on 4>, L1, La, L7, and positive glitches on L2-L5· 
Glitch durations are under 2 microseconds, although 
the exact value may vary due to data patterns, proces· 
sing parameters, and L line loading. These false states 
are peculiar only to the CAMQ instruction and the L lines. 
The user should experience no difficulty interfacing with 
other COP420 outputs such as GO·G3 and Do·D3 to edge 
sensitive components. 
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Software and Opcode 
Differences in the COP444L 
Instruction Set 

The COP444L is essentially a COP420L with double 
RAM and ROM. Because of this increased memory space 
certain instructions have expanded capability in the 
COP444l. Note that there are no new instructions in the 
COP444L. and that all instructions perform the same 
operations in the COP444L as they did in the COP420L. 
The expanded capability is merely to allow appropriate 
handling of the increased memory space. The affected 
instructions are: 

JMP 
JSR 
LDD 
XAD 
LBI 

XABR 

a (a = address) 
a (a = address) 
r,d (r,d = RAM address Br,Bd) 
r,d (r;d = RAM address Br,Bd) 
r,d (r,d = RAM address Br,Bd; only two byte 

form of the instruction affected) 

The JMP and JSR instructions are modified in that the 
address a may be anywhere within the 2048 words of 
ROM space. The opcodes are as follows: 

JMP 1011 °101"10:9:81 JSR 101 1 °111"10:9:81 

"7:0 

National Semiconductor 
COP Brief 5 
May 1980 

The LDD, XAD, and two byte LBI are modified so that 
they may address the entire RAM space. The opcodes 
are as follows: 

LDD j0010 I 00111 

101 rid 

LBI 10011100111 

111 rid 

XAD 1001 0 I 001 11 

PI rid 

The XABR instruction change is transparent to the user. 
The opcode is not changed nor is the function of the 
instruction. The change is that values of 0 through 7 in 
A will address registers in the COP444L - i.e. the lower 
t.hree bits of A become the' Br value following the in
struction. In the COP420L, the lower two bits of A be· 
came the Br value following an XABR instruction. 

Note that those instructions which have an exclusive·or 
argument (LD, X, XIS, XDS) are not affected. The argu· 
ment is still two bits of the opcode. This means that the 
exclusive·or aspect of these instructions works within 
blocks of four registers; It is not possible to toggle Br 
from a value between 0 and 3 to a value between 4 and 7 
by means of these instructions. 

There are no other software or opcode differences be· 
tween the COP444L and the COP420l. Examination of 
the above changes indicates that the existing opcodes 
for those instructions have merely been extended. 
There is no fundamental change. 
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RAM Keep-Alive 

A COPS™ application is a small scale computer system 
and the design of a power shut-down is not trivial. During 
the time that power is available, but out of the designed 
operating range, the system must be prevented from do
ing anything to harm protected data. This will typically 
involve some type of external protection or timing circuit. 

There is an option on the COP420, 420L, and 410L parts 
called "RAM Keep-Alive" that provides a separate power 
supply to the RAM area of the chip via the CKO pin. The 
application of power to the RAM while the remainder of 
the chip has been powered down via Vee will keep the 
RAM "alive". 

However, the integrity of data in the RAM.is not only a 
function of power but is also influenced by transient con
ditions as power is removed and reapplied. During power
on, the Power On Reset (PaR) circuit wil) keep transients 
from causing changes in the RAM states. The condition 
of power loss will have some probability of data change 
if external control is not used. 

At some point below the minimum operating voltage 
certain gates will no longer respond properly while 
others may still be functional until/a much lower vol
tage. During this transition time any false signal could 
cause a false write to one or more cells. Another effect 
could be to turn on multiple address select lines causing 
data destruction. 

Testing the rate of data change is very difficult because 
it must be done on a statistical basis with many turn/on
turn/off cycles. Two factors have a major bearing on the 
numbers derived by testing. One is to call any change in 
a related data block a failure, even though more than 
one·bit in that block may have changed (this latter case 
may well be due to the "address select mode"). The sec
ond factor is that without massive instrumentation it is 
impossible to examine the data after each power cycle. 
Indeed, to do so might have caused errors! 

By running the power cycle for a period of time and then 
looking for changes, one could overlook multiple changes 
thus reducing the error rate. This has been minimized by 
more frequent checking which indicates that the errors 
are spread out randomly over time. 

With a power supply that drops from 4.5 to 2V in approx
imately 100ms, the drop-out rate is 11n 5k to 6k power 
cycles. Reducing the voltage fall time will cause an im
provement in the number of cycles per drop-out. This 
will reach a limit condition of a very high number (1 per 1 
million?) when the power falls within one instruction 
cycle (4-10"s for the 420, 15-40"s for the "L" parts). 
Attaining very rapid fall time may cause problems due 
to the lack of decoupling/bypass capacitance. By insert
ing an electronic switch between the regulator and Vee 
of the COP chip one might be able to meet this type of 
fall time. By Implication some type of sensing is required 
to cause the switching. 
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The desirable approach is to force th!3 COP reset input 
to zero before the voltage falls below 4.5V. This provides 
a drop out rate of approximately 1 in 50k for the "L" 
parts and 1 in 100k for the 420. By also stopping the 
clock of the "L" parts they can achieve a drop-out rate 
similar to the 420. While not perfect, the number of 
cycles between data error should be considered with 
respect to the needs of the application. 

The external circuitry to control the chip during the power 
transition has several implementations each one being 
a function of the application. The simplest hardware is 
found in a battery powered (automotive) application. The 
circuit must sense that the switched 12V is falling (e.g., 
at some value much below 12V and still greater than 5V). 
This can be done by using the un switched 12V as a ref
erence for a divider to a nominal voltage of 8V. As the 
switched 12V drops below the reference a detector will 
turn on a clamp transistor to li! series switch, the paR, 
and/or the clock circuit (Figure 1).lt should be noted that 
this draws current during the absence of the switched 
12V circuit. 

In non-automotive usage a similar circuit can be used 
where there is a stable reference voltage available to 
use with the comparator/clamp. Thus a 3.6V rechargable 
Ni-Cad battery could be used as the reference voltage 
and VRAM if the appropriate divider is used to level shift 
to this operating range. 

In AC line-powered applications, a similar method could 
be used with the raw DC being sensed for drop. Another 
method would be to sense that the line had missed 2-3 
cycles either by means of a charge pump or peak detec
tion technique. This will provide the signal to turn on the 
clamp. One must make this faster than the time to dis
charge the output capacitance of the power supply, thus. 
assuring that the clamp has performed its function be
fore the supply falls below spec value. 

In conclusion, to protect the data stored in RAM during 
a power-off cycle, the paR should go low before the Vee 
power drops below spec and come up after Vee is within 
spec. The first item must be handled with an external 
circuit like Figure 1 and the latter by an RC per the data 
sheet. 

5W 
+v (12V) 

B8k =JR 
~ 

9-183 

o o 
"tI 
m .. 
i" -



..... 
~ MICROBUS™ Programming 
In Considerations 
D-o o 

Introduction 
The COP402 MICROBUSTM is a peripheral microproces
sor device and its operating characteristics are described 
in the COP402M data sheet and the Chip User's Manual_ 
Given in this brief are some clarifications as to the 
allowable option selection and also as to programming 
requirements that are not readily obvious. 

COPS IN Input Port Options on the 
COP402M 
In the COP402M configuration, INo is a general purpose 
latched Input with a load device to Vcc. All other IN inputs 
(CS, RD, and WR), are selected as high impedance inputs 
without pull-up devices. 

The COP402M and the COP420M will execute ININ and 
INIL instructions. INo information will be latched in ac
cordance with the criteria specified In the data sheet 
(min. 2 inst. cycle time at logic zero), as will the WR, (INs) 
input If these criteria are met. If theWR pulse does not 
meet. the 2 instruction cycle criteria, yet does satisfy 
MICROBUS timing, the status of the IL latch corres
ponding to the WR input (INs) cannot be predicted when 
the status of the IL latches Is read in via an INIL instruc
tion. 

When executing the ININ instruction, the status of INo 
and the MICROBUS signals will be read In with the ex
ception of the RD (IN1) signal. This signal will always 
read In as a logical one. 

COPS IN Input Port Options on the 
COP420M 
When selecting a MICROBUS option it is possible to 
select either load devices to Vcc or high impedance in
puts on INo and all MICROBUS signals. These options 
may be chosen individually corresponding to INo, CS, 
WR, and RD signals. There is also a choice. between 
standard TTL input levels or a High Trip option for the IN 
and MICROBUS inputs. The only restriction (for all 400 
series devices) is that when either a High Trip or TTL trip 
levels are chosen, they must be selected in blocks cor
responding to that input port. For example, all IN lines 
must have High Trip, rather than just one IN line. 

MICROBUS™ Programming Considerations 
The COP402M data sheet describes the handshaking 
protocall required when implementing the COP420M as 
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a microprocessor p~ripheral device. When a WR strobe 
is detected, an internal reset of the Go latch occurs. 
This signal indicates that data is ready to be transferred 
to the Q latches from the microprocessor bus. Due to 
the relatively short timing requirements on the WR strobe 
signal it is necessary to latch the write request such 
that under program control the COP device can service 
the write request. Upon completion of the data transfer 
and any task that may have been performed, the user 
then signals the microprocessor that it is available once 
again by setting the Go latch. This portion of the 
handshaking (setting Go) is the only time that the G Port 
should be used as an output port. All G Ports in the 
MICROBUS configuration should be used only as input 
in order to guarantee that a WR strobe is not missed. 
When using the G Port as an output Port it is possible 
that a WR pulse may be ignored as explained in the 
example below. The G Port may be utilized asan output 
port in the following way, however, there is a 3 cycle 
period that if a WR pulse occurred it would be ignored. 

GPIN: LBI RAM ; POINT TO RAM LOCATION 
ING ; READ THE G PORT 
X ; STORE IN RAM 
5MB X ; CHANGE G PORT INFO TO BE SENT OUT 

SKGBZ 0 ; SEE IF WR STROBE HAS OCCURED 

JP OUT ; HAVE NOT BEEN INTERRUPTED (YET) 

JP SERVICE ; GO SERVICE WR REQUEST 

OUT: OMG ; OUTPUT NEW G PORT INFORMATION 

If a write pulse occured during the JP to OUT or the 
OMG instructions it would not be recognized because 
the OMG will set the Go latch to a logic one, signalling to 
the microprocessor that the WR strobe has been 
serviced. 

It is possible to output to the G Port after WR and before 
Go is set, and not miss a WR request. This means that 
the data outputted on the Glines wil be updated only 
after the microprocessor has initiated an interrupt. 

General 
The COP402M data sheet specified all IP address lines 
as TTL compatible, with a fan out of one. Address lines 
IP4 and IP5 do not meet this criterion, although all other 
IP lines do. It is sufficient to say that all IP lines are 
LSTTL compatible with a fan out of one, the restricting 
factor being IP4 and IP5, (lOL @ 0.4V, 360 "A = 10H @ 

3.0V = 50 "A.) 

MICROBUS™ is a Trademark of National Semiconductor Corp. 
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COPS™ Peripheral Chips 

COPS Peripheral Chips 

There are several 1/0 peripheral chips that are compat· 
ible with the COPS microcontrollers by communicating 
through the serial 1/0 port. Table 1 shows a listing of 
those circuits. Two different sets of timing employed by 
them are shown in Figure 1. A brief description of the 
electrical characteristics of each chip is given below. 

COP452 Frequency and Counter Chip 

The COP452 frequency and counter chip is fabricated 
by N·channel silicon gate process. The chip operates 
between 4.5V and 9.5V. It contains a TRI·STATETM 
output to be connected to the SI pin of the COPS con· 
troller. This output can drive the SI pin of a standard or a 
low power COPS controller provided that standard TTL 
input level option is chosen for the SI pin. If the higher 
input level option is chosen, or a CMOS COPS controller 
is used, an external resistor may be used to increase the 
HIGH output level. The LOW level will also increase. 

COP470 V.F. Display Driver 

The COP470 V.F. display driver is fabricated by a PMOS 
process. It operates between 4.5V and 9.5V with a high 
voltage supply pin for output drivers to drive fluorescent 
displays. The input levels on this chip are different from 
other chips. The LOW level is between OV and Vee - 4V, 
and the HIGH level is between Vee -1.5V to Vee. The 
input LOW level will be between OV and 0.5V when Vee 
is 4.5V. If Vee is above 5V, the input HIGH level will be 
above the CMOS input HIGH level, e.g., with Vee being 
9.5V, the minimum input HIGH level will be 8V, compared 
to 6.8V for CMOS minimum input HIGH level. The COPS 
controller data sheet will not accurately show the propa· 
gation delay. To obtain a conservative estimate of the 
propagation delay, assume that delay comes from R·C 
charging time, with the capacitance and time necessary 
to charge to 0.7Vee given in the data sheet (COPS to 
CMOS interface), extrapolate the time to the minimum 
HIGH level for that power supply voltage. This value 
should be a good conservative estimate. 

COP472 LCD Driver 

The COP472 LCD driver is fabricated by a low voltage 
CMOS process. The driver operates between 3V and 5.5V. 
The clock (SK), data input (01), and chip enable (CE) may 
tolerate a 10V signal. The actual power supply used will 
depend on the operating voltage of the LCD. 

COP498 Read/Write Memory and Timer Chip 

The COP498 readlwrite memory and timer Chip is fabrl· 
cated by a low voltage CMOS process. The chip operates 
between 2.5V and 5.5V. Some 1/0, Including clock (SK), 
data input (01), and chip enable (CE) may tolerate a 10V 
signal. When interfacing to a COPS controller with a 
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higher power supply, data output (DO) should not rise 
above the COP 498 power supply. 

DS8906 PLL Chip 

OS8906 PLL chip is fabricated by a 12L process. The chip 
operates between 4.75V and 5.25V. The inputs may tol· 
erate a 9V signal.The maximum input source current is 
10l'A and the maximum input sink current is 251'A. 

MM5450 LED Display Driver 

The MM5450 LED display driver is fabricated by an 
N·channel metal gate process. The chip operates 
between 4.75V and 11V. 

TTL SSI/MSI/LSI Interface 

The 7400 series logic operates between 4.75 and 5.25V 
only. The standard and CMOS COPS controller outputs 
can directiy drive one input and maintain the TTL valid 
input levels .. If it is also necessary to drive CMOS or 
PMOS in a 5V system, buffers or an external 4.7k pull·up 
resistor may be added. This resistor together with a TTL 
load may increase the maximum output LOW level to 
0.5V. If a TTL output needs to drive a CMOS COPS con· 
troller input or a standard COPS controller input with a 
high input option from a TTL buffer, a TTL to MaS buffer 
or an external pull·up 4.7k resistor may be added. 

LSTTL SSI/MSI/LSI Interface 

The 74LS series logic operates between 4.75V and 5.25V 
only. The standard and CMOS COPS controller outputs 
can directiy drive four inputs and maintain the LSTTL 
valid input levels. If it is necessary to drive also CMOS 
or PMOS circuits in a 5V system, buffers or a 4.7k pull·up 
resistor may be added. This resistor together with four 
LSTTL loads may increase the maximum output LOW 
level to 0.5V. If it is necessary to drive a CMOS COPS 
controller input or the standard COPS controller input 
with a high input option from an LSTTL output, a TTL to 
MaS buffer or an external 4.7k pull·up resistor may be 
added. 

The low·power COPS controller outputs can directly 
drive one LSTTL input and maintain the valid LSTTL 
input levels. If it is also necessary to drive CMOS or 
PMOS circuts in a 5V system, buffers or a 22k resistor 
may be added. This resistor together with the LSTTL 
load will maintain a maximum output LOW level of 0.3V 
at the serial out (SO) or clock (SK) outputs. If it is 
necessary to drive a low power COPS controller input 
with a high input level option from LSTTL output, a TTL 
to MaS buffer or an external 22k pull·up resistor may be 
added. 
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. Table 1. COPS Compatible Peripheral Chips 

0 
(,) Peripheral Chips Process Vce (V) 

DIISK CE 01 Setup 
Max. LOW (V) Min. HIGH (V) Polarity Time (us) 

Set Frequency 
Min. (kHz) Max. (kHz) 

COP452. NMOS 4.5·9.5 0.8 2.0 1.0 24 265 

COP470 PMOS 4.5·9.5 Vee- 4 Vec- 1.5 1.0 o 265 

COP472 CMOS 3.0·5.5 0.3 Vee 0.7 Vee 1.0 o 265 

COP498 . CMOS 2.5·5.5 0.3Vcc 0.7 Vee + 0.3 24 265 

OS8906 . 12L 4.75·5.25 0.8 2.0 0.3 o 625 

MM5450 NMOS 4.75·11.0 0.8 2.0 0.3 o 500 

ISETUP 

IsETUP 

SK:---" 

01 
DI 

APPLICABLE FOR COP498, 088906, MM5450, COP452, COP472 APPLICABLE FOR C0P470 

Figure 1. Serial Input Data Timing 
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Serial Interface Between 
COPS™ Microcontrollers and 
Peripheral Chips 

A variety of 1/0 and data memory expansion chips are 
available to the COPSTM controllers for different applica
tions. Many of them use the serial port for data transfers, 
and the COPS controllers allow multiple peripheral chips 
to be tied in parallel for this purpose (see Figure 1). This 
paper will discuss the system hardware considerations 
needed to execute the data transfers. Most COPS con
troller pins allow various 1/0 options, and the user 
should refer to the appropriate data sheet for specific 
options information. For this discussion, it is assumed 
that serial input (SI) is a high impedance input for simpli· 
city, and serial output (SO) and clock (SK) are push-pull 
outputs for lower switching time. All the chips are as
sumed to have the same power supply. The interface 
response characteristics may be divided into two parts: 
static and dynamic. 

I. Static Response 
When the output to the serial interface changes state, 
the input connected to the interface should detect the 
change. This is done by keeping the output signal level 
within the specified HIGH or LOW level range of the in
put. There are two types of transistors used in integrated 
Circuits, namely, MOS and bipolar transistors. They pre
sent different equivalent circuits to the output driver 
and therefore are considered separately. 

1. MOS (NMOS, CMOS, PMOS) 

The MOS inputs look like capacitive loads to these out
puts, with a maximum leakage current usually specified. 
The COPS output driver must be able to sink or source 

.the total maximum leakage current resulting from vari
ous inputs connected to it, and keep the signal level 
within the valid HIGH or LOW value range. Without any 
leakage, the outputs should reach the same level as that 
achieved when the output is not loaded. 

Different IC devices have different HIGH and LOW input 
ranges. Most NMOS parts have TIL compatible levels for 
5V operation, i.e. OV to 0.8V for LOW level and 2.0V to Vcc 
for HIGH level. The NMOS COPS controllers also allow 
a mask·programmed optional range: OV to 1.2V for LOW 
level and 3.6V to Vcc for HIGH level. Most CMOS parts 
allow OV to 0.3Vcc for LOW level, 0.7Vcc to Vcc for HIGH 
level. The COP470, a V.F. display controller in PMOS 
process, has OV to Vcc - 4V for LOW level, and 
Vcc -1.5V to Vcc for HIGH level. 

When peripheral chips of different MOSFET types are 
connected together, the output from the controller must 
satisfy all the input requirements for each peripheral. 
chip. When peripheral chips with TRI-STATETM outputs 
are tied to SI, each of the outputs must satisfy the input 
level of the COPS controller, while supplying the maxi
mum leakage current to the TRI-STATE outputs. If an 
input and an output have incompatible levels, external 
circuits may be necessary for level shifting. 
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2. Bipolar (TTL, LSTTL, 12L) 

Standard and CMOS COPS controller outputs are de· 
signed to drive one TIL load or four LSTIL loads, where
as the low power COPS controller outputs can drive only 
one LSTIL load. If more drive is necessary, a buffer will 
be needed. Standard and low power COPS controller 
inputs have TIL input levels, therefore multiple TILl 
LSTTL TRI-STATE outputs can be connected together 
directly to SI. The maximum total leakage current at the 
SI input and all the TRI-STATE outputs determine the 
maximum number of TRI-STATE outputs that can be tied 
together. The TILiLSTTL output levels are not compat· 
ible with the CMOS COPS input levels so that extra ex· 
ternal components will be necessary for the interface. 
The simplest solution is to use a pull-up resistor to raise 
the HIGH output level. A disadvantage is that the LOW 
output level will be increased. 

Bipolar integrated circuits in other processes, e.g., a 
DS8906 PLL chip manufactured by 12L process, may have 
different input levels and different input source and sink 
requirements. It is necessary to determine whether the 
COPS output can meet the current requirement and 
maintain a valid voltage level for the input. 

3. Mixed (Bipolar and MOS) 

Both bipolar and MOS peripheral chips may be used in 
the same system provided that all the current and volt
age requirements are met. Most NMOS and bipolar chips 
can be mixed together because of similar input voltage 
levels. CMOS and PMOS chips, on the other hand, can· 
not be mixed with bipolar chips directly because of the 
higher HIGH level required. The COPS output HIGH level 
may be loaded down by the bipolar circuit to an unac· 
ceptable HIGH level for tlie CMOSIPMOS inputs. Exter
nal circuits will be needed to solve the problem. The 
simplest solution is a pull-up resistor which improves 
the source current and raises the output to a higher HIGH 
level. The resistance should not be too small to increase 
the LOW level above TTL specification. 

II. Dynamic Response 
Provided an ouput can switch between a HIGH level and 
a LOW level, it must do so in a predetermined amount of 
time for the data transfer to occur. Since the transfer is 
synchronous, the timing is relative to the system clock 
(provided by SKI. For example, if a COPS controller 
outputs a value at the falling edge of the clock and is 
latched in by the peripheral device at the rising edge; 
then the following relationship has to be satisfied: 

tOELAY + tSETUP .... tCK (see Figure 1), 

where tCK is the time from data output starts to switch 
to data being latched into the peripheral chip, tSETUP is 
the setup time for the peripheral device where the data 
has to be at a valid level, andtOELAY the time for the out
put to read the valid level. tCK is related to the system 
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clock provided by the SK pin of the COPS controller and 
can be increased by increasing the COPS instruction 
cycle time. Maximum tSETUP is specified in the peripheral 
chip data sheets. The maximum tSETUP is specified in 
the peripheral chip data sheets. The maximum tOELAY 
allowed may then be derived from the above relationship. 

Most of the delay time before the output becomes valid 
comes from charging the capacitive load connected to 
the output. Each integrated circuit pin has a maximum 
load of 7 pF. Other sources come from connecting wires 
and connection from PC boards. The total capacitive 
load may then be estimated. The propagation delay 
values given in data sheets assume particular capaci· 
tive loads. 

If the calculated load is less than the given load, those 
values should be used. If the calculated load is greater, 
a conservative estimate is to assume the delay time is 
proportional to the capacitive load. The COPS data sheet 

provides two sets of values, one for external loads that 
includes TTLiLSTTL inputs, tile other for pure capacitive 
loads (MOS inputs). 

If the capactive load is too large to satisfy the delay time 
criterion, then three choices are available. An external 
buffer may be used to drive the large load. The COPS in· 
struction cycle may be slowed down: An external pull·up 
resistor may be added to speed up the LOW level to HIGH 
level transition. The resistor will also increase the output 
LOW level and increase the HIGH level to LOW level tran
sition time, but the increased time is negligible as long 
as the output LOW level changes by less than O.3V. For 
a 100pF load, the standard COPS controller may use a 
4.7k external resistor, with the output LOW level in· 
creased by less than O.2V. For the same load, the low 
power COPS controller may use a 22k resistor, with the 
SO and SKoutput LOW levels increased by less than 
O.1V. 

This is MICROWIRE™ 
(Example System) 

VF 
DISPLAY 

COPS" 
MICROCONTROLLER SK 

o SO 
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Power Seat with Memory 

Introduction 

As cars continue to be downsized, more extra 
features are being offered to the car purchaser to 
individualize the car to his personal taste. This is 
especially true with electronic equipment. 
Automobiles are now available with digitally tuned 
radios, trip computers, digital gauges and other 
electronic systems. These have been made possible 
only recently by the increasing level of semicon
ductor integration and the resulting lower cost for 
the components that make up each system. 

This article describes another application for elec
tronics in an automobile, a power seat with position 
memory. This seat features powered adjustment in 8 
different directions, the ability to store 2 sets of 
position information in memory, and instant recall 
and automatic adjustment to either of the 2 
positions. The seat can therefore be adjusted to 
accommodate 2 different drivers or 2 different driving 
positions for the same driver and automatically 
adjust to either of these positions on demand. 

System Description 

A block diagram of the seat control system is shown 
in Figure 1. "(he heart of the system is the COP420L 
microcontroller. This part is one of National 
Semiconductor's COP400 Family of 4-bit, 1-chip 
microcontrollers. Motor control information is output 
to the TRI-STATE<!l octal latch and information from 
the seat sensors is input through the TRI·STATE 
octal buffer. Manual adjustment of the seat is 
provided by 8 switches mounted on a console. These 
manual controls have priority over automatic control 
via the TRI-STATE control pin on the latch. In 
addition, the controller software will terminate 
automatic control if it detects the seat beinr 
adjusted in a way different from its programmed 
positions. This provides for manual override and is 
necessary as a safety precaution. The system will 
operate manually even with the controller part 
removed, which gives a fail·safe operation. 
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Figure 1. Block Diagram 

The Controller 

The COP420L is an N-channel MOS device with 
1 K x 8-bit program memory and a 64 x 4-bit data 
memory. Its internal architecture is shown in Figure 
2, and electrical specifications are shown in Figure 3. 
In this application, the bidirectional TRI-STATE L 
lines are used to output motor control information to 
the motor control latch and also are used to input 
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Figure 2. COP420L Block Diagram 

Operating Voltage 
Operating Supply Current 
RAM Supply Requirements 
Minimum Instruction Cycle Time 

Figure 3. 

4.5V-9.5V 
8mA(max) 

3mA(max)@ 3.3V 
16,..s 

seat position sensor Information. The selection of 
the L lines as inputs or outputs Is. done through 
software control and a Do line controls the operation 
of the TRI;STATE buffer to coordinate the reading of 
sensor Information or outputting motor control 
information. The 0 1 line controls the operation of the 
TRI-STATE latch. The GI _3 "nes are used to detect 
closure of the memory control keys. Pressing 1 
preceded by pressing SET will store the present seat 
position In memory location 1 and pressing 2 
preceded by SET will store position information in 
memory location 2. Pressing 1 or 2 without first 
pressing SET will cause the seat to adjust to the 
respective previously stored position. The remaining 
Go line is used to detect the car's ignition being 
turned off so the seat can be moved back to allow 
easy exit from the car. 
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The IN lines of the COP420L are not used in this 
design but could be used to interface more memory 
control keys. There is available space In RAM to 
store additional seat positions if desired. 

The CKO pin Is used to provide power to the on-chip 
RAM in order to retain seat position Information 
when the ignition switch is turned off. Power to the 
controller and other components is removed in this 
condition to minimize current drain on the 
automobile battery. 

System Power Supply 

Careful consideration must be given to designing 
power supply circuitry for automotive electronic 
systems. Adequate protection must be provided 
against the electrical transients present In the 
automotive electrical system. These transients are 
listed in Figure 4. In addition to these transients, 
there exists the possibility of 2·battery jumps (+24 V) 
and reversed 2·battery jumps (-24V). All of these 
must be protectEld against for reliable operation. 

National Semiconductor's LM2930 was specifically 
designed for supply regulation In automotive electric 
systems. Its electrical characteristics are listed in 
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Inductive Load Switching 
Mutual Coupling 

50V T=200ms 
±250V T= 1 ms 
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Figure 4. Automotive Transients 

L1 R1 
BAITERY >-rrrTI.....,jW~H 

GROUNO~ 

R7 
IGNITION >----'W\r""----P--..... -c: 

47K 

Max Operating Input Voltage 
Over·Voltage Protection 
Output Voltage 
6V~ VIN~ 26V, 5mA~ lo~ 200mA 

Line Regulation 
6V~VIN~26V 

Load Regulation 
5mA~ lo~ 200mA 

Dropout Voltage 
IO=,200mA 

Figure 5. LM2930 Spacilications 
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Figure 6. Power Supply Circuitry 

Figure 5. This part is internally protected against 
reverse battery installation and 2-battery jumps. 
Therefore, all that is needed is to protect the part 
from input voltages over 40V. This is easily done with 
an R-L-C circuit. Designing for load dump protection 
will give protection against the larger but faster 
transients. 

I,n order to minimize battery drain, Vee is turned off to 
all the circuitry except for the COP's RAM when the 
Ignition Is turned off. Refer to Figure 6. When the 
Ignition is on, 03 provides drive to 01 and 02. 01 
also holds Go low. When the Ignition is turned off, the 
program software detects the low on Go being 
released and performs a routine to park the seat. Vee 
Is supplied to the controller and circuitry until C3 
charges up through R2 to turn off 01 and 02, 
allowing sufficient time for the seat to reach its 
parked position. Each time Vee is turned on, the 
program software checks the contents of the serial 
register to see if power to the RAM has been lost. If 
the serial register is all "ones," power has not been 
lost. If the contents are all "zeros," RAM power has 
been lost and the RAM and seat are initialized. 

This procedure also occurs If the car battery has 
been disconnected. When it Is reconnected, C3 is 
Initially discharged and turns on 01 and 02. VR Is 
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delayed by R4 and C4 and therefore the serial 
register is loaded with "zeros" and'the RAM and seat 
are initialized. C3 then charges up and turns off 01 
and 02 and the system returns to standby. (Note: The 
values of the timing components have been estab
lished experimentally.) 

System Interface - Output 

The B different directions of movement of the seat 
. are provided by 4 drive motors. These B directions 
are: 

A - Tilt Seat Back Rearward 

A' - Tilt Seat Back Forward 

B - Move Seat Backward 

B' - Move Seat Forward 

C - Front of the Seat Up 

C' - Front of the Seat Down 

D - Rear of the Seat Up 

D' - Rear of the Seat Down 

The motors that move the seat typically draw 2 amps 
each when running, but draw up to 10 amps each 
when stalled. The motors also require bidirectional 
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drive to operate them both In' forward and reverse. 
For these reasons, relays were chosen over semicon
ductors for the interface. 

A high voltage open collector buffer is used to 
energize the desired relay from the motor control 
bus. Zener diodes are necessary from the collectors 
to ground to clamp the inductive tum-off transient to 
a voltage below the BVCEO of the transistor. These 
diodes also provide protection for the buffers against 
load dump and the other transients on the battery 
supply line. 

System Interface - Input 

For the controller to be able to store a seat position 
in memory and then later to adjust the seat to that 
pOSition, it is necessary for the controller to !<now the 
relative seat location at ali times. This is accom
plished through sensors mounted on the seat 
mechanism. 

In the prototype, two types of sensors were used. 
Both types of sensors provided digital information to 
the controller. 

A photodetector package was used with a slotted 
disc on the seat back. The disc was mounted on the 
gear mechanism, and as it revolved it interrupted the 
light sou'rce in the detector package as the seat back 
angle was adjusted. A comparator is used to detect 
these interruptions and provide logic level 
compatible pulses to the controller. The controller 
keeps a running count of these pulses to know where 
the seat back is at all times.' Direction information is 
fed back to the controller from the motor control bus 
so the controller knows whether to add or subtract 
the pulses. This is shown in Figure 1. 

The other 3 seat movement mechanisms required a 
different type of sensor due to their construction. 
These mechanisms are driven through a flexible 
cable by a motor. A photodetector sensor could not 
be added without some major modifications. 
Therefore, the sensor,selected was a speed sensor 
commonly used for automobile cruise control and 
could be Inserted between the motor and the drive 
cable. This type of sensor generates an AC waveform 
that corresponds to the revolutions of the motor. The 
AC signal Is conditioned by a comparator to produce 
logic level pulses. The sensor is constructed with 
multiple poles so a divider Is used after the 
comparator to provide the correct number of pulses 
for the full travel of the seat mechanism. 

An Altematlve Approach 

Anothir approach to a seat control system is to use 
analog sensors instead of digital sensors to track 
seat position. A block diagram of this approach is 
shown In Figure 7. The position sensors are poten
tiometers mounted to the seat mechanism. The 
multiplexer, under software control, selects which 
sensor Is to be measured and the A-to-D converter 
inputs the position Information to the controller In 
8-bltblnary format. 
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It is not necessary in this approach to keep a 
constant account of the seat's position since It can 
be determined at any '-lime by polling the 
potentiometer sensors. The software is therefore 
much simplified and allows the use of a COP410L 
which has one-half the memory' sizes of the 
COP420L. The signal conditioning circuitry for the 
digital sensors that was described earlier Is also 
eliminated. These two things plus the lower cost for 
potentiometer sensors result in an overall system 
cost advantage. 

CONSOLE SWITCHES 

i----jSTORE A A' 

B' 

C' 

IGNITION 
O' 

':" 
MOTOR 

POSITION 
A 

SENSORS 
MOTOR 

B 

4 MOTOR 
CHANNEL C 

MULTI· 
PLEXER 

MOTOR 
0 

Figure 7. Block Diagram 

Conclusion 

A control system for a power seat that has the ability 
to store and recall preferred driving positions can be 
deSigned using a low-cost 4-bit, 1-Chip micro
controller and adds to the list of electronic systems 
being offered today for safety, comfort, and 
convenience of the automobile driver. 
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An Automotive Diagnostics 
Display 

Introduction 

The continued downsizing of the automobile has put 
a premium on instrument panel space. This has pro· 
vided the opportunity for electronics to merge the 
various displays now found in the current automobile 
to one central display to conserve valuable panel 
space and provide new marketable features. The 
advances in semiconductor technology have made 
this concept both technically feasible and cost 
effective. 

System Description 

The Diagnostic Display consists of a microcomputer, 
analog input section, digital input section, liquid 
crystal display and controller, a speech synthesis 
package, and a power supply which is outlined on the 
block diagram. The input section of eight analog 
channels and eight switch channels was chosen only 
to demonstrate capability, as the number and mix of 
analog and digital channels would be tailored to the 
number of diagnostic messages desired. 

From the block diagram, it can be seen that the 
microcomputer communicates to the liquid crystal 
display controller via a three·wire bus termed 
Microwire™. This implies that the display and its con· 
troller could be remotely mounted in the instrument 
cluster, steering wheel, overhead console, etc., while 
the remainder of the circuitry could be mounted else· 
where under the dashboard. 

Microcomputer 

The microcomputer is a National Semiconductor 
COP 420 which functions as the Diagnostic Display's 
system controller. The COP 420 is a single·chip proc· 
essor fabricated using N·channel silicon gate tech· 
nology. The processor contains 1 K x 8 of ROM, 64 x 4 
of RAM, clock generator, and 23 input·output lines on 
board. 
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In this application, the eight bidirectional L lines are 
used as a general purpose bus to communicate with 
the analog·to·digital converter, the switch input latch, 
and the speech synthesis package. The four Glines 
are used as chip selects for each of the four peri· 
pherals. The four D lines and one IN line are used to 
control the analog·to·digital converter and to address 
a particular analog channel. Two additional lines, the 
SK clock output, and SO serial output line are used to 
yommunicate to the liquid crystal display controller. 
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In normal operation. the microcomputer digitizes and 
stores all eight analog inputs and stores the states of 
the eight switch inputs in RAM. If any input is not 
within programmed limits, it displays the appropriate 
message and selects the proper verbal phrase. When 
more than one input is activated simultaneously, the 
one with the higher priority is selected. 

Analog Input Section 

The analog input section consists of National Semi
conductor's ADCOB09, which is an eight-bit, eight
channel analog-to-digital converter. This CMOS 
converter is directly compatible with microprocessor 
control logic.· 

The purpose of the AID converter is to interface with 
. new analog sensors such as outside temperature or 

paralleling existing sensors such as fuel level. 

The threshold levels, where the microcomputer dis
plays a given message, is programmable by the 
application in software. Although eight inputs are 
shown, any number could be accommodated to suit 
the system requirements. 

Referring to the block diagram, the analog-to-digital 
converter is controlled by the microcomputer with six 
control lines. The control lines address the analog 
channel, start the conversion, signal the micro
computer when conversion is complete, and enable 
the TRI-STATPM drivers. All eight analog values are 
stored in sixteen four-bit memory locations via the 
eight-bit data bus. Typical conversion time per 
channel is 100 microseconds with a maximum total 
unadjusted error of plus or minus one bit. If addi
tional accuracy is needed, a selected part is available 
with one half bit accuracy. 

Digital Input Section 

The digital input section consists of a 74C373 CMOS 
TRI-STATETM octal latch. Upon command from the 
microcomputer, the 74C373 latches the input data 
and outputs it over the eight-bit data bus_ The 
purpose for the digital input section is to input data 
from mechanical'switches such as door jamb or turn 
Signals. 

Liquid Crystal Display and Controller 

The liquid crystal display is a medium area dot matrix 
multiplexed display. The matrix consists of 16 rows 
by 48 columns. The display is driven by four CMOS 
driver circuits, each of which is capable of controlling 
one quadrant of the display or 8 rows by 24 columns. 

The display driver consists of a serial input shift 
register, an 8 x 24-bit memory, temperature depen
dent output drivers, and associated clock circuitry. 
Communication between the driver circuits and the 
microcomputer is via a three-wire Microwire™ bus in 
a serial fashion. The data consists of an address of a 
dot cluster, the data of whether a dot is on or off, and 
a read/write bit to indicate whether data is being 
written or read from memory. Once the memory is 
loaded with the desired pattern, the display is auto
matically refreshed by the display driver, so no 

further action is required by the microcomputer. Each 
driver chip also has an input for temperature com
pensation of the liquid crystal's threshold voltage. 
The compensation is in the form of, a simple variable 
voltage from a thermistor or similar transducer. 

Speech Synthesis Package 

The speech synthesis package is a system conSisting 
of multiple N-channel devices. It contains a speech 
processor and speech ROM, and when used with an 
external filter and amplifier, generates high quality 
speech. 

The speech processor accepts an eight-bit word 
which is the starting address of the word or phrase to 
be spoken. Additionally, there is a chip select, write, 
and interrupt pin to make the part Microbus™ com
patible with many microprocessors. An interrupt is 
generated at the end of any speech sequence, so 
several sequences or words can be cascaded for 
additional flexibility. 

The speech ROM or ROMs can be as large as 12BK 
bits to be addressed directly by the speech 
processor. The ROMs can be either static or dynamic 
clocked types, as the speech processor has a ROM 
enable pin for use with dynamic ROMs. The ROMs in 
the package contain the compressed speech data as 
well as the frequency and amplitude data required for 
speech output. 

Power Supply 

The power supply in an automotive electronic system 
is perhaps the most critical part for reliable operation. 
Its function is to transform the noisy vehicle power to 
the various voltages required by the system. In the 
Diagnostics Display, the speech processor requires 
seven volts, the liquid crystal display requires ten 
volts, while the rest of the circuit operates at five 
volts. 

In addition to supplying the correct voltages, the 
power supply must protect the circuit from over
voltages and transients. The LM2930 is the first part 
in a family of voltage regulators designed for 
automotive applications. This regulator exhibits a 
low voltage in to voltage out ratiO which provides a 
constant five volts out, for input voltages as low as 
5.6 volts. Additionally, this regulator can accept input 
voltages to 40 volts, which provides protection 
against tWO-battery emergency starts. The large 
maximum input voltage of 40 volts also simplifies the 
transient protection network, as now the network 
needs only to protect the regulator from transients 
greater than 40 volts. 

Conclusion 

The purpose of the Diagnostics Display is to show a 
broad design base and present some novel applica
tions for advanced products such as speech synthesis 
and multiplexed liquid crystal displays. It also shows 
a 4-bit COP 420 replacing a more costly B-bit type 
processor in this application. This is only one 
example of the many applications of electronics to 
automotive instrument panels. 
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An Electronic Speedometer 
and Odometer with 
Permanent Mileage 
Accumulation 

Introduction 

As today's automobile becomes more electronic with 
the addition of engine control systems and digital 
instrumentation, a need has developed for a method 
of implementing an electronic odometer that will 
retain total mileage accumulation information under 
all conditions, including the loss of vehicle electrical 
power. This need is made greater by the reduction in 
available instrument panel space due to downsizing 
and by a proposed Federal Motor Vehicle Safety 
Standard requiring tamper-proof odometers. 

The requirement of non-volatile mileage storage has 
been an obstacle for automotive electronic odometer 
designs. Although an EAROM (Electrically Alterable 
Read Only Memory) can be used, they are relatively 
expensive and have a limited number of erase-write 
cycles. The system described here uses a fusible link 
bipolar PROM as the mileage storage device and a 
low-cost, 4-bit microcontroller as the programming 
device. 

System Description 

A block diagram of the electronic speedometerl 
odometer is shown in Figure 1. The counting of 
mileage pulses and the PROM programming are done 
by a COP 420L, a 4-bit, 1-chip microcontroller (see 
Figure 2). The mileage pulses are input to the con
troller through its serial data port. These pulses are 
counted and stored in RAM. These pulses can be 
ffom any type of sensor as long as they have TTL 
compatible levels. 

When the number of pulses counted equals one
tenth of a mile traveled the mileage stored in RAM is 
updated. The number of pulses equivalent to 0.1 mile 
is of course dependent on the mileage sensor. The 
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algorithm for converting from pulses to miles is a 
software routine and can be modified accordingly to 
work with various mileage sensors. 

A separate count of pulses is kept in another location 
in RAM for a trip odometer. This mileage can be 
output on the odometer display by alternate opera
tion of a pushbutton. Another pushbutton clears the 
trip odometer register. 

The speedometer operation is similar to the 
odometer routine but the updating is dependent on 
time instead of mileage. The number of pulses 
counted during a period of time translates to the 
vehicle speed. A software algorithm converts the 
number of pulses to speed using a conversion factor 
dependent on the mileage sensor and display mode 
selected. 

The bipolar PROM is programmed with mileage infor
mation when the running mileage count in RAM 
reaches a predetermined number. The mileage incre
ment that is permanently stored in the PROM is 
controlled by the operating software and determines 
the size of the PROM that is required. This is described 
in more detail in a later section. 

When a mileage bit is to be programmed in the 
PROM, the address of this bit is latched into the 
address latch by the controller. The proper data for 
this bit is then put on the 8-bit bus and the proper 
programming sequence is initiated. 

Since the mileage information in the PROM is non
volatile, all operating power is turned off to the circuit 
when the vehicle ignition is oft except fvr a standby 
voltage to maintain the trip mileage and running 
mileage counts stored in the RAM of the controller. 



C') ,.. -Q) 
'C 
m 
Q. 
0 
() 

CKO 

,+ Vee 

iliff 

GNO 

CLOCKose CKI 

MILEAGE PULSES SI 
lO-17 

COP 
420l 

CE 

MM74C373 
OCTAL 

ADDRESS 
LATCH 

DM71lS95 
OCTAL 
DATA 

BUFFER 

Vee 
058654 
OCTAL 
lEVEL 

SHIFTER 

INI 

IN, 

1N3 

SO 
SK 

TOTAL/TRIP 

MILES 

RESET q 
ENGLISH! 

METRIC -=-
DATA 
CLOCK 
ENABLE 1 
ENABl 2 
ENABLE 3 

BIPOLAR 
PROM 

FILTERED -,. 

Figure 1. Electronic Speedometer/Odometer 

System Software 

Using a microcontroller in an odometer design allows 
great flexibility of operation and features. The flow 
r.hart in Figure 3 is for the prototype speedometer/ 
odometer shown in the block diagram. 

When the ignition is turned on, all registers are 
cleared by the on·chip reset circuitry. After some 
initial housekeeping, the controller reads a code 
number from the PROM.. This code number is used to 
provide traceability of the odometer to the vehicle 
and confirms to the vehicle owner the authenticity of 
the oqometer. The number recorded in the PROM 
could simply be the vehicle identification number or 
some other number that has some corresponding 
vehicle significance. This code number prevents an 
ingenious individual from replacing the mileage 
PROM with one of lesser mileage. The number is 
coded in some manner to prevent easy deCiphering. 

After this number is displayed for an adequate time, 
the running mileage in RAM is compared to the total 
mileage recorded in the PROM. If they are within the 
predetermined permanent mileage increment the 
running mileage is accurate and is displayed. If they 
are not, the RAM has lost data due to a loss of 
standby power and is restored by transferring the 
total accumulated mileage recorded in the PROM to 
the register in RAM. The running mileage is then 
displayed by the odometer. 
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The three keys controlling the display mode are read 
next. Either trip mileage or running mileage is dis
played according to the operation of the display key. 
The trip odometer is cleared when a key depression 
is detected on the reset button. If a closure is detected 
on the English/Metric key, a flag is set and all infor
mation is displayed in English or Metric units de
pending on the previous display mode. Next the mile
age pulse from the sensor is read from the serial input 
register. The COP420L has a feature under software 
control that makes the serial I/O register a binary 
counter. 

In this mode of operation the counter counts high to 
low level transitions at the SI input. The controller 
then reads the contents of the register at a rate equal 
to or greater than the pulse output frequency of the 
mileage sensor at the maximum vehicle speed. All of 
the count registers are then incremented. 

The mileage registers are examined next. When the 
pulses counted are equal to 0.1 mile traveled, the trip 
odometer register and the running mileage register 
are incremented. 

In similar fashion, when the running mileage has 
accumulated additional mileage equal to the per
manent storage increment, the data is programmed 
into the PROM. The odometer display is updated 
after the display flags are examined. Either the total 
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Figure 3. Electronic Speedometer/Odometer (continued) 
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Figure 3. Electronic Speedometer/Odometer (continued) 

mileage or trip mileage is displayed in English or 
Metric units according to the corresponding flag 
condition. 

If the time since the last update of the speedometer 
is equal to the time base for calculation, the speedom· 
eter is updated according to the number of pulses 
counted during this period. Otherwise, the speedom· 
eter reading is not changed. 

After this step, the programming returns to reading 
the display mode switches and continues the loop. 

PROM Selection and Programming 

The size of the PROM selected for permanent 
mileage storage depends on the mileage resolution 
desired. A 512 x B·bit PROM as shown in the block 
diagram will allow a bit to be programmed every 25 
miles for a storage capability of more than 100,000 
miles. If 100·mile resolution is adequate, then a 
1024·bit PROM could be used, resulting in a lower 
system cost. 

The proper algorithm for programming fusible link 
PROMs is dependent on the manufacturer and fuse 
type. However, all types require a voltage for 
programming that is different from the operating Vee. 
This voltage can be provided by the circuit shown in 
Figure 4. 

FILTERED 
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CONTROL 

Go 

VREF=1.25V _ 

A3 R2 
1.20kQ 1.74kQ 

VOUT::::VREF[1+(R2 ORR~21' R31]+IADJR2 
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Figure 4. PROM Programming Voltage Regulator 
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The LM317M regulates by maintaining a reference· 
voltage of 1.25V across R1. Therefore, by changing 
the voltage at the ADJ pin the regulated output 
voltage can be varied. During normal operating con· 
ditions the output voltage is set to 5.0 volts. 01 is 
held on by output GO of the controller and makes 
V ADJ = 3.75V. (Refer to equation in Figure 4.) When 
the output voltage is to be increased to the required 
programming voltage, 01 is turned off and V ADJ 

increases to 9.25V. The output then increases to 
10.5V. the proper programming voltage for National 
Semiconductor's bipolar Schottky PROMs. The value 
of C2 is selected to obtain the proper slew rate of the 
programming voltage transitions. 

When a bit is to be programmed, its address is 
latched into the MM74C373. The PROM is then 
disabled and the data for the bit is put on the bus. 
This data word has a "1" in the proper location for the 
bit to be programmed and "Os" in the other locations. 
This "1" turns on the driver in the DS8654 for the 
respective bit. The programming voltage is then 
applied by making the GO output of the COP 420L 
high. This makes Vee and the proper output 10.5 
volts. The PROM enable line is then taken low for one 
instruction cycle time (approx. 16I's). Then the vol
tages are restored to normal operating levels and the 
bit can be verified by enabling the octal buffer after 
resetting the L lines. If the bit was not programmed, 
the programming sequence is repeated until the bit is 
programmed or it is determined that it will not 
program and is skipped over. 

Speedometer and Odometer Displays 

The microcontroller interfaces with the speedometer 
and odometer displays using National Semiconduc-

tor's Microwire™ serial data bus. All display data is 
sent to the display drivers via the data, clock, and 
enable lines. This technique allows maximum use of 
the 1/0 lines of the microcontroller and also gives 
great flexibility in choosing the type of display to be 
used. Table 1 shows a list of National's display 
drivers that interface by Microwire ™ 

Device 

COP 470 

COP 472 

*MM54XX 

MM5450 

*MM54XX 

Package 
Size 

l8-pin 

20-piri 

40-pin 

40-pin 

40-pin 

• Future product. 

Summary 

Table 1. 

Type of Driver 

4-digit x 8-segment MUX VF 

3 backplane x l2-segment 
triplexed LCD 

32-segment direct drive VF 

35-segment direct drive LED 

32-segment direct drive LCD 

By using a low-cost one-chip microcontroller and 
bipolar PROM, an automotive electronic odometer 
can be designed with unique features offering per
manent, non-volatile mileage accumulation and pro· 
tection against tampering. 

'-----________ 1 
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COP420C Voltage, Current, 
and Frequency 

The following curves are presented in order to show the 
relationship of the voltage, current, and frequency on the 
COP420C chip. Included are six curves and one diagram. 

Curves 1, 2, and 3 give the maximum current versus 
voltage at different frequencies. They are given for the 
divide by 8, 16, and 32 modes. Note that these curves are 
not val id if the RIC oscillator option is selected. Figure 1 
shows the setup used to measure the current In cu~ves 
1,2, and 3. 

Curve 4 gives the maximum current versus voltage when 
the COP420C is in the idle state. 

CurVe 5 shows the maximum operating frequency versus 
voltage of the COP420C and the COP320C. 

Curve 6 shows the typical current drain of the COP420C 
when running off an RIC oscillator. 

CKI Oscillator Input 

The signal present at the CKI input has a large effect on 
the power drain of the COP420C. In curves 1 to 4, CKI is a 
square wave clock that swings rail to rail. If, for example, 
CKI is a sine wave input, the COP420C will draw addl· 
tional current. The following chart shows the amount of 
extra current that is typically drawn with a sine wave 
clock on CKI input. 

Extra 
Volts Current 

6 175 "A 
5 100"A 
4 50"A 
3 25 "A 
2.4 10"A 

System Current Drain 
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System Current Drain 

The current drain of the COP420C in an operating system 
may be more than the values shown on the curves. This 
can be caused by the following: 

1. Any input which is not within 0.3V of ground or Vcc 
will draw some current. For example, if CKI = 1.9V at 
Vee = 5V, the COP420C can draw an extra 1 milliamp! 
Other inputs will be about % less, but will still add an 
appreciable amount of current drain if the inputs are 
at half levels. 

2. A floating input can drift to a half level and draw extra 
current. No Inputs should be floating on a CMOS part. 

3. Any Input with an Internal load device will source cur
rent if not at Vee level. 

4. A slow rise or fall time on an input will draw current 
because the input will beat the I:talf level for some 
period of time. 

5. An output sourcing current will do so from the Vee 
supply. 

6. An output switching a capacitive load at a fast fre· 
quency will increase the current drain (AC power). 

CLOCK 
INPUT 

OPEN 

VCC 

CKO",OO+·03 
SK. Go-G3 

COP420C 

LQ·L7 GNO 

"Connect CKO to VCC if an input 
""Ground DO If Dual ClOCK 

Figure 1. Connection Diagram to Measure 
COP420C Current 
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COP420-HGZlN Preprogrammed Single-Chip 
Microcontroller for Musical Organ 
Features and Functions 

Play Mode: Twenty-five musical keys and 25 LEOs are 
provided to denote F to F with half notes in between. All 
the keys and LEOs 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" 
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followed by the corresponding "Sharp Key," the LEOs 
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. 
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Circuit Diagram of COP420 Musical Organ 
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This additional circuit provides tinkling 
effect for the musical note. 

Bell Sound Circuit 
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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 



~National a Semiconductor 
PRELIMINARY 

COP420L·HSB Digital Tuning System Controller 

General Description 
The COP420l·HSB is an N·channel microcontroller ded· 
icated to digital tuning systems. It is fabricated using 
N·channel, silicon·gate MOS technology. The controller 
provides all system timing, logic and I/O necessary to 
interface with DS8906N and other MICROWIRETM com· 
patible devices in a digital tuning system. Features 
include single supply operation, ultra slow keyboard 
matrix frequency and options catered for different appli· 
cations. Standard test procedures and reliable high· 
density fabrication techniques provide manufacturers a 
features·packed system at a low end cost. 

A digital tUlJing system provides the following which 
could only be realized with expensive and complicated 
circuitry before. 

II Precise tuning of station frequency 
El Digital display of exact frequency 
II Electronic storage of multiple stations in memory 
II Immediate access of preferred frequencies 
II Automatic station searching 
II Full function clock 

MICROWIRE is a trademark of National Semiconductor Corp. 

GND-1 28 -EN3 

VCC- 2 27 -EN2 

CKi- 3 26 -EN1 

R8T- 4 25 -END 

K7- 5 24 -83 

K6- 6 23 -82 

K5-7 COP420l·H8B 22 -S1 

K4- 8 21-80 

8DT- 9 20 -50Hz 

AlM- 1D 19 -VCC 

VCC- 11 18 -ClK 

K3- 12 17 -DATA 

K2- 13 16 -GND 

K1- 14 15 r-KO 

DUAl·iN·LlNE PACKAGE 

Top View 

Order No. COP420L·HSBN 
NS Package Number N28A 

Figure 1. Connection Diagram 

Features 
• low cost 
• Dual speed manual Up/Down tuning 

• Automatic memory scanning 

• Automatic Up/Down station searching 

• Ten band independent memories 

• Power up last station recall 

• Strap selectable for USA or European band 

• 5·digit resolution for FM band 

• Memory Store mode indicator 

II 12/24·hour crystal controlled clock 

• 59·minute sleep timer 

• 24·hour auto turn off alarm 

Ii Multiplex or direct drive displays 

• Single or Dual display modes 

• MICROWIRETM compatible 

II 4 x 8 interference free matrix keyboard 

Pin Description 

KO-K7 Matrix keyboard input 

SO-S3 Keyboard scan output 

ENO-EN3 Chip enable for slave devices 

CKI External clock input 

RST Reset 

SDT Station Detect input 

ALM Alarm On/Off 

ClK MICROWIRETM clock 

DATA MICROWIRE data 

50Hz External time base input 
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Absolute Maximum Ratings 
Voltage at Any Pin Relative to GND 
Ambient Operating Temperature 
Ambient Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 
Power Dissipation 

-0.5V to +10V 
O·Cto +70·C 

-65·C to + 150·C 
300·C 

0.75 Watt at 25·C 
0.4 Watt at 70·C 

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.;; TA .;; + 7O"C, 4.5V';; Vee';; 6.3V unless otherwise noted. 

Parameter Conditions Min. Max. Units 

. Operating Voltage (Vecl 

Operating Supply Current 

Power Supply Ripple 

Input Voltage Levels 
CKI Input Levels 

Logic High (VIH) 
Logic Low (Vld 

RESET Input Levels 
logic High 
Logic Low 

K Inputs 
Logic High 
Logic Low 

All Other Inputs 
Logic High 
Logic Low 

Input Capacitance 

Hi·Z Input Leakage 

Output Voltage Levels 
Logic High (VOH) 
Logic Low (VOL) 

Output Current Levels 
Output Sink Current 

CLK and DATA Outputs(lod 
EN Outputs (Iod 
S Outputs (led 

Output Source Current 
Standard Configuration 
K Inputs <!miL 
CLK and DATA Outputs 

Note 1 

(All Inputs and 
outputs open) 

peak to peak 

Vee=5V±10% 

Vcc=5V±5% 
IOH=-25"A 
IOL=0.36mA 

Vee=4.5V, VOL =O.4V 
Vee=4.5V, VOL =O.4V 
Vee=4.5V, VoL =1.0V 

Vee=4.5V, VoH =2.0V· 
Vee=4.5V, VOH=1.0V 

Note 1: Vee voltage change must be less than O.SV In a lms period to maintain proper operation. 
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AC Electrical Characteristics o·c.;; TA';; + 70·C, 4.5V';; Vee';; 6.3V unless otherwise noted. 
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Parameter Conditions Min. Max. Units 

Instruction Cycle Time (te) 

CKI 
Input Frequency (fl) 
Duty Cycle 
Rise Time 
Fall Time 
Keybounce Time 

16 
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30 

32 
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----------------------------------------------------------------~n 

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. 
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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 INO: For driving the 50kHz indicator in FM band or 
the LSB in a 5-digit display. Output is active high. 

MEM STORE INO: 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. 
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Functional Description 
logic IIOs 

CKllnput: This input accepts an external 500 kHz 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. 

SOT Input: Interrupt input for station detection. The SOT 
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 
SOT input is only relevant during station searching 
mode. A high on SOT 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 Description 

MEM l-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 offof radio. In applications 
where a toggle type ON/OFF switch is used, momentary 
OFF key can be omitted; connecting the strap will turn on 
the radio and vice versa. Must be connected to use mom· 
entary OFF key. 

STRAP 1, 2: Selects the AM IF options. 

STRAP 2:' 12124·hour clock select. 

STRAP 4: 315kHz AM step size select. 

STRAP 5, 6: FM IF offsets select. 

Connected 
Open 

STRAP 0 

Radio ON 
Radio OFF 

AM/FM IF Options: 

AM 

455kHz 
460kHz 
450kHz 
260kHz 

FM 

10.7MHz 
10.75MHz 
10.65MHz 
10.8MHz 

x = No connection. 
... = Dioded inserted, 

STRAP 3 

12 hour 
24 hour 

STRAP 1 

X 
X ... ... 

STRAPS 

X 
X 
... ... 

Indirect Features and Options 

STRAP 4 

5kHz step 

3kHz step 

STRAP 2 

X ... 
X ... 

STRAP 6 

X ... 
X 
... 

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· 
Iy 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 11 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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I 
BIT 17 
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ENABLE EN BIT 20 
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Figure 10. Digital Tuning System Block 
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Ordering Information/Physical· Dimensions 

COP 444L - XXX I N ·T T TLpaCkage . L'=== ROM Code 
L-______ Device Number 

'----------- Device Family 

MM 57499 N 

T. T,---1 _ Package 
_ ----- Device Number 

Device Family 

COP 498 N 

T T Tl...---c-- Package 
_ L. _______ Device Number 

Device Family 

Packages 

Dual-ln·Llne Packages 

Package 

D - Glass/Metal Dual-In-Line Package· 
J - Ceramic Dual-In-Line Package 
N - Epoxy Dual-In-Line Package 

ROM Code 

COPS - Magnetic Disk, PROM, or Tape 

Contact your local sales·office for submittal procedures. 

Device Number 

4-, 5-, or 6-Digit Number Suffix Indicators 

Device Family 

MM - MOS Monolithic 
COP- Controller Processor 

(N) Devices ordered with "N" suffix are supplied in molded dual·in-line packages. Molding material is EPOXY B, a highly 
reliable compound suitable for military as well as commercial temperature range applications. Lead material is Alloy 
42 with a hot solder dipped surface to allow for ease of solderability. 

(J) Devices ordered with the "J" suffix are supplied in ceramic dual-in-line packages_ The body of the package is made 
of ceramic and hermeticity is accomplished through a high temperature sealing of the package. Lead material is tin-
plated kovar. .. \ 

(D) Devices ordered with the "D" suffix are supplied with glass/metal dual-in-line packages. The top and bottom of the 
package are gold-plated kovar, as are the I.eads. The side walls are glass, through which the leads extend, forming a 
hermetic seal. 
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Physical Dimensions 
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0.008-0,015 J-----t--r 

- (0.203-0.3811 ---i I 

-! --I !- i -!I- ~ (~::~:J 
0.100 '0_010 0.015-0.023 MIN 

28·Lead Cavity DIP (D) 
NS Package D28C 

(0.381-0.584) 

2.020 
--(5t.308)---------~· 

MAX ~~-
1---(25.60)--~1 MAX I 

1 
0.6111 

(15.49) 

PI N'~~Ni -Cr-", -r;rT;n-.rm-.,-ri=;:;:r==;;;:T=i'ii=~T.iT=r.;;=r.n;;rr.;r=_r,;n;;;rr;;;nr;;r'j 
_1 1_ I::::'~'j [' (::~:~) 

I MAX TYP _____ !~ __ ~_. MAX 0.020-0.0611 

~ II ~ 1----1--'--10.5",'.524' 
0008-0015 - --+-----r-

-- \(0203-0381) t 
1_-(~45:~=~56~~) ----I --- i~~~S ~!~TlCAL s:t;~~G 

REF OUTWARD TVP 

01000010 I 
(254002541-1 

40-Lead Cavity Dip (D) 
NS Package D40C 

0.125 
(3.115) 
MIN, 

I (!~4.~~)MAX 
« 47 46 45 44 4] a 41 40 ~ 38 ]5 J4 D U 30 29 28 27 26 251 

I 1 

~ 
0.580 (1.610 

(14,73) (15.49 
MAX MAX 

/PIN NO.IIDENT I 
i 

1 

I-- 1 

0.110-0.200 0.045 1 --MAXTYP -

I __ ~~ MAX-__ I (2.794-5.080) (1.143) 

(17.018) I j 0.030-1J.1J61J 

(0.762-1.524) 

II T T· I II o.OOS-O.OI5 

I -- - (O.203-0.381J TYP 

00l5-0055 I I 0.100~0.010 II 0.015-0.023 ~ 
~--I -ui.a89-i.391) - ~(2.54±0.254) TYP - :--(0.381-0.584) TYP SEATING PLANE ~MIN 

TYP QI7S) 

48·Lead Cavity DIP (D) 
NS Package D48A 

10-14 

LEADS 
VERTICAL 

..-TOI5°MAX 
OUTWARD 
TVP 



Physical Dimensions 

I~~~~~~~~~~~~~~~~~~-(!~~~:) MAX -~~~~~~~~~~~~~~~~~~-II 

M ~ ~ 61 M ~ 58 P ~ ~ ~ ~ ~ 51 ~ ~ « ~ 46 ~ « ~ ~ 41 ~ ~ ~ n 36 ~ ~ n 

1 
0.900 

4;';~PI~N_NO~'r"~OE=N~T~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'"'l"" 
1_ O.100~a.OIO TYP 

(2.S4±(J.254) 

14 15 16 11 18 19 W 21 22 n N 25 ~ 21 28 29 ~ 31 II 

0.150-0.200 

I-~-~ So.UARE~ (3.Bl-5.08) 
\18.28B) I~~t 

I 0.015-0.023 
- -- (0.381-0.584) TVP 

0.045 
- -(illi) 

0.0411-0.060 

0,016-1.524) 

I 

r-C========::t-lJ MAX TYP 

0.11118-0.015 
-(0.203-0.381) TYP 

\ 
LEADS, VERTICAL 

0.910 I .-- TO IS' MAX 
1-~~~(2J.114) REF~~~~-j DUTWARDTYP 

64-Lead Cavity DIP (D) 
NS Package D64A 

8-Lead Cavity DIP (J) 
NS Package J08A 

10-15 

0.785 

1-~~-(19.9J9)~~~-1 MAX 
14 13 12 II 10 g 8 

0.025 ! 
0.220-0.310 

(5.588-7.874) 

L.-,;-rr;rr;n;;rr;:,..,-;cnr;;--'---.l 

0.290-0.l20 0.160 00115 D.ZIIO 
(7.366-B.1Z8) (4.064) (0:121)1 r-GLASS 00tl MIN EEI;SSE'~'A~LA;;:N;T~~~~~~I_I 

.. ~r:J DD::~:4;,:Yyl [t:;::M.::025 :t (0'''-0.305) I I 
(9.n9±O.635) 0.098 

(2.4S9) - r---
MAX BOTH ENDS __ 

l 0.018 ~0.n02 --11- [1.125-[1.2[10 

lO.451 cO.051) (3.115-5.08[1) 

[I.l00;.0.m 0.150 

(2.540 ±0.254) (3.81) 

MIN 

14-Lead Cavity DIP (J) 
NS Package J14A 



U) 
c o 
"; 
c 
Q) 

E 
Q 
ftS 
(J 

"~ 
.s::. 
Q. 

Physical Dimensions 

0.025 

".635}~ 
AAD 

0.185 
(19.939),---

MAX 

f 

~RAOMAXTYP 
(0.5081 I~J~~!J MAX 

! 
(~:!~~) MAX 

'rmITTI11"1TnITTiiTTITTi;rrn'~ 
'",---- D.ODS-D.02D 

(0.127-0.508) 
RAD TYP 

GLASS 0.200 
-II~:~~~=~:~~~II- ~TYP---- 1-SEALANT (5.080) 

g;;~~~~~~~ti3.-MrAX 0.020-0.060 ~ 
GLASSSEALANT, 

i (:::~~ :::~:~)--II--
I 0.100'.0.010 
f--(2.540'D.254) 

16-Lead Cavity DIP (J) 
NS Package J16A 

0.2911-0.3211 

11(73668128)-1 

~955 0008-0012 

- ... --~ 
I 0.385 ~~.~~~ I 
... (9.779 ~~:~~:) --. 

0.125 
(l.115) 

MIN 

0.006-0.012 >--
95'.!S--:----IO.203-0.305)/ 

. _I I~ "T'y9"_1 _ O,415~~'~~~ __ _ 

(111.54 ~~:"ffi) 

0.985 
-- (25.019) MAX 

18-Lead Cavity DIP (J) 
NS Package J18A 

11.060 '0.005 
r---- 0.524 '0.127) TVP 

.~~~~~~~~~~~~~--- D.20~ 
" i5:oBoT MAX 

" TYP 
B6~1 

(::::1--1 t~l MAX 
BOTH ENOS DIDO 110111 

- (2540 0254) lYP 

20-Lead Cavity DIP (J) 
NS Package J20A 

-=T-----i 
0.020-0.010 ~ MIN 

(I1.50B-I.71S) 13.175) 
_ .. ~...J 

II 0.0111 0.003 
-.. -+-10.457'0.076) 

(TVP) 

(2B.19) • 0.420 MAX 
0.110 I 

r-==-="-","-,=-M",A"X-=,-",,,--,,,,-,==-, r (10.668) GLASS 

0.025 I 
~ (~:~:) 

0.030-0.055 .~'-r"r;r-rilrr.TTm-.rT7T..,.rn;rT;;r"1r;;;JJ: 
(O.162-1.J97! 

RAO TYP 

0390-0420 GLASS ~ 
I~l SEAlANT~ (~~'~I 
I I ~---+ 0020-0010 

~(o5"-T1781 

I .... "'.," _I "TV:' 1 I I I II (::::1 
r--(12.JI9 -1.210) 1-1 f--- r-l ~ r-fl-- MIN 

MAX BOTH 0.100 11.100 '0.010 0.018 '11.003 
ENOS (2.540) (2.540 '0154) (0.457 ·0.076) 

TV' 

22-Lead Cavity DIP (J) 
NS Package J22A 

10-16 

___ (~:~~~I MAX BOTH ~ND5 



Physical Dimensions 

;i:~:::~~:l~~ 
, , l • , , , • I " " I, 

24-Lead Cavity DIP (J) 
NS Package J24A 

0.607 1290 
[Th42j 1'~·~------13i.77)-----

MAKGLASS MAX , 
r 

O.577~O 006 (1,025 

T~ 
0,030-0_055 
(0.762-1.397) 

RAil TVP 

24·Lead Cavity DIP (J) 
NS Package J24BQ 

O.3S0::!:O.1l1D 

!8.B90~O.ZS41 
DIA 

UVWINDOW 

0.600 
-ilOOl 

r'""-=.l!'J'-"'"-1!:.w'""-=-"'J'-"':l....1!!LJ.~L!!J..=-"".....,---1 MAX GLASS 

~ I 
(o.~!~~.... 0.514-0.526 

0.030-0.055 -/' 

(0.162-1.3911 
RAD TVP 

~-c~~r,r~-r.rr.~~r.T~~rr.~~mr~-' '"·''1''·''' 

1 
I~l 

0.060-0.100 
(1.524-2,540) 

-I h 
0.100 '0.010 
(2.540 '0.254) 

28-Lead Cavity DIP (J) 
NS Package J28A 

10-17 

-II, 
0.01B-0.002 

(0.457,0.508) 

0100 



o c o 
"0 
c 
G) 

E 
C 
a; 
(J 

l .c 
c. 

Physical Dimensions 

(14,99-15.75) I..---·~ 

0;00 
~ 

r.lAXGLASS 

0571-[1,583 0025 
~ID6J51 

RAD 

GLASS 
SEALANT\ 

l \ 
0200\~OD2D_DD70 
15080)" r~ 

"AX 

, ~~ , I t 
I~ ~~:J I I I II -Jo. '-I~ ~:~: ~ ~~~) 

OIl60-0.1DO~IN.i!.... ~I 0.1110'0.010 ~ 0.018'0.002 
11.524-2.540) - .... -. ~ -'D.457tD.OSt) 

0600 
ii5.2ii 

28·Lead Cavity DIP (J) 
NS Package J28B 

MAX GLASS 
I~ 

1.490 
131.851 .AX 

t 

I 
0571-0.583 

11450-14.81) 

I 
I 
'--

GLASS 
SEALANT \ 

~I l \".00200070 

O'200"~(050al7181 
I~:) ___ t 
t :-'-- ~ 

,: :::'-1 I I II -- +-,:~;~~~~~, 
~ m 

I~~~~=~~~~I .,' --. -{~::::~::~!:I ~ -(:::!~::::~~) 
UP TYP 

28·Lead Cavity DIP (J) 
NS Package J28BQ 
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Physical Dimensions 

0,031J-0.055 

m.lS2-1.J97J 
RAD TVP 

a-Lead Molded DIP (N) 
NS Package NOaA 

14-Lead Molded DIP (N) 
NS Package N14A 

2.08D 

-(52.a31 
MAX 

-1-
0.530-0.550 

(13.462-13.97G~ 

MAX GLASS 
1 

I 
·~nr.nr.rrnr.rrrrnr.Tr.~~Tc.~rr.~TrTc.~~~",~ 

40·Lead Cavity DIP (J) 
NS Package J40A 

J • 

-~I 1- (~:~~~1 TYP -1.!lli. M
" -

\1.112) ..!!...2ll.MAX 
0300_0,320 [0.1021 

- ~ ...-- t I --- /_ZOO ctl' I~:~~) 

c .• '" .' ~._.". -LO .. "O".oos M" t ~ f'~ • 
• ns' ~~ I - t"- {J-~M" t 

--' __ _ (3.175) 

(o,ng-o.as!) DIA TYP 0009-0015 11- l;r~ I::::' 11
11
"'" .'''75' 

am :~'~~~ NOM --. ~I~:~~~~~~~:l HI' 

, - (S.255 :~:~:~) --- -.- -fil::::.;~15) 

~RAONOM 
{O.762J 

- ~1014:3:t:t°O~;:11 

a-Lead Molded DIP (N) 
NS Package NOaE 

0.770 
- (19.59) MAX -, 

a.250±o,OOS 
(6.35±D.127) 

!"F,;=i'TI"fiTTfFF.i"IT~_.J 1.!lli. M" -[7.11Z) om I (1040 _ ~ _ ~ I-~NOM -.I .... -I':0161TYP 

[1.61-a.,:Sj , prj ~. .---- Q.130±O.OQ5 1~:~~~}MIN 
t -- t-13.302±o.1271 t 

- -0030--

:.J-9S'.±S.' 10.1621. + ~e6og4° • lUll. t 
NOM HP 'il,17SjMIN J 1 

OOOH015 I 1 I II 0.01'±C003 
-- .... -~ ---- -(O.4S7±O.076) 

0025 0075±(I.01S 
o.m ~0.01S J"OS±0.3",- - -J _~ 

(8.255 ~~:~~~) ,2.SHO.254) 
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16-Lead Molded DIP (N) 
NS Package N14E 



(/) 
r::::: o 

"iii 
r::::: 
CD 
E 
C 
CO (,)c 

"iii 
>

.r::::: 
0. 

Physical Dimensions 

0810 

0.090 i,---112.D91)---:j 

""::t~,~ : ~~ : : : I::;:: 
0.030 

16·Lead Molded DIP (N) 
NS Package Number N16A 

OSlO 

;~~:,sil: ::': :: :I:~::: 
0300-0.320 10.162) 
~Mt\X 0065 0.1300.005 

~-0l- IT6511 ['1!::::r---=-+1---i(~t01211 

19- -"""" ~I --LJ 
---(0229-.-O~81J 

1----1 0025 OU15 I I [II OC18'OOOl 
0325+0020 i06'35"iiJiii-- r- ~)--(0451'00161 

0015 0.100 I _ 
(8.255 +~.~~~) (2 ~vo~---

18-Lead Molded DIP (N) 
NS Package N18A 

0.062 
RAD n.575) 

16-Lead Molded DIP (N) 
NS Package N16E 

(::::(~r 
DlA NOM ~~'"~~~~~~~""='~~~9-f 

P(NNO.lroENT~II~ + 0.260'0.005 
r-. /6.604 'O.127) 

I'-(:M\~I-I _I ' ~ 
,0.300-0.320 

I
'i: (7.620-8.128~ 0.030 0.040 

_(0.762) 
MAX 

, --~ 
I 

~95 ~5 0.009_0.01-"-1"' 
-- --(0.229-0.254) 

0325+0025 TVP 0.100 -0.010 I_~_I 0.060 '0.005 _ 1 __ .J2.540 0.254)--;1 

(8.255 ~~:~~D {t.524 -0.127) 

20-Lead Molded DIP (N) 
NS Package N20A 

(8.890·0127) 

~~~~;rr.;=r.rr.;;r=r.;r ~ 
0.400-0.420 

(10.160-10.668) 

1

_- (~:~:~) - 0.030 

r-"..:;M",'N=,..jj=== iIo.762) 

l - J I 
~~5!5' O.009-o.olsTI 

042S+{)·02S-U--{0.229-o.J81) : 

I--~-J!I--
(I 0.195 +~:~~~) 0.050 ro'S 

(1.270'0.381) 

,I L--
0.100'0.010 
(2.S40·0.254) 

, 

r-II--
0.018'0.003 

(0.451<:0.016) 

22-Lead Molded DIP (N) 
NS Package .N22A 
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Physical Dimensions 
1.270 

.~ i 1 
11.~~5J~ 0.540'0.005 

PIN NO. IIDENT ~9F.~~~r.T~=r.Ff,~~F.F~9T,rrr~~·D'I") 
DOTTED OUTliNES 

REFLECT ALTERNATE 

I 
__ ~:I MOLDEO BODY CONFIGURATION 

(1413) 0030 
MIN -

(0162) 0075 
0600-0620 MAX 

I-I-~- ~ 
0.040 0.160'0.005 

8694 
TYP 0.015 

~~ _ . II _ D."8'O.DD3 D.125 (D~,~) 
0.100:0.01011(0.457'0.076) (3.1751 

(2.540:0.254) MIN 

I~:~:IRAD 

24-Lead Molded DIP (N) 
NS Package N24A 

28-Lead Molded DIP(N) 
NS Package N28A 

PlNNa.'IOENT~. 

r.!l!!.M1M~ . 114.131 O.alO 

10.162) 0.060 

tr= ~ --h{ 'T') I 115.24-15.15) P = w~ 
9SO±5' 0.009-0.015 

. 0.62' +0.025 -- (0.,. 29-0.3allJ 
~---=..!!J!1!----l GOSD±0,GI5 I 

~5.B8 ~::~D 11.27±D.3BII t-

28-Lead Molded DIP (N) 
NS Package N28B 
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(/) 
c o Physical Dimensions 

"U; 
c 
CI) 

E 
C 
1U 
u 

"U; 
>.c 
c. 

0.1151 
(1.575) 

RAD 
1 
0.550-0.005 

PIN NO. 1 IND£NT 

=r.rr.rr.~~~~~~ffir~~~~~~~~~~~~::rD.12" 
II.DlO 

. . ~(1I.762) 0.050 
0.130tO.1I05 

1r~~1.524) MAX 

! f {15~"" ~ rq~--------------------------------~--~,I~ 
O.OOg-Q.II15 

+01125 (O.lH-O.18IJ 
~ 0.6250.015 ___ 1~_ 

(15.875 +.0.635) 11.m ·O.J~I) 
0.J8t 

-1 -

0.550 ± 0.1105 ~ __ 
(13.91±0,127) (1.574) 

4O-Lead Molded DIP (N) 
NS Package N40A 

------(:;~:~) MAX ------------_1 
~ 31 ~ § ~ 33 32 31 ~ ~ ~ n 26 ~ 

I RAD 

LN 1~~Ni----~" =r,;=rm7r=m=rn=r,rrm'iT'f,;;r=r,;irr,;IT.m'iirWii''T,;;=r,;;=r,m"",r,;;r=r,;irr,;n;;nr.;;J --~i, 2 J 61 

0.060 

"DD-D61D l1.5j14I':'~;1 D.130'".DD5 

l-~,o""'j~ '~l"'"~"-:7"-------------------------------------------------------' 

"'--"'-95-.±-,,-.--6-,-1 I ,:~, j ~,,~;( 
" 1--(1'4TajMIN-- MIN 01:= -~ -,254±0254) ----'0457±0076)TYP i117jTYP t', 
'i 0.609-0.015 I -

~---I-- (3M~~5) 

__ 0.625 ~~:~~~ __ 

(15.aa ~~',;!~) 

48-Lead Molded DIP (N) 
NS Package N48A 
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Physical Dimensions 

U1 (MM2716) REF 

O100T 1.515 

0100'0010 (38.481) -- -I 1-1;.54'-';541 MAX (5.DB) 
TV' 

1 

@@@@@@®®®®®®J 
H 

A B C~D =-
.810 0.600::0.010 'C7 

------ E 
, 

12 
M 
0.574) 115.24".254) Y 

/§GD®GD 
aD 

F AX 

.750 -'-
(1 9.05) 
A EF 

I 

I SOLOEA BAIOGE 
JUMPER TVP 

I 

t 
0.100 

12.54) 

1 1 
O.S6D 0.455 ---- 0.1110:':.0.010 (14.224) (11.557) 
MAX MAX (2.54.:.0.254) 

I j j 

I I 0.125 

(3.115) 
MIN 
j 

8 CD 00 0 0(2) 0 0®@@1 
U1 {MM2716l NOT SHOWN 

U1 (MM27161 REF 

l{ ) " " " " " " " " " ,,-~ 

1 14 

I r' ~:wV T ~fH:W:W~ 
( 'n7 \ 7 'n; 

.012 
~ 1--1 1_°·100:':.0.010 -II-~ .305) -_1,,0 ____ '.63' _____ ~\~~ 

TVP (16.002) -- (O.203~O 
MAX TVP 

(2.54) 
MAX 

BOTH ENDS 

(2.54:':.0.254) 
TV' 

(0.50B) 

Piggyback Package 
COP420R 

, 
(15.11) 0060 ~~-I' 

(Z:032)--+-

1 

4D 39 " 313635 

I i 
u u u u u 

.810 0.630 a.600H.OID 
O.57)~~ .AX MAX 

1 j 1 n n n n n 
'1 1 3 4'56 

2065 
(52.45) 1.280 

1- (32.S1) 

600600000000 
14 2J 

21 GDGD8 17 16 15 14 13 

~ 234 

, 1 3 . , 6 7 8 9 10 11 12 

990000000000 

-I I-.!.'!! (2.540) 

r 
0.750 r 

(19.05) 

'1" 0.560 (14.22) 

T 
+ 

-+ 

t 0.110 
(2.794) 

Mr 
a.IOD±O.OID 
(2.540±O.2S4) 

(~.~~~)-400 I.- --..l ~ t~:~~~!~:~~~) 
MAX 

Piggyback Package 
COP440R 
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TYP 

'I 
f&-

b.r 

" :::r 
~ 
5" 
!!. 
o 
3" 
CD 
:::I 
(II o· 
:::I 
(II 



Notes 

• 




