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Introduction:

This is the MOS Data Book from National
Semiconductor. It contains information on
products fabricated from all the MOS processes
- in high volume production today; NMOS, CMOS,
and PMOS. These products are unique functions
in electronic systems. Their common denominator
is providing the most cost-effective solution to a
system need.

To minimize system costs, many of these
products have customized features, such as the
COPS™ family of single chip micro-controllers,
MAXI-ROMS™ and Custom Circuits. Each of
these has minimum order quantities to maintain
production efficiencies.

A large part of this book is Standard Circuits
which, due to large scale integration, have
incorporated features which make many of them
unique and cost effective in specific
applications and/or markets. The organization of
this book highlights those areas. The Standards
have no minimum quantities.

Of concern to everyone who uses LSI
products is the quality and reliability levels of
the product. National is careful not to cut
corners in this respect, designing in both quality
and reliability from the ground up. From quality
control of the raw materials through design
engineering, wafer fab, test and assembly, the
emphasis is uniformly there and we are proud of
the results. Additional information may be
obtained through your local National
Semiconductor Sales Office.

Other large scale integration MOS product
lines not included in this book are RAM and
PROM memories and Microprocessors, which
are covered in other National Semiconductor
Data Books

COPS™ and MAXI-ROMTM are of Nati i Corp

i herein is i to be a general product description and is
subject to change. ,

National does not assume any responsibility for use of any circuitry described; no
circuit patent licenses are implied; and National reserves the right, at any time
without notice, to change said circuitry.

MOS
DATABOOK

Introduction to COPS™

COPS Devices

COPS Application Information
MOS/ROMs

Speech Synthesis

Digital Clocks
Standard rteievision/Radio Oscillators

MOSI/LSI GamesiCalculators . Ejectronic Data
Telecommunications  Processing

Display Drivers

Application Notes

Custom MOSI/LSI

Ordering Information/
Physical Dimensions

EMEEEERER






Table of Contents

Section 1 COPS Devices

COPS™ SeleCtion GUIE ... ..o e 1-3
COP402/COP402M ROMIless N-Channel Microcontrollers .....................ocooiiiiiin 1-5
COP404L ROMlIless N-Channel Microcontroller .................. e 1-24
COP410L/COP411L Single-Chip N-Channel Microcontrollers................................. 1-40
COP420/COP421 and COP320/COP321 Single-Chip N-Channel Microcontroliers........... 1-56
COP420C/COP421C and COP320C/COP321C Single-Chip CMOS Microcontrollers ........ 1-79
COP420L/COP421L Single-Chip N-Channel Microcontrollers................................. 1-96
COP444L/COP445L Single-Chip N-Channel Microcontrollers ............................... 1-115
COP430/COP431/COP432 AtoDConverters ...............ccooiiiiiii i 1-134
COP450/COP451 PROM-RAM Interface Chip.............oooiii i 1-136
COP452 Frequency/Counter Peripheral........................... I 1-138
COPA470 V.F.Display Driver ... e e 1-140
COP472 Liquid Crystal Display Controller..............cooiiiiiiiii i e 1-147
COP498 Low Power CMOS RAM and Timer .........ooiiiiiii i 1-153
COP499 Low Power CMOS MEMOKY ... ... e i 1-155

Section 2 COPS Application information

COP400 COPS™Family USer's GUIde ..............ooie it 2-3
COP Note 1 Analog to Digital Conversion Techniques with COPs Family
Microcontrollers .. ... o 2-84
-COP Note 2 COPTelevision Controller ...t i 2119
COP Brief 1 SIO Input/Output Register Description...........................cci . 2-124
COP Brief 2 Easy Logarithms forCOP400 ... 2126
COP Brief 3 Use of Macro-AssembledCode .................cooiiiiiiiiie e 2137
COP Brief 4 L-BusConsiderations............ .. ... e 2-139
COP Brief 5 _Software and Opcode Differences in the COP444L Instructlon Set........ 2-140
COP Brief 6 RAMKEEP-AlIVE ... . e e e 2141
COP Brief 7 Microbus Programming Considerations ......................cooeieeee... 2-142
.-COP Brief 8 COPS Peripheral Chips....................... FEP 2-143
COP Brief 9 Serial Interface Between COPS Microcontrollers and Peripheral Chips...2-145
COP Brief 10 COP410L/COP411L Hardware Subroutine Stack Emulator ................. 2-147
COP Brief 11 PowerSeatwithMemory ........ ... .. i, 2-151
COP Brief 12 An Automotive Diagnostics Display ............cccooiiiiiiiiiiiiiiiiieieen, 2-155
COP Brief 13 An Electronic Speedometer and Odometer with Permanent
Mileage Accumulation......... ... ..2-157
Section 3 MOS/ROMs
,MM52116(2316E) 16,384-Bit (2048 x 8) Read Only Memory ..., 33
MM52116FDW, MM52116FDX CharacterGenerators ...t v, 36
MM52132 32,768-Bit (4096 x 8) MAXI-ROM™ .. ... 3-13
MM52164 65,536-Bit (8192 x 8) MAXI-ROM™ 3-16
MM52264 65,536-Bit (8192 x 8) Clocked MAXI-ROM™ ... ... ... ... . ., 319
Section 4 Speech Synthesis
DIGITALKER™ Speech Synthesis System ....... ... 43

COPSTM, MAXIROMTM, DIGITALKERTM are trademarks of National Semiconductor Corporation.

1



Table of Contents (ontine)

Section 5 STANDARD MOSI/LSI

Digital Clock Product Selection Guide ...................ccocoi i e ..5-3
Television/Radio Product SelectionGuide............... ... i 5-4
Games/Calculators Product Selection Guide.............. e 55
Telecommunication Device Product SelectionGuide ............... ..., 5-6
Display Driver Product SelectionGuide .......................... oo ST 5-7
Oscillator/Divider Product Selection Guide..... e S DU B 5-8
Electronic Data Processing Product Selection Guide ................................. e 5-9

Digital Clocks

MM5309, MM5311, MM5312 MM5313, MM5314, MM5315 Digital Clocks .................... 5-13
MM5316 Digital Alarm CloCKs............ ... S .....5-20
MM5387AA, MM53108 Digital Alarm ClOCKS ......... ... 5-25
MM53110 Series Auto Clock and Elapsed Timer ............ e 5-31
MM53113 Digital Alarm CIOCK..............ccooiiiiiiiiiii, RO 5-36
MM53124 Automobile Clock and Elapsed Timer ......... e 5-41
MM53224 Automobile Clockand Elapsed Timer ..............cooiiiiiiiii i 5-45
MM5402, MM5405 Digital Alarm Clocks.......... e P, 5-49
MM5406 Delux Display and Clock Radio.................. P 5-54
MM5407 Digital Thermometer................... e e e 5-61
MM5455 Digital Alarm CIOCK .......... ..o O 5-66
MMB5456, MM5457 Digital Alarm Clocks......... S R 5-70
MM58143, MM58144, MM58183, MM58184 LCD Alarm Clock Circuits ... [ . L}
MM7317B, MM7318B Alarm Clock Calendar........................lscocoi... DR e 5481
. Television/Radio ‘
MM5321 TV Camera Sync Generator ..... SRR SN PRSUURRROR ....591
- MM5322 ColorBar GeneratorChip ..........................coo... [T S IR 597
-MM53100, MM53105 Programmable TV Timers ........ R .5-102
- MM53118AA TV Digital Tuning ........................... U PSP 5-107
MM5430, MM5431 AM/FM Radio Frequency Display.........................................5-115
MM5439 Microprocessor Compatible Phase Lock Loop (PLL)...... ... 55120
MM55108, MM55110 PLL Frequency Synthesizer with Receive/TransmitMode ........... 5-127
MM55121 Serial Data/PLL Frequency Synthesizer .................... e 5-132
MM55122 Serial Data/PLL Frequency Synthesizer .................. ... 5137
MM55123 Serial Data/PLL Frequency Synthesizer ............. [T ORI 5-142
MM55124, MM55126 PLL Frequency Synthesizer............................... . 5-147
MM5837 Digital NOISE SOUICE . ... ...\ e e e 5-151
MM5840 TV Channel Number (16-Channel) and Tlme Display Circuit................ .......5-153
MMS58106 Digital Clock and TV Display Circuit ........................ ... ... i, 5-158
MM58142 TV SYNtheSizer ..........c.ooe e U 5-163
MM58146 TV Clock and Channel Display ............................ FOTETI PR 5-168

MM58313 Varactor Tuner Display Circuit ......... ... i 5-173



Table of Contents (continued)

Section 5 STANDARD MOS/LSI (continued)

Games/Calculators
MM5780 Educational Arithmetic Game........... ... .. .. . 5-181
MM57455 Advanced Educational ArithmeticGame ........................ ... ... .. ....... 5-187
MM57459 8-Digit LED Direct-Drive Memory Calculator...................ocooiiiiiiiiiea o 5-190
Telecommunications .
MM5393, MM5394, MM53143, MM53144 Push Button Pulse Dialer Circuits................ 5-197
MM5395, MM53125 DTMF (Touch Tone® )Generators....................cooiiiiiiiiiiai. 5-202
MM53130 DTMF (Touch Tone® YGenerator ...............coiiiiiiiiiiiiiii i 5-207

MM53190 ‘Push-Button Pulse Dialer................... e 5-212

Display Drivers

- MM5445, MM5446, MM5447, MM5448 VF Display Drivers..........................ccn. 5-219
MM5450, MM5451 LED Display Drivers ... P 5-222
MM5452, MM5453 Liquid Crystal Display Drivers...........................cioi .. 5-227
MM5480 LED Display Driver. ... i, B2232
MMS5481 LED Display Driver. . ... ..o 5-235
MM58201 Multiplexed LCD Driver ... ... ... .. i 5-238

Oscillators
MM5368 CMOS Oscillator Divider Circuit ............ ... .. .. i, 5-245
MM5369 Series 17 Stage Mask Programmable Oscillator/Divider........................... 5-248
MM53107 Series 17-Stage Oscillator/Divider........... ... .. ... . .. 5-251

Electronic Data Processing
MM5034, MM5035 Octal 80-Bit Static Shift Register ......................................... 5-257
MM5303 Universal Fully Asynchronous Receiver/Transmitter .............................. 5-260
MM5307 Baud Rate Generator/Programmable Divider ......... P 5-266
MM5330 4Y2-Digit Panel Meter LogicBlock .......... ... ... i ....5-271
MM53200 Encode/Decoder ... ... oo .5-278
MM54240 Asynchronous Receiver/Transmitter Remote Controller ......................... 5-280
MM57109 MOS/LSI Number-Oriented Processor ............ ..o, 5-284
MM57436 Decimal/Binary Up/Down Counter............. ... .. oo 5-309
MM57499 96- or 144-Key Serial Keyboard Interface (SKI).................oiii L. 5-316
MM5863 12-Bit Binary A/D BuildingBlock ................... ... 5-331
MM5865 Universal Timer ....... e 5-337
MM58167 Microprocessor Compatible Real Time Clock ..., 5-347
MM58174 Microprocessor-Compatible Real TimeClock................................. 5-353

Touch Tone® is a Registered Trademark of Bell Telephone



Table of Contents (ontinue

Section 6 Application Notes

~AN143 Using National Clock Integrated Circuit in Timer Appllcatlons AR 6-3
AN155 Digital Voltmeters andthe MM5330...............coo it e 6-7
AN156 Specifying A/D and D/A Converters ............ P S I 6-15
AN168 MM5865 Universal Timer Applications .. ... P e, .6-21
AN169 A 4-Digit, 7-Function Stop Watch/Timer .......... ... ... i, 6-31
AN196 Programmable TV Timer/Time-Channel Display..............ccccocvviiiiinininnn. .6-45
AN249 MM54240 Asynchronous Receiver/Transmitter Remote Controlier )

Applications ........ N 6-55

AN250 Applications and Uses of the MM5321 TV Camera Sync Generator ................ 6-59

AN251 A Broadcast Quality TV Sync Generator Made Economical through LSI ... .. ST 6-63

MOS Brief 19 Integrated Circuit Combination Provides Digital Frequency Readout

. with Digital Clock forRadios.................coooi i 6-69
Section 7 Custom MOS/LSI , _

Your Choice for Custom MOS/LSI Circuits................................... O 7-3

Working Together to Get the Job Done with Custom MOSILSI......coiiiiiia, .74

The Custom MOS/LSI DevelopmentCycle .............. e i 7-5

AWorking Partnership . ....... ..o e 7-6
Section 8 . _

Ordering Information..................... RO 8-3

Physical DIMeNSIONS. ... e 84

\



Alpha-Numerical Index

COP320 Single-Chip N-Channel Microcontroller .................ccooiiiiiiiiiiiiiiiiiiiiinas 1-56
COP320C Single-Chip CMOS Microcontroller ...t 1-79
COP321 Single-Chip N-Channel Microcontroller ..., 1-56
COP321C Single-Chip CMOS Microcontroller ....................coooeieiinn, R 1-79
COP400 COPS™Family User's GUIdE ..............c.oiiiei i 2-3
COP402 ROMIless N-Channel Microcontroller .................oo i, 1-5
COP402M ROMIess N-Channel Microcontroller..................c.ooiiii i, 1-5
COP404L ROMless N-Channel Microcontroller ..o, ..1-24
COP410L Single-Chip N-Channel Microcontroller................coooiiii i, 1-40
COP411L Single-Chip N-Channel Microcontroller...............iccoooiiii i, 1-40
COP420 Single-Chip N-Channel Microcontroller .............. ... .coiiiiiiiiiiiiiiiiiies 1-56
COP420C Single-Chip CMOS Microcontroller ... i 1-79
COP420L Single-Chip N-Channel Microcontroller....................coiiiiiiiiiiii s 1-96
COP421 Single-Chip N-Channel Microcontroller ............................... ORI 1-56
COP421C Single-Chip CMOS Microcontroller ............ ... 1-79
COP421L Single-Chip N-Channel Microcontroller........................ooe. 1-96
COP430 AtoDConverter............ccviiiiiiii e e 1-134
COP431 AtoDConverter..............coviiiiiiiiiiiiii e, e 1134
COP432 AtOD CONVEIET ... . e e 1-134
COP444L Single-Chip N-Channel Microcontroller ................................... e 1-115
COP445L Single-Chip N-Channel Microcontroller .................. P, 1-115
COP450 PROM-RAM Interface Chip............ooiiiiii e 1-136
COP451 PROM-RAM Interface Chip.............oooiiiiiii e 1-136
COP452 Frequency/Counter Peripheral............. ... i 1-138
COPAT0 V.F.Display Driver ... e 1-140
COP472 Liquid Crystal Display Controller........... e 1-147
COP498 Low Power CMOS RAM and TimMer ....... ..ot 1-163
COP499 Low PoOWEer CMOS MEMOTY . . ...ttt it e e e et e e e eeie 1-155
MM5034 Octal 80-Bit Static Shift Register ..................... . 5-257
MM5035 Octal 80-Bit Static Shift Register ................ ... 5-257
MM5303 Universal Fully Asynchronous Receiver/T ransmltter ..................... s 5-260
MM5307 Baud Rate Generator/Programmable Divider ............................... ... 5-266
MMB309 Digital ClOCK. ... ... e e 5-13
MM5311 DigitalClock........................... S P S 513
MM5312 Digital Clock..................ooocoo e SO 5-13
MM5313 Digital Clock. ... e e e 5-13
MMS5314 Digital ClocK. ... R 5-13
MMS5315 Digital Clock. ... PO 5-13
MM5316 Digital Alarm ClockClock:....................... e 5-20
MM5321 TV CameraSyncGenerator........................coooiiiiin B 5-91
MM5322 ColorBarGenerator Chip ....... ..ot e 5-97
MM5330 4V2-Digit Panel Meter LogicBlock ........................ T PN 5-271
MM5368 CMOS Oscillator Divider Circuit ... 5-245
MM5369 Series 17 Stage Mask Programmable Oscillator/Divider.......................... 5-248

MM5387AA Digital Alarm Clock ... e 5-25

Vi



Alpha-Numerical Index (continues

MM5393 Push Button Pulse Dialer Circuit......................... P s i 5-197
MM5394 Push Button Pulse Dialer Circuit............ e ...5-197
MM5395 DTMF (Touch Tone® )Generator.............c..ooovviiviiiiieaeinn. e deneeaaaaad 5-202
MM5402 Digital Alarm CIOCK ...........oceviiii i e ..5-49
MM5405 Digital AlarmM CIOCK ........ ..t 5-49
MM5406 Deluxe Display and ClockRadio ................c.iiiiiiiiiiiiii e, SR 5-54
MMS5407 Digital Thermometer...... ... i ST 5-61
MM5430 AM/FM Radio Frequency Display........................... s 5-115
MM5431 AM/FM Radio Frequency Display ............... oo 5-115
MM5439 Microprocessor Compatible Phase Lock Loop (PLL) ............................... 5-120
MMB445 VE Display DIiver ... ... ..o e e 5-219
MMB5446 VF Display DIiVer ... e 5-219
MMb5447 VF Display Driver .................. e ereriiaaaes S S-S .....5-219
MM5448 VF Display Driver ....... ... e e 5-219
MMB5450 LED Display Driver. ... ... c.ooiiiuiiiii i e 5-222
MM5451 LED Display Driver............coiviiiiiiiiiiiiiiaieiieeea e e . 5-222
MM5452 Liquid Crystal Display Driver ............. P 5-227
MM5453 Liquid Crystal Display Driver ..............ooiiiiiiii e 5-227
MM5455 Digital Alarm ClOCK ...... ... 5-66
MM5456 Digital AlarmClock .................. e PSP 5-70
MM5457 Digital Alarm CIOCK ... e 5-70
MMS5480 LED Display DriVer. .. .......utiiii e et 5-232
MM5481 LED Display Driver................................ e e 5-235
MM5780 Educational ArithmeticGame....................... e 5-181
MM5837 Digital NOISE SOUICE .............c.iiriie it S 5-151
MM5840 TV Channel Number (16-Channel) and Time Display Clrcun ....................... 5-153
MM5863 12-Bit Binary A/D Building BIOCK ............oeviiii i 5-331
MMB5865 Universal TIMEr ... ... e e e e 5-337
MM7317B Alarm Clock Calendar ...............ccoviiiiiviiini vt eeiien....581
MM7318B Alarm Clock Calendar ................oueui it i ee e 58T
MM52116(2316E) 16,384-Bit (2048 x 8) Read Only Memory ..., 33
MM52116FDW Character Generator.................. P 3-6
MM52116FDX Character Generator ...............ooiiiiiii el 36
MM52132 32,768-Bit (4096 x 8) MAXI-ROM™ . .. . . e 313
MM52164 65,536-Bit (8192 x 8) MAXI-ROM ... ... i 3-16
MM52264 65,536-Bit (8192 x 8) Clocked MAXI-ROM ..., PO 3-19
MM53100 Programmable TV TIMer. ... ... e 5102
MM53105 Programmable TV TIimer........ ...t 5-102
MM53107 Series 17-Stage Oscillator/Divider ................ooiiiiiiiiii i 5-251
MM53108 Digital Alarm ClOCK . ... ... 5-25
MM53110 Series Auto Clock and Elapsed Timer ..., 5-31
MM53113 Digital Alarm CIOCK. ... 5-36
MMB53118AA TV DIigital TUNING . ... e e e e e e 5-107
MM53124 Automobile Clock and ElapsedTimer .................oooiiiiin s, e 5-41

MAXI-ROM™M is a Trademark of National Semiconductor Corp., Touch Tone® is a Registered Trademark of Bell Telephone

viil



Alpha-Numerical Index (continueq

MM53125 DTMF (Touch Tone® Generator ........ ... 5-202
MM53130 DTMF (Touch Tone®) Generator ...... ... 5-207
MM53143 Push Button Pulse Dialer Circuit ...............oo i 5-197
MM53144 Push Button Pulse Dialer Circuit ... 5197
MM53190 Push Button PulseDialer...................... L 5-212
MMB3200 ENCOAE/DECOTE . ... ittt e 5-278
MM53224 Automobile Clock and Elapsed Timer ....... ... i, 5-45
MM54240 Asynchronous Receiver/Transmitter Remote Controller ......................... 5-280
MM55108 PLL Frequency Synthesizer with Receive/TransmitMode ....................... 5-127
MM55110 PLL Frequency Synthesizer with Receive/TransmitMode ....................... 5127
MM55121 Serial Data/PLL Frequency-Synthesizer ............ ..o, 5-132
MM55122 Serial Data/PLL Frequency Synthesizer ..o 5137
MM55123 Serial Data/PLL Frequency Synthesizer ..., 5-142
MM55124 PLL Frequency Synthesizer ...... ... i 5-147
MM55126 PLL Frequency SYNtheSizer .. .. ... ... e 5-147
MM57109 MOS/LSI Number-Oriented Processor .............cooiiiiiiiiiiiiii i 5-284
MM57436 Decimal/Binary Up/Down Counter......0.....ooiiiiii i 5-309
MM57455 Advanced Educational ArithmeticGame ... 5-187
MM57459 8-Digit LED Direct-Drive Memory Calculator.........................ooooii 5-190
MM57499 96- or 144-Key Serial Keyboard Interface (SKI).................... T 5-316
MM58106 Digital Clock and TV Display Circuit ...... ... i, 5-158
MMB58142 TV Synthesizer ... ... e 5-163
MM58143 LCD Alarm Clock Circuit...........oooiiiii e 5-74
MM58144 LCD Alarm Clock Circuit . ..... ... 5-74
MM58146 TV Clock and Channel Display .......... ... 5-168
MM58167 Microprocessor-Compatible Real Time Clock....................cooooiiil, 5-347
MM58174 Microprocessor-Compatible Real Time ClocK.................coooiiiiiiiiiin.. 5-353
MMS58183 LCD Alarm Clock Circuit ... ... ... 5-74
MM58184 LCD Alarm Clock CirCUIit...........ooiii e e 5-74
MM58201 Multiplexed LCD DFVET ... ..ottt 5-238
MM58313 Varactor Tuner Display Circuit ....................... i, P 5-173

Touch Tone® is a Registered Trademark of Bell Telephone






Introduction to COPS™

COPS Single Chip

Microcontroller and Peripherals







COPS™ Family
Introduction:

Computer on a Chip

Programmable Features

Applications

Performance -

National Semiconductor manufactures a wide-ranging and
sophisticated family of single-chip microcomputers to meet the total
needs of the microcontroller marketplace.

Each member of the COP400 series of single-chip microcontrollers is a
complete “computer-on-a-chip,” containing all system timing, internal
logic, ROM, RAM, and I/O necessary to implement dedicated control
functions in a wide variety of applications. The COP400 family of devices
feature instruction sets, internal architectures and 1/O schemes designed
to ease keyboard input/display output and efficient binary and BCD data
manipulation. On-chip ROM sizes range from 512 x 8 to 2,048 x 8 bits,
RAM from 32 x 4 to 128 X 4 bits, instruction sets from 43 to 57
commands, /O lines from 16 to 36, and instruction cycle execution times
ranging from 4 to 16 microseconds. The family is fabricated using three
processes: an advanced, high speed N-channel MOS; a low power
NMOS; and an even lower power complementary MOS.

To ease program development on the new COP400 series a specially
designed COPS Product Development System (PDS), has been introduced.

The range of the microcontrollers available in the COP400 family allow
the user to specify the optimum device for use in a particular application.
Not only can the user pick a part with RAM, ROM, 1/O and speed
optimized for specific tasks, but the family also offers a choice of ports
with differing electrical characteristics. Each part contains a number of
clock, 1/0 and other options, mask programmed into the device at the
same time the ROM is coded with the user’s dedicated program. This
allows great flexibility in matching particular COP400 microcontroliers to
the user need.

All COP400 devices feature single supply operation and fast
standardized test procedures that verify the internal logic and user
program. The flexible 1/0 configuration of the COP400 microcontrollers
allow them to interface and drive a wide range of devices using a
minimal amount of external parts. Typical interfaced devices include:
keyboards and displays (direct segment and direct digit drive), external
data memories, printers, other COP devices, A/D and D/A converters,
power control devices such as SCRs and TRIACs, mechanical actuators,
general purpose microprocessors, shift registers and external ROM
storage devices. '

The COP400 devices are aimed at such high volume applications as
clocks, timers, laboratory instruments, radio controllers, applicance
controllers, programmable sequencers, scales, cash registers,
calculators, microcontroller computational elements, toys, games, and
automotive computers. ’

The COP420/420L/420C devices constitute the center-piece .
configurations of the family, with 1k x 8 ROM, 64 x 4 RAM, true vectored
interrupt plus restart, three level subroutine stack, 23 I/O lines, 57
command instruction set, internal time base counter for real time
processing, internal binary counter register with serial 1/0 capability,
general purpose and TRI-STATE outputs, LED direct drive, and
software/hardware compatibility with the rest of the COP400 family — all
within a 28-pin dual-in-line package. The NMOS COP420 operates over a
4.5 to 6.3 volt single supply range and has a 4 microsecond instruction
cycle execution time. Operating supply current is 20 milliamperes at 5
volts. The low power (40 mW, max.) NMOS COP420L differs from the
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Bus Compatibility

. Development Systems

. Schools

COP420 in that it has a 4.5 to 9.5 volt supply range, a 16 us instruction
cycle execution time, a divide by 32 crystal clock option and direct LED
digit drive capability. The COP420C is the CMOS version with a 2.4 to 6.0
volt operating supply range and a dual clock mode option for operation
at low speed (244 us) with low power consumption or high speed (16 us)
when necessary to perform internal data computations at a faster rate.
The COP420C also provides the user with a sleep (timed pause) mode
entered under program control with very low power consumption (15 uA).

The 24-pin COP421/421L devices are identical to the COP420/420L
versions except that they have 19.1/0 lines instead of 23, and no interrupt
capability. The COP410L/411L have the same electrical specifications as
the COP420L/421L but half the program storage (512 x 8 ROM), half the
data storage (32 x 4 RAM), only 43 instructions, two instead of three
stack levels, no interrupt capability, 19 and 16 1/O lines respectively.
They are in 24-pin and 20-pin packages, respectively.

The COP440/444L are expanded versions of the COP420/420L devices,
with the same instruction set but double the memory (2,048 x 8 ROM and
128 x 4 RAM). The 28-pin COP444L has 24 I/O lines and the 40-pin
COP440 (future product) has 36 lines of 1/0. The 40-pin COP402 and
COP404L are ROM-less version of the COP420 and COP444L, .
respectively, available for prototyping, or in quantity for small volume
applications using up to 1024 x.8 and 2048 x 8 bits of external ROM.

A key feature of the COP420 and COP 420C is that they are MICROBUS™
compatible, an option that allows it to be used as a peripheral
microprocessor device, inputting and outputting data from and to any
host microprocessor in National’s MICROBUS-compatible family of 8-and
16-bit microprocessors. MICROBUS is a standard interconnect system
for 8-bit parallel data transfer between MOS/LSI CPUs and interface
devices. The COP402M is the ROM-less MICROBUS-compatible version
of the COP402. It'is intended for use in prototyping systems in low
volume applications which use the COP420 as a host CPU peripheral
component.

To aid in the efficient and speedy programming of the COP400 series
microcontrollers National has developed the COP Product Development
System (PDS), built around a 16-bit microcomputer, 32k bytes of R/W
memory and 12k bytes of PROM firmware. The disk-based system features
an editor and assembler for handling source code entry, conversion to
object code and maintaining documentation. An in-circuit emulator card
attachment allows object code to be executed under the careful control
of a COP Monitor de-bug utility. The PDS also features a circuit fixture
for incoming inspection of COP400 devices.

National is continually expanding the COP400 family. Future members
will include expanded software and hardware capabilities, alternative
electrical specification devices, and smaller devices suitable for use in
less demanding applications.

A COPS™ training course is available for. instruction in programming,

interfacing, and applications. For further information on the course,
contact your local National Semiconductor Sales Office.
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NATIONAL SEMICONDUCTOR COP400 MICROCONTROLLER
FAMILY GUIDE

Specificatio c0P ROMless Devices Single-Chip Microcontrollers
peciiications :| 402 | 402m | 40aL | 410L | a11L | 420 I 4200 I 420c | 421 l 421L ] 421C | 444L | 445L
M up to up to
E | ROMx8 1024 oxt 2048 512 1024 1024 2048
M . ext.
(o]
5 RAM x 4 64 128 32° 64° 64° 128°
"‘ Inputs a 0 4 0 4 0
P
Y | Bidirectional TRI-STATE™ 10 8 8 8 8 8
S
{ Bidirectional 110 4 4 3 4 4 4
u
T
P Outputs 4 4 2 4 4 4
1]
T
S Serial /0 and External Event Counter Yes Yes Yes Sio Yes Slo Yes
Interrupt Yes ]7 No ] Yes No Yes No Yes No
G
£ | stack Levels 3 2 3 3 3
E
2 MICROBUS™ Option No Yes No No Yes No Yes No No
L
Instruction Cycle (us) 4 16 16 4 16 4 16 16
g Supply Voltage 456.3 4595 456.3"** |456.3|456.3°°°(2.46.0|4.56.3/4.56.3*"*[2.4-6.0 4563
4
} Supply Current (mA) 30 15 5 30 8 . 30 8 . "
|4
g Package Size (pins) 40 24 20 28 24 28 24

*RAM keep-alive option (except 420C/421C)

*“Fast: B0OuA, Slow: 35uA, Sleep: 15uA.

***4.5:9.5V optionally available
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COP402/COP402M ROMiess

General Description

The COP402 and COP402M ROMIless Microcontrol-
" lers are members of the COPS™ family, fabricated
using N-channel silicon gate MOS technology. Each
part contains CPU, RAM and |/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 program may require
changing. The COP402M is identical to the COP402,
except the MICROBUS™ 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.

N-Channel Microcontrollers

Features

Low cost

Exact circuit equivalent of COP420
Standard 40-pin dual-in-line package
Interfaces with standard PROM or ROM
64x4 RAM, addresses up to 1kx8 ROM
MICROBUS™ compatible (COP402M)
Powerful Instruction set

True vectored interrupt, plus restart
Three-level subroutine stack

4.0us instruction time

Single supply operation (4.5V to 6.3V)
Internal time-base counter for real-time
processing

Internal binary counter register with serial /0
capability

B Software/hardware compatible with other
members of COP400 family

Ao/BRTR  VEC oo ki Ko
k] 17 2 ‘ 2 ? 1

. i I

al TIME-BASE .
Py 4 COUNTER DIVIDER cLock ;
Py 2 BUFFERS I (DIVIDE BY 1024) l GENERATOR
Koo ETIe DENEE P INSTRUCTION CLOCK (SYNC) r'-‘j
e RESET A RESE
1P5 < Logic
1Py I I
1P3 BUFFERS

DIGIT ADDRESS

18y
1Py
1Pg

DATAMEMORY  REG
8x4RAM  ADDR B8R | 8D |

0uT IN 2 4

.

A

SKIP 2 INSTRUCTION sA 10
(NOT USED) <=

1

oS B 37 o
3
- 38

DECODE/CONTROL
SKIP LOGIC

]
REGISTER 02
BUFFER Dy
0Og

4

G3

G
REGISTER 62

r &

1/0 CONTROLS

a
REGISTER A

- . 4 & 29
<+ . BUFFER’ 61
. 28
Gy
¥ 4
B 4 2
L] <

/

SERIAL I/0 REGISTER
L DRIVERS | S103 510z §I07 S10p

Y * %

[ .

TTTT T 1

S0

1 |12
27 |16 15 |26
IN3 IN2 INp INg

L1 Lg

13 14 j18 J19 f20 |21

L La L3 L2 b1 Lo

Figure 1. COP402/402M Block Diagram
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COP402/COP402M

Absolute Maximum Ratings

Voltage at Any Pin Relative to GND -05Vto +7V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature —65°Cto +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation 0.75 Watt at 25°C

0.4 Watt at 70°C

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 0-c<1,< +70°C, 4.5V < Vg < 6.3V unless otherwise noted.

Parameter Conditions Min’ Max Units
Operating Voltage (V) 4.5 6.3 \
Operating Supply Current Vec =5V, Tp=25°C 30 mA

(all inputs and outputs open)
Input Voltage Levels
CKIl Input Levels
Logic High (Vyy) - 2.0 \Y
Logic Low (V) - . 0.4 \
RESET Input Levels
 Logic High , _ 0.7 Vo \Y
Logic Low ) 0.6 \"
RESET Hysteresis : 1.0 \
SO Input Level (Test mode) : 20 3.0 v
Input Levels ) :
Logic High Vec =max 3.0 \Y
Logic High Vec=5V£5% - 2.0 \Y
Logic Low ) -0.3 0.8 "
Logic Low (INg3 with Load) . -03 0.5 \

Output VoIt;age'LeveIs (Note 2)

" TTL Operation Vec=5V£5% v
Logic High (Vou) lon = —100pA 2.4 \"
Logic Low (V) lo=+16mA -0.3 0.4 \Y

CMOS Operation ) ‘
Logic High (Vgu) lon= —10LA Vo -1 Vv
Logic Low (Vo) loL= +10uA -03° 0.2 v
Output Current Levels .
LED Direct Drive Output Ve =6V
Logic High (lgy) Vou =2.0V 25 14 mA
TRI-STATE® Output -10 +10 uA
Leakage Current
IP7 ~ IPO Output Voltage Levels
Vou lon= —50uA. 2.7 \"
VoL _ loL= +360uA -0.3 0.4 \"




AC Electrical Characteristics o0:c < T4 < +70°C, 45V < Vg < 6.3V unless otherwise noted.

Parameter Conditions Min Max Units
Instruction Cycle Time — t¢ figure 3 4 10 us
CKIl Using Crystal (figure 8)

Input Frequency — f, +16 mode 1.6 4 MHz
Duty Cycle (Note 2) figure 3a 30 55 %

INPUTS: (figure 3a)
IN3-INg, G3-Go, L7-Lo

IN20vd0D/20vd0D

tseTup 1.7 Hs
tHOLD 312 ns
S|, IP7-1Pg
tseTup : 0.3 pus
tHoLp 250 ns
OUTPUTS: .
COP TO CMOS PROPAGATION 4.5V < Voo < 6.3V, C = 50pF,
DELAY VOH = 0.7VCC, VOL = o.aVcc
SK as a Logic-Controlled Clock
tpp1 . 11 HS
teoo ) 0.3 us
SO, SK as a Data Output
tPD1 14 HS
troo 0.3 us
tpD1 VOH = 2V 0.7 HuS
D3- Dy, G3-Go
tep1 1.6 HuS
tepo 0.6 HS
L7-Lg (LED Direct Drive) .
tep1 Von = 2V T 24 ' us
trpo 0.4 HuS
COP TO TTL PROPAGATION 1 fanout = 1 Standard TTL Load
DELAY Vec = 5V = 5%, C_ = 50pF,
VOH = 2.4V, VOL = 0.4V
AD/DATA
'(p[" 0.5 us
tPDO 05 us
SKIP »
tpp1 . 0.6 us
troo . 0.6 us
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AC Electrical Characteristics (continued) 0°C < Tp < +70°C, 4.5V < Vg < 6.3V unless otherwise noted.

COP402/COP402M

Parameter E Conditions Min Max Units
OUTPUTS (cont.):
SK as a Logic-Controlled Clock .
tpp1 0.8 Hus
trpo 0.8 uSs
SK as a Data Output, SO
tppD1 1.0 Hs
tppo 1.0 HS
D3-Dy, G3-Go
tpD1 1.3 us
tepo ) ) 1.3 us
L7-Lo ‘
trp1 14 us
tppo 0.4 HS
IP7-1Pg, Pg, Pg
teD1 - 15 HS
‘PDO ) 15 Hus
CKO (figure 3a)
tep1 , . 02 us
tepo 0.2 s
MICROBUS™ TIMING C_ = 50pF, Vgec= 5V %= 5%
(COP402M)
A. Read Operation (figure 4) .
- Chip Select Stable before : 50 ns
RD — tcsr . :
Chip Select Hold Time for 5 ns
RD — tres . )
RD Pulse Width — tgg 300 " ns
Data Delay from RD — tgp 250 ns
RD to Data Floating — tpg 200 ns
B. Write Operation (figure 5)
Chip Select Stable before 20 ns
WR — tcsw :
Chip Select Hold Time for : 20 ns
WR — twes
‘WR Pulse Width — tww 300 ns
Data Setup Time for 200 ns
WR — tpw
Data Hold Time for 40 - ns
WR.— tWD : )
INTR Transition Time from 700 ns
WR — tyw;

Note 1: Duty Cycle = tyy/(twi + two)-
Note 2: See figure 11 for additional I/O characteristics.




O
cko — 1 40 f— D0 O
okl —] 2 39 f— D1 O
1ps — 3 8 —o02 8
RESET = 4 37 f— 03
ip3 = 5 36— 1P5 &
w2 — 6 35— (@)
=7 34— P9 O
10— 8 33 f— AD/DATA o
1p7 = 9 32 f— sKIP 5
1p5 = 10 c%‘%ﬂﬁ% 31— G3 o
—n 30 f— G2 N
16— 12 29 f— G1 g
15— 13 28 = GO
14— 14 27 = IN3
Nt — 15 26 f— IND
N2 =] 16 25— SK
vee — 17 24 S0
13— 18 23f—s
12— 19 22 }—vss
11— 20 21 f—10

Figure 2. Connection Diagram

Pin Description Pin Description
Ly-Lg 8 bidirectional 1/0 ports with SKIP Instruction skip output
- ®
TRI-STATE CKi System oscillator input
G3-Go 4 bidirectional /O ports CKO System oscillator output
D3-Dg 4 general purpose outputs RESET System reset input
IN3-1INg 4 general purpose inputs v Power supply
cc
Si Serial input (or counter input) GND Ground
o Serial output (or general purpose IP7-1P0 8 bidirectional ROM address and data
output) ports
SK Logic-controlied clock (or general
purpose output) P8, P9 2 ROM address outputs
ADIDATA Address out/data in flag
I-+ INSTRUCTION CYCLE TIME (tc) —-|
oKt
. ——1 D1 |
BB i
IN3-INg,
G3-Go, L7-Lo.
CKO & Si
INPUTS tPD0
%%
ouTPUTS
—| tpDo |<—
SKIP OUTPUT
. lPDi——»l | «——— tppg
Yo S/ A T W
|=1SETUP>] |«— tHOLD
XX

Figure 3a. Input/Output Timing Diagrams (Crystal + 16 Mode)

e e a

CKl1
o N X

Figure 3b. CKO Output Timing
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(IN2) cs \

\ -

tRR tRCS ‘4

(IN9) RD

(L7-Lg) D7-Dg

< tCSR —>|<— tRD—>]

tDF

Figure 4. MICROBUSTM Read Operation Timing

1CSW—|
(IN2) 4

<——-—tww__—_.<—twcs-—>l

tow

Jlﬁ

—= WD '«—

w——\
(N3} WR \
(L7-Lo) D7-Dg j(
wi |
(Go) INTR ‘{

Figure 5. MICROBUS™™ Write Operation Timing

FUNCTIONAL DESCRIPTION

A block diagram of the COP402 is given In figure 1.
Data paths are illustrated in simplified form to depict
how the various logic elements communicate with
each other in implementing the instruction set of the
device. Positive logic is used. When a bit is set, itisa
logic “1” (greater than 2 volts). When a bit is reset, it
is a logic “0” (less than 0.8 volts).

Progra_rn Memory

Program Memory consists of a 1,024-byte external
memory (typically PROM). Words of this memory may
be program instructions, program data or ROM
addressing data. 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 accornplished 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 instruc-
tion, 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
executed by the Instruction Decode, Control and
Skip Logic circuitry.

Data Memory

Data memory consists of a 256-bit RAM, organized as
4 data registers of 16 4-bit digits. RAM addressing is
implemented by a 6-bit B register whose upper 2 bits
(Br) select 1 of 4 data registers and lower 4 bits (Bd)
select 1 of 16 4-bit digits in the selected data register.
While the 4-bit contents of the selected RAM digit (M)
is usually loaded into or from, or exchanged with, the
A register (accumulator), it may also be loaded into

or from the Q latches or loaded from the L ports. RAM
addressing may also be performed directly by the
LDD and XAD instructions based upon the 6-bit
contents of the operand field of these instructions.
The Bd register also serves as a source register for
4-bit data sent directly to the D outputs.

Internal Logic

The 4-bit A register (accumulator) is the source and
destination register for most 1/0, arithmetic, logic
and data memory access operations. It can also be
used to load the Br and Bd portions of the B register,
to load and input 4 bits of the 8-bit Q latch data, to
input 4 bits of the 8-bit L /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 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 XAS instruction and EN register descrip-
tion, below.) :

Four general-purpose Inputs, IN3-INg, are provided;
IN4, 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 MICROBUS™
applications.

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

The G register contents are outputs to 4 general-
purpose bidirectional /O ports. Go may be mask-
programmed as a “ready” output for MICROBUS™
applications.




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

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

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

1. The least significant bit of the enable register,
ENy, selects the SIO register as either a 4-bit shift
register or a 4-bit binary counter. With ENg set, SIO
is an asynchronous binary counter, decrementing
its value by one upon each low-going pulse (“1” to
“0”) occurring on the Sl input. Each pulse must be
at least two instruction cycles wide. SK outputs
the value of SKL. The SO output is equal to the
value of EN3. With ENg reset, SIO is a serial shift

register shifting left each instruction cycle time.
The data present at 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 EN, set the IN; input is enabled as an inter-

rupt input. Immediately following an interrupt, EN4
is reset to disable further interrupts.

3. With EN, set, the L drivers are enabled to output

the data in Q to the L I/O ports. Resetting EN,
disables the L drivers, placing the L I/O ports in a
high-impedance input state. If the MICROBUS™
option is being used, EN, does not affect the L
drivers.

4. ENg, in conjunction with ENg, affects the SO

output. With ENg set (binary counter option
selected) SO will output the value loaded into EN3.
With ENg reset (serial shift register option
selected), setting 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 ENj.

Interrupt

The following features are associated with the INy
interrupt procedure and protocol and must be
considered by the programmer when utllizing inter-
tupts.

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 ENj is reset.

Enable Register Modes — Bits EN3 and ENg

EN, EN, slo (] SK.
0 0 Shift Register Input to Shift Register 0 If SKL = 1, SK = SYNC
If SKL = 0,SK = 0
1 0 Shift Register Input to Shift Register: Serial Out If SKL = 1, SK = SYNC
If SKL = 0,SK = 0
0 1 Binary Counter Input to Binary Counter 0 If SKL = 1,8k = 1
IfSKL = 0,SK = 0
1 1 Binary Counter Input to Binary Counter 1 If SKL = 1,SK =1
. -0

If SKL = 0, SK

20d0D/e0vd0O




COP402/COP402M

b. An interrupt will be acknowledged only after the
following conditions are met: .

1. EN4 has been set.

2. A low-going pulse (“1” to "0") at least two
Instruction cycles wide occurs on the IN4 input.

3. A currently executing instruction has been
completed.

4. All successive transfer of control instructions
and successive LBIs have been completed (e.g.,
if the main program is ‘executing a JP
instruction which transfers program control to
another JP 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 the
popping of the stack. For example, if an interrupt
occurs during the execution of ASC (Add with
Carry, Skip on Carry) instruction which results in
carry, the skip logic status is saved and program
control is transferred to’ the interrupt servicing

routine at hex address OFF. At the end of the -

interrupt routine, a RET instruction is executed to
“pop” the stack and return program control to the
instruction following the original ASC. At this
time, the skip logic is enabled and skips this
instruction because of the previous ASC carry.
Subroutines and the LQID instruction should not
be nested within the interrupt servicing routine
since their popping of the stack enables any
previously saved main program skips, interfering
with the orderly execution of thé,lnterrupt routine.

d. The first instruction of the interrupt routine at hex
address OFF must be a NOP.

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

MICROBUS™ Interface

The COP402M can be used as a peripheral micro-
processor device, inputting and outputting data from
and to a host microprocessor (uP). IN4, INy, and IN3
general purpose inputs become MICROBUS™ com-
patible read-strobe, chip-select, and write-strobe
lines, respectively. IN; becomes RD — a logic 0" on
this input will cause Q latch data to be enabled to the
L ports for input to the uP. IN, becomes CS — alogic
“0” on this line selects the COP402M as the uP
peripheral device by enabling the operation of the RD
and WR lines and allows for the selection of one of
several peripheral components. IN3 becomes WR —

system for 8-bit parallel data transfer between

MOS/LSI CPUs and interfacing devices. (See

MICROBUS™, National Publication.) The functioning

and timing relationships between the COP402M

signal lines affected by this option are as specified -
for the MICROBUS™ interface, and are given in the

AC electrical characteristics and shown in the timing

diagrams (figures 4 and 5). Connection to the

MICROBUS™ is shown in figure 6.

POWER
SUPPLY  CLOCK

! NTERRUPT (INTR) 6o

8-BIT DATA BUS . .

- COPaOZM
READ STROBE (BD) |
CHIP SELECT (C5) !

— IN2
WRITE STROB.E (WR). N3

MICROPROCESSOR

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
1ms and greater than 1us. If the power supply rise
time is greater than 1ms, the user must provide an,
external RC network and diode to the RESET pin as
shown below. The RESET pin is configured as a
Schmitt - trigger input. If. not used it should be
connected to V. 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 cycle time. Data
Memory (RAM) must be cleared by the user’s
program. The first instruction at address 0 must be a

CLRA.

a logic “0” on this line will write bus data from the L

ports to the Q latches for input to the COP402M. Gg
becomes INTR, a “ready” output reset by a write

pulse from the uP on the WR line, providing the"

“handshaking” capability necessary for asyn-
chronous data transfer between the host CPU and
the COP402M.

This option has been designed for compatibility wlth
National’s MICROBUS™ — a standard interconnect

vee
COP402/402M
RESET

[' . GND

RC > 5x POWER SUPPLY RISE TIME

<rwwCcy ImE0T
| —— 4
\Y]

|

Figure 7. Power-Up Clear Circuit




Oscillator

There are two 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.

b. External Oscillator. CKl is driven by an external
clock signal. The instruction cycle time is the
clock frequency divided by 16.

CKI CKO
o NOT USED
EXTERNAL
cLocK

Crystal Component Values
Value R1 R2 Cc
4MHz 1k M 27pF
3.58MHz 1k M 27pF
2.09MHz 1k M 56pF

Figure 8. COP402/402M Osclllator

External Memory Interface

The COP402 and COP402M are 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 = 1.7us, max

Typically these requirements are met using bipolar or
MOS PROMs.

During operation, the address of the next instruction
is sent out on P9, P8, and IP7 through IPO during the
time that AD/DATA is high (logic “1” = address
mode). Address data on the IP lines is stored into an
external latch on the high-to-low transition of the
ADI/DATA line; P9 and P8 are dedicated address
outputs, and do not need to be latched. When
AD/DATA is low (logic “0” = data mode), the output
of the memory is gated onto IP7 through IPO, forming
the input bus. Note that the AD/DATA output has a
period of one instruction time, a duty cycle of 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. :

Pg
2] C0P402
AD/DATA

IP7 - 1Py
p-
8|2 DATA
D
CLK LATCH 8
Q
a
=
a
a
<
AD- A7 D0-D7
| CE
A8 MEMORY
A9

Figure 9. External Memory Interface to COP402

Input/Output

COP402 outputs have the following configurations,
illustrated in figure 10:

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

b. High Drive — same as a. except greater current
sourcing capability.

c. Push-Pull — an enhancement-mode device to
ground in conjunction with a depletion-mode
device paralleled by an enhancement-mode device
to Vge. 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 Vgg, meeting the typical current
sourcing requirements of the segments of an LED
display. The sourcing device is clamped to limit
current flow. These devices may be turned off
under program control (see Functional 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 Vg intended to meet the
requirements associated with the MICROBUS™
option. These outputs are TRI-STATE® . outputs,
allowing for connection of these outputs to a data
bus shared by other bus drivers.

f. Inputs have an on-chip‘ depletion load device to
Vg, as shown in figure 10f. .

The above input and output configurations share
common enhancement-mode and depletion-mode
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COP402/COP402M

devices. Specifically, all configurations use one or
more of six devices (humbered 1-6, respectively).
Minimum and maximum current (loyt and Voyr)
curves are given in figure 11 ‘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 the 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 o'utputs are configured as shown in
figure 10c; P9, P8, SKIP and AD/DATA 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. -

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.

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 8 bits of the ROM address register PC with the
contents of ROM addressed by the 10-bit word, PCq.g,
A, M. PCq and PCgq are not affected by this instruc-
tion.

Note that JID requires 2 instruction cycles.

vee
. - A w I
. #1 |
a. Standard ‘ . b. High Drive c. Push-Pull
DISABLE vee
DISABLE vee
#5

{A1S DEPLETION DEVICE)

o. TRISTATE® Push-Pull

7

f. Input with Load

Figure 10. Input/Output Configurations
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Table 1. COP402/402M Instruction Set Table Symbols

Symbol

Definition

Symbol

Definition

INTEhNAL ARCHITECTURE SYMBOLS

INSTRUCTION OPERAND SYMBOLS

4-bit Operand Field, 0- 15 binary (RAM: Digit

A 4-bit Accumulator d
B 6-bit RAM Address Register Select) :
' . . r 2-bit Operand Field, 0-3 binary (RAM
Br Upper 2 bits of B (register address) Register Select) »
Bd Lower 4 bits of B (digit address) a 10-bit Operand Field, 0- 1023 binary (HOM
C * 1-bit Carry Register Address)
D 4-bit Data Output Port % 4-bit Operand Field, 0-15 binary
EN 4-bit Enable Register (immediate Data) ) .
G 4-bit Register to latch data for G /0 Port RAM(s) = Contents of RAM Iogatl.on addressed by s
IL Two 1-bit Latches associated with the INg ROM(t)  Contents of ROM location addressed by t
or INg Inputs
IN 4-bit Input Port OPERATIONAL SYMBOLS
IP 8-bit Bidirectional ROM Address & Data + Plus
Port : )
L 8-bit TRI-STATE 1/O Port ‘ Minus
M 4-bit contents of RAM Memory pointed to - Replaces
by B Register — Is exchanged with
P 2-bit ROM Address Port = Is equal to
PC 10-bit ROM Address ‘Register (program A The ones complement of A
counter) ® Exclusive-OR
Q . 8-bit Register to latch data for L I/O Port Range of values
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
Table 2. COP402/402M Instruction Set Table (Note 1)
Machine
Hex Language Code
Mnemonic Operand Code Binary) Data Flow Skip Conditions Description
ARITHMETIC INSTRUCTIONS
ASC - 30 00110000 A + C + RAM(B) ~ A Carry Add with Carry, Skip on
Carry - C Carry
ADD 31 00110001 A + RAM(B)— A None Add A to RAM,
ADT 4A 0100{1010 A+ 1010~ A None Add Ten to A
AISC y 5- 0101] y A+y—A Carry Add Immediate, Skip on
. : . Carry (y # 0)
CASC 10 00010000 A + RAM(B) + C—~ A Carry Complémenl and Add
Carry = C with Carry, Skip on Carry
CLRA 00 00000000 0—A None Clear A
COMP 40 01000000 A—A None Ones complement of A to
A
NOP 44 01000100 None None No Operation
RC 32 00110010 “0"—~C None Reset C
SC 22 0010/0010 “1" = C None Set C
XOR 02 00000010 A.e RAM(B) = A None Exclusive-OR A with RAM
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Table 2. COP402/402M Instruction Set Table (continued)

Mnemonic Operand

Hex
Code

Machine
Language Code
?Binary)

Data Flow

Skip Conditions

Description

TRANSFER OF CONTROL INSTRUCTIONS

JID

JMP a
JP a
JSRP a
JSR a
RET

RETSK

FF

48

49

11111111

,01 10[00] ag;3|
| ar:.0 |

1 as0 |
(pages 2,3 only)
or
11 as:Q [
(all other pages)

10| asg

10110}10jag:8|
| ar:0 |

01001000
0100J1001

ROM (PCo:8,AM)

PC7:0

a—PC

a— PCg:0

a - PCs:0

PC + 1—-SA—~SB—

sC
0010 -~ PCg-g
a— PCs;0

PC + 1~ SA—SB—

a— FC

SC—SB—+SA—~ PC

SC—+ SB—+ SA—+ PC

None

None

None

None

None

None

Always Skip on Return

Jump Indirect (Note 3)

Jump

Jump within Page
(Note 4)

Jump to Subroutine Page
(Note 5)

Jump to Subroutine

Return from Subroutine

Return from Subroutine
then Skip

MEMORY REFERENCE INSTRUCTIONS

CAMQ

CQMA

LD r

LDD rd

Laip

RMB 0
1
2
3

SMB 0
1
2
3

33
3C

33
2c
-5

23

BF

0011j0011
0011j1100

0011j0011]
0010]1100]

00/rj0101

00100011
oojrj d

10111111

[0100/1100
[0100/0101
[0100[0010]
[0100/0011

01001101
01000111

0100/0110 -

01001011

A—=Q7:4
RAM(B) ~ Qz:0

Q7.4 ~ RAM(B)
Q30 ~A

RAM(B) = A
Brer— Br

RAM(r,d) ~ A

ROM(PCg:3,A,M) ~ Q

SB —~ SC

0 - RAM(B)g
0 - RAM(B){
0 - RAM(B)2
0~ RAM(B)3

1 - RAM(B)g
1 -~ RAM(B)4
1 - RAM(B)p
1 - RAM(B)3

None

None

None

None

None

None

None

Copy A, RAM to Q
Copy Q to RAM, A

Load RAM into A,
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

Q
o
=
(=
B
Q
o
U
£
Q
N
=
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Table 2. COP402/402M Instruction Set Table (continued)

Machine
Hex Language Code
Mnemonic Operand Code Binary) Data Flow Skip Conditions Description
MEMORY REFERENCE INSTRUCTIONS (continued)
STil y 7- j0111] y y = RAM(B) None Store Memory Immediate
Bd + 1= Bd and Increment Bd
X r -6 |[00frj0110] RAM(B) «— A None Exchange RAM with A,
Brer— Br Exclusive-OR Br with r
XAD rd 23 0010[0011] RAM(rd) «—— A None Exchange A with RAM
- piojrj d pointed to directly by r,d
XDS r -7 |100jrjot111j RAM(B) — A Bd decrements past 0 Exchange RAM with A
Bd - 1—Bd and Decrement Bd,
A Brer— Br Exclusive-OR Br with r
XIS r -4 100jrj0100] RAM(B) — A Bd increments past 15 - Exchange RAM with A
Bd +1— Bd and Increment Bd,
Brer— Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB ’ 50 (01010000 A— Bd None Copy A to Bd
CBA 4E |0100j1110 Bd— A None Copy Bd to A
LBI rd - 100 r{(d-1) rd—=B Skip until not a LBI Load B Immediate with
(d = 0,9:15) r,d (Note 6)
or
33 00110011
- 10/r] d
(any d)
LEI y 33 00110011 y =~ EN None Load EN Immediate
6- 0110 y | : ' (Note 7)
XABR - 12 |00010010] A < Br (0,0~ A3,A9) None Exchange A with Br
TEST INSTRUCTIONS
SKC .. 20 100100000 C="“1" Skip if Cis True
SKE . . . 21 [0010/0001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 00110011 ’ G30=0 Skip if G is Zero
21 10010000 1| (all 4 bits)
SKGBz 33 [00110011 1st byte Skip if G Bit is Zero
0 01 100000001 Gp=0
1 11' looo10001 2nd byte 61;0
2 03 00000011 G2 =0
3 13 100010011] G3 =0
SKMBzZ 0 01 100000001 RAM(B)O =0 Skip if RAM Bit is Zero
1 11 |0001j0001| RAM(B)1 = 0 )
2 03 (00000011 RAM(B)2 = 0
3 13 00010011 RAM(B)3 = 0
SKT 41 101000001 A time-base counter Skip on Timer
carry has occurred (Note 3)

since last test




Table 2. COP402/402M Instruction Set Table (continued) o
Machine -_g
Hex Language Code o
Mnemonic Operand Code ?Blnary) Data Flow Skip Conditions Description Q
INPUT/OUTPUT INSTRUCTIONS 0
ING 33 00110011 G—A None Input G Ports to A O
2A 0010[1010 g
ININ 33 0011/0011] IN— A None ) Input IN Inputs to A N
28 00101000 (Notes 2 and 8) g
INIL 33 0011001 1§ ILg,"“1","“0"ILg = A None Input IL Latches to A
29 [0010j1001 (Notes 2 and 3)
INL 33 00110011 L7:4 = RAM(B) None Input L Ports to RAM,A
2E 0010[1110] L0~ A ‘
OBD 33 00110011 Bd—D None Output Bd to D Outputs
3E 00111110 ‘
0GI y 33 00110011 y—=G None Output to G Ports
5- 0101 y Immediate
OMG 33 0011j0011] RAM(B) = G None Output RAM to G Ports
3A 00111010
XAS 4F 01001111 A'«— SIO, C — SKL None Exchange A with SIO
(Note 3)

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are
numbered 0 to N where 0 signifies the least significant bit (low-order, right-most bit). For example, Az indicates the most significant (left-most)
bit of the 4-bit A register.

Note 2: The ININ instruction is not available on the 24-pin COP421 since this device does not contain the IN inputs.

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

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3.
The JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.
Note 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages
2 or 3. JSRP may not jump to the last word in page 2.

Note 6: LBl is a single-byte instructionifd = 0,9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the “d”
data minus 1, e.g., to load the lower four bits of B (Bd) with the value 9 (1001), the lower 4 bits of the LBI instruction equal 8 (1000). To load 0, the
lower 4 bits of the LB instruction should equal 15 (11113).

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

Note 8: COP402M will always read a “1” into A1 with the ININ instruction.
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INIL Instruction

INIL (Input IL Latches to A) inputs 2 latches, IL3 and
ILo (see figure 12) and CKO into A. The ILz and ILg
latches are set if a low-going pulse (“1” to “0”) has
occurred on the IN3 and INg inputs since the last INIL
instruction, provided the input pulse stays low for at
least two instruction times. Execution of an INIL
inputs IL3 and ILg into A3 and AO respectively, and
resets these latches to allow them to respond to sub-
sequent low-going pulses on the IN3 and INg lines. If
CKO is mask programmed as a general purpose
input, an INIL will input the state of CKO into A2. If
CKO has not been so programmed, a “1” will be

placed in A2. A “0” is always placed in A1 upon the -

execution of an INIL. The general purpose inputs
IN3-INg are input to A upon the execution of an ININ
instruction. (See table 2, ININ Instruction.) INIL is
useful in recognizing puises of short duration or
pulses which occur too often to be read conveniently
by an ININ instruction.

LQID Instruction .

LQID (Load Q Indirect) loads the 8-bit Q register with
the contents of ROM pointed to by the 10-bit word
PCy, PCg, A, M. LQID can be used for table lookup or
code conversion such as BCD to seven-segment. The
LQID instruction “pushes” the stack (PC + 1= SA—
SB — SC) and replaces the least significant 8 bits of
PC as follows: A = PCy.4, RAM(B) = PCs,, leaving
PCgand PCg unchanged. The ROM data pointed to by
the new address is fetched and loaded into the Q

latches. Next, the stack is “popped”(SC = SB — SA -

- PC), restoring the saved value of PC to continue
sequential program execution. Since LQID pushes
SB — SC, the previous contents of SC are lost. Also,
when LQID pops the stack, the previously pushed
contents of SB are left in SC. The net result is that
the contents of SB are placed in SC (SB — SC). Note
that LQID takes two instruction cycle times to
execute.

CoPa20

J_ .

Figure 12. INg/IN3 Latches

SKT Instruction

The SKT (Skip on Timer) instruction tests the state of
an internal 10-bit time-base counter. This counter
divides the instruction cycle clock frequency by 1024
and provides a latched indication of counter
overflow. The SKT instruction tests this latch,
executing the next program instruction if the latch is

not set. If the latch has been set since the previous
test, the next program instruction is skipped and the
latch is reset. The features associated with this
instruction, 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 131kHz (crystal frequency +
16) and the binary counter output pulse frequency
will be 128Hz. For time-of-day or similar real-time
processing, the SKT instruction can call a routine
which increments a ‘“‘seconds” counter every 128
ticks.

Instruction Set Notes

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

b. Although skipped instructions are not executed,
one 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.

c. The ROM is organized into 16 pages of 64 words
each. The Program Counter is a 10-bit binary
counter, and will count through page boundaries.
If a JP, JSRP, JID or LQID instruction is located in
the last word of a page, the instruction operates
as if it were in the next page. For example: a JP
located in the last word of a page will jump to a
location in the next page. Also,.a LQID or JID
located in the last word of page 3, 7, 11, or 15-will
access data in the next group of 4 pages.

TYPICAL APPLICATIONS
PROM:-Based System

- The COP402 may be used to exactly emulate the

COP420. Figure 13 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 IP7-1P0 are bidirectional inputs and outputs.
When the AD/DATA clocking output turns on, the
EPROM drivers are disabled and IP7-1P0 output
addresses. The 8-bit latch (MM74C373) latches the
addresses to drive the memory.

When AD/DATA turns off, the EPROMs are enabled
and the IP7-1P0 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 MICROBUS™ feature of the
COP420 is needed.
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Figure 13. COP402 Used to Emulate a COP420
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RAM-Based System

If the user desires more program flexibility than is available with PROM, a RAM memory system may be
constructed as outlined below; data and addresses are entered by switch, and data may be reviewed on LED
indicators.

+5

+5
o v
Pg, P9 2z
COP420 . S
FUNCTIONS <:: CoPanz : l—»{ } A

8 8 10 /
1PO-1P7 L p M g B L | ADDRESS
. i .| swiTches
AD/DATA i Y
= l O—4

8 74C157 x 3 AD9

AD-A9 / | oo
| s
8, 8 8 i DATA
| SWITCHES
\ !
+ N

/X

+5 811895

kR v 81LS95
DISPLAY
X

'"_\ZX

o
2
mr
(4
(=}
=1
-
o
>
o

1

I

Figure 14. RAM-Based External Memory for COP402
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COP402 MASK OPTIONS 8
COP402 Mask Options g
The following QOE420 options t}ave been implemented in this basic version of the COP402. Subsequent versions of E
the COP402 will implement different combinations of available options; such versions will be identified as
COP402-A, COP402-B, etc. ' @)
Option Value Comment %
Option 1 = 0 Ground Pin — no option 8
available N
Option2 =0 CKO is clock generator g
output to crystal
Option 3 = 0 CKl is crystal input + 16
(may be overridden externally)
Option4 =0 RESET pin has load device to
Vee
Option 5 = 2 (402) L7 has LED direct-drive
output
= 3(402M) L7 has TRI-STATE® push-pull
output
Option 6 = 2,3 L6 same as L7
Option 7 = 2,3 L5 same as L7
Option 8 = 2,3 L4 same as L7
Option 9 = 0 (402) IN1 has load device to Vg
= 1(402M) HiZ
Option 10 = 0(402) IN2 has load device to V¢
= 1(402M) Hi Z
Option 11 = 0 Ve pin — no option
available
Option 12 = 2,3 L3 same as L7
Option 13 = 2,3 L2 same as L7
Option 14 = 23 L1 same as L7
Option 15 = 2,3 L0 same as L7
Option 16 = 0 Sl has load device to Vg
Option 17 = 2 SO has push-pull output
Option 18 = 2 SK has push-pull output
Option 19 = 0 INO has load device to V¢
Option 20 = 0(402) IN3 has load device to Vg
= 1(402M) Hi Z
Option 21 = 0 GO has standard output
Option 22 = 0 G1 same as GO
Option 23 = 0 G2 same as GO
Option 24 = 0 G3 same as GO
Option 25 = 0 D3 has standard output
Option 26 = 0 D2 same as D3
Option 27 = 0 D1 same as D3
Option 28 = 0 . DO same as D3
Option 29 = 0(402) normal operation
= 1 (402M) MICROBUS™ operation
Option 30 = N/A 40-pin package
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Nationai
Semiconductor

PRELIMINARY

COP404L ROMless N-Channel Microcontroller

‘General Description

The COP404L ROMless Microcontroller is a member of
the COPS™ family, fabricated using N-channel, silicon
gate MOS technology. The COP404L contains CPU,
RAM, I/O 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 develop-
ment 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 to emulate the
COP444L, COP445L, COP420L, and the COP421L

Features

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

15us instruction time

Single supply operation (4.5-9.5V)

Low current drain (15mA max @ 5V)

Internal time-base counter for real-time processing

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

General purpose and TRI-STATE® outputs
LSTTL/CMOS compatible in and out
Direct drive of LED digit and segment lines

Software/hardware compatible with other members
of COP400 family

B aoa

_ (COP4DALS ONLY)
veo GND  AD/DATA cKi ko
‘17 22 3 ‘2 11
1 1
8 TIME BASE
P COUNTER p— DIVIDER . cLoCK I
1Py <t I__ﬂ/yyvmu) GENERATOR
6
IP; RUCTION CLOCK (SYNC]
IF; 5 INSTRUCTION (SYNC) ¢— W PRp—
3
1Py | I
1Ps <ol INPUT/ | r"‘""'—"_-l
1Pg <2 oUTPUT 1
69 BUFFERS DIGIT ADORESS I
1P DATAMEMORY REG
" -— 128xaRAM  ADDR S
Ps out i i e
Pg 3 P GH D 37 o3
32 0 38
SKP/Po REGISTER [ > 02
- 39
BUFFER 01
4
3 4 L)
INSTRUCTION SA 1
DECODE/CONTROL b—————— -
SKIP LOGIC 8 " o
J st n
w JLEVEL STACK LI
4 G 0.
D | REGISTER 2 2
14
1/0 CONTROLS s < BUFFER -"T 4]
a a > Gg
REGISTER
2 E L 2
Ld 4 )
g ° s L] B
SERIAL 1/0 REGISTER
| L DRIVERS I SI03 SI02 SI03_Si0g
s 4+ 2 r 5 7 r I
2y 50
1 n 13 |14 J18 |19 20 |21
27 116 115 126
CKO IN3 IN2 INp INg 7 g Ls Lg L3 L2 L Lp
(COP404LP ONLY)

Figure 1. COP404L Block Diagram
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Absolute Maximum Ratings

Q
o
U
=3
=
r

Voltage at Any Pin Relative to GND -0.3Vto + 10V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature -65°Cto +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation 0.75 Watt at 25°C

0.4 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 0°c < T, < +70°C, 45V < V¢ < 9.5V unless otherwise noted.

Parameter Conditions Min Max Units
Operating Voltage (Vgc)
404LS (Note 2) 45 9.5 \
404LP RESET open (Note 2) 7.5 9.5 \
R_=510Q (Note 2) 4.5 9.5 \
Operating Supply Current Vec =5V, Tp=25°C 15 mA
(all inputs and outputs open)
Ve Power-Low Failsafe Trip
Level (404LS) RESET open 45 75 Vv
- Input Voltage Levels
CKI Input Levels
Crystal Input
Logic High (Viy) Vee=9.5V 3.0 \"
Logic High (Viy) Ve =5V +10% 2.0 \"
Logic Low (V) 0.4 Vv
Schmitt Trigger Input (+4)
Logic High (Vi) 0.7 Ve \
Logic Low (V) 0.6 "
RESET Input Levels )
Logic High ' 0.7 Ve v
Logic Low 0.6 Vv
RESET Hysteresis 1.0 \
SO Input Level (Test mode) 2.0 3.0 \
All Other Inputs :
Logic High Ve =9.5V 3.0 \"
Logic High : with TTL trip level options 2.0 \
Logic Low selected, Voo =5V £10% 0.8 \
Logid High with high trip level options 3.6 "
Logic Low selected 1.2 \%
Output Voltage Levels
LSTTL Operation Vee=5V+5%
Logic High (Vog) lon= —25pA 27 \
Logic Low (Vo) loL =0.36 mA 0.4 v
|PO-IP7, P8, P9, SKIP/P10
Output Voltage Levels R_=15k® (Note 1)
Logic High loy= —100pA 2.7 \"
Logic Low lop=1.6mA 0.4 v
Output Current Levels .
Output Sink Current
SO and SK Outputs (lp) Vee=9.5V, VoL = 1.0V 45 22 mA
VCC = 4.5V, VOL =1.0V 2.2 11 mA
Lo-L7 Outputs Ve =9.5V, VoL =1.0V 2.0 9.0 mA
Ve =4.5V, Vg =1.0V 1.0 45 mA
Gg-Gj3 and Dy- D3 Outputs Ve =9.5V, VoL =1.0V 30 150 mA
. ‘ Ve =4.5V, Vg =1.0V 15 75 mA
RESET Output (COP404LP) Vec =45V, Vo =1.0V 250 uA
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DC Electrical Characteristics (continued) 0°C < Ta < +70°C, 4.5V < Vg < 9.5V unless otherwise noted.

Parameter Conditions Min Max Units
Output Source Current: )

Standard Configuration, Vee=9.5V, Vo =4.75V -70 —-450 KA

All Outputs (loy) Voo =45V, Vo =225V -26 -190 uA
Push-Pull Configuration, Veo= 9.5V,IVOH =475V -1.45 -15.5 mA

SO and SK Outputs (lgy) Voo =45V, Vo =2.25V -0.07 -28 mA
Le-L7 Outputs Voo =95V, Voy = 2.0V -3.0 -30 mA

Voo =6.0V, Vo =2.0V -3.0 -20 mA

TRI-STATE® Output Leakage -10 '+10 uA

Current

AC Electri'cal Characte

ristics 0°c < T, < +70°C, 45V <

Vee € 9.5V unless otherwise specified.

Parameter Conditions Min Max Units
Instruction Cycle Time 15 40 us
CKI , , '

Input Frequency f; (+32 mode) 0.8 2.097 MHz
Duty Cycle 30 60 %
Rise Time 120 . ns
Fall Time fi=2.097MHz 80 ns
INPUTS:
Sl, IP7-1PO
tsetup 2.0 us
tHOLD 1.0 HS
IN3-INg, G3-Gy, Ly-Lg
tsetup 4.0 Hs
tHOLD 1.0 Hus
OUTPUTS:
COP TO CMOS PROPAGATION Von =0.7 Vge, VoL =0.3 Ve,
DELAY C_ = 50pF
SO, SK Outputs
tpa1 4.0 us
tde 1.2 us
" D3-Do, G3-Go, L7-Lo
tod1 6.5 us
todo 3.0 us
IP7-1PO, P8, P9, SKIP/P10 R, =15kQ (Note 1)
tpgt : 7.0 us
todo 7.0 us
COP TO LSTTL PROPAGATION Vec =5V + 5%, Voy=2.7V ‘
DELAY VoL=0.4V, G =50pF
SO, SK Outputs
tpd 35 us
todo 3.0 us
D3-Dy, G3-Gg, L7-Lo '
toat 5.0 us
tde 5.0 us
IP7-1PO, P8, P9, SKIP/P10 RL =15kQ (Note 1)
tpd1 . 7.0 us
todo 7.0 us

Note 1: Pull-up resistors required on COP404LP only; COP404LS has Push-Pull drivers on these outputs.

Note 2: Vg voltage change must be less than 0.5V/ms to maintain proper operation.
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AD/DATA

CKI

AD/DATA, SK
(AS A CLOCK)

INO-IN3, GO-G3,
L0-L7, CKO, SI
IP0-IP7 INPUTS

G0-G3, D0-D3,
L0-L7, SO, SI
OUTPUTS

SKIP/P10
OUTPUT

IPO-1P7, P8, P9
OUTPUTS

CKO ——
€K1 =
P4

e —
1P3 ——
1P2 =
1P1 =
1P0 =
1p7 —
1pg =] 10
L7 —+ 1"
L6 =] 12

DL ND M S W N -

L5113
14— 14
‘INt— 15
IN2 —1 16
vee — 17
13— 18
12— 19

u—-—12u

co
col

P404LP
P404LS

40 p— 00
39— D1

38 p— D2
37— D3

36 p—1P5

35 |— P8
34— P9

33 p— AD/DATA
32 |— SKIP/P10
Nfp—oa3

30 p— G2

29 f— G1

28 |~ GO
27— IN3

26 f— INO

25 p— SK
24— S0

23 =8I

22 p— Vg5
21— 10

Figure 2. Connection Diagram

Description

8 bidirectional 1/0 ports with
TRI-STATE®

4 bidirectional /O ports

4 general purpose outputs

4 general purpose inputs

Serial input (or counter input)

Serial output (or general purpose outpdt)

Logic-controlled clock (or general
purpose output)

Address out/data’in flag

Pin
CKiI
CKO

RESET
Vee
GND
IP7-1P0

P8, P9
SKIP/P10

js———————sTRucTION CYCLE TIME t)——————————]

Description
System oscillator input

General purpose input (COP404LP)
System oscillator output (COP404LS)

System reset input
Power supply
Ground

8 bidirectional ROM address and data
ports

2 ROM address outputs

Instruction skip output and ROM address
output

Sy o -] :}.«lm | |
Z fVoH N\ Vou yAR 4 \.A_.
| R —r——
X D, ¢
l ’—tmn—— | |e———tpdo——»]
A 7 Vou L \ N Vo
Ielmn» l*hmo- tpdo > tpdt
Von  (SKIP) N\ X Vo (P10) X\ v /[ Ao

L—vipm———-—»

I«—ipuu—-»

AV ) — --

'w1->! l*— —>l F—twﬂ
N I I B

tpdo—>| |—— —>| I*-‘mﬂ
NN\

Figure 3. Input/Output Timing Diagram
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COP404L

FUNCTIONAL DESCRIPTION

Ablock 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” (Iess
than 0.8 volts).

Program Memory

Program Memory consists of a 2048 byte external mem-
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 LQID 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 contained in ROM. A new address is loaded into
the PG 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. 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 Instruchon ‘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 Q
latches or loaded from the L ports. RAM addressing may
also be performed directly by the LDD and XAD instruc-
tions based upon the 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 /O, arithmetic, logic and

cycle time. (See XAS instruction and EN register des-
cription, below.)

~ Four general-purpose inputs, IN3- 1INy, are provided.

data memory access operations. It can also be used to

load the Br and Bd portions of the B register, to Inad and
input 4 bits of the 8-bit Q latch data, to input 4 bits of the
8-bit L 1/0 port data and to perform data exchanges with
the SIO register.

A 4-bit adder performs the arithmetic and logic func-
tions, 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

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 /O ports. G 1/O ports can be
directly connected to the digits of a multiplexed LED
display.

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

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

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

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- EN).

1. The least significant bit of the enable register, ENg,
‘selects the SIO register as either a 4-bit shift register
or a 4-bit binary counter. With ENg set; SIO is an
asynchronous binary counter, decrementing its vaiue

" by one upon each low-going pulse (‘“1” to *‘0”) ocur-
ring on the Sl input. Each pulse must be at least two
instruction cycles wide: SK outputs the value of SKL.
The SO output is equal to the value of EN3. With ENg
reset, SIO is a serial shift register shifting left each

' instruction cycle time. The data present at Sl goes
into the least significant bit of SIO. SO can be
enabled to output the most significant bit: of SIO
each cycle time. (See 4 below.) The SK output be-
comes a logic-controlled clock.

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

3. With EN, set, the L drivers are enabled to output the
data in Q to the L 1/O ports. Resetting EN, disables
the L drivers, placing the L 1/O ports in a high-
impedance input state.
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4.

ENg, in conjunction with EN, affects the SO output. -

With ENg set (binary counter option selected) SO will
output the value loaded into ENj. With ENj reset
(serial shift register option selected), setting ENj
enables SO as the output of the SIO shift register,
outputting serial shifted data each instruction time.
Resetting EN5 with the serial shift register option
selected disables SO as the shift register output;
data continues.to be shifted through SIO and can be
exchanged with A via an XAS instruction but SO re-
mains reset to “0.” The table below provides a sum-
mary of the modes associated with ENy and EN,.

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.

. An interrupt will be acknowledged only after the fol-

lowing conditions are met:
1.EN, has been set.

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

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

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

. Upon acknowledgement of an interrupt, the skip

logic status is saved and later restored upon popping
of the stack. For example, if an interrupt occurs
during the 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 ASC carry. Subroutines and LQID instruc-
tions should not be nested within the interrupt
service routine, since their popping the stack will
enable any previously saved main program skips, inter-
fering 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 LE! instruction can be put immediately before the
RET to re-enable interrupts.

Initialization

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

<rTTCW IMSEOT
P
=|
m
o
m
=i
<
o
[x}

1
f
=2
o

RC > 5x POWER SUPPLY RISE TIME

NOTE: IF POWER-LOW FAILSAFE OPTION
* 1S SELECTED, THE RC AND DIODE
CIRCUIT IS NOT USED

Enable Register Modes — Bits EN3 and ENg

ENg EN, SIo Si SO SK

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

1 0 Shift Register. Input to Shift Register Serial Out If SKL = 1, SK = CLOCK
IfSKL =0,SK =0

0o 1 Binary Counter Input to Binary Counter 0o If SKL = 1,SK = 1
IfSKL = 0,8K = 0

1 1 Binary Counter Input to Binary Counter 1 If SKL = 1,8K = 1
IfSKL =0,SK =0
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COP404L

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 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-STATE® outputs
3. TTL-compatible inputs

4. access time =5us max

Typically these requirements are met usmg 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 AD/DATA is high (logic “1” = address mode).
Address data on the IP lines is stored into an external
latch on the high-to-low transition of the AD/DATA line;
P9 and P8 are dedicated address outputs, and do not
need to be latched. 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

" ¢. Push-Pull —

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 conflgured 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, il-
lustrated in figure 5:

a. Standard — an enhancement mode device to ground
in conjunction with a depletion-mode device to Vg,
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/P10
outputs on COP404LP only).

An enhancement-mode device to
ground in conjunction with a depletion-mode device
paralleled by an enhancement-mode device to Vgc.
This configuration has been provided to allow for
fast rise and fall times when driving capacitive loads.
(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 Vgg, meeting the typical current
sourcing requirements of the segments of an LED
display. The sourcing device is clamped to limit
current flow. These devices may be turned off under
program control (See Functional Description, EN
Register), placing the outputs in a high-impedance
state to provide required LED segment blanking for a
multiplexed display. (Used on L outputs).

COP404L inputs have an on-chip depletion load device
to VCC'

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). Minimum and
maximum current (Ioyt and Vo) curves are given in figure
6 for each of these devices to allow the designer to effec-
tively use these /O 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 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 a logic “1”."

Power-Low Failsafe Option (COP404LP only)

If the power supply voltage drops, an on-chip level de-
tection circuit will force the RESET pin low and reset
the chip while the power supply is still within the opera-
ting range. Reset will occur with Vgg between 4.5 and
7.5 volts, allowing normal system operation between 7.5
and 9.5 volts. RESET is an output in this mode and can
drive other circuits.

This feature, implemented on the COP404LP only, can
be overridden by connecting RESET to Vgc through a
510Q resistor.

COP404LP and COP404LS

Two versions of the basic COP404L have been imple-
mented: the COP404LP, with open-drain memory inter-
face drivers, is used only in the COP400-EQ04L Emulator
Card; the COP404LS, with push-pull memory interface,
is intended for use in small to medium volume produc-
tion applications.
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Figure 4. Oscillator
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Figure 5. Output Configurations
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Figure 6. 1/0 Characteristics
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COP404L INSTRUCTION SET

Table 1is a symbol table providing internal architecture,
instruction operand and operation 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 COP404L instruction set.

10vrdOD

Table 1. COP404L 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 7-bit RAM Address Register Select)
Br Upper 3 bits of B (register address) r 3-bit Operand Field, 0-7 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) - Fial inarv iat
EN 4-bit Enable Register y gg‘l;)Operand ield, 0- 15 binary (Immediate
G 4-bit Register to latch data for G /O Port RAM(s) Contents of RAM location addressed by s
I NG e ches assoctated with the INg or ROM(t) Contents of ROM location addressed by t
IN 4-bit Input Port
IP 8-bit Bidirectional ROM address and data
port
L 8-bit TRI-STATE 1/O Port OPERATIONAL SYMBOLS
M 4-bit contents of RAM Memory pointed to by + Plus
B Register Minus
P 3-bit ROM address port -~ Replaces
PC 11-bit ROM Address Register (program - Is exchanged with
counter) = Is equal to
Q 8-bit Register to latch data for L I/O Port A The ones complement of A
SA 11-bit Subroutine Save Register A ® Exclusive-OR
SB 11-bit Subroutine Save Register B . Range of values
SC 11-bit Subroutine Save Register C
SIO 4-bit Shift Register and Counter
SK Logic-Controlled Clock Output
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Table 2. COP404L Instruction Set

COP404L

Machine
Hex Language Code :
‘Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
ARITHMETIC INSTRUCTIONS
ASC 30 |00 11/0000 A+C+RAM(B)— A . Carry Add with Carry, Skip on
Carry - C Carry
ADD 31 [001 1]000 1[ A+RAM(B) - A None Add RAM to A
ADT 4A 0100/101 Ol A+1010—~ A None Add Ten to A
AISC y 5- 0101 y | A+y—~A "Carry Add Immediate, Skip on
Carry (y #0)
CASC 10 IOO 0 1|O 00 0] A+RAM(B)+C — A Carry Complement and' Add with
Carry -~ C Carry, Skip on Carry
CLRA 00 [0000[0000 0—~A None Clear A
COMP 40 ]01 00[0000 A—A None Ones complement of A to A
NOP 44 |01 00/0100 None None No Operation
RC 32 |001 110010 “0" —~C None Reset C
SC : 22 IOO 10/0010 “1" - C None Set C
XOR 02 IOOOO 0010 A @ RAM(B) — A None Exclusive-OR RAM with A
TRANSFER OF CONTROL INSTRUCTIONS
JID FF [r111]1111 ROM (PC1q:8, A,M) = PC7.9 None Jump Indirect (Note 2)
JMP a 6- 0110|0]210:8 a— PC None Jump
- | az.0 ‘
JP a -- 1 ag:0 a— PCg:0 None Jump within Page (Note 3)
(pages 2,3 only)
or
- 11] as0 a— PCsyp
(all other pages)
JSRP a -- 10| asg PC+1—SA—SB— SC None Jump to Subroutine Page
00010 — PC10:6 (Note 4)
a— PCs;
JSR a 6- |01 10}1ja1gs PC+1—~SA—~SB—~SC None Jump to Subroutine
a— PC
- arz.o
RET 48 |01 00/1000 SC— SB—~ SA—~ PC None Return from Subroutine
RETSK 49 |01 00]1 001 SC—SB—SA— PC Always Skip on.Return Return from Subroutine

then Skip
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Table 2. COP404L Instruction Set (continued)

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

10vdOOD

MEMORY REFERENCE INSTRUCTIONS

CAMQ 33 0011|0011 A - Q7.4 None Copy A, RAM to Q
3 [0011]1100] RAM(E) ~ Qa:0
CQMA 33 0011|0011 Q7:4 — RAM(B) None Copy Q to RAM, A
2C |0010[1100 Q30— A
LD r -5 (0 Ol r |01 0 1| RAM(B) - A None Load RAM into A,
(r=0:3) Brer— Br ) Exclusive-OR Br with r
LDD rd 23 0010|001 1| RAM(r,d) — A None Load A with RAM pointed
- ol r d to directly by r,d
LaQib BF ‘1 011|111 1| ROM(PC10.8,AM) —~ Q None Load Q Indirect (Note 2)
SB —~ SC
RMB 0 4C 0100j1100 0 — RAM(B)g None Reset RAM Bit
1 45 l01000101 0 — RAM(B)¢
2 42 0100l0010 0 — RAM(B)2 '
3 43 [01000011 0 — RAM(B)3
SMB 0 4D |01 00|1 10 1| 1 - RAM(B)o None Set RAM Bit
1 47 0100|1101 1~ RAM(B){
2 46 0100/0110 1 - RAM(B)2
3 4B [0100’1011[ 1 - RAM(B)3
STH y 7- 0111] vy y =~ RAM(B) None Store Memory Immediate
Bd +1—Bd B and Increment Bd
X r -6 00| r |01 10 RAM(B) -~ A None Exchange RAM with A,
(r=0:3) Brer— Br ) Exclusive-OR Br with r
XAD rd 23 00100011 RAM(r,d) < A None Exchange A with RAM
- 1 r d pointed to directly by r,d
XDS re -7 OOl r |01 1 1' RAM(B) <= A Bd decrements pést 0. Exchange RAM with A
(r=0:3) Bd-1— Bd and Decrement Bd,
Brer— Br Exclusive-OR Br with r
XIS r -4 IO 0| r IO 1 OOI ' 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

REGISTER REFERENCE INSTRUCTIONS

CAB 50 0101]000Q| A— Bd None Copy A to Bd
CBA 4E |O 100[111 0| Bd — A None Copy Bd to A

LBI rd -- 00| r |(d-1) rd—B Skip until not a LBI Load B Immediate with r,d
(r=0:3; (Note 5)
d=0, 9:15)
or

33 00110011

- 1 r d
(any r, any d)

LEI y . 33 001 1|0001 y =~ EN None . Load EN Immediate (Note 6)
6- |01 1 OI y
XABR 12 |0 001j0010 A« Br(0— Ag) None Exchange A with Br
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Table 2. COP404L Instruction Set (continued)

Machine
Hex Language Code :
Mnemonic Operand Code Binary) Data Flow Skip Conditions ) Description
TEST INSTRUCTIONS
SKC 20 0010[0000] c="1" Skip if C is True
SKE 21 0010|000 1| A =RAM(B) Skip if A Equals RAM
SKGZ ' ) 33 |001 110011 © Gag : Skip if G is Zero (all 4 bits)
21 IO 010[0001
SKGBzZ ' 33 001 1|001 1 1st byte : Skip if G Bit is Zero
0 01 0000/0001] Gg=0
1 n |00010001| G1=0
2 03 [00000011) [| 2n@bVte : Gp=0
3 13 0001|0011 G3=0
SKMBZ 0 01 0000|000 1 - RAM(B)p=0 Skip if RAM Bit is Zero
1 1 0001[0001] RAM(B)1 =0
2 03 0000|001 1| RAM(B)2 =0
3 13 0001|001 1| RAM(B)3=0
SKT a1 01 00|0001 A time-base counter Skip on Timer (Note 2)
carry has occurred
since last test
INPUT/OUTPUT INSTRUCTIONS
ING 33 001 1|001 1 G—~A None Input G Ports to A
2A |00 10[101 0|
CININ 33 |0011]0011 IN— A None Input IN Inputs to A
28 001 0|1 000
INIL 33 |001 1|001 1| IL3, CKO, “0”, ILg =~ A None Input IL Latches to A
29 [0010[1001] (Note 2)
INL ‘ 33 |00 11001 1| L7.4 —~ RAM(B) None Input L Ports to RAM,A
2E 0010|1110 L3.0—~ A
OoBD 33 !001 1|001 1| i Bd—D None ' Output Bd to D Outputs
3E J0011]1110
OGI Ly 33 |00 11|00 1 1| y—=G ) None Output to G Ports Immediate
5- 0101 vy ) ) -
- OMG 33 001 1|001 1 RAM(B) —~ G None Output RAM to G Ports
3A 0011[1010]
XAS 4F 01 00]1 111 A < SIO, C — SKL None Exchange A with SIO
(Note 2)

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

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

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

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

Note 5: LBl is a single-byte mstruction ifd = 0,9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the “d" dala
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 (1111p).

Note 6: Machine code for operand field y for LE! instruction should equal the binary value to be latched into EN, where a “1” or “0” in each bit of EN
corresponds with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.)
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The followir.g 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-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 regis-
ter, an XAS instruction must be performed once every 4
instruction cycles to effect a continuous data stream.

JID Iastruction

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, PCgg, A,"M. PCyq,
PCg and PCjy are not affected by this instruction.

Note that JID requires 2 instruction cycles.

INIL Instruction

INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILg
(see figure 7) and CKO into A. The ILz and ILg latches are
set if a low-going pulse (1" to ““0”") has occurred on the
IN3 and INg inputs since the last INIL instruction, provided
the input pulse stays low for at least. two instruction
times. Execution of an INIL inputs IL3 and ILg into A3

“and AOQ respectively, and resets these latches to allow
them to respond to subsequent iow-going pulses on the
IN3 and INg 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 IN3-1Ng are input to A upon
execution of an ININ 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

LQID (Load Q Indirect) loads the 8-bit Q register with.the
contents of ROM pointed to by the 11-bit word PCyy,
PCq, PCg, A, M. LQID can be used for table lookup or

CuP404L

1fg/INg

Figure 7. INIL Hardware implementation

SKT instruction

The SKT (Skip On Timer) instruction tests the state of an
internal 10-bit time-base counter. This counter divides
the instruction cycle clock frequency by 1024 and 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” counter every 64 ticks.

Instruction Set Notes

code ‘conversion such as BCD to seven-segment. The

LQID instruction “pushes” the stack (PC + 1 — SA — SB
—8C) and replaces the least significant 8 bits of PC as
follows: A = PC;.,4, RAM(B) = PCj,, leaving PC4q, PCq
and PCg unchanged. The ROM data pointed to by the
new address is fetched and loaded into the Q latches.
Next, the stack is “popped” (SC - SB — SA —PC),
restoring the saved value of PC to continue sequential
program execution. Since LQID pushes SB — SC, the
previous contents of SC are lost. Also, when LQID pops
the stack, the previously pushed contents of SB are left
in SC. The net result is that the contents of SB are placed
in SC (SB — SC). Note that LQID takes two instruction
cycle times to execute.

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 take the same number of cycle times whether
instructions are skipped or executed.

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 LQID instruction is located in the last
word of a page, the instruction operates as if it were
in the next page. For example: a JP located in the last
word: of a page will -jump to a location in the next
page. Also, a LQID or JID located in the last word of
page 3, 7, 11, 15, 19, 23 or 27 will access data in the
next group. of four pages.
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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 connection
uses a MM2716 EPROM as external memory. Other
memory can be used such as bipolar PROM or RAM.

Pins>IP7-IPO are biditectional inputs and outputs. When

the AD/DATA clocking output turns on, the EPROM
drivers are disabled and IP7-IP0 output addresses. The
8-bit latch (MM74C373) latches the addresses to drive
the memory.

When AD/DATA turns off, the EPROM is enabled and the
IP7-IPO pins will input the memory data. P8, P9 and
SKIP/P10 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 Vg can
vary from 4.5V to 9.5V. However, 5 volts is used for the
memory.

12} 6np Vcc‘ﬁ—ﬂwv
il . Vep |21
2 o
3 pe
4 MM2716 Ao P2
5 2048 x 8 EPROM e 122
9
8 4, n |28
L A 0E rﬂ
2 & L‘LL
07 0g 0s 04 03 02 0y Op
17]16]15[1a]13]11]10] ©
19|16]15f12) 9|6 |5} 2}
03 07 05 Qs 0s 03 Q2 O4 RL= 15k
+5V 2 Vee . A )
’ 1 eno MM74C373 EPL AMA REQUIRED ON
1 ‘ COP404LP ONLY
&— ouTPUT DIS A\~ ;
Dg Dy Dg Ds Dy D3 Dz Dy AAA
13171413374:;' Yvy
AAA
. . vy
AAA
A A A 2
AAA (1'}
vy hd
AAA
Yy
AAA
vy
AAA
vy
AAA ..
A\AA A
AAA
vy
9fw0f36]3]|s5]ej7]s 33f3sfaafse]
IP7 IPg IP5 IPg IP3 IP2 IPy IPg AD/ Pg Pq SKIP/
2 . DATA P10
1
2 40
4 ' COPAD4LP 39
1 COP404LS : 38
12| ‘ 37
13 i .
I 14‘15'1s|17|1a|19|20l21 2324|2526 27] 28 2s|a||31
GND CKOCKIRESETL7 Ls L5 L. INTIN2 Vee L3 L2 Ly Lo SI SO SK INg INg Go Gy Gp G3 D3 D2 Dy Do | coadaL
12 3 45 6 1 910 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 [ PINOUT

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:

1r0vd0O

Option Value Comment Option Value Comment
Option 1=0 Ground, no option available Option 18 =2 SK has push-pull output
Option 2=0 (404LS) CKO is clock generator output Option 19=0 INO has load device to V¢
to crystaliresonator Option 20=0 IN3 has load device to Vg

=2 (404LP) CKO is general purpose input

with load device to Vg Option 21=0 Go
Option 3=0 CKl is oscillator input (divide ~ OPtion 22=0 G1 | have very high current

by 32) Option 23=0 G, | standard output
Option 4=0 RESET pin has load device to Option 24=0 Gy

Vee Option 25=0 D3)
Option 5=2 L7 . Option 26 =0 D, | have very high current
Option 6=2 Ls | have LED direct-drive Option 27 =0 D, | standard output
Option 7=2 Lg |output Option 28=0 D,
Option 8=2 L, Option 29=0 L
Option 9=0 IN1 has load device to Ve¢ Option 30=0 IN | have standard input
Option 10=0 IN2 has load device to V¢ Option 31=0 G |levels
Option 11 =1 Vee 4.5 to 9.5V operation Option 32=0 Sl
Option 12=2 La Option 33=0 RESET has Schmitt trigger input
Option 13=2 Lo |have LED direct-drive Option 34=0 CKO has standard input levels
Option 14=2 L, joutput Option 35=N/A 40-pin package
Option 15=2 Lo Option 36 =0 (404LS) RESET pin used normally
Option 16=0 Sl has load to Vgg =1 (404LP) Power-Low failsafe enabled

Option 17 =2 SO has push-pull output
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National ,
Semiconductor

COP410L/COP411L Single-Chip

N-Channel Microcontrollers

General Déscription

The COP410L. and COP411L Single-Chip N-Channel
Microcontrollers are members of the COPS™ family,
fabricated using N-channel, silicon gate MOS
technology. These Controller Oriented Processors
are complete microcomputers containing all system
timing, internal logic, ROM, RAM and /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 instruction set, internal architecture and I/O
scheme designed to facilitate keyboard input,
display output and BCD data manipulation. -The
COP411L is identical to the COP410L, but with 16 /10
lines instead of 19. They are an appropriate choice
for use in numerous human interface control environ-
ments. Standard test procedures and. reliable high-
density fabrication techniques provide the medium
to large volume customers with a customized
Controller Oriented Processor at a low end-product
cost.

Features

Low cost

Powerful instruction set

512x8 ROM, 32x4 RAM

19 1/O lines (COP410L)

Two-level subroutine stack

16us instruction time

Single supply operation (4.5 — 6.3V)

Low current drain (mA max @ 5V)
Internal binary counter register with serial /0
capability

General purpose and TRI-STATE® outputs
LSTTL/CMOS 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 to be
available (—40°C to +85°C)

Wider supply range (4.5 — 9.5V) optlonally
available

veo GND

b

cKi tKo*
bt
I 1

INSTRUCTION CLOCK (SYNC) 4'—4/ DIVIDEHH

CLOCK
GENERATOR

I RESET I L]

l : I

DIGIT ADDRESS 2

DATI: MEMORY
‘ F(AM BR 80 4\ﬂ
2

~ RESET

2.LEVEL STACK

[] PROGRAM MEMORY

512x 8 ROM

ADDRESS,
-
4. — J

14 r
PC &
9
o CoDE o TROL - > o
SKIP LOGIC 58 . | ﬁ

p >
4 21 03t
)] 2 .
ACCUMULATBH REGISTER 02

BUFFER D1
4 0g

G3*
G2

1/0 CONTROLS

N G
=) m;asm\

! l L DRIVERS

SERIAL 1/0 REGISTER

$103 Si0z SI0y SI0g

Not available in COP411L

*COP410L pins only 1- 1» > 4

3

= 18
< BUFFER G
. 1
G
b Al
4 14
3 £l

S0

5 16 |7

10

1 iz 13

L7 1§ L5 L4 L3 L2 L1 Lo

Figure 1. COP410L/411L Block Diagram
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Absolute Maximum Ratings

Voltage at Any Pin Relative to GND —0.3Vto + 10V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature -65°Cto +150°C
Lead Temperature (Soldering, 10 seconds) _ 300°C
Power Dissipation 0.75 Watt at 25°C

0.4 Watt at 70°C

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.

P
o
O
E =
—
(=}
c
0
)
v
L=
—
jry
r

DC Electrical Characteristics 0°c < Ta< +70°C, 4.5V < Vo < 9.5V unless otherwise noted.

Parameter Conditions Min Max Units
Operating Voltage (V¢c) E 45 95 \
Operating Supply Current Vec=5V, To=25°C 5 - mA

(all inputs and outputs open)

Input Voltage Levels

CKl Input Levels
Ceramic Resonator Input

Logic High (Vi) ) 2.0 \"
Logic Low (V) 0.4 \
Schmitt Trigger Input

Logic ngh (Vcc) ’ 0.7 Vcc -V

Logic Low (V) 0.6 v
RESET Input Levels ’

Logic High 0.7 Vge Vv

Logic Low 0.6 \"
RESET Hysteresis 1.0 \
SO Input Level (Test mode) 2.0 3.0 \
All Other Inputs

Logic High Vge < 9.5V 3.0 \

Logic High with TTL trip level options 20 \"

Logic Low selected, Voo = 5V+10% 0.8 \'

Logic High with high trip level options 3.6 v

Logic Low selected 1.2 \

Output Voltage Levels

LSTTL Operation : Vec=5V+5%
LOgiC High (VOH) lonH= —25uA 2.7 Vv
Logic Low (VOL) loL= 0.36mA 0.4 \

1-41



COP410L/COP411L

DC Electrical Characteristics (continued)
0°C< Tp< +70°C, 4.5V < Vg < 9.5V unless otherwise specified.

Units

Parameter Conditions Min ‘Max
Output Current Levels

Output Sink Current

SO and SK Outputs (lg) . Vec=9.5V, Vg =10V 45 22 mA
Vec=4.5V, Vo = 1.0V 22 11 mA

Lo-L7 Outputs, Vec =95V, Vo =1.0V 2.0 9.0 mA
Gp-Gj and LSTTL . Vgg =45V, Vo =1.0V 1.0 4.5 mA
Do~ D3 Outputs (o)
Dg- D3 Outputs with Ve =9.5V, Vo =1.0V 15 75 mA
High Sink Current Options Vo =45V, Vg =10V 7.5 35 mA
(lor)
Dg-D; Outputs with Vee =95V, Vo =1.0V 30 150, mA
Very High.Sink Current "Veg =45V, Vo =1.0V 15 70 mA
Options (o)

Output Source Current:
Standard Configuration, Ve =95V, Vo =4.75V -70 —450 uA
All Outputs (lon) Ve =45V, Vo =225V -26 -190 uA
Push-Pull Configuration, Voe=9.5V, Vo =4.75V o —14 -15 mA
SO and SK Outputs (lgp) Voo =45V, Voy =2.25V -0.07 -28 mA
LED Configuration, Vec=9.5V, Vou =2.0V -15 -15 mA
Lo- L7 Outputs, Low Vee=6.0V, Vo =2.0V ~-15 -10 mA
Current Driver Option
(lon)- ; .
LED Configuration, Vec=9.5V, Vou=2.0V -3.0 -30 mA
Lo~ L7 Outputs, High Ve =6.0V, Vouy=2.0V -3.0 -20 mA
Current Driver Option :
(lon) .
TRI-STATE® Configuration, Vee=9.5V, Vo =4.75V - =24 -24 mA
Lg- L7 Outputs, Low Voc=4.5V, Vo =2.25V -0.06 4.0 mA
Current Driver Option
(low)

. TRI-STATE® Configuration, Ve =9.5V, Vo =4.75V -49 —48 mA
Lo-L7 Outputs, High Voo =45V, Vo =2.25V -0.12 -8.0 mA
Current Driver Option
(lon) :

CKO Output
RAM Power Supply Option Vg=3.3V 15 mA
Power Requirement

TRI-STATE® Output Leakage -10 +10

Current

uA
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AC Electrical Characteristics 0°c < T, < +70°C, 45V < V¢ < 9.5V unless otherwise specified.

@)
@)
Parameter Conditions Min Max Units g
Instruction Cycle Time — t¢ 15 40 o ous E
CKI Using Ceramic Resonator ' . (@)
Input Frequency — f, +8 mode 0.2 0.53 MHz O
Duty Cycle 30 55 % E
CKIl Using External Clock :
Input Frequency — f, +8 mode 0.2 0.53 MHz r~
Duty Cycle 30 60 %
Rise Time fi=0.5MHz 0.5 us
Fall Time 0.2 us
CKIl Using RC R=56kQ +5%
Frequency C=100pF +10% 140 270 kHz
Instruction Cycle Time . 15 28 us

CKO as SYNC Input
tsync 400 ns

INPUTS:

IN3-INg, Ga-Go, Ly-Lg
tsetup 8 us
thoLo 1 us

SI

tsetup : 2 us
tHOLD 1 * _
OUTPUTS: ;

COP TO CMOS PROPAGATION Vou =0.7 Vg, VoL =0.3 Ve,
DELAY C_=50pF"

All Standard Output
Configurations

tPp1 ) 6.5 us
SO, SK Outputs

tpp1 (push-pull) 4.0 uS

tppo 1.2 Hus
D3- Dy, G3-Go )

tepo 2.7 us
L7-Lo

tppo 27 us

tppt (push pull) 3.0 us
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AC Electrical Characteristics (continuedy
0°C < Tp< +70°C, 4.5V < Vi < 9.5V unless otherwise specified.

Parameter Conditions Min Max Units
COP TO LSTTL PROPAGATION Vec=5V£5%, Vgy=2.7V
DELAY VoL =0.4V, C_ =50pF
SO, SK Outputs
tppt (standard) 5 uS
tpps (push-pull) 3.5 us
tppo 3 us
L7-Lg Outputs
tpps (push-pull) 15 us
L7- Lo, Ga— Go, D3— DQ OUtpUtS
tpp1 (standard) 5.0 us
tepo 5.0 HS
CKO (figure 3b)
tpD1 0.6 us
tepo 0.6 us
cND—] 1 2 |—00 L4=—d 1 2015
cko— 2 23p—D01 Vge—i2 19f=—1L6
cKi——3 22 p—D2 L3=—d3 18fmmnL?
RESET— 4 21 :DJ L2—]4 17 }—RESET
1—s 20 p—03 L1 16f==CKI
=€  opaor 1P s " sl o
Ls—17 18 p—G1 Sl m— 7 14 pmee D1
L4—8 17 p—G0 S0=——18 13p—=G2
vee—19 16 [——SK SK=mmq 9 12—61
13— 10 15 p—50 eND—d 10 1}—go
L—n 14 —SI .
11— 12 13p—Lt0
Pin . Description Pin Description
L;-Lg 8 bidirectional 1/0 ports with CKI System oscillator input
TRI-STATE® CKO S .
. ystem oscillator output (or RAM power
G3-Gp 4 bidirectional I/0 ports (G,-Gg for supply or SYNC input) (COP410L only)
Copat1L) " RESET System reset input
D3-Dg 4 general purpose outputs (Dy- Dy for
COP411L) Vee Power supply
Si Serial input (or counter input) GND Ground
SO Serial output (or general purpose output)
SK Logic-controlled clock (or general

purpose output)

Figure 2. Connection Diagrams
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I‘___— INSTRUCTION CYCLE TIME (tc) —4

CKi

»l 1 |- —»|  |<—tpDo |
Stttk — L von Nvou 7 \
[e——1sETUP ——>| |«—tHoOLD
63:Go, L7-Lg, X
& SIINPUTS I
‘d—‘l’ﬂl—v
G3-Go, D3-Dg,
L7-Lp, SO, SK V4 JVou
QuTPUTS

f-— (P[][]
VoL

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

N

cKI | | l | I | l |
—] |t [ tsyne

cKo \ :

(INPUT)

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 voits). When a bit is reset, it is a logic “0”
(less than 0.8 volts).

Program Memory

Program Memory consists of a 512-byte ROM. As can be
seen by an examination of the COP410L/411L instruc-

tion set, these words may be program instructions,.

program data or ROM addressing data. Because of the
special characteristics associated with the JP, JSRP,
JID and LQID instructions, ROM must often be thought
of as being organized into 8 pages of 64 words each.

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

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

Data Memory

Data memory consists of a 128-bit RAM, organized as 4
data registers of 8 4-bit digits. RAM addressing is imple-
mented by a 6-bit B register whose upper 2 bits (Br)
seiect 1 of 4 data registers and lower 3 bits of the 4-bit

mVaVs
~

Figure 3b. CKO Output Timing

PD1—>|

|<—-tPDo

Bd select 1 of 8 4-bit digits in the selected data register.
While the 4-bit contents of the selected RAM digit (M) is
usually loaded into or from, or exchanged with, the A
register (accumulator), it may also be loaded into the Q
latches or loaded from the L ports. RAM addressing
may also be performed directly by the XAD 3,15 instruc-
tion. The Bd register also serves as a source register for
4.bit data sent directly to the D outputs.

The most significant bit of Bd is not used to select a
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 wili be true if Bd changes between 0 and
15, but NOT between 7 and 8 (see Table 3).

Bd VALUE RAM DIGIT

AR

NN

*CAN BE DIRECTLY ADDRESSED BY
LBIINSTRUCTION (SEE TABLE 3)

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

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 Bd portion of the B register, to load 4 bits of the 8-bit
Q latch data, to input 4 bits of the 8-bit L I/O port data
and to perform data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic func-
tions of the COP410L/411L, storing. its results in"A. It
also outputs a carry bit to the 1-bit C register, most
often employed to indicate arithmetic overflow. The C
register, in conjunction with the XAS instruction and the
EN register, also serves to control the SK output. C can

" be outputted directly to SK or can enable SK to be a

sync clock each instruction cycle time. (See XAS
instruction and EN register description, below.)

The G register contents are outputs to 4 general-
purpose bidirectional I/O ports.

The Qregister is an internal, latched, 8-bit register, used
to hold data loaded from M and A, as well as 8-bit data
from ROM. Iits 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 Q data to the L I/0 ports. Also, the contents of L
may be read directly into A and M. L I/O ports can be
directly connected to the segments of a multiplexed
LED display (using the LED Direct Drive output configu-
ration option) with Q data being outputted to the Sa-Sg
and decimal point segments of the display.

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

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

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

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

2. EN,is not used. It has no effect on COP410L/COP411L
operation.

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

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

Initialization -

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

Table 1. Enable Register Modes — Bits EN3 and ENg

EN, EN, ) ) . sk
0 0 Shift Register Input to Shift Register 0 If SKL= 1, SK = Clock .
IfSKL = 0,SK =0
1 0 Shift Register Input to Shift Register Serial Out If SKL = 1, SK = Clock °
"IfSKL = 0,SK = 0
0 1 Binary Counter Input to Binary Counter 0 If SKL = 1,8k = 1
IfSKL = 0,SK =0
1 1 Binary Counter Input to Binary Counter 1 If SKL = 1,8K =1
IfSKL = 0,SK =0




network and diode to the RESET pin as shown below
(Figure 5). The RESET pin is configured as a Schmitt
trigger input. If not used it should be connected to V.
Initialization will occur whenever a logic “0” is applied
to the RESET input, provided it stays low for at least
three instruction cycle times.

“vee
COP420L/421L
RESET

I GND

RC > 5x POWER SUPPLY RISE TIME

<rFTvCY IMEOCT
-—

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) must be cleared by the user’s program.
The first instruction at address 0 must be a CLRA.

CKI CKO
A
LK LKO - (VR OR N/C)
R2 EXTERNAL
AAA CLOCK
vy

R1
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Ceramic Resonator Oscillator

Oscillator

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

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

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

c. RC Controlled 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 supply (Vg) 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 L or C suffix) with CKI connected as
shown. In this configuration, the SK output
connected to CKO must provide a SYNC (instruction
cycle) signal to CKO, thereby allowing synchronous
data transfer between the COPs using only the Sl
and SO serial /O pins in conjunction with the XAS
instruction. Note that on power-up SK is auto-
matically enabled as a SYNC output. (See Functional
Description, Initialization, above.) This is not available
in the COP411L.

Component Values
Resonator
Value R1(Q) | R2(Q) | C1(pF) | C2 (pF)
455kHz 1k ™ 80 80

(SYNC
i 3T
— WV ‘* L
CKI cKo CKI CKO
SK
/
D
COP410L _COP410L
S0 ]
S| |- S0
RC Controlled Oscillator
Instruction
' Cycle Time
R (kQ) C (pF) in ps)
51 100 19+15%
82 56 19+13%

Figure 6. COP410L/411L Oscillator
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COP410L/COP411L

CKO Pin Options .

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

No,te:'ConsiderabIe caution should be exercised in the
control of the RESET and Vg pin when using the
separate RAM power pin. Data could be altered by im:
proper control of these pins during power-up and power-
down. Contact COPS. Apphcatuons (408/737 5582) ‘for
assistance. '

/0 Options

COP410L/411L 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 V¢,
compatible with LSTTL and CMOS input require-
ments. Available on SO, SK, and all D and G outputs.

i : vcc
g A w
’ #1
a. Standard Output

DISABLE

d. Standard L Oulbut

DISABLE

g. TRI-STATE" Push-Pull (L Output) h. Input with Load

b. Open-Drain Output

DISABLE
i

‘e Open-Drain L Oufpul

vee
#6 '
Y , q
inpuT Gy
INPUY . - :

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

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

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

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

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

g. TRI-STATE® Push-Pull — an enhancement-mode
device to ground and Vgg. These outputs are TRI-
STATE® outputs, allowing for connection of these

c. Push-Pull Output

DISABLE ' vee

ME"'E#Z

e
lﬂ

(A1S DEPLETION DEVICE)

f. LED (L Output)

i. Hi-Z Input -

Figure 7. Input and Output Configurations




outputs to a data bus shared by other bus drivers.
Available on L outputs only.

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

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). Minimum
and maximum current (ioyr and Vgyy) curves are given
in Figure 8 for each of these devices to allow the
. designer to effectively use these /O configurations in
designing a COP410L/411L system.

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

Typical Performance Curves

shown in a. or b. Note that when inputting data to the G
ports, the G outputs should be set to “1.” The L outputs
can be configured as in d., e., f., or g.

An important point to remember if using configuration
d. or f. with the L drivers is that even when the L drivers
are disabled, the depletion load device will source a
small amount of current. (See Figure 8, device 2.)

COP411L

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

Input Current for LO through

L7 when Output Programmed

Source Current for Standard

Input Current RESET, SI Off by Software Output Configuration
-200 T -100 —T -1000
DEVICE h DEVICE d #2 N DEVICE a #2
P -90 AND f #2 -900 PN AND d #2 1~
_— -80 —a00 [N
150 1MAX @ Vg = 9.0V N
\\ -70 N -700 \\
= g N
_ N Imax @ Veg =95V 3 -60 = -600
§. \\ \ | = \ \\ g \ IMAX @Vgp =95V
= -100 Y < L -50 N = -500
= l = N N, s IMAx @
= 3 -40 \ AN, -400 |-Vee = 4.5V
Inax @ Veg =45V = _3p|. ImAxe@ -300 Imin @
-50 TR N | . vccl=a;5v ~N \\ Vgg =45V
-2 = NN -200 {
Iy @ Vg =95V | | I I [ain © Vec = 95V AN e
g’""‘l |°° / !lM,N@vCC=9.5v -10 @vccﬂ.sv NS -100 A
0 ) 0 |1 ~ oL N
0 1.0 20 3.0 40 50 6.0 7.0 80 95 0 1.0 2.0 001 2 34 56 7 8 95
V) (VOLTS) vi/o Vgy (VOLTS)
Source Current for LO through Source Current for LO through
L7 in TRI-STATE® L7 in TRI-STATE"
Source Current for SO and SK in Configuration (High Current Configuration (Low Current
Push-Pull Configuration Option) Option)
-20 T -20 -20 T
DEVICE ¢ \ DEVICE g DEVICE g
#2 AND #3 \ | #5 #5
Imin @
Imax @ vee=9.5V
-15 - -15 = —1 -15 cc
H Jlyax @ Vgg = 95V TN G Vee=95V \ |
— X ~ Ve = 9.5 ‘ \ /Imax @
=3 KX IMin @ < < = . vee=45V
E - i E
=z -1 \ Veg =95V z -0 - Imax @-+— £ \\ t—
= Imax @ 2 17 Vee =48V =] : iy @
M/ Vec=85Vv L1 k@ vee =45V
] » | > Imin ¢
\|, imine \ LVog =45V
-5 \ vee=4.5V -5 \ — ‘ -5 TMAX ©
\ ; \ /‘ \ \ < \ \ \Cc= T
0 \¥ 0 N \ N 0 L \ | I
001 2 3 4 5 6 7 8 9 10 01 2 3 4 56 7 8 9°10 01 2 3 4 5 6 7 8 9 10
Vgy (VOLTS) VoH (VOLTS) VoH (VOLTS)

Figure 8. 1/0 DC Current Characteristics
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COP410L/ICOP411L

104 (mA)

IgH (mA)

LED Output Source Current
(for High Current LED Option)

LED Output Source Current

LED Output Direct Segment

and Digit Drive

High Current Options on
0-L7

IVery High Current Options on

(for Low Current LED Option)

DO-D3

-a0 — -20 - -50 T T T
DEVICE f DEVICE f DEVICE f #2 AND #4
~N #2 AND #4 N #2 AND #4 ) AI|\ID nsvlu:s aORb#1
,/ N N, i -40 T T
-30 IMAX @ - -15 MAX @ IMAX
/ Ve = 9.5V \’CC =a5Vv : ONE SEGMENTS /’
/ IMAX @ ) z / z -0
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-20 / . z . / Vee = 6.0V z / .
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0 S 0 N 0 1 1 1
01 2 34 5 6 78 910 012 3 4 56 7 8 9 10 4. 5. 6 1 8 9. 10
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. : . Output Sink Current for SO and Standard Drive Option for
LED Output Direct Segment Drive ‘ and SK . DO0-D3 and GO-G3
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Figure 8. 1/0 DC Current Characieris!ics
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COP410L/411L INSTRUCTION SET

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

the instruction set table.

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

set.

Table 2. COP410L/411L Instruction Set Table Symbols

Symbol Definition

INTERNAL ARCHITECTURE SYMBOLS

A 4-bit Accumulator

B 6-bit RAM Address Register

Br Upper 2 bits of B (register address)

Bd Lower 4 bits of B (digit address)

[} 1-bit Carry Register

D 4-bit Data Output Port

EN 4-bit Enable Register

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

L 8-bit TRI-STATE 1/0 Port

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

PC 9-bit ROM Address Register (program counter)

Q 8-bit Register to latch data for L /O Port

SA 9-bit Subroutine Save Register A

SB 9-bit Subroutine Save Register B

SIO 4-bit Shift Register and Counter

SK Logic-Controlled Clock Output

Symbol

Definition

INSTRUCTION OPERAND SYMBOLS

d
r

a
y

RAM(s)
ROM(t)

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

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

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

OPERATIONAL SYMBOLS

"'9>lnli|+

Table 3. COP410L/411L Instruction Set

Plus

Minus

Replaces

Is exchanged with

Is equal to

The one's complement of A
Exclusive-OR

Range of values

Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
ARITHMETIC INSTRUCTIONS '
ASC © 30 0011/0000| A + C + RAM(B)—~ A Carry Add with Carry, Skip on
Carry = C Carry
ADD . 31 001 1]0 00 1| A + RAM(B)—~ A None Add RAM to A
AISC y 5- 0101 vy | A+y—A Carry Add Immediate, Skip on
Carry (y # 0)
CLRA 00 |0 00 OIO 00 0] 0—A None Clear A
COMP 40 010 0|0 00 OI A—A None One’s complement of A to
A
NOP 44 ‘o010 OIO 10 Ol None None No Operation
RC 32 001 1[0 01 0[ “0"—~C None Reset C
SC 22 IO 01 OIO 010 “1"—=C None Set C
XOR 02 00000010 A e RAM(B)—~ A None Exclusive-OR RAM with A
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COP410L/COP411L

Table 3. COP410L/411L Instruction Set (continued)

Mnemonic Operand

Hex
Code

Machine
Language Code
(Binary)

Data Flow

Skip Conditions

Description

TRANSFER OF CONTROL INSTRUCTIONS

JID FF 1111111 1] ROM (PCg,A,M) —~ None Jump Indirect (Note 2)
PC7:0
JMP a 6- |01 1 0|000]a3] a—PC None Jump
- | ar.o
JP a - |1] ag:0 a = PCg:0 None Jump within Page
(pages 2,3 only) (Note 3)
or
-- [11] as0 a— PCs;g
(all other pages)
JSRP a -- 10[ asp PC + 1—-SA—~SB None Jump to Subroutine Page
(Note 4)
010 —~ PCg:g
a — PCs:
JSR a 6- 01101 00|a8| | PC+1—~SA—SB - None Juhp to Subroutine
- a7 J a— PC
RET 48 010 0]1 00 OI SB—SA— PC None Return from Subroutine
RETSK 49 0100j100 1| SB—~SA— PC Always Skip on Return Return from Subroutine
then Skip
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 0011j0011] | A-Qz4 None Copy A, RAM to Q
3C 0011j1100| RAM(B) — Q3:0
LD r -5 00jr 0101 RAM(B)— A None Load RAM into A,
Brer— Br Exclusive-OR Br with r
LQib BF 1011111 1| ROM(PCg,A.M) —~ Q None Load Q Indirect (Note 2)
SA - SB o
RMB 0 4C 0100j1100 0 - RAM(B)p None Reset RAM Bit
1 45 01000101 0 —~ RAM(B)¢
2 42 0100/0010 0 -~ RAM(B)2
3 43 01000011 0 - RAM(B)3
SMB 0 4D 0100{1101 1— RAM(B)g None Set RAM Bit
1 47 01000111 1 — RAM(B)4
2 46 01000110 1— RAM(B)2
3. 4B 0100{1011 1— RAM(B)3
ST y 7- [0 11 1[ y y = RAM(B) None Store Memory Immediate
Bd + 1 — Bd and Increment Bd
X r -6 oofr ]0 11 0] RAM(B) ~— A None Exchange RAM with A,
Brer— Br Exclusive-OR Br with r
XAD 3,15 23 00t OIO 01 11 RAM(3,15) — A None. Exchange A with RAM
BF 10111111 (3,15
XDS r -7 loolr |0 111 RAM(B) «— A Bd decrements past 0 Exchange RAM with A
Bd - 1—Bd and Decrement Bd,
Brer— Br Exclusive-OR Br with r
XIS r. -4 loolrjo100 RAM(B) — A Bd increments past 15 Exchange RAM with A
Bd + 1—~ Bd and Increment Bd,
Brer— Br Exclusive-OR Br with r
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Table 3. COP410L/411L Instruction Set (continued)

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

REGISTER REFERENGE INSTRUCTIONS

®)
o
]
£
—h
(=)
c
()
)
v
R~
iy
—h
r

CAB 50 01010000 A - Bd None Copy A to Bd

CBA ) 4E 010 0|1 110 Bd—~ A None Copy Bdto A

LBI rd - 00|r [(d-1) rd—B Skip until not a LBI Load B Immediate with
(d = 0,9:15) r,d (Note 5)

LEI y 33 00110011 y = EN None Load EN Immediate

6- 110l vy | (Note 6)

TEST INSTRUCTIONS

SKC 20 0010/o000 C =1 Skip if C is True
SKE 21 0010j0001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 00110011 Gag=0 Skip if G is Zero
21 0010/0001 (all 4 bits)
SKGBZ 33 00110011 1st byte Skip if G Bit is Zero
0 01 0000/0001 Gp=0
1 " 00010001 2nd byte G1 =0
2 03 0000|0011 Gp =0
3 13 0001|0011 G3 =0
SKMBZ 0 01 0000j0001 RAM(B)g = 0 Skip if RAM Bit is Zero
1 " 0001|0001 RAM(B)y = 0
2 03 000 0|0 011 RAM(B)2 = 0
3 13 0001[0011 RAM(B)3 = 0

INPUT/OUTPUT INSTRUCTIONS

ING 33 0011/0011 G— A None . Input G Ports to A
2A 00101010

INL 33 001 1|0 011 L7:4 = RAM(B) None Input L Ports to RAM,A
2E 0010[1110 L0~ A

oBD 33 00110011 Bd—D None ) Output Bd to D Oulputs
3E 00111110

OMG 33 0011001 1] RAM(B) =~ G None Output RAM to G Ports
3A 0011j1010

XAS 4F 0100J1111 A «— SIO, C—+ SKL None Exchange A with SIO

. (Note 2) :

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

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

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

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

Note 5: The machine code for the lower 4 bits of the LBI instruction equals the binary value of the “*d" data minus 1, e.g., to load the lower four
bits of B (Bd) with the value 9 (1001), the lower 4 bits of the LBI instruction equal 8 (10005). To load 0, the lower 4 bits of the LBI instruction
should equal 15 (11117). . .

Note 6: Machine code for operand field y for LEl 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
instructions and to provide notes useful to program-
mers in writing COP410L/411L programs.

XAS Instruction

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

JID Instruction

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

Note that JID requires 2 instruction cycles.

LQID Instruction

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

Instruction Set Notes

a. The first word of a COP410L/411L program (ROM
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 take the same number of cycle times whether
instructions are skipped or executed.

c. The ROM is organized into 8 pages of 64 words each.
The Program Counter is a 9-bit binary counter, and
will count through page boundaries. If a JP, JSRP,
JID or LQID instruction is located in the last word of
a page, the instruction operates as if it were in the

next page: For example: a JP located in the last word

of a page will jump to a location in the next page.
Also, a LQID or JID located in the last word of page 3
or 7 will access data in the next group of 4 pages.

OPTION LIST

Thé COP410L/411L mask-programmable options are
assigned numbers which correspond with the
COP410L pins.

The following is a list of COP410L options. When
specifying a COP411L chip, Option 2 must be set to
3, Options 20, 21, and 22 to 0. The options are
programmed at the same time as the ROM pattern to
provide the user with the hardware flexibility to
interface to various I/O components using little or no
external circuitry.

Option 1=0: Ground Pin — no options available

Option 2: CKO Output (no option available for
COP411L)

=0: clock output to ceramic resonator
=1: pin is RAM power supply (Vg) input
=2: multi-COP SYNC input

=3: No Connection

Option 3: .CKI Input
=0: oscillator input divided by 8 (500 kHz max)
=1: single-pin RC controlled oscillator divided
by 4 .
Option 4: RESET Input
=0: load device to V¢
=1: Hi-Z input

Option 5: L; 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 dlrect segment drive
output

=5: Low-current TRI-STATE® push-pull output

Option 6: Lg Driver
same as Option 5

Option 7: Lg Driver
same as Option §

Option 8: L, Driver
same as Option 5

Option 9: V¢g Pin
=0: 4.5V to 6.3V operation
=1: 4.5V to 9.5V operation
Option 10: Lg Driver
same as Option 5
Option 11: L, Driver
" same as Option 5
Option 12: L4 Driver
same as Option 5
Option 13: L, Driver
same as Option 5
Option 14: Sl Input

=0: load device to V¢¢
=1: HI-Z input
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Option 15: SO Driver
=0: standard output
=1: open-drain output
=2: push-puil output

Option 16: SK Driver
same as Option 15

Option 17: Gg l/O Port
=0: standard output

Option 22: D, Output (no option available fo

COP411L)
same as Option 21

Option 23: D4 Output
same as Option 21

Option 24: Dg Output
same as Option 21

Option 25: L Input Levels

=1: open-drain output =0: standard TTL input levels

(“0"=0.8V, “17=2.0V)
=1: higher voltage input levels
(“0"=1.2V, “1”=3.6V)

Option 18: Gy I/O Port
same as Option 17

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

THHdOD/10L¥d0OD

Option 26: G Input Levels
same as Option 25

Option 20: Gj I/O Port ti i
ption CSOPgﬁE)r (no option available for Option 27: SI Input Levels

same as Option 25

Option 21: D3 Output (no option available for Option 28: COP Bonding
COP411L) =0: COP410L (24-pin device)

=0: very-high sink current standard output =1: COP411L (20-pin device)
=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)

same as Option 17
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COP420/COP421/COP320/COP321

National
Semiconductor

COP420/COP421 AND COP320/321
Single-Chip N-Channel Microcontrollers

General Description Features

The COP420, COP421, COP320, COP321 Single-Chip
N-Channel Microcontrollers are members of the
COPS™ family, fabricated using N-channel, silicon
gate MOS technology. They are complete microcom-
puters containing all system timing, internal logic,
ROM, RAM and /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 instruction set,
internal architecture and /0 scheme designed to
facilitate keyboard input, display output and BCD
data manipulation. The COP421 is identical to the
COP420, except with 19 I/O lines instead of 23. They
are an appropriate choice for use in numerous

Low cost

Powerful instruction set

1k x 8 ROM, 64 x 4 RAM

23 1/0 lines (COP420, COP320)

True vectored interrupt, plus restart
Three-level subroutine stack

4.0Hs instruction time

Single supply operation

Internal .time-base counter for real-time
processing

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

human interface control environments. Standard test ¥ General purpose and TRI-STATE® outputs
procedures and reliable high-density fabrication ® TTL/CMOS compatible in and out
techniques provide the medium to large volume ®m LED direct drive outputs
customers with a customized Controller Oriented ® MICROBUS™ compatible
Processor at a low end-product cost. ® Software/hardware compatible with other
The COP320 is the extended temperature range members of COP400 family
version of the COP420 (likewise the COP321 is the ® Extended temperature range device COP320/
extended temperature range version of the COP421). COP321(-40°C to +85°C)
The COP320/321 are exact functional equivalents of
the COP420/421.
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‘ n ‘ 1 ‘ 3
I
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(DIVIDE BY 1024) GENERATOR

INSTRUCTION CLOCK (SYNC)
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I RESET I A FESEr
e r RESET
8 PROGRAM MEMORY
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ADDRESS DIGIT ADDRESS
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Figure 1. COP420/COP421, COP320/COP321 Block Diagram
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COP420/COP421

Absolute Maximum Ratings

Voltage at Any Pin Relative to GND -05Vto +7V Absolute maximum ratings indicate limits beyond
Ambient Operating Temperature 0°Cto +70°C which damage to the device may occur. DC and
Ambient Storage Temperature -65°Cto +150°C AC electrical specifications are not ensured when
Lead Temperature (Soldering, 10 seconds) 300°C operating the device at absolute maximum
Power Dissipation 0.75 Watt at 25°C ratings.

0.4 Watt at 70°C

DC Electrical Characteristics 0°c < T, < +70°C, 4.5V < V¢ < 6.3V unless otherwise noted.

Parameter Conditions Min Max Units
Operating Voltage (Vcc) 4.5 6.3 \Y
Operating Supply Current Note 3 (all outputs open) 30 mA

Input Voltage Levels

CKI Input Levels
Crystal Input

Logic High (V|n) 20 \)
Logic Low (V) 0.4 \
TTL Input Vec=5V£5%
Logic High (Vi) 2.0 \"
Logic Low (V) -0.3 0.8 Vv
Schmitt Trigger Input (+4)
LOQiC ngh (VIH) 0.7 VCC Vv
Logic Low (V) -0.3 0.6 \
RESET Input Levels
Logic High 0.7 Vee v
Logic Low -0.3 0.6 Vv
RESET Hysteresis ] 1.0 \
SO Input Level (Test mode) 20 3.0 \Y
All Other Inputs
Logic High Vee =max 3.0 Y
Logic High Vec=5V£5% 20 \
Logic Low -0.3 0.8 \
Input Levels High Trip Option
Logic High 3.6 \
Logic Low -0.3 1.2 \
Input Capacitance 7 pF
Hi Z Input Leakage -1 +1 uA

Output Voltage Levels
Standard Output

TTL Operation Vec=5V+5%
Logic High (Vop) loy= —100pA 2.4 \Y
Logic Low (Vo) lor=1.6mA -0.3 0.4 \
CMOS Operation )

Logic High (VOH) IOH = -10uA Vee -1 \"
Logic Low (Vo) loL=10uA -0.3 0.2 \'
Output Current Levels

LED Direct Drive Output Vec =6V
Logic High (lon) Von =2.0V 25 14 mA
TRI-STATE® Output -10 +10 uA
Leakage Current
CKO Output
Vg Power Saving Option
Power Requirements Vp=3.3V 3 mA
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COP420/COP421/COP320/COP321

COP420/COP421
AC Electrical Characteristics 0°c < T, < +70°C, 4.5V < V¢ < 6.3V unless otherwise stated. '
Parameter Conditions Min Max Units
Instruction Cycle Time —t¢ figure 3 4 10 us
CKI Using Crystal (figure 8a)
Input Frequency —f; +16 mode 1.6 4 MHz
+8 mode - 08 2 MHz
Duty Cycle (Note 1) figure 3a 30 55 %
CKI Using External Clock (figure 8b) |
Input Frequency +16 mode 1.6 4 MHz
. +8 mode 0.8 2 MHz
Duty Cycle (Note 1) 30 60 %
Rise Time fi=4MHz 60 ns
Fall Time F)=4MHz 40 ns
CKI Using RC (figure 8c) +4 mode
Frequency R=15k +5%, C=100pF +10% 0.5 1.0 MHz
Instruction Cycle Time 4 8 us
CKO as SYNC Input (figure 8d)
tsyno figure 3a 50 ns
INPUTS: (figure 3)
|N3'INO, G3'G0, L7'Lo, CKO as lnput
tsetup 1.7 us
tHowp 300 ns
S| ) ,
tSETUP 0.3 us
thoLp 250 ns
OUTPUTS:
COP TO CMOS PROPOGATION 4.5V < Vg < 6.3V, C_ =50pF,
DELAY ’ VOH = 0.7 Vcc, VOL = 0.3 VCC
SK as a Logic-Controlled Clock
tpp1 11 us
tepo 0.3 © b
SO; SK as a Data Output
tep1 14 us
tPDO 0.3 us
tpp Vou =2V 0.7 us
D3-Do, G3-Go
. tppy 1.6 us
tppo 0.6 us
Lo-Lp (Standard) .
tpp1 1.4 us
tPDO 0.3 us
L;-Lo (LED Direct Drive)
tpp1 Von=2V 2.4 us
trpo : 04 us
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COP420/COP421
AC Electrical Characteristics 0°c < T,< +70°C, 4.5V < V¢ < 6.3V unless otherwise stated.
Parameter Conditions Min Max Units
OUTPUTS (cont.):
COP TO TTL PROPOGATION fanout =1 Standard TTL Load
DELAY Vec=5V%5%, C =50pF
VOH = 2.4V, VOL = 0.4\/
SK as a Logic-Controlled Clock
tpp1 0.8 us
teoo 0.8 us
SK as a Data Output, SO
Tep4 1.0 us
TPDU 1.0 uS
Da-Do, GS-GO
tpp1 1.3 us
tPDO 1.3 HuS
tpp1 14 us
tPDO 0.4 HS
L7-Lg (Push-Pull)
tpp1 0.4 us
teoo 0.3 us
CKO (figure 3b)
tPD1 0.2 us
troo 02 HS
MICROBUS™ TIMING C_=50pF, Vgc=5V*5%
A. Read Operation (figure 4)
Chip Select Stable Before RD —tggg’ 50 ns
Chip Select Hold Time for RD —tgcg 5 ns
RD Pulse Width —tgg 400 ns
Data Delay from RD —tgp ' 300 ns
RD to Data Floating — tpg 200 ns
Write Operation (figure 5)
Chip Seléct Stable Before WR —tggy 50 ns
Chip Select Hold Time for WR — twcs 30 ns
WR Pulse Width —tyy 350 ns
Data Set-Up Time for WR —tpy 300 ns
Data Hold Time for WR—typ 40 ns
INTR Transition Time from WR —tyy, 700 ns

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

Note 2: See figure 9 for additional 1/0 Characteristics

Note 3: Vg voltage change must be less than 0.5V/ms to maintain proper operation.
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COP320/COP321

Absolute Maximum Ratings _ ,

Volitage at Any Pin Relative to GND -0.5Vto +7V Absolute maximum ratings indicate limits beyond
Ambient Operating Temperature —40°Cto +85°C which damage to the device may occur. DC and
Ambient Storage Temperature -65°Cto +150°C AC electrical specifications are not ensured when
Lead Temperature (Soldering, 10 seconds) 300°C operating the device at absolute .maximum
Power Dissipation 0.75 Watt at 25°C ratings.

0.25 Watt at 85°C

DC Electrical Characteristics -40°C< T,< +85°C, 4.5V < V¢ < 5.5V unless otherwise noted.

COP420/COP421/COP320/COP321

Parameter Conditions Min Max Units
Operating Voltage (Vgc) Note 4 4.5 - 55 v
Operating Supply Current (all outputs open) 40 mA
Input Voltage Levels

CKl Input Levels

Crystal Input

Logic High (V)) 2.2 \

Logic Low (V)) 0.3 V'
TTL Input ;

Logic High (Vi) 2.2 \

Logic Low (V))) . -03 0.6 Vv

- Schmitt Trigger Input (+4)

Logic High (Vi) 0.7 Vg V'

Logic Low (V;)) = ' - 0.4 v
RESET Input Levels

Logic High 0.7 Voo \

" Logic Low . -0.3 0.4 \
RESET Hysteresis 0.5 . \"
SO Input Level (Test mode) 22 - 30 v
All Other Inputs :

Logic High . 2.2 \

Logic Low -03 0.6 v

Input Levels High Trip Option ) ;
Logic High 3.6 v
Logic Low . -03 1.2 v
Input Capacitance 7 pF
Hi Z Input Leakage i : -1 +1 uA
Output Voltage Levels
Standard Output

TTL Operation Vec=5V£5%

Logic High (Vop) lon= —75uA 2.4 v

Logic Low (Vo) loL=1.6mA _ -03 0.4 v

CMOS Operation )

Logic High (VOH) loy= —10pA VCC -1 \

- Logic Low (Vg() loL=10uA . =03 0.2 v
Output Current Levels
LED Direct Drive Output Ve =5V (Note 1)

Logic High (Igy) Von =2.0V 1.0 12 mA
TRI-STATE® Output -10 +10 uA
Leakage Current ‘

CKO Output

VR Power Saving Option -

Power Requirements - VR =3.3V to 5.5V 4 mA
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COP320/COP321

AC Electrical Characteristics -40°C< T,< +85°C, 45V < Vg < 55V unless otherwise stated.

Parameter Conditions Min Max Units
Instruction Cycle Time —tg figure 3 4 10 us
CKI Using Crystal (figure 8a)

Input Frequency —f, +16 mode 16 4 MHz
+8 mode 0.8 2 MHz
Duty Cycle (Note 2) figure 3a 40 55 %
CKIl Using External Clock (figure 8b)
Input Frequency +16 mode 1.6 4 MHz
+8 mode 0.8 2 MHz
Duty Cycle (Note 2) 40 60 %
Rise Time fi=4MHz 60 ns
Fall Time Fi=4MHz 40 ns
CKI Using RC (figure 8c) +~4 mode
Frequency R=15k 5%, C=100pF £ 10% 0.5 1.0 MHz
Instruction Cycle Time 4 8 us
CKO as SYNC Input (figure 8d)
tsyno figure 3a 50 ns
INPUTS: (figure 3)
|N3'|N0, Ga‘Go, L7-L0, CKO as Input
tsetup 1.7 us
tHoLD 300 ns
Si
tsetup 0.3 us
tHOLD 250 ns
OUTPUTS:
COP TO CMOS PROPOGATION C_ =50pF,
DELAY Von =0.7Vgg, VoL =0.3Vge
SK as a Logic-Controlled Clock
tpp1 ' 13 Hus
tppo 0.4 us
SO, SK as a Data Output
tp[n 16 uS
tepo 0.4 HuS
tppg Vou =2V 0.75 us
D3-Dy, G3-Gp
tPD1 2.0 us
tPDO 1.0 us
L;-Lo (Standard)
tPD1 ) 20 HS
tppo 1.0 us
L;-Lo (LED Direct Drive)
tpp1 Vou =2V 3.0 us
tppo 1.0 us
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COP420/COP421/COP320/COP321 .

COP320/COP321

AC Electrical Characteristics -40°C< T,< +85°C, 4.5V < Vg < 55V unless otherwise stated.

i Parameter Conditions Min Max Units

OUTPUTS (cont.):

COP TO TTL PROPOGATION fanout =1 Standard TTL Load

DELAY Ve =5V 5%, C =50pF
‘ Von =24V, Vg =0.4V

SK as a Logic-Controlled Clock
tpD1 : 1.0 us
tPDO 10 Hus

SK as a Data Output, SO .
Teor 12 us
Tepo 12 s

D3-Dy, G3-Go v
tpps 1.5 us
tpDo 15 HS

Ly-Lg A
tpp1 16 us
tPDO 0.5 MS

Lz-Lg (Push-Pull)
tpr 05 us
tPDO 0.5 78]

CKO (figure 3b)
tep1 0.25 us
tPDO 0.25 Hus

MICROBUS™ TIMING C; =50pF, Voo =5V +5%

A. Read Operation (figure 4) )
Chip Select Stable Before RD —tggp 60 ns
Chip Select Hold Time for RD — tgcg 10 ns
RD Pulse Width — tgg 400 : ns
Data Delay from RD —tgp ) 350 ns
RD to Data Floating — tpr 250 ns

Write Operation (figure 5) - .

Chip Select Stable Before WR —tcgy 100 ns
Chip Select Hold Time for WR —tyycg 50 ns
WR Pulse Width —tyy 400 ns
Data Set-Up Time for WR —tpy 350 ns
Data Hold Time for WR—tyyp 50 ns
INTR Transition Time from WR -ty 800 ns

Note 1: Exercise great care not to exceed maximum device power dissipation limits when direct-driving LEbs (or sourcing similiar

loads) at high temperature.
Note 2: Duty Cycle =ty/(tw + two)-

Note 3: See figure 9 for additional I/O Characteristics.
Note 4: Ve voltage change must be less than 0.5V/ms.
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GND—] 1 28 —D0 GND— 1 2 [—D0
CKO—q 2 27 p—D1 cKo—] 2 23 f——D1
CKl—q 3 26 p=—D2 CKi=—3 22 p—D2
RESET—] 4 25 p—03 RESET— 4 21|03
L7—5 28 p—G3 L7=—5 20 p——G3
L= 6 23 —62 16—6 19 —62
L5 ——] 7 L2 _— 15— 7 18 p——G1
L4—iq8 21 p—G0 L4—{8 17 G0
INt—] 8 20[—IN3 vee—9 16 f~——SK
IN2—-{ 10 19 p=—INO L3—10 15 S0
vee 1 18 fr=—=SK L2~ 11 14 p—s!
LJ: 12 17 l—SlJ L1—12 13 p—L0
L—{13 16 =51
L 13 15 Lo
COP420, COP320 COP421, COP321
Figure 2. Connection Diagrams
Pin Description . Pin . Description
L;-Lo 8 bidirectional 1/0 ports with CKI System oscillator input
. ®
TRI-STATE CKO System oscillator output (or general
G3-Go 4 bidirectional I/O ports purpose input or RAM power supply)
D3-Dg 4 general purpose outputs RESET System reset input
IN3-1INg 4 general purpose inputs (COP420/320 Vee Power supply
only) v ) GND Ground
Si Serial input (or counter input)
SO Serial output (or general purpose output)
SK Logic-controlled clock (or general

purpose output)

INSTRUCTION CYCLE TIME (tg) —

th J'UﬂJUlﬂﬂILFLFUHILﬂJUL[UWMULFUlFLFUlHIUUUUUUUUIHﬂ_

A - w1 | —] tppo
SK (A - —r
cLocK —dl i/ Vo VoL L7
aag N No, |+——1seTup —| |=—tHoLD
3-6o, L7-Lg, =TT : -
Ko S A X

INPUTS . I«ewm ——;r [ trD0
G3-Gg, D3-Dp, >
L7-Lg, SO, SK L Vou v
OUTPUTS

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

e —

CKI I | I I | I I | ) CKl | I I I I :
j |— w1 q J==1svneo | I
(INP'l:ll'(l'l; \
i ) ¢ tPDY l-— ——l DO

Figure 3A. Synchronization Timing Figure 3B. CKO Output Timing
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COP420/COP421/COP320/COP321

) S

(IN9) RD

| «——————tRR ———————>|<—tRCS ‘j
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< 1CSR —»|«— tRD—>|

(L7-Lp) D7-Dp
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Figure 4. MICROBUSTM Read Operation Timing
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Figure 5. MICROBUS™™ Write Operation Timing

FUNCTIONAL DESCRIPTION COP420/COP421/COP320/COP321

For ease of reading this déscription, only COP420

“and/or COP421 are referenced; however, all such

references apply equally to COP320 and/or COP321,
respectively. : )

A block diagram of the COP420 is given in figure 1. Data
paths are illustrated in simplified form to depict how the
various logic elements communicate with each other in
implementing the instruction set of the device. Positive
logic is used. When a bit is set, it is a logic “1” (greater
than 2 volts). When a bit is reset, it is a logic “0” (less
than 0.8 volts).

Program Memory

Program Memory consists of a 1,024 byte ROM. As can
be seen by an examination .of the COP420/421
instruction set, these words may be program
instructions, program data or ROM addressing data.
Because of the special characteristics associated with
the JP, JSRP, JID and LQID instructions, ROM must
often be thought of as being orgainzed 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
executed by the Instruction Decode, Control and Skip
Logic circuitry. '

Data Memory

Data memory consists of a 256-bit RAM, organized as 4
data registers of 16 4-bit digits. RAM addressing is
implemented by a 6-bit B register whose upper 2 bits (Br)
select 1 of 4 data registers and lower 4 bits (Bd) select 1

of 16 4-bit digits in the selected data register. While the
4-bit contents of the selected RAM digit (M) is usually
loaded into or from, or exchanged with, the A register
(accumulator), it may also be loaded into or from the Q
latches or loaded from the L ports. RAM addressing
may also be performed directly by the LDD and XAD
instructions . based upon the 6-bit-contents of the
operand field of these instructions. The Bd register also
serves as a source register for 4-bit data sent directly to
the D outputs.

Internal Logic

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

A 4-bit adder performs the arithmetic and logic func-
tions of the COP420/421, storing its results in A. It also
outputs a carry bit to the 1-bit C register, most often
employed to indicate arithmetic overflow. The C
register, in conjunction with the XAS instruction and the
EN register, also serves to control the SK output. C can
be outputted directly to SK or can enable SK to be a
sync clock each instruction cycle time. (See XAS
instruction and EN register description, below.) '

Four general-purpose inputs, IN;-INg, are provided; IN,,
IN, and IN3 may be selected, by a mask-programmable
option, as Read Strobe, Chip Select and Write Strobe
inputs, respectively, for . use in MICROBUS™
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. G, may be mask-
programmed as an output for MICROBUS™
applications. :
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The Qregister is an internal, latched, 8-bit register, used
to hold data loaded to or from M and A, as well as 8-bit
data from ROM. Its contents are output to the L 1/O
ports when the L drivers are enabled under program
control. (See LEI instruction). With the MICROBUS™
option selected, Q can also be loaded with the 8-bit
contents of the L 1/O ports upon the occurence of a
write strobe from the host CPU.

The 8 L drivers,when enabled, output the comtents of
latched Q data to the L 1/O ports. Also, the contents of L
may be read directly into A and M. As explained above,
the MICROBUS™ 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 1/0 by connecting SO to external serial-
in/parallel-out shift registers. For example of additional
parallel output cap- 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-ENp).

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

2. With EN, set the IN4 input is enabled as an interrupt

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

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

4. ENg, in conjunction with EN,, affects the SO output.

With ENj set (binary counter option selected) SO will
output the value loaded into ENj. With ENj reset
(serial shift register option selected), setting ENj
enables SO as the output of the SIO.shift register,
outputting serial shifted data each instruction time.
Resetting 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 ENgand ENg.

Enable Register Modes — Bits EN3 and ENg

EN, EN, slo

SO - SK

Shift Register

Input to Shift Register 0

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

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

0 1 Binary Counter » Input to Binary Counter 0 If SKL = 1,SK = 1
IfSKL = 0,SK = 0

1 1 Binary Counter Input to Binary Counter . 1 If SKL = 1,8K = 1

IfSKL = 0,SK = 0
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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 ENj is reset. ‘

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

2.A low-going pulse (“1” to *“0”) at least two
instruction cycles wide occurs on the IN, input.

3.A currently executing instruction has been
completed.

4 . All successive transfer of control instructions and
successive LBIs have been completed (e.g., if the
main program is executing a JP instruction which
transfers program control to another JP 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 ASC carry. Subroutines and LQID instruc-
tions should not be nested within the interrupt ser-
vice routine, since their popping the stack will enable
any previously saved main program skips, interfering
with the orderly execution of the interrupt routine.

d. The first instruction of the interrupt routine at hex
address OFF must be a NOP. )

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

Microbus™ Interface

The COP420 has an option which allows it to be used as
a peripheral microprocessor device, inputting and out-
putting data from and to a host microprocessor (uP).

INy, IN, and IN3 general purpose inputs become -

MICROBUS™ compatible read-strobe, chip-select, and
write-strobe lines, respectively. IN; becomes RD — a
logic “0” on this input will cause Q latch data to be
enabled to the L ports for input to the uP. IN, becomes
CS — alogic “0” on this line selects the COP420 as the
uP peripheral device by enabling the operation of the RD
and WR lines and allows for the selection of one of
several peripheral components. IN; becomes WR — a
logic “0” on this line will write bus data from the L ports
to the Q latches for input to the COP420. Gy becomes
INTR a “ready” output, reset by a write pulse from the
uP on the WR line, providing the ‘handshaking

capability necessary for asynchronous data transfer
between the host CPU and the COP420.

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

POWER
SUPPLY CLOCK
Vce GND cki cko
INTERRUPT (INTR) Gq-
I SN 16 1
8-BIT DATA BUS
MICROPROCESSOR | penp STROBE (RD) " COP420 o
s IN
o Smone | ™2 1
> IN3 SO po——— ouT
SK -
RESET RESET

Figure 6. MICROBUSTM QOption Interconnect

Initialization

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

vee

RESET COP420/421
4
j ~ GND

RC > 5x POWER SUPPLY RISE TIME

<r-vUvCY IMESO
| - 4

Figu}e 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).

. External Oscillator. CKIl is an external clock input

signal. The external frequency is divided by 16
(optional by 8) to give the instruction cycle time. CKO
is now available to be used as the RAM power supply
(VR) or as a general purpose input.

. 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.

. 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 Sl and SO serial I/O pins in
conjunction with the XAS instruction. Note that on
power-up SK is automatically enabled as a SYNC
output (See Functional Description, Initialization,
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 (Vg), 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 COP420/421 system timing
configuration does not require use of the CKO pin.

RAM Keep-Alive Option

Selecting CKO as the RAM power supply (Vg) allows
the user to shut off the chip power supply (Vo) and
maintain data in the RAM. To insure that RAM data
integrity is maintained, the following conditions
must be met:

1. RESET must go low before Voo goes below spec
during power-off; Voo must be within spec before

RESET goes high on power-up.

2. Vg must be within the operating range of the chip,

and equal to Vgg = 1V during normal operation.
3. Vg must be >3.3V with V¢ off.

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 (Vg), 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 COP420/421 system timing
configuration does not require use of the CKO pin.

(SYNC)

nr (VR OR GENERAL
EXTERNAL PURPOSE INPUT
cLocK PIN)

1)L
Uprls

Crystal Oscillator

External Oscillator

.MAA,.VCG

(Vg OR GENERAL
PURPOSE INPUT
PIN)

RC Controlled Oscillator

€oPa20/421 copa2u/a21

Externally Synchronized Oscillator

Crystal Oscillator

RC Controlled Oscillator

Crystal ' Component Values
Value R1 R2 Cc
4MHz 1k ™ 27pF
3.58 MHz 1k ™ 27pF
2.09 MHz 1k ™ 56 pF

Figure 8. COP420/421/COP320/321 Oscillator

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

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

12€d02/02€d0D/12rd0/02vd 0




COP420/COP421/COP320/COP321

1/0 Options

COP420/421. outputs have - the following optional
configurations, illustrated in figure 9a:

a. Standard — an enhancement mode device to ground
in conjunction with a depletion-mode device to Vg,
compatible with TTL and CMOS input requirements.
Available on SO, SK, and all D and G outputs.

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

c. Push-Pull — An enhancement-mode device to
ground in conjunction with a depletion-mode device
paralleled by an enhancement-mode device to Vgc.
This 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 Vgg, meeting the typical current

sourcing requirements of the segments of an LED -

display. the sourcing device is clamped to limit
current flow. These devices may be turned off under
program control (See Functional Description, EN
Register), placing the outputs in a high-impedance
state to provide required LED segment blanking for a
multiplexed display.

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

COP420/COP421 inputs have the following optional
configurations:

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

vee
#1
a. Slan&ard Output

DISABLE vee

d. Standard L Output

DISABLE

-

g. TRI-STATE® Push-Pull (L Output)

b. Open-Drain Output

e. Open:Drain L Output

vee
#
Iy
NPUT [

h. Input with Load i. Hi-Z Input

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

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

The SO, SK outputs can be configured as shown in a.,
b., or ¢. The D and G outputs can be configured as
shown in a. or b. Note that when inputting data to the G
ports, the G outputs should be set to “1.” The L outputs
can be configured as ind., e., f. or g.

An important point to remember if using configuration
d. or f. with the L drivers is that even when the L drivers
are disabled, the depletion load device will source a
small amount of current (see figure .9b, device 2);
however,  when the L lines are used as inputs, the
disabled depletion device can not be relied on to source
sufficient current to pull an-input to logic “1”.

COP421

If the COP420 is bonded as a 24-pin device, it becomes
the COP421, illustrated in flgure 2, COP420/421
Connection Diagrams. Note that the COP421 does not
contain the four general purpose IN inputs (IN3-INg).
Use of this option precludes, of course, use of the IN
options, interrupt feature, and the MICROBUS™ option
which uses IN1-INg. All other options are available for
the COP421. .

c. Push-Pull Output

DISABLE vee

A
—a=

A =2 " DISABLE
Heidh

(A1S DEPLETION DEVICE)

f. LED (L Output)

weut P—ro] {

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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COP420/421/320/321 INSTRUCTION SET

Table 1is a symbol table providing internal architecture,
instruction operand and operation 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 COP420/421 instruction set.

Table 1. COP420/421/320/321 Instruction Set Table Symbols

Symbol Definition Symbol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Field, 0-15 binary (RAM Digit Select)
B 6-bit RAM Address Register r 2-bit Operand Field, 0-3 binary (RAM Register
Br Upper 2 bits of B (register address) Select)
Bd Lower 4 bits of B (digit address) a 10-bit Operand Field, 0-1023 binary (ROM Address)
c 1-bit Carry Register y 4-bit Operand Field, 0- 15 binary (Immediate Data)
D 4-bit Data Output Port RAM(s)  Contents of RAM location addressed by s
EN 4-bit Enable Register ROM(t)  Contents of ROM location addressed by t
G 4-bit Register to latch data for G I/O Port
IL Two 1-bit Latches associated with the IN3 or INg OPERATIONAL SYMBOLS
Inputs
+ Plus
IN 4-bit Input Port
Minus
L 8-bit TRI-STATE 1/0 Port
4-bit contents of RAM Memory pointed to by B - Replaces
Regi P 4 — Is exchanged with
egister
PC 10-bit ROM Address Register (program counter) = s equal to
) 8-bit Register to latch data for L /O Port A The ones complement of A
SA 10-bit Subroutine Save Register A @ . Exclusive-OR
SB 10-bit Subroutine Save Register B : Range of values
SC 10-bit Subroutine Save Register C
SIo 4-bit Shift Register and Counter
SK Logic-Controlled Clock Output
Table 2. COP420/421 Instruction Set
Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow | Skip Conditions Description
ARITHMETIC INSTRUCTIONS
ASC 30 0011000 0] A + C + RAMB) —~ A Carry Add with Carry, Ski‘p on
Carry = C ' Carry
ADD 31 100110001 A + RAM(B)— A None - Add RAM to A
ADT 4A [0100[1010]f A+ 1010~ A None Add Ten to A
AISC y 5- 0101 y A+y—A Carry Add Immediate, Skip on_
: Carry (y # 0)
CASC 10 0001j0000] A + RAM(B) + C—~ A Carry Complement and Add
Carry = C with Carry, Skip on Carry
CLRA 00 0000[0000] 0—-A None Clear A
COMP 40 01000000 A- A None Ones complement of A to
A
NOP 44 01000100 None None No Operation
RC 32 00110010 ‘0" —=C None Reset C
SC 22 0010/0010 “1"—C None Set C
XOR 02 0000j0010] A o RAM(B) = A None Exclusive-OR RAM with A

1-71

12€d03/02€d0J/12vd02/02d0D



Table 2. COP420/421/320/321 Instruction Set (continued)

Mnemonic Operand

Hex
Code

Machine : -
Language Code
Binary)

Data Flow

Skip Conditions

Description

TRANSFER OF CONTROL INSTRUCTIONS

COP420/COP421/COP320/COP321

JID

JMP

JP

JSRP

JSR

RET

RETSK

FF

6-

48

49

11111111

0110]00]|ag:8

l - aro

1 260

(pages 2,3only)
or

11 as:0

(all other pages)

10| ‘asyp

0110[10ag:g
| ar.o

|[0100j1000
0100[1001.

ROM (PCg.g,AM) —
PC7.0

a—~PC
a — PCg:0
a— PCsyp

PC + 1—~SA—~SB—SC
0010 —~ PCg.g
a— PCs

PC + 1~ SA—~8SB—SC
a—PC

SC—~SB—~SA—PC

SC—~ SB—+SA—~PC

None

None

None

None

None

None

Always Skip on
Return

Jump Indirect (Note 3)

" Jump

Jump within Page
(Note 4)

Jump to Subroutine Page
(Note 5

Jump to Subroutine
Return from Subroutine

Return from Subroutine
then Sk_ip

MEMORY REFERENCE INSTRUCTIONS

cAMQ
cama
Lo
LoD
LaID

RMB

SMB

rd

WN = O

WN =+ O

33
3C

33
2C

-5

23

BF

4C
45
42
43

4D
47
46
4B

0011j0011
00111100

00110011
0010{1100

00/ r]0101

00100011
00|r | d

10111111

0100]1100
0100/0101
0100/0010
0100J0011

0100(110
0100j011
011

1

0100

A-Q74
RAM(B) ~ Qa0

Q7:4 ~ RAM(B)
Q30 —~A

RAM(B) —~ A

RAM(r,d) = A

ROM(PCg.,A,M) ~ Q
SB - SC

0~ RAM(B)g
0~ RAM(B);
0 -~ RAM(B)2
0 - RAM(B)3

1 - RAM(B)g
1 -~ RAM(BK4
1 - RAM(B)2
1~ RAM(B)3

None

None

None
Brer— Br

None

None -

None

None

Copy A, RAM to Q
Copy Q 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
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Table 2. COP420/421/320/321 Instruction Set (continued)

12€d02/02€d0/12rd0D/02vd0D

Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
MEMORY REFERENCE INSTRUCTIONS (continued)
STl y 7- |01 11y y — RAM(B) None Store Memory Immediate
Bd + 1—Bd - and Increment Bd
X r -6 00| rj{0110 RAM(B) —~ A None Exchange RAM with A,
Brer— Br Exclusive-OR Br with r
XAD - rd 23 00100011} RAM(r,d) < A None Exchange A with RAM
- 10( r d pointed to directly by r,d
XDS r -7 00| rj 0111 RAM(B) —~ A Bd decrements past 0 Exchange RAM with A
Bd-1— Bd and Decrement Bd,
Brer— Br Exclusive-OR Br with r
XIS r -4 lOO r | 0100 RAM(B) < A Bd increments past 15 Exchange RAM with A
Bd+1— Bd and Increment Bd,
Brer— Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 |0 1010000 A — Bd None Copy A to Bd
CBA 4E 0100/1110] Bd—~ A None Copy Bd to A
LBI rd - 00] r jd-1) | rd—B Skip until not a LBI Load B Immediate with
(d=0, 9:15) r,d (Note 6)
or
33 00110011
- 10{r d
(any d)
LEI y 33 [00110011 y = EN None Load EN Immediate
6- 0110] y (Note 7)
XABR 12 [0 00 1|0 010 A < Br (0,0~ A3,A2) None Exchange A with Br
TEST INSTRUCTIONS
SKC 20 00100000 c="1" Skip if C is True
SKE 21 0010j0001] A =RAM(B) Skip if A Equals RAM
SKGZ 33 [00110011] G3.0=0 Skip if G is Zero
21 0010[0001 | (all 4 bits)
SKGBzZ 33 [00110011) 1st byte Skip if G Bit is Zero
0 01 loooojooo1 Gp =0
1 11 0001|0001] Gy =0
: ! 2nd b
2 03  [00000011] nd byte Gy =0
3 13 [0001j0011 G3 =0
SKMBZ 0 01 00000001 RAM(B)g = 0 Skip if RAM Bit is Zero
1 11 00010001 RAM(B)y = 0
2 03 0000[/0011 RAM(B)2 = 0
3 13 00010011 RAM(B)3 = 0
SKT 41 0100/0001] A time-base counter Skip on Timer
carry has occurred (Note 3)

since last test
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Table 2. COP420/421/320/321 | ion Set (continued)
Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
INPUT/OUTPUT INSTRUCTIONS
ING _ 33 0011]0011 G—A " None Input G Ports to A
2A 0010j101 0}
ININ _ 33 00110011 IN—A None Input IN Inputs to A
) 28 0010/1000 ) (Note 2)
INIL . N 33 00110011 IL3, CKO, “0”, ILg =~ A None Input IL Latches to A
29 0010{1001] (Note 3)
INL 33 10011j0011] | L7:4 ~ RAM(B) None Input L Ports to RAM,A
. 2E 0010J1110] |[La0—A :
0oBD . 33 0011j0011] Bd—D - None Output Bd to D Outputs
' ' 3E 0011111 OI
OGlI y 33 00110011 y—G : None Output to G Ports
5- 0101 vy ] ~ Immediate
OMG 33 00110011 RAM(B) = G None Output RAM to G Ports
3A loo11l1010
XAS ' 4F [0100j1111 A — SIO, C - SKL None Exchange A with SIO
. (Note 3)

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are
numbered 0 to N where 0 signifies the least significant bit (low-order, right-most bit). For example, Az indi the most signifi (left-most)
bit of the 4-bit A register.

Note 2: The ININ instruction is not available on the 24-pin COP421/COP321 since this device does not contain the IN inputs.
Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3.
The JP instruction, otherwise, permits a jump to a ROM location within the current 64-word page: JP may not jump to the last word of a page.

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

Note 6: LBl is a single-byte instruction if d =0, 9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the “d"
data minus 1, e.g., to load the lower four bits of B (Bd) with the value 9 (10013), the lower 4 bits of the LBI instruction equal 8 (10005). To load 0, the
lower 4 bits of the LBI instruction should equal 15 (1111g).

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
instructions and to provide notes useful to
programmers in writing COP420/421 programs.

XAS Instruction

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

JID Instruction

JID (Jump Indirect) is. an indirect addressing instruction,
transferring program control to a new ROM location
pointed to indirectly by A and M. It loads the lower 8 bits
of the ROM address register PC with the contents of
ROM addressed by the 10-bit word, PCqg, A, M. PCg and
PCg are not affected by this instruction.

Note that JID requires 2 instruction cycles. ‘

INIL Instruction

INIL (Input IL Latches to A) inputs 2 latches, ILgand ILg
(see figure 10) and CKO into A. The IL3 and lLg latches
are set if a low-going pulse (1" to “0”) has occurred on
the IN3 and INg inputs since the last INIL instruction,
provided the input pulse stays low for at least two
instruction times. Execution of an INIL inputs IL3 and
ILp into A3 and A0 respectively, and resets these latches
to allow them to respond to subsequent low-going
pulses on the IN; and INp lines. If CKO is mask
programmed as a general purpose input, an INIL will
input the state of CKO into A2. If CKO has not been so
programmed, a ‘“‘1”” will be placed in A2. A “0” is always
placed in A1 upon the execution of an INIL. The general
purpose inputs IN3-INg are input to A upon execution of
an ININ instruction. (See table 2, ININ instruction.) INIL
is useful in recognizing pulses of short duration or
pulses which occur too often to be read conveniently by
an ININ instruction.

Note: IL latches are not cleared on reset.

copa20

LQID Instruction

LQID (Load Q Indirect) loads the 8-bit Q register with the
contents of ROM pointed to by the 10-bit word PCgq, PCg,
A, M. LQID can be used for table lookup or code conver-
sion such as BCD to seven-segment. The LQID instruc-
tion “pushes” the stack (PC+1 — SA —~ SB —SC) and
replaces the least significant 8 bits of PC as follows: A
- PC;4 RAM(B) — PCyq, leaving PCq and PCg
unchanged. The ROM data pointed to by the new address
is fetched and loaded into the Q latches. Next, the stack
is “popped” (SC — SB — SA —PC), restoring the saved
value of PC to continue sequential program execution.
Since LQID pushes SB — SC, the previous contents of
SC are lost. Also, when LQID pops the stack, the previ-
ously pushed contents of SB are left in SC. The net result
is that the contents of SB are placed in SC (SB — SC).
Note that LQID takes two instruction cycle times to
execute.

SKT Instruction

The SKT (Skip On Timer) instruction tests the state of an
internal 10-bit time-base counter. This counter divides
the instruction cycle clock frequency by 1024 and pro-
vides a latched indication of counter overflow. The SKT
instruction tests this latch, executing the next program
instruction if the latch is not set. If the latch has been
set since the previous test, the next program instruction
is skipped and the latch is reset. The features associ-
ated with this instruction, therefore, allow the COP420/
421 to generate its own time-base for real-time proces-
sing rather than relying on an external input signal.

For example, using a 2.097 MHz crystal as the time-base
to the clock generator, the instruction cycle clock fre-
quency will be 131kHz (crystal frequency + 16) and the
binary counter output pulse frequency will be 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
address 0) must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed, one
instruction cycle time is devoted to skipping éach
byte of the skipped instruction. Thus all program
paths take the same number of cycle times whether
instructions are skipped or executed.

c. The ROM is organized into 16 pages of 64 words
each. The Program Counter is an 10-bit binary
counter, and will count through page boundaries. If a
JP, JSRP, JID or LQID instruction is located in the
last word of a page, the instruction operates as if it
were in the next page. For example: a JP located in
the last word of a page will jump to a location in the
next page. Also, a LQID or JID located in the last
word of page 3, 7, 11 or 15 will access data in the next
group of four pages.
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- COP420/COP421/COP320/COP321

OPTION LIST

The COP420/421 mask-programmable options are
assigned numbers which correspond with the
COP420 pins. o

The following is a list of COP420 options. When
specifying a COP421 chip, Options 9, 10, 19, 20 and
29 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 /O components using little or no .

external circuitry.

Option 1=0: Ground Pin — no options available

Option 2: CKO Pin
=0: clock generator output to crystal
" (0 not available if option 3=4 or 5)
=1: pin is RAM power supply (Vg) input
=2: general purpose input with load device
=3: multi-COP SYNC input
=4: general purpose Hi Z input

Option 3: CKI Input
=0: crystal input divided by 16
=1: crystal input divided by 8
=2: TTL external clock input divided by 16
=3: TTL external clock input divided by 8
=4: single-pin RC controlled oscillator (+4)
=5: Schmitt trigger clock input (+4)
Option 4: RESET Pin
=0: Load devices to Vg
=1: Hi-Zinput =
Option 5: L; Driver
.=0: Standard output (figure 9D)
=1: Open-Drain.output (E)
=2: LED direct drive output (F)
=38: TRI-STATE® push-pull push-pull output (G)
Option 6: Lg Driver
same as Option 5
Option 7: Lg Driver
same as Option 5
Option 8: L, Driver
same as Option 5

“Option 9: IN; Input

=0: load device to V¢ (H)
=1: Hi-Zinput (}) )
Option 10: IN, Input
same as Option 9
Option 11=0: V¢ Pin — no options available
Option 12: L3 Driver )
same as Option 5
Option 13: L, Driver
same as Option 5
Option 14: L, Driver
same as Option 5

Option 15: Ly Driver
same as Option 5

Option 16:. Sl Input
same as Option 9
Option 17: SO Driver
=0: . standard output (A)
=1: open-drain output (B)
=2: push-pull output (C)
Option 18: SK Driver
same as Option 17
Option 19: INg Input
same as Option 9
Option 20: INg Input
~ same as Option 9
Option 21: Gy I/O Port
=0: Standard output (A)
=1: Open-Drain output (B)
Option 22: G4 I/O Port
same as Option 21
Option 23: G, I/O Port
- same as Option 21
Option 24: Gj I/O Port
same as Option 21
Option 25: Dy Output
=0: Standard output (A)
=1: Open-Drain output (B)
Option 26: D, Output
same as Option 25 .
Option 27: D4 Output
same as Option 25
Option 28: D, Output
same as Option 25
Option 29: COP Function
=0: normal operation
=1: MICROBUS™ option
Option 30: COP Bonding
=0: COP420 (28-pin device)
‘=1 COP421 (24-pin device)
Option 31: IN Input Levels
=0: Normal input levels
=1: Higher voltage input levels
(“0”=1.2V, “1” =3.6V)
Option 32:° G Input Levels
same as Option 31 .
Option 33: L Input Levels
same as Option 31
Option 34: CKO Input Levels
same as Option 31
Option 35: Sl Input Levels
same as Option 31
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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 SI:

a. RAM and Internal Logic Test Mode (SI =1)
b. ROM Test Mode (Sl =0)

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

APPLICATION #1: COP420 General Controller

Figure 8 shows an interconnect diagram for a COP420
used as a general controller. Operation of the system is
as follows:

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

— P4

3 NICAD cKe
saTTERIES | 08 —§] Ve
<P
<
1 3
= —-——r
-
GND GND

copazo

(1375 e m—

4 GENERAL ‘o
/g :
63

EVENT
COUNTER ememmem{ §)*
INPUT

SK* so*

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

3. The IN3-INginputs are used to input the 4 rows of the
keyboard matrix. Reading the IN lines in conjunction
with the current value of the D outputs allows
detection, debouncing, and decoding of any one of
the 16 keyswitches. .

4. CKIl is configured as a single-pin oscillator input
allowing system timing to be controlled by a single-
pin RC network. CKO is therefore available for use as
a Vg RAM power supply pin. RAM data integrity is
thereby assured when the main power supply is shut
down (see RAM Keep-Alive Option description).

5. Sl is selected as the input to a binary counter input.
With SIO used as a binary counter, SO and SK can be
used as general purpose outputs.

6. The 4 bidirectional G /O ports (G3-Gp) are available
for use as required by the user’s application.

4DIGIT
LED DISPLAY

01
D2

03

INg

IN2

4x4
KEYSWITCH
MATRIX

N3

'
44744
4444

L

2 GENERAL OUTPUTS

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

Figure 11. COP420 Keyboard/Display Interface

APPLICATION #2:

Figure 12 provides an interconnect diagram for a versa-
tile application the COP420 as a keyboard/display
interface to a microprocessor (uP). Generally, operation
of the COP420 in this configuration is as follows:

1. The MICROBUS™ option has been selected.

2. System timing is provided by an external crystal. The
time base for the real-time (counter and clock) modes
is provided by the internal time-base counter, tested
by the SKT instruction.

3. The SIO register is used as a serial-in/serial-out shift
register. In this configuration, however, Sl is shifted

into SIO to be tested as one of the 4 row lines tied to
the keyboard matrix. SO is used to output display
segment data (loaded into SIO with an XAS instruc-
tion) to the cascaded 74C164s (8-bit parallel-out serial
shift registers). SK functions as a logic-controlled
clock, sending a SYNC signal to a clock serial data
into the 74C164s.

4. The 16 bits of data shifted into the 74C164s are
buffered through the DS8867s (8-segment LED dri-
vers) to the 16 segments of the alpha-numeric LED
displays.

12€d02/02€d0D/12d0D/02vd0D




COP420/COP421/COP320/COP321

5. The Dy-D; outputs are decoded by the DS8864

(14-digit decoder/driver) and used to select one of the
14 digits of the multiplexed display as well as to scan
the 13 columns of the keyboard matrix and the strap
switch scan line (Dy,). ‘

. The G4-Gg lines together with Sl are connected to the

4 rows of the keyboard matrix and the 4 strap switch
lines to input key or strap switch data to the COP420.
The strap switches can be used to select one of
several ofthe system modes listed below.

. The Ly-L; TRI-STATE® bidirectional /O prots are

connected to the microprocessor data bus to allow
for input or output of data to-and from the micropro-
cessor and the COP420. .

358MHz
XTAL

8.

The various operations which can be performed by
the system include the following “handshaking” and
COP420 “stand-alone” modes:

a. keyboard to uP (7-bit ASCII)

b. uP to display

c. display to uP

d. display to uP

e. uP to clock

f. clock to uP

g. keyboard to display
h. clock to.display

00 o )
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D3 e 3
Vi p—
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C$ st IN2
W Ny so 0a 0g Oc 0p Qg Of Og O
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8
) NT INZ IN3 Thg IN5 ING IN7 Ihg TNy IN2 IN3 TNg IN5 NG IN7 INg
2 Veg - PIN 18,
—o 058867 038867 e iy
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. SEE SEGMENT
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Figure 12. COP420 Keyboard/Display Interface
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National
Semiconductor

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

General Description

The COP420C, COP421C, COP320C, and COP321C
Single-Chip CMOS Microcontrollers are members of
the COPS™ family, fabricated using complementary
MOS technology. They are complete microcomputers
containing all system timing, internal logic, ROM,
RAM and /O necessary to implement dedicated con-
trol functions in a variety of applications. Features
include single supply operation, a variety of output
configuration options, with an instruction set, internal
architecture and /0O scheme designed to facilitate
keyboard input, display output and BCD and binary
data manipulation. The COP421C is identical to the
COP420C, except with 19 1/0 lines instead of 23. They
are an appropriate choice for use in numerous human
interface control environments. Standard test proce-
dures and reliable high-density fabrication techniques
provide the medium to large volume customers with
a customized Control Oriented Processor at a low
end-product cost.

The COP320C is the extended temperature range
version of the COP420C (likewise the COP321C is the
extended temperature range version of the COP421C).

The COP320C/321C are exact functional equivalents
of the COP420C/421C.

Features

Lowest power dissipation (50uW typical)

Power saving “Idle” state

Powerful instruction set

1k x 8 ROM, 64 x 4 RAM, 23 1/O lines (COP420C)
True vectored interrupt, plus restart

Three-level subroutine stack

15us instruction time, plus software selectable
oscillators

Single supply operation (2.4-6.0V)

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

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

LED direct drive outputs

MICROBUS™ compatible

Software/hardware compatible with other members
of COP400 family

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

COP420C/421C Block Diagram

Vee GND

b b

| 2

TIME-BASE
COUNTER
DIVIDE BY 1024)

DIVIDER }4—'

cLocK
GENERATOR

INSTRUCTION CLOCK (SYNC)

PROGRAM MEMORY
1kx8 ROM
ADDRESS

Z

s
1 |

DIGIT ADDRESS
DATA MEMORY
64x4 RAM
ouT

2 2

¥

INSTRUCTION SA 10
DECODE/CONTROL b————
SKIP LOGIC s8

4
W B

0 2
REGISTER b2

BUFFER 0y
Dp

a

63
62

G
REGISTER

L &

COP420C ONLY 2

L DRIVERS

BUFFER &
B G

i

S

SERIAL 1/0 REGISTER

$I03 S0z SI07 S10g

T 5

5 |8 |7

20 |10 lo s
IN3 N2 INg INg

3 |1z

13 J1a 15

L7 Ll Ls Lo L3 L2 Lt Lo
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'COP420C/COP421C/COP320CICOP321C

Absolute Maximum Ratings

Voltage at Any Pin

Operating Temperature Range

COP420C/421C
COP320C/321C

Storage Temperature Range

—0.3Vto V¢g +0.3V

0°Cto +70°C
—-40°Cto +85°C
~65°Cto +150°C

Lead Temperature (Soldering, 10 seconds) 300°C
Package Power Dissipation 500mwW
DC Electrical Characteristics
Parameter Conditions Min Max- Units
Operation Voltage 24 6.0 Volts
Supply Current Ve =24V - F) =32kHz 35 KA
(Note 1) ) Vge = 5.0V Fin = 32kHz 100 uA
Vcc =5.0V FlN = 500kHz . . 800 ’AA
Vee = 5.0V Fin = 2.097 MHz (= 32mode) 1200 uA
Idle State Current Vec =24V Fin = 32kHz - i 15 - uA
Voo =5.0V Fin = 500kHz 250 uA
Input Voltage Levels L
Schmitt Trigger Inputs
RESET, CKI (as R/C)
and DO (as Clock)
Logic High 0.9V¢e Vv
Logic Low 0.1Vee v
All Other Inputs
Logic High 0.6Vge \
Logic Low ’ 0.25Vc v
Output Voltage Levels '
Standard Output
TTL Operation Voo =5V£56%
Logic High lon= — 100pA 2.4 Vv
~ Logic Low loL=1.6mA 0.4 v
CMOS Operation :
Logic High loy=—10pA Vg - 0.2 \"
Logic Low loL=10uA 0.2 \
Output Current Levels '
L Outputs with
. High Current Option
Logic High Voo =6V, Vo = 2.0V - -25 -15 mA
Logic Low VoL =04V . 16 mA
Hi-Z or Tri-State
Input Current Levels -1.0 1.0 uA
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AC Electrical Characteristics 2.4v < V¢ < 6.0V unless otherwise stated

Parameter Condition Min Max Units
Instruction Cycle Time Vee = 4.5V 15 245 s
COP420C/COP421C Ve = 2.4V 50 245 H
Operating CKI Frequency +8 mode 32 500 kHz
COP420C/COP421C +16 mode Vgg = 4.5V 64 1000 kHz
+32 mode 128 2097 kHz
+8 mode 32 160 kHz
+16 mode Vg > 2.4V 64 320 kHz
+32 mode 128 640 kHz
Instruction Cycle Time Vee = 4.5V 15 125 s
COP320C/COP321C Vg > 2.4V 50 125 H
Operating CKI Frequency +8 mode 64 500 kHz
COP320C/COP321C +16 mode Vg > 4.5V 128 1000 kHz
+32 mode 256 2097 kHz
-+ 8 mode 64 160 kHz
~16 mode Vgg = 2.4V 128 320 kHz
+32 mode 256 640 kHz
Instruction Cycle Time R =30k +5%, C=100pF +10% 15 25 us
DO as Clock or CKI (R/C) Veo =5V
CKO as SYNC Input
tsync 400 ns
INPUTS:
tsetup 2 us
thoLp 0.6 HS
OUTPUTS VOH = 0.7Vcc, VOL =0.2 Vcc
COP to CMOS C_=50pF
tep1 4 us
teoo _ 2 us
COPto TTL Fanout = 1 Standard TTL Load.
CL = 50pF, VCC =5V+5%
tPD1 VOH =24V 3 us
tepo VoL=0.4V 3 uS
CKO Output
tpD1 0.4 us
trpo 0.4 us
MICROBUS™ TIMING C_=50pF, Vgc =5V£5%
Read Operation (figure 4)
Chip Select Stable Before RD —tcgr 50 ns
Chip Select Hold Time for RD —tgcs 5 ns
RD Pulse Width —tgg 400 ns
Data Delay from RD —tgp 300 ns
RD to Data Floating —tp; 200 ns
Write Operation (figure 5)
Chip Select Stable Before WR —tcsw 50 ns
Chip Select Hold Time for WR —twcs 30 ns
WR Pulse Width —tyww 350 ns
Data Set-Up Time for WR —tpy 300 ns
Data Hold Time for WR —twp 40 ns
INTR Transition Time from WR -ty 700 ns

Note 1 — Supply current is measured with a squarewave clock, all inputs at Vg,
and all outputs open while the COP420C is running.
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LrLo
G3-Go
D3-D,

INgINg
si

SO

sK

INT —p
IN2 =l
Vee——
L3~
12—

L1~

1 28 D0
2 27 p=——D1
3 26 D2
4 25 p—D3
5 2 —G3
] 23 p—G2
7 22 p—=G1
8 copa20c 21 —co
9 20 p~—IN3
10 19 p——INO
1 18 p——SK
12 17 p——$0
13 16 f——S1

14 15 L0

Pin Description

GND—11 24 p——D0
cKko— 2 23 |—D1
CKl=—3 22 D2
RESET——4 21 D03
L7156 20 63
Lg=16 19 G2
PP copazic oL oy
L4—8 17 =G0
vee—19 16 |—sK
L3I—f10 15 p——50
L= 14 51
L1—12 13 L0

Figure 2. Connection Diagrams

8 bidirectional 1/O ports with TRI-STATE®

4 bidirectional 1/O ports

-~ 3 general purpose outputs
General purpose output or oscillator input
4 general purpose inputs (COP420C only)

" Serial input
Serial output
Logic-controlled clock

CKI
CKO

System oscillator input

System oscillator output (or general purpose
input) .

RESET System reset input
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Figure 3. Input/Output Timing Diagrams (divide by 8 mode)
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Figure 3B. CKO Output Timing
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Figure 4. MICROBUS™ Read Operation Timing
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Figure 5. MICROBUS™™ Write Operation Timing

FUNCTIONAL DESCRIPTION

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

A block diagram of the COP420C is given in Figure 1.
Data paths are illustrated in simplified form to depict
how the various logic elements communicate with each
other in implementing the instruction set of the device.
Positive logic is used. When a bit is set, it is a logic “1”.
When a bit is reset, it is a logic “0”

Program Memory

Program Memory consists of a 1,024-byte ROM. As can
be seen by an examination of the COP420C/421C
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 LQID instructions, ROM must often be
thought of as being organized into 16 pages of 64 words
each.

ROM addressing is accomplished by a 10-bit PC
register. Its binary value selects one of the 1,024 8-bit
words contained in ROM. A new address is loaded into
the PC register during each instruction cycle. Unless
the instruction is a transfer of control instruction, the
PC register is loaded with the next sequential 10-bit
binary count value. Three levels of subroutine nesting
are implemented by the 10-bit binary subroutine save
registers, SA, SB and SC, providing a last-in, first-out
(LIFO) hardware subroutine stack.

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

Data Memory

Data Memory consists of a 256-bit RAM, organized as 4
data registers of 16 4-bit digits. RAM addressing is
implemented by a 6-bit B-register whose upper 2 bits
(Br) select 1 of 4 data registers and lower 4 bits (Bd)

select 1 of 16 4-bit digits in the selected data register.
While the 4-bit contents of the selected RAM digit (M) is
usually loaded into or from, or exchanged with, the A
register (accumulator), it may also be loaded into or
from the Q latches or loaded from the L ports. RAM
addressing may also be performed directly by the LDD
and XAD instructions based upon the 6-bit contents of
the operand field of these instructions. The Bd register
also serves as a source register for 4-bit data sent
directly to the D outputs.

Internal Logic

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

A 4-bit adder performs the arithmetic and logic
functions of the COP420C/421C, storing its results in A.
It also outputs a carry bit to the 1-bit C register, most
often employed to indicate arithmetic overflow. The C
register, in conjuction with the XAS instruction and the
EN register, also serves to control the SK output, C can
be outputted directly to SK or can enable the SKto be a
sync clock each instruction cycle time. (See XAS in-
struction and EN register description, below.)

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

The D register provides 4 general purpose outputs and
is used as the destination register for the 4-bit contents
of Bd. In the dual clock mode, D-register bit 0 controls
the clock selection (see dual oscillator below).
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The G register contents are outputs to 4 general-
purpose bidirectional 1/0 ports. Gp may be mask-
programmed as an output for MICROBUS™ appli-
cations. .

The Qregister is an internal, latched, 8-bit register, used .
to hold data loaded to or from M and A, as well as 8-bit -

data from ROM. Its contents are output to the L I/O
ports when the L drivers are enabled under program
control (see LEIl instruction). 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.

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 MICROBUS™ 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
serial shift register shifting left each instruction cycle
time. The data present at Sl goes into the least signifi-
cant bit of SIO. SO can be enabled to output the most
significant bit of SIO-each cycle time (see 4 below). The
SK output becomes a logic-controlled clock. The SIO
contents can be exchanged with A, allowing it to input
or output a continuous serial data stream. SIO may also
be used to provide additional parallel I/O by connecting
SO to external serial-in/parallel-out shift registers.

The XAS instruction copies C into the SKL Latch. SK out-
puts SKL ANDed with the internal instruction cycle clock.

The EN Register is an internal 4-bit register loaded
under program control by the 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-ENgp).

1. The least significant bit of the enable register, ENp,
‘must be set at 0.

2. With EN; set the IN4 input is enabled as an interrupt
input. Immediately following an interrupt, EN4 is
reset to disable further interrupts.

3. With EN; set, the L drivers are enabled to output the
data in Qto the L I/0 ports. Resetting EN, disables the
L drivers, placing the L I/O ports in a high-impedance
input state. If the MICROBUS™ option is being used,
EN, does not affect the L drivers.

4. ENg affects the SO output. Setting EN3 enables SO

as the output of the SIO shift register, outputting
serial shifted data each instruction time. Resetting

" ENg disables SO as the shift register output: data
continues to be shifted through SIO and can be ex-
changed with A via an XAS instruction but SO remains
reset to “0.” .

1-84




COP420C/421C 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 asso-
ciated with each instruction in the COP420C/421C
instruction set.

Table 1. COP420C/421C Instruction Set Table Symbols

Symbol

Definition

INTERNAL ARCHITECTURE SYMBOLS

INSTRUCTION OPERAND SYMBOLS

A
B
Br
Bd

c
D
EN
G

L
IN
L
M
PC

Q
SA
SB
SC
Sio
SK

4-bit Accumulator

6-bit RAM Address Register

Upper 2 bits of B (register address)
Lower 4 bits of B (digit address)

1-bit Carry Register

4-bit Data Output Port

4-bit Enable Register

4-bit Register to latch data for G 1/O Port
Two 1-bit Latches associated with the IN; or
INgInputs

4-bit Input Port

8-bit TRI-STATE /O Port

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

10-bit ROM Address Register (program
counter)

8-bit Register to latch data for L /O Port
10-bit Subroutine Save Register A

10-bit Subroutine Save Register B

10-bit Subroutine Save Register C

4-bit Shift Register

Logic-Controlled Clock Output

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

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

a 10-bit Operand Field, 0- 1023 binary (ROM
Address)

1% 4-bit Operand Field, 0- 15 binary (Immediate
Data)

RAM(s) Contents of RAM location addressed by s
ROM(t) Contents of ROM location addressed by t

OPERATIONAL SYMBOLS

Plus

Minus

Replaces

Is exchanged with

Is equal to

The ones complement of A
Exclusive-OR

Range of values

cexn b+

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

Mnemonic Operand Code

ARITHMETIC INSTRUCTIONS

ASC

ADD
ADT

AISC

CASC

CLRA

COMP

NOP
RC
sC

XOR

Hex Machine Language
Code (Binary) Skip Conditions Description
30 IO 01 1|0 000 A + C + RAM(B)— A Carry Add with Carry, Skip on
Carry = C Carry
31 |001 1000 1 A + RAM(B)—~ A None Add RAM to A
4A |0100|1010 A+ 10—~ A None Add Ten to A
y 5- [0 10 1| y A+y—A Carry Add Immediate, Skip
on Carry (y # 0)
10 |0 00 1|0 00 0] A+ RAM(B) + C— A Carry Complement and Add
with Carry,
Carry = C Skip on Carry
00 |0000|0000 0—A None Clear A
40 |0 10 0]0 000 A A None Ones complement of A
- to A
44 |0 10 0|0 100 None None No Operation
32 001 1|0 010 “0" - C None Reset C
22 001 0|0 010 “"—>C None Set C
02 0000/0010 A e RAM(B)— A None Exclusive-OR A with
RAM
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Table 2. COP420C/421C Instruction Set Table (continued)

Mnemonic Operand

Hex
Code

.’Machine Language

Code (Binary)

Data Flow

Skip Conditions

Description

TRANSFER OF CONTROL INSTRUCTIONS

JID FF 111 1]1 11 1] ROM (PCg:8,A,M) = None Jump Indirect (Note 3)
PC7.0 - .
JMP a 6- |01 10 oo]ag;g a— PC None Jump
== ] ar:0
JP a - 1] a0 a — PCg0 None Jump within Page
(pages 2,3 only) (Note 4)
or
- | 11 ] as5.0 ] a— PCs0
(all other pages)
JSRP a -- 10| asp PC + 1—-SA—SB~— None Jump to Subroutine Page
SC (Note 5)
0010 - PCg.g .
a — PCs:0
JSR a 6- 011 0|1 Olag;gl PC +1—~SA—SB~— None Jump to Subroutine
— 1 a7:0 | a—~ PC
RET 48 |0 100/100 0] SC—SB—~ SA— PC None Return from Subroutine
RETSK 49 ]0 100[1001] SC— SB— SA— PC Always Skip on Return Return from Subroutine
then Skip
IT 33 |0 011/0011] PC - PC Idle till Timer overflows
39 | 001 1]1 001 then continue
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 [0011j0011) A— Q74 None Copy A, RAM to Q
3C [0011]1100 RAM(B) ~ Qg0
CQMA 33 [0011]0011] Q7:4 ~ RAM(B) None Copy Q to RAM, A
2C [0010[1100 Q3.0 —~A
LD r -5 |0 ofr IO 101 RAM(B) =~ A None Load RAM into A,
Brer— Br Exclusive-OR Br with r
LDD rd 23 IO 0100011 RAM(rd) > A None Load A with RAM pointed
- |0 o] r [ d to directly by r,d
LQib BF 10111111) ROM(PCg:8,A,M) =~ Q None Load Q Indirect (Note 3)
SB —+ sC
RMB 0 4C 0100[1100 0 - RAM(B)g None Reset RAM Bit
1 45 01000101 0 — RAM(B)4
2 42 0100/0010 0 — RAM(B)2
3 43 0100]0011 0 - RAM(B)3
SMB 0 4D 0100(1101 1 - RAM(B)g None Set RAM Bit
1 47 01000111 1= RAM(B)¢
2 46 0100j0110 1 - RAM(B)2.
3 4B 01001011 1— RAM(B)3
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Table 2. COP420C/421C Instruction Set (continued)

since last test

Hex  Machine Language
Mnemonic Operand Code Code (Binary) Data Flow Skip Conditions Description
MEMORY REFERENCE INSTRUCTIONS (continued)
ST y 7- |0 111 y y — RAM(B) None Store Memory Immediate
Bd + 1~ Bd and Increment Bd
X r -6 0 OI r{011 0| RAM(B) — A None Exchange RAM with A,
Brer— Br Exclusive-OR Br with r
XAD rd 23 | 001 0]0 011 RAM(r,d) ~— A None Exchange A with RAM
- | 1 0| r d pointed to directly by r,d
XDS r -7 0 0| rlo111] RAM(B) — A Bd decrements past 0 Exchange RAM with A
Bd - 1— Bd and Decrement Bd,
Brer— Br Exclusive-OR Br with r
XIS r -4 0 0[ r |0 10 0| RAM(B) —— A Bd increments past 15 Exchange RAM with A
Bd + 1~ Bd and Increment Bd,
Brer— Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 |01 01|0000| A— Bd None Copy A to Bd
CBA 4E |0100|1110| Bd—~ A None Copy Bd to A
LBl rd - 00fr|(d-1) rd—B Skip until not a LBI Load B Immediate with
d = 0,9:15) rd (Note 6)
or
33 00110011
- 10fr d
(any d)
LEI y 33 |0 011001 1| y—~EN None Load EN Immediate
6- o110 y | (Note 7)
XABR 12 | 0001001 0| A~ Br (0,0 > A3,A)) None Exchange A with Br
TEST INSTRUCTIONS
SKC 20 |00100000] Cc =" Skip if C is True
SKE 21 |oo10joo0 1] A = RAM(B) Skip if A Equals RAM
" SKGZ 33 00110011 | G3.0=0 Skip if G is Zero
21 loo100001] (all 4 bits)
SKGBZ 33 00110011 1st byte Skip if G Bit is Zero
0 01 00000001 Gp=0
1 1 0001)0001 2nd byte Gy1 =0
2 03 00000011 Go =0
3 13 |ooo1j0011 G3 =0
SKMBZ 0 01 000 0]0 001] RAM(B)y = 0 Skip if RAM Bit is Zero
1 1" 00010001 RAM(B)1 = 0 '
2 03 0000[0011 RAM(B)2 = 0
3 13 00010011 RAM(B)3 = 0
SKT 41 |0100/0001 A time-base counter Skip on Timer
overflow has occurred (Note 3)
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Table 2. COP420C/421C Instruction Set (continued)

Hex  Machine Language |
Mnemonic Operand Code Code (Binary) Data Flow Skip Conditions Description
INPUT/OUTPUT INSTRUCTIONS
ING ©33 |001 1|001 1[ G- A None Input G Ports to A
' 2A |0010|1010|
ININ 33 |0 01 1|0 011 IN— A None : Input IN Inputs to A
' 28 |0010|1000| (Note 2)
INIL o : 33 IO 01 1]0 011 | IL3,“1",“0",ILg =~ A None Input IL Latches to A
29 [0010[1001] (Note 3)
INL ! 33 |0 0110011 | L7:4 ~ RAM(B) None Input L Ports to RAM,A
2E [o010/1110] | Lao—~A .
OBD 33 00110011] Bd—D None Output Bd to D Outputs
3E |0 011111 0]
oGl y 3 |00110011] | y~@ : None Output to G Ports
5- lo1o1] y | . Immediate
OMG 33 |0 0110011 ] RAM(B) = G None . Output RAM to G Ports
3A |0 01 1]1 010
XAS 4F |0 10011111) 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
0to N where 0 signifies the least significant bit (low-order, right-most bit). For example, A3 indicates the most significant (left-most) bit of the 4-bit A
register.

Note 2: The ININ instruction is not available on the 24-pin COP421C since this device does not contain the IN inputs.
Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, IT and SKT instructions, see below.

Note 4: The JP instruction aliows a jump, while in subroutine pages 2 or 3, tc any ROM location within the two-page boundary of pages 2 or 3. The JP
instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

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

Note 6: LBl is a single-byte instruction ifd = 0,9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the “d” data
minus 1, e.g., to load the lower four bits of B (Bd) with the value 9 (10015), the lower 4 bits of the LBI instruction equal 8 (10005). To load 0, the lower 4 bits
of the LBI Instruction should equal 15 (1111g).

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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Interrupt

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

a. The interupt, once acknowledged as explained
below, pushes the next sequential program counter
address (PC+1 — SA — SB — SC). Any previous
contents of SC are lost. The program counter'is set to
hex address OFF (the last word of page 3) and EN, is
reset.

b. An interrupt will be acknowledged only after the
following conditions are met:

1) ENq has been set.

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

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

d. The first instruction of the interrupt routine at hex
address OFF must be a NOP.

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

MICROBUS™ Interface

The COP420C has an option which allows it to be used
as a peripheral microprocessor device, inputting and

outputting data from and to a host microprocessor (uP).

INy, INy, and IN3 general purpose inputs become
MICROBUS™ compatible read-strobe, chip-select, and
write-strobe lines, respectively. IN; becomes RD — a
logic “0” on this input will cause Q latch data to be
enabled to tHe L ports for input to the uP. IN, becomes
CS — a logic 0 selects the COP420C as a uP peripheral
device and allows for the selection of one of several
peripheral components. IN; becomes WR — a logic “0”
on this line will write bus data from the L ports to the Q
latches for input to the COP420C. Gy becomes INTR a
‘“ready” output, reset by a write pulse from the uP on the
WR line, providing the ‘“handshaking” capability
necessary for asynchronous data transfer between the
host CPU and the COP420C.

- National

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

POWER

SUPPLY  CLOCK

Vge GND CKI CKO
(ANTEBRUPT UNTR) | 6i-

G3
8-BIT DATA BUS

READ STROBE (D)

CHIP SELECT (CS) »|iny st

WRITE STHOBE(WR). N3 s0
SK

Dg-D3 § 4 0UT

MICROPROCESSOR copra20c

MEs

i 912£d03/002€d0D/012d0D/002vd 0D

out

Figure 6. MICROBUSTM Option Interconnect

Initialization

The Reset Logic, internal to the COP420G/421C, will
initialize (clear) the device upon power-up if the power
supply rise time is less than 1ms and greater than 1us.
If the power supply rise time is greater than 1ms, the
user must provide an external RC network and diode to

the RESET pin as shown below. The RESET pin is con-

figured as a Schmitt trigger input. If not used it should
be connected to V. 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, and G registers are
cleared. The SK output is enabled as a SYNC clock
providing a pulse each instruction cycle time. Data
Memory (RAM) must be cleared by the user’s program.
The first instruction at address 0 must be a CLRA.

Pt
0

w vee
E

R

s RESET

u

el L

L T GND
(AR

RC > 5 x POWER SUPPLY RISE TIME

Figure 7. Power-Up Clear Circuit
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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, PCq.g, A, M. PCg and
PCg are not affected by this instruction.

Note that JID requires 2 instruction cycles.

INIL Instruction
INIL (Input IL Latches to A) inputs 2 latches, ILz and ILg

(see figure 10) and CKO into A. The IL3 and IL, latches -

are set if a low-going pulse (“1” to “0") has occurred on
the IN3 and INg inputs since the last INIL instruction,
provided the input pulse stays low for at least two in-
struction times. Execution of an INIL inputs IL3 and ILp
into Az and Ag respectively, and resets these latches to
allow them to respond to subsequent low-going pulses
on the IN3 and INg lines. If CKO is mask programmed as
a general purpose input; an INIL will input the state of
CKO into A,. If CKO has not been so programmed, a “1”
will be placed in A,. A “0” is always placed in Ay upon
the execution of an INIL. The general purpose inputs IN3-
INg are input to A upon execution of an ININ instruction,
(See table 2, ININ instruction.) INIL is useful in 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

CO0P420

Figure 8. INIL Hardware Implementation

LQID Instruction .
LQID (Load Q Indirect) loads the 8-bit Q register with the

‘contents of ROM pointed to by the 10-bit word PCg, PCg,

A, M. LQID can be used for table lookup or code conver-
sion such as BCD to seven-segment. The LQID instruc-
tion “pushes” the stack (PC + 1 - SA = SB -~SC) and re-
places the least significant 8 bits of PC as follows: A =
PCy.4, RAM(B) = PCa, leaving PCg and PCg unchanged.
The ROM data pointed to by the new address is fetched
and loaded into the Q latches. Next, the stack is
“popped” (SC— SB — SA —PC), restoring the saved value
of PC to continue sequential program execution. Since
LQID pushes SB — SC, the previous contents.of SC are |
lost. Also, when LQID pops the stack, the previously
pushed contents of SB are left in SC. The net result is
that the contents of SB are placed in SC (SB — SC). Note
that LQID takes two instruction cycle times to execute.

SKT Instruction

The SKT (Skip On Timer) instruction tests the state of an
internal 10-bit time base counter. This counter divides
the instruction cycle clock frequency by 1024 and pro-
vides a latched indication of counter overflow. The SKT
instruction tests this overflow latch, executing the next
program instruction if the latch is not set. If the latch
has been set since the previous test, the next program
instruction is skipped and the latch is reset. The fea-
tures associated with this instruction, therefore, allow
the COP420C/421C to generate its own time base for
real-time processing rather than relying on an external
input signal.

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

IT Instruction

The user may choose to use the IT function instead of
the SKT function. The IT (Idle till Timer) instruction halts
the processor and puts it in an idle state until the time
base counter overflows. This idle state reduces current
drain since all logic (except the oscillator and time base -
counter) is stopped.

The time base counter always divides CKl by 8192 regard-
less of the divide-by option selected (see figures 10 and
11). Therefore, if using a 2.097 MHz crystal with CKl/32
option, the processor will come out of the idle state 256
times a second. If using the dual clock feature, the user
must switch the processor to the CKI oscillator (D0 =0)
before executing the IT instruction.

Note: If using the duavl clock feature or the IT instruction,
contact the factory for emulation assistance.
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Oscillator

There are five basic clock oscillator configurations
available as shown by figure 9.

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

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

c. RC Controlled Oscillator. CKI is configured as a sin-
gle pin RC controlled Schmitt trigger oscillator. The in-
struction cycle equals the oscillation frequency divid-
ed by 8. CKO is now used as a general purpose input.

d. Dual Oscillator. By selecting the dual clock option,
pin DO is now a clock input. The user may connect a 32
kHz watch crystal to CKl and CKO and up to a 500 kHz

RC circuit to DO; he may then software select between -

the RC oscillator for faster processing (DO = 1) or the
crystal for minimum current drain (D0 =0). The time
base counter continues even when the user selects
DO as the clock. Thus, a real time clock can be main-
tained by the IT instruction even when running off the
RC oscillator. The SKT instruction is not available
when using the dual clock feature.

Some features and options are exclusive of each other.
The chart below shows which features may be used
coincidentally.

Xtall
Ext. RC Dual Dual
Osc. Osc. SKT IT Clock- | Clock-
Input +~8 Instr. | Instr. RC Ext.
X X
X X
X X
X X
X X X
X X X

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.

v
cc
a d
CcKI CKO CKI CKO
" 0o
$———AAA—e
L - GENERAL T
R2* EXTERNAL PURPOSE INPUT 3
CLOCK =
|D External Oscillator CKI CKO
'E c1 €2 .
q—W—
=3 - >

Crystal Oscillator

GENERAL
I PURPOSE INPUT

RC Controlled Oscillator

Crystal Oscillator

Component Values
Crystal
Value R1 R2 C1 Cc2
2.097MHz 20M 1K* 5-36pF 30pF
32kHz 20M 220K* 5-36pF  30pF
500kHz 20M 4K* 40pF.  80pF

*Selected based on Crystal used.

Figure 9.

1-91

012€d02/002€d0D/012vd02/002¥d0D



COP420C/COP421C/COP320C/COP321C

INPUT

| CKo !— I
: 0sc. out
0
RC
RC
N

SC |

+—o0—¢
TO SKT LATCH

SYSTEM
CLOCKS
(INCLUDING SK)

Figure 10a. Oscillator Options Block Diagram Using SKT Instruction
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q INIL

L
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A2
- 1 -

[= H

0SC. ouT
TIME BASE COUNTER ( +8192)
0SC IN

S ey B ey

= |

A - .
: km j
=8 =32 .
RC
SYSTEM

Lo \f -8 m CLOCKS
D\ (INCLUDING SK)

CRYSTAL HALT

Figure 10b. Oscillator Options Block Diagram Using IT Instruction

INPUT T0

0SC. ouT T

ot

= cc TIME BASE COUNTER -
(+8192)

=]
KN

SYSTEM
CLOCKS

D0
LATCH

Figure 11. Dual Clock Option Block Diagram

1-92




1/0 Options

COP420C/421C outputs have the following optional
configurations, illustrated in figure 13:

a. Standard — An N channel device to ground in
conjunction with a P channel device to V¢,
compatible with CMOS and TTL.

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

c. TRI-STATE® L Output — A CMOS output buffer
which may be disabled by program control. These
outputs meet the requirements associated with the
MICROBUS™ option. These outputs are also capable
of meeting the current sourcing requirements of the
segments of a-small LED display. ’

-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.

STANDARD QUTPUT SINK CURRENT

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

The above input and output configurations share
common devices. Specifically, all configurations use
one or more of four devices (numbered 1-4,
respectively). Minimum and maximum current (Igy and
Vour) curves are given in figure 12 for each of these
devices to allow the designer to effectively use these I/0
configurations.

CoP421C

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

STANDARD OUTPUT SOURCE CURRENT

T T T T -3.0
4o |Vec =5V (MAX CURRENT) '\\ I l l
-2.5 Vee =6V (MAX)
® Veg =4.5 (MAX)
h -20 -
. | 5 Vec = 4.5 (MAXN
t . | t s \\\
2 Ve =2.5 IMA '\, z \ Vrc=2-5V|(M"T)
15 /, i .,I;c=lsv (MIN) -1.0 \ XVec = 4.5V(MIN)
P 1 |
10 1 vgc-_—A.SVl(MIN)'_ o5 Moz 2. (MAX) \\g::sv (MIN),
[l | -0 X
5
L =2 o) | a3 $\\{
01 2 3 4 5 6 01 2 3 4 5 6
VOL —~ VOLTS VOH — VOLTS
DEVICE 1 DEVICE 2
TRI-STATE QUTPUT SOURCE CURRENT INPUT LOAD SOURCE CURRENT
_1 450
—16 \\\ l | l —400 ! .1 l l
Voo =6V (MAX) =6V (MAX
—14 AN —350 e+ 6V (MA)
12 N )
= Ve = 2.5 (MAX)| < Voc = 4.5 (MAX)\
= -0 N \ ;- \
z - N ';12-5‘“"“")— z - \\ = 2.5V (MIN)—|
-8 N[ e = vy _150 \ 4|
—4 [Vep =2.5 (MAX) Tec = BV (MIN) —100 |Vee =2.5 (MAX
= li\ \E _50
3
: S\ T ;
01 2 3 4 5 6 01 2 3 &
VOH — VOLTS VIN - VOLTS
DEVICE 3 DEVICE 4

Figure 12. 1/0 Characteristics
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COP420C/COP421C/COP320C/COP321C

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 take the same number of cycle times whether
instructions are skipped or executed.

c. The ROM is organized into 16 pages of 64 words
each. The Program Counter is an 10-bit binary counter,
and will count through page boundaries. If a JP, JSRP,
JID or LQID instruction is located in the last word of
a page, the instruction operates as if it were in the
next page. For example: a JP located in the last word
of a page will jump to a location in the next page. Also,
a LQID or JID located in the last word of page 3, 7, 11,
or 15 will access data in the next group of 4 pages.

__' P #2
_.Do_.u___l

a. Standard

Vee
DISABLE '
_.—-DO:DO_,‘ p #3
———— N #1

c. TRISTATET™ L Output

DISABLE

T >

e. Open Drain L Output -

COP420C Power Dissipation

The lowest power configuration is at minimum voltage
and lowest frequency. The user should take care that all
inputs swing to full supply levels to insure that there are
no DC current paths on inputs. An external square wave
oscillator will use less current than a crystal or resonator
since an input from a crystal is slow to transcend logic
levels. For example: at 500kHz, a crystal (or resonator)
will typically cause the 420C to draw 100uA more than
with a square wave oscillator input. Power will increase
with loading capacitance and frequency of the outputs.

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

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

COP420C TTL Interface

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

—{>o—||a|~ #

b. Open Drain

DISABLE l
—

d. Standard L Output

f. Input with Load

B—>o—>o—

g. Hi Z Input

Figure 13. 1/0 Configurations




OPTION LIST

The COP420C/432C 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 /O components using little or no external circuitry.

Option 1=0: Ground Pin
Not an option

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

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

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

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

Option 6: Lg Driver .
same as Option 5

Option 7: Lg Driver
same as Option 5

Option 8: Ly Driver
same as Option 5

Option 9: INy Input
00= Load Vgc
01= Hi-Z

Option 10: INy Input
same as Option 9

Option 11: V¢g pin
not an option

Option 12: L3 Driver
same as Option 5

Option 13: L, Driver
same as Option 5

Option 14: L4 Driver
same as Option'5

Option 15: Lg Driver
same as Option 5

Option 16: SI Input
same as Option 9

Option 17: SO Driver

00= Standard Output
01= Open Drain

Option 18: SK Driver
same as Option 17

Option 19: INg Input
same as Option 9

Option 20: IN3 Input
same as Option 9

Option 21: Gy I/O Port
same as Option 17

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

Option 23: Gy I/0 Port
same as Option 17

Option 24: Gj I/O Port
same as Option 17

Option 25: D3 Output
same as Option 17

Option 26: D, Output
same as Option 17

Option 27: D4 Output
same as Option 17

Option 28: Dy Output
00= Standard Output *
01= Open Drain (or Dual Clock)

Option 29: COP Function
00= Normal
01= MICROBUS

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

Option 31: Clock/Timer Mode
02 = Xtal/Ext. Osc, in; SKT instruction enabled; no IT
03 = RC Oscillator - 8; SKT enabled; no IT
04* = Xtal/Ext. Osc. in; IT instruction enabled;
no SKT
05* = RC Oscillator + 8; IT enabled; no SKT \
06* = Xtal/Ext. Osc. in; Dual Clock (RC); IT enabled
no SKT
07* = Xtal/Ext. Osc. in; Dual Clock (Ext.)
IT enabled; no SKT

*Contact factory for emulation assistance.
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'COP420LICO P421L

National
Semiconductor

COP420L/COP421L Single-Chip

N-Channel Microcontrollers

General Description

The COP420L and COP421L Single-Chip N-Channel
Microcontrollers are members of the COPS™ family,
fabricated using N-channel, silicon gate MOS
technology. These controller oriented processors are
complete microcomputers containing all system
timing, internal logic, ROM, RAM and /O necessary
to implement dedicated control functions in a variety
of appiications. Features include single supply
operation, a variety of output configuration options,
with an instruction set, internal architecture and /O
scheme designed to facilitate keyboard input,
display output and BCD data manipulation. The
COP421L is identical to the COP420L, but with 19 /O
lines instead of 23. They are an appropriate choice

- for use in numerous human interface control environ-

ments. Standard test procedures and reliable high-
density fabrication techniques provide the medium
to large volume customers with a customized con-
troller oriented processor at low end-product cost.

Features

® Low cost

m Powerful instruction set

8 1kx8 ROM, 64x4 RAM

= 23 |/O lines (COP420L)

m True vectored interrupt, plus restart

m Three-level subroutine stack

® 16us instruction time

= Single wide-range supply (4.5-9.5V)

® Low current drain (8mA max @ 5V)

m Internal time-base counter for real-time
~ processing

® Internal binary counter register with serial /O

capability

u General purpose and TRI-STATE® outputs
a8 LSTTLU/CMOS compatible in and out

s Direct drive of LED digit and segment lines
® Software/hardware compatible with other

members of COP400 family
Extended temperature range device available
(—40°Cto +85°C)

veo GND

"" J‘i

CKki CKO

R

TIME-BASE

—]

Cou
(DIVIDE BY 1024}

cLocK
GENERATOR

NTER I:j—-l DIVIDER IQ—{
INSTRUCTION CLOCK (SYNC) N

RESET 4

8 ) PROGRAM MEMORY
1kx 8 ROM

ADDRESS

DIGIT ADDRESS

LaGIC

DATAMEMORY  REG
64x4RAM  ADDR BR | 80
out i i

-

INSTRUCTION
DECODE/CONTROL
SKIP LOGIC

D .
REGISTER [T~ D2

ACCUMULATOR
A 4

BUFFER 01
T

4 G
sxd| REGISTER

COP420L ONLY 2

L DRIVERS

SERIAL I/0 REGISTER

$103 S§102 S10y  Si0g

WS

& & & &

4 & 2
.. BUFFER 61
B 2y gy
¥4 .
4
N X _ g

5 |6 |7

20 J10 |8 18
iN3 IN2 Ny INp L7 s Ls

8 fiz 13 ha 15

Lg L3 L2 L1 Lo

Figure 1. COP420L/421L Block Diagram

1-96




Absolute Maximum Ratings

Voltage at Any Pin Relative to GND —-0.5Vto + 10V
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature —-85°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 specifica-
tions are not ensured when operating the device at absolute
maximum ratings.

12vd0J/102vd0D

DC Electrical Characteristics 0°c < T,< +70°C, 45V < Vg < 9.5V unless otherwise noted.

Parameter Conditions Min Max Units
Operating Voltage (V¢g) 45 9.5 \
Operating Supply Current Vec =5V, Ta=25°C 8 mA

(all inputs and outputs open)

Input Voltage Levels

CKIl Input Levels
Crystal Input

Logic High (V) 20 \"
Logic Low (V) - 0.4 \ m
Schmitt Trigger Input
Logic High (Vge) 0.7 Ve
Logic Low (V) . : 0.6
RESET Input Levels
Logic High 0.7 Veo
Logic Low 0.6
RESET Hysteresis 1.0 '
SO Input Level (Test mode) 2.0 3.0

All Other Inputs
Logic High with TTL trip level options 2.0
Logic Low selected 0.8

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

< < << <<

<< <<

Output Voltage Levels
LSTTL Operation Vec=5V+5%
Logic High (Vou) lon = —25pA 27
Logic Low (Vo) loL =0.36mA 0.4

<<
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COP420L/COP421L

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

Parameter Conditions Min Max Units
Output Current Levels
Output Sink Current
SO and SK Outputs (IoL) Voe=9.5V, Vo =1.0V 45 22 mA-
Vec=4.5V, VoL =1.0V 22 11 mA
Lo- L7 Outputs and VCC =95V, VOL =1.0V 2.0 9.0 mA
Standard Size GQ-G3 and Vcc =45V, VOL= 1.0V 1.0 4.5 mA
Dg-Dj3 Outputs (lg) :
Go"Gg and Do* 03 Outputs Vcc =9.5V, VOL =1.0V 15 75 mA
with High Current Options Vec=4.5V, Vo =10V 7.0 35 mA
(lod) -
Go-Ga and Do— D3 OUtDUtS VCC =95V, vOL =1.0V 30 150 mA
with Very High Current Voo =45V, Vo =1.0V 15 75 mA
Options (lgy) : '
Output Source Current:
Standard Configuration, Ve =9.5V, Vo =4.75V -70 —-450 uA
All Outputs (lop) Vec=4.5V, Vo =225V ~26 -190 HA
Push-Pull Configuration, ‘Vee=9.5V, Vo =4.75V ~1.45 -16.5 mA
SO and SK Outputs (igy) Vec =45V, Voy=2.25V -0.07 -28 mA
LED Configuration, Vec=9.5V, Voy=2.0V ~15 -15 mA -
Lo- L7 Outputs, Low Vee=6.0V, Vo =2.0V -1.5 =90 mA
Current Driver Option
(lon) ' ;
LED Configuration, Ve =95V, Vo =2.0V -3.0 -30 mA
Lo- L7 Outputs, High Veg=6.0V, Voy=2.0V -3.0 -20 mA
Current Driver Option
(low)
TRI-STATE Configuration, Vec=9.5V, Vo =4.75V -24 -24.5 mA
Lg- L7 Outputs, Low Vec =45V, Voy=2.25V -0.06 -38 mA
Current Driver Option .
(loH)
TRI-STATE Configuration, Vee=9.5V, Vouy =475V -4.9 -47.5 mA
Lo- L7 Outputs, High Veg=4.5V, Vgy=225V -0.12 -8.1 mA
Current Driver Option )
(low)
CKO Output
RAM Power Supply Option Vp=3.3V 3.0 mA
Power Requirement ’
TRI-STATE® Output Leakage -10 pA

Current

+10
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AC Electrical Characteristics o°c < TAé +70°C, 4.5V < Vgc < 9.5V unless otherwise specified.

Parameter Conditions Min Max Units
Instruction Cycle Time — t¢ 15 40 us
CKI Using Crystal

Input Frequency — fi + 32 mode 0.8 2.097 MHz
+16 mode 0.4 1.0 MHz
+8 mode 0.2 0.5 MHz

Duty Cycle 30 55 %

CKI Using External Clock

Input Frequency — f) + 32 mode 0.8 2.0 MHz
+16 mode 0.4 1.0 MHz
+ 8 mode 0.2 0.5 MHz

Duty Cycle 30 60 %

Rise Time 120 ns

Fall Time 80 ns

CKIl Using RC R=51kQ+5%
C=100pF +10%
Instruction Cycle Time 15 25 us
CKO as SYNC Input
- tsync 400 ns
INPUTS:
IN3-1INg, G3-Go, L7-Lo

tseTup 8 S

tHoLD 600 ns
Sl

tseTuP 2 s

thoLp 600 ns
OUTPUTS:
COP TO CMOS PROPAGATION Von =0.7 Veg, VoL =0.3 Vcg,
DELAY C_ = 50pF
All Standard Output
Configurations

tep1 6.5 us
SO, SK Outputs

tpo1 (push-pull) 4.0 uSs

teoo 1.2 us
D3- Do, G3-Go

tppo (standard size) 2.7 us

tppo (high current) 25 us
tepo (very high current) 24 us
L7-Lo

tepo 2.7 us

tpp1 (standard size push-pull) 3.0 us

tpp1 (high current push-pull) 2.5 us
L7-Lo LED Direct Drive Outputs 6.0V < Vgec € 9.5V, Vo =2.0V

tpp1 (standard size) C_=50pF 5.0 uS

tep1 (high current) 45 uS
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COP420L/COP421L

AC Electrical Characteristics (continued)

0°C < Tp < +70°C, 4.5V < Ve < 9.5V unless otherwise specified.

Parameter Conditions Min Max Units
COP TO LSTTL PROPAGATION Vec=5V+5%, Vou=2.7V
DELAY VoL =0.4V, C_ =50pF
SO, SK Outputs
tppy (standard) 5 us
tpp1 (push-pull) 3.5 us
tppo 3 us
L7-Lo Outputs
tpp1 (push-pull) 15 us
L7-Lo, G3-Gg, D3-Dg Outputs
tpp1 (standard) 5.0 HuS
tPDO 2.0 us
CKO (figure 3b)
tpD1 0.4 us
tepo 0.4 us
28—00 oND— 1 2 p—D0
27f—D1 cko—2 23f—D1
26 |——D2 cKki—3 2 p—02
25 p=—D3 RESET—4 21 p—03
20 —63 u: 5 20}—63
B—G2 B8 copony 19—
2—61 1517 18p—G1
FoRseL 21 =G0 1—i8 17 p—G0
20—1n3 vee—19 16 5K
19 f—1IN0 13— 10 15 p—=50
18 5K L2—n 18 =5}
17 =50 t—12 13p—L0
16 =51
15 =10
Figure 2. Connection Diagrams
Pin Description Pin Description
L-Lo 8 bidirectional 1/O ports with CKI Systeni oscillator input
TRI-STATE® CKO System oscillator output (or general
G3-Gp 4 bidirectional /O ports purpose input, RAM power supply or
D3-Dg 4 general purpose outputs SYNG input))
INs-INg 4 general purpose inputs (COP420L only) RESET System reset input
Si Serial input (or counter input) Vee Power supply
SO Serial output (or general purpose output) GND Ground
SK Logic-controlled clock (or general
purpose output)
I._—_ INSTRUCTION CYCLE TIME (tc)———-l
*l tpD1 —] tPDO
Stk Vo VoL N\ 7
IN3-INp, |[=——tseTUP ——>| |<—tHoLD
G3-Gp. L7-Lg, X X .
CKO&S! .
INPUTS la—tpm —] < tPDO
G3-Gp, D3-D
271, 50, SK L A Vou Vi
OUTPUTS .

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

o o

CKI

—] e J=—1svnc
cKo X ;
(NPUT)

Figure 3a. Synchronization Timing

N\
tpw D0

Figure 3b. CKO Output Timing
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FUNCTIONAL DESCRIPTION

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, itisa
logic “1” (greater than 2 volts). When a bit is reset, it
is a logic “0” (less than 0.8 voits).

Program Memory

Program Memory consists of a 1,024-byte ROM. As
can be seen by an examination of the COP420L/421L
instruction set, these words may be program
instructions, program data or ROM addressing data.
Because of the special characteristics associated
with the JP, JSRP, JID and LQID instructions, ROM
must often be thought of as being organized into 16
pages of 64 words each.

ROM addressing is accomplished by a 10-bit PC
register. Its binary value selects one of the 1,024 8-bit
words contained in ROM. A new address is loaded
into the PC register during each instruction cycle.
Unless the instruction is a transfer of control instruc-
tion, 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
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 aiso be loaded into
or from the Q latches or loaded from the L ports. RAM
‘addressing may aiso 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 /O, arithmetic, logic
and data memory access operations. It can also be
used to load the Br and Bd portions of the B register,
to load and input 4 bits of the 8-bit Q latch data, to
input 4 bits of the 8-bit L'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 COP420L/421L, 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 descrip-
tion, below.)

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

The D register provides 4 general-purpose outputs
and is used as the destination register for the 4-bit
contents of Bd. The D outputs can be directly 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 1/O ports can be
directly connected to the digits of a muitiplexed LED
display.

The Q register is an internal, latched, 8-bit register,
used to hold data loaded to or from M and A, as well
as 8-bit data from ROM. Its contents are output to the
L 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 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 multi-
plexed 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 /O by connecting SO to external
serial-in/parallel-out shift registers. For example of
additional parallel output capacity see Application
#2.

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

1. The least significant bit of the enable register,
ENy, selects the SIO register as either a 4-bit shift
register or a 4-bit binary counter. With ENg set, SIO
is an asynchronous binary counter, decrementing
its value by one upon each low-going pulse (“1” to
“0") occurring on the Sl input. Each pulse must be
at least two instruction cycles wide. SK outputs
the value of C upon execution of XAS and remains
the same until the execution of another XAS
instruction. The SO output is equal to the value of
ENj;. With ENg reset, SIO is a serial shift register
shifting left each instruction cycle time. The data
present at Si goes into the least significant bit of
SIO. SO can be enabled to output the most
significant bit of SIO each cycle time. (See 4
below.) The SK output becomes a logic-controlled
clock, 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.

112vd02/102¢d 02D
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COP420L/COP421L

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.

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

4. ENg, in conjunction with ENg, affects the SO
output. With ENg set (binary counter option
selected) SO will output the value loaded into EN3.

With ENg reset (serial shift register option
selected), setting EN3 enables SO as the output of

_the SIO shift register, outputting serial shifted

data each instruction time. Resetting EN3 with the
serial shift register option selected disables SO as
the shift register output; data continues to be
shifted through SIO and can be exchanged with A
via an XAS instruction but SO remains reset to
“0.” The table below provides a summary of the
modes associated with EN3 and ENg.

Enable Register Modes — Bits EN3 and ENg

The following features are associated with the IN4

.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
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 ENj is reset.

b. An interrupt will be acknbwledged only after the
-following conditions are met:

1. ENy has been set.

2. A low-going pulse (“1” to “0”) at least two
instruction cycles wide occurs on the INy 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 executed. .

ENj; "ENg Slo sl SO . . SK after XAS
0 0 Shift Register Input to Shift Register 0 If C = 1, SK = SYNC

C ' ) fC=0SK=0
1 0 Shift- Register Input to Shift Register Serial Out If C = 1,SK = SYNC

. : fC=0SK=0

0 1 Binary Counter Input to Binary Counter 0 fC =1,8 =1

IfC=0,8SK=0

1 1 Binary Counter Input to Binary Counter’ 1 IfC =1,SK =1

IfC=0,SK=0

Interrupt

c. Upon acknowledgement of an interrupt, the skip

logic status is saved and later restored upon the
execution 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 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. Since, as explained above, it
is the RET instruction which enables the pre-
viously saved status of the skip logic, subroutines
should not be nested within the interrupt servicing
routine since their RET instruction will enable any
previously saved main program skips, interfering
with the orderly execution of the interrupt routine.

. The first instruction of the interrupt routine at hex

address OFF must be a NOP.

. A LEIl instruction can be put immediately before

the RET to re-enable interrupts.
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Initialization

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

vee
COP420L/421L

RESET *

<rTUTUvCw IMSOT
| s 4
[

=

o

RC > 5x POWER SUPPLY RISE TIME

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) must be cleared by
the user’s program. The tirst instruction at address 0
must be a CLRA. ’

1R e

Vee
(VR OR GENERAL
I PURPOSE INPUT
. PIN)

CKI CKO
T (VR OR GENERAL
EXTERNAL PURPOSE INPUT
CLOCK ORSYNC PIN)

Crystal Oscillator

Component Values

Crystal
Value R1(Q) | R2(Q) | C1(pF) | C2 (pF)
455kHz 16k M 80 80
2.097 MHz 1k ™ 56 6-36

Oscillator

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

a. Crystal Controlled Oscillator. CKl and CKO are
connected to an external crystal. The instruction
cycle time equals thé crystal frequency divided by
32 (optional by 16 or 8).

b. External Oscillator. CKl is an external clock input
signal. The external frequency is divided by 32
(optional by 16 or 8) to give the instruction cycle
time. CKO is now available to be used as the RAM
power supply (Vg), as a general purpose input, or
as a SYNC input.

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

d. Externally Synchronized Oscillator. Intended for
use in multi-COP systems, CKO is programmed to
function as an input connected to the SK output of
another COP chip operating at the same
frequency (COP chip with L or C suffix) with CKIl
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 Functional Description, Initialization,
above).

IDI (SYNC)
— < —
T WA - }
CKI cK0 CKI CKO
SK |
COP420L/421L ¢ COP420L/421L

S0 s
S| S0

RC Controlled Oscillator

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

Figure 4. COP420L/421L Oscillator

1+2¥d02/102¥dOD
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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 (Vg), 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 COP420L/421L system timing
configuration does not require use of the CKO pin.

1/0 Options

COP420L/421L 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 Vgc, compatible with LSTTL and CMOS
‘input requirements. Available on SO, SK, and all D
and G outputs

b. Open:Drain — an enhancement-mode devlce 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 Vgg. This configuration has been provided to
allow for fast rise and fall times when driving
capacitive loads. Available on SO and SK outputs
only.

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

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

f. LED Direct Drive — an enhancement mode device
to ground and to Vg, meeting the typical current
sourcing requirements of the segments of an LED
display. The sourcing device is clamped to limit
current flow. These devices may be turned off

under program control (see Functional
Description, EN Register), placing the outputs ina
‘high-impedance state to provide required LED
segment blanking for a multiplexed dlsplay
Available on L outputs only.

g. TRI-STATE® ' Push-Pull — an enhancement-mode
device to ground and V. These outputs are TRI-
STATE outputs, allowing for connection of these
outputs to a data bus shared by other bus drivers.
Available on L outputs only.

COP420L/421L inputs -have the following optional
configurations:

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

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).
Minimum and maximum current (lgyr and Vgyr)
curves are given in figure 6 for each of these devices
to allow the designer to effectively use these 1/O
configurations in designing a COP420L/421L system.

The SO,SK outputs can be configured as shown in a.,
b., or ¢. The D and G outputs can be configured as
shown in a. or b. Note that when inputting data to the
G ports, the G outputs should be set to “1.” The L
outputs can be configured as in d., e., forg.

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).

COP421L

If the COP420L is bonded as a 24-pin device, it
becomes the COP421L, illustrated in figure 2,
COP420L/421L Connection Diagrams. Note that the
COP421L does not contain the four general purpose
IN inputs (IN3-INg). Use of this option precludes, of
course, use of the IN options and the interrupt
feature, which uses IN¢-IN3. All other options are
available for the COP421L.
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' COP420LICOP421L

10H (mA)

LED Output Source Current

LED Output Direct Segment and Digit
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High Current Options on LO-L7
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COP420L/421L 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
COP420L/421L instruction set.

Table 1. COP420L/421L Instruction Set Table Symbols

Symbol Definition Symbol Definition
INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS
A 4-bit Accumulator d 4-bit Operand Field, 0- 15 binary (RAM Digit Select)
B 6-bit RAM Address Register r 2-bit Operand Field, 0-3 binary (RAM Register
Br Upper 2 bits of B (register address) Select)
Bd Lower 4 bits of B (digit address) a 10-bit Operand Field, 0-1024 binary (ROM Address)
c 1-bit Carry Register y 4-bit Operand Field, 0-15 binary (Immediate Data)
D 4-bit Data Output Port RAM(s) Contents of RAM location addressed by s
EN 4-bit Enable Register ROM(t) Contents of ROM location addressed by t
G 4-bit Register to latch data for G /O Port
L Two 1-bit Latches associated with the IN3 or INg
Inputs
IN 4-bit Input Port
L 8-bit TRI-STATE I/0 Port
M 4-bit contents of RAM Memory pointed to by B OPERATIONAL SYMBOLS
Register + Plus
PC 10-bit ROM Address Register (program counter) - Minus
Q 8-bit Register to latch data for L /O 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 ones complement of A
SIo 4-bit Shift Register and Counter ® Exclusive-OR
SK Logic-Controlled Clock Output : Range of values
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COP420L/COP421L

_Table 2. COP420L/421L Instruction Set

Machine
' Hex Language Code ’ .
Mnemonic Operand Code Binary) Data Flow Skip Conditions Description
ARITHMETIC INSTRUCTIONS
ASC 30 0011]0000] A + C + RAM(B) > A Carry Add with Carry, Skip on
Carry - C : Carry
ADD 31 |0 011j0oo0o0 1] A + RAM(B)—> A None Add RAM to A
ADT 4A |0 100101 0| A+ 1010~ A None Add Ten to A
AISC 5- [0 101 y | A+y—A Carry Add Immediate, ékip on
) Carry (y # 0)
CASC 10 [00010000] | A+ RAM(B) + C—~A-  Carry Complement and Add
) ) Carry = C with Carry, Skip on Carry
CLRA 00, 0000[0000] 0—A None Clear A
COMP 40 IO 10 0[0 000 A—A None Ones complement of A to
NOP 44 (01000100 | None None No Operation
RC 32 0011j0010] “0" = C None " Reset C’
SC 22 0010[0010 “"=C None SetC
XOR 02 00000 010 ) A e RAM(B) —~ A None Exclusive-OR RAM with A
TRANSFER OF CONTROL INSTRUCTIONS
JiID FF 111141111 ROM (PCg:8,A,M) —~ " None Jump Indirect (Note 3)
PC7.0 ) .
JMP 6- 011 O[(_)Olag;a‘l a—PC None 'Jump’i
- ar.o |
JP. - 1 ag:0 a-— PCé;o None Jump within Page
(pages 2,3 only) (Note 4)
or '
- 11 as:0 a - PCs
(all other pages)
JSRP - 10| asyp PC+1—-SA—+SB—~ None Jump to Subroutine Page
SC (Note 5)
0010 — PCg:g
a— PCsy0
JSR 6- |01 1 0[1 Olag;al PC + 1— SA - SB—SC None Jump to Subroutine
- { a7.0 | a—+ PC '
RET 48 [0 10 0]1 000 SC—+SB—+SA—+ PC None Return from Subroutine
RETSK 49 |0 100{1001 SC— SB—+ SA—+ PC Always Skip on Return Return from Subroutine

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

Machine
Hex Language Code
Mnemonic Operand Code ?Blnary) Data Flow Skip Conditions Description
MEMORY REFERENCE INSTRUCTIONS
CAMQ 33 [0011j0011 A— Q7.4 None Copy A, RAM to Q
3c 0011j1100] | RAM(B)~ Q30
CQMA 33 0011/0011] Q7:4 —~ RAM(B) None Copy Q to RAM, A
2C po101100] | Qa0—A
LD r -5 [00jrjo101) RAM(B) —~ A None Load RAM into A,
Brer— Br Exclusive-OR Br with r
LDD rd 23 0010/0011 RAM(r,d) =~ A None Load A with RAM pointed
- 00| r d to directly by r,d
Laib BF 10111111 ROM(PCg.g,A,M) ~ Q None Load Q Indirect (Note 3)
SB -+ SC :
RMB 0 4C 0100/1100 0 - RAM(B)g None © Reset RAM Bit
1 45 0100/0101 0 — RAM(B)q
2 42 0100/0010 0 —~ RAM(B)2
3 43 [0100j0011] 0~ RAM(B)3
SMB 0 4D [0100]1101] 1 - RAM(B)g None Set RAM Bit
1 47 01000111} 1 - RAM(B)1
2 46 0100/0110] 1 - RAM(B)2
3 4B 0100/1011] 1 - RAM(B)3
STII y 7- 0111 vy y = RAM(B) None Store Memory Immediate
Bd + 1— Bd and Increment Bd
X r -6 00|rjo11 0| RAM(B) «— A None Exchange RAM with A,
Brer— Br Exclusive-OR Br with r
XAD rd 23 0010/0011  RAM(r,d) «—— A None Exchange A with RAM
- 10jr| d pointed to directly by r,d
XDS r -7 [00jrj0111 RAM(B) «— A _ Bd decrements past 0 Exchange RAM with A
Bd - 1+ Bd and Decrement Bd,
Brer—Br Exclusive-OR Br with r
XIS r -4 00|r|0100 RAM(B) — A Bd increments past 15 Exchange RAM with A
Bd + 1~ Bd and Increment Bd,
Brer— Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 010 1]0 00 0] A - Bd None Copy A to Bd
CBA 4E 0100{1110 Bd— A None Copy Bd to A
’
LBl rd - 00|r|d=-1) rd—B Skip until not a LBI Load B Immediate with
(d = 0,9:15) r,d (Note 6)
or
33 00110011
- 10jr] d
(any d)
LEI y 33 00110011 | y—EN None Load EN Immediate
6- 0110 y (Note 7)
XABR 12 0001/0010 A< Br _(0,0 - A3,A2) None Exchange A with Br
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COP420L/COP421L

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

: Machine.
Hex Lan?uage Code ’
Mnemonic Operand Code Binary) Data Flow Skip Conditions Description
TEST INSTRUCTIONS ' '
SKC 20 [0010j0000 ' C=“1 Skip if C is True
SKE 21 0010j0001 A = RAM(B) Skip if A Equals RAM
SKGZ "33 [00110011| - Gz =0 Skip if G is Zero
21 0010[0001] ) : * (all 4 bits)
SKGBz 33 00110011 1st byte Skip if G Bit is Zero
0 © 01 10000000 1| : : Gp=0
1 1 0001/0001 2nd byte Gy =0
2 03 0000/0011] G2 =0
3 13 0001j0011) Gz =0
SKMBZ 0 01 0000[0001 | ' RAM(B)p = 0 Skip if RAM Bit is Zero
1 1 10001]0001] RAM(B){ = 0
2 03 [0000j0011]" RAM(B)2 = 0
3 13 00010011 RAM(B)3 = 0
SKT 41 01000001 A time-base counter * Skip on Timer
) carry has occurred (Note 3)
' since last test
INPUT/QUTPUT INSTRUCTIONS
ING ‘ 33 0011]0011 G—~A » None : Input G Ports to A
2A [0 010[1010
INlN‘ 33 00110011 IN—> A - . None Input IN Inputs to A
28 0010/1000 (Note 2)
INIL 33 00110011 IL3,CKO,“0”,ILg — A None Input IL Latches to A
. 29 0010[1001 (Note 3)
INL 33 00110011 L7.4 — RAM(B) . None Input L Ports to RAM,A
: 2E 001011110 | Lao—~A
OBD - 33 00110011 Bd—D None ) Output Bd to D Outputs
3E [0011[1110
[o]c]] y 33 00110011 y—+G None Output to G Ports
5- 010 1| y . Immediate
OMG 33 0011j001 1] RAM(B) —~ G None Output RAM to G Ports
3A 00111010] |
XAS 4F 01001111 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., Br and Bd are explicitly defined). Bits are numbered
0 to N where 0 signifies the least significant bit (low-order, right-most bit). For example, A3 indicates the most significant (left-most) bit of the 4-bit A
register.

Note 2: The INI instruction is not available on the 24-pin COP421L since this device does not contain the IN inputs.
Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP
instruction, otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

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

Note 6: LBl is a single-byte instruction if d = 0, 9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the ““d” data
minus 1, e.g., to load the lower four bits of B (Bd) with the value 9 (10019), the lower 4 bits of the LB instruction equal 8 (10009). To load 0, the lower 4 bits "~
of the LBI instruction shouid 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 instructions and to provide notes useful to
programmers in writing COP420L/421L programs.

XAS Instruction

XAS (Exchange A with S10) 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,
providing a logic controlled clock if SIO is selected
as a shift register or C - SK if SIO is selected as a
binary counter. (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 8 bits of the ROM address register PC with the
contents of ROM addressed by the 10-bit word, PCg.g,
A, M. PCg and PCg are not affected by this instruc-
tion.

Note that JID requires 2 instruction cycles.

INIL Instruction’

INIL (Input IL Latches to A) inputs 2 latches, IL3 and
ILg (see figure 11) and CKO into A. The IL; and ILg
latches are set if a low-going pulse (1" to “0”) has
occurred on the IN3 and INg inputs since the last INIL
instruction, provided the input pulse stays low for at
least two instruction times. Execution of an INIL
inputs IL3 and ILg into A3 and AO respectively, and
resets these latches to allow them to respond to sub-
sequent low-going pulses on the IN3 and INg lines. If
CKO is mask programmed as a general purpose
input, an INIL will input the state of CKO into A2. If
CKO has not been so programmed, a “1” will be
placed in A2. A “0” is always placed in A1 upon the
execution of an INIL. The general purpose inputs
IN3-INg are input to A upon 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. Available on COP420L only.

LQID Instruction

LQID (Load Q Indirect) loads the 8-bit Q register with
the contents of ROM pointed to by the 10-bit word
PCgq, PCg, A, M. LQID can be used for table lookup or
code conversion such as BCD to seven-segment. The
LQID instruction “pushes’ the stack (PC + 1—> SA -
SB — SC) and replaces the least significant 8 bits of
PC as follows: A = PCy7,4, RAM(B) = PCg,, leaving
PCg and PCg unchanged. The ROM data pointed to by
the new address is fetched and loaded into the Q
latches. Next, the stack is “popped”(SC = SB - SA
- PC), restoring the saved value of PC to continue
“sequential program execution. Since LQID pushes
SB — SC, the previous contents of SC are lost. Also,

copaz0L

Figure 10. INIL Hardware Implementation

when LQID pops the stack, the previously pushed
contents of SB are left in SC. The net result is that
the contents of SB are placed in SC (SB — SC). Note
that LQID takes two instructicn cycle times to
execute.

SKT Instruction

The SKT (Skip on Timer) instruction tests the state of
an internal 10-bit time-base counter. This counter
divides the instruction cycle clock frequency by 1024

and provides a latched indication of counter-

overflow. The SKT instruction tests this latch,
executing the next program instruction if the latch is
not set. If the latch has been set since the previous
test, the next program instruction is skipped and the
latch is reset. The features associated with this
instruction, therefore, allow the COP420L/421L 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
64 Hz. 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 COP420L/421L program (ROM
address 0) must be a CLRA (Clear A) instruction.

b. Although skipped instructions are not executed,
one instruction cycle time is devoted to skipping
each byte of the skipped instruction. Thus all
program paths take the same number of cycle
times whether instructions are skipped or
executed.

c. The ROM is organized into 16 pages of 64 words
each. The Program Counter is a 10-bit binary
counter, and will count through page boundaries.
If a JP, JSRP, JID or.LQID instruction is located in
the last word of a page, the instruction operates
as if it were in the next page. For example: a JP
focated in the last word of a page will jump to a
location in the next page. Also, a LQID or JID
located in the last word of page 3, 7, 11, or 15 will
access data in the next group of 4 pages.
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COP420L/COP421L

OPTION LIST

The COP420L/421L mask-programmable options are
assigned numbers which correspond with the
COP420L pins.

The following is a list of COP420L options. When

specifying a COP421L chip, Options 9, 10, 19, and 20
must all be set to zero. The options are programmed
at the same time as the ROM pattern to provide the
user with the. hardware flexibility to interface to
various /0 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=23)

=1: pin is RAM power supply (Vg) input

=2: general purpose input, load device to Vg
=3: general purpose input, high-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 (2MHz max)
=1: oscillator input divided by 16 (1 MHz max)
=2: oscillator input divided by 8 (500 kHz max)
=3: single-pin RC controlled oscillator divided

. by 4 ¢

Option 4: RESET Input
=0: load device.to V¢g
=1: Hi-Z input

Option 5: Ly Driver
=0: Standard output
=1: Open-drain output

=2: High current LED direct segment drive
output

=3: High current TRI-STATE push-pull output

=4: Low-current LED direct segment drive
output

=5: Low-current TRI-STATE push-pull output

Option 6: Lg Driver
same as Option 5

Option 7: Lg Driver
same as Option 5§

Option 8: L4 Driver
same as Option 5

Option 9: IN¢ Input
=0: load device to Vgg
-=1: Hi-Z input

Option 10: IN, Input
same as Option 9

Option 11: V¢ pin
=0:-4.5V to 6.3V operation
=1: 4.5V to 9.5V operation

Optioh 12: Lg Driver
same as Option 5

Option 13: L Driver
same as Option .5

Option 14: L, Driver
same as Option 5

Option 15: Ly Driver
same as Option 5

Option 16: sl Input
same as Option 9

Option 17: SO Driver
=0: standard output
. =1: open-drain output
=2: push-puil output
AN
‘Option 18: SK Driver

| same as Option 17

Option 19: INg Input
same as Option 9

Option 20: IN3 Input
same as Option 9

Option 21: Gg l/O Port
=0: very-high current standard output
=1: very-high current open-drain output
=2: high current standard output
=3: high current open-drain output
=4: standard LSTTL output (fanout =1)
=5: open-drain LSTTL output (fanout = 1)

Option 22: G4 I/O Port
same as Option 21

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

Option 24: Gg I/O Port
same as Option 21
Option 25: D3 Output
same as Option 21
Option 26: D, Output
same as Option 21
Option 27: D4 Output
same as Option 21

Option 28: - Dy Output
same as Option 21

Option 29: L Input Levels
=0: standard TTL input levels
(“0"=08V, “1”"=2.0V)

=1: higher voltage input levels
(0" =12V, “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
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Option 33: RESET Input
=0: Schmitt trigger input .
=1: standard TTL input levels
=2: higher voltage input levels

Option 34: CKO Input Levels (CKO =input;
Option 2=2,3)
same as Option 29

Option 35: COP Bonding
=0: COP420L (28-pin device)
=1: COP421L (24-pin device)

TEST MODE (Non-Standard Operation)

The SO output has been configured to provide for
standard test procedures for the custom-
programmed COP420L. With SO forced to logic “1,”
two test modes are provided, depending upon the
value of Sl:

a. RAM and Internal Logic Test Mode (Sl =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.

33V
M

anicaD | yee

BATTERIES
GND —%— GND

cop420L
Go
4 GENERAL :
1/0 .
63
EVENT
COUNTER s S|
INPUT *
SK

Lo

L7

IND
IN1
IN2

IN3

APPLICATION #1: COP420L General Controller

Figure 7 shows an interconnect diagram for a
COP420L used as a general controller. Operation of
the system is as follows: . :

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

2. The D3-Dg outputs drive the digits of the multi-
plexed display directly and scan the columns of
the 4 x 4 keyboard matrix.

3. The IN3-INg inputs are used to input the 4 rows of
the keyboard matrix. Reading the IN lines in con-
junction with the current value of the D outputs
allows detection, debouncing, and decoding of
any one of the 16 keyswitches.

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

allowing system timing to be controlled by a
single-pin RC network. CKO is therefore available
for use as a Vg RAM power supply pin. RAM data
integrity is thereby assured when the main power
supply is shut down.

5. Sl is éelected as the input to a binary counter

input. With SI10 used as a binary counter, SO and
SK can be used as general purpose outputs.

6. The 4 bidirectional G /O ports (G3-Gg) are

available for use as required by the user’s applica-
tion.

8 SE|
DATA LIN

o
=
m|
=
et

b
~
i
3

4-DIGIT
LED DISPLAY
.

4x4
KEYSWITCH
MATRIX

Ly
7oLy
AR It

A RA X4 Xt

L

.

2 GENERAL OUTPUTS*

* 80, SI, SK MAY ALSO BE USED FOR SERIAL I/0
Figure 7. COP420L Keyboard/Display Interface
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COP420L/COP421L

APPLICATION #2: Digitally Tuned Automotive.
Radio Controller and Clock

Figure 8 shows.the COP420L interconnect diagram.

for a digitally tuned AM/FM car radio with digital
clock LED display and 4 x 6 keyboard for storage and
recall of station, search up and search down or scan
up and scan down of stations, AM/FM select and
time setting and display. Operation of the system is
as follows: . '

1. The DS8907 uses a 4.0MHz crystal to provide the
time base for frequency synthesis and the 500kHz

time base for operation of the COP420L and the

50 Hz signal for the timekeeping function.

2. An unswitched 5V supply goes to the Vggy pin of
the DS8907 for the operation of the oscillator and
divide-down for the 500kHz and 50Hz signals. It
also provides Vg for the COP420L so the time-

. keeping channel storage and last station selected
data are not lost when the ignition is off.

——

3. A switched 5V supply that goes high when the
radio is turned on goes to the Vg pin of the
DS8907 for the frequency generating circuitry and
to the G1 1/O pin of the COP420L.

4. L4 through Lg are outputs to the keyboard (push-
pull options selected) and INg through IN,4 aré the
keyboard inputs (pullup to Vgc and high trip levels
selected). )

5. SK provides the clock and SO provides the data to
the MM5450 display driver with serial input and to
the DS8907 PLL synthesizer. Ly is the enable pin
for the MM5450 and G (standard option selected)
is the enable line for the. DS8907.

6. In the search up and search down operations, G,
informs the COP420L when a station has been
detected. '

. KEYBOARD
vee GND - SCAN
- N m | SEARCH ] “op
. : FAST
g SCAN )
‘ N1 | m2 up | stoRe | Time
> §1 » SLOW
copazoL
cKI , SCAN SET
Nz [ 3 DOWN awem | S5
—] 6o FAST
i P w3 wa | seamcH| SSAN | ssec SET
- oown | OWN | pispLav HR
S0 17 16 15 14 13 12 U1 )

t 4

AA SWITCHED
\AA4 B+
DISPLAY
= 34
LINES
BRIGHTNESS
ENABLE v — MM5450
DATA 4.0MHz
cLOCK
ENABLE |- VARACTOR CPO OUT
500kHz - DsE907 i AM/FM BANDSWITCH
00kHz | ‘|~ LocAL/DISTANT
50 Hz PLL SYNTHESIZER [ sTento
- veem  Vee GND b muTE -
4 A L
—— SWITCHED 5V (RADIO)
UNSWITCHED 5V

Figure 8. Electronically Tuned Radio System
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Natio_nal PRELIMINARY
Semiconductor

COP444L./445L Single-Chip N-Channel Microcontrollers

General Description ~ Features

1Svvd OO/ vYd 0D

The COP444L and COP445L Single-Chip N-Channel B Low cost
Microcontrollers are members of the COPS™ family, B Powerful instruction set
fabricated using N-channel, silicon gate MOS B 2k x 8 ROM, 128 x 4 RAM
technology. These controller orlentgq processors are @ 23 1/0 lines (COP444L)
complete microcomputers containing all system i tored int t ol tart
timing, internal logic, ROM, RAM and /O necessary rue vectored in err.up » Plus restar
to implement dedicated control functions in a variety B Three-level subroutine stack
of applications. Features include single supply ® 15us instruction time
operation, a variety of output configuration options, m Single supply operation (4.5-6.3V)
with an instruction set, internal architecture and I/0 ® Low current drain (11mA max @ 5V)
scheme designed to facilitate keyboard input, B Internal time-base counter for real-time
display output and BCD data manipulation. The procesing
COP445L is identical to the COP444L, but with 19 1/0 ® Internal binary counter register with
lines instead of 23. They are an appropriate choice MICROWIRE™ serial 1/O capability
for use in numerous human interface control environ- B General purpose and TRI-STATE® outputs
ments. Standard test procedures and reliable high- B LSTTL/CMOS ible i d '
density fabrication techniques provide the medium L_ L M compaFl. e in and out X
to large volume customers with a customized con- ® Direct drive of LED digit and segment lines
troller oriented processor at a low end-product cost. m Software/hardware compatible with other
' members of COP400 family
@’ Extended temperature range device to be
available (-40°C to +85°C)
@ Wider supply range (4.5-9.5V)
optionally available
Vee GND cKI cKo

‘" " Jﬁ ?z

1 1
TIME BASE
cLock
COUNTER DIVIDER
_ INSTRUCTION CLOCK (SYNC) I'_‘
RESET S FEE
| LOGIC r
8 PROGRAM MEMORY
2x 8 ROM
ADDRESS DIGIT ADDRESS
OATAMEMORY  REG o | 80 |
* 128x4RAM  ADDR
ouT n 3]
"o p—— 1+ 1 B,
. 0 2
PC REGISTER 02
2
BUFFER L]
2
k3 " 4 Dy
INSTRUCTION . SA 1
DECODE/CONTROL F———— ——
SKIP LOGIC 8 " .
b ———— = >
. st "
“ 3LEVEL STACK ! 2y gy
a 6 2
| recister 6
14 22 G
1/0 CONTROLS BUSFER el
e L Go
Y
COPAAL ONLY A R | 1.
: 4 4
| 4 5__ g
SERIAL 1/0 REGISTER
m / \ ! L DRIVERS sl03 S0z 103 SI0g
b | 50
L

5 6 |7 J8 h2 13 e |15

0 {10 3 19
0

2
IN3 IN2 INg INg L7 Lg L Lg L3 L2 L1 L

Figure 1. COP444L/445L Block Diagram
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'‘COP444L/COP445L

Absolute Maximum Ratings

Voltage at Any Pin Relative to GND -0.3Vto + 10V .
Ambient Operating Temperature 0°Cto +70°C
Ambient Storage Temperature —-65°Cto +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Power Dissipation o . 0.75 Watt at 25°C
. o 0.4 Watt at 70°C

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 0°c < T, < +70°C, 45V < Voo < 95V unless otherwise noted. |

Parameter Conditions - Min Max Units

Operating Voltage (Vec) Note 1 Y 95 v
Operating Supply Current . Vee=5V,Tp=25°C ' . 1M mA
: (all inputs and outputs open) '
Input Voltage Levels
CKIl Input Levels
Crystal Input . ) .
Logic High (V|) Ve =9.5V 3.0 \"
Logic High (V|y) . Ve =5V £10% . 20 v
Logic Low (V) 0.4 v
Schmitt Trigger Input (+4) ' :
Logic High (Vi) ' 0.7 Vge \
Logic Low (V)) 0.6 \
RESET Input Levels .
Logic High 0.7 Voo v
Logic Low ) o 0.6 \
RESET Hysteresis ) ' : 1.0 ’ v
SO Input Level (Test mode) ‘ . 20 3.0 v
All Other Inputs
Logic High Ve =9.5V ) 3.0 v
Logic High ' with TTL trip level options 2.0 \
Logic Low ©  selected, Vo =5V +10% 0.8 \
Logic High . with high trip level options 3.6 . \"
Logic Low selected 1.2 \
Output Voltage Levels .
LSTTL Operation - ~ Vec=5V+5%
Logic High (Vou) ' lon = —25uA 27 \'
Logic Low (Vg() loL =0.36mA 0.4 \'
CMOS Operation : . .
Logic ngh IOH = —10u A Vcc—1 \
Logic Low loL=10uA i 0.2 \

Note 1: Vg voltage change must be less than 0.5V/ms to maintain proper operétion.

t
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DC Electrical Characteristics (continued) 0°C < Ty < +70°C, 45V < Vg < 9.5V unless otherwise noted.

Parameter Conditions Min Max Units
Output Current Levels
Output Sink Current
SO and SK Outputs (lg) Vec=9.5V, Vg =1.0V 4.5 22 mA
Vee=4.5V, Vo =1.0V 2.2 11 mA
Lo-L7 Outputs and Vec=9.5V, Vg =1.0V 2.0 9.0 mA
Standard Size Gg-G3 and Vec=4.5V, Vo =1.0V 1.0 4.5 mA
Do-D; Outputs (o)
Gg-Gj and Dg- Dy Outputs Ve =95V, Vo =1.0V 15 75 mA
with High Current Options Vec=4.5V, Vg =1.0V 7.0 35 mA
(lov)
Go-Gg and Dy-D; Outputs Veg=9.5V, Vg =1.0V 30 150 mA
with Very High Current Vee=4.5V, Vo =1.0V 15 75 mA
Options (Ig)
Output Source Current:
Standard Configuration, Vee=9.5V, Vo =4.75V =70 —450 uA
All Outputs (loy) Voo =45V, Vo =225V -26 -190 HA
Push-Pull Configuration, Vee=9.5V, Vo =4.75V —-1.45 -15.5 mA
SO and SK Outputs (Igp) Vec=4.5V, Vo =2.25V -0.07 -238 mA
LED Configuration, Vec=9.5V, Vo =4.75V -15 -15 mA
Lo-L7 Outputs, Low Vee=4.5V, Vgy =225V -15 -9.0 mA
Current Driver Option ,
(low)
LED Configuration, Vec=9.5V, Vou=2.0V -3.0 -30 mA
Lo-L; Outputs, High Voo =6.0V, Vo =2.0V -3.0 -20 mA
Current Driver Option
(lon)
TRI-STATE Configuration, Ve =95V, Vo =4.75V -24 24.5 mA
Lo-L; Outputs, Low Vec=4.5V, Vo =225V -0.06 3.8 mA
Current Driver Option
(lon)
TRI-STATE Configuration, Voo =95V, Voy =4.75V -49 —475 mA
Lo-L7 Outputs, High Vec=4.5V, Vo =225V -0.12 -8.1 mA
Current Driver Option
(lon)
CKO Output
RAM Power Supply Option Vgp=3.3V 3.0 mA
Power Requirement’ '
TRI-STATE® Output Leakage -10 +10 uA

Current
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AC Electrical Characteristics 0:C < Ty< +70°C, 45V < Vg < 9.5V unléss otherwise specified.

COP444L/COP445L

" Parameter- Conditions Max Units
Instruction Cycle Time — t¢ 15 ., 40 | s
CKI Using Crystal ‘ e

Input Frequency — f, + 32 mode 0.8 2.097 - MHz
+16 mode 0.4 1.0 MHz
’ +8 mode 0.2 05 . MHz
Duty Cycle 30 55 )
CKI Using External Clock
Input Frequency — f; + 32 mode 0.8 2.097° MHz
+16 mode 0.4 1.0 MHz
. +8 mode 0.2 0.5 MHz
Duty Cycle 30 60 %
Rise Time f;=2.097 MHz 120 ns
Fall Time . 80 - ns .
CKI Using RC (Option 3=3) R=51kQ +5%, C=100pF = 10%
L +4 mode .
Instruction Cycle Time 15 25 . us
CKO as SYNC Input * ‘
tsyne 400 “'ns
INPUTS:
IN3-INg, G3-Gg, L7-Lg
tsetup ' 8 us
thoLo 600 ns:
S|
tseTup 2 HS
tHOLD 600 ns
OUTPUTS:
COP TO CMOS PROPAGATION Von=0.7 Vge, VoL =0.3 Ve,
DELAY C_ = 50pF P
All Standard Output
Configurations N
tpp1 6.5 us
SO, SK Outputs .
tpp1 (push-pull)- 4.0 T
tppo 1.2 us
D3-Dg, G3-Gy
tPDO 2.7 us
L7-Lo “
tpoo 2.7 us
tpp¢ (standard size push-pull) 3.0 us
tpp1 (high current push-pull) 2.5 us
L7-Lo LED Direct Drive Outputs 6.0V < Vg <95V, Voy=2.0V
tpp1 (standard size) C_ =50pF 5.0 us
tppq (high current) 4.5 us
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AC Electrical Characteristics (continued)
0°C < Tp < +70°C, 4.5V < Vg < 9.5V unless otherwise specified.

Parameter Conditions Min Max Units
COP to LSTTL Propagation Voo =5V£5%, Vou=2.7V
Delay VoL=0.4V, C_=50pF
SO, SK Outputs
tppy (standard) 5 us
tppy (push-pull) 3.5 us
tepo 3 HS
Lz-Lo Outputs
tpp1 (push-pull) 15 us
L7-Lg, G3-Gg, D3-Dg Outputs
tPD1 (standard) 5.0 - uS
tepo 5.0 HS
GND 1 28 P00 GND=— 1 24 p—00
Cko— 2 2101 cKo—2 23f—D1
ckt— 3 26 p—=02 CKi=—{ 3 22 f—02
RESET— 4 25p—D03 RESET—4 2 03
—s 20 =63 =5 20 =03
m: 6 23 —_—EI u;: 6 cm,’“u 19 :62
s om0 a4 o -
INt—1 9 20 f—IN3 vee=—19 16 f=—5K
IN2=——{ 10 19 p=——INO L= 10 15 =50
Veg—q 11 18 p=——5K =1 14 p—=$1
L—12 17 p—50 (A R V3 13—
12=——113 16 p==SI
L1 —14 15 p==L0
Figure 2. Connection Diagrams
Pin Description Pin Description
L-Lo 8 bidirectional /O ports with CKI System oscillator input
TRI-STATE®
CKO System oscillator output (or general
G3-Gyp 4 bidirectional 1/0 ports purpose input, RAM power supply or
D3-Dg 4 general purpose outputs SYNC input))
IN3-1INg 4 general purpose inputs (COP420L only) RESET System reset input
sl Serial input (or counter input) VCC. Power supply
SO Serial output (or general purpose output) GND Ground
SK Logic-controlied clock (or general
purpose output)
I-—— INSTRUCTION CYCLE TIME (tg) —— >
EnhnphhhhGhgghGLnEGhGGGEnLLGLGGG LGRS
—>| tpDY —] tPDO
SR Von VoL (MY L7
- IN3-INg, . |e——tseTup ——{ |=—thoLD .
63-Gog, L7-Lo, X X
camﬂrss' I—'—trm —| < tppo
ALY L Fo \_SLvm___
OUTPUTS
Figure 3. Input/Output Timing Diagrams (Crystal Divide-by-16 Modg)
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Figure 3a. Synchronization Timing

cKi

I l

Figure 3b. CKO Output Timing
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COP444L/COP445L

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, itisa
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 2048 byte ROM. As
can be seen by an examination of the COP444L/445L
instruction set, these words may be program
instructions, program data or ROM addressing data.
Because of. the special characteristics associated
with the JP, JSRP, JID and LQID 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 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 11-bit 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-bit RAM, organized as
8 data registers of 16 4-bit digits. RAM addressing is
implemented by a 7-bit B register whose upper 3 bits
(Br) select 1 of 8 data registers and lower 4 bits (Bd)
select 1 of 16 4-bit digits in the selected data register.
While the 4-bit contents of the selected RAM digit (M)
is usually loaded into or from, or exchanged with, the
A register (accumulator), it may also be loaded into
or from the Q latches or loaded from the L ports. RAM
addressing may also be performed directly by the
LDD and XAD instructions based upon the 7-bit
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 Q latch data, to
input 4 bits of the 8-bit L I/O port data and to perform
data exchanges with the SIO register.

A 4-bit adder performs the arithmetic and logic func-
tions, 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.)

Four general-purpose inputs, IN3~-INg, are provided.

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

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

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

The 8 L drivers,when enabled, output the contents of
latched Q data to the L I/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 multi-
plexed LED display (using the LED Direct Drive
output configuration option) with Q data being
outputted to the Sa-Sg and decimal point segments
of the display.

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

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

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

1. The least significant bit of the enable register,
EN,, selects.the SIO register as either a 4-bit shift
register or a 4-bit binary counter. With EN, set, SIO
is an.asynchronous binary counter, decrementing
its value by one upon each low-going pulse (“1” to
*0”") ocurring on the Sl input. Each pulse must be
at least two instruction cycles wide. SK outputs
the value of SKL. The SO output is equal to the
value of EN3. With ENg reset, SIO is a serial shift
register shifting left each instruction cycle time.
The data present at Sl goes into the least 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, EN4
is reset to disable further interrupts.
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3. With EN, set, the L drivers are enabled to output
the data in Q to the L I/O ports. Resetting EN,
disables the L drivers, placing the L 1/O ports in a
high-impedance input state.

4. EN3, in conjunction with ENg, affects the SO
output. With ENg set (binary counter option
selected) SO will output the value loaded into ENj.

With ENg reset (serial shift register option’

selected), setting EN; enables SO as the output of
the SIO shift register, outputting serial shifted
‘data each instruction time. Resetting ENg with the
serial shift register option selected disables SO as
the shift 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 EN; and ENg,.

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 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.

Enable Register Modes — Bits EN3 and ENg

EN, ENg sio

SO SK

Shift Register

Input to Shift Register 0

If SKL = 0,SK = 0

If SKL= 1, SK = CLOCK

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

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

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

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 ENj is reset.

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

2.A low-going pulse (“1” to “0”) at least two
instruction cycles wide occurs on the IN4 input.

3.A currently executing instruction has been-

completed.

4. All successive transfer of control instructions
and successive LBIs 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.

d. The first instructibn 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.

Initialization

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

[

RESET
[ = GND

IO U
RC > 5x POWER SUPPLY RISE TIME
Note: If power-low failsafe option is selected, the RC and
diode circuit is not used.
Power-Up Clear Circuit

vee

AAA
\A4

<rwvcw IMECT
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COP444L/COP445L

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. CKl is an external clock input
signal. The external frequency is divided by 32
(optional by 16 or 8) to give the instruction cycle
time. CKO is now available to be used as the RAM
power supply (Vg), as a general purpose input, or
as a SYNC input.

c. RC Controlied Oscillator. CKIl is configured as a
single pin RC controlled Schmitt trigger oscillator.
The " instruction cycle equals the oscillation
frequency divided by 4. CKOis available as the
RAM power supply (Vg) or as a general purpose
input. . o

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

.___(SYNC)
: i
I $ I
T W = !
3 K1 . CKO CKI cKOD
Zh SK freed
= vee
(VR OR GENERAL
j_: vunmﬁﬁlmwr €0P444L/a45L ¢ COP444L/445L
b - N
S0 si
cKi €KO s s
gy (VR OR GENERAL
EXTERNAL PURPOSE INPUT
cLocK OR SYNC PIN)
Crystal Oscillator RC Controlled Oscillator
Component Values Instruction
Crystal P 2 Cycle Time -
Value R1 R2 C1(pF) | C2(pF) R (kQ) C (pF) in us)
455kHz 16k ™ 80 80 51 100 19+15%
2.097 mHz 1k ™ 56 6-36 82 . 56 19+13%

Figure 4. COP444L/445L 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 (Vg), 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 COP444L/445L system timing
configuration does not require use of the CKO pin.

110 Options

COP4441/445L 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 Vg, 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 Vge. 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 Vgc, 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. Available on L
outputs only.

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

COP444L/COP445L inputs have the following optional
configurations:

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

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).

Minimum and maximum current (lgyr and Vgyr)
curves are given in figure 6 for each of these devices
to allow the designer to effectively use these /O
configurations in designing a COP444L/445L system.

The SO, SK outputs can be configured as shownin a.,
b., or c. The D and G outputs can be configured as
shown in a. or b. Note that when inputting data to the
G ports, the G 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 (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”.

Power-Low Failsafe Option

If this option is selected, an on-chip level detection
circuit will force the RESET pin low and reset the
chip while the power supply is still within the
operating range. Reset will occur with Vg between
4.5 and 7.5 volts, allowing normal system operation
between 7.5 and 9.5 volts.

RAM Keep-Aive Option

Selecting CKO as the RAM power supply (Vg) allows
the user to shut off the chip power supply (Vgc) and
maintain data in the lower four (r =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 Vg goes low during
power off; Voc must go high before RESET goes
high on power-up.

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

3. Vg must be > 3.3V with V¢ off.

COP445L

If the COP444L is bonded as a 24-pin device, it be-
comes the COP445L, illustrated in figure 2, COP444L/
445L Connection Diagrams. Note that the COP445L
does not contain the four general purpose IN inputs
(IN3-1INg). Use of this option precludes, of course,
use of the IN options and the interrupt feature, which
uses INy. All other options are available for the
COP445L.
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Figure 6. 1/0 Characteristics
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COP444L/445L INSTRUCTION SET

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

Table 2 provides the mnemonic, operand, machine
code, data flow, skip conditions and description associ-
ated with each instruction in the COP444L/445L
instruction set.

Table 1. COPM4U445I_. Instruction Set Table Symbols

Symbo! 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) o
Br Upper 3 bits of B (register address) r 3-bit Operand Field, 0-7 binary (RAM
Bd Lower 4 bits of B (digit address) Register Select) i
c 1-bit Carry Register a Lyg:tes%:;erand Field, 0-2047 binary (ROM
D d‘b!t Data Outpu.t Port y 4-bit Operand Field, 0- 15 binary (Immediate
EN 4-bit Enable Register Data)
G 4-bit Register to latch data for G 1/0 Port RAM(s) Contents of RAM location addressed by s
I NG s tches aseoclatod with he INg or ROM(t) Contents of ROM location addressed by t
IN 4-bit Input Port ’
L 8-bit TRI-STATE 1/0 Port
M 4-bit contents of RAM Memory pointed to by OPERATIONAL SYMBOLS
B Register
PC 11-bit ROM Address Register (program Plus
counter) . - Minus
Q 8-bit Register to latch data for L /0 Port - . Replaces
SA 11-bit Subroutine Save Register A - Is exchanged with
SB 11-bit Subroutine Save Register B = Is equal to
sc 11-bit Subroutine Save Register C A The ones complement of A
slo 4-bit Shift Register and Counter @ Exclusive-OR
SK Logic-Controlled Clock Output : Range of values
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Table 2. COP444L/445L Instruction Set

Machine
: Hex Language Code .

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

ARITHMETIC INSTRUCTIONS

ASC 30 IO 0110000 A+C+RAM(B) —~ A Carry Add with Carry, Skip on
Carry = C Carry

ADD 31 |001 1]0001 A +RAM(B) - A None Add RAM to A

ADT 4A 0100'1010 A+1010—~ A None Add Ten to A

AISC y 5- 010 1[ y | A+y—A Carry Add Immediate, Skip on

Carry (y # 0)

CASC 10 |0 001]0000| A+RAM(B)+C —~ A ‘Carry Complement and Add with
Carry — C Carry, Skip on Carry

CLRA 00 IOO'OO 0000 0—A None Clear A

COMP 40 0100j0000 A-A None Ones complement of Ato A

NOP 44 0100j0100 None ~ None No Operation

RC 32 00110010 “0" =~ C " None Reset C

SC 22 0010/0010 “1" = C None Set C

XOR 02 0000/0010 A e RAM(B) — A None Exclusive-OR RAM with A

TRANSFER OF CONTROL INSTRUCTIONS

JID

JMP

JP

JSRP

JSR

RET

RETSK

FF
a 6-
a -
a -
a 6;
48
49

1111 1111'
01100|a1o;e|

_aro
|1 a6:0 I
(pages 2,3 only)
or
11 as0 |
(all other pages)

10| asp

0110|1|ayg8

ar.o
|0100|1000]
0100[1001

a— PC
a— PCg:0
a— PCsy

PC+1—~ SA—SB— SC
00010 —~ PC10:6
a - PCsgyq

PC+1—~SA—SB—SC
|la—PC

SC—~SB—~ SA—~ PC

SC—~ SB—~ SA—~ PC

ROM (PC10:8, AM) = PC7:0 None

None

None

None

None

None

Always Skip on Return .

Jump Indirect (Note 3)

Jump

Jump within Page (Note 4)

Jump to Subroutine Page
(Note 5)

Jump to Subroutine

Return from Subroutine

Return from Subroutine
then Skip
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COP444L/COP445L

Table 2. COP444L/445L Instruction Set (continued)

Ma
Hex Language Code

chine

Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
MEMORY REFERENCE INSTRUCTIONS v )
CAMQ ’ 33 001 11001 1| A- Q74 None Copy A, RAM to Q
3¢ |0011[1100 RAM(B) ~ Qz:0
CQMA 33 0011]J0011 Q7.4 — RAM(B) .Noné Copy Q to RAM, A
2c, |oo1o[1100] |Q30~A
LD r -5 00| r|0101 RAM(B) — A None Load RAM into A,
(r=0:3) Brer— Br Exclusive-OR Br with r
LDD . rd 23 0010j0011 RAM(r,d) = A None Load A with RAM pointed
. ol r d to directly by r,d
LQib BF |1 01 1|1 11 1] ROM(PC10:8,A.M) =~ Q None Load Q Indirect (Note 3)
SB -~ SC
RMB 0 4C [0 1 00|1 1 00| 0 —~ RAM(B)g None Reset RAM Bit
1 45 01000101] 0 -~ RAM(B)¢
2 42 [o 10 0[0 01 Ol 0 —~ RAM(B)2
3 43 0100[001 1| 0 -~ RAM(B)3
SMB 0 4D 01 00'1 101 1 —~ RAM(B)g None Set RAM Bit
1 47 |0100|1 1 01] 1— RAM(B)¢
2 46 |0100|01 10 1 - RAM(B)2
3 4B |0100|1 01 1| 1-- RAM(B)3
STH y 7- |01 11 vy l y =~ RAM(B) None Store Memory Immediate
Bd +1—+Bd and Increment Bd
X r -6 |00[r|0110] RAM(B) < A None Exchange RAM with A,
(r=0:3) Brer— Br Exclusive-OR Br with r
XAD rd 23 [0010j00 11 RAM(r,d) = A None Exchange A with RAM
-- 1 r d pointed to directly by r,d
XDS r -7 00jrjo111 RAM(B) ~ A Bd decrements past 0 Exchange RAM with A
(r=0:3) Bd-1-— Bd and Decrement Bd,
Brer—=Br - Exclusive-OR Br with r
XIS r -4 |0 OI r ]0 1 00‘ RAM(B) ~ A Bd increments past 15 Exchange RAM with A
=03 Bd+1— Bd and Increment Bd,
’ Brer—Br Exclusive-OR Br with r
REGISTER REFERENCE INSTRUCTIONS
CAB 50 |01 0 1|000 0| A - Bd None Copy A to Bd
CBA ' - 4E |0100[1110] Bd — A None Copy Bd to A
LBI rd -— ]00 r ](d -1) rd—B Skip until not a LBI Load B Immediate with r,d
(r=0:3; (Note 6)
d=0, 9:15)
or
33 [0011|0011|
- Ui r d
(any r,any d) -
LEI y 33 [00 1 1|000 1| y = EN None .Load EN Immediate (Note 7)
6- [o110] vy |
XABR 12 000 1|001 0| A< Br(0— Ag) None Exchange A with Br
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Table 2. COP444L/445L Instruction Set (continued)

Machine
Hex Language Code
Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description
TEST INSTRUCTIONS
SKC 20 0010/0000 C =" Skip if C is True
SKE 21 [0010j0001 A = RAM(B) Skip if A Equals RAM
SKGZ 33 [0011j0011) Gz =0 Skip if G is Zero
21 loo1ojooo1] (all 4 bits)
SKGBZ 33 00110011 1st byte Skip if G Bit is Zero
0 01 0000/0001 Gp=0
1 1 ‘000110001| 2nd byte Gy=0
2 03 ‘000010011 Gy =0
3 13 [0001j0011 G3 =0
SKMBZ 0 01 0000j0001 RAM(B)gp = 0 Skip if RAM Bit is Zero
1 1 00o0tjooo01t RAM(B)1 = 0
2 03 |0 00 0|0 011 RAM(B)2 = 0
3 13 [00010011] RAM(B)3 = 0
SKT 41 [0100j0001 A time-base counter Skip on Timer

carry has occurred (Note 3)
since last test

INPUT/QUTPUT INSTRUCTIONS

ING 33 00110011 G—A None Input G Ports to A
‘ 2A [0 01 0]1 010
ININ 33 00110011 IN—~ A None Input IN Inputs to A
28 001 0]1 000 ) (Note 2)
INIL 33 00110011 IL3,"“17,“0",ILg —~ A None Input IL Latches to A
29 0010/1001 (Note 3)
INL 33 [0011j0011] L7:4 = RAM(B) None 7 Input L Ports to RAM,A
’ 2E [0oo101110 L3o—~ A
oBD 33 00110011 Bd—D None Output Bd to D Outputs
3E 00111110
OGI y 33 [00110011] y—-G None Output to G Ports
5- 010 1| y | Immediate
OMG 33 00110011 RAM(B) ~ G None Output RAM to G Ports
3A |0011]1010]
XAS s 01001111 A < SIO, C —~ SKL None Exchange A with SIO
) (Note 3)

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N
where 0 signifies the least significant bit (low-order, right-most bit). For example, Ag indicates the most significant (left-most) bit of the 4-bit A register.

Note 2: The ININ instruction is not available on the 24-pin COP445L since this device does not contain the IN inputs.
Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction,
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.

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

Note 6: LBI is a single-byte instruction ifd = 0, 9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equalé the binary value of the “d" data minus 1,
e.g., to load the lower four bits of B (Bd) with the value 9 (1001p), the lower 4 bits of the LBI instruction equal 8 (10002). To load 0, the lower 4 bits of the LBI
instruction should equal 15 (1111p).

Note 7: Machine code for operand field y for LE! instruction should equal the binary value to be latched into EN, where a *“1” or **0” in each bit of EN corresponds
with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.)
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COP444L/COP445L

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 COP444L/445L 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 8 bits of the ROM address register PC with the
contents of ROM addressed by the 11-bit word,
PCyg. A, M. PCyg, PCq and PCg are not affected by
this instruction.

Note that JID requires 2 instruction cycles.

INIL Instruction

INIL (Input IL Latches to A) inputs 2 latches, IL; and
ILy (see figure 7) and CKO into A. The IL; and IL,
latches are set if a low-going pulse (“1” to “0”) has
occurred on the IN3 and INg inputs since the last INIL
instruction, provided the input pulse stays low for at
least two instruction times. Execution of an INIL
inputs IL3 and ILg into A3 and AO respectively, and
resets these latches to allow them to respond to sub-
sequent low-going pulses on the IN; and INg lines. If

CKO is mask programmed as a general purpose

input, an INIL will input the state of CKO into A2. If
CKO has not been so programmed, a “1” will be
placed in A2. A “0” is always placed in A1 upon the
execution of an INIL. The general purpose inputs
IN3-INg are input to A upon execution of an ININ
instruction. (See table 2, ININ instruction.) INIL is
useful in recognizing pulses of short duration or
pulses which occur too often to be read conveniently
by an ININ instruction.

Note: IL latches are not cleared on reset; ILz and IL,
not input on 445L.

LQID Instruction

LQID (Load Q Indirect) loads the 8-bit Q register with
the contents of ROM pointed to by the 11-bit word
PCyq, PCqy, PCg, A, M. LQID can be used for table
lookup or code conversion such as BCD to seven-

segment. The LQID instruction “pushes” the stack -

(PC +1— SA — SB—SC) and replaces the least signi-
ficant 8 bits of PC as follows: A = PC;.,, RAM(B) —
PCg,, leaving PCyg, PCq and PCg unchanged. The
ROM data pointed to by the new address is fetched
and loaded into the Q latches. Next, the stack is
“popped” (SC — SB — SA —PC), restoring the saved

copadaL

Figure 7. INIL Hardware Implementation

value of PC to continue sequential program execu-
tion. Since LQID pushes SB — SC, the previous
contents of SC are lost. Also, when LQID pops the
stack, the previously pushed contents of SB are left
in SC. The net result is that the contents of SB are
placed in SC (SB — SC). Note that LQID takes two
instruction cycle times to execute.

SKT Instruction

The SKT (Skip On Timer) instruction tests the state of
an internal 10-bit time-base counter. This counter
divides the instruction cycle clock frequency by 1024
and 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 COP444L/445L 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
64 Hz. 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 COP444L/445L 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 take the same number of cycle
times whether instructions are skipped or executed.

c. The ROM is organized into 32 pages of 64 words
each. The Program Counter is an 11-bit binary
counter, and will count through page boundaries.
If a JP, JSRP, JID or LQID instruction is located in
the last word of a page, the instruction operates
as if it were in the next page. For example: a JP
located in the last word of a page will jump to a
location in the next page. Also, a LQID or JID
located in the last word of page 3, 7, 11, 15, 19, 23
or 27 will access data in the next group of four
pages.
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OPTION LIST

The COP444L/445L mask-programmable options are
assigned numbers which correspond with the
COP444L pins.

The following is a list of COP444L options. When
specifying a COP445L chip, Options 9, 10, 19, and 20
must all be set to zero. The options are programmed
at the same time as the ROM pattern to provide the
user with the hardware flexibility to interface to
various /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 option3 = 3)

=1: pin is RAM power supply (Vg) input
=2: general purpose input, load device to Vgg
=3: general purpose input, high-Z
=4: multi-COP SYNC input (CK! + 32, CKI + 16)
=5 multi-COP SYNC input (CKIi - 8)

Option 3: CKIl Input
=0: oscillator input divided by 32 (2MHz max)
=1: oscillator input divided by 16 (1 MHz max)
=2: oscillator input divided by 8 (500 kHz max)
=3: ging|e-pin RC controlled oscillator divided
y .
=4: oscillator input divide by 4 (Schmitt)
Option 4: RESET Input
=0: load device to V¢p
=1: Hi-Z input
Option 5 L; Driver
=0: Standard output
=1: Open-drain output

=2: High current LED direct segment drive
output

=3: High current TRI-STATE® push-pull output

=4: Low-current LED direct segment drive
output

=5: Low-current TRI-STATE® push-pull output

Option 6: Lg Driver
same as Option 5
Option 7: Lg Driver
same as Option 5
Option 8: L4 Driver
same as Option 5
Option 9: IN; Input
=0: load device to V¢
=1: Hi-Z input
Option 10: IN, Input
same as Option 9
Option 11: Vg pin
=0: 4.5V to 6.3V operation
=1: 4.5V to 9.5V operation

Option 12: Lj Driver
same as Option 5
Option 13: L, Driver
same as Option 5
Option 14: L, Driver
same as Option 5

Option 15: L, Driver
same as Option 5

Option 16: Sl Input
same as Option 9

Option 17: SO Driver
=0: standard output
=1: open-drain output
=2: push-pull output
Option 18: SK Driver
same as Option 17
Option 19: INg Input
same as Option 9
Option 20: IN; Input
same as Option 9
Option 21: Gy 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: G4 /O Port
same as Option 21

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

Option 24: Gj /O Port
same as Option 21

Option 25: D5 Output
same as Option 21

Option 26: D, Output
same as Option 21

Option 27: D4 Output
same as Option 21

Option 28: Dy Output
same as Option 21

Option 29: L Input Levels
=0: standard TTL input levels
(“0”" =08V, “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)
Option 36: .Power-Low Failsafe

=0: normal operation (with RESET)
=1: power-low failsafe enabled
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COP444L/COP445L

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 SI:

a. RAM and Internal Logic Test Mode (Sl =1)
b. ROM Test Mode (S =0)

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

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 L;-L, outputs are configured as LED Direct
Drive outputs, allowing direct connection to the
segments of the display. ’

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

3. The IN3-INy 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 decod-
ing of any one of the 16 keyswitches.

4. CKl 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 general-purpose input.

5. Sl is selected as the input to a binary counter
input. With SIO used as a binary counter, SO and
SK can be used as general purpose outputs.

6. The 4 bidirectional G I/O ports (G3-Gy) are avail-
able for use as required by the user’s application.

7. Normal reset operation is selected.

Vee ~ Vce
<
b3
<
p—>-1 cKi
4
=
GND GND
=

copasaL

INPUT w1 CKO

4 GENERAL %o
110 :
63

EVENT
COUNTER i} 51
INPUT

SK SO0

L

0Og
Dy
02
D3

INg
Ny
IN2
N3

COP444L Evaluation

The 444L-EVAL is a pre-programmed COP444L, con-
taining several - routines which facilitate  user
familiarization and evaluation of the COP444L
operating characteristics. It may be used as an
up/down counter or timer, interfacing to any combi-
nation of (1) an LED digit or lamps, (2) 4-digit LED
Display Controller, (3) a 4-digit VF Display Controller,
and/or. (4) a 4-digit LCD Display Controller;
alternatively, it may be used as a simple music
synthesizer.

Sample Circuits

1. By making only the oscillator, power supply and
“L7" connections, (Fig. 9) an approximate 1Hz
square wave will be produced at output “D1.” This
output may be observed with ‘an oscilloscope, or
connected to additional TTL or CMOS circuitry.

2. By making the indicated connections to a small
LED digit (NSA1541A, NSA1166, or equiv. — larger
digits will be proportionately dimmer), the counter.
actions may be observed. Place the “up/down”
switch in the “up” (open) position and apply a TTL-
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. i

3. All 4 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 Fig. 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 1Hz output is connected to the
“counter input.” Up or down counting may be used
with input frequencies up to 1kHz. Improved

(= A= A= AT = e

4x48
KEYSWITCH
MATRIX

rarard 4
'V I
V¥V
44744

L

2 GENERAL OUTPUTS

Figure 8. COP444L Keyboard/Display Interface
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timing accuracies may be obtained by substi-
tuting the 2.097MHz crystal oscillator circuit of
Figure 4a for the RC Network shown in Figure 9, or
by connecting a more stable external frequency to
the “counter input” in place of the 1Hz signal.

. An “entertaining” use of the 444L-EVAL is as a
simple music synthesizer (or electronic organ). By
attaching a simple switch matrix (or keyboard), a
speaker or piezo-ceramic transducer, and ground-
ing “L7”, the user can play “music” (Figure 10).
Three modes of operation are available: Play a
note, play one of four stored tunes, or record a
tune for subsequent replay.

a .Play A Note

Twelve keys, representing the 12 notes in one
octave, are labeled “C” through ““B”; depres-
sing a key causes a square wave of the corres-
ponding frequency to be output to the speaker.
Depressing "L Shift” or “U Shift” 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 o
Depressing “Play” followed by “%”, %", “7or
“1” will cause one of 4 stored tunes to be
played.

¢ . Record Tune

Any combination of notes and rests up to a
total of 48 may be stored in RAM for later
replay. To store a note, press the appropriate
note key, followed by the duration of the note
(1/8-note, 1/4-note, 1/2-note, whole (1)note,
followed by “Store;” a rest is stored by
selecting the duration and pressing ‘“Store.”

When the tune is complete, press “Play”
followed by “Store;” the tune will be played for
immediate audition. Subsequent depression of
“Play” and “Store” will replay the last stored
tune.

Note: The accuracy of the tones produced are a
function of the oscillator accuracy and stabili-
ty; the crystal oscillator is recommended.

Ve OSCILLATOR
Vo CKI CKo
00,
- ]
| 02
? ®
8 4 3 ¢ im0
» . ] o " " anLEvAL
12 A F 0 e 12
. N G 0 N3
L u
PLAY | STORE | ey | suirr [ Y w w L

Veo

SPKR

L

= PIEZ0-CERAMIC
TRANSOUCER

Figure 10. Music Synthesizer
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Figure 9. Counter/Timer
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COP430/COP431/COP432

National
vaemiconducl'or

COPS™ Peripheral
Product Brief
' PRELIMINARY

COP430/COP431/COP432 A to D Converters

General Description Features
The COP430, COP431 and COP432 A to D Convertersare B 8-bit A to D Conversion .
peripheral members of the‘CQPSTM family,‘fgbricated m Compatible with all COP400 processors -
using CMOS technology. They include an 8-bit A to D ® 8bit accuracy available '
converter, up to an 8 channel multiplexer and COP400 Y -
MICROWIRE™ compatible serial I/0.-In the COP430; 8 ™ Up to 8 analog inputs
channel multiplexer can be configured to directly access  m Single ended or differential inputs
one 9f eight siqgle-ended analog signa!s. It can also pe m Low power dissipation
configured to directly access up to 4 pairs of differential -y 8 14 20 pin dual-in-i Kai
analog inputs which could be used to measure ratiometric ow cost 8, 14, 20 pin dual-in-line package - -
transducers such as potentiometers, thermistor bridges, ® Fast conversion time (25usec),
strain gauges, etc. The COP A to D device is available  m On chip timing for A to D conversion -
with an accuracy of 8 bits + %4 LSB. Also a\{allable 1S3 g |nterfaces directly to 9.5V COP controllers
lower cost version with an accuracy of 6 bits (x40mV - . )
error with 5.00V full scale). Full scale can be either Voo ™ MICROWIRE compatible serial 1/O
or twice Vggpa- . m Operates ratiometric or absolute with precision
The COP431 is a 14-pin version of the converter, and reference
allows only 4 single-ended (or 2 differential) inputs. The
COP432 is the lowest-cost version, packaged in an 8-pin
mini-DIP. It allows a single differential input.
. TS K EOC - DO
— v+
1 .
| 4-BIT SR ]
CH1 A I = Vcc (Vaer)
CH2 -
CH3 .
8
ANALOG ~ CH4 CHAﬂNEL 2& 4& " Vagr/2
INPUTS CHS MULTIPLEX
CHe
Pl 8-BITATO D GND
CH3 CONVERTER
com S
" 8-BIT SR [~ AGND
SE

COP430 Block Diagram
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\ v
The COP A to D device is available in three different packages: 8 pin, 14 pin, or 20 pin depending on the a
number of channels required. o
—
20-Pin 14-Pin 8-Pin O
COP430 COP431 COP432 O
- o
— F-Y
tht — 1 Wh— vee v+ —{1 18— v s —1 8 f— Vec W
CH2 — 2 19 f— v+ s —2 13— DI CHI (+) —] 2 7 f— SK :
CH3 — 3 18 p— CS CH1 —— 3 12 — sK CH1(-) ~{ 3 6 |— DO O
CH4 — 4 17— D CH2 — 4 11— 00 GND — 4 5 — Vaer/2
CH5 —] 5 16 f— SK CH3 —5 10 — EOC O
CHE — 6 15— S CH8 —6 9 |~ Veerrz )
cHr —] 7 afb—o00  GND —7 8 |— acno =
CH8 — 8 13 |— EOC CIG
Com —1 9 12 = VRer/2
GND 10 11 [~ AGND
Pin - Description )
Vee Positive power supply 4.5 to 5.5V EOC End of conversion output
v+ Positive supply if greater than 5.5V SE Shift enable input
GND Ground (most negative supply) DI Serial data input
AGND Analog Ground DO Serial data output
CH1~CH8 Analog voltage inputs SK Serial clock Input
COM Common input to 8 channels cs Chip select input
VReri2 Voltage reference input :
Vee Vee
D1 s f—-
SK | SK ——e 8 DIFFERENT
coPaz0 o > 0l COP430 L ANALOG VOLTAGES
Si |- 00 —
Ve VRersz GND AGND COM [
- VREF - - -

System Diagram

Vee Vee (Vrer)
_ — VRer/z -
Y] s It
COP420 sk K ’222 .

ole 00 one () |

=

i1

*RATIOMETRIC TRANSDUCER OR A SINGLE VOLTAGE INPUT

Low Cost System Using 8-Pin Version
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COP450/COP451

COPS™ Peripheral
Product Brief
PRELIMINARY

COP450/COP451 PROM-RAM INTERFACE CHIP

General Description

The COP450 and COP451 are peripheral members of the
COPS™ family, fabricated using CMOS technology.

The COP450 is in a 28-lead package and allows any
COPS microcontroller to communicate with PROM, ROM,
or RAM through its MICROWIRE™ serial 1/0 port. The
COP451 is a 20-lead version of the COP450 and allows a
COPS microcontroller to communicate with RAM.
Control pin ROM determines whether the COP450
interfaces with a RAM or a PROM/ROM. (ROM is inter-
nally bonded to Vg in the COP451.)

Address and Read/Write commands are entered serially
into DI clocked by SK when CS is-high. Data is read and
written in 64-bit groups. A write enable latch — not reset
by CS — is set or reset by a write enable or write disable
command, so that incorrect data at SK and DI (which
might occur while the COPS microcontroller is power-
ing up or down) cannot change data stored in RAM.

The COP450/COP451 and a CMOS RAM may be used for
low power backup memory in a COPS system. The
COP450 and a ROM or PROM may be used for large
look-up tables. ’

Features

m Interfaces directly with standard ROMs, PROMs,

and RAMs (NMOS, CMOS, PMOS)

Low power

Low cost ;

Directly interfaces up to 8k RAM or 32k ROM

Single supply operation (2.5V-6V)

Protects external RAM data when processor power

turned off ‘

® Compatible with all COP400 processors
(processor Vge < 9.5V)

B Small (20-p‘in) dual-in-line package for COP451

® MICROWIRE compatible serial I/0

AgA1Az Az AgAs Ag A7 AgRgA1oAty

DI 1 11-BIT ADDRESS REGISTER
SK
6-BIT WRITE
cs ADDRESS ¢ ENABLE
COUNTER LATCH

= GND

¢——{ 6-BiT DATA REGISTER

[T} lpylzi3 lals I Iz

COP450 Block Diagram

Ag A7Ag AgAr0A1EoEr W Vee

Dl——l_ 11-BIT ADDRESS REGISTER I

SK WRITE

ENABLE
8, 6-BIT
ADDRESS COUNTER

LATCH

Ag A1 Az A3Ag A5 GND

COP451 Block Diagram
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(Rs) As 1 2 Ag (Rq)
(A7) Ay ==t 2 27 A7 (A10)
(Ag) A3 — 3 26 f— 25 (An1)
D~ 4 25 b Aq (E0)
SK— 5 24 p— Ayg (E1)
cs =6 23— Ay (W)
o = 7 2 f— 15
L — 8 92—
=9 20 p— 13
o— 10 19 |— GND
Ve —f 11 18 f— oM
(A3) Ag = 12 17 = 00 (A7)
(Rg) Ay —1 13 16 — 1z (A1)
(Rs) Az — 14 15 = 15 (Ag)
COP450

(Pin names in parenthesis are used
if the COP450 is accessing.RAM)

As

20 Ag
19 C Ao
18 — A
17— )
— E1
54— W
14 p— GND
13— A2
— A1

EEEEEEEEEE

= ©
o
i~

— Ag

COP451

Chip select input

Memory address outputs

ROM data inputs

Dynamic ROM address load output
Enable RAM outputs

Write RAM output

Write to RAM
Read RAM

X Write Enable
X Write Disable (Protect)

Read from ROM

Vce (RAM)

|

Pin Description
Vee Positive power supply CS
GND Negative supply pin AgvAqy
ROM ROM operation select input lgvl7
DI Serial data input D
SK - Serial clock input EO, §1
DO Serial data output w
Instruction Set
(ROM = V()
0 1 1 1 E;y Eg Ay Ay Ay Ag A7
0 1 1 0 E; Ey Ay A Ay Ag A,
0 1 0 1 X X X X X X X
0 1 0 0 X X X X X X X
(ROM =GND)
0 1 0 Ay Ay Ay Ag A Ag A A
Ve (CPU) Ve (O Ve
I 1
o cs lell 12; ‘ ol
copsz0 50 o CoPeso - i copezo S
St Do : st
. 8
ROM o cs
— [T I I

COP450 System Diagram

o P axt
SK- copast _ 127 AAM
o w _
RIW
DATAN
DATAQut

=

COP451 System Diagram
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COP452

/]

COPS™ Peripheral
‘ Product Brief
'PRELIMINARY

COP452 Frequency/Counter Peripheral

General Description

The COP452 is a peripheral member of the COPS™
family fabricated using N-channel silicon-gate MOS
technology. Containing 2 independent 16-bit counter/
register pairs, it is well suited to a wide variety of tasks
involving the measurement and/or generation of times
and/or frequencies. Included are multiple tones, precise
duty cycles, event counting, waveform measurement,
“white noise” generation, and A-D/D-A conversions. An
on-chip zero-crossing detectorcan tngger a pulse with a
programmed delay and duration.

Features

Compatible with all COP400 processors
MICROWIRE™ compatible serial I/0

14-pin package

Single supply operation (4.5-6.3V)

Low Cost

Crystal or external clock (25kHz to 4.4 MHz)

TTL compatible

User programmable

True zero crossing detect

17 stage pseudo random white noise generator
Wider supply range (4.5-9.5V) optidnally available .
Extended temperature range device to be available
(—40°C to +85°C)

Vee GND CKI CKO
{ { b
+4
ol [ . IREG I )
& | Reser } - COUNTER CLOCK
MODE
LATCH 4 l
D
T o ] . .
CARRY
I out
| REGISTERA 4o 1[
sK |
'——'—| D
INB ™\ =
1 COUNTER B [ 0B
ENB — ./ [ 16 CARRY
! out
REGISTER B 16
i ZERD
o4 oevect [T
e )
20 — N = DO

COP452 Block Diagram
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DI COP452 Instruction Set

COP452
Connection Diagram

o—f1 7 1 2

0A——]2 13 00
Pin Description  INg—{3 12

. . . ENB ——{4 " SK
Di Serial data input 08— 5 10 s 0
. . Voo =1 6 9 = GND

§5 Serial clock input cro—17 3 ki O
CS Chip select input 0
DO Serial data output 0
Vee Power supply
GND Ground 0
CKl Crystal input 0
CKO Crystal output 0
OA Output from counter A 0
oB Output from counter B 0
INB External input to counter B 0
ENB Enable input INB 1
Zl AC waveform input
Z0 Square wave output of ZI

Mode Description -
* Dual Frequency
OA outputs a square wave of width A

OB outputs a square wave of width B

0A <—A

|— A —>]

08 - <~——B

A =contents Counter A
B =contents Counter B
e Frequency and Count
OA outputs a square wave of width A
Counter B counts external pulses on INB
e Dual Count
Counter A counts pulses on ZI
Counter B counts pulses on INB
* Number of Pulses
OA outputs a square wave of width A for B
number of pulses
¢ Duty Cycle

OA outputs a duty cycle wave form of width
high = A and width low =B

\

0000 LDRB Load Register B from DI

0 001 LDRA Load Register A from DI .
0010 RDRB Read Register B

0 0 11 RDRA Read Register A

0100 LDCB Load Counter B from Register B
0101 LDCA Load Counter A from Register A
01 1‘0 RDCB Read Counter B

0111 RDCA Read Counter A

1000 CK4 CKIDivide By Four

1001 CK1  CKIDivide By One

XX XX Load Mode Latches

LDM

Pulse Measurement
Counter A counts the pulse width high on INB

Counter B counts the pulse width low on INB

INB I<—~A—>I<——Bj |

Triggered Pulse

OA outputs a pulse of width B triggered by ZI
crossing zero delayed by A.

N —

N
-
RSN nE

~al= | |

0| L I_J__
e

Triggered Pulse and Count

0A

OA outputs a pulse triggered by ZI delayed ‘by A.

Counter B counts INB

White Noise and Frequency

OA outputs white noise

OB outputs a square wave of width B
White Noise and Duration

OA outputs white noise for duration B

RESET
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COP470

National
Semiconductor

COPA470 V.F. Display Driver

General Description

The COP470 is a peripheral member of National’s
COPS™ Microcontroller family. It is designed to directly

Features

Directly interfaces to multiplexed 4'digit by 8
segment Vacuum Fluorescent displays

Figure 1. COP470 Pin

Connection

drive a multiplexed Vacuum Fluorescent display. Data is m Expandable to drive 8 digits and/or 16 segments
loaded serially and held in internal latches. The COP470 m Compatible with all COP400 processors
has an on-chip oscillator to multiplex four digits of eight m Needs no refresh from processor
segment display, and may be cascaded and/or stacked ® Internal or external oscillator
to drive more digits, more segments, or both. e ) extern .
m No “glitches” on outputs when loading data
With the addition of external drivers, the COP470 also w Drives large and small displays
provides a convenient means of interfacing to a large- ® Programmable display brightness
digit LED display. 9 : play brig .
® Small (20 pin) dual-in-line package
B Operates from 4.5V to 9.5V
® Outputs switch 35 volts and require no external
resistors ’
m Static latches
® Microwire™ compatible serial 1/0
- Connection and Block Diagrams
SA SC SE SG ot 03 0sc
SB SD SF SH D2 D4
4] 3] 2| 1] 20] 19] 18} 17 11§ 12§ 13} 14| SI
EXT .
sp—1 20— SE H
sc—i{2 19}—sF
S§B=——i3 18 p— SG 1
SA——]4 17 = SH BUFRERS <> gurtens
0SC~—15 16 p=—= NOT USED
CoP4a70 FY F
V0D ——16 15 p=— VGG
Dl——7 14p—04 8 . H
SK— 8 13 p——D3
B—9 12 =02 MULTIPLEX Copan —on
VSS=——i 10 1 =01 D1 D2 03 D4 L_B_l

8
I 8 LATCHES

8 8
Famcuss h | awcuesh | 8 LATCHES |—| h [uwcnss
| R | s L3 | Je s

I 8 BIT SHIFT LD1 LD2 LD3 LD4 LDS 8
REGISTER | Vo0

10
< V55
<S v

Figure 2. COP470 Block Diagram
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Absolute Maximum Ratings (vss=0)

Voltage at Display Outputs......... +0.3Vto —-35V
Voltage at All OtherPins........... +0.3Vto -20V
Operating Temperature ............. 0°Cto +70°C
Storage Temperature ........... —-65°Cto +150°C
Lead Temperature (10 Seconds) . ............ 300°C

D. C. Electrical Specifications

Electrical Characteristics

Vs =0, Vpp= —4.5V to —9.5V, Vgg= —30V to —35V,

Ta=0to 70°C unless otherwise specified.

Min. . Max. Unit

Power Supply Voltage

VDD -95 —-4.5 Volts

VGG -35 VDD Volts
Power Supply Current

lop 5 mA

lgg (Display Blanked) 1 mA
Input Levels

VlH -15 +0.3 \)

Vi -10.0 -4.0 v
Output Drive

lOH @ VOH=VSS—3V 10 mA

IOH @ V0H=VSS_2V 7 mA

loo @ Vo_=Vgg+2V 10 uA
Output Drive @ Vgg=Vpp=Vss—5V .

lOH @ VOH = Vss -2V 1 mA

A. C. Electrical Specifications

OSC Period (internal or external) 4 20 uSec
OSC Pulse Width 1.5 uSec
Clock Period T (twice OSC period) 8 40 uSec
Display Frequency

4 digits =1/64T 390 2000 Hz

8 digits =1/128T 190 1000 Hz
SK Clock Frequency 0 : 250  kHz
SK Clock Width 15 ‘ uSec
Data Set-up and Hold Time

t set-up 1.0 uSec

t hold 50 nSec
CS Set-up and Hold Time ‘

t set-up 1.0 uSec

t hold 1.0 uSec
Duty Cycle .

4 digits 1/64 15/64

8 digits 1/128 15/128
Input Capacitance 7 pF
Input Leakage 1 A
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COP470

Timing Diagram

<—CS SETUP

_'-|—> . |<—SK WIDTH

12

5]
||

m__l 1

|

| 0 I 1
[<— SETUP
HOLD

-

1 Jo o 00

Figure 3. Serial Load Timing Diagram

" Typical Performance Characteristicé

-28

MAX @ —30V
/MG

7 /| MAX @ —10V

AN

< -16
; ~12 j /J/mm @-30V
// : MIN @ 10V
-8
'/— MAX @ -5V

1
Lt MIN @ -5V
|

0 -2 -4 -6 -8 -10 -12 -14

Vou 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:

LSﬂ SﬂSCLSDI SE| SF| SG| SH|

Data is shifted into an eight bit shift register. The firsf
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:

. v . Display Digits

Ext. 'Right

Sync Left '<«— On Time —

| | Osc. |40f8|40f8]| LSB| | |MSB |

the first four bits shifted in contain the on time. This is
used to control display brightnéss. 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
1/2 brightness. There are 16 levels of brightness froi
15/64 to 0/64 (off). : :

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.

VF DISPLAY
4 DIGIT

FILAMENT
VOLTAGE

8
SA-SH
+5 VOLTS 1] 02| 03] D4
Vss

§ —25 VOLTS
Vee
Voo .
[]] 3 cs -I-
S0

cop |SK
a0 [0

_l_snn

Figure 4. System Diagram — 4 Digit Display.

CoP470
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| 64T

«——15T —»
—

T
ANY SEGMENT OoN U ON OFF ON -
0| | I~
N — ON TIME =15
(MAX BRIGHTNESS)
03 | |
04 ] [ l
SR ‘
ANY SEGMENT [ov | o | OFF [ov |
ON TIME =8
D1 | ]
«—— 15T ——l T )
ANY SEGMENT n n N
; ONTIME=1
01 | |

Figure 5. Segment and Digit Output Timing Diagram

Loading Sequence:
Step

Turn CS Low.

Clock in 8 bits of data for digit 1.
Clock in 8 bits of data for digit 2.
Clock in 8 bits of data for digit 3.
Clock in 8 bits of data for digit 4.

Clock in 8 bits of data for on time and control
bits.

7 Turn CS high.

DO h WD =

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.

3. Shift in 4 bits of on time, a zero and three ones.
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.

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.

N o~

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 display. 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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COP470

8 DIGIT VF DISPLAY

D1 D203 D4 . SA B, SC.SD. SE, SF. 56, P 05 D6 07 08
’ 8
- . SEGMENTS
SA-SHI |SA-SN
coPa70 : COP470
(CHIP A) (CHIP B)
DRG] - o sk| T

Figure 6. System Diagram 8 Digit Display

/1 ™ CHIP A | T
[Tz | L . I L

03 CHIP'A

D4 CHIP A | |

i CHIP B I |
02 CHIP B I 1
03 chips : ] 1
1} cHPB g I
‘ T L_seomentchpa | 1 J I
SEGMENT CHIP B | I LI L
T s sewen_| 1 I L U D —

SEG. CHIP A & SEG. CHIP B WIRED TOGETHER

. Figure 7. Segment and Digit Output Timing Diagram for 8
Digits

4 DIGIT, 16 SEGMENT
VF DISPLAY

8
SEG.

—l SA-SH
3 D

D1
CoP470
D SK

cop ' [
400

Figure 8. System Diagram for 16 Segment Display
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LED Display

The COP470 may be used to drive LED displays. The display drivers, large, high current LED displays can be
COP470 can drive the segments directly on small, low driven as shown in Figure 10.
current LED displays as shown in Figure 9. By adding

0.d09

Example:
COP420 Code to Load COP470
(Display Data is in Memory 0, 12 — 0, 15)

LBI 0,12 ; Point to first display data
0BD ; Turn CS low (DO)
LOOP: CLRA
LQID : Look up segment data
CQMA ; Copy data from Qto 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 ; Increment B for next data
JP LOOP ; Skip this jump after last digit
SC ;Set C
CLRA . g
AISC 15 ;1510 A
XAS ; Output on time (max brightness)
NOP ;
CLRA K
AISC 12 " ;12to A
XAS ; Output control bits
NOP ;
LBI 0,15 ;15t0 B
RC ; Reset C
XAS ; Turn off SK
OBD ; Turn CS high (DO)

1-145



COP470

6.0 T0 9.5V
8 SEGMENTS _SA ~ SH
¥ 4 DIGIT
SMALL LED DISPLAY
S0 ] (COMMON ANODE)
copazoL pX i'_( CcOP4TO | | I |
D0 [
_“’ﬂ}‘;__’ 4 INVERTING DRIVERS
DS8877
J- |VDD IVms _I_
*SEGMENT BUFFER MAY BE ADDED
FOR LARGER DISPLAYS
Figure 9. LED Display
v+
Vee
4 NPN
DARLINGTON TRANS.
IVss
4 DIGITS I I I I
SO - Dl
. 4 DIGIT
SK K
€0P420 VERY LARGE
00 S CoPa70 LED DISPLAY
(COMMON CATHODE)
SA ~ SH
ty SA ~ SP
GND Voo |Ves
. 8 INVERTING DRIVERS
8 SEGMENTS 058978 OR DS8863
Figure 10. Large LED Display
) +5 VLTS
FUTABA 4-BT-03
42Q
— I I L I Y I B
= ] e ]
2f1of sf sf s| sf 2[talts]1e] 11 7
+5 VLTS
. A BCODTETFGH Dy Dz D3 Dy
D
0 14
—20 VOLTS
S0
COP420 ] CoP470 v
K 52 45 voLTS
K
Voo

<

|||—-

Figure 11. Sample V.F. System
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COPA472 Liquid Crystal Display Controller

General Description Features

The COP472 Liquid Crystal Display (LCD) Controllerisa  ® Direct interface to TRIPLEX LCD
peripheral member of the COPS™ family, fabricated  m Low power dissipation (100uW typ.)
using CMOS technology. The COP472 drives a multi- ® Low cost

plexed liquid crystal display directly. Data is loaded
serially and is held in internal latches. The COP472 ™ Compatible with all COP400 processors
contains an on-chip oscillator and generates all the ® Needs no refresh from processor
multi-level waveforms .for backplanes and segment g ~hi :

outputs on a triplex display. One COP472 can drive 36 On-chip oscillator and I.atches

segments multiplexed as 3 x 12 (4% digit display). Two ™ EXpandable to longer displays

COP472 devices can be used together to drive 72 B Software compatible with COP470 V.F. Display
segments (3 x 24) which could be an 82 digit display. Driver chip

Operates from display voltage
MICROWIRE™ compatible serial 1/0
B 20-pin dual-in-line package

BPa BPg BP¢ SA: SBy SCi SAz SBz SC2 SA3 SB3 SC3 SA4 SBs SCq
INTERNAL 3
OSCILLATOR I BP BUFFERS l I"l 12 SEGMENT BUFFERS
+64 =2
12
=3 —=Vpp

36 T0 12 MULTIPLEXER

1 1 1 1: )
8-BIT 8-BIT 8-BIT 8-BIT 4-BIT | 3-BIT
LATCH LATCH LATCH LATCH LATCH | LATCH

1t T+ T F f |

8 |
i — 8-BIT
SHIFT REGISTER
A I
SK " g =8 =5
1

Ir L

COP472 Block Diagram
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COP472

- Absolute Maximum Ratings
Voltage at CS, DI, SK pins

Voltage at all other Pins
Operating Temperature Range
Storage Temperature

Lead Temperature (Soldering, 10 Seconds)

D.C. Electrical Speciﬁcétions

-0.3Vto +9.5V
—-0.3Vto Vpp + 0.3V
0°Cto70°C
-65°Cto +150°C
300°C

" Electrical Characteristics aND=ov, Vop=2.4v to 5.5,
Ta=0°C to 70°C (depends on display characteristics)

Parameter Conditions Min. Max. Units
Power Supply Voltage, Vpp ' 24 55 Volts
Power Supply Current, Ipp 30 - 60 WA
Input Levels ’ ’
DI, SK, CS :
ViL 0.8 Volts
V|H 0.7 VDD 9.5 Volts
BPA (as Osc. In)
Vi 0.6 Volts
V|H VDD -0.6 Vbp Volts
Output Levels, BPC (as Osc. Out)
VoL 0.4 Volts
VoH Vpp — 0.4 Vop Volts
Backplane Outputs (BPA, BPB, BPC)
Vepa, BPB, BPC ON During Vpp - 0.1 Vbp Volts
Vgpa, 8prB, Brc OFF BP* Time ¥sVpp - 0.1 ¥ Vpp + 0.1 Volts
Vapa, BrB, BPc ON During -0 0.1 Volts
Vera, BrB, BPc OFF ) BP~ Time 2/3Vpp — 0.1 2/3Vpp + 0.1 Volts
Segment Outputs (SAy ~ SAy)
Vseg ON During 0 0.1 Volts
Vseg OFF BP* Time 2/3Vpp — 0.1 2/3Vpp + 0.1 Volts
Vseg ON During Vpp — 0.1 ‘VDD Volts
Vseg OFF BP~ Time Y3Vpp - 0.1 3 Vpp + 0.1 Volts
Internal Oscillator Frequency 60 110 kHz
Frame Time (Int. Osc. + 384) 3.4 6.4 ms
SK Clock Frequency 4 250 kHz
SK Width 1.7 us
DI
Data Setup, tsgtup 1.0 us
Data Hold, tHowp 100 ns
& -
tsetup 1.0 pus
tHoLD . 1.0 us
Output Loading Capacitance . 100 pF
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COP472 Pin ' Description
Connection Diagram .
Cs Chip select
Vop Power supply (display voltage)
SB1 — 1 20 p— SA4
S 19 |— sa GND Ground
$83 — 3 18 p— SC1 DI Serial data input
CS —f 4 17 P~ BPB . N
Voo —| 5 1 apC SK Serial clock input
GND —1 € 15 [— BPA BPA Display backplane A(or oscillator in)
0 -7 14 = SK .
sh2 —| 8 12— sca BPg Display backplane B
S84 —1 9 12— stz BP¢ Display backplane C (or oscillator out)
s82 —{ 10 11— sm1
SA1~SC4 12 multiplexed outputs

Figure 2. Connection Diagram

Figure 3. Serial Load Timing Diagram

Voo

W [
L)
Vop '

g N I
0

Voo
*Vpp
BPC YaVipp i
o ~«—BP+—p|<—BP——3|
!,W ofF oFF[ON] ]
s OFF_OFF
SEGMENT v,
0 ON __:J
|<——Tmme
T Tovm
Figure 4. Backplane and Segment Waveforms Figure 5. Typical Display Internal Connections

Epson LD-370
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COP472

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 con-
trol. The function of each control bit is described below.
Display information format is a function of the LCD
interconnections. A typical segment/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 illustated.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

- Q7

Data to
Bit Number Segment, Backplane Numeric Display

' SA1, BPC SH
2 SB1, BPB SG
3 SC1, BPA SF
4 SC1, BPB SE Lot 1
5 SB1, BPC sp Digit
6 SA1, BPB sC
7 SA1, BPA SB
8 - SB1, BPA SA
9 SA2, BPC SH
10 SB2, BPB SG
1 SC2, BPA SF
12 SC2, BPB SE ..
13 SB2, BPC sp Digit2
14 SA2, BPB sC
15 SA2, BPA SB
16 SB2, BPA SA
17 SA3, BPC SH
18 SB3, BPB SG
19 SC3, BPA SF
20 SC3, BPB SE .
21 SB3, BPC sp Digit3
22 SA3, BPB sc
23 SA3, BPA SB
24 SB3, BPA SA
25 SA4, BPC SH
26 SB4, BPB sG
27 SC4, BPA SF
28 SC4, BPB SE .
29 SB4, BPC sp Digit4
30 SA4, BPB SC
31 SA4, BPA SB
32 SB4, BPA SA
33 SC1, BPC SP1_ Digit 1
34 SC2, BPC SP2 . Digit 2
35 SC3, BPC SP3  Digit 3
36 SC4, BPC SP4 Digit 4
37 not used ’
38 Q6
39 Q7
40 SYNC

Segment Data bits

Data is loaded in serially, in sets of eight bits. Each set
of segment data is in the following format:

| SA | SB | SC | SD | SE | SF | SG | SH |

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 gontro| data in the following format:

[SYNC| Q7 | Q6 | X |SP4 | SP3 |SP2 | SP1 | -

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:

Qé Function BPC Output BPA Output

1 1 Slave Backplane Oscillator
Output Input

0 1 Stand Alone Backplane Backplane
Output Output -

1 0 "Not Used Internal Oscillator
Osc. Output  Input

0 0  Master Internal Backplane
Osc. Output  Output

The eighth bit is used to synchronize two. COP472’s to
drive an 8%:-digit display.

Loading Sequence to Drive a 4‘/z‘-Digit Display
Steps: '

1. Turn CS low.

. Clock in 8 bits of data for digit 1.
. Clock in 8 bits of data for digit 2.
. Clock in 8 bits of data for digit 3.
. Clock in 8 bits of data for digit 4.

. Clock in 8 bits of data for special segment and control
function of BPC and BPA. .

[0jo
7. Turn.CS high.

o O s WN

| 1 | 1 |SP4|SP3|SP2|SP1|

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.

Loading Sequence to Drive an 8':-Digit Display

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.
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Veo 7. Shift in four bits of special segment data, a one and

three zeros. ) ‘
1 0] 0] O | 1 |SP4|SP3|SP2]|SP1|

This sets the master COP472 to BPA as a normal
12 . backplane output and BPC as oscillator output. Now
COP420 SEGMENTS ' ;
) both the chips start and run off the same oscillator.
BPA BPg BPC .
50 o co“,,": Vo | DiSPLAY 8. Turn CS high.
= VOLTAGE
GND DO cs OLTAG The chips are now synchronized and driving 8 digits of
1 1 display. To load new data simply load each chip sepa-

4Y2 DIGIT LCD

Z.lvd0?D

= rately in the normal manner, keeping the correct status

Figure 6. System Diagram — 4%z Digit Display bits to each COP472.

>

Steps:
. 8% DIGITLCD
1. Turn CS low on both COP472’s.
2. Shift in 32 bits of data for for the slave’s four digits. Vee 12
s . . gus. | sssmsmst 1‘ 121 1
3. Shift in 4 bits of special segment data: a zero and 3P _ T
three ones. Vogp—]  COP472 BPp [<—BP; COP472 Voo
[ 1 | 1 | 1] 0 |SP4|SP3|SP2|SP1]| 0l sk S DI SK (S
This synchronizes both the chips and BPA is oscil- C0Pa20 =+ | =+
lator input. Both chips are now stopped. ‘ S0
Turn CS high to both chips. ‘ g‘; [
5. Turn CS low to master COP472. Gno D1
6. 1

Shift in 32 bits of data for the master’s 4 digits.

Figure 7. System Diagram — 8. Digit Display
Example Software

Example 1.

COP420 Code to load a COP472 [Display data is in M(0, 12)-M(0, 15), special segment data is in M(0, 0)]
LBI O, 12 ; POINT TO FIRST DISPLAY DATA
OBD ) ; TURN CS LOW (DO) '

LOOP: - CLRA ‘

LQip ! ; LOOK UP SEGMENT DATA
CQMA i .; COPY DATAFROM QTOM & A
scC . ; 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 . o ; TURN OFF SK CLOCK

XIS R . ; INCREMENT B FOR NEXT DATA
JP LOOP ; SKIP THIS JUMP AFTER LAST DIGIT
sC ; SETC

LBI O, 0 ; ADDRESS SPECIAL SEGMENTS
LD ; LOAD INTO A

XAS ; OUTPUT SPECIAL SEGMENTS
NOP ;

CLRA ;

AISC 12 ) ;12t0 A

XAS . ; OUTPUT CONTROL BITS

NOP ;

LBI O, 15 ;15t0B

RC ; RESET C

XAS ; TURN OFF SK

0OBD ; TURN CS HIGH (DO)
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Example 2

COP420 Code to load two COP472 parts [display data is in M(0, 12)-M(0,15) and M(1, 12)-M(1, 15), special segment data is
in M(0, 0) and M(1, 0)]

INIT: LBI - 0,15
oBD ; TURN BOTH CS'’S HIGH
LEI 8 ; ENABLE SO OUT OF S. R.
RC '
XAS ; TURN OFF SK CLOCK
LBI 3,15 + ; USE M(3, 15) FOR CONTROL BITS
STH 7 ; STORE 7 TO SYNC BOTH CHIPS
LBI . 0,12 . ;SET B TO TURN BOTH CS’S LOW

JSR out ; CALL OUTPUT SUBROUTINE

- MAIN DISPLAY SEQUENCE

DISPLAY: LBI 3,15 - -
STIl ) 8 ; SET CONTROL BITS FOR SLAVE
LBI 0,13 ; SET B TO TURN SLAVE CS LOW
JSR out ; OUTPUT DATA FROM REG. 0
LBI 3,15 )
ST 6 ; SET CONTROL BITS FOR MASTER
LBI ‘ 1,14 ; SET B TO TURN MASTER CS LOW
JSR ouTt ; OUTPUT DATA FROM REG. 1

OUTPUT SUBROUTINE

ouT: OBD ; OUTPUT B TO CS'S
. CLRA ‘ ‘
AISC 12 ;1270 A :
CAB ; POINT TO DISPLAY DIGIT (BD=12
LOOP: CLRA
Laip , ; LOOK UP SEGMENT DATA
cama ; COPY DATA FROM Q TO M & A
sc
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
XIS ; INCREMENT B FOR NEXT DISPLAY DIGIT
JP LOOP *; SKIP THIS JUMP AFTER LAST DIGIT
sC ; SETC
NOP
LD : ; LOAD SPECIAL SEGS. TO A (BD=0)
XAS ; OUTPUT SPECIAL SEGMENTS
NOP
LBI 3,15
LD ; LOAD A
XAS ‘ ; OUTPUT CONTROL BITS
NOP
NOP
RC :
XAS ; TURN OFF SK
OoBD - : ; TURN CS'S HIGH (BD=15)
RET
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COPS™ Peripheral
Product Brief
PRELIMINARY

COP498 Low Power CMOS RAM and Timer

General Description Features

The COP498 low power CMOS Random-Access Memory B | ow power dissipation

and Timer is a peripheral member of the COPS™ family, m Low cost

fabricated using CMOS technology. It is an external K .

memory and timer chip with the simple MICROWIRE™ ® Single supply operation (2.5V-6.0V)
serial interface. The device contains 256 bits of ® CMOS compatible 110

read/write memory divided into 4 registers of 64 bits W 4 x 64 serial read/write memory
each. Each register can be serially loaded or read by a m Selectable crystal-based timer

COP400 controller. The COP498 also contains a crystal-
based timer for timekeeping purposes, and can provide
a “‘wake-up” signal to turn on a COPS controller.

The COP498 can be used for low power standby memory
and can also be used for low power operation by turning
the controller off and on, on a duty cycle basis.

A COP400 N-channel controller coupled with the
COP498 RAM/Timer offers a user the low-power advan-
tages of a CMOS system and the low-cost advantage of
an NMOS system. This type of system solution is ideally
suited to a wide variety of automotive and instrumenta-
tion applications.

(2.097152 MHz or 32.768kHz)

Software selectable 1Hz or 16 Hz “wake-up”

signal for COPS controller

B External override

m Compatible with all COP400 processors
(processor Vge < 9.5V)

® MICROWIRE compatible serial 1/0

® 14-pin dual-in-line package

SK COUNTER

ADDRESS

0sc

PRESCALER
1/ ~64 - X SEL

6 32.768 kHz
256-BIT MEMORY OUTPUT DIVIDER
RAM . £215 L1/ 215
- 11M OR 16H b
r4 Z
2 PULSE < OWR
SLEEP
CE —> INSTRUCTION 1I -y ‘
cS —»} DECODE
‘ D Timer CK Ry oS
SECONDS R — LATCH'
I} Q LATCH a [
ol 7
SELECT ' I =
DATA J > ON
ENABLE OUTPUT
CONTROL Do

Vcc  GND

COP498 Block Diagram
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COP498

COP498

Connection Diagram

CS —
CE ~—

SK ——f
Dl —

D0 —
XSEL —
GND

N o oA w N -

— Vcc
- 0SC
— Xout
: XiN
OVR
— ON
— 1Hz

COP498 Instruction Set

WRITE
READ

WREN
WRDS
TSEC

SLEEP

PP gy
o O o

oo o

000

ry o

- -
P e Y = RS

Pin
Cs
CE
SK
DI
DO
XSEL
XIN
xout
1Hz.

ON

OVR |

0OSsC

Vee
GND

Description
Chip Select
Chip Enable
Serial Data Clock
Serial Data Input
Serial Data Output
Crystal Option Select
Crystal Obscillatc')r, Input
Crystal Oscillator Output
1Hz square wave butput

Active low wake-up signal to COPS
controller

External override wake-up for COPS
controller

Open drain oscillator output v

- Power Supply

Ground

s =0ON (wake up signal) frequency select
1=16Hz; 0=1Hz

rq ro=register number (00, 01, 10, 11)

Write Enable

Write Disable

Test timer seconds latch

Put COP controller to sleep (ON goes high)

The instruction setup and chip select/chip enable structure is organized so as to
provide maximum protection to the read/write memory while the COPS™ controller
is powered up and down.

EL Ve

AA

A4

R
R*—

| xs o AA
= o N
‘L_Q'T-— o Y _
OVR COP498
cs DO ¢k Vee . 0.1uF
o ;
Xin K sk QDNZI] GND |

20M | Xour ' =

AA -

vy

5-36 pF =

LU ) 5N

>—|D|—1 2.097152 MHz

== 30pF

1!

Lo-L7, Go-G3, D1-D3

Typical System Diagram
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COPS™ Peripheral
Product Brief
PRELIMINARY

COP499 Low Power CMOS Memory

General Description

The COP499 Low Power CMOS Random-Access
Memory is a peripheral member of the COPS™ family,
fabricated using CMOS technology. It is an external
memory and switch chip with the simple MICROWIRE™
serial interface. The device contains 256 bits of read/
write memory divided into 4 registers of 64 bits each.
Each register can be serially loaded or read by a
COP400 controller. The COP499 also contains circuitry
that enables the user to turn a controller on and off
while maintaining the integrity of the memory.

Features

Low power dissipation

Low cost

Single supply operation (2.5V-6.0V)

CMOS compatible 1/0

4 % 64 serial read/write memory

External “wake-up” signal for COPS controller
Compatible with all COP400 processors
(processor Vg < 9.5V)

® MICROWIRE compatible serial I/O
® 8-pin mini-DIP
OVR
S« COUNTER
—s 0
256-BIT MEMORY OUTPUT
RAM 1 LATCH 3
—— ] '[]' N
A
SLEEP
—_ INSTRUCTI|
CE nEcUu%EUN ENABLE

iﬂlf‘ r

___|:>— t~3 D0

bt

Vecc  GND

COP499 Block Diagram
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‘COP499

COP499
Connection Diagram Pin Description
CE Chip enable
CE—]1 8 b= vc SK Serial data clock
sl;‘l ] : ; —g_:" , DI Serial data input
00— 4 5 b—gnp DO Serial data output
Voo Power supply
GND " Ground
ON - Active low wake-up signal to COPS
. ~controller )
OVR _ External wake-up signal
COP499 Instruction Set
WRITE 1010 * Write to memory rq ro= register number (00, 01, 10, 11)
READ 110rT0 Read from memory B
WREN 10011 Write Enable
WRDS 10000 Write Disable:
SLEEP 10001 Put COP controller to sleep (ON goes high)

The instruction setup and chip select/chip enable structure is organized so as to provide maximum protection
to the read/write memory while the COPS™ controller is powered up and down.

v+

< .

22k

oN w28 u/l
ON AAA

- COP4gs o ,
: - Vo cKi 12k
OVR CE Do
00 - M| :
COP420 0.14F
o S0 wupFr I
oo ¥ Sk GND _I_

Lo-L7, Go-Ga, Dy-D3

- Typical .System Diagram
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COPS™ Family User's Guide

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 I/O 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
device, on a hardware and software level, of the
COP400 family. Other members of the COP400
family are discussed primarily in terms of the Iéss
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 /O
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 microcontroller 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, I/O capability, and number of instructions.
Additionally, many pai'ts have differént 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, /O and other options,

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-

less versions for use in prototyping a COP400

system (using the COP400 Development System) or
for low-volume applications.

~ Table 1.1 provides a list of COP400 devices
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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/O configuration of COP400
Microcontrollers allows them to interface with and
drive a wide range of devices using minimal
external parts. Typical peripheral devices include:

1. Keyboards and displays (direct segment and
digit drive possible for several devices).

.- External data memories.

. Printers.

. Other COPS™ devices.

. AID and D/A converters.

. Power control devices (SCRs, TRIACs).

. Mechanical actuators.

0o N OO O s W DN

. General purpose microprocessors
(communication with host CPUs over National’s
MICROBUS™ for several COP400 devices).

9. Shift registers.

10. External ROM data storage devices.



In conclusion, National’s COP400 series of
Microcontrollers provides low-cost solutions to low-
end computing and control problems. Proven
applications include:

1. Clocks, timers.

3. Radio controllers.

4. Appliance controllers. 1

5
6
7
2. Laboratory instruments. 8.
9
0

. Programmable sequencers.
. Scales, cash registers.

. Calculators.

Microcontroller computational elements.

. Toys and games.

. Automotive computers.
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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. ’

TIME-BASE
: COUNTER
(DIVIDE BY 1024)
STAUCT K ASYNC)

K SYNC) 4

PROGRAM MEMORY
1kx8 ROM
: ADDRESS

DIVIDER

2.1 COP420/COP421 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-INg general purpose
inputs are not available on the COP421, nor are the
two internal IL latches associated with IN3 and INg.

CLOCK
GENERATOR
RESET
LoGIC

ADD

DATAMEMORY  REG |g
6ax4RAM  ADDR

G
REGISTER

BUFFER
4




Figure 2.2 shows the connection diagrams for the One should consult the COP420/COP421 data sheet 0
28-pin COP420 and the 24-pin COP421. Figure 2.3 for maximum ratings, DC and AC electrical o
provides a pin description for the COP420/COP421 ~ characteristics for these devices. v
devices. )
5
=
I
QD
GND~——] 1 28 |=—00 ; GvD—q 1 24 0 3
CKO— 2 27 f==D1" tKo—2 23 == D1 —_—
K] 3 26 D2 ) o oKi— 3 22 s D2 <

RESET~—] 4 25 =03 RESET—— 4 21 D3
L1—5 24 f=G3 . =15 20 p=—-G3 C
6—]5 3p—G27 66 copr. 1902 7]
BT copen, 258N 57 18 =G @
[ L] 21 =60 L4 = 8 17 =G0 .
INt—] 9 20 fmiNG - vee— 9 16 p==—S5K »

N2 10 19 p——ING ; 11—~ 10 15 =50
Veo—i 11 18 pSK i 2= 14 p=—5! Q
13— 12 17 =80 R s 13 13 L0 [ -
12— 13 16 St AR E —
e AL 15 f==10 " %

‘Figure 22 COPAZO)COPAN Connegtion, Diagrams -
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| COP420/COP421 Pin Description
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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 LQID 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 (I;-lg) 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 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 LQID. 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
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) are usually loaded
into or from, or exchanged with, the A register
(accumulator), they may also be loaded into or from
the Q latches or loaded from the L ports. RAM
addressing may also be performed directly by the

LDD and XAD instructions based upon the 6-bit
contents of the operand field of these instructions.
The Bd register also serves as a source register for
4-bit data sent directly to the D outputs.

Internal Logic

The 4-bit A register (accumulator) is the source and
destination register for most /O, arithmetic, logic
and data memory access operations. It can also be
used to load the Br and Bd portions of the B register,
to load and input 4 bits of the 8-bit Q latch data, to
input 4 bits of the 8-bit L /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-INg, are provided
for the COP420: IN4, 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.

The COP421 does not contain the IN3-INg inputs
and, therefore, must use the 4 bidirectional G 1/O
ports or 8 bidirectional L /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 Gy pin
may be mask-programmed as a ‘‘ready” output for
MICROBUS applications.

The Q register is an internal, latched, 8-bit register,
used to hold data loaded to or from M and A, as
well as 8-bit 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 )
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.

The 8 L drivers, when enabled, output the contents
of latched Q data to the L 1/O ports. Also, the
contents of L may be read directly into A and M. As
explained above, the COP420 MICROBUS option
allows L /O port data to be latched into the Q



register. L /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-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 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 pulse, 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 LEl instruction. The
state of each bit of this register selects or
deselects the particular feature associated with
each bit of the EN register (EN3-EN).

1. The least significant bit of the enable register,
ENy, selects the SIO register as either a 4-bit
shift register or a 4-bit binary counter. With ENg
set, SIO is an asynchronous binary counter,
decrementing its value by one upon each low-
going pulse (“1” to “0”) occurring on the Sl 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 ENg reset, SIO is a serial shift
register shifting left each instruction cycle time.
The data present at Sl goes into the least
significant bit of SIO. SO can be enabled to
output the most significant bit of SIO each cycle
time. (See Table 2.2 below.) 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.

. With EN4 set, the COP420 IN, input is enabled
as an interrupt input. Immediately following an
interrupt, EN, is reset to disable further
interrupts. Note that this interrupt feature
associated with IN4 is unavailable on the
COP421 since it lacks the IN inputs. Bit 1 (EN4)
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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,
LEl instruction description.)

. With EN, set, the L drivers are enabled to output
the data in Q to the L 1/O ports. Resetting EN,
disables the L drivers, placing the L /O ports in
a high-impedance input state. |f the COP420
MICROBUS™ option is being used, EN, does not
affect the L drivers. '

. ENg, in conjunction with ENg, affects the SO
output. With ENg set (binary counter option
selected), SO will output the value loaded into
ENj. With ENg reset (serial shift register option
selected), setting EN3 enables SO as the output
of the SIO shift register, outputting serial shifted
data each instruction time. Resetting EN3 with
the serial shift register option selected disables
SO as the shift register output: data continues
to be shifted through SIO and can be exchanged
with A via an XAS instruction but SO remains
reset to “0.” Table 2.1 provides a summary of the
options and features associated with EN3 and
ENp.

apiny sJasn Ajlwed ,.Sd0D

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, D, EN, and G
registers are cleared. The INg and IN3 latches are
not cleared. The SK output is enabled as a SYNC
output, providing a pulse each instruction cycle
time. Data memory (RAM) can only be cleared by
the user’s program. The first instruction at address
0 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 1ms and
greater than 1us. If the power supply rise time is
greater than 1ms, the user must provide an
external RC network and diode to the RESET pin as
shown in Figure 2.4 below. The RESET pin is
configured as a Schmitt trigger input. If not used, it
should be connected to V¢c. Initialization will occur
whenever a logic “0” is applied to the RESET input,
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
Options

To allow even greater flexibility in specifying a
COP400 device appropriate to the user’'s
application, all COP400 microcontrollers have
specific clock configuration, I/O and other mask-
programmablé 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, /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 Controlied Oscillator. CKl 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 (Vg) 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.

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 Sl and SO serial 1/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 (A,) upon the execution of
an INIL instruction.

As another option (for both the COP420 and
COP421), CKO can be a RAM power supply pin (Vg),
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
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inoperative or shut down to conserve power. Use of
this options should include external circuitry to
detect loss of Vgc power and force RESET low
before V¢ drops below spec.
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MICROBUS™ 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 (uP). IN4, IN,, and IN; general
purpose inputs become MICROBUS compatible
read-strobe, chip-select, and write-strobe lines, -
respectively. IN; becomes RD — a logic “0” on this
input will cause Q latch data to be enabled to the L

ports for input to the uP. IN, becomes CS — a logic

“0” on this line selects the COP420 as the uP
peripheral device by enabling the operation of the
RD and WR lines and allows for the selection of
one of several peripheral components. IN3 becomes
WR — a logic “0” on this line will write bus data
from the L ports to the Q latches for input to the
COP420. Gy becomes a “‘ready” output, reset by a“
write pulse from the uP on the WR line, providing
the “handshaking” capability necessary for
asynchronous data transfer between the host CPU
and the COP420.

This option has been designed for compatibility
with National’s MICROBUS — a standard
interconnect system for 8:bit parallel data transfer
between MOS/LSI CPUs and interfacing devices.
(See MICROBUS™, National Publication.) The
functioning and timing 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
Figure 5.13.

110 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 Vg, compatible with TTL and CMOS
input requirements. Available on SO, SK, and all
D and G outputs.

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

c. Push-Pull — An enhancement-mode device to
ground in conjunction with a depletion-mode
device paralleled by an enhancement-mode
device to Vge. 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., bﬁt 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
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device to ground and to Vgg, meeting the typical
current sourcing requirements of the segments
of an LED display. the sourcing device is
clamped to limit current flow. These devices may
be turned off under program contro! (See
Functional Description, EN Register), placing the
outputs in a high-impedance state to provide
required LED segment blanking for a multipiexed
display. ‘



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

COP420/COP421 inputs have the following optional
configurations:

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

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

The above input and output configurations share
common enhancement-mode and depletion-mode
devices. Specifically, all configurations use one or
more of six devices (numbered 1-6, respectively).
Minimum and maximum current (Iloyt and Vour)
curves are given in figure 2.7 for each of these
devices to allow the designer to effectively use
these 1/0 configurations in designing a- COP420/421
system.

The SO, SK outputs.can be configured as shown in
a., b., or c. The D and G outputs can be configured
as shown in a. or b. Note that when inputting data
to the G ports, the G outputs should be set to *“1.”
The L outputs can be configured as in d., e., f. or g.

An important point to remember if using 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
2.7, device 2); however, when the L lines are used
as inputs, the disabled depletion device can not be
relied on to source sufficient current to pull an
input to 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 Vg in the
Standard output configuration is a depletion-mode
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device, it wil! source up to 0.125mA when this
output is “turned off” in the TRI-STATE mode. This
is not a worst case input for a logic “1” level on
these inputs and will not be sufficient for an input
level without previously enabling Q to L with
(Q)=FFe.

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-IN; and Gg: use of the IN4
hardware interrupt pin and the use of the IL3 and
ILg latches associated with the IN3 and INg pins. All
other options are available. The COP421 is pin-
compatible with the COP410L.

2.5 COP420/COP421 Option List

The COP420/COP421 mask-programmable options
are assigned numbers which correspond with the
COP420 pins.

The following is a list of COP420 options. When
specifying a COP421 chip, Options 9, 10, 19, 20;
and 29 must all be set to zero. The options are
programmed at the same time as the ROM pattern
in order to provide the user with the hardware
flexibility to interface the COP420/COP421 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
=1: pin is RAM power supply (Vg) input
=2: general purpose input with load device to
Vee R
=3: multi-COP SYNC input
=4: general purpose hi-Z input

Option 3: CKI Input
=0: crystal input divided by 16
(crystal =4 MHz maximum)
=1: crystal input divided by 8
(crystal =2 MHz maximum)

=2: TTL external clock input divided by 16
(input = 4MHz maximum)

=3: TTL 'external clock input divided by 8 ~ ~
(input =2MHz maximum)

=4: single-pin RC controlled oscillator
Option 4: RESET Pin

=0: load device to Vgc

=1: hi-Z input
Option 5: L Driver _

=0: standard output (Figure 2.6a)

=1: open-drain output (Figure 2.6b)
=2: LED direct drive output (Figure 2.6d)
=3: TRI-STATE® . push-pull output (Figure 2.6e)

Option 6: Lg Driver
same as Option 5

Option 7: L Driver
same as Option 5

Option 8: L4 Driver
same as Option 5

Option 9: IN; Input
=0: load device to V¢ (Figure 2.6f),

std. TTL input levels (“0” =0.8V, “1” =2.0V)
(mandatory value for COP421)

=1: hi-Z input (Figure 2.6g), std. TTL input levels
(“0”=0.8V, “1"=2.0V)
=3: hi-Z input (2.6g), higher trip levels '
(“0”=1.2V, “1” =3.6V) — use for all or
none of IN inputs
Option 10: IN, Input ’
same as Option 9

Option 11=0: Vg pin — no options available

Option 12: Lg Driver
same as Option 5

~ Option 13: L, Driver

same as Option 5
Option 14: L, Driver
same as Option 5
Option 15: Ly Driver
same as Option 5
Option 16: SI Input
=0: load device to V¢ (2.6f)
=1: hi-Z input (2.6g)
Option 17: SO Driver
=0: standard output (Figure 2.6a)
=1: open-drain output (Figure 2.6b)
=2: push-pull output (Figure 2.6c)

.Option 18: SK Driver

same as Option 17
Option 19: INg Input
~ same as Option 9
Option 20: IN3 Input
same as Option 9 -
Option 21: Gy I/O Port _
=0: standard output (Figure 2.6a)
=1: open-drain output (Figure 2.6b)
=2: standard output; small driver (Va current)
= 3: open-drain output, small driver (s current) -
Option 22: G4 /O Port
same as Option 21



Option 23: Gy I/O Port
same as Option 21
Option 24: Gj l/O Port
same as Option 21
Option 25: D3 Output
=0: standard output (Figure 2.6a)
=1: open-drain output (Figure 2.6b)
Option 26: D, Output
same as Option 25
Option 27: D4 Output
same as Option 25
Option 28: Dy Output
same as Option 25
Option 29: COP Function

=0: normal operation (mandatory value for
COP421)

=1: MICROBUS™ option
Option 30: COP Bonding
=0: COP420 (28-pin device)
=1: COP421 (24-pin device)
Option 31: IN Input Levels — no option available
(see Options 9, 10, 19, 20)

Option 32: G Input Levels

=0: standard TTL input levels (“0” =0.8V,
17 =2.0V)
=1: higher trip levels (“0”" =1.2V, “1”" =3.6V)

Option 33: L Input Levels
same as Option 32

Option 34: CKO Input Level
(CKO =input; Option 2=2, 3, 4)
same as Option 32
Option 35: Sl Input Level
same as Option 32

2.6. COP420L/COP421L Description

The COP420L/COP421L 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 COP420L/COP421L and
COP420/COP421 are the following:

e Wider operating voltage range of 4.5 to 9.5V
optionally available.

e Operating supply current less than 8mA @
Vec=5V. ’

e Minimum instruction cycle time of 15us.

¢ Divide-by-32 crystal clock option (2MHz XTAL
divided by 32 = 15us instruction cycle time).
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* D and G outputs have direct LED digit drive
option (sink 30mA).

e Other outputs will drive 1 LSTTL or 2 LPTTL
loads (loL =360uA at 0.4V; loy =40uA at 2.4V).

¢ No MICROBUS™ option available.

The COP421L is simply a COP420L packaged in a
24-pin dual-in-line package. As a result, the IN
inputs are not available on the COP421L, so that
the COP421L is pin-compatible with the COP410L.

For further information, see the COP420L/COP421L
data sheet.

2.7 COP420L/COP421L Mask Programmable
Options

Since the COP420L/COP421L are frequently used in
battery-operated and/or hand-held consumer-type
products, an even greater array of system-cost-
reducing options is available. The following text
summarizes these options.

Clock Oscillator Options

There are four basic COP420L/COP421L 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 b
16 or 8). :

b. External Oscillator. CKl is configured as a
CMOS compatible input accepting an external
clock signal. The external frequency (2MHz
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 (Vg) pin, as a COP420L general purpose
input, or as a synchronizing input.

c. RC Controlled Oscillator. CKl is configured as a
single-pin RC controlled Schmitt trigger
oscillator. The instruction cycle equals the
oscillation frequency divided by 4. CKO is
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 COP420L/COP421L with CKI
connected as shown. In this configuration, the
SK output connected to CKO must provide a
SYNC (instruction cycle) signal to CKO, thereby
allowing synchronous data transfer between the
COPs using only the Sl and SO serial /O pins in
conjunction with the XAS instruction. Note that
on power-up SK is automatically enabled as a
SYNC output.
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The lower portion of Figure 2.8 provides component
values for several instruction cycle times and
crystal values associated with the RC controlled
and crystal controlled 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 COP420L input,
read into bit 1 of the accumulator (A3) upon the
execution of an INIL instruction.

As another option (for both the COP420L and
-COP421L), 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.

/0 Options

While the COP420L/COP421L 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
COP420L/COP421L data sheet.

The SO and SK outputs can be configured as
-shown in Figure 2.6, 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 shown in d, e, f, or g.

An important point to remember is that a// 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 Vg 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 COP421L is a bonding option of the COP420L:

if the COP420L is bonded as a 24-pin device

(without the 4 IN inputs), it becomes the COP421L.

The COP421L is pin-compatible with the COP410L.

2.8 COP420L/COP421L Option List

The COP420L/COP421L mask-programmable
options are assigned numbers which correspond
with the COP420L pins.

The following is a list of COP420L options. When
specifying a COP421L chip, Options 9, 10, 19, and
20 must all be set to zero. The options are
programmed at the same time as the ROM pattern
in order to provide the user with the hardware
flexibility to interface the COP420L/COP421L 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
=1: pin is RAM power supply (Vg) input
=2: general purpose input with load device to

Vce

=3: general purpose hi-Z input
=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
(2MHz maximum)
=1: oscillator input divided by 16
(1 MHz maximum)
=2: oscillator input divided by 8
(500 kHz maximum)
=3: single-pin RC controlled oscillator divided
by 4
Option 4: RESET Input
=0: load device to Vcc
=1: hi-Z input
Option 5: Ly Driver
=0: standard output (Figure 2.6d)
=1: open-drain output (Figure 2.6e)
=2: high current LED direct segment drive
output (Figure 2.6f)
=3: high current TRI-STATE® push-pull output
(Figure 2.6g)
=4: low current LED direct segment drive
output (Figure 2.6f) '
=5: low current TRI-STATE push-pull output
(Figure 2.6g)
Option 6: Lg Driver
same as Option 5
Option 7: Lg Driver

same as Option 5
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Option 8: Ly Driver
same as Option 5
Option 9: INy Input

=0: load device to V¢ (Figure 2.6h)
(mandatory value for COP421L)

=1: hi-Z input (Figure 2.6i)
Option 10: IN3 Input
same as Option 9
Option 11 =0: V¢c pin
=0: 4.5V to 6.3V operation
=1: 4.5V to 9.5V operation (extra cost op_tion)
Option 12: L3 Driver
same as Option §
Option 13: L Driver
same as Option 5
Option 14: L4 Driver
same as Option 5
Option 15: Lo Driver
same as Option 5
Option 16: S| Input
same as Option 9
Option 17: SO Driver
=0: standard output (Figure 2.6a)
=1: open-drain output (Figure 2.6b)
=2: push-puli output (Figure 2.6¢)
Option 18: SK Driver
same as Option 17
Option 19: INg Input
same as Option 9
Option 20: IN3 Input
same as Option 9
Option 21: G I/O Port

=0: very high current standard output (Figure
2.6a) )

=1: very high current open-drain output (Figure
2.6b)
=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: Gy I/O Port
same as Option 21
Option 24: G l/O Port
same as Option 21
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Option 25: D3 Output
same as Option 21
Option 26: D, Output
same as Option 21
Option 27: D4 Output
same as Option 21
Option 28: Dy Output
same as Option 21

Option 29: L Input Levels
=0: standard TTL input levels (0" =0.8V,

“1” =2,0V) :
=1: higher voltage input levels (0" =1.2V,
“1"=3.6V)

Option 30: IN Input Levels
same as Option 29

Option 31: G Input Levels
same as Option 29

Option 32: Sl Input Levels
same as Option 29

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

Option 34: CKO Input Levels
(CKO = input; Option 2=2, 3)
same as Option 29

Option 35: COP Bonding
=0: COP420L (28-pin device)
=1: COP421L (24-pin device)

2.9 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 244us instruction cycle time) with low
power consumption (25uA with Vgc=2.4V) or high
speed (15us 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 (TTLUCMOS
compatible) and retains the MICROBUS™ option.
The following are the major differences between
the COP420C and the COP420:

¢ Operating voltage of 2.4V to 6.0V.

e Low power consumption at 244us instruction
cycle time (inexpensive 32kHz XTAL ~8)=25uA
at Vgc=2.4V.



¢ Dual clock mode option allowing operation at
16us instruction cycle time (using external RC
network) for internal data computation
operations.

e “Fast” clock mode entered under program
control.

For further information, see the COP420C data
sheet.

2.10 COP444LICOP445L Description

The COP444L/COP445L 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 COP444L/COP445Land the COP420L/COP421L
are the following:

e Operating supply current less than 11mA at
Vec=5V.

* 2048 x 8 ROM.
¢ 128 x4 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 COP410L.

These devices are emulated using the COP404L.

For further information, see the COP444L/445L
and/or COP404L data sheets.

2.11 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 system 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.
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COP402 inputs have load devices to Vg, 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 MICROBUS™ 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.

2.12 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
devices (COP411L, COP410L, COP420L, COP421L,
COP444L). :

2.13 COP410L/COP411L Architecture

Figure 2.9 provides a block diagram of the
COP410L/COP411L. As with the COP420/COP421
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 COP421L. As with the COP421L, 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
COP410L/COP411L devices.

See data sheet for the electrical specifications of
the COP410L/COP411L, showing maximum ratings
plus DC and AC characteristics for these devices.
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2.14 COP410L/COP411L 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 COP411L. .

Consequently, for information on logic elements
not discussed below which appear in Figure 2.10,
COP410L/COP411L 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
COP410L/COP411L when allocating pregram
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
COP410L/COP411L. '

Since the COP410L/COP411L have 2 9-bit
subroutine-save registers, SA and SB, subroutine
nesting is allowable to two levels (only one ievel
when executing a LQID instruction since this
instruction pushes the stack).
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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, 9-15in a
particular register. (The COP410L/COP411L 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 8 4-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 COP410L/COP411L instruction 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 MICROBUS™ option.

The COP410L/COP411L 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 COP410L/COP411L instruction
cycle clock itself.

Bit 1 of the EN register (EN4) is a ““don’t care” bit,
as explained above, due to the lack of a
COP410L/COP411L IN; input. (The COP420 uses the
EN, bit to enable IN; as an interrupt signal.)

The CASC, ADT and OGl instructions have been
deleted. See Section 3.4 for hints on performing
these functions.

2.15 COP410L/COP411L 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 (500 kHz 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. CKl is configured as a
Schmitt trigger input (not TTL compatible),
accepting an external clock signal. The external
frequency (500 kHz 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. CKl 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 Synchrénized Oscillator. CKO is
configured as a synchronizing input from the SK

output of another COP400 device. CKl is an
external oscillator (divide by 8).

The lower portion of Figure 2.12 provides
component values associated with the RC
controlled oscillator option.

COP410L CKO 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 (Vg), 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.

COP410L/COP411L /0 Options

COP410L/COP411L inputs and outputs have the
same optional configurations as the
COP420L/COP421L; 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 COP421L data
sheets. :

The SO and SK outputs can be configured as
shown in Figure 2.6, 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 shown in d, e, f, or g.

An important point to remember is that a/l 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 Vg 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 COP411L is a bonding option of the COP410L:
if the COP410L is bonded as a 20-pin.device
(without CKO, Dy, D3, and Gj), it becomes the
COP411L. Use of output options associated with
these deleted pins are, of course, precluded. All
other COP410L options are available.

2.16 COP410L/COP411L Option List

The COP410L/COP411L mask-programmable
options are assigned numbers which correspond
with the COP410L pins.
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COP410L

When specifying a COP411L device, Option 2 must
be set to a value of “3,” and Options 20, 21, and 22
must be set to a value of “0,” since the COP411L
does not include these pins.

The following is a list of COP410L/COP411L
options:
Option 1=0: Ground Pin — no options available
Option 2: CKO Output
=0: clock generator output to crystal/resonator
=1: pin is RAM power supply (Vg) input
=2: multi-COP SYNC input (CKI + 8)
=3: no connection (COP411L)
Option 3: CKI Input

=0: oscillator input divided by 8
(500 kHz maximum)
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COP410L (or COP420L/
4211/4441/445L)

single-pin RC controlled oscillator divided
by 4

Option 4: RESET Input

=0:
=1:

load device to V¢g
hi-Z input

Option 5: L7 Driver

=0:
=1:
=2:

standard output (Figure 2.6d)
open-drain output (Figure 2.6e)

high current LED direct segment drive
output (Figure 2.6f)

: high current TRI-STATE® push-pull output

(Figure 2.6g)

: low current LED direct drive output (Figure
2.6g)
: low current TRI-STATE® push-pull output

(Figure 2.9f)



COPS™ Family User's Guide

Option 6: Lg Driver
same as Option 5 -
Option 7: Ls Driver
same as Option 5
Option 8: L4 Driver
same as Option 5
Option 9: Vg Pin
=0: 4.5-6.3V operation

=1: 4.5-9.5V operation (extra cost option)

Option 10: Lg Driver
same as Option 5
Option 11: L, Driver
same as Option 5
Option 12: L4 Driver
same as Option 5
Option 13: Lg Driver
same as Option 5
Option 14: Sl Input
same as Option 4
Option 15: SO Driver
=0: standard output (Figure 2.6a)
=1: open-drain output (Figure 2.6b)
=2: push-pull output (Figure 2.6c)
Option 16:.SK Driver
same as Option 15
Option 17: Gy I/O Port
=0: standard output (Figure 2.6a)
=1: open-drain output (Figure 2.6b)
Option'18: G4 I/O Port
same as Option 17
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Option 19: Gy I/O Port
same as Option 17

Option 20: Gz I/O Port
" same as Option 17
Option 21: D3 Output
=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: D, Output
same as Option 21
Option 23: Dy Output
same as Option 21
Option 24: Dy Output
same as Option 21
Option 25: L Input Levels
=0: standard TTL input levels (“0” =0.8V,

“1"=2.0V)
=1: higher voltage input levels (“0" =1.2V,
“1”=3.6V)

Option 26: G Input Levels
same as Option 25

Option 27: Sl Input Levels
same as Option 25
Option 28: COP Bonding

~ =0: COP410L
=1: COP411L



COP400 Instruction Sets

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 ILg latches associated with two of the IN
inputs (IN3 and INg, 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 3.2 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.
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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 (1010,) 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)J:

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

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 (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.
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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 value, 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 (COMPIement 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 (1111y), e.g.,
complementing A =6 (0110,) will yield 9 (1001,).

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 not inadvertently 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, p/acing 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 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. 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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Input/Output Instructions

ING (INput G ports to A) transfers the 4-bit
contents of the IN ports (IN3-INp) to A.

ININ (INput IN inputs to A) transfers the 4-bit
contents of the IN ports (IN3-INg) to A.

INIL (INput IL latches to A) is a special purpose
instruction which inputs the two latches IL3 and IL,
(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 = Az, CKO = A;,

“0"” = Ay, ILg = Ag. IL3 and ILg are the outputs of
latches associated with the IN3 and INg inputs.
(The general purpose inputs, IN3-IN, are input to A
upon the execution of an ININ instruction. (See
ININ Instruction.) The IL; and ILg latches are set if
a low-going pulse (“1” to “0”) has occurred on the
IN3 and INg 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 ILg into A3 and A, respectively, and
resets these latches to allow them to respond to
subsequent low-going pulses on the IN3 and INg
lines.

If CKO is mask-programmed as a general-purpose
input, an INIL will input the state of CKO into A,. If
CKO has not been so programmed, a “1” will be
placed in A,. A “0” is always placed in Ay 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 ININ instruction.

INL (INput L ports to M, A) transfers the 8-bit
contents of the bidirectional TRI-STATE® 1/O ports
to M, A. Ly-L,4 are placed in M3-Mq (the memory
digit pointed to by the B register); L3-Lg are placed
in A3— Ao.



OBD (Output Bd to D outputs) transfers the 4-bit
contents of Bd (lower 4 bits of the B register) to the
D output ports (D3-Dp). Since, in many
applications, the D 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 G- Gp.

OMG (Output M to G ports) transfers the 4-bit
contents of M (M3-My) to Gz-Gg.

XAS (eXchange A with SI0) exchanges the 4-bit
contents of A (A3- Ag) with the 4-bit contents of the
SIO register (SI03-SIOg). 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, providing
a logic controlled clock if SIO is selected as a shift
register or C— SK if SIO is selected as a binary
counter.

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 PgPgAgz Ay Aj AgM3zMy My M. The contents of
the selected ROM location (I;-1g) are, therefore,
loaded into P;- Py, changing the lower 8 bits of P
to transfer program control to the new ROM
location.

Pg and Pg remain unchanged throughout the
execution of the JID instruction. 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-Pq.
JMP 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 /ast 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 opérand 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 ag-ag in Pg-Pg
if the program is currently in subroutine page 2 or
3. If in any other page, it places agz-ag in Ps-Pg. -

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 (0010y) in Pg-Pg, and the word
address specified in the 6-bit “a” field of the
instruction into Ps-Pg. 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.

JSR (Jump 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-agy —> Pg- Py. As with the
JSRP instruction, 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 2or
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 of 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, always skips the first instruction
encountered when it returns to the main program.
This 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 8-bit contents
of A and M to the Q latches. Az=- Ay are output to
Q- Q4 M3-Mg are output to Q;~-Qq. Note that
CAMQ is the inverse of CQMA (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 Q data. For example, the following
instructions read Q to M, A, set Q; and perform the
necessary exchange before execution of the CAMQ
instruction:

caMA ;QTOM, A
SMB '~ 3 ' SET Q; BIT LOCATED INMj3
X ; EXCHANGE M WITH A

CAMQ ;AMTOQ

CQMA (Copy Q to M, A) transfers the 8-bit contents
of the Q latches to M and A. Q;-Qy are placed in
M3~Mp; Q3-Qq are placed in Az-Ay. CQMA can be
employed after an LQID (Load Q InDirect)
instruction to input or alter the value of lookup -
data. CQMA is also an essential instruction when
the COP420 is employed as a MICROBUS™
peripheral component. In such applications, IN; is
used by the control-microprocessor to write bus
data from the L ports to the Q latches. (See Section
2.4, MICROBUS™ 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 4-bit contents of
RAM pointed to by the B register: Mz—My) into
Az-Ag. 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 @ X equals the complement of X,
use of the “r” field allows the programmer to
switch between any one of the 4 RAM registers by
complementlng 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 execution of a LD instruction. '

For example, if the assembly language instruction
LD 3 (“r" =11,) is executed with Br=2 (10,) and

Bd =12 (1100y), the contents of RAM register 2,
digit 12 will be loaded to A and Br will be changed
to (115 + 10, = 01,), 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.

SMB (Set Memory Bit) and RMB (Reset Memory Bit)
set and reset, respectively, a bit in M as specified
by the operand field 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 set 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, M3-My.
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,
Ms3- Mg, into A3-Ag. 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 Q InDirect) is, in effect, a ROM data
“lookup” instruction. It transfers the 8-bit contents
of ROM, I;-1g, pointed to by the 10-bit word
PgPgAM to Q7-Qy, respectively. It does this by
pushing the stack (P +1— SA — SB — SC) and
replacing the least significant 8 bits of P as
follows: Ag- Ay — P7-Py4; M3-Mg— P3-Pg, 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 Q latches, Q;-Qq.
Next, the stack is popped (SC -~ SB— SA— P),
restoring the previous pushed value of P (P + 1) to
continue sequential program execution. Since LQID
pushes SB — SC, the previous contents of SC are
lost. Also, when LQID pops the stack, the
previously pushed contents of SB are left in SC as
well as loaded back into SB. The net result,
therefore, of an LQID instruction upon the
subroutine-save stack is that the contents of SB
are placed in SC (SB — SC). Since it pushes the
stack, a LQID should not be executed when three
levels of subroutine nesting are currently in effect.
(The last return address in SC will be lost.)

Since, as with the JID instruction, LQID aifects
only the lower 8 bits of P (Pg and Pg 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 LQID instruction, see Section 4.1.

X (eXchange M with A) exchanges the 4-bit
contents of RAM pointed to by the B register,
M3- Mg, with Az-Ap. 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
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to directly by the “r” and “d” operand fields of the
instruction, M3-Mg, with Az-Ag. 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.)

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- Ay, 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 Az-Aq. It is the functional
complement of the CAB instruction and finds
similar use in memory-digit access loops.

LBl (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 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). (See Section 4.2 for further
information.)

An important characteristic of the LBI instruction is
that it will skip all subsequent LBI instructions
until it encounters an instruction which is not an
LBI. This feature accommodates it for use in
multiple-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 (EN3-ENg). These features and the
corresponding bit-weights and values associated
with each feature are as follows:

1. The least significant bit of the enable register,
ENy, selects the SIO register as either a 4-bit
shift register or a 4-bit binary counter.

With ENg set, SIO is an asynchronous binary
counter, decrementing its value by one upon
each low-going pulse (“1” to “0”) occurring.on
the SI input. Each pulse must remain at each
logic level at least two instruction cycles. SK
outputs the 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 ENj.

With ENg reset, SIO is a serial shift register,
shifting continuously left each instruction cycle
time. The data present at Sl goes into the least
significant bit of SIO; SO can be enabled to
output the most significant bit of SIO each cycle
time. SK output becomes a logic-controlled
clock, providing a SYNC signal each instruction
time. 1t 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 ENg 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 ENq set, the IN4 input is enabled as an
interrupt input. Upon the occurrence of a
negative pulse on IN4, program control is
transferred to the last word of page 3 (address
O0FF16). Immediately following an interrupt, EN4
is reset to disable further interrupts until later
set by an LEIl 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
IN 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 IN3-1Ng 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 lost. The program
counter is set to address OFFg (the last word
of page 3) and ENj is reset.

. 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 in width has occurred 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 instruction which
transfers program control to another JP
instruction, the interrupt will not be
acknowledged until the second JP
instruction has been executed).

¢. 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 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 OFF 4. 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 i
skips, interfering with the orderly execution of
the interrupt routine.

d. The first instruction of the interrupt routine at
address OFF4g must be NOP.



3. With EN, set, the L drivers are enabled, loading
data previously latched into Q to the L I/O ports.
Resetting EN, disables the L drivers, placing the
L /O ports in a high-impedance state. When the
L 1/O ports are used as segment drivers to an
LED display, the setting and resetting of EN,
results in the outputting and blanking,
respectively, of segment data to the display.
When using the MICROBUS™ option EN, does
not affect the L drivers.

4. ENg, in conjunction with EN, affects the SO
output. With ENg set (binary counter option
selected) SO will output the value loaded into
ENj3. With ENg reset (serial shift register feature
selected), setting EN3 enables SO as the output
of the SIO shift register, outputting serial shifted
data (the most significant bit of SIO) each
instruction time as explained above. Resetting
ENj with the serial shift register feature 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.” Figure 3.2 below provides a
summary of the features associated with EN3
and ENo.

SK after XAS

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,
Aq-Ag, are placed in Br. Similarly, the 2 bits of Br
are placed in A;-Ag with “0s” being loaded into
the upper 2 bits of A, Az-A,. 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 “1.” When
used in conjunction with the RC and SC
instructions, it allows C to be used as a 1-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-Gp) 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 doubie-byte
instruction. It tests the state of all four of the G
lines, skipping the next program instruction if
G3-Gp 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 of the instruction (0-3,
right-most to left-most M bit) is equal to “0.” This
instruction, together with the SMB 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 10-bit time-base counter. This counter
divides the instruction cycle clock frequency by
1024 and provides a latched indication of counter
overflow. The SKT instruction tests this latch,
executing the next program instruction if the latch
is not set. If the latch has been set since the
previous test, the next program instruction is
skipped and the latch is reset. The features.
associated with this instruction, 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 131kHz (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.
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3.3 COP421-Series Instruction Set Differences

The ININ instruction has been deleted. This is due
to the lack of the IN inputs.

The INIL instruction has been substantially
modified due to the lack of IN inputs and ILg/ILg
latches. If an INIL instruction is executed on a
COP421-series device, it will input only the state of
CKO, providing CKO has been programmed as a
general-purpose input (0 = Az, A4, Ag; CKO = A,). If
CKO has not been programmed as a general-
purpose input, the INIL instruction is non-functional
on the COP421-series.

3.4 COP410L/COP411L Instruction Set

The COP410L and COP411L instruction sets are
subsets of the COP421-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 COP411L instruction sets. An asterisk in the
description column indicates the double-byte
instruction. Notes are provided, following this
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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 COP410L/COP411L Instruction Set Table.
Table 3.7 provides an alphabetical mnemonic index
of COP410L/COP411L instructions, indicating the
hexadecimal opcode and description associated
with each instruction. Table 3.8 is a list of
COP410L/COP411L instructions arranged in order
of their hexadecimal opcodes.

The following text discusses the differences which
exist between the COP410L and COP411L
instruction sets and that of the COP420-series. The
COP410L is specifically discussed with differences
between it and the COP411L 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
COP410L and COP411L, see Section 3.5,
COP410L/COP411L Instruction Set Differences, and
Section 4.11, COP410L/COP411L Programming.
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Table 3.4 COP410LI«111L lnstr’

‘Symbol '  Definition
; ”.tNTERNAL ARCHITECTURE SYMBOLS

CA T Abit Accumulator
B8 6-bit RAM Address Register :
Br Upper 2 bits of B (register address).::
Bd: . Lower4'bits of B (digit address)
C. : 1-bit Carry Register
D 4-bit-Data’Output Port
EN 4-bit Enable Register
G ' 4-bit Register to latch data for G1/Q. Porl
L' . 8bit TRISTATE /O Port
M 4:bit contents of RAM Memory poimed toby B
: " Register
[ Tt w00+ 9-bit'ROM. Address: Register. (progravrn ‘counter)
Q. 8bit'Register tolatch-data for L O Port =
SA; 7 9bit Subroutine Save Register A
LSBT gt Subroutine Save Register B
8107 abit Shift Registér and. Counler

SK i Logic-Controlled: Clock O_utput

o Dshmtlon

: A -bit. Operand Field, 0- 15 bi
. 2bit Operand Field, 0-3 bi binary (RAM F_t_egi_;xer‘ :
0 Select)
. 9bit Operand Field, 0-511 bmary (ROM Address)
4 bu Operand Fneld 0= 15 bmary (lmmedlate Data)

Contents of RAM location addressed by's
_ Contents ot ROM focation ad byt

Is exchanged wnn

Is:egquatito : i
. The ones complement oi A
= Exclusive-OR :
~ Rangeof valugs-’, :

3.5 COP410L/COP411L Instruction Set
Differences

Arithmetic Instructions

ADT has been deleted. To perform 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).

iidn Seti Table'Symbols.

v (RAM Digit Select)
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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 MICROBUS™
option is provided for the COP410L, Q is used in
the COP410L primarily for output operations. An
input of the L I/O ports, therefore, will effectively
function as the equivalent of a CQMA; 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
procedure 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 a/l LBIs 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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ADT:

4G TRMBO e

4D USMBO 80-BE

4E . CBA o

4 XAS

50 caB

51 AlSC 1 e
AISC2 g
AlSC 3 R
AISC 4 :
AISCH CFE
AISCE
AISC 7 e

*00

. aer
SUSTIEAS
“JP 1o ward XX
L(0-3Fghor
JSRP-to page:2;
Word XX/(0-3F )t
opcode= 80+ XX
QD
JPto'word XX
L (Q8F )

opeode = CO+ XX

Ui

Word Instructions,’ - .

Second Word::

INIL
(different fadtures.

for COP421Y -

5KGBZ O

SKGBZ1:
SKGBZ 3
i SKGZ, !
CANING

NG

skeBz2

(Invalid for GOP421).
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ble 3.6 Table of COP420/COPA21-Serles Instructions
PO edlby.op‘co‘d_e‘s (ngadecimal) {continusd). i

CheeEAY
SRR

LEI'13
LE} 14
LEI'15
“LBIO
L8102
1B1.03
LBLO,4
LBLOS

;- LBIOS

LBILO7
LBI 0,8,
LB

e
GLBE13

LBI14

“iBis

LBI6
L8117,
LBET8

BRIz
Bioy
CiBies
§ Ve
< LBI250

LB1:2,6

ey
Bl28
SRR

DD.010

DD 0

LDDZ21 .
ppZiz
[ ALLDAKE
lopzas
oD 25
fLDD30

LDD3,2.
DD 3

' ippas

DLk
LOD38. -
[ Lot
ipp30;

LDD1,4

LDD15
“LDD 4,6

LDD'1,7
LOD 1,8

:LDD.1,9

LDD:1,10,
LDD 1,11
LDD1,12
LDD 1,18+
LDD 1,14
LDO.1,15
LOD 2,0
LOD 21
LDD 22
LDD 2.3
LDD 2,4
oD 25
LDD2,6:

LoD 27

(DD'28
LoD29.
LDD2,10:

(DD 31

LDD34

LDD 36

LOD 311
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(0-3F 1): i
-opoode =CO#XX
e

. i.nva_lidb'.
 SKGBZO
SKGBZZ -
- sKGB
7 skGBZ3.
- sKez.
“invatid
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COP400 Programming

Techniques

This chapter provides several examples of
programming techniques for COP400 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 COP410L/COP411L,
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 COPS™ Cross Assembler
language, using COP400 assembler instruction
mnemonics and operand statements. Although, in
the following examples, instruction operands and
ROM page numbers are written 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 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 is 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
LQID instructions, the programmer must conceive
of 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
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chart indicating the hexadecimal address
equivalents for each of the 16 “pages’” of ROM.
Note — each page consists of 0 through 3F4g
words.

JP Instruction

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. i

The following page restrictions apply to the JP
instruction:

e When used in any page other than page 2 or 3, it
can only jump to a word within the current page.

e 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 03Fq¢).

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:

PAGE O ; PLACE FOLLOWING CODE IN
; PAGEO
LABEL1:
Jp LABEL2 ; LEGAL JUMP WITHIN PAGE
LABEL2: :
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
. PLACE FOLLOWING CODE
; ON PAGE 1

PAGE 1

LABEL4:

*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 locations on the
following page.

The following examples illustrate use of the JP
instruction when in subroutine pages 2 and 3:

PAGE 2 ; START OF “SUBROUTINE"
LABEL1: ; PAGE 2 CODE
JP LABEL3 ; LEGAL JUMP TO PAGE 3
. ; LOCATION
JP LABEL2 ;ILLEGAL JUMP TO LAST
; WORD OF PAGE
LABEL2: ; LAST WORD OF PAGE 2
PAGE 3 ; START OF PAGE 3 CODE
JP LABEL4 ;ILLEGAL JUMP TO PAGE
; OUTSIDE PAGE 2 OR 3
LABEL3:
JP LABEL1 ; LEGAL JUMP TO PAGE 2
. ; LOCATION
JP LABEL3 ; LEGAL JUMP WITHIN PAGE
.PAGE 4 ; START OF PAGE 4 CODE
LABEL4: .
JP LABEL1 ;/LLEGAL JUMP TO PAGE 2

; (MAY ONLY BE DONE WHEN
; IN PAGE 20R 3)

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.)

e 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.)

Examples of use of the JSRP instruction:

PAGE 0
LABEL: ; 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  LABEL1 ;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:

e A singvle-byte JSRP can be used to transfer
program control to a page 2 subroutine.

s 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.
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Thus, subroutines may share a common “return”
subroutine, jumped to from page 2 or 3 with a
single-byte JP instruction.

.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: . ; MEMORY MOVE ROUTINE

RET ; RETURN TO MAIN PROGRAM

; (POP STACK)

JID Instruction

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:

e 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 . 0-8
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.
LQID Instruction

Thé LQID instruction is an indirect data output
instruction. It loads the 8-bit Q register with the

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 LQID instruction as with the
JID instruction, ROM is divided into 4-page ROM
“blocks” (pages 0-3, 4-7, 8-11 and 12-15).

e The ROM location containing the LQID “lookup”
data must be within the same ROM block as the
LQID instruction.

"For example; a LQID instruction located in page 9

must access ROM data located in pages 8 through
11.

Additional Restrictions Associated with
JP, JSRP, JID and LQID Instructions

As already mentioned, the ROM address registér (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 in the 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 JP, JSR, JID and LQID
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 the
following placements of these instructions:

e A JPin 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 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.

* A 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 program control, respectively, to a
location 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 JP 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 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.

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 COPS™ 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 prcgram 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.

4.2 Data Memory Allocation and Manipulation

An important step which should occur prior to
writing a COPS™ 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-ORed with the current value of Br. This
feature allows the programmer to toggle back and
forth between any of the four CCP420 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.

DIGIT ADDRESS (8d)

\\E&\\
\\\\\\

\\\\\\\\\\\\4

DU

N

COP420 Data Memory Map
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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 in
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 the skip feature
of the XIS instruction.

The following examples illustrate several of the
principles discussed above. The notation M(N4,N,)
indicates a particular data memory digit M, where
N, =register number and N, =digit number.

; MOVE M(3,0) TO M(1,0)

LBl 3,0 ; 3TO BR; 0 TO BD (SINGLE-BYTE
; LB:D=0) ’

LD 2 ;M@0 TOA; 1TOBR3®2=1)

X ; A TO M(1,0)

; MOVE MEMORY REGISTER 1 TO MEMORY REGISTER 0
3 M(1,15) - M(1,0) TO M(0,15) - M(0,0)

LBl - 1,15 ; 1TO BR, 15 TO BD (SINGLE-BYTE
;-LBI)

MVi: LD 1 ; M(1,15) TO A; 0 TO BR

XDS 1 + ATO M(0,15); 1 TO BR; BD-1TO |
; BD; CONTINUE TO MOVE NEXT
; LOWER DIGIT UNTIL BD GOES
;- PAST 0 AND SKIPS

JP Mv1 ; HERE IF NO SKIP

; LEFT SHIFT DbTTED AREAS OF FIGURE 4.1
; 0 TO M(0,12) = M(0,12) = M(0,13) — M(0,14) - M(0,15) TO A

CLRA ;0TOA
. LBl 0,12 ;0 TO BR; 12TO BD
LSHFT XIS ; M(0,12) TO A; 0 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 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.

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 example, 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 0
JSRP ADD  ;CALL ADD SUBROUTINE
3 RETURN HERE IF RESULT < 9
; RETURN HERE IF RESULT > 9
.PAGE 2 ; START PAGE 2 CODE
ADD: ADD ; ADD SUBROUTINE — ADDS TWC
; BCD DIGITS; RESULT TO A
AlSC 7 ; 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(0,15)

MOV2T3: LBI 2,15 ; NOTE LBI SUCCESSIVE SKIP FEATURE

MOV: LD 1 ; TRANSFER M TO A; EXCLUSIVE-OR 1 WITH BR
XDS 1 ; EXCHANGE A WITH M; EXCLUSIVE-OR 1 WITH BR; DECREMENT BD
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: LBI 0,15 ; POINT TO DIGIT 15 IN APPROPRIATE REGISTER
RSH1: LBI 1,15 ; NOTE LBI SUCCESSIVE SKIP FEATURE
RSH2: LBl 2,15
RSH3: LBI 3,15
CLRA ; ZEROS IN FIRST DIGIT (DIGIT 15)
SHFTR: XDS ; SHIFT RIGHT*
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 BIT ENTRY POINT

; LEF2: SHIFT DIGIT LEFT 2 BITS ENTRY POINT

; LEF3: SHIFT DIGIT LEFT 3 BITS ENTRY POINT

LEF3: LD ;DIGITTO A

ADD ) ; ADD DIGIT TO ITSELF
X ) ; SHIFTED DIGIT TO MEMORY -

LEF2: LD
ADD
X

LEF1: LD
ADD
X
RET
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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
; LRO1: ROTATE DIGIT LEFT 1 BIT ENTRY POINT
; LR0O2: ROTATE DIGIT LEFT 2 BITS ENTRY POINT

1 LRO3: ROTATE DIGIT LEFT 3 BITS ENTRY POINT (SAME AS RIGHT ROTATE 1)

LOR3: JSR LRO1 ; ROTATE 1, THEN 2 MORE
LOR2: JSR LRO1
LOR1: LD ; DIGITTO A
ADD ; ADD DIGIT TO ITSELF
X ; EXCHANGE M WITH A
AISC 8 ; WAS MEMORY BIT3 ON?
RET ; NO, RETURN
SMB 0 ; YES, WRAP AROUND BITO
RET

ACCUMULATOR SHIFT ROUTINE:

; SUBROUTINE TO LEFT SHIFT BITS OF A BY USING THE SIO REGISTER (SIO MUST BE ENABLED AS A SERIAL SHIFT REGISTER)

; S| MUST BE CONNECTED TO LOGIC “0” (GROUND)
; ZEROS ARE SHIFTED IN FROM THE RIGHT

s 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 ; ATO SIO
LFT2: XAS
RET
LFTA2: XAS ";ATOSIO
LFT3: JP LFT2
LFTA3: XAS ; ATO SIO
JP LFT3

CLEAR DATA MEMORY ROUTINE:

; SUBROUTINE TO CLEAR ALL RAM

; CLEAR REGISTERS 3 THROUGH 0 IN SUCCESSION, THEN RETURN

; SIO TO A (SIO SHIFT RIGHT 1 BIT)

; DELAY 1 INSTRUCTION CYCLE TIME — SIO SHIFT RIGHT 1 MORE BIT

; DELAY 1 INSTRUCTION CYCLE TIME — SI SHIFT RIGHT 2 MORE BITS

CLRAM: LBI 3,15 ; START BY CLEARING REGISTER 3
CLR: CLRA ;0TOA
XDS ; EXCHANGE WITH DIGIT 15, DECREMENT DIGIT
JP CLR ; CONTINUE UNTIL DIGIT 0 CLEARED
XABR 3 BRTOA
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 1

JP =1
CONTINUE: .

; ADD 1 TO AUNTIL A
; OVERFLOWS*
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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 1 ; ADD 1 TO COUNTER UNTIL IT
JP =1 ; OVERFLOWS*

: XAD ; 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 LRO3
JSR LRO1

; 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 memory 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 0. (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.
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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
RC ; INITIALIZE C TO “0” (NO CARRY)
ADDL: LD 1 ; MOVE R1 DIGIT TO A, POINT TO SAME DIGIT IN RO
AISC 6 ; ADD BCD CORRECTION FACTOR OF 6 TO A
ASC ; ADD RO DIGIT TO R1 DIGIT
ADT ; RESTORE BCD VALUE IF BCD CORRECTION NOT NECESSARY
XIS 1 ; MOVE SUM DIGIT-TO RO: POINT TO R1, NEXT HIGHER DIGIT
CBA ;BDTOA
AISC 3 ; LAST DIGITS ADDED?
JP ADDL ; NO, ADD NEXT HIGHER DIGITS
RET ; 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)
; ON RETURN: C =1 INDICATES NO BORROW, C =0 INDICATES BORROW

; PREVIOUS CONTENTS OF A AND B ARE LOST
; ENTRY POINT: BCDSUB '

; POINT TO LOW ORDER DIGIT IN R1

BCDSUB: LBI 1,0
sC 3 INITIALIZE C TO “1” (NO BORROW)
suB: LD 1 ; LOAD R1 DIGIT TO A, POINT TO SAME DIGIT IN RO
CASC ; SUBTRACT Rt DIGIT FROM RO DIGIT
ADT .; BGD ADJUST IF BORROW (C =0)
XIs 1 ; PLACE DIFFERENCE DIGIT IN RO, POINT TO NEXT HIGHER DIGIT IN R1
CBA ;BDTOA
AISC 3 ; HIGH ORDER DIGITS (12) SUBTRACTED?
JP sus ; NO, SUBTRACT NEXT HIGHER DIGITS

RET ; 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 (“BCDADD”) given above. Note that a loop-
counter is contained in M(0,13) 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

RIGHT éﬁlﬂ
M(D n] M(U n-1),
0,12), M(0,0) =

RIGHT SHIFT
REGO + REG1 — REGO M(2,n) = M(2,n - 1),
- M(2,12),M(2,

; TWO;LEVEL BCD INTEGER MULTIPLY SUBROUTINE
; 12 DIGIT BCD INTEGER CONTAINED IN REGISTER 1, DIGITS 0 - 12 (LOW ORDER TO HlGH 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(0,13)
JSR CLR ; CLEAR REGISTER 0, DIGITS 13 - 0
MULT1: LBl 2,0 ; POINT TO M(2,0)
JSR TMZERO ;1S M(2,00=0? ‘ o N
JP NOTZ = - ; NO, JUMP TO NOTZ
JSR RSHRO ; YES, RIGHT SHIFT REGISTER 0, DIGITS 12 - 0
JSR : RSHR2 "3 RIGHT SHIFT REGISTER 2, DIGITS 12 -0
LBI 0,13 ; POINT TO LOOP COUNTER
LD ; LOOP COUNTERTO 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(2,0) '
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 0,12 ; POINT TO HIGH ORDER DIGIT, REGISTER 0
RSHR2: LB! 2,12 ; POINT TO HIGH ORDER DIGIT, REGISTER 2
RSH: XDS ; SHIFT RIGHT DIGITS 12 - 0 IN-REGISTER
JP ¢ RSH
RET
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; 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 ; CLEAR REGISTER, STARTING WITH HIGH ORDER DIGIT
JP CLR
RET ; 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
COMP ;15TOA
ADEX: ADD ; ADD MEMORY DIGIT TO A
X ; EXCHANGE BACK TO MEMORY
RET ; RETURN
INC1: CLRA
AISC 1 ;1TOA
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 ;0TOA
SKE ; DIGIT = ZERO?
RET ; NO, NORMAL RETURN
RETSK ; 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 LEl 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 L I/O ports; resetting
EN, disables the L /O ports, providing segment
blanking for the LED display. EN; is set and reset,
respectively, by the LEl 4 and LE! O 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 Pg remain the same, P7-P,4
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).

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 decoder/driver device). Also,
its value is used to select one of 16 RAM digits
whose contents are used by the LQID instructjon 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

LOOKUP:

.PAGE

.WORD
\WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD
.WORD

4 ; PLACE LOOKUP DATA IN WORDS 0 - 9, PAGE 4
XFC ;=0 (SEVEN-SEGMENT DECODE HEX VALUES)
X'60 ;=1

X'DA =2

XF2 ;=3

X66 ;=4

X'B6 ;=5

X'BE ;=6

X'EO ;=7

X'F4 ;=8

X'F6 =9

; NEXT FIVE LOCATIONS CAN BE USED FOR SPECIAL ALPHABETICAL DISPLAY
; CHARACTER DATA

; BEGIN CODE FOR DISPLAY LOOP

DSPLY:
LOOP:

.PAGE
LBI
CLRA
LEI
OBD
Laib
LE!
CBA
AISC
JP
CAB
JP

5 ; PLACE FOLLOWING CODE ON PAGE §

0,15 ; POINT TO HIGH ORDER RAM DIGIT, BD =15
. ; A=0 FOR LOOKUP

0 ; BLANK SEGMENTS (EN2=0)

» OUTPUT DIGIT VALUE
; LOOKUP DATATO Q

4 ; OUTPUT SEGMENT DATA (EN2 = 1)
;BDTO A

15 ; DECREMENT A

+3 ; JUMP 3 WORDS WHEN FINISHED
; ABD-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, LE! Instruction
description, setting bit 1 of the EN register enables
the COP420-series and COP444L IN, 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
OFF1g).. 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 IN4 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,

; DIGITSO - 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(0,0)
cBA . ;BDTOA
XAD 0,1 ; SAVE BD IN M(0,1)
XABR ;BRTO A
SKC ; CARRY =17
AlsC 8 ; NO, SET A3
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 =0)?
sC ; NO, RESTORE CARRY =1
XABR ; RESTORE BR
LDD 0,1 ; M(0,1) (BD) TO A
CAB ; RESTORE BD
LDD 0,0 ; M(0,0) TO A, RESTORE A
LEI 1 ; ENABLE INTERRUPT (SET IN1)
RET ; RETURN FROM INTERRUPT SERVICE 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

3.68 MHz color TV crystal), and the COP420 internal
time-base counter for a real-time base, rather than
on a 60Hz 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
COPS™system 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: 218.478 Hz (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:

e 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.)

e 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.

e 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:

e 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 Manual, 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.

3 COUNT -1~ §
UNTER

SECS +1 - SECS

219 —~ COUNTER
218 —~ COUNTER

1 0 —~ MINS
S + RS

199 - COUNTER
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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,
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” 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).

; 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

SCOUNT =214 ; ASSIGN “COUNT"” = ADDRESS OF LOW-ORDER SKT COUNTER DIGIT

$SECS =29 ; ASSIGN “SECS” = ADDRESS OF LOW-ORDER SECONDS COUNTER DIGIT
TIMEKP:

LBI $COUNT ; POINT TO LOW-ORDER DIGIT OF SKT COUNTER

LD ; LOADDIGITTO A

AISC 15 ; DIGIT=0? (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
LBl $SECS ; POINT TO LOW-ORDER SECS DIGIT
JSR $INC2 ; INCREMENT SECS COUNTER
JP $TSEC ; SECS < 60, TEST SECS FOR ODD OR EVEN
STH 0 ; SECS =60, 0 TO HIGH-ORDER DIGIT, POINT TO LOW-ORDER M!NS DIGIT
JSR $INC2 ; INCREMENT MINS COUNTER .
JP $C218 ; MINS < 60, SET COUNTER =218
STIl 0 ; MINS =60, 0 TO HIGH-ORDER DIGIT, POINT TO HOURS DIGIT
LD ; LOAD HOURS DIGIT TO A
AISC o1 ; INCREMENT HOURS
X ; PLACE IN M, PREVIOUS HRS TO A
AISC - 4 ; HOURS > 12?
JP $C199 ; NO, SET COUNTER =199
STH 1 ; YES, SET HOURS =1
$C199: LBI SCOUNT ; POINT TO LOW-ORDER COUNTER DIGIT
STH 7 ; SET COUNTER =199 (BINARY 12,7)
STl 12
RET ; RETURN UNTIL NEXT SKT OVERFLOW
$TSEC: LBI $SECS ; POINT TO LOW-ORDER SECS DIGIT
SKMBZ 0 ; SECS ODD?
JP $C218 ; YES, SET COUNTER =218 (BINARY 13,10)
$C219: LBI $COUNT ; NO, POINT TO LOW-ORDER COUNTER DIGIT
STIl 1 ; SET COUNTER =219 (BINARY 13,11)
$C21X STI3
RET
$C218: LBI COUNT ; POINT TO LOW-ORDER COUNTER DIGIT
STH - 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 ; INITIALIZE C TO 1 TO ADD TO LOW-ORDER DIGIT
CLRA ;ZEROTO A
AISC - "6 ; BCD ADJUST RESULT IF NECESSARY
ASC ; IF RESULT > 9, LOW ORDER DIGIT =0
ADT
XIS ; PLACE INCREMENTED DIGIT IN M, POINT TO HIGH-ORDER DIGIT
CLRA ;ZEROTO A
AISC 6 ; ADD CARRY, IF PROPAGATED FROM LOW-ORDER DIGIT TO HIGH-ORDER DIGIT
ASC ‘
ADT- ; BCD RESULT IF NECESSARY
X i ; REPLACE DIGIT IN M
LD ; LOAD HIGH-ORDER DIGIT INTO A
AISC 10 ; HIGH-ORDER DIGIT =6 (COUNT = 60)?
RET ; NO, NORMAL RETURN
RETSK ; YES, RETURN THEN SKIP
LOCAL ; END LOCAL REGION

4.10 String Search Routine.

It is often necessary to search data memory for a character tests, using the simple character test

string of characters. The following routine searches instructions provided below containing modified
register 0 for a match with three contiguous 4-bit LDD instructions whose operands specify the
characters, “X,” “Y,” and “Z.” Note that a match additional characters to be matched. Also, the code
with more than three characters is easily may be easily modified to search through more
accommodated by providing for additional 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(0,0)

34X 1Y, 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:
LB! 0,15 ; POINT TO M(0,15)
LOOKX:
LDD X i XTOA
SKE ; X FOUND?
JP NOX ; NO, JUMP TO X
XDS ; YES, POINT TO NEXT. LOWER DIGIT
JP LOOKY ; LOOK FOR Y MATCH, IF AT M(0,0) SKIP AND NORMAL RETURN — NO MATCH
NOX:
LD
XDS ; DECREMENT DIGIT POINTER
JP LOOKX ; LOOK AGAIN FOR X MATCH, IF AT M(0,0), SKIP AND NORMAL RETURN — NO
RET ; MATCH
LOOKY: . .
LDD Y ;YTOA
SKE ;Y FOUND?
JP LOOKX ; NO, TRY AGAIN
XDS ; YES, POINT TO NEXT LOWER DIGIT
JP LOOKX ; LOOK FOR Z MATCH, IF AT M(0,0), SKIP AND NORMAL RETURN — NO MATCH
RET
LOOKZ:
LDD z ;ZTOA
SKE ; ZFOUND?
JP LOOKX ; NO, TRY AGAIN
OBA ; YES, MATCH COMPLETE, COPY Z DIGIT ADDRESS TO A
AISC 2 ; ADD 2 TO A TO EQUAL X DIGIT ADDRESS
RETSK ; RETURN THEN SKIP — MATCH FOUND
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4.11 Programming Techniques for the
COPA421-Series, COP410L and COP411L

COP421-Series Programming

Since the COP421-series differs from the COP420-
series only in not having the IN3-INg 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-purpo$e input). The
following are the results of these COP421
differences:

1. MICROBUS™ interface programming is not
available since IN3-INg cannot be mask-
programmed as WR, CS, and RD, respectively.
Also, Gp cannot be mask-programmed as a
“ready” output to facilitate “handshaking” with
a host CPU over the MICROBUS™ bus. The
COP421 may still, however, function as a CPU
peripheral component, relying on more general,
programmed /O 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 IN; is not possible.
(Setting EN4 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 cannot rely on the inputting
and-testing of the IL3 or ILg latches associated
with IN3 and INg 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, 60 Hz square wave, it must be
tested at least twice every %o second.

COP410L/COP411L Programming

Since the COP410L/COP411L, as with the COP421-
series, does not have IN inputs, the above
programming considerations relating to the
COP421 apply as well as to COP410L/COP411L
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 COP410L/COP411L has one-half the ROM
and RAM of the COP420-series and COP421-
series. ROM, therefore, 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 8 4-bit digits (9-15,0). The LBI register
reference instruction should, therefore, contain a
“d” field equal to 9-15 or 0. Since all LBls will
reference RAM digits 9-15 or 0, all LBIs 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 2 subroutine save
registers, SA and SB. Only two levels of
subroutine nesting, therefore, are allowed. The
programmer should also realize that since LQID
pushes and pops the stack in performing the
operation associated with this instruction, only 7
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 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: INIL, ININ, and SKT are not
available; LBIs 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/COP411L instruction set. To the right
of each of the following deleted instructions,
where appropriate, alternative
COP410L/COP411L instructions are shown
which, when executed in succession, will
perform the same or similar operation as the
deleted instruction:

Alternative
~ Deleted COI_’410LICQP411L

LDD LBI, LD
CASC COMP, ASC
ADT AISC 10, NOP
CQaMA INL

oGl OMG
XABR

SKT

ININ

INIL

For further information on deleted or altered
COP410L/COP411L instructions and the operations
performed by the alternative instructions given
above, see Section 3.4.
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COP400 I/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 /O characteristics and
capability. '

The following text pfovides /0 examples for the

'COP420 specifically. The I/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.

264

5.1 Hardware Interfa‘cing Techniques
COP420 1/I0

Figure 5.1 depicts the 1/O lines associated with the
COP420. As indicated, there are 24 1/O lines. The
following discussion provides information on the
capabilities of the mask-programmable /O options
associated with the COP420. These optional
configurations are shown in Figure 5.2.

COP420 Inputs

COP420 jnputs may be programmed either with a
depletion-load device to V¢ or floating (Hi-Z input).
All inputs are TTL/CMOS 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 V¢ or ground if
unused. Inputs may also be optionally programmed
for higher trip.levels for interfacing to non-TTL
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
0.4V); 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 V¢ provides
low sourcing capability (100uA at 2.4V). While this
device meets the sourcing requirements of TTL
logic and will go to V¢ to meet the “high’ voltage
requirements of CMOS logic, an external resistor to
Ve may be required to interface to other external
devices requiring higher sourcing capability. A
standard output may be connected directly to the

<--— RESET:
LATCHED
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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 cutput
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 Vg, allowing various external pullup techniques
as required by the user’s application.
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Push-Pull Output: The COP420 push-pull output
differs from the standard output configuration in
having an enhancement mode device in paraliel
with the depletion-load device to Vg, providing
greater current sourcing capability and faster 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 I/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-puil 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. lts depletion-load device to Vgc is paralleled by
an enhancement mode device to Vg 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 (ENp) 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 V¢c
will still source up to 0.125mA when this output

is turned off. (This is not a worst case pull-up for v

keyboard input loads).

For an example of use of the L I/O 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 MICROBUS™,
outputting data over the data bus to a host CPU. It
has TRI-STATE® logic to disable both
enhancement mode devices to free the
MICROBUS™ - data lines for COP420 input
operation. Figure 5.13 shows an interconnect
between a host CPU and the COP420 over the
MICROBUS™ using this L output option.

COP420 1/O 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 I/O
ports.

Interconnect Examples

Figures 5.10 through 5.14 provide interconnect
diagrams illustrating several schemes for
interconnectirig the COP420 to external devices.
Several of these interconnect diagrams, with minor
variations, are used in providing software /0
techniques in the final sections of this chapter.

C0P420
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COP400 /O Comparison Table

Table 5.1 provides a comparison table of the 1/0
capabilities of COP400 series devices. !t 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 /0 Techniques

The following sections of this chapter provide
several software /O examples and techniques for
interfacing the COP420 to external I/O, including
program code necessary to service these
peripherais.
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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.

C0P420/C0P421

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 (Sa-Sg, 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 DS8664, 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 DS8664
decoder/driver will set a corresponding D 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 values 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 Sa, Sb, Sc, Sd
and Sg would be driven high when Ds is driven low.)

(10F3)

Gp G1 G2 G3

DS8664

KEYBOARD MATRIX

() = KEYSWITCH NUMBER




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 D lines with the display. In
fact, the program loop used to scan the display is

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 I/O ports which are tied to
the rows of the keyboard matrix: each key is
associated with the conjunction of one D line and
one G /O line. '

15 — G PORTS
& KBC

RESET UP
BIT OF KBC
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The following is a list of design criteria and
considerations relevant to the sample
keyboard/display interface: ‘

1. With this design, if two keys on different G I/O
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 G I/O 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 ta
GND compared to the resistance that the “off”
driver and G port present to Vgg. The ANDing 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 D 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 Voo =6V. -

5. To prevent flickering of the display, the display
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should be refreshed at a rate of at least 100Hz
(1/P in Figure 5.17). ‘

. The duty cycle (S/P.in Figure 5.17) must be

maintained to ensure adequate brightness. The L
port segment current capability is assumed, as
mentioned above, to be 8mA and the NSA5140
requires 0.5mA average current. Average current

. is determined by the segment duty cycle and

should be the average display current
reduirement divided by the peak output current
or 0.5+ 8=1/16. Therefore, the program must be
written to ensure a duty cycle of at least 1/16 for
proper LED display brightness.

. Each segment on time (S in Figure 5.17) must be

the same width to ensure that all digits are
uniformly bright.

. 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.

. 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
3.58MHz TV crystal to provide the clock
oscillator frequency, divided by 16 to derive a
4.5us 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
display/keyboard 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 D 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,). 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 LBI 3,15).

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 all 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 binary count of
the number of times the program falis through
the debounce routine.

. 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.”

. 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 D ports using an OBD
instruction, decoded by the DS8664 to enable
the appropriate display digit line (D14-D4). 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 D ports,
loading Bd also is used to access the contents
of a particular RAM digit, used later by an LQID
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 disp/ay 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 LQID 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 0 digit
contents =0010,, the LQID 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.

. 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).

. The segments of the display are blanked, a

requirement for LED multiplexed displays. This
is‘accomplished by disabling the drivers from
the Q 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.
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With the L drivers thus disabled, the L I/O ports
are disabled, turning off the segments of the
display. ’

. Next, the program utilizes an LQID instruction to

access and load seven-segment decode data
contained in a lookup table into the Q latches.
This is accomplished in the following manner: as
explained in Section 3.2, LQID loads Q;-Qq with
the 8-bit contents of ROM (I;-1g) pointed to by -
Pg, Pg, A and M. In this example, LQID is located
in page 0, with the result that, at the time of -
execution, Pg,Pg=0,0. The program sets

A =0100 with an AISC 4 instruction before
execution of the LQID instruction so that
P7,Pg=0,1 and Ps,P,=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 LQID
instruction, it will always “look to” page 1. The
lowest 6 bits of P (P5-Pg) 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 LQID 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-Py), 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 Q.

In effect, M is the only variable involved in the
LQID operation with its contents directly
determining which one of the 16 words in page 1
(words 0-15) are loaded into’ Q. Of course, the
seven-segment decode values have been placed
in these locations. Also, as indicated above, 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,), a LQID will place the seven-
segment lookup data for a display numeral 3
into Q. If M=10-15 binary, LQID will place the
seven-segment decode values for the special
alphabetical characters P, A, U, C, F and E,
respectively, into Q, 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'1F, ...), each 8-bit segment
decode value has been placed in successive
memory locations with a separate .WORD

directive. It should be noted, as indicated by the
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comments to the program, that ROM word bits
I7-1g (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 (lg) 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 setting 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 displayed
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 Q
latch data is later output to the display via the L
ports. Note that an X instruction must follow the
CQMA and precede the CAMQ instruction to
maintain the integrity (bit-weights) of the Q data,
since these instructions perform opposite
exchanges with respect to A and M. (See Section
3.2) :

. If the comparison tests “true,” the least

significant bit of Q 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



10.

11.

12

13.

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.

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.

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/0 ports, the
latter connected directly to the segments of the
display.

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 0. 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 onloff 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.

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

14.

15.
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last digit has been displayed, the program falls
through to “DEBOUN,” the keyswitch
debouncing portion of the program.

Debouncing begins at “DEBOUN" 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). '

If, upon entering the debounce routine, the up
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, “DEBOUN" 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 KBC equal 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 COMP and a JID instruction.

The COMP 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 Gg- G3 row lines, respectively. D
will equal 0001, 0010, 0011, or 0100 (binary) if the
key closure occurred on the D;-D, 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, Pg, Az, Ag, Ay, Ag, M3, My, M4, M. 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 Pg, 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 Py, Pg, 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.

2-76

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 keyswitch 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 Table 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 8-bit value of
the address of each appropriate keyswitch
decode label location is loaded into the pointer
address by using an .ADDR directive with an
operand specifying the /abel 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

5 COP420 DlSPLAYIKEYBOARD DEBOUNCEIDECODE ROUTINE

; DISPLAYS 1‘_1 BCD DlGlTS CONTAINED 1N:M(0; 14). THROUGH M(O:‘l
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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 1K 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.

3 HIGH: ORDER TO LOW ORDER RESPECTIV_ LY.

apIny sJasf Ajjweq ,.Sd0D
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E ROUT(NE FOR PARTICULAH KEY CLOSUHE

MOVE TO KEYS POINTER LOCATION:

apinY s asn Ajiwed ,SdOD
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5.4 SIC Input/Output

Sl and SO can be used to provide additional I/O
capability for the COP400 family by connectlng, for
example, external 8-bit parallel-to-serial
(MM74C165) and serial-to-parallel (MM74C164) shift
registers, as shown in Figure 5.20. The following
routine will output 8 bits of data serially using the
SIO registers, at the same time inputting 8 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, LE! 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 Sl 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, SIO MUST BE ENABLED AS A SERIAL SHIFT
; REGISTER (EN0=0)

SERIO:

sC ; SET CARRY TO ENABLE SK AS A SYNC
; OUTPUT

XAS ; START SYNC, A TO SIO, START SHIFTING
; A OUT, SI DATA'IN

NOP  ; WAIT 4 INSTR. CYCLE TIMES

NOP

Ltb ;MTO A

XAS ; FIRST 4 SI BITS TO A, A TO SIO, ,
; CONTINUE SHIFTING Sl IN, SO OUT

X ; STORE FIRST 4 SI BITS INM
CLRA ; CLEAR A (WAIT 4 INSTR. CYCLE TIMES)
RC ; RESET C TO DISABLE SK AS A SYNC

; OUTPUT

XAS ; STOP SYNC, LAST 4 SI BITSTO A

CoPaoo
MM74C165
SK

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” (SI0 =1111y)
before an SIO data transfer is effected.

; ROUTINE TO SYNGHRONIZE SERIAL DATA TRANSFERS

; BETWEEN TWO COP DEVICES (COPA AND COPB) USING

; THE SIO REGISTER

; SIO MUST HAVE BEEN PREVIOUSLY ENABLED AS A SERIAL
; SHIFT REGISTER

, COPA CODE:
BACK: NOP ; ADD 1 INSTR. CYCLE TIME FOR
; RE-SYNC
CLRA’ yZEROTO A
XAS ; OUTPUT ZEROS, WAIT 4 INSTR.
NOP ; CYCLE TIMES
CLRA
COMP 15TO A
XAS ; OUTPUT 15 VIA SK, SI BITS TO A
AISC 1 ; ARE INPUT BITS = 15?
JP BACK ; NO, TRY AGAIN
’ ; YES, DEVICES SYNCHRONIZED
; COPB CODE:
BACK:
CLRA ; OUTPUT ZEROS IN 4-CYCLE
; LOOP
XAS
AISC 1 ; 15 FROM COPA?
JP BACK ; NO, KEEP SENDING OUT ZEROS
COMP ; YES, OUTPUT 15 TO COPA
XAS
NOP ; DEVICES SYNCHRONIZED
NOP
NOP ; WAIT FOR COPA TO START

CoP4a00 COP400
S0 1

Q
o
o
Y]
S
.
<
c
»n
]
1
()
©
=
o
)




COPS™ Family User's Guide

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

(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 Dy . -
and Dy 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-to-16 binary decoder (an

~ additional 2K bytes of RAM).

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

memory digit M(3,15). It then reads from or write /O
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 with three of the four bits of
the EN register. The LEI 13 instruction sets

ENj3- ENg equal to 1101 with the result that EN3
and ENg are equal to “1” and, therefore, SO will
output a “1” to the WE pins of external RAM to
perform a read operation. EN, is also set to “1” to
enable the L drivers so that Q latch data will be

“ output to the L I/O ports and, via the interconnect,

to the RAM address lines. The LEI 5 instruction
alters ENj3 to “0,” resulting in SO being driven low,
enabling a write operation into the external RAM
device.

; SUBROUTINE TO READ-FROM/WRITE TO ONE OF TWO EXTERNAL RAM DEVICES (256 x 4 BITS EACH)

; 16 4-BIT DIGITS OF /O 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

; 8-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

DIGIT =1,15
CSEL =2,15
REG =3,15

READ:
RC ; RESET CARRY FOR READ OPERATION
JP RW

WRITE:

) sC ; SET CARRY FOR WRITE OPERATION
" RW: ; READ/WRITE CODE

0GI 15 ; SETG3 - GO HIGH ,
LEI 13 ; SO =1, ENABLE L DRIVERS
LBI CSEL
0BD ; OUTPUT CHIP SELECT VALUE
LBI DIGIT ; POINT TO DIGIT NUMBER
CLRA ; START WITH DIGIT 0

RWL:
X ; EXCHANGE A INTO DIGIT NUMBER IN M
LDD REG ; REGISTER NUMBER TO A
CAMQ ; OUTPUT REGISTER AND DIGIT NUMBER FOR RAM ADDRESS
LD 1 ; DIGIT NUMBER TO A, POINT TO REGISTER 0
CAB ; DIGIT NUMBER TO BD TO POINT TO I/O DATA IN M
SKC ; IS CARRY EQUAL TO 1?
JP RR ; NO, JUMP TO READ RAM
LEI 5 ; YES, PERFORM WRITE OPERATION, DRIVE WRITE ENABLE LOW
OMG ; OUTPUT DATA TO RAM
LEI 13 ; SET WRITE ENABLE HIGH

. 0G| . 15 ; SET G3 - GO HIGH _

RWCONT: .
LBI DIGIT ; POINT TO DIGIT NUMBER
LD ; DIGIT NUMBER TO'A .
AISC 1 ; INCREMENT DIGIT NUMBER, IS DIGIT = 15?
JP RWL ; NO, CONTINUE READ/WRITE
0BD ; YES, DISABLE RAMS (CHIP SELECTS HIGH)
RET ; RETURN .

RR:
ING ; READ RAM DATA
X ; STORE IN I/0 DIGIT IN M

JP RWCONT

; CONTINUE
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Figure 5.22 Typical Add-On RAM Interconnect

5.6 IN3/INg Inputs

Section 4.8 has already provided an example of an
interrupt service routine utilizing the “hardware”
interrupt capability of the INy COP420 pin. It is also
possible to implement a “software” interrupt, using
either the COP420 IN3 or INg inputs, since they

have testable input latches associated with them.
These latches, IL; and ILg, will be set if a low going
pulse, at least two instruction cycles wide, has
occurred on the INj or INg 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 (Az and Ag).

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 INg. For example, in timekeeping
applications, IN3 or INg may be connected to a
60Hz square wave. The program must, in this case,
execute an INIL instruction at least every 1/60
second.

If an interrupt input occurs irregularly, it will be
more efficient to connect it to the hardware
interrupt pin, IN4, to insure that no interrupt is
missed due to infrequent testing. Conversely, if an
interrupt input occurs regularly and predictably
(such as a 60Hz 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.

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
COPS™ Applications Group at (408) 737-5582.
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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 COPS™ 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:

* D/A Converter
e Comparator
e Control logic

National Semiconductor
Leonard A. Distaso
February 1980

COP Note 1

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 A/D 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
— RI/2R ladder
— Binary weighted ladder

e 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.

Il. Simple Capacitof 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 volitage.
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:

Vg =VO0+[V1-VO][1-e**(-t/RC)]

where: V¢ = capacitor voltage
V0 = “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
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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 VO is 0 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 A/D conversion. The
selection of input and output used is arbitrary. and is
dictated by general system considerations. VO 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 VO (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

VIN Q] +
100k 4LM339
e AAA

Vvv*I

0.5u4F

i1H

this basic implementation. The levels of V1 and VO are
not Vgc and ground as would be desired. The level is
defined by the load on the output, the value of V¢, 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 miaximum 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 Vg and ground. Therefore, in order to
obtain any accurate result for a voltage measurement
the exact values of V1 and VO 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

2 M 3

uniformly and “instantaneously”. It can be viewed as
though the voltage V1 is bouncing before it stabilizes.

4AMH3
D 1k

27pF

CKO.

IN3

||H

CKI

COP420

G0

]21 111

Vee

L

CRYSTAL GSCILLATOR VALUES CHOSEN TO GIVE 448 CYCLE TIME WITH DIVIDE BY 16 OPTION

SELECTED ON COP 42

[

Ve = +5V

KO/ CKI PINS

Figure 1. Basic Capacitor Charge Technique
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oeI | [o] ;s TURN OFF 6 TO DISCHARGE CAPACITOR

i INSERT SOME DELAY TO MAKE SURE CAPACITOR DISCHARGED
;USING 12 BIT COUNTER, BUT ONLY UPPER 8 USED IN TABLE
iLOOK UP DUE TO ACCURACY- OF RC CHARGE METHOD. THE OTHER
;BITS COULD BE USED BUT THE COMPLICATIONS ARE NOT WORTH

.i THE EFFORT FOR THIS PARTICULAR TECHNIQUE. ALSO, HERE THE
i INPUT RANGE IS RESTRICTED SO THAT THE TOP 3 BITS ARE ZERO

RGAD: 061 1 i TURN ON THE € LINE
IMCK: LBI 2,13 iBINARY INCREMENT OF 12 BIT COUNTER
BINMI&: SC o i LOWER FOUR BITS WILL BE DISCARDED
BINKL 13 CLRA JONLY TOP BITS USED IN TABLE LOOK UP
. ASC . i SPEED WOULD BE IMPROVED IF THE ADD WERE
NOP i STRAIGHT LINE CODED-BUT COSTS MORE. CODE
X18 ' -
JP BINPLI . . )
ININ iREAD IN3 TO SEE IF COMPARATOR CHANGED
AISC. 8
JP END
Cl RA
N INCR
END: 061 o i TURN OFF THE ¢ LINE AND DISCHARGE C

DO ARITHMETIC HERE OR LOOK UP TABLE OR WHATEVER IS

i REGQUIRED--SAMPLE LOOK UP TABLE CONTROL INDICATED BELOW
i SAMPLE TABLE WRITTEN CORRECTING.FOR THE EXPONENTIAL

i RELATIONSHIP. THE TABLE ALSO INCORPORATES A CONVERSION
i TO BCD. THE VALUE IN THE TABLE IS THE RATIO OF

i THE CAPACITOR VOLTAGE V TO THE MAXIMUM VOLTAGE VMAX

i THE NUMBER IS A TWO DIGIT BCD FRACTION. WE ARE USING
iA S BIT COUNT IN THIS EXAMPLE. ADDRESSING ARBITRARILY
i SET UP ASSUMING THAT CONTROL CODE IS IN PAGE O (OTHER
i THAN AT ADDRESS 0) AND THAT THE TABLE THEREFORE IS IN
iPAGE '1 (STARTING AT HEX ADDRESS 040).

i
LBI 2,15 iPOINT TO TOP 4 BITS

XDS : i TOP 4 IN A, POINTING TO LOWER 4 IN 2,14

AISC 4 i THIS MERELY ADJUSTING FOR ADDRESS-—-NO
i OTHER FUNCTION

LGID i DO THE LOOK UP

CaMA - . i FETCH THE ADJUSTED VALUE FROM @

i THE ADJUSTED VALUE IS NOW IN A AND M. FROM THIS POINT MAY
i USE THE VALUE IN OTHER CALCULATIONS OR OUTPUT THE INFORMATION,.
iOR WHATEVER MAY BE REQUIRED BY THE APPLICATION.-

LBI 2,13 i CLEAR THE COUNTER
STI1 o

STII o

STII o

JP RCAD: iJUMP BACK AND REPEAT
. =X'040 i BET 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 i AND CONVERTED TO BCD FRACTION

. WORD 030, 032,034,036 i TABLE VALUE IS RATIO V/VMAX

. WORD 038, 039, 041, 043

. WORD 045, 0464, 048, 049

. WORD 051, 052, 053, 055

. WORD 056, 057, 059, 060

Figure 2A. Typical RC Charge A/D Code

|

DISCHARGE .
cAPAciTOR | 0 €0
1
APPLY V, -
anpuT voLTace) | 1 80

CONVERSION
COMPLETE
PROCESS DATA
AS REQUIRED

INCREMENT
TIMER
(2,15-2,14)

I

Figure 2B. 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

3.5 -

25 -

1.5

0 ! ! ! 1 Il | | ! ! 1

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 degree 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
characteristics. 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 .
;ER‘IIIAIE)UIE\S A RESULT OF A £10% VARIATION IN

1 1 1 | 1 1 ! | ! ! | 1 |

1.2 14 16 18 2

% ERROR IN MEASURED VOLTAGE
~N
>
o
@

-3}

. K . 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5
-5 t/RC—>
CALCULATED (NO ERROR FACTOR)

| 810N d0OD




COP Note 1

swing from ground to Vg 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 Vggg 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 COPS™ device and to reset the
capacitor, or whatever other function is required. This
has the advantage of fully utilizing the components in
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the system and eliminates the need to add another
package to the system. .

C. CONCLUSIONS

This approach is an inexpensive way to perform an A/D
conversion. However, it is not that accurate. With a 10%
Vce 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.
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lll. 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 Vg is compared
to the voltage to be measured by means of an analog
comparator. The duty cycle is then adjusted to cause V¢
to approach the input voltage. The COPS™ device reads
the comparator output and then drives one of its
outputs high or low depending on the result, i.e., if Vg is
lower than the input voltage, a positive voitage (V1) is
applied to charge the capacitor; if V¢ is higher than the
input voltage, a lower voltage (VO) 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 =V0+ [Vg - VO][e* *(~t1/RC)]
Vg =Va +[V1=Val[1 —e**(~t2/RC)]
=V1 +[Va - Ville**(~t2/RC)]

V0 ——

[Tl eT2->|

Vo = (V1-V0)-T1
C="71572

Figure 5

vi
“r :};7\ k /\ /
v g
vin — [
/ a \/ | \/
Va _ L - v
L—t1—>l<——12——>l
Vo
t—
CAPACITOR VOLTAGE

Figure 6

solving for t1 and t2 we have:
t1= —RC In[(V5 — VO)/(Vg — VO)]
t2= —RC In[(Vg — V1)/(V4 - V1)]
let:

VA = VIN - d"

VB = V|N +d2

substituting the above, the equations for t1 and t2
become:

t1= —RC In{[1 — (d1/(V)y — VO[T + (d2/(V|y — VO)I}
t2= —RC In{[1 = (d2/(V;\y = VI)I[1 = (d1/(V)y = VD)I}
the equations reduce by means of the following
assumptions:
1. d1=d2=d
2. [Vjy—-V0|>>d
[ViN=V1]>>d

applying these assumptions, we get the following:
t1= —RC In[(1 +x)/(1 —x)] where x = =d/(V|y — V0)
t2= —RC In{(1+x)/(1 —y)] where y =d/(V;y - 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 +2)/(1 —z)]=2[z+(z"‘3)13+(z""5)15+ |

O—WVT'OVc

i1H

< 1| «——12—>

t—

COMPARATOR OUTPUT
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COP Note 1

substituting we have:

t1= -2RC[x +(x**3)/3+...]
t2= —-2RCly +(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/(V;y—V0)  t2= —2dRC/(V;y - V1)
therefore:

/(1 +12) = (V1 - V)\)/(V1 - V0)

t2/(t1 +t2) = (Vi — VO)/(V1 - V0)

solving for Vy:

Vin =[t2/(t1 +t2)}[V1 - VO] + VO
or Viy=V1-[t1/(t1+t2)][V1 - V0]

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 approximation has to do with the differ-
ence between the input voltage and either V1 or V0. 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 VO. Therefore, it becomes necessary to determine
how closely the input voltage can approach V1 or VO. 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 VO produces the same result. Thus
V=V1=V0. .

For at least 1% accuracy

X +(x**3)/3< 1.01x
therefore x < 0.173
since x =d/|(V)y — V)| we have d < 0.173 |(V)y = V).

Using the same analysis for 0.1% accuracy in the
approximation we get d < 0.0548|(V,\ — V)|. By applying
this relationship, the RC time constant can be adjusted
so that, within the time interval, the capacitor voltage
does not change by more than d volts. The user may

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 VO is zero, it drops out of the first
equation and the relationship is simplified. Therefore, it
is desireable to use zero volts as the VO value. The
equation then becomes:

Vin = VIt2/(t1 +12).

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 technique 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 V| 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 V), 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
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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 A/D
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+12, 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 cage 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. C1is
the capacitor whose voltage is being varied by the pulse
waveform. G2 is in the circuit only for stabilization and
symmetry and is not significant in the resuit. 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 2.4V
and V¢ (here assumed to be 5 volts). The “0” level will
be between the 0.4V 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
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charging while the output is trying to go to the high
level. ’

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 loss of accuracy of several
bits.

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 comparator with Vg =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=Vgc and VO=0. As
shall be seen, it is not difficult to improve this accuracy
considerably.

i ATOD IS THE FULL. CONVERSION SCHEME WRITTEN AS A SUBROUTINE

ATQOD: LBI 1,10
JSRP CLEAR
LBI 2,10
JSRP CLEAR
LBI 1,13
STII o]
STII o)
STII 8
Al10D1:  ININ
AISC 8
JP SNDO1
SNDIA: LBI 3,0

; MAKE SURE COUNTERS CLEARED
i PRELOAD FOR TOTAL COUNT = 2048

i READ COMPARATOR--INPUT TO 420 = IN3

i USING OMG BELOW TO SAVE STATE OF OTHER G

i VALUES IF IT WAS NECESSARY TO DO SO0, ELSE USE 0GI

SMB 2

3 VIN > Ve, DRIVE Ve HIGHER

oMG i THIS CODE STRAIGHT LINED FOR SPEED
SC i APPLY POSITIVE REFERENCE
CLRA | i INCREMENT THE SUB COUNTER

LBI 2,13
ASC

NOP

X18

CLRA

ASC

NOP i BINARY INCREMENT
XIS i WOULD ELIMINATE THESE 4 WORDS IF 8 BIT
CLRA i COUNTER OR LESS-HERE SET UP FOR UP TO 12 BIT

ASC i COUNTER

NOP

X

JP TOTAL
SNLOI:  LBI 3,0

RMB 2

oMe

CLRA

AISC 10

i THIS PART OF THE CODE MERELY INSURES THAT

NOP i ALL PATHS THROUGH THE ROUTINE ARE EQUAL IN TI

DI VY: AISC 1
JP DLY
TtAL:  CLRA
LBI 1,13
sC

ASC i INCREMENT THE TOTAL LOOP COUNTER
NOP i WHEN OVERFLOW, DONE SO EXIT

XIS

CLRA

ASC

NOP

XIS

CLRA

ASC

JP ATOD2

RET
AT X

JP ATOD1

.PAGE 2

CLEAR: CLRA

X18

JP CLEAR

RET

Figure 8A. Duty Cycle A/D Code




CLEAR
COUNTERS

PRELOAD
TOTAL (t1 +12) FOR
OVERFLOW AT
MAX COUNT

@)
@)
B°)
Z
o

—
®

—t

Vin> Ve
APPLY APPLY NEG.
POSITIVE REFERENCE REFERENCE

INCREMENT DELAY T0
T1 COUNTER EQUALIZE TIMES

INCREMENT
TOTAL (11 +12)
COUNTER

COUNTER
OVERFLOW

RETURN
CONVERSION DONE

Figure 8B. Duty Cycle A/D Flow Chart

C. ACCURACY IMPROVEMENTS Under laboratory conditions, the circuit of Figure 9A
yielded the accuracies as indicated below for various

C.1 General Improvements total counts. The accuracy increased with the total

Figure 9 illustrates circuit changes that will make count until the count exceeded 2048. There was no
significant improvements in the accuracy of the significant increase in accuracy with this circuit for
technique. In Figure 9A a CMOS buffer is used to drive counts in excess of 2048. (Remember that these results
the RC network. The output of the COP420 drives the were obtained under controlled conditions). We may
CMOS gate, which here is a 74C04 because of its output then view the results obtained with 2048 counts as the
characteristics. The main thing that this technique does upper limit of accuracy with the circuit of Figure 9A. The
is -to reduce the difficulties with the output levels. results were as follows:

Typically, VO is 0 volts and V1 is Vgc. We also have a

“harder” source for the voltages — the levels don’t Total

-change while the capacitor is charging or discharging. Count Resultant Accuracy

Now, even more clearly than before, the accuracy of Vg 512 8+ 1/2 bits

is the controlling voltage tolerance. The accuracy of the 1024 9=+ 1 bits

result will be no better than the accuracy of Vg (for a : 2048 9+ 1/2 bits

system requiring absolute accuracy). 4096 9+ 1/2 bits
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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 Vg=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 V), 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 (Vgc) and Vg
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.

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 volits.
Therefore, the effective input voltage (at the comparator
input) is approximately 0.3 voits 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
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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 resnstance 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 resuit. 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.

i CODE FOR IMPROVED A TO D PULSE WIDTH METHOﬂ
i SEE FIGURE 8A FOR CODE FOR ROUTINE ATOD

i
AUTZEER: LBI 3,0

- DO AUTO ZERO.,. 3.0 CONTAINS ¢ STATUS
RMB 3 iSET UP TO GRND INPUT & MEASURE OFFSET
JER " ATOD i FIRST TIME IS TO GET CLOSE
JER ATOD i MEASURE THE OFFSET
LBI 2,13 i NOW SAVE THE OFFSET VOLTAGE
XI-Fit: LD 1 i SAVE THE OFFSET VALUE IN M3
XIS 1
JP XFER
LBI 00
. JP INPUT :
MEAGUR: iNOW DO REAL MEASUR(1ST TIME IS OFFSET)
‘ JSR ATOD ;FIRST TIME TO GET CLOSE
JSR ATOD i NOW REAL MEASUREMENT

JSRP BINSUB ;SUBTRACT THE OFFSET
i HAVE THE VALUE AT THIS POINT(IN BINARY)-NOW DD WHAT

i THE APPLICATION REGUIRES.

VALUE MUST BE MULTIPLIED

i BY (VREF+/TOTAL COUNT) TO GET FINAL VALUE IF SUCH IS

i DESIRED
LBI 1,0 ; INCREMENT COUNTER FOR NEW OFFSET MEASURE
LD
AISC 1
JP SAVE
X i I8 16TH TIME, MEASURE OFFSET AGAIN
JP AUTZER
SAVE: X
LBI 3,0 :
SMB 3 i SET BIT SO CAN MEASURE VIN
JP MEASUR '
. PAGE 2
BINGUB: LBI 3,13
sC
BNGUBZ: LD 1
CASC
NOP
XIS 1
JP BNSUB2
RET

Figure 11A. Duty Cycle A to D, Improved Method




GROUND
INPUT FOR
OFFSET MEASURE

1

JSR ATOD
1st TIME T0 GOT
CLOSE

SEE FIGURES
8A, 88

SEE FIGURES JSR ATOD
8A, 8B | REAL MEASUREMENT

[

SAVE THE OFFSET
VALUE

MEASUR Pl

APPLY
Vin

SEE FIG. JSR ATOD
B8A, 88 | DRIVE Vg TO Viy
SEE FIG. JSR ATOD
8A, 8B MEASURE Viy
SUBTRACT
OFFSET VALUE

CONVERT DONE
DO WHAT ELSE IS
REQUIRED BY THE
APPLICATION — KEEP
V¢ CLOSE T0 Viy

INCREMENT
OFFSET COUNTER

Figure 11B. Flow Chart for Improved Duty Cycle A/D

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.

It
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Figure 12. Dual Slope Integration — Basic Concept

dv
lx=Cy = Vx/R

dv
VX = RCE{

| vydt =" RCaV
.0 .0
VxT1=RCV
V=VyT1/RC =IxT1/C
Similarly:

dv
lrer=C G =Vaer/R

dv
Vrer=RCF

[T+ Ty ‘o
Vgeedt = \ RCAV

. T1 N

VgerTx = —RCV

V= —VperTy/RC
~VgegrTy/RC =V T1/RC
VX = —VREFTXIT1

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 O voits or some bias voltage), have opposite
polarity. Thus, if it is desired to measure 0 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 0 volts
as the integrator and comparator are biased at +2.5
volts (then the O volts is in fact —2.5 volts relative to the
biasing voltage, and the input range is 0 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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COP Note 1

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 |mmed|ately 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.

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 perhaps not 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 G1. 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 technique — 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 the
LH0070, which is a 0.01% reference. A resistive voltage
divider on the LH0070 creates the 5 volt value. The use
of the voltage divider brings up two difficulties (which
can be overcome if the LH0O070 is used at its full value,
thus eliminating the divider, and the result properly
scaled in the microcontroller 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

1 16|15 22 23
21| 61 G2
Y G0
AHOD15 ,
viv oL AN 2
10 A ]
N -COP420
12
1 _E y l13 lﬂ
= =T IN3
Vs Vs Vgc
+5,000v I
1
Vin J: lﬁ
Vour LHOO70 = v
a GND
3
-J_— S 500k
L = Vg= +15V 100k
Tk Ys= v i
Vee= +5V
Vin=0T0 -5V =
2%

Figure 13. Basic Dual Slope Integration A/D Scheme




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 Treg. Notice
that the accuracy of Vgc and that of the integrating
resistor and capacitor are not involved in the accuracy
of the result. The accuracy of Vggr 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 R and C values do not
impact the accuracy because the integration in both
directions is being done through the same R and C.
Results would be quite different is a different value of R
or C was used for one of the slopes.

DUl Gt b DGI 1 i HOLD THE INPUT TO GROUND TO RESET THE
LBI 2,11 i INTEGRATING CAPACITOR
JSRP CLEAR i CLEAR THE COUNTER
JSR INCRA ; TO GET US CLOSE, NEXT READING IS REAL
Cl kAt LBI 2,11 i NOW CLEAR THE COUNTER
JSRP CLEAR i MAKE SURE COUNTER CLEARED TO ZERO
i), 1% = O AND START AT 1,13 FOR COUNT = 4096
il.15 = 14 AND START AT 1,12 FOR COUNT = 8192
iJi1H = 12 AND START AT 1,12 FOR COUNT = 146384

il-Ul.1 OW SAME PATTERN FOR OTHER COUNTS

ME-ALUR:  JUSR INCRA

i RUN THRU THE INCREMENTS

i NOW HAVE THE BINARY VALUE, USE IT AS IS OR
i MULTIPLY BY (Vvref/TOTAL COUNT) TO CREATE THE VOLTAGE
i RESULT--THEN CONTINUE WITH THE OPERATION

LBI 2,11
JSRP CLEAR
JSR INCRA
JP CLEAR2

i CLEAR THE COUNTER
i TO GET CAP CLOSE TO O AGAIN

POl OWING SUBROUTINE INCRA IS THE REAL PART OF THE ROUTINE
i CONCERNED WITH THE COUNTING FOR THE CONVERSION.

INCRA:  LBI 1,195 iR1 IS CLEARED PRIOR TO START
STII 15 i PRESET THE COUNTER FOR 4096
06I 4 i APPLY VIN
INCGI: LBI 1,12
8C
BINADL: CLRA
ASC
NOP
X1s
JP BINAD1
NOP i 2 NOPS TO EQUALIZE TIMES
NOP
SKC
JP INCR
0GI 2 i DONE, NOW APPLY VREF
INCI?:  LBI 2,12 i COUNT UNTIL COMPARATOR CHANGES
sC
BINADZ: CLRA
ASC
NOP
X1s
JP BINAD2 ; STRAIGHT LINE THE ADD FOR SPEED
ININ i SAVE WORDS BY USING G
AISC 8 i SEE IF IN3=1
JP INCR2 i IN3 IS O, KEEP COUNTING
ourput: 061 1 i KEEP INPUT AT O
RET

Figure 14A. Dual Slope A/D Code
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RESET
INTEGRATING CAP

CLEAR
COUNTERS

PRESET REFERENCE :

COUNTER FOR
_{O‘FLOW AT MAX VOL.

APPLY Viy

|

i

INCREMENT

REFERENCE
COUNTER

YES

APPLY
VReF

|
1

INCREMENT
“‘UNKNOWN"
COUNTER

CONVERSION DONE
DO WHAT IS NEEDED
BY THE APPLICATION
WITH THE RESULT

Figure 14B. Basic Dual Slope A/D Flow Chart

C. MODIFIED 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

anss
Vx —;Lw_— +
. p—
Vi
"IIHM AVAVAY [ c
INTEGRATOR COMPARATOR
i |
o
Ve

I
1
I
1
1
!
1
i
!

—tREF 1ty

t

Figure 15. Modified Dual Slope — Basic Concept

The math analysis is much the same:

dv
Ix=C g =Vx=Vmax/R
dv
Vx = Vmax=RC ¢

(Vy = VT = RC

V = (Vy = Vyax)TI/RC
Similarly:

lRep=C E’dlt/ = (VRer — Vmax)/R
(VRer — Vmax)Tx= —VRC

V= —(Vger — Vmax)Tx/RC

- (Vmax — VRer) Tx = (Vx — Vmax)T1

Vx = Vymax + (Vmax — VRep) Tx/T1

The' main difference between this and the basic
approach is the offset voltage Vpyax- The main
restriction is that all input voltage values (Vy) are less
than Vyax. It is also apparent that the total count is
proportional to the difference between Vyax and Vy. The
only significant effect of this is, however, to slightly
complicate the arithmetic required to arrive at a value
for Vy.

. Given that the input voltage Vy 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: Vyax and
Vger- However, the Vyax 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 Vyax with Vyax 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
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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 V) to ground and then adjusting Vax 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 Vgge 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, the

Vs
f

LH0070

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 Trer (or Ty), 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
R and C. This is the easiest solution and preserves
accuracy. lts 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/or
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 ramping control is the -

same as that indicated here.

4mHz

27pF

COPA20

G

1
22_]1 Lﬂ'

Vee
Vs= +15V
AHO015 —Vs= —15V
Voo = +5V
15[ 16 141 411:1 il_ 1] 2 ] —4V VN < +4V
Voo Vs Vs

Figure 16. Modified Dual Slope Integration
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COP Note 1

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.

ClRGAP: 0BT 1
Cl FARZ: LBI 2,11
JSRP  CLEAR

3
]

H
H
H
i
i

MEAGUR: JSR INCRA

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
COPS™ microcontroller can be a very cost effective
solution to an analog to digital conversion problem.

i APPLY VREF AND ENABLE RESET PATH
i NOW CLEAR THE COUNTER

»15=15, 1, 14=4 AND START AT 1,12 FOR COUNT = 3072
1% =15 AND START AT 1,12 FOR COUNT = 4096

] 14 AND START AT 1,12 FOR COUNT = 8192
1% = 12 AND START AT 1,12 FOR COUNT =

i FOLLOW SAME PATTERN FOR OTHER COUNTS

16384

i RUN THRU THE INCREMENTS

i HAVE THE VALUE AT THIS POINT. DO WHAT THE APPLICATION

i REQUIRES--REMEMBER, TO CREATE REAL VALUE MUST MULTIPLY

i RESULT BY (VREF-VMAX)/TOTAL COUNT AND THEN SUBTRACT

i THAT RESULT FROM VMAX—-DO 1T IN DECIMAL OR BINARY, WHICHEVER

i I8 BEST FOR THE APPLICATION

LBI 1,11 i MAKE SURE SPACE 1S CLEARED
JSRP CLEAR
LBI 2,11
JSRP CLEAR
JSR INCRB i FOR TEST-KEEP IT CLOSE
LBI - 1,11 i MAKE SURE COUNTER IS CLEARED
JSRP CLEAR
JP CLEAR2
INCRA: LBI - 1,14
STII 4 ; PRESET HERE FOR SMALLER COUNT
STII 15 ; PRESET THE COUNTER FOR 4096
INCRAL: 0GT 2 s APPLY VIN AND ENABLE FEEDBACK
INCR:  LBI 1,12 ~
sc
BINADL: CLRA
ASC
NOP ,
X18
Jp BINAD1 .
NOP ;2 NOPS TO EQUALIZE TIMES
NOP
SKC
Jp INCR
061 o i DONE, NOW APPLY VREF
INCR#: LBI 2,12 i COUNT UNTIL COMPARATOR CHANGES
sc
BINAD2: CLRA
ASC
NOP
X18
JP BINAD2 . STRAIGHT LINE THE ADD FOR SPEED
ININ ; SAVE WORDS BY USING 6
AISC 8 i SEE IF IN3=1
N INCR2  ; IN1 IS O, KEEP COUNTING
OUTPUT: 0GI .1 iCLEAR THE CAPACITOR, APPLY VREF
RET
INCRE: LBI 1,14 i MAKE THE PASS FOR CAP INIT SHORT
sTII . 7 :
STII - 15
JP INCRA1L

Figure 17A. Modified Dual Slope Code




INITIALIZE INTEGRAT-
ING CAPACITOR
(APPLY Vger AND

ENABLE RESET PATH)

CLEAR THE
COUNTERS

PRESET TOTAL
COUNTER FOR OVER-
FLOW AT MAX VALUE

" APPLY Viy AND
ENABLE COMPARATOR
FEEDBACK

—Cm >

INCREMENT TOTAL
COUNTER

YES

APPLY Vggr

{ INCR }

INCREMENT
*'UNKNOWN"’
COUNTER

CONVERSION DONE
— APPLICATION DIC-
TATES REMAINING
CODE  Viy=Vmax —
VRer — Vmax
TOTAL

INITIALIZE THE
CAPACITOR

(DUMMY
CONVERSION)

1

1‘ INCR2 ’

Figure 17B. Modified Dual Slope Flow Chart

V. Voltage to Frequency Converters,
VCO’s

A. BASIC APPROACH

The basic idea of this scheme is simply to use the
COP420 to measure the frequency output of a voltage to
frequency converter or VCO. 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 COP420 this
upper limit is typically 10 to 15kHz. The other limiting
factor is simply the accuracy of the voltage to frequency
converter or VCO. 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 5000Hz and
5001Hz for example (assuming the V to F converter was
that 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 iilustrates 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.

Four

Vin = VTOF IN coP420

10Hz to 10kHz
TYPICAL

Figure 18. V to F Converter — Basic Concept
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MEAGUR:

TIiM-:

BINPL 3

BINADLD:

FIN:

INIENT:
INIRPT:

INIRY:

MEASURE BY COUNTING PULSES OF V TO F

LET
sTII 5 ; APPROX ONE HALF SECOND

STII 8 . CLEAR

SKT iUSE INTERNAL TIMER TO FIND FREQUENCY COUNTER
P TIME  iTHE 1/2 SECOND T

LBI 1,14  iHAVE GOT IT, INCREMENT COUNTER

sC )

N CLEAR TIMER
ASC .

NOP

X1S

P BINADD

SKC iNOW SEE IF.DONE

Jp TIME . ;NO COUNTER OVERFLOW.CONTINUE

LET o 5 DONE, DISABLE INTERRUPT

; AT THIS POINT HAVE THE VALUE--CONVERT IT TO DECIMAL OR
s SEND IT OUT OR PROCESS IT FURTHER, WHATEVER IS REQUIRED
i BY THE APPLICATION.
i VOLTAGE VALUE, USUALLY A SIMPLE MULTIPLY .
iMAY HAVE TO DOUBLE THE RESULT TO COMPENSATE LOOKING FOR
iONLY 1/2 SECOND IN THIS CASE

JP MEASUR ;DO IT OVER AGAIN

..=X‘0OFF i SET ADDRESS TO OFF FOR‘INTERRUPT

NOP i ADDRESS OFF MUST BE NOP FOR INTERRUPT
LBI 2,12 ;DO ADD OF THE VALUE FOR FREG CNT

SsC

o ename mremRueT ?
LBI 1,14 i PRESET TIME FOR 122 COUNTS

ARITHMETIC IS REQUIRED TO CREATE THE

INCREMENT
TIMER

NO “[ NcReMenT
FREQUENCY

CLRA i STRAIGHT LINE THE CODE FOR SPEED COUNTER

ASC
NoP
XIS
CLRA
ASC
NOP
XIS
CLRA
ASC
NOP
X1s
CLRA
ASC
NOP
X

LEI 2 i ENABLE THE INTERRUPT AGAIN

RET

Figure 19A. V to F By Counting Pulses

VEPER:

WAL :

INTENT:

COUNY @

PI UG

DOUNI-;

L 1

YES

ADJUST VALUE
IF TIME < 1 SEC
e.g. FOR TIME
=" SEC, DOUBLE
VALUE

DONE — USE
VALUE AS REQUIRED

PERFORM ARITH-
METIC IF NECESSARY,

Figure 19B. V to F By Counting Pulses

i USE INTERRUPT FOR CATCHING THE PULSE EDGE

LBI 0,12 s CLEAR COUNTER SPACE AND FLAG
STII ()

STII ]

STII 4]

STII o

LBI 0,12

LEI 2 iNOW ENABLE THE INTERRUPT

sC i DUMMY WAIT LOOP, WAITING FOR SIGNAL TO
LBI 0,12 i INTERRUPT THE CONTROLLER

JP WAIT

. =X‘0FF i SET ADDRESS TO OFF-~INTERRUPT ENTRY POINT
NOP iREQUIRED FOR INTERRUPT ENTRY

LBI 0,12 iNOW CHECKING TO SEE IF SECOND INTERRUPT
SKMBZ (o] i I.E. ., ARE WE DONE?

JP DONE

SMB o] i SET BIT FOR NEXT INTERRUPT

LEI 2 i ENABLE INTERRUPT AGAIN

LBI 0,13 i NOW START COUNTING

sC ‘

CLRA i STRAIGHT LINE THE CODE FOR SPEED
ASC

NOP

XIS

CLRA

ASC

NOP

X18

CLRA

ASC

NOP

X

JP PLUS1

;s FINISHED WHEN GET HERE--THE COUNT REPRESENTS THE PERIOD

iWITH ABOVE CODE, THE ACTUAL PERIOD IS THE COUNT MULTIPLIED
iBY 1S5(THE NUMBER OF WORDS TO INCREMENT BY 1) PLUS AN OVERHEAD
iOF 9 CYCLE TIMES = 24 CYCLE TIMES. AT 4us THIS IS 96 us

iOR A FREQUENCY OF JUST OVER 10KHz. MAX COUNT HERE IS 4095.

i THIS GIVES A MAXIMUM PERIOD = 61434 CYCLE TIMES(=245.73bms AT
i4us). THIS CORRESPONDS TO A FREQUENCY OF JUST OVER 4Hz

i NOTE, THIS IS 12 BIT RESOLUTION

Figure 19C. A to D with VF Converter/VCO By Measuring Period
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0 -~ COUNTER

THESE TESTS INSURE SYNCHRONIZATION
— COUNT EXACTLY THE RIGHT PERIOD —
CATCH THE PULSE EOGE

CAUGHT NEGATIVE GOING EDGE —
COUNT UNTIL NEXT NEGATIVE GOING EDGE

COUNTER +1
-+ COUNTER

YES
NO

COUNTER +1
- COUNTER

NO
DONE — COUNTER
REPRESENTS PERIOD
Figure 19D. V to F — Measure Period

B. THE LM131/LM231/LM331

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:

Four =(Vin/2.09) (1/RCq) (Rg/RL)

It is clear from the expression above that the accuracy
of the result depends upon the accuracy of the external

components. The circuit may be calibrated by means of
a variable resistance in the Rg 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 (Rg) 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 Foyr
to be correct at 0.01 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 processing 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 microcontrolier
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
microcontrolier “ready’). Note, the COPS™ 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 puises would be countad. 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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4mHz
Vs
: I
100M 5% R

. A A= 4
OFFSET
' ADJUST L 8| 6.8k1% 2 M k|3 Izus

M Ve CKO | =
Vin 100k 7 5
10V o— W NPUT e .
FULL SCALE 1.04F o j-: 0.014F
LM331 Vee C0P420
1] CURRENT :
1 SuteoT 10k

— &1 rhresoLo PR S =

1uF REF.
MYLAR CURRENT
. 1 1
: aeg TS I ]
* ' Vee
’ Vo= +5V * USE STABLE COMPONENTS
= Vs = + 15V
= Vin=0-10V

10k
’ []

Figure 20. Basic LM331 Connection
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Q
0% B8k 1%" 1*
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ADJUST 1,
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cKo

COP420

ln

3
= 110.0054F MYLAR Vee
Vi 100K 1% "
=10V O~AWA-

FULL SCALE ! Ys =181 10 5V o
OFFSET 3 Tvioes
ADJUST ViN=0T0 —10V

< IN4g02
100k $

Vin

1

*STABLE COMPONENTS. SHOULD BE USED

Figure 21. A to D with Precision Voltage to Frequency Converter

4mHz
« H
27PFI 3 M
0.054F = | CKO
2 -
o S,
WA 2LM358A Nt
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VWA 100k
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3
= LM136
GND
- 1 n
10k
N
Wy ver

Figure 22. A to D with VCO
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VI. Successive Approxirriation

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 decrement. 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

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 COPS™ 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.

LsB Lo

u

. L2

DIGITAL TO L3

ANALOG

CONVERTER L4 COP420

L5

Vour L6

MSB L7

IN

DATA S0
CLK SK

DTOA

Vour

COoP420

Vin +

Figure 23A. Basic Parallel Implementation

Figure 23B. Basic Serial Implementation

i8 BIT SUCCESSIVE APPROXIMATION--BASIC SCHEME

i COMPARATOR INPUT TO COP

sOUTPUTS TO D TO A ARE L7 THRU LO WITH L7 = MSB,LO = LSB

CUNVRT: LBI 2,14 i SET THE RESULT VALUE TO ZERO
STII o
STII o]
LEI 4 s ENABLE THE L PORT AS QUTPUTS
JP OUTPUT
INCR: sc i ROUTINE FOR INCREMENTING THE RESULT VALUE
PLUsi: CLRA ‘
LBI 2,14
ASC
NOP
X1s
JP PLUS1
oulrur: LBI 2,15 i SEND THE RESULT VALUE, STORED IN 2,15-2,14 T0
LD i@ AND THEREBY OUT THROUGH L
XDS
CAMG
JSR DELAY i THIS IS ANY CONVENIENT ROUTINE 10 MAKE SURE
i THAT THE COP DOES NOT TEST THE COMPARATOR UNTIL
i THE D TO A CONVERTER HAS HAD ENOUGH TIME TO DO
i THE CONVERSION--THE AMOUNT OF TIME REQUIRED
i IS CLEARLY DEPENDANT UPON THE D TO A CONVERTER
i USED .
ININ i NOW READ THE COMPARATOR INPUT TO COP
AISC 8 i COULD SAVE A WORD IF USE G LINE AS INPUT
JP INCR i INPUT VOLTAGE STILL > CONVERTED ANALOG VOLTACE

i CONVERSION DONE AT THIS POINT--THE COMPARATOR HAS CHANGED STATE
i HENCE, CONVERTED ANALOG VOLTAGE > INPUT VOLTAGE--SO STOP

Figure 24A. Code for Basic Approach of Successive Approximation
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B NGRM:

ouePuT .

DIVIDE:
Diva:

Divi:

DIve:

DIVa:

TEST:

DECR:
susB:

TNCR:
ADD:

B11PL 1

=

0 - RESULT

—]

OUTPUT RESULT
—D0TOA

RESULT +1'
~ RESULT

CONVERSION :
/ DONE /

I

Figure 24B. Basic Approach, S

ive Appr

i8 BIT BINARY SEARCH SUCCESSIVE APPROXIMATION
i INPUT TO COP IS IN3,L BUS IS OUTPUT TO D TO A, L7=MSB, LO=LSB
i COMPARATOR=0 WHEN D TO A VOLTAGE > VIN, OTHERWISE = 1

LBI 3,14
STII [
STIL a
LBI 2,14
STII 0
STII 8
LEI 4
LBI 1,15
CLRA

AISC 9

X 3

1.D

XDs

cAMG

LBI 3,15
LD ]
AISC 8

Jp DIV
STII 4

N3 TEST
AlISC 4

P pIv2
STI1 2

N TEST
AISC 2

N DIV3
STI1 1
JP TEST
LBI 3,14
AlsC 1

JP DIVA
STI1 8
STII 0

i SET INCREMENT = MAX VALUE/2(WILL BECOME
i MAX VALUE/4 BEFORE FIRST USE)

i SET INITIAL VALUE OF RESULT TO MAX VALUE/2

i ENABLE THE L BUS AS OUTPUTS
iNOW SET UP THE BIT COUNTER-OVERFLOW WHEN 8 BITS

;DO IT THIS WAY FOR COMPATIBILITY WITH INCREMENT
i SAVE THE BIT COUNTER VALUE AND POINT TO RESULT

i SEND THE RESULT TO @ AND HENCE TO L

iDIVIDE THE INCREMENT VALUE BY 2, CAN BE DONE

i IN SEVERAL WAYS SINCE THIS IS A VERY SPECIAL

i PURPOSE DIVIDE FUNCTION

i ALS0, DO THE DIVIDE HERE TO GIVE THE D TO A TIME
i TO DO THE DIGITAL TO ANALOG CONVERSION

i DEPENDING ON THE D TO A USED., MAY NEED MORE DELAY HERE
i MUST BE SURE THE RESULT IS STEADY BEFORE TEST THE COMPARATOR

LBI 3,14
ININ

AlISC 8

JP INCR
sC

LD 1
CASC

NOP

XI1s 1

JP SUB
JP BITPL1
RC

LD 1
ASC

NOP

Xis 1

P ADD
LBI 1,15
LD

AISC 1

JP OUTPUT

i COULD SAVE A WORD IF USED G LINE AS INPUT

i INPUT LESS THAN D TO A CONVERTED VOLTAGE
i SUBTRACT THE INCREMENT VALUE FROM RESULT

i INPUT > D TO A CONVERTED VOLTAGE
i ADD THE INCREMENT VALUE TO RESULT VALUE

iNOW INCREMENT BIT COUNTER TO SEE IF DONE

 CONVERSION DONE AT THIS POINT

Figure 25A. Binary Search Successive Approximation Code

?

0 - COUNT
(#OF BITS OF RESULT)

MAX VALUE/2
== INCR

MAX VALUE/2
- RESULT

QUTPUT RESULT
TODTOA

INCR/2
~~ INCR

YES
RESULT — INCR
-+ RESULT

RESULT + INCR
- RESULT

COUNT +1
- COUNT

YES
CONVERSION
DONE

Figure 25B. Binary Search Successive
Approximation Flow Chart

. 2-108




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

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
constructed 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 27A is
480R. Thus Figure 27A represents 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
termination resistance would be 48R if the network
were terminated after the 2nd digit and 4.8R if the

R
27 O=—AAA—¢
2R

260—AW—¢

4R
25 o——w._q

. 8R
21 O—AA—

16R
23 O—AAM—

32R

2 O—AW—¢

64R

21 O—AMA—¢

128R
20

—OVour

128R

1|

R
21 O—AA—

p—OVour 27
1.5R
26
25
1.5R
24
1.5R
Y 2
X
2R 22
21
20

Figure 26. Binary Ladders
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network were terminated after the 1st . digit
implemented. In Figure 27B we are attempting to use
only the resistor values for one decimal digit. This
means that the last terminating resistor must be a 4.8R
by the analysis above. Thus at point X in Figure 27B we
must have an equivalent of resistance of 4.8R. The
equivalent resistance at point Y of Figure 27B, looking
down from the ladder, is 0.48R. Thus the other series
resistance must be 4.32R (4.8R-0.48R). Thus the
network of Figure 27B 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
techniques 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

R
8 O—AAA—¢—O Vour
most | , o~v2v"~—<
SIGNIFICANT J .
DECIMAL 4R
DIGIT -} 2 0—AMWN—%
8R
1 O—AAN—S
10R
8 O—AAA—S
20R
SECOND | 4 O—AAA—4
DECIMAL 408
DIGIT | 2 O~—AAA—@
80R
1 0—AAN—¢
100R
8
EnsT | 4 o—nap:
SIGNIFICANT
DECIMAL (BCD) 400R
DIGIT | 2
800R
1 X
>
S 48R

MOST
SIGNIFICANT

" LEAST
SIGNIFICANT

difficulties and complexities caused by the fact that the
analog to digital conversion is being performed on a
voltage source that changes nonlinearly, for example, a
thermistor temperature probe. By 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 value at all inputs to the 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

8 O—AAN—9—O Vour

DECIMAL
DIGIT

SECOND
DECIMAL
DIGIT

DECIMAL
DIGIT

Figure 27. 8421 BCD Ladders




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 Vgc and the low level close to ground. Also the
output impedance of the buffers must be considered.
Therefore, rather large resistor vaiues are used — both
to keep the load very small and to dwarf the effect of the

output impedance. With the configuration in Figure
28A, four bit accuracy is about the best that can be
achieved. By being 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 V¢ and the

I 810N dOD

N
=

L7

N
&

16

3 2 s—>o—{=
R-2R
L2 2 |apeR L4 —‘D"’—" Y
. 20 (SEE FIG. 24) 13 ——DO-— 23 (SEE FIG. 24)
CoP420 Yo L2 —D"— z
L2 —Do— 21
COMPARATOR
1 —-Do— 20
IN3 L LS
+p——O0 Vi I
+ p=————0 Vix
A B
+p——0 Viy
 E——

L6

25

L5

R-2R
LADDER
R =100k
(SEE FIG. 24)
23

L3

22

L2

8]

20

Lo

Tt
Tt
g
T
Tt
s
=
grl

F

o =
Veer

Cc

Figure 28. Interfaces to Ladder Networks

2111



COP Note 1

resistor network is then controlling. Using 1% resistors
and holding V¢ constant, the user should be able to
achieve 7 to 8 bit accuracy without much difficulty.
Remember, however, that Vg is one of the controlling
factors. If Vg is £5%, there is no point in using 1%
resistors since the Vg tolerance swamps their effect.
Figure 28C 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.

VIl. “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 COPS™ 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 device. These tech-

niques are generally applicable to other A to D 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 8-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 D 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 ADCO0800 is an 8-bit analog to digital converter with
an 8-bit parallel output port with complementary
outputs. The ADCO0800 requires a clock and a start
convert pulse. It generates an end of conversion signal.
There is an output enable which turns the outputs onin
order to read the 8-bit result.

The reader is referred to the data sheet for the ADC0800
for more information on the device. The circuit of Figure
29 illustrates the basic implementation of a system with
the ADCO0800. The interface to the COP420 is straight-
forward. The appropriate timing restrictions on the
control signals are easily met by the microcontroller.

4mHz

i
%
-
4.7uF:JE FULLJ%%ALE |10 3 Iz7pp
13 TK |
= Vss LSB 15 a 0 CKI =
15 TRNET 14 1L 1
1K o 16 13|,
. 17 12
L
7.5k &  ZERO ADCO0800 13
3 apgust - (MM4357) 1 8,
2 7| -
5 L5
AAA RNET
VIIV BOTTOM 3 6 L6 COP420
e
¥ LM189 msa|~ Hu
ouT|? Bl
ENABLE[ - "
—Vg START 61
12 3 it
v
ADJUST ZERD ADJUST o I Vin EQC ” -
N= — _ cLoCK SK
ADJUST FULL SCALE 0.14F Vos Voo Vee GND
WITH Viy = +5V 8 iE Iﬂ 1
— 1 + = =
Ve = +5V - 1 ATuF Ve
—Vg= —12V o I u
Vin=—5T0 +5V

_VG

Figure 29. Simple A/D 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

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

MEALUR: LEI (o] i FLOAT THE L LINES
sC
S1ART2: CLRA i MAKE SURE S0 STAYS ZERO
XAS i MAKE SURE SK STAYS CLOCK
0GI 2 i SEND START PULSE
0GI Q
LBI 2,13
READY1: ININ
AISC 14 iWAIT FOR EOC SIGNAL
JP " READI1
0GI 4 i HAVE EOC, ENABLE GUTPUTS
INL i READ THE L LINES
x ' .
COoMP i CREATE PROPER POLARITY
XDS
COMP
X .
0GI 0 i DISABLE ADCO800 OUTPUT

i HAVE THE RESULT AT THIS POINT--USE IT IN WHATEVER
i MANNER IS REQUIRED BY THE APPLICATION

LBI 2,10
JSRP CLRR
JP MEASUR

Figure 30A. A to D with ADC0800

-

SEND START
PULSE

ENABLE
AC0800
QUTPUTS

1

READ ADC0800

INVERT DATA

Figure 30B. ADCO0800 Intertace Flow
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the 8-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.

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

Figure 31 indicates a basic interface of the Naked-8 to

required to do the interface.

4mHz
| el
Iz7pF L )
= |° cgg ' Ues a Veo( = Vaer)
- cs VccTO cc( = VReF
2] —
61 RD' I ‘
G2 SNww : =
IN3 &l .
5 1 VRer/2 O Vrer/2
. 2| Apcosor 6
cops20 L6 oBg  ADOOBDZ v+ f———0 Vin+
5 7 1Bloss  ADCOBO4 ; }DIFFER%NTTIAL
14 8 14 DB4 ViN— e ViN —
Py 1 bea 19
13 16 CLK R
L2 p—————{DB2
14 17
L1 081 10k
o= 18 bgo ok
AGND DGND 150pF
ln _E 8 10
Vee - - -
Figure 31. COP420 — Naked-8 Interface
; INTERFACE TO NAKED 8(TM)
NAKI-DH: 0GI 15 i SET ALL G LINES HIGH(USUALLY DONE AT
i POWER UP
LEI o i TRI STATE THE L LINES FOR READING
Lo 061 14 s SEND CHIP SELECT LOW(CS BRACKETS OTHER SIGNAL)
061 10 ;CS. LOW AND WR LOW = START CONVERSION
o061 14 i RAISE WR
ocI 15 iRAISE CS,NAKED 8 IS NOW CONVERTING
LOOP2:  ININ i WAIT FOR THE INTR SIGNAL--COULD SAVE THIS TES
AISC 8 i IF USED IN1 AND THE INTERRUPT FEATURE OF COP4
JP READ i INTR IS LOW, DATA IS READY
JP LOOP2
RE-AD: LBI 0,0 i SET UP RAM LOCATION FOR READ
o6l 14 i SEND €S :
ocI 12 i SEND CS AND READ = OUTPUT ENABLE
NOP i WAIT-NEED WAIT ONLY 125NS, BUT 1 CYCLE IS MIN
s TIME WE CAN WAIT |
INL i READ THE L, LINES
061 15 ; TURN OFF THE NAKED 8--CS AND RD HIGH

i DONE AT THIS POINT, DO WHATEVER IS REQUIRED WITH THE RESULT

Figure 32A. COP420/Naked-8 Sample Interface Code
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SEND TS LOW
SEND WR LOW 0OIF g
CS-WR=
START CONVERT
— L 12 10
SEND WR HIGH =
(CS BRACKETS WR) 6 fe FUPFRLOP Voo
SEND TS HIGH J___
- 20k
e o
9 3 20
VREF Ot MM5407 1/0 L g IN3 COP420
TRANSFER
NO ENABLE |2 2
INPUT
|
Vin 13 cLocK 2 6o
YES
10k
i 8 1
SEND TS Low 1 A i . l 1
— - Voo - v =
SEND RD LOW o
S-RD="
OUTPUT ENABLE
READ DATA
Vec= +5V
R Vop = +9V
SEND CS, RD VN=2.33-3.61V
HIGH Vger = 3.630V

Figure 32B. COP420/Naked-8 Interface Flow

D. THE MM5407 AS AN A/D 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°K). 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
voltages 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,

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 COP420is a5
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 COPS™ device, the
processing required is simple. One need only add 273 to
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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MMLAO7:

L

STARY:

RE-AD:

COMPL

Curpe:

ADDIY/ 1‘4:

i CODE FOR MM5407/COP420 AS A TO D CONVERTER
i GO AND Gi ARE HIGH ON ENTRY TO THE ROUTINE

CLRA /RUN A FEW CLOCKS TO DO THE CONVERSION
AISC 8

LBI 2,12

X A

JSRP cLOCK2

NOP

LD

AISC 1

JP LoopP

STII' - 0O i NOW CLEAR OUT THE MEMORY FOR READING

STII 0 :

STII 0 - :

STII ) ;0 TO 2,12 THRU 2, 15

LBI 2,12 iNOW SEND START TRANSMIT SIGNAL AND MAINTAIN
JSRP CLOCK1 ; TIMING

NOP
. JSRP cLOCK2

NOP

JSRP cLOCK2

NOP

JSRP cLOCK2

NOP

JSRP CLOCK2 i NOW READY TO READ THE DATA(16 BITS)

SMB ) i ALLOW FOR THE COMPLEMENT DATA ON THE READ
JSRP CLOCK2 ;i I.E.,COMPLEMENT THE INFO. WHEN READING IT
SMB 2

JSRP CLOCK2

SMB 1

JSRP CLOCK2

SMB 0

LD i NOW TEST TO SEE IF DONE

X18

JP READ i NDT YET FINISHED

LBI 2,13 i NOW JUGGLE THE DATA TO PUT IT IN MORE DESIRAB
CLRA ; FORM-—MINUS/BLANK, TENS, UNIT

X ; IGNORE 2, 12 BECAUSE WE KNOW IS CENTIGRADE MODE
LBI 2,15 i REFER TO MMS5407 DATA SHEET

X i INFO WAS IN FORM: UNITS, TENS, MINUS/BLANK
LBI 2,13

X

LBI 2,15 iNOW TEST TO SEE IF IS MINUS

X i ACCUMULATOR IS ZERO PRIOR TO THIS EXCHANGE
AIsc 5 ; TEST FOR THE MINUS CODE

Jp ADD273 . ,

s, i IS MINUS, TAKE TENS COMPLEMENT OF NUMBER
LBI 2,13 ; ALSO, ZERO IS IN MINUS POSITION

CLRA : o

eat

casc

“ADT

XIS

Je coMP2 o : -

LBI 1,13 iNOW SET UP TO ADD 273 TO THE RESULT
TSTII 3

STII 7

STII 2

" Figure 34A. MM5407/COP420 A/D Interface Code
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AbDL P

RC
LBI
LD
AISC
ASC
ADT
X118
Jp

3
ADDLP

iFINIGHED AT THIS POINT, DO ANY REQUIRED SCALING, ETC. HERE

Cl OCK Y :

Cl OCKE:

Cl K:

RET

. PAGE
CLRA
0GI
JP
061
CLRA
AISC
JP
ALISC
JP
0G1I
NOP
NOP
NOP
NOP
ININ
AISC
RET
RETSK

2 i THE REQUIRED SUBROUTINES HERE

o i SEND CLOCK AND START SIGNAL LOW
CLK
2 i SEND CLOCK ONLY LOW

3 i MAKING SIMPLE TIMING LOOP-HERE ADJUSTING FOR
-1 i TOTAL. PERIOD = 100us(25 CYCLE TIMES AT 4us
4 i INSTRUCTION CYCLE TIME)—-HERE USING 13 CYCLE
-1 i TIMES ON, 12 CYCLE TIMES OFF
3. i SET CLOCK BACK HIGH

i THESE NOP’s FOR TIMING ONLY

i READ THE INPUT LINE(I3)

Figure 34A. MM5407/COP420 A/D Interface Code, cont’d

SEND CLOCKS
T0 DO CONVERSION

RESET
STORAGE
MEMORY

SEND START i.e. START TO
PULSE TRANSMIT

SEND 4
CLOCKS

Jr READ

SEND
CLOCK

READ BIT
AND STORE

DONE
(16 BITS)

TURN CLOCK
OFF (HIGH)

CREATE 10°S
COMPLEMENT

T

NUMBER + 273
-+ NUMBER

DONE — DO
ANY REQUIRED
SCALING HERE

Figure 34B. MM5407 as A/D Converter Flow Chart
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COP Note 1

VIll. 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 cost techniques 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

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.
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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
‘low-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:

-

. Frequency Synthesis Tuning

. Keyboard Scan and Decode

. MM53126 Format Serial Decode
. 64 Level Analog Outputs

. Direct Channel Entry

. Channel and Fine Tune Slewing
. -Analog Output Slewing

. LED Channel Display

. Last Channel Memory

© 00 ~NO O WN

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 64 kHz 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

- o
ANALOG
KEYBOARD s 9y will OUTPUTS
- PLL 70 TUNER
g === \rEnrrce
: cop
| a0
KEYBOARD fummlp [y
] LI
I—.J L MM5450

Figure 1. CTC Block Diagram
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COP Note 2

and to route program control just as if the key entry ori-
ginated from the main keyboard. o

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 MM5439 as the system PLL dictated the basic
structure of much of the prototype circuitry. The MTC
series of components were designed to be MICROBUS™
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 D/A, band-s'witching,'and
oscillator circuitry. The D/A interface is a simple capaci-

ALL NPN TRANSISTORS PROCESS 23
ALL'PNP TRANSISTORS PROCESS 62
EXCEPT 01 )

TO PIN 2 OF
PRESCALER

tor integrator that requires a current source from within
the receiver chassis. UHF/VHF 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 4.0 MHz crystal 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.

The MM5439 and UHF/VHF tuner interface shown in Fig-
ure 2 is somewhat more complicated. By comparing the
UHF/VHF 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
74L.S169 alternately divides by 15 or 16 under 5439
control.

+24vV

UHF B+ REIN

RF
N
UHF/VHF
TUNER

<—— AGC
RESISTORS IN OHMS
_ CAPACITORS IN MICROFARADS v v v 10k PU IF OUT :z;ur
UNLESS OTHERWISE NOTED e R cc VHF B+ - TUNING N
8/S GND___ VOLTAGE__VHF _ UHF =
BUFFERED SIGNAL 1 2 f40
FROM MM53126 Vee CKD " Voo GPO1  GPO2 = 1;"“‘
Nt S3f53 AD3 6
vou 12 13 [ i 773 AD2 6ro0 S
| N0 e ADY 0001 R S0k KEEP LEADS
|m s Is |s of5 ADO = | TO AND FROM
- 0o U5 AAA PRESCALER AS
] 3% upP ls wW
cofr [8 |9 10 Ls 351 086 v P0SSIBLE
N2 C0P420 (s S oBs MM5439 =001 !
ot Jo Jv 20 L 53] 28 )
e Lt 37| 05 DECOUPLE
2 Lz 571082 ALL SUPPLIES
2] 3 L - 08y OWN ’
;lnz LoHS 221 0By MC ]
KEYBOARD LI GND [ GND puP 0.001 T: =R 0.15pF
] CKI__SK_ SO NWDS NRDS CLK DAA DAB DAC Voo
B = | = 3 |2 [er e |5 O [s 1ss Lis A 5 68V
L RCO Vcc 8 7 0
< 5~ FROM
:=|k o 9 g&‘, T%ﬁ
CZI sozz S 11
L
10uF 1GHz 12
23— vee! T PRE-
L2 M L ANALOG !
TS MMs4s0 1= QUTPUTS 320 SCALER :
X" (10 ReCEIVER 18
T 104F CHASSIS
= = 1 3 =
——
L J—o.um
Vee E] E biseLay sl I

Figure 2. Low-End CTC 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

CLEAR RAM - _r LEAVE CHANNEL |
SET CHANNEL MODE 1 et !

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.

FINE on
FINE CHANNEL (VOLUME, COLOR,
Tune SLEW BRIGHTNESS)
10 INC/SEC 2 INC/SEC 15 INC/SEC
SET SLEW SET SLEW SET SLEW
CNTR T0 25 CNTR T0 125 CNTR TO 16
e i 3

WAIT 4ms

CHECK YES
KEYBOARD

YES

WAIT FOR 160
MS OF NO
SERIAL INPUT

Oty

DECREMENT
SLEW CONTR

SET KEY
DEBOUNCE

5

YES

<+
3

ACCEPT SERIAL
STREAM INTO
BUFFER

KEY
DOWN

NO

DECODE
INPUT BUFFER
INTO COMMAND

1

YES TIMING No INSTRUCTION
1 ERROR DECODE

KEYBOARD
ROUTINE

KEYBOARD
DEBOUNCED
YES

YES INSTRUCTION
DECODE

Figure 3. CTC Major Program Flow

Z 810N dOD

2-121




COP Note 2

INSTRUCTION
DECODE

SET CHANNEL o
MODE NO
YES YES
YES INCREMENT DECREMENT AND
OUTPUT PLL UTPUT PLL
CODE
NO
FINE FINE
SAVE TUNE TUNE
CHANNEL SLEW
DISPLAY
Py YES YES
X=0709
i NO NO
CHECK
KEYGOARD INC D/A DEC D/A
ACCORDING ACCORDING
I T0 MODE T0 MODE
ENTER SECOND
0/A 0/A
olGIr @ SLEW SLEW

——

—

SET SLEW SET SLEW
FLAG IN MODE FLAG IN MODE
RESTORE RESTORE RESTORE
SAVED CHANNEL IF - CHANNEL
CHANNEL IN ENTRY IF IN ENTRY
INCREMENT DECREMENT
HAN| CHANNEL
(STOP AT 83) (STOP AT 2)

]

Figure 3. CTC Major Program Flow (cont’d)

DISPLAY .
CHANNEL

COMPUTE AND
OUTPUT PLL CODE

CHECK
KEYBOARD

*VOL. BRT. COL. FT'

SET VOL. BRT,
0L, OR FT

CHECK
KEYBOARD
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The most time critical software operation encountered
was processing the remote serial input stream. Speed
consjdérations necessitated that this routine be broken
into two portions, reading and decoding. Reading the
.stream required that the time between each puise 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.

[+—2T = 200 ps —»|

—»| |=—10ps

Figure 4. Pulse-Position-Modulation (PPM) Timing

LSB MSB LSB MSB
A0 A1 A2 A3 DOD1 D2 IJS IJ4 DE

I A N R A

Lo L P L b |

|__Aan|1}§ss__,| cu:ITTnsuL_,|

PRE-  START . §TOP
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
D/A mirror values 6
Current channel 2
Channel storage 2
Flags 2
Key decoding 2
Misc. 2
39

Total

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 ROM Allocation

Bytes
“Routine Description Used
Initialization 50
PLL code calculation 80
Increment, decrement, PLL 1/0 130
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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SIO Input/Output Register Description

COP Brief 1

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

COP400 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 /O port. The output at SK is a function of SYNC,
ENp, 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 ENg. Trouble
could arise if the user changes the state of ENg 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
ENO o
AND p—— SK OUTPUT
LATCH
cary — LAY
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 the SIO 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 BREAKPOINTSs, 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 Sl. To inspect
the SIO register using BREAKPOINT an XAS must be
executed prior to BREAKPOINT, therefore the SI10 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 choose 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 1/0 which is to be monitored. The state of these /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 Sl line providing the pulse
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stays low for at least two instruction cycles. However, if
the pulse on Sl 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 value
of the accumulator. This can be done by designating a
RAM digit and doing an exchange operation. If the user
can assure that the SIO register is in the binary counter
mode and that Sl 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

COP Brief 2

Easy Logarithms for COP400

Logarithms have long been a convenient tool for the sim-
plification of multiplication, 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 tan be performed by a single addition.

2) Division can be performed by a single subtraction.

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 to float-
ing point techniques (other than implied by the charac-
teristic). Second, it is possible to establish the signifi-
cance of an answer during the body of a calculation,
again, without resorting to floating point techniques.

Implementation of baseyg 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
logarithms to the bases.

A logarithm consists of two parts: an integer character-
istic and a fractional mantissa.

Y
o|v=1062 x L0Bo 823,00
208=30" 062 19=3.52
L0G2 3=1.95 —
3t L0G2 4=2.00
2+
1
l —l | 1 X
/1\2 3 45 6 7 8 9 1
L0G2 1=0.00
CHARACTERISTIC  MANTISSA
L0G2 3= 1 0.85
L0Gz 4= 2 0.00
L0Gz 8= 3 0.00
L0G2 10= 3 0.52

Figure 1. The logarithmic function and some example
values

National Semiconductor
COP Brief 2
May 1980

In figure 1 some points on the logarithmic curve are
identified and evaluated to the bases. 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 Xz Logz X L092 X Where X =
24 28 22 2! 20 Characteristic Even Power of 2
3 00011 1
A
4 00 1 0 2 010.0000
A

8 01000 3 011.0000

A
10 01010 3

A

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 2appearing in each value
of X. Notice that in X=3 the highest even power of 2 is
2'. Thus the characteristic of the logy 3 is 1. Where X = 10
the characteristic of the log, 10 is 3.

To find the logy 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 Value of X in Binary

1000 0000 1000 Initial
0111 0001 0000 First Shift
0110 0010 0000 Second Shift
0101 0100 0000 Third Shift
0100 1000 0000 Fourth Shift
0011 0000 0000 Fifth Shift
Characteristic Mantissa Final
011.0000 0000 Log, X =3.00

Figure 3. Conversion to Base, Logarithm by Base Shiﬁ

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 28
position of the original number and would have to be
restored in order to reconstruct the original value
(antilog). '
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O
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
Decimal Binary Log, apparent, a straight line approximation for values that o0
128 10000000 0111.00000000 are not even powers of 2. The method, as already illus- -
64 01000000 0110.00000000 trated in Figure 3, involves only shifting a binary number t_b.‘
32 00100000 0101.00000000 left until the most significant bit moves into the carry N
4 00000100 0010.00000000 position. The characteristic is formed by.counting. Since
2 00000010 0001.00000000 a carry on each successive shift will yield a decreasing
1 00000001 0000.00000000 power of 2, we must start the characteristic count with

the number of bits in the binary value (x) and count down

Figure 4. Base, Logarithms of Even Powers of 2 one each shift.

START

L0G2
LOAD EXPONENT WITH COUNT EQUAL TO
NUMBER OF BITS IN MANTISSA MINUS 1
sLtpt y
l SHIFT MANTISSA LEFT ONE BIT POSITION |
RETURN +1
I SUBTRACT ONE FROM CHARACTERISTIC COUNT j

Y

TEST IS MADE
HERE FOR A
ZERO MANTISSA

NO

Figure 5. Log Flowchart
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COP CROSS ASSEMBLER

LOGS

01A4

CE®NOOG A WN =

50 000 00
51 001 57
52 002 06

COP CROSS ASSEMBLER
LOGS

53 003 A4
54
55 004 A9

57 005 20
58 006 Cc8
59 007 49
60 008 05
61 009 5F
62 00A 48
63 00B 06
64 00C Cc3

PAGE: 1

TITLE LOGS ; BINARY LOGARITHMS

. CHIP 420

; == CONVERT TO LOGARITHM =
: RAM ASSIGNMENT _
:DIGIT " 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
" REG 0 CH|HM | LM TE?AP
*REG 1 CH [HM|LM TEMP
;REGZ TEMP | ‘ CH|HM|LM
{REG 3 l TEMP CH{HM|LM

3
i

. LOCAL

; 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.

; 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 CHARACTERISTIC (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 =0. IF THE VALUE OF X ‘
IS NOT ZERO AN INSTRUCTION IS SKIPPED UPON RETURN
;TO THE CALLING ROUTINE.

i

H : — EXAMPLE —

; SUBROUTINE CALL - JSR LOG2
; RETURN HERE IF X=0 - . JP ZERO
; RETURN HERE IF X>0 - CONTINUE

LOG2: CLRA

; 2 ROUTINES ARE CALLED FROM THE SUBROUTINE PAGE BY THIS
; PROGRAM: SDB2, SHLR.

Figure 6.

; SET CHARACTERISTIC.
AISC 07 ; TO REG LENGTH 1.
X ; STORE IN MEMORY.
PAGE: 2
$LP1: JSRP SbB2 ; SET ADDRESS POINTER
; BACK 2 DIGITS.
JSRP SHLR » RESET CARRY AND SHIFT
; REG LEFT ONE BIT.
$TS1: SKC ;1S CARRY =1 YET?
JP $NO ; NO — KEEP GOING.
$LST: RETSK . » YES — FINISHED!!
SNO: LD . ; NO — LOAD COUNT IN ACC.
AISC -1 ; SUBTRACT ONE.
$TS2: RET ; MANTISSA IS A 0! RETURN
X ; STORE CHARACTERISTIC.
JP $LP1 ; DO IT AGAIN!
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The program shown develops the log, 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.

250=00011001,
Shift left until carry =1

Characteristic Carry Mantissa Logz
0100 1 10010000 0100.10010000

Figure 7. Straight Line Approximation of a Base, Log

The resulting number when viewed as an integer charac-
teristic and fractional mantissa is 4.5625+¢. The fraction
0.5625 is a straight line approximation of the logarithmic
curve between the correct values for the base, logs 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.

ALOG:

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
(logz 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 Logz X Restoration of MSB

Char. Mantissa Char. Mantissa
0100.10010000 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 1 20
0o 0 0 1 1 0 0 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.

~ START

MOVE MANTISSA TO TEMPORARY MEMORY LOCATION

CLEAR MANTISSA AREA. SET X =9

SET CARRY =1 T0 FORCE MSB OF X

$SLX:

SHIFT CARRY INTO X

SUBTRACT 1 FROM CHARACTERISTIC

STST:

1S
CHARACTERISTIC

l SHIFT MANTISSA LEFT 1 INTO CARRY I

Figure 8. Flow Chart for Conversion to Antilog
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COP CROSS ASSEMBLER PAGE 3

LOGS
73 . FORM ; === CONVERT TO ANTILOG - ;
74 - :
75
76 ; THE FOLLOWING SUBROUTINE CONVERTS THE STRAIGHT LINE
77 ; THE APPROXIMATION OF A BASE 2 LOGARITHM TO ITS CORRESPONDING
78 ; ANTILOG. UPON EXIT FROM THE ROUTINE THE CONTENTS OF CH
79 ; WILL BE EQUAL TO THE HEXADECIMAL VALUE OF ‘oF’.
80
81 } LOCAL
82
83
84 00D A4 ALOG: JSRP spB2 - ; SETACC TO 0.
85 O00E 00 CLRA ; CLEAR MANTISSA AREA.
8  O0OF 36 X 03 ; AND MOVE MANTISSA TO
87 010 34 XIS 03 ; TEMPORARY STORAGE.
88 011 00 CLRA ' ; LEAVE POINTER AT LO
8 012 36 ‘ X 03 : - ; ORDER OF MANTISSA.
% 013 37 XDS 03
91 014 22 sc . . ; RESTORE MSB OF X.
92 015 D8 . . JP $SLX
93 01 A9 $SLM: JSRP SHLR ; SHIFT REMAINDER
94 ; LEFT INTO CARRY.
95 017 A3 " JSRP SDR2 ; MOVE BACK 2 DIGITS.
9% 018  AA $SLX: JSRP SHLC : ; SHIFT X LEFT 1.
97 019 05 . LD ; LOAD CHARACTERISTIC.
98 01A  5F © $TST: AISC -1 ; CHARACTERISTIC 1.
9 01B 48 SLST: RET ; IF NO CARRY — FINIS.
100 0IC 36 X 03 ; STORE REMAINDER AND MOVE
101 ; DOWN ONE REGISTER.
102 01D A4 JSRP sbB2 ; MOVE BACK 2 DIGITS.
103 O01E D6 JP $SLM ; DO IT AGAIN.
104
105
106 : ; 4 ROUTINES ARE CALLED FROM THE SUBROUTINE PAGE BY THIS
107 ; PROGRAM: SDB2, SDR2, SHLR, SHLC.
108
109

" Figure 9.

Using the linear approximation technique just described,

some error will result when converting any value of X . Value of X Error
_ that is not an even power of 2. 5 012
Figure 10 contains a table of correct base 2 logarithms 2x5=10 0.12
for values of X from 1 through 32 along with the error - 4x5=20 0.12
incurred for each when using linear approximation. No- 3 0.15
tice that no error results for values of X that are even - 2%3= 6 ) 0.15 -
powers of 2. Also notice that the error incurred for multi- . 4x3=12 0.15
ples of even powers of 2 of any given value of X is ) 8'x3=24 0.15

always the same:
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Linear
Hexadecimal Approximation Error i.n Em-1+ EM-EM-1
X Log Base of Log Base 2 Hexadecimal 2
1 0.00 0.00 0.00
2 1.00 1.00 0.00
3 1.95 1.80 0.15
4 2.00 2.00 0.00
5 2.52 2.40 0.12
6 2.95 2.80 0.15
7 2.CE 2.C0 0.0E
8 3.00 3.00 0.00
9 3.2B 3.20 0.0B
10 3.52 3.40 0.12
" 3.75 3.60 0.15
12 3.95 3.80 0.15
13 3.B3 3.A0 0.13
14 3.CE 3.Co 0.0E
15 3.E8 3.E0 0.08
16 4.00 4.00 0.00 0.03
17 4.16 4.10 0.06 0.09
18 4.2B 4.20 0.0B 0.0D
19 4.3F 4.30 0.0F 0.11
2 ppe a0 o1
0.16
22 4.75 4.60 0.15 0.16
23 4.87 4.70 0.17 0.16
24 4.95 4.80 0.15 015
25 4.A4 4.90 0.14 0.14
26 4.83 . 4.1A0 0.13 0.12
27 4.C1 4.80 0.11 0.10
4.CE; 4. 0.0E
23 4.(;'; 4.38 0.0B 00D
0.0A
30 4.E8 . 4.E0 0.08 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%. A4 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

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 Hexadecimal

4 Mantissa Correction Correction
~Bits Value Value
0000 0000 0000 00
0001 0000 1001 09
0010 0000 1101 03
0011 0001 0001 11
0100 0001 0101 15
0101 0001 0110 16
0110 0001 0110 16
0111 0001 0110 16
1000 0001 0101 15
1001 0001 0100 14
1010 0001 0010 12
1011 0001 0000 10
1100 0000 1101 0D
1101 0000 1010 0 A
1110 0000 0110 06
1111 0000 0010 02

Figure 11. Correction Table for L, X Linear

Approximations

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:).

START

LADJ:

SET MEMORY ADDRESS POINT
TO ORDER CORRECTION VALUE

SAVE TABLE POINTER IN MEMORY

LOAD HIGH ORDER MANTISSA
INTO ACCUMULATOR

S$XPM:

STORE MANTISSA VALUE IN MEMORY

-LOAD TABLE ADDRESS INTO ACCUMULATOR

LOAD CORRECTION VALUE INTO O REGISTER

$QTM:

TRANSFER CORRECTION VALUE T0 MEMORY:

SADD:

'ADD CORRECTION VALUE TO MANTISSA

SLST:

Figure 12. Flow Chart for Correction of a Value Found by Straight Line Approximation
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COP CROSS ASSEMBLER ~ PAGE: 4 U
LoGS 0
=3
110 . FORM ; == ADJUST VALUE OF LOGARITHM = ; o
11 —fny
12 . LOCAL
13 N
114
115 ; THE FOLLOWING TABLE IS USED DURING THE CORRECTION OF VALUES
116 : FOUND BY STRAIGHT LINE APPROXIMATION. IT 1S PLACED HERE IN
117 : ORDER TO ALIGN ITS BEGINNING ELEMENT WITH A ZERO ADDRESS AS
118 REQUIRED BY THE LQID INSTRUCTION.
119
120 OI1F 44 NOP : REGISTER WITH ZERO ADDRESS.
121 020 03 TPLS: . WORD 03,09,00,011
021 09
02 0D
023 11
122 024 15 . WORD 015,016,016,016
025 16
026 16
027 16
123 028 15 . WORD 015,014,012,010
029 14
028 12
028 10
124 02C 0D . WORD 0D,0A,06,02
020 0A
02E 06
02F 02
125
126 ; THE FOLLOWING SUBROUTINE ADJUSTS THE VALUE OF A BASE 2
127 : LOGARITHM FOUND BY STRAIGHT LINE APPROXIMATION. THE
128 : CORRECTION TERMS ARE TAKEN FROM THE TABLE ABOVE. THE
129 ; SUBROUTINE HAS 2 ENTRY POINTS:
130 : ;
131 : LADJ: — ADJUSTS A VALUE DURING CONVERSION TO A LOG
132 H
133 ; AADJ: — ADJUSTS A VALUE DURING CONVERSION TO ANTILOG
134 ;
135 : THE CARRY FLAG IS SET UPON ENTRY TO DISTINGUISH BETWEEN LOG
136 ; (C=1) AND ANTILOG (C =0) CONVERSIONS. DURING A LOGARITHM
137 ; CONVERSION THE VALUE FOUND IN THE ABOVE TABLE IS ADDED TO
138 ; THE MANTISSA. DURING AN ANTILOG CONVERSION THE VALUE FOUND
139 ; IN THE ABOVE TABLE IS SUBTRACTED FROM THE MANTISSA.
140
141
142 030 32 AADU: RC ; C=0 FOR ANTILOG
143 031 F3 P $LD : CONVERSION.
144 032 22 LADY: sc :C= FOR LOG2 ADJ.
145 033 05 SLD LD : : MOVE ADDRESS POINTER BACK
146 034 07 XDS ; ONE LOGATION.
147 035 05 LD : LOAD CONTENTS OF HI MANTISSA
148 036 37 XDs 03 ; AND STORE IT IN THE LO ORDER
149 037 06 X ; OF THE TEMP MEMORY LOCATION.
150 038 00 GLRA : SET TABLE POINTER
151 039 52 AISC TBL { (ACC) TO TABLE ADDRESS.
COP CROSS ASSEMBLER ~ PAGE: 5
LOGS '
152 03A  BF Laib ; LOAD CORRECTION VALUE TO Q.
153 03B 332C $GTM: CaMA : TRANSFER Q REGISTER
154 03D 04 XIS ; CONTENTS TO MEMORY.
155 03F 07 XDS ,
156 03F 20 SKC ; ANTILOG?
157 040 80 JSRP comp : YES — COMPLIMENT.
158 041 98 $ADD: JSRP ADRO ; ADD CORRECTION VALUE
159 : TO MANTISSA.
160 042 35 LD 03 : SET POINTER TO
161 043 48 SLST: RET ; CHARACTERISTIC AND
162 ; RETURN.
163 ;
164 : 2 ROUTINES ARE CALLED FROM THE SUBROUTINE PAGE BY THIS
165 ; PROGRAM: COMP, ADRO
166
167 0020 V1=TPLS&OFF
168 0002 TBL=V1/16
169
170
171
Figure 13.
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Subroutines Used by the Log and Antilog Programs

COP CROSS ASSEMBLER

LOGS
172

173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189

190

191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223

080
081

082
083
084
085
086
087
083
089
08A
08B
08C

0080

22
00

10
44
04
00
06
10
44
04
44
A4

PAGE: 6

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 =0
X ; AND STORE IN MEMORY.
CASC .
NOP H
XIS . f
CLRA : ; SET MINUEND =0
X ' : ; AND STORE IN MEMORY.
CASC ’ H ’
NOP
XIS H
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:

)

H - LADR: — RESET CARRY AND ADD 2 DIGIT PAIRS
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COP CROSS ASSEMBLER  PAGE: 7 v
LoGs (07)

=-

224 ; LADD: — ADD 2 DIGIT PAIRS WITH UNMODIFIED CARRY ()]

225 ; ADD1: — ADD 2 SINGLE DIGITS WITH UNMODIFIED CARRY =h

226 : : N

227

228

229 _

230 08D 32 LADR: RC ; RESET CARRY PRIOR TO ADD.

231 08E 15 LADD: D o1 ;LD ADDEND AND MOVE TO ADJ REG

232 08F 30 ASG ; ADD AUGEND.

233 090 44 NOP - ; AVOID CARRY!

234 091 14 XIS 01 : ; STORE SUM AND MOVE TO ADDEND

235 092 15 ADDI: LD 01 ; REPEAT PROCESS

23 093 30 ASC : FOR

237 094 44 NOP ; HIGH ORDER

238 095 14 XIS o1 ; DIGIT.

239 096 44 NOP ; AVOID SKIP IF DIGIT 15.

240 097 48 SLST: RET ; FINISHED — RETURN!!!!

241

242

243

244

245 ; ~=— ADD 8 BITS IN OPPOSITE REGISTERS —— ;

246

247 . LOCAL

248

249

250

251 ; THIS ROUTINE ADDS TWO BINARY DIGITS (8BITS) FROM ANY REGISTER

252 ; TO THE CORRESPONDING TWO BINARY DIGITS IN EITHER REGISTER

253 ; DIRECTLY OPPOSITE. THERE ARE THREE ENTRY POINTS:

254 ;

255 s ADRO: — RESET GARRY AND ADD 2 DIGIT PAIRS

256 ; ADDO: — ADD 2 DIGIT PAIRS WITH UNMODIFIED CARRY

257 ; ADO1: — ADD 2 SINGLE DIGITS WITH UNMODIFIED GARRY

258

259 .

2

261

22 098 . 32 ADRO: RC : RESET CARRY PRIOR TO ADD.

263 09 35 ADDO: LD 03 ; LD ADDEND AND MOVE TO OPP REG

264 09A 30 ASC ; ADD AUGEND.

265 09B 44 NOP ; AVOID CARRY!

266 09C 34 XIS 03 : STORE SUM AND MOVE TO ADDEND.

27 0D 15 ADO1: LD 01 : REPEAT PROCESS

268 09 30 ASC : FOR

269 O09F 44 NOP : HIGH ORDER

270 0A0 34 XIS 03 : DIGIT.

271 0A1 44 “NOP ' ; AVOID SKIP IF DIGIT 1.

272 0A2 48 SLST: RET ; FINISHED — RETURN!!!!

273

274

275

276 ; == SET DIGIT ADDRESS BACK TWO «- ;

277 .
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COP CROSS ASSEMBLER

LOGS

278
279
280
281
282
283
284
285
286
287
288
289
290
201
292
203
294
205
206
207
208
299
300
301
302
303
304
305
306
307
308
309
310
an
312
313
314
315

316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331

COP CROSS ASSEMBLER

LOGS

332
333
334
335
336
337

0A3
0A4
0A5
0A6
0A7

" 0A8

0A9
0AA
0AB
0AC
OAD
0AE
0AF

080
0B1
082

35
4E
SE
44

48

32
05
30
44
04
05

30

44
04
48

PAGE: 8

. 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 SuUB

; ROUTINE TO BE RELATIVE TO THE CONTENTS OF THE

;' ADDRESS POINTER (B REGISTER) UPON ENTRY.

; SDB2 IS 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!!

;= SHIFT LEFT e
. LOCAL

; THIS ROUTINE SHIFTS LEFT THE CONTENTS OF TWO MEMORY
; LOCATIONS ONE BIT. THERE ARE THREE ENTRY POINTS:

H . -+ " SHLR: RESETS THE CARRY BEFORE SHIFTING

H IN ORDER TO FILL THE LOW ORDER
H BIT POSITION WITH A 0.

H SHLC: SHIFTS THE STATE OF THE CARRY INTO
H THE LOW ORDER BIT POSITION.

H SHL1: SHIFTS LEFT THE CONTENTS OF ONLY
H ONE MEMORY LOCATION. THE STATE

B ' " OF THE CARRY IS SHIFTED INTO THE

i - LOW ORDER POSITION OF MEMORY.

SHLR: RC ; CLEAR CARRY PRIOR TO SHIFT.
SHLC: LD . ; LOAD FIRST MEM DIGIT.
ASC ; DOUBLE IT.
NOP ; AVOID SKIP.
XIS ; STORE SHIFTED DIGIT.
SHL1: LD . ; LOAD NEXT MEM DIGIT.
ASC ; DOUBLE IT TOO.
PAGE: 9
NOP ; AVOID SKIP, IF ANY
XIS ; STORE SHIFTED DIGIT.
$LST: RET ; FINISHED — RETURN!
.END
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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 ; EQUATE STATEMENTS
B2=0 ; USED FOR PROGRAMMING
B4=2 ; CLARITY

B8=3 H

. MACRO Sz, BIT
SKMBZ BIT
. ENDM

The renamed instruction may now be utilized in the fol-
lowing way: :

4 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 arbitrarily and may be modified
to any legal character or characters.

. MACRO CALLX,Y ; MACRO TO RENAME JSR, JSRP

. IFC#1 EQA ; TEST IF LABEL IS PREFACED
; BY AN ‘A’
JSRP X*Y ; YES, ASSEMBLE SINGLE BYTE
. ELSE
JSR X*Y ; NO, ASSEMBLE DOUBLE BYTE
. ENDIF ; MUST TERMINATE . IF
. endm ; TERMINATE MACRO
CALL AINC ; 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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Macros of Interest

-Table Look-Up Macro

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
LIFC #>0 . TEST IF PARAMETER IS THERE
. X' LOC ; YES, USEIT
. ELSE ; NO, ELIMINATE ROM POINTER
. ENDIF . TEMINATE . IF
. WORD OFD ;0
. WORD 061 i1
.WORD * 0DB 12
. WORD OF3 ;3
.WORD - 067 14
. WORD 0B7 55
. WORD 03F )
. WORD OE1 07
. WORD OFF ;8
. WORD 0E7 ;9
. WORD OCF P
. WORD OEF A
.WORD - 07D’ HY
.WORD 09D ;C
. WORD 08F 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 e|ther blanks
or commas.

In order to assure correct assembly when using the . IF or
.IFCdirectives itis 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 optlons in detail.”
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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 THEQ
LEI 4 ; REGISTER TO L LINES
LBI TEST
Syl 3
AISC 12
LOOP:
LBI TEST ; LOAD Q WITH X'C3
CAMQ
JP LOOP

Figure 1. Glitch Test Program

generate false states on Ly-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 Lo, Ly, Lg, L7, and logic lows on Ly-Ls via the two-
byte CAMQ instruction. Timing constraints on the device
are such that the Q register may be temporarily loaded
with the second byte of the CAMQ opcode (X'3C) prior to
receiving the valid data pattern. If this occurs, the opcode
will ripple onto the L lines and cause negative-going
glitches on Ly, L4, Lg, L7, and positive glitches on Ly-Ls.
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 Dy-D3 to edge
sensitive components.

b Joug dOD
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Software and Opcode Differences in the COP444L Instruction Set

SoftWare énd Opcodé
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 a
JSR

(a = address)
~a (a=address)

LDD r,d (r,d = RAM address Br,Bd)
- XAD  rd (r,d = RAM address Br,Bd)
LBI rd (r,d =RAM address Br,Bd; only two byte
form of the instruction affected) -
XABR ’ .

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 0110|0]210:9:8 JSR ‘01 10(1]210:9:8
ar.0 ar.0

~
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The LDD, XAD, and two byte LBI are modified so that
they may address the entire RAM space. The opcodes
are as follows:

XAD

LDD |0010 0011 ) 0010’0011|
o r d 1 r d

LBI |0011]0011

1 r d

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
three 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 Vg 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 (POR) circuit will 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 100 ms, the drop-out rate is 1 in 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 (4-10us for the 420, 15-40us 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 Vgc
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.

National Semiconductor
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The desirable approach is to force the 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 efror 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 unswitched 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 a series switch, the POR,
and/or the clock circuit (Figure 1). It 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 Vgaw 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 POR should go low before the Ve
power drops below spec and come up after Vg 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)
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MICROBUS"™ Programming Considerations

MICROBUS™ Programming
Considerations

Intfoduction

The COP402 MICROBUS™ is a peripheral microproces-
sor device and its operating characteristics are described

.in the 402M 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 require-
ments that are not readily obvious.

COPS IN Input Port Ophons on the
COP402M

Neither the IN Input optlons that may be selected, nor the
input characteristics associated with the INIL and ININ
instructions are clearly indicated in the COP402M data
sheet (Preliminary, September 1978). In the COP402M
configuration INg is ‘a general purpose latched input
with a-load device to Vgc. 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, yet the exact operation of these in-
structions is not detailed in the specification. INg infor-
mation will be latched in accordance with the criteria
‘specified in the data sheet (min. 2 inst. cycle time at logic
zero), as will the WR, (IN3) input if these criteria are met.
If the WR pulse does not meet the 2 instruction cycle cri-
teria, yet does satisfy MICROBUS timing, the status of
the IL latch corresponding to the WR input (IN3) cannot
be predicted when the status of the IL latches is read in

.via an INIL instruction.

When ‘executing the ININ instruction, the status of INg
and the MICROBUS signals will be read in with the ex-
ception of the RD (IN4) signal. This signal will always

' read in as a logical one.

COPS IN Input Port Optlons on the
COP420M

When selecting a MICROBUS option it is possible to
select either load devices to Vg or high impedance in-
puts on INg and all MICROBUS signals. These options
may be chosen individually corresponding to INg, 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.

National Semiconductor
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MICROBUS™ Programming Considerations

The COP402M data sheet describes the handshaking
protocall required when implementing the COP420M as

- a microprocessor peripheral device. When a WR strobe

is detected, an internal reset of the Gg 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 Gp 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 as an 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 ; POINT TO RAM LOCATION
ING ; READ THE G PORT
X ; STORE IN RAM

_.RAM

SMB X ; CHANGE G PORT INFO TO BE SENT OUT
SKGBZ O ; 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 Gy 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
Gy is set, and not miss a WR request. This means that
the data outputted on the G lines 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, (lo. @ 0.4V, 360;4A lon @
3.0V-=504A.)

MICROBUS™ is a Trademark of National Semiconductor Corp.
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COPS Peripheral Chips

There are several 1/O peripheral chips that are compat-
ible with the COPS microcontrollers by communicating
through the serial /O 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.

COP450 RAM Interface Chip

The COP450 RAM interface chip is fabricated by a low
voltage CMOS process. The chip operates between 2.5V
and 5.5V. the clock (SK), data input (Dl) and chip enable
(CE) may tolerate a 10V signal. When interfacing to a
COPS controller with a higher power supply, data
output (DO) should not rise above the COP450 supply.

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-STATE™
output to be connected to the Sl pin of the COPS con-
troller. This output can drive the Sl 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 0V and Vg -4V,
and the HIGH level is between Vgc — 1.5V to Vge. The
input LOW level will be between OV and 0.5V when Vo
is 4.5V. If V¢ is above 5V, the input HIGH level will be
above the CMOS input HIGH level, e.g., with Vgc 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 0.7V¢g 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 (DI), and chip enable (CE) may
tolerate a 10V signal. The actual power supply used will
depend on the operating voltage of the LCD.

National Semiconductor
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COP498 Read/Write Memory and Timer Chip

The COP498 read/write memory and timer chip is fabri-
cated by a low voltage CMOS process. The chip operates
between 2.5V and 6V. Some 1/O, inclijding clock (SK),
data input (DI), and chip enable (CE) may tolerate a 10V
signal. When interfacing to a COPS controller with a
higher power supply, data output (DO) should not rise
above the COP 498 power supply:

DS8906 PLL Chip

DS8906 PLL chip is fabricated by a I2L process. The chip
operates between 4.75V and 5.25V. The inputs may tol-
erate a 9V signal. The maximum input source current is
10uA and the maximum input sink current is 25 puA.

MMS5450 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 directly 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 MOS buffer
ar 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 directly 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
MOS 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 MOS buffer or an external 22k pull-up resistor may be
added.
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Table 1. COPS Compatible Peripheral Chips

. : DI/SK CE . | DI Setup Set Frequency
Peripheral Chips | Process | Vo (V) —ee—T6wW vy | Min. HIGH (V) | Polarity | Time (us) | Min. (kHz) | Max. (kH2)
COP450 CMOS 2555 | -0.3Voe 0.7Vee + 1.0 24 265
COP452 NMOS 4595 0.8 2.0 - 1.0 24 265
COP470 . PMOS 4595 Veo—4 . Vec—1.5 - 1.0 0 265
COP472 cMoS 3.0-55 10.3Vee 0.7Vee - 1.0 0 265
COP498 CcMOS 2.56.0 0.3Vec 0.7Vec + 0.3 24 265
DSB8906 1L 4.75.5.25 08 20 - 0.3 0 625
MM5450 NMOS |4.75-11.0 08 2.0 - 0.3 0 500

tseTup tserup
—| | —
sn——/—\ { N K /
— DATA DATA
ol . >< VALID Dl >< VALID

APPLICABLE FOR COP498, DS8906, MM5450

. APPLICABLE FOR COPA450, COP452, COP470, COP472

7

Figure 1. Serial Input Data Timing
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Serial Interface Between
COPS™ Microcontrollers and
Peripheral Chips

A variety of I/O and data memory expansion chips are
available to the COPS™ 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 /O options, and the user
should refer to the appropriate data sheet for specific
options information. For this discussion, it is assumed
that serial input (Sl) 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.

|. 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 TTL compatible levels for
5V operation, i.e. 0V to 0.8V for LOW level and 2.0V to V¢
for HIGH level. The NMOS COPS controllers also allow
a mask-programmed optional range: 0V to 1.2V for LOW
level and 3.8V to V¢c for HIGH level. Most CMOS parts
allow 0V to 0.3V for LOW level, 0.7V¢c to Vec for HIGH
level. The COP470, a V.F. display controller in PMOS
process, has OV to Vgc—4V for LOW level, and
Vcc — 1.5V to Vg 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-STATE™ outputs
are tied to Sl, 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.

National Semiconductor
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2. Bipolar (TTL, LSTTL, I2L)

Standard and CMOS COPS controller outputs are de-
signed to drive one TTL load or four LSTTL loads, where-
as the low power COPS controller outputs can drive only
one LSTTL load. If more drive is necessary, a buffer will
be needed. Standard and low power COPS controller
inputs have TTL input levels, therefore multiple TTL/
LSTTL TRI-STATE outputs can be connected together
directly to SI. The maximum total leakage current at the
Sl input and all the TRI-STATE outputs determine the
maximum number of TRI-STATE outputs that can be tied
together. The TTL/LSTTL 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 (Bipoiar 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 the CMOS/PMOS 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.

1. 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 SK). 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, tsgTup is
the setup time for the peripheral device where the data
has to be at a valid level, and tpg_ay 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 tggtyp is specified in the peripheral
chip data sheets. The maximum tseryp is specified in
the peripheral chip data sheets. The maximum tpg ay
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 7pF. 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 TTL/LSTTL inputs, the 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 0.3V. 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 0.2V. For the same load, the'low
power COPS controller may use a 22k resistor, with the
SO and SK output LOW levels increased by less than

0.1V. :

This is MICROWIRE™

(Example System)

R
: COPS™
MICROCONTROLLER SK
p SO
) MICROWIRE
+ 1 INTERFACE -
s Do
' ANALOG - :
INTERFACE . COPa3z g
€S ! D]
SYSTEM |
INTERFACE > COPas2 gg
. Ts
VE | Nlﬁi'
DISPLAY COP4TO 1 SK
: CS pife
COSTEN ] ‘COP4ZB  SK
of——>
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COP410L/411L Hardware
Subroutine Stack Emulator

The COP410L/411L devices differ from the COP420 de-
vices primarily in the amount of available ROM and RAM,
and in the number of subroutine levels available. The
COP420 has a 3 level subroutine stack, which allows
subroutines to be nested 3 levels deep. If a subroutine is
called from the third subroutine level, the first return ad-
dress is pushed from the top of the stack and lost. The
COP410L has a 2 level subroutine stack. When subrou-
tines are nested 3 or more levels deep in a COP410L pro-
gram, an overflow of the subroutine stack will occur
causing the return address from the first subroutine level
to be pushed off the top of the stack. The program will
not function properly if designed to return from the first
subroutine in the normal manner, since that return ad-
dress will have been lost. The COP410L/411L Hardware
Subroutine Stack Emulator is designed as a reliable aid
in finding subroutine stack overflow conditions in
COP410L programs.

Thedifficulty in finding a subroutine stack overflow condi-
tion lies in emulating the COP410L program. The COP402,
which is a ROMless functional equivalent of the COP420,
may be used to emulate the COP410L device. However,
the COP402 has a 3 level subroutine stack, as does the
COP420. Therefore, when emulating a COP410L device,
the program may exhibit an overflow of the 2 level stack
which will not be detected in the COP402 emulator. Spe-
cial care must be taken when writing COP410L programs
to insure that the 2 level subroutine stack is not violated.

The most obvious method of verifying the 2 level COP410L
stack is to systematically count the subroutine levels
directly from the program listing. With the listing, the pro-
grammer may follow through each subroutine, counting
the level of subroutines called from those routines. If sub-
routines are nested 3 levels deep, the COP410L program
will exhibit a stack overflow condition. This could cause
improper program execution in the COP410L and should
be corrected before submitting the program for produc-
tion.

An alternate method of verifying the 2 level subroutine
stack is by writing a COP420 program that calls the entire
COP410L program as a subroutine. This effectively dim-
inishes the COP402 stack by 1 level when emulating the
program. At the end of logical execution of the COP410L
program a RET statement must be inserted to return to
the COP420 routine. If the COP410L program executes
correctly and then returns to the COP420 routine at the
correct location, the COP410L program may be free of
stack overflow violations. The breakpoint feature of the
COP Product Development System (PDS) is helpful in
detecting the return from the COP410L program. A break-
point should be set at the COP420 program address im-
mediately following the JSR statement that transfers
control to THE COP410L program. The PDS will break-
point the COP402 at the return address from the COP410L
program, providing there are no stack violations in the
COP410L routine. All COP410L subroutines must be ter-
minated in a RET or RETSK statement for the PDS to be
useful in verifying the 2 level stack. The COP420 return

National Semiconductor
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address will be lost if the stack is deliberately overflowed
in the COP410L routine. Losing the COP420 return ad-
dress will cause the PDS to indicate an erroneous stack

- overflow condition by returning from the COP410L rou-
tine to an incorrect location. For this reason, all subrou-
tines must end in a RET.

The previously described procedures for evaluating the
2 level subroutine stack are often unreliable due to dif-
ferent program structures. The most reliable method of
locating a subroutine stack overflow is to use the
COP410L/411L Hardware Subroutine Stack Emulator.
This circuit will count the number of consecutive RET or
RETSK instructions that are executed. Counting the
return from subroutine instruction rather than the jump
to subroutines allows deliberate overflow of the subrou-
tine stack, which may be necessary in some COP410L
programs.

Block Diagram Description

The COP410L/411L Hardware Stack Emulator is designed
to be used with the COP400-E02 In-Circuit Emulator
Card. The system works in the following manner (see
Block Diagram, Figure 1). The COP410L program data is
latched onto the Hardware Stack Emulator card via the
®4 signal. The program data is decoded by the Data
Decode PROM and the appropriate control signals are
generated. During the second half of a 2-cycle instruc-
tion, the COP402 sends the SKIP line high. This signal is
used to disable the data decode PROM control signals
by forcing the PROM to decode data from the upper half
of memory in which all control signals are inactive (see
PROM Data, Table 1). The JSR and JSRP instructions
push the stack and the RET and RETSK instructions pop
the stack. The LQID instruction is a 2 cycle instruction
that first pushes the stack, then during the second in-
struction cycle, pops the stack. When a LQID is executed
at the second subroutine level a stack overflow condi-
tion will occur. Each time the stack is pushed, the stack
increment logic will clock the count down input of the
stack counter once and each time the stack is popped,
the stack decrement. logic will clock the count down
input of the stack counter. The stack counter counts a
maximum of 2 pushes of the subroutine stack, after
which the increment logic is disabled. This .allows
deliberate overflowing of the subroutine stack. A sub-
routine stack overflow is registered when the stack
counter is popped 3 consecutive times. At this time, the
stack counter underflows and disables both the stack
increment and decrement logic, and lights the overflow
indicator.

The COP400 devices allow single-byte jumps (JP) within
any single page boundaries. Single-byte jumps are also
allowed anywhere within the boundaries of the subrou-
tine pages (pages 2 and 3). Single-byte subroutine calls
(JSRP) are valid from anywhere in the program to rou-
tines on page 2. The op-codes for the JSRP instructions
are identical to the codes for the single-byte jumps in
pages 2-3. For this reason the JSRP call may not be used
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Figure 1. COP410L/411L Hardware Stack Emulator Block Diagram

on pages 2 or 3. However, the decode PROM on the Hard-
ware Stack Emulator will generate the JSRP signal
whenever a single-byte jump is executed on pages 2 or
3. The Address Decode Logic sets the JSRP disabie
latch when the program is executing in pages 2 or 3 to
inhibit the JSRP control signal generated by executing
a single-byte jump on pages 2 or 3. Address 07F, while
not actually on page 2, is also decoded since a single-
byte jump from this location to anywhere in pages 2 or 3
is also coded as a JSRP and the JSRP signal generated
must, therefore, be inhibited. The JSR instruction is a
valid subroutine call anywhere within the -COP410L
program. Consequently, the Address Decode Logic does
not inhibit the JSR signal.

Table 1. PROM Data

Address Data Address Data

000 04 070 04

i i i i
047 04 o7F 04
048 oc 080 05
049 0C i i
04A 04 OBE 05

1 ) 0BF 00
067 04 0Co 04
068 06 i i

i i 1FF 04
06F 06

System Timing Description

The COP402 generates the AD/DATA signal which is
called &4 in the COP410L/411L Hardware Stack Emulator
system (see COP402 Data Sheet). During program exe-
cution, address information is outputted by the COP402

during the time that ¢4 is high and program data is
inputted by the COP402 when ¢4 is low. The &4 signal is
the basis for all timing on the Hardware Stack Emulator.
®4p is created by delaying ®4 by approximately 3us. This
signal is used to clock the decoded address into the
JSRP disable latch. The MM74C74 latches data on a low-
to-high clock transition. The ®4p signal is used to insure
stable, valid data at the D input of the latch prior to the
clock pulse. ENABLE is generated by taking the NOR of
&4 and ¢4p. During the low period of ENABLE, the out-
puts of the ROM data latch are enabled to drive data to
the decode PROM. When the outputs are disabled, the
inputs to the decode PROM are held high with pull-ups.
At the rising edge of ENABLE valid data is latched into
the LQID and JSR latches. The stack counter is also
clocked on the rising edge of ENABLE. The data that
was set up at the stack counter inputs during the previ-
ous clock cycle enables or disables the ENABLE clock
appropriately.

Building the Hardware Stack Emulator

All signals required by the Hardware Stack Emulator are
available on the COP400-E02 Emulator Card. The signals

‘may be brought to the Hardware Stack Emulator Card

* with a 24 conductor ribbon cable plugged into the 5204

PROM 1 socket on the E02 Emulator Card. The signals
®4, SKIP, and RST are not available at the 5204 PROM 1
socket so they must be either jumpered to the socket or
directly to the Hardware Stack Emulator board. If it is
desirable to run these signals via the 24 conductor
cable, then 3 printed circuit traces must be cut on the
E02 Emulator Card. The traces to pins 2, 3, and 23 of the
5204 PROM 1 may be cut since these signals are not re-
quired by the Hardware Stack Emulator. SKIP, RST, and
&4 may then be soldered to the socket and all required
signals will then be carried over the 24 conductor cable.
Power and ground are also carried to the Hardware Stack
Emulator board by the 24 conductor cable. The complete
circuit schematic and 5204 PROM 1 socket pinouts are
shown in Figure 2. -
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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 possibie
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. The 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® 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 being
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.

National Semiconductor
Richard W. Kovener
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Figure 1. Block Diagram

The Controller

The COP420L is an N-channel MOS device with
1K % 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

Ll Joug dOD
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Operatin‘g Voltage 45V-9.5V
Operating Supply Current 8mA (max)
RAM Supply Requirements 3mA (max) @ 3.3V

16us

Minimum Instruction Cycle Time

Figure 3.

seat position sensor information. The selection of
the L lines as inputs or outputs is done through
software control and a Dg line controls the operation
of the TRI-STATE buffer to coordinate the reading of
sensor information or outputting motor control
information. The D, line controls the operation of the
TRI-STATE latch. The Gy.3 lines 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
Gy 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.

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 (+24V)
and reversed 2-battery jumps (—24V). All of these
must be protected against for reliable operation.

National Semiconductor’'s LM2930 was quéifically
designed for supply regulation in automotvive'helectric
systems. Its electrical characteristics are listed in
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-850V 1=200ms
+250V r=1ms
+450V tv=0.1us

Load Dump
Inductive Load Switching
Mutual Coupling

Max Operating Input Voltage 26V
Over-Voltage Protection 40V
Output Voltage '

LL Joug d09

6V Vy<26V,5mA< 1< 200mA 45V-5.5V
. Line Regulation
Figure 4. Automotive Transients BV < ?/,N PPy 80mV max
Load Regulation .
5mA< 1p< 200mA 50mV max
Dropout Voltage
lo=200mA 0.6V max

Figure 5. LM2930 Specifications
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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.

In order to minimize battery drain, Vg 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, Q3 provides.drive to Q1 and Q2. Q1
also holds Gy low. When the ignition is turned off, the.
program software detects the low on Gp being
released and performs a routine to park the seat. V¢
is supplied to the controller and circuitry until G3
charges up through R2 to turn off Q1 and Q2,
allowing sufficient time for the seat to reach its
parked position. Each time Vgg 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 Q1 and Q2. Vg is

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 Q1
and Q2 and the system returns to standby. (Note: The
values of the timing components have been estab-
lished experimentally.) '

System Interface — Output

The 8 different directions of movement of the seat
are provided by 4 drive motors. These 8 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 rhotors 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 turn-off transient to
a voltage below the BVggg 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 xnow the
relative seat location at all 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 provnded dlgltal mformatlon to
the controller.

A photodetector package was used with a slotted,

disc on the seat back. The disc was mounted on the
gear mechaniém, and as it revolved it interrupted the
light source 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 rmajor ‘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 Alternative Approach

Another 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 mformauon to the controller in
8-bit binary format

It is: not necessary in this approach to keep a
constant account of the seat’s position since it can
be determined at any time 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.
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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 1K x 8 of ROM, 64 x 4
of RAM, clock generator, and 23-input-output lines on
board. '

National Semiconductor
Paul M. Goyke
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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 G lines
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-
communicate 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 ADC0809, 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 A/D converter is to interface with

new analog sensors such as outside temperature or
parateling 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-STATE™ 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.

Dlgital lnput Section

The digital input section consists of a 74C373 CMOS
TRI-STATE™ 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.

Liouid Crysial Display aoo 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 8x 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

vfurther 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 flexnbllny

The speech ROM or ROMs can be as Iarge as 128K
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 ampmude data requnred 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 fwe
volts.’

In addmon to supplylng 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’

cconstant 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 8-bit type
processor in this application. This is only one
example of the many applications of electronlcs to
automotive mstrument 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 speedometer/
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
from 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

National Semiconductor
Richard W. Kovener
COP Brief 13

May 1980

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 off except for a standby
voltage to maintain the trip mileage and running
mileage counts stored in the RAM of the controller.
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Figure 1. Electronic Speedometer/Odometer

System Software

Using a microcontroller in an odometer design allows
great flexibility of operation and features. The flow
chart 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 odometer. 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.

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 1/O register a binary
counter.

In this mode of operation the counter counts high to-
low level transitions at the S| 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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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 ioop.

PROM Selection and Programming

The size of the PROM selected for permanent
mileage storage depends on the mileage resolution
desired. A 512x 8-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.

ter/ Odometer (continued)

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 Vgc.
This voltage can be provided by the circuit shown in
Figure 4. ’

FILTERED

e —I—‘Vm LM317M VouT
. ADS
c1
R1 c2
o0 “FI A0y uuQI .

PROGRAMMING
CONTROL
Go

L Vour=vnsr[1+ B2 0R Rz | Ry ]+ 1aos82

*SELECTED FOR SLEW RATE

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 voits. Q1 is
held on by output GO of the controller and makes

Vapy = 3.75V. (Refer to equation in Figure 4.) When '

the output voltage is to be increased to the required
programming voltage, Q1 is turned off and Vap,
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 prognlammed, 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 “0s” 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 Vgc and the proper output 10.5
volts. The PROM enable line is then taken low for one
instruction cycle time (approx. 16us). 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 Dlsplays

The microcontroller mterfaces with the speedometerv

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 I/O 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™

Table 1.

Package

Device Size Type of Driver

COP 470 18-pin |4-digit x 8-segment MUX VF

COP 472 | 20-pin |3 backplané X 12-segment
triplexed LCD

*MM54XX | 40-pin [32-segment direct drive VF
MM5450 40-pin  |35-segment direct drive LED
*MMS54XX | - 40-pin  |32-segment direct drive LCD

*Future product.

Summary

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. .
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MOS/ROMs

MNM52116 (2316 E) 16,384-Bit Read Only Memory

General Description

The MM52116 is a static MOS 16,384-bit read-only
memory organized in an 2048-word-by-8-bit format.
It is fabricated using N-channel enhancement and
depletion-mode technology which provides complete
DTL/TTL compatibility and single power-supply opera-
tion.

Three programmable chip selects controlling the TRI-
STATE® outputs allow for memory expansion.

Programming of the memory array and chip-select
active levels is accomplished by changing two masks
during fabrication.

Features

Fully decoded

Single 5V power supply *10% tolerance
Inputs and outputs TTL compatible
Outputs drive 2 TTL loads and 100 pF
Static operation

TRI-STATE outputs for bus interface
Programmable chip selects
2048-word-by-8-bit organization
Maximum access time — 450 ns
Industry standard pin outs (2316E)
Compatible to standard EPROMs

B @ E B E B E OO @

Applications

® Microprocessor instruction store
s Control logic

® Table look-up

Block and Connection Diagrams
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Absolute Maximum Ratings (not 1) Operating Conditions

MMS52116 (2316E)

Voltage at Any Pin —0.5V to +7.0V Operating Temperature Range © —40°C to +85°C
Storage Temperature Range —65°C to +150°C : .
Power Dissipation w
Lead Temperature (Soldering, 10 seconds) 300°C
DC Electrical Characteristics
(T within 6perating temperature range, VcC = 5V £10%, unless otherwise specified).
PARAMETER TYP °
CONDITIONS MIN .
(Note 2) (Note 4) MAX UNITS
IN} Input Current V|N\= 0to Vce 10 LA
VIH Logical “1"" Input Voltage 0°c 2.0 Veet1.0 \%
VIH Logical ““1*" Input Voltage —40°C 22 Vcet+1.0 \"
ViL Logical ’0"" Input Voltage -0.5 0.8 \
VOH Logical ‘1" Output Voltage IoH = —400 nA 2.4 \
VoL Logical *‘0"" Output Voltage loL=3.2mA 0.4 \
ILOH Output Leakage Current VouT = Vcc. Chip Deselected - 10 uA
Lo Output Leakage Current VouT =0V, Chip Deselected -10 MA
lcct Power Supply Current All Inputs = V¢, Data 70 100 mA
Output Open
Capacitance
PARAMETER TvpP
(Note 3) CONDITIONS MIN (Note 4) MAX UNITS
CIN Input Capacitance (All Inputs) | VN =0V, Ta=25°C, 7.5 pF
f=1MHz, (Note 2)
CouT Output Capacitance VouT =0V, Ta = 25°C, 15.0 pF
f=1MHz, (Note 2)

‘AC Electrical Characteristics

(T within operating temperature range, VG = 5V £10%, unless otherwise specified). See AC test circuit and switching time

waveforms. .
TYP
PARAMETER CONDITIONS MIN MAX UNITS
) (Note 4)
tAC | Chip Select'Access Time | See AC Test Circuit; toC and ta Measured to 120 ns
tOFF | Output Turn OFF Delay Valid Output Levels with t, and tf of Input 100 ns
<20 ns, tQFF Measured to <20 pA Qutput
tA Address Access Time Current 450 ns

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: Positive true logic notation is used: logical ‘1’ = most positive voltage level, logical *0'" = most negative voltage level.

Note 3: Capacitance is guaranteed by periodic testing.

Note 4: Typical values are for Tp = 25"C and nominal supply voltage.
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Switching Time Waveforms and AC Test Circuit
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FIGURE 1. Address Precedes Chip Select
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ROM Programming Information

ROM programs for the MM52116 can be supplied to handled internally via a sophisticated- computerized
National in a number of means: system. The original input device (PROM, tape, etc.) is
A. 2708 PROM sets read, the’ data is reprocessed to formats required by
B. 2516 PROM (or equivalent) various production machines, and the final reconstructed

. is th iginal i ice.
C. 2716 PROM (or equivalent) data is then compared back to the original input device

D. Intellec HEX punched paper tape
E. Binary punched paper tape

The verification package returned to the customer for
approval will consist of a listing of the program and a
PROM or tape which matches the data National will use

Since the MM52116 has programmable chip selects, it is to create the programmed MM52116. In a normal

imperative that chip select information be provided situation, the verification package returned to the cus-

along Wi.th the ROM program. The information should tomer for approval, because of the system described,

be supplied as shown: may consist of the original PROM or tape submitted by
CS1 is to be programmed logical ________(Hi or Lo) the customer. This program data, now in National’s
CS2 is to be programmed logical_________(Hi or Lo) production format, is stored in archives for future cus-
CS3 is to be programmed logical_______(Hi or Lo) tomer re-orders.

Given any of the above means of program data is re-
ceived by National, verification of ROM programs is

(391£2) 9LLZSININ




MM52116FDW, MM52116FDX

National
Semiconductor

- MOS/ROMs |

MM52116FDW, MM52116FDX Character Generators -

General Description

The MM52116FDW, MM52116FDX are 128-character,
N-channel, character generators designed primarily for
CRT display applications. The MM52116FDW/MM52116
FDX provide 5x7 and 7x9 row scan. character fonts,
respectively. They provide complete DTL/TTL compat-
ibility with single 5V power supply operation.

Features

128-character row scan

5x7 or 7x9 font

Maximum access time — 450 ns
TRI-STATE® outputs for bus interface
Programmabile chip selects

Single 5V power supply

Inputs and outputs TTL compatible
MM2316E and MM2716 pin compatible

Block and Connection Diagrams
Chip Select Enable Pattern CS7=0, CS2=0, CS3 =1
Lo L1 L2 L3

Logic Symbols
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Absolute Maximum Ratings (Note 1) ‘
Voltage at Any Pin —0.5V to +6.5V

Operating Temperature Range —40°C to +85°C
Storage Temperature Range ' —65°C to +150°C
Power Dissipation 1w
Lead Temperature (Soldering, 10 seconds) 300°C

DC Electrical Characteristics

(T A within operating temperature range, VcC = 5V *10%, unless otherwise specified).

XA49412SININ ‘Ma=91 LZSWIN

N Input Current ViN=0toVce 10 MA
VIH Logical ““1”* Input Voltage 0°c 2.0 Veet+1.0 \
VIH Logical 1" Input Voltage —40°C . ) 2.2 Veet+1.0 \
ViL Logical 0" Input Voltage ) ~-0.5 0.8 \Y,
VOH Logical ““1"" Output Voltage lIoH =—400 A - 2.4 \Y
VoL Logical 0" Output Voltage loL=3.2mA 0.4 \
ILOH Output Leakage Current VouT = V. Chip Deselected 10 ) uA
lLoL Output Leakage Current VouT = 0V, Chip Deselected -10 uA
Icci Power Supply Current Ail Inputs = Vg, Data 70 100 mA
Output Open
Capacitance
PA(RNAO“:LE;ER CONDITIONS MIN (N.chLP4) MAX UNITS
CIN Input Capacitance (All Inputs) | VN =0V, TA =25 C, 7.5 pF
f=1MHz, (Note 2) i
CouT Output Capacitance VouT =0V, Ta=25C, 15.0. pF
f=1MHz, (Note 2)

AC Electrical Characteristics
(T A within operating temperature range, VCC = 5V £10%, unless otherwise specified). See AC test circuit and switching time
waveforms. - :

PARAMETER CONDITIONS MIN . TYP MAX UNITS
. . (Note.4) ’
tAC Chip Select Access Time |. See AC Test Circuit; taoC and ta Measured to 120 ns
tOFF | Output Turn OFF Delay Valid Output Levels with t, and tf of ln.put 100 ns
<20 ns, tQFF Measured to <#20 uA Qutput
tA Address Access Time Current 450 ns

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: Positive true logic notation is used: logical “’1”* = most positive voltage level, logical *’0"" = most negative voltage level.

Note 3: Capacitance is guaranteed by periodic testing.

Note 4: Typical values are for T = 25°C and nominal supply voltage.

37



MM52116FDW, MM52116FDX

AC Test Circuit and Switching Time Waveforms
. 5V

P