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The 8-Bit COP8™ Family:
Optimized for Value

Key Features

* High-performance 8-bit microcontroller
Full 8-bit architecture and implementation
1 us instruction-cycle time

High code efficiency with single-byte, multiple-function
instructions

¢ UART

A/D converter

WATCHDOGT™/clock monitor

Brown Out Detect

On-chip ROM from 768 bytes to 16k bytes
On-chip RAM to 256 bytes '

EEPROM

M2CMOS™ fabrication
MICROWIRE/PLUS™ serial interface

Wide operating voltage range: +2.3V to +6V
Military temp range available: —55°C to +125°C
MIL-STD-883C versions available

® 16- to 44-pin packages

The COP8 combines a powerful éingle-byte, multiple-func-
tion instruction set with a memory-mapped core architec-
ture.

Key Applications
| Automotive systems

B Process control

m Robotics

@ Telecommunications

B AC-motor control

& DC-motor control

m Keyboard controllers -

o Modems

B RS232C controllers

B Toys and games

o Industrial control

@ Small appliances

The COP8 family offers high performance in a low-cost,
easy-to-design-in package.

An Example of COP888 Block Diégram (COP888CF)

R L L LT e cecccocand

‘
H 4C 8 BIT CORE H -
1 ] cLock MODIFIED HARVARD ' 1/0 PORTS
(3 ARCHITECTURE !
1], [bLe ' DlllchlL
1 | WAKE UP | sen
[ RESET 1 A
H 16 BiT | | MICRO e 8 CHANNEL
' TIMER mg o | TR WATCH A0
' 1] ] T 006
V| INTERRUPT E - ENAD REG
) '
; i 3 T S
(] I ] h Z 4 T
[} [}
! 3 4 h 4 Y

)
vl owsw | LA t] ser « 192 | | wun
' loecooe | [_B | vl oTMeR evies | | eves | | weor
) )
v | rosic T Hl Y] ROM RAM WAKE
H H -~ -~ UP
! I !
V| eoa =1 ’c I+
v | cono | Jenw el
: DETECT m REG i
(]
] CPU ]
! REGISTERS !
-~

TL/XX/0073-3

Ajwed 8409



COP8 Family

Embedded Control: Practical Solutions to Real Problems

Microcontrollers have played an important role in the semi-
conductor industry for quite some time. Unlike microproces-
sors, which typically address a range of more compute in-
tensive, general purpose applications, microcontrollers are
based on a central processing unit, data memory and input/
output circuitry that are designed primarily for specific, sin-
gle function applications.

During the 1870s, microcontrollers were initially used in sim-
ple applications such as calculators and digital watches. But
the combination of decreasing costs and increasing integra-
tion and performance has created many new application op-
portunities over the years. Even as the bulk of application
growth occurs in the 8-bit arena, the same issues that sys-
tem designers were concerned with in the 4-bit world contin-
ue in force today. These include cost/performance trade-
offs, low power and low voltage capabilities, time to market,
space/pin efficiency and ease of design.

* Cost/Performance. A price difference of just a few pen-
nies can be the gating factor in today’s 8-bit design deci-
sions. Manufacturers must offer a wide range of cost/
performance options in order to mest customer de-
mands.

Low Power and Low Voltage. The increasing range of
mobile and/or battery-powered applications is placing a
premium on low-power, low-voltage, CMOS and BiCMOS
embedded control solutions. ‘

Time to Market. All 8-bit microcontroller’s architecture,
functionality and feature set have a major influence on
product design cycles in today’s competitive market, with
its shrinking windows of opportunity.

Space/Pin Efficiency. Real estate and board configura-
tion considerations demand maximum space and 1/0 pin
efficiency, particularly given today’s high integration and
small product form factors.

Ease of Design. A familiar and easy to use application
design environment—including complete development
tool support—is one of the driving factors affecting to-
day’s 8-bit microcontroller design decisions.

All of these issues must be considered when searching for
the appropriate 8-bit microcontroller to meet specific appli-
cation needs. And that's why National Semiconductor’s
COPS8 family of 8-bit microcontrollers is enjoying widespread
success in today’s global embedded control marketplace.

One of the leaders in the design, manufacture and sale of 8-
bit microcontrollers is National Semiconductor. Long a
prominent player in the worldwide microcontroller market,
National and its COP8 family of products spans today’s
range of applications, providing customers with a wealth of
options at every price/performance point in the 8-bit micro-
controller market.

National’s 8-bit COP8 microcontrollers enable the company
to meet a wide range of embedded control application re-
quirements. COP8 microcontrollers offer users cost-effec-
tive solutions at virtually every price/performance point in
today’s market for 8 bit applications.

Designers can select from a variety of building blocks cen-
tered around a common memory-mapped core and modi-
fied Harvard architecture. These building blocks include
ROM, RAM, user programmable memory, UART, compara-
tor, A/D and I/0O functions.

The COP8 family incorporates 1 pus instruction cycle times,
watchdog and clock monitors, multi-input wake up

circuitry and National’s MICROWIRE/PLUS™ interface. In
addition, National’s COP8 microcontrollers are available in a
wide variety of temperature range configurations from
—55°C on up through + 125°C—optimizing them for rugged
industrial and military applications.

COP8 Benefits

The COP8 family provides designers with a number of fea-
tures that result in substantial benefits. These include a
code-efficient instruction set, low power/voltage features,
efficient 1/0, a flexible and configurable design methodolo-
gy, robust design tools and electromagnetic interference
(EMI) control.

The COPB8 family's compact, efficient and easy-to-program
instruction set enables designers to reduce time to market
for their products. Thanks to the instruction set, efficient
ROM utilization lowers costs while providing the opportunity
to integrate additional functionality on-chip. Low voltage op-
eration, low current drain, multi-input wakeup and several
power saving modes reduce power consumption for today's
increasing range of handheld, battery-driven applications.
And an array of user-friendly development tools—including
hardware from MetaLink, and state of the industry assem-
blers, C compilers, and a “fuzzy logic” design environment
help design engineers save valuable development time.
National's Configurable Controller Methodology (CCM) for
the COP8 family creates “whole products” that are bug-
free, fully tested and characterized, and supported by a
range of documentation and hardware/software tools. Na-
tional developed CCM because the majority of customer re-
quests for new products have typically called for reconfigu-
rations of existing proven blocks—such as RAM, ROM, tim-
ers, comparators, UARTS, and /0.

In addition, COP8 products incorporate circuitry that guards
against electromagnetic interference—an increasing prob-
lem in todays microcontroller board designs. Nationals pat-
ented EMI reduction technology offers low EMI clock circuit-
ry, EMI-optimized pinouts gradual turn-on outputs (GTO) an
on-chip choke device and to help customers circumvent
many of the EMI issues influencing embedded control de-
signs.

A Growing Family

National's wide-ranging COP8 family is well-positioned to
meet the expanding variety of consumer 8- bit microcontrol-
ler applications. Available in a wealth of different ROM (768
bytes to 16k bytes) and RAM (64 x 8, 128 x 8, and 512 x 8)
configurations, COP8 microcontrollers provide designers
with cost-effective solutions at every price/performance
point in todays market. And the recent introduction of the
new COP912C—National’s first 8 bit microcontroller priced
below 50¢ per unit when purchased in volume quantities—
continues to drive prices down in the highly competitive 8-bit
market.

A code-efficient instruction set. Low power operation. 1/0
pin efficiency. A “whole product” philosophy that includes
superior development tools, documentation and support.
These are the reasons that National’s COP8 family is a key
player in the worldwide 8-bit microcontroller market. As that
market continues to expand. National continues its micro-
controller technology research and development efforts—
an ongoing commitment that began during the infancy of
embedded control and continues in full force today.




COPS8 Features/Benefits Analysis

Key Features

Benefits

Instruction Set

 Efficient Instruction Set
(77% Single Byte/Single Cycle)
® Easy To Program
e Compact Instruction Set
® Multi Function Instructions
® Ten Addressing Modes

* Efficient ROM Utilization (compact code)
* Low Cost Microcontroller (small ROM size)
¢ Fast Time To Market

Low Power ¢ Low Voltage Operation ® Lower Power Consumption for Hand Held
¢ Lower Current Drain Battery Driven Applications
* Multi-Input Wakeup
* Power Savings Modes (HALT/IDLE)

Efficient1/0 * Software Programmable 1/0 * Multiple Use of I/0 Pins

o Efficient Pin Utilization

¢ Breadth of Available Packages

¢ Package Types Including Variety of Low Pin Count
Devices

© High Current Outputs

® Schmitt Trigger Inputs

* Economical Use of External Components
(lower system cost)

¢ Cleaner Hardware Design

e Choice of Optimum Package Type (price/
outline/pinout)

Flexible/Powerful
On-Board Features

® Smart 16-Bit Timers (processor independent PWM)
e Comparators
* UART
® Multi-Input Wakeup
® Multi-Source Hardware Interrupts
¢ MICROWIRE/PLUS Serial Interface
* Application Specific Features
(CAN, Motor Control Timers, etc.)

¢ Timers Allow Less Software/Process
Overhead for Frequency

¢ Measurement (capture) and PWM

e Cleaner Hardware (eliminating the need for
external components)

e QOverall Cost Reduction

Safety/Software-
Runaway Protection

* WATCHDOG

® Software Interrupt

® Clock Monitor

* Brown Out Detection

* No Need for External Protection Circuitry
* Brown Out Detection Allows the Use of Low
Cost Power Supply

Development Tools

Hardware:

® New, User Friendly, Development Tool Hardware
from MetaLink

® Low Cost Version of the Development Tool (Debug
Module)

® Various Third Party Programmers for Programming
OTPs

Scftware:

® New, User Friendly Assembler, a C Compiler and a
"Fuzzy” Logic Design Environment

® Saves Engineering Development Time—Fast
Time to Market

1.5
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COP8 Family

COPS8 Features/Applications Matrix

Applications Microcontroller Appropriate
Market Segment Applications Features/Functions Features Required COP8 Devices
Consumer Children Toys Basketball/Baseball Games Battery Driven Very Low Price COP912C
and Games Children Electronic Toys Replacing Discrete with Low Cost Low Power Consumption “COP920C/COP922C
Darts Driving Piezo/Speaker/LEDs Wide Voltage Range
Throws Directly High Current Outputs
Juke Box Very Cost Sensitive Small Packages
Pinball
Laser Gun
Electronic Audio Greeting Cards Battery Driven Wide Voltage Range COoP912C
Audio Electronic Musical Equipment Tone Generation Low Power Consumption COP820C/840C/880C
Items Low Power Efficient Table Lookup ’
- Flexible Timer
Electronic Small Appliances: Low Cost Power Supply Brown Out Detection COP820/840
Appliances/ Irons Temp Measurement On-Board Comparator COP820CJ Family
Tools Coffee Makers Safety Features High Current Outputs .
Digital Scales Noise Immunity Watchdog/Software Interrupt
Microwave Ovens Driving LEDs/Relays/Heating Schmtt Trigger Inputs
Cookers Elements : 16-Bit PWM Timer
Food Processors .
Blenders
Household Appliances: Rely on Hard-Wire Relay Circuits, Brown Out Detection COP820CJ (on-board
Oven Control Timers, Counters, Mechanical On-Board Comparator comparator)
Dishwasher Sequence Controllers On-Board A/D COP888CF (on-board A/D)
Washing Machine/Dryer Temp Control Watchdog/Soft Interrupt
Vacuum Cleaner Noise Immunity Schmitt Trigger Inputs
Electronic Heater Safety Features Flexible Timers
Electronic Home Control Timing Control PWM Outputs
(Doorbell, Light Dimmer, Main Driven High Current Outputs
Climate) . Safety Features
Sewing Machine
Portable/ Scales Battery Driven Low Voltage Operation COP820CJ
Handheld/ Multimeters (portable) Minimal Power Consumption Low Power Consumption COP840/COP880 .
Battery Electronic Key Low Voltage Wide Voltage Range COPB888CL (Keyboards)
Powered Laptop/Notebook Keyboard Sensing Power Saving Modes COP8646 (Smart Cards)
Mouse Measurement Multi-Input Wakeup :
Garage Door Opener Standby Mode On-Board Comparator
TV/Electronic Remote Control Flexible Package Offerings Small Packages -
Portable PRP or Retail Pos Device Small Physical Size .
Jogging Monitor
Smart Cards
Personal Communications Cordless Phone (base/handset) Low Power Low Current Drain Cordless Phone:
Phone Dialer Timing Low Voltage Operation COPB840/COP880
Answering Machine Serial Interfaces Standby Mode Feature Phone PBX Card:
Feature Phone Low Voltage UART COP888CG/COP8BBEG
PBX Card Tone Dialing Serial Synchronous Interface Others: :
CB Radios/Digital Tuners Battery Saving Functions 16-Bit Timers Generic COP8 Devices
Cable Converter Small Physical Size Schmitt Trigger Inputs )

LED Direct Drive
Sufficient I/0 in Small Packages
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COP8 Features/Applications Matrix (continued)

Applications Microcontroller Appropriate
. Market Segment Applications Features/Functions Features Required COP8 Devices
Medical - Monitors Thermometer Battery Driven On-Board Comparator COP820CJ (on-board)
Pressure Monitors Sensing/Measurement (low cost A/D) comparator)
" Various Portable Monitors Data Transmission 16-Bit Timer CQOP840/COP880
Low Power Low Power Consumption COP888CL
B . Low Voltage Low Voltage Operation
Medical Bed-Side Pump/Timers Monitoring Data Serial Interface COP888CS
Equipment Ultrasonic Imaging System Data Transmission A/D COP888CF
Analyzers (chemical, data) Timing 16-Bit Timers COP888CG/COPB88EG
Electronic Microscopes
Industriat Motion Control Motor Contro! Motor Speed Control Flexible PWM Timers COP820/COP840
Power Tools Noisy Environment Schmitt Trigger Inputs COP888CL
Timing Control High Current Outputs
Security/ Security Systems Data Transmission UART Basic Systems:
Monitoring Burglar Alarms Monitoring (scan inputs from Flexible 16-Bit PWM Timers COP840/COP880, COP888CL
System Remote Data Monitoring Systems sensors) Flexible 1/0 (Multi-Input wakeup)
Emergency Controt Systems Keypad Scan Single Slop A/D Capability More Involved Systems:
Security Switches Timing Power Saving Modes (HALT, * COP888CS/COP888CG
Diagnostic Multi-Input wakeup) COP888EK (muxed analog
Data Monitoring Serial Synchronous Interface inputs, constant current
Drive Alarm Sounders source)
Interface to Phone System
Standby Mode . -
Misc. Switch Controls (elevator, Timing/Counting Generic Microcontrolier Generic COP8 Microcontroller:
. traffic, power switches) Sensing COP820/COP840/COP880
Sensing Control Systems/Displays Measurement
. Pressure Control (scales)
Metering (utility, monetary,
industrial)
Lawn Sprinkler/Lawn Mowers
Taxi Meter
Coin Controls
Industrial Timers
__Temperature Meters
Gas Pump
Gas/Smoke Detectors .
Automotive Radio/Tape Deck Controls Timing Flexible PWM Timers Radio/Climate Control:
Window/Seat/Mirror/Door/ Motion Control Power Saving Modes COP888CG/888EG/888EK
Controls . Display Control Multi-Input Wakeup Seat/Motional Control,
Heat/Climate/Controls Soft Runaway/Trap Recovery " WATCHDOG Software Trap Slave Controller: COP884BC
Headlight/Antenna - (safety considerations) UART Dashboard Control:
Power Steering EM!/Noise Immunity CAN Interface COP888GW
Anti Theft Serial Interfaces Special Features for Dashboard Mirror Control, etc.:

Slave Controllers

Standby Modes
Wide Temp Range

Control (counters, capture
modules, MUL/DIV)

Reduced EMI

Wide Temp Range

COP8 Basic Family .
Climate Control: COP888CF

Apwed 8409
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COPS8 Family Selection Guide

Common Features: * Multi-Source Interrupt ¢ MICROWIRE Serial Communication * CMOS Process Technology * Wide Temperature Range
* Pinout * 1 s Instruction Cycle Time * Halt Mode * Development Tools
o Instruction Set * Wide Power Supply—2.3V to 6.0V * Software Selectable 1/0
Comm ind Mil Memory 1/0.] Packages Features Single Chip Emulators
Temp Temp Temp Timers|. Multl- )
o o # of | .
0°Cto | —40°Cto | ~55°Cto (:y‘:i) (:y‘::) Pins Pi:s NWMIVIC = pwny cm'rs UART] w:;‘;" Input T'I:::r - ‘;i:':::::' , pip pLCC )
o o o t
+70°C +85°C +125°C Capture ) Wakeup B
COP823CJ 10k | 64 | 11| 16 || x 3 1 1 x x Brown Out Detection
COP822CJ 1.0k 64 15 | 20 x| x 3 1 1 X X Modutator, Special PWM, |COP8722CJN2 COP8722CJWM2
COP820CJ 1.0k 64 23 | 28 |x| x 3 1 1 X X Timer, High Current Outputs|COP8720CJN2 COP8720CJWM2
COP912C 768 64 15 1 20 x| x 3 1 COP8782CJ
COP922C |COP822C i{COP622C | 1.0k 64 15 | .20 |x| x 3 1 COP8782CJ
COP920C [COP820C |COP620C | 1.0k 64 23 | 28 x| x 3 1 COP8781CJ
COP942C [COP842C |COP642C | 2.0k | 128 { 15 | 20 |x| x 3 1 (COP8782CJ
COP940C [COP840C |COP640C | 20k | 128 | 23 | 28 |x| x 3 1 COP8781CJ
COP981C [COP881C |COPG81C | 4.0k | 128 |-23 | 28 |x| x 3 1 COP8781CJ
. |(Note 1) ) ’ B }
COP980C [COP8BOC [COPE8OC | 4.0k | 128 | 35 [40/44{x X 3 1 B COP8780CJ ~ [COP8780EL
(Note 1) . - - : ) -
COP8782C 40k [ 128 | 15 | 20 |x 3 1 ’ ) UV WINDOWED COP8782CJ
COP8781C [COP6781C1| 4.0k | 128 | 23 | 28 |x| x 3 1 : ' & COP8781CJ
COP8780C .| 4.0k 128 35 [40/44]x X| 3 1 . oTP COP8780CJ COP8780EL
COP8622C [COP6622C | 1.0k 64 15 | 20 |x| x 3 1 COP8642CMHD-X
COP86L22C|COP6622C | 1.0k 64 15 | 20 |x| x 3 . 1 N
COP8620C |COP6620C | 1.0k 64 23 |- 28 |x{ x 3 1 64x8 COP8640CMHD-X|
COP86L20C|COP6620C | 1.0k 64 23] 28 |x} x 3 . 1 EEPROM ’
COP8642C [COP6642C | 2.0k 64 15 | 20 |x| x 3 1 IN COP8642CMHD-X|
COP86L42C|COP6642C | 2.0k 64 15 | 20 x| x 3 1 RAM .
- COP8640C [COP6640C | 2.0k 64 23 | 28 x| x -3 1 - |COP8640CMHD-X|
COP86L40C|COP6640C | 2.0k 64 23 | 28 |x| x 3 1
COP984CL{COP884CL |COP684CL | 4.0k | 128 | 23 | 28 |x| x 10 2 x X X Clock COP8784CLN COP8784CLWM
COP988CL|{COP888CL |COP688BCL | 4.0k | 128 [33/39|40/44|x x| 10 2 X X Monitor COP8788CLN COP8788CLV .
COP984CF|COP8B4CF 40k | 128 | 23 | 28 {x| x 10 2 x x x 8 Channel COP8784CFN ) COP8784CFWM
COP988CF|COP888CF 4.0k | 128 [33/37]40/44}x x| 10 2 X x X (8-bit) A/D COP8788CFN COP8788CFV|
Note 1: MIL-STD-883 in J Pkg . N = Plastic DIP MHD = Ceramic DIP
Note 2: Contact sales office for _availability. V = Plastic Leaded Chfp Carrier (PLCC) MHEA = 28 Small-Outline Footprint

WM = Small Outline Package—Wide Body EL = Lead Chip Carrier
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COP8 Family Selection Guide (continued) A .

Common Features: * Multi-Source Interrupt * MICROWIRE Serial Communication * CMOS Process Technology * Wide Temperature Range
* Pinout ¢ 1 us Instruction Cycle Time ¢ Halt Mode ¢ Development Tools
® Instruction Set * Wide Power Supply—2.3V to 6.0V * Software Selectable 1/0
Comm Ind Mit Memory 70 Packages Features Single Chip Emulators
Temp Temp Temp | Timers Multi-
o o ROM | RAM #of Int t - WATCH- Id! Additional
TOlo | THrClo | TIFCI0 | aytes)|Bytes)| P Pl:s NwM v goffr?eps' Pwm/ c:::;;::r UART DO‘(:E Input 'rler Featu::: pIP pLee so
+70°C +85°C +125°C | Capture Wakeup
COP984CS [COP884CS |COP684CS| 4.0k | 192 | 23 | 28 x| x 12 1 1 X X X X COP8784EGN COP8784EGWM
COP988CS [COP888CS |COP688CS| 4.0k 192 |35/39|40/44|x X 12 1 1 X X X X COP8788EGN]COP8788EGV
COP884CG 40k | 192 | 23 | 28 [x| x 14 °3 2 X X X X Reduced EMI COP8784EGN COP8784EGWM
COP888CG 4.0k 192 |35/39{40/44|x X 14 | 3 2 X X X X Reduced EMI COP8788EGN|COP8788EGV
COPBB4EK 8.0k 256 23 28 x| x 12 : 3 x |6 Analog Inputs, Constant
COPB888EK 8.0k 256 |35/39|40/44|x X 12 3 X X X Current Source,
. Reduced EMI
COP984EG|COPB84EG |cOP6B4EG| 8.0k | 256 23 | 28 |x| x 14 3 2 X X X X COP8784EGN COP884EGWM
COP988EG|COPS88EG |COP688EG| 8.0k 256 |35/39|40/44|x X 14 3 2 X X X COP8788EGN|COP8788EGV|
COP884BC 2.0k 64 18 | 28 X 12 1 2 X X CAN Interface, Motor
Control Timer
COPB8SGW 16.0k | 512 56 | 68 x| 14 2 X X X Hardware Multiply/
- Divide Function,
4x Counter Block,
Reduced EMI
Note 1: MIL-STD-883 in J Pkg N = Plastic DIP MHD = Ceramic DIP
Note 2: Contact sales office for availability. V = Plastic Leaded Chip Carrier (PLCC) MHEA = 28 Small-Outline Footprint
WM = Small Outline Package—Wide Body EL = Lead Chip Carrier
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COP912C/COP912CH

&National Semiconductor

COP912C/COP912CH

PRELIMINARY

Single-Chip microCMOS Microcontrollers

General Description

The COP912C/COP912CH are members of the COPS™
8-bit MicroController family. They are fully static Microcon-
trollers, fabricated using double-metal silicon gate micro-
CMOS technology. These low cost MicroControllers are
complete microcomputers containing all system timing, in-
terrupt logic, ROM, RAM, and 1/0 necessary to implement

dedicated control functions in a variety of applications. Fea-

tures include an 8-bit memory mapped architecture,
MICROWIRE™ serial 1/0, a 16-bit timer/counter with cap-
ture register and a multi-sourced interrupt. Each 1/0 pin has
software selectable options to adapt the device to the spe-
cific application. The device operates over voltage ranges
from 2.3V to 4.0V (COP912C) and from 4.0V to 5.5V
(COP912CH). High throughput is achieved with an efficient,
regular instruction set operating at a minimum of 2 ps per
instruction rate.

Features
m Low cost 8-bit MicroController
m Fully static CMOS
M Instruction Time
— 2 nus COP912CH
— 2.5 us COP912C
m Low current drain
Low current static HALT mode
u Single supply operation
W 768 x 8 on-chip ROM
MW 64 Bytes on-chip RAM
B MICROWIRE/PLUS™ serial 1/0

W 16-bit read/write timer operates in a variety of modes
— Timer with 16-bit auto reload register
— 16-bit external event counter
— Timer with 16-bit capture register (selectable edge)
® Multi-source interrupt
— External interrupt with selectable edge
— Timer interrupt or capture interrupt
— Software interrupt
8-bit stack pointer (stack in RAM)
Powerful instruction set, most instructions single byte
BCD arithmetic instructions
20-pin DIP/SO packages
Software selectable 1/0 options (T RI-STATE@ push-
- pull, weak pull-up)
Schmitt trigger inputs on Port G-Port
m Temperature range: COP912C/COP912CH from 0°C to
70°C
m Form Factor Emulator

Applications

m Electronic keys and switches
m Remote Control

m Timers

m Alarms

® Small industrial control units
m Low cost slave controllers

m Temperature meters

m Small domestic appliances
= Toys and games

Block Diagram

ROM (768x8) I RAM (64x8) I
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PORT G TL/DD/12060-1




Absolute Maximum Ratings

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

Supply Voltage (Vo) 6.0V
Voltage at Any Pin —0.3Vto Vg +0.3V

80 mA
80 mA

Total Current into Vg Pin (Source)
Total Current out of GND Pin (Sink)

Storage Temperature Range —65°Cto +150°C

Note: Ab. ratings I 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 cors12c/cor912CH; 0°C < T < +70°C unless other specified

Parameter Conditions Min Typ Max Units

Operating Voltage

912C 2.3 4.0 \

912CH . 4.0 5.5 \'%

Power Supply Ripple 1 (Note 1) Peak to Peak 0.1 Veg \

Supply Current (Note 2)

CKl = 4 MHz Vee = 5.5V,tc = 25 us 6.0 mA

CKI = 4 MHz Vce = 4.0V, tc = 25 ps 25 mA

HALT Current Ve = 5.5V, CKI = 0 MHz <1 8 pA

INPUT LEVELS (Vi Vi1).

Reset, CKI: )
Logic High 0.9 Ve ")
Logic Low 0.1 Vee \

All Other Inputs
Logic High 0.7 Vce \
Logic Low 0.2Vee \

Hi-Z Input Léakage/TRI-STATE Leakage Veg = 5.5V -2 +2 pA

Input Pullup Current Vog = 5.5V 250 RA

G-Port Hysteresis 0.05 Vg 0.35 Vgg Y

Output Current Levels

Source (Push-Pull Mode) Vce = 4.0V, Vo = 3.8V 0.4 mA

Ve = 2.3V, Vo = 1.8V 0.2 mA

Sink (Push-Pull Mode) Ve = 4.0V, VoL = 1.0V 4.0 mA

Vee = 2.3V, VoL = 0.4V 0.7 mA

Allowable Sink/Source Current Per Pin 3 mA

Input Capacitance (Note 3) 7 pF

Load Capacitance on D2 (Note 3) 1000 pF

Note 1: Rate of voltage change must be less then 0.5 V/ms.

Note 2: Supply current is measured after running 2000 cycles with a square wave CKI input, CKO open, inpulé at rails and outputs open.

Note 3: Characterized, not tested.

M|

SO

TL/DD/12060-2

FIGURE 1. MICROWIRE/PLUS Timing

HOZ16d02/0216d0J



COP912C/COP912CH

AC Electrical Characteristics cora126/coP912CH; 0°C < Ta < +70°C unless otherwise specified

Parameter Conditions Min Typ Max Units
INSTRUCTION CYCLE TIME (tc) ‘
Crystal/Resonator 4.0V < Vg < 5.5V 2 DC s
2.3V < Voo < 4.0V 25 DC ps
R/C Oscillator 4.0V < Voo < 5.5V 3 DC ps
2.3V < Vg < 4.0V 75 DC us
Inputs
tSetup 4.0V < Vg < 5.5V 200 ns
2.3V < Voo < 4.0V 500 ns
tHold 4.0V < Vg < 5.5V 60 ns
2.3V < Vgg < 4.0V 150 ns
Output Propagation Delay RL = 2.2k, C!_ = 100 pF
tpD1, tPDO
SO, sK 4.0V < Voo £ 5.5V 0.7 ps
2.3V < Voo < 4.0V 1.756 us
All Others 4.0V < Voo < 5.5V 1 us
2.3V < Vg < 4.0V 5 us
Input Pulse Width
Interrupt Input High Time 1tc
Interrupt Input Low Time 1tc
Timer Input High Time 1te
Timer Input Low Time 1te
MICROWIRE Setup Time (t,ws) 20 ns
MICROWIRE Hold Time (t,,wH) 56 ns
MICROWIRE Output 220 ns
Propagation Delay (t,,pp)
Reset Pulse Width 1.0 s
COP912C/COP912CH Pinout
Top View
20 DIP 20 SO Wide
-/ \J
G4/s0=—41 . 20—=G3/T10 G4/50=1 1 20f=6G3/T10
G5/SK=—{ 2 19)=G2 G5/5K=—]2 19)=G62
G6/SI1—3 183=G1 G6/S1— 3 1861
G7/CKO=—] 4 17§—GO0/INT G7/CKO—1 4 17}—Go/INT
CKI=—15 16 = RESET CKI=35 16— RESET
Vec—16 15§~ GND Vec— 6 15—=GND
Lo—7 14f=17 L0=—17 14f=17
L1—8 13|16 L1—8 13f—~L6
L2—¢ 12f=L5 L2=49 12=L5
L3=—110 1p—L4 L3=— 10 1=L4

TL/DD/12060-3

Order Number COP912C-XXX/N, COP912CH-XXX/N

FIGURE 2. COP912C/COP912CH Pinout

TL/DD/12060-4
Order Number COP912C-XXX/WM,

COP912CH-XXX/WM




Pin Description
Ve and GND are the power supply pins.

CKI is the clock input. This can come from an external
source, a R/C generated oscillator or a crystal (in conjunc-
tion with CKO). See Oscillator description.

RESET is the master reset input. See Reset description.
PORT L is an 8-bit 170 port.

There are two registers associated to configure the L port: a
data register and a configuration register Therefore, each L
170 bit can be individually configured under software control
as shown below:

Port L Config. | Port L Data Psoe T:pL
0 0 Hi-Z Input (TRI-STATE)
0 1 Input with Weak Pull-Up
1 0 Push-Pull Zero Output
1 1 Push-Pull One Output

Three data memory address locations are allocated for this
port, one each for data register [00D0], configuration regis-
ter [00D1] and the input pins [00D2].

PORT G is an 8-bit port with 6 1/0 pins (G0-G5) and 2 input
pins (G6, G7).

All eight G-pins have Schmitt Triggers on the inputs.

There are two registers associated to configure the G port:
a data register and a configuration register. Therefore each
G port bit can be individually configured under software con-
trol as shown below:

Port G Port G PORT G
Config. Data Setup
0 0 Hi-Z Input (TRI-STATE)
0 1 Input with Weak Pull-Up
1 Y Push-rull Zero Output
1 1 Push-Pull One Output

Three data memory address locations are allocated for this
port, one for data register [00D4], one for configuration reg-
ister [00D5] and one for the input pins [00D6]. Since G6
and G7 are Hi-Z input only pins, any attempt by the user to
configure them as outputs by writing a one to the configura-
tion register will be disregarded. Reading the G6 and G7
configuration bits will return zeroes. Note that the chip will
be placed in the Halt mode by writing a “1” to the G7 data
bit.

Six pins of Port G have alternate features:

GO INTR (an external interrupt)

G3 TIO (timer/counter input/output)

G4 SO (MICROWIRE serial data output)

G5 SK (MICROWIRE clock 1/0)

G6 S| (MICROWIRE serial data input)

G7 CKO crystal oscillator output (selected by mask option)
or HALT restart input/general purpose input (if clock op-
tion is R/C- or external clock)

Pins G1 and G2 currently do not have any alternate func-

tions.

The selection of alternate Port G functions are done through
registers PSW [00EF] to enable external interrupt and
CNTRL [00EE] to select TIO and MICROWIRE operations.

Functional Description

The internal architecture is shown in the block diagram.
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.

ALU AND CPU REGISTERS
The ALU can do an 8-bit addition, subtraction, logical or
shift operations in one cycle time. There are five CPU regis-
ters:
A is the 8-bit Accumulator register
PC is the 15-bit Program Counter register
PU is the upper 7 bits of the program counter (PC)
PL is the lower 8 bits of the program counter (PC)

B is the 8-bit address register and can be auto incre-
mented or decremented

X is the 8-bit alternate address register and can be auto

incremented or decremented.

is the 8-bit stack pointer which points to the subroutine

stack (in RAM).

B, X and SP registers are mapped into the on chip RAM.

The B and X registers are used to address the on chip RAM.

The SP register is used to address the stack in RAM during

subroutine calls and returns. The SP must be preset by soft-

ware upon initialization.

MEMORY

The memory is separated into two memory spaces: program
and data.

PROGRAM MEMORY

Program memory consists of 768 x 8 ROM. These bytes of
ROV may be insiruciions or constant data. The memory is
addressed by the 15-bit program counter (PC). There are no
“pages” of ROM, the PC counts all 15 bits. ROM can be
indirectly read by the LAID instruction for table lookup.

DATA MEMORY

The data memory address space includes on chip RAM, I/0
and registers. Data memory is addressed directly by the in-
struction or indirectly through B, X and SP registers. The
device has 64 bytes of RAM. Sixteen bytes of RAM are
mapped as “registers”, these can be loaded immediately,
decremented and tested. Three specific registers: X, B, and
SP are mapped into this space, the other registers are avail-
able for general usage. ‘

Any bit of data memory can be directly set, reset or tested.
1/0 and registers (except A and PC) are memory mapped;
therefore, 170 bits and register bits can be directly and indi-
vidually set, reset and tested.

RESET

The RESET input pin when pulled low initializes the micro-
controller. Upon initialization, the ports L and G are placed
in the TRI-STATE mode. The PG, PSW and CNTRL regis-
ters are cleared. The data and configuration registers for
ports L and G are cleared. The external RC network shown
in Figure 3 should be used to ensure that the RESET pin is
held low until the power supply to the chip stabilizes.

SP
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COP912C/COP912CH

Functional Description (continued)

+ Vee
D
| RESET
T

GND

<~rUUVvCw IMEOTUT

TL/DD/12060-5
RC > 5x POWER SUPPLY RISE TIME
FIGURE 3. Recommended Reset Circuit

OSCILLATOR CIRCUITS

The device can be driven by a clock input which can be
between DC and 5 MHz.

CRYSTAL OSCILLATOR

By selecting CKO as a clock output, CKI and CKO can be
connected to create a crystal controlled oscillator. Table |
shows the component values required for various standard
crystal values.

R/C OSCILLATOR

By selecting CKI as a single pin oscillator, CKI can make an
R/C oscillator. CKO is available as a general purpose input
and/or HALT control. Table Il shows variation in the oscilla-
tor frequencies as functions of the component (R and C)
value. )

| CKI CKO | | CKI CKO |
A )
R2 5 T
R
> R1 Vee

c2 im
TL/DD/12060-6
FIGURE 4. Clock Oscillator Configurations

TABLE I. Crystal Oscillator Configuration

R R2 c1 c2 FC:::I_
w) | mo) | e | @R | o
1 30 30-36 5
0 1 30 30-36 4
56 1 200 | 100-150 | 0.455

TABLE Il. RC Oscillator Configuration
(Part-to-Part Variation, Ty = 25°C)

R C | CKiFreq. é;:'le
(k) - (pF) (MHz) (1)
33 82 221027 371046
56 100 111013 74109
6.8 100 09101.1 8810108
Note: 3k < R < 200 k2, 50 pF < G < 200 pF.
CURRENT DRAIN

The total current drain of the chip depends on:
1. Oscillator operating mode - I1 -
2. Internal switching current - 12
3. Internal leakage current - I3
4. Output source current - 14
5. DC current caused by external input not at Vog or GND.
Thus the total current drain is given as

=1 +12+13+14+15
To reduce the total current drain, each of the above compo-
nents must be minimum. Operating with a crystal network
will draw more current than an external square-wave. The
R/C mode will draw the most. Switching current, governed
by the equation below, can be reduced by lowering voltage
and frequency. Leakage current can be reduced by lowering
voltage and temperature. The other two items can be re-
duced by carefully designing the end-user’s system.
The following formula may be used to compute total current
drain when operating the controller in different modes.

I2=CxVxf
where C = equivalent capacitance of the chip
V = operating voltage
f = CKI frequency.

HALT MODE

The device is a fully static device. The device enters the
HALT mode by writing a one to the G7 bit of the G data
register. Once in the HALT mode, the internal circuitry does
not receive any clock signal and is therefore frozen in the
exact state it was in when halted. In this mode the chip will
only draw leakage current.

The device supports two different ways of exiting the HALT
mode. The first method is with a low to high transition on the
CKO (G7) pin. This method precludes the use of the crystal
clock configuration (since CKO is a dedicated output), and
s0 may be used either with an RC clock configuration (or an
external clock configuration). The second method of exiting
the HALT mode is to pull the RESET low.
Note: To allow clock resynchronization, it is necessary to program two
NOP’s immediately after the device comes out of the HALT mode.
The user must program two NOP's following the *‘enter HALT mods”
(set G7 data bit) instruction.




Functional Description (continued)

MICROWIRE/PLUS

MICROWIRE/PLUS is a serial synchronous communica-
tions interface. The MICROWIRE/PLUS capability enables
the device to interface with any of National Semiconductor’'s
MICROWIRE peripherals (i.e., A/D converters, display driv-
ers, EEPROMS etc.) and with other microcontrollers which
support the MICROWIRE interface. It consists of an 8-bit
serial shift register (SIO) with serial data input (Sl), serial
data output (SO) and serial shift clock (SK). Figure 5 shows
a block diagram of the MICROWIRE logic.

The shift clock can be derived from either the internal
source or from an external source. Operating the
MICROWIRE arrangement with the internal clock source is
called the Master mode of operation. Similarly, operating
the MICROWIRE arrangement with an external shift clock is
called the Slave mode of operation.

The CNTRL register is used to configure and control the
MICROWIRE mode. To use the MICROWIRE, the MSEL bit
in the CNTRL register is set to one. The SK clock rate is
selected by the two bits, SLO and SL1, in the CNTRL regis-
ter. '

The following table details the different clock rates that may
be selected.

SK Divide Clock Rates
SL1 SLO SK
0 2xtc
0 1 4xtc
1 X 8xtc
Where tc is the instruction cycle clock.

MICROWIRE/PLUS OPERATION

Setting the BUSY bit in the PSW register causes the M-
CROWIRE/PLUS to start shifting the data. It gets reset
when eight data bits have been shifted. The user may reset
the BUSY bit by software to allow less than 8 bits to shift.
The device may enter the MICROWIRE/PLUS mode either
as a Master or as a Slave. Figure 5 shows how two micro-
controllers and several peripherals may be interconnected
using the MICROWIRE/PLUS arrangement.

CHIP SELECT LINES R
v ¥ A 4
1/0 1/0
LINES coP 8-BIT VF/LCD cop LINES
912€ A/D CON - EEPROM DISPLAY 912C
(MASTER) VERTER DRIVER (SLAVE)
COP43X
DO DI CLK DO DI CLK DI CLK
3 h h A
1t 111 1
SIj¢—x - S0
50 »si
SK » sk

TL/DD/12060-7

FIGURE 5. MICROWIRE/PLUS Application

HO?216d02/3216d0J




COP912C/COP912CH

Functional Description (continued)
WARNING: The SIO register should only be loaded when
the SK clock is low. Loading the SIO register while the SK
clock is high will result in undefined data in the SIO register.
Setting the BUSY flag when the input SK clock is high in the
MICROWIRE/PLUS slave mode may cause the current SK
clock for the SIO shift register to be narrow. For safety, the
BUSY flag should only be set when the input SK clock is
low.

Table Il summarizes the settings required to enter the Mas-
ter/Slave modes of operations.

The table assumes that the control flag MSEL is set.

TABLE lll. MICROWIRE/PLUS G Port Configuration

G4 G5
(s0) (SK) G4 G5 |G6 .
Config. |Config.|  Pin | Pin |pin| OPEraON
Bit Bit
1 1 SO Int. SK | SI | MICROWIRE
’ Master
0 1 TRI-STATE| Int. SK | SI | MICROWIRE
Master
1 0 SO Ext. SK| SI | MICROWIRE
Slave
0 0 TRI-STATE | Ext. SK| SI | MICROWIRE
Slave

MICROWIRE/PLUS MASTER MODE OPERATION

In MICROWIRE/PLUS Master mode operation, the SK shift
clock is generated internally. The MSEL bit in the CNTRL
register must be set to allow the SK and SO functions onto
the G5 and G4 pins. The G5 and G4 pins must also be
selected as outputs by setting the appropriate bits in the
Port G configuration register. The MICROWIRE Master
mode always initiates all data exchanges. The MSEL bit in

the CNTRL register is set to enable MICROWIRE/PLUS. G4

and G5 are selected as output.

— » S0
MsB LsB

8- BIT SI0 -
REGISTER [€

D

A

T SHIFT CLOCK

A

B

U B CLOCK

s| % ’l - I’SELECT"SK

” CNTRL

L

TL/DD/12060-8
FIGURE 6. MICROWIRE/PLUS Block Diagram

MICROWIRE/PLUS SLAVE MODE

In MICROWIRE/PLUS Slave mode operation, the SK shift
clock is generated by an external source. Setting the MSEL
bit in the CNTRL register enables the SO and SK functions
onto the G port. The SK pin must be selected as an input
and the SO pin as an output by resetting and setting their
respective bits in the G port configuration register.

The user must set the BUSY flag immediately upon entering

the slave mode. This will ensure that all data bits sent by the

master will be shifted in properly. After eight clock pulses,
the BUSY flag will be cleared and the sequence may be
repeated.

Note: In the Slave mode the SIO register does not stop shifting even after
the busy flag goes low. Since SK is an external output, the SIO regis-
ter stops shifting only when SK is turned off by the master.

Note: Setting the BUSY flag when the input SK clock is high in the MICRO-

- WIRE/PLUS slave mode may cause the current SK clock for the SIO
register to be narrow. When the BUSY flag is set, the MICROWIRE
logic becomes active with the internal SIO shift clock enabled. If SK is
high in slave mods, this will cause the internal shift clock to go from
low in standby mode to high in active mode. This generates a rising
edge, and causes one bit to be shifted into the SIO register from the
Sl input. For safety, the BUSY flag should only be set when the input
SK clock is low.

Note: The SIO register must be loaded only when the SK shift clock is low.
Loading the SIO register while the SK clock is high will result in unde-
fined data in the SIO register.

Timer/Counter

The device has an on board 16-bit timer/counter (organized
as two 8-bit registers) with an associated 16-bit autoreload/
capture register (also organized as two 8-bit registers). Both
are read/write registers.

The timer has three modes of operation:

PWM (PU‘LSE WIDTH MODULATION) MODE

The timer counts down at the instruction cycle rate (2 ps
max). When the timer count underflows, the value in the
autoreload register is copied into the timer. Consequently,
the timer is programmable to divide by any value from 1 to
65536. Bit 5 of the timer CNTRL register selects the timer
underflow to toggle the G3 output. This allows the user to
generate a square wave output or a pulse-width-modulated
output. The timer underflow can also be enabled to interrupt
the processor. The timer PWM mode is shown in Figure 7.

| INTERNAL DATA BUS |

16 - BIT AUTO TIMER
- RELOAD REG. UNDERFLOW
l L (NTERRUPT
16 - BIT TIMER/ 3 DATA . TIO
= COUNTER LaTCH [ outpuT

TL/DD/12060-10
FIGURE 7. Timer in PWM Mode




Functional Description (continued)

EXTERNAL EVENT COUNTER MODE

In this mode, the timer becomes a 16-bit external event
counter, clocked from an input signal applied to the G3 in-
put. The maximum frequency for this G3 input clock is
250 kHz (half of the 0.5 MHz instruction cycle clock). When
the external event counter underflows, the value in the au-
toreload register is copied into the timer. This timer under-
flow may also be used to generate an interrupt. Bit 5 of the
CNTRL register is used to select whether the external event
counter clocks on positive or negative edges from the G3
input. Consequently, half cycles of an external input signal
could be counted. The External Event counter mode is
shown in Figure 8.

INTERNAL DATA BUS

Z Y

v

16-BIT AUTO-RELOAD REGISTER

TIMER
UNDERFLOW
INTERRUPT

y

4

16~BIT TIMER/COUNTER

N
&<
T £pGe SELECTOR
LOGIC
TL/DD/12060-11
FIGURE 8. Timer in External Event Mode
INPUT CAPTURE MODE

In this mode, the timer counts down at the instruction clock
rate. When an external edge occurs on pin G3, the value in
the timer is copied into the capture register. Consequently,

the time of an external edge on the G3 pin is *‘captured”. Bit
5 of the CNTRL register is used to select the polarity of the
external edge. This external edge capture can also be pro-
grammed to generate an interrupt. The duration of an input
signal can be computed by capturing the time of the leading
edge, saving this captured value, changing the capture
edge, capturing the time of the trailing edge, and then sub-
tracting this trailing edge time from the earlier leading edge
time. The Input Capture mode is shown in Figure 9.

[ INTERNAL DATA BUS ]

INTERRUPT

T RI
TI0 INPUT T l
CAPTURE REG.
EDGE SELECTOR '
Tl
16 - BIT TIMER

LOGIC
TL/DD/12060-12
FIGURE 9. Timer in Input Capture Mode

Table IV below details the TIMER modes of operation and
their associated interrupts. Bit 4 of CNTRL is used to start
and stop the timer/counter. Bits 5, 6 and 7 of the CNTRL
register select the timer modes. The ENTI (Enable Timer
Interrupt) and TPND (Timer Interrupt Pending) bits in the
PSW register are used to control the timer interrupts.

Care must be taken when reading from and writing to the
timer and its associated autoreload/capture register. The
timer and autoreload/capture register are both 16-bit, but
they are read from and written to one byte at a time. it is
recommended that the timer be stopped before writing a
new value into it. The timer may be read “on the fly"" without
stopping it if suitable precautions are taken. One method of
reading the timer ““on the fly” is to read the upper byte of the
timer first, and then read the lower byte. If the most signifi-
cant bit of the lower byte is then tested and found to be
high, then the upper byte of the timer should be read again
and this new value used.

v
o
'
=)
=1

TABLE IV. Timer Modes and Control Bits

CNTRL Bits Operation Mode Timer Timer
7 6 5 Interrupt Counts On
0 0 0 External Event Counter with Autoreload Register Timer Underflow TIO Positive Edge
0 0 1 External Event Counter with Autoreload Register Timer Underflow TIO Negative Edge
0 1 0 Not Allowed Not Allowed Not Allowed
0 1 1 Not Allowed Not Allowed Not Allowed
1 0 0 Timer with Autoreload Register Timer Underflow tc
1 0 1 Timer with Autoreload Regiter and Toggle TIO Out Timer Underflow tc
1 1 0 Timer with Capture Register TIO Positive Edge tc
1 1 1 Timer with Capture Register TIO Negative Edge tc

HOZ16d0D/0¢216d0D
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Functional Description (continued)

TIMER APPLICATION EXAMPLE

The timer has an autoreload register that allows any fre-
quency to be programmed in the timer PWM mode. The
timer underflow can be programmed to toggle output bit G3,
and may also be programmed to generate a timer interrupt.
Consequently, a fully programmable PWM output may be
easily generated.

The timer counts down and when it underflows, the value
from the autoreload register is copied into the timer. The
CNTRL register is programmed to both toggle the G3 output
and generate a timer interrupt when the timer underflows.
Following each timer interrupt, the user’s program alternate-
ly loads the values of the “on” time and the “off”” time into
the timer autoreload register. Consequently, a pulse-width-
modulated (PWM) output waveform is generated to a reso-
lution of one instruction cycle time. This PWM application
example is shown in Figure 10.

i
Lo 1

- / 0 |

0 '—‘T,OWT A SIMPLE D- A

P ¢ CONVERTER USING

9 THE TIMER TO

1 GENERATE A PWM

2 OUTPUT.

c

TL/DD/12060-13
FIGURE 10. Timer Based PWM Application

Interrupts

There are three interrupt sources:

1. A maskable interrupt on external GO input positive or neg-
ative edge sensitive under software control

2. A maskable interrupt on timer underflow or timer capture

3. A non-maskable software/error interrupt on opcode zero.
The GIE (global interrupt enable) bit enables the interrupt
function. This is used in conjunction with ENI and ENTIi to
select one or both of the interrupt sources. This bit is
reset when interrupt is acknowledged.

EN! and ENTI bits select external and timer interrupt re-

spectively. Thus the user can select either or both sources

ENTI

EXTERNAL
A | 1o

EDGE SELECTOR

to interrupt the microcontroller when GIE is enabled. IEDG
selects the external interrupt edge (1 = rising edge, 0 =
falling edge). The user can get an interrupt on both rising
and falling edges by toggling the state of IEDG bit after each
interrupt.

IPND and TPND bits signal which interrupt is pending. After
interrupt is acknowledged, the user can check these two
bits to determine which interrupt is pending. The user can
prioritize the interrupt and clear the pending bit that corre-
sponds to the interrupt being serviced. The user can also
enable GIE at this point for nesting interrupts. Two things
have to be kept in mind when using the software interrupt.
The first is that executing a simple RET instruction will take
the program control back to the software interrupt instruc-
tion itself. In other words, the program will be stuck in an
infinite loop. To avoid the infinite loop, the software interrupt
service routine should end with a RETSK instruction or with
a JMP instruction. The second thing to keep in mind is that
unlike the other interrupt sources, the software interrupt
does not reset the GIE bit. This means that the device can
be interrupted by other interrupt sources while servicing the
software interrupt.

Interrupts push the PC to the stack, reset the GIE bit to
disable further interrupts and branch to address 00FF. The
RETI instruction will pop the stack to PC and set the GIE bit
to enable further interrupts. The user should use the RETi or
the RET instruction when returning from a hardware (mask-
able) interrupt subroutine. The user should use the RETSK
instruction when returning from a software interrupt subrou-
tine to avoid an infinite loop situation.

The software . interrupt is a special kind of non-maskable
interrupt which occurs when the INTR instruction (opcode
00 used to acknowledge interrupts) is fetched from ROM
and placed inside the instruction register. This may happen
when the PC is pointing beyond the available ROM address
space or when the stack is over-popped. When the software
interrupt occurs, the user can re-initialize the stack pointer
and do a recovery procedure (similar to reset, but not nec-
essarily containing all of the same initialization procedures)
before restarting.

Hardware and Software interrupts are treated differently.
The software interrupt is not gated by the GIE bit. However,
it has the lowest arbitration ranking. Also the fact that all
interrupts vector to the same address 00FF Hex means that
a software interrupt happening at the same time as a hard-
ware interrupt will be missed.

T0
INTERRUPT
LOGIC

Losic
TIMER

UNDERFLOW_I TPND |

SOFTWARE

INTERRUPT

TL/DD/12060-14

FIGURE 11. Iinterrupt Block Diagram




Interrupts (continued)

DETECTION OF ILLEGAL CONDITIONS

Reading of undefined ROM gets zeroes. The opcode for

software interrupt is zero. If the program fetches instructions

from undefined ROM, this will force a software interrupt,
thus signalling that an illegal condition has occurred.

Note: A software interrupt is acted upon only when a timer or external inter-
rupt is not pending as hardware interrupts have priority over software
interrupt. In addition, the Global Interrupt bit is not set when a soft-
ware interrupt is being serviced thereby opening the door for the hard-
ware interrupts to occur. The subroutine stack grows down for each
call and grows up for each return. If the stack pointer is initialized to
2F Hex, thenif there are more returns than calls, the stack pointer wilt
point to addresses 30 and 31 (which are undefined RAM). Undefined
RAM is read as all 1's, thus, the program will return to address FFFF.
This is a undefined ROM location and the instruction fetched will gen-
erate a software interrupt signalling an illegal condition. The device
can detect the following illegal conditions:

1. Executing from undefined ROM

2. Over “POP"ing the stack by having more returns than calls.
lllegal conditions may occur from coding errors, “brown
out” voltage drops, static, supply noise, etc. When the soft-
ware interrupt occurs, the user can re-initialize the stack
pointer and do a recovery procedure before restarting (this
recovery program is probably similar to RESET but might
not clear the RAM). Examination of the stack can help in
identifying the source of the error. For example, upon a soft-
ware interrupt, if the SP = 30, 31 it implies that the stack
was over “POP”ed (with the SP=2F hex initially). If the SP
contains a legal value (less than or equal to the initialized

SP value), then the value in the PC gives a clue as to where

in the user program an attempt to access an illegal (an ad-

dress over 300 Hex) was made. The opcode returned in this
case is 00 which is a software interrupt.

The detection of illegal conditions is illustrated with an ex-
ample:

0043 CLRA
0044 RC

0045  JMP 04FF
0040 NOP

When the device is executing this program, it seemingly
“locks-up” having executed a software interrupt. To debug
this condition, the user takes a look at the SP and the con-
tents of the stack. The SP has a legal value and the con-
tents of the stack are 04FF. The perceptive user immediate-
ly realizes that an illegal ROM location (04FF) was ac-
cessed and the opcode returned (00) was a software inter-
rupt. Another way to decode this is to run a trace and follow
the sequence of steps that ended in a software interrupt.
The damaging jump statement is changed.

Control Registers

CNTRL REGISTER (ADDRESS X’00EE)
The Timer and MICROWIRE control register contains the
following bits:
SL1and SLO Select the MICROWIRE clock divide-by
(00 = 2,01 = 4, 1x = 8)

IEDG External interrupt edge polarity select

MSEL Selects G5 and G4 as MICROWIRE signals
SK and SO respectively

TRUN Used to start and stop the timer/counter
(1 = run, 0 = stop)

TC1 Timer Mode Control Bit

TC2 Timer Mode Control Bit

TC3 Timer Mode Control Bit

7 0
[[tc1 [ 1ca | vcs | tRun | wser | epe | st | sto |

PSW REGISTER (ADDRESS X’00EF)
The PSW register contains the following select bits:

GIE Global interrupt enable (enables interrupts)
ENI External interrupt enable

BUSY MICROWIRE busy shifting flag

IPND External interrupt pending

ENTI Timer interrupt enable

TPND Timer interrupt pending

(timer underflow or capture edge)
(o} Carry Flip/flop
HC Half carry Flip/flop

7 0
[ o [ c ] o | enni | ieno [ susy | en | ai |

The Half-Carry bit is also effected by all the instructions that
effect the Carry flag. The flag values depend upon the in-
struction. For example, after evecuting the ADC instruction
the values of the Carry and the Half-Carry flag depend upon
the operands involved. However, instructions like SET C
and RESET C will set and clear both the carry flags. Table V
lists out the instructions that effect the HC and the C flags.

TABLE V. Instructions Effecting HC and C Flags

Instr. HC Flag C Flag
ADC Depends on Operands | Depends on Operands
SUBC Depends on Operands | Depends on Operands
SETC Set Set
RESET C | Set Set
RRC Depends on Operands | Depends on Operands
MEMORY MAP

All RAM, ports and registers (except A and PC) are mapped
into data memory address space.

1-19

HOZ16d02/2216d0D



COP912C/COP912CH

Control Registers (continued)
TABLE VI. Memory Map

Address Contents

00 to 2F On-chip RAM Bytes (48 Bytes)

30to 7F Unused RAM Address Space (Reads as
all ones)

80 to BF Expansion Space for On-Chip EERAM
(Reads Undefined Data)

COto CF Expansion Space for 170 and Registers

Do Port L Data Register

D1 Port L. Configuration Register

D2 Port L Input Pins (read only)

D3 Reserved for Port L

D4 Port G Data Register

D5 Port G Configuration Register

D6 Port G Input Pins (read only)

D7 Reserved

D8 to DB Reserved

DCto DF | Reserved

EO to EF On-Chip Functions and Registers

EOto E7 Reserved for Future Parts

E8 Reserved

E9 MICROWIRE Shift Register

EA Timer Lower Byte

EB Timer Upper Byte

EC Timer Autoreload Register Lower Byte

ED Timer Auto reload Register Upper Byte

EE CNTRL Control Register

EF PSW Register

FOto FF On-Chip RAM Mapped as Registers
(16 Bytes)

FC X Register

FD SP Register

FE B Register

Reading other unused memory locations will return unde-
fined data.

Addressing Modes

The device has ten addressing modes, six for operand ad-
dressing and four for transfer of control.

OPERAND ADDRESSING MODES
Register Indirect

This is the “normal” addressing mode for the chip. The op-
erand is the data memory addressed by the B or X pointer.
Register Indirect With Auto Post Increment Or
Decrement

This addressing mode is used with the LD and X instruc-
tions. The operand is the data memory addressed by the B
or X pointer. This is a register indirect mode that automati-
cally post increments or post decrements the B or X pointer
after executing the instruction.

Direct

The instruction contains an 8-bit address field that directly
points to the data memory for the operand.

Immediate

The instruction contains an 8-bit immediate field as the op-
erand.

Short Inmediate

This addressing mode issued with the LD B,# instruction,
where the immediate # is less than 16. The instruction con-
tains a 4-bit immediate field as the operand.

Indirect

This addressing mode is used with the LAID instruction. The
contents of the accumulator are used as a partial address
(lower 8 bits of PC) for accessing a data operand from the
program memory.

TRANSFER OF CONTROL ADDRESSING MODES
Relative

This mode is used for the JP instruction with the instruction
field being added to the program counter to produce the
next instruction address. JP has a range from —31 to +32
to allow a one byte relative jump (JP + 1 is implemented by
a NOP instruction). There are no “blocks” or “pages” when
using JP since all 15 bits of the PC are used.

Absolute

This mode is used with the JMP and JSR instructions with
the instruction field of 12 bits replacing the lower 12 bits of
the program counter (PC). This allows jumping to any loca-
tion in the current 4k program memory segment.

Absolute Long

This mode is used with the JMPL and JSRL instructions with
the instruction field of 15 bits replacing the entire 15 bits of
the program counter (PC). This allows jumping to any loca-
tion in the entire 32k program memory space.

Indirect

This mode is used with the JID instruction. The contents of
the accumulator are used as a partial address (lower 8 bits
of PC) for accessing a location in the program memory. The
contents of this program memory location serves as a par-
tial address (lower 8 bits of PC) for the jump to the next
instruction.
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Instruction Set
REGISTER AND SYMBOL DEFINITIONS

Registers

A 8-Bit Accumulator Register

B 8-Bit Address Register

X 8-Bit Address Register

SP 8-Bit Stack Pointer Register

S 8-Bit Data Segment Address Register
PC 15-Bit Program Counter Register

PU Upper 7 Bits of PC

PL Lower 8 Bits of PC

C 1-Bit of PSW Register for Carry

HC 1-Bit of PSW Register for Half Carry
GIE 1-Bit of PSW Register for Global Interrupt Enable

Symbols
(8]

[x}

MD

Mem
Meml
Imm

Reg

Bit
<«
«—>

Memory Indirectly Addressed by B Register
Memory Indirectly Addressed by X Register
Direct Addressed Memory

Direct Addressed Memory, or B

Direct Addressed Memory, B, or Immediate Data
8-Bit Immediate Data

Register Memory: Addresses FO to FF
(Includes B, X, and SP)

Bit Number (0 to 7)

Loaded with

Exchanged with

1-21
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Instruction Set (continued)

TABLE VII. Instruction Set

Instr Function Register Operation
ADD . A, Meml. Add . A < A + Meml| '
ADC A, Memi - Add with Carry A < A + Meml + C, C «— Carry
SUBC A, Meml Subtract with Carry A <= A — Mem! + C, C «— Carry
AND . A, Meml Logical AND A <— Aand Meml
OR A, Meml - Logical OR A < A or Meml
XOR A, Meml Logical Exclusive-OR A < A xor Meml|
IFEQ A, Meml IF Equal Compare A and Meml, Do Next if A = Meml
IFGT A, Mem! IF Greater than Compare A and Meml, Do Next if A > Meml|
IFBNE # IF B not Equal Do Next If Lower 4 Bits of B not = Imm
DRSZ Reg Decrement Reg, Skip if Zero Reg «— Reg - 1, Skip if Reg Goes to Zero
SBIT #, Mem Set Bit 1 to Mem.Bit (Bit = 0 to 7 Immediate)
RBIT #, Mem Reset Bit 0 to Mem.Bit (Bit = 0 to 7 Immediate)
IFBIT #, Mem If Bit If Mem.Bit is True, Do Next Instruction
X A, Mem Exchange A with Memory A «<— Mem
LD A, Meml Load A with Memory A < Meml
LD Mem, Imm Load Direct Memory Immed. Mem <— Imm
LD Reg, Imm Load Register Memory Immed. Reg <« Imm
X A [Bx] Exchange A with Memory [B] A< [B](B<«Bzt1)
X A [Xt] Exchange A with Memory [X] A [X] (X< X£1)
LD A [Bt] Load A with Memory [B] A< [B] (B« Bt1)
LD A, [Xt] Load A with Memory [X] A<« [X] (X< X£1)
LD [Bx], Imm Load Memory Immediate [B] <~ Imm (B «— B£1)
CLRA Clear A A<0
INC Increment A Ae—A+1
DEC Decrement A Ae—A-1
LAID A Load A Indirect from ROM A «<— ROM(PU, A)
DCOR A Decimal Correct A A <«— BCD Correction {follows ADC, SUBC)
RRC Rotate Right Through Carry C—>A7T— ... >A0—>C
SWAP A Swap Nibbles of A A7...Ad <> A3.. A0
SC A SetC Ce1
RC A ResetC C<«0
IFC fC If Cis True, do Next Instruction
IFNC 1f NotC If Cis not True, do Next Instruction
JMPL Jump Absolute Long PC «ii (i = 15 Bits, Ok to 32k)
JMP Jump Absolute PC11...PCO «i(i = 12 Bits)
PC15...PC12 Remain Unchanged
JP Jump Relative Short PC <« PC + r(ris —31t0 +32,no0t 1)
JSRL Addr. Jump Subroutine Long [SP] «— PL, [SP—1] «— PU, SP—2, PC «—ii
JSR Addr. Jump Subroutine [SP] «— PL, [SP—1] «— PU, SP—2, PC11..PCO «ii
JID Disp. Jump Indirect PL «<— ROM(PU, A)
RET Addr. Return from Subroutine SP+2, PL «— [SP], PU «— [SP—1]
RETSK Addr. Return and Skip SP+2, PL «<— [SP], PU «— [SP—1],
Skip next Instr.
RETI Return from Interrupt SP+2, PL «— [SP], PU «— [SP—1], GIE «— 1
INTR Generate an Interrupt [SP] «— PL, [SP—1] «— PU, SP—2, PC «— OFF
NOP No Operation PC «— PC+1
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Instruction Set continued)

® Most instructions are single byte (with immediate ad-
dressing mode instructions requiring two bytes).

Instructions Using A and C (Bytes/Cycles)

. ) K . Instr Bytes/Cycles
* Most single byte instructions take one cycle time to exe-
cute. CLRA 1/1
The following tables show the number of bytes and cycles INCA 171
for each instruction in the format byte/cycle. DECA 171
: LAID 1/3
Arlthlmetchand Lv:)glcI DCOR 11
Instructions (Bytes/Cycles) RRCA 11
Instr (B] Direct Immediate SWAPA 11
ADD 11 3/4 fl((:: 1;:
ADC 1/1 3/4 2/2 IFC 171
SuBC 11 3/4 2/2 IENG 1/1
AND 1/1 3/4 2/2
OR 1/1 3/4 2/2 Transfer of Control Instructions
XOR 1/1 3/4 2/2 (Bytes/Cycles)
IFEQ in 3/4 2/2
IFNE 1/1 3/4 2/2 Instr Bytes/Cycles
IFGT 1/1 . 3/4 - 2/2 JMPL 3/4
IFBNE 1/1 2/2 " UMP 2/3
DRSZ 1/1 1/3 JP 1/3
SBIT 171 3/4 JSRL 3/5
RBIT 1/1 3/4 JSR 2/8
IFBIT 11 3/4 JID 1/3
RET 1/5
RETSK 1/5
RET! 1/5
INTR 1/7
NOP BRYA
Memory Transfer Instructions (Bytes/Cycles)
. Register Indirect
Register Indirect
Instr g Direct Immed. Auto Incr and Decr
iBj [X] [B+,B-] [X+,X-]
a
XA, 11 2/3 1/2
LDA* 1/1 2r3 1/2
LD B,Imm 1/3 2/2 1/3
LD B,Imm 1/3 1/1b 1/3
LD Mem,Imm 3/3 2/3¢
LD Reg,imm 2r2 2/3 2/2
a. Memory location addressed by B or X directly
b.IFB < 16
c.IFB> 15

1-23

HO?Z16d02/0216d00



COP912C/COP912CH

UPPER NIBBLE BITS 7-4

ve-t

F E D c B | A 9 8 7 6 5 4 3 2 1 0
JP-15 | JP-31 | LDOFO,#i | DRSZOFO [ RRCA | RC .| ADCA, ADCA, | IFBIT * LDB,OF | IFBNE| = JSR JMP JP+17 | INTR
31 ® |o® 0 0000-00FF | 0000-00FF 0
JP-14 | JP-30 | LD OF1,#1 | DRSZ,0F1 * sc SUBCA, | SUBC | IFBIT * LD B, OE | IFBNE JSR ~IMP JP+18 | JP+2 | -
#i A®B) | 1.B) 1 0100-01FF | 0100-01FF _
JP-13 [ JP-29 | LDOF2,#i | DRSZOF2 [ XA (X+) | XA, IFEQA, IFEQ, | IFBIT * LD B, 0D | IFBNE JSR JMP JP+19 | UP+3 |,
X+) #i # | A(B) 2 0200-02FF | 0200-02FF .
JP-12 | JP-28 | LDOF3#i | DRSZOF3 | XA, (X—) | XA, IFGT A, IFGT | IFBIT * LDB, 0C | IFBNE JSR JMP JP+20| JP+4 | o
(B-) #i A B) (3,8 | -3 0300-03FF | 0300-03FF
JP-11 | JP-27 | LD OF4,#i | DRSZ OF4 * LAID | ADDA, #i | ADDA, | IFBIT | CLRA | LDB,0B | IFBNE JSR JMP JP+21| UP+5 |
B |4,B 4 0400-04FF | 0400-04FF
JP-10 | JP-26 | LD OFS5,#i | DRSZ OF5 . JID | ANDA, #i | ANDA, | IFBIT | SWAPA | LD B, 0A | IFBNE JSR JMP JP+22| JP+6 5
® 5@/ - 5 0500-05FF | 0500-05FF
JP-9 [ JP-25 | LDOF6,#i | DRSZOF6 | XA, (X) | XA, XOR A, XOR | IFBIT | DCORA| LDB,9 | IFBNE JSR JMP JP+23| JPHT7 | )
(B) #i A, (B) | 6,(B) 6 0600-06FF | 0600-06FF E
=]
JP-8 | JP-24 | LD OF7,#i | DRSZ OF7 * * ORA, #i | ORA, | IFBIT * LDB,8 | IFBNE JSR JMP JP+24| JP+8 || =
® |7.0) 7 0700-07FF | 0700-07FF =
JP-7 | JP-23 | LDOFS,#i | DRSZOF8 | NOP * LD A, #i IFC | SBIT | RBITO, | LDB,7 | IFBNE JSR JMP JP+25 | JP+O | o m
. 0,(B) (B) 8 0800-08FF | 0800-08FF , E—';
(7]
JP-6 | JP-22 | LDOF9,#i | DRSZ OF9 . . L IFNC | SBIT| RBIT | LDB,6 | IFBNE JSR JMP JP+26 | JPH10 | S| @
e | 1B) 9 0800-09FF | 0900-09FF o
JP-5 | JP-21 | LDOFA,#i | DRSZOFA| LDA, |LDA,|LD(B+) #i| INCA | SBIT| RBIT | LDB,5 | IFBNE JSR JMP JP+27 | JPH11 |
X(+) | (B+) 2,B)| 2@® OA | OAOO-OAFF | 0OAOO-OAFF |- :
JP-4 | JP-20 | LDOFB,#i | DRSZOFB | LDA, |LDA,|LD(@B-), #i| DECA | SBIT | RBIT | LDB,4 |IFBNE JSR JMP JP+28 | JPH12 ) o
X(-) {@-) 3,B)| 3B 0B. | 0BOO-O0BFF | 0B0O-0BFF -
JP-3 | JP-19 | LDOFC,#i | DRSZOFC | LDMd, |JMPL| XAMd . SBIT | RBIT | LDB,3 | IFBNE JSR JMP JP+29 | JPH13 |
#i 4,B)| 4,B) 0C | 0C00-O0CFF | 0CO0O-OCFF | - :
JP-2 [ JP-18 | LDOD,#i | DRSZOD DIR |JSRL| LDA,Md |[RETSK| SBIT| RBIT | LDB,2 |IFBNE JSR JMP JP+30 | UP+14 |
« 5(B)| 5 (8) 0D | 0DOO-ODFF | 0D0O0-ODFF )
JP-1 | JP-17 | LDOFE,#i | DRSZOFE | LDA,(X) | LDA, | LDB, #i RET | SBIT| RBIT | LDB,1 | IFBNE JSR JMP JP+31 | JP+15 ]
(B) 6,(B)| 6, (B OE | OEOO-OEFF | OE00-OEFF
JP-0 | JP-16 | LD OFF,#i | DRSZ OFF * * ’ RETI | SBIT | RBIT | LDB,0 | IFBNE JSR JMP JP+32 | JP+16 F
) 7,8)| 7.(8) OF | OF00-OFFF | OF00-OFFF




Option List

The mask programmable options are listed out below. The
options are programmed at the same time as the ROM pat-
tern to provide the user with hardware flexibility to use a
variety of oscillator configuration.

OPTION 1: CKI INPUT

= 1 Crystal (CKI/10) CKO for crystal configuration

=2 NA

=3R/C  (CKI/10) CKO available as G7 input
OPTION 2: BONDING

=1NA

= 2NA

= 3 20 pin DIP package

= 4 20 pin SO package

=5NA

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

Option Data

Option 1 Value__is: CKI Input

Option 2 Value__is: COP Bonding

How to Order

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

Development Support

IN-CIRCUIT EMULATOR

The MetaLink iceMASTERTM—COP8 Model 400 In-Circuit
Emulator for the COP8 family of microcontrollers features
high-performance operation, ease of use, and an extremely
flexible user-interface for maximum productivity. Inter-
changeable probe cards, which connect to the slandard

A s b g

common ©ase, suppcit tha vanicus configurations and pack-
ages of the COP8 family.

The iceMASTER provides real time, full speed emulation up
to 10 MHz, 32 kBytes of emulation memory and 4k frames

of trace buffer memory. The user may define as many as
32k trace and break triggers which can be enabled, dis-
abled, set or cleared. They can be simple triggers based on
code or address ranges or complex triggers based on code
address, direct address, opcode value, opcode class or im-
mediate operand. Complex breakpoints can be ANDed and
ORed together. Trace information consists of address bus
values, opcodes and user selectable probe clips status (ex-
ternal event lines). The trace buffer can be viewed as raw
hex or as disassembled instructions. The probe clip bit val-
ues can be displayed in binary, hex or digital waveform for-
mats.

During single-step operation the dynamically annotated
code feature displays the contents of all accessed (read
and write) memory locations and registers, as well as flow-
of-control direction change markers next to each instruction
executed.

The iceMASTER's performance analyzer offers a resolution
of better than 6 ns. The user can easily monitor the time
spent executing specific portions of code and find “hot
spots” or “‘dead code”. Up to 15 independent memory ar-
eas based on code address or label ranges can be defined.
Analysis results can be viewed in bargraph format or as
actual frequency count.

Emulator memory operations for program memory include
single line assembler, disassembler, view, change and write
to file. Data memory operations include fill, move, compare,
dump to file, examine and modify. The contents of any
memory space can be directly viewed and modified from the
corresponding window.

The iceMASTER comes with an easy to use windowed in-
terface. Each window can be sized, highlighted, color-con-
trolled, added, or removed completely. Commands can be
accessed via pull-down-menus and/or redefineable hot
keys. A context sensitive hypertext/hyperlinked on-line help
system explains clearly the options the user has from within
any window.

The iceMASTER connects easily to a PC via the standard

P\'l I/nnru- Hhminal
nk %ecpe typical
program download tlme to under 3 seconds

The following tables list the emulator and probe cards order-
ing information:

Emulator Ordering Information

Part Number

Description

Current Version

IM-COP8/400/1%

MetalLink base unit in-circuit emulator for all COP8 devices, symbolic debugger
software and RS-232 serial interface cable, with 110V @ 60 Hz Power Supply.

IM-COP8/400/2%

MetalLink base unit in-circuit emulator for all COP8 devices, symbolic debugger
software and RS-232 serial interface cable, with 220V @ 50 Hz Power Supply.

Host Software:
Ver. 3.3 Rev. 5,

DM-COP8/880/%
iceMASTER.

MetalLink iceMASTER Debug Module. This is the low cost version of the MetaLink

Model File Rev 3.050

Firmware: Ver. 6.07

$These parts include National’s COP8 Assembler/Linker/Librarian Package (COP8-DEV-IBMA)
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COP912C/COP912CH

Development Support (continued)

Probe Card Ordering Information

Part Number Package Voltage Range Emulates
MHW-880C20D5PC 20 DIP 45V-5.5V COP912C, COP12CH
MHW-880C20DWPGC 20DIP 2.5V-6.0V COP912C, COP912CH

* MHW-SOIC20 20 SO 2.5V-6.0V COP912C, COP912CH
(20-pin SO Adapter)

MACRO CROSS ASSEMBLER

National Semiconductor offers a COP8 macro cross assem-
bler. It runs on industry standard compatible PCs and sup-
ports all of the full-symbolic debugging features of the
MetaLink iceMASTER emulators. -

Assembler Ordering Information -

Part Number Description Manual
COP8-DEV-IBMA | COP8 Assembler/ | 424410632-001
Linker/Librarian for

_| 1IBM®, PC-XT®, AT®

or compatible

SINGLE CHIP EMULATOR DEVICE

The COPS8 family is fully supported by single chip form, fit,
and function emulators. For more detailed information refer
to the emulation device specific data sheets and the emula-
tor selection table below.

Single Chip Emulator Selection Table

Device Number Package Description Emulates
COP8782CN 20DIP OTP COP912C,
COP912CH
COP8782CJ - 20DIP UV Erasable - COP912C,
COP912CH -
COP8782CWM 20 SO OTP COP912C,
’ COP912CH
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Development Support (continued)

PROGRAMMING SUPPORT

Programming of the single chip emulator devices is supported by different sources. The following programmers are certified for

programming the One Time Programmable (OTP) devices:

EPROM Programmer Information

Manufacturer U.S. Phone Europe Phone Asia Phone
and Product Number Number Number
MetaLink (602) 926-0797 Germany: Hong Kong:
—Debug Module (49-81-41) 1030 (852) 737-1800
Xeltek (408) 745-7974 Germany: Singapore:
~Superpro (49-20-41) 684758 (65) 276-6433
BP Microsystems (800) 225-2102 Germany: Hong Kong:
-EP-1140 (49-89-85) 76667 (852) 388-0629
Data I/0-Unisits; (800) 322-8246 Europe: Japan:
-System 29, (31-20) 622866 (33) 432-6991
~System 39 Germany:
(49-89-85) 8020
Abcom-COP8 Europe:
Programmer (89-80) 8707
System General (408) 263-6667 Switzerland: Taiwan, Taipei:
Turpro-1-FX; (31) 921-7844 (2) 917-3005
-APRO
INFORMATION SYSTEM ORDER P/N: MOLE-DIAL-A-HLP

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

bbb A oyl b Eaerind Then am iy i o oo

ment for accessing the Dial-A-Helper is a Hayes compatible
modem.

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

Information System Package contains:
Dial-A-Helper Users Manual

Public Domain Communications Software

FACTORY APPLICATIONS SUPPORT
Dial-A-Helper also provides immediate factory applications

. our electronic bulletin board, which we will respond to.

Voice: (800) 272-9959
Modem: CANADA/U.S.: (800) NSC-MICRO
(800) 672-6427
Baud: 14.4k
Setup: Length: 8-Bit
Parity:  None
Stop Bit: 1
Operation: 24 Hrs. 7 Days
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COP620C/622C/640C/642C/820C/822C/840C/842C/920C/922C/940C/942C

NNational Semiconductor

COP620C/COP622C/COP640C/COP642C/
COP820C/COP822C/COP840C/COP842C/
COP920C/COP922C/COP940C/COP942C
Single-Chip microCMOS Microcontrollers

General Description m 1024 bytes ROM/64 Bytes RAM—COP820C family

The COPB20G and COPBAOC are members of the COPST 1 20 Yoy HOMT126 Byies AAM a%:f;:t“yogf fom¥
microcontroller family. They are fully static parts, fabricated — Timer with 16-bit autoprel 0ad register

using double-metal silicon gate microCMOS technology. — 16-bit external event counter

This low cost microcontroller is a complete microcomputer —Tim ith 16-bit capture register (selectable edge)
containing all system timing, interrupt logic, ROM, RAM, and . er Wi X aplu 9 9
170 necessary to implement dedicated control functionsina ™ Multi-source interrupt

variety of applications. Features include an 8-bit memory — Reset master clear

mapped architecture, MICROWIRE/PLUST™ serial 1/0, a ~ — External interrupt with selectable edge

16-bit timer/counter - with capture register and a multi- — Timer interrupt or capture interrupt

sourced interrupt. Each 1/0 pin has software selectable op- — Software interrupt

tions to adapt the device to the specific application. The M 8-bit stack pointer (stack in RAM)
part operates over a voltage range of 2.5 to 6.0V. High M Powerful instruction set, most instructions single byte
throughput is achieved with an efficient, regular instruction ~ ® BCD arithmetic instructions
set operating at a 1 microsecond per instruction rate. B MICROWIRE/PLUS serial 1710
. . | 28 pin package (optionally 20 pin package)

Features W 24 input/output pins (28-pin package)
® Low Cost 8-bit microcontroller : m Software selectable 1/0 options (TRI-STATE®, push-
m Fully static CMOS ) . pull, weak pull-up)
1 us instruction time (10 MHz clock) m Schmitt trigger inputs on Port G
MW Low current drain (2.2 mA at 3 ps instruction rate) m Temperature ranges: 0°C to +70°C, —-40°C to +85°C,

"Low current static HALT mode (Typically < 1 pA) —55°C to +125°C : :
m Single supply operation: 2.5 to 6.0V B Form Factor emulation devices

m Fully supported by Metalink’s development systems

Block Diagram

CKI RESET VCC GND

S IS

» >
 cLock |
16-8IT
| mwer/counter | b interrupt
WITH AUTOLOAD (TIMER &
| pros. counter | [_poomess | [aar] & CAPTURE REG EXTERNAL)

Ar A A Tio 4 Ar
SO]  MICROWIRE sl
i v A
| 1/0 I I QUTPUTS | I 1/ | INPUTS I

INSTRUCTION 4
DECODER
PORT L PORT D PORT G PORT |

FIGURE 1

=) ry
73
=

TL/DD/9103-1
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COP920C/COP922C/COP940C/COP942C

Absolute Maximum Ratings

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

Supply Voltage (Vcg)
Voltage at any Pin

Total Current into Vg Pin (Source) .

A"

—0.3VtoVce + 0.3V

50 mA

Total Current out of GND Pin (Sink) 60 mA
Storage Temperature Range —65°Cto +140°C
Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum ratings.

DC Electrical Characteristics copazxc, corasxc; 0°C < Ta < +70°C unless otherwise specified

Parameter Condition Min Typ Max Units
Operating Voltage ‘
COP9XXC 23 4,0 \
COP9XXCH 4.0 6.0 \
Power Supply Ripple (Note 1) Peak to Peak 0.1 Vee \
Supply Current (Note 2) ) )
CKI = 10 MHz Vecc =6V, tc=1pus 6.0 mA
CKl = 4 MHz Vce = 6V, tc = 2.5 us 4.0 mA
CKI = 4 MHz Vec = 4V,tc = 25us 2.0 mA
CKI = 1 MHz Vec =4V, tc = 10 pus 1.2 mA
HALT Current Vee = 6V, CKI = 0 MHz <0.7 8.0 pA
(Note 3) Vce = 4V, CKI = 0 MHz <0.4 5.0 pA
Input Levels
RESET, CKI
Logic High 09Vce \
Logic Low 0.1 Ve \
All Other Inputs . .
Logic High 0.7 Ve \"
Logic Low 0.2 Ve \
Hi-Z Input Leakage Vce = 6.0V -1 +1 RA
Input Pullup Current Vce = 6.0V, VN = 0V =40 —250 nA
G Port Input Hysteresis 0.35Vce \"
Output Current Levels
D Outputs
Sourcs Voo — 4.5V, Vou — 3.6V —0.4 A
Vee = 2.3V, Vgy = 1.6V -0.2 ‘ ‘mA
Sink Vece = 4.5V, VoL = 1.0V 10 mA
Ve = 2.3V, V. = 0.4V 2 . : mA
All Others
Source (Weak Pull-Up) Voe = 4.5V, Voy = 3.2V -10 -110 rA
Vee = 2.3V, VoH = 1.6V -25 } -33 LA
Source (Push-Pull Mode) Vce = 4.5V, Voy = 3.8V -0.4 mA
Vee = 2.3V, Vou = 1.6V -0.2
Sink (Push-Puli Mode) Ve = 4.5V, VoL = 0.4V 1.6 mA
. Vg = 2.3V, VoL = 0.4V 0.7
TRI-STATE Leakage Vee = 6.0V -1.0 +1.0 nA
Allowable Sink/Source
Current Per Pin
D Outputs (Sink) 15 mA
All Others 3 mA
Maximum input Current (Note 4)
Without Latchup (Room Temp) Room Temp 1100 mA
RAM Retention Voltage, Vr 500 ns Rise and Fall Time (Min) 2.0 \"
Input Capacitance 7 pF
Load Capacitance on D2 1000 pF
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COP920C/COP922C/COP940C/COP942C - :

DC Electrical Characteristics. (Continued)
Note 1: Rate of voltage change must be less than 0. 5V/ms -
Note 2: Supply current is measured after running 2000 cycles with a square wave CKI lnput CKO open, Inpum at rails and outputs open.
Note 3: The HALT mode will stop CKI from osclllating in the RC and the Crystal configurations. Test conditions: All inputs tied to Vg, L and GO—GS5 configured as

outputs and set high. The D port set to zero.

Note 4: Except pin G7: + 100 mA, —25 mA (COP920C only) Sampled and not 100% tested. Pins G6 and RESET are designed with a hngh voltage lnput network
for factory testing. These pins allow Input voltages greater than Vg and the pins will have sink current to Ve when biased at voltages greater than Vg (the pins
do not have source current when biased at a voltage below V). The effective resistanca to Ve is 7509 (typical). These two pins will not fatch up. The voltage at

the pins must be limited to fess than 14V.

AC Electrical Characterlstlcs 0°C < Ta < +70°C unless otherwise specufled

COP620C/622C/640C/642C/820C/822C/840C/842C/920C/922C/940C/942C

Parameter cOnditlon Min “Typ Max. Units
Instruction Cycle Time (tc)

_Ext., Crystal/Resonator Voo 2 4.0V 1 DC us .
(Div-by 10) 2.3V <'Vgg < 4.0V 25 DC us’
R/GC Oscillator Mode Vee = 4.0V 3 DC us
(Div-by 10) 23V<Veo <40V 75 DC us

CKI Clock Duty Cycle (Note 5) fr = Max " 40 60 %
Rise Time (Note 5) fr = 10 MHz Ext Clock - 12 ‘ns
Fall Time (Note 5) fr = 10 MHz Ext Clock 8 ns

Inputs - : '
tseTuP Vee = 4.0V 200 ns

2.3V < Voo < 4.0V 500 ns
tHoLD Vce 2 4.0V 60 ns
2.3V < Vg < 4.0V 150 ns .

Output Propagatlon Delay CL = 100 pF, R = 2.2kQ

tpp1, Do S
SO, SK Vee = 4.0V 07" s

o - 2,5V € Vgo £ 4.0V 1.75 pus -
- All Others Vee 2 4.0V | [T
o 25V '< Voo < 4.0V .25 us

MICROWIRE™ Setup Time (tyws) 20 ns

MICROWIRE Hold Time (tuwh) 56 ns

MICROWIRE Output o
Propagation Delay (typp) 220 ns

Input Pulse Width
Interrupt Input High Time to
Interrupt Input Low Time tc
Timer Input High Time tc -

Timer Input Low Time , tc
Reset Pulse Width 1.0 us

Note 5: Parameter sampled (not 100% tested).
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COP820C/COP822C/COP840C/COP842C

Absolute Maximum Ratings

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

Supply Voltage (Vcc)
Voltage at any Pin
Total Current into Vgc Pin (Source)

v

—0.3Vto Ve + 0.3V

50 mA

Total Current out of GND Pin (Sink) 60 mA
Storage Temperature Range —65°Cto +140°C
Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum ratings.

DC Electrical CharacteristiCs copszxc, CoPsaxc: —40°C < Ta < +85°C unless otherwise specified

Parameter Condition Min Typ ' Max Units
Operating Voltage 2.5 60 v
Power Supply Ripple (Note 1) Peak to Peak 0.1Vee .V
Supply Current (Note 2)

CKI = 10 MHz Vec=6V,tc=1pus 6.0 mA
CKl = 4 MHz Veog = 6V, tc = 2.5 us 4.0 mA
CKIl = 4 MHz Ve = 4.0V, tc = 25 pus 2.0 mA
CKl = 1 MHz Vge = 4.0V,tc = 10 ps 1.2 mA
HALT Current (Note 3) Vee = 6V, CKI = 0 MHz <1 10 nA
Input Levels
RESET, CKI
Logic High 0.9Vce \
Logic Low 0.1Vee \
All Other Inputs
Logic High 0.7 Vce v
Logic Low 0.2Vce \"
Hi-Z Input Leakage Vee = 6.0V -2 . t+2 MA
Input Pullup Current Veg = 6.0V, V|N = OV —40 —250 MA
G Port Input Hysteresis 0.35Vce \
Output Current Levels
D Outputs
Source Vee = 4.5V, Voy = 3.8V —-0.4 mA
Vce = 2.5V, Vo = 1.8V -0.2 mA
Sink Vece = 4.5V, VoL = 1.0V 10 mA
Vee = 2.5V, VoL = 0.4V 2 mA
Al Ciheis
Source (Weak Pull-Up) Ve = 4.5V, Vo = 3.2V —-10 -110 RA
Vece = 2.5V, Vou = 1.8V -25 -33 HA
Source (Push-Pull Mode) Vee = 4.5V, Voy = 3.8V -0.4 mA
Vce = 2.5V, Voy = 1.8V -0.2
Sink (Push-Pull Mode) Vee = 4.5V, VoL = 0.4V 1.6 mA
Vee = 2.5V, VoL = 0.4V 0.7
TRI-STATE Leakage —-2.0 +2.0 nA
Allowable Sink/Source
Current Per Pin
D Outputs (Sink) 15 mA
All Others 3 mA
Maximum Input Current (Note 4) )
Without Latchup (Room Temp) Room Temp +100 mA
RAM Retention Voltage, Vr 500 ns Rise and
Fall Time (Min) 2.0 \
Input Capacitance 7 pF
Load Capacitance on D2 1000 pF

Note 1: Rate of voltage change must be less than 0.5V/ms.
Note 2: Supply current is measured after running 2000 cycles with a square wave CKI input, CKO open, inputs at rails and outputs open.

Note 3: The HALT mode will stop CKI from osciltating in the RC and the Crystal configurations. Test conditions: All inputs tied to Vg, L and GO—GS configured as
outputs and set high. The D port set to zero.

Note 4: Except pin G7: + 100 mA, —25 mA (COPB20C only). Sampled and not 100% tested. Pins G6 and RESET are designed with a high voltage input network
for factory testing. These pins allow input voltages greater than V¢ and the pins will have sink current to Ve when biased at voltages greater than Vg (the pins
do not have source current when biased at a voltage below Vcc). The effective resistance to Vg is 7500 (typical). These two pins will not latch up. The voltage at
the pins must be limited to less than 14V.
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COP620C/622C/640C/642C/820C/822C/840C/842C/920C/922C/940C/942C

COP820C/COP822C/COP840C/COP842C
AC Electrical Characteristics -40°c < T4 < +85°C unless otherwise specified

Parameter Condition Min Typ Max Units
Instruction Cycle Time (tc) ‘

" Ext. or Crystal/Resonator . Voo 245V 1. DC pus
(Div-by 10) 2.5V < Vgo < 4.5V 25 DC us
R/C Oscillator Mode Ve 2 4.5V 3 DC us
(Div-by 10) 2.5V < Vge < 4.5V 7.5 DC us

CKI Clock Duty Cycle (Note 5) fr = Max 40 60 %
Rise Time (Note 5) fr = 10 MHz ExtClock =~ "~ 12 ns
Fall Time (Note 5) fr = 10 MHz Ext Clock : 8 ns

" Inputs ' '
tseTUP Vee = 4.5V : 200 ns
i . 2.8V < Vgo <45V © 500 ns
tHoLD ) Vce = 4.5V - 60 ns
2,5V < Vgg < 4.5V 150 ns

Output Propagation Delay Cp = 100 pF, R ='2.2kQ2

teD1s tPDO
SO, SK Voo 2 4.5V 0.7 us
) © 2,8V < Vg <45V 1.75 us
All Others Vee = 4.5V 1 - us

2.5V < Vg < 4.5V ‘ 25 ns

MICROWIRE Setup Time (tyws) . . . B -0} ns

MICROWIRE Hold Time (tywH) 56 ns

MICROWIRE Output
Propagation Delay (typp) 220 ns

Input Pulse Width }

Interrupt Input High Time o
Interrupt Input Low Time tc

. Timer Input High Time i , _ ' tc
Timer Input Low Time " tc

Reset Pulse Width 1.0 us

Note 5: Parameter sampled (not 100% tested).

Timing Diagram

SO

I-—-‘ tupp
TL/DD/9103-19

FIGURE 2: MICROWIREIPLIJS Timing
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COP620C/COP622C/COP640C/COP642C

Absolute Maximum Ratings

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

Supply Voltage (Vce) 6V
Voltage at any Pin —0.3Vto Vce + 0.3V
Total Currentinto Vg Pin (Source) 40 mA

. Storage Temperature Range

Total Current out of GND Pin (Sink) 48 mA

—65°C to +140°C
Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur. DC and AC electri-
cal specifications are not ensured when operating the de-
vice at absolute maximum ratings.

DC Electrical Characteristics cops2xc, copeaxc: —55°C < Tp < +125°C unless otherwise specified

Parameter Condition Min Typ Max Units

Operating Voltage 4.5 55 v
Power Supply Ripple (Note 1) Peak to Peak 0.1 Vo \"
Supply Current (Note 2)

CKI = 10 MHz Ve = 6.5V, tc = 1 us 6.0 mA

CKI = 4 MHz Vec = 5.5V, tc = 25 us 4 mA
HALT Current (Note 3) Vee = 5.5V, CKI = 0 MHz <10 30 MA
Input Levels

RESET, CKI

Logic High 0.9 Vee \"

Logic Low 0.1 Ve \
All Other Inputs

Logic High 0.7 Vee \"

Logic Low 0.2Vce v
Hi-Z Input Leakage Veg = 5.5V ) +5 RA
Input Pullup Current Voo = 4.5V, V)y = OV —35 —300 pA
G Port Input Hysteresis 0.35Vce \
Output Current Levels
D Outputs

Source Veg = 4.5V, Vo = 3.8V —-0.35 mA

Sink Vce = 4.5V, VoL = 1.0V 9 mA
All Others

Source (Weak Pull-Up) Vee = 4.5V, Vo = 3.2V -9 —-120 pA

Source (Push-Pull Mcde) Ve = 4.5V, VoH — 3.8V —0.35 mA

Sink (Push-Pull Mode) Voc = 4.5V, Vo = 0.4V 1.4 mA

TRI-STATE Leakage -5.0 +5.0 pA
Allowable Sink/Source
Current Per Pin

D Outputs (Sink) 12 mA

All Others 2.5 mA
Maximum Input Current (Room Temp)
Without Latchup (Note 5) Room Temp +100 mA
RAM Retention Voltage, Vr 500 ns Rise and

Fall Time (Min) 2.5 Vv

Input Capacitance 7 pF
Load Capacitance on D2 1000 pF

Note 1: Rate of voltage change must be less than 0.5V/ms.

Note 2: Supply current is measured after running 2000 cycles with a square wave CKI input, CKO open, inputs at rails and outputs open.
Note 3: The HALT mode will stop CKI from oscillating in the RC and the Crystal configurations. Test conditions: All inputs tied to Vg, L and GO—G5 configured as

outputs and set high. The D port set to zero.

Note 4: Except pin G7: +100 mA, —25 mA (COP620C only). Sampled and not 100% tested. Pins G6 and RESET are designed with a high voltage input network
for factory testing. These pins allow input voltages greater than Vgg and the pins will have sink current to Ve when biased at voltages greater than Vg (the pins
do not have source current when biased at a voltage below V). The effective resistance to Vg is 75090 (typical). These two pins will not latch up. The voltage at

the pins must be limited to less than 14V.
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COP620C/622C/640C/642C/820C/822C/840C/842C/920C/922C/940C/942C

COP620C/COP622C/COP640C/COP642C
AC Electrical Characteristics -55°c < T4 < +125°C unless otherwise specified

Parameter

Min

Typ

Max

Units

Instruction Cycle Time (tc)
Ext. or Crystal/Resonant
(Div-by 10)

Condition

Vee 2 4.5V

DC

us

CKI Clock Duty Cycle
(Note 5)
Rise Time (Note 5)
Fall Time (Note 5)

fr = Max

fr = 10 MHz Ext Clock

fr =10 MHz Ext Clock -

40

60

% -

ns
ns

Inputs
tseTuP
tHoLp

Vee = 4.5V
Vce = 4.5V

220
66

ns
ns

Output Propagation Delay
tpD1, trpo

S0, SK

All Others

RL = 2.2k, C_ = 100 pF

Ve = 4.5V
Ve 2 4.5V

0.8
1.1

ps
ns

MICROWIRE Setup Time (tyws)
MICROWIRE Hold Time (tywh)
MICROWIRE Output Valid

Time (typp)

20
56

220

ns
ns

ns

Input Pulse Width
Interrupt Input High Time
" Interrupt Input Low Time
‘Timer Input High Time
Timer Input Low Time

tc

Reset Pulse Width

S il (Sl Sl

Ms

Note 5: Parameter sampled (not 100% tested).
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Typical Performance Characteristics (-s0c<Tpa< +850) .

HALT =gy, (4:4)
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COP620C/622C/640C/642C/820C/822C/840C/842C/920C/922C/940C/942C

Connection Diagrams

DUAL-IN-LINE PACKAGE

20DIP -
ca/so-{1 - ~ 20 Lcs/no
65/5K~—42 19}=62
66/si—]3 18}-c1
G7/CKO~1 4 17 |=Go/INT
o5 16 |- RESET
vee—{6 15}-cono
-7 14f-17
L8 13l-1s
129 12f-15
~{10 14
TL/DD/9103-3
Top View

Order Number COP622C-XXX/N,
COP642C-XXX/N, COP822C-XXX/N,
COP842C-XXX/N, COP922C-XXX/N

or COP942C-XXX/N
See NS Package Number N20A

28-Lead SO
G4/50~ 1 ~ 284=—G3/Ti0
65/5k~{2 27|~62
G6/Sl~13 26101
c7/cx0~{+ 25}~ co/INT
cKi~{5 24 §=RESET
Vee{6 23}=6ND
107 224=D3
11—{8 21f=D2
129 20}-D1.
13410 " 19)=D0
Lo~ 11 18f=L7
Li=412 B Y/ A1)
L2~13 16}—-L5
314 1514

) " TL/DD/9103-18
Order Number COP820C-XXX/WM,
COP840C-XXX/WM,
COP920C-XXX/WM or
COP940C-XXX/WM
See NS Package Number M28A

28 DIP

64/50~ 1 N 28}—-63/M0
cs/sx-# 2 27}-62
66/51-43 2661

67/ck0—{ 4 25} Go/INT

cKi~{5 24 = RESET
vee~—{6 25} oND
107 22}-03
11~8 21 =02
129 20}-p1
i3~10 19}-00
Lo~ 11 18}-17
L1412 17f-16
L2413 16}-1s
L3~ 14 15]=14

TL/DD/9103-5
Order Number COP620C-XXX/N,
COP640C-XXX/N, COP820C-XXX/N,
COP840C-XXX/D, COP920C-XXX/N
or COP940C-XXX/N
See NS Package Number N28B

20 DIP/SO
oD ]
K=
gl B 7Y —
INTR
cKo
MICROWRE/PLUS

TL/DD/8103-6

FIGURE 3. Connection Diagrams

SURFACE MOUNT

' 20 SO Wide
0

. G4/s0—
65/5K—
66/51
67/cx0 —
CKi—

vee —
10—

20}~e3/mo
19f-c2
18}-¢
17 |=co/NT
[ RESET
D

>
2

14p=17
11— 13}-16
12 12}
1310 -1

W B N e N -
-
=

> o

‘ TL/DD/9103-3
Top View

Order Number COP822C-XXX/WM,
- COP842C-XXX/WM,
COP922C-XXX/WM or

COP942C-XXX/WM
See NS Package Number M20B

PORT G

INTR

CKo

MICROWIRE/PLUS
TL/DD/9103-8

28 DIP/SO
J PORT | <‘_‘__—£|
‘:Ncs PORT o‘:__4>
,%:‘ PORT L
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Pin Descriptions
Vcc and GND are the power supply pins.
CKil is the clock input. This can come from an external

source, a R/C generated oscillator or a crystal (in conjunc-
tion with CKO). See Oscillator description.

RESET is the master-reset input. See Reset description.
PORT | is a four bit Hi-Z input port.
PORT L is an 8-bit I/0 port.

There are two registers associated with each L 1/0 port: a
data register and a configuration register. Therefore, each L
170 bit can be individually configured under software control
as shown below:

Port L Port L PortL
Config. Data Setup
0 0 Hi-Z Input (TRI-STATE)

0 1 Input With Weak Pull-Up
1 0 Push-Pull “0” Output
1 1 Push-Pull “1”” Output

Three data memory address locations are allocated for
these ports, one for data register, one for configuration reg-
ister and one for the input pins.

PORT G is an 8-bit port with 6 1/0 pins (G0-G5) and 2 input
pins (G6, G7). All eight G-pins have Schmitt Triggers on the
inputs. The G7 pin functions as an input pin under normal
operation and as the continue pin to exit the HALT mode.
There are two registers with each I/0 port: a data register
and a configuration register. Therefore, each 1/0 bit can be
individually configured under software control as shown be-
low.

PortG PortG PortG

Config. Data Setup
0 0 Hi-Z Input (TRI-STATE)
0 1 Input With Weak Pull-Up
i 0 Push-Puil “0” Output
1 1 Push-Pull *1” Output

Three data memory address locations are allocated for

these ports, one for data register, one for configuration reg-

ister and one for the input pins. Since G6 and G7 are input

only pins, any attempt by the user to set them up as outputs

by writing a one to the configuration register will be disre-

garded. Reading the G6 and G7 configuration bits will return

zeros. Note that the chip will be placed in the HALT mode

by setting the G7 data bit.

Six bits of Port G have alternate features:

GO INTR (an external interrupt)

G3 TIO (timer/counter input/output)

G4 SO (MICROWIRE serial data output)

G5 SK (MICROWIRE clock 1/0)

G6 Sl (MICROWIRE serial data input)

G7 CKO crystal oscillator output (selected by mask option)
or HALT restart input (general purpose input)

Pins G1 and G2 currently do not have any alternate func-

tions.

PORT D is a four bit output port that is set high when
RESET goes low. Care must be exercised with the D2 pin
operation. At RESET, the external load on this pin must
ensure that the output voltage stays above 0.9 Vg to pre-
vent the device from entering special modes. Also, keep the
external loading on the D2 pin to less than 1000 pf.

Functional Description

Figure 1 shows the block diagram of the internal architec-
ture. Data paths are illustrated in simplified form to depict
how the various logic elements communicate with each oth-
er in implementing the instruction set of the device.

ALU AND CPU REGISTERS

The ALU can do an 8-bit addition, subtraction, logical or
shift operation in one cycle time.

There are five CPU registers:

A is the 8-bit Accumulator register

PU is the upper 7 bits of the program counter (PC)
PL is the lower 8 bits of the program counter (PC)

B is the 8-bit address register, can be auto incremented or
decremented.

Xis the 8-bit alternate address register, can be incremented
or decremented. )

SP is the 8-bit stack pointer, points to subroutine stack (in
RAM).

B, X and SP registers are mapped into the on chip RAM.
The B and X registers are used to address the on chip RAM.
The SP register is used to address the stack in RAM during
subroutine calls and returns.

PROGRAM MEMORY }
Program memory for the COP820C family consists of 1024
bytes of ROM (2048 bytes of ROM for the COP840C family).
These bytes may hold program instructions or constant
data. The program memory is addressed by the 15-bit pro-
gram counter (PC). ROM can be indirectly read by the LAID
instruction for table lookup.

DATA MEMORY

The data memory address space includes on chip RAM, 1/0
and registers. Data memory is addressed directly by the in-
struction or indirectly by the B, X and SP registers.

The COP820C family has 64 bytes of RAM and the
COP840C family has 128 bytes of RAM. Sixteen bytes of
RAM are mapped as “registers” that can be loaded immedi-
ately, decremented or tested. Three specific registers: B, X
and SP are mapped into this space, the other bytes are
available for general usage.

The instruction set permits any bit in memory to be set,
reset or tested. All 1/0 and registers (except the A & PC) are
memory mapped; therefore, 1/0 bits and register bits can be
directly and individually set, reset and tested.

Note: RAM contents are undefined upon power-up.

RESET

The RESET input when pulled low initializes the microcon-
troller. Initialization will occur whenever the RESET input is
pulled low. Upon initialization, the ports L and G are placed
in the TRI-STATE mode and the Port D is set high. The PC,
PSW and CNTRL registers are cleared. The data and con-
figuration registers for Ports L & G are cleared.

The external RC network shown in Figure 4 should be used
to ensure that the RESET pin is held low until the power
supply to the chip stabilizes.
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COP620C/622C/640C/642C/820C/822C/840C/842C/920C/922C/940C/942C

Functional Description (continued)

N ! L
w vee
E

R

s RESET

u

b

1 T GND
7 |

TL/DD/9103-9
RC > 5X Power Supply Rise Time
FIGURE 4. Recommended Reset Circuit
OSCILLATOR CIRCUITS
Figure & shows the three clock oscillator configurations.

A. CRYSTAL OSCILLATOR

The device can be driven by a crystal clock. The crystal
network is connected between the pins CKl and CKO.
Table | shows the component values required for various
standard crystal values.

B. EXTERNAL OSCILLATOR

CKI can be driven by an external clock signal. CKO is avail-
able as a general purpose input and/or HALT restart con-
trol.

C.R/C OSCILLATOR

CKl is configured as a single pin RC controlled Schmitt trig-
ger oscillator. CKO is available as a general purpose input
and/or HALT restart control.

Table Il shows the variation in the oscillator frequencies as
functions of the component (R and C) values.

-
EXTERNAL
CLocK

TL/DD/9103-10
FIGURE 5. Crystal and R-C Connection Diagrams
OSCILLATOR MASK OPTIONS

The device can be driven by clock inputs between DC and
10 MHz.

TABLE I. Crystal Osclilator Configuration, T4 = 25°C

R1 R2 Cc1 c2 CKl Freq v
Conditions
(k) (MQ) (pF) (pF) (MHz)
0 1 30 30-36 10 Veg = 5V
0 1 30 30-36 4 Ve = 5V
-0 1 200 100-150 0.455 Vee = 5V
TABLE Il. RC Oscillator Configuration, T ='25°C
R C CKI Freq. Instr. Cycle
Conditions
(k) (pF) {MHz) (p8)
3.3 82 2.2t02.7 3.7t04.6 Voo = 5V
5.6 100 1.1t01.3 7.41t09.0 Vec =5V
6.8 100 0.9t0 1.1 8.8t010.8 Veg = 5V

Note: 3k < R < 200k, 50 pF < C < 200 pF
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Functional Description (continued)

The device has three mask options for configuring the clock
input. The CKI and CKO pins are automatically configured
upon selecting a particular option.

— Crystal (CK1/10) CKO for crystal configuration

— External (CKI/10) CKO available as G7 input

— R/C (CKI/10) CKO available as G7 input

G7 can be used either as a general purpose input or as a
control input to continue from the HALT mode.

CURRENT DRAIN

The total current drain of the chip depends on:

1) Oscillator operating mode—I1

2) Internal switching current—i2

3) Internal leakage current—I3

4) Output source current—|4

5) DC current caused by external input not at Vcc or GND—
15 .

Thus the total current drain, It is given as

t=N+12+13+ 14+ 15

To reduce the total current drain, each of the above compo-
nents must be minimum.

Operating with a crystal network will draw more current than
an external square-wave. The R/C mode will draw the most.
Switching current, governed by the eguation below, can be
reduced by lowering voltage and frequency. Leakage cur-
rent can be reduced by lowering voltage and temperature.
The other two items can be reduced by carefully designing
the end-user’s system. '

12=CxVxf
Where
C = equivalent capacitance of the chip.
V = operating voltage
f = CKI frequency

LA TRINANDT

P e

The device supports a power saving mode of operation:
HALT. The controller is placed in the HALT mode by setting
the G7 data bit, alternatively the user can stop the clock
input. In the HALT mode all internal processor activities in-
cluding the clock oscillator are stopped. The fully static ar-
chitecture freezes the state of the controller and retains all
information until continuing. In the HALT mode, power re-
quirements are minimal as it draws only leakage currents
and output current. The applied voltage (Vcg) may be de-
creased down to Vr (minimum RAM retention voltage) with-
out altering the state of the machine.

There are two ways to exit the HALT mode: via the RESET
or by the CKO pin. A low on the RESET line reinitializes
the microcontroller and starts executing from the address

0000H. A low to high transition on the CKO pin (only if the
external or the R/C clock option is selected) causes the
microcontroller to continue with no reinitialization from the
address following the HALT instruction. This also resets the
G7 data bit.

INTERRUPTS
There are three interrupt sources, as shown below.

A maskable interrupt on external GO input (positive or nega-
tive edge sensitive under software control)

A maskable interrupt on timer underflow or timer capture
A non-maskable software/error interrupt on opcode zero

INTERRUPT CONTROL

The GIE (global interrupt enable) bit enables the interrupt
function. This is used in conjunction with ENI and ENTI to
select one or both of the interrupt sources. This bit is reset
when interrupt is acknowledged.

ENI and ENT! bits select external and timer interrupt re-
spectively. Thus the user can select either or both sources
to interrupt the microcontroller when GIE is enabled.

IEDG selects the external interrupt edge (0 = rising edge,
1 = falling edge). The user can get an interrupt on both
rising and falling edges by toggling the state of IEDG bit
after each interrupt.

IPND and TPND bits signal which interrupt is pending. After
interrupt is acknowledged, the user can check these two
bits to determine which interrupt is pending. This permits the
interrupts to be prioritized under software. The pending flags
have to be cleared by the user. Setting the GIE bit high
inside the interrupt subroutine allows nested interrupts.

The software interrupt does not reset the GIE bit. This
means that the controller can be interrupted by other inter-
rupt sources while servicing the software interrupt.

INTERRUPT PROCESSING

The interrupt, once acknowledged, pushes the program
counter (PC) onto the stack and the stack pointer (SP) is
decremented twice. The Global Interrupt Enable (GIE) bit is
reset to disable further interrupts. The microcontroller then
vectors to the address 00FFH and resumes execution from
that address. This process takes 7 cycles to complete. At
the end of the interrupt subroutine, any of the following
three instructions return the processor back to the main pro-
gram: RET, RETSK or RETI. Either one of the three instruc-
tions will pop the stack into the program counter (PC). The
stack pointer is then incremented twice. The RET! instruc-
tion additionally sets the GIE bit to re-enable further inter-
rupts. )

Any of the three instructions can be used to return from a
hardware interrupt subroutine. The RETSK instruction
should be used when returning from a software interrupt
subroutine to avoid entering an infinite loop.

1-39

J2v6/20¥6/3¢¢6/3026/32v8/J0¥8/3228/2028/22v9/00¥9/0229/3029d00D



COP620C/622C/640C/642C/820C/822C7840C/842C/920C/922C/940C/942C

Functional Description (continued)

10
INTERRUPT
LOGIC

B
EXTERNAL
N, PN [ o |
™R [
UNDERFLOW ] TN |
SOFTWARE
INTERRUPT

TL/DD/9103-11

FIGURE 6. Interrupt Block Diagram

DETECTION OF ILLEGAL CONDITIONS

The device contains a hardware mechanism that allows it to
detect illegal conditions which may occur from coding er-
rors, noise and ‘brown out’ voltage drop situations. Specifi-
cally it detects cases of executing out of undefined ROM
area and unbalanced stack situations.

Reading an undefined ROM location returns 00 (hexadeci-
mal) as its contents. The opcode for a software interrupt is
also ‘00’. Thus a program accessmg undefined HOM WI||
cause a software interrupt.

Reading an undefined RAM location returns an FF (hexade-
cimal). The subroutine stack grows down for each subrou-
tine call. By initializing the stack pointer to the top of RAM,
the first unbalanced return instruction will cause the stack
pointer to address undefined RAM. As a result the program
will attempt to execute from FFFF (hexadecimal), which is
an undefined ROM location and will trigger a software inter-
rupt.

MICROWIRE/PLUS™

MICROWIRE/PLUS is a serial synchronous bidirectional
communications interface. The MICROWIRE/PLUS capabil-
ity enables the device to interface with any of National
Semiconductor's MICROWIRE peripherals (i.e. A/D con-
verters, display drivers, EEPROMS, etc.) and with other mi-
crocontrollers which support the MICROWIRE/PLUS inter-
face. It consists of an 8-bit serial shift register (SIO). with
serial data input (Sl), serial data output (SO) and serial shift
clock (SK). Figure 7 shows the block diagram of the MICRO-
WIRE/PLUS interface.

The shift clock can be selected from either an internal
source or an external source. Operating the MICROWIRE/
PLUS interface with the internal clock source is called the
Master mode of operation. Similarly, operating the MICRO-
WIRE/PLUS interface with an external shift clock is called
the Slave mode of operation.

The CNTRL register is used to configure and control the
MICROWIRE/PLUS mode. To use the MICROWIRE/PLUS,
the MSEL bit in the CNTRL register is set to one. The SK
clock rate is selected by the two bits, SLO and SL1, in the
CNTRL register. Table il details the different clock rates
that may be selected.

TABLEIN -
SL1 SLo SK Cycle Time

0 0 2tc

0 1 4tc

1 X 8ic
where,
tc is the instruction cycle clock.
MICROWIRE/PLUS OPERATION

Setting the BUSY bit in the PSW register causes the MI-
CROWIRE/PLUS arrangement to start shifting the data. It
gets reset when eight data bits have been shifted. The user
may reset the BUSY bit by software to allow less than 8 bits
to shift. The device may enter the MICROWIRE/PLUS
mode either as a Master or as a Slave. Figure 8 shows how
two microcontrollers and several peripherals may be inter-
connected using the MICROWIRE/PLUS arrangement.

Master MICROWIRE/PLUS Operation

In the MICROWIRE/PLUS Master mode of operation the
shift clock (SK) is generated internally. The MICROWIRE/
PLUS Master always initiates all data exchanges. (See Fig-
ure 8). The MSEL bit in the CNTRL register must be set to
enable the SO and SK functions onto the G Port. The SO
and SK pins must also be selected as outputs by setting
appropriate bits in the Port G configuration register. Table IV
summarizes the bit settings required for Master mode of
operation.

SLAVE MICROWIRE/PLUS OPERATION

In the MICROWIRE/PLUS Slave mode of operation the SK
clock is generated by an external source. Setting the MSEL
bit in the CNTRL register enables the SO and SK functions
onto the G Port. The SK pin must be selected as an input
and the SO pin is selected as an output pin by appropriately
setting up the Port G configuration register. Table IV sum-
marizes the settings required to enter the Slave mode of
operation.

The user must set the BUSY flag immediately upon entering
the Slave mode. This will ensure that all data bits sent by
the Master will be shifted properly. After eight clock pulses
the BUSY flag will be cleared and the sequence may be
repeated. (See Figure 8.)
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Functional Description (continued)

TABLE IV
G4 G5
Config. | Confl G4 G5 66 Operation
9 % Fun. Fun, |Fun. P

Bit Bit
1 1 SO Int. SK'| SI | MICROWIRE Master
0 1 TRI-STATE | Int. SK | SI | MICROWIRE Master
1 0 SO Ext. SK| S| | MICROWIRE Slave
0 0 TRI-STATE | Ext. SK| SI { MICROWIRE Slave

TIMER/COUNTER

The device has a powerful 16-bit timer with an associated
16-bit register enabling them to perform extensive timer
functions. The timer T1 and its register R1 are each orga-
nized as two 8-bit read/write registers. Control bits in the
register CNTRL allow the timer to be started and stopped
under software control. The timer-register pair can be oper-
ated in one of three possible modes. Table V details various
timer operating modes and their requisite control settings.

» S0

8-BIT SI0 ¢ st
REGISTER

<£ SHET SLo%K

- TLOCK
te = SELECT SK

~ CNTRL
TL/DD/9103-12

FIGURE 7. MICROWIRE/PLUS Block Diagram

nwcw >»>-—>»0

CHIP SELECT LINES

MODE 1. TIMER WITH AUTO-LOAD REGISTER

In this mode of operation, the timer T1 counts down at the
instruction cycle rate. Upon underflow the value in the regis-
ter R1 gets automatically reloaded into the timer which con-
tinues to count down. The timer underflow can be pro-
grammed to interrupt the microcontroller. A bit in the control
register CNTRL enables the T!O (G3) pin to toggle upon
timer underflows. This allow the generation of square-wave
outputs or pulse width modulated outputs under software
control. (See Figure )

MODE 2. EXTERNAL COUNTER

In this mode, the timer T1 becomes a 16-bit external event
counter. The counter counts down upon an edge on the TIO
pin. Control bits in the register CNTRL program the counter
to decrement either on a positive edge or on a negative
edge. Upon underflow the contents of the register R1 are
automatically copied into the counter. The underflow can
also be prograrnmed to generate an interrupt. (See Figure 9)

MODE 3. TIMER WITH CAPTURE REGISTER

Timer T1 can be used to precisely measure external fre-
quencies or events in this mode of operation. The timer T1
counts down at the instruction cycle rate. Upon the occur-
rence of a specifiea edge on the TIO pin the contents of the
timer T1 are copied into the register R1. Bits in the control
register CNTRL allow the trigger edge to be specified either
as a positive edge or as a negative edge. In this mode the
user can elect to be interrupted on the specified trigger
edge. (See Figure 10.)

v

A 4

P
<

cs cs
1/0 1/0
LINES coP 8 -BIT LeD cop LINES
820C A/D CON - DISPLAY 820C
(MASTER) VERTER DRIVER (SLAVE)
COP43X
DO DI CLK DO DI CLK DI CLK
l A A l A A F
Sl f« S0
S0 » S|
SK »{ sk

TL/DD/9103-13

FIGURE 8. MICROWIRE/PLUS Application
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Functional Description (continued)

TABLE V. Timer Operating Modes

CNTRL Timer
Bits Operation Mode T Interrupt Counts -
765 On
000 External Counter W/Auto-Load Reg. Timer Underflow TIO Pos. Edge
001 External Counter W/Auto Load Reg. Timer Underflow TIO Neg. Edge
010 Not Allowed Not Allowed Not Allowed
011 Not Allowed Not Allowed Not Allowed
100 Timer W/Auto-Load Reg. Timer Underflow tc
101 Timer W/Auto-Load Reg./Toggle TIO Out Timer Underflow tc
110 Timer W/Capture Register TIO Pos. Edge tc
111 Timer W/Capture Register TIO Neg. Edge tc
[ INTERNAL DATA BUS ] TIMER PWM APPLICATION
Figure 11 shows how a minimal component D/A converter
can be built out of the Timer-Register pair in the Auto-Re-
load mode. The timer is placed in the “Timer with auto re-
R1 TIMER load” mode and the TIO pin is selected as the timer output.
oo Avo UNDERFLOW At the outset the TIO pin is set high, the timer T1 holds the
- INTERRUPT on time and the register R1 holds the signal off time. Setting
{} } TRUN bit starts the timer which counts down at the instruc-
T 53 oatal . o tion cycle rate. The underflow.toggles the TIO output and
tt=> 16-aiT IIMER/ LATCH }-fompm copies the off time into the timer, which continues to run. By
COUNTER alternately loading in the on time and the off time at each

TL/DD/9103-15
FIGURE 9. Timer/Counter Auto
Reload Mode Block Diagram

1 INTERNAL DATA BUS |

INTERRUPT

T l 18R-1 BIT

CAPTURE REG.

T
16 = BIT TIMER

TL/DD/9103-14
FIGURE 10. Timer Capture Mode Block Diagram

v
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successive interrupt a PWM frequency can be easily gener-

ated.
I l Toff

s

/’\

8 A SIMPLE D= A

P CONVERTER USING
THE TIMER TO

8 T GENERATE A PWM

g OUTPUT.

TL/DD/9103-16
FIGURE 11. Timer Application
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Control Registers

CNTRL REGISTER (ADDRESS X'00EE)

The Timer and MICROWIRE/PLUS control register contains
the following bits:

SL1&SLO Select the MICROWIRE/PLUS clock divide-by

|IEDG External interrupt edge polarity select
(0 = rising edge, 1 = falling edge)

MSEL Enable MICROWIRE/PLUS functions SO and
SK

TRUN Start/Stop the Timer/Counter (1 = run, 0 =
stop)

TC3 Timer input edge polarity select (0 = rising
edge, 1 = falling edge)

TC2 Selects the capture mode

TC1 Selects the timer mode

[ 7o1 | 72| tca | TRun | mseL [ iepG | L1 | sto |
BIT7 BITO

PSW REGISTER (ADDRESS X'00EF)

The PSW register contains the following select bits:
GIE  Global interrupt enable

ENI  External interrupt enable

BUSY MICROWIRE/PLUS busy shifting

IPND  External interrupt pending

ENTI  Timer interrupt enable

TPND Timer interrupt pending

C Carry Flag

HC Half carry Flag

[ Ho [c| tenp | enmi | ienp | Busy | eni [ ciE |
Bit7 Bit0

Addressing Modes

REGISTER INDIRECT

This is the “normal” mode of addressing. The operand is
the memory addressed by the B register or X register.
DIRECT

The instruction contains an 8-bit address field that directly
points to the data memory for the operand.

IMMEDIATE

The instruction contains an 8-bit immediate field as the op-
erand.

REGISTER INDIRECT

(AUTO INCREMENT AND DECREMENT)

This is a register indirect mode that automatically incre-
ments or decrements the B or X register after executing the
instruction.

RELATIVE

This mode is used for the JP instruction, the instruction field
is added to the program counter to get the new program
location. JP has a range of from —31 to + 32 to allow a one
byte relative jump (JP + 1 isimplemented by a NOP instruc-
tion). There are no ‘pages’ when using JP, all 15 bits of PC
are used.

Memory Map

All RAM, ports and registers (except A and PC) are mapped
into data memory address space.

Address| Contents
COP820C Family
00 to 2F [On Chip RAM Bytes
30 to 7F [Unused RAM Address Space (Reads as all Ones)
COP840C Family
00 to 6F [On Chip RAM Bytes )
70 to 7F |Unused RAM Address Space (Reads as all Ones)
COP820C and COP840C Families
80 to BF | Expansion Space for on Chip EERAM
CO to CF|Expansion Space for I/0 and Registers
DO to DF|On Chip I/0 and Registers
DO  |Port L Data Register
D1 [Port L Configuration Register
D2  [Port L Input Pins (Read Only)
D3 |Reserved for Port L
D4  |Port G Data Register
D5 |Port G Configuration Register
D6 [Port G Input Pins (Read Only)
D7 [Port!Input Pins (Read Only)
D8-DB [Reserved for Port G
DC |Port D Data Register
DD-DF |Reserved for Port D
EO to EF |On Chip Functions and Registers
E0-E7 |Reserved for Future Parts
E8 |Reserved
E9 [MICROWIRE/PLUS Shift Register
EA  [Timer Lower Byte
EB |Timer Upper Byte
EC |Timer Autoload Register Lower Byte
ED [Timer Autoload Register Upper Byte
EE |CNTRL Control Register
EF |PSW Register
FO to FF |On Chip RAM Mapped as Registers
FC  |X Register
FD [SP Register
FE |B Register

Reading unused memory locations below 7FH will return all
ones. Reading other unused memory locations will return
undefined data.
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Instruction Set
REGISTER AND SYMBOL DEFINITIONS

Symbols
Bl Memory indirectly addressed by B register

Registers
A 8-bit Accumulator register [X]  Memory indirectly addressed by X register
B 8-bit Address register Mem Direct address memory or [B]
X 8-bit Address register Meml Direct address memory or [B] or Immediate data
SP  8-bit Stack pointer register Imm  8-bit Inmediate data
PC 15-bit Program counter register Reg Register memory: addresses FO to FF (Includes B, X
PU upper 7 bits of PC al:ld SP)
PL  lower 8 bits of PC E’l E‘t ’;”r;‘b‘f’h(o to7)
C 1-bit of PSW register for carry - anhe w'; ith
HC  Half Carry xchanged wit
GIE  1-bit of PSW register for global interrupt enable
Instruction Set
ADD add A <« A + Meml
ADC add with carry A «— A+ Meml + C,C « Carry
: HC <— Half Carry .
SUBC subtract with carry A < A+ Meml +C,C <« Car
HC < Half Carry
AND Logical AND A < AandMeml|
OR Logical OR A < AorMeml
XOR Logical Exclusive-OR’ A <« Axor Meml|
IFEQ IF equal Compare A and Meml, Do nextif A = Mem!
IFGT IF greater than Compare A and Meml, Do next if A > Meml
IFBNE IF B not equal Do next if lower 4 bits of B # Imm
DRSz Decrement Reg. ,skip if zero Reg < Reg — 1, skipif Reggoes to 0
SBIT Set bit 1 to bit,
Mem (bit= 0 to 7 immediate)
RBIT Reset bit 0 to bit,
Mem
IFBIT If bit If bit,
Memis true, do next instr.
X Exchange A with memory A <— Mem ’
LDA Load A with memory A < Meml
LD mem Load Direct memory Immed. Mem <« Imm
LD Reg Load Register memory Immed. Reg < Imm
X Exchange A with memory [B] A« [B] (B « Bzxt)
X Exchange A with memory [X] A «— [X] (X «— Xx1)
LDA Load A with memory [B] A <« [B] (B <« Bzx1)
LDA Load A with memory [X] A« [X] (X < X*1)
LDM Load Memory Immediate [B] <= Imm (B < Bt1)
CLRA Clear A A< 0
INCA Increment A A<—A+1
DECA Decrement A Ae—A-1
LAID Load A indirect from ROM A < ROM(PU,A)
DCORA DECIMAL CORRECT A A <« BCD correction (follows ADC, SUBC)
RRCA ROTATE A RIGHT THRU C C—A7T—>...—> A0—>C
SWAPA Swap nibbles of A A7...A4 «—> A3... A0
sC SetC C «— 1,HC <« 1
RC ResetC C <« 0,HC « 0
IFC fC If Cis true, do next instruction
IFNC i not C If Cis not true, do next instruction
JMPL Jump absoluts long PC <« ii(ii = 15 bits, 0 to 32k)
JMP Jump absolute PC11..0 « i(i = 12bits)
JP Jump relative short PC «— PC + r(ris —31to +32,not 1)
JSRL Jump subroutine long [SP] < PL,[SP-1] «— PU,SP-2PC <« ii
JSR Jump subroutine [SP] <«— PL,[SP-1] <= PU,SP-2PC11..0 <« i
JID Jump indirect PL <— ROM(PU,A)
RET Return from subroutine SP+2,PL <« [SP],PU <« [SP-1]
RETSK Return and Skip SP+2,PL < [SP),PU <«— [SP-1],Skip next instruction
RETI Return from Interrupt SP+2,PL «— [SP],PU < [SP-1],GIE « 1
INTR Generate an interrupt [SP] < PL,ISP—1] < PU,SP-2,PC < OFF
NOP No operation PC «— PC+1
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Bits 7-4
F E D c B A 9 8 7 6 5 4 3 2 1 0
JP-15 | JP.31| LDOFO,#i | DRSZOFO | RRCA | RC | ADCA, | ADCA, | IFBIT LDB,OF | IFBNEO JSR JMP  {JP+ 17| INTR
#i 8] | o,BI * 0000-00FF | 0000-00FF
JP-14 | JP-30 | LDOF1,#i | DRSZ OF1 sc |suBsca, | susc | IFaIT LDB,0E | IFBNE1 JSR JMP JP+18| P+2
* #i AlB] | 1,8] * 0100-01FF | 0100-01FF
JP-13]|JP-20 | LDOF2,#i | DRSZOF2 | XA, | XA, | IFEQA, | IFEQ | IFBIT LDB,0D | IFBNE2 JSR JMP JP+19| JP+3
X+) [ B+]| i AlBl | 28] * 0200-02FF | 0200-02FF
JP-12| JP-28 | LDOF3,#i | DRSZOF3 | XA, | XA, | IFGTA, | IFGT | IFBIT LDB,0C | IFBNE3 JSR JMP JP+20] JP+4
IXx-1 | [B-1] #i AlB] | 3,B] * 0300-03FF | 0300-03FF
JP-11|JP-27 | LDOF4,#i | DRSZ OF4 LAID | ADDA, | ADD | IFBIT| CLRA |LDB,0B| IFBNE4 JSR JMP |JP+21| JP+5
* #i AlB] | 48] 0400-04FF | 0400-04FF
JP-10| JP-26 | LD OF5,#i | DRSZ OF5 JD | ANDA, | AND | IFBIT | SWAPA | LDB,0A| IFBNES JSR JMP |JP+22] P+
* # | AlBl |s5l8] 0500-05FF | 0500-05FF
JP-9 | JP-25| LDOF6,#i | DRSZOF6 | XA, | XA, | XORA, | XOR | IFBIT| DCORA| LDB,9 | IFBNES JSR JMP JP+23| P+7
[X] [B] #i AlBl | 6,8B] 0600-06FF | 0600-06FF .
JP-8 | JP-24| LDOF7,#i | DRSZ OF7 ORA, | OR |IFBIT LDB,8 | IFBNE7 JSR JMP P+24! JP+8
* * #i AlB] | 7.(B] * 0700-07FF | 0700-07FF
JP-7 | JP-23 | LDOF8,#i | DRSZOF8 | NOP LDA, | IFC |SBIT| RBIT | LDB,7 | IFBNES JSR JMP JP+25] JP+9
: . : * #i 0,81 | o8] 0800-08FF | 0800-08FF
JP-6 | JP-22| LDOF9,#i | DRSZ OF9 IFNC | SBIT | RBIT | LDB.,6 | IFBNES JSR JMP JP+26|JP+ 10
* * * 1,81 | 18] 0900-09FF | 0900-09FF
JP-5 | JP-21 | LDOFA,#i | DRSZOFA | LDA, |LDA,| LD INCA | SBIT | RBIT | LDB,5 | IFBNEOA JSR JMP P+ 27 | P + 11
X+] | [B+1| [B+),#i 28] | 28] 0AOO-0AFF | OADO-OAFF
JP-4 | JP-20| LDOFB,#i | DRSZOFB | LDA, | LDA,| LD | DECA | SBIT| RBIT | LDB,4 | IFBNEOB JSR JMP JP+28{JP+12
x—1 | [B=1] [B=1,#i a8l | 38l 0B00-0BFF | 0B00-0BFF
JP-3 | JP-19 | LDOFC,#i | DRSZOFC | LDMd, | JMPL | X AMd sBIT| RBIT | LDB,3 | IFBNEOC JSR JMP JP+29|JP+13
#i * lam| alsl 0C00-0CFF | 0C00-0CFF
JP-2 | JP-18 | LDOFD,#i | DRSZOFD| DIR |JSRL| LDA, |RETSK| SBIT| RBIT | LDB,2 |IFBNEOD JSR JMP JP+30] JP+14
Md 58] | s8] ol 0D00-0DFF | OD00-ODFF :
JP-1 | JP-17 | LDOFE,#i | DRSZOFE | LDA, | LDA,| LD RET | SBIT| RBIT | LDB,1 | IFBNEOE JSR JMP | UP+31|JP+15
[X1 [B] | Bl #i 6,[Bl| 6,I[8B] OEO00-0EFF | OECO-OEFF
JP-0 | JP-16 | LD OFF,#1 | DRSZ OFF RETI | SBIT| RBIT | LDB,0 | IFBNEOF JSR JMP JP+321JP+ 16
* * * 7,81 | 7.8l OF00-OFFF | OF00-OFFF

where,

i is the immediate data

Md is a directly addressed memory locatio.

* is an unused opcode (see following table)
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Instruction Execution Time

Most instructions are single byte (with immediate address-
ing mode instruction taking two bytes).

Most single instructions take one cycle time to execute.

The following table shows the instructions assigned to un-

used opcodes. This table is for information only. The opera-
tions performed are subject to change without notice. Do
not use these opcodes .

See the BYTES and CYCLES per INSTRUCTION table for Unused Unused "
details. Opcode Instruction Opcode | Instruction
BYTES and CYCLES per 60 NOP A9 NOP
61 NOP AF LD A, [B]
INSTRUCTION , 62 NOP Bl | C— HC
The following table shows the number of bytes and cycles C .63 NOP B4 ~ NoOP
for each instruction in the format of byte/cycle. 67 - : NOP B5 ° NOP.
8C’ RET 'B7 “XA, IX]
Arithmetic and Logic Instructions 99 NOP B9’ NOP
8] Direct Immed. , i’; "g L',B][’BT' BF . LD A [X]
ADD 1/1 3/4 2/2 Y] NOP
ADC i1 3/4 2/2 :
SuBC 1/1 3/4 2/2
AND 1/1 3/4 2/2
OR 1/1 3/4 2/2
XOR 1/1 3/4 2/2
IFEQ 11 3/4 2/2
IFGT 1/1 3/4 2/2
IFBNE 1/1 ‘ ;
DRSZ 1/3 '
SBIT 1/1 3/4
RBIT 1/1 3/4
IFBIT /1 3/4
Memory Transfer Instructions
Register Register Indirect"
Indirect | Direct|immed.| Auto Incr & Decr
B] I[X] ‘ [B+,B-] [X+,X-]
XA* 1/1 1/3| 2/3 1/2 1/3 ~
LDA* 1/1 .1/3| 2/3 2/2 1/2 1/3
LD B,Imm ‘ 11 . (1B < 16)
LD B,Imm 2/3 (IfB > 15)
LD Mem,Imm 2/2 3/3 . 2/2 e
LD Reg,imm | - 2/3 ) j

=> Memory location addressed by B or X or directly.

Instructions Uslng A&C Transfer of Control Instructions
CLRA 11 JMPL . 3/4
INCA 11 JMP 2/3
DECA 171 JP 1/3
LAID 1/3 JSRL 3/5
DCORA 171 JSR 2/5.
RRCA 11 JID’ 1/3
SWAPA 11 RET 1/5
sC 1N RETSK - 1/5
RC 11 RETI 1/5
IFC 11 INTR 1/7
IFNG 1/1 NOP 1/1
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Option List

The mask programmable options are listed out below. The
options are programmed at the same time as the ROM pat-
tern to provide the user with hardware flexibility to use a
variety of oscillator configuration.

OPTION 1: CKI INPUT

= 1Crystal (CKI/10) CKO for crystal configuration

= 2 External (CKI/10) CKO available as G7 input

= 3R/C (CKI/10) CKO available as G7 input

OPTION 2: BONDING

= 1 28 pin package

= 2 N.A.

= 3 20 pin package

= 4 20 SO package

= 5 28 SO package

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

Option Data

Option 1 Value__is: CKI Input
Option 2 Value__is: COP Bonding

How to Order

To order a complete development package, select the sec-
tion for the microcontrolier to be developed and order the
parts listed. Contact the sales office for more detail.

Development Support

IN-CIRCUIT EMULATOR

The MetalLink iceMASTERT™M—COP8 Model 400 In-Circuit
Emulator for the COP8 family of microcontrollers features
high-performance operation, ease of use, and an extremely
flexible user-interface for maximum productivity. Inter-
changeable probe cards, which connect to the standard
common base, support the various configurations and pack-
ages of the COP8 family.

The iceMASTER provides real time, full speed emulation up
to 10 MHz, 32 kBytes of emulation memory and 4k frames
of trace buffer memory. The user may define as many as

32k trace and break triggers which can be enabled, dis-
abled, set or cleared. They can be simple triggers based on
code or address ranges or complex triggers based on code
address, direct address, opcode value, opcode class or im-
mediate operand. Complex breakpoints can be ANDed and
ORed together. Trace information consists of address bus
values, opcodes and user selectable probe clips status (ex-
ternal event lines). The trace buffer can be viewed as raw
hex or as disassembled instructions. The probe clip bit val-
Jes can be displayed in binary, hex or digital waveform for-
mats.

During single-step operation the dynamically annotated
code feature displays the contents of all accessed (read
and write) memory locations and registers, as well as flow-
of-control direction change markers next to each instruction
executed.

The iceMASTER's performance analyzer offers a resolution
of better than 6 ps. The user can easily monitor the time
spent executing specific portions of code and find “hot
spots” or “dead code”. Up to 15 independent memory ar-
eas based on code address or label ranges can be defined.
Analysis results can be viewed in bargraph format or as
actual frequency count.

Emulator memory operations for program memory include
single line assembler, disassembler, view, change and write
to file. Data memory operations include fill, move, compare,
dump to file, examine and modify. The contents of any
memory space can be directly viewed and modified from the
corresponding window.

The iceMASTER comes with an easy to use windowed in-
terface. Each window can be sized, highlighted, color-con-
trolled, added, or removed completely. Commands can be
accessed via pull-down-menus and/or redefineable hot
keys. A context sensitive hypertext/hyperlinked on-line help
system explains clearly the options the user has from within
any window.

The iceMASTER connects easily to a PC via the standard
COMM port and its 11