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Definition of Terms
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Definition
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_ Advance informati Formative or
. In Design
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Production

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

Full
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This data sheet contains final specifications. National Semiconductor
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Not In Production

This data sheet contains specifications on a product that has been
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is printed for reference information only.

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

improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
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The 8-Bit COP8™ Family:
Optimized for Value

Key Features

® High-performance 8-bit microcontroller The COP8 combines a powerful single-byte, multiple-func-
e Full 8-bit architecture and implementation tion instruction set with a memory-mapped core architec-
ture.

® 1 us instruction-cycle time
® High code efficiency with single-byte, multiple-function Key Applications

instructions .

o UART B Automotive systems
W Process control
e A/D converter = Robotics
* WATCHDOGT™/clock monitor m Telecommunications
e Brown Out Detect | AC-motor control
® On-chip ROM from 768 bytes to 16k bytes m DC-motor control
® On-chip RAM to 256 bytes m Keyboard controllers
¢ EEPROM m Modems
o M2CMOST™ fabrication m RS232C controllers
* MICROWIRE/PLUST™ serial interface W Toys and games
* Wide operating voltage range: +2.3V to +6V ® Industrial cpntrol
! ® Small appliances

Military temp range available: —55°C to +125°C The COP8 family offers high performance in a low-cost,
MIL-STD-883C versions available easy-to-design-in package.

16- to 44-pin packages

An Example of COP888 Block Diagram (COP888CF)
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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 1970s, 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 meet 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.

Aii 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
COP8 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
w nieet a wide range of embedded conlroi appiication 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/0 functions.

The COP8 family incorporates 1 ps 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 I/0, a flexible and configurable design methodolo-
gy, robust design tools and electromagnetic interference
(EMI) control.

The COP8 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.
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COP8 Features/Benefits Analysis

Key Features

Benefits

Instruction Set

o 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)

Efficient /O ® Software Programmable I/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

e Schmitt Trigger Inputs

* Economical Use of External Components
(lower system cost)

® Cleaner Hardware Design

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

Flexible/Powerful
On-Board Features

® Smart 16-Bit Timers (processor independent PWM)
® Comparators
e 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

® Cleaner Hardware (eliminating the need for
external components)

® Overall Cost Reduction

Safety/Software-
Runaway Protection

e WATCHDOG

o Software Interrupt

e 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 MetalLink

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

® Various Third Party Programmers for Programming
OTPs

Software:

* New, User Friendly Assembler, a C Compiler and a
“Fuzzy” Logic Design Environment

¢ Saves Engineering Development Time—Fast
Time to Market
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COP912C/COP912CH

A) o . )
ulvatzonat 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 I/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 us per
instruction rate.

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

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 (TRI-STATE®, push-
pull, weak pull-up)

Schmitt trigger inputs on Port G-Port

Temperature range: COP912C/COP912CH from 0°C to
70°C

Form Factor Emulator

Applications

Electronic keys and switches
Remote Control

Timers

Alarms

Small industrial control units
Low cost slave controllers
Temperature meters

Small domestic appliances
Toys and games

Block Diagram

ROM (768x8) l RAM (64x8) I

4 .

| Pros. coune |

CKI - RESET Vec

GND

Ldbd

| sooress ] [ war ]

16-BIT
TIMER/COUNTER >
WITH AUTOLOAD (TIMER &
& CAPTURE REG EXTERNAL)

! !

INTERRUPT

]

b
CPU
REGISTERS
| fr—
—

o 4

SOI MICROWIRE l st
N | PLUS I< ’

PO

Y

INSTRUCTION
DECODER

PORT L

PORT G
TL/DD/12060-1
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Total Currentinto Vg Pin (Source) 80 mA
please contact the National Semiconductor Sales Total Current out of GND Pin (Sink) 80 mA
Office/Distributors for availability and specifications. Storage Temperature Range —65°Cto +150°C
Supply Voltage (Vce) 6.0v Note: Ab ratings i limits beyond which damag

Voltage at Any Pin -0.3Vto Vg +0.3V to the device may occur. DC and AC electrical specifications are not

ensured when operating the device at absolute maximum ratings.

HJZ16d0J/J216d0J

DC Electrical Characteristics cora12c/coPe12CH; 0°C < T4 < +70°C unless other specified

Parameter Conditions Min Typ Max Units

Operating Voltage
912C 23 4.0 "
912CH 4.0 5.5 \"
Power Supply Ripple 1 (Note 1) Peak to Peak 0.1 Vge v
Supply Current (Note 2)
CKI = 4 MHz Vco = 5.5V, tc = 2.5 us 6.0 mA
CKI = 4 MHz Veo = 4.0V, tc = 2.5 ps 25 mA
HALT Current Vgg = 5.5V, CKI = 0 MHz <1 8 RA
INPUT LEVELS (ViH, Vi)
Reset, CKI:

Logic High 0.9Vee \

Logic Low 0.1 Vee "
All Other Inputs

Logic High 0.7 Ve \

Logic Low 0.2Vee v
Hi-Z Input Leakage/TRI-STATE Leakage Voe = 5.5V -2 +2 LA
Input Pullup Current Voo = 5.5V 250 nA
G-Port Hysteresis 0.05 Veo 0.35 Vee v
Output Current Levels
Source (Push-Pull Mode) Vce = 4.0V, Vo = 3.8V 0.4 mA

Voc = 2.3V, Vou = 1.8V 0.2 mA
Sink (Push-Pull Mode) Vee = 4.0V, VoL = 1.0V 4.0 mA
Ve = 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, inputs at rails and outputs open.

Note 3: Characterized, not tested.
SK ’ \ ’

tuws i
uWi

S

-
50 X_

FIGURE 1. MICROWIRE/PLUS Timing

TL/DD/12060-2
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AC Electrical Characteristics corg12c/coP912CH; 0°C < Ta < +70°C unless otherwise specified

COP912C/COP912CH

Parameter Conditions Min Typ Max Units

INSTRUCTION CYCLE TIME (tc)

Crystal/Resonator 4.0V < Voo < 5.5V 2 DC s
2.3V < Vg < 4.0V 25 DC us

R/C Oscillator 4.0V < Vg < 5.5V 3 DC us
2.3V < Vgg < 4.0V 7.5 DC us

Inputs

tsetup 4.0V < Vgg < 5.5V 200 ns
2.3V < Vge < 4.0V 500 ns

tHold 4.0V < Vge < 5.5V 60 ns
2.3V < Vg < 4.0V 150 ns

Output Propagation Delay RL = 2.2kQ, C_ = 100 pF

tPp1, PO

SO, SK 4.0V < Vge < 5.5V 0.7 us
2.3V < Vgg < 4.0V 1.75 us

All Others 4.0V < Vg < 5.5V 1 s
2.3V < Vg < 4.0V 5 us

Input Pulse Width

Interrupt Input High Time 1tc

Interrupt Input Low Time 1tc

Timer Input High Time 1tc

Timer Input Low Time 1tc

MICROWIRE Setup Time (t,ws) 20 ns

MICROWIRE Hold Time (tpWH) 56 ns

MICROWIRE Output 220 ns

Propagation Delay (t,pp)

Reset Pulse Width 1.0 5

COP912C/COP912CH Pinout

Top View
20 DIP 20 SO Wide
G4/50—4 1 N~ 20=G3/TI0 G4/50=— 1 N~ 20 Lcs/no
G5/SK= 2 1962 G5/SK=— 2 19}—62
G6/SI=—3 18f=0G1 G6/S1— 3 18—G1
G7/CKO=—] 4 17}=G0/INT G7/CKO = 4 17~ GO/INT
CKI=—45 16 f= RESET cKi=—5 16 f— RESET
Vec—16 15}=GND Vec =6 15— GND
Lo—]7 14=L7 L0—47 14=1L7
L1—{8 13}=16 L1—8 1316
L2419 12p=1L5 L2=—49 12f=L5
13— 10 11}—L4 13— 10 11f-14
TL/DD/12060-3 TL/DD/12060-4
Order Number COP912C-XXX/N, COP912CH-XXX/N Order Number COP912C-XXX/WM,
COP912CH-XXX/WM

FIGURE 2. COP912C/COP912CH Pinout




Pin Description

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 L is an 8-bit 1/0 port.

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

Port L Config. | Port L Data PsOe ?: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 [00DO], 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 0 Push-Pull Zero Output
1 i Push-Puii 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 s the 8-bit Accumulator register
PC s 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.

SP s 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
ROM may be instructions 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, 1/0
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.
I/0 and registers (except A and PC) are memory mapped;
therefore, 1/0 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 PC, 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.
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Functional Description (continued)
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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 |l shows variation in the oscilla-
tor frequencies as functions of the component (R and C)

value.
| CKI CKO | I CKI CKO I
r' N
w Y t
vy L R
SR Vee
N =
X == -
TL/DD/12060-6
FIGURE 4. Clock Oscillator Configurations
TABLE |. Crystal Oscillator Configuration
R1 R2 C1 (7] F?eK(I;
9} F F .
(k) (mQ) (pF) (pF) (MHz)
0 1 30 30-36 5
0 1 30 30-36 4
5.6 | 1 200 100-150 0.455

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

R c CKI Freq. é;‘i’le
kQ F MHz
®k) | (P (MH2) e
3.3 82 2.2t02.7 3.7t04.6
5.6 100 11t01.3 7.4t09
6.8 100 09to1.1 8.8t010.8

Note: 3k < R < 200 k2, 50 pF < C < 200 pF.

CURRENT DRAIN

The total current drain of the chip depends on:

1. Oscillator operating mode - |1

2. Internal switching current - 12

3. Internal leakage current - 13

4. Output source current - 14

5. DC current caused by external input not at Voc or GND.

Thus the total current drain is given as
t=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.

[2=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
so 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 mode”
(set G7 data bit) instruction.
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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 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 MI-
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 v A4
1/0 1/0
LINES - LINES
cop 8-BIT VF/LCD CoP
912¢ A/D CON - EEPROM DISPLAY 912¢
(MASTER) VERTER DRIVER (SLAVE)
COP43X
DO DI CLK DO DI CLK DI CLK
l A A l A A A A
Sif< S0
S0 » S|
SK 4 N3

TL/DD/12060~7

FIGURE 5. MICROWIRE/PLUS Application
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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 IIl. MICROWIRE/PLUS G Port Configuration

G4 G5
(SO) (SK) G4 G5 |Gé6 .
Config.| Config.|  Pin Pin |pin| OPeration
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 SIO N
—
REGISTER
D
A
T SHIFT CLOCK
A
B
u - CLOCK
s tc—bi : I—N sLecT € SK
W )l CNTRI I
| |

LINTV
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
ine siave mode. Tiis wili ensuie that aii data bits seiit 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 mode, 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 (PULSE WIDTH MODULATION) MODE

The timer counts down at the instruction cycle rate (2 us
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
RELOAD REG.

iy

16 - BIT TIMER/
COUNTER

TIMER
UNDERFLOW
INTERRUPT

G3 DATA| TIO
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 externzal 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.

I INTERNAL DATA BUS

16-BIT AUTO-RELOAD REGISTER

TIMER
UNDERFLOW
INTERRUPT

3

EXT
CLK

TIo

Tl 16~BIT TIMER/COUNTER

EDGE 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
TIO INPUT T l —> 16 - BIT
CAPTURE REG.
EDGE SELECTOR I
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.

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 Aliowed
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

HJZ16d0J/3216d09
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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.
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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 ENTI to
select one or both of the interrupt sources. This bit is
reset when interrupt is acknowledged.

ENI and ENTI bits select external and timer interrupt re-

spectively. Thus the user can select either or both sources

| ENTII
EXTERNAL

ELOLE StLeCiun

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
RET! instruction will pop the stack to PC and set the GIE bit
to enable further interrupts. The user should use the RET! 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 O0FF Hex means that
a software interrupt happening at the same time as a hard-
ware interrupt will be missed.

LOGIC
T0
TIMER
UNDERFLOW TPND INTERRUPT
LOGIC
SOFTWARE
INTERRUPT

TL/DD/12060-14

FIGURE 11. interrupt 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, then if there are more returns than calls, the stack pointer will
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.
lliegal 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
0046  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:

SL1 and 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
I TC1 l TC2 [ TC3 I TRUN [ MSEL WDG [ SL1 I SLLI
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)
C Carry Flip/flop
HC Half carry Flip/flop

7 0
I HC I C I TPND ] ENTIi IPND ] BUSY ] ENI I GIE l

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 executing 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
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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)

CO to 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

Dé Port G Input Pins (read only)

D7 Reserved

D8 to DB Reserved

DC to 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

Thie made ic nsed with the IID 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
[B]

[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
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COP912C/COP912CH

Instruction Set (continued)

TABLE VII. Instruction Set

Instr Function Register Operation
ADD A, Memi Add A «— A + Meml
ADC A, Memi Add with Carry A < A + Meml + C, C < Carry
SUBC A, Memi Subtract with Carry A «— A — Meml| + C, C « Carry
AND A, Meml Logical AND A < A and Meml|
OR A, Meml Logical OR A < A or Meml
XOR A, Memi Logical Exclusive-OR A < A xor Meml
IFEQ A, Meml IF Equal Compare A and Meml, Do Nextif A = Meml
IFGT A, Meml 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 [Bt] Exchange A with Memory [B] A< [B] (B« Bt1)
X A [X%] Exchange A with Memory [X] A <> [X] (X <= X£1)
LD A [Bt] Load A with Memory [B] A<« [B](B<«<Bz*1)
LD A, [X%] Load A with Memory [X] A« [X] (X« X*1)
LD [B£], 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—o>A7— ... >A0—>C
SWAP A Swap Nibbles of A A7...Ad <> A3 ... A0
SC A SetC Ce«1
RC A Reset C C<«0
iFC if C if Cis True, do Next instruction
IFNC If NotC If Cis not True, do Next Instruction
JMPL Jump Absolute Long PC «—ii (ii = 15 Bits, Ok to 32k)
JMP Jump Absolute PC11...PCO «i(i = 12Bits)
PC15...PC12 Remain Unchanged
JP Jump Relative Short PC «— PC + r(ris —31to +32,not 1)
JSRL Addr. Jump Subroutine Long [SP] «— PL, [SP—1] «— PU, SP—2, PC «iii
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) T
e Most instructions are single byte (with immediate ad- Instructions Using A and C (Bytes/Cycles) =
dressm.g mode |n.struct|o.ns requiring two byte.s). Instr Bytes/Cycles Q
e Most single byte instructions take one cycle time to exe- o
cute. CLRA 1/1 o
The following tables show the number of bytes and cycles INCA 1”7 S
for each instruction in the format byte/cycle. DECA 1/1 s
LAID 1/3 (o)
Arithmetic and Logic DCOR 1/1 T
Instructions (Bytes/Cycles) RRCA 11
Instr [B] Direct Immediate SWAPA 11
ADD 11 3/4 22 1;1
ADC 1/1 3/4 2/2 IEC 11
SuBC 1/1 3/4 2/2 IENC "
AND 1/1 3/4 2/2
OR 1 8/4 2/2 Transfer of Control Instructions
XOR 1/1 3/4 2/2 (Bytes/Cycles)
IFEQ 1/1 3/4 2/2
IENE 1/1 3/4 2/2 Instr Bytes/Cycles
IFGT 11 3/4 2/2 JMPL 3/4
IFBNE 11 2/2 JMP 2/3
DRSZ 1/1 1/3 JP 1/3
SBIT 1/1 3/4 JSRL 3/5
RBIT 1/1 3/4 JSR 2/5
IFBIT 11 3/4 JID 1/3
RET 1/5
RETSK 1/5
RETI 1/5
INTR 1/7
NOP 1/1
Memory Transfer Instructions (Bytes/Cycles)
Register Indirect Register Indirect
Instr Direct Immed. Auto Incr and Decr
[B] [X] [B+,B—] X+,X-1
XA2 2/3
oA " 213 172
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 2/2 2/3 2/2
a. Memory location addressed by B or X directly
b.IFB < 16
c.IFB> 15
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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
= 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 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-
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 us. 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 115.2 kBaud serial link keeps typical
program download time 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%

MetaLink 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%

MetaLink 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-COP8/880/1

iceMASTER.

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

Model File Rev 3.050

Firmware: Ver. 6.07

FThese 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 4.5V-5.5V COP912C, COP12CH
MHW-880C20DWPC 20DIP 2.5V-6.0V COP912C, COP912CH
MHW-SO0IC20 20SO 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

MetalLink iceMASTER emulators.

Assembler Ordering Information

Part Number Description Manual
COP8-DEV-IBMA [ COP8 Assembler/ | 424410632-001
Linker/Librarian for
IBM®, PC-XT®, AT®
or compatible

SINGLE CHIP EMULATOR DEVICE

The COP8 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 20 DIP oTP COP912C,
COP912CH
COP8782CJ 20 DIP 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/O-Unisite; (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
software and utilities could be found. The minimum require-
ment for accessing the Dial-A-Helper is a Hayes compatible
modem.

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

Information System Package contains:
Dial-A-Helper Users Manual
Public Domain Communications Software

FACTORY APPLICATIONS SUPPORT

Dial-A-Helper also provides immediate factory applications
support. If a user has questions, he can leave messages on
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

1-27

HOZ16d03/2216d0D




COP620C/622C/640C/642C/820C/822C/840C/842C/920C/922C/940C/942C
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COP620C/COP622C/COP640C/COP642C/
COP820C/COP822C/COP840C/COP842C/
COP920C/COP922C/COP940C/COP942C
Single-Chip microCMOS Microcontrollers

General Description

The COP820C and COP840C are members of the COPS™
microcontroller family. They are fully static parts, fabricated
using double-metal silicon gate microCMOS technology.
This low cost microcontroller is a complete microcomputer
containing all system timing, interrupt logic, ROM, RAM, and
1/0 necessary to implement dedicated control functions in a
variety of applications. Features include an 8-bit memory
mapped architecture, MICROWIRE/PLUS™ serial I/0, a
16-bit timer/counter with capture register and a multi-
sourced interrupt. Each 1/0 pin has software selectable op-
tions to adapt the device to the specific application. The
part operates over a voltage range of 2.5 to 6.0V. High
throughput is achieved with an efficient, regular instruction
set operating at a 1 microsecond per instruction rate.

Features

m Low Cost 8-bit microcontrolier

m Fully static CMOS

m 1 ps instruction time (10 MHz clock)

m Low current drain (2.2 mA at 3 ps instruction rate)
Low current static HALT mode (Typically < 1 uA)

m Single supply operation: 2.5 to 6.0V

1024 bytes ROM/64 Bytes RAM—COP820C family
2048 bytes ROM/128 Bytes RAM—COP840C family
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

— Reset master clear

— 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

MICROWIRE/PLUS serial I/0

28 pin package (optionally 20 pin package)

24 input/output pins (28-pin package)

Software selectable 1/0O options (TRI-STATE®, push-
pull, weak pull-up)

Schmitt trigger inputs on Port G

Temperature ranges: 0°C to +70°C, —40°C to +85°C,
—55°C to +125°C

Form Factor emulation devices

Fully supported by MetaLink’s development systems

Block Diagram
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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 (Vco) v
Voltage at any Pin —0.3Vto Vge + 0.3V
Total Current into Vg Pin (Source) 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 copra2xc, cOP9axc; 0°C < Ta < +70°C unless otherwise specified

Parameter Condition Min Typ Max Units
Operating Voltage
COP9XXC 2.3 4.0 \'
COP9XXCH 4.0 6.0 '
Power Supply Ripple (Note 1) Peak to Peak 0.1 Vge v
Supply Current (Note 2)
CKI = 10 MHz Vgc = 6V,tc = 1 ps 6.0 mA
CKl = 4 MHz Vec = 6V, tc = 2.5 us 4.0 mA
CKI = 4 MHz Vcec = 4V, tc = 25 us 2.0 mA
CKI = 1 MHz Vec = 4V, tc = 10 ps 1.2 mA
HALT Current Vec = 6V, CKI = 0 MHz <0.7 8.0 BA
(Note 3) Vcc = 4V, CKI = 0 MHz <0.4 5.0 pA
Input Levels
RESET, CKI
Logic High 0.9Vce \"
Logic Low 0.1 Vee v
All Other Inputs
Logic High 0.7Vce v
Logic Low 0.2Vcee \"
Hi-Z Input Leakage Vcc = 6.0V -1 +1 pA
Input Pullup Current Vce = 6.0V, V|y = 0V —40 —250 nA
G Port Input Hysteresis 0.35 Ve v
Output Current Levels
D Outputs
Source Vce = 4.5V, Vo = 3.8V -0.4 mA
Vee = 2.3V, Vo = 1.6V -0.2 mA
Sink Vce = 4.5V, VoL = 1.0V 10 mA
Vee = 2.3V, VgL = 0.4V 2 mA
All Others
Source (Weak Pull-Up) Vcc = 4.5V, Vo = 3.2V -10 -110 pA
Vee = 2.3V, Vo = 1.6V -25 —33 nA
Source (Push-Pull Mode) Ve = 4.5V, Vo = 3.8V -0.4 mA
Vee = 2.3V, Vo = 1.6V -0.2
Sink (Push-Pull Mode) Vee = 4.5V, VoL = 0.4V 1.6 mA
Vee = 2.3V, VoL = 0.4V 0.7
TRI-STATE Leakage Vee = 6.0V -1.0 +1.0 RA
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
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COP620C/622C/640C/642C/820C/822C/840C/842C/920C/922C/940C/942C

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 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 Vcc, 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 (COP920C 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 Vcc and the pins will have sink current to Vg when biased at voltages greater than V¢ (the pins
do not have source current when biased at a voltage below Vcc). The effective resistance to Vg is 7509 (typical). These two pins will not latch up. The voltage at

the pins must be limited to less than 14V.

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

Parameter Condition Min Typ Max Units
Instruction Cycle Time (tc)
Ext., Crystal/Resonator Vee 2 4.0V 1 DC us
(Div-by 10) 2.3V < Vg < 4.0V 25 DC us
R/C Oscillator Mode Voo 2 4.0V 3 DC us
(Div-by 10) 2.3V < Voo < 4.0V 7.5 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 Voo 2 4.0V 200 ns
2.3V < Vgg < 4.0V 500 ns
tHoLD Vee 2 4.0V 60 ns
2.3V < Vg < 4.0V 150 ns
Output Propagation Delay CL = 100 pF, R = 2.2k
tep1, tPDo
SO, SK Vee 2 4.0V 0.7 s
2.5V < Voo < 4.0V 1.756 us
All Others Vce 2 4.0V 1 s
2.5V < Vgg < 4.0V 25 us
MICROWIRET™ Setup Time (tyws) 20 ns
MICROWIRE Hold Time (tywH) 56 ns
MICROWIRE Output
Propagation Delay (typp) 220 ns
Input Pulse Width
Interrupt Input High Time tc
Interrupt Input Low Time tc
Timer Input High Time tc
Timer Input Low Time tc
Reset Pulse Width 1.0 s

Note 5: Parameter sampled (not 100% tested).
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COP820C/COP822C/COP840C/COP842C o
. . -
Absolute Maximum Ratings N
If Military/Aerospace specified devices are required, Total Current out of GND Pin (Sink) . 60mA 1 Q
please contact the National Semiconductor Sales Storage Temperature Range —-65°Cto +140°C | o5
Office/Distributors for availability and specifications. Note: Absolute maximum ratings indicate limits beyond B
Supply Voltage (V) 7v which damage to the device may occur. DC and AC electri- Q
Voltage at any Pin —0.3Vto Vge + 0.3V cal specifications are not ensured when operating the de- 2
Total Current into Vg Pin (Source) 50 mA vice at absolute maximum ratings. 8
. T ~
DC Electrical Characteristics cops2xc, copsaxc: —40°C < T, < +85°C unless otherwise specified 4
N
Parameter Condition Min Typ Max Units Q
Operating Voltage 2.5 6.0 v g
Power Supply Ripple (Note 1) Peak to Peak 0.1 Voo " 8
Supply Current (Note 2) P~
CKI = 10 MHz Ve = 6V,tc = 1 pus 6.0 mA 3
CKI = 4 MHz Voo = 6V, tc = 25 us 40 mA o
CKI = 4 MHz Vce = 4.0V, tc = 2.5 us 2.0 mA ;
CKl = 1 MHz Voo = 4.0V, tc = 10 us 1.2 mA S
HALT Current (Note 3) Vec = 6V, CKI = 0 MHz <1 10 pA 8
Input Levels ;
RESET, CKI o
Logic High 0.9 Ve \Y Q
Logic Low 0.1 Vg \" «©
All Other Inputs 8
Logic High 0.7 Ve v Q
Logic Low 0.2Vce v S
Hi-Z Input Leakage Vcec = 6.0V -2 +2 MA Y
Input Pullup Current Vee = 6.0V, V)y = OV —40 —250 MA Q
©
G Port Input Hysteresis 0.35 Voo v g
Output Current Levels Q
D Outputs ©
Source Vee = 4.5V, Vou = 3.8V -04 mA -
Vce = 2.5V, Vo = 1.8V -0.2 mA (9]
Sink Vee = 4.5V, VoL = 1.0V 10 mA
Vce = 2.5V, VoL = 0.4V 2 mA
All Others
Source (Weak Pull-Up) Vece = 4.5V, Voy = 3.2V -10 —-110 MA
Vce = 2.5V, Vo = 1.8V —-25 —-33 BA
Source (Push-Pull Mode) Vece = 4.5V, Vo = 3.8V -0.4 mA
Vo = 2.5V, Vo = 1.8V -0.2
Sink (Push-Pull Mode) Voe = 4.5V, VoL = 0.4V 1.6 mA
Vee = 2.5V, VgL = 0.4V 0.7
TRI-STATE Leakage -2.0 +2.0 pA
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 v
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—GS configured as
outputs and set high. The D port set to zero.

Note 4: Except pin G7: +100 mA, —25 mA (COP820C 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 Vcc and the pins will have sink current to Vo 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 7500 (typical). These two pins will not latch up. The voltage at
the pins must be limited to less than 14V.

1-31



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

COP820C/COP822C/COP840C/COP842C

AC Electrical Characteristics —40°c < T5 < +85°C unless otherwise specified

Parameter Condition Min Typ Max Units
Instruction Cycle Time (tc)
Ext. or Crystal/Resonator Voo 2 4.5V 1 DC ns
(Div-by 10) 2.5V < Vg < 4.5V 25 DC us
R/C Oscillator Mode Voo 2 4.5V 3 DC us
(Div-by 10) 2.5V < Voo < 4.5V 7.5 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 Veg = 4.5V 200 ns
2.5V < Vg < 4.5V 500 ns
tHoLD Vce = 4.5V 60 ns
2.5V < Vg < 4.5V 150 ns
Output Propagation Delay CL = 100 pF, R = 2.2kQ
trp1, tPDO
SO, SK Vce 2 4.5V 0.7 s
2.5V < Voo < 4.5V 1.756 us
All Others Vee = 4.5V 1 us
2.5V < Vpog < 4.5V 2.5 us
MICROWIRE Setup Time (tyws) 20 ns
MICROWIRE Hold Time (tywH) 56 ns
MICROWIRE Output
Propagation Delay (typp) 220 ns
Input Pulse Width
Interrupt Input High Time tc
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).

Timing Diagram

N

SO

>
-

FIGURE 2. MICROWIRE/PLUS Timing

TL/DD/9103-19
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COP620C/COP622C/COP640C/COP642C

Absolute Maximum Ratings

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

Total Current out of GND Pin (Sink) 48 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.

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

DC Electrical Characteristics core2xc, copsaxc: —55°C < T4 < +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 Voo \"
Supply Current (Note 2)

CKI = 10 MHz Voo = 5.5V,tc = 1 us 6.0 mA

CKl = 4 MHz Ve = 5.5V,tc = 2.5 us 4 mA
HALT Current (Note 3) Vee = 5.5V, CKI = 0 MHz <10 30 RA
Input Levels

RESET, CKI

Logic High 0.9Vce v

Logic Low 0.1 Vee \"
All Other Inputs

Logic High 0.7Vece \"

Logic Low 0.2Vcee "
Hi-Z Input Leakage Vee = 5.5V -5 +5 MA
Input Pullup Current Veoe = 4.5V, V|y = 0V -35 —300 wA
G Port Input Hysteresis 0.35 Ve v
Output Current Levels
D Outputs

Source Vce = 4.5V, Vpoy = 3.8V —0.35 mA

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

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

Source (Push-Pull Mode) Vce = 4.5V, Vou = 3.8V —0.35 mA

Sink (Push-Pull Mode) Vee = 4.5V, VoL = 0.4V 1.4 mA

TRI-STATE Leakage -5.0 +5.0 RA
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) 25 \

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 V¢, L and G0—GS5 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 Vg and the pins will have sink current to Vo when biased at voltages greater than Vcc (the pins
do not have source current when biased at a voltage below V). The effective resistance to Vg is 75092 (typical). These two pins will not latch up. The voltage at

the pins must be limited to less than 14V.
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COPB20C/COP622C/COPG40C/C0OPG42C
AC Electrical Characteristics —s5°c < T5 < +125°C unless otherwise specified
Parameter Condition Min Typ Max Units
Instruction Cycle Time (tc)
Ext. or Crystal/Resonant Ve 2 4.5V 1 DC us
(Div-by 10)
CKI Clock Duty Cycle fr = Max 40 60 %
(Note 5)
Rise Time (Note 5) fr = 10 MHz Ext Clock 12 ns
Fall Time (Note 5) fr = 10 MHz Ext Clock 8 ns
Inputs
tseTUP Voo 2 4.5V 220 ns
tHoLD Vee 2 4.5V 66 ns
Output Propagation Delay Ry = 2.2k, C_ = 100 pF
tpD1, tPDO
SO, SK Vee 2 4.5V 0.8 ps
All Others Voo 2 4.5V 1.1 s
MICROWIRE Setup Time (tyws) 20 ns
MICROWIRE Hold Time (tywr) 56 ns
MICHOWIHE Output Valid 220 ns
Time (typp)
Input Pulse Width
Interrupt Input High Time tc
Interrupt Input Low Time tc
Timer Input High Time tc
Timer Input Low Time tc
Reset Pulse Width 1 us

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

Note 5: Parameter sampled (not 100% tested).
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Typical Performance Characteristics (-40°:c < 15 < +85°0)
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DUAL-IN-LINE PACKAGE
20 DIP
Ny
64/50 =41 20}~ 63/m0
G5/SK =42 19 =62
G6/sI=—43 1861
G7/CKO—14 17 = GO/INT
cKi—5 16 | RESET
vcc—16 15 = GND
L0—7 145=17
L1—8 13p=L6
L2—19 12p=~L5
L3—10 1Mp=L4
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
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Ny
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TL/DD/9103-18
Order Number COP820C-XXX/WM,
COP840C-XXX/WM,
COP920C-XXX/WM or
COP940C-XXX/WM
See NS Package Number M28A
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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
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FIGURE 3. Connection Diagrams
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Pin Descriptions

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 | is a four bit Hi-Z input port.

PORT L is an 8-bit 1/0 port.

There are two registers associated with each L I/0 port: a
data register and a configuration register. Therefore, each L
1/0 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 |/0 pins (GO-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 |/0 port: a data register
and a configuration register. Therefore, each /0 bit can be
individually configured under software control as shown be-
low.

PortG Port G PortG
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. 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 S| (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 V¢ 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.

NATA MMEMADVY
VA IA MEVIVN T

The data memory address space includes on chip RAM, I/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 170 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 externai 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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FIGURE 4. Recommended Reset Circuit
OSCILLATOR CIRCUITS
Figure 5 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 CKI 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.

CKI cKO
RESTART
i
EXTERNAL
CLOCK
c
cKI KO

R f
L« MMV
e RESTART
T

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 Oscillator Configuration, T = 25°C

R1 R2 c1 c2 CKIl Freq Conditions
(kQ) (MQ) (pF) (pF) (MHz)
0 1 30 30-36 10 Voo = 5V
0 1 30 30-36 4 Voo = 5V
0 1 200 100-150 0.455 Vee = 5V
TABLE Il. RC Oscillator Configuration, Ty = 25°C
R C CKI Freq. Instr. Cycle
Conditions
(k) (pF) (MHz) (n8)
3.3 82 22t02.7 3.7t04.6 Veg = 5V
5.6 100 1.1t01.3 7.4109.0 Vee = 5V
6.8 100 0.9to 1.1 8.81010.8 Vee = 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 (CKI/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—Ii4
5) DC current caused by external input not at Vg or GND—
15
Thus the total current drain, It is given as
t=1+12+183+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 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.
I2=CxVxf
Where
C = equivalent capacitance of the chip.
V = operating voltage
f = CKI frequency

HALT MODE

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 (Vcc) 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 ENTI 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 Giobai interrupt Enabie (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 RETI 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.
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Functional Description continued)
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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 accessing undefined ROM will
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 |ll details the different clock rates
that may be selected.

TABLE Il
SL1 SLO SK Cycle Time
0 0 2tc
0 1 atc
1 X 8tc
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
G5
C G:‘ Confi G4 68 a6 Operation
ontig. 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| SI | 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.

] » SO
I_ 8=BIT SI0 s
REGISTER &

SHIFT CLOCK

nNTw >—->0

CLOCK
SELECT

ﬁ CNTRL
TL/DD/9103-12

FIGURE 7. MICROWIRE/PLUS Block Diagram

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 TIO (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 9)

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 specified 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.)

&
<

cs cs
1/0 1/0
LINES cop 8-BIT LcD 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 4 h A A
Sij< S0
) » S|
SK P sk

TL/DD/9103-13

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

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.
}?%L_oilrg é\ggo 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
{} T TRUN bit starts the timer which counts down at the instruc-
T1 53 oaral 1o tion cycle rate. The underflow toggles the TIO output and
tt=> 16-8IT TIMER/ M LarcH PP outeut 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
[ INTERNAL DATA BUS 1
INTERRUPT

R1
16 - BIT
CAPTURE REG.

¢ ik
¢ 16 - BIT TIMER

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

v

ty

TI0 INPUT—-@—

successive interrupt a PWM frequency can be easily gener-
ated.

(0: TI0 A SIMPLE D= A

P c CONVERTER USING
THE TIMER TO

8 T GENERATE A PWM

2 ’ 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

| To1 [ tc2] toa [ TRun | mseL [ iEDG [ si1 [ sto |
BIT7 BITO

PSW REGISTER (ADDRESS X’00EF)

The PSW register contains the following select bits:
GIE Gilobal 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

| Hc [ c [ veno [ enti [ ien [ Busy [ eni | Gie |
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 is implemented 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

CO0 to CF [Expansion Space for I/0 and Registers

DO to DF|On Chip 1/0 and Registers
DO  |Port L Data Register
D1 |Port L Configuration Register
D2  |PortL 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 C
DC |Port D Data Register

DD-DF |Reserved for Port D

EO to EF|On Chip Functions and Registers
EO-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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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

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 Half Carry
GIE  1-bit of PSW register for global interrupt enable

Symbols

[B] Memory indirectly addressed by B register

[X] Memory indirectly addressed by X register

Mem Direct address memory or [B]

Meml| Direct address memory or [B] or Immediate data

Imm  8-bit Immediate data

Reg Register memory: addresses FO to FF (Includes B, X
and SP)

Bit Bit number (0 to 7)

<«—  Loaded with

<«<—> Exchanged with

Instruction Set

ADD add A «— A+ Mem|
ADC add with carry A «<— A+ Meml + C,C « Carry
HC <« Half Carry
SuBC subtract with carry A < A + Meml +C,C <« Carry
HC <— Half Carry
AND Logical AND A < Aand Meml|
OR Logical OR A < AorMeml|
XOR Logical Exclusive-OR A <« Axor Meml|
IFEQ IF equal Compare A and Meml, Do next if A = Meml
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, skip if Reg goes 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,
Mem is 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 «— Bx1)
X Exchange A with memory [X] A <> [X] (X < X*1)
LDA Load A with memory [B] A « [B] (B «— B+1)
LDA Load A with memory [X] A «— [X] (X «— Xx1)
LDM Load Memory Immediate [B] «— Imm (B <« Bx1)
CLRA Clear A A<« 0
INCA Increment A Ae— 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—> A7 —> ... > A0 > C
SWAPA Swap nibbles of A A7...Ad4 «— A3.. A0
SC SetC C « 1,HC «— 1
RC Reset C C « 0,HC «— 0
IFC IfC If C is true, do next instruction
IFNC If notC If C is not true, do next instruction
JMFL Jump apbsoilute long PO <« 11(l = 15 DItS, U 0 32K)
JMP Jump absolute PC11..0 <« i(i = 12 bits)
JP Jump relative short PC «— PC + r(ris —31to +32, not 1)
JSRL Jump subroutine long [SP] «— PL,[SP-1] «— PU,SP-2,PC « i
JSR Jump subroutine [SP] < PL,[SP-1] «— PU,SP-2,PC11..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,[SP—1] < PU,SP-2,PC «— OFF
NOP No operation PC <« PC + 1
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Bits 3-0

OPCODE LIST

(e1qe1 Bumojjoy v8s) opoado pesnun ue si ,

uoneoo| Alowsw passalppe Ajoaip e st P

elep sleipeww) eyl st |

‘210UM

4440-0040 | 4440-0040 81’2 | (81’2 % " *

9L +dfr|2€ +dr dAr ysr 403Nedl [ 0'g@1 | Ligd | L18s | 1134 440ZSHa | #4401 | 9L-dr | O-dF
4430-0030 | 4430-0030 [gl'9 |[al‘9 1#°8 | 8] Ix]

SL+dr | e +dr diNr ysr 303Ngdl | L'aqd1 | Lgd | Lgs | 134 a1l |‘'val| ‘vai | 340ZsHa | '#340Q7 | Zb-dr | b-dr
4400-00a0 | 4400-0000 [el's | [al's PW

vL+dr | 0€ + dr dr usr Qo3Ngdl | 2'9a1 | llgd | 1igS |MSL13d| ‘vd1l |7WSr| HId | ad40ZsHa | !#‘040Q7 | 8L-dr | g-dr
4400-0000 | 4400-0000 [8l'v | [8l'v % 1#

€L+ dr | 62 + dr dr dsr O03Ngdl | €87 | ligd | ligs PW'VY X | 1dWr | ‘PN AT | 0402ZSHA | 1#°040Q7 | 61-dl | €-dF
4480-0080 | d4490-0080 [gl'e | [al'e 1#[-g] | [-8] | [-X]

2L +dr|8e+dr drP usr g03Nedl | v'8qd1 | Ligd | Ligs | vo3a al ‘val| ‘val | ed402zsHa | '#‘840Q1 | 0g-dr | v-dr
44V0-00¥0 | 44V0-00v0 [gl'c | [8l'z 1#°0+8] | [+8] | [+X]

FL+dr |22 +dr dAr usr VO3NEdl | §'8a71 | llgd | 1i8S | VONI al ‘val| ‘'vail | v40zsHa | '#'v40Q7 | 12-dr | §-dr
4460-0060 | 4460-0060 [|re | [ar % N "

0L +dr |92 + dr dWr ysr 63NE4lI | 9'8a1 | Ligd | Ligs | ON4l 640ZSHQ | !#'640Q7 | 22-dr | 9-dr
4480-0080 | 4480-0080 [al'oc | [gl'0 1# .

6+dr |SC+dr dnr ysr 83NEdl | 2'8Q1 | Lgd | Lgs | Odl ‘val dON | 840ZSHa | !'#'840Q7 | €e-dr | £-dr
44£0-00£0 | 44£0-00£0 " 812 | €'V I# " *

8+dr |2 +dr dnr dsr L3Ngdl | s'ad ligdi | 4O 'V HO £40ZSHQ | '#°240Q1 | ve-dr | 8-dr
4490-0090 | 4490-0090 [gl'e | [8]'V I# [8] X1

L+dr | €2 +dr dr ysr 93NE8dl | 6'907 |VHOOQ | Ligdl | HOX | 'VHOX | VX | '¥X |940ZSHQ | !#'940Q1 | Se-dr | 6-dr
4450-0050 | 4450-0050 [8l's | [gl'v 1# *

9+dr [22+dr dAr usr S3NEdl | vV0'8a7|VdVMS | Ligdl | GNV | ‘'VYaNv | ar §40ZSHQ | 1#'540Q1 | 92-dr | Ok-dr
44v0-00v0 | 44+0-00¥0 8]y | [dl'v 1# *

S+dr 12 +dr dnr usr v3aNEdl | 80'8a7| vd1O |L8di| aav | ‘'vaavy | aivil v40ZSHA | '#v40Q7 | L&-dr | +b-dr
44€0-00€0 | 44€0-00€0 " [8l'e | [V 1# [-a1| [-x]

v +dr |02 +dr dr usr £3Ngdl | 00'8 Q1 Lladi | 1941 | ‘ViDdl | ‘'YX | ‘'VX |[€40ZSHQ | !#'€40Q7 | 82-dr | gk-dr
4420-0020 | d4420-0020 " [gl'c | [8]l'v 1# [+8] | [+X]

€+dr 6L +dr dnr usr 23Nedl |go'aadn Llgdl | 03dl | 'VO3dl | 'YX | 'VX |240ZSHa | !'#'240Q1 | 62-dr | EL-dr
4410-00L0 | 4410-0040 * [ar'e | [8l'v I# "

Zg+dr [8L+dr diNr ysr L3Ngdl | 30°'8a1 ligdi | o8ns |‘'voans| oS 140 ZSHA | '#°140Q7 | 0E-dr | ¥i-dP
4400-0000 | 4300-0000 " [gl'o | [g] 1#

HINI | ZL +dP dAP ysr 03Ngdl | do‘8al ligdl {‘'vOoQv | 'vOa¥ | OH | VOHH | 040ZSHQ | !#°040Q7 | be-dr | Gb-dr
0 I 4 € v S 9 l 8 6 v | o] a 3 4
v-Lsug
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Inatriintinn Evaniitinn Tima
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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
P! P
BYTES and CYCLES per 0 NoP Ao NoP
61 NOP AF LDA, [B]
INSTRUCTION 62 NOP B1 C — HC
The following table shows the number of bytes and cycles 63 NOP B4 NOP
for each instruction in the format of byte/cycle. 67 NOP B5 NOP
8C RET B7 XA, [X]
Arithmetic and Logic Instructions 99 NOP B9 NOP
oF LD [B], #i BF LDA, [X]
[B] Direct Immed. A7 XA, [B]
ADD 11 3/4 2/2 A8 NOP
ADC 1/1 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 1/1 3/4 2/2
IFGT 11 3/4 2/2
IFBNE 1/1
DRSZ 1/3
SBIT 1/1 3/4
RBIT 11 3/4
IFBIT 1/1 3/4
Memory Transfer Instructions
Register Register Indirect
Indirect | Direct| Immed.| Auto Incr & Decr
B] [x] [B+,B-] [X+,X-]
XA* 1/1 1/3| 2/3 1/2 1/3
LDA* /1 1/3| 2/3 2/2 i/2 /3
LD B,Imm 11 (If B < 16)
LD B,Imm 2/3 (If B > 15)
LD Mem,Imm| 2/2 3/3 2/2
LD Reg,Imm 2/3

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

Instructions Using A & C

Transfer of Control Instructions

CLRA in
INCA 11
DECA 1/1
LAID i/3
DCORA 11
RRCA 1/1
SWAPA 1/1
SC 11
RC 11
IFC i1
IFNC 1/1

JMPL 3/4
JMP 2/3
JP 1/3
JSAL 3/5
JSR 2/5
JID 1/3
RET 1/5
RETSK 1/5
RETI 1/5
INTR 1/7
NOP 11
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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

= 2NA.

= 3 20 pin package

= 4 20 SO package

= 528 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 microcontroller to be developed and order the
parts listed. Contact the sales office for more detail.

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 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 us. 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 115.2 kBaud serial link keeps typical
program download time 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%

Metalink 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%

MetalL.ink 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. Firmware: Ver.6.07.

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

Model File Rev 3.050.

$These parts include National's COP8 Assembler/Linker/Librarian Package (COP8-DEV-IBMA)
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Probe Card Ordering Information

Part Number Package Voltage Range Emulates
MHW-880C20D5PC 20 DIP 4,5V-5.5V COP822C, 842C, 8782C
MHW-880C20DWPC 20DIP 2.5V-6.0V COP822C, 842C, 8782C
MHW-880C28D5PC 28 DIP 4.5V-5.5V COP820C, 840C, 881C, 8781C
MHW-880C28DWPC 28 DIP 2.5V-6.0V COP820C, 840C, 881C, 8781C

SINGLE CHIP EMULATOR DEVICE

The COP8 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.

MACRO CROSS ASSEMBLER

National Semiconductcr 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

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

Part Number Description Manual
COP8-DEV-IBMA | COP8 Assembler/ | 424410632-001
Linker/Librarian for
IBM®, PC-XT®, AT®
or compatible
Single Chip Emulator Selection Table
Device Number Clock Option Package Description Emulates
COP8781CN Programmable 28 DIP One Time Programmable (OTP) COP840C,
COP820C
COP8781CJ Programmable 28 DIP UV Erasable COP840C,
COP820C
COP8781CWM Programmable 28 SO OTP COP840C,
COP820C
COP8782CN Programmable 20 DIP OTP COP842C,
COP822C
COP8782CJ Programmable 20 DIP UV Erasable COP842C,
COP822C
COP8782CWM Programmable 20 SO OTP COP842C,
COP822C
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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
and Product

U.S. Phone
Number

Europe Phone
Number

Asia Phone
Number

MetalLink-Debug
Module

(602) 926-0797

Germany: +49-81-41-1030

Hong Kong: +852-737-1800

Xeltek-Superpro

(408) 745.7974

Germany: +49-20-41 684758

Singapore: +65 276 6433

BP Microsystems-

(800) 225-2102

Germany: +49-89-857 66 67

Hong Kong: + 852 388 0629

EP-1140

Data 1/0- Unisite; (800) 322-8246 Europe: +31-20-622866 Japan: + 33-432-6991
-System 29, Germany: + 49-89-85-8020
-System 39

Abcom- COP8 Pro- Europe: +89 80 8707

grammer

System General (408) 263-6667 Switzerland: +31-921-7844 Taiwan Taipei: + 2-9173005

Turpro-1-FX;
-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
software and utilities could be found. The minimum require-
ment for accessing the Dial-A-Helper is a Hayes compatible
modem.

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

Information System Package contains:
Dial-A-Helper Users Manual
Public Domain Communications Software

FACTORY APPLICATIONS SUPPORT

Dial-A-Helper also provides immediate factory applications
support. If a user has questions, he can leave messages on
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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COP820CJ/COP822CJ/COP823CJ

AR . PR . ; .
ujvamonat demiconaucior

PRELIMINARY

COP820CJ/COP822CJ/COP823CJ
Single-Chip microCMOS Microcontroller

General Description e P DAM
The COP820CJ is a member of the COPSTM 8-bit Microcon- m Comparator
troller family. It is a fully static Microcontroller, fabricated . . .
using double-metal silicon gate microCMOS technology. u Modulat'or(Tlmer (High speed PWM Timer for IR
This low cost Microcontroller is a complete microcomputer Transmission) .
containing all system timing, interrupt logic, ROM, RAM, and ~ ® Multi-Input Wakeup (on the 8-bit Port L)
1/0 necessary to implement dedicated control functionsina @ Brown Out Protection
variety of applications. Features include an 8-bit memory  ® 4 high current 1/0 pins with 15 mA sink capability
mapped architecture, MICROWIRE™ serial 1/0, a 16-bit m MICROWIRE/PLUS™ serial 1/0
timer/counter with capture register, a multi-sourced inter- g 16-bit read/write timer operates in a variety of modes
rupt, Comparator, WATCHDOGT™™ Timer, Modulator/Timer, — Timer with 16-bit auto reload register
Brown out protection and Multi-input Wakeup. Each |/0 pin — 16-bit external event counter
has software selectable options to adapt the device to the — Timer with 16-bit capture register (selectable edge)
specific application. The device operates over a voltage g Multi-source interrupt
range of 2.5V to 6.0V. High throughput is achieved with an — External interrupt with selectable edge
efficient, regular instruction set operating at a 1 us per in- — Timer interrupt or capture interrupt
struction rate. — Software interrupt
B 8-bit stack pointer (stack in RAM)
Features o ® Powerful instruction set, most instructions single byte
m Low costlB-blt Microcontroller B BCD arithmetic instructions
m Fully ;tatlc QMOS m 28- and 20-pin DIP/SO package or 16-pin SO package
® 1 ps instruction time m Software selectable 1/O options (TRI-STATE®, push-
| Low current drain ) pull, weak pull-up)
- Low current static HALT mode m Schmitt trigger inputs on Port G and Port L
m Single supply operatlon. 2.5V t0 6.0V m Fully supported by MetaLink’s development systems
m 1024 x 8 on-chip ROM m One-Time Programmable (OTP) emulator devices
Block Diagram
CLOCK
HALT
RESET
I BROWN OUT I 16-BIT MICRO- 1/0
TIMER WIRE/ WATCHDOG COMPARATOR
TIMER G L D |
INTERRUPT Ll PLUS 8 BITs | 8 BiTS | 4 BITS | 4 BITS
b r A r y y
A\ 4 A4 A4 A 4 Y \4 _VV
-~ - -~ —Ak
b A 4
A y
INSTR B
64 MULTI
DECODE - MODULATOR/ 1k RYTFS INPUT
LOGIC HIMEK KUM RAM WAKEUP
SP
ILLEGAL Pv 4___|
A
COND CNTRL PC
DETECT CPU REGISTERS
ADDR
REG
TL/DD/11208-1

FIGURE 1. Block Diagram




COP820CJ/COP822CJ/COP823CJ

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) 7.0V
Voltage at any Pin —0.3Vto Ve + 0.3V
Total Current into Vg pin (Source) 80 mA

Total Current out of GND pin (sink) 80 mA
Storage Temperature Range —65°Cto +150°C
Note: Absolute maximum ratings indicate limits beyond
which damage to the device may occur.

DC and AC electrical specifications are not ensured when
operating the device at absolute maximum ratings.

DC Electrical Characteristics —40°c < T4 < +85°C unless otherwise specified

Parameter Conditions Min Typ Max Units
Operating Voltage Brown Out Disabled 25 6.0 v
Power Supply Ripple 1 (Note 1) Peak to Peak 0.1 Ve v
Supply Current (Note 2)
CKl = 10 MHz Ve = 6V,tc = 1 us 6.0 mA
CKl = 4 MHz Vce = 6V, tc = 25 us 35 mA
CKl = 4 MHz Vec = 4.0V, tc = 2.5 us 2.0 mA
CKI = 1 MHz Vcg = 4.0V, tc = 10 ps 15 mA
HALT Current with Brown Out
= = <
Disbled (Note 3) Vce = 6V, CKI = 0 MHz 1 10 nA
HALT Current with Brown Out Vce = 6V, CKI = 0 MHz <50 110 BA
Enabled
Brown Out Trip Level
(Brown Out Enabled) 18 81 42 v
INPUT LEVELS (Vi, Vi)
Reset, CKI:
Logic High 0.8 Vcc v
Logic Low 0.2Vce Vv
All Other Inputs
Logic High 0.7 Voo "
Logic Low 0.2Vee "
Hi-Z Input Leakage Vee = 6.0V -2 +2 RA
Input Pullup Current Vcec = 6.0V, V)y = 0V —-40 —250 rA
L- and G-Port Hysteresis (Note 5) 0.35 Ve \%
Output Current Levels
D Outputs:
Source Vce = 4.5V, Vo = 3.8V -0.4 mA
Vce = 2.5V, Vo = 1.8V -0.2 mA
Sink Ve = 4.5V, VoL = 1.0V 10 mA
Vce = 2.5V, Voy = 0.4V 2 mA
L4-L7 Output Sink Vce = 4.5V, VoL = 2.5V 15 mA
All Others
Source (Weak Pull-up Mode) Voo = 4.5V, Vou = 3.2V -10 -110 pA
Vce = 2.5V, Vou = 1.8V -25 -33 pA
Source (Push-pull Mode) Vcc = 4.5V, Vou = 3.8V -04 mA
Vee = 2.5V, Vo = 1.8V -0.2 mA
Sink (Push-pull Mode) Ve = 4.5V, VoL = 0.4V 1.6 mA
Vce = 2.5V, VgL = 0.4V 0.7 mA
TRI-STATE Leakage -20 +2.0 pA
Allowable Sink/Source
Current Per Pin
D Outputs 15 mA
L4-L7 (Sink) 20 mA
All Others 3 mA
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COP820CJ/COP822CJ/COP823CJ

DC Electrical Characteristics -4o0°c < Ta < +85°C unless otherwise specified (Continued)

Parameter Conditions Min Typ Max Units
M.aximum Input Current Room Temperature £100 mA
without Latchup (Note 4)

RAM Retention Voltage, V, 500 ns Rise and 20 v
Fall Time (Min) :

Input Capacitance 7 pF

Load Capacitance on D2 1000 pF

Note 1: Rate of voltage change must be less than 10 V/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 crystal configurations. HALT test conditions: L, and GO..G5 ports configured as outputs and set
high. The D port set to zero. All inputs tied to Vcc. The comparator and the Brown Out circuits are disabled.
Note 4: Pins G6 and RESET are designed with a high voltage input network. These pins allow input voltages greater than Vcc and the pins will have sink current to
Vce when biased at voltages greater than Vg (the pins do not have source current when biased at a voltage below Vcg). The effective resistance to Vcg is 7500

(typical). These two pins will not latch up. The voltage at the pins must be limited to less than 14V.

AC Electrical Characteristics —0c < Ta < +85°C unless otherwise specified

Parameter Conditions Min Typ Max Units
Instruction Cycle Time (tc)
Crystal/Resonator 4.5V < Vg < 6.0V 1 DC us
2.5V < Vg < 4.5V 25 DC us
R/C Oscillator 4.5V < Vgg < 6.0V 3 DC us
2.5V < Vgg < 4.5V 7.5 DC us
Ve Rise Time when Using Brown Out Vec = 0Vto 6V 50 us
Frequency at Brown Out Reset 4 MHz
CKI Frequency For Modular Output 4 MHz
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 4.5V < Vg < 6.0V 200 ns
2.5V < Vg < 4.5V 500 ns
tHold 4.5V < Vo < 6.0V 60 ns
2.5V < Vg < 4.5V 150 ns
Output Propagation Delay Rp = 2.2k, CL = 100 pF
tpp1, tPDO
SO, SK 4.5V < Vg < 6.0V 0.7 s
2.5V < Vgg < 4.5V 1.75 us
All Others 4.5V < Voo < 6.0V 1 us
2.5V < Vg < 4.5V 5 1S
Input Pulse Width
Interrupt Input High Time 1 tc
Interrupt Input Low Time 1 tc
Timer Input High Time 1 tc
Tiine :uput Low Time i tc
MICROWIRE Setup Time (t,ws) 20 ns
MICROWIRE Hold Time (t,wH) 56 ns
MICROWIRE
IRE Output 220 ns
Propagation Delay (t,.pp)
Reset Pulse Width 1.0 ps

Note 5: Parameter characterized but not production tested.




AC Electrical Characteristics (continued)

s
. -

FIGURE 2. MICROWIRE/PLUS Timing

TL/DD/11208-2

S
ro€28d09/1r3228d0J/1r0028d0D

Comparator DC and AC Characteristics v < v < 6v, —40°C < T5 < + 85°C (Note 1)

Parameters Conditions Min Type Max Units
Input Offset Voltage 0.4V < V)N < Vgg — 1.5V +10 125 mV
Input Common Mode Voltage Range 0.4 Vec — 1.6 \
Voltage Gain 300k VIV
DC Supply Current (when enabled) Voo = 6.0V 250 HA
Response Time TBD mV Step, ‘ 1 s
TBD mV Overdrive, 100 pF Load

Note 1: For comparator output current characteristics see L-Port specs.

Connection Diagrams

-
G4/s0—{ 1 28}—63/TI0
65/SK=4 2 27p=62 \\j
66/51— 3 26-c1 64/s0—1 20f—-c3/TiI0
67/cKO—{ 4 25=G0/INT 65/sk—{2 19f=62 66/s1—{ 1 ~ 16 =65
cKi—5 24|~ RESET 66/s1—3 18[=61 67/cko—{ 2 15 f=63/T10
Ve 23b=cnp 67/cko—{4 17}~ co/INT v 14 -rEsEr
10— 7 2203 CKI=—15 16 == RESET Vee—{ 4 13 b=GND
11—8 21}=D2 Vec =16 15 IGND L0/CMPOUT =1 5 12 f=L7/MODOUT
1249 20}=p1 Lo/cMpout— 7 14f—L7/mopouT L1/CMPIN-—] 6 111=1s
131 10 19b=Do0 L1/CMPIN-=—18 13p=L6 L2/CMPIN+— 7 10 =15
Lo/cMPouT—f 11 18}—L7/MoDOUT L2/CMPIN+—{ 9 12f=15 e M ol—14
L1/CMPIN- =] 12 17f=L6 L3=—10 1p—=L4
L2/CMPIN+—] 13 16f~L5 TL/DD/11208-5
e 15kb=14 . TL/DD/11208-4 Top View
Top View Order Number COPCJ823-XXX/WM
TL/DD/11208-3 Order Number COPCJ822-XXX/N or
Top View COPCJ822-XXX/WM

Order Number COPCJ820-XXX/N or
COPCJ820-XXX/WM

FIGURE 3. Connection Diagrams
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Typical Performance Characteristics
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COP820CJ Pin Assignment

Pc.)rt Typ ALT 1 6 20 2.8

Pin Funct. Pin | Pin | Pin
LO 1/0 | MIWU/CMPOUT 5 1
L1 1/0 | MIWU/CMPIN— 6 8 12
L2 1/0 | MIWU/CMPIN + 7 9 13
L3 1/0 | MIWU 8 10 | 14
L4 170 | MIWU 9 11 15
L5 170 | MIWU 10 | 12 | 16
L6 1/0 | MIWU 1 13 17
L7 1/0 | MIWU/MODOUT | 12 | 14 | 18
GO I1/0 | INTR 17 25
G1 I1/0 18 26
G2 1/0 19 | 27
G3 I/0 | TIO 15 20 28
G4 1/0 | SO 1 1
G5 1/0 | SK 16 2 2
G6 | Si 1 3 3
G7 | CKO 2 4 4
10 | 7
1 | 8
12 | 9
13 | 10
DO o} 19
D1 o} 20
D2 (@] 21
D3 (0] 22
Voo 4 6 6
GND 13 15 23
CKI 3 5 5
RESET 14 16 24

Pin Description
Vcc 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 | is a 4-bit Hi-Z input port.
PORT L is an 8-bit I/0 port.

There are two registers associated with 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 Port L Port L
Config. Data Setup
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 [00DO0], configuration regis-
ter [00D1] and the input pins [00D2].

Port L has the following alternate features:

LO MIWU or CMPOUT

L1 MIWU or CMPIN —

L2 MIWU or CMPIN +

L3 MIWU

L4 MIWU (high sink current capability)

L5 MIWU (high sink current capability)

L6 MIWU (high sink current capability)

L7 MIWU or MODOUT (high sink current capability)

The selection of alternate Port L functions is done through
registers WKEN [00C9] to enable MIWU and CNTRL2
[00CC] to enable comparator and modulator.

All eight L-pins have Schmitt Triggers on their inputs.
PORT G is an 8-bit port with 6 I/0 pins (GO-G5) and 2 input
pins (G6, G7).

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

There are two registers associated with the G port: a data
register and a configuration register. Therefore each G port
bit can be individually configured under software control 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 0 Push-pull Zero Output
1 1 Push-pull One Output

Three data memory address locations are allocated for this

port, one for data register [00D3], 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 zeros. Note that the device 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
option is R/C or external clock)

ro€¢8d0J/1rd2e8d0J/1r3028d0D




COP820CJ/COP822CJ/COP823CJ

Pin Description (continued)

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
CNTRL1 [00EE] to select TIO and MICROWIRE operations.
PORT D is a four bit output port that is preset when RESET
goes low. One data memory address location is allocated
for the data register [00DC].

Note: Care must be exercised with the D2 pin operation. At RESET, the
external loads on this pin must ensure that the output voltages stay above
0.8 Vg to prevent the chip from entering special modes. Also keep the
external loading on D2 to less than 1000 pF.

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 s 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.

SP s the 8-bit stack pointer which points to the subrou-
tine 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 1024 x 8 ROM. These bytes of
ROM may be instructions or constant data. The memory is
addressed by the 15-bit program 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 ragisters NData memory is addressed directly by tha 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.
All 1/Q and registers {excent A and PC) are memory
mapped; therefore, 1/0 bits and register bits can be directly
and individually set, reset and tested, except the write once
only bit (WDREN, WATCHDOG Reset Enable), and the un-
used and read only bits in CNTRL2 and WDREG registers.

Note: RAM contents are undefined upon power-up.

Reset

EXTERNAL RESET

The RESET input pin when pulled low initializes the micro-
controller. The user must insure that the RESET pin is held
low until Vg is within the specified voltage range and the
clock is stabilized. An R/C circuit with a delay 5x greater
than the power supply rise time is recommended (Figure 4).
The device immediately goes into reset state when the
RESET input goes low. When the RESET pin goes high the
device comes out of reset state synchronously. The device
will be running within two instruction cycles of the RESET
pin going high. The following actions occur upon reset:

Port L TRI-STATE

Port G TRI-STATE

Port D HIGH

PC CLEARED

RAM Contents RANDOM with Power-On-
Reset
UNAFFECTED with external
Reset (power already applied)

B, X, SP Same as RAM

PSW, CNTRL1, CNTRL2

and WDREG Reg. CLEARED

Multi-Input Wakeup Reg.

WKEDG, WKEN CLEARED

WKPND UNKNOWN

Data and Configuration

Registers for L & G CLEARED

WATCHDOG Timer Prescaler/Counter each
loaded with FF

The device comes out of the HALT mode when the RESET
pin is pulled low. In this case, the user has to ensure that the
RESET signal is low long enough to allow the oscillator to
restart. An internal 256 t. delay is normally used in conjunc-
tion with the two pin crystal oscillator. When the device
comes out of the HALT mode through Multi-Input Wakeup,
this delay allows the oscillator to stabilize.

The following additional actions occur after the device

If a two pin crystal/resonator oscillator is being used:

RAM Contents UNCHANGED
Timer T1 and A Contents UNKNOWN
WATCHDOG Timer Prescaler/Counter | ALTERED
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Functional Description (continued)
If the external or RC Clock option is being used:

RAM Contents UNCHANGED
Timer T1 and A Contents UNCHANGED
WATCHDOG Timer Prescaler/Counter | ALTERED

The external RESET takes priority over the Brown Out Re-

set.

Note: If the RESET pin is pulled low while Brown Out occurs (Brown Out
circuit has detected Brown Out condition), the external reset will not
occur until the Brown Out condition is removed. External reset has
priority only if Vcg is greater than the Brown Out voltage.

Pt
0 1
w vce
E

R

s RESET

u

P

P

b T GND
7 ]

[

RC > 5 x Power Supply Rise Time TL/DD/11208-6
FIGURE 4. Recommended Reset Circuit

WATCHDOG RESET

With WATCHDOG enabled, the WATCHDOG logic resets
the device if the user program does not service the WATCH-
DOG timer within the selected service window. The
WATCHDOG reset does not disable the WATCHDOG.
Upon WATCHDOG reset, the WATCHDOG Prescaler/
Counter are each initialized with FF Hex.

The following actions occur upon WATCHDOG reset that
are different from external reset.

WDREN WATCHDOG Reset Enable bit UNCHANGED
WDUDF WATCHDOG Underflow bit UNCHANGED
Additional initialization actions that occur as a result of
WATCHDOG reset are as follows:

RESET as long as Vg is below the Brown Out Voltage. The
Device will resume execution if Vg rises above the Brown
Out Voltage. If a two pin crystal/resonator clock option is
selected, the Brown Out reset will trigger a 256tc delay. This
delay allows the oscillator to stabilize before the device ex-
its the reset state. The delay is not used if the clock option is
either R/C or external clock. The contents of data registers
and RAM are unknown following a Brown Out reset. The
external reset takes priority over Brown Out Reset and will
deactivate the 256 tc cycles delay if in progress. The Brown
Out reset takes priority over the WATCHDOG reset.

The following actions occur as a result of Brown Out reset:

Port L TRI-STATE

Port G TRI-STATE

PortD HIGH

PC CLEARED

RAM Contents RANDOM

B, X, SP UNKNOWN

PSW, CNTRL1, CNTRL2

and WDREG Registers CLEARED

Multi-input Wakeup Registers

WKEDG, WKEN CLEARED

WKPND UNKNOWN

Data and Configuration

Registers for L & G CLEARED

WATCHDOG Timer Prescalar/Counter each
loaded with FF

Timer T1 and Accumulator Unknown data after
coming out of the HALT
(through Brown Out
Reset) with any Clock
ontion
option

Port L TRI-STATE

Port G TRI-STATE

Port D HIGH

PC CLEARED

Ram Contents UNCHANGED

B, X, SP UNCHANGED
PSW, CNTRL1 and CNTRL2 (except

WDUDF Bit) Registers CLEARED
Multi-Input Wakeup Registers

WKEDG, WKEN CLEARED
WKPND UNKNOWN

Data and Configuration

Registers for L & G CLEARED
WATCHDOG Timer Prescalar/Counter

each loaded with FF

BROWN OUT RESET

The on-board Brown Out protection circuit resets the device
when the operating voltage (Vcc) is lower than the Brown
Out voltage. The device is held in reset when V¢ stays
below the Brown Out Voltage. The device will remain in

Note: The development system will detect the BROWN OUT RESET exter-
nally and will force the RESET pin low. The Development System
does not emulate the 256tc delay.

Brown Out Protection

An on-board protection circuit monitors the operating volt-
age (Vcg) and compares it with the minimum operating volt-
age specified. The Brown Out circuit is designed to reset the
device if the operating voltage is below the Brown Out volt-
age (between 1.8V to 4.2V at —40°C to +85°C). The Mini-
mum operating voltage for the device is 2.5V with Brown
Out disabled, but with BROWN OUT enabled the device is
guaranteed to operate properly down to minimum Brown
Out voltage (Max frequency 4 MHz), For temperature range
of 0°C to 70°C the Brown Out voltage is expected to be
between 1.9V to 3.9V. The circuit can be enabled or dis-
abled by Brown Out mask option. If the device is intended to
operate at lower Vg (lower than Brown Out voltage VBO
max), the Brown Out circuit should be disabled by the mask
option.

The Brown Out circuit may be used as a power-up reset
provided the power supply rise time is slower than 50 us (OV
to 6.0V).

Note: Brown Out Circuit is active in HALT mode (with the Brown Out mask
option selected).
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Functional Description (continued)
Oscillator Circuits

EXTERNAL OSCILLATOR

CKI can be driven by an external clock signal provided it
meets the specified duty cycle, rise and fall times, and input
levels. CKO is available as a general purpose input G7
and/or Halt control.

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 a
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)
values.

i
il
]
Lo

-
R1 EXTERNAL
cLocK

CKO

:th

v
ce RESTART

TL/DD/11208-7

FIGURE 5. Clock Oscillator Configurations

TABLE I. Crystal Oscillator Configuration

R1 R2 c1 c2 CKI Freq. Conditions
(k) (MQ) (pF) (pF) (MHz2)
0 1 30 30-36 10 Vee = 5V
0 1 30 30-36 4 Veg = 5V
5.6 1 100 100-156 0.455 Vee = 5V

TABLE Il. RC Oscillator Configuration (Part-To-Part Variation)

'i S. c'f.‘.f.fq' '"s'f ) (_:\y cle Conditions
{Kil) {pF) (Miiz) (18)

3.3 82 221027 3.7104.6 Vee = 5V
5.6 100 11101.3 7.4109.0 Vee = 5V
6.8 100 0.9t0 1.1 8.81010.8 Vee = 5V




Functional Description (continued)

Current Drain

The total current drain of the chip depends on:

1. Oscillator operating mode - 11

2. Internal switching current - 12

3. Internal leakage current - I3

4. Output source current - 14

5. DC current caused by external input not at Vg or
GND - 15

6. DC current caused by the comparator (if comparator is
enabled) - 16

7. DC current caused by the Brown Out - |7
Thus the total current drain is given as
t=M+12+13+14+15+16+17

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.
2=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 (output current and DC current
due to the Brown Out circuit if Brown Out is enabled).

The device supports four different methods of exiting the
HALT mode. The first method is with a low to high transition
on the CKO (G7) pin. This method preciudes the use of the
crystal clock configuration (since CKO is a dedicated out-
put). It may be used either with an RC clock configuration or
an external clock configuration. The second method of exit-
ing the HALT mode is with the multi-Input Wakeup feature
on the L port. The third method of exiting the HALT mode is
by pulling the RESET input low. The fourth method is with
the operating voltage going below Brown Out voltage (if
Brown Out is enabled by mask option).

If the two pin crystal/resonator oscillator is being used and
Multi-Input Wakeup or Brown Out causes the device to exit
the HALT mode, the WAKEUP signal does not allow the
chip to start running immediately since crystal oscillators
have a delayed start up time to reach full amplitude and
freugency stability. The WATCHDOG timer (consisting of an
8-bit prescaler followed by an 8-bit counter) is used to gen-
erate a fixed delay of 256tc to ensure that the oscillator has
indeed stabilized before allowing instruction execution. In
this case, upon detecting a valid WAKEUP signal only the
oscillator circuitry is enabled. The WATCHDOG Counter and
Prescaler are each loaded with a value of FF Hex. The
WATCHDOG prescaler is clocked with the tc instruction cy-
cle. (The tc clock is derived by dividing the oscillator clock
down by a factor of 10). The Schmitt trigger following the
CKl inverter on the chip ensures that the WATCHDOG timer
is clocked only when the oscillator has a sufficiently large
amplitude to meet the Schmitt trigger specs. This Schmitt
trigger is not part of the oscillator closed loop. The start-up
timeout from the WATCHDOG timer enables the clock sig-
nals to be routed to the rest of the chip. The delay is not
activated when the device comes out of HALT mode
through RESET pin. Also, if the clock option is either RC or
External clock, the delay is not used, but the WATCHDOG
Prescaler/-Counter contents are changed. The Develop-
ment System will not emulate the 256tc delay.

The RESET pin or Brown Out will cause the device to reset
and start executing from address X'0000. A low to high tran-
sition on the G7 pin (if single pin oscillator is used) or Multi-
Input Wakeup will cause the device to start executing from
the address following the HALT instruction.

When RESET pin is used to exit the device from the HALT
mode and the two pin crystal/resonator (CKI/CKO) clock
option is selected, the contents of the Accumulator and the
Timer T1 are undetermined following the reset. All other
information except the WATCHDOG Prescaler/Counter
contents is retained until continuing. If the device comes out
of the HALT mode through Brown Out reset, the contents of
data registers and RAM are unknown following the reset. Ali
information except the WATCHDOG Prescaler/Counter
contents is retained if the device exits the HALT mode
through G7 pin or Multi-Input Wakeup.

G7 is the HALT-restart pin, but it can still be used as an
input. If the device is not halted, G7 can be used as a gener-
al purpose input.

If the Brown Out Enable mask option is selected, the Brown
Out circuit remains active during the HALT mode causing
additional current to be drawn.

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 mode”’
(set G7 data bit) instruction.
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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 6 shows the block diagram of the MICRO-
WIRE/PLUS interface.

nctional Description (confinied)

_ > 50
[-MSB Ls8
8-8IT S0 |, N
< REGISTER | ¢
D
A
T SHIFT CLOCK
A
B
u - TLoCK
s| % ; SELECT SK
CNTRL
L]

TL/DD/11208-8
FIGURE 6. MICROWIRE/PLUS Block Diagram

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. Operating the MICROWIRE/
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 [l details the different clock rates
that may be selected.

CHIP SELECT LINES

TABLE 1l
SL1 SLO SK Cycle Time
0 0 2t.
0 1 4tc
1 X 8tc
where,

tc is the instruction cycle time.

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 7 shows how
two device microcontrollers and several peripherals may be
interconnected using the MICROWIRE/PLUS arrangement.

Master MICROWIRE/PLUS Operation

In the MICROWIRE/PLUS Master mode of operation the
shift clock (SK) is generated internally by the device. The
MICROWIRE/PLUS Master always initiates all data ex-
changes (Figure 7). The MSEL bit in the CNTRL register
must be set to enable the SO and SK functions on the G
Port. The SO and SK pins must also be selected as outputs
by setting appropriate bits in the Port G configuration regis-
ter. 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
on the G Port. The SK pin must be selected as an input and
the SO pin selected as an output pin by appropriately setting
up the Port G configuration register. Table IV summarizes
the settings required to enter the Slave mode of operation.
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I/O
LINES 8-BIT
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COP43X
DO DI CLK DO DI CLK
l A A l A A
Sl <«
SO
SK

cs cs
1/0
Lo LINES
DIGITAL
PLL DISPLAY CoP8
DRIVER (SLAVE)
COP472-3
DI CLK DI CLK
A A A A
S0
“H
»1 SK

TL/DD/11208-23

FIGURE 7. MICROWIRE/PLUS Application

1-60




Functional Description (continued)

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.

TABLE IV
G4 G5 G4 G5 G6
Config. | Config. Operation
Fun. Fun. |Fun.
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 Siave
0 0 TRI-STATE | Ext. SK| S| | MICROWIRE Slave
Timer/Counter

The device has a powerful 16-bit timer with an associated
16-bit register enabling it to perform extensive timer func-
tions. The timer T1 and its register R1 are each organized
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 operated in
one of three possible modes. Table V details various timer
operating modes and their requisite control settings.

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 TIO (G3) pin to toggle upon
timer underflows. This allows the generation of square-wave
outputs or pulse width modulated outputs under software
control (Figure 8).

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 programmed to generate an interrupt (Figure 9).

| INTERNAL DATA BUS ]

16 5?11 AUTO ERE
- UNDERFLOW
RELOAD REG. INTERRUPT
T 3 DATAl , TI0
= 16-8IT TIMER/ LATCH |7 outPuT
COUNTER

TL/DD/11208-24
FIGURE 8. Timer/Counter Auto
Reload Mode Block Diagram

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
GO Externai Counter w/Auto-Load Reg Timer Underfiow 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 te
101 Timer w/Auto-Load Reg./Toggle TIO Out Timer Underflow tc
110 Timer w/Capture Register TIO Pos. Edge te
111 Timer w/Capture Register TIO Neg. Edge te

I INTERNAL DATA BUS

16-BIT AUTO-RELOAD REGISTER

TIMER
UNDERFLOW
INTERRUPT

r

Tt
16=-BIT TIMER/COUNTER

ol |

T £pGE SELECTOR
LOGIC

TL/DD/11208-29

FIGURE 9. Timer in External Event Counter Mode
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Timer/Counter (continued)

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 specified 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 (Figure 10).

[ INTERNAL DATA BUS ]

INTERRUPT

T Rl
TIO INPUT T l > 16 - BIT
CAPTURE REG.
Tl
16 - BIT TIMER

TL/DD/11208-25
FIGURE 10. Timer Capture Mode Block Diagram

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-
load” mode and the TIO pin is selected as the timer output.
At the outset the TIO pin is set high, the timer T1 holds the
on time and the register R1 holds the signal off time. Setting
TRUN bit starts the timer which counts down at the instruc-
tion cycle rate. The underflow toggles the TIO output and
copies the off time into the timer, which continues to run. By
alternately loading in the on time and the off time at each
successive interrupt a PWM frequency can be easily gener-
ated.

y

o A SIMPLE D~ A
CONVERTER USING

THE TIMER TO
GENERATE A PWM

OUTPUT.

®TOO
o

TL/DD/11208-26
FIGURE 11. Timer Application

Watchdoga

The device has an on-board 8-bit WATCHDOG timer. The
timer contains an 8-bit READ/WRITE down counter clocked
by an 8-bit prescaler. Under software control the timer can
be dedicated for the WATCHDOG or used as a general pur-
pose counter. Figure 12 shows the WATCHDOG timer block
diagram.

MODE 1: WATCHDOG TIMER

The WATCHDOG is designed to detect user programs get-
ting stuck in infinite loops resulting in loss of program con-
trol or “runaway” programs. The WATCHDOG can be en-
abled or disabled (only once) after the device is reset as a
result of brown out reset or external reset. On power-up the
WATCHDOG is disabled. The WATCHDOG is enabled by
writing a “1” to WDREN bit (resides in WDREG register).
Once enabled, the user program should write periodically
into the 8-bit counter before the counter underflows. The
8-bit counter (WDCNT) is memory mapped at address OCE
Hex. The counter is loaded with n-1 to get n counts. The
counter underflow resets the device, but does not disable
the WATCHDOG. Loading the 8-bit counter initializes the
prescaler with FF Hex and starts the prescaler/counter.
Prescaler and counter are stopped upon counter underflow.
Prescaler and counter are each loaded with FF Hex when
the device goes into the HALT mode. The prescaler is used
for crystal/resonator start-up when the device exits the
HALT mode through Multi-lnput Wakeup. In this case, the
prescaler/counter contents are changed.

MODE 2: TIMER

In this mode, the prescaler/counter is used as a timer by
keeping the WDREN (WATCHDOG reset enable) bit at 0.
The counter underflow sets the WDUDF (underflow) bit and
the underflow does not reset the device. Loading the 8-bit
counter (load n-1 for n counts) sets the WDTEN bit
(WATCHDOG Timer Enable) to “1”, loads the prescaler
with FF, and starts the timer. The counter underflow stops
the timer. The WDTEN bit serves as a start bit for the
WATCHDOG timer. This bit is set when the 8-bit counter is
loaded by the user program. The load could be as a result of
WATCHDOG service (WATCHDOG timer dedicated for
WATCHDOG function) or write to the counter (WATCHDOG
timer used as a general purpose counter). The bit is cleared
upon Brown Out reset, WATCHDOG reset or external reset.
The bit is not memory mapped and is transparent to the
user program.

TABLE VI. WATCHDOG Control/Status

T T T
HALT WD EXT/BOR Counter
Parameter Reset
Mode Reset Load
(Note 1)

8-Bit Prescaler FF FF FF FF
8-Bit WD Counter FF FF FF User Value
WDREN Bit Unchanged Unchanged 0 No Effect
WDUDF Bit 0 Unchanged 0 0
WDTEN Signal Unchanged 0 0 1

Note 1: BOR is Brown Out Reset.
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Functional Description (continued)

CONTROL/STATUS BITS
WDUDF: WATCHDOG Timer Underflow Bit

This bit resides in the CNTRL2 Register. The bit is set when
the WATCHDOG timer underflows. The underflow resets
the device if the WATCHDOG reset enable bit is set
(WDREN = 1). Otherwise, WDUDF can be used as the tim-
er underflow flag. The bit is cleared upon Brown-Out reset,
external reset, load to the 8-bit counter, or going into the
HALT mode. It is a read only bit.

WDREN: WD Reset Enable

WDREN bit resides in a separate register (bit 0 of WDREG).
This bit enables the WATCHDOG timer to generate a reset.
The bit is cleared upon Brown Out reset, or external reset.
The bit under software control can be written to only once
(once written to, the hardware does not allow the bit to be
changed during program execution).

WDREN = 1 WATCHDOG reset is enabled.

WDREN = 0 WATCHDOG reset is disabled.

Table VI shows the impact of Brown Out Reset, WATCH-
DOG Reset, and External Reset on the Control/Status bits.

INTERNAL DATA BUS

. HALT RESTART
HALT —
|
BROWN OUT —L 7
RESET y
VAKEUP ;D_, START/STOp  PRESET PRESET
s Q PRESCALER » WD - COUNTER
WOTEN  tc =] cLock +256 (8-BIT)
R
|- A | \
LOAD —1
WD-COUNTER _ UNDERFLOW
L i l
R S
ALL Q
RESETS
[ (\ CNTRL2
WD RESET /7] WDUDF
\— WDREN
EXTERNAL RESET
=\ Q
BROWN OUT RESET RA S
WDREG

TL/DD/11208-15

FIGURE 12. WATCHDOG Timer Block Diagram
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Modulator/Timer

The Modulator/Timer contains an 8-bit counter and an 8-bit
autoreload register (MODRL address OCF Hex). The Modu-
lator/Timer has two modes of operation, selected by the
control bit MC3. The Modulator/Timer Control bits MCH1,
MC2 and MC3 reside in CNTRL2 Register.

MODE 1: MODULATOR

The Modulator is used to generate high frequency pulses on
the modulator output pin (L7). The L7 pin should be config-
ured as an output. The number of pulses is determined by
the 8-bit down counter. Under software control the modula-
tor input clock can be either CKI or tC. The tC clock is de-
rived by dividing down the oscillator clock by a factor of 10.
Three control bits (MC1, MC2, and MC3) are used for the
Modulator/Timer output control. When MC2 = 1 and MC3
= 1, CKl is used as the modulator input clock. When MC2
= 0,and MC3 = 1, tC is used as the modulator input clock.
The user loads the counter with the desired number of
counts (256 max) and sets MC1 to start the counter. The
modulator autoreload register is loaded with n-1 to get n
pulses. CKI or tc pulses are routed to the modulator output
(L7) until the counter underflows (Figure 13). Upon under-
flow the hardware resets MC1 and stops the counter. The
L7 pin goes low and stays low until the counter is restarted
by the user program. The user program has the responsibili-
ty to timeout the low time. Unless the number of counts is
changed, the user program does not have to load the coun-
ter each time the counter is started. The counter can simply
be started by setting the MC1 bit. Setting MC1 by software
will load the counter with the value of the autoreload regis-
ter. The software can reset MC1 to stop the counter.

MODE 2: PWM TIMER
The counter can also be used as a PWM Timer. In this

mode, an 8-bit register is used to serve as an autoreload
register (MODRL).

a. 50% Duty Cycle:

When MC1 is 1 and MC2, MC3 are 0, a 50% duty cycle free
running signal is generated on the L7 output pin (Figure 14).
The L7 pin must be configured as an output pin. In this
mode the 8-bit counter is clocked by tC. Setting the MC1

control bit by software loads the counter with the value of
the autoreload register and starts the counter. The counter
underflow toggles the (L7) output pin. The 50% duty cycle
signal will be continuously generated until MC1 is reset by
the user program.

b. Variable Duty Cycle:

When MC3 = 0 and MC2 = 1, a variable duty cycle PWM
signal is generated on the L7 output pin. The counter is
clocked by tC. In this mode the 16-bit timer T1 along with
the 8-bit down counter are used to generate a variable duty
cycle PWM signal. The timer T1 underflow sets MC1 which
starts the down counter and it also sets L7 high (L7 should
be configured as an output).When the counter underflows
the MC1 control bit is reset and the L7 output will go low
until the next timer T1 underflow. Therefore, the width of the
output pulse is controlled by the 8-bit counter and the pulse
duration is controlled by the 16-bit timer T1 (Figure 15). Tim-
er T1 must be configured in “PWM Mode/Toggle TIO Out”
(CNTRL1 Bits 7,6,5 = 101).

Table VIl shows the different operation modes for the Mod-
ulator/Timer.

TABLE VII. Modulator/Timer Modes

Control Bits in .
CNTRL2(00CC) Operation Mode
L7 Function
MC3 | MC2 | MCH1
0 0 0 Normal I/0
0 0 1 50% Duty Cycle Mode (Clocked
by tc)
0 1 X Variable Duty Cycle Mode
(Clocked by tc) Using Timer 1
Underflow
1 0 Modulator Mode (Clocked by tc)
1 1 X Modulator Mode (Clocked by
CKI)

Note: MC1, MC2 and MC3 control bits are cleared upon reset.

Internal Data Bus
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TL/DD/11208-16

FIGURE 13. Mode 1: Modulator Block Diagram/Output Waveform
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Modulator/Timer (Continued)

INTERNAL DATA BUS

I 7 6 5 0
MODRL AUTO RELOAD Mmcs | mc2 | wet CNTRL2
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TL/DD/11208-18

FIGURE 14. Mode 2a: 50% Duty Cycle Output
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7 6 5 0
MODRL AUTO RELOAD mc3 | mcz | wmct CNTRL2
REGISTER 8-BIT =0 =1 |raqs REGISTER
t A
. CLK
» DOWN-COUNTER UNDERFLOW TIMER T1
8-BIT UNDERFLOW
L7 PIN
START/STOP 5 ;E
TIMER T1 ‘ l 8-BIT COUNTER
UNDERFLOW UNDERFLOW
256 t, (MAX.)

CONTROLLED BY T1

TL/DD/11208-20

FIGURE 15. Mode 2b: Variable Duty Cycle Output

TL/DD/11208-17

TL/DD/11208-19
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The device has one differential comparator. Ports LO-L2
are used for the comparator. The output of the comparator
is brought out to a pin. Port L has the following assignments:
LO Comparator output

L1 Comparator negative input

L2 Comparator positive input

THE COMPARATOR STATUS/CONTROL BITS
These bits reside in the CNTRL2 Register (Address 0CC)

CMPEN  Enables comparator (“1” = enable)

CMPRD  Reads comparator output internally
(CMPEN = 1, CMPOE=X)

CMPOE  Enables comparator output to pin LO

(“1”’ =enable), CMPEN bit must be set to en-
able this function. If CMPEN=0, LO will be 0.

The Comparator Select/Control bits are cleared on RESET
(the comparator is disabled). To save power the program
should also disable the comparator before the device enters
the HALT mode.

The user program must set up L0, L1 and L2 ports correctly
for comparator Inputs/Output: L1 and L2 need to be config-
ured as inputs and LO as output.

Multi-Input Wake Up

The Multi-Input Wakeup feature is used to return (wakeup)
the device from the HALT mode. Figure 16 shows the Multi-
Input Wakeup logic.

This feature utilizes the L Port. The user selects which par-
ticular L port bit or combination of L Port bits will cause the
device to exit the HALT mode. Three 8-bit memory mapped
registers, Reg:WKEN, Reg:WKEDG, and Reg:WKPND are
used in conjunction with the L port to implement the Multi-
Input Wakeup feature.

All three registers Reg:WKEN, Reg:WKPND, and
Reg:WKEDG are read/write registers, and are cleared at
reset, except WKPND. WKPND is unknown on reset.

The user can select whether the trigger condition on the
selected L Port pin is going to be either a positive edge (low
to high transition) or a negative edge (high to low transition).
This selection is made via the Reg:WKEDG, which is an 8-
bit control register with a bit assigned to each L Port pin.
Setting the control bit will select the trigger condition to be a
negative edge on that particular L Port pin. Resetting the bit
selects the trigger condition to be a positive edge. Changing
an edge select entails several steps in order to avoid a
pseudo Wakeup condition as a result of the edge change.
First, the associated WKEN bit should be reset, followed by

the edge select change in WKEDG. Next, the associated
WKPND bit should be cleared, followed by the associated
WKEN bit being re-enabled.

An example may serve to clarify this procedure. Suppose
we wish to change the edge select from positive (low going
high) to negative (high going low) for L port bit 5, where bit 5
has previously been enabled for an input. The program
would be as follows:

RBIT 5WKEN

SBIT 5WKEDG

RBIT 5,WKPND

SBIT 5,WKEN

If the L port bits have been used as outputs and then
changed to inputs with Multi-Input Wakeup, a safety proce-
dure should also be followed to avoid inherited pseudo
wakeup conditions. After the selected L port bits have been
changed from output to input but before the associated
WKEN bits are enabled, the associated edge select bits in
WKEDG should be set or reset for the desired edge selects,
followed by the associated WKPND bits being cleared. This
same procedure should be used following RESET, since the
L port inputs are left floating as a result of RESET.

The occurrence of the selected trigger condition for Multi-In-
put Wakeup is latched into a pending register called
Reg:WKPND. The respective bits of the WKPND register
will be set on the occurrence of the selected trigger edge on
the corresponding Port L pin. The user has the responsibility
of clearing these pending flags. Since the Reg:WKPND is a
pending register for the occurrence of selected wakeup
conditions, the device will not enter the HALT mode if any
Wakeup bit is both enabled and pending. Setting the G7
data bit under this condition will not allow the device to en-
ter the HALT mode. Consequently, the user has the respon-
sibility of clearing the pending flags before attempting to
enter the HALT mode.

If a crystal oscillator is being used, the Wakeup signal will
not start the chip running immediately since crystal oscilla-
tors have a finite start up time. The WATCHDOG timer pre-
scaler generates a fixed delay to ensure that the oscillator
has indeed stabilized before allowing the device to execute
instructions. In this case, upon detecting a valid Wakeup
signal only the oscillator circuitry and the WATCHDOG timer
are enabled. The WATCHDOG timer prescaler is loaded
with a value of FF Hex (256 counts) and is clocked from the
tc instruction cycle clock. The tc clock is derived by dividing
down the oscillator clock by a factor of 10. A Schmitt trigger
following the CKI on chip inverter ensures that the WATCH-
DOG timer is clocked only when the oscillator has a suffi-
ciently large amplitude to meet the Schmitt trigger specs.
This Schmitt trigger is not part of the oscillator closed loop.
The startup timeout from the WATCHDOG timer enables
the clock signals to be routed to the rest of the chip.
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Multi-Input Wakeup (continued)

INTERNAL DATA BUS

67

DATA BIT
Q
STOP/START
WKEDG  WKPND 1
0S¢ cKi
CKT | cko
CHIP CLOCK T
R WATCHDOG
QS prescaLer [¢

TL/DD/11208-21
FIGURE 16. Multi-input Wakeup Logic

INTERRUPTS

The device has a sophisticated interrupt structure to allow
easy interface to the real world. There are three possible
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 carry 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 ENTI bits select external and timer interrupts 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
an 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 controlier 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 00OFFH 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 RETI 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.

DETECTION OF ILLEGAL CONDITIONS

The device incorporates a hardware mechanism that allows
it to detect illegal conditions which may occur from coding
errors, noise, and “‘brown out” voltage drop situations. Spe-
cifically, it detects cases of executing out of undefined ROM
area and unbalanced tack 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 accessing undefined ROM will
cause a software interrupt.

Reading an undefined RAM location returns an FF (hexade-
cimal). The subroutine stack on the device grows down for
each subroutine 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 soft-
ware interrupt.

ENTI GIE
EXTERNAL
70
TIMER
TPND INTERRUPT
FLOW
UNDERFLO 1 | oo
SOFTWARE
INTERRUPT

TL/DD/11208-27

FIGURE 17. Interrupt Block Diagram
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Con

itrol Registere

CNTRL1 REGISTER (ADDRESS 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 T1 Mode Control Bit

TC2 Timer T1 Mode Control Bit

TC3 Timer T1 Mode Control Bit

Bit7 BitO

[tcr [ tc2 [ tos [TRun [ mseL] iEoG | su1 [ sto |

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 executing 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
Xl lists the instructions that effect the HC and the C flags.

TABLE XIIl. 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

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

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

BUSY MICROWIRE busy shifting flag

PND External interrupt pending

ENTI Timer T1 interrupt enable

TPND Timer T1 interrupt pending

(timer Underflow or capture edge)
C Carry Flip/Flop
HC Half-Carry Flip/Flop

Bit7 BitO
[Hc [ c [reno] enti [ ipnp [Busy | En [ aE |

CNTRL2 REGISTER (ADDRESS 00CC)

Bit7 Bit0
MC3

R/W

MC3
MC2
MC1
CMPEN
CMPRD
CMPOE
WDUDF

CMPEN
R/W

CMPRD
R/O

CMPOE
R/W

WDUDF
R/O

MC2
R/W

MC1
R/W

unused

Modulator/Timer Control Bit

Modulator/Timer Control Bit

Modulator/Timer Control Bit

Comparator Enable Bit

Comparator Read Bit

Comparator Output Enable Bit

WATCHDOG Timer Underflow Bit (Read Only)

WDREG REGISTER (ADDRESS 00CD)
WDREN WATCHDOG Reset Enable Bit (Write Once Only)

Bit 0
] WDREN |

Bit7
| UNUSED
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Memory Map

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

TABLE IX. Memory Map

Address Contents

00to 2F | On-chip RAM bytes (48 bytes)

30to 7F | Unused RAM Address Space (Reads as All
Ones)

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

COto C7 | Reserved

c8 MIWU Edge Select Register (Reg:WKEDG)

Cc9 MIWU Enable Register (Reg:WKEN)

CA MIWU Pending Register (Reg:WKPND)

CB Reserved

CcC Control2 Register (CNTRL2)

CD WATCHDOG Register (WDREG)

CE WATCHDOG Counter (WDCNT)

CF Modulator Reload (MODRL)

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 to DB | Reserved for Port C

DC Port D Data Register

DD to DF | Reserved for Port D

EOto 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 Timer1 Autoreload Register Lower Byte

ED Timer1 Autoreload Register Upper Byte

EE CNTRL1 Control Register

EF PSW Register

FOto FF | On-Chip RAM Mapped as Registers

FC X Register

FD SP Register

FE B Register

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

Addressing Modes

There are ten addressing modes, six for operand address-
ing 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 IMMEDIATE

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 P 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.

1-69

r€28d0J/r3228d0J/1r0028d0D




COP820CJ/COP822CJ/COP823CJ

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

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 Half Carry

GIE  1-bit of PSW register for global interrupt enable

Symbols

[B] Memory indirectly addressed by B register

X1 Memory indirectly addressed by X register

Mem Direct address memory or [B]

Mem! Direct address memory or [B] or Immediate data

Imm  8-bit Immediate data

Reg Register memory: addresses FO to FF (Includes B, X
and SP)

Bit Bit number (0 to 7)

<«  Loaded with

«—> Exchanged with

Instruction Set

ADD add A < A+ Meml
ADC add with carry A «<— A+ Meml + C,C « Carry
HC <«— Half Carry
SuUBC subtract with carry A < A + Meml +C,C <« Carry
HC <« Half Carry
AND Logical AND A <« Aand Meml
OR Logical OR A <«— AorMeml
XOR Logical Exclusive-OR A <« Axor Memi|
IFEQ IF equal Compare A and Meml, Do next if A = Meml
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, skip if Reg goes 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,
Mem is 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 «— Bx1)
X Exchange A with memory [X] A «— [X] (X «— Xx1)
LDA Load A with memory [B] A « [B] (B «— B*1)
LDA Load A with memory [X] A «— [X] X «— X£1)
LDM Load Memory Immediate [B] «— Imm (B « Bzx1)
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—>A7—> ...> A0 > C
SWAPA Swap nibbles of A A7...A4d «— A3...A0
SC SetC C «— 1,HC « 1
RC ResetC C «<— 0,HC «— 0
IFC IfC If Cis true, do next instruction
IFNC IfnotC If C is not true, do next instruction
JMPL Jump absolute long PC < 1 (Il = 15 DITS, U 10 3ZK)
JMP Jump absolute PC11..0 «— i(i = 12 bits)
JP Jump relative short PC «— PC + r(ris —31to +32,not 1)
JSRL Jump subroutine long [SP] <« PL,[SP-1] «— PU,SP-2,PC <« ii
JSR Jump subroutine [SP] «— PL,[SP-1] «— PU,SP-2,PC11..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,[SP—1] <« PU,SP-2,PC «— OFF
NOP No operation PC «— PC + 1
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Bits 3-0

OPCODE LIST

(e1qe) Bumol|o) aes) apoodo pesnun ue st ,

uoneosn| Asowaw passelppe Ajjosuip e st pw

EBlep slejpoww oy} S| |

‘aioyMm

4440-0040 | 4440-0040 [are |81z N * "

9L +dr|ze +dr dir ysr 403NgdI | 0'g@l | Ligd | L8sS | 1134 4402Zs4a | L#'440Q1 | 9L-dr | o-dr
4430-0030 | 4430-0030 [g]1'9 |[I[8]‘9 1# ‘[a] [8] X1

GL+dr | e +dr dWr Hsr 303Nad | 1'gq@1 | Led | u8s | 13d al ‘Val| ‘'vail | 340zsHa | 1#°340Q7 | Zb-dr | b-dr
4400-0000 | 4400-0000 [al's | [al's PN

v+ dr | oe + dr dnNr dsr ao3Ngdl | 2'8q71 | ligd | LIS |MSL3”| ‘vdl |1YSr| HId |ad40zsHa | '#‘a40Q1 |8L-dr | 2-dr
4400-0000 | 4400-0000 [8l'v | [8]'y * 1#

€L+ dr |62 +dr dWr dsr 003Ngdl | €'8a71 | Ligd | Ligs PW'V X | 1dWr | ‘PN QT | 0402ZSHA | 1#'040Q1 | 6L-dr | €-dr
4490-0080 | 4480-0080 [al'e | [al'e 1# -4l [ [-8] | [-X]

2h+dr|se+dr dwr ysr g03Neadl | ¥'8@1 | Lligd | L8s | vo3a al ‘'Yail| ‘val |840zsya | '#'a40a1 | 0z-dr | v-dr
44v0-00v0 | 44¥0-00V0 [al'z | [glc ' [+4] | [+9] | [+X]

bL+dr |22 +dr dnr dsr vo3NEedl | s'8@1 | L8d | Ligs | VONI al ‘val| ‘val | v4ozsHa | 1#‘'v40Qa1 | te-dr | s-dr
4460-0060 | 44600060 [al'r | [al's « * %

Ok +dr |92 +dr dinr Hsr 63N8dl | 9'AqQ71 | Ligd | L18S | ON4I 640ZSHa | '#'640Q7 | g2-dr| 9-dr
4480-0080 | 4480-0080 [g]'0 | [g]'0 1# N

6 +dr |S2+dr dnr ysr 83Ngdl | 2'8qa1 | Lgd | Lgs | Odl ‘val dON | 8d40ZsHa | 1#'8d0a1 | e2-dr| £-dr
4420-0020 | 44200040 * [g1'2 | [8l'v 1# * *

8+dr |ve +dr dnr dsr L3NG4l | 8'aadl Lgdi| "o ‘¥ HO £40ZsHa | 1#°240Q7 | v2-dr| 8-dr
4490-0090 | 44900090 [gl'e | [8]'V 1# (8] [X1

L+dr €2 +dr dr dsr 93Ng4dl | 6'8Q7 | vHOOA | LIgdl | HOX | 'VHOX | ‘¥X | ‘YX |940ZSHA | !#'940Q7 | G2-dr| 6-dr
4450-0050 | 4450-0050 [8l's | [al'VY 1# "

9+dr |22 +dr dwr dsr S3ANEJl | v0'8QT | VdVMS | Ligdl | ANV | ‘'VANY | aIf G402ZS4a | !'#'s40Q1 | 92-dr | OL-dr
44¥0-00¥0 | 44¥0-00%0 [al'v | [8l'v 1# %

S+dr |12 +dr dWr ysr ¥3NGdl [ g0‘'8Q71| vd10 |Ll8dli| aav | ‘vaav | avi ¥402ZSHA | 1#'v40Q7 | Z2-dr | bi-dr
44€0-00€0 | 44€0—00€0 " [al'e | [8]'VY 1# [—8] | [-X]

¥ +dr |02 +dr dWr ysr €3Ngdl |o0'aal Lgdi| 1941 | ‘'v19dl | ‘'YX | ‘'YX | €40ZSHA | 1#'€40Q7 | 82-dr | gL-dr
4420-0020 | 4420-0020 " [al'z | [8l'v 1# [+8] | [+X]

€+dr |61 +dr dNr ysr Z23aNgdl [ao‘sal Llgdl| 0341 | 'vOo3adl | 'YX | 'YX |240ZSHQA | 1#240Q1 | 62-dr | E4-dr
4410-00L0 | 44+0-0010 . [ | [8l'v 1# *

2+dr 8L +dr dr ysr L3Ngdl | 30'gal 1lgdi | oans | ‘voans | oS 140 ZSHA | #1401 | 0e-dr | vi-dr
4400-0000 | 4400-0000 " [gl'o | I4al 1#

HINI [ ZL +dr dnr ysr 03N8dl | do‘gan 11841 | ‘'vOQV | ‘vOav | OW | vOWd | 040ZSHA | 1#°040Q7 | be-dr | St-dr
(] 1 4 € ¥ ] 9 L 8 6 v | 2 a 3 4

v-Lsug
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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.
See the BYTES and CYCLES per INSTRUCTION table for

details.

BYTES and CYCLES per
INSTRUCTION

The following table shows the number of bytes and cycles
for each instruction in the format of byte/cycle.

Arithmetic Instructions (Bytes/Cycles)

[B] Direct Immed.
ADD 1/1 3/4 2/2
ADC 1/1 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 1/1 3/4 2/2
IFGT 11 3/4 2/2
IFBNE 11
DRSZ 1/3
SBIT 11 3/4
RBIT 1/1 3/4
IFBIT 1/1 3/4
Memory Transfer Instructions (Bytes/Cycles)
Register Register Indirect
Indirect | Direct| Immed.| Auto Incr & Decr
[B] [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 1/1 (IfB < 16)
LD B,Imm 2/3 (If B > 15)
LD Mem,Imm 3/3 2/2
LD Reg,Imm 2/3

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

Instructions Using A& C
Instructions Bytes/Cycles
CLRA 1/1
INCA 11
DECA 11
LAID 1/3
DCORA 11
RRCA 11
SWAPA 11
SC 11
RC 1/1
IFC 11
IFNC 11

Transfer of Control Instructions

Instructions Bytes/Cycles
JMPL 3/4
JMP 2/3
JP 1/3
JSRL 3/5
JSR 2/5
JID 1/3
RET 1/5
RETSK 1/5
RETI 1/5
INTR 1/7
NOP 1/1
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BYTES and CYCLES per
INSTRUCTION (continued)

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.

Unused |\ ctruction | OM%e9 | jngtruction

Opcode Opcode
60 NOP A8 NOP
61 NOP AF LDA, [B]
62 NOP B1 C — HC
63 NOP B4 NOP
67 NOP B5 NOP
8C RET B7 XA, [X]
99 NOP B9 NOP
oF LD [B], #i BF LD A, [X]
A7 XA, [B]
A8 NOP

Option List

The mask programmable options are listed below. The op-
tions are programmed at the same time as the ROM pattern
to provide the user with hardware flexibility to a variety of
oscillation and packaging configuration.
OPTION 1: CKI INPUT

=1 Crystal (CKI/IO) CKO for crystal configuration
2 External (CKI/I0) CKO available as G7 input
=3 R/C (CKI/IO) CKO available as G7 input

OPTION 2: BROWN OUT
1 Enable Brown Out Detection
= 2 Disable Brown Out Detection

OPTION 3: BONDING

It

=1 28-pin DIP
=2 20-pin DIP/SO
=3 16-pin SO
=4 28-pin SO

Development Support

IN-CIRCUIT EMULATOR

The MetaLink iceMASTER™-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-
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 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 redefinable hot keys.
A context sensitive hypertext/hyperlinked on-line help sys-
tem 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 115.2 kBaud serial link keeps typical
program download time to under 3 seconds.

The following tables list the emulator and probe cards order-
ing information.
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COP820CJ/COP822CJ/COP823CJ

Development Support (continued)

Emulator Ordering Information

Part Number

Description

Current Version

IM-COP8/400/1%

MetaLink 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-COP8/820CJ¥

IceMaster. Firmware: Ver. 6.07.

Metalink IceMaster Debug Module. This is the low cost version of Metalinks

Model File Rev 3.050.

iThese parts include National's COP8 Assembler/Linker/Librarian Package (COP8-DEV-IBMA).

Probe Card Ordering Information

Assembler Ordering Information

Voltage

Emulates
Range

Part Number Package

MH-820CJ20D5PC 20DIP |4.5V-55V|COP822CJ

MHW-820CJ20DWPC| 20DIP |2.3V-6.0V | COP822CJ

MHW-820CJ28D5PC | 28 DIP |4.5V-5.5V | COP820CJ

MHW-820CJ28DWPC| 28 DIP |2.3V-6.0V| COP820CJ

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 Me-
taLink iceMASTER emulators.

Part Number Description Manual

COP8-DEV-IBMA | COP8
Assembler/
Linker/Librarian
for IBM® PC-XT®,

AT® or

424410632-001

compatible B

SINGLE CHIP EMULATOR

The COP820CJ family is supported by One-Time Program-
mable (OTP) emulators. For more detailed information refer
to the emulation device specific data sheets and the emula-
tor selection table below.

PROGRAMMING SUPPORT

Programming of the single chip emulator devices is support-
ed by different sources.
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Development Support (continued)

The following programmers are ceritfied for programming the One-Time Programmable (OTP) devices:

EPROM Programmer Information

Manufacturer U.S. Phone Europe Phone Asia Phone

and Product Number Number Number
MetalLink-Debug (602) 926-0797 Germany: Hong Kong:
Module +49-8141-1030 +852-737-1800
Xeltek- (408) 745-7974 Germany: Singapore:
Superpro +49-2041-684758 +65-276-6433
BP Microsystems- (800) 225-2102 Germany: Hong Kong:
EP-1140 +49-89-857-66-67 +852-388-0629
Data I/0-Unisite; (800) 322-8246 Europe: Japan:

-System 29, +31-20-622866 +33-432-6991

-System 39 Germany:

+49-89-858020
Abcom-COP8 Europe:
Programmer +89-808707
System General (408) 263-6667 Switzerland: Taiwan Taipei:
Turpro-1-FX; +31-921-7844 +2-9173005
-APRO

One-Time Programmable (OTP) Selection Table

Device Number | Package Emulates
COP8720CJN 28 DIP COP820CJ
COP8720CJWM 28 SO COP820CJ
COP8722CJWM 20 DIP COoP822CJ

DIAL-A-HELPER

Dial-A-Helper is a service provided by the Microcontroller
Applications Group. The Dial-A-Helper is an Electronic Bul-
letin Board information system.

INFORMATION SYSTEM

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

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

FACTORY APPLICATIONS SUPPORT

Dial-A-Helper also provides immediate factory applications
support. If a user has questions, he can leave messages on
our electronic bulletin board.

Voice:

(800) 272-9959
Modem: Canada/

[VASH

Baud:
Setup:

Operation:

(800) NSC-MICRO
(800) 672-6427
14.4k

Length: 8-Bit
Parity:  None
Stop Bit: 1

24 Hrs. 7 Days
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COP8620C/COP8622C/COP8640C/COP8642C/COP86L20C/COP86L22C/COP86L40C/COP86L42C

e |

National Semiconductor

COP8620C/COP8622C/COP8640C/COP8642C/
COP86L20C/COP86L22C/COP86L40C/COP86L42C
Single-Chip microCMOS Microcontrollers

General Description

The COP8620C/COP8640C are members of the COPST™
microcontroller family. They are fully static parts, fabricated
using double-metal silicon gate microCMOS technology.
These low cost microcontrollers are complete microcomput-
ers containing all system timing, interrupt logic, ROM, RAM,
EEPROM, and I/0 necessary to implement dedicated con-
trol functions in a variety of applications. Features include
an 8-bit memory mapped architecture, MICROWIRE/
PLUS™ serial 1/0, a 16-bit timer/counter with capture reg-
ister and a multi-sourced interrupt. Each 1/0 pin has soft-
ware selectable options to adapt the device to the specific
application. The part operates over a voltage range of 4.5V
to 6.0V. High throughput is achieved with an efficient, regu-
lar instruction set operating at a 1 microsecond per instruc-
tion rate.

Features

m Low Cost 8-bit microcontroller

m Fully static CMOS

m 1 us instruction time

m Low current drain (2.2 mA at 3 us instruction rate)
Low current static HALT mode (Typically < 1 pA)

m Single supply operation: 4.5 to 6.0V

m 2048 Bytes ROM/64 Bytes RAM/64 Bytes EEPROM
on COP8640C

1024 bytes ROM/64 bytes RAM/64 bytes EEPROM on
COP8620C

m 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

— Reset master clear

— 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

MICROWIRE PLUS™ serial 1/0

28 pin package (optional 20 pin package)

24 input/output pins (28-pin package)

Software selectable 1/O options (TRI-STATE®, push-
pull, weak pull-up)

Schmitt trigger inputs on Port G
Temperature range: —40°C to +85°C,
+125°C

Hybrid emulator devices

Fully supported by MetaLink’s Development Systems

-55°C to

Block Diagram
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COP86L.20C/COP86L22C/COP86L40C/COP86L42C

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) A%
Voltage at any Pin —0.3Vto Vg + 0.3V
Total Current into Vg Pin (Source) 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 -40°c < T4 < +85°C unless otherwise specified

Parameter Condition Min Typ Max Units
Operating Voltage 25 6.0 \
Power Supply Ripple (Note 1) Peak to Peak 0.1 Ve \
Operating Voltage during EEPROM Write 4.5 6.0 \"
Supply Current (Note 2)

CKI = 10 MHz Vec = 6V, tc = 1 ps 9 mA
Supply Current during
Write Operation (Note 2)

CKl = 10 MHz Vcc = 6.0V, tc = 1 pus 15 mA
HALT Current (Note 3) Ve = 6V, CKI = 0 MHz <1 10 RA
Input Levels

RESET, CKI

Logic High 0.9 Voo \

Logic Low 0.1 Vee \
All Other Inputs

Logic High 0.7 Ve \

Logic Low 0.2Vce \%
Hi-Z Input Leakage Vce = 6.0V -2 +2 pA
Input Pullup Current Vce = 6.0V, V|y = 0V —40 —250 pA
G Port Input Hysteresis (Note 5) 0.35 Ve \"
QOutput Current Levels
D Outputs

Source Ve = 4.5V, Vo = 3.8V -0.4 mA

Ve = 2.5V, Vo = 1.8V -0.2 mA

Sink Vceo = 4.5V, VoL = 1.0V 10 mA

Ve = 2.5V, VoL = 0.4V 2 mA
All Others
Source (Weak Pull-Up) Vee = 4.5V, Vpop = 3.2V —-10 -110 RA
Vee = 2.5V, Vo = 1.8V —-2.5 -33 RA
Source (Push-Pull Mode) Ve = 4.5V, Vo = 3.8V —0.4 mA
Voo = 2.5V, Vo = 1.8V -0.2 mA
Sink (Push-Pull Mode) Vee = 4.5V, VoL = 0.4V 1.6 mA
Vce = 2.5V, VoL = 0.4V 0.7 mA

TRI-STATE Leakage -20 +2.0 pA
Allowable Sink/Source
Current Per Pin

D Outputs (Sink) 15 mA

All Others 3 mA
Maximum Input Current (Note 4)

Without Latchup (Room Temp) (Note 5) Room Temp +100 mA
RAM Retention Voltage, Vr 500 ns Rise and Fall Time (Min) 2.0 \%

Input Capacitance (Note 5) 7 pF
EEPROM Characteristics

EEPROM Write Cycle Time 10 ms

EEPROM Number of Write Cycles 10,000 Cycle

EEPROM Data Retention 10 Years

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 Vgg, L and G ports are at

TRI-STATE and tied to ground, all outputs low and tied to ground.

Note 4: Pins G6 and RESET are designed with a high voltage input network for factory testing. These pins allow input voltages greater than Vgc and the pins will
have sink current to Vg 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 750 (typical). These two pins will not latch up. The voltage at G6 and RESET pins must be limited to less than 14V.
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COP8620C/COP8622C/COP8640C/COP8642C/COP86L20C/COP86L22C/COP86L40C/COP86L42C

20C/COP861.22C/COPREI 40C/COPRBLA2C (ontinued)

7~ H ~ i - H = H = -

AC Electrical Characteristics —40-c < T < +85°C unless otherwise specified

Parameter Condition Min Typ Max Units

Instruction Cycle Time (tc)

Ext, Crystal/Resonator Vee = 4.5V 1 DC us

(Div-by 10) 2.5V < Voo < 6.0V 25 DC ns

R/C Oscillator Mode Vee 2 4.5V 3 DC us

(Div-by 10) 2.5V < Ve < 6.0V 7.5 DC ©s
CKI Clock Duty Cycle (Note 5) 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 200 ns

tHoLD 60 ns
Output Propagation Delay CL = 100 pF, R = 2.2k
tpD1, tPDO

SO, SK 0.7 us

All Others 1 us
MICROWIRE™ Setup Time (tyws) 20 ns
MICROWIRE Hold Time (tywH) 56 ns
MICROWIRE Output

Propagation Delay Time (typp) 220 ns
Input Pulse Width

Interrupt Input High Time tc

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).

Timing Diagram

S|

SO

-
-

FIGURE 2. MICROWIRE/PLUS Timing
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COP8620C/COP8622C/COP8640C/COP8642C
Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Total Current out of GND Pin (Sink) 60 mA
please contact the National Semiconductor Sales Storage Temperature Range —65°Cto +140°C
Office/Distributors for availability and specifications. Note: Absolute maximum ratings indicate limits beyond
Supply Voltage (Vcc) v which damage to the device may occur. DC and AC electri-
Voltage at any Pin —0.3Vto Vg + 0.3V al specifications are not ensured when operating the de-
Total Current into Vg Pin (Source) 50 mA vice at absolute maximum ratings.

DC Electrical Characteristics -so0°c < Ta < +85°C unless otherwise specified

(o}
o
b
(-3
(<23
N
(=
(2
~
(2]
o
O
o
(223
N
N
o
~
(2}
S
Parameter Condition Min Typ Max Units g
Operating Voltage 45 6.0 Vv &
Power Supply Ripple (Note 1) Peak to Peak 0.1Vee Vv 8
Supply Current (Note 2) a
CKl = 10 MHz Ve = 6V, tc = 1 us 9 mA O
Supply Current during 0
Write Operation (Note 2) g
CKI = 10 MHz Voo = 6.0V, tc = 1 us 15 mA B
HALT Current (Note 3) Vee = 6V, CKI = 0 MHz <1 10 HA [e)
Input Levels B
RESET, CKI (o]
Logic High 0.9Vee " g
Logic Low 0.1 Veo \" »
All Other Inputs S
Logic High 0.7 Voo v o
Logic Low 0.2Vce Vv Q
Hi-Z Input Leakage Voo = 6.0V -2 +2 pA 2]
Input Pullup Current Vee = 6.0V, Viy = OV ~40 —250 A |
G Port Input Hysteresis (Note 5) 0.35 Ve \" g
Output Current Levels 5
D Outputs N
Source Voo = 4.5V, Vou = 3.8V —0.4 ma | 9
Sink Vcg = 4.5V, VoL = 1.0V 10 mA (o)
All Others g
Source (Weak Pull-Up) Vec = 4.5V, Vo = 3.2V —-10 —-110 nA 0
Source (Push-Pull Mode) Vcc = 4.5V, Vo = 3.8V -0.4 mA |°_"
Sink (Push-Pull Mode) Vee = 4.5V, Vo = 0.4V 1.6 mA S
TRI-STATE Leakage -2.0 +2.0 pA 8
Allowable Sink/Source P
Current Per Pin o
D Outputs (Sink) 15 mA o
All Others 3 mA g
Maximum Input Current (Note 4) :
Without Latchup (Room Temp) (Note 5) Room Temp +100 mA CN)
RAM Retention Voltage, Vr 500 ns Rise and Fall Time (Min) 2.0 "
Input Capacitance (Note 5) 7 pF
EEPROM Characteristics
EEPROM Write Cycle Time 10 ms
EEPROM Number of Write Cycles 10,000 Cycle
EEPROM Data Retention 10 Years

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 Vcc, L and G ports are at
TRI-STATE and tied to ground, all outputs low and tied to ground.

Note 4: 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 Vcc when biased at voltages greater than Ve (the pins do not have source current when biased at a voltage below Vgc). The effective
resistance to Vg is 7500 (typical). These two pins will not latch up. The voltage at G6 and RESET pins must be limited to less than 14V.
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COP8620C/COP8622C/COP8640C/COP8642C/COP86L20C/COP86L22C/COP86L40C/COP86L42C

COP8620C/COP8622C/COP8540C/ COPSEA2C (Coninuca)
AC Electrical Characteristics -40°c < T4 < +85°C unless otherwise specified
Parameter Condition Min Typ Max Units
Instruction Cycle Time (tc)
Ext, Crystal/Resonator 1 DC s
(Div-by 10)
R/C Oscillator Mode 3 DC ns
(Div-by 10)

CKI Clock Duty Cycle (Note 5) 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 200 ns
tHoLD 60 ns

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

tPD1, tPDO
SO, SK 0.7 s
All Others 1 s

MICROWIRET™ Setup Time (tyws) 20 ns

MICROWIRE Hold Time (tywH) 56 ns

MICROWIRE Output
Propagation Delay Time (typp) 220 ns

Input Pulse Width
Interrupt Input High Time tc
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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COP6620C/COP6622C/COP6640C/COP6642C

Absolute Maximum Ratings

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

Supply Voltage (Vcc) eV
Voltage at any Pin —0.3VtoVge + 0.3V
Total Current into Vg Pin (Source) 40 mA

Total Current out of GND Pin (Sink) 48 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 —s5°c < T4 < +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 Vge \
Supply Current (Note 2)

CKI = 10 MHz Voo = 5.5V, tc = 1 us 15 mA
Supply Current during
Write Operation (Note 2)

CKl = 10 MHz Voo = 5.5V,tc = 1 pus 21 mA
HALT Current (Note 3) Vg = 5.5V, CKIl = 0 MHz <10 40 pA
Input Levels

RESET, CKI

Logic High 0.9 Vece \

Logic Low 0.1 Ve \
All Other Inputs

Logic High 0.7 Vee \

Logic Low 0.2Vcee v
Hi-Z Input Leakage Voo = 5.5V -5 +5 nA
Input Pullup Current Ve = 4.5V —-35 —300 nA
G Port Input Hysteresis (Note 5) 0.35 Vo \')
Output Current Levels
D Outputs

Source Vcc = 4.5V, Vo = 3.8V —0.35 mA

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

Source (Weak Pull-Up) Voo = 4.5V, Vou = 3.2V -9 —120 rA

Source (Push-Pull Mode) Voo = 4.5V, Vo = 3.8V —0.35 mA

Sink (Push-Pull Mode) Vee = 4.5V, VoL = 0.4V 1.4 mA

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

D Outputs (Sink) 12 mA

All Others 2.5 mA
Maximum Input Current (Note 4)

Without Latchup (Room Temp) (Note 5) Room Temp +100 mA
RAM Retention Voltage, Vr 500 ns Rise and Fall Time (Min) 2.5 \

Input Capacitance (Note 5) 7 pF
EEPROM Characteristics

EEPROM Write Cycle Time 10 ms

EEPROM Number of Write Cycles 10,000 Cycle

EEPROM Data Retention 10 Years

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 Vcc, L and G ports are at

TRI-STATE and tied to ground, all outputs low and tied to ground.

Note 4: Pins G6 and RESET are designed with a high voltage input network for factory testing. These pins allow input voltages greater than Vg and the pins will
have sink current to Voo when biased at voltages greater than Ve (the pins do not have source current when biased at a voltage below Vc). The effective
resistance to Vg is 7509 (typical). These two pins will not latch up. The voltage at G6 and RESET pins must be limited to less than 14V.
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COP8620C/COP8622C/COP8640C/COP8642C/COP86L20C/COP86L22C/COP86L40C/COP861.42C

COP6620C/COP6622C/COP6640C/COP6642C (continued)

AC Electrical Characteristics —55°C < Tp < +125°C unless otherwise specified

Parameter Condition Min Typ Max Units

Instruction Cycle Time (tc)

Ext, Crystal/Resonator 1 DC us
(Div-by 10)

CKI Clock Duty Cycle (Note 5) 40 60 %
Rise Time (Note 5) fr = 9 MHz Ext Clock 12 ns
Fall Time (Note 5) fr = 9 MHz Ext Clock 8 ns

Inputs
tseTUP 220 ns
tHoLD 66 ns

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

tpD1, tPDO

, 0.8 us
All Others 11 us

MICROWIRET™™ Setup Time (tyws) 20 ns

MICROWIRE Hold Time (tywh) 56 ns

MICROWIRE Output
Propagation Delay Time (typp) 220 ns

Input Pulse Width
Interrupt Input High Time tc
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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Connection Diagrams
DUAL-IN-LINE PACKAGE

20 DIP 28 DIP
64/s01 ~ - 63/T0 a7 - 63/mo
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i N Lo—1 18p—L7
TL/DD/10366-3 L1—412 17h=L6
Top View 213 16f-15
Order Number e ]

COP6622C-XXX/N, COP66L22C-XXX/N,

COP6642C-XXX/N, COP66L42C-XXX/N,

COP8622C-XXX/N, COP86L22C-XXX/N,

COP8642C-XXX/N, COP86L42C-XXX/N

See NS Package Number D20A or N20A
(D Package for Prototypes Only)

SURFACE MOUNT
20 SO Wide
J
G4/50 —1 20 b~ 63/T0
65/5K =42 19 =62
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G7/CK0 ~4 4 17 = G0/INT
cKi=—5 16 = RESET
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Lo—7 14f=17
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1249 12=15
L3210 i )
TL/DD/10366-3
Top View

Order Number
COP6622C-XXX/WM, COP66L22C-XXX/WM,
COP6642C-XXX/WM, COP66L42C-XXX/WM,
COP8622C-XXX/WM, COP86L22C-XXX/WM,
COP8642C-XXX/WM, COP86L42C-XXX/WM

See NS Package Number M20B

COP8622C/COP8642C
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Order Number
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COP6640C-XXX/N, COP66L40C-XXX/N,
COP8620C-XXX/N, COP86L20C-XXX/N,
COP8640C-XXX/N, COP86L40C-XXX/N
See NS Package Number D28C or N28B
(D Package for Prototypes Only)
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Order Number

COP6620C-XXX/WM, COP66L20C-XXX/WM,

COP6640C-XXX/WM, COP66L40C-XXX/WM,
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Pin Descrintions
Ve 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 I is a four bit Hi-Z input port.

PORT L is an 8-bit 1/0 port.

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

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

Input With Weak Pull-Up

0 1
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 I/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 1/0 port: a data register
and a configuration register. Therefore, each 1/0 bit can be
individually configured under software control as shown be-
low.

Port G Port G Port G
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. 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)

Qo SN (IVILHUWIRE ciock 1/0)

G6 S| (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.

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.

X is 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 calis and returns.

PROGRAM MEMORY

Program memory for the COP8620C/COP8622C consists
of 1024 bytes of ROM and the COP8640C/COP8642C con-
sists of 2048 bytes of ROM. These bytes may hold program
instructions or constant data. The program memory is ad-
dressed by the 15-bit program 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,
EEPROM, I/0 and registers. Data memory is addressed di-
rectly by the instruction or indirectly through B, X and SP
registers.

The COP8620C/COP8640C has 64 bytes of RAM. Sixteen
bytes of RAM are mapped as “<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>