National PRELIMINARY

Semiconductor
COP620C/COP621C/COP622C/COP640C/COP641C/
COP642C/COP820C/COP821C/COP822C/COP840C/
COP841C/COP842C Single-Chip microCMOS

Microcontrollers
iti B 16-bit read/write timer operates in a variety of modes
General Descnptlon — Timer with 16-bit auto reload register
The COP820C and 'COP840C are membgrs of the CQPSTM — 16-bit external event counter
microcontroller family. They are fully static parts, fabricated — Timer with 16-bit capture register (selectable edge)

using double-metal silicon gate microCMOS technology.
This low cost microcontroller is a complete microcomputer
containing all system timing, interrupt logic, ROM, RAM, and
170 necessary to implement dedicated control functions in a
variety of applications. Features include an 8-bit memory
mapped architecture, MICROWIRE/PLUS™ serial /O, a
16-bit timer/counter with capture register and a multi-
sourced interrupt. Each [/O pin has software selectable op-
tions to adapt the COP820C and COP840C to the specific
application. The part operates over a voltage range of 2.5 to
6.0V. High throughput is achieved with an efficient, reguiar
instruction set operating at a 1 microsecond per instruction 24 input/output pins (28-pin package)

rate. The part may be operated in the ROMless mode to Software selectable 1/0O options (TRI-STATE®, push-
provide for accurate emulation and for applications requiring pull, weak pull-up)

external program memory. Schmitt trigger inputs on Port G

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

® 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 (optionally 24 or 20 pin package)

Features F125°C

® Low Cost 8-bit microcontroller ® ROMless mode for accurate emulation and external

® Fully static CMOS program capability—expandable to 32k bytes in ROM-

® 1 ps instruction time (20 MHz clock) less mode

| Low current drain (2.2 mA at 3 us instruction rate) = Form, fit and function EEPROM emulation device
Low current static HALT mode (Typically < 1 pA) {COP8720C)

8 Single supply operation: 2.5 to 6.0V ® Piggyback emulation devices (COP820CP/COP840CP)

m 1024 bytes ROM/64 Bytes RAM—COP820C ® Fully supported by National’'s MOLE™ development

m 2048 bytes ROM/128 Bytes RAM—COP840C system
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COP820C/COP821C/COP822C/COP840C/COP841C/COP842C

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 —0.3VtoVgg + C.3V
ESD Susceptibility (Note 4) 2000V
Total Current into Vg Pin (Source) 50 mA

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

DC Electrical Characteristics —40°c < T, < +85°C uniess otherwise specified

Parameter Condition Min Typ Max Units
Cperating Voltage 25 6.0 \
Power Supply Ripple (Note 1) Peak to Peak 0.1 Vce \
Supply Current
High Speed Mode, CKI = 20 MHz Voo = BV, tc = 1 us 9 mA
Normal Mode, CKI = 5 MHz Veo = 6 =2us 4 mA
Normal Mode, CKI = 2 MHz Voo = 25V.tc = 5 us 0.7 mA
(Note 2)
HALT Current Voo = 6V, CKIl = 0 MHz <1 10 nA
(Note 3)
Input Levels
RESET, CKI
Logic High 0.9 Vce \Y
Logic Low 0.1 Vce \
All Other Inputs
Logic High 0.7 Vco \
Logic Low 0.2Vcee \
Hi-Z Input Leakage Voo = 6.0V.V)y = 0V -2 +2 pA
Input Pullup Current Voo = 6.0V. Viy = 0V 40 250 nA
G Port Input Hysteresis 0.05 Voo \
Output Current Levels
D Outputs
Source Voo = 4.5V Vou = 3.8V 0.4 mA
Voo = 2.5V Vo = 1.8V 0.2 mA
Sink Voo = 4.5V Vg = 1.0V 10 mA
Voo = 2.5V Vg = 0.4V 2 mA
All Others
Source (Weak Pull-Up) Voo = 4.5V Vou = 3.2V 10 110 nA
Veoe = 2.5V Vpn = 1.8V 25 33 nA
Source (Push-Pull Mode) Voo = 4.5V. Vpy = 3.8V 0.4 mA
Voo = 2.5V. Vo = 1.8V 0.2
Sink (Push-Pull Mode) Voo = 4.5V, Vg = 0.4V 1.6 mA
Voo = 2.5V, Vg = 0.4V 0.7
TRI-STATE Leakage —2.0 +2.0 nA
Allowable Sink/Source
Current Per Pin
D Qutputs (Sink) 15 mA
All Others 3 mA
Maximum Input Current (Note 5)
Without Latchup (Room Temp) Room Temp +100 mA
RAM Retention Voltage, Vr 500 ns Rise and
Fall Time (Min) 2.0 \)
Input Capacitance 7 pF
Load Capacitance on D2 1000 pF

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

Note 2: Supply current is measured after running 2000 cycles with a t.quare 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 t+e Crystal configurations. Test conditions: All inputs tied to Vcc, L and G ports TRI-STATED

and tied to ground, all outputs fow and tied to ground.
Note 4: Human body mode, 100 pF through 1500(1.
Note 5: Except pins 3, 4, 24

pins 3, 24 +60 mA, —100 mA

pin 4 +100 mA, —25mA

Sampled but not 100% tested.
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COP820C/COP821C/COP822C/COP840C/COP841C/COP842C
AC Electrical CharacteristiCs - 40°C < T4 < +85°C unless otherwise specified

Parameter Condition Min Typ Max Units
Instruction Cycle Time (tc)
High Speed Mode Voo« 4.5V 1 DC 1S
(Div-by 20) 2.5V 2 Voo < 4.5V 25 DC ns
Normal Mode Vg 2 4.5V 2 DC ®s
(Div-by 10) 2.5V 2 Voo < 4.5V 5 DC us
R/C Oscillator Mode Voo - 4.5V 3 DC us
(Div-by 10) 2.5V < Voo < 4.5V 7.5 DC ns
CKI Clock Duty Cycle (Note 6) fr = Max (+ 20 Mode) 33 66 %
Rise Time (Note 6) fr = 20 MHz Ext Clock 12 ns
Fall Time (Note 6) fr = 20 MHz Ext Clock 8 ns
Inputs
tseTup Voo - 4.5V 200 ns
2.5V < Vgg < 4.5V 500 ns
tHoLD Ve o2 4.5V 60 ns
2.5V < Voo < 4.5V 150 ns
Output Propagation Delay CL = 100pF, R = 2.2k
tpD1, tPDo
SO, SK Vee it 4.5V 0.7 us
25V < Vgg < 4.5V 1.75 us
All Others Vgo -2 4.5V 1 us
2.5V < VCC < 4.5V 2.5 MS
MICROWIRET™ Setup Time (tyws) 20 ns
MICROWIRE Hold Time (tUWH) 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 Puise Width 1.0 us

Note 6: Parameter sampled but not 100% tested.

AC Electrical Characteristics in ROMiess Mode —40°C < T, < 85°C unless otherwise specified

Parameter Condition Min Typ Max Units
Instruction Cycle Time (tc)
High Speed Mode Voo 2 4.5V 2 OC us
(Div-by 20) 2.5V < Voo < 4.5V 5 oC us
Normal Mode Voo 2 4.5V 4 DC us
(Div-by 10) 2.5V < Vg < 4.5V 10 DC pus
R/C Oscillator Mode Voo 2 4.5V 6 DC us
2.5V < Vg < 4.5V 15 DC us
CKI Clock Duty Ciock fr = Max (= 20 Mode) 40 60 %
Rise Time fr = 10 MHz Ext Clock 24 ns
Fall Time fr = 10 MHz Ext Clock 16 ns
Inputs
tseTUP Voo 2 4.5V 400 ns
2.5V < Voo < 4.5V 800 ns
tHOLD Veg 2 4.5V 120 ns
2.5V < Voo < 4.5V 300 ns
Output Propagation Delay CL = 100 pF, R = 2.2kQ
trD1. tPDO
s Voo 2 4.5V 1.4 ns
2.5V < Vge < 4.5V 35 us
All Others Voo 2 4.5V 2 us
2.5V < Veg < 4.5V 5 ns
Minimum Pulse Width
Interrupt Input tc
Timer Input tc
Reset Pulse Width 1.0 ns
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COP620C/COP621C/COP622C/COP640C/COP641C/COP642C
Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Total Current out of GND Pin (Sink) 48 mA
please contact the National Semiconductor Sales Storage Temperature Range —65°C to +140°C
Office/Distributors for availability and specifications. Note: Absolute maximum ratings indicate limits beyond
Supply Voltage (Vcc) ev which damage to the device may occur. DC and AC electri-
Voltage at any Pin —-0.3Vto Voo + 0.3V cal specifications are not ensured when operating the de-
ESD Susceptibility (Note 4) 2000V vice at absolute maximum ratings.

Total Current into Vg Pin (Source) 40 mA

DC Electrical Characteristics —s55°C < 7o < +125°C unless otherwise specified

Parameter Condition Min Typ Max Units

Operating Voltage 4.5 5.5 A
Power Supply Ripple (Note 1) Peak to Peak 0.1 Voo \
Supply Current

High Speed Mode, CKt = 18 MHz Voo = 5.8V, tc = 1.1 us 15 mA

Normal Mode, CKI = 4.5 MHz Voo = 5.5V, tc = 2.2 us 5 mA
(Note 2)
HALT Current Voo = 5.5V, CKI = 0 MHz <10 30 pA
(Note 3)
Input Levels

RESET, CKI

Logic High 0.9 Ve \

Logic Low 0.1Vee \
All Other inputs

Logic High 0.7 Vce \

Logic Low 0.2Vce \
Hi-Z Input Leakage Voe = 5.5V, VN = OV -5 +5 pA
Input Pullup Current Voo = 4.5V, Vjy = 0V 35 300 pA
G Port Input Hysteresis 0.05 Ve \
Output Current Levels
D Outputs

Source Ve = 4.5V, Vo = 3.8V 0.35 mA

Sink Voo = 4.5V, VgL = 1.0V 9 mA
All Others

Source (Weak Pull-Up) Voo = 4.5V, Vo = 3.2V 9 120 nA

Source (Push-Pull Mode) Veg = 4.8V, Vo = 3.8V 0.35 mA

Sink (Push-Pull Mode) Voo = 4.5V, VgL = 0.4V 1.4 mA

TRI-STATE Leakage —5.0 +5.0 nA
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 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 CK! 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 TRI-STATE
and tied to ground, all outputs low and tied to ground.
Note 4: Human body mode, 100 pF through 15000.
Note 5: Except pins 3, 4, 24
pins 3, 24: +60 mA, — 100 mA
pin 4: +100, —25 mA
Sampled but not 100% tested.
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COP620C/COP621C/COP622C/COP640C/COP641C/COP642C

AC Electrical Characteristics - 55°C < T < +125°C unless otherwise specified

Parameter Condition Min Typ Max Units

Instruction Cycle Time (tc)

High Speed Mode Voo 2 4.5V 11 DC us

(Div-by 20)

Normal Mode Voo 2 4.5V 2.2 DC us

(Div-by 10)
CKil Clock Duty Cycle fr = Max (= 20 Mode) 33 66 %
(Note 6)

Rise Time {(Note 6) fr = 18 MHz Ext Clock 12 ns

Fall Time (Note 6) fr = 18 MHz Ext Clock 8 ns
Inputs

tseTuP Voo 2 4.5V 220 ns

tHOLD Voo = 4.5V 66 ns
Output Propagation Delay RL = 2.2k, C_ = 100 pF
trD1, tPDO

SO, SK Voo 2 4.5V 0.8 ns

All Others Vee 2 4.5V 1.1 us
MICROWIRE Setup Time (tyws) 20 ns
MICROWIRE Hold Time (tywH) 56 ns
MICROWIRE Output Valid 220 ns
Time (tyy)
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

Note 6: Parameter sampled but not 100% tested.

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

Parameter Condition Min Typ Max Units

Instruction Cycle Time (tc)

High Speed Mode Ve 2 4.5V 22 DC s
(Div-by 20)
Normal Mode Voo 2 4.5V 4.4 DC pns
(Div-by 10)

CKI Clock Duty Clock fr = Max (' - 20 Mode) 40 60 %
Rise Time fr = 9 MHz Ext Clock 24 ns
Fall Time fr = 9 MHz Ext Clock 16 ns

Inputs
tseTUP Vee 2 4.5V 440 ns
tHoLD Voo = 4.5V 132 ns

Output Propagation Delay R = 2.2k, C_ = 100 pF
tpD1, tPDO
SO, SK Vo 2 4.5V 1.55 us
All Others Voo 2 4.5V 2.2 us

Minimum Pulse Width
Interrupt Input tc
Timer input tc

Reset Pulse Width 1 us

5
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Timing Diagrams
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FIGURE 2a. AC Timing Diagrams in ROMiess Mode
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TL/DD/9103-19
FIGURE 2b. MICROWIRE/PLUS Timing

TL/DD/9103-2
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Connection Diagrams

DUAL-IN-LINE PACKAGE
20 DIP
/
G4/50 —{1 20 }—63/T0
G5/SK—2 191—62
G6/St—13 18 =61
G7/CKO —| 4 17 = GO /INT
cKi=—15 16 = RESET
vee—16 15 b= GND
Lo—7 14—1L7
L1 =18 1316
29 12[—15
L3—10 1M-L4

TL/DD/9103-3
Top View

Order Number COP822C-XXX/D,
COP822C-XXX/N, COP842C-XXX/D
or COP842C-XXX/N
See NS Package Number
D20A or N20CA

SURFACE MOUNT
20 SO Wide
Ny
G4/50 41 20 {=63/T0
65/5k —2 1962
66/51—13 18]=61
G7/CK0 —] 4 17— GO/INT
cKi =45 16 = RESET
vee—6 15 |- GND
Lo—47 14]=17
11—8 13116
12—9 12—15
L3—10 1|4
TL/DD/9103-3
Top View
Order Number COP822C-XXX/WM
or COP842C-XXX/WM

See NS Package Number M20B

24 DIP
\/
G4/50 =41 24§ G3/T0
65/5K =42 23=62
66/51—3 2261
G7/CK0 — 4 21— GO/INT
cki—5 20 | RESET
vee—16 19 |—GND
1047 18}-03
138 1700
Lo—9 1617
L1 —10 1516
L2=411 14=15
L3—12 1314

TL/DD/9103-4
Order Number COP821C-XXX/D,
COP821C-XXX/N, COP841C-XXX/D
or COP841C-XXX/N
See NS Package Number

D24C or N24A
24 SO Wide
-/
G4/50 =11 24— G3/TI0
65/SK =42 23|62
36/51—13 2261
G7/CKO—4 4 21 = GO/INT
ckt—45 20 = RESET
vCC—16 19 |—GND
10=47 18—D3
138 17f—00
Lo—49 18—L7
L1 =410 15f—L6
L2 =411 t4f=15
L3—12 13—L4

TL/DD/9103-4
Order Number COP821C-XXX/WM
or COP841C-XXX/WM
See NS Package Number M24B

28 DIP
\_J
Ga/s0—{1 28 |- 63/T0
65/5Kk—2 2762
66/51—3 26 - G1
c7/ck0—{ 4 25 F= GO/INT
cKi—{5 24— RESET
vee—{6 23— GND
107 22=03
11 —48 2102
1249 20401
1310 1900
Lo—f11 1817
L1 —412 1716
L1213 16f-15
1314 15f-L4

TL/DD/9103-5
Order Number COP820C-XXX/D,
COP820C-XXX/N, COP840C-XXX/D

or COP840C-XXX/N
See NS Package Number
D28C or N28B
28PLCC
o 9 x - £
£ELgeer
5383885
| N T T I |
2728 1 2 3 4
GO/INT sh-cx
RESET 6 Vec
GND 7f~10
D3 sh-11
D2 9f-12
D1 1013
D0 11j-Lo
17 16 15 14 13 12
LB
9225935

TL/DD/9103-18
Order Number COP820C-XXX/V or
COP840C-XXX/V
See NS Package Number V28A

CcOP822C cOoP821C COP820C
COP842C COP841C COP840C
S| G— Ll —
VEE—]  porTL
GND = =1  PorTD _______2> vee—{  porTD 4>
K — 3ND — oND
g YT G PO POl
INTR RESET — RESET —
Ko
MICROWIRE/PLUS PORT G M PORT G IB_
TL/DD/9103-6 ol | i
MICROWIRE/PLUS MICROWRE /PLUS
TL/DD/9103-7 TL/DD/9103-8
FIGURE 3
7

Power ed by | Cniner.com El ectron

c-Library Service CopyRi ght 2003




Pin Descriptions

Vce and GND are the power supply pins.

CK] 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 descriptior.
PORT I is a four bit Hi-Z input port.

PORT L is an 8-bit 170 port.

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

PortL Port L Port L
Config. Data Setup
0 o] Hi-Z input (TRI-STATE)

1 Input With Weak Pull-Up
0 Push-Pull 0" Output
1

o]
1
1 Push-Pull “1”” Qutput

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

PORT G is an 8-bit port with 6 1/0 pins (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 170 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)
o] 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 r=g-

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

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

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

garded. Reading the G6 and G7 configuration bits will return

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

by setting the G7 data bit.

Six bits of Port G have alternate features:

GO INTR (an external interrupt)

G3 TIO (timer/counter input/output)

G4 SO (MICROWIRE serial data output)

G5 SK (MICROWIRE clock 1/0)

G6 Sl (MICROWIRE serial data input)

G7 CKO crystat 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 wren

RESET goes low.

The D2 pin is sampled at reset. [f it is held low at reset the

COP820C/COP840C enters the ROMless mode of opera-

tion.

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 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, 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 calts and returns.

PROGRAM MEMORY

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

DATA MEMORY

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

The COP820C has 64 bytes of RAM and the COP840C has
128 bytes of RAM. Sixteen bytes of RAM are mapped as
“registers” that can be loaded immediately, 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 I/O and registers (except the A & PC) are
memory mapped; therefore, /0 bits and register bits can be
directly and individually set, reset and tested.

RESET

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

The external RC network shown in Figure 4 should be used
to ensure that the RESET pin is held low until the power
supply to the chip stabilizes.
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Functional Description (continued

Pt
2 ]
w vee
5 T A 8
1 R
S RESET ci CKO Lckt CKO
P R2 ] 1 }
Py :I GND "——M—T RESTART
' g
- 4: a1 EXTERNAL
TL DD/9103-8 S cLock
RC = 5X Power Supply Rise Time ID'
FIGURE 4. Recommended Reset Circuit L c2 <L,
- ——
OSCILLATOR CIRCUITS -:.: = ¢

Figure 5 shows the three clock oscillator conf gurations CKI cKO
available for the COP820C and COP840C. f

R
A.CRYSTAL OSCILLATOR vee RESTART
The COP820C/COP840C can be driven by a crystal clock. [
The crystal network is connected between the pins CKl and
CKO.

Table | shows the component values required for various
standard crystal values.

B. EXTERNAL OSCILLATOR

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

||H

TL/DD/9103-10

FIGURE 5. Crystal and R-C Connection Diagrams

OSCILLATOR MASK OPTIONS

The COP820C and COP840C can be driven by clock inputs
between DC and 20 MHz. For low input clock frequencies
(< 5 MHz2) the instruction cycle frequency can be selected
to be the input clock frequency divided by 10. This mode is

C.R/C OSCILLATOR known as the Normal Mode.

CKl is configured as a single pin RC controlled Schmitt trig- For oscillator frequencies that are greater than 5 MHz the
ger oscillator. CKO is available as a general purpose input chip must run with a divide by 20. This is known as the High
and/or HALT restart control. Speed mode.

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

TABLE |. Crystal Oscillator Configuration, T4 = 25°C

R1 R2 Cc1 c2 CKI Freq Conditions
(k2) (MQ) (pF) (pF) (MHz)
0 1 30 30-36 20 Vee = 5V
o] 1 30 30-36 10 Voo = 5V
0 1 30 30-36 4 (+ 20) Voo = 2.5V
0 1 200 100-150 0.455 Voo = 2.5V
TABLE Il. RC Oscillator Configuration, Ty = 25°C
R C CKI Freq. Instr. Cycle .
Conditions
(k) (pF) (MHz) (ps)
3.3 82 28to2.2 36t045 Voo = 5V
56 100 1.5t01.1 6.7t109 Voo = 5V
6.8 100 1.1t008 9to 125 Voo = 2.5V
9
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Functional Description continued)

The COP820C and COP840C microcontrollers have five

mask options for configuring the clock input. The CKI and

CKO pins are automatically configured upon selecting a par-

ticular option.

— High Speed Crystal (CKI/20) CKO for crystal configura-
tion

— Normal Mode Crystal (CK!/10) CKO for crystal conf.gu-
ration

— High Speed External (CKI/20) CKO available as G7 in-
put

— Normal Mode 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—I4

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

Thus the total current drain, It is given as

=1 +12+13+14+15

To reduce the total current drain, each of the above compo-

nents must be minimum.

The chip will draw the least current when in the normal

mode. The high speed mode will draw additional current.

The R/C mode will draw the most. Operating with a crystal

network will draw more current than an external square-

wave. Switching current, governed by the equation below,

can be reduced by lowering voltage and frequency. Leak-

age current can be reduced by iowering voltage and tem-

perature. The other two items can be reduced by carefully

designing the end-user’s system.

12=CxVxf

Where

C = equivalent capacitance of the chip.

V = operating voltage

f = CKI frequency

Some sample current drain values at Vo = 6V are:

CKI (MHz) Inst. Cycle (us) It (mA)
20 1 9
3.58 3 2.2
2 5 1.2
03 33 0.2
0 (HALT) — <0.0001
HALT MODE

The COP820C and COP840C support a power saving mode
of operation: HALT. The controiler is placed in the HALT
mode by setting the G7 data bit, alternatively the user can
stop the clock input. In the HALT mode ali internal proces-
sor activities including the clock oscillator are stopped. The
fully static architecture freezes the state of the control-

ler and retains all information until continuing. In the HALT
mode, power requirements are minimal as it draws only
leakage currents and output current. The applied voltage
(Vcc) may be decreased down to Vr (minimum RAM reten-
tion voltage) without 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
000CH. A low to high transition on the CKQO pin causes the
microcontrolier to continue with no reinitialization from the
address following the HALT instruction. This also resets the
G7 data bit.

INTERRUPTS

The COP820C and COP840C have a sophisticated interrupt
structure to aliow easy interface to the real word. 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 interrupt re-
spectively. Thus the user can select either or both sources
to interrupt the microcontroiler when GIE is enabled.

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

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

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

INTERRUPT PROCESSING

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

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

Power ed

10

by 1 Cm ner.com El ectronic-Library Service CopyRi ght 2003




Functional Description continuea

EXTERNAL
INT. PIN

Mg

TIMER

UNDERFLOW TPND

SOFTWARE

T0
INTERRUPT
LOGIC

INTERRUPT

FIGURE 6. Interrupt Block Diagram

DETECTION OF ILLEGAL CONDITIONS

The COP820C and COP840C incorporate a hardware
mechanism that allows it to detect illegal conditions which
may occur from coding errors, noise and ‘brown out’ voltage
drop situations. Specifically 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 on the COP820C and
COP840C grows down for each subroutine call. By initializ-
ing 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 exe-
cute from FFFF (hexadecimal), which is an undefined ROM
location and will trigger a software interrupt.

MICROWIRE/PLUS™

MICROWIRE/PLUS is a serial synchronous bidirectional
communications interface. The MICROWIRE/PLUS capabil-
ity enables the COP820C and COP840C to interface with
any of National Semiconductor's MICROWIRE peripherals
(i.e. A/D converters, display drivers, EEPROMS, etc.) and
with other microcontrollers which support the MICROWIRE/
PLUS interface. It consists of an 8-bit serial shift register
(SI0) with serial data input (Sl), serial data output (SO) and
serial shift clock (SK). Figure 7 shows the block diagram of
the MICROWIRE/PLUS interface.

The shift clock can be selected from either an internal
source or an external source. Operating the MICROWIRE/
PLUS interface with the internat clock source is alled 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 cantrol 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, SO and S1, in the
CNTRL register. Table Ill details the different clock rates
that may be selected.

TL/DD/9103-11
TABLE Il
S1 So SK Cycle Time
] 0 2tc
¢] 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 M-
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 COP820C and COP840C may enter the Mi-
CROWIRE/PLUS mode either as a Master or as a Slave.
Figure 8 shows how two COP820C microcontrollers and
several peripherals may be interconnected using the MI-
CROWIRE/PLUS arrangement.

Master MICROWIRE/PLUS Operation

In the MICROWIRE/PLUS Master mode of operation the
shift clock (SK) is generated internally by the COP820C.
The MICROWIRE/PLUS Master always initiates all data ex-
changes. (See Figure 8). The MSEL bit in the CNTRL regis-
ter must be set to enable the SO and SK functions onto the
G Port. The SO and SK pins must also be selected as out-
puts by setting appropriate bits in the Port G configuration
register. Table IV summarizes the bit settings required for
Master mode of operation.

SLAVE MICROWIRE/PLUS OPERATION

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

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

TABLE IV
G4 G5
Config. | Confi G4 Gs Ge Operation
onfig.| Conflg. Fun. Fun. |Fun. pe
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 COP820C and COP840C have a powerful 16-bit tirmer
with an associated 16-bit register enabling them to perform
extensive timer functions. The timer T1 and its register R1
are each organized as two 8-bit read/write registers. Control

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 microcontrolier. 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 programmed to generate an interrupt. (See Figure 9)

MODE 3. TIMER WITH CAPTURE REGISTER
Timer T1 can be used to precisely measure external fre-

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.
quencies or events in this mode of operation. The timer T1
] - S0 counts down at the instruction cycle rate. Upon the occur-
rence of a specified edge on the TIO pin the contents of the
8-8ITSIO dg timer T1 are copied into the register R1. Bits in the control
D REGISTER register CNTRL allow the trigger edge to be specified either
A as a positive edge or as a negative edge. In this mode the
T SHIFT CLOCK user can elect to be interrupted on the specified trigger
A edge. (See Figure 10.)
B
. CLOCK
sl = SELECT SK
(=

TL/DD/9105-12
FIGURE 7. MICROWIRE/PLUS Block Diagram

CHIP SELECT LINES N
4 4 A 4 4 A 4
cs s s cs cs
1/0 Low /0
LINES coP 8-BIT 1024= BIT POWER FREQ. VF coP LINES
820C A/D CON- £EPROM CMOS GEN. & DISPLAY 820C
(MASTER) VERTER COP495 RAM COUNTER DRIVER (SLAVE)
COP43X & TIMER COP452L COP470
COP498
DO DI CLK DO DI CLK DO DI CLK DO DI CLK DI CLK
l F Y l > A l A A l A A A A
sife¢ S0
) S|
SK »1 sk

TL/DD/9103-13
FIGURE 8. MICROWIRE/PLUS Application
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Functional Description (continued)

TABLE V. Timer Operating Modes

CNTRL Timer
Bits Operation Mode T Interrupt Counts
765 On
000 External Counter W/Autc-Load Reg. Timer Carry TIO Pos. Edge
001 External Counter W/Autc-Load Reg. Timer Carry TIO Neg. Edge
010 Not Allowed Not Allowed Not Allowed
011 Not Allowed Not Allowed Not Allowed
100 Timer W/Auto-Load Reg Timer Carry tc
101 Timer W/Auto-Load Reg./Toggle TIO Out Timer Carry tc
110 Timer W/Capture Register TIO Pos. Edge tc
111 Timer W/Capture Register TIO Neg. Edge tc

[ INTERNAL DATA BUS |

16 = BIT AUTO TIMER
RELOAD REG. UNDERFLOW
INTERRUPT

16 - BIT TIMER/ G3 DATA TIO

t COUNTER LATCH OUTPUT
TL/DD/9103-15

FIGURE 9. Timer/Counter Auto

Reload Mode Block Diagram

C INTERNAL DATA BUS ]

INTERRUPT

ti 168

CAPTURE REG.

m
16 = BIT TIMER

T1./DD/9103-14
FIGURE 10. Timer Capture Mode Block Diagram

\ 4

TIO INPUT

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.
[ 7o |

TL/DD/9103-16

FIGURE 11. Timer Application

ToH

/’\\

A SIMPLE D= A
CONVERTER USING
THE TIMER TO
GENERATE A PWM
OUTPUT.

L?

ON® WOO
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Control Registers

CNTRL REGISTER (ADDRESS X’00EE)
The Timer and MICROWIRE/PLUS control register contains
the following bits:

S1&S0 Select the MICROWIRE/PLUS clock divide-by

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

TC2 Selects the capture mode

TCH Selects the timer mode

[tc1 [ ce [ Tca [ tRun [ msed [ iena [ s1] so |
BIT7 BIT O

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

GIE Global interrupt enable

ENI External interrupt enable

BUSY MICROWIRE/PLUS busy shifting
IPND External interrupt pending

ENT!  Timer interrupt enable

TPND Timer interrupt pending

C Carry Flag

HC Half carry Flag

[ he [c [ teno [ enti [ ieno [ usy | Eni | G\EI
Bit7 Bit 0

Operating Modes

These controllers have two operating modes: Single Chip
mode and the ROMless mode. The operating mode is deter-
mined by the state of the D2 pin at power on reset.

SINGLE CHIP MODE

In the Single Chip mode, the controller functions as a self
contained microcontroller. It can address internal RAM and
ROM. All ports configured as memory mapped 1/O ports.

ROMLESS MODE

The COP820C and COP840C enter the ROMless mode of
operation if the D2 pin is held at logical “0"" at reset. In this
case the internal ROM is disabled and the controller can
now address up to 32 kbytes of external program memory.
in the ROMIless mode of operation, the COP820C uses the
64 bytes of onboard RAM and the COP840C uses the " 28
bytes of onboard RAM. The ports D and | are used to ac-
cess the external program memory. By providing a serial
interface to external program memory, a large address
space can be managed without the penailty of losing a large
number of 1/0 pins in the process. Figure 12 shows in scne-
matic form the logic required for the ROMless mode opera-
tion and all support logic required to recreate the 1/0.

Memory Map

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

Address Contents

COP820C

00 to 2F |On Chip RAM Bytes

30 to 7F |Unused RAM Address Space (Reads as all Ones)
COP840C

00 to 6F |On Chip RAM Bytes
70 to 7F |Unused RAM Address Space (Reads as all Ones)

COP820C and COP840C
80 to BF
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 Port L Input Pins (Read Only)
D3 Reserved for Port L
D4 Port G Data Register
D5 Port G Configuration Register
D6 Port G Input Pins (Read Only)
D7 Port | Input Pins (Read Only)
D8-DB |Reserved for Port 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
Timer Lower Byte
EB |Timer Upper Byte
Timer Autoload Register Lower Byte
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

Expansion Space for on Chip EERAM

Reading unused memory locations below 7FH will return all
ones. Reading other unused memory locations will return
undefined data.

Addressing Modes

REGISTER INDIRECT

This is the “normal” mode of addressing for COP820C and
COP840C. 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.
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Addressing Modes (continued)

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.

instruction Set
REGISTER AND SYMBOL DEFINITIONS

Registers

A 8-bit Accumulator register
B 8-bit Address register

X 8-bit Address register

spP 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 (Inciudes 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+ Memi + G, C «— Carry
HC <— Half Carry
SUBC subtract with carry A «— A+ Meml +C,C «— Carry
HC <«— Half Carry
AND Logical AND A <«— A and Mem|
OR Logical OR A «— AorMeml
XOR Logical Exclusive-OR A <« Axor Meml|
IFEQ IF equal Compare A and Memt, Do nextif A = Memli
IFGT IF greater than Compare A and Meml, Do next if A > Mem|
IFBNE IF B not equai 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
{FBIT If bit If bit,
Mem is true, do next instr.
X Exchange A with memeory A «<— Mem
LDA Load A with memory A <« Mem!
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 «— Bt1)
LDA Load A with memory [X] A« [X] (X < X*1)
LDM Load Memory Immediate [B] < Imm (B «— Bx1)
CLRA Clear A A« 0
INCA Increment A Ae— A+1
DECA Decrement A A e— 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...A4 «—> A3... A0
SC SetC C « 1,HC « 1
Ac Reset C C « O,HC « 0
IFC IfC If Cis true, do next instruction
IFNC If not C If C is not true, do next instruction
JMPL Jump absolute long PC «— i (ii = 15 bits, 0 to 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 <« ii
JSR Jump subroutine [SP] <« PL,[SP-1] «— PUSP-2PC11..0 « i
JID Jump indirect PL <— ROM(PU,A)
RET Return from subroutine SP+2PL «— [SP]PU <« [SP-1]
RETSK Return and Skip SP+2PL «— [SP},PU <« [SP-1],Skip next instruction
RETI Return from Interrupt SP+2PL <« [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

(21qe3 Bumoyjo} ees) epoodo pesnun ue s| ,

UONEDO} AJOWBUI PEsSaIPPE ANOBIIP B S| pW

BlEp ojeipowwW! By} S| |

‘aloym

4440-0040 | 3440-0040 [ars | a1z . . N

9L +dr|ee+dr dwr ysr 403NEdI | 0'AQ1 | L8y | L8S | 113d 4402ZSHa | b#'340Q7 | 9k-dr | 0-dr
4430-0030 | 4430-0030 [gl'9 |[8]'9 # (8] | [8) X1

Sh+dr| e +dr dWr ysr 303NEdl | +'8Q1 | Led | l8s | 13d a1 |'vail| 'vail | 340zsHa | 1#'340Q1 | Lb-df | b-dl
4400-0000 | 4400-00Q0 lar's | [8l's PW

v+ dl | OE + df dwr Hsr Q03NEdl | 2'8Q7 | Li8H | LSS |XS13d| ‘Y1 |WSM| HIG |a40ZSHa | '#'040Q1 | 8k-dr| e-dr
3400-0000 | 4400-0000 |y [ @v| #

€L+ dr |62 +df dWr gsr 003NEdl | £'9a1 | LEd | 118S PW'V X | TdAr | ‘PN QT | 040 ZSHA | 1#°04007 | 61-dl | E-dl
4480-0080 | 43480-0080 [are |[are #1-8lj[-8] | [-X]

2L +dr|8e+dr dWrP Hsr 803NEdl | ¥'8a1 | L8d | L8s | vo3a a1 | 'val| 'val [8402sHa | '#'d40Q7 | 02-dr | b-dr
44¥0-00¥0 | 44V0-00¥0 [8]c | [a)e #(+d) | [+8] | [+X]

b+ dr 22 +dr dr dsr vO3INEdl | $'aQ1 | L8d | LigS | VONI @1 | 'val| 'val |v40ZSHa | M#'v40Q7 | t2-dl | §-df
3460-0060 | 4460-0060 [are | En " N “

0} +dr |92 +dr dwr usr 63NEdI | 9'8Q71 | LEd | LgsS | ONdl 6402840 | 1#'640Q7 |22-dr| 9-dr
4480-0080 | 4480-0080 [ar'o | [8ro 1# "

6+dlr [SZ+dr dWr ysr 83NEdl | £'8Q1 | L8Y | LES | Odl ‘'val dON | 840ZSHA | 1#'840Q7 | €2-dr | £-dF
44£0-00£0 | 44200020 * [8rs | laiv ' . .

8+dr |ve+dr dwr ysr L3Ne4l | 8'8a] lgdl| HO | 'VHO £402SHA | 1#°240Q7 | ve-dr | 8-dr
4490-0090 | 4490-0090 [|re | [al'v 1# (al X1

L+dr tez adr AP ES 93NEd! | €°'9QT [ VHOOC | LIEdl | HOX | YHOX | WX | WX 1 9o40ZSHa | '#'odeat GT-ar) e-dr
4450-0050 | 4450-0050 [ar's | [al'v 1# .

9+dr |22 +dr dwr usr S3NEdl | v0'aqd1 | VdYMS | Ligdl| ANV | ‘VONY | ar S40ZSHA | 1#'640Q1 | 92-dl | O+-dP
44¥0-00v0 | 44v0-00¥0 [8l'v | [al'v ' *

S+dr|t2+dr dnr dsr v3NGdl | 80'8Q1| WH1O |liedi| aavy | ‘vaav | Al v402SHA | 1#'40Q7 | Lg-dr | b dP
44€0-00€0 | 44€0-00€0 * [al'e | [al'Y 1# [-8] | [-X]

v +dr |02 +dr dinr usr £3Ngdl | 00'a a1 Lgdl | 1941 | 'VI9dl | 'YX | 'YX | €40ZSHA | '#'€40Q7 | 82-dr | 2k-dl
44200020 | 4420-0020 * [al'c | [8]'V 1# [+8] | [+x]

€+dr |61 +dr dir dsr 23Nadi [ago'aa Lgdl | 034l | VO34l | VX | '¥X |240ZSHA | 1#'240Q7 | 62-dr | €b-dP
34100010 | 4410-0010 " [ar | (al'v 1# «

Z2+dr |8l +dr dwr Hsr L3aNgdl | 30'8a Ligdl | o8ns |'vo8Nns | 0S 140ZSHA | t#°140Q7 | 06-dP | vi-dPl

. 4400-0000 | 4400-0000 N [aro | I8l 1#

HINI | ZF+dP dnwr Hsr 03Nadl | 40'8ql L84l | 'vOav | ‘'vOaQv | OH | vOHH | 0402ZSHd | 1#°040Q7 | kE-dP | Gb-dF
0 ! 4 € v S 9 L 8 6 v | B a E| 4
v-Lsua

17

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003



Instruction Execution Time BYTES and CYCLES per
Most instructions are single byte (with immediate address- INSTRUCTION
ing mode instruction taking two bytes). The following table shows the number of bytes and cycles

Most single instructions take one cycle time (1 us at for each instruction in the format of byte/cycle (a cycle is

20 MHz) to execute. 1 us at 20 MHz).

See the BYTES and CYCLES per INSTRUCTION table for

details.

[B] Direct Immed.

ADD 1/1 3/4 2/2
ADC 11 3/4 2/2
SUBC 11 3/4 2/2
AND 11 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 1/1 3/4 2/2
IFBNE 1/1
DRSZ 1/3
SBIT 11 3/4
RBIT 1M1 3/4
IFBIT /1 3/4

Memory Transfer instructions

Register Register Indirect

Indirect | Direct{iImmed.| 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 (fB < 16)
LD B,lmm 2/3 (IfB > 15)
LD Mem,Imm 2/2 3/3 2/2
LD Reg,lmm 2/3

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

Instructions Using A & C Transfer of Control Instructions
CLRA 1/1 JMPL 3/4
INCA 1/1 JMP 2/3
DECA 1/1 JP 1/3
LAID 1/3 JSRL 3/5
DCORA 1/1 JSR 2/5
RRCA 1/1 JID 1/3
SWAPA 1/1 RET 1/5
SC 1/1 RETSK 1/5
RC 1/1 RET} 1/5
IFC 1/1 INTR 1/7
IFNC 1/ NOP 1/1
18
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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.

g::::: Instruction g::::: Instruction
60 NOP A9 NOP
61 NOP AF LD A, [B]
62 NOP B1 C -» HC
63 NOP B4 NOP
67 NOP B5 NOP
8C RET B7 X A, [X]
99 NOP B9 NOP
9F LD [B], #i BF LD A, [X]
A7 XA, [B]

A8 NOP

Development Support

MOLE DEVELOPMENT SYSTEM
The MOLE (Microcomputer On Line Emulator) is a low cost
development system and emulator for all microcontroller
products. These include COPS™ and the HPCT™ family of
products. The MOLE consists of a BRAIN Board, Personali-
ty Board and optional host software.
The purpose of the MOLE is to provide the user with a tool
to emulate code for the target microcontroller and assist in
both software and hardware debugging of the system.

It is a self contained computer with its own firmware which
provides for all system operation, emulation control, com-
munication, PROM programming and diagnostic operations.
It contains three serial ports to optionally connect to a termi-
nal, a host system, a printer or a modem, or to connect to
other MOLESs in a multi-MOLE environment.

MOLE can be used in either a stand alone mode or in con-

Single Chip Emulator Device

The COP820C is fully supported by a form, fit and function
emulator device, the COP8720C.

Option List

The COP820C/COP840C mask programmable options are
listed out below. The options are programmed at the same
time as the ROM pattern to provide the user with hardware
flexibility to use a variety of oscillator configuration.
OPTION 1: CKI iINPUT

= 1 Normal Mode Crystal (CKIi/10) CKO for crystal con-

figuration
= 2 Normal Mode External (CKi/10) CKO available as G7
input
(CKI/10) CKO available as G7
input
(CKI/20) CKO for crystal con-
figuration
(CKI/20) CKO available as G7
input
OPTION 2: COP820C/COP840C BONDING
= 1 28 pin package
= 2 24 pin package
= 3 20 pin 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.

= 3R/C
= 4 High Speed Crystal

= 5 High Speed External

junction with a selected host system using PC-DOS commu-
nicating via a RS-232 port.

Development Tools Selection Table

. Order - Manual
Microcontroller Part Number Description Includes Number
MOLE-BRAIN Brain Board Brain Board Users Manual 420408188-001
MOLE-COP8-PB1 Personality Board COP820/840 Personality Board 420410806-001
Users Manual
COP820/ MOLE-COP8-1BM Assembler Software for IBM COP800 Soﬁwgre Users Manual 424410527-001
COP840 and Software Disk

PC-DOS Communications
Software Users Manual

420040416-001

420410703-001

Programmer’s Manual

420410703-001
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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 and additionally, provides
the capability of remotely accessing the MOLE development
system at a customer site.

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.

ORDER P/N: MOLE-DIAL-A-HLP
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. f a user is having difficulty in operating a MOLE, he
can leave messages on our electronic bulletin board, which
we will respond to, or under extraordinary circumstances he
can arrange for us to actually take control of his system via
modem for debugging purposes.

(408) 721-5582

300 or 1200 baud

Voice:

Modem: (408) 739-1162
Ba.ud:
Setup:

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

Operation: 24 Hrs. 7 Days

DIAL-A-HELPER

. N .
L] L] L] L}
(] (] ] ]
' USER'S ! ! !
: TARGET ' ' '
. SYSTEM [] ' '
[] (] ] ]
. L] L] L]
(] ) 1] ]
. I P HOST '
' MODEM ' N WODEM COMPUTER '
L] L] L] ]
L] [ ] 1 L]
(] (] (] []
L] L] 1 L]
' HOST ' ' '
] MOLE ] '

H COMPUTER . ' '
(] ] ] (]
] 1] (] (]
] 1] ] ]
tecvesoenenennenecwevenaaanwd teecerceercrrscseecreeweceeen e ed

USER SITE NATIONAL SEMICONDUCTOR SITE
TL/DD/9103-20
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Physical Dimensions inches, (milimeters)
) 1.015
- {25.78)
MAX
5 [s] [i§] {7} [ie] [is] (el [15} [iz] [7]
0.270—0.310
{6.858—7.874)
PINNO.1_[ o
IDENT |
T ) TaT TsJ 1l G2 Le [s] o]
0.050+0.005 | 0.005
(1.2710+0.127) 0.485 0.180 (0.127)
TYP (12.32) sz Ty
0.020—0.060 MAX MAX i
T {0.508—1.524) [ 1
0.008—0.015 —_—— 9.150
= 0203=0.389 # B
0.290—0.320 0.005 L ]
(T 38E—B 198 (0.127) 0.015—0.023
(7.366—8.128) MIN | "“"(01331__0.534) 0.125—0.200
01000010 TP {3.175—5.080)
0.080 {2.540£0.258)
(2.032)
MAX
D20A (REV Dt
20-Lead Hermetic Dual-in-Line Package (D)
Order Number COP822C-XXX/D or COP842C-XXX/D
NS Package Number D20A
e o230 S
(31.24)
MAX
[ R3] [2 [ &) [s] [fs) [7] [16] [is] [7a] [ia}
0.568-0.605
D) (1.43-15.37)
o D
vTENT — T I W J I 6 W =
00500005 . | 0555 0165
(1.270 £0.127) (14.10) (4.191)
TYP MAX SQUARE MAX
[ 1 ! } 0.020-0.060
I I l t { {0.508-1.524)
0.005 o, by w—
0.008-0.015 | 012 f
0203-0381) ||° MmN
TYP i
0590-0620 (uui%-' -— 01000010 ‘ 4”__ 0.015-0.023 | viso
(14.99-15.75) ‘MIN 25400258 T {0.381-0.584) (3.810)
TvP TYP MIN
(ZU;:-. B 0.125-0.200
MAX TYP (3.175-5.080)
024C (REV G)
24-Lead Hermetic Dual-in-Line Package (D)
Order Number COP821C-XXX/D or COP841C-XXX/D
NS Package Number D24C
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0.291-0.299
{7.391-7.505)

0.m7

[ l"
S

Physical Dimensions inches (millimeters) (Continued)
I . S —
T s
B oA B wnnn LSS
0520 maAx
™~ {13.200) SQUARE |
0.605
) (1537
MAX
PIN N0.1\
IDENT
e
T 7 3 & 5 6 7 8 3 ®mono;momom
0185
, 0050 mw
Pa zm"" 7*
0.020-0.060
‘ [ _E(o.su-t.su)
|l ooos-001s f
[~ {0.203-0381) R B
0.600 0.125
{is2m) e +1 ’”-'I i)
0.100:0.010 0.015-0.023 MIN
{2,540 20.254) 0.381-0.584)
TYP D28C (REV E)
28-Lead Hermetic Dual-in-Line Package (D)
Order Number COP820C-XXX/D or COP840C-XXX/D
NS Package Number D28C
0.495 - 0.512 o
{12.598 — 13.005)
B 14 13 !

0.394 —0.418
(10.008 — 10.543)
LEAD NO. 1
'REEEEEE
12 3 4 5 6 7 8 9 1
0.027
(0.686)
0.083-0.104
{2.362 —-2.642)
¢ ‘ 0.004 —0.012
(0.102-0.305)

Y

0°-8°
TYP ALL LEADS

!
0.037-0.044 ————
(0.940—1.118) ? }
—»| L

e f

0.004

0.009-0.013 0% . 0,030 -0.050 0.050
(0.229 -0.330) ALL LEAD TIPS {0.762—1.270) n.21
TYP AL LEADS TYP ALL LEADS e

20-Lead Surface Mount Package (M)

NS Package Number M

23

20B

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

}

0.014-0.019
o (0.356 —0.483)
TYP

M20B (REV D1
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0.291-0.299
(7301-750)
0.017
(0.432)
0.009-0.013 x .5
{0.229-0.330)
TYP ALL LEADS

LJ

t

!

UW

(0.102)
ALL LEAD TIPS

0.092 x 0.030

(2.337 X0.762)
MAX DP

.

W

Physical Dimensions inches (millimeters) (Continued)

0596 —0.612
= S
- (15.14-15.54)
4 23 2 21 22 19 18 17 16 15 4 13
03940419
{10.01- 10.64)
LEAD NO 1 'O
1DENT
T+ 2z 3 4« 5 6 7 8 8 W 1 12
0027
{0.686)
00370044  0093-0.104
09401 118) (2.362 - 2642)
0.004 —0.012
00 -8° IVPAILLEADS {6.102—0.305)

0.030-0.050 J "_ 0os0 J ‘
(0.762 -1 270)
TYP ALL LEADS

(1.270)

24-Lead Surface Mount Package (WM)

NS Package Number M24B

Order Number COP621C-XXX/WM, COP64 1C-XXX/WM, COP821C-XXX/WM or COP841C-XXX/WM

1.013-1.040

(25.713-26.42)

20-l.ead Molded Dual-in-Line Package (N)
Order Number COP622C-XXX/N, COP642C-XXX/N, COP822C-XXX/N or COP842C-XXX/N

NS Package Number N20A

24

0.032:0.005
(0813:0127)
N RA|
PINNO.1 IDENT\ @ 0.260 +0.005 o1 .
6.604 -0.127] PIN NO. 1 IDEN
3280 ormiont ( l \0
",’d‘l"‘” CI T e TeT T TeT el Ted
0.090
0.300-0.320 _ 235) OPTION 2
{7620-8.128} 0.060 NOM 0.040 L OPTION2 0130 0.005
0065 (1528 e | e\ T _ 2130 9905
3302 0327
i) VP TYP L
! 0.145-0.200
|  Gessm0
95%5° || 0.009-0.018 90°:0.004" f ’
U 220-0301) 0.020
, TYP 0.100:0.010 _4 I__ 0.125-0.140  (0.508)
0.060 £0.005 (2.540£0.258) 0.018 :0.003 (3 175-3.556) MIN
0325 10040 1 s2ax002n ! {0.457:0.076)
—0.015
+1.016
(l.155 _“3")

N20A (REV G

0.014-0019
(] {0,356 - 0.483) 483)
e

2B HEV T
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PhYSical Dimensions inches (millimeters) (Continued)

1.243-1.270

l‘ {3157-3226)
aBElE ,

0.062

(1.575)
RAD

0.540 +0.005
13.716 :0.127)

PIN NO. T IDENT

l.ILJLlLJLJLILlLJU [ 1
DOTTED OUTLINES
REFLECT ALTERNATE
0.580 MOLOED BODY CONFIGURATION

(1473) 0.030
MIN a—
(0.762) 0075
0.600-0.620 MAX T 95) 0,060 :’-::: 0.160 £0.005
{ 1520 e T wmeE {

AY

_0e00-0620 |
I (152415740 ] i
—
1’7‘ [ Il 0.170-0.210
R / flara-s.334)
ouge 0.009-0.015 -3 °w

0ezs gore - m'u‘n_:;.:‘(: 015 0.018 +0.01 o018

_ees 0075 :0.018 o3

- (s 255 11,905 203011 ] - “ L 2100 20, m"”'wmm 0078) (——g . WK

-0.381
{2,540 :0.258)

NZ4A (REV E)

24-Lead Molded Dual-in-Line Package (N)
Order Number COP621C-XXX/N, COP641C-XXX/N, COP821C-XXX/N or COP841C-XXX/N
NS Package Number N24A

Fﬂlﬂ[ﬂﬁ]ﬁlﬁ]ﬁﬂﬁlﬁlﬂﬁl[ﬂﬁlﬂ

(1 575]
;’:;:zz‘:::,% O O
4’
[0]EJE0jE Ca o CICICREELT

0.145—0.210

0.030 0.600—0.620 ) . 0.050
in.162) "M (15.24—15.75) {3.683-5.334) Gy 0.125-0.165
BATS—4.191) g gz0
| 2L MIN

; (0.508)

¥
r- | —
850 +5° 0.009-0.015 e
[ e wetm oy
e g MN——] 0.050£0.015 0.100£0.010 0.01810.003
(1473 (1.270+0.381) 12.&'.40&11.254;“>| "_(o 457£0.076) %
0,625 +0:025 (3175 -3.683)
—0.015 ——
(15,887 255 [p—

28-Lead Molded Dual-in-Line Package (N)
Order Number COP620C-XXX/N, COP640C-XXX/N, COP820C-XXX/N or COP840C-XXX/N
NS Package Number N28B
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Physical Dimensions inches (milimeters) (Continued)

6 SPACES AT

(1 m)
0.130
(a,m;
DIA
NOM
PEDESTAL
Iyl I |

Lit. # 101991

VIEW A-A

s [T

LIFE SUPPORT POLICY

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance

COP620C/COP621C/COP622C/COP640C/COP641C/COP642C/COP820C/COP821C/
COP822C/COP840C/COP841C/COP842C Single-Chip microCMOS Microcontrollers

28-Lead Surface Mount Package (V)
Order Number COP820C-XXX/V or COP840C-XXX/V
NS Package Number V28A

(1.143)
x 45°¢
0.410-0.430
(10.41-10.82)
SQUARE
(CONTACT DIMENSION)
0.020 o g 2:013-0.018
0.032 - 0.040 {0.508) (0.330-0.457)  0.165-0.180
(0.813-1.016) MIN Tve @1n-4572)
i__i__ * S 2 |
[
* 0.005-0.015 015 M i |
{027 -0.381) ‘ ’
PIN NO. 1_f 0.026-0.032 f .104—0.118
IDENT T sen n 813) 2.642—-2.997)
0450
.43
REF 50
0.485-0.495
12.32-12.57)
SQUARE Vasa REV Gy

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

TWX: (810) 339-9240 Telex: 522772 FAX 3-299-7000

Tel. 3.7231290, 3-7243645
Cable: NSSEAMKTG
Telex: 52996 NSSEA HX

Telex: 391-1131931 NSBR BR

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user. 01011 1 g &
National Semiconductor National Semiconductor NS Japan Ltd. Nationai National National Semiconductor
Corporation GmbH Sanseido Bldg. 5F Hong Kong Ltd. Do Brasil Ltda. (Australia) PTY, Ltd.
2900 Drive 193-195 4-15 Nishi Shinjuku Southeast Asia Marketing Av. Brig. Fana Lima, 830 21/3 High Street
P.O. Box 58090 D-8000 Munchen 21 Shinjuku-Ku, Austin Tower, 4th Floor 8 Andar Bayswater, Victoria 3153
Santa Clara, CA 95052-8090 ‘West Germany Tokyo 160, Japan 22-26A Austin Avenue 01452 Sao Paulo, SP. Brasit Australia
Tel: (408) 721-5000 Tel: (089) 5 70 95 01 Tet: 3-299-7001 Tsimshatsui, Kowloon, H.K. Tel: (55/11) 212-5066 Tel: (03) 729-6333

Telex: AA32096

National doss not assume any responsibility for use of any sicuitry descnbed. no circu patent liconses are mplied and National reserves the nght at any time without notice to change said crrcuitry and specifications.
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