National
Semiconductor

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

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 1/0 necessary to implement dedicated con-
trol functions in a variety of applications. Features include
an 8-bit memory mapped architecture, MICROWIRE/
PLUS™™ serial |/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 COP8620C/
COP8640C to the specific application. The part operates
over a voltage range of 4.5V to 6.0V. High throughput is
achieved with an efficient, regular instruction set operating
at a 1 microsecond per instruction rate.

Features

B Low Cost 8-bit microcontroller

m Fully static CMOS

W 1 us instruction time

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

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

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

Schmitt trigger inputs on Port G

Temperature range: —40°C to +85°C, —55°C to
+125°C

Compatible with COP8640CMH Series of Emulators

Fully supported by National’s Development Systems
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(&)
o
S| COP86L20C/COP86L22C/COP86L40C/COP86L42C
(7=
P . -
a | Absolute Maximum Ratings
8 If Mllitary/Aerospace specified devices are required, Total Current out of GND Pin (Sink) 60 mA
S~ please contact the Nationali Semiconductor Sales Storage Temperature Range —65°Cto +140°C
8 Office/Distributors for availability and specifications. Note: Absolute maximum ratings indicate limits beyond
3 Supply Voltage (Vco) v which damage to the device may occur. DC and AC electri-
g Voltage at any Pin —0.3Vto Vg + 0.3V cal specifications are not ensured when operating the de-
8 Total Current into Vgg Pin (Source) 50 mA vice at absolute maximum ratings.
g DC Electrical Characteristics —40c < Ta < +85°C unless otherwise specified
‘Q“ Parameter Condition Min Typ Max Units
=l Operating Voltage 25 6.0 \Y
©
2 Power Supply Ripple (Note 1) Peak to Peak 0.1 Voo \
o Operating Voltage during EEPROM Write 4.5 6.0 Vv
2 Supply Current (Note 2)
[&] CK!l = 10 MHz Vee = 6V, tc = 1 us 9 mA
< Supply Current during
— Write Operation (Note 2)
e CKI = 10 MHz Voc = 6.0V, tc = 1 us 15 mA
% HALT Current (Note 3) Vge = 6V, CKI = 0 MHz <1 10 pA
O Input Levels
~ RESET, CKI
9 Logic High 0.9 Vee v
g Logic Low 0.1 Vge \
<0 All Other Inputs
o. Logic High 0.7 Veo v
8 Logic Low 0.2 Vee v
B Hi-Z Input Leakage Ve = 6.0V -2 +2 pA
P=3 Input Pullup Current Voe = 6.0V, Vi = 0V 40 250 pA
§ G Port Input Hysteresis (Note 5) 0.35 Ve v
o Qutput Current Levels
o D Outputs
154 Source Ve = 4.5V, Vou = 3.8V 0.4 mA
(&) Voo = 2.5V, Vo = 1.8V 0.2 mA
N Sink Vce = 4.5V, VoL = 1.0V 10 mA
8 Vee = 2.5V, VoL = 0.4V 2 mA
a All Others
(@] Source (Weak Pull-Up) Vgg = 4.5V, Vo = 3.2V 10 110 pA
2 Vge = 2.5V, Vo = 1.8V 25 33 pA
'3) Source (Push-Pull Mode) Vce = 4.5V, Vo = 3.8V 0.4 mA
8 Voo = 2.5V, Vo = 1.8V 0.2 mA
© Sink (Push-Pull Mode) Vog = 4.5V, VoL = 0.4V 1.6 mA
- Vge = 2.5V, VoL = 0.4V 0.7 mA
[+
o TRI-STATE Leakage —-2.0 +2.0 nA
O | 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 voitage 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 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 Ve and the pins will
have sink current to Ve when biased at voltages greater than Ve (the pins do not have source current when biased at a voltage below V). The effective
resistance to Ve 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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COP86L20C/COP86L22C/COP86L40C/COP86L42C (continued)
AC Electrical Characteristics —40°c < T4 < +85°C uniess otherwise specified

Parameter Condition Min Typ Max Units

Instruction Cycle Time (tc)

Ext, Crystal/Resonator Ve 2 4.5V 1 DC us

(Div-by 10) 2.5V < Vg < 6.0V 25 DC s

R/C Oscillator Mode Vee = 4.5V 3 DC ©s

(Div-by 10) 2.5V < Vee < 6.0V 75 DC ps
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 =100pF, R = 2.2k}
tep1, tPDo

SO, SK 0.7 us

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

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

H turp
) x

FIGURE 2. MICROWIRE/PLUS Timing
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COP8620C/COP8622C/COP8640C/COP8642C/COP86L20C/COP86L22C/COP86L40C/COP86L42C

COP8620C/COP8622C/COP8640C/COP8642C

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) ra%
Voltage at any Pin —0.3Vto Vge + 0.3V
Total Current into Ve 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 < T, < +85°C unless otherwise specified

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

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

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

RESET, CK!

Logic High 0.9 Voo \'%

Logic Low 0.1 Voo \
All Other Inputs

Logic High 0.7 Vge \

Logic Low 0.2 Ve \'
Hi-Z Input Leakage Vge = 6.0V -2 +2 HA
Input Pullup Current Voo = 6.0V, Viy = 0V 40 250 RA
G Port input Hysteresis (Note 5) 0.35 Vee v
Output Current Levels
D Outputs

Source Voo = 4.5V, Vo = 3.8V 0.4 mA

Sink Voo = 4.5V, VoL = 1.0V 10 mA
All Others

Source (Weak Puli-Up) Vee = 4.5V, Vo = 3.2V 10 110 HA

Source (Push-Puli Mode) Vge = 4.5V, Vo = 3.8V 0.4 mA

Sink (Push-Pull Mode) Voo = 4.5V, VpL = 0.4V 1.6 mA

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) (Note 5) Room Temp +100 mA
RAM Retention Voltage, Vr 500 ns Rise and Fall Time (Min) 2.0 Vv

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 V¢, 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 Vo when biased at voltages greater than Ve (the pins do not have source current when biased at a voltage below Voc). 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 (Continued)
AC Electrical Characteristics -40°c < Ta < +85°C unless otherwise specified

Parameter Condition Min Typ Max Units

Instruction Cycle Time (tc)

Ext, Crystal/Resonator 1 DC us
(Div-by 10)
R/C Oscillator Mode 3 DC us
(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

trD1, tPDO
SO, SK 0.7 us
All Others 1 ns

MICROWIRET™ Setup Time (tyws) 20 ns

MICROWIRE Hold Time (tuwH 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 Puise Width 1.0 s

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, Total Current out of GND Pin (Sink) 48 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 (Vcg) eV which damage to the device may occur. DC and AC electri-
Voltage at any Pin —0.3Vto Ve + 0.3V cal specifications are not ensured when operating the de-
Total Current into Vg Pin (Source) 40 mA vice at absolute maximum ratings.

DC Electrical Characteristics —ssc < Ta < +125°C unlass otherwise specified

(&)
<
-
<©
(<]
o
o
(&)
~
(8]
=]
-t
-
[7-3
(-4
o
o
(3]
o
8 Parameter Condition Min Typ Max Units
s Operating Voltage 4.5 5.5 \%
2 Power Supply Ripple (Note 1) Peak to Peak 0.1 Vee \
[e) Supply Current (Note 2)
(&) CKI = 10 MHz Voo = 5.5V,tc = 1 us 15 mA
o Supply Current during
P~ Write Operation (Note 2)
N CKl = 10 MHz Voo = 5.5V, tc = 1 ps 21 mA
8 HALT Current (Note 3) Vee = 5.5V, CKI = 0 MHz <10 40 pA
Q. Input Levels
8 RESET, CKI
= Logic High 0.9 Ve \
[&] Logic Low 0.1 Vee \
S| AlOther inputs
8 Log?c High 0.7 Vee \%
o Logic Low 0.2Vee \'
8 Hi-Z Input Leakage Vce = 5.5V -5 +5 wA
= Input Pullup Current Voo = 4.5V 35 300 pA
8 G Port Input Hysteresis (Note 5) 0.35 Vco \4
g OQutput Current Levels
2| DOutputs
o Source Vce = 4.5V, Voy = 3.8V 0.35 mA
(&) Sink Vee = 4.5V, Vo = 1.0V 9 mA
O | AllOthers )
N Source (Weak Pull-Up) Voo = 4.5V, Vo = 3.2V 9 120 HA
s Source (Push-Pull Mode) Voo = 4.5V, Vo = 3.8V 0.35 mA
© Sink (Push-Pull Mode) Vce = 4.5V, Vo = 0.4V 1.4 mA
3 TRI-STATE Leakage -5.0 +5.0 pA
Q Allowable Sink/Source
') Current Per Pin
(=] D Outputs (Sink) 12 mA
& All Others 2.5 mA
2 Maximum Input Current (Note 4)
8 Without Latchup (Room Temp) (Note 5) Room Temp +100 mA
RAM Retention Voltage, Vr 500 ns Rise and Fall Time (Min) 2.5 v
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 CKl input, CKO open, inputs at rails and outputs open.

Note 3: The HALT mode will stop CK! 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 Ve 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 Vcc). 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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COP6620C/COP6622C/COP6640C/COP6642C (continued)
AC Electrical Characteristics —ss:c < T4 < +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 = 2.2k

tro1, tPDO
S0, SK 0.8 us
All Others 1.1 us

MICROWIRETM Setup Time (tyws) 20 ns

MICROWIRE Hold Time (tuwH) 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 M1S

Note 5: Parameter sampled (not 100% tested).
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COP8620C/COP8622C/COP8640C/COP8642C/COP86L20C/COP86L22C/COP86L40C/COP86L42C

Connection Diagrams
DUAL-IN-LINE PACKAGE

20DIP
G4/50 ~{ 1 ~ 20 [~ 63/M0
65/5K =2 19f-62
G6/51=43 18}-61
67/ck0—{ 4 17 |~ 6o/INT
cKi—5 16 - RESET
vee—{6 15 |~ oND
o7 14f=17
IREE [ 1316
L1249 1215
=10 1w
TL/DD/10366-3
Top View

Order Number
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
G4/50 —41 ~ 20 = 63/M0
65/sk—2 19 =62
G6/s1—43 18}-6t
67/cK0—f 4 17 |~ 60/INT
cKi—5 16 = RESET
vee—s 15 |—G6ND
-7 1417
L —s 1316
129 12f—-15
310 114
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
vee=]  porTL
GND —
cKi

gl N —
INTR
X0
MICROWIRE/PLUS

TL/DD/10366-6

FIGURE 3

28 DIP
G4/s0—{1 ~ 28 1= 63/TI0
65/sk—2 271-62
c6/s1—{3 26 |61
67/cKo —{ 4 25 |~ G0/INT
cKi—{s 24 |~ RESET
vec—{6 23 = GND
107 2203
t—s 21 }=02
129 20|~ D1
1310 19f-0o
Lo—{11 18f-17
1112 1716
1213 16f-15
1314 15f=L4
TL/DD/10366~5
Order Number

COP6620C-XXX/N, COP66L20C-XXX/N,

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)

28 SO Wide
-/
64/50 —1 28 = 63/mo0
65/sk—{2 2762
66/s1—3 26 |61
67/cK0 —{ 4 25 |~ 6o /INT
cKI—{5 24 |— RESET
vec~{6 23|~ GND
107 22|03
11—8 21 =02
129 20 f~01
1310 1900
Lo—11 1817
L1112 17}-16
1213 1615
1314 15f-L4

TL/DD/10366-5
Order Number
COP6620C-XXX/WM, COP66L20C-XXX/WM,
COP6640C-XXX/WM, COP66L40C-XXX/ WM,
COP8620C-XXX/WM, COP86L20C-XXX/WM,
COP8640C-XXX/WM, COP86L40C-XXX/WM
See NS Package Number M28B

COP8620C/COP8640C

PORT |

vec=~1  porTD
GND—}

(—

—

T .
14

RESET =

PORT G

INTR
CKO

MICROWIRE/PLUS TL/DD/10366-8
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Pin Descriptions

Ve and GND are the power supply pins.

CKl 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 /O port.

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

PortL Port L PortL
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 1/0 pins (GG-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 I/0 bit can be
individually configured under software control as shown be-
low.

Port G Port G Port G
Config. Data Setup
0 (o] Hi-Z Input (TRI-STATE)

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

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 B-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 COP8620C consists of 1024 bytes
of ROM and the COP8640C consists of 2048 bytes of ROM.
These bytes may hold program instructions or constant
data. The program memory is addressed by the 15-bit pro-
gram counter (PC). ROM can be indirectly read by the LAID
instruction for table lookup.

DATA MEMORY

The data memory address space includes on chip RAM,
EEPROM, 170 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 ‘‘registers”, these can be
loaded immediately and decremented and tested. Three
specific registers: X, B, and SP are mapped into this space,
the other registers are available for general usage.

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

The COP8620C/COP8640C provides 64 bytes of EEPROM
for nonvolatile data memory. The data EEPROM can be
read and written in exactly the same way as the RAM. All
instructions that perform read and write operations on the
RAM work similarly upon the data EEPROM. The data
EEPROM contains all 00s when shipped by the factory.

A data EEPROM programming cycle is initiated by an in-
struction such as X, LD, SBIT and RBIT. The EE memory
support circuitry sets the BsyERAM flag in the EECR regis-
ter immediately upon beginning a data EEPROM write cycle.
1t will be automatically reset by the hardware at the end of
the data EEPROM write cycle. The application program
should test the BsyERAM flag before attempting a write op-
eration to the data EEPROM. A second EEPROM write op-
eration while a write operation is in progress will be ignored
and the Werr flag in the EECR register will be set to indicate
the error status. Once the write operation starts, nothing will
stop the write operation, not by resetting the device, and not
even turning off the Vcc will guarantee the write operation
to stop.
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COP8620C/COP8622C/COP8640C/COP8642C/COP86L.20C/COP86L22C/COP86L40C/COP86L42C

Functional Description (continued)

EECR AND EE SUPPORT CIRCUITRY

The EEPROM module contains EE support circuits to gen-
erate all necessary high voltage programming pulses. An
EEPROM cell in the erase state is read out as a 0 and the
written state as a 1. The EECR register provides controt,
status and test mode functions for the EE module. The
EECR register bit assignments are shown below.

Werr Write Error. Writing to EEPROM while a previous
write cycle is still busy, that is BsyERAM is 1,
causes Werr to be set to 1 indicating error
status. Werr is a Read/Write bit and is cleared
by writing a 0 into it.

This bit is a read only bit and is set to 1 when
EEPROM is being written. it is automatically re-
set by the hardware upon completion of the
write operation. This bit is not cleared by reset. If
the bit is set upon power up or reset, the applica-
tion program should test the BsyERAM flag and
wait for the flag to go low before attempting a
write operation to the data EEPROM.

Bits 4 to 7 of the EECR register are used for encoding vari-
ous EEPROM module test modes, most of which are for
factory manufacturing tests. Except BsyERAM (bit 3) the
EECR is cleared by reset. EECR is mapped into address
location EO. Bit 2 can be used as flag. Bits 1 and 4 are
always read as “0” and cannot be used as flags.

BsyERAM

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. Except bit 3,
the EECR register is 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.

p*
0 |
w S vee
13 S

R <

s L RESET

’

P = GND
L

Vo ]

TL/DD/10386-9

RC 2 5X Power Supply Rise Time
FIGURE 4. Recommended Reset Circuit

Wr Test Mode Codes Unused Unused

Rd Test Mode Codes BsyERAM Werr

Bit 7%+ 6** ges 4%+ 3 o* 1ee 0
R/W R/W R/W R/O R/O R/W R/O R/W

*Can be used as flag bit
**Cannot be used as flag bit
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Functional Description (continued)

A 8 c
cK1 CcKO Kl cko CcKI ckoj
N J NJ
AAA ]
YWy RESTART vee
- c ART
< EXTERNAL
s$H cLock :_E
icz l ' ica
- = TL/DD/10366-10
FIGURE 5. Crystal and R-C Connection Diagrams
OSCILLATOR CIRCUITS C. R/C OSCILLATOR
Figure 5 shows the three clock oscillator configurations CKl is configured as a single pin RC controlled Schmitt trig-
available for the COP8640C. ger oscillator. CKO is available as a general purpose input
A.CRYSTAL OSCILLATOR i"gl/ °'“HAt']‘T 'GStha" control. he osdillator 1 .
The COP8620C/COP8640C can be driven by a crystal da et ths ow: : e'van?tlon IP tr: eR(/)g?cl s req:l enlcles
clock. The crystal network is connected between the pins (dus to the part) as L}nc lons of the component values
CKI and CKO (R/C tolerances not included).

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.

TABLE |. Crystal Oscillator Configuration, To = 25°C, Vg¢ = 5.0V

R1 R2 c1 c2 CKI Freq
(k) (MQ) (PF) (PP (MHz2)
0 1 30 30-36 10
0 1 30 30-36 4
5.5 1 100 100 0.455

TABLE Il. RC Oscillator Configuration, Tp = 25°C, Vg¢ = 5.0V

021198d0J/20+7198402/92¢198d03/20219840J/92+9840D/I0+98402/22298d402/20298d0D

R C CKI Freq. Instr. Cycle
(k$2) (pF) (MHz) (us)

33 82 221027 3.7t04.6
5.6 100 1.1t01.3 7.4t109.0
6.8 100 09to1.1 8.81010.8

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

The COP8620C/COP8640C microcontroller has three mask

options for configuring the clock input. The CKl and CKO

pins are automatically configured upon selecting a particular

option.

— Crystal/Resonator (CKI/10) CKO for crystal configura-
tion

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

— R/C (CK1/10) 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—I|4

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

6) EEPROM current during EE read operation. This current
is active during 20% of the instruction cycle time—I6

7) EEPROM current during write operation—I|7
Thus the total current drain, It is given as
t=N1+12+13+14+15+16 + 17

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 lowering 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

HALT MODE

The COP8620C/COP8640C supports a power saving mode
of operation: HALT. The controlier 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 proces-
sor activities including the clock oscillator are stopped. The
fully static architecture freezes the state of the controller
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
(Vee) 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
0000H. A low to high transition on the CKO pin causes the
microcontroller to continue with no reinitialization from the
address following the HALT instruction. This also resets the
G7 data bit.

INTERRUPTS

The COP8620C/COP8640C has a sophisticated interrupt
structure to allow 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 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 1o 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 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)

EXTERNAL
INT. PIN

[ o
TIMER
UNDERFLOW

SOFTWARE

T0
INTERRUPT
LOGIC

INTERRUPT

TL/DD/10366-11

FIGURE 6. Interrupt Block Diagram

DETECTION OF ILLEGAL CONDITIONS

The COP8620C/COP8640C incorporates 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 COP8620C/COP8640C
grows down for each subroutine cali. By initializing the stack
pointer to the top of RAM (02F), 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 interrupt.

MICROWIRE/PLUS™

MICROWIRE/PLUS is a serial synchronous bidirectional
communications interface. The MICROWIRE/PLUS capabil-
ity enables the COP8620C/COP8640C 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 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, SO and S1, in the
CNTRL register. Table Il details the different clock rates
that may be selected.

TABLE Il
S1 S0 SK Cycle Time
0 0 2tc
0 1 4t
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 COP8620C/COP8640C may enter the MICRO-
WIRE/PLUS mode either as a Master or as a Slave. Figure
8 shows how two COP8620C/COP8640C microcontroliers
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 COP8620C/
COP8640C. The MICROWIRE/PLUS Master always initi-
ates all data exchanges. (See Figure 8). The MSEL bit in the
CNTRL register must be set to enable the SO and SK func-
tions 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.)

Power ed by | Cm ner.
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COP8620C/COP8622C/COP8640C/COP8642C/COP86L20C/COP86L22C/COP86L40C/COP86L42C

Functional Description (continued)

TABLE IV

G4 G5

G4 G5 Gé6

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 o] SO Ext. SK| Sl | MICROWIRE Slave
0 0 TRI-STATE | Ext. SK| S| | MICROWIRE Slave

TIMER/COUNTER

The COP8620C/COP8640C has a powerful 16-bit timer with
an associated 16-bit register enabling them to perform ex-
tensive timer functions. 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.
» SO
L 8-BIT SiI0 s

REGISTER

SHIFT CLOCK

CLOCK
SELECT

wcw »—>»0

- TL/DD/10866-12
FIGURE 7. MICROWIRE/PLUS Block Diagram

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 automaticaily 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-
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.)

&
<
&
<

CHIP SELECT LINES
A v
cs cs
1/0
LINES ] copss20c/ 8-BIT
COP8640C A/D CON - 1024 - BIT
(MASTER) VERTER EEPROM
COP43X
DO DI CLK DO DI CLK
l 1; 7'y l WY
sile
50
sK

s cs
1/0
vF LcD copsszoc/ | LINES
DISPLAY DISPLAY COP8640C
DRIVER DRIVER (SLAVE)
COP472-3
DI CLK DI CLK
F S -~ b
so
»si
> s«

TL/DD/10366-~13

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

TABLE V. Timer Operating Modes

CNTRL Timer
Bits Operation Mode T interrupt Counts
765 On
000 External Counter W/Auto-Load Reg. Timer Carry TIO Pos. Edge
001 External Counter W/Auto-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

C INTERNAL DATA BUS ] Tost

16 = BIT AUTO TIMER
RELOAD REG. UNDERFLOW
INTERRUPT

16 BIT TIMER/
kg COUNTER

G3 DATA Tio
LATCH OUTPUT

TL/DD/10366-15
FIGURE 9. Timer/Counter Auto
Reload Mode Block Diagram

[ TNTERNAL DATA BUS ]
INTERRUPT
4
7
TI0 INPUT t l >  1s-ar
CAPTURE REG.
T
t 16 = BIT TIMER

TL/DD/10366-14
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 hoids 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.

/’“\

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

t?

TL/DD/10366-16

FIGURE 11. Timer Application

Ooam® TOO

Control Registers

CNTRL REGISTER (ADDRESS X’00EE)

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

S81& 80 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

TCA Selects the timer mode

[ Tc1 [Tc2] tca| TRUN | mseL [ IEDG [ 81 so |
BIT7 BITO

PSW REGISTER (ADDRESS X’00EF)

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

ENI External interrupt enable

BUSY MICROWIRE/PLUS busy shifting

IPND External interrupt pending

ENTI  Timer interrupt enable

TPND Timer interrupt pending

C Carry Flag

HC Half carry Flag

[Hc [c]Teno [ enti | ienD [ Busy [ Eni [ GiE |
Bit7 Bit O
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COP8620C/COP8622C/COP8640C/COP8642C/COP86L20C/COP86L22C/COP86L40C/COP86L42C

Memory Map

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

Address| Contents

COP8620C/COP8640C

00 to 2F |On Chip RAM Bytes

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

80 to BF |On Chip EEPROM (64 bytes)

CO0 to CF|Expansion Space for 1/0O and Registers

DO to DF|On Chip |/O 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)
Reserved for Port C
Port D Data Register
Reserved for Port D

EO to EF |On Chip Functions and Registers
EO |EECR

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 |XRegister
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.

Addressing Modes

REGISTER INDIRECT

This is the “normal” mode of addressing for COP8620C/
COP8640C. 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, alt 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

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]

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
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o
Instruction Set (continued) g
Instruction Set §
ADD add A < A+ Meml Q
ADC add with carry A «<— A+ Meml + C,C <« Carry (o)
HC <— Half Carry o
SUBC subtract with carry A <« A + Meml +C,C < Carry g
HC <— Half Carry %
AND Logical AND A < Aand Memi N
OR Logical OR A < AorMeml Q
XOR Logical Exclusive-OR A <« A xor Mem! O
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 equai Do next if lower 4 bits of B % Imm g
DRSZ Decrement Reg. ,skip if zero Reg «— Reg — 1, skipif Reggoesto 0 o
SBIT Set bit 1 to bit, Q
Mem (bit= 0 to 7 immediate) O
RBIT Reset bit 0 to bit, S
Mem -3
IFBIT If bit If bit, b Y
Mem is true, do next instr. 8
X Exchange A with memory A <> Mem a
LDA Load A with memory A < Meml O
LD mem Load Direct memory Immed. Mem <«— Imm v
LD Reg Load Register memory Immed. Reg «<— Imm 8
X Exchange A with memory [B] A «—> [B] (B «— Bx1) s
X Exchange A with memory [X] A<« [XI (X« Xx1) a8
LD A Load A with memory [B] A <« [B] (B «— Bt1) ~
LD A Load A with memory [X] A IXI (X< X£1) 8
LDM Load Memory Immediate [B] «— Imm (B <« Bx1) -
CLRA Clear A A« 0 g
INCA Increment A A e A+1 S
DECA Decrement A A< A—1 B
LAID Load A indirect from ROM A < ROM(PU,A) ~
DCORA DECIMAL CORRECT A A <« BCD correction (follows ADC, SUBC) Q
RRCA ROTATE ARIGHT THRU C C—=> A7 — ... —> A0 > C %
SWAPA Swap nibbles of A A7 A4 «—> A3...A0 [~
sC SetC C « 1,HC « 1 2
RC Reset C C «— O,HC «— 0 3
IFC fC If C is true, do next instruction (o]
IFNC lfnotC If Cis not true, do next instruction a
JMPL Jump absolute long PC «— ii (it = 15 bits, 0 to 32k) %
JMP Jump absolute PC11..0 «— i(i = 12 bits) ®
JP Jump relative short PC «<— PC + r(ris —31to +32,not1) g
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 S
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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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 to execute. for each instruction in the format of byte/cycle.
See the BYTES and CYCLES per INSTRUCTION table for
details.
[B] Direct immed.
ADD 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 11 3/4 2/2
XOR 1/1 3/4 2/2
IFEQ 11 3/4 2/2
IFGT 1 3/4 2/2
IFBNE 1/1
DRSZ 1/3
SBIT 11 3/4
RBIT 1/1 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 1/3} 2/3 2/2 1/2 1/3
LD B,imm 1/1 (IfB < 16)
LD B,imm 2/3 (fB > 15)
LD Mem,Imm 2/2 3/3 2/2
LD Reg,lmm 2/3

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

0Z¥198409/20¥198d00/922198d03/2027198d03/I2¥98d0/30¥98d0/I32298403/3029840J

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 11 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 1/1 NOP 1/1
2-71

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



COP8620C/COP8622C/COP8640C/COP8642C/COP86L20C/COP86L22C/COP86L40C/COP86L42C

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 Instruction Unused Instruction
Opcode Opcode
60 NOP A9 NOP
&1 NOP AF LD A, [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 COP8620C/COP8640C 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 configura-
tion.

OPTION 1: CKI INPUT

= 1 Crystai/Resonator (CKI/10) CKO for crystal con-

figuration
= 2 External (CKI1/10) CKO available as G7
. input
= 3R/C (CKI/10) CKO available as G7
input
OPTION 2: COP8620C/COP8640C BONDING
= 1 28 pin DIP
= 2N/A
= 3 20 pin DIP
= 4 20 SO
= 528 SO

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

Development Support

IN-CIRCUIT EMULATOR

The MetalLink 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, 32k bytes 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 or
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 altl 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, disassembiler, 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 115.2k baud 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

IM-COP8/400 | MetaLink base unit in-circuit emulator
for all COP8 devices, symbolic debugger
software and RS-232 serial interface
cable.

MHW-PS3 Power Supply 110V/60 Hz

MHW-PS4 Power Supply 220V/50 Hz

Probe Card Ordering Informaton

Voltage
Range

MHW-8640C20D5PC |20 DIP|4.5-5.5V|COP8642C, 8622C
MHW-8640C20DWPC| 20 DIP|2.5-6.0V|COP8642C, 8622C
MHW-8640C28D5PC |28 DIP|4.5-5.5V|COP8640C, 8620C

Part Number Pkg. Emulates

MHW-8640C28DWPC| 28 DIP|2.5-6.0V|COP8640C, 8620C]|
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Development Support

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

MOLE-COP8-IBM | COP8 macro cross | 424410527-001
assembiler for
IBM® PC-XT®,

PC-AT® or

compatible

SIMULATOR

The COP8 Designers’ Toolkit is available for evaluating Na-
tional Semiconductor’s COP8 microcontroller family. The kit
contains programmer’s manuals, device datasheets, pocket
reference guides, assembler and simulator which allow the
user to write, test, debug and run code on an industry stan-
dard compatible PC. The simulator has a windowed user
interface and can handle script files that simulate hardware
inputs, interrupts and automatic command processing. The
capture file feature enables the user to record to a file cur-
rent cycle count and output port changes which are caused
by the program under test.

Simulator Ordering Information

Part Number Description Manual
COP8-TOOL-KIT | COP8 Designer's | 420420270-001
Tool Kit
Assembler and 424420269-001
Simulator

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 form,
fit, function emulator selection table below.

PROGRAMMING SUPPORT

Programming of the single chip emulator devices is support-
ed by different sources. National Semiconductor offers a
duplicator board which allows the transfer of program code
from a standard programmed EPROM to the single chip em-
ulator and vice versa. Data 1/0 supports COP8 emulator
device programming with its uniSite 48 and System 2900
programmers. Further information on Data I/O program-
mers can be obtained from any Data |/0 sales office or the
following USA numbers:

Telephone: (206) 881-6444 Fax: (206) 882-1043

DIAL-A-HELPER

Dial-A-Helper is a service provided by the Microcontrolier
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 retrieva! 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 vaiuable application
software and utilities could be found. The minimum require-
ment for accessing the Dial-A-Helper is a Hayes compatible
modem.

Single Chip Emulator Selection Table

Device Number Clock Option | Package Description Emulates

COP8640CMHD-X X=1: Crystal 28 DIP Muiti Chip COP8640C, 8620C
X=2: External Module (MCM),
X=3:R/C UV Erasable

COP8640CMHEA-X | X=1: Crystal 28 LCC | MCM (Same COP8640C, 8620C
X=2;: External Footprint as
X=38:R/C 28 80), UV

Erasable

COP8642CMHD-X X=1: Crystal 20 DIP MCM, UV COP8642C, 8622C
X=2: External Erasable
X=3:R/C

Duplicator Board Ordering Information

Part Number Description Devices Supported
COP8-PRGM-28D | Duplicator Board for 28 DIP and for use with COP8640CMHD
Scrambler Boards
COP8-SCRM-DIP | Scrambler Board for 20 DIP Socket COP8642CMHD
COP8-SCRM-SBX | Scrambler Board for 28 LCC Socket COP8640CMHEA
COP8-PRGM-DIP | Duplicator Board with COP8-SCRM-DIP COP8642CMHD
Scrambler Board COP8640CMHD
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Development Support (continued)

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. If a user has questions, he can leave messages on
our electronic bulletin board, which we will respond to.
Voice: (408) 721-5582

Modem: (408) 739-1162

Baud: 300 or 1200 baud

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

Operation: 24 Hrs. 7 Days
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