NATL SEMICOND (UP/UC)

National :
Semiconductor

T49-19-08

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

Mlcrocontrollers

General Description
The COP820C and COP840C are members of the COPS™

microcontroller family. They are-fully statlc parts, fabricated:

using double-metal silicon gate microCMOS technolagy.
This low cost microcontroller is a complete microcomputer
containing all systern timing, interrupt logic, ROM, RAM, and
1/0 necessary to implement dedicated control-functions in a
variety of applications. Features include an 8-bit memory
mapped architecturs, MICROWIRE/PLUST™ serial 1/Q, a
16-bit timer/counter with capture register and a muiti-
sourced Interrupt, Each 1/0 pir has software selectable op-
tions to adapt the COP820C and COR840C to the specific
application. The part operates over a voltage range of 2.6 to
6.0V. High throughput Is achieved with an efficlent, regular
instruction set operating at a 1 microsecond per Instruction
rate. The part may be operated in the ROMless mode to
provide for accurate emulation and for applications requiring
external program memory.

Features

u Low Cost 8-bit microcontroller

m Fully static CMOS

® 1 ps Instruction time (20 MHz clock)

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

= Single supply operation: 2.5 to 6.0V

= 1024 bytes ROM/64 Bytes' RAM—COP820C

u 2048 bytes RQOM/128 Bytes RAM—COP84OC

m 16:hit read/write timer operates in & variety of modes
~= Timer with 16-bit auto reload reglsier
— 16-bit external event counter
— Timer with 16-bit capture register (selectable odge)

i 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) .

& Powerlul instruction set, most Instructions single byte

B BCD arithmetic instructions

u MICROWIRE PLUS™ sgerial I/0

W 28 pin package (optionally 24 or 20 pin package)

W' 24 input/output pins (28-pin package)

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

m Schritt trigger inputs on Port G

W Temperature ranges: —40°C to +85°C,
+125°C

B ROMless mode for accurate emulation and external

. program. capabllity—expandable to 32k bytes in- ROM-

less mode

a Form, fit and function  EEPROM emulation device
(COP8720C)

m Piggyback emulation devices (COP820CP/COPB40CP)

® Fully supported by National's MOLE™ development
sys‘em

=55°C to

Block Dlagram

16=BT
TIMER/COUNTER 5| HTERRUPT
WITH AUTOLOAD (TWER &
& CAPTURE REG EXTERHAL)

PORT L

PORT D

FoRr 8 FoRT1 TL/DD/8103-1

FIGURE 1
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COP820C/COP821C/COP822C/COP840C/COP841C/COP842C

Absolute Maximum Ratings

If Military/Aerospace specifled devices are required,
please contact the National Semlconductor Sales
Oftice/Distributors for avallability and specifications.

Total Current out of GND Fin (Sink;
Storage Temperature Range

© T 80mA
—85°Cto +140°C

Note:. Absolute- maximum ratings indicate limits beyond:

T-49-19-08

Supply Voltage (Vco) N which damage to the device may occur, DG and AG electr-
Voltage atany Pin : ~0.8V to Vg + 0.3V cal spacifications are not engured when operating the de-
ESD Susceptibllity (Note 4) 2000V vice at absolute maximum ratings.
Totat Current Into Vg Pin (Source) 50 mA : -
DC »Electrlcal Characteristics =40°C < Tp < +85°C unless otherwise specified ' 7
~ Parameter Condition _ _Min__ Typ | Max Units
QOperating Voltage 256 6,0 v
Power Supply Ripple (Note 1) _Peak o Peak 0.1 Veo N
Supply Current '
High Speed Mode, CKI = 20 MHz Voo =6V, t6 =1ps -9 mA
Normal Mode, CKI = 5 MHz Vog =6V,to=2us 4 mA.
(NNorf;al Mode, CKI = 2 MHz Voo =26V, te =5pus 0.7 mA
ote 2) i
HALT Current Veg = 6V, CKI = OMHz ~ <1 0 LA
__(Note3) ) -
Input Levels
RESET, CKI ’
Logie High 0.8 Voo v
Logic Low 0.1 Vee v
All Other Inputs
Logle High 0.7 Ve v
Loglc Low . 02Veo Vv
Hi-Z Input Leakage Veg = 6.0V ~2 +2 pA
Input Pullup Current Vee = 6.0V 40 , 250 BA
__G Port input Hysteresls _ 0.05 Ve v
Output Current Levels
D Outputs )
Source Vee = 4.5V, Yoy = 3.8V 0.4 mA
Vec = 2.5V, Vgu = 1.8V 0.2 mA
Sink Voo = 4.6V, VoL = 1.0V 10 mA
Veo = 2.5V, Vg, = 0.4V 2 mA
All Others ) :
Source (Weak Pull-Up) Vee = 4.6V, Vou = 8.2V 10 110 PA
Voo = 25V, Voy = 1.8V . 25 33 pA
Source (Push-Pull Mode) Vec = 4.5V, Vo = 3.8V 0.4 mA
Voo = 255V, Voy = 1.8V 0.2
Sink (Push-Pull Mode) Ve = 4.5V, VoL = 0.4V, 1.6 mA
. Voo = 2.8V, VgL = 0.4V 0.7
__TRI-STATE Leakage -20 +20 -uA
Allowable Sink/Source )
Current Per Pin
D Qutputs (Sink) 15 mA
AllOthers 3 mA
Maximum [nput Current (Note 5) :
Without Latchup (Room Temp) Room Temp £100
RAM Retention Voltage, V¢ 600 ns Rise and
e Fall Time (Min) 20 - — v
__Input Capacitance 7 pF
Load Capacitance on D2 1000 | pF_

COP620C/COP621C/COP622C/COP640C/COP641C/COP642C/COP820C/COP821C/COP822C/COP840C/COP841C/COP842C

Note 1: Rate of voltage change must be less than 0.6V/m.

Note 2: Supply current ls measured after running 2000 cycles with a square wave: GK| Input, CKO. open, Inputs af ralls and outputs open.
Note 3; The HALT mode will stop CKI from osclilating in the RG and the Crystal configurations. Test conditions: All inputs tled to Vog, L and G ports TRI-STATE

and tled to ground, all outputs law and tled to.ground,
Note 4: Human bedy mode, 100 pF through 150001,
Note &: Except pins G6, G7, RESET

pins Q6, RESET:  +60mA, ~100mA
pin@7: +100 mA, ~25mA
Sampled but not 100% teated.
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COP820C/COP821C/COP822C/COP840C/COP841C/COP842C ) 3
AC Electrical Characteristics -40:c <14 < +85°C unless otherwise specified T-49-19-08 N
~ Parameter Conditlon _Min_ Typ max Units Q
Instruction Cycle Time to) 8
High Speed Mode Veg = 4.5V 1 DG ps °
(Div-by 20) 25V < Voo < 45V 25 bc lis 4
Normal Mode Voo = 4.5V ) oc s =
{Div-by 10) 25V £ Vog < 45V 5 DC us - Q
R/C Oscillator Mode Veo = 4.6V 3 De ps 0
~ (Divby10) 285V <V <45V 7.5 3,9 ps g
CKi Clock Duty Cycle (Note 6) fr = Max (+20 Mode) a3 66 % %
Rise Time (Note 6) - fr = 20 MHz Ext Clock . 12 ns N
Fall Time (Note 6) fr = 20 MHz Ext Clock 8 ns 7 Q
Inputs 1 Q
tsETOP Voo = 45V 200 ns 9
2,5V < Voo < 45V 500 ns P
tHowo Vee = 4,5V 60 ns 3
o 25V < Vg < 4.6V 150 ns Y]
Qutput Propagation Delay CL = 100pF,R. = 2.2kn O
tep1: tepo : , ) ]
S,°1 K VCC = 4.5V 0.7 us - D
25V < Vg < 4.5V 1.75 us. &
All Others Voo > 4.5V 1 pe o
) 2.5V < Veg < 4.8V o 25 ps a
MICROWIRE™ Sefup Time (tyws) 20- ' ns o
MICROWIRE Hold Time (tywk §6 ns ]
MICROWIRE Output ; . Y
Propagatior Delay (typp) 220 ns 8
Input Pulse Width o
Interrupt Input High Time to o
Interrupt [nput Low Time tc °
Timer Input High Time to 3
Timer Input Low Time tc N 8
Reset Pulse Width B 1.0 B 1S
Note 6 Parameter sampled but riot 100% tested, o
_ ) )
AC Electrical Characteristics in ROMless Mode ~40°C < Ta < 85°C unless otherwise specified B 2
_ Parameter ' Condition - - Min Typ Max Units 'é
instruction Cycle Tirme (tc) ' o
High Speed Mode Voo = 48V 2 DC us o]
(Div-by 20) 25V < Vog < 4.6V 5 0e ps P
Normal Mode Voc 248V 4 DG us N
(Div-by 10) 2,5V < Vg < 4.5V 10 DC ps S
R/C Qsclllator Mode Ve 2'4.6V 6 [>e] ps ~
2.6V < Voo < 4.8V 15 DC ps 8
CKI Clock Duty Clock fr = Max (+ 20 Mode) 40 60 % g
Rise Time fr = 10 MHz Ext Clock o 24 ns 4
Fall Time fr-= 10 MHz Ext Clock 16 ns 8
Inputs . S
tseTUP Veo = 4.6V 400 ns o
25V < Voo < 46V 800 ns o
tHoLD Veg = 48V - 120 ns ®
) 2.5V < Vg < 4.5V 300 ns 3
Oulput Propagation Delay CL = 100 pF, Ry = 2.2k a
tpD1, tpoo o
80, SK Vee 2 4.5V 14 ps -
2,6V < Voo < 45V 3.6 us ®
Alt Others Ve = 4.5V 2 us N
, 25V < Voo < 4.6V 5 ps e
Minimurm Pulse Width- ' :
Interrupt Input tc :
Timer Input tc Q
v Reset Pulse Width 10 ys
2.9
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COP620C/COP621C/COP622C/ COP640C/ COP641CI COPGAZC

Absolute Maximum Ratings

It Milltary/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Oftice/Distributors for avallabllity and specifications.

Supply Voltage (Vog) ev
Voitage at any Pin =0.3VtoVgg + 0.3V
ESD Susceptibility (Note 4) 2000V
Total Currentinto Vg Pin (Source) 40 mA

T-49-19-08

Total Current out of GND Pin (Sink) 48.mA
Storage Temperature Range ~85°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 ensurad when operating the de-
vice at absolute maximum ratings.

DC Electrical Characterlstics -B5°C < Tp < +125°Cunless otherwise specified

Parameter Condition Min - Typ ) Max “Units

Operating Voltage ) 45 55 v
Power Supply Ripple (Note 1) Peak to Peak 0.1 Voc ,V
Supply Current

High Speed Mode, CKI = 18 MHz Vee =565V, tc = 1.1 ps 16 mA

Normal Mode, CKI = 4.5 MHz Ve = 65V, tc = 2.2 us A 5 mA -
(Note 2)
HALT Current Vee = 5.5V, CKI = 0 MHz <10’ 30 BA
(Note 3) )
Input Levels

I%?ESET, CKi

Logic High 09Veo v

Logle Low 0,1 Voo v
All Other [nputs

Logic High 0.7Vee v

Loglc Low 7 ) - 0.2Vee A
H-Z Input Leakage Voo = 5.6V -5 +5 pA
Input Pullup Current Voo = 4.6V 35 | 800 pA
G Port Input Hysteresis ) , 0.05 Veo v
Qutput Current Levels ] . ) ' )
D Qutputs

Source Vcg = 4.5V, VgH = 3.8V 0.35 mA

8ink Vec = 4.6V, Vg = 1.0V 9 mA
All Others i « .

Source (Weak Pull-Up) Voo = 4.5V, Voy = 3.2V 9 120 pA

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

Sink (Push-Pull Mode) Vee = 4.5V, VoL = 04V _ 14 mA

TRI-STATE Leakage ’ —~5.0 +6.0 pA
Allowable Sink/Seurce )
Current Per Pin

D Outputs (Sink) 12 mA

All Others 25 mA
Maximum Input Current (Room Temp) ]
Without Latchup (Note &) Room Temp 1000 | mA
RAM Retention Voltage, Vr 500 nis Riseand ] )

. _Fall Time (Min) 25 ) v

Input Capacltance 7 pF
Load Capacitance on D2 1000 | pF

COP62OCICOP62'lC‘ICOP622¢/COPG400ICOPG41CICOPG42CICOP8200/COP82‘lCICOP8226/COP84_OCICOP841CICOP8420

Note 1: Rate of voltage changa must be |es§ than 0.5V/ms,

Note 2: Supply currant Is measured after runining 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 osclilating In the RO and the Crystat configurations. Test conditions: All inputs tied to Vcei L and G ports TRI-STATE

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

Note 4t Human body mode, 100 pF through 150011,

Note &: Except ping G6, G7, RESET
pins GO, RESET:  +60 mA, — 100 mA
pin G7: +100, -25 mA
Sampled but not 100% tested.

2-10
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" N T-49-19-08
AC Electrical Characteristics -s5:c < T4 < +125°C unless otherwise specifiu _ ,
~ Paramoter Condition Mn | Typ | Max _Unite

instruction Cycle Time (to) o - o '

High Speed Mode Voo = 4.6V 1.1 (b8 . ps

(Div-by 20) o .

Normal Mode Veo = 4.5V 22 (s,0] ps
Dby 10) )
CKI 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 Exi Clock 8 _ns
Inputs

tseTUP Voo 2 4.5V 220 ns

tHoLD ) - Veg 2 45V ) 66 ns
Output Propagation Delay R = 2.2k, CL = 100 pF
tro1s teoo

SO, 8K Veo = 45V 0.8 ps

Al Others ) Veo = 45V 11 us
MICROWIRE Setup Time (tyws) 20 ns
MICROWIRE Hold Time (tyw) 56 ns
MICROWIRE Output Valld 220. ns

_Time (tyrp) - -

Input Pulse Width

Interrupt Input High Time t

Interrupt Input Low Time to

Timet Input High Time o

Timer Input Low Time tc
Reset Pulse Width 1 s

Note €: Parameter sampled but not 100% tested.

AC Electrical Characteristjcs in ROMless Mode —£8°C < T, < +125°Cunless otherwise specified

Parameter Condition Min Typ Max Units

Instruction Cycle. Time (tc): ’

High Speed Made Voo = 4.5V 22 DC ps
(Div-by 20)

Normal Mode Voc 2 4.5V 44 DC ps.
{Div-by 10) i _ .

CKI Clock Duty Clock ft = Max (+20-Mode) 40 60 %
Rlse Time fr = 9 MHz Ext Clock 24 ns
Fall Time fr = 9 MHz Ext Glock 16 " n§

Inputs )
tsevup Voo = 45V 440 ne
tHoLD ) Veo 2 4.5V o - 132 ns

Output Propagation Delay R = 2.2k, Cp = 100 pF
teo1: trDo
80, SK Voo 2 4.8V 1.55 us
All Qthers Vee 2 4.5V 2,2 %]

Minimum Pulse Width )
Interrupt Input tc

~ Timer Input tc i

Reset Pulse Width 1 3

211
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COP620C/COP621C/COP622C/COP640C/COP641C/COP642C/COP820C/COP821C/COP822C/COP840C/COP841C/COP842C

31E D H'ESDJ:IEB 0DL?7L4T 8 ﬂr

Timing Diagrams ' ' : o T7-49-19-08

(+2ouo§|a()‘r1|,ll] ll]__J[r—ll_Lr_'

(+1ouogg)l_| __J | __| | l—_r_-—l__l

~ toj tont

11 (XLD)

12 (PH) ' — : : /_\._/_\_

00, D1, 03 / ' \
— : e o e

013 i 7 ) ><><><>< X XXX

FIGURE 2a, AC Timing Diagrams In ROMless Mode

- .

- |~'——|*upn
X

FIGURE 2b. MICROWIRE/PLUS Timing

so

TL/DO/9163-12

TL/DD/8103-2
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NATL SEMICOND (UP/UC) 3}E D H=
Connection Diagrams T-49-19-.08
DUAL-IN-LINE PACKAGE o
20DIP 24 Dlp 28DIP
c4/s0-{1 ~ 20[~03/mo fso-f1 - d 24f-ce3/mo c4/s0t ~ 28~ 63/M0
os/sk—2 19f-02 6s/sk—2 23}-c2 @&/5K-{2 7l-62
o8/si~{s 18)~6t 68/s1=13 2ot 68781 ~{3. 28f=o1
a7/cxo—{ 4 17}~ co/mr 67/c0 =14 21 |- o/t G7/cK0={4 25} o/t
=15 18~ RESEY -s 20|~ RESEL CKi~13 24|~RESET
Vec =16 15~ CND - Yee=-{6 19]=chD Neg=3s 23f-anp
-7 14f=17 1047 18108 1047 22}-03
Li=18 13]=Ls 13={s 17}=00 I1={s 2tf-02
L2-49 12)=15 0~49 1$f=17 12=4s 20f=01
Ls=416 ) oIt L1410 15}=16 1310 19400
- 00/ 100o8 12411 taf=18 Lo={ 11 18f=17
- L3—q12 13-4 U=—112 17§16
Top View _ <z solets
Order Number COP8220-XXX/D, ) o * TL/0D/0193-4 L3=4i4 . 1514
COPB22C-XXX/N, COP842C-XXX/D _Order Number COP821C-XXX/D,.
or COPB42C-XXX/N COP821C-XXX/N; COP841C-XXX/D TL/DD/9103-6
See NS Package Number ~or COP841C-XXX/N Order Number COP§20C-XXX/D,
D20A or N20A See NS Package Number COP820C-XXX/N, COP840C-XXX/D
D24C or N24A or COP840C-XXX/N
See NS Package Number
D28C orN28B
SURFACE MOUNT
.20 SO Wide 2480 Wlde 28 PLCC
04/50 =1 ~ 20[=c3/m0 o4/s0=41 ~ 24}=03/m0 gQ%%S'Q—
68/5k =12 1902 6s/sk~f2 2302 ik , 1
68/51~{3 18f=ar c8/s1=13 2]=61 43
67/cko =4 17 = 60/iNT a7/cko =14 21 = Go/INT oKl = GO/INT
-1 18] RESET A 20 - RESET Ve = RESET
vee~4s 15 = 6D veo - ¢ 10 cxp n- = GND
Lo={7 1417 o7 184=0s n e 3
t1={s 13]=1¢ 1348 17}=00 R D2
L2-{e 12f15 w={s 16}=17 [ s )
10 1=u Lt=410 15f=ts 0] = 00
2=f11 4f=15 12 13 14 15 16 17 18
TL/DO/S103-3 " R
Top View =12 N Sen398n
. _ . TL/DD/8103=-18
. Order Number COP822C-XXX/WM TL/D0/0103-4 — '
or COPB42C-XXX/WM Order Number COP821C-XXX/WM Order N“g‘g;; :)%p;g(%xx/ Vor
See NS Package Number M20B Or COPB41C-XXX/WM e e
g See NS Package Number M24B Sae NS Package Number V28A
copP822¢ COP821C cOP820C
COP842¢C COP841C COP840C
PORT | — PORT } <::|'
] j: M
G0~ vee=1  port o 3 vee=1  porto 3
Cit == PORT <__$ GND =~ GND = -
st s ”_) =l porrt ﬁ_j
E&Tg FESET - _ TRE
MIGROWEE/PLUS PORT 0 <‘I_—J|,: |°_ > PorT oK ——"8 )
TL/PD/$103-8 i =i g‘KTg
MICROWIRE/PLUS MICROWIRE/FLUS
TL/OD/6103-7 TL/DD/9103-8
FIGURE 3
243
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Pin Descriptions
Veo and GND are the power supply pins,

CKL is the clock Input. This can come froh 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 [ s a four bit HI-Z input port. '

PORT'L Is an 8-bit I/0 port,

There are two registers assoclated with each L 120 port: a
data register and a. configuration register. Therefore, each L

170 bit can be Individually contigured under software contro!
as shown below:

PortL PortL PortL
Contflg. Data _ Setup
0 0 Hi-Z Input (TRI-STATE)
0 ! 1 Input With Weak Pull-Up
1 0 Push-Pull 0" Qutput
1 1 Push-Puli “1" Output

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

PORT G Is an 8-bit port with 6 |/0 pins (G0-G5) and 2 input
plns (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 continus pin to exit the HALT mode.
There dre two registers with each I/0 port: a data register
and & contiguration register. Therefore, each /0 bit can be

individually configured under software control as shown be--

low. ) , . o
PortG PortG Port G
Conifig. Data . 7 Setup
0 0 Hi-Z Input (TRI-STATE)
0 1 Input With Weak Pull-Up
1 0 Push-Pull “0' Oufput
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 onie for the Input pins. Since Gé and G7 are Input

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

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

garded. Reading the G6 and G7 configuration bits wilt 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 (fimer/counter Input/output)

G4 80 (MICROWIRE serial data output)

G5 SK (MICROWIRE clock 1/0)

G6 Si (MICROWIRE serial data Input)

G7 GKO crystal osclllator output {selected by mask option)
or HALT restart input (general purposs Input)

Fi'lns G1 and G2 currently do not have &ny alterriate func-

tions.

PORT D Is a four bit output port that Is: set high when

RAESET goes law,

The D2 pin is sampled at reset. If it Is held low at reset the
COP820C/COPB4UC enters the ROMiess 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 deplot
how the various logic elements communicate with each oth-
er [n implementing the Instruction set of the device.
ALYU AND CPU REGISTERS .
The ALU can do an 8-bit addition, subtraction, logica! or
shift-operation In one cycle time.

T-49-19-08

There are five CPU registers:
A s the 15-bit Program Counter register

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

PL is the lower 8 bits.of the program counter (PC)

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

X s the 8-bit alternate address register, can be incremented
or decremented.

" SP Is tha 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 reglsters ate used to address the on chip RAM.
The SP register Is used to address the stack In RAM during
subroutine calls and returns.

PROGRAM MEMORY

Program memory for the COP820C 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 an chip RAM, 1/0
and registers, Data memory is addressed directly by the in«
struction or indirectly by the B, X and-SP registers.

The COP820C 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 immediafely, 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/0 and registers (except the A & PC) are
memory mapped; therefare, 1/0 bits and register bits can be
directly-and individually set, reset and tested.

RESET

The RESET Input when pulled low Initializes the micracon-
troller. Initiafization will ocour 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 PG,
PSW and CNTRL reglsters are tleared. The data and con-
figuration registers for Ports L & G ara ¢leared.
The.external RC network shown In Figure 4 should be used
to énsure that the RESET pin is held low until the power
supply to the chip stabllizes.

2-14
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Functional Description (continueq) T-49-19-08 3

gty —1 » 8

it ¢ * Vee o

HER [

] wnd RESET

el L

H GND:

DT Lw

TL/DD/9103-9
RC 2 86X Power Supply Rise Time
FIGURE 4. Recommended Reset Circuit

OSCILLATOR CIRCUITS

Flgure & shows the thres clock oscillator configurations - K ckol
avallable for the COP820C and COP840G. _ .
A.CRYSTAL OSCILLATOR vee mtm
The COP820C/COP840C can be driven by a crystal clock. [

The crystal network Is connected betwesn the pins CKland J_: .

CKO. -

Table | shows the component valuss required for various — ' _ TL/D0/8103-10
standard crystal values. FIGURE §. Crystal and R-C Connection Diagrams

B. EXTERNAL OSCILLATOR : OSCILLATOR MASK OPTIONS

CKi can be driven by an external clock signal, CKO is avail- ge COP8200 and COP840C can bie driven by clock inputs
able as a general purpose Input and/or HALT restart con- tween DG and 20 M.Hz' For low Input clock frequencies
"trol ’ (< 5 MH2) 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 s configured as a single pin RC contralled Schmitt trig- For osglllator frequencles that are greater than § MHz the
ger oscillator. CKQ Is available as a general purpose Input chip must run with a divide by 20. ThisIs known as the High
and/or HALT restart control, Speed mode.

Table Il shows the variation In the osclilator fréquencies as
functions of the component (R and C) values,

TABLE. Crystal Osclllator Configuration, Ta = 25°C

R1 R2 - C1 c2 CKl Freq . )
: t
Wy | mo | em R _(MHy) Gonditions
0 . 1 a0 A 30-36 20 Vec = 6V
0 1 30 30-36 : 10 Voo = 6V
0 1 3% - 30-36 4(+ 20) - Voo =25V
0 1 200 100-150 0485 Voo = 2.5V

TABLE II. RC Oscillator Configuration, T4 = 25°C

R c CKI Freq, Instr. Cycle L
itlons.
(ka) P __MHp) (1) Conditions
33 82 28t022 3.6t04.5 : Voe = 8V
5.6 100 15t01.1 67109 Ve = 6V
6.8 100 111008 8to125 Veo = 2.5V
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SEMICOND (UP/ZUQC)

Functional Description (continued)

The COP820C and COP840C microcontrollers have five
mask options for configuring the clock input. The CKI and
CKOQ pins are autoratically configured upon selecting & par-
ticular option.

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

— Normal Mode Crystal (CKi/10) CKO for crystal configu-
ration

— Hligh Speed External (CKI/20) CKO avallable as G7 in-
put

— Normal Mode External (CKI/10) CKO avallable as G7
Input

~— R/G (CKI/10) CKO avallable as G7 input

G7 can be used sither as a general purpose Input or as a
coritrol Input to continue from the HALT mode.

CURRENT DRAIN

The total current drain of the chip depends an:

1) Osclllator operating mode—I1

2) Internal switching current—Ii2

3) Internal leakage current—I3

4) Output source current—I4

&) DG current caused by external Input not at Vg ar GND—
15

Thus the total current draln, it is glven as
k=11+12+183+14+15

To reducs the total current draln, each of the above compo-
nents must be minimum.

The chip will draw the least current when in the normal

mode. The high speed made will draw additional current.
The R/C mode will draw the most, Operating with a crysta!
network will draw. more current than an extérnal squars-
wave. Switching current, governed by the equation below,
can. be reduced by lowering voltage and fraquency. Leak-
age current can be reduced by fowerlng voltage and tem-

perature. The other two tems can be reduced by carefully

deslgning the end-user’s system.

2=0xVxf

Where

C = equivalent capacitance of the chip.

V = operating voltage

t = CKl frequency

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

CKI (MHz) Inst, Gycle (1) It (mA)
20 1- 8
3.58 3 22
2 5 12
0.3 a3 0.2
O(HALT) — <0.0001
HALT MODE

The COP820C and COP840C support a power saving made
of operation: HALT. The controller Is placed in the HALT
mode by setting the G7 data bit, alternatively the user can
stop the clock Input. in the HALT mode all internal praces-
sor activities including the clock oscillator are stopped. The
fully statle architecture freezes the state of the control-

31E D BE b501126 O0L7L4? 5 EM

T-49-19-08

ler and retains all information untif continuing. In the HALT
mode, power requirements are minimal as it draws only
leakage currents and olitput current. The applied voltage
(Vo) may be decreased down to Vr (minimum RAM reten-
tion voltags) 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 relnitializes 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 COP820C and COP840C have a sophisticated Interrupt
structure to allow eagy Interface to the real word, There are
three possible interrupt sources, as shown below.

A maskable Interrupt on external GO (nput (positive or nega-
{ive edge- sensitive under software control) B

A maskeble-interrupt on timer carry or timer capture
A non-maskable spftware/error Interrupt on opcade 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 selsct elther or both sources
to Interrupt the microcontroller when GIE s enabled,

IEDQ 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 blts signal which interrupt Is pending. Atter
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, Setiing the: GIE bit high
Inside the Interrupt subroutine allows nested Interrupta.

The software. interrupt does not reset the GIE bit. This
means that the controller can bie 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
decrementad 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 complate, At
the end of the Interrupt subrouting, any of the: following
three instructions return the processor back to the main pro<
gram: RET, RETSK or RETI, Either one of the threa Instruc:
tions will pop the stack Into the program counter (PC). The
stack pointer Is then Incremented twice.. The: RETI Instrucs
tion additionally sets the GIE bit to re-enable further Inter-
rupts. :

Any of the three Instructions ¢an be used to return from a
hardware. interrupt subroutine. The BETSK. instruction
should be used when returning from a software Interrupt
subroutine to avold entering an infinite loop.
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| |
EXTERNAL_IZ
e Y I o
T0
woerFLow——1 TP0 | TERRUPT
SOFTWARE
WTERRUPT o TU/DD/9103-11
FIGURE 6. Interrupt Block Dlagram
DETECTION OF ILLEGAL CONDITIONS TABLEM ,
The COP820G and GOPB4OG incorporate & hardware S0 SK Cycle Ti
mechanism that allows it to detect illegal cariditions which 31 - Cycle Time
may occur from coding errors, nolse and ‘brown out’ voltage 0 0 2tg
drop situations. Specifically it detests cases of executing out 0 1 4lg
of undefined ROM area and unbalanced stack situations. 1 ] X Bt
Reading an undefined ROM location returris 00 (hexadacl- where, .

mal) as its contents. The opcode for a software Interrupt is
also '00". Thus a program accessing undefined ROM' wil
cause a software interrupt,

Reading an undefined RAM location returns an FF (hexade-
cimal). The subroutine stack on the COP820G and
COP840C grows down for each subroutine call, By initlaliz-
ing the stack pointer fo the tap of RAM, the first unbalanced
toturn' instruction will cause the stack pointer to. address
undefined RAM. As a result the program will attempt to exe-
cute from FFFE (hexadecimal), which Is an undefined ROM
location and will trigger a software Interrupt.

MICROWIRE/PLUS™

MICROWIRE/PLUS is a serial synchronous bldirectional
communioations Interface, The MICROWIRE/PLUS capabil-
ity enables the COP820C and COP840C to interface with
any of Natlonal Semiconductor's MICROWIRE peripherals
(l.e. A/D converters, display drivers, EEPROMS, etc:) and
with other microcontrellers which support the MICROWIRE/
PLUS interface. It consists of an 8-bit sertat shift register
(SI0) with serial data input (SI); serial data output (SO) and
serfal shift clock (SK). Figure 7 shows the block diagram of
the MICROWIRE/PLUS intsrface.

The shift clock can bs. selected from either an Internal
source or an external source. Operating the MICROWIRE/
PLUS interface with the Internal olock source is called the
Master made of operation, Similarly, operating the MICRO-
WIRE/PLUS Interface with an external shitt ¢lock 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 GNTAL reglster Is set ta one. The SK
clock rate Is selacted by the two bits, S0 and 81, In the
CNTRL tegister, Table Il detalls the different clock rates
that may be selected,

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 dafa bits have heen shifted, The user
may reset the BUSY bit by software to allow less thar 8 bits
to shift. The COP820G and COPB40C may enter the MI-
CROWIRE/PLUS mode elther as a Master or as.a Slave,

Flgure 8 shows. how two COP820C microcontrollers and.

several peripherals may ba 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 afll dats ex-
cheanges. (See Figure 8). The MSEL bif in the GNTRL regis-
ter must be set to enable the SO and SK functions onto the
G Port. The SO and SK pins must afso be selected as out-

. puts by setting appropriate bits in the. Port G conflguration

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
elock Is generated by an external source; Satting 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 fnput
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 mada of
operation.

The user must st 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 efght clock pulses
the BUSY flag wili be cleared and the sequence may he
repeated. (See Figure 8)
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Functional Description (continued)

TIMER/COUNTER
The COP820C and COP840C have a powerful 16-bit timer

with an assoclated. 16-bit reglster enabling them $o perform:

oxtensive timer furictions. 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 soffware control, The timer-register palr can
be opérated in one of three possible modes. Table V detalls
varlous timer operating modes and thelr requisite control
settings,

e SO
8= BT SI0 |
I—1 REGSTER &3

NCD >=>C

- TL/DD/8103-12
FIGURE 7, MICROWIRE/PLUS Block Dlagram

) ) TABLE IV

a4 | os a4 G5 | Gé -
Contlg. | Conflg. Fun Fun. |Fun Operation

Bit Blt ' . 1

1 1 §0 |IntSK| St |MICROWIRE Master

0 1 TRI-STATE| Int. 8K | St | MICROWIRE Master|

1 0 S0 |Ext.SK| SI |MICROWIRE Slave

0 0 TRI-STATE | Ext. SK|- SI MICROWIRE Slave

1E D W 501128 00L76Y9 9 mm
 1-49-19-08

MODE 1. TIMER WITH AUTO-LOAD REGISTER

In this mode of operation, the timer T1 counts down at the
instruction cycle rate. Upon uriderflow the value in the regls-
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 sofiware
control. (Sae Figure 9)

MODE 2. EXTERNAL COUNTER

Int this made, the timer T1 becomes & 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, Tha underflow can
also be programmed to generate an interrupt, (See Figure 9)

MODE 3.iTIMEB WITH CAPTURE REGISTER

Timer T1 can be used to precisely measure external fre-
quencies or avents 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 copled into the register R1. Bits in-the control
register CNTRL allow the trigger edge to be spacified éither
as a positive: edge or as a negative edge. In this mode the
user can elect to be interrupted on the spacified trigger
edge. (See Figure 10)

CHIP SELECT LINES _ o SR
(5] (<] & &G G
1/0 LOW. ‘ 1/0
LNEST  cop 8- BT 1024 BIT POWER FREQ. L Lo cop | LNES
8206 A coN= | ¥ “eeprom cos | oen& || oseuy 8200
(MASTER) VERTER COPASS RAM COUNTER DRIVER (StAvE)
COP43X & TIMER CoP4saL COP472
COP498
po_ncik] [oo viek] oo ook ] foo mek] | bick
ﬂk.l\ A A A A A A ﬂk F N
sif¢ y 1 : 3 - - — 50
SO » sl
s »{sK

© TLDO/9103-13

FIGURE 8. MICROWIRE/PLUS Application
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Functional Description (continued) T-49-19-08
TABLE V. Timer Operating Modes
CNTRL ' ' Timer
Bits Operation Mode T Interrupt Counts
7656 .- o _ ~ On
000 External Counter W/Auto-Load Reg. Timer Carry B TiO Pos.Edga
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/Aute-Load Reg./Toggle TIO Out Timer Carry tc
110 Timer W/Capture Register TIO Pos. Edge tc
111 VTlmer W/Capture Register “TIO Neg. Edge to
TIMER PWM APPLICATION

INTERFAL DATA BUS

16=BIT AUTO TIMER
_RELOAD REG, UNDERFLOW
— INTERRUPT

j

16= BT TMER/ T J[G3OATA F.no
=P couner > arch [ oureur
TL/DD/9103<15
FIGURE 9. Timer/Counter Auto
Reload Mode Block Diagram
“WIERNAL DATA BUS”
INTERRUPT
TIO INPUT = T¢ 16=B1
f‘ . CAPTURE REG.
]

t 16= BT TWER

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

Figure 11 shows how & minimat component D/A converter
can be built out of the Timer-Register palr in the Auto-Re-
load mode. The timer Is placed Inthe “Timer with auto re«
load™ mode and the TIO pin is selected as the timer autput,
At the outset the TIO pin Is set high, the timer T4 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
coples the off time into.the timer, which continues to run; By
alternately loading in the on time and the off time at sach
successive interrupt a PWM frequency can be easily gener-
ated. :

o L T L

n '/ 20

° W A SIHPLE D= A

p L . CONVERTER USING

THE TIMER TO

8 GENERATE A PWM

2. QUTPUT.

0
7 TL/DD/9103-18

FIGURE 11. Timer Application
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Control Registers

CNTRL REGISTER (ADDRESS X'00EE)

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

818&80 Select the MICROWIRE/PLUS clock divide-by

[EDG  External interrupt edge polarity select
’ (0 = rsing edge, 1 = talling edge)

MSEL  Enable MICROWIRE/PLUS functions SO and SK

TRUN Sta’rt)/Stop the Timer/Counter (1 = run, 0 =
stop;

TC3 Timef Input edge polarity select (0 = rising edge;
1 = falling edge)

TC2 Seleots the capture mode

TG Salscts the timer mode o
Lot | toz | toa | Run | mseL [ Epa [ st ] so |
BIT7 BITO

PSW REGISTER (ADDRESS X'00EF)

The PSW reglster 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 camry Flag

[ho [ o[ 1eno [ enti | eno | Busy | ent | Gl |
Bit7 BitO

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 i

In the Single Chip mods, the. controller functions as a self
contalned microcontroller, It can address internal RAM and
ROM. All ports configured as memory mapped 1/0 ports,

ROMLESS MODE

The COP820C and COPB40C enter the ROMless mode of
operatiori if the D2 pin is held at loglcal “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 ROMless mode of operation, the COP820C uses the
84 bytes of onboard RAM and the COP840C uses the 128
bytes of onboard RAM. The poris 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 penalty of losing a large
number of /0 pins in the process. Figure 12 shows In sche-
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.

Addressl

Contents 77 |

COP820C S 7
0010 2F [On cmp RAM Bytos T-49 19"08

éo to 7F Unused FtAM 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

80to BF Expans[on Space for on Chip EERAM

COto CF Expansion Space for 1/0 and Registers

DO to DF{On Chip I/Q and Registers
DO. - {Port L Data Register
D1 ]Port L Configuration Reglstér
D2 |Port L.Input Pins (Read Only)
D3. . jReserved for Port L
D4 |Port G Data Reglster B
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 Reglster

DD-DF |Reserved for Port D

EQ to EF |On Chip Functions and Registers
E0-E7 |Reserved for Fufure Parts

. E8 - |Reserved
E9 |[MICROWIRE/PLUS Shift Reglster
EA  |TimerLower Byte
EB  |Timer Upper Byte -
EC |Timer Autoload Register Lower Byte
ED |Timer Autoload Register Upper Byte
EE |CNTAL Control Heglster
EF |PSW-Register

FOtoFF|On Chip RAM Mapped as Registers
" FC [XRegister
-FD |SP Register
FE |BRegister -

Reading unused memory locations below 7FH will return all
anes. Reading other unused memory locations will return
undsfined data.

Addressing Modes

REGISTER INDIRECT

This Is the "normal” mode of addressing for COP820C and
COP840C. The operand s the memory addressed by the B
régister 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

(AUTQ INCREMENT AND DECREMENT)

This Is a register indirect mode that automatically incre-

ments or decrements the B or X register atter execuﬂng the
Instruction,
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Do  PL (Shifts out lower eight bits of PC)

Dy PU (Shifts out upper seven bits of PC)

D2 GND (Putsthe chip in ROMless mode)

D DIN (Shifts out recreated Port D data)

lo IDATA (Shifts in recreated Port } data)
CLK (Data shift clock)

ls  BDATA (Shifts in ROM data)

}  NLOAD (Load clock)

la

FIGURE 12. COP820C and COP840C ROM!ess Mode Schematic
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é AddrESsing Modes {Continuad) PC 16 blt P
© | RELATIVE PU  upper 7?3?3; 3%“"'°' regieter
© | Thismode s used : PL i ' 19~
B Is added to lheepr?rr?:\ JP Inst;uctlon,,the instruction field cL lowar 8 bits of PO T-49'19'08
E location, JP has a ra?rge otcf?g[r:ﬁter :;g tg e:_tge new program HC Illlallftgf PSW register for carty )
byte relative jum =31 1o +82to allow a one . alt Carry
& ; p (P + 1 Is Implemented by a NO GIE it of f
tlon). There &ré no ‘pages’ plemerited by & NOP Instruo- 1-bit of PSW register for globa
g are used. pages’ when using JP, all 16 bits of PC Symbols global lnarrupt encble
o 7 7 7 Bl  Memoryin
=] Instruction Set - M Memoz mﬂ!ﬁﬁiz Zﬂg'es“" bve wg'sw
g REGISTER AND SYMBOL DEFINITIONS o oo mem Direct address memorl;le zﬁg]hy X togister
7 ) em! Dlr 1
{ M St i eyl o e
o 8-bit Accumulator register o Reg R ”
nlatc egister mei
g )B( g:’,': ﬁgg'ess reglster ..+ andSP) o addresses FO to FF (Includes B.X
-bil re! ) :
& s ebt Staok poi eglster Bit  Bitnumber (0to 7)
) polnter register <= Loaded with
< . <> Exchanged with
S , g
§ — —— ) Instruction Set
a ADG add with carry ' ﬁ « A+ Memt
) . R <~ A + Meml + C,
g susc subtract with cany :c‘_(_AHa"C&ﬂ‘y C <~ Cany
AND _ + Méml +C,C <~ Cany
S o : Loglcal AND HC < Halt Cany
& XOR . Loglcal OR . A <= AandMeml
% IFEQ LOQIF&' Exclusive-OR . A < AorMeml o
38 (FGT :;equal ] éo <= Axor Meml o
Q FB greater than - mpara A and Meml, Do
8 gng; : IF B it equal ' Compare A and Meml, Do ::ft:;ﬁ > 32,’"“.'
g g gee;:lr)e“ment Reg. skip It zero. . ‘R";;i’i“gm’ 4bits of 8  Imm
& . b, eg.— 1, skip it Reg goes to 0
(=] Reset bit Mem.(bit= 0 to 7 immediate
O ) 0to bit, )
o Fair : it bit Merm .
O Ifbit
« X - - - Men ¢ ¢
© oA Excharige A wlth memory ' A:n‘_lim'dqnm et
o LD mem o B mamory A e
1 LD Reg qad Direct memary Immed. = Meml
B - X Load Register metmiory Immed, :_{Hem - Imm
S X Exchangs A with memary [8] - 2 < o
b 3 DA Exchange A with memory [X] . Ae> (8] (B« Bii)
2 oA Load A with memory. (8] A X (X XE1)
8 LDM Load A with memory (] A Bl @B
B clRA __Load Mamory Immediate ’ '[*B]"‘('_D? (X €= X&)
ClearA ) - — mm (8 < B1)
g g‘g}\ Increment A A0 -
E LAID Dacremiont A A A+
& LD Load A lndirect from ROM Ae At
8| oA A S R
pt ) HT THRU correction (f
S SgIAPA g:tag nibhles of A © g7—> :Z —_ ... _2‘23“1?‘8"  SUBC)
N e H ey
® fo Reset G : C < 1,HG e
-4 IFQ G G « (@ 1
o IENG ot : ol thia gonadt
(3] weL | e i rirciadiivtioiin
B JMP Jump absolute long ) G notinue, do next instruction
Q - 7 Jump absolute : PO < Ii (i = 16 blts; 0 to 32K)
g YSRL Jump relative short PG11,0 « (1 = 12bltg)
b sR Jurnp subroutina long A PC «— PC +r(ria —3110 +32,nott
8 I - jﬂﬁ: mrouﬂne E:g} : ::L Esp-ﬂ « PUSP-2PC 4)- it
RET oot L,[SP-1} < ..
RETSK i :emm from subroutine ;:5 :': P?.OM(PU o rhsparem.o !
RET Return and Skip < [SPLPU < [SP-
|NTFI! Return fram Interrupt SP+2,L <= [SPLPU {g;:} Ski "
NOP Generate an Interrupt SP+2,PL 4 [SP]PU «- R o netruetion
No operation ? (8P} < PL[SP-1] ¢~ Plggsp'ﬂ'GIE o
. PC «— PG+ 1 \SP2PC € OFF g
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20 MHz) to execute,

detalls.

Instruction Execution Time
Most instructions are single byte (with immediate address-
ing mode Instruction taking two bytes).
Most single Instructions. take one cycle time (1 us at

See the BYTES and CYCLES per INSTRUCTION table for

BYTES and CYCLES per
INSTRUCTION

The following table shows thé number of bytes and cycles
for each instruction in the format of byte/cycle (a oycle Is
1 ps.af 20 MHz). :

T-49-19.08
) (8] Direct immed.
ADD 11 3/4 2/2
ADGC 1741 8/4 2/2
SUBC 171 3/4 . 2/2
AND in 3/4 2/2
OR 1M 8/4 2/2
XOR n 3/4 2/2:
IFEQ in 8/4 2/2
IFGT 11 3/4 2/2
IFBNE 1/1
'DRSZ 1/3
SBIT 102l a/4
RBIT /1. 3/4
IFBIT AT 8/4
Memory Transfer instructions
Reglster Reglster Indirect
Indirect | Direct|immed.| Auto incr & Decr
(8] [X] [B+,B-] [X+,X-]
XA,* 171 1/3f 2/3 1/2 1/3
LDA* 1/4 1/3] 2/3 2/2 1/2 1/3
LD B,imm i (it < 16)
LD B,imm 2/3 (it8 > 15)
LD Mem,imm| 2/2 a/3 2/2
LD Reg,Imm , 2/3
# = > Memoty location addressed by B or X or diractly.
Instructions Using A& C Transfer of Control Instructions
CLRA n JMPL 3/4
INCA. in JMP 2/3
DECA 72 JP " 1/3
LAID 1/3 JSAL 8/6
DCORA in JSR. 2/8
RRCA 1/1 Jip 1/3
SWAPA 1/1 RET 1/6
SC 11 RETSK 1/6
RC 11 RETI 1/56
IFC in INTR 1/
_IFNC 11 NOP 1/
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The following table shows the instructions assigned to un-
used opcodes. This table Is for information only. The opera-
tlons performed are subijoct to change without notice. Do
not use these opcodes.

,g:g::ig lnstructloq - g:z::: : Ins(rucﬂon
80 . NOP AS | NOP
6t NOP .| = AF LD A, [B)
ez - NOP B1 G — HC
e3 NOP B4 NoP
67 NOP - B5- NOP’
8C RET B7* - XA, X
a9 NOP B9 NOP
aF LD [B], #i BF LDA, [X]
A7 XA, [8B]
A8 NOP

Development Support

MOLE DEVELOPMENT SYSTEM

The MOLE (Mi¢rocomputer On Line Emulator) Is & low cost
development system and emulator for all microcontroller
products. These Include COPS™ and the HPC™ family of
products. The MOLE consists of a BRAIN Board, Personali-
ty Board and optional hast software.

The purpose of the MOLE Is to provide the user with a teol-
to emulate code for the target microcontroller and assist in
both software and hardware debugging of the system,

ItIs a self contalnad computer with its own firmware which

provides for all syster operation, emulation control, com-

munication, PROM programming and diagnostic aperations.

1t contains three serial ports to optionally connect to a termi-
nal, a host system, a printer or @ modetn, or to connect to
other MOLEs in & multi-MOLE environment.

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

[unction with a selected host system using PC-DOS.commu-+ =

Single Chip Emulator Devnce

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

Option List T-49-19-08

The COPB20C/COP840C mask programmiable’ options are
listed out balow. The optionis 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 INPUT

= { Normal Mode Crystal (CKI/10) CKO for crystal con-

figuration

"= 2 Normal Mode External (CKI/1 0) CKO avallable as G7

input”

(CKI/10) CKO avallable as G7
Input

(CKI/20) CKO for crystal con«
figuration

= §High Speed External (CKI/20) CKO avallable as G7’
input

OPTION 2: COP820C/CQOP840C BONDING

= 1 28 pin package

= 2 24 pin package

= 320 pln package

The following option Information Is to be sent to National

along with the EPROM.

Optlon Data

Option 1 Value__is: CKI Input

Option 2 Value_-is: COP Bonding

How to Order

To order & complete development package, select the sec-
tion for the microcontroller to be developed and order the
parts listed,

=3R/C

= 4 High Speed Crystal

nicating via ¢ RS-232 port.
B Development Tc_:ols Selection Table
Order Manual
Mlcrgcontroller Part Number Deserlpllon , lngludes 7 Number
MOLE-BRAIN ~ Brain Board Brain Board Users Manual 420408188-001
MOLE-COP8-PB1 Personality Board COP820/840 Personality Board
o Users Manual 420410806-001
CcQPs20/ MOLE-COP8-BM | Assembler Software for[BM | COP800 Software Users Manual ) i
COP840 and Software Disk 424410527-001
PC-DOS Communications A
) : Software Users Manual 420940,“6'00‘
420410703-001 Programmer’s Manual | . 420410703-001

BLE D ﬂ I:SDLLEB U[](:?I:SE- L N
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DIAL-A-HELPER

Dfal-A-Helper Is a service provided by the Microcontroller
Applications Group. The-Dlal-A-Helper is an Electronle Bul«
letin Board Information system and: additionally, provides
the capabllity of remotely accessing the MOLE development
gystem at a customer site. :

INFORMATION SYSTEM

The Dial-A-Helper system provides agcess to.an automated
information storage and refriaval system that may bs ac-
cessed over standard. dial-up telephone lines 24 hours a
day. The system capabllities Include a MESSAGE SECTION
(electronic mail) for communications to and from the Micro-
controller Applications Group and a FILE SECTION which
conslsts of several file areas where valyable application

31E D B L501128 0067L5? & E@

ORDER P/N: MOLE-DIAL-A-HLP
Information Systeh’r Package contains:
Dial-A-Helper Users Marnual
Public Domain Gommunications Software.

FACTORY APPLICATIONS SUPPORT

Dial-A-Helper also provides immediate factory applications
support. If a user Is having difficulty in operating a MOLE, he
can leave messages on our electronic bullatin 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. :

goftware and utilities could be found. The minimum require- - T-49-19-08 .
ment for accessing the Dial-A-Helper Is a Hayes compatible
modem. ) :
If the user has a PG with a communications package then
files from the FILE SECTION can be down-loaded to disk for
later use.
Volce: (408) 721-5582
Modem: (408).739-1162
i Baud: 300 or 1200 baud
Setup: - Length: 8-Bit
Parity: None
7 Stop Bit: 1
Operation: 24 Hrs. 7 Days
. t - DIAL-A-HELPER
(L L L L L EEE YL TR TN N e [daded LA L L L LY T LY TR Y T LY
' ' ' H
[T ! ' ‘
' | ameer : H '
] SYSTEM N ' ]
’ ' ' ’
: L : :
L ¢ ol HOST
E , MODQ, ; e, : MODEM COMPUTER !
. ' t - - H
) [} L} [}
i HosT ' : H
H HoLE . cowpurer | ¢ ¢ !
[ ] . [ [ [ ]
' .. ' '
’ ' ' I
‘-.--Qi--.-.--..-...-----’Q .--..-..ﬁ--.-.ICQ-.-‘-..-.
USER STTE NATIONAL SEMICONDUCTOR SITE

TL/DD/9103-20
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