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G eneral Description
The C O P 402/C O P 402M  R OM Iess M icrocon tro lle rs  are 
m em bers o f the  C O P S t m  fam ily , fabrica ted using N -channel 
silicon gate  M O S techno logy. Each part con ta ins CPU, 
RAM, and I/O , and is identica l to  a COP420 device, except 
the  ROM  has been rem oved; pins have been added to  ou t
pu t th e  ROM  address and to  inpu t ROM data. In a system , 
the  C O P402 o r 402M  w ill pe rfo rm  exactly  as the  COP420; 
th is  im portan t b ene fit fa c ilita tes deve lopm ent and debug o f 
a  COP420; th is  im portan t bene fit fac ilita tes deve lopm ent 
and debug o f a CO P420 program  prior to  m asking the  fina l 
part. These  dev ices a re  a lso appropria te  in low  vo lum e ap
p lica tions, o r w hen the  program  m ay require changing. The 
COP402M  is identica l to  the  COP402, except the  M ICRO 
BUS™  in te rface  op tion  has been im plem ented.
The C O P 402 m ay a lso  be used to  em ula te  the  COP410L, 
4 1 1L, o r 4 2 0 L by appropria te ly reducing the c lock  frequen
cy.

N-Channel M icrocontro llers
Features
■ Extended tem perature  ( —40°C to  + 85°C) COP302/  

COP302M, available as specia l o rde r
■ Low  cos t
■ Exact c ircu it equ iva lent o f COP420
■ Standard 40-pin dual-in-line package
■ In terfaces w ith  standard PROM o r ROM
■ 64 x  4 RAM, addresses up to  1k x 8 ROM
■ M ICRO BUS com patib le  (COP402M)
■ Powerfu l instruction set
■ T rue  vec tored  interrupt, plus restart
■ Three-leve l subroutine stack
■ 4.0 jus instruction tim e
■ S ingle supp ly operation (4.5V to  6.3V)
■ Internal tim e-base counte r fo r rea l-tim e p rocessing
■ Internal binary coun te r reg is te r w ith  M ICR O W IR E™  

seria l I /O  capability
■ S oftw a re /ha rdw are  com patib le  w ith  o ther m em bers o f 

COP400 fam ily

Block D iagram

l; L| It U  11 12 U  LO

FIG U R E 1
TL/DD/6915-1
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C O P 402/C O P 402M  and C O P 302/C O P 302M
Absolute M axim um  Ratings
I f  M ilita ry /A e ro s p a c e  s p e c if ie d  d e v ic e s  a re  re q u ire d , Package Power D issipation 750 m W  a t 25°C
p le a se  c o n ta c t th e  N a tio n a l S e m ic o n d u c to r S a les 400 m W  a t 70°C
O ff ic e /D is t r lb u to rs  fo r  a v a ila b il ity  a n d  s p e c if ic a tio n s . 250 m W  a t 85°C
V oltage a t A ny Pin — 0.3V to  +  7V To ta l S ink Current 50  m A
Operating Tem peratu re  Range To ta l Source C urrent 70  m A

C O P 402/C O P 402M 0°C to  70°C N ote: Absolute maximum ratings indicate lim its beyond
Storage Tem peratu re  Range -6 5 ° C  to  + 1 50°C which damage to the device may occur. DC and AC e/ectri-
Lead Tem perature  (soldering, 10 sec.) 300°C ca / specifications are not ensured when operating the de-

vice at absolute maximum ratings

C O P402/C O P402M
DC E lectrical C haracteristics o°c ^  t a  ^  7o°c, 4 .s v  ^  v Cc  ^  6 .3 v  un less o therw ise noted

P a ra m e te r C o n d it io n s M in M ax U n its
O peration Voltage 4.5 6.3 V
Power Supply R ipple Peak to  Peak (N ote  3) 0.4 V
Supply C urrent A ll O utputs O pen V c c  =  5V 40 m A
Input V oltage Leve ls

CKI Input Leve ls
C rystal Input

Logic High 2.4 V
Logic Low

S chm itt T rigger Input
- 0 . 3 0.4 V

R ESET
Logic High 0.7 V c c V
Logic Low 

A ll O the r Inputs
- 0 . 3 0.6 V

Logic High V qc  =  Max 3.0 V
Logic High V Cc  =  5V ± 5 % 2.0 V
Logic Low - 0 . 3 0.8 V

Input Load Source C urrent V c c  =  5 V, V |n  =  0 V -100 - 8 0 0 ix A
Input C apacitance 7 PF
Hi-Z Input Leakage < o o II CJl < -1 +  1 /xA
O utpu t V o ltage  Leve ls

D, G, L, SK, SO  O utputs 
T TL  O peration V Cc  =  5V ± 10%

Logic High lOH =  - 1 0 0  ju,A 2.4 V
Logic Low

IP 0 -IP 7 , P8, P9, SKIP, CKO, 
A D /D A T A

Io l  =  1.6 m A - 0 . 3 0.4 V

Logic High lOH =  —75 jaA 2.4 V
Logic Low

CM O S O peration (N ote 1)
Io l  =  400 p,A - 0 . 3 0.4 V

Logic High lOH =  -1 0  jxA < o o I V
Log ic Low Io l  =  10 )x A - 0 . 3 0.2 V

O utput C urrent Leve ls
LED D irect D rive (COP402) V c c  =  6V

Logic High V 0H =  2.0V 2.5 14 m A
TRI-STATE® (COP402M ) Leakage C urrent V CC =  5V - 5 0 +  50 )xA
A llow able  S ink C urrent

Per Pin (L, D, G) 10 m A
Per Pin (A ll O thers) 2 m A
Per Port (L) 16 m A
Per Port (D, G) 10 m A

A llow ab le  S ource C urrent
Per Pin (L) - 1 5 m A
Per Pin (All O thers) - 1 . 5 m A

Note 1: TRI-STATE and LED configurations are excluded.
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AC Electrical C haracteris tics 0°C <: TA <; 70°C ,4.5V  <: Vc c  <: 6.3V  un less o therw ise noted

P aram eter C onditions Min M ax Units

Instruction C ycle T im e 4 10 JLlS

O perating CKI Frequency ■5-16 M ode 1.6 4.0 M Hz

CKI Duty C ycle (N ote 1) 40 60 %
Rise T im e Frequency =  4 M Hz 60 ns
Fall T im e Frequency =  4 M Hz 40 ns

Inputs:
SI

tSETUP 0.3 [XS
l HOLD 250 ns

A ll O ther Inputs
tSETUP 1.7 JbtS

*HOLD 300 ns

O utput P ropagation Delay T est Conditions:
R L =  5k, CL =  50 pF, V0 UT =  1.5V

S O a n d S K
tpd1 1.0 [ IS
tpdO 1.0 [ IS

CKO
1pd1 0.25 [IS

tpdO 0.25 [ IS
A D /D A T A , SKIP

*pd1 0.6 [ IS

tpdO 0.6 [IS
A ll O the r O utputs

tpd i 1.4 JUS
tpdO 1.4 [ IS

M ICRO BUS Tim ing C L =  100 pF, V Cc  =  5V ± 5%
Read O peration (Figure 4)

C hip S e lect S tab le  be fore  RD— tc s R 65 ns
C h ip  S e lec t H old Tim e fo r RD— tR c s 20 ns
R D  Pulse W idth— tp p 400 ns
D ata D elay from  RD— tRD 375 ns
R D  to  Data F loating— to F 250 ns

W rite O peration (Figure 5)
C hip S e lect S tab le  before  W R— tc s w 65 ns
C hip S e lect H old T im e fo r W R — tw c s 20 ns
W R Pulse W idth— tw w 400 ns
Data Set-U p Tim e fo r W R — to w 320 ns
Data H old T im e fo r W R— tw o 100 ns
INTR Transition  T im e from  W R — tyyi 700 ns

Note 1: Duty Cycle =  tw i/(tw i +  two)-
Note 2: See Figure 9  for additional I/O  characteristics.
Note 3: Voltage change must be less than 0.5V in a 1 ms period.
Note 4: Exercise great care not to exceed maximum device power dissipation limits when direct driving LEDs (or sourcing similar loads) at high temperature.
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Pin Descriptions
Pin Description

L7- L 0 8 b id irectiona l I /O  po rts  w ith  TR I-STATE
G 3- G 0 4  b id irectiona l I /O  ports
D3- D 0 4 general purpose outputs
IN3- I N 0 4  general purpose inputs
SI Serial inpu t (or coun te r input)
SO Seria l ou tpu t (or general purpose output)
SK Log ic-con tro lled  c lock  (or general purpose  ou t

put)
A D /D A T A  A ddress o u t/d a ta  in flag
SKIP Instruction skip ou tpu t
OKI System  osc illa to r input
C KO  System  osc illa to r output
R ESET System  rese t input
V c c  Power supply
GN D  Ground
IP 7 -IP 0  8 b id irectiona l ROM address and da ta  po rts  
P8, P9 2 m ost sign ifican t ROM address ou tpu ts

T o p  V iew

O rder Num ber C O P402N  o r C OP402M N  
S ee NS P ackage N um ber N40A

FIG U R E 2.

Tim ing D iagram s

TL/DD/6915-3
FIG URE 3a. In p u t/O u tp u t Tim ing D iagram s (C rystal -s- 16 M ode)

Connection Diagram
D ual-ln-L ine Package

CKO------ 1 40
C K I------ 2 39
IP4------ 3 38

RESET — 4 37
IP3------ 5 36
IP2------ 6 35
IP I ------ 7 34
IPO — 8 33
IP7------ 9 32
IP6------ 10 COP402

COP402M 31
L 7 ------ 11 30
LS------ 12 29
L 5 ------ 13 28
1 4 ------ 14 27

I N I ------ IS 20
IN 2 ------ 16 25

Vcc — 17 24
L 3 ------ 10 23
L2 — 19 22
LI ------ 20 21

■ DO

■ D1
■ D2
■ 03
■ IP5
■ P8 
' P9
■ AD/OATA
■ SKIP
■ G3
• G2
■ G1
■ GO
■ IN3
• INO
■ SK 
-SO 
•S I 

■GND 
- LO

ti /nn/cn^c

CKI

CKO

tw i two

■_r
~ \ f \ k

tPDI V - tPDO

FIG URE 3b. CK O  O utput T im ing
TL/DD/6915-4
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2M Tim ing Diagram s (Continued)

(IN 2) c s  ' y______________________________________________________________________ /
* ----------------------------

------------------t R R ------------------------► -----t R C S — ►

(IN I)  f iD >
*CSR  -*■

y____________
■*— t R D — *•

________________________ /
t --------------------------------------------

-- ---------------t D F ------------------►

>—
;________________________________________________________ ;

FIG U R E 4. M ICRO BUS R ead O peration  Tim ing
TL/DD/6915-5

•*-«CSW-*-"--------- ------------- *•-—tWCS—►
. V(l«2) C? f

y____
-----  tow-----►
_________ /(IN3) WH >

two
(L7-L0) D7-D0 ) (_________ (__________

---------- twi--------- ►]
(GO) INTR ' y

FIG U R E 5. M ICR O BU S W rite  O peration  T im ing
TL/DD/6915-6

Functional Description
A  b lock diagram  o f the  C OP402 is g iven in Figure 1. Data 
paths are illus tra ted in s im plified  fo rm  to  dep ic t how  the  vari
ous logic e lem ents com m unica te  w ith  each  o ther in im ple
m enting the  instruction se t o f the  device. Positive log ic is 
used. W hen a b it is set, it is a log ic “ 1"  (greater than  2V). 
W hen a b it is reset, it is a log ic " 0 ”  (less than 0.8V).

PROGRAM  M EM ORY
Program M em ory cons is ts  o f a 1,024-byte externa l m em ory 
(typically PROM). W ords o f th is m em ory m ay be program  
instructions, program  data  o r ROM  addressing data. Be
cause o f the  specia l charac teris tics associa ted  w ith  the  JP, 
JSRP, JID  and LQID instructions, ROM  m ust o ften  be 
thought o f as being organ ized in to  16 pages o f 64 w ords 
each.
ROM addressing is accom plished  by a 10-bit PC register. Its 
binay value se lects  one  o f the  1,024 8-b it w ords conta ined 
in ROM. A  new  address is loaded Into the  PC reg is te r during 
each instruction  cycle. Unless the  instruction  is a transfe r o f 
con tro l Instruction, the PC reg is te r is loaded w ith  the  next 
sequentia l 10-bit b inary count value. Three leve ls o f sub 
routine nesting a re  im plem ented by the  10-b it subroutine 
save registers, SA, SB and SC, provid ing a last-in, first-ou t 
(LIFO) hardw are subroutine stack.
ROM instruction w ords are fe tched , decoded and executed 
by the Instruction Decode, C ontro l and S kip  Log ic circuitry.

D ATA M EM ORY
D ata m em ory consists o f a 256-b it RAM , organ ized as 4 
d a ta  reg is te rs o f 16 4 -b it d igits. RAM  addressing is im ple
m ented by a 6-b it B reg is ter w hose  upper 2 b its (Br) se lect 1 
o f 4 data reg is ters and low er 4 b its (Bd) se lect 1 o f 16 4 -b it 
d ig its in the  se lected  data  reg ister. W hile  the  4 -b it con ten ts  
o f the se lected  RAM  d ig it (M) is usua lly loaded in to  o r from , 
o r exchanged w ith, the  A  reg is te r (accum ulator), it m ay a lso 
be  loaded in to  o r from  the  Q  la tches o r loaded from  the  L 
ports. RAM  addressing m ay a lso  be  perfo rm ed d irec tly  by 
th e  LDD and XAD instruction based upon the  6-b it

con ten ts  o f the  operand  fie ld  o f these  instructions. The  Bd 
reg is ter a lso serves as a source reg is ter fo r 4 -b it da ta  sen t 
d irec tly  to  the  D outputs.

IN TER N A L LOG IC
The 4-b it A reg is ter (accum ulator) is the source and desti
nation reg is te r fo r m ost I/O , arithm etic, log ic and da ta  m em 
ory access operations. It can a lso  be used to  load the  Br 
and Bd portions o f the  B register, to  load and Input 4 b its o f 
the  8-b it Q  la tch  data, to  Input 4  b its o f the  8-b it L I /O  port 
data  and to  perform  da ta  exchanges w ith  the  S IO  register. 
A  4-bit ad d e r perfo rm s the  a rithm etic and log ic func tions  o f 
the  C O P 402 /402M , storing its results in A. It a lso ou tpu ts  a 
carry b it to  the  1-bit C reg ister, m ost o ften  em ployed to  
ind icate  a rithm etic  overflow . The C register, In con junc tion  
w ith  the  XAS ins truction  and the  EN register, a lso serves to  
con tro l the  SK  output. C can be ou tputted d irectly to  SK or 
can enable  SK  to  be a sync c lock  each instruction  cycle  
tim e, (See XAS ins truction  and EN register descrip tion, be
low.)
Four general-purpose Inputs, IN3- I N 0, are provided; IN 1 , 
IN2, and IN3 m ay be se lected , by a m ask-program m able  
option , as R ead S trobe, C hip S e lect and W rite S trobe  in 
puts, respective ly, fo r  use in M ICRO BUS applica tions.
The  D reg is ter provides 4 general-purpose ou tpu ts  and is 
used as the  destina tion  reg is te r fo r the  4 -b it con ten ts  o f Bd. 
The G reg is ter con te n ts  are ou tpu ts to  4 general-purpose 
b id irectiona l I /O  ports. Go m ay be m ask-program m ed as a 
“ ready”  ou tpu t fo r M ICR O BU S applica tions.
The Q reg is ter is an internal, la tched, 8-b it register, used to  
hold data  loaded to  o r from  M and A, as w ell as 8-b it data  
from  ROM . Its con te n ts  are ou tpu t to  the L I /O  ports w hen 
the  L drivers are enabled  under program  contro l. (See LEI 
instruction.) W ith  th e  M ICRO BUS option se lected, Q  can 
a lso  be loaded w ith  the  8-b it con ten ts  o f the L I /O  ports 
upon the  occu rrence  o f a w rite  strobe from  the  host CPU.
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The 8 L  d r iv e rs , w hen enabled, ou tpu t the  con ten ts  o f 
la tched Q data  to  the L I /O  ports. A lso, the  con ten ts o f L 
m ay be read d irectly in to  A and M. A s explained above, the 
M ICROBUS option a llow s L I /O  p o rt da ta  to  be la tched into 
the  Q register. L I /O  ports can be d irec tly  connected  to  the 
segm ents o f a m ultip lexed LED display (using the  LED D i
rect Drive output configura tion  option) w ith  Q  data  being 
outputted to  the  S a -S g  and decim al po in t segm ents o f the  
display.
The SIO re g is te r  functions as a 4 -b it se ria l- in /se ria l-ou t 
sh ift register o r as a b inary coun te r depending on the  co n 
ten ts  o f the  EN register. (See EN reg is te r descrip tion 
below .) Its con ten ts  can be exchanged w ith  A, a llow ing it to  
input or output a con tinuous seria l data  stream . SIO may 
a lso be used to  provide add itiona l para lle l I /O  by connecting 
SO to  external se ria l- in /pa ra lle l-ou t sh ift registers.
The  X A S  in s tru c t io n  cop ies C in to  the  S KL latch. In the 
coun te r m ode, SK is the  ou tpu t o f SKL. In the  sh ift register 
m ode, SK outputs S KL AND ed w ith  in terna l instruction cycle 
clock.
The EN re g is te r  is an in terna l 4 -b it reg is te r loaded under 
program  con tro l by the  LEI instruction. The sta te  o f each b it 
o f th is reg is ter se lects  o r dese lec ts  the  particu lar feature  
associa ted w ith  each b it o f the  EN reg is ter (EN3-E N 0).
1. The least sign ificant b it o f the  enable  register, ENo, se

lects the  SIO reg is ter as e ithe r a 4 -b it sh ift register o r a 
4 -b it b inary counter. W ith  ENo set, S IO  is an  asynchro
nous b inary counter, decrementing its va lue by one upon 
each low-going pu lse ( " 1 ”  to  “ 0 ” ) occurring on the  SI 
input. Each pulse m ust be a t least tw o  instruction cycles 
wide. SK ou tpu ts the  va lue o f SKL. The SO output is 
equal to  the  va lue o f EN3. W ith  ENo reset, S IO is a serial 
sh ift register shifting le ft each  instruction cycle tim e. The 
data present a t SI goes in to  the  leas t sign ifican t b it o f 
SIO. SO can be enabled to  ou tpu t the  m ost sign ifican t b it 
o f SIO each cycle  tim e. (See 4 below .) The  SK ou tpu t 
becom es a log ic-contro lled  c lock.

2. W ith EN1 se t the  IN-| inpu t is enabled as an in terrupt in 
put. Im m ediate ly fo llow ing  an in terrupt, EN-j is rese t to  
disable fu rther interrupts.

3. W ith EN2 set, the  L drivers are enabled to  output the  data 
in Q to  the  L I /O  ports. R esetting EN2 d isables the  L 
drivers, placing the  L I /O  po rts  in a h igh-im pedance input 
state. If the  M ICRO BUS op tion  is being used, EN2 does 
no t a ffect the  L drivers.

4. EN3, in con junction w ith  ENo, a ffects  the  SO output. W ith 
ENo set (binary coun te r op tion  se lected) SO w ill ou tput 
the  va lue loaded into EN3. W ith  ENo rese t (serial sh ift 
register option se lected), se tting  EN3 enables SO as the  
output o f the  SIO sh ift reg ister, outputting serial sh ifted 
data each instruction  tim e. R esetting EN3 w ith  the  serial

Functional Description (Continued)
sh ift reg is te r op tion  se lected  d isables SO as th e  sh ift reg
is te r output; da ta  con tinues to  be shifted th rough  S IO  and 
can be exchanged w ith  A  v ia  an XAS ins truction  b u t SO  
rem ains rese t to  “ 0 .”  The  tab le  be low  provides a  sum m a
ry o f the  m odes associa ted  w ith  EN3 and ENo-

IN TER R U PT
The fo llow ing  fea tures are associa ted w ith  th e  IN1 in te rrup t
procedure and p ro toco l and m ust be cons idered  by th e  p ro 
gram m er w hen utiliz ing interrupts.
a. The  in terrupt, once  acknow ledged as exp la ined  be low , 

pushes the  next sequentia l p rogram  counte r a dd ress (PC 
+  1) o n to  the  stack, pushing in tu rn  the co n te n ts  o f the  
o ther subroutine-save reg is ters to  the next low er leve l 
(PC + 1  —> SA  —*  SB —► SC). A ny p revious co n 
ten ts  o f SC are lost. The  program  counte r is  se t to  hex 
address OFF (the las t w ord  o f page 3) and EN-i is  reset.

b. A n  in te rrup t w ill be  acknow ledged on ly a fte r th e  fo llow ing  
cond itions are met:
1. EN-i has been set.
2. A  low -go ing pulse (“ 1”  to  " 0 ” ) a t least tw o  ins truction  

cyc les w ide  occurs on the  IN 1 input.
3. A  currently executing instruction has been com ple ted .
4. A ll success ive transfe r o f con tro l ins tructions and suc

cess ive  LBIs have been com ple ted  (e.g., if th e  m ain 
program  is executing a  JP instruction w h ich  tra n s fe rs  
program  con tro l to  ano ther JP instruction, th e  in te rrup t 
w ill no t be acknow ledged until the  second JP ins truc
tion has been executed.

c. U pon acknow ledgem ent o f an in terrupt, the  sk ip  log ic  
sta tus is saved and la te r resto red  upon the  popping  o f th e  
stack. For exam ple, if an in te rrup t occurs during the  exe 
cution o f ASC (Add w ith  Carry, Skip  on  Carry) ins truction  
w h ich  resu lts  in carry, the  sk ip  log ic s ta tus is saved  and 
program  con tro l is transfe rred  to  the in te rrup t se rv ic ing 
routine a t hex address OFF. A t th e  end o f the  in te rrup t 
routine, a  RET instruction is executed to  "p o p ”  th e  s tack 
and re turn  program  con tro l to  the  instruction  fo llow ing  the  
origina l ASC. A t this time, th e  sk ip  log ic is enabled  and  
sk ips th is  instruction  because o f the  p revious A SC  carry. 
S ubroutines and the  LQID instruction shou ld  n o t be  nest
ed w ith in  the  in te rrup t servic ing routine s ince  th e ir p o p 
ping o f the  stack enables any previously saved  m ain  p ro 
gram  skips, in terfering w ith  the  o rderly execution  o f the  
in te rrup t routine.

d. The  firs t instruction  o f the  in te rrup t routine a t hex add ress 
OFF m ust be a NOP.

e. An LEI instruction  can be pu t im m edia te ly be fo re  th e  R ET 
to  re -enable  in terrupts.

T A B L E  I. E nab le  R e g is te r  M o d e s— B its  EN3 a n d  EN0

e n 3 EN0 SIO SI SO SK
0 0 S hift R egister Input to  S h ift R egister 0 If SKL =  1 ,S K  =  SYNC 

If SKL =  0, SK =  0
1 0 S hift R egister Input to  S h ift R egister Seria l O ut If SKL =  1 ,S K  =  SYN C  

If SKL =  0, SK =  0
0 1 B inary C ounter Input to  B inary C ounter 0 If SKL =  1, SK  =  1 

If SKL =  0, SK =  0
1 1 B inary C ounter Input to  B inary C ounter 1 If SKL =  1 ,S K  =  1 

If SKL =  0, S K  =  0
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M ICRO BUS INTERFACE
The COP402M  can be used as a periphera l m icroprocessor 
device, inputting and outpu tting  data  from  and to  a host m i
croprocessor (/LtP). IN f, IN2, and IN3 general purpose inputs 
becom e M ICRO BUS com patib le  read-strobe, ch ip-se lect, 
and w rite -strobe lines, respective ly. IN-j becom es RD— a 
logic “ 0 ”  on th is input w ill cause Q la tch  data  to  be enabled 
to  the  L ports fo r inpu t to  the  juP. INg becom es CS— a logic 
“ 0 ”  on th is line se lects the  C O P402M  as jh e  juP peripheral 
device by enabling the  operation o f the  RD and WR lines 
and a llow s fo r the  se lection  o f one o f severa l peripheral 
com ponents. IN3 becom es W R — a log ic  “ 0 ”  on th is line w ill 
w rite  bus data from  the  L po rts  to  the  Q la tches fo r input to  
the COP402M . Go becom es INTR, a “ ready”  ou tpu t reset 
by a w rite  pulse from  the  ju,P on the  W R line, provid ing the 
“ handshaking”  capab ility  necessary fo r asynchronous data 
transfe r betw een the  host CPU and the  COP402M .
This option has been designed fo r com patib ility  w ith  N ation
al’s  M ICROBUS— a standard in te rconnect system  fo r 8-bit 
paralle l data transfe r betw een M O S /LS I CPUs and in te rfac
ing devices. (See M ICRO BUS, Nationa l Publication.) The 
functioning and tim ing  re lationsh ips betw een the  COP402M  
signal lines a ffected  by th is op tion  are as specified  fo r the 
M ICROBUS in terface, and are g iven in the  AC  electrica l 
characteris tics and show n in the  tim ing d iagram s (Figures 4 
and 5). C onnection to  the  M ICR O BU S is show n in Figure 6.

POWER
SUPPLY CLOCK

t  INTERRUPT (INTR)
GO

A 8-BIT DATA BUS k.

^ _____ °2 d 2 z_____ } L0- L 7

MICROPROCESSOR READ STROBE (RD)
C0P402M

CHIP SELECT (CS) ^
WRITE STROBE (W R )^ IN3

RESET RESET

RISE?
TL/DD/6915-7

FIGURE 6. M ICR O BU S O ption In terconnect 

IN IT IA L IZA TIO N
The R eset Logic w ill in itia lize (c lear) the  device upon pow er- 
up if the  pow er supp ly rise tim e is less than  1 ms and g reat
e r than 1 jus. If the  pow er supp ly  rise  tim e  is g rea te r than 1 
ms, the  user m ust provide an externa l RC ne tw ork and d i
ode to  the  R ESET pin as show n below . The RESET pin is 
configured as a S chm itt trigge r input. If no t used it should be 
connected  to  V cc- In itia lization  w ill o ccu r w henever a logic 
“ 0 ”  is app lied to  the  RESET input, provided it stays low  fo r 
a t least tw o instruction cyc le  tim es.

Upon in itia lization, the  PC reg is te r is cleared  to  0 (ROM  ad 
dress 0) and the  A , B, C, D, EN, G, and SO  are c leared. The 
SK ou tpu t is enabled as a SYNC output, p rovid ing a pulse 
each ins truction  cycle  tim e. Data Memory (RAM) is not 
cleared upon initialization. The firs t instruction  a t a dd ress 0 
m ust be  a CLRA.

R C i 5 x  Power Supply Rise Time TL/DD/6915-8
FIGURE 7. Pow er-U p C lear C ircuit

O SC ILLA TO R
There are tw o  basic c lock  osc illa to r con figura tions ava ilab le
as show n by Figure 8.
a. C rysta l C ontro lled  Oscillator. CKI and C KO  are co n 

nected to  an externa l crystal. The instruction  cyc le  tim e 
equals the  crysta l frequency div ided by 16.

b. E xternal O scillator. CKI is driven by an exte rna l c lock  
signal. The  ins truction  cycle  tim e is the  c lo ck  frequency 
d iv ided by 16.

TL/DD/6915-9

C rystal C om ponent Values
Value R1 R2 C

4 M Hz 1k 1M 27  pF

3.58 M Hz 1k 1M 27 pF

2.09 M Hz 1k 1M 56 pF
FIGURE 8. C O P 402 /402M  O scillator

E XTE R N A L M EM O R Y INTERFACE
The C O P 402 and COP402M  are designed fo r use w ith  an 
externa l Program  M em ory. Th is m em ory m ay be im p lem ent
ed using any devices having the  fo llow ing charac teris tics :
1. random  addressing
2. TTL-com pa tib le  TR I-STATE outputs
3. TTL =  com pa tib le  inputs
4. access tim e =  1.0 jus, max.
Typ ica lly  these  requ irem ents are m et using b ipo lar o r M OS 
PROMs.
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During operation, the  address o f the  next instruction is sent 
ou t on P9, P8, and IP7 th rough IPO during the  tim e tha t 
A D /D A T A  is h igh (logic “ 1”  =  address m ode). A ddress 
data  on the  IP lines is stored into  an external la tch on the 
h igh-to-low  transition  o f the  A D /D A T A  line; P9 and P8 are 
ded icated address outputs, and do  no t need to  be latched. 
W hen A D /D A T A  is low  (logic “ 0 ”  =  data m ode), the  output 
o f the  m em ory is gated on to  IP7 th rough IPO, form ing the 
input bus. N ote  tha t the  A D /D A T A  ou tpu t has a period o f 
one instruction tim e, a duty cyc le  o f approxim ate ly 50% , 
and specifies w he the r the  IP lines are used fo r address ou t
pu t o r instruction input. A  s im plified  b lock diagram  o f the  
external m em ory in terface is show n in Figure 9.

Functional Description (Continued)

TL/DD/6915-10
FIGURE 9. E x te rn a l M e m o ry  In te r fa c e  to  COP402

IN P U T/O U T P U T
CO P402 ou tpu ts have the  fo llow ing con figura tions, illus tra t
ed in Figure 10.
a. S ta n d a rd — an enhancem ent-m ode device to  g round in 

con junction  w ith  a dep le tion-m ode device to  V c c . co m 
pa tib le  w ith  T TL  and CM O S input requ irem ents.

b. H ig h  D rive — sam e as a. except g reater cu rren t sourcing 
capability.

c . P ush -P u ll— an enhancem ent-m ode device to  g round in 
con junc tion  w ith  a dep le tion-m ode device para lle led  by 
an enhancem ent-m ode device to  V cc - T h is  con figu ra tion  
has been provided to  a llow  fo r fa s t rise and fa ll tim es 
w hen driving capacitive  loads.

d . LED  D ire c t D rive — an enhancem ent-m ode device  to  
g round and to  V cc . m eeting the  typ ica l cu rren t sourcing 
requ irem ents o f the  segm ents o f an LED d isp lay. The  
sourcing device is c lam ped to  lim it current flow . These  
devices m ay be turned o ff under program  co n tro l (see 
Functiona l D escription, EN R egister), p lac ing th e  ou tpu ts 
in a h igh-im pedance sta te  to  provide requ ired LED seg
m en t b lanking fo r a m ultip lexed display.

e. TR I-S TA T E  P ush -P u ll— an enhancem ent-m ode device  
to  ground and V c c  intended to  m eet the  requ irem ents 
associa ted  w ith  the  M ICRO BUS option. These  ou tpu ts  
are TR I-STATE outputs, allow ing fo r connection  o f these  
ou tpu ts  to  a data  bus shared by o ther bus drivers.

f.  Inputs have an on-chip dep le tion load dev ice  to  V c c . as 
show n in Figure 10f.

The above inpu t and ou tpu t con figura tions share com m on 
enhancem ent-m ode and dep le tion-m ode devices. S pec ifi
ca lly , a ll con figura tions use one o r m ore o f s ix dev ices 
(num bered 1 -6 ,  respective ly). M inim um  and m axim um  cur
ren t (Io u t  and V o u t ) curves are g iven in Figure 10 fo r each 
o f these  devices.
The  SO, SK  ou tpu ts are configured as show n in Figure 10c. 
The D and G ou tpu ts are configured as show n in Figure 10a.

1-267

COP402/COP402M



CO
P4

02
/C

O
P4

02
M

N ote  tha t w hen inputting da ta  to  th e  G ports, the  G outputs 
shou ld  be se t to  “ 1” . The  L ou tpu ts are configured as in 
Figure 10d on  the  COP402. O n the  COP402M  th e  L outputs 
a re  as in Figure 10e.
An im portant po in t to  rem em ber if using configura tion d w ith 
the  L drivers is th a t even w hen the  L drivers are disabled,

Functional Description (Continued)
the  dep le tion  load device w ill source a  sm all am ount o f cu r
rent. (See Figure 11.)
IP7 th rough IPO ou tpu ts a re con figured as show n in Figure 
10c, P9, P8, SKIP, and A D /D A T A  are con figured  as show n 
in Figure 10b.

vcc

^ < H I

TL/DD/6915-11

a. S tandard
TL/DD/6915-12

b. High D rive

TL/DD/6915-13

c. Push-Pull

Is Depletion Device)

DISABLE Vcc

—

TL/DD/6915-15

e. TR I-S TA TE  Push-Pull 

FIGURE 10. In p u t/O u tp u t C onfigurations

-tE I —

TL/DD/6915-18

f. Input w ith  Load
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Typical Perform ance Characteristics

O utput Sink C urrent

VQUT (VOLTS) DEVICE 1

D epletion Load OFF  
S ource Current

S tandard O utput S ource

VQUT (VOLTS) DEVICE 2 VQUT (VOLTS) OEVICE 2

High D rive S ource C urrent

0 1 2 1 4 I I 7
VQUT (VOLTS) DEVICE 2h VQUT (VOLTS) DEVICES

LED O utput S ource  C urren t

VQUT (VOLTS) DEVICES

1|

LED O utput D irect LED Drive

*4 4.S S.E * S.S

Vcc (VOLTS) DEVICE 4

TR I-S TA TE
O utput S ource  C urrent

a 1 2 3 4 s s 7
VOUT (VOLTS) DEVICE S

Input Load C urren t

FIGURE 11. C O P 402 /C O P 402M  In p u t/O u tp u t C haracteristics TL/DD/6915-17
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2M Typical Perform ance C haracteris tics (Continued)

is

10

£
►-3O 5

0 1 2 3 4 5 6
VOUT (VOLTS) DEVICE 1

S tandard O utput S ource C urrent
-1 .75  

-1 .5  

-1 .25

I  - 10

O -0 .7 5  

-0 .5  

-0 .2 5

0 1 2 3 4 5 6
VQUT (VOLTS) DEVICE 2

O utput S ink C urrent

•Vcc = 5.5V (MAX)
I

= 4.5V (MAX)* v c c =

/ " /CC =  ! 5V (N IN)__

/
J Y Vc := 4 .s V (MIN

tL

L O utpu t D epletion Load O ff 
S ource C urrent

0 1 2 3 4 5 6
VOUT (VOLTS) DEVICE 2

0 1 2 3 4 5 6
VOUT (VOLTS) DEVICE 2 AND 3

LED O utput D evice  LED D rive

LED O utput S ource C urrent

0 1 2 3 4 5 6
VOUT (VOLTS) DEVICE 4 AND 2

TR I-S TA TE  O utput S ource  C urrent
4.0 4.5 5.0 5.5 6.0

VCC (VOLTS) DEVICE 4 AND 2

Input Load  S ource C urrent

o 2 3 4 5 6  0 1 2 3 4 5 6
VOUT (VOLTS) DEVICES VOUT (VOLTS) DEVICE 6

FIG URE 11a. C O P 302 /C O P 302M  In p u t/O u tp u t C haracteris tics TL/DD/6915-18
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In s tru c tio n  S e t
Table  II is a sym bol tab le  provid ing in terna l arch itecture , in- Tab le  III p rovides the  m nem onic, operand, m achine code,
struction operand and operationa l sym bols used in the in- data  flow , sk ip  cond itions and descrip tion associa ted  w ith
struction se t table. each instruction in the  COP402/ 402M instruction  set.

TA B LE  II. C O P 402/C O P 402M  Instruction S et Tab le  Sym bols
Sym bol D efin ition Sym bol D efinition

IN TER N A L A R C HITEC TU R E SYM BOLS IN STR U C TIO N  O PERAND SYM BOLS

A 4-b it A ccum ula to r d 4-b it O perand Field, 0-15  b inary (RAM  D igit S elect)
B 6-bit RAM A ddress Register r 2-b it O perand Field, 0-3  b inary (RAM R egister
Br Upper 2 b its o f B (reg ister address) Select)
Bd Lower 4 b its o f B (d igit address) a 9-b it O perand Field, 0-511 b inary (R O M  Address)
C 1-b it Carry R egister y 4-b it O perand Field, 0-15  b inary (Im m ediate  Data)
D 4-b it Data O utpu t Port RAM (s) C on ten ts  o f RAM  location addressed by s
EN 4-b it Enable R egister ROM (t) C on ten ts  o f ROM  location addressed by t
G 4-b it R egister to  la tch da ta  fo r G I /O  Port O P ER A TIO N A L SYM BOLS
IL Tw o 1 -b it Latches A ssoc ia ted  w ith  the  IN3 or

INq inputs + Plus
IN 4-b it Input port M inus
L 8-b it TR I-STATE I/O  Port R eplaces
M 4-b it con ten ts  o f RAM  M em ory po in ted to  by B *— ► Is exchanged w ith

Register - Is equal to
P 2-b it ROM A ddress Port A T he  o ne ’s com plem ent o f A
PC 10-b it ROM  A ddress R egister (program  counter) e Exclusive-O R
Q 8-b it R egister to  la tch da ta  fo r L I /O  Port R ange o f va lues

SA 10-b it Subroutine S ave R egister A
SB 10-b it S ubroutine S ave R egister B
SC 10-b it Subroutine S ave R egister C
SIO 4-b it S h ift R egister and Counter
SK Logic-C ontro lled C lock O utput

TA B LE  III. C O P 402/C O P 402M  Instruction  Set

M nem onic O perand Hex
C ode

M achine  
Language C ode  

(B inary)
D ata Flow Skip C onditions D escrip tion

A R ITH M E TIC  IN STR U C TIO N S
ASC 30 10011 | 0 0 0 0 | A  +  C +  RAM (B) - >  A 

Carry —> C
Carry Add w ith  Carry, Skip  on 

Carry

ADD 31 1001110001 | A  +  RAM (B) - *  A N one Add RAM to  A

ADT 4A 10 1 0 0 110101 A  +  10-jo — *  A N one Add Ten to  A

AISC y 5- 101011 y  1 A  +  y —*• A Carry Add Im m ediate, Skip on 
Carry (y #  0)

CASC 10 1000110000 | A  +  RAM (B) +  C —> A 
Carry —► C

Carry C om plem ent and A dd w ith  
Carry, Skip on  Carry

CLRA 00 10000100001 0 —► A N one C lear A

COMP 40 |0 1 0 0 |00001 A  —*  A N one O ne ’s co m p le m e nt o f A  to  A

NOP 44 10100101001 N one N one No O peration

RC 32 10011100101 “ 0 ”  - *  C N one R eset C

SC 22 10010100101 “ 1 ”  -► c N one S e tC

XOR 02 10000100101 A  e  RAM (B) - * •  A N one Exclusive-O R  RAM  w ith  A
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2M Instruction S et (Continued)

TA B LE III. CO P402/C O P4Q 2M  Instruction  S e t (Continued)

M nem onic O perand
H ex M achine

<=•<■• ‘ " s e t *
D ata F low Skip C onditions D escription

TR A N SFER  O F C O N TR O L IN STR U C TIO N S
JID LL11ULULU ROM  (PC9 8 , A.M) 

PC7;0
N one Jum p Ind irec t (N o te  3)

JM P a 6-  |0110[ 001 a»-R 1
1____ a ™ ____1

a  —► PC N one Jum p

JP a —  11 I" 06:0 a —► PC6:0 N one Jum p w ith in  Page
(pages 2,3 only) (N ote  4)

- -  1111 a5;o I a —► PCs:0
(all o ther pages)

JSRP a - -  L10| 85:0 I PC +  1 -» •  SA  -► N one Jum p to  Subrou tine  Page
SB -*■ SC 
0010 -*■ PC9:6 
a  —► PC5;0

(N ote  5)

JSR a 6 -  10110110 |a n n l
1____ STiCL___ 1

PC +  1 - *  SA - *  SB 
a - >  PC

—► SC N one Jum p to  S ubroutine

RET 48 0100 10001 SC  —> SB —► SA —► PC N one R eturn from  S ubrou tine

RETSK 49 0100 1001 SC  —> SB —> SA —►PC A lw ays Skip  on Return R eturn from  Subroutine 
then  Skip

M EM ORY R EFERENCE IN STR U C TIO N S
CAM Q 33 0011 0011 A  —> Q 7;4 N one Copy A, R AM  to  Q

3C 0011 1100 RAM (B) -» •  Q3;0

CQM A 33
2C

0011
0010

0011
1100

Q 7;4 - >  RAM(B) 
Q3:0 A

N one Copy Q  to  R AM , A

LD r - 5 00 | r 10101 RAM (B) -► A 
B r e  r —> Br

N one Load RAM  in to  A, 
Exclusive-O R B rw ith  r

LDD r,d 23 0010 
00 | r

0011 
I d

RAM (r.d) - >  A N one Load A  w ith  RAM  po in ted 
to  d irec tly  by r,d

LQID BF 1011 1111 R O M fPC ge.A .M ) -► Q 
SB - >  SC

N one Load Q Ind irect 
(N ote  3)

RMB 0 4C 0100 1100 0 - * •  R AM (B )0 N one R eset RAM  B it
1 45 0100 0101 0 -► R A M (B )i
2 42 0100 0010 0 -» •  RAM (B )2
3 43 0100 0011 0 - >  R AM (B )3

SMB 0 4D 0100 1101 1 - *  RAM (B )0 N one S et RAM  B it
1 47 0100 0111 1 - *  R A M (B )i
2 46 0100 0110 1 -► R AM (B )2
3 4B 0100 1011 1 -► RAM (B )3

STII y 7 - 10111 l _ y j y  -► RAM (B) 
Bd +  1 - * •  Bd

N one S tore M em ory Im m ediate 
and Increm ent Bd

X r -6 1001r 10110 R AM (B) ► A  
B r e  r —*  Br

N one Exchange RAM  w ith  A, 
Exclusive-O R Br w ith  r

XAD r,d 23 0010 
101 r

0011 
I d

RAM (r,d) <— > A N one E xchange A  w ith  RAM 
po in ted to  d irec tly  b y  r,d
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In s tru c tio n  S e t  (Continued)

TA B LE  III. C O P 402/C O P 402M  Instruction S et (Continued)

Hex
C ode

M achine
M nem onic O perand Language C ode D ata  F low Skip C onditions D escrip tion

(B inary)
M EM ORY REFERENCE IN STR U C TIO N S (Continued)

XDS r - 7 1001r 101111 RAM (B) «— *• A Bd decrem ents past 0 E xchange R AM  w ith  A
Bd -  1 - *  Bd and D ecrem en t Bd,
B r e  r —► Br Exclusive-O R  B r w ith  r

XIS r - 4 1001 r 101001 RAM (B) * — ► A Bd increm ents past 15 Exchange RAM  w ith  A
Bd +  1 - *  Bd and Increm ent Bd,
B r © r —► Br Exclusive-O R  Br w ith  r

REG ISTER REFERENCE IN STR U C TIO N S
CAB 50 10101| 0000| A  —*• Bd N one C opy A  to  Bd

C BA 4E 10100111101 Bd - *  A N one C opy Bd to  A

LBI r,d _____ 100 ( r | (d 1) | r,d -► B Skip until no t a  LBI Load B Im m edia te  w ith
( d = 0 , 9:15) r,d (N ote  6)

o r
33 1001110011|

— I T O |r  | d |
(any d)

LEI y 33 1001110011| y  -» •  EN N one Load EN Im m ediate
6- [01.101. y. 1 (N ote  7)

XABR 12 10001100101 A  <— ► Br (0,0 —► A 3.A2) N one Exchange A  w ith  Br
TE S T  IN STR U C TIO N S

SKC 20 | 0010|00001 C = “ 1” Skip i f C is  True

SKE 21 1001010001| A  = RAM (B) Skip if A  Equals RAM

SKG Z 33 1001110011| G3;0 =  0 Skip if G is Zero
21 1001010001| (all 4  b its)

SKGBZ 33 1001110011| 1st byte Skip if G B it is Zero
0 01 1000010001| Go =  0
1
2

11
03

10001100011 
1000010011| 2nd byte G ! = 0 

G2 = 0
3 13 1000110011| G3 = 0

SKM BZ 0 01 1000010001| R AM (B )0 = 0 Skip if RAM  B it is Zero
1 11 10001100011 RAM(B)-| = 0
2 03 1000010011| R AM (B )2 = 0
3 13 1000110011| R AM (B )3 = 0

SKT 41 10100100011 A  tim e-base counte r 
carry has occurred 
s ince las t te s t

Skip on  T im e r (N ote  3)
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2M Instruction Set (Continued)

TABLE III. C O P 402/C O P 402M  Instruction  S et (Continued)

M nem onic O perand Hex
C ode

M achine  
Language C ode  

(B inary)
Data Flow Skip C onditions D escription

IN P U T /O U T P U T IN STR U C TIO N S
ING 33 1001110 0 11 | G - >  A None Input G Ports to  A

2A I0 0 1 0 |1 0 1 0 |

ININ 33 1001110 0 11 | IN - *  A N one Input IN Inputs to  A
28 10010110001 (N otes 2 and 8)

IN IL 33 |0 0 1 1 |0 0 1 1 | IL3, “ O” , IL0 -► A N one Input IL La tches to  A
29 1001011001 | (N ote 3)

INL 33 |0 0 1 1 |0 0 1 1 | L7:4 - *  RAM (B) None Input L Ports to  R AM ,A
2E | 0010111101 1-3:0 A

OBD 33 10011 |0 0 1 1 | Bd —► D N one O utput Bd to  D O utputs
3E 10011 111101

OGI y 33 10011 |0 0 1 1 | y - *  G N one O utput to  G Ports Im m ediate
5 - 101011 y |

OMG 33 10011 |0 0 1 1 | RAM (B) -► G None O utput RAM to  G Ports
3A 10011110101

XAS 4F 1010011111 | A  > SIO, C -► SKL N one Exchange A  w ith  SIO 
(N ote 3)

Note 1: All subscripts for alphabetical symbols Indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N where 
0 signifies the least significant bit (low-order, right-most bit). For example, A3 indicates the most significant (left-most) bit of the 4-bit register.
Note 2: The ININ instruction is not available on the 24-pin COP421 since this device does not contain the IN inputs.
Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below.
Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction, 
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page.
Note 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of P). A JSRP may not be used when in pages 2 or 3. JSRP 
may not jump to the last word in page 2.
Note 6: LBI is a single-byte instruction if d =  0 ,9 ,1 0 ,1 1 ,1 2 ,1 3 ,1 4 , or 15. The machine code for the lower 4 bits equals the binary value of the "d” data minus 1, 
e.g., to load the lower four bits of B (Bd) with the value 9 (IOOI2), the lower 4 bits of the LBI instruction equal 8 (IOOO2). To load 0, the lower 4 bits of the LBI 
instruction should equal 15 (1 1 1 12).
Note 7: Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a “1” or “0" in each bit of EN corresponds 
with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.)
Note 8: The COP402M will always read a “1” into A1 with the ININ instruction.
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Description o f Selected  
Instructions
The fo llow ing in form ation is provided to  ass is t the  user in 
understanding the  operation o f several unique instructions 
and to  provide notes useful to  program m ers in w riting pro
gram s.

XA S  IN STR U C TIO N
XAS (Exchange A w ith  SIO) exchanges the  4 -b it con ten ts  o f 
the  accum ulator w ith  the 4 -b it con ten ts  o f the  SIO register. 
The  con ten ts  o f S IO w ill conta in  se ria l- in /se ria l-ou t sh ift reg
is te r o r b inary coun te r data, depending on  the  va lue o f the 
EN register. An XAS instruction w ill a lso  a ffe c t the  SK  ou t
put. (See Functional Description, EN Register, above.) If 
S IO  is se lected as a sh ift register, an XAS instruction  m ust 
be  perform ed once evey 4 instruction cycles to  e ffe c t a co n 
tinuous data  stream .

JID  IN STR U C TIO N
JID  (Jum p Indirect) is an ind irect addressing instruction, 
transferring program  con tro l to  a new  ROM  location pointed 
to  ind irectly by A and M. It loads the  low er 8 b its o f the  ROM 
address register PC w ith  the  contents o f ROM  addressed by 
the  10-bit word, PCg;g, A, M. PCg and PC8 are no t affected 
by th is instruction.
Note th a t JID  requires 2 ins truction cycles.

IN IL  IN STRUCTION
IN IL (Input IL Latches to  A) inputs 2 la tches, IL3 and ILo (see 
Figure 12) and CKO into A. The IL3 and ILo la tches are se t if 
a  low-going pulse (“ 1”  to  “ 0 ” ) has occurred on the  IN3 and 
INg inputs since the  last IN IL instruction, provided the  input 
pulse stays low  fo r a t least tw o  instruction  tim es. Execution 
o f an IN IL inputs IL3 and INq in to  A3 and AO respective ly, 
and rese ts these  la tches to  a llow  them  to  respond to  subse
quent low-going pu lses on  the  IN3 and INq lines. If CKO is 
m ask program m ed as a general purpose input, an INIL will 
inpu t the  sta te  o f CKO in to  A2. If C KO  has no t been so 
program m ed, a “ 1”  w ill be p laced in A2. A  “ 0 ”  is always 
p laced  in A1 upon the  execution o f an INIL. The  general 
purpose inputs IN3—INq are input to  A  upon the  execution of 
an ININ instruction. (See Table  III, ININ instruction.) IN IL is 
usefu l in recognizing pu lses o f sho rt dura tion or pulses 
w h ich  occur too  o ften to  be read conven iently  by an ININ 
instruction.

LQID IN STR U C TIO N
LQID (Load Q  Indirect) loads the  8-b it Q  reg is te r w ith  the  
con ten ts  o f ROM poin ted to  by the  10-bit w o rd  PCg, PCg, A, 
M. LQID can be used fo r tab le  lookup or code  convers ion  
such as BCD to  seven-segm ent. The LQID ins truction  
“ pushes”  the  s tack (PC +  1 —> SA —> SB —► SC) and 
rep laces the  leas t s ign ifican t 8 b its o f PC as fo llow s: A  —► 
PC7.4, RAM (B) —> PC3.0, leaving PCg and PCg un
changed. The  ROM  data  po inted to  by the  new  address is 
fe tched  and loaded in to  the  Q  latches. Next, the  s tack is 
“ popped”  (SC —> SB —► SA —► PC), restoring the  
saved va lue o f PC to  con tinue  sequentia l p rogram  execu 
tion. S ince LQID pushes SB —► SC, the previous con ten ts  
o f SC are lost. A lso, w hen LQID pops the stack, the  p rev i
ously pushed con ten ts  o f SB are le ft in SC. The  ne t resu lt is 
th a t the  con ten ts  o f SB are p laced in SC (SB —> SC). Note 
th a t LQID takes  tw o  instruction cycle tim es to  execute .

S K T IN STR U C TIO N
The SKT (Skip on T im er) instruction tests  the  s ta te  o f an 
in terna l 10-bit tim e-base counter. Th is coun te r d iv ides the  
instruction cycle  c lock  frequency by 1024 and p rov ides a 
la tched  ind ication o f coun te r overflow . The  S KT ins truction  
tests  th is  latch, executing the  next program  ins truction  if the  
la tch is no t set. If the  la tch  has been set s ince th e  previous 
test, the  next program  instruction is skipped and th e  la tch is 
reset. The  fea tu res associa ted w ith  th is instruction, th e re 
fore , a llow  the  con tro lle r to  generate  its ow n tim e-base  fo r 
real-tim e p rocessing ra ther than relying on  an externa l inpu t 
signal.
For exam ple, using a 2 .097 M Hz crystal as the  tim e-base  to  
the  c lo ck  generator, the  instruction cycle c lo ck  frequency 
w ill be 131 kH z (crystal frequency -h 16) and th e  b inary 
coun te r ou tpu t pulse frequency w ill be 128 Hz. Fo r tim e-o f- 
day o r s im ilar rea l-tim e processing, the S KT ins truction  can 
ca ll a routine w hich increm ents a “ seconds”  coun te r every 
128 ticks.

IN STR U C TIO N  SET NOTES
a. The  firs t w o rd  o f a program  (ROM address 0) m ust be  a 

CLRA (C lear A) instruction.
b. A lthough sk ipped ins tructions are not executed, one  in 

struction  cyc le  tim e is devoted to  skipping each  byte  o f 
the  sk ipped instruction. Thus all program  pa ths ta ke  the  
sam e num ber o f cycle  tim es w hether ins tructions are 
sk ipped o r executed, except JID  and LQID. LQ ID  and JID  
take  tw o  cyc le  tim es if executed and one if skipped.

c. The  ROM  is organ ized into 16 pages o f 64  w ords each. 
The  Program  C ounte r is a 10-bit b inary coun te r, and w ill 
coun t th rough page boundaries. If a  JP, JSRP, JID  o r 
LQID ins truction  is loca ted  in the  last w ord  o f a  page, the  
instruction  opera tes as if it w ere in the  next page. For 
exam ple: a JP  loca ted  in the  last w ord  o f a  page w ill jum p 
to  a  loca tion  in the  next page. A lso, a LQID o r J ID  located 
in the  las t w ord  o f page 3, 7 ,1 1 , or 15 w ill access da ta  in 
the  next group o f 4 pages.
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2M Typical Application: PROM -Based System
The COP402 m ay be used to  exactly em ula te  the  COP420, 
Figure 13 show s the  in te rconnect to  im plem ent a COP420 
hardware em ula tion. Th is connection  uses tw o  M M 5204 
EPROMs as externa l m em ory. O ther m em ory can be used 
such as b ipo lar PROM o r RAM.
Pins IP 7 - IP0 are b id irectiona l inputs and outputs. W hen the  
A D /D A T A  clock ing  ou tpu t tu rns on, the  EPROM  drivers are 
d isabled and IP 7 -IP 0  ou tpu t addresses. The  8-b it la tch 
(M M 74C373) la tches th e  addresses to  drive  th e  m emory.

W hen A D /D A T A  tu rns o ff, the  EPR O M s are enabled  and 
the  IP7-IP0 p ins w ill input the  m em ory da ta . P8 and P9 ou t
pu t the  m ost s ign ificant address b its to  th e  m em ory. (SKIP 
ou tpu t m ay be  used fo r program  debug if needed.)
The  o ther 28  p ins o f the  COP402 m ay be con figured  exactly 
the  sam e as a  COP420. The COP402M  ch ip  can be used if 
the  M ICRO BUS fea ture  o f the  CO P420 is needed.
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O ption List
CO P402 MASK OPTIO N S
The fo llow ing COP420 op tions have been im plem ented in th is basic vers ion  o f the  COP402. Subsequent ve rs ions  o f the  
CO P402 w ill im plem ent d iffe ren t com bina tions o f available options; such ve rs ions w ill be  identified  as COP402-A, COP402-B, 
etc.

O ption Value C om m ent O ption Value C om m ent
O ption 1 =  0 Ground Pin— no op tion  available O ption 15 =  2 ,3 L0 sam e as L7
O ption 2 =  0 C KO  is c lo ck  generato r ou tpu t to O ption 16 =  0 SI has load device to  V c c

crysta l O ption 17 =  2 SO has push-pull o u tpu t
O ption 3 =  0 CKI is crysta l inpu t 16 O ption 18 =  2 SK has push-pull o u tpu t

(may be  overridden externally) O ption 19 =  0 I NO has load device  to  V c c
O ption 4 =  0 R ESET pin has load device to  V c c O ption 20 =  0 (402) IN3 has load device to  V c c
O ption 5 =  2 (402) L7 has LED d irect-d rive  output =  1 (402M) H iZ

=  3 (402M ) L7 has TR I-S TATE  push-pull output O ption 21 =  0 GO has standard ou tpu t
O ption 6 =  2 ,3 L6 sam e as L7 O ption 22 =  0 G 1 sam e as GO
O ption 7 =  2 ,3 L5 sam e as L7 O ption 23 =  0 G 2 sam e.as GO
O ption 8 =  2 ,3 L4 sam e a s  L7 O ption 24 =  0 G3 sam e as GO
O ption 9 =  0 (402) IN1 has load  device  to  V c c  

=  1 (402M) Hi Z O ption 25 =  0 D3 has standard o u tpu t

O ption 10 =  0 (4 0 2 ) IN2 has load  device  to  V c c O ption 26 =  0 D2 sam e as D3

=  1 (402M ) Hi Z O ption 27 =  0 D1 sam e as D3

O ption 1 1 = 0 V c c  P|n— no op tion  available O ption 28 =  0 DO sam e as D3

O ption 12 =  2 ,3 L3 sam e as L7 O ption 29 =  0 (402) norm al operation

O ption 13 =  2 ,3 L2 sam e as L7 =  1 (402M ) M ICRO BUS operation

O ption  14 =  2 ,3 L1 sam e as L7 O ption 30 =  N /A 40-p in  package
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