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6.2 n1sTasITIInNes (MEMORY MAP )

!

UDALATAL T3 ic
ggdex

Tusunsw 2716
§7FFH ustitnas” (2K) n
#8ggH

RAM (2K) 6116

#RFRE:
19305 239,

SPECIFICATION OF CPU BOARD

CPU Z80A
BOM 2716 2Kbyte
RAM 6116 2Kbyte

PORT 8255X3 9pert
LED 1 halt red LED

1 pewer red LED

TTL IC 5
CLOCK RATE 4 MHy

POWER SUPPLY comsumptien 5VDC

main input 9vDC



gage

2983

gage

gads.

gasa
gggc
gBdE
gg1d

ga11
gg12

7813
g4
gg1s
ga17

gg18
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6.3 — *%* MONITOR PROGRAM #%:

31 FP #F

C3 ¢g g2

3E 8A
D3 43
D3 23
3E 9B
D3 13
c9

AF
43
77
23
18 FC
c9

gE 65

LD SP,dFFFH ;Set stack
pointer
JP MAIN
* INITIAL *
YA
'SP
INITIAL LD A,8AH 7 ;Set command
OUT (@3H),A | control
OUT (23H),A |  Portl&Port}
LD A,9BH ] ;set commami
OUT (13H),A | control Port2
RET
* CLEAR DATA #
JA
:B  Assignemnw bytef;qzclear
yHL AssBign address ?;qz clear
CLEAR XOR A
LD B,E
CLR LD (HL),A
INC HL
DJNZ CLR
RET
* HELLO *
; A,B,C,D,E
;y HL
HELLO LD C,65H ;Setqmu byte



g@1A

g@1iD
#F1E
gELF

gg22

2824
gg2s
g@26
gaz7
#g28
gg2a

ggac

ga2F

21 gA A1

56 START
E5
21 ¢gB #8

g6 gc

7E LOOP
72

57

2B

14 FA

g6 2¢

11 g4 #C SCAN

21 gg 28

983 Character

LD HL, HRLLO DATA ADDRESS

LD D,(HL)
PUSH HL

;Set address
] »

1 o
nqstnuuega

783 Character

x 1]
LD HL, BUFFER+11 ;Set wuflu

LD B,12

LD A, (HL)
LD (HL),D
LD D,A
DEC HL
DJINZ LOOP
LD B,2¢4H

LD DE,12¢¢

13€

1 @
RAM #ld97nlungy

L] [y} [ ]

aomeyavE.

Uirngquu

Segment
;Set counter
dmir  shift

v
uaga?uuu1

column

4 v
-4
; lantvagusaua
o
[ ]

ssw19e BL 3y D

ihinns  shirt

»

faua
u

;Set speed
eounter
;Set U
! o
counter ﬁ'lzi
d&mdy  scan

outmput

LD HL,BUFFER ADDRESS

/



ggyz 7B SCANg LD A,E ;Column select
gg33 D3 g2 OUT(@2H),A ;Display uu

4 a
column nantaan

gg35 7E LD A, (HL)

#2836 D3 d¢g OUT(g% H),A ;Display ;agauu
Segment

#838  AF XOR A

g439 3D SCAN1 DEC A ;Delay

gg3A 2¢ FD JR NZ,SCAN1

gd3c D3 #g OUT(gPH) ,A ;Clear gﬁgmnx
Segment

gg3E 23 INC HL’

g@83F 1C INC E

gokg 15 DEC D

ggu1 2¢ EF JB NZ,SCANg

ggu3. 14 E? DJNZ SCAN

gghs  E1 POP HL

geue 23 INC HL

ggs7? @b DEC C

ggu8  2¢4 D3 JR NZ,START

gosA  C9 ~ RET

* READ DATA *
;C  Assign number port g1
(Data byte ;ﬁ )
;B Assign number pert g2
(Data byte dy )
yHL Assign binary address (Result)
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#o4B 21 ¢4 #8 READ LD HL,BUFFER ADDRESS
;Set address

1 [

4 o
wi nuuaga

binary'

' ]

JPLR ED 78 IN A,(C) ; 9uBAKARN
Port B

v

gasg 77 LD (HL),A ; tﬁunaga

binary byte a1

ggs1 23 INC HL
ggs2 48 LD C,B
8853 ED 78 IN A,(C) ;a"m';agaqm
Port C
#855 E6 Fg AND FgH ;1a1lamz;a§a
4pbit vy na
Port C
gds57 CB 3F SRL A ;tﬁuséga
binary byte i
#9859 CB. 3F SRL A
g#5B  CB 3F SRL A
#85D CB 3F SRL A
ggsF 77 LD (HL),A

¢¢6q C9 RET
% BINARY TO BCD CONVERTION ¥
yA BCD Data working Register
B Loop counter
;C Binary bit number
;D hut byte 791LaY binary

;B iy byte a841an BCD

]
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sHL  Buffer address
g@61 gE 14 BINBCD LD C,16 ;Setamiu  bit
ﬂaq';m_la binary
#9863 16 g2 LD D,#2H ;Set um byte

v
LORLEE binary

gg65 1E #3 LD E,#3H ;Set 37wy byte
) ﬂaqgaga BCD

28867 21 ¢8 @8 LD HL,BUFFER ADDRESS+8

gE6A CD 11 ¢¢ CALL CLEAR j%

;Clear buffer
U‘U

1
41 nuvaya
BCD

#g46D 2R g¢ LOOPS LD L,P ;Set address

4a”
wunmaﬂabinﬂry

BE6F L2 LD B,D

gara CB 16 SHLR RL (HL)

gg72 23 INC HL

#e73 1§ FB DJINZ SHLB

g2a75 2r #8 LD L,8 ;Set address
it myayn BCD

g877 43 LD B,E

gd78 7X BCDADJ LD A, (HL)

gd79 8F ADC A,A

Pa7A 27 DAA

#a78 77 LD (HL),A

ga7c 23 INC HL

gg7p 14 F9 | DJINZ BCDADJ

ga7F #D DEC ¢



gg8g
gg82

g983
g885
ga87
#@8A
ga8c

g@8p

pEsP

2899
#9493
g%
#9895
8497
#9899
ga9A

2¢ BB
c9

g6 g2

gE gh

FD 56 ¢4
CB 3A
g

2¢ FB
7A

CD B6 ¢¢
LE

g5

24 22
CE F9

g4

DD 71 4@

JR NZ,LOOPS

RBT

* TABLE LOOK UP *

TABLE
TABLE1

TABLEZ

SET

140

sA,D working register

;B,C Loep counter

; HL Assign address of
table leok up

; IX Assign buffer result
address

P 4

LD B,2 :%
LD C,4

LD D, (IY)

SRL D

DEC €

JR NZ,TABLE2
LD A,D

CALL COMP
LD C,(HL)
DEC B

JR NZ,SET
SET 7,C
INC B

LD (IX),C

Assign buffer BCD address

ySet Leop

counter

;Shirfrt ﬁaga
BCD Tumaan
4 bit

o (' v
;LaTnadHsHla
91An15 shirt
Ty A

;Compare Afy L

~—

4
; Tdqansition

g

;Lead ﬁa§a1u
L T Al
buffer



gg9D
BEAS

BPA2

ABAL
1. 1%

#EA9
ZPAA
goAD
ZEAF
ggB1

##B3
#0885

g@B6
I.1): 4
#gB8
B¥BA
gdBE

FD 7E #¢
E6 AP

2E ¢8

CD B6 ¢4
DD 23

4E

BB 71 g9
DD 23

FD 2B
2E g9

14 bg
c9

* Compare Register A

23
2@ FC
2B
c9

*3

comMr

LD A,(IY)
AND JFH

LD L,#

CALL COMP
INC IX

LD C,(HL)
LD (IX),C
INC IX
DEC IY
LD L,&

DJNZ TABLE1
RET

yA,HL
CP L
INC HL

JB NZ ,TABLEZ

DEC HL
RET

Display Result *
7A.  Werking Register

;B,E

Loep coeunter

141

;Ae-AN gFR

;Clear

Register L
IR

yldum  buffer

address

;Lead ;aga’lu HL

Ty buffer

;Clear

Register L

Register L *

;C Set digit number

;sHL. Buffer address



ggBC
117333

ggc1
gocs

gacs
ggcéd
ggcs

gecy
gacE
gace
gacE
géDg
ggDn3
ggpk
ggDs
#gDné
gons
@PDA

1:33):3

##DC
g@gpD
1)) 4
goEd

g6 g5
21 14

1E 94
gr gc

AF

D3 ¢4
7B

D3 g2
7E
D3 74
16 @1
CD DB
23
1C
#D
2¢ XD
14 E4
C9

AF
3D
2¢ FD
15
20 P9

g9

DISPLAY
g8 DISPLAY1

DISPLAYZ

* Delay

DELAY
DELAY1

A

LD B,05H. ;Leep coeunter

LD HL,BUFFER RESULT ADDRESS

LD E,#

LD C,@CH. ;Set digit
number

XCR A ;Clear data

OUT (ggH),A :+

LD AE ;Set digit
téual

OUT (@g28),A ;Digit selest

LD A, (HL) ;Data eutput
OUT (#FH),A

Lb D,1 ;Initial delay

CALL DELAY
INC HL
INC E
DEC C
JR NZ,DISPLAY2
DJNZ DISPLAY1
RET
*
Werking Register
Assign Loep ceunter
XOR A
DEC A
JR NZ,DELAY1
DEC D.
JR NZ,BELAY

142



ggr2

goE3
gAEE
geE?
pPES
goEB
#PED
geEF
g@r1
ggr3

g140
g1
g142
8183
g184
g185
g186
g187
g148
g189

c9

29
36
Cc9

3F
gé
5B
LF
66
6D
7D
g7
7F
67

RET
# Set High *
sA Werking Register
;HL Buffer Result Address ef
Table Loek up
14 #8 SETH LD HL,BUFFER RESULT ADDRESS
LD A, (HL)

3F CP=3rd

g2 JR NZ,SETDIGIT

g6 LD (HL),d61

g6 SETDIGIT CP @g6H

g2 JR NZ,SETDIGIT1

5B LD (HL),5BH

SETDIGIT1 BRET yExit
*: Tgable Leek Up *

; 2
)
; 2
)
HIE 2
3 5
; 6
NG
; 8
S

143
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* Helle Data *

F10A 73 54 s5C

14D 5E 1C 58 ;Preduet
g114 78
g111
: ge
g11D
#11E 7C 6E ;DY
g12¢
i Lo
¢1éc
12D 79 78 @4
p134 5B EF 4P (Bt 29.3313
#133 LP g6 4P !
#136
: g4
ﬂldz
g143 79 78 4@
F146 5B EF 4F ;Et 29.3319
#149 LP g6 6F
gil4c
: g9
4158
#159 79 78 ¢#¢
#15C 5B. EF 4P ;Et 29.3328
g15P LP 5B 7F
g162 .
s ¢¢ .

g16E



g298
g243

#2885
g2g7
#2949
g2gB
g2¢D
g2gF
A211
#4213
g215
g217
g219
g218
g21E
g224
g222
g224
#226
#8229
#22B
g22p
g22p
#232

#235
$238

* MAIN

CD g6 g4 MAIN

DB
E6
3
3E
D3
18
3E
D3
DB
E6
28
16
CD
DB
E6
28
16
CD
3E
b3
1E
21

CD

CcD

12
g1
g6
g1
28
Fl
gg
29
22
14
FA
1)

DB @@

gh
FA

g9
DB

g1
22
12
29
11

18

3E 43

29

g8
29

gg

INT

START

CHECK

CHECK1

FEEDBACK

up

*

CALL INITIAL
IN A,(12H)

AND 1
JR NZ,START
LD A,1

oUT (2¢H),A
JR INI

LD A,4

OUT (2¢H),A
IN A,(22H)
AND 18H

JR Z,CHECK
LD D,#

CALL DELAY
IN A,(12H)
AND &

JR Z,CHECK1
LD D,¢

CALL DELAY
LD A,1

QUT (22H),a
LD E,12

L

|

D

WAL

|\

-

~
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[ 3
;7529 Limit ﬂ"lf‘iﬂ
(s1) a1
L
Jump T urr91u

[}
uﬁau Display ay

;Stop moter
915791 3u

;Delay

17573 RBxl
v

(As23MIL 91)
;Delay

;On Lamp

LD HL,BUFFER ADLRESS

CALL CLEAR

CALL HELLO
LD A,3

;Clear buffsr

;yDisplay Helle



g#23A
g23¢c

g23E
g2ug
g242
g244
g2ué
g248
g2ha
g2u4C
g2hE
g251

g254
g257
#25A

g2sp

#2640

g264

#268

D3 2¢
DB 12

E6 @2
29 g6
DB 12
E6 #8
29 Fo
3E g9
D3 24
1E 32
21 ¢¢ 98
Ch 11 ¢@¢

g1 g1 g2
CD 4B ¢gd
CD 61 #¢

21 g4 #1

DD 21 1g
78

FD 21 49
g8

Cb- 83 gg

STOP

146

]
X
OUE (20H),A ; \AeuDisplay fu
IN A,(12H) 7] ; anslimitgegn

AND 2 - (s2) ot 1
JR NZ,STOP | Jumpld STOP
IN A,(12H) ] ; a%19 Bx2

AND 8 - (ﬂ11Qﬂ1qu§4)

JR NZ,UP

—

LD A,#
OUT (2¢H),A ;Step meter

LD B,32
LD HL,BUFFER ADDRESS
CALL CLEAR

;Clear buffer

LD BC,P2¢1H
| .
CALL READ DATA ;aquwwn1u§¢
CALL BINBCD ;Binary te
BCD Cenvertien
LD HL,TABLE ADDRE3S
;Set address
S oa
ninn Table
leek up
LD IX,RESULT ADDRESS
;Set address
Jd - ¢
NENUHAANG
LD I¥,BCD ADDRESS+11
;Address 1931a1

-4
bigary naseu

CALL TABLE LOOK UP ; tDamsiq
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@268  CD B3 #¢ CALL SETH ;Set nanusnmay
augy
g26E g1 11 12 LD BC,1211H )
@271  CD 4B g¢ CALL READ DATA:}; awmin
g27% CD 61 ¢g¢ CALL BINBCD ;Binary te BCD
cenvertien
@277 21 g¢ #1 LD HL,TABLE ADDRESS
g27A DD 21 14 LD IX,RESULT ADDEESS+4
#8
#27E FD 21 49 LD IY,BCD ADDRESS+1
g8
@282 CD 83 #¢ CALL TABLE LOOK UP
g285 DB 22 CHECK2 IN A,(22H)
#287 E6 2¢ AND 20H ; 1379 Strebe
#9289 28 PFA JR Z,CHECK2
g28p 21 ¢d 28 LD HL,BUFFER ADDRESS
#28E DB 1§ IN A,(1£H)
g294 77 LD (HL),A
; z;quf;qé'm'mﬁu‘;u-
ORI
g291 23 INC HL
g292 36 g4 LD (HL),@8
g29% CD 61 ¢¢ CALL- BINBCD
g297 21 g8 g8 LD HL,BCD ADD;}ss
g29A g6 g4 LD B,4
g29¢ CB 26 SHIFT SLA (HL) — ;8hift BCD data
#29E 23 INC HL Tmathe in
g29F CB 16 RL (HL)




g2a1
g2A2
g2Ak

g2A7

#2AB

gaar
g2p2
@284
g2B6
#2B9
g2BB
g2BD
#g2BPF
g2c1
gac3
ga2c6
g2cs
g2CA
ga2cc
g2CE
g2ng
g2D3
g2p5
#2p7
#2D9
g2pC

2B
14
21

BD
g8

a8
Ccp

3E
b3
CD
DB
E6
29
3B
D3
CD
DB
E6
28
3E
D3
CD
DB
E6
28
cD

DB

¥8
2d
21

21

83
ge
22
BC
12

g4

g1
29
BC
12
g1
®3
ga
29
BC

12.

gl

BC
22

g1
18

79

gg

g9

g9

1]

g9

DIS

DOWN

DIS1

DIS2

DEC HL
DJNZ SHIFT

LB HL,TABLE ADDRESS
LD IX,RESULT ADDRESS+8

LD IY,BCD ADDRESS+1

CALL TABLE LOOK UP

LD A,#
OUT (22H),A
CALL DISPLAY

-~

IN A,(12H)

AND &4 -
JR NZ,DIS |
LD A,1 h
OUT (20K),A

CALL DISPLAY
IN A, (12H)
AND 1

JR 2 ,DOWN

CALL DISPLAY
IN A, (12H).
AND &

JR Z,DIS1
CALL DISPLAY
IN A,(22H)

LD A,¢
OUT (2¢m) A

;Display Data

yASI9 Bxil

(As29m00n)

1
;1A Pisplyad

;Display Data

777739 Limit

éﬁqn (s1)

yatep meter

yDisplay Data

;A9 Rx1

v
(ag1ut 1)

;Display Data

148



#2DB
g2EQ
g2g2
@#2EMN

g2Eb

B6 14
28 ™
3E ¢4
D3 #9
C3 24 g2

149

AND 10H .5 #91913

JR Z,DIS2 _
LD A8 h
ouT (ggH),A |
JP FEEDBACK

(SW start)

;Clear Display
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Counter

I —m to port

m{
+ 5V

High Limit g, \T

g to port

|
E

Micro

Switch Circuit

0 $+12V
RL3 ” 1N4001
control 12V
on-off
motor 1KQ
C458
control
forward -reverse
RL3 field
DC
+9V G . Rig motor
Ris
_'-‘[ L(}——O .
Motor Control Circuit




t:o.:o 10129130 JyBiom

-~
%)
. . YOSN3IS  JUNSSIUd XdW
£ =
oz | WOV/30  3AOW7— 6O, IOl £t
N3gH NI 250 .
6l UM 96 CIA 1L 4o )
grN381 100 2SO .
] v
uIMI 13s 2s0
- . AG-
71 ~A
£l 4ng ) 1101
T £ zv
nd 1N0— m 60L4 191 INI
Imwr NOWWO)
—a 01 NI
—7 H NI
9| 7 + N[ 434
=3 u8 +dvd 434
>m+0.f|ll.|@|.~|+> -dvo 43
T —
._llullulﬂ aNo M~ NI 434
AGH UNQ0L




135

1IN2I1D 10193)5Q 1Dag }.D3H

GSG ~ Yl
/1 g 1ndino - . & AR €21
,_.\ T W&W _ £S€ 47~ 221121
. 101
11/10°0 T < 1t
s mqmw.__ M 8579 M—<  dwpy
7 14 % M0z A 104ju03
8l 7 ) e e
. Y = —Oo A
A+

Nnot




156

Voo Voo
10 b
3] 15 15‘
% 411 R
5110] ICB® 2
6149 Z V?’
111 1'0193 ..% 16 ,_1..:.4
8 1
1C7 ] ’ 13
4 1
output
4520 Vo 1C10 1 P
8 1 15 16 : to Port
3 2] |1 3 T4 HC iy
R Tl A
15 e 3;7 1C 13 1 4
12 3 T[is] 7
835 .
H3
Vop
]
4
1 3’
c2d | :ggo % 167“1
DETECTOR 1 ) 2 10
INPUT 2 ) 13
T!Z 1C12d
1" VW
LEAR 15 1enc 4
1KH {
'i_lio.fl-é, 10915 jt ",L,: ESR O T lend,  1CHe
strobe RESET " 1cs fe 14 4 13 o 8 3
; 3 Tl 4518 [T_6] 4518 [el[i0] 4518 )
1 1(122 1c12a V7% T‘
L{.
3 1
VWM ’ 100K Hy OSCILLA TOR
1c2¢C 390 1(14
10 8 c9 K 13
! 1 1
1c11b’ 4 ic1b ENABLE
_l{-(: P (3 100 KHy

Heart Beat Main Unit Circuit
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26 =
Ps 34 D. Ve P, fs—=—1
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2 31 0 PA, F—— o¢ | To Heart Beat
c o —————e—— ) . .
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e 23 o5 PAg EL P4 .
o6 251 2¢ PAc |53 D¢ Circuit
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Z8400
Z80° CPU Central
Processing Unit

Product
Specification

Zilog

April 1985 .

FEATURES

= The instruction set contains 158 instructions. The 78
instructions of the BOBOA are included as a subset:
8080A software compatibility is maintained.

A Eight MHz, 6 MHz, 4 MHz, and 2.5 MHz clocks for the
ZBOH, 2808, Z80A, and Z80 CPU result in rapid
instruction execution with consequent high data
throughput.

m The extensive instruction set includes string, bit, byte,
and word operations. Block searches and  block
transfers, together with indexed and relative addressing.
result in the most powerful data handling capabilities in
the microcomputer industry.

m The Z80 microprocessors and associated family of
peripheral controllers are linked by a vectored interrupt
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Figure 1. Pin Functions

system. This system may be daisy-chained to allow
implementation of a priority interrupt scheme. Little, it
any, additional logic is required for daisy-chaining.

® Duplicate sets of both general-purpose and flag registers
_are provided, easing the design and operation of
system software through single-context switching.
background-foreground programming, and single-level
interrupt  processing. In addition, two 16-bit index
registers facilitate program processing of tables and
arrays.

m There are three modes of high speed interrupt -

processing: ‘8080 similar, non-Z80 peripheral device,
and Z80 Family peripheral with or without daisy chain.

® On-chip dynamic memory refresh counter.
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Figure 2a. 40-Pln Dual-In-Line Packags (DIP)
Pin Azslgnments
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Figure 2b. 44-Pin Chip Carrier Pin Assignments

GENERAL DESCRIPTION

The Z80, Z80A, Z80B, and Z80H CPUs are third-generation
single-chip microprocessors with exceptional computa-
tional power. They offer higher system throughput and more
efficient memory uthzation than comparable second- and
third-generation microprocessors. The internal registers
contain 208 bits of read/write memory that are accessible to
the programmer. These registers include two sets of six
general-purpose registers which may be used individually
as either 8-bit registers or as 16-bit register pairs. In addition,
there are two sets of accumulator and flag registers. A group
of “Exchange" instructions makes either set of main or
alternate registers accessible to the programmer. The
alternate set allows operation in foreground-background
mode or it may be reserved for very fastinterrupt response.

INSTRUCTION
DECODER

INSTRUCTION
REGISTER

+ 5V =

GND —a=

4

CPU
TIMING
CONTROL

CLOCK —o

) e
LT

8 SYSTEMS S CPY
AND CPU  CONTROL
CONTROL  INPUTS
QuTPUTS

The Z80 also contains a Stack Pointer, Program Counter, two
index registers, a Relresh register (counter). and an
Interrupt register. The CPU is easy to incorporate into a
system since it requires only a single + 5V power soyrcs. Al
output signals are fully decoded and timed o control
standard memory or peripheral circuits; the CPU is
supported by an extensive family of peripheral controliers.
The internal block diagram (Figure 3) shows the primary
functions of the Z80 processors. Subsequent text provides
more detail on the- Z80 /O controller family, registers,
instruction set, interrupts and daisy ‘chaining, and CPU
timing.

8-8IT
DATA BUS

DATA BUS
INTERFACE

INTERNAL DATA BUS

REGISTER
ARRAY

ADORESS
LOGIC AND
BUFFERS

16-817
ADDRESS BUS

d

Figure 3. Z80 CPU Block Dlagram



. Z80 MICROPROCESSOR FAMILY

The Zilog Z80 microprocessor is the central element of a 8-bit prescaler. Each.of the four channels may be
comprehensive microprocessor product family. This family configured to operate in either counter or timer mode. H
works together in most applications with minimum 4
requirements for additional logic, facilitating the design of
efficient and cost-effective microcomputer-based systems.

®» The DMA (Direct Memory Access) controller provides
dual port data transfer operations and the ability tg
terminate data transfer as a result of a pattern match.

Zilog has designed five components to provide extensive .

support for the Z80 microprocessor. These are: B The SIO (Serial Input/Output) controller offers two

channels. It is capable of operating in a variety of

m The PIO (Paralle! Input/Output) operates in both programmable modes for both synchronous and
data-byte I/O transfer mode (with handshaking) and in bit asynchronous communication, including Bi-Synch and
mode (without handshaking). The PIO may be SOLC.

configured to interface with standard parallel peripheral

devices such as printers, tape punches, and keyboards. m The DART (Dual Asynchronous Receiver/Transmitter)

device provides low cost asynchronous serial

r1-The CTC (Counter/Timer Circuit} features four pro- communication. It has two channels and a full modem
grammable 8-bit counter/timers, each of which has an control interface.
Z80 CPU REGISTERS

Figure 4 shows three groups of registers within the Z80 ~ gramming techniques as background-foreground data
CPU. The first group consists of duplicate sets of 8-bit  processing. The second set of registers consists of six
registers: a principal set and an alternate set (designated by registers with assigned functions. These are the1 (Interrupt
! [prime], e.g., A). Both sets consist of the Accumuilator  Register), the R (Refresh Register), the IX and IY (Index
Register, the Flag ‘Register, and six general-purpose  Registers), the SP (Stack Pointer), and the PC (Program
registers. Transfer of data between these duplicate sets of ~ Counter). The third group consists of two interrupt status
registers is accomplished by use of “Exchange’ flip-flops, plus an additional pair of flip-flops which assists in
instructions. The result is faster response to interrupts and  identifying the interrupt mode at any particular time. Table 1
easy, efficient implementation of such versatie pro-  provides further information on these registers.

MAIN AEGISTER SET ALTERMATE REQISTEA SET
A ACCUMULATOR F FLAG REGISTER A' ACCUMULATOR £ FLAQ REGISTER
8 GENEAAL PURPOSE C GENERAL PURPOSE 8 GENERAL PURPOSE C' GENERAL PUAPOSE
.
0 GENERAL PURPOSE € GENERAL PURPOSE 0" GENERAL PURPOSE € GENERAL PURPOSE
M GENERAL PURPOSE L GENERAL PURPOSE - H' GENERAL PUAPOSE L' GENERAL PURPOSE
sers
18 BITS - INTERAUPT FLIP.FLOPS STATUS
1X INDEX REGISTER 1#E, ey
N T
DEX REGISTER o = INTERRUPTS DISABLED STORES IFF1
1 = INTERRUPTS ENABLED OURING RN
Vi
SP STACK POINTER seAvice
INTERRUPT MODE FLIF.FLOPS
PC PROGRAM COUNTER e, Ey
\
T VECTOR. [ 0 INTERRUPT MODE 0
| INTERRUPT VECTO! R MEMOWY REFRESH H 0 hrEmAue
X 1 0 INTERRUPT MODE 1
pr 1 1 INTERRUPT MODE 2

Figure 4, CPU Registers
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Z80 CPU REGISTERS (Continued)

Table 1. Z80 CPU Registars.

Register Size (Bits) Remarks

A A Accumulator 8 Stores an operand or the results of an operation.

F.F’ Flags 8 Sea Instruction Set.

8, B’ General Purpose 8 Can be used separately or as a 16-bit register with C. |

c.c’ General Purpose 8 See B, above.

0.0 General Purpose 8 . Can be used separately or as a 16-bit register with E.

E.E’ General Purpose 8 Sca D, above.

H, HL. Ganeral Purpose 8 Can be used separately or as a 16-bit register with L.

L.u General Purpose ” 8 See H, above.

Note: The (B,C), (D.E), and (H.L) sets are combined as follows:
B —Highbyte C-— Lowbyte
D —Highbyte E—Lowbyte
H—Highbyte L —Llowbyte

| Interrupt Register 8 Stores upper eight bits of memory address for vectored interrupt
proceassing.

R Refresh Register 8 Provides user-transparent dynamic memaory reiresh. Automatically
incremented and placed on the address bus during each
instruction fetch cycle.

1X Index Register 16 Used for indexed addressing.

Y Index Register 16 Used for indexed addressing

SP Stack Pointer 16 Holds address of the top of the stack. See Push or Pop in instruction
set.

PC Program Counter 16 Holds address of next instruction.

IFFy-IFFp Interrupt Enable Flip-Flops Set or reset to indicate interrupt status (see Figure 4).

IMFa-IMFb interrupt Mode Flip-Flops Reflect Interrupt mode (see Figure 4).

INTERRUPTS: GENERAL OPERATION

The CPU accepts two interrupt input signals: NMI and INT.
The NMI is a non-maskable interrupt and has the highest
priority. INT is a lower priority interrupt and it requires that
interrupts be enabled in software in order to operate. INT
can be connected to multiple peripheral devices in a
wired-OR configuration.

The Z80 has a single response mode for interrupt service for
the non-maskable interrupt. The maskable interrupt, INT,
has three programmable response modes available. These
are: .

u Mode 0 — similar to the 8080 microprocessor

® Mode 1 — Peripheral Interrupt service, for use with
non-8080/Z80 systems.

m Mode 2 — a vectored interrupt scheme, usually
daisy-chained, for use with Z80 Family and contpatible
peripheral devices.

The CPU services interrupts by sampling the NMi and INT
signals at the rising edge of the last clock of an instruction.

‘Further interrupt service processing depends upon the type

of interrupt that was detected. Details on interrupt responses
are shown in the CPU Timing Section.

Non-Maskable Interrupt- (NMI). The nonmaskable
interrupt cannot be disabled by program control and
therefore will be accepted at all times by the CPU. NMI is
usually reserved for servicing only the highest priority type
interrupts, such as that for orderly shutdown after power
failure has been detected. After recognition of the NMI
signal (providing BUSREQ is riot active), the CPU jumps to
restart location 0066H. Normally, software starting. at this
address contains the interrupt service routine.

Maskable Interrupt (INT). Regardless of the interrupt
mode set by. the user, the ZBO response 10 a maskable
interrupt input follows a common timing cycle. Atter the



interrupt has been detected the CPU (provided that
interrupts are enabled and BU is not active) a special
interrupt processing cycle begins. This is a special fetch
%W) cycle in which 10RQ becomes active rather than

, as in a normal M1 cycle. In addition, this special M1 _

cycle is automatically extended by two WAIT states, to allow
for the time required to acknowledge the interrupt request.

Mode 0 Interrupt Operation. This mode is similar to the
8080 microprocessor interrupt service procedures. The
interrupting device places an instruction on the data bus.
This is normally a Restart instruction, which will initiate a call
to the selected one of eight restart locations in page zero of
memory. Unlike the 8080, the Z80 CPU responds to the Call
instruction with only one interrupt acknowledge cycle
followed by two memory read cycles.

Mode 1 Interrupt Operation. Mode 1 operation is very
similar to that for the NML. The principal difference is that the
* Mode 1 interrupt has only one restart location, 0038H.

Mode 2 interrupt Operatlon. This interrupt mode has
been designed to utilize most effectively the capabilities of
the Z80 microprocessor and its associated peripheral
tamily. The interrupting peripheral device selects the starting
address of the interrupt service routine. It does this by
placing an 8-bit vector on the data bus during the interrupt
acknowledge cycle. The CPU lorms a pointer using this byte
as the lower 8 bits and the contents of the i register as the
upper 8 bits. This points to an entry in a table of addresses
for interrupt service routines. The CPU then jumps to the
routine at that address. This flexibility in selecting the
interrupt service routine address allows the peripheral
device to use several different types of service routines.
These routines may be located at any available location in
memory. Since the interrupting device supplies the
low-order byte of the 2-byte vector, bit 0 (Ag) must be a zero.

Interrupt Priority (Daisy Chaining and Nested
Interrupts). The interrupt priority of each peribheral device
is determined by its physical location within a daisy-chain
configuration. Each device in the chain has an interrupt
enable input line (I€l) and an interrupt enable output line
(IEQ), which is fed to the next lower priority device. The first
device in the daisy chain has itg IEl input hardwired to a High

level. The first device has highest priority, while each
succeeding device has a corresponding lower priority. This
arrangement permits the CPU to select the highest priority
interrupt  from several simuitaneously interrupting
peripherals. -

The interrupting device disables its [EQ line to the next lower
priority peripheral until it has been serviced. After servicing,
its IEQ line is raised, allowing lower priority peripherals to
demand interrupt servicing.

The Z80 CPU will nest (queus) any pending interrupts or
interrupts received while a selected peripheral is being
serviced.

Interrupt Enable/Disable Operation. Two fiip-flops, IFFy
and IFF,, referred to in the register description, are used to
signal the CPU interrupt status. Operation of the two
flip-flops is described in Table 2. For more details, refer to the
Z80 CPU Technical Manual (03-0029-01) and Z80 Assembly
Language Programming Manual (03-0002-01).

Table 2. State of Flip-Fiops

Action

IFFy IFF Comments

CPU Reset [¢] 0  Maskableinterrupt
INT disabled

Dt instruction execution 0 0  Maskable interrupt
INT disabled

El instruction execution 1 1 Maskable interrupt
INT enabled

LD Al instruction execution . . |FFp - Parity fag

LD A Rinstruction execution o  [FFy-= Parity flag

Accept NM! 0 IFFy IFFy—=IFF;
(Maskable interrupt
INT disabled)

RETNinstruction execution  IFFy  ®  IFFp = IFF at
completion of an
NMI service
routine.
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INSTRUCTION SET

The 280 microprocessr has one of the most powerful and
versatle instruction sets avalaole in any 8-bit micro-
processor. It includes such umnique operatons as a block
nove for fast, efficient data transfers within memory, of
petween memary and I/O. it also allows operauons on any
Bit in any location in memaory.

The lollowing 1s a summary of the Z80 instruction set which
snows the assembly language mnemonic, the operauon,
the flag status. and gives comments on eachinstrucnon. For
an explanauon of flag notatons and symools {or mnemonic
tables. see ne Symbolic Notations secton wnich follows
these taples. The 280 CPU Technical Manual (03-0023-01).
the Programmer’s Reference Guide {03-0012-03). and
Assemoly Language Programming Manual (03-0002-01)
contain significantly more getails for programming use.

The instructions aré divided Into the fotiowing categornes:

= B-bitloads

= 16-bitioads
Exchanges, block transfers, and searches

O

8-bit anthmetic and logic operations

¥}

O Rotates and shifts
_ 3 Bitset, reset, and test operatons

a

-~

Jumps
Calls, returns, and restars
S Input and output operations

A varnety of addressing modes are implemented to permit
efficient and fast data transter between vanous registers,
memory locations, and :nputoutput gevices. These
aadressing modades incluge:

= !mmedate
G
= Modified page zero .

immediate extended

2 Relative

= Extended
indexed

- Register

.. Register indirect

= Genera-purpose antnmetc and CPU contscl - 'mobed
= 16-bit anthmetic operations EE-TR
3-BIT LOAD GROUP
Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation s 2 H PIVN C 76 543 210 Hex Bytes Cycles States Comments
Loer r g e o X o X e o e Ul r S ! 1 4 rr'  Req.
Orn r—n o o X o X e o = 00 r 110 2 4 7 0co0 8
R g0t C
LD« (HL) r—=(HL) e o X o X e & s 01 r 110 1 2 7 010 O
LOr(X+qa) r=(X+a) e« o X o X o e e 11 011 101 OO 3 5 19 011 E
01 ¢ 110 100 H
—-g=- 101 L
Lor(Y+a) ¢—=(Y+q) e o X & X e o ¢ 11 111 101 FD 3 5 19 111 A
at ¢t 110
-g—-
LO(HL). (HL) =r e o X o X e e o 01 MO g 1 2 7
LOUX+@).r (X+a)=t e« o X e X o e o 11 011 101 OO 3 5 19
a1, 110 ¢
o-g-o .
LOGY+a)r (Y+a)=r e ¢« X o X e o o 11 111 101 FD 3 5 19
o1 110 *
- g .
LD (HL). n (HL) = n e o X o X e e o 00 110 110 36 2 3 10
—-—n-
LD@X+d).n (X+d)=n <+ ¢ X & X o s ¢ 11 01 101 0D 4 5 19
c0 110 110. 36

— -

el B



8-BIT LOAD GROUP (Continued)

N

Symbolic Flags Opcode No.ot No.ofM No.of T
Mnemonic  Operation s Z H P/VN C 78 543 210. Hex Bytes Cycles Statas Comments

LO@Y+d),n (Y+d)=n o o X e X e e .« 11 111 101 FD 4 5 19
00 110 110 36

—d-

o—-nv‘
LDA,(BC) A<=(BC) e s X e X e o o 00 001 010 OA 1 2 7
LDA,(DE} A =(DE) o o X o X e e s 00 011 010 1A 1 2 7
LD A, (nn) A% (nn) e o X o X e e o 00 111 010 3A 3 4 13
4 (=
s
LD(BC),A (BC)~A e ¢ X » X o e s 00 000 010 02 1 2 7
LD(DE).A  (DE)+-A e o X o X e e o 00 010 010 .12 1 2 7
LD(n), A (nn)=A e e X o X e o o 00 110 010 32 3 4 13
\e-orry 51
A s
LD A1 Al t § X 0 XIFFO e« 11 101 01 ED 2 2 9
‘ 01 010 111 57
LDA.R A-R t ¢ X 0 XIFFQO ¢ 11 101 101 ED 2 2 9
0t 01t 111 SF
LDLA 1-A e o X e X e e o 11 101 101 ED 2 2 9
0t 000 111 47
LDR.A R-A e o X s X e e e 1t 101 101 ED 2 2 9

0t 001 111 4F

add 0382

NOTE: IFF, the content of the interrupt enable flip-flop, (IFF ). is copied into the P/V flag.

16-BIT LOAD GROUP
Symbolic Flags Opcode No.of No.ofM No.otT
Mnemonic  Operation s Z H P/IVN C 78 543 210 Hex Bytes Cycles States Comments
tDdd, nn dd - nn e o X e X e e o (00 ddo 001 3 3 10 dd Pair
. —n— . 00 B8C
- o1 DE
LD X, nn IX = nn e o X o X e e o 11 011 101 DD 4 4 14 10 HL
. ’ . 00 100 001 21 1 sp
-—n—
—fe-
LDIY, nn IY = nn e o X e X o e o 11 111 101 FD 4 4 14

0Q 100 001 21
-n-
—-n-

101 010 2A 3 ' S 16

LDHL.(nn) H<+—(n+1) e o X o X o o o 00
L = (nn) —-n—
. I
LDdd.(nn) ddy=(n+t) e o X o X e e o 11 101 10t ED 4 6 20
ddy = (nn) 01 dd1 011
PUPSR R
—ne-

NOTE: (PAIR). (PAIR) refer to high order and low order eght bits of the register pair respectively. 8.g.. BCi_ = C, AFyy = A,



16-BIT LOAD GROUP (Continued)

Symbolic Fiags Opcode No.of No.ofM No.of T
Mnemonic  Operation s 2 H PIVN C 78 543 210 Hex Bytes Cycles Statas Comments
LO X, (nn) Xy (n+1) o o X o X o o « 11 011 101 DD 4 -] 20
X, = (nn) 00 101 010 2A
-n—
.-n—’
LOW,(nn)  IYp=(an+1) ¢ ¢ X o X ¢ o o 11 111 101 FD <4 6 20
1Yy =(nn) 00 101 010 2A
. —n—
-
LD(nLHL (an+f)=H o o X o X e o o 00 100 010 22° 3 ° 5§ 16
’ (nn)y—t. -n-
.-n—’
LD(an).dd (n+l)=ddy * * X ¢ X e e o 11 101 101 ED 4 6. 20
(nn) + dd,_ 01 ddo 011
-
-
LD (nn), IX (n+1)=IXy @ ¢ X o X o e o 11 011 101 DD 4 6 20
(nn) = 1X, o0 100 010 22
-
-n=
LO(nn)lY  (nn+1)=I¥y ¢ » X o X e o o 11 111 101 FO 4 6 20
(nny = 1YL 00 100 010 22
—n=
o—n—o -~
LO SR HL SP - HL e » X e X e o o 11 111 001 F8 1 1 6
tOSPIX SP - iX e o X e X e e o 11 011 101 DD 2 2 7 10
11 111 001 F9
"LDSRIY SP — iy e ¢« X e X. e s e 11 11 101 FD 2 2 10
11 111 001 F9 qq  Pair
PUSH qq (SP-2)+=qq_ ®* ¢ X e X o e e 11 qg0 101 LSl ) 11 00 BC
(SP = 1) = qan - o1 DE
SP-SP -2 . 10 HL
PUSHIX . (SP=-2)=IX_ ® ¢ X ¢ X e e o 11 011 101 DD 2 4 15 11 AF
(SP=1) = 1Xy 11 100 101 E5
SP—-SP -2
PUSHIY (SP=2)=IY_ ® o X e X o e o 11 111 101 FD 2 4 . 15
(SP~1) =Yy 11100 101 E5
SP-SP -2
POP qq qQu=(SP+1) e o X e X e ¢ ¢ 11 qg0 001 1 3 10
qql = (SP)
SP-+SP +2
POPIX IXs+=(SP+1) ¢ "X e X s e o 11 011 101 DD 2 4 14
IX_ ~(SP) 11 100 001 E1
SP—=SP +2
POPIY IYy=(SP+1) ¢« e X_. ¢ X e o o 11 111 0t FD 2 4 14
1YL+~ (SP) T 1Y 100 001 E1
SP—-SP +2

NQTE: (PAIR). (PAIR) refer 1o tugh order and low order e:ghx bits of the regrster pair respectvely, e.g., BC = C.AFy = A,



EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation s Z H P/VN C 76 543 210 Hex Bytes Cycles States Comménts
EXDE,HL  DE-HL e o X o X e o o 31 101 011 EB 1 1 4
EXAF, AF'  AF « AF' e o X e X » o s 00 001 000 08 1 1 4
EXX BC --BC' e o X o X e o o 11 011 001 D9 1 1 4 Register bank
DE -~ DE’ and auxiliary
HL == HL’ register bank
e : exchange
EX(SP),HL H<*(SP+1) e e X e X e e s 11 100 011 -E3 1 5 19
L+ (SP)
EX(SP),iX X+~ (SP+1) o o X o X e e o {1 011 101 DD 2 6 23
Xy *+= (SP) 4 i 11 100 011 E3
EX (SP). IY IYy+*{SP+1) o e X o X e e o 11 111 101 FD 2 6 23 g
IYL == (SP) 11100 011 E3 14
© 9
LDt (DEy~(HL) * o X 0O X ¢ O < 11 101 101 ED 2 4 16 Load (HL) into (=]
DE «~DE+1 10 100 000 A0 (DE). increment
HL>=HL+1 - the pointers and
BC~—~BC-1 decrement the
byte counter
@ (8C)
LDIR (OE)=(HL) o e X 0 X 0 O o 11 101 10t ED 2 5 21 HBC#0
OE ~DE+1 10 110 000 BO 2 4 16 #BC =0
HL = HL+1 =
BC+~BC=-1
Repeat until
BC=0
@
LOD (OE)—(HL) = o X 0 X $ O e 11 101 101 ED 2 4 16
DE<~DE-1 10 101 000 A8
HL = HL~1 ’
BC+BC-1 @
LDDR DEy«~(HY) e o X 0 X 0 O e 11 101 101 ED 2 5 21 fBC#0
DE-DE-1 10 111 000 B8 2 4 16 f8C =0
HL=HL=-1,
BC~BC-1
Repeat untit '
BC=0 . @
©)
CPI A - (HL) ¢ P X8 X ¢ 1 e 11 101 101 ED 2 4 16
HL -~ HL+1 10100 001 A1
BC-BC-1

NOTE: (D PN RagisOittherasut of BC~1 = 0, otherwise P/V = 1,
@ PN flagis 0 only at compleion of instruction.
@ Z%agis1itA = HL otherwise Z = 0.



EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (Continuea)

.

Symbollc Flags Opcode No.of No.of M No.ol
Mnemonic  Operation L 4 H PIVN C 76 543 210 Hex Bytes Cycles States Comments
©) O]
CPIR A -~ (HL) 8 X ¢t Xt 1 e 11 101 101 ED 2 5 21 tBC » 0and
A 4 (HL)
HL = HL+1 10 110 001 81 2 4 16 IHBC =0or
BC-BC-1 A = (HL)
Repeat unti
A = (HL)or
BC=0
A 0
CPD A~ (HL) SC::)X t X 1t 1 ¢ 11 101 101 ED 2 4 16
HL —HL-1 1@ 101 001 A9
BC—BC-1
©) O]
CPDR A~ (HL) X 8 Xt 1 e 11 101 101 ED 2 5 21" IfBC#0and
A (HL)
HL—=HL-1 . 10 111 001 B89 2 4 16 118C = 0 or
BC~BC~1 A = (HL)
Repeat until
A = (Hi)or
8C=0
NOTE: (@ PNV HagisQiftneresult of BC -1 = O, otherwise PV = 1,
Q@ PV ftag is 0 only at completion of instruction.
@ Zfagis 1A = (HL), otherwise Z = 0.
8-BIT ARITHMETIC AND LOGICAL GROUP
Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation s 2z H PIVN C 76 543 210 Hex Bytes Cycles States Comments
ADDA, A=A+r P8 X 8 X Vo o10 t 1 1 4 f Reg.
ADDAn  A=A+n ¢t X t X V O ¢t 1 {000] 110 2 2 7 000 B
-n—~ 001 (o]
010 D
ADDA(HL) A«=A+MHL) ¢ ¢ X ¢ X V O ¢t 10 110 kY. 2 7 011- E
ADDA, (IX+d)A—=A+(IX+d) ¢ ¢ X ¢ X V 0O ¢ 11 011 101 DD 3 5 19 100 H
10 110 100 L
-a- 11 A
ADDA,(iY+0)A=A+(Y+d) ¢ ¢ X ¢ X V O ¢t 11 111 101 FD 3 5 19
10 110 -
.—c—o
ADCA, s A=A+s+CYt ¢ X ¢ X V 0 ¢ sisanyofr,n,
SuBs AwA-~s t X X Vo1 (HL), (X +3),
SBCA, s A-A-s-CY$t ¢ X ¢ X V 1 (Y +d) as
ANDs A=A>s t t X1 XPOO shown for ADD
ORs A~=A>s t ¢t X0XPOO instruction. The
XORs. A~ Ass t ¢+t X0 XPoOO indicated bits
CPs A-s b X $TX Vo1 oM replace the
[000] inthe

ADD set above.



8-BIT ARITHMETIC AND LOGICAL GROUP (Continued)

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Opermation s Z H PVN C 76 543 210 Hex Bytes Cycles States Comments -
INCr rer+1 $ $ X ¢t XV O e 00 1 1 4
INC (HL) (HL) =
(HY +1 t t X ¢ XV 0o s 00 110 [i00] 1 3 1
INC(X+d) (X+d)~ ¢ $ X 8 XV 0 e 11 011 101 DD 3 6° 23
(IX+d)+1 o0 110 100}
-
INC(Y+d) (IY+d) = $t 3 X $ XV O e 11 111 101 FD 3 6 23
oY +d)+1 0o 110 [100]
~-d- -
DECm mem-1 $ 8 X 8 X V1. 101

NOTE: misany of 7, (HL), {IX +d). (IY + d) as shown for INC. DEC same format and states as INC. Replace with in opcods.

GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

Symbaile Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation s Z H PVN C 76 543 210 Hex Bytes Cycles States Comments
DAA @ ¢ ¢ X ¢t X P o ¢ 00 100 111 27 1 1 4 Decimal adijust
accumutator.
CPL A=A % o XET Y Mooy LSS OORFIDTESING, 2k 1 1 4 Complement
accumulator
. (one’s
complement).
NEG A=0-~A $ 4 X ¢ X V.1 ¢ 1t 101 101 ED 2 2 8 Negate acc.
01 000 100 44 (two's
complement).
CCF CY «CY ¢ o X X X e 0 ¢t 00 111 111 3F 1 . J 4 Complement
carry flag.
SCF CY=~1 e o X 0 X o 0 % 00 110 111 37 1 1 4 Set carry flag.
NOP Nooperation o e X o X o e e 00 000 000 00 1 1 4
HALT CPUhalted ¢ o X o X e o o 01 110 110 76 1 1 4
Ol » IFF =0 e o X o X e e o 11 110 011 F3 1 1 4
El » IFF 1 e o X o X e o o 11 111 011 FB 1 1 4
IMO Setinterrupt = e X e X e e e 11 101 101 ED 2 2 8
mode 0 01 000 110 46
M1 Setinterrupt o o X e X e e e 11 101 101 ED 2 2 8
mode 1 01 010 110 55
M2 Setinterrupt e e X e X e e e 11 101 101 ED 2 2 8
mode 2 01 011 110 SE

NOTES: @ converts accumulator content into packed BCD following add or subtract with packed BCD operands.
IFF indicates the interrupt enable flip-flop.
CY indicates the carry flip-flop.

+ indicates interrupts are not sampied at the end of Ei or D1,
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16-BIT ARITHMETIC GROUP

Symbolic Flags Opcode No.ot No.ofM No.of T
Mnemonic  Operation S 2 H PWVN C 78 543 210 Hex Bytes Cycles States Comments
ADDHL.s_s HL+~HL+ss » ¢ X X X » 0 ¢ 00 ssl- 001 1 3 11 ss Hﬂ.
00 BC
ADCHL.ss HL=— 01 DE
HL+ss+CY ¢ ¢ X X X V 0 ¢ 11 101 101 ED 2 4 15 10 HL
01 sst 010 1" sP
SBCHL,ss HL<- .
HiL-ss=CY ¢ ¢ X X X V 1 ¢ 11 101 101 ED ~ 2 4 15
01 ssO 010
ADDIX.pp IX=IX+pp ¢ o X X X o 0 $ 11 011 101 DD 2 4 15 [a]e] Reg.
01 ppl 001 ‘00 B8C
. 01 DE
10 X
11 SP
ADDIY,r  [IY=IY+rr o o X X X e 0 ¢ 11 111 101 FD 2! 4 15 1 Reg
00 1 O 00 BC
INC ss ss*+ss+1 e o X e X e o o (0 ssO 011 1 1 6 01 DE
INCIX IX=1IX+1 ¢ o X o X e e e 11 011 101 DD 2 2 10 10 Y
100 011 23 1 sP
INCIY 1Y ~=lY+1 e e X e X o e o ii 111 101 FD 2 2 10
00 100 01t 23
DEC ss ss+~ss—1 e o X = X e e o 00 sst O1Y 1 1 6
DECIX IX=1X-1 o o X e X e e o 11 011 101 OO 2 2 10
00 101 011 2B
DECIY 1Y =1Y -1 e o X o X o e« ¢ 11 11t 101 FD 2 2 10
00 101 011 28
ROTATE AND SHIFT GROUP
Symbollc Flags : Opcode No.of No.otM No.ofT
Mnemonic Opecation s 2 H PIVN C 76 543 210 Hex Bytes Cycles States Comments
aca E-T=- -« x 0o x .0t 00 00 111 07 1 1 4 Rolatelen
' circular
accumulator.
RLA a—=3d « « x 0 x « 0 ¢ 00 010 111 17 1 1 4 Rotatelet
‘ accumulator.

RACA @E} e o X 0O X o 0 ¢ 00 001 111 OF 1 1 4 Rotate right

circular
accumulator.

RRA .. [er] » ¢ X 0 X « 0 ¢t 00 O 111 IF 1 1 4 Rotate right
accumulator.



ROTATE AND SHIFT GROUP (Continued)

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic Oparation s Z H PWVN C 76 543 210 Hex Bytes Cycles States Comments
RLCr t § X 0 X P O*: 11 001 011 CB 2 2 8 Rotate left
00 r circular
. register r.
RLC (HL) t ¢ X 0X P 0 ¢ 11 001 O11 CB 2 4 15 Reg.
00 000 110 000 B
00t C
ALC (X +4d) ¢ ¢ X0 X P O ¢ 11 011 101 BD 4 6 23 010 D
L(HL),(IX + d).4Y + d) 11 001 011 CB 011 €
~d- 001 H
00 110 101 L
1M1 A
RLC(IY +d) $ $ X 0 X P O § 11 111 101 FD 4 6 23
11 001 011 CB
Rads Rnd Instruction
T = = 00 110 format and
AL m : t X 0 X P o ¢ states are as
me=r(HL(IX +d)(Y +d) shown for
ALCs. To form
ARCm -—. t ¢t X0 XPO ¢ new opcode
‘m=((HL),(X +d),0Y + d) replace(G00)
or RLCs with
shown code,
RRmM — H + s x 0 x P oo 3
m = r,(HL),(X + d),0Y + d)
SLAm [&l—{7—sJeet ¢t X 0O X P O ¢
m=r(HL),(IX + d).0Y +d)
csram (=T ¢+ + x 0o x P o ¢ ‘
mar(HL)L(IX+d),(0Y +d)
sRLm e{7=e}—{] ¢t ¢ x 0 x P 0 ¢ T
M= ((HL),0X + A).0Y + ) - '
RLD E@] $ $ X0 X P O ¢ 11 101 101 ED 2 5 18 Rotate digit
' W ot 101 111 6F feft and
’ right between
the accumu-
lator and
’ — location (HL).
RRD - IZII!IIZI!:I t ¢+t X 0 X P 0O o 11 101 101 ED 2 5 18 The content
* 7 01 100 111 67 of the upper
halt of the
accumulator

is unatfected.
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BIT SET, RESET AND TEST GROUP

Symbolic Flags Opcode No.of No.ofM No.otT
Mnemonic Operation S H P/VN C 768 543 210 Hex 8ytes Cyclas States Comments
3iTo.r Z>1ry X 1 X X 0 » 1t 001 011 C8 2 2 8 r Reg.
a1 b r o0 8
BIT b, (ML) Z —{HL)y X 1 X X 0 ¢« 11 001 011 CB 2 3 12 001 C
o1 b 110 010 O
aITh.(X+d)y Z-(IX+Q)p X 1 X X 0 « 11 011 101 DD 4 5 20 011 E
11 001 011 C8 100 H
e 101 L
Q1 b 110 1M1 A
b Bit Tested
BITb.(IY+d)p Z+(IY+0)py X 1t X X 0 e 11 111 101 FD 4 5 20 c00 0
1 001 011 CB oot 1
- 00 2
(o} 5 10 011 3
SETb.r fh*1 . e X e o ¢ 11 Q01 Ot1 CB 2 2 8 100 4
[ETIEEE 101 5
SETb. (HL) (HL}y ~ 1 . e X e s o 311 001 Q011 CB 2 4 15 110 6
01 o 110 n 7
SETD. (IX+a) (X+d)p—1 e e X e e o 11 011 101 0D 4 6 23
11 00 011 CB
-g=—=
01 o 10
SETL.(IY+a) (IY+Q)p=1 = - X e e e 1t 1M1 100 FD 4 ) 23
‘1 001 011 C8
-
0 o 1o
RESDb.m my =0 . e X o o @ @ To form new
mar, (HL), cpcoae replace
(1X+a), (1Y +q) [JotsETD, s
~n{10] Flags
anadume
states for SET
instrucuon.

NOTE: The nctaton my, incicates locanonm, ot 8 (010 7).
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JUMP GROUP
Symbotic Flags Opcode No.of No.ofM No.of T
Mnemonic Operation S Z H P/VN C 78 543 210 Hex DBytes Cycles States Comments
JPnn PC=nn e o X o X e o o {11 000 01t C3 3 3 10 c¢c  Condition
~-n-- 000 NZ(non-zero)
—n- 001 Z(zero)
JPee.nn  lfcondiioncc © o X e X e e e 11 c¢cc 010 3 3 10 010 NC (non-carry)
is true PC+nn, ~n- 011 C(carry)
otherwise —n- . 100 PO (parity odd)
continue 101 PE (parity even)
JRe PC—PC+e ¢ o X e X o o o 00 011 000 18 2 3 12 110 P (sign positive)
~g-2- 111 M(sign negative)
JRC.e fC=0, e o X o X o o o 00 111 000 38 2 2 7 If condition not met.
continue —g-2-
HC=1, 2 3 12 If condition is met.
PC+PC+e
JANC,e IFC=1, e o X o X o ¢ ¢ Q0 110 000 30 2 2 7 If condition not met.
continue g2 3
HC=0, 2 3 12 {f condition is met.
PC+PC+e
JPZ e 1Z=0 o e X o X o e o 00 101 000 28 2 2 7 I condition not met.
continue -g-2-
$Z=1, 2 . 3 12 If condition is met.
PC~PC+e
JANZ. e ItZ=1, e ¢ X o X e o e 00 100 000 20 2 2 7 It condition not met.
continue ~-a-2—
tZ=0, 3 12 If condition is met.
PC+~PC+e
JP(HL) PC —HL o o X o X o o o 11 101 001 E9 1 1 4
JP (IX) PC = IX e o X o X o o e 11 01t 101 DD 2 2 8
11 101 00t E9
JP (V) PC <Y e o X o X o o o 11 111 101 FD 2 2 8
11 101 001 E9
DINZ,e B-B-1 e ¢ X o X o o ¢ 00 010 000 10 2 2 8 tB=0
1B =0, —g-2-
continue
11 B#0, 2 3 13 If B#0,
PC+PCre -

NOTES: e represents the extension in the relative addressing mode.
e is a signal iwo's complement number in the range < — 126, 129>,
-8 -2 inthe opcode provides an effective address of pc + 8 as PC is incremented by 2 prior 1o the addition of e.



CALL AND RETURN GROUP

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic Operation 4 H P/VN 76 6543 210 Hex Bytes Cycles States Comments
CALLNAn  (SP-1)+«PCH © o X ¢ X o o 1100t 101 CD < 5 17
(SP-2)=PCy - -n-—
PC +=nn, —n-
CALL ce,nn |t condition e o X o X'o o 11 ec 100 3 3 10 lfccis false.
ccis false YA L)y A
conunue, = The 3 5 17 fceistrue.
otherwise
same as
CALL nn =
RET PC L~(SP) = o X ¢ X o « 11001 001 C9 1 3 10
PCH—(SP +1) 1
RET cc If condition s o X o X o o 11 cc 000 1 1 'S lfccis talse.
ceisfalse .t
continue, 1 3 11 Ifccistrue.
otherwise
same as RET cc  Condition
000 NZ(non-zero)
001 Z(zero)
010 NC (non-carry)
RETI Returnfrom o o X o X o o 11101 10t ED. 2 4 14 011 C(carry)
interrupt ' 01 001 101 4D 100 PO (parity odd)
RETN? Returnfrom o o X o X o o 11 101 101 ED 2 4 14 101 PE (parity even)
non-maskable 01 000 101 45 110 P (sign positive)
interrupt 111 M (sign negative)
ASTp SP=1)=PCH ® © X o X o o 1M1t 1 3 1 t p
(SP-2)=PCy, 000 OCH
PCq+0 001 O08H
PCL=p 010 10H
011 18H
100 20H
101 28H
110 30H
111 38H

NOTE: TRETN loads IFFp ~ IFF,



INPUT AND OUTPUT GROUP

Symbolic Fings Opcode No.of No,ofM No.of T
Mnemonie Operation 8 Z H PNN C 78 543 210 Hex Bytes Cycles States Comments
INA (n) A<+(n) o o X o X e o ¢ 11 01t 01 DB 2 3 bR nloAg~ Az
-—n- Acc.toAg~ Aqg

INT, (C) r(C) $ ¢t X8 XP O 11 101 101 ED 2 3 12 CloAg~ Ay
ifrw 110 0nly 01 r 000 BioAg~vAgg
the flags will
be atfected

INI (HL) = (C) Xt X XXX 1X 11 101 101 ED 2 ° 4 16 CtoAg~ A7
B=~B-1 10 100 010 A2 BtoAg~Ags
HL=HL+1 @

INIR (HL) =~ (C) X1 XX XX 1 X 11 10t 101 ED 2 S 21 CtoAg~A7
B+-B-1 10 110 010 B2 (If B#0O) BloAg~Ass
HL=—HL+1 R 2 4 16
Repeat until” ({B=0)

B=0 @

IND (HL) =~ (C) X+ XX XX 1 X 11 101 101 ED 2 4 16 CloAg~ Ay
B—=8-1 10 101 010 AA BloAg~Ass
HL-HL-1 @ y

INDR (HL) = (C) X 1 X XXX 1X 11 101 101 ED -2 5 21 CloAg~ A7
B+-B-t 10 111 010 BA (It B#0) BloAg~ A5
HL-HL-1 | 2 4 16
Repeat until (fB=0)

Ba0
OUT(n).A (nj=A e o X o X o o o 11 010 011 D3 2 3 11 ntoAg~ Ay
—n-- L Acc.toAg~ Ags
QUT(C).r (C)=r e o X s X e o o {1 101 101 ED 2 3 12 CtoAg~ Ay
01 r 001 BloAg~Ags
oum (Cy = (HY X $ X XXX 1 X 11 101 101 ED 2 4 16 CloAg~ Ay
B~8-1 10 100 011 A3 BtoAg~Ais
HL~HL+1

OTIR (C) «~ (HY) X1 XX XXt X 11 101 100 ED 2 5 21 CtoAg~ Ay
B~B-1 10 110 011 B3 (I B#0) BloAg~ Agg
HL = HL+1 . 2 4 16
Repeat until (i{B8=0)

B=0
©) ,

ouTD (C) = (HY) X P X XXXt X 11 101 .101 ED 2 4 16 CloAg~ Ay
B8«~B-1 10 101 011 AB BloAg~Ays
HL=HL~1

®

OTOR €)=MY X1 XX XX 1 X 11 101 101 ED 2 5 21 CtoAg~ Ay
Be-B-1 10 111 o1 (1 B»0) BloAg~As
HL = HL-1 2 4 16
Repeat untif (11B=0)

Ba0
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SUMMARY OF FLAG OPERATION

Dy Do . -
Instructions s Z H PV N- C Comments .
ADDA, 5;ADCA, s t ¢ X ¢ X VvV 0 ¢ 8-bit add or add with carry.
SUBS:SBCA,s;CPNEG ¢ ¢ X ¢ X V 1 ¢t  8-bitsubtract, subtract with carry, compare and negate
accumulator .
ANDs ¢t ¢ X 1 X P 0 O Logical operation. °
ORs, XORs i ¢+ X 0 X P 0 O Logical operation.
INCs t X ¢ X V 0 o 8-bitincrement.
DECs 8 X 8 X V1 e 8-bit decrement.
ADD DD, ss e o X X X ¢ 0 16-bit aad.
ADCHL, ss i 4 X X XV 0 ¢ 16-bit add with carry.
SBCHL,ss P8 X X X v 1o 16-bit subtract with carry.
RLA; RLCA; RRA; RRCA e o X 0 X e 0 3 Rotate accumulator.
RL m; RLC m; RR m; t ¢+ X 0 X P 0 ¢ Rotate and shift locations.
RAC m; SLAm;
SRAmM; SRLm
RLD: RRD ! ¢ X 0 X-P Q0 o Rotate digit left and right.
DAA t 3 X ¢t X P e ¢ Decimal adjust accumulator,
CPL P =4 X _BY (B Complement accumulator,
SCF e o X 0 X e 0 1 Setcarry.
CCF o o X K]IX 3l Qa /1 Complement carry.
INr(C) t 8 X 0 X P 0 o Input register indirect.
INI; IND; QUTI; QUTD X X et FXemil o8 Block input and output. Z = 14f B # 0, otherwise Z = O:
INIR; INDR; OTIR; OTDR % Ty XphiXabdXa \X / Y “§* Block input and output. Z = 1if B # 0, otherwise Z = 0.
LOI; LDD K = X700 0728 N =08 p Block transfer instructions. P/V = 1i{ BC # 0, otherwise P/V = 0.
LDIR; LDOR X (X2 NopQmpaxegOgQ [/« Block transfer instructions, PV = 1if BC # 0, otherwise PV = 0.
CPI: CPIR; CPD; CPDR X 8 X X X t°1 Block search instructions. Z = 1if A = (HL), otherwise Z = 0.
PV = 111 BC # 0, otherwise PIV = 0,
LDALLDAR b ¢ X 0 X IFF 0 o IFF. the content of the interrupt enable tiip-flop, (IFF5), is copied
- into the PV flag.
BiTo, s A X ¢t X 1 X X 0 o The state of bit b ol location s 1s copied into the Z flag.
SYMBOLIC NOTATION
Symbol Operation Symbo! Operation
S Signflag. S = 1ifthe MSB of the resuitis 1. $ The flag is affected according to the result of the
Z Zeroflag. Z = 1 if the result of the operation is 0. operation.
PN Parity or overflow flag. Parity (P) and overfiow (V) . The flag is unchanged by the operation.
share the same flag. Logical operations affect o] The flag is reset by the operation.
this flag with the parity of the result while 1 The flag is set by the operation.
anthmetic operations affect this flag with the X The flag is indeterminate.
overflow of the result. If P/V holds parity: P/V = 1 v PNV flag affected according to the overflow result
if the result of the operation is even; P/V = 0 if of the operation.
resultis odd. If P/V holds overtlow, P/V = 1.fthe P PN flag affected according to the parity result of
result of the operation produced an overflow. If the operation.
PV does not hold overtlow, PV = 0. r Any one o the CPU registers A.B,C, D, E. H, L.
H* Half-carry flag. H = 1 if the add or subtract S Any 8-bit location for all the addressing modes

operation produced a carry into, or borrow from,
bit 4 of the accumulator.

N*  Add/Subtract flag. N = 1 if the previous
operation was a subtract.

(o4 Carry/Link flag. C = 1 if the operation produced
a carry from the MSB of the operand or resuit.

allowed for the particular instruction.

ss Any 16-bit location for all the addressing modes
allowed for that instruction.

ii Any one of the two index registers IX or IY.

R Refresh counter. '

n 8-bit value in range < 0, 255 >.

nn 16-bit value in range < 0, 65535 >.

“H and N flags are used in conjunction with the decimal adyust instruction (DAA) to property correct the result into packed 8CO format following addition or

subtraction using . perands with packed BCD format.



PIN DESCRIPTIONS

Aqg-A1s. Address Bus (output, active High, 3-state). Ag-Ays
form a 16-bit address bus. The Address Bus provides the
address for memory data bus exchanges (up to 64K bytes)
and for I/O device exchanges.

BUSACK. Bus Acknowledge {output, active Low). Bus
Acknowledge indicates to the requesting device that the
CPU address bus, data bus, and control signals MREQ,
1ORQ, RD. and WR have entered their high-impedance
states. The external circuitry can now control thess lines.

BUSREQ. Bus Request (input. active Low). Bus Request
has a higher priority than NMI and is always recognized at
the end of the current machine cycle. BUSREQ forces the
CPU address bus, data bus, and control signals MREQ,
I0RQ, RD, and WR to go to a high-impedance state so that
other devices can control these lines. BUSREQ is normally
wired-OR and requires an external pullup for these
applications. Extended BUSREQ periods due to extensive
DMA operations can prevent the CPU from properly
refreshing dynamic RAMs. |

Do-D7. Data Bus (input/output, active High, 3-state). Dg-D7
constitute an 8-bit bidirectional data bus, used for data
exchanges with memory and I/O.

Halt. Hatt State (output, active Low). HALT indicates that the
CPU has executed a Halt instruction and is awaiting either a
nonmaskable or a maskable interrupt (with the mask
enabled) before operation can resume, While halted, the
CPU executes NOPs to maintain memory refresh.

iNT. Interrupt Request (input, active Low). Interrupt Request
is generated by I/0 devices. The CPU honors a request at
the end of the current instruction if the internal
software-controlled interrupt enable flip-lop (IFF) is
enabled. INT is normally wired-OR and requires an external
pullup for these applications.

1ORQ. /nput'Output Aequest (output, active Low, 3-state).
ICRQindicates that the lower half of the address bus holds a
valid I/O address for an /O read or write operation. IORQ is
also generated concurrently with M1 during an interrupt
acknowledge cycle to indicate that an interrupt response
vector can be placed on the data bus.

M1 Machine Cycle One (output, active Low). M1, together
with MREQ, indicates that the current machine cycle is the
opcode fetch cycle of an instruction execution. M7, together
with IORQ, indicates an interrupt acknowledge cycle.

MREQ. Memory Request (output, active Low, 3-state).

MREQ indicates that the address bus holds a valid address
for amemory read or memory write operation.

NMI. Non-Maskable Interrupt (input, negative edge-
triggered). NMI has a higher priority than INT. NMI is always
recognized at the end of the current instruction,
independent of the status of the interrupt enable fiip-flop,
and automatically forces the CPU to restart at location
0066H.

RD. Read (output, active Low, 3-state). BD indicates that the
CPU wants to read data from memory or an IfO device. The
addressed I/O device or memory should use this signal to
gate data onto the CPU data bus.

RESET. Reset (input, active Low). RESET initializes the CPU
as follows: it resets the interrupt enable flip-flop, clears the
PC and Registers | and R, and sets the interrupt status to
Mode 0. During reset time, the address and databus gotoa
high-impedance state, and all contro!l cutput signals go'to
the inactive state. Note that RESET must be active for a
minimum of three full clock cycles before the reset operation
is complets. '

RFSH. Refresh (output, active Low). RFSH, together with
MREQ, indicates that the lower seven bits of the system’s
address bus can be used as a refresh address to the
system's dynamic memories.

WAIT. Wait (input, active Low). WAIT indicates to the CPU
that the addressed memory or I/O devices are not ready for
a data transfer. The CPU continues o enter a Wait state as
long as this signal is active. Extended WAIT periods can
prevent the CPU from refreshing dynamic memory properly.

WR. Wite (output, active Low, 3-state). WH indicates that the
CPU data bus holds valid data to be stored at the addressed
memory or I/O location.

0d3 632



CPU TIMING

The 280 CPU exacutes instructions by proceeding through
a specific sequence of operations:

8 Memory read or write
m /O device read of write
| Interrupt acknowledge -

The basic clock period is referred to as a T time or cycle, and
three or more T cycles make up a machine cycle (M1, M2 or
M3 for instance). Machine cycles can be extended either by
the CPU automatically insarting one or more Wat states or
by the insertion of one or more Wail stales by the user.

Instruction Opcode Fetch. The CPU places the contents
of the Program Counter (PC) on the address bus at the start
of the cycle (Figure 5). Approximately one-half clock cycle
later, MREQ goes active. When active, RD indicates that the
memory data can be enabled onto the CPU data bus.

The CPU samplas the WAIT input with the falling edge of
clock state To. During clock states T3 and T4 ¢f an M1 cycle,
dynamic RAM refresh can occur while the CPU stants
decoding and executing the instruction. When the Refresh
Control signal becomes active, refreshing of dynamic
memory can take place.

- T E Tu® T Te
. 5 ‘ ] » §
cLock J .@—( \r \ / S \ ! /
~@ 3 ) l '
Ao-Ays sc '”ﬁ AEFRESN ADDA
S !
o ® @1 &
WMHEQ X /4 5
O W
"o o e
e L7
1§ ,@.1
=T\ - /
~ @ ol ~|-o
Do-07 - VA -y ”:: )QALID DATA X
o *J:®
_ . °_
*Tw = Wail cycle added when y lor siow Y davi

Figure 5. Instruction Opcode Fetch



Memory Read or Write Cycles. Figure 6 shows the timing  becomes active whenthe address bus is stable. The WH line
of memory read or write cycles other than an opcode fetth s active when the data bus is stable, so that it can be used
{M7) cycle. The MREQ and RD signals function exactlyasin  directly as dn R/W pulse to most semiconductor memories.
the fetch cycle. In a memory write cycle, MREQ also

J T 3 T2 Tw‘ Y,] -

cLock _/y-_\ i \ / N ‘_/
, s,

Nos o=

Ag-Ass ) é:;o‘wousss
g/ ToF

TS e / A

O = HFe A @

. ) 7/
AZAD ..I@-_
OPERATION A w ‘@ @) |4
rgd {
Do-D7 X (Ll ] Q) ' vauio
—\ A ), &5
| —
WA .
WRITE ‘_@_.
OPERATION
7L
S f
Do-Dy DATA OUT
,’;

. Figure 8. Memory Read or Write Cycles
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Input 6r Output Cycles. Figure 7 shows the timing foran  extra Wait state allows sufficient time for an 1O port to
1O read or /O write operation. During /O operations, the  decode the address from the port address lines.
CPU automatically inserts a single Wait state (Twa). This

T, Twa Tw Ty - )
N |
€LOCK J \ ' EL/ \ s z -
) 9, ®
P o f—
Ao-A . VALID PORT ADDRESS
0-A7 X X ?(
2] = @ - i
10RQ E —L /-
—® s o s o)
o] \ov b ia- i
WA : WO R
X _..@<_
5 \ A ¥®
uo c O
READ - = (¢D 4
OPKRATION @ l vy S5 B "
Do-07 f W ‘{ vy J D‘AL“B 4
—e ) ——l®l<-
!
WA 5 /( ~@~
uo (35
WRITE 2 ®
OPERATION vy
Do-0y ———— p DATA OUT - —
M r 7

Twa = One wail cycle sulomatically inserted by CPU.

Figure 7. Input or Quiput Cycles



Interrupt Request/Acknowledge Cycle. The CPU
samples the interrupt signal with the rising edge of the last
clock cycle at the end of any instruction (Figure 8). When an
interrupt is accepted, a special M1 cycle is generated.

During this M1 cycle, TORQ becomes active (instead of
MREQ) to indicate that the interrupting device can place an
8-bit vector on the data bus. The CPU automatically adds
two Wait states to this cycle. ’

Tu T T2 Twa ‘ Tw Ty
AV avaAValaVaVWall
1 k. k24
-®
Nt .
' ® ®
Ag-Ars )] [ ’:’:
-® @
M1 Yt /£ }
] @ -— — @)
ioRa 7o\ f =
) —4| ¢.@ ..@ L.
7 @:l ~ J, NN
WATT AN
- <-@ . » @-m -— 2
Do-D7 £ 7} 1! ’: ':’ XvaLiD paTa C

NOTES: 1) T = Last state of any instruction eycle,
2) Twa = Walt cycle sulomaticaily inssried by CPU,

Flgure 8. Interrupt Request/Acknowledge Cycle

A

Non-Maskable interrupt Request Cycle. NMI is sampled
atthe sama time as the maskable interrupt input INT but has
higher priority and cannot be disabled under software
control. The subsequent timing is similar to that of a normal

memory read operation except that data put on the bus by
the memory is ignored. The CPU instead executes a restart
(RST) operation and jumps to the NMI sarvice routine
located at address 0066H (Figure 9).

- LAST M CYCLE :
. T T n n 1) p 1 -
cgocx—/__\_/_-\__/’ ﬂ / \ J \ / \ /
- .---....-®'<~_....-._._...._-..___.._.. ________ B AR QP
o
Ae—Ats " REFRESN
-~ @ -~ @ .
1
) 4@
@ - @ @
WS
X3 _A‘
- @ f=- il -
I

A gh Niti s an sey lagut, to g Ite beldg
of 1he Clook cycle preceding the lset siats of sny instruction cycle (Tu).

onhe

e cycle, ANt taliing edge musi occur na lstar than lhe rising sdge

Figure 9. Non-Maskable Interrupt Request Operation



Bua Request/Acknowledge Cycle. The CPU samples
BUSREQ with the rising edge of the last clock period of any
machine cycle (Figure 10). If BUSREQ is active, the CPU
sets its address, data, and MREQ, IORQ, RD, and WR lines

to a high-impedance state with the rising edge of the next
clock pulse. At that time, any external device can take
control of these lines, usually to transfer data between
memory and 1/0 devices.

) Tum Tx Tx Tx
cLocK \_’J ’
: o~{1~|
susnEa \ 4‘ $
Ve 4
' . l 74
~® |~
BUSACX
F
R N FLOAT > 2w wl
Ao-Ass ' 7/ 4
e\ I/ FLOAT S —
Po-Dr 'g 7/
MREO
— FLOAT o
RO, WA et
ioRa . g K
() |
m
RFSH /r
HALT UNCHANGED

NOTES: 1) T_m = Last state of any M cycle,
2) Tx = An arbitrary clock cycle used by requesting device,

Flgure 10. Z-BUS Request/Acknowledge Cycle
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Halt Acknowledge Cycle. Whenthe CPU receivesaHALT  active and remains so untit an interrupt is received (Figure
instruction, it executes NOP states until either an INTor NMI 11). INT will also force a Halt exit.
input is received. When in the Halt state, the HALT outputis -

cLocx

HALY

Halt inatruction i
Recatred

‘A gh NMi Is an asynch Ingut, 10 g its belng Gr on the ol g hine cycle, MNI's tailing edge must occus no
later tnan the rising sdge of the clock cycle preceding the isst state of any instruction cycle (Tu).

Figure 11. Halt Acknowtedgs Cycle

Resat Cycle. RESET must be active for atleastthree clock internal T cycles are consumed before the CPU resumes
cycles for the CPU to properly accept it. As long as RESET  normal processing operation. RESET clears the PC register,
remains aclive, the address and data buses float, and the ~ so the first opcode fetch will be to location 0000H
control outputs are inactive. Once RESET goesinactive, two  (Figure 12).

S g €Vl e nd )

RN

RESET

—~ @ (Ol
AomAts, ; v :
00-07 . }—If_ FLOATY
~ —~ ®
i . o
Ly . ‘
_aran [ S N
BURACK
HALT
Filgure 12. Reset Cycle



AC CHARACTERISTICS?

2s0CPU ZBOACPU  Z80BCPU _ Z80H CPU
Number Symbol Paramater Min Max Min Max Min Max Min Max
1 TeC Clock Cycle Time 400° 250° 165° 125*
2 TCh Clock Pulse Width (High) 180 2000 110 2000 65 2000 S5 2000
3 ™ Clock Pulse Width (Low) 180 2000 110 2000 65 2000 55 2000
4 TIC Tlock Fall Time 30 " 30 20 10
5 TC Clock Rise Time 30 30 20 10
6 TdCr(A) Clock t to Address Valid Delay 145 110 S0 80
7 TJAMMREQN)  Address Valid to MREQ ¢ Delay 125° ' 65° 3s* 20°
8  TACHMREQf) "  Clock ¢ to MREQ 4 Delay 100 85 70 60
9  TdC(MREQr)  Clock tto MREQ t Delay 100 85 70 60
10 TWMREQh MREQ Pulse Width (High) 170* 110° 65° 45°
11 TwMREQI . MREQ Pulse Width (Low) 360° 220° 135° 100°
12 TACKMREQr)  Clock 4 to MREQ ¢ Delay 100 85 70 60
13 TdCHRON Clock 4to AD 4 Delay - 130 95 80 70
14 TdCr(RDY) Clocktto RDt Delay - 100 85 70 60
1§ TsD(Cr Data Setup Time to Clock 50 35 30 30
16 ThD(RDr) Data Hold Timeto RD ¢ 0 0 0 0
17 TSWAIT(CH WAIT Setup Time to Clock ¢ 70 70 60 50
18 ThWAIT(CH WAIT Hold Time after Clock ¢ 0 0 0 0
19 TdCrM11) Clock 1o M1 4 Delay 130 100 80 70
20 TdCrM1r) Clock $to M1 # Delay 130 100 80 70
21 TACrRFSHY)  .Clocktto RFSH 4 Delay 180 130 110 95
22 TACH(RFSHr)  Clock t to RFSH ¢ Delay 150 120 100. 85
23 TdCK(RDr) Clock § to RD t Delay 110 85 70 80
24 TdCr(ROY) Clock Hto RD | Delay 100 85 70 60
25 TsD(CN Data Setupto Clock ¢ during Mg, Ma, 60 50 40 30
Mg, or Ms Cycles
26 TdA(IORQf) Address Stable prior to IORQ 4 320° 180" 110° 75¢
27 TdCr(IORQf)  Clock 1o IORQ ¢ Delay %0 75 65 55
28 TdCIJORQr  LClock 10 /ORQ tDelay 110 85 70 60
29 TdO(WRN Data Stable prior to WA # 190° 80° 25° 5°
30 .TdCI(WRf) Clock $to WR 4 Delay : 80 80 70 60
31 TWWR WR Pulse Width 360° 220° ~135° 100*
32 TdCI(WRr) Clock § to WR t Delay - 100 80 70 60
.33 TdDWRY Data Stable prior to WR ¢ 20° -10° -55° 55°
34 TdCr(WR Clock t to WR 4 Delay. 80 65 60 55
35  TdWRAD) Data Stable from WA t 120* 60° 30° 15° )
36  TdCHHALY) Clock $to HALT tor 300 300 260 225
37 TwNMI NMI Pulse Width 80 80 70 60°
38  TsBUSREQ(Cr) BUSREQ Setup Time to Clock # 80 50 50 40

*For clock periods other than the minimums shown, calculate parameters usi

assumed TiC = TIC = 20 ns,
tUnits in nanoseconds (ns).

ng the table on the loliowing page. Calculatad values above
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AC CHARACTERISTICS! (Continued)

Z80CPU ZBOACPU  ZBOBCPU  ZBOHCPU
Number Symbol Parameter Min Max Min Max Min Max Min Max
39  ThBUSREQ(Cr) BUSREQ Hold Time after Clock ¢ 0 o 0 0
40 ToCHBUSACKN Clock tto BUSACK + Delay - 120 100 90 80
41 TdCHBUSACKr Clock + to BUSACK ¢ Delay 110 100 90 80
42 TdCr(D2) Clock ? to Data Float Delay 90 90 80 70
43 TdCr(CT2) Clock t to Control .O_ufputs Float Delay 110 80 70 60
(MREQ, I0RQ, RD, and WR)
44 TdCrAz) Clock t 10 Address Float Delay 110 90 80 70
45 TdCTHA) MREQ,/ORQ . RD t, and WR t 1o 160° " 80° 35° 20°
Address Hold Time
46  TSRESET(Cr)  RESET toClock t Setup Time 90 60 . 60 45
47 ThRESET(Cr)  RESETtoClock t Hold Time 0 0 0 0
48 TsINTI(Cr) INT 1o Clock t Setup Time 80 80 70 55
43 ThINT(Cn) INT to Clock t Hold Time 0 0 0 0
50  TAMI(IORQNH  MI 410iCRQ ¢ Delay 920° 565* 365° 270°
51 TdCHIORQY Clock § 1o IORQ # Delay 110 85 70 60
52 TaCHIORQr) *  Clock tIGRQ t Delay 100 85 70 60
53 TdCi(D)- Clock ¢ to Data Valid Delay 230. 150 130 115
* For clock periods other than the minimums shown, calculate parameters using the foflowing table. Calculated vaiues above
assumad IrC = TiC = 20 ns.
TUnis in nanoseconds (ns).
FOOTNOTES TO AC CHARACTERISTICS
Number Symbol General Parameter 280 Z80A 2808 Z80H
1 TeC TWCh + TWCl+ TiC + TIC g
7 TAAMREQf) TWCh + TIC -75 ~ 65 -50 -45
10 TWMREQh TwCh + TIC - 30 - 20 -20 -20
1n TwMREQ! TeC - 40 - 30 -30 -25
26 TAA(IORQY) TeC - 80 - 70 -55 -50
29 TAD(WRY) TeC - 210 - 170 -140 ~120
31 TwWR TeC - 40 - 30 -30 -25
33 TdD(WR) TWwCl + TIC * =180 ~ 140 ~140 -120
35 TAWRI(D) ™WCi + TC - 80 -70 -55 -50
45 TACTHA) ™WCl + TC - 40 - 50 -50 -45
50 TAMI(IORQN, . 2TcC + TwCh + TIC - 80 -65 -50 -45
AL Test Conditions:
ViH = 2.0V VoH = 1.5V
ViL = 0.8V VoL = 1.5V
Ving = Vge =06V FLOAT = 0.5V

ViLg = 045V



ABSOLUTE MAXIMUM RATINGS ;

Voltages on all pins with respectio ground .. .0.3Vto +7V
Operating Ambient

Temperature .............. See Ordering Information
Storage Temperature ... ........... -65°Cto +150°C

Stresses greater than those fisted under Absolute Maximum Ratings may
cause permanent damage lo the device. This is a stress rating onty;
oneration of the device at any concition above these indicated in the
operational sections of these specifications is not implied. Exposure to
absolute maximum rating conditions lor extended penods may affect
device reliability. .

STANDARD TEST CONDITIONS

The DC Characteristics and Capacitance sections below
apply for the following standard test conditions, uniess
otherwise noted. All voltages are referenced to GND (0V).
Positive current flows into the referenced pin.

Available operating temperature ranges are:

® S = 0°to +70°C, +4.75V € Ve < +5.25V

® E = —40°Cto +85°C, +4.75V & Vg & +5.25V
R M= —55°Ct0 +125°C, +4.5V < Voo & +5.25V

The Ordering Information section lists temperature ranges
and product numbers. Package drawings are in the
Package Information section in this book. Refer to the
Literature List for additional documentation.

All ac parameters assume a load capacitance of 100 pf. Add
15 ns delay for each 50 ptincrease in load up to a maximum
of 200 pt for the data bus. AC timing measurements are
referenced to 1.5 volts (except for clock, which is referenced
to the 10% and 90% points).

21K

FROM QUTPUT
UNDER TEST

250

100 pf I A

DC CHARACTERISTICS
All parameters are tested unless otherwise noted.

Symbof Parameter Min Max Unit Test Condltion
iLe Clock input Low Voltage -03 0.45 \'
ViHe Clock Input High Voltage Ve~ 6 Veg+.3 v
Vi Input Low Violtage ~-03 0.8 A
ViH Input High Voltage 20! Vee v
VoL Qutput Low Voltage 0.4 v loL=2.0mA
Vo Output High Voltage 2.4! v loH= —250 pA
Icc Power Supply Current 200 mA Note 3
u Input Leakage Current 10 pA Vin=0toVee
o 3-State Output Leakage Currentin Float -10 102 pA Vout=0.4toVee
1. For military grade parts, refer to the Z30 Military Electncal Specﬁcanon
2. Ayg-Ag, D7-Dg. MREQ, IORT. AD, and W,
3. Measurements made with outputs floating.
CAPACITANCE
Guaranteed by design and characterization.
Symbol Parameter Min Max Unit
CeLock Clock Capacitance 35 pt
CiN input Capacitance 5 pf
Cout Output Capacitance 15 pf
NOTES:

Ta = 25°C.f = 1 MHz,
Unmeasured pins returned to ground.
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ORDERING INFORMATION

Z80 CPU, 2.5 MHz

40-pin DIP 44-pin LCC 44-pin PCC

28400 PS ZB400LM*
28400CS Z8400 LMB"t
28400 PE

28400 CE

28400 CM*

28400 CMB*

28400 CMJ*

Z80A CPU, 4.0 MHz

40-pin DIP 44-pin LCC 44-pin PCC

Z8400A PS ZB400A LM*
ZB400A CS 28400A LMB"t
2Z8400A PE

Z8400A CE

28400A CM*

Z8400A CMB*

2B400A CMJ*

Codes

First letter is for package; second letter is for temperature.

C = Ceramic DiP
P = Plastic DIP
L = Ceramic LCC
V = Plastic PCC

TEMPERATURE

S =0°Cto +70°C

E = —-40°Cto +85°C
M*= ~55°Cto +125°C

* For Military Orders, refer to the Muitary Section.
TAvastable soon,

~ 2308 CPU, 6.0 MHz

40-pin OIP 44-pin PCC
-Z84008 PS 284008 VSt
284008 CS
284008 PE

Z80H CPU, 8.0 MHz

40-pin DIP 44-pin PCC
ZB400H PS Z8400H VSt

2] = Protopack

T = Low Profile Protopack

DIP = Duakn-Line Package

LCC = Leadiess Chip Carrier

PCC = Plastic Chip Carrier (Leaded)

FLOW :
B =883ClassB
J = JAN 38510 Class B8



NEC

NEC Microcomputers, Inc. ‘ pP02M

DESCRIPTION

FEATURES

PIN CONFIGURATION

/

16,384 (2K X 8) BIT UV ERASABLE PROM

The uPD2718 is a 18,384 bit (2048 x 8 bit) Ultraviolet Erasabie and Electrically ira
grammable Read-Only Memory (EPROM). It operatss from a single +5 voit wppn,
making it jdeal for microprocessor applications. It offers a standby mode with ;
attendant 75% savings in power consumption, and is compatible with the uPD231ik s
a ROM. This allows for economical change-over to 3 masked ROM for producus
quantities, whare desired.

The uPD2718 features fast, simple one pulse prcgramming controlied by TTL kw
signais. Total programming time for all 16,384 bits is only 100 seconds.

o Ultraviolet Erasable and Electrically Programmable /
e Access Time — 450 ns Max

* Single Location Programming . g
¢ Programmable with Single Pulse

o Low Power Dissipation Standby Mode
¢ input/Output TTL Compatible for Reading and Programming
s Pin Compatible to uPD2316E {16K ROM)

o Single +SV Power Supply

e 24 Pin Ceramic DIP

¢ Three-State Outputs

ar ™~ 24vee 48
A2 23 Ag
as(a 22{4g ‘
Al 213 vpp !
A ds 26 ] OF
g8 H PIN NAMES
A2C o “PD 23 :] A0 AQ-Am Addresses
AaClr 216 18 (] ceram 014 Outout Ensale
ads 1730y 0g-09 Data Ouiputs
LI mE] 16{] Og CE/PGM Chip Enable/Prognm
o, e 15[ 0g
FYmi}] wlJoe
tovi GND (12 1303 .
TABLE 1. MODE SELECTION
PINS

MODE CE/ram Ot Vpr{ Vee | outrurs

Read viL viu *51 5 Ooury

Standby Vin Don’t Care +§ | 5 Hign T

Program Puised V)i to Vi Vi *25 | S ON

Program Vanly vy vie *25 1 oS oour

Pragram Inhibe vig Vin *25 | 5 High 2

VH 3nd V(L a6 TTL high fevel (1) and TTL low level
{0} respectively.



4PD2716

DATA OUTPUTS
VCC O 09-07
GND Ot r - TN
. OF —={"OUTPUT ENABLE .
C P
CE/PGM ——- CHIFE ENABLE AND OUTPUT BUFFERS
-
—nd Y -
p— Y- N
—=  oecooen . GATING
AgA10 :
ADDRESS ¢ . .
INPUTS h— X . 16,384 BIT
—d DECODER . CELL MATRIX
pammony .
1 .
Operating Temperature. . . .. ..ottt it e -10°C to +80°C
Storage TEMPErature . . .. ... e e -65°C to +125°C
Outout VOlage. . . .. oottt e e e s -0.3 10 +6 Volts
hputVoltage. . . ..... 4 .. ... LlCF-nAg [ A\ -0.3 to +6 Volts
Sooly Voltage Vee. ..ot -0.3 t0 +6 Volits
Supply VOItage Vpp. . . ..ottt it e e e -0.3 to +26.5 Volts
PP

COMMENT: Stress above those listed under “Absolute Maximum Ratings”” may cause permanent
avage to the device. This is a stress rating only and functional operation of the device st these or
rv other conditions sbove those indicsted in the operationsl sections of this specification is not
~clied. Exposure 1o absolute maximum rating conditions for extended periods may affect device
wability.

1,225°C
T *25°C:f = 1 MH2
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP { MAX | UNIT | cONDITION
Input Capacitince CiN 4 6 pF Vin=0v’
Output Capacitsnce | CouT 8 12 pF VouTt = 0V

READ MODE AND STANDSY MODE
o0~ 70C; vee O = +sv e 8% vpp D@D «vecroev @

* LT
PARAMETER svusoL | wmin, | TYP. | max, T TEST CONDITIONS
Cutpt High Valtege Vo 24 v 1os © 400 wA
Ovont Low Veltags Vou oas | v 1oL * 2.1 mA
It Kigh Voteagn Vin 20 Vee ¢
ot Low Veltage Vi at os
Oviowt Lashage Curvemy o 10 wA Vour =825V
Inpwt Loskage Curreny W 10 »A VN = 8.2%V
Ypp Corremt Ippy [ ma | vep-sssv
YO @ ecy 10 EY mA iurcn-v,,,é"e = Vyy_ Stendby Moae
leca 87 | 100 mA | CEPCM e vy OF « V), Read Mo

Neotes: G) Ve must be spplisd simultanecusly or before Vpp and removed after Vpp,
- @ Vpp may be connacted directly 10 Ve (45V) st resd mode and standby mode.
The tupply cusrent would then be the sum of Ippy and Ice lices or Icc2).
@ The tolerance of 0.6V sllows 1he use of a driver circuit for switching the Vpp
supply pin from +25V to +5V.

/

BLOCK DIAGRAM

ABSOLUTE MAXIMUM
RATINGS®

/

%APACITANCE

DC CHARACTERISTICS



DC CHARACTERISTICS
(CONT.)

AC CHARACTERISTICS

—\2"

,.LPDZHG

PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE

Te=25°C 2 5°C; voe @D = +8v 1 5% vpp D@ «a28v s v

LiMITS .

PARAMETER SYMBOL Mid | TYP, | MAX. uurt TEST CONDITIONS
1npuat Fegh Voltage Vis 2.0 Veo *V v
Inpus Low Voitage Yo -Q.1 o v
10put Laskage Current i 10 »A Vin * $-23V/046V
Vpp Currom sy s mA | TErGMev) '"': :l:;"

[Py - 0 ma | TR/PGM = v )y Pregram Mo

Vg Curent’ [ 100 mA

READ MODE AND STANDSY MODE  ~
T,=0°C10420°C; Voo D e +sv 1 5%: Vpp D@ - v c 06v @

LIMITS YEST

< PARAMETER SYMBOL | MIN | TYP | MAX | UNIT CONDITIONS
Address 10 OQutput Delay | taCC 450 ns | CEPGM e GE = v
CE/PGM 10 Output Delay|  1cg 450 ns  |OE=vy
OutpyuriEluble 1OF 120 | as |CE/pGM = vy,
to Output Deluy
Qutput Enable High t0F 0 100 i CE/PGM = viL
to Qutput Float
Address to Qutput Hold 1OH 0 ns CE/PGM = OF = v

Test Conditions

Output Load: | TTL gate and C_ = 100 pF

1nput Rise and Fali Times: 20 ns
AAnput Pulse Leveis: 0.8 to 2.2V

Timing Measurement Reference Lavel:

tnputs: 1.0V and 2.0V
Outputs: 0.8V and 2.0V

PROGRAM, PROGRAM VERIEY AND PROGRAM [NHIBIT MODE
2 25°C 1 5°C: Ve Dmesv s 5% v DD v2sv a1y

LIMITS TEST
PARAMETER SYMBOL | MIN| TYP| MAX] UNITS ) CONDITIONS
Address Sewp Time tAS 2 s
OE Sewp Time 10ES 2 ™
Data Setup Time s 2 b
Adcdress Hold Time AR 2 us
OF Hold Time OEN 2 't 1
Data Hoid Time 1OH 2 us
Output Enable to Output Float Delay (6; [} 120 ns CE/PGM = v}y,
Output Enable to Output Oslay W0OE 1200 m CEPGM = v
Program Pulse Width W 45 | S0 5] ms
Program Pulte Rise Time PRY 5 ns
Progran Putse F all Time WwFEY 5 ~
Test Conditions: .
InputPults Levels .......... 0.8V 10 2.2V  -Output Timing Reference Lever-. .08V and ¥
Input Timing Reference Level. . . .. WV and 2V -

Notes: () Vg munt be weting timuitanesusy or before Vpp snd remaved sfier Vpp.
(D Var mov be connecied duscily 1o VCE (56V) ot 100t meds snd steralyy mode.

The sueoly Current wowid 1hen e the s ol ippt and ICC (1CCT o ICCP-

(D Tne totersnce o1 0.8V slioms he uas of & Oriver Curcuit lor Swiching the Vpp
wpely pn trom +28V i1 +8V.

@ During progrsnwming, program miviet. sad Srogram verify, § mexwwum of +26V
thowid e appiwed 10 the Vg P, Oveniiaot voitagss [0 Be gansatsd iy the Vpp
POWEt HaDOIY Showid De Imred e less then *J8V.
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READ MODE
| TIMIN
Ao10 )\ ADORESSES VALID IMING WAVEFORMS
) P tOM
1o s
{ErGm /__
_ T cona
" e
£D ®
b1
. /{;'OAEA_;— 0’)60\ng
+Emn -;® @)
1ACC L——top_-
Oo.7 VALID OUTPUT >——
HIGH IMPEDANCE  \\\\ HIGH IMPEDANCE
PROGRAM MODE /
/A
e——PROGRAM =m——ede— PROGAAM VERIFY  —ul /
‘010 . ADORESS N ADURESS fism
s A 7 P
e tAS ] -——u“ A5 —] /
07 ’ VALID INPUT 3 VALID. W% VALIO INPUT
E' § aooressN LA'&JEEEJ;.HJ' ADDRESSN ¢ m
T L—
2 =lzon tor—=f |~ 1o f
>
0
Emcm /

vou: () OE may be detaved up 10 tACC-10E sfter the siling edge of CE/PGM for resd
mode without impect 0n 1ACC ’

@ 1DF is wocuiod trom OE or CE/PGM, whichever occurs first.
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FUNCTIONAL The uPD2716 operates from a single +5V power supply and, accordingly, is ideal
DESCRIPTION for use with +5V microprocessors such as uPD808S and uPD8048/8748.

OPERATION

READ MODE

STANDBY MODE

PROGRAMMING
MODE

Programming of the uPD27 16 is achieved with 3 single 50 ms TTL pulse. Total o
granming time for ali 16,384 bits is only 100 sec. Dus to the simplicity of the pro-
gramming requirements, devices on boards and in systems may be prcgrmmed easdy
and without any special programmer.

The uPD27 16 features a standby mode which reduces the power dissipation froma
maximum active power dissipation of 525 mW to a maximum standby power dissice
tion of 132 mW. This results in a 75% savings with no increase in access time.

Erasure of the uPD27 16 programmed data can be attainad when exposad to light ma
wavelengths shorter than approximauly 4,000 Angstroms (A). It should be noted v&
constant exposure to direct sunlight or room level fluorescant lighting could srase te
uPD2716. Consequently, if the uPD2716 is 10 be exposed to thess types of lighting
conditions for long periods of time, the uPD27 16 window shoutd be masked to
prevent unintentional erasure. 3
The recommanded erasure procedurs for the pPD2716 is exposure to ultraviolet lig:
with wavelengths of 2,637 Angstroms {A). . The integrated dose (i.e., UV intensity x
exposure time) for erasure should be not less than 15 W-sec/cmZ2. The erasure time &
approximately 15 to 20 minutes using an ultraviolet lamp of 12,000 uW/cm power
rating.

During srasure, the uPD2716 should be placed within 1 inch of the lamp tubes. If te
lamps have filters on the tubes, the filters shouid be removed before erasure.

The five operation modes of the uPO2716 are fisted in Table 1. The power supplies
requirdd are 8 +6V Vo and a Vpp. The Vpp power supply should be st +25V durey
programming, progrsm verilication lnd progsam inhibit, and it should be at +5V
during read and standby. CE/PGM, OE and Vpp select the operation mods ss showt s
Table 1

When CE/PGM and OF are at low (0) level with Vpp at +5V, the READ MODE is
set and the data is svailsble at the outputs after tOF from the fatting edge of OF anc
tACC after setting the address.

The uPD2716 is placed in thé standby mode with the application of a high (1) ltva
TTL signal to the CE/PGM and a Vpp of 45V. In this mode, the outputs are ina
high impedance state, independent of the OE input The active pawer dissipation
reduced by 75% from 525 mW to 132 mW.

Programming of the uPD2716 is commenced by erasing all data and consequenty
having all bits in the high (1) level state. Data is then entered by programming 3 low
{0} level TTL signal into the chosen bit location.

The uPD2716 is placed in the programming mode by applying a high (1) level TTL
signal to the OF with Vpp a1 +25V. The data to be programmed is applied to the
output pins 8 bits in parailel at TTL levels.

Any location can be programmed at any tima, either individually, sequentially o
at random.

When muitiple uPD2716s are connected in parallel, except for CE/PGM; individudl
#PD2716s can be programmed by spplying s high (1) level TTL pulse to the CE/PGY
input of the désired uPD27186 to be programmed.

Programming of muitiple uPD27186s in parallel with the same data is sesily sccon
plished. All the alike inputs are tied together and are programmed by applyings
high (1) level TTL puise 0 the CE/PGM inputs.



1PD2716

Lxramming of multiple uPD2716s in paraiiel with different dsta is rendered more PROGRAMMING
=iy by the program inhlbn mode. Except for CE/PGM, all alike inputs {including OE) INHIBIT MODE

7 te parallel uPD27 163 may be common. Programming is accomplished by applying

HTLlevel program puise to the uPD2716 CE/PGM input with Vpp at +25V. A fow

mipplied 1o the CE/PGM of the other uPD27 16 will inhibit it from being

rqrammed.

1 wrify should be performed on the programmed bits to determine that the datawas PROGRAM VERIFY MODE
=mectly programmed on all bits of the uPD2716. The program verify can be per-
med with' Vpp at +25V and CE/PGM and O at low (O} levels,

“edata outputs of two or more 2PD27 165 may be wire-ored together to the same OUTPUT DESELECTION
T2 bus. In order to prevent bus contention problems between devices, all but the
racted tPD27 165 should be deselected by raising the OF input to a TTL high.

| 2 13 PACKAGE OUTLINE
_Eu:u:;nnnnnnnnnS _uPD2716D

1

N

UUUUUUUUUUUU

12

CERAMIC
1ITeM | MILLIMETERS INCH
A 315 MAX. | 1.32MAX. .
8 | 278 1.1
c 2.54 0.1
) 0.46£0.10 | 0.018£0.004
E 27.94 -1.10
F 1.3 0.05
"G 254MIN. | 0.1 MmN,
H 0.5 MIN. 0.020
| 5.0 MAX. 0.20
J 55MAX. | 0.218
K 15.24 0.60
L 13.5 0.53
+0.004
M| 025?010 a0l 00

27160S-12-80-CAT



CMOS Microprocessors, Memories and Periphera

CDM6116A :
CMOS 2048-Word by 8-Bit
AT =t | 24 p— v, .
w—l2  asf—ae Static RAM
:: ] : §f : % Features:
as —1 8 20— 38 - Fglly static operation s [ndustry srandard'24-pin contias
22— s o l— al0 ‘m Single power supply: 45V to55V = Chip-anable gates address bu': 1 -
Al — 7 18— & s All inputs and outputs diractly TTL minimum standby current
A0 =1 8 17— rs08 compatible s Data ratention voltage: 2V ma
1701 — 9 16 jm Ts07 s 3-state outputs
I/02 —f10 8 — 1706 CDM6116A-2|/CDM6E116A-3|COMB116A-9]
Ls03 — 1t |4 f— /03 Access Time (max.) 200 ns 150 ns 250ns |
Vss = ':OP wﬂ:’ [ /04 Output Enable Time (max.) 120 ns 60 ns 150ns |
2263~ 36942 Operating Temperature 0° to +70°C F40° to +85°G
Operating Current (max.) 35 mA 35 mA 40mA |
TERMINAL ASSIGNMENT Standby Current 5
loosy (Mmax.) 30 A 50 uA 100 uA

The RCA-CDM6116A is a CMOS 2048-word by 8-bit static
random-access memdry. It is designed lor use 1n memory
systems where high-speed, low power and simplicity in use
are desirable. This device has common datainputs and data
outputs and utilizes a singie power supply o14.5Vto5.5V. A
chip-enabdle input and an output-enable input are provided
for memory expansiori and output butter control.

The chip enable (EE-) Qates the address and autput butfers
and powers down the chip to the low powar standby mode.

The output enable (OE). controis the output bultes ..
eliminate bus contention.

The COME116A-2 and CDM6E116A-3 have an cfés. .
temperaturerange 0/ 0° t0 +70°C. The COM6116A 3w«
operating temperature range of =40° to +85°C.

The COME116A-2 and CDM6116A-3 are supplied n i v
lead dual-in-line plastic package (€ suffix). Tha <5+
6116A-9is suppliedin a 24-lead dual-in-line plastic pazw
(E suffix) and a 24-lead dual-in-line side-brazed cea-u
package (D suffix).

a10—— = —— —— T/08
- a9y — — | — f—m— £/07
a8 — g | — — 1/06
AT=—1 neur_ [ Xy 1 | r128xt28 [ r— L/08
A6 —— AODRESS +—— DECODE | MEMORY k1 OUTPUT |—— 1/04
BUFFERS MATRIX OATA
AS — — ] ] eufFFers [ L/03
a4 —— = | | — — zs02
AS ——di - | e — 1/01
42 —f . |
Al = A
40 enage | ]
e — RO Q—Q:DD
we —] conrro s
14
92UN-3694)
Fig. 1 - Functional block diagram.
TRUTH TABLE m A twonf kL
—_— — —— DEVICE
CE OE WE A0 TO A10 MODE 1/01 TO I/08 CURRENT
H X X X NOT SELECTED HIGH Z STANDSY
L L H STABLE K C_READ-> DATA QUT ACTIVE
L H L STABLE ' WRITE ~ DATAIN ACTIVE
L L L STABLE 7 WRITE™.. DATAIN ACTIVE
v =
L=LOW H=HIGH X=HorL .
Ayt d -
R A (AP



‘mdom-Access Memories (RAMs)

CDM6116A
LYUM RATINGS, Absolute-Maximum Ratings
*#LY-VOLTAGE RANGE, {Voo):
58 110r8NCOG 10 Viie 1BIMINBI) . uuuteteeteteeerennaneteeieeianeeeennnaseenseeeennnnnnseaesesnnnnnneeseeesnnnes -03to+7V

LIIOLTAGE RANGE. ALL INPUTS Lottt it iitee e aaneeeasnnareeaannessannn -03t10+7V
AT CURRENT, ANY ONE INPUT Lot ittiiiitrteieeeaseanaensseenaneanseenseerneeeanneraaaneeanaseeennsseans £10 mA
Z3DISSIPATION PER PACKAGE (Pp):

72 -40" 10 +60°C (PACKAGE TYPE 3

-1 +60° t0 +85°C (PACKAGE TYPE E)..............

T80 10 4B5° C (PACKAGE TYPE D) .vtiinitraeentt e ieeetnt et et ann e e e e e e e e e aneeinnas
‘ZDISSIPATION PER OUTPUT TRANSISTOR
*“ s FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ....oevvevnennnnrnenanss PN 100 mW

“HING-TEMPERATURE RANGE (Ta)

DUTEA-2, CDMBT1BA-3 [PACKAGE TYPE B} t.otitunniiinnainnasnreeteeseraemeenssssnnsasesesseseesenennenunns 0to +70°C
E118A-9 (PACKAGE TYPES D.E)..ovvvrninvnnenninnnns.s A . T -40 to +85°C

THGE TEMPERATURE RANGE (Tutg) e e e vt tennnannansonesaesnnnanonnnneeesossasioinnmneeeestosinenseesseserannns -5510 +125°C

< "EMPERATURE (DURING SOLDERING):
£3InCe 1/16 2 1/321in. (1.59 £ 0.79 MmM) 1rOm Case 107 10 8 MBX.  ..ouuiieesnnseunaesaenesnneeesinmuneeenesensonaenenn L, +265°C

ATING CONDITIONS at Ta = 0 10 +70°C, {(CDMB1156A-2, COMS118A-3); Ta = -40° to ¢85'C (COMB118A-9)
+=1imum rellabHity, operating conditions should be selected so that operation Is slways within the following ranges:

LIMITS,
CHARACTERISTIC ALL YYPES UNITS
MIN. MAX,
“Ooerating Voltage Range 4.5 5.5
s.tVoltage Range Vi 2.2 Voo + 0.3 = W
. Vi -0.3 Pl
-:.+ Signal Rise or Fall Time A t.t - S us
- vgnal nse and fall times longer than the maximum value can cause loss of stored data in the selected mode.
""CELECTRICAL CHARACTERISTICS at Ta = 0 to +70°C (CDMB116A-2, CDOM6116A-3);,
40" 10 +85°C (COM6116A-9), Voo = 5 V £ 10%, Except a3 noted
LIMITS
“ARACTERISTIC CONDITIONS CDM6116A-2 CDM6118A-3 CDM6118A-9 UNITS
MIN.[ TYP.® MAX./MIN.| TYP.® [MAX.|MIN.} TYP.* MAX.
-2y Device  loos CE = Vi —{o0s | 2f—fo0o6 |2]—|03|2]ma
ent looss CE = Vgo-0.2 V —= b)) A 30 | — 1 SO | — ! 100] wA
:.1Voltage lo. = 2.1 mA — - 04| — - 04| — — 0.4 v
s Level VoL Max. |[tou= 1A - 0.1 P 0.1 I 0.1 —
.4 Voltage low = =1 MA 24| — | —f24| — [ —j24] ~ | -] |
TLevel o Min, [ low = -1 uA — Moo-0.1 | = | = Moo-0.1| = | = Noo-0.1| —
| Leakage Voo =55V — | 200 | 22| — | 20| 22| — | 201 | %2
-.ment 1 Max, Vin =2 0 V to Voo - i ”A
“ e Output CE or OE = Vi
e - 0.5 | £2} — +05 | 2| — 0.5 | 2| |
{ t.ent lout Vin 20V 1o Voo
i
-
t e ceq Vin = Vi, Vin - 20 5 | -~ 20 35 | — 28 40 mA
1 ~ent loren®
i
- Vinz0V, —- - 4 - 4 * 6
{J'lcﬂlnca Cin f=1MHz, Ta=25C 4 6 & pF
i _
Vig=0V, —_ —_ —_ 6 8
Cio_ |1=1MHz Ta=25°C 6 |8 S

{ s:¥lvalues arefor Ta = 25° C and nominal Voo. ¥Outputs open circuited; cycle time = Min. teycie, duty = 100%.




CMOS Microprocessors, Memorles and Perlphen,
CDM6116A : '

SIGNAL DESCRIPTIONS . ~

A0-A10 (Address Inputs): These inputs must be stable priorto a write operation, but may change asynchronously ¢urv;
read operations. . K
1/01-1/08: 8-bit tristate data bus.
__CE(Chip Enable): Powaers down chip, disables Read and Write tunctions, and gates off.address inputs.
OE (Qutput Enable): Enables tristate outputs if CE is low and WE is high. — .
WE (Write Enable): EnablesWrite tunction, it CEis low. WE will dominate if both WE and OF are low (i.e.,thebus u.
be tristated and a Write will occur).
Voo. Vss: Power supply connections.

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 0to ~70°C (COM6116A-2, CDM6116A-3);
Ta=-40° 10 +85°C (COMS116A-9), Voo = 5 V + 10%,
Input t,, te = 10 ns; CL = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 Vic 2.4 V

umits”
CHARACTERISTIC CDMB116A-2 CDOM6116A-3 COM6116A-9 jUN"S

Read Cycle Times Ses Fig. 2 MIN.Y | MAX. | MIN.T | MAX. MIN.T | MAX
Read Cycle Time tac 200 —_ 150 - 250 -
Address Access Time - taa - 200 - 150 - 250

Chip Enable Access Time lace | — 200 - 150 - 250

Chip Enanble to Output Active tex .15 ! —_ 15 - 15 -
Output Enable to Qutput Valid togy - 120 - 60 - 150 .
Qutput Enable to Output Active toex 15 — 15 - 15 -

Chip Disable to Qutput “High 2" tens 0 60 | o 50 0 80
Qutput Disable to Output "High 2" tomz 0. 60 0 50 0 80
Output Hold from Address Change ton 15 E 15 - 15 -

Time required by a limit device to allow for the indicated function.

AODRESS ‘)
7 TS | 777777727777

fogv—"""

T kmx Bkl Y YA

tex refoN o

l""'onz
DATA QUT ( H
tace Yenz T
WE 1S HIGH DURING READ CYCLE
TIMING MEASUREMENT REFERENCE s2CM-36908

LEVEL IS 13V

Fig. 2 - Read-cycle timing wavslorms.
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‘ndom-Access Memories (RAMs). -

- CDM6116A

TYAMIC ELECTRICAL CHARACTERISTICS &t"Ta = 0 to +70°C (CDM6116A-2, CDMS118A-3);
“1-40° 1o +85° C (COME116A-8), Voo = S V £ 10%,

<At 1= 10 ns; C = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 Vio 2.4 V

LIMITS
CHARACTERISTIC CDM6116A-2 | CDMS8118A.3 | COMB118A-9 (UNITS
‘ -
fte Cycle Timas See Fig. 3 MIN. | Max. | MmNt | max. | MmNt | MAX.

ste Cycle Time twe 200 - 150 - 250 -

2wp Enable to End of WRITE tew 160 - 90 - 200 -

t13ress Valid to End of WRITE taw 160 —_ 90 - 200 —_—

s:3ress Setup Time R tas ] _ 0 - 0 —_

Lnte Pulse Width twe 160 - 90 - 200 -

ns

‘~te Recovery Time twa 10 — - 10 -

<Jtout Disable to Output “High 2" tomr 0 60 50 o} 80

A-te to Output "High Z° twmz 0 60 0 40 0 80

~sut Data Setup Time fow 80 - 50 - 100 -

-2yt Data Hold Time tow 10 - 5 — 10 -

Z.lout Active from End of Write tow 10 - ‘10 - 10 -

-2 required by a limit device to allow for the indicated function.

VITECYCLE 2 - O = LOW

$ATECYCLE 1 we
ADDRESS ﬂ( )(
T 7 d A
7 SRk 7777
w ” \ %/ i&\\\N{ : 3
oars ooy SSSSSSSISSSISSY b
VSIINR IS i S
DATA N ' 0( )

82C 8-~ 389049

we
ADORESS )( &
few
RN W 7
| ol 'w‘; Sl
" ]\}\ £ o
—1 tas =t nip >~ Fe= tow

ORI our I T T 7777

DATA IN

TIMING MEASUREMENT REFERENCE

LEV

€L IS LAYV

Fig. 3 - Write-cycle timing wavelorms.

P2CU - 3L P4




CMOSs Mlcroprocessoqs, Memories and Periphers

CDM6116A

DATA RETENTION CHARACTERISTICS at Ta = 0 10 70°C (COMS8118A-2, COMS116A-3);
Ta = -40 to +85° C (CDM8116A-9), Unless otherwise noted, Sse Fig. 4.

LIMITS
CHARACTERISTIC TEST CONDITIONS ALL TYPES UNIT§
MIN, MAX.
Minimum Data Retention Voitage Voa
CDOM6116A-2, COM6E116A-3, CDM6116A-9 Ta=0t070°C 2 -
CE=Vag-02V N
Ta=-40t00°C
1 - — . —
COMBVIBA-S] | =2 > you-02V 43
Data Retention Quiescent Current looDR*®
CDM6116A-2| Vop=3V,CE=>28V ' - 15
CDM6116A-3] Voo=3V,CE=28V - 25 LA
CDM6116A-8] Voo=3V,CE=228V - 50
Chip Disable to Data Retention Time tcon See Fig. 4 0 -
i
Recovery to Normal Qperation Time ta See Fig. 4 “tac —

*leoDR=T7.5 A max. at Taz0* 10 +40°C for COM6116A-2'and COMG116A-3.
*tac = Read Cycle Time,

DATA
—— RETENTION ——ea
] MODE

4.5V a.5v
\ Vor 2 2V 7
COR ""“'l" D) —"

2.2v CE 2Vpg-02V

Voo

*
Teatr2ins 92CM-36263

Fig. 4 -~ Low VDD data retention timing wavetorms.
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PROGRAMMABLE PERIPHERAL INTERFACE

» MCS-85™ Compatible 8255A-5 s Direct Bit Set/Reset Capability Easing

a 24 Programmable /O Plns Control Application Interface
» Reduces System Package Count

u Improved DC Driving Capability

# Avallable in EXPRESS

—Standard Temperature Range
» Improved Timing Charactsristics --Extended Temperature Range

.

The Intei® B255A is a general purpose prograimmable /O device designed for use with Intel® microprocessors. It ha
24 1/O pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the firt
mode (MODE (), each group of 1210 pins may be programmed in sets of 4 to be input or autput. In MODE 1, the secom
mode, each group may be programmed to have 8 lines of input or output. Ot the remaining 4 pins,3 are used for han¢
shaking and interrupt controt signais. The third mode of operation (MQDE 2) is a bidirectional bus mode whlch uses!
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

= Completely TTL Compatible

u Fully Compatible with Intel® Micro-
processor Famiiies

= - o | oY b
1= = T = = 1 4
. RN wds o
e M
l a]s w{le
- a(]s EInp
_‘:‘- .—“ = == “G. ..DH
— — = L = I
—_— eyt v ~g- =0~
l \—_—— i, LY Smsumm PN o (] BialY
- e e
e % o
- L= ) - =] vec
=== =E) o R =R
- - ) + =~ ~d- el
—_ - wde "l
e 1 me

Figure 1. 8255A Block Diagram Figure 2. Pin Configuration
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8255A FUNCTIONAL DESCRIPTION @D)

General

The 8255A Is a programmable peripheral interface {PPI)
device designed for use in Intet® microcomputer
systems. Its function is that of a general purpose 1/O
component to interface peripheral equipment to the
microcomputer system bus. The functional configura-
lion of the 8255A I3 programmed by the system software
50 that normally no external logic is necessary to inter-
face peripheral devices or structures. .

Data Bus Buffer

" This 3-state bidirectional 8-bit buffer is used to interface
the 8255A to the system data bus. Data is transmitted or
received by the bufler upon execution of input or output
instructions by the CPU. Control words and status infor-
mation are aiso transferred through the data bus butfer.

»

Read. A “low” on this input pin enables the B255A to
send the data or status information to the CPU on the
data bus. In essence, it allows the CPU to “read from"
the 8255A.

(WR)
Write. A “low" on this input pin enables the CPU to write
data or control words into the B8255A.,

(Ao and Ay)

Port Seloct 0 and Port Select 1. These input signals, in
conjunction with the RD and WR inputs, control the
selection of one of the three ‘ports or the control word
registers. They are normally connected 1o the least
significant bits of the address bus (Ag and A,).

8255A BASIC OPERATION

A1 | Ag | RD | WR | & | INPUT OPERATION [READ)
Read/Write and Control Logic 9 0 0 ! 0 | PORY A~ DATA BUS
. . J s 0 1 0 1 O | PORT 8 = DATA BUS
The function of this block is to manage all of the internal 1 ) 0 7 0 | PORT C=DATA BUS
and extemnal transfers of both Data and Control or Status OUTPUT OPERATION
words, It accepts inputs from the CPU Address and Con- (WRITE)
trol busses and in turn, issues commands to both of the 9 0 1 0 0 | DATA BUS=PORT A
0 ! 1 0 0_| DATABUS=PORT B
G s.
Control Group: 1 0 1 0 0 | DATA BUS=PORT C
1 1 1 0 0 | DATA BUS ~ CONTROL
— DISABLE FUNCTION
(CS) X X X X 1 | DATA BUS~ 3-STATE ~
Chip Select. A “'low" on this input pin enables the com- ! ! 0 ! 0 | ILLEGAL CONDITION
muniction between the 8255A and the CPU. X| x ! ! 0 | OATABUS=3-STATE
T ooe
VD | oo ) = K==,
r- contact 1 R 2
= E
° GRS
m.‘" on
P |-'-:- v %.%,
S OIRFCTIONAL DATA BB =
0.0, -——*V__ﬁk
ot
e RNay LT
DAta Mg :' .
Tomre B
chonm enme
oo :J<:> < c:‘ R

Figure 3. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions
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(RESET) -
-Reset. A “high" on this input clears the control reqister
and all ports (A, B, C) are set to the input mode.

Group A and Group B Controls

The functional contiguration of each port s program-
med Dy the systems software. In essence, the CPU “out-
puts” a control word to the 8255A. The control word con-
taing Information such as “mode”, “bit set”, "bit reset”,
elc., that initlalizes the tunctional configuration of the
8255A.

Each of the Control blocks {Group A and Group B) accepts
“‘commands” from the Read/Write Control Lagic, receives
“control words’ from the internal data bus and issues the
proper commands to its associated ports.
Control Group A — Port A and Port C upper (C7-C4)
Control Group 8 — Port 8 and Port C lower (C3-CO}

The Control Word Register can Only be written iato. No
Read operation of the Control Word Register is allowed.

Ports A, B, and C

The 8255A contains three 8-bit ports (A, B, and C). Al
can be configured in a wide variety of functional charae
teristics by the system software but each has its ows
special features or “‘personality” to further enhance tht
powaer and flexibillty of the 8255A.

Port A. One 8-bit data cutput tatch/buffer and one 8-l
data input latch.

Port B. Ono 8-bit data Inpul/output latch/butfer and ont
8-bit data input butter.

Port C. One 8-bit data output latch/buffer and one 8-bit
data input butfer (no latch for input), . This port can b
divided Into two 4-bit ports under the mode control
Each 4-bit port contains a 4-bit latch and it can be uset
for the control signal outputs and status signal inputsis
conjunction with ports A and B.

PIN CONFIGURATION
rad (¢ A (7] paa
rar ({2 (7] ras
rar (1 (] ras
rao (s 3] var
l A6(e » {7 wa
o aQe g manr
o~y o ano (] # w0
{—-_.... s ey NSO S Yk W " wBor
- Cumtag - ‘.C N u :] q
rcr (e »{Jo,
X sce (In 886A 1, .
l ees (Ju »(Jo,
' ] n{Jo,
C"—-’—"} :‘:‘;: i o ]re nlg
SomacTame, aain s sl L {¥w il w7 Yee
Ol e 1l ] rer
e Y S U e :.5‘,..
oo < vo res (10 ni)re
7 i :,:'.: c:> #3Ce e 3{] ree
e 51 2] niJee
!
L
- g
. == et s PIN NAMES
84 ] COR TR ‘_:n : : .' ve
o 1 o .E C: e 0,0y OATA BUS i84-0INECTIONAL
. ——— _J _— AESET ACET INPUT
[ ' 5] Crp SELECT
L] AEAD INeUT
K WAITE INPUT
A, AV OAT ADORESS
- _Y PATPAD | PORT A IBiTH
78) FU0 POAT 8 (8ITI
PCIPCH PORT C (8T
: Viig 3 VOLIS ]
G0 JVOLTS 1

Figure 4. 8225A Block Diagram Showing Group A and

Group B Control Functions
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8255A OPERATIONAL DESCRIPTION

Mode Selection

Thare are three basic modes of operation that can be select-
ed by the system software:

Mode 0 - Basic Input/Qutput

Mode 1 — Strobed Input/Output

Mode 2 — Bi-Directional Bus
Vihen the reset input goes “high™ all ports will be setto
the input mode (i.e., all 24 lines will be in the high im-
pedance state). After the reset is removed the 8255A can
remain in the input mode with no additional initialization
-aquired. During the execution of the system program
any of the other modes mav be selected using a single
cutput instruction. This allows a single 8255A to service
3 variety of peripheral devices with a simple software
maintenance routine.

The modes for Port A and Port B can be separately defined,
+hile Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers, in-
<huding the status flip-flops, will be reset whenever the
Tode is changed. Modes ma9 be combined so that their
finctional definition can be “tailored” to almost any 1/0
strycture. For instance; Greuo B can be orogrammed in
'ade 0 to monitor simple swstch closings or display compu-
rational results, Group A could be programmed in Mode 1
*3monitor 3 kevboard or tape reader on an interrupt-driven
Ssis,

. ADDP €SS BUS -
|
{ CONTROL BUS
L L1
( s DATA BUS

LS 1NN
e

] e N

P 3 1

°8, P8,  PC,PC,  PC,PC,  PALPA,

woe 1 —=]_8 J-—-—_.— AT

e (] 1] T

rs, 78, cw’:‘v:gt c%:v'l;‘;n. va,ray
i'o I 111 l [ l r immaea-o«u
" ontror

Figure 5. Basic Mode Definitions
and Bus Interface

' CONTROL WORD

o,{0 |0 {0, | 0|00, |0,

o

GRoure

POAT C (LOWER)
1=INPUT
0= QUTPUT

PORT B
1= 1iNPUT
0= OUTPYT

MODE SELECTION
0 = MODE 0
1= MODE 1t

GROUP A

PORT C (UPPER)
1 = INPUT
9= 0uTPUT

PORT A
1= INPUT
0= QUTPUT

MODE SELECTION
00 = MODE 0
01 = MODE 1
1X = MOOE 2

MOOE SET FLAG
T » ACTIVE

Figure 6. Mode Definition Format

-

The mode delinitions and possible mode combinations
may seem confusing at first but after a cursory review of

the complete device operation a simple, logical I/O ap-

proach will surface. The design of the 8255A has taken
into account things such as efficient PC board layout,
control signal definition vs PC layout and complete
functional flexibility to support almost any peripheral
device with no external logic. Such design represents
the maximum use of the available pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single OUTput instruction. This feature reduces software
requirements in Control-based applications.
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CONTROL WORD
0, [0 [ |0, |0y {0, |0 |0
X X x
DONT
CARE

BIT SET/RESET

1+ SET

0 - RESET

BIT SELECT
0{1}2}3]4;

~lel=Tw

Siol=

Q1o
1{1jo0
0i0}1

BIT SET/RESET FLAG
G= ACTIVE

Figure 7. Bit Set/Reset Format

When Port C is being used as status/control for Port A or [}
these bits can be set or reset by using the Bit Set/Reset op
eration just as if they were data output ports. °

Interrupt Control Functlions

When the 8255A is programmed to operate in mode 1¢
mode 2, control signals are provided that can be ysed &
interrupt request inputs to the CPU. The interrupt fe
quest signals, generated from port C, can be inhibiteda
enabled by setting or resetting the associated INTE flig
tlop, using the bit setireset function of port C.

This function allows the Programmer to disallow or allow.
specific 1/0 device to interrupt the CPU without affectin;
any other device in the interrupt structure.

INTE flip-flop definition:

(BIT-SET) — INTE is SET - Interrupt enable
(BIT-RESET) — INTE is RESET — Interrupt disable

Note: All Mask flip-flops are automatically reset durin
mode selection and device Reset.

Opaerating Modes

Mode 0 Basic Functional Definitions:
® Two 8-bit ports and two 4-bit ports.

® Any port can' be input or output.
MODE 0 (Basic Input/Output). This functional configura- ® Outputs are latched.
tion provides simple input and output operations for ® Inputs are not latched. ]
each of the three ports. No “handshaking" is required, ® 16 ditferent Input/Output configurations are possible
gata is simply written to or read from a specified port. in this Mode.
‘aa L
AD X
- A K
fo—tin ——e le— tyyq —e
INPUT y x
N
tan R, V'Y
- y
CS, AL, A0
ByOf e e e e e e e . ——
- C X )
tno ‘os !
MODE 0 (Baslc Input)
& ww [
WR ( . 7..
tow twp ~—y
~
C
'L— taw ﬂr Ywa
Cl At A0 X , x
ouUTPUT -y
H-———ﬂ

MODE 0 (Basic Output)
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YODE 0 Port Definition

vy ‘8 GROUP A GROUP B
PORT C PORTC
Dg { D3| Oy | Dg | PORTA PORT B
4173 P11 P weeery | * {LOWER)
0 {0 | 0 | o0 ! outpur | outPuT | 0 | OouTPUT [ OUTPUT
0o fo|o 1 | ourtput | outpur | 1 | outPuT | INnPUT
ol o 1 o | output | outrur | 2 | iNvUT OUTPUT
‘0 0 1 1 OUTPUT | OUTPUT | 3 INPUT S INPUT
o | 1 0 | 0 | OUTPUT | INPUT 4 | OUTPUT | OUTPUT
o | 1 0 1 | OUTPUT | INPUT 5 | OUTPUT [ INPUT
0 1 1 0 | OUTPUT | INPUT 8 | INPUT ouUTPUT '
0 |1 1 1 | ouTPUT | INPUT 7 | INPUT INPUT
1 o[ o | o | ineuT OUTPUT | 8 | ouTPuT | ouTPuT
1 o | o 1 | INPUT output | 9 | outrut | iNeUT
1 [) 1 0 | INPUT QUTPUT | 10 | INPUT ouTPUT®
1 0 1 1 INPUT QUTPUT 1 INPUT INPUT
1 1 0 | o | INPUT INPUT 12. | ouTPuT | ouTeUT 3
1 1 0 1 | INPUT INPUT 13 | OUTPUT | INPUT
1 1 1 Q0 | INPUT INPUT 14 | INPUT OUTPUT
1 1 1 1 | ineUT INPUT 15 | INPUT INPUT
MODE 0 Configurations
CONTROL WORD #0 ° CONTROL WORD #2
% 0 O ©, 0, D, D, DO, O, Oy Oy O, Dy D D, D,
[v’olclolo[-olo,ol %@’// [jnJoIOIOLG['IUI B H
A + PA,-PAy A ——+L—- PA,-PA,
2253A azssa
. £C,PC, 5/ - P, PC,
L —— C{ 040, St [+ {
= 4
ey | e,y rc,
of[——ra, 2, o[ v, 0,
i
CONTROL WORD #t 3 CONTROL WORD #3 *
% 0, Dy O, D, D, D, D, O, D, Oy O, Dy D, O, D,
t[ololo'o[o]oF] ?’7H LvJoIo[orolo||[|J a3 H
A ———7‘—’—5 !A.,.’A, A _/.—- PA,’A.
82554, 8255A
h,PP:\ ———/'—-'C,Ic. . u{’f‘_:) _/‘_-pc'.'c.
0,04 c 0y -0y s} c{
Lroi .—{—‘——- ", .PC, . /."\)r_\ ‘_/‘_ 7Cy0C,
sp——t e en, sf—nt— e
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CONTROL WORD =4
0, 0y by O, 0Oy O; DO, Dy

[LLLLLTL e

Py SR L

. B285A
7 2 'C,-'C‘
0, 0 | c {

s 4
e pe, 0,

8 f——pler5, v8,

CONTROL WORD =8
o, o, By D, O, O, D, O,

[LLLLLIT] 997

A ‘-—/’— ra, pAy

82554
__/.4‘_-. e, c,
0; 0p =-————=i -4 [

4
o PGy PG,

B e lee 13,

CONTRAOL WORD »$
%, Dy .0, 0, 0, D, D,

DODBnOnnErs

A —/'—— PA,PA,

02554
4
J—tt ey,
0,40' e e ey [4 {

4
7 Py PG

ot ra, e,

CONTROL WORD #9

D, O O, D, O, D, D, DB,
L‘Jnfol'[nlolol||. -L'"f‘l,"’,l‘
a f‘ PA,PAy
82554

i

-+ e, £C,
0,0y #——m—er ¢
= ._74‘_ PCy-PCq

o f——p e 50,8,

CONTAOL WORD %
y D¢ O, O, D, O, O, O,

DopnnonoEY:

ab—rt o PA;-PA,

o, D‘ B ————

{- - pc,ec,
€ -

4
——A— #c,pC,

——/—'— ro,n;

CONTROL WORD =10
Oy Oy Oy D, Dy D; Dy Dy

[LLLTILLe] #e#

> A -——/—' Pa, ray
82554
—"“1‘—“—‘ PC,-PC,
0,.0f *—r———sf [ {
— £ ecyrc,
] ~—/—'—-—- r8, 74,

CONTROL WORD #7
0 0, O3 O, D, O, O, 0,

[LTLLLLT] “on

At rarra,

8255A
4 /’cn
t i ]

0, By e} c.[

._"L——'cl'c'

) POV I

CONTROL WORD #11
O O DOy O, 0, O, O, D,

LLl-L[-[-[-]] a2+

A o——,"—— PAyPAy

2354

A re, e,

0

0,0y -] ¢

—bt—

SRS L N 1#C,

b fam—ppleee py, e,
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CONTROL WORD »12
O, Dg Oy D, Oy O, 0O, D,

[LLL LTI 7»

Afe——ral rarea,

8255A

0, Dy *—————|

{‘—4.——‘"37"54
c

CONTROL WORD 214
O, O, O D, Dy D, D, D,

[LITLLLT] 744

02834
{ [——rf—— re,0c,
e

0,8y +—————e

CCNTROL WORD #13
D, Og Dy O, Dy O Dy 0y

[LLLLLLL] aa#

A o—,l-’—__ PA,PA,

8255A
4
SO Ay \
» oC,.PC,
0,0, +————ef c

ey,

L]
B °8,.P8,

—t PCyPCo A O3,
o f—t— 8,78, e 8,P8y
A

CONTROL WORD 21%
0; Oy Oy O, 0, D, O, O,

CLLELETLDL] 7a~

A ¢——/L— PA,.PAy

B25SA
{ ‘—+_ ’c,rC,
4

LI R ——

Operating Modes

MODE 1 (Strobed Input/Output). This functional con-
liguration provides a means for transferring /0 data to
or from a specified port in conjunction with strobes or
"handshaking” signals. In mode 1, port A and Port B use
the lines on port C to generate or accept these "hand-.
shaking™ signals. .

Mode 1 Basic Functional Definitions:

® Two Groups {Group A and Group 8)

® Each group contains one 8-bit data port and one 4-bit
control/data port,

" @ The 8-bit data port can be either input or output.

Both inputs and outputs are latched.
® The 4-bit port is used for control and status of the
8-bit data port.
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Input Control Signal Definition

STB (Strobe Input). A “low" on this input loads data into
the input latch. ! .

IBF (lnput Butfer Full FI/F)

A “high” on this output indicates that the data has been
loaded into the input latch; in essence, an acknowledgement
1BF is set by STB input being low and is reset by the rising
edge of the RD input.

INTR (Interrupt Request)

A “high” on this output can be used to interrupt the CPU
when an input device is requesting service. INTR is set by
the STB is a “"one”, IBF isa “one’’ and INTE is a “‘one”
It is reset by the falling edge of RD. This procedure allows
an input device to request service from the CPU by simply
strobing its data into the port.

INTE A

Controiied by bit set/reset of PC .
. INTEB

Controlled by bit set/reset of PC.

MODE § {PORT A)

L 2l Cl—]
CONTAOL WORO i
0, Dy Oy D, O, O; O, Dy vy ) _
[T DRI | LA =™
. PCqy ] e t&f,
Ve INPUT
0+ OuTPUT
#Cy f——e 1A,
A0 ——f
¥y y "‘;‘ "0
MODE 1 (FORT 8}
Pe,-PBy <:I]
CONTROL WORD
D, Dy Dg O, Dy D; B, O res
OGN | e | ™
LI 1 e
PGy f— INTA,
AD ——q

Figure 8. MODE 1 Input

[————— gy ————]

18F

=

INTR

.m.._.1

e

RD

o

WPUT FROM oy e o
PERIPHERAL
. I

- —

Figure 9. MODE 1 (Strobed Input)
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Output Control Signal Definition

OBF (Output Butter Full F/F). The OBF output will go
“low” to indicate that the CPU has written data out to the

soecified port. The OBF F/F will be set by the rising edge
of the WR input and reset by ACK input being low.

ACK (Acknowledge Input). A "low" on this input informs
the 8255A that the data from port A or port 8 has-been
accepted. In essence, a response from the peripheral
device indicating that it hds recieved the data output by
the CPU.

INTR (interrupt Request). A “high™ on this output can be
vsed to interrupt the CPU when an output device has
accepted data transmitted by the CPU. INTR is set when
ACKisa“one”, OBF isa"cne”. and INTE is a "one™. itis
reset by the falling edge of WR.

INTR (Interrupt Request). A “high” on this output can be
nused to interrupt the CPU when an output device has
ccepted data transmitted by the CPU. INTR is set when
ACK isa“one”, OBF is a "one”. and INTE is a “one”. Itis
reset by the falling edge of WR.

INTE A
Controiled by bit set/reset of PCg,
INTEB
Controtled by bit set/reset of PC,.

MQDE 1 {PORT A}

.

CONTROL WORD

Dy Dy By 0, O, D, O, O,
vjofi|ofn

PA, PR, $

s
1« INPUT
0= QUTPUT
—
WA ——acf
2
PCes forpe
MODE 1 (PORT B}
re, 78,1 3

CONTROL wOaD
D; D¢ Dy O, Dy O, O, D,

[ DD = 4]

W e Of

Figure 10. MODE 1 Output

- N

- ¥ )
ot 5
2 4 ' /
i N
p———tan Cary————ay
ouTrVT

Figure 11, Mode 1 (Strobed Output)
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Combinations of MODE 1

Port A and Port B can be individually defined as input or
output in Made 1 to support a wide variety of strobed 1/Q
applications,

PALPA, @

RO ~——eqf €4 o 578,

CONTAOL WORD
Oy Dy 05 0, O, O, D, D, POy e TR,
(EE N RE RN NI 2
DOnnZooY| o
PCoy
s e T
WR ——e-Cs N PC—— GBF,
16, [ &cx,
L5 INTA

PORT A ~ {STROBED INPUT) .
PORTY B - (STROBED OUTPUT)

Pa, PA, 11>

WA ——=c) PCy }mmw GBF,

PCq for—— ATK,
CONTAOL WOAD .
D; Oy Oy O, Dy D, D, B, PCy e inTR,

BODODonD et

PCos
1= iNPUT
0= ouTPUT e, P8, <‘Il
7 —d <, |— 57,

PCy - 18F,

PCy p———w iNTR,

PORT A - (STROHED OUTPUTY
PORT B ~ {STROBLD INPUT)

Figure 12. Combinations of MODE 1

" Operating Modes

MODE 2 (Strobed Bidirections! Bus 1/0). This functional
configuration provides a means for communicating with
a peripheral device or structure on a single 8-bit bus for
both transmitting and receiving data (bidirectional bus
l10). “Handshaking" signais are provided to maintain
proper bus flow discipline in a similar manner to MODE
‘1. Interrupt generation and enable/disable functions are
also available.

MODE 2 Basic Functional Definitions: .

® Used in Group A only.

® One 8-bit, bi-directional bus Port {Port A} and a 5-bit
control Port (Port C). .

® Both inputs and outputs are latched.

® The 5-bit control port (Port C) is used for control
and status for the 8-bit, bi-directional bus port (Port
A).

Bldirectional Bus /0 Control Signal Definition
INTR (Intertupt Request). A high on this output can be

used to interrupt the CPU for both Input or output opera-
tions.

OQutput Operations

OBF (Output Buffer Full). The OBF output willgo "low"to
indicate that the CPU has written data out to pont A,

ACK (Acknowledge). A “low" on this input enables the
lri-state output butter of port A to send out the data
Otherwise, the output buffer will be in the high im-
pedance state.

INTE 1 (The INTE Flip-Flop Associated with OBF). Con
trolled by bit set/reset of PCq. .
input Operations

STB (Strobe Input). A “low" on this input loads data into
the input latch. .

IBF (Input Bulfer Full FIF). A *high" on this output In-
dicates that data has been loaded into the input latch,

INTE 2 (The INTE FHp-Flop Assoclated with IBF), Con-.
trolled by bit setreset of PC,.
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CONTROL WORD

O, Dy Oy D, O, D, D, DO,

[T DOl

= "

= PORT B

1= INPUT
0 - QUTPUT

1= INPUT
Q0 =0uUTPUT

GROUP 8 MODE
0= MODE 0
1 * MODE 1

’C!I

e 10

Figure 13. MODE Control Word

Figure 14. MODE 2

DATA FROM
7 CPUTO 8238A

bt J
~
~ - — -y

| \ D Vi
INTR \ \ ‘*\& / jt \\
o fag \
=, {j\é
- i N\
g 'ue "—} I
l
i8F ‘4
| L —eftapl— — o fo— i
!'.ll;"“!lll. __________ ‘t ] ‘}_&_@_ _____ T...__
/ —*' Tove pomm Z }‘— tarn
o / /
DATA FAOM OATA FROM
PERIPHERAL TO 825SA 8255A TO PERIPHERAL
DATA FROM
823SA TO 3080

%OTE:

Figure 15. MODE 2 (Bidirectional)

Any sequence where WR occurs before ACK and §Te oceurs bn'ou RD is permissible.
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MODE 2 AND MODE 0 {INPUT)

#C; [t INTR,

=Y ok,
CONTROL WORD ° o, [———— ATX,
D, Oy Og O, B, O, D, b,
L ol pre

PG, f———— 578,

oy J Cy p——— 18F,

1o INPUT
0= ouUTPUT
3
PCyq [e——rf— 110
[ .Y, Pr—
reyre, K]
— 4

MQDE 2 AND MODE 0 (OUTPUT}

CONTROL wWORD
Dy Oy Oy D, O3 D; Oy O

1j1 0o /o

Lo
1= InPUT
9 0uTPUT

= INTA,

raren, <:I:>

e p— &,

#Cy

<

oo ALK,

e T8,

PCq o B,

MODE 2 AND MODE 1 {QUTPUT)

“PCy ————= INTR,

PA,PA <I>

ol — < &7,
CONTAOL wORD
Oy 8¢ Oy O, 0; D, D, O

[ [+ XX o X [ S}

<y f————— 18,

<y fo— ACKk,

pcr_..o_.i.

AD —emamee-q) [ ARy

[T PE— PCy e INTR

MODE 2 AND MODE 1 (INPUT)

CONTROL WORD

Oy Oy Dy Oy O D; Oy Oy

a5

A, PA,

Y

"<,

re,re,

<,

{———— INTA,
——— 87,

fop———— &Tx,

o,

e
8F,

[ iT,

fremme 187,

TR,

Figure 16.

MODE Vs Combinations
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8255A/8255A-5
Mode Definition Summary
MODE 0 MODE 1 MODE 2
N ouT N ouT GROUP A ONLY

PAg IN out IN ouT
PA; - N out IN our -
PA9 IN our IN our -
PA3 IN out IN out D —
PA4 IN ouT IN our -
PAg N our IN out —-—
PAg IN ouTt IN ouT e
PA7 IN out IN ouTt -
PBg IN out IN ouT — 7]
PBy N out N our —_—
P8y IN out IN ouT _—
P84y N ouT IN ouT > el MODE 0
PBy IN our IN ouTt = [~ OR MODE 1
PBg IN ouT IN ouT _— ONLY
PBg IN our IN ouTt —_—
P8, ] ouT IN ouT —
£Co N our INTRp INTRg 110
PCy IN ouTt 1BFg | OBFp 1o
PCy IN out §T8g ACKg 110
PCy N out TR, | INTRA INTRA
PCq IN ouTr §T8a 170 STBA
PCg IN our 18F 5 110 1BF 5
FCg IN out 1O ACK p ACK
PCy - IN ourt 1o OBFp OBF 5

Speclal Mode Combination Considerations

There are several combinations of modes when not all of the
bits in Port C are used for control or status. The remaining
bits can be used as follows:

If Programmed as Inputs —
Ail input lines can be accessed during a normal Port C
read.

If Programmed as Qutputs —
Bits in C upper (PC-PCq) must be individually accessed
using the bit set/resat function.

Bits in C lower (PC3-PCq) can be accessed using the bit
set/reset function or accessed as a threesome by writing
into Port C.

Source Currant Capabllity on Port B and Port C.

Any set of eight output butfers, selected randomly from
Ports 8 and C can source ImA at 1,5 volts. This feature
allows the 8255 to directly drive Darlington type drivers
and high-voltage displays that require such source current.

Reading Port C Status .

In Mode 0, Port C transfers data to or from the peripheral
device. When the 8255 is programmed to function in Modes
1 or 2, Port C generates or accepts ‘‘hand-shaking’’ signals
with the peripheral device, Reading the contents of Port C

allows the programmer to test or verify the "status” of each
peripheral device and change the program flow accordingty.

There is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is
executed to perform this function.

INFUT CONFIQURATION
o, 0 O ©O, O D, D, O,

ILllo‘Vqumr.

GROUP A

e Joen e | o, e,

GROUP 8

OUTPUT CONFIGURATION
o, b, O ©9 DB DO, O, D,

.[m.

INTE, INTR, | INTE,

on?, Inwn‘

IIOI o

GROUP A GROur 8

Figure 17. MODE 1 Status Word Format

O 0O O o, 0, DO, D, D

nre, [m-.m

l

]

GROUP A cRour s

{OEFINED BY MOOE O OR MOOE 1 SELECTION]

Figure 18. MODE 2 Status Word Format
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lntel 8255A/8255A-5
INTERRUPT
APPLICATIONS OF THE 8255A REQUEST
" The 8255A Is a very powerful tool for Winterfacing P [ pa, A,
peripheral equipment to the microcomputer system. It gy PA, Ay -
represents the optimum use of available pins and is flex- pay Ry 02'6'3:5:0
ible enough to interface aimost any 1/Q device without Pay := KEYBOARD
the need for additional external logic. ::: o
S
Each peripheral device in a microcomputer system :‘fggj", o pay SHIFT
usually has a “service routine” associated with it. The PA, CONTAOL
routine manages the software interface between the
device and the CPU. The functional definition ot the PG STROBE
8255A is programmed by the VO service routine and | PCs acx
becomes an extension of the system sottware. By ex-
amining the /O devices interface characteristics for
both data transfer and timing, and matching this infor- hu, &
mation to.the examples and tables in the detailed opera- r3, X
tional description, a control word can easily be devel- v8, 8 s&gggﬁzs
oped to initialize the B255A to exactly “fit" the applica- £a, B, OISPLAY
tion. Figures 19 through 25 present a tew exampies of P, 8,
typecal applications of the 8255A. Gt | Pl
OUTPUT) :°‘ :::::".“
3,
#C, DATA READY
#C, ACK
PCy BLANKING
iNTERRUPT X ey LPC, CANCEL WORD
T | eay INTERRUPT l
e [Fl] REQUEST
. BEm— -
o —] L "awren Figure 20. Keyboard and Dispiay Interface
ra, p——o 3 [——e]
'~ m— E—
outron | P4 ] —
LD e 1 | wammen
1 {. RELAYS INTERALPT:
PG, = OATA READY ] REQUEST
#Cy |o—ro acx —
#Cy o] PAPER FEED | s [ pag "
unu{ o S ra, L]
oy p— — A, ny oy
o, —. oot 1 | P4y % pecooen
o [ neutt | pa, A, KEYBOARD
", p—i ——1 0ATA AEADY - "
re, — —
MO0E 1 POy [— o] PAPEA FLED Su08A il swrt
ouTUT) ”, FORWARO/NEY PAy CONTROL
8y po— -] AMSBON
po———x CARRIAGE SEN. "<, STROSE
FCy | PATA READY e, ACKNOWLEDGE
| acx rc, susv LY
<y ”©, TESTAT
CONTAOL LOGIC AND DRIVERS o = =
INTEARLST re, TERMINAL
REQUEST "‘ - ADORESS
v, -
wooEa | "% ’__
aneut) | pe, —_—
ey
Figure 19. Printer Interface ", -
rs, o=

Figure 21. Keyboard and Terminal Address

Interface



8255A/8255A.5

==

ouTPun | 9, 12ar
0-A
A CONVERTER
DAC)

= ANALOQ OUTPUT

re, MR

e, sTHOATA
re, ouTruT IN

o“r
SETARENT

<, SAsOLE €N
", sy

", L

L2204
A

e
re, CONVERTER > ANALOG INPUT
roy

INTERRUPY
reouesT
< [rae 0,

Ay 0,
Ay 0,
Ay 0, FLOPPY OISX
Pag 0y

MODE 2~ Pag 0,
ray 0,
»c, DATA sTR
e ACK !Ny
<, DATA READY

L ACK foUT)
[T

e, TRACK O SENSOR
*c, AYNC READY
”, INOEX
L ™Y ENOAQE HEAD
] A
”m, READ ehABLE

wooe o | "% WAITE ENASLE
., ousc geLecT
’ny ENAALE CRC
", Te8T
"y susy LT

Figure 22, Digitaf to Analog, Analog to Digitat

Figure 23, Basic Ploppy Disk {nterface

hat L1724

wm"l
ey

Py e
., o] CRY COnNTROLLER
ra, ry ® CHARACTER GEN.
(LY Ry * REFRESM SUFFER
o, ", * CuRSOA cONTROL,
) )

“o0E 1 | *A oueT

ouTn ] . conNTROL
", DATA AEADY
<, acx
rey SLANKED
<, "wa t

serea
-
[ now sTO
»c, coLuwm 5T
| e, CURSOR MV STR

o]

woot o ) M

ouvrm | re,

U

n’ :;;I!
~ Y
e,
”,
e,

INTERALST

ntoutsT j
£

'l‘ '.
”, "
LEVEL
A 52 rarsn
[ * Targ
", », Muactr
» R
oDt v _| ,:’ &
(INPUT) y ] M
ra, LS
<. in
" TR
e, sTorco
A=A wACHINE TOOL
ey STARTSTOR
“w"": e, LINIT SENSON M
<, out of FLun
”, CHANGE TOOL
"y, LEFTMGHT
"1
wope g | rs, HOR, STEP STROBE
un'| e, VERT, STCP STROSE
ey sLewsTEr
re, FLUIO EnaBLE
., TMERGENCY STOP

Figure 24. Basic CRT Controlier Interface

Figure 25. Machine Tool Controller interface
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8255A/8255A-5 .

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . ......
Storage Temperature

Voltage on Any Pin

With RespecttoGround. . ... .......
Power Dissipation

1 Watt

*NOTICE: Stresses above those listed under “Absolutt
Maximum Ratings'" may cause permanent damage to thi
davice. This is a stress rating only and tunctional opere
tion of the device at these or any other conditions abon
those indicated in the operational sections of this specifr
cation is not implied. Exposura to absolute maximus
rating conditions for extended periods may affect devict
reliability.

D.C. CHARACTERISTICS (Ta=0°Ct0o70°C,Vcc = +5V =10%, GND = 0V) *
Symbol Parameter Min. | Max. { Unlt _Test Condiltions
ViL Input Low Voltage -0.5 | 0.8 A
Vin Input High Voltage 20 | Vee v
Vot {08) | Output Low Voltage (Data Bus) 0.45° V lgL = 2.5mA
VoL{PER}Y Output Low Valitage (Peripheral Port) 0.45° V loL = 1.7TmA
Von{DB) | Output High Voitage (Data Bus) 24 Vv lon = -400pA
Vou {PER}| Output High Voltage {Peripheral Port} | 2.4 ] lgn = -200pA
lpar!t!l | Darlington Drive Current -1.0 | -40 | mA Rext = 75092; Vext= 1.5V
Ice Power Supply Current 120 | mA
he Input Load Current ™ & 10 | uA Vin = Vce to OV
loFL Qutput float Leakage 10 | pA Vourt = Vge to 45V
NOTE:
1. Avaiable on any 8 pins trom Port B und C.
CAPACITANCE (T, = 25°C, Vcc = GND = 0V)
Symbol . Parameter Min. Typ. Max, Unit Test Conditions
Cin Input Capacitance 10 pF b= IMH2
Cio /0 Capacitance 20 pF Unmeasured pins returned 1o GN

A.C. CHARACTERISTICS (Ta=0°Cto70°C.Vcg = +5V x10%, GND = OV) *

Bus Parameters

READ
8255A 8255A-56
Symbol Parameter Min. Max. Min. Max. Unit
tAR ‘Address Stable Before READ o 0 ns
tRA Address Stable After READ [¢] 0 ns
AR READ Pulse Width 300 300 ns
tRD Data Valid From READI' 250 200 ns
toF Data Float After READ 10 150 10 100 ‘ns
RY Time Between READs and/or WRITEs 850 850 n$




{nter 8255A/8255A.5
L.C. CHARACTERISTICS (Continued)
[RITE
i 8255A 8255A-5
Symbol Parameter . Min, Max. Min, Max. Unit
taw "Address Stible Before WRITE 0 s 0 ns
WA Address Stable After WRITE 20 20 ns
tww WRITE Pulse Width - 400 300 ns
tow Data Valid to WRITE (T.E.} 100 100 ns
twp Data Valid After WRITE 30 30 ns
HER TIMINGS
8255A 8255A.5
Symbol Parameter Min, Max, Min, Max, Unit
tws WR = 1 to Outputl ] 350 350 ns
tig Peripheral Data Before RD 0 0 ns
tHR Peripherai Data After RD 0 0 ns
tak ACK Pulse Width 300/ TH \ "Ou 300 ns
tst STB Pulse Width 500 500 ns
| tes Per. Data Before T.E. of STB 0 0 ns
‘ ten Per. Data After T.E, of STB 180 .180 ns
I tao ACK = 0 0 Outputl ! 300 300 ns
i o ACK =1 to Output Float 20 250 20 250 ns
‘wos WR = 1 to OBF = 0} 650 650 ns
tace ACK ='0 10 OBF = 111 | 350 350 " ns
ts18 STB=0t1o IBF = 11l 300 300 ns
taig RO =1 to IBF = Ot} 300 300 ns
tRIT RD =0to INTR = 0l!l . 400 400 ns
tsir STB = 1to INTR =111 300 300 ns
tarf ACK = 1to INTR = {1 ; 350 350 Y
Wit WR = 0to INTR = 0i1.31 af - 450 450 ns

Conditions: C = 150 pF.

od of Reset pulse must ba at least 50us during or after powar on. Subsequent Resat puise can be 500 ns min.
IRI may occur as early as WH].
.Extended Temperature EXPRESS, use M8255A elactrical paramaeters.

lI’ESTING INPUT, CUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

fouTPyT

oevice
UNDER AN N O Ver®

TEST A
20 2.0 ..[. o - 15090
> TFST POINTS < c, 15¢pr l
oe as —

STNG PUTS AN DEMEN ST 2 &V FOR A LOGIC 1 ANDO 45V FOR *Vy y1 15 SET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE THE
’!cv go ;.rl:g&:ée%sunwems ARE MADE AT 20V FOR A LOGIKC 1 s Jiénguf:ino,;c ar?glc 4 U%:s PP ALY




1rrteI 8255A/8255A-5
WAVEFORMS
MODE G (BASIC INPUT)
RO y( 7L

bty e

tan

[ QWY )l AK
0y Dp e s o e e — — ] ..-< Xl z b
MODE 0 (BASIC QUTPUT)
Yy e
WA l( 7(
tow o —e
00 X
an wa
Garne XL 4><
ouTPUT _x

we

-
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WAVEFORMS

MODE ¢ (BASIC INPUT)

N}

RO \
o—=s bip —|
4
INPUT
A

tan - lna
& a1 a0 )' - ¢

D) By —— m e — e ] »—.< >Q\ ‘}- —_—

MODE 0 (BASIC OUTPUT)

1,
ww

d

‘ow ‘wo —=

-~
X
wa "
CE A1 A0 % K
AL
ouTrUT )




ﬁte[ 8255A/8255A-5

AVEEORMS (Continued)

CDE 1 (STROBED INPUT)

7 \

mm ) ; Tty A /
/
w5 J y -/
i DA
ot ==~ Vil X1 B v i S B | R
f
ooEe 1 (sTROBED OUTPUT) W
\ <2\
" \_ €YV

- A
i T A —

- ' A
‘ - s
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8255A/8255A-5

WAVEFORMS (Continued)

MODE 2 (BIDIRECTIONAL)

T‘_"“'_} /

OATA FAOM
8040 TO 425§
WA
our
‘ wos
INTR \ 5
AR
r—rmgiiiy, ]
P ’ /

|

\ ////

327 Vo

—~{tagfe— = o |

b L]
PERIPMERAL _ | o o e s
sus

[

DATA FAOM
PEAIPHEAAL TO 8258

OATA FROM
42758 TO PERIPHERAL

DATA FROM
0286 VO 8080

NOTE: Any sequence whon WA occurs befare ACK and STB occurs before D is permissible.

‘r_

__"ﬁ M e

T |

WRITE TIMING

| — -

Ap.1. C3 X W
f——tam — —J,‘-J‘- ;
OATA BUS 1 X

i 'c-—ﬂ"'vo"‘

Ap-rC3 X X

—.— g

[ad Tan

o \_"_jf

*'s0re * gy

ey
OATA BUS "2 % iGH tMPEDANCE

Y
LS VALID HIGH IMPEDANCE
H

Y




5400,/T400 Quadruple 2-Input Positive-NAND Gate .

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Law-Powar TTL
Package Package Package . Package . ] Packague
Device Type Davice Type Davice Type Davice Type Device Type
YPe [CTRmicF YPe FETRMICF YPe TR [M]cH] clp[micF [clpMa
SNS4500 SNy e SNSimoe m 1] SNSIL 500 )] w1 { SN5400 J W2 SNSILLWO 3N T
Tl SN74500 ol S 14M00 1 it [N SNT4L SO0 T INE SN 1400 30 NG SNMLOY Y T2
FAIRCHILD FM54500 F MI500{0. F MS4M00 £ M3r00|0U)] F12 {rsesd, Fmsio ! D { FM 5400:F MIN00 10U F2)
AR FC14S00-F C9500 [OW] AD ¥ C14r100:F C3+400 [NCCIPD FCIL500,7 FON S0 EED) Fp| FCra00-FCaneo  [D¢L[Pa
OLA \C 506 L 2 MC5203 L F 2
MOTOR AL J000 LR P2 SNTaLS00 P ( MC 7400 Lot [P F 2
OMS4r00 J ([N 1) OM54LS00 ! DMS400 SN w2 OMseL 00 JOINGYJFL
NS.C. DM14500 NG OMT4Rr00 ) NS DM74L 500 OMI400 ) NG OMI4L 00 JOINDY _ Iy
PHILIPS N7430) [o] G JH131, 74000 [ N T4L S00 T F IH131/7400 [@
NS4S00 FlaDb  |wi] ssamoe 7 I $5400 F (LAl w2
SIGNETICS NT4500 FIay N7iH00 FAATD] NT4LS00 At N7400 FElaa] -
SIEMENS — Firiol [ M
g T j
FUITSU MB601 MY 741500 ML MB400 [ X
HTACH HD74500 TP 0 74L 500 PU) HO7400/1D2503 | GiPdA
MITSUBISHI o o MTILS00 N M33200 P
NEC uPB2500 o 161 500 CuL] P B20i o@lcT
TOSHIBA 7000 & PLL|
Electrical Characteristics SNS4LSO0/SNT74L.S00
absolule meximum ralings over opersting free-sir temperature rangs
Scoomy vatove. VSO v Operaing Koaren [ snsas SWC . usc Schematics (each gate)
[ M Iempeislvr 8 fongn | swrLs ¢c w WC
Il steye 3y S ey IR Alee 1asge -9t w INC
recommendea apersting conmuons
SNS4L300 SN74LS00 X 'V_{ vee vee
Min MO MAR [l NOM MAX e
Saowy wmsve YOG X s 5s | e s s 1 v Ry s Ry
Mg evit waiul Duttem, 10n - - 400 »A
Uom woet utind ctiwt IgL ' V| ma INPUTS
Dot ety woo-an tempmraiie Ta - 44 174 9 0 k3
- —— INPYTS
alectrical characteristics over recommanded operaung oLTPUT
free-air temperature range A A~ ouTPUT
PARAMETER TEST CONDITIONS t MIN TYP3 MAX[UNIT| ~ 8 8 1 Y
Vig Hutirlovel inpul voitatge 2 v
Vig  Luwwvel iuul vuiagy o8l v Tr
vy 1nput clamp voItage Vog=MIN, |13 ~1gmA -15] Vv 500
N VOO =MIN, Vi =V man,
Von  rhghtlavel dutput vuitage \ow & MAX ] .1 34 J v GND
YOO RN, V=V,
VoL  Luwsievel vulput voitsge 0.2 0.4 v .
lgy = 4nd CIRCUIT| R, Ra ] Ra| Rs
Input vurrent et - ® ‘00 4h | Lin] 13D I GND
" maxmum sout voitage VEEEMAX, V=T 0.1} mA ‘L00 40K | 20k § 300 | 52K 7»
™ Hign-tevel .Nput Currant Voo SMAX. V=21V 0 wA Input clampdiodes nat on .
iy Lowsluvel oLl current Voo -sMAX, Vg =0.4V ~f.4 1 mA SNS4L '/ SNTAL circuits. 00 CiRCuIT
T5iLs Famiy | —20 -] - ‘00, 'LO0 CIRCUITS
) o Vo= A .,
0s Short-Gircwt output Current ® CC=MAX 1S Famay [ =18 —w] ™
1GCH _Stply Gurenmt Voo =MAX To1at, outpuls hgn 4 3| mA g
130 Swpoty curent Tulal, ouipuls fow 12 22| ma
Avorage por yaie .
[ Suppt o= .
ce upply curent . vee=5v (509 auty cycw) 2.4 ma
Propagavon delag Lime, . .
PLH  p-to-tugn-raves ouiout veg=sV.  Ta=wT, [ Vee
Propagation dolay lime, . 200
1PHL rugn-to-iow-level Gutput LCL ISpF. Ay =y ! 1] [}] ns }
Pin Assignments (Top View)
(D @ INPUTS
A—
Vee 4B aA 4y 1B 34 MY aF a8 4A GO 38 A Y
il i) ] (el s ].fw] {ta} 3] fiz2 [y} o) [5] (@ 81 ouTPU
]—l(i_)’J -
4
i 1 7
D0 Da0a0 IgHgBanaBaBall)
tA 1B 1Y A 18 2Y GNO 1ATI8 1Y wgg 3V A 8 . o
"HOO CIRCUIT -
positive logic: LS00 CIRCUIT
Y=ag Resistor values shown are nommal and n ohms
1 For condtany shown a3 MIN or MAX, use the apuropruale velue under 0 .

3 A0 typcar vatues are 81 Voo -5V, T4 -25C.

@MUt M (e e OuIput anuld be Miorted «f @ Iime, an for SNSAH'/ SNTIH' and SNSAS'/ SNTASY, duration of short-cucuit shuuld nut excued | second.



5404,/7404

Hex lnverter

Schottky TTL High-Speed TTL Low-Power Schattky TTL Standard TTL Low-Power TTL
Package . Package . Package : Package . Package
- ice Type Device Type —{ Device Type = Dévice Typa Device Type
Device Type TR TMICF Yo IETRImMICF YPe [T BIMCF P rCTRMICE clp[mkr
SH5AS04 I Wt § SNS4n04 IRS VA1 | SNSAL S04 PR w2 | SNS4os Iy W2 SNSLO4 3 W e U TR
Tl SN14S04 31 jead SNI3hO4 3 N SNIAL S04 3N SNTA0N 1Dl SNTALO4 It Ny T
F M54504/F MIS04 [UU F M54H04, F M3r04 {D)! F & | tusmsnt, INwe [37] P | FMS404/F MING4 |0 F12
FAIRG-“LD v CIS04, F C9504 (O [ D FCHNGE FCYrgd [U+ [Py [LaZ e gt T opirb HD | FMT404/F CONOA  |D 1P
MC1108 Lot Fu MC5e04 EY R F 2
MOTOROLA MCI008 i (Fei{ SNTaCsoa FrL MCTida Lty
OM Sar04 LN DMSAL S04 OME406 Jip[Nw ] OMLILO4 JLjen] (R
NS.C OMILS04 N oM IRELIE DMZ24L S04 UM 7404 LD OMT4LO0S 1 UNG Fi
PHILIPS N14504 W NT4MOL b N74L S04 ] F IH241/ 1404 1%
S54504 bt {AL W | 55di04 FAd) W $9404 FiujAy| A
SIGMTICS NIED04 (RYREWR Wei | NTAHU4 Fu Al NIL S04 xm N304 METN
SIEMENS Fonzii 0
FUJTSU TaL 508 o MBaE oy
HITACH! HD 4S04 P HO 14504 P HO1404/HD?22 | W[PD)
MITSUBISH M5S004 KD M24L S04 PO M53204 G
NEC 14504 C 4L S04 C1 «PB2IS 0D
TOSHIBA T 04044 Pul |
Electrical Charactenstics SNS4L.S04/SN74L S04
absolLts menimum r4UNYS Over opurating tree aif lemperature cange
Sty suiow. YO iv [pp— [ snac s =3C W 8T .
T o wnpmsuse iwge (oo ¥e e we Schematics (each gate)
Siorage fengwiatas i “6T s 1WC
. SNS4LSO4 SN74LS04
CT NOW__ MAX | an nom  wax | T
Sutdy rtova. ¥OC s 5 LR 18 3 § 23 v
Hoyrmves outinet xasi oM 10p - - 400 e Vee
Lom el wtind Dwtens, 10g 4 s -A 2.8h »
D atsng Hotaw lumometwa [, RLY 123 v 0 X
electrical characteristics over recommanded operating &
freae-air temperature range At mv""
PARAMETER TEST CONDITIONS t MIN TYP 3 MAX [umiT
YiW Highlovel_sput vollage 2 v N
Vi LOow-level input voitage 0.8} v @
vy Inpul_clamg_voltage VoS MIN,  dp= ~18mA ~1.50 v
VCC=MIN, Vi =V maa, D
v High-evel oul voitay 2.1 v haid
On Tl cpn ol Igr < MAX Troi TaonlTons00 2]
VCCEMIN,  Viy=2V, Input clamp dicdes not on
VoL Lowhwel outpul voltage Igy = Ama W il INSAL /INTAL* ieculta. S04 CIRCUIT
[ - o4 @
I nput curcent &t VGG *MAX, Vi=1v 0.1| ma 04. ‘LO4 CIRCUITS
mdximum nput valtage *
(™ Hignevel nput currunt VOG=MAX |, V=27V 0] uA
i, Low-ievel mput Surrent VOQ =MAX, Vg =04V ~0.4] mA
Short-crcut [ saus Fany [ 20 . ~ 100 -
! VoG = MAX
05 ouiput curent @ ce [T Famuy | —20 “0] ™
) i
IcCH  Supply current Vg = MAX Total, outpuis mgn 1.2 2.4] mA
lcoL, Supply current Tutal, ouiputs iow 3.6 6.61 mA
Average per gate
1 Supply cwreat vee=5v g
cc s cc=s$ {50% duty cycts) o4 oA
Propaganor aslay time, :
9 1 .
PLH |10 mugn-tavel sutput veg=5v., Ta=25C. S
Propagaton celay iime, CL=I5PF, RA_=2Q
[ . 1
PHL * pgn-to-ow-level outpet R
Pin Assignments. (Top View)
- V“
pur -
® @ us “
Lk
VEC A €Y SA SY 4A 4y 1Y 6A Y GNO $Y SA 4y wey 'h
WIPUT
JulLul MmO el [ s R nEmsmImYmEnYn s wTRUT ¥
> F T ] E’ -
& o

1A 1Y IA 27 3A 3Y GAD

positive logwx
Y=A

s -l

TA IY IA Yoo 3A )Y 4A

‘HO4 CIRCUNT

‘LS04 CIRCUIT

flesiator values shown are nominal and in ohms

1For contstions shown 23 MINOf MAX, use the Jppropfiate vaiue speCified WPGO! (COM Mended CREALING CONAILONS,
AN typical vahues are a1 VO™ SV, To=25C.
#Nol mare (AR One Oulpul snawd De 3horted at & Lime, and for SNSIM'/SNI4KH’ and (SNSAS'/ SNTAS', Gwratan of short-cucuil should notl eaceed 1 Somund.



5414,/7414  Hex Schmitt-Trigger Inverter

Schottky TTL High-Speed TTL Low-Power Schottky TTL © Standaro TTL Low-Power TTL
Package Package - Package Package Packy
Device Type Device Type Device Type Device Type T— Device Type
P reTrImIcH clP[mkcrF clpImlcr crImlcH 2 R TeTPIn
SNSALS 14 IK W] SNSaa 10 wi
T.L - SNTLSH 3 LN T SNTat 3 N
FUSALSI/ FUNSI4 (] F ] pesaia, busala £ 1
FMRG"ILD FCTMSI /RS oL KD Bl T serie pome oG MG H
MOTOROLA SNTALS )4 P MC 414 X
N- S G OM54LS 14 ' Gmsar ) T Wy )
g OMT4LS 14 ' OMd14 3N W
PHILIPS NIALS I ] NI ]
N5414 F]8
SIGNETICS . NS 14 Al NT4e S
SIEMENS
FUJITSU LS 14 M
H’TACI i HODMLS 14 P HOT414 MR
r
MlTSUB‘SH’ MMLSi4 PN MS3214 P11
NEC
|
TOSHIBA 1
Elactrical Characteristics SNS4LS14/SN74LSI4
absolute mesimum raungs over tree-ert tange
Swon swise VCC v Oparateny lroean [ sasacs -3¢ 8 T Schematics. (each gate)
toout voriage . v temoeratuns ronge { snias €< W 1C
Sioreye temoeiaiws fane -wT 15 s0c
recommended operslng conditions
SnBaLS 14 SNYaLS1a
N NOM MAX N NOW MAX v
Sty wdisge, YOO 43 3 38 41 > n v
M ievet Suliad Wi ont, Igpe e ~ 400 h
Lowsteves wuidut urcsal, 1| N ] ma
Qe g Wow-aw temonroiwe [, - 5% 118 [ T T Voo v
electrical characteristics over recommended operating oL
free-air temperature range . HiM
PARAMETER [ TEST CONDITIONS 1 MIN TYP$ MAX | UNIT
VT4 Positive-going ihresngid voitage | Vo =SV 14 16 1.9 Vv w4
VY - Nogative-yuny INeshwid vollage | Voo =5V 0.5 9.3 ) v
A—y
Hystoroas (V74 —Vy ) Ve -5V 0: 03 v oureur
Vy 13out Clamp vultagw Voo =MIN, Iy -j3.nA () v M
. N VOO H#MIN. V) .-Vr _inn, y
Vou  Hyneievel cutput varlage Yo MAK 1 3. v
Voo =MIN, V) .
VoL Low-level output voitage gesh 1=VT s 02 64 v GNO
10 = 4mA
Input curront at ‘14 CQIRCUIT
v # L
‘T positiva-gong theashold CC28V.  Yyovye K -
Input current et =
- SV, vysvr- A
T Mgative-goung (hreshold Vee= VT o138 =5
B Input currant at B
v MAX, V
l' MaxsmuM DUt vollage ce* X 0.4 | mA
T Hign-tevel npul current Veg=Max wvi=27v 20| nA
IR Low-isvel iput current VGG =MaXx, vy -0.4v -0.4 | ma _ ) _ vee
los Snort-ciftCuil Oulpul Cuirent ¢ Vog =MAX -2 - =100 | mA 205G g 5 100Q
s Suooty Totas, outout ngn Voo =MAX 1.6 18 NOM NOM
icc current Total. oulput aw 12 21 mA R
Avecage pur gate Vo =5V, 5095 duty cycle 1.12
Propagation deiay hime, weut ~
. °C. I
'PLY low-10-nigh-tavel owtDul vee=sv Ta=25C 1S 2| ns A T¢
N QTPUT
Propagation delay time,
ISPF, Z ' , ]
'PHL  hgn-to-sow-tavel outout Cu=1s AL = o S !
Bin Assignment (Top View)
'
P
VOC ¥A €Y SA  SY A &
Jul.]uLjul.JnLllol!js ok . QD o
a
D D TEi4 CRCNT
BBl 1
1A 1Y 24 ¢ 1A Y GNO
positive logic: M
V=& Russtor values shown 2re nominal and n ohms
t For conaitions 3nown 33 MIN of MAX. usd NG anivonniale vahe hed wnoes onefating

S AN typcat wiues are at Voo =5V, Tp=25C.
* NOU mare 1ndA Gne OUIDUL s e 3ROried at A time.



54TA4/TAT4 Dual D-Type Positive-Edge- Triggered Flip-Flop with Preset and Clear

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package : Package Package | Package Package
Device Type Device Type Device Type Device Type Device Type
C[PIM]cF c[P[m[cA YPe reTPmIcH YP® re TR MIcH YPe IcTpImcH
T1 SNS4S74 ba W] SNSaHT4 ) WD SNSALS T4 i) w( SNsdT¢ 0 W] SnseLe ) OIND|TD)
e SNT4ST4 30 iND SNTINTS JOND SNTLST4 JDIND SNT47¢ 1OIND SNNLT 3 D{MDITO
FAIRCHILD FMS4S T4/F M98 741D F MSAHT4/F MIHTE IOD F 2] resmsreremsm oD 1@ | FMsatasFeNTe oD F
FCI4574,FC3574 Joh] D FGramta/FConts [ODiPD]  [F O} Rram i o P (| FC1474/FCINTA DD{P DY
MOTOROLA - SNTLSTE i
NS.C. DU SAHTE JOIND)| OMSILST8 P OMSaTe JENG] W] OMSALTE JOjnD| [F2
NMIASH ND RYEICED 1 D|ND. OMTALS T4 DM 7474 HOIND OMT4L T4 JTINDE FD
PHILIPS N74STa D RIS D NTALSTH [0 £ 113177478 [
$54874 $34HTL FOAD]  [wd)| 58474 Fofa®| Twy
SIGNETICS N74STL N7aRTt FOAD! NTILSTH A N7T4 FOAD)
SIEMENS FOT 3
FUITsY 4L S 78 i MBa20 Wiy
HITACHI HOTAST [ (20 HOTLSTA =0 HDTAT4/HOSI0 | P dy
MITSUBISHI MIASTA P ML S T4 n Y MSI27/M8378 o
NeC 14574 cm LS Cri nPR214 XD CHTY
TOSHIBA ) TOIAT4A PQ
Electrical Characte-iatics SNS4ALSTA/SN7ALSTA
ratinga ovar th free-air range
Sumew verleon YOG » Oparatong weo-oe [ “snsas -9 e e Pin Assignmants (Top Vi«w)
ot ooy 3 -2 andiaal INTILS e W TC
Vg e ahoe fengh -4C 1 T
ereing ¢ ® @
ANSALST4 SNTALS T4 Neat Voo CLA 0 XK MR 20 0 A 19 0 OND M 0 mw
= I T o felpal G el (9 roL - fm) BT (i el {1y
Sunsly wemige, VOO “ ) 4 an 1] ™ v T ] ] ] ] l
[T e — T -a00 —a00 Py ‘vj ‘ 1
Low-rvel @Apd aurem, 101, 4 ] -4 ,_j e 0 g o
oo~ v Gres oo 5 s 3 PR CLA cLA vnb—l
:o-' » ciser W : . : » (il( ch °
o Sty S, S ki L ! 1
Low-level dais N 200 2
™ [ [ T 1 1 n J‘l; NeBelzki
Oswrorey Sesor womeranos, Ty -58 ) [ EY £ ' 1D ICK PR 10 10 ONO 1CX 10 it vee 2 o X
&Ln tLa cLa
:lot:(n'.cllt chnnc;:oristics over recommended operating Functional Table
ree-air temperaturs range 3 .
PARAMETER TEST CONDITIONS I | MIN TYPI MAX |UNIT 74.'H74. 1574, 'ST4 (See Note 2)
Vi High-evel wout voltags 7 v 3 INPUTS QUTPUTS
Vi Lowstevel mout voltage s.8f v PRESET CLEAR CLOCK O Q a
vy Irput clamg voltage Ve aMIN,  |ym-igma -850 v L H X X HooL
VCo=MIN,  Viy=2v, H L x X L H
v High-lave! 4 .
(O] igh outout voltsgs Uy 0.8V, loumMAX EI% A ) v 1 L x o " e
Voo=MIN,  Viy=2V, H H 1 H H oL
v Hov ¢
oL Low-evel ouout voitage Vi =0.8V. gy = tmA 0.25 O, v > " t L L "
0, 4. K. 0.1 H H L x {0, &
trout curremt at Cloar 5.2 '
" itage - Presst VegmMAaX. vi=v 02 .
va )
Ctock o.! Functional Block Diagram
0.4.K. . 20
High-evel Clear 40 .
Y MA . st e
™ inout curramt Praset VegmMAX. Vi=2.TV ol 44 .
Clock 20
0,1.K, -0.4 e Lr .
Low-evel Ciear -~9.8
e Ioput current S rese VEe=MAY, V| =04V -0.8 mA
Glock -9,
H
Shortcwout Serias S4LS -20 - 100 cuoen
los veg=MAX maA
output current @ [Swrves TALS - =100
Swoly current
[ Y ®
L] (Average per rip-fico) Voo =MAX, See Note ¢ ] A mA .
! clock frequency M % 1 MHZ “7a, "$T4, WA, LS?4, LIA-DUAL O-FLIP FLOP WITH CLEAN AMD PRESET
Yoo =5V,
PLH | from ciasr, presat or clock Ta=isc. 3 B
(as zporcormte) 1o Q o § Co=isoF, n
PHL AL =2g - 3 0
* NOTES ! 1 with ail outputa uoon 160G 19 measuwred with the O and 0 OUTDUY Mgh in turn,
. Al thé trme of maemsement, the clOCk NOUL 13 grounded .
2 M=mtgh\level (stesdy stale). L =lowlevel (steady state), X=wralevant
T =teansn Irom low 10 foh Inved,
Qo=iha levelsal U balors the nout cond were .
« Ths contmeat NONKIARIG: ThAt 13, 1t wibi AGL JarsisT when praesy
and olear inOutS return TO~thew wactive (igh) lesm,
1For condtions shown a3 MIN or MAX, use the vaive wnder eerating ~

340 tymoal vahwe are at Voo =SV, Ta=2SC.
SNot more than one cutput snould be shooted at 8 Time,
#1pg iy ®owooagation delay time, low lo-high-leve! cutput;
sy, vorooaga delay time, heqt autput
§ The amnw indicats the odge of the clook DUISe used for ratence: 1o the nsiny edge.




54138,/74138 3-Line-to-8-Line Decoder

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Pach Package Package Packeage A Package
Device Type Device Type Davice Type Device Type Device Type
YPeIcTeImicr c[P[mcH YPe TP ImicH] YPo TR McH c[p[mcH
Tl SNS4S 138 s 0 wq SNSILS 138 fTe WA
el SN748138 JAND SNILS138 J AINGY
shnsis  jod Fes st/ fumsis {00 ]
FARCHLD RISIS/FNSE | 0 Foasiu/exsin | o)] ) )
me'A SNT4LS IS PO
. OMMLS 138 ]
NS.C. OMNS1I8 -| © OMSAL 5138 )
PHUPS NT4S 138 Q N74L S D
S54S14 F {81} w(
SIGNETICS N14Si38 FOBO NILS 138 AD)
SIEMENS
FUJTSU LS8 M)
HTACH HDTAL5 138 P®
MTSUBSH M145138 P )| M74L S 138 P Q)
NEC L5138 C O
TOSHBA -
Electrical Characteristics SN54LS|38/SN74LS 138 Pin Assignment (Top View)
absolute maximum ratings over operating 0] DATAQUTPUTS
fres-air tamperaturs rangs
Suopty valtage. Voo i v Opurating free-aw SHSILS —$5'Clo 125°C l [
nput voltage w JIemperature rangs ! smiaLs 3°Ctd 10°C (
Storage temparalure range —65°Cto 156°C l L
. e g YO vy 12 Y1 Y4 ¥§
recommended operarating conditions
a 16
SNSALS 138 SNHLSI8 .
MIN_NOM_MAX | MiN_Nom Max | U7 SammCan(i24 G285 0 1ey 7 positive logic:
Sucply voltage, Voo 45 S §5]4.75 5 525 v L l l’ T see function tabie
High-evel oulput current. 1o 400 400 A
Low-tevel outpul current, Igy 4 8| ma VI 2 4115(16§17(]8
Operaling iroe-aw temperature, T4 - 55 1251 0 W T A & C nG2AG29 G u'T,PurGNO
slectrical characteristics over recommended operating SELECT ENABLE
free-air temperature range Function Table
PARAMETER o TEST CONDITIONS t MIN TYP$ MAX |unT *5138°LS138
Vi High-levet inpul voitage 2 v
Vi Low-ievel wipul vottage 0.8; Vv F——INP*—UTS { OUTPUTS
vy Input Clamp voitage- Veg=MINg = = 18mA (Y v E:‘AELGE = SELECT
v Hgn-level cutpul valtage VeE=MINVya2v. | Sious [ 25 1.4 .v - = T2 A T XS YE T
on Vi =0.8V,10H= lDO_uA[ SHS 1721 14 X H | X X X H H H H H H H H
v Low-tevel output volla: VegaMN. . Vig=2v. Q.35 0.5| v 2 # o X oy, 'h o
o - put voltage Vig=0.8V. 1oy = dma : e S A I LR
] IAgul Culrent at maximum Voo =MAX. V=1 A H Lt L WIHLHHMNHHH
) wnput voltage cc . V=Y 0.1 m H L|L H L|H k& L HHHH®H
™ Hign-tevel ingut current NGG=MAX, V=27V 20{ nA N Lk i WO M|H ¥ B L H B AN
Iy, Low-wvel input current Vo SMAX, v =0.4V 04 ma H N o Ho# H H L HHH
05 Short-circut output currant @ | Voo aMAX ~20 = 104 ma 3 'L. W L HIH b HHHLHH
H ' H L|H H HHHMHULH
Vee ™ MAX,  Outputs enaslea
L Supply Curnent | cc \
cc and open 6.3 0| ma H L|H H H{H h HHHHHL
1Py M 2 k) 2 -y ¢ G2-+G2A+G28
'PHY | fom Bwary solect 21 4 Hangn level, L =iow level, X =wrolevant
BLM {0 Any out Vee=5V. i3 21 . .
[ oy octoot ri‘izs'c tovers | 3 T Functiona) Block Diagram
i
BLH CyL = t5pF, ° 21
2 ns
1 = dolay
Toua] rom Erese umine T
hd [ Y
Tp ] 1@ Any outout ? 25 W ™ enasLe ) 9 '—D"‘ * 1 M
INPUTS 0“% 1 | Yt
b
14 J ’11”
DATA
—] v of ourputs
i "y —— 1)
s e ST
SELECT 2 (I3 Dyg
weuTS. | ”—%J'l_b‘ +-
. _ll_._ N +1 %
'S138°L 5138 DECODER,/ DEMUL.TIPLEXER
TFor combstwne suwn a3 MIN W MAX, e 1w apimup iy val weolond wwlos o A el 1wy [P fnable duena Gy,

AU typuca) vakus are ot Voo= 3V, T, -25C.
®NOL mare (han une OuIDUt NOUID DO Noriud of a tme, and YW aton of The Shart-CuCut 193l should No1 exceed one secund.
P Mropaalion Jelay lime, (Ow-ta-hyN-iavel oulpul

Py = propagation doley time, hygn-to-iow-level oulput



54154 /74154

.

4-Line-to- | 6-Line Decoder /Demultiplexer

/

Schottky TLL High- Spoed TTL Low- Power Schottky TTL Standard TTL Low-Power TTL
Package . Package . Package . Package . P ackage
Device Type Device T Device T Duvice T Device Type
YPO IeTRImICF YPe IS TR M[CF YPe TR m[CH YPO IETRM[CF PO IETRMcF
T SNS4154 (D] WOD] SNSAL 154 J Q]
oo SN 3 (DINGY SNIMALISA J WIND)!
) .
FAIRCHILD FCTaisd W) | "6
MOTOROLA SN i
N S c OMS4L S 154 Al OMms4154 J B F (D] DMSAL 154A Db b Fit
2. DMTAL Sivd o DMT4I54 D@D TFQ DML %44 o plun] (R
PHILIPS NJLSI54 [0) NTALS4
554154 FOING[ 0@
SIGNETICS NT4 154 NG,
SIEMENS FLY 14! @
FUJTSU
HITACHI HDTILSI5 P RO o280 | TR0
MITSUBISHI MS53354 P
NEC LPB2ISA oG |-
TOSHIBA ;
Electrical Characteristics SNS4 154 /SN74154 3
Function. Table
absolute maximum ratings over operating free- air (amporutur& range 154, °'LI154
Sy vitage VGC IV | Operaning frowan [snst] —86C w izt ALl il did
Input_voliage [5.5¢ | tempwaturs range fsni 0T 1o 1T G162 | D C BA | 01 23488786 910i112131418
Stofaye Iemporatre 1ango —65C 10 10T [ L LMK HAHRADNHHKHHNAAN
Lo L L L '! B L HKHHHHHAHRHAAERENNBN
recommanded operating conditions LL | LLKL [ HHLREANRHEKRRHDNR NN
! )# LLHN A H B L W H N AR R
SNS4 152 SNT4 154 e LL | LHLL | nHHEHULNHNHRAHRHHHEHHNW
[N S L L H MR M AL AR HMNHKNRN KN NH
MIN _NOM MAX | MIN NOM “MAX LL LN L H HHHAHLHS®MHHKBEHNAN RN
Supply voltaga, Voo 4.5 5 550478 $ 528 v LL JLA KA H MWK LHNHIRNRHRR
High-lever oulput Cwriafl, IQ_” —-400 =300 A L H L L HHHHHMMEHLHSHNNDH
-— L L HLULLDH H HHHHAHAHARFLAEAREN AR
Low-tovel output current, 101 16 1S {Cnd LL | MU BHL | nnHH A H L HHNRHN
Gperating Irow-ase_ lomerature, Ta 55 128 [} 0| T L L HL oA WOHOHHKHKEHNRALNHENA
. B N W 1 L L LI B S N " H M MK AH SN NN LA HH
elnctrlgal characteristics over recommended operating el wuim]| nHA WA AL N
frae- sir temperature range . LU | MM HL| RHHAHHERNARRNHA LR
Lt H H KB h H AR H KA KR HHHRRL
PARMETER & [ TEST CONDITIONST |MIN TYPT MAX |UNT i | Sl YT ohndn G nlfifo w 0 wonownon
ViH High-level input wuilage 2 v ;n (N} X X X X N M H K KN RN AHNNRHAH
ViL Low=hiver iput vollaye 081 v M| x x A X W HHHHHHHNEHHHNNHAN
vy Input_clamp vullage Voo =MIN, = —12ma hai 2 3 B H s hogh level, Lsiow loval X =wrgievant
Voo =MIN, V2V, P { (
v High- .4 X X
0K High-level oulput voitage Vi~ GV, gy 100uk 3 14 v Functional Block Diagram
X VoC =MIN, V=2V, {0
VoL  Low-level output voltage Vi 0.8V, gy =I6mA - @z 04| Vv wr [
- - N -
" put cutfunl al masmum VoG AMAK. ViS5V V| ma —3 2
put voltage /
1 Higheluvel wpat Cutent VoG —MAX, Vi=2.4V 0] A AL d 2,
[ Luw=lovel wiput curtant Vo =MAX, Vi=d.4v ~t A ma - qu—D } B "
los  Shtcre o {veg=max STes: | a0 B A ] ’
0S circut output Guirent ce . sniv -1 rsi m. o 5,
| Seopty cwrent VOC = MAX SNSE A el A ‘_:
cc y cuen Sws Note SNIT W% =Dt
from A, B, C. or O wnputs 22} B n
2¢ % 8
PLH 1 (nrougn 3 leveis of logic ne weuT ﬁ 3 s
A 8,¢C Voo =5V = 0
o | o 8. C. o O wputs co=SV.  Ba=25T 2 B . . 1’}&_}.,
through 3 levels of logic CL=1SpF, Ry =4000 ¢ 21 S ourpurs
1P lrom mither 3iroUe wpul 20 W ns < g}i‘-’.. .
1P| 1rom withee 3irobe muul 18 _ 21| ns ﬂr—"ﬂl—u_) s
. . N (20
Pin Assignment (Top View) o—>ﬁ>ﬂ "
v whuls outivrs \ () 10
c¢ - — —{ H3) '
@ Ll lobbd okl iskie "
[LITTT 11 iz
6 0 G Gt s w131 {15)
43
3 43 8 1 % v n : D "
. A "
1) 15
ARARRRRREN =L
HIBURURMBURCRLR 1 . s -} ° -
b aoiuts — w0 154, 'L154 4-LINE-TO- 16-LINE DECODER/DEMULTIPLEXER
sositive logic: Ses hactior ticie NOTE: |GG 18 measured with ad inputs grounded end Mi Gutputs open.

1 For conditions shown as MIN or MAX, use the

for tha ap

lo type

S AN typcd) valuos are at Yoo =5V, Ta=25C.
®Not more than:one oulpul 3howld be thorted at 3 Lime.
® [P *Propagation gewy umc. lowsto-tugn-level output

IPHIL B propaganon geidy Lime. fughe (0= 1ow-tavel outpul

-

vehm tred wnder



e

54193/74193 Synchronous 4-Bit Binary Up/Down Counter (Dual clock with clear)

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package . Package Packaye . Package
Device Type Device T Device T Device Type Davice T
. YPercTemfer PercTemicr P relp[mlcr] YPercTpmicr YPelcTemic
Tl - SNS4LS 193 4y W SN5419] 1 W Snsa 193 3
[l SNTiLS193 3 Ny SNT4193 1 QNG SNT4L 193 3N
- fusksns/ s ol FOf FMs4193/FMe366 [00] |
FAIRCHLD - TOWsN, RS {091 MD| | KD FC4193/F Ca366_|DDIP(D
MQTOROLA SNMLSI93 e . MC14193 P D
OMSL 519} w MS4L 193 1N F 4
0 LiNOY
NS C. OM74L 5193 DMT4i93 [N (O OM4L 19 J (ANG, F 18
PHUPS NTLS19) w N1419) n
L54193 F 804 kad%
SIGNETICS JAD NT419) F (B @]
SIEMENS |- FLI281 [
FUNTSY 7aL5133 My
HTACH HOT4L. 519 P Uy HD2542 Wi
MITSUBISH ML S 193 P ) 1453393 Pt
NEC 74L.5193 W) wPB2193 oW
TOSHBA 5 1 Tors: P
1 AmS4LS 193
AMD { Am7dL S 19 I
Electrical Characteristics SN54L.S193/SN74L.S183 Pin Assignment (Top View)
i i i - evis airls peits
absolute maximum ratings over operating free-air temperature range v T e m
Suly vaitage, VoG v Oparatnw frow-aw [ SHsaLS| —55°C 10 125°C v : mininim
‘ool voliog 5 5V temparature rangs [ SNTALS 0'¢ 0 10°C s . gy
Storayge lompareiure (eige —85°C to 150°C ] I l I T l
A Cliwe pausm CANY LD €
racommended operating conditions
s ]
R . SNS4LS193 SNT4LSI93 | o ® ot cakt
MIN__NOM_MAX | MiN_NOM_MAX 9 0. om @ o 0,
Swoply vaags. Vog 5 5 5.5]4.05 5 525] V Pt
High-ievel output current. IgH - 400 —400 | uA NIRAIER IZRIEEIERIRE L)
Low-ievel Quipul current, loL 4 3| mA i O [ mml ()
Count_trequency. feount 0 25 [ 25 | MHz -:u uﬁ"‘m{—' wirts
Width of any 170N Dl 3w, |y L 20 ns
Data seto nme, Iseryp 20 20 ns
Deta noid ume. ingid 0 9 ns .
Operaung Sue-m¢ tumgorature, T4 -85 128 [ 18] C

slectrical characteristics over recommended operating
{ree-sir temperature range

PARAMETER ® TEST CONODITIONS T MIN TYP 3 MAX | UNIT
VK High-tevel 1nput vurtage 2 v
Vi Low-tevel 1nput vuitage 0.8 v
Vi inout clamp vallage VCG=MIN, h=--igmA -1.5f Vv

VCCoMIN. Vi =2V,

Vi =0.8V, Ign= —400uA
VOC =MIN, V=2V

Vi = 08V, oy = mA

VOH  High-tevel output visiage

VoL  Low-level output voltags 035 05| V

lrput current at maximum

y input valtage VCoC=MAX, V=1V 0.1 mA
%) High-level input current VEQ=MAX, V=24V 0 uA
[ o Low-tevel tnput Curtent VCGQ =MAX, Vy=0.4V 0.4] mA
snsaLs | -20 100
Short-orcut t . MAX A
os " Qulgul current veg= nrets | —20 To0 m
Voo =MAX, SnsaLs 3] 34
[ s current A
cc uopty culren Ses Note 1 SHILS TR
Imge Maumum GIoCK {requency 2% 2 MHZ - !
[y trom Count-ud 10 oulput 17 26
1py, | Cwry veg=sv. A Wl ™
Py from Count-duwn (0 Guiout . 16 4
PrL Borrow Ta=25cC. ' 24 "~
1Py trom Either Counl to 21 i
touy | outout O CuL=1%F, 0 o] ™
1P rom o8 40
! .
ohL Losd to outaul Q AL =2t ™ ol ™ .
1ppy | tom Clear to ouiput Q 2) 35 ns -

NOTES: 1. 10 t5 mwasired wiih all Outpuls open. Claer and 10ad 1NpUIs grounded, and ail Orher
mputs al &.5v.
A, Cloar’ overndes load, data, and count InQuis.
B. When CouNiing up, COuUNt-0owA tpul Mu3l De Ngh: wien COLNling QOwn, CouNt-w inpult '
must be hign.

TFor CoNALONS 3nown 43 MIN Of MAX, use (NS ADPIOPNALE valus P hed Widef FECOMMANced OpBraling COMS Liuns 10 N applicatis 1ypc.
$A% typcal values ars at VOG5V, Ta=25C.
*NOt more than one Gu(pul Shuuid be shoried at & thima.

7o IPLH =prOpagauon Colay Lme, low-10- Mgh-level Ouipul CONTINUED O HEXT PAGE

<IPHL TMCPAGALON Coley LM, NI tu-towtevel Gulput
SNSRI
—_



54244,/74244  Octal Buffers/Line Drivers/Line Recsivers

Schttky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL . Low-Power TTL

Package . Package . Package Package , Package
Device T

clr[mEr]| 2oV TYPe [eTRTmEF]| P TYP° [CTr [MEF c[PIMEF] "*V'e® TP TR [MEF

T SNS S244 1 Dl
o b SN S244 b NGO

FAIRCHLO - ‘

Device Type

Device Type

MOTOROLA ' -

NS C

PHILIPS

SIGNETICS

SIEMENS

FUJITSU

HITACH

MITSUBISHI

NEC

TOSHIBA I

Electrical Characteristics SNS4LS244/SN74L.5244

absohte maximum relings aver operating fres-sir temperature range

Pin Assignment (Top View)

Supoly voitage, VCC ™ T Uperaung tee-ar [ SNS4LS] S5C 1o 125C
1noul_voitage $.5v | temoerature conge  [SNraLs|  0C 10 10C
Interemiter vortage $.8V Sloreqe tempurelwe (anao 65°C 10 156°C @
recommended operating <¢andilions
LS54LS5244 SN741.5244 uNT
MIN NOM MAX [ MIN NOM MAX .
Supoly volteas, VCC 4.5 H 5.5[4.7% 5 §25] Vv y Y h N
High-level outpul cufrant, 10H t2 15| ma nl [wlisl | wl {nl o] le "
Lowm-lavol Outpul current, 0L 12 i o
Operating tree-wr tampureturs, T4 55 125 0 !l C g
" " R . =
viectrical characteristics over recommendsd operating / / /
free-air temperature range (unless otherwise noted) / / l/ /
o
SN74LS 3
PARAMETER E o]}
ME' TEST CONDITIONS t MIN TYP ] MAX UI?T g g A
Vin High-level noul voltage 2 v L.‘l T ) s . ]
MR Low-tevel ingul vOllaye 08 v P N - B
Vi itoul camd vollage e~ MIN. Al &y tmd TSy ’ SNS4LS244 (4} SN74LS244 (3, N)
Hystarems{VT » =VT ) VCC =MIN 0.2 04 v
VCQ *MIN,  Vin =2V, 26 1a
ViL =VILmax, 10K = -~ ImA "
VOoH High-level ouiput valtage v
VCC=MIN, VIiH =2V, -
N ViL =0.5V,  I0H TMAX
, VeG=MIN, gy =izma 0.4 ’
VoL Low-levet output voliage Vin =2V, ~ -V
Vi =Vi maz | gL =24mA . 0.5
Olt-stale outout owrrent,
'0ZH _ rgntevel voitage appued :cc:z::“(' Vo=2.1v ® A
' Otf-siale outoul Gurrent. 1H=ev » ”
O2L _iow-iave wiitage apoued ViL =V man | Vo =0.4V ~20
Input aurrent al maumum
4y \ngut vonta VCC=MAX., V=1V 0.1 ma
Hegn-tevel i ‘current,
N ST el Voo=MAX, V=2V 20| wA
L Low-tevel wnpul current VOC =MAX, Vi =0.4V -0.2(| mA
108§ Shori-cirout autpul current VCC =MAX ~40 ~225| mA
Qutputs mgn Al 13 23
utpuls Mgl vcc-MAx
. Suoply curent Oulputs low ‘LS 27 6l :
cc v N o Outouls ooun
1 outputs . . .
*3adled TS24 b 1
switching characteristics, Voo V. Ta 25C ’
PARAMETER TESY CONDITIONS MIN TYP MAX[UMNMIT
Psopaysuon detay time,
PLM igu-to-mon-tueel outout ! o T
Propsyshon dotey lime, Cp -4%F, HL e,
'PHL  pgneigigw-invsl output Soe Mote 2 2 i L
P ZL  Oulput sadie tine 10 luw lavel U 0] ns
1PZH  Output wnedle tine 1o heyh level . 15 21|
Qutout & 3edie ima
PL2 o low levet C ~5oF, AL -s61u. | 1] B m
OQutout asatie uma Ses Now 2 ‘
PHZ o g level 10 | o
1For conations shown a3 MIN o MAX, use le apiusiets valun i Bad uingor 1

S At tymcal vahes are 31 Voo SV, T4 25°C
@ Nt more Inan Ons Lulpul should be wuxled 4 2 ime, 4nd Gation Ul Ihe ShOrt-GrCwt waid N1 exceed oy S0CONd.
NOTE 2 °Load orcwt ond voitage wave lrms are 3hown un puge 311




s0L40258, ScL 40783 ~ CMOS NOR GATES

SCL4001B - Quad 2-Input NOR
SCL4002B — Dual 4-Input NOR CONNECTION DIAGRAMS
SCLA4025B — Triple 3-Input NOR {alt packages)

SCL40788B — 8-input NOR
Vpp 48 4A 4Y 3Y 38 3A

FEATURES { { | ] | | L
¢ Buffered Outputs - . ’ 14 13 12 1t 10 9 8
¢ Diode Protection on all Inputs sScL40018

4 Fully "B~ - Series Compatible 1 2 31 4 5 & 71
4 Batanced Qutput Drive Current Specifications T T T T T T T

1A 1B 1Y 2Y 2A 2B Vgg

~

Vpp 2Y 2D 2C 2B 2A NC

— _ Inputs Qutput | 1 { { ] l !

e e 1
All other combinations 0 b 1§CL111;02180 : ’
1 2 3 4 5 6 7

1 1 | [ | i
1Y 1A 1B 1C 10 NC Vgg
FUNCTION DIAGRAMS

SCL4001B SCL40028 Vpp 3C 3B 3A 3Y 1Y 1C
: - { potwwmed €N B 10 |
1Al 3 1A 14 13 12 11 10 9 38
13.2___D°—w 182 1 SCL40258
2A : 1cd & 12 AlIwE &= i1 7
:_'_'Do—“zv 5 TNIND & I
28 10 1A 18 2A 2B 2C 2Y Vgg
9

Q

A 10 2A 2

3y
38 2B 13 Vpp Y H G F E NC
; ‘ 2v & (hid P 4 AR
%A 11 4y e 14 13 12 11 10 9 8
481 . 20 ~ .scLao7se

-

-

vy=AFB Y=ATBTCFD ' } % ? ? ? ? .I,
. NC A B C D NC vgg
Add suffix for package:
¢ 14-pin Cerdip
SCL40258 SCL4078B D 14.pin Ceramic
1 2 E 14-pin Epoxy
1A
A 3 F  14-pin Flat
2 9 B
1B 1Y . H  Chip
1c8 [ -
D
282 ) .y By
4 6
ZBED‘,_ 2y g 10 RECOMMENDED OPERATING CONDITIONS
2C G :; For maximum reliabilityr
3A” H DC Supply Voltage Vpp-Vss 3to15 Vde
3812 103'Y Y = A*B+C+D+E+F+G+H Operating Temperature Ta
3c - C, D, F, H Device -85 10 +125 ©oC
i3 Vi = Pin 14 E Device . -40to +85 ©C
-Y=AFBFC DD =Fin
Vgs =Pin?

for All Devices



ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '-?

] °c - 1
PARAMETER Voo | conpITIONS |—Ttow $25C TwiaH” | ynins
(Vde) .Min. | Max.} Min. | Typ. | Max. | Min. | Max,
QUIESCENT DEVICE lod " :
CURRENT S [Vin*VssorVoo | - | 005 - {00008 0.05] ~ | 1.5 {wAde
10 | All valid input - | 00| - {0001} 0.10| - | 30
15 |combinations -~ 0.20 - |0.,002 | 0.20 - 6.0

NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL40008 Series Family Specifications”.
Teow = -55°C for C, D, F, H device.
= -40°C for E device.
Trign = +125°C for C, D, F, H device.
. =+ 85°C for E device.
3 These devices have been designed for balanced output drive current specifications. Consult Family Specifications.

DYNAMIC CHARACTERISTICS (C_ =50pF, T, = 25°C)

PARAMETER 4\\//3?) Min. Typ. Manx. Units
PROPAGATION DELAY TIME toLrs ten B
5 y 125 250 ns
10- = 60 120
15 - 45 90
OUTPUT TRANSITION TIME CrLne UTHY .
5 - 100 200 ns
10 = 50 100
15 = 40 80
Vos. DRAIN VOLTAGE (Vdc) 50 —
220 -18 -16 -14 <12 -10 -8 6 -4 -2 O — 45 V[ = 15 Vée
=y 20 -
Vs = =5 Ve ——— Sor E 1
1 1 40 ¥ - 35 /
P A 145 2 Z 20
Veg ==10 Vdc 7 Fy- =
y 20 = 5 25 7 Ve, = 10 Vde
/] 25 g = 20 P
Y 2 W 7E
-35
Ves =15 Vdc A 40 E 25 /4 Vul=5!Vdc TA'ﬂzsl'c 4
o
=1 T.=25CH-45 & 0 2 4 6 8 10 12 14 16 18 2
11 .50 Veu, ORAIN VOLTAGE (Vdc)

Typical N-Channel

Typical P-Channel
Sink Current Characteristics _

Source Current Characteristics
LOGIC DIAGRAMS SCHEMATIC DIAGRAM SCL4002B (1 of 2 gates)

SCL4001B:D°—<{>—{>°— T I

SCL40028 .

SCL40258 M w____{.j _' 1

-t

SCL40788




CMOS NAND GATE
SCL4011UB - ~ _ (Unbuffered)

FEATURES :
¢® Unbuffered Outputs for Quasi-Linear Applica- . " CONNECTION DIAGRAM
: tions (all packages)
¢ Quad 2-Input NAND Configuration
¢ Diode Protection on all Inputs . Vpp 48 4A 4Y 3Y 38 3A
¢ Output Drive Current Compatible- with “B” ’ 1 | | | [ |
: Series 14 13 12 11 10 9 8
¢ Pin Compatible with Buffared SCL40118B SCL4011UB
¢ Balanced Output Drive Current Specifications 1 2 3 4 5 6 7
) 1 T T 1 1 T
DESCRIPTION 1A 18 1Y 2Y 2A 2B Vgg
The SCL4011UB consists of four positive-logic )
NAND gates. The outputs are unbuffered, making Add suffix for package:
the device suitable -for quasi-linear applications, i X X
such as gated oscillators, multivibrators, and pulse c 14'Pf“ Ce’d'p.
shaping circuits. 0 14‘pf" Ceramic
For digital applications, the buffered SCL40118 € 14-pint Epoxy
is recommended for its higher gain and input F 14'_9'“ Flat
pattern insensitivity. H Chip
LRV ABER RECOMMENDED OPERATING CONDITIONS
— lgButs 0“")"“' For maximum reliability:
All other combinations 1 _ DCSupply Voltage ~ Vpp-Vss 3to15  Vdc
Operating Temperature Ty
C, D, F, H Device -55t0 +125 ©C
E Device 40t +85 ©OC
SCHEMATIC DIAGRAM LOGIC DIAGRAM
?.4
P - » P 3
:Z} _[d 2y |3y E:[_ E
’_L‘__ —t © f _I_‘ 1: ;D—J 1Y
. .
1A s El[ : aa i [ S
2 __J A 3A 8 .
o L— 0o
8 . :{ f: 38 . 38 913—'0 3Y
A ‘1:13>—u 4Y

:‘3 —]ﬂ 1Y ay E[‘ E . 4B 13 a
. » ) ' o 13 v Y-r:?c
2B o —]5 EL 48 vzg-rin7
2A6————JL FL—SAA

vss




ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS

3

1 O 1
PARAMETER Voo | conpiTions |__TLow 1;c Tigk | ynits
{Vde) Min. | Max. | Min, | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE bo
CURRENT S |Vin=Vgsor Voo - 0.05 - 10.0005 0.05 - 1.5 {uAde
10 | All valid input - | 0.10 - 10.001 | 0.10 - 3.0 |
15 [combinations - 1020 - {0.002 | 0.20{ - 6.0

NOTES: ' Remaining Static Electrical Characteristics are listed under “SCLA4000B Serles Family Specifications”,
? TLow =-55°C for C, D, F, H device.

= -40°C for E device.

Tiign = +125°C for C, D, F, H device.

=+ 85°C for E device.

3 This device has been designed for balanced output drive current specifications. Consult Family Specifications.

DYNAMIC CHARACTERISTICS (C, =50pF, T, = 25°C)

. PARAMETER X/gg, Min. Typ. Max. Units
PROPAGATION DELAY TIME S/t
5 - 75 150 ns
10 - 35 70
15 - 25 50
OUTPUT TRANSITION TIME [ AN >,
5 - 100 200 ns
10 - 50 100
15 X 40 80
VYoo, DRAM VOLTAGE (Vde) 50 —r—
20 18 -16 14 12 10 -8 6 -4 2 O P sl s v
T—T 7T cs *
Voo~ Ve 5 o~ - g o ]
1 A1 g g
" Voo = =10 Vée 7 ‘15 2 g ¥
20 = s 5 7 Voa = 10 Vde
.25 g S
30 2 § 15 ///
. L. 35 3 a 19 /
Voo =18 Vée—d ] 4,,% 2 5| v.,l-s:ue Tm2cd
—— 1 [}
i 1 T.I-zs;cT:.. 0 2 4 6 8 10 12 14 16 18 20 °

Typical P-Channel

Source Current Characteristics

Voo, DRAI VOLTAGE (Vi)

Typical N-Channel
Sink Current Characteristics
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APPLICATIONS INFORMATION

% SCL4011UB

Gated Qscillator

m.ﬂ
Low

gk —I/«,_-’-——-——
.LO' ¢ ARSFER VOLTAGE POINT~ IMVERTER &

v, }nuuun VOLTAGE POMT- IvERTER §

Compansated Monostabls Multivibrator
{independent of Transfer Voltage)

TVDO

4 {
s -.:: ::u,
ue_g ! & )
n = __DD—ooytwv
. ct N
% SCL4011UB \
- memgeiOND . bl -
PONT 4 i kihaadad
. . cincut waerom

. . Frequency Doubler

- . -

v e,



CD40192BM/CD40192BC synchronous 4-bit up/down decade counter
CD401.93BM/CD4019380 synchronous 4-bit up/down binary counter’

general description

These up/down counters are monolithic complementary
MOS (CMOS) integrated circuits. Tha CD401928M and
CD401928C are BCD counters. While the CD401938M
and CD401938C are binary counters.

Counting up and counting down is performed by two
count inputs, one being held high while the other is
clocked. The outputs change on the positive-going
transition.of this clock.

These counters feature preset inputs that.are enabled
when load is a logical 0" and a clear which forces all
outputs to “0” when it is at logical **1”, The counters
aiso have carry and borrow outputs so that they can be
cascaded using no external circuitry.

All inputs are protected against damage due to static

features
= Wide supply voltage range IV o 16V
& High noise immunity 0.45 Vb'o typ
% Low power TTL compatib;lity fan out of 2
driving 74L
* or 1driving 74LS

® Carry and borrow outputs for easy expansion to N-bit
by cascading

®  Asynchronous clear

MM54C192/MM74C192
and MM54C193/MM74C193

% Equivalent to

. discharge by clamps to Vpp and Vgs.

connection diagram

Dual-in-Line Pasckage

[t g1t )

QuTPUTY

InPyTs

0aTA

CATA

BATA

CLEAR 30ARQW CARAY

10a0

Iu In

[
In " ll

1

l

cascéding packages

]
DATA
o

1 4 L]

[ 1Y L couar coust

ouTPUTS

00w w
————

A}
O¢ g 3

ourruTs

02 Vitw
“

[}

-
— CAARY

w
- tiecn

0own
cLock

L7777

- I'UH‘

sornow
CLIARO; Qg Oc Op

LOAS A 8
" 4 CARAY
[t 0 Ot 10AROw

CLEAROs O Gc Qp

[T

L1014

RN

qutruTs

CLEAR

'} 1O mExy

sTAGE




absolute maximum ratings
(Notes 1 and 2)

recommended operating conditions
{Note 2)

Vpp de Supply Voltage ~0.5t0 +18 Vpe VDo de Supply Voltage 3t015Vpe
Vin Input Voitege 0.8 to Vpp +0.5 Vpe Vin Input Voitage 0to Vpp Voc
Ts Storage Temperature Range ~65°C to +150°C TA Operating Tempersture Range
Pp Package Dissipation S00 mW CD40192BM, CD401938M -55°C to +125°C
Ty Lead Temoerature, (Soldering, 10 seconds) 300°C. CD40192BC, CD401938C —40°C t0 +85°C
dc electrical characteristics .(Note 21 CD401928M, CD401938M
-55°C 25°C 125°C
PARAMETER CONDITIONS UNITS
MIN MAX MIN TYP MAX MIN MAX
IpD  Quiescent Device Current Vpo = 5V 5 -5 150 HA
Vpp = 10V 10 10 300 BA
Vpp = 15V 20 20 600 HA
Vot Low Level Qutput Voltage Vop = 5V ~0.05 0.0% 0.05 \4
. Vpp = 10V 0.05 0.05 0.05 v
D © Vpp=15v 0.05 0.05 0.05 v
VOH High Level Output Voltage | Vpp =5V ¢ 4.95 4985 4.95 v
. ‘Vpp = 10V 9.95 9.95 9.95 \4
Vpp *= 15V 14,95 14.95 14,95 - v
)
Vi  Low Level Input Voltage Vpp =5V, Vg=05Vordsv 1.5 15 1.5 v
Vpp = 10V, Vg = 1V or 9V 30 3.0 3.0 v
VDo = 15V, VQ = 1.5V or 13.5V 40 40 40 v
ViH  High Level Input Voltage Vpp =5V, Vo =0.5Vord.5v 35 35 35 4 v
Vpp = 10V, Vo = 1V or 8V 1.0 70 1.0 v
Vpp =15V, Vo= 1.5Vor 135V | 110 11.0 110 v
1oL Low Level Output Current Vpp =5V, Vg=04v 0.64 0.51 0.88 0.36 mA
Vpp = 10V, Vg = 0.5V 1.8 1.3 2.25 09 mA
Vpp = 15V, Vg » 1.5V 4.2 34 8.8 24 mA
loy  High Level Output Current Vpp=5SV. Vpo=4.6V —0.64 -0.51 <0.88 —0.38 mA
Vpp = 10V, Vg = 9.5V -18 -13 -2.25 0.9 mA
Vpp = 15V, Vg = 13,5V 4.2 -3.4 -8.8 -2.¢ mA
Iy !input Currant Vpp * 15V, iy = OV 0.1 -1075 0.1 “1.0 pA
Vpp = 15V, iy = 15V 0.1 10-5 0.1 10 wA
dc electrical charagteristics (Note 2) CD401928C, CD401938C
—40"C 25°C 85°C
PARAMETER CONDITIONS UNITS
MIN MAX MIN TYP MAX MIN MAX
1pp  Quiescent Oevice Current | Vpp = 5V 0 20 150 ul
Vpp * 10V 10 40 300 uA
Vpp * 15V 80 80 600 uA
VoL tow-tevel Outdut Voltage vpp =SV 0.05 0.05 ’ 0.05 v
Vpp T W0V 0.05 00s .05 \4
Vpp * 15V 005 005 005 v
VoK High Level Qutout Vollage Vpp * 5V 4.95 4.95 495 v
vpp * 10V 995 .95 995 v
vpp - 19V 14 95 1495 14 95 v
ViL  Low Level Input Voltage Vpo =5V, Vo 05Vordsv 15 15 15 v
Vpo * 10V, Vg = 1V or 3V 30 30 30 v
Vpo = 15V, Vo ¢ 1.5V or 13,5V 40 a0 |, 40 v
ViH  Migh Levet Input Voltage VDo TSV, VQrO05Vorasv | 3§ 35 15 v
Vpp * 10V. Vo r 1Vor 9V 70 70 70 v
VoD * 15V, Vg = 1.5V or 13,5V 11.0 1.0 4 110 v
for  Low Level Output Current Vpo *5v. Vo- 04v 0.52 0.44 0.88 0128 mA
Vpp * 10V, Vg = 0.5V 1.3 " 2.25 09 mA
VDD * 1SV, Vg = 1.5V 36 30 88 24 mA
IoH  High Level Output Current Vop * 5V, vo-48v ~0.52 -0a4 -0.88 L -0.36 mA
! VoD * 10V, Vo < 95V -1.3 -1.1 -2.25 -0.9 mA
VoD~ 15V, Vg © 135V -36 -30 -8.8 -24 mA
UN  Input Current Vpp * 15V, Vip * OV -0.3 -10"5 | -a0.3 -10 | ua
VDO T 15V, Vi * 15V i 03 |, 1075 0.3 10 uA




ac electrical characteristics Ta =25°C, CL = 50 gF, R)_ = 200K, t, =, = 20ns, unless otherwise specified.
PARAMETER CONDITIONS MIN TYP MAX UNITS
tPLH Propagation Delay Time From Count Up VDD = 5V 250 400 ns
or Or Count Down To Q Vpp = 10V 100 160 ns
PHL Vpp =15V - 80 . 130 ns
tPLH Propagation Delay Time From Count Up Vpp =5V 120 200 ns
or To Carry Vpp = 10V 60 80 ns
tPHL VoD = 15V, 40 66 ns
tPLH Propagation Delay Time From Count Vpp =5V 120 200 ns
or Down To Borsrow VoD = 10V 50 80 ns
PPHL Vpp = 18V 40 65 ns
tsu Time Prior To Load That Data Must Vpp =5V 100 160 ns
Be Present Vpp = 10V 30 50 ns
Vpp = 18V -25 40 ns
PPHL Propagation Delay Time From Clear Vpp =5V 130 220 ns
TaQ Vpp = 10V 60 100 ns
Vpp = 15V 50 80 ns
tPPLH Propagation Delay Time From Load Vpp = 5V 300 480 ns
or ToQ Vpp = 10V 120 190 ns
tPPHL Vpp = 15V 95 150 ns
ITLH Output Transition Time Vpp = 5V 100 200 ns
or Vpp = 10V 50 100 ns
tTHL Vpp = 15V 40 80 ns
fcL Maximum Count Frequency Vpo = 5V 2.5 4 MHz
Vpp = 10V 6 10 MH2
Vpp = 15V 7.5 12.5- MH2z
tacL Maximum Count Rise Or Fall Time Vpp =8V 15 " us
or Vpp = 10V 5 Hs
tieL -Vpp = 15V 2 "y
twa,twi  Minimdm Count Pulse Width Vpp =5V 120 200 ns
Vpp = 10V 35 80 ns
Vpp = 1§V 28 65 ns
WH Minimum Clear Pulse Width Vpp = 5V 300 480 ns
Vpp = 10V 120 180 ns
Vpp = 16V 95 150 ns
twi Minimum Load Pulse Width Vpp =5V 100 160 ns
Vpp = 10V 40 65 ns
vpp = 15V 32 55 ns
CIN Average Input Capacitance Load and Data 5 7.5 pF
Inputs {A,8,C,D)
Count Up, Count - 10 15 pF
Down and Clear :
Cep Power Dissipation Capacity {Note 3) 100 pF
Note 1: "Absolute Maximum Ratings’ are those values beyond which tha satety of the device cannot be gusrantsud; they are not meant to injply
that the devices should be operated at these timits. The table of "Recommended Operating Conditions”” and *'Electrical Churacturistics” providus
conditions for actual device operation.
Note 2: Vgg = OV unless otherwise specified.
Notes 3: Cpp datermines the no load ac power consumption of any CMOS devics. For complete sxplanation, ses S4C/74C Family Cherscteristics
application note, AN-90.




schematic diagrams
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CD401938M/CD401938C Synchronous 4-8it Up/Down Binary Counter




timing diagrams

Sequence: -
_1. Clear outputs 1o zero.

2. Load (preset) to binary thirteen.

CLEAR [
10AD
1 B
s J S U
K G
oaTa e ———
| e - . - - —— ——— — = —— —
:._._______._....___._.__
’ e I IZZIIZZTZTZIZZZTZC
COQUNT
ur LJ Lj LJ U U
COUNT m—
oown
— ptnas
LS, | L L1 e e
! i
N [ 1 f 1 Inn.
ourryrs N 1 .
. S . L '
o = 1 : | .
CARRY u
SORROW,
[ H (IR TR B e 1 lu [ T |
SEQUENCE — [
ILLUSTHATED  CLEaR PRESET Count-us COUNT 0tWN ——]
Sequence:
1. Claér outputs 10 2ero.
2. Loud {preset) 10 BCD saven,
3. Count up 10 eight, nine, carry, 2ero, one snd two.
- 4. Count down to ana, zero, DOrrow, nine, eight and 1even.
CD401928M/CD40182BC
CLEAR 1
1040 .
o St 1 3 AIWVYY &
A% ‘I._ LA P i em g ic Y T NP el
. RS asg — NS~ o X
D"A ) ) | S A S I — Y D G w— W ——
cd W\ S AT ek U f 4
1
o_J QR & T MeT s —a_ZF
e LLLLLT
]
own L
' oown .
N Sy W | —
=Y | |
N J | IR I 1 J 1
ourryrsy __ 4
e _1 L i
. [
G LT L I "
CARAY -+ ju )
1080w |8
of (1 “ 15 o8 12 [ I BT R VR ¢ ]
SEQUENCE . —— COUNT uP fee—=COUNT 0 e ——
ILLUSTAATED  CLEAR PRESET co o

3. Count up to fourteen, fifteen, carry, zero, one and two,
4. Count down to one, zoro, borrow, fifteen, fourteen and thirteen.

CD401938M/CD401938C




SCL45188
SCL45208

FEATURES

Two Indeppndent 4-Bit Countars

Mternally Synchronous for High Spesd

Dual BCD (SCL45188) and Dual Binary
{SCL45208B) Configurations

Direct Rusat

Logic Edge-CIockoJ Design

Triggur from either Edge of Clock Signal

Static Oparation— DC to 5SMHz @ 10Vdc

LA XX R R X J

DESCRIPTION

The SCL45188 Dual BCD Counter and the
SCLA45208 Dual 8inary Counter are constructed
with MOS P-channel and N-channel enhancement-
mode devices in a single monolithic structure™f£ach
consists of two identical, independent, internally
synchronous 4-stage counters. The counter stages
ara type-D flip-flops, with interchangeable Clock
and Enable lines for incrementing on either the

positive-going or negative-going transition as re- ’

quired when cascading multiple stages. Each
counter can be cleared by applying a high level on
the Reset line. In addition, the SCL45188 will
count out of all undefined states within two clock
periods. These complementary MOS up counters
find primary use in multi-stage synchronous or
ripple counting applications requiring low power
dissipation and/or high noise immunity. -

TRUTH TABLE

CLOCK ENABLE RESET ACTION
— 1 *] Increment Counter
0 . 0 Increment Counter
~— X 0 No Change
X —_ 0 MNo Change
e 0 [*] No Change
1 T~ 0 No Change
X X 1 S thesQ3=0
X = Don't Care
TIMING DIAGRAM
v 23 afst e 7] 8]9ofan]s2hrzlraprsitairrre
aec— JUYTUUYULL
' Uunn—
..“'_1 - .
v|2l3|afs|a{r|afofofs{2{3]«jois[s]8]8 O
SEpgidig i
w— HHHHHH L.FL.FL.J‘L.
KLeNne )
. T g
rl_)_)_n:_bl.a;lﬁ_\_l'lili_l'huu_l_‘!!l
Q, ’—-L-—"._—L—.—l I-—p-- ﬂ—-‘“ -1—-
Kies10 3
o

\

CMOS DUAL UP COUNTERS

CONNECTION DIAGRAM
{all packages)

Vop Rg Q3 Q28 Q18 Qo8 ENg CLKg
| 1 | b | 1 i |
16 15 14 13 12 11 10 9
SCL45188 SCL45208
1 2 3 4 5 6 7 8

1 | | | 1 | |
CLKAENA QoA Q14 Q24 Q34 RA Vss

Add suffix for package:

C 16-pin Cerdip
D  16-pin Ceramic
E  16-pin Epoxy
F  16-pin Flat

H' Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp-Vss 3to15 Vde

Operating Temperature  Ta
C, D, F, H Device
E Device

-65to #1256 OC
40 to +85 ©C

BLOCK DIAGRAM .

c:.o::x Qg 03
Qqt—o4
2t [+ a
ENADLE 2 $
] Q3 p—o0 s
RESET l
70—
cLocx
9 Qg t—o 1t
D SE
10
EnABLE Qa—on
R Qg p—oi¢
AESET ~ ]
18 O

SCL4518 — Dual BCD
SCL4520 — Dual Binary P Counter




ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

1 9, ?
PARAMETER Voo | conpimons |__TL $B5°¢C LCT T Y
{vdc) Min, | Max. | Min. | Typ. | Max. | Min. | Max. .
QUIESCENT DEVICE foof
CURRENT 5 |Vin*VegorVpp | - s { - |oos s | - |150 |pAde
10 | Alf valid Input - 10 - 0.1 10 - 300
15 | combinations - 20 - |02 20 | - 600
NOTES: ' Remaining Sratic Electrical Characteristics are Hsted under "SCL4000B Series Family Specifications”,
Teow = =55°C for C, D, F, H device.
= -10°C for E device.
Tuign = +125°C for C, D, F, H devics,
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, Tx = 25°C)
Voo i l
PARAMETER‘ , wvad) J Min. I Typ. l Max, Units
CLOCKED OPERATION
PROPAGATION DELAY TIME L o,
From Clock of Clock Enable ] - 225 450 ns
10 - 100 200
15 - 80 160
QUTPUT TRANSITION TIME e, try
> S - 130 260 ns
10 - 65 130
15 - 50 100
MINIMUM CLOCK PULSE WIDTH PWoL .
5 - 120 240 ns
. - o [ - 50 100
15 - 40 80
PMINIMUM CLOCK ENABLE PULSE WIDTH PWee ] .
5 - 200 400 ns’
10 - 90 180 -
15 - 75 150
MAXIMUM CLOCK FREQUENCY fer
5 1.0 2.0 - MHz
10 25 5.0 - )
15 3.0 6.0 S
MAXIMUM CLOCK OR CLOCK ENABLE RISE
& FALL TIME' Lew e
- 5 15 - - Hs
10 5 — -
- 15 3 - -
RESET OPERATION
PROPAGATION OELAY TIME topay,
S - 225 450 ns
10 - 100 200
15 - 80 160
MINIMUM RESET PULSE WIDTH PWn
5 - 120 240 ns
10 - 50 100 *
15 - 40 80
RESET REMOVAL TIME Lom,
5 - 100 200 ns !
10 - 50 100
. 15 - AD a0
' When units are cascaded, the maximum rise and Fall times of the clock input shduld be equal to or
tess than the transition times of the dats outputs driving dats inputs, plus the propagation delay of
the output driving stage for the output capacitive losd.
Yom ORAM VOLTAGE (Vde)
18 <14 12 <10 8 6 4 -2 O -
T 31— g
Vea==5 Vde 5 §
! At 10 oy
v 0 v = 15 § 5
=1 ¢ - [
on = 20 £ £ 25 Yeu .- 15 Vée
N 25 g S 20 i;
VYoe = =15 Vde 3 3 15 - Voo m 10 Ve
3 a 10 - i
5 2s Vou = § Vée T,=28°C
E Loy r l_1
T, =8°C4 = 0 2 4 6 8 10 12 14 18 18 20
L1 ’ Ve DRAM VOLTAGE (Vde)

Typical P-Channel
Source Current Charactaristics

Typical N-Channel
Sink Current Charscteristics




LOGIC DIAGRAMS
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OUAL BCOUP COUNTERA
SCLAS188 ~ TWO IDENTICAL STAGES

IR

1 om I

[Ty
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OUAL BINARY UP COUNTER

SCL45208 — TWO IDENTICAL STAGES

APPLICATIONS INFORMATION

| 2 7

VP \ W g

CLOCK ENABLE RESET
A A A

QoA Q1A Q24 Q3a

CLOCK ENABLE RESET
8 8 8

Qog Q15 Q25 Q38

CLOCK ENABLE RESET
A A a

QoA Q14 Q24 Q34

CLLCK ENABLE HESET
B 8 :]

Qpg Q18 Q28 Q3

w2l sl e

sl a8l s|

jm A p ity Ty = A

SCL4518/208

A el SL

SCL4518/208
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o2l sl el |
|
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Ripple cascading of four counters with positive-edge triggering.

= =
INPUT w
——— e ey 9l

-

) z'—sl

|
) 10 |5,_—-\=-l

| - 3| ==

9 10|

i

CLOCK ENABLE RESEY
A A A

Qoa Q1A Q24 Q34

CLOCKX ENABLE RESET|
8 8 8

Qog Q15 Q28 Qag

CLOCK ENABLE RESET
A A A

Qos Q18 Q28 A38

CLOCK ENABLE RESET
8 8 8

Qoa Q14 Q24 Q34

——————
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