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Automatic Telephone Answer

Manavit petchrak
Sombat tanpasurt

ULhai sritheeravirojana Advisor

ABSTRACT

This +thesis presents the developsment of Aubomatic
telephone answer, 1t has a spxcial capability then ordinary
Automatic telephone answer because it used a voice reconize
Integrated circuit work with high density satatic RAM memory
torecord +the human atatment. Fhis provide it doesn't mneed

A

machanical part in working.

The system was controlled by microcomputer to control all
of the operation. The circuits wsa carefully designed +to
give very low power consumption,when it used in stan&by mode
only very less current is supply to the memory p3r£.. This

give good reiiability,economical and flexbility to improment

this sys€em +n the future.
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FLOW cHaAaRT

OTHER CALL t

FOR OFERATED

START

STATUS FOR FIRST
OPERATE

CHECK

SAVE STATUS

OF OTHER CALL

HAVE PHASE IN

TYPE OF BELL
SIGNAL

SAVE STATUS

OF USER CALL

HAVE PHASE IN
HER VOICE

OUT PORT FOR
RECEIVE & DELAY

OUT PORT FOR
RECEIVE

CLEAR OTHER
VOICE RECOGNIZE

SET STATUS FOR NO
PHASE IN OTHER
VOICE RECOHNIZE

SET STATUS FOR
FIRST INITIAL




$TART PLAY USER CLEAR ALL KEY
VOICE RECOGNIZE BUFFER
o
>
ET COUNTER
TO COUNTER

KEY PRESS FROM

JONE DECODER

l

DEIBOUNCE “6 SAVE l
CODI AND ORDER KEY !

"ORDER

KEY 3 TIMES

CHECK
TYPE OF BELL
SIGNAL

OTHER CALL

USER CALL
CODE PASS

CORRECT ?

CHECK
EOS OF USER
VOICE REC




BEEP SDUND
1 TIME

START REC.OTHER
VOICE RECOGNIZE

DELAY FOR
TIME REC.
STOF REC. OTHER
VOICE RECOGNIZE

EEEP soua '

2 TIME i

~55—

BEEP SOUND 1 TIME
TELL CORRECT

BEEP SOUND 2
TIMES TELL RESET

CLEAR KEY
FUNETION BUFER

SET COUNTZR
TO COUNTER

L

|
!
|

SAVE STATUS FOR HAVZ
PHASE" IN OTHER
VOICE RECOGNIZE

Y
/

INC COUNTER

——

PRESS FROM TONE

COUNTER
OVER 7 SEC.

——(

T_)/_._.-__-..

(
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CHECK
KEY TO LISTER

OTHER VOICE
RECOGNIZE

—_—

PLAY OTHER !

CHECK

VOICE RECOGNIZE |

WAIT FOR EOS

KEY TO RE
c YES l DELAY OF OTHER VOICE
USER £
vore RECOG.
RECOGNIZE
BEEP SOUND
1 TIME
REC. USER
VOICE RECOHNIZE
;
CHECK YES
\ DELAY TIME
KEY TO CLEAR
~ FOR REC.
-VOICE OF OTHER l _
!
i BEEP SOUND
CLEAR OTHER VOICE i 2 TIMES
RECOSNIZE FOR NEW xsc.}
)
SAVE STATUS NO- PHASE
NC FUNCTION BEEP
. IN OTHER VOICE RECOGNIZE
SOUND 3 TIME
BEEP SOUND
2 TIMES
Q)
\ N\ N N




OUT PORT TO

RELEASE VECELVE

|

OUT PORT TO

OFF POWER SUPPLY

T
t
]
i
'
1
1
]

WAIT FOR

BELL SIGNAL }

-
'

N ity ] e
RETURN AT

START
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¢ RSH

PRBE ; SEEREREERRRSLLALERSRLLLTACELRLLLRILLISISLILILELNL

BRBL ; ¥ MAIN PROGRAK FOR CONTROL AUTOMATIC TELLOFHONE 3
Boe2 ; 1t 1
gee3 ; 1 Develope by H
£284 ; t Spebat & Manavit §
BBED ; 1 Ladkabang H

PagAs ; BEESCETRLESSRRERLRERSERLIRRRLORILTOLIILLSLISLILY

>~
Exd
25
(]
o

8y (834) = control word 89

~

8218 5 (82H) = port £
8012 ; 2832K store status of initial = 3AK

P6.7 ; Z€RIR " ocats of port A

Le ol

* data of port

o2
(o
o
s
-
(o]
[
~3
oL
o

8215y 2885 ' data of port ¢

P2ih 4 2805H  © status of phase in other voire recognize

817 ;. and status of bell signal
geis te + status of phase
fei% . ba*be 1 ostatus of bell signal

2228 ; 20B7H store key buffer
@821 ; 28F8H " code key pass order 1 buffer
9822 ; 2089 " code key pass order 2 buffer

BE23 ; 20BAH °  code key pass order'd buffer



pece-

eear-

B4 FF

18 Ft

31 FDSF

£3 8o 1@

2824
2225
Bl26
8827

geze

agas
aa4s
Bes7
pa4g

8249

; 208BH  *  function key buffer
; 2BGCH " order key press
; 2860 ' No of key code error
§
1 variable
; STI EQy 2082
i PR EQU  2083H
i PR £QU 2084
i FC EGU 2285
v STA EGU  20B:H
KRF Eati 2€RTH
¢ KL EGN  2BORH
LI 41 EQL  20B9H
3 KC3 EQU Z88AH
; FERB EGL - 2BAEH
; OFF EGH Z0RCH
1 KER £Qu 2600
; SA EOi  BEH
5B EGL BN
H: 14 EGY  B7H
;S0 BERY B
t
§TR LD “B,FFH 1Saftware initial
PHL DINI FHL

LD SP,3FFDH  ;5et stack address

JF 81BGH ;dump address start



Bleg-

pLe2-

e1e4-

pies-

gies-

BipA-

g1ap-

gitr-

elit-

gl15-

@118-

giia-

B11L- 3

8E 83

3t 89

ED 79

JE 81

D3 81

3n @2

FE S

817

Db 21

Gk Ch

Ce 82

28

86

8

B136- €2 47 U

8139~

£138-

CR 92

72

L)

gese

BB

#252.

2654

BBSG

Bd5b

8857

8938

LD

LD

out

10

i

LD

I

Lp

ElT

RES

LD

~60-

C,83H +¥ port control word

A,89H ;5et port A,B as output port L as input
{C},A

A, 81H ;0n power

(SB],A

A, {571) sCheck status

SRH

1,C087 ;Not frist initidl

IX,STA ;§ave status no phase in other voice recognize
A1)
Ben (P tReset hitd

{1¥),4 1Save

£, 98H ;Constant of first initial
{STI},f  ;Save

For ;011 power

fi,15C) i1Check bell signal

{PLY (A 1Save pert

Bah

POF iNo bell signal off power
HL.ETA

b, {HL)

By D ;Save status of bell signal
B, D iCheck type of bell called

NZ,OTHE  ;dusp to other celled
B2, ;Start user called

(HL),D



_6]..

B13C- CB 72 Be7o BT Be,D ;Test phase in other voice recognize
B13E- CA 48 1B Ba77 i 1,POF iNo phase off power

- 3E B ge78 LD A,B3H ;f0ut port to receive

B143- D3 B! 2879 0UT  (SB},A

8145 18 8D geae 4R CCP ;60 to clear code pass

8147- CB 32 g8t OTHE  BET Bz,D ;Start other bell called

B145- 72 8832 Lb (HL),D 15ave atstus

B14R- CB .42 aaas BT Be,l iCheck phase in other voice recognize
@14C- L2 42 1B BE84 JP NI,POF ;Have phase off power

BLaF- I8 83 peas LD f,B3H ;ut port to receive

giai- 13 8! aesk OUT (8B

#153- 03 18 14 BEE7 JCALL UsF iStart user voice recognize to play
Bi54- 2¢ @7 22 BRs8 CoF L0 HL,KEF iClear keybroad buffer

2159- AF 28y IR & Ciear A

BLSA- €4 23 Base L B,E7H

Bisc- 77 gg?l  CCPL LD {HL).A

§150- 2% ) #9z IND HL

RiSE- 1B F9 8893 DINT CCPL

@168~ FL Z1 02 Z0 0@%4 RIS 8 1 413 1Address key cede ! in IY

Dipd- 21 iB G 8395  ERAN LD HL.BOIBR  ;Delay 4 sec, for check key have pressed

8147- 11 FF FF Pess  BRAY LD DE,FFFFH

Qi6A- CD-0@ 12 8837 BRAZ  CALL KYP 1to check key pressed
Bied- FE aeqs CF @B

Di6E- 28 3F eesy JR NI KEE Have key press

B178- LB p108 DEC DE

Bi71- 74 eigs LD A,



8172-
B173-
B175-
2176~
8177-
pi7e-
B174-
B170-
Bi7E-
0182-
p182-
gi8s-

g187-

gigD-

B196-

gi9i- 1

0196~

g199-

f15C- 8

g15e- €

BlAl-

E1A4-

B1Ab-

B1a9-

B«

28 F2

2B

Ic

B

23 B7

21 B¢ 2

Dh 82

{5 7t

28 G5

LD Ce if

£3 42 1B

e1e2

B183

B184

gies

(L)

g1e7

8186

8169

8118

G111

8112

pLis

giia

Bi1%

Blib

OR

IR

Lb

OR

R

L

Call

fALL

L

CALL

CALL

LD

_62_

E
NI,BRA?
HL

AH

L

NI BRAL

HL,5TA

M3
D, 39E4H

DS

CALL BEEF

Lh

5t

LD

aF

T

£, (57A)
By b
(STA) (A

POF

1No key press

;Test type of bell signal

;60 to sub other call

:Check signal EGS of user user voice recogniz

sHait until EOS active

$EDQS active
jBeep sound | tise tell to rec.
sStart other voice recognize to rec.

sbelay for rec,

;Stop rec. other voice recognize

;Feep sound 2 tiges

18ave status have phase in other voite recognize



RIAC- FD 77 €2
RIAF- FD 23
R1RL- 21 9T 28
BLB4- 34

BIES- FE 83
BIBT- L2 b4 B1
B1BA- FD 28
BiEc- FD 7 80
RIEF- FE 01
BiCt- 28 2
BIC3- FD 26
BICS- F3 7E £
BiCE- FE B2

Bich- 20 18

RICE- FD 7E €

giE2- OO0 18 1B

RiES- 21 0D 22

8128
129

8138

Bide

8147

ai4g

e14%

a15g

a1a2

8153

Lb

INC

LD

INC

iF

DEC

LD

tP

CALL

Lp

INC

Lp

~-63-

(1V),A
1y

KL, DKP
(KL)
a3t

NI, BRAN
1Y

A, (1Y)

@1H

NI.ERR

1Y

rrrrr

FUNZ
B, B2H
BEEF
KL KER
(KL}

Ay (HL)

;5ave _key code
;Shift order key code

;Check order key equal 3 tiees

iKey code 3 times ready

;Check key code

ey code & 3 false

‘Key code § 7 falsé

ikey code § 1 falee

1Key code pass true

tto sub function

tkey code pass false

;Check Nocode pass errér
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B1EA- Db B3 8154 Sup @3
B1EC- FA 64 B1 8155 JF  H,BRAN
BLEF- C3 40 1B 8156 JF  POF sError over 3 tises off power

B7Be- 21 84 @3 BIS7  FUNC LD KL,B3B4H  jDelay in 7 sec.
@3- 11 FF FF @158 FUNL LD  DE,FFFFH

#ze6- CD 0B 1@ 8139 FUN2Z  CALL KYF

62089~ FE @° aLse CF QBH ;Have key pressed ?
0zeE- 28 F9 elel dR NI KFUR

8260~ 1B (1.Y3 pEC DE

BZBE- 7R Bled Ly AD

BzZ8F- B3 eied R £

Gz10- 20 Fi Rigd JR  NI,FUN2

8217- 2K gigs DEC KL

8213~ 7C Bib7 LD AH

B2i4- ES Bi&R 0k L

BZ15- 28 E3 BL6% IR NI FUNS

@217~ C3 t@ 1B gi7e JF  POF

pIoe- ¢f B171  KFUN LD L 1Save key function
B221- FE B4 g17z2 [P B4H

223~ 28 IF B173 3RO1,FA sFunction 1

§225- FE B3 Bi74 P W

8227~ 28 2E @175 daf  2.F2 tFundtion 2

8229~ FE B4 8176 CF BbK

B228- 28 45 8177 R I1,F3 ;Function 3

822D- @6 23 8178 LD B,B3H sNo function

B2zF- Cb 18 1R 2179 CALE BEEF



232- 18 CE p182 R FUNC

p24a- €D 98 1f " RIBL  Fi CALL 0TP

2243- DR 82 0182 FIt  IN  A,(50)
6245- CB 77 9183 BIT Be,A
8247- 28 FE 0184 R NILFil
0249~ 06 B2 9185 LD E,02H
9248- CD 16 1B G186 CALL BEEP
R24E- 18 B9 2187 R FUNC

§253- 11 BB @7 gigg - F2 LD DE,B7BBH  ;Delay 2 sec.

8253~ CD 42 12 gi89 CALL DLt

£236- B4 & g1oe L B,&iR

§258- C0 1@ I B191 CALL BEEF

@25B- C0 48 lA g152 CALL USR ;Start user voice recognize te rec.
@256~ 11 32 4D g193 Lb  DE.4D3ZH  ibelav for rec.

f261- CO 48 10 8194 CALL DLE

f244- CD 70 LA B1%s CALL USSP i8tep rec. !
B267- 84 81 2196 b 8,02

8269- £ 18 1B 2197 CALL BEEP

f240- 18 9t £198 JF FUNC

B26E- 38 05 20 #1949 3 L &, (51A) iCiear no phase in other voice recognize
8271- Lk &7 B2 RES Buw,A

8273- 32 B 28 8281 Lb  (57A),A

8276- @4 B2 g2e2 Lh k0824

a278- €D 18 1B 8283 CALL BEEF

2278~ 1B 58 8204 dk  FUNC 760 to new function

8205 ; IO

@226 ; ¢ End gain prograe §



{28~ CB 3F

1822- CB 3F

728

2%

8238

8231

-66-

LELEEEETEEETELESEERRIEEREsRIRINLILSLLLLLLS
t sub progras for check have key pressed ? &
18332073322 88008800ER0848008238883040808%8
input : none

output ¢ key code in A , unless A = BEH
destroy : AF,H

call : ILt

EYF LD &80 iClear Key Buffer

LD (KEF),A

I A {50 ;In key fros tone decoder
SRL A

SRL A ;Shift lower

#KD OFH iTest lower & bit

CF QOH iTest have key pressed
RET 1 ;Ko key pressed

LD IEBF}A ;Save key code

Ll R,OAH tDebounde 128 &
BEH CALL DLt

DIRI DEE
Lk A, (FEF) sReturn key code
b B,A

IN A, (5C)



1824- 92
1825~ 28 D3
1827- DB 82
1929- TR 3F
1828- CB 3F
1020- Eb F
102F- FE €0
1e31- 22 EE
1633- 34 87 22

1836- C3

1846- 28 Fb

-y

1848- C9

8234

B255

8256

8237

8258

8239

REP

SUB

IR

IN

SKL

SRL

AND

cr

-67-

NI, KYP

A,(SC)

A

A

OFH

00K

NI, REP

A, {KBF)

;Check new and old code
;Code error

skait for key relerst

iLD key cede in A

§OREEETSEEREREE ISR ERLRRRLTLS

O

t sub progras delay in sec. d

182128284880 00402R 0438038008

input

outpul

gestrov @

-1

’
r wbsd

OLS

L bF

: tipe{e) delay = 1,BF11997E-83 ¥ DE

DE

: 0Lt

Ik

REY

NZ,DLS

116 bit test zere
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0240 ;

8261

-

8262 § tpressaseeRnLLLLLRLL
8263 3 ¥ sqb prograe delay ¢
B264 3 TRILRRRRLLLISLLLNLLLL
B265 5 input  : BL (e = (time - 9.760E-86)/7.204E-084
B266 ; outpuf : time delay

8247 ; destroy : HL

8268
1B5@- FS @269  DELA  FUSH #F _ iSave Af
1e5i- 24 gz7¢ LOFL  BEC HL
M- 8271 i AH 16 bit test zerp
1853~ BS 8272 fr o L
iB34- 20 F5 0273 JE ORI LOFE
1835- F! 8274 FoF - AR
1857- €9 8275 RET
#27¢
8:77
B278 ¢ LEESTREELTELSRTERRIRLLLLY

€279 ¢ ¥ sub prograe delay 1 es
G260 ¢ IRERRLLRSERLERBERLLLLLELLL
BB 3 input & none

0282 ; output  time delay

8283 ; destroy : none

8284 ; call : DELR

]
(e
oy
o



1850 ES

1861- 21 B4 BB

1864- CD 50 18

1867- 1

1868- C9

1874- BE 8

1876- 11 4B B¢

1879- 34 @4 28

187C- EE BB

1883~ 21 40 @8

8286

B287

8288

-

-

DLS

PUSH

Lp

CALL

pop

RET

HL
HL,eB8&H
DELA

Kt

PEERERLERTRRRSETELRTRLILILS

t sub progras for beep sound §

1333283133188 803000000020008%!

input

output

destroy

cell

[E5)
™
m
b A

Bt

1 B (R of soupd)

soun

nope

DELA , D

FUSH

PUSH

4

AF

i}

PUSH HL

FUSH
Lh

DE, B4

LD

i}

Rl

B

C, 81K

Ay (FB)
p8H
(FB) ,A
{Ch,h -

HL, 088404

1Save all register

;Save # port in €
;peroid of sound
;data port.B in A
;toggle bit sound

sreturn save data port

sHL is frequency of sound
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1986- 0D 5B 18 @312 EALL DELA
1089~ 18 g313 DEC DE
1684~ 78 “aste b A
168E- B3 8315 0 E
188C- 78 Eb B3L6 ®ONLEL
106E- 1L EE B 8317 LD DEBLEEH  jblank sound
1091~ C0 42 18 @318 CALL DLS
1694- 10 15 8319 DINT B2
1096- C1 BI28 BOP EC
1857 £ 032t PO HL
1099 D 5322 POP DE
1255 09 2323 FE1
632

"=
ad
=0
ool

POORMEERERTRRURLTRRLRRSLLELILY

8327 4 1 =ub prooras control veice !

=~
4
MY
13

Doy REREITTRESRTRELRTIRRRRLLSALLL
8329  input ;€ Ro port to sent
8138 i & date to sent

€331 ¢ output ¢ cut port and delay

@13% 3 destroy : none {orlv use in voice contrel sup program)
8333 5 call & DLl
8334 5 ¢t

ih2e- ED 79 8338 CT¥  OUT (C),R

1AR2- CD 42 12 8336 CALL DLY

1AB3- C9 8337 RET
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8338
B339 -
B4R PEELETIEEPLEERERRATRELEELIRISIRRELERTILLRLLELLLLLL

8341 ; ¢ sub progras start user voice recognize to play §

PRE5881333¢312272283348¢43082833¢8888324¢3¢888¢¢1

=
L)
e
=3
-

g343 ; input  : none
B344 ; output : start user voice recognize to play
834% 4 destroy ! none

8344 5 zall s LTV

g347 1 t
Fi 8348 USP PUSH AF t15ave register
s g3ss FUSH BC
BE BE kR Lp £,88d
3 B8 8358 Lk A.BBH iSet port B
785 28 €332 LD (FB)A
03 8! BI53 0UT  (SB),A iout port-E
2E 82 #3504 Ly C,B8H 1Save ¥ port K
3B B85 B355 Lb AR8H ;Initial user voice
{h @2 14 8338 CALL CTV jout port & delay
3E 88 B357 Lb  A,EBH iReset user voice
Ch p@ 1A g3:8 ChLL CTV
It 98 B359 LD A,98H ;Start to play
Ch 88 A 83568 CALL CTV
3t 88 8364 Ll 4,88 ;Stop pulse start
32 83 28 Bisz LD {PR),A ;5ave status

ED 79 2363 T (C).A



1433~ C1

1A34- F1

1835 €9

1h64- 32 04 20

ipd7- 03 8t

1A4%- 8 8

1457~ Cb @2 14

1A5A- 3E I8

1A5C- CD 02 1A

8364
8365
2364
BI47
8368

B389

0378 .

8388

B389

-

FOP BC sReturn register
POP &F

RET

e 338780888080t Rittsatastaitstitetetstiteasessssl

¢

¥ sub progras start user voice recognize to rec. t

2032321280 200238020202008 00022238 082080088¢84%¢88

input ¢ none
outpLt o stert user voice to rec.
destroy & none
cald : BTy
H
UsR FUSH AF 15ave reqister
PSH BC

L h.BéH 10n relay

Ld {FR}.A 18ave status

L A,CBH sturn voice to sode rec.
CALL £T¥

LI A4R :Reset rec.

CALL CTY

Ltd  A,CeH sreturn to eode rec.
CALL CTV

b A,DRH 1Start rec,

CALL CTY °



1ASF- 3E C8

1A61- 32 83 20

1R64- ED 79

1866~ €1

1A67- F1

1A6B- L%

1A71- 03

1A72- 2L B2

1A74~ 3t EB

1R76- CD BB 1R

1A79- 3t L8

1A7E- 3E 88
1AB8- 32 83 28

1AB3- ED 7%

8350

8391

g392

8393

@394

Bain

8411

241z

gals.

2414

8413

-

®
L3

LD A,CEH sStop rec. pulse
b (PA),A ;bave status
OuT (C),A

POP BC

FOP AF

RET

ARt e8 et tisessstsaatsiusititasses
t sub prograz stop rec. user voice ¥
t & return to play sode H
(33832800 2200422208000 002808400 41
input v ogne

nutput *: stop rec. user voite

cestroy @ nore

[ab 471
v ¥

USSP PUSH AF ;5ave repister

Li  AEBH {Stop rec.

CALL C7V

L0 A,CBH ;5top stop pulse
CatL CTY

Lk A,88H sreturn to play
Lh  (PA),A seode

0T (C),A
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183~ 3E B2 2416 L0 A,82H , ;0ff relay
1A87- D3 B1 0417 OUT (5B} ,A
iABg- C1 8418 PGP RC
1ABA- F! B319 POF AF
1ABR- C9 paze RET
#421

B422 5 BESESEETLRERe et Rttt sk n e e ineaennts
8423 ; t sub progree start other voice recognize to play ¢
B424 ; EREERRLRSLETENEILERSLELERRRRSLILLRRERSERILRILINYY
8425 5 input 3 nonz

2426 ¢ cutpul & start other voice to play

8427 ¢ destroy ¢ nore

BiZ8 3 call : OV

ge2e i 1

16%8- FE gélg QIF PUBH AF ;Save repister

1491~ 5 B431 - RusH BC

1892~ 3E 84 p43z LB A B6H 18et relay

1494- 32 84 20 8433 LD {PB},A ;Save status

1497- 13 & 8434 OuT {58} .A

1R95- BE B 2435 Lt C,BeH ;Set other voice recognize to resst
1898- 3E B0 8436 b A8 .
1A9D- CD B 1A 8437 CALL CTV i0ut port

1ARB- 3£ B8 @438 L A,8BH +Stop pulse reset

1RAZ- CD BB 1A 8439 CALL CTV

1#A5- 3E B9 p44e L AB9H ;Start play other voice recognize

1AA7- CD @2 1A Ba4t CALL CTV



1AAR-

1RRC-

1RAF-

1AR1-

1ARZ-

LAR3-

1404~

1427-

1AC9-

1ACD-

1RD8-

1AD2-

1AD3-

3¢ 88

32 83 28

ED 79

1

Fi

€9

[}
n

- 3 B

37 84 28

b3 8l

Bt &0

3E BC

Ch g 1A

3t 84

Ch 00 1A

3E 8C

6442

8443

8444

g443

B4ak

Ba47
8246
#4849
@430

8451

BaSy
fase
Babi
B452
8463
gand
B463
8466

LY

-

-~

LD A,B8H .3Stop pulse start
td  (PA),A ;Save port status
ouT  (C),A

POF  BC

RET

132822082240 R328 2883020000 3¢00080R03 083838888 80¢48!
¥ sub program start other voice recognize to rec. 1
1323223808388 288288R00453048038842320408088088R30¢341
input @ none

putput @ start rec. other veice recognize

destroy : none

07R FUSH AF 1Save reqister

LE - &,87H ;5et rejay

LB {PB},A iSave status

Lb  C.8ex iReset other voice recognize
LB A,BCH ;and turn to rec.. eode
CaLL cty ;0ut port

b A,B4H 15top pulse reset
CALL CTV

LD A,BCH ;Turn aode rec.
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1AD7- CD 2 !4 468 CALL CTV
1ADA- 3E 8D 8469 Lb A,BDH iStart rec,
1ADC- CD BB 1A e47e CALL CTV
14DF- 3E BC 8471 LD A.B%H ;Stop pulse start
{REL- 32 @3 20 8472 LD (PA),A ;Save statue
1AE4- ED 79 B473 ouT (C),A
1AE6- Cl @474 por RO
1AE7- Fi1 B473 POP  AF
1AE8- €9 0474 RET

f477

2478

2479 ¢ CEELLERESESURRORLE s RsRaasRasnnasestssassass
@486 : ¢ sub progras stop rec. other voice recognize

g48l LEEEPEERERIESTER iRt srssaRsssssassdscey

input @ none

463 ; output ; stop rec. cther voice recognize

gL84 § destroy & none

B483 4 call : LTV
gigt ¢ t
{RFE- FT B487 QTSP PUSH AF iSave register
1AFL- TF 8488 FUSH BC
1AF2- B2 82 8489 Lh C,e0H
1AF4- 3 8t g498 LD R,EEY iStop rec.
1AF6- OO B2 1R 8491 CALL CTV j0ut port
1AF9- 3E 8O 8432 LD A,BCH ;Stop rec. pulse

LAFB- CD 82 1A 8493 CALL CTV



1AFE- 3Y 88
1RRB- 32 B3 20
1803- £D 79
1805~ 3E 82
1887- D3 81
1809~ C1

1884- F1

1RER- C9

1R13- 3
1B14- BE B1

1B16- 11 40 @6
1B19- 32 &4 20

{B1C- EE B8

B494

B495

€496

(RN

Bae7

R

#ald

8316

8317

ga1g

-~

519

-77 -

LD A,BBH sTurn to play sode
LD [PR},A 15ave status

T (C),A

b AR ;Reset relay

0UT  (SB),A

POP BC

FOP AF

1423483822888 73088 38083088041
f cub progras to beep sounc ¢
1842353888022 2 0802080080408 08
input  : E 80 of -sound
output @ sound

deetroy @ none

call : DELA , DLS

Ll

BEEF  PUSH AF ;Save.all repister
PUSH DE
PUSH HL
FUSH BC
B2 b C,BIH sPort B
LD DE,B648H  ;Period between sound
B! Lb A, (PE)

X0R @8H ;Togale bit sound



1BIE- 32 04 28

1B21- ED 79

1823~ 21 40 €0

{R26- €D 58 1@

1829- iB

1R2A- 74

1R28- B3

{B2C- 20 €7

1R2E- 11 EE @1

1B31- CD 48 18

1B34- 18 DE

{B34- €]

1837~ £l

1R38- D1

1R39- F1

1B34- C9

8528

8321

8522

B523

8524

8339

Ba42
2341
8342
8543
8544

B34

H

!

H

H

)

H

-

-fo- |

LD (PB),A  ;Save status
DUt (C},A s0ut port
LD Hi,eR4BH  sFrequency

CALL DELA

"DEC DE ;16 bit test zero

L AD

R E

R ONLEL

LD  DE,BIEEH
CALL DLS

DINT B2

POP BC

POP KL

PO DE

PP AF

RET

¢ OEREERELELESLAEESERERBEERTILALILLELRbLIRILL

§ sub progras for release receive & off power t

e eTeesiTataiaeaieisitsittiiiieiiaiiqteiiing)

input

putput

destroy @

tall

1

.
H

i none

off power
AF HL

DLS



1B48- 3E 88
1B42- D3 BB
1B84- 3E 81
1B4- D3 81
1B48- 21 BB @F
1R4B- CD 48 10
1B4E- 3E 80
1B5@- 03,81

1B32- €3 52 1B

8546

8547

8348

POF

SELF

LD

ouT

LD

out

LD

f,BBH
(5A) A
ABIH
(58],

Hi , BF8EH

CALL DLS

LD

ouT

JP

A,08H
(SB),R

SELF

-79-

;Set voice recognize

sRelease tellophone

iDelay

;011 power

sDelay for power off
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4N25, 4N25A

MOTORCLA 4N26
4N27

4N28

NPN PHOTOTRANSISTORS AND
PN INFRARED EMITTING DIODES
«.. gallium ide LED optically pled to silicon phototran-
sistors designed for applicstions requiring electrical jsolation, OPTO
high-current fer ratios, small package size and iow cost; such
esinterfacing and coupling systems, phase and feedback controls, COUPLER/ISOLATOR
solid-state relays and general-purpose switching circuits.
. ® High Isolstion Voltage — e E Freq y Resp - TRANSISTOR OUTPUT
Viso = 7500 V {Min) 300 kHz (Typ)
. ® Fast Switching Times @ ic = 10 mA
S ey Qutput Current ton = 0.87 us (Typ) — 4N25,A.4N26
hi 2.1 ps (Typ) — 4N27,4N28
¢ = 5.0 mA (Typ) — 4N25,A 4N26
2.0 mA (Typ) — AN27.4N28 toff = 11 us (Typ) — &4N25,A4N26
2 5.0 us (Typ) — 4N27,4N28
o E ical, Compact, Dual-in-Line ® 4N2EA is UL Recognized
Package File Number E54915

*MAXIMUM RATINGS (T 5 = 25°C unless otherwise noted).

[ Rating [ Symbol |~ Value T Unit ]
INFRARED-EMITTING DIODE MAXIMUM RATINGS
Reverse Voltge VR 3.0 Volts
Forward Current — Continuous Ig 80 mA
Forward Current — Peak Ig 3.0 Amp
Puylse Width = 300 us, 2.0% Duty Cycle
Total Power Dissipation @ Tp = 25°C Pp 150 mw
Negligibte Power in Transistor
Derate above 25°C 2.0 mw/°C
PHOTOTRANSISTOR MAXIMUM RATINGS
F:ollector-Erninev Voltage Vceo 30 Volts
€ mitter-Collector Voltage VECO 7.0 Volits
Collector-Base Voltage Veao 70 Voits
Total Device Dissipation @ Tp = 26°C Pp 150 mW
Negligible Power in Diode
Derate above 25°C 20 mw/°C
TOTAL DEVICE RATINGS STYLE 1:
Total Device Dissipation ® T = 25°C Pp 250 mwW nu ;‘ s:?%m
Equal Power Dissipstion in Esch Element 3 NC
Derate above 25°C 33 mw/°C & EMITTER
Junction Temperature Range T, -55 to +100 °c : :Réé“mm
|Storage Temperature Range Tstg -55 to +150 Sc o L
[Soldering Temperature (10 4) 260 °c 1. DIMENSIONS A AND B ARE DATUMS
*Indicates JEDEC Registered Data. 2 1S SEATING PLANE.

3. POSITIONAL TOLERANCES FOR LEADS:
[B]2 013 0.009@]T | ABK

4. DIMENSION L TO CENTER OF LEADS

FIGURE 1 — MAXIMUM POWER DISSIPATION

Figure 1 is based upon using fimit WHEN FORMED PARALLEL,

o values in the squation: 5. mus:s,n‘numc AND TOLERANCING PER
i — l | Ty1-Ta=Rgya {Ppy * Kg P2} ARSI YIAS, 1923,
= 18 Ta=299C 1 where

— MILLIMETERS

g m ™h ion T 1100°C} DIM_MIN | MAX
£ \ ' TA Ambient Tempersture :: :::
2 o X .
4 ] 1 Roaya Juncuon to Ambient Thermal
H ——— \ " 52 150w
R - 1500°C/W) 141 | 6.5
14 \ \ | Ppy Power Dusipation in One Chip F 1102 | 1.8
g o ¢ \ Pp2 Power Dissipation inOther Chip 7 .l“ BSC
v« \ \ \ Kg Thermal Coupling Coefficient Ki 254 | 381
- | 12081 L L] 162BSC |
¢ \ U] gt fiecma

[)

> - M = w00 T Ty s Wih Ppy © 90 mW in the LED (AREIN

@ Tp = 50°C, the transistor
. AVERAGE POWER DISSIPATION (mi)
o2 Pp (Pp2Imust be less then S0 mWw. CASE 730A-01




4N25, 4N25A, 4N26, 4N27, 4N28

LED CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
*Reverse Leakage Current IR - 0.005 100 HA
(VR = 3.0V, R =1.0Mohms)
*Forward Voltage VE - 1.2 1.5 Volis
{Ig =10 mA)
Capacitance C — 40 - pF
(VR=0V,{=10MHz)
PHOTOTRANSISTOR CHARACTERISTICS (T 5 = 25°C and I = 0 uniess otherwise noted)
*Coltector-Emitter Dark Current 4N25, A, 4N26, 4N27 Iceo - 3.5 50 nA
(Veg = 10V, Base Open) 4AN28 - - 100
*Collector-Base Dark Current lceo - - 20 nA
(Vcg = 10 V, Emitter Open)
*Collector-Base Breakdown Voltage V(BRICBO 70 - - Voits
(Ic=100 kA, IE=0O)
*Callector-Emitter Breakdown Voltage V(BRICEO 30 - - Volts
{ic=1.0mA, lg =0}
*Emitter-Collector Breakdown Voltage s V(BRIECO 7.0 8.0 - Volts
{lg =100 uA, 1g = 0)
OC Current Gain hgg - 325 - -
{Vecg = 5.0V, Ic = 500 kA)
COUPLED CHARACTERISTICS (T o = 25°C unless otherwise noted)
“Coliector Output Current (1) 4N25, A, 4N26 Ic 20 5.0 - mA
(VoE=10V,Ig =10 mA, g =0} 4N27,4N28 1.0 2.0 -
isolation Surge Voltage {2, 5) Viso Volts
{60 Hz Peak ec, 5 Seconds) 7500 - -
{60 Hz Peak) *4N25, A 2500 - -
*4N26, 4N27 1500 - 3
*4N28 S00 - -~
(60 Hz RMS for 1 Second) (3) *4N25A 1275 - —
Isolation Resistance (2) - - 101 - Ohms
{V =500 V)
*Coliector-Emitter Saturation VCE(sat) - 0.2 0.5 Volts
{ic = 20 mA, Ig = 50 mA)
Isotation Capacitance (2} & - 0.5 - pF
(V=0,1=1.0MHz)
Bandwidth (4) - - 300 - KHz
{lc = 20 mA, R = 100 ohms, Figure 11 (2} R
SWITCHING CHARACTERISTICS
Delay Time . 4N25, A, 4N26 g et 0.07 - Hs
{ic=10mA, Ve =10V 2N27,4N28 - 0.10 -
Rise Time Figures 6 and 8) 4N25, A, 4N26 T - 0.8 - us
4N27, 4N28 - 2.0 —
Storage Time 4N25, A, 4N26 g - 4.0 — us
{lc=10mA,Vpec =10V 4N27, 4N28 - 2.0 -
Fall Time Figures 7 and 8) 4N25, A, AN26 ¢ - 8.0 - us
4N27, 4N28 - 8.0 -
*Indicstes JEDEC Registered Data
(1) Puise Test: Pulse Width = 300 us, Duty Cycle < 2.0%.
{2} For this test LED pins 1 and 2 are common and phototransistor pins 4, 5, and 6 are common.
{3) AMS Volts, 60 Hz. For this test, pins 1, 2, and 3 are common and pins 4, 5, and 6 are common,
(4) Ig adjusted 1o yieid ic = 2.0 mA and ic = 2.0 mA p-p at 10 kHz,
{5) tsolation Surge Voltage, V|gQ, is an internal device dielectric breakdown rating.
DC CURRENT TRANSFER CHARACTERISTICS
FIGURE 2 — 4N25,A,4N26 FIGURE 3 —~ 4N27,4N28
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4N25, 4N25A, 4N26, 4N27, 4N28

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 4 — FORWARD CHARACTERISTICS FIGURE § -~ COLLECTOR SATURATION VOLTAGE
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4N25, 4N25A, 4N26, 4N27, 4N28

FIGURE 11 — FREQUENCY RESPONSE TEST CIRCUIT

FIGURE 10 — FREQUENCY RESPONSE
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TYPICAL APPLICATIONS

FIGURE 12 — ISOLATED MTTL
TO MOS (P-CHANNEL) LEVEL TRANSLATOR
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FIGURE 14 — POWER AMPLIFIER

FIGURE 13 — COMPUTER/PERIPHERAL INTERCONNECT
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LINEAR INTEGRATED CIRCUITS

TIMER

TURN OFF TIME LESS THAN 2 us

MAXIMUM OPERATING FREQUENCY GREATER THAN 500kHz

TIMING FROM MICROSECONDS TO HOURS

OPERATES IN BOTH ASTABLE AND MONOSTABLE MODES

HIGH OUTPUT CURRENT N
ADJUSTABLE DUTY CYCLE

TTL COMPATIBLE

TEMPERATURE STABILITY OF 0.005% PER °C

The NE 555 monolithic timing circuit is a highly stable controller capable of producing accurate time
aelays, or oscillation, In the time delay mode of operation, the time is precisely controlled by one ex-
«»rnal resistor and capacitor. For a stable operation as an oscillator, the free running frequency and the
suty cycle are both accurately controlled with two external resistors and one capacitor. The circuit may
» triggered and reset on falling waveforms, and the output structure can source or sink up to 200 mA.

ABSOLUTE MAXIMUM RATINGS

.o Supply voltage 16 \Y)
%ot Power dissipation at Tymp < 60°C 600 mwW
"o Operating temperature range 0to70 °C
® o Storage temperature range . -65 to 150 °C

ORDERING NUMBER:  NEB555B

VMECHANICAL DATA Dimensions in mm




g

" I?‘;
L L

ELECTRICAL CHARACTERISTICS (Continued)

Parameter Test conditions Min. | Typ. | Max. Unit
Von  Output voltage (high) V¢ =15V
Isource = 200mA 12.5 v
{?OURCE = 100mA 12.75 13.3 A\
=5V
s
|sou RCE ™ 100mA 2.75 3.3 \Y
totr  Turn off time {s) VReseT = Vs o 05 o
t, Rise time of output 100 | 300
ty Fall time of output 100 300 ns
Iy Discharge leakage current 20 100 nsi
NOTES
1. Supply current when output high typically 1mA fess.
2. Testedat V, =5V and Vg = 15V
3. This will determine the maximum value of R4 + Rg, for 15V operation, the max total R = 10 MQ, and {o-
operation, the max total R = 3.4 MQ2.
4, Specified with triggered input high.
5. Time measured from a positive going input pulse from O to 0.8 x V, into the threshold to the drop from hu.»

tow of the output. Trigger is tied to threshold.

Fig. 1 - Minimum pulse Fig. 2 - Total supply current Fig. 3 - High output volt.s ~
width required for triggefing vs. supply voltage vs. output source curren:
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Fig. 4 - Low output voltage
vs. output sink current

Fig. 6 - Low output voltage
vs. output source current
.

Fig. 6 - Low output voltage
vs. output sink current :
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Fig. 7 - Normalized delay
time vs. supply voltage
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Fig. 8 - Normalized delay
time vs,ambient temperature
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Fig. 8 - Propagation delay
vs. voltage level of trigger
pulse
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APPLICATION INFORMATION

WONOSTABLE OPERATION

*he monostable mode, the timer functions as a one-shot. Referring to Figure 10 the external capacitor
- mtially held discharged by a transistor inside the timer.

"~ = circuit triggers on a negative~-going input signal when the level reaches 1/3 V. Once triggered, the
‘Tuit remains in this state until the set time has €lapsed, even if it is triggered again during this interval.
"=+ duration of the output HIGH state is given by t = 1.1 R1C1 and is easily determined by Figure 12,
' tice that since.the charge rate and the threshold leve! of the comparator are both directly proportional
supply voltage, the timing interval is independent of supply. Applying a negative pulse simultaneously
: the Reset terminal (pin 4) and the Trigger terminal (pin 2) during the timing cycle discharges the ex-
+nal capacitor and causes the tycle to start over. The timing cycle now starts on the positive edge of
~« reset puise, During the time the reset pulse is applied, the output is driven to its LOW state.




APPLICATION INFORMATION (Continued)

When a negative trigger pulse is applied to pin 2, the flip-flop is set, releasing the short circuit across **«
external capacitor and driving the output HIGH. The voltage across the capacitor increases exponent.s .
with the time constant 7 = R1C1. When the voltage across the capacitor equals 2/3 Vg, the compata-
resets the flip-flop which then discharges the capacitor rapidly and drives the output to its LOW sta'e
Figure 11 shows the actual waveforms generated in this mode of operation.

When Reset is not used, it should be tied high to avoid any possibly of false triggering.

Fig. 10 Fig. 11 Fig. 12 - Time Delay vs #
40 0.4ms IOV and CI
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R1a 9. 0,C100.01 47, A 10K0 M B3 ms ms ms

4 [y ] ] S
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TRIGGER —— 7 OUTAUT YOLTAGE - 5.0 /

ASTABLE OPERATION

When the circuit is connected as shown in Figure 13 (pins 2 and 6 connected) it triggers itself and fre-
runs as a multivibrator. The external capacitor charges through R1 and R2 and discharges through K.
only. Thus the duty cycle may be precisely set by the ratio of these two resistors.

In the astable mode of operation, C1 charges and discharges between 1/3 V¢ and 2/3 V. As in the trig
red mode, the charge and discharge times and therefore frequency are independent of the supply voits;-

Figure 14 shows actual waveforms generated in this mode of operation.

The charge time {output HIGH) is given by:
t, = 0.693 (R1 + R2) C1

and the discharge time (output LOW) by:
t, = 0.693 (R2) C1

Thus the total period T is given by:
T=1t +1t,=0.693(R1+2R2)C1

The frequency of oscillation is then:

1 1.44

T~ (R1+2R2) C1

and.may be easily found by Figure 15

f=

The duty cycle is given by:
R2

D= ¥zro




Fig. 13 Fig. 14 Fig. 15 - Free Running Fre-

quency vs R1, R2, and C1
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PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode and triggered with a continuous pulse train, the
output pulse width can be modulated by a signal applied to pin 5. Figure 16 shows the circuit.

Fig. 16 - Pulse Width Modulator
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LINEAR RAMP

When the pullup resistor, R4, in the monostable circuit is replaced by a constant current source, a linear
ramp is generated, Figure 17 shows a circuit configuration that will perform this function.

Figure 17

2
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APPLICATION INFORMATION (Continued)
Figure 18 shows waveforms generated by the linear ramp.

The time interval is given by:
2/3 Vg Rg (R + Cc
T= / 5 E( ! RZ) VBE—"—'O.GV
Ry Vi — Vge (Ry + R;)

Fig. 18 - Linear ramp.

$+608?7

L J =
1 Vg = 5V Top trace: input 3V/Div
A TIME = 20us/D1V  Middle trace: output 5V/DIV
R; = 47KQ Bottom trace: output 5V/DIV
7 R, = 100K Bottom trace: capacitor voltage
L i Rg =2.7KQ 1v/DIv
Z A C=0.01uF

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors R, and Rg may be connected as in Figure 19. The time period ! »
the output high is the same as previous, t; = 0.693 R4 C. For the output low it ist, =
[(Ra Rg)/(Ra + Rg)]CLn P RE Thus the frequency of oscillation is f = —

RB'—RA LI

Figure 19 - 50% Duty cycle oscillator

O+Vg

Aa
&4 8
Sixn
l_’_ " | e

2K n

NESSS

S

our O—3 _..L 3

WF
- !0.0|uFl g0
$- 6084

Note that this circuit will not oscillate if Rg is greater than 1/2 R, because the junction of R, and ¥,
cannot bring pin 2 down to 1/3 V, and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect associated circuitry. Minimum recommenc-

is 0.1uF in parallel with 1uF electrolytic.

Lower comparator storage time can be as fong as 10us when pin 2 is driven fully to ground for trig »
ring. This limits the monostable pulse width to 10us minimum,

Delay time reset to output is 0.47us typical. Minimum reset pulse width must be 0.3us, typical.
Pin 7 current switches within 30 ns of the output (pin 3) voltage.




MC7800C
Series

MC7800C SERIES THREE-TERMINAL
POSITIVE VOLTAGE REGULATORS

The MC7800C Series of three-terminal positive voltage regula-
tors are monolithic integrated circuits designed as fixed-voltage regu-
lators for 8- wide variety of applications including local, on-card
regulation. Available in seven fixed output voltage options from 5.0-
to-24 volts, these regulators employ internal current limiting, thermal
shutdown, and safe area compensation — making them essentially
blow-out proof. With adequate heatsinking they can deliver output
currents in excess of 1.0 ampere. The last two digits of the part
number indicate nominal output voltage.

e Qutput Current in Excess of 1.0 Ampere
¢ No External Components Required

® [nternal Thermal Overload Protection

® internal Short-Circuit Current Limiting

® Qutput Transistor Safe-Area Compensation

® Packaged in the Plastic Case 313 and Case 11
{TO-220 and Hermetic TO-3)

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

INPUT OUTPUY
K SUFFIX
METAL PACKAGE

CASE 11.01
(TO-3 TYPE)

(Botiom vew)

Pins 1 and 2 eiectrically isolated from case
Case is third eslectrical connection,

SCHEMATIC DIAGRAM®

O Input

O Output

3 0-25 k

>
s: 6k
Case is ground
tor Case 11, pin 3
for Case 199-04.

———=0Gnd

T SUFFIX
PLASTIC PACKAGE
CASE 313
T0O-220 Type

Pin 1. Input
2. Ground
3. Qutput

(Heatsink surface
connected to Pin 2)

STANDARD APPLICATION

Input OIO- MC78XXC -OIO Oupout
Cin®
0.33 uF’[ .TCO' ‘

A common ground-ls required between the
input and the output voltages. The input volt-
#ge must remain typically 2.0 V above the out-
put voitege even during the low point on the
input rippie voltage.

XX = these two digits of the type number indi-
cate voltage.

® = Cjn is required if regulator is lgcated an

appreciable distance from power supply
filter.

** =CQ is not needed for stability; however,
it does Imp i

XX indicates nominal voltage

TYPE NO/VOLTAGE

MC7805C 5.0 Volts MC7808C 8.0 Voirts MC7818C 18 Volts
MC7806C 6.0 Volits MC7812C 12 Volus MC7824C 24 Voits
MC7816C 16 Volts

ORDERING INFORMATION

DEVICE TEMPERATURE RANGE | PACKAGE

MC78XXCK Ty=0°Ct0+150°C | Metat Power

MC78XXCT Ty~ 0°Cto+150°C Plastic Power




MC7800C Series

MC7800C Series MAXIMUM RATINGS (T = +25°C unless otherwise noted )

* Rating Symbo! Value Unit
Input Voltage (5.0 V - 18 V) Vin 35 Vde
(24 V) 40
Power Dissipation and Thermal CMro;:mimcs
Plastic Package
Tax +25°C Po Internatly Limited Watts
Derate above Ta = +25°C 116 A 15.4 mw/oC
Thermal Resistance, Juncton to Asr 63a 65 ocw
Tg = +25°C Pp internatly Limited Watts
Derate above Tg = +95°C (See Figure 1) 18,¢ 200 mW /e
Thermal Resistance, Junction to Case 8¢ 5.0 ocw
Me1ial Package
Tp = +25°C L5} internatly Limited Watts
Derate above T = +25°C 116 4a 225 mw/oC
Thermat Resistance, Junction 1o Arr CETN ) 45 ocw
Te= +25°C PO Internally Limited Watts
Derate above Tc = +65°C (See Fuigure 21 116 3¢ 182 mw/oC
T hermal Resistance, Junction to Case 6,C 55 oc v
Storape Junction Temperature Range Tsie —65 10 +150 o¢
Operating Junction Temperature Range Ty 0 to +150 oc,
MC7805C ELECTRICAL CHARACTERISTICS (V;n = 10V, Ig = 500 mA, 0°C < T3 < +125°C uniess otherwise noted |
Characteristic Symbo! Min Typ Max Unit
Output Voltage (T = +25°C) Vo 48 50 5.2 vac
Input Reguiation Reg,n mv
(T = +25°C, 1o = 100 mA)
7.0 Vdec £V ,n £ 25 Vdc 4 70 50
8.0 Vdc £V, 12 Voc 3 20 25
(Ty = +25°C, 1o = 500 mA}
7.0 Voc €V,n € 25 Voc - 35 100
80 VdcgV,n €12 Ve - 80 50
Load Regutation Reggad mv
Ty=+25°C, 50 mASIgS15A - 1 100
250 mA €1 € 750 mA - 40 50
Outwut Voltage : Vo Vde
{7.0 Ve S V,, $20 Voc, 5.0mA < ig §1 OA PgI5W) 4.75 - 5.25
Quiescent Current (T = +25°C) ig - 43 80 ma
Quiescent Current Change alg mA
7.0 Vde SV ,n £25 Vdc - - 1.3
50mASIo<S10A - - 05
Oumut Noise Voltage [T 4 = +25°C. 10 Hz €1 100 kHz} Ve - 40 - uv
Long Term Stabiity avVg/at - - 20 mV/1 0k HRS
Ripple Rejection (Ig = 20 mA, { = 120 H2) RR - 70 - dB
Input-Output Voltage Ditterential Vin-VO Vdc
lo= 1.0 A, T = +25°C) - 2.0 -
Output Resistance (1 = 500 mA) Rp - 30 - mN
Short-Circuit Current Limit (T = +25°C) Isc - 750 - mA
Average Tempersture Coefficient of Output Vottage TCVo mv/ec
1o ® 5.0 mA, 0°C <Tp <+125°C - -1.0 -




MC7800C Series

Vin-V(. INPUT-OUTPUT VOLTAGE
DIFFERENTIAL (VOLTS)

AR, AIPPLE REJECTION (dB)}

Po. POWER DISSIPATION (WATTS)

TYPICAL CHARACTERISTICS
(TA = #25°C unless otherwise noted.)

FIGURE 1 — WORST CASE POWER DISSIPATION
versus AMBIENT TEMPERATURE (Case 313)
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FIGURE 3 — INPUT OUTPUT DIFFERENTIAL AS A
FUNCTION OF JUNCTION TEMPERATURE
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FIGURE 5 — RIPPLE REJECTION AS A FUNCTION
OF FREQUENCY
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FIGURE 2 - WORST CASE POWER DISSIPATION
versus AMBIENT TEMPERATURE (Case 11)
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FIGURE 4 — PEAK OUTPUT CURRENT AS A FUNCTION OF
INPUT-QUTPUT DIFFERENTIAL VOLTAGE
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MC7800C Series

TYPICAL CHARACTERISTICS (continved)
FIGURE 7 — OUTPUT VOLTAGE AS A FUNCTION

FIGURE 8 — QUIESCENT CURRENT AS A

OF JUNCTION TEMPERATURE P FUNCTION OF TEMPERATURE
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- DEFINITIONS
F'iﬂ:g%aﬁg;’&}#’gﬁesrgﬁg A Line Regulstion — The change in output voltage for & change in
1000 the input voitage. The messurement is made under conditions of
; J} low dissipation or by using pulse techniques such that the sversge
T 1 chip temperature is not significantly affected.
500 . o b
= 1= 120H .
[ 10 = 500 ,,.'A Load Reguiation — Tha change in output voltage for 8 change in
..“E 300 Cy»0uF toad current st constant chip temperature.
£ 200
z Maximum Power Dissipation — The maximum total device diss,
g "0 | — pation for which the reguistor will operste within specifications.
=
s Qui Current — That pert of the input current that is not
g 50 - — delivered 1o the load.
s 30 Output Noise Voltege — The rms sc voltage at the output, with
20 constant load and no input ripple, measured over a specified fre-
/ Quency range.
'ow 8.0 12 15 20 24 Long Term Stability - Output voltage stability under accelersted

vg. OUTPUT VOLTAGE (VOLTS)

life test conditions with the maximumn rated voitage listed in the
devices’ electrica! characteristics ahd maximum power dissipstion,

OUTLINE DIMENSIONS
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THERMAL INFORMATION

The power n cwrcunt can
tolerate at » grven operating ambient 1emperature, can be found
trom the sauaticn
Tstman) = Ta

Agaalive!

PoiT,) " 2viig-Vo'lo

Where ’D(T‘b + Power Dissipation sliowable 3t 3 given oper-
anng ambient tempersiure.

T jtman) * O Junction T 8 listed on
the Max:mum Ratings Secuon
Ta=M Denred O Ambiant T

RoJA(Tvpl = Typical Thermsl Resstance Junction 10 Ambient
s~ Total Suppty Current




MC7800C Series

APPLICATIONS INFORMATION

Design Considerations

The MC7800C Series of fixed voltage reg: s are designed
with Thermal Overioad Protection that shuts down the circult
when subjected to sn excetsive power overicad condition, interne!
Short-Circuit Protection that limits the maximum current the cie-
cuit will pams, and Output Transistor Sefe-Ares Compensation thet
reduces the output short<circuit current as the voltage scross the
peus transistor is increased.

TPy 3

in meny (bw i ere
not required. H L it is ded that the regulator
input be byp d with s i if the reg is d

t0 the power supply filter with long wire longths, or if the output
load capacimnce is large. An input bypass capacitor should be
wiected to provide pood high-frequency characteristics to insure
stable operstion under il loed conditions. A 0.33 uF or larger
tantslum, mylar, or other capacitor having low internsl impedance
at high frequenciss should be chosen. The bypass capacitorshouid
be mounted with the shortest pomible isads directlyscross the
regulstors input fs. N tly good constructiontechniques
should be used to minimize ground loops and lead resistancedrops
since the regutator has no external sense lsad.

FIGURE 10 - CURRENT REGULATOR

Q.33
Constant

Current to

—
o Grounded Load

Input QTO— MC7805C
T )
.

The MC7800C reguiators can also be used as @ current source
when connected ss sbove. in order to minimize dissipstion the
MC7805C is chosen in this spplication. Resistor R determines
the current a3 tollows:

i S5V e,
0" 7 Q
1g ¥ 1.5 mA over line and losd changes
For example, a 1-ampere current source would require R to be a

6-ohm, 10-W resistor and the output voltage compliance would
be the input voltage less 7 volts.

FIGURE 11 - ADJUSTABLE OUTPUT REGULATOR

Quiput
L MCT7B05C O ®
Input
<033 uF =
c10 k
kR
MC1781G

.

Vp.7.0V 1020 V
ViN=Vo 220V

The additi of an oper | amplifier sllows sdjustment to
higher or intermediate values while retaining regulation charscter-
istics. The mi: voltage obtainable with this arrang is
2.0rvolts greater than the regulator voltage,

FIGURE 12 ~ CURRENT BOOST REGULATOR

MJ2955 or Equiv

Input @4

MC78XXC l ® Output

|.0qu: = 0.1 pF

XX = 2 digits of type number indicating voltage.

The MC7800C series can be current boosted with a PNP transis-
tor. The MJ2955 provides current to 5.0 amperes. Resistor R
in conjunction with the Vgg of the PNP. determines when the
pass trensistor begins conaucting: this circuit is not short-circut
proot. Input-output differential voitage minimum is increased by
VBE of the pass transistor.

FIGURE 13 ~ SHORT-CIRCUITPROTECTION

MJ295S
Input Rge Of Equiv
1
2NG049
or Equiv
R
MC78XXC

Output

1.0 uF;[ i—

XX = 2 dgigits of type numbaer indicating voltage

The circuit of Figure 12 can be modified 1o provide supply protec:
tion sgainst short circuits by adding a short-circuit sense resistor,
Rgc,and an additional PNP transistor. The current sensing PNP
must be able to hsndie the short-circuit current of the three-
termunal regutator. Therefore, a four-smpere piastic power tran-
sistor i3 specitied




Z8400
Z80® CPU Ceniral
Processing Unit

Zilog

Product
Specification
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FEATURES

m The instruction set contains 158 instructions. The 78

- ins(uptiona of the -8080A are included as a subset;
8080A software compatibility is maintained.

® Eight MHz, 6 MHz, 4 MHz, and 2.5 MHz clocks for the

Z80H, Z80B, Z80A, and Z80 CPU result in rapid .
instruction execution with consequent high data ™™

throughput.

8 The extensive instruction set includes string, bit, byte,
and word operations. Block searches and block
transfers, together with indexed and relative adﬁressing.
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

u
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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.

a 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.

m On-chip dynamic memory refresh counter.
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Figure 2a. 40-Pin Duakin-Line Pa.cknge {o1P)
Pin Assignments
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Figure 2b. 44-Pin Chip Carrier Pin Assignments

GENERAL DESCRIPTION

The Z80, Z80A, 2808, and Z80H CPUs are third-generation
single-chip ‘microprocessors with exceptional computa-
tional power. They offer higher system throughput and more
efficient memory utilization 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 fast interrupt response.
<.

INSTRUCTION INSTRUCTION
DECODER REGISTER

+5V —

GND ~—»

i

CPU
TIMING
CONTROL

i

S SYSTEMS sSCPU
AND CPU  CONTROL
CONTROL  INPUTS
OUTPUTS

CLOCK —

cPy
TIMING

The Z80 also contains a Stack Pointer, Program Counter, two
index registers, a Refresh register (counter), and an
Interrupt register. The CPU is easy to incorporate into a
system since it requires only a single + 5V power source. All
output signals are fully decoded and timed to control
standard memory or peripheral circuits; the CPU is
supported by an extensive family of peripheral controllers,
The internal block diagram (Figure 3) shows the primary
functions of the Z80 processors. Subsequent text provides

: 'r’v;aore detail on the Z80 /O controller family, registers,

instruction set, interrupts and daisy chaining, and CPU
timing.

8-8iT
DATA BUS

DATA BUS
INTERFACE

ALU

INTERNAL DATA 8uS

REGISTER
ARRAY

i

ADDRESS
LOGIC AND
BUFFERS

16-8I1T
ADDRESS 3US

Figure 3. Z80 CPU Block Dlagram




280 MICROPROCESSOR FAMILY

The Zilog Z80 microprocessor is the central element of a
comprehensive microprocessor product family. This family
works together in most applications with minimum
requirements for additional logic, facilitating the design of
efficient and cost-effective microcomputer-based systems.

Zilog has designed five components to prqvide extensive

support for the Z80 microprocessor. These are:

® The PIO (Parallel Input/Output) operates in both
data-byte 1/O transfer mode (with handshaking) and in bit
mode (without handshaking). The PIO may be
configured to interface with standard parallel peripheral
devices such as printers, tape punches, and keyboards.

m The CTC (Counter/Timer Circuit) features four pro-
grammable 8-bit countertimers, each of which has an

8-bit prescaler. Each .of the four channels may be
configured to operate in either counter or timer mode.

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

® The SIO (Serial Input/Output) controller offers two
channels. It is capable of operating in a variety of
programmable modes for both synchronous and
asynchronous communication, including Bi-Synch and
SOLC.

® The DART (Dual Asynchronous Receiver/Transmitter)
device provides low cost asynchronous serial
communication. It has two channels and a full modem_
control interface.

Z80 CPU REGISTERS

Figure 4 shows three groups of registers within the 280
CPU. The first group consists of duplicate sets of 8-bit
registers: a principal set and an alternate sat (designated by
! [prime), e.g., A). Both sats consist of the Accumutator
Register, the Flag Register, and six general-purpose
registers. Transfer of data between these duplicate sats of
fegisters is accomplished by use of “Exchange”
instructions. The result is faster response to interrupts and
easy, efficient implementation of such versatile ,;{o-

MAIN REQISTER SET

gramming techniques as background-foreground data
processing. The second set of registers consists of six
registers with assigned functions. These are the | (Interrupt
Register), the R (Refresh Register), the IX and IY (Index
Registers), the SP (Stack Pointer), and the PC (Program
Counter). The third group consists of two interrupt status
flip-flops, pius an additional pair of flip-lops which assists in
identifying the interrupt mode at any particular time. Table 1
provides further information on these registers.

ALTERNATE REQISTER SET

A ACCUMULATOA F FLAG REGISTER A’ ACCUMULATOR F'  FLAG REGISTEA

B GENERAL PURPOSE € GENERAL PURPOSE 8’ GENERAL PURPOSE C' GENERAL PURPOSE 4
D- GENERAL PURPOSE & GENERAL PURPOSE D' GENERAL PURPOSE E' GENERAL PURPOSE

H GENERAL PUAPQSE L GENERAL PURPOSE H' GENERAL PURPOSE L’ GENERAL PURPOSE

$BITS

ALY i1

X INDEX REGISTER

¥ INDEX REGISTER

$P STACK POINTER

PC PROGRAM COUNTER

‘l INTERRUPT VECTOR R MEMORY REFRESH

S BTS

INTERRUPT FLIP.FLOPS STATUS

¥Fy

" ;0 = INTERRUPTS DISABLED
1 = INTERRUPTS ENASLED

INTERAUPT MODE FLIP.FLOPS

F¥Fy

STORES IFF1
DURING N}
SERVICE

IMF, 1MFy

INTERAUPT MODE 0
NOT USED °

INTERRUPT MODE 1
INTERRUPT MOOE 2

“moQ
o =0

Figure 4. CPU Registers
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AC CHARACTERISTICS!

230 CPU Z80A CPU 2808 CPU Z80H CPU

Number Symbol Parameter in Max Min Max Min Max -Min Max
1 TcC Clock Cycle Time 400° 250 165° 125*
2 TCh Clock Pulse Width (High) 180 2000 1107 2000 65 2000 55 2000
3 WC Clock Pulse Width (Low) 180 2000 110 2000 65 2000 55 2000
4 TC Clock Fall Time 30 30 20 10
5 e Clock Rise Time 30 30 20 10
6  TdCr(A) Clock t to Address Valid Delay 145 110 90 80
7  TJA(MREQf)  AddressValidto MREQ * Delay 125° 65° 3s5° 20°
8 TdCHMREQf)  Clock$to MREQ 4 Delay 100 85 70 60
9  TdCrMREQrs  Clocktto MREQ t Delay 100 85 70 60
10 TwMREQh MREQ Pulse Width (High) 170° 110° 65° < 45"
11 TwMREQI MREQ Pulsé Width (Low) 360° 220° 135° 100°
12 TdCHMREQr  Ciockto MREQ t Delay 100 85 70 60
13 TSCHRDY Clock 4 to RD ¢ Delay 130 95 80 70
14 TdCr(RDr) Clockt to RD t Delay . 100 85 70 60
15 TsD(Cr) Data Setup Time to Clock t Y50 . a5 30 30
16 ThD(RDr) DataHold Timeto RD 0 0 0 0
17 TSWAIT(CH WAIT Setup Time to Clock.+- 70 70 60 50
18 ThWAIT(CY) WAIT Hold Time after Clock ¢y 0 0 ° 0
19 TdCr(M10 Clocktto M1 4 Delay ' 130 100 80 70
20  TdCr(M1n) Clock tto M1 t Delay 130 100 80 70
21 TdCr(RFSHf)  ClockttoRFSH ¢ Delay 180 130 10 . 95
22 TACr(RFSHY)  Clock tto RFSH ¢ Delay 150 120 100 85
23 TdCKRDM) Clock 410 RD t Delay 110 85 70 60
24  TdCr(RDf) Clock tto RD ¢ Delay 100 85 70 60
25  TsD(CH Data Setup to Clock 4 during Mz, M3, 60 50 40 Y

My, or M5 Cycles

26 TdA(IORQN Address Stable prior to IORQ ¢ 320° 180° M10° 75°
27 TdCrlORQf)  Clockto IORQ+ Delay 90 75 65 55
28 TdCHIORQr)  Clock toiORQ # Delay 110 85 70 60
29  TdDWRY) Data Stable prior to WR ¢ 190° 80° 25° 5°
30  TACKWRY Clock 4 to WR ¢ Delay 90 80 70 60
31 TWWR WA Pulse Width 360% 220° 135* 100*
32  TACHWRr) Clock 10 WR t Delay 100 80 70 60
33 TdD(WRY) DataStable priorloWR ¢ = 20° -10* -55° 55°
34  TdCr(WRY) Clock t to WR ¢ Delay 80 65 60 5
35 / TdWRI(D) Data Stable from WA ¢ 120° 60" 30° 15°
36 TACHHALT) Clock éto HALT tor $ 300 300 260 225
37 TWNMI NMI Pulse Width 80 80 70 60°
38 TsBUSREQ(Cr) BUSREQ Setup Timeto Clock t 80 50 50 40

* For clock periods other than the minimums shown, calculate parameters using the table on the follgwing page. Calculated values abcve
assumed TIC = TIC = 20 ns.
1Unts in nancseconds (ns).
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AC CHARACTERISTICS! (Continued)

280 CPU Z8OACPU  Z80BCPU  Z80H CPU
Number Symbol Parameter Min Max Min Max Min Max Min Max
3%  ThBUSREQ(Cr) BUSREQ Hold Time after Clock t 0 0 0 0
40  TACrBUSACK() Clock tto BUSACK ¢ Delay 120 100 90 80
41 TACHBUSACKr) Clock é 1o BUSACK # Delay 110 100 90 80
42 TdCr(Dz) Clock t to Data Float Delay. 90 90 80 70
43 TdCr(CT2) Cloﬁ_tg (_Z_cm'gl 9_glputs El_o.at Delay 110 80 70 60
(MREQ, iORQ, RD, and WR) ™
44 TdCr(A2) Clock 1 to Address Float Delay 110 90 80 70
45  TdCTA) MREQ*.iORQt,ADt, andWRtto  160° 80" 35° 20°
Address Hold Time
46  TSsRESET(CH  RESET toClockt Setup Time 90 60 60 45
47  ThRESET(Cr)  RESET toCiock t Hold Time 0 0 o 0
48 TSINTICP) INT 1o Clockt Setup Time 80 80 70 55
43 ThINT(CI) - TNT to Clock t Hold Time 0 0 0 0
50  TAM1IORQY) M1 410 1ORQ Delay 920" 565°* 365° 270"
51 TdCHIORQf)  Clock 4t0iORQ ¢ Delay Y 110 85 70 60
52  TdCHIORQr)  Clock t1ORQ t Delay 100 85 70 60~
53  TdCHD) Clock + to Data Valid Delay 230 150 130 115
*For clock periods other than the minimums shown, calculate parameters using the following tabte. Calcutated values above
assumed iC = TIC = 20 na.
tUnits in nancseconds (ns).
FOOTNOTES TO AC CHARACTERISTICS
oy,
Number Symbol General Parameter o 280 Z80A 2808 Z30H
1 TeC TWCh + WCl + TIC + TIC - )
7 - TAA(MREQY) TwCh + TIC - 75 -65 -50 -45
10 - TWMREQh ™WCh+TIC Nt - 30 -20 -20 -20-
11 TwMREQI TeC - 40 -30 -30 -25
26 TJA(IORQf) TeC - 80 ~70 ~-55 - -50
29 TAD(WRY) TeC - 210 -170 ~140 ~120
3 ™WWR TeC T~ 40 - 30 -30 -25
33 TdD(WRY) WCl + TC - 180 - 140 -140 -120
35 TdWRr(D) ™WCl + TC - 80 ~70 -55 -50
45 TACT(A) WC! + TC - 40 - 50 -50 -45
. 50 TaM1IORQY) 2TcC + TwCh + TIC - 80 - 65 -50 -45
AC Test Concditions:
Vi =20V Vow = 1.5V
Vi =08V VoL = 1.5V
Vine = Voc ~0.6V FLOAT = £0.5V

ViL.C = 0.45V



ABSOLUTE MAXIMUM RATINGS
Voltages on all pins with respectto ground .. .0.3Vto +7V
Operating Ambient

Temperature .............. See Ordering Information
Storage Temperature . ............. ~65°Cto +1 50 °C

Stresses greater than those listed under Absolute Maximum Ratings may
cause permanent damage !0 the device. This is a stress rating only;
operation of the device at any condition above these indicaled.in the
operational sections of these specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect
device refiabilty..

STANDARD TEST CONDITIONS .

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

Avallable operating temperature ranges are:

8 S = 0°Cto +70°C, +4.75V& Ve € +5.25V

m E = -40°Cto +85°C, +4.75V& Vgc € +5.25V°
® M= —-55°Cto +125°C, +4.5V < Vo € +5.25V

The Ordering Information section lists temperature ranges
and product numbers. Package drawings are in the
Package Information section in this booR. 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 pf increase in load up to a maximum
of 200 pf for the data bus. AC timing méasurements are
referenced to 1.5 volts (except for clock, which is referenced
to the 10% and 909% points).

+3V

21K

FROM OUTPUT
UNDER TEST

DC CHARACTERISTICS )
All parameters.are tested unless otherwise noted. -
Symbol Parameter Min - Max Unit Test Condition
viLe Clock Input Low Voltage -0.3 0.45 v
Vi Clock Input High Voltage Vee- 6 Vee+3 v
ViL Input Low Voltage +03 - 0.8 \
\IH Input High Voltage 2.0 Vee v
VoL Output Low Voitage 0.4 v loL=2.0mA
VoH Qutput High Voltage 2.4! v lor= —250 A
icc Power Supply Current - 200 mA Note 3
It Input Leakage Current 10 HA © Vin=OtoVee
o 3-State Output Leakage Current in Float -10 102 pA Vour=0.4toVee
1 For military grade parts, refer to the 280 Military Electrical Specification. .
2 Ays-Ag. 07-0p, MRET, IORT., RO, and WR. .
3 Measurements made with outputs fioating. -
CAPACITANCE ‘
Guaranteed by design and characterization. K
Symbol Parameter Min Max Unit
Ccrock Clock Capacitance 35 pt
CiN ’ Input Capacitance 5 pf
Cour Output Capacitance = 15 pt
NOTES:

Ty = 25°C. 1 = 1 MHZ
Unmeasured pins returned to ground.

ndd 082



Z80 CPU REGISTERS (Continued)

s/

Tabie 1. Z80 CPU Registers

Remarks

Register Size (Bits)
A A Accumulator 8 Stores an operand or the results of an operation,
FF Flags 8 See Instruction Set.
B.B’ General Purposs 8 Can be used separately or as a 16-bit register with C.
c,Cc! General Purpose 8 ‘See B, above.
b, D’ General Purpose 8 Can be used separately or as a 16-bit register with E.
E.E’ General Purpose 8 See D, above.
H, H General Purpose 8’ Can be used separately or as a 16-bit register with L.
[ General Purpose 8 See H, above.
Note: The (8,C). (D.E), and (H,L) sets are combined as follows:
B—Highbyte C—Lowbyte
D—Highbyte E—lowbyte
H—~Highbyte L —Lowbyte
| Interrupt Register 8 Stores upper eight bits of memory address for vectored interrupt
processing. .
R Refresf\ Register 8 Provides user-transparent dynamic memory refresh. Automatically
incremented and placed on the address bus during each
instruction fetch cycle. -
X Index Register 18 Used for indexed addressing.
Y Index Register 18 Used for indexed addressing
sP Stack Peinter 16 Holds address of the top of the stack. See Push or Pop ininstruction
st -y
PC Program Counter 16 Holds 3ddress of next instruction.
IFF-IFFp Interrupt Enable Flip-Flops Set or resst to indicate interrupt status (see Figure 4).
{MFa-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
pricrity. 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 moda for interrupt service for
the non-maskable interrupt. The maskable interrupt, INT,
hasg three programmable response modes available. These
are:

® Mode 0 — similar to the 8080 microprocessor.

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

u Mode 2 — a vectored interrupt scheme, usually
daigy-chained, for use with Z80 Family and compatible
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 (NWI). The nonmaskable
interrupt cannot be disabled by program control and
therefore will be accepted at all imes 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 ig not active), the CPU jumps to
restart location' 0066H. Normally, software starting & this
address contains the interrupt service routine.

Maskable Interrupt (INT). Regardiess of the interrupt
mode set by the user, the Z80 response 0 a maskable
interrupt input follows a common timing cycle. After the




interrupt has been detected by the CPU (provided that
interrupts are enabled and is not active) a special
interrupt procesing cle begins. This is a special fetch
% g cycle in which IORQ becomes active rather than
, as in a normal M1 cycle. In addition, this special YT
cycle is automatically extended by two WAIT states, o allow
for the time required to acknowledge the interrupt request.

Mode 0 Interrupt Operation. This mode'is similar io the
8080 microprocessor interrupt service procedures. The
interrupting device places an instruction on the data bus.
This is normally a Restart iristruction, which will initiate a call
1o the selected one of eight restart locations in page zero of
memory. Unlike the 8080, the 280 CPU responds to the Calf
instruction with only one interrupt acknowledge cycle
followed by two memory read cycles.

Mode 1 Intarrupt Operation. Mode 1 operation is very
similar to that for the NM\. The principal differenceis that the
Mode 1 interrupt has only one restart location, 0038H.

Mode 2 Interrupt Operation. This interrupt mode has
been designed to utilize most effectively the capabilities of
the Z80 microprocessor and its associated peripheral
family. 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 forms a pointer using this byte
as the lower 8 bits and the contents of the | register as the
upper 8 bits. This points to an entry in a table of addresses
for interrupt service routines. The CPU then jumps tQ 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 (Dalsy Chaining and Nested
Interrupts). The interrupt priority of each peripheral device
is determined by its physical focation within a daisy-chain
configuration. Each device-in the chain has an interrupt
enable input fine (IEf) and an interrupt enable output line
(IEQ), which is fed to the next lower priority device. The first
device in the daisy chain has its IEl input hardwired to aHigh

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 simultaneously interrupting
peripherals.

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

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

interrupt Enable/Disable Operatlon. Two flip-fiops, 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 tothe
Z80 CPU Technical Manual (03-0029-01) and 280 Assembly
Language Programming Manual (03-0002-01).

Table 2. State of Flip-Flope

Actlon IFFy iFF; Comments

CPU Reset 0 O Maskableinterrupt
INT disabled

Dt instruction execution 0 0  Maskabla interrupt
INT disabled

El instruction execution 1 1 Maskable interrupt
INT enabled

LD A linstruction execution ° e |FFp~ Parity flag

LD A R instruction execution ¢ o IFFg - Parity flag

Accept NMI 0 IFFy IFFy—=IFFz
(Maskable interrupt
INT disabled)

RETNinstruction execution IFF; e  IFFp = IFFyat

q completion of an

NMI service
routine.
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PIN DESCRIPTIONS

Ag-Ass. Address Bus (output, active High, 3-state). Ag-Ass
form a 16-bit address bus. The Address Bus provides the
address for memory data bus exchanges (up to 64K bytes)
and for /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,
ORQ, RD, and WR have entered their high-impedance
states. The external circuitry can now control these lines.

BUSREQ. Bus Request (input, active Low). Bus Request
has a higher priority than NMI and is always recognized at
the end of the currant machine cycle. BUSREQ forces the
CPU address bus data bus, and control signals MREQ,
IORQ, RD, and WR to go to a high-impedance state so that
other devices can control thesa 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 RAMSs.

Do-D4. Data Bus (input/output, active High, 3-state). Do-D7
constitute an 8-bit bidirectional data bus, used for data
exchanges with memory and I/Q.

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 haifed; the |,

CPU executes NOPs to maintain memaory refresh.
INT. interrupt Request (input, active Low). Interrupt Request

is generated by 1/O devices. The CPU honors a request at -

the end of the current instruction if the internal
software-controlled interrupt enable flip-flop (IFF) is
enabled. INT is normally wired-OR and requires an external
pullup for these applications.

10RQ. Input/Output Request (output, active Low, 3-state).
{ORQiindicates that the lower half of the address busholds a
valid 1/O address for an I/0 read or write operation. 1ORQIs
also generated concurrently with M1 during an interrupt
-acknowledge cycle to indicate that an interrupt fesponse
vector can be placed on the data bus.

. Machine Cycle One (output, active Low). M1, together
with MREQ, indicates that the current machine 8 cycleis the
opcode fetch cycle of an instruction execution. M1, 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 a memory read or memory write operation.

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

RD. Read (output, active Low, 3-state), A indicates that the
CPU wants to read data from memory or an I/O device. The
addressed I/0 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 1 and R, and sats the interrupt status to
“*Mode 0. During reset time, the address and databus goto a

high-impedance state, and all control output 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 compiete.

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
systemn’s dynamic memories.

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

WR. Write (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.

4dd 082
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: 8255A/8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

a MCS-85™ Compatible 82554:5 a Direct Bit Set/Reset Capability Easing
n 24 Programmable 1/0 Plﬁ s Control Application interface

s Reduces System Package Count

= Improved DC Driving Capablllti

u Avalilable in EXPRESS

~-Standard Temperature Range
u Improved Timing Characteristics —Extended Temperature Range

m Completely TTL Compatible

a Fully Compatible with intel® Micro-
processor Families

The Intel® 8255A is a general purpose programmable /O device designed for use with Intel® microprocessors. It he
24 /O pins which may be Individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the firs
mods (MODE 0), each group of 12 VO pins may be programmed in sets of 4 to be input or output. in MODE 1, the secon
mode, each group may be programmed 1o have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hare
shaking and interrupt controf signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses?
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

3,
2
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faind =) o ser e s288A »Pin
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1 A =t ) meese s wile
'l' = w0 [1w (Y
o (]w wfle
[ J—— o] e
- - — — (] a1
— == O S ) - i =P
N — T (] wFm
— ] - wd nf] v
| l ~]w nf]me
S |
Figure 1. 8255A Block Diagram Figure 2. Pin Configuration
'mtocnmmo'f.tm.

‘ Ord‘ef Number: 2313089
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8255A FUNCTIONAL DESCRIPTION

Ceneral

e 8255A is a programmable peripheral interface (PPI)
srnce designed for use in Intel® microgomputer
restems, its function is that of a general purpose /O
1ormponent to interface peripheral equipment to the
~crocomputer system bus. The functional configura-
1o of the 8255A is programmed by the system software
=3 that normally no external logic is necessary to inter-
‘e ¢ peripheral devices or structures.

Deta Bus Buffer _ :

*s.4 3-state bidirectional 8-bit buffer is used to interface
~e 8255A to the system data bus. Data is transmitted or
= eived by the butfer upon execution of input or output
~atryctions by the CPU.'Control words and status infor-
~e2:0n are also transferred through the data bus butfer.

" 8255A BASIC OPERATION

(RD) o

Read. A “low” on this input pin enables the 8255A 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 8255A.

(Agand A,) ..

Port-Select 0 and Port Salect 1. These input signalis, 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 to the least
significant bits of the address bus (Ag and A,).

Ay | Ag | RD | WR | T3 | INPUT OPERATION (READ)
Sead/Write and Control Logic 0] o4 o 1 O | PORT A = DATA BUS
) ) . . 0] £ o 1 | -0 | PORT B8 = DATA BUS
t%e function of this block is to manage all of the internal 1 0 0 1 0 | PORTC— DATA BUS
o~ external transfers of both Data and Control or Status OUTPUT OPERATION
easat, It accepts inputs from the CPU Address and Con- (WRITE)
+ o busses and in.turn, issues commands to both of thé ” 0 ? : 9 0 g::: :U:':ORT‘
. " X0 [+] [+] US = PORT B
ot .
rol Groups LT 0 | 0 | DATABUS=PORTC
. 1 1 1 o ] DATA BUS = CONTROL
& DISABLE FUNCTION
«s) X | x X X 1 | DATA BUS = 3-STATE *
tap Select. A “low” on this input pin enables the com- VAP0 9 ! |0 [ ILLEGAL CONDITION
mwuction between the 8255A and the CPU. X i X% i 1 0 | DATA BUS = 3-STATE
un
: [ S 1 .
=) \ 5 R

—— e

v

~

Figure 3. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Fupctions

231308-001
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(RESET)

Reset. A “high” on this input clears the control registet
and all ports (A, B, C) are set to the input mode.

Group A and Group B Controls
The functional configuration of each port is program-
med by the systems software. in essence, the CPU “out-
puts" a control word to the B255A. The control word con-
tains information such as “mode", “'bit set”, "'bit reset”,
etc,, that Initiglizes the functional conflqurﬁion of the
8255A. )
Each of tthontrol blocks (Group Aand Group B) accepts
"eqmmands"'from the Read/Write Control Logic, 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 B — Port 8 and Port C lower {C3-Co)

The Control Word Register can Only be written into. No.

Read operation of the Control Word Register is allowed.

Ports A, B and C

The 8255A contains three 8-bit ports (A 8,and C). A
can be configured in a wide variety of functional charse
teristics. by the system software but each has its owe
special features or “personality” to further enhance the
power and flexibility of the 8255A.
-

Port A. One 8-bit data output latchvbutfer and one 8-b8
data input fatch.

Port B. One 8-bit-data input/output fatch/buffer and one
8-bit data input butter.

Port C. One 8-bit data output Iatch/buﬂer and one 8>
data input butfer (no latch for input). This port can b
divided into two 4-bit ports under the mode contra
Each 4-bit port contains a 4-bit latch and it can be usss
for the control signaf outputs and status signal inputs®
conjunction with ports A and B.

PIN CONFIGURATION

ra3(] o whea
raz (]2 . ®w[Jeas
eat(]s n[]res
eaa e w[Jear
[ \ 3y, - wds whw
b T ¥ ] Grle [ eesar
| oo - byt \a oo (7 ] @]
] o Cz o mmm ar(]e n:):~
i, K—— ; 7 sa(]e =iy,
. k * e scr e nPo,
T . rce (v 634 »[o,
l scs (02 nl]o,
[ a1y’ »[Jo,
i C> feitd me:’:« (1= ) 7O
. - ver (e el ™
A TN - P —J | 2] . nlieer
L st B, KT————”’\) sca (o 2] e
- — - e (e - af]rm
. = K o e o Youir Y s nires
. i 2o nra
: 1
m . .
L - oy e -} o L. - . PIN NAMES'
comrm. cowreen - o E ve N
“ - I — s = -~ ,-Op ~ | OATA GUS (B DIRTCTIONM)
et . [WesaT | mesat Ut
- CHP SELECT
. [ . f W READ PUT
N %R | waite meut
. Ad, At PORT ADORESS
- I . “PATFAS | POAT A miTI
. PR7P08 | PORT B i1
v [ rORTEm
' Vee 3 vouis
- GND SVOLYS

Figure 4. 8225A Block Diagram Showing Group A lnd -

Group B Control Functions
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4
€255A OPERATIONAL DESCRIPTION -
Wede Selection CONTROL WORD .
3 H 1 -
sere are three basic modes of operation that can be setect: o [ 2[00 2| 0|00 |0 ]2
¢ vy the system software: - - \ '
Vode 0 — Basic Input/Odtput ¢ L—I
Wade 1 — Strobed Input/Output
VUode 2 — Bi-Directional Bus ;
aren the reset input goes “high™ all ports will be set to GROUP &
e oyl mode (i.6., all 24 lines will be in the high im-
smsance state). After the reset is removed the 8255A can PORY C (LOWER)
«=a:n 10 the input mode with no additional initialization .: i
=y~ted. During the execution of the system program B .
e~ of the other modes may be selected using a single N goRrs
w*put 1nstruction. This allows a single 8255A to service 0= OYTPUT"
o vty of peripheral devices with a slmple software -
aentenance routine. MODE SELECTION
9« MODE 1
*we modes for Port A and Port B can be separately defined, —
en.ne Port C is divided into two portions as required by the
®.1 A ond Port B definitions. All of the output registers, in- A, 3 XA =3 A
«8nrg the status flip-flops, will be reset whenever the ¥ = € { ]
~ete n changed. Modes may be combined so that their PORT C UPPER)
L 1onal definition can be “tailored” to almost any 1/0 . T
e-mture, For instance; Group B can be programmed in ] "3 .
a0 to monitor simple switch closings or display compu- = ?ﬂxr‘ur
sl tesults, Group A could be programmed in Mode 1 ‘asouTRUT .
« marutor a keyboard or tape reader on an. interrupt-driven { Gobc L fErion
[Ty 00 = MODE 0
N . 01 = MOOE 1
- o] g A% MOOE 2
- v e
. )
. ADDRESS 8US 1. .. MODE SET FLAG
11 1= ACTIVE
. CONTROL BUS ] . .
' 11 11 o
N DATA 8US M P f o
ey DG, s % 1 _ Figure 6. l?lode Deﬂnltlon Format
. & - e (SN
T s2ssA ' s
’—no—:[ . 8 A ] N B D
o b @“' 250 The moge definitions dnd possible mod. ebinati
S he mo efinitions an poss e mode combinations
PA,P
Tt et n"'c' i . -, may seem confusing at first but after a cursory review of
X . the complete device operation a simple, logical VO ap-
ey~ 8 AT - proach will surface. The design of the 8255A has taken
Yo I I l I I I o into account things such as efficient PC board layout,
e, CONTROL ,‘1". 'contr?l signal definition vs PC layout and complete
“onira"  onvo functional flexibility to support almost any peripheral
device with no external logic. Such design represents
sy —_8 the maximum use of the available pins.
10 I I I l l ] l I @H}IRECTIONAL
e, P8y A CONTROL . S e e - - .
- Single Bit Set/Reset Foature
' Any of the eight bits of Port C can ‘be Set or Reset using a3

Figure 5. Basic Mode Definitions
and Bus Interface

. single OUTput instruction. This feature reduces software

requirements in Control-based applucatlons ..

231308-001 .,
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; T
When Port C is-being used as status/control for Port Aor 8

CONTROL WORD these bits can be set or reset by using the Bit Set/Reset
. eration just as if they were data output ports.
0, D, *
Or {00 | O P PP M} . Interrupt Control Functions
I ‘ . When the 8255A is programmed to operate in mode 19
! : :‘_‘s’g/'““ mode 2, control signals are provided that can be used »
x X 0= RESET .. interrupt request inputs to the CPU. The interrupt »
prvtf quest signals, generated from port C, can be inhibited ®
"enabled by setting or resetting the associated INTE Ne
T SELECT H
o 03 T5T flop, using the bit set/reset function of port C.
e Y ‘: : : ; ‘: : 2 This function allows the Programmer to disallow or allow ¢
w L hiisl specific 1/0 device to interrupt the CPU without affecomy
. - _ any other device in the interrupt structure.
L. . - INTE flip-flop definition:
. o :gxl\'/‘:“? FLAa {BIT-SET) — INTE is SET — Interrupt enable
. = (BIT-RESET) — INTE is RESET — Interrupt disable
N = —J Note: All Mask flip-flops are automatically reset durm
Figure 7. Bit Set/Reset Format mode selection and device Reget. )
Operating Modes ) Mode 0 Basic Functional Definitions:

® Two 8-bit ports and two 4-bit ports.

N R @ Any port can be input or output.
MODE 0 (Basic Input/Output). This functional configura- ® Outputsare fatched, :
tion provides simple input and output operations for ® Inputs are not latched.
each of the threa ports..No *handshaking" is required, e 16 different Input/Output configurations are possible ;
data is simply written to or read from a specified port.* -y, in this Mode. ’
A\'
) E “an ( 3 3
AD
‘ : N .
tiy ——of < Je—tun—=]
weur ] y
-
tan e e |
. a1,40 ’ )‘ f : )\ - ( - -
. . A
0,-'0..————.——--—- — e —— —‘-——( i X 4 ‘ ' J>_-.‘
. o ) A
MODE 0 (Basic Input)
- q'-_____.__d
—
b ) _xr = j i
. p— tow ——ete—two—=}
X— | X
L 1, hh

:
3
ik
13
i

. . . - i
MODE 0 (Basic Output) A ‘
T - [ 231
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" ®@20E 0 Port Definition
A B GROUP A GROUP B
PORT C PORT C
Pa | P3| 01| Do | PORTA | \ipeemy | * | PORT® | (Lowen)
0 | oo | o] oureur | outrutr | o | outPuT | ouTPuT
o [ o [ o] 1+ | ourerut | outrur | 1 | outeur | IneUT
0 | o |1 ] o |oureut | ourpur | 2 | ineut OUTPUT
o o1 |1 ! ourrur | outrur | 3 | INneuUT INPUT
o | 1 [0 | o | outPur | ineUT 4 | OUTPUT | OUTPUT
o | 1 { o]t [oureur | ineuT 5 | ouTPuT | INPUT
o [ 1 [ 1 | o [ ourrur | ineuT 8 | INPUT OUTPUT
0o |1 1 1 | outrutr | ineuT 7 | INPUT INPUT
1 [ oo o[ ineur ouTPUT | 8 | outPuT | OuTPUT
1t {0 [ o [ 1 [iNeur ouTPuT | 9 | outPuT [ IneuT
1 (o | 1] o] ineur OuTPUT | 10 | iNPUT OUTPUT
1 | 0 [ v | 1 | INPUT OQUTPUT | 11 | INPUT INPUT
1 1 [ o | o | ineur INPUT 12 | OUTPUT | OUTPUT
1 1 | o [ 1 [ neur INPUT 13 | OUTPUT | INPUT
. 1 1 t [ o [ ineuT INPUT 14 | INPUT OUTPUT
1 v [ | ineur INPUT 16 | INPUT INPUT
@20t 0 Configurations -
¥
tr mtAOL WORD &0 - . CONTROL WORD #2
~ Og Oy Dy D, D O Dy 0, Dy DOy D; Dy -

[TLL-LTL T

At rayen, A -—/L—‘ PA;PA
82554 a2ssa
) ST RS
©.0, c{ 0,0, ¢ {
] ) s—pt—
1CRTAOL WORD #1 CONTROL WORD #3
® O 0Oy Oy 0 D; D, O Dg O D, D 0, D, Dy

DT HIHW

- Llefefelefel]"]

At o A, PA At ra 2a,
‘2584, azssa
i —— e, )
t 0,0, —} c{ 0,0, c{
E A — ey, oAt — 0,
s——t s, sf—rt— sy,

231308-001
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CONTROL WORD #4
0, Dy Dy O, Dy D, O, D,

CLlelelel e e]e 0]

Alb—At—craen,

8258A
‘——'/‘_ PC,rC,

0y Dy +——— c { g
T e rcyrc,

p—r e,

CONTROL WORD =8
D, Dg Oy D, Dy O, D, U

Clefel fefe]el]

Aot ra, ra,

8255A
4 v, oc,
al

D0 -

s _-./-'—. n,p%

CONTROL WORD #8
O, Dy Oy O O, Dy Dy Dy

[LLLLLLLL

Alb—~— PA, PAy
8255A

A reyre,
0,0y #———— 4 {

A reycy

of—A—e s,

S0

CONTROL WORD »$
Dg Dy Dy Dy 05 Dy 0

H Le[elel ]¥]

Y TR N

8258A
4
__/_. »C,PC,
Dy Dy ————— ] c {

L S

B {——r e r3, 08,

CONTROL WORD #¢
D; Dy Oy O, O3 0 O, O, e

Llelefellef ] ]

P YL Y T 7Y

Y
. et ey e,
0,0y +—————=] c {

—F— rcy o,

e el E

CONTRAOL WORD =30
D, Oy Dy Dy Dy 0O O

nopnoonn

Al ra e,

82357
e ey,
0,0y +———= c {

e )

8 fo——f——— Po, 8,

CONTROL WORD #?
D, Oy Dy 0y O3 D Dy Dy

Llolefel o] ]]

Attt e pa 2

825SA
{-—/L—-;'c,n.
c

0,0y
At — reyee,

st e,

CONTROL WORD #11
Oy D, Dy O, D, Dy

gopnoonn

A o—f-.— PA, PA,

8255A

{——/-‘—o'cwc.
[

070 .
f—tt— ey,

.“‘—/_.'—"1'”0

2
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CONTROL WORD #12
D O Oy D, 0y D, D, D,

Llele[ oo ] ‘

Afe—tpt PA,PA,

82554

0) O =—- -

{ -—rd— PCyPC,
c

CONTROL WORD #14
% D, 0 0, 0, D, 0, D,

Ll [T T-TT]

Ale—mpt Ay PA,

82554

{._,L r, 0,
[

S cn,
St

0,0, *——

CONTAOL WORD #13
o, 0, D, O, O3 O, D, D,

Llele]ol-[eTeT"]

82554
s nc,:c;!:
c { ’

0, Oy e o

CONTROL WORD #13
Dy Oy B Oy Oy B, D, D,

LLLLLTLT]

82534
{ -+_ re,#c,
¢

[

lymtating Modes

®:O¢ 1 (Strobed Input/Output). This functional con-,
* +eraton provides a means for. transterring /0 data to’
= *.m a specified port in conjunction with strobes or
e~ shaking” signals. In mode 1, port A and Port B use
“= t~e3 on port C to generate or accept these “hand-
«e Q" gignals,

Mode #Basic Functional Definitions: .

® Two Groups (Group A and Group B)

® 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.



TOSHIBA

262,144 WORD X 1 BIT DYNAMIC RAM

NCHANNEL SILICON GATE MOS

‘TMM4 1 256C- 12
TMMA4 1 256C- 1%

DESCRIPTION

The TMM41256C is the new generation dynamic
RAM organized 262,144 words by 1 bit, it is successor
to the industry standard TMM4164P, -+

The TMM41256C utilizes TOSHIBA's N-channe!
Silicon gate process technology as well as advanced
circuit techniques to provide widé operating margins,
both internally and to the system user.

Multiplexed address inputs permit the TMM-

-

FEATURES

] 262,1_44 words by 1 bit organization
-® Fast access time and cycle time

.automated testing and insertion equipment.

DEVICE tRAC tcac ac
TMM41256C-12 120 ns 60 ns 220 ns
TMM41256C-15 150 ns 75 ns 260 ns

o Single power supply of 5V +10% with a built-in
Vgg generator y ]
e Low Power:
330mW Operating (MAX.) (TMM41256C-12)
275mW Operating (MAX.) {TMM41256C-15)
27.5mW Standby (Max.) %

PIN CONNECTION (TOP VIEW)

BLOCK DIAGRAM

PIN NAMES .
Ay ~ Ay Address Inputs

_TAS Column*Address Strobe
Din Data In
Dout Data Out

[ RAS Row Address Strobe
WRITE Read/Write Input
Vee Power (+5V) )
Ves Ground

® This s sdvanca information snd spes s
. are subject to change without notiss

41256C to be packaged in a standard 16 pin ce s~
DIP. This package size provides high sysies o
densities and is compatible with widely avs we

System oriented features include single (o
supply of 5V £10% tolerance, direct inter's-se’
capability with high performance logic famiiet e
as.Schottky TTL. N

|
i
1

Industry standard 16 pin ceramic DIP

Output unlatched at cycle end allows two-d.~e-
sional chip selection

Common 1/0 capability using “EARLY WR11s
operation '

® Read-Modify-Write, RAS-only refresh, H.3w

refresh, and Page Mode capability.
All inputs and output TTL compatible

® - 256 refresh cycles/4ms

i
—— gy
->-—-0tyg
“WRITE DATA IN | .ty
. BUFFER R
Tis NO. 2 CLOCK | J DATAOUT by o, !
GENERATOR BUFFER |
T i
|
COLUMN
Ao ADDRESS T of coq.__]m '
A | BUFFERS (9) 4 113 OECo0e o |
A3 . L- - e
Ay 102¢ R
A -
As SENSE sae ¢
0GAYmm 4
As v’
Aq
A - AOw bt F ] bkea.. .
s ADDRESS 4 103
7| surrers(s) | [:8 38 i
o MEMOS |
L 1 ‘§ r2ss | N ;
RAS o ] NO.1CLOCK a
GENERATOR




ndom-Access Memories (RAMs)

'
2
3
L}
3
[}
7
]

TOP VIEW

CDMéE264

CMOS 8192-Word by 8-Bit
LSI Static RAM

Features: .

Fully static operation

Single power supply: 45V to 55V

All inputs and outputs diractly TTL compatible

3-state outputs

Industry standard 28-pin configuration

Input address bulfers gatedf off with chip disable

Fast access time: taxa=150 ns/120 ns (COM6264-3/CDM6264-4)

Low standby and operating power: lopsi=2 pA typical, lorens=40 mA
maximum

923 -37209
TERMINAL ASSIGNMENT ® Data retention voltage: 2 V min. .
& Operating temperature range {max. rating): 0° to 70°C | :
+ ACA-COMB264 is a 8192-word by B-bit static random- minimum standby power with inputs toggting. The output

w3 memory. It is designed for use in memory systems  -enable (OE) controls the output butfers to eliminate bus
o high-speed, low power and simplicity in use are contention,

=sdle. This device has common data input and data
o snd utilizes & single power supply of 4.5V 1t05.5V.

ae chipenable (CE1 or CE2), when not valid, will gate of!
+ s3dress and output butfers and power down the chip to

The CDM6264 is supplied in 28-lead, hermetic, dusl-in-line
side-brazed ceramic (D suffix) and in 28-lead duai-in-line
glestic (E sutfix} packages.

A2
' T
Al —— . |
A1) — el | 1/08
Py yp— R z/07
INPUY XY i 2562 23¢ INPUT/
# — Nirvens O 1| e T 43¢
A7  — ] BUFFERS 1/0%
46— : . I/04
As — | 1/03
A8 : X/02
a3y —— | /700
. a2 — |
|
Al — l
A0 === gnasLE
. L]
CEl ——o
CE2 ———d CONTROL
— LOGIC
f: -——¢ Vpp
TAUTH TABLEOt I Fig. 1 - Functional block:iiagum. -0 Vgs  sacw-37RIO
== - —_— EVi
CEr | ce2 | o | we AOTO A12 MODE DATAVO | DEVICE
H X X X X = NOT SELECTED HIGH Z STANDBY
X ‘L X X X NOT SELECTED HIGH Z STANDBY
L H L H STABLE READ DATA OUT ACTIVE
L H X L STABLE WRITE R DATA IN ACTIVE
L H H H STABLE OUTPUT DISABLE HIGH Z ACTIVE

+LOW H=HIGH X=HORL
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SCL4017AB

CMOS DECADE
COUNTER/DIVIDER

FEATURES

10 Decoded Decimal Outputs

Direct Resat

Trigger from either Edge of Clock Input

Carry Output for Cascading Stages

Fully Static Operation - DC to 5MHz @ 10Vdc

L 2 4 4 2 4

DESCRIPTION

The SCL4017AB consists of a 5-stage Johnson
Decade Counter and an Qutput Decoder. Inputs
include Clock, Reset, and Clock Enable signals.

The counter has interchangeable Clock and
Clock Enable lines for incrementing on either a
positive-going or negative-going transition, respec-
tively. A high Reset signal clears the counter to its
zero count.

Use of the Johnson decade counter configur-
ation permits high-speed operation, 2-input decode
gating, and spike-free decoded outputs. Anti-lock
gating is provided, thus assuring proper counting
sequence. The 10 decoded outputs are normally
low and go high only at their respective decoded
time slot. Each decoded output remains high for
one full clock cycle. A Carry-out {CoyT) signal
completes one cycle every 10 clock input cycies
and is used to directly clock the succeeding counter
in multi-stage applications.

This part can be used in frequency division
circuits as well as decade counter or decimal decode
display applications. .

FUNCTIONAL TRUTH TABLE
(Positive Logic)

Clock Daecode

Clock Enable Resst Cutput=n

[+] X 0 n

X 1 (4] n

X X 1 ‘0~
—_— o o n+1
™~ - X 0 n

X — [+ n

1 TN—— (] n+1

x = Don’t Care
If n<{ 5 Carry = *“1*°, Otherwise = ““0’’

CONNECTION DIAGRAM
(all packages)

VDD =] CL CE COUT uger vgee nger

T R S S A S S

16 15 14 13 12 11 10 3
q SCL4017AB

1 2 3 4 5 6 7 8

r T T
G e g e ug ngn ugr Yoo

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 Voitage =~ Vpp - Vss

Operating Temperature TaA
C, D, F..H Device

3to15 Vde

55t0 +125 OC

E Device 40t0o+85 ©C
{:
BLOCK DIAGRAM
Clock 14 O— of—o3
1f—o2
2l—oa
af—o7
Cloct A p— 10
10
g 130 8 }—o 1
sf—os
1—o6
s}l—oo
oo 11
) Resst 180—  Cour [0 12
Vop = Pin 18
Vss=Ping




8488/ TA86 Quadrule 2-Input Exciusive-OR Gate

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
. Package , Package , Package Package Packa
Device T' Device T Device T ; . ge
ce Type %lf[“c"' e TYPO [T o ThIcE ce Type c[P[M[cF Device Type cIPIM[cF Device Type RONE
T SNS4S86 P Ml 54586 9 SNsas J [T N
A SNTASH To o TE538 5 DING T8 - TN ) DONGTS
ISISaS / s oD ] RIS/ Fon.se [ FO | FMSASL/F MaNag [
FAIRCHLD FCIeSM/ KIS o[ rE 70536,/ RN I F O FCr40¢/FCane
MOTOROLA SNTILS] Fo NCT48 PD
NSC OMSILS 6 PO J Dl se Y F
OM 74588 N OM74L 508 a0 OMT484 g OM7aL_ 06 7
PHUPS NTeS86 w7 NTALSS Q) FIRT 06
) F OAD] o
SIGETICS NTALSH o Nius FOADS
SEMENS FoRa D
FUaTSY 7488 o MO ME 449 O
HTACH HD14S8 dp(D HD4L 53 5 HO7488/H02526 [0,
MSUBSH < MIALSBE P Q) Ms2ie PO
NeC TSt Tc) #PB2088 Co
|
TOSHBA i TO7486 PO
Electrical Characteristics SN541L.SB6/SN74L.586
absolute maximum ratirgs over operatimg free-air temperature range @

Supgly voltaga, VOO v Operating free-ar  Tsusals | —$5°C to 125C LA R
input voltage 142 tamperature rangd lxanu 7C to 70C mmw
Storage temparature range -§5C to 150°C
recommended opersting conditions
SNS4LS86 SN74LSa8
N AR o x| T
Supply voltage Voo [X) S S.s{a § s.25[ V l a:l
High-level qutout current, 10y — 800 — 800] uA L
Low-level ontpwt current, Tog . 1| mA 1' tigkip e alDal
Cperating (ree-me tempersture, TA —58 125] 0 0] ¢ WA o o
" P o . tive Ly
slactrical cheracteristics over recommended operating free-sir tempersture range pouithe loge’ Y= AD 8~ X8 + AB
3
SN74LSB6 A .
. TEST CONOITION!
PARAMETER ES St bR ot Ut Function Table
ViH__ Higvievel input_voltage 2 v \
Vit Lowlevel irput voltage 0.0 v INPUTS | oy TPyt
V) Inout clamp  voltage VOC=MIN Iy =—igmA ~t.5} v & 5 M
VoG wMIN, Vw2V L L L
v vt cc (£} . N,
Jon  Hegrievdl oo voitege Vi =Vip_max. lgy = ~ 400.A a1 v £ N
H oL ]
Voo, Low-level ovtpw voltage Veo=MIN, Q| =4mA 0.5 2.4 H W [N
Vin=2ev, - v
Input Current 8t maximum input
" d‘:‘g ViL=ViL mas |lgL =8ma 038 0.3
("] Fogh-level i cwrrent VCC=MAX. V=1V 0.2 mA H = Highvievel L w (ow-levet
he Low-level inpua cwrrem Yoo =MAX. V=27V @] uA
- VoG =MAX. V=04V ~0.0] mA
los Short-cirouit owput current o Voo =MAX. py —al
e Supply current VCC=MAX. See Mote 2 (N] 0] mA
tPLM [from A oo B . Vog=SY. 12 Dl ™
tPHL | input [vher inenn low Ta=25°C. 10 17|
tPLN |frm A o B . , CL=1%F, 2 30
. IOther
tPML | iowt nout bigh Ri_= 2R 13 2] ns
Pin Assignments (Top View)
Yo @ 4A ay 38 »
NI 0

—

[ !

[

P

1A

positive lcgs: Y= A (D) 8 = X8 + AB

IY 22 28 ¥ GND

A 18 v

Y A 28 GND
poitive xgc:Ye A (D B XD+ AB

NOTE : 100 is mensured with the inguts growsded and the owtpwta cpem.

T For condinons shown as MN or MAX uee the sproprnate vaive specified wnder

3 Al typresl velues are st YOCo=SY, TAm2sT,

@ Not more than one output shoud be shorted 8t & time,

® 1PN x fropagation delsy tima, jow-to-Nigh-level ovtpuwt
1P v Propagation dulay time, Ngh- to- low=level ot

dtions for the

type,



54138,/74138

3-Line-to-8-Line Decoder

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 .
P4 ICTPM[cF YPe reTPmicH YPercTrIM[C YPe TP MIcF a0
T SNSaS I8 J WS SNS4LS 138 10 W :
o SN745138 JDIN SNT6LS133 J DN
) oD nusasie/ Armsis | 60 )
FAIRCHLD K1us18/Fo0s18 | o) Fras1/ Fonsin | 60| r) [ M
MOTOROLA SNTALS 138 FO ‘
OM74LS 138 )
NS.C DM4S138 [0) DMSaLS 138 [0) :
PHLIPS N74S138 ) NTLSI38 ) ‘
S545138 FCla®  [wa
SIGNETICS N745138 FO[BD] NT4LS138 A "
SIEMENS & L.
L.
FUJITSU 4LS138 5 T
=
HTACH HOT4CS138 X0 !
MTSUBISH M745138 PO MTALS 138 POl ‘
NEC g T4LS138 C D, :
TOSHIBA .
. . 'Y
Electrical Characteristics SN54L.S138/SN74LS!138 Pin Assignment (Top View)
absolute maximum ratings over operating o) DATAOUTPUTS
free-air tempersture range b N
Supsly votage. Voo V. | Operating treear | smseis]  —S5Cio 125G .
Input voitage v temperature range | SH7ALS 0°Cta 70°C
Storage temperature range —-§5'Cto 150°C
recommended operarating conditions
SNS4L 5138 SNILSIM_ f
MIN_ NOM MAX [ MIN NOM MAX positive logic:
Sucoly vattage, Vo &5 5 ss(am 5 sa| v I see function tadie
High-level cutput current. lgy 400 400 A B
Low-ieve! outpul current. gy 4 8| ma 123 afis[lell7ils
Operating frae-aw temperature, T —55 1251 0 0] C B8 C nG2ZAG28 G ou"rpurcm
electrical characteristics over recommended operating SELECT ENABLE
-ai n . 1
free-air temperaturs range Function Table
PARAMETER # TEST CONDITIONSt [MIN TYPE MAX |UNiT *$138°LS138 )
Viy High-level wpul voltage H v ]
Vi Low-level nput voltage 08 v < . ._'NPUTS OUTPUTS
v ioput_clamp voltage VGG =MIN,__ =~ 18mA s v - E;ABLOEr 5 SELBE T !
} VOC=MIN.Viy=2V, Tsidls | 2.5 3.4 ! Al YOYi Y2 Y3 Y4 Ys ¥g ¥7 :
VoH  Hwhlevel autout vortage Vi=0.8V. I0H= 400-A{ SW4S | 27 3.4 Y : : : X XTHHH R A A WA !
VeC=MN,  Viy=2V, X X! H HHHHHKUHKH s
VoL  Low-level output voitage Vi 0.8V tgy = ImA 63 05| v H Lit L LU K W HBHEH H :
H LIL L HIH L HHHH KU - i
] input current at mawmum
out voltage VEC=MAX, Vim7v 9.t| mA H LIL H L|H KL MHHHDEH '
4 Mwgh-level mout current VCC=MAX, V=21V 00 4 - LIL H H|IH W H L HHNGH
'y Low-leve! input current Voo =MAX, V=0 &V 0.4 mA H LIH L L|H HHHLMHHAMN
log  Shortcrcutoutput current ¢ [ Voo =MAX ~20 = 100 maA : LiH L HIHHMHHHLHGH
VCC=MAX.  Outputs enabled ] LIH H LIKH HHHAHHLH
IcC  Supply cwrnt and open 63 10| ma H L]H H H|H HHHHNHBHL
'PLH 2 3 A1 . ¢ G22G2ZA+G28
IPHL | fiom Binary sclect 27w H=Mgh level. L =low level, X=wrelevant
1BLH |10 Any output vee=5SV. 3 '’ 27 s . .
BHL Tasasc u've-: 2% 39 Functional Block Diagram
PLH [ ey =1s0F. o 2 218 L
7 detay b r
S s e - )
T Y o = g
Ty 1o Aay output 3 5 ] ™ enasee | 91 ‘_,_‘—_‘_* .
NPUTS a““ﬁg_;'h ] Zva
ao!.nl‘ | ’ ap
i g
- 7 OCATA
e Ly o] ourpurs
fy [
A i 19
——{ >o-,-I-—.{ > . vs
! SELECT [} D Il 3= ;
- INPYTS 8 ) ve
i
¢ 13 Y 1J
"S138 'L S138 DECODER./ DEMULTIPLEXER
?For conditions shown as MIN or MAX, use the appropriate value s under et L] for the device type.

S AN tyorcal values are at Voo =5V, Tpr=25'C.

#Not more 1han one oulput should be shorted st 8 tme, and cduration of the shor

®1p 1 =oropagation dalay lime, jow-to-Mgh-level cutput
TPHL ®propsgation delay time, high-to-low-level output

1-CHCt test should not excesd one second.
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e 19
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Oos ce
0ge 190
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Oiz 13p
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O4 370
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i4 15
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o3 380
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die 31 p
o111 3¢
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0i4 27h
15 26
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017 24 b
gis 23D
d19 22 0
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R
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Do
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O O 40 AQ
O O 39 Do
O O| 38 DI
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O O 34 HR
O 0| 33 T%
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