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Abstract

Private Automatic Branch Exchange (PABX) is the popular system
install in office, companies, hotel, or any building which use many
internal and external telephone lines. PABX can service telephone user
in using internal telephone and external telephone lines. PABX help

the telephone user more convenience faster and more high efficiency.

The* purpose Senior Project is to design and build a PABX. The
PABX is control by CPU Z-80 micro-processor This PABX can handle 8

internal lines and 2 external lines telephone set is push botton .
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10.3 nﬁsnduquﬁmmﬁmﬂssﬁqﬁ%ﬁﬂ?ﬁﬁuéﬂﬂuﬂﬂUTuﬁﬁﬂuﬁ

ﬁmmﬁmnSsﬁqﬁ?ﬁquszuuquﬁﬂuﬁndﬂuumﬂﬁﬁeﬂﬁnﬁmmﬁmTﬂﬁﬁwﬁ lﬂﬂdﬁﬁﬂﬁh51Wﬁq0
A9 Uszum 75 - 90 Taan ﬁﬁ?ﬁiﬂﬁﬁuﬂ%ﬂt#ﬁuﬁaﬁudﬁuﬁtﬁuﬁhuﬁmd@ssuuﬁQQﬂm
(Switching Network) 'l& ﬂqﬁﬁﬂﬁaﬁm@ﬁmnssﬁqLﬁﬁﬁuﬁﬁﬂuTnsﬁwﬁﬂﬂsTuaqiﬁ
aunsef iad udiiviinfaed ﬁquﬁmo?uzuﬁ 8.4 \ievanmrindarnannedmn
fsedo Hudgmnenaafivssenn 20 - 25 1 BRdn Wawrvaefarna L tu LRy fuduy o
ABUNAY (Ring Back Tone) ﬂﬁqﬁt%ﬂﬂ ﬁq&uﬂﬁﬁﬂﬁuquﬁqnqsuaqﬁm@ﬁmﬂ1sﬁﬁTﬂu
AN L adEeRans T Ly dama Ring Back Tone uﬁuuquﬁmmqm?ﬁqqﬁu Ton
Wmmddiaed wed anezeea @) O HR e 18

+12V

JL

RINGING PORT

rJ

HAND SET

g

3 10.4 uﬁmQﬂﬁﬁtﬁhuﬁQQﬂmﬂﬁsaqLﬁﬁﬁuéﬁﬂﬂﬁmmﬂmﬂﬁﬂqu
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um 12

Tﬂsuﬂsuﬂﬁuqu1zuuquﬁﬁuﬁmTuﬁﬁ

12.1 unin

ﬂﬂﬁﬁﬁqwu%qnumuaqssuuquﬁﬂuTnsﬁwﬁuuuﬁﬁﬁuﬂqstﬁuﬂﬂmﬁuTUﬁunsu
Fatwmua Pty Tt laTas Tus 1o et  usauseananadnde vanti Setinas
sonuuuTusumsa Lieavas Tissuuiuseandnm unrniaem EutﬁuéqﬁﬂtﬁuﬁQm =N

s LS msauvasuf lugusamsenn T Tunnevd

12.2 AN LAY Monitor

Tusunsame hu 'l luminsnnnid g 1w Ic EPROM- s 2764 4w
3 7 W1 IMNNAYeY Monitor TWsunsulivuastie 24 Kbytes Tawdnuwie address
¥89 IC #% 1 H9us OO0OH-1FFFH % 2 Awwie address Haus 2000H -3FFF
H uwavéaf 3 Auwmie address 3000H-5FFFH Wav LﬁﬂLéutaﬂlﬂéﬂcquﬁﬂﬂTﬂﬁﬁwﬁ
vRanay RESET fiA¥ae cPU v 3urnenTayTven ADDRESS 3 0oooH %QtﬁuﬁﬁT
Wwnieyas EPROM #7% 1 wndeTUsunsy COUNTER uawtinRadeds fuluming address
ﬁuuﬁUﬁsuqﬂNﬂ
12.3 Mﬁﬁﬂﬂﬁﬂuﬁﬂuﬂzﬂﬂﬁﬁﬁwuﬂﬁuﬁquﬁﬁu RAM

iﬁa?ﬁLﬁuﬁﬂﬁusuﬂsﬁﬁﬁquaqﬁﬁﬁu AUYMIYBIVINEAIAN AU DIRAM

Hudufiganmarinnrsmnuae Wil a8 Bugnmsiaasnn Aumlaningaaurdas

Qﬂﬁﬂﬂuﬂ?ﬁ?ﬁtﬁuﬁuﬁT#Qﬂu Foarfimmldemainels - whwanasinemeas Tusunsa

q P4 d o ' 1 [ ' ¥ % ‘¢ o~
Fasau luResruuraegadauad suumissaaminsaanasa s lun asgﬂiﬁqﬁtﬁuﬁuﬁﬁﬁwsu

VBudnusuazane
ANV IMUTEATNNAA ANSATYUR LT 9

6000H READ INPUT
6010H DISCONNECT TROUK-SWNW
8011H SET STATUS OF EXTERNAL LINE
6012H SET STATUS OF INTERNAL LINE
6013H 37 W PATH Yiviao
6014H Lﬁuﬁﬁﬁﬂﬁﬂﬂiwﬂ
6015H tﬁuﬁﬁﬁmuaqﬁmmﬂmuquwuﬁuLﬂuﬂmzuﬂg
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ANMUIVUIEATINAN AR L9

8016H DISCONNECT SPEECH PATH NO. 1

6018H DISCONNECT SPEECH PATH NO. 2

6019H DISCONNECT SPEECH PATH NO. 3

601AH DISCONNECT SPEECH PATH NO. 4

601BH 1fiudin OFF BUSY TONE

601CH (fuAn RING BACK ‘TONE

601DH 1fuA OFF RING BACK TONE

601EH NOT USE

601FH NOT USE

6020H DISCONNECT SPEECH PATH NO. 1

6021H DISCONNECT SPEECH PATH NO. 2

6022H . DISCONNECT SPEECH PATH NO. 3

6023H DISCONNECT SPEECH PATH NO. 4

6030H STATUS IN (3) BIT

6031H vy an el I 3un

6032H Lﬁﬁdqﬂuqﬂlﬂﬂ (BIT) U’l)\la\l;l%'ﬂﬂ

6033H - \Fusming iay (BIT) naqﬁﬁﬁﬂﬁgﬂz%uﬂiﬁ
AU LSy ey

6034H ADDRESS ¥294"7u PATH Wivinl¥

6035H \fu BIT USE fignl#yne PATH

6036H ﬁﬁﬂﬂ0§t%ﬂﬂ1uﬁﬁdaﬂﬁﬂ

6037H Avasiian 3un ludaeiinse

6038H A PATH w1gian 1

6039H A PATH wingiay 2

603AH \ﬂ PATH wingiRY 3

603BH Q':Pz;'f‘H WY LAY 4

603CH BIT ﬁ'gn‘h‘fum INTERNAL LINE

603DH DISCONNECT LINE W SWNW PATH % 1

603EH DISCONNECT LINE ‘W SWNW PATH # 1

603FH DISCONNECT LINE W SWNW PATH 7 2

6040H DISCONNECT LINE W SWNW PATH ¥ 2

6041H DISCONNECT LINE T SWNW PATH 7 3
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6042H
6043H
6044H

AV IVHABATINAEA

6045H
6046H
6047H
6048H

6049H

604AH

604BH

604CH

604DH

604EH
' 604FH

12.4 ﬂﬁsﬁﬂe1uuaqTﬂsuﬂsunququszuu
Adiunsine e WA L S ek 1 DR 1A DY W RESET Tusunsy

L] [y 1] : o "S L]
ﬁanﬂUqunﬁﬁUﬁUﬁhﬁus?ﬁagﬁuﬁﬂﬁusw%auﬁqsﬂﬁqqu Nt Asnss 1an Wi s

unsuvan A Tﬂﬁuﬂ1uﬂﬁQQﬂ5Uﬂﬁﬁl%ﬂﬂlﬁﬁﬂ%Qéﬁﬂﬂﬂﬁﬂqu AR LUREWUURY

=2

DISCONNECT LINE W SWNW PATH
DISCONNECT LINE ™ SWNW PATH %
DISCONNECT LINE 4 SWNW PATH

r

3
4
4

=h.

AAIVMA 19

ADDRESS 99 EXTERNAL LINE PATH NO.
ADDRESS %29 EXTERNAL LINE PATH NO.
BIT EXTERNAL PATH USED

DISCONNECT EXTERNAL LINE WITH SWNW
PATH NO. 1

DISCONNECT EXTERNAL LINE WITH SWNW
PATH NO. 1

DISCONNECT EXTERNAL LINE WITH SWNW
PATH NO. 2

DISCONNECT EXTERNAL LINE WITH SWNW
PATH NO. 2

NOT USE

@& 1 < 2 «f
LAUATVNNE Lﬂﬂﬂﬂmqﬂﬁ LSUANIPUDN

. NOT USE

1
2

winld Tasans 1By feuivante ifulsTunsne Tunstintinas Suna Tusumsy

ﬂsﬂﬁzTﬂﬂiﬂﬁﬁTﬂﬁuﬂsunﬁsL%ﬂﬂtﬁﬁvaoﬂﬁﬂﬂﬂﬁﬂTu waedn haidins Fun it Tus-

uﬂﬁuqsmiqwﬁﬁUﬂﬁsuﬂLﬁﬂuﬂqéﬁﬁﬂ
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¥BIFRNENILEN At L Lidins 1 Sunia iRz nfuNIATANEUNTS LS UNYB9RNIY

nytu

k24
AnuAEAsE 1eR LUNn lusuasuns Sundia

3 q'. ;2 [ B 7 ! <4 ]
ﬂqsmﬁﬁqﬁauqﬁﬁUﬂaﬁuLUﬂuﬁuﬂsmﬁﬁQQﬁutﬂunﬁcdﬁqwsaiu

ﬁﬂiﬂﬁwsﬁ@iﬂﬁQﬁmmﬁm1ﬂ1uﬁgﬂeuﬁe@ﬂﬁuﬁt%uﬂ ANSASIRENMENDM

W Ut s nuas eaen 2 Wansnanefiume
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[

POy

4 s/ dlj 1 q' ) 2 < 1 [ ' q‘ <
mouundt  laseanA e westan 2 AN LEuA ARar LAReanTs 13endiu i
uﬁﬂﬁﬂédﬂﬂﬁﬁﬁélau uﬂsﬁﬂﬁLﬁﬂﬂﬁﬂﬂﬂﬁngﬂuﬂﬂﬁﬁﬁﬂﬂ %qgﬂ734ﬁuaéﬁauuﬁd

E 2
Fatiunsmsasdauiwdeneniiy 2 mE fe
ﬂﬁsmsqqnﬂﬁuﬂtﬁﬂﬂaqﬁﬁqﬂ

?euanqqnasmﬁqqnqﬁﬂnLﬁﬂuaqﬁﬁﬁunquiu Trunriiaasaunne Path 7
1 f1e 4udn ﬁ@ﬁﬁquﬁTgﬁWM§ULﬁuﬂhﬁuzﬂﬁ1ﬁaﬂﬁﬁﬁuéﬁﬁﬂﬂﬂﬂuﬂﬂﬂﬂQﬁﬂﬂﬂﬂﬁﬂ%ﬂ
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e irinfuTuusiay PATH NUMBER % ADDRESS Lmﬁnﬁﬁzﬁﬂg 2 ADDRESS ?«gnTwaﬂ
wwdn uael¥ande our e SWNW (041 1eeannavdis RESET POINT wna
2 an Tenanntiu ﬂﬁﬂ&uﬁqﬁ RESET A14 PATH USED 9B4BIT dﬁﬁﬁgﬂﬂﬂlaﬂ
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TURBO80. Z~80 Assembler Ver 1.00

Line Addr Obj

Brs
O WO 10U W

O3 s B B P Bl P W W WWWWWWWWRNNNNDNNDNDNDER R
O WO ~aIoW,m 5: f: MR OWO-I1CUEWNDRRFROWO-IANNRWNDE OWOO-IO0 U W

0003

0007
000A

0010
0013
0014
0017
0018
001B
001C

001F
0021
0024

0025
0027
0029
002B
002E
0030
0031
0032
0035

CD E3 03
3E 01
D3 30

CD 1B 04
D3 07
21 3C 60

“IE

21 4C 60
T
21 00 60
TE

'21 3C 60

BE
Ca 07 00

D3 07
21 0B 60
71

06 01
OE 08
CB OF
D2 38 00
D3 05
04

0D

€2 29 00
€3 07 00

:*******************************************

:* PROGRAM SCAN LINE CIRCUIT NO.1-8

% DATE: 2 JUNE 1991

s* PROGRAM BY MR.NIVET PONVANNASIRIVEICH

:* PROGRAM HAVE BEEN MODIFIED

% 2 - 17 april 1992

;* FINAL UPDATE 11 APRIL 1992 1:05 AM
START:  CALL INIT IN
1D A,0MH
OUT (30H) A

* ¥ X X X ¥

READ LINE CIRCUIT 1-8 FROM INPUT PORT 20H AND O1H
AND CHECK IT TURN ON IF NOT USE LOOP AGAIN

B L e o e e S T
CALL INIT READ2

our (TH) A

HL, 603CH

A, (HL)

HL, 604CH

(HL) ,A ;SAVE USED BIT FOR RETURN
HL, 6000H

A, (HL)

HL, 603CH

(HL)

Z,1o0P
FHAIKERRIIIRKIIKKIKKKKR KKK ” KKK AR A KAk Kk
HANDSET HAVE BEEN TURN ON AND NOW PROGRAM

CHECK BIT AND CONVERT BIT TO BINARY IN B
00100000B = 00000110B = O6H

Kkkdkkhkkdkhkkkkkkkhkkrkkkkikkhkhkkhkkrkkkkkkkrkkxk

“e mg we w9

:

SR8EBEEEBEEEE

=6 Ng N ~e ~e

TEST: oUT (TH) A
LD HL,600BH ;ADDR:600BH FIRST TELEPHONE STORAGE
LD (HL).A
LD B,1H ;CONVERT FIRST TEL. TO BINARY
LD C,8H ;SET ALL TELEPHONE ARE EIGHT
NEXT: RRCA :CHECK BIT IN CARRY
JP NC,CHECK
OUT (5H) A
¢ B ;NEXT LINE
DEC C ; DECREMENT COUNTER TO CHECK
JP NZ,NEXT
JP LOOP
CHECK:

ek g e e e de i e 3k Aok ok e e de e de ke ke K e do ke ke ke e ke e de e ek k ke ok

THIS PART OF PROGRAM IS CHECK NUMBER OF
TEL. THAT CALL. IF RANGE OF NUMBER ARE

~e e e
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Line

51
52
53

55

57
58
59

61
62
63

65
66
67
68
69
70
n
72
73
74
e
76
Tl
78
79
80
81
82
83

85
86
87
88
89
9
91
92
93
94
95
96
97
98
99
100

Addr

0038
0039
003a
003D
003E

003F

0051
0054
0055
0056
0059
005A
0058
005E
005F
0060
0063

0065

0068
006A
006B
006C
006F
0070
0072
0073

TURBOB0. Z-80 Assembler Ver 1.00

Obj

STEP

~e Ny me e e

c5
18
21 31 60
T1
50

06 01
B8
Ca 68 00

SBRESEREER
8

8

YRHYQHINEYALINEYNEYIEYRE BEEE

PUSH BC

A,B
HL, 6031H
(L) A
D,B

B,1

B

7, INIT_81H
B

B

7, INIT 81H
B

B

7, INIT_81H
B

B

7, INIT_81H
B

B
Z,INIT_83H
B

B

7, INIT_83H
B

B

7, INIT_83H
B

B
Z,INIT_83H

1-4 SET INITIAL VALUE OF SUM IS 81H AND
IF RANGE OF NUMBER ARE 5-8 INITIAL VALUE
ARE 83H AND SUM WIHT REGISTER B IN NEXT

kg kkkkkkkkkhhk kA kkxkkkkkkkkkkiokkkkkkkkikkikk

FCR RETURN VALUE WHEN YOU WANT
CONNECT LINE WITH DTMF

~e ~o

H FekkkKkdkk ik kkkkkkkkikkkikkkkikkkkkikkikkk

-e

vk ok k

THIS PART OF PROGRAM IS SETTING VALUE
OF DUAL,RINGBACK ,BUSY TONE AND

TURN OFF VALUE. THESE DATA HAVE BEEN
STORE IN ADDRESS OF MEMORY

X 2333353

“e e Se N

-
.

:

3E 81
Cl

80

21 18 60

3E 91
80
23

LD
pop

EEEE

A, 81H
BC

A,B

HL, 6018H
(HL) ,A
A, 91H
AB

HL

+ INITIAL VALUE OF DUAL TONE

:SAVE DUAL TONE TO ADDRESS 6018H
; INITIAL VALUE OF BUSY TONE

-89~



101
102
103
104
105
106
107
108
109
110
1
112
113
114
15
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

0074
0075
0077
0078
0079
007A
007C
007D
00TE
00TF
0082
0084
0085
0086

0089
008B
008C
008D

0091
0093
0094
0095
0096
0098
0099
0097
009B
009D
00%E
00SF
00RO
00A3
OOR5
00R6
00A7

0OAA
OOAD
OORE

00B3
00B6

00B3
00BC

TURBO80. Z-80 Assembler Ver 1.00

Obj

71

3E Al

80

23

71

3B Bl
80

23

T1

21 36 60
3E 02

80

71

C3 An 00

3E 83

C1

80

21 18 60
Y |

3E 93

80

23

T1

3E A3

80

23

71

3E B3

80

23

T

21 36 60
3E 03

80

T

C3 AA 00

21 18 60
TE

D3 04

21 1B 60
TE

D3 04
CD 3A 04
CD 56 04
21 32 60

(HL) ,A
A,0A1H
A,B

HL

(HL) A
A,0B1H
A,B

HL

(HL) A
HL, 6036H
A,2H

A,B

(HL) ,A
SEND_OUT
INIT 83H: ‘
A,83H

BC

A,B

HL, 6018H
(HL) ,A
A,93H
A,B

i

(HL) A
A,0M3H
A,B

HL

(HL) ,A
A,0B3H
A,B

HL

(HL) ,A
HL, 6036H
A3

A,B

(HL) A
SEND_OUT

YEEEEEYEEEYEEEHEEEEE3E YEEEEEHEEEREEE

-

;SAVE BUSY TONE TO ADDRESS 6019H
; INITIAL VALUE OF BUSY TONE

¢ INITIAL VAIUE OF DUAL TONE

;SAVE DUAL TONE TO ADDRESS 6018H
; INITIAL VALUE OF BUSY TONE

;SAVE BUSY TONE TO ADDRESS 6019H
; INITIAL VALUE OF RINGBACK TONE

Fede ke ok ek sk e e ok koo sk ok e ok sk ok ke ok e ok e ek ok ke sk ko

LD HL,6018H
LD A, (H)
oUT (4H),A
LD HL,601BH
A, (HL)

-90-
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Line

151
152
153
154
155
156
157
158
159
160
le1
162
163
164
165
166
167
168
169
170
171
172
173
174
1715
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

Addr

OOBF
00C0
00C1

00C5
006

00C9

00CC

00D0
00D1
00D3
00p4
00D7
00DA
00DB
00DD
OODE
00EO0
O0E3

00ES
00E7

00EB
00EC

00F0

00F4
00F5
O0F8
00F9
00FB

OOFF
0101
0102
0103

TURBO80. Z-80 Assembler Ver 1.00

Obj

TE

47

21 30 60
TE

1

06 00
B8,

Ca 00 00

DB 10

06 OF
a0

06 00

B8

CA B6 00
21 18 60
TE

06 TF
20

D3 04

21 1n 60
TE

20

D3 04
DB 06

06 OF
20

21 0A 60
71

06 01
OE 01

CA 29 01
04

OE 02
B8
CA2901
OE 04
04

B8

CA 28 01

Y9EEEEEE

A, (HL)
B.A

HL, 6030H
A, (HL)

B

B,0H

B
Z,START

;INPUT (3) BIT

7CHECK DTMF COUNTER

:IS IT EQUAL ZERO ?

;IF NOT ZERO PROGRAM WILL CHECK NUMBER
;IF EQUAL O PROGRAM WILL BE LOOP

(4

LOOPA:

EEEEHSEEE8EEEEY3EEEY

A, (10H)
B,OFH
B

B,0

3
Z,READ 3
HL, 6018H
A, (HL)
B, TFH

B

(04H) ,A
HL, 601AH
A, (HL)

B

(04H) ,A ; DISCONNECT DTMF WITH INTERNAL LINE
A, (06H) :READ DTMF OUTPUT DO-D4

B,OFH ;RESET D4-D7

B

HL:, 600RH
(HL) A

;GET NUMBER OF COUNTER

;OFF DUAL TQNE

;ADDR:600AH STORAGE SECOND NO.

7**************************

;* CONVERT BINARY TO BIT

ok
’

;**************************

Y3HEY3EEY9EE

B,1H

C.H

B
Z,CONVERT2
B

C,2H

B
Z,CONVERT2
C, 4

B

B

Z ,CONVERT2.
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Line

201
202
203

205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240

242
243

245
246
247
248
249

250

0106
0108
0109
010A
010D
010F
0110
0111
0114
0116
0117
0118
011B
011D
011E
O11F
0122
0124
0125
0126
0129
0128
012C
012F
0130
0133
0134
0136
0137
013a
013B
013E
013F
0141
0144
0145
0148
0149
0148
014C
014r
0150

0153
0156
0157
0159
015C

015D
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g

BEERS
o3 &
Q
fect

B W w
8§ S
2 2

QO W

EBRELBRELBRI|2BR
O =
o

2
L
=1
(=4
-

79

D3 02

21 33 60
T1

21 OA 60
TE

06 02

80

21 37 60
11
C3s301
19

D3 03

21 33 60
Ti

21 0A 60
e

06 03

80

21 37 60
71

C3 53 01

21 07 60
A

D3 02

21 1n 60
TE

D3 04

%

EEEEESEYEEEEEEEEQ Y0HESREEYREEYSHEYILE

8§ EE8EE YEEE

NODWAOANUTDANDIWwTONDTOND WA

-

~

-~

-

% §g §% §§ §% 8

-

-~

-

-

r

ra
a

(4

(02H) ,A
HL,6033H
(HL) ,A
HL, 600RH
A, (HL)
B,2H
AB
HL,6037TH
(HL) A
CconT1
AC
{03H) ,A
HL,6033H
(HL) A
HL, 600RH
A, (HL)
B,3H
AB

HL, 6037H
(HL) A
CONT1

HIL, 6007H
(HL},C
(02H) ,A
HL, 601AH
A, (HL)

(04H) ,A

-92-

;ADDR: STORAGE BIT (LINE) CALLED
;SAVE VALUE IN ADDR:6007H
;RINGING TONE TO SECOND SUBSCRIBER

sCONNECT RING BACK TONE TO
;FIRST SUBSCIBER



251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
213
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

Addr

015F
0162
0165
0168
0169
016A
016D
016E
016F
0171
0172

0175
0178
0179
017B
o17c
017F
0180
0181
0183
0184
0187

018a
018C
018E
0190
0192
0195
0196
0198
0199
0198
019E
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Obj

21 33 60
TE

D3 30

47

21 30 60
TE

20

06 00
B8

C2 9F 01
C3 5F 01

3E 00
D3 07
D3 02
D3 03
21 1A 60

06 TF
R0

D3 04

C3 07 00
76

Fek sk Aok o ok sk ek e sk o e ok s vk ke e ke e e ok e ok e ok ok ok ok ke ok ek

CALL CON BIT

A, (HL)
B.A

A, (HL)

Y43EEEEEEE

o Jededesiede gk g ok ok ok ke ok e ok vk ok e e e e de ek sk ke ok Kk Kk ek

HL, 6033H
A, (HL)
(30H) ,A
B,A

HL, 6030H
A, (HL)

B

B,0

B

NZ, CONN2
READ 4

Y99EEEEEQEE

;***********************************

;SUBRUTINE CLR_SIG: WILi, CANCEL
1 CLEAR RINGING OF LINE
2 CLEAR RINGBACK TONE

3 CLEAR DTMF COUNTER

e “e ~o

CLR_SIG:
1D A,0H
OUT (7H) ,A
OUT (2H),A
OUT (3H),A
1D HL,601AH
1D A, (HL)
b B,TFH
‘AND B
oUT (4H),A
JP  LOOP
HALT

CONN2:

;**************************************

7 CHECK CALLED LINE EQUAL WITH CALLING

-93-

HL, 6032 :BIT OF CALLING

HL, 6030H sINPUT (3) BIT



Line

301
302
303
304
305
306
307
308
309
310
1
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338

339

a4
342
343
344
345
346
347
348
349
350

Addr

O19F
01r2
01A3
01a4
O1R7
01nA
01AD
O1AE
01AF
01BO
01B3
01B6
01B9
01BC
01BD
O1BF
01C0

01c2

01¢5
01C7
01C9
01CB

01CD
01D0
01D1
01D3
01D4

01D7
01DA
01DB
01DD
01DE
01DF

01E2
01E3
01E5

TURBO80. Z-80 Assembler Ver 1.00

Obj

D3 05
3E 00
D3 03
D3 02

21 34 60
TE

06 00
B8

CA C4 02

21 35 60
TE

06 01
a0

B8
C2 FD 01

TE
06 01
R0

; IF BQUAL TO .. CANCEL THIS CALLING

!

1D HL,6033H
1D A, (HL)
ID B,A
CALL READ IN3
CALL CON_BIT
LD HL,6032H
LD A, (HL)

1D HL,6019H
LD A, (HL)
ID B,TFH
AND B

OUT (4H) A
JP

;* OFF RINGING TONE AND RING BACK TONE *

;***************************************

oUT  (03H),A

OUT  (02H) ,A
;****************************************
:* CONNECT LINE BETWEEN FIRST SUBCRIBER *
;* AND SECOND SUBCRIBER *
;****************************************

LD HL,6034H

LD A, (HL)

LD B,0H

CP B

JP Z,PASS_CON

LD HL,6035H
ID A, (HL)

-94-



Line

351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
3N
372
373
374
375
376
3
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400

01E6
01E7

01EA
01EB
01ED

‘01EE

O1EF
01F2
01F3
01F5
01F6
01F7
O1FA
01FD
0200
0202
0205
0206
0207
0208
0208
020C
020F
0210
0211
0214
0215
0217
0218
021B
021C
021F
0220
0221
0224
0225
0228
022B
022D
0230
0231
0232
0233
0236
0237
023a
023B
023¢
023E

TURBOS0. Z-80 Assembler Ver 1.00

Obj

B8
C2 28 02

TE

06 01

a0

B8

C2 53 02
TE

06 01
RO

B8

C2 7E 02
C3 07 00
21 35 60
CB C6

21 32 60
B6

23

B6

21 38 60
71

21 3C 60
B6

71

21 36 60
&

06 CO

80

21 3D 60
T

21 37 60
TR

80

21 3E 60
T1

C3 9 02
21 35 60
(B CE

21 32 60
B6

23

B6

21 39 60
T1

21 3C 60
B6

71

06 DO

21 36 60

PATH_ 1:

PATH_2:

ﬁtﬂ
g

>
B

OR (HL)

LD HL,6038H
LD (HL),A
LD HL,603CH
OR (HL)

LD (HL),A
LD HL,6036H
LD A, (HL)
LD B,0COH

LD HL,603EH
LD (HL),A
JP OON_LI
1D HL,6035H
SET 1, (HL)
ID HL,6032H
OrR (HL)
ING HL

(HL)

HL, 6039H
(HL) ,A
HL, 603CH
(HL)
(HL) A
B, ODOH
HL, 6036H

EEESEEES
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Line

401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439

450

0241
0242
0243
0246
0247
024a
0248
024C
024r
0250

0253
0256
0258
025B
025C
025D
025E
0261
0262
0265
0266
0267
0269
026C
026D
026E
02711
0272
0275
0276
0271
027n
0278

027E
0281
0283
0286
0287
0288
0289
028C
028D
0290
0291
0292
0294
0297
0298

TURBO80. Z-80 Assembler Ver 1.00

Obj

TE
80
21 3F 60
71
21 37 60
TE
80
21 40 60
T
C3 A9 02

21 35 60
CB D6

21 32 60
B6

23

B6

21 3a 60
i

21 3C 60
B6

T

06 K0

21 36 60
TE

80

21 41 60
T1

21 37 60
TE

80

21 42 60
1

C3 1S 02

21 35 60
CB DE
21 32 60
B6

23

B6

21 3B 60
T1

21 3C 60
B6

1

06 FO

21 36 60
TE

80

PATH_3:

PATH_4:

LD A, (HL)

ADD A,B

LD HL,603FH
LD (HL),A

LD HL,603TH
LD A, (HL)

D AB .
LD HL,6040H
1D (HL),A

JP CONLI

LD HL,6035H
SET 2, (HL)
LD HL,6032H
OR  (HL)

I HL

(HL)

HLi, 603AH
(HL) ,A
HL, 603CH
(HL)

(HL) ,A
B, OECH
HL, 6036H
A, (HL)

EEBEESEEES

HL, 603BH
(HL) ,A
HL, 603CH
{HL)

(HL) A
B,OFCH
HL, 6036H
A, (HL)

D A,B

EEEESEEES

B

-96-



451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
471
478
479
480
481
482
483
484
485
486
487
488
439
490
491
492
493
494
495
496
497
498
499
500

Addr

0299
029C
029D
0220
02a1
02n2
0245
02r6

02r9
02rC
02AD
02RE
O2RF
02B2
02B3

02B4

02B6
0287
0288
0289
028B
02BE
02BF

02C1

02C4

02C7
02C8
o2ca
02CB
02¢D
0200
02n1
02D2
02D3
02D4
02D6
02D7
02D8
02DA
0208
02DE
02E1
02E2
02E5

TURBOB0. Z-80 Assembler Ver 1.00

Obj

21 3D 60
7
21 37 60
TE
80
21 3E 60
1
C3 19 02

21 34 60
TE

3D

71

21 36 60
TE

80

D3 04

23

TE

80

D3 04

21 38 60
TE

D3 30

C3 CB 04

€3 07 00

A

06 7A
80

D3 04
21 0A 60
TE

23

11

AF

ED 6F
TE

80

D3 04

B

Cb FC 02
21 0a 60
TE

CD FC 02
21 21 60

CON_LI:

LD HL,603DH
Lb (HL),A
LD HL,6037H
LD A, (HL)
ADD A,B

LD -HL,603EH
LD (HL),A
JP CON_LI

1D HL, 60344
D A, (HL)
DEC A

LD (HL),A
1D HL,6036H
LD A, (HL)
ADD A,B

UT (4H) A
INC HL

1D A, (HL)
ADD A,B

CUT (4H) A
LD HL,6038H
ID A, (HL)
OUT (30H) ,A

JP STEP2

; DECREMENT COUNTER OF PATH

M dede ek de ke de ke e deke ok Kk sk ok ke ek ke e e ek

; SET

PASS_CON: JP LOOP

AD
B,7AH
AB

A, (HL)
HL
(HL) ,A
A

A, (HL)
A,B

(04H) ,A
HL, 600RH

(041) A
AE
CALL SET HAND
LD HL,600AH
ID A, (H)
CALL SET_HAND

5gEEEHEEEEEEEE

CHK_LOOP: LD  HL,6021H

;LOAD FIRST SUBCRIBER IN A

7SET INITIAL VALUE FOR CONNECT LINE
+SET VALUE FOR CONNECT

7CONNECT FIRST LINE WITH INTERNAL PATH

sLOAD SECOND TEL. IN ACCUMULATOR

;SET FIRST HANDSET USED

7SET SECOND HANDSET USED

;SET ADDR:6021H STORAGE NEW STATUS OF

—~97-



Line

501
502
503
504
505
506
507

509
510
511
512
513
514
515
516
517
518
519
520
-521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543

545
546
547
548
549
550

02E8
02EB
02EC
02ED
02EE
02EF
02F0
02r3

02F6
02r9
02FA
02rB

02FC
02FD
02FE
02FF
0300
0303
0305
0306
0309
0308
0308
030E
030F
0310
0313
0314
0315
0318
0319
0318
031D
031E
031F

TURBO80. Z2-80 Assembler Ver 1.00

21 30 60
TE
AO
76

20 60

SREERSBRIEINEEAS
B
8

CALL READ HAND
CPL

D BA

DEC HL

1D A, (HL)

CP B

JP  Z,CHK_LOOP
CALL CHK_TABL

;*************************

;CHECK NEW OF LINE

:*************************

SET_HAND

LD HL,6030H
LD A, (HL)
AND B

HALT

= sk gk kkkkkk .3
14

; LINE

sLOAD ADDR:6020H =TABLE FOR SET LINE USEI

;COMPARE BETWEEN TWO VALUE
+ARE EQUAL ?
;MUST CHECK TABLE FOR USE PATH

7ADDR:6030H = TABLE PATH #1

Fe ke ek ok v e o v de ke de vk ok ok ke v Tk

sROUTINE: SET HAND

;PURPOSE: SET BIT OF NUMBER TELEPHONE IN

.S wme Ne S0

i
2

IN MEMORY
ENTRY: REGISTER A =
REGISTER B = BIT NO.TEL FOR COMP,

NUMBER TEL

;REGISTERS USED: AF,B,E,HL

&
A
b,
A

L3 +.% ¢33 K

e ~o =~

PUSH AF

PUSH DE
PUSH HL
HL, 6020H
B,1H

Nw W N W
= 8

B

Y9HYEYNEINEYRLYNEE
s

NwWwNWw UJEQ wNw

=
o

-98-

REKK RRXRK: KKK KX

;ADDR:6020H SET LINE USED



551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
51
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600

Addr

0322
0323
0324
0327
0328
0329
032¢C
032F
0331
0334
0336
0339
033B
033E
0340
0343
0345
0348
034n
034D
034r
0352
0354
0357
0358
0359
035A
035B

035C
035E
0360
0361
0362
0364
0366
0367
0368
0369

TURBO80. Z-80 Assembler Ver 1.00

Obj

04

B8

CA 4D 03
04

BS

CA 52 03
C3 57 03
CB C6-
C3 57 03
CB CE
€3 57 03
CB D6
C3 57 03
CB DE
C3 57 03
CB E6
€3 57 03
(B EE
C3 57 03
CB F6

C3 57 03
CB FE
C3 57 03
El

n

C1

F1

C9

DB 20

06 OF

RO
71
DB 01
06 FO
A0
86
1
C9

INC B
CP B
Jgp Z,H6
INC B
CP B
Jgp Z,H?
JP EXH
HO: SET 0, (HL)
JP EXH
Hi: SET 1, (HL)
JP EXH
H2: SET 2, (HL)
. P EXH
H3: SET 3,(HL)
JP  EXH
H4: SET 4, (HL)
JP  EXH
H5: SET 5, (ML)
JP  EXH
H6: SET 6, (HL)
JP EXH
H7: SET 17, (HL)
4 JP  EXH
EXH: POP HL
POP TE
POP BRC
POP AF
RET

------------------- *kkxk %k %Rk r 3.3 5.4

;ROUTINE: READ HAND
: READ STATUS OF LINE TO CHECK ONCE

READ_HAND: IN A, (20H)
LD B,OFH
AND B
LD (HL),A
IN A,(01H)
LD B,OFOH
AND B
ADD A, (HL)
'ID (HL),A
RET

sROUTINE: CHK TABLE USE_OF PATH 1- 4
+PURPOSE: CHECK STATUS OF PATH 1-4
sENTRY:

~99-
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Line Addr Obj

601 ;EXIT:

602 sREGISTER USED: _
603 ; Ko de e e e gk e ok e e e e e e e e ke e s sk ek e de sk vk ok e de v vk o ok ok ok ok e ok ok
604 CHK_TABL:

605 ;REMARK  MUST SET COUNTER OF USE PATH = CONNECT LINE
606 H FOR CHECK AFTER

607 ;CHECK: PATH #1 USE ?

608 036A 21 00 64 LD HL,6400H ;ADDR 6400H SET PATH_CHECK
609 036D TE LD A, (HL)

610 036E 06 00 LD B,0H

611 0370 B8 P B ;TABLE USED?

612 0371 CA a8 03 JP Z,PASS P4 ;70 PASS IF TABLE NOT SET
613 0374 (B 3F SRL A ;PATH #1 USED ?

614 0376 D2 81 03 JP NC,PASS P1

615 0379 21 00 65 LD HL,6500H

616 037C OE FE 1D C,0FEH

617 037E CD A9 03 CALL CHK_PATH

618 0381 CB 3F PASS P1: SRL A sPATH #2 USED ?

619 0383 D2 8E 03 JP NC,PASS_P2

620 0386 21 03 65 ID HL,6503H

621 0389 OE FD 1D C,0FDH

622 0388 CD A9 03 / CALL CHK_PATH

623 038E CB 3F PASS P2: SRL A ;PATH $3 USED ?

624 0390 D2 9B 03 JP NC,PASS P3

625 0393 21 07 65 1D HL,6507H

626 0396 OE FB LD C,0FBH ;A=10,B=11,C=12,D=13,E=14
627 0398 CD A9 03 CALL CHK_PATH

628 039B CB 3F PASS P3: SRL A ;PATH #4 USED ?

629 039D D2 28 03 JP NC,PASS P4

630 0320 21 OA 65 LD HL,650RH

631 0323 OE F7 b C,0F7H

632 0385 €D A9 03 CALL CHK_PATH

633

634 03A8 C9 PASS P4: RET

635 ;********** 3" ek dedek: 33 Jo ook e Je e e e
636 H Fededodedededede s s e o s e vk ok de v e ek ok ok vk ek Aok e e dede e ke sk ek k ok ke ke ek ok
637 sROUTINE: TEST TABLE SET PATH

638 ;PURPOSE: CHECK ON-OFF OF LINE

639 sENTRY

640 sEXTT:

641 ;REGISTER USED: AF,HL

642 :,‘ e g gk do Xk Xk ki ki kRkikk '3 3.3.% .3 ek
643 CHK_PATH

644 0329 F5 PUSH AF

645 03an €5 PUSH BC

646 03B E5 PUSH HL

647 O03AC TE 1D A, (HL)

648 Q3AD 06 00 1D B,0H

649 O03AF B8 CP B ;PATH #1 EQUAL OCH ?

650 O3B0 C2 B6 03 JP NZ,TEST1 +NOT BQU O0H =IT USED THEN JUMP



Line

651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700

Addr

03B3
03B6
03B7
03BA
038B
03BC
038D

03co
03C3
03c4
03Cé
03C7
03C8

03Ca
03CB
03cc

03CD
03CE
03CF

03D0
03p1
03D2
03D3
03D6
03D7
03p8
03p9
03pc
03pD
03IE

03DF
03E0
03EL
03E2
03E3
03E7

TURBO80. Z-80 Assembler Ver 1.00

Obj

C3 D9 03
18
21 21 60
TE.
A0
B8
CA IF 03

21 01 65
TE

D3 04
23

TE

D3 04

78
2F
47

TE
A0
1

TE
Al
T1
2121 60
TE
R0
T1
21 50 64
TE
3D
71

El

C1

F1

C9

FD 21 00 68
FD F9

JP DEC1 ;EXIT AND DECREMENT COUNTER
TEST1: 1D A,B

1D HL,6021H

LD R, (HL)

AND B

CP B sCHECK CANCEL OF LINE CONNECT

JP Z,EXIT CHK ;IF NO JUMP EXTT AND NOT DECREMENT

+COUNTER )

1D HL,6501H ;DISCOMNECT LINE #1

LD A, (HL)

OUT (O4H) A

INC HL

LD A, (HL)

OUT (04H) A sDISCONNECT LINE #12

3

WHEN DISCOMNECT LINE ARE FINISHED MUST BE FOLLOWING
1. RESET TABLE BIT OF PATH (1-4)

2. RESET LINE COMNECT PATH TABLE

3. RESET USED BIT TABLE (1-8 OF LINE)

4. RESET NEW VALUE IN 6021H

AND DECREMENT OOUNTER OF PATH USED ADDR:6450H

‘RESET (3)
ID A,B
CPL
1D B,A
ID SET BIT
LD A, (HL)
AND B sRESET BIT USE
LD (HL),A
RESET (1)
LD HL,ADDR(1)
LD A, (HL)
AD C
1D (HL),A
LD HL,6021H ;RESET BIT OF LINE ON THE NEW VALUE
LD A, (HL)
A B
1D (HL),A :SAVE IN ADDR:6021H
DECl: ID HL,64500 ;SET ADDR:6450H = COUNTER OF PATH
LD A, (HL)
DEC A s DECREMENT COUNTER OF PATH USED
1D (HL),A sRESTORE IN ADDR:6450H
EXTT_CHK:
FOP HL
'POP BC
POP AF
RET
INIT IN: LD IV,6800H  ;SET STACK POINTER EQU 6800H
1D SP,IY

WO Ne N NS N Np e N S

-0

~s e
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Line

701
702
703
704
705
706
107
708
709
710
711
712
73
114
715
716
17
718
719
120
721
722
123
724
725
726
727
728
729
730
731
732
733
134
735
736
737
738
139
740
741
142
743
744
745
746
147
748
749
750

Addr

03E9
03EB
O3EF
03r2
03r5
03F7
03F9
03FB
O3FD
O3FF
0402
0403
0406
0407

0408

040a
0408

040C

0410
0412
0414
0415
0417
0418

041F
0421
0422
0425
0426

0430

TURBO80. Z-80 Assembler Ver 1.00

Obj

3E 00

DD 21 00 60
DD 77 07
DD-77 20
D3 30
D3 03

D3 02

D3 05

D3 07

21 3C 60
T1

21 35 60
11

2B

3E 04

71

C9

3E 07
D3 30
DB 10
06 OF
20
06 00
B8
28 F2
c9

DB 20

3E OF

06 OF
R0

21 00 60
71

DB 01

06 FO

R0

86

L

06 FF
B8

CA 1B 04

1D A,0H
LD IX,6000H
LD (IX+7),A

LD (IX+20H),A

ouT (30H) A
oUT (03H) ,A
ouT (02H) ,A
OUT (O5H),A
OouT (07H) A
LD HL,603CH
ID (HL),A

LD HL,6035H
D (HL),A

D ATH
OUT  (30H) ,A
IN A, (10H)
LD B,OFH
AND B

1D B,0

Cr B

JR  Z,LOOPZ
RET

;USE ACCUMULATOR TO CLEAR DATA

;CLEAR STATUS OF LINE

;Clear Display At PORT 30H
‘sClear Ringing Port No.1-4
;Clear Ringing Port no.5-8
;Clear SWNW.MO093

sReset DTMF Counter

;ADDRESS BITS OF LINE USED

:SET VALUE EQUAL TO 0 (NOT USED)
;ADDRESS OF BITS USED PATH

+SET VALUE BQUAL 70 O (NOT USED)
;ADDRESS TOTAL OF PATH USED

7GET NUMBER OF COUNTER

READ LINE CIRCUIT 1-8 FROM INPUT PORT 20H AND 01K
AND CHECK IT TURN ON IF NOT USE LOOP AGAIN

e w2 wo ~wo

AXXXRXKK X!

LoOP1: IN A, (20H)

LD A,OFH
LD B,OFH
AND B

LD HL,6000H
LD (HL),A
IN A, (01H)
LD B,OFOH
AND B

ADD A, (HL)
LD (HL),A
LD B,OFFH
Cr B

JP Z,100P1

EERXRARKKRXAKRXRKKK KK X

;Read Handset From Input
sPort No.OOH

;CLEAR D4-D7
;SAVE ADDR:6000H

sREAD INPUT PORT O1H
;CLEAR DO-D3

;ADD DO-D7

{HANDSETS ARE TURN ON ?

:****** TEST-2 *kkkkkkkkkkskskkk
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751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
711
T12
T13
714
715
T16
717
718
119
780
781
182
783
784
785
786
781
788
789
790
791
792
793
794
795
796
797
798
799
800

0433
0434
0436
0438

0439

0437
0438
043C
043D
043F

0443

0447

0450
0451
0452
0453
0454
0455

0456
0457
0458
0459

045D
045E
O45F
0461
0463
0464
0466
0467
0468
0462
046B
046C
046D

TURBO80. Z-80 Assembler Ver 1.00

.Obj

F5
3E 02
D3 30
F1

c9

F5

¢S

ES

DB 20
3E OF
06 OF
A0

21 30 60
i
DB 01
06 FO
RO

41

TE

80

2F

T

@agn

F5

c5

ES

21 31 60
TE

47

05

D3 30
3E 01
17

10 D
23

T

D3 30
El

c1

Fl

c9

PUSH AF
ID A,2
OUT (30H) ,A
POP AF

:*****************************

READ IN3:

RET

PUSH AF
PUSH BC
PUSH HL

IN A, (20H)
LD A, OFH
LD B,OFH
AND B

1D HL,6030H
D (HL),A
IN A, (01H)
LD B,OFCH
AND B

ID B,A

LD A, (HL)
ADD A,B
CPL

LD (HL) A
POP HL
POP BC
POP AF
RET

;*********************************

; Subrutine Convert binary to bit

;*********************************

CON_BIT:

PUSH AF
PUSH BC
PUSH HL

LD HL,6031H
LD A, (HL)
LD B,A

DEC B

QUT (30H),A
LD A,1H
RLA

DJINZ LOOPX
INC HL

LD (HL),A
QuT (30H) A
POP HL

POP BC

KPP AF

RET
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TURBO80. Z-80 Assembler Ver 1.00

Line Addr Obj

801

802 : Kk kkkdkk kkkdkkkxkkkkdkkkkk
803 sSUBRUTINE CANCEL 1: WILL CANCEL
804 ; 1 CLEAR RINGING OF LINE
805 ; 2 CLEAR RINGBACK TONE
806 : 3 CLEAR DTMF COUNTER

807 ) H 4 CONNECT BUSY TONE

808 CANCEL _1:

809 O46E FS PUSH AF

810 O046F C5 PUSH BC

811 0470 E5 PUSH HL

812 0471 3E 00 ID A,0H

813 0473 D3 07 OUT (TH) A

814 0475 D3 02 ouT (28) A

815 0477 D3 03 CUT (3H),A

816 0479 21 1A 60 1D  HL,601AH ’
817 047C TE LD A, (HL)

818 047D 06 TF 1D B,TFH

819 047F 20 AND B

820 0480 D3I 04 OUT  (4H) A

821 0482 2119 60 1D  HL,6019%H

822 0485 TE 1D A, (HL)

823 0486 D3 04 p OUT (4H) ,A

824 0488 E1 POP HL

825 0489 C1 POP BC

826 0482 F1 POP AF

827 048B C9 RET

828 M Kkkkkkkkkkidkkhkkkkikkkikkkhkkkkkkkkik
829 ; SUBRUTINE:TIME DELAY1,2,3

830 ¢+ USE FOR DELAY ANY TIME WHEN YOU
831 ; WANT TO SEND SIGNAL TO LINE AND
832 ; BACK TO NEW STATUS

833 § Rkkkk Ik kK ke dkkk ok
834 DELAY Ti1:

835 048C F5 PUSH AF

836 048D C5 PUSH BC

837 O48E E5 PUSH HL

838 O4SF 3E FF 1D A,OFFH

839 0491 F5 LOOPT_1: PUSH AF

840 0492 ¢5 PUSH BC

841 0493 E5 PUSH HL

842 0494 21 32 60 LD HL,6032H

843 0497 TE LD A, (HL)

844 0498 47 ID B,A

845 0499 CD 3n 04 CALL READ IN3

846 :

847 049C 21 30 60 ID HL,6030H

848 O049F TE LD A, (HL)

849 04R0 20 AND B

850 04A1 BS CP B
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TURBO80. Z~-80 Assembler Ver 1.00

Line Addr Obj

851 04A2 C2 AF 04 JP  NZ EXITL

852 04a5 E1 POP HL

853 0426 C1 POP BC

854 0427 F1 POP AF

855

856 04A8 CD B3 04 CALL DELAY 2

857 04aB 3D DEC A

858 O04AC C2 91 04 . JP MNZ,LOOPT_1

859 O4aF E1 EXITL: POP HL

860 0480 C1 POP BC

81 0481 F1 POP AF

862 04B2 C9 RET

863 O04B3 F5 DELAY 2: PUSH AF

864 04B4 3E FF LD A, OFFH

865 04B6 CD BF 04 LOOPT2: CALL DELAY 3

866 0489 3D DEC A

867 O04BA C2 B6 04 JP NZ,LOOPT2

868 04BD F1 POP AF

869 O4BE (9 RET

870 04BF F5 DELAY 3: PUSH AF

871 04C0 3E OF LD A,OFH

872 04C2 3D LOOPT3: DEC A

873 04C3 €2 C2 04 ’ JP NZ,LOOPT3

874 04C6 F1 POP AF

875 04C7 C9 RET

876 EXT_CHK:

877 04C8 €3 07 00 JP LOOP

878 04CB CD 1B 04 STEP2:  CALL INIT READ2

879 O04CE 21 3C 60 LD  HL,603CH

880 o4p1 TE LD A, (HL)

881 0O4D2 21 4C 60 LD HL,604CH

882 04D5 T7 1D (HL),A +SAVE USED BIT FOR RETURN
883 04D6 21 00 60 LD  HL,6000H

884 049 TE ID A, (HL)

885 04D2A 2F CPL

886 04DB 21 3C 60 LD HL,603CH

887 O4DE BE CP (HL)

888 O4DF CA CB 04 JP Z,STEP2

889

890

891

892 ; kkkkkkkkkk kK dek ko kdok Kkkkdsk kK ke ek kkkk
893 ; AFTER CHECK INPUT AND TABLE OF BITS USED
894 ] ; AND FOUND DIFFERENCE OF BIT
895 ; PROGRAME WILL BE CHECK

896 ; 1. CANCEL OF LINE

897 ; 2. CALLING OF LINE

898 ¢ Kkdokkdokdkk ok dckokk ok kdkdok ko kR XKk Ak kKK
899 O04E2 21 38 60 CHK PATH1: 1D HL,6038H ;ADDRESS PATH USED OF 2 LINE
900 O4E5 26 AND  (HL)
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Line

901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950

0502
0503
0504
0505
0508
0509
050C
050F
0512
0513
0514
0517
0518
0519
051C
051E

051F

0520
0521
0522
0523
0526
0527
0527
052b
0530
0531
0532
0535
0536
0537
053A
053C
053D

TURB080. Z-80 Assembler Ver 1.00

o
8.

23

A6

BE
CA 20 05
E5
21 3F 60
CD 77 05
21 39 60
TE
oF

26

1

21 39 60
3E 00

71

El

23

A6

BE

CA 3E 05
ES

21 41 60
CD 77 05
21 3A 60
TE

2F

21 3C 60
a6

71

21 32 60
3E 00

71

El

21 3C 60

CHK_PATH3:

CALL CANCLE L
HL, 6038H
A, (HL)

LD

LD

CPL

D HL,603CH
AND (HL)

b (m).A
LD  HL,6038H
LD A,CH
POP HL

HL, 603%H
A, (HL)

LD

LD

CPL

LD  HL,603CH
AND  (HL)

ID  (HL).A
LD  HL,603%H
1D A,C0H

Lp (i) ,A
POP HL

(HL) ,A
HL, 603AH
A,0H
(HL) A
HL

SEEEEEEQE
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Line

951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999

1000

Addr

053E
O33F
0540
0541

0545
0548

054F
0550
0553
0554
0555
0558
0553
055B
055C
055F
0560
0561
0562
0565
0566
0567
0568
056
056B
056E
056F
0570
0571

0573

TURBO80. Z-80 Assembler Ver 1.00

(304
-
(91 W
a o
[=2] (o)
o o

88
3

4C 60

8
3

8

HeLBRABHRAREAREIYRIERNA
o
3

A0

CHK_PATH4: INC HL

~e

AND (HL)

CP (HL)

P 2,CHK_INC
PUSH HL,

LD HL,6043H
CALL CANCLE_L
HL, 603BH
A, (HL)

HL, 603CH
(HL)
(HL) A
HL, 603BH
A,C0H
(HL) ,A
POP HL

LD HL,604CH
LD A, (HL)

EEEEEEQEE

;CHK_EX_TAB:LD HL,6047H

r

e NE NP W Ne NE N9 N N Ne Ne me

Nwww
S

Nww e W
2 EHg2
vr)]

5 =8

EYZEEEEYREE

B
g

[
ey
Q
-3

1

7 CANCEL: -TWO LINE



TURBO80. Z-80 Assembler Ver 1.00

Line Addr Obj

1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026.
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043 0576 76
1044
1045
1046
1047
1048 0577 3E TF
1049 0579 a6
1050 057A D3 04

=
-
5
E
:

Pt TN\
EEE9QE
FREE
:

HL, 6046H
AND (HL)
CP (HL)
JP NZ,CANCEL EXT

:
;

PUSH HL

LD  HL,6043H
CALL, CANCLE L
HL, 603BH
A, (HL)

" HL, 603CH
(HL)
(HL) ,A
HL, 603BH
R, 0H
(HL) A

POP HL
LD HL,604CH
LD R, (HL)

EEEEZEQEE

2
&

NE NI NS N NE NE NE NI NS NE NE NS N NE Se N Ne e me meTNg we we e

o dedkedkoskdedkdedeodk gk gk ook e e e de de ok e de K ok

; SUBRUTINE FOR CANCEL LINE
: sk dededekdokok ok dk ek ok sk sk ok vk
CANCLE L: LD A,TFH

AND (HL)

OUT  (4H) 2

~108-
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TURBO80. Z-80 Assembler Ver 1.00

Line Addr Obj

1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062

057¢C
057E
O57F
0580
0582

3ETF
23

D3 04
C9

LD A 7FH

AND (HL)
oUT  (4H) A
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W oo ~JON O i) 5

Addr

0010
0012
0014
0017
0018
001B
001C
001E
0020
0021
0022
0025
0026
0027
0028
0028

002C
002E

0030
0031

0032

0034
0035
0037
0038
0039

TURBOB0. Z-80 Assembler Ver 1.00

Obj

FD 21 00 68
FD F9

3E 00

D3 30
D3 05

D3 50
D3 07
D3 02
D3 03

21 00 60
Tl

21 0B 60
1

DB 40

06 03
a0

B8

CA 1C 00
2F

A0

4F

21 OE 60
T1

D3 04

06 30
80

D3 04

TEST TRUNK CIRCUIT BY CONNECT LINE
3-3-1992 ORIGINAL
PROGRAM BY MR.NIVET PONVANNASIRIVETCH

NS e me Ne

pXx%xx CHECK CALLING SUBSCRIBER FROM EXTERNAL LINE *xxx

START: LD 1IY,6800H .

ID SP, IV
LD A,0H ;SET 0 TO A FOR CLEAR STATUS
OUT (30H) ,A ;CLEAR LFD DISPLAY -
oUT (5H) A ;CLEAR SWNW.
OUT (50H) ,A ;SET RELAY AT CHECK RINGING POINT
ouT (TH) A
OUT (2H) ,A
OUT (3H),A
LD HL,6000H
LD (HL),A
LD HL,600BR
LD (HL),A ;SET STATUA OF LINE

LOOP1: 1IN A, (40H) sREAD DATA FROM EXTERMAL LINE

' ID B,3H ;SET EXT.1 AND EXT2. ARE HIGH :NOT CALL

AND B ;CQMPARE EXT.LINE WITH REFERENCE
CP B
JP Z,L00P1
CPL
AND B
ID CaA :SAVE INPUT VALUE IN C
LD  HL,600EH
LD (H),A

.
r
-

; CHECK STATUS BEFORE

-

OUT (50H) ,A

LD B,TFH

OUT (30H) ,A
*%x% SEND DUAL TONE TO CALLING SUBSCRIBER **x

;PORT 50H =RELAY K1

~e wo

ADD A,B ;SET FOR CONNECT DUAL TONE TO EXT.LINE
PUSH AF ;SAVE AF FOR RINGBACK TONE
: iD B,20H
H SUB B
oUT (4H) A
H OUT (30H),A +INDICATE DATA FOR COMMECT DUAL TO EXT.
PUSH AF ;SAVE DUAL TONE
LD B,30H
ADD A,B
PUSH AF +SAVE DTMF COUNTER
OUT (4H) A ;CONNECT EXT.LINE TO DTMF
H OUT  (30H),A
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Line

51
52
53
54
55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
LAt
12
73
14
5
76
71
78
9
80
81
82
83

85
86
87
88
89

91
92
93
94
95
96
97
98
99
100

003B
003D
003F

0043

0052
0053
0055

0056
0058
005B
005D
O05E

OOSF
0061
0063

0067
0068
006A
006C
006D
0070
0071
0073
0074
0077
0079
0072
007B
007E

TURBOB0. Z-80 Assembler Ver 1.00

Obj

DB 10
06 OF
A0

CA 3B 00

06 TF
A0
D3 04

20
D3 04
DB 06
06 OF
A0

06 20
80

D3 04
21 0D 60
06

‘AO

7

DB 06

06 OF
A0

21 OA 60
T

06 01
0E 01

B8

CA AL OO
04

OE 02

B8

CA A1 00
OE 04

04

B8

CA A1 00
0E 08

100P2:

A, (10H)
B,OFH
B .
Z,L00p2 sCHECK DTMF COUNTER = 1 ?

AF

B, TFH :SET DISCONNECT DTMF

B

(48) A

AF

B

(4H) A

A, (6H)

B, OFH

B

(30H) ,A

AF -
B, 20H ;
ADD A,B

-a

SRR PEFOPER

- —_—

’

7%%% SEND RINGBACK TONE TO EXT.LINE AND SAVE TURN OFF OF SIGNAL

7 *** "RINGBACK " INTO ADDRESS 600DH

t

ouT (4H),A ;SEND RINGBACK TONE TO EXT.LINE
LD  HL,600DH ADDR:600DH SAVE RINGBACK OFF

LD (HL),A ;SET TURN OFF SWITCH OF RINGBACK

READ NUMBER OF TELEPHONE THAT CALL AND SEND RINGING TO INTERNAL

~o %o wg N

A, (6H) :
B,OFH
- B
HL, 600RH ; SAVE NUMBER TO ADDRESS 60O0RH
(HL) ,A
B,1H
C,1H

[4

-~

g 5§
A g

-~

, SED_RING1
H

EY9HEY9EYY9EEEEEEY

ONUUUJQ!\IU’OQ‘DN&J
By B

(o3
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101
102
103
14
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
14
145
146
147
148
149
150

0080
0081
0082
0085
0087
0088
0089
008C
008E
008F
0090
0093
0095
0096
0097
009A
009C
005D

00A1
00R2
00RS
0026
00A8

OORB
OOAC
OORF

00B2

00B5

00BE

00C2
00c3

00c4
00C5

00C6
00c7

TURBO80. Z-80 Assembler Ver 1.00

Obj

CA AL OO
OE 10

CA AB 00
OE 20

B8
CA AB 00
OE 40

Ca AB 00
OE 80
04

CA AB 00

79

21 0C 60
1

D3 02
C3 BS 00

19
21 OC 60

D3 03
C3 B5 00

CD CB 00
Q F7 00
CD 06 01
16

21 OC 60
46
18

B8
C2 CB 00

]
ssg%@gs%%gs%@gsaags%%g

o w

Z,SEND_RING1
C,10H

Z,SEND_RING2
C,20H

7, SEND_RING2
C,40H

SEND_RING2

-

N W ORNww
g

g
:

’

i
a

HL, 600CH
(HL) A
oUT  (2H) A
JP oML

E

SEND_RING2:

-

COil ¢

;*******

~e Se ~e

-,

Ib AC

LD HL,600CH
D (HL),A
OUT (3H),A
JP  COMNL

NEXT STEP... CHECK HANDSET OF CALLED LINE *six
CALL READ LINE
CALL STOP_RING
CALL CONN_LINE
HALT

CALL SET_STATUS
HALT

OUT (30H) ,A

LD HL,600CH

B, (HL)

AB

(30H) ,A

HL

A, (HL)

(30H) A

B
NZ,READ_LINE

Y98EHREE
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Line

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
m
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

hddr

00D3
00D5
00D8
00D3
00DB
00DD

OODE

00DF
00EL

00E2

00E4
00ES
OOE8

O0ES

OOEB
00EC

00F0
00F1

00F3
00F4
00F5
00F6

TURBO80. Z-80 Assembler Ver 1.00

Obj

76

F5

c5

D5

E5
DB 20
D3 30
06 OF
21 08 60
T1

DB 01
06 FO
R0

T

06 OF
BO

D3 30

2F
21 0B 60
71

23
46
RO
B8
C2 CF 00
2B
T
El
Dl
c1
F1
co

JP LOOP1

HALT
;******************************************
sROUTINE: READ LINE
;PURPOSE: CHECK INTERNAL LINE THAT CALLED

;******************************************

READ_LINE:

CHECKA: 1IN A, (20H)

~e

.
f

PUSH AF

PUSH BC

PUSH DE

PUSH HL

;READ PORT 20H FOR LINE 1~ 4
OUT (30H) A

1D B,0FH ;DETECT DO-D4 QLY

LD HL,6008H +SAVE NEW STATUS FROM PORT TO ADDR.
LD (HL),A

IN A, (01H)

LD B,OFOH

AND B

ADD A, (HL)
LD (HL),A

LD B,OFH

R B

LD (HL),A
OUT (30H) A

sCHECK HANDSET

CPL

LD HL, 600BH
LD (HL),A
OUT (30H) A
INC HL sADDR:SAVE BIT TURN Oh
LD B, (HL)
IND B

CP B

JP NZ,CHECKA
DEC HL

LD (HL),A
POP HL

POP DE

POP BC

POP AF

RET

;*************************************

-
4

.
14

ROUTINE: STOP RINGING TONE
PURPOSE: DISCONNECT RINGING TONE

-113-



Line

201
202
203

206
207
208

210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
23
232
233
234
235
236
2317
238
239
240
241
242
243

245
246
247
248
249
250

Addr

00F7

OO0FA

0101
0102
0104
0105

0106
0107
0108
0109
010A

010D
010E
0110
0111
0113
0114
0115
0117
0118
011B
011C
011
011F
0120
0121
0124
0125
0127
0129
012a
012D

TURBOS0. Z-80 Assembler Ver 1.00

Obj
H AND RINGBACK TONE
; ENTRY:
; EXIT:
; REGISTER USED:
;*****************g*******************
STOP_RING:

F5 FUSH AF

3E 00 D A,0H

D3 02 oUT (2H) A

D3 03 OUT (3H) ,A

21 0D 60 LD  HL,600DH

TR 1D A, (HL)

D3 04 OUT (4H),A

Fl POP AF

9 RET

Kcdokdok sk kkkkkkkkdkkkkkkkkdkkkkkdkkkkkkikkkdddkkdokiokkikkkkk
ROUTINE: CONN_LINE
PURPOSE: CONECT LINE BETWEEN EXTERNAL LINE AND INTERNAL LINE

’*************************************************************

; ENTRY
¢ EXIT
; REGISTER USED: AF,BC,DE HL
CONN_LINE:
F5 FUSH AF
c5 PUSH BC
D5 PUSH DE
ES PUSH HL
21 OE 60 LD HL;, 600EH
M PUSH AF
TE 1D A, (HL)
06 BF LD B,OBFH
80 ADD A,B
D3 04 T (4H),A
F5 PUSH AF
5 PUSH BC
06 TF LD B,TFHH
A0 AND B
21 10 60 1D HL., 6010H
1 LD (HL) ,A
D3 30 ouT (30H) ,A
Cl POP BC
Fl POP AF
o} PUSH BC
21 OA 60 1D HL,6002H
TE LD A, (HL)
06 01 I B,H
OE 03 b C,3H
B8 CP B
CA 58 01 JP Z,DATAl
04 N B
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+SAVE DISCONNECT TRUNK-SWNW.

£
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251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
27
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287

288.

289
290
291
292
293
294
295
296
297
298
299
300

012E
012F
0130
0133
0134
0135
0136
0139
013n
013B
013C
013F
0141
0142
0143
0146
0147
0148
0149
014C
014D
014E
014F
0152
0153
0154
0155

0158
0159
0152
0158
015E
015F
0161
0163
0164
0167
0168

0168
016C
016D
016E
01711
0172
0174
0176
0178

TURBO80. Z-80 Assembler Ver 1.00

Obj

oc

B8

CA 5801
oc

04

B8

CA 58 01
oc

04

B8

Ca 58 01
OE 09
04

B8

Ca 6B 01
oc

04

B8

Ca 6B 01
oc

04

BS

CA 6B 01
oc

04

B8

CA 6B 01

19

C1

80

21 0C 60
71

D3 04

06 TF
a0

21 11 60
T

C3 80 01

79

1

80

21 0C 60
T1

D3 04
D3 30
06 TF
a0

DATA1:

DATA2:

Y9BHSQBHSQEH9QEESAEES9EE9aY

2
(<]
B

(=] [T
e e INA KD

:

AND B

LD HL,6011H
LD (HL),A
Jp CONT_1

Ib AC

POP BC

ADD A,B

LD HL,600CH
ID (HL),A
OUT (4H) A
oUT (30H) ,A
b B,THH
AND B
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Line

301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321

0179
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7.80-CPU
Z80A-CPU

The Zilog Z80 product line is a complete set of micro-
computer components, development systems and support
software. The Z80 microcomputer component set includes
all of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and a
minimum number of low cost standard memory elements.

The 280 and Z8OA CPU’s are third generation single chip
microprocessors with unrivaled computational power. This
increased computational power results in higher system
through-put and more efficient memory utilization when
compared to second generation microprocessors. In
addition, the Z80 and Z80A CPU’s are very €asy to imple-
ment into a system because of their single voltage require-
ment plus all output signals are fully decoded and timed to
control standard memory or peripheral circuits. The circuit
is implemented using an N-channel; ion implanted, silicon _
gate MOS process.

Figure 1 is a block diagram of the CPU, Figure 2 details
the internal register configuration which contains 208 bits
of Read/Write memory that are accessible to the program-
mer. The registers include.two sets of six'general purpose
registers that may be used individually as 8:5it registers or
as 16-bit register pairs. There are also two sets of accumu-
lator and flag registers. The programmer has access to either
set of main or alternate registers through a group of ex-
change instructions. This alternate set allows foreground/
background mode of operation or may be reserved for very
fast Interrupt response. Each CPU also contains a 16-bit
stack pointer which permits simple implementation of

v

Zilog

Product Specification

multiple level interrupts, unlimited subroutine nésting and
simplification of many types of ddta handling.

The two 16-bit index registers allow tabular data manipu-
lation and easy implementation of relocatable code. The
Refresh register provides for automatic, totally transparent
refresh of external dynamic memories. The | register is used
in a powerful interrupt response mode to form the upper 8
bits of a pointer to a interrupt service address table, while
the interrupting device supplies the lower 8 bits of the

pointer. An indirect call is then made to this service address.

G

FEATURES

e Single chip, N-channel Silicon Gate CPU.

& 158 instructions—includes-all 78 of the 8080A instruc-
tions with total software compatibility. New instruc-
tions include 4-, 8- and 16-bit operations with more
useful addressing modes such as indexed, bit and relative.

® 17 intemal registers.

® Three modes of fast interrupt response plus a non-
maskable interrupt. )

e Directly interfaces standard speed static or dynamic
memories.with virtually no external logic.

e 1.0 ps instruction execution speed.

® Single 5 VDC supply and single-phase 5 volt Clock.

¢ OQut-performs any other single chip microcomputer in
4-, 8-, or 16-bit applications.

e All pins TTL Compatible

® Built-in dynamic RAM refresh circuitry.

sar
DATA BUS

1y
ADORESS BUS

Z80, Z8OA CPU BLOCK DIAGRAM

SAIN REG SET ALTEAWATE REG 3ET
( ACCUMULATOR FLAGS ACCUMULATOR FLAGS
A ¥ Ly L
. c [ ¢
GENERAL
° t o ¢ runeceE
L] [ L [
[ mrennuer uemony | Y-
vecTOR MEFRESH
[
-] woex ntasTER ) SPECIAL
PURPCST
INDEX ACCISTER v REGITERS
STACK POWTER »
PROGRAM COUNTER

Z80, Z80A CPU REGISTERS
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780, Z80A-CPU Pin Description

S to o RFSH Output, active low. RFSH indicates that
(:m - e - (Refresh) the lower 7 bits of the address bus con-
e $ 2 T e tain a refresh address for dynamic
- ™ memories and the current MREQ signal
fane B 2 Laoomn should be used to do a refresh read to all
(rt = T h, dynamic memories.
| wan e Lt &,
el -mﬁ! :.. — oA = 2,: HALT 0 . —_—
- ol Tl utput, active low. HALT indicates that
e - - (Halt state) the CPU has executed 2 HALT software
o [ e instruction and is awaiting either a non-
e L T e oo, maskable or 2 maskable interrupt (with
PR e o / the mask enabled) before operation can
2 = L% Som resume. While halted, the CPU executes
o) NOP's to maintain memory refresh
] activity.

WAIT Input, active low. WAIT indicates to the
280, Z30A CPU PIN CONFIGURATION (Wait) Z-80 CPU that the addressed memory or
. Lo 1/O devices are not ready for a data
Apg-A Tri-state output, active high. Ag-A : .
(/{)ddrelsss Bus)  constitute a Fl’6-bit address bus.OThel 2 transfer. The CPU co}r‘xit myesatlo; cmevr wait
] address bus provides the address for states for as long as this signal is active.
memory (up to 64K bytes) data T~
exchanges and for 1/O device data exchanges. INT Input, active low. The Interrupt Request
(Interrupt signal is generated by 1/O devices. A
Dg-D7 Tri-state input/output, active high. TR ::eques: wﬂ: ?: tt}::(‘);ct;i‘:t_mtter::]dsg::he
(Data Bus) Dg- D7 constitute an 8-bit bidirectional Q! EnstbCROR | oAl
data bus. The data bus is used for data v o ntrolled interrupt enable flip-flop
; { (IFF) is enabled.
exchanges with memory and 1/O devices.
M Output, active low. M indicates that the NML Input, active low. The non-maskable
(Machine current machine cycle is the OP code (Non interrupt request line has a higher priority
Cycle one) fetch cycle of an instruction execution. Maskable than_l%"and is always recognized at the
: Interrupt) end of the current instruction, indeperi-
MREQ Tri-state output, active low. The memory ?;nt of th staghgiof th.e interrupt enable
Y L e ip-flop. NMI automatically forces the
(Memory request signal indicates that the address 7,80 CPU to restart to location 0066
Request) bus holds a valid address for a memory’ H:
read or memory write operation. = -l 3 —_
s RESET Input, active low. RESET initializes the
CPU as follows: reset interrupt enable
IORQ Tri-state output, active low. The IORQ flip-flop, clear PC and registers 1 and R
(Input/ signal indicates that the lower half of the and set interrupt to 8080A mode. During
Output address bus holds a valid 1/O address for reset time, the address and data bus go to
Request) a 1/0 read or write operation-An JORQ a high impedance state and all control
signal is also generated when an interrupt output signals go to the inactive state.
is being acknowledged to indicate that an
interrupt response vector can be placed BUSRQ Input, active low. The bus request signal has
on the data bus. T (Bus 2 higher priority than NMI and is always rec-
- Request) ognized at the end of the current machine
— R . —_— cycle and is used 1o request the CPU address
RD Tri-state output, active low. RD indicates bus, data bus and tri-state output control
(Memory that the CPU wants to read data from signals o go to a high impedance state so
Read) memory or an 1/O device. The addressed that other devices can control these busses.
1/0 device or memory should use this
signal to gate data onto the CPU data bus. —_——
BUSAK Output, active low. Bus acknowledge is
— - (Bus used to indicate to the requesting device
WR Tri-state output, active low. WR indicates Acknowledge)  that the CPU address bus, data bus and
(Memory that the CPU data bus holds valid data to tri-state control bus signals have been set
Write) be stored in the addressed memory or 1/O to their high impedance state and the

device.

external device can now control these signals.



16-BIT LOADS

FXCUHANGES

7280, Z80A Instruction Set

The following is a summary of the Z80, Z80A instruction

set showing the assembly language mnemonic and the sym-
bolic operation performed by the instruction. A more de-
tailed listing appears in the Z80-CPU technical manual, and
assembly language programming manual. The instructions
are divided into the following categories:

Miscellaneous Group

8-bit loads

16-bit loads

Exchanges

Memory Block Moves
Memory Block Searches

8-bit arithmetic and logic
16-bit arithmetic

General purpose Accumulator

Rotates
Bit Set,

Jumps
Calls

& Flag Operations

and Shifts
Reset.and Test

Tnput and Output

Restarts
Returns

In the tabie the following terminology is used.

any 8-bit destination register or memory location

d =

dd £ any 16-bit destination register or memory location

e = 8-bit signed 2's complement displacement used in
relative jumps and indexed addressing

L = 8 special call locations in page zero. In decimal
notation these are 0, 8, 16, 24, 32, 40, 48 and 56

n = any 8-bit binary number

nn = any 16-bit binary number

r = any 8-bit general purpose register (A.B,C,D. E,
H,or LYy ) -

H = any 8-bit source register or memory location

s, = abitina specific 8-bit register or memory location

ss
subscript L™
subscript “*H”

0 =

any 16-bit source register or memory locatian
the low order 8 bits of a 16-bit register

= the high order 8 bits of a 16-bit register

the contents within the ( ) are to be used asa

8-BIT LOADS

b = a bit number in any 8-bit register or memory pointer to a memory location or I/O port number
location 8-bit registersare A,B,C,D,E,H,L,Iand R
cc = flag condition code 16-bit register pairs are AF, BC, DE and HL
NZ = nonzero 16-bit registers are SP, PC, IX and 1Y
VA = zero
NC = non carry < Addressing Modes implemented include combinations of
C = carry the following:  Immediate Indexed
PO = Parity odd or no over flow Immediate extended  Register
PE = Parity even or over flow Modified Page Zero  Implied
P = Positive Relative Y Register Indirect
M = Negative (minus) Extended Bit
Mnémonic Symbolic Operation Comments Mnemonic | Symbolic Operation Comments
LDr,s r+s s=r,n, (HL), LD1 (DE) + (HL), DE « DE+1
(IX+e), (1Y+e) ; HL < HL+1, BC «+ BC-1
LDd,r d+r d=(HL),r 2 LDIR (DE) « (HL), DE < DE+1
(IX+e), (IY+e) v HL « HL+1, BC « BC-1
LDd,n 4. - d=(HL), § Repeat until BC=0
(IX+e), (IY+e) = | LDD (DE) + (HL), DE « DE-1
LDA,s A«s s=(BC),(DE), | % HL « HL-1, BC ~- BC-1
(nn), LR =| LDDR (DE) + (HL), DE < DE-1
. . ]
LDd, A d<A ‘ d=(BC),(DE).| = HL « HL-I, BC « BC-1
: (an),1,R Repeat until BC = 0
LD dd, nn dd <nn dd =BC, DE, w | CPI A-(HL), HL < HL+!
HL, SP,IX, 1Y é BC « BC-1
LD dd,(nn) | dd +(nn) dd = BC, DE, Z 1 CPIR A-(HL), HL ~ HL+1 A—~(HL) sets
HL.SPLIX\ Y | & BC « BC-1, Repeat the flags only.
LD (nn),ss | (nn) <ss ss = BC; DE, ¥ until BC =0 or A=(HL) | A isnot affected
HL.SPIX.IY | S| cpp A-(HL), HL « HL-1
LD SP,ss SP «ss ss=HL, IX, Y - BC « BC-1
. = =
PUSH ss .(SP-l) + s34 (SP-2) « 55 | ss=BC, DE, 2| cpor A~(HL). HL « HL-1
HL, AF, lX, IY ;-.::‘ BC - BC-l, RCPCS(
POP dd ddL"(SP)iddH"(SP“) dd = BC, DE, until BC=0 or A = (HL)
HL, AF, IX, 1Y — —
s -
EX DE,HL | DE ~HL | ADCs A~-A+s+CY CY is the
EX AF, AF' | AF — AF’ ; SUB s Aw~A-s carry flug
EXX BC BC"\ £ SBCs A~A-s-CY s=r,n, (HL)
gE - gﬁ) Z| ANDs A—AAs (1X+¢), (1Y+e)
- ORs A<AVs
EX (SP), ss (SP) -~ S| . (SPH)--ssH ss = HL, IX, 1Y XOR s AvAos




8-BIT ALU

16-BIT ARITHMETIC

GP ACC. & FLAG

MISCELLANEOUS

ROTATES AND SHIFTS

Mnemonic Symbolic Operation .| Comments Mnemonic Symbolic Operation Comments
o - —
CPs A-s | s=r,n(HL) < BIT b, s Z+s, Zis zero flag
14 deda (IX+e), (IY+e) = | SETb,s sp « | s=r.(HL)
d=r, (HL) | RESb,s sp <0 (IX4e), (1Y+e)
IX+e), (IY+e E
DEC d de=d-1 (IXse), (IY+e) IN A, (n) A~(n)
INt,(O) r+(C) Set flags
ADDHL,ss | HL < HL +ss INI (HL) < (C),HL « HL + 1
ADC HL, ss | HL « HL + 55+ CY 'ss = BC, DE BoB-l
’ HL, SP L ,HL «
SBCHL.ss | HL «HL-ss-CY INIR L) ~(OLHL - HL+ 1
ADDIX,ss | IX«1X+ss ;;( ESE;C- DE, Repeat until B =0
’ IND HL) «(C),HL < HL - 1
ADDIY,ss | IY «IY +ss ss=BC, DE, - f; «)B -(1 )
1Y, SP e
: > & HL) ~(C),HL « HL -
INCdd  |"dd«dd+1 dd =BC, DE, £ INOR Ea«)a (1 ML
<) - .
DEC dd HL,SP,IX, 1Y 2 Repeat until B=0
i’ 2(outc),r | (©)«r
DAA Converts A contents into | Operands must Z| ouTl (C)+(HL),HL « HL + |
packed BCD following add | be in packed B+B-1
BCD format
or subtract. Y OTIR (C)«<(HL),HL «HL + 1
&, B+<B-1
CPL A<A Repeat until B =0
NEG A«00-A OoUTD (C)« (HL),HL « HL - |
CCF CY +CY B+«B-1 -
SCF CY «1 K OTDR (C)+ (HL),HL«HL -1
W B+B-1
NOP No operation
Repeat until B =
HALT Halt CPU , epeat until B=0
Di Disable Interrupts JP nn PC +nn NZ PO
El Enable Interrupts JP cc, nn If condition cc is true Z PE
T . cc
MO Set interrupt mode 0 . 8080A mode PC + nn, else continue EC :4
M1 Setinterrupt mode 1 - | Call 100038y | | JR*® SR
M2 Set interrupt mode 2 Indirect Call £|IRkk,e If condition kk is true w SN2 NC
2 y PC + PC + e, else continue Z C
RLCs l. JP (ss) PC +ss ss=HL, IX, Y
i DINZ e B<B-1,ifB=0
RLs _ -14-0. continue, eise PC +PC +e
. s
CALL nn (SP-1) «PCy
— ] NZ PO
RRCs 2 (SP-2) «PC{,PC+nn - Z PE
$ E CALL cc, nn | If condition cc is false clNc P
RRs v continue, eise same as cC M
s CALL nn
SLA's Fe{To=sfes | s=r.(HL) E[RSTL (SP-1)«PCy .
s (1X4e),(Y4e) | £ CP-2) - RO Py =0
SRA's 7 — U] o L
- s RET PC <~ (SP),
SRL s N e W PCy + (SP+1)
s RET cc If condition cc is false NZ PO
by conlinue, else same as RET Z PE
RLD (2 EXNC O K0 ENEs L g CCANC P
A ] i- | RETI Return from interrupt, ‘.
- . ¢ M
. — 3 same as RET
RRD mmu L) RETN Return from non-
A .

maskable interrupt




A.C. Characteristics Z80-CPU

Tp= 0°C t0 70°C. Ve = +5V £ 5%, Unless Otherwise Noted.

.

Signal Symbal Parameter - Min | Man | Unit | Test Condition
1 Clock Perund 4 ll_:l e 12 1= lwioth)  wielyt i Yy
" 1, #1h Chwk Pubse Width, Clack High 180 [13] nscC
ty 0011 Chwk Pubse Width, Clin b Low 1K) 2000 nsce
[ Chnk Rese and Fall Time - 30 nsec -
oA Address Ouiput Detay ° i 148 nsec
1 A elay o Floan 110 niee
Faon Address Stable Praor 10 MRFQ {Memary Cycle) it nsec ¢, = S0pF
Auas [ Addiess Stable Prion 10 TORQ, RD o WR (170 Cyuded [M] nsec L m 4yeme fwqoH) * ic- 78
e Address Saable tiom KD, WR, JORQ or MREQ T [
teat Address Siabke Froms RD e WR Dusing Float TaT 3 121ty =1 40
Wi Data Outpant Doy 230 | msec. 13t = tary* 4y =40
[T Delay s0 Fleat Dunng Wene Cycle kY niec
1S 1y 13a1a Setup Tene 10 Rigng Fdge of Clock During M1 Cycke X0 nsec 4] e fwol)? I L]
L) ST 1D Data Setup Tame t Falling Ldge of Clock Duning M2 to MS 2] nsce Cp = S09F
e Data Stable Pri 10 WR (Memuny Cycle 3T nsev 151 tgem™te=210
9o Data Stable Prun 10 WR (L0 Cyele)  * 3 nsev
gt 1314 Stable From WRY T ol g = tyqery * 4 - 210
M Any 1lold Tinw for Setup Time 4 [} ey 7] ‘cdl‘ = 'W(OL) 1 -80
IOLE (MR) MREQ Delany From Fatling Fdyge of Cluck, MREQ Low 100 nsec
- WHg (MR) | MREQ Detay Fromi Riumg Edge of Clock, MREQ High 100 | neec
MRTO 1T (MR) | MRTO Delay From Falling Edge of Clock, MRE'] ligh 00| mec | € =50pF
Sw {(MRL} Pulse Widih, MREQ Low £1) nse¢ [B] 1y (MRL)™ ' =40
ty (MR | Pulse Width, MREQ ftigh wec
191 tugMRH) ™ ety * 3 30
WL (IR} TORQ Delay Feom Riung Edge of Clock, JORQ Low 90 nsec “ S
DL (IR} TORQ Delay From Falling Edge of Clock, IORQ Low 110 nsec
RO | \orie iy |  TORG Delay From Rising Edee of Clock. TORQ High T | mec | SL7S®F
DHP (IR} 10RQ Deizy From Falling Edge of Clock. IORQ High 110 nsec
tpLe(RD) | RD Delay From Reling Edge of Clock. RD Low Ig nsec
IDL® (RD) RD Delay From Falling Edge of Clock, RD Low ] niec
L 1pite (RDy | RD Delay From Rising Edge of Clock. RD High TO0 [ rec | " SOPF
tpH&(RD) | KD Delay From Falling Edge of Clock, RD High TI0 | hsec
DLO (WR) E Delay From Rising Fdge of Clo:k.@_l.mv g nsec
=5 1DLS (WR} WR Delay From Falling Edge of Clock, WR Low* niec
w
R 1013 (WR) | WR Delay From Falling Edge of Cluck, R High T e ] CL"3%°F
Yw (WRL) Pulse Widih. WR Low TI0] mec. -
(o] LW(WRL) " =40
W LM M1 Delay From Rising Edge of Clock, MTLow 130 | mec oo g0 . :
! M Delay From Rising Edge of Clock. M1 High T30 [ neec L P
Dil(M1)
DL ARF) RFSH Delyy From Rising Edge of Clock. RFSH Low 180 nsec
S 1DH (RF) RFST Detay From Rising Edge of Clock, RFSH High T30 mec | CL ™ S0°F
WAIT s (WT) WAIT Setup Time 10 Falling Edge of Clock L 0 nsec
NALT DT IALT Delay Tame From Falling Edge of Clock 300 | nsec Cy = S0pF
INT Y UTs TRT Sevup Time 10 Rusing Fdge of Cluck 30 nsec .
Ml - [~ Pulse Width, KM1 Low (] < nsec
BUSRO | 180y BUSRO Setup Tume to Rising Ldge uf Clock 80 nsec
BOEaT DL (BAY BUSAK Deluy Froum Rusing Edge of Clock, BUSAK Luw 120 nsec
BUSAN | \tisar | EUSAR Delay From Fatling Edge of Clock. BUSAR High TIo | mec | LT3%F
RISI 4 (RS} RESET Setup Time 10 Rising Edge of Click % nsec
. Delay to Float (WREQ, TORQ, RD and WR} 100 | mec
[ M1 Stadle Priwe to IORQ {intessupt Ack,) [RR1] nsec 111] '("m LR Loty * 1y~ %0
NOVES
A Dats dhouid be cuabled anta the CPU data bus when RD 1 active. Duning interrupl scknowledge data
howtd be enghled when Mi and TORQ are huth acive. ot

B Al contrl apuals are mictnally syachtoused, s they niy be totally asynchronous with respect
o the ek
The RESET aignal avnt be octive for a munsmum of 3 click cycles.
U Quipur Delay v, Lauded Capaditence
TA=C Veo=+5V ey

Add 10nsec delay for each 50p[ increase in load up 1o a maximum of 200pf for the data bus & 100pf for

address & control lines
t Although vate by devgn, testing guaranices Lwq bt} of 200 gsec maximum

Load errcunt for Ouipus



Absolute Maximum Ratings

Temperature Under Bias
Storage Temperature

~65°C 10 +150°C

Voltage On Any Pin 0.3V 1047V
with Respeet 10 Ground *
Power Disuipation 1.5wW

7Z80-CPU D.C. Characteristics

Specificd uperating range.

T, =0°C1070°C.V, =5V £ 5% unless otherwise specified

*Comment

Stresses sbove those listed under “Absolute
Maximum Rating* may cause permanent
damage to the device. This is a stress rating
only snd functional aperation of the device
at these ar any other condition above those
indicated in the operational of this
specification is not implied. Exposure to
absolute maximum rating conditions for

extended periods may affect device reliability.

T, =25°C,f=1 MHz,
unmeasured pins returned to ground

Note:  For Z80-CPU alt AC and DC characteristics remain the
same for the military grade parts except I
tec = 200 mA
.
Capacitance

Symbol | Parameter Min. | Typ. | Max. | Unit | Test Condition Symbol | Parameter Max. | Unit
_VIL(' Clock Input Low Voltage 03 045 v Co Clock Capacitance 35 F
Yine Cluck Tnput High Voliage Vee -6 Veets3 ¥ C[N input Capacitance s pF
ViL taput Lu\..- Voltage 03 08 A% COU’I’ Output Capacitance 10 oF
Viy Input High Vultage 20 Vee v
VoL Output Luw Volage 04 \% toL "1 BmA ] .
Von Output High Yoltage 24 v Ty = ~250uA ZSO'C.PU .
lCi' Powtr Supply Current 150 mA ordenng InfOl'matlon
Iy Input Leakage Current 10 | pA ViN=0to V. g - :::;'c“c
'LOH Tri-State Output Leakage Current in Float 10 °| pA VOUT'J" 10 Vcc Z : SEI::::;: dssvv:: ;o;‘:. 1::::5. c
'LOL Tri-$tate Quiput Leakage Curtent in Float -10 HA | VOUT-O“V M - Military $V 210% =35 to 128°C
o Data Bus Leukage Curtent in Input Mode " 210 HA 0SVNS Ve
- 3

Z80A-CPU D.C. Characteristics Coppgitance

CYN o B TA=25(’.I'=IMH7..
Ty = 0°C 1 70°C. Vo = SV 2 §77 undess otheru e spevified unmeasured pins returned to ground
Symbol | Parameter Min. | Typ. | Max. | Unit | Test Condition Symbul | Parameter Mav. | Unit
Viee | Check tnpus Low Vatiage A 03, 04s | V o Clock Capacrence | 35| oF
Vipe | Clock Jnput High Valuge Ve -6 Vt3| v ' Ipot Capacttance < ot
Vit nput Low Valiage 0.3 OX v Cort Outpint Capacitames | 10 ok
Vi tnput Hhigh Valiage 20 \"_‘. v
VoL Qutput Low Valtage 04 A oL *1 BmA
Vou Ouiput High Valbiage 24 v tggp ® m2SUeA ZSOA'CPU
| Powes Supply Consens o™ Ordering Information
i tuput Leakage Current 10 A VIN=0 e V. € - Ceramic
hon Tr-State Ouipin Leahage Current an Fluat 0| A Vour isw V. : - ;:‘,::,4 SV 25% 0" 10 70°C
Yol Tr-State Quiput Leakage Current i Flost -1 HA VOUT.O av’ ” i
W Dty Bos Leakage Cutrent 1a fnpat Mu.de 210 HA o< VIN < V“



A.C. Timing Diagram

Timing measurements are made at the following

voltages, unless otherwise specified: “1” -0
Vo ~6V A4SV
20V 3V
| 20V AV
av 105V
oy (i),
. ] ANA g.\f\
r 1 o
‘W {4¢) — :—
40-A15 >
'0 (A0
4 / N, ’)(r ) S
Ao-15 X /\ b J, (, :\
A st
\,
™ I ] _.%r Dl'\
00‘7 Waintat | -—-—L‘ T L_ 16 (0}
out | - A -
ot ) o (1)~ e teat
Wi N L] “
N 3a o (R 4] Qe
104 {RF}—ert heoeef
AFSH e 1r
oA ||
I o A 'O+ MR} WLl YOHT (MR}~ J;"Sr
i = 5 LN T L
H—‘0L3 M0} loH (RO} SoHT: (RO} ); g
RG X L0 4 @ =
11 — }-._-ou; ot
WR -llw _lFﬁu—u L /
oL4: (1R} RS
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Timing Waveforms

INSTRUCTION OP CODE FETCH

The program counter content (PC) is placed on the
address bus immediately at the start of the cycle. One half
clock time later MREQ goes active. The falling edge of
MREQ can be used directly as a chip enable to dynamic
memories. RD when active indicates that the memory
data should be enabled onto the CPU data bus. The CPU
samples data with the rising cdge of the clock state T3.
Clock states T3 and T4 of a fetch cycle are used to refresh
dynamic memories while the CPU is internally decoding
and executing the instruction. The refresh control signal
RFSH indicates that a refresh read of all dynamic memories
should be accomplished. -

MEMORY READ OR WRITE CYCLES

[Hustrated here is the timing of memory read or write
cycles other than an OP code fetch (M} cycle). The MREQ
and RD signals are used exactly as in the fetch cycle. In
the case of 2 memory write cycle, the MREQ also becomes
active when the address bus is stable so that it can be used
directly as a ¢hip enable for dynamic memories. The WR
line is active when data on the data bus is stable so that it
can be used directly as a R/W pulse to virtually any type of
semiconductor memory.

INPUT OR OUTPUT CYCLES

Tllustrated here is the timing for an I/O read or I/O write
operation. Notice that during 1/O operations a single wait
state is automatically inserted (Tw*). The reason for this is

. that during 1/O operations this extra state allows sufficient
-time for an 1/O port to decode its address and activate the
WAIT line if a wait is required.

INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

The interrupt signal is sampled by the CPU with the
rising edge of the last clock at the end of any instruction.
When an interrupt is accepted, a special Mj cycle is
generated. During this M| cycle, the IORQ signal becomes
active (instead of MREQ) to indicate that the interrupting
device can place an 8-bit vector on the data bus. Two wait
states (Tw*) are automatically added to this cycle so that a
ripple priority interrupt scheme, such as the one used in the
Z80 peripheral controllers, can be easily implemented.

AL} AF] T Ta A2
SR pa W o WY gy
A0~ AM R 1 REFRESN ADOR T
e T\ I\ 1
w8 T\
L Y NSOy S0 S Ay Sy B
L | VO ] -
0007 —{Tm})
AFER \ IonmamE
Rt Coe Coese
i v 1 T % 1
P VO e S e W
1 MEMORY 2008 T + MEMOAY ADDR 1
—— — —t—
2 T b
| W Y A
(v} -{ DATA OUT —_
LN B O A W
L 1 T T ) M
+ _JL — L‘"\. 1\
a0~ A7 PORT ADDAESS 1
w¥e \ I
5007 D -
}En T T\
wh \ J },,,_
Cyole
00+ D7 =emamreme{ outr o
|
Laet W Cyote.
ol barvustan
ot T S LN 1 L__:;-_‘ T.- 4,
v i
I ” Y Rernese
\ J
-
\ I
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CMOS 12 X 8 CROSSPOINT WITH CONTROL MEMORY

* + LOW ON RESISTANCE
{typ. 40 Q at Vpp = 10 V)
+ INTERNAL CONTROL LATCHES
+ ANALOG SIGNAL SWING CAPABILITY EQUAL
TO POWER SUPPLY VOLTAGE APPLIED
¢ ¢« LESS THAN 1 % TOTAL DISTORT. AT 0 dBm
» LESS THAN — 95 dB CROSS-TALK
AT 1KHz 1 Vpp
+ VERY LOW POWER CONSUMPTION
s PIN-TO-PIN COMPATIBLE WITH M093

DIP40
{Ptastic) ~

DESCRIPTION

"ne M3493 contains a 12 x 8 array of crosspoint to- /
»ther with @ 7 to 96 line decoder and latch circuits.
ryone of the 96 switches can be addressed by se-

«cing the appropriate 7 input bits. The selected
stch can be turned on or off by applying a logical

:re or zero to the data in and the strobe input at lo- e

zcal one. A reset signal can be used to turn off all

2 switches together when s switched atlogicai one. ORDER CODES : M3493B1 (DIP40)
13493 is available in 40 lead dual in-line plastic, or M3493C1 (PLCC44)

+ lead plastic chip carrier packages.

PIN CONNECTIONS (top view)

CHIP CARRIER

Y3 d 1 1 Y50
az {2 Y2
RESET {2 DATA
oian s
= (D) 0 SRR F
axo gs NC Mo A mamao oo
NC gs Yo T 3 ¢ 3 7 1 cc a3 41 41 A0
NC q1 ~C ne b 1 we
NC D P Ne
X6 g x0 6 0 3 [} xo
X 1] H 11 Qoo w n
xe {] X2 x o wh
X9 { %) 1 [ 1) 0
no [ N0 ae
% { '\ 20 e n{J s
xm { x5 ne Qe »d w~e
NC h NC ne [fre . i) we.
¥ i NC ne [0 1) N
NC q an o n m N e s »
R0 O G W 0y g O g 00 W
A i Trfeoprsrey oy
STROBE {] ax? SRR B
s { ax
Vg5 q o




BLOCK DIAGRAM

STROBL DATAIN RESET

? —- - . 1- —0
L epasEned,
Groooboooo
000000
o . DDDOODODY |3
3o & ooooooom |2
o8| |.| ODODOODOH |5
o - B DDDDDDDq g
tlo2| |7 DNDOODODOD
“Jo— Z OoDoooo
o o0oo000
000000
se| | s BHDD 0J 639
i,
510807 é b
Y INPUTS(i0-7)
INPUT/OUTPUT DESCRIPTION
POWER L
1/0 ' Symbol Pin Description
] Voo 40 Positive Power Supply
| Vss 20 | Negative Power Supply
ADDRESS
o Symbol Pin | Description
P AX0-AX3 4.5.22.23 1 X Address Lines. These 4 pins are used to select one of the
16 rows of swilches. Refer to the truth table for legal address.
| AYD-AY2 2.24,25 Y Address Lines. These 3 pins are used to select one of the
4 8 columns of switches. Refer to the truth table for legal address




TRUTH TABLE

Address c "
onnections
AX0 AX1 AX2 AX3 AYO AY1 AY2
0 ] 0 0 0 o] 0 o] X0 - Y0
1 0 0 o] 0 0 o] X1-Y0
0 1 0 0 0 0 o] X2 - YO
1 1 0 o] 0 0 0 X3 - Y0
02 0 1 0 o] o} 0 X4 - YO
1 0 . 1 o] o] 0 o] X5-Y0 -
0 1 1 0 0 o] 0 No connection
1 1 1 0 o] 0 0 No connection
0 0 0 1 0 0 0 X6 - YO
1 0 0 1 0 0 0 X7 - Y0
0 1 0 1 0 0 0 X8 - YO
1 1 0 1 0 0 0 X9 - YO
0 0 1 1 0 Q o X10 - YO
1 0 1 1 0 0 0 X11 - YC
0 1 1 1 0 0 0 No connection
1 1 1 1 0 0 0 No connection
4] 0 0 0 1 0 0 X0 - Y1
! i o - J l 1 1l
1 0 1 1 1 o] [ X11-¥1
0 0 0 0 0 1 0 X0 - Y2
i ! l Y d i 1 A
1 0 1 1 0 1 0 X11-Y2
0 0 0 0 1 1 0 X0 - Y3
{ 4 i 3 $ { { i
1 0 1 1 1 1 0 X11-Y3
0 0 0 0 i 0 0 1 X0 - Y4
{ A & 5 ! i i 1l
1 0 1 * 0 0 1 X11 - Y4
0 0 0 0 1 0 1 X0 - Y5
i i H 3 a { i Ll
1 [ 1 1 1 0 1 X11 - Y5
0 0 0 Aofofo\ 0 0 1 1 X0 - Y6
l 4 d k, " l - i
1 0 1 1 o] 1 1 X11 - Y6
0 0 0 0 1 1 1 X0 - Y7
cl 1 4 5 . l . Ll
1 0 1 1 1 1 1 X11 - Y7
ABSOLUTE MAXIMUM RATINGS ]
! Symbol Parameter Value Unit
== ~Vps -} DC Supply Voltage ; ) - 051014 v
Vin Input Voltage Range - 0.510Vpp + 05 v
Piot Power Dissipation 1 w
Top Operating Temperature Range 01070 o
Tsia Starage Temperature Range . _ -50t0125 ¢
Stresses above thoso bsted under "Abcolute Rlo oo Rahings™ nlay cause permanenl damage to the device. This 1s a strest
rating only and functiona! operation of the aeaes 2t iteae 0f any other conditions 1n excess ot those indicated in the open

tional sections of this specilicaiion 1s nol wpbec Evdesure 1o absolute maximum raling condions for extended periods ma
atfect device reliability.



CONTROL

110

Symbol

Pin

Description

DATA

38

This input determines if the selected switch will be turned on
(closed) or off (opened). If the pin is held high, the selected switch
will be closed.

If the pin is held low, the switch will be opened.

STROBE

18

This pin enables whalever action is selected by the ADDRESS
and DATA pins, R

When the STROBE pin is held low. no switch openings or closings
take place. When the STROBE pin is held high, the switch
addressed by the select lines will be opened or closed (depending
upon the state of the DATA pin)

RESET

Master Reset. This pin turns ofl (opens) alt 128 switches. The
states of the above control lines are irrelevant. This pin is active
high.

DATA

/0

Symbol

Pin

Description

lle}

X0-X11

8-13, 28-33

Analog Input/Outputs. These pins are connected to the Y0-Y7 pins
in according to the truth table.

e}

YO-Y7

1,15,17,18,21
35,37,39

Analog Input/Qutputs. These pins are connected 1o the X0-X15
pins in according to the truth table.




infal ks
64K (8K x 8) UV ERASABLE PROM -,

® 200 ns (2764-2) Maximum Access ' k inteligent Programming™ Algorithm
Time ... HMOS"-E Technology
® Industry Standard Pinout... JEDEC
® Compatible with High-Speed 8mHz Approved

IAPX 186...2ero WAIT State
® Two Line Control
® Pin Compatible to 27128 EPROM

B Low Active Current...100mA Max.

B +10% V¢ Tolerance Available

An important 2764 feature is the separate output controt, Output Enable {OE) from the Chip Enable control {CE). The OF
control eliminates bus contention in microurocess(i systems. Intel's Application Note AP-72 describes the
microprocessor system implementation of the OE and CE controls on Intel's EPROMSs. AP.72 is available from intel's
Luerature Department.

The 2764 has a standby mode which reduces power consumption without increasing access time. The maximum active
current is 100 mA,ihile the maximum standby current is only 40 mA. The standby mode is selected by applying a TTL.
tugh signal to the CE input.

=10% Ve tolerance is available as an alternative 1o the standard =5% Vg tolerance for the 2764, This can allow the system
designer more leeway with regard 10 his power supply requirements and other sysiem parameters.

The 2764 is fabricaled with HMOS"-E technology. Intel’s high-speed N-channei MOS Siticon Gate Technology.

2764 —
B1Els s | B8] E
N NI S S
5 DATA OUTPUTS S8 Ve e l h i
a:;-—-_. Ge=0, Vor | Vpr Ver Vee Ives
Voo o LI T wou Fou | au
1 ] T T 1] I I D B ne Veel Vez  {M3 (A
- » 5 e N L NN A ~
e e e o N v e « P P
'05 AND OUTPUT BUPFERS [R VR IVVE W A o T O T
PROS LOGIC A fay ey Ay o CE | SGevee BT |OT
o Y = A A Ay | Ay g Ao | Ao A fAg
T oecover b YGATING PR I YORN VR P 53 Ce Tt & |t
e era| o & Ao | A O o | O & 1oy
oosras 4o = O |0 |0 |on o o [0 | o
oovts | =, x : SLS-0T & |0, {6 }o, o Oy 10y Oy [0
== cooe i CELL MATRIX o o oy |0 18D o, O | O O O
: ] Gno | Gne | Gne | Gna s o, Oy [ O3 O [+2Y
K 2 = LE EPROM Py ARE S1OWN N THE
Figure 1. Block Diagram T Bi00As Asictnt 1o o e o
MODE SELECTION Figure 2. Pin Configurations
ns & =2 =) ~ =4 ee Oviperns ‘
oot ) e an 2y 2] ) - ~Aur
Beae L ¥, Vi X vee ver .
— O N Il R = T e A PIN NAMES
Swnooy Vo 12 13 X Voo Ve Hagh 2 -
e A-A, | ADORESSES
= N R L N S — 2x CE | CHIP ERABLE
Moy I v, Vi X Al v ™ By =
o Vi X X 2 Vo Voo nph? OF QUTPUT ENABLE
Rekpral ioentriws ¥y, i, Ve Ve VYoo Ver Cooe Q‘Q‘ OUTPUTS
"iplpent PGM PROGRAM
Pioprammons v, Vi [ x Voo veo O N.C. NO CONNECT

1. X can be vy or Vi
2. Vy = 120V =08V

"HMOS is a patented process of inel Corporation
Figure 5.9 Specifications for the Intel 2764 8K-byte UV EPROM. (Countesy of Intel Corpora-

tion.)
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Select gate
\

Fioating gate :
tpsting gate Select gate Tunnel oxide

marge storage]

Gate oxide *

Field-effect

Field oxide transistor

MOS
field-effect ‘- "
TR transistor Source Gate oxide Drain

p Substrate p Substrate

m——

(a) (b}

Figure 5.10 (a) Basic UV-EPROM cell structure. A logic 0 is stored by trapping
charge on the floating gate electrode. (b) The E?PROM has a thin tunnel oxide
covering the drain diffusion of the MOS transistor. Electrons are able to *‘tunnel”
through this thin oxide to or from the floating gate. In this way, programming
and erasure are both done electrically. (Courtesy of Intel Corporation.)
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‘ MOTOROLA

MC14042B

QUAD LATCH

The MC14042B quad latch is constructed with MOS P-channel
and N-channel enhancement mode devices in a single monolithic
structure. Each latch has a separate data input, but all four latches
share a common clock. The clock polarity (high or low) used to
strobe date through the latches can be reversed using the polarity
input. Information present at the data input is transferred to ourputs
Qand Q during the clock level which is determined by the polarity
input. When the polarity input is in the logic /0" state, data is trans-
ferred during the low clock leve!, and when the polarity input is in -
the logic 1" state the transfer occurs during the high clock ievel,

Buffered Data inputs

Common Clock

Positive or Negative Edge Clocked

Q and G Outputs

Double Diode Input Protection

No Limit on Clock Rise or Fall Times’

Quiescent Current = 2.0 nA/package typical @ 5 Vde-
Supply Voitage Range = 3.0 Vdc 10 18 Vdc

® & 0 & o o o o o

Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper-

ature Range, A

CMOS SSI

({LOW-POWER COMPLEMENTARY MOS}

QUAD LATCH

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

Sutfix Denotes

MCIaXXX6
MAXIMUM RATINGS (Voitages referenced to Vsst E L Ceramic Package
- " P Piastic Package
Rating Symbol Value Unit - A Extended Opaerating
OC Supply Voltage Vop -0.510 +18 Vdc Tempaerature Range
Input Voltage. All Inputs Vin |-05t0vVpp+ 0.5{ Vde C Limited Operating
Termperature Range
DC Current Dra'n per Pin . 1 10 mAde
Operaung Temperature Range — AL Device Ta -55 10 +125 °c
CL/CP Device -40 10 +85
Storage Temperature Range : Tag -65 t0 +150 °c PIN ASSIGNMENT
_;w__.
"y LOGIC DIAGRAM o
1T a3 Vop 16
2C a0 Gal—Do15
5 oY a !> Latch 2 Qo 3C 100 oY ) s R V']
Clock 1 _ & DO 13
Potari E:JD —0 &o — o2
° ""VG 3 . 5 T Ciock 212
6 ] Potarity Qzt—3 11
mo—-[> ~——o0 Qa1 7o Q1310
2 Latch 10 -
2 8 ] vss o e
y——ri ——-—g [e}]
o2 o—-{> 0 a2
13 Latch 11
3 TRUTH TABLE
732 cLock [ porariTy | a
Vpp = Pin 16 L] ] Dats
V. = Pin 8 [ L h
ss o3 P - © a3 o steh
14 Latch 1 1 | Data
- 4 t——0 &2 L 1 Latch




MC14042B

FIGURE 2 - AC "I’EST CIRCUIT AND TIMING DIAGRAM
{Clock to Output}

Voo
- 160
Putse 5
- o Generator O——1 Clock Qo —0 2
1 e 6 = .
L—O—— Polanty Qo 3
Puise a Qi b—o0 10
Gengznnor Do 1p—009
7
o1 Q2 p—oOomn
13 - Q2M—0 12
14 Q3 —0n1
03 G3—o0 15
Note: C| connecied to outbut under test
8 O Vss

20° ns

“Clock Input
P.G.1

Data input
P.G.2

Q Qutput

“tnput ciock rise time is 20 ns except for maximum rise time test.

This device containg circuitry to protect the inputs against damage oue to high static voliages or electric tields: however, it is 3d-
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages 1o this high im-
pedance circuit, For proper operation it is recommended that Vi, 8nd Vg,;; be constrained to the range Vgs < (Vin or Vo)
< Vpp- 1

Unused inputs must always be tied 10 an appropriate logic voltage level (e.g.. either Vgg or Vppl.




HIGH-SPEED
CMOS LOGIC

TYPES SNB4HC4060, SN74HCA060

ASYNCHRONOUS 14-STAGE BINARY COUNTERS

AND OSCILLATORS

D2684, DECEMEBER 1982--REVISED MARCH 198¢

¢ Allows Design of Either RC or Crystal

Oscillator Circuits

¢ Package Options include Both Plastic and

Ceramic Chip Carriers in Addition to Plastic
and Ceramic DiPs

» Dependable Texas Instruments Quality and

Reliability

sescription

The ‘HC4060 consists of an oscillator section
and 14 ripple-carry binary counter.stages. The
oscillator configuration allows design of either
RC or crystal oscillator circults. A high-to-low
transition on the clotk “input increments the
counter. A high level at: CLR disables the
oscillator {CKO goes high and CKO goes low) and
resets the counter to zero {all Q oftputs fow).

The SN54HC4060 is characterized for operation
over the full military temperature range of
-65°C to 125°C. The SN74HC4060 is
characterized for operation from -40°C 10
85°C.

logic symbol

RCTR14

Do+

cT< 13 o

cur 12, €T=0 —"a

KI“" (9

C Z1p——— CKO

#in numbers shown are for J and N packages.

SNS4HC4060 . . . J PACKAGE
SN74HC4060 . . . J OR N PACKAGE

{TOP VIEW)
QLEI lﬁ:]Vcc
am {2 1s0aqy
ayJz 1400y
s s  1300q
aeds 12fdar
agJe 110cx
ap[d7 woflcko
GND (8 9[7] cko

SNS4HC4060 . . . FH OR FK PACKAGE
SN74HC4060 . . . FH OR FN PACKAGE

© {TOP VIEW)

9 10111213

NC—No internal connection

172]
5}
e
>
3%}
a
0N
o
=
&
T




TYPES SND4HCA4060, SN74HCAO60 '
ASYNCHRONOUS 14-STAGE BINARY COUNTERS
AND OSCILLATORS

logic diagram (positive logic)

CKO
ho)m

Pin numbers shown are for J and N packages.

maximum ratings, recommended operating conditions, and electrical characteristics
See Table 1V, page 2-10.



TYPES SN541S373, SN54LS374, SN54S373, SN548374,
SN74LS373, SN74LS374, SN74S373, SN745374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

description (continued)

The eight flip-fiops of the 'L S374 and ‘S374 are edge-triggered D-type flip-tiops. On the positive transition of the clock,
the Q outputs will be set 1o the logic states that were setup at the D inputs.

Schmitt-trigaer buffered inputs at the enable/clock lines simplify system design as ac and de noise rejection is improved
by typically 400 mV due to the input hysteresis. A buffered output control input can be used to place the eight
outputs in either a normal logic state {high or low logic levels) or a high-impedance state. In the hiph-impedance state
the outputs neither ioad nor drive the bus lines significantly.

The output control does not afect the internal operation of the tatches or flip-flops. That is, the old data can be
retained or new data can be entered even while the autputs are off.

‘L8373, °S373
TRANSPARENT LATCHES e

8
L
o

-
g

°
[

4Q

(12
) 5Q

A v ol o o]

{15)

{16)
70

SpY

output N H{>
-CONTROL
1o (3} o
o _ds
a
_a
= D
—d3G
(o]
n
3D D
»—as
o]
{8}
4D D
—qac
a
13!
50 — b
4t
a
{14}
6D D
—qzs
a
a7
70 D
a3
s
sp 2 D
*—q7g
a

ENABLE (11)
G

{19)
8Q

1

(1)

"LS374,°8374
POSITIVE-EDGE-TRIGGERED FLIP.-FLOPS

OUTPUT <{>
CONTROL
12 D 4
—ob>CK
- 2
4
2p & D r
—cbcK H
! 5 o
{7
) ) <
¢—a>cK tl
a {6) a0
. (8)
a0 D ¢
—P>CK (9)
a 40
13
5D ) b L
+—c>CK
12
s & 62
(14}
60 0 p
&—c>CK l 18)
& 80
5
17 z
70 o] [
¢—c>cK (161
o] 70
“1e)
8D D
+—>CK (a1
a——cD-——ac

(11}
CLOCK




TYPES SN54L5245, SN7415245

OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

BULLETIN NO: OL.5 7712471, OCTOBER 1976—REVISED AUGUST 1977

Bi-directional Bus Transceiver in a
High-Density 20-Pin Package

3-State Outputs Drive Bus Lines Directly

P-N-P Inputs Reduce D-C Loading on
Bus Lines

o Hysteresis at Bus inputs improve Noise
Margins

e Typical Propag-ation Delay Times,
Port-to-Port... 8 ns

e Typical Enabie/Disable Times ... 17 ns

SNS4LS245 .., J PACKAGE
SN74LS245...J OR N PACKAGE
{TOP Viaw!

<
a
a2
2
-
-
4
-
4
-
<
4

3
2 |e
=
— 2
E 13-
ES
Rz
1~
N
=

E-) SD’; g,

7=\

oL loH
TYPE ISINK ISOURCE
CURRENT)  CURRENT)
SN54LS245 12mA ~12mA
SN74LS245 24 mA —15mA
description

:
i

om A A2 a A as AS a7 GNO

pasitive logic: see function table

These octal bus transceivers are designed for esynchronous two-way communication between data buses. The control
functon implementation minimizes extemal timing requirements.

{
+

The device allows data transmission from the A bus to the B bus or from the B bus to the A bus depending upon the
logic level at the direction control (DIR} input. The enable input {G) can be used to disable the device so that the buses
are effectively isolated,

i

z ) N o

p The SN54LS245 is characterized for operation over the full military temperature range of —55°C 10 125°C. The
i SN74L5245 is characterized for operation from 0°C to 70°C.

ischematia of inputs and outputs

FUNCTION TASLE

EQUIVALENT OF EACH INPUT

TYPICAL OF ALL OUTPUTS

-= =7 ————1— Vcc
veg ——— -~ 50 £ NOM F_
9 k2 NOM p—t
- Sty l:
'NPUT""_E iy ¥ J—OUTPUT
Ea i
T s M
A
4

DIRECTION
ENABLE
s CONTROL OPERATION
DIR
L L B data to A bus
L H A data to B bus
H X tsolation

H = high level, L = 10w level, X = lerelgvant

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

- Supply voltage, Ve {see Note 1)

Input voltage

kY

1

Operating free-air tern,

Storage temperature range

perature range: SN54LS245

SN741.5245

OTE 1: Voitage values are with raspect 10 network ground terminal,

.7V
L7V

. .. .=55"Ct0125°C

... 0°Cw70°C
. -65°C 10 150°C



TYPES SN541S138, SN545138, SN54LS139, SN545139
SN7418138, SN74S138, SN74LS139, SN743139

DECODERS/DEMULTIPLEXERS

functional block diagrams and logic

'LS138, 'S138
LS138, "$138 FUNCTION TABLE
INPUTS OUTPUTS
L ENABLE | SELECT
1 e, Gt G2°|C B A{YO Y1 Y2Y3Y4YSYS YT
cimtems | 1
6 ~ 1 X HJ|Xx X X|H H HMHHHHH
ENABLE
TS | g0 0 =={D s gl L X XX X|H MK MOH K W
e - H L |{f 'L L|L HHUHHHHH
< 150 — "ﬂV‘:
H L IL L H[H L HHHHHH
P DOATA .
__;:L‘_)Dug"ww,sHLLHLHHLHHHHH
H LIt H H|HHHLULHHHH
10}
Al $"jD°‘—% H L IIH L L|{HHHHLHHBEH
H L {H L HIH HHHHAHLMHH
SELECT 2 . = Ye
s D H L ]JH H L|HHHHHHLH
. Mn H L IH H H|H HHHHHHL
[+ J
“G2 = G2A +G28
H = high isvet, L. = 10w tevel, X = irreievant
1
°15139, 'S139
i sl .vﬂ °LS139, ‘S139
m 3 {EACH DECODER/DEMULTIPLEXER)
ENABLE 1G :}E‘_.,“ FUNCTION TABLE
(1)
i L INPUTS
{21
{>—— OUTPUTS
SELEg o r (L ENABLE | SELECT
INPY
'l—D°-—< | oara G B  A}Y0o VYl Y2Y3
o) ouTruTS H X X|H H #H H
2Y0 - M
3:} L L Llu HmHoH
! enasee 26 42 i YL L L H|{H L HH
-
! L H L|H H L H
‘ "0]’"
1 u,,‘,[ L H H{H HHL
‘! ?::5:: “(I:i D 2 ke +H = high level, L = low tevel, X = irrelevant
’l‘ 7
|

chematics of inputs and outputs

EQUIVALENT OF EACH
INPUT OF "LS138, 'LS139

EQUIVALENT OF EACH
INPUT OF ‘5138, 'S139

TYPICAL OF QUTPUTS
OF ‘LS138, 'LS139

250 {1 NOM
Vee ——1 - Vee - —r/——-
20 k€1 NOM 2.8 kt NOM{| —
INPUT —-% - INPUT p—— OUTPUT

f¥.
té-Id-

™*ie

Y
b 2
-

TYPICAL OF OUTPUTS
OF °S138, 'S139%

———tVecc
*50 £ NOM

N

OUTPUT




TYPES SNb4390A, SN5492A, SN5483A, SN54190,SN541L9:

SN541830, SN541S92, SN54LS33, SN7490A, SN7452A, SN7493,

SN74190, SN74183, SN741L590, SN741S82, SN74LS¢
- DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTER

BULLETIN NO. DL.S 7611807, MARCH 1974 ~REVISED OCTOBER 19

‘S0A, "L90, ‘L.S90 . ..

TTL
£ MS!

‘82A,'LS92..

COUNTERS
'93A, 193, 'L893. .. 4.BIT BINARY
COUNTERS
TYPES TYPICAL
POWER DISSIPATION
‘80A 145 mW
'L90 20 mW
‘LS80 45 mwW
‘924, ‘934 130 mW
'LS92, 'LS93 45 mW
‘Le3 16 mW

description

DECADE COUNTERS
.DIVIDE-BY-TWELVE

SNS4', SN54LS" ... J OR W PACKAGE

SN54L’...J OR T PACKAGE

SN54°, SN74L°, SN74LS" ... J OR N PACKAGE

‘904, *L90, ‘LSO (TOP VIEW)

1
N Re Ve " a

positive logic: see function tabies

*92A, '1.892, {TOP VIEW)

!

Each of these monolithic counters contains four
master-slave  flip-flops and additional gating to
provide a divide-by-twc coufiter and a three-stage
binary counter for which the count cycle length is
divide-by-five for the ‘S0A, ‘L90, and ‘LS90,
divide-by-six for the '82A and °LS92, and
divide-by-eight for the ‘93A, 'L93, and ‘L.S93.

‘Al of these counters have 2 gated zero reset and the
"S0A, °L90, and ‘LSS0 also have gated set-to-nine
inputs  for wuse in BCD nine’s complement
applications.’

To use their maximum count length (decade, divide:
by-twelve, or four-bit binary} of these counters, the B
input is connected to the Qa output. The input
count pulses are applied 10 input A and the outputs
are as described in the appropriate function table. A
symmetrical divide-by-ten count can be obtained
from the ‘90A, °L90, or ‘LS90 counters by
connecting the Qp output to the A input and
applying the input count to the B input which gives 2
divide-by-ten square wave 2t output Qa.

Ve w ow oew o
,ukjnl ﬂ!}nllﬂ l] L]
T ! I
|
B W x
—g>a Qp}—
--c;n ez
sorny

[

i0abaBsOsDa0sn
- 3 3 ver o o

positive logic: see function tables

‘83A, 'LSI3 (TOP VIEW)

R 2

positiva logic: see t ion tabtes

Enininininings
I A—LL ]
' e By
T~
L&—‘"’i“ﬁf'-:f%'“

positive logic: see function tables

NC—No interna! connection



TYPES SN5418373, SN541LS374, SN54S373, SN545374,

TTL SN74L8373, SN74L8374, SN74S373, SN74S374
MSI OCTAL D-TYPE TRANSPARENT LATCHES AND
‘ - EDGE-TRIGGERED FLIP-FLOPS

BULLETIN NO. DL-S 7712350, OCTOBER 1976—REVISED AUGUST 1977

o Choice of 8 Latches or 8 D-Type Flip-Flops SN541.5373, SN54§373 ... PACKAGE
In & Single Package SN74LS373, SN74S373 ... OR N PACKAGE
L. (TOP VIEW)
e 3-State Bus-Driving Outputs
U Full Parallel-Access for Loading
» Buffered Control Inputs
L J

Clock/Enable input Has Hysteresis to Improve
Noise Rejection

e P-N-P inputs Reduce D-C Loading on °
Data Lines {'S373 and ‘S374)

e SN54LS363 and SN74LS364 Are Similar But
Have Higher Vo4 For MOS Interface

{ ‘LS373, 85373 .
FUNCTION TABLE logic: see function table
[s] uT 2.
UTP! ENABLE ° o ur |
CONTROL G ?
4 m T v, SNS4LS374, SNE4S374 ... J PACKAGE
SN74LS374, SN745374 ... J OR N PACKAGE
L H L L {TOP VIEW)
i L L X Qg
H X X r4
‘LS374, 'S374
FUNCTION TABLE
OUTPUT .
cLoOCK D OUTPUT
! CONTROL
! L D R H
: L t L L &
L L X Qg
H X X z logic: ses tunction table
See expisnation of function mbles on page 3-8.

1':scription

i

’. These 8-bit registers feature totem-pole three-state outputs designed specifically for driving highly-capacitive or

! relatively low-impedance loads. The high-impedance third state and increased -high-logic-level drive provide these
registers with the capability of being connected directly to and driving the bus lines in a bus-organized system without

need for interface or pull-up components. They are particularly attractive for implementing buffer registers, 1/0 ports,
bidirectional bus drivers, and working registers, '

The eight latches of the 'LS373 and ‘S373 are transparent D-type latches meaning that while the znable (G) is high the
Q outputs will follow the data (D) inputs. When the enable is taken low the output will be latched at the level of the
data that was setup.



TYPICAL APPLICATION DATA

BMOINECTIONAL BUS DRIVER

ouTruT
CONTROL 1 —7],
10 A a
20 0
> sz 2
TIOMAL OR 4q
DATA BUS 1 $374 sa
. «Q
70 n
cx
o N 80
cLocx J -
—f10 \ [
E cx 20 »___i
a0
'LS374
«
or
%3 s34 %°
sa ©
7 70
80 A 0o
cLocK 1 —[ f—-
sus
EXCMANGE l |
crocx —L_,r-'

cLocx: W

CLOCK CIACUIT FOR BUS EXCHANGE

EXPANDASLE 4WORD-BYS-8IT GENERAL REGISTER FILE

BIDIASCTIONAL
DATA BUS 2

acck 2

CONTROL 2

‘L8374 OR "S374

‘LS374 OR 'S374

2SN 4L
OR SN7451%

@ ve

L]
02
va
ENABLE SELECT £

v}

W_t

"*LS374 OR '5374

‘L8374 OR 'S374

wswasis | YS Y1 vz v3
OR SN745139

cLocx

,.n
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'?'lgure 4 : Crosstalk Measurements.

: SAME INTEGRATED CIRCUIT
] e

——— —— o

Vis (RMS) (rms) Yos

ANY"ON ANY OTHER
SWITCH ON SWITCH
1w
0.7z V(RMS}
1KHz
- +

T_5Voc s Voc_T -ESVDC 5vpc _]-

LVss

A"/
€7=20 LOG (ﬁ?—)da o 0ms

P

Figure 5 : Propagation Delay Time and Waveforms (strobe to signal output switch Turn-ON or Turn-OFF).
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Figure 6 : Propagation Delay Time and Waveforms (data-in signal output, switch Turn-ON to high or

low level).
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Figure 9 : Propagation Delay Time and Wavetorms (reset to output delay).

DATA IN
O

IST— SwW

RESET

SW=ANY CROSSPOINT
STROBE=Vpp

50pfF

Yoo
DATA IN /
- 0

Yos

RESET
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Figure 10 : Propagation Delay Time and Waveforms (Strobe and C/S to signal ou‘ut switch).
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Figure 11 : Typical Ron versus V.

Ron (ohm)
100

90!

80

Nca-wv
701/\

' Vdage12v
€0 -

50

Ta«25°C

40 - - - .
6 1t 2 3 4 s & 71 8 ® 10 N 1

Vis {V)
M89MI494-07

Figure 12 : Peak to Peak Voltage Capability versus Total Harmonic Distortion.

Vac (Vpp)
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. J
10 vad-10v i
8
= . :
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Figure 13 : VRus Capability versus Vpp.
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DYNAMIC ELECTRICAL CHARACTERISTICS (Tamp = 25 °C, Cy = 50 pF all input square wave rise
and fall times = 10 ns, Vpp = 10 V)

CROSSPOINTS

.- B Test Conditions Value

Symbol Parameter 1q Rn Vis Unit

Note I (kHz) {KS) (Vpp) Min. | Typ. | Max.
tPnL, Propagation Delay Time |
teLH {switch ON) Signal Input to Fg.2 ' 1 2 30 100 ns
Output
Frequency Response
{any switch ON) C, -3pF 0.081 2 50 MHz
20 log (Vos/Vig) = - 3 dB .
Sine Wave Distortion : 1 0.6 8 1 %
Feed Through :
{any switches OFF) F1g. 3 0 ! 2 - 80 ds
Frequency For Signal
Crosstalk 1 MHz
Attenuation of 40 dB Fig. 4. 1 2
Attenuation of 110 dB 5 KHz
Capacitance 15
Xn 1o Ground }
€ [V, 10 Ground I 1000 0.1 15 PF
Feed Through i 0.4 ’
Capacitance !
c Logic Input to Ground Y 1040 0.1 % pF




TYPICAL APPLICATIONS
e figures 14, 15 and 16 show the system configuration for expanded matrices (16 x 16, 8 x 64, 32 x 32).
Figure 14 : (16 x 16 non blocking matrix).

|——— M3483 | —

o]

8
[_ M3493 __+

115481349361

Figure 15 : (8 x 64 matrix).

: M3493 |+ M3423 |—+~
| 8 F l—
. ¢ B

15 L 1§
M3433 —+ M34383 |—F

1188113493 -82
|

+ Figure 16 : (32 x 32 non blocking matrix).

|
n3492 {— —{ M3sg3 bt

—
16 J 1 &
7- 83423 (— 34832

3

! \
| 2 <

16 8

2 M3493 -~ M3433 7-

i 8

—— M2423 b— —] ™M3423 -
188r13493-83




TEST CIRCUITS

Figure 1 : Ron Measurement. -

Figure 2 : Propagation Delay Time and Wave-
forms (signal input to signal output

switch ON).
ION ON
mA Vis v0$
ANY .
SWITCH O—— Sw —0
I ON |
* +
L—J S0pF
L75V L5V
I BV=0.25V = 1K
Vog ngI .
AV SW=ANY CROSSPOINT
FoN* TTon 519789 STROBE=DATA-IN=Vpy Vgg 510780

Figure 3 : Off Isolation Measurement {Feed through).

Vis _(RMS) (RMS)_Vos

is ANY OFF
SWITCH
Q?VRMS
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Yos Vse
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s
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Figure\7 : Propagation Delay Time and Waveforms (address io signal output switch Turn-ON or
Turn-OFF}).

-2 4
ADDRESS 50% / \iSOS. , \SO'L
0 e / '
ADORLSS5.0 . ADORE 4 <)

Yoo oo T vy e
L T - L g -/ I ]\
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"l
1 F
an ¢_T_j- 500 Yoo a0
You!
SWeANY CROSSPOWT -—
¥, o N 0%

1pay 1pan
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tPAN tezn
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Yor2

D‘l.’ 104,
Hed s 3

Figure 8 : Waveforms for Crosstalk (control input to signal output).

CONTROLS
Vis ), Yos CONTROL :
o Sw O g 7 '
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1K 10K Vos O——%I“
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DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

CONTROLS
Test Conditions Value
Symbol Parameter Unit
y Vop =10V See | vin. | Typ. | Max.
Fig.
tpsn Propagation Delay Time RL =1KQ Cy =50 pF 5 150 | 200 ns
Strobe 10 Output t. 1 =10 ns
(switch turn-ON to high
level)
{pzH Data-in to Output 6 150 200 ns
(turn-ON to high level)
tpan | Address to Output 7 150 | 200 ns
(turn-ON to high level)
tpse Propagation Delay Time
Strobe to Output 5 < 150 | 200 ns
(switch turn-OFF)
trzL Data-in to Output 6 150 200 ns
(turn-ON to low level) '
tPAF Address to Output 7 150 | 200 ns
(turn-OFF)
ts Set-UP Time 5,10 20 ns
Data-in to Strobe
tu Hold time 5,10 | 120 ns
Data-in to Strobe
1o Switching Frequency 1 MHz
tw Strobe Pulse Width 10 100 ns
lwn Reset Pulse Widih 9 150 |, ns
Iz | Reset Turn-OFF to Output 150 | 200 ns
Delay
tas Address Set-UP Time 10 20 ns
Address to Strobe e
tan | Address Hold Time ¥ 10 { '20 ns
Address to Strobe
Control Crosstalk Square Wave,_ Vi =3 V
Data-in, Address, Input 8 75 mV
or Strobe to Output ft.u=10ns Ry =10k |




Typical Typical Typical Propagation Typical Typical Power
- Oissipati

oL loH Oelay Times ble/
{Sink {Source Disable (Enabted)
Current)  Current]  Inverting Noninverting Times lavecting Noninverting
SNS4LS’ 12mA —12mA  10.5ns 12ns 18ns. 130 mW 135 mwW
SN74LS’ 24mA ~15mA  105ns 12as 18 ns 130 mW 135 mW
SN545° a8mA ~12mA 45ns 6 ns 8ns 450 mW 538 mW
SN74S* gamA ~15mA 45 ns 6ns 9 ns 450 mw 538 mW
SNS54L.5240, SN545240...J
e 3-State Outputs Drive Bus Lines SN74LS240, SN745240 .. .JOR N
or Buffer Memory Address Registers (TOP VIEW)

Vee 3§ W1 1ad W2 A3 W) A2 W4 AL

e P-N-P Inputs Reduce D-C Loading - W a1 (ol (el [

e Hysteresis at Inputs Improves A =
Noise Margins. F ;

description T / / /
These octal buffers and line drivers are designed / ‘/ / /
specifically to improve both the performance and b8
density of three-state memory address drivers, clock A . A
drivers, and bus-oriented receivers and transmitters. : -
The designer has a choice of selected combinations of r-rizti=tlalaOsksDabliall
inverting and noninverting outputs, symmetrical G F Ay ave Az w3 A vz wa VT owo

{active-low output control} inputs, and comple- T

mentary G and G inputs. These devices feature high SN54LS241, SNS4S241 . ... J

fan-out, improved fan-in, and 400-mV noise-margin SN74LS241, SN745241...J ORN
- Imp ; O {TOP VIEW)

The SN74LS’ and SN74S° can be used to drive
germinated iines down to 133 ohms.

schematics of inputs and outputs
LS240, ‘L5241, 'LS244
EQUIVALENT OF TYPICAL OF ALL

Neg
EACH INPUT OUTPUTS // /l /
v s aPfetdiig
cc ] == o -
INPUT b 4 L A
]
Y 18

2 3 -4 5 ] 7 ) L »

TAT Tve Az I3 VA3 IR A YT GND

o SN54LS244 ...

. SN74LS244 ... JORN
{TOP VIEW)
UTPUT

Vee 26 vy 2ae  WY2  3AY Av3 2a2  ive 241

5240 'S241 : 2ol (ol [l fo| fu] Jul juiluiu
EQUIVALENT OF
]
EACH INPUT ND
=
vee——r—" //'//‘///
INPUT 3 >N
{' - ‘15240, ‘LS241,"LS244;
*5240, °5241:

J’ R = S0 2 NOM t_L
- -

R =25 & NOM ‘_.

[




TYPES SN54160 THRU SN54163, SN54LS160A THRU SN54LS1i

TTL SN545162, SN54S163, SN74160 THRU SN/
MS| SN74LS160A THRU SN74LS163A, SN74S162, SN74.
4 SYNCHRONOUS 4-BIT COUN1

BULLETIN NO. DL-S 7711385, OCTOBER 1976-REVISED AUGUS

‘160, "161,'LS160A, ‘LS161A ... SYNCHRONOUS COUNTERS WITH DIRECT CLEAR
‘162, "163, 'LS162A, 'LS163A, 'S162, 'S163 ... FULLY SYNCHRONOUS COUNTERS
SERIES 54, 5ALS’, B4S" ... J OR W PACKA
SERIES 74°, 74LS", 745’ . .. J OR N PACKA(

e Internal Look-Ahead for Fast Counting

e Carry Output for n-Bit Cascading (TOP VIEW)
RIPPLE OUTPUTS
¢ Synchronous Counting Ve O B o o o A% oap
e Synchronousty Programmable [15 ] [ 15 l [ 1 I l 13 | 12 ! I ] H 0 I ] g ]
¢ | oad Contro! Line ! T T I
AIPPLEOQ, Oy Oc OD(NA:LE
1 CARRY
o Diode-Clamped Inputs fepiipd
CLEAR LOAD
TYPICAL PROPAGATION Jx;:;ﬁ';‘ TYPICAL . vABLE
TYPE TIME, CLOCK TO CLOCK POWER X s~ 8 € O * |
@ OUTPUT ‘FREQUENCY DISSIPATION BN b1 l
*160 thru "163 i4ns . 32 MHz 305 mW 1 2 3 4 H [ 1 H
‘LS160A thru 'LS163A 14 ns 32 MH2 83 mwW CLEAR CLOCK & B C 0O _ENABLE GND
8162 and 'S163 8ns 70 MKz 475 mW DATA INPUTS '
L. logic: see description
description

These synchronous, presettable counters feature an internal carry look-shead for application in high-speed counti
designs. The ‘160, *162, ‘LS160A, ‘LS162A, and ‘S162 are decade counters and the *161, 163, 'LS161A, 'LS163A, a1
*S163 are 4-bit binary counters. Synchronous operation is provided by having all flip-flops clocked simultaneously !
that the outputs change coincident with each other when so instrucied by the count-enable inputs and internal gatin
This mode of operation eliminates the output counting spikes that are normslly associated.with asynchronous (ripp
clock) counters. A buffered clock input triggers the four flip-flops on the rising (positive-going) edge of the clock inpL
waveform. = i
These counters are fully programmable; that is, the outputs may be preset 1o either level. As presetting is synchronousl',
setting up 2 low level at the load input disabies the counter and causes the outputs 1o agree with the setup data atter the
next clock pulse regardiess of the.levels of the enable inputs. Low-to-high transitions at the load input of the “160 thru
*163 should be avoided when the clock is low if the enable inputs are high at or before the transition. This restriction is
not applicable to the ‘LS160DA thru ‘LS163A or ‘S162 or *S163 . The clear function for the *160, *161, ‘LS160A, and,
‘LS161A is asynchronous and a low level at the clear input sets all four of the flip-flop outputs low regardless of the!!
levels of clock, load, or enable inputs. The clear function for the ‘162, “163, ‘LS162A, ‘LS163A, ‘S162, and ‘S163 is
synchronous and a low level at the clear input sets all four of the flip-flop outputs tow afier the next clock pulse,:
regardless of the levels of the enable inputs. This synchronous clear allows the count length to be modified easily as
decoding the maximum count desired can be accomplished with one external NAND gate. The gate output is connected
to the clear input to synchronously clear the counter to 0000 (LLLL). Low-to-high wransitions at the clear input of the |
‘162 snd ‘163 should be avoided when the clock is low if the enable and load inputs are high at or before the transition. ‘.

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without additional ‘
gating. Instrumental in accomplishing this function are two count-enable inputs and a ripple carry output. Both
count-enable inputs (P and T) must be high to count, and input T is fed forward to enable the ripple carry ocutput. The
ripple carry output thus enabled will produce a high-level output pulse with 2 duration approximately equal to the
high-level portion of the Qp output. This high-level overfiow ripple camry pulse can be used 1o enable successive
cascaded stages. High-to-low-level transitions at the enable P or T inputs of the 160 thru ‘163 should occur only when
the clock input is high. Transitions at the enable P or T inputs of the ‘LS160A thru ‘LS163A or ‘S162 and "S1€3 are
allowed regardless of the level of the clock input.

-

‘LS160A thru *LS163A, ‘5162 and ‘S163 feature a fully independent clock circuit. Changes at control inputs (enable
P or T, or clear) that will modify the operating mode have no effect until clocking occurs. The function of the
counter {whether enabled, disabled, loading, or counting) will be dictated soleiy by the conditions meeting the stable
setup and hold times, ., )

The ‘LS160A thru ‘LS163A are completely new designs. Compared 1o the original ‘LS160 thru 'LS163, they feature
0-nar.osecond minimum hold time and reduced ipput currents |4 and Hg.



TYPES SN54HC4060 SN74HC4060
" ASYNCHRONOUS 14-STAGE BINARY COUNTERS
AND OSCILLATORS

1 um——

srang requirements over recommended operating free-air temperature range (uniess otherwise noted )

— Voo Ta = 25°C SNS4HCA060 SN74HC4060 unIT
. MIN MAX | MIN MAX | MIN MAX
— 2v [ 5.5 0 3.7 0 4.3
', ocx  Clock frequency 435V <} o 28 0 L1 0 22| MHz

i 6V 0 33 0 22 0 25
— ] 2v 80 135 ns

::(:otgh a5V 18 27 23 ns
. 5V 15 23 20
:w Puise duration - IXY; ) 135 115
| CLR high 45V 18 27 23 ns
{ 5V 15 23 20
‘2v 160 240 200
[ Setup time, CLR inactive before CK| ¢ 4.5V . 32 48 40 . ns
6V 27 41 34

| switching characteristics over recommended operating free-air temperature range {unless otherwise
, nated}, Cp = 50 pF (see Note 1} .

FROM To \ TA = 25°C . SN54HC4060 SN74HC4060
, PARAMETER (INPUT) {OUTPUT) vee MINA TYP MAX | MIN MAX | MIN ax| UNT
‘ 2V 5.5 10 3.7 4.3 )
frax 45V 28 45 . 19 22 MHz
,, 6V 33 53 22 25
i _ 2V 240 450 735 615
thd cKi Qp a5V 58 98 147 123{ ns
6V 42 83 125 105
H 2v 66 140 210 175
tPHL CLR Any Q 4.5V 18 28 42 35| ns
‘ 6V 14 24 36 30
' 2V 28 75 110 95
1 Any 45V 8 i5’ 22 19| ns
6V 6§ 13 19 16
1 Cpa ] Power dissipation capacitance l No load, T4 = 25°C 88 pF typ j

NOTE 1: For foad circuit and voltage waveforms, see page 1-14.



TYPES SN54LS245, SN74L5245

OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

REVISED AUGUST 1977

recommended operating conditions

PARAMETER SN54L.8245 SN74LS245 UNI
MIN  NOM MAX {MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5 |4.75 5 5251 v
High-ievel outpus current, 10y -12 ~15 ] mA
Low-level cuout current, 101 12 24 1 mA,
\
Operating tree-air temperature, TaA ~55 125 4] 7| *c: .
:
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
SN541.5245 SN741.8245
PARAMETER TEST CONDITIONS T uNIT
MIN TYPT MAX [MIN TYP! maAX A
ViH Highdevel inpur voltape 2 2 \4
VL Low-evel input voltage 0.7 0.8 \
Vix input clamp voltape Vee = MIN, b= =18 mA ~1.5 ~1.5 A\
Hysteresis (V4 — V¥_}A or B input] Ve ~ MIN 02 04 0.2 04 I
Vee=MIN 1 oy e -3 mAl 24 34 24 34 P
VOH High-evel oumut voltage ViR=2V, . \Y ‘;
ViL = Vi max | fOH = MAX 2 2 ¢
vec = MIN. | 45y = 12maA 0.4 04 3
VoL Lowlsve! output voltage Vig=2V, v T
Vip =V max | 'OL =24 mA 0.5
1.
ozl 4 Pyl Vo=27V 10 10
highdevel voitage applied Vee = MAX, uA
Ofi Gat2v
\ozL -5tate output curu.m, Gt & VO =04V —200 —200
tow-evei voltege applied e
i Vi=§5V .1 0.1 J
" Input current st AorB Vee = MAX, 1 5 ¢] ma |
maximum input voltage | DIR or & Vi=7V 0.1 0.1 |
WK Highdevel input current Veo = MAX,  Vig=~27V 20 20 | pA l
i Low-level input current Vee = MAX, ViL =04V —0.2 =02 | mA_ |3
108 Shon-circuit output current’ Voo = MAX —40 ~225 |40 ~225 | ma |4
Tou!, ouut high 48 70 48 70 -
lcc Supply current | Total, outouts low Vee = MAX, Ouwputs open 62 80 62 90 § mA
Oupums a1 Hi-Z 64 85 64 85
TFor conditions shown as MIN or MAX, use the spprooriste value spécl vnder oosrating conditions.
tan typical vatues are ot Vee =5V, Ta= 25°C.
Not more than one output shouid be shorted at a time, and duration of the short-citcult should not exceed pne second, .
switching characteristics, Voo =5V, Tp = 25°C
’ PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
wLR Propagation delsy time, 8 12 ns
low-to-highdevel output .
P, i b ime,
BHL | Pagetion delay time CL=45pF, R =667Q, SeeNow2 8 12| m
high-to-fow-leve! output
®2zL Ouwmut enable time 1o low tevel 27 A0 | s
PzH Ouwut enabie time to high level 25 401 m
Oumut di time t low level 15 25 n1
PLZ VDU dhable time from low lovel |\ ¢ of, Ry =6578, SeeNow2 =
WHZ Ouwmuidisable time trom high level 1E 25 ns

NOTE 2: Losd circuk and wavelorms are.shown on paps 3-11,



TYPES SN541S240,SN54L5241,SN5415244,
SN741S240,SN74LS241,SN74L5244
BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

recommended operating conditions

SN54LS’ SN74LS’
PARAMETER MIN NOM  MAX | MIN NOM MAX UNIT
Supply voltage, Vg isee Note 1} 4.5 5 5.5 | 4.75 § 5.25 v
High-level outbul curren:, 1oy ’ -12 -15 mhA
Low-evel putput current, 10y 12 24 mA
Operating free-sir temperature, T o -55 125 [4] 70 ‘C

NOTE 1: Voitage vaiues srs with respect to network pround terminal.

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

¥

SN54LS" SN74LS°
1
PARAMETER TEST CONDITIONS MIN_ TYPT MAX | MIN TYPI MAX UNIT
ViH High-level input volispe 2 2 v
Vi Low-isvei Input voltage 0.7 0.8 v
Vik Input clamp vottage Ve = MIN, i} = =1&E mA -15 ~-1.5 v
Hysteresis (Vi — VT Vee = MIN 0.2 0.4 0.2 0.4 Vv
Vee T MIN, T Vig=2V, 24 34 24 34
VoH Highdevel outpun voltage Vi = Vi max, lon = =3 mA v
VEC=MIN, — vipe2V, 2 2
ViL =05V, loH = MAX
Vec=MIN, | 1 =12mA 04 04
VoL Lowdevel output voltage Vig=2V, v
Vi = Vy max oL = 24 mA Q.5
Oti-state output current, S &
lozH high-evel voltape apphed Y/f:_ ZM\‘,\X Vo=27V 20 2 uA
Oft-state output current, ’ A
iozL lowdlevel voltage applied ViL=Viimex| Vo=04V -20 -20
inpul current 8t Maximum
iy input voliape Vee = MAX; V=7V 0.1 0.1 mA
™ High-tevel input current, eny input Ve = MAX, Vi=27V 20 20 BA
he Low-level input current Vee = MAX, Vip =04V —-0.2 ~0.2 | MA
108 Shortcircut outbut current® Veg = MAX —40 ~225 | —40 -225 | ma
Outputs hioh All 13 23 13 23
St Vec=MAX | isa0 26 as % _a]
Ice Supply current £ 2 rRGA A ‘L.S241, °LS244 27 46 27 46
Al outputs |0 oVt OP#R 5240 28 50 25 50
+ { disabled 'LS241, 'LS244 32 54 32 54
TFor conditions shown as MIN or MAX, use te appropriate valus soecified unosr recommended opsrating conditions.
1Al typical vaiues are 2t Ve = 5V, T4 = 25°C.
*Not more then one output should be shortad st a tite, and duration of the shor-circuit shouid nOT exceed One sscond.
switching characteristics, Vog =5 V, TA = 25°C
‘LS240 ‘L8241, ‘L5244
PARAMETER TEST CONDITIONS MIN TYF MAX | MIN _TYP MAX UNIT
Propagation deisy time,
'PLH low-10-high-level output P 9 12 By o™
Fropegation delay tme, Cy =45pF, Ry =667 2,
h = 1
PHL high-1o0-low-level outout See Notwe 2 32 18 12 5 "
Pz Output enable time 10 low level . 20 30 20 30 ns
WPZH Dutput enable nime 10 hiph level 15 23 15 23 ns
P 7 Output disabie nme trom low level CL=5pF, R =687 82, 15 25 15 25 ns
PHZ Qutput dissble ume trom high level See Note 2 10 18 10 18 ns

NOTE 2: Load clrcuit and voltage waveiorms are shown on page 3-11,




V/

A.C. Characteristics Z80A-CPU

T

A=0Cro 70°C.Vee = +5V # 5%, Unless Otherwise Noted.

Signal Symbol Porameter Min ] Max Unit Test Condition
i Clock Period .28 t12 e (12) .= + e
. 1y, (OH) Clock Pulse Width, Clock High 10 1T TE] | mec <" o oLy T
ty (OL) Clock Pulee Width, Clock Low 110 2000 nsec
Y1 Clock Rise and Fall Time . 30 nsec "
_ 1D(AD) Address Output Delay 10 | nsec )
1E (AD) Delay 10 Float 90 [
2em Address Stable Prior 10 MREG (Memory Cycie) LIl n3eC € = 0pF
Aoats | oy Address Stable Prior to TORD. KD o WR (1/0 Cycte) T N e 1]ty ™ toqotty * =65
fa Address Suble from RD. WR. IORQ or MREQ T macc
teaf Address Stable From RD or WK Dusing Fiost T wiee 2] 154%™
D@ Data Output Detay BELUEES 3]ty =tyer) *t - 50
tg (D)) Delay to Float During Write Cycle 90 nsec @ t'( A
156 (D) Deta Setup Time to Rizing Edge of Clock During M1 Cyxle RH n3ec 4] tor=tyer)* 44
Doy 1S3 (D) Data Setup Time to Falling Edge of Clock During M2 1o MS 50 mec 1 Cp = SOpF .
tdem Data Stable Prior 10 WR (Memory Cycle) 31 nsce IS} tgem=tc~170
gei Data Stable Prior to WR (1/0 Cycle) Tol nsec
tedf Data Stable From WR T 6} ‘dd'(w(OL)“r' 170
[N Any Hold Time for Setup Time o nse¢ - {7 tar™ 'w(OL) - 70
\DLE (MR) |- VREQ Delay From Falling Edge of Clock, MREQ Low 85 | nsec B
Die (MR) |  MREQ Delay From Rising Edge of Clock, MREQ High B3| owec
WEREQ IDtie MR) |  MREQ Delay From Faliing Edge of Clock, MREQ High B3 | mec | €y = SOpF
tw (MRL) Pulse Width, MREQ Low T&T 3 (s) v (RL) * te=30
ty Pulse Width, MREQ High T naeC -
e 1y G 9 MEH) =20
iDL® (IR) TORQ Delay From Rising Edge of Clock, TORQ Low 75 nsec ~ e

ORG DL {IR) TORQ Delay From Falling Edge of Clock, JORQ Low

nsec

\DHO(R) | TORQ Delay From Rising Edge of Clock, TORQ High T e | CL7S%F
'DHF (IR) 1ORQ Delay From Falling Edge of Clock, IORQ High S | meec
DL (RD) | D Delay From Rising Edge of Clock, RD Low S | mee
) IDL® (RD) RD Delay From Falling Edge of Clock, RD Low S RIEC C, = S0pF
tDEH® (RD) RD Delay From Rising Edge of Clock, RD High . 3 nIcC L .”P
i@ (RD) |  FD Delay From Falling E4ge of Clock, RD High S | nsec
tpLe (W) |  WR Delay From Rising Edge of Clock, WR Low 65 | maec 1
Wk IDLE (WR) WR Delay From Falling Edge of Clock, WR Low 80 nsec C = F
\pHEWR) |  WR Delay From Falling Edge of Clock, WR High R LT e i
tw (WKL) | Pulse Width, WR Low - TToT TN
o = 010}ty (RL) =t 30
Wi DL (M1} M1 Delzy From Rising Edge of Clock, M! Low 100 LEI [P 7,
1DH (M1) Wi Delay From Rising Edge of Clock, M1 Kigh 760 | meec | L P
%
1 ‘oL (RF) 'RFSH Delay From Rising Edge of Clock, RFSH Low 130 | heec g
’FsH ‘m(mg , RFSH Delay From Rising Edge of Clock, RFSH High 55T sme ) CL=50¢F
WATT 's (WT) WAIT Setup Time to Falling Edge of Clock 0 nec
HALT 1D (HT) HALT Delsy Time From Falling Edge of Clock 300 nsec C) = S0pF
iNT 4 an TRT Setup Time 1o Rising Edge of Clock : 80 nsec
N tw (RHL) Pulse Width, NM1 Low 80 nsec
BUSRG | 4 (pgy BUSRQ Setup Time to Riung Edge of Clock 50 Jasec
DL (BA BUSAX Delay From Rising Edge of Clock, BUSAK Low i 3 .
SUSAX tpH (BA)) BUSAK Delay From Falling Edge of Clock, EUSAR High 100 €y = 30pF
RESEY Ly (RS) RESET Setup Time to Rising Edge of Clock &0 nacc
tr () Delay 10 Fiost (MREG, TORQ, RD and WR) 80 | nec
7 5 .
71, e M1 Stable Prior to IORQ (Interrupt Ack.) 151 L 1] =2 * o) * - (4]
v
1
///, -
NOTES: '
TaSY PO a-21a0
A. Data should be enabled onto the CPU data bus when RD is active. During interrupt acknowiedge dats .
should be ensblod when MT and TORT are both active. proodingd
B. Al control signals are internafly synchronized, so they may be 10tally asynchronous with respect
10 the clock. & .
C. The RESET signal must be sctive for s minimum of 3 clock cycles. I
D. Ouiput Delzy 3. Loaded Capacitance
TA=70°C  Vee=+5Y 25%
Add 10nsec delay for each 50pf increase in load up to maximum of 200pf for data bus and 100p{ for
address & control lines. Losd circuit for Output
E. Although lllmy design, testing guarantees | (o) of 200 usec maximum
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RECOMMENDED OPERATING CONDITIONS

—Symbol Parameter Value { Unit
Voo Supply Voltage 10 Y,
Too Operating Temperature 01070 C
Vin (logic signal) 010 Vop

STATIC ELECTRICAL CHARACTERISTICS (Tamy =0t0 70 C, Vpp = 10 V)

Symbot Parameter Test Conditions Min. | Typ. { Max. | Unit
lg Supply Current Reset = Vpp 1 mA

CROSSPOINT
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit

On Resistance Vipc =475 V Vooc =45V 60 100 Q
{see fig. 1)
On Resistance Variation [ 10 Q
Off Leakage* All switches off  Vpg =Vig =0 43 WA
to Vpo
\SONTROLS
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
T vy 0.8 v
Vin 2.4 )
o ‘, Input Leakage” Vi =010 Vpp =3 HA

* The dm(ico is guaranteed with such hmias up 1o 70 ©. At 25 C thene hnuls becons:

il

+ 100nA

2






