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0000
0000

0000
0000

0040

0040
0042

0044

0046
0048
0044
004cC
004E
0050
0051
0054
0056
0058
0059
005B
005C
005D
005E
0060
0061
0062

0000

0007
0002
0005
0040

C34000

3E00
D37C
3E40
D378
D379
D374
D37B
3E01
5F
21FFFF
1650
D37¢C
2B
20FD
15
74
B4
20F8
7B
17
€35100

CPU "Z80.TBL"
HOF "INT8"

ORG OOH
JP START

ORG 40H

START:

LOOP2:

LOOP1:

LD A,00H
OUT(7CH), A
LD A,40H
OUT(78H), A
OUT(79H), A
OUT(7AH), A
OUT(7BH), A
LD A,01H

LD E,A

LD HL,OFFFFH
LD D, 50H
OUT(7CH), A
DEC HL

JR NZ,LOOP1
DEC D

LD 4,D

OR H

JR NZ,LOOP1
LD A,E

RL A

JP  LOOP2

END

0001
0004
0051

0000 B
0003 E
0058 LOOP1

i1

H
LOOP2



8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology

Page 1
TEST8.ASM
06000 1 ORG OO0OH
0000 020030 2 JMP START
3
0030 4 ORG 30H
0030 539000 5 START: ANL P1,#00H
0033 980078 6 MOV DPTR, #0078H
0036 7CFF 7 MOV R4,#0FFH
0038 T7DFF 8 MOV R5,#0FFH
0034 7E50 9 MOV R6,#050H
003C 7422 10 MOV A, #22H
003E FO 11 MOVX @DPTR,A
003F A3 12 INC DPTR
0040 FO 13 MOVX @DPTR,A
0041 A3 14 INC DPTR
0042 FO ' 1 s MOVX @DPTR,A
0043 A3 16 INC DPTR
0044 FO 17 MOVX @DPTR,A
0045 A3 18 INC DPTR
0046 7401 19 MOV A,#01H
0048 FO 20 LOOP2:; MOVX @DPTR,A
0049 DCFE 21 LOOP1: DJNZ R4,LOOP1
004B DDFC 22 DJNZ R5,LOOP1
004D 33 23 RLC A
004E 80F8 24 JMP LOOP2
25
0000= 26 END

8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
Page 1
TEST8.ASM -

loopl = 0049 loop2 = 0048 start = 0030



8051 Cross-Assembler (1.3) {(C) 1987, 1989 Binary Technology

Page 1
PROMOV. asm
000D= 1 CR EQU  ODH
000A= 2 LF EQU  O0AH
"001B= 3 ESC .. EQU  1BH
006F= 4 S_COM " SET ' 6FH ;USE TO SAVE COMMAND
1000= 5 ADDRE SET 1000H ;ADDRESS OF FILE
0005= 6 HIGH_BYTE_END EQU 05H
006B= 7 CTRL_P8 EQU 6BH ; CONTROL RORT OF 8255
0068= 8 PORTA EQU  68H ;PORT A OF 8255
0069= 9 PORTB EQU 69H ;PORT B OF 8255
006A= 10 PORTC EQU 6AH ;PORT C OF 8255
11
0000 12 ORG OOH
13
0000 020030 14 JMP START
15
16 ;THIS AREA FOR
17 ;INTERRUPT SERVICE ROUTINE PROGRAM
18
0030 19 ORG 30H
20
21 ;SET UP SERIAL PORT
22
QO3O 759852 23 START: MOV  SCON, #52H ;SET SERIAL PORT UART 8 BIT
0033 758920 24 MOV TMOD, #20H ;SET MODE 2 TIMER
0036 758DF3 25 MOV  TH1,#-13 ;SET BUAD RATE 1200
0038 D28E 26 SETB TR1
003B 120099 27 CALL SET_8255
28 kR FRRRRRRRRRE
29 ;¥ REC DTA *
30 JRERRERRRRRRRK
31 sRECEIVE DATA OR COMMAND
32
003E 3098FD 33 REC_DTA: JNB RI,$
0041 C298 34 CLR RI
0043 E599 35 MOV A,SBUF
0045 F56F 36 MOV S_COM,A .
0047 120075 37 CALL CHK_DTA ;CHECK DATA OR COMMAND
004A 80F2 38 JMP REC_DTA
39
40 SRREERKERRK KK
41 ;¥ SEN_ERR *
42 JRRkRkkkkkkkkk
43 . 3 SENT ERROR TO PC
44
004C C083 45 SEN_ERR: PUSH DPH
004E C082 46 PUSH DPL
0050 E4 47 CLR A
0051 900067 48 MOV DPTR,#ERR
0054 93 49 . MOVC A,@A+DPTR
‘0055 3099FD 50 NEXT1: JNB TI,$



0055 3099FD 50 NEXT1: JNB TI,$

0058 C299 51 CLR TI
005A F599 52 MOV SBUF, A
005C E4 53 ’ CLR A
005D A3 54 INC DPTR
005E 93 55 MOVC A,@A+DPTR
005F 'B41BF3 - b6 CINE A,#ESC,NEXT1
0062 D082 57 POP DPL
0064 D083 58 POP DPi
8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
Page 2
PROMOV. asm
0066 22 59 RET
0067 4572726F 60 ERR: DB ’'Error Command’
006B 7220436F
006F 6D6D616E
0073 64
‘0074 1B 61 DB ESC
62
63 CREERRFRKKRRKK
64 ;¥ CHK_DTA *
65 ;**************
66 ;CHECK DATA OR COMMAND
67
0075 E4 68 CHK_DTA: CLR A .
0076 900092 69 MOV DPTR, # CODE
0079 93 70 AGAIN: MOVC A,@A+DPTR
007A B41B05 71 CIJNE A,#ESC,COM_R
607D 114C 72 CALL SEN_ERR
007F 020091 73 JMP END
0082 B56F03 74 COM_R: CIJNE A,S_COM,CHECK
0085 02008C 75 JMP COM_RDY
0088 E4 76 CHECK: CLR ‘A
0089 A3 77 INC DPTR
0084 BOED 78 JMP AGAIN
008C AD6F 79 COM_RDY: MOV R5,S_COM
008E 1200A2 80 CALL INT_Z80
0091 22 81 END: RET
0092 41 82 CODE: DB A’
0083 42 83 DB 'B’
0094 43 84 DB 'C’
0095 44 85 : DB D’
0096 45 86 DB 'E’
0097 46 87 bPB 'F’
0098 1B 88 DB ESC
89
90 sREERRRERKERK
91 ;¥ SET_8255 *
92 sRRRRRRKERKRK
93 ;SET 8255 PORT
94
0099 FA 95 SET_8255: MOV R2,A
009A 7480 96 MOV A, #80H

009C 90006B 97 MOV DPTR, #CTRL_P8 ; CONTROL PORT

3



009F
00A0
00A1

00A2
00A5
00A7
00AA
00AB
00AE
00BO
00B3

8051 Cross—Assembler

PROMOV. asm

00B4
.00B7
00B9
00BC
00BD
00C0
00C2
00C5
00C6
00C9
00CB
00CE
00CF
00D2
00D4
00D7
00D8
00DA

00DB
00DD
00DF
00E1
00E3
00E6
OOE8

FO
EA
22

BD4106
TACF
1200DB
22
BD4206
74D7
12010E
22

BD4306
7T4DF
12010E
22
BD4406
74E7
12010E
22
BD4506
T4EF
12010E
22
BD4606
T4F7
12010E
22
114C
22

€291
70B3
TF00
7E00
901000
D290
EQ

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

(1.3)

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
144
145
146

INT_Z80:

COMM1:

MOVX @DPTR,A
MOV A,R2
RET

LIS ISE LIS S
;¥ INT_Z80 *
ELI I L]
; CHECK COMMAND

CINE R5,#’A’,COMM1
MOV A, #0CFH

CALL MOV_FILE

RET

CINE R5,#’B’,COMM2
MOV A,#0D7H '

CALL SENT_INTV

RET

(C) 1987, 1989 Binary Technology

Page 3

COMM2:

COMM3:

COMM4 :

COMM5:.

COMM6 :

MOV_FILE:

MOV_F:

MOV_F1:

CINE R5,#'C’,COMM3

MOV A, #ODFH

CALL SENT_INTV

RET

CINE R5,4'D’,COMM4

MOV  A,#0ET7H

CALL SENT_INTV

RET

CINE R5,#’E’,COMM5

MOV A, #0EFH

CALL SENT_INTV

RET

CJINE.R5,4’F’,COMM6

MOV A,#0F7H

CALL SENT_INTV

RET -
CALL SEN_ERR " ~—
RET

JRERRkERRRR kKR
;¥ MOV_FILE *
S LILILEIZLIL L
;THIS SUB SUBROUTINE USE TO MOVE FILE
; TO Z-80 MOMORY

CLR Pl.1 ; BUS REQUEST TO Z80

JNZ P1.2,% ; IF 280 BUSAK NOT LOW
MOV R7,#HIGH 0000H ;HIGH BYTE OF MEM PAGE 1
MOV R6,#LOW 0000H ; LOW BYTE OF MEM PAGE 1
MOV DPTR, #ADDRE ;ADDRESS OF FILE TO MOVE
SETB P1.0 ; SET MEM PAGE 0

MOVX A,€DPTR ;READ FILE



00E9 C083 147 PUSH DPH

0OEB C082 148 PUSH DPL
OOED 8F83 149 MOV DPH,R7
OOEF BE82 150 MOV DPL,RG
00F1 C290 151 CLR P1.0 ;SWITCH MEM PAGE 1
00F3 FO 152 MOVX @DPTR,A ;WRITE DATA TO MEM PAGE
00F4 D083 153 POP DPH )
00F6 D082 154 POP DPL
OOF8 A3 155 INC DPTR A
00F9 OE 156 INC R6
00FA BEOOE9 157 CJNE R6,#00H,MOV_F1
00FD OF 158 INC R7
OOFE BFO5E5 159 CJNE R7,£HIGH_BYTE_END,MOV_F1
0101 D290 160 SETB P1.0
0103 D291 161 SETB P1.1
0105 D297 162 SETB P1.7- ;RESET .Z80
0107 7F00 163 MOV R7,#00H
0109 DFFE 164 DJINZ R7,$
010B C297 165 CLR P1.7 ;RESET READY
010D 22 166 RET
167
168 ;*************
169 ;¥ SENT _INTV *
170 JRRkRERk Rk dokkkk
171 ;THIS SUBROUTINE SEND
172 ; COMMAND TO Z80
173
8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
Page 4 ‘
PROMOV. asm
010E F9 174 SENT_INTV: MOV R1,A
010F 900068 175 MOV DPTR,#PORTA
0112 FO . 176 MOVX @DPTR,A
0113 900069 177 MOV DPTR,#PORTB
0116 EO 178 READ: MOVX A,@DPTR
0117 30EOQOFC 179 JNB ACC.0,READ

0114 22 180 RET
181 3
0000= 182 END



8051 Cross-Assembler (1.3)

PROMOV.asm

addre
check
code
com_rdy
comm?2
comm4
commb
ctrl_p8
err
high_byte_end
1f
mov_f1
nextl
portb
read
s_com
sent_intv
start

W w8 n o NN

1000
0088
0092
008C
‘00B4
60C6
00D8
006B
0067
0005
000A
00E6
0055
0069
0116
006F
010E
0030

1

again
chk_dta
com_r
comml
cqmm3
commb
.cr

end

esc
int_z80
mov_f
mov_file
porta
portc
rec_dta
sen_err
set_B8255

(C) 1987, 1989

n a0 n o nnnn

Binary Technology

0079
0075 -
0082
G0AB
00BD
0QCF
000D
0091
001B
00A2
O0DF
00DB
0068
006A
003E
004cC
0099

Ry

- e



0000 " CPU "Z80.TBL"

0000 HOF "INT8"

0000 - ORG OOH

0000 C34000 JP BEGIN

0040 ORG 40H

0082 = CTRL_W: EQU 82H

0023 = CTRL_P: EQU 23H

0020 = PORTA: EQU 20H

0021 = PORTB: EQU 21H

0022 = PORTC: EQU 22H

1000 = DATAIN: EQU 1000H

0002 = CCW: EQU 02H

0001 = CW: EQU 01H

1003 = COUNT: EQU 1003H

1007 = MARK: EQU 1007H

0040 0600 BEGIN: LD B,OOH ;DELAY FOR POWER SETUP
0042 10FE DINZ $

0044 310015 LD SP,1500H ;SET STACK POINTER
0047 3E00 LD A,Q0H

0049 320310 LD{COUNT), A

004C 320010 LD(DATAIN),A ;AREA USE TO SAVE DISPLAY
004F 3E02 LD A,CCW

0051 320710 LD (MARK),A

0054 3E82 LD A,CTRL_W :SET PORT 8255

0056 D323 OUT(CTRL_P),A : PORTA= PORTB= PORTC=
0058 3E00 LD A,00H

0054 D378 OUT(78H),A ;CLEAR DISPLAY DIGIT 4
005C D379 OUT(79H),A ;CLEAR DISPLAY DIGIT 3
005E D37A OUT(7AH), A ;CLEAR DISPLAY DIGIT 2
0060 3EFC LD A,OFCH

0062 D37B . OUT(7BH),A ;SHOW 0 AT DIGIT 1
0064 3EFF LD A,OFFH

0066 D37C OUT(7CH),A ;ALL DIGIT ARE ACTIVE
0068 DB22 AGAIN: IN A, (PORTC) ; CHECK COMMAND

006A E60F AND OFH :USE ONLY LOW NIBBLE
006C FE0O CP 00H

006E 28F8 JR Z,AGAIN ;IF NOT COMMAND —
0070 FEO1 CP O1H

0072 2005 JR NZ,NEXT

0074 CD8B0OO CALL COMM1 ; COMMAND 1

0077 18EF JR AGAIN

0079 FE02 NEXT: CP 02H

007B 2005 JR NZ,NEXT1

007D CDB400 CALL COMM2 ; COMMAND 2

0080 18E6 JR AGAIN

0082 FEO3 NEXT1: CP 03H

0084 20E2 " JR NZ,AGAIN

0086 CDCE00 CALL COMM3 ; COMMAND 3

0089 18DD JR AGAIN

%

»a



s RERRRR KRR

1% COMM1 *
;*********
;THIS SUBROUTINE SERVICE
: COMMAND 1
008B 3A0710 COMM1: LD A, (MARK)
008E D320 OUT(PORTA), A
0090 1E00 LD E,OO0H ; COUNT SENSOR
0092 DB22 COMM11: 1IN A, (PORTC)
0094 E6F0 AND OFOH ;USE HIGH NIBBLE CHECK SENSOR
0096 CBTF BIT 7,4 ;CHECK BIT 7 OF PORTC
0098 20F8 JR NZ,COMM11
0094 1C INC E
009B 7B LD A,E
009C 320010 LD(DATAIN),A
009F CDD300 CALL DISPL
00A2 7B LD A,E
00A3 FET76 CP 118
00A5 20EB JR NZ,COMM11
00A7 320310 LD (COUNT),A
00AA 3E02 LD A,CCW
00AC 320710 LD(MARK), A
00AF 3E00 LD A,OOH
00B1 D320 OUT(PORTA), A ;STOP ROTATE
00B3 C9 " RET
;*********
1% COMM2 *
;*********
:THIS SUBROUTINE SEVICE
sROTATE CW
00B4 3A0310 COMM2: LD A, (COUNT)
00B7 57 LD D,A
OOB8 3A0710 LD A, (MARK)
00BB FE02 CP CCW : _
00BD 200E JR NZ,RETURN T e
0OBF CD8B0O CALL COMM1
00C2 3EO01 LD A,CW
00C4 320710 LD (MARK),A
00C7 3A0310 LD A, (COUNT)
00CA BA CP D
00CB 2066 JR NZ,ERROR
00CD €9 RETURN: RET
;*********
1% COMM3 *
;*********
00CE 3E00 COMM3: LD A,OQCH
00D0 D37C OUT (7CH),A

00D2 C9 RET



00D3
00D6
00D8
00DA
0opc
00DF
00EZ2
00E4
00E6
00E8

00E9
00EA
O0EC
OOEE
00F0
00F3
00F5
00F7
00F9
00FA
00FC
00FE
0101
0103
0105
0107

0108
0109
010B
010D

3A0010
0600
0E00
FEOA
D4ES00
CD1F01
D37B
3E80
D37¢C
C9

04
D60A
FEOA
30F9
CD1F01
D37B
3E80
D37¢C
78
FEOA
300A
CD1F01
D37A
3ECO
D37C
C9

ocC

D60A
FEOA
30F9

DISPL:

DIGITZ:

DIGITS:

;KRR RRkkRkk K
;¥ DISPLAY *

s RFkkkkkkkkE

THIS SUBROUTINE DISPLAY
;DIGIT

LD A, (DATAIN) ;READ VALUE FROM RAM
LD B,0 ;DIGIT 2 DON’T SHOW
LD C,0 ;DIGIT 3 DON;T SHOW
CP OAH

CALL NC,DIGIT2 ; IF MORE

CALL CHG ; CHANG CODE

OUT (7BH),A

LD A,80H

OUT (7CH),A

RET

RRRRkk Rk

;¥ DIGITZ2 *

RERRRk kK Kok k

; THIS SUBROUTINE USE

; TO DISPLAY DIGIT 2
;CALL FROM DISPLAY ONLY

INC B
SUB OAH

CP 0AH.

JR NC,DIGITZ
CALL CHG

OUT (7BH),A
LD A,80H

OUT {7CH),A
LD A,B

CP OAH

JR NC,DIGIT3
CALL CHG

OUT (7AH),A
LD A,0COH
OUT (7CH),A
RET

skERRRRIRRR

;¥ DIGIT3 *

EEIITTEEET

;THIS SUBROUTINE

;USE TO DISPLAY DIGIT 3
;CALL FROM DISPLAY ONLY

INC C

SUB OAH

CP 0AH

JR NC,DIGIT3



010F
0112
0114
0115
0118
0114
011C
011E

O11F
0122
0123
0124
0125
0126
0127
0128

0129
012D
0131

0133
0136
0138
0134
013B
013D
013E
013F
0141
0142
0144
0146
0147
014B

CD1F01
D37A
79
CD1F01
D379
3EEO
D37¢C
C9

212901
85
6F
AF
8C
67
7E
C9

CHG:

FC60DAF2 = TABLE:
66B6BEEO
FEF6

214701

0E78

0604

7E ERR1:

ED79

23

0cC

10F9

0cC

3EFF

ED79

c9

8EOAGA3A ERR:
END

ERROR:

CALL CHG
OUT (7AH),A
LD A,C

CALL CHG
OUT (79H),A
LD A,OEOH
OUT (7CH),A
RET

JRRREIRRRKCk koK k

;¥ CHANG CODE *

s ¥RFRRRRRRR kKRR Rkk

; THIS SUBROUTINE USE

; TO CHANG CODE FROM BCD
; TO SEVEN. SEGMENT

LD HL,TABLE
ADD A,L

LD L,A

XOR A

ADC A,H

LD H,A

LD A, (HL)
RET

DFB OFCH, 60H,ODAH,0F2H,
DFB 66H,0B6H, OBEH, 0EOH,
DFB OFEH,OF6H

CRERKRRRK KK

;¥ ERROR *

s RRKkk Rk ok

; SHOW ERROR ON DISPLAY

LD HL,ERR
LD C,78H

LD B,4H

LD A, (HL)
OUT(C),A

INC HL

INC C

DJNZ ERR1

INC C

LD A,OQFFH
OUT(C),A

RET

DFB 8EH,0AH,0AH, 3AH



vy

0007
0040
011F
00B4
0023
0002
0108,
0147
0004
0079
0021.
0129;

A
BEGIN
CHG
COMM2
CTRL_P
D
DIGIT3
ERR

H

NEXT
PORTB
TABLE

0068
0001
008B
00CE
0082
1000
00D3
013A
0005
0082
0022

AGAIN
C
COMM1
COMM3
CTRL_W
DATAIN
DISPL
ERR1

L
NEXT1
PORTC

0000
0002
0092
1003
0001
00E9
0003
0133
1007
0020
00CD

B

CCW
COMM11
COUNT
Cw
DIGIT2
E
ERROR
MARK
PORTA
RETURN
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{ Cinculs QUADRUPLE DifFERENTIAL LIE DRIVER
'I

X BULLETIN NG, DL5 12771, OCTOLL K Yutib
'

i { INTERFACE

s Muots EIA Stundard RS422A and CCITT

Joun
hucommendation V.11 and X.27 DUAL-IN-LINE PACKAGE (TOP viEw)
*  Mouts EIA Subcommitice TR30.1 Draft "

Stundand PNT360 (as of April 198V)

¢ Dusignad tor Multipoint Transmission on
Long Bus Linus in Noisy Environmunts

¢ 3-Stuty Outputs

¢ Common-Mode Qurtput Voltuys Rungs ...
-7V 12V

o Active-High Fnublus
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v Tharmaul Shutdown Protaction b
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o Positive wd Nogetive Current Limiting

¢ Opuratus from Singlu 5-Volt Suppiy

"FUNCTION TABLE (EACH DHIVER)
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description H " " L
T \ L " L "
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MT’W[ SN75174

QUADRUPLE LiFFERENTIAL LINE DiuVER

absolute maximum ratings over opurating treg-anr Wwmpurature range (unluss otherwisy notud)

Supply voltage, Ve ue Nota V) oo vt oo, e
Injaut voltage

L I R A S

L R A A N A SN L T T T T T S e

v
oY

Conuinuous total-dissipation at {or lmlow) 2.: C llw -ait tenperature (sue Note 2): Jpackage .......  1376mW

N packaye .,

Opdrating frev-air tumperaturs range
..louuu tumparature cangy
Lead temporature 1/16 inch (1,6 mm) hom cast lor 60 scconds J packuye
Lead tunporature 1/16 ineh (1,6 mim) from cuse for 10 seconds: N pPackioyy

.. 0°Cuw

I T T

NOTES: 1. All voitays velues sre mlh TuspeCl (0 Lhe Nutwark yraund e minal,

2. Fur operetiun ebove 26°C trew slr teInperature, Usiute the J pecheye (0 BUO mW ot 70°C ol the rate 0f 11 MW/ C and the N

paLkaye 10 136 MW o8 70°C o1 the rere ot V2w C, 1 e d Peukayw, SNTHIT4 hips s10 auyanvunied,

racommendoed opurating conditions

coe IS0 MW

n'e

e e e e e e, =B5°Co 150°C
- 1} 1)
B 11

MIN NOM MAX UNIT
Supply vultaye, Ve 4.76 b b.2% v
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L4
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Output volisye unly,
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PAHAMETER ] TEST CONDITIONS _MIN_Tyel  max | uwit
Vin wl input voltuge 2 v
V‘L Luw ovul input valtuys wy v
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: Ot
Vi - ViL- 04V,
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[T Faghslavel Inpul cunrdnt 20 »A
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; e A
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TYPE SKI5174

QUADRUPLE DIFFERENTIAL LINE BRIVER

switching charactaristics, Veg = 5V, TA = 25°C

I‘A'\AME'ILH TEET CONDITIONS MIN TYP ' MAX | Uiy
) wo Ditterwn il lusiit deluy tune R =GO, Sue Fryure 2 ) '36 (_iu_ "
1 Hyo Dutlarwntiuin uulpnl banstion tune _ bi) Wi m
wLH Propayelion dul.u.v vine, luw W quh luvel wutput "L -21n, Suu Figure 3 |_h 'J.h m
pHL Propeystion uuw |unu, )uuh to-luwe luul ouiput 44 (113 m
| _ly,"' Ouipu( wnabie ting to higlh luvel ﬁL =on, Sve fluuu 4 w [T Y
] woL Gutput wnubie e 10 luw tavut HL “ 110 i, © .um quu L 30 av |
! Wiz Output disebile tune Imm“ﬁi;h luvel "L =101, Sus Fiyore 4 bt 1 .
. Twde Odtpat disalily e from foer leval RO S Figune U 1 2w
|
PARAMETER MEASUREMENT INFONMATION

i ; 1 l Ry
! i
i Yooz
| s Voc
: ‘ f 2
‘ FIGUHE 1-DIFFERCNTIAL AND COMMON-MODE OUTPUT VOLTAGES
i
i
|
4 ——— gy
| —————— r—¢ s INPUT v g

" | ' c = sh- T . Ay : | ov

1 : L _L\ Wi oUTPUT DD e L,{_ ‘0D

GENERATOH I . | - 1

. iSveNowA) } B0 ! l
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———

NOTLS:

A,

v
<

TLST CiCUnY
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Z, = bu il
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Cy = 16 pf
{Soe Nute 1)

VOLTAGE WAVEFORMS

PHH = ) MH4, duty cycle = BO%,

FIGUNE 2-DIFFERENTIAL-QUTPUT DELAY AND THANMTION TIMES
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PE SN75174
QUADRUPLE DIFFERENTIAL LINE GiaVER

PARAMETER MEASUREMENT INFORMATION
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. TYPE SWI5114
QUADRUPLE DIFFERENTIAL LIKE DRIVER

TYPICAL CHANACTERISTICS

HIGH-LAVAL QUIPVT VOLIAGE LOW-LEVEL OUTPUT VOLTAGE DIFFEALNTIAL QUTPUT YOLTALE
- " "
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T ta s W=y, e ne Guipnst inatsed /
Ta-18'C A

¥

S Orimms Car o7 aemgelt,
:e
-
)
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¥t T
4
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AN
1€
)
loo-Snory Comrey oA
&
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-4 - N e
Wl -0 U & 10 I 20 I v ] 1 r . » ¢ 1] b ¢ ] 3 3 4 » [ ! ]
VO-Outpus Vultog -V VEC- Sy Viltage -V i VCC-bupyly Vollage-V
FIGUHE v FIGURE 10 FIGUHE 1

TYPICAL APPLICATION

14 8N \73

/4 ENT6174
e
ad;
3 b
L—a 3 )
hd <
9 p
) <
1/4 SNT0173 U 70 32 V4 BNTBVIS
DRIVER/NECLIVER PAIRS
L] L 4 L J B
4 SN26172 14 5N7617] 1/4 GN76173 14 SN76174

NOYE:  The ilne lenyth shouid be werninsted af Luth enus In its cliaracteristic Impedsnce. Stub lenygins utt the mein line should be kept as
ahurt as pussllin,

FIGURE 12
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¢ | INTERFACE - TYPE Swi51§
A CIRCUITS QUASRUPLE DIFFERENTIAL LINE RECEIVE}

HULLETIN NO. OL-S 12772, QCTOUEA 100

* Moots EIA  Standiurds  HS-422A  and
ns-423A

® Meats CCITT Ruecommendations V.10,
V.11, X.26, and X.27

JOH.N
DUAL-IN-LINE PACKAGE (TOP VIEW)

Yee w0 A ay iu'A':u v A u
*  Meuts EIA Subcommittee TR30.1 Draflt " " " " 21 M " s
Swadind PN1360 (s of April 19180) -
o Dusigned for Multipaint Bus Transimission
on Lony Bus Linus in Noisy Enviromunts o o

¢ 3-State Outputs

® Conunon-Modu Input Voltage Rungo . . .
-12Vwi12v

s laput Sunsitivity . . . £200 mV

* Input Hystaresis .. . 60 mV Typ
o High Input Iinpedance . . . 12 k21 Min Wooa v W W a2 wm
¢ Oporataes from Single 5-Volt Supply

Y * Low Powur Ruquiremunts g d
- b ®  Plug-In Ruplacemont for MC3486
description FUNCTION TAULE (EACH NECEIVER)

The SN76176 is & inonolithic quadrupled diffurentisl DIFFERENTIAL INPUTS ENABLE ouTrur

ling rucuiver with thrue-staty outputs, It is dusigned 10 A =l M

fmuet the requirements of EIA Stundards 154224 L Vip=02v 1y H

and REA21A and several CCITT recommendations, __“VIv<vip<oay il . !

The duvice is optimized for balsnced multipaint _Vin~-02v f i L

-bus tamimisian at rutes up 10 10 meyubits pur 2 i, Z

sucond. Each rucoiver features two active-high wnablus,

= high level, L = low lovel, 7 » Ingetsemliiana,
€aCh COmMmMon 10 wo recaivers. It ulyu fuatarus high A = tielevant, Z = nigh inpedance {uit)

input lmpedance, Input hysterusis tor Incroased none
imimunity, and input sumilivity of 1200 niillwolis over & common-made input voltaye rangs of —12 voltsto 12 vl

The SN76176 is desiynud for optimum purformance when used with the SN76172 or SN75174 Quadiuple ditlasntd
linw drivers,

schematics of inputs and outputs

VQUIVALENT OF EACIEA Ot b 1y | EUUIVALLIN I UF LACH LNABLE INFUT TYPICAL OF ALL OUTPULE
VL mmnmin, e - w
- om _“T— vee
s i
Vee - B Ham .
{u.n Y1) [
Weail < u 7
WM \
INPUY r -
) INPUT ouira
[ YN
Y ———
’
"’ ’ W

Copeg iyt & Tuuy by leaos insbtutnving Hivvipvinim
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. ——

TYPE SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVER

absolute maximum ratings over operating free-air tumporature range (unless othurwise notud) E
Supply voltugu, Vee {sus Note 1), . .. B R Y ;
Input voltage, Aor Binputs ... ....,. I 21V |
Ditterentiul input voltag (sus Note 2) . . B ¥R Y] ,
Enable input voltagy . ............. L A
Low-luvel output current e et ettt e eee.. BOMA |
Continuous total dissipation at {or betow) 25°C tree-air temperuture {see Note 3): J Package .. ...... 1025 m\W
) NPackege ....... 11500W .
Opurating free-air temperature range e i i e i ... 0°Cl070°C H
Storage temiperature tungs .. .. .. ... e i .. =B5°Cro 150°C )
Lewd sunperature 1716 inch (1,6 min) hom case for GO sweonds: JPackagy .. ... KT ™ !

Lead tumperature 1/16 inch (1,6 nun) trom case tor 10 seconeds: N Packoge .o oo 200°C
ROTEL: 1. All voltuye values, wacopt Uitterential 11put voltaye, are wilh respuct 1o netwurk ground teriminal. .

2. Ditlerential-input vulluu, 15 inuusured 41 the nuniliiver thng mput with respect 1o the Currmponding invening laput,
3. For operstion sbuve 267 C lrav-wir smperature, Gerete the J Pachuye 10 LOG W 81 20°C ot o rate of 8.2 MW/ C end the N packaye
16 736 W 8t 707C et @ tute of 0.2 10W/"C. §0 tha J peskage, LN LT 2L chips arw glasssmounied,

)
rwcommended operuting conditions :
MmN nom  wax funr | e
wpply volteys, Voo 4.0 4 b.'lb_ _‘V_ v '{

Communnods gt voltage, Vye M2 v R !

CiHuraniial Input voltage, Vi1 A gV !

M‘:‘:‘_’t_l!l_u}:’\:l {u;;;.,-lu,‘ ; -l’J(L —u_A__ i

Lun-luval outpui current, 1 } | mA !

Opwiming live-aif tuinpoteture, Ta 0 0 VETT :

electrical charactaristics over recommondod rangus of common-mpdu input voltagy, supply voliage, and ,

operating truu-uir temporuture {unlusy othurwise notod) ) '

PARAMUTEN T_ESI' CONDITIONS MIN  Tye!  max Junir r

Vi Diltersnitial-ingat high-thrusholed voltaya | V(g =202V, 1y = ~0.4 A 17T 0.2 v

.VTL Ditturuntial-ingput tow-threshuld vallage | V)= uTb‘V, 10 = Vo wmA ~0.24 v

Vo= VTo  Hynwushad %0 myv i

Vin Higt-leval onubiv input voltaye 2 v 4

Vi Luw-tuvel snubile Input voltage 0.8 v | '

:-\-'JJ&— Envlite-hiput clump voltuge = =1ma ~1.b v ;

Vo Hii-level Output voliage Vip = 200V,  Ign = ~400 uA, Sue Figuie V| 2,7 v by

Yoo Lowluvel sutput voltuys Vip ® =200 mV, Sue Figure 1 —:2t: ?(;'::A—L u::: v ;

_I_Q . High-impuadenuce-state vutput curiing Vo *04Vio24V . 120 | wA :

(1 Line input cutreny i 0 Y, 12 v L mA “

Suu Nute 4 Vi==lV S -0.}_1_ !

U Highlevel wnabite-input current Vigg> 2.1V 20| WA |

[ Low-lovel unablu-tnput curront Vi =04 v ~100 | pA r

0y luput resitunce 12 .-‘h_u* |

s Shortxtireunt vutput curremd ) : ~1b “ub | mA |

e Supply Curivnt . Outputs dnablut W A

"A ypical values sre st Ve 2 bV, T4 = 25°C '

Fine sigulirais convention, witere the luss pusitive (miore-neys ﬂul Nenrlt bs donipnared oy MINLINGN, 16 wesd 103 1his ete sheut Tue Wi wehuld vutieye

@iy unily,

huuluuu s the ditterence Detwewns the pusitive

Seo Figuie o,
Yivt 1use then ane QUIRUL ANOUlY Lo snuTted at 8 L1110 BnU Lhe Wurelion of the shorvcireult shuulyd nut suceed ons second,
MOTE &: Holer 40 UIA Stonusius H3-974A pid HH 4TUA Vo saact sunditiene. *

wolng Iput thresholy voitaye, Ve ond the Neyative-going lnput dueshiuld vultaye, Vy_,
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2 TYPE Sn1s1IS
QUAORUPLE DIFFERENTIAL LINE RECEIVER

NOTES: A. The Input pulse Iy Wupplled Ly & yeneretor havin

switching characturistics, Ve = SV, TA = 26°C

PANAMETEN ) TEST CONDITIONS MIN TVP MAX [UNIT
Uane] Propuyetion deluy tims, low-10-hiyl-level cutput CL = 15 pF, See Figure 2 22 Jb M‘]
L Propuyetion tsley Lime, high-to-duw-levet VUil . 2L 3 nﬁ
1P2H Quiput snuble time to hugh levui Cp = 1buF Sue Fiyure 3 12 207w
13y Qutpul viebile Line tu low lovel L * v 10 0T m )
iz Outjout divuble tine tram high luvel 2 o w3
Cp ~ b pF, Sow Frgured | - !
pLz Output disuble e linn low level L e ¥ v . 26 6 ™ l

PANAMETER MEASUNEMENT INFORMATION

l)
lOI. {

FIGURE ‘-VON' VOL

GENERATON }
fasa Nute A Lo o

QUTPUT INPUT

[}
c 5 I
A L5 F ) |
o {suu Note U) ll'LH ..l'_.!
16V e———

ouTtrur

2V

TEST CIvCWIT

VOLTAGE WAVEFOIMYE

HIGURE 2-PHOPAGATION DELAY TIMES

u the following charscreristicy:
Zyuy " 00 13,

B. Cp mcluues probe snd sirey capacilunce,

¥

——— a3V

PHR + 1 MH2, duty cycle = 60N, t, o tpo g
K
¢

6-204
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TY#E SNIE1I5

GUADRUPLE DIFFERENTIAL LINE

RECEIVcR

PARAMETER MLEASUREMUNT INFORMATION

ourrur 7] .
"
et
b 4
el Y 1o Mow G}
d
€ A
J meiew
; b /wl
Wt NERATUR N

1eee lewte A} Mu

Y-

TEST CIHCWIY
i
Yoan

v
Iy
i -- eV
Wyt - - :-:o.nv ] i -iby

f hoam erRlel L PR
=== 0y Whimed '

1 You -!..-.uv

- gy

Yo
‘2 Y
it 1'} v w
vty wimity vyl "y i i1y
" 4 oot [T r———
‘ — = gy MVVemen e gy e
badad ] ==ty

1
i
]
b e

Y
“‘—\_/— ol r‘—\';
wirg -'~ - - 8hy

EE X TRYT] o

VOLTAGE WAVEFOAMS * . .

FIGURE 3-ENABLE AND DISAULE TIMES |

NOTES:” A, The Input pulse Is supplied by o gensretor having the following characturlstice: PHHR ¢ 1 MHZ, duty cycle = 60%, yeye

Zguy = b0 S,
B, €y includvs prole end sirey capatitence
C. Al divdes ars TNV IL ur squivalenty,

G,

TYPICAL CHARACTERISTICS

Gt VUIPUS VULTAG - w
DUTPUT VOLTAGC hGatiivit ! rug Gl NGH-LLVEL m:l U1 VOLTAGE
" HGH LA VA L UL SPUT CURAENT
DIFFERNTIAL 1ruT VOLTAGE VB Y fHe ain Teurcnatune
'y —g Y - 1 1] T
Yee o by TR Taeu'C ] Vi uiv Vigeolv
o Soul® (50 BN bl Sl OO s > 1A °C = FAcd°C
1
s RN - I o o a2 -
) vice |l viee | P Vies f 3 gt by - [y -
I‘JV u‘v nuv P ..
v :
! 3 vr'.x~ y._—l "vii.L" ~ 4 4 3 -
RN YOO WU VDY | DY VR N 4 3
1, M 2t O ' [
PR S Saat B Rt | B oo | Y S O B r r —— J—
LYy R G SR P O . - 1 Yoorfeveeesv
>; l} Vipeuly
- - [~ tun o0 A
0 0 - ° T
T TR I R R G T TR W R QTR P18 ' O =6 o0 ib -0 -T0 -3 b -eih -4l 40 DT A A )
V10 = Durtersiniel lopus Veliogs - my 100 - oyt Lavel Qutpas Curimnmg A Ta-Froe Au Yompaiaipie °C
FIGUHE 4 FIGURE 6 FIGURE &
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TYPE SN75175 '
QUADUPLE DIFFERENTIAL LINE RECEIVER |

E
TYPICAL CHAHACTERISTICS
LOW LEVEL OUIFUT VOLTAGL LOWLEVEL OUTRIT vOLTAGE
A1) ' "
LUW LLVEL GUTPT CumhLN PRLE Ath TemwrthaTuRE
[ l l / ue
Ty TR TS0 0 S J -t 3 -
" tar e S s B B B e
' v 3 -l
> Ue ?
a g v - -~
4 o A 4 ORI SO
.! N / .ta 02
02 fpfi—|
3 R T N W ,
' ‘s veer by
. Vi - |
* 3 ot £ Vioe-u2v]|
1o  ma
[] o ] [P
v [ T T TR " ST ' O 10 20 30 40 M0 o0 10 ®0
0L = Low Level Oviput Curtent = ma Ta-Free Au ".m‘-'““’._.c
FIGURE 7 FIGUNE §
OUTPUT VOLTAGE OUTPUT VOLTAGH
" "
LHABLE VULTAGE ANABLE vOLTAGS
’ e . T 1 aay
vipe=02v - ¢ VeIV Vip e 02V .
" Lood c 801 W penw % _bwed o 1 M) 0 Ve
a}-Tas0°C — Veces v } v.;LTTRv \'f'?"c
! ! veges v

-~

v shv AP i

- VotV
-

-~
T
t
i

N o—Carmr Vohup =¥

v

FED IR 3 NIED O]
V)= Snquis Veilaya-V Vi=bnate Vulisye-V
FIQUHE O

FIGURE 10

TYPICAL APPLICATION

/4 SNT6VT2 14 SN
y 8 -
F“{ h 4 $ o
: ) ) o
hd U d(
S -
s y'A '
14 SNI6173 A Ul‘. T0 Jl. ) V4 ENTL1TL !
DIUVE/RLCLIVEH PATHS ,
* . [ .
1/4 §NIL172 V4 SN76173 V4 SN76123 VA ENT6174 '
. FIGUHE 11 i
NOTE: The line should us terminaeted ot Loth ends In 1ts Lharecieristic Itnpedance. Stub fongitis Off the Main line should be Rept ss o s i
possiule, ’ . i
: |
!
. 5
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Hited | . PRELIMINARY

8031/8051/8751
SINGLE-COMPONENT 8-BIT MICROCOMPUTER -

® 8031- Control Oriented CPU With RAM and 110
® B051-AnB031 With Factory Mash-Programmable ROM
® 8751- An B031 With User Programmable/Ereszble EPROM

B 4K x 8 ROM/EPROM " = BooleanProcessor
® 128x 8RAM R MCS-48€ Architecture Enhanced with:
® Four8-Bit Ports, 32 110 Lines * Non-PagedJJumps
® Two 16-Bit Timer/Even! Counfers * Direct Addressing
® High-Performance Full-Duplex * FourB-Register Banks
Serial Channel * Steck Depth Upio 128-Byfes
® External Memory Expandable to 128K * Multiply, Divide, Subtract, Compare
& Compatible withMCS-80€ /MCS-85€ & Mostinstructions Execute In 1ps
Peripherals | | ® 4ps Multiply and Divide

e

The Intett 8331/8051/6751 is » stand-slone, high-performarice single-chip Computer fabricated with Intel’s

highly-reliable <5 Volt, depletion-load, N-Channel, silicon-gz'e HMOS technology end packaged in & 40-pin
DIP. 11 provides the hardware fealures, arc hitecturalenhancements and new instructions thafare necessary tc

mahke il 2 poweriul and cost etfective controller for applications requiring up.10 64K byles of program memory

and/or up 1o 64K byles of data storage,

The BO51/B751 contains & non-volatile 4K x 8 read-only program mémory; 8 voletile 128 x 8 read/write deta’

memory, 32 I/0 lines; w0 16-bit timer/counters. e five-source, two-priority-ievel, nested inferrupt structure; a
setial 170 port for either mulli-processor communicetions, I/0 expansion, or full duplex UART: end on-chip
oscillator and clock circuits. The BI31 is identice!, excepl that it lacks the program memory. Fot systems thei
require extrs capabilily, the 8051 cen be expzndec using stendargd TTL compalible memories and the byte
oriented MCS-80 ano MCS-E5 peripherals. . 4 .
The:BOST mitrotomputer, like ite 6348 predecessor, is efficient both es & controler and 8s en arithmetic
processor. The B051 has extensive taciliies for birary and BCD arithmelic and excels in bit-handling capa-
bitities Efficient use of progrem memory resuils f7om n instruction s21 consisting of 44 % one-byte, 41%
two-byle, ang 15% three-byte instructions. Vit~ 2 12 MH2 crysta!, SB% of the instructions execule inTus, 40%
in 245 8nd Multiply ang divide require only 4,5 Among the many instructions s30ed 10 the stenderd 8048
instruction set are mulliply, divide, subtract e~c compare, ¢ .
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8031/8051/8751

——— - ce Tl L - <

=3 Farally Pin Descripion *

L‘S,a .

Sircuit ground pctential,

Yce .

"3V power supply during Opevation, programming
and verification,  ° L

PORTO

7ot 0 !s an 851 cpen drain Sidirectional 10 port,
Risalsothe multiplesed low-ordar addressand dats
Dus when using external memary. Itis used for data
Input and output during programming and verifl-
cation. Port0 can sink/source two TTL foads

PORT ¢ , . .
Port 1 1s an 88t quasi-bidirectional VO port. It i3
usedfor thelow-order acdress byte dudAng pregram-
ming and vesification, Port 1 can sink/source one
TTL load. )

PORT2

Port21s an &bit Quasi-bidirectional VO port. it also
amits the high-order address byte when acceasing
exlemal memory. it Is used for the high-orcer
iddreas and thecantrol signals during programming
and verfication. Port 2 can sink/3ource one TTL
Icad. 2 .

PORT 3 f

Port 3 |3 an 3-bit quasi-bidirectional VO port italsq

¢antaing the interrupt, Umer, serizl port ang RD and

V'R ping that are used by various options. The

‘oulputiatch carrespondingto sscondary function

Mmustbe programmed to 3 one (1) forthattunctionto

Oparate. Port 3 can sink/source one TTL ioad. The

3econdarytunctions are a3signed tathe pins ol Port

J, a3 follows:

—RXD/data (PL0). Serdal port's receiver data Input
(uypchmnm) or data input/output (synchro-
nous), . .

=~ TXO/clock {P3.1). Serial port's fransmitter dala
output (asynchronous) or clock output (synchro-
nous),

~INTOQ (N.?].lht-mptoinpu}or gatecontrolinput

fof counter 0,

- IW(PS.J). Interrupt 1inputorgate control Input
lor ciyunter 1., - .

—TO (P3.4). tnput to counter 0.

—T1 (P2.5). Input 1o counter 1,

—WR (P3.8). The write control signal latcheg the

' data byte from Port Q" into the External Data

Memory. . .

—AD (PJ.7). The read control signal enadles
External Data Memory to Port 0.

R3T/Vpp .
Alowtohigh lransitlon on thispia (at ipproximately

JV) resels the 3051, 1t VPo 13 held within it 3pec
(npproxlmnuly *5V), while Ycc drops below pec,

Vpo will provide 3tanddy power ta the RAM. When -

VPpislow, the AAM's currentis drawn from VCC.A
smalllnlermln:istorpenniu Power-on resetusing
only a capecitor connected tovge.

ALE/PROQ

Provides ‘Addrm:anh Enadble output usad for.

latching the address Into external memory during

narmal operatlon. Recelves the program pulse

input during EPROM programming.
PREn T
The Program Store Enable output is a control signal

‘that enables the external Program Memory to the

bus during normal fetch operations..

EA/YDO

When held at a TTL high level, the 80S1 execules
instructions from the internal ROM/EPROM when.
the PC is less than 4096. When held at a TTL low
level, the 8051 fetches alt instuctions from external
Program Memory. The pin also receives the 21v
EPROM programming supply volitage.

XTAL1 -
Input 10 the osciltator's high gain amplifier. A crystal
Or external source can be ysed., .

XTAL2
Output from the oscillator's amplifier. Required when

-acrystal isused.

——— .
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intdl 8031805118751 _  PRELIMINARY

*NOTICE: Stressed abdove 150sa listed urnder “Absokity
Maximum Ratingi™ may cavse permangnt démege 1o the

Ambdient Temperature Under Blas .......... (IC te1C°C device. Ths is £iirvsas rating only and Kinctional oper s
Storage Temperature..... vereeaes 00 B8°C0 1T C  tion of the devica af these ce any Other conditions sdove'
Voitage on Any Pin With those indicated ‘n INe Operstionel'sections ol 1hr spec

Respect 10 Ground (Vgg).veveuvnrennenne 03Vio »7V lication is not imglied. Espcsure 10 sbaciule meximum
Power Disaipation ......... veetecens Ceresananes Twarns rating conditions o extenced perioda may aitect device

relialdity,

D.C. CHARACTERISTICS (TA = 0°C:070°C: Vg * SV £ 5% Vgg = OV)

Symbol Parameter Min Typ Max Units | Test Concitiors
viL Input Low Voltage (All except XTALY) 0.5 08 \';
Vit Input Low Voltage (XTALT) Qs T80 - v
Vin Inpul High Voitage 20 . veg-0s v ' f

(At Except XTALL, RSTAPQO) .
Vimt Input HigR Voltage (XTALT) 780 vee90s v A
ViH2 tnput High Vollage (RST) 10 . [ Vec * 0
VIH3 “Input High Valtage (Vpp) 43 5.5 v Power Down Only

(Vvce = 0)

Voo Output Low Yoltage j 0.45 v oL*? mA .

(Al Qutpuls Sacept Port 0) .
vous Qutpul Low Voltage (Port 0) 048 v lo "4 mA
VOH Output High Valtage (Al Outputs 24 V[ lon*-100uA

Except Port 0. ALE and PSEN),
VOr1 Output High Voitage (ALE and PSEN. 2.4 v loH * = WA

. Port 0 in External Sus Mode) .
Lo Puliup Raesistor Currant (P1, P2. PJ) 500 uA .1$V$V|p; s‘lcé
ot Qutput Leakage Current (PO) =10 uA A3V sVIN SVCC
lec. Power Supply Curren) ’ ) 150 [ mA TAr35°C
. .| (All Outputs Disconnected) ) "
[/-Ts) Powser Down Supply Current 20 mA TA*25°C, Vpp* 5.
: Veetov '
Cio Capacitance Of 1/Q Buller .10 pF fc IMHZ
~
L]
.7:3
T * Seemaraii ot eSS
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8031/6051/8751

 PRELIMINARY

A.C. CHARACTERISTICS (Tp» 0*C1o70°C; Veg * 5V 5% Vgg ® OV: €| for Port 0, ALE

ang PSEN Outputs * 150 pF; C for All Other Oulputs « 8D pF)

Program Memory Characterstics

’ Variable Clock

12 ¥Hz Clock VICLCL=12 MHz t0 72 MHz
Symbol Parameler Min Max Units Min Meax Unlts
ICLCL | Oscillator Periog 83 ) ns ns
Icy Min Instiuttion Cycle Time 1.0 », [121CLCL | 12TCLCL ns
TLHLL | ALE Pulse Wiath 160 ns 2ICLCL-30 ™
TAVLL | Asdreas Se1 Up To ALE 62 ns TCLCL-25 ns.
TLLAX Adoress Holt Afier ALE 3 ns TCLCL-3S s
TP.PH- | PSEN wioin 239 ns  |3TCLOL-20 ns
TLHLH | PSEN, ALE Cycle Time £00 ns €TCLCL ra
TPLIV PSEN To Valig tnstruction In 159 ns 31CLCL-100 ns
TPHDX | Input Dats Holc Atier PSEN ) ns |0 ’ m
TPADZ | input Dats Fioat Atier PSEN 78 ns TCLCL-10 n
TAVIV | Address To Valic (nsir In 3 ns > 5TCLCL-100 ns
Ta2P. | Address Float To PSEN 0 s o rs

Extema! Dats Memory Characteristics
' 12 MHz Ciock Variable Clock
Symbo! Parsmeter Min Moz Unlt Min Max Unhs
TRLRH | RD Pulse wioth 42) ‘m[6ICLCL00 ns
TWiWH | WR Pulse Wioth 00 n [ EICLCL-100 ns
TRV AD To'valo Dsta in 250 ns STCLCL-1T70 ns
TRHDX | Data Hoic Atier RD . o |0 ns
TRHDZ | Data Fioat Atier RD | 120 ns 21CLCL-70 n
T4VDY | Aaoress To Vahe Dats in 0 ns 9TCLCL-150 ns
TAYWL | Adoress To WR o1 KD 220 ns 41CLCL-133 ns
TOVWX | Data Vahie To WA Transltion ns - n
TOVWH | Data Setup Belors Wh 400 ns TCLCL-S ns
TWrOX | Data Ktic Ate: WR ') ns 2TCLCL-92 ns
[ ]°21 &

Thea 070 210 EALE cytiet pet instraciion Ciocks BNC B1ale BImIng 86 9hDwh O the Lmng e am 157 re'e ense purposes only They oo
O az0mmb-ie OOt I pezkage TCY i the minimurr,

ADZw »rivt

3nC holt 1ime o, AL 6% % same to Qaus e g

-«
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ntal : 8031/8051/8751.  PRELIMINARY'

]
mlin n n Al » » n n n ™ ™M n n
-] RERSREREREREgERn
. A {24
padecem VLAY wmemtiued Tom, - }__
o J- \ } \ . l

= | ST | ”

=1 |

]
3

sonT g x ADOALMS ayiu, | X ADORLAS 84y iy x:e:;un

2 Shel) .
VM Yol
"-D\-—c-l MIO-L.- l-‘ 4 ).
[ sk ] \ ]non slas ] (8 onx oy TR [ }X ]u.ou -r: - J]O.bnl
( PO Y1y V :

Progrsm Memory Resd Cycle

vost1y ) ¢ ) ASDaLer byguay

B — ot } ; “z
L
j ™o 1 r.—

Vs
o Tl . ,
ot e (—n :]v.bu | ayeag ] noar X Sata = J ~par )<§?‘r‘u‘
f .

. Date Memory Read Cycle

= _ﬁ /T
-t -____/ " "_ .
- | —
] i .
oy X | eemuenn ) G
‘ iy %- A rord :
-y (mw’ - ]n.nu \ by x e

Dl emon Write Cycie
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attel : 8031/8051/8751 ° PRELIMINARY

1 eme e e e Ve e . .

ROGRAM VERIFY

P . 12 MHz Clock Variable Clock
Symbol arameler . ‘ VTP T T ey
TOVPL Data Setup {0 PROG 10us JTCY » 10pus
.TPROX | Data Hoid from PROG' 1Cps JTCY + 1Cus

TAYQV Acdress to Data Valld : . 1Cus I TCY + 10us
TELQV Output Enable (P27) to Cata Vaild 10us 3TCY + 10us
TEMQZ Output Enable Off to Data Float 0 10us 0 3TCY + 10us
TVHPL VDO Setup to PROG 10us 10us

TPRYL VOO Hold alter PROG 10us 10us

TPLPH PROG Width 49ms | Sims 49ms Sims

Input and Oulpul Wavelorms for A.C. Tests

24 — ~
2.0 2.0
T TEST POINTS
v 0.8 +— ~08

0.48 —

PROGRAM VERIFY.

, = , 1 r
roat :o;'—(' 000038 \f “ADoeess T aooRe3s .
fam, { l-o—.- T”:“ }'.._F‘ Tavoe
rout wm e  sooie ~{ aoeeqss ~ = avoacis
1OV et - Pwox e raave c-{ l'-mool
roat “‘ saramstams ¥/ r\un-qym DATa CUT STAKE m( “"~..
—
. el ™ . .
reoual \ I .
e, — s ¢
. . i

NOTES: 1) PSEN-« VIL, VPORST = VIH1 .
' 2} MSB of addrwss Is Port 23, L33 Is Port 0
|3) All levots ars VIL, VIH, VOL, VOH except VDO/EA.
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8031/8051/8751

PRELIN

Sedal Port Tirking ~— Shift Reglster Mode
Condltions: Ty = 40°C ta 85°C; Ve = 3V £ 10%; Vgg = OV; C = 80pF

MARYS
— T

’
12 MHz Clock Varlable Clock
Symbol Paramaler Min | Max Min Max
TCLCL Serlal Port Clock Cycle Time 1.0 us TCY
TQVCH Output Data Setup to Clock 750 ns STCY/630 ns
. Rlsing Edge -
TCHOX | Output Data Hold After Clock 80 ns TCYi&30 ns !
. Rising €dge .
TCHOV Clock Rising Edga lo Input 750 ns STCY/830 ns:
Data Valid : . .
TCHOX Input Data Hold Alter Clock 0 (!

Rlslng Edge

7.7

prageree~anrVEE S

r



280-CPU

Absolute Maximum Ratings

Temperatute Undes Buas
Sronsge Temperstont

63°C 10 ¢130°C

Veluage On Any Pin QIV bV
with Respect 10 Grovnd .
Power Duniparton 1.5W

Shrcilwed nperoting tange.

*Comment

.Stresses sbove thos listed under “Absolute
Maumum Rating”" may couse permanent
damage 10 the device. Tha 1 8 steead ishng
only and funcuionsl opesstion of the dence
at these of any othet condilion above those
Indicated s the operational secuions of [
specificalion u not imphwed. Exposuie 10

_absolute maumum esting condutions for
catended penods may alfect device reliabiiny.

780-CPU D.C. Characteristics

Ta?® 0°C 70'('.V“, 58V 2 824 unless wherwise wpevihed

Nove  Fon 2UGLPU 00 AC 0ad DX charectensiny srmam the
same foo the mbnary grade potts encepi b

1, *00mA

Capacitance

T = 28°C.0 =) MH2,
unmeasured pins retuined 1o ground

Symbol { Patameter Min. | Typ Man. | Usit Test Condition Symbol | Paramerer Max, | Unn
Yie Clnk Input Low Vuliage 0) | [T} v Ce Clt Capacnionve I oF
Yine Ciw Inpur Hhigh Vehage Voo -$ Verd v (™ nput Capartiame s of
i Input Low Vulisge 0 ov v Couy | Owpwt Caparitanve 10 of
S Tt Hhgh Vodtage u A v
‘0\. Warput L em Vatcage i A} IUl LANTRY
L -
Vou | Oviewt tigh Vediaxe 4 . V| gyt -M0uA ,LBO'CP U
N .
Ordering Information
Iec Power Supply Curtens 150 | mA
Iy tnput Leaboge Current 10 | wa | viowv, $ :S"::.::“
S - Standaré SV 13% 0° 10 70°C
on TirStats Output Leatage Curaent in Flust 10 HA Vom-:A WV E- ‘._::' » 43V 15% -40" 10 85°C
— M - Mihisry 3V 110% =38° 10 128°C
hot Tar-Stare Ouiput Leskage Currens i Flaa 10 | pA vom-o av
o Data Bus Leabage Cutsgnt in lnput Mude £10 BA o<V|N<V“
4
o
Capacitance .
o 46
280A-CPU D.C. Characteristics W7 (
- * . I'A'ZS(.I"IMMI.
LNCCRSITREL A SV 4 gnlvs athiers e -pc.:hnl unmeasted pins retuencd ground
Symbel | Parsmeier Min Typ Mon. | Unit | Tesw Condition Symbal | Parameter May | Unit
Vi | vhe b R Y oes | v . s apanand | 28
" Vi Clab tuput Hligh Visdioge Vo -6 Vet ¥ (S oo 4 apaitaney ‘
Vi et Burw bediage 04 un ¥ Cory  ]7men Capantany w
Vgt Iriput High ¥ olige MU Vo v
Vin Tharpint Lo S odiage ud v YRl moA
Mon Ouiput Hiygh Vodigge 14 v [FREL ] ZSOA_CPU
I Pomrs Spph 4 wisent w0 200 wA ordeﬁng lnformation
n Toput 1 ¢abage  wntent ' P TR ¢ Coma
& R o P Punw
L) FunStare Cheiput § ¢abope C morent w bl w 'L Vopptide Vo S Siondard §V £33 07 10 0°C
b Jir Mare Uhanput § cabage Cnent an Flost <l »A Vour wav
[ Vats Muvl cabags € wasent w bnput Mol au | ea | vEVEY,

We reprint data sheats
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on pages 7-D2 through 7.013 by permission of Ziog. lncorpou;’od.
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\
Z288-CPLi .
A.C. Characteristics

To=0Cuw 7()°(". Ve = 5V 2 §%, Unless Otherwise Noted.

Sgnal Semiai Parameres Min a Unt ] Tew Condutron
Chal Porney 4 LN wa " e bt PP TS
. Chas Pulwe Widih That lhgh %0 T ey
Clnh Fulw Wadbts (Chak Low llzs N My
bhab Rew ard # ol Toiw vy
TV Addiens Dutput idrlay 148 ey .
'S oA Ilay b bl . 110 T asee
o Addrew Subie P b WRTD (Mepmany Cycler TIT " TR RP PP
Aoy [ AR abe P 1 TTRD AT o TR 11414 vate) T me ] Q1 I Gim Yooty * 1= 18
", Addvens Stonte s 1D, TR ot MREY T e . R
ot ' Addien Sramde bovunn KIY o WH Doy st £ e BE g o
D Uats Gunpant vtay 2)0 P ™ 1, Ty Yy s 40
o Ehday 1t Bhivat furong Wit {yole iy
seun 1450 Servup Tanar tos Rivueg | dgt ot Cln b Pharsny M1 Cyate AL i (LR L PRI IR ]
[ [ Dotz Se16p i tos D abting | 9ge ool €k Dhssing M2 gr MS o nes €, = S0t *
(% ¢ 2 TR beore tos B Jlhing | 9y v
Yo 210 $1abbe Posess 100 TR (Meenuny Cy et LAL e L 11 bgem =t~ 210
o Wota Siable Pown 10 WH 010 Cyaley T 1. ey
D et Srante brum WK T Wl tge) ™ tqary * 1, - 110
"W Ay 0o Faisee b Sevupr boo v | nes Mty Tugor)*l 80
LSk | MRID Drbay %o batlog 1 dpe ot € tomt, BRTT) 1 ow | e,
DHd ity | WKTO Delay roum Kessng | dge wi Chnk, HRTO High T o
[ 1¢) E k) | FRTO brtay Foums b otting 1 dge on Chund HMRT ) ygn I AR
e IMEL)Y Pulse Widih MHTQ Lom 18T [ (LT LY 1
tw ; . MRLY Y
o (kT Pulwe Wbl MHTQ 1tgh . &7 e
e - B faqmmn * faom * 4y 20
"Wie Ky TORG betay 1 1um Raring Ldge s Cluck, IORQ Liw " Lo
o0 LE Ry TOKQ (etay From §alting Edgé of Cluch. JORD Luw LI TS RPN .
v r kg | TTED ey Frwm Rivng Fdpe of Cloek, TORD High e Lo
Ui ot FINO eI L ewvs, Lathing dge ot Chen b RO Hgh, Lo
01 e hin :t_.'.h wt Bty s fer Lok B L "y
LBy | ED Deley Froun 2 atlung | dge o 4k KD 1 um )
o 1DHe IRD) RD Driay From Raung Lage of Cluck, Rivingh T Mo wpnt
WHE (R RD Ortay §1om Fatling tage of Clock, RD High hiac
DLe IWR) gj Delay From Raing l‘ndﬂul.tﬁ_u- 80 L]
I K Delay From Falling Edgr of Cloch, 03k Low met
= 'oE Wiy | ¥R Urlay From Fallimg Lage of Chns. TR thgh e B S
[~ T Poise Widih, WK Luw e f
—— 101ty =t - 40
m e B Detey rum Runing Lgs of Conh, BT Low 130 | neee Cy = 50pF
‘DN M1y ﬁ‘n Detey From Rovng Ldgr of Cluck, 53 pigh e
o DL IKF) RTSH Delay #iom Bung Lage of Chack, RTSH Luw 130 { nsec
DH (RF) RFSH Lrly From Ry Ldge of Chuck, RTSH Hugh e CL " 30pF
——
T
LI A VAT 3¢10p Ton v Falhing Lage of Cloxh 0 e
—
BT | g FETY Delay Yame From Bating bdge of Chonh 300 | awe | € e s0pF
—
m Wy TBY Serup Vume 1 Possng Fdge uf Cluch 50 LI
e .
Bo L e | Pt oo, BB Lo "0 me
e
U | 4, a0, FUSNG Se1up Yome 10 Moung 1 age of Chond w s
e
W | ovea BUSAK Dntos Loam Rinomg 0 dge ot Clonk, BUSAE 1w 120 | me
‘ot isai, | FUSAR Detay frum Fatiing 1 age wt Cla b, ROSAR tg0 T e ] S 7 d00t
—
s RTETY Setup Tupwe 10 Rinng 1 dge of Chad w0 mee
[ —————f —
— — -
e birtey v et {MRT O, TTRO. KD and WK1 100 | mc >
- B0 Stabte Prois 1ot TIRG dnaenrupr Auk ) [T vy . 1] 4y N, S hgpaty * 1~ 0

NOTLy
A

"ot omas
Dats Unrutd b eurshied wntit the § PLT dotg b "

D atire Duvng umtenups S bmemicdgr Jora

. whouig he Inahted whon M1 gund IOKU 418 bosily m inve
Al vatieed spngis gue ettaalls sumdosminradl woilry wias e Botally surm i with oot ‘
LY YRV
:" T80 REXTV wpmat vt e wctvew bow o Issnem ol § bk aides
Ovipet Duigy Lisded € apansiomg
e v ey iy
Add 10nmc detay fur each S0pl ancreass in buad up 10 8 maximum of 200pf for the dats bus & 100pf fur
, diean & control hines Load curchit for Ovipul

Aldueugly wars, by devph 1evting yustantiers Y bty O T s mosimum
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Z80-CPU

A.C. Characteristics

To,=0°Cto 70°C, Ve = 45V ¢ $%. Unless Otherwne Noted.

Sgral Symbe! Pasmetes Min | Mo | sk | 1eiContition
\ Chad Perned 4 [T S
. 1 P Clk Pulwe Widils Clad Thigh [ t [N
o 19l Cloak Pulse Wadih Gl b Low 11 N ey
[ Tk Row ond bath T awye
yeatn Addrens Ouiput Liela 143 LES
15 eAl Delay tes b gt 10 I
am Address S1mie P 1o TRT O (Mepwns Croter o] nsopf
A-18 ‘et Address Spable Praon 10 TORD &N SR 000y o T ks L
" Addrens Monle onn B, BT, TORY o MRTT T s
a Addiers S1abl oot B o TR Dssng Pl T nite
) " ba Quipin INigy 230 ey
ST ekay oo bl Dusstng Winte Cyade [0
rery) ats Serup Tund e Ripig b dge ot Chad Do St snile  [30 Paes
8.1 15N Deta Sevup Vo b §athiing § gt o € had Bhurstey e M o0 ey e sopl
(- 1ats Stole Passst 100 TR 1Menmwn Cyoled L] P
19 Dota Stame Prow 10 WR1 40 amn Tl [N
o Data Saante 1o TR
" Ay Hodd Vane ton Setop o (] LT
1ouF ks | FTETD It eom 3 oihing Fipe o Cind T - 100 | meo
intte myy | BRTO oy brown Reying 1 dgr o €l & y T ity
L) pne k) | FRTO Detas dium baiting Fage o Clnd G120 ot T ] €, 0pF
I (MRLY Pulse %ygen, TRTD Love XD
e (R Putse Wedeh, MKTQ 1igh G E '
1OL6 tIR) TG telay Fewm Roung | oge w Cloch JORG 1 - 0| me
™ TORD Drlss From Falling Edge ot Clock ORI 1 o T neC )
B 1 ettt | TORD tetay toom Riung b age of Choxs, FORD 1t wr] CL°3F
W (R TORG tetay feom bathng | dge o Chad, DR 1000 T 3
‘DLe (RDY D Delas 1rum Ruyng Fdpe of Cloch, ID low 100 (20
D 10t% ¢Ry | ED Delay Fram Faliing ldp of Cheh, RO Lo T LTI PP
IDHe (RD} Twlay From Ravng | dge of Chaeh, AT Mgt anee L
1oHE ap | KD Driny bram Fatbng Eage of Cloch KD 1 T T3
‘DL MR ﬁ Drtay from lmn. Fape of Cloch, K S K 1ow :.g nuec
1DLE (w3 WR Delsy From T, dge of Clock, ¥l L [
b 1OHT (WR) Wk Driay Frum dge of Clcd . TR 11y T 0 €y 0rF
1o (WR L Pubse Width, WR Low 119 ooy
DL M1 i Drlay #rm Runng Edge ot Clon b, BT Lus 130 | mec
c) wmon K1 Deter ewm asing Lége of Clonk, BTV pign Tt CL " $00F
DL RIS TFSH ety From Ranng $gge ot Clk, lll MUt - 180 e
RIS | oL emry | TFST Dty Frum Roung Lape of Closk. RTST 4 TS | et Cp = s0eF
wal (N1 1) WAIT Serup Tonne vo Palbing bdye o Clinn 0 naec
TRV | wppnny | TIATT Drtes Tume brom Fathg 3 gge o €t 300 | mec | € 3000
K1 s TRY Serup Tome s Ronng 1 dgge of Cland (] aves
h () o
o) . (L Putrs Wigih, M1 Lue (1 noec
0R0 | s o0 FUSKD Serup Tome 1 Riwng | ape ot Clont 20 aneg
SUGR 1 'OLisa KUTAR Peley From Roring dge ot Ot BUR AR L 120 nsec
A nm,‘.', BUTAK Drlay From Fatting boge of Chnb BT AT bigh Ti5 e | L7 30°F
[134a 1 INTIT) RTSTY Seoup Tima e Reung § dge of Chat w0 (ol
.
iy Drtas s bt (MRTO TORO. KD ang Wio 100 | ase
. 3 Stomte Puor tv TORG (loterrupt Ak ¢ i mew :
NOTS .
A Dats shatd be enohlr€ antor tie CFL data b wiien A1 o onwve Dorsin wose ot acknewdedye dote
hewld be cwubied whenM 1 and IOKQ ot boths onine iy ivend

B Al yomtid ugasts are greinatl) s bionnsed wethry mas he itatiy st

wsathe chnk

1 Vioe KERTT wgnad ovent B¢ actoor ha 5 Amsmimum o Jabimt seatens
D Ouipwt Deley v Lovded Lopartone
TAONE Vo s s V8

Add t10nsec debry for each SOpf incoease m Toad up to 8 maninnin - 200p( for the data bus & 100pf for
91 & control hines
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b ANbough st By drogs. teatng guatamiens o, gy, o N vy Mrasimutn

wan ket

I et ol h

U m® e * -7
3] L 'I‘-ﬂo

(L I R AT
[MERWEALFTIPEA A
I tgem ® tg= 210 )
10} 1ge, ® taqeL) * Y = VO
P tegr® el * 4 30

LI TR

19 taMr ® terein * 0 0

O} 1y RLy - 40

1) 1y ® N1 ¢ by * Y- 8

Loaé eucunt for Duipud
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Z80A-CPU
A.C. Characteristics

To 2 0°C1u70°C. Ve = ¢SV 2 5%, Unless Otherwise Noted.,

Signat Symbot Puswuin . Min Max 2 { Uk Y Condion
1 Clock Period 23 [[M] e
. i, 19M) Clach Pular Widih, Cloch Han 10 [ Swg
teteL) Clock Pulse Widih, Qb Low (1) N Tame
4.0 Clock Rase ond Fath Tome ] g
1D (AD) Address Ourpur Deiay t10 pu
' AD) Delay 10 Floet o Doty
[ Addveu S1abls Priot 10 (Memeny Cycts) LEL) 3
Avo-13 [ Addiens Stadis P 10 TORD. KD o WK (1/0 Cyciey TS s B e
o Address Subls fiom BB, W, IOND of I Pats
ot Addren Stavle #1om RD o WR During Flost T it
D(D) De1a Ouiput Deley 150 [N
F(D) Delay to Flost During Winte Cycte 90 na.
15¢ (D) Do a Serup Teme 10 Ronmg Edge of Clond Durng M1 Cyoht b} it
Ug.y 153 (D) Daa Satup Tima 1o Fatting Edge of Cluck Duriag M2 My 157" hity C; = S0pt
Ydem Duts Suable Pravs 10 TR (Memury Cyeie) T i, 3
[ Oria Stable Possw sw WK {1/0 Cycle) BRI e
tegl Dets Stathe From WR T .
W Any Hols Teme fo0 Setup Tume (] ey
'oUF Mr) | FRID Delay From Fathing Edge of Clock, MATD Low 85 1 o
toHe (kg |  HFEQ Delay Fiom Roung Edge of Cioxh, WELD High T 85 ] wiec
KRED IDHE (MR FWED Dety From Fathing Lage of Clock, TR Hgh B3 1 awer ] €, * s0pt
) 1 * 00
Ve (MAL) Puise Width, HRED Low Ly nut
\w (THR) Puisz Wigch, NKEQ High Bl T3 ;
DLe (R} TORY Detay From Ruung Edpe of Cloch, JORG Low 5] me |
oKD L8 GR) JGRQ Dutay From Faling Ldge of Clact, IORO Low B3 | wwe
1otte (1) | TORQ DOy From Ruung Edpe of Closk, [ORY Hygh 33 S R e
ONF (1) TOWQ Dutay From Falhiag Lége of Cloct, ORG Hign a5 |- mec
DLe (RD) E Dalsy From Rusing Edge of Clack, l:-l?_l.ov 8S noeg b
"o DLE (RD) RO Delsy From Fathing Edge of Clock, RD Low 93 aweg
1D (RD) Oulsy From Riung Edge of Cloch, RD High 133 (T €y * 300t
SONY (RD) KD Detay #rom Fatlag Edge of Clach, KD High 8s '3
‘Lo wiy [ VR Lalsy Fiom Raing Eage of Clock, WR Low 65 | awe
& oLF W) | W el From Falting Edge of Qlaxk, T Low (L M =
HE (wR) | W Delay brom Fatking Eege of Cloch, WK Hugh W0 ame ] Cut0F
N W (WRL) Pise widih, WR Low o [
N = T
LMD B Deldy From Wuing Edge of Qock, 1T Low 100 maee
Ll 154 (1) K1 Detoy From asing Bdpe of Qock, M1 s 100 niee CL o 30pF
Wegkt) | KFEN Dulay From Ring £ of Croct, RFSTT Low 130_ | e
A I K Dalay From Ranng Ldgs of Cluch, RFSH Hugh T TR e Lt 300t
e 4 (W WATT servp Yome 10 Falhng Edge of Qloch " nnc
HaTY ™ 1) TATY rsy Tume From bating Edge of Clock 300 | msec | € 30pt
E
WY [ ) TRY Setup Tume to Rising L of Chach 0 naeg
K o (WaL) | Peise Wedih, KT Low [ nu
| 144 T) i"m BUs®) Setup Time 10 Ruung Edje of Qexl i neg
DL (DA} EUSAR Detsy From Juimng Edge of Crack, EUSAT Low 100 | avec
STEAR DM (B SUSAR Deiay From Fulling Edge of Chock BUYAR. Hugh 0 [earc ] ot doof
mn Ar(R3) RUSTY satup Teme so Ruung Lége of Clxh ® | e
(f ¢C§ Oxlay 10 ﬂul(m.m.“ulm) 0 L
[ M1 Stabds Pruwr 16 JORQ (Satarivpr Ach ) . (1] ame
NOTLS .
A Date thoold e enebled nnso the CPL data bus when KD s acive Duting mtartvpt schnowiedge ata
Would be enapbied whea WT an¢ 410 Dath ative ::'"';l.':l

B At connut ugaals sre intesnslly 1) nchroniaed,

Ve the gl b
The

on

Add 10nscc delay for sach §
2ddien & coniol lines.

$ip78l Bhust Be acties fin o Minimem of 3 clout epctes

Ouipu: Duiay v Losded Copocnance
1A+ ¢

Ve s ¢4V 258

£ Athough el by dengn. 1eshng gusrantecs ‘-(GM] of 200 ut¢ masimum

13 they may ¢ 1olslly asynchienows with 'ul'l‘l

Upf incrsass in 1094 wp 10 manimum of 200pf foy data bus an1 100 for

B2t ® o iom) * loqery 4ty

n 'xn"‘(om"""
11 1o -10
P g2 tgon) * 1y - 30

Seaf * Vuqer) Yy - 43

=

11 e * 1 - 170

K

40 |'(4.U -1
ledr ® buqeLy* Yy - 10

—

191 "(M_RL)' D p 1}

LT LIPS

110} W WHL) * 4 =30

(1] b, e h‘u“.mu‘-ﬂ

Load circunt fur Oyvput
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280-CPU
A.C. Timing Diagram

Timing measurements 212 made at the following

voltages, unless otherwise specified: - o
(s K Vee =6V E134 .
om o 0V aV
SRS 7} Nt 0V v
LT v $03V
w rae)
WA 5 T IRT
I L?'J A9
hw ) . . ::.'..l—
g
. L aad 1*
"0 180
n == L4 [ -
\ W ” Ny N, 11 ')g
Y K
z\\ - £ ‘i‘; F e
q 53 P
:-:.)*____ 1\ L4 :] . A
d DI o 10 i :m__‘i“\i
J5 KT ! He
‘s mn-—'} _9{, . e I
"
4/ § v 4
o 1y TOM (M1} onemn - L ot
1}
S I /
2} s Pow (ar)) g b tegt
04 (R1 ) merd taer }-—41
\ J it
[—e'013 runs DMt 1R herd ok Toly Soud (s L™ I
D { — H'w st d \ - “da
. LR 2 ] a” 2]
nq.“o\-num fowst 1 —nd ; AT Bud Moy— -
N,
\ /
T 1 | \ ,_u e des @
Ay louboenf} 3 o - ‘ol tovmy
) waop T 1./
faut M [ L, | g
1D U] ‘-— aaly ont pare=d L_-_
i s j l " /( N -/--——
o=t ~~H Ny ! —_ i
o oL mn‘uﬁ'::; F R
- —, P
N \.--.
\ ) teie am) :‘;‘l“m 7] L
A“-i -
ot || lgg el =
p t
>S ?(‘ ‘o s 'o i)y
'.'snn _‘:_J
+ b 2
XK
?
LTI o . eameremd )
T Y v/
.-_') Seae 10w 104
51 ullq:-—-'i
gl | J
—_—
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) TYPES ULN20G1A THRU ULN2005A

INTERFACE
CIRCUITS DARLINGTON TRANSISTOR ARRAYS

BULLETINNO. DL-S 12467, DECEMBER 1976 — REVISED DECEMBER 1880
3

HIGH-VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS

_JORN
500 mA Rated Collector Current (Single Output) DUAL-IN-LINE PACKAGE ({TOP VIEW]
ic € x a [ 13 8 7C COM
Wi |

High-Voltage Outputs . .. 50 V wl Tl Nel [l [z o

Output Clamp Diodes j }j } )
14

Inputs Compatible with Various Types of Logic
)
[3

Relay Driver Applications
3 4 s [ ] 7

Designed to be Interchangeable with Sprague Z’& Z’& +
3 H
1® 2 48 58 @ 7.

ULN2001A Series

description

The ULN2001A, ULN2002A, ULN2003A, ULN2004A, and ULN200SA are monolithic high-voltage, high-current
darlington transistor arrays. Each comprises seven n-p-n darlington pairs. All units feature high-voltage outputs with
common-cathode clamp diodes for switching inductive loads. The collector-current rating of a single darlington pair is
500 milliamperes. Qutputs and inputs may each be paralleled for higher ¢current capability. Applications include relay
drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), line drivers, and logic buffers. For
100-volt (otherwise interchangeable) versions, see the SN75465 through SN75469.

The ULN2001A is a general-purpose array and may be used with DTL, TTL, P-MOS, CMOS, etc. The ULN2002A is
specifically designed for use with 14- to 25-volt P-MOS devices and each input has a zener diode and resistor in series to
limit the input current to 8 safe limit. The ULN2003A has a 2.7-kS2 series base resistor to each darlington pair. This
allows operation directly with TTL or 5-volt CMOS. The ULN2004A has an appropriate series input resistor to allow its
operation directly from CMOS or R-MOS utilizing supply voltages of 6 to 15 volts. The f'equired input current is below
that of the ULN2003A while the required voltage is less than that required by the ULN2002A. The ULN2005A has a
1.05-k§2 series base resistor and is especially designed for use with TTL where higher output current is required and

I8ading of the driving source is not a concern,

schematics {each darlington pair)
com coM

7V

OUTPUTC 0._0«—%_4
105 k

INi;UT [:}

OUTPUT C

INPUT B

ULN200TA ULN2002A
coM
Rg
TP
o a OUTPUT €
INPUT B j\__‘

ULN2003A: Rg=27k 72k

ULN2004A: Rp = 105k

ULN2005A: Rg=1.05k I,‘ ° E

7
ULN2003A, ULN2004A, ULN200SA

A

Smenil10F values shown are nominal and in ohms,
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TYPES ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Collector-emitter voltage

Input voltage (see Note 1): ULN2002A, ULN2003A, ULN2004A

ULN2005A
Peak collector current (see Figures 14 and 15)

Continuous input current, ULN2001A only
Total substrate-terminal current: J package

N package

Continuous dissipation (tota! package) at (or below)

25°C free-air temperature (see Note 2): J package ......
N package
Operating free-air temperature range

‘Storage temperature range

NOTES: 1.

Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds, J package

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds, N package

All voltage values, uniess otherwise noted, are with respect to the emitter/substrate terminal, E.
2. For operation above 25°C free-sir temperature, refer to the Dissipation Derating Curves in the Tharmat Information section, whir

starts on psge 2-1. In the J package, ULN2001A through ULN200SA chips are glass-mounted.

electrical characteristics at 25°C free-air-temperature (unless otherwise noted)

500 ms

~500 mx

1025 ma
1150 my,
.. 0°Cto70%¢
—65°C to 150°¢

50\
30\
153
2Bms

=254

300°¢
260'c

TEST ULN2001A ULN2002A
PARAMETER - TEST CONDITIONS - -
FIGURE 2 MIN_TVF_ MAX |MIN TVF_Wax|
1 Veg=50V, =0 60 50 .
IcEX Collector cutoff current V=50V, 1Ij~=0 100 100 uA !
2 Ta=70°C V=6V 500
V=50V, ic = 500 uA,
l(otf) Off-state input current 3 TEE- 7§°C ¢ N 50 65 | 50 65 pA
Iy Input current 4 V=17V 082 1251 mA
h Static forward current 5 v 2v i 550 mA | 1000
R transfer ratio CE a G ™
Vi{on} On-state.input voltage 6 V=2V, Ic =300 mA 13] Vv
, Iy = 250 pA, lg =100 mA 0.9 1.1 0.9 1.1
Collector-emitter
VeE(sat) ) 5 1y = 350 uA, ic = 200 mA 1.0 1.3 1.0 13| vV
saturation voltage
. 1} = 500 pA, lg = 350 mA . 12 1.6 P I~ 16
Ir Clamp diode reverse current 7 VRSOV 5 i Sor HA
VR=50V, - Ta=70C 100 100
VE Clamp diode forward voltage 8 Ig = 350 mA 1.7 2 1.7 2] vV
Ci Input capacitance vVi=0V, f=1MHz 15 25 15 25| pF
s
b p— )
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TYPES ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

stoctrical characteristics at 25°C free-air temperature {unless otherwise noted)

Y

INCORPORATED
POST OFFICE BOX 225012 DALLAS, TEXAS 75266

TEST ULN2003A ULN2004A
RAMETER TEST CONDITIONS T
PA FIGURE MIN TYP MAX [MIN TYP MAX UNI
’ . Vee=50V, I=0 50 50
el x Coliector cutoff current VEE=50V, | I;=0 100 100] wxA
2 Ta=70°C V=1V 500
. Vee=50V, Ic = 500 uA,
Hatt] Otf-state input current i 3 T::E- 200 ¢ 50 65 50 65 HA
' V=385V 0.93 1.35
4 input current 4 Vi=5V 0.35 0.5] mA
Vi=12V 1.0 145
: Ic=125mA 5
I = 200 mA : 2.4 6
X Ic =250 mA 2.7
\tan) On-state input voltage 6 VCe=2V To=275mA 7 v
ic =300 mA 3 ’
Ic=350mA 8
g - 11=250uA,  Tc=100mA 09 11 0.8 14
Collector-emitter
Yot an) N 5 11=350 uA, g = 200 mA 10 13 10 13
saturation voltage
1= 500 4A,  Ic = 350 mA 12 16 1.2 16
1]
VR=50V, 50 50
[ Ci diode reverse current 7 - A
" 1T S CH " VR=50V,  TA=70°C ) A 0] ¥
il Clamp diode forward voltage 8 Ip =305 mA 1.7 2 1.7 2 v
i ‘ Input capacitance Vi=ov, f=1MHz 15 25 15 25| pF
electrical characteristics at 25°C free-air temperature (unfess otherwise noted)
TEST ULN2005A
E NDITIONS UNIT
PARAMETER W WEST CONDY MIN TYP  MAX
| Call # 1 il - Al : <
: CEX ector cutoff current VeE =50V, =0, Ta=70°C 100
Diloth) Off-staete input current 3 VCE=50V, Ic=500uA, TA=70°C | 50 65 .| uA
Y Input current 4 Vi=3V 1.5 24| mA
Vilon} On-state input voltage 6 VCE= 2V, Ig = 350 mA 24| Vv
con " 11=250 A,  Ic= 100 mA 0.9 1.1
VCE(san) °°'f"'°'"" . 5 1 =3504A, lc=200mA 10 13] v
saturation volgoe 1| =500 4A, g~ 350 mA 12 16
! Clamp diod t ? Wl ‘ 01 uA
R amp diode revarse curren VR=50V, TA = 70°C 100 3
VE Clamp diode forward voltage 8 Ig = 350 mA 1.7 2| v
C; Input capacitance Vi=0vV, f=1MHz 15 25 | pF
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX U-NIT
! i i -to-high-level 0.25 1 Ks
PLH Propegation delay time, low-to-high-level output See Figure 9
PR “Propagation delay time, high-to-low-level output 0.2 1 us
; Vg = v fo = 300 mA,
Vou High-leve! output voltage after switching S ,50 ' o Vg-20 mv
See Figure 10
——
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NOTE: 1)1s

TYPES ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

PARAMETER MEASUREMENT INFORMATION

FIGURE 1~Iggx

OPEN-

o

OPEN

FIGURE 3-1j(of)

OPEN

Vce

FIGURE 6-hrg, VCE (gat)
Vg
+"

FIGURE 7—-Ig

-

fixed for measuring VCE (sat). variable for measuring hgge.

R

Vee

lcex
G
\{}

FIGURE 2-Icgx

OPEN

It{on)
Vi OPEN

FIGURE 41}

OPEN

FIGURE 6~V)(gn}

b

FIGURE 8-Vvg
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TYPES ULN2001A THRU ULN2805A

DARLINGTON TRANSISTOR ARRAYS

PARAMETER MEASUREMENT IN FORMATION

a.,
Y

-

"rgs A,

INPUT 50% 50%
I )
| I
! !
[}
—teHL— be—tpLH—p!
! !
| 1
ouTPUT so% s0%
VOLTAGE WAVEFORMS
FIGURE 9-PROPAGATION DELAY TIMES
Vs
INPUT I
ULN2001A 0nly e e me = s
27k 4
o S 1630
PULSE Lo
GENERATOR|—@= = = - -~ > o 4 ouTPUT
) I A 0 =
ULR2%aR =y T(Sn Note 8)
ULN2004A = 3
- ULN2005A
TEST CIRCUIT
= Vin
{Ses Note C)
INPUT
ov
=== VoH
ouTPUT \ /

VOLTAGE WAVEFORMS

The pulse generator has the following charscteristics: PRR = 12.6 kHz, Zour= 50 Q2.

.« € includes probe and jig cepacitance.
- For testing the ULN20014, ULN2003A and the ULN200S5A, Vi =3 V; for the ULN2002A, Vi = 13 V; for the ULN2004A,

Vik=8 V.,
FIGURE 10—-LATCH-UP TEST
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TYPES ULN2001A THRU ULN2005A
" DARLINGTON TRANSISTOR ARRAYS

—
TYPICAL CHARACTERISTICS
COLLECTOR-EMITTER, ) COLLECTOR-EMITTER
SATURATION VOLTAGE" : SATURATION VOLTAGE
vs vs COLLECTOR CURRENT
COLLECTOR CURRENT COLLECTOR CURRENT vs
{ONE DARLINGTON)} {TWO DARLINGTONS PARALLELED) INPUT CURRENT
>
i 28— A T i M)
H —Ta = 25°C g‘ F~Ta=25C " ORA 45011, = 26°C g
> 20 3 2 | < oot 1 AL
| - ’ i & cov ) ™
£ 1 =250 A g = 360 #A~ /] 'é 350 vs /
g 1) = 350 3 § .
i 15 //'.'-soo:‘::-— i 15 é 4 5 300 //vs 8y
£ - E ] § 25 [
£ H | =" -s00pA | §
3 oA & 10 = : 3 e i :
g > % / O 150
z 7 i ] ~ 3
g os f{; 05~ - 100
z L o
5 %700 200 300 400 500 800 700 800 S O 100 200 300 400 500 600 700 800 %0 25 "50 75 100 125 150 n e
Ig—Collector Current—mA 1Ctot)~Total Collector Current—mA {;~Input Current=§A
FIGURE 11 FIGURE 12 FIGURE 13
THERMAL INFORMATION
J PACKAGE N PACKAGE i
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
vs vs
DUTY CYCLE DUTY CYCLE
600 600 *
< T <
£ - N=1 E
. 500 N ; 500 AR
E:; N § ‘-—\‘
S 400TAZ70C ™~ £ 400
. S N = Number of Qutputs Conducting o~ g © \ b \\ \\ £
2 imul ) N
5 Simultaneously (Isee Note 3) 2 \\\\ \\ N
= 300 T g 300 N \ \\? .
8 N=2 8 \ &4 \
E I < £ \Qi?\
3 200 3 200 e -~ t
E N=3 E P iy N
] N= 4N = 53~ X ]
= = §3 e
% 100 X % 100 |-Ta =70°C =
[9) F——= 1) | N = Number of Outputs Conducting_;__|
= Neey T ’| 7 - Simultaneously (see Note 3, 1
0 . 0 —*
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 S0 60 70 80 20 1
Duty Cycle — % Duty Cycle — 1
FIGURE 14 . FIGURE 15
NOTE 3: For the J package, N x Ic must not exceed 500 mA {maximum substrats-terminal current). For the N packege N x Ic must not Lid
25A.
| |
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TYPES ULN20D1A- THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

L. Vgs ULN2002A

TR T

Eatitn Fhi-aamet 4

TYPICAL APPLICATHSN DATA

ULN2003A
WV Vee ULN2005A Y
[]

bl kL

TTL ® =

5
b OUTPUT
g™
- P-MOS TO LOAD TTL TO LOAD
ULN2004A W vee ULN3003A w
- —-l)o—r s
w >0 @
.
- —-D: = [ =
| Bl =
4 3 - }—%4[ =
-~ -——-D: 3
.. F ;, 4 -
TrL
CMOS -
- outeyr OUTPUT
BUFFER FOR USE OF PULL-UP RESISTORS
HIGHER CURRENT LOADS TO INCREASE DRIVE CURRENT
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