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ABSTRACT

This thesis would explain the electrical power consumption remote monitoring. Which using
current measurement at Faculty of Industrial Education King Mongkut’s Institute of Technology
Ladkrabang = study and to ask for instruction a building, This project have consist is clamp
transformer ,transmission section and receiver section and have practice is, the clamp transformer
induce current send to transmission section transmission will take current from clamp transformer to
multiplex change analog to digital sent to receiver section by RS-485 and working control by
microcontroller MCS-51, when the receiver suffer signal from transmission section ¢ It will decode
to digital digit with 7 segment and to caution to use extra current by digit digital 7 segment blink

and sound
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Core A B € Core Effective Effective Effective
type Dienisicn Mii Mm factor length Area Ae Volume Ve
2 $
liich Tnich le/Ae le,cm Cm Cm
Cm’
35F02 25102 1.0£0.15
T2-4-1 90.6 0.871 9.61x10° 8.37x 10°
0.157 0.079 0.039
13-6- | 60103 | 30%025 | 15202 ) .,
60.4 131 21.6x 10 28.3x 10
1.5 0.236 0.018 0.059
80%03 | 40%025 [ 20F02 \ ;
T4-8-2 453 1.74 38.4x 10 67.0x 10
0.315 0.157 0.079
T5-10- | 100X04 | 50%03 | 251025 .,
36.3 Oa1R 60.1 x 10 0.131
2.5 0.394 0.197 0.098
120204 | 60%03 | 301025 .,
T6-12-3 30.2 2.61 86.5x 10 0.226
0.472 0.236 0.118
T7-14- 14.0 0.4 70%X03 | 353025
25.9 3.05 0.118 0.359
3.5 0.551 0.276 0.138
16.0 £ 0.4 8.0t 0.3 40103
T8-16-4 22.7 3.48 0.154 0.536
0.630 0.315 0.157
T9-18- 18.0 = 0.4 901+03 | 453025
20.1 3.92 0.195 0.763
4.5 0.709 0.354 0.177
T10-20- | 20.0F0.4 100X03 | 50%03
18.1 436 0.240 1.05
5 0.787 0.394 0.197
T14.5- 20.0 0.4 145104 | 75%03
26.1 5.33 0.204 1.09
20-7.5 0.787 0.571 0.291
T16-28- | 28.0X04 160+t04 | 130103
8064 6.56 0.760 4.99
13 1.10 0.630 0.512
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AWG guinana(d) naiiiesu nd 100°C Fadga

B&S AU (d,) mm’ (Rdc) (t,)

Inch Mm mm Q/m mm

44 0.00198 | 0.0503 0.06604 0.00199 11.180 0.071
43 0.00222 | 0.0564 0.07366 0.00250 8.899 0.079
42 0.00249 0.0633 0.08128 0.00314 7.073 0.087
41 0.00280 | 0.0711 0.009144 0.00397 5.594 0.098
40 0.00314 | 0.0798 0.1041 0.00500 4.448 0.111
39 0.00353 0.0897 0.1143 0.00631 3.519 0.122
38 0.00397 0.1008 0.1295 0.00799 2.783 0.138
37 0.00445 | 0.1130 0.1448 0.01003 2215 0.154
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AWG gudnana(d) nawiiios Und 100°C Fadrga

B&S AU (d,) mm’ (Rdc) (t)

Inch Mm mm Q/m mm

36 0.00500 | 0.1270 0.1626 0.0127 1754 0.172
35 0.0056 0.1422 0.1778 0.0159 1398 0.188
34 0.0063 0.1600 0.1981 0.0201 1105 0.209
33 0.0071 0.1803 0.2235 0.0255 0.8700 0.236
32 0.0080 | 0.2032 0.2489 0.0324 0.6853 0.261
31 0.0089 0.2261 0.2743 0.0401 0.5537 0.287
30 0.0100 0.2540 0.3048 0.0507 0.4386 0.319
29 0.0113 0.2870 0.3404 0.0647 0.3435 0.356
28 0.0126 0.3200 0.3759 0.0804 0.2762 0.393
27 0.0142 0.3607 0.4191 0.1022 0.2175 0.438
26 0.0159 0.4039 0.4699 0.128 0.1735 0.491
25 0.0179 0.4547 0.5232 0.162 0.1369 0.547
24 0.0201 0.5105 0.5817 0.205 0.10860 0.608
23 0.0226 0.5740 0.6502 0.259 0.08586 0.679
22 0.0253 0.6426 0.7214 0.324 0.06852 0.754
21 0.0285 0.7239 0.8052 0.412 0.05399 0.841
20 0.0320 0.8128 0.8966 0.519 0.04283 0.937
19 0.0359 0.9119 1.003 0.653 0.03403 1.048
18 0.0403 1.024 1118 0.823 0.02700 1.168
17 0.0453 1.151 1.247 1.040 0.02137 1.303
16 0.0508 1.290 1.389 1.308 0.01699 1.452
15 0.0571 1.450 1.557 1.652 0.01345 1.627
14 0.0641 1.628 1737 2.082 0.010670 1.815
13 0.0720 1.829 1.943 2.627 0.008460 2.030
12 0.0808 2.052 2,178 3.308 0.006717 2.270
11 0.0907 2.304 2.431 4.168 0.005331 2.540
10 0.1019 2.588 2.720 5.261 0.004224 2.842
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Approximate maximum of turns-single-layer-wound enameled wire

Wire I- T-500 | T-200 | T-94 T-80 T-68 T-50 T-37 T-25 T-12
size 1000
10 31 17 10 10 8 y/ 5 1 1 0
12 41 23 14 14 12 9 6 3 1 0
14 53 30 20 20 17 12 8 5 1 0
16 68 40 27 27 23 15 11 7 3 1
18 86 51 35 35 30 21 16 9 4 1
20 109 66 45 45 39 28 21 12 5 1
22 139 &3 58 58 51 36 28 17 7 2
24 176 107 75 75 66 47 37 23 11 4
26 223 137 96 96 84 61 49 31 {5 5
28 282 173 123 123 108 79 63 41 21 8
30 357 220 156 156 137 101 81 53 28 11
32 445 275 195 195 172 127 103 67 37 15
34 562 348 248 248 219 162 131 87 48 21
36 707 439 313 313 276 205 166 110 62 29
38 886 550 393 393 347 257 210 140 79 37
40 1115 693 496 496 438 325 265 177 101 47
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mi3fTomstoyauy RS-485 lagldilszyndunmn DDCMP Protocol. BSC protocol.

HDLC Protocol 4a% Xebee protocol (aaiieyavasdenamlunissy - dudoyn uazs
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Uszand TaslisiwaziBuadedo 11

1 lsuveadoyailsznonddy dauy (HEADER PORTION) iag daudoya
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SOH TYD EXC CDAT FSEQTF Fserr ADDRESS

gia | 218 | 41n 10 U# 8 1n 8 U 24 1@
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SOH : Start of Header (8 U#)
Wudunaasmssuduvestonuves dauiia Jvuia 8 O
TYD : Type of Data (2 U#)

3 ' Hq ¥ 2 a ] A ' ' ' vy
L‘ﬂuTcT’Ju‘V]Gl"]fLLﬁﬂ\m\‘l‘vuﬂ%@ﬁ%@gﬁﬂﬂﬁ‘g@gﬁluﬁlu‘um ﬁ"mﬂlﬂga

TPD ANYULVDITA
|
00 Foanuiludoya
S o w
01 Yoanuilui1a
] & Y o A p
10 Foanutuiduaznumos
9 I 9 @ [ 1Y)
11 YoautudonnuaousUNAINUSY

CDAT : Count of Data (10 ‘ﬁﬂ)

dudnuaasinnuuesteyaiiusagoglu DATA FIELD wes daudeyalasms
Wudeyauuuluwis 18gega 1 Alaluddel wlsy (@nnsavenyla 8 Alaludae 1 wlsw)
EXC : Expansion of Count (4 ‘ﬁﬂ)
Wuduuaasdaveisves CDAT Hvua 4 fa
UUIN =0 UeAIN CDAT Hyuia 10 U
-1 u@asi CDAT flwwin 13 Ta (fuen 3 Tn U89 EXC)
FSEQTF : File Sequence Transfer (8 ‘ﬁﬁ)

o ' ) 1 ' 1 4 & a
Wudmuaasnsiy - defeyastaeriionsiazraiey wlsy  Huwa 8 da

152noude
FSQ NFs P/F Nfr
116 31a 119 31a

FSQ : Frame Sequence bit (1 Uf)

1Y

0: de¥ennuiiazisy ludesiiansandn daves FSEQTF uag Fserr
1: de¥onnuiiazvanes sy W1sadn 7 Gnvee FSEQTF tag Fserr (A461D
] k4
iWoa iy 8 msudensa)

NFs : Number of Frame Sequence Begin to Send (3 Uf)
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1 : dadpanuiazuatee sy Wo1sandn 7 1aved FSEQTF uag Fserr (€460
0 Y
woa iy 8 msuanse)
NFs : Number of Frame Sequence Begin to Send (3 )
saaad U sudeanuNIZde (0-7) Juuia 3 U9
NFr : Number of The Next Frame be Receive (3 ‘ﬁﬁ)
waaadaumsutennuae 1Nz (0-7) Hawe 3 Oa
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= d 19 Y Ia a I~
AU esaaven N 1imesiuea Ua P/F 111 P : Poll
a Y Ia @ Y
P=1 gugouldmesiueaaiusoaosu e
9 1a da Y
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=~ Jd 1y v da a < .
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a Y o [ Y
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Fserr : Frame Sequence error

F7

118

F6
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F5

118

F4

119

K3

116

B2

1 14

Fl

1 U

FO

A20019 19U dusdedona 5 lsu (0-4) Hasu 1 tag W5y 0 HaRaNA1A
Fserr = 00001010b
ADDRESS : Address of bode (24 1181)
Wudutaasmdumitiuesd s Rdadedesmsfanedtefivig 24 ia
t& v v I o
oAU U UL DS
ADDRESS CXX :C  43h(ASCIN)
XX 01-32(ASCTI 2 lugh)
zﬂ‘ v W I~ da
Woasuumesiuea
TERMINAL TXX T 54h(ASCII)
LRC # 1 :Longitudinal Redundacy Cheek
WudmuaasnnuianmanazdusiansngeunnuRanaInued a1m Juna
Yoyn 8 Uadudoya
Tud 7109 DATA PORTION 983 RS-485 Protocol I81/52gnd1191n 1admves
HDLC Protocol : Hight- Level Data Link Control Protocol

BSC Protocol : Binary Synchronous Communication Protocol
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Xebcc Protocol
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STX DATA FIELD ETX LRC #2
8 1in 1-8 Alalud 8 8 1in

STX : Start of Text (8 Us)
< A g v 1 i 9 a a
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ETX : End of Text (8 ‘ﬁ@)
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LRC # 2 : Longitudinal Redundacy Cheek (8 1)
Wludunanssansivaouvos daudeyaiivuin s oa

DATA FIELD (1-8 fila lus)

v
=

I~ [l 9 Y a i =} V) = v o 1 9
Wuamuaasteyaildlunisfase fuwelinu 1024 drdnysdemsudonin

E4
(voe 14 8192 Aadnwus) Taoilgdunueail

COMMAND SEP SDB DATA EDB
8 1m 8 U 8 Un ASCII CODE 8 Un

COMMAND (8 1)
ABYAAITIUDI RS-485 protocol
SEP : Seperator (8 ‘ﬁ@])
= ' A 9 ) A a A
Lﬂ‘umuuﬁﬂaﬂmﬁmum@wayjam ANIINGDS
SDB : Start of DATA Block (8 1)
IS 1 2y v A a s
uJumuuﬁmmﬁLimumawagamawammm
EDB : End of DATA Block (8 1)
dr 2 o ™ - P
L‘]Jumuuﬁmmsﬁuqﬂmawagawsawwammaﬁ
DATA : Data or Parameter (ASCII)

iWudeya wio guuuuilusa asca
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;PROGRAM SEND CURRENT
;HARDWARE  V-C51M

;USED PORT

; PO =DATA FORM ADC
: P1.0-P1.2=CONTROL ADC
A P1.5 =LEDDATA

: P2.4-P2.7 = CHANNEL MUX

o 3k sk s ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skt sk sk sk sk sk sk sk skosk sk sk ok sk skok seskok sk skokesk Seokesk ko ko
s

PORTA EQU OEOEOH
PORTB EQU OEOEIH
PORTC EQU OEOE2H

PORTCON EQU 0EOE3H
DATADELAY EQU 30H
CODEMUL EQU 31H
DATAMUL EQU 40H
FIRST EQU 1FH

VALADD EQU 0

ORG 0000H

LIMP MAIN
INTIAL:

SETB P1.0 ;RD

SETB P1.1 ;WR

RET
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DELAYBOOT:
PUSH 00H
PUSH 01H
MOV RO,#00H
NEWBOOT: MOV R1,#00H
DINZR1,$
DJNZ RO,NEWBOOT
POP 01H
POP 00H
RET

DELAYLED: :DELAY 20 ms IF R0 = 07
PUSH 00H .LOCAL RO,R1
PUSH 01H
MOV RO,#02H

LDELAY: MOV RI1,#00H

DINZ R1,$
DINZ RO,LDELAY
POP 01H
POP 00H
RET

SETTIME:
MOV TMOD,#00100001B
MOV TH1,#0FDH
MOV SCON,#0D0H
ANL PCON,#01111111B
SETB EA
SETB ES
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CLR ET1
CLR ETO
SETB TR1
CLR TI
CLR FIRST
SETB REN
RET

TXDATA:  ;I/P=R4
PUSH ACC
CLR ES
CLR EA
CLR REN
SETB P3.4
SETB TB8
JB TL$
MOV A,R4
MOV SBUF,A
JNB TI,$
CLR TI
POP ACC
RET

MAIN:
MOV SP#60H
LCALL DELAYBOOT
LCALL INTIAL
LCALL SETTIME
CLR PL.5
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MOV DATADELAY,#01H
MOV PO#0FFH

LPRD: MOV R4,#255
LCALL TXDATA
SETB P1.5
MOV R2#0FH
MOV CODEMUL,#00H
CLR TI

NEWRD: MOV  A,CODEMUL

MOV P2,A ;SELECT CH

CLR PIl.1 ;WR ACTIVE

SETB P1.1 ;WR

JB P1.2$ ;INTR FINISH CONVERT
CLR P1.0 ;RD ACTIVE

MOV A,PO

SETB P1.0

MOV DATAMUL,A
MOV R4,DATAMUL
LCALL TXDATA
MOV A,CODEMUL
SWAP A

INC A

SWAP A

MOV CODEMUL,A
DINZ R2,NEWRD
CLR PIL.5

LCALL DELAYLED
SIMP LPRD

END
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PORTA EQU OEOEOH

PORTB EQU OEOELIH

PORTC EQU OEOE2H

PORTCON EQU OEOE3H

WR_INSLCD EQU OEOCOH ; Instruction Port of LCD
RD _INSLCD EQU OEOC1H ; Read Busy Port LCD
WR _DATLCD EQU 0EOC2H ; Write Character LCD
RD DATLCD EQU OEOC3H ; Read DDRAM From LCD
CODEDSP EQU 60H

DATABUFF EQU 61H

CODEKEY EQU 40H ;CODE SCAN

VALKEY EQU 41H ;CODE OF KEY
SHOWNUM EQU 42H ;NUMBER TO SHOW
BUFFREG EQU 43H

DATACAL EQU 50H

BUFFKEY1 EQU 70H

BUFFKEY2 EQU 75H

NUMCHAN EQU 79H

DEFAULT EQU 7BH

NUMCOUNT EQU 44H

VALRD EQU 45H

TIMESGET EQU 30H

BACKUP EQU 0005H

DATADSP EQU 1050H

DATASERIAL EQU 1090H
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BUFFKEY EQU 0050H ;BUFFER OF VALKEY,SHOWNUM

DATACHAN EQU 1000H ;KEEP VAL OF CHANEL

DATARD EQU 1022H
BITERROR EQU 20H
BITER1I EQU 21H
BITBUFF EQU 22H
BITBUFF1 EQU 25H
BITTIME EQU 1FH
ENDTEST EQU 1EH
NUMTEST EQU 1DH
ESCTEST EQU 1CH
DONUM EQU 1BH
CLRTEST EQU 1AH
DOTEST EQU 19H
RECFIN EQU 18H
KEYTEST EQU 21H
PASSFUN EQU 20H
ZERO EQU 22H
NUMERROR EQU 23H
DELAYSET EQU 24H

;KEEP VAL OF READ DELAY

;DETECT RECEIVE 3 TIMES
;DETECT COMMAND KEY
;DETECT KEY ESC

NUMDEFAULT EQU 200

SPDEFAULT EQU 0

RDDEFAULT EQU 0

ORG 0000H
LIMP MAIN
ORG 000BH
LCALL TIME
RETI

ORG 001BH
LCALL SYSTEM
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RETI

ORG 0023H
LCALL GETDATA
RETI

; ABOUT OF SHOW 7SEG AND RS485

TIME:

PUSH ACC
PUSH 00H
PUSH 01H
PUSH 03H
PUSH 04H
PUSH 05H
CLR TRO
MOV R3,#00H
MOV R4,#00H
MOV R2,NUMCOUNT
INCR2
MOV NUMCOUNT,R2
CLRPI1.2
MOV R2,NUMCOUNT
CJINE R2,#4,STIME
CLR BITTIME
SIMP STIME

STIME: MOV RO,#BITERROR
MOV BITBUFF,@R0

NTIME1: MOV A,BITBUFF
JNB ACC.0,NTIME
SETB P1.0
JB BITTIME,NTIME3
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MOV R1#DATABUFF
MOV R5,#03H
LPUTVAL: MOV @R1,#0FH
INCRI1
DIJNZ R5,LPUTVAL
LCALL SHOWOUT
SIMP NTIME3
NTIME: INC R4
NTIME3: MOV A,BITBUFF
RR A
MOV BITBUFF,A
INCR3
CJNE R3,#0FH,NTIME2
SIMP ETIME
NTIME2: CJNE R3,#08H,NTIME1
MOV RO #BITER1
MOV BITBUFF,@R0O
SIMP NTIME1
ETIME: CJNE R4,#0FH,ETIME1
CLR P1.0
ETIMEL: MOV THO,#00H
MOV TLO0,#00H
SETB TRO
POP 05H
POP 04H
POP 03H
POP 01H
POP 00H
POP ACC
RET



116

SYSTEM:
CLR TR1
MOV R7,NUMCOUNT
INCR7
MOV NUMCOUNT,R7
MOV TH1,#00H
MOV TL1,#00H
SETB TR1
RET

GETDATA: ;R6=DATA OF SERIAL
PUSH ACC
JNB RLENDGET  ;R2=DATA OF DATACHAN
SETB P1.2
MOV PSW,#00010000B
MOV A,SBUF ;R3=POINTER OF DATA
MOV R6,A
LCALL MOVDATARD
CJNE R6,#255,PGETDATA
MOV DPTR #DATACHAN
MOV RO#BITERROR
MOV R3,#00H
MOV BITBUFF1,#00H
MOV R4,DPL
MOV RS #TIMESGET
SETB DOTEST
SIMP EGETDATA
PGETDATA: MOV DPL,R4
MOVX A,@DPTR
MOV R2,A
CJNE R2,#00H,DGETDATA



117

SIMP CLEARERROR
DGETDATA: MOV A,R6

INC R2

CLRC

SUBB A,R2

JC CLEARERROR

MOV AR5

MOV R1,A

MOV A,@R1

CINE A #0FH,INCRS

SIMP SETERROR

INCRS: INC A

MOV @R1,A

CLR C

SUBB A,VALRD

JC NEXTCHAN

MOV @R1,#0FH
SETERROR: MOV A,BITBUFF1

SETB ACC.0

MOV BITBUFF1,A

SIMP SGETDATA

CLEARERROR: MOV A,BITBUFF1

CLR ACC.0

MOV BITBUFF1,A

MOV A,RS

MOV R1,A

MOV @R1,#0FFH
SGETDATA: LCALL SAVEDATA
NEXTCHAN: MOV A,BITBUFF1

RR A

MOV BITBUFFL,A
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INC R3
INC R5
INC DPTR
MOV R4,DPL
CINE R3,#08H,E1GETDATA
MOV @RO,BITBUFF1
INC RO

E1GETDATA: CINE R3,#0FH,EGETDATA
MOV A,BITBUFF1
RR A
MOV @RO,A
SETB RECFIN

EGETDATA: CLR RI
MOV PSW, #00H

ENDGET: POP ACC

RET

SAVEDATA:
PUSH DPH ;I/P= R6(DATA OF SERIAL)
PUSH DPL ;/P= R3(POINTER OF MEM)
MOV DPTR #DATASERIAL
MOV A,DPL
ADD A,R3
MOV DPL,A
MOV A,R6
MOVX @DPTR,A
POP DPL
POP DPH
RET

MOVDATARD:
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PUSH DPH

PUSH DPL

PUSH ACC

MOV DPTR #DATARD
MOVX A,@DPTR
MOV VALRD,A

POP ACC

POP DPL

POP DPH

RET

BICONV: ;I/P="ACC

MOV R2 #0FFH ;0/P=R2,R6,R7
MOV R6,#0FFH

D100: INC R2

CLRC

SUBB A,#100
JNC D100
ADD A,#100

D10: INCR6

CLRC
SUBB A#10
JNC D10
ADD A#10
MOV R7,A

RET

DATABASE: ;OPEN CODE

PUSH ACC

MOV A,RO ;J/P=RO,DPTR O/P=RI1
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MOVC A,@A+DPTR ;GLABAL A
MOV RLA

POP ACC

RET

SHOWOUT:  ;I=R3(CODESCAN),DATABUFF(ADDR DATA)

PUSH DPL
PUSH DPH
PUSH ACC
PUSH 04H
PUSH 05H
PUSH 06H
PUSH 01H
PUSH 00H
MOV R4 #03H
MOV BUFFREG,R3
MOV R0,BUFFREG
MOV DPTR #TABCODE
LCALL DATABASE
MOV CODEDSP,R1
MOV R1#DATABUFF

LSHOWOUT: LCALL CLR
MOV A,@R1
CPL A
MOV DPTR #PORTA
MOVX @DPTR,A
MOV A,CODEDSP
MOV DPTR #PORTB
MOVX @DPTR,A
MOV R5,CODEDSP
INC RS



121

MOV CODEDSP,R5
INCRI1

DJNZ R4,LSHOWOUT
POP 00H

POP 01H

POP 06H

POP O5H

POP 04H

POP ACC

POP DPH

POP DPL

RET

INTIAL: MOV A #81H
MOV DPTR,#PORTCON
MOVX @DPTR,A
RET

DELAY1: ;DELAY 20 ms
PUSHOOH ;LOCAL RO,R1
PUSH 01H
PUSH 07H
MOV R7,#0FH

LDELAY11: MOV RO,#00H

LDELAY1: MOV R1,#00H
DINZR1,$
DJNZ RO,LDELAY1
DJNZ R7,LDELAY11
POP 07H
POP 01H
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POP 00H
RET

DISPLAY: ;I=DATADSP

PUSH DPL

PUSH DPH

PUSH ACC

PUSH 00H

PUSH 02H

PUSH 03H

PUSH 06H

MOV DPTR #DATADSP ;IN BUFFER OF DATA 45 BYTE

MOV R3,#00H ;SHOW 45/3 DIGITS
MOV CODEDSP,#02H
L1DISPLAY: MOV R2,#02H ;SHOW 6 DIGITS

L2DISPLAY: MOV R6#03H
CLR ZERO
LDISPLAY: LCALL CLR
MOVX A,@DPTR
CINE R6,#03H,D2TIMES
SIMP DEZERO
D2TIMES: CINE R6,#02H,0UTDP
JNB ZERO,OUTDP
DEZERO: CINE A #00H,0UTDP
MOV A #0FH
SETB ZERO
OUTDP: LCALL OUTPUT
MOV R0,CODEDSP
DEC RO



123

MOV CODEDSP,R0

INC DPTR

DIJNZ R6,LDISPLAY

INCR3

CJNE R3,#0FH,L3DISPLAY

SIMP EDISPLAY
L3DISPLAY: MOV A,CODEDSP

ADD A #06H

MOV CODEDSP,A

DJNZ R2,L2DISPLAY

MOV A,CODEDSP

ANL A #0FOH

SWAP A

INC A

SWAP A

ORL A, #02H

MOV CODEDSP,A

SIJMP L1DISPLAY
EDISPLAY: POP 06H

POP 03H

POP 02H

POP 00H

POP ACC

POP DPH

POP DPL

RET

OUTPUT: ;I/P =ACC
PUSH DPH
PUSH DPL
MOV DPTR,#PORTA
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CPL A
MOVX @DPTR,A
MOV A,CODEDSP
MOV DPTR #PORTB
MOVX @DPTR,A
POP DPL

POP DPH

RET

CLR:
PUSH ACC
PUSH DPL
PUSH DPH
MOV DPTR,#PORTB
MOV A#07H
MOVX @DPTR,A
POP DPH
POP DPL
POP ACC
RET

PUTTIMES:
PUSH 00H
PUSH 01H
MOV RO#TIMESGET
MOV R1,#15
LPUTTIMES: MOV @RO,#0FFH
INCRO
DJNZ R1,LPUTTIMES
POP 01H
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POP 00H
RET

SHOW7SEG:

PUSH 02H
LCALL SER_TO_BUFF
LCALL DISPLAY
MOV THO,#00H
MOV TLO0,#00H
SETB BITTIME
MOV NUMCOUNT,#0
SETB TRO

LPKEYTEST: MOV R2,NUMCOUNT
CINE R2 #8,LPKEYTEST
CLR TRO
POP 02H
RET

SER_TO_BUFF:
PUSH ACC ;I/P= DATASERIAL
PUSH 01H ;O/P= DATADSP
PUSH 02H
PUSH 04H
PUSH 05H
PUSH 06H
PUSH 07H
MOV DPTR#DATASERIAL
MOV R5,DPL
MOV DPTR #DATADSP
MOV R4,DPL
MOV R1,#0FH
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LSTB: MOV DPL,R5
MOVX A,@DPTR
LCALL BICONV
MOV DPL,R4
MOV A,R2
MOVX @DPTR,A
INC DPTR
MOV A,R6
MOVX @DPTR,A
INC DPTR
MOV A,R7
MOVX @DPTR,A
INC DPTR
MOV R4,DPL
INCRS
DINZ R1,LSTB
POP 07H
POP 06H
POP 05H
POP 04H
POP 02H
POP 01H
POP ACC
RET

VALDEF:
PUSH 00H
PUSH 02H
PUSH DPH
PUSH DPL
PUSH ACC
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MOV RO#DEFAULT

MOV A #NUMDEFAULT

MOV @RO,A

MOV R2,#0FH

MOV DPTR #DATACHAN
LVALDEFINE: MOVX @DPTR,A

INC DPTR

DINZ R2,LVALDEFINE

MOV A#RDDEFAULT

MOV DPTR #DATARD

MOVX @DPTR,A

POP ACC

POP DPL

POP DPH

POP 02H

POP 00H

RET

VALINTIAL:
PUSH DPH
PUSH DPL
PUSH ACC
PUSH 04H
MOV DPTR#DATASERIAL
MOV A #0
MOV R4,#15
LVALINTIAL: MOVX @DPTR,A
INC DPTR
DIJNZ R4,LVALINTIAL
POP 04H



128

POP ACC
POP DPL
POP DPH
RET

; END ABOUT OF SHOW 7SEG AND RS485

; ABOUT OF SET VALUE AND SHOW LCD

J*********************************ﬁ
s )

;/* Initial Character LCD Display */;

#*********************************A
INIT LCD: MOV  DPTR#WR INSLCD ;Write Instruction

MOV  A#00111000B  ;Function Set
MOVX @DPTR,A  ;DL=1 8bit,N=1 1/16 duty,F=0 5x7
LCALL BUSY _LCD ;Wait LCD Busy
MOV  A#00001100B ;Display on/off Control
MOVX @DPTR,A ;D=1 off,C=0 cursor off,B=0 not blink
LCALL BUSY LCD ; Wait LCD Busy
MOV  A#00000110B  ;Entry Mode Set
MOVX @DPTR,A ;I/D=1 increment,S=0 right
LCALL BUSY LCD ; Wait LCD Busy
MOV  A#00000001B ; Clear Display LCD all digit
MOVX @DPTR,A
LCALL BUSY LCD ; Wait LCD Busy
RET

DECDD:
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PUSH ACC
MOV  A#00000100B ;Entry Mode Set
LCALL SETDD

POP ACC
RET

INCDD:
PUSH ACC

MOV  A#00000110B ;Entry Mode Set
LCALL SETDD

POP ACC

RET

SETDD:
PUSH DPL
PUSH DPH
LCALL BUSY LCD
MOV - DPTR#WR_INSLCD
MOVX @DPTR,A ; I/D=1 increment,S=0 right
LCALL BUSY LCD ; Wait LCD Busy
POP DPH
POP DPL
RET

CURSER:
PUSH DPL ;I/P=ACC (SET ON OR OFF)
PUSH DPH
LCALL BUSY_LCD
MOV  DPTR#WR_INSLCD
MOVX @DPTR,A
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LCALL BUSY LCD
POP DPH

POP DPL

RET

ONCURSER:
PUSH ACC
MOV  A#00001111B ;Display on Control
LCALL CURSER
POP ACC
RET

OFFCURSER:
PUSH ACC
MOV = A,#00001100B ;Display off Control
LCALL CURSER
POP ACC
RET

7************************ﬁ
H s

;/¥ Read Busy Flag LCD */;

J************************ﬁ
5 s

BUSY LCD: PUSH DPL
PUSH DPH
PUSH ACC
MOV DPTR#RD_INSLCD
BUSY1l: MOVX A,@DPTR
JB ACC.7,BUSY1
POP ACC
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POP DPH
POP DPL
RET

7************************ﬁ
H s

;/* GOTO Position of LCD */;

/¥ Input : A (Address) */;

« /s sk ks stk sk sk ok skoksk skokok sk kokkok ok sk /.
5 s

GOTO _LCD: PUSH DPL
PUSH DPH
LCALL BUSY LCD  ; Wait LCD Busy
MOV  DPTR#WR INSLCD
SETB ACC.7 ; Set DD RAM
MOVX @DPTR,A
POP DPH
POP DPL
RET

« /A stk kst stk sk stk sk kesk skokokock ok kok /.
s )

/% Wrire ASCII to LCD */;
;/* Input: A (ASCII) */;

< /A R stk sk sk kst kol sk skkoskok skokokokskok /.
> s

WR_LCD: PUSH DPL
PUSH DPH
LCALL BUSY LCD ; Wait LCD Busy
MOV DPTR#WR _DATLCD
MOVX @DPTR,A
POP DPH
POP DPL
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#************************************ﬁ
s )

;/* Print Data data to Character LCD */;
;/¥ Usage :LCALL PRINT LCD  */
Tl :DB  'xxxx',00 ®/:

;/* Register : ACC */,

;/¥ Note  : last byte must be 00H */;

V************************************ﬁ
s ’

PRINT LCD: :SHOW VAL IN MEMOORY
PUSH OCH;R4 ;I/P=R2(LOOP OF DATA IN RAM)
PUSH DPH ;/P=R7(LOOP SHOW OF LCD)
PUSH DPL
MOV DPTR,#BUFFKEY
MOV A,DPL
ADD A,R2
MOV DPL,A
PRN_LCDI: MOVX A,@DPTR
LCALL WR_LCD
MOV A,DPL
DEC A
MOV DPL,A
DINZ R7,PRN_LCDI1
POP DPL
POP DPH
POP 0CH
RET

PRINT _LCDI: ;SHOW TEXT IN MEMORY

PRNLCDI1: CLR A
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MOVC A,@A+DPTR

CINE A#00H,PRNLCD2

SIMP PRNLCD3
PRNLCD2: LCALL WR LCD

INC DPTR

SIMP PRNLCDI

PRNLCD3: RET

WRITETXT:
PUSH 08H ;RO
MOV RO,#08H ;I/P=DPTR(TO POINT TEXT)
LCALL GOTO_LCD ;I/P=A(ADDRESS BEGIN DDRAM)
LCALL PRINT LCDI1
LCALL BUSY_LCD
POP 08H
RET

WRITECUR:
PUSH ACC
MOV A#47H
LCALL GOTO LCD
LCALL ONCURSER
POP ACC

RET

HIDECUR:
PUSH ACC
MOV  A#47TH
LCALL GOTO_LCD

LCALL OFFCURSER
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POP ACC

RET

DELAYBOOT:

MOV R2#02H ; Power-on Delay
PWR DLY1: MOV R3#00H
PWR DLY2: MOV R4#00H

DINZ R4.,$

DJNZ R3,PWR DLY2

DJNZ R2,PWR DLY1

RET

DELAY: ;DELAY 20 ms
PUSH 08H ;R0 ;LOCAL RO,R1
PUSH 09H ;R1
MOV RO,#07H

LDELAY: MOV R1,#00H
DINZ R1,$
DJNZ RO,LDELAY
POP 09H
POP 08H

RET

INKEY: ;I/P= CODEKEY O/P=A
PUSH DPH
PUSH DPL
MOV DPTR #PORTC ;GLABAL A
MOV A,CODEKEY
MOVX @DPTR,A

MOVX A,@DPTR
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ANL A #0FH
POP DPL
POP DPH
RET

KEYPRESS: ;0/P=SHOWNUM,VALKEY
PUSH ACC ;O/P=SETB KEYTEST(IF NOT PRESS)
PUSH 09H ;R1 ;*DETECT PRESS KEY
PUSH 0BH ;R3
PUSH 0CH ;R4
CLR KEYTEST
L1IKEYPRESS: MOV R4,#04H

MOV CODEKEY #11101111B ;LOCAL R1
LKEYPRESS: LCALL INKEY

CINE A #0FH,NKEYPRESS

MOV A,CODEKEY

RL A

MOV CODEKEY,A

DIJNZ R4,LKEYPRESS

SETB KEYTEST

SIMP EKEYPRESS
NKEYPRESS: MOV VALKEY,A

LCALL DELAY

LCALL INKEY

CINE A,VALKEY,LIKEYPRESS

MOV A,CODEKEY

ANL A #0FO0H

ORL A,VALKEY

MOV VALKEY,A

LCALL DETECTKEY

LCALL SHOWLCD
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L2KEYPRESS: LCALL INKEY
CJINE A#0FH,L2KEYPRESS
EKEYPRESS: POP 0CH
POP 0BH
POP 09H
POP ACC
RET

DETECTKEY: ;J/P=VALKEY O/P=SHOWNUM
PUSH 0AH ;CONVERT CODE TO NUM
PUSH 09H ;(RO,R1,R2)

PUSH 08H ;LOCAL R2,R0

PUSH ACC

PUSH DPH

PUSH DPL

CLR NUMTEST

MOV R2#0AH

MOV R0,#00H

MOV DPTR#TABLECODE

LDETECT: LCALL DATABASE

MOV AR1

CJNE A,VALKEY,AGAINDETECT

MOV SHOWNUM,RO

SIMP LASTDETECT
AGAINDETECT: INC RO

DJNZ R2,LDETECT

SETB NUMTEST
LASTDETECT: POP DPL

POP DPH

POP ACC

POP 08H
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POP 09H
POP 0OAH
RET

SHOWLCD:
PUSH ODH ;I/P=R2(LOOP OF IN KEY NUMDATA)
PUSH OFH ;(R5,R7,R6)

PUSH 0EH

PUSH ACC

MOV R5,SHOWNUM

INB NUMTEST,PRESENT
SIMP ESHOWLCD

PRESENT: JB ENDTEST,ESHOWLCD
LCALL HIDECUR
MOV A,R5
MOV @RO,A
ADD A #30H
MOV R6,A
MOVX @DPTR,A
MOV A,R2
INC A
MOV R7,A
MOV A #47H
LCALL GOTO_LCD
LCALL PRINT LCD

ESHOWLCD: POP ACC
POP OEH
POP OFH
POP ODH
RET
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CLRSRC:
PUSH ACC
PUSH ODH ;(R5)
LCALL DECDD
MOV  A#47H
LCALL GOTO_LCD
MOV R5,#06H
LCLRSRC: MOV A #20H
LCALL WR_LCD
DINZ R5,LCLRSRC
POP 0DH
POP ACC
RET

CLRBIT:
PUSH DPH
PUSH DPL
LCALL INCDD
MOV DPTR #CLRS8BIT
LCALL WRITETXT
LCALL DECDD
POP DPL
POP DPH
RET

CLR8B:
PUSH ACC
MOV  A#40H
LCALL CLRBIT
POP ACC
RET



139

CLRI16B:
PUSH ACC
MOV  A#00H
LCALL CLRBIT
LCALL BUSY LCD ; Wait LCD Busy
MOV A #40H
LCALL CLRBIT
POP ACC
RET

CLRBUFE:
PUSH 08H ;(RO,R1,R2)
PUSH 09H
PUSH 0AH
MOV R2#02H
MOV RO,#BUFFKEY 1
L1CLRBUFF: MOV R1,#03H
LCLRBUFF: MOV @RO0,#00H
INCRO
DJNZ R1,LCLRBUFF
MOV RO,#BUFFKEY?2
DJNZ R2,L1CLRBUFF
POP 0AH
POP 09H
POP 08H
RET

SETPASS:
PUSH 0BH ;(R3,R0)



140

PUSH 08H

MOV R3,#03H

MOV RO,#DATACAL

MOV A,#00H
LSETPASS: MOV @RO0,A

INCRO

DJNZ R3,LSETPASS

POP 08H

POP 0BH

RET

RECEIVE:
PUSH 0CH ;(R4)
LCALL WRITECUR
LCALL DECDD = ;I/P=RO(KEEP DATA TO CALCULATE)
LIKEYLCD: MOV R2,#00H
CLR ENDTEST ;O0/P=DATA IN MEMORY POINT BY RO
CLR ESCTEST
CLR DONUM
CLR CLRTEST
MOV DPTR #BUFFKEY
LKEYLCD: LCALL KEYPRESS
JB KEYTEST,LKEYLCD
JB NUMTEST,L3KEYLCD
INCR2
INCRO
INC DPTR
SETB DONUM
L3KEYLCD: MOV R4,VALKEY
CJNE R4, #7EH,LAKEYLCD

SIMP L2KEYLCD
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L4KEYLCD: CINE R4,#0E7H,L5KEYLCD
LCALL CLRSRC
SETB ESCTEST
SIMP L2KEYLCD
LSKEYLCD: CINE R4,#0DEH,L6KEYLCD
SETB CLRTEST
SETB ENDTEST
SETB DONUM
LCALL HIDECUR
LCALL CLRSRC
LCALL INCDD
MOV DPTR #CLRTXT
LCALL SRCLCD
LCALL SETPASS
MOV R2,#02H
SJMP LKEYLCD
L6KEYLCD: CINE R2,#03H,LKEYLCD
SETB ENDTEST
SIMP LKEYLCD
L2KEYLCD: POP 0CH
RET

CALCULATE: .I/P=R2(LOOP OF IN KEY NUMDATA)
MOV A,R2 (FROM RECEIVE)
MOV R6,A  ;I/P=R7(KEEP DATA TO CALCULATE)
DECA ;0/P=@R0,@RI
MOV R3,A
MOV A,R7
ADD A,R3
MOV R7,A
MOV R5,#01H
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MOV RO,#BUFFKEY1
MOV R1,#BUFFKEY?2
NCALCULATE: MOV B,R5
LCALL TRANSFER
MUL AB
MOV @RO,A
MOV @R1,B
INC RO
INC R1
MOV A,RS
MOV B.#10
MUL AB
MOV R5,A
DINZ R6,NCALCULATE
MOV RO, #BUFFKEY1
MOV R1,#BUFFKEY2
DEC RO
DEC R1
MOV @RO,#00H
MOV @R1,#00H
MOV A,R2
MOV R6,A
NADD: CLR C
MOV A,@R0O
INC RO
ADD A,@RO
MOV @R0,A
MOV A,@R1
INC R1
ADDC A,@R1
MOV @R1,A
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MOV A,R6
DJNZ R6,NADD
RET

DETECTOVER:
PUSH ACC
CLR NUMERROR
CLRC ;I/P= @RO,@RI1
MOV A,@R1 ;0/P=@R0
CINE A,#00H,SHOWERROR
SIMP DETECTVAL
DETECTVAL: MOV A,@RO0
SUBB A #0FBH
JC ENDCH
SHOWERROR: LCALL BUSY LCD
LCALL INCDD
MOV DPTR #TEXT?2
MOV A #40H
LCALL WRITETXT
LCALL DELAYBOOT
LCALL DECDD
SETB NUMERROR
MOV @RO,#NUMDEFAULT
ENDCH: POP ACC
RET

GETCHAN: ;0/P= BUFFREG(VAL TO KEEP IN MEM)
PUSH OFH ;(R7,R6,R3,R2,R1,R0,R5)

PUSH OEH
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PUSH 0BH
PUSH 0AH
PUSH 09H
PUSH 08H
PUSH 0DH
PUSH DPH
PUSH DPL

LGETCHAN: LCALL CLRBUFF

MOV RO,#DATACAL
LCALL RECEIVE
JB ESCTEST,LGETCHAN
JNB DONUM,LGETCHAN
MOV R7#DATACAL
LCALL CALCULATE
LCALL DETECTOVER
MOV BUFFREG,@R0
POP DPL
POP DPH
POP 0DH
POP 08H
POP 09H
POP 0AH
POP 0BH
POP OEH
POP OFH
RET

EVENTKEY: ;O/P=SHOWNUM,VALKEY

LEVENTKEY: SETB ENDTEST
CLR NUMTEST
LCALL KEYPRESS
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SETB KEYTEST,LEVENTKEY
RET

PEVENTKEY: ;O/P=SHOWNUM,VALKEY
SETB ENDTEST
CLR NUMTEST
LPEVENTKEY: LCALL KEYPRESS
JB KEYTEST,EPEVENTKEY
EPEVENTKEY: RET

TRANSFER: J1/P=R7 , O/P=R7
PUSH 08H ;(R0)
MOV AR7
MOV RO,A
MOV A,@R0O
DEC RO
MOV BUFFREG,R0
MOV R7,BUFFREG
POP 08H
RET

IDCHAN:
PUSH 08H ;(R0)
MOV RO#NUMCHAN
MOV @RO,#30H
INC RO
MOV @RO#31H
POP 08H
RET
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TRANSID:
PUSH 08H ;(RO,R1)
PUSH 09H
PUSH ACC
PUSH DPH
PUSH DPL
MOV R1,#02H
MOV RO,#NUMCHAN
MOV DPTR #BUFFKEY
NTRANSID: MOV A,@RO
MOVX @DPTR,A
INC DPTR
INCRO
DJNZ R1,NTRANSID
POP DPL
POP DPH
POP ACC
POP 09H
POP 08H
RET

SHOWCHAN:
PUSH ACC ;(R2,R7)
PUSH 0AH
PUSH 0FH
LCALL TRANSID
MOV R7,#02H
MOV R2#01H
LCALL BUSY_LCD
LCALL DECDD
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MOV  A#41H
LCALL GOTO_LCD
LCALL PRINT LCD
POP OFH

POP 0AH

POP ACC

RET

INCCHAN:
PUSH 08H ;(RO,R1)
PUSH 09H
PUSH ACC
INC DPL
INCR5
MOV RO,#NUMCHAN
INC RO
INC @RO
CINE R5,#0AH,NTINC
MOV RO,#NUMCHAN
MOV @RO#31H
INC RO
MOV @RO,#30H

NTINC: CINE RS,#10H,SHINC
MOV R5,#01H
MOV DPTR #DATACHAN
MOV RO#NUMCHAN
MOV @RO,#30H
INC RO
MOV @RO,#31H

SHINC: LCALL SHOWCHAN
LCALL SHOWDEFINE
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POP ACC
POP 09H

POP 08H

RET

DECCHAN:
PUSH 08H ;(RO,R1)
PUSH 09H
PUSH ACC
MOV A,DPL
DEC A
MOV DPL,A
DEC R5
MOV RO,#NUMCHAN
INC RO
DEC @RO
CINE R5 #09H,NTDEC
MOV RO#NUMCHAN
MOV @RO#30H
INC RO
MOV @RO,#39H
NTDEC: CINE R5,#00H,SHDEC
MOV RS #0FH
MOV DPTR#DATACHAN
MOV A,DPL
ADD A #0EH
MOV DPL,A
MOV RO #NUMCHAN
MOV @RO#31H
INC RO
MOV @RO,#35H
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SHDEC: LCALL SHOWCHAN
LCALL SHOWDEFINE
POP ACC
POP 09H
POP 08H
RET

INCCLASS:
PUSH 08H ;(RO,R1)
PUSH 09H
PUSH ACC
MOV A,DPL
ADD A #3
MOV DPL,A
INC R5
MOV RO #NUMCHAN
INC RO
INC @RO
CINE R5 #06H,SHCLSINC
MOV R5#01H
MOV DPTR,#DATACHAN
MOV R0, #NUMCHAN
MOV @RO,#30H
INC RO
MOV @RO#31H
SHCLSINC: LCALL SHOWCHAN
POP ACC
POP 09H
POP 08H
RET
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DECCLASS:
PUSH 08H ;(RO,R1)
PUSH 09H
PUSH ACC
MOV A,DPL
CLRC
SUBB A#3
MOV DPL,A
DEC R5
MOV RO#NUMCHAN
INC RO
DEC @RO
CINE R5,#00H,SHCLSDEC
MOV R5,#05H
MOV DPTR,#DATACHAN
MOV A,DPL
ADD A #0CH
MOV DPL,A
MOV RO#NUMCHAN
MOV @RO,#30H
INC RO
MOV @RO,#35H
SHCLSDEC: LCALL SHOWCHAN
POP ACC
POP 09H
POP 08H
RET

SRCLCD:
PUSH ACC



151

MOV A #40H
LCALL WRITETXT
POP ACC

RET

SRCSET:
PUSH ACC
MOV A #00H
LCALL WRITETXT
POP ACC
RET

SHOWPUTLCD:
PUSH DPH
PUSH DPL
PUSH ACC
LCALL INCDD
MOV DPTR #SETTXT3
MOV  A#43H
LCALL WRITETXT
POP ACC
POP DPL
POP DPH
RET

SHOWDEFINE: ;I/P= DPTR(DATA IN MEM TO SHOW)
PUSH ACC
MOVX A,@DPTR

LCALL DEFLCD
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POP ACC
RET

DEFLCD: 1/P= ACC
PUSH DPH ;0/P= DATA ASCII TO SHOW
PUSH DPL
PUSH 0AH ;(R2,R6,R7)
PUSH 0EH
PUSH OFH
LCALL BICONV
MOV DPTR,#BUFFKEY
MOV A,R2
ADD A #30H
MOVX @DPTR,A
INC DPTR
MOV A,R6
ADD A,#30H
MOVX @DPTR,A
INC DPTR
MOV AR7
ADD A,#30H
MOVX @DPTR,A
MOV R2,4#02H
MOV R7,4#03H
LCALL DECDD
MOV  A#4TH
LCALL GOTO LCD
LCALL PRINT LCD
POP OFH
POP OEH
POP 0AH



153

POP DPL
POP DPH
RET

SETVALCHAN:
PUSH ACC
PUSH DPH
PUSH DPL
PUSH ODH ;(R5,R4)
PUSH 0CH
LCALL INCDD
MOV DPTRA#TEXT1
MOV A #00H
LCALL WRITETXT
MOV DPTR #DATACHAN
MOV R5,#01H
LCALL IDCHAN
LEVENT: LCALL SHOWCHAN
LCALL SHOWDEFINE
NEVENT: MOV VALKEY,#00H

LCALL EVENTKEY
MOV A,VALKEY
CJINE A#OEBH,NEXTEST ;INC
LCALL INCCHAN

NEXTEST: CINE A #OEDH,NEXTEST1
LCALL DECCHAN

NEXTEST1: CINE A#0E7H,NEXTEST2
SIMP EEXTEST

NEXTEST2: CINE A #7EH,NEVENT
LCALL CLRSRC
LCALL GETCHAN

;DEC
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JNB NUMERROR,NORMALCHAN
MOV A#NUMDEFAULT
SIMP SAVECHAN
NORMALCHAN: MOV A,BUFFREG
SAVECHAN: MOVX @DPTR,A
LCALL CLRSRC
LCALL CLRBUFF
LJMP LEVENT
EEXTEST: POP 0CH
POP ODH
POP DPL
POP DPH
POP ACC
RET

SETVALCLASS:

PUSH ACC

PUSH DPH

PUSH DPL

PUSH 0DH ;(R5,R4)

PUSH 0CH

LCALL INCDD

MOV DPTR #TEXT3

MOV  A#00H

LCALL WRITETXT

MOV DPTR#DATACHAN

MOV R5,#01H

LCALL IDCHAN
LEVENTCLS: LCALL SHOWCHAN

LCALL SHOWPUTLCD
NEVENTCLS: MOV VALKEY ,#00H
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LCALL EVENTKEY
MOV A,VALKEY
CINE A#OEBH,NEXTESTCLS ;INC
LCALL INCCLASS
NEXTESTCLS: CJNE A#OEDH,NEXTEST1ICLS ;DEC
LCALL DECCLASS
NEXTESTICLS: CINE A#0E7H,NEXTEST2CLS
SIMP EEXTESTCLS
NEXTEST2CLS: CINE A#7EH,NEVENTCLS
LCALL CLRSRC
LCALL GETCHAN
JNB NUMERROR,NORMALCLASS
MOV A#NUMDEFAULT
SIMP SAVECLASS
NORMALCLASS: MOV A,BUFFREG
SAVECLASS: MOV R6,#3
NEWSAVECLASS: MOVX @DPTR,A
INC DPTR
DIJNZ R6,NEWSAVECLASS
MOV A,DPL
CLRC
SUBB A#3
MOV DPL,A
LCALL CLRSRC
LCALL CLRBUFF
LJMP LEVENTCLS
EEXTESTCLS: POP 0CH
POP O0DH
POP DPL
POP DPH
POP ACC
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SETALL:
PUSH ACC
PUSH DPH
PUSH DPL

LSETALL: LCALL INCDD
MOV DPTR #SETTXT1
MOV  A#00H
LCALL WRITETXT
MOV DPTR #TEXT4
MOV  A#40H
LCALL WRITETXT
MOV VALKEY,#00H
LCALL EVENTKEY
MOV A, VALKEY
CINE A#0E7H,LISETALL
SJMP ESETALL

LISETALL: CJNE A #7EH,LSETALL
LCALL CLRSB
LCALL GETCHAN
JNB NUMERROR,NORMALALL
MOV A#NUMDEFAULT
SIMP SAVEALL

NORMALALL: MOV A,BUFFREG

SAVEALL: MOV DPTR#DATACHAN

MOV R6,#15
NEWALL: MOVX @DPTR,A

INC DPTR
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DIJNZ R6,NEWALL

LCALL CLR8B

SIMP LSETALL
ESETALL: POP DPL

POP DPH

POP ACC

RET

SHOWSETUP:
LCALL INCDD
MOV DPTR #SETTXTO
LCALL SRCSET
LCALL INCDD
MOV DPTR #SETTXT4
LCALL SRCLCD
RET

PROSET:

PUSH 02H

PUSH DPH

PUSH DPL

PUSH ACC

MOV PSW,#00001000B

CLR PASSFUN

LCALL SHOWSETUP
NSETMAIN: MOV R4,#00H
LSETMAIN: LCALL PEVENTKEY

JNB KEYTEST,LPROSET

JNB PASSFUN,EPROSET
LGSETMAIN: SJMP LSETMAIN
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LPROSET: CLREA

CLR TR1
MOV A,VALKEY
CJINE A #0EEH,LISETMAIN ;IS FUNC
INC R4
SETB PASSFUN
CINE R4,#04H,0SETMAIN
MOV R4,#01H

OSETMAIN: LCALL INCDD
MOV DPTR #SETTXTO
LCALL SRCSET

LISETMAIN: CJNE R4,#01H,L2SETMAIN
LCALL INCDD
MOV DPTR#TEXT1
LCALL SRCLCD

L2SETMAIN: CJINE R4,#02H,L3SETMAIN
LCALL INCDD
MOV DPTR #TEXT3
LCALL SRCLCD

L3SETMAIN: CJINE R4,#03H,LASETMAIN
LCALL INCDD
MOV DPTR#TEXT4
LCALL SRCLCD

L4SETMAIN: CJNE A#7EH,L5SETMAIN ;IS ENTER
JNB PASSFUN,L5SETMAIN
CJINE R4,#01H,LSETMAIN1
LCALL CLR16B
LCALL SETVALCHAN
LCALL CLR16B

LSETMAINI: - CINE R4,#02H,LSETMAIN2

LCALL CLR16B
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LCALL SETVALCLASS
LCALL CLR16B
MOV R4,#02H
LSETMAIN2: CJNE R4,#03H,LSETMAIN3
LCALL CLR16B
LCALL SETALL
LCALL CLR16B
MOV R4,#03H
LSETMAIN3: MOV A,#00H
SIMP OSETMAIN
LSSETMAIN: CJNE A#0E7H,LGSETMAIN ;IS ESC
EPROSET: CLR KEYTEST
MOV PSW #00H
POP ACC
POP DPL
POP DPH
POP 02H
RET

SETSYSTEM:

MOV TMOD,#00010001B
MOV TH1,#00H
MOV TL1,#00H
MOV NUMCOUNT,#0
SETB TR1

LSYS: LCALL PROSET
JB PASSFUN,ESYS
MOV R7,NUMCOUNT
CJNE R7,#40,LSYS
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ESYS: CLR TR1
LCALL CLR16B
RET

MAIN:

MOV SP #30H
MOV PSW,#00H
LCALL DELAYBOOT
LCALL INTIAL
MOV DPTR,#BACKUP
MOVX A,@DPTR
CLRC
SUBB A#55H
JZ VALBACK
MOV A #55H
MOVX @DPTR,A
LCALL VALDEF

VALBACK: LCALL VALINTIAL
LCALL PUTTIMES
LCALL INIT LCD ; Initial LCD
MOV IP #10H
MOV IE#88H
CLR DELAYSET
CLR PASSFUN
LCALL SETSYSTEM
MOV IE #92H
MOV TMOD#21H
MOV TH1,#0FDH
MOV SCON,#0DOH
ANL PCON#01111111B

SETB TR1
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MOV P1,#00H
CLR P1.2
RMAIN: SETB ES
SETB EA
CLRPI1.1
CLR DOTEST
CLR RECFIN
JNB DOTEST,$
JNB RECFIN,$
CLR ES
LCALL SHOW7SEG
SIMP RMAIN

TABCODE: DB 00H,03H,10H,13H,20H,23H,30H,33H
DB 40H,43H,50H,53H,60H,63H,70H

TABLECODE: DB 0BEH,0DDH,0BDH,7DH,0DBH,0BBH
DB 7BH,0D7H,0B7H,77H

TEXT1: DB "CHANNEL ",00 ;Display LCD RIGHT
TEXT2: DB" ERROR",00 ;Display LCD Line2
TEXT3: DB " CLASS ",00;

TEXT4: DB" ALL ",00

CLRSBIT: DB " ",00

SETTXTO0: DB" SET ",00

SETTXT1: DB "CURRENT ",00

SETTXT3:DB"  ",00

SETTXT4: DB " SYSTEM ",00
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CLRTXT:DB" OFF ",00

END
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s P December 1994
National Semiconductor

ADC0801/ADC0802/ADC0803/ADC0804/ADCO805
8-Bit uP Compatible A/D Converters

General Description
The ADCO0801, ADC0802, ADC0803, ADC0804 and ® Oifferential analog voltage inputs

ADCO0805 are CMOS 8-bit successive approximation A/D  m Logic inputs and outputs meet both MOS and TTL volt-
converters that use a differential potentiometric ladder— age level specifications

similar to the 256R products. These converters are de- m Works with 2.5V (LM336) voltage reterence

signed to allow operation with the NSC800 and INSB080A g QOn-chip clock generator

derivative control bus with TRI-STATE® output latches di- g gy to 5\ analog input voltage range with single 5V
rectly driving the data bus. These A/Ds appear like memory supply N

locations or 1/0 ports to the microprocessor and no inter-

o . No zero adjust required
facing logic is needed.

0.3 standard width 20-pin OIP package

20-pin molded chip camier or small outline package
Operates ratiometncally or with § Vpg, 2.5 Vpg, or ana-
log span adjusted voltage rzference

Differential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voltage value. In addition, the voitage reference input can
be adjusted o allow encoding any smaller analog voltage
span to the full 8 bits of resolution.

Key Specifications
Features = Resolution 8 bits

m Compatible with 8080 P derivatives—no intedfacing * Total emor £Y,LS8. =, LS8 and =1 LS8
logic needed - access time - 135 ns = Conversion time 100 us
m Easy interface to all microprocessors, or operates b
“stand alone™

Typical Applications.
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Absolute Maximum Ratings (otes 1&2)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vcc) (Note 3) 6.5V
Voltage
Logic Control Inputs -0.3Vto +18V

At Other Input and Outputs
Lead Temp. (Soldering, 10 seconds)

—0.3V to (Veg +0.3V)

Dual-In-Line Package (plastic) 260°C
Dual-In-Line Package (ceramic) 300°C
Surface Mount Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C

Electrical Characteristics

—55"Cto +150°C
875 mwW
8oaQv

Storage Temperature Range
Package Dissipation at T4 =23°C
ESD Susceptibility (Note 10)

Operating Ratings (otes 12 2)

TMINSTAS Tax
—55°C<Tac +125°C

Tempecature Range
ADCO0801/02LJ, ADCOB02L /883

ADC0801/02/03/04LCJ —40°C<Ta< +85°C
ADC0801/02/03/0SLCN —d40°CSTa< +85C
ADCO0804LCN 0°C<Ta< +70°C
ADC0802/03/04LCV 0°'C<Ta< +70C
ADC0802/03/04LCWN 0°C<Ta< +70C
Range of Vo 4.5Vpcto 6.3 Vpo

The following specifications apply for Voo =5 Vog. TMINS TAS Tiyax and forx =640 kHz unless otherwise soccified.

Parameter Conditions Min | Typ Aax Units
ADC0801: Total Adjusted Error (Note 8) With Full-Scale Adj. i ny {sh
(See Section 2.5.2) i -
ADC0802: Total Unadjusted Error (Note 8) Vaer/2=2.500 Vpc = LS8
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj. Y LS8
(See Section 2.5.2) =
ADC0804: Total Unadjusted Error (Nate 8) Vger/2=2.500 Vpc | & 1 LS8
ADCO0805: Total Unadjusted Error (Note 8) Vaer/2-No Connection | =N Ls8
Vagr/2 Input Resistance (Pin 9) ADC0801/02/03/05 2.5 i 8.0 kQ
ADCO0804 (Note 9) 0.75 i Wl kN
Analog Input Voltage Range (Note 4) V(+) or V(-) Gnd-0.05 | Vee = 0.05 Vo
OC Common-Mode Ermor Over Analog Input Voltage N =W 2 Ve Lss
Range |
2ower Supply Sensitivity Veg=5Vpg £10% Over } = = LS8
Allowed Vin(+) and Vin(—) i
Voltage Range (Note ¢) |
AC Electrical Characteristics
The following specifications apply for Voo =5 Vpg and T4 =25°C unless otherwise specified.
Symbol Parameter Conditions Min | Typ Max Units
¢ Conversion Time foLx = 640 kHz (Note 6) 103 | 114 us
Te Conversion Time (Note 5, 6) 55 | 73 1ok
oL Clock Frequency Veg =5V, (Note 5) 100 540 1460 kHz
Clock Duty Cycle (Note 5) 40 | 60 %
CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode CS =0 Vpc. fouk = 640 kHz
WONRIL Width of WR Input (Start Pulse Width) CS =0 Vg (Note 7) 100 ns
tacc Access Time (Defay from Falling C =100 pF 135 200 ns
Edge of RD to Output Data Valid) 3
e loH TRI-STATE Control (Defay C_=10pF, Ry =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
twi L1 Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR
Cin Input Capacitance of Logic 5 7.5 pF
Control Inputs
Cout 1 TRI-STATE Output i 5 | 75 pF
| Capacitance (Data Butters) |
CONTROL INPUTS (Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately)
Vin (1) Logical 1" Input Voltage [ Vec=5.25Vpe 15 ‘ Voc

|

(Except Pin 4 CLK IN)

e
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|

AC Electrical Characteristics (centinued)
The following specifications apply for Voo = 5Vpg and Tyiy € Ta € Tuax. unless otherwise spacified.

Symbol ' Parameter [ Conditions ] Min Typ l Max r Units

CONTROL INPUTS (Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]

Vin (0) Logical “0" Input Voltage Veoc=4.75 Ve 0.8 Voc
(Except Pin 4 CLK IN)

Ing (1) Logical “1"" Input Current Vin=5Vpc 0.005 1 rAoC
(All Inputs)

hin (0) Logical “0" Input Current Vin=0Vpc -1 -0.005 wApc
(All Inputs)

CLOCK IN AND CLOCKR

Vr+ CLK IN (Pin 4) Positive Going 2.7 34 3.5 Voc
Threshold Voltage

Vi— CLK IN (Pin 4) Negative [oo13 1.8 2.1 Voc
Going Threshold Voitage !

Vi CLK IN (Pin 4) Hysteresis ‘ 06 l 113 2.0 Voc
Mr =T -) |

Vout (0) .Logical “0"" CLK R Output lo=2360 uA 0.4 Voc
Voltage Veec=4.75 Ve f

Vout (1) Logical *1" CLK R Output lo= =360 A | 2 Vo
Voltage Ve =4.73 Vg L

DATA QUTPUTS AND INTR

VouT (0) Logical 0" Output Voltage
Data Qutputs louT=1.6mMA. Vcc=4.75Vpc 0.4 Voc
INTR Output lout= 1.0 mA, Yoo =4.75 Ve 0.4 Voc

Vout (1) Logical "1™ Qutput Voltage lo= =360 uA Vcc=4.75Vpc i 2.4 Voc

Vout (1) Logical *'1"* Output Voltage lo= —10pA Vec=4.75Vpo 4.5 Voc

lout TRI-STATE Disabled Outout Vout=0 Vo 43 ' rAoC
Leakage (All Data 8uffers) VouTt =5 Voc 3 wAog

IsouRce Vout Short to Gnd, T4 = 25°C 45 6 mApe

'Sk Vour Short to Ve, Ta = 25°C 90 | 16 mApC

POWER SUPPLY

lcc Supply Current (Includes foLx = 640 kHz, I
Ladder Current) Vage/2=NC. T4 =25'C

and C8 =5V

ADC0801/02/03/04LCJ/05 1.1 1.8 mA
ADC0OB04LCN/LCV/LCWM 1.9 2.5 mA

Note 1: Absolute Maxamum Ratings indicate hms Seyond which damagae 10 the gevxca may occwr. OC and AT electncal soecificatons do not appty when coeratng
he devica beyond its specifed operatng conditions.

Note 2 All vollages are measured with respect 10 Gnd. uniess otherwrse spacrfied. The separate A Gnd 0oint shouid always be wired to the O Gna.

Hote 2: A zener diode extsts, iatemally, from Ve to Gnd and has a typical breaxdown voitage of 7 Voo

Note 4: For Vi { = )2 Vin(+) the digital outout code wiil ba 0000 0000. Twa onchip diodes are tied 10 sach analog inoul (see dlock diagram) which widl forward
conduct for anakog Noul voitages one ciode drop below ground of ona dioce Groo Greater han tha Veg suooly. 86 carsh, dunng testing at low Veg fevels (4.5V),
a3 hgn level analog nouts (SV) can cause this nput diode 10 conduct - espaially at elevated temperatures, and causa eors for analog inputs near fuil-scale. The
spec allows 50 mV torward bias of either diode. This means tat as long as Me analog Viy does not excend the suocoty voltage by more than SO mV, ihe outout
coda will ba comect To acheve an absolute 0 Vpg 10 5 Vpg input voitage range will therefors require a mmimum suoOly vollage of 4.950 Vpg over temperature
vanaoons, inftial tolerance and loading.

Note 5: Accuracy is quaranteed at foy x = 540 kHzZ At higher clock [requances accuraCy can degrade. For lower clock frequencies, (he duty Cycle hmits can De
2xtended so long as the mvwmum clock high Ume interval or mmwnum clock low tme inlerval is no less Man 275 ns.

Note 6: With an asynchronous star puise, up 1o 8 clock penods may be requved before the ntemal clock phases are proper 10 start tha converson procass. The
start request 13 mtemaity latched, see Sgure 2 and secton 2.0

Note 7: Tha T3 inout is assumed to bracket tha WR strooa nout and theretore umwng is decendent on the WH puise width. An arbitranty wide pulse wdth wit hold
e converter m a reset mode and the stant of Conversion is initiated by Me fow (0 high transiton of the WR puisa (see timing diagrams).

Note 8 None of thesa A/Ds requires a zero adjust (see secton 2.5.1). To 0dtan 28ro code at other analog input vortages ses secton 2.5 and Frgure 5.

Note &: The Vagr/2 pn s the center pont of a two-resistor divider connected from Veg 10 ground. In all versions of the ADC0801, ADC0802. ADCO803, and
ADCO805, and in the ADCCB04LCJ. eacn resistor is typically 16 kM. In all versons of the ADC0804 exceot the ADCTB04LCY. each resistor is fyprcaity 2.2 k.

Note 10: Human body modet, 100 of cischarged througn a 1.5 kY resistor.
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Typical Performance Characteristics

Delay From Falling Edge of
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TRI-STATE Test Circuits and Waveforms

Timmg Diagrams (All timing is measured from the 50% voltage points)

START
COmvERSION

tiH tin, CL=10 pF ton
Vee Yeeo
v
e —]ob—
Veo oy
70 OATA B |r 1
3] v ourrur Gro
l = L] AT = 9ATA
L 1 Von o uTIUT
ouTPuTS i e
= = = = e —L
L=20ns

tgH, CL =10 pF
—do}=

Yeeo e
Ly} $O%
A
213 { 1o

ml

o e
Yee
0ATA
auruTs %
Vot
t =20 ns TUH/S571-3

R/ X

— WOWRIL —— ~1usY
ACTUAL INTERNAL “NCT BUSY™ ][
STATUS OF THE |
CONVERTER t
170 88 1c x :

{LAST OATA WAS READ)

CATAISVALIO IN
i QUTPUT LATCHES

|

INTERMAL Tg —————

l

v
| L 7 ,
1 (LAST DATA WAS HOT READ) \.! l [\ [MT ASSERTED
i H i
__4? W1Te g
Output Enable and Reset INTR
THTR ReSET
NTR
:
a — oy |-
|
A0
A
OATA TALSTATED
e R e )AL | ¥YiIoI"al T T v
TL/H/S6T1-4

Note: Read strodbe must occur 8 clock penods (8/1cy x) after asserton of intemuot 1o guarantee reset of INvA.
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Typical Applications (continued)

6300 Interface Ratiometric with Full-Scale Adjust

u
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p— |
152, n 0
e

an a L3
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f— Vimrd vagp?

Nota: batore using cacs at Ve of Vogr/ 2,

see secuon 2.3.2 Inout Sypass Caoacitors.

Absolute with a 2.500V Reference Absoclute with a 5V Reference
Ve 2
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Typical Applications (continuec) . i
Directly Converting a Low-Level Signal ApP lnter‘!ac'e.d Coraparator
Y 5
.svv::p 3"‘:;“
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S Yy S12 ey w0 an
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Vinet Vgl Ot Viul Yage? ---’
For Vin(+)> Vin( =)
QOutout = FRyey
For Vin(#) <Vin( =)
Outout = 001y

Vagr/2 2255 mv

i

Vegr/2=123 mv

rLsg =1 mv

Voac - Vin s (Voac= 256 mV)
Vigle)

T 3ac

1 mV Resolution with uP Controlled Range
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Digitizing a Current Flow
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Typical Applications (Continued)

Vig(=)=0.15 Ve

15% of Vec s Vxpas85% of Vg

)

Self-Clocking Muitiple A/Ds - External Clocking
0 Ot CLLA
- [}
2|
CLx R cxin 1
E-Ral
ey n N
't P—— ki
acm
¢ O——rd CLr
et
100 kHz <l < 1460 kHz
v
*Use a large R value cxie
1o reduce loading :
at CLK R output. v
1£ MGRE TRAR § ADOITIONAL
LDy USE A CMOT IUFFEA (MaT T2
Self-Clocking in Free-Running Mode uP Interface for Free-Running A/D
l Ia a X
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v
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e Ratiometric with Vgegp/2 Forced vee
LATY)
f R o, ] [xon
Yroa 5
o Vimis ver
Vinio) v,
(. . il < [ 5
e X+t 10
P 1T
A =
n 0ches - = IS
C a <
- = L)
< 2 Larsaa
Yaer? i 3
Ul Ve " Vimit Yagpl \l__
Lo o U] i R
1a =




172

Typical Applications (Continued)

uP Compatible Differential-lnput Comparator with Pre-Set Vos (with or without Hysteresis)

aumT
s
O Vit
oin 1 or
! s
T L
i
wo !
1
1
17 oS :
I
|
o— I

*Saa Figure 5 10 seiect R value
C37="17toc Vin( +)>Vin( =) + (VRgr/2}
Omiut circuitry withun the cotted area
hysteresis is not needed

Handling =10V Analog Inputs

< o't
Bvocl
T
Yie! Yee
i f et

Vi)

3!

*2eckman tnstruments 4 5%4-3.R 10K resistor array

1
1
|
1
t
1
!
1
1
]
1
1

Low-Cost, uP Interfaced, Temperature-to-Digital Converter

oo
5 Voel
Vinied Vee +
e
14
v
o
Vi) Vagsd —1:“:"

uP Intertaced Temperature-to-Digital Converter

wot
2 g
S A

L

*Circuil values snown are for 0°C3T.5 +128°C

*Can calibrate each sensoe (0 allow easy replacement. ihen
A/D can be cahbrateq wath a pre-set input voltage.
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v
n
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)
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Typical Applications (conunued)

Handling =5V Analog Inputs

Yee

15 Vael
A i e
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TU/H/5671-33

“Seckman Insvruments #594.3-R 10K resistor array

uwP Interfaced Comparator with Hysteresis
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Analog Self-Test for a System

o—
Vinie)
o—
o—
1
srsTen | O—f CranmeL
3¢ TSt ARALOG )
morers | oy wux
e
G
o—\
v
o =
lA l: lc CHARNEL
sELect
[ —)
FRQw QuIPST
PORT OF L2 TL/H/5671-36

Read-Only Interface

I

A
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ourryr £ONVERZN TL/H/SET1-32

Protecting the Input

Yo
(3 vae)
?

Oioges are 1N912

it

TU/H/S671-3

A Low-Cost, 3-Decade Logarithmic Converter

A Viaist

L]
(19 mvnel

'LM389 ransistors
A 3.C. D = LM324A quad oo amo
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Typical Applications (continuec)

3-Decade Logarithmic A/D Converter

A,8.C,D=LM324A
7 ton

“Via
Fi1tay 10 -] ¥

1.

VAA

Yimiod

et

i.,r
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Multiplexing Differential Inputs

Viul*l
A0
~o
Yimt=)
Ic = 20 Hz
Uses Cheoyshev imolementauon tor steeper roli-of! T 5
S
urrty-gain, 2nd oraer, iow-pass fier _E—" Vit l I e
Aocng a separate liter for eacn channel incraases = NI
system respcnse bma il an analog muitiolexer rston,r
1S used
Output Buffers with A/D Data Enabled Increasing Bus Drive and/or Reducing Time on Bus
_E—Cn a——daa
- 1a.r 10w
H:?A' DATA vt OATA QuT 0ATA 33
TRLSTATE® TRASTATES
I D e orrens Arrr=——d e e

“A/D ouDut data is vocated 1 CLK penod
onor to asserson of INTR

?a Tn

TUH/SET1-10

*Allows outout data to set-up at falling ecge of CS
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Typical Applications (continued)

Sampling an AC Input Signal

Ny Mz
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Note 1: Cversamole whenaver possible (keep ts > 21(—60)] to eliminate input trecuency lolding
{ahasing) and 1o allow foc tha skirt responsa of the filter.
Note 2: Consider ihe amohlude errors which are introduced wathin the passdand of tha filter

70% Power Savings by Clock Gating
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“Use ADC0801, 02. 03 or 05 for lowest power consumpoon
Note: Logic mouts can be anven to Veg with A/D suopty atf zero voits.

Surler prevents cata bus trom overdriving outout of A/D when in shutdown mode.
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transter characteristic (staircase waveform) is
shown in Figure 71a. The horizontal scale is analog input
voltage and the particular points labeled are in steps of 1
LS3 (19.53 mV with 2.5V tied to the Vggs/2 pin). The digital
output codes that corespond to these inputs are shown as
O-1,D.and D=+ 1. For the perfect A/D, not only will center-
value (A—1, A, A+1,. . . .)analog inputs produce the cor-
rect output ditigal codes, but also each rser (the transitions
between adjacent output codes) will be located =1, LSB
away from each center-value. As shown, the risers are ideal
and have no width. Correct digital output codes will be pro-
vided for a range of analog input voitages that extend =,
LS8 from the ideal center-values. Each tread (the range of
analog input voltage that provides the same digital output
code) is therefore 1 LS2 wide.

Figure 1b shows a worst case ermor plot for the ADCI801.
All center-valued inputs are quaranteed to produce the cor-
rect output codes and the adjacent risers are guaranteed to
be no closer to the center-value points than =Y, LS3. In

Transfer Function

other words, if we apply an analog input equal to the center-
value *Y, LS8, we guarantee that the A/D will procuce the
correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be no more than ', LS3.

The emor curve of Figure 7¢ shows a worst case error plot
for the ADCOB02. Here we guarantee that if we apply an
analog input equal to the LS8 analog voltage center-value
the A/D will procuce the correct digital code.

Next to each transfer function is shown the corresponding
error plot. Many peopie may be more familiar with error plots
than transfer functions. The analog input volitage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the emor is con-
tinuously displayed and includes the quantization uncertain-
ty of the A/D. For example the eror at point 1 of Figure 1a
is +1, LS8 Lecause the digital code appeared ', LSB in
advance of the center-value of the tread. The error plots
always have a censiant negative slope and the abruot up-
side sieps are aiways 1 LS8 in magnitude.

Error Plot
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FIGURE 1. Clarifying the Error Specs of an A/D Converter
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Functional Description (continued)

2.0 FUNCTIONAL DESCRIPTION

The ADC0801 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference in-
put voltage [Vin(+) — Vin(-)] to a coresponding tap on
the R network. The most significant bit is tested first and
after 8 comparnsons (64 clock cycles) a digital 8-bit binary
code (1111 1111 = full-scale) is transferred to an output
tatch and then an interrupt is asserted (INTR makes a high-
to-low transition). A conversion in process can be interrupt-
2d by issuing a second start command. The device may be
operated in the ireecunning mode by connecting INTR to
the WR input with CS =0. To ensure start-up under all pos-
sible conditions, an external WR puise is required during the
first power-up cycle.

Cn the high-to-low transition of the WR input the internal
3AR latches and the snift register stages are reset. As long
zs the CS input and WR input remain low, the A/D will re-
main in a reset siate. Conversion will start from 1 to 8 clock
periods after at least one of these inputs makes a low-to-
nigh transition.

A functional diagram of the A/D converer is shown in Fig-
ure 2. All of the package pinouts are shown and the major
logic control paths are drawn in heavier weignt lines.

The converter is started by having CS and WR simulta-
neously low. This sets the start flip-flop {F/F) and the result-
ing “1" level resets the 8-bit shift register, resets the Inter-
rupt (INTR) F/F and inputs a 1" to the O flop, F/F1, which
is at the input end of the 8-bit shift register. Internal clock
signals then transfer this "1 to the Q output of F/F1. The
AND gate, G1, combines this "1 output with a clock signal
to provide a reset signal to the start £/F. If the set signal is
no longer present (either WR or CSis a *1") the start F/Fis
reset and the 8-bit shift register then can have the “1"
clocked in, which starts the conversion process. If the set
signal were to still be present, this reset pulse would have
no effect (both outputs of the start F/F would momentanly
be at 2 1" level) and the B8-bit shift register would continue
to be held in the reset moae. This logic therefcre allows for
wide CS and WR signals and the converter will start after at
least one of these signals retums high and the internal
clocks again provice a reset signal for the start F/F.
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Functional Description (Continued)

Atfter the "1" is clocked through the 8-bit shift register
(which completes the SAR search) it appears as the input to
the D-type latch, LATCH 1. As soon as this 1" is output
from the shift register, the AND gate, G2, causes the new
digital word to transfer to the TRI-STATE output latches.
When LATCH 1 is subsequently enabled, the Q output
makes a high-to-low transition which causes the INTR F/F
1o set. An inverting butfer then supplies the INTR input sig-
nal.

Note that this SET control of the INTR F/F remains low for
8 of the external clock periods (as the internal clocks run at
/s of the frequency of the extemal clock). if the data output
is continuously enabled (CS and RD both held low), the
INTR output will still signal the end of conversion (by a high-
to-low transition), because the SET input can control the Q
output of the INTR F./F even though the RESET input is
constantly at a 1" level in this operating mode. This INTR
output will therefore stay lew for the duration of the SET
signal, which is 8 penods of the external clock frequency
(assuming the A/D is not started duning this interval).

When operating in the free-running or continuous conver-
sion mode (INTR pin tied to WA and CS wired low—see
also section 2.8), the START F/F is SET by the high-to-iow
transition of the INTR signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to go low. As the latch enable input is still present, the Q
output will go high, which then aliows the INTR F/F to be
RESET. This reduces the width of the resuiting INTR outout
pulse to only a few propagation delays (approximately 20Q
ns).

When data is to be read. the combination of both C5 and
RD being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-
bit digital outputs.

2.1 Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet standard
T2L logic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Output En-
able labels. In addition, these inputs are active low to allow
an easy interface to microprocessor control busses. For
non-microprocessor based applications. the CS input (pin 1)
can be groﬂﬁded and the standard A/D Start function is
obtained by an active low pulse applied at the WR input (pin
3) and the Output Enable function is caused by an active
low pulse at the RD input (pin 2).

2.2 Analog Differential Voitage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due to the
analog ditferential voltage input. The Vin(—) input (pin 7)
can be used to automatically subtract a fixed voltage value
from the input reading (tare correction). This is also useful in
4 mA-20 mA current loop conversion. In addition, common-
mode noise can be reduced by use of the differential inout.
The time interval between sampling Vin(+) and Vin(—)is 4-
1/, clock periods. The maximum error voltage due to this

slight time difference between the input voltage samoles is
given by: -

4.5
AV,(MAX) = (Vp) (2tem) (E )
L

where:

AV, is the error voltage due to sampling delay

Vp is the peak vaice of the common-mode voltage

fem is the common-mode frequency
As an example, to keep this error to '/, LS8 (~5 mV) when
operating with a 60 Hz common-mode frequency, f.4, and
using a 640 kHz A/D clock, fcik, would allow a peax value
ot the common-mode voltage, Ve, which is given by: |

[AVamax (forw)
Vp = ————————=—
(2micm) (4.5)
or
Vo = (5 x 10 -3) (840 % 103)
2 (5.28) (80) (4.5)

which gives

Vo= 1.9V.
The allowed range of analog input voltages usually places
more severe restrictions on input common-mode naise lev-
els.
An analog input voitage with a reduced span and a retatively
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Reference Voliage).
2.3 Analog Inputs
2.3.1 Input Current

Normal Mode

Due to the intermal switching action, displacement currents
will flow at the analog inputs. This is due to on-cnio stray
capacitance to ground as shown in Figure 3.
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Functional Description (continues)

The voltage on this capacitance is switched and will resuit in
currents entering the Vin(+) input pin and leaving the
Vin(=) input which will depend on the analog differential
input voltage levels. These cument transients occur at the
leading edge of the intemal clocks. They rapidly decay and
<0 not cause errors as the on-chip comparator is strobed at
ihe end of the clock period.

Fault Mode

If the voltage source applied to the Vin(+) or Vin(—) pin
exceeds the allowed operating range of Vcg + 50 mV, large
input currents can flow through a parasitic diode to the Veg
pin. If these cuments can exceed the 1 mA max allowed
scec, an extemal diode (1NQ14) should be added to bypass
this cument to the Vg pin (with the current bypassed with
this diode, the voltage at the Vy(+) pin can exceed the
Ve voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

3ypass capacitors at the inputs will average these charges
and cause a OC current to flow through the output resist-
ances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the Vin(+)
input voltage at full-scale. For continuous conversions with
a 640 kHz clock frequency with the Vin(+) input at SV, this
OC current is at a maximum of approximately 5 pA. There-
‘ore, bypass capacitors should not be used at the analog
nputs or the Vags/2 pin for high resistance sources (> 1
<Q). It input bypass capacitors are necessary for noise filter-
ing and high source resistance is desirable to minimize ca-
pacitor size, the datrimental effects of the voltage drop
across this input resistance, which is due to the average
value of the input current, can be eliminated with a full-scale
agjustment while the civen source resistor and input bypass
capacitor are both in place. This is possible because the
average value of the input cument is a precise linear func-
tion of the differential input voitage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input cur-
rents settle out pnor to the companson time. If a low pass
tilter is required in the system, use a low valued series resis-
tor (£ 1 k) for a passive RC section or add an op amp RC
active low pass filter. For low source resistance applica-
lions, (< 1 k), a 0.1 pF bypass capacitor at the inputs will
prevent noise pickup due to series lead inductance of a long
wire. A 1000} series resistor can be used !0 isolate this ca-
pacitor—both the R and C are placed outside the feedback
loop—from the output of an op amp, it used.

2.3.4 Noise

The leads to the analog inputs (pin 6§ and 7) should be kept
as short as possible to minimize input noise coupling. 8oth
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these
inputs shouid. in general, be kept below 5 k). Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
puts to ground, wiil efiminate system noise pickup but can
create analog scale errors as these capacitors wiil average
the transient input switching currents of the A/D (see sec-
don 2.3.1.). This scale error depends on both a large source

resistance and the use of an input bypass capacitor. This
eor can be efiminated by doing a full-scale acjustment of
the A/D (adjust Vggg/2 for a groper full-scale reacing—see
section 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capacitor in place.

2.4 Reference Voltage

2.4.7 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 Vpg, 2.5 Vpg or an adjusted

voltage reference. This has been achieved in the design of
the IC as shown in Figure 4.
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=) 777
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FIGURE 4. The Vgererence Design on the IC

Notice that the reference voltage for the IC is either '/ of
the voltage applied to the Vg supply pin, or is equal to the
voltage that is externally forced at the Vggg/2 pin. This al-
lows for a ratiometric voltage reference using the Voo sup-
ply, a 5 Vpc reference voltage can be used for the Vg
supply or a voltage less than 2.5 Vpg can be applied to the
VRer/2 input for increased application flexibility. The inter-
nal gain to the VRer/2 input is 2, making the full-scale differ-
ential input voltage twice the voltage at pin 9.
An example of the use of an adjusted reference voitage is to
accommodate a reduced span—or dynamic voltage range
of the analog input voitage. If the analog input voltage were
to range from 0.5 Vpc to 3.5 Vpg, instead of OV to 5 Vpg,
the span would be 3V as shown in Figure 5. With 0.5 Vpg
applied to the Vin(—) pin to absorb the offset, the reference
voltage can be made equal to '; of the 3V span or 1.5 Vpe.
The A/D now will encode the Vn(+) signal from 0.5V to 3.5
V with the 0.5V input corresponding to zero and the 3.5 Vpg
input coresponding to full-scale. The full 8 bits of resolution
are therefore applied over this reduced analog input voltage
range.
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Functional Description (continued)
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FIGURE 5. Adapting the A/D Analog Input Voitages to Match an Arbitrary Input Signal Range

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiometric converter applications, the
magnitude of the reference voitage is a factor in both the
output of the scurce transducer and the output of the A/D
converter and therefore cancels out in the final digital cutput
code. The ADCO80S5 is specified particularty for use in ratio-
metric applications with no adjustments required. In abso-
lute conversion applications, both the initial value and the
temperature stability of the reference voltage are important
factors in the accuracy of the A/D converter. For Viper/2
voitages of 2.4 Vpc nominal value, initial emors of =10
mVge will cause conversion errors of =1 LSB due to the
gain of 2 of the Vggg/2 input. In reduced span applications,
the initial value and the stability of the Vrep/2 input voltage
become even more important. For examole, if the span is
reduced to 2.5V, the analog input LS8 voitage value is cor-
respondingly reduced from 20 mV (5V span) to 10 mV and
1 LS8 at the VRer/2 input becomes 5 mV. As can be seen,
this reduces the allowed initial tolerance of the reference
voltage and requires comrespondingly less absolute change
with temperature vanations. Note that spans smaller than
2.5V place even tighter requirements on the initial accuracy
and stability of the reference source.

In general, the magnitude of the reterence voltage will re-
quire an initial adjustment. Errors due to an improper value
of reference voltage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for ref-
erences if the ambient temperature changes are not exces-
sive. The LM3368 2.5V IC reference diode (from National
Semiconductor) has a temperature stapility of 1.8 mV typ
(68 mV max) over 0°C<Ta< +70°C. Other temperature
range parts are also avaiable.

2.5 Errors and Reference Voltage Adjustments

2.5.1Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, Vininy. is NOt ground,
a zero offset can be done. The converter can be made to
output 0000 0000 digital code for this minimum input voltage
by biasing the A/D Vin(—) input at this Vinainy value (see
Applications section). This utilizes the ditterential mode op-
eration of the A/D.

The zero error of the A/D converter relates to the location
of the first dser of the transfer tunction and can be mea-
sured by grounding the Viy (=) input and apptying a small
magnitude positive voltage to the V|y (+) input. Zero error
is the difference between the actual OC input voltage that is
necessary to just cause an output digital code transition
from 0000 00QQ to 0C00 0001 and the ideal '; LS3 value
(Y2 LSB = 9.8 mV for Vgep/2=2.500 Vpg).

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voitage that is 1'%, LSB less than the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the Vaer/2 input (pin @ or the Ve supply if pin Sis
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111,
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Functional Description (continued)

2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range
If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input sig-
nal that does not go to ground) this new zero reference
should be properly adjusted first A Vin(+) voltage that
equals this desired zero reference plus V; LSB (where the
LS8 is calculated for the desired analog span, 1 LS8 =ana-
log span/259) is applied to pin 6 and the zero reference
voltage at pin 7 should then be adjusted to just obtain the
00yex to 01nex code transition.
The full-scale adjustment should then be made (with the
proper Vin(—) voitage applied) by forcing a voltage to the
Vin(+) input which is given by:
) Muax = Vin)
Vv +)fsadj =V -1.5| —F —
w(+) i MAX { 255

where:

Vuax = The high end of the analog input range
and

VN = the low end (the ofiset zero) of the analog range.
(Both are ground referenced.)
The Vggge/2 (or Vcg) voltage is then adjusted to provide a
code change from FEpex to FFhgx. This completes the ad-
justment procedure.

2.6 Clocking Option

The clock for the A/D can be denved from the CPU clock or
an external RC can be added to provide seif-clocking. The
CLK IN (pin ¢) makes use of a Schmitt trigger as shown in
Figure 6.
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FIGURE 6. Seif-Clocking the A/D

Heavy capacitive or DC loading of the clock R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving upo to 7 A/D convent-
er clock inputs from a single clock R pin of 1 converter, are
allowed. For larger clock line loading, a CMOS or low power
TTL butfer or PNP input logic should be used to minimize
the loading on the clock R pin (do not use a standard TTL
buffer).

2.7 Restart During a Conversion

If the A/D is restarted (CS and WR go low and return high)
dunng a conversion, the converter is reset and a new con-
version is started. The output data latch is not updated if the

conversion in process is not allowed to be completed, there-
fore the data of the previous conversion remains in this
latch. The INTR output simply remains at the 1" level.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
should be used, following power-up, to ensure circuit opera-
tion. In this application, the CS input is grounded and the
WR input is tied to the INTR output. This WR and INTR
node should be momentarily forced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing aiso
greatly adds to the stray capacitance of the data bus.
There are some alternatives available to the designer to
handle this problem. Sasically, the capacitive loading of the
data bus slows down the resoonse time, even though OC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see typical
characteristics curves).

At higher CPU clock frequencies time can be extended for
170 reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (5800).

Finally, if time is short and capacitive loading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
butfers (low power Schottky such as the DM74LS240 series
is recommended) or special higher drive cument products
which are designed as bus drvers. High current bipolar bus
drivers with PNP inputs are recommended.

2.10 Power Supplies

Noise spikes on the Voo supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor should be used close to
the converter Vog pin and values of 1 pF or greater are
recommended. If an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-92, 5V voltage requ-
lator for the converter (and other analog circuitry) will greatly
reduce digital noise on the Vcg suppiy.

2.11 Wiring and Hook-Up Precautions
Standard digital wire wrap sockets are not satisfactory for

‘breadboarding this A/D converter. Sockets on PC boards

can be used and all logic signal wires and leads shouid be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, therefore shielded
leads may be necessary in many applications.
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Functional Description (continued)

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self<clocking capacitor (if used) siould
both be retumed to digital ground. Any Vggg/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shield-
ing should be retumed to the analog ground point. A test for
proper grounding is to measure the zero eror of the A/D
converter. Zero errors in excess of Y, LS8 can usually be
traced to improper board layout and wiring (see section
2.5.1 for measuring the zero efror).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs
to cisplay the resulting digital output code as shown in ~ig-
ure 7.

For ease of testing, the Vger/2 (pin 9) should be supplied
with 2560 Vpg anc a Voo supply voltage of 5.12 Vpg
should be used. This provides an LS8 value of 20 mV.

If a full-scale adjustment is to be made, an analog input
voltage of 5.080 Vpg (5.120-114 LS8) should be applied to
the Vin(+) pin with the V|y(—) pin grounded. The value of
the Vger/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 to 1111
1111, This value of Vgeg/2 should then be used for ail the
tests.

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
2nd the 4 least significant (LS). Table | shows the fractional
binary equivalent of these two 4-bit groups. 8y adding the
voltages obtained from the "VMS™ and “"VLS™ columns in
Tabdle I, the nominal value of the digital display (when
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FIGURE 7. Basic A/D Tester

VRer/2 = 2.560V) can be determined. For example. for an
output LED display of 1011 0110 or 86 (in hex), the voltage
values from the tlable are 3.520 + 0.120 or 3.640 Vpgc.
These voltage values represent the center-vaiues of a per-
fect A/D converter. The effects of quantization error have to
be accounted for in the interpretation of the test resuits.

For a higher speed test system, or to obtain plotted data, a
digitai-to-anaiog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 digi-
tal words.

A basic A/D tester that uses a DAC and provides the error
as an analog output voitage is shown in Figure 8. The 2 op
amps can be eliminated it a lab DVM with a numerical sub-
traction feature is available to read the ditference voltage,
“*A-C", directly. The analog input voltage can be supplied
by a low frequency ramp generator and an X-Y plotter can
be used to provide analog eror (Y axis) versus analog input
(X axis).

For operation with a microprocessor or a computer-based
test system, itis more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitior:s can be detected as the 10-bit DAC is
incremented. This provides '/, LS8 steps for the 8-bit A/D
under test. If the results of this test are automatically plotted
with the analog input on the X axis and the error (in LSB's)
as the Y axis, a useful transfer function of the A/D under
test results. For acceptance testing, the plot is nct neces-
sary and the testing speed can be increased by establishing
internal limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, a common sampie subroutine structure is used. The
microprecessor starts the A/D, reads and stores the resuits
of 16 successive conversions, then retums to the user's
program. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of tho 8080 microprocessor. The A/D can be
mapped into momory space (using standard memory ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an 1/Q device by using the I70 R
and [/O W strobes and decoding the address bits A0 —*
A7 (or address bits A8 — A15 as they will contain the
same 8-bit address information) to obtain the CS input. Us-
ing the I/O space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
only be input to the accumulator. To make use of the addi-
tional memoxry reference instructions, the A/D should be
mapped into memory space. An example of an A/D in I/0
space is shown in Figure 710.
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Functional Description (Continued)
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OUTPUT VOLTAGE
'
FRACTIONAL BINARY VALUE FOR CENTERJVELUES
HEX BINARY WITH
Vgper/2=2.560 Vpc
MS GROUP LS GROUP VMS GROUP*® | VLS GROUP*

F (N 1701 157186 ) 15/255 4.800 0.300
E AW g0 7/8 7/128 4.480 0.280
o | N\ Gt 13/16 13/256 4.160 0.260
c |1 §No & 3/4 3/64 3.840 0.240
38 |1 ot 11/16 117258 3.520 0.220
A |1 0 1 0 5/8 5/128 3.200 0.200
3 11 0 0t 9/16 9/258 2/880 0.180
8 |1 0 0 0] 1/2 132 2/560 0.160
7 o 11 7/16 7/256 2.240 0.140
5 1o 1 1 0 3/8 37128 1.920 0.120
s fo t 0 1 5/16 2/255 1.600 0.100
4 o 1 0 0 1/4 1/64 17280 0.080
3 o o 1t 1 3/16 3/258 0.960 0.060
2 o o 1 0 1/8 17128 0.640 0.040
t o o 0o 1 1/16 1/258 0.320 0.020

o |0 o o O 0 0

*Orsolay Outout = VMS Group + VLS Grouo
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Functional Description (Continued)
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Nota 1: “Pin numbers for the DP8228 systam controller, others are INS8080A.
Nota 2: Pin 23 of the INS8228 must be tied 1o + 12V through a | k2 resistor 10 generata the RST 7
NSIrUCtion when an mierrupt is acknowiedged as required by the accompanyng samole program,
FIGURE 10. ADC0801-~INS8080A CPU Interface
SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE
0038 €30003 RST Ja NP LD DATA
. . .
. B .
0100 210002 START : LXI H 02008 ;HL pair will point to
;datastorage locations
0103 3100 04 RETURN : LXI SP 0400H ;Inftialize stackpointer (Note l)
0106 70 MOVA, L ;Tast#£aof bytes entered
0107 FE OF CPIOFH ;I24=16. JMP to
0109 CALl301 JZ CONT juser program
010C D3 E0 OUT Z0 H ;Start A/D
0l0E FB EI ; Enable interrupt
0107 00 LooP: NOP ;Loocpuntil endof
0l10 C30FOL1 JMP LOOP ; ccaversion
olL13 . CONT: .
. . . .
* . (User program to .
L . process data) .
. . . .
. o . .
0300 DB EO LD DATA: INEOH ;Load data intoaccusulator
0302 77 MOV M, A ;Store data
0303 23 INXH ; Increment storage poiater
0304 C30301 JMP RETURN

Nota 1: The stack pointer must be dimensioned because a RST 7 nstructon pushes the PC onto the stack.
Note 2 AR aocress used were arditranty chosen.
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SEMICONDUCTOR TECHNICAL DATA

BCD-To-Seven Segment
Latch/Decoder/Driver

The MC14511B BCD-to—seven segment latch/decoder/driver is
constructed with complementary MOS (CMOS) enhancement mode devices
and NPN bipolar output drivers in a single monolithic structure. The circuit
provides the functions of a 4-bit storage latch, an 8421 BCD-to—seven
segment decoder, and an output drive capability. Lamp test (LT), blanking
(B1), and latch enable (LE) inputs are used to test the display, to turn—off or
pulse modulate the brightness of the display, and to store a BCD code,
respectively. It can be used with seven—segment light—emitting diodes
(LED), incandescent, fluorescent, gas discharge, or liquid crystal readouts
either directly or indirectly.

Applications include instrument (e.g., counter, DVM, etc.) display driver,
computer/calculator display driver, cockpit display driver, and various clock,
watch, and timer uses.
¢ Low Logic Circuit Power Dissipation
+ High—Current Sourcing Outputs (Up to 25 mA)

e Latch Storage of Code

e Blanking Input

s Lamp Test Provision

* Readout Blanking on all lllegal Input Combinations
* Lamp Intensity Modulation Capability

¢ Time Share (Multiplexing) Facility

s Supply Voltage Range =3.0 Vto 18V

MC14511B

, L SUFFIX
i|'~ CERAMIC
CASE 620
g P SUFFIX
=|L PLASTIC
CASE 648
D SUFFIX
&\ soic
& CASE 7518
DW SUFFIX i
@ soic g
CASE 751G
{
ORDERING INFORMATION g
MC14XXXBCP Plastic f
MC14XXXBCL Ceramic :
MC14)XXXBDW soic ;
MC14XXXBD soic %

TA =—55°to0 125°C for all packages.

PIN ASSIGNMENT

« Capable of Driving Two Low—power TTL Loads, One Low—power Bl te 16 [1Vpp
Schottky TTL Load or Two HTL Loads Over the Rated Temperature cf2 15 f
Range | : Tls oAby | i
o Chip Complexity: 216 FETs or 54 Equivalent Gates M f / g /b
« Triple Diode Protection on all Inputs 8if 4 13 [la o] e
LE(] 5 121b e
MAXIMUM RATINGS” (Voltages Referenced to Vgg) ods wh d
¢
Rati Symbol Val Unit
s i = All7 1014
DC Supply Voltage VbD -0.5t0+18 \ ves (8 alle
Input Voitage, All Inputs Vin -05toVpp+05| V
DISPLAY
DC Current Drain per Input Pin | 10 mA P T e T T T B U T
Operating Temperature Range Ta —55t0+ 125 °C {'_' ! ]l: |:1| _'ID ’L:l '[DJ -'}
Power Dissipation per Packaget Pp 500 mwW 0 1 2°3 4 66 7 8 i
TRUTH TABLE
St Temperature Ran T -65to+ 150 .
orage Tempel ge stg o+ o]
Maximum Output Drive Current lOHmax 25 mA LE|BIJLT|D C B Aja b c d o { g |Disphayl
(Source) per 0utpm X|{X|0 X X X X 1 1 1 1 1 1 1 a8
X{of1 X X X X|o Q 0 Q Q 0 Q Ban’
Maximum Continuous Output Power POHmax 50 mW Sli{i]8 8 8 %8 1t 1 886 4 82
(Source) per Output § HHHEE RN IR
tPOHmax = loH (VDD — VOH) oli]d é S A S A TR 3
*Maximum Ratings are those values beyond which damage to the device may occur. HEN R EIE
tTemperature Derating: AR I R R IEEE N N
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C QA iy & 1 o1 @ % 0 0 B 0ffHenk
Ceramic “L" Packages: -~ 12 mW/°C From 100°C To 125°C of1[41]31 + 0 0lo o0 o 0 0o 0 o | cax
o111 1 1 ) 1 0O 0 0 0 0 0 0 Blank
oftft 1 1 1 Q o 0 0 Q o o Q Bank
of1 1] 11 110 0 0 0 0 0 0 | Benk
11111 X X X X b i
X = fon't Care

REV 3
R4

* Depends upon T SCD cooe previousty appiied when LE =0

© Motorola, inc. 1995
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss)

VoD -55°C 25*C 125°C
Characteristic Symbot | Vde Min Max Min Typ # Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vde
Vin=Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“17 Level VoH 5.0 4.1 — 4.1 4.57 — 4.1 — Vde
Vin=00rVpp 10 9.1 — 9.1 9.58 —_ 9.1 —
15 141 — 14.1 14.59 —_ 14.1 —
Input Voltage # “0” Level ViL Vdc
(Vo =3.80r0.5 Vdc) 5.0 — 1.5 — 2.25 1.5 = 15
(Vo =8.80r1.0Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.8 or 1.5 Vdc) 15 - 4.0 — 6.75 4.0 - 4.0
“1" Level ViH Vde
(Vo = 0.5 or 3.8 Vdc) 5.0 35 — 35 85 — 3.5 —
(Vo= 1.0 or 8.8 Vdc) 10 7.0 — 7.0 5.50 — 70 —
(Vo =1.50r13.8 Vdc) 15 1 — 11 8.25 — 11 —
Output Drive Voltage VoH Vde
(loH =0 mA) Source 5.0 44 H 44 457 3 4.1 —
(loH = 5.0 mA) — — —_ 4.24 — — —_—
(loH = 10 mA) 3.9 — 39 4.12 — 3.5 —
(loH = 15 mA) — — — 3.94 — — —
(IloH = 20 mA) 3.4 — 3.4 3.70 — 3.0 —
(IOH = 25 mA) e -y s 3.54 — - -
(loH = 0 mA) 10 91 — 9.1 9.58 — 9.1 — Vdc
(loH = 5.0 mA) — — — 9.26 — — —
(loH = 10 mA) 9.0 44 9.0 9.17 > 8.6 -
(loH =15 mA) — — — 9.04 — — =
(loH = 20 mA) 8.6 - 8.6 8.90 — 8.2 —
(loH = 25 mA) — — - 8.70 — — —
(loH = 0 mA) 15 14.1 - 14.1 14.59 — 14.1 — Vde
(loH = 5.0 mA) — — — 14.27 - — —
(loH = 10 mA) 14 — 14 14.18 — 13.6 —
(loH = 15 mA) - — — 14.07 — — -
(loH = 20 mA} 13.6 — 13.6 13.95 — 13.% -
(loH = 25 mA) & — — 13.70 = -+ -
Qutput Drive Current oL mAdc
VoL =0.4V) Sink 5.0 0.64 — 0.51 0.88 - 0.36 —_
VoL =05V) 10 1.6 - ] 2.25 —- 0.9 —
VoL=1.5V) 15 42 — 3.4 8.8 — 2.4 —
Input Current lin 15 —_ 0.1 — +0.00001 | *0.1 - +1.0 | HAdc
Input Capacitance Cin — — — — 5.0 /.3 — — pF
Quiescent Current IbD 5.0 — 5.0 — 0.005 5.0 _ 150 uAdc
(Per Package) Vin =0 or Vpp, 10 — 10 — 0.010 10 — 300
lout=0pA 15 — 20 = 0.015 20 — 600
Total Supply Current*™t IT 5.0 IT=(1.9 pAkHz) f + Ipp pAde
(Dynamic plus Quiescent, 10 IT=(3.8 uAkHz) f + Ipp
Per Package) 15 IT=(5.7 pA/kHz) f + Ipp
(CL = 50 pF on all outputs, all
buffers switching)

#Noise immunity specified for worst—case input combination.
Noise Margin for both “1” and “0" level =
1.0 Vdc min @ Vpp = 5.0 Vde
2.0 Vdc min @ Vpp =10 Vdc
2.5 Vdc min @ Vpp = 15 Vdc

**The formulas given are for the typical characteristics only at 25°C.
1To calculate total supply current at loads other than 50 pF:
IT(CL) = IT(50 pF) + 3.5 x 10-3 (C_ - 50) Vppf
where: IT is in LA (per package), C(_in pF, Vpp in Vdc, and f in kHz is' input frequency.

MC14511B MOTOROLA CMOS LOGIC DATA
362
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SWITCHING CHARACTERISTICS* (C(_ = 50 pF, Ta = 25°C)

Voo
Characteristic Symbol Vdc Min Typ Max Unit
Output Rise Time tTLH ns
H = (0.40 ns/pF) C|_+ 20 ns 5.0 — amn 80
tTLH = (0.25 ne/pF) C|_+17.5ns 10 - 30 60
tTLH = (0.20 ns/pF) Ci_+ 16 ns 15 — 25 50
Output Fall Time tTHL ns
tTHL = (1.5 ns/pF) C|_+ 50 ns 5.0 —_ 125 250
tTHL = (0.75 ns/pF) CL + 37.5 ns 10 — 75 150
tTHL = (0.55 ns/pF) C +37.5ns s — 65 130
Data Propagation Delay Time tPLH ns
tpL H = (0.40 ns/pF) Ci_ + 620 ns 5.0 — 840 1280
tPLH = (0.25 ns/pF) C|_+237.5ns 10 — 250 500
tpLH = (0.20 ns/pF) C|_+ 165 ns = 15 — 175 350
tpHL = (1.3 ns/pF) C + 655 ns tPHL 5.0 — 720 1440
tpHL = (0.60 ns/pF) Ci_+ 260 ns 10 — 290 580
tpHL = (0.35 ns/pF) CL + 182.5ns 15 — 200 400
Blank Propagation Delay Time tPLH ns
tpLH = (0.30 ns/pF) C|_+ 585 ns 50 = 600 750
tpLH = (0.25 ns/pF) C_ + 187.5ns 10 — 200 300
tp H={0.15ns/pF) Ci + 142.5ns 15 —_ 180 220
tPHL = (0.85 ns/pF) C|_ + 442.5ns tpHL 5.0 — 485 970
tpHL = (0.45 ns/pF) C|_ +177.5ns 10 — 200 400
tPHL = (0.35 ns/pF) C_ + 142.5ns 15 — 160 320
Lamp Test Propagation Delay Time tPLH ns
tPLH = (0.45 ns/pF) C(_+280.5 ns 5.0 = 313 625
tPLH = (0.25 ns/pF) C_ + 112.5ns 10 — 125 250
tpLH = (0.20 ns/pF) C_+ 80 ns 15 — 90 180
tpHL = (1.3 ns/pF) Cy_+248 ns tPHL 5.0 — 313 625
tPHL = (0.45 ns/pF) CL.+ 102.5 ns 10 — 125 250
tpHL = (0.35ns/pF) CL.+72.5 ns 15 — 90 180
Setup Time tsu 5.0 100 — — ns
10 40 — —
15 30 — —
Hold Time th 5.0 60 — — ns
10 40 — —
15 30 — Cs
Latch Enable Pulse Width twi 5.0 520 260 —_ ns
10 220 110 -
18 130 65 —

* The formulas given are for the typical characteristics only.

This device containg protection circuitry to protectthe inputs against damage due to high static voitages or electric fields; how-
. ever, it is advised that normal precautions be takento avoid application of any voltage higher than maximum rated voltages to this
. high-impedance circuit. A destructwa hlgh current mode may occur if Vi, and Vout are not constrained to the range VSS <(Vipor
Vout) S VDD- -
: Dueto the sourcing mpabilny of this eircun damagecan occur to the device fogD is
Vgg and are at a logicai 1 (See Maximum Ratings).
' Unused inputs: must always be tied to an appropriate logic voitage levei {e.g., either Vgs or Ypp)-

lied andlhe- tput areshodedlo

{ v o

MOTOROLA CMOS LOGIC DATA MC14511B
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Input LE low, and Inputs D, Bl and LT high.
fin respect to a system clock.
All outputs connected to respective Ci_loads.

20ns

A, B,ANDC

50% DUTY CYCLE

VOH
50%

ANY QUTPUT
== Vol

Figure 1. Dynamic Power Dissipation Signal Wavetorms

20 ns I 20ns
0% Voo
INPUT C 50%
10% Ve
PLH PHL —“1
Rk | T Vo
OUTPUT g L e
Vou
TLH TH

Voo

Vss

10%4 o
tsu_:j r—‘h

Yoo
INPUT C 0% JR

Vss

Vox
OUTPUTg X

VoL

(b)input D low, Inputs A, B, Bl and LT high.

20ns '-—20ns Voo

LE 50%
10%

Vss
i

(c) Data DCBA strobed into laiches.

Figure 2. Dynamic Signal Waveforms

MC14511B MOTOROLA CMOS LOGIC DATA
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CONMNECTIONS TC VARIQUS DISPLAY READQUTS

LIGHT EMITTING DICDE (LED) READCUT

Voo Vop
1
i Iﬂ— d—— i COMMON ==
COMMON ANODE LED A 4 Y
CATHODE LED
= OAAA— it
5 i— — =17V : =
- - s
= L
=V
= Vs3 = L
INCANDESCENT READOUT FLUORESCENT READOUT
Yoo Voo Voo
izh_» =
>
£3 DIRECT
(LOW BRIGHTNESS)
bt = < O
— —d
|;“ i" /\
= il v/ T FILAMENT
SUPPLY
= Vg8 = e =
= Vss —= Vgg OR APPROPRIATE
VOLTAGE BELOW Vgg.
{CAUTION: Maximum working voltage = 18.0 V)
GAS DISCHARGE READOUT LIQUID CRYSTAL ({LCD) READOUT
__________ EXCITATION
APPROPRIATE (SQUARE WAVE,
Yoo VOLTAGE Yoo Y35 70 Vpp)
0 o)
[ ™ — N
ek
=) e
1/4 OF MC140708B
| = et
—4
? \'Iss b—dl \'ISS

* AfilamsTit pre—waim resistor is recommandsd to reduce filament
thermal shock and increase the effective cold resistance of the
filament.

Citsat ds diive of LCD's st recommendsd fof lifs of
LCD readouts.

#MOTOROLA CMOS LGGIC DATA
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A7—{>-—

)
k;H:)

I
'l
I
e

|

v
v WHY Y
Y

Vpp = PiN 16

LE s-«{>o— Voo=PING

MC14511B MOTOROLA CMOS LOGIC DATA
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OUTLINE DIMENSIONS

L SUFFIX
CERAMIC DIP PACKAGE
CASE 620-10
ISSUE V

16 3
;vvvvuv'
C e L—
L ]
¥ [ ]
| "

SEATIgG

JL*L_

il

r

=1

So{ M

—>{t— ] 16 PL

[@]025 0010®][T[B @]

[©]025 0010 ®[T[A B

NOTES:

. DIMENSIONING AND TOLERANCING PER
ANSI Y14 5M, 1982,

. CONTROLLING CIMENSION: INCH.

. DIMENSION L TO CENTER OF LEAD WHEN

FORMED PARALLEL

DIMENSION F MAY NARROW T 0.78 (0.030)

WHERE THE LEAD ENTERS THE CERAMIC

BCDY.

PRy I

Fad

INCHES | MILLIMETERS |
| DIML MIN | MAX | MIN | MAX |
A | 0750 | 0785 | 1905 | 1993
B [o020foms| 510 749
[ — o220 | — ] so8

D 0015 {owo| 039] o

E | 00508SC 1§§%

F 00851 0 140 18
G | 010085C 254

H {oooe [o0i5] 021 038
K lompstommo] 3w 43
LT 782 BSC
M 0° 18° 0° 18€;
N ] ooo oo | ost{ o

A —>
ilaNslalslalalil
16 9

D

]
IUTTT

e

[<— g —»1

P SUFFIX
PLASTIC DIP PACKAGE
CASE 648-08
ISSUE R

Jaiagaysy R
K

SEATING
=T pane

e W3
- G
e D18 PL

3L el 8 *\l M

=K

(@] 0250010@[ T[4 @]

NOTES:

wn

n

. TIMENSONING AND TOLERANCING PER ANST

Y14.5M, 1982

CONTROLLING DIMENSION: INCH.

OIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL

DIMENSION B DOES NOT INCLUDE MOLD FLASH.
FOUNDED CORNERS OPTIONAL.

INCHES MILLIMETERS
|omal MN T MAX [ MIN | wAX
0740 | 0770 | 1880 | 1955
0250 | 0270 | 535 | 585 |
0145 | 0175
0015 | 0 0% | o053
0090 | o | 102 | 177
0100 ESC
005 127
0008 [0M5] 021 ] 038
0110 [ 0330 | 280 | 330
0295 10205 | 750 [ 774
g° 10°, oo 10°
0@0 [ on0] 0511 10

2

o & e x| = o fr o |0 o b

MOTOROLA CMOS LOGIC DATA

MC14511B

367




192

OUTLINE DIMENSIONS

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05
ISSUE J
—A-}
ST NOTES:
H H H H H H H_H \ 1. DIMENSIONING AND TOLERANCING PER ANS!
16 Y14.5M, 1982,
f 2. CONTROLLING DIMENSION: MILLIMETER
3. DIMENSIONS A AND B DO NOT INCLUDE
B MOLD PROTRUSION.
P 5750 4 MAXIMUM MOLD PROTRUSION 0.15 (0.006)
0.25(0.010 B PEA SIDE.
¢ (0,010 - 5. DIMENSION D DOES NOT INCLUE DAMBAR
H H H H H H H H PROTRUSION. ALLCWABLE DAMBAR
—U— — PROTAUSION SHALL BF 0.127 (0.005) TOTAL
| IN EXCESS OF THE D DIMENSION AT
— G MAXIMUM MATERSAL CONDITION.

MALLIMETERS INCHES
MIN_| MAX | MIN | NAX
9go | 190 [ o6 | 0393
380 | 400 | 0150 | 0157
135 | 175 | oose | 008
049 [ 0014 | 0019
o] 125} cos | oo

1278SC 0050 BSC
019 ] 025 [ ooos [ 0009
010 | 025 | 0004 | 0009
2° M P&l oSt 37°
580 | 6520 | 0229 | 004k
025 | 080 ] ooto] 0019

_ Kl'l}
c

/Ay

[@]o250010®@]7[B ®[A0)]

[ET=Tseamma

nvzzuomona»lg
o
i
]

DW SUFFIX
PLASTIC SOIC PACKAGE
CASE 751G-02
ISSUE A

NOTES:
DIMENSIONING AND TOLERANCING PER ANSI

ax P Y145M, 1982,

AAARLAARE

DIMENSIONS A AND 8 DO NOT INCLUDE MCLD

B P
. H H H‘H H H H H T _gle)gMLMMOLDFF.’OTHUSIONO!S(0.0QGIPER

. DIMENSION D DCES NOT INCLUDE DAMBAR
. £ J PROTRUSION. ALLCWABLE DAMBAR

Fict

IS

@

PROTRUSION SHALL SE 0.13(0.005) TOTAL IN
EXCESS OF D DIMENSION AT MAXIMUM

[@]0010025®@[T[A ©[8O)] ﬂ L— WATERIAL GONDITION
F

wiimerens | nones |
MiN MAX MIN MAX
\j R
Wt
= {z’i

1015 [ 1045 [ 0400 [ 04nt
- ‘ SEATING M
,-n-—uxG K NE

740 | 750 | 0292 | 0299
235 | 255 | 0033 | 0104
014 | oot
050 | 090 | 0020 [ 0035
12785C 2050 8SC
0 032 | 0010 [ 001
010 | 025 o004 | o
o°| 7| oo 7°
1005 | 1055 | 0395 | 041
025 | 075 0010 | 0029 |

!
T

:u'v;zc.n-uwnw»lg
~
6
)
3

MC14511B MOTOROLA CMOS LOGIC DATA
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Matorola reserves the right to make changes without further notice ta any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particufar purpose, nor does Motorola assume any liabdity artsing out of the application or use ot any product or circuit,
and specfically disciaims any and ail liability, including without limitation consaquential or incicental ¢ ges. "Typical’ p which may be provided
in Matorola data sheets and/or specifications can and do vary in different applications and actual performance may vary overtime. All operating parameters,
including “Typicais™ must be validated for each ¢ app by ‘s technical experts. Motorola doss not convay any license under its patent
rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as companents in systems intended for surgical imptant
into the bodly, or other applications intended to support or sustain lite, o for any other application in which the failure of the Motorola product coutd treate a
situation where parsonal injury o death may occur. Should Buyer purchase or use Motoroia products for any such unintended or unauthorized application,
Buyer shall indemnity and hold Motorota and its officers, employees, subsidiaries, affillates, and distributors harmiess against ali claims, costs, damages, and
axpenses, and reasonabie attoney fees arising out of, directty or indirectly, any ckaim of personal injury or death associated with such unintended or
unauthorized use, even if such claim aleges that Motorola was negligent regarding the design or manufacture of the part. Motorota and. 44 are registered
trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Empioyer.

‘How to reach us:

USA/EUROPE/ Locations Not Listed: Motorota Literature Distribution; JAPAN: Nippon Motoroia Lid.; Tatsum-SPD-JLDG, 6F Seibu-Buts

PO. Box 20912; Phoentx, Arizona 85038. 1-800-441-2447 of 602-303-6454 3-14-2 Tatsumni Koto—Ku, Tokyo 135, Japen. 0G-81-3521-8315

MFAX: RMFAXO @ email.sps.mot.com — TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors HK. Lid.; 88 Tal Ping industrial Park,
INTERNET: http//Design—~NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kang. 86226820208

@ MOTOROLA
0 MC14511B/D

OO T 0 L DA



194

SN65176B, SN75176B

DEFF ERENTIAL BUS TRANSCEIVERS
SLLS101A ~ JULY 1985 — REVISED MAY 1985
@ Bidirectional Transceivers DOR :P PACKAGE
@ Meet or Exceed the Requirements of ANSI SOFYIEG]
Standards EIA/TIA-422-B and RS-485 and At ~ s Tvee
ITU Recommendations V.11 and X.27 REfl 2 7e
® Designed for MuRipoint Transmission on DE[] 3 slJA
Long Bus Lines in Noisy Environments of] 4 5(] GND
® 3-State Driver and Receiver Outputs

® Individual Driver and Receiver Enables

® Wide Positive and Negative Input/Output
Bus Yoltage Ranges

® Driver Output Capability . . . +60 mA Max

® Thermal Shutdown Protection
@ Driver Positive and Negative Current
Limiting

® Receiver input Impedance .. . 12 kQ Min

® Receiver Input Sensitivity .. . £200 mV

® Recefver input Hysteresis .. . 50 mV Typ

® Operate From Single 5-V Supply
description

The SN65176B and SN75176B differential bus transceivers are monolithic integrated circuits designed for
bidirectional data communication on muftipoint bus transmission nes. They are designed for bafanced
transmission fines and meet ANS| Standards E 1A/TIA-422-B and RS-485 and ITU Recommendations V.11 and
X27.

The SN65176B and SN75176B combine a 3-state differential ine driver and a differential input line recsiver,
both of which operate from a single 5-V power supply. The drfver and receiver have active-high and activefow
enabies, respectively, that can be externally connected togsther to function as a direction control. The driver
differential outputs and the recsiver differential inputs are connected intemally to form differential input/output
(VO) bus ports that are designed to offer minimum loading to the bus whenever the driver is disabled or
Vce = 0. These ports feature wide positive and negative common-mode voftage ranges making the device
suitable for party-fine applications.

The driver is designed for up to 60 mA of sink or sourcs current. The driver features positive- and
negative-curent limiting and thermal shutdown for protection from line-fauit conditions. Thermal shutdown is
designed to occur at a junction temperature of approximately 150°C. The receiver features a minimum Input
impedance of 12 ke, an input sensitivity of £+200 mV, and a typical input hysteresis of 50 mV.

The SN65176B and SN75176B can be used In transmission line applications employing the SN75172 and
SN75174 quadruple differential fine drivers and SN75173 and SN75175 quadruple differential line receivers.

The SN651768B Is characterized for operation from —40°C to 105°C and the SN75176B Is characterized for
operation from 0”C to 70°C.

Ptease be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Iinstruments semiconductor produdts and disclaimers thereto appears at the end of this data sheet.

PROOUCTION Mm“ke—und!&n-&.
Frodmzs Per S tarwm of

Seviny ot o pus smters. ! ’ ¢ TEXAS
INSTRUMENTS

POST OFFICE BOX 625303 ® DALLAS, TEXAS 72265 1

Copyright 2 1895, Texas Instruments Incorporated
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SN65176B, SN75176B
D#FFERENTIAL BUS TRANSCEIVERS
SLLS101A - JULY 1585 —REVISED MAY 1335
Function Tables
DRIVER
INPUT ENABLE | OUTPUTS
D DE A B
H H H L
L H L H
X L z z
RECEIVER
DIFFERENTIAL INPUTS | ENABLE | CUTPUT
A-B RE R
Vipz02¥y (o
-02V<Vp<02Y L ?
VipZ -02V L L
X H b4
Open 19 H

H = nigh level, L = fow level, 7 = indeterminate,
X =imelevant, Z= high impedance (off)

logic symboit logic disgram (positive logic)

L 3
DE EN1 RE p .
RE 2—Mdene o

r 2

RE r
>
o2 1v 1:35\ 1 <« A s
v <4P—B i b—(—bT—B us
o
; <
R—<4—3V2 _n-[

TThis symbot is in accordanca with ANSVIEEE Std 91-1964
and IEC Publication 617-12.

“9 TEXAS
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS .

SLLS101A ~ JULY 1885 — REVISED MAY 1855

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF A AND B /O PORTS TYPICAL OF RECEIVER CUTPUT
Vee sl == h g 5 $— - VYeco - Yee
1 850
Rieq) NOM
- 16.8 kQ 960 i
Input NOM NO#
= WA, -~
960 0 b
NOM R —— Output
— o 4— — GND
Driverinput: RM-SRQNOM Input/Cutput /;(7
Enabie inputs: Rigq )= 8 kQ NOM Port s
R(eq) = equivalent resistor 77

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

Suppty voltage, V¢ (see Note i N8 . S VeV el 1. > WY ... 7V
Voltage range at any bUSterminal .............co. . vl e -10Vto 15V
Enabig ifputdotade, VYoo 0 7] - S W/ - G2 W/ 2 Pl )Y 55V
Continuous total power dissipationd ', )f Melalialall> W *  ES—er—— See Dissipation Rating Table
Operating free-air temperature range, Ta: SNBS176B ..........coooiiiivuunns e, -40"C to 105"C

SHERIZCERERD. 1. <. .4l A .. .. 6.1 ) 0"Cto70C
Storage temperature range, Jlssem > MUY T T TTTIDNEY (4 C_ @ L2 ). . -65"C 1o 150"C
Lead temperature 1,6 mm (1/16 inch) from case for 10 S8CONDS .. .. ....ovo. ..o 280°C

[ Stresses beyond those listed under ~absolute maximum ratings” may cause permanent damage tothe device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under Tecommended operating conditions” is not
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

VOTE 1@ All voltage values, except differential inputzoutput bus voltage, are with respect to network ground terminal.

DISSIPATION RATING TABLE

pacxABE TAZ25°C DERATING FACTOR Ta = 70°C Ta =105°C
POWER RATING  ABOVE Ty =25°C  POWER RATING POWER RATING
D 725 mW 5.8 mW/-C 464 mw 261 mw
P 1100 mw 8.8 mwW/-C 704 mwW 396 mwW

{i? TEXAS
INSTRUMENTS
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SN65176B, SN75176B
DEFFERENTIAL BUS TRANSCEIVERS

SLLS101A - JULY 1385 — REVISED MAY 1985

recommended operating conditions

MIN  TYP MAX | UNIT
Suppty voltage; Voo 475 5 535§ ¥
Voltage at arry bus terminal (separately or common moda), ¥ or Vi _1: v
High-level input voftage, Vi D, DE, and RE 2 v
Lowdevel Input voitage, Vi, D, DE, and RE o8| Vv
Differential input voitage, Vip (see Note 2) 112 v
High-tever oatput current, oy T bl i
Recefver -400 KA
Lowevet output cument, 1y S = mA
Receiver ]
Operating frae-ai temperature, Ta e X LS I
) SN751768 0 70

NOTE 2 Ditferentialinput/output bus voitage is measured at the noninverting terminal A wih respect to the inverting terminal B.

"9 TEXAS
INSTRUMENTS
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SNE51768, SN751768
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101A - JULY 1385 —REVISED MAY 1355

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise notad)

PARAMETER TEST CONDITIONST MIN  TYPF MAX | UNFT
Vik tnput clamp voitage: I =—18 mA -t5f v
Yo Output voltage lo=0 o & ¥
Wop4l  Differential output voitage lo=0 1.5 38 8l v
, AL =100 G, See Figure 1 V2Yopt y
Wopzl  Difierential output voitage - or 21

R =540, See Figure 1 1.5 z5 5 ¥
Yon3 Differential output voitage See Note 4 1.5 5 ¥
Avepl Soh“?ggezin magnitude of differential output 102 v
voc Common-mode output vottage PL=5¢Qor1000  See Figure 1 f v
Alvogl ;t:apz?:orr:tgi nituder of common-mode: 102 v
5 Cutput current g:;p:::;s:bled, :g :27"; _0.; ma
hH High4evel input current Vi=24V 20 pA
he Lowdevel input current Vi=04 vy —400 pA

Vo=-7Y -250
o8 Short-crreuit output cument alS rds B

Yo= Yco 250

Vo=12V 250

Outputs enatiled 42 70
Ilce Supply current (total package) Nofoad Outpdis disanlen = o mA

TThepawer-oﬁ measurementin ANSI Standard EIA/TIA-422-B applies todisabled outputs onty and is not applied to combined inputs and outputs.
FAll typical vaues are at VoG = 5 V and Ta = 25°C,

§ Avopland Alv el are the changes in

fevel.

magnitude of ¥op and Yo, respectively, that occurwhen theinputischanged from a high level to a low

1 The minimum Vop2 with a 100-() load is either 1/2 Vp ¢ of 2 V. whichever is graater.
NOTES: 3. See ANSI Standard RS485 Figure 3.5, Test Termination Measurement 2.

4. This applies for both power on and off; refer to ANSI Standard RS-<85 for exactconditions. The EIA/TIA422-B limit does not apply

for a combined driver and receiver terminal.

switching characteristics, Voo = 5V, R = 110k, Ta = 25°C (unless otherwise noted)]

PARAMETER TEST CONDITIONS MiN  TYP MAX| UNIT
Difterentiat-ottput d time- 15 22 ns
:’;;Y Diﬂe{eﬂﬂa‘—omg:: ::::m time BL=E0 See Figure 3 20 30| ns
tezH Quiput enable time to high level See Figure 4 as 120 ns
tpz1 Output enable time to low level See Figure 5 40 60 ns
tpHZ Output disable time from high level See Figure 4 150 250 ns
tprz Output disable time from low level See Figure 5 20 30 ns

";'? TEXAS
INSTRUMENTS
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS
SLLS101A - JULY 1885 —REVISED MAY 1885
SYMBOL EQUIVALENTS
DATA-SHEET PARAMETER EIAMA422-B RS-485
Yo Yoa, Yob Voa, Yob
Wopy! Ya Yo
Yopzt Vi (RL =100 0) Vi (RL=540Q)
V4 (Vest Termination
Wops! Measurement 2)
Alvppl IV =iyl | I vp—Ivg |
voc Vogl WVog!
Alvpel Wos — Vosh Wos — Yosf
fos Itsal, Hgp
o] txal, fxph fa. b
RECEIVER SECTION

electrical characteristics over recommended ranges of common-mode in
voltage, and operating free-air temperature (unless otherwise noted)

put voitage, supply

PARAMETER TEST CONDITIONS MIN TYPT  MaAX | unT
ViT.  Positive-geing input thrashold vollage V=27V, o =-0.4mA 22 v
VyF- Negative-going input threshaold voltage Yo =05Y, o0 =8mA -02% v
Vhya Input hysteresis vollage (Vit4— Vjy-) 50 my
ViR Enabie input clamp voitage If==-18 mA -15 ¥
VOW  High-fevef outpit votage ;2:;3‘:::" org= -4 1) 27 v
VoL  Lowdevel output votage ;L?, T;gﬁ:’;v 10t &8zl 045§ v
oz High-mpedance-state output cument Vo=04VYto24Vy 120 pA
. ot t=0 V=12V 1
] Line input coment s;e;'::; % e osl ™
L%} Highi-evel enabte input curmrent Yin=27Vv 20 YA
' Low-levet enable input cument Vi =04V -100 | pA
f input resistance Yi=12¥ 12 KQ
los Short-creuit output current -15 -85% mA
ice Supply current (tota) package) No load Oliguts Snsiel s - mA
Outputs disabled 28 35

T All typical vetues are at Vo =5 V, Tp = 25°C.

FThealgebr&lc convention, in which the less positive (more negative) limit is designated minimum, is used in this data sheet for common-mode
Input voitage and threshold voitage levels only.

NOTE 5: This appiies for both power on and power off. Refer to EIA Standard RS<485 for exact condlions.

TEXAS
INSTRUMENTS
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SN65176B, SN75176B,
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101A - JULY 1885 —REVISED MAY 1385

switching characteristics, Voe =5V, C =15 pF, Ty =25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNST
t Propagatien delay time, low-to high-tevetoutput 2t 35
st < - —— = i~ Vip=0to3¥, SeeFigure 6 =
tpit  Propagation delay tima. high- to low-level output 3 35 ns
tpz1+  Outputenable time to high levet 10 200 ns
See Figure 7
tpzi  Output enable time fo low level 12 20 ns
tpHz  Output disable time from high level 20 35 ns
See Flgure 7
tprz  Output disable time from low level 17 25 ns
PARAMETER MEASUREMENT INFORMATION
RL
o 4 e
YOH
L voe =
13 VoL
+ L L L
Figure 1. Driver Vgop and Yoo Figure 2. Receiver Vpon and Vg
———— 3¢
Input fms v Sv.s v
= Ci =50 pF | | oy
{see Note B)
Generator Cutput ta(oD) > e e ta(oD)
{see Note A) l | —— .25V
Cutput 50% l 50%
=-25¥
tyop) B L ol {oD)
TEST CRCUIT YOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following chammadteristics: PRR = 1 MHz, 50% duty cycle, ty =6 ns, <6 ns,

Zn=50Q
B. C includes probe and jig capacitance.

Figure 3. Driver Test Circuit and Yoitage Waveforms

Texas
INSTRUMENTS
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SN65176B, SN751768
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101A ~JULY 1885 —REVISED MAY 1985

Cutput ——— a3y
Input 15V 15V
ovoravy [ [ av

oz 44-% L g
v — ~ YOH
Generator | =
(s0e Mot ) “”“f__/m
tpuz » @ Yorr=0V

TEST CRCUIT VOLTAGE WAVEFORMS
NOTES: A. Theinput pulseis supplied by a generater having the fellowing characteristics: PRR < 1 MHz, 50% duty cycle, t, =6 ns, {26 ns,
Zn=50Q ’
B. C includes probe and jig capacitance.

Figure 4. Driver Test Circuit and Voltage Waveforms

3Yoraov

‘ |
Generator l I il g\;‘,
{see Note A) 50 0 = Gutput 2g v
__T_VQL

TEST CRCUIT VOLTAGE WAVEFORMS

NOTES: A. Theinput pulse is suppiied by a generator aving the following characteristics: PRR < 1 MHZ 50% duty cycle. t <6 s, [ 26 ns,
Zp=500
B. C includes probe and jig capacitance.

Figure 5. Driver Test Circuit and Voltage Waveforms

Generator
{see Note &)

tprn — ﬁ—J—l teHL

l A=~ Vg
Output 13¥ 13y
YoL

TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. Theinput pulseis supplied by a generator having the following characteristics: PRR < 1 MHz 50% duty cycle, ty <6 ns, 1 <6 ns,
ZO =50 Q
B. Cy includes probe and jig capacitance.

Figure 6. Receiver Test Circuit and Voitage Waveforms

"? TEXAS
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SNE5176B, SN751768
DIFFERENTIAL BUS TRANSCEVERS

SLLS101A - JULY 1885 — REVISED MAY 1935

PARAMETER MEASUREMENT INFORMATION

15V¥

YRV T ¢ o— sV

1N916 or Equivalent

Generator
{see Nota A) 50

TEST CIRCUIT -
-——-3Y
Stioct5Y S1io-15¥
ov SZCpen
53 Closed oV 323 Closed
Yo
— — =45V
—— BN\
Stte1.5V Stto-15Y
S2 Closad $2 Closad
S3 Closed 53 Closed
Vou —- =13y
———— =13V VoL
YOLTAGE WAVEFORMS

NOTES: A. Theinput pulse is suppiled by a generator having the fotiowing characteristics: PRR <1 MHZ 50% duty cycle, tr <6 ns, <6 ns,
Zn=50Q
B. Gy includes probe and jig capacitance.

Figure 7. Receiver Test Circuit and Voltage Waveforms
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS
SLLS101A — JULY 1385 — REVISED MAY 1395
TYPICAL CHARACTERISTICS
DRIVER DRIVER
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
ve ve
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
5 T 5
Vep =5V vee % 5y
4.5 Ta =25°C ] 4.5 — Tp =25C
> >
3
a 4 ! 4
o -
g o \\ ; — I
<] 2 = R
Z \ 2 /
2 3 \\ 3 0 /
2
8 25 ™S & 25
: : 2
3 2 3 2
&
£ 1s g 1s /
| -l‘ /__-/'
1 =2 ™ //
£ L 1
0.5 0.5
0 0
<} -200 -40 -60 -BO -100 -120 a 20 40 &0 80 100
1oH — High-Lavel Cutput Current — mA IgL - Low-Level Output Current — mA
Figure 8 Figure 9
DRIYER
DIFFERENTIAL OUTPUT VOLTAGE
vs
OUTPUT CURRENT
3 TR
Yee=5Y
s Ta =25C
>l 3.5 \ A
§ 3 \\\
=
g N
T 25 ~J
e N
SN N
| \
g 15
=
o
I 1
2 \
> os ‘

0
O 16 20 30 4 50 60 70 80 SG 100
Io — Outpist Current — mA

Figure 10
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101A - JULY 1385 — REVISED MAY 1895

VoH - High-Level Qutput Voltage — V

VoL- Low-Level Qutput Voltage ~ V

TYPICAL CHARACTERISTICS
RECEIVER
HIGH-LEVEL OUTPUT VOLTAGE
RECEIVER vs
HIGH-LEVEL OUTPUT VOLTAGE FREE-AIR TEMPERATURET
R
HIGH-LEVEL OUTPUT CURRENT 5 I !
. Yee =5V
VID Ol2v - 4'5_vm=200mv
iD= =-4
4.5 Ta =25°¢C é. ab— loH 40 pA
2 :
& i 2.5 —
3.5 3 -i 3
3 \\ g 25
NN A
Yee =525V -
n kn/ 5 15
N |- vee=5V T v
15 !
vee =475V AN Mo
1 k 9 0.5
\ !
0.5 k
N a
\\& -40 -20 0 20 40 & B0 100 120

@ -5 -10 —15 -20-25 -30 35 -40 —45 -50 Ty — Free-Air Temperature - °C
IoH — High-Leve| Output Current — mA Tonly the 0°C to 70°C portion of the curve applies to the
SN751768.
Figure 11 Figure 12
RECEIVER RECEIVER
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
v8 v8
LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE
0.6 T a.6 T T
Yee = 5_V / Vee =5V
Tp =25°C / ¥ip =-200 m¥
as > > a5t loL=8ma
0.4 £ o4
/ €]
H ]
0.3 // S o3 T
o
>
L]
/ 3
02 Z o2
~ 8
I
-
0.1 >° Q.1
a Q
1] s 10 15 20 pat 30 -40 -20 ¢ 20 40 60 80 100 120
oL —- Low-Level Cutput Curmrent - mA Ta - Free-Alr Temperature — °C
Figure 13 Figure 14
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SN651768, SN75176B
DEFFERENTIAL BUS TRANSCEIVERS

SLL8101A — JULY 1585 —REVISED MAY 1585

TYPICAL CHARACTERISTICS
RECEIVER RECEIVER
OUTPUT VOLTAGE QUTPUT VOLTAGE
vs v
ENABLE VOLTAGE ENABLE VOLTAGE
"I vioe ozv = ! ' Vip=—-02V
o= . D=~
Lozd =B kO 1o AND ' ’ ¥og enasy Load = 1 kQto Yoo
Ty =25°C " | T, =25°C
3 Yop =525 ¥— l
" ‘ : = vee=a7sy [N, Py
i‘ " ir ] 2 | é 4
g s te Yoe =475 ¥ )
2 2
3 AP0
& =2
3 2 a
e T
o e
' 1
0 o
o f Jos=h | gis=tiie \R /2N Y 4 ¢ o5 1 15 .z 25 3
Vi - Enabls Yollage - v vy - Enable Yollage - V
Flgure 15 Figure 16
APPLICATION INFORMATION
SNES51768 SNE51768
SNTS1768 SNT51768

Ry

T

NG
3
M q
A
' i

N =

Upto 32
Transceirers
¢ ¢ @ |

NOTES: A. Thetine should be terminated at both ends In its characteristic impadance (R7=Z0). Stublengths ot the main line should be kept
as short as possibie.

Figure 17. Typical Appiication Circuit
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the rightto make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verity, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordarce with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
TTdeems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROFERTY OR ENVIRONMENTAL DAMAGE (‘CRITICAL
APPLICATIONS"). TI SEMICONDUCTCR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TT PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOCD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistanice or customer productdesign. T doesnotwarrant or represent
thatany license, either express or implied, is granted under any patentright, copyright, mask workright, or other
intellectual property right of TI covering or relating to ary combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute Tl's approval, warranty or endorsemennt thereof.

Copyright & 1998, Texas Instruments Incorporated
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

MC14067B

MC14097B
Analog

Multiplexers/Demultiplexers

The MC14067 and MC14097 multiplexers/demultiplexers are digitally

L SUFFIX
controlled analog switches featuring low ON resistance and very low CERAMIC
leakage current. These devices can be used in either digital or analog CASE 623
applications.

The MC14067 is a 16—channel multiplexer/demultiplexer with an inhibit
and four binary control inputs A, B, C, and D. These control inputs select P SUFFIX
1—0f-16 channels by turning ON the appropriate analog switch (see PLASTIC
MC14067 truth table.) CASE 709
The MC14097 is a differential 8—channel muitipiexer/demuttiplexer with an
inhibit and three binary control inputs A, B, and C. These control inputs
select 1 of 8 pairs of channels by turning ON the appropriate analog switches DW SUFFIX
(see MC14097 truth table). SoIC

» Low OFF Leakage Current CASE 751E
e Matched Channel Resistance

- ! ORDERING INFORMATION
s Low Quiescent Power Consumption

XXXB Plasti
s Low Crosstalk Between Channels m::xxxggf C:;:ﬁc
¢ Wide Operating Voltage Range: 3to 18 V MC14XXXBDW soIc

* Low Noise

TA == 55° to 125°C for all packages.
* Pin for Pin Replacement for CD40678B and CD4Q978B

MC14067B MC140978

16—Channet Analog Dual 8-Channel Analog

MuRtiplexer/Demuitipiexer Muitiplexer/Demultiplexer

(15 —INHIBIT 13 —| INHIBIT
10 N A conTROlS 2 (10°—A

CONTROLS 11 —8 11 —B
14 —C i —C
BT—h W 7 oV "\ & 4
9 —X0 ¢ 9 —{X%0
8 —{X1 8 — X1
7 —x2 7 —X2
- o =1
] COMMON
4 —X5 X—1 “oumn 4 —X5
3 —X6 3 —X6
SWITCHES | 2 —x7 S . Bl e L, COMMONS
Nout N 23 —{xs INOUT 23 —{0 OUTAN

2 —X9 2 —Y1
21 —{Xx10 21 —¥2
20 —{ X1 20 — V3
19 —x12 19 —1va Y—17/
18 —X13 18 — Y5
17 —X14 Vpp=PIN24 16 — Y6

(18 —{X15 Vsg=PIN12 (15 —{Y7

REV3

1194

e @ MOTOROLA




MAXIMUM RATINGS* (Voitages Referenced to Vgg)

208

Symbol Parameter Value Unit
Vpp | BC Supply Voltage -0.5t0+18.0
Vin, Vout | Input or Output Voitage (DC or Transient) -05toVpp+05| V
lin Input Current (DC or Transient), +10 mA
per Control Pin
lsw Switch Through Current +25 mA
Pp Power Dissipation, per Packaget 500 mW
ngg Storage Temperature —65to + 150 °C
TL Lead Temperature (8-Second Soldering) 260 °C

This device contains protection circuitry to
guard against damage due to high static
voltages or electric fields. However, pre-
cautions must be taken to avoid applications of
any voltage higher than maximum rated voft-
ages to this high—impedance circuit. For proper
operation, Vin and Vgt should be constrained
to the range Vgg = (Vi or Vout) < Vpp.

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either Vgg

or Vpp). Unused outputs must be left open.

* Maximum Ratings are those values beyond which damage to the device may occur.

TTempenature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C
Ceramic “L" Packages: — 12 mW/°C From 100°C To 125°C

MC14067 TRUTH TABLE MC14097 TRUTH TABLE
Control Inputs Selecied Control Inputs Selected
A B Cc D Inh Channel A B (o] Inh Channels
X X X X 1 Nane X X X 1 None
0 0 0 0 0 X0 0 0 0 0 X0 Yo
1 0 0 0 0 X1 1 0 0 0 Xt i
0 1 0 0 0 X2 0 1 0 0 X2 ve
1 1 0 0 0 X3 1 1 0 0 X3 Y3
0 0 1 0 0 X4 0 0 1 0 X4 v4
1 0 1 0 0 X5 1 0 1 0 X5 Y5
) 1 1 0 0 X6 0 1 1 0 | x6 s
; 7 y : = = 1 1 1 0 X7 ¥7
0 1] 0 1 0 X8 X = Don't Care
1 0 0 1 e X9
0 1 0 1 0 X10
1 1 ) 1 0 X11
0 0 1 1 0 X12
1 0 1 1 0 X13
0 1 1 1 0 X14
1 1 1 1 0 x15
MC14067 FUNCTIONAL DIAGRAM MC14097 FUNCTIONAL DIAGRAM
INHIBIT —
INHIBIT —|
CONTROL . CONTROL h S
i & 1-OF-16 DECODER B 3] 1-OF-8 DECODER
D—| P
o il —
X1 X1 s
Y ") X} g
g j)%bguu X < i% = g?l ] ~ X
% i U = SR OUTAN
X8 B X8 TR
X X7 X7 -
< Y X > ] 5
INOUT X8 —B3 OUT/N ¥ =g
X10 % y2 Cal
X1t - D =g Y
5 war | B o
X14 l"gg;——q Y6 La B
L Xi5 L V7 ]
MC14067B MC14097B MOTOROLA CMOS LOGIC DATA

2




ELECTRICAL CHARACTERISTICS

209

-55°C 25°C 125°C
Characteristic Symbol | Vpp |  Test Conditions Min | Max | Min | Typ# [ Max | Min | Max | unit
SUPPLY REQUIREMENTS (Voitages Referenced to Vsg)
Power Supply Voltage Vbp — 3.0 18 3.0 — 18 3.0 18 \
Range
Quiescent Current Per [s)s) 5.0 |Control Inputs: Vin = — 5.0 - 0.005 5.0 — 150 | pA
Package 10 VssorVpp, - 10 - 0.010 10 - 300
16 |[SwitchI/O:Vgs = Vo | — 20 - 0.015 20 — 600
< Vpp, and
AVswitch = 500 mv**
Total Supply Current Ip(av) 50 |Ta=25°Conly (The HA
(Dynamic Plus 10 channel component, . (0.07 uA/kHiz) f + Ipp
" z Typical (0.20 pA/KkHz) f + Ipp
Quiescent, 15 (Vin = Vout)Ron, is (0.36 pAKH2) f + Ipp
Per Package not included.) :
CONTROL INPUTS — INHIBIT, A, B, C, D (Voltages Referenced to Vgg)
Low-Level Input Voltage ViL 5.0 | Rgn = per spec, — 35 - 2.25 1.5 - 1.5 \
10 | loff = per spec = 3.0 - 4.50 3.0 - 3.0
15 fp 4.0 — 6.75 4.0 -_ 4.0
High-Level Input Vottage ViH 5.0 | Rgn = per spec, 3.5 = 3.5 275 — 3.5 - '
10 | loff = per spec 7.0 — 7.0 5.50 — 7.0 -
15 11 — 1 8.25 —_ 1 -
Input Leakage Current lin 15 | Vip=00rVpp - +0.14. — }£0.00001 | =0.17} "— 1.0 | pA
Input Capacitance Cin — — — — 5.0 7.5 — - pF
SWITCHES IN/OUT AND COMMONS QUT/IN — X, Y (Voltages Referenced to Vgg)
Recommended Peak—to- Vyo — | Channel On or Off 0 Voo 0] — Voo 0 Voo | Vp—p
Peak Voitage Into or
Out of the Switch
Recommended Staticor | AVswiteh | — | Channel On 0 600 0 — 600 0 300 | mV
Dynamic Voitage
Across the Switch™
(Figure 1)
Output Offset Voitage Voo — | Vin=0V, No Load - — — 10 — -— — uv
ON Resistance Ron 5.0 |AVgwitch =500mv™, | — | 800 | — 250 1050 | — |[1300 | Q
10 Vin=VjLor Vi = 400 — 120 500 - 550
15 (Control), and Vi e d 220 — 80 280 — 320
0 to Vpp (Switch)
AON Resistance Between ARon 5.0 - 70 - 25 70 —_ 135 Q
Any Two Channels 10 — 50 e 10 50 == 95
in the Same Package 15 — 45 — 10 45 - 65
Off-Channel Leakage loff 15 | Vin=VjLor ViH — |z100| — +0.05 /| +100 — |£1000{ nA
Current (Figure 2) (Control) Channel to
Channel or Any One
Channel
Capacitance, Switch VO Cyo — | Inhibit = Vpp — — — 10 — — —_ pF
Capacitance, Common O/ Con — | Inhibit = Vpp pF
(MC14067B) — — — 100 — — —
(MC14097B) — — — 60 - = -
Capactance, Feedthrough Cvo — | Pins Not Adjacent -_ - - 0.47 —_ —_ - pF
(Channei Off) — | Pins Adjacent

Data labeled “Typ" is not to be used for design purposes, but is intended as an ind:cation of the IC’s potential performance.
** For voltage drops across the switch (AVgwitch) > 600 mV ( > 300 mV at high temperature), excessive Vpp curent may be drawn; i.e.
the current out of the switch may contain both Vpp and switch input components. The reliability of the device will be unaffected unless the
Maximum Ratings are exceeded. (See first page of this data sheet.)

MOTOROLA CMOS LOGIC DATA

MC14067B MC14097B
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ELECTRICAL CHARACTERISTICS (C( = 50 pF, Ta = 25°C)

Vpp - Vss
Characteristic Symbol vde Typ # Max Unit
Propagation Delay Times P H-tPHL ' ns
Channel Input-fo-Channel Output (R = 200 KQ)
MC 140678 (Figure 3) 5.0 35 90
10 15 40
15 12 30
MC 14097B 5.0 25 65 ns
10 10 25
15 7 18
Control Input-to—Channel Qutput tpzH, tPZL ns
Channel Tum—On Time (R = 10 kQ)
MC 14067B/097B (Figure 4) 5.0 240 600
10 115 290
15 75 190
Channel Tum=0ft Time (R = 300 kQ) tPHZ PLZ ns
MC 14067B/0978
(Figure 4) 5.0 250 625
10 120 300
15 () 190
Any Pair of Address Inputs to Output tPLHs PPHL ns
MC 140678
5.0 280 700
10 115 290
15 85 215
MC14097B ns
(Figure 10) 5.0 250 625
10 100 250
15 75 180
Second Harmonic Distortion - 10 0.3 - %
(RL=10KkQ f=1 KHLV”-‘:SVp_.p)
ON Channeil Bandwiath BW MHz
[RL = 1KQ Viq = 1/2(Vpp - VSS) pplsine-wave)]
20 Log10 (Vou#Vin) =— 3dB MC14067B | (Figure 5) 10 15 —
MC140978 10 253 —
Off Channel Feedthrough Attenuation — 10 -40 — dB
[RL = 1 K, Vin = 172 (VpD-VsS) p_p(sine-wave)]
fin = 20 MHz — MC140678B | (Figure 5)
fin = 12 MHz — MC14087B
Channet Separation — 10 -40 — daB
RL =1 kK Vin = 12 (VDD-VSS) p-p (sine—wave)]
fin = 20 MHz | (Figure 6)
Crosstaik, Control Inputs—to—Common O/ — 10 30 —_ mv
(Rt =1k R =10kQ,
Comtrol t, = 4= 20 ns, Inhibit = Vgs) (Figure 7)
#Data labelled “Typ" is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
MC14067B MC14097B MOTOROLA CMOS LOGIC DATA
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OFF CHANNEL UNDER TEST
ON SWITCH © Vpp
/ |
CONTROL [ oVss
SECTION CONTROL [
OFIC SECTION OTHER |
OFIC CHANNEL(S
LOAD / (8) Vsg
—L_ | ©Vop
|
souRce - {
URC
Vss
o Vpp
Figure 1. AV Across Switch Figure 2. Off Channel Leakage
MC14067B MC14097B
PIN ASSIGNMENT PIN ASSIGNMENT
X[ 1e 24 {1 vpp x{1e 24 vpp
X702 23 { x8 x7{l2 230Y0
X6 (13 21 X3 X603 20Y1
X5 4 21 ] X10 X5 [} 4 210 y2
X4Q5 20 {1 X1 X405 20 Y3
X3(l s 19 Px12 X3} & 193 ] Y4
x2f7 18 1 x13 xefgr7 18l Ys
x1(s 17 ] X14 X1[8 7oy
X0 (] 9 16;“ xoQs 18 (] Y6
A 10 15 ;lmHlsn' AL 10 150 Y7
81 1“4c B “ac
Vss [ 12 130 Vss (] 12 13 [] INHIBIT
MOTOROLA CMOS LQGIC DATA MC140678 MC14097B
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Ve
PULSE A
GENERATOR “’/_8
D Vout
INH AL I CL=50pF
= Vin 73
=] o
VDD Vss Vss Vop
20ns
Ve
i % 3 90% Vin=V,
1% yeg Vout 50% \ Vl;: vgg
tPLH tPHL
tPZH, tPZL —tPHz. tPLZ
Vout 80% Vout 50% Vin=Vss
10% Vx=Vpp

Figure 3. Propagation Delay Test Circuit

Figure 4. Turn—On and Delay Turn—-Ott
and Waveforms Vi to Vot

Test Circuit and Waveforms

V|
A, B, and C inputs used to turn ON or OFF fD_ AL
the switch under test. é ON
a =
— é 0
- INH | OFF Vou
—iD Vout i
1 ’_L AL ~CL=50pF
_L ‘ AL I CL=50pF = I
= Vin = 3l Vin

Figure 5. Bandwidth and Off~Channel

Figure 6, Channel Separation
Feedthrough Attenuation

(Adjacent Channels Used for Setup)

oOwmW>

Ver [

Vout
_L INH é RL I Cp=50pF
= A1 =

1A

Figure 7. Crosstalk, Control to Common O/

MC14067B MC14097B MOTOROLA CMOS LOGIC DATA
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RQN: "ON' RESISTANCE (OHMS)

RQp: ON" RESISTANCE (OHMS)

VoD
KEITHLEY 160
DIGITAL
MULTIMETER
10k =1
Yoo 1kQ
I-D« RANGE X-Y
PLOTTER
o1
Vss

-

Figure 8. Channel Resistance (RgN) Test Circuit
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INH ? l Voo

& L Vou
VA 50%
VB 50%

Figure 9. Propagation Delay, Any Pair of
Address Inputs to Output

TYPICAL RESISTANCE CHARACTERISTICS

350
300
250
200
150
Ta=125°C
10 E |
%0 p— "“l—55°C
0 [
-10 -80 -60 -40 -20 O 02 40 60 80 10
Vin, INPUT VOLTAGE (VOLTS)
Figure 10.Vpp =75 V,Vgg=-75V
700
600
500
400
/
// P\XC T = 125°C
0 2 AN
AN 20
~N
100 ™ _55°C
|
0 [
-10 -80 -60 -40 -20 0 02 40 60 80 10

Vin, INPUT VOLTAGE (VOLTS)
Figure 12. Vpp=2.5V,Vgg=-2.5V

RoN: “ON' RESISTANCE (OHMS)

Ron: “ON" RESISTANCE (OHMS)

350
300
250
200
150 AT ~ Tp = 125°C —
!
T
100 B i, S e 2‘50(:
-55°C
S0
0
-10 -80 -60 -40 -20 0 02 40 60 80 10
Vin, INPUT VOLTAGE (VOLTS)
Figure 11.Vpp=5.0V,Vgg=~-5.0V
350 T T
— Ta=25°C
300 faN
]
250 [ Vpp=25V
\Vop=25
/ \
20 7
150
- g B, L S
——t—— ~— 75V
50
0
-10 -8.0 -60 -40 -20 O 02 40 60 80 10

Vin, INPUT VOLTAGE (VOLTS)
Figure 13. Comparisan at 25°C, Vpp =-Vss

MOTOROLA CMOS LOGIC DATA

MC14067B MC14097B
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APPLICATIONS INFORMATION

Figure A illustrates use of the Analog Multiplexer/Demutti-
plexer. The O-to-5 volt Digital Control signal is used to
directly control a 5 Vp—p analog signal.

The digital control logic levels are determined by Vpp and
Vss. The Vpp voltage is the logic high voltage; the Vgg volt-
age is logic low. For the example. Vpp=+5V = logic high at
the control inputs; Vsg = GND = 0 V = logic low.

The maximum analog signal level is determined by Vpp
and Vgs. The analog voltage must swing neither higher than
VDD norlowerthan Vgg. The example shows a5 Vp—psignal

+5V——1

which allows no margin at either peak. If voltage transients
above Vpp and/or below Vgg are anticipated on the analog
channels, external diodes (Dy) are recommended as shown
in Figure B. These dicdes should be small signal types able
to absorb the maximum anticipated current surges during
clipping.

The absolute maximum potential difference between VDD
and Vgg is 18.0 volts. Most parameters are specified up to
15 V which is the recommended maximum difference
between Vpp and Vsg.

Ij:—

Voo Vss
+5.0V
5Y, SWITCH
ANALOG SIGNAL 0 eter72 sl "
Y on ANALOG SIGNAL \/ .
MC140678 -
Dgsg’;“ 0-TO-5 V DIGITAL WC140978 ==
DIGITAL CONTROL SIGNALS
CIRCUITRY

L

Figure A. Application Example

Vbo

Voo

SWITCH
110

Ox

COMMON
on

Ox

Vss

Vss

Figure B. External Germanium or Schottky Clipping Diodes

MC14067B MC14097B
8
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CERAMIC DIP PACKAGE

SEATING
PLANE

CASE 623-05
ISSUEM

NOTES:
1. DIMENSION L TO CENTER OF LEADS WHEN"

2. LEADS WITHM 0.13 (0.005) RADILS OF TRUE
POSITION AT SEATING PLANE AT MAXIMUM
MATERIAL CONDMON (WHEN FORMED
PARALLEL).

MLUMETERS | INCHES
ETRET ST
MA |27 {120 |1

1270 1 1549 | 0500 | 0510
406 | 559 ] 0180 | 0220
041 | 05110016 [ 6020 |
127 | 152 | 0050 | 0.080 |
254 BSC 0.100 BSC

020 | 0.0 [ 0008 | 0.01
218 | 408 [ 0125 | 0.180
1524 Qﬂ%m
g°f 15 ol 1s°
2220 [ 0050 |
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ost 1 12r]e

10

12
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ISSUE C
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* FLASH,
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M | MAX [ up
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1372 | 1422 | 0540
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QUTLINE DIMENSIONS
DW SUFFIX
PLASTIC SOIC PACKAGE
CASE 751E-04
ISSUE E
o
[t

8

HAAAAAAAAAA ] HorES:

1. DIMENSIONING AND TOLERANCING PER ANS/
962,

Y14.5M, 1
e 2. CONTROLLING DIMENSION: MRLMETER,
a Dl S A AND B DO NOTIN
_ _ oy PR NENSION 8 DO NOTINCLUDE

MOLD PROTRU!
_@_ $ 0.010 (025)® B @ 4, mm PROTRUSION 0.15 (0.006)

S. DIMENSION D DOES NOT INCLUDE DAMBAR

B EEEELEEEEL L PROTRUSONSIAL 6 013 0625 ToTAL

EXCESS OF D DIVENSION AT MAXIAUM
MATERIAL CONDITION.

o

2ax D

[¢]eo0025@[1[A ©®[8 0]

WLLMETERS INCHES
MIN | MAX | MW | HAX
1525 1 1554 [ 0601 | 0812
740 | 7501 0292 | 0.209

¢ 0.003 | 0.104
0.35 | 043 | 004 | 0019
[

BSC

lolo = {x|c|ofn nm>]§
1o
3
>
4

| 041 | 090 | 00
y . 0.9 | 0018 | 0.085
: L 1.27 BSC 0.050
Lt e et ;\_L c 223 ] o | 0009 [ 001
ol o e | s i 293 | 029 | 0005 [ 001t
T 7T 1V @it T AT oo g°] g¢°| g°
SEATWG _J L- 1005 | 105 | 6395 | 0415
PLANE »x G K 025 ] ars[ooto} 002 |

Motorola reserves the right to meke changes without further notice to eny products herein. Motoroia makes no warranty, representation or guarantse regarding
the suitabiity of its products for any particular purposa, nor does Motorola assume eny febiity arising out of the application or usa of anty product or circuit,

and specificatly disclaims any and all liability, including without limitation il oc incideqrtal damages. “Typical® parametars which may be provided
in Motorola data sheets and/or specifications can and do vary in differeat applications and actual performance may vary over time. All operating paramaters,
including “Typicals” must be vaii d for each custor ication by customer’s technwcal experts. Motorola does not convey any ticense under its patant

rights nor the rights of othars. Motorola products are not designed, intended, or authorized for use as components in systems imtended for surgical implant
into the body, or cther applicaions intended 1o support or sustain lifs, or for any other application in which the fallure of the Motorota product cauld creata a
situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such uni ded or rthorized application,
Buyer shall indemnity acd hold Motorota and its officers, employees, subsidiaries, aftiliates, and distrbutors harmiess against all claims, costs, damages, and
expensas, and reasonable attomey fees arsing out of, directly or indirectly, any claim of parsonal injury or death associated with such unintended or
unauthorized usa, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part. Motoroia and » w4 are egistered
trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affinmative Action Empioyar.

How to reach us:

USA/EUROPE AL ocations Not Listed: M la L Distribution; JAPAN: Nippon Motorola Lid.; Tatsumi-SPD-JtDC, 8F Sebu-Butsuryu-Center,
PO, Box 20912; Phoenix, Arizona 85036, 1-800-441-2447 or 602-303-5464 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japen. 03-81-3521-8315

MFAX: RMFAX0 @ emaif.sps.mot.com — TOUCHTONE 602-244-8809 ASIA/PACTRC: Motorola Semiconductors H.K d.; 88 Taf Ping ndustrial Park,
INTERNET: htip://Design—-NET.com 51 Ting Kok Roed, Tai Po, N.T., Hong Kong. 852-25623298
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