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ABSTRACT

This/thesis presents-The Mobile Phone Pre-Paid Card Vending'Machine. The machine
can be dividedsinto-tworparts :, the\banknote validation part and the pre-paid eard payment part.
The banknote validation'part used the substance validation, color validation size validation. The
substance validation uses adiltraviolet sensor to detect the reflecting of light. The banknote color
was validated by-the intensity-of light which send from-infrared LED through a banknote and
received by a phototransistor. The 2 LED, and'LDR  use to‘measure the banknote length and send
this data to process, in microcontroller. The Pre-paid card wastejected from card slot by propeller
which drive by steppingmotor. All operations-“and 7-segment- display was controlled by

microcontroller MCS-51.
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o 4 o U/ a =) %4 d Y
Tsunsumivgumsinnuveuniessimhetins@ultulnsinindoun

o I A
RI208 XX N9
ORG 0000H
KRk ko ok ok ok ok ok ok ok ok ok ok ok Sk k ok ok ok ks ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ke ko
; CONTROL MCS51 %

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

’

MAIN: CLR &
MOV PO, #00H
MOV P1, #00H
MOV P2, #00H
MOV, P3, #00H
SETB P1.2
MOV RL,#30H
MOV 30H,/ #0014
MOV 33H,/#00H

’
;********************************************************************

R FEEDBANK 2

;***************************7\—****************************************

’

SETB BL.2 ;ADD ADC
CLR P1.7 ;ADD MO1_FOR
GLR PL1.6 #ADD_ MO1 REW
CLR P1YS ;ADD| MO2 FOR
CLR P14 ;ADD| MO2 REW

START: - GLK C
MoV R1,#30H iCHECK VALUE
MOV A, @R
SUBB A7#00H
I FEED
MoV P3»#02R ; CHKSWITCH CANCEL
MOV R1,#33H +BDD/ SWITCH CANCEL
MOV 33H7#00H
MOV AR
ANL A, #10H
MOV @RL, A
MOV B3}, #07H
MOV 2,.B0
CLR e
ADD A, @R1
ANL A, #10H
SUBB A, #10H
JINZ FEED
CALL CANCEL
Jup MATIN

FEED: CLR C

INSERTBANK: MOV P3, #07H ;ADD_OUTO_IN7

MOV R1, #33H ; FEED BANK
MOV A, PO
CLR c
ADD A, @R1
ANL A, #01H

SUBB A, #01H
JNZ START
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MOV P1, #80H ;MO1_FOR
CALL DELAYSTOP

MOV P3,#07H

CLR &

MOV A, PO

ANL A, #01H

SUBB A, #01H

7 CHKSTOP

MOV P1, #00H

JMP START

7
;********************************************************************

; CHECK SIZE BANK i

’-********************************************************************

I

CHKSTOP: MOV P3, #07H
MOV R1,#30H
SETB PL,1
CLR 8
MOV A, PO
ANL A, #05H
SUBB A, #05H
Jz ERROR STZE
CLR Q
MOV A, PO
ANL A, #03H
SUBB A, #00H
JNZ CHKSTOP
CLR poicy
CALL Dlms
CHKBAK_lOO: CLR C
MOV A; PO
ANL A, #1FH
SUBB A, #04H
JZ STZE. 100
CHKBAK_SOO: CLR o
MOV A, PO
ANL A, #1FH
SUBB A, #0CH
JZ SIZES500
CHKBAK_lOOO: CLR S
MOV AP0
ANL A, #1FH
SUBB A, #1CH
Jz SIZE 1000
ERROR_STZE: CALL ERROR
JMP START

7
;********************************************************************

; CHECK TRUE- FAUL OF TBANK *

,-********************************************************************

’

SIZE 100: CLR c
SETB P1.0 FOUT T F
CALL DELAY T F ;DELAY
MOV A, PO

CLR P1.0 ASTOP.T B
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r

SIZE 500:

SIZE_1000;

ANL A, #20H
SUBB A, #20H
INZ ADC_100
CALL ERROR
JMP START
CLR c

SETB P1.0
CALL DELAY T F
MOV A, PO

CLR P1.0

ANL A, #20H
SUBB A, #20H
INZ ADC_500
CALL ERROR
JMP START
CLR C

SETB R1.0
eAlL DELAY/ T_F
MOV a, B0

CUR P1.0

ANL A/ #20H
SUBB A, #208
Nz ADC | 1000
CATT ERROR
JuP START

ST @B T

,-********************************************************************

Iz

CHECK COLOR: OF . BANK

*

,-********************************************************************

’

ADE_100*

ADC_500:

CLR c
eLR T,

MOV B3, #06H
MOV RO,#40H
CLR PIV1

CALL PELAY \ADC
MOV 25.P0

MOV @RO, A

CLR %

MOV A, @RQ

ANL , #38H
SUBB A, #38H

Jz CHRSOM 100
CALL ERROR

JMP START

GLE €

CLR Pl

MOV P3, #06H
MOV RO, #50H
CLR Bl

CALL DELAY ADC
MOV A, PO

MOV @RO, A

CLR c

MOV A, @RO

ANL A, #38H

SUBB A, #38H
Jz CHKSUM_500

FSTPP T F
#ADD/ OUTO ING6

; IN ADC

;STOP T_F

; IN ADC




80

I

ADC_1000:

CHKSUM 100:

CHKSUM, 500

CHKSUM~1000::

CALL
JMP
CLR
CLR
MOV
MOV
CLR
CALL
MOV
MOV
CLR
MOV
ANL
SUBB
JZ
CALL
JMP

SETB
MOV
MOV
JMP
SETB
MOV
MOV
JMP
SETB
MOV
MOV
JMP

ERROR
START

G

P1.0

P3, #06H

RO, #60H
P1.1

DELAY ADC
A, PO

@RO, A

C

A, @RO

A, #0COH

A, #0COH
CHRSUM=1000
ERROR
START

P11
P3, #00H

RI, #30H
CHKSUMY 100
P11

RL, #30H

P3, 4008
CHKSUMI 500
P11

R1Y#30H

B3, 4#00H
CHKSUML, 1000

;STOP T F

; IN ADC

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

’

CHECK VALUE{ OF BANK

*

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

Iz

CHKSUMI 100.;

CHK600:

INC
CLR
MOV
SUBB
Jz
CLR
MOV
SUBB
Jz
CLR
MOV
SUBB
JZ
CLR
MOV
SUBB
Jz
CLR
MOV
SUBB
JZ
CLR
MOV

30H

C

A, @R1

A, #01H
BAK100 (1

c

A, QRL

A, #02H
BAK100 2

C

A, @GR1

A, #03H
BAK100 3 NEXT
€

A, @R1

A, #04H
BAK100 4 NEXT
c

A, @R1

A, #05H
BAK100 5 NEXT
€

A, QR1
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BAKLO0” 3/ NERT:
BAK100 4 NEXT:
BAKL00 57 NEXT:
BAK100y 6-NEXT:
BAK100] 7 [NEXT"
BAK200 8 'NEXT:
BAKLOO0 9LNEXT:
BAKLOO 10-NEXT:

CHRSUM1w 500"

CHKSUM1 1000:

SUBB
Jz
CLR
MOV
SUBB
Jz
CLR
MOV
SUBB
JZ
CLR
MOV
SUBB
Jz
CLR
MOV
SUBB
JdZ
CLR
MOV
SUBB
MOV
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP

MOV
ADD
MOV
CLR
MOV
SUBB
JZ
CLR
MOV
SUBB
Jz
JMP

MOV
ADD
MOV
CLR
MOV
SUBB
Jz
CLR
MOV
SUBB
MOV
JMP

A, #06H
BAK100 6 NEXT
c

A, @Rl

A, #07H
BAK100 7 NEXT
C

A, @R1

A, #08H
BAK100_ 8 NEXT
C

A, @R1

A, #09H
BAK100 9 NEXT
C

A, @R1

A, #0AH
BAK100/10_NEXT
c

A, @RI

A/#05H

ER1yA
OVERBAK
BAK100/3
BAK100 4
BAK100-5
BAK100_6
BAK100\7
BAK100 8
BAK100.9
BAK100 10

AgeR1
A, #0580
@R1, A

e

Ay @RT

A #05H
BAK100 5
@

A, GRT

A, #0AH
BAKTO0 10
CHK600

A, @R1
A, #0AH
@R1,A

¢

A, @R1

A, #0RH
BAK100_10
e

A, @R1

A, #0AH
@R1,A
OVERBAK
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BAK100 1:

BAK100 2:

BAK100 3:

BAK100 4:

BAK100/5;

BRAK100 6

BAKI00 74

BAK100- 83

BAK100'.9:

BARL 0091 0

OVERBAK:

’

CALL
MOV
CALL
JMP
CALL
MOV
CALL
JMP
CALL
MOV
CALL
JMP
CALL
MOV
CALL
JMP
CALL
MOV
CALL
JMP
CALL
MOV
CALL
JMP
CALL
MOV
CALL
JMP
CALL
MOV
CALL
JMP
CALL
MOV
CALL
JMP
CALL
MOV
MOV
JMP
CALL
JMP

KEP
P2, #01H
INSERT ERROR
START

KEP

P2, #02H
INSERT ERROR
START

KEP

P2, #03H
INSERT ERROR
CARD300

KEP

P2, #04H
INSERT“ERROR
START

KED

P2, #05H
INSERT. ERROR
CARD500

KEP

P2, #06H
TNSERT ERROR
START

KEP

P2, #07H
INSERT, ERROR
START

KD

P2, #08H
TNSERT ERROR
START

KEP

P24 09H
TNSERT -ERROR
START

KEP

P2, #0AH

30H, #00H
CARD1Q09
FRROR

START

’

ERROR

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

’

SELCARD 300B

*

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

CARD300:

LOOP1:
LOOP2:
LOOP3:
CHEK INSERT:

MOV
SETB
MOV
MOV
MOV
MOV
CLR
ANL
SUBB
Jz
DJINZ

P3, #07H
P1.0

R7, #06H
R6, #0FFH
R5, #0FFH
A, PO

C

A, #01H

A, #01H
INSERTBAK
R5,CHEK INSERT
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INSERTBAK:

CHKCARD300:

ST1:
ST2:;
ST

DINZ
DINZ
JMP

CLR
JMP

R6, LOOP3
R7, LOOP2
CHKCARD300

B0
START

dhkhkhkkkhkhkhkhrhhhhkhhkkhkhkhkhkhhhkhhk

*

CHECKCARD 300B e

* ok ok k ok ok ok ok ok ok ok ok k ok ok ok ok ok ok ok ok ok ok ok ok ok ok

MOV
CLR
MOV
MOV
MOV
MOV
CLR
MOV
ANL
SUBB
Jz
€LR
MOV
ANL
SUBB
Jz
CLR
MOV
ANL
SUBB
Jz
CLR
MOV
ANL
SUBB
JZ
CLR
MOV
ANL
SUBB
JZ
CLR
MOV
ANL
SUBB
Jz
CLR
MOV
ANL
SUBB
Jz
CALL
JMP

JMP
JMP
JMP

P3, #05H
P1.0
32H, #00H
RO, #35H
A, PO
QRO, A
C
A,'@RO
A, #07H
A/#01H
STl

0,

A, @RO
A #07H
A, #02H
ST2

K

A, QRO
A,/ #07H
A, #03H
ST3

q
A,.QRO
A, #07H
A, #04H
ST4

C

A, @GRO
A, #07H
A, #05H
SIS

e

A, @RO
A, #07H
A, #06H
ST6

e

A, @RO
A, #07H
A, #07H
ST7
CANCEL
MAIN

CASE1l
CASE2
CASE3

;ADD IN5 OUT
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ST4d:
ST5:
ST 6
ST7:

*

CASE1L:

INSWITCH300 1:

CHE300/Y_N1:

SWITCH300 SELEC1:

SWITCH300 NO1:

SWITCH300 YES1:

CHK300_ DOWN1:

JMP CASE4
JMP CASE5
JMP CASE6
JMP CASE7

Kok kokkk ok ok k ok ok ok ok kok ok ok ok ok okokkkok ok ko

* CASE CARD 300B *

R e

kokckk kk ok kkkkhkk ok ok kkkkKh

CASE1l *

khkokkhokk kkkkkkokkokkk kK

MOV P3, #20H

MOV P1, #01H

MOV P3, #23H

MOV A, PO

CLR ¢

ANL A, #0748

SUBE A, #O1H

Jg CHK300)Y_N1
MOV P3| #22H

MOV Ay PO

CLR c

ANL A, #10H

SUBB A, ¥10H

32 SWITCH300 ‘NOL
JMP INSWITCH300 -1
MOV, B3, #024

MoV P1, #00H

MOV A, PO

CLR 5

ANL AG#80R

SUBB Av#80H

N SWITCH300, YES1
MOV, A, PO

CLR C

ANL A7 #L0f

SUBB A, #10H

& SWETCH300: NO1
MOV, A, PO

CIR =

ANL A, #40H

SUBB A, #40H

Jz SWITCH300 SELEC1
JMP CHK300_Y N1
JP CHKCARD300
CALL CANCEL

JMP MATIN

MOV P3, #09H

MOV RO, #55H

MOV 55H, #00H

MOV R7, #04H

MOV A, #01H

MOV @RO;A

;ADD OUT1

;OUT

INS
LED1

IN3 OUT1L
SWITCH

;ADD
; IN3

;ADD AN2) 'OUT1

; IN2 “"SWITICH YES/NO

;OUT 300B GSM IN1
;IN CARDDOWN
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ROTATE300 1: CALL DELAYSTEP300_1
MOV A, @RO
MOV P1,A
RLC A
MOV @RO, A
DINZ R7,ROTATE300 1
JMP CHK300_DOWN1
DELAYSTEP300 1: MOV R1, #01H
DL4 1: MOV R2, #0F8H
DL5 1: MOV R3, #0FFH
DL6 1: MOV P3, #09H
MOV A, PO
CLR C
ANT, A, #01H
SUBB A, #01H
JINZ CARD300, DOWN1
DINZ R3, D6 1
DINZ R2 D151
DINZ R1, DE4MT
RET
GARD300_DOWNT; , ~lOV P1, #00R
CALL OK
MOV 554, #00H
MOV P3, #05H
MoV AP0
CLR 2
AL A,401h
SUBB A, #01H
Jz NORE300 STEPL
tov P3, #098
CALL RESTEP
MOV, P14 00H
NORE300”,STEPT: ) JMP MATN

ik ke kk ok k ke k ok kek kok ok ok Rk ok

H % CASE2 X

ok Kisk ok ok K K KhKk ok ok ok ok ok ok k ok ok ok

CASE2: MOV, P3, #20H ;ADD IN5 OUT1
MOV PT,#02H ;OUT  LEDI
INSWITCH300 2: MOV P3, #23H ;ADD IN3 OUT1
MOV A, PO ; IN3 SWITCH
CLR &
ANL A, #07H
SUBB A, #02H
Jz CHK300_Y N2
MOV P3, #22H
MOV A, PO
CLR c
ANL A, #10H
SUBB A, #10H
Jz SWITCH300_ NO2
JMP INSWITCH300 2

CHK300, ¥ N2: MOV P3,4#02H ;7ADD, IN2/...OUT1
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SWITCH300 SELEC2:

SWITCH300 NOZ2:

SWITCH300 YES2T

CHK300 ) DOWN2:+

RQTATE300” 21

DELAYSTEP800Y2%
DL4, 2:
DL3n2%
DL6_ 2%

CARD300_DOWN2 :

MOV
MOV
CLR
ANL
SUBB
Jz
MOV
CLR
ANL
SUBB
Jz
MOV
CLR
ANL
SUBB
Jz
JMP

JMP

CALL
JMP

MOV
MOV
MOV.
MOV
MOV
MOV
CALL
MOV
MOV
RLC
MOV,
DINZ
JMP.

MOV
MOV
MOV
MOV
MOV
CLR
ANL
SUBB
JNZ
DJINZ
DJNZ
DJNZ
RET

MOV
CALL
MOV
MOV
MOV
CLR
ANL

P1, #00H

A, PO

C

A, #80H

A, #80H
SWITCH300 YES2
A, PO

g

A, #40H

A, #40H
SWITCH300 SELEC2
A, PO

C

A, 4L10H

A, #10H
SWITCH300 N©2
CHK300/ ¥ N2

CHKCARD300

CANCEL
MALN

P3, #09H

RO, #55H

60H, #00H
R7,#04H

&, 410H

@RO, A
DELAYSTEP300. 2
A, @RO

P1L A

Al

@RO, A

R7, ROTATE300. 2
CHK300.“DOWN2

R1,#01H
R2, #0F8H
R34 0EFH
P3, #09H
7, P0

€

A, #02H
A, #02H
CARD300_DOWN2
R3,DL6_2
R2,DL5 2
R1,DL4 2

P1, #00H
OK

55H, #00H
P3, #05H
A, PO

C

A, #02H

;IN2 SWITCH YES/NO

;OUT '300B DPROMT
; IND. CARDDOWN

; CHANG

; CHANG

;CARD BIT 2

;/ CHANG
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NORE300 STEP2:

SUBB
JZ
MOV
CALL
MOV
JMP

A, #02H
NORE300_ STEP2
P3,#09H
RESTEP1

P1, #00H

MAIN

ok kkhkhkkkkkkhkhkhkhkkkk ko

*

CASE3

*

*k kk ok ok ok ok okok ok ok ok ok ok ok ok ok ok ok

CASE3:

INSWITCH300 3:

NEXIT300_1}
NEXAIT300 2%
NEX1T300"UP 1:

MOV
MOV

MOV
MOV
CLR
ANL
SUBB
J7Z
MOV.
CLR
ANI
SUBB
Jz
Mow
MOV.
CLR
ANL
SUBB
JZ
JMP
JMR
JMP
JMP

P3, #20H
P1,#03H

B3,.423H

A, PO

o

A, #07H

A, #0121
NEXTT300-1
A{PO

#

Ay OTH

A, #02H
NEXIT300 2
PB)#22H

A, PO

@

A, #10H

A, #108
NEXIT300. 0p_1
INSWITCH300 3
CHK300..Y/N1
CHK3007Y7 N2
SWITCH300,N01

%k K ok Rk ok ok ok Rk skik ok ok ok ok k

*

CASE4

*

%k K ek ATk ok ok ok ok ok ko ok A Kk ek

CASE4.:

INSWITCH300 4:

CHK300_Y N4:

MOV
MOV

MOV
MOV
CLR
ANL
SUBB
Jz
MOV
MOV
CLR
ANL
SUBB
Jz
JMP

MOV
MOV
MOV

P3, #20H
Pl;#04H

P37 #7234

A, PO

C

A, #07H

A, #04H
CHK300_Y N4
P3, #22H

A, PO

s

A, #10H

A, #10H
SWITCH300_ NO4
INSWITCH300 4

P3, #02H
P1l, #00H
A, PO

;ADD IN5 OUT1
;OUT LED1

;ADD IN3 OUT1
; INSWITCH

; INSWITCH

;ADD IN5 OUTI1
;OUT LED1

;ADD IN3 OUT1
;IN3 SWITCH

;ADD IN2 OUT1

7 IN2. SWITCH -YES/NO
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SWITCH300 SELEG4:

SWITCH300/N04:

SWITCH300 YES4:

CHK300 /DOWN4+

ROTATE300 (4

DELAYSTERSQO 4+
DA %:
BL 57 4.
DL6, 4

CARD300_DOWN4 :

CLR
ANL
SUBB
Jz
MOV
CLR
ANL
SUBB
Jz
MOV
CLR
ANL
SUBB
Jz
JMP

JMP

CALL
JMP.

MOV
MOV
MOV
MoV
MOV.
MOV
CALL
MOV
MOV
RLC
MOV
DJINZ
JMP.

MOV
MOV
MOV
MOV
MOV
CLR
ANL
SUBB
JNZ
DJINZ
DJINZ
DJNZ
RET

MOV
CALL
MOV
MOV
MOV
CLR
ANL
SUBB
Jz

C
A, #80H

A, #80H
SWITCH300 YES4
A, PO

C

A, #40H

A, #40H
SWITCH300 SELEC4
A, PO

C

A, #10H

A, #10H
SWITCH300 NO4
CHK300..Y N4

CHKCARD300

CANCEL
MAIN

P3y #31H

RO, #55H

65H; 008
R7,404H

A, #011

@RO, A
DELAYSTER300_4
A, @RO

P1,A

A

@RO, A
R7+ROTATE300 4
CHK300,/DOWN4

R1, #01H
R2; HOEBH
R3, #0FFH
P3, #31H
A, PO

&

A, #0744
A, #04H
CARD300_DOWN4
R3,DL6_4
R2,DL5_4
R1,DL4_4

P1, #00H

OK

55H, #00H

P3, #05H

A, PO

€

A, #04H

A, #04H
NORE300, STEP4

;OUT '\300B ORG
; IN % CARDDOWN
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MOV P3, #31H

CALL RESTEP

MOV P1, #00H
NORE300 STEP4: JMP MAIN

Fhkhkhkkkkhkhkhkhkhkkkhkkxkk

* CASES *
*hk ok k ok kk kkk ok ok k ok ok k ok k ok k
CASE5: MOV P3, #20H
MOV P1,#05H
INSWITCH300 5: MOV P3, #23H
MOV A, PO
CLR @
AND Atk OZH
SUBB A, #01H
7 NEXTT300 5 1
MOV Al PO
CLR c
ANL A 407H
SUBB A, #04H
Jz NEXIT300;-512
MOV P3, #22H
MOV 2P0
CLR g
ANL, A, #108
SUBB A, A 0H
J7 S CANELL
JUP INSWITCH300 5
NEXPT300%5~ i “WMP CHK300 Y N1
NEXIT30025.42:°) Jup CHK300 Y, 104
S\ CANELT: JMP SWITCH300/NO1

Kok K Fh ok ok Rk ok Kk ok ok ok dkki

* CASE6 *
Kk Kk kadok hok k ok Kk kik ok ok ok k&
CASE6; MOV P37 #20H
MOV p1, #06H
INSWITCH300 63 0¥ B3,423H
MOV, A, PO
CIR s
ANL A, #07H
SUBB A, #02H
gz NEXIT300 6 1
MOV A, PO
CLR e
ANL A, #07H
SUBB A, #04H
Jz NEXIT300 6 2
MOV P3, #22H
MOV A, PO
CLR C
ANL A, #10H
SUBB A, #10H
o}/ S_CANEL2
JMP INSWITCH300 6

NEXIT300 6.1: oJMP CHK300_Y_NZ

7ADD INS5 OUT1
;OUT LED1

;ADD IN3 OUT1
; INSWITCH

; INSWITCH

/#ADD IN5 OUT1
;OUT LED1

;ADD IN3 OUT1
; INSWITCH

; INSWITCH
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NEXIT300 6 2:  JMP CHK300_Y N4
S_CANEL2: JMP SWITCH300 NO1

Kok kok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok K

: * CASE7 *
- hkkkkdkkhhhhkkkkkkkkk
CASET: MOV P3, #20H ;ADD IN5 OUT1
MOV P1, #07H ;OUT LEDI
INSWITCH300 7: MOV P3, #23H ;ADD IN3 OUT1

MOV A, PO ; INSWITCH
CLR C
ANL A, #07H
SUBB A, #01H
i NEXLT.300"7,1
MOV A, PO ; INSWITCH
CLR o
ANL AL #0748
SUBB A,'#02H
JZ NEXIT300_7) 2
MOV A, PO AINSWITCH
CLR C
ANL A, #07H
SUBB A, #04H
J% NEXIT300 7 3
MOV B3, #2 20
MOV A, PO
CLR =
ANL A, 4108
SUBB A, #10H
Jz S CANEL3
Jup INSWITCH300 77

NEXTT300 741300 1qup CHK3004Y/N1

NEXIT300 7 2% (lp CHK300//¥ N2

NEXIT300 7 37 ) Jwp CHK300-Y /N4

S_CANEL3: JMP SWITCH300 ) Nol

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

; SELCARD 500B *

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

’

CARD500:  MOw P37TH#O7H
SETB P1.0
MOV R7, #05H
LOP500_2: MOV R6, #0FFH
LOP500_3: MOV R5, #0FFH
CHEK_INSERTS500: MOV A, PO
CLR o
ANL A, #01H
SUBB A, #01H
Jz INSERTBAKS500
DINZ R5, CHEK_INSERT500
DINZ R6,LOP500 3
DINZ R7,LOP500 2
JMP CHKCARD500
INSERTBAK500: CLR e

JMP START
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CHKCARD500:

ST500 1:
ST500 2:
ST500 3:
ST500 4:
ST500_5:
ST500_6:
ST500 7:

Kok ok ok ok ok ok ok ok ke ok ok ok ok ko ok ok ok ok k ok ok ok ok ok ok

*

CHECKCARD 500B %

hhkkkhkhkhkkkkhkhkhkhkrhhkhkhhhkhkhhhhkkhk

MOV
CLR
MOV
MOV
MOV
MOV
CLR
MOV
ANL
SUBB
Jz
CLR
MOV
ANL
SUBB
Jz
CLR
MOV
ANL
SUBB
Jz
CLR
MOV
ANL
SUBB
Jz
CLR
MOV
ANL
SUBB
J7Z
CLR
MOV
ANL
SUBB
J4
CLR
MOV
ANL
SUBB
Jz
CALL
JMP

JMP
JMP
JMP
JMP
JMP
JMP
JMP

P3, #05H
P1.0
35H, #00H
RO, #35H
A, PO
@RO, A

c

A, @RO
A, #38H
Ar#08H
ST500 1
a

Al @RO
A, #38H
A 410H
ST500,2
¢

A, @RO
N, #38H
A, #18H
ST500 3
Q

A, @RO
A, #38H
A, $20H
ST500 4
C

AL ERO
Ap438H
An#28H
ST500 \5
s

A/ 0RO
A, #38H
A, #3084
sT500"6
c

K, 8RO
A, #38H
A, #38H
ST500_7
CANCEL
MAIN

CASE500 1
CASE500_2
CASE500 3
CASE500_4
CASE500_5
CASE500_6
CASES500_7

Kokok ok ok okik ok ok ok ok ok ok ok ok ok ok ok Kk ok ok ok ok ok ok ok

;ADD IN5 OUT
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I CASE CARD 500B i

Kok ok ok ok ok ok ok ok ok ok k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

hhkhkhkhkdhhkhhkhkkkhkhkhkhkhdkdt*k

* CASE500 1 *
hok kk ok kk ok ok ok ko k ok ok k ko k ok
CASE500 1: MOV P3, #20H ;ADD IN5 OUT1
MOV P1, #08H ;OUT LED1
INSWITCH500 1: MOV P3, #23H ;ADD IN3 OUT1
MOV A, PO ; IN3 SWITCH
CLR C
ANL A, #38H
SUBB A, #08H
Jg CHK500 Y N1
MOV P3, #2721
MOV A, PO
CLR q
AND A, #1048
SUBB A, #10H
Ny SWITCH500 NO1
JMP INSWITCH5Q0.1
CHK500 Y_Nd-: MOV P3, %028 ;ADD IN2 OUT1
MOV P1,4#00H
MOV A, PO “YIN2_SWITCH YES/NO
CLR C
ANT, A, #80H
SUBB A, #80H
22 SWITCHS500_YEST
MOV A, PO
CLR C
ANL A, #4081
SUBB Ay #40H
Jz SWITCH500 SELECT
MOV A} PO
CLR ¢
ANL Ap#108
SUBB A/ H10H
JZ SWITCH500 *NOA,
Jup CHK500Q /Y \N2:
SWITCH500 SELECI: IMP CHKEARDS00
SWITCH500 NO1I: CALL CANCEL
N JMP MAIN
SWITCH500 YES1: MOV P3, #31H ;OUT 500B GSM
MOV RO, #55H ;IN CARDDOWN
MOV 55H, #00H
CHK500 DOWN1l: MOV R7, #04H
&l MOV A, #10H
MOV QRO, A
ROTATES500 1: CALL DELAYSTEP500 1
MOV A, QRO
MOV Pl A&
RLC A
MOV @QRO, A

DJNZ R7,ROTATES500 1
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JMP CHK500_DOWN1
DELAYSTEP500 1: MOV R1, #01H

DL500 4 1: MOV R2, #0F8H
DL500 5 1: MOV R3, #0FFH
DL500 6 1: MOV P3, #31H

MOV A, PO

CLR €

ANL A, #08H

SUBB A, #08H

INZ CARD500 DOWN1

DINZ R3,DL500 6 1

DINZ R2,DL500 5 1

DINZ R1,DL500 4 1

RET

CARD500_ DOWNI*: CALL OK

MOV 55H, #00H
MOV P3,/405H
MOV A,PO
CLR c
ANL A, #08H
SUBB A, #08H
Jz NORES00. STERL
MOV P3,/#31H
CALL RESTEPI
MOV PL,#00H
NORE500_STERLy :JMP MAIN

It ol T R s LR

# CRASESD0:2 *

kikak kikk kik kk ok ok kik Rk ok ok ok ok

CASES00 2: MOV B34 20H
MOV PLY#10H
INSWITEHS00)2 ; MOV B3/ 231
MOV A/ PO
CLR C
ANL A, #38H
SURB A, #10H
Jz CHKS500~Y_N2
MOV P3, F22H
MOV A, PO
CLR el
ANL A, #10H
SUBB A, #10H
Jz SWITCH500 NO2
JMP INSWITCH500 2
CHK500_ Y N2: MOV P3, #02H
MOV P1, #00H
MOV A, PO
CLR C
ANL A, #80H

SUBB A, #80H
JZ SWITCH500_ YES2

#ADD/IN5 OUT1
;OUT LED1

;ADD IN3 OUT1
; IN3 SWITCH

;ADD IN2 OUT1

;IN2 SWITCH YES/NO
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SWITCH500 SELEC2:

SWITCH500 NO2:

SWITCH500YES2:

CHK500 DOWN2:

ROTATES00 23

DELAYSTEPE00 2/
DL500*4 2%
DL500 5, 2%
DE500_6 2+

CARD500_ DOWNZ :

NORE500 STEP2:

MOV
CLR
ANL
SUBB
JZ
MOV
CLR
ANL
SUBB
Jz
JMP

JMP

CALL
JMP

MOV
MOV
MOV
MOV
MOV
MOV
CALL
MOV
MOV
RLC
MOV
DINZ
JMP

MOV
MOV’
MOV
MOV
MOV
CLR
ANL
SUBB
JINZ
DJNZ
DINZ
DJINZ
RET

CALL
MOV
MOV
MOV
CLR
ANL
SUBB
Jz
MOV
CALL
MOV
JMP

A, PO

C

A, #40H

A, #40H
SWITCH500 SELEC2
A, PO

&

A, #10H

A, #10H
SWITCH500 NO2
CHK500_Y N2

CHKCARD500

CANCEL
MAIN

P3, #11H

RO,/ #55H

60H, #00H

R7), #04H

A, #01H

@RO,; X
DELAYSTEP500, 2
A, QRO

P1, &

A

GRO,A

R7, ROTATES00 2
CHKS5 00 .DOWN2

R, #01H

RZ, #OF8H
R3+#0FEH

P8 #11H

A, 10

c

A7 104

A, #10H
GARD50Q 0 DOWN2
R3, DL500 6.2
R27DI500_57
RT,DL500 4 2

OK
55H, #00H

P3, #05H

A, PO

¢!

A, #10H

A, #10H
NORE500 STEP2
P3, #11H
RESTEP

P1, #00H

MAIN

;OUT 300B DPROMT
»IN CARDDOWN

; CHANG

; CHANG

; CARD BIT 2

; CHANG
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Kok hkkkokokkkkhkokokkkk kK

* CASE500 3 *
hhkkhkhkhkhkhhkhkkhkhkhkhkkhkkk*k
CASE500 3: MOV P3, #20H
MOV P1, #18H
INSWITCH500 3: MOV P3, #23H
MOV A, PO
CLR C
ANL A, #38H
SUBB A, #08H
Jz NEXIT500 1
MOV A, PO
CLR €
AN A #38H
SUEB A, #10H
Jz NEXTT500 2
MOV PG, #22H
MOV. A, PO
CER &
ANL A% 10H
SUBB A, #10H
2 S| CANELZ
JMp INSWITCH500,.3
NEXITS00 praty Jup CHK500, Y/ /NI
NEXIT500-25- qmp CHK500_ Y N2
SICANELY: Jup SWITCH500_NO4

Hijemjenloniameiamleati S o 3H x FEELCI L

* CASES 004 *
sk Kk kK ok ke ok ok kR ke sk sk ke sk kiok
CASES500.4 : MOV P3, #20H
MOV PL, 4 208
INSWITCHS00_4: MOV P8 #23H
MOV A, PO
CLR ®
ANE &, #3684
SUBB A, #20H
& CHK50Q rY \N
MOV P3, #22H
MoV A, PO
CLR 6
ANL A, #10H
SUBB A, #10H
Jg SWITCH500 NO4
JMP INSWITCH500 4
CHK500_Y N4: MOV P3, #02H
MOV P1, #00H
MOV A, PO
CLR ®
ANL A, #80H
SUBB A, #80H
Ja SWITCH500 YES4
MOV A, PO
CLR £

ANL A, #40H

;ADD INb OUT1
;OUT LED1

;ADD IN3 OUTI1
; INSWITCH

; INSWITCH

;ADDY NS OUT1
$@UY § LED1

;ADD IN3 OUT1
#IN3 SWITCH

;ADD IN2 OUT1

;IN2 SWITCH YES/NO
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SWITCH500 SELEC4:

SWITCH500 NO4:

SWITCH500 YES4:

CHK500_ DOWN4 :

ROTATES00 4/

DELAYSTERS500 4
DL500y4 _4;
DL5005. 4:
DL50006_4 /4

CARD500_ DOWN4 :

NORE500 STEP4:

SUBB
Jz
MOV
CLR
ANL
SUBB
Jz
JMP

JMP

CALL
JMP

MOV
MOV
MOV
MOV
MOV.
MOV
CALL
MOV
MOV
RLC
MOV
DINZ
JMP

MOV
MOV
MOV,
MOV
MOV
CLR
ANL
SUBB
INZ
DJINZ
DJINZ
DJINZ
RET

CALL
MOV
MOV
MOV
CLR
ANL
SUBB
Jz
MOV
CALL
MOV
JMP

A, #40H

SWITCH500 SELEC4
A, PO

g

A, #10H

A, #10H
SWITCH500 NOA4
CHK500 Y N4

CHKCARDS500

CANCEL
MAIN

;OUT 300B ORG
; IN CARDDOWN

B3t L LT

RO, #55H
65H,/4008

RV, #04H

A, #10H

@RO, A&
DELAYSTEPS00.4
A, GRO

P1,A

A

@RO, A
R7,ROTATES00 4
CHK500, DOWN4

R1, #01H

R2, #0F8H

R3, #0FFH

P3, #11H

ALRO

c

Af#20H

A, #20H
CARD500 DOWN4
R3,BL5006 4
R2,DL500 5 _4
R1,DL500 1474

OK

55H, #00H
P3, #05H
A, PO

c

A, #20H
A, #20H
NORE500 STEP4
P3,#11H
RESTEP1
P1,#00H
MAIN

hk ok okk ok kokhkkkkkhkkkkhk

: s CREEH00 &

)k Kk ok ok ok ok ok ok ok ok ok ok kik ok ok ok ok ok

*
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CASE500_5: MOV P3, #20H
MOV P1, #28H
INSWITCH500 5: MOV P3, #23H
MOV A, PO
CLR C
ANL A, #38H
SUBB A, #08H
Jz NEXIT500 5 1
MOV A, PO
CLR c
ANL A, #38H
SUBB A, #20H
Jz NEXIT500 5 2
MOV B34 220
MOV A, PO
CLR c
ANL, A, ¥ LOA
SUBB A, #10H
JZ S /CANELS
JMP INSWITCH500-5
NEXITS500™5 14 _~dMP CHK500,Y; N1
NEXIT500, 527  JNP CHKS 00V N4
S /CANET, 5% Jup SWITCHS00. NO4

Sk kokokoskik ok ok k K kok ek kk ok ke ok

v CHSESJ0 {6 *
Kok kR Rk k ok R ohkk ok ok ok k ok k%
CASES00 6 MOV, B3, #20H
MOV P1,%30H
INSWITCH5006; MoV P3, #23H
MOV AFRO
CLR c
ANL AL #38H
SUBB A, #10H
J% NEXIT500 6,1
MOV A, PO
CLR C
ANT A, #38H
SUBB A, k20H
J7 NEXTT500..6"2
MOV P3,#22H
MOV A, PO
CLR ©
ANL A, #10H
SUBB A, #10H
JZ S_CANEL6
JMP INSWITCH500_6
NEXIT500 6 1:  JMP CHK500_Y N2
NEXIT500 6 2:  JMP CHK500_Y N4
S_CANEL6: JMP SWITCH500_ NO4

*kokkk ko k kok ok ok ok ok ok ok ok ok ok ok

i CASE500 7 *
Kok ok ok ok ok Rk kK ok ok ok ok Kk
CASE500 7: MOV P3,#20H

MOV P1,#38H

;ADD IN5 OUT1
;OUT LED1

;ADD IN3 OUT1
; INSWITCH

; INSWITCH

;ADD IN5 OUT1
;OUT | LED1

;ADD/IN3 OUT1
FENSWITCH

; INSWITCH

;ADD INS5 OUT1
7OUT / LEDL
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r

INSWITCH500 7:

NEXIT50077 ji
NEXTT5007 7,25
NEXIT5Q0-7013}
S CANEL7:

MOV P3, #23H

MOV A, PO

CLR g

ANL A, #38H

SUBB A, #08H

JZ NEXIT500 7 1
MOV A, PO

CLR C

ANL A, #38H

SUBB A, #10H

JZ NEXIT500 7 2
MOV A, PO

CLR ®

AN A, #38H

SUBB A, #20H

Jz NEXTT500 7 3
MOV PG, #22H

MOV a, PO

CUR C

ANL A,/ #L10H

SUBB A, #108

Jz S| CANEL7

JMP INSWITCH500_ .7
Jup CHK500 ¥ N1
qup CHK500_ Y. N2
JUP CHK500, ¥ N4
Jup SWITCH500- NO4

;ADD IN3 OUT1
; INSWITCH

; INSWITCH

; INSWITCH

o kok ok Sk ke ks ok ok ko ok Rk Sk ok ke Sk ke sk ok kK R K R K R KK Lk ok R ek Rk ik Ak Kk Tk kskek ki k ok ok ok ok k ok Kk
r

’

SELCARD 1000B

*

e khkkhkkkkhkkhk ok khakkikdrk Ak hkFhkhkkhk bk kA Ak ok hhkhkk Ak hh sk k ok hk ko KAk * kkkhkhkkkkhkk

CARD1000:

Kk ok ik Kok ok ok kk kK A TR kK K ok ok Sk &

2 CHECKCARD: 1000B e

K ARk Kk ok ok ok hk ok bk kR ok ok kK ok ok ok ok ok k ok

MOV P3;#05H
CLR P1.0

MOV 35H, #00H
MOV RO, #35H
MOV. A, PO

ANL A, ¥0C0H
MOV @RO, A
MOV P3, #02H
MOV R1, #36H
MOV 36H, #00H
MOV A, PO

ANL A, #01H
MOV @R1, A
CLR G

MOV A, @RO
ANL A, #0COH
ADD A, @R1
CLR ¢

SUBB A, #40H
J2 ST1001

CLR c

;ADD IN5 OUT
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MOV A, @RO

ANL A, #0COH

ADD A, @R1

CLR c

SUBB A, #80H

Jz ST100 2

CLR ¢

MOV A, @RO

ANL A, #0COH

ADD A, @R1

CLR C

SUBB A, #0COH

Jz ST100_3

CLR G

MOV A, @RO

ANL A, #0COH

ADD A, |eRY

ChR &

SUBB R, #0718

J2 ST100 /4

CLR C

MOV Ay QRO

ANL A #0COH

ADD A, GR1

CLR C

SUBB A, #4711

Jz ST100 5

CLR o

MOV A, @RO

ANL A, #0COH

ADD A, @R1

CLR €

SUBR A, #81H

Jz STI00 6

CLR C

MOV A, @RO

ANL 2, 4#0COH

ADD A, @RY

GLR C

SUBB A, #0C1H

J7 ST100 7

CATEs CANCEL

JMP MAIN
ST100_1: JMP CASE100 1
ST100 2: JMP CASE100 2
ST100 3: JMP CASE100_3
ST100 4: JMP CASE100 4
ST100 5: JMP CASE100_5
ST100 6: JMP CASE100 6
ST100 7: JMP CASE100 7

ok ok ok ok ok ok ke ok ko ko ok ok ok ok Kk ok ok ok k ok

g CASE CARD 1000B *

Kk ok ok ok ok ok ok ok ok ok ko ok sk ok ok ke k ok ok ok ok ok ok
S ok ok ok ok ok ok Sk ok ko ok ok ok ok ok ok ok

* CASE100_1 *

Kk ok ok sk ok ok ok sk ok ok ke k ki ok ok ok ek
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CASE100 1:

INSWITCH100 1:

SWITCH100 SELEE]:

CHK00' Y N

YES/NO

SWITCH100 NO1:

SWITCH100 YESL1:

CHK100 DOWNI:

ROTATE100 1:

DELAYSTEP100 1:

MOV
MOV

MOV
MOV
CLR
ANL
SUBB
JZ
MOV
MOV
CLR
ANL
SUBB
Jz
JMP

JMP

MOV
MOV.
MOV

CLR
ANT,
SUBB
J%
MOV
MOV
CLR
ANL
SUBB
Jz
MOV,
CLR
ANL
SUBB
Jz
JMP

CALL
JMP

MOV
MOV
MOV
MOV
MOV
MOV
CALL
MOV
MOV
RLC
MOV
DJINZ
JMP

MOV

P3, #20H
P1, #40H

P3, #23H

A, PO

c

A, #0COH

A, #40H
CHK100_Y N1
P3, #22H

A, PO

e

A, #10H
A.#10H
SWITCHL00 "NO1
INSWITCH100%1

CARDY000

P3; #02H
P1, #00H
ALRO

6;
A, #80H

A, #80H
SWITCHL00wYEST
P3, #4220

A, PO

c

A, #40H

A, 4408
SWETCHY00 SELECY
AP0

c

A, #10H

A, 4101
SWITCH100_NO1
CHK100 Y N2

CANCEL
MAIN

P3, #29H

RO, #55H

55H, #00H
R7,#04H

A, #01H

@RO, A
DELAYSTEP100 1
A, @RO

P1,A

A

@RO, A

R7, ROTATE100 1
CHK100_ DOWN1

R1,#01H

;ADD IN5 OUT1
;O0UT LED1

;ADD IN3 OUT1
;IN3 SWITCH

;ADD IN2 OUTI1

; IN2 SWITCH

;OUT 500B GSM
;IN CARDDOWN
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YES/NO

DL100 4 1: MOV R2, #0F8H
DL100 5 1: MOV R3, #0FFH
DL100_6 1: MOV P3, #29H
MOV A, PO
CLR g
ANL A, #40H
SUBB A, #40H
INZ CARD100_DOWN1
DINZ R3,DL100_6 1
DJINZ R2,DL100_5 1
DJINZ R1,DL100 4 1
RET
CARD100 DOWN1: CALL OK
MOV 55H, #00H
MOV P3, #05H
MOY A, B0
CIR G
ANT; A, ¥40H
SUBB A;}#40H
7% NORE100.STEPT
MOV 3y, #29H
CALL RESTEP
MOV BL, #00H
NORE10Q  STEPI+| (IMP MATN

ek dkadkedeiok ok ek Sk ok Kk ok kKRR R,

3 CASE1000/ 2 ¥

* K kok Kk Kk kok Kk ok KokikTRTRIATR

CASEL 0Dp2: MOV P3, #20H
MOV P1, #80H
INSWITCHY00 2¢ MOV, P37 %234
MOV AP0
€LR &
ANL A, #0C0H
SUBB A, #80H
JZ CHK100 Y_N2
MoV B3;#22H
MOW. A, PO
CIR -
ANL A, #10H
SUBB A, #10H
JZ SWITCH100 NO2
JMP INSWITCH100 2
CHK100_Y N2: MOV P3, #02H
MOV P1, #00H
MOV A, PO
CLR ¢
ANL A, #80H
SUBB A, #80H
JZ SWITCH100 YES2
MOV A, PO
CLR 6

ANL A, #40H

;ADD IN5 OUT1
LOUTH FLED1

7ADD/ IN3 OUT1
; IN3 SWITCH

;ADD IN2 OUT1

;IN2 SWITCH
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SWITCH100 SELEC2:

SWITCH100 NO2:

SWITCH100 YES2:

CHK100 _DOWN2 :

ROTATE100 2%

DELAYSTER100,2
DL100y4 2
DL1 0l 2’
pL.T00 6 2

CARD100_DOWN2 :

NORE100 STEP2:

SUBB
JZ
MOV
CLR
ANL
SUBB
Jz
JMP

JMP

CALL
JMP

MOV
MOV
MOV
MOV
MOV
MOV
CALL
MOV
MOV
RLC
MOV
DINZ
JMP

MOV,
MOV
MOV
MOV,
MOV
CLR
ANL
SUBB
JNZ
DJINZ
DJNZ
DJINZ
RET

CALL
MOV
MOV
MOV
CLR
ANL
SUBB
Jz
MOV
CALL
MOV
JMP

A, #40H

SWITCH100 SELEC2
A, PO

C

A, #10H

A, #10H
SWITCH100_ NO2
CHK100_ Y N2

CARD1000

CANCEL
MAIN

P3#t20H

RO, #55H

60H /400H

R, #O4H

A, #10H

@RO, &
DELAYSTEP100-2
Ay ERO

P1,A

:

@RO, A
R7T,/ROTATE100p2
GHK100\ DOWN2

RL, #01H

R2, #0F8H

R3, $0FFH

P3, #29H

ALRO

C

AL #80H

A, #80H
CARDLO0" DOWN2
RZ, 011005 2
R2, D100 8.2
R1,DL100 W42

OK
55H, #00H

P3, #05H

A, PO

C

A, #80H

A, #80H
NORE100 STEP2
P3, #29H
RESTEP1

P1, #00H
MAIN

Kok ok kok kok ok ok k ok ok ok ok ok ok ok ok x

*

CASE1000 3

*

* ok gk kok kok ok ok ok ok ok kik ok ok ok kok

;OUT 300B DPROMT
;IN CARDDOWN

#CHANG

; CHANG

;CARD BIT 2

; CHANG




103

YES/NO

CASE100 3: MOV P3, #20H

MOV P1, #0COH

INSWITCH100 3: MOV P3, #23H

MOV A, PO

CLR g

ANL A, #0COH

SUBB A, #40H

JZ NEXIT100 1

MOV A, PO

CLR 2

ANL A, #0COH

SUBB A, #80H

Jz NEXIT100 2

MOV P3,4220

MOV A, PO

CLR q

AND A, #10H

SUBB A, #10H

74 S, CANELS

Jup INSWITCH100-3
NEXITZ00 17 _-JMp CHK100.Y, N1
NEXIT100-3%] _Jvp CHK100.Y N2
S LCANELS : Jup SWITCEI00. NO1

k Kk ok ok sk skok ok ki ok ko ok kk ok kk

* CASEL000 /4 *
*hk Rk Ekrk kI hkk ok kkkkkkkx
CASEIQ0—4: SETB P37
INSWITCH100” 4" MOV, P3,#02H
MOV P1, #00H
SETB 2 .|
MoV A,PO
CLR B
ANL A, %208
SUBB Y Ap#20R
JZ CHR100 Y=N4
MOV P3, #22H
MOV A, RO
CLR d
ANL A, #10H
SUBB K, ¥TOH
Jz SWITCH100 NO4
JMP INSWITCH100 4
CHK100 Y N4: MOV P3, #02H
MOV P1, #00H
CLR P37
MOV A, PO
CLR ©
ANL A, #80H
SUBB A, #80H
Jz SWITCH100 YES4
MOV A, PO
CLR €

ANL A, #40H

;ADD IN5 OUTI1
;OUT LEDI1

JADD IN3 OUT1
; INSWITCH

; INSWITCH

;OUT f§ RED1

;ADD [IN3 OUT1

#IN3/SWITCH

;ADD IN2 OUTI1

; IN2 SWITCH
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SWITCH100 SELEC4:

SWITCH100 NO4:

SWITCH100 YES4:

CHK100/DOWN4

ROTATEF00 42

DELAYSTEPL00 47
DL100" 474
PLYa00S5 4
PL1006, 4%

CARD100_ DOWN4 :

NORE100_ STEP4:

SUBB
Jz
MOV
CLR
ANL
SUBB
Jz
JMP

JMP

CALL
JMP

MOV
CLR
MOV
MOV
MOV
MOV
MOV
CALL
MOV
MOV
RLC
MOV
DINZ
JMP

MOV
MOV,
MOV
MOV
MOV
CLR
ANL
SUBB
JNZ
DINZ
DJINZ
DJINZ
RET

CALL
MOV
MOV
MOV
CLR
ANL
SUBB
Jz
MOV
CALL
MOV
JMP

A, #40H
SWITCH100 SELECA4
A, PO

C

A, #10H

A, #10H
SWITCH100 NO4
CHK100_ Y N4

CARD1000

CANCEL
MAIN
B3, f1AH ;OUT 300B ORG
P3.7

RO, #56H

65H/ #008
R7,#04H

A, $10H

@RO, A
PELAYSTEP100. 4
A, @RO

PLyA

A

€RO, A
R7,ROTATEL00. 4
CHK100 \DOWN4

;IN CARDDOWN

RL, #01H
R2,#0F8H

R3, #OFFH
P8, # 1AH

A,.R0

&

A, #02H
Rp#O0ZR
CARDLO0 “DOWN4
R3,DL100_6 4
R2,DL10Q 5%
R1), D100 4_4

OK
55H, #00H

P3, #02H

A, PO

G

A, #01H

A, #01H
NORE100 STEP4
P3, #1AH
RESTEP1

P1,#00H

MAIN

hok ok kk kkok kkhkkkkkkkhk

* _  CASE500 5

*
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kohkkhkhkhkkhkkhkhkhkhkkhkkxk

CASE100 5: MOV P3, #20H
MOV P1, #40H
SETB P3.7
INSWITCH100 5: MOV P3, #23H
SETB P3.7
MOV A, PO
CLR €
ANL A, #0COH
SUBB A, #40H
Jz NEXIT100 5 1
MOV P3, #22H
MOV A, PO
CLR G
ANT, A, #20H
SUBB A, [#20H
3 NEX11100-5-2
MOV P3 /#2218
MoV A, PO
CLR C
ANL A, #108
SUBB K, #1081
by S..CANEL9
JUP INSWITCHL00 5
NEXTT 109/ 5t lil, TR P3.7
Jup CHK100, ¥ NI
NEXIT100 (572771 CLR P3.7
JMP CHK100, Y'N4
S CANELD: JuP SWITCH100 (Not

Kikpk kklk ok R hok kk kik Ik ok ok ok ok k

* CASE1000,:6 *
Kk Kk Rikisk K ok ki ok kR ok Kk K ok kk
CASEX00 6: MOV P8, #20H
MOV P1, #80H
SETB P37
INSWITCH100%: MOV P3, #23H
SETB R3.7
MOV », PO
CLR 8
ANL A, ¥0COoH
SUBB A, #80H
a7 NEXIT100 6 1
MOV P3, #22H
MOV A, PO
CLR g
ANL A, #20H
SUBB A, #20H
JZ NEXIT100 6 2
MOV P3, #22H
MOV A, PO
CLR C
ANL A, #10H
SUBB A, #10H
J4 S_CANEL10

JMP INSWITCH100 6

;ADD IN5 OUT1
;OUT LED1

;ADD IN3 OUT1

; INSWITCH

; INSWITCH

;ADD IN5 OUT1
HOWT LED1

;ADD IN3 OUTI1

; INSWITCH

; INSWITCH




106

NEXIT100 6 1: CLR P3.7
Jvp CHK100_Y N2
NEXIT100 6 2: CLR e Ry
Jup CHK100_Y N4
S_CANEL10: JMP SWITCH100 NO1

* ok kk ok ok kokk ok kk ok ok ok ok k ok ok

* CASE1000_7 *
dkhkkhkkkkkkkkkkkkkkhk
CASE100 7: MOV P3, #20H
MOV P1, #0COH
SETB P
INSWITCH100 7: MOV P3, #23H
SETB e
MOV A, PO
CLR q
ANL R, #0COH
SUBB A, ¥40H
74 NEXIT100_ 7 1
MOV A/PO
CLR c
ANL A, #0C0H
SUBB A, #80H
J% NEXIT100)/4"2
MOV P3, #22H
MOV A, PO
CLR c
ANL A, #20H
SUBB A, #20H
Jz NEXTT100 7 3
MOV P3, #2281
MOV A PO
CLR 5
ANL AL #10H
SUEB A, #10H
Jz SuEANETT1
JuP INSWLTCHI00 7
NEXIT1OMWNI ¥ oG R P3.7
Jup CHK100 ¢Y \N3
NEXIT100 7 Z¥_“€LR msly
JMP CHKT00™Y_N2
NEXIT100 7 3: CLR P37
JMP CHK100_ Y N4
S_CANEL11: JMP SWITCH100 NO1

;ADD IN5 OUT1
;OUT LED1

;ADD IN3 OUT1

; INSWITCH

»INSWITCH

; INSWITCH

,-********************************************************************

’

RESTEP: MOV R4, #00H
RE: MOV R7, #00H
REl: MOV A, R7
MOV DPTR, #DATA
MOVC A, @A+DPTR
MOV P1,A

ACALL DELAY RESTEP
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INC R7
CINE R7, #08H, RE1
INC R4
CJINE R4, #28H, RE
RET
DELAY RESTEP: MOV R1, #0AH
Y1l: MOV R2, #0FFH
DINZ R2, S
DINZ R1, Y1l
RET

DATA: DB 09H,08H,0CH, 04H,06H,02H,03H, 01H

RESTEPl: MOV R4, #00H
RE2 ;. MOV R7, #00H
RE2#T ™ MOV A,R7
MOV DPTR/ #DATA2
MOVC A @A¥DPTR
MoV = A
ACALE), ~ DELAY,'RESTER2
INC R7
CINE R7, #08H,RE2~ 1
INC R4
CINE R4, % 28H,)RE?
RET
DELAY, RESTEPZ: MOV R17#0AH
¥2+4-MOV R2, #OFFH
DINZ R2,8
DINZ R1, Y2
RET

’

DATA2: DB, 90K, 80H, OCOH, 40H, 60H, 20H,30H, L0H

OK': MOV P3;#00H
MOV P2, #00H
MOV P1, #20H
CALL DELAYKEP1
MOV P1, #00H
RET
CANCEL: MOV P3, #00H
MOV P2, #00H
MOV P1l, #10H
CALL DELAYKEP1
MOV P1, #00H
RET
ERROR: MOV P3, #00H
MOV P1, #40H
CALL DELAYERROR
MOV P1, #00H
RET
KEP: MOV P3, #00H ;ADD MOTOR

MOV P1,#80H 7-FO_MOTOR
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INSERT ERROR:

PASS:

DELAYKEP:
DL 4:
DI 25
DL 6%

Dlms:
Dlmsil
Dlms 72

DELAYPASS:
1 g
L2 1=
B3, :

DELAYSTOP:
DL1:
DL2:
DL3:

DELAYSTART :
Tilly's
L2t
L3:

DELAY T F:

CALL
MOV
RET

MOV
CLR
MOV
SUBB
Jz
CALL
RET

MOV
MOV
MOV
DINZ
DINZ
MOV
MOV-
MOV
ANL
MOV.
DINZ
RET

MOV.
MOV
NOP
NOP.
DJNZ
DJINZ
RET

MOV
MOV
MOV
DINZ
DJINZ
DINZ
RET

MOV
MOV
MOV
DJINZ
DJINZ
DJNZ
RET

MOV
MOV
MOV
DJINZ
DJINZ
DJNZ
RET

MOV

DELAYKEP
P1, #00H

RO, #57H
@

A, @RO
A, #00H
PASS
ERROR

R1, #40H
R2, #OFFH
R3,#0EFH
R3,DL 6
R2,/DL 5
P3, #0741
RO, #57H
A;PO

A, #1FH
QRO A
R1,DL 4

R7,#010
R6,#0EGH

R6,/'DIms .2
R7;Dlms 1

RI7#01H
R2; #0FAH
R3, #OFEH
20 ¥ 4}
BN 1
T

R17404H
RZ, #OFFH
R3, #OFFH
R3,DL3
RZ, DLZ
R1,DL1

R1, #15H
R2, #0FFH
R3, #0FFH
R3,L3
R2, 12
BT,

R1,#0FH
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MOV P3,#00H
DL1 1: MOV R2, #0FFH
DL1 2: MoV R3, #0FFH

BL1 3% DINZ R3;DL1 3
DJNZ RZ2:DL1 2
DJINZ RI;DE1 1

MOV P3, #07H
RET
DELAY ADC: MOV R1, #OFH
ADC 1: MOV R2, #OFFH
ADC_2: MOV R3, #OFFH
ADC_3: DJNZ R3,ADC_3
DJNZ R2,ADC_2

A-HO
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National Semiconductor

November 1999

ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit yP Compatible A/D Converters

General Description

The ADC0801, ADC0802, ADCO0803, ADC0804 and
ADC0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric
ladder—similar to the 256R products. These converters are
designed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE output latches directly.
driving the data bus. These A/Ds appear like. memory loca-
tions or 1/O ports to the microprocessorand no interfacing
logic is needed.

Differential analog voltage <inputs allow.._increasing. “the
common-mode rejection and offsetting-the.analog zero input
voltage value. In addition. the valtage reference input can be
adjusted to allow encading any smaller analog voltage span
to the full 8 bits of resolution:

Features

m Compatible with 8080 uP derivatives—no interfacing
logic needed - access time - 135 ns

m Easy interface to.all microprocessors, or operates “stand
alone”

m Differential analog voltage inputs

® Logic inputs and outputs meet both MOS and TTL
voltage level specifications

m Works with 2.5V (LM336) voltage reference

On-chip clock generator

0V to 5V analog input voltage range with single 5V

supply

No zero adjust required

0.3" standard width-20-pin DIP package

20-pin.molded chip carrier.or small outline package

Operates.ratiometrically or with 5V, 2.5 V. or

analog span adjusted-voltage reference

Key. Specifications

# Resolution 8 bits
m Total error +v4 LSB, £, LSB'and *1 LSB
& Conversion time 100 ps

Connection Diagram

ADCO080X
Dual-In-Line-and Small Outline (SO) Packages
o -/
St 20§V (OR Vger)
D=2 19}—CLKR
WR—3 18 ~DBO(L38)
CLK IN—{4 17} D8t
INTR=45 16 f=DB2
V(#)—6 15}—DB3
n=1=17 14f—DB4
AGND—8 13—=DB5
Vegr/2=19 12}—DB6
DOND=410 11}DB7 (MSB)

DE005671-30

See Ordering Information

Ordering Information

TEMP RANGE 0°'C TO 70°C 0°'CTO70°C -40°C TO +85°C
+4 Bit Adjusted ADCO0801LCN
ERROR +Y; Bit Unadjusted ADCO0802LCWM ADCO0802LCN
+v2 Bit Adjusted ADCO803LCN
+1Bit Unadjusted ADC0804LCWM ADCO0804LCN ADCO0805LCN/ADC0804LCJ
PACKAGE OUTLINE M20B—Small N20A —Molded DIP
Outline

Z-80% is a registered trademark of Zilog Corp.

slajvAu0) a/Vv alqnedwod drl 3g-g 50800av/#0800AV/£0200AV/Z0800AY/L080DAY
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Typical Applications

iy

sV

Vee

|
19
CLKR
Il 10k
CLKIN 150 pF,

WR TRANSDUCER
TR 8-8IT RESOLUTION
< LN PP Q| OVER ANY DESIRED
~ 12 ' g ANALOG INPUT
™ 2le L L | < | VOLTAGE RANGE
PROCESSOR a ¢ 13 i A/D IN >DIFF p— SEE SECTIDN 241
“le E{one Vi1 -
< L o A L——J
<« AL FY) 1o seanans Wk
< 1L o VREF/Z QO SEE SECTION v =
18 19
<+ 08B0 0 GND
% ;;7
DS005671-1
8080 Interface
s >0
i g ®,
NSCBO0O,
3080, R feepp O
280, A/D
2048,
EIC. IO ¢———— IliTA
< DATA
DSGUSC71-31
Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
Part Full- Vrerf2=2.500 Vpe | Vrer/2=No Connection
Number Scale (No Adjustments) (No Adjustments)
Adjusted
ADC0801)| % LSB
ADC0802 *1, LSB
ADC0803 | (% LSB
ADC0804 +1LSB
ADC0805 +1LSB
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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.

Infrared (15 seconds) 220°C
Storage Temperature Range -65'C to +150°C
Package Dissipation at Ty=25"C 875 mwW
ESD Susceptibility (Note 10) 800V

Operating Ratings (Notes 1, 2)

Supply Voltage (V) (Note 3) 6.5V
Voltage
Logic Control Inputs -0.3V to +18V Temperature Range

TrnSTa<Tmax

At Other Input and Outputs -0.3V1o (V¢ +0.3V) ADCO0804LCJ -40°C<T,<+85°C
Lead Temp. (Soldering, 10 seconds) ADC0801/02/03/05LCN -40°C<T,<+85'C
Dual-In-Line Package (plastic) 260°C ADCO0804LCN 0'C<TAS+70°C
Dual-In-Line Package (ceramic) 300°C ADCO0802/04LCWM 0'C<TA<+70°C
Surface Mount Package Range of V¢ 4.5 Vpe 10 6.3 Vpe
Vapor Phase (60 seconds) 215°C

Electrical Characteristics

The following specifications apply forVec=5 Ve, TinST aTiax and fouk=640 kHz unlesswotherwise specified.

Parameter Conditions Min Typ Max Units
ADC0801: Total Adjusted Error (Note 8) With-Full-Scale Adj. V% LSB
(See'Section 2.5.2)
ADC0802: Total Unadjusted Error (Note 8) Vrerl222.500 Ve s LSB
ADC0803: Total Adjusted Error (Note 8) With Full-Scale Adj: 1% LSB
(See Section 2.5.2)
ADC0804: Total Unadjusted Error(Note 8) Vree/2=2.500 Ve 11 LSB
ADC0805: Total Unadjusted Error (Note 8) Vrerl2-No Connection 11 LSB
Vrer/2 Input Resistance (Rin 9) ADC0801/02/03/05 25 8.0 kQ
ADC0804 (Note 9) 0.75 11 kQ
Analog Input Voltage Range (Note 4) Vi(+)'or V(=) Gnd-0.05 Vi +0.05 Ve
DC Common-Mode Error Over Analog Input Valtage 116 Y LSB
Range
Power Supply Sensitivity Vea=5'Vp £10% Over +1/16 g LSB
Allowed Vj(+) and.V (=)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications applyfor'Vc=5 Vpc and Ty nsTasTiax Unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Te Conversion Time feLk =640 kHz (Note 6) 103 114 us
Te Conversion Time (Notes 5, 6) 66 73 Mok
foik Clock Frequency Vec=5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle 40 60 %

CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 | convis
Mode TS =0 Vpg, T =640 kHz

twwri Width of WR Input (Start Pulse Width) CS =0 Vj; (Note 7) 100 ns

tace Access Time (Delay from Falling C_=100 pF 135 200 ns
Edge of RD to Output Data Valid)

tm ton TRI-STATE Control (Delay C_ =10 pF, R_ =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)

twn tri 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

§0800AV/¥0800AV/£0800AV/20800AV/L0802AYV
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AC Electrical Characteristics (continued)

The following specifications apply for V=5 Vp and Tyin<Ta<Tmax Unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units

Cout TRI-STATE Output 5 7.5 pF
Capacitance (Data Buffers)

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 V=525 Ve 2.0 15 Voe
(Except Pin 4 CLK IN)

Vin (0) Logical “0" Input Voltage Vee=4.75 Vpe 0.8 Voe
(Except Pin 4 CLK IN)

In (1) Logical “1” Input Current Vin=5 Vpe 0.005 1 PApc
(All Inputs)

I (0) Logical “0” Input Current Vin=0 Vpe -1 |-0.005 HApc
(All Inputs)

CLOCK IN AND CLOCK R

Vot CLK IN (Pin 4) Positive- Going 2.7 31 3.5 Voe
Threshold Voltage

V- CLK IN (Pin 4)-Negative 1.5 1.8 24 Voc
Going Threshold-Voltage

Vi CLK IN (Pin 4) Hysteresis 0.6 1.3 20 Vpe
(Ve )=(V7)

Vour (0) Logical “0" CLK R Output 15360 pA 0.4 Voe
Voltage Vee=4.75 Vpe

Vour (1) Logical.“1” CLK 'R Output 15=~360 pA 24 Voe
Voltage V=475 Vpa

DATA OUTPUTS AND INTR

Vour (0) Logical “0" Output Voltage
Data Outputs lour=1.6 MA, Voe=4.75 Vpe 0.4 Voc
INTR Output lour=1.0/MA, Ve:6=4.75 Ve 0.4 Voe

Vour (1) Logical “1” Output Voltage lo=-360 WA Vec=4.75 Vpe 24 Voe

Vour (1) Logical “1" Output Voltage lo==10 PA; V;c=4.75 Vpe 45 Vpe

lout TRI-STATE Disabled Output Vour=0 Vpe -3 HApc
Leakage (All Data Buffers) Vour=5 Voe 3 PADe

lsource Vour Shortdo Gnd, To,=25C 45 6 mApc

lsink Vour Short to Ve, Ta=25°C 9.0 16 mApe

POWER SUPPLY

lec Supply Current (Includes fe k=640 kHz,
Ladder Current) Vrer/2=NC, Tx=25'C

and CS =5V

ADC0801/02/03/04LCJ/05 1.1 1.8 mA
ADCO804LCN/LCWM 1.9 2.5 mA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operaling
the device beyond its specified operating conditions.

Note 2: All voltages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd.

Note 3: A zener diode exists, internally, from Ve to Gnd and has a typical breakdown voltage of 7 Vpg.

Note 4: For V(=) Vin(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagramj which will forward conduct
for analog input voltages one diode drop below ground or one diode drop greater than the Vg supply. Be careful, during testing at low Ve levels (4.5V), as high
level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec
allows 50 mV forward bias of either diode. This means that as long as the analog V;y does not exceed the supply voltage by more than 50 mV, the output code will
be correct. To achieve an absolute 0 Vpyc to § Vpg input voltage range will therefore require a minimum supply voltage of 4.950 Vpg over temperature variations,
initial tolerance and loading.

Note 5: Accuracy is guaranteed at o = 840 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be
extended so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns.

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The
start request is internally latched, see Figure 4 and section 2.0.
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AC Electrical Characteristics (continued)

Note 7: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on lfﬁVWi pulse width. An arbitrarily wide pulse width will hold
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see timing diagrams).

Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To oblain zero code at other analog input voltages see section 2.5 and Figure 7.

Note 9: The VRer/2 pin is the center point of a two-resistor divider connected from Vg to ground. In all versions of the ADC0801, ADC0802, ADC0803, and
ADC0805, and in the ADCO804LCJ, each resistor is typically 16 k(. In all versions of the ADC0804 except the ADC0804LCJ, each resistor is typically 2.2 ke,

Note 10: Human body model, 100 pF discharged through a 1.5 k2 resistor.

Typical Performance Characteristics
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TRI-STATE Test Circuits and Waveforms
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Ti ming Diagrams (All timing is measured from the: 50% voltage points)

START.
CONVERSION

WINAIL

“BUsY”
X DATA IS VALID IN
; QUTPUT LATCHES

ACTUAL INTERNAL “NOT BUSY”
STATUS OF THE i
CONVERTER
——— 1T08x Vig g =——— INTERNAL Tp ————
(LAST DATA WAS READ)

(LAST DATA WAS NOT READ) _'7

INT ASSERTED

2Tek

DS005671-51




123

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

Output Enable and Reset with INTR

INTR RESET
A \

€5 \ - wi

e o/
' | PR
| NOTE

OATA TRISTATE®
R e e D e

i ACE

e

YH: OH |=—
T R
DS008671-52

Note: Read strobe must occur 8 clock periods (8/fc k) after@ssertion of interrupt-to guarantge reset of INTR .

Typical Applications
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Typical Applications (continued)
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Functional Description (contiued)

+1%2 LSB from the ideal center-values. Each tread (the range
of analog input voltage that provides the same digital output
code) is therefore 1 LSB wide.

Figure 2 shows a worst case error plot for the ADC0801. All
center-valued inputs are guaranteed to produce the correct
output codes and the adjacent risers are guaranteed to be
no closer to the center-value points than % LSB. In other
words, if we apply an analog input equal to the center-value
*V4 LSB, we guarantee that the A/D will produce the correct
digital code. The maximum range of the position of the code
transition is indicated by the horizontal arrow and it is guar-
anteed to be no more than Y LSB.

The error curve of Figure 3 shows a worst case error plot for
the ADC0O802. Here we guarantee that if we apply.ananalog
input equal to the LSB analog voltage center-value'the A/D
will produce the correct digital code:

Transfer Function

DIGITAL OUTPUT CODE
o
) o
T T

|

H
i
'
|

A<1 A A4t
ANALOG INPUT (V)
DS005671-81

Next to each transfer function is shown the corresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage 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 error is
continuously displayed and includes the quantization uncer-
tainty of the A/D. For example the error at point 1 of Figure 1
is +%2 LSB because the digital code appeared ¥ LSB in
advance of the center-value of the tread. The error plots
always have a constant negative slope and the abrupt up-
side steps are always 1 LSB in magnitude.
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FIGURE 1. Clarifying the Error Specs of an'A/D Converter
Accuracy=10 LSB: A Perfect A/D
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FIGURE 2. Clarifying the Error Specs of an A/D Converter
Accuracy=1v LSB
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Functional Description (continued)

Transfer Function
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FIGURE 3. Clarifying the Error Specs of an A/D Converter
Accuracy=%14 LSB

2.0 FUNCTIONAL DESCRIPTION

The ADC0801 series contains) a.circuit’ equivalent of the
256R network. Analog switches are_sequenced by. sticces-
sive approximation logic to mateh the analog difference input
voltage [Vin(+) = Vin(-)] to.a carresponding tap-on the R
network. The most-significant bit is tested first- and after 8
comparisons (64 clock cycles) a digital 8-bit-binary code
(11111111 = full-scale) is transfered to an output latch and
then an interrupt is asserted (I_W makes a high-to-low
transition).A ‘conversion in process can be interrupted. by
issuing a second start command., The device may be’oper-
ated in the free-running mode by-connecting INTR to the WR
input with-CS? =0, To.ensure start-up“under ‘all” possible
conditions, an external WR pulse is required during the first
power-up cycle.

On the high-to-low*transition of the WR input the internal
SAR latches and the shift register stages are reset. As long
as the CS'input and WR input rémain low,the A/Dwill remain
in a reset statec Conversion-will start-from 110\ 8 clock
periods after at least onesof these inputs makes a low-to-high
transition.

Afunctional diagram of the AID converter is shown in Figure
4. All of the package pinouts are shown and the major logic
control, paths are/drawn in heavier weight 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 Interrupt
{INTR) F/F and inputs a1 to the D flop, F/F1, which is at the
inputend 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 FIF. If the set signal'is no longer present
(either WR or €8 is-a-“1") the stairt FIF s 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 momentarily be at a “1” level) and the
8-bit shift register wauld-continue to be held in the reset
mode. This" logic-therefore allows for wide CS and WR
signals and the converter will start after at least one of these
signals returns high and the internal clocks again provide a
reset signal-for the start F/F.
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Functional Description (continued)

“1V'= RESET SHIFT REGISTER
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FIGURE 4. Block Diagram

After the “1" is clocked through.the 8-bit'shift register (which
completes the SAR search) it.appears as:theinput to the
D-type latch, LATCH 1. As soon as:this 1" is ottput 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 to set. An inverting
buffer then supplies the INTR input signal.

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 %
of the frequency of the external 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 low for the duration of the SET signal, which is
8 periods of the external clock frequency (assuming the A/D
is not started during this interval).

When operating in the free-running or continuous conversion
mode (INTR pin tied to WR and CS wired low—see also
section 2.8), the START F/F is SET by the high-to-low tran-
sition of the INTR signal. This resets the SHIFT REGISTER

Which causes the inputito the D-type latch, LATCH 1, to go
low, As the lateh enable input's still present, the @ output will
gorhigh, which then allows the INTR F/F to be RESET. This
reduces the width'of the esulting INTR output pulse to only
a-fewpropagation delays (approximately 300 ns).

When data is to be read, the combination of both CS 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 Qutput Enable
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 grounded 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).

$08000AV/¥0800AV/£0800AV/20800AV/L0800AY
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Functional Description (continued)

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due to the
analog differential voltage input. The V,y(-) 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 differen-
tial input.

The time interval between sampling V,y(+) and V(=) is 4-1%
clock periods. The maximum error voltage due to this slight
time difference between the input voltage samples is given
by:

4.5
AVg(MAX) = (Vp) (2mfcr) (f—c_L; )

where:
AV, is the error.voltage due to sampling-delay
Vp is the peak value of the common-mode voltage
fom I8 the common-mode frequency

As an example, to keep.this error to % LSB (~5 mV) when
operating with a 80 Hz common-mode frequency, f... and
using a 640 kHz A/D clock, Tg g, would allow a peak value of
the common-mode voltage, Vs, Which is given by:

, [AVeax) (fok)]

(2mfem) (4.5)
or
Vo 2 6 X 10-8)(640x010°)
P = (6:28) (60) (45)
which gives
Vp210V.

The allowed range of analog input voltages usually places
more severe restrictions on input common-mode: noise lev-
els.

An analog inputvoltage with a reduced span-and a relatively
large zero offset.can be handled easily by making-use of the
differential input (see section 2.4 Reference Voltage):

2.3 Analog Inputs
2.3 1 Input Current

Normal Mode

Due to the internal switching action, displacement currents
will flow at the analog inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 5.
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FIGURE 5. Analog Input Impedance

G N e P SIS |

The voltage on.this.capacitance is switched and will result in
currents entering the Viy(+) input pin and leaving the V(=)
input-which-will depend.on the analog differential input volt-
age-levels, These current.transients occur at the leading
edge of the internal clocks. They rapidly decay and do not
cause errors as the on-chip comparator is strobed at the end
of the clock period:

Fault Mode

If the' voltage source applied 1o the Viy(+) or V y(=) pin
exceeds the allowed operating range of Vc+50 mV, large
input currents can-flow through a parasitic diode to the Ve
pin.If these currents can' exceed-the 1 mA max allowed
spec, an exlernal diode (1N914) should be added to bypass
this-eurrent to the Vg piny(with the-current bypassed with
this diode, the voltage at the Vyy(+)-pin can exceed the V¢
voltage by the forward.voltage of this diode).

2.3.2/Input Bypass Capacitors

Bypass capacitors-at the inputs will average these charges
and cause a DC aurrent to flow through the output resis-
tances of the @nalog signal sources. This charge pumping
action isrwarse for continuous conversions with the V,u(+)
input voltage at full-scale<For continuous conversions with a
640°KHz clock frequency with the V,(+) input at 5V, this DC
current is at a maximum of approximately 5 yA. Therefore,
bypass capacitors should not:be used at the analog inputs or
the Viges/2 pinfor high resistance sources (> 1 kQ). If input
bypass capacitors are-necessary for noise filtering and high
source resistanceis desirable to minimize capacitor size, the
detrimental-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 adjustment while
the given source resistor and input bypass capacitor are
both in place. This is possible because the average value of
the input current is a precise linear function of the differential
input voltage.

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
currents settle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series
resistor (< 1 k) for a passive RC section or add an op amp
RC active low pass filter. For low source resistance applica-
tions, (< 1kQ), a 0.1 pF bypass capacitor at the inputs will
prevent noise pickup due to series lead inductance of a long
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ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805

Physical Dimensions inches (millimeters) unless otherwise noted
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nl ’ \D LTC1286/LTC1298

TECHNOLOGY

FEATURES

u 12-Bit Resolution
# 8-Pin SOIC Plastic Package
# {ow Cost
= Low Supply Current: 250uA Typ.
= Auto Shutdown to 1nA Typ.
® (uaranteed £3/4LSB Max DNL
u Single Supply 5V'ta.8V Operation
2 (n-Chip Sample-and-Hold
u 60us Conversion Time
# Sampling Rates:
12.5 ksps (LTC1286)
11.1ksps (LT61298)
= |/0 Compatible with SPI,-Microwire, ete:
= Differential Inputs (LTC1286)
= 2-Channel MUX (LTC1298)
u 3V Versions Available: LTG1285/LTC1288

APPLICATIONS

= Battery-Operated Systems
Remote Data-Acquisition
Battery Monitoring
Handheld Terminal Interface
Temperature Meastrement
Isolated Data Acquisition

Micropower Sampling
12-Bit A/D Converters In
S0-8 Packages

DESCRIPTION

The LTC1286/LTC1298 are micropower, 12-bit, succes-
sive-approximation sampling A/D converters. They typi-
cally draw-only 250uA of supply current when converting
and automatically powerdown to a typical supply current
of 1nA’whenever they are.not.performing conversions.
They are-packaged.in 8-pin SO.packages and operate on
SV 1o 9V supplies. These 12-bit, switched-capacitor, suc-
cessive approximation ADCs. include.sample-and-holds.
The LTC1286 has-a single differential analog input. The
LTC1298 offers a-software selectable 2-channel MUX.

On-chip serial ports allow efficient data transferto a wide
range of microprocessors and microcontrollers over threg
wires. This, coupled with micropower consumption, makes
remotelocation possible and facifitates transmitting data
through isolation barriers.

These circuits canibe used in ratiometric applications or
with an external reference. The_high impedance analog
inputs-and.the ability to operate with reduced spans (to
1.5V full scale) allow direct connection to-sensars and
transducersinmany applications, eliminating the need for
gain stages.

TYPICAL APPLICATIONS

25.W, 50-8 Package, 12-Bit ADC
Samples at 200Hz and Runs Off a 5V -Supply

47pf  BY
L=
MPU

3 {e.g.. 8051}

Vrer Veg P14

ANALOG INPUT iau 1701286 OLK 1 P13

OV 0 5V RANGE -1y Doyt [ — P

A i 5 | SERIAL DATALINK
GND CS/SHON

i A

Supply Current vs Sample Rate

1000
Ta=25°C
Vor = Vaee = 5V
L Aotk = 200kHz 4
g 1
=100
&
= V.
5]
>
%d 4l
[ —
0 fif
i
7.8
4
1
0.1k 1k 10k 100k

SAMPLE FREQUENCY (Hz)
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ABSOLUTE MAXIMUM RATINGS (otes 1 and2)

Supply Voltage (Vg) 10 GND oo 12V Power DISSIPtion...........oveeeesemsccceccercsinssinsonns 500mW
Voltage Operating Temperature Range
Analog and Reference ............... ~0.3Vto Vg + 0.3V LTC1286C/LTC1298C....cccccorvvrrrrramns 0°C to 70°C
Digital IPULS ..coccvrcovcrnrrniirsssscceesien -0.3Vto 12V LTC12861/LTC1298I ..ooorecrvercereen ~40°C to 85°C
Digital Qutptt ceevevvores e -0.3Vto Vg + 0.3V Storage Temperature Range ........c..... ~65°C to 150°C
Lead Temperature (Soldering, 10 S6C.)ccceeeerennn. 300°C
PACKAGE/ORDER INFORMATION
Ay ORDER-PART JOEVIEW ORDER PART
well] 7 [Bwe NUMBER 7] vie NUMBER
sy [2] 7] CLk PRI
- ] e LTC1286CNS ] LTC1286058
GND [4 5] C3/sHoN LTC1286iN8 5] CSisHoN LTC1286158
NG PACKABE SHPACKAGE PART MARKING
§-LEAD PLASTIC DIP §LEAD PLASTIO $01C
Thaa 150, 0 = 1300 Tpenc= 160°C By =750 1286
12861
TOPVIEW ORDER PART L0 Y. ORDER PART
CS/sHDN 1] o 18] Voo (Vaes) NUMBER @ Veg Vier) NUMBER
o2y T (btasapns i (71298058
3 OuT ouT
o o 1TC1298IN8 =1 LTG12981S8
N8 PACKAGE S8 PACKAGE PARTMARKING
G-LEAD PLASTIC DIP B-LEAD PLASTIC $0IG 1298
T = 150°C, = 1800w Faa = 150°0: gy 175G 12081
Consult factory for military grade parts-
ReCOMMENDED OPERATING CONDITIONS
SYMBOL | PARAMETER CONDITIONS MIN  TYP ™ MAX UNITS
Voo Supply Voitage (Note3) 1761286 45 90 Vv
L161298 45 55 v
fox Clock Fregquancy Vo=V (Nole 4) 200 kHz
feve Total Cycle Time LTC1286, fry = 200kHz 80 us
LTC1298, fr ¢ = 200kHz 90 1S
L] Hold Time, Djy After CLKT, Voe=bV 150 ns
1S Setup Time GS | Bafore First CLKT(See Operating Sequence) LT1C1286, Vop =5V 2 s
L1C1298, VCC =5V 2 s
sl Setup Time, Dy Stable Before CLKT Vg =5V 400 ns
wHoLK CLK High Time Vog =5V 2 us
ok CLK Low Time Voo =8V 2 us
waigs CS High Time Between Data Transfer Cycles Vog =5V 2 us
wils CS Low Time During Data Transfer LTC1286, foi = 200kHz 75 us
LTC1298, foy = 200kHz 85 us
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CONVERTER AND MULTIPLEXER CHARACTERISTICS rotes)

LTC1286 LTC1298
PARAMETER GONDITIONS MIN  TYP  MAX MIN  TYP  MAX UNITS
Resolution {No Missing Codes) o 12 12 Bits
Integral Linearity Error {Note 6) [ /4 42 34 2 LSB
Differential Linearity Error ° 4 +3/4 /4 £3/4 LSB
Offset Error ° 3 43 3 43 LSB
Gain Error L) 2 48 #2 8 LS8
Analog Input Range {Note 7 and 8) ® ~0.05V o Vgg +0.05V v
REF Input Range (LTC1286) 45< Vg <55V 1.8V 10 Vg + 0.05Y v
{Notes 7, 8, and 9) 55V <« Vg9V 1.5V to 555V Vv
Analog Input Leakage Current (Note 10) ® 11 | +1 pA
DIGITAL AND DC-€ELECTRICAL CHARRCTERISTICS “tates)

SYMBOL | PARAMETER CONDITIONS MIN . TYR.  MAX UNITS
Viy High Level dnput Yoltage Vpg =5.28Y o 2 v
Vi Low Level Input Voltage Vpo =476V ) 0.8 v
h High Level Input Current Vin=Veo o 2.5 pA
e Low Level Input Current Yy = OV ° ~-2.9 pA
Vo High Level Qutput Voltage Voo = 478V, dg = 10uA ° 40 4064 v
Vop= 475V, 1 = 360pA 0 24 462 v
Vor Low Level Output Valtage Vo =4.75Y, In = 1.6mA ® 0.4 v
loz Hi-Z Output Leakage 0S=High ] ] uA
Isource | | Output Source Current Vour =0V ~25 mA
Ising Output Sink Gurrent Volir= Vg 45 mA
Rpgr Reference Input Resistancs 052 Veg 5000 Mo
{LTCt286) 05 =GND 55 kQ
Ingr Reference Current (LTG1286) {5=Veo ° 0.001, 25 A
toye 2 6401, for < 25kHz o 90 140 pA
{oye = 80uS, fgik = 200kHz ® 9 (40 yA
lec Supply Cursent 5= Ve ° 0.00107143.0 A
LTC1266, tovo > B40us, foy < 25kHz () 220 460 1A
L1C1286, tovs = B0ps, foLk = 200kHz ° 260" 500 uA
LTG1298, tove > 720us, foix < 25kHz ® 820 .~ 600 1A
LYG1298, tove = 90us, forx = 200kHz [} 360 640 LA

DYNAMIC ACCURRACY 1gyp,:= 1250z (LTC1286), fgypr’= 11:14H7 (LTC1208) (Note 5)
SYMBOL | PARAMETER CONDITIONS MIN O TYP  MAX UNITS
S/{N+D) | Signal-to-Noise Plus Distortion Ratio 1kHz/TkHz input Signal 71/68 dB
THD Total Harmonic Distortion (Up to 5th Harmonic) 1kHz/TkHz Input Signal ~84/~80 dB
SFOR Spurious-Free Dynamic Range 1kHz/7kHz Input Signal 90/86 dB
Peak Harmenic or Spurious Noise 1kHz/TkHz Input Signal ~90/-86 dB
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AC CHARACTERISTICS (voes)

SYMBOL | PARAMETER CONDITIONS MN O TYP MAX UNITS
tostpL Analog Input Sample Time See Operating Sequence 15 CLK Cycles
fospLiuax)| Maximum Sampling Frequency LTC1286 e 125 kHz

LTG1298 o 111 kHz
toowy Conversion Time See Operating Sequence 12 CLK Cycles
tano Delay Time, CLK{ to Doy Data Valid See Test Circuits [ 250 600 s
s Dalay Time, 6T to Doyyy Hi-Z See Test Circuits ° 135 300 ns
ton Delay Time, CLK! o Doyy Enable See Test Circuits ° 75200 ns
thoo Time Output Data Remains Valid After CLK! | Cpgap = 100pF 230 ns
t Dy Fall Time See Test Circuits ° 20 75 s
t Dgyr Rise Time See Test Gircuits ] 20 75 ns
Ciy Input Capacitance Analog Inputs, On Channel 20 of

Analog.Inputs, Off Channel 5 pF

Digitaf Input 5 pF

The @ denotes specifications which apply. over the.full aperating
temperature range.

Note 1: Absolute maximum ralings are those values beyond which the life
of a device may be impaired.

Note 2: All voltage values are with respect to GAD.

Note 3: These devices are specified at V. For 3V specified devices, see
LTC1285 and LTC1288.

Note 4: Increased leakage currents at elevatad tamperatures cause the S/H
o droop, therefore it is recommended that fgp 2 120kHz 21.85°C, fryy 2
78kHz at 70° and dgr > TkHz at 25°C.

Note §: Voo = 5V, Vnze = SV and CLK = 200kHz unless otherviise specified:
Note & Linearity error is specified betwegn the actual end points of the
AJD transfer curve.

Note 7: Two on-chip diodes-are tisd to-each reference and analog input
which will conduct for raference or analag input voltages one diode drop
below GND or ong diode drop above Yer: This.spec allows 50mV forward
bias, of either diade for 4.5 < Vo < 5.5V. This means that as long as the
reference or-analog input does not exceed the supply voitage by more than
50mV the output code will be correct. To achigve anabsolute OV to 5V
input valtage-range will therefore require.a minimum supply voltage of
4.950V over initial tolerance, temperature variations and Ioading, For 5.5V
< Vo < 9V, reference and analog input range cannot exceed 5.55V. If
reference and analog input range are greater than 5.55V, the output code
viill not be guaranteed to be correct.

Note 8: The supply. voltage range forthe LTG1285 Is from4:5V to OV, but
the supply voitage range for the LT01298 15 only from 4.5Vto 5.5V,

Note 8: Recommended operating conditions

Note 10: Channel leakage current is measured after the channe! selection.

TYPICAL PERFORMANCE CHRRACTERISTICS

Shutdown Supply Gurrent vs Clock

Supply Currentys Sample Rale Supply Current vs Temperature Rate with CS High and {3 Low
100 =7 s Yy
Ta=25% Sodid 4 /
oo | Voo = Vngee 5V 0N -y -5 ¢
z E‘M I ok = 205KH g%
& 100 S 5090
g Huom AL B0 [ % &
x /) it = 15
=) = ]
o /|_1‘C1235 3 ET01298 fopmy =11.1kHz e W0 pa e
- % 500 g 7T (AETER CONVERSION)
T / g 5 sl |/
= : N =
V44 %0 — — Lln L
LTC1286 fayypy =125z o.oozE 8= Vo T
: 5 |l i — ,
0.1k % 10K 100k 5535 15 5 25 45 65 85 105 125 120 40 60 80 100120 140 160 180200

SAMPLE RATE (kHz)

TEMPERATURE (°C)

FREQUENCY {kHz)
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TYPICAL PERFORMANCE CHARACTERISTICS

Spurious Free Dynamic Range Attenuation vs
vs Frequency S/(N+D) vs Input Level Input Frequency
128 80 T ¢ Sun
& & Ta=25C T
gw ] § 70 |- Vg = Vage =5 1 N
%80 i N ] :m=1k!§22 . // %
Y N ks 0 oL = = o
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3 50 2 // 2 5
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g o g 3 g0
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2 » Pl 5 A 80,11, 25
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i 10k 180 i LS SN 7747 Tk N fok M tow
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4096 Point FFT Plot Intermodulation Distortion v$ Ripple Frequency
0 —r—— 0 8 T
Tpe 25 Ty=25% 132250
g | Vee 2 Vagr= Y _op Vo0 = Vagr =V | Vog= 5V (Vaippee = 20mV)
fyy= BkHz f=5kHz - Vheg = 5
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-120 Y| R
~140 -140 -160
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Sy & 20
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R i © 280
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TYPICAL PERFORMANCE CHARACTERISTICS

Minimum Clock Frequency

Digital Input Lagic Threshold

Input Channel Leakage Current

for 0.1 LSB Error vs Temperature vs Supply Voltage vs Temperature
200 T T 3 T 1000 =1
Vig = Vrep = 5V s Ta=25°C Veg =5V

w Vg = 5V

- 2 100

§ 150 § g /’

= a &
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£ = / & 1 /
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T e
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TEMPERATURE {°C)

I $2% 93 i RIS

PIN FUNCTIONS

LTC1286

Vier (Pin 1): Reference Input. The referenceinput defines
the span of the A/D converter.

IN* (Pin 2): Positive Analog Input.

IN™ (Pin 3): Negative Analog Inpuit.

GND (Pin4): Analog Ground. GND should be tied dirsctly
to an analog ground plane.

CS/SHDN (Pin'5)zChip Select Input-A logic low: ort this
input enables the LTG1286. A'logic highion this input
disables and powers down the LTC1286.

Dour (Pin 6): Digital Data Output~The-A/D conversion
result is shifted out of this output,

CLK (Pin 7): Shift Clock. This clock synchronizes the serial
data transfer and determings conversion Speed.

Ve (Pin 8): Power Supply Voltage. This.pin provides
power to the A/D converter. It must be keptfree of noise
and ripple by bypassing directly to the analog ground
plane.

L7C1298

CS/SHDN (Pin-1): Chip Select Inpit:A logiclow.on this
input enables the LTG1298.-A logic high on, this input
disables and powers down the LTC1298.

CHO (Pin'2): Analog-Input.
CH1.(Pin 3): Analog-input,
GND (Pin 4): Analog Ground, GND should be tied directly
fo an analog ground plane.

Djn(Pin 8): Digital Data Input. The multiplexer address is
shifted into this input.

Dour (Pin 6): Digital Data Qutput. The A/D-conversion
resultis shifted out of this output:

CLK(Pin 7): Shift Clack, This_clock synchronizes the
serialdata fransfer and determines conversion speed.

Vee/Vrer (Pin 8):.Power Supply and Reference Voltage.
This-pin provides-power and defines the span of the AD
converter. It must be kept free of noise and ripple by
bypassing directly to the analog ground plane.
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BLOCK DIRGRAM
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TEST CIRCUITS

Voltage Waveforms for ty;s

Doy
WAVEFORM |
(SEEKOTE 4}

Doyt
WAVEFCRAS 2

(SEENQTE2) _@“’—

NOTE 1: WAVEFORM 1 IS FOR AN QUTPLT WITH INTERNAL CONDITIONS SUCH
THAT THE OUTPUT 1S HIGH UNLESS DISABLED BY THE QUTPUT GOATRCL.
NOTE 2: WAVEFORM 2 IS FOR AN QUTPUT WITH INTERNAL CONDITIONS SUCK
THAT THE QUTPUT {5 LOW UNLESS DISABLED BY THE DUTPUT CONTROL.
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G i 2

Dour

Bl
Vou

—

fon L

APPLICATION INFORMATION
OVERVIEW

The LTC1286 and LTC1298 are micropower, 12-hit, suc-
cessive approximation”sampling” A/D-converters. The
LTC1286 typically. draws 250uA of supply current when
sampling at 12.5kHz while the LTC1298 nominally con=
sumes 350yA of supply current when.sampling at
11.1 kHz. The extra 100uA-of supply current-on the
LTC1298 comes from the referencednputwhich is inten-
tionally tied to the supply. Supply current drops lingarly as
the sample rate is reduced (see Supply Current vs Sample
Rate). The ADCs automatically power down when not
performing conversions, drawing only leakage current,
They are packaged in 8-pin SO and DIP packages. The
LTC1286 operates on a single supply from 4.5V to 9V,

while the LTC1298 operates froma4.5Vt0 5.5V stpply.

Both the LTC1286-and the LTC1298.containa 12-bit,
switched-capacitor ADC, a sample-and-hold, and a
serial-port (see Block Diagram). Although they share
the same basic design, the LTG1286 and LTC1298
differ in some respects. The LTC1286 has a differential
input and has an external reference input pin. It can
measure signals foating on a DC common-mode volt-
ageand can.operate with reduced spans to 1V, Reduc-
ing the spans allows it to achieve 244V resolution. The
LTC1298 has a two-channel input multiplexer and can
convert either channel with respect to ground or the
difference between the two. The reference input is tied
to the supply pin.
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TYPICAL APPLICATIONS

MICROPROCESSOR INTERFACES

The LTC1286/LTC1298 can interface directly without ex-
ternal hardware to most popular microprocessor (MPU)
synchronous serial formats (see Table 1). If an MPU
without a dedicated serial port is used, then 3 or 4 of the
MPU's parallel port lines can be programmed o form the
serial link to the LTG1286/LTC1298. Included here is one
serial interface example and one example showing a
parallel port programmed to form the serial interface.

Motorola SPI (MCG8HC11)

The MC68HC1 1 has been chosenas anexample of an MPU
with a dedicated serial port. This MPU transfers data MSB
-firstand in 8-bitincrements: The Dy word Sentto the data
register starts with-the"SP! process. With three-8-bit
transfers, the A/D result is read into the MPU. The second
8-bittransfer clocks B11 through B8 of the A/Deonversion
result into the processor. The third 8-bit transfer clocks
the remaining bits, B7 through BO;into the MPU. The data
is right justified into two memory locations, ANDing the
second byte with-OF ey clears the four most significant
bits. This operation wasnot included in the code. 1t can be
inserted in the data gathering. foop or outside the loop
when the data is-processed.

MC68HC11 Code

Inthis example the Dy word configuresthe input MUX for
asingle-ended inputto be applied to CHO. The conversion
result is output MSB-first:

Table 1. Microprocessor with Hardware Serial Interfaces

Compatible with the LTC1286/LTC1208

PART NUMBER ] TYPE OF INTERFACE
Motorola
MC680552,53 Pl
MC68HC11 SPi
MCBBHC05 SPI
RCA
COPSBHCOS | sp
Hitachi
HD6305 SGI Synchronous
H063705 SCI Synehronous
HDB301 SCI Synchronaus
HDB3701 SCI Synchranous
HD6303 SCI Synchronous
HD64180 CSH0
National Semiconductor
COPAQO Family MICROWIRE?
C0PBOO Famlly MICROWIRE/PLUS!
NS8050U MICROWIRE/PLUS!
HPC16000 Family MICROWIRE/PLUS'
Texas Instruments
ThS7002 Serial Port
TMS7042 Serial Port
TMS70C02 Serial Port
TMS70042 Serial Port
TMS32011" Serial Port
THS32020 Serial Port
Intel
8051 | &t Manipulafion.an Paratel Port

*Requires|external hardware

' MICROWIRE and MICROWIRE/PLUS ate trademarks of
National Semiconductor Corp.
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TYPICAL APPLICATIONS

Timing Diagram for Interface to the MC68HC11

) &
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Hardware and Software Interface to the MC68HC 11
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MSB

—1 CHO s ¢ 00
6@ l “l 9 l 0 J ¢ Ienlsmlaamavm
ANALOG LTE1298 L SCKw&;;;cn
LS8 INPUTS Doyt o wico 1
#63 l 87 | B6 | B ' B4 | 8 | B2 ‘ Bi , B¢ , BYTEZ ANl B Dy 0%
LABEL | MNEMONIC | OPERAND | COMMENES LABEL | MNEMONIC | OPERAND | COMMENTS
LDAA #3850 CONFIGURATION DATA'FOR SPCR WAIT1 | BPL WAITS CHECK IF TRANSFER/IS DONE
STAA $1028 LOAD DATA INTO SPGR ($1028) LDAA $51 LOAD DININTO AGC A FROM $51
LDAA #3518 CONFIG. DATA FOR PORT D DDR STAA $102A LOAD.DIN'INTO 8PI, START SCK
STAA $1009 LOAD DATA INTC PORT-D.DDR WAITZ | LDAA $1029 CHECK.SPI STATUS REG
LDAA #3501 LOAD DIN WORD INTOAGGA BPL WAIT2 CHECK IF TRANSFER IS DONE
STAA $50 LOAD DIN DATA INTO $50 LDAA $102A LOAD/ETC1291 MSBs INTO ACG A
LDAA #$A0 LOAD.DIN WORD INTO.ACC A STAA $62 STORE'MSBs IN $62
STAA $51 LOAD DIN'DATA INTO $61 LDAA §52 LOAD DUMMY INTO ACC A
LDAA #$00 LOAD DUMMY DIN-WORD INTO FROM $52
ACCA STAA $1028 LOAD DUMMY DIN INTO SPI,
STAA $52 LOAD DUMMY DIN DATA INTO'$52 START SCK
LDX #51000 | LOAD INDEX REGISTER X WITH WAIT3 | LDAA $1029 CHECK SPI STATUS REG
$1000 BPL WAIT3 CHECK IF TRANSFER IS DONE
LOOP | BCLR $08.X.#501 | DO GOES LOW (CS GOES LOW) BSET $08,X#$01 | DO GOES HIGH (TS GOES HIGH)
LDAA $50 LOAD DIN INTO ACC A FROM $50 LDAA $102A LOAD LTC1291 LSBs IN ACG
STAA $102A LOAD DIN INTO SPI, START SCK STAA $63 STORE LSBs IN $63
LDAA $1029 CHECK SPI STATUS REG JMP Loop START NEXT CONVERSION
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Interfacing to the Parallel Port of the INTEL 8051 LABEL | MNEMONIC | OPERAND | COMMENTS
Family MOV A#FFH | Dy word for LTC1298
SETB Pld4 Make sure CS is high
The Intel 8051 has been chosen to demonstrate the CLR Pl4 CS goes low
i iero- MOV R4, #04 Load counter
interface between the LTG1298 and paraile[ port micro it i Rotete Dy it il Cary
processors. Normally the CS, CLK and Dy, signals would CLR P13 SCLK goes low
be generated on 3 port lines and the Dgyr Signal read on Mov P12,C | Outpul Dy bitto 701298
a 4th port line. This works very well. However, we will e ST T | s i
demonstrate herean interface withthe Dy and Doy of the MoV P1,#04 | Bit2 becomes an input
LTC1298 tied together as described in the SERIAL INTER- (LA P13 SCLK goes low
H : ; MOV R4, #09 Load counter
FAGE section. This saves one wire. L0oP2 | MOV CRL2 | Read data bitinto Cary
. : AL A Rotate data bit into Acc.
The 8051 first sends the start bitand MUX address fo the i P st high
LTG1298 over the data line.connected to P1.2. Then P1.2 CLR P13 SCLK goes low
is reconfigured as an inptit (by writing toit2ong) and the o kel b, s G
8051 reads back the 12-bit A/D result over the same data CLR A Clear Ace
line. MOV R4, #04 Load counter
LOOP3-| MOV €:P1.2 Read data bit into Carry
RLC A Rotate data bit into Acc.
7 Lci F’i"" SETB P13 SCLK goes high
AALOGf | b e L 13 CLR P13 SOLK goes low
weurs | | FCE0 o T2 DNz RA,LOOPY | Nextoit
Oy JMUX ADDRESS MOV R4, #04 Load counter
Ao renT LOGP 4 | RRC A Rotate right into Acc.
- ki et DINZ R4, LOOP4- |- Next Rotate
MOV R3.A Store LSBs i R
SETB P14 CS goes high
Doyy FROM 1298 STORED IN 8501 RAM
MSB
R2 [B11.B10BY- BS BZ B6<B5.84 ]
LSB

R3 (B3 B2 B1=B0 0 0700 |

MSBF BIT LATCHED

= iN10 101298
s ‘

DATA
Do)

[
e
8051 P1.2 0UTPUTS DATA h LTC1298 SENDS AAD RESULT
T0L7019% i BACKTO 6051 P1.2
|
[

8051 91.2 RECONFIGURED
e £ ! LTC1298 TAKES CONTROL OF DATA

AS I INPUT AFTER THE 4TH RISING CLK —my re—— T
AND BEFORE THE 4TH EALLING CLK LINE ON 4TH FALLING GLK r——
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TYPICAL APPLICATIONS

A "“Quick Lack” Gircuil for the LTC1286

Users can get a quick look at the function and timing of the
LT1286 by using the following simple circuit (Figure 13).
Vi is tied o Vee. Vi is applied to the +IN input and the
~IN input is tied to the ground. CS is driven at 1/16 the
clock rate by the 74C161 and Doyr outputs the data. The
output data from the Doyr pin can be viewed on an
oscilloscope that is set up to trigger on the falling edge of
CS (Figure 14). Note the LSB data is partially clocked out
before CS goes high.

&Tuf v
=  EEN .1 £
Vaer Veg
Vi~ +iN CLK

LTC1286
- Doyr —I
‘{m &S 1
y

%/—/
TG OSCILOSCOPE

——d CLOCKIN 250kH2

.2 22

Figure 13. “Quick Look” Circuit for the LTC1266

NLL 1458 LS8
BT {B11} {B0)
VERTICAL: SV/DIV
HORIZONTAL: 10s/DIV

Ierisgnta

Figure 14. Scope Trace the LTC1286 “Quick Look” Circuit
Showing A/D Output 101010101010 (AAAygy)

Micropower Battery Voltage Monitor

Acommon problem in battery systems is battery voltage
monitoring. This circuit monitors the 10 cell stack of NiCad
or NiMH batteries found infaptop computers. It draws only
67uA from the 5V supply at fgmpL = 0.1kHz and 25pA to
55pA from the battery. The 12-bits of resolution of the
LTC1286 are positioned over the desired range of 8V to
16V. This is easily accomplished by using the ADC’s
differentialinputs. Tying the ~input to the reference gives
an ADC input span.of Vigr to 2Vpgr (2.5V to 5V). The
resistordivider then scalesthe input voltage for 8 to 16V.

BATTERY MONITOR sV
INPUT 8V-10 16V A
R G.ApF
LN Sk &N
< =
Vee —
+il €S
< L1C1286 CLK
£, «iN Doyt
A —ng Vaee GND

9tk LA LT1004-25
30

LI

Figure 15, Micropower Battery Voltage Monitor
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PHCHHGG DGSCBIP“O" Dimensians in inches (millimeters) unless otherwise noted.

N8 Package
8-Lead Plastic DIP
0400
e 03000820 ] 0.045 - 0.065 013040005 (10,1663
{7620 -8.128) (1143 -1.651) (330220127 MAX
B 8] [7] [s] [d
0965
(1551) —
00090015 |l e ) 0.250 £ 0010
0229~ 0.381) (6.350 2 0.254)
0025 i
0325 0045+ 0015
-39 e jct—
— P 1.143 )
|<— - 535} {1.143£0381) ) [l’ m Iil 1
9381 04002 0010 | 0418 9063
{2640+ 0.254) {0457 =0.076)
§8 Package
8-Lead Plastic $0IC
0,83 40197
"'_(4.801-5004)_’
pddeny uollc © 3}
£.063 ~ 0,668
iR {1346 1750 e W H H H H
0.203-0.254) -85 TYP {007 0.254) T
[N | L 02280244 0.150-0.457*

f 00460050 ’ f (5791 - 6.187) (3.81025.968)
N L‘m 0014 - 018 ‘_[ e (.00

{0.365 ~0483; {1.270)
85C

4T

2 3 4

ik G4

“THESE DIMENSIONS DO HOT (NCLUDE MOLD FLASH.OR PROTRUSIONS
MOLD FLASH QR PROTRUSIONS SHALL NOT EXCEED 0.008 INCH (0.15mm).
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