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ABSTRACT

s oo

The automatic eschewing car can move by its own drivq‘i electric motor and a chain-
gear combination. Two modes of operation are avariable; the programmai:le mode and the automatic
mode. Based on microcontroller, 8031 the programmable mode perrniet the car moving to any-
programmed distances and directons. In the automatic mode, The car moiles freely but it can eschew

any obtructions. This achicves by the operation of an ultrasonic sensirjg system cooperating with

driving system. In this thesis, we dctail the design and construction of our jutomatic eschewing car.
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2. Tsunsumiugumsiiem

ORG 0000H
LJMP MAIN

;——LCD PORT-- '
H

STRUC  EQU OFAOOH
BUSY EQU OFAO1H
WRITE EQU OFA02H ;
1 4
fomm e VARIABLE SPECIFY MANUAL ~——-- '
V_FRONT EQU 00H
V_BACK EQU . O04H
V_LEET EQU 02H ‘
V_RIGHT EQU 01H i
V_DELAY EQU 00H
METER EQU OAFH
DECIMETER EQU OF7H
;~---PORT DRIVE MOTOR AND RELAY ON BOARD-31(8255)
SPACE1 EQU OF800H ,
DRIVE EQU OFEOOH
SPACE2 EQU ° OFEQOH
’-*************** ——————————— MAIN PROGRAM"‘"‘*-*---1——**************

s %o W

INTERRUPT FROM KEYBOARD AT Pl OF 8031 [xxxxDCéA]

~

ORG 0003H
LJMP INT_KEYBOARD ,

INTERRUPT FORM SENSOR AT P1 8031 TOO [BFRLX%XX]

e “we W

ORG 0013H
LJMP INT_SENSOR ‘

ORG 000BH 1
LJMP INT_TIMEOQO

e we W

;ORG 001BH

ORG 0040H .
MAIN: MOV SP, #2FH
MAINI: MOV 20H, #00H ;

LCALL SETPORT
LCALL SETLCD



SETPORT:

LMAIN:
CHMA1l:
CHMAZ2:
CHMA3:
CHMA4:
CHMAS:
CHMAG:
CHMA7:
CHMAS :
CI—IMAQ §
CHMA10:
CHMA11l:
CHMAl2:

CHMA13:

CHMAl4:

CHMAl5:

LCALL TITLE
LCALL  RESETDRIVE
MOV IE,#10000001B
MOV IP,#00000001B
MoV TCON, #00000001B
MoV DPTR, #MENU_L1
LCALL DISPLAY

MOV 20H, #80H

JB 07H, $

MOV R5,20H

R5, #01H,CHMALl

AUTO

R5, #02H, CHMA2

MANUAL

R5, #00H, CHMA3

LMAIN

R5, #03H, CHMA4

LMAIN

RS, #04H, CHMAS

LMAIN

RS, #05H, CHMAG6

LMAIN

R5,#06H, CHMA7

LMAIN

RS, #07H, CHMAS

LMAIN :

R5, #08H,CHMA9

LMAIN

R5, #09H,CHMA10

LMAIN

R5, #0AH,CHMA11l

LMAIN

R5, #0BH, CHMA12

LMAIN

R5, #0CH, CHMA13

LMAIN

R5, #0DH, CHMA14

LMAIN

R5, #0EH, CHMA15

LMAIN

R5, #0FH, LMAIN

MAIN1

DPTR, #DRIVE

A, #00H

@DPTR, A

DELAY2

DPTR, #0F803H ;8255 1
A, #80H

@DPTR,A

DPTR, #0FCO3H ;8255 2
A, #80H

@DPTR, A

DPTR, #0FEO3H

;8255_3

- [, -

W



B e v v e e T — S - . S Y — — — — — — — — " f— s S i s e Gt D i S B (- S ——

4
SETLCD:

A,#01H
LOOPSTRUC
A,#00111000B
LOOPSTRUC
A,#00000110B
LOOPSTRUC

A, #00001110B
LOOPSTRUC

;CLEAR DISPLAY
H

; FUNCTION SET

;MODE SET ¢

;DISPLAY oq/OFF
i

I

A, #80H
LOOPSTRUC
WRITER

A, #0COH
LOOPSTRUC
WRITER

f

LOOPSTRUC:

LS1:

DPH

DPL

DPTR, #STRUC
@DPTR,A
DELAYO

ACC

DPTR, #BUSY
A,@DPTR

C

A

LS1

ACC

DPL

DPH

——

B e e e e et o i o . e S S S M W - T T TR e NS TR T D Ml e W s = ey b s e W A S e -

PUSH
MOV
CLR
MOVC
PUSH
PUSH
MOV
MOVX
; LCALL
PUSH
MOV
MOVX
CLR
RLC
JC
POP
POP

LWRITE:

LWR:

07H
R7,#08H 1
A
A,@A+DPTR
DPH

DPL

DPTR, #WRITE
@DPTR, A
DELAYO

ACC :
DPTR, #BUSY
A, @DPTR

C i
A

LWR {
ACC ‘
DPL



POP DPH
INC DPTR
DJNZ R7,LWRITE
POP - 07H
RET
; |
; ——————————————————————————————————————————————————————————————————
r
TITLE: MOV DPTR, #DEMO_L1 .
LCALL TSHOW
MOV DPTR, #DEMO_L2
LCALL TSHOW |
MOV DPTR, #DEMO_L3
LCALL TSHOW
RET
TSHOW: LCALL DISPLAY i
LCALL DELAY3 :
RET :
B e e e e e e e e e e e e o e e mn o e o . e e T o 2 o e o o o et e o ot . St o e o 2t o oo o e o e e e o o o b
INT KEYBOARD: MOV 20H,P1
ANL 20H, #0FH
MOV R5, 20H
RETI X
e e e e e e e e T R G, T T =G P e e e ——
; .
AR | et (W . & Al oD NN ~ N
,**********PRESS THE BUTTON NUMBER " "IN AUTORUN#*#* %% &k dikhhik
e it T L R
14
AUTO: MOV DPTR, #MODE_L1
LCALL DISPLAY ;
LAUTO: MOV A, #00H P
MOV DPTR, #DRIVE
MOVX @DPTR,A ;
LCALL DELAY1 -
CJINE R5, #0FH, CONT ;WHEN PUSH CANCEL(NO.15
LJMP MAIN1 !
; i
CONT: LJMP CHSENS
:- ______ kkFxrkx*kv* CHECK SENSOR FARRREA AR e 1
’
CHSENS: CJNE R5, #0FH, CONT1 ’
LJIMP MAIN1 ]
CONT1: MOV 21H,P1 '
CLR 08H
CLR 09H
CLR 0AH
CLR OBH
MOV R2,21H |

~e

CHSENQO: CJNE
LJMP
CHSENl1: CJNE

R2, #00H ; CHSEN1

FORW

R2,#80H,; CHSEN2



. LIMP FORW {

CHSEN2: CJNE R2, #10H,CHSEN3
LJIMP RIGHT

. CHSEN3: CJNE R2, #90H, CHSEN4

LJIMP RIGHT 4

CHSEN4: CJNE R2, #20H, CHSENS
LJIMP LEFT :

CHSEN5: CJNE  R2,#0A0H,CHSEN6
LJIMP LEFT

CHSEN6: CJNE R2, #30H, CHSEN7
LJIMP FORWLR

CHSEN7: CJNE R2, #0BOH,.CHSENS
LJIMP FORWLR °

CHSEN8: CJNE R2, #40H, GHSEN9
LJIMP REVRILE

CHSEN9: CJNE R2, #0COH CHSEN10
LJIMP REVRILE

CHSEN10: CJNE R2, #50H,HSEN11
LJIMP REVRI

CHSEN11l: CJNE R2, #0DOH ; CHSEN12

LJIMP REVRI
CHSEN12: CJNE R2,#60H, CHSEN13
LJMP REVLE
CHSEN13: CJNE R2,#0EOH, CHSEN14
LJMP REVLE H
CHSEN14: CJNE R2,#70H, CHSEN15
LJMP REVFLERI
CHSEN15: LJMP - REVFLERI!

e %e N
-~

O e i - T D n > S e T = o — S Yt S A A e =S b R TR M R vm M e et e e A S e e M e S T 0 TP eSS 4mn GAe W " T e

B e e " - = . o — ——— — — - e s S e - o St St b Tt G Has m v e G WS G e e P S S S S S Gl e G e S o

-
-

FORW: MOV 22H, #08H
MOV DPTR, #DRIVE
LFORW: CJNE R5, #0FH, CONT2
LJIMP MAIN1
CONT2: MOV A,22H
MOVX @DPTR, A '
LCALL DELAYO

- — s

JB P1.6,JBFCHS
JB P1.5,JBFCHS ‘
JB Pl.4,JBFCHS
LJIMP LFORW
JBFCHS : CJINE RS, #0FH, CONT3
LJMP MAIN1 !
CONT3: MOV A, #00H ,
MOV DPTR, #DRIVE

MOVX @DPTR,A
LCALL DELAY1



"o Ne N

LJMP CHSENS

-

; [*RIGH*]

i T e e L WY

LRIGHT:

CONT5:

NDRIG: LJMP

ATER TR VI <y L TR TN

R5, #0FH, CONT4
MAIN1
P1.5,ENDRIG
22H,#01H
DPTR, #DRIVE
A,22H
@DPTR, A
DELAY1

13H

R5, #0FH, CONT5
MAIN1

A,22H
@DPTR, A
DELAY1
P1.5,ENDRIG
P1l.4,LRIGHT

; [*LEFT*]
LEFT:
CONT®6 :
LLEFT:
CONT7:

NDLEF: LJMP

Ne e N s owe 3] ve N

N it — it Bt ot e Pt Tt S et s T T ————— — Ay S oD Nb AmD WS W W m W b = = = St ——

22H, #08H

R5, #0FH, CONT6
MAIN1
Pl.4,ENDLEF
22H, #02H
DPTR, #DRIVE
A,22H
@DPTR, A
DELAY1

13H

R5, #0FH, CONT?7
MAIN1

A,22H
@DPTR, A
DELAY1
P1.4,ENDLEF
P1.5,LLEFT

o

]



MoV DPTR, #DRIVE

MOV A,22H
LLFORWLR: CJINE RS, #0FH, CONTS8 .
LJMP MAIN1 ;
CONTS: MOVX @DPTR,A
LCALL DELAYO !
JB P1.4,SBRIG

LJMP CHSENS

;.
SBRIG: JB P1.5,LFORWLR
LJMP CHSENS .

1

’ 1

; [*REVERSE WHEN FOUND FRONT#*] s

FAuteinieiaiadindedeinhebatinbeiabi b e {

REVRILE: JB P1.7,LSTOP1 ;
MOV 22H,#04H

MOV DPTR, #DRIVE {

MOV A,22H 3

4

¥

MOVX @DPTR,A
LCALL DELAY2

SETB 13H '
LREVRILE: CJINE RS, #0FH, CONT9 ,
LJIMP MAIN1 ,
CONT9: MOV DPTR, #DRIVE
MOV ¥zeH :
MOVX @DPTR, A ?
LCALL DELAY?2 i
JB P1.7,LSTOP1 »
JB P1.6,LREVRILE |
; ———————————————————————————
g ]
JB P1.5,CTURNLEF
MOV 22H, #01H ﬂ
BCTLEF: MOV DPTR, #DRIVE ‘
MOV A,22H

MOVX @DPTR,A
LCALL DELAYZ2
SETB 13H !
CJINE R5, #0FH, CONT10 f
LJMP MAIN1 .
CONT10: MOV A,22H
MOVX @DPTR,A
LCALL DELAYZ2

~e

CJNE R5, #0FH, CONT11

LJMP MAIN1 }
CONT11l: JB P1.5,GOMAIN

LCALL DELAY?2

s

CJINE R5,#0FH,CONT12
LJMP MAIN1

CONT12: JB P1.5,GOMAIN
LCALL DELAY2

e wta

~e



CONT13:

R5,#0FH,CONT13
MAIN1
P1.5,GOMAIN
DELAY?2

DELAY2

DELAY?2

CHSENS

e e e e em me e e am s em em wm em e = =

-3

~

LSTOP1_1:

CONT14:

CONT15:

CONT16:

CONT17:

CONT18:

; ADD* %% %%
; ADD* % %% %

!
22H, #004 |
DPTR, #DRIVE
A,22H
@DPTR,A |
RS, #0FH, CONT14
MAIN1 N
DELAY2 |
P1.5,CTURNLEF
22H, #01H
DPTR, #DRIVE
A,22H ’
@DPTR,A !
DELAY2
13H
R5, #0FH, CONT15
MAIN1
A,22H
@DPTR, A
DELAY2 !

RS, #OFH, CONT16
MAIN1
P1.5,GOMAIN
DELAY2 !

RS, #0FH, CONT17
MAIN1
P1.5,GOMAIN
DELAY2

R5, #0FH, CONT18
MAIN1
P1.5,GOMAIN
DELAY2 !
DELAY2
DELAY2 |

; ADD** %%
; ADD#** %%



TURNLEFT : MOV 22H, #02H ;
MOV DPTR, #DRIVE !
MOV A,22H
MOVX @DPTR, A
LCALL DELAY2
SETB 13H g
CJNE  R5,#O0FH,CONT19 i
: LJMP  MAINL \
CONT19: MOV A,22H
MOVX @DPTR, A
LCALL DELAY2
CJNE  R5,%O0FH,CONT20 |
LJMP  MAIN1
CONT20: JB P1.4,GOMAINL ]
LCALL  DELAY2
CIJNE  R5,#O0FH,CONT21
LJMP MAIN1 i
CONT21: JB P1.4,GOMAIN1
LCALL DELAY2
CJNE RS, #O0FH,CONT22
LJMP  MAINI {

~e

~-e

CONT22: JB P1.4,GOMAIN1
LCALL DELAY2 i
LCALL DELAY2 ; ADD* %% %%’
LCALL DELAY2 ; ADD** % %%,
’
G OMAIN1: LJMP CHSENS :

Ne Ws Np wo
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e e~

REVRI: JB P1.7,TURNRIGHT
MOV 22H,#04H i
MOV DPTR, #DRIVE
MOV A,22H

CJINE R5, #0FH, CONT23
LJMP  MAIN1
CONT23:  MOVX @DPTR, A :
LCALL  DELAY2 .
SETB 13H
LREVRI: CJNE RS, #0FH, CONT24
LJMP MAIN1 ‘
CONT24: MOV A,22H '
MOVX @DPTR, A
LCALL  DELAY2 \

JB P1.7,TURNRIGHT
JB P1.6,LREVRI .

e e e e e e e i
TURNRIGHT: JB P1.5,NTURN 1
MOV 22H,#01H '

MOV DPTR, #DRIVE !



CONT25:

CONT26:

~e

CONT27:

~a

CONT28:

CONT29:

NTURN:

CONT31:

CONT30:

A,22H

R5,#0FH,CONT25

MAIN1

@DPTR,A

DELAY2

13H

RS, #0FH,CONT26

MAIN1

A,22H

@DPTR,A

DELAY2

RS, #0FH,CONT27

MAIN1

P1.5,GOMAIN2

DELAY2

RS, #0FH,CONT28

MAIN1

P1.5,GOMAIN2

DELAY2

R5, #0FH,CONT29

MAIN1

P1.5,GOMAIN2

DELAY?2

CHSENS
JB
MOV
MOV
MOV
CJINE
LJMP
MOVX
LCALL
SETB

RURS: CJNE
LJMP
MOV
MOVX
LCALL
JB
LJIMP

P1.7,TURNLEFT1
22H,#04H

DPTR, #DRIVE
A,22H

R5, #0FH,CONT32
MAIN1

P1.7,GOMAIN2
22H, #04H

DPTR, #DRIVE:
A,22H

R5, #0FH, CONT30
MAIN1 1
@DPTR,A g
DELAY?2 {
13H ,
RS, #0FH, CONT31
MAIN1

A,22H i
@DPTR, A

DELAY2
P1.5,RURS |
TURNRIGHT i



CONT32: MOVX @DPTR, A :
LCALL DELAY2
v SETB 13H *
LREVLE: CJNE R5, #0FH,CONT33
LJMP -~ MAIN1
CONT33: MOV A,22H
MOVX @DPTR,A
LCALL DELAY?2 S

JB P1l.7,TURNLEFT1 L
JB P1.6,LREVLE '
: j
TURNLEFT1: JB P1.4,NTURN1
MOV 22H,#02H H
MOV DPTR, #DRIVE |
MOV A,22H

CJINE R5, #0FH, CONT34
LJMP MAIN1

CONT34: MOVX @DPTR,A
LCALL DELAY2 §
SETB 13H
CJINE R5,#0FH, CONT35
LJMP MAIN1 )
CONT35: MOV DPTR, #DRIVE !
MOV A,22H i
MOVX @DPTR,A

LCALL DELAY2

CJINE R5, #0FH, CONT36
LJMP MAIN1
CONT36: JB P1.4,GOMAIN3G
LCALL DELAY2
CJINE R5, #0FH, CONT37
LJMP MAIN1 ;
CONT37: JB P1.4,GOMAINS:
LCALL DELAY2

= AN 9 m NV, e O IR N od] - -
’
CINE R5, #0FH, CONT38
LJMP MAIN1
CONT38: JB P1.4,GOMAIN3
LCALL  DELAY2
GOMAIN3: LJMP CHSENS !
T T T T T T T T T T T T T s s T s P77
NTURN1: JB P1.7,GOMAIN3
MOV 22H, #04H {
MOV DPTR, #DRIVE
MOV A,22H :
CJNE R5, #0FH, CONT39 :
LJMP MAIN1
CONT39: MOVX @DPTR,A ;
LCALL  DELAY2
SETB 13H

RULS: CJINE R5,#0FH,CONT40
LJMP MAIN1
CONT40: MOV A,22H —



MOVX @DPTR,A

LCALL DELAY2

JB P1.4,RULS

LJMP TURNLEFT1 '

REVFLERI: JB P1.7,SSTOP
MoV 22H,#04H
MOV DPTR, #DRIVE
MOV A,22H

CINE RS, #0FH, CONT41
LJIMP MAIN1

CONT41: MOVX @DPTR, A
LCALL DELAY2 '
SETB 13H

NSLR: CJNE R5, #0FH, CONT42

LJIMP MAIN1 :

CONT42: MOV A,22H ‘
MOVX @DPTR, A
LCALL  DELAY2

JB P1.7,SSTOP

JB P1.4,CBITRIGH
‘ LJMP TLEFT1 =
CBITRIGH: JB P1.5,NSLR

LJMP TRIGHT1

St e e e me em mn e e me em e e e s mm e mm wm v e we e e wa e e em me e me

SSTOP: LJMP SSTOP_1 N
P T L
TLEFT1: MOV 22H, #02H - !

MOV DPTR, #DRIVE

MOV A,22H

CJINE R5, #0FH,CONT43
LJMP MAIN1
CONT43: MOVX @DPTR,A
LCALL DELAY2
CJNE R5, #0FH, CONT44
LJMP MAIN1
CONT44: JB P1.4,GOMAIN4
LCALL DELAY2
CJNE R5, #0FH, CONT45 !
LJMP MAIN1
CONT45: JB P1.4,GOMAIN4
LCALL DELAY2
CJINE R5, #0FH, CONT46
LJMP MAIN1
CONT46: JB P1.4,GOMAIN4
LCALL DELAY2

-
r



!

TRIGHT1: MOV 22H,#01H ¢

MOV DPTR, #DRIVE]
MOV A,22H
CINE R5,#0FH, CONT47
LJIMP MAIN1

CONT47: MOVX @DPTR, A
LCALL  DELAY2
CJNE R5, #0FH, CONT48
LJIMP MAIN1

CONT48: JB P1.5,GOMAIN4
LCALL  DELAY2 ¢
CJNE R5, #0FH, CONT49
LJMP MAIN1

CONT49: JB P1.5,GOMAIN4
LCALL  DELAY2

~e

L)

~

I
I
|
1
!
1
1
I
1
5
|
|
l

CJINE R5, #0FH, CONT50
LJMP MAIN1

CONT50: JB P1.5,GOMAIN4
LCALL DELAY2 H

LJMP CHSENS
; 1
;-—————-————-—-—-——-——._———-——.-——_'-._—_
SSTOP_1: MOV 22H, #00H
MOV DPTR, #DRIVE
MOV A,22H

LSST: CJINE R5, #0FH, CONT51
LJIMP MAIN1

CONT51: MOVX @DPTR, A ,

LCALL  DELAY2

JNB P1.4,JTSSENS :

JNB P1.5,JTSSENS X

JNB P1.6,JTSSENS !

JNB P1.7,JTSSENS '

LJIMP LSST
____________________ TR - e A e e e -
[4

JTSSENS: LCALL DELAY2 .

LJIMP CHSENS i
;

"——————-.—_——_——_——_————————————-——-—--—-—.-—-——-——-—-—-———--——- ———————————
‘—--—-—-———————————-————————————————————-——--——--————-————-‘— ——————————
*%*END COMMAND? * ¥

s Ne N

———————————————————————————————————————————————— e e ot

*REkEkxkA*****DEFIND BYTE OF CHARACTER AND DELAY*%**********

e ™

e

DEMO_L1: DB " AUTOMATIC 1 "
DEMO_L2: DB " ESCHEWING CAR "
DEMO_L3: DB "SELECT THE MENU!"
MENU_L1: DB "1l.AUTO, 2.MANUAL"
MODE_L1: DB " AUTOMATIC RUN "

MODE_L2: DB " STOP STOP STOP ™

-
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.
’
3
’

e

~e

s “e

s wo

s we e

$#4 (*DELAY* ) ###

DELAYO:

- s wn

DELAY]:

DELAY2:

LDELAY2 :MOV

DELAY3:

LDELAY3:

PUSH 03H
MOV R3, #00H
DJINZ R3,$
POP 03H
RET
PUSH
PUSH
MOV
LDELAY1:MOV
DINZ
DJINZ
POP
POP
RET

PUSH 03H
PUSH 04H

MOV R3, #00H
R4, #00H

DJNZ R4,$
NOP
NOP
NOP
NOP

03H
04H

R3, #00H
R4,#00H  °
R4,$ i
R3,LDELAY1
04H

03H

DJNZ R3,LDELAY2

POP 04H
POP 03H
RET

PUSH 06H

MOV R6, #10H

LCALL DELAY?2

DJNZ R6,LDELAY3

pOP 06H
RET



ek%k#%k%**PRESS THE BUTTON NUMBER " 2 " IN MANUALRUN*#%%k%%%%%

____________________________________________________ A
MANUAL: MOV TMOD, #00001110B ;SET SFR
MOV TCON, #00010101B
MOV 1IE,#10000001B :
MOV IP,#00000101B ;
MOV . SP,#2FH ,
kkk%x%%% SET DATA OF WAY & DISTANCE #kkkkkkkik
CLR 1E.7
MOV DPTR, #8000H !
MOV RO, £64H
MOV A, #00H
CLR: MOV DPH, #80H
MOVX @DPTR, A
MOV DPH, #90H ;
MOVX @DPTR, A
INC DPL ;
DJNZ RO, CLR ;
MOV 22H,#01H ; LINE_MAX
MOV 23H, #01H ; LINE_START-
MOV 24H,#01H ; LINE_STOP
MOV 25H, #00H ; COMMAND DRIVE
MOV 26H, #60H ; PULSE_TURN
START: MOV . DPTR, #PROGRAM2 g
LCALL LCD_16
LCALL DELAY3
LCALL LCD_16
LCALL DELAY3
LCALL LCD_16
MOV DPTR, #8001H
MOV 20H, #80H ; INT-KEY
MOV 21H, #00H ; INT_SENSOR
SETB IE.7 ‘
LJMP STEP_1 ;
JUMP: MOV R2, #00H
J_LOOP: MOV RO, #80H i
LCALL EMPTY 2
LCALL DELAY_S
LCALL J_SHOW
LCALL DELAY_S
JB 20H.7,J_LOOP
MOV R3,20H
JNB 20H.3,J_CH .
JB 20H.2,J_JUMP '
JB 20H.1,J_JUMP '
J_CH: MOV 20H, #80H .
LCALL EMPTY 2 i
LCALL DELAY_S
MOV a,R2
MOV R2,03H
MOV B, #0AH !
MUL AB
ADD A,R3 l
MOV R1,A !
MOV RO, #80H
LCALL SHOW_NUM !

LCALL DELAY_S !



J_NO_00:

J_NO_EQU:

J_OK:

J_JUMP:

J_RESTART:

J_UP:

J_UP_OK:

J_DOWN:

J_DOWN_OK:

J_CANSEL:

J_LOOP1:
J_ENTER:

E R R L L R R o R
STEP_1:

kAhkkkkrhhhik
STEP_2:

" D_KEY:

D_JUMP:

D_RESTART:

D_CANSEL:

DEC_DPL:

D_ENTER:

CJINE
MOV
LJMP
CJINE
LJMP
Jc
MOV
MOV
MOV
LJMP
MOV
CJINE
LJMP
CJINE
LJIMP
CJINE
MOV
CJINE
LJMP
INC
LJMP
CJINE
MOV
CJINE
LJMP
DEC
LJIMP

_ CJNE

LJMP
LJMP
CJINE

LCALL
LCALL

MOV
LCALL
LCALL
MOVX
MOV
DIV
LCALL
LCALL
JB
MOV
MOV
MOV
LCALL
ANL
CJINE
LJMP
CJNE
LJMP
CJINE
MOV
CJINE
LJMP
DEC
LJMP
CJNE

A,#00H,J_NO_00

DPL,#01H
J_LOOP

A,22H,J_NO_EQU ;

J_OK
J_OK

R2, #00H
A,22H
DPL,A
J_LOOP
20H, #80H

R3, #0AH,J RESTART '

JUMP

R3, #0BH,J_UP

START

R3, #0CH, J_DOWN

A,DPL

A,22H,J_UP_OK

J_LOOP
DPL
J_LOOP

R3, #0DH, J_CANSEL

A,DPL

A,#01H,J_DOWN_OK

J_LOOP
DPL
J_LOOP

R3,#0EH,J_ENTER

STEP_1
J_LOOP

R3, #0FH,J_LOOP1

S_1234
S_3

RO, #83H
EMPTY 5
DELAY_S
A,@DPTR
B, #10H
AB
S_234
DELAY_S

20H.7,STEP_2

A, 20H
B, #00H
20H, $80H
S_234
A,#0FOCH

; SHOW_LINE
; SHOW_DISTANCE

[ 4

; SHOW_DIRECT & UNIT

A,#0AOH,D_RESTART

JUMP

A, #0BOH,D_CANSEL

START

A,#0EOH,D_ENTER

RO, DPL

RO, #01H,DEC_DPL

STEP_1
DPL
STEP_1

A, #0FOH,STEP_2



MOVX A,@DPTR

——r annggisn

ANL A, #0F0H
CJINE , A,#00H,STEP_3
LJIMP ’ STEP_2
ckkkhkrRhikhhkk K
STEP_3: MOV RO, #0C3H .
LCALL EMPTY_5
LCALL DELAY_S
MOVX A,@DPTR
MOV B, #10H
DIV AB ‘
MOV R1,B
LCALL S_3 ; SHOW_DISTANCE
LCALL. UNIT ; SHOW_UNIT
LCALL DELAY S
JB 20H.7,STEP_3
MOV RO, 20H
JNB 20H.3,X_KEEP {
JB 20H.2,X_M
JB 20H.1,X_ M
X_KEEP: MOV 20H, #80H
MoV DPH, #90H !
MOVX A,@DPTR
MOV B, #0AH
DIV AB
MOV A,B |
MOV B, #0AH
MUL AB
" ADD A,RO +
MOVX @DPTR,A :
MOV - DPH, #80H
LJIMP STEP_3
X _ M: MOV 20H, #80H
CJINE RO, #0CH,X_DM
CJINE R1,#02H,M
LJMP STEP_3 .
: MOV B, #00H
LJIMP X_UNIT
X_DM: CJINE RO, #0DH, X_JUMP |
CJINE R1,#02H,DM
LJIMP STEP_3 !
DM: MOV B,#01H
X_UNIT: MOVX A,@DPTR
ANL A, #0FOH
ADD A,B
MOVX @DPTR,A !
LJMP STEP_3
X_JUMP: CJINE RO, #0AH,X_RESTART
LJMP JUMP
X_RESTART: CJNE RO, #0BH,X_CANSEL
LJIMP START
X_CANSEL: CJINE RO, #0EH,X_ENTER !
LJIMP STEP_2
X_ENTER: CJINE RO, #0FH,STEP_3
Ahkdxhikhkhhihii .
END_SET: MOV A,DPL i
CJINE - A,#63H,E_CH i
MOV 22H,A .
LJIMP E_RET

E_CH: CINE A, 22H,E_NO_EQU



LIMP
E_NO_EQU: JC
MOV
E_INC: INC
E_RET: MOV
E_DELAY: MOV
E_CK: JNB
DJINZ
DJINZ
E_PASS: LJIMP

E_INC

E_INC
22H,DPL

DPL

R2,#00H
R1,#00H
20H.7, ACCEPT
R1,E_CK
R2,E_DELAY
STEP_1

chhkkhFihk

USE LINE START & STOP

khkkkkhhrikik

" —— > > D - -~ ——— ——— —— - — —— —————— ———— _— ——— ——— — —

ACCEPT:

A_SHOW:

A_START:

AS_LOOP:
AS_CANSEL:

AS_ENTER:

A_STOP:

AP_LOOP:
AP_CANSEL:

AP_ENTER:

LCALL
CJINE
MOV
LCALL

" MOV
MOV
LJIMP
CJINE
MOV
MOV
MOV
LCALL
CJINE
LJIMP
CJINE

chkARAFAAAAxAEAA

C_STOP:

MOV
CJNE
LJMP

CP_NO_EQU: JC

C_START:

MOV
MOV
LJMP
MOV

R1,20H

20H, #80H
R1,#0FH,E_PASS
DPL

24H,DPL

DPTR, #DB_LINEMAX
LCD_16

DELAY_S

RO, $0C4H

R1,22H

SHOW_NUM

DELAY L

DPTR, #DB_USELINE
LCD_16

RO, #0C1H

R1,23H

SHOW_NUM

RO, #0C6H

R1,24H

SHOW_NUM

RO, #0C1H

R2,#00H

R4, #23H
ACCEPT_NUM

R3, #0EH, AS_ENTER
DPTR, #DB_X
LCD_16

DPH, #80H

DPL,22H

STEP_1

R3, #0FH,AS_LOOP
RO, #0C6H

R2,#00H

R4, #24H
ACCEPT_NUM

R3, #0EH, AP_ENTER
A_START

R3,#0FH, AP_LOOP

A, 24H
A,22H,CP_NO_EQU
C_START

C_START

24H,22H

23H, #01H

A_SHOW

A,23H



CS_NO_EQU:

khxkhkhkixhkdrhkhhhi
T_TURN:

T_LOOP:

T_CH:

T_ENTER:

CJINE
LJMP
JC
MOV
LJMP

MOV
LCALL
MOV
MOV
MOV
LCALL
JB
MOV
JNB
JB
JB
MOV
MOV
MOV
MOV
MUL
ADD
Jz
MOV
LJMP
MOV
CJINE

A,24H,CS_NO_EQU

- T_TURN

T_TURN
23H, #01H
A_START

DPTR, #DB_PULSETURN
LCD_16 .
R2, #00H

R1,26H .
RO, #0C5H
SHOW_NUM
20H.7,T_LOOP
R3,20H
20H.3,T_CH
20H.2,T_ENTER
20H.1,T_ENTER
20H, #80H

A,R2 :
R2,03H |
B, #0AH

AB

A,R2

T _LOOP

26H,A

T_LOOP

20H, #80H

R3, #0FH, T_LOOP

OPERATE:

O_LOOP:

O_FRONT:

O_BACK:

O_LEFT:

O_RIGHT:

O_DELAY:

DPTR, #DB_X

LCD_16

DPH, #80H

DPL, 23H

IE.1

1E.2 :
J_SHOW !
A, @DPTR

B, #10H

AB
A,#01H,0_BACK
25H, #V_FRONT
MODE

DELAY_S
R_UNIT

A, #09H,0_LEFT
25H, #V_BACK
DELAY_S ,
MODE

R_UNIT |
A, #04H,0_RIGHT
25H, #V_LEFT
O_TURN

O_KEY

A, #06H,0_DELAY
25H, #V_RIGHT f
O_TURN

O_KEY

A, £05H,0_LOOP

P



OD_LQOP:

CLR
MOV
LCALL
LCALL
MOV
CJINE
SETB
LJMP
LCALL
LCALL
JNB
DJNZ
SETB
LJMP

OD_CANSEL : MOV

O_KEY:

O_RESTART:

O_ENTER:

O_PASS:
E R R R L R R

R_UNIT:

R_M:

R_RUN:

R_LOOP:

R_CANSEL:

FINAL:

F_INC:
PROGRAM2 :

DB_X:

MOV
JNZ
JB
MOV
MOV
CJINE
CLR
CLR
LJMP
CJNE
LJMP

. MOV

CJINE
MOV
MOV
LJMP
CJINE
MOV
MOV
Mov
LCALL
SETB
LCALL
LCALL
JNB
CJNE
LJMP
MOV
MOV
LCALL
MOV
LJMP
MOV
CJNE
CLR
CLR
MOV
LCALL
LJMP
INC
LJMP
DB

DB

DB

IE.2

25H, #V_DELAY
MODE

DIST R1

RO, #0C4H
R1,#00H,OD_LOOP
IE.2

FINAL

SHOW_NUM

DELAY_ 1S
20H.7,0D_CANSEL
R1,0D_LOOP

IE.2

FINAL

20H, #80H
A,#00H

R_UNIT

20H.7,$

R2,20H

20H, #80H

R2, #0BH,O_ENTER
IE.1

IE.2

START

R2, #0FH,O_KEY
0_LOOP

A,B
A,#00,R_DM

. THO, #METER

TLO, #METER
R_RUN

A, #01H,O_PASS
THO, #DECIMETER
TLO, #DECIMETER
RO, #0C4H
DIST_R1

25H.3

MODE

SHOW_NUM
20H.7,R_CANSEL
R1,#00H,R_LOOP
FINAL

20H, #80H

25H, #00H

MODE

A, #00H

O_KEY

A,DPL
A,24H,F_INC
IE.1

IE.2

25H, #00H

MODE

START

DPL

O_LOOP

‘" MANUAL PROGRAM "

" SET WAY & FAR "
" x= "



DB : DB non ;

DB__M: DB "o ;
DB_DM: DB "dm"

DB__S: DB nog .
DB : DB " " ,
DB_FRONT : DB "FRONT"

DB_BACK: DB "BACR "

DB_LEFT: DB "LEFT "

DB_RIGHT: DB "RIGHT" ‘
DB_DELAY: DB "DELAY" \
DB_LINEMAX: DB " LINE MAX = " i
DB_USELINE: DB "USE LINE -
DB_PULSETURN: DB "PULSE TURN = "
J_SHOW: PUSH ACC ; -——SUBROUTINE

PUSH OFOH ; SHOW_ALL

MOVX A,@DPTR ;USE MOV DPTR, <#ADDRESS_RAM

MOV B, #10H

DIV AB

LCALL S_1234 ; SHOW_LINE ¢

LCALL S_3 ; SHOW_DISTANCE

LCALL S_234 ; SHOW_DIREQT & UNIT

POP OFOH

POP ACC 3

RET )
___________________________________________________ B N\, N
S _1234: PUSH ACC ; -~-SUBROUTINE

PUSH 00H s ;--SHOW_LINE

PUSH 01H ;USE MOV DPTR, <#ADDRESS_RAM

MOV A,DPL

MOV RO, #80H

MOV R1,A

LCALL SHOW_NUM

POP 01H

POP 00H

POP ACC .

RET .
___________________________________________________ ~
S_234: SWAP A ; =~SUBROUTINE

PUSH DPH ; SHOW_DIRECT & UNIT

PUSH DPL . ;USE MOV A, <#DIRECT_DATA>

D_FRONT: CJINE A,#10H,D_BACK ; MOV B, <#UNIT_ DATA>

MOV DPTR, #DB_FRONT

LJMP D_SHOW

D_BACK: CJINE A,#90H,D_LEFT
MOV DPTR, #DB_BACK |
LJMP D_SHOW
D_LEFT: CJINE A,#40H,D_RIGHT ; A =.10 ---- FRONT
MOV DPTR,#DB_LEFT  ; A = 90 ---- BACK
LJIMP D_SHOW ; A ='40 ---- LEFT
D_RIGHT: CJINE A, #60H,D_DELAY ; A ='60 ---- RIGHT
MOV DPTR, #DB_RIGHT ; A = 50 ---- DELAY
LJMP D_SHOW
D_DELAY: CJINE A, #50H, RETURN '
MOV DPTR, #DB_DELAY
MOV B, #02H
D_SHOW: PUSH 00H
MOV RO, #83H -
LCALL LCD_5

POP 00H



POP DPL

POP DPH !
LCALL UNIT .
ADD A,B ,
MOVX @DPTR, A
RET
RETURN: POP DPL ¢
POP DPH
RET - -
UNIT: PUSH DPH ; SUBSHOW_UNIT
PUSH DPL ;USE MOV B, <#UNIT_DATA>
PUSH ACC i
PUSH O00H
U_M: MOV A,B
CJINE A,#00H,U_DM
MOV DPTR, #DB__M
LJMP U_SHOW
U_DM: CINE A,#01H,U_S ; B =00 ---- meter
MOV DPTR, #DB_DM ; B =01 ---- decimeter
LJMP U_SHOW ; B =02 ---- second
U_S: CJINE A,#02H,U_FALSE
MOV DPTR,#DB__ S
LJIMP U_SHOW
U_FALSE: MOV B, #00H
LJMP UM
U_SHOW: MOV RO, #0C6H .
g LCALL LCD_2
" POP 00H ,
POP ACC
POP DPL i
POP DPH N
RER ),
S_3: PUSH ACC ;——SUBROUTINE
PUSH O0H ; SHOW_DISTANCE
PUSH 01lH ;USE MOV DPTR, <#ADDRESS_RAM:
MOV DPH, #90H
MOVX A, @DPTR /
MOV R1,A i
MOV RO, #0C4H :
LCALL SHOW_NUM )
MOV DPH, #80H i
POP 01H
POP O0OH
POP ACC
RET
SHOW_NUM: PU$H— ACC ; SHOW NUMER AT LCD
PUSH OFCH ;USE MOV ;RO,<#ADDRESS_LCD>
MOV A,RO ; MOV R1,<#DATA HEX>
LCALL SSTRUC
MOV A,R1
MOV B, #0AH
DIV AB
ADD A, #30H
CJINE A, #30H,SSHOW
MOV A,#20H
SSHOW: LCALL SWRITE

MOV A,B



LCALL SWRITE |
POP OFOH . 1
POP ACC
RET B
ACCEPT_NUM: PUSH ACC ; SUB ACCEPT LINE
PUSH OFOH ;USE MOV RO, <#ADDRESS_LCD>
PUSH 01H ; 15(0)74 R2, #00H
MOV R1,04H ; MOV R4, <#ADDRESS_LINE>
A _LOOP: LCALL EMPTY_2
LCALL DELAY_S
MOV A,@R1 ; SUBROUTINE RETURN DATA
MOV R1,A ;* R3 *EQU SWITCH PUSH
LCALL SHOW_NUM
LCALL DELAY_S ,
MOV R1, 04H
JB 20H.7,A_LOOP
MOV R3,20H
JNB 20H.3,A CH
JB 20H.2,A_UP
JB 20H.1,A_UP
A _CH: MOV 20H, #80H
MOV A,R2
MOV R2,03H
MOV B, #0AH
MUL AB
_ ADD A,R2 -
JZ A_LOOP i
MOV @R1,A !
LJIMP A_LOOP !
A_UP: MOV 20H, #80H '
CJINE R3, #0CH,A DOWN
MOV A, @R1 !
INC A
MOV @R1,A
LJMP A_LOOP
A_DOWN: CJINE R3,#0DH,A_RET
CJINE @R1,#01H,A DEC ‘
LJMP A_LOOP '
A_DEC: MOV 4,@R1
DEC a !
MOV @R1,A
LJMP A_LOOP :
A_RET: POP 01H
POP OFOH
POP ACC
RET ’
O_TURN: LCALL MODE ; -—SUBROUTINE
LCALL DELAY_S ;USE MOV 25H, <#COMMAND>
PUSH ACC ; LCALL O_TURN
MOV A,26H
CPL A
INC A
CLR C
MOV THO,A
MOV TLO,A :
POP ACC

MOV R1,#01H



25H.3 ,
MODE

20H.7,0T_CANSEL ,
R1,#00H,OT_KEY

OT_OK

20H, #80H

A, #00H ;o*
25H, #00H .

MODE

ACC

* ;,DATA RETURN

A,25H '
DPTR, #DRIVE

@DPTR,A .
ACC '
DPL

DPH

bt e e e e s s s e St e s im m et s s St e e s S s 4k S8 St S s G G e m s et s s St A G mm S e G M= e e e e e o S e tan e e s b G o o

OT_KEY:

OT_CANSEL:

OT_OK:
MODE :
DIST_R1:
EMPTY_2:
EMPTY_5:
LCD_2:
LCD_b5:

ACC

DPH, #90H
A,@DPTR
R1,A
DPH, #80H
ACC

; -—SUBROUTINE
;USE MOV
LCALL

DPL
DPTR,#DB___  ;
LCD_2

DPL

DPH

DPH
DPL
DPTR, #DB ;
LCD_5

DPL

DPH

; ~——SUBROUTINE
;USE MOV
LCALL

i

ACC
A,RO
SSTRUC ;
A,#00H ;
A,@A+DPTR
SWRITE

A,#01H !
A,@A+DPTR

SWRITE

ACC

; ——SUBROUTINE
;USE  MQV
MOV
LCALL

--SUBROUTINE

USE MOV
Mov
LCALL

ACC

01lH
A,RO
SSTRUC
R1,#05H

e Wa Ne N

RO, <#ADDRESS_LCD>
EMPTY_ 2

RO, <#ADDRESS_LCD>
EMPTY_5

RO, <#ADDRESS_LCD>
DPTR, <#TABLE>
LCD_2

RO, <#ADDRESS_LCD>
DPTR, <#TABLE>
LCD_5



LLCDS:

LCD_8:

LLCDS8:

LCD_16:

SSTRUC:

SWRITE:

SBUSY:

LOOPS :

. e e D e G D AR M CER VR WL S G S S —— S - St b Tt Tt st o e — ————— — ———— - — 4P — oy > b G D . - o y —— ————— —— ————

DELAY_S:

A, #00H
A, @A+DPTR
SWRITE
DPTR
R1,LLCD5
01H

ACC

ACC

01H

A,RO
SSTRUC
R1,#08H
A,#00H
A,@A+DPTR
SWRITE
DPTR
R1,LLCDS8
01H

ACC

ACC

00H

RO, #80H
LCD_8
RO, #0COH
LCD_8
00H

ACC

DPH
DPL

DPTR, #STRUC
@DPTR, A
SBUSY

DPL

DPH

DPH

DPL

DPTR, #WRITE
@DPTR, A
SBUSY

DPL

DPH

DPH

DPL

ACC
DPTR, #BUSY
A,@DPTR
C

A

LOOPS
ACC

DPL

DPH

.y we N

~~SUBROUTINE

USE MOV | RO,<#80H,#0COH>
MOV DPTR, <#TABLE>
LCALL LCD_8

s Ne we W

; ——SUBROUTINE

USE MOV DPTR, <#TABLE>
LCALL LCD_16

!

; ——-SUBROUTINE
;USE MOV A,<-STRUC->
3 LCALL SSTRUC

; ~~SUBROUTINE
;USE MOV A,<-DATA->
; LCALL SWRITE

H

1!

§
; ~~SUBROUTINE
jUSE  LCALL SBUSY

; ——SUBROUTINE

&



PUSH 02H ;USE LCALL DELAY_S

MOV R1, #80H '
DSO: MOV R2,#00H '
DS1: NOP ’
NOP
NOP
NOP
NOP
DJINZ R2,DS1
DJNZ R1,DSO
POP 02H 1
POP 01H :
RET
DELAY_L: PUSH 01H ; -——SUBROUTINE
PUSH 02H ;USE LCALL DELAY_L
MOV R1, #00H
DLO: MOV R2, #00H
DL1: NOP !
NOP
NOP
NOP '
NOP
DJINZ R2,DL1
DJNZ R1,DLO {
POP 02H '
POP 01H
RET
DELAY 1S: PUSH 02H ; ~—SUBROUTINE
PUSH 01H ;USE LCALL DELAY_ 18
PUSH 00H .
MOV RO, #02H
DEO: MOV R1,#00H
DE1: MOV R2, #00H
DE2: NOP
NOP
NOP
NOP
DJINZ R2,DE2 :
DJINZ R1,DE1l ‘
DJNZ RO, DEO
POP 0OH
POP 01H
POP 02H .
RET
INT_SENSOR: PUSH 21H
MOV 21H,25H
JB 25H.2,IS_BACK
IS_FRONT: JNB P1.6,IS_21H
CLR 25H.3

LCALL MODE
LCALL DELAY_S i

LJMP IS_FRONT
IS_BACK: JINB P1.7,IS_21H
CLR 25H.3

LCALL MODE
LCALL DELAY_S
LJMP IS_BACK



IS_21H: JNB 21H.3,IS_PASS

SETB 25H.3
) LCALL MODE
1S _PASS: POP 21H
RETI t
INT_TIMEO: DEC R1 !
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"

“GENERAL DESCRIPTION

¥ 3 The Harris ICL7662 is a monolithic high-voltage CMOS
P iwuer supply circuit which offers unique performance ad-
é!wuges over previously available devices. The ICL7662
{!j parforms si.poly voltao2 cuaversion from positive to nega-

wve for an input range of +4.5V to +20.0V, resulting in
é,wnvlomemary output voltages of —4.5V to —20V. Only 2
“ non-critical external capacitors are needed {or the charge
By pump and charge reservoir functions. The ICL7662 can also
#1 function as a voltage doubler, and will generate output volt-
g} 8008 up to +38.6V with a -+ 20V input.
%! :>Contained on chip are a series DC power supply regula-

g

;hv, RC oscillator, voltage level transiator, four output power
ite

MOS switches. A unique logic element senses the most
¥ negative voltage in the device and ensures that the output
! Nchannal switch source-substrate junctions are not for-
f“nd téased. This assures fatchup free operation.
%}ZT’M oscillator, when unloaded, oscillates at a nominal fre-
fpency of 10kHz for an input supply voltage of 15.0 volts.
3 pil fgquancy can be lowered by the addition of an exter-
3 el czpacitor to the "OSC” terminal, or the oscillator may
3 be averdriven by an external clock.
“Thr “LV" terminal may be tied to GROUND to bypass the
11 series regulator and improve low voltage (LV) oper-
on. Al medium to high voltages (+ 10 to +20V), the LV
P I left floating to prevcrit devics latchus
=&

& ORDERING INFORMATION

YITTT.

- Part Number | Temperature Range Package

HICL7862CTV 0*Cto +70°C T0O-99
ICL7662CPA 0*'Cto +70°C 8 PIN MiNI DIP
CL7662MTV"® -55'Cto +125°C TO-99

ICL7662

~ ——d s
voiveiici

CMOS Voltage
FEATURES !
® No External Diode Needed 6ver Entire Temperature

Range
® Pin Comoatinle With ICL7660
¢ Simote Convursion of + 15V Supply to — 15V Supply
* Simple Voltage Muitiplication (Voutr={(—) nVin)
® 99.9% Typlical Open Clrcuit Voitage Conversion

Efficiency
® 96% Typlcal Powe: Efficlency
* Wide Operating Vclitage Range 4.5V to 20.0V
e Easy to Use — Requlres Only 2 External Non-Critlcal

Passive Components

APPLICATIONS

« On Board Negative Supply for Dynamic RAMs

e Locallzed p-Proct:t sor (8080 Type) Negative
Supplles

* Inexpensive Na:ative Suppiles

® Data Acquisitlon Systems

® Up to —20V for Op Amps,

Ve
[IVN

d e
~ T r7yo0sc
ToP
vew O

o o Vour

1
0720-1
(outiine dwg PA} GRQuUND

i 0320-2
(outline dwg TV)
Figure 1: Pin’Conflgurations

. o o
f I ‘; - QY
! —OCAP
> +2 - L 1-r EEE— 1 L
OSCILLATOR TRANSLATOR “
I
P a 1 0 Vour
. v
NTERNA ‘L
1 L
osc VOLTAGE ! i
REGULATOR NETWORK
0320-3

Figure 2: Functional Diagram

WPAKTES OF MERCHANTABIITY AND FITNESS FOR A PARTICULAR USE
A pocal ket ave been charsctenzed bul 8ré not tested.

8 SEMCONOUCTOR'S SOLE AND EXCLUSIVE WARRANTY GBLIGATION WiTH RE:
[H OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF AtL

2-87

SPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
OTHER WARRANTIES, EXPRES3, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED

302064 -005

POWER CONTROL

CIRCUITS

t
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ICL7662

ABSOLUTE MAXIMUM RATINGS

Supply VoItage . ........eveeviiirnannnirneennies 22v Power Dissipation (Note 2)
Osciltator Input Voltage (Note 1) ....oovvnmeaanninnecnea ICL7662CTY ..\.cvvirvnnnnn prrreresenannes 500mW
-0.3Vto(V* +0.3V)forV <10V ICL7662CPA .......cvvenens e eeeeeans 300mwW
(V' —10V)to (V*¥ +0.3V)for V* >10V ICL7662MTY L i\eiiiiieinnianiianarornannones 500mwW
Currentinto LV(Noi2 !) ..ovvinneeanns 20pAforV*: > 10V Lead Temperalure (Soldering, 10sec) ............. 300°C
Output Short Duration . ....oeviiameecnenns Continuous
NOTE: Siresses above *+asa Isted under “Absolute Mammum Rakngs " may cause permanent damage 1o the device. These are siress rahngs only and functionsl
operation of the device .. Ul «:58 or 8Ny 0lNer Conilions sbove 1hose ir d i tne op of the ions is nol implied. Exposure [0 absokde
mammurn rating conditct s ¥ extended periods may allact davica raliabrity
ELenTRICAL CHARACTERISNIDS v - v, 1425, wosL v, unless otherwise stated. Test Circuit
Ficue . :
Symbol F arameter Test Conditions - Limits Units
Min Typ Max
vHL Suppts v itage Range-Lo | Ry=10ki, LV=GND  Min<Tx<Max 4.5 11 v
V*+H Suppiv Voitage Range-Hi A = 10ki}, LV ~=Open  Min~Ta<Max 9 20 v
i+ Supply Current Ry = o, LV=0pen TaA—25C .25 .60
0°C<Tp<+70"C .30 .85 mA
~55°C<TpA< +125°C 40 1.0
Ro Output Source Resistance | lo=20mA, LV =Open Ta=25C 60 100
0°C<TA< +70°C 11 70 | 120 n
~5§5"C<Ta<+125°C 90 150
I+ Supply Current v =5V, Ta=25°C 20 150
Ry = o, LV=CGND 0°C<Ta< t 70°C 25 200 pA
-55"C~Ta< +125°C 30 250
Ay Output Sourgs Fugittare  VE 75V, TA—25C l 125 | 200
i Io=3mA.LV=GND 0"C<TAC FIUL 150 250 4]
-55°C<Ta< +125°C 200 350
Fosc Oscillator Frequency § 10 kHz
Peit Power Efficiency AL = 2K TA=25C 93 | 96 "
Min < Ta <Max 90 | 95 °
vy | VoltagnConversion Effic. | A== Min<Ta <Max 47 | s09 %
lose Oscillator Sink or Source V+ =5V (Vgge =0V to +5V) J 0.5 A
Current V* =15V (Vosc= + 5V lo + 15V) 4.0 "

)
NOTES: 1. Connacting anv terminal to voltages greater than V + or lass than ground may cause destructive latchup. Il.is recommended that no inputs from
sources ofx 1 1 1g rom axiamal simnline ko <anfiad pror tn “rravac up” Of the IC1 7677 i

» Dorate finog rl + ab.sen S y 3 Sa st
* a1 isa Tes pin and s not connected in nommal use. When the TEST pin Is connacted to V *, an internal transmission gate disconnects any external

parasitic caginitance trom the oscillator which would otherwisa reduce the 1 freq y from its indl vakio.
k 1

NOTE: AR typical vaivas have been charactenzed bul are not tested



= v
P ..,‘...-!
.t
oW

&
Wt
i)
ﬁggTYPICAL PERFORMANCE CHARACTERISTICS
géi;i OUTPUT SOURCE RESISTANCE AS
4. A FUNCTION OF SUPPLY VOLTAGE
it 190 Ty
R . H44-44 4. 4 =
i 170 H - [ {Ta=s25C
3 = +4 1111 1 1Cose =0 pF
§~ g 1% L' i 5¢ T-,p. :
'-—-';:‘- - __V__J "rJ [
by 2 osorrrHVTH
BB G RTETNTIHAA T
;8 HWHH
: 5 PTwvEeesN | 1]
¢ E I H N -
§ o NSRS R RN PR ,F-. .
UL [ wsoean | LT
30 r ' ! 11 rl ii )

0 2 4 6 8 101214 16 18 20

V4 VOLTS bd)

OUTPUT SOURCE RESISTANCE AS
A FUNCTION OF TEMPERATURE

18 // £
z . vt sy 5
s 180 =9V .— o
o 150 i 1S 3mA — g
g o 4 g
2 13 4 &
[}
@ 120 z
& no - ]
= 100 @
g % z
> &0 3
< n «

0 = 3

=55 <20 0 +25 +70 +125
TEMPERATURE (°C)

0320-6
. OSCILLATOR FREQUENCY
vs. SUPPLY VCLTAGE
1
= T T
§ O n=easec | |/ it
2 9|Cosc=0pF PERR
] 7 N
o LV = OPEN
& 61 L P T
: /
5 THHT
g i
S 3
2 Peiiiy
02 4 6 5 101214 16 18 20
SUPPLY VOLTAGE (V)
0320-8

NOTE. All typecal valuos hive Dovn CRUtd toriind Dut dies it udiod

2-89

ICL7662

{See Test Circuil »* Figure 3)
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TYPICAL PERFORMANCE CHARACTERISTICS (Soe Test Circuit of Figure J) (Continued®
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Note that thase curves include in the supply current that curant lod dwectly
; Ito the load Ry from V + (see Figure 3). Thus, approximatsly halt the supply
“ourent goes ditectly o the positive Sido of the load, and the other halt,
* frough the ICLT7662, 1o the negative side of the load: Ideally, Vioap =

Tfals 3 2h,0ViN®Is = Vioap * L

“CIRCUIT DESCRIPTION

* The ICL7662 contains all the necessary circuitry to com-
plete a negative voltage converter, with the excoption of 2
-external capacitors which may be inexpensive 10uF polar-
‘ed electrolytic capacitors. The mode of operation of the
device may be best understood by considering Figure 4,
which shows an idealizea negatve voltage convener. Ca-
pacitor Cy is charged 1o a voltage, V ¢, for the half cycte
when switches Sy and S3 are closed. (Note: Switches S2
‘and S4 are open during this half cycle.) During the second
haif cycle of operation, switches Sz and Sy are closed, with
Sy and S3 open, thereby shifting capacitor Cy negatively by
V+ volts. Charge is then transferred from Cy to Cp such
that the voltage on Cp is exactly V*t, assuming ideal
switches and no load on Cp. The ICL7662 approaches this
ideal situation more closely than existing non-mechanical
circuits.

In the ICL7662, the 4 switches of Figure 4 are MOS pow-
er switchas; Sy Is a P-channel device and Sz, S3 & Sy are
N-channel devices. The main dilficulty with this approach is
that in integrating the switches, the substrates of S3 & S,
must always remain reverse biased with respect to ther
sources, but not so much as to degrade their "ON" resist-
ances. In addition, at circuit startup, and under output short
circuit conditions (Voyt =V 1), the output voltage must be
sensed and the substrate bias adjusted accordingly. Fatlure
to accomplish this would result in high power losses and
probable device latchup.

NOTE: Al typecal vakias have Duon charactursod il sty Al wsinl

ICL7662

1

Tius proolem is eliminated in ﬂ!\e ICL7662 by a logic net-
work which 2cnses the output voltage (Vout) together with
the levet translators, and switches the substrates of S3 & S4
1o the correct level to maintain nbcessary reverse bias.

The voltage regulator portion ot the ICL7662 is an integral
part of the anti-latchup circuitry,' however its inherent volt-
age drop can degrade vperation at low voltages. Therefore,
to improve low voltage operation the “LV" pin should be
connected to GROUND, disabling the regulator. For supply
voitages greater than 11 volts the LV terminal must be left
open to nsure latchup proof operation, and prevent device
damage.

LOAD CURRENT & {mA}

15 Ve
-0t 5V

L
L.
|

;. Vour
—0

sLe
;I 10,F
4 0220-17

NOTE: For large valus of Cosg t- 183364 the vaiuzs of Cy e O
should be increased 1o 100xF.

Figure 3: ICL7662 Test Circuit
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Figure 4: Idenlized N‘egatlve Converter
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THEORETICAL POWER EFFICIENCY
CONSIDERATIONS

in theory a voltage multiplier can approach 103% ewicianr-
cy if certain conditions are met:

A The drive circuitry consumes minimal power

B8  The output switches have extremely low ON resist-

ance and virtually no offset.

C  The impedances of the pump and reservoir capaci-

tors are negligible at the pump frequency.

The ICL7662 approacnes these conditions for negative
voliage muttiptication if iarge values of Cy and C3 are used.
ENERGY IS LOST ONLY IN THE TRANSFER OF
CHARGE BETWEEN CAPACITORS IF A CHANGE IN
VOLTAGE OCCURS. The energy lost is defined by:

E=;Cy (V42-V2?

where V4 and V, are the voltages on G4 during the numip
and transter cycles 1t the impedances of Cy and Cp are
radatively nigh at the cump frequency:{refer to Figure 4)
compared to the value of Ry, there wiil be a substantial
difference in the voltages Vi and V2. Therefore it is not only
desirable to make Cj as large as possibie o eliminate out-
put voltage ripple, but aiso to employ a correspondingly
large value for Cy in order to achieve maxirum efficiency of
operation.

DO’'S AND DON'TS

1. Do not exceed maximum supply voltages.

2. Do not connect LV terminal to GROUND for supply
voltages greater than 11 voits.

3. When using polarized capacitors, the + terminal ol
C, must ba connected to pin 2 of the ICL7662 and
the + terminal of C; must be connected to
GROUND.

, ICL7662

TYPICAL APPLICATIONS

Simple Negative Voitage Converter

The maijority of applications w:n! undoubtedly utihze the
ICL7662 for generation ol negative supply voiiages. Figure
5 shows typical connections to provide a negative supply
where a positive supply of +4.5V to 20.0V is available.
Keep in mind that pin 6 (LV) is tfed to the supply negative
(GND) for supply voitages belowlﬂ volts.

The output characteristics of the circuit in Figure 5a can
be approximated by an ideal voltage source in series with a
resistance as shown in Figure 5b. The voltage source has a
value of —(V +). The output impedance (Ro) is a function of
the ON resistance ol the internal MOS switches (shown in
Figure 4), the switching frequendy, the value ot C1 and C2,
and the ESR (equivalent series resistance) of C1 and C2.A
good first order approximation frir Ra is:

R, =~ 2(Rswi + Mzwa ¢ ESAcy)

t 2(Rswz + Rgwa ! ESRcy) * i

— + ESR
pump * C1 ¢

(feump — '__0_252. Rswx — MOSFET switch resistance)

Combining the four Rgwx lerms’ as Rgy. we see thau

Ro = 2%xRgw + —————* 4¥ ESRc; + ESRGa N
tpump ¥ Ci

Rgw. the total switch resistance, is a function of supply
voltage and temperature (See the Output Source Resist:
ance graphs), typically 241} @ 25°C and 15V, and 531! @
25°C and 5V. Careful selection of C1 and C2 will reduce the
remaining terms, minimizing the output impedance. High
value capacilors will reduce the 1/{fpump ¥ C1) compo-
nent, and low ESR capacitors will lower the ESR term. In-
creasing the oscillator frequency will reduce the 1/(fpymp X
C1) term, but may have the side effect of a net increase in
output impedance when C1 > 10 pF and there is no longer
enough time to fully charge the capacitors every cycle. Ina
typical application where losc L 1nkH»2nd T Ct =C2
= 10 pF: [ T

1
R, 2% 23+ ——————3i—+ 4 ESRct + ESA
S (57103~ 10 - 10-6) ct c2
Ry ™ 46 + 20 + 5 x ESRc !
Rg 1
Your
+
i 1
i
b i
. R 0320-19 '
Figure 5: Sirnple Negative Converter and its Output Equivalent ¥

NOTE: All typical vakses have been characterized but 8re not tested
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Bince the ESRs of the capadiiurs are reflected in the out-
4 brpedance multiplied by a tactor of 5, a high value could
1 iy swamp out a low 1/{fpymp < C1) term, render-
Increase in switching frequency or hiter capacitance
e. Typical electrolytic capacitors may have ESRs

O r"?' as 1002,
Output Ripple

"} pen also affects the ripple voltage seen al the oulpul.
total ripple is determined by 2 voltages, A and B, as

j in Figure 6. Segment A is the voltage drop across
" i ESA of C2 at tha instant it goes from being charged by

=Gt (current flowing into C2) to being discharged through the
Qw (current finwing cut uf C2). The magnitude of this cur-

rent change is £ .< iuuT. nence the total drop is 2 < lout
51 X ESRgz valts. Segment B is the voltage change across
I¥ €2 during time 1, the hall of the cycle when C2 supplies
curtent to the load. The drop at B is lout - 12/C2 volts.
The peak-lo-peak ripple voltage is the sum of these voltage

arops:

1
x{——————+2 ESR ) O
(2 X rump - C2 c2 ouT

ICL7662

[}
Again, a low ESR capacitor will¥result in a higher perform-
ance output.

Paralleling Devices
Any number of ICL7662 voltade converters may be paral-
leled 1o reduce output 1esistance. Ths fo3aMN0N CapAClin,
C,. serves all devices while each device requiros s ovn
pump capacitor, Cy. The resultgnt output resistance would
be approximately
Rour (of ICL7662)

n (number of devices)

Cascading Devices *

Tse ICLT562 may be cascaded as shown to produce larg-
ar negative muluplication of the initial supply voltage. How-
ever, due 1o the finite efficiency of each device, the practical
limit is 10 devices for light loads. The output voltage is de-
fined by:

Rouyr=

Vour = —n (Vin),
where n is an integer representing the number of devices
cascaded. The resulting output resistance would be approx-
imately the weighted sum of the individual ICL7662 Royt
values.

t .

B
—F \

t D] —i_ \

v

{-(v*) . 0320-28

N e
’ Figure 6: Output Ripple i J
-

NOTE AR typrcesd « aluus Rdve Boert Shate liisa'snd 818 e wil droatint

e

2-93

POWER CONTROL
CIRCUITS




S
1

ICL7662

Figure 8: Cascading Devices for Increased Output Voitage

0320-21

v +
10, cMos
GATE
—0 Vour

| 0320-22
Figure 9: External Clocking

Changing the ICL7662 Oscillator

Frequency

It may be desirable in some applications, due to noise or
other considerations, to increase the oscillator frequency.
This is achieved by overdriving the oscillator from an exter-
nal clock, as shown in Figure 9. In order to prevent possible
device latchup, a 100ki resistor must be used in series with
the clock output. In the situation where the designer has
generated the external clock frequency using TTL logic, the
addition of a 10k} pultup resistor to V+ supply is required.
Note that the pump frequency with external clocking, as
with internal clocking, will be '; of the clock frequency. Out-
put transitions occur on the positive-going edge of the
clock.

NQTE: All typical values have besn enornctenred but ae nol tested

2-94
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It is also possible to increase the conversion efficiency of
the ICL7662 at low load levels by lowering the oscillalor]
frequency. This reduces the switching losses, and &
achieved by connecting an additional capacitor, Cosc,
shown in Figure 10. However, lowering the oscillator fre-
quency will cause an undesirable increase in the impedance
of the pump (C4) and reservo}r (Co) capacitors: this is over-
come by increasing the values of Cy and Cp by the same
factor that the frequency has been reduced. For exampit,
e addition of a 100pF capacitor between pin 7 (Osc) and
v+ will lower the oscillator frequency to 1kHz from its nom-
nal frequency of 10kHz (a multiple of 10), and thereby ne
cessitate a corresponding irfcrease in the vaiue of Cy an
C, (from 10pF to 100pF).

T Vou
1
i —: <
} 0320-%
Figure 10: Lowering Oscillator Frequency
f /



Positive Voltage Doubling

The ICL7662 may be employed 1o achieve positive volt-
age doubling using the circuit shown in Figure 11. In this
application, the pump inverter switches of the ICL7662 are
used 1o cha.ge Cy to a voltage level of V' ~ Vg (where v
is the supply voltage and Vg 1s the forward voltage drop of
diode Dy). On the transter cycle, the voltage on C, plus the
supply voltage (V *) is applied through diode D3 to capaci-
tor Cp. The voltage thus created on C> becomes
(2V+)—(2Ve) or twice the supply voltage minus the com-
bined forward voltage drops of diodes Dy and Da.

The sourcz impedance of the output (Voyrt) will depend
on the output current, but for V' — 15 volts and an culput
current of 10MA it will be uppraamatsl, 7O ohms.

v
o
IcL7882
=] 7] Yo o
(2] :‘] o {3¥°) - (Vs}
= (4] [
- =c. ==
jretei
NOTE:
D & D3 CAM BE AHY
- SWITABLE DIODE
- 0320-24
Figure 11: Positive Voltage Doubler

Combined Negative Voltage Conversion
and Positive Supply Doubling

Figure 12 combines the functions shown in Figures 5 and
11 to provide negative voltage canversion and positive volt-
age doubling simultaneously. This approach would be, for
example, suitable for generating | 9 volts and - 5 volts
from an existing + 5 voit supply. In this instance capacitors
Cy and C3 perform the pump and reservoir tunctions re-
spectively for the generation of the negative voltage, while
capacitors Cp and C4 are pump and reservor respectively
for the doubled positive voltage. There is a penalty in this
configuration which combines both functions, howsver, in
that the source impedances of the generated supplies will
be somewhat higher due to the fnito impedance of the
common chzrge pump driver at pin 2 of the device.

0320-25%
Figure 12: Combined Negative Converter

and Positive Doubler

NOTE: AX tyoncal valuws Nave boon cliarsvtunsud bul ate indd Tustod

ICL7662

Voltage Splitting f

The bidirectional characleristic§ can also be used to split
a higher supply in hall, as shown in Figure 13. The com-
bined load will be evenly shared between the two sides and.
a high value resistor to the LV,pin ensures start-up. Be-
cause the switches share the load in paralle!, the outpul
impedance is much lowy” than i the standard circuits, and
higher currents can be crawn from the device. By using this
arrcuit, and then the circuit of Fisure 8, +30V can be con-
verted (via + 15V, and —15V) to a nominal —30V, although
with rather high series cutput re§istance (~ 2800,

PRSP

vy

v
0320-26

1
Figure 13: Splitting A Supply in Halt

1
Requlated Negative Voltage Supply
In 5o €ases, (hd output imPedance of the ICL7662 can
be a problem, particularly if the'load current varies substan-
tially. The circuit of Figure 14 can be used to overcoms this
by controlling the input voltagd, via an ICL7611 low-power
CMOS op amp, in such a way'as to maintain a nearly con-
stant output voltage. Direct fe:edback is inadvisable, since
the ICL7662's output does not respond instantaneously to a
changs in input, but only aftersthe switching delay. The cir-
cuil shown supplies enough delay to accommodale the
7662, while maintaining adequate feedback. An increase in
pump and storage capacitors is desirable, and the, values
shown provides an output impedance of less than 5 to a
load of 10mA. '

¥
¥
%—-

1CLA"S ]

.||.———.L'

250K
VOLTAGE 100,F
' ADJUST I

o52C-27
Figure 14: Regulatin:g the Output Voltage J

OTHER APPLICATIONS

Further information on the operation and use of the
ICL7662 may be found in AO51 “Principals and Applications
of the IC1.7660 CMOS Volta?e Conventer”.
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