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Multipurpose Vehicle

Kunniga Promchitaton

Petch Pongpanit

Vichate  Satana

Pollasat  Leartprasheart Advisor
. 1996

Abstract

This project is Multipurpose VehicleQMPV) which can drive to the target and go far
away from the barriers automatically and microcontroller is used. The dimension of the car is
about 57*63 centimeters. The parts of the hardware are driver circuit is used to drive and a
sensor circuit is used to check the target and the barriers which can control by software and
the jyroelectronics can use to control the way of the car. This project can apply by

installation of television camera on it for discovery somewhere that human beings can t.
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2.5 maiausined (Stepping Motor)
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9.6 1DIATIVVUNTL (Photo Detector Circuit)
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3.2 MINATEYI9IVLIAABY (Driver Circuit)
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8.4 msnageuNesvuIndeummiilaenes (Stepping Motor Driver Circuits)
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3

4.2 Tsinsumsiiauvesse

PORT A EQU  OOH.
N0 EQU 03K

REM L EQU  20H
REMH  EQU 21
S8 L KU 22
SUB K EQU 23K
MS L EU 24
MS H  EQU 25K

NOWDH  EQU 26K
0L

NOW_D_ EQu 2TH
TAR_D_H EQy 28H
TAR_D_L EQu 294

VT_H_BYTE EQU 2AH
VT_L_BYTE EQU 2BH
SHF_BUFF EQU 2CH
CHK_RND QU 208
N_CLOCK tQu 2EH
STEP_BUF EQU 2FH
FWD_THP EQY 30H
TR_THP EQU 3
TL_TvP £QU 3zH
FYD_BUF EQu 330
TR_BUF EQU 344
TL_BUF £Qu 3F
TURN_BUF EQU 364
PA_BUFFER £Qy 3TH

R_ST_8UF £Qu 010000008
L_ST_BUF EQU 010100008

;tttt381t3tttttttttttt:tttt:ttttttitittttttttt33833‘3(8‘333&3383'8t:t:tttt!ttt

; START PROGRAM

;tttt83t82!ttttt!tttttttttttt!ttt(tt‘ttttttlttitttttttttttt?t!tttttttt*tt%t:tt

ORG  000OH
LJUP HAIN
ORG 0003H
LJMP OBSTRUCT
0RG 0013H

LINP NEET



;tttttttttttttttttttttttttttt

; MATN PROGRAM
;tttt:ttt:t:t:tttttt:zttx::ttt:t::t

MAIN:

START:

LP_CHK1:

LP_CHK2:

CHK_F:

GO_AHADE:

ROTATE:

MoV $P,#0007H
MOV A, #80H

MOV DPTR, ¥CHD
NOVX @DPTR,A

KOV DPTR,$PORT_A
MOV STEP_BUF, 00K
MOV PA_BUFFER, $0OH
4OV THOD,#010101018
MOV TCON, 010100008

SETB IE.
SETB IE.
SETB IE.
SETB IP.
CLR P1.6

0

2
1
2

MOV R2,#15D
OV R1,$100D
KOV R0, ¥2500

SET8 P1.0
MOV A, P!
JNB ACC.0,GO_AHADE

DNz RO, CAK_F
DINZ R1,LP_CHK2
DINI R2,LP_CHK!

LJMP ROTATE

LCALL RUN_FWD

HOV A,P1

JNB ACC.0,60_AHADE
LJKP BRAKE

MOV R2,$2000
WOV N_CLOCK,#00H

MOV A,STEP_BUF
WL

LCALL R_STEP

INC H_CLOCK

HOV A, P1

INB ACC.0, DETECT
DJNZ R2,R

LJMP REVERSE

LCALL L_STEP

INC ¥_CLOCK

MOV A,P1

JNB ACC.0,DETECT
DJNT R2,L

4
1]
.
1
.
]
.
!
.
H
.
'
.
1

lt33#tttttttttttttttttt!t!ttltttttttttttttttttttt

39

tttttttt!tttttti3tttttt!ttttttlttttltttttti

SET 8255 PORT A IS QUTPUT

CLEAR STEP_BUF

SET MODE COUNTER1,2
SET COUNTER CONTROL

ENABLE INTERRUPT 0
ENABLE INTERRUPT 1
ENABLE IKTERRUPT
INT1 PRIORITY

3 DETECT TARGET AT FRONT OF VEHICLE

.
?
.
.
T

.
!

.
H
.
H
.
1
.
]
.
'
.
!
1
.
?
s
1
.
1
.

RUN TO FORWARD

, CHECK TARGET IS STILL STAY

NUMBER OF PULSES WIIL FEED TO STEPPIG MORTOR
KUMBER OF PULSES HAVE FED 10 STEPPIG MORTOR

STEP_BUF KEEP THE ROTATE DIRECTION OF STEPPING MORTOR

TURN STEPPING MGRTOR RIGHT AND DETECT TARGET
ULTIL FOUKD OR COMPLETE 1 ROURD

TURN STEPPING WORTOR LEFT AND DETECT TARGET
ULTIL FOUND OR COMPLETE 1 ROUKD



REVERSE:

DETECT:

REV A:

REV_L:

LOCK:

FOLLOW:

T_LEFT:
T_RIGHT:

BRAKE:

MOV A,STEP_BUF
CPL ACC.0

Uov STEP_BUF,A
LINP START

LCALL VECTOR
MOV TAR_D_H,VT_H_BYTE
MOV TAR_D_L,VT_L _BYTE

OV R2,N_CLOCK
MOV A,STEP_BUF
JNZ REV_L

LCALL L_STEP
DJNZ R2,REV_R
LJUP LOCK

LCALL R_STEP
DJNZ R2,REV_L

+ LCALL VECTOR

MOV NOW_D_H,VT_H_BYTE
MOV NOW_D_L,VT_L BYTE

MOV REM_H,NOW_
MOV REM_L,NO)
MOV SUB_R,TA

MOV SUB_L,TA
LCALL SUB_2_

D_H
WL
RO H
R DL
8
HOV A, ANS _H
JNT FOLLOW

MOV A,ANS_L
J1 BRAKE

LCALL T_LOCK
WOV A, TURN_BUF
J1 T_RIGHT

LCALL TURN_L
LJMP LOCK

LCALL TURN_R
LJNP LOCK

LCALL STOP
LJUP START

40

; REVERSE ROTATION DIRECTION OF STEPPING MORTOR

; READ VECTOR DATA AND KEEP IN BUFFER

: ROTATE STEPPING MORTOR LEFT

+ ROTATE STEPPING MORTOR RIGHT

; READ VECTOR DATA OF THE FRONT OF VEHICLE
: AND KEEP IN BUFFER

2 COMPARE DIRECTION OF FRONT OF VEHICLE
: WITH DIRECTION OF TARGET

; CHECK DIFFERENCE OF ANSWERS IF IT IS EQUAL

; SELECT THE DIRECTION TO TURN

- TURN LEFT THE VECHICLE AND JUMP TO CHECK
. THE EQUALATION OF TARGET AND FROMT OF VEHICLE DIRECTION

< TURN RIGHT THE VECHICLE AND JUMP TO CHECK
+ THE EQUALATION OF TARGET AKD FRONT OF VEHICLE DIRECTION

; STOP THE VECHICLE.
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'ttlttttttl3tttttttttttt!t3tttttt8!tSt#tt3tttttxttt3$ttttxtltttttttttttttitttt

. PROGRAN:

; REGISTOR:
; ROUTINE:

AVOILD QBSTRUCT

{ INTTRUPT (INTO) PROGRAM }

A,R1,THO,TLO
TURN_L,STOP

;083tttt3tttt%ttttltttttttt‘ttttttttttttt8ttttttttttttttttttttttttttttttlttttt

0BSTRUCT:

CLEAR_C2:

AVOID:

AL_R:

CHK_P2:

HOT_EQU:

STOP_L_M2:

$TOP_R_H2"

HO_DET:

PUSH ACC
PUSH O1H
PUSH BAH
PUSH 8BH
HOY R1,#36D

OV TLO, $00H
OV TLI,#00H

MOV A, TURN_BUF

JL ALR

" LCALL TURN L

LJMP CHK_P2
LCALL TURN_R

CLR CY

HOV A, TLO
SUBB A, TLI
JHZ NOT_EQU

MOV A,R1
SUBB A,TLO
JNT AVOID
LJUP HO_DET

JC STOP_R_M2

MOV A,PA_BUFFER
ANL A, #111111008
HOVX 8DPTR, A
LINP CHK_P2

MOV A,PA_BUFFER
ARL A, $111100118
HOVX @DPTR,A
LJUP CHK_P2

LCALL STOP

POP 88K
POP 8AH
POP O1H
POP ACC
RETI

; -PUSH R1
; PUSH TLO
; PUSH TLY

; COMPARE ROTATE OF RIGHT AND LEFT DC MOTOR

t

! CHECK ROTATION OF 0C MOTOR

: PULSE FROM R MOTOR > L MOTOR

STOP LEFT HOTOR

§TOP RIGHT MOTOR

; POP TL1
; POP TLO
; POP R1



'tt1133tttttttttttttttttttttttttlttttttt3&33‘3'333#!tttttttttttttt!tttttttlttt

+ PROGRAM: CHECK TARGET T0 BE STILL NEAR
] { INTTERUPT (INT!) PROGRAM }

! REGISTOR: A,R0
. ROUTINE: DELAY_10, STOP
;3‘3‘t3“‘33'i‘3‘333‘33‘3“3““‘3‘33*“t""‘333333“‘33'3"3“"“3"3‘3‘3‘3
WEET: PUSH ACC
PUSH 00
SETE P1.5
SETB 3.3 . PUSH R0
STAY: LCALL STOP :
LCALL DELAY_10 :
LCALL DELAY 10 . CHECK THE TARGET IS STILL STAY OR HOT
Wov A,P3.3 ! IF 1T 1§ DISAPPEAR, PROGRAN WILL RETURN INTERRUPT
JHB ACC.3,STAY :
CLR P1.6 ;
POP 00
ROP ACC
RETI
;"t"‘t'lt"3‘33333‘3t"3‘3""t“i"3"‘t‘33:"3‘3‘“333"33“‘33‘t‘t“t"'!
. PROGRAN: CONTROL STEPPING MORTOR
. QuTRUT: PORT A
. REGISTOR: .70, 0PTA
| ROUTINE: DELAY 10

;ttttttttttt!ttttttttttttittt!t3tt!ttt3"3tt3ttttt!tt38!3litt!‘ttttttttttt!ttt

R_STEP: ANL PA_BUFFER, 3000011118

ORL PA_BUFFER,#R_ST_BUF b

NOV A,PA_BUFFER %

KOVX 8DPTR,A :

LCALL DELAY_10 ;

- DRIVE STEPPING WORTOR RIGHT BY USING 1 CLOCK

MOV A,PA_BUFFER ;

CPL ACC.5 ,

OVX 8DPTR,A ;

LCALL DELAY_10 ;
RET

L_STEP: ANL PA_BUFFER, 1000011118
ORL PA_BUFFER,#L_ST_BUF
MOV A,PA_BUFFER
HOVX @0PTR, A
LCALL DELAY_10
ORIVE STEPPING MORTOR LEFT BY USING 1 CLOCK
HOV A,PA_BUFFER
CPL ACC.5
WOVX 6DPTR, A
LCALL DELAY_10
RET

—e e we wr We e e Wt ws =
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-tttttttlt‘tttttttttttttt!tttttttttttttt!tt3tt'!ttttttttttttttlttttttttttttttt

. PROGRAN:

QUTPUT:,

: REGISTOR:

CONTROL MOVNENT OF VEHICLE

PORT A
A,DPTR

;ttttt3tttttttt33338‘3‘38ttttlttttttttttttttttttttttttttttlttttttit33‘3333‘3'3

FORWARD:

TURN_L:

TURN_R:

§10P:

ANL PA_BUFFER,#111100008
OAL PA_BUFFER,$000010108
MOV A,PA_BUFFER

MOVX €DPTR,A

RET

ANL PA_BUFFER,#111100008
ORL PA_BUFFER, 2000010018
MOV A,PA_BUFFER

MOVX @DPTR,A

RET

. ANL PA_BUFFER,#111100008

ORL PA_BUFFER, 000001108
WOV A,PA_BUFFER
MOVX 6DPTR,A

RET

ANL PA_BUFFER, 3111100008
MOV A,PA_BUFFER

MOVX @DPTR,A

RET

- DRIVE DC MOTORS FOR VEHICLE RUN TO FORWARD

H
1]
.
H
1]

DRIVE DC MOTORS FOR VEHICLE TURN LEFT

; DRIVE DC MOTORS FOR VEHICLE TURN RIGHT

]

. §T0P VEHICLE

'ttttttt883t333ttttttttltttttttt‘t#ttttt!ttttttttttttltt!t!ttttttlttttttt‘titl

. PROGRAN: SUB 2 BYTE HEXADESINAL
L IHRUT: RE_H, REY_L, SUB_H, SUB_L
. QUTRUT: ANS H, ANS_L
! REGISTOR: A
;3333‘3"3"“3"333
5U8_2_B: CLA FO
CLR CY
WOV A,REN_H
SUEB A,SUB_H
JC XCH_H_BY
1T CHK_L_BY

LJNP SUB_L B

ttt33tttttttttttttttt!tttt'ttlttttttt‘tt‘t‘t"tttt‘ttttilt

: USE FO AS SIGH FLEG

+ COMPARE HIGH BYTE OF REMAINDER WITH RIGH BYTE OF SUBBER



CHK_L_8Y:

XCH_H_BY:

XCH_L_BY:

SUB_L_B:

SUB_H_B:

§UB_2_0K:

WOV A, REN L
SUBB A,SUB_L
JC XCH_L_BY

LJMP SUB_L B

MOV A, REM_H
XCH A,SUB_H
KOV REN_H,A

MOV A, REM_L
XCH A,SUB_L
MOV REM_L,A

SETB FO

CLR CY
MOV A,REM_L
SUBB A,SUB_L
MOV ANS_L,A

HOV A,REH H
SUBB A, SUB_H
MOV ANS_H, A

RET

; COMPARE LOW BYTE OF REMAINDER WITH LOW BYTE OF SUBBER

.
!

; EXCHANGE RENAINDER TO SUBBER

; SET SIGN FLAG TO BE NEGATIVE

SUB 2 BYTES HEXADESIMAL

RS R I R LTI R SRR R R NSRS AR EE LIRS RRRRIELRLSLTSILEL

SELECT THE WAY FOR THE VERICLE

PROGRAN:

QUTRUT:
REGISTOR:
ROUTINE:

TURN_BUF
A
ROR_L

;tttttttttttit383ttttttttttttttltttttttttttt!tttttttttttttttlttt!tttt:ttlttttt

T_LOCK:

NOY REM_H,X0W_D
MOV REM_L,NOW_

MOV SUB_H, TAR
HOV SUB_L, TAR
LCALL R_OR_L

RET

b
0

; COMPARE FRONT OF VEHICLE DIRECTION WITH TARGET DIRECTION
; AND DECIDE TO SELECT DIRECTION 70 TURN

CEEEEEER R LRSI L SR s STt st Lttt s st sesssrsessssssstssssesss

!
'
H
.
4
.
1
.
1
1

PROGRAM:

INPUT:
QUTPUT:
REGISTOR:
ROUTINE:

SELECT RIGHT OR LEFT WAY

REW_H,REW_L,SUB_K,SUB_L

TURN_BUF
A
SUB_2_6

;ttt(tttttgtttttttttttttt‘tt3“‘33‘3‘3Gtttttttttttttt!l!tt!ttlttttttttttttttt‘



R_OR_L:

CHK_MIN:

SEL_TL:

SEL_TR:

ERD_RL:

CESSERSERIISESESESSIITTEERLRABLILELILS

. PROGRAM:

QUTPUT:
; REGISTOR:
i ROUTINE:

LCALL sUB_2_8
J8 FO,CHK_NIN

MOV REM_H,ANS_H
OV REM_L,ANS_L
KOY SUB_H, #00H
MOV SuB_L,$180D

LCALL SUB_2.8

J8 FO,SEL_TR
LJuP SEL_TL

HOV REM_H, ANS_t
HOV REM_L,ANS_L
WOV SUB_H, 00K
MOV SUB_L, 180

LCALL SuB_2_8

-JN8 FO,SEL_TR

WOV TURN_BUF, F01H
LUNP END_RL

4OV TURN_BUF,#00H

RET

READ VECTOR DATA

VT_H_BYTE,VT_H_BYTE

A,RO
GETDATA

45

. COMPARE ANSWER WITH 180 AND SELECT THE DIRECT TO TURN

; COMPARE ANSWER WITH 180 AND SELECT THE DIRECT TO TURN
= SET TURN_BUF 70 BE 1 FOR SELECTING TURN LEFT

+ SET TURN_BUF TO BE | FOR SELECTING TURN RIGHT

TEESEEEREEEETTLSISTELLAATEEITLTERAELLLL

;‘ttttttt!ttttt33tttit‘tttttl3333ttttttttttttttttttttttttttltttttttttttttttttt

YECTOR:

RES_VaX:

DELAY?:

CHK_EOC_L:

ORL P1,2101111108

CLR P1.3
LCALL DELAY_10
SETB P1.3

LCALL DELAY_10
LCALL DELAY_10
LCALL DELAY_10
LCALL DELAY_10

CLR P1.4
LCALL DELAY_10
SETB P1.4

SETB P1.2

Hov A,P1

JNB P1.2,CHK_EOC_H
SJMP CHK_EOC_L

. RESET V2X BY TAKE 10ms PULSE

1

; DELAY 40ms AFTER RESETING V2X
: FOR WAITIRG STEADY STATE OF VX

t

" TAKE 10ns PULSE T0 P/C PIN

1

" CHECK EOC PIN TO BE LoW



CHK_EQC_H:

DELAY2:

READ:

SHIFTR:
RSHIFT:

STORE:

END_V2X:
RET

SETB P1.2
HOV A,P1
JB P1.2,DELAY?
SJUP CHK_EOC_H

SETB P1.4

LCALL DELAY_10
CLR P1.5

LCALL DELAY_f0
LCALL DELAY_10

MOV VT_L_BYTE, 200H
NOV CHK_RND, #00H
MOV SHF_BUFF, #00H
LCALL GETDATA

HOY RO, SHF_BUFF -
XCH A,R0

N SHIFTR

XCH A,R0
LJNP STORE

XCH A RO
RR A
DJNZ RO,RSHIFT

ORL VT_L_BYTE,A

INC SHF_BUFF
HOY A, $08H

CLR CY

SUBB A,SHF_BUFF
JNZ READ

MOV A, 201H
CLR CY

SUBB 4, CHK_AND
J1 END_V2X

INC CHK_RND

MOV SHF_BUFF, #00H

WOV VT_H_BYTE,VT_L_BYTE
WOV VT_L_BYTE, #00H
LJUP READ

46

? CHECK EOC PIN TO BE HIGH

; CLEAR §S PIN

; READ DATA FROM AcCC.7

: CHECK SEQUENGE OF DATA

00 -

; IF DATA BIT > 1TH,IT WILL BE SHIFTED RIGHT

; ASSEMBLE NEW DATA BIT WITH FORMER DATA

; CHECK 8th BIT DATA HAVE BEEN READ COMPLETELY

H

; CHECK 2nd BYTE DATA HAVE BEEN READ COMPLETELY

KEEP HIGH BYTE OF V2X DATA



47

;tttttttttt1383tltttttttlttttt!ttttttttttttttlttttttttttttt!ttttttt!tltttttttt

i PROGRAM:.
: QUTPUT:
; REGISTOR:;

READ SERIAL DATA

ACC.7
A

;t!ttttltttt!!ttttttttttttttttttttttttttttlttttt!!tttttttttttttttttttttttttltt

GETDATA:

CLR P11
SETB P1.7
CALL DELAY20U
MOV AP
ANL A, $80H
SETB P1.1

RET

; TAKE 1 PULSE AND GET 1 BIT DATA FROM P1.7

1
.
!

CREREEEREREEESIISE RS EERTRTERRERSRRESEEEREILRREERTLLLEILILILEATLIILILLIILTLLL
FORWARD RUNNING WITH CONTROL SPEED

PROGRAM:

REGISTOR::

L ouTRUT:
© ROUTINE:

PORT A
A,RO, TLO, TLY
GO_F¥D

'ttt!138ttt}tttit8‘tttt#ttttttttttttltttttttttttttttt!tttttttttttttttttttttttt

RUN_F¥D:

GO:

DOWN_L:

DOWN_R:

END_Fwo '

MOV TLY,#0CH
MOV TLO, $00H

MOV FWD_BUF,#800
MOV TR_BUF, #00H
MOV TL_BUF,#00H

: SET PULSE WIDTH FOR CONTROL VERICLE RUN TO FORWARD
; SET PULSE WIDTR FOR CONTROL VEYICLE TURN RIGHT
; SET PULSE WIDTH FOR CONTROL VEHICLE TURN LEFT

OV FWD_THP, FWD_BUF
WOV TR_TMP, TR_BUF
MOV TL_THP,TL_BUF

LCALL SPEED : TAKE PULSES TO RIGHT AND LEFT DC NOTOR

(LR CY ;
HOV A,TLO : COMPARE ROTATION OF RIGHT AND LEFT DC MOTOR

SuBB A.TLY . ;
J7 END_F¥D
JC DOWN R

MOV A, F¥D_BUF
Il 60

ING TL_BUF
DEC FWD_BUF
LINP 60

-, ee e ww we

NOY A, FHD_BUF ;
7 60 ;
INC TR_BUF
DEC FWD_BUF ;
LJuP G0 ;

RET

INCRESE TL_BUFF FOR DECRESE PULSE WIDTH OF LEFT DC MOTOR

: INCRESE TR_BUFF FOR DECRESE PULSE WIOTH OF RIGHT DC WOTOR



2322723222322 2222 2222222222222 2222322222220t 2222222222223222224

. PROGRAM:  CONTROL VEWICLE SPEED 8
LOINUT: FWOTWP,TLTHP, TRTWP
L QUTRUT:  PORT A
L REGISTOR:  A,RO
. ROUTINE:  DELAY200U
;3“"3333333¥t"‘3"'3"33“3‘"“‘3"*‘33333"*333“‘33"“‘*3""‘3““3333
SPEED: MOV A,FWO_TWP :
11 SLOW R ; :
LCALL FORWARD ! TAKE PULSE THAT HAVE PULSE WIDTH EQUAL TO OATA IN FWD_TWP
L00PF:  LCALL DEL 200U . WULTIPLY BY DELAY TINE FOR VEHICLE AUN TO FORWARD
DINZ FHD_THP, LOOP. F ;
SLOWR: WOV A, TRTHP :
17 SLON_C ! TAKE PULSE THAT HAVE PULSE WIDTH EQUAL TO DATA IN TR_TWP
ANL PA BUFFER,H111100118 : WULTIPLY BY DELAY TINE FOR STOPPING RIGHT OC MOTOR
MOV A, PA_BUFFER :
HOVX €0PTR, A ;
L00P SR:  LCALL DEL 200U -
DINZ TR_THP, LOOP_SA
SLOW L HOV A, TL_THP :
41 STOP_FHD  TAKE PULSE THAT HAVE PULSE WIOTH EQUAL TO DATA IN TL_THP

ANL PA_BUFFER, #111111008 + MULTIPLY BY DELAY TIME FOR STOPPING LEFT DC MOTOR

MOV A,PA_BUFFER ;
HOVX &DPTR,A : F

LOOP_SL: LCALL DEL_200U
DINZ TL_THP,LOQP_SL

STOP_F¥D: LCALL STOP
LCALL DEL_200U

RET

;tttttt!tltttttttttttt8t!338ttttt3t‘!tttlt!t!ttttlttlzlttttttttttttttttttttttt

:  PROGRAM: DELAY TIME

. REGISTOR: A, R0
:t""3333333"“3‘3‘33‘*3‘3‘3“3"“3“‘t"‘t““‘“‘3“33““3‘33’3‘*‘3333“
DELAYZ0U: MOV A, 205H ;
L00P20U: DEC A ! DELAY 20us
AL A, BOFFH ;

JNZ LoOP2ZO0U ;

RET



DEL_200U:
LooP200U :

DELAY_10:
D1L00P:
D2L0OP:

MOV RO, 21000
ANL A, #0FFH
DJNZ RO,LOOP200U

RET

MOV RO, §10D
NOV A, 32300
DEC A

AXL A, $OFFH
INZ D2LO0P
0JNZ RO,D1LOOP

RET

; DELAY 200us

 DELAY 10ns

;tt33i!ttttt83tt3ttt!ttttt3ttt31:33#3333t3‘388‘3!ttt#833833‘3ttttttttttttttttt

'
;ttttttttttttttttttttt88§3tttttttttttttttttttttttttttttt#ttttttttttttttttttt!t

END
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o v a 1 . . .
MdsarnananIAnadEas (Arithematic Operations)

ke .

pluuurf'né"q AMEUHNE imenduid “SrmassFulnAe
ADD  Afn 1nNA1 Rn AU A 1 1
ADD  Adirect urnAnluntiagAnE direct il A 2 1
D0 ABRI unnAlustiheanasriuegu Ai MU A 1 1
A0DC A #dats uanAtAed 8 dnft A 2 1
ADCC  ARn smnA1 Rn du A w¥euwdan Cary 3 1
s50C  Adirec  uanAnluuutgANRA dicat fuA 2 3
wipuunan Carry
ACCC | ABRI uansltmiganusiviuegiv A i A 1 i
n¥anun@n Camy
1DOC  Aggate JanAas 8 Ty A wiasuddn Canv 2 i
U3 Afn auA 2n fu A wfanudan dcmow i 1
3US8  A.zirsct AUATIEMUAATTINAT direct AU A 2 ;
n¥auudan Scrow
SU3B  ABRI auAimtheAsneidiuegiu A AU A : )
wiasundn domrow
SUB3  A.zdata AuAAA 8 TRy A nFeuunfn Bomow 2 !
INC A AR A : ' .
NC An Auenty Rn 1
'NC direct Auflustngantnes drec 2 :
NC o BRI A umsarnusnfiviuegis A i i
DEC A anATIL A ! i
DEC An anA1ld An 1 1
oeC  direct anAn luwtingAaaEn direct 2 i
JeC 3R anAnliisanuEviuegiu A 1 i
INC OPTR Audntu OPTR . : 2
UL AB At A fu 8 wdauiuAtiu A 3 2
SV AB 412 A #ae 3 udaiuATin A :

SA A A4 cecimal 2djust ATLU A
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qhﬁqmmﬁn (Logical Operatiozs)

suyuAade oo AsaNuINg B srelud, Fumasediade)

ANL  ARn AND At Ra AU A 1 1 4;

ANL  Adirect  AND A1luutnganudn direct U A 2 1 ;

AN ABRI AND Anlumiaganusadiiiuty an Au A 1 - ! :

ANL A j#daa AND AnpsT 8 Omiu A 2

ANL directA AND A1 A AUWUIA9IHAT cirect 2 !

ANL  cirect#dsia AND AnAed 8 TiRfumitganuan direct 3 2 )

ORL . Afn 0] A1lu Rn AU A : v.
| ORL  Adirect " OR AvluutreAtINA direct i A 2 i '

ORL  A@Ri 08 ArluteAsAivesiu 20 du A . !

ORL  Azdats  OR AnAsA 8 Tl A 2 :

OfL directA OR A1 A SuminteANAT dirsct 2

QAL  dirsct.3data OR ArAed 8 TafUALAEANNAN cirect 3 2

XA;L  ARn EX-CR AU An AU A : y i

X8L Adiract  EX-OR ArluvuisAtman cirsct AU A 2 i E

X8L A @Ri EX-OR A1 u.uufmmmmﬁm’.uaej'm Ai A A |

XRL A,2data X-0R Aaaddl 8 Do A 2 i

¥aL dirger A EX08 £9 A fumiteasinan dies 2 : |

XAL  direcuidae EX-OR Anae 8 DafumingAne direct 3 2 '
' CL] A A tu A Wduaud : R
bocaL A nduA1tnty A (Hunsdunnia : . :

AL A anufintu A Wnnsde 1 daeacla 0 fA10 i

aLc A snufinlu A tnedre 1 Oa wazia 0 dluan 1

ﬁﬂf;ﬂgf‘muﬂén Carry
AR A azuiiniu A e 1 G wasin 0 dudr i
A nia 7

AAC A anuiialy A linsen 1 da :-q-'me'm dmo ! !
. ’ datiduiuundn Cary. uast rfwm:; Teundn Carry Y
E Fuasdrunnfuiula 7 ) X

SWAP A aguAtATaLLAUATas gy A 1 1 ! t

— WA
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. . N
Adaadsudiudaya (Data Transfer)

MOV
MGV
MOV
Mov
MOV

“MovC

Move

MQOVX
MOVK

L MOVX

MOVX

ARn

A direct
A@Ri

A #data
AnA
fn,direct
direct,A
direct,An
direct,direct
direct, @Ri

direct,#data
BRIA
BRi.direct
@Ri,#data
DPTR #darz1h
ABA+DPTR

ABA+PC

A@Ri
A80PTR

BRIA

BOPTRA

fhedeyaain Rn Tl A

k'3 hd ' : 1o
drefayasinuiseanan diect 1WA
Fretayaannuitganusriviuagiu /i ld A
N PP

dhuAtaci 8 dalhduin A

frudeyaan A il &n
frafayalnuitgaInan ciect W An
dratayasn A hiduuitgatusn direct

v 17 ~ ' - .
frerinyaann An Idaviinganiudn direct
fhafayarsinaitaaindanie iy
dradayasanmiteanuanivivegiu Ai ldd
wdagAINAT direct

dneAtavt 8 Talldunicganuen direct
Fradeyaiu A lWdnnitganudinvivagiv i
frafayasinuuaanins crect el
winganusiveslu fi

Fradraed 8 alldeugaeindriivivaglu A
fagnasi 15 Tirludy DPTR
fadayasnuiiearinsifeganduyimg

Au DPTR Tdév A
Fredayasinitganuandeyaiiduimg
Aupc Tl A

v v e « -a - " o
fredeyasinmisaanudiivivediu Ai llds A
fedayasnuitgatiusmuiveylu

OPTR luds A

v [ - . T ¢ .
frefayaniivaglu A Wdenieanuen
fiuagiu /i

Fradaysivivagiu A lddeniceamudn

Auivagiu OPTR

(38 ]

N

)

[N}

t

[35)

~N

(3%

~)

[2%]
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. o a b4 124 - I
minadeuinutaya (Data Transfer) (72)

PUSH  direct Fradeyauiiagainan direc Wuiude sack 2 2
pOP  direct drefayaan swack lgavnaanindn direct 2 2
XCH Afn u ntﬂéuuﬁagafmdw AU Rn 1 1
XCH adiecr  wanulasudayarmritauingaciedd 2 1
direct s A
XCH AR wanuwisudeyaszuitoniteanudn i 1
MAvueyl Ri AU A
XCHD  AGR anilAgideyadtanienniteaud i
H Seimeilne 0F A A
¥ AAvedlu 2 AU A J
v ﬁ1§45@n1€§agaunuuﬁm (Boolean Variable Manipulation)
— : )
PostluyuAasy AR sl Frmusainde
oLa c wiAuASn Camry Widu 0 \ 1
CLA bit 7irA bit Wiy 0 2 1
378 c AAAAnCary Widu 1 1 1
SeT13 bit YAA7 bir Wity 1 2 i
caL 4 nduAan. Camy Willumssdu 1 1
focoL bit nsuAn bit Widuasediy 2 i
ANL C.bit AND 71 bit fiedSn Carry 2 z
ANL C.it AND AnAsedruraa bit ALLNEn Camy 2 2
CAL C kit CAL A1 bit AUUAa@n Cany 2 2
i DAL C.joit O8L AMATeENTaY bic AULNEn Camv 2 )
MOV C.bit HraAn bit BEIWARN Camy 2 1
Mov 8it,C draAundfn Camy H1E9 bit 2 2
.C cel nrelam daAunddnCany Wi, 2 2
INC rel neelan GIAILASN Camry Wi 0 2 2
b3 siteel  nesian 814 b 3 2
‘ INB nitrel  nrstam diAn oy 0 3 z "
o scet ne=laa £1A0 bic v | wazRouAn omdu o 3 2 ;
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[ A

ﬁ'xé'qmuqanﬁﬁ‘mufﬂsumu (Program and Machine Control} .

e s ot

oNZ'

CUNE

CJINE

DINZ
OJNZ

NOF

addr 11
addr 16

—inas

rel

A, direct rel

A 2data rel

An,#data,rel

inAtundn Camy WiTu 0 1
v lusunrudessnAiuaniata i1 Un VA
Tuvnlusunsudessnatuaniad 16 Ua 3

—

Adsduganmitnulltensute
Ardeduganimiellsuntuges Suwme sl

-

nrtaahldsAunissnAtuaassa 11 On 2
netaglifimqunissnnaiienacad 16 s 3
nezlaalldernumisndimsiusundsaquu 2

nr=taalUdudumianduAmenu OPTR 1

n

nrtaallgernunisAduimaiuaiunisdaquu

dmnAn A duAn 0
-~ . ) & z - o as . () -
nrzlaaldadwnifiduimsnuaiuuisiaquiu

=

dunaAn A Wudn 1
WFaudiey A nudnaaua direct waz 3
nrzlnalddeAwnisfidurmsnuniuiieiaaniu

9 [ ] » -

A lduiniiy '

aFmnfien A nusasir uaznssian il 3 A
faunimdimsiuseuaisais

v 1 [} ] -

A ldiindin

wWFeufieu Anfusaeatt usas nesina il 3

desnuutisRanm i swniiiaqi

Flivindg -~ - N

@RI 2data,ret WFnnArustuwthsa s mdule RE AL 3

An,ret

direct,ret

.4 P S
Anenuasneslasltldasuutiar SmsTitt
Aistleqie dretioriic

anft Bn uasnrelasidisaumish durms 2

Ausnuvieiisariu. FAlsidivoe
amflumineaaue diect waznsslan llds 2
FumiandnTnsRuAuiaiu dAntiduo
Lifineviuia {Fntu 1

- -

N

A —
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Signetics

Microprocessor Division

DESCRIPTION
The Signetics SCN8031AH/SCNBOS1AH.

s a high-performance microcontrolles
tabricated using the Signetics highly reti—
able +5V; depletion-oad, N-channel, sili—
con-gate, N500 MOS process technol-
ogy. It provides the hardware features,
architectural enhanc and -
tlons that are necessary to make it a
powerful and cost-effective controiler for
acolications requiring vo to 84K bytes of
program memory and/cr up to 64K bytes
of data storage.

The SCNBOS1AH contains a 4K X 8
reag-only program memory, a 128 X €
read/writa data memory, 32 1/0 lines,
two 16-DR timer/counters, a live-source
two~priority-level nested intemupt struc-
ture, a serial 1/0 port for either mutti~
processor: communications, 1/Q expan-
sion, or full-duplex UART, and on-chip
osciitator and clock circuits. The SCN-
8031AH ks identical, axcept that it lacks
the program memory. For systems that
require axtra capabliity, the SCNBOS1AH
can be expanded using standard TTUL
compatible memories. and byte oreated
periptieral controtiers.

The SCNBOS1AH microcoatroller, ke its
SCN8048" predecessor, is efficient both
as a. controlles and as- am arithmetice
pr . It has. iver facliities for
binasry and 8CO: arithmetic and excels iy
Dit-handiing. capabilities: Efficiant use of
program- memory™ resuits from: an instruc—
tion sat consisting- of- 44%. one-byte,
41% wo-byte, and- 15% three-dyte in-
structions: WRN-a 12MHz crystak 58%-.
of tha instructicns execute in 1psx,. 4G5
in 21=s and muitipty: and divide require or—

Ty 4ps.

FEATURES.

* Reduced- supply current

¢ 4K X 8 ROM.{SCN8OS1AH)

e 128 X 8 RAM

o Four 8-bit ports, 32 /O lines

s Two 16-bit timer/event
counters

¢ High-performance full-duplex
serial channel

¢ Extarnal memory expandable to
128K

* Boolean processor

» Industry standard 8051
architecture:
~ Non—paged jumps
- Diract addressing
— Four 8-register banks
-~ Stack dapth.up to 128-bytes
-~ Muttipty, divide, subtract,

compare

* Most instructions execute
in-1ps

* 4px multipty and dlvide

LOGIC SYMBOL
- T
ot
\rn"'g‘v?#:l;..“og
/) _L: hee o—-s;
I P4
W L 5=
= ....1._..4§
S =
ALE ~—- — :"
— w}—‘ L

ADONESS fUS

1

2 SCN803TAH/SCN805TAH

PIN. CONFIGURATION

£1.0}1 40l Vee
FmE 39{ P0.0/AD0
P1.2[3 38| P0.1/AD1
 Jmmenl
sv..:}; 37]P0.2/A02
P1.45 76| P0.3/AC3
Pv.sg 35| P0.4/AD¢
AN i) :I.'. ﬂ°'5l_.\l:\§
P17 ] 33]P0.6/ACS
AsT(3 32| P0.7/AD7
RAx0Q/P3.0110 oiP 3 EA-
Tx0/P3.1{11 301 ALE
Nto/Pa.212 ﬁﬁa
iNTi/P3.3f13] 281P2.77A15
To/P3.4(14 27]P2.6/A14
_Ti/Pasfis 25|P2.5/A13
WR/PZ8[16 25| P2.4/A12
ADIPIT17, 24]P2.3/A1%
XTAL2{18 22| P2.2:A10
xraLi{ie 221P2.1/A8
vas{ze 21}P2.0748

18 WA/PIE
19 RD/PaT
20- XTAL2
21 XTALY
2 Vss

3~

9

@ PO.IADT
41 PO.27A02
42 PO.H/ADY
43 P0.07ADQ
4 Vee
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Signatics Microprocessar Products.

Product Spe

Single-Chip-8-Bit Microcontroller

ORDERING INFORMATION PART NUMBER SELECTION
Temperature and
SCNEd g Hcgpran {CProcx) RQMless ROM Package-
| SCNSG3THACNA0 | SCNSOSTHACNAD | -40 10 +85%C plastic OIF | 3.5 to. 12MHE
ROM/RAM {oytes) Custom ROM Pattern No.
31 = Ext/128 Apgties to masked ROM versions | SCNB031HCCN40 | SCNSOSTHCCHN4O| 0 to +70°C plastic DIP | 3.5 to 12MHz,
51 = 4K/128 onty. Number will be assigned by p
. Signatics. Contact Sig Salee| SCNBOTIHCAN4O | SCNGOSTHCFNAO| 0 to +70°C plastic OIP | 3.5 to-16MHz R
Power - offics for ROM pattern sudbmuesion! SenagIIMAFNLO0 | SCNEGSTHAFNLO | ~40 to ~85°C plastic DIP | 3.5 to 1SMHD P
Consumption rsquirements. =3
H = Reduced Pins SCNBO3THCCA44| SCNBOSIHCCA«L] 0 10 +70°C plastic. PLCCE | 3.5 fortaair
[ AH :
ower 40 = 40-pin SCNBOQIHACA44| SCNEOSTHACAAL | ~40 1o +45°C plastic PLCC | 3.5 to 12MHz
44 = 48-pin e
1 A SCNB031HCFA44 | SCNBOSTHCFALL| 3 to-+70°C olastic PLCC | 3.5 to 1SMH2 Y
A = Plastie LCS SCNEOITHAFAL4 | SCNBOSTHAFALL| -40 to +85°C plastic PLCC | 3.5 to- 15MHz d
| = Caramic QIP .
N = Plastic DIP g .- s
Speed =
, C = 3.5 to 12MHz X
F = 3.5 to 15MHz E
o] tina T Aznoe .

A = =40%C to +85°C
C =0°Cto +70°C

SLOCK DIAGRAM

[ ? 1
MO e IR R 7T A —LFCIT _———_—_-—} R
v ‘ |
; !
! e s 5o | [ S| l_n_ala__;_:: 1.
! it I
| bz,
| : =
| U SN
} ' [ e
| el |
i o @:”_.l .4
o . e
gy pus - N
& i
! !
! |
(s e = )
T il R

P S 'S S .2
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e n ATl i e
SlgmucthWHw;aﬁ‘?'“' s Product Specitication

e

Single-Chipig:BiEMigzscantsoller

SCN8031AH/SCNBOSHAH-

PIN DESCRIPTIONWIRGRS DTN — aitize. =

=

— ~
paTl 1is v R

MNEMONIC

,PIN

NOw-

TYPE

o]} o

FLce

& NAME AND FUNCTION

-

Vss
Vee

P0.0-P0.7

P1.0-P1.7

p2.0-P2.7

3.0-P3.7

RST

ALE

PSEN-

20
40

39-32

10-17

10
11
12
13
14-
15
16+
17

30

18

22
44

43-38

2-9

24-31

11,
13~18

1
13
14
15
16
17
19~
10

33

3T

21

[3
t

/0

/0

[fie]

170

- 00~~==--0-

X
(o]

Ground: 0V referance.
Powee Supply: This Is the power suppiy voitage for normal, idle, and. power-dowrr 0p—
eration. . :

Port 0= Port 0 is an open—drain, bidirectional 170 port. Port 0 pins that have 1s written
to them doat and can be used. as. high-impadance inputs. Port 0 is also the multiplexed
low—order address and data bus during accesses to- external program and datz mem--
ory. In-this application, it uses strong internal puliups when emitting 1s.

Port 1: Port 1 is an 8-bit bidirectional I/Q port with internal pull-ups. Port 1 pins that
have 1s written to them are pulled high by the interna¥ pullups. and can be used as
inputs. As inputs, port 1 pins that are extemaily pulled low will source current because
of the internal pull-ups. (See DC Eiectrical Characteristics: - -

Port 2 Port 2 is an 8-bit bidirectional-1/0 dort with internal pull-ups: Port 2 pins that
have 1s writtenr to themr are puiled high oy the inemal pullups and can-be- used- as
inputs. As inputs, port 2 pins-that-are externally being-puiled low- will source current
because ot.tne internal pullups. (Yee UL Electncal Cnaractecstics: Iy ). Port 2 emits the
high~order address byte during fetches fom external program memory and during
ac to ) data ry that use 16-bit addresses (MOVX @ODPTR). In this
appiication, it- uses strong internal pull<ups when® emitting 1s. During accesses to
exter- nal- data- memory that use- 8-Dit- addresses—-(MOVX @R port 2 emits thef
contents of the P2 spacial function register.

Port 3: Port 3 is an 8-bit didirectionat I/0 port withe intemat pullups:. Porr 3 pins that
have- 13 written- to- them are- pulled- highr Dy the imtemar pullups: and can be-used as
inputs. As inputs, port 3 pins that are externalty being pulled low will source curremt
because of the pull-ups. (See DC Electrica Characteristicss Iy ). Port 3 is also used for
the. special features.listed.below:

RxD (P3.0): Seriat input port

TxD-(P3.1): Serial’output port

INTO (P3.2)= Extemat intertuot.

INT1 (P3.3): Extenakinterupt

T (PX.4)=Times 0 extesal input

T1 (P3.5): Times 1 externakinput

WR(P3.8)7 Externab data memory write strode
AD (P3:7)r Extemal data memory read strods

Assets A-high of-this- pin~-fos-two- machine-cycles- while thes oscillator is-running;. resets

EN

ther devicer A intemal ditfused- resistor to Vgg permits'a power—om reset-using onby_azy .

extemak capacitos toVeder .
Addrese Latch: Enable=Output pulse- for tatching: ther low-byte- of the address during ar
accessto extemar memory: i normal opesation,. ALE is. emitted. at. a constant rate ot
1/6 the oscillatoc. frequency, and:can be usea. lor- b timing- of-C ings Note-thae|™~
one ALE pulse is sidppac during~ eacr acces tor extemaidata memory: -
Program Store Enables The read. sirobe~to- extemak, pEogram memory:- When» therdevice
i memory;- PSEN~ is~ zctivated” twice~ eactT{”
machine. cycies exceps thattwo PSEN aczivationss aren skipped during- eacr access- (o
extemnals data. memory.. PSEN- is not activated during. tetches» frome intemal programry
memory-. = LA

ExtormaA bles EAmust-be cnaity’ hield” low- to~enable” the-device to” fetch
m.mmmwwmm&moss%n EAs is.held highe. ther
device trom i I-DCOGS | Ner pFrOgTans { ar
address greater than OFFFH. :

Crystaf 1= Inputito the inverting oscillatoc arplifiers. . . ..
aygabbomput troawther investingeoscillaosrampitfier ang input- tor the- imremat-clock
generatorcircultss - o :

144
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Signetics Microprocessor Products Product Specification
Single-Chip:8-Bit Microcontroller SCN8031AH/SGN8051AH
AC ELECTRICAL CHARACTERISTICS T, = 0°C to +70°C or -40°C lo +85°C, Vog = 5V 220%, Vss - (N“ 2
SYMSOC [FIGURE[ PARAMETER 12MHz CLOCK VARBLE CLOCK | unir
; Min. | Max Min | 7 Max
rogram Memory
1ere 1 Oscillator fraquency: Speed Versions
SCN80st c* 3.5 12 MHz
SCN8051 F 3.5 15 MHz
toHLL 1 ALE pulse width 127 2tere 490 ns
taviLL 1 Address valid to ALE low 43 torcL-40 ns
LA 1 Address hold after ALE low 48 toLcL=35 as
v 1 ALE low to valid instruction in 233 4to o —100| ns
t oy 1 ALE low to PSEN fow 58 tercL =25 ns
toy pH 1 PSEN puise widthr 215 Itercr-35 ns
ton v . 1 PSEN low to valid instruction in 128 3ty oy ~1251 ns
oy 1 Input instruction hold after PSEN Q [ . 0s
toyiz 1 Input instruction float aiter PSEN 63 ter o1 ~20 as
tavtv 1 Address to valid instruction in | 302 Storor-1151 ns
fopg | DOEN tow s sddreds oot / o beo ) 2=
tpxAv 1 PSEN to address valid 9 % "= toygr =8 ns
Data Memory- -
leLan 2.3 | RO pulse width [ 400 6oy o =100 [ as
™ 2.3 | WR pulse width J Blog o =100 s
I ONLWH k)
i taepv 2,3 | RD low to vaiid data in ' 252 Steicy-1651 ns
! tomnx 2,3 | Data hold atter RD 4 9 0 ns
| tapnz 2.3 | Data float atter RD 97 | 2tey oy =7 ns
iov 2.3 | ALE low to valid data in 517 BtoroL-150 1 as
T lAvOV 2,5 | Address to valid aata in ' 338 } 9terer,-1651 ns
t 2.3 | ALE low to RD or WR low I 200 300 | 3tm o1 =50 | 3to oy »S0 | s
[ 2.3 | Address vaiic to WR low or RD low 203 ¢ 4ter oy ~130 ns
tavwx 2,3 | Data vald to WR transition 23 i ter o1 —60 as
ttgywn | 2.3 | Data vaid to WA high 433 T eL-150 ns
| twax | 2.3 Data hald after WR ] 33 torcL -8 ns
{tagaz | 2.3 | AD low to address floac i 20 |1 20 ns
[tww | 2.3 | RO or WR high to ALE high > X 123 | torer—40 | tercyedd | ns
7 Exteenal Clock
omcx | 8 Higlr time 1 20 20 ns
fteeex |3 Low time T 20 20 ns |
| e T Cl TR T r~— — —1
e = SeE3 LTe n i - I 1 - | e
tewcl, | 5 | Fail ime } {20 | i 20 | ns.
Shift Register
teex. |+ | Saral port clocx cycie time 1.0 T.12tee | T us
Ctawxm 1+ 1 Outout data satuo to clock iising edge 700- 110ty = 1331 i ons
Sax 1 4 JuLput cata N ares CIOCK NSing- 6dge- 30 . 2toree-1171 i ns-
towox | ¢ Inout data nold-after clock rising edge Q [i] i 1 as ¢
tov, | 4 Ciock nsing.ecge to input data.valic- ' 700§ 110tcrer—1331 ns-§
NOTES:
1. FParameters are valid over coerating temoerature range mmmﬂo«.
2. Load capactance lor port 0, ALE. and PSEN = 10CeF. = 30oF.
EXPLANATION OF THE AC SYMBOLS - PSEN
Zacn liming symbol has. live ¢l The lirst Q - Qutput data
atways 't (- time). The other characters, cepending on meir R ~ AD signat
positions, indicate the-name of 2 sicnal or the logical statts of ¢t - Time
that signal. The designations are: V - Vaid
A -~ Acdress - WH signar
C - Clock X - No longer 3 vaiid logic level
0 - inout cata 2 - Float

H - Logic lavel high
| ~ jastruction {Program memory Contents)
L ~ Logic iavel low, of ALE

Examples: tavy ~ Time for aodress vaud to ALE low.
- Time tor ALE low to PSEN low.
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Signetics Microprocessor Products

Product Specifications

SCN8031AH/ SCN805‘r/'\E'!:_?.-,.{;.g

Single-Chip 8-Bit Microcontroller
L2 =
<
—~ =
-
i3
ATEN
aE NI/ NN
LTR r'———+—-‘PLPH—d»
Ptavs s :
——\._—-——-
PSER N ! LL \ XAV
gl il
PORT 0 >4 soar —{INSTR M= ao-ar_ y—L_
taviv -
PORT 2 > AB-ATS S ae-ms ~
Figuce 1. External Program Memeory Resd Cycle R
._j--
. AME N /r__——\___/
; S -
L,  PSEN N\ ,
3 f Yiov -
¢ Lewe 'RLRH I
- N — e
taviL “ i
. 4
’-'LLAX-ﬁ ALV . <
1 . 'AHOX —nf- — ’t““"z o 7
3 A‘D-A7 | ‘RLAZ [— - s - S
| PORTO > O nor I ( oATA N »'(E-M FROM PCL < INSTR e, |
o w1} - =
. Lavov— o :
i3 =
F PORT2 X $2.0-P2.7 OR AB~A15 FROM CPH X - tens FROM PCH R
o R
B 2
=

Figure-2. Extn:\nkmmmmdo

! ',,§§1'tg:;|.i -
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SCN8031AH/SCNBOSTAH-

Signetics. Microprocessor Products

Single-Chip 8-Bit.Microcontrolier

ae N _/F—_\____-—-/
Wt
PSEN f N ,
. i
wA N /1
t
’a Pt ax tavwx \whax
tavwH————
PORTO > o aron oot P DATA OUT 5 X A0-AT FROM PCL INSTR IN
P tavwL
PORT 2 £2.0-P2.7 OR AS-A15 FROM OPH ) 4 AB-A15 FROM PCH-

Figure 2. Extarnal Data Memory Write Cycls

o500 ’
cLoGK

Figure 4. Shift Regixter Mode:Timing:,

-
- o it 0 - —
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Single-Chip 8-Bit Microcontroller

Figure 5. Extsrnal Clock Drive

Vee-0.6

0.2Vec+0.9
0.2%ce-0.1 Y

AC Inputs during testing are driven 3t Vee-0.5
for a iogic 1% and’ 0.45V for a logic "0°.
Timing measurements are made at ViH min for
alogic *1” and V jmax for a fogic “0°.

PR

Figure 8. AC Testing Input/Output

Y oa0 1Y Timing Vorrd-1V
Vi oAD' Retarencs .
P nalws Yorru-1v

ILOAD-O.I’V' N : /7

For tlming purposes, a port is no fonger floating
wnen a 100mV change from load voitage occurss.
and- begine- to- float- when-a 100mV¥ change from:
the loadad Vor/VOL levet occurs. lon/loL 2= 20mA.

Figure 7. Float Wavetorm

Vea
1
Vee Voo
0
RST =
XTAL
croex Pl
SONAL  —ves
1 S
=L

Figure &. [Gio-Test Condition, Active-Mode
Alt-cther pine are digsconnected”

Figure 9. Clock Signal Wavetorm for icg Tests in Active and idie Modes.
tereH = tener = Sne
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Signetics Microprocessor Products

- Single-Chip. 8-Bit Mierocontroller

OSCILLATOR CHARACTERISTICS To drive the davice from an- extemal- DESIGN-CONSIOERATIONS: 22
XTAL1 and XTALZ are the input and out- clock source, XTAL2 shouid be-driven- At power-on, the- voitage-on-Vockand:

put, respectively, of an lnverting ampli- while XTAL1 is left unconnected. There RST shoukd come- up~ at the, sa
fier. The plns cam be configured foruse  are no requirements o the duty cycle of for a proper start-up.

as an. on-chip. oscillator, as shown In the~. the- external clock. signal; because- the-

logic symbol, page 1. lnput to the Internal clock clrcultry is
through~a divide-by<two- fip-flop: How—
aver, i and maxi highr and-
low- times -specified in thec-data. shest-
must be cbserved.

ABSOLUTE MAXIMUM RATINGS?. 2.3

PARAMETER RATING UNIT Py
Storage temperature range -85 to +150 °c -
All 'voltages with raspect to ground ~0.510 +7.0 v —.‘-:a_:.g
* [ Power dissipation 1.0 W . ;7
DC ELECTRICAL CHARACTERISTICS Ta = 0°C to +70°C , Vo - 4.5 t0 5.5V, Vgg = Ov4. § =
Limis in‘
Symbol Paramater Test Conditions - unit |5
Min Max =
ViL Input low voltage -0.5 0.8 v i
Vin Inout high vottage, except RST and XTAL2 2 Veo+0.5 [V i
Vimt fnput high voltage to AST for resat, XTAL2 XTAL1 to Vss 2.5 Vec+0.5 v |7
Vou Output low voltage, ports 1, 2, 38 log = 1.6mA: 0.45 v ;
Vour Output low vottage, port 0, ALE, PSENS ioL = 3.2mA 0.45 v :.
Vou Qutput high voitage, ports 1, 2, 3 lox = —80pA 2.4 V. "
Vorn Output high vottaga port 0, ALE, PSEN) Tor — —400pA 2.4 v | &
iy, Logicat 0 input current, pocts 1, 2, 3 Viny = 0.45v -500. pA i
1) input high curent to RST for reset Vi< Voo ~ 1.5W 500 [rs !
Iy input leakage current, port 0, EA 0.45 < Vipy < Voo =10. YV
Wz _ |Logical O input cusent for XTAL2 XTALL =Vgg, Vipy=—0.45 -3.2 mA. | ¢
lce Power supply cusrents Al outputg disconnected 125 mAs, , "?
L and EA=Wipe- A
L Cio Pin capacitance l 1 | 10 pF i
i3
Ta = ~40°C to $85°C ~ Exinaded temperature range — SCNSOSTHAC ontyr . . .
Vi input- high voltage;: except RST and XTAL2 - o | 2z * Vee+0.5 v
- . Vi Input high voitage ta RST for reset, XTAL2- XTAL1 to Vss- 27 \ s -
Ice Powes supply current: Alt cutputs disconnected 175 )
and. EA=Veo
NOTES: .
1, Stresses aboverthooe sty undes Abeokst i Aatinge may w'nmmhh.mmmw
funcbn&mmo&lhomw:hmw Yy it e tharv-th: eribad In-(thC and. OC Ek
tion of this specith is not: -~
2 For cperxting at’ 8, the device must ba deratac basad o +150°C. nction b 22 X ryed
3. This p inciudew cirastry specificsity dutigneds tor the protaction ot Rei fhcaes frons the damaging ettectx of mive SIAUC:
v N #-ime s gestac thes be takary ics eoplyingrvoltages 9 than the ratedr Ser
4, Parsmeters sre vaikd over op ing g ..‘...“ citiax?:
5 Al voitag == ac-to- G £V anc ZOPwitly & tracsition tie3
2ons AlFtime ¢ mntmninw Mn-‘ofww WN-’MNM‘Q-M 0.8V andh- 2.0W &3

soprooriste:
2. VOL is degraced whem the device raokily discharges externalcapacitance: This AC noiss is moss o

aate. Whee using extenal memory, locste the isich o buffes s cices 10 the devics: 23 possible.

Emitting- Dagreded.
Oatum Ports. YO Linves .
Address. P2. PO P PT
Write Oata P1.PLALE

7. CL = 10GDF for port Q. ALE and P‘S’N‘ cutouts: CL = S0pF for ail ather ports.

¢ during jory of add

YOU (Peak Max)
oy
o.sv

v e e e
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MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA '

Slotted Optical Switches

Darlington Output

Each device consists of a gallium arsenide infrared emitting diode facing a silicon NPN
photodarlington in a molded plastic housing. A slot in the housing between the emitter
and the detector provides the means for mechanically interrupting the infrared beam.
These devices are widely used as position sensors in a variety of applications.

® Single Unit for Easy PCB Mounting
® Non-Contact Electrical Switching

® Long-Life Liquid Phase Epi Emitter
¢ Several Convenient Package Styles

MOC71
Series

SLOTTED
OPTICAL SWITCHES
DARLINGTON OUTPUT

CASE 374-01
MAXIMUM RATINGS
L Rating [ Symbol [ Value Unit ]
INPUT LED
CASE 354A-01
Reverse Voltage VR 6 Volts T
Forward Current — Continuous I 60 mA
Input LED Power Dissipation Gt Ta = 25°C Po 150 mw it
Derate above 25°C 2 mwWrC :” -]‘j
OUTPUT DARLINGTON CASE 354E.01 BN
Collector-Emitter Voltage VCEO 30 Volts
Output Cusrent — Continuous Ic 100 mA t
Output Darlington Power Dissipation Gt Ta = 25°C Pp 150 mw
Derate above 25°C 2 mwWrC CASE 354-02
TOTAL DEVICE
Ambient Operating Temperature Range Ta ~40to +100 °C
Storage Temperature Ts(g -4010 +100 °C
Lead Soidering Temperature (5 seconds max) — 260 *C
CASE 354G-01
Total Device Power Dissipation @ Ta = 25°C Pp 300 mv/
Derare above 25°C 4 mwrc
< e - . SWITCHING TIMES T o
Veg = 5V nPUT PART NUMBER
IF = 16mA . smn_ PULSE | ..n.. DERIVATION
r—-" —_———— L=
1 r 10%
I ouTRUT MOC7 1 H 1
1 PuLSE o I —
* t — ] Slotted Cptical Sw
Darlingtan Qutput
e ot Package Style —
TEST CIACUIT WAVEFORMS Electrical Selection ———
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MOC71 Series

ELECTRICAL CHARACTERISTICS {TA ~ 25°C unless otharwise noted. Nots 1.) ' -

{ Charscteristic Symbot * Mn [ Ty Max Unit
INPUT LED
Forwsrd Voltags (I = 50 mA) VE 0.8 13 1.8 Volts
" Reverse Leskage (VR = 6 V) R - 0.05 100 BA
Capacitance (V = 0V, f = 1 MH2) Cy — 18 - — pF .
OUTPUT DARLINGTON .
Dark Current (Veg = 10 V) Iceo — 10 100 nA
Collector-Emitter Breakdown Voltage (i = 1 mA} : V{(BRICEQ 30 920 —_ Volts
Capacitance {V = 0V, { = 1 MHz} Cce - 6.5 - pF
DC Current Gain (Vgg = 10V, ic = 2mA) heg — 10,000 - -
COUPLED (Note 2)
Output Collector Current MOC71_1 Ic 25 5 - mA
{lg = 5mA,Vcg = 5V) MOC71.3 8 14 -
Output Coliector Current MOC71_.1 Ic 7.5 15 — mA
{Ig = 10mA Vgg = 5V) MOC71_3 20 35 -9
Collectos-Emitter Saturation Voltage VCE(sat) — — 1 Volts
{lc = 1.8 mA Ig = 10 mA)
Turn-On Time {Ig = 10 mA, Vc¢ = 5 V. R = 510 Q) ton — 120 — s
Turn-Off Time (Ip = 10 mA, Vg = 5V, Ry = 5101 toft = §00 — BS
Notes: 1. Stray radistion can aher values of ch istics. Ad light shieiding should ba provided.

2. No sctuator in sensing gap.

TYPICAL CHARACTERISTICS

2 1
FTTO 1 T =
——— PULSE ONLY g 5 7
18 —— PULSECRLC ,-’ Ik, 8
£ a7 2 o
w 7 = & =
= Va4 g —f— —_——
- ‘s A R +
= L — T 1.1 1 i —
=3 ur 4/ = ! —
o < 001
77 £
% 4 Ra ’/ ?. T T T T e 0
r 0
L el e Ll 2 —! - X ORMALZED TO
T L 5 o=l LUE W
o e | : S ' KORCTUKTOR
g 100°C (1L~ T T T [
1 1 LeetT] 0.0001 T T o
r - .. 10 R T o . ¢ 8, 8 !
5. LED FORWARD CURRENT (mA) d, DISTANCE FROM ACTUATOR TO REFERENCE SURFACE (mm)

Figure 1. LED Forward Voltage versus Figure 2. Qutput Current versus Actuator Position
<. ' .Forward Currant" . '

"
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. MOC71 Series .

— 1 . 165 ¥ -
g 2 B
ES CEcdE & bNORMALZEDTO: Vg = 10V
E [T NORMALIZED TO: T3 s wE Ta = 5%
E 1 g = 1QmA / o~ g _ [
g ? E2 0 L.~
e g =
=2 =< = al
(=2 | == A
= we
S w g2 N
et =
o 0 70 § T g
S A4 = Veg = 1V
= S 10y
2 02 ya 9 - e
3 A s T k=0
Z‘ 0l A 1 A 1 {
1 2 ) 10 20 £ 10 0 2 4 - 5] 80 100
Ig, FORWARD LED CURRENT {mA) - Ta. AMBIENT TEMPERATURE (°C)
Figure 3. Qutput Current versus Input Current Figure 4. Collector-Emitter Dark Current versus
Ambient Temperature
5" 100
W ] T
8 - == — i
§ 5 & B ! T — r___]
Z NORMAUZEDTO T = 35— £ 5 @ P~
=, 33 ™~ N
g 5% 9 P —
& D2 ~J TY?
=1 E= ™~
b | 5% g ™~ P
S B2 %
Sy z5 NG
2 s ZZ % 7
= 0 o ) -
2 = 3 t = 30 SeC.
= SE g
2 B
— o«
g 02 T 5
£ ] 92
-8 -4 -2 0 20 40 € 80 100 0 5 10 i 0 B XN 3 L) 45 50,
Ta. AMBIENT TEMPERATURE *C} 17, FORWARD CURRENT {mA}
Figure 5. Output Current versus Ambient Temperature > Figure 6. Reduction in Qutput Current Due to LED
- Heating versus Forward Current
" ) % L 0 .J Y
) o — : -{ I : i -
~ {="1 M g S o =
16 P B & |-NoAwALIZED TO: - <
W T Ciep 2 A =500 T =
= \ E 2 .
S > e :
] ; N - ] -
z 0 — g ==t
- -9 8 - SICRL N =
% - . Z0s
o 6 S
) SRR o -

4 - Tt T Vee =5V U
n. - Ip = 10 mA L]
0 01 AR
005 01 02 0.5 1 .2 ;. R[] 20 « 100 20 . 500 K K &K 108

V, YOLTAGE vours) R, LOAD RESISTANCE [OHMS)

Figure 7. Capacitances versus Voltage Figure 8. Switching Times versus Load Resistance
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MOC71 Series

OUTLINE DIMENSIONS
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TECHNICAL DATA

Slotted Optical Switch
Darlington Qutput

These devices consist of two gallium arsenide infrared emitting diodes facing two
NPN silicon photodarlingtons across a 0.100° wide siot in the housing. Switching takes
place when an opaque object in the siot interrupts the infrared beam.

Dual channel interrupters (switches) can sense direction of motion as well as position

and speed.

® High Gain Darlington Output

® 0.020" Detector Aperture Width
Easy PCB Mounting

Cost Effective

Uses Long-Lived LPE IRED

ABSOLUTE MAXIMUM RATINGS (25°C)

MOC71W1

DARLINGTON OUTPUT

DUAL CHANNEL
SLOTTED
OPTICAL SWITCH

L Rating [ Symbol Value I Unit ]
INPUT LED
" Power Dissipation Po 150* mw
Forward Current {Continuous) g 60 mA
, Reverse Voltage VR 6 v
OUTPUT DARUINGTON
Power Dissipation 5] 150* mw
Collector-Emitter Voltage Veeo 30 v
TOTAL DEVICE
Storage Temperature Tstq ~401to +85 °C
Operating Temperature Ty ~401t0 +8S *C
Lead Soldering Temperature T 2€0 1 ‘C
(5 seconds maximum)
*Oerate 2 mWrC above 25°C ambient h - CASE 7__’2'01 -
INDIVIDUAL ELECTRICAL CHARACERIS“ES (25°C) ZSee Note 1)
L Characteristic Symbol | Min l Typ l Max l Unﬁ
INPUT LED
Reverse Breakdown Voltage {Ig = 100 uA) V(BRIR * 6 — - v
Forward Voltage (I = 60 mA) Vel — - 18 . v,
Reverss Current (Vg = 6 V, R = 1 MQ) IR — 50 - nA
Capacitance (V = 0V, { = 1 MHz) Cc — 25 -_ - pF
OUTPUT DARLINGTON -
Breakdown Voltage {ic = 1 mA, Ig = 0} - - V(BRICEO 30 - - v
Callector Dark Current (Veg = 10V, Iz = 0) iceo — - 100 nA

NéTE 1: Stray irradistion can aher values of char istics. Ady

hieiding should be provided.
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COUPLED ELECTRICAL CHARACTERISTICS (25°C, See Note 1)

Characteristics - Symbol Min Typ Max Unit
Ig=SmA Vg =5V ICE{on) 25 -_ — mA
Ig = 10mA, Ve =5V ICE{on} 75 - —_ mA
If=10mA, Ic = 1.8 mA VCE(sat) — —_ 1 v
i {opposite LED) = 10 mA, Veg = 5V cx - 20 - pA

NOTE 1: Stray irradiation can sier values of char

ding should be provided.
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Figure 1. Typical Output Current versus Input Current

OUTLINE DIMENSIONS

NOTES:
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SEMICONDUCTOR
TECHNICAL DATA

Photo Detectors mgnggg

Transistor Output 5

.. . designed fdr application in inddstrial inspection, processing and control, counters,
sorters, switching and logic circuits or any design requiring radiation sensitivity, and sta- PHOTO DETECTORS

ble characteristics. o TRANSISTOR OUTPUT
® Popular TO-18 Type Package for Easy Handling and Mounting NPN SILICON
Sensitive Throughout Visible and Near Infrared Spectral Range for Wider Application
Minimum Light Current 4 mA at H = 5 mW/cmp (MRD300)

External Base for Added Cantrol

Anhular Passivated Structure for Stability and Reliability

CASE 82-05
METAL
MAXIMUM RATINGS (T = 25°C unless otherwise noted)
Rating Symbel Value Unit
Collector-Emitter Voitage Veeo 50 Volts
Emitter-Collector Volitage . VECo s 7 Volts
Collector-Base Voltage Veso 80 Volts
Total Device Dissipation @ Ta = 25°C Po 250 mw
Derate above 25°C 2.27 mwrC
Operating Temperature Range J t, Ta =551 +125 *C
Storage Temperature Range Tsig -65to0 +150 °C
STATIC ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwisa noted)
* Characteristic ) i Symbol Min Typ Max Unit
Collector Dark Current (Vog = 20V, H =~ 0) Tp = 25°C Iceo —_ - 25 nA
TA = 100°C — 4 — pA
Coflector-Base Breakdown Voltage {Ic = 100 uA) V{BRICBO 80 120 —_ Volts
Collector-Emitter Breakdown Voltage (Ic = 100 pA) V(BRICEO €0 85 — Volts
Emitter-Collector Breakdown Volitage (g = 100 pA) V(BRIECO 7 85 —_ Volts
OPTICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted) . ' ’ =
Ligbt Current .. = - . MRD300 'R 4 -7 _ mA
(Vcc = 20V, Riz= 10 Ohms) Note 1 - - - MRD310 1 35 - :
Light Current i MRD300 I - 2.5 — mA
(Vee = 20V, R = 100 Ohms) Note 2 MRD310 - 0.8 —
Photo Current Rise Time (Note 3) ' L te - 2 25 ns
(RL = 100 Ohms, I, = 1 mA peak)
Photo Current fall Time (Note 3} t - 25 4 ns
(R = 100 Ohms, l| = 1 mA peak}

NOTES: 1. Radiation flux density (H) equal to B mW/cm? emitted from & tungsten source at a color temperaturs of 2870 K.
2. Radiation flux density (H) equal to 0.5 mWsem2 (pulsed) from a GaAs {gallium-arsenide) source ot A = 940 nm.
2. For unsaturated response time measurements, radiation is provided by pulsed GaAs (gallium-arsenide) light-emitting diode (1 = $40 nm) with a
pulse width equal 1o or greater than 10 microseccnds (see Figure 2) If = 1 mA peak.
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Figure 9. Pulse Response Test Circuit and Waveform - -
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2.0 OVERVIEW

2.1 TYeatures and Specifications

A general bQ,nrd"_luypul of the Vector 2X is shown in Figurc {; Table |
presents the pin configuration. The pin programmability allows users (o
sct up the compass for their specific needs. The Vector 2X uses a syn-
chronous serial port for communication to the host device (compatible
with Motorola SPI, QSPJ, and National Microwire). The output data for-
mat is pin-selectable between BCD and binary mode, and the serial data
output (SDO) is tri-stated when the unit is not selected in Slave mode.

Front of Vector 2X Compass Module
1 |
X-axis (L2)
Y-
axis P16/GND
(L1)
P15/VCC
P [ XFOP [ .
P10 [::] Y FLIP
P9 [(] BCD/Bin L
P17 RESET CAL P6
P8 ws PIC PS5
P4 (] 88 RES P7
Pl2[(jc . SDI P3
P13 [(Q EOC Sbo P2
P14 [(J RAW SCLK P1

Figure §; Vector 2X Board Layout

F

Table 1: Vector 2X FUNCTION DESCRIPTION

. . Input or
> I
Pin Name Description Output
Scrial Clock Input; Data o
P_l SCLK valid on rising clock edge* Input/Output
P2 SDO Scrial Data Output Output X
P3 SDI Serial Data Input No Conneet
P4 55 Stave Scleet; Active Low Input )
s~ Poll / Continuous; Active | .
3 > e '
PS5 p/C when PIC = Low Input
WY Calibrate Selcct; Active
o A when CAL = Low Input
= e Resolution; Low Resolu-
= 5 tion when RES = Low Input
- Master/Slave seclect; Mas- -
0 Mes ter Mode when M/S = Low Input
. | BCD/Binary sclect; BCD o
it BCD/Bin |\ pen BCD/Bin=Low | """
Flip Y-axis direction.
o eriy Low = Normal Dircction [nput
o Flip X-axis direction. T
b
A J 1ligh = Normal Dircctlion tnput
Calibrate indicator signal;
S/ Active Iigh Output
End of Conversion signal;
P13 EOC Conversion complete on Oulput
rising cdge of EOC
e Raw data mode select pin;
b
pPl4 RAW Active Low Input
P15 vCC 5 volt power input
P16 “GND Power supply return
P17 RESET Resct pin; Active Low i Input

* Maximum clock rate is | MIlz in Slave mode
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Appendix B
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Figure B1: Schematic for SPI read Code Example
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