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Automatic Car
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Abtract

Automatic car can move to the destination point and avoid hitting the obstacle.
By enter the destination point in Cartesian space via key pad and LCD display.
The microcontroller will control the rotating of left and right wheel via the motor driver
circuit which feedback the rotation count . By counting the rotation , microcontroller can
recognize the current position . On the way to destination , an automatic car will detect the

obstacle using infrared sensor.
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2.3Pulse Width Modulation Amplifier (PWM)
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11:
12:
13z
14:

15z
163

172
18:
19:
20:

KPAD_ ROWO
KPAD ROW1
KPAD ROW2
KPAD ROW3
KPAD COL2
KPAD COL1
KPAD COLO
LCD_EN

LCD_RS

LCD_ADDR
LCD_DATA
KPAD_DATA
LCD_DATA X
LCD_DATA Y

SPD1F
SPD
DATA_ LX
DATA LY
ERROR R
ERROR L
ER L
ER R
ER_RR
ER RL
CASE_Y
DATA_ X
DATA_Y

MAIN:

GETKEY:

EQU
EQU
EQU
EQU
EQU

ORG
ACALL
ACALL
MOV
CLR
CLR

ACALL

MOV
ACALL
MOV
ACALL

MOV
ACALL
MOV
ACALL

ACALL
ACALL

ACALL

C:\WINDOWS\Desktop\GOOD10.asm

050H
051H
052H
053H
054H

0000H
MODE8255
STOP

P1, $000000
LCD_EN
LCD_RS

INIT LCD

LCD_ADDR, #
SET_ADDR_L
DPTR, #TITL
WRLINE_LCD

LCD_ADDR, #
SET_ADDR L
DPTR, #TITL
WRLINE LCD

DELAY 1s
DELAY 1s

GET_KEY DA

Keypad
Keypad
Keypad
Keypad
Keypad
Keypad
Keypad

00B

000H
CD
E 1

040H
CD
E 2

TA

1

’

7

Input Row
Input Row
Input Row
Input Row 3

Output Column 2
Output Column 1
Output Column O

N = O

Clear LCD Enable
Clear LCD RS

Call LCD Initial subroutine

Set Address 00H

Set Address 40H



61:
62:
63:
64 :
65:
66:
67:
68:
69:
70:
71:
72:
73
74 :
153
76:
TEs
78:
79:
80:
81:
821
83:
84 :
85:
86:
87:
88:
89:
90:
91:
82
93:
94 :
95
96:
97:
98:
99

100:
101z
102:
103,
104:
105;
106:
107:
108:
109:
1.0
LAz
112
113:
114:
115:
116:
117:
118:
119:
120:
1218
122:
123
124:
125

WAIT:

SHOW_POS_X:

THEN X:

SH X:

SHOW_POS_Y:

THEN Y:

SH Y:

SHOW_ALL:

ACALL
ACALL
ACALL
ACALL
ACALL
LJMP

ACALL
MOV

ACALL
ACALL

ACALL
MOV

CJINE
MOV

MOV
AJMP
MOV
ADD
MOV
MOV
ACALL

ACALL
RET

ACALL
MOV
ACALL
ACALL
ACALL
MOV

CJINE
MOV
MOV
AJMP

MOV
ADD
MOV
MOV
ACALL
ACALL
RET

ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL

C: \WINDOWS\Desktop\GOOD10.asm

SHOW_POS_X

GET _KEY DATA

SHOW_POS_Y ;Main Of Display
DELAY 1s

SHOW ALL

RUN

LCD_CLR
LCD_ADDR, #00H
SET_ADDR_LCD
LCD_BLINK

DELAY 1s ;Show Position X
A,KPAD DATA

A, #11, THEN X
DATA X, #0

LCD_DATA, #30H

SH X

DATA X, A

A, #30H

LCD-DATA, A

LCD_DATA X,LCD DATA
WRCHAR_LCD

DELAY 1s

LCD_CLR

LCD_ADDR, #00H

SET_ADDR_LCD

LCD_ BLINK

DELAY ‘15

A, KPAD DATA ;Show Position Y

A, #11, THEN Y
DATA_Y, #0
LCD_DATA, #30H
SH Y

DATA Y,A
A, #30H

LCD DATA, A
LCD_DATA_Y,LCD DATA
WRCHAR LCD

DELAY 1s

LCD_CLR
LCD_ADDR, #00H
SET_ADDR_LCD
DPTR, #TITLE 3
WRLINE_LCD
LCD_ADDR, #40H
SET_ADDR_LCD
LCD_DATA, #' ('
WRCHAR LCD
LCD_DATA, #' '
WRCHAR LCD
LCD_DATA, LCD_DATA X
WRCHAR LCD
LCD_DATA, #', "
WRCHAR_LCD



C: \WINDOWS\Desktop\GOOD10.asm

126: MOV LCD_DATA,LCD_DATA_Y
127: ACALL WRCHAR LCD

128: MOV LCD_DATA, #' '

129: ACALL WRCHAR LCD

130: MOV LCD DATA, #')"

131: ACALL WRCHAR LCD

132:

133: RET

134:

135:

136:

137:

D .

139: ; LCD Initialize

0 e e e ;
141: INIT_LCD: ACALL DELAY_lOOmS

142: CLR LCD RS

143

144: MOV P1,#00111000B

145: ACALL LCD_CLK

146: ACALL DELAY_lOmS

147

148: MOV P1,#00111000B

149: ACALL LCD_ﬁLK

150:

151 ; ACALL LCD_OFF

152;

153: ACALL LCD_CLR

154

155: MOV P1,#00000110B

156: ACALL LCD_CLK

157%

158z ACALL LCD HOME

159

160 j-———c—eo- RN o O /R QLT TN, PeNY JdW™ & Jy
161: ; LCD Clear Display

162: jommmmee - RN E YRR Q__ Bz (T N4
163: LCD_CLR: CLR LCD RS

164: MOV P1,#00000001B

165: ACALL  LCD_CLK

166: RET

167:

168 e T e
169: ; LCD Return Home

170
171: LCD HOME: CLR LCD RS

172: B MOV P1,#00000010B

173: ACALL LCD CLK

174: RET

195

R i
177: ; LCD Display Off

L8 e
179: LCD OFF: CLR LCD_RS

180: - MOV P1,#00001000B

181: ACALL  LCD CIK

182: RET



183:
184:

185
186:

187:
188:
189:
190:
191:
192:
193¢

194:
195:

196:
197:
198:
199:
200:
201:

2023
203

218:
219:

220:
22 =
222z
223:
224
225:

226:
2200 %
228:

229:
2303
231 ¢
232%
233:
234:
235 3

SETB
ACALL
CLR
ACALL
RET

LCD_CLK:

C:\WINDOWS\Desktop\GOOD10.

LCD_EN
LCD_DELAY
LCD_EN
LCD_DELAY

asm

LCD_ON CLR
MOV
ACALL
RET

; LCD Cursor On

LCD_ BLINK: SR
MOV
ACALL
RET

CLR
MOV
ACALL
RET

LCD_RS
P1, #00001100B
LCD_CLK

LCD_RS
P1, #00001111B
LCD CLK

LCD_RS
P1, #00011000B
LCD CLK

; Set LCD Address
¢ I/P: LCD_ADDR

SET ADDR_LCD: CLR
MOV
SETB
MOV
ACALL

RET

LCD_RS
P1,#0C0111008B
LCD_CLK

LCD_RS
A,LCD_ADDR
ACC.7T

P1, A
LCD_CLK
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230 e e e e e e e e e e
237: ; Write Character to show LCD

238: ; I/P: LCD_DATA

2398 o e e e e e P o e S e R e o S R e e o e
240: WRCHAR LCD: SETB LCD_RS

241: MOV Pl,LCD_DATA

242 ACALL LCD _CLK

243: ACALL LCD_ON

244 : RET

245:

240 e e e e e e e e e e e e e e e
247: ; Write Line of 8 Character from ROM

248: ; 1/P: DPTR : Locate ROM Address

249: ;-—mmmm 3
250: WRLINE LCD: MOV RO, #0

251: WRLINE_LCD_l: SETB LCD_RS

252 CLR A

2533 MOVC A, QA+DPTR

254: MOV P1l,A

255 ACALL LCD_CLK

256: INC DPTR

2571 INC RO

258: CJINE RO,#8,WRLINE_LCD_1

2593 ACALL LCD_ON

260: RET

2617%

262: i T vy v oy S e e o
263: ;KEY PAD SECTION

264: B e e o 1 2 I e S AN AN TN T B . =+ i gt Tt - ettt L Bt
265y

266:

267:

268:

269: GET_KEY_DATA: MOV P2,#11111111B

270:

2713

272: LOOP: ACALL GET_KPAD ; Get Keypad Data

27 3% MOV A,KPAD DATA 7

274 : CJINE A,#00H, BACK

2715z AJMP LOOP

276: BACK: RET

D 13 = e o S R e e e e e e e e e e e e e e B b o s e i .
278: ; Keypad Scan key Subroutine

20 e e e e e e e e R e e R i i i i e e e e i R .
280: GET_ KPAD: MOV P2, #0FFH

281: MOV KPAD_DATA,#O

282:

283: CHK COLO: CLR KPAD COLO ; Begin Scan Column O

284: MOV A,P2

285: ANL A, #00FH

286: CJINE A,#OOFH,COLO_DETECT

287: AJMP CHK_COL1

288:

289: COLO_DETECT: MOV KPAD_DATA,#Ol

290: RJIMP GET_ROW

291:

292+ CHK COL1: SETB KPAD COLO
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293¢ CLR KPAD COL1 ; Begin Scan Column 1
294: MOV A,P2

295 ANL A, #00FH

296: CJINE A, #00FH, COL1 DETECT
297: AJMP CHK_ COL2

298z

299: COL1 DETECT: MOV KPAD DATA, #02

300: AJMP GET_ROW ; Jump to get row value
301z

302: CHK COL2: SETB KPAD COL1

303: CLR KPAD COLZ2 ; Begin Scan Column 2
304: MOV A,P2

305: ANL A, #00FH

306: CJINE A, #00FH, COL2 DETECT
307: RET

308:

309: COL2 DETECT: MOV KPAD DATA, #03

310:

311: GET_ ROW: CLR KPAD COLO

312: CLR KPAD COL1

313 - CLR KPAD COL2

314:

3153 JB KPAD_ROWO, CHK ROW1
316: RET

317:

318: CHK ROW1: JB KPAD ROW1, CHK ROW2
319: MOV A,KPAD DATA

320: ADD A, #3

321 MOV KPAD DATA, A

322: RET

323

324: CHK ROW2: JB KPAD ROWZ, CHK ROW3
325: MOV A,KPAD DATA

326: ADD A, #6

327: MOV KPAD DATA, A

328 RET

329:

330: CHK_ROW3: MOV A, KPAD DATA

331: ADD A, #9

332+ MOV KPAD_DATA, A

333: RET

334:

335 o e .
336:

337 e e e e - .
338: ; Delay time LCD DELAY, 10m, 100m, 1s

339: ;o - )
340: LCD DELAY: MOV R7, #002

341: LCD DELAY 1: MOV R6, #0E6H

342: LCD DELAY 2: NOP

343: NOP

344: DJNZ R6, LCD_DELAY 2

345 DJNZ R7,LCD_DELAY 1

346: RET

347:

348: DELAY 10ms: MOV R7, #010

349: DELAY 10ms 1: MOV R6, #0EGH

350: DELAY 10ms_2: NOP

351 NOP

352 DJNZ R6, DELAY_10ms_ 2
353 DJINZ R7, DELAY 10ms 1
354: RET
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355:

356: DELAY 100ms: MOV R7,#100

357: DELAY 100ms_1: MOV R6, #OE6H

358: DELAY 100ms_2: NOP

359: NOP

360: DJINZ R6,DELAY_100mS_2

361: DJINZ R7,DELAY 100ms_1

362: RET

363

364: DELAY 1s: MOV R5,#100

365: DELAY 1s 1: ACALL DELAY 10ms

366: DJNZ R5,DELAY 1s 1

367: RET

368:

369: e B
370: ;Define Constant

371 e .
372: ; 01234567

373: TITLE 1: DB '"GET __POS'

374: TITLE 2: DB "ION y

375:

376: TITLE 3: DB "POSITION'

377: TITLE 4: DB Y ol AN

378:

379:

380:

381. ;*****************************************************************
382: s RUNNING

383‘ I-****************-k************************************************

384: RUN: MOV ERROR_R,#OOH
385: MOV ERROR_L,#OOH
386: MOV ER_R, #00H
387: MOV ER L, #00H
388: MOV ER RR,#00H
389: MOV ER RL, #00H
390: MOV CASE Y, #00H
391: MOV DATA_LX,#OOH
392: MOV DATA_LY,#OOH
393: MOV SPD, #7FH
394: MOV SPD1F,#7FH
395: MOV 30H, #00H
396: MOV 31H, #00H
397: MOV 32H, #00H
398:

399:

400: MOV A,DATA_X
401: MOV B, #16H

402: MUL AB ;Multiply With 22 Pulse
403: MOV DATA 1IX,A
404 :

405: MOV A,DATA Y
406: MOV B, #16H

407: MUL AB

408: MOV DATA LY, A
409:

410: ACALL STOP

411: ACALL DELAY_lS
412: ACALL DELAY_lS
413: ACALL DELAY_lS

414 : MOV 3OH,DATA_LY
415:

416: MOV TMOD, #01010101B ;Set Counter Mode 1

7



417:
418:
419:
420:
421:
422
423:
424 :
425:
426:
427
428:
429:
430:
431:
432:
4333
434:
4.35%
436:
437:
438:
439:
440:
4417 :
442:
443:
444:
445:
446:
447
448:
449:
450:
451 :
452:
453:
454
455z
456:
457 :
458:
459:
460:
461:
462:
463:
464 :
465:
466:
467:
468:
469:
470:
471:
472 :
473:
474 :
475
476:
477¢
478:
479:
480:
481:

CK:

ST:

THEN:

MOV
MOV
MOV
MOV
SETB
SETB
ACALL

MOV
SETB
SETB
ACALL
MOV
CJINE
ACALL
ACALL
ACALL
AJMP
CLR
SUBB
Jc
ACALL
AJMP
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THO, #00H
TLO, #00H
TH1, #00H
TL1, #00H
TRO

TR1

MODE8255

TMOD, $01010101B
TRO

TR1

GO

A, 30H

A, TLO, THEN
STOP

DELAY 1S
DELAY 1S
CHANGE DI
C

A, TLO

ST

CHK OB

CK

;Set Mode 8255

; Run

;Check Object

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

CHK_OB:

FIND:

FIND L:

FIND R:

MOV
MOVX
ANL
CJINE
AJMP

CJINE

ACALL
ACALL
ACALL

ACALL
ACALL
ACALL

ACALL
ACALL
ACALL

MOV
ADD
MOV

-ACALL

ACALL
ACALL
ACALL
ACALL

RET

ACALL
ACALL
ACALL
ACALL

RO, #0F2H

A, @RO

A, #00000111B
A, #074, FIND
REE

A, #06H, FIND R

STOP
DELAY ‘15
DELAY 1S

TURN L
DELAY 1S
DELAY 1S

GO1FEET
STOP
DELAY 1S

A, 411H
A,ERROR L
ERROR L, A
DELAY 1S
TURN_R
STOP
DELAY 1S
DELAY 1S

STOP
DELAY 18
DELAY 1S
TURN_R

;Turn Left Procedure

;Turn Right Procedure
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482: ACALL DELAY 1S

483: ACALL DELAY_lS

484 : ACALL GO1FEET

485: ACALL STOP

486: ACALL DELAY 1S

487 : MOV A, #11H

488 : ADD A, ERROR R

489: MOV ERROR R, A

490: ACALL DELAY_lS

491: ACALL  TURN L

492: ACALL STOP

493: ACALL DELAY_lS

494 : ACALL DELAY_lS

495:

496:

497: REE: RET

498:

499: ;***********************************************‘k****
500: ;X DIRECTION

501: ,-****************************************************

502

5033 CHANGE DI: ACALL CHK CASE_Y ;Check Case
504:

505:

506: MOV A,CASE Y
507: CJINE A, #01H,C 2345
508: ACALL CASE 1

509: AJMP DI X

51.0%

511: C 2345: CJINE A, #02H,C 345
5123 ACALL¢ - CASE 2

513: AJMP Bt

514:

515: C_345: CJINE A, #03H,C_ 45
516: ACALL CASE"3

51 % AJMP DI_X

518

519: C_45: CJINE A, #04H,C_b
520: AJMP STX

521: C_5: ACALL. CASE 5

522

523: DI X: MOV TLO, #00H
524: MOV TL1, #00H
525: E: MOV TMOD, #01010101B
526 SETB TRO

527: SETB TR1

528 : ACALL GO

529: MOV A,31H

530 CJINE A, TLO, THENX
531: STX: ACALL STOP

5321 AJMP EN

533: THENX: CLR C

534: SUBB A,TLO

535: JC STX

5361 ACALL CHK_QBX

537§ AJMP B

538:

539: EN: AJMP EN

540:

541: ;*********************************************************
542:

543% CHK CASE Y: MOV A,ERROR R
544: CLR c

545: SUBB A,ERROR_L
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546: Jc CA Y1

547: MOV ER R,A

548: CJINE A, #00H,CA Y345
549:

550 Ch ¥2: MOV CASE Y, #02H
551 RET

552: CA Yl: MOV A,ERROR L
5534 CLR cC

554: SUBB A,ERROR R
555 MOV ER L,A

556: MOV CASE Y, #01H
557 RET

558 :

559: CA_Y345: MOV A,ER R

560: CLR C

561: SUBB A,DATA LX
562: Jc CA Y3

563: MOV ER RR,A

564: CJINE A, #00H,CA Y5
565 &

566: CA Y4: MOV CASE Y, #04H
567: RET

568:

569% CA ¥3: MOV A,DATA LX
570: CLR (08

571: SUBB A,ER R

572: MOV ER RL,A

573: MOV CASE_Y, #03H
574: RET

575

576: CA Yb: MOV CASE Y, #05H
577 RET

578:

579: ;***********************************************************
580: ; Run By Case Procedure
581: ’-***********************************************************
582: CASE 1: MOV B,ER L

583: ADD A,DATA LX
584: MOV 31H,A

585: ACALL  TURN R

586: RET

587:

588: CASE 2: MOV 31H,DATA LX
589: ACALL TURN R

590% RET

591z

592: CASE_3: MOV 31H,ER RL
593: ACALL TURN R

594: RET

5952

596: CASE_5: MOV 31H,ER_RR
597: ACALL  TURN L

598: RET

599+

600: ,-******-k********************************************************
601: ; Delay

602: ’-***************************************************************
603:

604: D 10MS: MOV R7, #010

605: D 1: MOV R6, #0E6H
606: D_2: NOP

607: NOP

608: DJINZ R6, D 2

609: DJINZ R7,D 1

610: RET

10



611:
612:
613:
614:
615:
616:
617:
618:

619:
620:
621:
622:
623:
624:
625:
626:
627:
628:
629:
630:
631:
632:
633z
634:
635:
636:
637:
638:
639:
640:
641:
042:
643:
644 :
645:
646:
647:
648:
649:
650:
651:
652:
653:
654 :
655:
656:
657:
658:
659:
660:
661:
662:
663:
664:
665:
666:

667:
668:

669:
670:
671:
672:

DELAY 1S:
S 1:

C: \WINDOWS\Desktop\GOOD10.asm

MOV R5, #100
ACALL D _10MS
DJNZ R5,S 1
RET

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

’

Go Streightly

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

GO:

COMPARE :

DEC_INC:

INCSPD:

DECSPD:

REY:

MOV RO, #0F3H

MOV A,#00001111B
MOVX @RO,A

MOV A,#00001100B
MOVX @RO,A

MOV A,#00001011B
MOVX @RO, A

MOV A,#00001000B

MOVX @RO, A

MOV A, #04H
MOV RO, #0FOH
MOVX @RO, A
MOV A, SPD
MOV RO, #0F1H
MOVX @RO, A
MOV A, TLO
CJINE A, TL1,DEC.INC
RET

MOV W In]
CLR C

SUBB 2 T9.§

Jc DECSPD
RET

MOV A, SPD
INC A

MOV SPD, A
MOV RO, #OF1H
MOVX @RO, A
AJMP COMPARE
MOV A, SPD
CJINE A, #07H, REY
RET

DEC SPD

MOV A, SPD
MOV RO, $0F1H
MOVX @RO, A
AJMP COMPARE

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

’

Turn Right

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

TURN_R:

MOV 32H,TLO
ACALL STOP

11
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673: CLR TRO

674: CLR TR1

675: CLR TFEO

676: MOV TLO, #0F9H
677: MOV TL1, #0F9H
678: MOV TMOD, #66H
679: SETB TRO

680: SETB TR1

681: MOV RO, #0F3H
682:

683: MOV A,#00001111B
684 : MOVX @RO, A

685:

686: MOV A,#00001101B
687: MOVX @RO, A

688:

689: MOV A,$#00001011B
690: MOVX @RO, A

691:

692: MOV A, #00001000B
693 MOVX @RO, A

694 :

695:

696: MOV A, #05H

697: MOV RO, #0FOH
698: MOVX @RO, A

699:

700: MOV A, #07H

101z MOV RO, #0F1H
702: MOVX @RO, A

703: CK TFO:

704 : JNB IHIOm B Q1NN
705: ACALL SI=0.2

706: CLR TRO

707: CLR TR1

708: MOV T 140, _32H

709: RET

710: STOP: MOV A, #81H

711: MOV RO, #0F3H

T 2% MOVX @RO, A

713

714: MOV A, #00001110B
T1L5: MOVX @RO, A

716:

717: MOV A,#00001010B
718: MOVX @RO, A

719:

72 O RET

721: ;***************************************************************
1225 i Mode 8255

723- DR S R L i & 7
< 7

724: MODE8255: MOV A, #81H

725 MOV RO, #0F3H

726: MOVX @RO, A

T2 % RET

728: ;**********************************************************
729% ; Go 1 Feet

730: ;**********************************************************
731: GOlFEET: MOV 32H, TLO

732 ACALL . STOP

733: CLR TRO

734x CLR TR1

7352 CLR TFO

736: MOV TLO, #0EFH

12
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737: MOV TL1, #0EFH
738: MOV TMOD, #66H
1393 SETB TRO

740: SETB TR1

741 : MOV RO, #0F3H
742:

743: MOV A,#00001111B
744 : MOVX @RO, A

745:

746: MOV A,#00001100B
747 MOVX @RO, A

748:

749: MOV A,#00001011B
750: MOVX @QRO, A

751:

TS52 3 MOV A,#00001000B
7531 MOVX @QRO, A

754:

755

756% MOV A, #04H

757 ¢ MOV RO, #0FOH
758: MOVX @RO, A

759:

760: MOV A,SPDIF

761: MOV RO, #0F1H
762: MOVX @RO, A

763: CK TF1:

764: COMPARELF: MOV A, TLO

765: CJINE A,TL1,DEC INCI1F
766: AJMP DU

T6il

768: DEC _INCIF: MOV A,TL1

769: CLR —

770: SUBB A,TLO

771 JC DECSPD1F
P25 AJMP DU

773: INCSPDI1F: MOV A,SPD1F

774: INC A

775: MOV SPD1F,A

776: MOV RO, #0F1H

777 : MOVX @RO, A

T8¢ AJMP COMPARELF
779: DECSPDIF: MOV A,SPD1F

780: CJINE A,#07H, REY1F
781: AJMP DU

782: REY1F: DEC SPD1F

78332 MOV A,SPDLF

784 : MOV RO, #0F1H
1854 MOVX @RO, A

786: AJMP COMPARELF
787 :

788: DU: JNB TFO,CK _TF1
789: ACALL STOP

790: CLR TRO

791 3 CLR TR1

792: MOV TLO, 32H

793: RET

794: ’-*************************************************************
795: ; Turn Left

796: ;*************************************************************
797: TURN. L: MOV 32H, TLO

798: ACALL STOP

799: CLR TRO

800: CLR TR1

801: CLR TFO

13
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802: MOV TLO, #0F9H
803: MOV TL1, #0F9H
804 : MOV TMOD, #66H
805 SETB TRO

806: SETB TR1

807: MOV RO, #0F3H
808:

809: MOV A, #00001111B
810: MOVX @QRO, A

811:

812: MOV A,#00001100B
813 MOVX @QRO, A

814:

815: MOV A,#00001011B
816: MOVX @RO, A

817:

818: MOV A,#00001001B
819: MOVX @RO, A

820:

821:

822: MOV A, #05H

823: MOV RO, #0FOH
824: MOVX @RO, A

825:;

826: MOV A, #07H

827: MOV RO, #0F1H
828: MOVX @RO,A

829: CK_TF2: JNB TFO,CK_TFZ
830 ACALL SskO B

831: CLR TRO

832: CLR TR1

833: MOV PO 3AH

834: RET

835: ,-*********************************************************
836: ; Check Object In X Position
837: /-*********************************************************
838: CHK_OBX: MOV RO, #0F2H
839: MOVX A, QRO

840: ANL A,#00000111B
341: CJINE A,#O7H,FIND~X
842: AJMP REEX

843:

844: FIND X: CJINE A,#06H, FIND RX
845:

846: FIND LX: ACALL STOP

847: ACALL  DELAY 1S
848: ACALL DELAY_IS
849:

850: ACALL TURN L

851: ACALL  DELAY 1S
852: ACALL DELAY_lS
853:

854: ACALL GO1lFEET

8595 ACALL STOP

8 56 ACALL DELAY_IS
857:

858:

859: ACALL  TURN R

860: ACALL STOP

861: ACALL  DELAY 1S
8625 ACALL ' DELAY 18
863:

864 : RET

865:

866: FIND RX: ACALL STOP

14
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867: ACALL  DEIAY 1S
868: ACALL DELAY_lS
869: ACALL TURN_R
870: ACALL DELAY_lS
871: ACALL DELAY_lS
872: ACALL GO1FEET
873: ACALL STOP
874: ACALL DELAY_lS
875:

876: ACALL DELAY 1S
877: ACALL TURN_L
878: ACALL STOP
879: ACALL DELAY 1S
880: ACALL DELAY_lS
881:

882:

883: REEX: RET

884:

885- H END**********************************************************************)
d ok kkok ok ok ok ok ok k ok k
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TL494, NCV494

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control
circuit designed primarily for SWITCHMODE power supply control.

i ; s s . .
® Complete Pulse Width Modulation Control Circuitry ON Semiconductor®
® On-Chip Oscillator with Master or Slave Operation
® On—Chip Error Amplifiers http:/fonsemi.com
® On—Chip 5.0 V Reference MARKING
® Adjustable Deadtime! Control DIAGRAMS
® Uncommitted Output Transistors Rated to 500 mA Source or Sink
® Output Control for Push—Pull or Single~Ended Operation SO-16 o
L494x
® Undervoltage Lockout 16 ﬁ D SUFFIX
CASE 751B JO0G
MAXIMUM RATINGS (Full operating ambient temperature range applies, 1
unless otherwise noted.)
Rating Symbol Value Unit -
Power Supply Voltage Vee 42 Vv PDIP-16 C].E.l.ELD.EH:].ELD1 .
Collector Output Voltage Ve, 4z Vv \ N SUFFIX ;/r\llng;\)/(\;\lW
Ve casE 648 Le
Collector Output Current e 500 mA 4 1
(Each transistor) (Note 1) 1
Amplifier Input Voitage Range ViR -0.3to +42 \Y s =B, Corl
ot = A = Assembly Location
Power Dissination @ Ta < 45°C Pp 1000 mwW WL, L = Wafer Lot
Thermal Resistance, Reya 80 °C/W YY,Y =Year
Junction—-to—Ambient WW, W = Work Week
Operating Junction Temperature Ty 125 e *This marking diagram also applies to NCV494.
Storage Temperature Fange Tstg -5510 +125 °C
Operating Ambient Temperature Range Ta °@ ORDERING INFORMATION
TL494B —40to +125
TL494C Oto+70 Device Package Shipping
TL494i —40to +85 : :
NCV494B 4010 +125 TL494BD SO-16 48 Units/Rail
Derating Ambient Temperature Ta 45 °C TL494BDR2 SO-16 2500 Tape & Reel
1. Maximum thermal limits must be observed. TL494CD SO-16 48 Units/Rail
PIN CONNECTIONS TL494CDR2 SO-16 2500 Tape & Reel
Noninv Nonin TL494CN PDIP-16 25 Units/Rail
Input E E] Inpu]l[ ‘
Inv | TL494IN PDIP-16 25 Units/Rail
Input E E Ig\;;ut
NCV494BDR2* SO-16 2500 Tape & Reel
Compen/PWN
Cc?mp Input E E Viet -
Deadtime 1 Output NCV494: T\gy = —40 C, Thigh = +125°C.
Control Contro Guaranteed by design. NCV prefix is for
I automotive and other applications requiring site
Crls 12] Ve
[ ORI :] and change control.
Q2
Ground E E E2
ci[e J Oq f—E] Ef

(Top View)

© Semiconductor Components Industries, LLC, 2002 1 Publication Order Number:
April, 2002 — Rev. 4 TL494/D



RECOMMENDED OPERATING CONDITIONS

TL494, NCV494

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vee 7.0 16 40 A
Collector Output Voltage Vei, Vo2 - 30 40 \
Collector Output Current (Each transistor) Ic1, Ic2 - - 200 mA
Amplified Input Voltage Vin 0.3 - Veec-20 \
Current Into Feedback Terminal Itp - - 0.3 mA
Reference Output Current lref - - 10 mA
Timing Resistor Ry 1.8 30 500 kQ
Timing Capacitor Cr 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz ;

ELECTRICAL CHARACTERISTICS (Ve = 15 V, Cr = 0.01 pF, Ry = 12 kQ, unless otherwise noted.) _
For typical values Tp = 25°C, for min/max values Ty is the operating ambient temperature range that applies, unless otherwise noted.

L Characteristics Symbol I Min I Typ | Max I Unit
REFERENCE SECTION

Reference Voltage (Ig = 1.0 mA) Veet 4.75 5.0 5.25 \Y

Line Regulation (Vcc = 7.0 V to 40 V) Regjine - 2.0 25 mV

Load Regulation (Io = 1.0 mA to 10 mA) Regioad - 3.0 15 mV

Short Circuit Output Current (Ve = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Ic(of) - 2.0 100
(VCC =40V, VCE =40 V)

Emitter Off-State Current 'E(offy - - -100 A
Vec =40V, V=40V, Vg =0V)

Collector—Emitter Saturation Voltage (Note 2) \
Common—Emitter (Vg = 0V, Ic = 200 mA) Vsat(c) - 1 1.3
Emitter—Follower (V¢ = 15V, |g = =200 mA) Vsat(E) - % 2.5

Output Control Pin Current
Low State (Voc = 0.4 V) locL - 10 - HA
High State (Voc = Vier) locH - 0.2 3.5 mA

Output Voltage Rise Time t ns
Common-Emitter (See Figure 12) - 100 200
Emitter—Follower (See Figure 13) = 100 200

Output Voltage Fall Time t ns
Common—Emitter (See Figure 12) - 25 100
Emitter—Follower (See Figure 13) - 40 100

2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.

http://lonsemi.com
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TL494, NCV494

ELECTRICAL CHARACTERISTICS (Ve = 15V, Ct =0.01 uF, Ry = 12 kQ, unless otherwise noted.)
For typical values Tp = 25°C, for min/max values Ta is the operating ambient temperature range that applies, unless otherwise noted.

E Characteristics [ Symbol Min Typ Max ’ Unit—’
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (Pin3)=2.5V) Vio - 2.0 10 mV
Input Offset Current (Vg (Pin3)=2.5V) lio - 5.0 250 nA
Input Bias Current (Vg (Pin3)=2.5V) lis - -0.1 -1.0 pA
Input Common Mode Voltage Range (Vcc =40V, Tp = 25°C) Vicr —0.3to V2.0 \
Open Loop Voltage Gain (AVp=3.0V,V5=0.5V103.5V, RL =2.0kQ) AvoL 70 95 - dB
Unity—Gain Crossover Frequency (Vo = 0.5V 10 3.5V, RL=2.0kQ) fo- - 350 - kHz
Phag2 Margin at Unity—Gain (Vo = 0.5V t0 3.5 V, R =2.0kQ) dm - 65 - deg.
Common Mode Rejection Ratio (Ve = 40 V) ' CMRR 65 90 - dB
Power Supply Rejection Ratio (AVcc =33V, Vg =25V, RL = 2.0 kQ) PSRR - 100 - dB
Output Sink Current (Vo (pin 3 = 0.7 V) \ (o< 0.3 0.7 - mA
Output Source Current (Vg (Pin3)=3.5V) lot+ 2.0 —4.0 - mA
PWM COMPARATOR SECTION (Test Gircriit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) Viy - 25 4.5 \Y
Input Sink Current (ViPin3)=0.7V) li- 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Fin 4) (Vpin 4 = 0 V10 5.25 ) | Weom - 20 ~10 uA
Maximum Duty Cycle, Each Output, Push—Pull Mode DCmax %
(VPina =0V, Cy = 0.01 uF, Ry = 12 kQ) 45 48 50
(VPina =0V, Cy = 0.001 uF, Rt = 30 kQ) — 45 50
Input Threshold Voltage (Pin 4) Vin \
(Zero Duty Cycle) - 2.8 3.3
(Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (Ct = 0.001 uF, Ry = 30 kQ) fose - 40 - kHz
Standard Deviation of Frequency* (Ct = 0.001 uF, Rt =30kQ) ofosc - 3.0 - %
Frequency Change with Voltage (Vo = 7.0 V to 40 V, Ta =25°C) Afoge (AV) - 0.1 - %
Frequency Change with Temperature (AT, = Tiow t0 Thigh) Afosc (AT) - - 12 %
(Ct=10.01uF, Ry = 12kQ)
UNDERVOLTAGE LOCKOUT SECTION
| Turn-On Threshold (Vo increasing, ler = 1.0 mA) Wi 5.5 6.43 70 | v ]
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vs, All other inputs and outputs open) lce mA
(Ve =15 V) - 55 10
(Vec=40V) - 7.0 15
Average Supply Current mA
(C+=10.01pF, Ry =12 kQ, Vipin4)=2.0V) - 7.0 -
(Vce =15 V) (See Figure 12) ]

* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, o
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TL494, NCV494
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TL494, NCV494

APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Firure 1.) An internal-linear sawtooth oscillator is
frequency— programmable by two external components, Rt
~ and Cr. The approximate oscillator frequency is determined

by:

1.1
RreCr

fOSC
For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Cr to either of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
when the flip—flop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control-signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum
output deadtime to approximately the first 4% of the
sawtooth—cycle time. This would result in a maximum duty
cycle on a given output of 96% with the output control
grounded, and 48% with it connected to the reference line.
Additional deadtime may be imposed on the output by
setting the deadtime—control input to a fixed voltage,
ranging between 0 V to 3.3 V.

Functional Table

Input/Output . fout
Controls Output Function T o=
Grounded Single—ended PWM @ Q1 and Q2 1.0

@ Vrer Push—pull Operation 0.5

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on-time, established by the deadtime
control input, down to zero, as the voltage at the feedback
pin varies from 0.5 V to 3.5 V. Both error amplifiers have a

common mode input range from 0.3 V to (V¢ —2V), and
may be used to sense power—supply output voltage and
current. The error—amplifier outputs are active high and are
ORed together at the noninverting input of the pulse—width
modulator comparator. With this configuration, the
amplifier that demands minimum output on time, dominates
control of the loop.

When capacitor Cr is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse—steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the output—control connected
to the reference line, the pulse—steering flip—flop directs the
modulated pulses to each of the two output transistors
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Output drive can also be
taken from Q1 or Q2, when single—ended operation with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output-drive currents are required for single-ended
operation, Q1 and Q2 may be connected in parallel, and the
output-mode pin must be tied to ground to disable tlie
flip—flop. The output frequency will now be equal to that of
the oscillator.

The TLA%4 has an internal 5.0 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of * 5.0%
with a typical thermal drift of less than 50 mV over an
operating temperature range of 0° to 70°C.

__ 500k T T—T
g = =+
5 SN Vo= 15V
5] q Cr=0001pF Hi- 706
Z 100k -
=) Ly N
(e ]
w
(o
w N N
o
S L 0.01 uF I
= 10k S =
£ 10 = =
—
&) S, SN
3 - o
o N
810k \‘0‘" '1 ”3F N

500 S

1.0k 20k 50k 10k 20k 50k 100k 200k 500k 1.0 M

Ry, TIMING RESISTANCE (€2)

Figure 3. Oscillator Frequency versus
Timing Resistance
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TL494, NCV494
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Figure 10. Error-Amplifier Characteristics
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Figure 12. Common—Emitter Configuration
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Figure 13. Emitter—Follower Configuration
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TL494, NCV494
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Figure 14. Error-Amplifier Sensing Techniques
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Figure 15. Deadtime Control Circuit
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Vref

Master

Vet

Slave
(Additional
Circuits)

Figure 18. Slaving Two or More Control Circuits
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Figure 20. Pulse Width Modulated Push—Pull Converter

All capacitors in uF

Test

Conditions

Results

Line Regulation

Vin =10V to 40 V

14 mV 0.28%

Load Regulation

Vin=28V,Io=1.0mAto 1.0 A

3.0 mV 0.06%

Output Ripple

Vi 28V, 1o=1.0A

65 mV pp PAR.D.

Short Circuit Current

Vin=28V,R =0.1Q

16A

Efficiency

Vin=28V,lo=1.0A

1%
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Figure 21. Pulse Width Modulated Step—Down Converter
F Test Conditions Results
Line Regulation Vin =8.0Vto 40V 3.0mV  0.01%
Load Regulation Vin = 12.6 V, Ig = 0.2 mA to 200 mA 50mV  0.02%
Output Ripple Vin = 12.6 V, Ilo = 200 mA 40mVpp PA.R.D.
Short Circuit Current Vi, =126 V,R =0.1Q 250 mA
Vin = 12.6 V, Ig = 200 mA 72%

Efficiency
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PACKAGE DIMENSIONS
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NOTES
. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.
. DIMENSION L TO CENTER OF LEADS WHEN

FORMED PARALLEL
. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
. ROUNDED CORNERS OPTIONAL.
INCHES MILLIMETERS
| DIM| MIN | MAX | MIN | MAX
A | 0740 | 0.770 | 18.80 | 1955
B | 0250 | 0270 | 635 | 685
C | 0145 | 0175 | 369 | 444
D | 0015 | 0021 | 039 | 053
F 0040 | o070 | 102 ] 117
G | 0100BSC 2.54BSC
H | 0050BSC 1.27BSC
J | 0008 [ 0015 | 021 | 038
K | 0110 [ 0130 | 280 | 33
L [ 0295 | 0305 | 750 | 774
M 0°]_ 10°] 0°[ 10°
s | 0020 0040 | 051 | 101

NOTES:

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

2. CONTROLUING DIMENSION: MILLIMETER.

3. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

5. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

MILLIMETERS INCHES
MIN MAX MIN | MAX
980 | 10.00 | 0.386 | 0.393
3.80 4.00 | 0.150 | 0.157
1.35 1.75 | 0.054 | 0.068
035 049 | 0.014 | 0.019
0.40 1.25 | 0.016 | 0.049
1.27 BSC 0.050 BSC
0.19 0.25 | 0.008 | 0.009
0.10 025 | 0.004 | 0.009
0 7° 0° 7°
5.80 620 | 0.229 | 0.244
0.25 0.50 | 0.010 | 0.019
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SWITCHMODE is a trademark of Semiconductor Components Industries, LLC.

ANV AR,

[—ON Semiconductor and  ...f are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make
changes without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all
liability, including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part. SCILLC is 2~ Equal Opportunity/Affirmative Action Employer.
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