SOMAUHANAINAVIOA TUTA

AUTOMATIC ESCHEWING CAR

Tag

WG sUDESANIUA 35104161

Weriyye IunyleTu 35104184
UWANIATHG WINgAY 35104418
]
219136MT Ny

As. NAND Faana

Sy ou ¥ ’;;6‘;”" ;jw
RUNATI U e DT i
mm%Unnﬁqé‘a....I.?ﬁ?lf’ﬁ..&..ﬂ.gf&' ki

o

WyaniinuidmsulSoanimnssumaniusa
MnIndidnnseiing
' AuzImnTTumans
aofunaluTagnszesuindusiganmismansels

Jmsfioun 2538

N
PRVIIRN

037103



M

USyeniinusmsfinm 2538
madn Sldanseiind

- ¢ [ al (Y
pazdranssumand aoniumaTuTadwszsoundudrqunmsatanssila

4 a4 A v wa . ]
599 SOHAUNANTINAVINGA LUNA (Automatic Eschewing Car)

goari

a J = a (4 a
I WMWUINAYUNY ANYTANTUAR avysdida 35104161

2. wiosdydy Juglosu mvilssdwa 35104184

3. WNANATHT WIngAY mvllszdidn 35104418
oo et

~ 819138NT M

)

@5. NAna Faana)



soraunandanava Iulia

a o < a <
muyiy§  sufvsAnIuA
53vdy  Jygylosu
AINs  ungay

aa a Py
As. NAWa  Faana  ©1iMiTamn

Umsdnur 2538

UNAALD
a o 4 dy a aa [ e & 9
Vyaniinuiniuilfiauelnssusonaundndiariwdaluta  Fudunish
A 3 dauumlszgnd 195w ldun anuifoadudueres iaszormediunauganily
- < ot 4 4
fin Anuinedunsmuuanndveddnemey tazaamimediulylasneu Insaaed
o A& a o va ot o sla ¥ a & o
sonaunandainavanealuid  Tdaudwreildganirladin Frannsoasedy

dunnisvediagldluszoy 12 wms  svozmaidaldezegluplvesdoyanedtaea

» .
e 8 1in JeyatiezgadslliszunanalaslyTasaeuTnsamed Mldidumiesiag

a

s ) vy v o o2 y
fiegmednmiuazddevesdase  lulasnouTnsamesSeaunsodadyana ldarugu

¢ v
¥

A o o oa & o S’Q' dy b Y &4 o ]
veimeimplUiAmMImsindounvesaliiliase q @eadne wieideivn Tavlivu

b4
nudaguaniu
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1995

ABSTRACT

This thesis presents the automatic eschewing car which is a project that associates with
using ultrasound transducers as distance sensors, DC motor control system and knowledge of
microcontroller.

Ultrasonic sensors of the automatic eschewing car can detect positions of objects in 1.2
m. range. The 8 bits digital data of distance is sent to process by microprocessor to achieve
positions of objects at the front and the side of the car. So that , by control DC motor , the car

can go streight on , turn left , or turn right to eschew objects .
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3 Dl HsL
9 DB2 H/L
10 DB3 H/sL Data bus line
1 DB4 H/L Note (1), {2)
f DBS H/L '
13 DBS H/L
14 D87 H/L

msdsueadamniuszuy lulasrouTnsames  awisorld 2 uuy 18un
P o
wuvy TuTud (MEMORY MAP) uazuuu e levesa
1. wvwwn laSuny dumsasusasmidinussuululnsneuInsames Iay
“a d’ d' ) o [} c'? 149 o4 ] o 9/
seiuiishiveaniioanud iddiunila  udlidedfe aunsoasnnugnadudouluns

weuTusunsy
L4 dy 1 s Y o d a o
2. uuylelewesa  uuvullvzdensadarifunesaduynioniynvosszuy

o é [R= J é ] o =) c:i 1=t 9 =
Tulasaeulnsawes  Feeeludonuilumioanus oo TSunl  udiidede
& =t 1 =
A vxlinnugannlumswguTlsunsy

P o or A ' a4 Y o
Taseniusonaundndiavinealudal  idennisasusasainfussuy
lulnsnouInsawmesuvulelevwesa laoweia A veada 8255 2 Wusmdnesa  uaz
woia B Wuwesadygnuniugy
weiisuita Itlould DH44780 udafezinissigaaiuies Taolsinm
] b 4
Yszanat 10 ms a9 I VDD B4 45 Tradudadeainmadnd o Inofidams q dail
1. DISPLAY CLEAR
2. FUNCTION SET
3. ON / OFF DISPLAY
- 4. ENTRY MODE SET
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DD RAM

Intruction Code Execution
Time
(max)
RS |R/ |DB|DB |DB|DB |DB|DB,|DB | DB | (whenf or
Wi, 6 s 4 3 1 0 fose 1s 250
kHz)
Clear Display | 0 0 0 0 0 0 0 0 0 1 1.64 ms
Return Home | 0 0 0 0 0 0 0 0 1 * 1.64 ms
Entry Mode 0 0 0 0 0 0 0 1 |I/D} S 40 Us
Set
Display 0 0 0 0 0 0 1 D C| B 40 Us
On/Off
Control
Cursor or 0 0 0 0 0 1 |[S/CIRL | * * 40 Us
Display Shift
Function Set | 0 0 0 0 1 {DL | N F * & 40 s
Set CGRAM | O 0 0 1 ACG 40 s
Address
Set DDRAM | 0 0 1 ADD 40 Ls.
Address
Read Busy 0 [ 1 |BF AC 0 Us
Flag &
Address
Write Data to | 1 0 Write Data 40 s
CG or DD
RAM
Read Data 1 1 Read Data 40 s
from CG or
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2 2 4
nniuSennsodinultusadfuanmanundsinsla  TaolunisTus
unsulFnuszdedidwduiiavadiioduuamidedn q  Ffiddan 9 ¥e9 DH44780

HAAIAINITN 4.3

4.3.3 s1eaziPanueInIds DH44780
° o dy P ] 1 )
1. CLEAR DISPLAY fdstiszilunmsi@outesin (asci 208) w1l lu
»
mihsanudududeyalunisuanwa : A3 usw (DISPLAY DATA RAM : DD RAM) 14
nuﬂua‘“mn1mmaﬂmimmmmsmmmmmu"lmﬂuﬁuu dunesiresvzndu leg-
uMMsuugAdoilovenen W 1§ ID = 1, S Wifimsnldou mmsmmmmmumsﬂ 4.5

Clear display
RS RM DB, D8,

Code Loio]o[ojorolo,ololxl

31U 4.5 uaAfiae CLEAR DISPLAY

. ¥ S
2. RETURN HOME  mdsilssyinisaaoamsavaaniuanusunude

'3 o o o o 1o v Y A ¥
yﬁiuﬂ’lillﬁﬂ\iﬂﬁl'ﬂUﬁUU ﬂ'llﬂﬂﬂ‘lfaiﬁ:«'ﬂfﬂJ11]?3@?”[“111\1‘1]11?[91‘3101191]9\1i]?)fnw YBya

] »
-

Tusenwlinldon  uansdiidaiinag 4.6

¥

Return home
RS RWDBy—m—— - .DBy

folofo]ofofofo]ofo]-]

* No'effect

11 4.6 uaAI1d RETURN HOME

3. ENTRY MODE SET ua@iaagy 4.7

Entry mode set
RS RMWOB;— —————— D8y

Code [0]ofofofolo]oio]u]s |

31 47 ueaafirds ENTRY MODE SET
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fia 10 : Tavszdludmsmualihidediounsesmdoyaudaezilvuea-
wsavoamianuiniudeyalumsuanmainliunioananiislay
= WY
2
0= aaaImila
a ° [ o o
fas : dudmuauaawalasd s =1  wdumslddeyaudrdune;

¢ 1o A LY T A 4 4 a
wosagiufideyassgndulimadhs &1 s = 0 Jeyasragiviinesivessrgnauluni

&
UVIUB
4. DISPLAY ON/OFF CONTROL Iaadfagll 4.8

RS R/ DB, 08¢

code [0]ojolofoloii[o]lc]s]|

& H

31 4.8 uaAIfida DISPLAY ON/OFF CONTROL

ta D « Wuialddateniwenin Tash
D=1 9 ON uaz i
D=0 9 OFF
- L4 L4 S 9/ 19y o o
fa ¢ : vzuaaunesiyel Wiac =1 uazdilidesmsuanunesives
Y LY o o vet 9 a ' 9 :i
ac=0 lasdunodiesszagiudun 8 luuuy 5+7 g wazezediduin 11 Tuuuy
5%10 94
o a o a 4 4 p=}
fa B : dhu dadmuansnseniuveunesiwes  Tau B =1 szlimsnse

W5u uaz B =0 lWinmsnsensy  Taslistoznamsnsgniudssuia 3792 daaiuii

5. CURSOR OR DISPLAY SHIFT uanagy 4.9

Cursor or display shift
RS R/W DB, D8

Code |0]ololololesecipn -] -
l | 90 ]17sic
* No effect

. 51/ 49 UAAIRIAY CURSOR OR DISPLAY SHIFT



56

o v o ° ' J a
Fusrdadmualddumnivnefiesmiodoyaliifianidonioyn  Tay

1udeelfrdudouniesulae

SIC  RL |
0 0 Yhmsthomesiwes lunnduviany Tdheiio 1 dwmus
0 1 wnsthoaedises dandumiadnTdunile 1 dwmua
1 0 dlumsdusmshysiifialymadheile
1 o dlumidusdnusiidialumavnde

6. FUNCTION SET uaadAdzy 4.10

Function set

RS R/W DB, DEg
CodelO 0 010 1|DL NIF . .
* No effect

31 4.10 u@Asi1dY FUNCTION SET

= =] =Y [ 1] o a
fa DL - Sumsidansaadednes ifiduuuy 8 Ua wie 4 ia  Tasdh
Foensiaan 4 A DL =0 a8 1A DL =1
N - dumndaussianisuaniea N=o taas 1 ussia  uazdl N=1
o P=3 ] v da v
warmd 2 usania  lunsdiinnnd 2 ussia AldiEa N=1 ‘

F : dlumsidavinagamsuaaiwa 527 3o 5410 Tav F=0 dunuy 547

wazd F=1 Juuuy 5%10  uaasdanisng 4.4

MIN 44 uaRIN st muatani q lumsMUAUULGI9nYS

No. of
N Character Duty
N F dll.splay font factor Remarks
ines
a0 1 5x 7dous /8
01 1. & x 10 dots 111

. Cannot display .2 lines
1. 2 5x 7doss 116 with 5 x 10 dotcharac-
ter font.

* No effect
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7. SET CG ADDRESS iaaindgy 4.11

Set CG RAM address

RS RPWDB—m—uwu—  _ ——DBg

Code 0 0j-0 1 A A A A A A
Higher Lower .
Order Bits Order Bits

31 4.11 ua@Ifds SET CG ADDRESS

¥
Tu DH44780 Wuezlimitgniwdiey 2 gatembeanusuiudoyalums
uarasnasuan 80*8 da wazniwanusilunisaddionys (CHARACTER GENERAT-
. » ¥
OR ROM : CG RAM) $1uau 512 iia ua 7200 in  mifedisediumsdweansaludd

L4 o : 1 a - 9/ =)
U3y Tﬂﬂﬂﬂqﬂ'lﬂ'liﬂillﬂﬂlﬂiﬂ'ﬂﬂulﬂUUﬂiBT’)'IN‘UE]?;!ﬁi]'Iﬂ‘]m sy ﬁ"]ﬂ

8. SET DD RAM ADDRESS taassdgy 4.12

Set DD RAM address
RS RMWDB,—————— DBy
" Code LGIOT 17A[AJAJA[A,AIAI

Higher lower - ¢
Order Bits Order Bits K

71 4.12 waAafinde SET DD'RAM ADDRESS

o w A, 1 o = Ay ' et
HuirdwaaimsiFaaueamsaluda usy  lups@suniosusionia
ctet My o s ° o a &
UTN (AR UTH ABEIUNIZUAAINANIIVBLDATA) TasswnuueamsannaYULULD
PP} ‘; (XY =1 1
uendFAvzIBgiuMIITam N 420
N =0 (1UT99A) UDAIATAILDY OOH-4FH
N =1 (2 ¥351R) UBAIATARLDY OOH- 27H dmivussviaf 1 uaz 40H-

67H d1M3uUssNan 2
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16 AIONYT 1 UTTNA

(oo 0L |02 {03 [04 [05 |06 |07 |40 {41 {42 |33 |44 | 45 |« 47
16 FIBNYT.2 UTITHA
00 | 01 |02 )] 03] 0+ 05| 06| 07|08 )| 09| o0a ] |OB|oOC]|oD]| oF | oF
40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F
16 AI0NYT 4 UITNA
00 | 01 | 02 f 03|04 (051|067 07| 08|09 |0A/{OB]| OC]| OD| OE | OF
40 | 41 [ 42| 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F
10 [ 11 124131415016 17181 19)1a|1Bl1wc]| D] 1] F
50 [ 51 | 52|53 | 54|55 |56 57| 358|359 (535a11s5B]|5c!sp | 56| sF
20 A20NYST 1 UTINA
00 o1 ] 0203 040505 {0708/ 09]|0aloB|oc|lop|oe]or| 01t ]| 12]13
20 MI0NYS 2 USTAA
00 {01 |02 05 |0s)05|06{07 | 08|09 |0a[oB|oc|{oploE|{oF | 1011|1213
40 41 42 43 34 45 <6 37 48 49 JA 4B 4C 4D $E 4F 50 51 52 53

9. READ BUSRY FLAG AND ADDRESS aradaqgyl 4.14

1) 413 wamamisSauoasTDIAR nsumiinousai@

31 4.14 4AAIRIT? READ BUSRY FLAG AND ADDRESS

Read busy flag & address

RS RAY DB Dgy
T
Code|0"-lSF'AAAAAAAI
Higher Lower
T Order Bits Order Bits

»
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3 [l 1 4
Gufdeema BUsY FLAG  dezitludueniwia HD44780 floglu
o v A i s/ o o 3
vuau awhauneluey  niesgluanmnieniinsiudeyalay
BE =1 agluvuumsthaunely hindeveriudeyansedds
¥ v 4 o o
BF = 0 wiousziudeyaniemds -

»

=t o o a': J v g o1 A el 3/
uazuaﬂ‘a1ﬂuUui‘lumﬁamuﬂwayauamﬂsmawa 13N HI0AA UTUATY
10. WRITE DATA TO CG DD %38 RAM  aaeaagy 4.15

Write data 10 CG or DD RAM

RS R/M DB, 08By
c«ma{u‘ofoio ofooolo D]
Higher iLower

Order Bits Order Bits

51 4.15 uaAIMIAL WRITE DATA TO CG DD 38 RAM

o © & 9 Y Aot A o A = 3
flusdauioudoyad 1d1udt uswniofd usw leudiodoudeyauation
A -] a wa o v d g o Y o = J
IATAVLINNNIDAA Tada Tuiamumdeida luen Ind Tnuadedmuaiinzdiluns
P 9/ Ay & a4 ° < 1 ] ) A A
IWYUUDYAYDITY UIN NUIDAA 1y ‘ﬂﬂ?ﬁﬂﬂﬂﬁL‘!Sﬂﬂ'llli)ﬂtﬂi’f’f‘l!ﬂﬂ‘h"ﬂ 34 nioaa LIy

ay ' = -
VHUINBUITIWIUVBYQ

11. READ DATA FROM CG OR DD RAM  Lierd9@egy 4.16

Read data from CG or DD RAM
RS RM DBy —————— DB,

Coss |1|1|DiD|D{D|D|D|O]|D
Higher Lower
Order Bits. Order Bitz 7

51) 4.16 uaAIf 1 READ DATA FROM CG OR DD RAM

o & 3 Y ad A o ' ' ' aat
Lﬁuﬂ‘lﬁqa'luﬂ'nlﬂ%ﬁﬂ'm%% HIunTona U3y Iﬂﬂﬂﬂu@']uﬂ'm'lﬂﬂﬂ Usy

A A i Yo & & ' A vy 9 Ly y:ﬂdd -
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3 KKK KKK KK 3K KKK 3K KK K KKK SR SK KK K K 3K K KK KKK KKK KKK KK K K KKK K KKK K XK
;PROGRAM AUTOMATIC ESCHEWING CAR
5 K 3KK KK KK K KK SKOK 3K K KK KK 3K 3K 5K 3K K 3K K K KK K KK KK K K K KK K K KK KKK KKK KKK
ORG OOOOH
IMP MAIN
3 3K KK 3K 3K 3K 3K KK 3K K K K 3K K KK K 3K 3K 3K 5K 3K K 3K KK KK KKK K 3K 3K K K KK KK KK KKK KK K KK
; VARIABLE SPECIFY
3 KKK K 3K 3K K K KK KK K K K 3K 3K 3K 3K K K K 3K K KK KK K KK K K K KK KKK KK KK KK KK KK K
;8255_1 ‘
PORTAL EQU OEOH
PORTB1 EQU OE1H.
PORTC1 EQU OE2H
PCWR1 EQU OE3H

;8255 _2
PORTAZ EQU OCOH
PORTB2 EQU OC1H
PORTC2 EQU OC2H
" PCWRZ EQU OC3H
;s KEYBOARD

KBD EQU OAOH
;DISPLAY DATA MEMORY
DDMEM EQU 10H ;(TO 1FH)
;SPEED DATA '
SPD EQU 0OAH
sCANCEL KEY
* CANKEY EQU OAH
;GO KEY
GOKEY EQU OBH
sMINUS KEY
MIKEY EQU OCH
s TARGET DISPLAY DATA MEMORY
XPOS1MEM EQU 15H
XPOS2MEM EQU 16H
XPOSZMEM EQU 17H
YPOS1IMEM EQU 1DH
. YPOSZ2MEM EQU 1EH
YPOS3MEM EQU 1FH
i TARGET POSITION MEMORY IN FEET
XDIST EQU O8H
YDIST EQU OSH
sNUMBER OF PULSES TO GOTO TARGET
XABS_L  EQU  OBH
XABS_H EQU OCH
YABS_L EQU ODH
YABS_H EQU OEH
ABSBUF _L  EQU 22H
ABSBUF _H EQU 23H
;DECISOR REGISTER
DECISOR EQU 21H
;BIT DECISOR
BUFB BIT OFH
YCOOR -BIT OEH
XCOOR BIT ODH
0oBJL BIT OCH
OBJML- BIT O©BH
08JIM BIT OaAH
O0BIJMR BIT 09K
08JR BIT O8H
;CONTROL MOTOR MEMORY
CTRLMEM EQU 22H
sNUMBER OF PULSES IN ONE FOOT



ONEFOOT EQU 117
3 KKK KKK KKK K K KKK KK KKK KKK XK KK KK K KKK KKK KK KKK KKK KKK KKK

; MAIN PROGRAM
3 KKK KKK KKK K K K KK KKK KK KKK K KKK K K KKK KKK KKK KKK KKK XK K KKK K

s INTERRUPT FROM KEYBOARD

ORG OOO3H
MOV RO, #KBD
MOVX A,8R0
RETI

3 KRR K K 2K 2K 3K 3K 3K 3K 3K 3K K K 3K 5K 3K 3K K K 3K 3K 5K 2K 3K K 5K K 3K 3K K 3K 3K K 3K 3K 3K 3K K 5K K 3K 3K KK oK

;s INTERRUPT FROM

iORIGIN ADDRESS

SENSOR

ORG O0O13H
MOV R1,SP
MOV @R1 ,#00H
DEC R1

MOV @R1,#30H
RETI

FOR RETURN INTERRUPT
ORG OO30H
JMP INTR

3 SRR KKK KK K K 3K 3K 3K 5K 3K 5K 3K 3K KKK 3K 3K 3K K 3K 3K 3K 3K 2K 3K 3K K 3K 3K 3K 3K K 3K 3K KK K KKK 3K 3K 3K KK K

MAIN:

ORG 0OO40H

MOV SP,#2FH s INITAIL STACK POINTER

CAalLL DELAY ;WAIT FOR VCC RISES

CALL INI8255_1 s INITIAL PORT 8255

CALL INI8255_2 s INITIAL PORT 8255

CALL INILCD s INITIAL LCD MODULE

CALL WELCOME 3 SHOW INTRODUCTION MESSAGE

CALL GETARGET JRECIEVE TARGET’S POSITION

CALL GOTOTAR sRUN TO ACHIEVE TARGET’S POSITI
JIMP GOAL i SHOW ACHIEVE MESSAGE

3 9K K KK K KK KK K 2K KK 3K KK 5K 3K 3K 3K 5K KK K K 3K 3K K 3K 3K 5K 3K 3K 3K KK 3K K 3K KK K 3K 3K K K K 3K K K
; DEL.AY

3 KKK KKK KK K KKK K 3 K KKK 5K K K KK K K 3K K K K 3K K K KK 3K 3K 3K 3K K 3K K ok ok 3K 3K 3K 3K K K
DELAY: PUSH 06

PUSH 07

MOV R7 ,#00H
INDLY: MOV Ré6 , #0O0OH

DINZ R6,%

DINZ R7,INDLY

POP 07

POP 06

RET

3 K KKK K KK K 3K K K 3K 3K K KK 3K K 5K 3K 5K 3K K 3K 5K 3K 3K 5K 3K 3K 3K 5K K 3K K 3K 3K 3K 3K 3K 3K 3K 3K 3K 3K 3K K 3K K ok K

; INITAIL 8255
5 KKK K KKK K K K 3K 3K K KKK KK K K K KKK K K K K 3K 3K K 3K KK KK K KK 3K K 5K 5K 3K K K K K K K

INIB255_1: MOV RO, #PCUWR1

MOV A,#100000108B ;PORT A,C = OUTPUT

;PORT B INPUT
MOVX @RO,A

DEC RO

CLR A

MOVX @RO ,4A

DEC RO

MOVX 6RO ,A

DEC RO

MOVX @RO,A

RET



INI8255_2: MOV RO, #PCUWR2
MOV A, #80H ' ;ALL PORTS ARE OQUTPUT
MOVX 8RO ,A
DEC RO
CLR A
MOVX @RO,A
DEC RO
MOVX @RO,A
DEC RO
MOVX @RO,A
RET
3 KRR KK KK K K KKK KK K KK KKK KK KK KK KKK KK K KKK KKK KKK K KKK KKKk
; INITIAL LCD
i PORTAZ=DATA

;PCO_2 =RS

iPC1_2 =R/W

iPC2_2 =E

3 2K 3K K 3K K 3K 3K 3K K 5K 5K K K 5K 5K 5K 3K K K K 5K 5K K K 3K K K K 5K 3K KK K 3K KK KKK 3K KK oK KKK K KoK oK K
INILCD:

;FUNCTION SET
MOV A,#00111000B ;8 BIT,2 LINES,5%7 DOTS
CALL ENACODE
sENTRY MODE SET
MOV A,#000001108B ;INCREMENT ADDRESS
' ; CURSOR SHIFTS RIGHT
CALL ENACODE
;DISPLAY ON/OFF CONTROL
MOV A,#000011008 ;DISPLAY ON,CURSOR OFF
;BLINK OFF
CALL ENACODE
RET
3 3K KK KK 3K 3K 3K K KK K K K KK oK 3K K KKK 3K 3K K K oK 3K K KK KK K K oK oK SR K K KK K KoK K ok KK K
; INTRODUCTION MESSAGE
3 3KOKOK K K KK 3K oK 3K 3K oK oK KK KK K 5K K K 3K K K KK K KK KKK KKK KK KKK KK R KK KKK KK K
WELCOME: MOV DPTR,#MESS1
CALL SHOWSHOW
MOV DPTR,#MESS2
CALL SHOWSHOW
MOV DPTR ,#MESS3
CALL SHOWSHOW
MOV DPTR,#MESS4
CALL SHOWSHOW
RET
3 KR KK KKK KK oK KK K K 5K K K K KK KK KK KK 5K 3K K K KKK KK K K KK KKK KKK KKK K
; SHOW MESSAGE
3 3K KKK KK K K K K 3K K KK KK KK KK K K KK K KK K KKK KKK KKK K K KK KK KKK KK KK
SHOWSHOW : CALL FILLDMEM
. CALL SHOWLCD
CALL DELAY
CALL DELAY
CALL DELAY
CALL DELAY
RET
3 KKK KKK K KK KK KK KK KK KKK K KKK K K KKK KKK KK KKK KK K KKK KKK K KKK
; SHOW ACHIEVE MESSAGE
3 KKK KKK K K KK KK KKK KK K K KK K K KKK KKK K KKK KKK KKK K KKK KKK KK KKK
GOAL.: MOV DPTR,#MESS?7
CALL SHOWSHOW
MOV A,#01H
CALL ENACODE



CALL DELAY
CALL DELAY
JMP GOAL

3 KK K K K 3K K 3K KK 3K 5K 3K 5 5K 3K 2K 3K 3K KK 3K K K K KKK K KKK K KK KKK KK KKK KK KK KKK XK

MESS1: DB ’HELLO MY NAME 1S’
MESS2: DB ° MR. ESCHEWER °
MESS3: DB ’ ENTER TARGET ’
MESS4: DB * IN UNIT FEET °
MESSS5: DB ’XPOS YPOS ’
MESS6: DB ’EXCESS 30 FEET’
MESS7: OB G 0 A L ’

5 K 5K K 3K K 5K 5K 3K 3K K 3K 3K 3K K K K K K K KK KK K K KK 0K KKK 2K KKK KKK K KKK KK KR KKK K

; FILL DISPLAY DATA MEMORY

;FILL DISPLAY DATA TO BUFFER( INTERNAL RAM)
3 SRRSO K K KKK KK KKK K KKK KKK KKK KKK KKK KK KKK KKK KKK KKK KKK KKK

FILLDMEM: PUSH 01

PUSH 02

PUSH 03

MOV R1 ,#DDMEM
MOV R2,#00H
MOV R3,#10H
MOV A,R2

MOVC A,8A+DPTR
MOV @R1 ,A

INC R1

INC R2

FILLCHAR:

DINZ R3,FILLCHAR

POP 03
POP 02
pPOP 01
RET

s INITIAL BUFFER ADDRESS
; CHARACTER OFFSET
; COUNTER

3 3K 5K 3K 3K K KK K KK 3K K 3K 3K 3K K K K KK 3K K K K K K KK K KKK KKK K KK KK KKK KK KKK KKK

; SHOW LCD DISPLAY

3 3K 3K K oK SR KK S K K 3K K K K KKK KK KK K 3K K K 3K K 3K 3K KK KK K KKK KK KKK K KKK K KKK K

SHOWLCD = PUSH 01

PUSH O7

MOV R1,#DDMEM
MOV R7 , #08H
MOV A, #80H
CALL SENDPAZ
CALL ENACODE
MOV A ,8R1
CALL SENDPAZ
CALL ENADATA
INC R1

DINZ R7,SET_ST

SET_ST:

MOV R7 ,#08H
MOV A ,#O0COH
CALL SENDPAZ
CALL ENACODE
MOV A,8R1
CALL SENDPAZ
CALL "ENADATA
INC R1

DINZ R7,SET_ND
CALL DELAY
CaLL DELAY
CALL DELAY
CALL DELAY

SET_ND:

s INIT-IAL BUFFER ADDRESS
; COUNTER
;SET DDRAM ADDRESS

; COUNTER
; SET DDRAM ADDRESS



POP 07
POP 01
RET
3 K K KKK 5K KK K 5K 3K 3K K K K KK 3K 5K 5K 3K 3K 5K K K K 3K 5K K K 3K K K 3K K KK K KoK KKK K K Kok Kk kK
H ROUTINE SEND/RECIEVE DATA TO/FROM PORTS
;USE A PASS VALUE
3 K KKK K KKK K K oK 5K 3K K K 5K 3K K K 5K 5K 3K K 3K KK K KK KK 3K K K K K K K K KKK KK K KoK Kk ok K

SENDPAL: MOV RO, #PORTAL
MOVX @RO,A
RET

GETPBL: MOV RO ,#PORTB1
MOVX A,8RO
RET

SENDPC1: MOV RO ,#PORTC1
MOVX @RO,A
RET

SNDPCWRL : MOV RO ,#PCWR1
MOVX @RO,A
RET

3 KKK KK KKK KKK KKK KK 3K KK KK K 3K KK 3K KKK KK KK KK KK KOK 5K KK K KKOKK XKk

SENDPAZ: MOV RO ,H#PORTA2
MOVX @RO,A
RET ,

SENDPB2: MOV RO ,#PORTB2
MOVX @RO ,A
RET

SENDPC2: MOV RO, #PORTC2
MOVX @RO ,A
RET -

3 3K K KK 3K SRR K 5K oK oK 3K 5K 3K 3K K oK 3K KKK 5K 5K K K K 3K 3K 5K 3K 3K oK kK oK K K ok oK KOk KK oK K Kk kK K
H ENABLE LCD TO RECIEVE INSTRUCTION CODE
3 KKK R KKK 3K K K K KKK 3K R KRR 3K 5K 5K 5K K K K 3K 3K K 3K SRR KK K 3K KKK KK K KKK KKK K
ENACODE: PUSH 03

CALL SENDPAZ

CLR A

CALL SENDPB2

MOV A, #000001008 ;SET ENABLE

CALL SENDPB2

CLR A

CALL SENDPB2

MOV R3,#00H

DINZ R3,%
POP 03
RET

3 KKK KKK KKK K K KKK KK K KK K K K KKK 5K oK 3K oK KK 5K 3K K KK 3K KK K KK K KK KKK K
H ENABLE LCD TO RECIEVE DATA
3 KHOK KKK KKK KKK KKK KK KKK KK KKK KKK KKK KKK K K KKK KKK KKK KKK K
ENADATA: PUSH 03

CALL SENDPAZ

MOV A, #01H

CALL SENDPBZ2

MOV A,#00000101B ;SET ENABLE AND RS,CLEAR R/W

CALL SENDPBZ

MOV A,#01H

CALL SENDPB2

MOV R3,#00H

DINZ R3,s
POP 03
RET

3 KK KKK KKK KK KKK KKK KK KKK 5K KK K K KKK K KKK K OK KKK KK KOK KK KK KR KK XK



sROUTINE RECEIVE THE POSITION OF TARGET FROM KEYBOARD
3 KKHKIKK KKK KKK KK KK KKK KKK KK KKK KKK KKK KKKK KKK KKK K KKK

GETARGET : MOV DPTR,#MESSS
CALL FILLDMEM
MOV IE,#81H ;s ENABLE INTO
SETB ITO ;INTO CHECK FALL EDGE

3 KKK K KKK KKK KKK KKK KKK KKK KK KKK K KK SRR KKK KR KK KKK KRk K kKoK %

H RECIEVE X-POSITION
3 KKK KKK KKK KKK KKK KKK KKK KKK KK KKK K KKK KKK KKK KKK KKK KKK

X_POS: MOV XDIST ,#00H ;CLEAR X-POSTION
CLR XCOOR ;CLEAR X~SIGN
MOV R1,#XPOS1IMEM ;INITIAL X-DISPLAY BUFFER
MOV RO, #0O5H ;SET POSITION MEMORY
MOV R2,#03H ; COUNTER
XCLRCHAR: MOV @R1,#20H ; BLANK CHARACTER
MOV 8RO ,#0AH
INC R1
INC RO

DINZ R2,XCLRCHAR
CALL SHOWLCD
MOV A, #85H ;SET DDRAM BLINK ADDRESS
CALL SENDPA2
CALL ENACODE
MOV A,#00001111B ;DISPLAY ON,CURSOR ON
;BLINK ON
CALL ENACODE
3 SRR K KK 3K K 0K 3K K K K KK 3K KK 3K K 3K K 3K K 5K K 3K 5K K 3K 3K K K K 3K 3K 3K KK K KKK K KK K KKk
XFIRST: JNB IEO,$ sWAIT FOR X—~FIRST KEY
ANL A, #0FH ;CLEAR UPPER NIBBLE
CINE A,#CANKEY ,XCKFIRST
IMP XFIRST
XCKFIRST: JC XWRFIRST
CINE A,H#MIKEY,XFIRST ;IF FIRST KEY IS MINUS
SETB XCOOR ;SET X-SIGN
XWRFIRST: MOV R1,#XPOS1MEM
MOV R7,A
CALL WRITEKEY
MOV A, #86H
CALL SENDPA2
CALL ENACODE
3 K KK KK KK KKK K 3K KK KK K K K K 3K 3K K 3K 3K K K SRk K KK K KK K K K KK KSR K K K KK K K K
XSECOND : JNB IEO,$ ;WAIT FOR X—-SECOND KEY
ANL A,#O0FH
CINE A,#GOKEY ,XCKSEC
CINE R7,#MIKEY ,XCKVALUE
JMP XSECOND
XCKSEC: JINC XSECOND
CINE A,#CANKEY ,XWRSEC
JIJMP X_POS
XWRSEC : MOV R1,#XPOS2MEM
MOV R6,A
CALL WRITEKEY
MOV A, #87H
CALL SENDPA2
CALL ENACODE
§***************************************************
XTHIRD: JNB IEO,$ ;WAIT FOR X-THIRD KEY
ANL A, #OFH
CINE A,#GOKEY,XCKTHIRD
IMP XCKVALUE



XCKTHIRD: INC XTHIRD
CINE A,#CANKEY ,XWRTHIRD
IMP X_POS
XWRTHIRD : MOV R1,#XPOS3MEM
MOV R5,A
CALL WRITEKEY
H KK 3K 3K 3K 3K K KK K K 3K 3K 3K 5K 3K K K 3K 3K K 3K K 3K 3K 3K KK SR K KK KK K K K K KKK KKK KKK K K Kk

XFORTH: JNB IEO,% ;WAIT FOR X-FORTH KEY
ANL A, #OFH
CINE A,#CANKEY ,XCKFORTH
IMP X_POS

XCKFORTH: CINE A,#GOKEY ,XFORTH

IMP XCKVALUE
3 KKK K K 3K 3K 3K KK 3K KK KKK KK K KK KK oK K KKK KKK KK KKK KKK XK KKKk KoKk ok K
; CHECK X-POSITION RECIEVE FROM KEYBOARD
§ 9K K KK KK KK KK 3K K oK 3K K KK K 3K KK 3K KKK 3K oK oK oK KKK KK KKK K KK KKOKOKR KKKk K XKk
XCKVALUE: MOV RO, #04H ;DATA X-POSITION

MOV R2,#00H

MOV R3,#04H ; COUNTER

MOV R4 ,#01H 3 SIGNIFICANT
XCKVAL1: INC RO

DINZ R3,XCKVALZ

MOV A,R2

ADD A,XDIST

MOV XDIST,A

MOV B, #ONEFOOT

MUL AB

MOV XABS_L ,A

MOV XABS_H,B

CALL SHOWXPOS

JMP Y _POS
XCKVAL2: CINE @RO,#0AH ,XCKVALS3

JMP XCKVAL1
XCKVAL3: JINC XCKVAL1 T

MOV B,R4

MOV A,@RO

CLR OV

MUL AB

JB 0OV, XEXCESS

CLR C

ADD A ,R2

JC XEXCESS

CINE A,#31,XCKVAL4

JMP XEXCESS
XCKVAL4: IJNC XEXCESS

XCH A,R2

MOV B,#10

MOV A,R4

MUL AB

XCH A,R4

JMP XCKVAL1
3 KKK KKK KK KKK KK KK 3K KK KKK KK KK KK K KKK KKK KKOKK KKK KKK KK KKK XK
XEXCESS: CALL EXCESS

JMP X_POS
3 KKK KKK KKK KKK K KKK KK K KK KKK K K KKK KKK KKK KK KKK K KKK KKK KKK
H SHOW X—-POSITION TO LCD DISPLAY
5 KKK KK XK KKK KK KKK KKK KKK KKK K KKK KKK KKK KKK KKK KKK KKK KKK
SHOWXPOS = MOV R1,#XPOS1MEM

JB XCOOR,XFILLMIN

CLR A



CALL FILLPOS
MOV A,XDIST
MOV B,#10
DIV AB

INC R1

CALL FILLPOS
INC R1

MOV A,B

CALL FILLPOS
CALL SHOWLCD
RET

XFILLPOS:

XFILLMIN: MOV A, H#MIKEY
CALL FILLPOS

IMP XFILLPOS

;RETURN FROM SHOWXPOS

H 3K 3K 3K 5K 3K KK S 3K 3K 5K 5K K 3K 3K 3K K 3K K 3K 3K KoK KK K 3K K KK KKK KK KK 3K KK K KKK KK KK KKK

;ROUTINE FILL CHARCTER TO SELECTED BUFFER ADDRESS
3 3K KK K oK K 3K 3K K 3K 3K 3K 3K KK KK KK KK KK K KKK KKK K KKK KKK K K KK K KK K K KOk Sk ok K

3

FILLPOS: MOV DPTR ,#POSSHOW
MOVC A,@A+DPTR
MOV @R1,A
RET

POSSHOW: DB ’0123456789 -

5 5K K 3K 5K KK 3K 3K K KK K 3K 3K 3K K 3K 3K 3K 3K 3K K KK K KK 3K 3K K 3K K 3K 3K KKK KK K KK KKK KRR KK

; RECIEVE Y-POSITION

3 3K 3K 3K K K K 3K K K 3K 5K K K KK 5K 3K 3K K 3K K 5K KK K 3K 3K K KK KK KK KKK K KKK KORKK R KRR K

Y_POS: MOV YDIST ,#OOH

CLR YCOOR
MOV RO ,#05H

MOV R1,#YPOS1IMEM

MOV R2,#03H

YCLRCHAR: MOV @R1 ,#20H

MOV 8RO, #0AH
INC R1
INC RO

DINZ R2,YCLRCHAR

CALL SHOWLCD
MOV A ,#OCS5H

CALL SENDPAZ
CALL ENACODE

;CLEAR Y-POSITION
;CLEAR Y—-SIGN
;SET POSITION MEMORY

; COUNTER
; BLANK CHARACTER

;SET DDRAM BLINK ADDRESS

MOV A,#000011118 ;DISPLAY ON,CURSOR ON

CALL ENACODE

;BLINK ON

3 3K 5K K 3K 3K KKK 3K K K 3K 3K K 3K 3K K K 3K KKK 3K K 3K 3K oK KK KK K 3K KK K KK KK K KK KKK KKK KK

YFIRST: JNB IEO,%

ANL. A, #OFH

;WAIT FOR Y-FIRST KEY

CINE A ,#CANKEY ,YCKFIRST

IMP X_POS
YCKFIRST: JC YWRFIRST

CINE A,#MIKEY,YFIRST

SETB YCOOR
YWRFIRST:
MOV R7,A

CALL WRITEKEY

MOV A, #0C6H

CALL SENDPAZ

CALL ENACODE

MOV R1,#YPOS1MEM

3 5K 3K K K 5K 3K 3K 3 K K K 3K K K K 3K 0K 5K 3K 3K K 3K 3K KK K K SR KK KK K KKK KKK K KKK CRKR KRR KK

YSECOND: JNB IEO,$

ANL A, #0FH

iWALT FOR Y-SECOND KEY



CINE A,#GOKEY ,YCKSEC
CINE R7,#MIKEY ,YCKVALUE
JMP YSECOND

YCKSEC: JNC YSECOND
CINE A,#CANKEY ,YWRSEC
JMP Y_POS

YWRSEC: MOV R1,#YPOS2MEM
MOV R6,A

CALL WRITEKEY

MOV A ,#0C7H

CALL SENDPAZ

CALL ENACODE
3 KKK KKK KK KKK KKK KKK KKK K KKK KKK KKK KKK KKK K KKK K KKK KK KKK
YTHIRD: JNB IEO,S sWALIT FOR Y-THIRD KEY

ANL A, #OFH

CINE A,#GOKEY ,YCKTHIRD

JMP YCKVALUE

YCKTHIRD: JNC YTHIRD
CINE A, #CANKEY ,YWRTHIRD
JMP Y._POS

YWRTHIRD: MOV R1,#YPOS3MEM
MOV R5,A

CALL WRITEKEY
3 KKK KK KKK 3K 3K 3K 3K KK 3K KR KKK K KK K K KKK 3K KoK 3K oK 3K KKK K KKK K K KKK KK K ok K

YFORTH: JNB IEO,$ sWAIT FOR Y-FORTH KEY
ANL. A, #OFH
CINE A,HCANKEY ,YCKFORTH
JMP Y _POS

YCKFORTH: CINE A,#GOKEY ,YFORTH

JMP YCKVALUE
3 KK KRR K 3K K K KK K 2K 3K 5K 3K 5K KKK KK K 3K KK K KK KK K KK SR K 3K KK KKK SR KK R KKK KK
H CHECK Y-POSITION RECIEVE FROM KEYBOARD
3 SKOK K KK K 3K KK K 3K 3K 3K 3K K K KKK KK KKK KKK K KKK K KKK K KKK KK KR OK KKK KR
YCKVALUE : MOV RO, #04H

MOV R2,#00H

MOV R3,#04H 3 COUNTER

MOV R4, #01H JSIGNIFICANT
YCKVAL1: INC RO

DINZ R3,YCKVALZ

MOV A,R2

ADD A,YDIST,

MOV YDIST,A

MOV B, #ONEFOOT

MUL AB

MOV YABS_L ,A

MOV YaBS_H,B

CALL SHOWYPOS

IMP RETGETAR
YCKVALZ2: CINE @RO ,#0AH,YCKVAL3

JMP YCKVAL1
YCKVAL3: JNC YCKVAL1

MOV B.,R4

MOV A,@RO

CLR OV

MUL AB

JB OV,YEXCESS

CLR C

ADD ALR2

JC YEXCESS

CINE A ,#31,YCKVAL4



JMP YEXCESS
YCKVAL4: JNC YEXCESS

XCH A,R2

MOV B,#10

MOV A,R4

MUL AB

XCH A,R4

JMP YCKVALL
3 KKK KKK KK KK KKK K KKK KKK KKK KKK KK KKK KKK KKK KKK KK KKKK KKK
YEXCESS: PUSH 15H

PUSH 16H

PUSH 17H

CALL EXCESS

POP 17H

POP 1eéH

POP 15H

JMP Y_POS
3 KK KKK KKK K K KK KRR KKK K KKK KKK K KK KKK KoK oK K KK KKK KKK KK KKK K X
; SHOW Y-POSITION TO LCD DISPLAY
3 5K KK 3K 5K K 3K 5K 3K K 3K 3K 3K 5K 5K 3K 5K 5K 5K 5K 3K KK K 5K 5K 3K K oK KKK K K KK KK KK KK KK KKK KKK K
SHOWYPOS : MOV R1,#YPOS1MEM

JB YCOOR,YFILLMIN

CLR A

CALL FILLPOS
YFILLPOS: MOV A,YDIST

MOV B,#10

DIV AB

INC R1

CALL FILLPOS

INC R1

MOV A,B

CALL FILLPOS

CALL SHOWLCD

RET sRETURN FROM SHOWYPOS

YFILLMIN: MOV A, #MIKEY

Cal.lL FILLPOS

JMP YFILLPOS
3 K KK KK K KK KKK KK 3K KKK K K 3K KoK K KKK KK KKK KK 3K K K K KKK KKK KK KKK Kk X
; RETURN FROM GETARGET ROUTINE
3 KKK KK K KKK K KKK K KK oK 5K KK KK KKK KK S KK oK KK KK KKK 3K KoK KoK K oK 3k K
RETGETAR: MOV A,#00001100B ;CURSOR OFF ,BLINK OFF

CALL ENACODE

RET ;RETURN FROM GETARGET
3 K KKK A KKK KKK K KKK K 3K KK K K 3K 3K K KKK KKK K K K K oK oK KK KK KKK KKK K KKK ok
WRITEKEY: MOV DPTR, #KEYSHOW

MOVC A,@A+DPTR

MOV @R1,A

CALL SHOWLCD

RET
KEYSHOW: DB ’0123456789 - ’
3 KKK KK KK KKK K K 3K KK 3K KK KK KK KK K 3K K K K KK KKK KK KKK KKK KK KK KK KKk
; SHOW EXCESS MESSAGE WHEN VALUE IS MORE THAN 30 FEET
3 KKK KKK K KKK KK XK K KK KKK KKK KK K KKK KKK K KKK KK KKK KK KK KKK KK
EXCESS: MOV DPTR,#MESS6

CALL FILLDMEM

CALL SHOWLCD

CALL DELAY

CALL DELAY

CALL DELAY



CALL DELAY

MOV DPTR,#MESSS
CAalLL. FILLDMEM
RET

3 3 SROK K KK KK KK KKK K K KKK K K K 3K KK K 3K KK KK KK KK KKK K KKK KK KKK KKk K
H ROUTINE GO TO TARGET POSITION

3;AND CONTROL A CAR TO AVOIL ESCHEWING OBJECT

3 KKK KKK K K KK KKK KKK K KKK KKK KKK KKK KK KKK KKK KK KKK KK KKKKK KK

GOTOTAR:

ACHIEVE:

ENDORNOT :

SCANOBJ:

CALL INIGOFWD

MOV SPD,#111000008 s INITIAL SPEED
MOV A, XABS_H

CLR C

ADD A,YABS_H

JC SCANOBJ ;SCAN OBJECT BY SENSOR

INZ SCANOBJ

MOV A,XABS_L

CLR C

ADD A,YABS_L

JC SCANOBJ

CINE A,#30,ENDORNOT

JMP SCANOBJ

JNC SCANOBJ

CALL BREAK

RET ;RETURN FROM ROUNTINE GOTOTAR

CALL SENSOR
CaLL DECISE
CALL GOFWD

JMP ACHIEVE

3 KKK KK KKK KKK KKK K KKK KK K KKK KK R K KKK K K K K KKK KRR R KK KKK KKK

3 ROUTINE INITIAL VALUE WHEN BEGIN GO STREIGHT
3 KKK KKK KKK K KK K K K 3K 3K oK 5K 3K 3K 3K K K 5K K 3K 3K KKK K 3K KKK 3K K KK KK KKK KKK XK

INIGOFWD:

MOV TMOD ,#55H ;SET COUNTER MODE 1
MOV TCON,#010100008 ;ON COUNTER

MOV THO ,#0O0H

MOV TH1L1 ,#OO0H

MOV TLO,#OOH

MOV TL1,#O00H

MOV ABSBUF _L ,YABS_L

MOV ABSBUF _H,YABS_H

RET

H Kk 3 5K 5K 3K K 3K KK K K KK KK 5K 5K 3K 3K K K 5K 3K K oK K oK oK 3k ok oK 3K 3K K oK ok 3K K 5K 3K oK oK oK KK KK K K ok

BREAK :

CLR A
CaLL SENDPCZ2
RET

3 3K KKK KK KK KK K KK K 3K K oK oK KK K K KKK K K KKK KK K K KK K KKK KK K XK KK KK K
;ROUTINE CHECK OBJECTS NEAR A CAR

sensor selector
distance
counter

delay register

H ***************X******************************«K****

3 r2 =
; r3 =
H rs =
; rYé6,vr7
SENSOR:
BEGIN_SEN:

MOV R2Z,#01H

MOV R5,#04H ; COUNTER
SETB IT1 ;FALLING EDGE TRIGGED
CLR OBJIM

MOV A,#000011118 ;;SET PC.7 (CLEAR SIGNAL)
CALL SNDPCWR1

CLR EX1 ;DISABLE INT1

CALL SELECT



WAIT_SEN:
MEASTIME:

TABLE:

CASELl:
CASE2:
CASE3:

CASE4:

COUNTER:

MOV A,#000011108
CALL SNDPCWR1
SETB EX1

MOV R6,#6

MOV R7,#240
DINZ R7,%

DINZ R&,MEASTIME
CLR EX1

MOV DPTR,#TABLE
MOV A,R2

INC RZ

DEC A

RL A

IJMP @A+DPTR

JMP CASE1

JMP CASE2

JMP CASES

JMP CASE4

CLR 0OBJL
SIMP COUNTER
CLR 0OBJIML
SIMP COUNTER
CLR OBJMR
SIMP COUNTER
CLR OBJR
SIJMP COUNTER

;CLEAR PC.7 (STOP CLEAR SIGNAL)
ENABLE INT1

;3  DELAY TIME ABOUT 2.9 msec
;(SOUND CAN GO ABOUT 2%50 cm.)

;DISABLE INT1

DINZ RS ,BEGIN_SEN

RET ;RETURN FROM SENSOR
3 KKK KKK KKK KK KKK KK HOK KK KK KKK KKK KK KK KKK KKK KKK K KKK KKK K kK

; ROUTINE SELECT SENSOR TO MEASURE OBJECT-DISTANCE
3 KKK KKK KKK KKK KKK K KKK KKK KKK KKK KKK K KKK KKK K KK K KKK KKK KKK

SELECT: MOV A,R2

SENS1: CINE A,#01,SENS2 ;SELECT SENSOR1
MOV A,#00001001B ;SET PC1.4
CALL SNDPCWR1
RET

SENS2: CINE A,#02,SENS3 ;SELECT SENSOR2
MOV A,#000010118 ;SET PC1.5
CALL SNDPCUWR1
RET

SENS3: CINE A,#03,SENS4 ;SELECT SENSOR3
MOV A,#001100008 ;SET PC1.4,PCL.5
CALL SENDPCIL
RET

SENS4: MOV A,#00001101B ;SELECT SENSOR4

CALL SNDPCWR1
RET

H ***************************************************

; ROUTINE RECIEVE DINTANCE VALUE
3 KKK AKACK KKK KRR KKK KKK KKK KRR KR KKK KKK KKK KK K KKK KKK K

INTR: CLR £X1 ;DISABLE INT1
CALL GETPB1 5GET DISTANCE VALUE
MOV R3,A

CALL CKOBJ



INC R2
JMP COUNTER

3 5K 3K 3K K K K 3K K K K 3K 3K K 3K 3K 3K 3K 3K 5K K 3K K KK KK SR K KK KKK 3K 3K 3K 3K KK KK KK KKK KKK KK

.
3

.
3

cKoBJ:

SET1:

NOTSET1:
IMP1:

SEN_2:

SETZ2:

NOTSETZ2:
JIMP2:

SEN_3:

SET3:

NOTSET3:
JMP3:

SEN_4:

SET4:

NOTSET4: °

JMP4 :

ROUTINE DECISE OBJECT DISTANCE COMPARE

WITH CRITICAL DISTANCE

3 3KK K K 3K 3K 3K 3K 3K 3K KK 5K 3K 3K KK KK K KK K K K K KKK KK KKK KK KKK KKK KX KK KK KKK
CINE R2,#01H,SEN_2

CINE R3,#19H,SET1

SETB 0OBJL
IMP JMP1
JNC NOTSET1
SETB 0OBJL
CLR 0BJL
RET

CINE R2,#02H,SEN_3
CINE R3,#14H,SET2

SETB OBJIML
IMP JIMP2
JINC NOTSET2
SETB OBJIML
CLR OBJIML
RET

CINE R2,#03H,SEN_4
CINE R3,#14H,SET3

SETB OBJIMR
IMP TIMP3
INC NOTSET3
SETB OBJIMR
CLR OBJMR
RET

CINE R3,#19H,SET4
SETB OBJR
JMP JIMP4
INC NOTSET4
SETB OBJR
CLR OBJR
RET

RET

;RETURN FROM SENSOR

3 3K 3K 3K 3K K KK 3K 3K 0K 3K 3K 3K 3K K K 3K 3K K 3K 3K 3K 3K 3K 3K K 0K 3K 3K KK KKK KK KR 3K KK KK KKK KK KKK
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ROUTINE DECISE MOBILE DIRECTION OF A CAR

% 3K K K K K K K SR KK KK K K KKK 5K K 5K K KK KK KK KK KK K K KKK KK KKK KKK KKK KK

DECISE:

STOP:

DETECT1:

MOV A,YABS_H
JNZ DETECT1
MOV A,YABS_L

CINE A,#15,STOP

JMP DETECT1
JINC DETECTL1

.CALL BREAK

MOV C,YCOOR
cPL C

MOV YCOOR,C
RET

MOV C,0BJM

ORL. C,0BJIML
ORL C,0BJIMR
MOV BUFB,C



REVERSE :

REV:

INNEREV:

INREV:

TURN:

CALRTURN:

CALLTURN:

MLMR:

JNB YCOOR ,REVERSE

MOV C,XCOOR

ANL. C,/0BJL

JC CALLTURN

MOV C,0BJR

ORL C,XCOOR

JINC CALRTURN

MOV C,BUFB

JC REVERSE

RET ;RETURN FROM DECISE

MOV C,BUFB ; CHECK REVERSE
ANL C,OBJL

ANL C,0BJR

JINC TURN

CALL BREAK

CALL INIGOFWD

CALL GOREV ; REVERSE LOOP
JNB YCOOR,INREV

MOV A,YABS_H

JINZ INREY

MOV A,YABS_L

CINE A,#10,INNEREV

IMP INREV

INC INREV

MOV C,YCOOR

CPL C

MOV YCOOR,C

CALL INIGOFWD

CALL SENSOR

MOV C,O0BJR

ANL C,0BJL

JC REV

CALL BREAK ;CHECK TURN
MOV C,0BJL

ORL C,0BJR

INC MLMR

CLR C

ORL C,/0BJL

ORL C,0BJR

JC CALLTURN

CALL RTURN

CALL INIGOFWD

RET ;RETURN FROM DECISE
CALL LTURN

CALL INIGOFWD

RET ;RETURN FROM DECISE
MOV C,0BJIML

ORL C,0BJIMR

INC HOWTURN

MOV C,0BJIML

ANL C,0BJIMR

JC HOWTURN

CLR C

ORL C,/0BJIML

ORL C,0BJMR

JC CALLTURN

CALL RTURN

CALL INIGOFWD

RET ;RETURN FROM DECISE



HOWTURN:

LTURN:

LCKTFO:

LCKTF1:

JB XCOOR,CALLTURN
CALL RTURN
CALL INIGOFWD

RET

MOV
MOV
MOV
MOV
MOV
MOV
MOV

;RETURN FROM DECISE
3 3KKK KKK KKK 3K KKK 3K KK KKK KK KK KKK K KK KKK KKK KK KKK KKK KKK KKKk

ROUTINE TURN LEFT
3 KKK KK KK KK KKK K KKK KKK KK KK KK KKK KKK KK KKK KKK KK KKK KKK KKK

TLO ,#0ADH
TL1 ,#0ADH
THO , #0ADH
TH1 ,#0ADH
TMOD , #66H
RO, #PORTAL
A,SPD

MOVX @RO ,A

MOV
MOV
MOV

MOV

TCON,#010100008B
RO ,#PORTC2
CTRLMEM,#000011018

A ,CTRLMEM

MOVX @RO A

INB
CLR
MOV

TFO,LCKTF1
CTRLMEM.Z2
A,CTRLMEM

MOVX @RO,A

JINB
CLR
MOV

TF1,LCKTFO
CTRLMEM.O
A ,CTRLMEM

‘MOVX @RO,A

JNB
CLR
MOV

TFO,LCKTF1
CTRLMEM.2
A,CTRLMEM

MOVX @RO ,A
sRETURN TURN LEFT AND CHANGE X,Y POSITION
RETLTURN: MOV

XCH
MOV
MOV
XCH
MOV
MOV
XCH
MOV

MOV
cPL
MOV
MOV
MOV
MOV
MOV

AL,YABS L
A, XABS _L
YABS L ,A
A,YABS _H
A, XABS_H
YABS_H,A
A,XDIST
A,YDIST
XDisT,A

C ,XCOOR
C
BUFB,C
C,YCOOR
XCOOR, C
C,BUFB
YCOOR,C

CALL SHOWXPOS
CALL 'SHOWYPOS

CLR
CLR
RET

TFO
TF1

; SET COUNTER MODE 2
;PORT CONTROL SPEED

;ON COUNTER

;PORT CONTROL MOTOR
;RIGHT WHEEL ON ,FORWARD
;LEFT WHEEL ON ,REVERSE

;TO OVERFLOW,OFF LEFT MOTOR

;TL OVERFLOW,OFF RIGHT MOTOR

sRETURN FROM LTURN

3 KKK KK 3K oK KKK KK K 3K KK K KK KK KKK K 3K KK KK K 3K KSR KK KKK 3K KoK KK KK KKKk

ROUTINE TURN RIGHT
5 KK K KKK KKK KK KKK KK KKK K KKK 3K KK 3K KKK KKK KKK KK KKK KKK KK



RTURN: MOV TLO,#OADH
MOV TL1,#0ADH
MOV THO , #OADH
MOV TH1 , #OADH

MOV TMOD, #66H ;SET COUNTER MODE 2
MOV RO ,#PORTAL ;PORT CONTROL SPEED
MOV A,SPD

MOVX @RO ,A

MOV TCON,#010100008B ;ON COUNTER

MOV RO ,#PORTC2 ;PORT CONTROL MOTOR

MOV CTRLMEM,#00000111B ;RIGHT WHEEL ON ,REVERSE
;LEFT WHEEL ON ,FORWARD
MOV A,CTRLMEM
MOVX @RO ,A
RCKTFO: JNB TFO,RCKTF1
CLR CTRLMEM.Z2 ; TO OVERFLOW,OFF LEFT MOTOR
MOV A,CTRLMEM
MOVX @RO,A
RCKTF1: JNB TF1,RCKTFO
CLR CTRLMEM.O ;T1 OVERFLOW,OFF RIGHT MOTOR
MOV A,CTRLMEM "
MOVX @RO,A

INB TFO,RCKTF1
CLR CTRLMEM.Z
MOV A ,CTRLMEM

MOVX @RO ,A
;RETURN TURN RIGHT AND CHANGE X,Y POSITION
RETRTURN: MOV A,YABS_L

XCH A,XABS_L

MOV YABS L ,A

MOV A,YABS_H

XCH A,XABS_H >
MOV YABS_H,A

MOV A,XDIST

XCH A,YDIST

MOV XDIST,A

MOV C,YCOOR

CpPL C

MOV BUFB,C

MOV C,XCOOR

MOV YCOOR,C

MOV C,BUFB

MOV XCOOR,C

CALL SHOWXPOS

CALL SHOWYPOS

CLR TFO

CLR TF1

RET
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5 ROUTINE GO FORWARD AND MEASURE DISTANCE
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GOFWD: MOV A,#000001018B ;ON MOTOR FORWARD

CALL GOSTR
FWDTUNE: JB YCOOR ,FWOADD

CLR C

MOV A,ABSBUF _L

suBB A,TLL

MOV YABS _L ,A



MOV A ,ABSBUF _H

SUBB A,TH1

MOV YABS_H,A

CALL CALCU

IMP FWDPLY
FWOADD: CLR C

MOV A ,ABSBUF _L

ADD A,TL1

MOV YABS_L .A

MOV A ,ABSBUF _H

ADDC A,TH1

MOV YABS_H,A

CALL CALCU
FWDPLY : MOV A,YDIST

CINE A,03H,CH_FWD

RET ;RETURN FROM GOFWD
CH_FWD: MOV YDIST ,R3

CALL SHOWYPOS

RET ;RETURN FROM GOFWD

H ******************;k********,************************
; ROUTINE GO REVERSE AND MEASURE DISTANCE ’
M **x***x**********************x*****x*********x*x*x*
GOREV : MOV A,#000011118 ;ON MOTOR REVERSE

CALL GOSTR
REVTUNE : JNB YCOOR ,REVADD

CLR C

MOV A ,ABSBUF _L

SUBB A,TL1

MOV YABS L ,A

MOV A ,ABSBUF _H

SUBB A,THL

MOV YABS_H.A

CALL CALCU

JIMP REVDPLY
REVADD: CLR C

MOV A ,ABSBUF _L

ADD A,TL1

MOV YABS_L.,A

MOV @& ,ABSBUF _H

ADDC A, TH1

MOV YABS_H,A

CALL CALCU
REVOPLY : MOV A,YDIST

CINE A,03H,CH_REV

RET ;RETURN FROM GOREV
CH_REV: CALL SHOWYPOS

RET ;RETURN FROM GOREV
H *****************************X*********************
; ROUTINE CONTROL A CAR TO STREIGHTLY RUN
H ***************************************************
GOSTR: CALL SENDPC2

MOV A,SPD

CALL SENDPA1L

MOV A,TH1

CINE A,THO,DEC_INC

MOV A,TL1

CINE A,TLO,DEC_INC

RET ;RETURN GOSTR
DEC_INC: JC DECSPD

MOV A ,SPD



CINE A,#OFFH,INCSPD
JIJMP RETGOSTR
INCSPD: INC sPD ; INCREMENT MOTOR SPEED
MOV A,SPD
CALL SENDPAL
JMP RETGOSTR
DECSPD: MOV A,SPD ; DECREMENT MOTOR SPEED
JZ RETGOSTR
DEC SPD
MOV A,SPD
CALL SENDPAL
RETGOSTR: RET
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; ROUTINE CALCULATE DISTANCE COORDINATE
3 KK KKK KK KKK KKK KO K KKK KKK KKK KK KK KKK KK K K KKK K K KKK KKKk K

CALCU: PUSH OEH yPUSH YABS_H
PUSH ODH ;PUSH YABS_L
MOV R4 ,#16 s COUNTER
MOV R1,#00H 3;SHIFT REGISTER
MOV R3,#00H | sQUOTIENT
;CALCULATE TO OBTAIN QUOTIENT g
GETQUOT: CLR C
' MOV A,YABS_L
RLC A

MOV YABS_L ,A
MOV A, YABS_H

RLC A

MOV YABS_H,A
MOV A,R1

RLC A

MOV R1,A

CLR C

SUBB A,#ONEFOOT

JNC CHANGER1

cPL C ;C=707
MOV A ,R3

RLC A

MOV R3,A

DINZ R4 ,GETQUOT

POP ODH

POP OEH

RET

CHANGER1 : CPL C ;C
MOV R1,A
MOV A,R3
RLC A
MOV R3,A
DINZ R4 ,GETQUOT
POP ODH
POP OEH
RET
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i ROUTINE SHOW NEW Y-POSITION TO DISPLAY
3 KRR KKK K KKK K KKK KKK K KKK K KKK KKK KKK KKK KK KKK KKK KK KKK KKK

i

71,

YDPLY: MOV A,YDIST

CINE A,O03H,CH_DPLY

RET ;RETURN FROM GOFWD OR GOREV
CH_DPLY: MOV YDIST,R3

CALL SHOWYRPOS



RET ;RETURN FROM GOFWD OR GOREV
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END
3 3 5K 3K 3K 2K 3K 3K 5K K K 3K 5K KK K KK K KK K 3K K 3K K KK KKK KKK KKK KK K KKK KRR KR KR K



<)

k4 L4 dc; [
MANKIN ¥ Yoaanalvalednding



m SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

Slotted Optical Switches

Logic Output

These devices consist of a GaAs LED facing z silicon, high-speed integrated circuit
detector in a molded plastic housing. A slot in the housing between the emitter and the
detector provides a means of mechanically interrupting the signal and switching the out-
put from an on-state to an off-state.- The detector incorporates a schmitt trigger which
pravides hysteresis for noise immunity and pulse shaping. The detector circuit is optim-

ized for simplicity of operation and has an open-collector output for application

flexibility.

ABSOLUTE MAXIMUM RATINGS: (Tp = 25°C uniess otherwise noted)

MOC75T1.2
MOC75U1,2

SLOTTED *
OPTICAL SWITCHES
LOGIC OUTPUT

T PACKAGE

[ Rating [ Symbol I Value L Unit ] CAng"’SS;g'M
INPUT LED
Power Dissipation Pp 100 mwW
Forward Current (Continuous) IF 60 mA U PACKAGE
Forward Current (Peak) g 1.5 A
(Pulse Width < 1 us, PRR < 300 PPS)
Reverse Voltage VR 6 v
OUTPUT DETECTOR .
Output Voltage Range Vo 0-16 \ 5
Supply Voltage Range Vee 0-16 \ ) E|
Output Current o 50 mA T vee
Power Dissipation Pp 150° mw '._ GAOUND
TOTAL DEVICE ouTPuT
Storage Temperature Tsig -40to +35 °C
Operating Temperature Ty -20to +85 °C CASE 3548-01
Lead Soldering Temperature (5 secc;nds maximum} Ty 260 °C PLasTIc

*Derate 2 mWrC above 25°C ambient,



MOC75T1, MOC75T2, MOC75U1, MOC75U2

INDIVIDUAL ELECTRICAL CHARACTERISTICS {0-70°C) {See Note 1)

{ Characteristic [ symbot | Min [ Tvp | Max | Unit |
INPUT LED
Forward Voltage {ig = 20 mA) VE _ 1.1 1.6 v
Reverse Current (VR = 3 V) R - - 10 HA
Reverse Breakdown Voltage (IR = 100 pA) V(BRIR 6 - -— v
Capacitance [V = 0V, { = 1 MHz) C — N 100 pF
OUTPUT DETECTOR
Operating Voitage Vee 3 — 15 \
Supply Current {Ig = 0. Vcc = 5 V) Iccioth — .13 5 mA
Output Current, High {Ig = 0, Vog = Vg = 15 V) 10H - - 100 nA
COUPLED {0-70°C) {See Note 1}
Threshold Current, ON MOC75(T.uln IE{on) - 20 30 mA
{Ry = 270 1, Ve = 5 V) MOCT75(T.U12 — 10 15
Threshold Current, OFF MOCT7s(T.U1 1e(otf) 0.5 15 — mA
{RL = 270 Q. Voo = 5V) MOCT75(T.U)2 0.5 8 -_
Hysteresis Ratio (R = 270 , Vg = 5 V) Ifot) — 0.75 - —
IFlon)
Supply Current {If = Ig(gn). Vce = 5 V) IcClon) s 3 5 mA
Output Voltage, Low (If = Ifon) VoG = 5 V. Ry = 270 Q) VoL — 0.2 0.4 v,
Tum-On Time ! — 1.2 — s
RL = 2700, =
Fall Time Vee = 5 V. tf —_ 0.1 —_
Turn-Off Time IF = iF(on) toff — 1.2 &
Ta = 25°C
Rise Time te - 0.1 -—
106 7
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MOC75T1, MOC75T2, MOC75U1, MOC75U2
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National
Semiconductor

MM54C922/MM74C922 16-Key Encoder
MM54C923/MM74C923 20-Key.Encoder

.

general description

These CMOS key encoders provide all the necessary
logic 10 fully encode an array of SPST switches. The
keyboard scan can be implemented by either an external
clock or external capacitor. These encoders also have on-
chip pull-up devices which permit switches with up to
50 k&2 on resistance to be used. No diodes in the switch
array are needed to eliminate ghost switches. The
internal debounce circuit needs only a single external
capacitor and can be defeated by omitting the capacitor.
A Data Available output goes to a high level when 3
valid keyboard entry has been made. The Data Available
output returns to a low level when the entered key is
released, even if another key is depressed. The Data
Available will return high to indicate acceptance of the
new key after a normal debounce period; this two key
roll over is provided between any two switches.

An internal register remembers the last keg pressed
even after the key is released. The TRI-STATE® outputs

provide for easy expansion and bus operation and are
LPTTL compatible,

features

2 .50 k§l maximum switch on resistance

® On or off chip clock

% On chip row pull-up devices

¥ 2 key ro‘ll-over

= Keybounce elimination with single capacitor

® Last key register at outputs

® TRI-STATE outputs LPTTL compatible

& Wide supply range 3Vito 18V

= Low power consumption ~

connection diagrams

Dusk-tn-Line Package
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Order Number MMS4C922N
or MM74C922N
See Package 20

Dual-In-Line Package
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Order Number MMS4CI23N
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* See Packags 20A



absolute maximum ratings

Vortage at Any Pin Vee - 0.3V vee * 0.3V Package Dissipation 500 mW
Operating Temperature Range - Operating Vo Range 3V 1o 15V
\MMS54C922, MM54C923 $5°C1n +125°C Ve 1av
MITACA2, MMT4CE23 -40' C 10 +85°C Lead Temperature (Saidering, 10 seconds) 300°C
Sro-aoe Temperature Range <65'Cio+150C
dc electrical characteristics Min/max limits apply across tempetature 1ange unless otherwise noted
PARAMETER CONDITIONS ] MIN [ TYP l MAX UNITS
CMOS TO CMOS i
VTs Positive-Going Threshold Voliage at Vee = SV, hini- 0.7 mA 3 36 43 \
Osc and KBM Inpurs Vee = 10V, In2 14 mA 6 6.8 3.6 v
Vee = 18V, N2 2.1mA 9 10 12.9 v
Vo Negative-Going Threshold Voltage at Vee * 5V, IIN2 0.7 mA 0.7 1.4 2 v
Osc and KBM Inputs Vee = WV, N2 14 mA 1.4 3.2 4. \Y
Vee = 15V, IN2 21 mA 2.1 5 6 v
Vin(1) Logicat “1" Input Voltage, Excepr vVee T sV, 35 45 v
Osc anc KBM Inputs Ve = 10V 8 9 ' \
Vee = 15V, 125 13.5 \Y
ViN{o) Logical 0 inout Voltage, Except Vee =5V, 0.5 ) 15 \
Osc and KBM Inputs Ve = 10V, 1 2 v
Ve = 15V, 1.5 25 v
Irp Row Pull-Up Current at Y1, Y2, Y3, Veg - 5V, VNt 0.1 Vee -2 -5 ’ uA
Y4 and Y5 Inputs Vee = 10V -0 -20 HA
vee = 15V =22 -45 uA
VouTi1) Logical 17 Qutput Voltage Veg = SV, 1g = ~10uA 4.5 v
vee = 10V, 1g = “10pA 9 v
Vee T 15V, g = - 10uA 13.5 v
VouT{o) Logical “*0” Output Voltage Veg T 5V, Ig = 10uA 05 v
Vee = 10V, 1g = Y0uA 1 v
vee T 15V, 1o ¢ 10pA v 1.5 Y
Ron Column “ON" Resistance at Vee =5V, Vo= 0.5V 500 1400 4.
X1, X2, X3 ana X4 Outputs vee = 10V, vor 1V 300 700 Q@
Ve T ISV Vo= 15V 200 500 2]
[fels Supply Current vee =5V, Oscat OV 0.55 13 mA
. vee ¥ 10V 11 9 mA
vee = 15V 1.7 26 mA
TiNg1) Logical *1” Input Current at Vee = 1SV, VN = 15V 0.005 1.0 uA
Qutput Enable
liN(g) - Logical “'0” Input Current at vVee = 18V, VN = 0V -1.0 -0 005 BA
Output Enable
CMOS/LPTTL INTERFACE
Vingt)  Logical “'1” Input Voltage, Except 54C, Vog * 4.5V vee 1.5 v
Qsc and KBM Inputs 74C, Ve = 4.78V Vee-1.s v
Vinto)  Logical 0" Input Voltage, Except S4C, Ve = 4.5V 0.8 v
Osc and KBM Inputs 74C, Vee = 4.75V 0.8 v
VouT(1} Logical 1" Output Voltage 54C, Vog = 4 5V, 24 %
1o = -360uA
74C, Vo = 4 75\, 2.4 v
lg = ~360uA
VOuTI(0; Logical "0 Output Voltage S4C. Ve = 4.5V, 04 v
g = —380uA_
74C, Vg = 4.75V. ) 0.4 \
Ig = ~360pA




dc electrical characteristics (con’t)

PARAMETER T CONDITIONS | min ] 1ve | max | units
OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet)
ISQURCE Output Source Current (P-Channel) Vee =5V, Vourt =0V, -1.75 | -3.3 mA
Ta=25°C
ISOURCE Output Source Current (P-Channel) Vee =10V, Vout =0V, -8 -15 mA
Ta =25°C
ISINK  Output Sink Current (N-Channel) Vee =5V, VouTt = Vee. 1.75 | 3.6 mA
TA=25°C
ISINK  Output Sink Current (N-Channel) Vee = 10V, VouT = Vee. 8 16 mA
TA=25°C
ac electrical characteristics Ta=25°C
PARAMETER CONDITIONS MIN TYP | MAX UNITS
tpd0.tpd1 Propagation Delay Time to C\ =50 pF, (Figure 1)
Logical 0"’ or Logical 1" Vee =5V 60 150 ns
from D.A. Vee = 10V 35 80 ns
Vee = 15V 25 60 ns
toH.t1H  Propagation Delay Time from RL = 10k, C\_=5 pF, (Figure 2}
Logical 0" or Logical "1~ Vee =5V Ry =10k 80 200 ns
into High Impedance State Ve = 10V C = 10 pF 65 150 ns
Vee =15V 50 110 ns
tHO.tH1  Propagation Delay Time from Ry = 10k, C_ = 50 pF, (Figure 2) .
High Impedance State to a Vee =5V Ry =10k 100 | 250 ns
Logical 0" or Logical “1” * Vg =10V C =50 pF 55 125 ns
Vee = 15V 40 90 ns
CiN fnput Capacitance Any Input, (Note 2) 5 7.5 pF
CouT TRI-STATE Output Capacitance Any Output, {Note 2} 10 pF

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed. Exceot for "Operafin?
Temperature Range” they are not meant to imply that the devices should be oparsted at these limits. The table of “Electrical Characteristics’
provides conditions for actual device operation,

Note 2: Capacitance is guaranteed by periodic testing.

switching time waveforms
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e
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ouTPut [ < e

Ti=T2w RC, T3 = 0.7 RC where R = 10k and C is external
capacitor at KBM input.

Ar

.

Pyt

Veo
JunaY sy,
cu e«
v
A
Vee JE—
04TA GUT ¥ rristare™

FIGURE 1 FIGURE 2



MM54C922/MM74C922, MM54C923/MM74C923

block diagram
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typical performance characteristics (con’t)

Typical Fscan v Cose

10

. Fscan )

Cosc

typical applications

LF

Synchronous Hendshake (MM74C922)
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| —xt . 10 DATA 8US
{21 o 11
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Ti6]s]e v -
L
s]afs|t 3 5 U
F{t]o]c v
DATA AVAILABLE
o " invitanion
SYSTEM
cLocx p & g
(SEE NOTE 3)

Keyboard Suppliers

Mini Key Series KL
Digitran Company
Pasadena, California

Computronics Enginesring

7235 Hollywood Bivd

Hollywood, California 90046
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Synchronous Data Entry Onto Bus (MM74C922)

L,
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1 i . ENABLE QUTPUT
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Outputs are enabled when valid entry is made and
go into TRI-STATE when key is released.

Asynchronous Data Entry Onto Bus (MM74C322)
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Fregofe i
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TO DATA BUS

OATA AVAILASLE

Outputs are in TRISTATE until key is pressed, then data is placed on bus.
When key is released, outputs return to TRISTATE,

Note 3: The keyboard may be synchronously scanned by omitting the capacitor at osc. and driving csc. directly if the system clock

rate is lower than 10 kHz,



Fowi:
BF ={:
BF =0:

$X10 dots, F=0: 5X7 dots
Internaity operzting
Can sccept instraction

Code Execution Time
I * RW | DBy | DB« | DBs | DB« | DBs | DB: | DBt | DB (rbes kcp or
fosc 11 250 kHy)
Clear 0 0 0 0 0 0 0 I .64
Display 0 ms
Retury 0 0 0 0 0 0 0 : * 1.64 ms
Home
Eatry 0 0 1 |wol s s
Mode Set 0 (1] i) 0 40
Display
OwOt 0 (1] 0 0 0 1 D C B 40ps
Coatrol
Cursor or
Display 0 0 0 0 I S/C R/L * * 0us
Shift
“Function
! N * | s
'Se( 0 0 0 DL F 40pus
i;‘dfiw o | o ! ACG “0ps
Set DD RAM
Address 1] | ADD 40us
Read .
Bosy Flag ! BF AC Ous
& Address :
Write Data 1
to CG or 0 Write Data 40us
DD RAM
Read Data
from CG or 1 Read Data “0ps
DD RAM
/D=1 Increment Execation time
D ~0: Decrement chaages when
S ={: Accompanies display shift frequeacy changes
SC=1: Display shift Exampie:
SC=0: Corsor more When kp or fosc
R/L=1: Shilt to the right is 270 kHz:
R/L~0: Shift to the Jeft m 250
DL =1+ 8 bits, DL~0z 4 bits X
N =i:2 Enes, N=0: | line




MOTOROLA

m SEMICONDUCTOR -———-

TECHNICAL DATA

EIGHT-BIT MULTIPLYING

DIGITAL-TO-ANALOG CONVERTER

. designed for use where the output current is a linear product
of an eight-bit digital word and an analog input voltage.

® Eight-Bit Accuracy Available in Both Temperature Ranges

Relative Accuracy: 20,19% Error maximum
(MC1408L8, MC1408P8, MC1508L8)

° Seven and Six-Bit Accuracy Available with MC1408 Designated
by 7 or 6 Suffix after Package Suffix
Fast Settling Time ~ 300 ns typical

Noninverting Digital Inputs are MTTL and .

CMOS Compatible

*

-5 0Vto-15V

Output Voltage Swing — +0.4 V 10 -5.0V

Higb-§peed Multiplying Input
Slew Rate 4.0 mA/us

Standard Supply Voltages: +5.0 V and

1o, QUTPUT CURRENT {(ma}

(1113111y)

MC1408
'MC1508

EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG
CONVERTER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

- L SUFRAX
i CERAMIC PACKAGE
¥ CASE 620

P SUFFAX
PLASTIC PACKAGE
CASE 648

ORDERING INFORMATION

Device Tempersture Range Package

MC1408P8 Plastic

Gto +75°C

MC1403L8 Ceramic

MS32

MC1508L8 ~55 to «1255°C Ceramic

FIGURE 2 ~ BLOCK DIAGRAM
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MC1408, MC1508

MAXIMUM RATINGS (Tp « <25°C unless otherwise noted.)

Rating Symbol Value Unit

Power Scoly Voltage Vee *55 Vdc
VEE -16.5

Oigital tout Voltage Vg theu Vg 010 +5.5 Vde
Appliecd Cutout Voltage Vo +0.5,-5.2 Vde
Reference Current ta 5.0 mA
Reference ~mplilier Inputs Vi4.V1s5 vVeeVee . Vvde
Operatn; Temperature Range Ta °c

MC1508 -55 104125

MC1408 Series Qto+75
Storage Teperature Range Taeg . -65 104150 °c

T

Vr

ref,
ELECTRICAL CHARACTERISTICS {VC( = +5.0 Vde, VEE =-15Vdc, R14 =2.0 mA, MC1508L8: Tp = ~55°C to -125°C.
MC1408L Series: Ta = 0 to + 75°C unless otherwise noted. All digital inputs at high logic level.)

Characteristics Figure | Symbol Min Typ Max i Uat
Relative Azzuracy (Error relative to full scale lg) 4 E, . %
MC1508._2. MC14081.8, MC1408P8 — =0.19 .
- - =0.39 i '
= - =078
Sertling Ti—e to with = 1/2 LSB (includes tpy l(TA = +» 25°C) (Note 2) 5 ts - 300 — ions
Propagats>- Delay Time ) tPHL, _— 30 100 tons

Ta=+25C tPHL ) :
Output Fu. Scale Current Drift TClg — -20 | —_ PPMFC |
Dugital Inp.x Logic Levels (MS8) 3 Vde ¢

High Levs, Logic “1” ViH 2.0 - !

Low Leve Logic "0~ ViL - - 08 !

Digital Inp_~ Current (MS8) 3 mA

High Leve Ve 50V M & 0 0.04

Low leve V| =08V h - -0.4 -0.8
Reference ~zut Bias Current (Pin 15) g I1s — -10 -5.0 A
Output Cu—=nt Range 3 lor f mA

Veg =51V 0 2.0 2.1

VEE 2~ "3V, Tg = 25°C 0 2.0 42
Output Cu—art 3 [ls) mA

VREF = 220GV, R14 = 1000 Q 138 1.99 2.1
Output Cu—nt T3 1Otminy|. — 0 &0 #A

(AN Bits Low :

Output Voiinze Compliance {€; £ 0.19% at T = + 25°C) 3 Vo + Vde i

Pin 1 Growcad ) — e -0.85. -0.4 -

Pin 1 Ope:. Vg below - 10V 1Y — — i -5r, .02 ,
Fale.. - e Lorent Slew Rate [3 SR et - 40 -— T mAkis
OQutput Currz~ Power Supply Sensitivity PSRR{-} — 0.5 27 [ uAwv
Power Supz. Current 3 * lee — +135 +22 | mA

(Al Bits Low: e — -75 -13 i
Power Supo voltage Range 3 Vcer +45 +50 | -55 1 Vdc

(Tp =+ 235 i VEeR | =45 | -5 | -165 |
Power Dissizeion 3 Pp { mw

Al Bits Low i
Vee =-27Vde i
VEE =-32dc — 105 170 H
- 190 305 |

A1 Bits Hiz- l

VEg=-3I2vde —_ 90 —_ {
VEg = -12 .dc —_ 162 —_ H

Notes: 1. AP zrrent switches are tested to guaraniee at least 50% of rated output current.

2, Ab s switched.
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MC1408, MC1508

TEST CIRCUITS .
FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT

Typicat Voluer. A4~ A5 = 1)

Vit = 020V
C 188

Veat i)

V) and 1) apoly 10 inputs A1 -
thru AB

The resistor tied 10 pin 15 is to tempersture compensate the
bias current snd may not be necessary for oit aophicstions.
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lo»x _,_._._._._,_‘_}
.2 4 8 16 32 64 128 256

Vieet
Rie
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and Ay @ 1T Apg s st high tevet
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FIGURE 4 — RELATIVE ACCURACY TEST CIRCUIT
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MC1408, MC1508

TEST CIRCUITS {contmued)

FIGURE 6 — REFERENCE CURRENT SLEW
RATE MEASUREMENT ¢
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MC1408, MC1508

FIGURE 9 — MC1408, MC1508 SERIES EQUIVALENT
CIRCUIT SCHEMATIC

OIGITAL INPUTS
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. CIRCUIT DESCRIPTION

The MC1408 consists of a reference current amplifier, =n
R-2R ladder, and eight high-speed current switches. For many
b only & cef resistor and reference voltage need

be added.
The switches are noninverting in operation, therafore a high
state on the input turns on the specified output current component.

s low impedance termination of eaual voitage for all legs of
the {adder.

The R-2R fadder divices the reference amplifwe- current iato
binarily-related componenis, which are fad to the seitches. Note
that there is always a remainder aaTent wnich & ecusl to the
least significant bit. This current B shunited 10 graund, and T8
output current is 255/256 of the reterecse amplitar

The switch uses current stesring for high Deed, and a ter
amplifier consisting of an ective Icad gain stage with unity gain
feedback. The termination amplifier holds the parasitic capacitance
of the ladder at 3 constant voltage during switchiog. and provides

current, or 1.992 mA for 3 2.0 mA referance grdlitier current
if the NPN current source pair is perfecdy masshed



MOTOROLA

SEMICONDUCTOR S
TECHNICAL DATA

Switchmode Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modutation control circuit
designed primarily for SWITCHMODE power supply control.
This device features:

Complete Pulse Width Modulation Control Circuitry

On-Chip Oscillator with Master or Siave Operation

On-Chip Error Amplifiers

On-Chip 5.0 V Reference

Adpsstable Dead-Time Control

Uncommutted Output Transistors Rated to 500 mA Sowce or Sink-
Qutput Control for Push-Pull or Single-Ended Operation

® Undervoltage Lockout

PIN CONNECTIONS

CompenPWN T ) v
penPWN | 5.0 —_
Camg Input | 3 S pee o4 le-

POtV N —‘[—“
4 P ! (Ll
DeauTu‘\;\; [—:1__‘ I__J~{>‘ i i B! Oa.r.m;l
H ]
: i H

- |
o1 s | 2| vVee
Il Osomator c |
Ry: 6 — /—A: tic2
i — Q2
H 1
Ground 7} - \_.. e E2 ORDERING INFORMATION ,
i ~ H Temperature |
i . '
3 r—s o1 }____.’ et Device Range . Package
. cl, 8 ~——r A4 —- 9 (£l — m——:
i ¢ i 0 070°C e
! g TLL94CY Ceramc
: {720 View TLAQLUN 28 1 .85C Plasxe
TLegU ) Ceramc
! TLegay | -85 w2 .125C | Cerarx i

TL494

PULSE WIDTH MODULATION

SWITCHMODE

CONTROL CIRCUIT

SILICON MONOLITHIC |
INTEGRATED CIRCUITS

J SUFFIX
CERAMIC PACKAGE
CASE 620

N SUFFIX
PLASTIC PACKAGE
CASE 648




TL494

MAXIMUM RATINGS (Full operaling ambient temperature range applies. unless otherwise noted.)

Rating . Symbol | TLageC | TLASH | Tiesam | unit
Power Supply Voltage Vce 42 v
Collector Output Voltage Ve, Vo2 42 v
Collector Output Current (Each transistor) (Note 1Bl lorlic2 500 mA
Ampiier Input Vottage Range VIR —0.310 +42 v
Power Dissipaiion @ Ta £ 45°C : Pp 1000 mw
Operatng Junction Temperature T “C
Plasic Package 125 —_
Ceramic Package 150
Storage Temperature Range Tsig C
Plastic Package -5510 +125 —
Ceramic Package ~6510 +150
Operating Ambient Temperature Range Ta 010470 | -2510485,] -5510 +125 °C
NOTES: 1. Maximum thermat limits must be observed.
THERMAL CHARACTERISTICS
Characteristics Symbol N Suftix J Suttix Unit
Thermat Resistance, Junction lo Ambient Raya 80 100 cw
Derating Amtrent Temperature TA 45 * M50 °C
RECOMMENDED OPERATING CONDITIONS
TL494
CondltlonNalue_ Symbol Min Typ Max Unit
Power Supply Voltage vee 7.0 15 -‘-0 v
, Coflector Outp.t Voliage y V1, Vo2 - 30 <0 v
Cotector Outpat Current (Each transistor) Ic1.1c2 — — 200 mA
| Ampidied Inout Valtage. Vin 03 - vee ~2.0 v
[ Cusent Into Feadback Termunal ! Yy — — 0.3 mA
Reterenca Outout Current kgt — — 10 mA
 urng Resisior AT 1.8 30 500 X
' Tumang Capactor CT 0.0047 0001 10 pF
Oscltator Frequency tosc 1.0 40 200 hHZ




veckl,

-
TL494
ELECTRICAL CHARACTERICISTICS (Vog = 15 V. C1 = 0.01 pF, RT = 12 ki unless otherwise noted.)
For typical values Ta = 25°C, for min/max values T4 is the operating abmient temperature range (nat applies. uniess otherwise noted.
TL484C) TLASSM
Characteristics Symbol Min l Typ I Max Min I Typ ' Max Untt,
REFERENCE SECTION

Reference Voltage (Ig = 1.0 mA) Veet 4.75 5.0 5.25 475-| 50 5.25 v

Line Aegulation (VGG = 7.0 V (0 40 V) Regine L 2.0 25 — 20 25 mv

Load Regulation (I = 1.0 mA to 10 mA) Regioad — 3.0 15 — 3.0 15 mv

Short Circuit Output Current {Vegf = 0 V) Is¢ 15 35 75 15 35 75 mA

OUTPUT SECTION

Colector Off-State Current IC(ot) —_ 2.0 100 — 2.0 100 pA
(Vcc =40V, Vge =40 V)

Eminter Oti-State Current 1E(off) — —_ -100 — —_ ~150 HA
Voo =40V, Vg =40V, VE =0 V)

Cohector-Emitter Saturation Voltage (Note 2) v
Common-Emitter (Vg = 0 V, Ig = 200 mA) Vsal(C) = 1.1 1.3 — 1.1 1.5
Emitter-Follower (VG = 15V, Ig = =200 mA} Vsat(E) —_ 1.5 25 — 1.5 2.5

Output Control Pin Current
Low State (Vo $0.4 V) 1oCL - 10 - — 10 - pA
High State (VoG = Vref) loCH — 0.2 3.5 - 0.2 3.5 mA

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

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

NOTE: 2.Low duty cycle puise technigues are used dunng lest 1o maintain junction temperature as cicse 1o ambient temperature as possible.



TL494

; TLAS4
‘ Characteristics Symbol Min I Typ Max Unit
ERROR AMPLIFIER SECTION
Input Ottset Voltage (VO (Pin 3) =25 V) Vio - 2.0 10 mv
Input Offset Current VO (Pin3)=25V) o — 5.0 250 nA
Input Bias Current (VQ (pin 3) = 25 V) 8 - -0.1 -1.0 HA
Input Common Mode Voltage Range (Vo = 40 V, Ta = 25°C) VicR ~0.3t0 Voc—-2.0 \
Open-Loop Voitage Gain (AVp = 3.0V, Vo =0.5V10 3.5 V. R = 2.0 kY AvOL 70 95 - d8
f Uruty-Gain Crossover Frequency (Vo = 0.5 V10 3.5 V, R = 2.0 k(2) fc- — 350 - [ kHz
Phase Margin at Unity-Gain (Vo = 0.5V 10 3.5V, Ry_= 2.0 k) om — 65 — deg.
Common Mode Rejectién Ratio (Vog = 40 V) CMRR 65 90 — a8
Power Supply Rejection Ratio (AVeg =33V, Vo = 2.5 V. R = 2.0 ka2) PSRA —_ 100 - d8
Output Sink Current (VO (Pin 3) = 0.7 V) la- 03 0.7 —_ mA
Output Source Current (VO (pin 3) = 3-5 V) 10+ 2.0 -4.0 — mA
PWM COMPARATOR SECTION (Test Circunt Figure 11) e
Input Threshold Voltage (Zero Duty Cycle) VTH — 2.5 4.5 v
Input Sink Current (Vipin 3) = 0.7 V) W 0.3 0.7 - mA
DEAD-TIME CONTROL SECTION (Test Circuit Figure 11)
! Input Bias Current (Pin 4) (Vpin 4 = 0 V10 5.25 V) 8 (DT Y 20 | -0 pA
Maximum Duty Cycle. Each Output. Push-Pull Mode OCmax i %
: (VPin 4 =0V, C7 = 0.01 uF, Ry = 12 k) 45 48 4 S0
| (Vpin 4 =0V, CT = 0,001 iF, Ay = 30 k<) = 45 | 50 koo
! input Threshold Voliage (Pin 4) VTH 5 v
(Zero Duty Cycle) —_ 28 ! 33
{(Maximum Duty Cycle) 0 - ! —
OSCILLATOR SECTION
| Frequency (CT = 0.001 uF. RT = 30 k<) 1 4 o € ' = ! kHz
S:andard Deviation of Frequency” (Ct = 0.001 uF. RT = 30 X8} Slasc o] 3.0. - .r %o
Frequency Change with Voltage (Vee = 7.0 V 10 40 V. Ta = 25 C) algse (AV) > 0.1 - i
Frequency Change with Temperature |ATA = Tiow 10 Thign) Mose (AT) - — . 12 %
{CT = 0.01 yF. RT = 12 kD) j ! |
UNDERVOLTAGE LOCKQUT SECTION.
{ Tum-On Threshold (Ve increasing gy = 1.0 mA} { Vin 5.5 T 843 | 70 ! v o
TOTAL DEVICE .
'T S:anddy Supply Current (Pin 6 at Ve, All other mputs anc sutputs open) i lce t ‘E mA i
! (Voo =15V) } — 55 ! 10 i .
{Vcc=40V) | - 70 4 15
Average Suoply Current ! - t g mA '
(CT = 0.01 4F. R = 12K5L (Vipr 2y = 20 V) , - e - i i
Veg = 15 V) (See Figure 12) | : l |
f—
'Y X X2

° Stancard deviation 1s @ measure of me statistical 0rsinbution about the mean as denved from the tormula. a
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Figure 1. Block Diagram
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