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The Following Car is a prototype car, which follows the specified moving object
automatically, independent of guideline. More than that, This car can follow the moving object

without attached anything. In this project, however, this Car follows the moving object regardless

of obstacles in order to be easily developed.
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Tassadanelu nazmsdauves MCSsi
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1. ¥UIEAIIUT] umaamﬂu ?Tu'Jﬂﬂ'J'lil%'l'c’f'mi’i_l!ﬂ’iﬂﬂillﬂiil HAZHUIUAIIUD

9 v o 9
TmIuInyYaya

L d
1.1 wienwsrdmsuuTUsunsy (program memory) WU3BAWSI¥IIAL

CPU asneudeyaldedudes Tumuisofezd@oudeyans1l1d vinaves

1 o _ o o é T
miganuidmiunuTdsunsugegaves Mcss1 sziilu 64 KB Famiseanu

4
Swriiadldaisenn Idiu

111

1.1.2

’ o o v o
muwawsdmsuny lWsunsuniglu (Internal program memory)
9 nulvAwsseian ROM uaz EPROM lu MCS51 (wes 8051

o @ & =

(e 8951MAIAY FelvuIA 4 KB

1 -] o o/ o
nuganuidmsuny lsunsuniguen (External program
memory) fio Wi28A WS MBYN1wUEN MCSS1 Tave1vezidunisae
ygroitiesninaniiganudinieluiiline wielu Mcss1 fu
ROMless version 1 18l ROM nmslu fezfimiroaruirdmiudy

v
Tdsunsuvianuasgnieusn

1.2 miwanusidmiuiutoya (Data Memory)  Humizsanuslszian

RAM Misrannsesmnazidisutoyanslil14 Tagezutisesnitiu

1.2.1

1.2.2

mirganuirdmsufudoyaniouen H13unsdfindzenimé
amfuiudeyanioluilline Taveeil1dqeqn 64 kB

druil 19ifudoyaia Ty @nernal RAM) urheenidlu 2 daude
USan 128 byte UsNTEENT1 lower 128 LALLM 128 byte A
1580737 upper 128 (1ud2u upper 128 shusefimmelu Mcss1 1w

115 19U 8052,8032)

uene1nil ludau Internal RAM US1IM 128 byte usndanviautiy register 14

+ ket
i Td§wau 4 nqu nquaz 8 42 (RO - R7) Auid 00H-1FH taguTnumiae

v v
anus e 18 luseduiiaduau 128 da Aaua 20H-2FH

daun iy register JEARILTIR (Special Function Register ,SFR) d115U

1 d’ 9/ o t Qs : @ o 9 <1 g a4 v
TududlszFouviuegiu upper 128 msnziiussuiiudesdimndifeluudas

1 v L 4 v
daufiadu Tasd upper 128 wid1de & Taanedouminiu d3u SFR tiwdi
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b 14
I8 Tasnnasunniu@mivdiu lower 128 Tuansaditeldnanease uay
v
N1990Y)
4 4 . 4 ¥ d Y da 1 o
2. wosalu Mcss] dluwasauuna 8 bit 574 4 wWesa uAazwes AT fiaRdaiUI
Wwaeuen lasannsosy uazdeteyaduitesnouenld aanfe Wuwesa 2 femasi-
directional port) Iaseard1aveaaswesalsznoudie
- 9999 latch
- 197 QOutput Driver
- 3497 Input Buffer
dmiumsaadenumniieawsnieusn wesa 0 sxviimiiice Address byte (AO-
A7) o191y Data Bus Tagezndaiuldauasianiuuy time multiplex dauwesa 2 1214
9917 Address Byte g4 (A8-A15)
3. timer / counter
timer /counter U84 89C51USLADUAIY register N WITnABANSIUTY  timer
1 1 é o L J % ) . .
%39 counter 88N IABINNIITIUIU 2 A2 uAazAIVUIA 16 1A AD timer 0 18T timer 1
AW register AU timer 0 Usznouds TLO,THO ¥11a 8 Ta dau timer 1 Uszneu
#20 TL1,THI 4119 8 dawuiy Tunmsviiaudy tmer 59 counter 92l 0azidoadiuan
b 4
Aefusen lUAl
9/ . . P & @ a . d'
timer : 19 register timerl 39 2 (TUATUS 14U machine cycle aziiosninly 1
machine cycle 10 9 v8a McCss1 Uszaeu'lUdan 12 mudyauesadammes (oscillator
» v N
period) aatiudasus lumsiudedianiu 112 vesnnufesagamme iy
' . a9 9 a a ¥ A 1 4 A4 o
counter : 11U register A1H1TU counter AignidenIFmasgniinaazniludedinig
' . 4 o 2
Wasuan uzYns logic ¥9n5299u 1891091 TO Az T1 Tuvmezriv
A ° . 9 . A kY
UBNVINTA WIS UABANITIINTUVON register IMTU timer M50 counter 1RUR2 Tu
uAnemsyiamiiu timer M5® counter Y04 timer 0 M3 timer 1 AdsiinIsFMRULATRY
b
aelUBnie 4 uuu (Tnua 0,12 wag 3)amuaummneauveents 199 Msviaudessi 4
. N < ~ [ ::’
UsiAnees timer 0UAY timer 1 is10azBoadsil
° . ' ] 2 °
Al¥aunsafennisyielfifu dmer w5 counter atelnvtunilsTasnisdmua
— = H \
idia C/T M register 1Fnumniz TMOD mindadifisutiu 0 nuedudenist register

o . ' a d < a ' Y o
‘Vl’l\ﬂ‘l«ll‘ﬂu timer !!ﬂf’ﬁ‘ﬂﬂ‘u rﬂu I nu8dy maﬂinmmuxﬂu counter
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register TMOD
tmod?7 tmod6 tmod5 tmod4 tmod3 tmod2 tmodl tmod0

GATE | /T |Ml |MO |GATE | o/T |M1  |Mo

i@ tmod7 2 tmod4 F MY timer 1
3@ tmod3 84 tmod0 § MU timer 0
{ia
1. GATE Umidenmsnuguln register @miu1idy  timer 350 counter
o s ¢ a ¢ du o
Mo Taemuguenaiaurfnieverduaiaed
- il TRx (TRO,TR1) Uz GATE QAIBA  timer 30 counter 92
e mAsifionaiuziiv INTx (INTO,INT1) Heufiu 1 (mugunnariand)
A A a J . - ° d1 A& a
- iilelin GATE Qrunfied  timer 139 counter vy uAneiioda
lé’ as as d' o o,
TRx QNI Iag ivuduan e dygadiv INTx (aruguangeiind)

2. C/T dadonmsviaiuves register dwmiuldidy timer e counter

-

g
11
Q o .
-0 w1y timer
- 1 nnedeiheuDy counter (HUSWIUNad AwUB ATV Tx)
3. M1 Uadm5uiden THuan15¥i9IMYe9 timer 0 138 timer 1

MO Tadmiwden TvuansiaIuYes timer 05 timer 1
f1ia M1 uag Mo 19y
00 mode (0 : timer M?El counter YA 13 U@
01 mode 1: timer N3® counter YU1A 16 U
10  mode2: timer M3® counter ¥UIA 8 i@ N5 Inaasusuiiasifa

overflow
11 mode 3 : timer 0
. . - -~ c{
register TLO 1915 timer %30 counter vu1n 8 Tafintugunis
yhauldontiaues timer 0109
register THO 1913u  timer vw1@ 8 i finrugumisvia’d
91nUAY0Y timer 1

11 mode3: timer 1 MgAYINM (Mgay)



THUﬂm‘iﬁ‘N'lu‘UfN timer / counter
a0 19 register vita 8 Ja Wudniy Taslimafiusiasoag 1 yaaseiity
¥
dryanw 1dnsy 32 A%
° g . &Hq Yo 'y o ° . P
TumsvhomTnuadl  register 150 liNzgndmuanisiutu  tmer wie
¥
counter 920 19ifes 13 Taminiu (8 Talu register THx 21 5 G0y register TLx) Tatlu
v [] ] ¥ v
varrfiar1u register gruAsuvia@uiiiiu 1 Hanuadiu 0 ianua (fa overflow) szsilvia
P} s a LY 1 9/ ar . a 9 Y g r A =y
TFO %38 TF1 gnive daynmn1siumsiueerudands register Amsiiu Idfdeils e
TRx =1 uaziin GATE=0
msiraliin GATE Wy 1 suiffumstimua ¥ register A1915U timer 150 counter
gnerufumsiu laedyanaiiv IV uguaniuTasasauad) e mcss1 1114
Famundavesad ldde da TRx dsailu 1) daunsindes1ida GATE Fu 0 weiinaly
. .4 . 3,
MIAIUANNIIINUYEN register AIHTU timer 138 counter 1@ TaswanALIT Fuvinld Ty
da o o
n1siva nIiAasTla TRx Aemidelulysunsy
Tnua 1 msvihauezimilouluTnun 0 nmlszns ug register timer 130 counter gnld
3 - :; L) o - . & ::‘d o
ATy 16 Saunudioziilu 1380a 1ufe timer 139 counter TuTnuafifivua 16 a
. o & . t 1
Tnte 2 9219 register 1fivq 8 Tn ¥9ff0 register TLx uaziinis Inaasuesdasarly
&4 A . A aa o g o ' ¥
THx 1i81Aa overflow 1U register TLx TagfinluSvaines THx 1 aunsodmualdasm
1 program nazee lunldsuinlauiiegn Tnan 1013 1u register TLx
¥ , . ] v
msveululnuail § 1R 15adedya i mtempt Almunmad vieldad
grunalfun Mcss1
. . 1=t o é ~ & Y 9Y 1 o 1 -
e 3 register timer 192 lifimsiiy Fefinamilsuduideida TR1=0 udd iy
. = o o v 4”
timer 0 91519 UAYA TUl
timer 0 1uTvuA 3 9319AUTH register 1991unW1z TLO vos timer 0 9n 91Ty timer
138 counter Y118 8 G Tagamsaniugu TLO 18 v1nfin C/T ,GATE -TRO,INTO uas
151AA overflow Y84 register TLO 9&iina lisalin TFO 89U register 19910 W12 THO Vo9
. LY 9 . r = o -
timer 0 95gnUeAUINIF WY tmer Tusdudn Tasmusonruguasinuldninda
TRI Uing TF1 ¥84 timer 1 Unz9tadia TF1 1i101AA overflow HUAD YLl register THO 9%

AIUAUNTINA interrupt Y84 timer 1
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4. interrupt
as a a - (.7 4 ) 3 :: ar d’
A3 89C51 mmmsuﬁmmmaumai’sﬂéﬁmmummnmvuammzma‘lumu

U o
]

R

a oo . v o
4.1 SumeFTUATIARDINAWUON(External Interupts) fiog 2 wilafe
- as ~ 2 o e ——
- Bumei5Uanisusnyila 0 ¥a¥u1dvner INTO
- as -~ 4 o —
- Bumei Fanwuenyiia 1 ¥s5u'ldnnn IVTI
[ 4
asaTesudyausumesSudtasriliamansaild 2 uuude
o o @ ° - 2 a  w a [y
- avduszAvdyga i lasniswalida 1Tx = 0 SeezRadyanudumes s
1% cpU $heTuviarulu interupt service routine iiodayanaiion INVTx 1 logic 0 Tae'lifins
a a { a w a o o
iwdssiia 1Ex 17 (a 1Ex grismdeiiadaanudumeisus)
a 4 . a ? o & a a
- 25299 UMsIlAoY logic vesdyau w114 Tasmsiaralida ITx = 1 Faezshld ifa
[ a Lo | Q . R . 4 o 4
Fyanudumeisuald cpu S1eluviniuly interrupt service routine iiindayaudiv: INTx
$ . Jda o wa A i a
Waeuan logic 1 11y 0 Taoezlinmadesia 1Ex IWTnesalud@ @a Ex gnivaderia
s a da o
dygudumeisla)
a du (S A a 1o das 1o o .
4.2 dumeitUamaannmely 1Rundumesiaves wesaden1soynsi,timero
2 a 3 X A . . a
138 timer] Fufinvuiiiolia TFO 138 TF1 QRIvAYNLE timer 0 ¥3® timerl (iR overflow #niu
. & o 4' ey Jo & . a 3 -
timer0 11 T1ua 3 FanganisienuiieNdumessiUaN tmer 1indu Ta TFO uaz TFI exgn
J 4 ° 4 a - as
indes Tavgriauas nelu MCss1 eadie cPU Heluviaun TdsunsuuSnsSume 314
o a Jdo 1d st o da [ - dao (& Py
dygudumeiivameludnyiianfie Fygrudumeisavemeiafeaseynsy
as - o | a J A’l - A: 9 o A a
dyanadumesuaifadu Idunendeda TI nie RI grive srgnismndeuiu wiednla
a &
fanilegriran 4
auanudiny lumsunsdume $TUd

gldmusaiensedvaiudiigylunsuins1d 2 seduTasmnwaniendestaly

register [P

Register IP
IP7 IP6 IPS IP4 IP3 P2 IP1 IPO
- - PT2 PS PT1 PX1 PTO PX0

L. PT2 dnuadwusudinglunsasuaussdedygiudumessiaves

timer2



10

a o

2. PS  fimuadduanudaylumsesvaussdedygiudumeisudues
.
Wesaemsoynsy
3. PT1 dmusdduaiuddylunsasuaussdedyanudumeSidves
timerl
4. PX1 fimuadauanudylunisaeuaussdedanmdumessiane
Usnyia 1
5. PTO fimuadiduanuddglunisaeuaussdedyanudumeisiaves
timerQ
6. PX0 fdmuadiduawdiiglunsasvaussdedygnusumesslame
UBNYiiA 0
a1y Idasmuadnuawdfyvedumessua iy o nuieds 1¥8umesTdiia
v '
ulidruanudidgd daumsiddadmuaddunrudidguesdumessua iy 1 nane
<® Yo do 1d A o‘: Ao o 8 &
4 Wdumessilasimiuliadunimdifygs
' = a s td Y @ - A0 o a & ' 9, @
uatinsvedumesilanfoudu 2 wilalaslidvuniudwamiu dduns
o a o 1o @ o A Jdau td a - 1 [
uinssumesUanelusziudrdmuaesidumesFiasiialamsgauimsneu e

TN

unasiufindumessld ddunnwdingaelu Mcssi

SumeiAnouenyiiag (IE0) | qena
UM F1IAve timer0 (TFO)
BumedsUameusnyiial (IE1)
dumeT¥1Aveq timerl (TF1)
Bumessudvesnesafenisoynsy (TH+RD)

SUMBST1IAYeS timer2 (TF2 + EXF2) : Aa

y 4 3
5. AIFINNYBNA lu MCS51
2 v

- msidedeyaTasase (Direct Addressing) U3 A mMuadumiamiteauiTag

asaludds
vy
- mahdedeynTaeneden (Indirect Addressing) 1911 register ifludaddmmia

M28921387 (register H19RITU register 1991151211l RO,R1 YBIUADZARY, Stack Pointer Haz

&




g rec

11

Data Pointer) 108 register LA MMIt9sADesynTeenue « @ » Hihanih wu Mov
A@RO

- msidhiedoyalu register 194131211l (Register Instruction) Seyafideamsezediu
register 1%@111#’311' RO-R7

- mm’fﬁai’fegaiu register !ﬂW‘l:ﬂJmﬁ‘lé’\i (Register — Specific Instruction) funs
Whiladoyalu Register w2 MCSs1 NS WA UWNUIDGURT 1Y Accumulator,DPTR,SP

- mahiadeyadiimuniesTavase (Immediate Constants) vz fmuamieyaliiu
MdaTagase Feozdecldinfoanue  # « szymirfoyaidosnts wu MoV A#100

- maidiedoyalaaldna81989 ( Indexed Addressing ) vz 1¥A1vedsdmanyidau

v 9
MW DPTR #58 PC wsufumiu ACC ie¥dunusvesnulisausidmsudy

]
Tdsunsugaiudeya’ld

yamidalu Mcss]

v ¥
nquArdenanualy MCss1 awsautisesnidiu 5 nqudssaudnyaizaisyitem 14

De
=h,

0 v 3R] 1 4
1. ngusrdan1endingiaas (Arithmetic Instruction) MdefifIdoaineil
#1d9 INC uag DEC usdsd miun1suan 1 uazay 1 AUAI984 operand
INC la1anig

DEC AUNN
t 9 9 o 1 . 9 9 u'l
IFU MINABIMITUIN 1 11AUA1 U register RO 3150911 1@A2887d4 INC RO
MINABNITaUAT 1Y register RO M8 1 aunsavi lddred1de DEC RO
#1849 ADD uaz SUBB ius1dadmiuuIn nazauseninamves operand UM
o ] . v o o 4
YA 8 bit AU operand Ya1em1s Fuilu register A MU wadnFazIfUN A 1orue
ADD taeme,dunig
SUB daiemie,dunig
] 9/ 1 R 1 d ° b 4 o &
19U MINABINITUINATIU register A A28A1 03H A u13avi |@dqedde ADD
AH#03H MnABIMITaUA1 U register A A1 03H Aeu150911 18A 28149 DEC A #03H

Yy o o ﬂ'l é - L) \ s
uenwInil daiifrds ADDC Favimunidou ADD nned iRz UINA Carry

Bit A2y
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s1de MUL uag DIV Wuidsdmiugu uazmisan il register A firegister B

MUL AB
DIV AB

2. ngudrdemeassaenand (Logical Instruction) ifdefifsadeiiged]

#184 ANL, ORL oz XRL 1iun1s AND,OR 110 XOR (Exclusive OR)fU5z1714
operand 2 Aa39vzdsIhinuassndeyavinaidlu Byt wie Bit 18 19 mndoens And
#1141 register A #2887 00001111 (A1 Binary) fimutsasin14Rus1ds ANL A #00001111B
(nTfif1de ORL uay XRL Avuswisaiu)

ﬂ”’lﬁ"d CPL lﬂ‘uﬁ"l?? 4 Complement %'81,1‘6111 Accumulator

CPL A

frda RL uag RR Susidslunisau Bit uuda Accumulator lunisdhauazmisum

R TLREST
RL A
RR A

#1784 RLC oz RRC mileuusada RL 1oy RR idluntsausiuozsing Carry Flag

Ay
RLC A
RRC A

3.nqusdundeudiodeyn (Data Transfer Instruction) ffdafimeteded

f1ds MOV Hun1s1iteeIn operand Fanitunlisndanils ludnynzueanis copy
doya ﬁ'ufuﬁ'ﬂgamm operand AUNNHIAIAUAY

MOV darenig Aunia

15U n1581048Ya91n Port 0 U4 register A famnsavilddaudids MOV AP0

frde PUSH lumsinfoudrodeya v B lumizsarusdumisiignssy Taos
1u35mans SP (Stack Pointer) FU30AUT AT Stack Area (UTIUMUITANUS RS 03H
Hudull) wu Srdeamsifumluduinc 038 lumiisauimelu Stack Aawnsam'ld
e PUSH 03H |

f1da Pop fumsideyafigrifin 13 lumizoaawd u dnmiaia Ts SP ndufu

U1 19U §adean1s1ie1lu Stack asludumis 038 Tuntganud Arwisadin 1ddesda

POP 03H
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4. agusdanUnuaAuA1SaIYes TUsunTY (Program Control Instruction) 1)
somily
4.1 nuy liflideu'ly Uszneudae
#1154 JMP dusdamauan i Tusunsuss Tan luyszunarafidumisdunisenn
T 3 uuufe
siMp fusidanseTan TuSsdumisdaremaiivinen Address Hogiiui
11U —128 9 +127 Byte
AIMP Husdense Taa luSsdumiaaomaluszes 2 xB
LM Husidense Taalu8e Address Ia ' 141u%29 64 KB
fi1ds CALL g RET fifa CALL i BiitenauquinTusunsumdndro e
Tusunsuteedans1 unzrunsanduind&aesds RET fegneuthovesTsunsudon
(#19910 IMP fis1da IMP axéne lvhaudidumiaaume )
frds NoP sz T cPU Tivieula o anea 1 machine cycle Wauvta Aoy
register PC Tasesmmiagaly
42 nuiifou'ly fevznsy Taa ludedumisdusaeiie idou Tuvesidundriidiu
sSanzilszneudasiidadail

#1849 JZ sxnse Taafideide sy register A Hauiiu 0
164 JNZ aznsz Tanfiaeiie Ay register A il 0

frde CONZ sziSouifousiu operand 74 2 §2 min Ty Seesnsz Taa luvha
w Aumiafisey

f1ds CIVZ szvharsassly operand aefiazvils udn1sasrsmeuduiiu o uie
Tai wn iy o feznse Taaluviau o dumisdy

5. nqusrdarlszaranauuLyAu (Boolean Instruction) Hyavszasdifies s
ﬁzmﬂ“luﬂ1sn%UuTﬂsunmﬁqf’famﬁmﬂmﬁ’ui’:’agaszﬁuﬁﬁ mivesnidiu

5.1 nquedanaunuanuzia 18ud

#1879 CLR 921015 Clear Bit ﬁﬁ'aqmﬂﬁ'ﬁ]u 0 19U N5 clear bit Carry Flag fivi 14
&ruf1da CLR C

7164 SETB 929115 set bit Aiean1s 1T 1 19 ms Set Bit Carry Flag i1 1480

f‘h??q SETB C
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ﬁ?ﬁ"\l CPL 9¢%11715 Complement Bit ﬁvf’faqms RATRIRY) Complement bit Carry Flag A
¥ 1&&uds ceL ¢

5.2 nquidunieudredeyn 1291113 copy Seyalifiazdin unideiiiaiid Rels
1191 C (Carry) U register PSW nﬂﬂs"zq U msdoteyann port 1 bitH 0 1$Ndeda carry
Y84 register PSW fivi118Tag 1981 MOV C,P1.0

5.3 nquindeveassnsaad 18un frds ANL une ORL Feeznseriniingdia

5.4 ﬂfiuﬁ'léldﬂ'l‘l]f}lﬂﬂiuﬂ‘mﬁ‘t‘fuﬁ"ﬂﬁﬂ'I‘I.I.;‘:ﬂlmﬁﬂﬁ'lf?si‘umﬂijlll‘l'ﬁﬂum‘iﬂ'mﬂil

drdumahnuvesTdsunsy Tnsastvaeuideu lvoinaaiuzvesiiafisey Tao operand

v ¥
[ (.2

Faunaniuldun

MdsJc sensylaadieiia Carry Flag {f set
fdeJNC veaselnadeta Carry Flag §f clear

B ewnselaaide Direct Bit 90 Set

#184 JVB 9znselamiie Direct Bit A clear

#1694 JBC 9znszTanuile Direct Bit 20 Set UALILTINTT clear bit Fundenansivinde
JBC Foufesuda

nqufuasndnmsveddsesaTntuszasiessn i iaqndeuiitudasn seesutas
szopviniida 18t dudeyafimicnlssunamnaeamnsafuf1d mirnlsanananms
xﬁ"ammsﬂszmawauazﬂ'mﬂu“lﬁ'sn?'amnﬁ'ﬂqmﬁauﬁ,uama%’ ietunfoudasn,iees

4 - . v 1 [Y é
AuRuUBINBS ReAILANTiam A IS weemes, dasn wnansiudums Idiuds

agluunn -5
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Ardudiuewavedune fnesiftosi e mmmmnneammum“lmxﬂmﬁmmm"lﬂ
Arviisrelunsaiu suinamdissan 40 iz wiiundudssdusans Tria fodaity
Mdudely dau c1 §RetleeiuIiase (hilgaud 40 ki ) fm I Tudads e it
Tdndssugegalumsdudads

dmTuumasteussduineliiuies e 19 Mas 12 V H regulator 7809 ifie
utlawusadu 12 v Wil o v udasiousedu 9 v 1980 1 we 4049,LM324,LM339 gy
Fau q sz useduus 5 v miniu Tanhwssduninunastioas 78L0s Taes c3 vimeh

A.

AnsewssduldiFounsutihunanssauns sy
1eseeadaminevziulian11ud 40 kiz n‘*’«"aTﬁ'nsTmnuwfﬁnﬁadacﬁammsmﬁ’n
a1 1&usen 40 kiz Taomsalsu VR dasesasunusimesezld LM393 it
xﬂ?ﬂmﬁauﬁmﬂpmﬁdwanmﬁ'vﬁ'wmmﬁs‘uﬂ’hm"lﬁ?w LM393/2 axvimiifiSoudioy
zAuUneinYes NIRRT dnIMIARiTzALY 5 Taadfuednavesaaes 9 Taad Taodyanu
MR B ENATIN 7 9xiina1ud 40 kit Reda Iy 4049 Aol
wostuladygrannineegnadinlag 4060 fe ienanied S1 ewHav 2 e
4060 axiftuszAvaeings R2 uaz c11 wiiudadmuanmd I IRUssnw 40 iz vas
ReafueIdAYes LM324/1 vxiiszdunsingedenszuasy Tnaru DI hgreunusineiia
i 2 fio LM393/1 ieonszauyaa I qetunztithingn 40034 18 Tasfiussdumedy
Sunaves LM324/1 fiviueudunesasslisnlszing 2.5 Taad va@vaunees luamda
Farlszneuday 409373 unz 4093/4 flszqaivm Fofuan 31 ves IoM7224 Sushun ONT INEL
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(count inhibit) gnﬁmuﬂﬁ'ﬁﬁmmmxﬂuﬁmmﬁa (disable) M3 eagiuaziildur 32 (CNT)
a9 ICM7224 Fudnynuninmouenidun'l® & 1C 4060 sefiudasutianand 17.05 kiz
soagufy Sevlnudiimudhluss iomr24 18 dodudyanuuniniddmiugess
Tumsuaasnn

dasssmeduniaiy 5sundusaas Tafinnawd 40 ki ol duaduan
Fideld Taodayaadisy1dsgnunolas LM324 WRSasImsvenoszinn 33 dB &
A ldnngas

20 log (R8/R9)

Tﬁmwwmmgﬂfiyﬂz‘l%'msﬁﬂﬂﬁyauuu”Mﬁﬁn fin 1%'¢T'uﬁnﬂszmi‘luﬁaﬁﬂﬂ§e €9) ma
umu‘mﬁy"liiﬁui‘luﬁ'mﬂi"mmﬁuﬁuvgmaﬂnm w31zl R14 $a0lumadliuedreda Tuiidey
nda Taelénszua lueramedndunadudasae uasussdusenisafignuiuezgnusulag
Aley q msediianudiiaun nﬁ"aqmnusqﬁuﬁy"lﬂ"lﬁgnﬂ‘?nmw1: LM324/3 INg3@ a7
umiuszlinadsuseAves Niwaves LM393/1 dau tasdsiinaasnim lalunsivin

dmiuniwhlunsfuergnaiuguTng1995a1a99 ( time constant ) Sa9zsznoy
A28 VR3 ,R6 Uag C8 é«daagiﬁu LM393/1 tiuies amnseszyiunawhlunsiu g Tae
nsfu vR3 MldnamThgeqa Sesreiureluiadeveanistiuugse 1y

iedaiundusaanTaiinundud s 1919 NAYE LM393/1 sefinefng Fsilma
vinliases Tumaida (409373 ,4093/4) gafiom wozdypanninend 17.05 ez
amsorid U8 icM7224 18 vaimdsaiy wadaudedieedy 9 9ZHIU R13,C12 Uag
403012 i1 11/§av1 34 (STORE) s 1CM7224 Y1 ¥ 1CM7224 ngmriy 1o rdmaves 1CM7224
Rozunnwadnifanne e Basahufetunauaasdi ldonnsiy mstuly ICM7224
szqnondnidiesidnan 2 ves 14060 netndr nieianisiien 2esfindeniieria
szozlundalmise'ly uazlunsdifivhmslussoriTnaiiul v1z ves 4060 Sozifuasing:
90 ugeriuezgneniinnisitu Tasdya n RESET 92k D3 $wndevn 33 vee ICM7224
SeHnEN U TAEBAM AN IALTAIRA Sz UARIRAIRY 0.00 B9 ICM 7224 wiiludmuguns

11971849 LCD
dau 403072 szifudadmuanstion gy 2 nsnwinsy
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daygnudy LCD mniu 2eeshimwsadedsves i IReonunlugldulding mawasy
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Aeuanmizan logic 1 i 0 é«i‘lunmﬁﬂf‘i"u:é)"amﬂTmﬁﬂﬁﬁ:ﬁ'aunﬁ'mmimqtﬂmmtj
wiisdifunausans Taiia dy pulse i 89C2051 Yty iy pule AIWA 17.05 KKz fan
91NY19 ¥8e IC 1o 4060 Mt Tasfiniuidiveudes = 341 was/Sud i lle
3172024 1 em. 9290119 89C2051 11 pulse 161 gn

daunslFaueiiifie thdgygune 33 ves 1ICM7224 wndea P37 wes
89C2051 titediadaynas rig 1 89C2051 Furi puse Taald counter 0 TuTHum 1 ¥asaiy
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89C2051 MYANY pulse dIudgyn I pulse 9101 9 o3 IC 1T 4060 azgMABTYT TO
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Yuasunsilszananassozlu 89C2051 aunsouane 18 flowehart lugalii s

( START )

y

Fudtyyeu clock 17.05
kHz Wi counter
Wwarinnniy

Atyryeu reset
URean 01l 12

13U clock

Aoyoyncu STORE
VUdensn 1 W02

Yes

ATYCYTU reset = '1'7

Yes

}

o lu
Timer 'l'ﬂu A

1 dl i
A AN
0.00 m.

Algorithm M3iascasni1sves 89C2051

»
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2.2 miwulavmiszegnnnwesiasseenn Ingoans laidn iiusiveszes
nui wiawyseuaananansul
2995030091 2995 Distance to Logic Converter ¥8lunisuszuianavesniiae
Uszmananarelumsinuianeda
1IN9TIAsEzN N Tasdans Todin 18 output senuufusssesmadanifaaeesi
ieutasszozneitialdldimbedtudios togic 0 v¥e 1 Tasfiszervinnningiemaiusa
as1laiinegludeiideanis 29939x 1 ouput iy logic 1 uAdrIzEzteEnIInnI Y
2219 output 15U logic 0 ot ldszunanalu program VY04M 18U sTNIaNanaeae 11 X
nuﬂﬁy"lﬁmnmiaﬁmmﬁ'ﬂym:umﬁ'ﬂgmmﬁm CNT INH w4 IcM7224 Failu pulse i3
awndanlsfuasafussozneiiiald pulse ﬁy%zs?mﬁﬂifuxf‘iauﬂﬁﬂizﬂ:ﬁm?qu
doygi 40 kHz IdadsSannladinluidor cycle unzeuifedasusansiludin’ldsy
Fyanufuazteunduinly cycle Hu
n1sv‘iN1uvaaunsfﬁ?nmnﬁﬁmm1msnmn CNT INH (¥1 31) 484 ICM7224 11
iy input ¥892995 Distance to Logic Converter ( #u38LLadf 152 8s 199102985 ATz oz
Tasgaas Tednlfifudiaesszoenedl minlszwaananarniudld ) lu 1c wed
7418123 $aflu Distance to Logic Converter Admnunt pulse output 14910 R uaz C i
aoiity Tag IC 91/1 92 active HUBUMUYES input 19 output Fn21mn319 pulse Houszey
W14 80 cm. 1A% ICO1/2 1 active VBLYVITUYDS input 1$uAU unoz ¥ output fivr 0 fimaw
319 pulse MOUTITEEINI 40 cm. YT output WABITRIY AND GATE 921§
pulse RifisumissosmenInfiszes 40 cm. Feael¥ puise iﬂuﬁmmmé’wﬁﬂunmﬂ?uu
(fiou pulse 7114912993 Distance to Logic Converter 8012995 (IC92/2) Afl imput Shudnyayes
9101 CNT INH 15U UASY active Rueuviad uaz 1w output iy pulse usy q disnfiou
Meufudyg pulse asithudaTaokin AND GATE 8nda Tuudae cycle 15114 pulse
Uszdwdnz cycle fiszosnaeglugasiidosms dau cycle Taflssuzmsiifnldeguensasdi
Apan13ee 1T pulse Used cycle T UATYRYY pulse uAL 9 TuuAag cycle sifeaneaz
Tlszananalu cpu Sadeathliveenundis puse TaonirlUAnuases Distance to Logic
Converter (1C92/1) (8 1H14 pulse Hramundrannnd 1 cycle asestivnen o ¥Fyana
logic 1 130 0 w¥oudeanld CPU 1h lddszuand
712493 Distance to Logic Converter 13 timing diagram taae 131ugUi 7- 9
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115113993 3R528N19,2497 Distance to Logic Converter Haz3395UanATzozn 1R
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Tasea il 9214 port #1e o Aedl

p1.0 141311 output port 918 PWM 1RuA%Y drive yoimasuan

p1.1 1915u output port wenfirma(direction) 1¥unF1 drive usiAD T

P1.2 19184 output port 918 PWM 1¥unF drive usinoidny

p1.3 14153U output port Uenfiana(direction) 1 uATY drive uoiAB 38
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Yeg——pf
for_normal

routine

for_hurry

stuaasg v szazma
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( start )

L

¥ flag

direction =0

y

set 1‘131’ motors

UHUNBEINAY

18l pulse-width
100%

END

sUuaad routine rev_hurry
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( start )

y

1 flag

direction =0

y

set 14 motors
NHUNBNA

418 pulse-width
60%

END

iﬂ!mﬂd routine rev normal
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19 flag stop
=1

4

set 19 motors
vaulilni

y

qM¢l pulse-width
0%

END

sUuaas routine sto
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( start )

4

4 flag

direction = 1

y

set 191 motors
vyyulalngin

4

{12l pulse-width
60%

END

iﬂllﬁﬂd routine for normal
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( start )

y

¥ flag
direction = 1

\ 4

set 1% motors
uyu i

q1¢l pulse-width
100%

END

Eﬂllﬁﬂﬁ routine for_hurry
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Direction
flag=1?

Yes—» GO_UP_LEFT

No

STOP_LEFT

\ 4

Yes

Flag sty

MAIN

suuaad routine LEFT
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START

Direction

flag=1?

Yes—» GO_UP_RIGHT

Yes————

STOP_RIGHT

MAIN

sUuaag routine RIGHT
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MITATUANATINT 150 UVBNURIND TAIY Pulse-Width modulation
MIAILRUAIMIEITEUYEY DC Motor 1 amsevinl&Tasnsaliy voltage
anaseutinesvesLamefvssusfuassiunudaveemed udhinass
voltage AnATeUTTIvBBADSALA rated voltage IN5 1292911 1¥1AA loss
et lsAA AsmIRuAIMGITeUvewemes Taun15USY voltage anATRY
fruemefiiu fieldife toss snoumitusudu ﬁ"\aﬁ'wm‘lumsmuﬂm?m%"ums
ATUANUUY  digital msnziiy 1uTﬂsNmﬁ’ﬁq1%’msmuf]ummn?asauuamas’

& o ¢ o J o a 1 1
uuY PWM Feuzth1 i loss Wosninisaruguuuuysy voltage uazfsdreaents

AIWAUUVY digital A0

NANNI5YI 19UV Pulse-Width Modulator
) ¥ [
MAnAnnsidnmuiFisenvesueine U FUATIAY voltage AnATauf
L4 ¥
Pawemes auiu smunsaadumstlou (ON) uazlitleu (OFF) voltage THuninns
1 é o L] $ § H r .24 '.
Husae q Fazsh i daundoves voltage Adredu'ldamsandinvesaawesns
\ i L .2 é o 1 % 1] i y ’
ON #® OFF fianfiuly #edasidauveqnnidi ON dera1i OFF #i5un1 duty cycle
9I1N2995NBIABS UL H-Bridge fiogludtiues LMD18200 (Tumianuan)
mstlou logic 1 1¥uny1 PwM wtunitls(lai3191 DIR 2218 logic Iafa) Aezsii
9 1 &’ o ' & - - 9 1 1
¥ voltage ANATINYINBINDS IUTIUATIUBY H-Bfidge Mmuiiantlu vs wrumi
& v . { ' < t * & 1 2
WU uAd logic fivr PWM Tisudu 0 flezlaill voltage anaseudiveimes luduns
. &' [ 3 R o Y =i F-| a Jo [ ot d'd
Y99 H-Bridge YU AU ¥1 PWM deihmhimileuduadadsenitumdesonii
¥ } 4 y
voltage = Vs flutiisaesvemeames  aafu Jumsdsuniu§iveswemes 151
U o a 9 A dAu o Jdo o 4
130918 pulse N duty cycle N1 voltage IRReNFUNUT A UAIWS IS0 UNDIRDT
[] L4
1d84m13 18 Tue1e pulse 11ulalden PWM voaB1 19U 119910 duty cycle 50% Aoz
[ Y o i 1
TRnrudaseuveuninesnify 50% veerImISIeudis1 Volage ATouuBIADY
] y
iy Vs (@ouuude Idasesssuar Ty puise) Taw pulse fveliuiu 1dun
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M3AaAY Ultrasonic Transducer

9
il'lﬂﬂ'liﬁﬂ‘]ﬂ']!!ﬁ:“ﬂﬂﬁﬂﬂ‘m?'l N13AAAY Ultrasonic transducer f!Nﬁﬂi:ﬁ"ﬂ‘lJ@U"Nll']ﬂ

9
ABN1TAINIHILIAL algorithm Tumisdaaiuing
v kA
AUANLAYSY Ultrasonic transducer Minn1diu dfuezlinsoulunissuiiugy

avsaunay i yudasinuunaruiiuyy 30 e Tassen v luRorsauionidumied

mutzaulunisfia sensor AsgUdnea

siluaaeFaiviinisves Ultrasonic transducer

sofnaminqAdeuiilY Ultrasonic wansducer 3 47 TA0WA 3 fqﬂﬁv ueneINdesdnds
ﬁﬁniﬁqwmszﬁnﬁ{uwaﬂnmsuﬁa Sedoshnde transducer Lxdaz*lzﬂﬁmmm'fumnum
szdulnseutunsSueetumed field Tuntssuerl detect AN umuAiey detect Faquth
iy Feezderalfifanisianaalunisiaa

Ultrasonic transducer YAFheuazy21 168 field Tuntsfudouiufuuneday field
il 19590y field Tun15TUYOY Ultrasonic transducer yanan 1ddmuaidly field ith
nuelun1sAAA Ultrasonic transducer ‘xgﬂ%'wuawmﬁy fugandnlunsfinsandame
udho-un Aeadhe-van MefiReIAAUlrasonic transducer uAnzyAvIFLININATTY

UBNINIABINNYBLIVANTARAINNAT T usoaananzifinINnIsFousiuves field fio1n

Asmsaauny 14 degl

sunfSsueunsn15iiacs Ultrasonic transducer
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2 o

Ultrasonic transducer yAnaN 915 2 sd1e A nsspuszozresening

o v W P o 9 ? dv ’ < t) a 2 2

darafudagngndaniy msldauludiutiszgndmuaninlsunsy muannumnuaﬂa
141s2noufiv Ultrasonic transducer yadn81azYN ‘mu"lumimnuﬂwummﬂﬂuh N7
nuﬁumﬁaw\ﬂm Ultrasonic transducer ¥ANANNBYUIVINUUIVDY Ultrasonic transducer ¥

L3 1 4 Y 5 1 4 5 o a J
FrouazynaeglfinauieIdlidun lundaziundafulsnntuluvesnfrantise

N . \ / .

.

.

\

\

\ /

\ /
E
X/

siuzasnsnfFuuiiay field ¥e4 sensor uslazya

[ ¥ .
HUIYB sensor I 3 YA AandIRegrNIIAUUIVedeTUIRABUsBUINTamTT A
naadlugddnan  meiimsdumdsusyiid@amuing Ideseneududeiioninwun

ar o -~ 1] H J
914 Ultrasonic Transducer 13 1nduuadety ildmsaaamniulydeseswiuiy

suilaasindafings Ultrasonic Transducer Y58
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naarssuferdedayaumnimizoutasszozmaldidugeszoemedy oupur sonin
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drusioaziBeafiiveil

sdaszezmahimsiaszesnuszniseduiagndenst luvnz@oniy
9497 Distance to Logic Converter (35iUasmszoerinninitesiaszoznilaesaasilailn
Widugievesszozmedl missdszuamanaeduld) wiUdYY NI 31v89 ICM7224
(1 CNT INH) nmesdaszeenulassansiloda huiiunssuiunisIuiees
Distance to Logic Converter #9921 output 1§41 logic 1 ﬁ'ﬁ:u:mv?h"ﬁ'H'ﬁﬂ'wgiszﬁ'iw 40-
80 . uAtszezmeluldeglugas 40-80 auuda 2995981 output logic i 0 91nTH
output logic 9112497 Distance to Logic Converter 9¢Qna4 1184 port 2.0-2.2 veanmiaedszana
HONAN (A3 89C51) daudtesUssulanasseznIneesiaszeent Inodans  Taiia v us
szurmeil midvdszunana nanedud 1R (89C2051) 1 azvianunden q 12993 Distance o

s 1

Logic Converter 1ageziudgyguninuian q vssesiassesnilnesansiloiln yugad

VIR 9 Y89 89C2051 Sait
1. dygnm0n07 2 ¥84 IC 4060 TursesdaszoznTassanst Tailnuudi port 3.7
Y84 89C2051
2. dYIUINYT 34 Y83 ICM 7224 (STORE) veennsiaszoznnlaosansily
inudeu1 INTO (Interrupt 0 ) Y84 89C2051
3. dQQUINYI 32 Y8 ICM 7224 (COUNT)vBN s Iassuzns Tnedanst Tatiaun
#4971 TO (Timer/Counter0) Y89 89C2051
Fada 89C2051 exvidaygame ﬁ%’umﬂszmawmﬁ"s?ﬁ"lé'szu:mﬂugﬂumm
$7U 2 ud29988NUIMNN portl UBIFH 89C2051 11 1S port 0 &3 89CSI(MUILTENIANAR
a19) ieinisyszaanalums
1. muguanuilunisdumdeu TAuns10dRyg o Pulse-Width Modulation 88
910 port 1.0 T PwM veeFil LMD 18200 Afuvemesdruvamas Taonisse
Qa0 Pulse-Width Modulation 880910 port 1.2 T1§ev71 PWM w9351 LMD 18200
fivuneimes@rudhe
2. AuRuEN B TuIRiou Taoms IHdqyans Pulse-Width Modulation 13
duty cycle fiifunvemeitumdoudiudie uaryn  eldsoimse nde
Fean1s s udes limedudan Am1dTasnstrodyan Pulse-Width.
Modulation IWunueimei®udhe #ifl duy cycle foondiduyn Pulse-Width
Modulation fis101Murueimes&uun daunsdmuiniu Arunseri8lumendy

k4 v
fu - dmSumsiduntifiisess logic 1 Wunv Dir veeFy LMD 18200 714 2 Aty
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Rl
R2,R16
R3
R4-R8, R13-R15, R20
R6, R9
R10
R11
R12
R17
R18
R19
VR1
VR2
VR3
C1,C8
C2

C3
C4-C7,C9
C10
Cll
Cl2
C13
Cl4
D1-D4

27k Q2

180k€2

10k (2

100k €2

2.2k QQ

47% (2

18k £

220k Q2

39k (2

M Q

1k Q2

25k €2 %1ia multiturn

10k O ytiaifiondtr

1M Q siafionst

0.22 uF 63 V Twsa Ins Indu
0.001 uF

10 uF 16V UNUNY

0.1uF 63V Twsd Inslndu
0.001 uF 63V Tnwsa Tns Iwdu
0.0056 uF 63V Twad Tns Iwdu
270 pF 50V luas

1 uF 10V Ununiau

15 pF 50V (#5140

IN4148 |

8031 15 iANTUSAUYD T A 40 kHz
801 U UANTIUFAUYBSTAITY 40 kHz

LCD 3 1/2 nan



IC1

IC2
IC3
IC4
ICS
IC6
IC7
IC8

4049
4093
78L05
4060
LM324
4030
LM393
ICM7224
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ORG 0000H
JMP  INITIAL
ORG 002bH
INITIAL:  RIGHT_PWM EQU P1.0
RIGHT_DI EQU P1.1
LEFT_PWM EQU P1.2
LEFT_DI EQU. P1.3
FLAG_STOP EQU O0CH
FLAG_DI EQU O01H
MOV PSW,#00000000B
MOV  IE,#00H
MOV  SP,#60H

cir c

1% %% % % %% % % % %% % % Yo % %o %o Yo % % % % % % % %o % % % % % % Yo Yo

;evaluate only tl0 (distance<256 cm.)

1% %% % % % % %o % %6 %0 % Yo Yo %o %6 %o %o %o %o % %o %o % Yo %o % % % % % % % % %

MAIN: MOV AP0
subb  a,#46D

ic REV_HURRY ; DISTANCE 0-45 CM

subb  a,#16D

jc REV_NORMAL ; DISTANCE 46-61 CM
subb  a#8D

JC STOP ; DISTANCE 62-69 CM
SUBB A#16D

JC FOR_NORMAL
jimp FOR_HURRY

;1 CYCLE = 20D

first level,less than 40 cm.

REV_HURRY: CLR C
CLR FLAG_DI
CLR RIGHT_DI

; DISTANCE 70-85 CM
; DISTANCE 86->> CM



CLR
MOV
MOV
SETB
SETB
DJINZ

CON_1:

MOV
CLR
CLR

JOFF_1:

\DINZ

JMP

REV_NORMAL: CLR
CLR
CLR
CLR
MOV

MOV

SETB
SETB
DJUNZ

CON_2:

MOV
CLR
CLR
DJINZ

OFF_2:

JMP

LEFT_DI
R1,#20D ;STORED FOR TURN
R7,#20D

RIGHT_PWM

‘LEFT_PWM

R7,CON_1

R7 #0D
RIGHT_PWM
LEFT_PWM

R7,0FF_1

out

second level,41-56 cm.-==-mssememmmm-

C
FLAG_DI
RIGHT_DI
LEFT_DI
R1,#15D :STORED FOR TURN

R7,#24D

RIGHT_PWM

LEFT_PWM
R7,CON_2

R7#1D
RIGHT_PWM

LEFT_PWM
R7,OFF_2

ouT

—~—————THIRD level,57-64 cm.-—-—--——---
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STOP:

CON_3:

CLR C

SETB FLAG_STOP

SETB RIGHT_DL

SETB LEFT_DI

MOV R1,#20D 'STORED FOR TURN
MOV R7,#10D

CLR  RIGHT_PWM

CLR  LEFT_PWM

DINZ R7,CON_3

JMP  RELOAD

t-emmmeee—FORTH level,65-80 CM.----rememnme

FOR_NORMAL: CLR C
SETB  FLAG_DI

CON_4:

OFF_4:

SETB  RIGHT_DI
SETB  LEFT_DI
MOV R1.#21D *STORED FOR TURN

MOV R7.#21D
SETB  RIGHT_PWM

SETB  LEFT_PWM

DINZ  R7,CON_4

MOV R7 #10D
CLR RIGHT_PWM
CLR LEFT_PWM

DJNZ R7,OFF_4

JMP RELOAD

—-FIFTH level,over 81 cm.
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FOR_HURRY:
SETB FLAG_DI

SETB RIGHT_DI
SETB LEFT_DI

MOV R1,#33D *STORED FOR TURN
MOV R7 #33D
CON_5: SETB RIGHT_PWM

SETB LEFT_PWM
DINZ R7,CON_5

; MOV R7,#0D
:OFF_5: CLR RIGHT_PWM
: CLR LEFT_PWM

DINZ R7,OFF_5

JMP RELOAD

Reload

reload: mov  th0,#00h
mov  ti0,#00h
JMP  DIRECTION

DIRECTION: MOV AP2 READ MONOSTABLE
ANL  A,#00000111B
RL A
MOV  DPTR#TABLE
JMP  @A+DPTR

1% % % %% % % % %0 % % %o %6 %o %o %o Y% % % % % % % % % %o % % % % % % % % %
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TABLE:

AJMP C1
AJMP C2
AJMP C3
AJMP C4
AJMP C5
AJMP C6
AJMP C7
AJMP (8

C1:

‘CINE  A,#00000000B,C7
NOP

MOV  AR6

JMP - OUT

Cc2:

'CJINE A #00000001B,C6
NOP

CALL STOP_RIGHT1
JMP  OUT

C3:

.CJNE A#00000010B,C7
NOP

MOV  AR6

JMP - OUT

C4.

JCINE  A,#00000011B,C6
MOV  R6,#00000110B
CALL RIGHT

JMP  MAIN

C5:

;GJINE  A,#000001008B,C6

NOP
CALL STOP_LEFT1
JMP - OUT

Cé6:

‘CJNE  A,#00000101B,C6



T W e

NOP
MOV  AR6E
JMP  OUT

CT: ;CJNE  A#00000110B,C6
MOV  R6,#00001100B
CALL LEFT
JMP  MAIN

C8: \CIJNE  A,#00000111B,C6
MOV  R6,#00001110B
CALL MAINTAIN
JMP  MAIN

1%%% % %% %% %% % % % % %% % %% % %% % % % % %% % % %% %%
RIGHT: JB  FLAG_DI,GO_UP_RIGHT

JB FLAG_STOP,STOP_RIGHT1

JMP  GO_BACK_RIGHTH
GO_UP_RIGHT: JMP GO_UP_RIGHT1

STOP_RIGHT1:
CLR FLAG_STOP
CLR RIGHT_DI
SETB LEFT_DI

MOV  R7.#20D
CON_A: SETB RIGHT_PWM

SETB LEFT_PWM

DJNZ R7,CON_A

MOV  R7,#5D
:OFF_A: CLR RIGHT_PWM
' CLR LEFT_PWM
DJNZ R7,0FF_A
RET



GO_BACK_RIGHT1: CLR  FLAG_D!
CLR RIGHT_DI
CLR LEFT_DI

MOV R7#15D
;CON_B: SETB RIGHT_PWM
SETB LEFT_PWM
DJNZ R7,CON_B

MOV R7.#10D
;OFF_B: SETB RIGHT_PWM
CLR LEFT_PWM
DJNZ R7,0OFF_B
RET

GO_UP_RIGHT1: CLR FLAG_DI
SETB RIGHT_D!
SETB LEFT_DI

MOV  R7#15D _
OFF_C: CLR RIGHT_PWM
SETB LEFT_PWM
DINZ R7,0FF_C

MOV R7#10D
CON_C: SETB RIGHT_PWM

SETB LEFT_PWM

DINZ R7,CON_C

RET

1%% % % % % % Yo %o % Yo Yo Y% % %o %o Yo % % % % Yo %o %0 % Yo % % %o % % % % % %
LEFT: JB  FLAG_DI,GO_UP_LEFT
JB  FLAG_STOP,STOP_LEFT1
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GO_UP_LEFT:

STOP_LEFT1:

CON_D:

:OFF_D:

GO_BACK_LEFT1:

;CON_E:

:OFF_E:

JMP  GO_BACK_LEFT1
JMP  GO_UP_LEFT1

CLR FLAG_STOP
SETB RIGHT_DI
CLR LEFT_DI
MOV  R7.#15D
SETB RIGHT_PWM
SETB LEFT_PWM
DJNZ R7,CON_D

MOV R7.#10D
CLR RIGHT_PWM
CLR LEFT_PWM
DINZ R7,0FF_D
RET

CLR FLAG.DI
CLR RIGHT_DI
CLR LEFT.DI

MOV R7#15D
SETB RIGHT_PWM
SETB LEFT_PWM
DJNZ R7,CON_E

MOV R7#10D
CLR  RIGHT_PWM
SETB LEFT_PWM
DINZ R7,0FF_E
RET



GO_UP_LEFT1:

OFF_F:

CON_F:

1% % % %0 % % % %0 % % % %% Yo % % %o % % % % % % % % % % %% % % % % % %

MAINTAIN:

OouT:

CLR
SETB
SETB

MOV
SETB
CLR

DJNZ

MOV

SETB
SETB
DJNZ

RET

CLR

RET

CLR

JMP

END

FLAG_DI
RIGHT_DI
LEFT_DI

R7.#15D
RIGHT_PWM
LEFT_PWM
R7,0OFF_F

R7,#10D
RIGHT_PWM
LEFT_PWM
R7,CON_F

FLAG_STOP-

FLAG_STOP
MAIN -
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ORG 000H

jmp initial

;********inte ru pt routine*********

org 0003h
call int
reti
org 002bh
initial: mov psw,#00h
mov tmod,#00000101b
setb it0 ;set to transition detecting
MOV P1,#00H
mov ie,#00000001b ;enable int0
mov th0,#00h
mov . t10,#00h
clr c

o e de e dedede e de e ke 1y Tk R e e de e de e e
, main

MAIN: ib p3.7,% ;P0.0= SIGNAL TO START
upil: inb p3.7.%
begin: setb tr0 ;start counting the pulse
setb ea ;wait for interupt to stop
;counting
JMP MAIN

int: clr trO

clr ea

Jrrrrkinterupt service routing***



P1,TLO
THO,#00H

MOV
MOV

b e e i g

TLO,#00H

MOV

RET

e g,

END
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AT89C2051

Features

* Compatible with MCS-51™ Products
* 2K Bytes of Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles 8-Bit
2.7V to 6V Operating Range
Fully Static Operation: 0 Hz to 24 MHz MiCI‘OCOhtro I Ier

Two-Level Program Memory Lock

128 x 8-Bit Internal RAM .

15 Programmable VO Lines with 2K Bytes
Two.16-Bit Timer/Counters

Six Interrupt Sources [ FlaSh
Programmable Serial UART Channel l

Direct LED Drive Outputs oo -
On-Chip Analog Comparator

Low Power Idle and Power Down Modes

Description

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2K Bytes of Flash programmable and erasable read only memory (PEROM). The
device is manufactured using Atmel’s high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set. By combining
a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C2051 is a pow-
erful microcomputer which provides a highly flexible and cost effective solution to
many embedded control applications.

The AT89C2051 provides the following standard features: 2K Bytes of Flash, 128
bytes of RAM, 15 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscillator
and clock circuitry. In addition, the AT89C2051 is designed with static logic for opera-
tion down to zero frequency and supports two software selectable power saving
modes. The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial
port and interrupt system to continue functioning. The Power Down Mode saves the
RAM contents but freezes the oscillator disabling all other chip functions until the next
hardware reset.

Pin Configuration

PDIP/SOIC
./

RSTNVPP- O] 1 20 O vce

(RXD) P3.0-] 2 19 P17

(TXD) P3.1 ] 3 18 [J P1.6

XTAL2 ] 4 17 A P1.5

XTAL1 O] 5 16 O P1.4

(INTO) P3.2 ] 6 15 [0 P1.3

(INT1) P3.3] 7 14 1 P1.2
(TO) P3.4 d 8 13 [3 P1.1 (AINY)
(T) P35 J 9 12 [0 P1.0 (AINO)

GND O} 10 11 3 P3.7
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Absolute Maximum Ratings*

Operating TEMPErature .............e...eeveeeresneenens -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
: Maximum Ratings” may cause permanent dam-
Storagp TeMPEratUre ............oeeereeerscsecesneeres -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with Respect to Ground.............c.eceeeuerverveionnenn, -1.0V to +7.0V operational sections of this specification is not
P implied. Exposure to absolute maximum rating
Maximum Operating Voltage........ccccceevvcnirvnnienieccsrennenns 6.6V conditions for extended periods may affect device
i reliability.
DC Ov;nput CUITeNt.....cociierrirceeec s e v 25.0mA
DC Characteristics
‘Tp =-40°C to 85°C, V¢ = 2.0V to 6.0V (unless otherwise noted)
Symbol Parameter Condition Min Max Units
Vi ¢ Input Low Voltage -0.5 0.2Vge-0.41
ViH Input High Voltage (Except XTAL1, RST) 0.2Vee+ 0.8 Vec+ 0.5 Vv
\ : Input High Voltage (XTAL1, RST) 0.7 Ve Veo+ 05 \
Voo ! Output Low Voltage(" loL'=20 mA, Vgg =5V 0.5 Y
) (Ports 1, 3) loL=10mA, Ve =27V
Vou Output High Voltage lon = -80 UA, Voo =5V £ 10% 24 \
' (Ports 1, 3) lon = -30 HA 0.75 Vge v
! lon = -12 pA 0.9 Voo v
T, Logical 0 Input Current Viy = 0.45V -50 UA
i (Ports 1, 3)
o Logical 1 to 0 Transition Current | Vjy = 2V, Vg = 5V + 10% 750 PA
: (Ports 1, 3)
Iy Input Leakage Current 0<Vp<Vee +10 LA
i (Port P1.0, P1.1)
Vod Comparator Input Oftset Voltage | Vge =5V 20 mV
Vew Comparator Input Common 0 Vee \Y
{ Mode Voltage
RRKST Reset Pulldown Resistor 50 300 KQ
C,oz Pin Capacitance Test Freq. = 1 MHz, Ty = 25°C 10 pF
l(;gl Power Supply Current Active Mode, 12 MMz, Vg = BV/3V 15/5.5 mA
i Idie Mode, 12 MHz, V¢ = 6V/3V 51 mA
| P1.0 & P1.1 = OV or Vg
) Power Down Mode(? Vo =6V P1.0&P1.1=0Vor Voo 100 A
i Vge =3V P1.0& P1.1 =0V or Vgg 20 pA

Notes: 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:
Maximum Ig, per port pin: 20 mA

! Maximum total I for all output pins: 80 mA
If Io, exceeds the test condition, Vg may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
i 2. Minimum V¢ for Power Down is 2V.

= e ow W o
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Pin Description
Vee
Supply voltage.

GND -
Ground.

Port 1¢

Port 1 is an 8-bit bidirectional I/O port. Port pins P1.2 to
P1.7 provide intemnal pullups. P1.0 and P1.1 require exter-
nal puliups. P1.0 and P1.1 also serve as the positive input
(AINO) and the negative input (AIN1), respectively, of the
‘on-chip precision anaiog comparator. The Port 1 output
tbuffers can sink 20 mA and can drive LED displays directly.
‘When: :1s are written to Port 1 pins, they can be used as
mputs When pins P1.2 to P1.7 are used as inputs and are
-externally pulied low, they will source current (1, ) because
of the intemal puliups.

‘Port 1'also receives code data during Flash programming
and verification.

Port d

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional /O
pins with intenal pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a general purpose I/O pin. The Port 3 output buffers can
sink 20 mA. When 1s are written to Port 3 pins they are
pulled high by the internal pullups and can be used as
1nput§ As inputs, Port 3 pins that are externally being
puﬂed low will source current (l)) because of the pullups.

Port 3 also serves the functions of various special features
iof the ATBIC2051 as listed below:

"

Port Pin Alternate Functions
PB.qi RXD (serial input port)
Pa.f TXD (serial output port)
PB.é INTO (external interrupt 0)
P3.3 INTT (external interrupt 1)
Ps.é TO (timer O external input)
P3.$ T1 (timer 1 external input)

i
Port 3 also receives some control signals for Flash pro-
gramming and verification.
‘RSTH
‘Reset input. All I/O pins are reset to 1s as soon as RST
"goes high. Holding the RST pin high for two machine cycles
while the oscillator is running resets the device.

Each machine cycle takes 12 oscillator or clock cycles.
XTAL1

Inpu't to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the extemnal
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Figure 1. Oscillator Connections
c2
—-)I-—I— XTAL2
]
C1
*—)

XTAL1

GND

L

Note: =30 pF % 10 pF for Crystals

=40 pF + 10 pF for Ceramic Resonators

C1,C2

Figure 2. External Clock Drive Configuration

NC XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL



-

e -

AT89C51

Features

e Compatibie with MCS-51™ Products

* 4K Bytes of In-System Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-Level Program Memory Lock

+ 128 x 8-Bit Internal RAM

s 32 Programmable I/O Lines

¢ Two 16-Bit Timer/Counters

* Six Interrupt Sources

* Programmable Serial Channel

+ Low Power idle and Power Down Modes

Description

8-Bit

Microcontroller

with 4K Bytes
Flash

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel’s high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atme! AT89C51 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-

cations.

Pin Configurations

PQFP/TQFP
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R
INDEX e -0
TN e oenAan
CORNER B A S - V- - -1
caoaaz>oodo
\ OGAQNAANNQANN
/444342“40“3337363534
P1.5 O} 1 33 DP0.4 (AD4)
P1.6 02 32 [JPO.5 {ADS)
P1.7 03 31 [JP0.6 (ADE)
RST ] 4 30 [OPD.7 (AD7)
{RXD) P3.0C3 s 29 D EA/VPP
NC 6 28 [INC
(TXD) P3.103 7 27 [JALE/PROG
(INTO) P3.2C]8 26 [DPSEN
(INT1) P3.3 ]9 25 PIP2.7 (A15)
(To) P3.4 CJ 10 24 D P2.8 (A14)
(T1) P3.s J 11 23 [AP2.5 (A13)
12'%14" 5161 718" %202 22
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(continued)
PDIP
U
P1.0 0 1 40 p vece
P1.102 39 [2 P0.0 (ADO)
P1.2d 3 38 PO.1 (AD1)
P1.30] 4 37 D P0.2 (AD2)
P1.4 (] 5 36 D P0.3 (AD3)
P1.s O s 35 [1 P0.4 (AD4)
P1.6 037 34 [1 P0.5 (ADS)
P1.7 018 33 [0 P0.8 (ADS)
RST O 9 32 B P0.7 (AD7)
(RXD) P3.0 O 10 31 [0 EA/VPP
(TXD) P3.1 0 11 30 2 ARE/PROG
(INT0) P3.2 0 12 29 D PSEN
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(T1) P3.s ] 15 26 P2.5 (A13)
(WR) P36 186 25 3 P2.4 (A12)
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P20 - P27

PORT 0 DRIVERS

PORT 2 DRIVERS

PORT 1 DRIVERS

PORT 3 DRIVERS

: RAM ADDR. PORT 0 PORT 2
: REGISTER RAM LATCH LATCH FLASH
Y Y '
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Absdlute Maximum Ratings*

Operating TeMPerAUTe ............cc.rerureeeennennes -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
Storage TeMPEerature ..........ccoveecvesnsenscecscnas -65°C to +150°C age to the device. This is & stress rating only and
H functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with Respectto Ground........ccoveviincinneeernnnenen. -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voltage.........ccoccvvmmmniiniciiicnnnncnns 6.6V conditions for extended periods may affect device
: reliability.
DC Otixtput Current.......coeeeeeeirecnineee e, T 15.0 mA
§
DC Characteristics
[T, = -40°C to 85°C, Vg = 5.0V + 20% (unless otherwise noted)
Symbol Parameter Condition Min Max Units
Vi ) input Low Voltage (Except EA) 0.5 0.2 Vge- 0.1
Vi, Input Low Voltage (EA) 0.5 0.2 Veg- 0.3 Y
Vi ! Input High Voltage (Except XTAL1, RST) 02Vee+ 0.8 Ve + 0.5 \'
ViH1 Input High Volitage (XTAL1, RST) 0.7 Voo Veg+ 0.5 \
VoL , Output Low Voltage(") (Ports 1,2,3) loL=1.6 mA 0.45 v
Vo | Output Low Voltage(") loL = 3.2 mA 0.45 v
ot (Port 0, ALE, PSEN)
Vou Output High Voltage lon = -60 HA, Vg =5V £ 10% 24 %
Ports 1,2,3, ALE, PSEN
' (Ports 1.2,3 SEN) lon = -25 HA 0.75 Ve v
t lon = -10 pA 0.9 Vge v
Vor1 Output High Voltage. lon = -BOO RA, Voo = 5V £ 10% 24 v
in Ext | Bus M
. (Port 0 in External Bus Mode) lop = -300 A 0.75 Vee Vv
" lon=-80 HA 0.9 Vee A
W} Logical 0 Input Current (Ports 1,2,3) Vin = 045V -50 HA
£
FeN Logical 1 to 0 Transition Current Vin=2V,VCC =5V £10% -650 HA
4 (Ports 1,2,3)
Iy Input Leakage Current (Port 0, EA) 0.45 < Vjy < Vg £10 pA
HRST Reset Pulldown Resistor 50 300 KQ
Cio § Pin Capacitance Test Freq. = 1 MHz, Ty =25°C 10 pF
ice Power Supply Current Active Mode, 12 MHz 20 mA
! Idle Mode, 12 MHz 5 mA
! Power Down Mode®® Voo = 6V 100 A
Vcc = 3V 40 '.LA
1. Under steady state (non-transient) conditions, lo_ must be externally limited as follows:

Maximum lg_ per port pin: 10 mA

Maximum |g_per 8-bit port:  Port 0: 26 mA

Ports 1,2, 3: 15 mA
Maximum total I for all output pins: 71 mA
If 1o, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V¢ for Power Down is 2V.
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 l/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clack cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stopsg the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
‘Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee

Supply voltage.
GND|

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional I/O port. As an
output port each pin can sink eight TTL inputs. When 1s
:are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port, 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
igram and data memory. In this mode PO has intemal pul-
lups}

'Port 0 also receives the code bytes during Flash program-
'ming, and outputs the code bytes during program verifica-
tion, External pullups are required during program verifica-
tion.

Port 1

Porb 1 is an 8-bit bidirectional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are extenally being pulled low will source
current (I, ) because of the intemal pullups.

‘Port 1 also receives the low-order address bytes during
Flaéh programming and verification.

Port 2

Port 2 is an 8-bit bidirectional /O port with intemal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the'intemal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal puliups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR) In this application it uses strong internal pullups

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RiI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bidirectional 1/O port with intemal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulied high by
the intemal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory-write strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST
Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In nomal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to extemal Data Mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulied high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN
Program Store Enable is the read strobe to external pro-
gram memory.
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When the AT89C51 is executing code from external pro-
-gram memory, PSEN is activated twice each machine

icycle, except that two PSEN activations are skipped during
feach!access to external data memory.

EANVpp _

External Access Enable. EA must be strapped to GND in
ordef to enable the device to fetch code from extemal pro-
igram} memory locations starting at 0000H up to FFFFH.
!Note)' however, that if lock bit 1 is programmed, EA will be
‘internally latched on reset.

EA shouid be strapped to V¢ for intemal program execu-
tions;. :

‘This pin also receives the 12-volt programming enable volt-
age I(Vpp) during Flash programming, for parts that require
12-vOlt Vpp.

XTAL1

Input to the inverting oscillator amplifier and input to the
interpal clock operating circuit.

XTAL2
Outgut from the inverting oscillator amplifier.

E
Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be-left
.uncdnnected while XTAL1 is driven as showrrin Figure 2.

It should be noted that when idle is terminated by a haro
ware reset, the device normally resumes program execu-
tion, from where it left off; up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to intemal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction foliowing the one that invokes ldle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
———)l———ﬁ XTAL2
]
I
*— XTAL1
_T_ GND

Note: C1,C2 =30 pF £ 10 pF for Crystals

= 40 pF £ 10 pF for Ceramic-Resonators
Figure 2. External Clock Drive Configuration

There are no requirements on the duty cycle of the external NG XTALZ

‘clock signal, since the input to the internal clocking circuitry

‘is tHrough a divide-by-two flip-flop, but minimum and maxi-

'murmn voltage high and low time specifications must be

observed.

EXTERNAL STALA
OSCILLATOR

Idie Mode SIGNAL

In idle mode, the CPU puts itself to sleep while all the on- )

.chip peripherails remain active. The mode is invoked by GND

software. The content of the on-chip RAM and all the spe-

cial functions registers remain unchanged during this

moge. The idle mode can be terminated by any enabled =

interrupt or by a hardware reset.

Status of External Pins During Idle and Power Down Modes
Mode Program Memory ALE | PSEN PORTO PORT1 PORT2 PORT3 !
Idle - Internal 1 1 Data Data Data Data |
idle External 1 1 Float Data Address Data |
Pc;wer Down Internal 0 0 Data Data Data Data {
P(éwer Down External 0 0] Float Data Data Data :
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LMD18200
3A, 55V H-Bridge

General Description

The LMD 18200 is a 3A H-Bridge designed for motion control
applications. The device is built using a multi-technology pro-
cess which combines bipolar and CMOS control circuitry
with DMOS power devices on the same monolithic structure.
Ideal for driving DC and stepper motors; the LMD18200 ac-
commodates peak output currents up to 6A. An innovative
circuit which facilitates low-loss sensing of the output current
has been implemented.

Features

= Delivers up to 3A continuous output

» Operates at supply voitages up to 55V
& Low Rpg(ON) typically 0.3Q per switch
u.TTL and CMOS compatible inputs

&National Semiconductor

April 1998

® No “shoot-through” current

» Thermal warning flag output at 145°C

m Thermal shutdown (outputs off) at 170°C

» Intemal clamp diodes

® Shorted load protection

u intemal charge pump with extemnal bootstrap capability

Applications

1 DC and stepper motor drives

» Position and velocity servomechanisms
m Factory automation robots

= Numerically controlled machinery

® Computer printers and plotters

Functional Diagram

THERMAL FLAG OUTPUT BOOTSTRAP 1 OUTPUT 1 Vg  OUTPUT 2 BOOTSTRAP 2
9 1 2 6 10 1
ﬁ) O O O @)
THERMAL k 0 i
SENSING K—<:_j t:»—ﬂ ‘
=4 —
UNDERVOLTAGE - k i
LOCKOUT CHARGE l l CHARGE
PUNP PUMP CURRENT
OYERCURRENT ORIVE DRIVE
o CURRENT O & seuse
SENSING OUTPUT
SHUTDOWN {
DIRECTION 3 INPUT "—':.:; i ’ .:' <
BRAKE 4 LNocxc
P 5 O—>
@)
7
GROUND
0S010588-1

FIGURE 1. Functional Block Diagram of LMD18200
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Connection Diagram and Ordering Information

/ T >  soorsmar 2
W ouTPUT 2
ST  THERMAL FLAG OUTPUT
8 [TT——————""> CURRENT SENSE OUTPUT
1/  crouND
O 6§ "> Vg POWER SUPPLY
S5 PWM INPUT
4> BRAXE INPUT
3>  DIRECTION INPUT
TS ouTPuT
N o  soorsTRee 1
/MOUNTING TAB CONNECTED TO GROUND (PIN 7)
0S010508-2
Top View
Order Number LMD18200T

See NS Package TA11B

— o
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Absolute Maximum Ratings (ote 1)

It Military/Aerospace specified devices are required,
pleass contact the National Semiconductor Sales Office/
Distributors for avallability and specifications.

Power Dissipation (T, = 25°C, Free Air)
Junction Temperature, T imax

ESD Suscsptibility (Note 4)

Storage Temperature, Tgrg

Total Supply Voltage (Vg, Pin 6)
Voltage at Pins 3, 4, 5,8 and 9
Voltage at Bootstrap Pins

(Pins 1 and 11)
Peak Output Current (200 ms)
Continuous Output Current (Note 2)
Power Dissipation (Note 3)

Electrical Characteristics (ote s)

The following specifications quty for Vg = 42V, unless otherwise specified. B
4 S +125°C, all other limits are for T, = T, = 25

temperature range, 40°C <

80V Lead Temperature (Soldering, 10 sec.)

had Operating Ratingsnote 1)

Vour +18V Junction Temperature, T,
6A Vs Supply Voltage
3A
25W

%dface limits apply over the entire operating

3w

150°C

1500V

—40°C to +150°C
300°C

—40°C to +125°C
+12V to +55V

Symbot Parameter Conditlons Typ Limit Units
Ros(ON) Switch ON Resistance Qutput Current = 3A (Note 6) 0.33 0.4/0.6 Q (max)
Rpe(ON) Switch ON Resistance QOutput Current = 6A (Note 6) 0.33 0.4/0.6 Q (max)
Verame Clamp Diode Forward Drop Clamp Current = 3A (Note 6) 1.2 . 1.5 V (max)
Vo Logic Low Input Voltage Pins 3,4, 5 -0.1 V (min)

0.8 V (max)
Iy Logic Low Input Current Viy =-0.1V,Pins = 3, 4,5 -10 HA (max)
Vin Logic High Input Voltage Pins 3, 4, 5 2 V (min)
12 V (max)
™ Logic High Input Current Vin = 12V, Pins = 3,4, 5 10 HA (max)
Current Sense Output loutr = 1A (Note 8) 377 325/300 pA (min)
425/450 PA (max)
Current Sense Linearity 1A S lout S 3A (Note 7) +6 +9 %
Undervoltage Lockout Outputs turn OFF 9 V (min)
11 V (max)
Tow Waming Flag Temperature Pin9<50.8V, I, =2mA 145 ‘C
Ve(ON) Flag Output Saturation Voltage Ty=Tow b =2mA . 0.15 \'J
1=(OFF) Flag Output Leakage Ve = 12V 0.2 10 YA (max)
_Tuso Shutdown Temperature QOutputs Turn OFF 170 C
Ig Quisscant Supply Current All Logic Inputs Low 13 25 mA (max)
toon Output Turn-On Delay Time Sourcing Outputs, loyr = 3A 300 ns
Sinking Outputs, loyr = 3A 300 ns
ton Output Tum-On Switching Time Bootstrap Capacitor = 10 nF
Sourcing Outputs, lgr = 3A 100 ns
Sinking Outputs, loyr = 3A 80 ns
toon Output Tum-Oft Delay Times Sourcing Outputs, lo,r = 3A 200 ns
Sinking Qutputs, loyr = 3A 200 ns
ton Output Tum-Off Switching Times Bootstrap Capacitor = 10 nF
Sourcing Outputs, lgyr = 3A 75 ns
Sinking Outputs, loyr = 3A 70 ns
tow Minimum Input Pulse Width Ping 3,4and 5 1 us
'_tﬁ, Charge Pump Rise Time No Bootstrap Capacitor 20 us
3 www.naticnal.com



Electrical Characteristics Notes

Note 1: Absolute Maximum Ratings Indicats fimits beyond which damage to the davice may occur, DC and AC electrical spadifications do not apply when op-
erating the device beyond its rated operating conditions.

Nots 2: See Application information for details regarding current fimiting.

Note 3: The maxdmum power dissipation must be derated at elevated tamperatures and Is a function of Timaxye 01, 203 Ty, The maximum aliowable power dis-

sipation at any lemperature 18 Po(mex) = (Tymax) ~ TAVOUA, OF the ber given In tha Absolute Ratings, which is lower. The typical tharmal resistance from junc-
tion to case (6c) Is 1.0°C/W and trom junction to ambient (8,4) is 30'C/W. For guaranteed operation Tymax) = 125°C.

Note 4: Human-body model, 100 pF discharged through a 1.5 k2 reslstor. Except Bootstrap pins (pina 1 and 11) which are protacted to 1000V of ESD,

Nots 5: AR imits are 100% production testad at 25°C. Temp limits are g1 d via using pted SQC (St Quality Control)
methods. Afl limits are used to calautate AOQL, (Average Outgoing Quality Lavet).

Nots 8: Output currents are puised (tw < 2 ms, Duty Cycle < 5%).
Note 7: Regnuiation is calculated ralative to the cument sense output value with a 1A load.
Note 8: Selections for tightar tolerance are avallable. Contact factory.

Typical Performance Characteristics

Vgar v8 Flag Current Rps(ON) vs Temperature Rps(ON) vs
350 18 Supply Voltage
0.40
]
300 1.8 { =3
- Y . / 0.39 1~
£y o z I 1, = 250
E | [nme Jrd S / 0.38 13—~
z e g - 4 g 0377
< 200 - a 12 / g 036 HI-5I0E P
2 2 g 4 AN =
® E L/ o 035 C
-3 . 2 034
K ” g // 2 iy ~T | o-sioe
100 08— = 4N \
— .32
o8 031
15 L0 25 3.0 35 40 45 50 =55 -35-15 5 25 43 65 85 108125 .30 Fr—tmrer—tr—
FLAC CURRENT {mA) JUNCTION TEMPERATURE (°C) 10 1S 20 25 30 35 40 45 %0 S5
DSs010888-16 0801058817
SUPPLY VOLTAGE
DS010588-18
Supply Current vs Supply Current vs Supply Current vs
Supply Voltage Frequency (Vs = 42V) Temperature (Vs = 42V)
20 18 18
= 18 - 1
Z i 3 ™
T |OUTPUTS W s " Tou
£ / g g N T
3 oUTPUTS LOW g = 12
s s e 3 N
o » > _t
S £ "I —I=F E 10
2 =1 o
2 . a a
13 5
/ ]
10 °20 30 40 S0 60 1 '
TAGE (voLTs) ! 10 100 ~55-30 -5 20 45 70 95 120 148
SUPPLY VOLTAGE (VOLTS|
SWITCHING FREQUENCY (kHz) JUNCTION TEMPERATURE (°C)
05010588-19 08010583-20 Ds010388-21
Current Sense Output Current Sense
vs Load Current Operating Region
1200 4“0
1000 l // s
2 -409C a
2 0 +25°d g s 10% ACCURACY
z z < \
£ o0 Laiee £ zo-7% ‘\\
Q =3
a 3 15 \
400 a
200 05
0 0.0
00 05 10 5 20 23 30 3% 75 w0 125 150
LOAQ CURRENT (aMPS) JUNCTION TEMPERATURE (°C)
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Pinout Description
(See Connection Diagram) (Continued)

Pin 5, PWM Input: See 7able 1. How this input (and DIREC-
TiON input, Pin 3) is used is determined by the format of the
PWM Signal.

Pin 6, Vg Power Supply

Pin 7, GROUND Connection: This pin is the ground return,
and is intemally connected to the mounting tab.

Pin 8, CURRENT SENSE OQutput: This pin provides the
sourcing current sensing output signal, which is typically
377 yA/A.

Pin 9, THERMAL FLAG Output: This pin provides the ther-
mal waming flag output signal. Pin 9 becomes active-low at
145°C (junction temperature). However the chip will not shut
itself down until 170°C is reached at the junction.

Pin 10, OUTPUT 2: Haif H-bridge number 2 output.

Pin 11, BOOTSTRAP 2 Input: Bootstrap capacitor pin for
Half H-bridge number 2. The recommended capacitor
(10 nF) is connected between pins 10 and 11.

TABLE 1. Logic Truth Table

PWM Dir Brake Active Output Drivers
L Source 1, Sink 2

H H

H L L Sink 1, Source 2

L X L Source 1, Source 2
H H H Source 1, Source 2
H L H Sink 1, Sink 2

L X H NONE

Application Information

TYPES OF PWM SIGNALS

The LMD18200 readily interfaces with ditferent forms of
PWM signals. Usa of the part with two of the more popular
forms of PWM is described in the following paragraphs.
Simple, locked anti-phase PWM consists of a single, vari-
able duty-cycle signal in which is encoded both direction and
amplitude information (see Figure 2). A 50% duty-cycle
PWM signal represents zero drive, since the net value of
voltage (integrated over one period) delivered to the load is
zero. For the LMD18200, the PWM signal drives the direc-
tion input (pin 3) and the PWM input (pin 5) is tied to logic
high.

50X DUTY CYCLE 75X DUTY ot 28% DUTY CYCLE

= LU U
[ Ccor

el I IO

AYERAGE LOAD  AYERAGE LOAD CURRENT  AYERAGE LOAD CURRENT
CURRENT = 0 FLOWS FROM OUTPUT 1 FLOWS FROM OUTPUT 2
TO QUTPUT 2 TO OUTPUT 1

FIGURE 2. Locked Antl-Phase PWM Control

Sigr/magnitude PWM consists of separate direction (sign)
and amplitude (magnitude) signals (see Figure 3). The (ab-
soluts) magnitude signal is duty-cycle modulated, and the

absence of a pulse signal (a continuous logic low level) rep-
resents zero drive. Current delivered to the load is propor-
tional to pulse width. For the LMD 18200, the DIRECTION in-
put (pin 3) is driven by the sign signal and the PWM input
(pin 5) is driven by the magnitude signal.

|
& UL AL
w2 UL LI

ut Ut

AYERAGE QURRENT FLOWS FROM
OUTIVT 1 T0 OUTPUT T

AYORAGE CURRENT FLOWS FRoM
QUTPUT 2 70 CUTAUT T
050105885

FIGURE 3. Sign/Magnitude PWM Control

USING THE CURRENT SENSE OUTPUT

The CURRENT SENSE output (pin 8) has a sensitivity of
377 pA per ampere of output current. For optimal accuracy
and linearity of this signal, the value of voitage generating re-
sistor between pin 8 and ground should be chosen to limit
the maximurn voltage developed at pin 8 to 5V, or less. The
maximum voltage compliance is 12V.

It should be noted that the recirculating currents (free wheel-
ing currents) are ignored by the current sense circuitry.
Therefore, only the currents in the upper sourcing outputs
are sensed,

USING THE THERMAL WARNING FLAG

The THERMAL FLAG output (pin 9) is an open collector tran-
sistor. This permits a wired OR connection of thermal wam-
ing flag outputs from multipile LMD18200's, and aliows the
user to set the logic high levet of the output signal swing to

.match system requirements. This output typically drives the

interrupt input of a system controller. The interrupt service
routine would then be designed to take approprate steps,
such as reducing load currents or initiating an orderty system
shutdown. The maximum voltage compliance on the flag pin
is 12V.

SUPPLY BYPASSING

During switching transitions the levels of fast current
changes experienced may cause troublesome vottage tran-
sients across system stray inductance.

Itis normally necessary to bypass the supply rail with a high
quality capacitor(s) connected as close as possible to the Vg
Power Supply (Pin 6) and GROUND (Pin 7). A 1 pF
high-frequency ceramic capacitor is recommendsed. Care
should be taken to limit the transients on the supply pin be-
low the Absolute Maximum Rating of the device. When oper-
ating the chip at supply voltages above 40V a voltage sup-
pressor (transorb) such as PEKE6G2A is recommended from
supply to ground. Typically the ceramic. capacitor can be
eliminated in the presence of the voltage suppressor. Note
that when driving high load currents a greater amount of sup-
ply bypass capacitance (in general at least 100 uF per Amp
of load current) is raquired to absorb the recirculating cur-
rents of the inductive loads.

www.national.com




Application Information (continueq)

CURRENT LIMITING

Current limiting protection circuitry has been incorporated
into the design of the LMD18200. With any power device it is
important to consider the effects of the substantial surge cur-
rents through the device that may occur as a result of
shorted loads. The protection circuitry monitors this increase
in current (the threshold is set to approximately 10 Amps)
and shuts off the power device as quickly as possible in the
event of an overload condition. In a typical motor driving ap-
plication the most common overioad faults are caused by
shorted motor windings and locked rotors. Under these con-
ditions the inductance of the motor (as well as any series in-
ductance in the V¢ supply line) serves to reduce the mag-
nitude of a current surge to a safe level for the LMD18200.
Once the device is shut down, the controt circuitry will peri-
odically try to turn the power device back on. This feature al-
lows the immediate return to normal operation in the event
that the fault condition has been removed. While the fault re-
mains however, the device will cycle in and out of thermal
shutdown. This can create voitage transients on the Vee
supply fine and therefore proper supply bypassing tech-
niques are required.

The most severe condition for any power device is a direct,
hard-wired (“screwdriver”) long term short from an output to
ground. This condition can generate a surge of current
through the power device on the order of 15 Amps and re-
quire the die and package to dissipate up to 500 Watts of
power for the short time required for the protection circuitry
to shut off the power device. This energy can be destructive,
particulary at higher operating voitages (>30V) so some
precautions are in order. Proper heat sink design is essential
and it is normally necessary to heat sink the Ve supply pin
(pin 6) with 1 square inch of copper on the PCB.

INTERNAL CHARGE PUMP AND USE OF BOOTSTRAP
CAPACITORS

To tum on the high-side (sourcing) DMOS power devices,
the gate of each device must be driven approximately 8V
more positive than the supply voltage. To achieve this an in-
temal charge pump is used to provide the gate drive voltage.
As shown in Figure 4, an intemal capacitor is altemately
switched to ground and charged to about 14V, then switched
to V supply thereby providing a gate drive voltage greater
than V supply. This switching action is controlled by a con-
tinuously running internal 300 kHz oscillator. The rise time of
this drive voitage is typically 20 ps which is sultabie for oper-
ating frequencies up to 1 kHz.

+Vg
TO GATE
ORIVE
CIRCUT
CCHARGE PUNP
GROUNO
D8010668-8

FIGURE 4. Internal Charge Pump Circuitry

For higher switching frequencies, the LMD18200 provides
for the use of external bootstrap capacitors. The bootstrap
principle is in essence a second charge pump whereby a
large vaiue capacitor is used which has enough energy to
quickly charge the parasitic gate input capacitance of the
power device resulting in much faster rise times. The switch-
ing action is accomplished by the power switches them-
selves Figure 5. External 10 nF capacitors, connected from
the outputs to the bootstrap pins of each high-side switch
provide typically less than 100 ns rise times allowing switch-
ing frequencies up to 500 kHz.

PIN 1 OR 11

EXTERNAL
BOOTSTRAP
CAPACITOR

3
£
E]

: PIN 2 OR 10
'
1
|
|
’

GROUND
DS010588-7

FIGURE 5. Bootstrap Clrcuitry

INTERNAL PROTECTION DIODES

A major consideration when switching current through induc-
tive loads is protection of the switching power devices from
the large voltage transients that occur. Each of the four
switches in the LMD 18200 have a built-in protection diode to
clamp transient voltages exceeding the positive supply or
ground to a safe diode voltage drop across the switch.

The reverse recovery characteristics of these diodes, once
the transient has subsided, is important. These diodes must
come out of conduction quickly and the power switches must
be able to conduct the additional reverse recovery current of
the diodes. The reverse recovery time of the dicdes protect-
ing the sourcing power devices is typically only 70 ns with a
reverse recovery current of 1A when tested with a full 6A of
forward current through the diode. For the sinking devices
the recovery time is typically 100 ns with 4A of reverse cur-
rent under the same conditions.
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