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AUTOMATION CAR PARK SYSTEM

Tanit Chimkhong 42515729
Sanupong Chanhom 42515741
Mr.lttichai Arunsrisangchai Adviser

2001

Abstract

Nowadays, cars is one of human need for everyday life. This results in the
demand for parking lots that offer safety and convenience. This project then presents an
automatic parking system that be able to detect cars, on /off gate, receives payments

using a machine according to the length of parking time for a convenience purpose.
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a7 not bit addressable PCON
83 nothit addressable DFH
a0 notbit addressable DFEL
a1 not bit addressahle =S

B0l a7 [ a6 |65 | a4 [ 83| s2 [ 81| 80.) F0

ral‘ o | v a v A A o
717 2.6 Ham A UNINN13819897E AU AT RAINBT SFR
2.3 TIMER
sia Timer @1afangaintéidng o dnfluranadwaenseFaaiulaedl Clock 1Hudune
dmiuenayaneanuianidUnaslusazfaazgamisdon 2 - fansannissedtvaetlmu

917 2.7 §1ld Clock W lilun@dasusiousn pamBa8e Clock ﬁ@@ﬂmmmﬁwmﬁqmﬂ%gﬂ
WA 2 LL@szﬁwmﬁ%ﬁi@ﬁwﬁﬂm@ﬂﬁqﬁmm Lmzé@mqmﬁ@@ﬂqugnmiﬁfm 2 8n
fahs fnfiWAdiaeLfeer n Stages azmsdty o ANaLE 2 d1lensinm Stage gnving
489 Timer 1 Overflow Flip-Flop %38 Flag meﬂﬁmﬁwmmmLﬁ;@m@ﬁmﬂu Overflow
vy dudusaduuuy 16 Tn (AUWaslneat 16 ) 2easazfUAaus 0000H B4 FFFFH iile
wWasaeLhUfuuann FFFFH 11 0000H ax14Tn Overflow sens

firsangy 2.7(n) i 3-bit Timer tnemlAdwaetusiaziazing Q unsesu D Geena
Fundndunisldndunastuuy  Divide-by-two  Mode  lngmenufassdmanndldann

WatnWaatusazfaaziAmeassandyanamnfniidiun Watdullfedn 111 ¢iFe Q, = 1,

Q, =1, Q, = 1) uaziasunaunniu 000 azlWin Flag aenun Asuaaslugiln 2.7(a)



i

T MCS - 51 azifdunatagnieludn duiluiwes 8051 vse 8031 Azl 2 fa Ae
. ) N I I ) A o A A %
Timer o Az Timer 1 wadLwwas 8052 azfiinanwianane Timer 2 7aaiRassne 7| MAITa9
o/ v . Y o d‘ d’ < 1 A o o Y KX v o a
Aunsld Timer waaslffsnne1eh 2.2 eazidiudndzaawmaiunesainnsodnnedeyaszauis
1dne wananiida Timer anunsoldiflusatiu (Counter) laanaae Taanisldsunsnluizagines

T™OD

Tirner Flip Flop(3)

"Flag"
Flip Flop
D Qp D QfC D QfC D Q
/*ﬂ
Clock — ([ Q | —~C[> @ b o= Gf— l _____
LSB MSB “Flag"
(n)
Clock T Ij_rjjﬂ
G(LEE)
| 1 | 1 1 | ) ; i :
1 1 I ] I I | " . X
1 1 | | [ 1 1 | § X
S | l T 1 T '
o $ ! ) | |
|I;1_41 | a q ! ‘
1] | : '
1 | | 1 | | ) i i i
i I I I T I ; i
s 1 | | i | i ;
Go(MSE : : : : ! : !
count + 0 | MNP T D 4 5¥L_ e Y g
! | | 1 1 1 | | f i
i -,
Flag ,_,_'\
|
Flag is Set an 7-to-0
Tirner Crerflow
(1)

317 2.7 SAamesn g Timer
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Taanas Wi RIPAIN ATUNTNANE
ALUeln
TCON Control 88H Yes
TMOD Mode 89H No
TLo Timer o Low-byte 8AH No
TLA Timer 1 Low-byte 8BH No
THo Timer o High-byte 8CH No
TH1 Timer 1 High-byte 8DH No
T2CON* Timer 2 Control C8H Yes
RCAP2L* Timer 2 Low-byte Capture CAH No
RCAP2H* Timer 2 High-byte Capture CBH No
TL2* Timer 2 Low-byte CCH No
TH2* Timer 2 High-byte CDH No

* Hlwuas 8032 18052

AN 2.2 Sagdinasn 191 Timer

2.3.1 Timer Mode Register (TMOD)

v aa 'S [ = g A 1 C3| 1 | a
fisaames TMOD WhiEadma Aot Timer aziiqeanidly 2 nqu nguaz 4 U lna 4
fnuuaziiunisaatau Timer 1 daw 4 Dnaneasiiunisaiuny Timer o A2 URNNET0ILARZLA
~ ) Bl o Nz, \ g o | v o . o
plumsad 2.3 Tedisaamesildufadenmmineiudias i Time/Counter vinanululuualn

uazisly Timer 58 Counter 3aawmas TCON Tianunsaazitsunanidaldluszsutinlé (Not Bit-

Addressable) TannsldanuinazldsinsridnldafamaaludunilsBusaadilsunsu
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1R % Timer ANNNE
7 GATE 1 Gate bit #TATTAAAZHN El INT1
{4 High
A CIT 1 Jlulimasn Counter / Timer
1 = i Counter
0 = 1\l Timer
5 M1 1 Mode bit 1 (aR1374 5-3)
4 Mo 1 Mode bit 0 (AR1374 5-3)
3 GATE 0 1p Gate 184 Timer 0
2 CIT 0 fipLaan Counter / Timer 284 Timer 0
1 M1 0 Timer o M1 bit
0 Mo 0 Timer o Mo bit
7157199 2.3 Fadumes TMOD (Timer Mode)
M1 Mo Mode AINNUANNE
0 0 0 il Timer w11 13-bit (8048 Mode)
0 1 1 16T Timer Wiy 16-bit
1 0 2 1dfitl Timer wuw 8-bit Auto-reload Mode
1 1 - Split- Timer Mode : &N Timer o aanu
Timer 8 Unaadsane TLo waz THo Tne a4
Timer 1

FNgNT 2.4 N5 Timer Tusmsing 7
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2.3.2 Timer Control Register (TCON)
A - @ Ala P A . . = Y
7adinas TCON hisagimasnuananiusuazAILANTR Timer o WAz Timer 1 @9 @ﬂmmﬂ

dl aa rdy v R ¥ o a k4
A1919N 2.5 ?’Q@Lﬁl’ﬂﬁ‘u’&’mﬂﬁ‘ﬂL‘Ilﬂﬂ\‘i"ﬂ’ﬂﬁﬂ@?ﬁiﬂﬂllﬁllﬁ

1 e ZRITRIIREN2 ANTNUNNE

TCON.7 TF1 8FH Taunanuansnisianadinadans Timer 1 a2
Set Tme) Hardware a2 Clear a8 Software

TCON.6 TR1 8EH finAquANNIsUA-1Ta Timer 1 Set wax Clear
Thel Software

TCON.5 TFo 8DH uwanuassniglenadinadaes Timer o

TCON.4 TRo 8CH InmauANn)stia-ta Timer o

TCON.3 IE 8BH Taunanuansnsawnassniann INT1 az
Set Tmel Hardware waz@aunsa Clear Lidne
Software

TCON.2 IT+ 8AH DAReNTUAgeId QN MBUIATINTAINEY
MAFNANIWEN INT1T 210990 Set Las
Clear boifiag Software

TCON.1 IEo goH TRunanuanIN19awWNesswiann INTo

TCON.0 o 8oH dnnenaiavesd o ndiumesiniainay
WASFNIANEILEN INTo

A19197 2.5 WAAIANNIN1EWAAZ T RYe9TadLRes TCON (Timer Control)
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(71 hiode O Crerflow

Flag

TEr Clog ——————= “"TL# TH: = TFu
) Mode 1 Crrtlony

Flag

Tirner Clock ———=  TLa = TFz

Flag

-l [-‘ m Cre oy
TH:

(A Wode 2

Tirner Clock ——={ 711 | TH1 |p———=
Tirner Clock w{ TLO = TFO
LT Ty Tl

Flag

112 Foze w  THI m  TF1
Crertlony

() Mode 3 oy

Flag

dl o ; '
U7 2.8 n19M1911304 Timer Tulnumsing

2.3.3 Timer Mode And Overflow Flag
Jiald Timer o uaz Timer 1 avsiaeldsaanaie Tix uwaz THx TnaAn x azifludauandn

\{fu Timer o w38 Timer 1 N5l Timer annnsaldauldvatalnun Asuanslugii 5.2 s
anunsomA muansnneuld TenisTusunsuhisaaimes TMOD

13-Bit Timer Mode (Mode 0)

n1gnneulubine 0 Bazdunisld Timer uwuy 13 On fawanslugi 2.8(n) Teazld 5 Us

anvred Thx Tagldanla 3 Tnvwas waz 8 Om aa9 THx nasnaaululnus il Wedsaes TLx 9L
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Tl “1 yndmazds Clock 1 gnl# wilegnld THx duseuazietiudu “1" ynda uay
lﬂ' o/ [~1 =) = d%/

wagunaudi “0” azifia Overflow Flag \ina

16-Bit Timer Mode (Mode 1)

o dgl = o/ o [ 3 a d’ o

A1 luiunatazmieauAUn1 99w IuNe 0 wellill Timer wuy 16 O/ Tan199y
azFuFaUs 0000H,0001H,0002H Tu3ae 7 uazaziiin Overlflow 31 iWaln1sagwain FFFFH
I 0000H Aegi 2.8(1) Taflunnsirm Overflow Flag uwazAtanifinauludin TFx 299394-
LAa5 TCON F9ausnanunazideusaalilaunsy

oA A a

nsldsa Timer dA1aeedingagn (MSB) AaANTA 7 289 THx daulnfge (LSB) Aedn

0 284 TLx Un LSB auifly Toggles Weaddtyyrnsaunmidinn gnunssae 2 fAufuaznudnin
| ¥

MSB az Toggles AneiAAuDIe8 ey IBUNAMNSHRE 65,536 (2°) uazA Timer FaaLmasil

(TLw/THx)  @nunsnanuiazidauldsmeanisllsunay  faduaiutsatialidseansldauldma

Aa9Ng

8-Bit Auto — Reload Mode (Mode 2)

nsialulusn 2 Bandnegimiledn s-bit Auto - reload Mode Teefld Timer lughin
(TLx) Tl Timer wuu 8 16 weludmniAn Overflows 13eiRAnIsWAt 8N FFH 1 00H
%ﬁmﬂmmmﬁﬁﬂﬁuhﬁgd (Thx) AL Il RN (Tix) % sauflusn Budureansiunss
sl ﬁﬂﬂ%@%’wLﬂugmmfrﬁ'mmmiﬂm,ﬂmiﬁ miﬁmuluimm*ﬁmmﬁ@gﬂﬁ 2.8(m)

Split Timer Mode (Mode 3)

9
A lulnue 34 fa Timer 1 @z ldnn9nu 2 Timer 0 azweniily 2 A9 Fay 8 1R
S ﬁl 3 o~ a a o a;
A TLo waz THowa Timer Wim Overflows aziinisiaaDn TFo uwaz TF1 Auanalugn 2.8(1)
nmsvnaululuas 3 @ Timer 1 aglaignldaiuusisnaiunsnadnd i Timer 1+ Tvineuly
Twumduls usnisvinsanaes Timer 1 azlidinasdumesSwiiinau wwsazde TF gnldlunnsiy
283 THo Tunrennanuaadluie 3 luda  rananesdnda 13 Timer nanululuus 3 n11lEe R

Timer \fina% Aa THo waz TLo T Timer o Twa s waztilsuns sy Timer 1 luvinanululiunguy o

2.3.4 Clocking Source
Tug1ln 2.8 lalléiuanadn Timer Clock Waxnanilea@enasld Timer Wanunsnldlé 2 wii

Aawflusauan (Timer) wazwiusdatiy (Counter) Tegnunsaldsunsuldlaanisianuisesiam

=b.

Om ¢ / Thisagmas TMOD
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NI UA9ULaN (Timer)

Y a

§19m ¢ / Tl TMOD Wluaean “0” aziflunisdanls Timer 11 Clock H1RINAs

Oscillator 11w FadtyqurnsuRnazidrangn « Machine Cycle wiaatanaalddnarlu THx

o
v
=X ¥

war Tlx asfanfintudaadnsanisivusazafaldiuanindy 112 esputaedyaio

wiRnAlduudn fauansluglil 2.9 &1 Mcs - 51 Wdyaruw@ng 12 MHz nMstiuaziianwg

WinAu 1 MHz
Crystal

—[ On-chip )

DT Ozcillator gt 4"-—-.____
R 3> Tirner
: Clock
1

s
T ar Tl
Fin O=Up(lrtersal Tirming)
1=Dowh(Beent Courting)
T

2171 2.9 anuhassdtyyrnaRnandn Timer

[~ o @
N9 bR (Counter)
v a =1 i ! o o = [~
f10m C / T 1fl “1" B9 Timer 4211 Clock unannaieuantagldan Ps4 #ise To 1luwn
Input Clock AL Timer o uazl4n Pas waa T+ 1y Input Clock i Timer 1 fiagiil 2.9 viva
ananeedn  dnarlifueslsdauazduldsenan To war T1 upsldidy Counter

Foyornsiidiunfinnswaguulasaan 17 1l w07 azinliesasiy Tex Handinay 1 el

a

MCS - 51 Hazmpaaauanaune Towaz Tt Tuiagiaaua 2 989 State 5 (S5P2) OANLINEAN

a A

i 1 Aaunludnuila Machine Cycle MW@ 2 184 State s (SsP2) aaanaunailaawiu 0"

q

e

¥

Az WA lU Timer WNTW 1 f9tiy aziulddnnigtiy 1 afsazfasldiian 2 Machine Cycles

v So

1
o

o A a v __, 3 | o [ a = v
fariupanuigaganazld Timer iy Counter HUlA aziiAuniign soo kHz &1 MCS - 51

NIRRT AU NANT 12 MHzZ

46266



18

= .
2.3.5 N9L3H , UM LAZNTAAUAN Timer
lugllfi 2.8 azuansdnunizes Timer Registers Beazifiudnlsznaunag TLx uaz THx

~ a a " Aa o o o dl v 9
uazifiaiia Overflow azfaifwafidn TFx dnfudyoronniniiiazdilily Time azun
a1n 2 daufauanslugdd 2.9 siellaznanafedneaznaunnliFy , wyada Timer lietnals
Qda‘ o . Dtﬁla o o a 2
3 Guuazvgaa Timers amnsaeuanlandn TRx hiFaames TCON lnuinfuas TRx Az

A & o - al = a v | o X % o o A

\nae fndeanniiszuugniian Geazifunnsld Timer ldluuaz TRx Hazianldaingaands vie

Anstilsunsu fansningd? 2.10

Tirner Clock ———1—@ —p——— Timer Register

.
N=Up(Tirner Stoped)

1=Down{Tirner Started)

5107l 2.10 nslddinAsuAN TR

fadin TRX aviudaudarmnsndndedayalusyfuiinle (Bit Addressable)liizagdinas

[%
¥ o Al

TCON nazli TIVER o BrvinnuasBausdelaasil
SETB TRo
5wwﬂm“fnmuﬁﬁuﬁwﬁﬂﬁﬁqﬁ
CLR TRo
Tunndsullsunsnn Eauedutnua  annsn Mdsyaneal TRo luAnds SETB TRo iae
& nazFaueantnUaarAnand TRo 1l Bit Address R1Lwie sCH
35ALAN Timer mmmmuamlﬁﬁ'ﬁm GATE 14 TMOD uazandumasiniannneuan
INTx &1 INTO Wuagan “0" wazlusunsulil Timer o Nnaululnun 2 ile TLo/THo = 0000H,
GATE = 1 uaz TRo = 1 1ila INTO Fuuaedn "1 f Timer ay “Gate On” wazazli&oyann
WRANANE 1 MHz e INTO aadhs “0” 6 Timer * Gate Off * ﬁmmqmﬁlﬁ%ﬁmmn%d
geadyauouun@ing 1 us dadnluli TLo/THo
g1 2.11 azfluszunfiaaysafies Timer 1 letneniluliun 1 Gadlu e-oit Timer ag

de

FFRawmas TL1 / TH1 uaz Overflow Flag TF1 Tuguazifiudanisasunuuuaaniiila Clock n1g

a

(B9 UAZNTNE AT
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8051
12 MHz =5 i e =42 ° N
0&C. e
o g .
BN N ) YR
1 1
T (16 Bits)
(P3.5)
0=Up 0=Up
1=Down 1=Down
CuT
NT1 |
(P3.3)

! v
917 2,11 s2001%ManA8d Timer 1

2.3.6 Initializing And Accessing Timer Register
9 ) a > A o : i A a
n9ld91u Timer BusnazsiasldsunsuiaiaannunnisninLaed Timer AUIHBIEN
I anufTusunsuls Guvnaw, neaneam, @11 waz wanen Flag Bits 81160 Timer Registers
ANaaU e sz nannsldnusely

TMOD fe Faatnasnsasllsunsy Iaanlnuan1sniantnets faesiady a1 Timer 1

¥
o [ % Yo A

\u 16-bits Timer (Wsa 1) WudryanpsIRN1UWTN ansnsnduidddsad]
MOV TMOD, #00010000B

pafldannandsdauuie watn M1 = 0 daz Mo = 1 gadunindentvue 1 wasld
C/T=0uaz GATE=0 %IqLﬂumﬂ%ﬁmmﬁmuqﬁﬂﬂmﬂmﬂluﬂ?@lﬁﬂu Timer WaxAa Timer
Hazdfaliinen Erdmpauan TR1 delaldian

& Timer Htuaulnsldaames TL: / THi wa¥azlmAtin Overflow Flag \ile3ad ns
waguann FRFFH 1l 0000H taelddumanty 100 ps wseld TL / THY Sudyeunounfnnlé
100 gn FariupnEudues TL1 / TH1 aZlaiFufl 0000H axdesFufl FFFFH augan 100 gn Ve
FRoCH LiteliiulURe FFFFH wazlaewdlu 00001 I&dyarniunding 100 gnwed a1ansn
Aendndsldgail

MOV TL1 , # 9CH

MOV TH1 | # oFFH
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[

% YV . QI o <6 va é’
8l Timer BunneunlilnacuAuAeH
SETB TRt

antiudn Overflow Flag Aazdeeansiandanattiiull 100 pS Tusanunsaiaay
Tusunsuflululsunsuougy 100 ps 16 tnansaaaeuda TF1 dngnismvisela frldamiliougy
Aalusial
CLR TR1
CLR TF1
A1714L UL Readind a Timer “On the Fly”
Y 6 % | | 5 P ﬁl o "
N7 MULLLUszaNFAUNNNUAZARIaIuAIaIN  Timer Register Wiesansia  Timer

s v

Register Hauna 2 lud dmalidanifia Overflow azvnadalusigs frmnaeultsunsnlidiu

Arannlufinnen  udaAsenuludgedeyaiildanaiedefianaialfiesanludmiminisldau

wlaaisananludge prsenudeyamsaruanlusigedon whtasndunignluifin aniudu

v i ! v i
fayaludgedness frarlodgeiienddliiinsnfouudacilddriuldiae uddinsu@ou

v
o/ k4

wilaalfianuanafa frdfaanizarudayaann Tl / THo W biERawmes Re / Rz 21aldeullsuns
Wil
AGAIN : MOV A, TH1
MOV Re, TL1
CJINE A, TH1, AGAIN
MOV R7, A

2.3.7 Short Intervals And Long Intervals

!
¥

41 MCS — 51 Mauiinmddng10imwalng 12 MHz 8119 Timers 149945 Oscillator

o

uin Aoyyrosunfinaazgnunssng 12 uaz Timer AzR9IWMEATHA 1 MHz d1daenasld
Tsunsnadedyarnmniinieanuaenanilélaedie TaRasmIaINN1eNINTARIEIFg 7|
289 MCS — 51 11 1 Machine Cycle azldar 1S Tumnsed 2.6 azuanin1undnegns

fryeuraufiaineduann MCS - 51 In9nusiae Crystal A3IND 12 MHz
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Maximum Interval in Microseconps Technique
~10 Software Tuing
256 8 — bit Timer with Auto-reload
65536 8 — bit Timer
No Limit 16 — bit Timer Plus Software Loops

A919% 2.6 ANgeqn189n1 1 Timer TMummng 7

2.4 NNTAULADTTWN

o

nsinauaesszuLeeiames lneviallindelnsninteuensesiuet dpeudiaes

)

2
Faennsinauiuelnsalneuenazfiesmeanssageugdnsalinaniiitiane fetiadu d1n

a Lol

Tranfiuneineinuiliest fuvaan LED 7 dau  anwesvuildeduadnd drszuuaaum
o 3| a % a sY oA A % o dg/d 1
wnuilunfnasuliifaeensssaeuaindasadniinienasisas] NIFNNIBLLILUETNIN
. A o 'S v o =
Polling Method -Pagalulasisisaradazsedinsensaageugtnsnlounnnaaniaaninidaya

Y A

£ 2
daunvizeds nsineuundl diilednsainiuenaiefaszuusesnsaaaatgnsalniauen

)

=

(% o v o [ 3 o =l d’ 4 o s v
wanada W lidsnanlunisyinemanly  nasiasupnuuumilaazli CPU vinauuan i
1 ¥
nsnaandillelslinfinanaemiuwiug  nasiaauluanemeil CPU Liseadenatlunismaa
L 2 s ¥ a 1 o/ o ] as
atnsnlneuan drgunsainauensiesnisinsenu CPU aunsalantuanazdsdganmnuen

CPULRY 2LUNEENT1 TR sng (Interrupt)

a A das 3
2.4.1 AUIUNITENABULARTTNN
9] a oo o O o/ I &‘ = a 5% c v a I8
mmﬂﬂ@quLtﬂ@3mmmmuiﬂmmwaﬂ@gm@mmmummﬁ?wmmmm@uwmmm:

v
azvalUsunsunan  walUvnauldsunsumauauaanisaumesind (Interrupt Service Routine)

b

WeRnldsunsumeuduesduasiniiasapaufiamesaznduntinldsunsuianiiatsangly

212

[ % o o O

&1 CPU Rndeinauldsunsumwdnag) iuinaamiAdslumunisneamisaaindn m,

' |
o o o A

4 Helo gl o h =
m+1, m+2 e q Iy PC avdiAumisnazduArAdedann Weldsunsunieuanng

14
=R

o |lﬂ| v =Y = 6o/ 2’/ IIﬂI v o

At m+3 udAanisdumesiviay (anuetiy PC agh m+4) Tdsunsuazsieaninu
Tsunsumauauadnisaumesnyt  eedie PC lddsnwmdeinullsnnsumneuduaanis
AAaFNY anntuaziuAl PC ANaslumtigANaNduaA HananAaaefnnenullswnsy

a oo/ c @ Q” A ! Y o/ o o 1)
AAUAUBINITDULADTTNNLATVAURNY zAUAT L ALAA (m+4) 1WA PC WWIﬂ?LLﬂ?NV@ﬂW@i‘U
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TUsupgHndn

LU0 AT 16D LA LTI 1T W ATTTION

i =e el s dale sivs
I b [ 5 g w e e 6
m+l e - o - - I R F I
A2 wovalescecnas o T = 1 1
.

M43 ek dleress gas -~ T L il
"-._\\‘- _____ SRR Teepe & i
M o= ofemetinis - N ceee- I I I

. ¥
I R .

UM T WA BTN ng=lavifllsunTaday

v
o/

91l7 2.12 Fupeumsnnguaeslsinsudagnauinesing

%% das o
2.4.2 RUAIUAULARTTNI
wnaanindryynRumeSwiRld i MCS - 51 Hdawmiens Bunaiininieluuas

neuen Ingdumefniinngluauiaguainnialusin MCS — 51 tev - lauddtyoinsann

Inwafunan 0 (TFO) Inwaiudan 1 (TF1) daswesnaynsy 4 miudumesininitweninan
&yoyrninezsiudaamagen INTO way INTT Weddmynfwmasiniainuuassng < idun
wraunsaTUsunsuladnazld MCS = 51 ganluanisaumessnilavirald Taanislusunsuld
FRames IE (Interrupt Enable) UATINAAQNWBULAS FFNANANANUIRIAI ] WANLUUAN
wEauAuaunrnanatsuladn azlvaninassniilaianeal TaanasTlsunsullf Bumessnst
Adﬁl b y aal c‘z// o a = o ,:’;’
waesa 1P (Interrupt Priority) $2@ARINNE2IAININEAZLALANIU
Interrupt Enables
aa rn:ll Y =K £ o =Y n v v o o o | ' ¥ a
uiRamasnaunsnddedeyaszauinldldduiunavunsdadainnng
Bumasiniainunassing q azingumefiniivaniuviseld laesuazisunvesdasing 7 1A

AN 2.7
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i 7 im0
EA X ET2 ES ET1 EX1 ETO EXO
il defn Auwalin 2181AZLBEA
IE.7 EA AFH danean NN AN
IE.6 : AEH i 149w
IE.5 ET2 ADH Enable 8utmasinsiann Timer 2 (14iu 8052)
IE.4 ES ACH Enable Butnasiniainnaineynsy
IE.3 ET1 ABH Enable 8uiAasswAann Timer 1
IE.2 EX1 AAH Enable 8uAa35Wiann INT1
IE.1 ETO A9H Enable 81lpasinyian Timer 0
IE.0 EX0 A8H Enable 81lAassniann INTO

dl a | alal [
FNTNN 2.7 LRGN ) UYNTQLFRT |E

Interrupt Priority

=< £ o A

== ch £ 9/ 2 s o % ] s
Hiwsagwmasnauisatd1ned anaszaudala M lun1senanana NG 1A 209019

a 6/ e‘dj o % o o/ % 3| (AN | A o Q/ % [=1 i "
Bumesiniteanisadnldaasdaiu, daife <17 wutgengrlaNdAgygeaga ande 0
g ANI A FLANINA AAIAR AHTHETRaTRsN | uangliAtRNse 2.8 daman

9

Avualiaudrsmid 1 milaufimas MCS =51 azanganfumud1 Ay ndasil

AL Bumasing
1 (494n) IEO
2 TFO
3 E1
4 TF1

5 (Fngn) Serial Port
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IE Register IF Register ___— High Priority
——El— IFtenpt
c»—cv-"'f.n-: :u.\w )
: > -
|
! - .
TFO . *IE o B ” IFterupt
N B » L Paliing
- ! a Srgusrice
- |
INTH IT1 e e —pde 3 X
- l W -
|
! i
TF1 }u—':r"r-r. n,,o
| B *
[
|
RI— ™ >R - i
ﬂ'_:"i—‘ ‘ ; 4 ‘|[ = ) et -
! A
|
|
TF2 T A & -r*lff-.; % »
EXF2—f py = A 3 1 8%
f | “ ] v
/ ;
» 1
Irdddus] -'Jll ‘k\t Globle o Lo Promty
Enable Dizable Irterupt
dl aa c d’ tdl 9 o/ a 6o 6
gﬂ‘w 213 TAGLADTEN 7] DNLITBINLNTBULABIINY
a d’ a ° T a =
U FRL R AOLAUNLA FNEATLIALA
IP.7 . ) a1 94
IP.6 b ! Tad
IP.5 PT2 0BDH 1‘9ﬁﬁ/‘l_l Timer 2 (8052)
IP.4 PS 0BCH liiunesnaynsy
IP.3 PT1 0BBH 14y Timer 1
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December 1995

&National Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description
The LF351 is a low cost high speed JFET input operational

current is important, however, the LF351 is the better

amplifier with an internally trimmed input offset voltage  choice.

(BI-FET II™M technology). The device requires a low supply

current and yet maintains a large gain bandwidth product Features

and a ‘fasl siew'rate. In alddilion, well r.natchea.:i high voltage g Internally timmed offset voltage 10 mV

JFET input devices p(ovu:!e very Ion mput' bias and offset ®m Low input bias current 50 pA

currents. The LF351 is pin compatible with the standard ® Low input noise voltage 25 v/ iz

LM741 and uses the same offset voltage adjustment circuit- . . iy

ry. This feature allows designers to immediately upgrade the ™ LOW input noise current 0.01 pA/yHz

overall performance of existing LM741 designs. m Wide gain bandwidth 4 MHz
- The LF351 may be used in applications such as highspeed ~® High slew rate 13 V/us

integrators, fast D/A converters, sample-and-hold circuits ~ ® Low supply current 1.8 mA

and many other circuits requiring low input offset voltage, ~ ® High input impedance 10120

low input bias current, high input impedance, high slew rate . ® Low total harmonic distortion Ay=10, <0.02%

and wide bandwidth. The device has low noise and offset RL =10k, Vo =20 Vp-p, BW =20 Hz=20 kHz

vollage drift, but for applications where these requirements ® Low 1/f noise corner 50 Hz

are critical, the LF356 is recommended. If maximum supply ® Fast settling time to 0.01% 2 us

Typical Connection

TL/H/5648-11

Connection Diagrams

Simplified Schematic

%t S

INTERNALLY
TRIMMED

INTERHALLY
TRIMMLD

e\ ©

Dual-In-Line Package

1 N 8
BALANCE —f — NC
2 7
INPUT — —v*
3 6
INPUT — — ouTPUT
4 5
v — — BALANCE

TL/H/5648-13

TL/H/5648-12

Order Number LF351M or LF351N
See NS Package Number MO8A or NOSE

1995 National Semiconductor Corporation

TL/H/5648

RRD-B30M125/Printed in U. S. A.
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, 7

please contact the National Semiconductor Sales N Package 120°C/W

Office/Distributors for availability and specifications. M Package 8D

Supply Voltage +18V Soldering Information

Power Dissipation (Notes 1 and 6) 670 mw Dual-In-Line Package c
. e = Soldering (10 sec.) 260°

i

Operating Temperature Range 0°Cto 70°C Small Outline Package

Timax) 1sC Vapor Phase (60 sec.) 215°C

Ditferential Input Voltage +30V Infrared (15 sec.) 220°C

Input Voltage Range (Note 2) 15V See AN-450 “Surface Mounting Methods and Their Effect

Output Short Circuit Duration Continuous on Product Reliability" for other methods of soldering sur-

Storage Temperature Range

Lead Temp. (Soldering, 10 sec.)

Metal Can

oIP

-65°Cto +150°C

face mount devices.
ESD rating to be determined.

300°C
260°C

DC Electrical Characteristics (Note 3)

LF351 :
Symbol Parameter Conditions Units
Min Typ Max
Vos Input Offset Voltage Rs =10k, Ty = 25°C 5 10 mV
Over Temperature 13 mV
AVpg/AT Average TC of Input Offset Rs =10k Y WV/oC
Voltage
los Input Offset Current Tj = 25°C, (Notes 3, 4) 25 100 pA
Tj=70°C 4 nA
Ig Input Bias Current T; =.25°C, (Notes.3, 4) 50 200 PA
Tj 8 nA
Rin Input Resistance Tj=25C 1012 Q0
AvoL Large Signal Voltage Gain V== 215V, Tp =25°C 25 100 V/mV
Vo= £10V, R =2 k{)
Over Temperature 15 V/mV
Vo Output Voltage Swing Vg = £15V, R =10 kQ) 12 1185 \
Ve Input Common-Mode Voltage 315 \
Range Vg =nt 15V Xy
Z12 \
CMRR Common-Mode Rejection Ratio Rs< 10k 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Is Supply Current 1.8 3.4 mA




AC Electrical Characteristics wote 3)

Symbol Parameter Conditions EF3ad Units
Min Typ Max
SR Slew Rate Vg= +15V, Tp=25°C 13 V/ps-
GBW Gain Bandwidth Product Vg= 15V, Tp=25°C 4 MHz
en Equivalent Input Noise Voltage Ta=25°C, Rg= 1000, 25 /A
=1000 Hz
in Equivalent Input Noise Current Tj=25°C, f=1000 Hz 0.01 pA/\Hz

Note 1: For operating at elevated temperature, the device must be derated based on the thermal resistance, 6 4.
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3: These specifications apply for Vg= = 15V and 0°C< T,< + 70°C. Vg, Ig and los are measured at Ve =0.

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Ti' Due to the limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp

Ti=Ta+ 8ja Pp where 04 is the thermal resistance from junction to ambient. Use of a heat sink is
recommended « input bias current is to be kept 10 a minimum

Note 5: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. From

+15V 1o £5V.

Note 6: Max. Power Dissipation is defined by the package charactenistics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed hmits.




Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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Pulse Response

Small Signal Inverting

OQUTPUT VOLTAGE SWING (50 mV/DIV)

TL/H/S648-4

OQUTPUT VOLTAGE SWING (5V/DIV)

TIME (0.2 us/DIV)

TL/H15648-6

QUTPUT VOLTAGE SWING (1V/DIV)

Application Hints

The LF351 is an op amp with an internally trimmed input
offset voltage and JFET input devices (BI-FET ™). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages
snould be allowed to exceed the negative supply as this will

TIME (5 us/DIV)

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TL/H/5648-5

QUTPUT VOLTAGE SWING (5V/DIV)

TIME (0.2 us/DIV)

TL/H/5648-7

Current Limit (R = 10042)

TL/H/5648-8

cause large currents to flow which can resuiltin a destroyed
unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output.

Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the
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National Semiconduc

S4LE244/DM741.8244 Octal TRI-STATE®
Butfers/Line Drivers/Line Receivers

General Descrintion w Typical Iy (sink current)

) . 541.8 12 mA
These bulters/Ene drivers are desigred fo irmprove botts the: 74LS 24 mA
Y G P G density of TRI-STATE & He 3

nc‘rlormance and PG board density of TRI-STATE )\l{fr’r'/ & Fypical lop (Source curren)
drivers employed as memory-address drivers, clock drivers, 5

2 % ¢ . 5418 ~12 mA
and bus-oriented transmitters/receivers. Featuring 400 mV 74LS S
of hysteresis at each low curent PNF data line input, they . c;l i My e
provide improved noiss reection and high fanout outputs yel propagatiey !

Inverting 10.5 ns

and ran be used to drive tenminated lines down to 1220, : i
Noninverting 12 ns

| Typical enable/disable tme 18 ns
m Typical power dissipaiion {enabled)
Invering 130 mW

Features
B TRI-STATE oulputs drive bus lines dreclly
m PNP inputs reduce DO loading on bus lines

August 1989

Nonmverting 135 mW
# Hysleresis at data inputs improves noise margins
Conneclion Diagram
Duaki-dine Package
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See NS Package Number E20A, J20A, M208, N20A or W20A
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Absolute Maximum Ratings (ot

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Vo

ltage

Input Voltage

v
v

Operating Free Air Temperature Range
54LS -55°Cto +125°C
DM74LS 0°C to +70°C

Storage Temperature Range

—65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
paramelric values defined in the “Electrical Characteristics"
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter o E DM74L5244 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 555 4.75 5 5.25 \

Vin High Level Input Voltage 2 4 \

ViL Low Level Input Voltage 0.7 0.8

lon High Level Output Current <12 =g mA

loL Low Level Output Current 12 24 mA

Ta Free Air Operating Temperature 55 125 0 70 °C

Electrical Characteristics overrecommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vv, Input Clamp Voltage Vee - Mingdp = -18 mA =18 \
HY it i y — V i
S Hysteresis (V1 T) Ve - Min 02 ok v
Data Inputs Only
Vo= High Level Cutput Voltage Voo - Min, Vi = Min DM74 27
Vit = Max,log = —1mA 4
3 . 7
Vee  Min, Vig - Min 541.S/DM74 LY 34 v
ViL = Max, loq = =3 mA
Vee = Min, Vi = Min 54L.S/DM74 2
Vig = 0.5V, Ipy = Max
Voo Low Level Output Voltage Ve = Min lot = 12mA | 54LS/DM74 0.4
ViL = Max loL = Max | DM74 05 ¥
Vig = Min
loz= Off-State Output Current, Vee = Max Vg = 2.7V 20 A
High Level Voltage Applied ViL = Max i
ozt Off-State Output Current, Vi = Min Vo = 0.4V _D 4
Low Level Voltage Applied 1
Iy Input Current at Maximum Vce = Max V| = 7V (DM74) 01 FA
Input Voltage Vi = 10V (54LS) )
Iy High Level Input Current Vee = Max Vi=27v 20 nA
I Low Level Input Current Vce = Max V| = 0.4V —9.5 —200 nA
54LS —8
los Short Circuit Output Current | Vg = Max (Note 2) 0 =225 mA
DM74 —40
lcc Supply Current Vee = Max, Outputs High 13 23
Outputs Open Outputs Low 27 46 mA
Outputs Disabled 32 54
Note 1: All typicals are at Ve = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.




SWltChlng Characteristics at Vce = 5V, Ta = 25°C (see Section 1 for Test Waveforms and Output Load)

Symbol Parameter Conditions 54LS Max DM74LS Max Units

tpLH Propagation Delay Time CL = 45pF 18 18 ns
Low to High Level Output RL = 6670 >

tpHL Propagation Delay Time C_ = 45pF 18 18 s
High to Low Level Output R = 6670

tpzL Output Enable Time to CL = 45pF 30 30 ns
Low Level R = 667Q

lpzH O}Jtpul Enable Time to C_ = 45pF 23 23 &5
High Level R = 66741

tpLz Output Disable Time C_ = 5pF 25 25 A&
from Low Level R = 66742

tpHz Output.Dlsabie Time C_ = 5pF 18 18 ns
from High Level R = 6679

tpLH Propagation Delay Time C_ = 150 pF 29 ns
Low to High Level Output Ry = 6679

tpHL Propagation Delay Time Cp = 150 pF 20 Ha
High to Low Level Output Ry = 6670

tpzL Output Enable Time to CL = 150 pF 33 fis
Low Level R = 66752

lpzH Output Enable Time to CL = 150 pF 26 03
High Level RL = 66702

Note: 54LS Output Load 1s C| =

50 pF for tpg . tpL. tpz @nd tpz.




Physical Dimensions inches (milimeters)
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541.S244/DM741.S244 Octal TRI-STATE Buffers/Line Drivers/Line Receivers

Physical Dimensions inches (milimeters) (Continued)
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury

to the user.

National Semiconductor
Japan Ltd.

Tel: 81-043-299-2309
Fax: 81-043-299-2408

National Semiconductor
Hong Kong Ltd.

13th Floor, Straight Block,
Ocean Centre, 5 Canton Rd.
Tsimshatsui, Kowloon

Hong Kong

Tel: (852) 2737-1600

Fax: (852) 2736-9960

National Semiconductor
Europe
Fax: (+49) 0-180-530 85 86
Email: cnjwge@levm2.nsc.com
Deutsch Tel: (+49) 0-180-530 85 85
English Tel: (+49) 0-180-532 78 32
Frangais Tel: (+49) 0-180-532 93 58
Italiano  Tel: (+49) 0-180-534 16 80

National Semiconductor
Corporation

1111 West Bardin Road
Arlington, TX 76017

Tel: 1(800) 272-9959
Fax: 1(800) 737-7018

o

Natonal does not assume any responsioibly for use of any cucuilry described. no crcui palent lcenses are imphed and National reserves the nght at any tme without notce (o change sard circuilry and specilications,
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Dwg. No. A-9594

Note that the ULN20xxA series (dual in-linc
package) and ULN20xxL series (small-outline

IC package) are clectrically identical and share

a common terminal number assignment.

ABSOLUTE MAXIMUM RATINGS
Output Voltage. V.

(ULN200xA and ULN200xL) ........ 50V

(ULN202xA and ULN202xL) ........ 95V
Inpuit VOltage, Vg covesmersmscnnoronsencncacs 30V
Continuous Output Current,

I s 500 mA
Continuous Input Current, I ....c...... 25 mA
Power Dissipation, P

(one Darlington pair) ........cccceeeeeeee 1.0 W

(total package) ....c.cccoveveveeuene See Graph
Operating Temperature Range,

T, smmamssamsans -20°C to +85°C
Storage Temperature Range,

T e -55°C to +150°C

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Ideally suited for interfacing between low-level logic circuitry and
multiple peripheral power loads, the Series ULN20xXA/L high-voltage,
high-current Darlington arrays feature continuous load current ratings
to 500 mA for each of the seven drivers. At an appropriate duty cycle
depending on ambient temperature and number of drivers turned ON
simultaneously, typical power loads totaling over 230 W (350 mA x 7,
95 V) can be controlled. Typical loads include relays, solenoids,
stepping motors, magnetic print hammers, multiplexed LED and
incandescent displays, and heaters. All devices feature open-collector
outputs with integral clamp diodes.

The ULN2003A/L and ULN2023A/L have series input resistors
selected for operation directly with 5 V. TTL or CMOS. These devices
will handle numerous interface needs — particularly those beyond the
capabilities of standard logic buffers.

The ULN2004A/L and ULN2024A/L have series input resistors for
operation directly from 6 to 15 V.CMOS or PMOS logic outputs.

The ULN2003A/L and ULN2004A/L are the standard Darlinglon
arrays. The outputs are capable of sinking 500 mA and will withstand
at least 50 V in the OFF state. Outputs may be paralleled for higher
load current capability. The ULN2023A/L and ULN2024A/L will
withstand 95 V in the OFF state.

These Darlington arrays are furnished in 16-pin dual in-line plastic
packages (suffix “A”) and 16-lead surface-mountable SOICs (suffix
“L”). All devices are pinned with outputs opposite inputs to facilitate
ease of circuit board layout. All devices are rated for operation over the
temperature range of -20°C to +85°C. Most (see matrix, next page) are
also available for operation to -40°C; to order, change the prefix from
“ULN”to “ULQ".

FEATURES

B TTL, DTL, PMOS, or CMOS-Compatible Inputs

H Output Current to 500 mA

H Output Voltage to 95 V

H Transient-Protected Outputs

B Dual In-Line Plastic Package or Small-Outline IC Package

x = digit to identify specific device. Characteristic shown applies to family of
devices with remaining digits as shown. See matrix on next page.

e

wnE B Mlchystems Inc...
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

PARTIAL SCHEMATICS

ULN20x3A/L (Each Driver)

—>+—o COM

Dwg. No. A-9651

ULN20x4A/L (Each Driver)

10.5K

Dwg. No. A-9898A

DEVICE PART NUMBER DESIGNATION

VCE(MAX) 50V 95V
IC(MAX) 500 mA 500 mA
Logic Part Number

5V ULN2003A* ULN2023A*

TTL, CMOS ULN2003L* ULN2023L
6-15V ULN2004A* ULN2024A
CMOS, PMOS ULN2004L* ULN2024L

*Also available for operation between -40°C and +85°C. To order, change
prefix from “ULN” to “ULQ”.

20

2.0

SUFFIX 'A',

R gya = 60°CW

1.5

\Cs
IS

N
N

A

1.0

s
\

I\

>

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

0.5 - . N
SUFFIX 'L', R g, = 90°C/W \
0
25 50 75 100 125 150
AMBIENT TEMPERATURE IN °C
Dwg. GP-006A

X = Digit to identify specific device. Specification shown applies to family of
devices with remaining digits as shown. See matrix above.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
Copyright © 1974, 1998 Allegro MicroSystems, Inc.




2003 THRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARILINGTON ARRAYS

Types ULN2003A, ULN2003L, ULN2004A, and ULN2004L
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current | lggx 1A Al Ve =50V, Tp=25°C s <1 50 uA
Vece =50V, To=70°C — <1 100 uA
1B ULN2004A/L | Vg =50V, To=70°C,V|y=1.0V —_ <5 500 uA
Collector-Emitter VCE(SAT) All Ic =100 mA, Ig =250 pA — 0.9 1.1 \Y
Salliation velisge Ic = 200 mA, Iz = 350 uA s 94 &3
lc =350 mA, Ig =500 pA — 1.3 1.6
Input Current lingon) 3 ULN2003A/L | V|y=3.85V . 0.93 1.35 mA
ULN2004A/L | Viy=5.0V — %035 05 mA
Vin =12V — 1.0 145 mA
liN(OFF) 4 All Ic =500 uA, To=70°C 50 65 — UA
Input Voltage VIN(ON) S ULN2003A/L | Veg =2.0V,Ic =200 mA e S 2.4 \Y
Ve =20V, Ic =250 mA —£ = 2.7 v
Vee =2.0V, Ig =300 mA — — 3.0 Y
ULN2004A/L | Vog=2.0V,lc=125mA — — 5.0 v
Veg =2.0V, Ic =200 mA — — 6.0 \Y
Ve =2.0V, g =275 mA — — 7.0 \Y
Veg =2.0V,1c=350mA - — 8.0 \Y
Input Capacitance Cin — Al — 15 25 pF
Turn-On Delay tpLH 8 All 0.5 EN1t0 0.5 Egqyt F4 025 1.0 us
Turn-Off Delay tpHL 8 All 0.5 Ejn to 0.5 Egqut = 025 10 us
Clamp Diode IR 6 All VR =50V, Ta=25°C — —_ 50 UA
Leakage Current VR = 50V, Tp = 70°C _ _ 100 A
Clamp Diode Vg 7 All Ig =350 mA — 1.7 2.0 v
Forward Voltage

Complete part number includes suffix to identify package style: A = DIP, L = SOIC.

www allegromicro.com
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULN2023A, ULN2023L, ULN2024A, and ULN2024L

ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. Units
Output Leakage Current lcex 1A All Vg =95V, Tp =25°C — <1 50 HA
Veg =95V, Tp=70°C — <1 100 pA
1B ULN2024A/L | Ve =95V, TAo =70°C, Viy=1.0V — <5 500 HA
Collector-Emitter VcE(saT) 2 All Ic =100 mA, Ig = 250 pA — 0.9 1.1 \%
Saturation Voltage I = 200 mA, Ig =350 pA — 11 13V
lc =350 mA, Ig = 500 pA — 1:3 1.6 vV
Input Current lingoN) 3 ULN2023A/L | Viny=3.85V —% %0.93 1.35 mA
ULN2024A/L | Viy=5.0V — %035 05 mA
Vi =12V — 1.0 145 mA
IN(OFF) 4 All Ic =500 uA, Ta =70°C 50 65 — UA
Input Voltage VIN(ON) 5 ULN2023A/L | Ve =2.0V, Ic=200mA — — 2.4 \%
Veg = 2.0V, Ic =250 mA — — 2.7 \%
Veg =2.0V, Ic =300 mA = — 3.0 \Y,
ULN2024A/L | Vo =2.0V,Ic =125 mA =t — 5.0 \%
Veg =2.0V, g =200 mA — — 6.0 \%
Veg =2.0V,Ic =275 mA — — 7.0 \Y,
Veg = 2.0V, Ig =350 mA — — 8.0 \%
Input Capacitance CiN — All — 15 25 pF
Turn-On Delay tpLH 8 All 0.5 Ejyto 0.5 Egyr — 025 1.0 us
Turn-Off Delay tpyL 8 All 0.5 Ejyto 0.5 Epoyt — 025 1.0 us
Clamp Diode IR 6 All VR=95V, Tp=25°C — — 50 A
Leakage Current Vg =95V, Ta =70°C _ _ 100 LA
Clamp Diode Ve 7 All I =350 mA — 1.7 2.0 \%
Forward Voltage

Complete part number includes suffix to identify package style: A = DIP, L = SOIC.

Lo 51 B
LAR 8

uﬁﬁiﬁ
!HH l' i

Allegro+

MicroSystems. lnc.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
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HIGH-VOLTA GE,
HIGH-CURRENT

DARLINGTON ARRAYS

TEST FIGURES

FIGURE 1A FIGURE 1B

FIGURE 2

OPEN

Dwg. No. A-9729A Dwg. No. A-9730A Dwg. No. A-9731A

FIGURE 3 FIGURE 4 FIGURE 5
OPEN
Vin
Vce Ic
Dwg. No, A-9732A Dwg, No./A-8733A B d ) “Dug. No?A-9734A
FIGURE 6 FIGURE 7 FIGURE 8
= A IF
A
OPEN Ve
©
450V
vm
Dwg. No. A-9735A Dwg. No. A-9736A ULN20X3* 3.5V epusE
ULN20X4"® 12V PRR S Yokd:

Complete part number includes a final letter to indicate package

X = Digit 1o identify specific device. Specification shown applies to family of devices with remaining digits as shown.
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ALLOWABLE COLLECTOR CURRENT
AS A FUNCTION OF DUTY CYCLE

(Dual In-line-Packaged Devices, Suffix ‘A’)
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\ '
o \ \
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5 200 ™ =
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0
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DUTY CYCLE IN PER CENT
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(Small-Outline-Packaged Devices, Suffix ‘L’)
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Dwg GP-044A

SATURATION VOLTAGE
AS A FUNCTION OF COLLECTOR CURRENT
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=
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5 S
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0 27
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COLLECTOR-EMITTER SATURATION VOLTAGE
Owg. GP-067

COLLECTOR CURRENT IN mA

TYPICAL APPLICATIONS
+Vgs : +V
1 E;:’ 16
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4 E>v I 13
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- 6 11
} 7 > 10
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OUTPUT 8 9
N Dwg. No. A-9652
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Dwg. No. A-9654A

COLLECTOR CURRENT AS A
FUNCTION OF INPUT CURRENT
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INPUT CURRENT IN pA

Dwg. GP-068

“Allegro-

‘wEn aw MicroSystems. Inc.
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TYPICAL APPLICATIONS INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE

Types ULN2003A, ULN2003L, ULN2023A, and

ULN2023L
+Vee +V
25 /
20 //
z
1 *\N\\y
\S -
: o
1.5 =3
z o oar
= / "«*?\GP
w ¢ e
[ : -
% 1.0 // G <
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= z / o
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TTL T 05 < et -
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Dwg. No. A-9653A 0 1 l
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INPUT VOLTAGE
Dwg GP-0L9
Vee Types ULN2004A, ULN2004L, ULN2024A, and
ULN2024L
2.0
. 15
T =™
E /
[: N
E @h*“‘w /
B o 4 —
% / --------
EXhWY S T
o / _____ EQ\;\E“L
TIL S P
OUTPUT 2 -
= z L .
Dwg. No.A-10,175
0
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PACKAGE DESIGNATOR “A”
Dimensions in Inches
(controlling dimensions)

16 9

0.280
0.240

l_0.005
MIN
’ |
0.210 -
MAX | U
4y
1 ]
0.015 0.150
MIN 0.115
A X
Dwig MA-001-16A in
Dimension in Millimeters
(for reference only)
16 9

— 0.13
MIN

3.81
2.93

Dwg. MA-001-16A mm

NOTES: 1. Leads 1, 8, 9, and 16 may be half leads at vendor’s option.
- Lead thickness is measured at seating plane or below.
. Lead spacing tolerance is non-cumulative.

. Exact body and lead configuration at vendor’s option within limits shown.

O R R R

H

®
lle ro?. 115 Northeast Cutoff, Box 15036
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o

Worcester, Massachusetts 01615-0036 (508) 853-5000

MicroSystems.Inc. ™
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PACKAGE DESIGNATOR “L”
e
HOEHHAAAA ] e
0:2;— 0.2440
0-1397 0.2284 0.050
0.016
IR IR | G
8:8?8":2%3 0.3937 "( ’ oéggo 0°T08°\!\/
0.3859
!

[
0.0688
O.0532ALK

-

-]

0.0040 min.

Dimension in Millimeters
(controlling dimensions)

4.00 6.20
3.80 5.80

Dwg. L1A-007-16 in

THHHHHHHH { 019

R TRIR T g
0.51_ﬂ.‘1 2 3 _.[ [‘_1.27

033 e "oQ = ' ' "BsC
9.80

!

1.75
1.35

Tt

NOTES: I. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor’s option within limits shown.

0.10 MIN.

0°T0 8°‘!\_(

Dwg. MA-007-16A mm

www . allegromicro.com
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The products described here are manufactured under one or more
U.S. patents or U.S. patents pending.

Allegro MicroSystems, Inc. reserves the right to make, Sfrom time to
time, such departures from the detail specifications as may be required
to permit improvements in the performance, reliability, or
manufacturability of its products. Before placin g an order, the user is
cautioned to verify that the information being relied upon is current.

Allegro products are not authorized for use as critical components
in life-support devices or systems without express written approval.

The information included herein is believed to be accurate and
reliable. However, Allegro MicroSystems, Inc. assumes no responsi-
bility for its use; nor for any infringement of patents or other rights of
third parties which may result from its use.

® ®
i A " = 115 Northeast Cutoff, Box 15036
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S

- e Worcester, Massachusetts 01615-0036 (508) 853-5000
. . MicroSystems. Inc.






