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Abstract

This project is concerned about navigational car or something which can move. By having
transmitter which sends ultrasonic wave in straight way. In this time MCS-51 suddenly computes what
car’s route is, and then controls it to move to the route which we set. The MCS-51’s computation
system uses three receives which lie in the same line, detect receivers which can receive ultrasonic
wave first. If the left or right receiver receive it first, it will control the car’s route until the middle
receiver can receive it first. Then the car go straight on until the other receivers can receive first. It

controls the car’s route and go straight on until the car reach the goal.
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T d Y IVDIAITUAINAN UAZYIIMINAIAY

b = Y o A o
t1 (a2 2 s ldnnmsou Tisunsy MCS-51 19 TIMER fiaiuiieduma

s

4 o @ 1 v @ @ o =3 ' @ v o o o o
Wedyymaindiadeiiuausnuazhmsinuanledamnab@asudimn 2 uaziimsvga
v 4

v g 1 3 ~ § o o v W 1 o
pafunuAIMINTW 2 Wedyywudisuiiganio We'ldmvewal 11 udr 2 ezl

[ P ° o d‘l P Y
mu’;m%ﬁwzmamam1ﬂﬂ1ﬂuﬂgﬂuuau"lﬂuquﬂmmmzﬂzwﬁmmi

9/ <
2.2 Inssai1gvedlulasaealnsames MCS-51
o a2y a n’.g o FY Y
lulnsneuInsanaesaszga MCS-51 Tidofuraowesdunylassairemoluve iy
o [} o d . o
VBT ILUHUWANUTMVY ROM 119U95uul EPROM 11awess RAM a1elu 128 lud
¢ a < gy & a = Y v A o o
e 1 256 Tud dludu Feswazdoazinuldninglieveiulasase uazdnvazvesn
. s/
A9 dmilouny auauliaid Ao MCS-51 inail
- IndeANUT ROM 4K bytes
- {invleanudl RAM 128K bytes
a <
- fiwein /o 1A 8 1n 4 wosw
- 1 Timer 16 1ia 2 A2
a do 9y 1
- ANTADUNES THI 1A 5 umas
- fhersesaFamnes az s RM UGN
Jd 4 o 1 =3
- TweineynsuNaNI0TuaIdeyauu Full Duplex ANNISIS
- damdaanusildsunsuaeuenld 64 K

- dambnwsweyamolu’li 64 K

- awnsatszanaraldnaziala



- asadenusa NS wunia1d 210 dAumia

é o e o Q'/ a = o y
- wile dginstmidunanlszina 1 TulasTnn ¥eiziineuAln clock 12 MHz

2.2.1 M3IANIAIIY YBI MCS-51
=Y 4 9 p=% ;’,' [
lodluTnsneu Insames 8051 Taseadns IC Wuuuy DIP Hvsiaviue 40 11 laoviniaq
Jd a d @ o ] 1 o
wlfifunesndunn, 1w, ndyana, ndumimibeanusuazndeyannunevesen

v

L A v A
BN WU

| U/ L SIPY .
ror 1 | vae
- rot |4—
Craneal e Cluck smitput —
Pt E Q 0 (AD0) o DN
)
P2 E s, ruiaon 5 14— ot
rot E E 010y Prozran More Eaable” ¢— rid | 4—p (Duts und Address Bus)
e} s (4>
Pod E B Pox(ADY)
ros |4—>
[3s) Alternate Functon <
s E 3—5‘ PO (ADH) w7 e
e 7 34 PUS (ADS)
= TR E o |«
s ] R ]
w ™~n <> P |4
S1 =~ . b &
“ E 2N Wio <=+ rez {<—b
wwma [iol 3_1} AT ST S R Py |<—»
Poctl
(XD PR E !_—c] ALE N <—>| ra ri4 | 4—
= T2l 1 <] rs res |<4—
ANT!m P32 12 29 SN S
— KD < re rié {4—p
aurie (14 27) 16
= 10 |4—
(rHras E 26_1 [REYENRY] r1
) IR e ) PR
AR Pye EZ a P14(AL2) 122 |<—»
- Fl SENE o 4 ort 2
S g o siig o A o
ru | 4—p (Address Bun)
\TAL [; 23 LA
] = rs |4
NEALL s 22 <21 (A S At ef AR crmerey s, T r26 |4—
GND 20 2_1] PLO(AX) ri | <—

317 2.7 UAAIRMNUNIYOT MCS-51

222 AnavINEYe A1 i
1. W3 0 (Port 0)
o 0 Rurvf 32-30 wes MCs-51 ansaldifuBunaenina l§nniluns
Aadenunisanuiimeousndaldiiluy Address Bus tag Data Bus 9néag
2. WoiN 1 (Port 1)

o ¥y 1 a4 ”Idj o a Yy a A gy a
NWOIN 1 llﬂLLﬂ‘U’Wl 1-8 LUUNBIN YUIA 8 U ﬁu\niﬂf‘)"l\'lﬂazﬂﬁnlﬂ A P 1.0-P 1.7



o
3. W9IN 2 (Port2)
4 [ : 1 4 a @
wosn 2 1aunu 7 21-28 9210118 2 niih Ae 15y wosn 8 a duldiduan
wpaasd 8 Ualunsdurilea My meuen
L4
4. WO5N 3 (Port 3)
4 1 $ H d a I's
wosn 3 1hunvrdi 10-17 sz l¥nuaeanihiife Wunesndunnuaziewiynuaz 1§
Wluauguai
5. PSEN (Program Store Enablc)
d' 1 Y A dy =1 d' 9 1
41 PSEN Lﬂummm@mmmﬂmm 29 ytiazieanvilie MCS-51 ABIA159IU
Code T1lsunsuniouen lavdnaginulsanusinieusniily EPROM 41 PSEN 32#afi

%1 Output Enable (OE) ¥84 EPEOM

a é'l £y d‘a
1ia ¥o HINNNIAY
Yo 9 o
P 3.0 RTX I3 udeyanianesnaynsy
Y19 4
P3.1 TDX 1ddedeyamenainoynsy
P32 INTO UMD SN MBUBNNINLTY O
a do I'4
P33 INTI DUMBITHNNITUBNNINLAY 1
P34 TO AUIAT/ AU AN 0
P35 T AU / 921 A 1
P36 WR Tgnadsudoyamilennuiiniouen
P3.7 RD faanaeudoyantissanuiiniouen

o ~ 9 st ¢ o
ATTNN 2.1 LAAIUNUIEHTHINA N UBIWBINN 3

6. ALE (Address Latch Enablc)
A d 9y Yy a o i £y =
iipaninwesn 0 mnsa IiluudreBadmmia uazundoya MCs-51 vziiv1 ALE
£
1Aun 30 v1tiez 19 Multiplex deyay1as Address Bus 404 port 0 TumsIdauszun Mcs-
5 o T v { o = as 4
51 tiuvzAnailiglnsaiinment port 0 NM111IH Latch dayaat Address Bus il MCS-51
ADINIARABAYH U INIBUDN MCS-51 szddayanal Address Bus DBALINIY
3 oo o < '

Port 0 9NNz AsFRyRNaL ALE 11 Latch gilnsainiouen 1¥inua1 Address Bus 489 Port

0 Vl’sjlﬁ@i% Port 0 ﬁ‘lu Data Bus Gi’eﬂ‘ﬂ
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7. EA (External Access)

11 EA lBudndi 31 Sniidhudeidesn 1 w14 uwed 8051 /8052 ieveniil
g Tlsunsunnniaeanwsi ldsunsumely uaduiluaesn 0 azuennld Mcs-51
Tsunsulan sruonnileanus Tasunsuneuen (@191 EA 111y 0 41 PSEN vzuen-
fi) dmnidhuues 8031 n3e 8032 41 EA azidu 0 taue szl Tsunsy
wieanuiimelunaz19an EA § 0 992 Disabled ROM molunazsuTilsunsunn
EPROM e lutazazou lilsunsuain EPROM meusntnu
8. RST (Reset)

11 RST 1B 9 9218 umssimn MCs-s1 Taoazlinfiiiuaesn 1 etraries 2

Machine Cycles 39925 @ 5su1'1@

2.2.3 ANUOTYYIUNWNUUTN (On-chip Oscillator Inputs)
v
1fun993 Oscillator 115w i1 18-19 Tpgse Crystal ldivuuil Tasiln@inas 14
a v o d o a (Y
Crytal A0 12 MHz fudanualszanseoines Idyanauim 910 TTL Clock Source ADfU

XTALLI o XTAL2

8051

XTAL?2

g
CRYSTAL [ T
P

XTAL 1

517 2.8 41w03 MCS-51 i ldefiu XTAL

Power Connections
Ty MCs-51 vz Mumaene’ld 5 v dedfue v, (1140) dau v, (11 20) zad

Ground
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2.2.4 InssaNanaaanus
' o o @ ~ A A 1 o a 9 o o o
NUWANUTIEIMTU MCS-51 923 2 Fiiafe nieanusmisdmswnuTusunsy
o [ o d 1
(ROM) funteanuimiduuudeyalumsilszaiona (RAM) MCS-51 U9tUBS15U 8051,8052
] o a 4 ] o
wivaeanui ldsunsumoludn uaz MCS-51 yawesansadramiennui lsunsuny
wenldmnfiga 64 K nazdrmihoanuiideyaniouenlaumniige 64 K dmsuniteanuin
$ 4 Q" J u’ y 1 =" )
uuy RAM melu wzilseneu li@enunldaunaly, Stamesuves, Aunldanuszavia uags
a I'Z do a [ o o {
YamesHanFuiey (:1e1vzWou laozunsuveaninsanus e 8051 TaasgUi 2.3 Taelugl
9 U =1
szuendls N laszuenin
v
11 8051 vz finseanusimelusaumd i 00H 89 FFH uagaansadaniisanusi

Tulsunsumonenld 64K dumus demdeyasinnilennudrlisunsuyl PSEN szueanl uen

b4
=

dy Y 1 o_9 :fl 4 Y o
10U 8051 ﬁ'll!’]'iﬂﬂ'l\i‘ﬂuiﬂﬂ']'liﬁ]'l‘llﬂgﬁﬂ']ﬂiuuuﬂz!L‘UQﬂﬂﬂ"lﬂﬂﬂ

o '

asa o ' = 1 ta J =< [
1) YAITAABT 4 YAUADSYAITUNNIIAABTULIA NA WK 00H D9 1FH Tagua
y Y aa ¢ =
azyAlITNBUAWITVANABT RO D4 R7
' o = v 2 9 v a no ' =
2)  HUWANUTINTIWITOING mauﬂaszﬂum"lﬂ ALVYIe 20H D9 2FH
3) wuseanyd lFauna lldwni 308 8a 7FH

4) 33amesHenFuRies d1uvi 80H 9 FFH

@ o 1 ° [ { @ [~ v
LLNHNQﬂ'Iiﬁlﬂﬂu'lﬂﬂ’l'm%'l‘{l‘ﬂuvﬁﬂ'lﬂiu ll’dﬂ\ivlgl‘ﬂﬂzllﬁ 28 %1ﬂ1lN\1NQ%$LWU'ﬂﬂTﬁ’5’N
o 1 ' o 3/ 9 - s/ o L o i
GﬂLL‘HUQ‘HH’JUﬂ’J'ﬁJiﬂﬂ1&111&%&’8’]\1??\’6’6\3 LHyy ﬂamima'lﬂwmxmuwaa"lm (el Y
o v 9y =1 FY a o 1 a = o Ty o '
AUAUIAIUUDN) mamsmﬂﬂwmmuwmm (L"UEIHHU”IEJLﬁﬂIGI']LL?TuQﬂ'lurlu) Tao@urusves

] o aisl a 9 = o T a ¢:’ []
‘Hu’]ﬁlﬂ'ﬂll‘iJ'I‘Vlﬂ"l\ilﬂuL!‘U‘Ll‘l.lﬂ1?|ﬂ$11ﬁ']tlﬂu\‘i‘ljﬁ‘i’luuu@u
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" Byte
P Byte Y
Address Bit Address Adress Bit adress
7F General FF
Rungese FE [F7]re[Fs[ Fa] F3][ F2[F1]Fo| B
5 RAM E0 [e7]es]es]es[ea]e2]e1]e0]| Acc
2F 76l {0 |7 |78 | 7A |75 | 78 T
| 2E l_w BSlra|l 3| 21|70 DO D7l DG’ DS]D4 I D3| 02] - ]DO psw
2D 6F |6E 60| 6C| o8 | 6 | €3 | 68
s PO v P 751 s e g e 88 [-]-]-[so[es]ealesles|
28 &F1 € $0 | s& 58 SA sS | s8
. ]
Location 28 [F]s|wl=]s]=]= = Bo |[67]os[es]B4a[Bs]B2[B1]R0| P3
29 4F)4E | w0 4c | 4B | 4a | 49 | 48
28 a7 ||| a]@]alo A8 AFI 5 ’ s ]AC] AB] AA]ASI A8 IE
27 aF |3 |0 f3c |36 | 3 3|38
26 37| % B | M ko 2 |0
25 2rf2e | |2c [ 28 | 2a |25 {28 AQ A7IA6]A5]A4IA3]A2!A1|AO P2
24 27|28 25|24 |23 ) 2|2
23 SN TN 2: 99 Not Bit Address SBUF
292 ||| n] 2] n]|o g8 9F]9El9DISC] QBI QAI 99] 98] SCON
21 OF oE | 00 | oC 08 oA os | 08
\ SOF | Bl | DI R [ 90 |97]e6]es] 94[ s3] 92] 91 s0| i
1F
8D Not Bit Address TH1
BANK 3 8C Not Bit Address THO
18 8B Not Bit Address TLq
17 8A Not Bit Address TLO
89 Not Bit Address TMOD
BAYKE 88 |eF|ee[en[sc[e8] 8a[ss] e8| TCON
10 87 Not Bit Address PCON
OF i
BANK 1 83 Not Bit Address DPH
8? 82 Not Bit Address DPL
Default Register 81 Not Bit Address sp
o6 Bank for RO-R7 80 BYIBGI es] 84] 83J azl 81, 80| PO
RAM Spacial function registor

4 ] o u’/’ (4 a
zllﬁ 2.9 meﬁu’mmmmmtm‘u"lummzlmnum

I d' [ 4'1 % v a
2.3 nuivenunaudanilsiia
1 P o w [ 2 o Aad A Ao wa & ] -~ 9
Judmlszneuidigeiimilswesszunihitvessanaunss Tuia Fezdluduhls
dmiuaefouduiagiafaunsdiey ieides Idiuerdyanaiaztounduumlauiudyana
c; 9 o [ o d' t:i as ueé 9t o Aad [
lddmsuaugumsiauvessawiouidan ludageannsona ldufiumsiitvesveiu

o’z A A o o dy
JUAUULIDN %QNﬂaﬂﬂ'ﬁﬂQW@vlllu
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o a A o b a
2.3.1 Qamu*umuazﬁﬁw1mamauaamﬂqmﬂ

@ o 4 o o 1 @ 1
ManMsveIMsaziounduyenduides Ao NaAvsInaenuIzgNaILBnNINNAITe A1

Tnsznufuiagnasnnnedezaztoudu lidadedne uams ¥ agiludsuiimang ey

(Suitable) 9z A MWITASUNSATHOUNTUVBIFRYQYIL (Signal) naThIFlumsAumslueima

~ o 9 .{’f =< < a A o 3 9
mmmmzmmmszﬂzmﬂﬂ lWi']gﬂzuuﬂTiﬁﬂB193‘5551!‘])”]9]%1?)0?1311‘!ﬂZﬁ'llJ'liﬂ‘ﬂﬂﬁl‘U'lal‘ﬂclu

msth hhlszgnaldldedregndoa

2.3.2 aaudandluiia

4 o 9 a A 4 4 Ao = a o ya o Y o
aaudans1 latia Ae adwdsehiinnudgunuiyuysdes 1y Taem ldudmuypdaey

ya A = Py & Yy A oy a < =< A o
ﬁ1u75ﬂvlﬂﬂuﬂa1‘lﬂ'3']11ﬂﬂ5$3ﬂm 20Hz 94 20 KHz ﬂﬂuuua')ﬂﬁuﬂaﬁi'ﬂ‘WUﬂ JHUIYDT A UL

Aa a ' =2 4 A da a J 4 a
NNAIWAFINI 20 KHz 34D 10 GHz Tagaaunianuagendl 10 GHzuazueuilaga

= v I3
(Amplitude) 799 92500 « lawlosanoug »

Ultrasonic cleaning, ~ 20 - 40 KHz
Grain refilement in metal, ~ 40 KHz
Scattering in castiron ~ 530 MHz

Sonar ~ 102- 1()6 Hz

~10°GHz
PRETERSOUND or MICROSOUND

(previous) called HYPERSOUND

~500 GHz

ULTRASOUND
(previous) called SUPPERSOUND

~20 GHz
AUDIOSOUND
~15 GHz

INFRASOUND

U7 2.10anedsFenda g Agnii 1l lden

2.3.3 ¥HaveInaudan lain

4 Q/ ~ i a ) Qs \ ~ S a/ ‘é S 1 L
ﬂa‘l«!ﬂaﬂ%ﬂ%uﬂﬁmuﬂ1ﬂﬂ1“ﬂ3ﬂﬁ1ﬂﬂ1\1“] uwa1ﬂ%uﬂﬁ'wﬂumLmﬂuamuﬂummmu

] y
MuMsinonvedoynIaTudINaIy

2.3.3.1 AauUAINEN3 (Longtudinal Wave) fio nauaymnanatsiimsinaoui il

lunanemsnasunvoInay



09 Yoy o9 Y1g 09 Y1y o9 14

B e ——————
— U —

| |
SN N N N

507 2.1 uamednbauzMIfaaaUAILET

g A ~ A4 o R 2L gda & [ o a o
nnglwmiuhiidaufiiiuniiuda (Compression) F3fifie AALFIYBIBYNINVBIAINANTIANITY
44 UREAAUYIY (Reaction) Aondufioyninvesiinaeiinnuaudwas dehrvesnnuaui

{ = d g o v o
wasumuszozman@ouniweg 1dsed Sine Wave) Tasseantiuszassiudiudauasieg
ARUITASITUA IV SEoEIeIEHINA AR d DA HiadIHYIeddYeE AD 1

Y » & J s ‘:‘ 5 ~ s
amunay wasiaunauiy @ daihin 1 Tasgefiduunuiiudanudu 1 ussoma
& QL 4 - 44
2.3.3.2 AAUMUYIY (Transverse Wave) A9 AAUNYAT JAUUATUUNISIAGOUN
a 49 o a g PIRYE Y. " da o '
udRamefsaniniuiemensnieufinauriiafiz@umeiuananniivinadnaeng
' 4 a [ o § < 4 a 3\ T a
ANvAYBIRINETIA T aTa I saRUMHUAINa s iduewdsnausal lua oAy
[} @ A < 4 9
marsnaidluveudwaziela
A s o A a 3 o’;’ 2 ﬂ A s A o v
adumuvNlidnyazaidounis fedraunaz N Fulumaran himsulasudwms
a = [} d':ll v A A A A = Y o Ao
voseymaidullufirmudoagy lussnuidmindufianevesnauinnaoui hlnnduduia
& R 4 a o o A&
yesnaumvynatiuiuinihSevesssuwinannmsuasuutasvesoyaiaduiiemnain
, & O u(8) 2 i p
AUNTIR ANUHINYBIRInaey LinffeuuiaslagnsnaounveInaULDUATIYIN AN VDT
Y a y 1 = y a A a ] v a [ [ :ll
aauriaizdeoninnuSwesmaurianued Tusaziunieriudnanayiafenu e

AANuBIEEITUANNEIAA LY ARAINYINNIL T BIN AR UM ULIUAND

51l 2.12 uerAsAnBEMTAAATUAILYG
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A a y . A A4 A A A g o A
2.3.3.3 AaUNIBH (Surface Wave or Rayleigh) A9 AGUIUANUIGIAAWNUAOU
v @ A Pui ° ] 1 = a a os;l o a ~
ATUYIN $ﬂ1~3ﬂu¢15~3‘ﬂ’31ﬂ151ﬂaU‘Llﬁ'll,muﬁ‘ilﬂﬁﬂ‘lqgﬂ']ﬂhlﬂl‘ﬁuL‘Wﬂ\?ﬁlu'ﬂﬁ‘ﬂﬁﬂﬁﬂﬂ'Iﬂﬂ'iJ‘Vlﬁ‘Vl'N'V]
A A~ 1 a = = a = o A A z:'sl =2 o 9J) A
INDUNINUIBY LAY u,memJaﬂuuﬂaﬂuwﬁmammﬂuwﬂmamsmaﬂu‘wmﬂ e lvnau

A 4 ) L A 2 oa ; a o g
waoun lauszuulunuiuey mﬂmquﬂaummumamu"lﬂmwwnum*ummnmammu

2.3.4 ANUOKAZANUEIAAY (Frequency and Wave Length)
A A o a A d 1T o a .d' A a J=3 A’ A
ANYA Ao IuuvesmIBagalniauyssinnurastulanaumeluniaiinnaaui
gAAININUMAIRIIAIZIAUANUDIAYINY
A A A A a 1 o Ca, 7= a &
ANVYIINAY AB FLHLNIINADUAUNITTH M ITUNAUYIANTOMTIAUNIATUNUS
sov (1 Cycle) enunsanan ldnanuenaaudiuszegniaseninenisonsgne@eliiod (Successive
[l 9y
Compression) 113 BANSILNLNYBIBIMA (rare-fractions) A13OAANBNI NUTIUTHTANUNULLY
vos lumnaLazus UM NUTHEITeLY daunsunuiutivuinummzinafansaannu
1 v v @ d o o a
vULUYea Tuanatazus IR AUNUT ALUSIALYBILTTIMAYA

a 4 v o Jda J
ﬂ'mmuazmmmaﬂﬁuﬁmmauwuﬁnumuﬂnmi‘i’mmq

Cc=fA

<4 a

C : ANUTIVBINTIAUNI (mm/s)
=

f : AN (Hz)

4
A - ANUEIIAAY (m)

[~1 ﬂ' U Y a
2.3.5 mmﬁwmﬂauaamﬂmuﬂ

4 A o A ~ a a o o Jdaq Y o
ﬂ’J'lilL‘i’JVlElﬂlli‘]J‘U?Nﬂau11!Eﬂﬂ'lﬂ‘ﬂ’qmﬁQ?Jﬁﬂﬁﬂ’J'liJ’C'TﬂJWH'ﬁ‘VIGl‘]f‘t]ZLﬂUﬂQﬁiJﬂﬁ

‘v = 331.45+0.607T (m/s)

g 4 @
v ﬂ'ﬂil!‘i3%83ﬂﬁu1u@]3ﬂﬁ’m@1ﬂ1ﬁ

T : gungiivesnauluoime
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GAS Velocity (m/s)
AIR (DRY 0°C) 331.45
ARGON 319
CARBON MONOXIDE 338
CARBON DIOXIDE 259
HELIUM 965
HYDROGEN METHANE 1284

= v o g 4 '
AT NN 2.2 LL’GW!Qﬂ’ﬂilﬁll‘wu‘ﬁﬂ'ﬂ‘mi’lﬂlﬁ)ﬂﬂﬁﬂiuﬁ']"ﬂﬂN"}

2.3.6 Smnamdsnuvesnaudanlariia
PSnamdsnuvesaaudaai latinizgnialugilnnuduvesnaudanilaiinezi
] 2 o ' 3 A a > v A a
v W/em® ifums Inavo S snuruiui 1 a1919euanms Fademniuianiensmy

A L] -
neveenauly 1319

A U Y o
2.3.7 m‘saﬂnaummﬂauaamﬂmuﬂ

A A a ] o [3 A A o £ a = 9 A a
WEAAUIAUNIIHIUAINA A1RAY  (Beam) *u%Nﬂauaamﬂmuﬂazqmgﬂﬂmmmummﬂ

U o A‘l [ 9 a =) a a Qs 1 é A L d'
%'Iﬂﬂ']ig'f)@ﬂ‘ﬂﬂﬂﬁ'lﬂﬁuﬂﬂﬁiﬂ‘ﬁmﬂ ‘H'i'f)Lﬂﬂi]'l'lﬂﬂ'liﬂﬂ“b’ﬂwaﬂﬂ"luﬂ?uﬁﬂﬂﬂlﬂﬁﬂﬁuiﬂﬂﬁ’)ﬂﬁ“ﬂ
A A 4, o 4 o & o v v o y AL
AGUAADUNHIU wawmwg%uu%mﬂaﬂuzi‘luwmammmsau ﬂ13@ﬂmuwaaq1uﬂa1usauuﬂu

9 v ] ' v H
pyfUANYAIZYDIING AWBANULIAZA WU MUY SIUNIANUDVBIATUN 1Y BIANUDFINGS

NUBIYFAL LA

2.4 Saa latiansuaf e’

msianausand Tadadlunduiifannmen/founlamdsnugldulindundan
aalasmsdulilimiedaanmanlasundsau ihfoniaunaldifanauiiudaniileia
Aszaween 1) luoims Suhisedo lhndufiRasuiunauna (Mechanical Wave) Sand1 Taiin
ansoataa @ laegmanadumes FuiluelnsainlfifoundanuInduiundsauna nén
msatreinaeiigei

1 uuileTasiaanse (Piezo-electric transducer) Fautlaslusznnandsa Tvi

o =3 = Jd - (K P
paznasnuna laslinnuis Isuuunasneganig
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= a =) é 4 ¥
2. wuuuuni laaasain (Magnetrostrictive Transducer) Faaouutlaslinsgnia
@ v o ] < { g
wasau Idhluvemanudumrisanuevewnumaniaauvaaiaiy
=) a A \ %
3. wwudeaInsaaiafi (Electrostrictive Transducer) Fauas llinsennendsa o
Whiundeuna
) @ A a a aa 9 I dy ]
o dwiudlsladiaansailunuuitioyldmszlisimgauazmFediemsiz

: ®X A 9 a =Y Y] o’a:l
Rzt vudenlfuazesiunesvaziouavenlglnseill

é a
2.4.1 dngmsaitlaladmania
= a a o a £ & o 9y o a
dlyTssaaniaduilsagmsalsssunastianile s idndsaumunson/feuulas
2 2 v 1 < a
nnguniteliiludnginiieldndnde rilouussnaliun solid cystalline dielectric faziianY
a o a a 1 o g
1A (Stress) Mo lunsaaoa uazvinlvinanvesnsanearagyl i) 15y wanalend (Quartz) wanfe
{ a ] a v @ 1 {
szanlaou i msAagiisvesanimunalin nuduiussenaran1sunud (Displacement)
= 4 & C o s 4
yosdsyyuanuazauluanimilaou limsununvelszgmeluszmiiudszgniswenvesiain
AsenuuURIRsAaRaison I Wavesiill laBinAnsa (Piezoclectric effect)
Y o 1 a {a s 3 o d
m3dalszyild laonisdotianlnsa (clectrod) H1ARIAMUBANGIIAANUAIIANG
9y s L v v
5¥NI1992919089911A (magnitude) 11azN153J43 (polarity) ¥891)5E3UURINGNMIEI1 (induced
surface charge) IUFATIU IATATINVVINALAZ RANIIVOILS (F) Dunse i
‘ Hok_k

area-A

Eo

3171 2.13 wavesdulawdiannsn

<\_ O
=%
S

T Eo
e T —
[

I
{2
|
i
g

/

B

RL

G

= = — a a
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310 D= (RA +RB)* 100 % (3.1)
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wagn f = 1.44 (3.2)
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#include <reg51.h>
sbit P1_0 =P170;
void delay(int count) {
int i;

while(count) {

for (i=0; 1<226; i++);

count--; }
j
void main(void)
{
TMOD = 0x10; AU Inug 1%
while (1)
{
P1 0=0;
delay(113);
P1.0=1;

THI1 = 0xEC 3 /*1{1 1000 Wad*/
TL1=0x18 ;

TR1=1;

while (ITF1);

TF1 = 0;

TR1=0;

}
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#include <reg51.h>
sbitP1 0 =P170;
sbitP1 1 =P171;

sbit P1 2 = P1/2;

sbit P2_0 = P2"0;
sbit P21"=P2°T;
Spit P2 2 =R
sbit P2 3= P243;
sbit P2 4 = P2"4;
sbitP2 5/=P275;
sbit P2 6 = P2"6;

shit P2 7i=R2)L;

void delay(int count);

void main(void)
{
loopl:
if (Pl 0=1&&Pl 2==1&&P1 _1==0)
{
P2 3=P2 2;
P2 4=P2 5;
P2 2=P2 1;
P2 5=P2 6;
P2 1=P2 0;



P2 6=P2 7;

if(P2 3==0&&P2 2==0&&P2_1==0)
P2 0=1;

else
P2 0=0;

if(P2 4==0&&P2 5=0&& P2 6=0)

P2 7=1;
else
P2 7=0;
delay(30);
goto loopl;
}
else

if(P1 0=—=0&& P} 1=—=1&& Pl 2==1)
{

P2 3=P2 2;

P2 2=P2 1;

P2 1=P2 0;

if(P2 3=0&&P2 2=0&&P2 1==0)
B2 =1,

else
P2 O0=0;
delay(30);

goto loopl;

}



else
if(P1 2==0&&P1 0=1&&P1_1==1)
{

P2 4=P2 5;

P2 5=P2 6;

P2 6=P2 7;

if(P2 4=—0&& P2_5==0&& P2 6==0)
P2 7=1;
else
P2 7=0;
delay(30);
goto loopl; }
else
goto loopl;
}
void delay(int count) {
int 1;
while(count) {
for (i=0; i<226; i++);
count--;

}
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#include <reg51.h>
sbit P1_0 = P1”0;
sbit P1_1 =P171;

sbit P1 2 = P172;

sbit P2 0 =P2"0;
SbiP2” | = P21
sbt PROAE R2M2,
sbit P23 =P2"3;
sbit P2 4 =P2"4;
s\~ 7 &EDO;
sbit. P26 = P2"6;
shit B2/ 7 =R

void delay(int count);

void main(void)
{ int v =340;
unsigned B,C,D;
float ts,tf,t,s,d = 0.06;
TMOD = 0X02;
loopl: TF0 =0;
TLO = 0X00;
if (P10=1&&P1 2==1&&P1 1==0)
{ TRO=1;



loop2: if (P1 0==0||P1 2==0)
{ TRO =0;

B =TLO;

t =B*0.000001 ; }

else goto loop2;

s = (2*d*d-Q2*t* t*v*v))/(2*v*t),

if (s>0.3)
{
P2 3=P2 2;
P2/4=P2 .53
P2 2=P2\1;
P2 5=P2 6;
P2 1=P2°0;
P2 6=P2. 7:
if(P2 3=0&&P2 2==0&&P2 1==0)
P20 14
else
P2 _0=0;
if(P2 4==0&&P2 5==0&&P2 6==0)
P2 7=1;
else
P2 7=0;
delay(2);
goto loopl;
/



else goto loop1;

}

else
if(Pl 0—0&&P1 1=—1&&P1 2=1)
{ TRO = 1;

loop3: if (P1_1==0)

B =TLO;

else goto loop3;
check?2: if (P1 2==0)
{ TRO = 0;

D \LE6
ts =D*0.000001;
tf=1B*0.000001; }

else goto check2;

s = (Vv¥v*ts*ts-2 ¥ vV -2 *d*d)/(4*v*tf-2*v*ts);
if (s>0.3)
. P23=P22;

P2 2=P2 1;

P2 1=P20;

if (P2 3=—0&&P2 2=0&&P2_1=0)
P2 0=1g

else
P2 0=0;
delay(2);



goto loopl; }
else goto loopl;

}

else
if(P1 2==0 &&P1 0=—1&&P1 1==1)
{ TRO=1;
loop4: if (P1 1==0)

B = TLO;

else goto loop4;
check4: if (P1_0==0)
{ TRO=0;
D =TLO;
ts = D*0.000001;
tf = B*0.000001; }

else goto check4;

s = (Vv¥v¥ts¥Fts-2 v v P2 * d*d)/(4*v*tf-2 *v*ts);
if (s>0.3)
{  P24=P25;

P2 5=P2 6;

P2 6=P2 7;

if (P2 4==0&& P2_5==0&& P2 6==0)
P2 7=1;

else



P2 7=0;
delay(2);

goto loopl; }

else  goto loopl;}

else  goto loopl;

void delay(int count) {
mt i;
while(count) {
for (1=0; 1<226; i++);
count--;

}
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SEMICONDUCTOR®

LF353
Dual Operational Amplifier (JFET)

www.fairchildsemi.com

Features Description

* Internally trimmed offset voltage: 10mV The LF353 is a JFET input operational amplifier with an
» Low input bias current: S0pA internally compensated input offset voltage. The JFET input
» Wide gain bandwidth: 4MHz device provides wide bandwidth, low input bias currents and
» High slew rate: 13V/us offset currents.

+ High Input impedance: 1012Q

8-DIP

8-SOP

Internal Block Diagram

Rev. 1.0.0

©2001 Fairchild Semiconductor Corporation
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Schematic Diagram
(One Section Only)
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Absolute Maximum Ratings

Parameter Symbol Value Unit
Power Supply Voltage Vce +18 ! \
Differential Input Voltage VI(DIFF) 30 v
Input Voltage Range Vi +15 | v
Output Short Circuit Duration - Continuous | -
Power Dissipation PD 500 | mw
Operating Temperature Range TOPR 0~+70 } 1€
Storage Temperature Range TSTG -65 ~ +150 , e




LF353

Electrical Characteristics
(Vce =+15V, VEE=-15V, TA=25 °C, unless otherwise specified)

Parameter Symbol Conditions Min. Typ. Max. Unit
Rs=10KQ - 5.0 10 mV
Input Offset Voltage Vio 0°C<TA<+70°C
o, <TA< 0 - - - -
Input Offset Voltage Drift AVIO/AT| Rs=10KQ | 0°C<Ta<+70°C - 10 - uv/eC
- | 25 100 pA
Input Offset Current o l 0°C<TASIT0°C 3 vy
0, < A— [+ - -
. - 50 | 200 pA
Input Bias Current IBIAS I 0 °C<TA<+70 °C i i 8 | nA
Input Resistance R| = I 1072 Q.
. : VOo(P-p) = 10V 25 100 - P VimV o
Large Signal Voltage Gain Gv i
RL=2KQ | 0°C<TAS+70°C 15 - ; s
Output Voltage Swing VO(P_pr)| RL =10KQ £12. ¢ =13.5 - \%
Input Voltage Range VI(R) - Pl 21504120 - \%
Common Mode Rejection Ratio CMRR | Rs < 10KQ 70 100 - dB
Power Supply Rejection Ratio PSRR | Rs < 10KQ 70 100 - dB
Power Supply Current Icc - - 3.6 6.5 mA
Slew Rate SR Gy =1 - 13 - V/uS !
Gain-Bandwidth Product GBW - - 4 - MHz
Channel Seperation CS I\ e 7080 - 120 - dB
(Input referenced)
. 4 Rs =100Q ,\ nV/
Equivalent Input Noise Voltage VNI f= 1KHz - 18 - Az
‘ . PA/
Equivalent Input Noise Current INI f=1KHz - 0.01 - T




LF353

Mechanical Dimensions

Package

8-DIP
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LF353

Mechanical Dimensions

Package
0.1~0.25
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LF353

Ordering Information

Product Number Package Operating Temperature
LF353N 8-DIP
0~+70°C
LF353M 8-SOP
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN: NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’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 FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

2. A critical component in any component of a life 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 effectiveness.

6/1/01 0.0m 001
Stock#DSxo0oo0oc
© 2001 Fairchild Semiconductor Corporation
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National Semiconductor

LM193/LM293/LM393/LM2903

Low Power Low Offset Voltage Dual Comparators

General Description B Reduced Vg drift over temperature
m Eliminat eed for dual supplies
The LM193 series consists of two independent precision N Al:ov:/ns sisngin near Uroun dpp
voltage comparators with an offset voltage specification as . g fg £ 1o
low as 2.0 mV max for two comparators which were de- ™ Compatible with all forms of logic
signed specifically to operate from a single power supply ~® Power drain suitable for battery operation

over a wide range of voltages. Operation from split power

supplies is also possible and the low power supply current  Features

drain is independent of the magnitude of the power supply & wide supply

voltage. These comparators also have a unique characteris- — Voltage range: 2.0V to 36V
tic in that the input common-mode voltage range includes — single or dual supplies: +£1.0V to +18V
ground, even though operated from a single power supply m Very low supply current drain (0.4 mA) — independent
voltage. of supply voltage -
Application areas include limit comparators, simple analog to Low input biasing current: 25 nA
digital converters; pulse, squarewave and time delay gen- Low input offset current: +5nA
erators; wide range VCO; MOS clock timers; multivibrators Maximur offsét voitage: +3mV

and high voltage digital logic gates. The LM193 series was
designed to directly interface with TTL and CMOS. When op-
erated from both plus and minus power supplies, the LM193
series will directly interface with MOS logic where their low
power drain is a distinct advantage over standard compara-
tors.

Advantages

® High precision comparators

Input common-mode voitage range includes ground
Differential input voftage range equal to the power
supply voltage

Low output saturation voitage.: 250 mV at 4 mA
Output voltage compatibie with TTL, DTL, ECL, MOS
and CMOS logic systems

Squarewave Oscillator

<

DS005709-38

Non-Inverting Comparator with Hysteresis

V-

WVagr O] —

12 LM183

Vo

10%
Vin O==AAA-

W

DS005709-9

© 2000 National Semiconductor Corporation

DS005709

www.national.com

siojesedwog |enqg abeyjop JosyQ mo semod Mo g06ZINT/E6ENT/E6SINT/EE LN



LM193/LM293/LM393/LM2903

Schematic and Connection Diagrams

D 108:A

Metal Can Package

oureuta (1) (1) outrute
INVERTING INVERTING
INPUT A INPUT B
NON-ANVERTING NON-NVERTING
INPUT A INPUT B

TOP VIEW

DS005709-3

Order Number LM193H *
LM193H/883 , LM193AH-QMLV **
LM193AH, LM193AH/883,
LM293H or LM393H
See NS Package Number H08C

Note: * Also available per JM38510/11202
Note: ** See STD Mil DWG 5962-94526

DS005708-2

Dual-In-Line Package

OUTPUT A

TOP ViEWw

DS00570%-1

Order Number LM193J/883 *
LM193AJ/883, LM193AJ-QMLV **
LM393M, LM393MX, LM2903M,
LM2903MX, LM393N or LM2303N
See NS Package Number JO8A,
MOBA or NOSE

www.national.com




Absolute Maximum Ratings (Note 10)

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

LM193/LM193A

LM2503
Storage Temperature Range
Lead Temperature

-55°C to +125°C
—-40°C to +85°C
-65°C to +150°C

€06ZW/E6EWT/E6ZINT/EELINT

Supply Voltage, V* 36V (Soldering, 10 seconds) +260°C
Differential Input Voltage (Note 8) 36V Soldering Information
Input Voltage -0.3V to +36V Duak-in-Line Package .
Input Current (V,,<-0.3V) (Note 3) 50 mA Soldering (10 seconds) © 260°C
Power Dissipation (Note 1) Smali Outline Package 215°C
Molded DIP 780 mwW Vapor Phase (60 seconds)
Metal Can 660 mW Infrared (15 seconds) 220°C
Small Outlne Package SO roduct Reliabily” Tor Othey methods of soierng
Output Short-Circuit to Ground surface mount devices.
(Note 2) Continuous ESD rating
Operating Temperature Range (1.5 k2 in series with 100 pF) 1300V
LM393/LM393A 0°C to +70°C
LM293/LM293A -25°C to +85°C
Electrical Characteristics
(V*=5V, T, = 25°C, unless otherwise stated)
Parameter Conditions LM193A LM293A, LM393A Units
Min  Typ Max Min  Typ Max
Input Offset Voltage (Note 9) 1.0 2.0 1.0 2.0 mV
Input Bias Current Iin(#) or (=) with Output In Linear 25 100 2% % 250 nA
Range, Ve = OV (Note 5)
Input Offset Current Iin(#)=In(=) Vem = 0V 3.0 25 5.0 50 nA
Input Common Mode V+ = 30V (Note 6) 0 WeE1.5 0 Ve /6 Y
Voltage Range
Supply Current R =00 V=5V 0.4 1 0.4 1 mA
V=36V 1 2.5 1 2.9 mA
Voltage Gain R, 215 kQ, V*'=15V. 50 - 200 50 = 200 VimV
Vo = 1V to 11V
Large Signal Response Vin=TTL Logic Swing, Vger=1.4V 300 300 ns
Time VrL=5V, R =5.1 kQ
Response Time Vr =5V, R =5.1 kQ (Note 7) XS 1.3 ys
Output Sink Current Vin(2)=1V, V| (+)=0, Vo=1.5V 6.0 16 6.0 16 mA
Saturation Voltage Vin(=)=1V, Vin(1)=0, lg k4 mA 250 400 250 400 mV
Output Leakage Current Vin(0)=0, Vin(+)=1V, Vo =5V 0.1 0.1 nA
Electrical Characteristics
(V*=5V, T, = 25°C, unless otherwise stated)
Parameter Conditions LM193 LM293, LM393 LM2303 Units
Min Typ Max [Min Typ Max |Min Typ Max
Input Offset Voltage (Note 9) im0 1.0 5.0 20 7.0 mV
Input Bias Current Iin(+) or Iiy(-) with Output In 25 100 25 250 25 250 nA
Linear Range, Vou = OV (Note 5)
Input Offset Current hn(H)=lin(=) Vem = 0V 30 25 50 50 50 50 nA
Input Common Mode V+ = 30V (Note 6) 0 V+-15] 0 V+-151| 0 V+-1.5 \
Voltage Range
Supply Current R = V*=5V 0.4 1 0.4 1 04 1.0 mA
V=36V 1 2.5 1 25 1 25 mA

3 www.national.com



LM193/LM293/LM393/LM2903

Electrical Characteristics (continued)
(V*=5V, T5 = 25°C, unless otherwise stated) .

Note 1: For operating at high temperatures, the LM393/LM393A and LM2903 must be derated based on 2 125 C maximum junchon tesnpes
sistance of 170°C/W which applies for the device soldered in a printed circuit beard, operating in a still air ambient. The LM133/LM123A LN
rated based on a 150°C maximum junction temperature. The low bias dissipation and the *ON-OFF~ characteristic of thz outputs k=eps *h
(Pp<100 mW), provided the output transistors are allowed to saturate.

e chio dissi

Parameter Conditions LM193 LM293, LM393 LM2903 Units
Min Typ Max [Min Typ Max |[Min Typ Max
Voltage Gain R 215 kQ, V*=15V 50 200 50 200 25 100 VimV
o =1Vito 11V
Large Signal Response | V\y=TTL Logic Swing, Vggr=1.4V 300 300 300 ns
Time Ve =5V, R =5.1 kQ
Response Time VrL=5V, R =5.1 kQ (Note 7) 1.3 1.3 1.5 ys
Output Sink Current Vin(m)=1V, Vi (+)=0, Vo<1.5V 6.0 16 6.0 16 6.0 16 mA
Saturation Voltage Vin(=)=1V, Viy(+)=0, Iginks4 mA 250 400 250 400 250 400 mv
Output Leakage Current | V|y(-)=0, V|n(+)=1V, V=5V 0.1 0.1 0.1 nA
Electrical Characteristics
(V+ = 5V) (Note 4)
Parameter Conditions LM193A Units
Min Typ Max
Input Offset Voltage (Note 9) 4.0 mV
Input Offset Current Iy~ iney Vem=0V 100 nA
Input Bias Current lin(#) or liy(-) with Output in Linear Range, 300 nA
Vem=0V (Note 5)
Input Common Mode V*=30V (Note 6) 0 V™-2.0 \%
Voltage Range
Saturation Voltage VinE)=1V, Vin(+)=0, Iginks4 mA 700 mY
Output Leakage Current Vin(=)=0, Vi =1V, V=30V 1.0 LA
Differential Input Voltage Keep All V\'s>0V (or V7, if Used), (Note 8) 36 \
Electrical Characteristics
(V+ = 5V) (Note 4)
Parameter Conditions LM193 LM293, LM393 LM2303 J!Uni*s
Min Typ Max |Min Typ Max | Min Typ Max |
Input Offset Voltage (Note 9) 9 9 ] 1S mv
Input Offset Current vy~ hingey Ven=0V 100 150 50 2001 nA
Input Bias Current Iin(#) or liy(=) with Output in Linear 300 400 200 500 | nA
Range, V=0V (Note 5)
Input Common Mode V*=30V (Note 6) 0 V*-2.0| O V'=20| O V—-2.0 \"
Voltage Range 3
Saturation Voltage Vin(=)=1V, Vin(#)=0, lIgnc<4 mA 700 700 400 7001 mV
Output Leakage Current | Viy(-)=0, Vjyy=1V, Vo=30V 1.0 1.0 1.0 LA
Differential Input Keep All V,’s20V (or V7, if Used), 36 36 36 '
Voltage (Note 8)

Note 2: Short circuits from the output to V* can cause excessive heating and eventual destruction. When corsicering shor Circuits 10 grow: . U = jissiiiii s

current is approximately 20 mA independent of the magnitude of V.
Note 3: This input current will only exist when the voitage at any of the input leads is drven negati
sistors becoming forward biased and thereby acting as input diode clamps. In addition to this dicde acti
IC chip. This transistor action can cause the output voltages of the comparators to go to the V™ veitage level (or to ground for a large overdrive) for the time duration
that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was regative, again retums to a value
greater than —0.3V.

Note 4: These specifications are limited to -55'C<TA<+125°C, for the LM193/LM133A. With the LM293/LM293A all temperature specifications are limited to
—-25'C<T<+85°C and the LM393/LM393A temperature specifications are limited to 0°'C<Ta<+70°C. The LM2903 is limited to -40°C=T47+85'C.

€.

www.national.com 4




ULN2001A, ULN2002A, ULN2003A, ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 - DECEMBER 1976 — REVISED APRIL 1993

HIGH-VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS

500-mA Rated Collector Current D OR N PACKAGE
(Single Output) (TOP VIEW)
High-Voltage Outputs ... 50V U
Qutput Clamp Di ' 131 16] 1C
pBtates 2B[] 2 15[] 2C
® Inputs Compatible With Various Types of 383 14]] 3C
Logic sfls  1304c
® Relay Driver Applications 58[] 5 12[] 5C
@ Designed to Be Interchangeable With 6B[} 6 1flec
Sprague ULN2001A Series 780 7 0[] 7C
L Eljs sl com
description

The ULN2001A, ULN2002A, ULN2003A, and ULN2004A are monolithic high-voltage, high-current Darlington
transistor arrays. Each consists of seven npn Darlington pairs that feature high-voltage outputs with
common-cathode clamp diodes for switching inductive loads. The collector-current rating of a single Darlington
pairis 500 mA. The Darlington pairs may be paralleled for higher current capability. Applications include relay
drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), line drivers, and logic buffers.
For 100-V (otherwise interchangeable) versions, see the SN75465 through SN75469.

The ULN2001A is a general-purpose array and can be used with TTL and CMOS technologies. The ULN2002A
is specifically designed for use with 14- to 25-V PMOS devices. Each input of this device has a zener diode and
resistor in series to control the input current to a safe limit. The ULN2003A has a 2.7-kQ series base resistor
for each Darlington pair for operation directly with TTL or 5-V. CMOS devices. The ULN2004A has a 10.5-kQ
series base resistor to allow its operation directly from CMOS devices that use supply voltages of 6 to 15V. The
required input current of the ULN2004A is below that of the ULN2003A, and the required voltage is less than
that required by the ULN2002A.

78

logic symbolf logic diagram
i 9
9 >— COM
CLAMP |<——— COM AN ®
1 - s 16 g
1B > S P AlC 2 15
o L2 { A 28— ¥ ¥ 2C
3 14
38 —— 3¢ 2 l ~a A
apy 2 N GO 3B DO ® 36
5 12
58 P 5G 4 < 13
- 20 JP 4B — SO-——— 4c
7 10
78 > 7¢ . I P—e
58 >O @ 5C
T This symbol is in accordance with ANSI/IEEE Std 91-1984 X
and IEC Publication 617-12. 6 [ P 11
6B DC < 6C
[ P 10
{>O © 7C

Copyright © 1993, Texas Instruments Incorporated

PRODUCTION DATA information is current as of publication date. "
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ULNZ2001A, ULN2002A, ULN2003A, ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 — DECEMBER 1976 — REVISED APRIL 1993

schematics (each Darlington pair)

COM com
Output C
Output C
Input B Input B
E
72kQ 3kQ E
ULN2001A ULN2002A
COoM
R Output C
Input B
ULN2003A: Rg = 2.7 kQ
ULN2004A: Rg = 10.5 kQ 72kQ - 3kQ E
5 /‘L
ULN2003A, ULN2004A
All resistor values shown are nominal.
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Collector-emitter voltage ... ............. T i VA, R Y g ARV AY NN R T 50V
Input voltage, V| (seg Note=t) L .. 1252831528 - W/ Gy  \Wn 157252828~ L - arm- 1 - - 30V
Peak collector current (see Figures 14 and 15) .. .. ..ot e 500 mA
Output clamp currentl lpke®. - - - #2527 AT\ .8 . 0 OO LLLOLOMN, € 70 J1, ey ... 7. 4. 8 500 raA
Total emitter-terminalicurrent ... =0 1L . W S A U LS L -25A
Continuous total power dissipation ... ... .. o il See Dissipaticn Rating Table
Operating free-air temperature range, Ta  «. ...t -20°C to 85°C
Storage temperature range, Tatg - ... «---.o il —-85°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...... ... ... ... ... .. ....... 260°C

NOTE 1: Ali voltage values are with respect to the emitter/substrate terminal E, unless otherwise noted.

DISSIPATION RATING TABLE

PACKAGE Tp =25°C DERATING FACTOR Ta =85°C
POWER RATING ABOVE Tp =25°C POWER RATING
950 mwW 7.6 mW/°C 494 mW
N 1150 mW 9.2 mW/C 598 mW

“’P TeEXAS
INSTRUMENTS
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ULN2001A, ULN2002A, ULN2003A, ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 — DECEMBER 1976 - REVISED APRIL 1993

electrical characteristics, Tp = 25°C (unless otherwise noted)

PARAMETER HEST TEST CONDITIONS bl i e UNIT
FIGURE MIN  TYP MAX| MIN TYP MAX
Vi(on) On-state input voltage 6 Vcg=2V, Ic=300mA 13 Vv
' I|=250 pA, I =100 mA 0.9 141 09 1.1
] Collector-emitter — — =
VCE(sat) saturation voltage 5 I} =350 pA, Ic =200 mA 1 1.3 1 1.3 \
] I} =500 pA, Ic =350 mA 1.2 1.6 1.2 1.6
VE Clamp forward voltage 8 IF =350 mA 1.7 2 1.7 2 \
1 Vcg=50V, ;=0 50 50
SCEX Collector cutoff current Vcg=50V, {1=0 100 100 uA
2 o
TA=70°C  |v;=8V 500
. . VCce=50V, Ic=500uA,
loff) Off-state input current 3 Ta=70°C 50 65 50 65 HA
1y Input current 4 Vi=17V 082 125| mA
VR=50V, TA=70°C 100 100
R Clamp reverse current 7 HA
VR =50V 50 50
Static forward current . o =
hFg HFARSISEFatio 5 Vce=2V, Ic=350mA | 1000
Cj Input capacitance V=0, f=1MHz 15 25 15 25 pF
electrical characteristics, Tp = 25°C (unless otherwise noted)
TEST ULN2003A ULN2004A
PARAMETER TEST CONDITIONS UNIT
FIGURE MIN  TYP MAX| MIN TYP MAX
Ic =125 mA 5
IC =200 mA 24 6
v On-state input volt 6 Veg=2V o A i Y
n-state input voltage =
) g ¢ 22 lc = 275 mA 7
Ic =300 mA =
}lc =350 mA 8
I} =250 pA, Ic =100 mA 0.9 TJ 0.9 1.1
Collector-emitter 7 s
VCE(sat) satrabionvoiiagh 5 I} =350 pA, I =200 mA 1 1.3 1 1.3 A
1f =500 pA, I =350 mA 1.2 1.6 W 1.6
1 Vcg=50V, =0 50 50
ICEX Collector cutoff current 7 Vce=50V, |11=0 100 100 UA
TA=70°C  fwy=1v 500
VE Clamp forward voltage 8 IF =350 mA 1.7 2 1.7 2 \%
y . VCE=50V, Ic=500pA,
li(off) Off-state input current 3 TA =70°C 50 65 50 65 UA
V=385V 093" 4135
] Input current 4 V=5V 0.35 0.5 mA
V=12V 1 1.45
VR =50V 50 50
IR Clamp reverse current 7 pA
VR=50V, Tp=70°C 100 100
Cj Input capacitance V| =0, f=1MHz 15 25 15 25 pF
%3
EXAS
INSTRUMENTS
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ULN2001A, ULN2002A, ULN2003A, ULNZ004A

DARLINGTON TRANSISTOR ARRAYS
SLRS027 — DECEMBER 1976 — REVISED APRIL 1993
switching characteristics, Tp =25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
tpry Propagation delay time, low-to-high-level output . 0.25 1 ps
- " - See Figure 9
tpyy  Propagation delay time, high-to-low-level output 0.25 1 us
: o i Vs=50V, Io = 300 mA, )
Vox  High-evel output voltage after switching See Figure 10 Vg-20 mV
PARAMETER MEASUREMENT INFORMATION
Open  vee Open  vee
ICEX ICEX
. S Vi <+—

Open

Figure 1. Iy Test Circuit

Vce

vic

Open

lioff)

_Fig-ure 3. '|(°ff—) Test Circuit

Open
Ic

;
!

NOTE: ljis fixed for measuring VCE(sat). variable for

measuring hpg.

Figure 2. Icgx Test Circuit

Open

Figure 4. I} Test Circuit

VIon)
L

Figure 6. Vyon) Test Circuit

&
:

Figure 5. hgg, VoE(sat) Test Circuit
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ULN2001A, ULN2002A, ULN2003A, ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 — DECEMBER 1976 — REVISED APRIL 1993

PARAMETER MEASUREMENT INFORMATION

V|

R
VR
Open

| Open

||}-—-
P

Figure 7. Ig Test Circuit Figure 8. Vg Test Circuit
Input fo% 50% 3'(
| |
4 teuL l¢ tpLn >

| |
¥ 0, . (LA
Output R% g 7M—

VOLTAGE WAVEFORMS

Figure 9. Propagation Delay Time Waveforms

Vs

Input
£ 2 mH
ULN2001A only [ —————
2.7 kQ 200 0
—RAA— ¢
Pulse
Generator —_——— Output
(see Note A) ULN2002A | |
ULN2003A LOLAPUION, @ T e1E 15 pF
ULN2004A 2122 (see Note B)
TEST CIRCUIT
— | <5ns —» e <10ns
| A S )1/ %0 P — V4
Input I 90% 90% | (see Note C)
I 4 15V 15 vKl!
10% V| 1N 10%
I N Y . —— ov
. VoH
Qutput
———————— VoL

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zg = 50 Q.
B. Cy includes probe and jig capacitance.
C. For testing the ULN2001A and the ULN2003A, V| = 3 V; for the ULN2002A, Vi = 13 V;
for the ULN2004A, V|4 =8 V.

Figure 10. Latch-Up Test Circuit and Voltage Waveforms
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ULN2001A, ULNZ2002A, ULN2003A, ULN2004A
DARILINGTON TRANSISTOR ARRAYS

SRRSU2T - DECEMBER 1976 — REVISED APRIL 1893

Vee(sat) = Colleotor-Emltter 8aturation Voltage - V

25

1.5

0.5

0
0 100 200 300 400 500 600 700 800

TYPICAL CHARACTERISTICS
COLLECTOR-EMITTER COLLECTOR-EMITTER
SATURATION VOLTAGE SATURATION VOLTAGE
\E Vs
COLLECTOR CURRENT TOTAL COLLECTOR CHJRRENT

(ONE DARLINGTON)

(TWO DARLINGTONS PARALLELED)

Ta =25°C

AN

£

//

Ic — Collector Current — mA

Figure 11

Ic — Collector Current - mA

500

450

400

350

300

250

200

150

100

50

25
3 | |
2 TA=25°C i
© = 250 HA
s 2 4
Iy =250 pA < I =350 pA
I} = 350 pA 3
I} =500 pA | — % 15 / //
w /
[}
£ =" = 500
— %,//‘ =1 s
i —
S /'é
O
2
S 05
)
5
)
g o
> 0 100 200 300 400 500 600 700 800

Ig(tct) — Total Collector Current — mA
Figure 12

COLLECTOR CURRENT

VS

INPUT CURRENT

RL=100Q

I Ta =25°C

2 T
Vs=10V //

/'/vs=sv

0 25 50 75 100 125
I} —Input Current — pA

Figure 13

150 175 200
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ULN2001A, ULN2002A, ULN2003A, ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 - DECEMBER 1976 - REVISED APRIL 1993

THERMAL INFORMATION

D PACKAGE N PACKAGE
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
vs vs
DUTY CYCLE DUTY CYCLE
600 €00
<
£ 500 — < 500 Y <
=

“!:, \ \ \ 1 \ \\ \ N=2 N :\
g \ \ ki g 400 \ \ o
5 400 N AV N=4 = T
s \ \ N=3 3 \ \ \ N=4
g WAN e 2 NN ~
3 \ N 2 ~
2 300 N N - g 300 N=5—— < &
S \ \ Pl = 3 N=6 _“?Q\\\JK\
E 200 N=7 \\\ \\ g 200 \\:_\\:\ ~—_]
{'5 N=5 \\Q \\ _ = '\1\:.~_
n \% I — = P ——
o 100 Ta=70C ~— 1 100~ Tp =85°C
B N = Number of Outputs [\ L N = Number of Outputs

| Colnducjting §imu!tane?uslyl = | Colnduc'tmg ?imut!tane?usry‘

0
0 10 20 30 40 50 60 70 83 S0 100 0 10 20 30 40 50 60 70 80 30 100
Duty Cycle — % Duty Cycle - %
Figure 14 Figure 15
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#R2001A, ULN2002A, ULN2003A, ULN2004A
#1 INGTON TRANSISTOR ARRAYS

w7 — DECEMBER 1976 — REVISED APRIL 1993

APPLICATION INFORMATION

ULN2002A v Ve ULNZ2003A

Output =
Figure 16. P-MOS to Load Figure 17. TTL to Load

Vpp ULN2004A Y Vce ULN2003A v

L T

T

DO A & g 12| ¢
g .m .
LA

Figure 18. Buffer for Higher Current Loads Figure 19. Use of Pullup Resistors to
Increase Drive Current

@

@

L 4

g Eal
- ———
= Cutput =
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