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NAVIGATION SYSTEM BY ULTRASONIC SCAN
FOR ELECTRIC VEHICLE

Mr.Somsak  poolsawat
Mr.Sakkapan claydokjan
Dr.XKitipol chitsakul  Advisor
1998

ABSTRACT

We have developed the “ NAVIGATION SYSTEM BY ULTRASONIC SCAN FOR
ELECTRIC VEHECLE ” for our existing vehicle. With the system, the vehicle can be driven with
two modes, automatic mode and semi-automatic mode. The heart of the system is two ultrasonic
sensors used as transmitter and receiver the wave of 40 KHz. By continuously scanning, the
transmitter and receiver in all direction, the reflecting waves contain the information of position of
the obstacles around the vehicle. To obtain this information used for driving control, however, a
micro controller (MCS-51) is needs in our system. The direction and distance of the obstacles

detected continuously monitor on a LCD and used for command the directions of moving vehicle.
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fumia SFH wihu 135 Sane A $rludwmis sFH T 80 o A1 80 vzgaiiulu A

2.1.3.2 Bit - Addressing RAM
A o A Y a g v A YA 1o v -~
Tu Mcs-51 sgiimbwanuiinaunsaddadeyaluszduialddumdumis 208 fa
, v
2FH 5% 16 ¢ Taga13150 SET, CLEAR, AND ,0R 114a09n1a $1uudiaf1daulavanua

!lvy

° a a (4 a o v oA o o
ﬁi]'l‘H'J'u 128 Us (8U® X 16 vhJﬂ )5’1ﬁmﬂﬁmmummﬂuﬁ 67H 's’f’lﬂ'ﬁﬂﬁlﬂuﬂ']ﬁﬂvlﬂﬂ\iﬁ

SETB 67H

2.1.4.3 Register-Banks
' o dq @ aa sad ° ' P '
wihvanuieyameluildifuyediames itanua 32 dumis Taveedl 4 ga usag

A A 4 o A &£ P T o 1 ' J
YAN JINANDT 8 A2 AD RO ©19 R7 Tﬂﬂwﬂusﬂ%zaﬂumuwm 00H - 07H ﬁ'mm%xmummn

9

[ T

b4
ANYIUS O5H n1sﬁu'15'"lus%ﬁma§A seiou Tdsunsu idaedl
MOV AR5

msdradums 9219101 Register Addressing Fawiavessiamidaeziivug 1 lududdd
Grusdaiiu MOV A0SH woft IS uszmiousuudnms@ouiuyiaudaaiuniasid v
fvuna il 2 Tod Fusilduaveallsunsuenniwuuusn lunsAnrefy Register Bank
Y imransodentd Bank lauendivl 18Tavn1sdeudoyn il Program Status Word Seaglu

o ]

1 o
dauvesTimaeslansufiey W $111sunsuld Bank 3 wendiv szdhedoyasinitames A

e

-

Tndwms 18H lAdail
MOV RO, A

] " Y 4
&' laisinsi@on Bank szidlumsandenuStanes Bank usniaue
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2.1.4.4 S3mmesansuriay (Special Function Register)
Tu MCS-51 S szldmiteanusr RAM mwludw Tasdumiluiiy Fawes
NiAY (Special Function Register : SFR ) Fefivanun 21 %2 Tae3Taumed ey @199 weiSudimiae
AU IELA SOH e FFH Feiianun 128 fumis uiveihdiamedieisufien s 21

A uadutlu 8032/8051 9219 26 A1niie visoll SFR 26 A2

Program Status Word
a o o y 1 ' 1al o 1 & @ o
Fimaes diliSondeq 11 PSW azegiidmis DoH Faerunsadnddoyaseauiala

9

Ay d q’l, df o v I'd
TagSamewnidudusnaniizaie vee lulnsneulnsames

1in Soin RUHUS AMVHUY
PSW.7 Cy D7H Carry Flay
PSW.6 AC D6H Auxiliary Carry Flag
PSW.5 FO D5H Flag 0
PSW.4 RS1 D4H dadmsudonsdawesuuen da 1
PSW.3 RSO D3H dadmsudonsdanesuued in o

00 = Bank 0 ; Adress 00H-07H
01 =Bank 1 ; Adress 08H-OFH
10 = Bank 2 ; Adress 10H-17H
11 =Bank 3 ; Adress 18H-1FH

PSW.2 ov D2H Overflow Flag
PSW.1 - DIH
PSW.0 P DOH Parity Flag

A195197 2.2 uerasdinuazniinasg lu psw

J
30m003 B (B Register)
J 1ol o t ] o [ a S
Fimaes B ezagidumis FoH vesmbeanudeyamelu dustamesnannse

o @ = ¥ [ [ 4 ' o o

aumll1d Taoia1153amesiies 1dqgamonisiusiames Accumulator umsiimids
& a A o & o 9 ~ =Y 4 aa o a3 J

MUL AB daiflumsgauny 8 Snlasfinadns fildezlvua 16 On §930mnes Aszinue 8

a o [~ ' a ° o o o o !
Had uag3vanes B wify a1 8 da ge dmSumsmis launisihdiide DIV AB Tavaalu A oz
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o o - ' y
gnmsdae B wadwid ldesiiu 13Ty Siawes A Taw B szifuduauinmsms Smned B il

9y QR 9 v A L3 [ a & o ] 2
mnwmmnwegasmuum"lﬁ Tﬂﬂﬁﬂlﬁuﬂ‘ﬂﬂﬂﬂﬂﬂﬂ AU FoH 09 F7TH

Avaunn (Stack Pointer )
Stack Pointer (SP) iuS3aines vwm 8 fa egidwmis s1H madsuaudrlud
Y Y [ Y
AWMLY SP F0gH 38091 “ Pushing” A1MFVN158 AN SP ¥oy (5Un71 “Popping “ A1UB4 SP
A4 & 4 a 2 & 1 g

sinuiunilsnouiiezloudeyansly uazezanamiluliosudeyasenuuda wisTusunsy
o o o = o .J’ ) [ t P o
Misde cALL s ldiSamesaunailifumidumusduvesTsunsy (PC) aoufiveiilysunsu
t i o v o [ o a a ° .
douiieyi 1sunsugouaTudrvsauamiuauanlvinu Pc mudy Tavind a1 PC szfmualy

¥y
@&

oglu RAM mwlu drdoamsInil SP Suiiduvia 60H sxAvadsusrdedsii
MOV SP, #5FH

o @ [ 4 o T t 1
m3ouiidednauud dduwes 8031/8051 sfumauanld 32 byte INs1zIMUE
o Q” H 17 o - 1 o A Q. 4
Auswes RAM nwluse@ugail 7FH uadusidmuald sp Ity SFH dazisuldaui
o ] \J o é 1 a s
Amus 608 dmn MCS-51 gnsiam 1 SP szgafmuamaiiu o7H dseziiuldiniudy

d‘ ﬂg T o 4 J
Register Bank 1 1111091 i00auuLAY 92A0919 Register Bank 1 #20n355 muan SP idonou

S0aines Data Pointer (DPTR)

aa o’::‘ Y o [ go ® o A Y v ° g Aa J
F9aaes U lgdmSusdumussde TsunsunTedeyalunisanui laailuivmnes

o é " Q) d I 4 = l;
v 16 Ta dulszaeylUfgitames 2 d1 A DPL dumisit 820 Taaziuilu 8 da ¢

o t g a et ‘e o & o o e
tag DPH fumiedi 830 Tavezifus1 8 age Siawesnaesiiivzsudadunaeiiuiia
wos 16 9n dvndosmsaziue ssH lulfdumisvemisanuideyaniousndumiai

v
1000H vz@ou sunsy 1adede Tadl

MOV A #55H
MOV DPTR,#1000H
MOVX @DPTR ,A

o J ° ' . . 2 g ~
1“‘]}55ﬂﬂuiﬂﬂZLﬂUﬂ—]ig‘Nﬂnlﬂu\ulUU Immediate Addressmg PIVSINUAT S5H ﬁ\’ius

¥ L ]
Sanes A douvzifua 1000H asluSSawes 16 99 DPTR ied luRdumiantiaeanus
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Y d' o ' . . é !
UITNan 3 fazri'luﬂ1351wumumuu Indirect Addressing qmmﬁ‘nﬂﬂu A f9 55H asly

1 t4
Awmief DPTR Fogfodumiie 1000H

d d .
S3aABs NN (Port Register)

1 d 1 1 o 1
Tu Mcs -51 Avewesnznines Amvsmmitsanuidis mndsamsdedoyasen
a o g 1 A g/ at [ o 0 v o [ 4 o’: 1 Yy ¥ P 1
ull]‘YlWﬂi'V] ﬂlwmum‘uuuvﬂga"lﬂﬂﬂu'wﬂ'mJmmtmumwaiﬂuuﬂg UAZDIRBNNIINIT 01U

9 4 g a (A 9 o oA 1 o o n’: i o
YOYAVTINNDIN NIWUILRADTUVBYAVINAUUNUINNUWATINIINWBINUUDY Tu MCS-51 WosN

1d o 1 4 t

0 9zayfiduniia 80H Wosn 1 awogfiduiniia S0H , wosv 2 szegfidiumis AcH tazwesm 3
azogiimumis BoEmoin 0,2 uaz 3 Taeialudaes lilddmnduiiumsaadofumiaeany
$1moueanselfifuneiniiey (Fu Interrupts , Serial Port , 4184 ) Tavindudezld wein 1
Tumsdndefumissanuinousaweinynnesnannsadndeyaluszduiald

= 1 @ o @ a dy Yo o a g v a 9/ [ =Y
ﬂ'lﬁﬂﬂﬁﬂﬂUWﬂiﬂclui%ﬂ‘]J‘Uﬂu E]'lﬂﬂ31‘Bﬂ1ﬁ~1ﬂ15g’]\iﬂ\i‘ﬂﬂlﬂ!ﬂi%ﬂﬂﬂﬁqﬂ UUR 709

3
.Y

£ 4
‘Wﬂgﬂ 1 AsadMHeTzAL AR AMNUL 97H mm%uﬁma"lé’mu CLR 97H

S2aimes (301 (Timer Registes)

4 | ¢ A o o o as
1 MCS-51 o5 8051 92iiFTanes RldTuuaziunavuia 16 4 2 @2 Ao Timer 0
|d' o ] o 1 té (;
agfidumia sAH waz sCH Tausiumnis 8AH vanufia TLO Fevzilu 8 luddh uaz sCH e
aa It @ s v 1ed o ' °

e 8 ludge THO Siamesdndafe Timer 1 Taouniuilu TLI agndumis 8BH diuludd
1l o ' di ' Y 5 Y o ° o o

waz TH1 ogidumis sDH duluage msld Timer szdvsimuamsihomliiiames

A 14 o 1 ' & [
TMOD (Timer / Counter Mode Control Register ) #sagd i 88H tdunou dasz landinlu

unae 11/

d d
3910035 WOINDYNIU (Serial Port Registers)

&

~ o 4 . 1 a 4 P Qs
MCS-5192na3 Ny udemsaynsy (Serial Port ) ogneludn Feaunsofissiunie

U o '

1 [ 4 2 i
sfoyn 1ATnvAnrer S aInes SBUF (Serial Data Buffer ) deayfidumia o9H Tasdh

Be O

1 b4
pamsdsdoyauvuoynsuliidondoyaliifimnefii @3 Serial Port annsolusunsyld
° ] sy o . . o '
Yi19u'1d 4 TnualasTusunsunius3ea@os SCON (Serial Port Control Register) A9 98H

A U 1 %
Faaznareo lunends
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d d
59am03 DuNBSN (Interrupt Port Registers)

¥y
MCS -51 913130 Interrupt 18 5 @utnrialaoll 2- Priority A2 Interrupt f192QA Disable
@ - o s A 1%} Ao o A o '
MA99INTTUUYNT A UAZ9% Enabled nasoni@oudoyalifizicmes 1B niodumis AsH

o w o { J o T 4 ' 1
Suanudvyaunsoaa 1d053ames IP nSodwwis BSH Feznande lumewnih

Power Control Register (PCO

alat 4 ' o ] ° t
F9ames PCON egiidwnua 87H ldmgamsihiuves  Mcs-51  Tavssvgatiy

ar

[ ¥
gaanEmIdszuy dlddoyanng molu Mcs-s1 hifimsulasunlasuenaniitean

wasau WihAne 1 Mcs-51a3de

t!lci (% t& v/ v =\
2.2 ﬂiﬁ;]!ﬂﬂ’)ﬂ‘l]ﬂﬁ‘l—!ﬂﬁﬂiﬂﬂiuﬂ

' & as & wa £

(] s o ° o o o 1 Aq ¥
l‘i‘."lnlﬁ'luﬂi“ﬂﬂﬂﬂﬂ'lﬂ UBYNHUUIVIITSUUUIINUBITNAAUND WI‘HUﬂ LSRR ﬂumu‘ncl‘n
Fmduaztousuingdsinuemeqiieiiieg Iiuerdyanaficetoundunauiin

q

D

3
A

o/ S @ o 'N &
ﬁq;npmm&mmsummumsﬂNmmmmmaauﬁamiu ageannsaya laduilunsiia

] 33 & A o @ J’
VDIVIN UYIUAUULDN “lNﬁJﬂaﬂﬂ']iﬂx‘lﬁﬂllllu

U a 4'! o Y o\
2.2.1 f}ﬂ!ﬁ'&l‘ﬂﬂlmzﬁiiﬂ‘lﬂﬂ‘ﬂﬂ\iﬂﬁﬂﬂﬂiﬂ%“ﬂ

LY o 4 J o 1 o
wanmsvensazieunduvesnduides fle Nadussnasnuezgndioenuinndads

[y

o @ o ] o Ao 3 v @ o ar {
dlnsznuduiaguasiuusdiussasieun hindadedae uamslingiiudsuimine

au (Suitable) zeansoiumsaztounduvesdayaat (Signal) 3o i lumsiAunaslu

y
ar

91017 mmiﬂﬁ%zﬁmamizuzmﬂﬁ' mﬂmzuumiﬁﬂm5aﬁssn‘mﬁvmﬂﬁu‘nzmmsﬂﬁw

Tidh o lunmni lilsegadldldedagndes

A o o
2.2.2 aaudanslain

aausani lutln Ao aaudsenlinnudguiufiyuypde 18ty Taovialdudayuyud
. ] s T
seauseldsuaduanulssuna 20Hz 89 20 KHz aaiuudlnaudaniilaiia Savuida

H
L=

aawdvenfianudgendt 20KHz sude 10° GHz Teeaduflinnudgend 10°GHz  uaz

¥

a ' J d
uouilaga(Amplitude) g3 9 sziSonn “lawlosanua”
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~10° GHz
PRETERSOUND or MICROSOUND
(previous) called HYPERSOUND
4 ~500 GHz

Ultrasonic cleaning, ~ 20 - 40 KHz ULTRASOUND
Grain refiloment in metal, ~ 40 KHz (previous) called SUPPERSOUND
Scattering in cast iron ~ 500 MHz

1 ~20 GHz
Sonar ~ 102- 106 Hz

AUDIOSOUND
H ~15 GHz

INFRASOUND

s 24 uaasderaearuden q Agnilyldau

b2

2.2.3 yiiavssnaudanilaiin
d' [ Y = n:;n td‘ ] Y] 1 a o Y é o
aausand laianfufinmsnudnaidy q  Ivasyiadlsiuduanauazyiauan
v v
aefumumMIniouvedtoymialudanainiy
2.2.3.1 AU (Longtudinal Wave) Ao adusymadinaiiinmsniiou

A lufiememsmasuiusenau

1fi 2.5 uEmednyEAIAANAUAINGT
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]
A ]

g 1 A Aﬂ A o . & da o
nnjtesmuniduniiuaausaCompression) FINABAAUYNYBIBYNIAVBWINAN

oY o A . P=) A A o a v o A o 1
finnuduge nazaduvey (Reaction) AoAdUNBYNIATBIRINTRIANUAUAWAHIBIIAIYES

) { P o 4 Y 1
anusuinfsumuszezman@eunives 183daned (Sine Wave) Tnsveanduvzasnudin
Salas RDIN AL ZATITU ANV STESNITENINEIUTADITIUSA NS o UVEERIdIUVIY
P~} 4' r=} [~ é L dl [~ qs/’ = L

a9 1 anueady uazimunaudu (7) Fumndy 1/ Tlesganaluunuiulinnuaulussons
A A A A & A A A
2.2.3.2 AaUMUY S (Transverse Wave) fID AAUNNNNIAVUAAUUNIIANDUN

v ¥ ] [ ] v
Nlufaniafidaninfufisnienisindousiaausiafiszfunadiudnarsnlivuiniinais

d A 3

Tnginivuavesnnuendutasmusadumeiudnaefiduvewdenduyiiaily

a e aa o & Y
asadumehudnaeiduvewduazma 1a

4 o o A a o & & ﬂ A v P

adumuveisnraziaiiounsifadiautastivindul umguandinisidasy
2 ! g 2 M 'n’l’ o a § A 3 i
sumsveseymaduhlufimmedousu  lussnuidsndufitneuesniuiiadoui

Y o a A 4 A 4 9 a 4 a d
nndusuiavesadumurnaiuiuinihiSsuvessununfanama/asuulasveseynin
o A ' @ 1ogd A A A
Suidloaainmsunie  anunivesdInanees lnffeunlaslasmandeunvesnduuuy
< 4 a y ' < 4 a { a '
auue AU vesnduriatdesaiinnuswesnausiaaueny luvaeidunrim
v

Sananwilamenty sulufinnud@esuanugnaursnauaIuYTiesnadua Il

YNUTUD

auy Wi

-
e
A

FUNUNREN

51/ 2.6 nEAsAnyMEMIAAAAUANYIN

g =y 4 a & A 14 [
2.2.3.3 AaufInIN (Surface Wave or Rayleigh) fio AaurHaArdeAnAdIiY

4'1 J o A P o 1 v d) - =Y a n’;’ [
aAumuIe szeafuasefihmsalfeudumieseynia e ludianeidanindy
P a A a a A Vet A A ~ v a A a9 2
Femefindoufifissetnufer uaimsn/asundadlunamaaeiduiirnemsindeunads 39
] [ ] Y ' a >
tldadundoud luamszuuluuuaneoy  fwemgindusufumeinuldmwmzuuiivesds

9
ABNUNINY
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22.4 guauanmagyvesnaudandilaiia

aaiantia laoia lvesndu@eanzuandld 4 uyvdie

2.24.1 MIUNINTOAVDUTE (Interference )
A Lo o 4'{ d’l é’ d‘ o s
mIunsneaveadouinnnmssiuuesndy 2 aduinly vaziliowudulud,
g A o = i
na9(Medium) 1Roafu Fuhliifianaldnawdnuazie
o J A4 a /d a A da A o
n). Mstlad (Beats) vosndudoauiiudsingmssinidasinmsswniuiifinnudaedu
v o ¥ PR s a < Y V& o - H
niemalatundoud l ludnarsfoaiuudrsuiiuaiuln doihlduewldganiaen’ly

autaalugii 2.7

& a ¢ A4 &
311 2.7 uamsmstiaAuesnatudss 2 nau

+ ]
A A

] ¢ 4 & a i <4
nngth 27 Aumsuaasdadvesntiufen 2 adu dendunlivenyagauaou las

1 ¥
15z Tsaivosmsiadvesnauiiy sz ld1FlunmsulSsufsuandvesnauliuaasmassnun

o AN 1
1uaﬂymwe\meuﬂagﬂmmnmaﬂuu

%) M3IAAAAUTY (Standing Wave) a8 InMsumsnaeavasnauganiiienyagam

q

o d‘ [ =Y @ Y A A o Y A o 9y a A’ a' LYl
AULDSANIUDININY Lmnwﬁmqm\mumumemw'dmaﬂu‘um mazm“lmﬂﬂﬂaumm;ﬂ

- P Y v Ao ' P o o ' & v o 2 '
L‘dtlx‘i%zltﬂ’J”liJL‘lluﬂJuq\?’c’Iﬂﬂﬂumud fl. LlﬂZLU']ﬂfIﬂwﬂ']uﬁuQ Y, PITLYLTSHINNUYING 2 N

fU d=A/2 M¥SBL=n(A/2):n=123

MAAN

N

51/% 2.8 uansdnuazmaNanius



BIRANONMNON  wiysounmmanszy

v [1 v } 4 [
2.2.4.2 M3REIUUYBIAAMETEN (Diffraction) Ao AAUIABIIZAIUDUSDUAS
=t Ad o [~ A & d ::’ aa o @ [
Anvnenlanvazdluyuvieseway dedsingnissiiguiingludinlsesriuegaasana
] ot g P A =S Al a g =t ] 1 [~
wu Tunsdifun ldoudvumssoNoganazyuauuvesin nsensi ldguissanaruyeadn

4 o
q 1Indnreani dwaaslugy

\

Y
R &8

D

NAA

= [y A a - T & [ 1 o A W '
Ell‘l’l 2.9 HHANANHUS VDI ULTYINANIUBBILLIATL € %mﬁmuLﬂmmmmmﬂmiwu

2.2.4.3 M3azNouvaInaNIAe (Reflection) adwdssTnIoaznouldiionn
- { o o =) é { o
nsgnudnan lngyuazdeu wazsziliifaiesdos (Bcho) udvetosiazounduanly

a ' s q ¥ Yo a4 d oYy
IAINUINTT 50 ms %3qﬂ']Glﬁw']l’lﬂﬂulﬁﬂqulﬂuﬂquﬁ@\j

H * ’ @ ‘ d
U 2.10 yeraaiilendunnaunssnudunnfidludunass

A & Y o a A Vo
ﬂau'ﬂﬁzﬂﬂuﬂﬁ‘ﬂ”’msNﬂaul'ﬂu')QﬂﬁNﬁfuﬂu
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2.2.4.4 MINNNVBINAUTLR  (Refraction) AAUIAIAULDAUNIHIUA NG
1 L} .Y _ 73 4 é 0 i { 4
fanunuuaRfuIzAamsinmuendy  seihldanusvewmiudoaddould  Teofi

ANuDgIneey

Warm

Cold

A
L

P o A a o Aa o w
zﬂ'ﬂ 2.11 l!ﬂﬂﬂﬂ'ﬁﬂﬂlﬂﬂl'ﬂ\?ﬂﬁulﬁﬂ\ﬂuﬁ')ﬂﬁ']\’ﬂﬁﬂ'ﬂﬂﬁu‘llluHﬂ'Nﬂu

2.2.45 mipandusaniladia sandi lafindunauiinannmsnlaouuag
wisengUtuldundundsnunalasmsdu lhnvieRanamsndsumdsa ihsunds
unaldifanduiusanti Tadanszawenn W luome duhiedo 8 niuiRaauiuadu
Aa(MechanicalWave)  daad1latiacnsnadieldlaedmsuaduses éazﬂuqﬂﬂstﬁﬁi%
isumdenu fhidumdsnuna nanasadinaeisad

LuvuileTadaansa (Piezo-electric transducer) Fatas lhnsenandesn Infhuaz
wiseruna Taefianudis Twusinsiiogaimils

2. wuuniTnaasafil (Magnetrostrictive Transducer) Fatfasuutlasliunszndn
wi s i luvaaresudminnuevosnumEnfiruvanany

3. udion Tnsan3aiivl (Blectrostrictive Transducer) datlasluinsenandaanu'lv
fhinundanuna

-

o Y- a a  d P s a Ay ]
*  gwiudleTetmansadlunuuitdeulsmsiziisnagn uazmyedw

2.2.4.6 ANUDBTANNENINGY (Frequency and Wave Length)

o A o = P 04 1 o a & & a a A
A0 AD %mau‘ummseaﬂmamw%fm1;,samnLmaammﬂﬂauﬂw“luﬁummmau

ngndannaunasiuiiassduniesdasnnudifeaiu
4 { & a 3 o J a
AWEIAAY  AD  SToEMERRRUAUNRIENINMSduRauy sl enMSIANNeATY
<& ! 1 4 d ' o 1 VoA
wilaisey (1 Cycle) ansonan’ldhn anvemmduiluszeznieszninmssasideriie

[ v
(successive compression) N3OMTILIUNYBIDINS (rare-fractions) A1IOAAB AITAVTIMTUT
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anunutyves luagauazusunan s nuse q dumsnnuiduuSnummeiing
Aansaanunuuiuves TuanauazussuduRuSTuus Wuvess sMAlnd

anuatazaNeInAulauFuRUS fumuaunsTede

c=fA

o a
C: ANUSIVDINTIAUNN (/s)
f: anus) (Hz)

A anueAAY (m)

2.2.4.7 ANUSWeIndUdaRT THHn

g A o A = a a v o Jddqy o
anusH NweNsvvesniuluemengungidnannuduiusnlsezdudeauns

V =331.45+0.607t (m/s)

v: ﬂ')11]&%"J‘llﬂﬂﬂau‘1uﬂ°"lﬂﬁ'lﬁﬂ'lﬂ’lﬁ

t: guugivesniulueima

GAS Velocity (m/s)
AIR (DRY 0 1osftuaraido ) 331.45
ARGON 319
CARBON MONOXIDE 338
CARBON DIOXIDE 259
HELIUM 965
HYDROGEN METHANE 1284

P v w -] & [ ]
M1 WN 2.3 llﬁﬂ\?ﬂ')"“ﬁﬁ'ﬂ“ﬁﬂ'ﬂﬁﬁ?ﬂ]ﬂ\iﬂau‘luﬂ'l“]fﬂ']\ﬂ 9
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22483 namdsnuvesnausaniiladia
Ysuandsnuvesndudani Toiinvzgnialuslanuduvesniudand laddneed
] ‘]d_l [V a 2 ﬂ lll o [} d’l’ P =
wiedluniademsNeruamas (Wem®) uns IMausandsnusuiui 1 mnusufnng

& o v a a 4 a
FIAIRINNUNAN M TAUNINVeInaUTY 1 U

2.2.4.9 myaaneuvesnaudaniludia
4 3 v Y ° 4 . o a P
enuAumehudIng $1Adu (Beam) vosndudand1laiinszgaudonnuiduds
Havinnisgeenvesdnaudaniilailn uieiMannmsnsznondsnuveinausenINdIniy
q "t Y o = o/ o/ ! A ¥ o
iesnnany liseilotwesdinany  tazermfavInmsgadundsnudiuniiweniulaud
A A A o o P o dy o ;j o 9 1Y Y
nalindumdeuiIY wasuAgaduilszfsuilundsuaideu migadundsaunny
Y

& S f : : 2 i A daw &
foutivuagiudnyazvesing anuangutazaunuuniy saueanuduewnauily g

AUDGINAINUTIQNATUNIN

23 sanhlatiannuaduves
23.1 lnagmsaiiiluladaania

FyTadnansadhalnngmsalsssunfedimils Sohlindsnuamsanduuas
winginileluiudnginilald ndnfe drflounsinalfun solid cystalline dielectric Aalugald
2.12 AsziiannuAu(Stressynmelunsanen uazi Iiwinvesnsaneanagyllil 15y winalend
(Quartz) wanfeUszqdon 'y nsRnguisvesaniadiuna iianuduiusseniansunud
(Displacementyveatlszquanuazayluuanficdou lmasimuiivoslsegmelussifulsey
mMunenveafinsfudvensanea Send navesidleTaBiman3n (Piezoelectric effect)
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Tsunsumingumshauveansesinszazmanazyy

ORG 0000H
LIMP MAIN

ORG 0003H
LIMP INT 0

ORG 000BH
LIMP INT_TIMERO

ORG 001BH
CLR TRI1
CLR TFl
RETI

ORG  0100H

? ’

sexwererness RAM moludwimile 30H-40H 14151 Buffer mTuaaang LCD #+xsxxnsrns,

MAIN: MOV 30H,#44H
MOV 31H,#49H
MOV  32H#53H
MOV 33H,#54H
MOV 34H#41H
MOV 35H#4EH
MOV 36H,#54H
MOV 37H,#20H
MOV 38H,#3DH
MOV 39H,#20H
MOV 3AH,#20H



MOV 3BH,#20H
MOV 3CH#20H
MOV 3DH,#20H
MOV 3EH#63H
MOV 3FH#6DH
MOV 40H,#41H
MOV 41H#4EH
MOV 42H#47H
MOV 43H,#4CH
MOV  44H,#45H
MOV 45H,#20H
MOV  46H,#3DH
MOV 47H,#20H
MOV 48H,#20H
MOV  49H#20H
MOV  4AH#20H
MOV 4BH#2EH
MOV  4CH, #20H
MOV 4DH,#64H
MOV 4EH#65H
MOV 4FH#67H

3 H

; #******************djumgﬁiﬂi“ﬂjuﬁi%ﬁ‘]ﬂ%ﬂ SET UP LCD***********************;

CLEAR LCD CONTROL SIGNALS ;

CLR P23
CLR P3.6
CLR P37

ACALL LCDDELAY
MOV P1#30H
SETB P3.7



CLR P37

ACALL LCDDELAY
MOV P1,#30H
SETB P3.7

CLR P37

ACALL LCDDELAY
MOV P1#30H
SETB P3.7

CLR P37

ACALL LCDDELAY

SET UP DISPLAY IN DESIRED CONFIGURATION

MOV A#38H
ACALL WRITEINST
MOV A#O0CH
ACALL WRITEINST
MOV  A#O01H
ACALL WRITEINST
MOV  A#06H
ACALL WRITEINST

LCDI1:

WRITE MESSAGE TO DISPLAY
MOV R2,#10H
MOV A #80H
ACALL WRITEINST
MOV  R1#30H
MOV A,@RI
ACALL WRITECHAR
INC R1

DINZ R2,LCDI
MOV R2#10H
MOV A #0COH
ACALL WRITEINST




LCD2:

MOV R1#40H
MOV A,@R1
ACALL WRITECHAR
INC Rl

DINZ R2,LCD2
LIMP MAINI1

LCDDELAY:
LOOP:

DELAY , USED IN INITIALIZATION ONLY
MOV DPTR,#0000H

INC DPTR

MOV  RI1,DPH

CINE RI1,#0BH,LOOP

RET

b

WRITECHAR:

b

WRITEINST:

WRITE A CHARACTE TO THE DISPLAY
ACALL BUSYWAIT
CLR P36
SETB P23
MOV PLA
SETB P3.7
CLR P37
RET
WRITE AN INSTRUCTION TO THE DISPLAY
ACALL BUSYWAIT
CLR P3.6
CLR P23
MOV PLA
SETB P3.7
CLR P37
RET

WAIT UNTIL MODULE IS READY

b

BUSYWAIT:

MOV PI1#0FFH

CLR P23



SETB P3.6

SETB P3.7
BUSY: B P1.7,BUSY

CLR P37

RET

4 ’

seeex giquyes IlsunsuilddmiuaugumsinuldszuudeaiaunouduS YN+,

MAINTI: LCALL DELAY1S
CLR P27
CLR P0.0 ;MODE TWO PHASE
CLR PO.1 ;MODE TWO PHASE
CLR P03 ;CONNECT PULSE
WAITORG: JB P2.2,WAITORG
SETB P0.0
SETB PO.1
LCALL DELAY1S
LCALL DELAY1S
SETB EA
SETB ETI
SETB ETO
SETB PTI1
SETB PTO
SETB PX1
SETB ITO
SETB ITI
MOV TMOD,#00010101B
MOV THOM#0FEH
MOV TLO,#70H
CLR TFl
MOV THI1,#00H



MOV TLI1,#00H
WAITTX: JB P2.0,WAITTX

MOV 71H,#09H

LCALL MULI16BIT

CLR P0.0

CLR PO.1

SETB TRO

SETB TRI1

MOV R2#00H

MOV  R3#0EH
WAITRX: JNB  P2.1,0UT1

DINZ R2,WAITRX

DINZ R3,WAITRX

LIMP OUT2
OUT1: CLR TRl

LCALL DISTANT

MOV  A/70H

LCALL ASCIIDIST

LCALL ASCIIANG

LCALL DISPLAY

LCALL DELAY1S

LCALL DELAY1S
OuT2: SETB EXO0

SIMP §

2 b

sxeeeeeex 11 sunsutesdunesswn o Wuldsunsumdnlumsmszosmannzyursssessess,

INT_0: CLR TRI
CLR TFI
MOV THI,#00H

MOV TLI1,#00H



MOV 71H,#09H

LCALL MUL16BIT

SETB TR1

MOV R2#00H

MOV R3#0DH
WAITRE: JNB P2.1,0UT11

DINZ R2,WAITRE

MOV A#00H

MOV B #00H

DIV AB

DIV AB

DINZ R3,WAITRE

LIMP OUT22
OUT11: CLR TRl

LCALL DISTANT

MOV A/70H

LCALL ASCIIDIST

LCALL ASCIIANG

LCALL DISPLAY
OuUT22: RETI

2 3

1 a dor & o @ o 1 o
,weenrsrins |1 5N UG00BUWADT SN Timer 0 9@ MU mMuamulums Tarssssersnens,

INT_TIMERO: CLR TRO
CLR TFO
MOV THO,#0FEH
MOV TLO#70H
SETB TRO
RETI



2 ’

; *********************Iﬂiuﬂsndguﬁ"]ﬂguuﬂﬂqwauuﬂg LCD ***********************;

DISPLAY: MOV R2#10H
MOV A#80H
LCALL WRITEINST
MOV RI1,#30H

LCD11: MOV A,@Rl1
LCALL WRITECHAR
INC Rl
DINZ R2,LCD11
MOV  R2#10H
MOV  A#0COH
LCALL WRITEINST
MOV R1,#40H

LCD22: MOV  A@RI1
LCALL WRITECHAR
INC Rl
DINZ R2,L.CD22
RET

b b

; wesenoeJy)sunsudeslddmivgauay 16 Ia WefnanyulumsIaszoyng seeseeens,

MUL16BIT: MOV RO,TLO
MOV R1,THO
CLR C
MOV ARO
SUBB A#70H
INC SUBBI6
CLR C

MOV A #OFFH



SUBB A#70H
ADD ARO
INC A
DEC RI
SUBB16: MOV R2,A
MOV ARI
CLR C
SUBB A #OFEH
MOV R3,A
MOV AR2
MOV B,71H
MUL  AB
MOV  72H,A
MOV  73H,B
MOV AR3
MOV B,71H
MUL AB
ADD  AT3H
MOV 73H,A

’ H

Jusunsudesdmsunlasuavgnie vuials de wumvgu 10 uduauilusia Ascr dae;

ASCIIANG: MOV RO#74H
MOV RI1,#04H

MOV R5,#00H

MOV A,72H
CONV3: MOV B#0AH

DIV AB
CONV1: MOV R2,A

MOV R3B



CONV4:

CONV5S:
CONV2:

MOV
JZ
DEC
MOV
MOV
DIV
MOV
MOV
INC

MOV
DIV
CLR
ADDC
INC
INC
CLR
ADDC
JNC
INC
SIMP
MOV
INC
MOV
MOV
MOV
DINZ
MOV

MOV
MOV

A 73H
CONV2
73H
A#0FFH
B#0AH
AB
R4,A
AB

A

AJR3
B,#0AH

AR4
CONV4
R5

AR2
CONV5
RS
CONV1
@RO,B

RO

AR2
73H,RS
R5,#00H
R1,CONV3
A#30H
A7TH
48H,A
A#30H



ADD A/76H

MOV  49HA

MOV  A#30H

ADD A/75H

MOV 4AHA

MOV  A#30H ’
ADD A74H

MOV 4CH,A

. .
’ ’

; TdsunsudesdmSunldowavgmiie vina 8 da Wuavgw 10 ud)asduswa Ascr &,

ASCIIDIST: MOV RO, #00H
MOV R1,#00H
MOV  R2#00H
MOV  B#0AH
DIV  AB
MOV RO,B
MOV B#0AH
DIV AB
MOV RI,B
MOV R2,A
MOV A #30H
ADD ARO
MOV 3CH,A
MOV  A#30H
ADD ARI
MOV 3BHA
MOV  A#30H
ADD AR2
MOV 3AHA



v, .
’ ’

; *******#**************Iﬂi“ﬂi“dguﬁ‘lﬂ%’uﬁ"uqmszﬂz‘njq *************************;

DISTANT: MOV A,TL1
MOV B#36H
DIV AB

DIST2: MOV RO,A
MOV RI1,B
MOV A, TH1
JZ  DISTI
DEC  THI
MOV A#OFFH
MOV  B#36H
DIV  AB
MOV R2,A
MOV AB
INC A
ADD ARI
MOV B#36H

ADD 'AR2
ADD ARO
SIMP DIST2
DIST1: MOV  70H,RO

MOV ARl

SUBB A#1BH

JC DIST3

INC 70H
DIST3: RET



. .
) b}

: *kk kxR Rk |15 A5 UH08 NS UM 1311!1‘71************************ :

DELAY1S: MOV  R2,#00H
MOV R3#0AH
MOV  R4,#00H

DELAY1: DINZ R2$
DINZ R3,DELAYI
MOV  R3#0AH
DINZ R4,DELAY!

END
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LF353 Wide Bandwidth Dual

JFET Input Operational Amplifier

Generdl Description Features
These devices are low-cost, high spead, dual JFET input & Intemally trimmed offset voltage 10 mV
operational ampfifiers with en intemafly rimmed input offset & Low input bias current 50pA
voitage (BI-FET ™ technology). They require low supply & Low input noise voltage 25nViHz
current yet maintsin a farge gain bandwidth product and fast ® Low input noise current 0.01 pA/FZ
mmmmmmmmmm & Wide gain bandwidth 4 MHz
devices provide very low input bias and offset currents. The ® High slow rate 1BV
LF353 is pin compatible with the standard LM1558 allowing ) 36""‘:
designers to immediately upgrade the overall performance  ® LOW eupply curent o
of exd LM3=p/end L350 desiyga, - zgvh;gnhamom distortion Ay=10 <;((’)29‘:
3 = v=10, o
Spesd s, et D/ o o s P8 B o Vo 20 W0 20 ki
circuits and many other circuits requiring low input offset @ Low 1/f noise comer 50 Hz
voliage, low lnput bias current, high input impedance, high ~ ® Fast settling time to 0.01% 2ps
slew rate and wide bandwidth. The devices atso exhibit low
noise and offset voltage drift. A\Y &
Typical Connection Connection Diagrams
Metal Can Package (Top View)
-"t
Simpliﬁed Schema;ic See NS Package Number HOSA
1/2Dual
Vee O
Dusl-in-Line Package (Top View)
vo ouTrT A =4 A Lo
MVERTINS thewT A ] 3 serrurs
A [}
o A= D18 e Ty
v 2 | § _ moninvenTing
[ el ]
wichasey Tamatze | Order Number LF353M or LF353N
e See NS Package Number MOSA or NOSE
~Veg O—a
TL/H/5649-1




Absolute Maximum Ratings

1t Military/Aerospace specified devices are required, Lead Temp. (Soldering, 10 sec.) 260°C
please contact the Natlonal Semiconductor Sales Soldering information
Office/Distributors for avallabllity and specifications. Duak-In-Lino Package
Supply Voltage 118V Soldering (10 sec.) 260°C
P ; tlon (Mota 1) Vi Phas:(aGO ) 215°C
‘apor sec.,
Operating Temperature Range 0"Cto +70'g Inf {(15 30¢.) 220°C
TMAX) 150° See AN-450 “Surface Mounting Methods and Thelr Effect
Ditferential input Voitage £30v on Product Reliabiity” for other methods of soldering sur-
input Voltage Range (Note 2) +15v face mount devices.
Output Short Circuit Duration Continuous ESD Tolerance (Note 7) 1700V
Storage Temperature Range —65"C to +150°C 04 M Package T8D
DC Electrical Characteristics mote 4)
Symbol Parameter Conditions LF3s3 1 Units
Min Typ Max
Vos input Offset Voltage Rg™ 10k}, To=25°C 5 10 mv
. Over Temperature 13 mv
AVos/AT Average TC of input Offsat Voltage Rg=10k 10 svr°c
los input Offset Current Tj=25°C, (Notes 4, 5) 25 100 PA
Ti<70°C 4 nA
Ig input Bias Cumrent Tj=25°C, (Notes 4, 5) 50 200 pA
ﬂsvvc 8 nA
Rin {nput Resistance Tj=25C 1012 1)
AvoL Large Signal Voltage Gain Vg= £ 15V, To=25'C 25 100 VimV
Vo= 10V, R =2k
Over Temperature 15 v/mv
Vo Output Voltage Swing Vg +15V, R = 10k} +12 +£13.5 v
Voum Input Common-Mode Voitage N +15 \
Rahoh Vg= 115V £11 oo v
CMRR Common-Mode Rejection Ratio Rs< 10kQ 70 100 dB
PSRR Supply Voitage Rejection Ratio (Note 6) 70 100 - dB
Is Supply Current 36 €5 mA
AC Electrical Characteristics ote 4)
Symbol " Parameter ‘Conditions 353 Units
Min Typ Max
Amplifier to Amplifier Coupling Tao=25°C, f=1 Hz—20 kHz % 120 dB
(Input Referred)
SR Slew Rate Vg= £ 15V, TA=25°C 8.0 13 V/ps
GBW Gain Bandwidth Product Vg= £ 18V, To=25"C 27 4 MHz
en Equivalent input Noise Voltage TA=25"C, Rg=1000,
12 1000 the 16 vz
W - Equivalent Input Noise Current . |  Tj=25°C, f=1000 Hz 0.01 pA/HzZ
mtﬁmamwmmmu‘ d based on g th . of 115°C/W typ junction 1o amblant for the N packag:
and 158°C/W typ junction to amblent for the H p

mzmmmmmmmmwwwwwmmmmmm

Note 3: The power dissipation fimi, b , cannot be dod.

Note 4: These specifications apply for Vg= £ 15V and 0°C<To< +70°C. Vps. lg and log are measured at Vey=0.

HNote 6 The input blas are junction leak which o mt«mimmhmmmtmm T} Due to the fimited

production test Ume, the input blas "  are ¢« ;‘ ctk P n normal operation the § p rises abovae the amblent
trom'“ ction to Use of a heat sink is

tomparature as & rosult of intemal power dissipation, Pp. Tj=Ta+6ja Pp whore 0;4 Is the thermal
recommended i input bias current is to be kept 1o & minimum.,

Note G: Stwlyvonagereiecﬂonraﬁolsmasmed(ctbothwpply agnit. i ing or di ing sk y in d with ¢
Vg = £6Vio 15V,

Note 7: Human body modet, 1.5 kQ in geries with 100 pf.

practice.
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Performance Characteristics

nput Bias Current

LI
~Vge 15V
Tpe25C

e ] §
COMMONMODE VOLTAGE (V)
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T 7T
1CSTAg T
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Typical Performance Characteristics (Contied

. e - Undistorted Output Voltage Open Loop Frequency
Distortion Vs Frequency Swing . .

. v;'-uiv . J. e [ Vg= V] b =1
o [t ] ; Ery = NERE .
awbk L - s :::f“ £ \\ Taerst

§._m =2Vt h " § n <% 91T g ® \\
E u | 8 Ew N
Eum e g | - N
g | § b §a \
058 = N
Ay=1t 2
b 1 g J H g N
9 1 1 - . M
T D T w e w 1 W0 W % T 1R Wt
FREQUENCY (Hz) FREGUENCY (M) FREQUENCY tHY)
* Common-Mode Rejection Power Supply Rejection Equivalent Input Nolse
Ratio” ; Ratio Voltage
e T 1 i ‘10
g -_— s Vg= 215V g 1
i <{fhael ,~FE 2 et “
F3N \\ A H m { g?f »
% ql-Ovw 32 .Eg N gy §S
£ N € w S 4
ol v L " 3 X 5 A
g _mn-auu .v—i‘omumor_ : “ Tt RS cg n
§ ¥ [vouracecum l ! = » 11 @4
8 ° 1 Cg- 1 I ] °
010tk I 1SSk M M 8 e K MK R W e ® 10 % 1%k 106k
FREQUENCY (Hs) FREQUENCY (o) FRESUENCY (2}
Open Loop Voitage Gain (VIY) Inverter Settling Time
w ¥
€ T AT RS
g Eheam——1— Vg sy
2 TA=S CT0 418 C] . § Hay Tpe26%C
£ $ o 2 a
- - b « A s
s Ta=70°C b3 =
2w g E .
:;, § = 1oV
e & 2 Way
= s g -5 \
B : E
. 0K o 9 .
. L. 15 n 100 W Wk 100 N M u“ 1 u
SUPPLY VOLTAGE {:V) FREQUENCY (e SETTLING TINE Ua}
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Response
Small Signaling Inverting

TIME (02 ;5/0IV)

TU/H/5649-4

arge Signal Inverting

TIME (2 ;5/01V)

TL/H/5649-6

OUTPUT VOLTAGE SWING (1V/DIV)

ition Hints
‘es are op amps with an internally trimmed input
3e and JFET input devices (BI-FET II). These
large reverse breakdown voltages from gate to
drain eliminating the need for clamps across the
sfore, large differential input voltages can easily
>dated without a large increase in input current.
im differential input voltage is independent of
oltages. However, neither of the input voltages
owed to exceed the negative supply as this will
currents to flow which can result in a destroyed

Current Limit (R =

TIME (5 ;5/01V)

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (02 ;5/01V)
TL/H/5649-5

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING (Sv/DIV)

TIME (2 us/01V)

TL/H/5649-7

10092)

TU/H/5649-8

'Exooedingmenegativeoommon-modelinﬁtoueitherkw

will force the output to a high state, potentially causing a
reversalofphasetomeoutpuLExceedingmenegaﬁve
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 common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.




Application Hints (contnueg

Exceeding the positive common-mode limit on a single input
wil not change the phase of the cutput; however, if both
inputs exceed the fimit, the output of the amplifier will be
forced to a high state. .

The amplifiers wilt operate with a common-mode input voit-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voitage swings to within
8V of the negativa supply, an increase in input offset voitage
may occur. .
Each amplifier §s individually biased by & zener reference
which afiows normal circuit operation on 6V power sup-

plies. Supply voltages less than these may resuit In fower .'

gain bandwidth and slew rate.

The amplifiers will ddve a 2 k0 load resistance to £ 10V
over the full temperature range of 0°C to +70°C. If the am-
plifier is forced %o drive heavier load cuments, however, an
increase in input offset voltage may occur on.the negative
voltage swing and finafly reach an aclive current fimit on
both positive and negative swings.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never bacomhes reversed In po-
tarity or that the unit is not inadvertently instafled backwards

Detailed Schematic

in a socket as an unfimited cument surge through the result-
ing forward diode within the IC could cause fusing of the
intemal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead

dress, component placement and supply decoupfing in of-
der to ensure stability. For example, resistors from the out-

- put o an input should be placed with the body close 1o the

input to minimize “'pick-up™ and maximize the frequency of
the feedback pole by mitimizing the capacitance from the
input to ground.

A feadback pols is created when the feedback around any
amgplifier is resistiva. The parafiel resistance and capaci-
tance from the input of the device {(usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negfigible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expacted 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resigtance it paraliets
is greater than or equal to the original fsedback pole time
constant.

Vee O

TL/H/5649-9
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Applications

GAIN (48)

) 4 & &
bedaatid

&.'7.'

>
q,“l.

MIO-RANGE

[T ] Imotea THIEE TEUTH

te 2 [N T TN

A DA NI

llll h""" I: ‘ll!}
1}

\’L

IIIHF i
Sl AN

TP
i N lm i
AN

FREQUENCY (1)

Note 1: A%l controls fiat

Note 2: Bass and treble boost, mid fiat.
Note 3: Bass and treble cut, rid fist
fote &: Mid booet, bess and treble fiat.

" Note §: Mid cut, bass and trebio flat

o

* Al potentiometers aro linesr taper

* Uss the LF347.Quad for stereo applications

—QouT

TL/H/5649-10
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Typical Applications (Continued) - ‘
improved CMRR lastrumentation Ampiifier

()

777 and = sre separate isolated grounds
Matching of R2's, R4's and AS's control CMRR
With Ay = 1400, cesistor matching = 0.01%: CMRR = 136 dB

o Very high input impadance
© Super high CMRR

Fourth Order Low Pass Butterworth Filter

¢
[r]
il
(R
"
230
N

Firststage Q = 131
Second stage Q = 0.541
Circuit shown uses

- S S | 1 .1
(fe) — . f—
R1R2CC1 20 R1‘R2'CC1 2

Passband gain (Hg) = (1 + R4/R3) (1 + R4A’/RT’)

® o & 0 0

5% i values for a fifter with a8 corner frequency of 100 Hz and a passband gain of 100

Offset nulling necessary for accurate OC performance

TL/H/S649-11
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cal Applications (continued)
Fourth Order High Pass Butterworth Fliter

Ll
D ol
AA
AAd

1 1

Comer P I Ry | A
* troquency (D =\ RiREC2 "2x ~ VRIRZ'CZ 2%
« Passband gain (Ho=(1 +R4/R3) (1+RA'R3)

* Ficst stage Q = 1.31

s Second stage Q = 0.541
o Circull shown uses closest 5% tolerance resistor values for a filter with & comer frequency of 1 kHz and a passband gain of 10.

Veur =1V
FOLLOCALE

AAA

VWA
‘!-A

‘b
e Sum

o
TU/HI5649~-13

X Rx

Vv
Vo=
°"R
Where Rpapoen Is the resistance from switch S1 pole 1o pin 7 of the LF353.
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&National&emiconductor

LM193/LM293/LM393/LM2903
Low Power Low Offset Voltage Dual Comparators

General Description '
The LM193 series consists of two independent ptedsuon m Eliminates need for dual supplies
voltage comparators with an offset voltage specificationas & Allows sensing near ground

low &s 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  m 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 cutent  Features

drain is independent of the magnitude of the power supply " Wide supply

voltage. These comparators also have a unique characteris- P

tic in that the input common-mode voitage range includes Zaﬁ‘g?fz:inﬁsup plies +1 g\‘? Yot;?gx
ound, even though operated from a single er supply i

?oltage v oug o el m Very low supply current drain (0.4 mA) — independent

Application areas include limit comparators, simple analog ﬁi"mvﬁgsag o) 25 nA

to digital converters; pulse, squarewave and time delay gen- . ing

erators; wide range VCO; MOS clock timers; muitivibrators ™ LOW Input offset current £S5 nA

and high voltage digital logic gates. The LM193 series was and maximum offset voltage 3 mv

designed to directly interface with TTL and CMOS. When ™ Input common-mode voltage range includes ground
operated from both plus and minus power supplies, the  ® Differential input voltage range equal to the power sup-
LM193 series will directly Interface with MOS logic where ply voltage

thelr low power drain is a distinct advantage over standard @ Low output saturation voltage, 250 mV at 4 mA
comparators. = Dutput vottage compatible with TTL, OTL, ECL,

MOS and CMOS fogic systems
Advantages

u High precision comparators
u Reduced Vg diift over temperature

Schematic and Connection Diagrams

Metal Can Package Dual-In-Line Package

it Pt @it e T .

'—- aTWTE
P SUIVERTING WPYT 0
byt WY
o & e
eyt
o0 view Yoo YL/H/5709-1

= Order Number LM193H, Order Number LM 193.J/883°,
LH193H/883°, LM193AJ/883, )
LM193AH, LM193AH/883, LM393J, LM393AJ, |
LM293H, LM293AH, LM393H LM393M, LM2903M, LM393N

or LM393AH £ M2903J or LM2903N

See NS Package Number H08C See NS Package Number JOBA,
MOSA or NOSE

*Also avallable per JM38510/11202
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LM193/LM293/LM393/1.M2903

Absolute Maximum Ratings

It Military/Aerospace specified devices are required, please Operating Temperature Range
contact the Natlonal Semiconductor Sales Office/Distributors for LM393/LM393A " 0°Cto +70°C
avallabllity and specifications. : LM293/LM293A S25Cto +85°C
(Note 10) LM193/LM193A —55'Cto +125°C
Supply Voltage, V+ 3sv LMZo03 —4? Slo +85°G
Differential Input Voltage (Nots &) agy _Storage Temperature Range —65°Cto +150°C
Input Voltage iy —0.8V10 +36V Lead Temperature (Soldering, 10 seconds) +260°C
Input Current (Viy < —0.3V) (Note 3) 50mA &&Z’ﬂ;’,_mﬂ:ﬁ:@
Power Dissipation (Note 1) * Soldering (10 seconds) 260°C
Molded DIP : 780 mW Small Outline Package
Metal Can % 660 mW Vapor Phase (60 seconds) 215'C
Small Outline Package 510 mwW Infrared (15 seconds) 220°C
Output Short-Circuit to Ground (Note 2) . Continuous See AN-450 "Surface Mounting Methods and Thelr Effect on Product

Reliabllity” for other methods of soldering surface mount devices.

¢ ESD rating (1.5 k22 In serles with 100 pF) 1300V
Electrical Character, istics (V*+ =5V, Tp = 25°C, unlass otherwise stated)
LM193A LM293A, LM393A LM193 LM293, LM393 LM2903
Parameter Conditions Units
Min Typ  Max |[Min Typ Max |Min Typ  Max [Min Typ Max |Min Typ Max
Input Offset Voltage (Note 9) 1.0 2.0 1.0 2.0 1.0 5.0 1.0 5.0 20 7.0 mv
Input Bias Current () or Iin{—) with Output in Linedr 25 100 25 250 25 100 25 250 - 25 250 nA
Range, Vo = 0V (Note 5)

Input Offset Current IN(+) = Iin(=) Voum = OV 3.0 25 5.0 50 3.0 25 5.0 50 5.0 50 nA
Input CommonMode | V* = 30V (Note 6) 0 V+-157 0 vt-1s] o vt-1s{ 0 vt-1s5]| o vt-1s{ v
Voltage Range

Supply Current Ry = o V+ =5V 0.4 1 0.4 1 0.4 1 0.4 1 0.4 1.0 mA
. F (v sy 1 25 1. 25 1 25 1 25 1 25 | ma
Voltage Gain Ry 215k, V+ =15v 50 200 50 200 50 200 50 200 25 100 v/mv

Vo = iVio 11V .

Large Signal Response | Viny=TTL Logic Swing, Vper=1.4V 300 300 300 300 300 ns
Time VAL=5V, R =5.1 kQ

Response Time VAL=5V, RL=5.1 kQ (Note 7) 1.3 1.3 1.3 1.3 15 1S
Output Sink Current Vin(—=) =1V, Vin(+) =0, Vos<1.5V 6.0 16 6.0 186 80 16 8.0 16 6.0 16 mA
Saturation Voltage VIN(=)=1V, VIN(+) =0, Isink S 4 mA 250 400 250 400 250 400 250 400 250 400 .| mv
Output Leakage Current VIN(=)}=0, ViN(+) =1V, Vo =5V 0.1 0.1 0.1 0.1 0.1 nA

L
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Electrical Characteristics (v* = sv) (Note 4) \

Parameter . Conditions LM193A LM293A, LM393A LM193 LM293, LM393 LM2903 Units
Min Typ Max [Min Typ Max |[Min Typ Max |[Min Typ Max |[Min Typ Max
Input Offset Voltage (Note 9) 4.0 4.0 9 ] 9 15 mv
Input Offset Current ling+)~ (=) Vem =0V 100 150 100 150 50 200 nA
Input Bias Current in(+) or in(—) with Output In Linear Range, 300 400 300 400 200 500 nA
Vem=0V (Note 5)
Input Common Mode Voltage Range|V+ = 30V (Note 6) 0 V+-20} 0 V+-20; 0 v+-20| 0 v+-20] 0 v+-20l V
Saturation Voltage Vin(—=) =1V, Vin(+) =0, Igink <4 mA 700 700 700 700 400 700 {mV
Output Leakage Current VIN(=)=0, Ving+)= 1V, Vo= 30V 1.0 1.0 1.0 1.0 1.0 BA
Ditferential input Voltage Keep All Viy's2 0V (or V-, if Used), 28 a6 a6 a6 a8 v
(Note 8)
Note 1: For operating at high temperatures, the LM393/LM393A and LM2003 must be derated based on & 125°C maximum Junction temp @ and a thermal resi of 170°C/W which applies for the device soldered In & printed
clrcuit board, operating in a still alr ambient. The LM193/LM193A/LM283/LM203A must be derated based on a 150°C maximum } p The low blas dissipation and the “ON-OFF” charscteristic of the outputs keeps the
chip dissipation very small (Pp <100 mW), provided the output transistors are allowed to saturate, -
Note 2: Short circuits from the output to V+ can cause ive heating and ! d “When ideting short circuits to ground, the maximum output current Is eppr ty 20 mA Independent of the magnitude of V+,

Note 3: This input current will onryemmnmovonagonanyofmampmloadaladdvonnegaﬂvo.nladuotomeeonocior-banqhnicﬂonMMMPNPMnﬂslmbeoomanwuﬂHmdmdwlcﬂngumM
clamps. In addition to this diode action, there Is also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the comparators to go o the V+ voltage 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 negative, again retums to a value greater than ~0.3V, -

Note 4: These specifications are fimited to ~65°C<To< +125°C, for the LM193/LM193A, With the LM293/LM253A afl temperature specifications are fimited 1o —25°C<To< +85°C and the LM393/LM3983A temperature spacifica-
tions are fimited to 0*C< T < +70°C. The LM2903 Is limited 10 ~40°C<TA< +85°C,

Note 5: The direction of the input current is out of the IC due to the PNP Input stage. This cumrent is tially independent of the state of the output 80 no loading change axiats on the reference or input ines,
Noton:Thelnputoommn—mdovoltsqoord&whputdgndvoﬁageshouldnotbeal?owedtooénogaﬂvebymoremano.av.mupperendofthoeommon-modevoﬂaqemgohv*—tsvnzs'c.mm«bommmmgo
1o 36V without d ge, Independent of the ftude of V+,

Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger drive signals 300 ns can be obtained, see typical perf h i 2!

Note 8: Positive axcursions of Input voitage may exceed the power supply level. As long as the other voitage remains within the common-mode range, the comparator will provide a proper output state, The low input voltage state must
not be less than —0.3V {or 0.3V below the magnitude of the negative power supply, If used).

Note 9: At output switch point, Vo = 1.4V, Rg =001 with V+ from 5V to 30V; and over the full input common-mode range (OV to V+ —1.5V), at 25°C.

Note 10: Reler to RETS183AX for LM193AR military specifications and to RETS193X for LM193H miiitary specifications.

i
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LM193/LM293/LM393/L.M2903

Typical Applications (contived) - :
. i :
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& D1 can be omitted.
Two-Decade High-Frequency VCO
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LR veo—|-
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+250 mVpc< V< +50 Vpg 1 = -ro e
700 Hz<1, <100 kHz @y
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Non-fnverting Comparator with Hysteresis
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Inverting Comparator with Hysteresis
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Typical Applications (continued)
Output Strobing
-

* OR LOGIC GATE
WITHOUT PULL-UP RESISTOR

TUH/5708-13

Large Fan-in AND Gate

atL J«ooes
NS TUH/ST09-14
LUimit Comparator
V* (12Vod
Q
< >
2Ry S4l
Vagr st OmmeAAApumemnd 4 <
12 1193 b AW )
nes\P°
Rs
ov.‘
+
= 2 umie3 w2
0
*Vaer Low O——AAA——d — —
TUHIS708-15
Comparing input Voitages
of Opposite Polarity

12 LM193 R

TU/H/5709-16
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LM193/L.M293/LM393/LM2903

——

Typical Applications (consinued) S S R
ORing the Outputs Zero Crossing Detector (Single Power Supply)
v . v
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Sren J1m S
.& p > p >
Vo Ve s“: A'.‘A‘A": -
. wam 1283 =0 Vo
= 4
o oM
‘v""
1210103 3
Qi
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TUH/S700-17 =
One-Shot Muttivibrator  ~ Bi-Stable Multivibrator
§
+ < - <
. __I soept P4 4:"- :> oo
“ o] e
{ > ¢ v
" ::"‘ "'J_l— e
Rd e —Ov, $ O=—AAA,
== 4
+ AL et o
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rdV'i —IL .
9 . . g“"'
< L
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TUH/S709-22

One-Shot Multivibrator with Input Lock Out

TL/H/5709-23
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—
Typical Applications (continued) (V+ =Vpd) o
Time Delay Generator . .

v
[o]
>
) wmg w2 . g
R R 4 PR
""‘V
"
AAA
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12 LMte3 —0Q '
v—
Vo1
s I 1
. :: st oM <
iy < AAA
. \ A A A 4
—_— $2 LMt VWA .
Y Vo O 477 LOLE D, It —0 v—
(NPUT GATING SIGNAL iy 7/ dd N : O € ,
¥ 1 19 U
> I
:: 0 1 <
1 """
’ ok
Adla 1
] AA A2 + V“—'—
Vo : ) .1. ty
t \ 3 1.2 (M8
1 Vou
1 . v
L —
te W oty 3 4 J
.
—_—tl— . is‘l
e TLAHISTO9-7
Split-Supply Applications v+ =+15Vpcendv-=—15Vpc)
. : Zero Crossing Detector
MOS Clock Driver
v
1‘ '
S
1:“ 4:‘
2
Comparator Witha '
< ' ’ Negative Reference
‘vt‘.': - [LIT ]
T T
T w
o
&
* TL/HIS709-8
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