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ABSTRACT

This project learns, tests and constructs “Ultrasonic Distance Measurement” that the transmitter
and receiver are in Ultrasonic frequency range (40 kHz) by using the property of reflection when signal
against the objects. After that transmits signal to A/D converter circuit to convert Analog signal to Digital
signal and then connects to computer by serial port, finally calculates distance by program and displays the

distance output on monitor.



MUY

N1 umi
unii2 nopfuasndnms
2.1 ﬂguﬁﬁﬁiﬂmﬁﬂ(wtrgonic Wave)
22 A ulwdidnnsn %STuﬁaﬁwag(piezo electric transducer)
2.32995 W lnmadiasad lusimed
2.4 msutlasdygueuaeniudiaea
2.5 ﬂﬁ’s’?ﬁ)ﬁ”ﬁlk‘}_}ﬂi’)i}‘lﬂiu
2.6 1ATTIUNBTABYNTULUY  RS-232
i3 msdsuaznsadag
3.1 mamdesdudesansilaiin
3.2 717 A/D Converter (Analog to Digital)
33 maneu Insaaey
3.4 mAanveaui
3.5 mAmsi¥eudafuneuiImes
3.6 malusunsunaz3smsdanszoznig
VN4 MsnARBIazHANTSNAAB]
Unfis unasduassusel
MANUIN

v A g a
NINTID DY



mstyglam

) < § o o S _ a
W1 vdenlaezunsuveaniesiaszuznssansi Toiin

o ad 4 =) Vi, ol
21]1/)2.1 mem‘mmiwmﬂﬁummsaummmmmmam

!

{ ad a
gﬂm.z waaswaveud vlwdianns f(piezo clectric effect)
JUR2.3 nrasninatendiazdnymznsdanan
g4 uamsdnyuzve s sANsE RS aiwan

25 nansdnuuzmsde Saqd vladidnnsnuuy luwe i Somuae s

= o ' @ 9 (= A v a 4
2‘1J‘Vl2.6 LLﬂ'ﬁ\iﬁﬂBﬂlzﬂ"ﬁﬂﬂ?ﬁ@Lﬂ Uiﬂwuﬂﬂamwsﬁ‘vumﬂmmuwuazmamas

= o ' a a 53
U2 7 naasdnvazmsae Taad sladidnnsauuuandn

o o o d o a a 4
7UN28 dyaydnuaivesdans latlions waduwes

= 4 ny v a d
3129 2vesdiesduves Ty Tumadaiad Liuswes

L1

3U912.10 naasauveIn1sUsua s s uas oL

L)

o ~ : v a o Wi o a Qv
211 s T Tuaaidadod Tausimeswianenannasdulas
o { Y 4 v 4
sUh2.12 namsmsdonlasussduv, fesondafiuisey c
213 vaasdnunzns/ounasvess sduiidausediotinsmsnias

- P i 1103 s
3UM2.14 299505 T Tumaidasiad luusiae S

U

kd
a

P qy v a a aa < o
3102.15 w3 T Tuaadaad lausines vilasime Sadiag

U

o 5 o e ol I W Y o d
12,16 203 luTumaidiagad lausmesilsuawnevesias

112,17 ms ¥eetuendidurees Tu Tumadasasansiaes

Q4

3218 2vsnwluled

gﬂﬁz.w Nﬂsﬁyugmmmmmﬂaaﬁaumunmamaamﬂuﬁ%ammumum
31f2.20 ﬁauﬂsznauﬁuﬁmmaaﬁ'suﬂaafc‘faﬁpmamaamfluﬁ'ﬁ?ma
221 wasmlasdyaaenaeniludeyadinoadiuisaudiuin
712,22 WITAUYDBINNUTIAWTUAS

U223 3 lus sdu Trifiweaasesgufia 21

q1ii2.24 andasdyguenneniiudeyadineadivisaimiug
312,25 ns1vius s Taidh v,

i

U92.27 nslus asu il

2.26 LNUANINIT ADC HuDATUseuiduiiios

- TSN,

U228 HUMNI995 ADC yuuLviaY

7U#12.29 3995 ADC HuBMISAAR T

w230 guuveduiwigavesteyasunsy



mIUYNIg

= g i o a o '
M 2.1 naaennmusvesaaudaas lalinludnaneeg
A9 2.2 nrasmiaam Tavesdszguazanam lvesThame

ad a
voudulwdiannsn

o wa J ad a
a3 199 2.3 uarasguauiadiuasgvead vlesidnnsn
A3 197 2.4 uammmw‘fnﬂﬁmﬁauuﬂmmw’amiaﬁumaqamaaﬂé‘iuw'ﬂ
MINA 2.5 AIANWISIVD9 VY B

ERERE] 4.1 LAYAINAYBINTIATZUZNY

11
15
27
38
59



asUynsIv

o =

nsgU# 4.1 Chl:uansdyanaueWimiSahn 4 o9 IC 40106

v
s s

ﬂﬂﬂgﬂﬁ 4.2 Chl:uarasdaanaue My iaiint 3 ves IC 4020
ChZ:uamﬁa,;tgmmﬁ‘vwﬁ Safiv1 6 v84 IC 40106
ﬂswﬂgﬂﬁ 43 Chl:uﬁmﬁmutmmmﬁwwﬁ $Afivn 6 o9 IC 40106
Ch2:uaasdoanaewiuniiafinn 3 ves IC 4003

nsW3U# 4.4 Chl:namsdaanaueinmiiiafian 3 104 IC 4093

Ch2:mansdaygnaueiyniiiafie 11 ves IC 4093

ar

nsM 307 4.5 Chl:uaasdyaioueiymiiTafinn 11 vea 1C 4093

v
~ [

Ch2:uaasdgyanae mymiifaiings c,

55
56
57
S

58



a 9 v ' oA =) d'i A o oA Y a o
A5 wdIns Jaszozms lulmiesuinminlinieslieianminzauaioma Iulat aify
' o Y o Y A ' o o & o o v
T ldawisotaszoenieldazanuazaziBoatsiuniinsialuade Tusmasinmsalasly
k4
MsUszuININANNEMvBIYNLYEE  dmTuszozneduqenshinisiasisldussiansemeia
o o 4 o a
szoen1e minduszozmalnaqenldgunseiiassozmslavldadudosdansloin Taoemniy
VoL ale) s ' o A ' Vilsdy Qliag sty g e g
MuNAesIaszuzvesing N30AINgIVBUNA LB T 9191 HTeNARAI N NABININS
Javuravesanunivonargeresieudl nsldaduwasniomoiamuasasaziild lisey
v Ql L Q' o o A Y o
azainiin dedidesmsiandugevesunaumonditsi lddnnnniesinszuzniedans Ty
a 4 1 a o L 4 4 ' @ @ ' { g
Hnflmumuanuazanuazuiudidsiu e niudesnts Iamsevsweseidesnisnamsn 19

]
N

1AT B3N A MWL U TAluTI
2 [V o J‘: cay o 9 al.a a Yt
FandnmsiinuvesglnsaisuiiiunisiszgnamslFanrearsesnisdidnnsedin ni
ity Ay 8 i rd Y @ q ' =t o Kl {
anuLLusWINge Tasmsimuswanglnsalveuassesutaziaseeda T S uaunngsiunouig

o o o a J @ g

u’]il’]’)’ﬂﬂ’liﬂ’]u')uiﬂUnl‘%}h.lﬂlﬂiuwTQﬂ@NW?Lﬂ@iLL%’JLLﬁﬂQNaﬂ@ﬂu"lﬁuﬂﬂm‘l} Ll.'ﬁzﬁ'ﬂJ'liﬂLﬂU‘ﬁlﬂ
yq YY_ A Y ' yd a A4 A o da ia o 8 Qo &

ga“h‘l‘vawaamummﬁaemsmaq"lmma’mﬂumsmilmssmnmwmmumuawuamum Dif]

¥

o ° ' Y ¥ @ < 9 Vst
HANNITNINIUANG ‘U8\‘3Q‘ﬂﬂimV’,ﬂLLﬁﬂQﬂ\?Uﬁ@ﬂ‘lﬂ@Zl.Lﬂ?ilﬂ’]ﬁaNu

Ultrasonic RAM &
> B A/D ™ > RS-232 r’ PC
Rx MCS-51
Ultrasonic
| | i

d' < o A‘l U U ~a
gﬂ‘n 1.1 uamnaaﬂ‘lﬂazunsumsmemﬂummsmmsz LMedanslan



VN2

NgUuazHANMS

d' 93 Vo o
11593305z lael¥oans 1atin
2.1 ﬂaué'aﬂiﬂcuﬁﬂ (Ultrasonic wave)
2.1.1ANUHNIEVOINAUD AN 1 HiIn
@ a < A Ao P a oA J Ja o Y
9051 1A NI pauhiAmdguANn Yo 1aou Taoialuuda yves
4 Ya = 1) P < o A o 1 =1 a'; < < A A
uypiez 1dgudvalutuaammd 20 Hz f9 20 kHz sans Tatinfina i Taoa WSyt dudis

e -
ANUDEINII 20 kHz Yu 19

a 4’ U )
2.1.2 yilnvesnauoansilaiin '
Aaudans1 Txiln MAUNWHILGING1NA q Tnatosiadiofuusassiaszuan
' < 4 o a : ' Y o dy
ANAUAWMTIARBUN TUAINA 191U 9 Tasauisonys 1aass]
4 o § & §
1.AGUAWYTY (longitudinal  wave) WUENBULYBIARUTINN  ALUAALTIANS
4 ] = o Q) = ¥ d' 4 § a t; o v
waeun Tunamaduafusufiamianisiadoud MIIAABUNVBIOYNIAIZIAATUBE MU MU LIDY
o Ql d‘ L} dy il a d' dy a
suwaduiuly wazszilavunas lisuilunsazd Sinasveeunia adumuomidannsady
' s o v Y] ] g3 & Y < 3
NRHIUVBITS YBUNWAZMFIA 1at3IN §108109A51089RAULEY 1R IS,
4 a Y { a v % ' 9 ::’ @
YoIAIUAWETY TUNMSHIIT AT UA IR UN IS INA 19879 9 100U fnaeizdssivuig
Tnawerleiiouduaiuuneau
= A A o A Ao A ~ a
2AAUAMYIN (transverse wave) AD AAUNNN 9 JAVUADUATMTIAARUN luTier
o v a " ey e § a B 4 A geit a ' ) o
NnaIRINAATN IR d AU I lufemienils q adusiatiizpunieiiudna R vua
o [l ' 4 a [l o o I~ 4
Vo3AINN 11N IIUINVeIAIWINARY HazaNsIBUMIEIUE NS ure S <18 sy
a dw ' a 1] as - oY Y
siad lewsailiumeiudnarsiidiuveunaasfiale
4 oo a = % I & ' <
AAUANYINLAREMzITIBUNISINaT oAz TIVIn Fudumeuadinisidou
(o 4 v v ' v
Anmusveseymaldifissfienafonsu Tussunfidgiminfuiamimesnduiindouill u
o a 4’ dy ‘!‘ Y = d’ a ci' % d’
Autlavesnaunwynadunuings VUYRITTHILIMNA NS dunu asveseymAT LB I
9INNIIUNTS AL YYesdInat IuAsuntas Taonsindeuiveenduuu U w1
< 4 a y ' <4 4 a A a ' @ a
AsIvesAauriatiizfesniiamiiivesnduriamuen Tuvasiidumerhudinaeysia
RN AnTuAinamBifoadu armvesndum LY BN In AU NI ITLE
A4 a v < 2 a 4 & 9 @ & ' o
3. AAUHIN (surface wave) \DUAAUSUANTIFIALAUAAUMINYIN D2a195u
< Shaaes ' ' - - <o 5 4 o iy
Az nmslasudunisveseymaldidwiissluimmeiidmnfunsiadouive sty

LNV P} d’ a s a =) 4 { 4 (-] 0] 4 A 41'
nagsumsilasundasluiamadsasuiuiemsnsiadouiivesaiudie s tadumnteui il

¥V
=1 A A a

¥ Y ' a w Vi
ﬂj“izu’]ﬂiullu’.}u@u Q’JUL‘VW‘]‘U Fa‘lﬁ]Qlﬂu7]']\3quul.ﬁl,ﬁ'w’lguuwaql@\‘lm'Jﬂﬂ'l\‘ll.'ﬂ'l'uu



2.1.3 msipandusonsilyin
aaemlcnumﬂuﬂaumnﬂmnmmJauuuﬂmwwamgﬂauiwmﬁ‘luwawmﬂa
TaemsduTalin 115amﬂmsrﬂaUuwawm"Lwﬁmuwawmﬂawﬂmﬂﬂﬂaumuaamﬂmuﬂ
nsz1ween 1y luein e mumma'lmmaumﬂmmﬂuﬂauﬂa (Mechanical wavc) AAUS AN
Twiinemsagnadie & laodmsuaduwes Faduginsedildndvumdern itudumdam
na “lu“num‘l‘imsmﬁmmuuumﬂUimamﬂmn(plczo -electric transducer) Tawazyimisnalas iy
senendsn Idihduwdsnuna  waslinnmds Tsumus (resonant frequency) AeTiogA il

ﬁWﬂS‘ULI‘U‘ULﬂ UI‘K@Lﬁﬂ‘V]Sﬂu L{‘JHLL‘U‘UW’NUiJL’Wi’]“’S']ﬂ?ﬂﬂUﬁ "HWCB'F]VLGNWU

2.1.4 Moz AE NG

Aud Ae mmumaamsaamamwsamsumwaummmmmmmmﬂﬂau
Swlu 1 i ﬂau‘nnﬂmmmmaammﬁmmumamummnmmnuu U SN duvesa
T leAufifarmd 440 k2 uum‘vwmmmﬂmﬂmaumnmuawsu%mmﬁh

AIMBIAAY fip szﬂzmamaumuwmzmmmazmsaumuumﬁf H30MIIAY
"9 1 FauE cycle)mmmndn'1ﬂ9'i1ﬂamﬂnﬂ§uzﬂuszU:maszm'nmsé’mrjmimﬁm
(successive compression ) ﬂ?amsmamwaammﬁ (rarefaction)

n3oA A ms‘ﬁu?nmi‘fuﬁmmwmuﬁumaaTmafgmmwmﬁumﬂﬂ'jm?nm
59U 9 ?humimmwyfluu%’nmmmzﬁﬁﬂmmﬂmmwmu.u'umaaT,umfgmx.azu.mﬁu??uﬁuﬁﬁu
bSILYBITTIMIMINA UR 2.1 werasgtuvnvesmssansmsILesey 4 imdsiuiiandy

= § oo &
LﬁUQLI,ﬁ?V’U,’sTﬂQﬂ?']ﬂJU']'Jﬂﬁu‘ﬁLﬂﬂﬁ}u

. Atmospheric pressure

1

£

a d LY 2 S a ] Vo6 ey =
E‘IJTI 2.1 BA‘W‘HWIPJS'L!‘U@Qﬂ]§®ﬂllﬁ$ﬂ15!‘1)71”3'11@3?1?3‘141?.72}37)0@?501] G BHDIN VU Y



' o o ¢ ' 4 4
ITUEIEHANMITOANAUYS UNDLIZULTEHINMITIVIWNVOIAU  ILUFAITIAINETIASL
199A0U (L)

AtIAZ A NATUR AN FURUS AN Saagg

v="fA (21)

il s iy a 9 o
v =S INA U IS IAUN 1S 1A TN a8 (m/s)
f = a2uDY9AdY ( Hz)

<3 4’ v a
2.1.5 13 71/!531/6\%7@1‘!327?)577‘111!9

4 = g - | i a @ a0 ariie = ]
ﬂﬁumﬁmauw?aﬂﬁuaamw1cnuﬂ “?Hﬂuﬂ']ﬂ.u%?ﬂﬂ'k‘i"ﬂﬂNﬂuﬂ@l‘i]&’iJﬂ’JWiJLi’J
» ¥
a ' o @ 1 o Y a o 24 @
°lumsmumamumnmwu 9 ummeﬂuﬁaﬂ Tﬂﬁuagﬂmumaemﬂmw?amm MSIAUUBY
[ 4 o V] a ’ o P [ 3 a 3 ° o s
ey mam’ﬁuﬂiﬁﬂaumu‘nNmumm‘mm‘ﬂumm smmqmwgﬂummzuu ﬁWW'ﬁ‘lJ'V]Q'Hf,]‘VHLETﬂQ

v o d ' d A v o o & o Y o s
mmﬁu‘wu‘ﬁsz?maﬂ’nmsmau'lumnawm*f]ummmamu ﬁ"liJ'lSﬂLL”dﬂthﬂﬁﬂ

=1

v=(YP/P)'"? (mss) (22)

\%

o ¥ [l o { u P ; Pu) a
Y = MI0R9EINYRInINIBNYRIMEILIAuA TR A SouTiUS LA
797 (adiabatic bulk modulus : 8108 = 1.4)

Il

A Y s a Aa o
AIIINAAUB AT TainasAuN 1 A luie (m/s)

v Vv
P = 12 1@UYeIR 19 UMY pascal (MIWAUY090 1IN TS L ETIN=1a
=1.0135x 10° pascal )

P = AMMHUUUUYBINY (ke/m’) < 8INRIT P = 129 ke/m'

& 9 vﬂ & e e aq Yo
wesnnluemimsznoudanlmanaszasngiduiugm Aatiududhumanan e,

Adiabatic bulk modulus vose1 PNy 14 uaziiounuashluarwduiuideaunss 2.2
g A o a I v
ATMISIVBIRAUT AR ToinluemaR vz ugsaunis

v=(14P/P)" (mss) (23)

Q v o a = as - asi gt ' a a v @ a
dmsumaTuganadszinnuduiugseniilsums QUNAULDZLTIAUAIT



N

PV =RT (2.4)

R = Molar gas constant (Newton — m /Kelvin )
T = Algauniiduysal (Kelvin)

V =1U5u15v0971% (m’)

P = A2 WAUYDINY (Newton / m?)

>

AmAUAIaUNITH (2.4)eursounuinglyesnnuduiusai
P=PRTM (Newton/m’) (259

4 % Y d o = 4 )

dewia M Lﬁumaimafgammﬁ”w HAZIINAMWTUNUTAIAUMITA (2.5) 1ot luuny
o o v o d — P Po ] 3 Y
NAUNANFNTUSAaNMSN (22) wwldaunsi (2.6) MnaunsRQ.6u519z 185 v0nAY
o ~ a 3 & [ a d? (Y] a o a o
909511930 Jue e mwmswmﬂaﬂuanwmammagﬂwummmmmgqmwgu Tauiiu
a = o S, a3 A d4 o 5 0 »
aasznnsidasuudasanudu  daluanusvesaauive alaas iz Te U U ugn

A rval awva o ' d’ a o ) v o o ] @

gaunglnnny lumalia Anatufdusdmsuauduiuideauns s (2.2) TauaNeu
maaﬁ’wuagﬂ'smwumﬁumaaf“ﬁcm:aﬂmLﬁ'e)ﬂamqaﬁuqaﬂiﬁxﬁuﬁmzmmﬂﬁﬁmmxwau@a

@ = 0 =1 4 =1 [~ < 4 o ~ a o
ANUNAAUN WU TN UNAABANNS BRI NIT LN aoA 1S 19 aus aa s TaiinTien

o = a a - v o do
18w mefigamglilng 1wlanuduiussauns

v=33145+0607t (m/s) (26)
v=1,052.03+1.106 (fts) (27)
Tag  t = gungdlunthvesrizaifue

a ' d
F= gaungilunisvessmusu’lad

SMTVRUNQUNUANA NAUNINNI 20 BerwaIFed Mo RmsfmIns a1 L uiun

£} Q

g9t 1N d RS A aunIsT9a 195
v =33145(TR73)" (n/s) (2.8)

a

T = gl luniuaaiu (K)



9. NITROGEN

GAS VELOCITY (m/s)
L L. AR (0 23rusaITUer) 33145
f 2. ARGON 319
| 3. CORBON MONOXIDE 338
J
L 4. CORBON DIOXIDE r 259
! ’ 965
e 5. HELIUM
F 6. HYDROGEN ’ 1,284

4

| 7.METHANE f 30
t‘ 8. NEON } 430 J

10. OXYGEN J 435 :J

11. STREAM (134 a9sussaiFum ) 494

4’ =1 d‘ ¥4 a o T dv a )
1319 2.1 uaﬂammmwaaﬂauaamﬂmun‘lunwme % ﬂ@m‘ﬁﬂ% 0 BRI

2.1.6 Ysuomdsaruve sndusansluiin
a [ :é [ = @ 9 4& & =l 1
ﬂsnm‘wawmmmﬂauaamﬂqmﬂﬂsgmﬂiugﬂmmwmaaﬂau FI9 TN
o ' - s & , {4 5 42
Wy 3ad a9 a1sramuiums ( W/em®) Lflums"lwmmwawmmuﬁ'uw 1 919 UM AT H 95

mﬂﬁuﬁﬁ‘wNnmﬁumwmﬂﬁumﬂ“lunm 13179

2.1.7 Msaanenuvesnausansluiin

Lf}aﬂﬁuﬁamﬂmﬂmﬁwNr«huﬁmma Snau (bcam) ¥89AAUS AR Ty TTnDs £y
denudyly Luaemmﬂmsaaanmmamau wﬁamﬂmﬂminswmuwaamumaaﬂaua@ﬂmﬂﬁw
AdY nﬁumm"lmmummu’lummw (non homogeneous) Liae 'enmﬂmmmiﬂwuwawmmu
ilwenay Tﬂaﬁaﬂmwﬂawﬂaawmu wawmmﬂ@ﬂwuwﬂaau“lﬂxﬂuwﬁwmmm%”au
msﬁﬁwwawmmuammmaﬂymw‘uaamﬂaw mmmmuummmwmuuu ST
maoﬂauaamﬂwﬂﬂmm mmmnmwawmﬂﬂ Uaaﬂﬂm‘ulﬂmﬂ muumuaamﬂmuﬂm
IRTGREVRN AR mammwwmmnmn@ag"}mmu 50 kHz mﬂmmmmmmnm Wendudung
T luemsluszeznigng 7 AIWUTIVBINAUIL aRAIEE T IR maumﬂmmm@ﬁaﬁndnm
UA99dY RN P R TIERCTRPY- Ny muﬂaummﬂ"lmxswwﬂw‘iﬂﬁlﬂ?mé”uﬁmu"lﬁ'mﬂaﬁa

Uﬂﬂﬁu@ﬁﬂﬁﬂmuﬂﬂ"l?"mﬂ?T\?i]‘i«!k'WU\?clﬂ'iﬁilﬂ"li‘i’]']ﬂ?iﬂi)uil\?ﬁuﬁﬁ



2.1.8 Msugnue
Msusnuozie 5 Tagiu  Gesolution) VesmsduszuLTadaiuas oy W50
gﬂﬂ.‘r’f’xﬁuﬁaf‘iwmﬂmmmmmfufm:mjﬁuﬂmwzmmuﬂﬂdwsmdmﬁmzﬁ'@u 2 Ffieglndiy
nsusnuezfidfeieg 2 ¥iia
L.NISHUNLIENNAIUGIS (azimuth resolution) w?ammumwzmnumaﬁmrﬁumm
mmsn‘?umauunmm»mmhwawﬂw 2 U Fanelunnveunazs zAInNAUtmIavesdndu
szue T umfuayfmmmmvwaaamau‘n%m Fenaenausans Tafinfuies
2. MIUYNUIZAMUUIAUYBIAINAU ( range resolution ) WumsSanmeannsalunisuon
AW uAnAeYeuth 2 U amLNIIYBIS A qsmﬂmwuﬂiﬂﬂmmmwmwaﬁﬂauawmu
mmﬂauamsﬂmmmmﬂuaﬂq lumegannd Feiaddosin msredmindvrnsyll Wadaau
aeouninithiiszus du 7 szandedasuneniivaduosdatuaz il mﬂwm"lwﬂauﬂwwamﬁﬂ

MTFUNY

2.1.9 Uselominisldamvesnausansiluiln

’

d w a d‘ S
atusans lonniduaauis

A 4 o 4 & $ 3 a4
Li""miﬂﬂvlmﬂﬂlﬂ'l“’%d Udﬂﬁuuﬂ']'lhﬂﬁ@“l]u ﬂ??ﬂﬂ?%ﬂauﬂﬂtﬂﬁﬁuﬁﬁ mmmmamuanmwm

a

PN ‘V‘iﬂﬁ’mmsmﬁmumﬂ%’?u%zlﬁumﬁﬂﬁq

Lﬂﬁ%“lﬂﬂauaaﬂmﬂmaamw‘lwmmﬁﬂaummmmnuu U AAUAIIE 300 He Tueimer oz
AuMAANS sz 1 wasiey 9 Fay mmwaaﬁlssmﬂaummaaﬂmammmluﬂmw"fm
Taesta lhnie ﬂauwmwmaumuuaﬂmmmmmﬂﬂauuu 9 umwnmnmi‘fumm‘lumu
90931 1970 194 40 kHz G99 ummanﬂau?ummmwm 8 fnfmasviniy nazezfnniives
el liFusaeneenmn fawds adues llinmsiFvuuufivey Tonseenuiudmay q nied
150N DieeTueg msa‘iﬁﬁmaﬁre)aﬂéw,ﬁﬂ@thué'amﬂmﬁﬂﬁa%ﬂﬁﬂﬁsz°wﬁ‘7ﬁsmfs
awsnth lU1%9u 18vwaeede 9y u1"Lﬂ1‘v1uxﬂsaaﬂ’nmmwa¢1ﬂa (Ultrasonic remote control) |

mmmwﬂﬂm ( Ultrasonic cleaner) maa’mmmwumnm BT T LRI S
Noanzia (sonar) msawmmwuammzmu’luﬁNma nioldmameunissivessie 1udy Tan
AR sxTufuns e 1o z%mﬂ,%ami‘hzfluﬁbﬂﬁ’ﬂﬁuﬁamﬂmﬁmﬁumarﬁummﬁuﬁ”s

o_ w

P < 1t M 1 a
AR lEnIzgnitfaegfinawd iy 50 kiz stwwwmmammm DINFIzgAnAuAdn Idiy
VINTU ﬁﬂ.ﬁl‘ivﬂ‘]J'TJ?iJUN“U@Gﬂﬁu@ﬁﬁ’iﬂ“}mﬂ‘ﬂ‘i zuzvineen llanasetesimga dauntsida
AMMISUNNG mmmmss%mmsﬁu 9 f919 1992108 T 1 MHz - 10 MHz ¥aizfinmady

GHz Atinsii 119 e 9 A Tﬂﬂmnma‘ﬂﬂauaamﬂhﬁﬂ;ﬁummmﬁaﬂmeﬁ"lafh%mmﬂ



2.2 WelaBiannin ns1uaAwes (piezo-electric transducer)
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E,=Q/C (volt) (2.13)

E, = lhamianaseusznitedvessian Insa (volt)

C =manuyvestszysenindivesdionInse  (farad)
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C=€EA/T (farad) (2.14)
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E,=dFt/EA (volt) 2150
%50 E,=gFt/A=gtP (volt) (2.16)

g= ﬂ'wmm"bﬂumhmm (voltage sensitivity ; g =d / &) (volt-m/ncwton)
P = aniuinsziiwe Saaid oladiaanse:

P=F/A (Newton/m’)
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MATERIAL ORIENTATION CHARGE VOLTAGE
SENSITIVITY(d ) SENSITIVITY
(Coulomb/Newton) | (g) ( Volt -m/Newton)
’ 1. Quartz X cut :length along Y length
' longitudinal dos x0T 0.055
X cut :thickness longitudinal
Y cut :thickness shear -2.04 -0.050
4.4 0.108
2.Rochelle X cut 45 length
‘: salt longitudinal 435 0.098
X Y M 450_ :length
longitudinal -78.4 -0.29
3.Ammonium | Z cut 0° :face shear 48 0.354
Dihydrogen | Z cut4s’ :length longitudinal
Phosphate 24 0.17
4.Commercial | Parallel to polarization 130-160 0.0106
Barium perpendicular to polarization -56 0.0042-0.0053
Titanate
Ceramic
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PHYSICAL UNITS QUARTZ LITHIUM BARIUM
PROPERTY (X-CUT) SULPHATE TITANATE
1.Density 10’ kg/m’ 2.65 2.06 55
2 Velocity 10’ m/s 5.45 5.44 4.49
3.Acoustic 10°kg / m'=s 14.4 139) 24.7
impedance
4.Young’s modulus | 10" Newton/m’ y 6.1 11.1
S.Dielectric Relative to 4.57 10.3 1,250
constant vacuum
6. Piezoelectric 1057 225 16 145
constant
7Mechanical - 10° - 450
Quality
8.Factor C 575 75 115
Eemperature ‘L <
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PUltra

;****************Program Get Data from ADC*************

DATAMEM
ADC_ADDR

ORG 0000H
EQU 0000H
EQU 2000H
JMP MAIN

; EXTERNAL RAM
;ADC ADDRESS

;********************delay****************************

DELAY:
DWAIT:

;******i***********main

MAIN:
GETDATA:

SENDDATA:

WAITL1:

Jl:

WAIT2:

WAIT3:

J2:

WAIT4:

Page 1

MOV R2,#080H
DJNZ R2,DWAIT
RET

program************************

MOV DPTR, #DATAMEM
MOV RO,DPL

MOV R1,DPH

CALL DELAY

MOV DPTR, #ADC_ ADDR
MOVX A,@DPTR..

MOV DPL,RO

MOV DPH,R1

MOVX: @DPTR,A

INC DPTR

MOV A,DPH

CJINE A, #1FH, GETDATA
CLR P1.1

SETB P1.2

MOV A, PCON

CLR ACC.7

MOV PCON, A

MOV SCON,#010100060B
MOV TMOD, #20H

MOV TH1, #-3

SETB TR1

JNB RI,WAIT1
CLR RI

MOV A, SBUF
MOV DPTR, #DATAMEM
MOVX A,@DPTR
MOV SBUF, A

JNB TI,WAIT2
CLRITT.

INC DPTR

MOV A,DPH

CJINE A, #04H,J1

JNB RI,WAIT3
CLR RI

MOV A, SBUF
MOV DPH, #04H
MOV DPL, #01H
MOVX A,@DPTR
MOV SBUF, A
JNB TI,WAIT4

;DELAY FOR READ DATA

;READ DATA FROM ADC

; SAVE DATA TO RAM

7 SMOD=0 OF MODE 1
;DEFINE MODE 1

;USE TIMER 1 MODE 2
7ASSIGN BAUD RATE=960

sBEGIN TIMER 1

;READ DATA FROM RAM

;READ DATA FROM RAM



WAITS:

J3:

WAITG6:

WAIT7:

J4:

WAITS:

WAITS:

J5:

PUltra

WAIT1O0:

WAIT11:

J6 :

Page 2

CLR TT
INC DPTR
MOV A,DPH
CJINE A, #08H,J2

JNB RI,WAITS
CLR RI

MOV A, SBUF

sCINE A, #41H,WAITS
MOV DPH, #08H

MOV DPL, #01H
MOVX A, @DPTR

MOV SBUF, A

JNB TI,WAIT6

C LRl

INC DPTR

MOV A,DPH
CJINE A, #0CH, J3

JNB RI,WAIT7
CLR RI

MOV A, SBUF
7CINE A, #41H,WAIT7
MOV DPH, #0CH
MOV DPL,#01H
MOVX A, @DPTR
MOV SBUF, A
JNB TI,WAITS
CLR TI

INC DPTR

MOV A,DPH

CINE A, #10H,J4

JNB RI,WAITY
CLR RI

MOV A, SBUF

;CINE A, #41H,WAIT9
MOV DPH, #10H
MOV DPL, #01H
MOVX A, ®DPTR

MOV SBUF, A

JNB TI,WAIT10
CLR TI

INC DPTR

MOV A,DPH

CJNE A, #14H,J5

JNB RI,WAIT11

CLR RI

MOV A, SBUF

;CINE A, #41H,WAIT11
MOV DPH, #14H

MOV DPL, #01H

MOVX A, @DPTR

MOV SBUF, A

;READ DATA FROM RAM

;READ DATA FROM RAM

;READ DATA FROM RAM

;READ DATA FROM RAM



WAIT12

WAIT13

J7:

WAIT14

WAIT15

J8:

WAIT16

PUltra

.
.

Page 3

JNB TI,WAIT12
CLR:TT

INC DPTR

MOV A,DPH
CJINE A, #18H,J6

JNB RI,WAIT13

CLR RI

MOV A, SBUF

;CINE A, #41H,WAIT13
MOV DPH, #18H

MOV DPL, #01H

MOVX A,@DPTR
MOV SBUF, A
JUNB TI,WAIT1l4
CLR \TI

INC DPTR

MOV A,DPH
CJINE A, #1CH,J7

JNB RI,WAIT15
CLR RI

MOV A, SBUF
;CINE A, #41H,WAIT15
MOV DPH, #1CH
MOV DPL, #01H
MOVX A,@DPTR
MOV SBUF,A
JNB TI,WAIT16
CGER| TI

INC DPTR

MOV A,DPH
CJINE A,#1FH,J8

CLR P1.0
CLR -PL.2

END

;READ DATA FROM RAM

;READ DATA FROM RAM
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SRR YR LA RsstcADrogram Lioad Data From Controller (RS-232) ¥*¥***wwsunnnx

Dim H As Integer
Dim I As Integer
Dim J As Integer
Dim DataIn As Variant

Private Sub Form Load()
MSComml.Settings "9600,N,8,1"
MSComml.CommPort = 1
MSComml. InputLen = 0
MSComml.InBufferSize = 1024
MSComml. InputMode = comInputModeText
MSComml.PortOpen = True
MSComml.RThreshold = 1023
Hi=:0

End Sub

1]

Private Sub Commandl Click ()

Open "a:\Measurel.txt" For Append As #1
MSComml.Output = "a »
Hi=§F1
F=s 1
End Sub

Private Sub Command2 Click()
Open "a:\Measure2.txt" For Binary As #1
MSComml.Output = "a »
HE 2
IR\ It
End Sub

Private Sub Command3 Click()

Open “a:\Measure3.txt" For Append As #1

MSComml.Output = "A »
Hol=23 ;
Tl

End Sub
Private Sub Command4 Click ()

Open "a:\Measure4.txt" For Append As #1

MSComml.Output = "a »
H = 4
L5 =re].

End Sub

Private Sub Command5 Click()

Page 1
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Open "a:\Measure5.txt" For Append As #1

MSComml.Output = "a »
H = 5 .
Loi=ti)

End Sub
Private Sub Command6_ Click()

Form2.Show

End Sub .

Private Sub Command7 Click()
End

End Sub

Private Sub MSComml OnComm ()

If MSComml.CommEvent = comEvReceive Then
If H = 1 Then :
If I4<¥ 8 Them
DataIn = MSComml.Input
Print #1, DatalIn
If I =_.6=Then
Close #1
MsgBox "Data from controllerl was saved in 'a:\Measurel.txt '", vbOKOnly
Shapel.FillColor = &HFF&

H=0
End If
Let=N I =7
End If
End If

If H =R Bhen
IENM % 8 Then
DataIn = MSComml.Input
Print #1, Dataln
Tif I = 6 Then

Close #1
MsgBox "Data from controller2 was saved in 'a:\Measure2.txt '", vbOKOnly

Shape2.FillColor = &HFF&
Hii=10

End If

B R |

End If
End If

If H = 3 Then
It:I <=8 Then

DataIn = MSComml.Input

Print #1, DatalIn

If I = 6 Then
Close #1

MsgBox "Data from controller3 was saved in 'a:\Measure3.txt ', vbOKOnly

Shape3.FillColor = &HFF&

Page 2



P1

H=0
End If
Toi=T pa]
End If
End If

If H = 4 Then
If I <= 8 Then
DataIn = MSComml. Input
Print #1, DatalIn
If I = 6 Then

Close #1
MsgBox "Data from controller4 was saved in 'a:\Measure4. txt '", vbOKOnly

Shape4.FillColor = &HFF&
H =0

End If

I =14 1

End If
End If

If H = 5 Then
If I <= 8 Then
DataIn = MSComml. Input
Print #1, DataIn
If I = 6 Then

Close #1
MsgBox "Data from controllerl was saved in 'a:\Measure5. txt '", vbOKOnly
Shape5.FillColor = &HFF&
Hé= 0
End If
I~ +
End If
End If
MSComml.Output = wp w
End If
End Sub
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***************i***************Program Calculate Distance********************

Dim TVolt As Single
Dim DVolt As Variant

Private Sub Textl Change ()
TVolt = Val(Textl.Text)
End Sub

Private Sub Commandl Cllck()
Dim count As Integer

Dim shift As Integer

Dim tag As Integer

Dim fso As New FileSystemObject
Dim Data As TextStream

Dim D As String

Val (Text2.Text)

shift =
count = 0
tag = 0

If Optionl.Value = True Then
Set Data = fso. OpenTextFile ("a:\Measurel. txt", ForReading, False)
Data.Skip (shift)

Do While (tag < 4) And (count < 6140)
count = count + 1
D = Data.Read (1)
DVolt = Vval (D) .
If DVolt <= TVolt Then
Listl.AddItem "Q¥
Else
Listl.AddItem "1»
tag = tag + 1
End If
Loop
Data.Close
End If

If Option2.Value = True Then
Set Data = fso. OpenTextFile ("a:\Measure?2. txt", ForReading, False)
Data.Skip (shift)
Do While (tag < 4) And (count < 6140)
count = count + 1
D = Data.Read(1)
DVolt = Val (D)
If DVolt <= TVolt Then
Listl.AddItem "O*

Else
Listl.AddItem "1*
tag = tag + 1
End If
Loop
Data.Close

End If
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If Option3.Value = True Then
Set Data = fso.OpenTextFile("a:\MeasureB.txt", ForReading, False)
Data.Skip (shift)

Do While (tag < 4) And (count < 6140)
count = count + 1
D = Data.Read(1)
DVolt = Val (D)
If DVolt <= TVolt Then
Listl.AddItem "oO»
Else
Listl.AddItem "1%»
tag = tag + 1
End If
Loop
Data.Close
End If

If Option4.Value = True Then
Set Data = fso.OpenTextFile("a:\Measure4.txt", ForReading, False)
Data.Skip (shift)

Do While (tag < 4) And (count < 6140)
count = count + 1
D = Data.Read(1)
DVolt = Vval (D)
If DVolt <= TVolt Then
Listl.AddItem "0O"
Else
Listl.AddItem "1®
tag = tag + 1
End If
Loop
Data.Close
End If

If Option5.Value = True Then
Set Data = fso.OpenTextFile("a:\MeasureS.txt", ForReading, False)
Data.Skip (shift)

Do While (tag < 4) And (count < 6140)
count = count + 1
D = Data.Read(1)
DVolt = Val (D)
If DVolt <= TVolt Then
Listl.AddItem "0*
Else
Listl.AddItem "1™
tag = tag + 1
End If
Loop
Data.Close
End If

If tag = 4 Then
Call Calculate (count)
Else
MsgBox "ERROR : Can't Calculate the Distance", vbOKOnly
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INSTRUMENTS

Data sheet acquired from Harris Semiconductor
SCHS097

CMOS Hex
Schmitt Triggers

High-Voltage Types (20-Volt Rating)

B-CD401068B consists of six Schmitt-
trigger circuits. Each circuit functions as an
inverter with Schmitt-trigger action on the
input. The trigger switches at different points
for positive- and negative-going signals. The
difference between the positive-going voltage
(VP) and the negative-going voltage (V) is
defined ashysteresis voltage (VH) (see Fig.6).
The CD40106B types are supplied in 14-
lead hermetic dual-in-line ceramic packages
(D and F sutfixes), 14-lead dual-in-line plas-
tic package (E suffix), and in chip form
(H suffix).

= CD40106B Types

Features:

Schmitt-trigger action with no external componsnts
Hystaresis voltage (typ.) 0.9 V at Vpp =5V, 23 Vat
Vpp=10V,and 35 VatVpp =15V

Noise immunity greater than 50%

No limit on input rise and fall times

Standardized, symmetrical output charscteristics
100% tested for quiescent current at 20 V

Maximum input current of 1 A at 18 V over full
package-temperature range; 100 nA at 18 V and 25°C
Low Vpp to Vgs current during slow

Input ramp :

5-V, 10-V, and 15-V paramatric ratings

Meels all requirements of JEDEC Tenlalive
Standard No. 13B, “Standard Specifications

for Description of 'B’ Serles CMOS Devices”

Applications:

Wave and pulse shapers
High-noise-environment systems
Monostable multivibrators
Astable multivibrators

L
ALL INPUTS PROTECTED BY

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (Vpp)

Voltages referenced to Vss Terminal) .....

veveess =0.5V 0 +20V

INPUTVOLTAGE RANGE, ALL INPUTS ...oiviiiiennneeeeeennn . -0.5Vto Vpp +0,5V
DC INPUT CURRENT, ANY ONEINPUT ... e'0uu s A A% SR Wyl oo dfe . SORONEA, ... £10MA
POWER DISSIPATION PER PACKAGE (Pp)

ForTpA =-55°C to +100°C...... O R o T B o 2o rn B 500mwW

ForTa =+1009C to +1250C ..,

secense

«... Derate Linearity at 12mW/°C to 200rnW

FUNCTIONAL DIAGRAM

CTIon

Vs

§ICH-1000)

Fig.1 — Logic disgram
(1 of 6 Schmitt triggers).
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A °
13,3,0,013) 214,38,

Voo

DEVICE DISSIPATION PER OUTPUT TRANSISTOR
FORTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types)...... «o 0. 100mMW
OPERATING-TEMPERATURE RANGE (TA) ++vvvvvveerennnnnnnnns. phiga Ll -550C to +1250C [LBIENT TOSTRATURE (T4)-357C H
STORAGE TEMPERATURE RANGE (Tgtg) - ... .vuvevevnnrsnnnn.n... ..+ ~650C 10 +1500C % N
LEAD TEMPERATURE (DURING SOLDERING): % 1t e THH
Atdistance 1/16 + 1/32 Inch (1.59 + 0.79mm) from case for 108 max . ... .. o, . . +265°C = T e -vv-’w-c: vou;‘;l 03113V
z 1 R ik 1y
L pti T
] U1 RS A
FRliiiililip Titilh i
RECOMMENDED OPERATING CONDITIONS X ffits 'I" T
For maximum reliability, nominal operating conditions should be selected -_5' at i L
S0 that operation is always within the following ranges. : é H [ svilHH HHHH HHH o8
4 Rt HHH
LIMITS : m t
CHARACTERISTIC N, MAX. UNITS : wt_m_mn u"ﬁl:vw_v
Supply-Voltage Range (For TA = Fig.2- fypico/ outpUN W (sink)
Full Package - Temperature Range) 3 18 v current characterjstics.
DYNAMIC ELECTRICAL CHARACTERISTICS ~—
At T = 259C, Input t,, tr = 20 ns, CL =50pF, R = 200k2 F_ 4
1 LB
TEST CONDITIONS LIMITS g mE
CHARACTERISTIC Vob - 'UNITS s 2l
(V) TYP. MAX. : 5
Propagation Delay Time: 5 140 280 ’ i
w 7.
tPHL, 10 70 140 ns E it i
tPLH 15 60 120 : S s A
Transition Time: 5 100 200 é' a18e f
tTHL. 10 50 100 ns M :
rTLH ]5 40 80 OAAIN-TO-SOURCE VCATACE (vpg)—V
Input Capacitance, C|N Any Input 5 75 pF Fig.3 — Minimum outout low (sink)
current charasctoristics.




STATIC ELECTRICAL CHARACTERISTICS

CD407068 Types

DRAM- TO-30URCE VOLTASE (vpg) —V

-8 -0 -3
T YO TR aToRt (-5 C LT
: GATE ~TO-SOURCE VOLTAGE (Vggle -3V ?
CONDITIONS | LIMITS AT INDICATED TEMPERATURES (°C) Y
CHARACTERISTIC UNITS i
Vo |ViN | VDo +25 FHHH H i é
(V)| V) | (V) | -B5 | —40 | +85 | +125 | Min. Typ. | Max. 0 a8 H-208
= 5 - los ]| 5 1 1 3 | 30 - o002 | 1 =3
igscent Device g ]
Topiad - Jo0] w0 ] 2 2 60 | 60 - Joo2 | 2 5" 4 s §
Max. = 06| 15 ] 4 12080200}z Foo2t s e
; - (020 20 |20 | 20 | 600 | 600 - |ood4 [ 20 : 5
Positive Trigger - | - 5 | 22122 | 22 | 22 l=o0==5v - 2 S
Threshold Voltage | — | — 110 [ 46 | 46 | 46 | 46 | 46 | 59 = Pt v s ”’.”' : ;
Min. 19.4 — Typical output high (source,
Yol = = 15 6.8 6.8 6.8 6.8 6.8 8.8 V. currant characteristics.
- | -] 5 | 36| 36 36 | 36 - 29 | 36
Vp Max. -l =1 w2970 [ 77 71 - |59 [ 71 .
ORAIN-TD-SOUACE VOLTAGE (v, )=V
- |- | ]108[108 [108]108] - |88 |08 s Bt 5
AM| I8 { . O pes ey 190 T
Negative Trigger =] 5 [#00% 09 | 09 | 0B e 5. | = R R b S T
Thrshold Vol =T 1305 Fs | 26 | os | 36 100k KT P L L e gl 8 ¥ i
VN Min. : H ] lfi i LHES i
2 [ 15 [ 4 ) q 3 ] 538 - J Rl t i s 3
— | = |#SF] 28| 28 |28 | .78 [ <V o8] \z8 Y ol : §
VN Max. =] = 1 1052|152 62| 62| - |39 |62 I S
-l -1 15F12417a [ 74 ] 74 - |58 [ 74 i ¥
e 51]03/03 03| 03] 0309 |- | &
Hysteresis Voltage | — | — [ 10 | 12| 12 | 12 | 12 | 12 | 23 | = g L
VH Min. - =1 % %[ 16 | 1676 16 35— ==in et i 1y I
v TEHIH i:.’: 1e deashiels ;11; 5
=t S| s vel [ Tl as 06" VL J=oo=lers sl T
VH Max. -l -]l w]34]3a | 35 | 34 - | 23 | 34
- - 15 5 5 5 5 L 35 5 Fig.5 — Minimum output high (source)
Output Low (Sink) | 0.4 105 | 5 [ 064] 061 | 0.42 | 036 | 051 ] 1 > B (g e
C'u"";';-, 065103 10| 16 15 [ v.1 | 09 [ 13 | 26 | =
mn.,
oL 15(0,15] 15| 42 ] 4 28 | 24 | 34 |68 | = Ty
Vi
Output High 4605 | 5 |-0.64| —0.61|-0.42] -0.36 [ =0.51] —1 - | mA Lt & AS -@,—
ésuource) 25105 5 | =218 [ =13 [—1.15] <16 [ =32 | oiven L6an
l(;:nh‘ﬂ'in. 951010 10 [ -16[ 15 [—11 | 08 | =13 =286 | =
1351015| 15 | 42| -4 |28 | 24| 34 |68 | = outPy T
CHARACTERISTIC CNAIICY(!ISTIC
Output Voltage =555 5 0.05 ~ 0 |005 - mz::‘:?n S
Low-Level, -1 10 0.05 ~ | o0 Joo0s o0TruY -
VoL Max. PRRCOLON g oce o
e IS RS 0.05 2 0 [005 4
v o e 1 W —- —
Output Vol tage - 0 5 495 4.95 5 - SuEFuT 7
H\i/9h '-3‘9" ~ o0 [ 10 9.95 995 10 | = t fro,  __
OHE2n. =50 s 14.95 1495| 15 | = o
ln;:::r: (r:;;;em - |o18] 18 | 01| 20 +1 + — |t10-5| +0.9 uA Fig.7 — Input and output characteristics,
AMBNNT TEMALRATURE IT4)0 2
:T\f"',\r.'.u.\YIG'(' .VE_.:I’.V e s
Ens— : z
§ o s
v, : : ;
- 1 Vi *Vp -V, v..——b&.\% ¢ v htae ]
] 5 o .
3 # L3V mk ,;
Vo 3 9 5
Ve v -
% e L i, J
Yy % 123
= el volhace 1o

@) Definition of Vp, Vp, Viy

b} Transter characteristics of 1 of 6 gates

Fig.6 — Hysreresis detinition, characteristics, and test set-up,

3-389

Fig.8 — Typical current and voltage
transfer characteristics.
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as a function of temperature.

CD401068B Types

.\ul—nj

PROPAGATION OZLAY THdl Upug.

i
il

3]
LOAD CAPACITANCE Gy ) =0?

e
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asa function of input frequency.
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Fig. 18 — Astable multivibrator.
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Fig. 13 = Typical trigger threshold voltage as &
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Fig. 16 — Wave shaper.
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Fig. 19 — Quiescant device current test circuit.
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Fig.14 — Typical per cept hysteresis as a function
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Fig.20 — Input current test circuit.
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Fig.21 — Dynamic power dissipation test citcuit. TERMINAL ASS! GNMENT

73 - 81
B (1.854 - 2.057)

Dimensions in parentheses are in millimeters and
are derived [rom the basic inch dimensions as in-
dicated. Grid graduations are in mils (10~ 3 inch).

4-10
(0-102 - 0.254)
50 - 58
1.270 - 1.473
92CS - 35085

Dimensions and Pad Layout for CO401068H
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CMOS
Quad 2-Input NAND
Schmitt Triggers

High-Voltage Types (20 VoIt Rating)

& CD4093B consists of four Schmitt-
trigger circuits. Each circuit functions as a
twoinput NAND gate with Schmitt-trigger
action on both inputs. The gate switches at
different points for positive- and negative-
going signals. The difference between the
positive voltage (Vp) and the negative volt-
age (Vi) isdetined as hysteresis voltage (vy)
(see Fig. 2).

The CD4093 types are supplied in a 14-lead

hermetic dual-in-line  ceramic package
(F suffix), 14-lead dual-in-line plastic package
(E suffix), 14-lead dual-in-line plastic

small-outline package (M), and in chip form
(H suffix). Add the suffix 96 to the M package for
tape and reel.

MAXHMUM RATING 8, Absolufe-Maximum Vakies:
DC SUPPLY-VOLTAGE RANGE, (Vpp)
Voltages referenced to Vgg Terminal) ...,
INPUTVOLTAGE RANGE, ALL RNPUTS ...
DC INPUT CURRENT, ANY ONE INPUT
PACKAGE THERMAL IMPEDANCE, 8,, (See Note 1):
E package
M package

FORTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types)

OPERATING-~TEMPERATURE RANGE (Ty).
STORAGE TEMPERATURE RANGE (Tgig)
LEAD TEMPERATURE (DURING SOLDERING):

Al distance 1/18 + 1/32 inch (1.58 + 0.79mm) from case for 108 max

CD4093B Types

Features:

@ Schmitt-trigger action on each input with no
external components

® Hysteresis voltage typically 0.9 V at
Vpp =5 Vand 2.3 VatVpp=10V

® Noise immunity greater than 50%

5 No limit on input rise and fall tinws

H Standardized, symmetrical output characteristics

8 100% tested for quiescent current at 20 V

& Maximum input current of 1 HAat 18V
over full package-temperature range,
100 nA at 18 V and 28°C

8 5-V, 10-V, and 15-V paramastric ratings

® Meets all requirements of JEDEC
Standard No. 13B, “Standard Specifications
for Descrintion of ‘B’ Serias CMOS Devices”

Applications:

® Wave and pulse shapers

8 High-noise-snvironment systems
® Monostable multivibrators

® Astable multivibrators

8 NAND logic

B o 04,0 eoolob-olyieduls bty o, -0.5V lo +20V
... -0.5V1toVpp +05V
cevereena. 210MA

......................... 100mwW
~559C to +1250C
-85°C to +1500C

ryedd J‘ﬁ- 1 voo
'—2 L‘-—I
—Y _ 2
XeC-0
x—2 o )
o3 LA
o— 2_,
Vs L .—l
s2¢3-23880
FUNCTIONAL DIAGRAM

RECOMMENDED OPERATING CONDITIONS
For maximum reliability, nominal operating
conditions should be selected so that operation
is always within the following ranges.

CHARACTERISTIC [MIN.| MAX.JUNITS
Supply Voltage Range
(TA = Full Package
Temp. Range) 8 18 Vv
18,002) O==
) B. .» '. Oom
*ALL INPUTS PROTECTED BY < s
PROTECTION MET WO,

Voo

y

]

Vss

22Cs-23001m0

NOTE 1: Package thermal impedance is calculated in accordance with JESD 51. Fig. 1 — Logic diagram—1 of 4 Schmitt triggers.
Voo
e bl
Ve Y You
! ; e e s L o e T et
v H
o AT L o “w & oarven LOAD
Vi e N 'I vy
! _™ Vit Ve - Vy ouTPUT INPUY
Vs, ! ! c) Test setup CHARBCTERISTIC CHARACTERISTIC
i T - - e e -
v ! ! vt Losic *1°
00 = — v ouTPuT
& i REGION
% ) Tranilericharacteristie (3o tpiian i e A IS ik
f10of - VoH oo —— — . _
of 1 of 4 gates. scv-2300m LOO'I;;.?'
Vg %su}
a) Definition of Va Vo vy “Z

Fig. 2 — Hysterasis definition, characteristic, and test setup,

92¢s-230030)
Fig 3 — Inputand output characteristics.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.
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STATIC ELECTRICAL CHARACTERISTICS

CD40938B Typss

AmDRY TLWPLRATUAT [T4)029°C

® Input 6n terrminels 158.120r 2,.9,13; gther inpGts 10 Voo-

®inpuwt Qaterminsts 1'and 2, 5 snd B.8.04d.9, or 12 end 13; other inputs 10 VDD'

POST OFFICL BOX 655303

DALLAS. ILXAS 75265

sy Jeoth s
CHARACTER-  |CONDITIONS | LTS AT INDICATED TEMPERATURES (°C) : 3
ISTIC : UNITS 3 2
Vo [Vin Voo - +25 § i
AV [ (V) [ (V) |55 |40  [+85 [+1258 [miN. . TYP. |[MAX. E G :
Quiescent Devicm | — | 0.5 5] 30 30 | - 0.02 1 - L : Hesg |-
Cunent, Ipg - lowl o] 2 2] e | eo] - o2l 24 .. W TERE: |
Max. - Tovs[ V6| 4] & ] 20 = 002| 4 i st [T H D A
— 1020 20] 20| 20 [ 600 | 600 | - 0.04 [ 20 : o vouTace (41 W
: - 2 S| 22| 22 2.2 22 22 29| - Fip 4 ~ Typical current and voltage
P:::'e::::l?\?:um - |-a [-10] 48| 48 46 4.6 4.6 sl £ transher characteristics.
Vp Min. -] a|15] 68| 68 6.8 6.8 6.8 88| - I
o] sl foe | 26 Fove} i ol - Y TS e 1
“|b|w(se| 56| s6| 56 .56 e 1 e =
| b115[83] 63| 63| 63| s3] sal = 2 RV :]
Vp Max. =] » | Bs| 35| Fed—zaF2 29| 36 g H ot TL prios i
: -1 o [P ] el in Yo L2 59| 7.1 E gaisiin iatinain g ,,,.,,:_I.Ecé:‘.. ]
- 12 ]5w08] 08 | 108 | 108 - s8e | 2 4 if S
- o) 7s]: o] 7% a T = 3.34[Wa fEEHdas ‘“ m’jﬁﬁﬂ
= | bEIE0 [S82] 2 | ghd-oeliig 5R]F 7| 82 . S ER T I
S b szl 27 [ 27 | a7 | - 9.4 [127 el 0 W B
Negative Trigger ] e 5 .OLS' 0.9 0.9 0.9 0.9 19| - Fig. 5 _Lyf’f‘:;:c »;z:l:y:l l,r:,::PI:'r :::'Iacurinicx
Threshold Voltage| - a 10|25] 25 25 irrg:5 25 39| - 5
Vi Min. B 1THR a q q a] s8] - v T s maTung TTae36 oc 5t
- | oRIRs | el BB T I G i HHHT T e
- | b B0 (e8| (3471 34 | T T 24 51 ] - B Qe 1 YTren
1 b|5)48| a8 | 48[ 48| 48] 73] g G I
Vi Max. - v TRsY 288y 28 | 26700 aav) - 19 [ 2.8 $ B stillikRiil iiitinliii
S | 0 Re21e52 | s ] s ND 39 | 52 iis =t 3 R
sl Pl da i 78| T 1 St ||k & pnetr I i
-~ 4 b 51ad 3. 32 TRaompS 23 | 3.2 Clics st filiiics s
-|'b | w}les] 66 66| 65 [.— 51 { 6.6 3 4 1;; H t
-l b |19l 96| o5 o8 2 73 | 9.8 A G g i e
H\j;:.ll;i::‘ Voltage : : 1; ?: ?z ?2 ?: ?: :: : Fig 6 — Typical output law fsink) currant charactorisrics.
= Shclastlfeliiae 1.6 1.6 1.6 <IN el v MR "m?m." "‘T"'”{fF,. JHEHT
L2 b 5703) 03] 03| o3 |mmoa| oou= ¢ P T :
S R I e e T e s g o T
=il EbEEasiaelEde 1.6 1.6 1.6 35 | - 2 S e ey
Vi Na T e L e e T 008 | 1.6 £ R
— 21934 34 34| 34 - 23 | 34 i 4 ? 5
b B B B 5 5 [~ 5| s T B ? it HHHHT
—1b | s[uel 76 [ 16 ] .78 2 08 [ 16 s i HEHHHHT
el LK) L R BEY T B e e 23 | 34 3 VR T
= |bf1sf 5] & 5 5 | - 5| s b T S
SR

Pig 2 ~ Minimum oatput-low (sink) cureent

Cherse Qritics.



STATIC ELECTRICAL CHARACTERISTICS (CONT'D)

CD403938 Types

BRI~ TO- SOUACE VOLTALL twpgi—v

- -0 -3
reesyVeRr R T | 4: 1
CHARACTER- CONDITIONS |  LIMITS AT INDICATED TEMPERATURES (9C) THE e it BT 1
ISTIC UNITS : L il 3
Vo [Vin|Voo +25 adaliailaadifi N ,13‘ Hl &
V) | VI ]Av) -85 | -40  [+85 |12 | MIN. | TYP. |MAX. Riser Hefin '5
Output Low (Sink) | 041 05| 5| 064 | 061 | 042 | 036] o.51 N s FHTH i HHH g
Current, 0.5(0,10f 10| 1.6 1.5 1.1 0.9 1.3 26} - H=RHH B b
‘oL Min. 1.5[0,15} 15 [ 4.2 4 28] 24 3.4 6.8 - o}
mA HH 5
.
Guitas: Hich 4.6/05| 5 (-064 |-0.61 |-042 | -0.36 | -0.51 -1 - HHH £
|Source) 25105| 5| -2 | -18 | <13 [-115] —16| -32[ s 1 i
l‘:“"";"- 9.510.10) 10 { <16 [ 1.5 | -10 | 09| -13 | —26] - Fig 8 — Typical output high (source) current
m, g
on 1351005| 15 | -4.2 | -4 | 28| -24| —3.4| -e8| - characteristics.
- los| s 0.05 3 0 |0.05
Output Voltage 4 B9 =%
Low-Level, ~ Joo[ 10 0.05 = 00.05 25, amlablboin :
VoL M = oas[ 15 0.05 = 0005 | T i
GATY-T0- 30umcd 'vOLT ?
Okt Volloce - los| s 4.95 4.95 5, |~2d 3
High-Level, - lo.10] 10 9.95 9,95 0] - H ipscl
VoH Min. - {o1s] s 14.95 14.95 = EHHHH t {
Input Current, . HTH T TR ‘é
1) Max. - 1018 18 | 0.1 | 0.1 + Logls ¥ £10-5 | 201 [pa L H
e [RIEH [HB b 31
- RGAAES 4 qq! 5 e 3 ’
1 H . TH HItrH
tH : H H
DYNAMICELECTRICAL CHARACTERISTICS 1
At Ty = 25°C; Inputt,, ty = 20ns,C, = 50 pF, R, = Q
£ A nput e v 0ns, CL 9p L 200k Fig 9 = Minimum output high (source) current
characreristics.
TEST CONDITIONS LIMITS
CHARACTERISTIC UNITS
v B R, o
0D f yyp, MAX, prvr At
VOLTS ;
Propagation Delay Time: 5 190 380 .f
PHL- 10 90 180 ns £
PLH 15 65 130 !
5 100 200 i
Transition Time, ITHL. 10 50 100 ns g
ITLH 15 40 80 3
Input Capacrtance, CiN Any Input 5 7.5 pF. :
OPPLY VOLTARL N:::' ?
wcr-soarans
Fig 10 - Typical propagation delay time
Vs supply voltage,
AN NT TP RATURE Tae29C :i"vl:.)g‘ ﬁ"‘“’:'::_'.‘,’:::‘c.. oo : AMBUNT TLMPLAATURS (7, A)>28 C -
N QTHER WPUTS TIKD YO Voo % .
] H 3 38 »
1 R g ssisssill H
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¥ » . 3 i
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£ T 2 f
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Ly i 4t Sase 1 tHH essissstisntancs: ) z o 1} 2
LOAD CAPAL ITANCE K‘.)—u’ v SUPPLY VOLTAG L (vppl—v PR et NCI-T00)m

Fig 11 = Typical transition time vs. load

capacitance.

Fig 12 — Typical trigger threshold voltage vs. VDD
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Fig 13 = Typical per cent hysteresis v

supply voltage.
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Fig. 17 - Monostable multivibrator,
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Fig. 20 = Input current test circuit.
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Fig. 16 — Wave shaper.
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ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805 8-Bit uP Compatible A/D Converters
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AC Electrical Characteristics (Continued)

Note 7: The TS inputis assumed 1o bracket the WR strobe, input and therstors timing 1s dependent on the

Typical Performance Characteristics
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ADC0801/ADC0802/ADC0803/ADC0804/ADCO0805
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Functional Description (continueq)

Transfer Function
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FIGURE 3. Clarifying the Error Specs of an AID Converter
Accuracy=1Y; LSB

2.0 FUNCTIONAL DESCRIPTION

The ADCO0801 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference input
voltage [V y(+) = V\\(-)]to a corresponding tap on the R net-
work. The most significant bit is tested first and after 8 com-
parisons (64 clock cycles) a digital 8-bit binary code (1111
1111 = full-scale) is transferred to an output latch and then
an interrupt is asserted (INTR makes a high-to-low transi-
tion). A conversion in process can be interrupted by issuing a
second start command. The device may be operated in the
free-running mode by connecting INTR to the WR input with
CS =0. To ensure start-up under all possible conditions. an
external WR pulse is required during the first power-up
cycle.

On the high-to-low transition of the WR input the internal
SAR latches and the shift register stages are reset. As long
asthe CS input and WR input remain low. the A/D will remain
in a reset state. Conversion will start from 1 lo 8 clock peri-
ods after at least one of these inpuls makes a low-to-high
transition.

A functional diagram of the A/G converter is shown in Figure
4. All of the package pinouts are shown and the major logic
control paths are drawn in heavier weight lines.

The converter is started by having CS and WR simulta-
neously low. This sets the start flip-flop (F/F) and the result-
ing “1” lavel resets the 8-bit shift register, resets the Interrupt
(INTR) F/F and inputs a “1" o the D flop, F/F1, which is at the
input end of the 8-bit shift register. Internal clock signals then
transfer this *1" to the Q output of F/F1. The AND gate, G1,
combines this 1" output with a clock signal to provide a reset
signal to the start F/F. If the set signal is no longer present
(either WR or CS is a “1%) the start F/F is reset and the 8-bit
shift register then can have the 1" clocked in, which starts
the conversion process. If the set signal were to still be
present, this reset pulse would have no effect (both outputs
of the stant F/F would momentarily be at a “1” level) and the
8-bit shift register would continue to be held in the reset
mode. This logic therefore allows for wide CS and WR sig-
nals and the converter will start after at least one of these
signals returns high and the internal clocks again provide a
resel signal for the start F/F.

www.national.com




Functional Description (contineq)

1% RESET SHIFT REGISTER
07+ BUSY AND QUIESCENT STATE

INPUT PROTECTION
FOR ALL LOGIC INPUTS
wryT oK
T0 INTERNAL
CIRCUITS
W adv ¢
FED
a
- \
»n START CONVERSION
uss
Vee (VRer) O e _J—]_
¢ A
B =] IF RESET -+ 0
9 LADDER AR Lo s
VREFR AND LATCH SHIFT R <
DECODER ot [ agqisin | RESET
e
- - ]
] Vioun) K A
_‘GND CLKA
= Vee
LE D
LATCHY
'y comr
. .
Vings) + ; v
- XFER
7 TRISTATE™ 62 T
Vine-) OUTPUT LATCHES
g L — g
- -
z katl | SN ERARL -\
. 5
R R TRTRYRT ! WTH
u V. COMIT,
01GITAL OUTPUTS b Im s
TRISTATE® CONTROL — gy
“1% = OUTPUT ENADLE

TS INOTE 1) O
5 0

Note 13: TS shown twice for darity.
Note 14: SAR = Successive Approximation Register.

RESEY
DSO0S671-13

FIGURE 4. Block Diagram

After the *1” is clocked through the 8-bit shift register (which
completes the SAR search) it appears as the input to the
D-type latch, LATCH 1. As soon as this *1" is output from the
shift registar, the AND gate, G2, causes the new digital word
to transfer to the TRI-STATE output latches. When LATCH 1
Is subsequently enabled. the Q output makes a high-to-low
transition which causes the INTR F/F to set. An inverting
buffer then supplies the INTR input signal.

Note that this SET control of the INTR F/F remains low for 8
of the external clock penods (as the internal clocks run at %
of the frequency of the external clock). If the data output is
continuously enabled (CS and RD both held low), the INTR
output will still signal the end of conversion (by a high-to-low
transition), because the SET input can control the Q output
of the INTR F/F even though the RESET input is constantly
ata “1" level in this operating mode. This INTR output will
therefore stay low for the duration of the SET signal, which is
8 periods of the external clock frequency (assuming the A/D
is not started during this interval).

When operating in the free-running or continuous conversion
mode (INTR pin tied to WR and CS wired low —see also
section 2.8), the START F/F is SET by the high-to-low tran-
sition of the INTR signal. This resets the SHIFT REGISTER

which causes the input to the D-type latch, LATCH 1, to go
low. As the latch enable input is still present, the Q output will
go high. which then allows the INTR F/F to be RESET. This
reduces the width of the resulting NTR output pulse to only
a few propagation delays (approximately 300 ns).

When data is to be read, the combination of both CS and RD
being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-bit
digital outputs.

2.1 Digital Control Inputs

The digital control inputs (CS. RD. and WR) meet standard
T“L logic voltage levels. These signals have been renamed
when compared o the standard A/D Start and Output Enable
labels. In addition. these Inputs are active low to allow an
easy interface to microprocessor control busses. For
non-microprocessor based applications, the CS input (pin 1)
can be grounded and the standard A/D Start function is ob-
tained by an active low pulse applied at the WR input (pin 3)
and the Output Enable function is caused by an active low
pulse at the RD input (pin 2).
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Functional Description (Continued)
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FIGURE 4. Block Diagram

After the “1” is clocked through the 8-bit shift register (which which causes the input to the D-type latch, LATCH 1, to go
completes the SAR search) it appears as the input to the low. As the latch enable inputis still present, the Q output will
D-type latch, LATCH 1, As soon as this 1" is output from the go high, which then allows the INTR F/F to be RESET. This
shift register, the AND gate, G2, causes the new digital word reduces the width of the resulting INTR output pulse to only
to transfer to the TRI-STATE output latches. When LATCH 1 a few propagation delays (approximately 300 ns). .

IS subsequently enabled, the Q output makes a high-to-low When data is to be read, the combination of both CS and RD
transition which causes the INTR F/F to set. An inverting being low will cause the INTR F/F to be reset and the
buffer then supplies the TNTR input signal, TRI-STATE output latches will bg enabled to provide the 8-bit
Note that this SET control of the INTR F/F remains low for 8 digital outputs.

of the external clock penods (as the internal clocks run at %

of the frequency of lheixlernawock). If the data output is 2.1 Digital Control Inputs

continuously enabled (CS and RD both held low), the INTR The digital control inputs (CS, RD. and WR) meet standard
output will still signal the end of conversion (by a high-to-low T“L logic voltage levels. Thess signals have been renamed
Iransition), because the SET Input can control the Q output when compared to the standard A/D Start and Output Enable
ofthe INTR F/F even though the RESET input is constantly labels, In addition, these inputs are active low to allow an
ala *1" level in this operating mode. This INTR output will easy interface to microprocessor control busses. For
therefore stay low for the duration of the SET signal, which is non-microprocessor based applications, the CS input (pin 1)
8 periods of the external clock frequency (assuming the A/D can be grounded and the standard A/D Start function is ob.
is not started during this interval). 1ained by an active low pulse applied at the WR input (pin 3)
When operating in the free-running or continuous conversion and the Outpul Enable function IS caused by an active low
mode (INTR pin tied to WR and CS wired low — see also pulse at the RD Input (pin 2).

section 2.8). the START F/F is SET by the high-to-low tran-
sition of the INTR signal. This resets the SHIFT REGISTER
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ADC0801IA000802/ADC0803/ADC0804/A000805

Physical Dimensions inches (millimeters) unless otherwise noted
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