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ABSTRACT

This thesis presents a capacitance to voltage converter circuit using the sample and
hold technique. The proposed converter converts the capacitance of the sensor to DC
(Direct Current) voltage output. The basic structure of the converter consists of a pulse
generator circuit, a differentiator circuit, an amplifier circuit, two monostable circuits, and
a sample and hold circuit. The proposed technique is based on the change of time
constant from the differentiator circuit corresponding to the measuring capacitance. The
sample and hold circuit is used for sampling the output voltage from the differentiator
circuit at the appropriate point in time. The output voltage of the proposed converter is
proportional to measuring capacitance. The standard capacitors with different capacitance
are used to test the proposed converter performance. Experimental results show that the
proposed converter can convert measuring capacitance to output voltage with good

linearity and high sensitivity.
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Auiuuseq (Capacitor) Auddinumu (Resistor) Fsanunsardeuluglaunisadinaansfe

V,(©=V(t) (eR_tC> (2.1)

20 Ao w3aiudune Uault1easeuiius (v)

Vo  #o uwsssuliiliowinsresisaseyius (V)

t Ao nanlgluaassutoudune
R Ag AIAILAILNIY ()
c Ao Auanalii (Farads)
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1 Vo (t=x)
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2.3 1 WYULYDILLATNITUTAAYDT

I

wuLges (Sensor) Wugunsalnldlunisiasuuiuamanmen i dudygradiln §ad
TunauUNITNIU 2 JunoudsnisnTadukaznsulasliununenenniasiadulaluilu
Uunameliidssanddugui 2.3 nsuadnges (Transducer) 1ugunsalfiviminiasy
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Usueu

NMIMYUMN (Signal Conditioning)

Transducer

malvia

UM 2.3 nszurumsulasuSinamanenimduuiinamslniuuuiug

TuN15RT9TUUSTUIUNIINEAINUUILHUTUIUNIINIEATINUIBENEILITONTINT VLAY

wlasduusunamsinialaleglidosdinisnszduisenan nsuafwesyiaweniin (Active

Transducers) Aquanstug Ui 2.4 vy inasludvilda (Thermocouple) Ll dLdnnie

(Piezoelectric) Waduase1ing (Solar Cell) gunsaliausavtauas nsesallaruiass (Opto-

< v s Ay = { 1 o w < Y [ -
Isolator) LUuAu aunsalmailineedluna91ei1a19nnIeuanfa N0 lidy MW UNTe

nszwaiwlsaudiuUsnIenInliies d1uaUnsalns 1T uUSTHIUN NN N F DINT1TUNET

WHEIIIUIINNBUDNUINTEAURALTOTUNANBUAUDY LU WwulgasnlIvanni1sildsumiay

AN ANl Araduviend gunsalivanfiagiienda nsuadigesvilaniad

(Passive Transducers) a8 ansuamLgaivianadn Wang AIgua 2.5

Active Transducers ‘
I

£

-

[ hedlPT [

Piezo electric

Photo voltaic

Thermo electric

Electromagnetic . ‘ Chemical

‘ Others ‘

SUN
AT

2.4 NuEMWsINAwWeNTN

Passive Transducers

Variable resistance

=~

I I

] Variable reactance ‘ ’ Opto electronic ‘

Hall effect type

Strain gauge

® Thermister
* Potentiometric
* Photoconductor (LDR)

|

[ 1

‘ Photo emissive ‘

Photo conductive

‘ Inductive ‘

‘ Capacitive ‘

I 1

Variable reluctance

‘ Variable permeability ‘ ‘ LVDT ‘

sUN
LT
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Physical Variable

Capacitive Sensor Readout Circuit System

Power Supply
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Cmepe, o (2.2)
ie  C Ao A1mwgliih
& Ao Aran meaunliinvesgaInie (Permittivity of free space)
WinAU 8.85x10°*2 (farad/m)
& fe  Aranwseunslilindusing (Relative Permittivity) vosiandug wie
Funin Aasiiladidnesn
A Ao AiuTaniisindu (m?), A =xy

SYYTUITLNANLENNGINAY (M)

o))}
©

NAUNIN (2.2) %Lﬁudﬁmmmaﬂv\lﬁwLLUsﬁumqﬁUﬁwaﬂmﬁLﬁﬂ@%ﬂLLazmmmaﬂﬁuﬁ
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Impedance

Displacement
(M) ANMUAUNUSTEMINIDUNLAUT AL TZHLUNTEWINBNAY

JUN 2.9 ArmnuglniuagABuiiuaudidloUAsussevrinaseninguRuman

nsiasunlatarnugliiinniunisasunlasssesinessninanan iviilvszes d lu

aun1si (2.2) Wasudu dex w3e dx twaviilia1ves C suauni1si (2.2) azilaunisivady

AFh il (d + x) (23)
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AINTIVTUVULUTENDUN SN ULNANAIUT 2 AU 1199UTUAULA YT ULNANTN E AR

'
=

AU LALLNULNANT LAR DUT LA LAEANISLAR U U WAL LU A T2 021952 MITIEULNA ¢
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Impedance

Displacement

(v) AuduiusszniIteAnugbiiuagssesdauriulbunay

Impedance

Displacement

(A) AIUFUNUSTENINIAIDUNLAUT AL TL LY DUNUYDILNULNAT)

JUN 2.10 ApuglvihuasABuiwaudioiasuvuniium
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ladidna3n (Dielectric) Ao arsianelulsifivszqlwidassuFoddifiiiosunn wintiluang
angluaunuliin e lfiAensiedeuiivesdidnasoudass wagmnifiuananduvesaualiii
Juissziunilnzanunsadeutanladidnainlhdusiily mavlsuuwanomuaniilaidn
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|

(M) ManNsUAsUTZEZING

(1) NanNSURYUNUN

s

(@) nanniswasueladianssn

JUN 2.12 nallansivasueianugbiiiuy 3 wiman (2]

1n3UT 2.12 (n) nannsivfusveerng Tuguwuuiasdusumaniuunsi 2 iy uagd
1 d‘ | 1 I 1 dl d‘ Ay v d‘ A ) a
wHunani 3 egseninnarnduukunaniiadounla lagguuuunisiaisufiazidunisiig
! 1 ) | a v o < v Yoo a ' = a
szgginsnuEwavvilawsluvazieiutazilunmsidilndurumandnusiunis U 2.12 (v)
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2.4 29958uTaya [2]

v v = o 1 F ¢ & = & a [ o [
nded 2.3 Falenanliiwuweiimunsuiususesyiaiulseglnii agendendn
nalnlun1sinUmnamemeniniazudaaduuiunamelni vz ey 91nnann15viauYes
& a =3 aca [y 1 a 1 ay v 1 & I Ao
e svlaiuysyauazisnisnsiaduatnumuglilaemealaieg Alanaiunty f1iin
Ipannwgesiduaranugliihdndudesdnalnlunsuvasdyarasiionvasdr anuglniids
) a Y Q) a 1 PN [ v =
JudSinamesmeniniiidudsmamisiiialugduuusingg Aumangaudugdeuunisldanu g
&~ ' ' v Y N & v v v v a o a °

nalntisenineaseiudeya (Read out circuit) Faudumidenineg unisldnuasedadnisduun
AuUsELngUge s LU uRInTI3 U nd suana 19 uly 1 unsdlvo W ulYes LUUATIATUATS
WasuuUasarauglniinasisenineasuasdramnug il ndudyaralninfieisene ¥
A3V IUNLNEBEANUVNIAVL NLENE D8 Taglin13anvananysusULUUdYg100NeT
1o viomuismslumsudasar naznanstounauluwumesyiaifulszy wian1sseuliiay
Armug bt webildnansifmugaudsaunsadentdaasnisulasa auqluindu
o = 1 al wa v = o A a v =
gl wareguluudausasgliuumsinuaudavsenaude dmsviheundugady, 3

nsuennITAvesdunneananauulii, lilwderinualniuwslsivivessuiees, dyayin

A

'
o a1 o

SUNIUAT, HY9NTIIVINNUTDIE Y IUNN I NBINe, Hrsanudusngauiunsidnug lainis
wenATeigfuwedanisulasapugnfindudyaalnitluede Tagldimadasiisg @
UizﬂauéhEJmSLLUaﬂﬂ'ﬁmmaﬂw%LﬂuLLiqé’u (Capacitance to Voltage Converter), 1935Ua4
' & a A a g )

mmmqlﬂﬂ%ﬂummi‘nma (Capacitance to Duty Cycle Converter), Nf\]iLLUmmmmqlWﬂ’l
Jumnud (Capacitance to Frequency Converter), ’Nﬂ]iLLanhﬂ’mmﬂWﬂWLﬂuﬁmmfiﬂwaﬂ

v [

Heyau1uiad (Capacitance to pulse width converter)

2.4.1 29sudasArnuglninduusedu

Tngluvsuuasananugluiinluusesdiu (CVO) Meenwuuindmsuuwesyiaiuusey
o @ o a a e ax ™ s a
Jndunsinulanesinaniassdnnselindiiglu Ingdsmsunuiwuwesytanulseaunu

aslursasiauidudniudsequuunsd Wy 299slungu 29950309 w3e Inalauuing
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(Wheatstone bridge) 13039937iinmsanudasnainiasveewuutoundu wiulugui 2.13 10y

fegensihsasieundriaees (Amplifier) wuusngg wdawlaaduisasudasriannuglin

uusasu [2]

Ry
——MAN—
Cr I
Cx
Vo
——O

(n) 29595 aeuNaIsesuuRgINuNUIsgnalusasulasArmug i uuns ey

ﬁm%’umumaiﬁwizqﬁﬂﬂ (single-end charge amplifier for single variable capacitor)

]
]

LB
-+

() 29935915 upundnrgeasuuuineivuyszandidursasudasaiaaiugmslindu

wseauliil) dvsuwugesinuyszauuuUseuliinuen) single-end charge amplifier for

differential capacitive sensor

Ry
C
IDHfH
Cx
Vo
————O
= R4 R L

(A) 29935U3ATueNNAVBIoes ALY sTend T uasasuUasraug i unsiu dmsu

L%i&L%%LﬁUUi%@LLUUﬁLﬂU (bridge amplifier for single variable capacitive sensor)



29

Vs

(@) 29939818ANENATIUssendlduaasulasianuglifdunsaiu dwiusuees

WudszguuuilSeuiiuan (differential amplifier for differential capacitive sensor)

o ;
[ ] R
Z; 1Zs | v
o
R
Vs Z, — W\

R
Z
4 ’VVVl
2 e

() 2asdunguudiandndieies Munvszendidurnsulaseaugluiniduusady

dmiuigugesiiudszquuuiiautiisuad (instrumentation amplifier for differential

capacitive sensor)
JUN 2.13 feg1sasulasaanugiviilidusaiu

UBNINTUED Shao Lichun, Moorthi Palaniapan and Tan Woei Wan lafin1siiausnis
1naasmsiaueunaineiess U 2.13 (1) uay (@) Uszgndldiduisesutasanaugldindy
W39 U LLUUG}'aLﬁlaﬂuﬁj’JsﬂJa A continuous-time capacitance to voltage converter for micro
capacitive pressure sensors [1] Tuvued S. Sakalauskas, Z. Vaitonis and R. Puras, AtAdn1s

Unaueaswlasiiaug i dussaduuuumuiags luiide A high-speed capacitance-

to-voltage converter [3]
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2.4.2 29asuUasArnugiiddudofluia

2asulasrtnug i ndudafleida (Capacitance to Duty Cycle Converter) Tngdl
EAzBENIR9sAIN JUT 2.14 Wuwedianisuegian (Modulation Technique) WuuAIY
n19Wad (Pulse) 391935Usenaulumisnnasdnanseuansd |, 3nenseudlraniulaasiSeudiou
VTS euLisuustunanAsaNsEnI A nAuUsEy CLeuAuwsInugnede Ve tnedle
LsRUTnnATaNRIAUUIEY Co liAtaaninusani V. Tnaviliusadiu Vi Sandu “0” duavinli
FyaadunszAunmsvhauveasndunaeuilu <07 FF, lifiduswiudouvuavemsudanes

= <) Y A a I3 Y =3 o yal 1 [ | Y <@

Q; Feaziludimuaunszuansil |, Wevisadaiudsey Cvinlilam s V, anasoudaiu

-1 a a v I/
Uszq C, fanfinvuansadoumduaunmsademanslodu V=2t
s

VDD

ler

JUN 2.14 dhegnsasuiasmanugliihiduinflufa

2.4.3 2vsudasArnuglninduanud

@ [

' ) A o k%4 J a Aaa 1<
’J\?’ﬂiLLUﬁﬂﬂ?ﬂ’]’]M’ﬁiWﬁ?LUUF’]’J’]&IQ&Iﬂﬂﬂﬁi']\“lf\ﬂﬂ'Nf\]iﬂ’]Lumﬁ’)’]ﬂJﬂVIMW’JLﬂUUiSQL‘LJ‘LJ,

Y

I3 o w ™ v & = ! d' ¢ = 9
@Qﬂﬂigﬂ@llﬁ']ﬁig ﬂqiL‘UaEJUGUU'WG\IEUENG]'JLﬂ‘U‘UiS"ﬂqMN@(ﬂ@ﬂ'ﬂr}ﬂJﬂLE]'W@]W]G] $®IDDI1FAINNIN

asuvatwssiuiiuniud Tngld3sivdsuaranugludndueseduuinsuudafudas

[%
LYY

wssiutuluaiuddnnen 9ngun 2.15 Wweasudasaraugbniduaiiudwuusiieg

[

[2] f9dl U7 2.15 (n) Wwisasindaudasarauglafinduaudlaedaulaiainies

Hartley Oscillator 3333t iaAudwuulagaunsaniA1Audiednale
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108 fogc dlo Ly = Ly + L, a"mgﬂﬁ 2.15 (v) gniaualilul a./.1985 [4]

1
~ (en/CLp) .
WJunisesnuuursasudasanuglidnluniud aelda9958udiinsym (Integrated loop
circuit) 2 yaseLInIeiy laglda1uginesaing diugun 2.15 (A) gniauslud a.f.1991

(5]

(n) wasulasnanugliidunnudlegliineseeadaiamasuuu g15mad (CFC base on

simple Hartley oscillator)

Control Zero
Pulse ¢——| Crossing lg—
Generator Detector
C C
T oVt 1

Il St Pae ol ot b o
ol 1 f

C —

@) 2asuvasmanugbiinduanudlagldivesesadaawesuuuaindansludauaziinegs

AIUANENTINTTVENBUUUBALULR (Switched-capacitor harmonic oscillator with AGC)
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(A) 2aswasranug i dueudlagldasuuasaimnuglnindussaiunauaintuis

wlasusesudladudumuisndt (CFC based on CVC cascaded with VFC)

JUN 2.15 Megrnsasuiaswnaugliitiluanud

wonINUUKAE s wUarIAug il uussiuiiiauslag Cheng-Ta Chiang, Chi-
Shen Wang and Yu-Chung Huang [6] 3U# 2.16 Fadunsth 3 2995%99Us¥naUAILI9aTUUAY
A ug A dunsy sasudasuseuliindumnuduagiaasaweuuuadnea (Digital

compensation circuit) mﬂizqﬂﬁ%ﬂ’mﬁwﬁu

Voltage to Frequency Converter ,_Di
.0.2 F—o— Vfout
1 cko Vcont
¢ Q Freq_out
ckyq
Cs VR11

.—.—: ‘ —_—
Veont
op Yo
Vsr_ Comparator)
VRri1
Digital Compensation Circuit
Digital
detector control Frequency g Freq out

gih?i 2.16 'msLLanhﬂ'JmﬂWW']Li‘;lul,mﬁuﬁﬁ%auaiﬂa Cheng-Ta Chiang, Chi-Shen

Wang and Yu-Chung Huang [6]
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[

2.4.4 y93suUasarnugivindunnuninsvasdygianed

lassasrsvansasulasennugluiiduannunisvesdygyraad (Capacitance to pulse

Y

width converter) uanaia JUA 2.17 Tnafiduiulszy C; waz C, vinihdudunuauiyes

[

LUUFITAAILLANG9Y89AIUEY (Differential capacitive sensor) 29asiifideyayradunaiiu

)
e
b
[t}
=
3
o)

anwazAduYel vs = V2V, sin wt Wneieaunend OC, Talwdnmdudyauguam
AILANAINT S; Uag S iewdensudunaauazAuiugy ndl OC, Jantundu “0” S, a¥gn

Wousaldiu OA; iasudyaiuniuuindiu S, awgneainny OA, laeiinsndud ey

Fygyasnuauy

Sensor

Vo “..»fTime Measurement | |Compute (10)

o [

SUN 2.17 2ssudasarmnugliinduanunisesdayaaiad [7]

1 a s

Y] = o 3 ) A4 o o P Y]

dauaing S; fiu S, asgnatuaulag OC, Falliednndudyaiuguadudmasumiouiu
Tnafidn OC, faauzilu “0” 9zl S, A Ry 89nI1A Wag Se lWousran V,, Wudunnves
OA; Fudinnuas OA,; aziluBunauas OC, Bnveauaziondnnvas OC, uenanazidudyyie

AIUAN S, uay S, wardaluendnmveisasme

2.4.5 23AUTENBUYR9NRTB Ty aNILEUD

Y

19aseudeyaniunaueluingrdnusatuiildndnnisulasaranugduwssiuuuy

Ininszuanse lneordendnnisuessaseyius nswnuaiduiulszylursasoyiudie
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[ |

wuwasylafniulszydenisina antduisitedunmdudyginguadudivasy uad

[

gruALsIn U nad il d nvastdudulauudnlnuuudeae™) lnogua1gai
WRnzaNieIgaLieIfieIsnisquuazasadygraniioliussuldnvazlunssdulnily

NTTWANTY BIAUTLNOUVDIINRTHINASYTuRIAUSENa UM

2.4.5.1 295N UndnyI

[

1995 ilndygna (Oscillator 558 Waveform Generator) LJuaeasfiaiuddgy

[ e

lumsdiannsefinduaznisdeansotreuin wwasnnladygyruanisantseantaduges
naulvg)q drefuds 21993 1lndyeru3Ue18Y (Sinusoidal waveform) wag3993n1Lin
deyayrausuaug 7Ll dyayraugied (Non-Sinusoidal Waveform) 817 dgygy1ausy

a1 ey (Triangular) bazdyaIngudmasy (Square) LTudu Ingluauideildled
=

wes 555 1uiassdganguimasn ddlediues 555 dnduledussianlnuesaiunse

1%
a

il uldegrandevinsuaznainnaigguuuy ledd wuiidenldlunisuirluadne

s o

dugusUafuLuuA19Y LU dygudinasy dygiwiad dyaiailubey wagi993as

]

11 tnefile@iues 555 1WuleduuuisassiufifiaunsaiBiannsefindduq ednnelu wasd
drufifosaiuasasniguaniieauauniIsiney wagldanuludnvassieg dauazaan

AONITOONLUULAZIBABNITEI WA QYYIUNadA1INDA199) Bnvisausanlanisvinaule

v
a v A= =

e seduluanuiddeiifaddlediues 555 WWureasiuilapnuduuuedudivasy lo@ 555

a o U v a
ARUANITVINIUNIALA 3 LAUA AT

Inuaf 1. luluainia (Monostable) n1svinsuasilunuunasisdgaranadiuun 1

an naendnisnseiu isiindyyiu danundieiaiunsadnualaaieai RyC

Tgavidyaniyl U 2.18
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Vee
8
R2 R1 4 L
555 Trigger
Vee/3) Pulse
, Monostable o :) . Capacitor
fL Voltage. Ve
Monostable
6 jL Output
ouT
N | 2 t= LIRICy
Negative
Trigger _— *
28 5 1 5
Pulse — O _T—C
T c T 0.01 uF

JUN 2.18 mssiessasluluaniia Ineld 1o 555 uariSauinaimnineniugm

lyndl 2 evawmida (Astable) nsvieuasdunuuiiassdygiadl

a

A9l NA1UITONAUA

ANLARAINANABINIS AIEAIAIUTEANBS C WATAIAIINAILNIU R, LAy Ry S19axidenniy

SU#l 2.19

555 P!
Astable

(n) 9950zamUA

el it
ouT i
—

)
t

Lot

3
Astable Output

ton (High) =0.693(Ra*+Rp)(Cx)
tar(Low) = 0.693(Rp)(Cx)
T = tottor= 0.7(Ra+2Rp)(Cx)

=l
=

Ry+Ry

D=go R,

c

555
Discharge Astable
Current 7

Ve
Charging
Current

(¥) 1asevamUanuulTuUse

5UN 2.19 nsderasezawla lagld led 555 wagdbauinauniemum

Tuadl 3 luaisida (Bistable) n1sviheuazilunuuiiazideuaniuzann High luiduannuy

Low 1§ uavazdiptegtanugiunaanaunit asin1sidsuulasdyaaidiunnsedunisendn

WaunaeU (Flip-Flop) ’i’lﬁlazlﬁﬂﬂ@l’mzﬂﬁ 2.20
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Vee

8

555

Bistable . !
] 1
b Trigger L |
ouT 3 o [
) Reset V
e

Bistable Bistable

Set Triggered Reset

Ui 2.20 msdensasluamda Tneld lod 555

2.4.5.2 29959YNUS

9950UNUS 1503950158 ANBLTUALBIMDS (RC Differentiator) Aiflo19asnusznaulusie

'
U =

AU URAT AN VTR DTN VLA 18I0 Tnefierdnnaz Tnannusaiuiinnasousn

a )

£ o I o A o a 1 o (3 yYaa v
aunu Tnedeudyaiadunadudyyined udwioy daudyuisoidnanlandanvuey

o

& < =~ ~N v = ' < v & =
WU uULT e a uaﬂwimﬂaEJuVLUmmNmsmULLazmsJUisaruaammUUszagszN’N'«asLLas

% a 13 o o !
EUEUTEUBDUNG LTANANRNBUSAN sun 2.1

Y

2.4.5.3 1993 uLATAIA TRy

29955 UkaAIAsdyIn (Sample and Hold Circuit) 29asUsenaulumeiiaviun 4 du Ao

drudnnsdanadune . drunsmdynianuuiitivdszy (Hold Capacitor) @udnnisdysyie

1A kAL 93EINT drudAyueNRTENLarAsAIdRN Ao dulldnAndyaadagldn

'
[ =

\Auuse (Capacitor) Tunsvinntiiiasadyaradunniazgnaiiiulugeda dumes (Buffer)

o

| o [ 2

[ Y a 1 a & a = I 1 1 A o I a =
LLa%Lﬂ‘UI’J‘VlG]’JLﬂU“LJi%‘\ﬂ‘L!“U’Nﬁ’JWUU@ %QLUU“U'NL'J&’]H’W@@J%?E]ﬂﬂiiUﬂ']E)‘lW\!G] BASUAINY
diannseingd FagnauauNIsla/dnamedyaiunual Ve, AN9IUYD9TT UL T

2 an1e Iean1IBIn A @n1En1sdu Ve, = 1) wsaduliiendnevesisasagdanvinhue

wsssulninBunnvesasluruetueg1mallol aneiiaes Ae an1zn1sasrndnaial Ve, =
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[y

0) Fausaduluiednmveassiimasiuiduausaiulnidunsvensaslugiswiaigaie

fouavlingyanismendayay1od

unn @—— D 0dun
. fufuil sy
ﬁﬂJmU1m M7 :
muny O—— o -
JUN 2.21 las9a5192995duag AR Ay 0
2.5 ungd

Tuunilnaniwannisioungeiiuguy wazesdUszneuressuwestiaiuiszy lay
yadulunsuuasrusuanmamenintuguLuy Ay lnidy Fyaradliluguuuusigg

wuwdaspirug i dunseiu wasrmuglniiduanud wWasiaugliihduaiuoa

'
=

dl' = % a o d} 4:1' [ 1 = [
WOl UYBYaUIzNDUUDINTUITENLAUDT LN BINUINATLUAIAN mqumuuﬁmmwulw%
Nseuanss wonntuuatuuniidainsasuramaniasldlunuddeiusenoume n1sinled
4

wes 555 untiululuuasiee lngluinerdnusiagltlediues 555 Tulvun szaweida dmsu

A3199UNM WBNAINUUGITIITBYRUS war99sdumazaAdyay10 (Sample and hold)
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ANSDBNLLUULAZNISANLHUIIUI Y

3.1 unun

FUNDUNITODNLUUKAZANT UL ToRUINTU 4 Tunaunande Junaulsntduns

dnauenananlunisuuasaiamugbiindusseiulnirnssuansdasinausludnuaraunis

(% '

AMNF1EARNS TUADUNABNTUNITODNWUUIATHAENNSAINUAAINITILA DS NN AULAZNAAD
TaslUsinsud1and Tunaunatuduni1snnasdasnisse1995nadasu wasdunaunaLtdunis

nageuvsulasim g lniluusssuliinnszuansidlaenimaassinediiulssquinsgu

3.2 gUuuunadinAngnsvasasasulasaianugilusssaulviniinaus

a

sUkuuresaswlasaaug i luusunliinaualuinednusadull 61984

(Y - ——n v A = 19 v Y Y [
INNANNITVRINITOYNUS UAAIAIFUN 2.1 B2995UENDUAIERIAUNIU (R) Uaghaiiy
Uszqluila (0) sispunsuiunazdledoudunaludygrundudndsusladyyiaunsaiu
snaiafifiiiuviy (R) danvazdwdulasuuudnlnuui@eoa (Exponential) (e7)
FefusanuiainalUd suniuanfaunisn (2.1) wazaruiseasdiduninnisiud ou
(% o Y v Ql' = ! = 1 a )
dnwurdygialanegun 3.1 Ferrsiatuaziiouledeg arusaedursiduninuwennis

WasukUasnugiaailansmelud

>
O
sy
oy
=<

c
A Ve OV

R .
| ° - [

eI

o
>

H
=g
o
o

O O

A
|||”-—4>—/\/\/\,——0
.

A
M\

(n) Gi)) (m)
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Ve Ve 5V V

WA < A vﬁs\ 5
AT ° A I c ° J °
° 1] ° ° [l ° . 10V
T v 1 R VO
: \_ RS .o R J\ . L 2 5v

T Tw S J O O
o s o ° _]?_ o =
(0 () ()
JUN 3.1 dnuaizdiyn1ae1Anavedslseyius Wedunmudsuaniugluguuuusineg
(n) anuzdyaaenanautouduns

= A < X
HoounalUaguduvau1vu

g
2
2\
)
)
=
ee
&
&
i)
2
©
)
Ba
<
=
o

=

(A) anuedn It MNaEladunad Tw > SRC
(1) anuwzdyaianeanalledunaasudurouyia
(3) anuzdygraneldnnneudunnazilasudurouviaiune Tw < 5RC

(2) anuzdyaraedwaliodunnudsudurouviasvas Tw < 5RC

91NAUNT5N (2.1) W N TN U IBUNAYAAII) FENUIIT YYD IANAY IR

Dusaguin 3.1 Tnenigansuazinistoudune wssdundunuusey (O wazdinuniuluisasazd

Y

[ < |

Al 0 augud 3.1 (n) edeudunaiddnvausilundudvasy wasdodunniudsuaniue

9
¥
Y &

< = o v = U oA A & |
LUYBUVIVU LbITIAUN QWWUVI']UR]%%TJLUUQQQWWUWLU‘L«!@']@JEU‘V] 3.1 (GU) ANUUILABY ) anay

1%
v Y = 1

NIBARITBALTAUNRIFIUIY Tusgiutiniarvesmudune (Tw) wazrvesduniuUszquas

LY

Aadunuluages damna Tw dawnniniawiiu 5 wimemanuvesiniulszguase
ANAIUNIY AzvisiuUseiuysegaedseylaanysalaiumuguil 3.1 (A) anduilie

a o

fynaBunmUdsudangaandu 0 dyaatedmaiesdufisui 3.1 (9) Buangaaduay
feunniiudes WutuanAdnaulume 0 lunsdasnainudune (Tw) Setosndi 5 i
yosHagavesiIAUUsEqUArAANui U Snuazvesdyanaietinaazidusanugui 3.1
(3) Apvazdafvlszgiimeuszqlivaafasiidygadunmldsunlamnsiuiuangeanu

mgavinbivszalniluduiuusedl 2 dwfediuidineuseglinuanagdndiunimudiunag
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Jupuagtinugun 3.1 @) wae (@) Jawnseasuliinduiulsegasdedddnaitunisiiivusey

I v

98719108 5 WNUBINAANIDIAIIUINABAUUTTIRATAIANA WY TuvasTinTuaIves

€

a I

yaaduneiiatesndn dwaviliveuviasvesdunmintulunsuiinisiiuuszedsluanysal
N3EUIUNTARgMIURUT ITodunnRBLTIRUANATENAINUNIY NIVBUVITU UALTBUIA
Tunsdl fivdszqauysal azdvwavinduuiaduds luvaeiinsdifuuszgluanysal adudn

=) U 4 1 1 U U dl
LMN@Uﬂ‘ULLG}ﬂ’TuaULLﬁ%U’JﬂIﬂJLVﬂﬂ‘HﬂQEﬂ‘W 3.2

+10V
7.67V
Vout 3.68V 2.82V
271V
0 Ist 2nd 3r _
0 V 21 ’3‘[/_1417 5t q
-2.33V -
26.32V -2.64V -
Y 7.20V

JUN 3.2 dyayaueinnvedisaseyiusiiianiuiiaidesndt 5RC

91n3U7 3.2 danalddnidle Tw < SRC Betpewintusussdunvavniasluiuuinagd

D.

AT ANl UATLAUAE AT LA UL D UAILAALINA YD L TIAUNIFDIATUEIAUTI AN LYY T
9AUBUIAULD t=RC A1 Vout 3Z1AU (10 * =) usIauauuInazidu 3.68 druuseeu
fuauaz iy -6.32 WA 3.68-(-6.32) MU 10 A4l kazwuiileldaunisn (2.1) m

A1 Vo (©) 7199 t lag) Fefienuduiusidudadiudunanmueiniainudiuniuiazauinves

v [

4 v (3 a 4 ﬂ
AAUUTEY (RC) wazimuali t = xRC ussauodnailanazidu v, () = Vi) (e RC )

= = & o 1 v &
vsoanunsalsuduaunisiusudadiulanail

Vo(D) = Vi(D(e™) (3.1)

lagfix densaus 0 e 5 Falanisgazideanuzun 3.3
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Vq(t)

\:'\/o(xéQC) =Vire® |

;,

Vo(RQ) = Vi*:é'1
. :Vo(2F:?C)=\):i*e'2

e

|
i
i
‘ : —Time(t)
XRC RC  2RC  3RC 4RC 5RC  6RC

JUN 3.3 USU0RNAYIIaTaYRUSLA URULIaN

LueANATe R TeYius T dudnd ussnitsmaguanufuvuivawaf i uU Y

Tniluazlonszane e ludnvareunsuvenunaniy (Maclaurin Series) udrazlaiiu

2 3
AVTS | Bl \ & (3.2)
e P X/ o0 30 +
WaRansananzdiuniauisaUsyiiuanldmeannsiaduaz ondu
grii=l=/x (3.3)

1Tne7AT x Taun1si (3.3) e ULman g lut 9L AMEUNSINTUN Y @18150W150U0

AnuduiuslugusuunsiUSeugulass U 3.4

M

JUN 3.4 A1 e TugduuuaunsuRI AR TUNAINIUAIGY
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31n3U7 3.4 1 Jun1swWieuiisunsanann 4 aunisusenausig y = e~ Wuaunns
nandIudn 3 aumsiinannsivdsuiaunisuanlugukuusunsukIAAaeIu NN 1 s
= v = Y x2 A v x2
Wen=13lay=1—x .ie n=27\]01®y=1—x+zm’e} n=3ﬂu1my=1—x+z—
x3 A = = 1 1 —x v 19 A
% HeawSsuidlsuudmuinaunis y = e™ @wnsaldunusiieaunis y = 1 —x We1 x < 0.2
A1 x> 0.2 ldanunsauseidiiudinmeg e™ = 1 — x lAleNARBILIUAT x A78A19N 0.1 89 1.0

AAIMIUAITIN 3.1

P a ~ A o % = a &
M1919N 3.1 L“LJiEJ‘ULV]EJULGUQG]’JLasﬂsﬂaqL@ﬂIWLLUULGUEJaELUEﬂ@HﬂiMLL@Jﬂaaiuwg\]uqu6]

) X x x? x x? x3

g ¢ TR B TR TN R TR TR
n=1 n=2 n=3

0.1 0.904837 0.9 0.905 0.904833
0.2 0.818731 0.8 0.82 0.818667
0.3 0.740818 0.7 0.745 0.7405
0.4 0.67032 0.6 0.68 0.669333
0.5 0.606531 0.5 0.625 0.604167
0.6 0.548812 0.4 0.58 0.544
0.7 0.496585 0.3 0.545 0.487833
0.8 0.449329 0.2 0.52 0.434667
0.9 0.40657 0.1 0.505 0.3835
1 0.367879 0 0.5 0.333333

910A1597 3.1 Lﬁaﬁmimﬁmﬁ’umwmugﬂﬁ 3.4 1A x < 0.2 LNUIIA1VDS e
fanlndiassiu x— 139a@3Uled7 e ¥ =1 —x edn x < 0.2 wazvInaunisy (3.3) \le
WVUAT X 7 x = R—tc way x< 0.2 9gld 02 >x= ic F9ffe 0.2 > é Slounumie™* =1 -x
LAY X = = Tuaunisil (3.3) awld

t
V,=V;(1— R) (3.4)
dle t < 0.2RC

PN ' v v F v ¢ . .
"i]']m/]ﬂﬁ']ﬁlll’]‘ll’]ﬂ@]ﬁﬁ’]lﬂ'ﬁﬂﬁi:ﬂiﬂ?'] INYIDUNUTLUUY RC differentiator @11190%1

! ¢ vy t i ! t v ' {
ANDIANALARIBANNTT V, = V; (1 — =) WleA1 — Wewnd 0.2 %30 t < 0.2RC WannaDa
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)

Praunisi (3.4) Wasransl Tnenaaesiivuals A1 V= 1,R = IMQ,t < 0.2RC Tagan

I
Y 1

C fAndisust 0-100 pF azleing1vidaguil 3.5

ANMNFIWBETENINY Vo,C(pF),t(uS) 148 R=1M ohms,Vi=1V

1 X:15

Y: 33
Z:0.9545
0.95 | ]

1-t/C

0.9

Vo=

0.85 —|

SUN 3.5 n5mpnduiusseninuwndLiuysey a1 uazlsw

'
1 a

910N INFUN 3.5 aziiuintileinueal t < 0.2RC wazA Riduringil 1MO uay

[
Y 1

\AenAn C Ndaangnfa 10pF avinbilaA1vad t Fasaetaandd 0.2RC AAGILA 0 89 2/¢s
sedinariliian v, agludae 0.8 8 1 illulumuveuan dwnnel v, deenia 0.8 9siiedn
| a P ° v o = = 4 o o
2YUBNVBULVAAUNTIIN (3.4) Bedwavinlvia V, iniuaaIniadaugely Lazidadauns
ANUFUNUST¥MING V, fU tasiudndunsiidnvasiluidunssanansaldaunisi (3.4)

Iilneudasgulngidu

Vo(t) = Vi(1 = kt) (3.5)

o k \luevasivinAy - Inofinaguves RCazdasliiinisiudsudt wagan t 84
soudulumuiouly t< 0.2RC wlunsldaunisi (3.4) duan ¢ Mldesuluiineldidu
wn3esiiesuarUsz gl anmwgesduazlaaunisidu vo(C) = v+ (1 - é) Turoutun?

A1 t < 0.2RCuazA1 C azRoududridesfigaiifesnisinarnvundu Cpy, 9vldaunis
0.2RCpin

i) 9anaunnsiasnudndl Ransadnaneiulylifinase

Tyaidu v, Q) = v+ (1 —
V,(C) Faaguledn
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Vo(©) = Vi (-

[y

Tnefifmuali t Jugeeua@adu1aiiawindu t = 0.2Cp, aunsauanslugunsm
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MNUT 3.26 1easeasiiadyyrngunaudmae 20kHz %38 Yua 50 ps 713 Duty

Cycle 20% 1139AIUNINNVDY Top-10 ps WAedlusasiudunni 10V Joudayaand1ieasoyiusng
N15UABUAT C A9UA 10pF UAY 100pF UagA1 Ry A 20kQ WAzt aNa1TakIIAuLeIANe

4 U

Tua9 Ty ( 10 us <t<50 ps) VOIFLUENEUDUNG LATTOIUNTLNIIAH AL UAUF U UDUNA
off M 2 Ul \ ved 3
UNTENG LD t = Top + 0.2R, Crpipy I UAMTIFUNANATON Ry Uaziladaoadunnal C lu

| Ay v & [9%% 9 =
EJ’]‘u‘VIGlmmimﬂﬁ]ﬂ%@;ﬁﬁ@ﬂﬁﬂﬁﬂ% 3.3
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C(pF) 10 12 14 16 18 120 |22 |24 |26 |28

Voltage (V) | 8.00 | 8.33 | 8.57 | 8.75 | 8.89 | 9.00 | 9.09 | 9.17 | 9.23 | 9.29

C(pF) 30 [32 (34 [36 [38 [40 |42 |44 |46 |48

Voltage (V) | 9.3319.38 | 9.4119.4419.47 1 9.50 | 9.52/1 9.55 | 9.57 |1 9.58

C(pF) 50 |52 |54 [5 |58 [60 [62 |64 |66 |68

Voltage (V) | 9.60 | 9.62 |1 9.63 | 9.64 | 9.70 | 9.67 | 9.68 | 9.69 | 9.70 | 9.71

C(pF) 70 |72 |74 |76 |78 |[80 |82 [84 |8 |88

Voltage (V) | 9.7119.72 1 9.73 | 9.74 | 9.74 | 9.75 1 9.80 | 9.76 | 9.77 | 9.77

C(pF) 90 (92 (94 [96 |98

Voltage (V) | 9.78 | 9.78 | 9.79 | 9.79 | 9.80

3.5 #379lUAAANRINUS TN AN VYT U9 Ty US UL IR UDENA

Hothdeyaannsialaslusunsudiass Proteus snasslanna 1ngld3s Linear regression
Wediesgianudiiusseninaussiuionding fudvasiiuUszqueniaseyiusiiuasundag
910 10pF-100pF Tnewfiuetuduay 2pF %lé’mmé’uﬂ’uﬁ‘uazaumiLﬁumiqmwmgﬂﬁ 3.27 §ail
A1 R-Squared iy 0.6899 FefioinAranuusiugie uaziedannanndeyanunisldisus

Prwazadlunadmivudazdazyililacanuuiugigania
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C(pF) 0 2 i 6 8 10 12
Output(V) 8.00 8.00 8.10 8.10 8.10 8.20 8.20
C(pF) 14 16 18 20 22 24 26
Output(V) 8.20 8.30 8.30 8.33 8.36 8.39 8.41
C(pF) 28 30 32 34 a0 36 38
Output(V) 8.44 8.46 8.48 8.51 8.57 8.53 8.55
C(pF) a2 a4 a6 a8 50 52 54
Output(V) 8.59 8.61 8.63 8.65 8.67 8.68 8.70
C(pF) 56 58 60 62 64 66 68
Output(V) 8.72 8.73 Ol 8.77 8.78 8.80 8.81
C(pF) 70 72 74 76 78 80 82
Output(V) 8.82 8.84 8.85 8.86 8.88 8.89 8.90
C(pF) 84 86 88 90 92 94 96
Output(V) 8.91 8.92 8.94 8.95 8.96 8.97 8.98
C(pF) 98 100

Output(V) 8.99 9.00
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A131991 3.5 nafiinannisidnfuuszgdederesuiuiulszavagaau

Cref(pF) Cref + Cmax R-Squared | Range t(,bLS) SR(Cref‘l'Cmin) SR(Cref‘l' Cmax)
Cref + Cmin
20 il OBERR A9 | 0.1 2.5 10
40 2.8 OBERR 0.143 | 3.57 10
50 2.5 OBERR 0.16 |4 10
100 1.82 0.967 na1g | 0.22 | 5.5 10
200 1.43 1IN 028 |7 10
500 1.18 WNTU | wAU | 0.34 |85 10

91015199 3.5 Tugrsnsmaaau 10pF-100pF wudndialddunuyszquinggiu 100pF doauiy

LYY <
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4.5
8 AC Electrical Characteristics (note5)
ﬁ Ta =25°C, C =50 pF, R =200 kQ, Input t; = t; = 20 ns, unless otherwise specified
"3 Symbol Parameter Conditions Min Typ Max Units
ot Output Rise Time t-= (3.0 ns/pF) C_ + 30 ns, Vpp = 5.0V 180 400 ns
(8} t;= (1.5 ns/pF) C_ + 15 ns, Vpp = 10.0V 90 200 ns
tr= (1.1 ns/pF) C_ + 10 ns, Vpp = 15.0V 65 160 ns
te Output Fall Time t:= (1.5 ns/pF) C_ + 25 ns, Vpp = 5.0V 100 200 ns
t=(0.75 ns/pF) C_ + 12.5 ns, Vpp = 10V 50 100 ns
t = (0.55 ns/pF) C_ + 9.5 ns, Vpp = 15.0V 35 80 ns
torn Turn-Off, Turn-On Delay toLn, teHL = (1.7 ns/pF) C + 240 ns, Vpp = 5.0V 230 500 ns
toHL AorBtoQorQ tpLH, torL = (0.66 ns/pF) C| + 8 ns, Vpp = 10.0V 100 250 ns
Cx =15 pF, Rx = 5.0 kQ toL, top = (0.5 NS/pF) C + 65 ns, Vpp = 15.0V 65 150 ns
Turn-Off, Tumn-On Delay toLr toL = (1.7 ns/pF) CL + 620 ns, Vpp = 5.0V 230 500 ns
AorBtoQorQ toLr torL = (0.66 ns/pF) CL + 257 ns, Vpp = 10.0V 100 250 ns
Cx =100 pF, Rx = 10 kQ toLs, tonL = (0.5 ns/pF) C, + 185 ns, Vpp = 15.0V 65 150 ns
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C5 1nF 1
R10 10kQ) 1
Op-Amp(AD746AP) 1
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A15199 4.5 W1510RaSNIYIUNISNAFDUIITII

518n159UnIal Taiaa
Signal Generator LM555
R1 12.5k()
R2 57 k()
clLcz2,Ca 1 nF
D1 1N4148
R3 10k()
R4,R5,R6 40k()
Rx 500k
Op-Amp1,0p-Amp2 AD746AP
luluadal, Wluawida 2 CD4528
R7,R8,R9,R10 10k()
C3 80pF
ca 100pF
Digital switch T4HCT4066
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fulseq
NAEoU(pF) 10| 20 30 40 50 60 70 80 90 100
LLiﬁULmﬁWG} 1| 137 | 1.757 | 2.15 | 2566 | 2975 | 3.371 | 3.768 | 4.167 | 4.57
Cx 10pF-100pF ,Step =10, C,.=100pF
5
< 4 y =0.0399x + 0.5749
T R* = 0.9999
Qo
=3
(]
>
2
=
31
0
0 20 40 60 80 100 120
Capacitance Cx (pF)
Ui 4.12 Ausaduedimaniale dwsurianig c, g 10 pF 9 100 pF
Aafiuusezy
naaeupr) | 100 | 200 300 {400 | 500 600 | 700 | 800 |900 1000
usie N | | 1.386 | 1.79 | 2.209 | 2.638 | 3.041 | 3.453 | 3.86 | 4.266 | 4.67
Cx-100pF+1000pF ,Step=100,C, ,~1000pF
5
o y =0.0041x + 0.5763
24 R?=0,9999
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Abstract

This paper presents a capacitive sensor readolt circuit using sample and hold methed. The proposed readout circuit is
used to convert capacitance from sensor 1©0 DC (direct current) voltage ovtput. The basic structure of readout circult consists
of the pulse generator circuit, differentiator circuit, amplifier circuit, monostable I circuit, monostable I eircuit, and sample
and bold circuit. The proposed technique s based on the change of tme constant from differentiator circuit corresponding
10 the measurement capacitance. The sample and hold circuir is used for sampling output voltage from differentiator circuit.
The output voltage of the proposed readomt circuit i proportional o nseasurement capacitance. The standard capacitors with
different capacitance are used 10 test the proposed converter performance. Experimental results show that the proposed readout
circuil can converl measurement capacitance to output voltage with satisfied valves, good linearity and high sensitivity.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CCBY license
(hup:/lereativecommons oeg/licensesby 400,

Peer-review under responsibility of the scientific committee of the 2021 Sth International Conference oa Power and Energy Systems Engineering,
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1. Introduction

The Capacitive sensor is a one type of contactless sensor based on capacitive coupling which can detect various
objects that are conductive or have a diclectric constant different from the air. Capacitive detection technology
is often used in a variety of sensors, including sensors to measure physical and chemical parameters such as
displacement, position and motion, proximity, pressure, force, humidity. liquid level, acceleration, CO, NH3, NO2,
toxic organic vapors, ionic concentration, material properties, ctc. [I-3]. In the power genecration and energy
industries, capacitive sensor is used for structural health monitoring of blades tip in an operational turbine such
as position measurement of blade tip, blades tip clearance monitoring, blades tip vibration monitoring, blades tip
condition monitoring, etc. [4-7]. Fig. | shows the example of blade tip clearance measurement of turbine using
capacitive Sensor.

The advantage of capacitive sensor is non-contact measurement, temperature robustness. Morcover, the capacitive
sensor can operate in high-temperature environments, and highly electromagnetic ficlds. The structure of the

* Comesponding author.
E-mail address: apinaire @kmitlagth (A, Rerkratn).

hitps-/idot.org/10.1016/.egyr 202071 L4128
2352.4847/0 2021 The Authoris). Published by Elsevier Ltd. This is an open access article under the CC BY license (httpo/icreativecommons.

argflicenses/by/4.(v).

Peerseview under respansibelity of the sclentific committce of the 2021 8th Inlernational Conference on Power and Energy Systems
Engineering, CPESE. 2021.
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Fig. 1. The example of blade tip clearance measarement of surbine using capacitive semsor.

capacitive sensor is made from many differeat media such as poly-silicon, copper, tin oxide, conductive film,
conductive material ete. Three important types of the capacitive sensors are used for the transduction applications.
These are parallel plate capacitors, cylindrical co-axial capacitors and cylindrical cross-capacitors. The capacitance
of the capacitive sensor is typically around 50 pF o 100 pF, with the change being a few picofarads (pF) [1-3].
It means that the electronic circuit for measuring the capacitance of capacitive sensor must have high sensitivity,
good linearity and resistance to any interference. Many researchers propose techaigues for measurement capacitance
with various schemes of the output signal such as: N. Kanjanapart et al. and P. Bruschi et al. proposed technique to
measure the capacitance with change output time period [8.9], D.Y. Shin et al. C.T. Chiang et al. and V. P. Parusov
et al. proposed technique to measure the capacitance with change output frequency [10-12], I P. Sanjurjo et al.
and C. Rogi et al. proposed technique to measure the capacitance with digital output [13,14]. The widely method
for capacitance measurement is the voltage output. Various capacitance to voltage converters have been reported
in the literature [15-17]. This paper prescnts the technique 10 implement capacitive sensor readout Circuit using
differentiator circuit and sample and hold method by commercially available devices.

2. The proposed technique

The principle of the proposed capacitive sensor readout circuit s based on differentiator circuit. The output
voltage of the differentiator circuit is approximately directly proportional to the rate of change (the time derivative) of
the input voltage which depends on values of resistor and capacitor in circuit. Fig. 2(2) shows a simple differentiator
circuit consisting of capacitors and resistors. The input of circuit is connected to a capacitor while the output voltage
is measured across a resistor. Fig. 2(b) shows the input and output signals of differentiator circuit.

}

C Vi
o 1L
© i © "
.
Vin R E - Ve
Vo
o ©
v

{a) (b)
Fig. 2. (2) The RC differentiator circwit: (b) Input and ocutpet waveforms of the RC differentiator ciscuit
From the circuit in Fig. | the output signal Vo can be shown in ().
Vo = Vine™'/*¢ (1)

where
Vin = The input voltage of differentiator circuit (V)
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Vo = The output voltage of differentiator circuit (V)

t = The elapsed time since the application of the input voltage
R = Resistance (Ohms)

C = Capacitance (Farads)

The series of exponential function is shown in (2).

. ¥ X 5

e=|+.t+5+'i+-~- (2)
From (1) and (2) define x = 1/RC, the output voltage Vo can be represented as (3).

Voo vill—- 2=+ 24 F 3

o= Vi —E+i+§+"') (3)

From (3) if ¢ <0.4RCwnn‘§+';;+--- can be neglected, the output voltage Vo can be written as

I
Vo= Vi(l = =—=) £l
o i 7 (4)

From (4) if the parameter t and R are fixed, the output voltage Vo is changed corresponding to the capacitance
value.

Vout
via--4
N = 04 Vis
04Ty
£ bd RUmax
s + + b + - 1
L i i) ) & 51 sl
RC Time constane, (T

Fig. 3. The output vokage at 0.4T (RC Time constant).

From (4) and Fig. 3. the output voltage V& is changed corresponding o the capacitance value, if setting the time
interval of sample and hold circuit less than 0.4RC to sampling output voltage.

3. Circuit description

From the proposed technique, block diagram of capacitive sensor readout circuit using sample and hold method
is shown in Fig. 4.

Pube Gesoratar

& J—

Flg. 4. Block diagram of the proposed capacitive sensor readost circuit.
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The proposed capacitive sensor readout circuit consists of the pulse generator circuit, differentiator circuit,
inverting amplifier circuit, monostable I, monostable II and sample and hold circuit. From Fig. 4, the generated
pulses from the pulse generator are applied to the differentiator circuit with frequency 20 kHz and duty cycle
20%. The output signal of the differentiator circuit proportional to the capacitance of Cx is amplified by inverting
amplifier. The amplified signal is then applied to sample and hold circuit for detecting the amplitude of signal. An
amplitude detector based on the sample and hold method has been used for measuring the amplitude variation of the
amplified signal. The amplitude detector circuit consists of the monostable I and monostable II used for controlling
a sample and hold circuit to sample amplitude signal at the 10 us with respect to one of the signal from pulse
generator. Consequently the output pulses of 200 ns width are obtained. The output signal Vo from the sample and
hold circuit corresponds to the capacitance of Cx. The proposed capacitive sensor readout circuit was constructed
by commercially available devices for test performance of the cireuit. The experimental circuit is shown in Fig. 5.
The 1% tolerance resistors used in the circuit are chosen as follows: Rx =300 2. Rl = 1 kQ, R2=R3i=R4 =
R6 = 10 k2, RS = 2k, and R7 = 5 k€. Variable resistors used in the circuit are chosen as follows: VR1 = 100
kQ and VR2 = 500 kQ. The digital and analogue devices used in the presented circuits are generally commercial
devices such as pulse generator (LMS55). analog switch (CD4066). monestable (CD4528) and op-amp (LF353).
The power supply voltages used were set to 12 V. The various values of standard capacitor in range 10 pF to 100
pF are chosen for this experiment.

™
(ST o

»
b4
AL

Wr
AL

W

Mercatath | Moscebezhe I Barnzh und bcbd

Fig & The proposed capacitive sensor readost eircuis,

4. The experimental results

From Fig. 5 LMS555 is used to generate the pulse signal for driving the differentiator circuit and monostable L
The output signal of this circuit is shown in Fig. 6.

Fig. t(a) shows the output signal of the pulse generator circuit with frequency 20 kHz and duty cycle 20%.
Fig. 6(b) shows the measured signal of the pulse generator circuit and the differentiator circuit after amplify by
inverting amplifier. The signal of channel | shows the output of the pulse generator, while the signal of channel 2
shows the output signal of the differential generator after being amplified by inverting amplifier. The output signal
of pulse generator circuit is also sent to the sample and hold circuit. The monostable I and monostable I1 circuits
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(@)

Fig. 6. (3) The owtput signal ‘of the palse genermoc circnit; (b)), Ostpar sigeal of the palse generator circeie and the differentiator circuit
maumplifybym;-npﬁﬁq.

are used to generate sampling signal for controk sample and hold crcuit. The output signals of monostable 1 and
monostable 1T circuits-are shown in Fiz. Ty and (b) respectively.

(#)
Fig. 7. ja) Measured signal of exemostable | circuis; (b) Measared signal of manostable Il cirenie

From Fig. 7(a) the signals of channel ! and channel 2 show the input and ompmngmlt ‘of monostable 1 circuit
respectively. From Fig, 7(b) the signal of channel I'shows the output of the pulse generator, while the signal of
channel ”slmsthcoulpmngm]ofmmable 11 circuit. The outpui-signal from the monostable 11 circuit with
200 ns pulse width are sent to the sample and hold circuit for sampling signal from inverting amplifier circuit. The
output voltage Vo of the proposed capacitive sensor readout circuit is obtained from the sample and hold circuit
with corresponding to the measurement eapacitor Cx. The signals from the sample and hold circuit are shown in
Fig. #a) and (b).

From Fig. §(a), the signal of channel | shows the output signal of the differential generator after being amplify
by inverting amplifier. while the signal of channel 2 shows the sampling signal from monostable II circuit. Fig. 8(b)
shows the measured signal of the input (channel 1) and output voltages (channel 2) of the sample and hold circuit
in case Cx = 70 pF. The measurement of the output voltage V& for the capacitance Cx varied from 10 pF to 100pF
is shown in Fig. 9.

The graph in Fig. 9 shows the relationship between the measured capacitance Cx and the output voltage of
proposed circuit. This graph shows that the proposed capacitive sensor readout circuit can convert the measured
capacitance to DC output voltage with satisfied values, good linearity and high sensitivity. Moreover, the proposed
circuit is suitable for used in capacitive sensor. The relative error of output voltage can be shown in Fig. 10. The
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(@)

Fig. & (a) Measered signal of e input.of sample and hodd cloak and she costral-sizmal from msoncstable [l (b} Measured signal of the
input and cutpen voltages of the sample and hold dreuit (Cx = 70 pF).
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Fig. 9. The oomput voltage Vo {ar the capacisinee O varied fram WpF t© 100pF.
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Fig. 10. The relative error of oetput vokage for the capacitance Cx vanad from 10 pF w0 100 pF

maximum relative error of the proposed circuit is about 1.5% in capacitance measurement Cx range 10 pF to 100 pE
It can be seen that the proposed capacitive sensor readout circuit can be used for application in commercial available
capacitive sensor. The good advantage of the proposed converter is simple. low cost and used commercial available
devices. The proposed capacitive sensor readout circuit can directly adjust the output voltage Vo by changing the
variable resistor VR2.
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5. Conclusion

This paper presents technique for realizing the capacitive sensor readout circuit. The proposed technique is based
on the differentiator circuit and the sample and hold method to generate output voltage corresponding with the
measured capacitance. The proposed converter is suitable to measure the low capacitance of commercial available
capacitive sensor. In addition, the output voltage of proposed circuit can be adjusted by variable resistor VR2. The
measured results show that the proposed circuit can convert the measured capacitance Cx to output voltage with
satisfied sensitivity and good linearity.
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