esidsudedmuluesTiauUTTuasTiafuA U

INTERFACE CIRCUIT FOR CAPACITIVE AND RESISTIVE SENSORS

sutin diRn

TANATAT WUTIKUN

menfiwusiiiudaunilsvaansinnmundngasliygrinmnssumansmliadin
A1U3VIIAMNTINISUUAIUAY
AUSIANTINAGAS
aaiumalulagwszasunddinunmaansels
W.A.2562
KMITL-2019-EN-M-080-076



s eNsaduuwasTlianulssguazylinaudunIy

INTERFACE CIRCUIT FOR CAPACITIVE AND RESISTIVE SENSORS

SUIR AIAN

TANATAT WUTIKUN

"31/|mﬁwuéﬁ@ud'suwﬁwaemiﬁnmmwa"’ngmﬂ%zyﬁu_,ﬁﬂ'mﬁuﬂ'lammmﬁmﬂm
F1U1YIAINTIUTSUUAIUAN
AEIAINTIUAIEAT
antumalulagnszasunadniinummsainnssds
N.A.2562
KMITL-2019-EN-M-080-076



INTERFACE CIRCUIT FOR CAPACITIVE AND RESISTIVE SENSORS

TANATAT WUTIKUN

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF ENGINEERING IN CONTROL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2019
KMITL-2019-EN-M-080-076



COPYRIGHT 2019
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



WadaInenlinug 2aseusiedmsumugesylanulsyguazyinaiy

AUNIY
UnAnw WEEUTR iR
satinAnen 58601200
USayayn AMINTTUFNFNTUN TR
GULTaELY APINTINTEUUAIUAN
N.A. 2562

219138V nwInendnus  Aas Sude 5930

UNANED

erinusaduiiinausrvsfounedmsuirwgesydaiulszquaziinniy
AU s LausldmalianslSeuieutiwnaneaTeadalamasuuuThaniety
2 949 1Ay 99700aTALaLNDTRINTINTNNATINGIUNIA9BY dIUNIT0RETALALMDIDNFINT
3 Y o v v v e X o & v U I3
Mmthfasieanunnaiadgduiuatauglifiviedranuduniunlaanisuiges
dyayrauerdnaiilaanniesninaueszegluguvesnnuninsiad i ludadiuiuainiug
Inifw3edraudunuilaanueges 299sidnausaunsaldnuiumues sviaiu
Usznsavlinauimumulalaglisesinnisusuasulasaasnanedisas wonaniieasi
Unavedadilassasanisevie idudeu nviedeldaunsainsimgniianunsamelaly
v a A a a ¢ o A vo I~ v o o
viosnan laginadannaiun Tuinerdnusaduilladnausssnily 2 39935038U viN1s
BUHUNITVINUVBINDINEADINENITADINNTITY WiauedRsNdauelulssendldanu
fuwwwesvlianulszquazsiinnusiiuny nanisaassausadudulaineesiviaue

ulumunainmis



Thesis Interface Circuit for Capacitive and Resistive Sensors

Student Mr.Tanatat Wutikun

Student ID. 58601200

Degree Master of Engineering

Program Control Engineering

Year 2019

Thesis Advisor Prof.Dr.Vanchai Riewruja
Abstract

This thesis presents the interface circuits for capacitive and resistive sensors.
The proposed technique is based on the comparison of the time period from two
relaxation oscillators. The first relaxation oscillator is assigned as the reference time
period. Another relaxation oscillator generates the pulse width depended on the
capacitance or resistance from sensor. The pulse width of obtained output signal is
proportional to the sensing value from sensor. The proposed circuits can apply to
either capacitive or resistive sensor without changing topology. Moreover, the circuit
structure is simple and low cost. This proposed technique is presented in 2 circuits. To
confirm the circuit performance, the proposed circuits are experimentally tested using
the commercial available devices. The experimental results verifying the circuit
performance are agreed with the expected values. In addition, the capacitive and

resistive sensors are also used for confirmation of the circuit performance.
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fegrmilssasugesinulszy
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1NNS158NI1AN RH

o o 5% J X o v s oA 1 a < & = o v
FANNIULYULLDIINATAITUYUFUNNTNTDAT RH ‘U‘LlﬂLﬂ‘U‘Ui%"quu Nﬂ?iﬂ?ﬂ’]ﬂi%ﬁgﬂ@ﬂsﬁ

a

aghaunnunglunuanainnssy Jadulssiandeainduiaisainuldegiulugiaui
0% VoIAIAUNFUFUINS LHlosanliinadegamlis Fe9r9gungdnning laely
o & v ° a P ' A a a a & w1 Y
Jdudesrinnseasegungll n1sidsuwUaseinsnladianasn iWudndiulaensaiua
ARBudNImsluaninuInden Inevilunmsivsuwdasaininuglniilugae 0.2 3 0.5 pF
dmiun1siUagunial 1% 199A1AUTUENIIMENTD RH 239A1Auq sz nang 100 A
500 pF #1f RH iU 50% Ngaungil 25 asreaided wuwesyialiidduussavsmuas

° v a ¢ =~ & ° < a Yy 2 A
anansoviulananmnliaadia 200 sseiadud Wwuwesausavinaudulnalaegiuiudn
INNTAIVRUBLAENURDNTITIMEYRIETIAT Bndiinanauauadagluyiasening 30 s
60 AU @mSUNISiUREULUAURIAT RH 91 63 %

wuwesinAl RH siaiuuszyildnediwesuuuwmesluws (thermoset polymer)

- v 6

ns1vianisiasuudasadudiduimsldlaense Wuniswadsuudasarnnugliiives
s aa 2 < a v a A aa o . =
wulreINiNan1sneuauaud dauduiduduge IA18amesaani (hysteresis) wagidl
@dysnINNAluNTlUTTeZe17 FIA1BuRIFNIMSazlAuRLIEMTaUAUAIAIINTY
v o ¢ 1 4{' A N a 1% 5 g v a oA Ay va
duimsuinden Wewuwesedlunaaumainvinden wuwesilinedwesuuumeiluwnilad
M33uTeIINgRamnTIX Izeeniuulvillassasdrmugluiindiuiy 3 WU Feusenaumy
wodlesuuuwasiun Talwiwuukwaniti (electrode platinum) wazdudanau (silicon)
Ineumenisusuanmdyausiuliiiednn Jwandaswaiednalanegun 2.6

Dust & Oil
Not affect sensor

@ ®
<3
P yAK S
og ..‘
g ©

Thermosete's o o| o
ecsesn oo o o
Polymerssees o O o
Porous Platinum
Thermoset Polymer

Platinum Layer

(e

Substrate (Silicon)

5UN 2.6 wuweiinAanurudimsilinediuesuuumesluin

TunUfus leunlutuladidne3nvesdaiulszauuuneniin (active) azaunadufinei

dousou Yuunaiuuuungu (porous platinum) azUasiunavesladidnninain
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ddudinuléialy wu thity wasthevhanuazenn Snfisdafiongnisléanuiionuiuiian
dnsuldlunszuiunssinde weseuwesdnaninanovauasiirommiududuinivie
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&0 p (Q-m)

avgilfley 0.0278
Wan 0.1
YOIAIHANTNLAD 0.48

RNGN 0.0172

1N 0.0222

9@l 0.059

N e 0.423

Unifa 0.087

TunN998NLUUM LY SITAANUAUNIULY AT AasULUaIRIUSA tawU STy
aun159N (2.2) F99¢19AIAIMUAUNI WU ULUAIRIUNIS RS URLUAINIINIEATNY B
ANNLINADY FIBENNYU NITLAFDUNNIINITAIN LA AUSDU ANULASEANIBNITON

< v o= -2 s a v v ¥ o
Lﬂu@iJ%QﬂgﬂaqﬁﬂﬁﬁﬁﬁﬂqﬂﬂaﬂWﬂ&%@i%u@ﬂ?qMWWUWWUIUW3m@ﬂ®1U

2.3.1 Tnnudledines (potentiometer)

Tnudlefiwesduwuwesyiannuduniulssiannis lduannisainiinariun
199 nnudlediweiviesunuulsduiazien Tusun 2.7 wag 2.8 UaRTNITANYAYDN

TnnuglediwesuazsUuuuradnvudlofines aud1su

A
T
Input

voltage *———fls
Ouiput
voltage

JAE—S

C

JUN 2.7 299sauyaveguigesyiaainuiiuniuwuulninuilefines
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Sliding
contact

Resistive
element

(n)

Angular slider

Resistive
element

()
sUN 2.8 sUsuuvedlminuiledines [16]
(1) TenuLafLm oS wuUULTAY

(@) Tninuiladimashuuiday

2.3.2 se5uLna (strain gauge)

= ¥ Y

< & a = aa A . . . a
awsundluwuigesyilanianasisandaniiele3dain (piezoresistive) 1o

[ Y

andsunugnasligafinsegnivenainusinszsimiena siliianisiasuudas

a v

Audnwuznsi i Sendsingnisalilladn Ysingnisalitelesdadivdeianslugun

2.9
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1AgAIAINUAIUNIUYD BN IYSTANNLANIAIANUNITN (2.3) TIN5 UALULUAIUDIAIAINY

£
=

aununelannuassavrsuielesdainarduiu anusumulniidunisvesiag p

o
v

ANENMIVDIAIUN [ AT NUNNUIRAUDIFIUN 4 A9l

GRA PN QB0 AR, (2.3)
o op

WNUAIENNISA (2.2) asluaunish (2.3) agleaunisluudlu
dR=Lar+ P aas L ap (2.4)
4 4 A

v a | ' o I o &
21N UAYULUANLAYAIUTDIAIAIUAIUNIY R WUANN1TAIN

drR _dl dd_ dp (2.5)

R [ A4 p

INAUNNTT (2.5) WU dI/ T uay dd/4 1 DunsiUasulUasavdInyesnLeI LAY
Hudinthda mudu war dol p unisiuasunlaswesainanudunuluiiiging g
aonndastutngnsaiifieledfadin fafusaueionvesgunsaingadu Jufetoets
masvadanaznsiagifnailvaianudumuiinisiasunlas 3ddddeldiuisuves
nalnvesgunsninTaduarmsasunlamisiagviiemasadin ileuansfisnisngandu

NWANYATN
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) Matrix length -
Terminals
C
> )
p ) Gauge width | Matrix width
D
C
;: Gauge length I

Connecting ‘

wires
Insulating layer and bonging cement

|

Specimen under strain

5U# 2.10 a@mTuLng

JUN 2.10 wanslassaiavesanuind dmsuanulivesansuniaaggainnaninmes (sauge
factor, G) Faununwasityups dndrurenIsUayULUaRAYEINTBIAIAIUAIUNUAD
nsiUAguLUALALEINYRIAINLATER dYSUMIBENANNALNNIRES G Yatianuytinm1en

VOIANTUNALEASIUAITIN 2.3

M19197 2.3 AnnIuNnnes G vesianulinmieg [13]

YUnvaslanzuan Annaunnees ¢
Ni 80% + Cr 20% 2
Ni 45% + Cu 55% Vi
Pt 100% 4.8
Pt 95% + Ir 5% 541

2.4 watlanugiulunsieusaiuigugas

sruuUsuuisdyIn niefiiiondt 19anideudewuudidnnseiind 29958 1ue
(read-out circuit) war 23995d3unt (front-end circuit) tudu Huszvuiithdyayio
o wiwaaingUnsainsandunarinisulasdygalidzluuuiangandeludmiv
iludssunanansly degraau n1sveredyyin nsulasdygrunsuzdenidu
FyeruAinea (analog-to-digital conversion) waznnsulasaiaiudiduusatulndi

(frequency-to-voltage conversion) lufu Astulreasusvanndgyiudedndudes
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Jn1sentuutialiruziun1sInUSUI U WA AT A ULL NI WAL A ULAE IR T IT

Tngunfvsuramisliiiosdnisdsusdanisndndes Tugud 2.11 uanslaazunsy

Y9958 UVUSTULAF Y Y1

physical sensing analog signal | __ analog/digital | | output

chemical element conditioning signal processing

JUM 2.11 lpegunsussuuUSuwisdygrunauysal

19951 @ouseagsendn s lTIunaly Asiieg1e 1wy nsUTumedy ey

)

HUFIUYDUYUYBTYTAAUAIUNIY ABIIRTUUILTIAUY (voltage divider) Lananagy
2.12 4821395039 (bridge) wananagui 2.13 1ile vy Lluunassnsussiulaii was

wiuaud (impedance) wilsive91995usadduieuives

Rsens H

()

JUM 2.12 MSI0UABITUYDTAILIIRTUUINTIAY

SUN 2.13 N15L¥RUABLULYRTANEIATUTAT
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Tngnannisiugiuinaduidaiuisaldaulanaly Inatdunisudasanuasuwdas A
duiinaudlioglususadulin Tugui 2.14 wansdi98199892995U3ATRUUN AT

BUNLAUY (impedance-based passive bridge) ﬁ’ﬂw%’uammiamaLLazmﬂ%mmws

UIndlugua 2.14(n) - 2.14(v) Tun1sasivindfilaaneuigesuanslunisned 2.3

R, R, C R,
o © /
Vin o Vout o Vin o Vouro
o o
R3 Ly
Z:
S ZX C3 RX
(n) (V)

C b
o
Vin o Vout o Vin
0 o
Lx
Ry
Rx
(@)
Ry R,
Ci

o (e]
Vin /\ o Voulo Vin
(] o

@) (%)

I a ]

Ul 2.14 fheg1amsTnAdufinaudangg uuasasuing
(n) MswWSeuiieuiumaiilaenss
(2) 2995UIAIVDY Owen
(M) 1995U3AV09 Maxwell
(1) 299515 l9UUUD (resonance)
(3) 29395USAYUDY Hay

(%) 299USAILUUAINUD R-C
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AUNTANADUIAY

AsUSEUTIgUNUAIATILAEAS

Lv3e C

ANSUAIAIUATUNIY
R
R, =Rg 2
Rl
ANSUAIAIULNTYITN
R
L =Lg-—*
Rl
dmsumauglui
R
C,=Cq 2
Rl

2935U5MAUB9 Owen

L, = R,RyC,

szRz-%
3

2995U3AUDI Maxwell

L, = R RyC,

P Ry Ry
X Rl

X, = Xc 159 chl2

L vi3e C (o3 f) k|
29955 MU
By 1
f (WegA1 L uag C) H-)r &
2ﬂ\/ﬁ
L RZRSCI
" 1+0’R’C
2495U3A9UBY Hay L
_ w2C12R1R2R3
" 1+0’R’C]
Q¥_ 1
. 27\ R,R,C,C,
2995USAIMUUANND R-C £

= | 2

=

=+
a0

w

R _
RZ

TagUnALd12993U309a10150U52n0UAUNATUTUAN INF Y 1 auL LA L2
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wugeslududyananisuaduaudt 89380151 munavesdyaaiendnnavidudadiy

fuAPInlaanULes



18

2.5 un&sy

Tuunilladnausvgvivessuwessianulszy uaziwuwesvlnmusiuniu 9

wugesyinnuuszgedunisiudsunlaetssuziisvai uiihguuiy Nundeuriuiu

a ¥ U

YoINUAIt wionsiasuwlasiinesianladidnven wasiwugesyinaudumuend

@ o v Y

a - S VY ) a @
NN UAYULUAIAIINET WUNKUIRAUBIAIUT kaLNISLURSULUAIIEAAIUITDININIUNIU

q
[
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Unn 3
29951 WU LULYRsSNN1sUNaUD LU fn

3.1 a1

Tuineninusatul iWunniiauernndeudedmiuuesoiafivlssquas
yiaaudiumu Feldnanimdnnsiuguvensueessiafulssuazioumeesainnau
Frumu nufanafiafiugiunsdesdorugesiuudaluundiiiun dmivluumiazndnis
195 doudelrugesdniuisuwefulaiulsey warassdondelsuigesddviuisuses
yiianmdun fildtinsiiauelusin FsUsznouse vdnnsesnuuULALANTINIYDS
2995 waruansmsSeuifisudefdeideveudarins dnsslusfndilvaamnsaldauld
aweiusugessinfulsrriowumesuinaudumuifisseslaegnmdavindy 39
vautsitetiauseeniu 2asdoudodmivimumosudafiunsey ldun 199sudasn
auglisinduussiuiiiiauslag Hahnel H. uazame wazsasuuasaianuliiindy
AunaThinauelag Kanjanapart N. uazaaz kazdaasileuselwumesdmiuiueesvia
mnudunuluedn 9un 1s9suvasnainwesgumgiiiduanud finauslae Chung W.S.
warAny wariaasulasandesvnvesaanudumuiduanuniteiad (pulse width) 7

Yaualae Kin H. Larae

3.2 yaasidpusdawuasdmsuruwasTiaiulssyluain
3.2.1 2sasulasarnnuelniindunssduiiviauelag Hahnel H. wazang [17]

2asulasmng i uussduiiauelunuifed wiwilfazogluguues
usefulninnssuaady Ineldndnnisvereainnugliindaansdusuil 3.1 1nga9as
Uszneusie seduoud A, fMfunu R wazduiudszy G lneduiuusey Cr wiuAInL
lulihildnannmueed usady V. JDudygralsiideuliiuiees mﬂgﬂﬁ 3.1 azla

(%
Yo a

ANMUFUNUSVDILTIAU Vo NU Vor b9RAT

K’X_VX+VX_V VX_V (31)
XCX XCI Rl
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R,
YW
G
Il
"
Cx
Vex | ) 1%
Vx Al o Out

U 3.1 2s95utasannnugliiinidunssdu [15]

[

INAUNITN (3.1) AUITAMUITITUBIANGA Ve LAGAT

97 _(XR][V) (3.2)
R]+XCI XCX
%38
R
Iy (Vj (3.3)
L (KXex
XC]
dle Xe Aaanduiinaudvasiniudszylag delu X, =— way x., ——~ Ty
JoC, ' JoC

@ F9 AUDTIUVILTITU Ver WIBUNUAT Xor b8 Xoy asluaun1si (3.3) agla

1] _JOCR, 174 (3.4)
out ij1R1 +1 ex

Tun1seenwuuIasiuali oc R, >> 1 Astiuaunisi (3.4) awnsaUszanaaiadu

Gy (3.5)

Naun1sh (3.5) wiuladn Wemvueliusadu Ve wagaiaugbidin ¢ iudinei vinli
LSLBIANA Vo V8929958 USHURTIRUAIAURLNTAN Cx AidRen15Tn dnsunisidn
WSIAU Vo WU 9790598 edygradiduuialugduneliazainlunisiald

Uszgnaldausely
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3.2.2 ’Ni]il,tﬂax‘iﬁi’lﬂ’lﬂﬁ.l’iﬂi/\lﬁﬂLﬂuﬂﬂUL?aﬂﬁﬁﬂLﬁuﬂﬂﬂ Kanjanapart N. wag
Ay [18]

mifeitiavenamaiinediaieluniseanuuuisasudasamaug iy
Auatdmiuirwgesyiiaiivlszy Wneldndnniseiniasezadadadliusines
(astable multivibrator) Tuguil 3.2 wansmdnmsvensasuvasiianuglniiduding o
Uszneuse @3nd SW, MAIUANAIEFUYINAIUAY Ve 299588 UNTEUATIAIUANIE
ﬂizLLaﬁuﬁlaaﬂ (second generation current-controlled current conveyor) #38 %%%ﬁg
(CCany Ay wazasiIsuisudy il (window comparator) WUUTHAAVINLNDS (Schmitt

trigger) A: lneilsnvastdean15iiounagunsalfall @3nG SWi TOURDAY + Ve kAT Ve

'
=) aaa

maé’ngmmuam Veon Saoustlu “17 uag “0” mudiu YUY A ponuuutluisasulas
wsasulnAdunszualnilnaldr9asvengaininuya (operational transconductance
amplifier) v3elefiia (OTA) wavaswIsuiisudyain A, ssliussiuluiliedng V., Tu
sUves@edn “1”7 uay “0” dmsuuvasinenssulnindinuuin wasuvasnewssulnincu

AU ANNAINU NISYNUTDIINATANISS U LAea)

Wy 00— V. A
-<\C 3 ' VC A Vout
V,y o——to VL i CCCII z ¢ TL —O0

i) oy
S i)

JUN 3.2 nannsvesasuuasdianuglidununa

fivualimeding V. daauzidu “1”7 @lad SWi azi@iousoty +7. seduusaiuli

| 1 [y

V, WA Vi wdIBTTY A1 azdeimusesuliidy 7, 797 Y Wt X mednsinig

venaussutdunils (unity voltage gain) FeazldAudUTUS Vs = V, = Ve loousaauluidln

v, gnutastunssudalndin ix medidiiuniu R Jsansadeuaunisnssualii i 1ol

Yy (3.6)
R
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nszualniin iz szgnAnaenlufinszualiliin ic 197 Z Mmednswenenszualni K Beagld

AuduuS ic = Kix Wenssudliih ic aglwaniudiiuusey Coay vliAnwssauliin

'
a

Ve finnaseusivyseq Csey MllAnRLTunaun1sioluil

t . t V
Ve =] C’C dr+V,(0) = chidﬂ V. (0) (3.7)
0

SEN 0 SEN

o Ve (0) e wswnulnidionan t=0

1aslSpuiisuLuusdadvInnes A, azvinsiseuiisusssiulnin ve duussaulndndia
B0 v dussdulatitn ve dusidnannndt vy udh wssduliihiendine 1., asddsuaniuy
910 “17 1y “0” uarlunanfoafudyanamunm Vi wddviaind SW @ouseiu —V,.
Mntunseualii i asSlewindy —7.y /R Wldnszualiii ic it Z vos A, Tnalufiams
psafudny wsasulwii ve Annasoudufiuusey Con JeliAanas uaziilousaduluiia v
anasaufaussiuliinTaEy -y vliussdulrliiendymues A, aziUdsuanmugain “0”
Ju “17 Fagadunshauiunaeanal dfvuavuinvesussulnindngy vn way Ve
908 A, Selvidused (Va) = |-Vl = 72| ssviilfdsnanldtusazanawesusaulilih

edlAvinny InensvinauresRsaaiing1ukanslusuil 3.3
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v,
" dr—V,.(0) (3.8)
CSEN

Vc(t)sz.

Ao 1 N ldy <
AOWNRUL VA(Ter) = Ve agladnananladu Te 1Ju

2V,
Te = KVT ConR (3'9)

ref
o a [ Y 1 I
wagyupAeiY AxlaviiaInnas Ter WU

20,

K I/rej

C. R (3.10)

(2

flatiu AIULAaNURINTISeRaTaLan (oscillation) Te azidusadl

4V,
TC:T01+Tc2:KVT CSENR (311)

ret

rausndngUaunisn (3.11) ey

_4VR

K Vref

I Copn = GSCSEN (3.12)

arliAnuglniafins193ale Cony 1Uu

_KVle _ A (3.13)

&y = —IFE ,
BILAVTR S,

'
IS = L2

1319 Gs A9 995198181UN1TLUAaUD91995 T91NEAUN1SA (3.12) Azmiuleinaiuan Te Ale

<

Wudndiuiuaranuglniiiinsiade wasaiuisausudnsivens Gs lalauasuwlas

gnsveensElalnin K uazaunsomAanugliiiingiainle Coy anaunis (3.13)
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3.3 2995LYIUADYULYDT AN ULTULYDSBUAAMUAUN U TURR

3.3.1 299s5udawanisvasgangliiluadudifivnauslag Chung W.S. wazas

[11]

¥
av A o

smATeiiaueissulassaiiswesgaumniidunnuilagldosia wuuunadid
(platinum) 2 # TaorasnsesmAmLdiuvues RTD aessazgnuvasulnihnssuanse
deldmunusunienhdaes feeenuuulidmienihwessuniethiaeadudadiunuy
wnfufunszualiiiendidsans dmieaihdrasshmaiaduinsslouuusi (resonant
circuit) veevasesadaianasuuulnaiiang (Colpitts oscillator) fafuaruilunisesada
ianfazfudadinlnenssiunaiisvosiinnusiuniu Tuguil 3.4 uanssasuUamasisves
gamgiidunud 91n3U7 3.4 Ry way Rp tHudiaudumuiigungdl 7, uas 7
pruddu Tasrasswesgumpituazgnuuandulifiinssuanssdiersasvensainiiuii

OTA,; Benseualiiiierdnnves OTA, Weulddsaunisasludl

I,=g., R, = R, v (3.14)
"\R +R;, R +R,, )’

W10 g Ao A1AIUUIVEY OTA; wag ¥, Asussaulniiansdannsyduliiulasuied

fuvukay RTD Jeouwuuaunsy i muali Ry >> Rn w8 Rn Jeldaunislvdidudsd

R, —R
I, ~ gml[%_.Tier (3.15)
1
Vpp
2.7K
s ]
| NG
R, = C,
183K
V. R
A
<
R
" = G % 1K

a c

5UN 3.4 1asulamasinsvesgumgiiduainud

Y
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nszud Lo gninunludalyiiu OTA, wag OTA; NlaNuaNnI¥iuianIuANAIAIINLIYDY
OTA 7190967 OTA; waz OTA; Wawsafudiiulsyy C ievihmihiduiunienihdiass

Falgranunilenhauya L, Ineduiusiu L fsil

_(r)yc (3.16)
Iyl

e Vr A9 h3asuntlentimnusau way 7 A1NtU Ry (R, + Ry) B9aztiiulainAiniiu
witenundasslidndlrutuunntuiunsswaludduninadans I
29955 LW UUNVD 119950 DaT AL DS WUUTAa INAdas 191N TendnasIns oy

fU C hag G FINAMUDA 2 lAPNNDvINIS0aRaLEN ATl

fo :K(Rn _er) (317)
Lﬁa
—-1/2
K:%(ic_z_gj (3.18)
8RRV, \ C, +C, 1

a

ANENYALYRIAIAUE U U RNy ives RTD e T Iniielu ssrwaided

Y

(celsius) "\]Sﬁ’lll’ﬁﬂLLﬁ@QléiﬂﬂUi%iJ’]mﬁ']Lﬁu

R, ~ Ry, (1+aT + BT?) (3.19)

e Ry 9 ANAUAUNIUTNRUVATWINGU 0 Bemwaldied way o AU B AeAduUsedns
YDIANUAUNIY NUALIAMAN Y VRIAIANUAUNIURDMNYTYUEY RTD 1isapssiid

A azldrnuduiusszminanudlunisosadaeniurasivesgumn iy

fo =KRyya(T, - T, )[1+:B/a(Tl +7, )] (3.20)

diolian |B/a] << 1 Jsausadamenves B eonlalunsdvowasisvasgumgiiauiaién

Aanueudveinseeadaaninludndiuuuududuiunasiwesgumnl
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3.3.2 2995hUasAd8auuYaInInudtuniutduninundtanad iiauslag

Kim H. uazaas [12]

nuATeiaueesulatmenudssuuresiiaudumuiiunnuniiotad
dmsudeudawugesyinnuduniu Fauseneulusie 19953uiinsm (integrator) ¥iind
n3ninesfianunsausuatnudiuniuld (resistance-tunable Schmitt trigeer) 2 #2 waw
ae3nine (logic cate) 2 1 Tnensasudasaranudesuuresmanuiumuduanuniig
fiadfiunauelunuideiuandusud 3.5 9n5Uft 3.5 efindvininediuuulsenoudaed
WU uwseaulnin Comp, 29350818A1A10EN OTA, wsenuliing1989 Vk wazsa
Frunu R, Feasnunu Ry Wuwuwessinanudiumudinsaianisidsuudasaain
FIUNIU LALTANANS NLNDIANUANIERAINUTENB UL DUAUAUBRAANSNLNBITATUUU BnLIU
Wt R, ihanuny R, 1o R, fe Arenuduniusisdeiidumasiiamnziasiundioudiey
fu R, Insnaudnvaznsaeleuvesiinivinnesuansusud 3.6 aiuldiuseiuliiihds
SuvesassiaansnnossruuuiudadiusuaaudIunIuYesEIEIUNIY R, waz

wsasulnYnS LU TR NS AN oS AIUAI T UFAAIUAUAIAIINAIUN LY IFIA I UN U
R,

Vsur2

[RC%D lll_V‘!_ TV X
D T |
1

Vsmr1

_D_ y

JUN 3.5 2asudasrnnnudesunvesmanudimunudununiaiad
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A
A\
A
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- - VT

Vi-IgR, Ve+IgR,

(V)
Uil 3.6 Audnuairmsiielenvensaseiindvsninesildlunssudasiinnnds sy
yasmAusnumuluaunitaiad
(M) HATBAAAVIALNBIAUUY

(@) 1ATVRRANINLNDSTAUA

VINT Vi =Vz+IgR,

Vsmri g

Vee

A J

Vsur2 g

Vour A

A\

141 [2)

] .

SUT 3.7 gUnduussfulnihilnuasingg vesisaslugud 3.5

Y

Ve &
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Tugu? 3.7 wansn1siauveasasulasaianudssuuvesraudiuniudueiuniig
Wod Jawansguadudygrunlnuasiie venasuasivualiviindvininesisgeiissiu
anedusuuINu Vee wag Ry TA1UINN11 R, NUNZiSUSUYaINIsLUas @ind s 98l
an1uzUn2993 deludniulszy C azaedszy wazinualiusssulnidunnvesviing
a & AN & o a v X v A A & a ° v

73nN95 vivr BAWTU 0 NISYIUVIITTUAUTUMBLEIREIRD S 1 UA99T vinbrnseua bl
1% a 1 LY} I3 [ =2 a1 Q‘ dy 1 < a 1% v o
91989 I barudAvUsey C wisiulnil vy JsAnintueg 1 dudisdunisainudu
WA To/C bawsaeul i vivy lLTRAUR L SIA LN A U9 TAANS NLNBSAUENT Vi
WIOHAWNAY Vi + I5 R, W& 1019NAIVBIIIIVRAGNITNNSAIUAN vsurr Fzanaaniu 0 uae
L@NA vour VBIBNTAGTWEDINM (XOR gate) zlianuslu “1” dulusvasia o Ml
vsurr P9AN Vee Waulansaunismaluil

C (VR +IBRr) (3.21)

f=—
1 IR

nszuUIUMsUUazInausely unsEis vy WisssfuliihdaBurenseselindninines
FUUY Vi VEOTAUVINAY Vi + I R, WUMBUTO 1 NAT09299 590 0FYENNDSIUUY vam 2
anaau il 0 ﬁaﬁ?ul,mﬁwm vour WiUAguan i “0” WAzl MNAYBILRSNA (NOR gate)
vor xnaneifuaniug “17 doalind S Unneas Meduussduluily var asfanviifunsiad
warlumanduity vilfedmavossfindvininosifiutuauds Vee wag v asiduaniuy “0”
deaind § \Uansas Fadunszuaumisuiasseulu 39929981 6 A vaum AAY Vee

Weulaseaunisaalul

@
t :T(VR +1,+R.) (3.22)

R

LAZANNNANDINANDINEE vour 3 TUY
pepm—p—1 (3.23)
dafiansananaunis (3.21) (3.22) wag (3.23) aglandu

Atzcj—B(Rx—Rr)zcj—BAR (3.24)

R R

IANAENYARUURARYIA (digital) AzanunsavilalaggrumAunIsiadmuda MU Rng

= o Y @ 1 a
A1YUBDN kATAINNFUNITN (3.24) galanslmiiuinanulinazaiiuazidunvesasulas
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annsanuaulilassnsduvesliliiingzuanss I uag L fadrnnuidouvuveadinig
fumumgadiandugudlunagaund widsldediinvessninagd (slew rate) voswiing
n3n1n0% FaA15N Tz 15UABULUAIIDITINIAT £ UaY & dIun1TInAIATTN
Jesuuesimnuiumusalngagldnaiivniu fafudndesianilseminmany

=i Y =
L‘UENLUu&j\‘iE‘jfﬂﬂUigEJSL?ﬂ?ﬂiﬂ‘ﬂﬂ’ﬁuﬂa\i

3.4 unasy

Tuunilaasu1eDInaNN1I0NLUULAE NSV UYL UADLYULYDS LUDAR
Tnga9asusn lowa 2sasutasaianuglnindunssiu nesildudnnisversaininuglih
wazdiodnsdunssiulniiinszuaadu wazrsundedsasulasiianugiinduaiuna 14
wannisenvasesanliadadlausiees Faazldarunanerdnmdudndiudunis
Wasuuwlasainugliin ssasdennduisasudasnasiavesgamgiiluaiiud finis
sanwuulasld RTD Tegtinanisvasainnudiuniueae RTD luwdasdunseualudwiely

) a ) o w a ) v =4 a 14 4! al
AIuANAImTteal wagiidmieniluasialuiiasesadaianas 3311009099993
PaaTalamasuy WUFAdIUAUAIAUAIUNIY KAZIIATA NS UL UDSTRAAINUAIUNIUDN
2995714 A9 219954 UaIANANNLTE A ULYIAIAUA I UNIULTUAILN19Tad dudnni1gan

A & a & al o v Y o = a Y
193598aAnsNnasiaI1sausuAIAufIunIula 91uiu 2 ga lnenisiSeuiisuted

YOLEUUDIIVILTDUADLY UL DS LUDANLARLLUULEAIIUAITIN 3.1
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A5199 3.1 A1 USIUTIBUTDAYLEEUD IS DUADLIULY DS LUDFR

3892993 | adinvaasuigesi Fah Jaide
\Jeusaisuias A7730
WaswlasAay | wwwesvdaniu |- lassadsdlanuteuieg | - deslddmyyrmnszduain
gl uusedu Useq - Mduugunsalueaiin | aguen
[17] wazWaTN Ry
avsulasdiany | wuwesiiafiu | - lasadiianudeuie | - 9a9UfoRnnsituegfy
gl duauie Uszq - annsauiudnes | unasgliies
[18] N15WUALIETENIINI
Sidnmselind
19asulasnanie | wuwesyiamu | - Tarududadudvean | - gunsalwiadvdesiiniig
099un Tl AU HAR19YRIgUNYI Aunadiu
A [11] - 9asarunsadildaing | - Maunsalmadvduauuin
uwwssaulel
1935uUaeAIAY | lwuwesvlinau | - InnuasiBunge - Tdgunsaluanfindiuiuuin
Wesiuuvednn AUNY - figaanisldanuaesnn
AuAIunIudy AnFumMuini
AUNINWAE [12]




unil 4
19T vBNARA S UwasTanuUsTuasTlinaIu

ANUNTUNULEUD

4.1 nanuI

1995 @suned miulsuresydanuuszquazyliaaaiudiuniu Ninausly
Ingrtinusatull Tdwdnnisiusouisudaea19e9d U1 199509aTaLaLna s LUy
SuaneduIuu 2 90 legasieenuuuiilasiasiuieuite wagannsaldanuliiueuges
gj a I3 a ¥ P 1o I~ 2 a ¥ ) [y
navliafuysyuasaiinanudiuniu nenlidndudesvasunladdaseasnweens dmsu
3788208 AN T NUSUNTALNANDT NaNNISYIIUVDII99T N1SIASISRAUTTOULANT
$N9UVDIIIDT WATHINITNAABUANTTOULVDIIIATAIUNITADINRT NEoUNIU17995 1

Ussgnaldauiuisuges

4.2 BANNISNIIUYDINRS

Tuguil 4.1 uansvdenlaozunsuveandnmsildlunisainsasideusedmsy
wuwestiafulsranazeiamusunmuithiausluinerdnusatuil Tnserduimaiianis
W38 ULEUEI 1981909 YY1 491N299500aTALALA DT LU UTUANLYTUTIUIY 2 YA R
U3gNaume 193780aTalatn s huuTanedudIuIL 2 ¥a OSC way OSC, Naunasy

(toggle flipflop) waziudenlniiuas (one shot timer) nann1s¥i1euassvdsnlaezunsu

1%
=]

a1un5nasue s

0SC; > Oqe shot
timer
resetl
tput
Toggle ou
OSC: ———"P Fiipflop °

T control

JUN 4.1 vdenlaszunsuvesmannisfildasanesdouseugesiiiaue
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199999aTaLaLme3 0SC) waz 0SC, IUdmiuas1sdyruuiiing (clock signal) Tne9as
P9aTaLAWaT 0SC; MtNTNaT9gIUna1971989 TurueN99sesadalawas 0SC, i
afeanuneiadndauduiusiuaiiasiadalaainiguiees F99stusdiunis

(% (3

Wasuuamasrarugliihvderanudumunnneuess veuiuvesdynyiaiedne
MNseTeRadalamed 0SC, agnsulviiudenlnsdinesairsdynaiadisiaunatad
yunLdng iourlusinn1siidanisinauvesiingurasy vilddyyratedyaves
Fnaunasuil O waz 0, Hanug “0” wag “1” MUaIRY Mntudyaa O 1S 0, an
thlvldmunslisasesadaiames 0SC, Buvhau dygraieidwnveniasesadalaines

0SC; vhnthdudyarauRniiuindurasy sinliiendnavesindunasy O uaz g,

a a Y] o a 2 % a s
1AN1LLUAYULUAINIUIINILUBIA U UUIRNITDLD IR NAYDIINT00d FaLlalmnes OSC,

As] q

¥ o = U

UNITNINATEDATALS OSC: asedyaagnaaudaly Tudenlniwesisadadyayi
Wad Wievhns3daiivaunasy 19335303uvn13augUunIsinenu a1nudnnisdnaindnesiu
Tuingrinusatulveiauersasdounsd msuiruwesidu 2 29asmeiugsaznanialn

Fdadald

4.2.1 2995:YousawuashuUn 1 [19]

NNLINANDINANNISTUNITAF19299 5L DUAB LT ULY DSV INYIRNUSaTUN TU LA
9199 Tui7at398LE U099 TDUABLIULLBSLUUN 1 1RgNaNNISINIIUYDIINATLTOUAD

UL UUN 1 uanslugui 4.2

Vi one-shot
L —
0SC, timer

Vg
reset
Ve

0SC, —<—{ ¥ T-FF ¢

TN 0
1

output

5UN 4.2 ninNN13YRTIaUsABLYULIDTWUUN 1

NFUN 4.2 29as0adaianes 0SC wazvasiudenindwes asedyaaiad v Aflany

A
o

% < (v dn( [ d' ) o a < a a
NINYUIALENATUIIRIZ VDUV VUYBIFY YU Vg Wintluvinnssideindunasy dueunn

A7)

snaniivaunasy O azfiantunidu “0” wazgninlumuauainduuukouzion SW
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[ a

OSC, A5 NAYYIUUIRNT Ve Ui uaziivouviasssdygiad Ve iMaunasvazinnisndu

Ariedne iliiedwn O vesiinaunasulantusduy “17 Jeaziiliaing SW Una993

1

Junalsh 0SC, asmaan1svinudangy aulidyaraiad s gnlvddiun gunisienui

I 1

NAUIT9RUIITUNTTIUBNATY nTNTIUesdya g asiiee uandlugui 4.3
suutulendyrane1snnveasesadaianes 0SC, sxlianuzmilouiudygaieisdng
0, veiaUNasYy AiuAnunieiadueddyyin o denndesiunsUasuLUaIved

AR5 IR AN USRS

] | ! ] ] |
]
v !
]
— 1
Aty NN\ i i i
]
1 ] ]
| ' [ ' I '
g : | : | h
] ] | 1 ] ]
] ] | ] ] ]
= ] | ] 1 ]
| i |
g | | :
AR PN/ 9 N n kDY
] ! 1 : ! 1 1 ! :
l | |
VC 1 q T
1 i 1
=zl Y aafht \W( o
I : 1 1 : 1 1 : ]
] | ] ] ] |
: : | |
Q1 : , :
. R . Y4/} | b

U 4.3 N9 IN15Y1NUYRINATWRNABIBULDTLUUN 1

Tusun 4.4 LanaRsaNsRlgULERSHULTN 1 lngasaseradalamas OSC; 3519310
Buesnesing (inverter gate) wuurlindn3nines A; ffuvu R, wazdiiulszy ¢ 14

asedeyarauiad 7, dugnunand1da Ty Seanusanandlansaunisi (4.1) [20]

Vi Y Voo~V
T, =RC, m{(Vh ](VD_thJ (a.1)
th— DD th+

18 Vi Ao uwsssulnihduneivinliondnevesdunesiwesivdouaniuzain “17 10y “0”

%30 UssulihTasua Y wag Vi Ao uwssiuliihdunanvihiviendnnvesduniesines

Wasuaa uzan “0” 1y “17 5o wsarulnidasusuana
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4|>¢ Va one-shot
timer
A,

I ‘

reset output
Ve o—o0

[ Y T-FF
B AZ Q1
:\L I

I

control

JUN 4.4 1993 WauRBI TR HUUT 1

A71129950080aLaLRa5 0OSC, @51991NBULIBILABSNALUUTANANINLNDST Az AIATUNIU R,
wazdunulszy G Toassdyaraiad velnaanunisiadiududadiuiurmnnuiiuniuy

Ry Uazanauglnih G Asuanunieiadvesdyain Ve naseliulag 0SC, agduegiu

AANNFIUNTY Ry UAZANANRINTN G @13150UaAIANNTINRAAINETY T, LoRadl

T, =R,C,In Voo =V (4.2)
i Vop =V,

th+

MveuvIasvesdyauiad Ve agviibiierdnn O vesrindunaslaziianiusidu 17 was

T o

alnduuunausaen SW aslianiuzlna9as virliesesadaiawes 0SC, ngan1svinau

wardanaiad Ve azidsuanugnauluidy “o0”

o o

dwsunisldausaslunisanainmugeseiaiulszy ssunudniulszy G me

§ A

< = a ¥ Y4 '3 - a o a
WUDIFUALNUUTEY Cs WANWNTOVIUANAITAIUNINNAFUDUDANG 9, VaINaUnasy

1Y

Tput 9091

Touzl = chs ln(—VDD = VﬂF J (43ﬂ)
VDD 5 Vzh+
730
1,0 =K Cy (435U)

LD K. =R, ln[ZDD - Ilfhj
DD

th+

1NaUN15N (4.3) A1UAlEA1IAINAIUNIY Ry LTUAIAIN AILUAINUNIINAdUDILDIANA

9

Ton 8 Judndiulnensaduaiainuglailn Cs dreAnU Ko wagaduaaving
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AIUNIU Ry ARE@ULERTYIAAIINAUNIY Rs 9EliAdnuniaiaduesdyqianedng o

YaannaUNaY T Wusail

Toutl = Rscz ln{VDD — V;h_ J (44ﬂ)
VDD - Vm+
%39
T, =KpR; (446U)

T Voo =V
il g, :sz(uj
Vop =V,

th+

91N@UNI5N (4.49) 9249UlA9T AUNTNNAdVE9L1ENH Toun st Tudndrulnenseiue
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! timer
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reset

0SG, L» _/f\_ T-FF ?1 output
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control 0,

UM 4.5 NANN15VRINATTOUsBLYUGDTLUUN 2

dmsudyaaniiluaiuaun1sinaueenseeadaiames 0SC, wlddyaamedng o

Taodle g, faauzidu “17 agvhlinrseeadaiawes 0SC, Audadyaiu Ve lnoisuain
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ABSTRACT

A method for implementing of a capacitive sensor interfacing
circuit is proposed in this paper. The time period generated from a
simple relaxation oscillator is utilized to determine the time period
obtained from the capacitive sensor. The output parameter of the
proposed converter is in the form of the time period. The
capacitance of the sensor can then be calculated using ratio metric
operation. The proposed converter can linearly convert the
capacitance from the sensor to the time period. The purpose of the
proposed converter plays an attention in terms of simple
configuration and low cost. Performance of the proposed scheme
is demonstrated by experimentally implementation. The resulting
confirmed that the performance of the proposed converter is in
good agreement with the expected value.

CCS Concepts

 Information systems~Mobile information processing systems
+ Hardware~Sensors and actuators.

Keywords
Capacitive sensor; Resistive sensor; Relaxation oscillator;
Capacitance-to-time converter.

1. INTRODUCTION

Capacitive sensor is an important transducer in the field of
measurement and instrumentation systems. It is used for
measuring the different type of the physical quantities such as
flow, pressure, level, humdity, displacement, velocity and
accelerometer [1] — [4]. The obtained result is in the term of
capacitance. Many techniques to implement the interfacing circuit
for capacitive sensor can be found in the recent articles [2] — [8].
In the past, the capacitance of sensor was provided by the ac
bridge circuit [5]. The disadvantage of this technique is that the
compensation of the ac bridge circuit for the long distance
measurement and temperature effect are complicated. Therefore,
the techniques based on the conversion of the capacitance to the
forms of time interval and frequency have been introduced [6] —
[8]. The former approaches based on integrated circuit design to
implement the capacitance-to-frequency converter have been
presented [6] — [7]. Moreover, there are provided large number of
components in the converter circuit. These approaches require
large chip area that spends high cost for implementing of the
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converter in small value of the chips.

Alternatively, the converter based on the use of second generation
current conveyor (CCII) has been reported [8]. The mentioned
approaches tequire a lot of passive elements. Moreover, CCII is
specific device. Therefore, the implementing of this converter is
inconvenient. Unfortunately, the aforementioned approaches
provide the invariable gain that causes the unscaled result. The
error of the result will be occurred for long distance measurement.
Recently, the operational transconductance amplifier (OTA) plays
an interesting device in the field of analog electronic circuit
design. This is due to the transconductance gain of OTA can be
linearly adjusted more than four decades [9] — [10]. OTA is a
commercially available device that can be provided as basic
building block to form CCII. Therefore, the converter circuit
formed by OTA will exhibit a conventional implementation and
cconomical attention. The OTA based capacitance-to-period
converter has been proposed in literature [11]. However, most of
capacitance-to-period converters are provided only the period
proportion to the capacitance. If the converter can also convert the
resistance of the resistive sensor without changing the circuit
configuration, the advantage will be gained. In this paper, a
simple method for implementing the capacitance-to-time is
proposed. The technique is based on the comparison of the pulse
period from two relaxation oscillators. The capacitive sensor is
used to provide time constant for the relaxation oscillator.
Therefore, the period of the output pulse, as sensing pulse, is
proportional to the variation of the sensor capacitance. Another
relaxation oscillator is assigned as the reference pulse period. Asa
result, the measured capacitance is in the form of ratio metric of
the reference pulse and sensing pulse. If the capacitance is fixed
and assigned to equal the capacitance of the reference relaxation
oscillator, then the pulse width of sensing pulse is depended on
the resistance. This resistance can be replaced with the resistive
sensor. The merit of the proposed capacitance-to-time converter is
that it can convert both capacitance and resistance to pulse width
without changing scheme. The performance of the proposed
converter is demonstrated by experimental implementation. In
addition, only the commercially available components used for
the proposed converter are required.

2. CIRCUIT DESCRIPTION

The principle of the proposed capacitance—to-time converter is
shown in Figure 1{a). The block diagram in the Figure 1(a)
comprises two relaxation oscillators (OSC; and OSC;), toggle
flipflop (T-FF), analog switch (SW) and one-shot timer. From
Figure 1¢a), oscillators OSC; and OSC, are provided for
generating the clock signals. OSC, is used to generate the
reference period. The output frequency of OSC, is depended on
the variation of the capacitance of the sensor Cy. The free running
frequency of both oscillators is set to equal at the maximum value
or full range of the measured capacitance C;. The one-shot timer
is forced by rising edge of the positive pulse from the OSC, to



provide the reset signal for the toggle flipflop and synchronize
between two oscillators. When the output pulse of OSC, is rising
from “0” to “17, the narrow pulse is generated by the one-shot
timer for reset the output O, of the toggle flipflop to “0”. Also, the
output pulse from toggle flipflop will open the analog switch, SW,
and the output pulse of OSC, is generated. The output 0, of the
toggle flipflop will set to “17 at the falling edge of the pulse from
OS8C, and the analog switch is closed. Therefore, the OSC; is
forced to pause. It can be seen that the output pulse of the OSC;

provides the same state with the mnverted output signal 51 of the
toggle flipflop. Therefore, the period of the inverted output pulse
@1 from the toggle flipflop is corresponded to the variation of the
capacitance Cs.

osc, [ et
Vi
reset -
v Q:
° 0SC, f—<—a Y T-FF b
S“’l J_ 3
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i
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¥y )
!
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a
] =3
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Figure 1. Principle of the proposed converter. (a) Block
diagram (b) Operating curves of each node

The operating curves of the block diagram in Figure l(a) are
shown in Figure 1(b). The proposed circuit is depicted in Figure 2
The relaxation oscillators are implemented from basic inverter
gates. The inverter A, resistor R, and capacitor C; form the
relaxation oscillator to generate the pulse signal -, used as the
reference period 7. The reference period 7). can be expressed as

Vs |
Tmf =R’ ]HL VE:: J

)
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where Py, is the input voltage of inverter that forces the output of
inverter changed from “1” to “0” known as upper threshold
voltage. Otherwise, I, is the input voltage of inverter that forces
the output of inverter changed from “0™ to *“1” known as lower
threshold voltage. The oscillator OSC; formed by the inverter A,,
tesistor R, and the capacitive sensor C; are used to generate the
pulse signal ¥y that the pulse width is proportioned to the
capacitance value of the sensor. Therefore, the period 7, of the
pulse generated by the OSC; is depended on the capacitance of
the sensor and can be given by

Tos =Ry Cl ]n( Vi 1

; @
\Fin- )
Ry
Vex one-shot
! timer
N "
Ry
reset é
om = o
s L Y e
= A e
=c.

Figure 2. Proposed capacitance-to-time converter.

At the falling edge of the pulse signal V', the output Q; of the
toggle flipflop is changed to 1™ and the analog switch is closed.
The operating of OSC, is paused and the pulse signal Ve 1s
returned to state “1”. Practically, the resistances R, and R, are set
to equal. Thus, the period 7'y of the cutput pulse at the inverted

output §1 of the toggle flipflop can be written as

T =— of = kmCS €]
From Eq. (3), the period T,y and the capacitance C; are assigned
to constant. Therefore, the period Ty is direetly proportional to
the capacitance C; with the gain k.. Finally, the one-shot timer
will provide a narrow pulse to reset the toggle flipflop at the rising
edge of the next pulse signal from OSC, to begin the next
conversion cycle. From Eq. (2), if the capacitances C; and C, are
assigned to equal and the resistance R- is provided for the resistive
sensor as Ry Then the pulse width Tey of the inverted output
pulse of toggle flipflop can be rewritten as

R

T, ?TT,# =k oR:

oM *
It can be seen that the proposed ecircuit can also convert the
tesistance of the resistive sensor to the time period 7~y with the
gain kg Clearly, the proposed converter provides a versatile
behavior, simple configuration and low cost



3. EXPERIMENTAL RESULTS

The proposed capacitance-to-time converter was constructed for
demonstration the circuit performance. For economical attention,
the analog switch and the toggle flipflop with falling edge
operation are replaced by NPN transistor and D type flipflop
together with inverter, respectively. The experimental circuit is
shown in Figure 3. The active components used in the circuit are
commercially available devices such as inverter CD40106, NPN
transistor 2N2222A, one-shot timer CD4528 and D flipflop
CD4013. The passive components are R, = Ry = 10kQ and
C; = InF. The capacitance Cy with a variation range of 270pF —
380pF for a humidity sensor is chosen for this experiment.

Ry
—AM——
Vex one-shot
™ timer
= Cl VB
Ry
v reset
i O
gl Iy =
sW ! % o D-FF 5 o
= TCs

Figure 3. Experimental circuit.

Figure 4(a) shows the operating curves of the cireuit in Figure 3
for the capacitance Cg = 270pF. The measurement of the pulse
width Ty, for the capacitance Cy varied from 270pF to 380pF is
shown in Figure 4(b). The percentage error can be depicted in
Figure 4(c). It should be noted that the maximum error of the
proposed circuit is about 0.4%. Also, the capacitance Cj is set to
InF and the resistance Ry is varied from 10kQ down to 4kQ for
temperature raising from 25°C to 55°C of a negative temperature
coefficient thermistor. The measured results are shown in Figures
5(a) and 5(b).

It can be seen that the proposed circuit can be used for both the
capacitive sensor and resistive sensor. The advantage of the
proposed scheme over the commercial converter is that the
commercial converters provide both pulse width and frequency
varied directly to the change of the sensing value.
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Figure 4. Measured result of capacitive sensor. (a) Operating
curves of each node (b) The obtained pulse width 7, against
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4. CONCLUSION

In this paper, a novel technique to realize a capacitance-to-time
converter has been proposed. The technique is based on the use
of two relaxation oscillators to generate pulse signals. The result
signal is in the term of time interval that is proportional to the
variation of the capacitance of capacitive sensor. In addition, the
proposed circuit can be used for measuring the resistance of the
resistive sensor. The purposes of the proposed circuit are in the
attention of simple circuit and low cost. Performance of the
proposed circuit is confirmed by experimental implementation.
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The measured results show that the proposed circuit can perform
both with the capacitive sensor and resistive sensor.
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Abstract: This paper presents a circuit design technique for realization of a versatile interface circuit for capacitive and
resistive sensors. The proposed method is based on the use of operation of relaxation oscillator. Time periods generated
from two relaxation oscillators are employed for the reference signal and another sensing signal from sensor. The output
signal obtained in the form of time period is proportional to the sensing value from sensor. The proposed approach
provides the attraction in terms of simple configuration and low cost. The proposed circuit performances confirmed by
the experimental results using commercial devices are agreed with the expected values.

Keywords: Interface circuit, Capacitive sensor, Relaxation oscillator, Resistive sensor, Capacitance-to-time converter.

1. INTRODUCTION

Capacitive and resistive sensors are widely used in
measurement and instrumentation systems. They are
applied for measuring the different type of the physical
quantities such as humidity, displacement, pressure,
level, accelerometer and temperature [1-5]. Many
techniques for converting the measured value from
sensors to electrical signals such as voltage, frequency
and time interval can be found in literatures [5-8].
However, these approaches can provide only sensing
capacitance [3-6] or sensing resistance [7, 8]. If the
interface circuit can provide both the resistance and
capacitance from sensors in the same scheme, then the
advantage will be gained. The purpose of this paper 1s to
present the interface circuit for both capacitive and
resistive sensors without changing configuration. The
technique is based on the use of the operation of
relaxation oscillator. The proposed interface circuit
attracts in the terms of simple configuration, small in
size and low cost. The achieved output is in the form of
time period proportional to the sensing value from
sensor. Performance of the proposed circuit is
confirmed by experimental implementation.

2. CIRCUIT DESCRIPTION

Block diagram of the proposed interface circuit is
shown i Fig. 1. The configuration of principle consists
of two relaxation oscillators (OSC; and OSC;), one-shot
timer (OSTy) and toggle flipflop (T-FF). From Fig. 1,
the operation of the proposed interface circuit can be
explained as follows. The oscillators OSC; and OSC,
are provided to generate the clock signals for the
reference period 7 and the sensing period ¥, depended
on the variation of the values from sensor, respectively.
The one-shot timer OST, is forced at the rising edge of
the output signal from OSC; to produce the narrow
pulse signal for reset the toggle flipflop T-FF. The
output signals Oy and @, of the toggle flipflop will
state as “0” and “17, respectively. The inverter output
signal @, of the toggle flipflop is provided to control

978-89-93215-13-7/17/$31.00 = 1CROS

the operation of the oscillator OSC,. At §1 state “17, the
output signal 7, of OSC, is generated. The rising edge
of signal 73 is used for toggle the output signals of
toggle flipflop. Therefore, the signals Q) and @, are

changed to “1” and “0”, respectively. At Q, state “07,

08C, is forced to pause and the output signal 7,
becomes “1”. The output signals of toggle flipflop will
hold the previous values. The operating curves of the
proposed prineiple in Fig. 1 are shown in Fig.2.

08¢, L OST,
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reset w

)
0OSC T-FF
control & I =
9

Fig. 1 Block diagram of the proposed interface circuit.
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Fig. 2 The operating waveform sketches of the proposed
circuit in Fig. 1.
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The proposed intetface circuit is illustrated in Fig 3.
The relazation oscllator 08C; formed by inverter 4,
resistor By and capacitor O generates the pulze signal #
used as thereference time period I that can be stated as

I =RG ln[;’*}

p

(1

whete ¥, and ¥, are the upper and lower threshold
voltage of inverter, respectively. The two-dnput NAND
gate Ay, resistor Ry and capacitor Oy fanction the
oscillator OSCy controlled by the inverted output E of
toggle flipflop. Oscillator O3C; is provided to generate
the pulse signal ¥5 that the negative pulse width is
propottional to the walue fom sensor. Therefore, the
titne period i of pulse generated by O3C; depends on
the walue from sensor and can be wiitten as
I = RyCyln| 222 e @
Voo — Ve,

The T type flipflap, D-FF, is uzed instead of T-FF in
this paper for inplementation. At the rsing edge of the
pulse P, the outputs 0y and 3y of D-FF are changed
to “17 and “07, respectively. The operating of O3C; 1s
pavsed and the pulse signal 15 is held state “17 For
capacitive sensor, the capacitive sensor Cs is uszed to
replace the capacitor & and the resistances & and &
are set to equal. Thus, the obtained time petiod T,p of
the output pulse at the inverted output 3y of D-FF can
begiven by
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Fig 3 The propozed interface circuit.

From Eq. (3), the time period 1 and the capacitance &
are assigned to constant. Therefore, the obtained time
period T is directly proportional to the capacitance Cs
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with the gain K. Finally, the one-shot titner 05Ty will
generate a narrow pulse to reset D-FF at the risang edge
of O3C; to begin the next cycle.

For resistive sensor, the resistor & is replaced by the
resistive sensor Fgand the capacitances < and O are
assigned to be equal. Thus, the obtained pulse width T
of the inverted output pulse of D-FF can be state as

ln[ VDD = VI—
Vop—Vs
Bpg oo Tt s
5 gl e

Voo
It showld be noted that the proposed interface circuit can
conwert the resistance of the resistive sensor to the time
petiod Ty with the gain £p From Egs. (3) and (4, it is

cleatly seen that the proposed mterface crouit provides
a wersatile behavior.

4

3. EXPERIMENTAL RESULTS

To werifiy the proposed principle, the interface circuit
in Fig 3 was experimentally implemented. The active
dewices used in the circuit are commercial available
dewices such as CD4093 for the inwverter A, MAND gate
Az, and one-shot titmer 03T, and CD4013 for D-FF.
Supply voltage Fop iz zet to 10V, The resistors B = Ry
= 15k} and capacitor ¢y = InF are assigned. The
capacitive sensor O instead of capacitor O is chosen
for this experiment. The capacitance Tl from hurnidity
sefisor in vatation mnge 280pF — 370pF is selected. Fig.
4 demonstrates the operating signals of the proposed
interface circuit in Fig3 where the capacitance Oy =
340pF.

fB8

T'D | 2.000us BE foccosaT s 5. 26

et e—

B
1 i 1
CHI= 18.0U  [IEEE 10.6U
Fig 4 Operating signals of the proposed circuit.
CHI1: ¥, CH2: ¥
CH3: ¥y CH4: oy

Figs. 5(a) and 5(h) show the plots of the measured time
petiod T for the capacitance Oy varied fom 280pF to
370pF and the percentage error, respectively. It can be
seent that the mamimmum error of the proposed dircuit is
about 0.5%.
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For resistive sensor, the capacitors C; = C; = 0.5nF and
resistor R; = 20kQ are assigned. The negative
temperature coefficient thermistor Ry is instead of
resistor R,. The resistance Ry from thermistor is varied
from 7kQ down to 2kQ for temperature raising from
25°C to 55°C. The plots of the measured time period
T,.. for the resistance Ry varied from 2kQ to 7k and
the percentage error are shown in Fig 6(a) and 6(b),
respectively.
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Fig.6 Measured result of resistive sensor.

It is clearly seen that that the proposed interface circuit
can be employed for both the capacitive sensor and
resistive sensor without changing topology. Moreover,
the proposed scheme provides the advantage in
economical term.

4. CONCLUSION

The versatile interface circuit for capacitive and
resistive sensors has been proposed in this paper. The
technique is based on the use of operation of relaxation
oscillator. The output result is in the form of time period
proportional to the sensing value from sensor. The
proposed interface circuit provides the economical
attraction. Performance of the proposed circuit is
confirmed by experimental implementation.
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