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SUMMARY Anactivecircuitfordetectingasmallcapacitance

Change accurately with a minimum number of componentsis

presentedforinterfacingacapacitivesensorwithadigitalsystem．

Nocomponenttrimmlngisrequiredandthesensitivitytocircuit

COnStantSisminimum・Thus，itmeetsalltherequirementsforthe
On－Chipinterface．

1．lntroduction

Manysensorsarenowbeingdevelopedwhichdetect

SuCh physical quantities as pressure，displacement，

humidity，tOuCh，and accelerationin the form of the

CapaCitance change・The capacitance change of such

SenSOrSisusuallyverysmallcomparedwiththeiroffset

CapaCitance，andthustheultimatesensitivitydepends

largely on the slgnal processing circuit．Besides the

Slgnal・tO－nOiseratio，theon－Chipintegralabilityandthe

microprocessor compatible output are prerequisite to

theinterfaceofa“smart”sensor（1）・（2）．oneofsuchcandi＿

datesistheswitched－CapaCitorcapacitancebridge（3卜（5）

Thisbridgemeetstherequirementoftheon－Chipinte－

gralability，butsuffersfromtheclockfeedthroughac－
COmpaniedwiththeanalogswitch．

Another candidateis the AC operated charge

amplifier（6）・Thecircuitconfigurationissimpleenough，
butthesensitivityadjustmentbymeansofthephase

differencebetweenthetwosinusoidalsourcesplagues

thepracticaldesign・ToalleviatethisdilRculty，aCharge

amplifierisdevelopedwhichallowstheeasyadjustment

Of the sensitivity by means of the amplitude of the

quadraturesinusoidalsource．Thisletterdescribesthe

interfacebasedonthisimprovedchargeamplifier．The

experimentalresultsconfirmlngitsprlnCiplesofopera－

tionarealsoglVen．

2・CircuitDescription

Figurelshowsthecircuitdiagramoftheinterface．

Here，CLrepreSentSaCapaCitivesensor．C。andCsare

referencecapacitorsforcancellingtheoffsetcapacitan－

Ce Co ofthe sensor and for adjustingthe sensitivity，

respectively・These capacitors are driven by three

Sinusoidalsourceswiththefollowingphaserelations；V。

ManuscriptreceivedAugust14，1987．

†TheauthorsarewithResearchInstituteofElectronics，

ShizuokaUniversity，Hamamatsu－Shi，432Japan．

1049

anducare18000ut・Of－phase，andLbandvsareinphase

quadrature・Theop－ampAlformsthechargeamplifier

totaketheweightedsumofthechargesstoredinCr，cc，
andCs・Theresistor尺′prOVidesthebiascurrentpathof

Op－amp Al，andis chosen such that wG尺′≫1．If the

amplitudeofucisadjustedsuchthat払C。＝Ghold，then

theoutputvoltageulOfop－ampAlisgivenby

が1＝－Ⅴ雫cos（扉卜の　（1）
WhereOisthephasedifferencebetweenulandvsgiven
by

β＝tan‾1
』C

払Cぶ●
（2）

The phasor diagram of ul，nOrmalized to－VICf，is

depictedinFig．2．ItisclearfromEqs．（1）and（2）and

Fig・2thatifAC≪亀Cs，then AC changes Olinearly

Whilekeeplngtheamplitudeofulalmostconstant．The

SenSitivity，definedas∂8β（AC／Cs），isthengivenbylkYs，

andthuscanbeadjustedbytheamplitudeofus．

TwocomparatorsA2andA。OperateSaSthezero－

CrOSSdetectors・Comparingthesymmetricalrectangular
OutputSOfA2andA3，theEXORgateconvertsthephase

differenceintothepulsewidth T．Thedigitaloutputis

finally obtained by countingthe highfrequency clock

Fig・1Thecircuitdiagramofthechargeampli鮎rbased
interface．

0c cC

Fig・2　Thephasorrepresentationoftheoutput

VOltageofthechargeamplifier．
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Fig．3　Theerroneous phase－tO－pulse width conversion due to

the offset voltages and the response time of compar－

ators．

during T．

Detailed error analysis has shown that parasitic

capacitancesandnonidealop－ampparameterShaveno

effectupontheinterfaceoperation．Theoffsetvoltages，

Ths2andl左S3，andtheresponsetime，t，2and t，30fthe

comparatorsA2andA3，reSpeCtively，arepOSSibleerror

sourcesin the phase－tO－pulse width conversion．Their

effectsareillustratedinFig．3．ReferringtoFig．3，0ne

canobtainthefollowlngeXpreSSionsfortheoutputpulse

Width；

れ＝霊＋藷＋信一忠一毎

n＝憲一霊気＋柾浩一毎

whereⅥistheamplitudeofvl．ItisclearfromEqs．（4）
and（5）that the effect of the offset voltages can be

eliminated by averaging　71and n．Therefore，the
differenceintheresponsetime，Atr＝t，2－t，3，isonlythe

errorsourceinthisinterface．AssumlngAt，lessthan20

ns，andtheclockfrequency差oftheorderofafewtens
ofMHz，theerrorduetoAt，isestimatedtobelcount
at most．

3．ExperimentaL Results

The circuit shownin Fig．1was breadboarded to

confirmits principles of operation．The op－amp and

COmparatOrSuSedwereLF347andLM306，reSpeCtively．

A variable capacitorin parallel with alO，310　pF

CapaCitor was used for a capacitive sensor．Ceramic

capacitorsoflO，810pFandl，051pFwereusedfor Cc

and Cs，reSpeCtively．These capacitors were drivenby

thelOkHz quadrature oscillator built using op－ampS．

Theclockfrequency差usedforsensingthepulsewidth

waslOMHz．No special attention was paid to the

response time of the comparator．The experimental

resultsthus obtained are plottedin Fig．4with as as a
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Fig．4　The phase O versus the relative capacitance change

Obtainedbya prototypeinterface．

parameter．Theresultsareingoodagreementwiththe

theoreticalvaluescalculatedbyEq．（2），Showingthat

thecapacitancechangesmallerthanO．1％canbedetect－

ed accurately and that thelinearity over the wide

dynamic rangeis possible by compromising with the

SenSitivity．

4．Conclusions

Aninterfacecircuitwaspresentedwhichallowsthe

accurate detection of the capacitance change of a

CapaCitive sensor with a minimum number of compo－

nents．Notrimmingofcomponentsisrequiredbecause

thecancellationofthe offsetcapacitanceofthesensor

andthesensitivityadjustmentcanbemadeindependent－

lybymeansoftheamplitudeofsinusoidalsources．The

effect of parasitic elements accompanied with the

monolithicimplementationisalsominimum．Therefore，

thecircuitpresentedhereinisbelievedtobebestsuited

for the on－Chipinterface．Its application to practical

CapaCitivesensorsisnowunderway．
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