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Abstract:Inthispaper,theobjectiveistorealizeaTrack/HoldCircuitforsiliconstrip,Si(Li),

CdZnTeandCsIdetectorsetc.ByusingCMOStransistortoimplementvariouscomponentsin
electroniccircuit,theTrackandHoldcircuitonlymadewithCMOSFETissucceededtobede灢
signedandsimulated.PerformancewascharacterizedusingPSPICEsimulatorwithBSIMV3.3pa灢
rametersoftheProteus.Severalmeasurementsofacquisitiontimecanbemadefrom60nsto4.44
msrelatedtotheoutputresistance,andtheintegralnonlinearityisgood.
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1暋Introduction
Innuclearandparticlephysics,theenergyof

particlesisoften measuredbymeansofsemicon灢
ductordetectors.Thesensorsproduceacurrent
pulsewithatotalamountofchargeproportionalto
theabsorbedenergy.Thischargeisthenintegrat灢
edinachargesensitiveamplifier,resultingina
voltagestep.Toincreasethesignal灢to灢noiseratio,

thestepsignalisusuallyfilteredbyapulseshaping
amplifier(PSA).Theresultingoutputsignalisa
voltagepulsewithapeakingtimetypicallybetween
1toseveralps.Theamplitudevalueoftheoutput
signalofthePSAcontainstheinformationabout
theenergyoftheparticle.Todigitizetheampli灢
tudevalue,forprocessingreasons,theamplitude
valueshouldbesampledandheldbyaTrack/Hold
circuit.

TheTrack/Holdfunctionistosamplethein灢

putsignalatapreciseinstantandholdthevalueof
thesampleconstantduringtheanalog灢to灢digital
conversionprocess.The mostbasicTrack/Hold
circuitonlyconsistsofaswitchandacapacitor[1].
Iftheswitchandthecapacitorareassumedtobe
ideal,i.e.theydonotconsumeanypowerdueto
parasiticandothernonidealeffects,theminimum
theoreticalpowerconsumptioncanbecalculated
whenperformingTrack/Hold.Theworstcaseoc灢
curswhenthemaximalinputvoltageissampledon
thecapacitorevery period[2].Inthisresearch,

front灢endcircuitisdesignedtograbaninteresting
signal.Thisisoftenaccomplished withacircuit
thattracksorfollowstheinputsignal,untilanin灢
terestingsignalisdetected,andatthispointthe
circuitholdstheresultinganaloglevelforalong
enoughtimethattheanalogsignalcanbeconver灢
tedtoadigitalvalueandstored.Suchacircuitis
calledaTrack/Holdcircuit.Thekeyelementthat
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actuallystorestheanalogsignalisacapacitor.The
designofthecapacitorsiscrucialfortheperform灢
anceoftheoverallTrack/Holdcircuit[3].Apoorly
designedcapacitorcandegradetheperformanceby
forexampleintroducingharmonicsandsomeother
unidealbehaviour.Thepurposewiththisprojectis
todesignafront灢endTrack/Hold,tobeusedto灢
getherwithanA/Dconverter.Itistobedesigned
inCMOSprocess,whichonlyallowsasupplyvolt灢
ageof暲2V.Themaindesignconsiderationisto

minimizethepowerconsumption,sincethecircuit

issupposedalsotobeusedinamobiletransceiver.

2暋Track/HoldPrinciple

TheTrack/Holdconsistsofsomesortofsam灢

plingswitch,asamplingcapacitorandabuffer,

showninFig.1.Itfunctionsbysamplingtheinput

signalatapreciseinstantandholdthevalueofthe

sampleconstantduringtheanalog灢to灢digitalcon灢
versionprocess.Thedesign,Fig.2below,iscom灢
posedbythesourcefollowerPMOS,followedbya
CMOStransistorplayedtheroleofswitch,two
CMOStransistorsinparalleloneimplementedas
capacitorandtheanotherimplementedasaswitch,

asourcefollowerNMOSattheend.Wechoose
PMOSfollowerintheinputandNMOSintheout灢
puttocompensatetheDClevel.Thesimulation
givestheresultfoundintheFig.3(a)accordingto
thespecificationsofTrack/Hold.Weneedtokeep
thelevelofsampleconstantaslongaspossiblefor
acquisition.Toholdthesampleconstantshownin
Fig.3(b),theoutputresistorofthefirstfollower
shouldbecontrolled(thecontrolsystemstandsas
aparallelresistancewiththeoutputresistanceof
thefirstfollowertochangeDClevelduringHold
time).TorealizethissuccessshowninFig.3(b),

theimprovementofFig.2givestheresultshownin
Fig.4,whereCMOSM23standsastheparallelre灢
sistancewithoutputresistanceofthefirstfollower
tobringupDClevelsothatCMOSM8looklikea
switch OFF element(bigequivalentresistance)

whichwillnotallow,duringtheHoldphase,tran灢
sistorCMOS M22implementedascapacitortobe
discharged.Thetransistor CMOS M23iscon灢
trolledbyTrack/HoldsignalthroughCMOSM25
transistor.
暋ThemaindesignparametersaregiveninTable1.

Fig.1 BlockdiagramofTrack/Holdcircuitprinciple.

Fig.2 Track/Holdcircuitwithlowqualityresult.

Table1 ThedesignparametersofTrack/Holdpeakdetector

Parameters Values

Powersupplies VDD=+2V ,VSS=-2V

TransistorM5parameter K=80暳10-1 A/V2,VT=-0.1V

TransistorM8parameter K=2暳10-3 A/V2,VT=+0.5V

TransistorM11parameter K=2暳10-3 A/V2,VT=+0.5V

TransistorM14parameter K=80暳10-1A/V2,VT=+0.1V

TransistorM15parameter K=4暳10-2 A/V2,VT=-1V

TransistorM19parameter K=4暳10-2 A/V2,VT=+1V

TransistorM20parameter K=4暳10-2 A/V2,VT=-1V

TransistorM21parameter K=4暳10-5 A/V2,VT=-1V

TransistorM23parameter K=30暳10-2 A/V2,VT=-1V

TransistorM24parameter K=4暳10-5 A/V2,VT=-1V

TransistorM25parameter K=2暳10-3 A/V2,VT=+0.5V

Inputamplituderange 50mVto2V

Outputresistance 25毟
BiasTransistors

M11,M12,M22,M25 +150mV

StoragecapacitorC1 1nFto10pF
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Fig.3 (a)Outputsignalfromlowqualitycircuit,(b)Out灢

putsignalfromgoodqualitycircuit.

3暋Achievement

FromFig.1,wewonderhowthesmallsizeof
capacitorC1canstandaslongaspossibletokeep
constantthepeakvaluepermittingtoacquisition
timeexploitation.TheFig.2builtaccordingto
theprincipleofTrack/Holdshowsthedifficultyto
keepthe peak valueconstantduringthe Hold
phase.Investigationhasprovedthatthecapacitor
willdischargeduringtheHoldphaseinoneway
becauseafterTrack,theDClevelofoutputBuff灢
er1islowerthanthelevelofcapacitorC1,thenthe
capacitorhastobedischargedthroughtheequiva灢
lentresistanceoftransistorM8implementedasa
switchOFF(equivalentresistance),inanotherway
theinputresistorofBuffer2andequivalentresist灢
anceoftransistor M12implementedasaswitch
OFFwillalsodischargethecapacitorC1duringthe
Holdphase.Tofindthesolutionwestudyandan灢
alyzehowtoreducetheimpactoftheseelements
duringtheTrack/Holdphase.Stepbystepwere灢
alizeitisbettertocontroltheoutputresistanceof
Buffer1tomakeDClevelofthefirstBufferoutput
riseupandexceedthelevelofcapacitorC1after
Trackphase.Thesystemcomposedbythetran灢
sistorsM23,M24and M25bringsthecorrection
expectedandFig.4permitsto maintainconstant
theamplitudeofsignalattheoutputafterTrack
phase while waiting reset momentto be dis灢
charged.Foreasydidacticexploitationofthecir灢
cuit,Fig.4issimplifiedasshowninFig.5.

Fig.4 Track/Holdcircuitwithgoodqualityresult.

Fig.5 SchematicdrawingofTrack/Hold.

4暋SimulationResults

Beforeinputsignalissenttocircuitforsimu灢
lation,theDClevelofthefirstbufferoutputis141
mVandtheoutputofthesecondbufferis0 V.
Withthesignalof250mVforpeakvalue,theout灢
putismaintainingconstantslightlyunder250mV
duringHoldperiod,whilethroughthetransistors
(M23,M24,andM25)controlledbyTrack/Hold
signal,theDClevelofthefirstbufferoutputchan灢
gesto380 mVforavoidingthelevelofcapacitor
C1tobedischargedduringacquisitiontime.We
shouldnotforgetthattheoutputinformationcan
beshiftedaccordingtoDClevelwhenwetrytoad灢
justthevaluearound150mVDCforSourcelevel
oftransistors M11,M12and M25connectedto灢
gether[4].Alsothevalueof150mVthatwechoose
istocompensatetheDClevelandtocontrolthe
peaksignaloftheparticle.Fig.6showstheforms
ofsignalatdifferentlevelwhenaparticlepeakval灢
ueisdetectedtobeanalyzedfurther.

·164·暋第4期 WEMBETAFOEvaristeetal:DesignandSimulationofTrack/HoldCircuitwithCMOSFETfor……



暋暋Iftheseresultsseem tobeacceptable,we
shouldnotforgetthespecificationofrealTrack/

Holdcircuit.AcquisitionTimeisthetimewhich
takestoreacquiretheinputsignalwhenswitching
fromtheHoldtoTrackmode.Thistimeinterval
startsat50%oftheclocktransitionandendswhen
theinputsignalisreacquiredtowithinaspecified

Fig.6Formsofsignalduringdetectionofparticle.
(a)Inputsignal,(b)SignalimmediatelyafterBuffer1,(c)

Track/Holdswitchinstruction,(d)Signalimmediatelybefore

Buffer2,(e)Resetinstruction,(f)OutputsignalafterBuffer2.

accuracyattheoutput.Thisspecificationdoesnot

includethetrack灢to灢holdsettlingtime[5].Accor灢
dingtothespecificationsdefinedinthecircuit,the

acquisitiontimeof4.44mswith25毟outputresist灢
anceisrealized.From measurement,ifweconsid灢
erouroutputbeforebuffer2,thisvalueisclosed

tozeroatthelevelofC1.Alsoiftheoutputresist灢
anceincreases,theacquisitiontimewillbereduced

andwhich willbe60nswhenthe measurement

wasmadeattheoutputofbuffer2[6].Forexploi灢
tationofthecircuit,theintegralnonlinearityhas

beenmeasuredandtheresultsareshowninFig.7.

Thevalueofintegralnonlinearityis1.7%forin灢

putrangefrom50mVto600mV,anditwillbe

2.7%forinputrangefrom50 mVto1300 mV.

ThemainsimulatedspecificationsaregiveninTa灢
ble2.

Fig.7 MeasuredintegralnonlinearityoftheTrack/Hold.

Table2暋Themainsimulatedspecifications

Parameters Value

Gain 0.95

Integralnonlinearity 1.7%

Switchspeed 0.36ns

Drooprate 661mV/ns

SNR 60.3dB

SNDR 33dB

5暋Conclusions

Afterdesigningthenew peakdetectorwith

CMOS FET implementedforeach component,

computersimulation wascarriedoutbyPSPICE

simulatorusingBSIMV3.3parametersofthePro灢
teusandtheresultsobtainedareclosertothespec灢
ificationsofrealTrack/Holdsystem.Theadvan灢
tageofthisdesignisbenefittodevelopCMOS灢

basedApplicationSpecificIntegratedCircuit.The

acquisitiontimeforthispurposecanbelessthan

4.44msandclosedtozeroifweincreasethevalue

ofoutputresistance;thecircuitalsohasgoodinte灢

gralnonlinearity.Weintendtoimprovethesere灢
sultsinthenearfuturebycontrollingtheparame灢
tersofCMOSequivalentcircuitwhenitisusedas

resistor,capacitorordiodeetc.

Acknowledgments暋Thisworkhasbeencarriedin
theInstituteof ModernPhysics(IMP),Chinese
AcademyofSciences(CAS),whichissupportedin
partbythe Third World Academy ofSciences
(TWAS),inpartbyIMP,CAS,andinpartby
theNationalNaturalScienceFoundationofChina
(10735060).WealsothanktheDeputyDirector

·264· 原 子 核 物 理 评 论 第27卷暋



Mr.XieMingandthestaffinparticularMr.Liang
QiangandMrs.ChenHonglianforthelogisticand
hospitality.

References:

[1] DaleFD,TerryL H,GilbertG D.Characterizationofa

Track灢and灢HoldAmplifierforApplicationtoaHighPerform灢

anceSAR.SANDIA Report,SAND2002灢2127,July2002,

Availablefrom http://prod.sandia.gov/techlib/access灢con灢

trol.cgi/2002/022127.pdf.
[2] ErikS.DesignofaLowPower,HighPerformanceTrackand

HoldCircuitina0.18毺m CMOSTechnology.September,

2002, Available from http://www.essays.se/essay/

ea07c5c2b9/.
[3] WembeTE,SuH,GaoY N,etal.NuclearScienceand

Techniques,2008,19(4):241.
[4] BaronP,AtkinE,BlumenfeldY,etal.MATE,aSingle

Front灢endASICforSiliconStrip,Si(Li)andCsIDetectors,

2003,Availablefromhttp://hal.archives灢ouvertes.fr/docs/

00/12/45/25/PDF/in2p3灢00124525.pdf.
[5] SHC605.http://focus.ti.com/lit/ds/sbfs005/sbfs005.pdf.
[6] JimS,ClaytonH D.A25毺W DifferentialTrack灢and灢Hold

Circuit.2006,Availablefromhttp://www.stanford.edu/~

cdaigle/projects/EE315_tha.pdf.

用于粒子探测器的CMOSFET采样保持电路的设计与仿真*
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摘暋要:介绍了一个峰保持电路。该电路适用于siliconstrip,Si(Li),CdZnTeandCsI等探测器,实现采

样灢保持功能。已成功进行了基于 CMOSFET 的采样灢保持电路的设计和仿真,通过使用 Proteus的

PSPICE仿真器和BSIMV3.3模型参数完成了电路性能的仿真。同时,实现了采样时间可在60ns到4.44
ms范围内进行选择,该电路具有较好的线性。

关键词:采样保持;CMOS场效应管;峰值;仿真
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