
AHigh-SpeedChargeInjectionCircuitfor
Nanosecond-ScaleElectrochemicalMeasurements

JunjunHuan
ElectricalandComputerEngineering

UniversityofFlorida
Gainesville,FL,USA

Email:junjun.huan@ufl.edu

JifuLiang
Electrical,Computer,andSystemsEngineering

CaseWesternReserveUniversity
Cleveland,OH,USA
Email:jxl1265@case.edu

NicholasGeorgescu
DepartmentofChemistry

CaseWesternReserveUniversity
Cleveland,OH,USA
Email:nsg27@case.edu

ZhangeFeng
DepartmentofChemistryandBiochemistry

EasternIllinoisUniversity
Charleston,IL,USA
Email:zfeng@eiu.edu

DanielScherson
DepartmentofChemistry

CaseWesternReserveUniversity
Cleveland,OH,USA
Email:dxs16@case.edu

SoumyajitMandal
ElectricalandComputerEngineering

UniversityofFlorida
Gainesville,FL,USA

Email:soumyajit@ece.ufl.edu

Abstract—ThispaperdescribesaGaNFET-basedhigh-speed
chargeinjectioncircuittostudyfastredoxprocessesatelectrode-
electrolyteinterfaces.Thecircuitallowstheratesofelectrode
processes,whichare muchfasterthanthoseaccessiblewitha
conventionalpotentiostat,tobe measured.Itisabletoinject
chargeacrosstheinterfacewithinafewnanoseconds,andalsoto
holdthepotentialgeneratedacrossthecellfollowinginjectionfor
upto1swithoutappreciable(lessthan1%)decay.Inaddition,
thecircuitcanstillmonitorthecurrentflowingthroughthecell,
asinaconventionalpotentiostat.Preliminarytestresultswith
bothadummyloadandacustomtwo-electrodeelectrochemical
cellconfirmthefunctionalityoftheproposedcircuit.
IndexTerms—electrodeprocesses,electrochemicalcell,charge

injection,GaNFET

I.INTRODUCTION

Electrochemicalcellsarewidelyusedforstudyingredox
reactions.Anequivalentcircuitmodelofaconventionalthree-
electrodeelectrochemicalcellisshowninFig.1(a),where
WE,CEandRErepresenttheworking,counter,andreference
electrodes,respectively.Here and arethedouble-
layercapacitanceandFaradaicresistanceofWE,respectively,
while and aretheequivalentquantitiesforCE.
Finally, and arethesolutionresistancesbetween WE
andRE,andCEandRE,respectively.Inmanypracticalcells
theCEisdesignedtobephysicallymuchlargerthanthe
WE,inwhichcaseitsimpedancecanbeneglected.Moreover,
theREissometimesabsentforsimplicity,inwhichcasewe
obtainthesimplifiedtwo-electrodeequivalentcircuitshownin
Fig.1(b),where isthetotalsolutionresistance.
Varioustechniqueshavebeendevelopedto measurethe
ratesoffastelectrontransferprocessesatelectrode-electrolyte
interfaceswithinelectrochemicalcells[1]–[3].Amongthe
mostpopularisthepotentialstepmethod,inwhichthecell
current (assumingtheREishigh-impedance)
ismeasuredjustafterthe WEpotential(

CE WE

RE

(a)

CE WE

(b)

)issuddenly
changed[2],[3].Conventionally,suchpotentialsteps(orother

Fig.1. Equivalentcircuitmodelsfor(a)acompletethree-electrodeelectro-
chemicalcell,and(b)asimplifiedtwo-electrodeelectrochemicalcellwhere
theimpedanceofthecounterelectrode(CE)canbeneglected.

time-dependentpotentialfunctions)aregeneratedbyapoten-
tiostat.Atypicalpotentiostat(seeFig.2)controlsthepotential
ofthe WEwithrespecttothatoftheREinaccordance
withtheexternallyappliedvoltage throughanegative
feedbackloop[3],whilealsomeasuringthecurrentthatflows
betweenthe WEandCE-eitherusingaseriesresistor
inserieswithCE(asshownhere),orwithatransimpedance
amplifier(TIA)at WE.However,theclosed-loopbandwidth
ofapotentiostatdecreasesasthetimeconstant
oftheelectrochemicalcell(ignoring )increases,which
causesthesettlingtimeof toincrease.Asaresult,most
commercialorresearch-basedpotentiostatsarenotdesigned
forultra-fastvoltammetry(bandwidthsover10MHz)orother
typesoffastperturbations[4]–[6].
Thislimitationcanbeexplainedbyanalyzingtheclosed-

looptransferfunction . Weassumeatypicalthree-
electrodeelectrochemicalcellmodel(Fig.1(a))butwiththe
CEimpedanceand ignoredforsimplicity. Wealso
assumethattheop-ampiswell-compensated,suchthatits
transferfunctioncanbemodeledasanintegrator ,
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Fig.2.Schematicofathreeelectrodecellcontrolledbyapotentiostat.The
circuitmaintainsthepotentialdifferencebetweenthe WEandREat ,
where isaninputvoltagesource,byapplyingcurrentthroughCE.The
latterismeasuredusingaseriesresistor .

where and istheop-amp’sgain-bandwidth
product.Asimpleanalysis[7],[8]thenshowsthat

(1)

where and arethecelltime-
constants.Thisisasecond-orderlow-passresponse with
anaturalcut-offfrequency ,which
decreases ,asexpected.Thus,thefeedback
loopspeedsupthenaturaltransientresponseofthecellby
aspeedupfactorofapproximately .
Asanexample,consideracellwith nF, ,
and k (theseparametersaresimilartothose
usedinourexperiments)andanop-ampwith
Mrad/s.TheresultingBodeplotandstepresponseofthe

potentiostatareshowninFig.3.The dBbandwidthis
limitedto255kHzasshowninFig.3(a),whilethe10%
settlingtimeis1.43 s.Bandwidthandsettlingtimecanbe
improvedusingafasterop-amp,aspredictedby(1),butthe
weak(square-root)dependenceof on
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Fig.3. (a)Bodeplotand(b)stepresponseofatypicalpotentiostatwith
nF, , k,and MHz.

Asaresult,typicalpotentiostatscannotaccuratelymeasure
ultra-fastelectrodeprocesses,suchasfastchargetransferre-
actionsonsub-stimescales[9].Toovercomethislimitation,
thispaperdescribesahigh-speedchargeinjectioncircuit.
Unlikeclosed-loopsystemssuchaspotentiostats,itinterfaces
theelectrochemicalcellinopenloopbyi)directlyinjecting
chargeintothecelltoestablishapotentialstepon WE;

andii)thenmaintainingthedesiredpotentialforaperiodof
timetocompletemeasurements.Theproposedsystemalso
providestheflexibilityofgeneratingapotentialstepofvarious
amplitudesandbothpolarities.Apartfromthesebenefits,
theproposedcircuitstillprovidestheusefulfunctionsof
conventionalclosed-loopsystems,includingsensingboththe
initialchargingcurrentforthepotentialstepandtheFaradaic
currentduetoredoxreactions[9],[10].

II.CHARGEINJECTIONTHEORYANDCIRCUITDESIGN

A.ElectrochemicalCellModel

Inourexperiments,weconsideratwo-electrodecellwith
noRE.Thus,thedeviceonlycontainstwoelectrodes(WEand
CE)immersedinanelectrolyte.Also,weassumethatthearea
ofCEismuchlargerthanthatofWE,makingitsimpedance
negligible.Inthiscasethecellcanberepresentedbythe
simplifiedelectricalequivalentcircuitshowninFig.1(b)[3].

B.TheoryofChargeInjectionduringPotentialSteps

ThecircuitmodelshowninFig.1(b)indicatesthatthetask
ofestablishingafastpotentialsteptostartelectrodeprocesses
canbetranslatedtotheproblemoffastchargingofthe WE
double-layercapacitance inthepresenceofthesolution
resistance.Morespecifically,thegoalistochargetheelectrode
capacitancetoadesiredpotential(typically V)intimes
oftheorderofafewnanoseconds.

Thecharging methodusedherereliesonapplyinga
carefully-chosenwaveform(showninFig.4(a))acrossatwo-
portelectrochemicalcellinanopen-loopconfiguration,thus
minimizingtheeffectofthecelltimeconstant
oncircuitbandwidth.Thiswaveformhastwokeyfeatures:i)
ahighinitialinjectionvoltage toprovidethe drop
across ;andii)amuchsmallerfinalvoltage toset
thefinalvalueof .Notethatweassume isopen-
circuitedonthe timescale,i.e.,thatthereisinsufficient
timeforFaradaicreactionstooccurduringthepotentialstep.
Inthiscase,ashortpulseofcellcurrent
isgeneratedduringtheinjectionperiod .Thiscurrent
linearlycharges to during (seeFig.4(b)),
where .Thus,largeinjectionvoltages
( )areneededtocharge onshorttimescales
( . However,typicalhigh-speed DACscannot
generatesuchhighvoltages.Instead,inthispaperwegenerate
anapproximationtotheidealwaveformbydischargingasmall
pre-chargedcapacitor

(a) (b)

intothecell.
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Fig.4. (a)Idealvoltagewaveformappliedacrossatwo-terminalelectro-
chemicalcellforfastchargeinjection,and(b)theresultingWEvoltage.
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IgnoringanyparasiticcapacitanceCpar(e.g.,duetothe
switches)attheinjectionelectrode(assumedtobeCE),a
simpleanalysisshowsthatthecellcurrentisnowgivenby

IWE(t)=−
CinjVHV
tinj

e
t
τ1 e

tinj
τ1 −1 ≈−

VHV
Rss
e

t
τ1,

(2)
whereVHV isthepre-chargevoltage,tinjistheturn-ontime
ofthedischargeswitch,τ1≡CinjRss,andtheapproximation
ontherightisvalidwhentinj τ1,whichisgenerallythe
case.Asaresult,the WEvoltageVWE settlesexponentially
toitsfinalvalue(determinedbychargesharing),as

VWE(t)=−
Cinj
CWE

VHV 1−et/τ1 . (3)

Notethatthesettlingtime(≈2.3τ1to10%)isnowsetbyτ1=
CinjRss,whichismuchsmallerthanthecelltimeconstant
τsssinceCinj CWE.Thus,wecanavoidthesettlingtime
constraintsofaclosed-looppotentiostat.

C.ChargeInjectionCircuit

Fast charging circuit
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Thecircuitschematicoftheproposedhigh-speedchargein-
jectioncircuitisshowninFig.5.Apartfromtheelectrochem-
icalcellundertest,therearefourmainblocksintheproposed
circuit,includingsub-circuitsforfastcharging,sample-and-
hold(S/H),andcurrentmeasurement.Theoperationofthe
circuitconsistsofthefollowingphases:

Fig.5.Schematicofthehigh-speedchargeinjectioncircuit.Rinj=3kΩ;
Cinj=10pF;R1=R2=R3=R4=150Ω;R5=20kΩ;R6=10Ω;
R7=0−50kΩ;Rss=100Ω;RWE =1MΩ;CWE =1nF;M1-M4
areGaNFETs.

1)Fastchargingphase(ψ1andψ2):Thekeyfeatureofthe
circuitisfastcharging.Ourchargingsub-circuitusesGaNFET
transistors(EPC2038,EPC)astheprimarycomponentsforfast
switching.TheadvantagesofGaNFETtransistorsincludelow
inputcapacitance,highbreakdownvoltage,lowon-resistance,
smallfootprint,andfastswitchingspeed[11].Therefore,
GaNFETtransistorsareidealforfastswitching.Twoofthese
transistorsareconnectedback-to-back,asshownontheright-
handsideofFig.5,toactasbidirectional(AC)switches.
Duringtheψ1phase,GaNFETsM1andM2areclosed
tosettheinitialconditionVinjofthecell.Inaddition,the
injectioncapacitor(Cinj)ischargedtoahighvoltage(e.g.,
VHV =100V).Intheψ2phase,M1andM2areopen,

whileM3andM4areclosed.SincetheGaNFETshavefast
switchingspeedtinj,thechargestoredonCinjisshared
withCWE.Therefore,CWE isquicklychargedtothedesired
voltage,asgivenby(3).
ThefinalvoltageonCWE isgivenby

Vfinal=−
Cinj
CWE

VHV +Vini, (4)

whereCinjistheinjectioncapacitance,CWE istheelectrode
capacitorinthecell,VHV isthehighvoltageandViniisthe
initialvoltageusedintheψ1phase.
2)Voltageholdphase(ψ3andψ4):Thepotentialacross

CWE afterfastchargingneedstobemaintainedlongenough
toenablethecurrentflowingthroughthecelltobemeasured.
Asample-and-hold(S/H)circuitisusedtoachievethisgoal,
asshowninthemiddleofFig.5.Here,threeoperational
amplifiers(op-amps)A1-A3(AD8065,AnalogDevices)are
utilized.ThevoltageacrosscapacitorCWE isbufferedbythe
unity-gainop-ampstageA1.Duringtheψ3phase,thebuffered
voltageattheoutputofA1isamplifiedbytheop-ampstageA2
withavoltagegainofR2/R1.Here,R1andR2areselected
tobeequalsothatthegainisunity.Aftertheψ3phase,this
bufferedvoltageisstoredonthecapacitorsC1andC2,and
theoutputoftheA2isthevoltageacrossCWE.Thisvoltage
ismaintainedforaperiodoftime,buttheleakagecurrent
throughtheswitcheswilleventuallycauseittodrift.During
theψ4phase,theoutputofA2isamplifiedintheop-amp
stageA3withavoltagegainofR4/R3.Here,R3andR4are
alsoequalinvalue.Therefore,thepotentialacrossCWE after
thefastchargingoperationcanbesensed,stored,andthen
maintainedbytheproposedS/Hcircuit.
3)Current measurement phase: Thecurrent flowing

throughtheelectrochemicalcellneedstobemeasuredim-
mediatelyfollowingchargingofCWE.Tothisend,acurrent
measurementcircuitincludingtwoop-ampstagesisutilized.
ATIAstage(A4)isusedtoconvertIWE(t)toavoltage,and
aprogrammablegainstage(A5)isusedtofurtheramplifythe
convertedvoltageforbettermeasurementsensitivity.Thecell
currentcanbecalculatedfromthemeasuredoutputvoltageas

IWE(t)=
Vout(t)

−R5×G1
, (5)

whereR5andG1=−R7/R6arethetransimpedanceand
voltagegainoftheTIAandtheinvertingPGA,respectively.
NotethatwhilealinearTIAisshowninFig.5,inpractice
R5 mayneedtobeadaptedinreal-timetoprovidegain
compressionandthus maximizetheTIA’sdynamicrange
(DR).ThisisbecausetheTIAneedshighDRtomeasure
bothi)thelargecapacitivecurrentduringchargeinjection,
andii)thesmallFaradaiccurrentduringtheholdphase.

III. MEASUREMENTRESULTS

Moratuwa Engineering Research Conference (MERCon) 2020

Aprototypeprintedcircuitboard(PCB),showninFig.6,
wasdesignedandconstructedinordertoexperimentallyverify
theperformanceofthecircuit.Theboardwastestedwithboth
anon-boarddummyloadrepresentinganelectrochemicalcell,
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asshowninFig.1(b),andanoff-boardelectrochemicalcell,
asdescribedlater.Theprobesusedintheexperimentarehigh-
speedpassiveprobeswith1GHzbandwidth.Beforeeach
experiment,thecircuitwaspresettozeroinitialconditions
( V)forsimplicity.However,otherinitialconditions
canalsobeapplied,e.g.,tomatchtheopen-circuitvoltageof
thechosenelectrochemicalcell.

Fig.6.Photographoftheprintedcircuitboard.

A. MeasurementResultswithDifferentGateResistors

Sincethe GaNFETtransistorsareusedforhigh-speed
switching,anadditionalresistance isaddedinseries
witheachgateterminal.Thevalueof shouldbeproperly
chosentodamptheringingofthegatedrivecircuitwhilealso
maintaininglowswitchinglosses. Modelingthegate-source
loopasaseries circuit,therequiredresistancecanbe

estimatedas ,where isthetraceinductance
ofthegate-sourceloop, istheinputcapacitanceofthe
GaNFET,and istheequivalentqualityfactor.
Aseriesresistanceof20 wasfirstselectedtoprovide

(i.e.,acritically-dampedcondition),whichminimizes
voltageovershootthatcandamagethegateoxidelayer.Mea-
suredresultsforbothpositiveandnegativepotentialstepson
adummyload(1nFinserieswith100 )using pF
areshowninFig.7andFig.8,respectively.Inbothfigures,
isthecontrolsignalappliedatthegateoftheGaNFETs

( - )thattriggersthechargeinjectionprocess. was
selectedas100V,resultingafinalvoltageof1Vbasedon
(4).Themeasuredresultsprovethattheproposedcircuitcan
injectbothpositiveandnegativechargestocharge/discharge
thedummyloadtothedesiredvalue( Vinthiscase)with
extremelyfast riseandfalltimesofaround3nsand
5ns,respectively(thesettlingtimeisseveralnanoseconds
longer).Theriseandfalltimeshereareallcalculatedfrom0
to80%ofthefinalvoltage.Thefinalvoltageaccuracyisover
90%ofthetheoreticalvalue.However,itisalsoclearthat
significantvoltageovershootandvoltagevariationsexist;this
maycausebreakdownofthedouble-layercapacitanceofareal
electrochemicalcell,whichisnormallyintolerantofvoltages
greaterthan
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Fig.8.Top:thecontrolsignal .Bottom:themeasuredcapacitorvoltage
fallsto80%ofthedesiredvalueof Vin 5nsfor .

Thesimplesolutiontothisissueistousethesametype
ofGaNFETbutwithhigher toreducetheovershoot,at
thecostofincreasedsettlingtime.Thebestresultduring
theexperimentswasobtainedusing ,asshown
inFig.9.Themeasuredresulthasacleanpositivevoltage
stepofaround0.9Vto1Vwithnoovershootandvoltage
variations,andthesettlingtimeisaround31ns.Again,the
finalvoltageiswithin10%ofthetheoreticalvalue(1V).
Givensuchmeasuredperformance,thecircuitissuitablefor
usewitharealelectrochemicalcell.

B.Sample-and-Hold

Sinceleakagecurrentfromtransistor-basedswitchesis
inevitableintheoff-state,itisessentialtouseaS/Hcircuit
to maintainthedesiredpotentialacross .Thesame
testconditionswereusedtoverifytheS/Hcircuit,andthe
measuredresultswithandwithouttheS/Hareshownin
Fig.10.TheS/Hreducesthevoltagedecaytonearlyzero
withinaround20

Moratuwa Engineering Research Conference (MERCon) 2020

afteraninitialvoltagedropof150mV
(Fig.10(a)).Thislossisprimarilycausedbychargesharing
withtheparasiticcapacitance.Still,stabilityofthesteadystate
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isgreatlyimprovedwhencomparedtothepotentialdecayrate
of 10mV/
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smeasuredwithouttheS/H(Fig.10(b)).
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Fig.10. Measuredwaveformsofthechargeinjectioncircuit(a)withS/H,
and(b)withoutS/H.Ineachcase,thetoppanelisthecontrolsignal ,
whilethebottompanelisthecapacitorvoltage .

C.CurrentMeasurement

Oncethepotentialacrossthecellhasbeenmaintained,the
currentthroughthecellneedstobemeasured. Whenalarge
Faradaicresistorof M isusedinthedummy
load,thecurrentthroughthisloadinthesteadystateshould
be1 Awhena1Vpotentialismaintainedacrossthecell.

Fig.11showsthemeasuredcurrentinthecell,asinferred
fromtheoutputofthecurrentmeasurementcircuitusing(5).
Themeasuredvalueof1 Amatchesthetheoreticalvalue.It
isalsonotedthatthereliableoutputvoltage(stablecurrentin
thecell)canbeobtainedafterthevoltagesettlestoasteady
value.Thesaturationobservedbeforethesteadystateisdue
tothelargechargingcurrentsthatflowon
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high-DRTIAdesignisrequiredtomeasureboththecharging
andFaradaycurrents;thiswillbethefocusoffuturework.

Fig.11. Top:thecontrolsignal .Bottom:currentflowingthroughthe
cell,asinferredfromtheoutputvoltageofthecurrentmeasurementcircuit.

D.ExperimentsonanElectrochemicalCell

Asimpleoff-boardelectrochemicalcellwasmadetotest
theperformanceofthechargeinjectioncircuit.Thegateseries
resistorwassetto tominimizevoltageovershoot
andringing,asdescribedpreviously.
1)Testsetup:Fig.12(a)showsaphotographofthecell

usedfortheexperiments.A50 m-diametergoldwirewas
usedtocreateadisc-shapedWE,asfollows.Aglasscapillary
servedasaholderforthegoldwire,withitsupperend
completelyopenandthelowerendonlyexposingthe2D
cross-sectionalareaofthe wiretotheacidsolution(see
Fig.12(b)).TheCEwasmadebyencirclingthe WEwith
amuchlargergoldwire(1.25cmlong,0.25mmdiameter).
ThisdesignensuresthattheCEhasatleast largerarea
thanthe WE,suchthatitsimpedancecanbeneglectedtofit
thesimplifiedmodelofFig.1(b).

Moratuwa Engineering Research Conference (MERCon) 2020

Fig.12.(a)Photographoftheelectrochemicalcellusedintheexperiments.
(b)Cross-sectionaldrawingofthecell.

323



2)Impedancemeasurements:Theelectrochemicalcellwas
completedbyfillingthechambershowninFig.12(b)with
0.1MH2SO4.Itsimpedancewasthenmeasuredwithavector
networkanalyzer(eysightE5061B).Thegoalwastoidentify
thevalueofCinjrequiredtogeta1Vcellvoltageaftercharge
injection.ThecapacitanceCWE ofthecellwasmeasuredto
be 1nF,whichisingoodagreementwiththetheoretical
valueof0.4nFobtainedfromtheexpression

CWE =Cs×A, (6)

where Cs isthespecificcapacitanceofagoldelectrode
immersedintheH2SO4solution,andAistheinterfacearea
betweentheWEandtheelectrolyte[3].
ThemeasuredsolutionresistanceRss≈1.25kΩisalso
closetothetheoreticalvalueof 2kΩobtainedfromthe
well-knownexpressionforadiskelectrode,i.e.,

Rss=
1

4k×r
, (7)

wherekistheconductivityofthe0.1MH2SO4solution,and
r=50 mistheradiusoftheworkingelectrode[3].
3)Chargeinjectionresults:Whiletestingthecircuitusing
theelectrochemicalcell,notethatonlythevoltagebetweenthe
WEandCEcanbemeasured(i.e.,thevoltageacross CWE
cannotbedirectlymeasured,unlikeintheearlierexperiments).
ThemeasuredchargeinjectionwaveformisshowninFig.13.
ItissimilartothetheoreticalwaveformshowninFig.4(a),
thusconfirmingthatthecircuitcanchargethecellto1Vand
holdthevoltageforalongtime.Notethattheriseandsettling
timestimescalearesignificantlylongerthanwiththeon-board
dummyload.ThisisduetothehighsolutionresistanceRss,
whichreducesthecurrentsuppliedtoCWE duringcharge
injection(see(2))andalsoincreasesthesettlingtimeconstant
τ1=CinjRss.Nevertheless,themeasured2%settlingtime
of127nsis:i)inagreementwiththetheoreticalvalueof
≈4τ1=50nsforthiscell;andii)significantlysmallerthan
foratypicalpotentiostat(e.g.,1.43susinganop-ampwith
fa=10
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Fig.13. Top:thecontrolsignalVψ2.Bottom:themeasuredcellvoltage
VWE CE settlestowithin2%ofthedesiredvalue(1V)in127ns.The
peakvoltageovershootof 40Viswherechargeinjectiontakesplace.

Settlingtimesusingthechargeinjectioncircuitcanbe
furtherreducedbyeitherusingacellwithmuchlowerRssor

byusingasmallercapacitorCinj.However,thelattersolution
makesthecircuitmoresensitivetoboard-levelparasitics.

IV.CONCLUSION

Thispaperhasproposedahigh-speedchargeinjection
circuitforelectrochemicalexperiments.Thecircuitwastested
withbothanon-boarddummyload(modelingtheequivalent
circuitofarealelectrochemicalcell)andalsoahome-made
electrochemicalcell. Measuredresultsprovethattheoverall
performanceofthechargeinjectioncircuitisexcellentwith
extremelylowinjectiontimesofaround10nsand30nsfor
aresponsewithandwithoutvoltageovershoot,respectively;
0%accuracyofthefinalvoltageaftercharging;low

voltagedropof 150mVwhenusingaS/Htoholdthefinal
voltagefortensof s;andaccurateon-boardcurrentmea-
surementfunctionality.Futureworkwillfocusontestingthe
proposedcircuitwithoptimizedelectrochemicalcelldesigns.
Toobtaingoodexperimentalresults,realcellparameterswill
bemeasuredtoensureaccuracy.Next,thecomponentvalues
oftheproposedsystem(e.g.,theinjectioncapacitance)willbe
updatedaccordingly.Anopticalsystemliketheonedescribed
in[]willthenbeusedtomonitortheresultingpotentialacross
theworkingelectrode-electrolyteinterface.
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