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Abstract—Thispaperpresentsamodulatordriverrealizedas
abreakdownvoltagedoublerwhichcanprovideahighoutput
swingof7.6 Vpp,diff forloadimpedancesaslowas30Ω,
thusovercomingthelimitationimposedbythecollector-emitter
breakdownvoltage.Theopen-collectordesigngivesanimportant
degreeoffreedomregardingthemodulatorloadtobedriven,
whilesignificantlyreducingthecircuit’spowerconsumption.The
driveriscapableofrunningat30Gb/swhiledissipating1 W
ofDCpower.Thankstotheinductorlessdesign,theactivearea
occupiedbythecircuitisonly0.28mm×0.23mm.Thedriver
wasrealizedina250nmSiGeBiCMOStechnology.

I.INTRODUCTION

Withtherapidgrowthofintraandinterdatacenternet-
works,highspeedandlowlosstransportofdatabecomesa
criticalrequirementformoderntransceivers.Opticalcommu-
nicationsprovedtobeareliabletechnologytosatisfythese
demands,asopticalfibersaresuperiortotheconventional
copper-madecablesortowirelesschannelsintermsofband-
widthandloss[1].

Acommonwaytorealizetheelectro-opticalinterfaceis
tomodulatethesignalontoacontinuous-wavelightsource
providedbyalaser.Tothisend,voltage-dependentmodulators
areused. Mach-Zehndermodulators(MZM)areoneofthe
mostreliable modulatortypesemployedduetotheirhigh
speed,wideopticalspectrumandlowthermalsensitivity[2].

Theprincipleofoperationforabasic,one-armdrivenMZM
isexplainedbasedonFig.1.Theinputlightwaveissplit
atpointAontwoarmsofequallength.Ifnomodulation
isapplied,thetwolightwaveswillcombineconstructively
atpointBresultinginalogical”1”.However,ifonone
ofthearmsa180◦
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phaseshiftisapplied,thelightwaves
willcombinedestructivelyresultinginalogical”0”.The
phaseshiftisobtainedbymeansofavoltagecontrolledpn-
junction,calledphaseshifter.Forapush-pulloperation,which
isthestandardtoday,phaseshiftersonbotharmsaredriven
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Fig.1. Basic,one-armdrivenMZM.

Fig.2.(a)Simplecascode;(b)BV-doubler[3].

differentially,thushalvingtherequiredvoltagetoachievea
180◦phaseshift.

The modulationefficiencyofan MZMisgivenbythe
productVπ×L[4],whereVπisthenecessaryvoltageswing
toreacha180◦phaseshiftandListhelengthofthephase
shifter.Inordertohaveashortphaseshifterlengthand
thereforealowcapacitiveloadingofthedriver,alargeVπis
required.Thisposeshoweverachallengetothedriverdesign
becausethemaximumachievablevoltageswingislimitedby
thecollector-emitterbreakdownvoltage(BVCE)oftheoutput
differentialpair.

Inthispaper,amodulatordriverfeaturingabreakdown
voltagedoublertopology(BV-doubler)ispresentedthatallows
toovercomethebreakdownvoltagelimitationimposedby
thetechnology.Theparticularityofthecircuitisrepresented
byitsopen-collectordesign,makingithighlyadaptablewith
regardtotheloadimpedancethatistobedriven.Depending
ontheapplication,theproposedcircuitisabletodriveboth
shortlengthandhighspeedorlonglengthandhighextinction
ratiomodulatorsforshortandlongdistancecommunications,
respectively.Moreover,nothavingaloadintheoutputstage
savesaconsiderableamountofDCpower,asitwillbeshown
inthecomparisonwiththestateoftheartattheendofthis
paper.
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Fig.3.(a)Preamplifier;(b)Outputstage.

II.CIRCUITCONCEPT

Inordertodoublethemaximumachievablevoltageswing
ofamodulatordriver,oneneedstocascadetwotransistors
intheoutputdifferentialpair.However,asimplecascode
topology,asshowninFig.2(a),wouldnotbeadequatefor
thispurpose.AsthebiasvoltageoftransistorT1isconstant,
itsbasepotentialandthereforeitsemitterpotentialremain
nearlyconstantduringtheentireoperationofthecircuit,
whichmeansthatthewholevoltageswingfallsovertheupper
transistorT1[3].ItisthusnecessarythatthebaseofT1
variessynchronouslywiththeoutputofthecircuit.Thiscan
berealizedbyusingacommon-emitterstagetodrivethebase
ofT1asshowninFig.2(b)[3].Inthisway,transistorsT3and
T4andthusT1andT2areturnedonandoffsimultaneously.
BycarefullydimensioningtheresistorRC,thesupplyvoltage
VCC,1andthetailcurrentICC,1,anequaldistributionofthe
outputvoltageswingoverthetransistorsT1andT2canbe
achieved.
Forthecurrentdesign,consideringboththeminimumvalue
ofthecollector-emittervoltagebelowwhichthetransistor
entersthesaturationregionaswellastheupperboundary
imposedbythebreakdownvoltage[5],aswingof1.9Vper
transistor(from0.6Vto2.5V)hasbeenchosen.Thisleads,
forthetwocascadedtransistors,toatotalof3.8Vsingle-
endedoutputswing,or7.6Vwhenconsidereddifferentially.

III.CIRCUITDESIGN

Themodulatordriverpresentedinthispaperconsistsof
twostages,namelyapreamplifierandanoutputstage.The
preamplifier,whichisdepictedinFig.3(a),operatesunder
switchingcondition,thusbehavinglikealimitingamplifier.
Inthisway,thesensitivityofthedriver’soutputtoinput
variationsanddistortionsisconsiderablydiminished.
Theoutputstage,showninFig.3(b),wasdesignedtoget
thehighestpossiblevoltageswingwhilenotexceedingthe
breakdownlimitations.Asitwasdiscussedintheprevious
section,itconsistsofamodifiedcascodecircuitthatenables
theswingtobeequallydistributedoverthetwooutput

transistorsT5/6andT7/8.Designedasanopencollector,the
loadissolelytheimpedanceofthemodulatoritselfthatthe
circuitissupposedtodrive.Duringmeasurements,the50Ω
impedanceofthesamplingoscilloscopeservedasaload.In
ordertoreachthedesiredswingregardlessoftheconnected
load,thetailcurrentICC,2wasmadetunable.
AsitcanbenoticedinFig.2(b),therearetwodifferent
pathsfromthecircuit’sinputtoitsoutput,onethatgoes
throughthetransistorsT2andT1(solidline)andanotherone
thatgoesthroughT4andT1(dashedline).Becausethesignal
propagationvelocitythroughtheformerpathisslowerthan
throughthelatter[3],itisnecessarytoequalizethedelaysin
thetwopathsinordertoavoiddistortionsintheoutputsignal.
ReferringtoFig.3(b),thisisdonebyemployingacapacitor
CC atthecollectorofT9/10inordertoslowdownthesignal
throughthistransistorandthusmatchthespeedinthetwo
aforementionedpaths.
EventhoughtheMillereffectisreducedduetothecascode
topology,compensationcapacitorsCM arestillneededto
canceltheeffectsofthecollector-baseparasiticcapacitances
oftransistorsT5andT6andhenceimprovethebandwidth.
Also,resistorswereaddedatthebasesofT11andT12in
ordertoincreasethestabilityofthecircuit.

IV. MEASUREMENTRESULTS

Thecircuitwasfabricatedina250nmSiGeBiCMOS
electronic-photonicintegratedtechnology.Thetransitfre-
quencyoftheNPNtransistorsusedinthisdesignis190GHz.
Thetechnologyincorporatesamoduleforopticalcomponents,
enablingtherealizationoffully-integratedelectro-opticalsys-
tems.Suchco-designsofferimportantadvantagesinterms
ofproductioncosts,compactnessandlow-lossconnections
betweentheelectricalandopticalmodules.
ThechipmicrographisshowninFig.4.Thechipsize
is0.8 mm× 0.8 mm, whereasthedriver’sactivearea
(excludingthepads)isonly0.28mm×0.23mm,thanksto
itsinductorlessdesign.ThechiphastwoRFinputpads,two
RFoutputpads,DCpadsbothforthesupplyvoltages,namely
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Fig.4. ChipMicrograph.Sizeis0.8mm×
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Fig.5. Measurementsetup.

VCC,preandVCC,1(4Vand4.5V,respectively)andforthe
referencecurrentsofthethreecurrentmirrorsthatprovide
ICC,pre,ICC,1andICC,2,aswellasseveralgroundpads.By
tuningthereferencecurrents,additionalcorrectionscanbe
madeinordertocounterbalanceprocessvariationsorother
errorsourcesandattainthedesiredoutputswing.

Thesetupforthelarge-signalmeasurementisdepictedin
Fig.5.Theinputsignalwasa27−1longpseudorandombit
sequence(PRBS)witha330mVamplitudegeneratedbya
biterrorratetester(BERT).Phaseshifterswereusedinorder
toalignthephasesofthetwoinputsignals.Oneoutputof
thecircuitwasfedintoasamplingoscilloscopetomeasure
theeyediagram,whiletheotheroutputwasfedbackinto

Fig.6. Single-endedoutputeyediagramat30Gb/s.Horizontalscaleis
5.9ps/divandtheequivalentverticalscaleconsideringthe20dBattenuator
is0.78V/div.

theBERTtomeasurethebiterrorrate(BER).TheBERT
andthedriver’soutputwereconnectedusinga0.8mRF
cable.Themeasurementequipmentincludingprobes,cables
andconnectorswasnotde-embeddedandthusimpactedthe
measurementresults.
Asthecircuitisanopencollector,the50Ωimpedances
oftheoscilloscopeandtheBERTwereactingasaload
duringthemeasurements.Inordertoachievethedesired7.6V
differentialswing,atailcurrentICC,2of76mAwasneeded,
attainedbytuningthecorrespondingreferencecurrent.The
commonmodevoltageVCM =4.5Voftheoutputsignalwas
providedbymeansofabiastee.Additional20dBattenuators
atbothcircuitoutputswereusedtoprotectthemeasurement
devicesfromthehighvoltageswing.
Thesingle-endedoutputeyediagrammeasuredat30Gb/s
isshowninFig.6.Themaximumachievableoutputvoltage
swingisthetargetedvalueof7.6Vpp,diff,whilethevertical

Fig.7. BERfordifferentdataratesmeasuredwitha27−1PRBS.
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eyeopeningatthespecifieddatarateis4Vpp,diff.TheRMS
jitteramountsto1.8psandtheeyesignal-to-noiseratiois6.1.
ThetotalDCpowerconsumptionofthecircuitis1 W.

ThemeasurementresultsoftheBERaredisplayedinFig.7
fordataratesfrom10Gb/supto30Gb/s.Theinputsignal
settingswerethesameasfortheeyediagrammeasurement.

TABLEI
PERFORMANCESUMMARYOFSILICONHIGHSWING MODULATOR

DRIVERS

Speed
(Gb/s)

OutputSwing,
Diff.(V)

DCPower
(W)

Technology

[3] 10 8 3.7
180nm

SiGeBiCMOS

[6] 23 7 2.5 SiGeBipolar

[7] 25 6.4 0.52
65nm
CMOS

[5] 40 6 1.35
250nm

SiGeBiCMOS

[8] 40 7.2 3.6
180nm

SiGeBiCMOS

[9] 50 5.4 1.7
55nm

SiGeBiCMOS

This
Work

30 7.6 1
250nm

SiGeBiCMOS

V. CONCLUSION

Inthispaperwehavepresentedamodulatordriverfeaturing
abreakdownvoltagedoublertopologycapableofprovidinga
maximumoutputvoltageswingof7.6 Vpp,diff.Suchahigh
swingallowsashorterphaseshifterlength,thusreducing
thecapacitiveloadingofthedriverandincreasingtheover-
allbandwidthoftheelectro-opticaltransmitter. Theopen-
collectortopologyoffersahighdegreeofflexibilityinthe
designofthe MZMwhilesignificantlydecreasingtheamount
ofpowerdissipated.Theproposedcircuitcanrunatadata
rateof30Gb/swhileconsuming1 WofDCpower.

Comparedtothefirstbreakdownvoltagedoublertopology
reportedin[3],thedriverpresentedinthispaperreachesa
threetimeshigherdataratewhiledissipating73 %lessDC
power.Furthermore,theabsenceofaloadintheoutputstage
saves26 %DCpowerincomparisonwiththedriverin[5],
realizedinasimilartechnology.

Tothebestoftheauthors’knowledge,theproposedcircuit
isthefirstimplementationofabreakdownvoltagedoubler
asanopen-collectortopology,offeringthelowestpower
consumptionamonghigh-swingdriversatdataratesabove
25Gb/s.
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