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Abstract

We presenta methodologyfor characterizatiorand optimizationof SiGeHBTs from our 0.8 um BiC-
MOS technology It involvesprocessalibration,device calibrationemplo/ing two-dimensionatlevice
simulation,andautomatedrechnologyComputerAided Design(TCAD) optimization. The simulation
resultsshav a very goodagreementvith experimentaldata. In particular we performan optimization
of collectordopingfor specificrequirementghigh speedor high breakdavn voltage).

1. INTRODUCTION

OurSilicon-Germaniun{SiGe)HBT-CMOSintegratedprocesss basednaproven0.8um mixed-signal
CMOS processand includesan additional high performanceanalogoriented heterojunction-biplar-
transisto{HBT) module. The applicationseachfrom circuitsfor mobile communicatiorto high speed
networks. Using simulationin a predictve mannerhasbeenrecognizedasan integral part of ary ad-
vancedtechnologydevelopment. In orderto satisfy predictve capabilitiesthe simulationtools must
capturethe processaswell asthe device physics. Before going into productionone can optimizethe
processstepsandestimatedevice performancesharacteristics.

Besidemainstreansilicon, the two-dimensionatlevice simulatorMINIMOS-NT [1] candealwith dif-
ferentcomplex materialsand structuressuchaslll-V binary andternarycompoundsand SiGe, with
arbitrarymaterialcompositionprofiles. Variousimportantphysicaleffects,suchasbandgapnarraving,
surfacerecombinationandself-heatingaretakeninto account.Previousexperiencegainedn theareaof
IlI-V HBT simulationwhich leadto successfutesults[2] wasa prerequisitedo useMINIMOS-NT also
for simulationof SiGeHBTSs. Theinfluenceof the selectvely-implanted-cthector (SIC) implanton de-
vice performancevasstudiedboth experimentallyandby meansof processimulationusingDIOS [3],
followedby two-dimensionatlevice simulationusingMINIMOS-NT.

2. DEVICE FABRICATION AND PROCESS CALIBRATION

FourDoubleBaseSiGeHBT structuresvith emitterareasof 2.4 um? wereepitaxiallygrowvn by aChem-
ical VaporDeposition(CVD) process.

An implantedn-well, similar to the one usedin the standardCMOS technology is grown during the
epitaxial process. The buried layer is connectedo a sinker to conductthe electroncurrentfrom the
buried layerto the collectorcontact. The baseconsistof anintrinsic base(below the emitterwindow)

andthe extrinsic base(highly-dopedunderthe basecontact). The Germaniumcontenthasa triangular
shape After ion implantation,a RapidThermalProcessingRTP) formsthe base-emittejunctionwithin

thecrystallineSilicon.

TheprocessimulationusingDIOS startsfrom theblankwaferto thefinal device andreflectsrealdevice
fabricationasaccuratelyaspossible. Theimplant profilesaswell asannealingstepswere calibratedto
one-dimensionaBIMS profiles. The simulateddevice structurewith the netdopingprofile is shavn in
Fig. 1. To save computationatesourceshe simulationdomaincoversonly one half of the real device
whichis symmetricandthe collectorsinker is notincludedin the structure.This allows to usevery pre-
cisesimulationgrid in areasof interest(Fig. 2). For Dev. 1 high-enegy (480keV)/low-dose.for Dev. 2
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high-enegy/high-cbse, for Dev. 3 low-enegy (300keV)/low-dose andfor Dev. 4 low-enegy/high-dog
SICimplantswereused asshavn in Tablel. Thisis theonly processtepin whichthefour HBTsdiffer.
The Phosphorusloping profilesfor the four devicesareshown in Fig. 3. A comparatre Monte Carlo
(MC) simulationof ion implantationof Phosphorug SiandSiGewasperformedo checktheaccurag
of theprocessimulationin respecto SiGe(seeFig. 4).

3. DEVICE SIMULATION

Thephysicalmodelsin MINIMOS-NT arewell calibrated4], especiallyfor silicon-basedlevices. The
sameis true for DESSIS [5] which wasusedfor comparison.Both device simulatorscorrectly repro-
ducedthe measuredorward Gummelplot at 300 K (seeFig. 5) with the default models. The slight
increaseof collectorcurrentlc with doseandenegy at high biasis dueto the differencesn the base
push-outeffect. Two differentmethodswereusedto extractthe currentgain cutof frequeng fr. The
first oneemplgys transientS-parametesimulationat 5 GHz andtheir calculationfor the rangefrom 0

to 20 GHz using T-like eight elementsmall-signalequivalent circuit as demonstratedh [6] for GaAs
HBTs. The secondemplgys a small-signalac-analysisasshovn in [7]. We found thatthe resultsfrom

bothmethodsarein very goodagreement.

However, ascanbeseenin Figs.6 and7, bothDESSIS andMINIMOS-NT failedto explain the exper
imentally obsered similarity in peak f1 for Dev. 1 andDev. 3 andfor Dev. 2 andDev. 4, respectiely.
This againturnedour attentionto the SIC implant. An automatedievice calibrationwithin our TCAD
framawork [8] wasperformed.It turnedout that50% more Phosphoruén the collectorof thetwo low-
dosedevices(Dev. 1 andDev. 2) alreadygivesacceptableualitative agreement.

It is known thatwith shrinkingdevice dimensionsion-localeffects,suchasvelocity overshootpecome
more pronounced. Neglecting theseeffects can be a reasonfor underestimatiorof f+ [9, 10]. For
thatpurposewe performedsimulationswith the hydrodynamianodel(HD) to improve the results(see
Fig. 8). Fig. 9 shaws the velocity overshootover the greaterpart of the baseregion which is about
twice the saturationvelocity limit in the drift-diffusion (DD) case(10’ cm/s). This correlatesto the
higherelectronenegy (seeFig. 10)in the collectorandexplainstheincreaseof fr in comparisorto DD
simulation.The goodagreemenétlow currentss very importantsinceHBTs typically operateat much
lower frequencieshanatthe maximumfr. The simulationsprove thatin this rangeoptimizationsof the
SIC implantdo not have aninfluenceon ft, i.e. the base-emittecapacitancendnot the base-collector
capacitancés the dominatingone. The maximum fr wasfoundto have a strongerdependencen the
dosethanontheenegy of theimplants.

Furthermorethe importantfigure-of-meritBV cgg x fr (seeTable 1) reaches maximumfor high SIC
implant enegies (deepimplant) and high SIC dose. We found that the higher fr for high-dose/la-
enegy SIC implantsis dueto a smallerbasewidth anda delayedonsetof the basepush-outeffect due
to the highercollectordoping.

4. CONCLUSION

We have presentedxperimentsand simulationsof SiGe HBTs. Good agreementvas achiezed both
with experimentaDC-results(forward andoutputcharacteristicsandwith the high-frequeng data.We
believe the establishedetupcanbe beneficialin future for our next processlevelopment.
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Fig. 1: Simulateddevice structureandnetdopingprofile [cm~3] (absolutevalue).
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Fig. 2: Griddingexamplefrom the active device area.
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Device | Enegy [keV] | Dose| fr [GHz] | BVceo[V] | frxBVceo |
Dev.1 480 0.7 32 4.0 128
Dev.2 480 3.0 40 3.7 148
Dev.3 300 0.7 33 3.1 102
Dev.4 300 3.0 42 2.3 97
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Tablel: Summaryof key processaanddevice parameters.
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Fig. 3: Phosphorusdoping profile under the
emittercontactfor thefour devices.
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Fig. 5: Forward Gummel plots at Vcg = 0 V.
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Fig. 10: Electron  temperature distribution

in the four simulated devices at
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