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Abstract

We give a summaryof the state-of-the-arbf heterostructur®F-device simulators
for industrialapplicationbasedon 11I-V compoundsemiconductorsind compare
critical modelingissues Resultsfrom two-dimensionahydrodynamicsimulations
of High ElectronMobility TransistordyHEMTSs) andHeterojunctiorBipolar Tran-
sistors(HBTs)with MINIMOS-NT arepresentedSimulationexamplesarechosen
to demonstratéechnologicallyimportantissuesvhich canbeaddressedndsolved

by 11-V device simulation.A summaryof remainingmodelingissuess provided.

1 Intr oduction

HeterojunctionBipolar Transistors(HBTs) and High Electron Mobility Transistors
(HEMTSs) areamongthe mostadwvancedsemiconductodevices. They matchwell to-
day’s requirementgor high-speecperation,low power consumptionmedium-inte-
gration,low costin large quantities,and operationcapabilitiesin the frequeng range
from 0.9to 215GHz. HBT ICs areusedfor microwave power andlow power wireless
communicationsapplications handheld communication and high-speedigital data
transmissionHEMT ICs areusedfor low powerwirelesscommunicatiorapplications,
local multi-point distribution servicedor broadbandnternetacces§LMDS), for auto-
motive cruisecontrol (ACC) radar andhigh-speedligital transmission(40 Gbit/sand
beyond). The papersummarizeshe state-of-the-ardf device simulatorsjncludingthe
two-dimensionabevice simulatorMINIMOS-NT, anddiscusseparticularsimulation
resultsof suchdevicesobtainedwith the samesimulationtool, modelset, and setof
modelparameterslt concludeswith critical modelingissuesemainingto developfor
the simulationof advancedlIl-V semiconductodevices.

2 RF-Simulators

Commerciaktools,e.g.[1, 2, 3, 4], andUniversity-derelopedsimulatorse.g.[5, 6, 7],
are available for device engineeringapplications. However, for the fastdevelopment
of the RF industrya strongerfeedbackirom technologicaktate-of-the-arprocesde-
velopmentto simulatordevelopmentis needed.Table1 summarizedeaturesof IlI-V
device simulatorsto the bestof the authorsknowledge.

Gatavay Modeling offers a one-dimensionabchibdingerPoissorsolver POSES [3]
for chageanalysisn HEMT devicesfor processcontrol. Several quasi-two-dimensio-
nal approachearedemonstrateds.g. [7]. This approachpasedon a one-dimensional
currentequation stressesheinterfaceto the microwave simulatorasMDS/ADS. The
emphasiss put on the extractionof compactiarge-signaimodels. This tool combines
the advantageof a hydrodynamic(HD) transportmodel coupledwith Schiddingers
equationput hasthedravbackof thesimplifiedone-dimensionaturrentequation.The
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Simulator Dimension | Model Features Remarks
POSES 1D SchiddingerPoissorsolver
Leeds quasi2D HD Schiddingerequation 1D currentequations
Electrothermamodel interfaces
Fast Blaze quasi2D HD 1D currentequations
interfaces
ATLAS 2D DD,ET TE heterojunctiormodel notunelling
modeling
PISCES 2D DD,ET I11-V models
G-PISCES 2D DD full setlll-V models noHD
MEDICI 2D DD,HD anisotropigproperties mixed-mode
interfaces
MINIMOS-NT 2D DD,HD full setlll-V models
TE/TFEmodel
DESSIS 2D,3D DD,HD | trapmodeling, TFE model I11-V modeling

Table 1: Comparisorof differentdevice simulators.(TE): thermionicemission(TFE):
thermionicfield emission.

two-dimensionatlevice simulatorPISCES hasmodelingcapabilitiefor GaAsandInP
basedlevices.ThevariantcalledG-PISCES from Gatavay Modeling[3] hasbeenex-
tendedby a morecompletesetof 11l-V models.Examplesof MESFETSHEMTSs, and
HBTs for InAlIAs/InGaAs, AlGaAs/InGaAs,AlGaAs/GaAs,and InGaP/GaAsHBTs
aredemonstratedA disadwantagds thelack of anenegy transportmodel(ET) or HD
transportmodel. The device simulatorMEDICI from Avant!, alsobasedon PISCES,
offers simulationcapabilitiesfor SiGe/SiHBTs and AIGaAs/InGaAs/GaAHEMTSs.
Advantage®f this simulatorareHD simulationcapabilitiesandtherigorousapproach
to generation/recombinatigorocessesAn option treatinganisotropicpropertiesvas
announcedWeaknessearefoundfor thelll-V materialamodeling,for theheterostruc-
ture interfacemodelingand for mixed-modedevice-circuit simulation. A quasi-tvo-
dimensionalool is Fast Blaze from Silvaco, basedon codefrom the University of
Leeds,whichtogethemwith thetwo-dimensionaATLAS [4] hasaddressethe simula-
tion of AlGaAs/GaAsand pseudomorphi@dlGaAs/ InGaAs/GaAsHEMTs. DESSIS
from ISE[2] hasdemonstratedrigorousapproactio semiconductophysicsmodeling.
Critical issuesasthe above statedextensve trap modeling,aresolved. A heterojunc-
tion framework hasbeenincluded. In the following sectionsimulationresultswith
MINIMOS-NT arepresented.

3 Selectedresultsfor Industrially Relevant Devices

Self-heatingsimulationsgspeciallyof high-pavermulti-fingerdevices,requirerealistic
boundaryconditionstaken from a three-dimensionatircuit ernvironment. For high-

power HBTSs self-heatings a major sourceof limitation. The simulatedoutputdevice

characteristicef anInGaP/GaAHBT comparedo measurement@reshovn in Fig. 1

with constantboundaryconditionsfor the basecurrent(l 5=0.1-0.5mA). Note that
agreemenpf simulationand measurementan be achiesed introducing self-heating
(SH) into thetwo-dimensionakimulationwith appropriatdboundaryconditions while

the isothermalsimulationcompletelydisagreesith the measurementFig. 2 shavs
a comparisorbetweenthe simulatedand measuredsummelplots for 400x 400 um?

Si; _,Ge, HBTs fabricatedwith the samegeometryandlayer specificatiorandwith z

=16%,22%,and28%Ge contentin thebase All simulationswverecarriedoutwith the
samesetof models,andno adjustmenbf modelparametersvasperformed.

For the next generatiorof datatransmissiorat 80 Gbit/sor high gainanaloguepplica-
tionsInAlAs/InGaAsHEMTSs high-speedransistorsareused.Fig. 3 showns simulation
andmeasurement®r agatelengthl, = 150nmIng s2Alg.48AS/INg 53Gay.47AS HEMT
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on a metamorphidouffer. High field effectssuchasimpactionizationare considered
[8]. Theprecisesimulationfor variouslow V pg is usefulto accountor thelow power
RF capabilities.Fig. 4 shavs an evaluationof the possibleuseof low-k dielectricsto
reducecritical capacitancege.g.C,4) for highestfrequeng operation.

4 Critical Issuesof Modeling Heterostructure Devices

A numberof critical modelingissuesfor 111-V devices canbe solved with a precise
physics-basedmall-signalparameteextraction[9]. An interfaceto a microwave sim-

ulatorsuchasMDS/ADS from Agilent Technologiese.qg.in [7], allows the analysisof

statisticalvariationsof thelarge-signaimodelsusedfor circuit design.A statisticalsen-
sitivity analysisis especiallyimportantfor applicationsbeyond 50 GHz, wherespeed,
gain, and output power are very sensitve to the parasiticervironmentand the large

signal propertiesare very sensitve to the statisticalchangef massproduction. The

simulatorshave successfullydemonstratedjood agreementvith measurementstur-

ther, improvedunderstandingf the processedemiconductorwith respecto thelarge
signalpropertieds neededThisincludestheunderstandingf change®f transportand
interfaceparameterslueto theprocessin particular:More attentionis requiredfor the

processlependencef theinsulatorsemiconductosurfacequality andthedevelopment
of modelsfor non-idealdielectrics. The impactof the ledgethicknessandthe surface
chagedensitywasstudiedfor a one-fingennGaP/GaAHBT with respecto reliabil-

ity [10]. The contactmodelingneedsfurther attentionsince contactdegenerations

a major sourceof device degradation.Non-localapproache$or Ohmic and Schottky

contactshave beendemonstratedsuchas[11], however dueto the meshingrequired
for application,they are not suitablefor generalpurposesimulators. For the analy-
sisof dynamicbreakdevn duringlarge-signaloperationge.g.,in pseudomorphiGaAs
HEMTS, a study requiresa combinationof impactionization, traps, and thermionic
field emissioreffects. Thetreatmenbf anisotropigpropertiess neededor SiGeHBTs

for the inclusioninto a corventionalsimulatorconcepts.In contrastto Monte Carlo
approacheghis offersthe possibility to extract RF information. Quaternarymaterial
modelsarerequiredfor a numberof IlI-V devices,i.e. for InGaAsR AlGaAsSh,and
InAlIGaAs[12].

5 Conclusion

A review of critical modelingissuedor simulationtools of heterostructur®F-devices
is presentedspecificallyaddressingemainingmodelingissues. New simulationre-

sultsfor industriallyrelevantdevicesin goodagreementith measurediataaredemon-
strated With anincreasingiumberof stablereliableheterostructureechnologiesvail-

able, a meaningfulcomparisonbetweensimulationresultsand statisticallyanalyzed
smallandlargesignaldatais possibleanddeliversmodelverificationandvaluablepro-

cessinformation.
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Fig. 1: GaAsHBT outputcharacteristics. Fig. 2: ForwardGummelplotsat Vgc =0V for
Simulationwith andwithout self-heating SH) SiGeHBTs. Comparisorbetweersimulation
comparedo measuremerdataatconstanfs ~ andmeasuremerfor differentGe contents.
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Fig. 3: Transfercharacteristicef ametamorphic Fig. 4: Reductionof thegate-drain
InAlAs/ INnGaAsHEMT with I, = 150nm for two capacitance€,4 of anl, = 100nm
differentbiases. INAIAS/INGaAsHEMT usingdifferent
dielectrics.
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