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Abstract

We give a summaryof thestate-of-the-artof heterostructureRF-device simulators
for industrialapplicationbasedon III-V compoundsemiconductorsandcompare
critical modelingissues.Resultsfrom two-dimensionalhydrodynamicsimulations
of High ElectronMobility Transistors(HEMTs) andHeterojunctionBipolar Tran-
sistors(HBTs)with MINIMOS-NT arepresented.Simulationexamplesarechosen
to demonstratetechnologicallyimportantissueswhichcanbeaddressedandsolved
by III-V devicesimulation.A summaryof remainingmodelingissuesis provided.

1 Intr oduction
HeterojunctionBipolar Transistors(HBTs) and High Electron Mobility Transistors
(HEMTs) areamongthe mostadvancedsemiconductordevices. They matchwell to-
day’s requirementsfor high-speedoperation,low power consumption,medium-inte-
gration,low costin largequantities,andoperationcapabilitiesin the frequency range
from 0.9to 215GHz. HBT ICs areusedfor microwavepowerandlow powerwireless
communicationsapplications,handheld communication,andhigh-speeddigital data
transmission.HEMT ICsareusedfor low powerwirelesscommunicationapplications,
localmulti-pointdistributionservicesfor broadbandInternetaccess(LMDS), for auto-
motive cruisecontrol (ACC) radar, andhigh-speeddigital transmission(40 Gbit/sand
beyond).Thepapersummarizesthestate-of-the-artof devicesimulators,includingthe
two-dimensionaldevice simulatorMINIMOS-NT, anddiscussesparticularsimulation
resultsof suchdevicesobtainedwith the samesimulationtool, modelset,andsetof
modelparameters.It concludeswith critical modelingissuesremainingto developfor
thesimulationof advancedIII-V semiconductordevices.

2 RF-Simulators
Commercialtools,e.g. [1, 2, 3, 4], andUniversity-developedsimulators,e.g. [5, 6, 7],
areavailablefor device engineeringapplications.However, for the fastdevelopment
of the RF industrya strongerfeedbackfrom technologicalstate-of-the-artprocessde-
velopmentto simulatordevelopmentis needed.Table1 summarizesfeaturesof III-V
devicesimulatorsto thebestof theauthorsknowledge.

Gateway Modeling offers a one-dimensionalSchr̈odinger-Poissonsolver POSES [3]
for chargeanalysisin HEMT devicesfor processcontrol.Severalquasi-two-dimensio-
nal approachesaredemonstrated,e.g. [7]. This approach,basedon a one-dimensional
currentequation,stressesthe interfaceto themicrowave simulatorasMDS/ADS. The
emphasisis put on theextractionof compactlarge-signalmodels.This tool combines
the advantagesof a hydrodynamic(HD) transportmodelcoupledwith Schr̈odinger’s
equation,but hasthedrawbackof thesimplifiedone-dimensionalcurrentequation.The
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Simulator Dimension Model Features Remarks
POSES 1D Schr̈odinger-Poissonsolver
Leeds quasi2D HD Schr̈odingerequation 1D currentequations

Electrothermalmodel interfaces
Fast Blaze quasi2D HD 1D currentequations

interfaces
ATLAS 2D DD,ET TE heterojunctionmodel no tunelling

modeling
PISCES 2D DD,ET III-V models
G-PISCES 2D DD full setIII-V models noHD
MEDICI 2D DD,HD anisotropicproperties mixed-mode

interfaces
MINIMOS-NT 2D DD,HD full setIII-V models

TE/TFEmodel
DESSIS 2D,3D DD,HD trapmodeling,TFE model III-V modeling

Table1: Comparisonof differentdevice simulators.(TE): thermionicemission,(TFE):
thermionicfield emission.

two-dimensionaldevicesimulatorPISCES hasmodelingcapabilitiesfor GaAsandInP
baseddevices.ThevariantcalledG-PISCES from GatewayModeling[3] hasbeenex-
tendedby a morecompletesetof III-V models.Examplesof MESFETs,HEMTs,and
HBTs for InAlAs/InGaAs, AlGaAs/InGaAs,AlGaAs/GaAs,and InGaP/GaAsHBTs
aredemonstrated.A disadvantageis thelackof anenergy transportmodel(ET) or HD
transportmodel. Thedevice simulatorMEDICI from Avant!, alsobasedon PISCES,
offers simulationcapabilitiesfor SiGe/SiHBTs andAlGaAs/InGaAs/GaAsHEMTs.
Advantagesof this simulatorareHD simulationcapabilitiesandtherigorousapproach
to generation/recombinationprocesses.An option treatinganisotropicpropertieswas
announced.Weaknessesarefoundfor theIII-V materialsmodeling,for theheterostruc-
ture interfacemodelingandfor mixed-modedevice-circuit simulation. A quasi-two-
dimensionaltool is Fast Blaze from Silvaco,basedon codefrom the University of
Leeds,which togetherwith thetwo-dimensionalATLAS [4] hasaddressedthesimula-
tion of AlGaAs/GaAsandpseudomorphicAlGaAs/ InGaAs/GaAsHEMTs. DESSIS
from ISE[2] hasdemonstratedarigorousapproachto semiconductorphysicsmodeling.
Critical issues,astheabove statedextensive trapmodeling,aresolved. A heterojunc-
tion framework hasbeenincluded. In the following sectionsimulationresultswith
MINIMOS-NT arepresented.

3 SelectedResultsfor Industrially Relevant Devices
Self-heatingsimulations,especiallyof high-powermulti-fingerdevices,requirerealistic
boundaryconditionstaken from a three-dimensionalcircuit environment. For high-
power HBTs self-heatingis a majorsourceof limitation. Thesimulatedoutputdevice
characteristicsof anInGaP/GaAsHBT comparedto measurementsareshown in Fig. 1
with constantboundaryconditionsfor the basecurrent (I � =0.1-0.5mA). Note that
agreementof simulationand measurementcan be achieved introducingself-heating
(SH) into thetwo-dimensionalsimulationwith appropriateboundaryconditions,while
the isothermalsimulationcompletelydisagreeswith the measurement.Fig. 2 shows
a comparisonbetweenthe simulatedandmeasuredGummelplots for 400� 400 � m�
Si	�

� Ge� HBTs fabricatedwith thesamegeometryandlayerspecificationandwith �
= 16%,22%,and28%Gecontentin thebase.All simulationswerecarriedoutwith the
samesetof models,andno adjustmentof modelparameterswasperformed.

For thenext generationof datatransmissionat80Gbit/sor highgainanalogueapplica-
tionsInAlAs/InGaAsHEMTs high-speedtransistorsareused.Fig. 3 showssimulation
andmeasurementsfor agatelengthl � = 150nmIn ��� � � Al ��� ��� As/In��� ��� Ga��� ��� As HEMT



434

on a metamorphicbuffer. High field effectssuchasimpactionizationareconsidered
[8]. Theprecisesimulationfor variouslow V ��� is usefulto accountfor thelow power
RF capabilities.Fig. 4 shows anevaluationof thepossibleuseof low- � dielectricsto
reducecritical capacitances(e.g. ��� � ) for highestfrequency operation.

4 Critical Issuesof Modeling Heterostructure Devices
A numberof critical modelingissuesfor III-V devicescanbe solved with a precise
physics-basedsmall-signalparameterextraction[9]. An interfaceto a microwavesim-
ulatorsuchasMDS/ADS from Agilent Technologies,e.g.in [7], allowstheanalysisof
statisticalvariationsof thelarge-signalmodelsusedfor circuit design.A statisticalsen-
sitivity analysisis especiallyimportantfor applicationsbeyond50 GHz, wherespeed,
gain, andoutputpower are very sensitive to the parasiticenvironmentand the large
signalpropertiesarevery sensitive to the statisticalchangesof massproduction.The
simulatorshave successfullydemonstratedgoodagreementwith measurements.Fur-
ther, improvedunderstandingof theprocessedsemiconductorswith respectto thelarge
signalpropertiesis needed.This includestheunderstandingof changesof transportand
interfaceparametersdueto theprocess.In particular:Moreattentionis requiredfor the
processdependenceof theinsulatorsemiconductorsurfacequalityandthedevelopment
of modelsfor non-idealdielectrics.The impactof the ledgethicknessandthesurface
chargedensitywasstudiedfor a one-fingerInGaP/GaAsHBT with respectto reliabil-
ity [10]. The contactmodelingneedsfurther attentionsincecontactdegenerationis
a major sourceof device degradation.Non-localapproachesfor Ohmic andSchottky
contactshave beendemonstrated,suchas[11], however dueto the meshingrequired
for application,they are not suitablefor generalpurposesimulators. For the analy-
sisof dynamicbreakdown duringlarge-signaloperation,e.g.,in pseudomorphicGaAs
HEMTs, a study requiresa combinationof impact ionization, traps,and thermionic
field emissioneffects.Thetreatmentof anisotropicpropertiesis neededfor SiGeHBTs
for the inclusion into a conventionalsimulatorconcepts.In contrastto Monte Carlo
approaches,this offers the possibility to extract RF information. Quaternarymaterial
modelsarerequiredfor a numberof III-V devices,i.e. for InGaAsP, AlGaAsSb,and
InAlGaAs [12].

5 Conclusion
A review of critical modelingissuesfor simulationtoolsof heterostructureRF-devices
is presented,specificallyaddressingremainingmodelingissues. New simulationre-
sultsfor industriallyrelevantdevicesin goodagreementwith measureddataaredemon-
strated.With anincreasingnumberof stable,reliableheterostructuretechnologiesavail-
able, a meaningfulcomparisonbetweensimulationresultsand statisticallyanalyzed
smallandlargesignaldatais possibleanddeliversmodelverificationandvaluablepro-
cessinformation.
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Fig. 1: GaAsHBT outputcharacteristics.
Simulationwith andwithout self-heating(SH)
comparedto measurementdataat constant$ %

steppedfrom 0.1mA to 0.5mA.
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Fig. 2: ForwardGummelplotsat ()%+* = 0 V for
SiGeHBTs. Comparisonbetweensimulation
andmeasurementfor differentGecontents.

Fig. 3: Transfercharacteristicsof a metamorphic
InAlAs/ InGaAsHEMT with ,.- = 150nmfor two

differentbiases.

Fig. 4: Reductionof thegate-drain
capacitanceC-�/ of anl - = 100nm

InAlAs/InGaAsHEMT usingdifferent
dielectrics.
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