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Abstract

A physics-basedlarge-signal model including
thermaldependencéasbeendevelopedfor Si/SiGe
HBTs. The model takesinto accountseveraleffects
thatareimportantfor the operationof Si/SiGeHBTs
and is directly related to the parametersin the
fabrication process.Using extractionproceduresfor
only a few parametershatinherentlyare difficult to
predict, eitherdueto uncertaintiesn the fabrication
processor dueto complexphysicalrelations,a good
agreement is found between the model and
measurementsThe model has been implemented
using a commercial CAD-systemfacilitating design
of non-linear Si/SiGe HBT applications. Thus the
model has been used to design and predict the
behaviourof a doublercircuit operatingat 55 GHz
with good accuracy.

Introduction

The recent progress BiGetechnologywhich has
yielded HBTs with fj,4 of 160GHz [1], making it
possible to design circuits for the important
frequencyrangeusedin automotiveapplicationsFor
analysis and implementationof Si/SiGe HBTSs in
non-linearmicrowaveapplications,the accessto an
accurate physics-basedlarge-signal model with
parameterslirectly relatedto the fabricationprocess
and describingthe physical propertiesof SiGeis of
great importance. The thermal properties of the
Si/SiGeHBT which playsanimportantpartin power

applicationshas also to be takeninto accountin a
model.Suchmodelhasbeendevelopedandit is now
usedfor the designandoptimizationof Si/SiGeHBT
millimeter-wavefrequencydoublersoperatingat 55
GHz.

Model

A modified Ebers-Moll model, havingiansittime
delay added tthe currentgeneratorcanbe shownto
sufficiently model HBT transistorsat microwave
frequencieq?2]. The model hasthe benefit of taking
into accountthe physical propertiesof the transistor
and of having only a moderate amount of
componentsAlso of importanceis that variation of
the technological parameters can be accounted for.

The implementationof the model hasbeendone
in a SPICE-likesimulatorusing MDS from Hewlett
Packard A specialfeaturecalled SDD (Symbolically
Defined Device) has been used for modelling the
intrinsic part of the transistor(the shadedpartin Fig.
1la showsa schematioof the modelling). Embedding
theintrisic partis a shellcomposedf lumpedcircuit
elementswhich accountsfor the extrinsic transistor
(elementsoutsideshadedpartin Fig. 1a) andalsofor
pad parasitics.

By utilizing the ability to control the current
inside the SDD via equations,it is possible to
mathematically create a discrete analogy to the
processesccuring.Thanksto this, the ideal electron
and hole injection currentsin each junction are
treatedseparatelywhich makesthe modelling of the
heterojunctions straighforward. Furthermore, the
common base amplification factor can be
decomposedThe factorsag andaR no longerneed
to accountfor the emitter injection efficiency, but
only for basetransportfactor and a possible bulk
breakdown in the space charge regions.

Thecurrentgenerators| cg andl| gg havebeen
addedto empirically modelhighinjection effectsand
the surface currents occurring on a mesa device
structure The capacitance€gg andCgc havebeen
calculated using the SPICE model for junction
depletion capacitancedaking into account charge
compensationin the collector spacechargeregion
which occursat high collector currentsfor the base-
collector capacitancegge [3].

Thermal modelling has been accomplishedby
creatinga versatileinterfacevia the SDD. Thanksto
this, it is possibleto usedifferentcomplexitiesin the
thermalmodel; from a lumpedthermalresistancdo



non-linear models derived from FEM-simulations,
see Figlb.

Parameter Extraction and

Verification of M odel

The analytical expressionswhich the model
parametersare based on are useful for a first
estimationof transistorbehaviour.Startingvaluesfor
the parametersare calculated from given device
geometrieslayer structureandknown semiconductor
properties.Due to the complexity in the physical
relations governing the semiconductor and to
uncertainties in théabricationprocesssomeof these
parameters that are used in the calculations inherently
containerrors.Measurementarethereforeneededo
adjustcertainparametersandto verify the accuracy
of the calculations.

The measurements,performed at a known
ambient temperature,result in Gummel, I-V-plots
andS-parametecurvesat differentbias.Desirableis
to measurethe S-parameterat low andhigh I and
at leastone intermediatevalueto getinformation of
transistor behaviour at the most important bias levels.

The fitting of parameterss thendonein a two-
step processwhere initially only the technological
parametersare allowed to vary within limits known
from the fabrication process. Following this,
elementdn the equivalentcircuit thatdo not directly
relateto the intrinsic transistorare varied to further
improve the accuracy.Inorder to verify the model,
parameterdora 1lumx2Qum emitter-areaHBT with
devicegeometryandlayer structuredescribedn ref.
[4] were calculatedand further tuned for accuracy
using the approach described above.

Using the sameanalytical expressionghat were
used for calculating the model parameters,the
IV-charateristics and S-parameters are also
simulated,seeFig. 2 and 3. As canbe seenin Fig. 2
and 3, the simulatedresultsagreewith both the DC
and RF measurementslhe slightly sharperkink for
simulated 1V -characteristican Fig. 2 at low Vg
andhigh | comparedo the measurediatais likely
causeddy theKirk-effect [5]. Thetypical decreasén
B at high I with increasingV g is causedby the
self heating effectd].

The modelhasalsobeenusedto designan active
frequency doubler [6] and a comparisonbetween
measuredind simulateddatafor this componentcan
be seenin Fig. 4. The doubler is operatingat a
frequencyof 55 GHz. This is a higherfrequencythan
the transistor has been characterisedo. Still, the
extrapolated data show good agreement with
measurements.

Conclusions

We have presenteda physics-basedarge-signal
Si/SiGeHBT modelwhich usesdatagiven from the
fabricationprocesdor finding the modelparameters.
With fitting of a few parameterst is possibleto
accuratelymodel the large signal behavior up to
millimeterwave frequencies.
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Fig. 3. Measured and simulategSrom 45 MHz
to 50 GHz. DC-bias is 3V, 1mA (a) and
3V, 10mA (b). Full scale of the plot is 10.

Fig. 1. Large signal HBT model: (a)
electrical model, (b) examples of
thermal equivalents for the circuit.
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Fig. 2. Measured and calculated I-V Fig. 4. Conversion Ios§ f.or an active
characteristics varyingslfrom 50 to frequency multiplier.
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