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Introduction

With a progressn SiGetechnology fabricationof high performanceHBTs hasbecome
feasibleand deviceswith fnax 0f 90 GHz in a commonemitter configuration[1] have
beenachievedrepeatablyThis givesthe possibilitiesof designingcircuits operatingin
the millimeterwave region. In order to be able to accountfor large-signaleffects
occurring in such applications, e.g., power amplifiers, mixerglantlersalarge-signal
model has to be developed.

Sucha model, describedn the reportand paperl, hasbeendeveloped.The modelis
basedon a modified Ebers-Mollmodel,whereemphasidiasbeenput on deriving model
parameterdrom technologicaldata,e.g., devicegeometry,and semiconductophysics.
By partitioning the currentsin the device betweenholes and electronsrespectively,
effectsof the bandgapdifferencewithin the deviceare effectively accountedor which
leads.e.g.,to aneasierodellingof the thermaleffects.The thermalmodelis connected
to the electrical model through an interface. Throughthe interfacethe internal power
dissipationof the deviceis outputasa currentwhich, in the thermalmodel,is converted
to avoltagecorrespondingo a temperatureslevationof the devicethatis fed backto the
electrical model. With the separation of tii® modelsbetterconvergences achievedn
the simulationslt is alsopossibleto modeldifferenttypesof devicesthrougha variation
in thermal modelling, e.g., multi emitter-finger devicesby coupling severalelectric
model via a thermal network.

Comparisondetweenmeasuredand calculateddataof both DC and RF characteristics
show thathe modelwell predictsdeviceperformanceawithin normalbiasrangesgivena
fitting of fundamentaparametersowardsmeasurediata. The fitting towardsmeasured
datais necessaryn orderto accountfor variationsin the fabrication processand non-
ideal currents.

Using the transistormodel, a frequencydoubler for millimetre wave applicationshas
beendesignedandis describedn paper2 and4. With anoutputfrequencyof 55 GHz it
operates close to thg.f of the transistor which in this case is 67 GHaerule of thumb
for an oscillatoris that the operatingfrequencyshouldbe smallerthan one third of the
f .. It wouldthusmeanthatanf__ of approximatelyl65 GHz would be necessarySuch
deviceshavebeenfabricated but to achievea higherreproducibilitythe demandshould
be loweredto anf__ of about80 to 100 GHz which would yield an oscillator opeating
with, at highest,30 GHz of output frequency.With an active frequencydoublerit is
insteadpossibleto usegainin the deviceto amplify at the comparablylow fundamertal
frequency which then is converted to its second harmonic.

Applications that a signal generator like the one designed can be used in are for example:

» car-to-carand car-to-roadcommunicationfor the so called ‘intelligent highways’,
operating at 60 GHz.
» car radar operating at 77 GHz for obstacle detection and active cruise controls.



* radio link operating at 55 GHz.

The designof the circuit hasbeendonein MDS. To find the correctparameterdor the
embedling structurearoundthe transistor an iterative processhasbeenemployed.deal
S-parameteblockshaveinitially beenconnectedo the input andoutputof the transistor
to find optimal matchingcircuits for doubleroperation.With the acquiredS-parameter
blocks, an optimisationfor matchingcircuits corsising of coplanarwaveguide(CPW)
elementsis done. Due to the difference betweenideal S-parameterdlocks and the
circuits consistingof CPWs, optimisationwith an ideal S-parametemblock for either
input or output needs to be reiterated.

Measuredesultsof a fabricateddoublershoweda conversionfrom inputat 27.5GHz to
output at 55 GHz of betterthan -12 dB which is comparablewith a doubler circuit
realisedwith a IlI-V HFET as active device [2]. Performanceof the doubler circuit
calculatedusingthe large-signaimodelcomparewell with measurediata.Predictionby
the model using harmonic balance simulation at 55 GHz shows that a conversion
efficiency for the Si/SiGeHBT of about5 dB can be expectedfirom future optimised
circuits.

Sofar manymodelsincorporatethermalmodellingin the shapeof an RC-circuitwhere
the capacitive part accounts for the transient effects. Due to the thermal time constant, the
circuit doesnot reachsteadystateinstantaneouslySomepapershavebeenpublishedon
the extractionof the thermalresistancebut very little havehoweverbeendonefor the
capacitance. The work in paper 3 is aimed at addressing this questicanbe of great
importancefor applicationswhere the large signal effects make the power dissipation
vary greatly in very short momentsof time, thus causinga variation in junction
temperaturewhich can affect operatingpoint and thus also behaviour.The common
method for finding the thermal time constant necessitates aagmiebl of the powerfed
to the deviceduringa very shortperiodof time. In largerdevicesthe time resolutioncan
be allowedto decreasesomewhatput in applicationsusingvery small componentsthe
time constantitself makeswell controlled measurementsn the time domain more
difficult to control and a different methodneedsto be employed.The benefitwith the
now developedechniqueis thatit operatesn the frequencydomainusing small signal
measurementsvhich makesthe need of a good power control somewhatobsolete.
Furthermorethe proposedmnethodfacilitatesmeasurmentsof time constantddownto 1
ps with very simple equipmentSimple refinementsof the measuremeng¢quipmentcan
also expand the range.

The commonmethodshouldhowevernot be ruled out asit doesgive a possiblymore
accuratevalue of the large-signathermaltime constanin structuresSincethe common
methodmeasureshe actualtime for heatinga circuit from alow level to a high level of
power dissipationit may also accountfor secondaryeffectslike crossheatingoetween
deviceswhich is a very slow processcomparedo the internal heatingandalsowill not



occur during small signal measurementsA completecharacterisatiorshould therefore
employ both methods.

In a wider perspectivethe proposedmethodshouldbe usablefor other threeterminal
deviceswherethe transition betweensteadystateand transientoperationregardingthe
thermal effects can bdearly distinguishedTransitionsrelatingto electricaleffects,e.qg.,
parasiticswith similar time constantdo the one of the thermalmay obscurethe results
and complicatethe extraction.A componenthat shouldshow interestingpropertiesfor

using this new measurementechniqueis the FET. The thermal dependenceof the
mobility in the channelcausesa conductivity modulation which alters the electrical
propertiesFor smalldevicesthis temperaturéencreasemnay betoo quick to measurewvith

conventional methods.
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