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Abstract

In this paper we present for tfiest time experimental
resultson a frequencydoublerusing a Si/SiGe HBT as
the non-linearelement.Despitethe high outputoperating
frequencybeing closeto f,55% 67 GHz, for the Si/SiGe
HBT, the conversion efficiency in a not completely
optimisedcircuit wasfoundto be betterthan-12 dB. The
3 dB bandwidthfor the doublerwas about7.4%. These
resultsare found to be comparableto an HFET doubler
operating equally close fits ;5% Theresultsagreewell
with the predictionfor the multiplier from a developed
physics-basethrge-signaHBT model. Predictionby the
model using harmonic balance simulation at 55 GHz
showsthat a conversionefficiency for the Si/SiGeHBT
of about5 dB can be expectedfrom future optimised
circuits.

Introduction

Silicon based active devices such as Si/SiGe
HeterojunctionBipolar TransistorgHBT) haveshownto
havegreatpotentialsof performancevheredeviceswith
a maximum frequencyof oscillation (f,;;55 of 80 GHz
have beenimplementedin circuits [1] and f,55 of 160
GHz has been reachedrecently in common emitter
configurationfor single devices[2]. Thusf,5x for state
of the art Si/SiGe HBTs are well abovethe important
operating frequencies to be used in automotive
applicationssuch as car - car communicationand car
radar. In order to evaluate the feasibility of this
technology for applications at millimeterwave
frequencies, an active second harmonic 55 GHz
frequencydoubler using an Si/SiGe HBT as the active
device has been designed.

Design of the Doubler

The circuit structure used in timplementatiorof the
doubler has been chosento be Coplanar Waveguide
(CPW) due to the large impedancerange and lower

dispersion thatanbe achievedor this circuit technology
comparedto microstrip and also due to the practical
advantageof not having to use viaholes for ground
connection. Thisgs of particularimportancein the caseof
monolithic integration of circuits [3]. The monoalithic
matching circuits for the multiplier, implementedon
high-ohmic silicon, have been centred around 50 ohm
transmission-linesn order to reducethe complexity in
the number of circuits needed to design the doubler.

To ensurea goodunderstandingn how to realisethe
passive structures, consistiofjshorts,openscrossesand
MIM-capacitors, test circuits have been desigusidgE-
M-field simulatorsfrom Hewlett Packard[4] and then
fabricated. Results from measurement®n the passive
structureconformwell with simulateddataup to at least
40 GHz (current limit of the used measurement
equipment).For the doublercircuit itself, the HBT was
bonded into the monolithic passive circuitry using
preformedbeamleadsjncludedin the electrical design.
Thelayoutof the 55 GHz doubleris shownin Fig.1. The
input and output matchingto 50 ohms were achieved
using stub circuits where the stubswere terminatedin
shorts (MIM-capacitors). On the output, a filter
(consisting of open quarter-wavestubs) was used to
suppress the fundamental frequency.

A newphysics-basethrge-signalSi/SiGeHBT model
hasbeenderivedand usedin the designof the frequency
doubler.It employsa modified Ebers-Moll model which
has technological data as input parameters. The
heterojunctionis accountedfor by treating the different
kinds of injectionsseparatelywhich simplifies modelling
of for example the current dependencyBof

With the use of fitting of given input parameters,
within realistic limits, to measuneents such as Gummel-
and IV-plots in conjunction with S-parameters at different
bias points, it is possible to model the transistors
behaviour throughout the interiess region of operation
with sufficient accuracy.

M easur ements and Discussion

The measuremenset-up for the evaluation of the
fabricated doubler comprised of a HP8510C vector
network analyser for S-parametermeasurements.A
synthesisedweepettogetherwith a poweramplifier was
used for the power measurementsThe circuit was
contactedn inputandoutputside usingcoplanarprobes.
The output power was measuredising a waveguideV-
band power-sensorin order to further suppressthe
fundamental frequency, being below the cut-off
frequency of the waveguide.

The measuredrequencydoublershoweda conversion
efficiency of betterthan-12 dB at aninput powerof 1.2
dBm anda DC-biasof 4 V and 3 mA, seeFig. 2. These
resultsare found to be comparableto an HFET doubler
operatingequally closeto its f,;,5% [5]. The 3 dB power-
bandwidthfor the multiplier was measuredo be about



7.4%, seeFig 3. In Fig. 3 is also shownthe calculated
conversionefficiency for the doubler using the derived

HBT-model and the calculatedimpedancedor the input

and output embedding circuits. The good agreement
betweentheory and experimentsmakesit possible to

predict the conversion behaviour for different HBT

devices and improving the design of the doubler.

The multiplier was originally designedfor a Si/SiGe
HBT (here called DT9502) having a different doping
profile, thus having somewhatdifferent S-parameters
comparedo the useddevice (herecalled3147A1)which
was available at the time of implementation. The
differencein S-parameterbetweenthe devicesimplied
that the useddevice (3147A1) is not optimally matched

for working in this frequency multiplier. The effect of this

differencein transistorbehaviourcan be seenin Fig. 3
where the doubler structure has been simulasiagboth
the DT9502 and 3147A1 as active device.

Preliminary Harmonic-Balancesimulationswith the
new transistorshowthata conversiongain of about5 dB
can be expectedif optimised matching circuits are
employed.

Conclusion

A frequencydoublerfor 55 GHz with a conversion
efficiency of betterthan-12 dB operatingat an output
frequency neary 54 for the device habeendesignedBy
improving the matching circuits to the transistor, an
enhancementin conversion of upto 17 dB can be
expected.This doesnot put any demandson improved
performance of the transistor itself.
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Fig. 1. The fabricated doubler circuit. A schematic of the transistor is shown on the right.
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Fig. 2. Measuredoutput power at 54.5 GHz versussourcepower at fundamentafrequencyfor the
doubler circuit.
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Fig. 3. Conversionlossversusfrequencyfor the doublercircuit. Numberswithin parenthesislepict

source power at the input.



