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ABSTRACT

This paper presentsthe designand fabricationof four
broadbandmonolithic assive baluns including CPW

8Marchand,multilayerM Marchand,planar-transformer,
andbroadside-coupledlinebaluns.Operationalfrequencies
range from 1.5 GHz to 24 GHz, Maximumrelative
bandwidthsin excess of 3:1 are achieved.Simulated
performancesusing full wave electromagnetic(EM)
analysisarein goodagreementwiththemeasuredresults.
Thedesignofamonolithicdouble-balanceddiodemixerusing
twoplanar-transformerbalunsarealsopresented.Without
dcbias,themixershowsa minimumconversionlossof6dB
withthe RFat 5 GHz.anda LOdriveof 15dBmat 4 GHz.
ThemeasuredinputIP3of thismixeris betterthan15dBm
overthe4 to 5.75GHzfrequencyband.

INTRODUCTION

Balunsare requiredin a varietyof importantmicrowave
componentssuchas balancedmixers,push-pullamplifiers,
multipliers,and phaseshifters,As monolithicmicrowave
integratedcircuit technology advances,the need for
broadbandmonolithicbalunsthat can be fabricatedwith
the sametechnologybecomesevident.Althoughmulti-
octavedistributedactivebaluns[1] havebeenre orted,

/theynotonlyconsumedcpowerbutsufferfromhig noise
figure, high spurious responses,low power handling
capability,andlow3rdorderintermodulationinterceptpoint,
Thereforea broadbandmonolithicpassivebalun IS an
indispensableelementinrealizinghighperformanceandlow
risk MMICS.This paperreportsfour differentmonolithic

II
assivebalunsdesignedwitha full-waveEManalysis[2].
e alsoreporta monolithicdouble-balanceddiodemixer

whichincorporatestwoof theplanar-transformerbaluns.

BALUNDESIGNS

Marchand compensated baluns The Marchand
compensatedbalunisa bandpassnetworkconsistingof an
unbalanced,balanced,compensationopen-circuited,and
twocompensationshort-circuitedtransmissionlines.Each
transmissionline is a quarterwavelengthat the center
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frequencyof the operatingband. Figure 1 showsthe
Marchandbalun’sequivalentcircuit,Thetwoshort-circuited
transmissionlinesare shuntedacrossthe balancedload
andthustheircharacteristicimpedancesaremadeaslarge
aspossible,Theremainingtransmissionlines’impedances
determine the bandwidth and the impedance
transformationbetweenthe unbalancedandthe balanced
ports,In this design,the marchandbalunsarerealizedin
two differentstructures:the multilayerMS [3] and the
uniplanarCPW/Slot-lineMarchandbalun structures.A
three-layerconductorstructureis utilizedto realizefour
distincttransmissionlinesin the multilayerMSMarchand
balun shown in Figure2, The structureconsistsof a
backside,firstinterconnection,andair-bridgemetallizations
with the first interconnectionand the the air-bridge
metallizationsseperatedby 3 pm thickSi02.Becauseof
the limitationof the realizablelinewidth,the multilayerMS
marchandbalun is designedto transforma 30 ohm
unbalancedimpedancetoa 90ohmbalancedimpedance.

The uni IanarCPWMarchandbalunshownin Figure3
tutilizes PWSas unbalancedandopen-circuitedlinesand

slot-lines as balanced and short-circuitedlines. The
uniplanarCPW marchandbalun transformsa 50 ohm
unbalancedimpedancetoa 100ohmbalancedimpedance,

Planar-transformerbaluns Theplanar-transformerbalun
consistsof two oppositelywrappedtwin-coiltransformers
connectedinserieswithoneof Itsfourouternodesandone
ofitstwoinnercommonnodesgrounded.Figure4showsthe
simplifiedcircuitdia ramanda photographofa rectanular
spiraltransformer.? 7heresonantfrequencyof thespiracoil
dwidesthe operatingfrequenciesof thetransformerbalun
intotworegions:themagneticcouplingdomain(frequencies
belowthe resonantfrequency)and the magnetic/electric
couplingdomain(frequenciesabovetheresonantfrequency)
[4],Theformerregionis usuallymoreusefulbecauseof its
widerrelativebandwidth.Inthisregion,the inductanceand
the resonantfrequencyof the spiral coil are the two
bandwidth-limitingfactors.The coil inductancesets the
lower limit of the frequencyband while the resonant
frequencysetstheupperlimit.Therefore,thebandwidthcan
beincreasedeitherby reducingtheelectricallengthof the
spiralcoilat highfrequencieswhilemaintainingthe same
inductanceor by increasingthe inductanceof thecoilwhile
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maintainingthe samespirallength.Inthe presentdesign,
the electricallengthof the spiralcoil is reducedby using
thickersubstrateandair-bridgedmetallizationsto lowerline
capacitancesand the coil inductanceis increasedby
maximizingthe spiralarea-to-lenth ratio.Thetransformer

1!balunsare constructedwith bot landedand air-bridged
linesandaresurroundedbygroundmetalsothattheycan
be on-wafertestedfor boththe thickandthin substrates
withoutandwithbacksidemetallization,respectively.

Broadside-coupledlinebalun Thebroadside-coupledline
(BCL)balunshownin Figure5 isa monolithicversionofthe
hybriddouble-sidedmicrostrip/strip-linebalun.It comprises
a dielectricsheetwithmetallizationsof equalwidthonboth
sides.This sandwichedstructurerealizedwith the first
interconnectionand air-bridgemetallizationsanda 3 Vm
thick Si02sits on top of a 25 mil thick GaAssubstrate.
Becauseof the largethicknessratioof theGaAssubstrate
to the Si02 layer,the BCLstructurehas a largeeven-
mode impedancewhich is essential for good balun
performance.The BCL balun is designed using two
cascadedBCL sectionswith different impedancesto
improvetheperformanceathigherfrequenciesinadditionto
a 1:1 impedancetransformationbetweenthe unbalanced
andbalancedports.

MIXERDESIGN

A double-balanceddiodemixerconfigurationis usedinthe
designof the4-6 GHzmonolithicmixer.Figure6 showsa
photoraphof the mixerchipwhichmeasures2.25x 1.75

fmm2. hemixercircuitconsistsofadiodequad,twoplanar-
transformerbaluns,andseveralMIMca acitorsandspiral

{inductorsfor impedancematchin. The chottkydiodeis a
ftwofinger0,5x 60 pmpMESFE withitsdrainandsource

connectedtogether.Thecutofffrequencyof the diodeis
near 130GHzat zero bias.Twotransformerbalunsare
usedfor the LO and RFportswith RFbalun’scentertap
servin as the IF output.The centertap of LO balunis

(?grouned.Nodcbiasis requiredforthemixercircuit.

RFPERFORMANCES

Fi ure7 showsthemeasurederformancesoftheuniplanar
[C$W Marchand balun. T e amplitude and phase

unbalancesbetweenthetwo balancedportsare lessthan
1.5 dB and 150, respectively,over the 2 to 16 GHz
frequency band. Figure 8 shows the measured
performancesof a planar-transformerbalunconstructed
with air-bridged lines. The amplitude and phase unbalances
betweenthe two balancedportsare lessthan 1.5dBand
100,respectively,overthe 1.5to 6.5 GHzand 13 to 24
GHzfrequencybands.Figure9 comparessimulatedresults
usingEManalysiswith measureddatafor a transformer
balunconstructedwith landedlines. The agreementis
reasonablyood.Inaddition!measuredresultsshowthata

J30%banwi h improvementISobtainedbyusingair-bridged
linesinsteadof landedlines.

Figure 10 compares the measured and simulated
performancesof a multilayerMSMarchandbalun.TheEM
simulatedresultsareingoodagreementwiththemeasured
data. The amplitudeand phasetrackingsbetweentwo
balancedports are excellentand the insertionloss is
between2 and4 dBoverthe2 to 16GHzfrequencyband.
Figure 11 compares the simulated and measured
performancesof a BCLbalun.Theagreementis generally
good,howeverthebandwidthis relativelynarrowcompared
to othertypesofbaluns.Themeasuredconversionlossofa
double-balanceddiode mixer as a functionof the RF
frequencyis shownin Figure12.A fixedIFfrequencyof 1
GHz and LO drive of 15 dBm were used. The best
conversionloss is about6 dB at RF of 5GHzwhilethe
averagelossvariesfrom7.5to 8,5dBandthe inputIP3is
betterthan 15 dBm over the 4 to 5.75 GHzfrequency
band.

CONCLUSION

Fourdifferentmonolithicpassivebalunshavebeendesigned
andfabricated.The uniplanarCPWMarchandbalun,the
planar-transformerbaluns!andthe BCLbalunhavebeen
tested on the 25 mil thick GaAs substrate,while the
multilayerMSMarchandbalunhasbeentestedonthe4 mil
thick substrate.Both the Marchandcompensatedand
transformerbalunsachievemaximumrelativebandwidths
in excessof 3:1, Althoughthe multilaer MS Marchand

rbalunrequiresoneadditionalthickSi02 ayer,it isthemost
promisingpassivebalundueto its compactsizeandhigh
performance.Additionally,goodagreementsbetweenthe
measuredand EM simulated results have also been
achieved.Finally,the planar-transformerbalunshavebeen
utilizedin a double-balanceddiodemixerdesignandgood
measuredperformancehasbeenachieved.
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Figure 7 Measured performances of an uniplanar CPW
Marchand balun

Figure 8 Measured performances of a planar-transformer
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Figure 9 Comparison between simulated and measured
performances of a transformer balun

Figure 10
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Comparison between simulated and measured
performances of a multilayer MS Marchand balun
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RF input frequency, GHz

Measured conversion loss od a double-balanced
diode mixer

FREQURNCY (GIIZ)

Comparison between simulated and measured
performances of a BCL balun
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Figure 1 Marchand balun’s equivalent circuit

Figure 3 Photo of a CPW Marchand balun

Figure 5 Photo of a broadside-coupled line balun

Figure 2 Photo of a multilayer MS Marchand baJun

(a)

Figure 4

Figure 6 Photo of a double-balanced diode mixer
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