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Abstract A fully integrated Silicon-bipolar IF-
receiver and IF-transmitter with on-chip synthesizer for
usein third-generation variable duplex W-CDMA mobiles
is intr oduced. Both devicesincorporate an IF-synthesizer
with on-chip VCO tuning and tank as well as 5th order
baseband filters and comply with ARIB W-CDMA and
UMTS standards. The devicesare mounted in a small out-
line, 32 pin, leadlesssurfacemount package.

I . INTRODUCTION

Third-generationcellular systems,calledUniversalMobile
TelecommunicationSystem(UMTS),UniversalWirelessCom-
munications(UWC-136),CodeDivisionMultiple Access2000
(cdma2000), are about to emerge on the market. In Japan
UMTS servicewill belaunchedin thefirst quarterof 2001and
in Europein 2002. In both countries,the Wide-BandCode
Division Multiple Access(W-CDMA) schemewill be imple-
mentedandenableshighdatarateapplicationsandservices.

This paperdescribesa fully integratedSi-bipolar low-bias
IF-receiver andIF-transmitterfor usein third-generationvari-
able duplex W-CDMA mobiles. Either device incorporates
an on-chip IF-synthesizerwith on-chipVCO tuning andtank
as well as 5th-orderbasebandfilters. Both devices comply
with ARIB W-CDMA andUMTS standards.TheIF-chipsare
fabricatedwith Infineonshigh frequency 0.4 � m/25GHz Sili-
con bipolar process.IF-receiver andIF-transmitterdie sizeis
2.33 � 2.9mm� . Both chipsaremountedin a 4.5 � 5.5mm� ,
32pin leadlessSMD packageof 0.5mmpitch. Thedevicesare
designedfor low externalcomponentcount. Thehigh integra-
tion level, togetherwith thesmallpackagesize,minimizesthe
requiredboardspaceof a completeIF-transceiver. The chips
operateon 2.7-3.3V supply, at an ambienttemperaturerange
of -30 to +85� andincorporateseveralpower down modesfor
efficientusein W-CDMA mobilestations.

An overview diagramof the IF-receiver and IF-transmitter
is shown in Fig.1 andFig.4, respectively. TheW-CDMA IF-
receiverincludestwo completeIF pathsfor antennadiversityor
servicechannelmonitoring.A commonLO generationandits
distribution via emitterfollowersdrive thetwo channels.Each
pathfeaturesa variablegainamplifierwith � 95dB gainrange
atanIF frequency of 318MHz, aquadraturedemodulatoranda
5th-orderactiveChebyshev anda1st-orderallpassanti-aliasing

and channelfilter[2] with differential I/Q outputs. The IF-
synthesizerincludesacompletelyintegratedon-chipVCO with
integratedtransformerandvaractordiodes,tuningcircuitry and
on-chipvoltageregulatorfor theVCO andVCO buffer. A fixed
PLL with referencedivider, RF prescaler, lock detectcircuitry
and two on-chipelementsof a 3rd-orderloop filter complete
the on-chip synthesizer. Only threeexternal componentsare
necessaryto completetheentireloop filter.

TheW-CDMA IF-transmitterfeaturesa5th-orderactiveBut-
terworth basebandreconstruction-filter[2],that is usedfor ad-
jacentchannelleakageration minimizationaswell. It further
consistsof a quadraturemodulator, a variablegain amplifier
with � 65dB gain rangeat a fixed IF-frequency of 285MHz.
ThetransmitterIF-synthesizerhasthesamearchitectureasthe
receiver IF-synthesizer, however, doesnot requirea lock detect
circuit.
A front-endreceiver[4] [5] andfront-endtransmitteris neces-
sary to complementthe presentedIF-devices to implementa
completeheterodynetransceiver.

Fig.2 shows the layoutof theIF-receiver chip. Thesynthe-
sizer is locatedon the right handhalf of the chip. The LO
divider, the referencedivider, the phasecomparatorand the
chargepumparelocatedin the lower right corner, theon-chip
VCO, voltageregulatorandbiasingin the upperright corner,
respectively. VCO buffer, the LO divider and somebiasing
arelocatedjust to the left theVCO. On the left handsidetwo
identicalreceiver pathsareplacedin parallel. The block visi-
ble in the left handcorneris theIF variablegainamplifier, the
block below thecenteris thedemodulatorandtheblock above
the centerthe I/Q basebandfilters. Fig.5 shows the layout of
the IF-transmitterchip. The synthesizerblock is basicallythe
mirror imageascomparedto thereceiversynthesizer. This en-
ablestheplacementof thedeviceswith anefficientuseof board
space.Theblock locatedin thelower left cornerconsistsof the
transmitbasebandfilters andtheblock in theupperleft corner
is theI/Q modulatorandtheIF variablegainamplifier, respec-
tively. Theremainingthreecircuit blocksarecomprisedof test
circuits.

I I . IF-SYNTHESIZER

The fully integratedVCO of the receiver operatesat a fre-
quency of 1272MHz. The fully differentialVCO core is in-
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ductively coupledvia differential1:1 transformers.This type
of VCO hasbeendescribedin detailby M. Zannoth[3].An on-
chip low voltagedrop (350mV) regulatorsuppliesVCO and
VCO buffer and assures45dB of power supply rejectionup
to 1MHz. Thus, the regulator decouplesthe external power
supplyandpreventson-chipcrosstalkonsupplylinesfrom dis-
turbingtheon-chiposcillator. A bandgapreferencewith anoise
floor of -162dBc/Hz at a supplycurrentof 900 	 A andanex-
ternalreferenceresistoryield a temperaturestableandprocess
independentbias voltageand bias current,respectively. AC-
couplingof the oscillatorpreventsaccumulationof dc offsets
along the LO chain. Either chip can operateon an external
single-endedor differentialLO inputsignalfor systemflexibil-
ity.

I I I . IF-RECEIVER

In the receiver section,a divider by two assuresa signalof
50 
�� % duty cycle to the following 0
 /90
 I/Q master-slave
divider. This schemeyieldsaccuratequadratursignalsfor the
Gilbert typemixersof thedemodulator, thus,increasingcarrier
andsingle-sidebandsuppression.A threestagevariablegain
amplifier (VGA) with an input impedanceof 1k ��� � 0.6pF
and a dynamic rangeof ��� � dB, an input IIP3 of -2dBm,
anda noisefigureof 6.5dB is implemented.The linear-in-dB
gain of the VGA is set by an external analogvoltagein the
rangeof 0.1V to 1.75V. Following thedemodulator, 5th-order
Chebyschev and1st-orderallpassanti-aliasingfilters with I/Q
differentialoutputsareimplemented.Thefilters arecomposed
of 200MHz to 350MHz gain-bandwidthproductdifferential
operationalamplifierswith on-chip RC-networks. The base-
bandfilter is optimizedfor low amplitudedistortionanda lin-
earphaseover frequency with 
 0.5dB amplituderipple and

�� 
 of phasedeviation, respectively.

IV. IF-TRANSMITTER

The transmitterpath incorporatesa 5th-orderButterworth
pre-filter for I/Q differential inputs. As in the receiver de-
vice, the filters are composedof 200MHz to 350MHz gain-
bandwidth product differential OpAmps with on-chip RC-
networks to minimize pin count and external elementcount.
The basebandfilter is optimized for low amplitude distor-
tion andphasedistortionandfunctionsasan anti-aliasingfil-
ter without degradingerror vectormagnitudeandout-of-band
noiseperformanceof thetransmitterpath. In additionthehigh
open-loopgainof theOpAmpssymmetrizethedifferentialin-
put signalsconsiderably, allowing a large rangeof DC input
voltageandevensingleendedoperation.In thetransmittersec-
tion, again,a divider by two assuresa signalof 50 
�� % duty
cycle to thefollowing 0
 /90
 -I/Q master-slavedivider.

A threestagevariablegainamplifier (VGA) with opencol-
lectoroutputimpedanceof 20k ��� � 1.0pFandadynamicrange
of ��� � dB, anoutputnoisefloor of -129dBc/Hz at high gain,
and an adjacentchannelleakageratio of -53dBc is imple-

mented.Thelinear-in-dB gainof theVGA is setby anexternal
analogvoltagein therangeof 0.1V to 1.75V.

V. MEASUREMENT RESULTS

A detailedsummaryof themeasuredparametersof thepre-
senteddevices is given in Tab. I. In Fig.3 the measurement
resultson the tuning rangeof the integratedVCO is shown.
Thetuningcharacteristicis quitelinear. In thiscasetheprocess
wasnearlycentered,asindicatedby the line of nominalVCO
frequency 1272MHz. The diagramalso shows the variation
of frequency with temperature.Theremainingtuningrangeis
utilized to compensatefor all processvariations.Fig.6 shows
themeasurementresultof thereceivergainandtransmittergain
overgaincontrolvoltage.

VI . CONCLUSION

A completetransceiver chip setconsistingof anIF-receiver
and IF-transmitterdevice for usein UMTS mobileshasbeen
presented.The chip set featuresan on-chip synthesizerand
basebandfilter in a small outlinepackage,yielding low exter-
nalchipcount,andthus,minimizesrequiredboardspace.Mea-
surementresultsemphasizesufficient RF-performanceat low
biasconsumption,andthus,theapplicabilityof theintroduced
chipsetin aW-CDMA mobilestation.Bothchipsaredesigned
to complywith ARIB W-CDMA andUMTS standards.
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Fig. 1. IF-receiver overview diagram.

Fig. 2. IF-receiver layout.
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Fig. 3. Measurementof VCO tuningrangevs. tuningvoltagefor atypical
process;temperatureasparameter.
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Fig. 4. IF-transmitteroverview diagram.

Fig. 5. IF-transmitterlayout.
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Fig. 6. Measurementof IF-receiver and IF-transmittergain over gain
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TABLE I

IF-RECEIVER AND IF-TRANSMITTER INPUT PARAMETERS AND CORRESPONDING MEASUREMENT RESULTS.

function description parameter receiver transmitter

VCO frequency " VCO 1272MHz 1140MHz
tuningsensitivity # VCO 75MHz/V 75MHz/V

IF frequency " IF 100-400MHz 180-400MHz
SSBphasenoise@ 5MHz $ SSB -132dBc/Hz % -139dBc/Hz &

PLL referencefrequency " sys 13,0MHz
closeto carrierphasenoise $ 0 -84dBc/Hz
chargepumpcurrent ' cp 1,0mA

IF VGA PN randomwave input signal ( I/Q ac,max 1100mVpp,diff
inputsignal ( I/Q rms 260mVpp,diff
input resistance ) IF,diff 1k * 30k *
inputcapacitance + IF,diff 0.5pF 1.0pF

cascaded voltagegainfrom VGA input , IQ,min -35dB
to IQ output , IQ,max 70dB
3rd-orderinput interceptpoint IIP3maxgain -2dBm
(sourceimpedance50* ) IIP3mingain -46dBm
noisefigure - IQ,min 7.0dB
1k* sourceresistance - IQ,max 75dB
carriersuppression . / 48dB0
single-sidebandsuppression . SSB 49dB0
3rdharmonicsuppression@3" IF 1 " 2 . H3 20dB%
dynamicrange 98dB 70dB
outputvoltage/level 1.0Vpp,diff -7.5dBm
3rd-orderintermodulation . IM3 50dB%
adjacentchannelleakageratio ACLR -53dBc%
errorvectormagnitude EVM 6.2% 2.7%
outputnoisefloor 3 N, maxgain -129dBc/Hz4
outputnoisefloor 3 N, min gain -160dBm/Hz4
I/Q amplitudemismatch 5 ( (IQ) 1.5dB
I/Q phasedeviation 576 (IQ) 8 2.5deg

basebandfilter passband " bb 1.92MHz 1.92MHz
curr ent standby ' standby 9 10 : A 9 10 : A
consumption synthesizeron ' synth 11.0mA 11.0mA

synthesizer+ 1 channel ' ch1 26.9mA 30.4mA 0
synthesizer+ 2 channels ' ch1,2 35.9mA
ext. LO + 1 channel ' ch1 14.5mA 45.8mA 0
ext. LO + 2 channels ' ch1,2 23.6mA;

@ 318MHz < @ 285MHz=
@ > out ?A@ 12dBm B @ 20MHz offset
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