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Introduction

tolikewouldIwhichprinciplefabricationdevicenewadiscussshallIworkthisIn
astorefer packagingactive essentialcertainthatistermthisofmeaningThe(AP).

performedareetc.)metallization,etching,(lithography,stepsfabrication after the
manyInplatform.hostaontopackagediscircuitordeviceprocessedpartially

realisticallybecannotthatstructuresofimplementationtheenablesAPinstances,
onlithographyrequiringthoseassuchway,anotherinobtained opposite aofsides

film.semiconductorthin

dissimilarofcombinationtheisconceptAPtheofgoalsimportantmosttheofOne
circuitryintegratedsiliconwithsemiconductors)compoundIII-V(notably,materials

substrate.Sisingleaon(IC) 1 importantanasrecognizedwidelynowgoal,This
suchtechnologies,emergingotherbysharedismicroelectronics,indirectionresearch

onbasedthoseas heteroepitaxial and transferthin-film techniques.2 time,sametheAt
AP widens Ourmanufactured.becanthatstructuresdeviceofclassthesignificantly

toonlynotisgoalultimate " tricksnewdogoldtheteach " expandgreatlytoalsobut
available.tricksofassortmentthe

theinresultingprocessabyillustratedbewillpackagingactiveofconceptThe
schematicallystructure,(HBT)transistorbipolarheterostructureaofformation

thebetweencapacitanceparasiticthereducesstructureHBTAPThe1.Fig.inshown
thewithperformanceultrafasttheenablingelectrodes,collectortheandbase

Thishigher.evenandGHz300-400ofrangetheinfrequencyoscillationmaximum
phased-arraymillimeter-waveon-chipimplementingofpossibilitytheupopens

systems.antenna

emitter

collector

base

1Fig. aofcross-sectionIdealized.
betotransistorbipolarheterostructure

Dottedpackaging.activebyfabricated
conductingtheindicatespattern

thepatternshadedlayers,(undepleted)
theandemitterThemetal.contact
bydefinedarestripescollector

alignedandstepslithographicindependent
isdirectionupwardtheIfother.eachto

surfacethefromoutwardthatasdefined
performed,islithographythewhichon

cancollectortheandemittertheboththen
consideredbe "up".
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ProcessHBTPackagingActive

backsideandsubstrate,theofremovalpackaging,flip-chiponbasedisprocessThe
followingtheofstructureepitaxialanwithbeginsFabricationlithography.

composition:
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2Fig. InGaAs/InPofstructureEpitaxial.
packaging.activebyfabricatedbetoHBT

etchanalsois1layercontactemitterThe
itreliabilityetch-stopForInP.forstop

ofpairaincludetoconvenientbemay
betweenlayersInP-on-InGaAssacrificial

isetchingthethatso1,and0layers
inresultsandstepsinperformed

theofsurfaceflatidealanuncovering
contact.emitter

processing.sideTop Topemitter.thecontacttostagethisatmadeisattemptNo
layer,basethetodownstripecollectortheofetchingincludesprocessingside

aofdepositionbase,thetocontactsself-alignedofalloyingandevaporation
metallization.finalanddielectric,theinholesviaofetchingdielectric,passivating

smallrelativelyahasthatcircuitaindevicesdifferentconnectsmetalfinalThe
coveredtheniscircuitTheworld.outsidethewithpointscommunicationofnumber

(anotherby "interlevel" connectedarepointscommunicationtheandlayerdielectric)
to "top" bemaypadstopTheholes.viaofsetsecondathroughpadsmetal

(e.g.,widerelatively >∼ 100 µ bemaypolyimyde)(e.g.,dielectricinterlevelThe).m
arecontactscollectorandbasetheallprocessingtop-sidetheAfterplanarized.

Selecteddielectric.passivatingtheoverrunninglineswithcircuitainconnected
interleveltheinholesviathroughpadsmetaltopwithconnectedarepointscircuit

contacted.yetnotarelayersEmitterdielectric.

mount;Flip-chip "consulator" film aonmountedtheniscircuitThe. "carrier" wafer
anybemaycarrierTheelectrodes.top-metalofpatternmirrorahaswhich
thatwafersiliconaforemostandfirstbutetc.,ceramics,glass,includingsubstrate,

betweenConnectionprocessing.circuitintegratedtheundergonealreadyhas
anisotropicallyanofhelpthewithestablishedispadsmetallicoverlapping

providemustfilmThe3.Fig.inillustratedproperties,electricalwithfilmconducting
minimumTheotherwise.circuitopenanandcontactsoverlappingbetweenshorta

notshouldelectrodesnon-overlappingbetweendistanceandareaoverlaprequired
100thanlesspreferablylarge,toobe µ laterallyandconductingverticallySuch.m

calledbemaywhichfilms,insulating "consulators" ofvarietyainpreparedbecan,
electricalverticalprovidingbesidesconsulator,theofpurposeprimaryTheways.

chippackagedtheforsupportmechanicalstableaprovidetoisconnections, –
removed.issubstrateInPthewhencrucialbecomewillthatsupport
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3Fig. Required. "consulator" Forfilm.
aprovidesfilmtheelectrodesoverlapping

short, R (11′ ) ∼∼ R (22′ ) <∼ 10 Ω while,
openanformelectrodesnonoverlapping

circuit, R (12) ∼∼ R (12′ ) >∼ 108 Ω .

solder-bumpthebyprovidedbecanconsulatoradequateperfectlyaprinciple,In
spacingnarrowthefilltoflowcanthatdielectricadhesiveanneedsOnetechnology.

necessarytheprovidetostiffenthenandwafercarriertheandchipthebetween
packagingexistingtheusetoisapproachpossibleAnothersupport.mechanical

displaycrystalliquidinusedfilms,adhesiveconductiveanisotropicallyoftechnology
ainconducttheyanisotropic,intrinsicallynotarematerialsTheseassemblies.

4.Fig.processed,beenhavingafteronlydirectionpreferred

Si substrate

InP substrate

~10µm

4Fig. conductiveAnisotropically.
conductingSmall3).Ref.(afteradhesives

atmatrixepoxyanindispersedarespheres
percolationthebelowfarconcentrationa

compressedisassemblyThethreshold.
surfacesbothtouchspheresharduntil

Electricalout).oozesepoxy(extra
vertically,onlyestablishedisconnection

touch.rarelyspheresneighboringsince

processingback-sideandremovalSubstrate InPentiretheetchtopossiblequiteisIt.
0.1aatstoppingdown,substrate µ well-theonbasedisstepThislayer.InGaAsm

hydrochloricinInGaAsandInPforratesetchthebetweenselectivityextremeknown
flat,uniformlyis1layerofsurfaceuncoveredthethatessentialisItsolutions.acid
thefrometchedholelargeAlithography.opticallinefineaperformingforadequate

depth.focalwithproblemsbewouldtherebecausedo,notwouldsidesubstrate

beshouldmetalcontactthelevel,contactbasethetoalignmentlithographicmakeTo
inconvenient,betoprovesthisIf1-3.layersthroughcontrastsufficientawithseen

theatprovidedbemustalignmentback-sidetheforfeaturestopographyspecialthen
stage.processingtop-side

suitableaofevaporationlift-offstandardabyestablishediscontactemitterThe
tocontactsohmicthatknownwellisItmetal. n + alloying.withoutgoodareInGaAs

beenhaschiptheaftercontemplatedbeshouldprocedurestemperatureelevatedNo
consulatoraofexpectedbecanthatstabilitythermallimitedtheofbecausemounted,

oncircuitsintegratedSiprocessedfullyofintegritythepreservetoneedtheandfilm
wafer.carrierthe
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5Fig. assemblyfinaltheofCross-section.
isstripeEmitterpackaging.activeafter

theoverlapsslightlyandtoaligned
forassumedisItstripe.collector
atusedareHBT’sallthatsimplicity

finalemitterthethatsoemitter,common
Sitheofgroundthetoconnectedismetal
intruebenotmaythiscourse,Ofcircuit.

patternmetalfinalemittertheandgeneral,
toConnectioncomplicated.morebemay

theacrossgomaycircuittheofrestthe
consulatortheviaorchip,theofperiphery

film.

Advantages

microwaveforadvantagessignificantofferscapacitancebase-collectorreducedThe
frequencyoscillationmaximumtheofenhancementAnHBT.ofperformance f max

predictedbeenhas3to2offactoraby 54, structures.collector-downoptimizedover
capacitancecollectorextrinsictheofsuppressionawithMoreover, C Cx becomesit

base,theineffectscoherentwithstructuresHBTimplementtopossible 76, inresulting
modeledtheshows6Figurefrequencies.cutoffconventionaltheabovegainpowera

thatsogradedisbandgapbasethewhichinHBT,C-upofcharacteristicsmicrowave
delaypropagationbasetotalthe τ flataindelaydiffusivethethanshortermuchis

width.sametheofbase 7 factortransportbasetheofmagnitudeThe
|α|=α (exp − 2πi f τ frequencyincreasingwithslowlysodecreases) f itthat

abovefarresonancestransit-timeactivatetofeasiblebecomes f T ∼∼ 1⁄2πτ.
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6Fig. gaincurrentCommon-emitter. |h 21 |

gainunilateraltheand |U | modelaof
downnarrowsbandgapbasewhoseHBT

incollectorthetoward N = discontinuous5
iswidthtotalBase7).Ref.(aftersteps

W = 0.25 µ carrierminoritytheandm
diffusivity D = cm50 2 ⁄ collectorThe.s

timetransit τC = isTransistorps.1
withparasiticsthewithloadedassumed

parameters,circuitequivalentstandard
except C Cx negligible.assumed
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7Fig. (contactsemiconductor-metalohmicconventionalaofIllustration. a collectorSchottkyaand)
(b (inNumbers). a 5layerdevice,Schottky-collectoraIn2.Fig.inschemelabelinglayerthetorefer)

4,layerlightly-dopedtheondirectlydepositedmetalsuitableaandaltogethereliminatedbewould
carriers.mobileofdepletedcompletely

ofpossibilitytheisHBTinvertedanofadvantagefurtherinterestingAn
inresistanceparasiticimportantAn7.Fig.collector,Schottkyaaccommodating
ofresistancetheSincejunction.semiconductormetalthetodueisdevicesareasmall

dominatemustitdimensionsenoughsmallatarea,itswithscalescontactohmican
tosensemakesthereforeItperimeter.contactthewithscalethatresistancesother

thewithdispense n + 2).Fig.in5(layercollectortheinlayersemiconductordoped
resonantsubmicronoffabricationtheinusedsuccessfullybeenhasapproachanSuch

diodes.tunneling 8 itsandlayermetallicaofconductivitythermalhighThe
thetoproximity n − generated,isheattheofmostwhereregion,fieldbase-collector

Schottkyasay,toNeedlesscollector.Schottkyaofadvantageimportantanotheris
entirelyisimplementationItsconfiguration.C-uptheinonlyrealisticiscollector

process.APthewithcompatible

Applications

andoscillatorslocalimplementtofeasibleentirelyisittechnologyHBTAPonBased
Onewavelengths.submillimeterevenandmillimeteratoperatethatamplifiers

insystemscommunicationsatelliteforbewoulddevicessuchofapplicationobvious
GHz.345ofwindowtransmissionatmosphericthe

millimeter-fabricatingofpossibilitytheisapplicationattractiveextremelyAnother
wave chipsiliconaonarraysphased A. λ⁄ radiatingelements20ofarraylinearspaced2

transistorhavingofadvantageThelong.centimeteraaboutbewouldGHz300at
broadsideoffsteeredelectricallybecanbeammillimeter-wavethethatisoscillators

relativetheirwhileoscillators,differentofamplitudesrelativethecontrollingby
thatispointTheinteraction.waveevanescentthebytogetherlockedarephases
aresystemsarrayphasedwavecentimeterinusedshiftersphaseavailablemost
useshouldweInstead,designs.on-chipinusedbecannotthatelementsbulky

thecontrollingbysteeringbeamelectronic amplitude arrayconstant-phaseof
elements.9 practicalinemployedbeennothasideathisaware,amIasfarAs

moreisitwavelengthscentimeteratbecauseperhapssystems,antennaphased-array
andmillimetertheInelements.arrayofphasesrelativethecontroltoefficient

realisticonlythebetoappearssteeringamplituderangewavelengthsubmillimeter
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aredevicesThree-terminalsteering.beamelectronicpurelyimplementtoway
haveshouldarraysantennaplanefocalOn-chippurpose.thisforsuitedideally

automatedavionics,insystemsradarsteerableasapplicationsimportant
warningearlyandavoidancecollisionautomobileinespeciallyandmanufacturing,

systems.

devicesnewotherofimplementationthepossiblemakewillAPthethatclearisIt
thatbelieveItechnology.newthiswithoutfeasiblebenotwouldthatcircuitsand

bewillelectronicssemiconductorcompoundofapplicationssignificantmost
vsSiondebateoldtheoftermsInelectronics.siliconinuseitswithassociated
oflogicTheGaAs.forcustomerultimatetheissiliconthatisviewmyGaAs,

systemofimprovementqualitativeaforpathsnewmotivatewillevolutionindustrial
featurefine-lineinreductionsteadyaofpathtraditionalthethanothercomponents,

theusingworkpresenttheinillustratedpackaging,activeofprincipleThesize.
willchip,siliconaonHBTInPperformanceultra-highimplementingofinstance

microelectronics.futureofprinciplesdesigncentraltheofonebecome
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