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Introduction1.

tolikewouldIwhichprinciplefabricationdevicenewadiscussshallIworkthisIn
astorefer packagingactive essentialcertainthatistermthisofmeaningThe(AP).

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

dissimilarofcombinationtheisconceptAPtheofgoalsimportantmosttheofOne
circuitryintegratedsiliconwithsemiconductors)compoundIII-V(notably,materials

importantanasrecognizedwidelynowgoal,This[1].substrateSisingleaon(IC)
suchtechnologies,emergingotherbysharedismicroelectronics,indirectionresearch

onbasedthoseas heteroepitaxial and transferthin-film sametheAt[2].techniques
APtime, widens manufactured.becanthatstructuresdeviceofclassthesignificantly

toonlynotisgoalultimateOur " tricksnewdogoldtheteach " greatlytoalsobut
available.tricksofassortmenttheexpand

wordthethatstressingworthisIt "packaging" inunconventionallysomewhatusedis
tointendedtechnique,fabricationdeviceaispackagingActivecontext.APthe

thatplatformsemiconductor)evennecessarily(notforeignaondevicesimplement
semiconductornaturaltheirondevicesfabricatedconventionallythanbetterperform

thatstructuresofimplementationtheenablesAPinstances,manyInsubstrates.
onlithographyrequiringthoseassuchway,anotherinobtainedrealisticallybecannot

opposite film.semiconductorthinaofsides

aofinstancetheinillustratedbewillpackagingactiveofprincipleThe
1.Fig.inshownschematicallystructure,(HBT)transistorbipolarheterostructure

theandbasethebetweencapacitanceparasiticthereducewouldstructureaSuch
theinfrequenciesoscillationwithoperationultrafastenablingelectrodes,collector

possibilitytheupopenwouldturninThishigher.evenandGHz300-400ofrange
[3].systemsantennaphased-arraymillimeter-waveon-chipimplementingof

35-43.Microelectronics,inTrendsFuture(eds),al.etLuryiS.
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1Fig. betotransistorbipolarheterostructureaofcross-sectionIdealized.
conductingtheindicatespatternDottedpackaging.activebyfabricated

theandemitterThemetal.contactthepatternshadedlayers,(undepleted)
toalignedandstepslithographicindependentbydefinedarestripescollector

surfacethefromoutwardthatasdefinedisdirectionupwardtheIfother.each
collectortheandemittertheboththenperformed,islithographythewhichon

consideredbecan "up".

ProcessHBTPackagingActive2.

backsideandsubstrate,theofremovalpackaging,flip-chiponbasedisprocessThe
structure:epitaxialfollowingthewithbeginsFabricationlithography.
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2Fig. activebyfabricatedbetoHBTInGaAs/InPofstructureEpitaxial.
etch-ForInP.forstopetchanalsois1layercontactemitterThepackaging.

InP-on-sacrificialofpairaincludetoconvenientbemayitreliabilitystop
stepsinperformedisetchingthethatso1,and0layersbetweenlayersInGaAs

contact.emittertheofsurfaceflatidealanuncoveringinresultsand
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processingsideTop layer,basethetodownstripecollectortheofetchingincludes
dielectric,passivatingaofdepositionbase,thetocontactsself-alignedofevaporation
collectorandbasetheallpointthisAtmetallization.andholesviaofetching

dielectric.passivatingtheoverrunninglineswithcircuitainconnectedarecontacts
(anotherbycoveredtheniscircuitThe "interlevel" relativelyaandlayerdielectric)

toconnectedarecircuittheofpointsselectedofnumbersmall "top" padsmetal
(topTheholes.viaofsetsecondathrough "communication" relativelybemaypads)

(e.g.,wide >∼ 100 µ planarized.bemaypolyimyde)(e.g.,dielectricinterlevelThe).m
emitter.thecontacttostagethisatmadeisattemptNo

mount;Flip-chip "consulator" film aonmountedtheniscircuitThe. "carrier" wafer
anybemaycarrierThepads.communicationmetallicofpatternmirrorahaswhich
thatwafersiliconaforemostandfirstbutetc.,ceramics,glass,includingsubstrate,

betweenConnectionprocessing.circuitintegratedtheundergonealreadyhas
filmconductinganisotropicallyanofhelpthewithestablishedispadscommunication

betweenshortaprovidemustfilmThe3.Fig.inillustratedproperties,electricalwith
andconductingverticallySuchotherwise.circuitopenanandcontactsoverlapping

calledbemaywhichfilms,insulatinglaterally "consulators" ainpreparedbecan,
verticalprovidingbesidesconsulator,theofpurposeprimaryTheways.ofvariety

chippackagedtheforsupportmechanicalstableaprovidetoisconnections,electrical
– removed.issubstrateInPthewhencrucialbecomewillthatsupport

1 2

21
3Fig. Required. "consulator" filmtheelectrodesoverlappingForfilm.

short,aprovides R (11′) ∼∼ R (22′) <∼ 10 Ω electrodesnonoverlappingwhile,
circuit,openanform R (12) ∼∼ R (12′) >∼ 108 Ω .

solder-bumpthebyprovidedbecanconsulatoradequateperfectlyaprinciple,In
spacingnarrowthefilltoflowcanthatdielectricadhesiveanneedsOnetechnology.

necessarytheprovidetostiffenthenandwafercarriertheandchipthebetween
packagingexistingtheusetoisapproachpossibleAnothersupport.mechanical

displaycrystalliquidinusedfilms,adhesiveconductiveanisotropicallyoftechnology
ainconducttheyanisotropic,intrinsicallynotarematerialsTheseassemblies.

4.Fig.processed,beenhavingafteronlydirectionpreferred
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Si substrate

InP substrate

~10µm

4Fig. conductingSmall[4]).Ref.(afteradhesivesconductiveAnisotropically.
thebelowconcentrationaatmatrixepoxyanindispersedarespheres

compressedisassemblyTheconductivity.electricforthresholdpercolation
Electricalout).oozesepoxy(extrasurfacesbothtouchspheresharduntil

touch.rarelyspheresneighboringsincevertically,onlyestablishedisconnection
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5Fig. Emitterpackaging.activeafterassemblyfinaltheofCross-section.
forassumedisItstripe.collectortheoverlapsslightlyandtoalignedisstripe

finalemitterthethatsoemitter,commonatusedareHBT’sallthatsimplicity
benotmaythiscourse,Ofcircuit.Sitheofgroundthetoconnectedismetal

complicated.morebemaypatternmetalfinalemittertheandgeneral,intrue
orchip,theofperipherytheacrossgomaycircuittheofrestthetoConnection

film.consulatorthevia
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processingback-sideandremovalSubstrate entiretheetchtopossiblequiteisIt.
0.1aatstoppingdown,substrateInP µ theonbasedisstepThislayer.InGaAsm

inInGaAsandInPforratesetchthebetweenselectivityextremewell-known
is1layerofsurfaceuncoveredthethatessentialisItsolutions.acidhydrochloric

holelargeAlithography.opticallinefineaperformingforadequateflat,uniformly
withproblemsbewouldtherebecausedo,notwouldsidesubstratethefrometched

contactthelevel,contactbasethetoalignmentlithographicmakeTodepth.focal
toprovesthisIf1-3.layersthroughcontrastsufficientawithseenbeshouldmetal
bemustalignmentback-sidetheforfeaturestopographyspecialtheninconvenient,be

stage.processingtop-sidetheatprovided

abyestablishediscontactemitterThe5.Fig.inillustratedisassemblyfinalThe
contactsohmicthatknownwellisItmetal.suitableaofevaporationlift-offstandard

to n+ shouldprocedurestemperatureelevatedNoalloying.withoutgoodareInGaAs
thermallimitedtheofbecausemounted,beenhaschiptheaftercontemplatedbe

thepreservetoneedtheandfilmconsulatoraofexpectedbecanthatstability
wafer.carriertheoncircuitsintegratedSiprocessedfullyofintegrity

Advantages3.

microwaveforadvantagessignificantofferscapacitancebase-collectorreducedThe
frequencyoscillationmaximumtheofenhancementAnHBT.ofperformance f max

collector-downoptimizedover[5,6]predictedbeenhas3to2offactoraby
capacitancecollectorextrinsictheofsuppressionawithMoreover,structures. C Cx it

withstructuresHBTimplementtopossiblebecomes coherent basetheineffects
6Figurefrequencies.cutoffconventionaltheabovegainpowerainresulting[7,8],

thewhichinHBT,collector-upaofcharacteristicsmicrowavemodeledtheshows
delaypropagationbasetotalthethatsogradedisbandgapbase τ thanshortermuchis

basetheofmagnitudeThe[8].widthsametheofbaseflataindelaydiffusivethe
factortransport α=α (exp −2πi f τ increasingwithslowlysodecreases)

frequency f abovefarresonancestransit-timeactivatetofeasiblebecomesitthat
f T ∼∼ 1⁄2πτ inpeakfundamentalThe. U nearoccurs π f T [7,8].

desiredanyatpeakhigh-gainfirstthehavetodesignedbecantransistorcoherentThe
frequenciesForparasitics.thebydestroyednotiseffecttheprovidedfrequency,

typicallywhere6a),(Fig.structuresconventionalusetopossibleisitGHz100below
capacitancecollector(parasitic)extrinsicthe C Cx (useful)intrinsicthetwiceaboutis

capacitance C C 6b)(Fig.rangewavesub-millimeteraintopeakthepushtoorderIn.
reducetoessentialisit C Cx below C C substantiallytowayaopensprocessAPThe.

capacitance.extrinsicthereduce
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6aFig. gaincurrentCommon-emitter.  h 21  gainpowerunilateraltheand
 U  design,basegraded-gapspecialawithtransistorcoherentmodelaof

atoscillationstableforoptimized 94 widthtotalBaseGHz. W = 1 µm.
equivalentartstate-of-thewithparasiticsthewithloadedassumedisTransistor

e.g.parameters,circuit C Cx = 2 C C iscutoffcurrent-gainConventional.
f T ∼∼ 32 gaincurrentofrangeaexhibitsalsotransistorthehoweverGHz,
 h 21  > 1 at f ∼∼ 2π f T inpeaksecondthe(near U fundamentalThe).

inpeak U nearoccurs π f T [8]).and[7]Refs.(after
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Ccx < Cc

6bFig. capacitanceparasitictheinReduction. C Cx packagingactivetheby
optimizedtransistor,coherenttheofdesignaggressivemoreaenablesprocess

nearatoscillationstablefor 300 widthtotalBaseGHz. W = 0.3 µm.
equivalentartstate-of-thewithparasiticsthewithloadedassumedisTransistor

exceptparameters,circuit C Cx small,assumediswhich C Cx <∼ 0.5 C C The.
diffusivityminority-carrier D ∼∼ cm25 2⁄ isdrift)(bytimetransitbaseThes.

τB = 1 timetransitcollectorandps τC = 0.75 conventionalainresultingps,

f T ∼∼ 100 GHz.
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aaccommodatingofpossibilitytheisHBTAPanofadvantagefurtherinterestingAn
isdevicesareasmallinresistanceparasiticimportantAn7.Fig.collector,Schottky

contactohmicanofresistancetheSincejunction.semiconductormetalthetodue
resistancesotherdominatemustitdimensionsenoughsmallatarea,itswithscales

thewithdispensetosensemakesthereforeItperimeter.contactthewithscalethat
n+ approachanSuch2).Fig.in5(layercollectortheinlayersemiconductordoped

diodestunnelingresonantsubmicronoffabricationtheinusedsuccessfullybeenhas
thetoproximityitsandlayermetallicaofconductivitythermalhighThe[9]. n−

importantanotherisgenerated,isheattheofmostwhereregion,fieldbase-collector
realisticiscollectorSchottkyasay,toNeedlesscollector.Schottkyaofadvantage

withcompatibleentirelyisimplementationItsconfiguration.collector-upainonly
process.APthe

n

p
n

metal3 4 5

p

n

metal

(a) (b)

7Fig. (contactsemiconductor-metalohmicconventionalaofIllustration. a)
(collectorSchottkyaand b (inNumbers). a schemelabelinglayerthetorefer)

altogethereliminatedbewould5layerdevice,Schottky-collectoraIn2.Fig.in
completely4,layerlightly-dopedtheondirectlydepositedmetalsuitableaand

carriers.mobileofdepleted

Applications4.

andoscillatorslocalimplementtofeasibleentirelyisittechnologyHBTAPonBased
Onewavelengths.submillimeterevenandmillimeteratoperatethatamplifiers

insystemscommunicationsatelliteforbewoulddevicessuchofapplicationobvious
GHz.345ofwindowtransmissionatmosphericthe

fabricatingofpossibilitytheis[3]applicationattractiveextremelyAnother
millimeter-wave chipsiliconaonarraysphased A. λ⁄ 20ofarraylinearspaced2

ofadvantageThelong.centimeteraaboutbewouldGHz300atradiatingelements
electricallybecanbeammillimeter-wavethethatisoscillatorstransistorhaving
oscillators,differentofamplitudesrelativethecontrollingbybroadsideoffsteered
interaction.waveevanescentthebytogetherlockedarephasesrelativetheirwhile

arrayphasedwavecentimeterinusedshiftersphaseavailablemostthatispointThe
weInstead,designs.on-chipinusedbecannotthatelementsbulkyaresystems

thecontrollingbysteeringbeamelectronicuseshould amplitude constant-phaseof
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inemployedbeennothasideathisaware,amIasfarAs[10].elementsarray
itwavelengthscentimeteratbecauseperhapssystems,antennaphased-arraypractical

andmillimetertheInelements.arrayofphasesrelativethecontroltoefficientmoreis
realisticonlythebetoappearssteeringamplituderangewavelengthsubmillimeter
ideallyaredevicesThree-terminalsteering.beamelectronicpurelyimplementtoway

importanthaveshouldarraysantennaplanefocalOn-chippurpose.thisforsuited
andmanufacturing,automatedavionics,insystemsradarsteerableasapplications

systems.warningearlyandavoidancecollisionautomobileinespecially

Conclusion5.

transistormicrowavetranscendsprinciplepackagingactivetheofGenerality
manufacturinginfreedomofdegreenewTheapplications. – oppositeonlithography

filmthinaofsides – anddevicesnewofvarietyaofimplementationthepermits
of[11]possibilitythementionmeletexamples,possiblemanytheOffunctions.

trenchchannel-definingthewithtransistorinjectionchargecollector-upafabricating
scopetheindicateTo1.sideonstripecollectorthetoalignedand2sideinetched
activeanfeasiblemakestechniquethethatnoteusletapplications,contemplatedof

ofportionainoverlapresonatorslaseredge-emittingtwowhichincouplerdirectional
photonicandelectronicintegratingforschemesmanysimplifiesalsoItlength.their

aoncircuitryintegratedthewithinplacedbetounitfunctionalsingleaintodevices
chip.silicon

thisinroleimportantanhaveshould(VCSEL)lasersemittingsurfacecavityVertical
thefromdirectlycommunicationinterchipenableelementssuchbecauseprogram,
theinadvantagesseveralofferstechnologypackagingActiveinterior.chip

usetoallowsitexample,ForVLSI.siliconwithVCSELsofintegration non-
epitaxial SiOandZnSofstacksas(suchmirrorsBragg 2 toptheforonlynotlayers)

thepermitsitAlsocavity.VCSELaofmirrorbottomtheforalsobut
ofimplementation systemstandem underworks(master)VCSELonewhichin

thebypumpedopticallyis(slave)otherthewhilecarriersofinjectionelectrical
former.

electronicssemiconductorcompoundofapplicationssignificantmostthatbelieveI
SiondebateoldtheoftermsInelectronics.siliconinuseitswithassociatedbewill
oflogicTheGaAs.forcustomerultimatetheissiliconthatisviewmyGaAs,vs

systemofimprovementqualitativeaforpathsnewmotivatewillevolutionindustrial
featurefine-lineinreductionsteadyaofpathtraditionalthethanothercomponents,

theusingworkpresenttheinillustratedpackaging,activeofprincipleThesize.
willchip,siliconaonHBTInPperformanceultra-highimplementingofinstance

microelectronics.futureofprinciplesdesigncentraltheofonebecome
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