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Introduction1.

high-frequencytheinimprovementsignificantathat[1-3]recognizedlongbeenhasIt
technologyafromexpectedbecan(HBT)transistorsbipolarheterojunctionofperformance

Thestructure.(C-up)collector-upaimplementingofwaypracticalaofferwouldthat
base-parasitictheinreductionafrommainlyresultsstructureinvertedanofadvantage

conventionalaIn1.Fig.region,baseextrinsicthewithassociatedcapacitance,collector
haveattempts(althoughavoidtohardiscapacitanceparasiticthis1a,Fig.HBT,emitter-up

atokeyThecontact).basetheunderneathlayersisolationimpantedburyto[4]madebeen
minorityofinjectionparasiticthereducetoisHBT’sC-upofimplementationsuccessful

[1],Kroemerbyproposedthis,doingofwayOne1b.Fig.region,baseextrinsictheincarriers
aformtois PN built-inhigherahavewouldthatlayer,emitterwide-gaptheinjunction

injectingthethanbarrierpotential Np firstwasapproachAnothercollector.theunderjunction
Otheadaptedwho[5],IshibashiandAdachibydemonstrated + to[4]techniqueimplantation

OimplantedSubsequently,layer.isolationburiedaform + parasitictheblockinglayers
C-upoffabricationtheinusedbeenhavejunctionbase-emitterextrinsictheininjection

[7,8].technologiesInP-basedand[6]GaAs/AlGaAsinbothHBT’smicrowave

emitter

collector

basebase

emitter

collector

basebase

1Fig. theindicatespatternDottedtransistor.bipolarheterostructureaofcross-sectionSchematic.
(structureemitter-upconventionaltheInlayers.(undepleted)conducting left theofpartextrinsicthe)

aofImplementationcapacitance.parasiticlargeahascontactbasetheunderjunctionbase-collector
(structurecollector-up right areacollectortheoutsideinjectionminority-carrierthesuppressingrequires)
arrows).shorttheby(indicated
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reducedwithHBT’sofimplementationthetoapproachdifferentadiscussIworkthisIn
tolikewouldIwhichprinciplefabricationdevicenewaonbasedisapproachThisparasitics.

theastorefer packagingactive fabricationessentialcertainthatistermthisofmeaningThe.
performedareetc.)metallization,etching,(lithography,steps after processedpartiallythe

(AP)packagingactiveinstances,manyInplatform.hostaontopackagediscircuitordevice
anotherinimplementedrealisticallybecannotthatstructuresofimplementationthepermits

onlithographyrequiringthoseassuchway, opposite film.semiconductorthinaofsides

withfilmconductinganisotropicallyanispackagingactiveofingredientessentialAn
betweenshortaprovidemustfilmThe2.Fig.inillustratedschematicallyproperties,electrical

andareaoverlaprequiredminimumTheotherwise.circuitopenanandcontactsoverlapping
thanlesspreferablylarge,toobenotshouldelectrodesnon-overlappingbetweendistance

100 µ calledbemayfilmsinsulatinglaterallyandconductingverticallySuch.m "consulators"
(or "insuductors" ofvarietyainpreparedbecanfilmssuch3,Sect.indiscussedbewillAs).

furtherfromresulttoexpectedbecanothersavailable,readilyarewhichofsomeways,
flip-chipaenablespropertiesthermomechanicalsuitablewithfilmconsulatorAresearch.

wafer.carrieratochipsemiconductorcompound1)side(onprocessedpartiallyaofbonding
etch-stopantobacketchedischiptheof2)(sidesurfacesubstrateexposedtheSubsequently,

2sideaforsuitablethenissurfaceflatuncoveredThe1.sidefrommicronsfewawithinlayer
etchbackandbondThe1.sideonthosetoalignedfeaturesfine-linedefininglithography

(SOI)insulatoronSifordevelopedtechniquesrecentwithsimilarityconceptualahasprocess
opposite-sidebydefinedfeaturesofalignmenttheknow,Iasfarashowever,[9];applications

developmentSOItheincontemplatedbeennothaslithographies – nobecausepartin
silicon.againstselectivityetchextremerequiredthehasSiinlayerepitaxialavailablecurrently

1 2

21

2Fig. conductingAnisotropically.
"consulator" activeforrequiredfilm

overlappingshortsfilmThepackaging.
electrodes, R (11′ ) ∼∼ R (22′ ) <∼ 10 Ω while,

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

HBTaofformationtheinresultingprocessAPandescribeshallISection,nexttheIn
arestripescollectortheandemitterthebothSince3.Fig.inshownschematicallystructure,

immaterialratherisitother,eachtoalignedandstepslithographicindependentbydefined
surfacethefromoutwardisdirectionupwardofdefinitiontheifmoreover,up;isonewhich

arecollectortheandemittertheboththenperformed,islithographythewhichon "up".

emitter

collector

base
3Fig. aofcross-sectionIdealized.

betotransistorbipolarheterostructure
Dottedpackaging.activebyfabricated

conductingtheindicatespattern
thepatternshadedlayers,(undepleted)

collectortheandemitterThemetal.contact
other.eachtoalignedarestripes
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Oneapplications.transistorbipolartranscendsconceptpackagingactivetheofGenerality
compoundIII-V(notably,materialsdissimilarofcombinationtheisgoalsimportantmostitsof

goal,This[10].substrateSisingleaon(IC)circuitryintegratedsiliconwithsemiconductors)
bysharedismicroelectronics,indirectionresearchimportantanasrecognizedwidelynow

onbasedthoseassuchtechnologies,emergingother heteroepitaxial and transferthin-film
offieldpromisingverypotentiallythetime,thisAtreview).recentafor[11](seetechniques

transferThin-filmissues.qualitymaterialstheonfocusingstillisSionheteroepitaxyIII-V
ademonstrated[12]al.etYablonovitchafterattentionconsiderableattractedhavetechnologies

high-large-areatransplantingandoffpeelingfortechnique(ELO)lift-offepitaxialviable
(10selectivityhighaonbasedisseparationfilmTheGaAs.offilmsthinquality 8 ain

inconcernofissuesCurrentGaAs.tocomparedAlAsetchingofsolution)acidhydrofluoric
theirviz.substrate,newatofilmsthinofbondingthetorelatedare[13]technologiesELO

etc.stress,alignment,adhesion,

indevicesIII-Vintegratingofgoalmajoritssharesit,envisageIastechnology,APThe
ittime,sametheAtELO.theandheteroepitaxythebothwithIC’ssilicon widens significantly

toonlynotisAPofgoalultimateThemanufactured.becanthatstructuresdeviceofclassthe
" tricksnewdogoldtheteach " available.tricksofassortmenttheexpandgreatlytoalsobut

submillimeter)even(ormillimeteraofimplementationtheisregardthisinpossibilityOne
4.Sectionindiscussedchip,siliconaonsystemantennaphased-arraywave

ProcessHBTCollector-Up2.

backsideandsubstrate,InPofremovalpackaging,flip-chiponbasedisprocessThe
composition:followingtheofstructureepitaxialanwithbeginsFabricationlithography.

base

wide-gap
emitter

InGaAs

InGaAs

InP

InP0

subcollector

collector

emitter
contact
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substrate

InGaAs

InGaAs

4Fig. InGaAs/InPofstructureEpitaxial.
packaging.activebyfabricatedbetoHBT

etchanalsois1layercontactemitterThe
itreliabilityetch-stopForInP.forstop

ofpairaincludetoconvenientbemay
betweenlayersInP-on-InGaAssacrificial

1.and0layers

theofmostthatassumedisitschematic;verycourse,ofis,4Fig.inshownstructureThe
aofperformancetheimprovingfeatures "conventional" InP/InGaAsdown-collector

ahavemayjunctioncollectorbasetheThus,incorporated.becan[14]HBTmicrowave
higherwithcombinedpropertiesmicrowavetheoptimizingforstructurecomposite

possiblebecomesthatfeatureattractiveadditionalAn[15].voltagebreakdown only C-upain
aisprocess collectorSchottky 2.5.Sect.indiscussed,

etchanasalsoservetointendedisitessential:is1layercontactemittertheofComposition
thisforincludetoadvantageousbemayItsubstrate.InPofremovalsubsequentforstop

isetchingthethatso1,and0layersbetweenlayersInP/InGaAssacrificialofpairapurpose
contact.emittertheofsurfaceflatidealanuncoveringinresultsandstepsinperformed
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processing.sideTop2.1 sideTopemitter.thecontacttostagethisatmadeisattemptNo
layer,basethetodownstripecollectortheofetchingandmetallizationincludesprocessing

passivatingaofdepositionbase,thetocontactsself-alignedofalloyingandevaporation
Si(e.g.,dielectric 3N4 finalThemetallization.finalanddielectric,theinholesviaofetching),

ofnumbersmallrelativelyahasthatcircuitaindevicesdifferentconnectsmetal
anotherbycoveredtheniscircuitTheworld.outsidethewithpointscommunication

("interlevel" toconnectedarepointscommunicationtheandlayerdielectric) "top" padsmetal
(e.g.,widerelativelybemaypadstopTheholes.viaofsetsecondathrough >∼ 100 µ The).m

ionusetoconvenientprovemayItplanarized.bemaypolyimyde)(e.g.,dielectricinterlevel
thethatsostripecollectortheoutsideareabasetheinimplantation PN isareathatinjunction

2.layerwide-gaptheinformed

InP substrate

layers 1-5

interelevel
dielectric

top metal pads

passivating
dielectric

5Fig. afterstructuretheofCross-section.
collectorandBaseprocessing.top-side

withcircuitainconnectedarecontacts
passivatingtheoverrunninglines

arepointscircuitSelecteddielectric.
viathroughpadsmetaltopwithconnected

Emitterdielectric.interleveltheinholes
contacted.yetnotarelayers

mount.Flip-chip2.2 aonmountediscircuitThe "carrier" mirrorahaswhichwafer
wordTheelectrodes.top-metalofpattern "mirror" theofheightsthatalsoimplieshere

tocorrespondchipInPtheonpads(elevatedcomplementarybeshouldpadsaligned
includingsubstrate,anybemaycarrierTheversa).viceandcarriertheonpadsdepressed

theundergonealreadyhasthatwafersiliconaforemostandfirstbutetc.,ceramics,glass,
establishedispadsmetallicoverlappingbetweenConnectionprocessing.circuitintegrated

electricalverticalprovidingbesidespurpose,primaryItsfilm.consulatoraofhelpthewith
chippackagedtheforsupportmechanicalstableaprovidetoisconnections, – thatsupport

theofimplementationsPossibleremoved.issubstrateInPthewhencrucialbecomewill
3.Sect.inbelowdiscussedareconsulator

integrated circuitry

Si  substrate

InP  substrate

Consulator film 6Fig. uponassemblytheofCross-section.
chipInPtheofpadsTopmount.flip-chip

theonpadsofsetmirroratoalignedare
Theplatform.carrier "mirror" arrangement

beenhavepadsthethatimpliesalso
heights.complementarywithdesigned

removal.Substrate2.3 betweenselectivityextremewell-knowntheonbasedisstepThis
topossiblequiteisIt[16].solutionsacidhydrochloricinInGaAsandInPforratesetchthe

0.1aatstoppingdown,substrateInPentiretheetch µ theetching,toPriorlayer.InGaAsm
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100thanlesstodownthinnedbemaychipInPmounted µ polishing,mechanicalabym
asservecanitself1layercontactemittertheWhilenecessary.benotmaystepthisalthough

layersInGaAs/InPsacrificialofpairadditionalanusetopreferablebemayitstop,etchthe
uncoveredtheendtheinthatessentialisItcontact.emittertheandsubstratethebetween

Alithography.opticallinefineaperformingforadequateflat,uniformlyis1layerofsurface
withproblemsbewouldtherebecausedo,notwouldsidesubstratethefrometchedholelarge
InP.ofetchbasedHClthetoresistantbeshouldfilmconsulatortheIdeally,depth.focal

perimeter.theonprotectedbetohavewouldfilmtheOtherwise,

processing.Back-side2.4 lithographicmaketopossiblebeshoulditthatexpectedisIt
contrastsufficientawithseenbeshouldmetalcontactThelevel.contactbasethetoalignment

A0002,aboutbemaythicknesscombinedwhose1-3,layersthrough ˚ betoprovesthisIf.
basetheofpenetrationalloydeepaforprovidemustonetheninconvenient,orinadequate

stage.processingtop-sidetheat2layerintocontact

theformedhavetohelpfulisit2.1,Sect.inmentionedAs PN wide-gaptheinjunction
proposalKroemer’soriginalthewithaccordanceInarea.stripecollectortheoutside2layer

the[1], PN densitycurrentinjectionthepushingguard-ringefficientanasservewilljunction
injectingthethanbarrierpotentialhigherahasitsinceperimeter,thefromaway Np junction

aemploytouspermitwillThiscontact.collectortheunder thatstripe,emitterwiderslightly
stripecollectortheoverlaps tolerance.lithographicawithinto

isItmetal.suitableaofevaporationlift-offstandardabyestablishediscontactemitterThe
tocontactsohmicthatknownwell n + elevatedNoalloying.withoutgoodareInGaAs

ofbecausemounted,beenhaschiptheaftercontemplatedbeshouldprocedurestemperature
preservetoneedtheandfilmconsulatoraofexpectedbecanthatstabilitythermallimitedthe

thepassivatingdielectricaThus,wafer.carriertheonIC’sSiprocessedfullyofintegritythe
withendsprocessingBack-sidetemperature.roomatdepositedbeshouldsurfaceback

manyInpattern.metalfinaltheevaporatinganddielectrictheinholesviaopening
SitheoflevelGNDthetoconnectedi.e.,earthed,betoismetalfinalemittertheapplications,

emittertheandgeneral,intruebenotmaythiscourse,Ofbelow.7Fig.inindicatedasIC,
gomaycircuittheofrestthetoConnectioncomplicated.morebemaypatternmetalfinal

film.consulatortheviaorchip,theofperipherytheacross

1
2

3
4
5

emitter

collector

base

to Si circuitry

GND

backside
dielectric

7Fig. assemblyfinaltheofCross-section.
isstripeEmitterpackaging.activeafter

theoverlapsslightlyandtoaligned
simplicityforassumedisItstripe.collector

emitter,commonatusedareHBT’sallthat
connectedismetalfinalemitterthethatso

circuit.theofGNDto

configuration.C-upaofadvantagesFurther2.5 authorsofnumberabydiscussedAs
microwaveforadvantagessignificantofferscapacitancebase-collectorreducedthe[1-3],

frequencyoscillationmaximumtheofenhancementAnHBT.ofperformance f max factoraby
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awithMoreover,structures.collector-downoptimizedover[2]predictedbeenhas3to2of
capacitancecollectorextrinsictheofsuppression C Cx HBTimplementtopossiblebecomesit

atgainpowerainresultingtransit,collectorandbasetheineffectscoherentwithstructures
cutofflimitedtransit-timetheabovewellfrequencies f T citedreferencesand[17,18](see

therein).

aaccommodatingofpossibilitytheisHBTinvertedanofadvantagefurtherinterestingAn
diodes,tunnelingresonantofcontextthein[19]RodwellbydiscussedAscollector.Schottky

semiconductormetalthetodueisdevicesareasmallinresistanceparasiticimportantan
enoughsmallatarea,itswithscales8a,Fig.contact,ohmicanofresistancetheSincejunction.

Itperimeter.contactthewithscalethatresistancesotherdominatemustitdimensions
thewithdispensetosensemakestherefore n + collectortheinlayersemiconductordoped

successfullybeenhasapproachanSuch8b.Fig.collector,Schottkyauseand4)Fig.in5(layer
asay,toNeedlessdiodes.tunnelingresonantsubmicronoffabricationthein[20]used

entirelyisimplementationItsconfiguration.C-uptheinonlyrealisticiscollectorSchottky
process.APthewithcompatible

n

p
n

metal3 4 5

p

n

metal

8Fig. (contactsemiconductor-metalohmicconventionalaofIllustration. a (collectorSchottkyaand) b).
(inNumbers a 5layerdevice,Schottky-collectoraIn7.and4Figs.inschemelabelinglayerthetorefer)

4,layerlightly-dopedtheondirectlydepositedmetalsuitableaandaltogethereliminatedbewould
carriers.mobileofdepletedcompletely

FilmsConsulator3.

aofpropertiesrequiredthearewhat2Sect.indiscussionabovethefromclearbeshouldIt
anisotropicofpropertydefiningtheBesidesprocess.APaninusedbetofilmconsulator

stableaprovidetopropertiesmechanicalreasonableneedwe2,Fig.inillustratedconduction,
film.thinaintoturnedbewillthatchippackagedtheforsupportstress-freeand

films.Artificial3.1 technology,bumpsolderaextendtopossiblebeshoulditprinciple,In
solidaprovidetohowisissueunresolvedtheapproach,thisIn9.Fig.inillustratedas

bewillfilmtheprocess,APtheAfterarea.entiretheoverfilmtoptheofsupportadhesive
fewaindeed,thin µ ofhundredsacrossspannedmost,atm µ isItbumps.thebetweenm

betweenspacingnarrowthefilltoflowcouldthatsubstancesuitableafindtocrucialtherefore
veryaRecently,support.mechanicalnecessarytheprovidetostiffenthenandplanestwo

alignedanusedwho[21]aletGoossenbymadewasregardthisincontributioninteresting
200atothereachintomeltedcontacts,Inofarangementmirror ˚C Theunit.stableaformto

theofedgetheagainstflowingphotoresistawithfilledwassamplesbetweenclearance
the[21],authorsthetoAccordingair.theindryingbyhardenedthenwasresisttheassembly;

asembly.thetosupportmechanicaladditionalprovidedresist
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Si substrate

InP substrate

~ 20 µm

9Fig. aintobumpssolderConverting.
"consulator" (asfilltopossibleitIsfilm.

betweenspacethearrows)twobyshown
flowingabywafercarriertheandchipthe

bethencanwhichadhesivedielectric
treatment?curingsuitableabyhardenened

solder-bondedthenproven,technologicallyandfoundbecandielectricfillingsuitableaIf
isapproachpromisingAnotherpackaging.activeforadequateperfectlybeshouldtechnology

oftechnologypackagingexistingtheuseto filmsadhesiveconductiveanisotropiclly inused[22],
dispersingrandomlybypreparedareadhesivesAnisotropicassemblies.displaycrystalliquid

percolationthebelowconcentrationaatmatrixadhesiveaninspheresconductingsnall
directionpreferredainconducttheyanisotropic,intrinsicallynotarematerialsThesetreshold.

10.Fig.pressure,underprocessedbeenhavingafteronly

Si substrate

InP substrate

~10µm

10Fig. anisotropicallyofIllustration.
[22].technologyadhesiveconductive

10withfilledEpoxy µ metal--diameterm
theoverspreadisspheresglasscoated

aboutfilmfluidaassurfacewafercarrier
20 µ compressedisassemblyThethick.m

surfacesbothtouchspheresharduntil
Electricalout).oozesepoxy(extra

vertically,onlyestablishedisconnection
touch.rarelyspheresneighboringsince

films.‘‘Natural’’3.2 [23,24]reportedhavegroupsRussianindependenttwo1989Since
subsequentlyandsubstratesmetalondepositedpolypropylene,atacticoffilmsthinthat

directiontheinconductivityhighunusuallyanexhibitirradiated,UVandoxidized
Thedirection.lateraltheininsulatingessentiallyremainingwhilefilm,thetoperpendicular

1aboutiselectrodesoverlappingbetweenmeasuredresistancetypical Ω thetorelationnowith
5fromrangethe(inthicknessfilm µ 50tom µ (10areaelectrodeor)m −6 10to −2 cm2 These).

0.1than(lessnarrowofexistencethetoattributedbeenhaveproperties µ whosechannels,)m
(conductivity >∼ 1011 ordersfiveleastatbycopperofthatexceedstemperatureroomatS/cm)

[25-27]speculationsandunderstood,notischannelstheseofnatureThemagnitude.of
superconductivity.one-dimensionalaofsuggestionsincludemechanismphysicaltheregarding

beenhadapplicationsforproblemseriousabasis,theoreticaluncertainthefromApart
structure.gelahaswhichpolypropylene,atacticofpropertiesmechanicalloosewithassociated

MoscowatgrouphisandGrigorovN.LeonidProfessorisactivitythisofcenterThe
polymersotherineffectssimilarfoundtheyRecently,Materials.PolymerSyntheticofInstitute

tosimilarmechanicallyismaterialpromisingmostoneproperties;mechanicalbetterwith
atodirectedwasandinformationmoreforGrigorovcontacttoattemptedI[28].rubber

ofcommercializationtheinengagedisandrightsproprietaryholdsthatcompanyCalifornia
product.this
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Applications4.

entirelypossiblemakewillcircuitssiliconandHBTperformanceultra-highofIntegration
frequencies.higherevenandGHz300atoperatecanHBTcollector-upAsystems.new

basewhoseHBTC-upInPanofcharacteristicsmicrowavemodeledtheshows11Figure
incollectorthetowarddownnarrowsbandgap N potentialtheIf[17].stepsdiscontinuous

carriers,minorityofflowreversethepreventtolargesufficientlyisstepeachatdropenergy
delaypropagationbasetotalthe τ offactorabyshorteris N delaydiffusivethetocompared

largeforMoreover,width.sametheofbaseflatain N transportbasetheofmagnitudethe
factor α=α (exp −2πi f τ frequencyincreasingwithslowlysodecreases) f becomesitthat

cut-offconventionaltheexceedingfarfrequenciesatresonancestransit-timeobtaintofeasible
f T

∼∼ 1/2πτ atoccurspeakresonantfirstThe. f ∼∼ π f T this11,Fig.ofexamplethe(in
epitaxialthebymainlydeterminedisfrequencypeakTheGHz).280abouttocorresponds

range.narrowaintunedbealsocanitbutstructure,

1 10 100 1000
0

10

20

30

40

Frequency (GHz)

G
ai

n 
(d

B
) U|    |

h21

300 K
11Fig. gaincurrentCommon-emitter.

 h 21  gainunilateraltheand  U  aof
withHBTmodel N = theinstepsequal5

iswidthtotalBase[17].bandgapbase
W = 0.25 µ circuitequivalentAssumed.m
parameters: R B = R Bx = 50 Ω . µ ,m
R E = 10 Ω . µ ,m R Ex = R Cx = 20 Ω . µ ,m
C C = fF0.25 / µ and,m C E = fF10 / µ .m

diffusivitycarrierMinority D = cm50 2 s/
timetransitcollectorand τC = ps.1

andoscillatorslocalimplementtofeasibleentirelyisittechnologyAPusingThus,
submillimeterevenandmillimeteratoperatethatHBT’sC-uponbasedamplifiers

systemscommunicationsatelliteforisdevicessuchofapplicationobviousOnewavelengths.
GHz.345ofwindowtransmissionatmosphericthein

millimeter-wavefabricatingofpossibilitytheisapplicationattractiveextremelyAnother
chipsiliconaonarraysphased amplifierslow-noiseneeds[29]systemantennaarrayphasedA.

elementeachat and theseofplacementLocalsubarray.eachatleastatamplifiershigh-power
onratiosignal-to-noisetheenhancesandtransmitonlossantennathereducesamplifiers

antennatheisbettertheelementsradiatingthetoplacedareamplifiersthecloserThereceive.
chip.siliconaonplacedbecansystementirethetechnology,APtheWith[30].performance

A λ / centimeteraaboutbewouldGHz300atradiatingelements20ofarraylinearspaced2
becanbeammillimeter-wavethethatisoscillatorstransistorhavingofadvantageThelong.

oscillators,differentofamplitudesrelativethecontrollingbybroadsideoffsteeredelectrically
pointThe[31].interactionwaveevanescentbytogetherlockedarephasesrelativetheirwhile
bulkyaresystemsarrayphasedwavecentimeterinusedshiftersphaseavailablemostthatis
beamelectronicuseshouldweInstead,designs.on-chipinusedbecannotthatelements

thecontrollingbysteering amplitude techniqueaSuch[32].elementsarrayconstant-phaseof
antennaphotoconductingusingwavelengths,sub-millimeterat[33]demonstratedrecentlywas
transmitSuchsteering.beamamplitudeforsuitedideallyaredevicesThree-terminalarrays.

insystemsradarsteerableasapplicationsimportanthaveshouldarraysantennareceiveand
withconnectioninalsoperhapsmanufacturing,automatedavionics, vehicle-highwayintelligent

systems [34].
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Conclusion5.

heterostructureInPultra-fastimplementingfortechniquepossibleadescribedhaveI
technique,thisoffeatureremarkableAchip.siliconaonelementsastransistorsbipolar

arethatdeviceshybridofimplementationthepermitsitthatispackaging,activeastoreferred
essentially faster Thetechnology.InPconventionalthewithinmadedevicessimilarthan

anispackagingthatfacttheformresultsadvantage intermediate fabricationdevicetheinstep
sideoppositetheonlithographyalignedanwithprocessingsubsequentenablesandsequence,
thepermitsdefinitiongeometrydevicetheinfreedomofdegreenewThefilm.thinaof

collectorandemitteroverlappingandalignedwithHBTscollector-upofimplementation
stripes.

ofimplementationtheoutsingledhaveIpackaging,activeofapplicationspossibleOf
ofwavelengthaatsystemsantennaphased-arraymicrowave λ ∼∼ 1 µ TransmitGHz).(300m

importanthaveshouldchipsiliconaonarraysantennamillimeter-wavereceiveand
systems.communicationsatelliteandradarsteerableinapplications

devicesnewotherofimplementationthepossiblemakewillpackagingactivethatclearisIt
possiblemanytheOftechnology.newthiswithoutfeasiblebenotwouldthatcircuitsand

transistorinjectionchargeC-upafabricatingof[35]possibilitythementionmeletexamples,
1.sideonstripecollectorthetoalignedand2sideinetchedtrenchchannel-definingthewith

laterallycavities,laserdualcoupledverticallyofimplementationtheispossibilityAnother
2.and1sidesonridgesseparatebyconfined

electronicssemiconductorcompoundofapplicationssignificantmostthatbelievestronglyI
GaAs,vsSiondebateoldtheoftermsInelectronics.siliconinuseitswithassociatedbewill

evolutionindustrialoflogicTheGaAs.forcustomerultimatetheissiliconthatisviewmy
thethanothercomponents,systemofimprovementqualitativeaforpathsnewmotivatewill

activeofprincipleThesize.featurefine-lineinreductionsteadyaofpathtraditional
ultra-highimplementingofinstancetheusingworkpresenttheinillustratedpackaging,

ofprinciplesdesigncentraltheofonebecomewillchip,siliconaonHBTInPperformance
microelectronics.future
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