METHOD AND APPARATUS FOR A HETEROJUNCTION BIPOLAR TRANSISTOR USING
SELF-ALIGNED EPITAXY TECHNICAL FIELD The present invention relates generally to
semiconductor technology, and more 5 particularly to heterojunction bipolar transistors (HBTs) and
methods of manufacturing HBTs. BACKGROUND ART Demand for heterojunction bipolar transistors
HBTs has increased significantly because these transistors are capable of operating at higher speeds

and driving mormv\%%éD%a%?mﬂﬁgit?%%a ; ﬁ&ﬁ?j{%&ﬂbﬁ@%‘iﬂ ighsfrequency

communication S ose require ones'and computers. S can be used to
provide linear voltage andwﬁﬁgg%gﬁq&m%ﬁ@ ﬁﬂ@i’ﬁﬁ%}he voltage between the
base and emitter terminals, and hence the base current, resultin large variations of the current and
voltage output at the collector terminal. The 15 transistor also can be used as a switch in digital logic
and power switching applications. Such HBTSs find application in analog and digital circuits and
integrated circuits at all frequencies from audio to radio 'eaﬁency. Recent advancements in
manufacturing transistors with compoundTgeqmgggﬁk vEihterials have created a renewed interest
in the use of HBTSs. A bipolar junction transistor (BJT) is a three-terminal device that can controllably
20 vary the maghfudEesFthe BiedRLar el ren ERST RBW L SHILAN S Ut fﬁé%é‘ﬂr%al&.n h&'%free
terminalspiieiciders basadasivinaliacoipolar iexmisalsaHBNseraiiteniemamalofl heafnovamapt of
electrical charge carriers produce electrical current flow between the collector and the emitter
terminal i&s dependent upon variations in the voltage on the base terminal thereby causing the
magnitude of the current to vary. Thus, the voltage across the base and 25 emitter terminals controls
the current flow through the emitter and collector terminals. The terminals of a BJT are connected to
their respective base, collector and emittdrAStReRESNEINET in a semiconductor substrate. BJTs
comprise two p-n junctions placed back-to-back in close proximity to each other, with one of the
regions commoR¢5Badh far juieteiomsncrisarigdfirdranpictivn dEBleehahdnsaasethdigiafemitler, and a
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10  These characteristics are important for high-speed, high-frequency communication networks

such as those required by cell phones and computers.

HBTs can be used to provide linear voltage and current amplification because small
variations of the voltage between the base and emitter terminals, and hence the base current,
result in large variations of the current and voltage output at the collector terminal. The

15  transistor also can be used as a switch in digital logic and power switching applications.
Such HBTs find application in analog and digital circuits and integrated circuits at all
frequencies from audio to radio frequency. Recent advancements in manufacturing transistors
with compound semiconductive materials have created a renewed interest in the use of HBTs.

A bipolar junction transistor (BJT) is a three-terminal device that can controllably

20  vary the magnitude of the electrical current that flows between two of the terminals. The
three terminals include a base terminal, a collector terminal, and an emitter terminal. The
movement of electrical charge carriers produce electrical current flow between the collector
and the emitter terminals varies dependent upon variations in the voltage on the base terminal
thereby causing the magnitude of the current to vary. Thus, the voltage across the base and

25  emitter terminals controls the current flow through the emitter and collector terminals.

The terminals of a BJT are connected to their respective base, collector and emitter
structures formed in a semiconductor substrate. BJTs comprise two p-n junctions placed

back-to-back in close proximity to each other, with one of the regions common to both



depending upon the characteristics of the semiconductive materials used to form the HBT. HBTs are
BJTs where the emitter-base junction is formed from two different 5 semiconductive materials having
similar characteristics. One material used in forming the base-emitter junction preferably is a
compound semiconductive material such as silicon and silicon-germanium (SiGe), or

silicon-ggrmaniHim-eaens(piaeClLiRkisicompination higteald MBEmutinthaamResdiSanicenductive
materials have risen in popularity due to their high- speed and low electrical noise capabilities, coupled

with the 255D Marfiratesrangeht 10V prdbesNGs githslitie £ HsB o e R JFARHYE of silicon

BJTs. HRibpdavesfophidtseninhigheidieaurnsonapptgationsahehias call phenes teptiast fiber, and
other high-frequeg\(;:l?/ applications requiring faster switching transistars, such as satellite

communication dBite& ARt gl BRE U oFRHAHBAMNY BEKHOSN M SN FHalEPRIsHESs Hiidsshtuseful in

HBTs, opgaitemaeeivy axdsiingsnathiedsithiamatesabisgubsaokenthsuiastaditorstiniagbermal
15 cycles, implantations and/or etching.processes during the formation steps of the remaining
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compound semiconductive material. Etching polysilicon over a compound semiconductive layer, for
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etched during this processing.step, resulting in HBTs that are relatively slower and exhibit relatively
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improve thehperatioguspesdpiiradBs duihimpaiiasidhed, ihaibasabab sitlsthse lgHR@RAVgN to
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layers and subsequently formed polysilicon layers. Several of these processing steps
inherently damage the compound semiconductive material. Etching polysilicon over a
compound semiconductive layer, for example, adversely affects the compound
20  semiconductive material because the etchants used do not selectively etch only the
polysilicon. Some of the compound semiconductive material is also etched during this
processing step, resulting in HBTs that are relatively slower and exhibit relatively poor noise
performance compared to other HBTs on the same semiconductor wafer.
Furthermore, to improve the operating speed of a HBT, it is important that the base
25  structure be thin enough to minimize the time it takes electronic charges to move from the
emitter to the collector, thereby minimizing the response time of the HBT. It is also
important, however, that the base structure have a high concentration of dopant in order to
minimize base resistance. Typically, ion implantation techniques are used to form a base
layer. However, this technique has the problem of ion channeling, which limits the minimum
30  thickness of the base layer. Another disadvantage of ion implantation is that the compound
semiconductive layer is often damaged by the ions during implantation.
Additionally, high-temperature annealing typically is required to drive dopants into

the various material layers. This annealing step, however, alters the profile of concentration



2 levels of the dopants within the various layers of semiconductive materials forming the transistor to
create undesirable dopant profiles within the various material layers. Existing methods of
manufacturing HBTs still have the problems associated with over-etching, the detrimental effects of
ion implantation and annealing, and consistency of 5 manufacturability. Additionally, the processing

methods used tenehto dspAtiEs keiatiNelclongimankiretusngGrdeimas and Ate axPensive due to the
requirement of two epitaxy deposition steps. Solutions to these problems _have been long sought but

prior devERIHERLS RERACIRATSIYNE SeRtRgusttlgsaw Bty IRHY MAE 2 L6 to these problems
have long eludegki@ribasemskitedriniha fitnHSCHOBY RE QhvEHE NNBNHONObR e sant

invention provides a heterojunction bipolar transistor iHBT), and manufacturing method therefor. The
HBT confpii&&schiagniodatittsnitisdieds RhiMy RPHNeE AadidANeABRiafty somdtisRngthyers
overghe semigandrEisURSIRiRaIIcast PRccdaiakthir hlbualiteafdngulatinglay sty oan
undercut region over the collector region, a base structure of a compound semiconductive material in

the undefeRRYEIYANS rIBWIRSheMtstiatfPripLYovbiee thaetlctiredion, ah tWRtePLtcture in

the windewpavibiesigxe! dielectric layer, and connections through the interlevel dielectric layer to the
base structure, the emitter structure, and the collector region, The base structure and the emitter

structure 20 profPNYsai FrR QAT Lanrebsr oS ng WY MBEPIAR SIS PRIPERE JRo%eAPinvention

overcomesmiihe prahlerpaasandiatRaivilh auertrichioBiibe detieaniabeftesishalonipRraaiion and
annealing, and in(l:on,sis ency of manufacturability experienced in existing methods of manufacture of
HBTL. |n958%ﬁr?5 'G8\&n f¥e&Bnt invention results in a HBT having lower collector to substrate load
capacitance, lower 25 base resistance and can be manufactured using only one epitaxy growth step.
Certain embodiments of the invention have other advantages in addition to or in place of those

mentioned above. The advantagePWibeS&RE &¥pAreRiINNMEOSEGQRIlled in the art from a reading of

the following detailed description when taken with reference to the accompanying drawings. 3
The present invention provides a heterojunction bipolar transistor (HBT), and

manufacturing method therefor. The HBT comprises a semiconductor substrate having a

collector region, a plurality of insulating layers over the semiconductor substrate, at least one
15  of the plurality of insulating layers having an undercut region over the collector region, a base

structure of a compound semiconductive material in the undercut region, a window in the

insulating layer over the undercut region, an emitter structure in the window, an interlevel

dielectric layer, and connections through the interlevel dielectric layer to the base structure,

the emitter structure, and the collector region. The base structure and the emitter structure
20  preferably are formed in the same processing chamber.

The HBT of the present invention overcomes the problems associated with over-
etching, the detrimental effects of ion implantation and annealing, and inconsistency of
manufacturability experienced in existing methods of manufacture of HBTs. In addition, the
present invention results in a HBT having lower collector to substrate load capacitance, lower

25  base resistance and can be manufactured using only one epitaxy growth step.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.



BRIEF DESCRIPTION OF THE DRAWINGS FIG.1 is a partial cross sectional view of a HBT in an
intermediate stage of manufacture in accordance with the present invention; FIG. 2 is the structure of
FIG. 1 after formation of a collector structure and a base 5 structure; FIG. 3 is the structure of FIG. 2
after formation of a polysilicon layer; FIG. 4 is the structure of FIG. 3 after formation of an emitter

structure; FIG. 5 is the structurgraEEIGE4@ttarremovat otmEthirdhmgmaiing layer and a fourth

insulating layer; 10 FIG. 6 is the structure of FIG. 5 after formation of insulating spacers around the

emitter structurgsiBlG. ¥% is tharsuciy® ofcbliond afiew PopcesEIBY oha fif stikshiading: laygicand a
second insulating layer; FIG. 8 is the structure of FIG. 7 after salicidation; 15 FIG. 9 is the structure of

FIG. 8 affBrBRMEHE ANt dRsE Vathiths: IRSFRbIRNG® ORontacts in an interlevel dielectric layer; FIG.

10 is a partial cogs. Segdignakiiewarf anHBT inaerimtermacialT stagaRiomanwiaetusgdmasserdance
with another embodiment of the present invention; FIG. 11 is the structure of FIG. 10 after formation of

a base WiH4SWSnd an emitter 20 window: FIG. 12 is the structure of FIG. 11 after formation of a base

cavity; FIG. 13 gthe sinustitiahfl6f HiGaftartormraianafa hash sliveirsier|G. 14 is the structure of
FIG. 13 after formation of a plurality of contacts in an interlevel dielectric layer; and 25 FIG. 15 is a

flow chart of a hethdd $SPTYAHGHE iR E AGHTbORRTR bR YA S BARERIYF W Sccordance with the
present inventiori(BESJ tQRE LR OABRY iter RuhbviHer INMENTHQNdAghg tellawiagslggeription,

numerous specific details are given to provide a thorough understanding of the invention. However, it
will be agBSHNNSIBYE skilled in the art that the 30 invention may be practiced without these specific
detatls. In orderprIRV®IG ahs GifingitbeoprBRE NGINRMtiIRINSOIRE Yellki oy Spaieanatieiad the

configuraé}gﬂ%rasggc%?gess steps are not
FIG. 7 is the structure of FIG. 6 after processing of a first insulating layer and a
second insulating layer;
FIG. 8 is the structure of FIG. 7 after salicidation;
15 FIG. 9 is the structure of FIG. 8 after formation of the base, emitter and collector
contacts in an interlevel dielectric layer;
FIG. 10 is a partial cross sectional view of an HBT in an intermediate stage of
manufacture in accordance with another embodiment of the present invention;
FIG. 11 is the structure of FIG. 10 after formation of a base window and an emitter
20  window;
FIG. 12 is the structure of FIG. 11 after formation of a base cavity;
FIG. 13 is the structure of FIG. 12 after formation of a base structure;
FIG. 14 is the structure of FIG. 13 after formation of a plurality of contacts in an
interlevel dielectric layer; and
25 FIG. 15 is a flow chart of a method for manufacturing a heterojunction bipolar

transistor in accordance with the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent to one skilled in the art that the
30 invention may be practiced without these specific details. In order to avoid obscuring the

present invention, some well-known semiconductor configurations, and process steps are not



4 disclosed in detail. Likewise, the drawings showing embodiments of the apparatus are semi-
diagrammatic and not to scale and, particularly, some of the dimensions are for the clarity of
presentation and are shown greatly exaggerated in the FIGs. Generally, the device can be operated in
any orientation. 5 The term "horizontal" as used herein is defined as a plane parallel to the

conventignalRkNg aesurfackalthe seniaansuctan sukstintsdegadiesshefl dpparantatiosentpe term
"vertical" refers to a direction gerpendicular to the horizontal as just defined. Terms, such as "on",

"above", SHSEARMAIS I ok dpyscalspndRaHowkbyy s Righe dimeRsigns ags fo thialatiRtet are
defined wWitbseaanrs tadhadhorizentalaliapexibetern 1hasideiGlO refers 40 SHbERE @anVWeich are

side by side with neither gverlapping the other. The term "processing" as used herein includes
depositioPEF BN P SINSIst, patterning, exposure, development, etching, cleaning, and/or

remayval of the nrateahomaiQIRrasiat aseeneteadiindtarndingsa gescsi padIKtrustine cdheiaonal
"conductivity type" as used herein refers to a semiconductive material that 15 uses either electrons as

the primd{i&rfer gt tfidhrchrieo s dRE sk HorLdlsthal HinfLisPiativRr of MeldiRal

charge, oRdéhe-athesrhang Referiog mapetdiclir 1o thenein o apwyaPasftiaberopsrsectigahyiew of a
heterojunction bipolar transistor (HBT) 100 in an intermediate stage of manufacture in accordance

b (3 9 [13

with the pR¥sentiAV¥ntiorP FHE HB nclufBs-a S¥ficottiRordibaihle 1B8RSH hali®ga collector

region 104vEhe semicaderctoresubpiatemiralpedias ahaubhgoabhbpalaw teRctisoldionge (STIS)
108. The number of STIs 108 are formed, for example, by etching trenches in the semiconductor

sub&ratd T62, QY e FoHing }Tr?éfﬁI%lﬂﬁé’ﬁ(a%?,‘%ﬁ%}’i‘%@%"&ﬁ'ﬁ’%&}%ﬁh‘?rﬁ the trenches to form

the number of SiiHs &0%. Z&rddassaaMmisonskiCireubsicaieed QR poddightly slaperisenpaondegtive
material of a first conductivity type, such as a p doped silicon. The collectoy region 104 is?heavily
doped sB%ﬁ%cﬁéB%?er%%/vé‘i%%%natﬁ §u§§9?ﬂ§/‘?§pé‘,nglﬁ% r&é“&?ﬁﬁ' ﬁgﬁ%% SESH ABove the
collector pagioredifaansthe duntbanidkSTdssdfbes Jetxnatka number of insulating layers 109. In the

embodiment shown in FIG. 1, the number,of insul ing layegs 30 109 comﬁ)éises a first ingulating layer
110. a second iﬁgﬁl éﬁmb | g%qlﬂlélltg ltpma wﬁ‘é&%ﬁ%e emrefers to a semiconductive material that

15  uses either electrons as the primary carrier of electrical charge, on one hand, or holes as the
primary carrier of electrical charge, on the other hand.

Referring now to FIG. 1, therein is shown a partial cross-sectional view of a
heterojunction bipolar transistor (HBT) 100 in an intermediate stage of manufacture in
accordance with the present invention. The HBT100 includes a semiconductor substrate 102

20  having a collector region 104.

The semiconductor substrate 102 also has a number of shallow trench isolations
(STIs) 108. The number of STIs 108 are formed, for example, by etching trenches in the
semiconductor substrate 102, and then forming an insulating layer, such as an oxide layer,
into the trenches to form the number of STIs 108.

25 The semiconductor substrate 102 is a lightly doped semiconductive material of a first
conductivity type, such as a p  doped silicon. The collector region 104 is a heavily doped
semiconductive material of a second conductivity type, such as an n* doped silicon.

Above the collector region 104 and the number of STIs 108 is formed a number of
insulating layers 109. In the embodiment shown in FIG. 1, the number of insulating layers

30 109 comprises a first insulating layer 110, a second insulating layer 112, a third insulating

layer 114, and a fourth insulating layer 116.



layer 114, and a fourth insulating layer 116. 5 The first insulating layer 110, such as an oxide layer, is
formed over the collector region 104. Preferably, the first insulating layer 110 comprises a thin oxide
layer between about 50 angstroms and about 150 angstroms in thickness. The first insulating layer
110 is covered by the second insulating layer 112, such as a 5 nitride layer. Preferably, the second

insulating layer 12 sampiisesiadhigenitide Jayeradeinsancahgut, 3900 anasespsRNE-RBeI: 5000
angstroms in thickness. The third insulating layer 114 is formed over the second insulating layer 112,

such as S8R dhe RpEraPherdhadistirswart inkiskind A SAsRpr s o PR ds daverRO%erlyer

between ahit58Q0 AnesHoma anshabsyh{@rengsi amsiigk. 10 The fourth insulating layer 116,
such as a thick nitride layer, is formed qver the third insulating layer 114. The fourth insulating layer is

etched preferabh'Eidit IUMCSHBYTE dH) @R Yrsay theseconruintelntng Javsret 2 A4shetéied using
an isptropigrrRiChageecessce MR aHease6aYivsdih8ip thedhirdinssHasingdayenitidmibexample, if

the third insulating layer is an oxide 15 layer, a HE wet etch process can be used to form the base

cavity 118558 S HIOABEHEOmy e P ME B HUMARAG ISR 10 are each etched using an

anisotropic etchIprogaEs i eMaAsa 5 RONIORabiie:¢Heettlregion 10l iesadsethus foioes a
window 120 jn the first insulating layer 110, the second insulatingzlayer 112, the third insulating layer

114, anddrBFotitH8YFAting" fnf%rb dhsBrd garabi e deend dofietiBritey b ibd BPhdayer

semiconadeeieesubsteted A2 nefesring AWMtoJol e Liihasaiids. shown the structure of FIG. 1 after
formation of a collef%m@téuct re 200 and a base structu,rg(ZOZ, Tge collector structure 200 preferably
B g6

is séfectively grdWh BT WERR N LS TS o Rek B A AP RTedh ISP SQYEBRE dBHductivity
type, for axannte; RRed dpped 25 epitaxial silicon, over the exposed portion of the collector region 104

in the semiconc;lfcto sy{astrat 102. The collector s%r‘%ﬁt re 200 is grown to a hé«?

ight that preferably
extends slightly 3608 TAANEYAYBE HELLESHEFiseN XTI 3 FS SRS “ge%ﬁ N &bdut 50

angstromphtotakauh S0iasgatramshighemdingsing levebabiie seagirddasulatioglayeist Avithe base
e S o Y el B VT 200, TR 8 P RS ating Tayer s an oxide
15 layer, a HF wet etch process can be used to form the base cavity 118.
The second insulating layer 112 and the first insulating layer 110 are each etched
using an anisotropic etch process to expose a portion of the collector region 104. There is
thus formed a window 120 in the first insulating layer 110, the second insulating layer 112,
the third insulating layer 114, and the fourth insulating layer 116 over a portion of the
20  collector region 104 of the semiconductor substrate 102.
Referring now to FIG. 2, therein is shown the structure of FIG. 1 after formation of a
collector structure 200 and a base structure 202.
The collector structure 200 preferably is selectively grown epitaxial silicon, such as
lightly doped epitaxial silicon of the second conductivity type, for example, an n” doped
25  epitaxial silicon, over the exposed portion of the collector region 104 in the semiconductor
substrate 102. The collector structure 200 is grown to a height that preferably extends
slightly above the level of the second insulating layer 112, for example between about 50
angstroms to about 500 angstroms higher than the level of the second insulating layer 112.
The base structure 202 is grown over the collector structure 200 and into the base
30 cavity 118 in the third insulating layer 114. The base structure is formed of a compound
semiconductive material, such as at least one of silicon-germanium (SiGe), silicon-

germanium-carbon (SiGeC), and combinations thereof.



30 cavity 118 in the third insulating layer 114. The base structure is formed of a compound
semiconductive material, such as at least one of silicon-germanium (SiGe), silicon- germanium-carbon
(SiGeC), and combinations thereof. 6 Preferably, the collector structure 200 and the base structure
202 are grown in a single processing step. The collector structure 200 is selectively grown over the

exposed portiorpaifdh®IGOHRCt IRaiPRARMuIR D wiadawbhe® sthenaeIBEtQr BRI e 20Qr6a0 be
grown in a suitable chamber used for epitaxy processes in an atmosphere of SiH2C12 + PH3, for

example PERSHAHEERed B RSSO PHIRTWRIAN FetRIS6 Y th S TOSH RS HIITIE 6K RIS S PREIAB St rom the

epitaxial poeeasHIG GRIRPEN4he alenRERkRvel Deediieawdke sellecier h0iekdredsyBvacuated from
the processing chamber. After evacuation, the atmosphere is changed to SiHzClz + GeH4 + B2H6 to

form the BHERhRRIRE SR POIEBFUFtTUIR PbaiRaREC Kisdthfdetifd o aréaMiiformed in

a single progesEREsien alrpilaxaly orRMIngtesensQIRrusiiEesdactosinelstRIeCRBS gk hAaeber.
Referring now to FIG. 3, therein is shown the structure of FIG. 2 after formation of a poc::ésfilic,on layer

300 suchtBUA b RARF RSP SAmBSn ot ALPISRBAL disise aBRY dBRJCRIRAY L HE 9B exiSmple, an

n' polysiligardaner .fidie pRlysiticesiayehaB&aan Reectepash appropiiatehoiphexaryRieanita atsenic or
phosphorgus formation of the 15 polysilicon layer 300 to avaid ion implantation or subsequent

annealin&ﬁégil;%n Ay v 16 FE Heharsinsuciiswv the S rlivetot rrectara 8P hthtifon of an

emitter skWieudiPe The emitirisstoucikiaart@Qisdierpreceymichdpdotheppakisilicondayes BeEto the
level of the fourth insulating layer 116, qr performing a chemical mechanical polishing (CMP) step on

the PblysiiMsiisdr 865 SAHRIMSEElG, PiBiHitter structure 400 20 can be selectively grown over the

base structure usingeaxiy.doad; siicarreiithe ssesanthecanduciivisy tyge 2sueh asaatvloped
silicon, or appro he structure of

riately doped polysilicon. Referring now to FIG. 5, therein is shown
FIG. 4 affSP Y& |18¥?ﬁe£ ugﬂ‘f' 851 8Mga% &rq &R THE M SIS IRaR y _F f&ﬁ.sisﬁ%nﬂ)urth
insulatingéayacdWity ayskiertkixanipsel aiing’ lapeysilicbamyemovee pisly sixasiplaydy 3iching ber by

other suitable . 25 stripping processes. Referring now to FIG. 6, therein is shown the structure of FIG. 5
after formMARGR SPRFRLEISc g RS, KOO ARPH S toRACHAIER Ry SHERE: KBS0 (S emitter

strugiurepolysilicon layer 300 to avoid ion implantation or subsequent annealing steps.
Referring now to FIG. 4, therein is shown the structure of FIG. 3 after formation of an
emitter structure 400. The emitter structure 400 is formed by etching the polysilicon layer
300 to the level of the fourth insulating layer 116, or performing a chemical mechanical
polishing (CMP) step on the polysilicon layer 300. Alternatively, the emitter structure 400
20  can be selectively grown over the base structure using heavily doped silicon of the second
conductivity type, such as an n* doped silicon, or appropriately doped polysilicon.
Referring now to FIG. 5, therein is shown the structure of FIG. 4 after removal of the
fourth insulating layer 116 and the third insulating layer 114. The fourth insulating layer 116
and the third insulating layer 114 are removed, for example, by etching, or by other suitable
25  stripping processes.
Referring now to FIG. 6, therein is shown the structure of FIG. 5 after formation of a
first insulating spacer 600 and a second insulating spacer 602 around the emitter structure
400. The first insulating spacer 600 is formed, for example, by depositing a first insulating
material, such as an oxide, and processing it to form the first insulating spacer 600. The
30  second insulating spacer 602 is formed by depositing a second insulating material, such as a
nitride, and processing it to form the second insulating spacer 602. The third insulating layer

114 is then removed, such as by etching to stop on the second insulating layer 112.



400. The first insulating spacer 600 is formed, for example, by depositing a first insulating material,
such as an oxide, and processing it to form the first insulating spacer 600. The 30 second insulating
spacer 602 is formed by depositing a second insulating material, such as a nitride, and processing it
to form the second insulating spacer 602. The third insulating layer 114 is then removed, such as by

etching to stop erfiesesendinsu@tnaiayah 1d hdwRalerinaew i FIG. 6 Jlaretiadssshavsr the

structure of FIG. 6 after processing of the second _insulatingﬂél;yer 112 and the first insulating layer

110. The'Bfroet0Rd rselaling ivsabkednisiig Arphibirating fayer YHd. The dRetbresitiiyef 700 is
patternegakeRr@ERsSEshiRoF&NPVES @ Pottionefihasiesrnthinsv@ingplaxehdd fna R RQEdap of the

first insulating layer 5 110. It should be noted that this masking and processing step could be used to

provide dEXtIdePIIBIGL Hdie 4FSPRACKHIARRIMER bh 2R SERTIEIMal S Kbt utaipgJayer

necessaryjoRgfesHna NV #otEIGh S, therainsisshand phscsisuctwWePthif. HealtRusalipidatiana The
photoresist layer 700 shown in FIG. 7 is removed using readily available semiconductor processing

techniquédiHdeigefe PSRt igheamied ST Lovdbre s st Deiitd 020 EBRTSEAThe

exposed portiorrefdhenbasswstoptare2GReieeoMesreMIY ddikshiralirids IBIGE! BQGer Reliemitimstructure
400 is covered by a second salicide layer 802, and a portion of the collector region 104 is covered by

a third salit ETSE0ANSEREIN I NI 0 G/ d5 BRI SHEWRAHE Strataes Sipienaustdr

formationpef@sfinsacanigaed0A anicnitproeeriact@ddeansha woleatergontast 906tk aniiveslevel
dielectric 15 (ILD) Jlayer 908. The ILD(I&)T/{ r 908 is formed for e.xample,(}bév) depositin%a insulating

matbtial, A Hs X R0 theRBeRIGPAE WP TrBEesL s sIarERe o1 UPPEALEacST the ILD
layer 90&0heTihd:lajesr 908dmibanprocessed gy orardirnehrsdbatyarastileshwithpartkaneugiive

= formend B4 E HErEH hAOBIFAHE 15y SH 5 A 30 ommects to the it saliide layer 800
over the base sRufitiig2dw ThFEMYiaheast Qo4 istHosmaeshhy GHIREG granehfiifangbntbedLD layer
05 et gonecaio Il oo sl e S92 cup e e s 400 T pplecer
layers 804 vy thgeeal@s:tomhedion 164 2R efefsing:0avrtexalpld Obthaspunisghawindupaitial cross
SeCtionalr}{g%giglt 2'1r1]cl;| EST oxide, and then performing a CMP process to planarize the upper surface of
the ILD layer 908. The ILD layer 908 is then processed to form trenches that are filled with a
conductive material, such as tungsten (W), to provide the various contacts of the HBT100.
The base contact 902 is formed by filling a trench through the ILD layer 908 that
20  connects to the first salicide layer 800 over the base structure 202. The emitter contact 904 is
formed by filling a trench through the ILD layer 908 that connects to the second salicide layer
802 over the emitter structure 400. The collector contact 906 is formed by filling a trench
through the ILD layer 908 that connects to the third salicide layer 804 over the collector
region 104.
25 Referring now to FIG. 10, therein is shown a partial cross sectional view of an HBT
1000 in an intermediate stage of manufacture in accordance with another embodiment of the
present invention. The HBT 1000 includes a semiconductor substrate 1002, such as a silicon
substrate of a first conductivity type, for example a p doped silicon substrate. The
semiconductor substrate 1002 has a buried collector region 1004, such as a heavily doped
30  region of a second conductivity type, for example, an n” doped region and a sub-collector
region 1006, such as a lightly doped region of the second conductivity type, for example, an
n doped region. Together the buried collector region 1004 and the sub-collector region 1006

are referred to herein as a collector region 1007.



1000 in an intermediate stage of manufacture in accordance with another embodiment of the present
invention. The HBT 1000 includes a semiconductor substrate 1002, such as a silicon substrate of a
first conductivity type, for example a p doped silicon substrate. The semiconductor substrate 1002 has
a buried collector region 1004, such as a heavily doped 30 region of a second conductivity type, for

example, an n' qopegiagianerassuireR!leolr JReIMA1Q0RIsHEN GSAdighily’aprdaainef the
second conductivity type, for example, an n doped region, Together the buried collector region 1004

and the SSH ISR r rERFOM IS Ohrs HrdER 1o Iosnestl deraeXamRlfordreglehinpienghenan the
semicondpfiRLARSHAIRIRRE 50 Nas@ eMRenehshallpwuliench iselaions atSihlekif0RyEhe

number of STIs 1008 is formed, for example é%etching trenches in the semiconductor substrate

1002, anttALPESFRARES 4 fnenidts bt o5 S HL98 oxide layer, into the trenches to form the
number of STis 469& BAbsIuR ihersalpctonregiantOnFand g nLMbes of Bisd00Riistermed a

number of insulating layers 1009. In the embodiment shown in FIG. 10, the number of insulating

layers 188 RURHIYES d W< iR tharrmabediarerd 1o WA dnFEe d Nathrstimtig piyesuladne T4E Hrst

insulating dayerohdisesuchras aaxisiel axen 0sdoimed sevendhgsaaliantoiyegiorn 1007 of the
semiconductor substrate 1002, A second insulating layer 1012, such as a 10 nitride layer, is formed

over the first insUGtHE 1) RS 18vete ALY SBGR @ Fits Otifledrardinifs SR8t Wer hacrlis®rIG. 10

after formedion 0007 baskewiitievhdlOGrBBARMRMII. Windonlilid2uiihe Bgeend insuliating ayer
1012. The, base window 1100 and the emitter window 1102 are slots formed by processing the

secthd MLHAsHAYIEyRIULY PEsLRF AUshiusp Al RSELAUSG processing techniques to mask and 15

etch the seconcRiegutatingdayerHAIGl A.1Retawing ravwe htulnikesePIE. Shoyrtherstaticiiog of FIG.

11 after formation of a cayity 1200 in the first insulating layer 1010. The base cavity 1200 is
formed b¥ bﬁé?féﬁ‘%ﬂf%j" ﬁiﬁu%‘%&ﬂi%&%ﬁf %ﬁ?{"é@ éf'etth? WPEHHE&ZW% 1619 in the

base winbgy kb antl e maitkeraiinaow inkd thao parially i ndenedts yhe secoind 2@ instdading layer
1012 laterally from the edges of the base window 1100 and the emitter window 1102. Referring now
10 F1G. THHNBHG 1EGhOIIT S e re B et SR GIRBRBAGRE (eeh s 1o sk and
15  etch the second insulating layer 1012.
Referring now to FIG. 12, therein is shown the structure of FIG. 11 after formation of
a base cavity 1200 in the first insulating layer 1010. The base cavity 1200 is formed by
performing an anisotropic etch, such as a wet etch, of the first insulating layer 1010 in the
base window 1100 and the emitter window 1102 that partially undercuts the second
20  insulating layer 1012 laterally from the edges of the base window 1100 and the emitter
window 1102.
Referring now to FIG. 13, therein is shown the structure of FIG. 12 after formation of
a base structure 1300 in the base cavity 1200. The base structure 1300 is formed by
selectively growing an epitaxial material in the base cavity 1200 shown in FIG. 12. The base
25  structure 1300 is grown over the collector region 1007 and into the base cavity 1200. The
base structure 1300 is formed of a compound semiconductive material, such as at least one of
silicon-germanium (SiGe), silicon-germanium-carbon (SiGeC), and combinations thereof.
The base structure 1300 1is lightly doped to provide a lightly doped compound
semiconductive material of the first type, such as a p doped compound semiconductive
30  material. A polysilicon layer 1302 then is formed over the second insulating layer 1012 and
the base structure 1300.
Referring now to FIG. 14, therein is shown the structure of FIG. 13 after formation of

a number of contacts in an interlevel dielectric (ILD) layer 1400. An extrinsic base structure



a base structure 1300 in the base cavity 1200. The base structure 1300 is formed by selectively
growing an epitaxial material in the base cavity 1200 shown in FIG. 12. The base 25 structure 1300 is
grown over the collector region 1007 and into the base cavity 1200. The base structure 1300 is
formed of a compound semiconductive material, such as at least one of silicon-germanium (SiGe),

silicon-geuuaniHan-eareans Getonadd sombiratignsthayeaficiling, base stisighing L3QAdmligintly
doped to provide a lightly doped compound semiconductive material of the first type, such as a p

doped cRfSOANGEAASHRAUGIEP3GTReas I paniilisandpst 542 thavie Bl bl the second
insulatingeayesflfid 2aodd thehasesstiyeture 2 30Ph RaiperRarNRvs teffile cidithiersindsshawe the

structure of FIG. 13 after formation of a number of contacts in an interlevel dielectric (ILD) layer 1400.
An extrinsitVh32d e Ut & Umittdsentiatlr e Plern i i i BB 'eteHitg, B erforming

a chemicalcsnechanigaloriehing ¢CMP) process on, the polysilicon layer 1302 shown in FIG. 13 to the
level of the second insulating layer 1012. The upper surfaces of the extrinsic base structure 1401 and

the emitter structife XHHBs i dLGHE SR KiHidn iR HeX g pRiostital s dmiyids b fsatiiMsulating

layer 101&pthe@xicnsiadinsessiiticier6f1a0 Liis patienoadiang i osrasadatp aepide aihaaviy. doped
semiconductive structure of the first conductivity type, such as a p' doped polysilicon. The emitter

structure THOF R Pk FeWRd I dteSs i is Brdvi da PROSEISF A off P Q¥ o dlRANIY stfRtdre of the

second cagidehvityypensdaliiasamd seaprddpasiticer. 4pAliaonadivealy nthespstiipsigdrssnstructure
1401 and the emitter structure 1402 can be selectivelél grown over the base structure 1300 using
0

i
apptBpridtes APEY e JRExRITEREEN M CapErsriatdR0dopRY Suty ST, ACUSELE sLe¥abdyePfith
respect teelberiveeyistisvanabedimenisefsihecnresestionventappropeiasap Yoibe basasiryiivsa 3300, the
extrinsic base structurge 1§h018§1d11he emitter structure 15 1402 are formed in a single processing
step. The RREPRILHChAderst RANRAIELB1 and the emitter structure are selectively grown over the

exposed portionAafdRedsase Sisuetutien k3Gbcthorexpropleuskenbasersiitioiure paldemaneatgiown in a
Sl e s A sl Pl et an chmemphers LSURCIZ o
fromsthe p10gessingrmed in a single processing step. The extrinsic base structure 1401 and the
emitter structure are selectively grown over the exposed portion of the base structure 1300.
For example, the base structure 1300 can be grown in a suitable processing chamber used for
epitaxy processes in an atmosphere of SiH,Cl, + GeHs + B,Hg to form the base structure
1300. Then, without removing the semiconductor substrate 1002 from the processing
20  chamber, the atmosphere is changed to grow epitaxial polysilicon to form the extrinsic base
structure 1401, and then changed again to form the emitter structure 1402. The atmosphere
can be changed by evacuating the processing chamber of one gas and then introducing
another gas to create the appropriate atmosphere for the continued growth. The base
structure 1300, the extrinsic base structure 1401, and the emitter structure 1402 are thus
25  formed in a single processing step of epitaxial growth.
A salicide process is carried out to cover the areas for the various contacts. The
extrinsic base structure 1401 is covered by a first salicide layer 1410. The emitter structure
1402 is covered by a second salicide layer 1412, and a portion of the collector region 1007 is
covered by a third salicide layer 1414.
30 The ILD layer 1400 is formed, for example, by depositing an insulating material, such
as oxide, and then performing a CMP process to planarize the upper surface of the ILD layer
1400. The ILD layer 1400 is then processed to form trenches that are filled with a conductive

material, such as tungsten (W), to provide the various contacts of the HBT 1000.
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20 chamber, the atmosphere is changed to grow epitaxial polysilicon to form the extrinsic base
structure 1401, and then changed again to form the emitter structure 1402. The atmosphere can be
changed by evacuating the processing chamber of one gas and then introducing another gas to
create the appropriate atmosphere for the continued growth. The base structure 1300, the extrinsic

base structure ¥Ry aRCHMR.eMitken SirksiHEd b40G2ane thirendp dauned ieasinaledre4eesing step of
epitaxial growth. A salicide process is carried out to cover the areas for the various contacts. The

extrinsic BAEE L ietthe Hud 1aUdds daer by om¥ps Sieigeiayis hare sl itidh- st Graitieso2 is

covered byrasegand salisidRdaye il aamehanPaitipRiptibacolipsiar 18givthdOniecePusriad by a
third salicide layer 1414, 30 The ILD layer 1400 is formed, for example, by depositing an insulating

material, SG8Ad a@lisilfe12Y5H tHdA SEFfosImg eMBYS Yt €93 pldRarfAllenton SpRIASLAAER B the ILD
layers 14@6nTdoenk-Bilayer &¢0hisibaptpiecesnadyie fron ienchesdhataadillasiwithcrsanguctive

material, such as tungstenﬁSW), to provide the various contacts of the HBT 1000. 10 The base contact

1420 is fomheQ sy Mg Leerenesetifol i the ILD layer 1400 that connects to the first salicide layer

1410 over the erufBSIaHarASHIGURE 1401hdbe amitRiwaontasil4Barisdormagdydillisom tsench
through the ILD layer 1400 that connects to the second salicide layer 1412 over the emitter structure

1402. ThEUBHECHEF B8 it AP 8 SHRRJET HARAING R frERTtRRS oW R NE 78t 195 YRRt

connectsTtRethgethisd 3aboidadries 44ldpovsnzher gaibeedaid egimithduRefesibgra@wnte nkGa 15,
therein is stiown a flow chart of a method 1500 for manufacturing a heterojunction bipolar trgnsistor in

accHldarfR G tHESPBseht HtRntion! Phe! MBS 1580 AERIASS 4R WD J bR o Oihgta®
semicondugiRosuhsAlathaviRY A AsCoRCpepianaystEnnkal4ind farerngaaiplusalityeafivisylating
layers over the, semiconductor substrate, at least one of the plurality of insulating layers havitag a base
cavity o o ,a’s ormi sé€s c

ty ovFIh& Cofltsi e dioH % stbp 806 Bl%ofh ﬁ?}%ﬂ&& 8 RATELNE SIS SthpbuigrPoun
semicondugiivenmatieviahinéhial iaseeaaid:Aisien o3 STFonmongiaMindiadow iheliaswaltinggayer
over thej)ase cavity; %step 1510 of formi#]%a# fﬂmitter structure in the window; a step 15 1512 of
forming F’P’l‘?ﬁé’l’fg{/gfed R HRRy At 1 IHERH AYSMUE SRR 27 ANsr iRy cifhections

throusgh thelnterievelidielacticelay el toithe brsk g@rusisrahthim mitief layer; and a step 1514 of

forming connections through the interlevel dielectric layer to the base structure, the emitter
structure, and the collector region.

Thus, it has been discovered that the method and apparatus of the present invention

furnish important and heretofore unavailable solutions, capabilities, and functional

20  advantages for heterojunction bipolar transistors. The resulting process and configurations
are straightforward, economical, uncomplicated, highly versatile and effective, use
conventional technologies, and are thus readily suited for manufacturing heterojunction
bipolar devices / fully compatible with conventional manufacturing processes and
technologies.

25 While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the foregoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall within the spirit and
scope of the included claims. All matters hither-to-fore set forth herein or shown in the

30  accompanying drawings are to be interpreted in an illustrative and non-limiting sense.

11



structure, and the collector region. Thus, it has been discovered that the method and apparatus of the
present invention furnish important and heretofore unavailable solutions, capabilities, and functional
20 advantages for heterojunction bipolar transistors. The resulting process and configurations are
straightforward, economical, uncomplicated, highly versatile and effective, use conventional

technologigs; podERertoes readiMspited for manufacturing heterojunction bipolar devices / fully
compatible with conventional manufacturing processes and technologies. 25 While the invention has

been described in conjanatgdvithnraapecificibg st eedguiiddotobsoLindeisivad toaiprising alternatives,
modifications, and variations will be apparent to those skilled in the art in light of the foregoing
e Bl P ir e

description. AchorrOd‘fhglﬂfj ft3&heeh b BRI E TR AREY Jative¥"modifications, and variations

that fall within tHersgiti anpduistope Hinidanciuideerclaviersthd lbendti@iduvihesulosdare, set¢astroherein or

shown in the 30 accompanying drawings are ta be interpreted in an illustrative and non-limiting sense.
11 THE INVENTION CEXMEDUS: B ottt I RarARa g & HEeholtHetoH Bipdtas rirstor
comprising: providing eofecnicaoagioator substrate having a collector region; forming a plurality of

insulating layers.over the semi onguct[or substrﬁte least one 5| el of the glur?lity of insulating
. ormln(gaa Ct‘O CCLOT, F}I'U.C ure over the.co lector region u 1. the base av18/;
layers having a base cavity over the™ collector region; forming a collector structure over the collector

region under thédvasegcabity; stouming e basenptrunduarot@ndoonpoundsehicohdbativeamgterial in the

base cavity; forming a window in t lurality of insulating layers over the base cavity; 10 forming an
emitter structurﬁﬁ"ﬂ]ngv%i‘ﬁgbdv%,?v gt}nﬁl%flgﬁi}¥ é)rﬁjér\llse %%g%éﬁgr a%?{ glr?(f’ flgﬁﬁfwé?%’onnections through
the interlevel did¢teatiiglayentotthsthese siruttereintev emitter structure, and the collector region. 2.

The method of lpanufactur.lnt%r?eggltgraquﬁgqg bIlpgll%r transistor as claimed in 15 claim 1 wherein

. Orlglll’lé an llf’l tl ge - .
forming the base structure forms a structure comprising at least one of silicon-germanium,
silicon-germanidionacauh onnaeti ammtbivagbribehstatdvel dielectric layer to the base structure, the

emitter structure, and the collector region.

2. The method of manufacturing a heterojunction bipolar transistor as claimed in
15 claim 1 wherein forming the base structure forms a structure comprising at least one of

silicon-germanium, silicon-germanium-carbon, and combinations thereof.

3. The method of manufacturing a heterojunction bipolar transistor as claimed in
claim 1 wherein forming the base structure, and forming the emitter structure forms a base

structure and an emitter structure in the same processing chamber.

20 4, The method of manufacturing a heterojunction bipolar transistor as claimed in
claim 4 wherein the collector structure, the base structure, and the emitter structure are

vertically aligned.

5. A method of manufacturing a heterojunction bipolar transistor comprising:
providing a semiconductor substrate having a collector region;

25 forming an of insulating layer having a base cavity therein over the collector region;
forming a base structure of a compound semiconductive material in the base cavity;
forming an emitter structure over a first portion of the base structure;
forming an extrinsic base structure over a second portion of the base structure;
forming an interlevel dielectric layer over the collector region, the base structure and

30 the emitter structure; and
forming connections through the interlevel dielectric layer to the base structure, the

emitter structure, and the collector region.

12



3. The method of manufacturing a heterojunction bipolar transistor as claimed in claim 1 wherein
forming the base structure, and forming the emitter structure forms a base structure and an emitter
structure in the same processing chamber. 20 4. The method of manufacturing a heterojunction bipolar
transistor as claimed in claim 4 wherein the collector structure, the base structure, and the emitter

structure are veyticallyrlioneshod 4 mathad@iinanuaciying NSy IR PAa HARAIor
comprising: providing a semiconductor substrate having a collector region; 25 forming an of insulating

layer having a BA&E VKNSRIl P BRI Rec B i HeRYiSnanb AEAERS HhS S Btk iEUst Y S dfipound

semiconductivergiaiedial tndRenRasR et JRimbeg an emitter structure over a first portion of the base
structure; forming an extrinsic base structure over a second portion of the base structure; forming an

interlevel dielectric layamevaeithrl collastoriegiong thedpasa sttuaibp alad rafsibeemitiamséuaiure; and
forming cqnnections through the interlevel dielectric layer to the base structure, the, emitter stfucture,

and the Coft8ttor el rg?llﬁlélﬁ o SRR IRER R Ag L HERES of SRS FB1 AP R 085 tBt as

claimed isiliclairgedridneiginsitioming:thehiase slibehy i docnibininehthdesaifter structure are formed in
the same processing chamber. 7. The method of manufacturing a heterojunction bipolar transistor as
claimed in 5 cléim 5 whiksenedosdnatgriine: ase sigucherertgumsiansbipotarerensisprisin g latdegisinone of

silicon-gelimanéutm ilicon-germanium-carbon, and combinations thereof. 8. The method of
aim Hft er com nsm.g . . . : VS .
manufactcurlng a heterojunction Bipolar transistor as claimed in claim 6 further comprising; forming a

second insulatirfgriayer averdindifissidrisglatieg dayethelfirformaingtiagn Bxkinsic base structure in the

sec?(pd insulatir}% Ia}/er; and Whereli)n forming an emitter structur {ormls an_emitter structure in the

. . HP né albe)Atrhnstlc ase s%ruc re 1n the secon 1nsua1nr%a €r,; .
second insulating layér. 9. eterojunction bipolar transistor comprsing: 'a semiconductor substrate
having a collectendeglen¢in forming an emitter structure forms an emitter structure in the second

insulating layer.

0. A heterojunction bipolar transistor comprising:
a semiconductor substrate having a collector region;
15 a plurality of insulating layers over the semiconductor substrate, at least one of the
plurality of insulating layers having a base cavity over the collector region;
a collector structure over the collector region under the base cavity;
a base structure of a compound semiconductive material in the base cavity;
a window in one of the plurality of insulating layer over the base cavity;
20 an emitter structure in the window;
an interlevel dielectric layer; and
connections through the interlevel dielectric layer to the base structure, the emitter

structure, and the collector region.
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15 a plurality of insulating layers over the semiconductor substrate, at least one of the plurality of
insulating layers having a base cavity over the collector region; a collector structure over the collector
region under the base cavity; a base structure of a compound semiconductive material in the base
cavity; a window in one of the plurality of insulating layer over the base cavity; 20 an emitter structure

in the window; an intentgvel diglgetiadaysip Andieannestiane thesohtbrinter oyl dicigetiadayer to
the base structure, the emitter structure, and the collector region. 13 10. The heterojunction bipolar

transisto Z4EHERIE i EISHTD SORENTE & hleast SRHRRIISD SRR PortiBie g A bne of
silicon-gesmRiiLing SHsdingesmaiisieyr carbon, and combinations thereof. 11. The heterojunction
bipolar transistor as claimed in claim 9 wherein the base 5 structure and the emitter structure have

upper surfaces that argqselbstarsjaiykaplapalarliZzansivdiete jtmetion kipbfaptiansisiotiaselaimed in
claim 9 wherein the _collector structure, hhe base structure, and th?&’iﬁ;mitti%itrua re are vertically
i ot

aligned. T3 A ARA M ERHeh B PRSP R §?ﬁt§ﬁ%gﬁlﬁ1 & having a
collector region; 0 anacuiating layetnaying, a base caulty tnereln oyer ing callepton region; 3 base
structure of a compound Semicoriductive material In the basé cavity; an emitter structure over a first
portion of the bas#atrucititean, ehérnsic dasenstruailithe@reit@rsenand artionratiie blagediructure;
an interlevel dielectric layer over the collector region, the base structure and the 15 emitter structure;

and connectiond 3hroughhi¢terimtentaveldislkctiensyer wihprisase structure, the emitter structure, and

the collector regcjlon. 14, 'I;p% heteBol%gtf'lon. i CQICar fr sifst ras claimed in claim 13 wherein the

: t 1 g#) ; . :
emitter structuré and the extrinsic base s?r\lljlct%)re are orrm%%oln a second insulating layer. 20 15. The
hetéfojunction bipotentatingiktperdsicingnaduiin claity t@winaredn tiredodisetostregure and the emitter

structure have UPPSE %M&%?g (g?%tc%'}ﬁpsol‘ﬁ%%itg&ﬂ%@nﬁﬁ@éﬁ?@%aterial in the base cavity;
an emitter structure over a first portion of the base structure;
an extrinsic base structure over a second portion of the base structure;
an interlevel dielectric layer over the collector region, the base structure and the
15 emitter structure; and
connections through the interlevel dielectric layer to the base structure, the emitter

structure, and the collector region.

14. The heterojunction bipolar transistor as claimed in claim 13 wherein the

emitter structure and the extrinsic base structure are formed in a second insulating layer.

20 15. The heterojunction bipolar transistor as claimed in claim 13 wherein the base

structure and the emitter structure have upper surfaces that are substantially coplanar.

16. The heterojunction bipolar transistor as claimed in claim 13 wherein the base
structure comprises at least one of silicon-germanium, silicon-germanium-carbon, and

combinations thereof.

14



16. The heterojunction bipolar transistor as claimed in claim 13 wherein the base structure comprises
at least one of silicon-germanium, silicon-germanium-carbon, and combinations thereof. 14 17. The

method of manufacturing a heterojunction bipolar transistor as claimed in claim 1 wherein forming the
collector structure, and forming the base structure comprises: positioning the substrate in a processing

chamber; selectjyely gnwingdhei calieatpirstiuaib e ik lishativespnaie taeyacHatintihr difat
atmosphere from the processing chamber without removing the substrate from the processing

chamberc¥HY StbetaGrIREGrelisster striciine M iondrytheRaspHEte e RRMRH R sing

chamber. 18. Thesmeihad etmanutastiyingraceaiprormating: bipolar transistor as claimed in 10 claim
5 wherein forming a base structure of a compound semiconductive material in the base cavity;

forming an emittEISEHYT BBV AN SO PeT S 1 HE AL U ARIRSPASIS forming an extrinsic base
struciure over acsae@ichParion of g OpsestiueiyeCHNRIISRS: BasitiRningtrcHstaigimha

processing chamber; selectively growing the base structure in a first atmosphere; 15 evacuating the
first atmosphere from B YHYEER R I HERREMMng the substrate from the processing

chamber; and seleglively GrRWIE thigepaktekstisiaharenands e RKERFISPIREE FirdsdUpRIcetimg
processing chamber. 15
chamber.
18. The method of manufacturing a heterojunction bipolar transistor as claimed in
10 claim 5 wherein forming a base structure of a compound semiconductive material in the base
cavity; forming an emitter structure over a first portion of the base structure; and forming an
extrinsic base structure over a second portion of the base structure, comprises:
positioning the substrate in a processing chamber;
selectively growing the base structure in a first atmosphere;
15 evacuating the first atmosphere from the processing chamber without removing the
substrate from the processing chamber; and

selectively growing the emitter structure and the extrinsic base structure in the

processing chamber.
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