SELF-ALIGNED LATERAL ITETEROJUNCTION BIPOLAR TRANSISTOR CROSS-REFERENCE TO
RELATED APPLICATION 5This is a Divisional of co-pending application serial number 10/703,284 filed
November 6, 2003, which is hereby incorporated by reference herein. BACKGROUND TECHNICAL
FIELD The present invention r ductor technology and more
10specifically to lateral hetero;unctloflé ?Eglgr‘iﬁgrﬁs%?ors m%nufacturmg methods therefor.
BACKGROUND ART A MM@&UM@H%BW%@MMIE@%QMU% of electrical current
flowing between two terminals is a threederminal, a bipolar junction transistor (BJT). The three 15

terminals include a base termiah & GatiesiamNe iRk ANdEhemiteidgsial. The movement of

electrical charge carriers, which produce electrical current flow between the collector and the emitter
terminals, varies dep@?t‘éé%? Bbvdﬂ‘tfﬁtlléttl%g%dtﬂ% PRSHCBA ByRketeMifd fitereby causing the
magnitude of the uc{g%ent tobvar 2;§§ voét € across tt{e d%?se fand emitter terminals controls the
current flow thro eh &'&Mitte r C(‘)’Y ec or Illr(tg gorate tefmifalS'sY’a BJIT are connected to
their respective base, coIIector and emitter stry kﬁ E‘?‘{ |n a semiconductor substrate. BJTs
comprise twor@.r@_imét ed back-to-back in close proximity to each other, with one of the regions
common to bot f eEﬁ\!?nﬁcfﬁstéﬂ&%“%Qn%%‘i‘(\}e%‘ 5'8%1@8‘&&8'89 the.couEe And,g gecond

junction 25 between th emltter and the collector. This forms either a p-n-p or n-p-n transistor depending
upon théhaseeadi¢atiz sodnterel Serpiemnetitibotaterialistosaadanfontehsipgamethods therefor.

BACKGROUND ART
A popular device for controllably varying the magnitude of electrical current flowing

between two terminals is a three-terminal, a bipolar junction transistor (BJT). The three
15 terminals include a base terminal, a collector terminal, and an emitter terminal. The

movement of electrical charge carriers, which 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 emitter terminals controls the current flow through the emitter and collector
20  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
junctions. There is a first junction between the base and the emitter, and a second junction

25  between the emitter and the collector. This forms either a p-n-p or n-p-n transistor depending
upon the characteristics of the semiconductive materials used to form the HBT.

Recently, demand for BJTs has increased significantly because these transistors are
capable of operating at higher speeds and driving more current. These characteristics are
important for high-speed, high-frequency communication networks such as those required by

30  cell phones and computers.

BJTs 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

transistor can also be used as a switch in digital logic and power switching applications. Such
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Recently, demand for BJTs has increased significantly because these transistors are capable of operating
at higher speeds and driving more current. These characteristics are important for high-speed,
high-frequency communication networks such as those required by 30 cell phones and computers.

BJTs can be BSEH B teRIGR R Ar VBl RS d ARt it WiviPhiAE A B UATE 8hihiAHERTRS of the
voltage betweemtheliaseandreqitierferminals, and hence the base current, result in large variations of

the current and voltage output at the, collector terminal. Th nsistor can also the used as a switch in
dicital logic anc o TN 1A R AR oS L B P T Bt A It A6 IRl circuits
and integratefmielif®at alofréditemciesniiomdaudie toaadidsfiegiuensinilar dhetarejisicion®ipolar

transistors (HBTs) & smw,@%{ﬁe tﬁaebﬁgig%{f@@ %&Hﬂﬁ%ce%éfa&g%dcf(gﬁ Lowe different,sgmiconductive

materials having similar characteristics. ne 5 material used in f rming base-emitter junction
preferably is Bdenspoueit e plicondSetivednidieriaksuetniassifton) (i) sihdosiigonagarmanimm (SiGe), or
Si'iCon'germ%@i@wﬁ&?q‘”c@&ﬁﬁ&h{)[@r@@@ﬁ@%@@iﬁ@e&&%bﬁﬁg SHHNGERTROHAL SR jeRRduCtive

materials have risen in popularity due to their high-speed and low electrical noise capabilities, coupled

with the abilit}}Sf& A RHRHY < MRy ghroredsing apelsnitied neisa saPtdlitesnerdptetedh 10 silicon

BJTs. LaterattdBibgigredBamincwihicidhesuigentiawis pasabiekia the suifase ahiiesukstate on which
the HBT is manufactured. HBTE have found use in higher-frequency applications such as cell phones,

optical fifler, SHEBtRET hidfFag TR Ep SHERBhY MG Mg Feelt e B itcPiFY ¢ AR LISt OPEAER 8h as satellite
communicatidie dedices. on whidogieBIB'S, inelardifagrid&IT sHisTysa o daynarned do ulrepakdubipelar

transistors, Whi?h 15 use two polysilican structures; qne for an emitter. structure, and a .second for a base
I}CEIthIl \é\il %B y a?qéor%eghu(%%%gl (%ébgl‘, .EIIIC{-I O{{?Cr qng%h—%lre uencB/Star%]g 1cat

structure of tAETansIStor ured by implanting a‘silicon su e With a dopant to

p_ro_vide a colkegtorrediear skzvstir_ticiog t_llayeilsﬁmhmlgmwtﬁbﬁefqmadlgy@uicméw@tmctor region. Insulati_ng
dividers called shaligyctiepchisqlationsge! 15 dledarmed "1‘15{181%5&99“ SHOSY Algsi G IR £0define an

intrinsic base region over a portion of the collector region. Subsequently, a first layer of polysilicon is
formed d¥er #é SHCBA SUSHaAEUSHIEES P delsai gnid o us s @nstieeeradifor aritaset Wk E Dortion of the
intrinsic base fegiap.Qagportion of the base structure is formed with an opening in which an emitter
structure is subsequently formed. 25A first insulating layer is formed over the base structure and is

removed in the opeHfG GFEHRaBL s ERd Ry Bl RS NG S YAt FeyiteHl BB IRPWSIER fo the

intrinsic basect@@i@br region. A silicon layer is then grown or formed over the collector region. Insulating
dividers called shallow-trench isolations (STIs) are formed in the silicon substrate. The STIs

20  define an intrinsic base region over a portion of the collector region.

Subsequently, a first layer of polysilicon is formed over the silicon substrate and is
processed to form a base structure in contact with a portion of the intrinsic base region. One
portion of the base structure is formed with an opening in which an emitter structure is
subsequently formed.

25 A first insulating layer is formed over the base structure and is removed in the opening
of the base structure over the intrinsic base region by etching down to the intrinsic base region
to form an emitter window. The etching process inherently produces a rough surface on the
substrate since the etchants used are not particularly selective between the polysilicon layer
forming the base structure and the underlying silicon substrate. To get higher performance,

30  compound semiconductive materials such as SiGe and SiGeC generally are grown over the
insulating layer and on the rough surface of the substrate. The rough surface causes a major

problem because the growth of the compound semiconductive material is irregular and its



to form an emitter window. The etching process inherently produces a rough surface on the substrate
since the etchants used are not particularly selective between the polysilicon layer forming the base
structure and the underlying silicon substrate. To get higher performance, 30 compound semiconductive

materials suchiSSGE 405 STesbB gEnaraiRrLra gl Bt Cindinativgialer A48 dftiePough surface

of the substraieforhen@gbbstiriasalcaidsRsidermnajonniabisih petatisathergiovdhefithe deenpound

semiconductive material is jrregul atpd.'ts thickness.is not cqnstant as a result of the roughness of the
. §econd laver of polysi IFOH 1S det%o te dlIltO the emitter .window. an elquocesse to ;
substrate. This leads 10 performanc oblems wi e device and variations in performance from device

to qlevice. fﬁrmen@ndt_tatyﬂnpﬁpalyéﬁhmn mdepabhigdndiovthiesriittbnswisideomand hﬂ@&eﬂspzd to form an
emitter syuctyre, WRICH i e@%%%'?go%ﬁ&“%%}4%[!é‘ipcsohrt‘ﬁecP%ﬁﬁ?&%ﬂ%&g%%&@?ﬁﬁ%ﬂﬁ%&@ nagessary to
e nwanted ¢

provide room for an ernitter contact, but it causes another major problem wit apacitance
between the eavitiiedarpirasacsthgetisraghT pisidepricitease s SIoWsH oWnstrpaparsi ol vh teVRIBT. A
dielectric layeyds,fermed QuRE fipgremitter structure and is processed to form spacers around the emitter
structure. An interlevel dielectric layer (ILD) is then formed over the 10 emitter and base structures.

Finally, contacts aré\olsedifiare 1t [iRsd evHiBecmittnEucHIrs ARt hRroscafd e AR FRFEStures.

Terminals argidhgn eenegaied JeuheE€oNactserlevA diRIgRUEYemantiynedhdhesrdtiassirgedure overlaps
the base structure because it is necessary to provide room for the emitter contact to be formed. Since it is

desirabl&to FHAREIEHGEHEBEE small as possible, it is desirable to have the emitter structure as small
as possible. Howeveihaugriatinmasinath e simedofitheehidtehaoniacide adthiot: fustieromajarepemdlem causing
performance variations %n the{.—éBT. from dﬁylce to de\e’hc%the C&I%qugh the use of compound

. emitter structures. rminals are n C { CLS, — . . .
semiconductive materials has proven use urin HBTS; once Torme by existing methods, this material is

subsequently subjestepttvionsiitipientiveathahe emitter structure overlaps the base structure because it is

necessary to provide room for the emitter contact to be formed. Since it is desirable to make
15 the overlap as small as possible, it is desirable to have the emitter structure as small as
possible. However, variations in the size of the emitter contact lead to a further major
problem causing performance variations in the HBT from device to device.
Although the use of compound semiconductive materials has proven useful in HBTs,
once formed by existing methods, this material is subsequently subjected to multiple thermal
20  cycles, implantations and/or etching processes during the formation steps of the remaining
elements of the HBT. Such steps include the deposition and etching of oxide layers, nitride
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
25  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 slower and exhibit poor noise performance
compared to other HBTs on the same semiconductor wafer.
One attempt to overcome the above-mentioned problems involves selective epitaxial
30  growth of the compound semiconductive material only over the active region of the HBT to

form a self-aligned epitaxial intrinsic base structure. Selective epitaxy also may be used in a



20 cycles, implantations and/or etching processes during the formation steps of the remaining elements of
the HBT. Such steps include the deposition and etching of oxide layers, nitride layers and subsequently
formed polysilicon layers. Several of these processing steps inherently damage the compound
semiconductﬁ?éf'ﬁ}h?c‘é‘??’a?%?&ﬁﬁ?d’Er“c?l3?%?1?86%1IB\Y@P%{’M%%M%Y&%M&R%%%WW &xatnple,
adversely affeigisitpecepnpannaethl sesnicpandunaty thinatedighibesapse the etchants used do not selectively
etch only the polysifion. Some of the compound semiconducive matcrial g also elched during this
processing step, resufflng in Sthat afe sfoler ahd Exhiit podr AIse performiance c6mpared to other
HBTSs on the ganmey sémisoindisdtasevimimnlanted @nbeati@mptibsovercoine tihe abiogaegientibded problems
e e TS RRHAL 0 U B o eSS S N MBler AN ANET (g 2crve
region of the HBT to form a se tialigned epitaxial Iintrinsic base structure. Selective epitaxy also may be
used in a selfahgedhentifidetoibyec prdeassdivvenibh ot enitgEmwindoweBigaRhie®ibyBieing an in situ

doped epitaxigl iateral YRl ARRIERYeghLhin oxide/nitride pad. In one method for fabricating a
self-aligned double-polysilicon HBT using selective epitaxy, the intrinsic base is implanted in the silicon

substrate only in thEUCERARIGIGH 8F e sificon siftséiista WA ERiIEoHIBSE PR SN HEEE with a

dopant of a crpgluetivitietyipe TRPRIRiRahofiRe sldhskatels rmer vaiphimdctivecmrdinef the
semiconductor substrate having a given conductivity type. For example, an n -doped silicon substrate
would hile p2¥5h & PO SIREN & ol e thEreal tl?ﬂ?s%‘éﬁﬁ%ﬁﬁ%‘&?ﬁ‘é;‘)@%gﬁ%?%}?é Or more
compound sdniieancipiiivaiddh layerse pitesiall ya gravkn aeee ithd heseclayeits ase tie RIBOVeredt with an
upper insulating layer, for example silicon dioxide .to.form a stack aboye ctive region of the HBT. The
poyaiicon raf S BEh A R M dSti e Dt e eSS TR S T SR e o
define an emitidedvindbindEiectmicadlyvinsidatingleegionly orstieuegse spacerstaresseparatelyrmade on the

sidewalls of the, emifter, windaunNext,aalsiisen isdormaddn, (hRAS SONRELNINdeW e foR,the emitter

structure. The emitter structure is thus insulated from the extrinsic base Sstructure by the reverse spacers
and by dpor8ntst thadppet ivrsubaseidgertertie . stHcantfhiEH e dhite iktlated rsoparbially rests.

This results ip.gmeresengistentysmalksized pmittenatiyctyRadiher advesse sfieimefligiching the emitter

window persist however. Durig% the 20 operation of etching the stack, over-etching still occurs. The lack
of adequate d8hiiBRE SAPHEPRJBE I SIBTRFEeREHIAGYRICalY Hestie thithe RefinsBHER Being
implanted aftenfgrmatiemafdheremitter window Implantation on the over-etched surface does not
overcome the problems gssociated with the over-etched surface. Furthermore, to improve the operating
poed of 2 HBT. it LB AUt AL S Uruciiri b RSB oMoz FRAIE i takos
electronio chapgesita nfoxehirgnththeeRyitterriatdhie ol cianytheitbyl avknfmdigg deccoespBnse time of the

HET. It lso IMBRCAM "AUSLen A6 Rass SRLUe fYe A ieh cancenlrafian L dqant n order o

minimize baseresistance. Typically, iof itr\ﬁp[:%farr:I ation tsecl:%nlques are used to form A base ayer. However,
this techniquéohastivreqbitbp kanitief iomdshanhedilagtaindrich limity thetehinimuoiarSdohickeieysropiive base layer.

Another disagyaitageRTIQBHNRBNANIAR Jsdhatilg sempound

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.



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 levels of the dopants within the various Ia%/ers of
semiconductive maftéiaiTa kg tHeMPSHUSEA RS U RPIRUS & oo rrad gt Y SARL iRt ihe various
material layekariouExistirgimsihedsmoismantdastusiag HBIS &tilkhavetibepioblemsoassotiatad with
over-etching, the detrimental effects of ion implantation and annealing, and consjstency of
anuracturali: O PRl ki<t AR GHLOr ot G HE S 12 B onch
isolations andruisea tayersdnitdessulistdatenOQeefbldseridinsbéations anadriniéydeyers use complicated 10
ana expapiive procgeRing SEINLS? o ARG s, SOOI ARG RIGNSNR AR been 1ong

sought but prior deve oi) ents have not taught or suggested any acceptable solutions and, thus, solutions
to these probiaisishing.|dirgdsuidise ttheseaskille domn ithel 2t OISO ESYRBLOMT KEINYIEN PON 15The
present invenfian proyidgs lateral heterojunction bipolar transistor (HBT), comprising a semiconductor
Substrate. An insulatinFﬁ layer is formed over the semiconductor substrate. A window is formed in the

insulating layer expOSECA3Y S GEHR SO b reRICHSF S tpStFERd S dprresireB i ragR isel46ARed over the

insulating laygidansditae WeRdpwHe JasitRecalegiardayeisomanih aRxpaser Beit eeafdihplRariconductor
substrate and 20 an emitter layer over the insulating layer. A base trench is etched in the silicon layer
over the' thsufRigRSYRY e RAfESAS S AU BB Hhe sidewalls of the base trench to form a
collector structure iSdonibacttwvitieddh erobliact dialayeicanohanarmglitt®nstitiatuke el popiachivitmte emitter

layer. A base strﬁgturse of a c(fm ound semic dUCtIV% r'ﬂlaterlaf iS for%et\geln thePE%asehtren h. Connections

are provided tt%ur%ué)ﬁ élﬁ%ﬁsttgr &veldiel t% rfécﬁ%yl/lelf)?(%% & colied o?t]fgslayer,s ehitter aslyélxeaﬂ%gbase

structure. Thelbdskisisackilledorefarafily is a material of silicon and at least one of silicon-germanium,
silicon-germanium-carbon, and combinations thereof Certain embodiments of the present invention
have other advantages in addition to or in place of those mentioned above. The advantages will become
apparent to those skilled in 30the artiMSQLOSEERENQECT HieIfoVENPIgNetailed description when taken with

reference to the accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS
15 The present invention provides a lateral heterojunction bipolar transistor (HBT),

comprising a semiconductor substrate. An insulating layer is formed over the semiconductor
substrate. A window is formed in the insulating layer exposing a portion of the
semiconductor substrate, and a silicon layer is formed over the insulating layer and the
window to form a collector layer over the exposed portion of the semiconductor substrate and
20  an emitter layer over the insulating layer. A base trench is etched in the silicon layer over the
insulating layer. A silicon spacer is provided on the sidewalls of the base trench to form a
collector structure in contact with the collector layer and an emitter structure in contact with
the emitter layer. A base structure of a compound semiconductive material is formed in the
base trench. Connections are provided through an interlevel dielectric layer to the collector
25 layer, emitter layer, and base structure. The base structure preferably is a material of silicon

and at least one of silicon-germanium, silicon-germanium-carbon, and combinations thereof.

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

accompanying drawings.



FIG. 1 is a lateral HBT having a first and a second insulating layer in an interim stage of manufacture in
accordance with the present invention; FIG. 2 is the structure of FIG. 1 after removal of the second
insulating layer; 5FIG. 3 is the structure of FIG. 2 after formation of a window in the first insulating layer;

FIG. 4 is the structure of FIG. 3 aﬁBﬁBr%ﬁ%%%T%@%‘Bﬁé@Heﬁ Qﬁ&)‘?{%{?&r; FIG. 5 is the structure of FIG. 4

after formation of a third insulating layer; FIG. 6 is the structure of FIG. 5 after formation of a base trench;
10FIG. 7 is the struEtGrel of Fl@ec8ldHEF fowimgtiofirefadaliectod stsubtime ame anasmittensstagture; FIG. 8

is the structugg lglggdﬁctzrgﬁpgcf&{m@g%fl %Q?FG%QNHM%IEIG. 9 is the structure of FIG. 8 after

formation of an interlevel dielectric layer, FIG. 10 is the structure of FIG. 9 after formation of a number of
contacts; 15FIG. 1TFi§ ahiakrpatetempodichdrifts teaprdsdnbsroesnibnswlaingieeein stage of

manufacture; FIG. Fds ihe gleuctnea Rl GGl bafier RAHRIVAGERN MAHKRHRY daYEFst insulating
layer;
FIG. 4 is the structure of FIG. 3 after formation of an epitaxial silicon layer;
FIG. 5 is the structure of FIG. 4 after formation of a third insulating layer;
FIG. 6 is the structure of FIG. 5 after formation of a base trench;
10 FIG. 7 is the structure of FIG. 6 after formation of a collector structure and an emitter
structure;
FIG. 8 is the structure of FIG. 7 after formation of a base structure;
FIG. 9 is the structure of FIG. 8 after formation of an interlevel dielectric layer;
FIG. 10 is the structure of FIG. 9 after formation of a number of contacts;
15 FIG. 11 is an alternate embodiment of the present invention in an interim stage of
manufacture;
FIG. 12 is the structure of FIG. 11 after patterning an insulating layer;
FIG. 13 is the structure of FIG. 12 after formation of a base trench;
FIG. 14 is the structure of FIG. 13 after formation of a collector structure and an
20  emitter structure;
FIG. 15 is the structure of FIG. 14 after filling the base trench with a compound
semiconductive material;
FIG. 16 is the structure of FIG. 15 after formation of a base connector layer;
FIG. 17 is the structure of FIG. 16 after patterning the base contact layer;
25 FIG. 18 is the structure of FIG. 17 after formation of a base structure;
FIG. 19 is the structure of FIG. 18 after formation of an insulating spacer around the
base structure;
FIG. 20 is the structure of FIG. 20 after formation of contacts in an interlevel
dielectric layer; and

30 FIG. 21 is a flow chart of the method of the present invention.



FIG. 13 is the structure of FIG. 12 after formation of a base trench; FIG. 14 is the structure of FIG.
13 after formation of a collector structure and an 20emitter structure; FIG. 15 is the structure of FIG.
14 after filling the base trench with a compound semiconductive material; FIG. 16 is the structure of FIG.

15 after formation of a base COREJ&MQYBESCRIPT%.Q.ET?H']E\IS\{R%TJ@\IN FIG. 16 after patterning the
base contact layer; 135kd Gl bSisdlaesstiptiiby eudidrdts. shécatiteddarmatianveh aorsadigivkeich  FIG. 19 is

the structure o{@G.é%aft r formation of an insulatin acer around th e structure; FIG. 20 is
e stractire BB AL o S ke e Femaca ek e S B tie 5 e low
chart of the methodomihe prasentcalentiont s Aleddie BESISR IR ON © FavbHEOINMWENTIGN In the

following description, n ous specific details [V vide 0 h upders ing of the
inventions.dH O%é%ﬁ %{“\;\%ﬁ?{éé asporl?él%e(‘r;;;tg ﬁogfﬂgikﬁ{sgggé n %ﬁ%%%%ggsthaea%véﬁ%ﬁ n%l ag§sbé?§r%§iced without
these specifidigeesitd ifrdefedler to avoid obscuring the 5 present invention, some well-known system

configurations, andjRraGeSS HeRs@ie 0ol MsHasashinHsRRIL he kisauise.the dramings shawing

embodiments of the apparatus are semi-diagrammatic and not to scale and, particularly, some of the

dimensions aHfBPii: CRIFIRNOf RdsEkEAYioRBR @R SiBmiigre atR fek Rigeri PIPIRE ISR Generally,
the device camberopRsateer#aBikIQRAHRIHAL FIGs. Generally, the device can be operated in any

10  orientation.

The term “horizontal” as used in herein is defined as a plane parallel to the
conventional plane or surface of a wafer or substrate, regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as
“on”, “above”, “below”, “side” (as in “sidewall”), “higher”, “lower”, “over”, and “under”, are

15 defined with respect to the horizontal plane. The term “beside” refers to two structures,
which are side by side with neither overlapping the other.

The term “processing”, or “processed” as used herein includes deposition of material
or photoresist, patterning, exposure, development, etching, cleaning, and/or removal of the
material or photoresist as required in forming a described structure.

20 The term “conductivity type” as used herein refers to a semiconductive material that
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 lateral HBT 100 in an interim stage of
manufacture in accordance with the present invention. The lateral HBT 100 includes a

25  semiconductor substrate 102, such as a lightly doped semiconductive material of a first
conductivity type, such as p  doped silicon. A first insulating layer 106, such as an oxide

layer, is formed over the semiconductor substrate 102.



The term "horizontal" as used in herein is defined as a plane parallel to the conventional plane or surface
of a wafer or substrate, regardless of its orientation. The term "vertical" refers to a direction perpendicular
to the horizontal as just defined. Terms, such as "on", "above”, "below", "side" (as in "sidewall"), "higher",
"lower", "over", anduf§8M HpEng v ik eBpst At iR h SREb b pt e THE Y b side refers
to two structw@spwiniGhiareside bydsidewitk: naiinefioverdappiog the eiaber of hg@rmrépeacessing”, or
"processed" as used in ingludes deposition of material or photoresist, patterning, exposure,
development LTS, SN S AT o0 ST M BT oo e ool et ming 2
described strinctmgh. 20T Hesteimsioing uttyeity 1iypeinds thseskbrerdinnsefetis golayse i@ natactive material

that.“Sesseit'k%&%?&%{l%% %E'&%QTB%‘?“ ﬁ%%”&éh%i glscuicalchargR ’aR“n‘s"ﬁl%-ﬁlgqgaté’ﬁaﬁ‘oéﬁalﬁ the primary
carrier of electrical charge, on the other hand. Relperrlng now to FI(I;‘-. 1, th rein is shown a lateral HBT
100 in an intevirmxdagee dprmahefaenbes il st draoshwilahenp@ddnt ilderthsnippheskifesaliHBT 100

includes a 23;36picRAJUFIRIUPSHEAIR 4 We BRI AS SUYRENIBP RIS EMIFANAUEIYR MAlerialorf a first

conductivity type, such as p doped silicon. A first insulating layer 106, such as an oxide layer, is formed
over the semibBheiradrstdS arethtizhe uppsr swEEf ifsthafing sy et 265, SlcArasor ARtdeitayer of a

silicon nitridegSilp&ampiend s {ersradmevriitia-festimsulating layer 106. A number of shallow trench
isolations (STIs) 112 are formed in the semiconductor substrate 102. Trenches are formed through the

first insuiiting layer TO8 HRdIE QeldShdilIRBAY RS T a5 FienlicdisiuiR e S688Pate 102. The
trenches thernaifillg thyeith @Enhinstdati rgnisiate ridhesucbnd Sranl akid éayter frdniibe mimniber bhahallow trench

isolations (STIs) 112. Th per surface is then processed using a chemical. mechanical pglish (CMP)
orocess which SR B e AR SR S R To8 S e e e S AT e e of S
112 are coplandhanitimtive ofppEls dUFace ¢ tiredsdvondhnsutaimglidyerl138. 100REferiagpowito FIG. 2,

therein is shqunghe;SIHGEE REFIGs & WNEKRI0 1R SERAMd LSHIRtRGIAYE 108 hesPesfamoved. The

second insulating layer 108 shown in FIG. 1 has been removed, for example, by an etching process that
stops orl the Hgtringishag Iaysed gbidpsthecivabinsshss Stisthel pitside &Euedratiap Bveotide fitgeinsulating
layer 106. Fogpxaimple, if the first insulating layer 106 is an oxide layer and the second insulating layer
108 is a nitride 15 layer, an etchant is used which selectively etches only the nitride layer leaving the
oxide layer unetche®Efering drwrind How 1 ers 1§ sheareifssErdwn thé Iér&d‘ﬂ?é lorefEoOifer formation

of a window 3@Rdswtiedingt dnstlating ay@e 18@: The. windavnde® isolprmeentar exanpgidybysing
Photolt oG PO e e A e R e, S e ting Y er E 0 QY8 ER106 over 4
20  portion of the semiconductor substrate 102, and then etching that area of the first insulating
layer 106 to form the window 300 over a portion of the semiconductor substrate 102.
Referring now to FIG. 4, therein is shown the structure of FIG. 3 after formation of a
first silicon layer 400, such as a heavily doped semiconductive material of the second
conductivity type, such as n+ doped silicon. The first silicon layer 400 may be either
25  epitaxially grown or formed by means of a chemical vapor deposition (CVD), and then
processed further using CMP so the upper surface of the first silicon layer 400 is coplanar
with the upper surfaces of the number of STIs 112. The first silicon layer 400 will be
monocrystaline silicon in the area of the window 300 and polysilicon in the area over the first
insulating layer 106.

30 Referring now to FIG. 5, therein is shown the structure of FIG. 4 after formation of a

third insulating layer 500, such as an oxide layer. The third insulating layer 500 is formed or



20 portion of the semiconductor substrate 102, and then etching that area of the first insulating layer 106
to form the window 300 over a portion of the semiconductor substrate 102. Referring now to FIG. 4,
therein is shown the structure of FIG. 3 after formation of a first silicon layer 400, such as a heavily doped

semiconducti®8 Wiat&ra st e sUaHal BickviEy §)8e, Surhpigtesist dasa P SikbAcasEcrardilicon layer
400 may be giihemn2dtepitaxially.grawncpnianosed. by means of a chemical vapor deposition (CVD), and

then processed further using CMP t%e er surface of the first sili layer 400 is coplanar with the
upper surtaces of thE RUTBAPBE IO 14 TRE oSSBT AL 60 Wiltbe AU AATNg dicon in the
area of the winsloue390680.d Tralysititonuhtihg layeas00enthbdfiiisitinsatatingelaiidr 1O 6cBERRfenring now to

FIG. 5, therein i I e mati f a third | tj 5Q0, such as an
oxide Ia;geer. T eﬁiﬁﬁ%\é}{rz}s&u g%ﬁlwt%‘glcla%? ggg i%%%r?ﬂéd%égggt%%vaﬁ ﬁ/%%tﬁgglfi%@?ggt{g%ﬁﬁéon .g—xsyer 400. A
photoresist |ay@es02ls depbsitetl GHe phiterdebctditicatelatipadayreheh mdete PogicularRefegring now to

FIG. 6, therein s Shaynthe SHUGHHEEHQIID!GerR afterfaimaiionghabass tsnah 80 o ir third insulating

layer 500 and the first silicon layer 400 are etched down 5 to the first insulating layer 106 using the base

trench mask BORL&HARYRE Hiesan! fpibraleibees ayer dihiBer B Sragions dikg Bainrspirkeifiithg layer 106.

More particulgryethgyetclingHermsntirecase teeneh: Goeh THeesbarefianeh &BRsepatates tieacombination
of the third insulating layer 500 and the first silicrt;){n layer 400 into two portions. The portion_of the first

silicon 1dJer £80°SKEWHSh ¥ B mRSHA At T SHRRRGRELENS: Lape it o2 A3Fhda 18" collector
layer 602. Thiapoitign ofcthie éifstialino anhéyea 4@Q0 @HoWhd b dstGrebch reistheofirstirautatiog:dayer 106 forms

an emitter layer 60 e‘fhe basg trg:on gslﬁjg%l i%tg n ren gc)vsef‘d. . §F ging r}?e\év{o rIl[:llG 7, therein is
shown the structure of FI& 6 After orming a collector structure l%ﬁlrlateral y on fhe'collectsr ?ayer 602
and an emittepBtrtatuteu7@R| A& ke ol thenetinitterllegter 634 TH2 endlentomsittacturecd a0 the emitter

structure 702 13 Bretgrahle AigdOTNEBY SIRCUYR-GRIRMIRL IO SlAmecontsURRR YR, Such as a

lightly doped semiconductive material of the second conductivity type, such as n doped silicon. The

second silicopreasreblaaveiaritpdty peiatsise ariarnh Sonanoa setme sdcomisiicorhayarligin second

silicon layer igdqrmes@Bh Qi {Bemaidewalisneftis.hasadiena eAR andhinrtpadha firgt dpsuiating layer 106
or the third insulating layer 500, thus forming the collector structure 700 20and the emitter structure 702

on the sidewafOB{ i BB drSARRSBEBY Prodeard g [eomainibrf Sieme dshebesndaseute700 and the
emitter structi@rdA1caN heeavordeaeldyioralngthecsallsaphiayak 6Raambiharmittardayris604 by

selectiv_e epit%ém Ehelcolle][cégr Iral?{%?rtatr)gz.asn atlhe ?mittg%a}ijeur ?Ordrfn Cﬁ'alntbe %§Ieecc£ivsetg;%59%dn their
respective refiSHE AN LIS 15 HP BB REN Be Sete iV & SWHISVEF 98 SaPhinBISTIE
20  and the emitter structure 702 on the sidewalls of the base trench 600.

Alternatively, formation of the collector structure 700 and the emitter structure 702
can be avoided by forming the collector layer 602 and the emitter layer 604 by selective
epitaxy. The collector layer 602 and the emitter layer 604 can be selectively grown in their
respective regions. The collector layer 602 can be selectively grown over the semiconductor

25  substrate 102, and the emitter layer 604 can be selectively deposited over the first insulating
layer 106.

Referring now to FIG. 8, therein is shown the structure of FIG. 7 after deposition and
processing of a compound semiconductive layer to form a base structure 800 entirely on the first
insulating layer 106 over the collector structure 700 and the emitter structure 702 in the base trench

30 600. The compound semiconductive layer forming the base structure 800 preferably is silicon (Si)
and at least one of silicon germanium (SiGe), silicon germanium carbon (SiGeC), and combinations

thereof. The base structure 800 fills the base trench 600 shown in FIG. 6 and FIG. 7 and is processed



25 substrate 102, and the emitter layer 604 can be selectively deposited over the first insulating layer
106. Refening now to FIG. 8, therein is shown the structure of FIG. 7 after deposition and processing
of a compound semiconductive layer to form a base structure 800 entirely on the first insulating layer 106

over the coll G sPAIAY S LStk Lt 800 dturbsiosint yronaus HihdheB s R compound
semiconductive {riyelifanaing Hyerl3ase structure 800 preferably is silicon (Si) and at least one of silicon

germanium (SiGe), silicon germani arbon (SiGeC), and combinatigns thereqf The. base structure 800
fills the base trench‘i‘?’gﬁ’yr Sown ifs H@% ta%r 165 a‘)ﬁi(ﬁf% Sﬁlf%cctg%es%%;ﬁ sgo %haet 6%0§r3r éocneogfa the base
structure 800insegabdtdietiaiiycodplnayanRbOthado pssurfaddedfitbre whiidh ingldatingtayenSOCMP - Referring
now to FIG. 9 gggsrgin is shown the structure of FIG. 8 after formation of an interlevel dielectric (ILD) layer
900, such as an oxide layer, which is planarized using a CMP 5 process. Referring now to FIG. 10,

therein is shown th&sfguatenont PIEGO Hitshesimiatibavwi the sowtarbfF e datéealBatianof The lateral

HBT 100 hasyg collectoneaniaet 20ARe bserantast ka4 @chah SMILGE ConRcidq fagmed in the
ILD layer 900. The collector contact 1002 is formed by rowdlng alhole through the ILD layer 900 and the

third insulatirfbaré 90 50! ittGHECE SRREG L Retosped 1k B 1 BcRl ISR E8¥AFproviding a
hole through the2lkdrdaved BPQisvithe Lase strsiaihiasS® Therenutiancaotast 1RA%ismformad by
providing a hole through the ILD layer 900, and the third insulating layer 500 into the emitter layer 604.

y Al
The collEttor Sl oAt BYELo0antas 18564 A ALO%BIIREPEhRYREP HBE aoipfee s tonductive
material, sucthaditingsteno(M ifios niedbnde thadrencttss. ThKefrrenganosetd 66 isl lortheteip is shown an

alternate embodiment qf resent i tion jn.an interim stage of manufacture using a .
Ciioomon e SRR E HEToR A A RIS SO e s o
!ightly _doped lamni@&ﬂqdﬂibﬁwlmateri@h@ka lfﬂ@i,dbndbamivﬁytaypéo%cam@sbp clopped silicon 1 {#at has an
insulating laygs, 1104.,Su6h G ALoxide IR¥an Lnu s darviisiseb A firstiilicodayer 1106, 20 such as a

heavily doped semiconductive material of a second conductivity type, such as n+ doped silicon, is then
formed éh the insulBafgiagepy104E1G. 1A, dherberopiorinsan g isateeAbedingn fifsheikeseayer 1106 in

a conventionglyziaineh AnSeeQiid isulalingdayerdel Qigbch agxan axidsulayerdsthenafermgd over the
number of STIs 1108 and the first silicon layer 1106. A CMP is performed to planarize the 25upper

surface of thé®8&oAtPihstidind FAydss 13 15 Micondisistingo et Fi&. 1%hirsréintishodiPee structure
of FIG. 11 whergiv@ipholonasistisayEral800 haskeenydspesiach avcpasienelitonfomn adase trench

mask 1202 ove{ﬂthe S c%ncl ' iglag layer }gll{o . %%feorri . now tgglg.s 3, thlerein is.shown the_
structure of PIE SR Toh HasH brack RS Histe S0 REBSLe S IR HSHe RIFEHTEH by etching
the secand insutating teyeily doped semiconductive material of a second conductivity type, such as n*
doped silicon, is then formed on the insulating layer 1104.
A number of STI’s 1108 is formed in the first silicon layer 1106 in a conventional
manner. A second insulating layer 1110, such as an oxide layer, is then formed over the
number of STIs 1108 and the first silicon layer 1106. A CMP is performed to planarize the
25  upper surface of the second insulating layer 1110.
Referring now to FIG. 12, therein is shown the structure of FIG. 11 wherein a
photoresist layer 1200 has been deposited and patterned to form a base trench mask 1202 over
the second insulating layer 1110.
Referring now to FIG. 13, therein is shown the structure of FIG. 12 after formation of
30 a base trench 1300. The base trench 1300 is formed by etching the second insulating layer
1110 and the first silicon layer 1106 of FIG. 12 using the base trench mask 1202 of FIG. 12.

10



1110 and the first silicon layer 1106 of FIG. 12 using the base trench mask 1202 of FIG. 12. The base
trench 1300 separates the combination of the second insulating layer 1110 and the first silicon layer 1106
of FIG. 12 intg two portions. In this embodiment, the two portions are the same so either can be the

collector portigl SAthE e BsrRar s dPesAvBHIRIRE BrbsrRtRBlLgy Hie Srdr bFRadire silicon 5
layer 1106 omithsilefoofdyts] 106 ist deSignaiedtas poeadector layer 1302 and the portion of the first silicon
layer 1106 on the r%t of FI &3 5 detﬁieg?aged as an emitter layer 1304. The p eott%egci)%t Iatlger 1200

. . this_embodi nt ortions are t Same So either ca CLOr .
shown in FIG. 12 is thel rémoved ieaving the FEMAIREF of the tWo portidins 8t the Second insulating layer

1110 on the pppemsurfacencitthestracture: Refenimganditetofal®G gy dththerainnissthewirsthdiginucture of

FIG. 13 asﬁerlf%’{“f‘flﬁﬁ"oﬁft tegle?t GohsEorsryetre, 1490 i?&i@i%r%hé@% M'E&Q&%@éﬁéﬁ%&”d an emitter

structure 1402 laterally on the emitter layer 1304. The collector structure 14 e emitter structure
1402 are forrfiesd Hjicsaldativel Efitaniticgrighitieiofitilidhtly rsppadtedmicormiuttvéarratelidl ofithe second

conductivity typgeRN&p I?eﬁﬁ%@‘éﬂ&gnsfﬁcﬁ@}. RETRITHAg ROV IedNIGvike (RGISIRRISOWR tRGoStructure of

FIG. 14 after the base 15 trench 1300 is filled with a compound semiconductive layer 1500 entirely on the
insulating layRfrieeuottheseerap st samiivehbldivr heympestoipie BB i EsMsrises silicon (Si) and at
least one of silicon-gernaniuew(RIER), silicRsgeimaniimmeaibaiuEEel), angrepfabinaiiansg thereof
Referring(}now to FIG. 16, therein is shown the structure of FIG. 15 after depasition of 20 a base

connect®t layerOl 66 =N A Hird ST AR/ Ee 1885 PhiExsade CoMeRtdr AR 18EY T ¥8¥med over the
compound samicodeictive dayeerlbOG used. torfil tudldasestranate 1300, aadchasnhiytdepasiing a layer of a

heavily dope micqnductive material of the first conductivity type, such.as n+ doped polysilicon. The
il inouiatr Gy TR S ot R e SEeb R SR AR AR S er To00.
25Referring nimns¢ooRdGodducthereinpis sivbwnaine stroturkeofiFIG. 16 after a photoresist layer 1700 has

been deposited and;pracesses, TheRhooresishlayerd 100 delings.An ar9a@vel thebaseignch 1300

shown in FIG. 14, which has been filled by the collector structure 1400, the emitter structure 1402, and

the compounticgeinld8AdeiEtlzd ik 130w R ceirigand v iy g er B A% ensiislis ShBwintiiéadhdicture of
FIG. 17 after fgunation ¢f3CoaRane strebirdR0aJda $0chinsHting 1600t Hasg connector

layer 1600, and the compound semiconductive layer 1500, all shown in FIG. 17, are etched using the
photoresist |&fer700P8f FRE. THcamhgeraau Wy )1 8BH CBR PR P AR Ty Y 980k fdRthed from the
compound semtigandusiieelayer 1500 and a base connector 1806 formed from the base

Referring now to FIG. 16, therein is shown the structure of FIG. 15 after deposition of
20  a base connector layer 1600 and a third insulating layer 1602. The base connector layer 1600
is formed over the compound semiconductive layer 1500 used to fill the base trench 1300,
such as by depositing a layer of a heavily doped semiconductive material of the first
conductivity type, such as p* doped polysilicon. The third insulating layer 1602, such as a
nitride layer, is then formed over the base connector layer 1600.
25 Referring now to FIG. 17, therein is shown the structure of FIG. 16 after a photoresist
layer 1700 has been deposited and processed. The photoresist layer 1700 defines an area over
the base trench 1300 shown in FIG. 14, which has been filled by the collector structure 1400,
the emitter structure 1402, and the compound semiconductive layer 1500.
Referring now to FIG. 18, therein is shown the structure of FIG. 17 after formation of
30  abase structure 1800. The third insulating layer 1602, the base connector layer 1600, and the
compound semiconductive layer 1500, all shown in FIG. 17, are etched using the photoresist
layer 1700 of FIG. 17. The base structure 1800 comprises a base layer 1804 formed from the

compound semiconductive layer 1500 and a base connector 1806 formed from the base
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connector layer 1600. An insulating cap 1808 is formed over the base structure 1800 from the third
insulating layer 1602. Referring now to FIG. 19, therein is shown the structure of FIG. 18 after
formation of an insulating spacer 1900, such as a nitride spacer. The insulating spacer 1900 is formed 5

around the bSSRSEHALIAYE 1860, SeiadaiPaspd IRy S avedorirsthakal HHeHS 1808H S itride, and
then etching thetlayeinailinsdlaijpg 1seterial to form the insulating spacer 1900. Referring now to FIG.

20, therein is shown, the structure IG. 19 after formatign of the varj contacts.for the lateral HBT
1100 The contaoteR Sl B o e B S e g S
depositing armmnsuldsing: matenalYduchuds axidari@ apattheMpeifomaing af@MP Ipfdcesdtaglanarize the

upper S“EfaC%rSEﬁﬁetﬂé-PaLl%%‘?Ju%%Qe‘%érdb? k& 'f%y)&f 39%913%%“5&;%50&%%8&&8 f%@eﬁaﬁéﬂ% are filled

with a conductive material, such as tungsten (W),"to provide the’various contdcts o ateral HBT 1100.
A collector caniads. 200 shix fiehiegiths filen g faroletitte oughiaheo oo dhempgadnhsiaceim880into contact with

the collector layer 1302 PASE (PRIGCLE WM& RMEH Pydiling@rd 3Mat. thyaugh ko layer 2000 and

the insulating cap 1808 to the base structure 1800. An emitter contact 2006 is formed by filling a hole

through the 1L 1ayereRiditd YohedetsiatiihE bl rayentepareriqangibrRiprditacrbb2 and the

emitter contagl Z0RH@re aenapRasitel sides Mhike hage sifuatureiARRinE heaibsulaling £a¢xB08 and the
insulatin% spacer 1900 are used in_this device to enable use of standard self-algﬁed contact processing

20technifue RSBy PRIFTEIMEASANG IECETs d 0P HE 4TI FIBT £188° °f BelHngSon i FIG. 21
therein is shoitia Bf\aayeliagoarns dieca pretbadd2dG0rof ible ptesart filkkartitdna thelmeteechiz1id) comprises a

block 2102 of providing a seiconductor substrate; a block 2104 of formj irst insulating layer over the
semiconduct(%lrpcshuaég r'%ﬁelé cht%ﬂ(ﬁ% Sﬁ%&‘{ﬂ{ﬁ’g Y |?Z%C§S|I%%EH %(lgférra%%?eﬂrﬁl t%go ﬁfst insulating layer; a block
2108 of 25 forming A belsetvrenoiidet 21¥2instfsiicahbiayeling forpheahrenglttteldylerlayed 2000 Itbator layer; a

block 2110 of provigng g seMigandlciNRlaYanRD 1ag:sidewalls Gl ibeBase, e 16 iR 4R emitter

structure in contact with the emitter layer and a"collector structure in contact with the collector layer; a

block 21152 ohfdgrihireyeh iaesE-Brharenrd et anddhspstinerisasiediidadevberhate arshithd $8setfench; a
block 2114 of formingRrinigieNebdiriesligiayerRrdahlockn3a2bheyef Aioticiadamplralty of

connections through the interlevel dielectric layer to the emitter layer, collector layer, and base structure.
the emitter layer 1304. The collector contact 2002 and the emitter contact 2006 are on

opposite sides of the base structure 1800. The insulating cap 1808 and the insulating spacer
1900 are used in this device to enable use of standard self-aligned contact processing
20  techniques thereby further reducing the size of the lateral HBT 1100.

Referring now to FIG. 21 therein is shown a flow diagram of a method 2100 of the
present invention. The method 2100 comprises a block 2102 of providing a semiconductor
substrate; a block 2104 of forming a first insulating layer over the semiconductor substrate; a
block 2106 of forming a first silicon layer over the first insulating layer; a block 2108 of

25  forming a base trench in the first silicon layer to form an emitter layer and a collector layer; a
block 2110 of providing a semiconductive layer on the sidewalls of the base trench to form an
emitter structure in contact with the emitter layer and a collector structure in contact with the
collector layer; a block 2112 of forming a base structure of a compound semiconductive
material in the base trench; a block 2114 of forming an interlevel dielectric layer; and a block

30 2116 of providing a plurality of connections through the interlevel dielectric layer to the

emitter layer, collector layer, and base structure.
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While the invention has been described in conjunction with specific best modes, 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 tg embrace all such alternatives, modifications, and
variations, which fal\WithiGhe ENion 41e BreaafssaPad iranidagtiomiil wishisdert Qedesrihferein or
shown in the aceompRRYHg eiawings arerabdedniaspretedoins amdluatiaivg and pengigaitingtsense. THE
INVENTION CLAI IS 1 A latera).heterojunction bipolar transistor comprising:.a semiconductor
substrate; a ftlcég ?nssﬁgﬁnla fg§/eagt ol\Illzirl% teOs%e&rlr?‘icf((ﬂrne ﬁléigrdl DTS e, éﬁc |F§1f%§ fcon' a%?néli\egrt?he first
insulating layenbaabasgk trehclitemtiie dirsheiliomtitagentd farmtiansewitidr faly evidund thecgllectordlayer; a
semiconductiye {gys A0 S, SUPUAILS Of NP RERSENTRP FRI A CQlSLioh SHUCHIE L GRAfgCt With the
collector layer and an emitter structure in contact with the emitter layer; 1 a base structuré of a compound
semiconductidiewirgepigl tinbthatoepsetedanch Bhikeljverand non-limiting sense.
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the first insulating layer; an interlevel dielectric layer; and a plurality of connections through the interlevel
dielectric layer to the collector layer, the emitter layer, and the base structure. 152.The lateral

heterojunction bipolar transistor as claimed in claim 1 wherein the base structure comprises a compound
semiconductive ﬁéﬁéﬁ&f%@%ﬁ&%ﬁ%&t one of silicon-germanium, silicon-germanium-carbon, and

combinations there?f 3.Th ﬂgg%gﬂgg}sgﬂ%PCtigi“ lfgl;r)?rlanrsgg%rr\séi(')storr as claimed in claim 1 wherein:
the semiconductor Substrate comprise a?lgcmly I()jpope semicondtictive material of a 20first conductivity

type; the first silicon lzyeraoshnposebdriteavily doped semiconductive material of the second conductivity
type; and the semlczgggpﬁgyﬂaag@é% n ihe: ﬁ{g%%%ﬁug?@r Q%%ri[&nch comprises a lightly doped

semiconductive material of the second conductivity type. 254.The lateral heterojunction bipolar transistor
as claiméd in claimafifsheiteion theeripseinkefathgIapEnsh e window to expose a portion of the

semiconductor subgtrateRAch infthe PRSilI&RChYA tBedirshRilcorlayg!: farms.aicellzqiglayer over the
exposed portion of the semiconductor substrate and an emitter layer over the first 30insulating layer.

5. The lateral heter8jtfeieRIBRYS Rl ks e widihrd dhmbersiFracivifeiuin #ellisty institire comprises
a compound semiconductivedn@teriatiofisilicnacand-atieast Hnek&iieaprgeriManh®, with the
silicon-germanium-carbon, and combinations thereof
emitter layer;
10 a base structure of a compound semiconductive material in the base trench entirely on
the first insulating layer;
an interlevel dielectric layer; and

a plurality of connections through the interlevel dielectric layer to the collector layer,

the emitter layer, and the base structure.

15 2. The lateral heterojunction bipolar transistor as claimed in claim 1 wherein the
base structure comprises a compound semiconductive material of silicon and at least one of

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

3. The lateral heterojunction bipolar transistor as claimed in claim 1 wherein:
the semiconductor substrate comprises a lightly doped semiconductive material of a
20 first conductivity type;
the first silicon layer comprises a heavily doped semiconductive material of the second
conductivity type; and
the semiconductive layer on the sidewalls of the base trench comprises a lightly doped

semiconductive material of the second conductivity type.

25 4. The lateral heterojunction bipolar transistor as claimed in claim 1 wherein:
the first insulating layer has a window to expose a portion of the semiconductor
substrate; and
the base trench in the first silicon layer forms a collector layer over the exposed
portion of the semiconductor substrate and an emitter layer over the first

30 insulating layer.
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6. A lateral heterojunction bipolar transistor comprising: 5a semiconductor substrate of a first conductivity
type; a first insulating layer over the semiconductor substrate; a first silicon layer of a second conductivity
type over the first insulating layer; a base trench in the first silicon layer to form a collector layer and an
emitter layer; a silicdn spa %f%é@&f&%%@ﬁdﬂﬁ?&?ﬁf@ﬂgmmlﬂaﬁtﬁ& Bereir t¥nch to
10form a collegiossiggie s tipaertacionitbdie wallestandaye handiarnesiliten shdatuesinoaesact with the

emitter Iayer;Sl i(t:)&s:ee%t{ggtuures?lfca com gg.ggn sen io%ond ggiv im%to%riadﬂié?eg%e base trench entirely on the
first insulating ayer;gan intefevel-diefst rlc]Iayer; and 154 pfﬁralhaty of connections through the interlevel

dielectric layer to the coIIe&%@&yg&%&&g&i&g& ) glrtrglqsqs[&ec&%ﬁ&ﬁré;cture. 7. The lateral

heterojunction bipolar transistor as claimed in claim 6 wherein the basé structure comprises a compound
semiconductive matedaigsinsifieonsaheiratelebafisiewsiliton-y@ananium, silicon-germanium-carbon, and

combinations thereg#2Q8,Theiaterat A& aiknGHRRRIRARHRRaistor as claimed in claim 6 wherein:

a first silicon layer of a second conductivity type over the first insulating layer;
a base trench in the first silicon layer to form a collector layer and an emitter layer;
a silicon spacer of the second conductivity type on the sidewalls of the base trench to
10 form a collector structure in contact with the collector layer and an emitter
structure in contact with the emitter layer;
a base structure of a compound semiconductive material in the base trench entirely on
the first insulating layer;
an interlevel dielectric layer; and
15 a plurality of connections through the interlevel dielectric layer to the collector layer,

the emitter layer, and the base structure.

7. The lateral heterojunction bipolar transistor as claimed in claim 6 wherein the
base structure comprises a compound semiconductive material of silicon and at least one of

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

20 8. The lateral heterojunction bipolar transistor as claimed in claim 6 wherein:
the first silicon layer comprises a heavily doped semiconductive material of the second
conductivity type; and
the semiconductive layer on the sidewalls of the base trench comprises a lightly doped

semiconductive material of the second conductivity type.

25 9. The lateral heterojunction bipolar transistor as claimed in claim 6 wherein:
the first insulating layer has a window to expose a portion of the semiconductor
substrate; and
the base trench in the first silicon layer forms a collector layer over the exposed
portion of the semiconductor substrate and an emitter layer over the first

30 insulating layer.
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the first silicon layer comprises a heavily doped semiconductive material of the second conductivity type;
and the semiconductive layer on the sidewalls of the base trench comprises a lightly doped
semiconductive material of the second caonductivity type. 259.The lateral heterojunction bipolar transistor
as claimed in claim® WheF@ﬁ}ﬁIﬁ@]fi]i‘gfqWé‘ﬂﬂﬁﬁ%l?Wi?r HEL SISO B LU PovRdRiBithe
semiconductehssuiisicale; @npristies kagpdisacieil dheificst siticesi layesfocoasacallRatoblryer over the
exposed porticlr? of the semiconfiuctpr substrate a]gld an mitt%‘r Ia}/er ver tpe first 30insulating layer.
10.The lateral' lce(flér%ﬁﬁnﬁ%ﬁgrﬁl’bsllplﬁfglr FFANSISIOr 8% SlaidiEd M Ciaim 9 \Whieréin the base structure comprises
a compound semiconductive material of silicon and at least one of silicon-germanium,

silicon-g%rmanium-carbon, and combinations thereof
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